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SECTION 5 GENERAL INSTRUCTION SET DEFINITION 
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5.2 

5.3 

GENERAL INSTRUCTION SET 
5.1.1 Instruction Rules 

............................................ ............................................ 
DOUBLE OPERAND INSTRUCTIONS •••••••••••••••••••••••••••••••••••••••• 
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AND with Registe R, AND •••••••••••• ~ ••••••••• oe •••••••••••• 
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Haltword (Byte) Store Register R, STH •••••••••••••••••••••• 
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Haltword (Byte) OR with ReSiste R, ORB ••••••••••••••••••••• 
Haltword (Byte) Exclusive OR with Register R, XOH •••••••••• 
Haltword (Byte) AND with Register R, ANB ••••••••••••••••••• 
Haltword (Byte) Load Logical Register R, LLH ••••••••••••••• 
Modify or test Register M, MrM ••••••••••••••••••••••••••••• 
Store Register, STM •••••••••••••••••••••••••••••••••••••••• 
Load Register B, LDB ••••••••••••••••••••••••••••••••••••••• 
Store Register B, STB ............•.••......••......•..•.... 
ca.pare with Register B, CMB ••••••••••••••••••••••••••••••• 
SWap Register S, SWB ••••••••••••••••••••••••••••••••••••••• 
Load Bttective Address Into B, LAB ••••••••••••••••••••••••• 
L1J1k: J'UllP, LlJ ••••••••••••••••••••••••••••••••••••••••••••• 
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5 .. 3.13 

Increment, mc ••••••••••••••••••••••• e ••••••••••••••••••••• 

Decrement, DIC •••••••••••••••••••••••••••••• 8 •••••••••• 0 ••• 

Negate, REG ••••••••••••• c •••••••••••••••••• O ••••• OG •••••••• 

Complement, CPL o ••••••••••••••••••••• oo ••••••••••••••• e •••• 

Clear, CL .................................................. . 
Clear Haltword (Byte), CLH ••••••••••••••••••••••••••••••••• 
Caapare with Zero, CMZ ••••••••••••••••••• ~ ••••••••••••••••• 
Compare Address to Null, CMN ••••••••••••••••••••••••••••••• 
Add Carry, CAD ••••••••••••••••••••••••••••••••••••••••••••• 
Store S-Register, STS •••••••••••••••••••••••••••••••••••••• 
Jt1IIlP, JMP ................................................... . 
Enter, ENT 
Level, LEV 
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Load Bit, LB ••••••••••••••••••••••••••••••••••••••••••••••• 
Load Bit and Set False, LBP •••••••••••••••••••••••••••••••• 
Load Bit and Set True, LBT ••••••••••••••••••••••••••••••••• 
Load Bit and Complement, LBC ••••••••••••••••••••••••••••••• 
Load Bit and SWap, LBS ••••••••••••••••••••••••••••••••••••• 
Add Integer Double, AID •••••••••••••••••••••••••••••••••••• 
Load Double Word Integerr, LDI ••••••••••••••••••••••••••••• 
Store Double Word Integer, SOl ••••••••••••••••••••••••••••• 
Subtract Integer Double, SID ••••••••••••••••••••••••••••••• 

SHORT VALUE IMMEDIATE •••••••••••••••••••••••••••••••••••••••••••••• 
5.4.1 
5.4.2 
5.4.3 
5.4.4 

Load Value, LDY •••••••••••••••••••••••••••••••••••••••••••• 
ea.pare w~th Value, CHi •••••••••••••••••••••••••••••••••••• 
ldd Value, lDV ••••••••••••••••••••••••••••••••••••••••••••• 
Mult1pl1 by Value, MLV ••••••••••••••••••••••••••••••••••••• 

·'BR.AHCB OR REXiISTBI ••••••••••••••••••••••••••••••••••••••••••••••••• 
5.5.1 
5.5.2 
5.5.3 
5.5.4 
5.5.5 
5.5.6 
5.5.7 
5.5.8 
5.5.9 
5.5.10 

Branch it (I) Less than Zero, BLZ •••••••••••••••••••••••••• 
Branch it (I) Greater than or Equal to Zero, BGEZ •••••••••• 
Branch it (I) Equal to Zero, BBZ ••••••••••••••••••••••••••• 
Branch it (I) Bot Equal to Zero, BID •••••••••••••••••••••• 
Branch it' (I) Greater than Zero, BGZ ••••••••••••••••••••••• 
Branch it (I) Leas than or Equal to Zero, BLiZ ••••••••••••• 
Branch it (I) Odd, BODD •••••••••••••••••••••••••••••••••••• 
Branch it (I) Even, BEVI ••.••••••••••••••••••••••••••••••••• 
Branch and Inerasent, BIIC ••••••••••••••••••••••••••••••••• 
Branch. and Deer_ent, BDEC •••••••••••••••••••. it •••••••••.•••• 

BRAKCB OR IRDICATOR •••••••••••••••••••••••••••••••••••••••••••••••• 
5.6.1 
5.6.2 
5.6.3 
5.6.11 
5.6.5 
5.6.6 
5.6.7 
5.6.8 
5.6.9 
5.6.10 
5.6.11 
5.6.12 
5.6.13 
5.6.14 
5.6.15 
5.6.16 
5.6.17 

Branch, B •••••••••••••••••••••••••••••••••••••••••••••••••• 
Ho Operat1on, lOP •••••••••••••••••••••••••••••••••••••••••• 
Bran.ch 011 :Bq'ual, BB •••••••••••••• ' ••••••••••••••• ~ •••••••••• 
Branch OD lot Equal, BIB ••••••••••••••••••••••••••••••••••• 
Branch OD Algebra1c Less than, BAL ••••.••••••••••••••••••••• 
Branch OD Algebra1c Greater than or Equal, BAGE •••••••••••• 
Branch OD Algebra1c Greater than, BAG •••••••••••••••••••••• 
Bruch OD Algebra1c Less than or Equal, BALI ••••••••••••••• 
Branch OD Leas than, BL •••••••••••••••••••••••••••••••••••• 
Branch OD Greater thaD or Equal, BGI ••••••••••••••••••••••• 
Branch on Greater than, BG ••••••••••••••••••••••••••••••••• 
Branch on Leaa than or Equal, BLE •••••••••••••••••••••••••• 
Branch on Signs Unlike, BSU •••••••••••••••••••••••••••••••• 
Branch on Signs Equal, SSI ••••••••••••••••••••••••••••••••• 
Branch OD carr, True, BCT •••••••••••••••••••••••••••••••••• 
.Branch on Carr, False, BCF ••••••••••••••••••••••••••••••••• 
Branch on Bit Test Indicator True, BBT ••••••••••••••••••••• 
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5.9 

5.6.18 
5.6.19 
5.6.20 
5.6.21 
5.6.22 

Branch on Bit Test Indicator False, BBF •••••••••••••••••••• 
Branch on I/O Indicator True, BlOT ••••••••••••••••••••••••• 
Branch on I/O Indicator False, BIOF •••••••••••••••••••••••• 
Branch on Overflow, BOV ..••••••••••••••.••••••••••••.•••••• 
Branch on No Overflow, BNOV •••••••••••••••••••••••••••••••• 

SHIFT OPERATIONS ••••••••••••.•••••••••••••.••••••••••••••••.••••••• 
5.7.1 
5.7.2 
5.7.3 
5.7.4 
5.7.5· 
5.7.6 
5.7.7 
5.7.8 
5.7.9 
5.7.10 
5.7.11 
5.7.12 

Single Shift 
Single Shift 
Single Shift 
Double Shift 
Single Shift 
Single Shift 
Single Shift 
Double Shift 
Double Shift 
Double Shift 

Open Left, SOL ••••••••••••• " •••••••••••••••••• 
Closed Left, SCL 
Arithmetic Left, 
Closed Left, DCL 

........... " ................. . 
SAL •••••••••••••••••••••••••• 

Open Right, SOR •••• c •••••••• II ••• II • " ••• II ••• 0 0 II • 

Closed Right, SCR 
Arithmetic Right, 
Closed Right, DCR 

.o ••••••••••••• e ••••••••••••• 

SAR ••••••••••••••••••••••• CI • 

Open Left, DOL •.••••••••••••••••••••••••••••••• 
Arithmetic Left, DAL •••••••••••••••••••••••••• 

Double 
Double 

Shift Open Right, DOR ••••••••••••••••••••••••••••••• 
Shift Arithmetic Right, DAR ••••••••••••••••••••••••• 

INPUT/OUTPUT ••••••••••••••• II •••••••••••••••••••••••••••••••••••• G •• 

5.8.1 
5.8.2 

I/O Instruction Execution •••••••••••••••••••••••••••••••••• 
I/O Instruction Description •••••••••••••••••••••••••••••••• 
5.8.2.1 Word Input/Output, IO ••••••••••••••••••••••••••••• 
5.8.2.2 Haltword (Byte) Input/Output, IOH ••••••••••••••••• 
5.8.3.3 Output Address and Range, IOLD •••••••••••••••••••• 

GENERICS •••••••••••••• fi •••••••••••••••••••••••••••••••••••••• II. • " ••• 

5.9.1 
5.9.2 
5.9.3 
5.9.4 
5.9.5 
5.9.6 
5.9.7 
5.9.8 
5.9.9 
5.9.·10 
5.9.11 
5.9.12 
5.9.13 
5.9.14 
5.9.15 
5.9.16 
5.9.17 
5.9.18 
5.9.19 
5.9.20 
5.9.21 

Stop Program Execution, HLT •.••••.••••..••.•.••..•••••..••. 
Call Monitor, MeL •••••• II ••••••••••••••••••••••••••••••••••• 

Breakpoint, BRK ....•...••••••••••.•••...•..•.•.••.•.•.••. ". 
Return From Trap, RTT •••••••••••.•••••••••••••.•••••.•••••• 
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SECTION 1 INTRODUCTION 

1.1 DOCUMENT DEFINITION 

This document is the Engineering Product Specifioation for the DPS6 Stage 3 
Central Subsystem Family, consisting of the following: 

o CR41E The extended physioal memory version of the CR41 , 

o H5XE Tbe extended physical and logioal memory version of the M5X, 
featuring both a Standard Menory Management Unit (SMMD) and an 
Extended Henory Management Unit (EMMO), 

o M6XE Tbe extended logical memory version of the M6X, which will be 
available in two speed versions, normal and slow. 

o Dual M6X The dual processor version of the M6X and 

o Dual M6XE The dual processor version of the M6XE. 

1.1.1 16-Bit Expanded Physical Memory Processor Subsystems 

The CR41E and M5XE models are being introduced to replace the ourrent CR41- and 
M5X-based Stage 2.1 DPS6 Systems. These new processor systems are instruction 
compatible with their predecessors and feature expanded physical memory beyond the 
current limitation of two megabytes (internal processor performance remains the 
same). The CR41E supports the SMMO for a logical memory addressability of 2 MB. 
The M5XE supports both the SMMD and the EMMD for a logical memory addressability of 
either 2 Me or 32 MB. Processor features are as follows: 
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- SMMD support for a logical memory addressability of 2 Me; 

Internal eIP, external SIP functionality; 
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- Field upgradable from DPS6/40, 45 models (only the CSS needs 
replacement); and 

- Fully supported in M400 Release 3.1 and beyond. 

o M5XE: 

- Physical memory capacity of up to 8 MB maxjmum; 

o 

- SMHU and EMHD support tor a logical memory addressability ot either 2 Me 
or 32 Me; 

External cache, CIP, and SIP functionality; 

- MOnoprocessor configuration only; 

- Field upgradable traa DPS6/75 models (only the cache and CPU need (-\ 
replacement); and ~j 

- Fully supported in M400 Release 4.0. 

1.1.2 32-Bit Enhanced Processor SubSIst em 

Increased logical addressing through the use ot the Extended. Memory Management 
Unit (EMMO), in both'monoprocessor and dual processor M6XE configurations and du81 
processor 61 models, with SMHU only, will be introduced to supplement the current 
Model 61- based Stage 2.1 DPS6/95 System. These new prooessor subsystems feature 
increased prooessing power through the use ot multiprooessor techniques and all 
provide tor tield upgradability. Speoific teatures are: 

o M6lE: 

- Ph1sical m_ory capacity ot up to 16 MB maxjllUDI; 

- EMMIJ support tor a logioal JIlemoZ'1 addressablli ty at 32 MB; 

- Field upgradable trom selected DPS6/95 models; and 

- Fully supported in M400 Release 4.0. 

- Available in two speed versio~, normal and slowed down. c 
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o Multiprocessor Support: 

- Dual Tightly Couple~ configurations of M6X and M6XE systems; 

- Up to 16 Me ot physical address space capacity; 

- Field Upgrade Kits will be provided tor selected DPS6/95 models; and 

- Fully supported in MOD400 Release 4.0. 

1.1.3 I/O Support 

All of the new Stage 3 systems ofter the following attachments: 

o Communications: 

- NMLC-based Standard Radial Communications with FLAPs and/or FLAPless 
RS232 and RS422 adapters; and 

- Local Area Network Connections including OMRINET, CSMA/CD (ETHERNET), 
and, later on, IEEE Token Bus and Ring. 

o Mass Storage: 

9" FSD family of Winchester disk drives; 

9" removable disk drives, if available; and 

- Future 5-1/48 and 8- Winchester disk drives, when available. 

o Tape/Unit Record: 

- New lower-cost GCR/PE reel-to-reel drives; 

Card Reader/Punches; 

- Floppy disk; 

- Serial and line printers; and 

- Reader/sorters. 

1.1.4 Documentation Tree Structure 

Document Number Title Responsibility 

Product Functional Description 

No. TBD DPS6 Stage 3 PFD SCMO ~~ket Planning 

Product Functional Specification 

60149834 DPS6 Stage 3 PFS SCMO Market Planning 

-.~-----.--- ---~--
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1.1.5 CSS Model Designators 

This EPS-l uses engineering model designators. Table 1-1 shows the 
relationShip between the engineering and the marketing model designators. 

Table 1-1 Model Designators 

ENG INEERING MARKETING 

M37 DPS 6/3%, 48 

CR41 , CR41E DPS 6/4%, (except 48) 

51 DPS 6/71 

5IB DPS 6/7XE 

61(slow) DPS 6/85 

61(normal) DPS 6/9% 

6IB(slov) DPS 6/85E 

6XE (normal) DPS 6/9IE 

1.2 SCOPE 

1 .2.1 General Regmr_ents 

C 

r-
~) 

This document speo1fies the DPS6 Stage 3 Central Sybsystea Family, cOnsisting 
ot the CR41 I, MSXE anel M6IB 1I0dels. As evolutionary lIembers ot the Level 6 Product 
Family, they otter increaseel tunctionality while maintaining upwarel compatibility 
with the Level 6 1I0elels 31, 41, 51 anel 6% CSSs. 

In the interest ~ clarity, the tunctionality detineel in this speo1fication is 
tor the M6lE CSS, the top ot the line 1I0del. Whenever tunctionality does not apply 
to the other lIodels, it is so stated. The term t CSS' is used anel is lleant to refer 
to all 1I0dels unless stat eel otherwise. 

Although this document is specit1cally intended to describe the Stage 3 
products, it is also intended tor use as an up-to-date reterence tor the older DPS6 
CSS products. 

Configurations presented in Section 13 are not all 1ncl us1 ve but are the recom­
mendeel set. 
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1.2.2 Key Features 

Scme of the Key features of this system. are: 

o Pb,ysical mEmory extensions on the lower 16-bit mEmbers 

o Commercial instruction capability as standard 

o Scientific instruction capability (optional on CR41E and H5XE) 

o Memory Management Unit (MHO) - CR41E and M6X support the SMKJ while the M5XE 
and M6XE support SMKJ and EMKJ 

o Extended MRX Megabus (M6X and M6XE only) 

o Full ccmpatibility with selected Megabus elEments. 

1.2.3 Restrictions and Enhancements 

o . The esSe support Long Address FOnll Addressing only. 

o MN1 enhancements have been made. (Refer to Section 4.) ,--
" 0 Unavailable resource trap conditions detected during the execution of com-

. -.•.... _-----_. 

c 

mercial and scientific instructions resul t in a trap TV23, as in a 6X envi­
roment, rather than a TV23 or TV15 in a 4X-5X envirotlllent. See Table 3-3. 

1.3 REFEREllCE OOCUHENTS 

1.3.1 Governing Documents 

1. 60149834 DP$ Stage 3, PFS 

2. 60139142, L6 System Control Facility, EPS-1 

3. 60130080, L6 Hodel 43. EPS-1 

4. 60126298, Extended Kegabus, EPS-1 

5. 60129816, L6 Maintainability, EPS-1 

6. 60135091, 6X Processor. EPS-1 

7. 60135295, 6X CClllJlercial Instruction Processor, EP5-1 

8. 60135281, 6X Scientific Instruction Processor, EPS-1 

9. 60130019, L6 MEIIlory Management Unit, EP8-1 

10. 60138362, L6 Power Specification 

11. 60149832, HaX Megabus EPS-1. 
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1.3.2 Standarda 0 
The subsystem referenoed herein ailall be designed to meet or exceed the stand­

ards listed below. Any deviations to standards for the device and devic&-Oriented 
electronics is detailed in the appropriate section of this Product Specification. 

Recent regulations, EM! rules pertaining to· Class A cauputing devices, enacted 
by the Federal Communications Commission require that the subsystem described here­
in adhere to FCC rules part 2.805, 15.4pp. N through Q, 15.804, 15.810 through 
15.818 and 15.838 even sections only. It is expected that the European COIIUIluni ty, 
Canada, and so forth, will be emcting similar rulings in the near future. 

1. General De:s1gn, Honeywell Standard: 

B03.07, Reliability - Standard Failure Rate Data Base 

1303.08, Reliability Failure Rate' MTBF Predictions 

1304.08, Selection and Qualit'ioa tion of Standard Finiailes 

130 1.08, Envirolllent, Operating 

001.09, F,quiIJllent Safety 

1301.10, Envirorment, Transportation, Storage 'Installation 

2. Electrica Design, Honeywell Standard: 

:eo 1.48, Primary Power - Utility Supplied 

B04.06, Systea Grounding 

3. Mechanical Des1gn, Honeywell Standard: 

ACO.l0, Metrication 

B04.09, Application of HIS Standard Fini:sbes 

4. Industrial Des1gn, Honeywell Standard: 

001.00, Product U. and Appearance 

D01.01, B1JUD Factors/Induatrial Design 

D01.02, Enclosure and Structure Design 

D01.03, Materials and Fini:sbes 

D01.04, Signals and Controls 

D01.05, Cabinet HardwaN 

D01.06, Miscellaneous Hardware, Accessories and Other COnsUIlables c 
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5. Product Maintainability, Honeywell Standard: 

B07 .11, Logic Ncmenclature 

B07.12, Location Reterence Designation 

B07.13, Ident1.f'ication Ncmenclature for ICs, Printed Cards and Card Cages 

B07.38, Logic Symbology 

B07 .39, Logic Block Diagrams 

002.01, FE Tools and Test Equi;:ment Catalog 

002.05, FE Product Tools & Test Equi;:ment 

007.01, Field Product Maintenance Documentation 

G07.02, Product Manual Content Guide 

007.03, Product Style Guide for Manuals 

G07.08, Major and Intermediate Block Diagrams 

4. 007.09, Repair Documentation, Draft 

" 6. D.002.01, FWA/PWB Testability Design Rules 

7. Manufacturing Testability Guidelines: 

MTG1, PW A Test eq ui;:ment Connection Requirements 

M'l'G3, PWA M1crodiagnostic Creation 

8. 60129949 - Application Rules for Minicomputers & Terminals Products 

1.3.3 Reference Only 

1. QIJ.1 

2. KG1 

3. M'l'G2 

4. MTG4 

5. M'l'G5 

6. MTG6 

7. M'l'G7 

8. MTG8 

- NAlPWB Testability Design Rules 

- Component Availability 

- NA Test Doc\IIlentation Requirements 

- PWA Test Monitor/Test Box Designs 

- NA Quality Logic Test Creation 

-
- PiA Test & Verification Program Creation 

- PiA IC Socket Utilization 

- Design for Produc1bility, Installability, Maintainability and 
Repl aceabil i ty 
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9. MPTGl - PWB/PWA Produc1bility Guidelines 
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10. 58035052 - Wordwide Maintenance Requirements. 

1.4 DEFINITIONS 

A - Address associated with a Trap 
AAS - I/O starting address AS 
At - Active Level 
ALi - Active Level Interrupt Vector 
AS - Address Syllable 
ASV - Address Space Vector 

I REV. 
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Atem - Single item of int'ormation; e. g., bit, dig:l. t, byte, word, etc. 

B - Bit test indicator of I register 
BCD - Binary Coded Decimal 
BD - A 32-bit signed displacement that follows the address 

syllable 
Bn - Ba_ register n, 1 i n i 1 

C 
CAS· 
C!" 
CIP 
CL 
CLi 
CPU 
CSS 
CW 
CZ 

- Carry indicator of I register 
- Non-procedw"al I/O Control Word AS 
- Cc:mmerc1al instruction indicator register 
- Camaerc1al Instruction Processor 
- Current Level. 
- Current Lfiel Interrupt Vector 
- Central Processor UD1 t 
- Central Subsystem 
- Current Stack Length in vords 
- Clean Zero 

d. - 31&11 displacement 
D - A 16-bit signed d1splacement that tollows the address syllable 
DAS- I/O Data Addr.,es Syllable 
DD - Data Descriptor 
DZ - Divide by Zero 

e 
EA 
EDAC 
EIl 
EPS-1 
EOF 
EDF 
mM 

t 
FT 

FZ 

- Expo I3e nt 
- Effective Address 
- Error Detection and Correction 
- Extended Integer Instruction 
- Eng:1neer1ng Product Spec1tica tion, Part 1 
- Exponent Orertlov 
- Exponent Undertlow 
- Exponent Undertl ow trap Maek 

- Fraction 
- Address ot the top element of the current active frame in the 

stack 
- Fuzzy Zero 

o 

c 
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i 
I 
It 
IA 
IL 
n.V 
1M! 
IKl 
I/O 
ISA 
ISM 
IV 

Kn 

L 
LAF 
LAS 
LSD 

MAS 
!e 
HBN 
HBZ 
MMPO 
MKJ 
Hn 
MSB 
!Ii 
M3X 
M4X,5X 
M6I 

NATSAP 0-3 
NULL 

o 
OS 
ORO 
OV 

P 
PAS 
PE 
PEM 
PFS 

QLT 

- Greater than indica tor of I register 

- Integer 
- Indicator register; or I/O indicator of I register 
- Part of !SA oontaining I register and Trap number 
- Intermediate Address 
- Interrupting Level 
- n. t s interrupt vector 
- Dmaediate Address 
- Dmaediate Operand 
- Input/Ouput 
- Interrupt Save Area 
- Interrupt Save Mask 
- Interrupt Vector 

- IC register n, 1 ~ n ~ 7 

- Less than indicator of I register 
- Long Address Form 
- Logical Address Spaoe 
- Least Significant Bit(s) 

- MfIIlory Address Syllable 
Megabyte 

- Must Be NULL Address 
- Must Be Zero 
- Main MfIIlory PROM Option 
- Memory Macagement Uni t 
- !t)de Register a, 1 ~ n ~ 7 
- It:Ist Significant Bit(s) 
- Max1.m1.1ll Staok Area Length in words 
- It:Idel 37 CSS (and functionali ty) 
- !t)dels 43/7 and 5311 Central subsystfllls (and funotionality) 
- Model 6X CSS (and wi th enbanced functionality) 

- Next Availabl-e Trap Save Area Pointers 
- An Address of all Zeros 

- ott.t 
- Operating System 
- Opti.1IB Replaceable Uni t 
- OYernOil indicator of I register 

- Progr_ Counter 
- Pt\Ysioal Address Space 
- Precision Error 
- Precision Error Trap Mask 
- Product Funotional Speoifica tion 

- Quality Logic Test 
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RFU - Reserved for Future Use (Zero expeoted but not checked) 
RHU - Resened for Hardware Use 
RMi - Read Modify Wri te 
Rn - Register n, 1 i n i 1 
RSU - Resened tor So!'tware Use 
RTC - Real Time Clock 

s - Sign o!' Mantissa (operand.) 
- S,rstem Status Register 
- Sc1ent1tio Accuaulator 
- Short Addreaa Form 
- Sign1tioant Bites) 

c 

S 
SA 
SAF 
SB 
SBZ - Should Be Zero. A SBZ tield should be set by the software to 

o 

Zero. '!'he hardware d08a Dot check this tield; it it is not Zero, 
unspecitied reaul ta occur. 

SD 
SI 
SEM 
SI(£OF) 
SI(G) 
SI(L) 
SIP 
SI(PE) 
SI(QE) 
SI(SE) 

T 
'IBD 
nIP 
!SA 
TSAL 
TSAP 
TV 
T&V 

U 

lim 

Z 

- Sesaent Descriptor 
- Siga.1ticanoe Error 
- Sigaiticanoe Error Trap Maak 
- Sc1entitic Indicator E%ponent Undertlow 
- Sc1entitio Indicator Greater '!'han 
- Sc1enti.tic Indica tor Lesa Than 
- Sc1ent1tic Instruction Processor 
- Sc1enti.tic Indicator Prec1aion Error 
- Sc1ent1tic Indicator Quality LogLc Test 
- Sc1enti.tic Indicator Siga:a1ticanC8 Error 

- Stack Addzeeas Register 
- To Be Detined. 
- Trap Handling Procedure 

Trap Save Area 
- Trap Save Area Link 
- Trap Save Area Pointer 
- Trap Vector 
- Test" Veri.tication 

- SiiDB unlike indicator at I register 

- Watch Dog Tiller 

- M1aceUaneous Trap Intonaa tion in !SA. 

--- -- ------------- -
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••••••••• ~ I .. I I I 1++. ++ 

• • + START/ + 
• START/END • + RETORN + 
• • + StlBROOTINE + 
••••••••• I I I I I I H++++ 

ACTION BOX 

( ) 
( COMMENT BOX ) 
( ) 
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o 0 

o 0 

( CONTINUE) 
o 0 

o 0 

/ \ 
< DECISION BOX > 

\ / 

< > 
< GO TO SUBROUTINE > 
< > 

C 
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Table 1-2 lists various conventions and descriptions used in describing 
instructions in thi:s document. 

Table 1-2 Conventions and Det'1n1 tions Used in Instructions 
C Sheet 1 ot 2) ------_ ... ------....-.. __ ..... _----.. -------------------_ .. _-------.... _---. ........... _---.... __ ...-.... .... 

Isnsa.1 DEFINITIONS 

1------1 ---·---------~------~----~~-~------------~-~----~---~--I 51 I Base Address register selected by # field in instruction 
I 

II I Word operand register selected by I f1eld 1n instruction 
I 

II Double word operand register selected by # t1eld 1n instruction 

I Contents of; e. g., [161 = contents ot 16 
I 
I Effective Address 
I 
I 81 t field spec1t'ica tion; e. g., 13( 6) = oi t 6 of B3; ICC) = bit C 
I ot I-reg1.:ster; S. BB = RH tield ot status reg1.ster 
I 
I Field operator; e. g., R3 ( 1: 7) = oi ts 1 througtl 7 ot R3 
I 
I Greater than 
I 
I Less than 
I 
I Equal to 
I 
I Not equal to I 
I I 
I Addition operator I 
I I 
I Subtraction ope:ntor I 
J I 
I Nul tipl.1cation operator I 
I I 
I Div1a1on operator I 
I I 
I laiad to the power of'; e. g., 2 •• u = 2 raised to the power n I 
I I 

-~-~~-----~-~~----~~--~---------------~---------~----~----
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Table 1-2 Conventions and Defini tions U:sed in Instruotions 
(Sheet 2 of 2) 

'SYMBOL , DEFINITIONS 

C 

I 
I 

1------1-------------------------------------------------------------------1 
i Excl usive OR 

\I Inclusive OR 

/\ Lo gi cal AND 

One's complement; e. g., [R6] = complemented contents of register 
R6 

<-- Is replaoed by; e. g., [R 1] <-- [R2] = Transfer contents of R2 to 
R1 

<-> Swap 

TEMP 

; . 

p 

I Temporary register 
I 
I Separator for non.simultaneous operations; e.g., [R2] <-- [Rl]; 
I [R3] <-- [R2] 
I 
I Equivalent 
I 
I Program counter. For the purpose of P Relative Addressing, the 
I follOWing definitions are used: 
I 
I 0 Pa: Points to the word containing the address syllable; 
I 0 Pd: Points to the word containing the displaoement 
I 
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SECTION 2 ARCHITECTURE 

2 • 1 OVERVIEW OF THE CSS 

The CSS offers a contemporary and open ended architeoture. The CSS supports 
variable sizes (model dependent) ot Physioal Address Spaoe (PAS) as well as Logioal 
Address Space (LAS). Word size is 16 bits (2 bytes). The CSS may consist of a 
monoprocessor (CR41E); or monoprocessor or tightly ooupled dual processors (M5XE 
and M6XE). 

The key processor arohiteoture features are: 

o 38 (31 for CR41E and M5XE) program visible registers inoluding multiple 
aocumulators, address, index, and control registers 

o Bit, digit, byte, word, and multiword instruotions 

o Bit test, set, and mask oapability 

o Immediate, register to register and register to memory operations 

o 64 standard interrupt levels 

o Multiple vectored trap struoture 

o Hardware exeouted soientifio and commercial instructions 

o Hardware supported context save and restore 
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o Multiple addressing modes including indexing, indirect, base plus displace- ~ 

ment, Interrupt Vector plus displacement, program counter relative, auto 
incrementl decrement, stack relative, base plus displacement plus offset, 
etc. 

o Permanent bootstrap 

o Power fail detection 

o Real time clock and watch dog timer 

o Automatic restart (optional) 

o Stack and Queue management 

o Extended Memory Management supporting 32 Me ot LAS (available on the M5XE 
and M6IE only). 

Note that in the Cll41 E, commercial instructions are executed synchronously 
rather than asynchronously as in an M6I, M6IE, MSI, and MSIE. 

The instructions supported by the CR41E CSS are classified as tollows: 

o General 
o Commercial (all M51 CIP instructions) 
o Sc1entific (all MSI SIP in:structioa:s) 

The instructions supported by the M5IE CSS are classitied as follows: 

o General 
o Commercial (all H5X CIP instructions) 
o Scient1tic (all MSI SIP instructions) 
o Extended Memory Management. 

The instructions supported by the M6IE CSS are classitied as tollows: 

o General 
o ElI (all M61 EII instructions) 
o Commercial (all M61 CIP instructions) 
o Sc1entitic (all M61 SIP instructions) 
o Extended Memory Management. 

NOTE 

In the CR41E and MSIE, certain instructions are not supported. Reter to 
Sections S through 8 for more information about specific exceptions. 

2.2 SYSTEM BUS 

The CR41E and M5XE communicate with other system-components via the standard C 
Megabus; the M6IE does so via the Level 6 Extended megabus. Block diagrams ot I"') 
typical configurations are shown in Figures 2-1, 2-2 and 2-3. 
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STANDARD 16-BIT MEGABUS 

I 
CR41E 

CENTRAL 
SUBSYSTEM 

DEVICE 
CONTROLLER 

1 

DEVICE 
CONTROLL,Ell 

2 

DEVICE I I DEVICE 
CONTROLLER 1-->1 CONTROLLER 

3 I I N 

Figure 2-1 Standard 16-Bit Megabu3 Interconnection Block Diagram For CR41E 

STANDARD 16-BIT MEGABUS 

I 
I 

MSIE DEVICE I I DEVICE MEMORY I MEMORY I I I 

CENTRAL CONTROLLER 1-->1 CONTROLLER CONTROLLER l->I CONTROLLER 
SUBSYSTEM 1 I I N 1 I I N I I I I 

I I I I 
I 

Figure 2-2 Standard 16-Bit Megabu3 Interconnection Block Diagram For M5XE 

LEVEL 6 EXTENDED MEGABUS (M6XE) 

LI I I I 
M6XE I I I MEMORY 1-> I MEMORY ! 

ICENTRALll11 I I N I 
tSUBSYSTEMI II I I I 

I I I --:---- I 

I I 
I DEVICE 1-> I DEVICE I 
I CONTROLLER I I CONTROLLER 1 

1 I N I 

, 
'-SECOND IL 

M6XE 
I CENTRAL 1 
I SUBSYSTEM I 
1 ___ -

I I 
I I_ 

I I L 
1 I I 
I I I 
I I I 

1 I 1 ____ III 
~ ___ I • 

Figure 2-3 Extended 32-Bit Megabu3 Interconnection Block Diagram For M6IE 
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2.3 SYSTEM CONFIGURATIONS 

For system com"1gurations, refer to Seotion 14. 

2.4 CSS ATTRIBUTES 

2.4.1 CR41E 

2 .4 • 1 1 PROCESSOR 

o Control Store Size - 48X2K (prooessor), 56X4t (prooessor + CIP) 

o Cyole Time - 240 nsec. 

o MIPS - 0.4 

2.4.1 2 MEMORY 

o Size 

o .Cyole Time 

2.4.1 3 CACHE 

None 

2.4.2 MSXE 

2.4.2 1 PROCESSOR 

- 4 Me (on CPU board) 

- Read 350 / 1000 nseo. and Write 300 / 750 O8ec. with 
times representing approximate memory controller and 
prooessor cyole times respectively. 

o Control Store Size - 72X2K 

o Cycle Time - 160 nsec. 

o MIPS - 0.7 

2.4·.2 2 MEMORY 

o Size 

o Cyole Time 

- 8 MB (on separate ~oard) 

- Read 350 / 1000 nsec. and Write 300 / 150 nsec. with 
times representing approximate memory controller and 
prooessor cyole times respectively. 

o 

c 
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o Addressability - CPU only reads and writes through cache to memory. 

o Cycle Time - Read 160 nsec. 

- Write is write through to memory. 

2.4.3 M6XE 

2.4.3 1 PROCESSOR 

o Control Store Size - 96X2X 

o Cycle Time - 98 nsec. 

o MIPS - 1.8 

{ 2.4.3 2 MEMORY 
'4 

o Size 

o Cycle Time 

2.4.3 3 CACHE 

- 16 Me (on two board) 

- Read 350 I 1000 nsec. and Write 300 I 750 nsec. with 
times representing approximate memory controller and 
processor cycle times respectively. 

o Size - 4K X 16 bits. 

o Organization - Set associative 2 Levels. 

o Addressabllity - CPU, CIP and SIP read and write through cache to memory. 

o Cycle Time - Read 200 nsec. 

- Write is write through to memory. 
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SECTION 3 FUNCTIONAL ~OIREHENTS 

3.1 DATA FORMATS 

("' 3.1.1 Data Formats for Non-Commercial or Scientific Instructions 

3.1.1.1 MEMORY WORDS 

All data elements are based on 16-bit memory words. '!'he format of each memory 
word is defined from left to right with the first bit nUlllbered Zero. 

I 
I 

o 15 

,--------------------
Memory may be accessed by instructions to the bit, byte, word or mul t1word da ta 

item level. In all cases, the leftmost element is the most significant element, 
such that bit 0 above is the first bit, bit 1 is the second bit, bits 0 through 7 
are the f'irst byte, bits 8 througb 15 are the second byte, etc. Multiword items 
require successive word locations with the lowest address defined as the most sig­
nif'icant or leftmost {:art of' the data item. 

3.1.1.2 SIGNED INTmER DATA 

Signed integer data is in two's complEment form. S represents the sign bit, 
where for S = 0, integer is positive or Zero; tor S = 1, integer is negative. '!be 
following types are available: 
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o Signed Integer Data Byte - Data is an 8-bi t integer with the radix pOint to 0 

the rigilt at bit 7, ~e least sign1f'icant O.1t. S indicates t!le sign. Range 
(r) is -27i r i 27.1. 

0'1 
I 

S DATA I 
I _ ....... _-----, 

o Sign Extended Integer Byte in a Word - rata is a 16-01 t integer wi th the 
radix point to the right at bit 15, the least .s1.gn1.ficant bit. S indicates 
the :sign. Range (r) is -27 .i r i 27-1. 

o 1 a 9 15 
I I 

SSSSSSSS S DATAl • 
-------------~--~------I 

o Signed Integer rata Word - rata is a 16-01t integer with the radix point to 
~he right at O1t 15, the least s1gn1.ficant O1t. S indicates the :sign. Range 
oCr) is: .215 i r ~ 215.1. 

o 1 15 

S D A T A 

o Sign Extended Integer Word in a Double Word - rata is a 32-bi t integer with 
the radix pOint to the right at bit 31, the least s1gn1.ficant bit. S indi­
cates the sign. Range (r) is: _215 i r .s. 215.1. 

o 15 16 11 31 

s·-------------s s D A T A 

o Signed Integer rata Double Word - Data is a 32-01t integer with the radix 
point to the r1gh t at bi t 3 1, the 1 east s1gnU'icant 01 t. S indi ca tes the 
sign. Range (r) is: _231 < r < 231.1. - -

o 1 31 

S D A T A 
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3.1.1.3 UNSIGNED INTmER DATA 

'!he follOWing unsigned integer data types are available: 

o Unsigned Integer Byte - Data is an a-bit integer 
with Range (r): 0.i r .i ~-1. 

o 1 
I , 

D A T A I 
-----, 

o Unsigned Integer Byte in a Word - Data is a 16-bit integer 
with Ranse (r): 0.i r .i 28-1. 

a 1 8 15 

ALL ZEROs D A T A 

o Unsigned Integer Word - Data is a 16-bit integer 
with Range (r): 0.i r .i 216_1. 

a 15 

D A T A 

o Unsigned Integer Word in a Double Word - Data is a 32-bit integer 
with Ranse (r): 0.i r .i 216_1. 

a 15 16 31 
I 
I ALL Z E R 0 s D A T A 

II--_--------------~-------------------

o Unsigned Integer Double Word - Data is a 32-bit integer 
with Range (r): 0 < r < 232-1. - -

a 

D A T A 

31 
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3.1.2 Data Formats for Commercial Instructions 

3.1.2.1 OVERVIE'.i 

Commercial instructions oI=erate on three data types: 

o Decimal strings - binary-coded~decimal. representation 
o Alxmanmeric strings .. ASCII-8 code characters 
o Binar'1 nmbers - 16 or 32 bit prec1a1on. 

Each instruction is designed to asame a specific data type for each operand. 
Operationa on each data type, therefore, are l.1mited to spec:i.tic mutually e:cluaive 
subsets ot the c:ommerc1al. instruction reperta1re. 'nlese are luted eelow: 

o Dec1mal. da ta opera tio=: 

Aritbmetic: Add, subtract, multiply, divide 
.. Dec1mal. Call pari so n 
- Convers:i.on between dec1.raal data tOl"'Dlata 

Conversion to binary 
.. Dec1ma1. shirt 
- Numeric string edit 

o Alphanmeric operatio=: 

AllXlallmer1c cQllparison 
Translation by character 

.. String searoh - identity eq uali ty 
String verUy .. detect inequality 

- String move 
Al phanumeric string ed! t 

o Binary: 

Conversion to dec1.raal. string 

The instructions are deacribed in Section VII ot t11ia specification. Each of 
the data typea, including ita representation and format in memory ia described in 
thia subsection. 

The operands for each instruction are :specitied by a set of descriptors whicI:L 
provide information regarding the location, :size and format for eaci1 operand. 
The:se deacriptors ma:r be coded in line with the proceasing instructioaa or located 
in tables. 'lbe data type (i.e., decimal, allXlaDumeric or binary) i.3 implicit 
according to the instruction so that mj.%ad data-type operations are not performed. 

3.1.2.2 DECIMAL DATA 

Dec1.raal. data operands have the following gell8ral characteri:stic:s: 

o A dec:l.mal. datum is a:Jsumed to be a real integer. 

o D1g1ts ot a decimal number occupy contiguous storage locatio=. 
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o They are referenced by the location ot the most signiticant digit or leading 

sign if there is one. 

o The most signiticant digit is assigned to the location with the lowest 
mEmory address. '!'he most significant digit with:1.n a word is to the lett ot 
less significant digits in the same word. 

The various representations ot decimal data dUter primarily with regard to: 

o Wbether there are one or two digits in a byte; namely string or packed 
decimal. 

o Whether the value is signed or unsigned (ass\lllled positive). 

o '!'he position ot the sign, if any. 

3 • , .2.2. 1 String Dec1mal 

Each digit at a string decimal datUIII occupies one byte in storage. The datum 
can occupy an even or odd n\llllber at bytes and can start at an even or odd byte 
address. 

Depending on the coding at the descriptor tor the dat1.llll, a:ny ot tour sign 
conventions are ass1.lllled: 

o Unsigned - assumed positive 

o Leading separate sign byte - betore the most signiticant n\lllleric digi t 

o Trailing separate sign byte - atter the least sign.1ticant numeric dig!. t 

o Trailing over-punched sign - in the same byte as the least signiticant 
digit. 

All digit bytes, except the one containing an over-punched sign, must have 
valid pure binary-coded decimal (BCD) values in the least sign.1ticant tour bits. 
The most significant tour bi ts ot each non-sign digi t byte is ignored in pertorming 
the operation. 'l'hese bits (termed zone bits) are set to bexadecimal three in digit 
bytes stored as a resul t at an operation. The resul ting digi ts are represented, 
therefore, as the ASCII codes tor numeric characters 0 through 9. 

Up to 31 bytes can be used to store a dec1mal string da tUll inol uding sign. The 
n\llleric precision is therefore 30 digits tor n\lllbers with the leading or trailing 
separate sign bytes and 31 digits tor over-punched sign or unsigned data. 

Table 3-1 indicates the sign code conventions recognized and generated when 
processing commercial instructions. For the leading and trailing separate sign 
convention, the positive and negative signs are denoted by the ASCII plus and minus 
characters, respectively. In the trailing over-punched sign convention, the least 
significant four bits ot the least significant digit byte do not adhere to BCD 
coding and undergo a transliteration when over-punched by a sign to torm an ASCII 
character. The tull 8 bits are examined to determine the sign and digit value for 
n1.llleric operations on over-punched sign operands (The older models decode only the 
least significant 7 bits to determine sign and digit value). 
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3.1.2.2.2 Packed Dec1ll1al 

Each byte of a packed decimal datum contains two BCD digits; i. e., each digit 
occupies a hal f-byte. Two sign. convent:ions are provided; unsigned or trailing 
separate sign. Unsigned numbers are ass\Jllled positive. The coding of tb.e sign for 
signed number strings is indicated in Table 3-2. 

Up to 31 half-bytes ot storage can be used to represent a packed decimal 
datum. The numeric prec1sion is therefore 31 digS.ts tor an unsigned datall and 30 
digS. ts. tor a signed datm. 

The tirst and last dig1ts representing a number can be situated in any 
halt-byte aligned position ot a word. The length of the operand tor this data type 
is expressed in halt-brtes. Artt halt-byte posit1on in m_ory can be spec1.f'ied as 
the loca t:ion of the datum. 

Except tor the sigu, all dig:f.ts must be in the BCD code set tor numeric 0 
through 9; otherw1se an illegal character trap n27 occurs. 
For a detailed description, refer to subaection 7.3. 

3.1.2.3.-, ALHUNUMERIC DATA 

Alpllantmeric operands consist ot a-bit characters. Their max1mum 31.ze is 255 
characters except as spec1t'ied otherwise. Alphan\llleric strings in memory can start 
and/or end on either odd or wen byte boundaries. 

, 3.1.2.4 BDURY DATA 

Binary operands can be ei ther 16 bi ts long or 32 bits long. They are 
2 f s-ccmplE!lllent integers and thus the most significant bit is the .sign bit and the 
binary point is aSSailed to be to the rigt1t of the least signiticant b1 t. The range 
ot the val us of the binary operand ia: 

o For a 16-bit long operand: 

o For a 32 bit long operand: 

~2 1 5i r .i 215_1. 

_231 < r < 231_1. - -
Note that the length at binar'1 da ta ia specified in bytes; thua, the length of 

the operand ahould be specitied as either two or tour bytes, otherwise unspecified 
results will occur. Binaz'1 operanda in memory can start on e1 ther odd or even byte 
boundariea. 

3.1.3 Data Formats tor Scientitic Instructions 

Scient1.f'io instruotions operate on two data typea: 

o Hexadecimal Floating Point 

o Signed Binary Integer 

o 

o 

-~----- - -------- --- ~ --- -~.----,----- -- -- --- -- -- - --- -
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Table 3-1 Sign Conventions for String Decimal Operands 

-------------------------------------~----------~ SEPARATE LEADING AND TRAILING SIGN 

: ----------------------------------.--------------: 
SIGN VALUE : ASCII aURACTER : HEXADECIMAL CODE 

:------------:-----------------:------------------: 
+ . . + 2B 

2D 

--~-----------------~------~------------------

----------------------------------~------------------------------TRAILING OVERPUNai SIGN 

:----------------------~-~-------------------------------------~: SIGN DIGIT ASCII HEXADECIMAL CODE HEXADECIMAL CODE 
VALUE VALUE ClIARACTER RE COON IZED AND RECOONIZED ONLY 

: GENERATED . . 
:-------:~--~:---~----:-----.. --~----:--------------~--: 

+ 0 · 1B 30 · · + 1 A · 41 31 · · 
+ 2 · B 42 32 · · + 3 C 43 33 · 
+ 4 D · 44 34 · + 5 E 45 35 
+ 6 F ~ 36 
+ 1 G · . 41 31 · + 8 H 48 38 
+ 9 I 49 · 39 · 0 0 10 None 0 

" 0 

1 J 4A None 
2 It 4B None 
3 L 4C None 
4 M · 4D None · . 
5 N 4E None 
6 · 0 4F None · 
1 P 50 None 
8 Q 51 None 
9 R 52 · None · 

----~-~---------------~------------------------------------------

Table 3-2 Packed Decimal Sign Conventions 

-.-----.. ----------------........----...... -----... ---~--.....---------
SIGN DIGIT 

(HEXA­
DECIMAL) 

PACKED DECIMAL ASCII SIGN . . 
:--~~~------~----------------~------: 
: GENERATED BY BARWARE : RECOONIZED BY BARIllARE 

:~----~--:-------------------~-:-----------------~-----: A + 
B + + 
C + 
D 

E&F + 

~-----------------------------------------------------------.. -
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HEIADECI~AL FLOATING POINT 

A hexadec.1Jnal floating point number can be 32 bita (a double word) or 64 bits 
(a quadruple word) in length. 'l'he format. of the nmber 13: 

o 6 7 a 31163 
•.• ___ • _____ a_as. ____ A ___________ _ 

. . e : :I : f . . ... _a.v._. __ • ________________ _ 

c 

where: e - 'l'he exponent in emess 64 form. The range (r) of the true value of' e ia 
-04 ~ r ~ ..63. The radix is 16; 

s • The operand sign where s = 0 is positive and s = 1 is negative; and. 

f - The fractional mantia3a in magn1tude form. The range of f is: 

o < f < (166_1)/166 for double word - -
o ~ f .So (16 14.1) / 16 14 for q uadrupl e word. 

Thus, the value (v) of the floating point number 13 defined to be: 

v = ( -1 ) s x f x 16 ( e-O 4) • 

For normalized floating point n1Dbers, 

f=O orf1,1116 

A floating point ll1.Dber in which all bits, including fra~'t1on (mantissa), sign, 
and exponent are Zero is defined aa a floating paint Cl.ean Zero (CZ). 

A floating pOint ll\lDlber in.whi·ch all bits of the fraction (mantissa)' are Zero 
and b1 ts of the sign and/or exponent are cot Zero 1a def1nedaa a floating point 
Fuzzy Zero (FZ). 

A :signed. integer ll\lDlber can be 16 bits (a single word) or 32 bi t:s (a double 
word) in length. The fonuat of the n\lDlber u: 

o 15/31 
____ •• ___ • _____ • a ••• - ----_... ---

1 
- I. 

• ____ a. ___ a_e ••• ___ _ ----
where 1 - The integer in two's complement form. 

bit 15/31, the leaat sign1f'1cant bit. 
ia: 

'nle radix pOint ia to the r1gllt of' 
'nle range of' the :signed integer 

_215 i 1 .So 215_1 for a single word and 

_231 iii 231_1 tor a double word. 

c 
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3.1.3.3 "PSEUDO DECI~.AL" FLOATING POINT FORMAT (M6I AND M6IE ONLI) 

A "pseudo decilJlal" flea ting point number can be three or five word:3 in length. 
The length 1:3 :3pecified by the accumulator length field of M4. The format of the 
Dumber in memory i:3: 

nl I 
I S I 
I I 
1-----

M 

1--------------1 
EX 

Word H 

• 

• 

Word N + 2 or 4 

EX - The exponent in tWO':3 complement form. The uset"ul range of EX i:3 -17 i 
EI,! 11. The radix 1:3 10. 

S - The operand :3ign where S = 0 i:3 po:3itive and S = 1 18 negative. S 1:3 bit 
o of word N. 

M and S form the mant1:38a in tWQ':3 complement form. The range ot" the manti:38a 
1:3 : 

where 'I = 31 for double word manti:3Sl, 63 for quad word manti:38a. 

The value (v) of the number i:3 defined to be: 

v = manti:38a x 10EI 
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3.2 ADDRESSES 

Addresses are used to point to an operand, spec1t'::'cally, to a data item (for 
example, bit, byte, word, and so forth) or to an instruction. Addresses are stored 
in memory or address registers. Word addresses are the native address form of the 
processor. 

3.2.1 Address TYpes 

The processor supports both physical addresses (PAs) and Logical Addresses 
(LAs). Most software visible addresses (for example, in base registers, memory, 
and so forth) are LAs. PAs are typically computed by the processor by translating 
LAs as a function ot descriptors stored in the Memory Management Unit (MHO). 

Segment descriptors use PAs. 

3.2.1.1 PHYSICAL ADDRESS 

A Physical Address (PA) is used by the processor to address the main memory. 
Its format is: 

o * 
PHYSICAL ADDRESS 

. Where: * = 20 for a CR41E ( 4 MB addressab1l1ty) 

* = 21 tor an M5IE (8 MB addressablli ty) 

* = 22 for an M6XE (16 MB addressabi11ty) 

Whenever the processor addresses a subword data item or passes a buffer address 
to a device controller, the processor extends its word PA to a byte PA by appending 
a byte bit to it. Note that the PA supported by the Megabus is in bytes. 

3.2.1.2 LCGICAL ADDRESS 

A Logical Address (LA) is the address used by a process to address its logical 
memory. An LA is 20-bits or 24-bits as a function ot the Memory Management Unit 
(MMU) mode used, when contained in a base register. An LA occupies 32 bits when 
stored as an address value in memory or when in IMA form. Whenever an address 
value or IMA is loaded into a base register or used as an address, then use only 
its low order n bits (where n = 20 for a CR41E and n = 24 for the M5IE, M6X and 
M6XE) and check the remaining high order bits for zero. It the high order bits are 
non zero, then post a Trap !V15. 

c 
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3.3 VISIBLE REGISTERS 

Thirtyeight (31 for a CR41E) program-visible registers can be loaded and read 
by various instructions in the Level 6 instruction set. There are: 

o Seven general word operand registers 
o Ten address registers 
o Seven general double-word operand registers (not available on a CR41E) 
o Twelve control registers 
o Three scientific accumulators, and 
o One descriptor segment base register. 

The register Dames and functioms are defined below, and are shown in Figure 
3-1. 

3.3.1 Word Operand Registers 

Registers R1 through R7 are 16-bit word operand general registers and accumu­
lators. They can also be used for post-indexing of addresses. 

o 15 

Rl through R7 

3.3.2 Address Registers 

Address registers are 20 bits (or 24 bits if EMMD) in length. Registers B1 
through B7 are base registers, P is the program counter, RDBR is the Remote 
Descriptor Base Register used whenever an AS specifies a remote descriptor, and T 
is the Stack Pointer Register. 

o 19/23 
Bl through B7, ----------------------
T, P, and RDBR 

The seven base registers (Bl through B7) can be used for formulating addresses 
pOinting to any word of procedure, data, or arbitrary location in the virtual 
memory space. Address registers will typically contain addresses, pOinters or base 
references for use in generating effective addresses and referencing program and 
data relatively. Base registers have auto increment and auto decrement capabllity 
to allow easy use of these registers for stack, queues, and program loops. 

The contents of P or the program counter is the address of the current 
instruction. Normally, P is incremented to point tQ the next instruction, except 
as noted for branches and jumps. 
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WORD OPERAND REGISTERS 
o 15 

R1 
R2 
R3 
R4 
R5 
R6 
R7 

· · 
· · 

ADDRESS RBlISTDS 

· · 
· · · · 

o 19/23 
P 
B1 
B2 
B3 
B4 
BS 
B6 
BT 

RDBR 
.... 
J. 

· · 

· · · · , · · 

DOUBLE-WORD REG ISTERS. 

· · 

· · 

o 31 
Ie1 
[2 

[5 
[6 
[7 

. .. 

GENERAL RmISTERS INDEX RBlISTERS 
AND ACCUMULATORS 

<- <--
<- <-
<- <--
<- <-
<- <-
<- <--
<- <-

PROGRAM BASE STACK 
COUN'rER RmISTERS POINTER 

<--

GENERAL RmISTERS 
AND ACCUMULATORS 

<-
<-
<-
<-
<-
<-
<-

<-
<-
<-
<-
<-
<-
<-
<-

INDEX RmISTERS 

<­
<­
<-

<-

C 

CONTROL p.EX;rSTERS 
o 1 15 

SYSTEM AND INDICATORS 
SECURITY KEYS 

TRAP EN ABL.e:1 
MODE CONTROL 

S : 
I ...:....------.:. 

CI ______ .:. 
SI ______ .:. 
M1 ... : ___ ___ 
M2 ...:.... ___ .:. 
M3 ..;.: ___ __:.: 

M4: -'=----':' 

<-
<­
<-
<-

M5 ... : ___ __:.: 
M6 : J... used by C1i41E-ba~ed des1gn~ as hardware 
M'7 : _: support tor integrated CIP 

<­
<­
<-
<-
<-

SCIENTIFIC ACCUMULATORS 
o 31 63 

GENERAL SCIENTIFIC REGISTERS 
AND ACCUMULATORS 

SAl _: ____________ ~ __________ __:. 

S12 
SA3 --------..;...---------

<-­
'<-
<-

Figure 3-1 Visible Registers 
-Available only in the M6X and M6IE models. 

rr-" ' , 
"- .,J 

" 

C~) 
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3.3.3 Double Word Ocerand Resisters (M6X and M6lE only) 

Registers 11 througll rr are used with Extended Integer Instructions (EII) 3lld 
are 32 bits in length. 11, 12, and K3 can also be used for indexing of addresses. 

o 31 

11 througll K1 

3.3.4 Control Registers 

3.3.4.1 S RBlISTER 

The S register contains the process status security leeys. The contents ot the 
S register can be read via the Store S Register instruction and are also saved at 
context sitch time. At context load time, the processor only uses the RH tield, 
all other fields/bits are isnored. The bit fields are defined as follows: 

where C 

o 1 2 3 4 1 8 9 10 15 -------------.... -------------------------------.... -----~ 
S = I C I RH I SHI RFU CHI I CL 

.... -.. ------.. -------------------...... -....... -~ ......... ---.. -.. ---
= Check indi ca tor: 

o For C = 1 then one or more ORUs (for eDDlple, processor, Device 
Controller) have not passed their QLTs 

o For C = 0 then all QLTs have been completed successfully. 

RH = Ring Nmber. The, n1.lllber of rings supported by the processor is four, 
numbered frcm 0 to 3. Ring 0 is the most privileged and ring 3 the 
least. The current ring of execution of the processor (RCR) is stored 
in the S register (S. RN) • The ring number codes are as follows: 

Level 6 Code 

Ring 0 11 
Ring 1 10 
Ring 2 01 
Ring 3 00 

sa = Super Hal t indi ca tor (M6X and M6XE only): 

SH=1 = 

SH=O = 

The CSS is in the super halt state. A super halt is posted 
during Trap, RTT, LEV or interrupt processing upon detection 
at aD1 ot the following: a NULL TV, NULL NATSAP, UAR, RED, 
parity Error or protection violation. The super halt does 
not cause a ring change, but it disables the EXECUTE 
function. To restart, push the STOP function, enter a new P 
and depress EXECUTE or alternatively, depress MASTED CLEAR. 

The CSS is not in the super hal t state. 
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= Reserved tor Future Use. 0,' " 

CHI = Channel Number. This two-bit field defines the processor channel 
number. 'l'l:e channel numbers reserved tor the processor are 0 - 3. 
The C!# provides the least significant two b1ts ot the channel lumber, 
the remaining bits of the processor channel number are Zero. 
C1rcuitry on the processor determines the CHI as a tunct10n ot its 
pes! t10n on the Megabus. 

CL = CUrrent Interrupt Level r1lJ1lber where 0 .i CL .i 63. "CL = 0" is the 
highest pr1or1ty level and. "CL = 63" is the lowest pr1or1ty' level. 
See subaect10n 3.5. 

3.3.4.2 INDICATOR (I) REDLSTER 

The I register contains the prOgrSlll statws 1nd1oatozes tor general and. extended 
integer instructions. 

o 1 2 3 4 5 6 1 . ___ .1. ________ .. ___ ........ ____ _ 
I = OV I RFU I C I B I I I GIL I U I 

••••••••••• __ a_ • 

where OV = OVerflow ind1cat~ 

C = Carry at latest operation dea:Lgnated to aftect this bit 

B = Bit Test 1l1d1cator, representing the state ot last bit tested 

I = Input/Output (I/O) 1lld1cator representing the status of the last 
per1pt1eral interrogated. '!he lIleamng of the bit is peripheral 
dependent, but generally I is set to One it the device accepted the 
I/O QCIIUIland sent to it. 

G,L,U = Greater than, Less than, and signs Unlike bits representing the 
results at the latest ccmpare. 

3.3.4.3 COMMERCIAL mDICA'l'OR (CI) REGISTER 

This e1gt1t-D1t indicator register 13 cleared at 1n:Ltial1:ation t:1me and gets 
updated during the execution or commercial instructions. 

Only the bits pertinent to the instruction are changed (set or cleared); all 
other b:1 ts remain unchanged. 'l'bese bi ta are teatabl e .,ia the commerci al branch 
inatructiona. Note that when test1ng aIlf one or lIlore at the bits, alJ. the 1l1cU.­
cators, includ1ng the OI]8(s) being tested, are lett unchanged. 

o 1 2 3 4 5 6 1 
__ ana _____ ••• aM _____________ ••• ___ _ 

CI I OV I T.R I SF I RFU I GIL I RFO I 
__ a. __________ •• &. __________ ••• o 
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o Bit 0 COY) - OVerflow Indicator - This bit ia set during decimal operations 

when ei th er: 

- '!'he receiving field cannot contain all significant digits of the result, 
or 

- A divide-by-Zero condition ia detected. 

o Bit 1 (TR) - Truncation Indicator - This bit ia set during alphanumeric 
operationa when the receiving field cannot contain all characters of the 
result. 

o Bit 2 (SF) - Sign Faul t - Thia bit is set during decimal operations when a 
negative result ia to be stored in an unsigned field. 

o Bita 3 and 4 (RFO) - Reserved for Future Uae. 

o Bit 5 (G) - Greater '!'han - .Thia bit ia Set during the executing of certain 
decimal and alphanlJllerio inatructions. The following condi tions are 
reported: 

- Reault ia greater than Zero for decimal arithmetic inatructions. 

- The first operand ia greater than the second operand for either decimal or 
al phan\llleric comparisons. 

o Bit 6 (L) - Lesa Than - 'l'hia bi t ia set during the execution of certain 
decimal and alphanlJlleric inatructions. The following condi tiona are 
reported: 

- Result ia lesa than Zero for decimal arithmetio inatructiona. 

- The first operand is less than the second operand for either decimal or 
alphanumerio comparisona. 

It mould be noted that the Commercial Indicator Regi.ster is part of the .system 
context and will be saved/restored as a function of the mask bits in the Interrupt 
Save Area. 

3.3.4.4 SCIENTIFIC INDICATOR (SI) RBlISTER 

'!'his a-bit indicator regiater ia cleared at im. tialization time and gets 
updated during the execution of scientific instructions. Only the bits pertinent 
to the instruction are changed (set or cleared); all other bits remain unchanged. 
'!'hese bi ts are testable via the scientific branch instructions. 

o 1 2 3 4 5 6 1 
--....-~------------------....... ------------------
I mF I RFO I SE I PE I RFO I GIL I RFO I 

o Bit a (EUF) - Exponent Underflow - Set when the result of a scientific 
operation has an exponent value which is saller than the allowed range for 
an exponent. Refer to subsection 3.1.3.1. 
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o Bit 2 (SE) - Significance Error - Set if an integer is truncated during a 
t'loa ting pOint to integer coavers1on operation. 

o Bit 3 (PE) - Precision Error - Set when a nonzero portion ot a traotion is 
truncated during a floating point to integer coavers1on operation. See the 
SST instruotion for specif'ic interpretation ot SI(PE). 

o Bit 5 (G) - Grater Than - Ma:y only be changed during a ccmpare operation. 

o Bit 6 (L) - Less Than - Ma:y only be cl1anged during a compare operation. 

The scientific indicator register is part at a system context and i:5 
saved/restored as a tunction ot the interrupt save mask in tJ:1e IS!. 

The M1 register- oonta1.u the tz-ap enable mode control. keys tor jlllllP and branch 
instructions as well as al]f instruction that :sets tJ:1e Of indicator because or an Rn 
register. overflow. 'lbe tielda are def1lled as tollows: 

o 1 T ..--..----- . .. 
Ml = I J I TI a_. a _ ._--

wbere J = Trace Trap Enable tor j\DPS and brancl1es: 
o = '!'race Trap di:sabl ed 
1 = Trace '!'rap embled (TV02) 

TI = T1 through T'7, Overflow Trap Enable controls tor registers R1 through rrr 
respectively: 

o = '!'rap d1:sabl ed 
t = '!'rap embled (n06). 

A trap can be requested during the execution ot the following J \DP and. branch 
instructions: JUMP, LBJ, 5TER and all brancll instructions. 

A trap can be requested when an overflow occurs during the execution ot tJ:1e 
tollowing instructions: ADD, StJB~ MUL, DIV, ADV, MLV, SAL, DAt, AID and SID. 

3.3.4.6 M2 REGISTER 

In the CR41E and M5XE models, the M2 reg1ster is present but not uaed (BFU). 
In the M6X and M6XE models, the M2 register contains trap emble, mode control 
keys, tor any extended integer instruction that sets the OV indicator becauae or a 
KI'l reg:!.ster overflow. The t1elds are defined as tollows: 

o 1 T C' . . '1, I 
a_a ••• __ _ 

M2= RFU I TI 
58 _____ _ 
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where Ttl = T1 througb '1(., OVerflow Trap Enable controls for regLsters K1 

througb K7 respectively: 
o = Trap disabled 
1 = Trap enabled (TV06). 

A trap can be requested when an overflew occurs during the execution of the 
following instruct1ons: ODD, CUB, KMUL, IDlV, KAL, !CADY and ICMLV., 

3.3.4.7 M3 REGISTERS 

The M3 RegLster contains trap enable mode control keys for commercial instruc­
tions. '!be fields are defined as follows: 

o 1 2 7 

M3= JOVITRlirul 

where OV = OVerflow Trap Mask: 
o = Trap disabled 

3.3.4.8 

1 = Trap enabled (TV29) 

TR = Trunca t10n Trap Mask: 
o = Trap disabled 
1 = Trap enabled (TV28). 

M4 REGISTER 

The M4 RegLster contains control illf'ormation for scientific instructions. '!be 
fields are det"ined as follows: 

o 1 2 4 5 6 7 

MIl = I R/T I RFU I ML 1 I AL 1 I ML2 I AL2 : ML3 : AL3 : 

where R/T = Round/Truncate Mode: 
o = Truncate 
1 = Round 

I 
SA '1 

SA 11 = Scientific Accumulator #1 

SA 12 = Scient1f'ic Accl.lllulator #2 

SA 13 = Scientific Accumulator '3 

I 
SA 12 

I 
SA '3 

ML = Memory Length. Length of' Main Memory data field associated with 
this SA: 
o = Two words 
1 = Four words 
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AL = Acoumulator Len,sth. Length of the value in the SA: 
o = Two words 
1 = Four words. 

3.3.4.9 !5 REnISTER 

The !5 Register conta1na trap emble IIlOde control keys tor scientific instruc­
tions. The tields are defined as tollows: 

o 1 2 3 4 7 
-.--- __ a • _____________ •• __ _ 

H5 = I EUM I RFU I SEM I PEM I R F U I 
--- .. -----_ .... -----~--,------.--

where mM = Exponent Underflow Trap Mask: 
o = Trap disabled 
1 = Trap embleci (TV19) 

SIM = S1gnUicance Zrror Trap Maak: 
o = Trap d1:sableci 
1 = Trap enableci ('l'V21) 

PEM = Preci.s1on Error Trap Mask: 
o = Trap di:sabled 
1 = Trap enableci (TV22). 

3.3.4.10 M6 AND!!T amISTERS 

In the CR41(E) model, the M6 anci M7 registers cannot be WJeci else post a tzoap 
TV05. In all other 1Il0ciels, the M6 and !!T Register are reserved tor tuture use. 

3.3.5 Scientitic Accumulators (SA) 

O',~,' ;J 

Three variable length :scientitic aCOlJllulators are supporteci. 'l'hese conta1n 
hemdecimal f'loa ting point val uss two or tour words in length. MZJ contains control 
b1 ts tor each SA (1, 2, or 3) wh1ch detine both the accumulator length anci the 
length ot IIEIIlOl"1 operands directeci to the acctlllulator. 

3.4 STACl{ MANAGEMENT 

The C3 tunctionality provides a :simple :stack capability tor each interrupt 
level. 'lbe Stack Acidress Pointer (T), pOints to the t1rst worci of the :stack header 
(See Figure 3-2). 

3.4.1 Staok Header 

The :stack header contains tour entries; two are not WJed by the proce.ssor and 
IIlUst contain null pointers. 

Hi 1.s a 16-b1t po.s1tive integer that detines the ntlllber of worda allocated toO 
the .stack. Hi i.s set by software when the header 1:1 area teci and referenced (but .. ' 
not al tered) by hardware. 
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r 
(Lower in mElllory, 

to p ot stack) 

For D = pes. For D = nes. 

FT-->O 
1 
2 
3 
4 
5 

-6 
-5 
-4 
-3 
-2 
-1 

I11111111111111111111111I 
I111111111111111111111111 
II I AVAILABLE SPACE III 
11/1111111111111111111111 
11/1111111111111111111111 
1 I 
I LeC) = 6 I 
I I 
I_CS ................. .. 
I C4.......... - .. .. .. 
:-C3 - - -FRAME C- - -
1=C2 - - (ACTIVE)- - -
I C1 - .......... - .. .. 
,--CO-.... - - - - .... .. 

n.L=FB --------->1 L(B) 
1 ______ ---
1 
I 
I 
I 

nAME B 

1 ______ ---
1 
I L(A) 
1 ______ ---
I 
I 
I 

1 nAME A 
I : 

I:------------------~I------~ I 1\ 
.1 CW I \ 

STACK ADDRESS REIlISTER(T) 1-->1 (Current stack I 
I I length in words) 

-------------------- I 1----------------

(B1gl1er in memory, 
bottaa ?f stack) 

y 

1 
I 

MW 
(Max:1m1.lll stack 

length in words) 

RFt1 & MBZ 

RFt1 & MBZ 
-----__ ------_1 

I 

• where Cn = Word n at Frame C 

Figure 3-2 Stack Structure 
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'- STACK 
I HEADER 
I 
I 
I 
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CW 13 a 16-bit positive integer that def'ines the n\lllber of' worda ourrently 
cons1.D.e<i by the stack. CW is set by sot"tvare when the header is orea ted; 
thereaf'ter, the value of' Of is updated by the hardware. 

3.4.2 Stack-Related Instructions 

'lbe following generic instructions are provided to mampulate the stack: 

o Load Stack Address Register (LDT) 
o Store Stack Address Register (STr) 
o Aoq u:f.re S tack Space (ACQ) 
o RelilXlu:f.sh Stack Space (HLQ). 
o }t)d1t)' Frame Length (MFL). (M6X and M6lE only) 

These instructions all contain two worela and have a common first word. 
Appropriate clleeks are made tor stack/overf"low conditions. For a description of'" 
the above instructiOns, refer to Section 5. 

3.4.3 Staok-Related Adqresa Syllable (M61 and M6IE only) 

A set of Stack related Address Syllables 13 detined to perform l11D1t ob.eck:f.ng 
whenever data in the active trame is being aocessed. These ASs are relative to the 
the top of' the current active frame (Ft) and assure that the data being referenced 
i3 within the active frame. It' an indirect stack related AS i3 used {e. g. • 
@(n+O]+O), then the CSS a:ssures that the pointer to the da ta is wi thin the active 
fraae. ArI:I limit ob.eck violation resul ta in a Trap 16 (program error). 

In Figure 3-2 ex_plea at "+0 addreSsing are given. Rater to subsection 
3 .11 .3.5 for a description at these entries. 

3.4.4 Staok Management Reatrictiona (M6X and M6IE only) 

'lbe stack funotionality supported by the CSS i.3 f'ully canpatible with that 
supported by the previous mEmbers of' the DPS6 family. 'lhe following restrictions 
however apply when using the !t)dify Frame length instruction and stack related 
address s.yllables. 

o The stack header in memory' must not be accessed by software follOWing the 
execution at a Mldify Frame Length (MFL) instruction or usage at a 
stack-related address syllable :since the CSS doe:s not update the header in 
mEmol'1 but rather 111<1den CSS regi..3ters only. !iote tl:1a.t as long as an MFL 
instruction or staok-related address syllable is not wsed, the stack header 
is maintained ourr9nt in main mEmory as in previous mEmbers ot the DP$ 
f.l1y_ 

o The stack header in main mEmory IIBJ be accessed bf the sof'tware atter it i.3 
made current by the CSS following a reload at the '.r register. 

-------------------- ------- -----

o 



~. 

-~---------------------------------------------------------------~-------------HONEYWELL INFORMATION 
SYSTEMS 

I SPEC. NO. I SHEET 
60149740 

I REV. 
3- 21 C 

----------------------------------------~-----------------------~-------------
3.5 INTERRUPTS 

3.5.1 Concept 

Interrupts are events generally unrelated to the current process. They can be 
generated in four ways: 

o Externally by: 

A peripheral device requiring service; 
A watchdog timer runout; 
A real time clock runoutj 
CSS-CSS dialog; 

o Internally by: 

- An LEV instruction execution or 

The exhaustion of a trap save area pool 

o .By an incipient power failure. 

Typically, external interrupts and power fail interrupts are honored at the end 
of the current instruction and internal interrupts are honored during the execution 
of an instruction. Regardless of the type, interrupts, when honored, typically 
result in a level and context change. The context of the currently executing 
process is stored in main memory and then the context of the interrupting process 
is fetched from main memory. 

3.5.2 Interrupt Handling 

Every process executes at a priority level defined by the CL field in the S 
register. CL is the Current Interrupt Level number (0 < CL < 63). Level 0 is 
defined to have the highest priority while Level 63 has-the lowest priority. Level 
assignments for various events are shown in Table 3-3. 

Any event having a priority greater than the currently executing process causes 
the latter to be interrupted; that is, the currently executing process is 
interrupted if IL < CL, where It = Interrupting Interrupt Level Number. 

When an interrupt is honored, a context switch is performed by using the 
following constructs: 

o Level Activity Flags (!Fs), 
o A set of Interrupt Vectors (IVs), 
o Interrupt Save Areas (ISAs), and 
o Hardware Context Areas (HCA) (M6X and M6XE only) 

The CSS requires that the above constructs be in main memory. The CSS (M6X and 
M6XE only) also can not tolerate a trap (i.e., TV15 or 17) when accessing any ot 
the above constructs. It a trap is encountered, then the CSS will post a super 
halt. In a CR41E and M5XE a trap will cause unspecified results. 
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'l'he CSS does not ~rt'orm ac:r aocess rigflt cheolc! when it accesses aD¥' ot the 0 
above constructs. Speo1t1o:ally, it a:ss1Jllles to have ring 0 pr1vllege and ignores 
the aocess per:n1t flags. 

Table 3-3 Interrupt Level ASsigcments 

, 
I 

EVmT CAUSING LEV!%. DEV WORD : LEVa. 
INTE1UiUPT ASSIGBMml' SETDIl I ASSIGNED I 

I BY 
1 

Power Failure 0 No change I Hardware 

Watchdog Timer 1 No change Hardware 

E:c:b.awstion of Trap 2 No change Hardware 
Save Area Pool 

INHIBIT n No change Sot'tware 

Real T:1me Clock n No change Software 

C~ Peri pheral Devi ce n Device Sot'tware 
Channel # 

CSS- CSS D1 al og n Interrup- Software 
ing C:SS 
Channel # 

3 .S .2.1 LEVa. AC'rIVM FLAGS 

64 Level Aotivity Flag (Al) bits in four dedicated locations (20 - 23 hex) are 
llaintaill8d to indi ca te the processor 1 evels tba t are ourrently aotive (that 1St 

readr for execution - see Figure 3-3). Usually, the leyel currently executing 
corresponds to the most sign1.f'1aant bit set, and its number is stored in S. CL. 
Aotivity flag b1 ts are set by interrupt requests and are set and/or cleared by the 
LEV instruotion. 

3 .S .2.2 INTERRUPT VEcrORS 

64 Interrupt Vectors (IVs) in 128 dedicated locations (80 - FF) are C~·' 
maintained. '!'be IVs bave a one-to-one relationship with the AFs (re.f'er to Figure.! 
3-3 and 3-4). '!'bey point to Interrupt Save Areas (ISA). An IV points to the DEV 
word of the ISA. 
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3.5.2.3 INTERRUPT SAVE AREA 

The context for each level is stored in main memory' in an area called the 
Interrupt Save Area (ISA). See Figures 3-3 and 3-4 for the format of the ISA. The 
ISA is pointed to by an IV associated with each specific level. Thus, the 
currently executing process running at level n, as well as the interrupting process 
running at a higtler priority level m, will each have a unique rI pointing to its 
respective ISA. rr the two IVs point to the same ISA, no context swap takes place, 
but a change to the higtler priority level takes place. Once the context swap and 
level abange have occurred, the interrupting process starts executing at its 
assigned level. Defin1 tions for the entries in an ISA are listed atter Figures 3-1 
and 3-8. 

o HARIWARE CONTEXT POINTER (HCP) (M6X and M6XE only) - A two-word entry that 
pOints to a 32-word Hardware Context Area (HCA) in memory, if the H bit in 
ISM2 equals one. 

o ADDRESS SPACE VECTOR (ASV) - A two-word entry' that points to the base of a 
segment table in memory. Reter to SUbsection 4.3.1.3. 

o TASK SalMEN! TABLE LIMIT (TS'l'L) (EMMJ only) - A one word entry that defines 
the maximlll1 addressable segment available to the task. Reter to subsection 
4.3.1.4. 

o TRAP SAVE AREA POINTER (TSAP) - A two-word entry that points to a Trap Save 
Area (!SA) during trap processing. As a painter, its two higb-order bits 
consist of a ring number and should be set to zero. 

o INTERRUPTIm DEVICE ID (DEV) - A one-word entry used to identify t::J.e 
interrupting source. The format ot DEY for external interrupts is: 

- For device and CSS-CSS interrupts, set DEY to: 

o 

DEV = 
9 10 15 , , 

CHANNEL NUMBER OF I INTERRUPTING 
INTERRUPTIm UNIT I LEVEL NUMBER 

I 

- For Real TUle Clock interrupts, DEY is not changed. 

- For Watch Dog Timer interrupts, DEV is not changed. 

- For internal interrupts, DEV is not changed. 

- For power tail interrupts, DEV is not changed. 

Note that the IV pOints to DEY and IV relative addressing is relative to 
this entry. 
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20 

23 

80 

81 

FE 

FF 

I 
I 
I 
I -

I 
I 

DEDICATED 
MEMORY 

0-> 15 

0 

0 

0 

48 -> 63 

ISA. , 
I-
I I ->1 FOR 
i I I 
1 I I LEVEL 0 
I 1 LEVEL I 
- > ACTIVITY 
I I FLAGS 
r I 
I I 
I_I 
I 

I-IV No. 0 -1---------1 ____ 1 
I I 
I-IV Ho. 1 -I 1 ___ -
I o 

o 
1 0 1-------

, 
->1 

1 
ISA 

I FOR 
I 
I 

1 LEVEL n 1 ___ -
I-IV 10. n -1--·· .--------

o 
o 
o 
o 
o ISA 

I-IV No. 63-1--------------->1 FOR 
1 I I . 
I 0 1 1 LEVEL 63 
1 0 I 1 
.. 0 

o 
o 

----

1->1 
1- HARLWARE 
I CONTEn 

AREA. 

->1 
I SBlMEHT I 

I TABLE 
1 

1-->1 
1- I RA.RLW ARE 
1 I I CONTEXr 

1 I ABE! 
1 ___ -

I 
->1 

1--->: 
1- I 

I 1 
I 

SBlMmlT 
TABLE 

HARLWARE 
CONTEXr 

AREA 
1 ___ -

->1 
I 
I 

SBlMEHT 
TABLE 

1 ___ -

where IV No. n = Interrupt Vector for Level No. n 
ISA = Interrupt Save Area 

Figure 3-3 Interrupt Constructs 
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HARDWARE 
DEDICATED MEMORY 

LOCATION 

ISA 1) 

,_ HCP 2) 1----->, 
I __ ~~--:, 1 HARDWARE 
1_ ASV 1--- I CONTEXT 
1 -I 1 - AREA 
1 TSTL 3) 1 
1 TSAP 1 (32 WORDS) 

1 1 1- -I: 1- _I 1 _____ _ 

, IVI 1---------> 1 DEV 
---~~-- ,-~I~S~M~1--

;::::::::::::~I~S~M2~:::::::::::::::: 
'- P 1 

:--~S--­
;=--~B.::::7---
1 1 _____ -

1-
1 B1 1 -1 
1 
1 00 1 
1 R7 1 
I 0 I - 0 
I R1 I 
I FF I 
1 
I -
1 FF M7' 
1 T_' 
1- 1 
I--O~O~~-C~I~I-' Commercial Instruc-
1_ RDBR ,>tion Context 

1 / 
--O-O-"""'-S-I-'-' 
SAl (4 words)' \ Scientific Instruc­
SA2 (4 words)' / tion Context 
SA3 (4 words)' / 

K7 2) ,-
I -II 1--____ -

1- _I 

,_ K1 2)_1 
I 1 
I 1 

I Flag 2) 1 

NOTES 

1)ISA shown above assumes all defined bits of ISM1 and ISM2 equal to One. 
2) Applicable to M6X and M6XE only. 
3) Applicable to EMMU models only, else RSU. 

Figure 3-4 Interrupt Save Area (Sheet 1 of 2) 
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where IV = Interrupt Vector 
HCP = Hardware Context Pointer 
ASV = Address Space Vector 
TSTL = Task Segment Table Limit 
TSAP = Trap Save Area Pointer 
DEV = Interrupting Device ID 
ISM1, ISM2 = Interrupt Save Mask 
T = Stack Address Register 
CI = Commercial Instruction Indicator Register 
RDBR = Remote Descriptor Base Register 
SI = Scientific Instruction Indicator Register 
SA = Scientific Accumulator 

Figure 3-4 Interrupt Save Area (Sheet 2 of 2) 

0 INTERRUPT SAVE MASK 1 (ISM1) - A one-word entry used in the save/restore 
hardware process. Its format is: /."'\ 

G 
0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

ISM1 M R R R R R R R I B B B B B B B" 
1 1 2 3 4 5 6 7 1 2 3 4 5 6 7 

Processor registers selected by the mask bits (bit = 1) are stored in memory 
in consecutive locations starting at the specified location. The mask bits 
are scanned from right (bit 15) to left (bit 0); ISM1 is scanned first, then 
ISM2. If the mask bit is a one, the corresponding register is saved or 
restored as applicable. If the mask bit is a zero, the corresponding 
register is not saved or restored and, in addition, the word or words 
required by the register is/are assumed not to be in the ISA. 

o INTERRUPT SAVE MASK 2 (ISM2) - A one-word entry used in the save/restore 
process. Its format is: 

0 3 4 5 6 7 8 9 1~ 14 15 
• *1 * . • • • • 

ISM2 MU NATSAP IRFU K S C H • LAI RFU T M 
• 
• I 

* Applicable to M6X and M6XE only. C 

----- -_._-- ----- ~- - ------~---
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MU = MMU Context. 
context load time. 

If set, then an Inrush operation is requested at 
Refer to subsection 4.3.4. 

NATSAP = NATSAP Select. The NATSAP Select field is used to select 
which NATSAP, and therefore which TSA pool, will be used during Trap 
processing. The field is encoded as follows: 

NATSAP Select NATSAP Used Memory Location 

a a a a 00010 
0 0 1 1 OOOOE 
0 1 0 2 OOOOC 
0 1 1 3 OOOOA 
1 X X RFU RFU 

K = Kl - K7 (M6X and M6XE only). If set, then save/restore Kl - K7 
in/from the specified locations. If not set, do not save/restore Kl -
K7, and, the words required by the registers are assumed not to be in 
the ISA. 

S = Scientific Context. 'If set, then save/restore the scientific 
indicator (SI) and the scientific accumulators (SAs) in/from the 
specified locations. If not set, then do not save/restore the 
scientific context; the words required by the registers are assumed 
not to be in the ISA. 

C = Commercial Context and RDBR. If set, then save/restore the 
commercial indicator (CI) register and the RDBR in/from the specified 
locations. If not set, then do not save/restore the commercial context 
and RDBR. The words required by the registers are assumed not to be 
in the ISA. 

H = Hardware Context Area (HCA) Indicator (M6X and M6XE only). If H 
is set then make certain long instructions interruptable. The CSS 
uses the HCA to store any intermediate instruction context. 

LA = Level Active (M6X and M6XE only). This bit is set by the 
software to request the CSS to write a Flag word (at the end of the 
ISA), after having saved all the process context in the ISA. Flag is 
written only if the context change is caused by an LEV instruction. 

T = Stack Address Register. If set, then save/restore the stack 
address register in the specified locations. If not set, then do not 
save/restore the register. The words required by the register are 
assumed not to be in the ISA. 

M = M2 through M7. If set, then save/restore M2 through M7 (M2 
through M5 for CR41E) in the specified locations. Six words are 
assumed allocated in all models. If not set, do not save/restore the 
registers. The six words are assumed not to be in the ISA. 

a PROCEDURE COUNTER (P) - A two-word entry used to save/restore P. 
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o S REGISTER (S) - A one-word entry used to save/restore S. Refer to 
subsection 3.3.4.1. 

o BASE REGISTERS (B) - Up to seven two-word entries used to save/restore B1 -
B7. Mask bits in ISM1 determine which entries are to be saved/restored. 

o INDICATOR REGISTER (I) - A one-word entry used to save/restore I. A mask 
bit in ISM1 determines if the entry is to be saved/restored. Since I is 
eight bits, it is stored in the right half of the entry with the lett half 
set to 00. 

o WORD OPERAND REGISTERS (R) - Up to seven one-word entries used to 
save/restore R1 - R7. Mask bits in ISM1 determine which entries are to be 
saved/restored. 

o MODE REGISTER (M) - Up to seven one-word entries used to save/restore Ml -
M7. Mask bits in ISMl and ISM2 determine which entries are to be 
saved/restored. Since an M register is eight bits, it is stored in the 
right half of ther entry, with the left half set to FF. 

o STACK REGISTER (T) - A two-word entry used to save/restore T. A mask bit in 
ISM2 determines if the entry is to be saved/restored. 

o COMMERCIAL INDICATOR REGISTER (CI) - A one-word entry used to save/restore 
CI. The C mask bit in ISM2 determines if the entry is to be 
saved/restored. Since C1 is eight bits, .it is stored in the right half of 
the entry with the left half set to 00. 

o REMOTE DESCRIPTOR BASE REGISTER (RDBR) - A two-word entry used to savel 
restore the RDBR. It is saved/restored along with CI when so specified by 
the C bit in ISM2. The RDBR ring number is saved/restored as is. 

o SCIENTIFIC INDICATOR REGISTER (SI) - A one-word entry used to save/restore. 
SI. The S mask bit in 1SM2 determines if the entry is to be 
saved/restored. Since SI is eight bits, it is stored in the right half of 
the entry, with the left half set to 00. 

o SCIENTIFIC ACCUMULATORS (SAs) - Three four-word entries used to save/restore 
the scientific accumulators. These entries are saved/restored along with SI 
when so specified by the S bit in ISM2. The format of this area is as 
follows: 

SAl 

SA2 

SA3 

-1------~--~-------
1 

I (MSB)e S (MSB)f 
'---------------------1 

f I 
1 ---------------------, 

1 
-I f 

1 
I ---------------------
1 
1 f 

f- ---------------------
Same as SA1 

1---------------------
Same as SAl 

--- " .. _-------

o 
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where SA1, SA2,and SA3 = Scientific Accumulator Registers for Registers 1,2 
and 3; e= Exponent; s = Sign; and f = Fractional mantissa. 

o DOUBLE WORD OPERAND REGISTERS (K) (M6X and M6XE only) - Up to seven two-word 
entries used to save/restore K1 - K7. The K mask bit in ISM2 determines if 
the entries are to be saved/restored. 

o FLAG (M6X and M6XE only) - A one word entry which is set by the processor to 
FFFF after having saved all process context in the ISA. Flag is written 
only if the LA mask bit in ISM2 = 1 and the context change is caused by an 
LEV instruction. Flag is not updated if context change is caused by an 
interrupt. 

3.5.2.4 HARDWARE CONTEXT AREA (M6X and M6XE only) 

The Hardware Context Area (HCA) consists of 32 words and is used by the CSS to 
store intermediate instruction context when certain long instructions are specified 
to be interruptable (ISM2.H = 1). 

The HCA is pointed to by the HCP contained in the ISA. 

3.5.3 External Interrupt Handling 

External interrupts (Els) are typically sensed between instructions. In a few 
cases (for example, when executing interruptable instructions), EIs are also sensed 
during instruction execution. 

When an EI is sensed, the CSS compares the current interrupt level number eCL) 
with the interrupting interrupt level number (IL). If CL < IL, then the EI is not 
honored and the interrupt source is told to ~,~a9lc the interrupt. If" CL > IL, the 
EI is honored. Context is saved in the ISA of the interrupted level and a level 
change to ·the interrupting level is performed and its context loaded. The DEV word 
in the ISA of the interrupting level is updated to indicate the interrupt source. 
The AF of the interrupted level is left on and the AF of the interrupting level is 
set. 

If during a level change operation the IV of the interrupting level is found to 
be NULL, then the interrupt is ignored and a scan and dispatch function performed. 
(Refer to Figure 3-5.) 

3.5.4 Internal Interrupt Handling 

Internal Interupts (lIs) occur during the execution of an instruction. In the 
case of the LEV instruction, the instruction specifies that an II be generated. In 
the case of a TSA-related interrupt, an interrupt to level 2 is generated because 
during instruction excution a trap was detected and the Trap Save Area (TSA) being 
used is the last one in the pool. Refer to Figure 3-5. 
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I NO (Sheet 4) 
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I IS CSS IN \ YES 0 0 
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I NO (Sheet 5) 
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Figure 3-5 Interrupt Sequence Flow Chart (Sheet 1 of 10) 
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< (LEVEL 2) INTERRUPT >------>o( or )0 
\ BEEN POSTED? / 0 0 

I NO (Sheet 10) 
v 

NO / IS \ 
--------< L'STRUCTION EXECUTION> 

, COMPLETE ? / 
I YES 
v 

/ IS AN \ NO 0 0 

< INTERRUPT >--->0 ( A )0 
\Io,..._--=-PEN'~D~I~NG~?;_--'/ 0 0 

I YES (Sheet 1) 
v 

o 0 
o( C )0 

o 0 

Figure 3-5 Interrupt Sequence Flow Chart (Sheet 2 of 10) 
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F1aure 3-5 Interrupt Sequence Flow Chart (Sheet 3 of 10) 
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Where: IL - Interrupt Level No. 
AL - Activate Level No. 
CL - Current Level No. 
AF - Activity Flag 
ALV - AL's Interrupt Vector 
CLV - CL's Interrupt Vector 

NOTE 

The CSS (M6X and M6XE only) can not tolerate a trap (i.e., TV15 or 17) when 
accessing any of the above constructs. It a trap is encountered, then the CSS will 
post a super halt. In a CR41E and M5XE a trap will cause unspecified results. 

Figure 3-5 Interrupt Sequence Flow Chart (Sheet 10 of 10) 

3.5.4.1 LEV INSTRUCTION 

The LEV instruction is used to set/clear -Level Activity Flags· (AFs), inhibit 
interrupts, enable interrupts, and so forth. It uses a 16-bit operand to control 
the various sequences of actions. The format of the operand is as follows: 

o 2 1 

S D 000 000 

8 9 10 
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Q 0 I 
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where: S = Suspend current level 

D = Deter Interrupt 
Q = Quick level change (inhibit) 
n. = Interrupting Level , 
CL = Current Level 

The actions performed are summarized as follows: 

S Q D A C T I 0 N' 

0 0 0 Schedule level IL, scan and dispatch 

0 0 1 Schedule level II. , deter interrupt 

0 1 I Inhibit to level II. 

1 0 I Schedule level IL, suspend CL, scan and 

1 1 I Inhibit to level II. and Suspend CL 

where Schedule = Set activity flag for ILi 

di.spatch 

o 

/', 

Scan and dispatch = Scan AF, tind highest priority active level, save ly 
context ot current running level, and re.store context at the highe.st 
priority active level; 

Deter Interrupt = Do nat scan nor di.spatch. Continue executing at CL; 

Inhibit = Set AP tor II.. Change level ot running proces.s to II.. Set IV ot 
II. (II.V) to IV ot CL (CLV). Do not pertorm context savel restore or change 
the proce.ss addre.ss space. (Used tor quick level change to higher priority 
level. ); and 

Suspend = Clear AF tor CL. 

The above tunctionality and interrupt related tunctions are de.scribed in Figure 
3-5. The llardware guarantee.s that a proces.s .13 always active at level 63; that is, 
the AF corre.sponding to 63 is treated a.s it it i.s always set. It the IV ot level 
63 equals N'tJLL, then the CSS perf'orm.s the equivalent or a Halt in.struction, 
entering the instruction halt state. In this state, the CSS IIl1nil1l1zes the use ot 
bus cycles while waiting tor an interrupt. It the IV or level 63 is not NULL, the 
processor treats thi.s level like any other. 

3.5.4.2 TSA RELATED mTERRUPT 

Th1.s interrupt type is po.sted by the processor it during Trap execution the TSA 
being used is the la.st one in the pool. An interrupt to level 2 is generated to C 
report this condition to the sortware. Refer to Figure 3-5. -/v 
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3.5.5 Power Fail Interrupt Handling 

Power fail interrupts (PFIs) are, like EIs, typically sensed between 
instructions. In a feil cases (for example, when executing interruptable 
instructions), PFIs are also sensed during instruction execution. 

When a PFI is sensed, the CSS determines the value of the current interrupt 
level. number (CL): 

o It a. = 0, then theCSS enters the operator halt state. 

o It a. > 0, the PFI is honored. Context is saved in the ISA of the 
interrupted level. and a level. change to level. zero is performed and its 
context loaded. The DEi word in the ISA ot level zero is not changed. The 
AF ot the interrupted level. i3 lett on and the AF of level. zero is set. 
Refer to Figure 3-5. 

Software reaction to a PFI is expected to be a3 follows: 

o A minimum ot Level zero context is requested to be loaded; 

o An instruction is executed to update an indicator to log the fact that a PFI 
has occured; and 

o A hal t instruction is executed. 

Note that the above detined functionality applie3 to all CSSs whether the CSS 
is the master or a slave in the case ot dual processor systems. 

3.6 TRAPS 

3.6 .1 Concept 

A trap is an event that can occur during the execution ot an instruction and 
indicates that software intervention is required. A set of trap vectors and a Trap 
Save Area (to hold the trap context) are used to pass control to the sottware and 
to provide the software wi th the necessary trap context. 

As a function of the trap type, the appropriate tr-ap vector is used· to identity 
the trap handler. The trap handler, u:sing the trap context, can then prOceS3 the 
trap condition. FollOWing successful resolution ot the trap condition, the trap 
handler pertoms a Return to resume execution ot the trapped procedure. Precisely 
which instruction is executed tollowing the Return is a function of the trap type 
and i3 defined by the trap handler, by. upda ting the trap context ill the trap save 
area, it needed. 

Since trap handling can require a change in the process' execute privilege, the 
trap vector is used to define the execute privilege of the trap handler. 
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3.6.2 Trao Handling 

Each type of trap is associated with a Trap Vector (that is, a Trap handler 
pointer) that is stored in a dedicated main memory location. The various events 
that can cause a trap and their associated vector numbers are given in 'rable 3-~. 

The following COnstruct3 are u3ed (reter to Figure 3-6): 

o Interrupt Vector3 (IVs) 
o Interrupt Save Area (ISA) 
o Interrupt Save Ma.sk Word 2 (ISM2) 
o Trap Save Area ('!'SA) 
o Trap Vectors (TVs) 
o Next Available TSA Pointer (N'ATSAP). 
o Trap Save Area Link (TSAL) 
o Trap Save Area POinter (TSAP) 

The CSS requires that the above conatruct3 be in main memo!7. The CSS (M6X and 
M6IE only) can not tolerate a trap (i.e., rvlS or 17) when accessing aD1 ot the 
above ccnstructs. It a trap i3 encountered, then the CSS will post a super halt. 
In a CR41E and M5XE a trap will caU3e unspecified result3. 

The CSS does not perform any access right checks when it accesses any ot the 
above constructs. Specifically, it assumes to have ring 0 priviledge and ignores 
the access permit flap. 

Trap handling is performed using Trap Save Areas (TSA). Detection ot a trap 
condi tion causes the CSS to save the trap context into a '!SA and then to transter 
control to the appropriate trap handler. Figure 3-7 shows the trap context. 

The CSS uses the NATSAP selected by ISM2 (1-3) to access one of the four 'rSA 
pools. It the selected 'rSA pool is empty (that i3, the selected NATSAP contains a 
NULL link), the CSS will enter the super halt state; otherwi~e, the first available 
ISA stack entry i3 unlinked from the selected pool and linked to the ISA of the 
current level. The TVI identifies the trap handler procedure, its execution ring 
and entry point. 

The execute privilege of the trap handler is determined as a function ot the 
TV. For TV = even, no ring change takes place and the trap handler uses the same 
privilege as the trapped prodecure. For TV = odd, a ring change to ring 0 occurs 
and the trap handler runs in ring O. 

Before entering the trap handler, B3, whoae content was saved in the TSA, is 
loaded with a pOinter to the TSA' s A field. In add! tion, TSAL is checked to insure 
that it is not equal to NULL (indicating that this '!SA is the last stack frame in 
the pool). It NULL, a level 2 interrupt is generated before the trap handler is 
entered. 

The generic instruction RT'! must be used to return. fram a trap which uses a 
'rSA. The RTT uses the current level ISA to access the TSA, from which it restore~ 
the values of all visible registers saved during the trap. The ISA frame is ~ 
returned to the head of the appropriate memory pool (as detined by ISM2 (1-3». 
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Table 3-~ Trap Vectors and Events 

VECTOR I EVENT 

I 
I 

: 
·1 
1 

I 
I 

I 
1 
1 
I 
134 
1 

1 
2 
3 
4 
5 

6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

Monitor call (MCL instruction) 
Trace trap 1) (debug) or BRK instruction 
Scientific.Opcode not supported 
RSO 
Address syllable or opcode (not Scientific) 

not supported 
Integer register overflow 
Scientific divide by zero 
Scientific exponent overflow 

Stack underflow 
Stack overflow 
RFtJ 
Recursive remote descriptor usage 
Unprivileged use of privileged operation 
Unauthorized reference to protected memory 
Reference to unavailable resource 
Program error 

17 Memory or bus error 
18 Segment descriptor access error 2) 
19 Scientific exponent underflow 1 ) 
20 Scientific program error 
21 SCientific significance error 1) 
22 Scientific preCision error1) 
23 Reference to unavailable resource by CIP or SIP 3) 
24 Memory or bus error detected by CIP or SIP 3) 

25 Commercial divide by zero 
26 Commercial specification error 
27 Commercial illegal character (data code) 

1) 28 Commercial truncation error 
29 I Commercial overflow 1) I 

30 I CIP QLT error 4) 
I 

31 I SIP QLT error 4) 
I 

32 I Unauthorized reference to protected memory I 
I by CIP or SIP 3) I 

1 
4) 33 I Illegal Argument detected during a scientific 

I instruction 
thru 461 RFtJ 

I 
NOTES 

1 ) This trap occurs only if enabled. 
2) This trap occurs only when in EMMD mode. 
3) This trap is applicable only on systems that have a separate processor for CIP 

and/or SIP. For systems with no separate processor(s), TV23, 24 and 32 are 
mapped into l'V15, 17 and 14 respectively. 

4) This trap is applicable only on a M6X or M6IE. 
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During the execution ot a trap or an RTT instruction, the CSS does not tolerate a 0 
NULL pointer. Detection of a NULL pOinter results in the aotion(s) shu.n in Table 
3-5. 

Figure 3-8 gives a flow chart at the trap sequence. For information on the 
Return sequence, refer to the RTT instruotion in Seotion 5. 

3.6.3 Trap Veotor Descriptions 

Defined below are the trap types given in Table 34. For more information also 
reter to Figure 3-1 tor a desoription ot the trap context. 

TVOl 

TV02 

TV03 

TV05 

Monitor Call - This trap is posted whenever an MCL instruction is 
executed. 

Trace or BRK Instruction - This trap is posted whenever either a BRK 
instruction is executed or whenever a trace trap is requested in M1 
and tohe branch ° cond! tion is true during the execution ot an LNJ, JMP, 
ENT or ~ branch instruction. 

Scientific Opcode act supported - This trap is posted whenever a 
sCient1tio instruction is encountered by the CSS but no SIP is 
co~igured. 

Address Syllable or Opcode (not scientifio) not supported - This traP--1 
is posted whenever an unassigned Address Syllable is used or an ~/ 
unspecified opcode is encountered by the CSS. 

This trap is also posted, in a CR41E, it the MTM or STM instructions 
specityMS or 1fT. 

TV06 Integer Register Overflow - This trap is posted whenever an overflow 
trap is requested in M1(#) and an overflow. occurs during the execution 
of any of the follOWing general (R register) instructions: 

ADD, SUB, MUL, DIV, ADV, MLV, SAL, DAt, AID and SID. 

This trap is also posted whenever an overtlow trap is requested in 
M2(#) and an overflow occurs during the execution of any of the 
following Ell (K register) instructions; 

KAnD, DUB, ICMtJL, KDIV, KAL, [ADV and IMLV. 

Tbe trap is posted upon completion of the instruction. The register 
remains unchanged, on an overflow, for the following instructiOns: 

MUL, DIV, MLV, KnIV, KMUL and KMLV. 

For all the other in5tructions, the register i5 modified, on an 
overflow. 

TVor Scientific Divide by Zero - The Divide by Zero (DZ) trap is generated 
whenever the divisor of a scientifio divide (SDV) instruction is equal 
to Zero. Operands remain unchanged. 
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TV08 Scientific Exponent Overflow - This trap is posted whenever the 
exponent (e) of the floating point result is greater than +63. The 
scientific instructions that can cause this trap are: 

SLD, SAD, SSB, SML, SDV, SST and SSW. 

The trap is posted upon completion of the instruction and the result 
field(s) are altered. 

TV09 Stack Underflow - This trap is posted when a RLQ instruction returns 
the last frame on the stack. 

TV10 Stack Overflow - This trap is posted when an ACQ instruction requests 
a frame that is larger in size than the available space on the stack. 

TV12 Recursive Remote Descriptor Usage - This trap is posted when the 
remote descriptor of a commercial instruction pOints to another remote 
descriptor. 

TV13 Unprivileged Use of Privileged Operation - A privileged instruction 
was executed in a ring other than zero or one. Refer to subsection 
4.3.1.1. 

TV14 Unauthorized Reference to Protected Memory - During instruction 
execution one of the following conditions was detected: 

o Process did not have the required privilege to execute the 
instruction, 

o Process did not have the required privilege to read the operand, 

o Process did not have the required privilege to write the operand. 

TV15 Reference to Unavailable Resource -

o During a Megabus operation (e.g., to memory, I/O controller, CSS, 
etc.), one of the following conditions occured: 

o 

A deadman timeout condition was detected. Specifically, the 
memory address or I/O channel number does not exist or 
required parity(s) of address was incorrect. 

A Megabus operation timeout was detected. Specifically, an 
excess prinet delay was detected or a Megabus unit responds 
with excess waits or a Megabus unit accepts a read command but 
does not deliver requested data. 

During the address translation process one of the following 
conditions was detected: 

Segment descriptor not Valid, 

Segment size violation or 

Segment number > TSTL (EMMU Mode only). 
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o The high order bits of an LA where non zero. Refer to subection 

3.2.1.2. 

o During the execution of the VLD or CVP instructions when in SMMU 
Mode (applicable to MSXE or M6XE only), the Segment number in,BS 
is greater than OF i.e., ([B5] > OFXXXX). 

o During the execution of the ASST instruction: 

The SST did not start in a valid segment or 

The SST was not contained within the physical memory space •• 

o During the execution of the ATST instruction, the TST did not 
start in a valid segment. 

TV16 Program Error - During instruction decoding, the AS used is found to 
be illegal as follows: 

o AS: REG and the instruction is a LAB, JMP, LNJ, ENT, SAVE, RSTR, 
LXA or IOLD-AAS; 

0 AS: IMO from Map 1 and the instruction is an LXA, or any Ell 
using a data type with atom size less than a word; 

0 AS : 1£.10 from Map 2 and the instruction is not a commercial instrj 

0 AS = AS3 from Map 2 and the instruction is not a commercial instrj 

0 AS = AS3 from Map 2 is being used by a remote descriptorj 

0 AS = =Kn and the instruction is a LAB, JMP, LNJ, ENT, SAVE, RSTR, 
LXA, 10, roH or IOLD; 

0 AS : AS23 from Map 1 and the instruction is an EII instructionj 

0 The AS chosen by the escape AS EII1 is = ASN, EII1 or EII23 (refer 
to Figure 3-14)j 

0 The AS chosen by the escape AS EII23 is = AS3 (see Figure 3-14); 

During RTT instruction execution, [TSAP] : Null (there is no TSA); 

During MMM or BSRCH instruction execution, [R6] < zeroj 

During LDT, STT, ACQ, or RLQ instruction decoding, an encoding error 
is detected in the second word of the instruction; 

During LXA or Ell instruction decoding, the data type used is found 
be illegal. 

During MMUD instruction decoding, an encoding error is detected in 
[R5] ; 

to 

(~ 

~~ 

? 
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'TV17 

During the execution of the RLQ instruction, OW = 0 at the start of 
RLQ execution or RLQ returns more space than exists on the stack. 

During the execution of the RLQ or ACQ instructions, [T] = NULL. 

Usage of a stack related AS resulted in a limit check violation. 

During the execution of the ASD instruction: 

o [BS] > OFXXXX and processor is in the SMMU mode (applicable only 
to MSXE and M6XE). 

o An attempt was made to invalidate Segment 0 in an M6X or M6XE in 
any Mode or in an MSXE in EMMU mode • 

During the execution of the ATST instruction: 

o CSS was in SMMU mode. 

o The TST (MSXE only) was not double word aligned. 

Memory or Bus Error - During a Megabus read operation (e.g., from 
memory, IIO controller, etc.) one of the following conditions was 
detected: 

o Memory controller indicated a memory read error via the RED 
Megabus lines; or 

o CSS detected a parity error in data received from cache or 
Megabus. 

TV18 Segment Descriptor Access Error (EMMU Mode only)-

o During the fetching, by the EMMU, of a segment descriptor from the 
EMMU Storage Array, a parity error was detected (M6XE only). 

o During the demand fetching, by the EMMU, of a segment descriptor 
from the Task Segment Table, one of the following conditions was 
detected: 

A deadman timeout condition was detected. Specifically, the 
memory address does not exist or required parity(s) of address 
was incorrect; or 

A Megabus operation timeout was detected. SpeCifically, an 
excess prinet delay was detected or the memory controller 
accepts a read command but does not deliver requested data. 

A memory controller indicated. a memory read error via the RED 
Megabus lines~ 

A segment descriptor is found not to be double word aligned 
(MSXE only). This implies that the TST is not double word 
aligned. Refer to subsection 4.3.4. 
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TV19 Scientific Exponent Underflow - This trap is posted whenever an 

underflow trap is requested in M5 and the exponent (e) of the floating 
point result is less than -64. The scientific instructions that can 
cause this trap are: 

SLD, SAD, SSB, SML, SDV and SSW. 

The trap is posted upon completion of the instruction and the result 
field(s) are altered. 

TV20 Scientific Program Error - During scientific instruction decoding, the 
AS used is found to be illegal as follows: 

o AS = IMO and the instruction is an SST or SSW; 

o AS = REG or =Kn and the instruction is an SCZD or SCZQj 

o AS = REG (specifying R4, RS, R6, R6/R7) or :Kn and the instruction 
is an SNGD or SNGQ; 

TV21 Scientific Significance Error - This trap is posted during the 
conversion of a floating point number into an integer value if all of 
the following conditions are true: 

- a significance error trap is requested in MS and 

- the integer does not fit in the destination register. 

The trap is posted upon completion of the scientific instruction. 
Refer to subsection 8.1.3. 

TV22 Scientific Precision Error - This trap is posted during the conversion 
of a floating point number into an integer value if all of the 
following conditions are true: 

- a precision error trap is requested in MS, 

- M4(R/T) is a zero and 

- the integer fits in the destination register but there are non zero 
fractional digits. 

The trap is posted upon completion of the scientific instruction. 
Refer to subsection 8.1.3. 

Dl2S Commercial Divide by Zero - The Divide by Zero (DZ) trap is generated 
whenever the divisor of a decimal divide instruction is equal to 
Zero. Note that the CI(OV) is also set. 

TV26 Commercial Specification Error - The Illegal Specification (IS) trap 
is generated whenever any of the following conditions is detected: 

o An undefined Commercial op code is detected; 

c 
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TV27 

0 Any DD of an alphanumeric instruction is a packed decimal DDj 

0 A decimal operand has zero length; 

0 An operand in an Edit instruction has zero length; 

0 A separate signed decimal operand consists of only a sign byte or 
half byte; 

o In a Move and Edit instruction, the receiving field length has not 
been exhausted but either there are no more micro-ops or the 
sending field length is exhausted; 

o Attempt to execute an illegal Move and Edit micro-op; 

o A DD2 specifies an IMO for other than DCM and ACM instructions; 

o In a DSH, DD1 specifies an IMOj 

o A DD3 specifies an IMOj 

Commercial Illegal Character (data code) - The Illegal Character (IC) 
trap is generated whenever any of the following conditions is 
detected: 

o An illegal decimal digit is detected (i.e., low order four bits of 
digit are not 0-9); 

o An illegal sign digit is detected (i.e., a digit that is not one 
of the recognized" sign values); or 

o An illegal overpunch digit is detected. 

TV28 Commercial Truncation Error - The Truncation (TR) trap is generated 
conditionally [as a function of the setting of M3(TR)] whenever the 
receiving field of an alphanumeric instruction cannot contain all 
characters of the result. 

TV29 

Whether a trap occurs or not, the receiving field is altered [it will 
contain the leftmost part of the result and the CI(TR) will be set]. 

Commercial Overflow - The Overflow (OF) trap is generated 
conditionally [as a function of the setting of M3(OV)] whenever the 
receiving field of a decimal instruction cannot contain all the 
significant digits of the result (leading zeros are not considered 
significant) or, if during a shift left instruction a non-Zero digit 
is shifted out. 

If a trap occurs [M3(OV) = 1], then instruction execution is suspended 
and the original operands remain unmodified. The CI(OV) indicator is 
set. 

If no trap occurs [M3(OV) = 0], the rece~v~ng field is altered (it 
receives the least significant part of the result). The CICOV) 
indicator is set. 
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TSA FORMAT 
ISA 

0 15 
TSAP 1->1- TSAL 1 0 _, . 1 :z: 8 1 n+1 . , 1 

I TRAP I I COPY OF I , n+2 
Rj , n+3 1 

INSTRUCTION 1ST WORD , n+4 I 
1 Z 

, n+5 , , 
B3 1->1- A , n+6 -' , 1 n+7 

'- P -' n+8 
I 1 n+9 
1- B3 _I n+10 
1 I 0+11 

OPTIONAL 
SOFTWARE 

WORK . ____ ,§,P!C! ____ . 
Figure 3-7 Trap Context Format When USing TSA Functionality 

3.6.4 TSA Entries Descriptions 

Descriptions for the TSA entries are: 

1. TSAL = Trap Save Area. Link, used to link TSA stack entries to either a pool 
of TSAs or to the ISA. . 

2. TRAP I = An eight-bit number that identifies the trap. That is, TRAP I = 
40(Hex) - Vector I as shown in Table 3-4. 

3. COpy OF I = A copy of [I] at trap time. 

4. R3 = A copy o£ [R3] at trap time. 

5. INSTRUCTION 1ST WORD = A copy o£ the instruction's first word. This entry 
is unde£1ned whenever the instruction's first word can not be fetched (e.g., 
1£ a TV 15 or 17 is detected). 

6. Z = Miscellaneous information. Its format is: 

0 1 3 4 :z: 8 2 10 11 12 12 
Z = I 1 I , I 1 I I 

A I 0 0 0 
, 

B I I RN I 0 NT I S , 
1 

r I I , 
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wher1!: 

a. 

b .. 

o. 

d. 

e. 

pP .­I. A -

A de£ines whether the A field in words 6 and 7 ot the Trap Context 
Format is meaningful or not: for A = 0, the A field is meaningful; for 
A = 1, the A field is meaningless. 

B1 is a tour-bit index field that 13 meaningful when subword :indexing 
is specified in the AS. BI is meaningless on word and multiword 
operations and when A = 1. BI can be viewed as being the e::z:ten:non or 
the A fielcl: together [A] and CBIl torm an ataa acldress. 

For byte operand addresses, B1 = IOOO, where X is the low-order bit ot 
the byte acldress followed by three Zeros. 

For digit (packed decimal) operand addresses, BI = nco, where XX are 
the two low-order bits of the digit address followed by two zeros. 

For bit operand addresses, BI = tour low-order bits ot the bit 
address. 

RN is the Saved Ring Number from S. lUI of the Trapped procedure. 

NT is the Nested Trap 1nclioator (M61 or M6XE only). 

IS is the Instruction SiZe (up to the instant at trap detection). ( '\ 

- ... .,-_... Il ..... _ ..... 4 ... 40"' ............. 1"''''' ....... .+ 'T'h ... """ ....... +_ "'_-fl'. _4 A.7'I ..... I'f. "'" foJ...... >/ 
....... • ~ .. '46 A"'~ tooilWW ................... 'W"W ........ ~... ....- ------- --r---- ___ _ 

trap type: 

For TV02 trace traps, CAJ pOints to the 1nstruct1ontollowing the jump or 
branoh instruction, oau:nng the trap. 

For recursive remote descriptor usage., (A] pOints to the seoond word of the 
remote descriptor that attempted to point to another remote descr1ptor~ 

For an unauthoriZed reference to protected memory, reference to an 
unavailable resource, and memory or bus error traps, [A] oonta1ns the 
address oaus1ng the trap. 

For CIP and SIP traps, on systems that have a separate proce=sor tor CIP 
and/or SIP, A pOints to the CIP or SIP instruction. 

NOTE 

1. The above descriptions clefine the typioal setting 
o-r A for the specitied trap types. It in oertain 
situations A oannot be defined, then the CSS sets 
bit 0 o-r Z to one to indicate that A is meaningless. 

2. For the other trap types, the address saved is C.~ 
unspeo1f1ed and bit 0 o-r Z is set to one to indioate 
that A is meaningless. 
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8. P = A copy of the program counter. The content of P is always a word 

address and depends on the trap type: 

For TV02 trace traps, (P] pOints to the next instruction to be executed as a 
result of the jump or branch. 

For CIP or SIP traps, on systems that have a separate processor for CIP 
and/or SIP, P pOints to the next instruction to be executed, which is beyond 
the CIP or SIP instruction which caused the trap. 

For all other trap types, (P] pOints somewhere beyond the first word of the 
instruction that caused the trap. If the instruction is to be retried, 
subtract from [P] ~he content of Z.IS. 

9. B3 = A copy of (B3] at trap time. 

10. OPTIONAL SOFTWARE WORK SPACE = n words that software may allocate in the TSA 
for its own use. 

Table 3-5 RTT and Trap 

RTT 
1---------------------------------------------------------------------
I CASE: (IV] I (TSAP] I ACT ION COMMENT 

I----:--------:--------I-------------------~-----J------~-----------A _NULL I ~NULL Execute RTT I , 
I 

B ;a!NULL I = NULL Generate TV16 (Program I 
I error) I 
I 
I 

C = NULL I X P <-- Address of IV CSS posts a halt I 
I or super halt I 

-----------------------------------------------------------------------
I TRAP I 

I 

I-----------~-~----------~----~--------------~--------------------I I CASE I [NATSAP] I [TV] I [IV] I ACT ION COMMENT I I 

J----I~-----I--------I-------,------------------I-------------------D = NULL X X P <- NATSAP Same comment as C 

E ;a!NULL =NtlLL X P <-- Address of Same comment as C 
TV 

F ;l!NULL _NULL =NULL P <-- Address of Same comment as C 
IV 

G _NULL ~NULL ;l!NULL Execute Normal 
(Not Trap 
last 
trap 
block) 

H ;iNULL ;iNULL ;a!NULL Level 2 interrupt 
(Last (after trap con-
trap text is saved) 
block) 

--------------------------------------------------------~--------------
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••••••• 
• START • ••••••• 

v 
ASSIGN THE APPROPRIATE 

TRAP # TO THE TRAP 
I 
v 

PROCESSOR PROCESSING 
mE TRAP DETERMINES 

ITS CPU I 
I 
v 

( STORE TRAP FRAME ) 
( IN TSA ) 

I 
v 

USDlG CPt1 I AND CURRENT 
LEVEL I, COMPUTE THE VA 
OF THE IYAND FETCH IT 

I 
I 
v 

, , ...-eo 
I , .~ 

< WAS A TRAP >-->. HALT OR • 
\ ENCOUNTERED? I • SUPER HALT • 
-...::;:;:.;;o.;;,;~I=NO=-":'--.I •••••••••••• 

I .. 
v YES 

< IS [IV] = NULL? >---------> I 
I NO 

v 
DETERMINE '!HE NATSAP I 

BY READING ISM? 
I 
I 
v 

I \ YES 
< WAS A. TRAP ) •• _ ••• --11-------

\ ENCOUNTERED? / 
I NO 

v 
o 0 

o( A )0 
o 0 

(Sheet 2) 

Figure 3-8 Trap Sequence Flow Chart (Sheet 1 o~ 4) 

C-" 
,'" -- '\ 

C' . , 
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o 0 

o( A )0 
o 0 

I 
I 
v 

USING CPU # AND NATSAP I, 
COMPUTE THE VA OF THE 

NATSAP AND FETCH IT 

v 
/ \ YES •••••••••••• 

< WAS A TRAP >-------->- HALT OR -
\'----=EN=C.:;Ot1:.;NT::.;=:E:::.R=ED~? ___ / • SOPER HALT • 

I NO •••••••••••• 
I 
v YES 

< IS [NATSAP] = NULL? >------------> 
I NO 
I 
v 

USING HATSAP, STORE 
THE TRAP CONTEXT. 

IN THE TSA 

v 
/ \ YES 

... 

< WAS A TRAP >-----------~--
\ ENCOUNTERED? / 

I HO 
I 
v 

o 0 
o( B )0 

o 0 
(Sheet 3) 

-Reter to Figure 3-1 

Figure 3-8 Trap Sequence Flow Chart (Sheet 2 ot 4) 
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o 0 

o( B )0 
o 0 

I 
v 

USIKG C2U # AND T!AP I, 
COMPUTE THE V A OF '!'HE 

"1:V AND FETCH IT 

I 
< 

\ 

I 
I 
v 

\ YES •••••••••••• 
WAS A TRAP >-_. __ a>. HALT OR • 
ENCOUNTERED? I • SUPER HALT • 

I BO •••••••••••• 
I ... 
., IES 

< IS (TV) = NULL ? >.-- ------->1 
I NO ., 

I UNLINK ISA FROM TSA 
I POOL AND LINK IT IO 
I'mEISA AS FOLLOWS: 
I 
( ('!'SAP] -> TEMP 

rva~.ft' __ , .QAD 
~n-~~A6J --~ , .w~. 

(TSAL] -> HATSA.P 
[TEMP] -> ISAL 

I ., 
I \ YES 

< WAS A TRAP >-_--n 
\ ENCOUNTERED·? I 

I NO ., 
COMPUTE ADDRESS OF 
THE A FIELD IN 'l'RE 

'!'SA, [ISAP] + 6 

v 
o 0 

o( C )0 
o 0 

(Sheet 4) 

Figure 3-8 Trap Sequence now Chart (Sheet 3 ot 4) 
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o 0 

o( C )0 
o 0 

I 
v 

ADDRESS OF THE A FIELD 
IN THE TSA -> B3 

v 
TV.SN => P.SH 

TV.DSP => P.DSP 
I 
v NO 

< IS TV.DSP = ODD? >----­
I YES 
v 

11 --> S.RN 

1<-.... • .... • ..... ----
v 

NO I IS TSA USED THE \ YES -----< LAST ONE nl THE !SA POOL >---­
I \ «(TSAL] = NULL)? I I 
v 

START TRAP HANDLER 
EXECUTION AT 
CURRENT LEVEL 

••••• 
••••• 

v 
I GENERATE A 
I LEVEL 2 
I INTERRUPT 

I 

F1gure 3-8 Trap Sequence Flow Chart (Sheet 4 ot 4) 

I . 
I 
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3.1 INTERNAL TIMERS 

A system timer that ticks at 120 Hz (every 8.33 milliseconds) is a 
standard CSS feature. This timer is used to implement real time clock and 
watch dog timer functionality. For this purpose, a set of words in memory is 
defined as follows: 

_________ • __ . -.1. ___ ._________ _ ___ a _________ •• • __ ~ ______ .... 

I LOCATION I MNEMONIC DESCRIPTION 

1----------1-· -.----.--.----J----~----------------------------------.-.------------

I 
I 
I , 

000014 

000015 

000016 

RTCI 

RTCC 

RTCL 

Real time clock im Ual value. Format is 
16-bit unsigned integer. 

Real time clock current value. Format is 
16-bit unsigned integer. 

Real time clock interrupt level. Format is: 
I 

I o 9 10 15 I 

000011 

----_I .... ____________________ ~ 
100 0 0 0 0 0 a 0 a L V L ----... ----.... --_._-

Watchdog taer current value. Format 15 
16-bit unsigned integer. ________________ • _______________________________ ~ _____________ .1 

3 .1 • 1 REAL TIME CLOCK 

When RTC is turned on by the RTCN generic instruction each tick ot the 
internal timer will cause the following to occur: 

1. [RTCC] <-- [RTCC]-1 

2. It [RTCC] = 0, then [RTCC] <-- [RTCI] (i.e., initialize) and generate 
an interrupt to level spec1t'iecl by [liTCL]. It the interrupt is of 
lower priority, i.e., [RTCL] ) [S.CL], it is scheclulecl tor service when 
the level becomes low enough. 

When the RTC is touonecl off via the RTCF generic instruction, no further 
decrementation ot the counter takes place. 

o 

o 
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3.7.2 WATCHDOG TIMER (WDT) 

When the WDT is turned on by the w~TN generic instruction, each tick o~ 
the internal timer will cause the [WDTC] to be decremented by 1. I~ [WDTC] = 
o and the CSS running level is greater than 1, i.e., [S(10:15)] > 1, then a 
level 1 interrupt is generated. If [WDTC] = 0 and [S(10:15)] = 0, then the 
WDT interrupt is scheduled for service when the level is low enough. Atter 
WDT runout, the [WDTC] continues to be decremented. 

When the WDT is turned off via the WDTF generic instruction, no further 
decrementation o~ the [WDTC] takes place. 

3.8 CSS INITIALIZE OPERATIONS 

The following Initialize operations are supported by the CSS: 

o START - Action taken following a power-up when the content of main 
memory is not valid. 

o RESTART - Action taken following a power-up when the content of main 
memory is valid. 

o SCF/SYSTEM INITIALIZE - Action taken following the activation of Dump 
and Control-I fram the SCF keyboard. This operation is the equivalent 
of a START with no change in the state of the power supplies. All the 
system units, including the SCF, get initialized. 

o SYSTEM INITIALIZE - Action taken following the activation of Master 
Clear fram the SCF keyboard. All the system units, except the SCF, get 
initialized. 

o CSS INITIALIZE - Action taken following the activation of CSS Clear 
from the SCF keyboard. This initialize operation affects only the 
selected CSS. 

In all cases the above operations are directed by the SCF. Refer to the 
SCF EP5-1 for a description of these operations. 
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The bootload devices supported and the boot record tormats ar~ given in 
Table 3-6. 

Table 3-6 Bootload Devices anQ Reeord Formats ---- - --------_ .. -------- _._._-------------- - -_ .. _----
DEVICES RECORD FORMAT 

I-·------~------:----------... -.. -------------· .... ·----.. -... -.. ---........ -.--.... ----.. ---.. -...... ------------1 I Diskette I Data portion (128 bytes) ot traek 0, seetor 0 
I 1 (tirst seetor). 
1--....... ·------------.. ----...... ------.. -... -.. -.. ---... ---......... -... -----------.......... ---.... ----......... ------------..... _, 
I Disk DevieelS 
1 I. • ___ •. _w_ .... 
I Magnetic Tape 
1 
1.-,. 
I· 

I , 
I 

I 

Str~amer 

9 track PE 
1600 cpi 
9 track GCR 
6250 cpi 

Data portion (256 bytelS) or C1linder 0, track 0, 
sector 0 

--..... --.--.------........... -.. ---------•• --..... ----.-_ .. , ... • .. ·------_ .. _ ... _------.... ----, ......... 1 
One reeord or lelSlS. The record must be the tirst 
atter BOT. 

I----...... -----..... -----.. t-.. n.c __ a ____ • ___ .a _______ • T __ ••• ---------_I 
I L64 Front End Reter to the Level 64 FEP Coupler EPS-1. 
I Processor 

Coupler 
1--.. _ .. ·_· __ • .. _----_ .. _ .. _--_· .. • .. ---,-1 - sa -------. .--...... -. ----_ .. -.. _ .. _ .. _-_ .. ,-----.. __ . __ ...... _-

L66 Front End 
I Processor 
I Coupler 

I Reter to Level 66 FEP Coupler EPS-1, Document No. 
I 60132445. 
I 
I 

I~---~---~t~~-------- ----------- -------------~~--~-Communication lOne record SX bytes or less. 
Boot Adapter I -----------. __ ... ---.. _---_ .. _-_ ... __ ...... ---..... _ .... __ .-------_ .... _--.. _ .. _ ... _ ... _._._------_ ... _ .. _-------,-----.... _---..... ---.. ------~------

C··'" 
.. 1 

o 
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Each configured CSS requires an area of 256 dedicated locations. These 
are allocated as shown in Figure 3-9. 

LOCATION SEGMENT 0 WORD I 00000 I DEDICATED MEMORY I I 
OOOFF 1 FOR PROCESSOR ZERO 1 1- 256 words 

00100 
001FF 

00200 
002FF 

00300 
003FF 

1 _____________________ 1 __ 

DEDICATED MEMORY 
FOR PROCESSOR ONE 

---------------------1 
DEDICATED MEMORY 

FOR PROCESSOR TWO 
.---------------------J 
1 DEDICATED MEMORY I 
I FOR PROCESSOR THREE I 

Figure 3-9 CSS Dedicated Memory Areas 

The dedicated memory areas are stored in segment zero and require that 
their VA = PAD This 1s necessary to satisfy the SCF which in certain cases 
needs to access the Display Address location, in dedicated memory, without 
going through an address translation process. 

At Start time, the ess QLTs must insure that PAs 0 - 128 Kbytes are error 
free by reconfiguring main memory if needed (M6X or M6XE only). 

Figure 3-10 shows the entries in a dedicated memory area. All entries ~e 
processor number relative except for the memory error count. The memory error 
count is updated by all CSSs but is maintained only in processor zero's 
dedicated memory area •• 
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where: 

NATSAP 0 - 3 

FLBP 

RTC INITIAL 

RTC CURRENT 

RTC INT. LVL. 

WDT CURRENT 

DISPLAY ADDRESS 

= Next Available TSA Pointers (1 - 3) 

= Firmware Load Buffer Pointer (M6X and M6XE only). This 
pOinter (consisting of a PA) pOints to a 2K buffer which is 
used by the software to load firmware, into I/O controllers 
which have a loadable control store, during a restart 
operation. 

= Real Time Clock Initial Value. 

= Real Time Clock Current Value. 

= Real Time Clock Interrupt Level. 

= Watch Dog Timer Current Value. 

= Contains the PA of a memory location whose content is 
displayed, by the SCF, when so requested by the operator. 

MEM. ER. COUNT = Memory yellow Error Count. This count is updated by the 
CSS at every TIC of the Real Time Clock if a Megabus yellow 
condition was detected since the last TIC •• 

Figure 3-10 CSS Dedicated Memory Area Content (Sheet 2 of 2) 



---- -~-----.----- -------_. 

HONEYWELL INFORMATION 
SYSTEMS 

I SPEC. NO. I SHEET 
60149740 

I REV. 
3- 64 E 

~------------------------------------------------------------------~------------
3 • 11 ADDRESS SYLLABLE 

The Address Syllable (AS) field of an instruction is used to compute an 
operand address. The AS maps are identified as follows: 

o AS Map 1 ... The AS map available to the general instruotion set (refer 
to Figure 3-11). The map as shown is as defined in a M6X and M6XE. 
Note that CR41E and M5XE models support a subset, as indicated. 

o AS Map 2 ... The AS map available to the commercial instruction set 
(refer to Figure 3-12). This map may also be used by non oommercial 
instructions in a M6X and M6XE. The map as shown is as defined in a 
M6X and M6XE. Note that CR41E and M5XE models support a subset, as 
indicated. 

o AS Map 3 - The AS map available only to a M6X and M6XE that allows 
access (with checking) to the active frame of a stack, and provides for 
indexing operations using a 32-bit index register (refer to Figure 
3-13) • 

The format of any AS is as follows: 

9 11 12 15 

AS m n 

where m, n =.coordinates of AS map. 

The AS can take one of the following forms: 

o Register AS (RAS) 
o Immediate Operand (IMO) 
o Memory AS (MAS) 
o Remote Descriptor Specifier. 

Figures 3-11 through 3-13 give the representations of AS MAP 1 - 3 
respectively. Table 3-7 lists a set of definitions to facilitate these AS 
descriptions. 

Entries in Figures 3-11 to 3-13 are mnemonios for the various address 
forms available and are described in subsections 3.11.1 through 3.11.4 • 

. -.~-----.. -.---
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HONEIWELL INFORMATION 
SYSTEMS 

I SPEC. NO. I SHEET I REV. 
I 60149140 I 3- 6S I C 

I \ n I 
I \ I 0 
I m \ I 

1-7 8 9-B C I D-F 
I 

,~I-----~-I--------I-------~I-------------------------------I I 0 I IMA I Bn I @IM! @B(n-8) 
, !CHote 1) I 

I 
I. 

I 
I~----I--------I--------I---------I-------------------------------1 1 I lMA+R1 'Bn+R1 I @IMA+R1 , @B(n-8)+R1 

I-----I--~----I--------I---------I-------------------------------I 2 I IMA+R2 I Bn+R2 I @IMA+R2 I @B(n-8)+R2 

J-----I--------I---~-I-------~I------------------~----------l 3 I IMA+R3 I Bn+R3 I @IMA+R3 I @B(n-8)+R3 
: .... ---1--------1-----.... -1---------1------..... ---------------------........... J 

I 4 P+D I Bn+D I @[P+D] I @(B(n-8)+D] 

I-----I--------I--------I---------I-~------------~------------1 I S I RFU I REn I RFU 
I (TVOS) I (Note 2) I (TVOS) 

B(n-8) 
+ 1R1 

I AS23- I B(n-C) I 
I (Note 3)' + R11 I 

J-----I~----I--------I---------I-------------:--------I--------I I 6 I iFT or I iBn I FT+D-
I FTi- I I 

B(n-8) 
+ tR2 

I EII1- I B(n-C) I 
I (Note 4) I + R2 T I 

I-----I~----I------~-I---------I-------------:~------I~~----I I 7 I !MO I BnT 
I '(Note S)\ 

IV+D I EII23- I B(n-C) : 
I (No te 6) I + R31 I 

-----------------~---------------------------------------~--------Not supported in CR41E & MSXE (TVOS) 

NOTES 

1. Map 1 entries, except for Bn and REG (SA1, 2, 3), may not be used by 
intrinsic scientific instructions, else TV16. 

2. BEG = Rn except as noted in subsection 3.11.1.1. 

3. AS23 may be used by general or non-intrinsic scientific instructions and 
specif'ies that AS Map 2 or 3 is to be used. 

4. EII1 identifies an extended integer instruction and specifi6s that AS map 1 
is to be used. 

S. !MO may not be used by the Ln, SAVE or llSTR instructiOns, the AAS ot an 
IOLD instruction (except CR41E), nor aIlJ extended integer instruction whose 
data type is less than a word. It!MO is used in any of these cases, then a 
trap, TV16 is posted. 

6. EII23 identities an extended integer instruction and specities that AS Map 2 
or 3 is to be used. 

Figure 3-11 AS !of.ap 1 Format 
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I SPEC. NO. I SHEET 
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I REV. 
I C 

______ .. ____ ••••••• _ .n _.rla._._ ....... ______ ab ____ ... _____________________ _ 

---------. -------~--------~--------- ---------------1 \ n 1 
1 \ 1 
Im\1 

o 

1-1-------
I 0 I 
I 1 
1--1 

1 I 
1--1 
I 2 I REMOTE 
1--1 
I 3 I 
1--1 DE.SCllIPTOB 
I 4 
1--1 
, 5 
I I 
I-I 
i 6 i 
I-I 
111 
I I 

1-1 8 

------.--1 - -_ ..... __ .,._- ... _------
Bn+D+O 

(Note 1) 
@[B(n-8)+D]+O 

1----- -- 1----· ----,---------- .----
I Bn.D+R1+0 I P+D+R1+0 I @(B(n-8)+D]+R1+0 
I~· IV __ 1 ___ ••• ---1--- -------1 
1 Bn.D+R2+O I P+D+R2+O I @[B(a.-8)+D]+R2+0 1 
I--···~··---I--····----I·--·-

In •• ____ 1 
1 Bn.D+R3+0 P+D+R3+0 I @(B(n-8)+D]+R3+0 I 
1------------- - --...... :----- .. -I 
I Bn.D+B4+0 @[P+D]+O I @[B(n-8)+D]+R4+0 I 
Iv --.---- ----~I..-.... .· __ ·_·----1 
1 Bn.D+R5+0 AS3 -, @[B(n-8)+D]+R5+0 1 
I (Note 2) I 
I· .----- ----I---~·--··---------I i Bn+D+ii6+O 
I de ----

I Bn+D+R1+O 
I 

-------1 ----- --------1 
IMO I @(B(n-8)+DJ+R7+0 I 

(Note 3) I I 
---------------- -----... -----.-------------------------~---Not supported in CR41E & MSIE (nOS) 

NOTES 

Map 2 entries are not applicable to non ClP instructions in a CB41E and MSIE. 

Map 2 entries may also not be used by M6X and M6IE intrinsic scientific 
instructions, el.se TV16. 

1. 0 = ot"t"set (applicable only to M6X and M6IE subwcrd instructions, see Table 
3-7 t"or t"urther clar1t"ication). 

2. In a M6X and H6IE this entry is available only to colllJlerC1al instructions, 
else TV16. 

3. In a M6X and H6IE this entry is available only to oammerC1al instructions, 
else TV16. 

Fi~e 3-12 AS Map 2 Format 

o 

o 

o 
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1 SPEC. NO. 

1-7 

I SHEET 
60149740 3- 67 

8 9-F 

-----1------------ -------------- -----------1--------
o 

,-----

1-----
1 2 REMOTE 
1-----
1 3 DESCRIPTOR 
1-----
I 4 
1-----

S 

-----f 
6 I 

-----1 
7 I 

FT+D+Rn+O @FT+Oi 
(Notes 1 & 2) 

,--------------,-----------
I Bn+D+K1+0 1 
1--------------1 
1 Bn+D+K2+0 I 
1--------------1 
1 Bn+D+K3+0 

RFU 
(TVOS) 

1--------------1-----------. 
1 @[FT+D]+Rn+O 1 @[FT+D]+O 
1 ______ --______ 1 ______ -----

= Kn 
(Notes 2 & 3) 

RFU (TVOS) 

NOTES 

RFU 
(TVOS) 

Map 3 entries are not applicable to a CR41E and MSXE. 

RFU 

(TVOS) 

1 REV. 

Map 3 entries may also not be used by M6X and M6XE intrinsic scientific 
instructions, else TV16. 

E 

1. a = offset (applicable only to M6X and M6XE subword instructions; see Table 
3-7 for further clarification). 

2. This AS may not be used by M6X and M6XE commercial instructions, else TV16. 

3. = Kn specifies a Kn except as noted in subsection 3.11.1.2. 

Figure 3-13 AS Map 3 Format 
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Table 3-7 Address Syllable Notation For Word Address Forms (Sheet 1 of 2) 

----------------------~---------------------------------------------------I NOTATION I DESCRIPTION 
,--_____ .1 ______ --------------------------------------__________________ _ 

D D indicates a 16-bit signed displacement in words that 
follows the address syllable, where _2 15 i D i 215_1 

BD BD indicates a 32-bit signed displacement in words that 
follows the address syllable, where -231 i BD i 231_1. 

@ Indirect operator 

+R Specifies indexing in atoms where _215 i R i +215_1 

+K Specifies indexing in atoms where _2 31 i K i 231_1 

FB FT + L 

FT Address of the top element of the current active frame in 
the stack 

L Length in words of the current active frame in the stack 

i Auto increment (Bi, Ri, or FTi indicates post-incrementation) 
, ., Auto decrement (ts, .fR, or -tFT indicates pre-decrementation) 

IMA Immediate Word Address 

IA Intermediate word Address 

B Base Register 

K Double Word Operand Register 

R Word Operand Register 

P Program Counter. For the purpose of P Relative addressing, 
the following definition is used: 

() 

[] 

+ 

IMO 

n 

Pd - POints to the leftmost word of the displacement. The 
displacement maybe in line or in a remote descriptor. (At 
the completion of an instruction, P pOints to the first 
word of the succeeding instruction) 

Logical Binding 

Contents of 

Addition operation 

Immediate Operand 

Interrupt Vector (a word address) 

----------------------------------------------------------------~---------

G" , , 

c . 

0 
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Table 3-7 Address Syllable Notation For Word Address Forms (Sheet 2 ot 2) 

--------------------------------------------~----------------------------I NOTATION I DESCRIPTION 

I--------'-------------------------~-----------------------------------1 o Specifies an offset in bits. 0 is recognized only when exe­
cuting subword instructions (Figure 3-14): 

- For bit instructions (LB, LBF, LBT, LBC and LBS), 0 
specifies an offset in bits of 0 ~ 0 ~ 15. 

- For digit instructions (packed decimal operands), 0 (C1, C2) 
specifies an offset of either 0, 4, 8 or 12 bits. 

- For byte instructions LDH, STH, CMH, ORH, ANB, LLH, lOB, 
IOLD, and commercial string operands (where 0 = C1), 
only the high order bit of the offset field is used. 
Thus, 0 specifies an offset of either a or 8 bits. 

- For all other instructions, 0 is ignored • 

. <- Is replaced by 

EA Effective Address 

I 

In order to assure upward instruction compatibility, the three AS maps are 
referenced as follows: 

o For general instructi~ns: 

The AS field of a general instruction can directly reference an entry in AS 
Map 1, with the exception of the escape entries EII1 and EII23. The 
instruction can also use entries from AS Map 2 or 3, by specifying entry 
AS23 (not applicable to CR41Eand M5XE models). See Figure. 3-14. AS23 adds 
a word to the instruction that specifies: 

- An offset field, it applicable, 

The AS map number (AS Map 2 or 3) ,and 

- The entry in the selected AS map (2 or 3). 
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INSTmCflOB 
WORD 1 

mSTllUCTIOB 
WOBD 1 

VOlID 2 

o 8 9 15 
-------------------,---. d. ___ •• __ 

---~-~--.----- .. ----.- -------

o 3 4 7 8 9 15 
---------.. -------- --------------
f AS23 
I ------... .. .-----.------
I OFFSEt I BFa I HAP' I AS(2, 3) I 

__ a_ • • • ----------------

It' AS does not eq ua.l 
escape codes EII1, E1123 
or AS23, then the AS is 
used to select an entr:r 
in AS Map 1. 

It' AS = AS23, then AS 
specifies that the 
following wor<l be inter­
preted as shown. 

where HAP, = 0 -> AS Map 2; HAP, = 1 -> AS Ma.p 3. AS(2,3) - word 2, bits 
9-15 IIl8J I10t spec1fy AS3 or Dr) frail Ma.p 2. It' it does, then TV16 w:1J.l 
result. 

Figure 3-14 AS Interpretation for Gell8ral In:structions 

o For Extended integer instructions (not appUoable to CR41E and M5XE models): 

!!~a~~1~:ii::;~:~t.E~!~:a3!!:; ~cie~~:~u~:::-~a:. Ce;:'~::tt;O!"~e C 
contains the AS to be used for the instruction, and 1.s interpreted as shown 
in F1gure 3-13. 

mSTROCfIOH 
WORD 1 

WORD 2 

0 1 3 4 
a __ 

I 

I 1 I II I OP CODE 
I I I 
I .-.---~--

mSTBDCfICN I MAP 
SPECIFIC I , 

8 9 15 
• ... 
I EII1 or I 
I I 

I EII23 I 
----------1 
I AS I 
I (1,2,3) 1 

'!he escape AS 
(EII1, EI123) 

a F •• F. 
.a a___ __a_.. _ 

and the Map nmber 
in Word 2, bit a, 
specifies wh1cb. ot 
the three AS maps 
is to be wsed. 

o 7 8 9 

ESCAPE AS 
(Ward 1, bits 9-15) 

ElIl 
EIIl 
EIl23 
EI123 

15 

MAP# 
(Word 2, bit 8) 

o = UU (Ti05) 
1 = AS Map 1 
o = AS Map 2 
1 = AS Map 3 

AS( 1, 2, 3 - Word 2, bits 9-15) IIl8J' I10t spec1fy AS23, EIll or EI123 trail Map 
1 or AS3 or IMO fraa Map 2. rr it does, tben TV16 w:1J.l resul t. 

Figure 3-15 AS Interpretation for Extended Integer Instructiona -0 
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------~----~----------------------------------------------------------~------
o For Commercial Instruct1.ons: 

The AS tield ot a data descr1.ptor can directly reference an entry in AS MAP 
2 (note the CR41E and MSlE exceptions). A data descriptor mq also use 
entries frcm AS MAP 3 by spec1.t'y1ng entry AS3 (M6X and M6XE only). AS3 adds 
a word to the data descriptor which is interpreted as shown in Figure 3-16. 
Refer to subsect1.on 1.2 tor more apecif1.c im-ormation. 

o 1 2 3 7 8 9 15 

WORD 1 I COMMERCIAL mSTRDC'rION OPCODE I 

WORD 2 I C1 I C2 I C3 I LIT I AS .: DATA 
-----.... ---..... -------....... .....-..------- :.. DESCRIPTOR 

WORD 3 DISPLACEMENT or IH> (EXAMPLE) 
----------.------~--.... ----------- .. 

:_ DATA 
: DESCRIPTOR 

----~--------------------------- -: 
If AS does not equal code AS3, then the AS 1.s used to select an entry in AS 
MAP 2. 

WORD 1 

WORD 2 

WORD 3 

WORD 4 

o 1 2 3 7 8 9 15 

~~------------------------~ I COMMERCIAL mSTBOC'rION OPCODE I 

R F 0 AS3 : 

--------------------------~---I C1 I C2 I C3 I LIT I AS 

DISPLACEMENT 

DATA 
:- DESCRIPTOR 

(EXAMPLE) 

-----------.... ---------------- -: 

:_ DATA 
: DESCRIPTOR ----...-..--..... ------------------- -: 

It AS = AS3, then the rest at the word containing AS3 is RFU and the 
follow1.ng word is treated as the descr1.ptor. All entries 1.n AS Map 3 mq be 
used except for FT+D+Rn+o and = In which, 1.f used, results in a TV05. 

F1.gure 3-16 AS Interpretation tor Commercial Instructions 
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o Fer Scient:1.f:1.c Instruct:1.ona 

- Non-1ntr:1.ns:1.c: scient1f':1.c: instruct:1.ons 

The AS f:1.eld of a non-intrins:ic: scientific: instruction can directly 
reference any entry in AS Map 1, wi ttl the except:1.on of the escape entr:1.es 
EIll and EII23. The :1.nstructi.on mCi7 alae use entries frail AS Map 2 er 3, 
by Speci.t.1:1.11g entry A.S23. AS23 adds a word to the :1.nstruction wb1c:h :1.s 
interpreted as shown :1.n Figure 3-14. The c.tfset f:1.eld does not apply to 
scient1f':1.c instructions and should be considered as RFtl. In CR41 E and 
M5XE models, only AS Map 1 is applicable. 

Intr:1.nsic scientifiC inatructio1lS (M61 and M6IB only) . 

'!'he AS field of an :1.ntrins1c scientific :1.nstruction may only apecity the 
entr:1.ea Bn and REG (SA1, 2, 3) at AS Map 1. AS Map 2 and Map 3 mq not 
be used else TV05 results. 

3. , 1.1 ReRster AS (BAS) 

HASaddrea:ses a register which ia the aeurae or destimtion fer the operand. 
'l'lio entries spec1t.1 th:1:s fom: 

o AS Map 1 entry am (m = 5, n = 1-7) 
o AS Map 3 entry = r.n (m = 5, n = 1-1). 

Interpretation ot these entriea depends on the inatruct:1.oD. type. 

3.11 • 1 • 1 AS MAP 1 :e:l'l'RY BEG 

The entry BED = Rn except a.s tcllcwa: 

o Rm ia illegal. ('l'V16) fOr in:struct:1.ol1a LAB, JMP, LNJi ENT, SAVE, RS'rll, L.U -
and the ICLD-!AS. 

o Rm is illegal. ('l'V20) fer :scientific in:structions SCZD and SCZQ. 

o REG = Bn fer the inatructiona LDB, sn, SWB, am, Cz.tf and extended integer 
inatructiona speci.f7ing ADDRESS for data type. 

o REG = B21R3, R4/15, R6/llT, ter n =3,5, 7 reapeotive~ fer the doublewcrd 
instruction:s AID, LDI, SID, sm and extendec1 integer inatructiona specity1ng 
double werc1 tor data type. Fer n = 1, 2, 4 anc1 6, result:s are undefined. 

o Rm :selects SA1, 2, 3 tor n = 1, 2, 3 tor all scientific inatruction:s. 

o am selecta R4, I5, lfi ter 11 = 4, 5, 6; and R61 fl1 tor 11 = 1 tor 
non-intrin:s1c scientific inatruction:s. B4, I5, liS, liS/'fl1 caDllOt be seleoted 
by the :scientific in:stzouctions SlilD anc1 SNGQ else post a Trap TV20. 

Information transferred between a~ SA and an integer register (R) i:s con- (-) 
verted as appropriate from floating to ti:md fom or vice versa. 



( ... 

( 

-----------------------~-------~---~~--------------------------------------HONEYWELL INFORMATION 
SYSTEMS 

I SPEC. NO. 
I 60149740 

I SHEET 
3-13 

1 REV. 
I C 

--------~----------------------------------------------------------------------
3.11.1.2 AS MAP 3 ENTRY = In 

The AS seleots a I register. It is illegal (TV16) in the following oases: 

a The instructions LAB, JMP, LNJ, ENT, SAVE, RSTR, LX! and all I/O 
instruotions; 

o Any instruction whose operand is less than a word; 

o Any extended integer instruotion whose data type is other than double-word 
or address; and 

o Commeroial instructions. 

It is illegal (TV20) tor the scientific instructions SCZD, SNGD, SCZQ and SNGQ. 

Information transferred between an SA and an integer register (I) is converted 
as appropriate from floating to fixed form or vice versa. 

3.11.2 Immediate Operand 

The !MO torm specifies an immediate operand, of the appropriate size, whioh 
tollows the address syllable. AS Map 1 and 2 may specify IHO (Map 2 only tor 
commeroial instruotions; Map 1 only tor general, sOientific, and Ell instructions, 
else post a TV16). 

In general instruotiollS, the size ot the IMO is determined by the instruction 
opcode. In Extended Integer and soientifio instruotions, the size ot the !MO is 
determined by the data type tield. In commeroial instructiollS, the size at the !MO 
is always one word. 

It !MOis interpreted as an address, then it uses a word address torm. 

The IMO torm may not be used by the LX! and LSO instruotions or any Ell 
instruction using a data type with atom size less than a word else a TV16 is 
posted. 

The !MO t'orm may also not be used by the SST and SSW soientific instructions 
else a TV20 is posted. 

The !MO t'orm when used in a store operation will cause alteration of procedure. 

3.11. 3 Memory AS (MAS) 

These forms specify an Effective Address (EA) ot a memory location. MAS can 
have the toll owing forms: 

o P Relative 
o Immediate Address (IMA) 
o B Relative 
o IV Relative. 
o Stack Relative. 
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3.11.3. t P RELATIVE MAS 

The follewing AS entriea apec1t'y P Relative MAS acidress torms: 

o frail AS Map 1: 

P+D - EA ia tormed by add1ng D to pa. 

@[P+D] - '!'he SA ia contained in the location poJ.nted to by Pd+D. 

o frail AS Map 2: 

- EA 1a formeci by first adding D to Pd, and then conca teaa ting to 
tl2is word addreaa, the offset 0. 

P+Dt-ftD+O - EA is formeci by first adding D to Pd, then concatemting to 
th:is word ad~aa the ottset 0, and lastly adding the atC'lll 
index apea1fiec1 in RIa. 

@[P+Dj+O - U ia a pointer read frail the location def'ined by Pd+D. The 
offset 0 ia then concatemted to U to obtain the SA. 

P+EDt-O - EA ia tormed by tirat add1ng ED to Pd, and then concatenating 
to th:1a word addreaa the offset O. 

'!he following AS entnea in AS Map 1 specify IMA MAS addreaa forma: 

o IMA 

o @INA 

o IMA+RIIl 

- Immediate addresa. The EA 1a contained in the location following 
the inatruction. 

- @ is the indirection operator. '!'he SA 1a contained in the 
loca tion poJ.nted to by IMA. 

The EA ia INA indexed by the scaled contents of 1m. 

o @IMAr+Rm - '!'he EA 1a obtained by adding the scaled contenta of !C to the 
contenta of' the location pointed to by IMA (indirect post 
indexing) • 

3.11 .3 .3 B RELATIVE MAS 

'!'he f'ollowing AS entr1ea specit'y B Relative MAS addreaa forms: 

o Frail AS Map 1 : 

Bn 

@B(n-a) 

- The EA is contained in register En. 

- '!'he SA ia contained in the memory location pointed to by 
B(n-a) • 

- The ZA 1a obtained by add1ng the scaled contenta of' the 
index regiater 3Il to the contenta ot Bn. 

0, ' . , 
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o 

@B(n-8)+P.m 

Bn+D 

@[B(n-8)+D] 

BnT 

- The EA is obtained by adding the scaled contents ot the 
index register B:n to the contents of the loca tion pointed 
to by BCn-8). 

- The EA is formed by adding D to the contents of Bn. 

- The EA is contained in the location pointed to by 
B(n-8)+D. 

- The EA is contained in Bn at'ter the contents ot Bn is 
decremented by One-. 

- The EA is contained in Bn. The contents ot Bn is incre­
mented by One-. The incrementation takes place atter EA 
tormation and prior to execution ot the opcode. 

B(n-C).R(m-4) r - The EA is obtained by adding the contents ot B(n-C) with 
the scaled contents ot index register R(m-4). Atter EA 
forma tion and prior to execution ot the opcode, the index 
register is incremented by One. 

B(n-8)+-4-R(m-4) - The contents of the index register R(m-4) is decremented 
by One and then scaled and added to the contents of 
B(n-B) to fom the EA. 

FrQll AS Map 2: 

Bn+D+O 

@[B(n-8)+D]+0 

Bn+D+lm+O 

- EA is formed by first adding D to Bn and then concat­
enating to this word address the ottset O. 

IA is a pointer read frcm the loca tion defined by 
B(n-8)+D. The offset 0 is then concatenated to IA to 
obtain the EA. 

- EA is formed by first adding D to Bn, then conca teca­
ting to this word address the otfset 0, and lastly 
adding the atcm index specitied by la. 

@[B(n-8)+D]+Rm+0 - IA is a pointer read frQll the location defined by 
B(n-8)+D. The otfset 0 is then concatenated to IA, and 
lastly the atom index specified by BIll is added to ob­
tain the EA. 

o Frcm AS Map 3: 

- EA is tormed by adding D to Bn, then conca tena ting to 
this word address the offset 0, and lastly adding the' 
a tcm index specitied by register XiIl. 

-Or more, depending on operand si::.:e. 
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The following entry in AS }f.ap 1 speci:fies the IV relative MAS address for:: 

IV.D .. The IA is the contant at the location detined by the Interrupt Vector 
for the current level. D is added to IA to obtain the EA. 

3.11.3.5 STACK RELATIVE MAS (M61 and M6IE only) 

The following entries spec:f..fy stack relative MAS address forma. For checld.ng 
condit:f..ons, see subsection 3.4. 

o From AS Map 1: 
, 
TFT1: 

, 
The TFT1 AS is opcode dependent. As a t'unction ot the opcode 
~ed, the act;S.ve trame will e;S.ther be pushed (.J.), popped ( T), 
or a Trap 16 (program error) will result. The criteria tor 
determ1n1ng what operation applles are as tollows: 

a. All store instructions imply PUSH. 

o. All read-write 1l1StructiollS and the toll owing instructions result 
in a Trap 16: 

- LIn: JUMP (LllJ) 
- JUMP (JMP) 
- EHTEll (ENT) 
- LAB 
-LU 
- IO (DAS) 

c. All o.ther instructions imply POP. 
, 

See Table 3-8 for the eftect ot the TFT1 AS on all the 
the pertinent general, Ell and scientific instructions. 

I 
1 PUSH ('f) operation implles that an operand is to be 
be stored in the active frame. Consequently, the active trame must 
be enlarged accordingly. Following the enlargement ot the trame, 
the DeW "acquired" space is used to store the operand. 

The frame enlargement is in words. Consequently, 1:f a byte is to 
be stored, then the trame is enlarged by one word, and the data is 
lett-1ustified within the word. It an address is to be stored, 
then the trame is enlarged by two words. 

(' 
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A POP (1) opperation implies that the operand pointed to by 
FT is to be used as defined by the instruction and then 
subsequently removed from the frame. 

The frame size reduction is in words. Consequently, if the operand 
is a bit or a byte, the frame will be reduced in size by one word. 

FT+D: This AS is used to access data within the active frame. See Figure 
3-2. 

o If D ~ 0 (positive), then FT+D applies. In Figure 3-2, FT points 
to CS. 

o If D < 0 (negative), then FB+D applies where F.B = FT+L. In Figure 
3-2, L = LeC) and F.B points to L(B). 

Examples from Figure 3-2: 

For D = 0: EA -> CS 

For D = 5: EA --> CO 

For D = -1: EA --> CO 

For D = -4: EA --> C3 

The referenced operand must start and end within the active frame, 
else Trap 16 (program error). 

Note that if the active frame ~ 321, D is incapable of reaching from 
one end ot the frame to the other. 

o From AS Map 3: 

@FT+Oi: 

FT+D+Rn+O: 

@(FT+D]+O: 

IA is a pOinter read from the location defined by FT. 
The ottset 0 is concatenated to IA to torm the EA. IA is then 
removed trom the trame. 

This AS is used to access data within the active trame. The 
word address IA is tormed following the rules defined tor the 
FT+D AS. The offset 0 is then concatenatad to IA and lastly 
the atom index specified by Rn is added to obtain the EA. 

IA is a pointer read trom the location defined by FT+D. (The 
same rules defined for the FT+D AS apply.) The offset 0 is 
concatenated to IA to form the EA. 

@(FT+D]+Rn+O: IA is a pointer read from the location defined by FT+D. (The 
same rules as defined for the FT+D AS apply.) The otfset 0 is 
then concatenated to IA and lastly the atom index specified by 
Rn is added to obtain the EA. 
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Table 3-8 (+)FT( j) AS Functions (Sheet 1 o~ 6) 

CPO INSTRUCTIONS 

(+)FT(i) MNEMONIC mSTlmCTIOH DEFINITION 

WORP OPERAND INSTRUCTIONS 

.. LDR Load Register R 1 

t STR Store Register R 

I SWR Swap Register R 
I 
I r CMR Campare with Register R 
I 

-I i CMZ Compare to Zero 
"' -I 

I .. ADD Add to Register R 1 

i SUB Subtract trom register R 

t MDL i KUlt~P17 Reg1ster R 
I 

l' DIV I Divide Register R I 

I 
i OR I OR with Register R 

I .. lOR Exclusive OR with Register R I 

I SRK Store R through Mask 

• AND AND with Register R 1 

BI'l"E INSTRUCTIONS 

i I LDH HaU'Word (byte) Load Register R 
I 

I I STH HiJ.lword. (byte) Store Register R 
I 

i om Hallward. (b7te) Compare Register R 

i ORB Halt'word. (byte) OR wi Register R 

i lOB Hallward. (b7te) Exclusive OR wi Register R 

i = POP 
I 

T = POSH I = Trap 16 

-------- --"""-- ----

0',' 
'"" J 

c 
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Table 3-8 (~)FT(r) AS Functions (Sheet 2 of 6) 

CPU INSTRUCTIONS (Continued) 

(f)FT(I) MNEMONIC INSTRUCTION DEFINITION 

i 

i 

i 
I ., 

i 
I ., 
... 
I 

... 
I 

X 

X 

X 

X 

X 

X 

ANH 

LLH 

MTM 

STH 

LDB 

STB 

CMB 

CMN 

SWB 

LAB 

LXA 

INC 

DEC 

CAD 

T = 

BYTE INSTRUCTIONS (Continued) 

Haltword (byte) AND wi Register R 

Haltword (byte) Load Logical Register R 

MODE REGISTER INSTRUCTIONS 

Modify andlor Test Register M 

Store Register M 

ADDRESS INSTRUCTIONS 

Load Register B 

Store Register B 

Compare with Register B 

Compare Address to NULL 

SWap Register B 

Load Effective Address into B 

Load Index and Address 

MODIFY INSTRUCTIONS 

Increment 

Decrement 

Add Carry 

POP 1- = PUSH X = Trap 16 
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I 
I 

I X 
I 
I I 
I 

t I 
I 

I 
1 X 
I 
L 
I" 
I 

I 
'f 

X 

X 

X 

i 
I 

T 

i 

... 
I 

X 

I 

I 

X 

Table 3-8 (t)FT(i) AS Funotions (Sheet 3 ot 6) 

CPU INSTRUCTIONS (Continued) 

I 
MNEMONIC I 

I 
mS'J.'lU1CTIOH DEFINITION 

MOPIFY INSTRUCTIONS (Continued) 

NEG Nesate 

CPL Complement 

ex. Clear 

CLH Clear Baltword (byte) 

STS 

LBJ 

CONTROL INSTRUCTIONS 

I Store S ReSister 

I 
I Jump 
! 
I Llnk Jump 

EHT Enter 

LEV Level 

SAVE Save Context (FT <-- FT-23) 

RSTR Restore Context (FT <-- FT+23) 

BIT INSTRUCTIONS 

ILB Load Bit 
1 
I LBF I Load Bit and Set False 
J 
I LBT Load Bit and Set True 
I 

LBC Load Bit and Complement 

LBS Load Bit and SWap 

i = pop 
I 

T = PUSH X = Trap 16 

C; .: 
I ,,' 

o 
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Table 3-8 (i)FT(i) AS Functions (Sheet 4 ot 6) 

DOUBLE WORD 

(t)FT(i) MNEMONIC INSTRUCTION DEFINITION 

• I LDI I Load Double Word Integer I 

I I I .,. I SDI I Store Double word Integer 
I I 

i I AID I Add Integer Double 
I I 

• I SID I Subtract Integer Double I 

INPUT/OUTPUT INSTRUCTIONS 

IOLD Output Address and Range: 

X liS 
• CAS I 

i RAS (It CAS also specities POP, then POP CAS 
tirst, then RAS) 

IOB Hal~ord Input/Output 

I DAS 

• CAS I 

IO Word Input/Output 

I DAS 
i CAS 

EII SINGLE OPERAND INStRUCTIONS 

I KINC Increment 

I DEC Decrement 

I DBa Negate 

I KCPL Complement 

i = POP t = PUSH I = Trap 16 
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o 
Table 3-8 (-t)FT( n AS Functions (Sheet 5 of 6) 

CPO mSTRUCTICNS (Continued) 

I 

(i)FT( 1') 
I 

HNEmNIC I INSTRUCTION DEFINITION 
I 

EII roUBLE OPERAND mSTlIUCTICNS 

i I KLD I Load 

I I I 
v ltST I Stare 

I ... ItO! 
, 

CCllpare I I 

I 
I IS I SWap 

I I I 

t ... ICADD I Add I 

.1 I 
I 

i ICStlB I Subtract 
I ... ICMDL I Mult1p~ I 

I I ... I ICDIV I Divide I 

I I 
r I ICCB I OR 

I I 
r f It:.tOR I ExCll Wlive OR 

I .,. 
UND : AND I 

I 

SIP roUBLE OPERAND nlSTlIUCTICNS 

... SLD I Scientific Load I 

~ 
I 

SST I Scientific Store 
t 
t 

I SSW I Scientific SWap 
I ... sat I Scientific Cc:apare I 

I 
i SAD I Scient1.tic Add 

I ... sse : Scient1tic Subtract I 

I 

i = pop t 
I = Trap 16 .., = POSH 

C~' 
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f 

... 
I 

T 

x 

i 

x 

Table 3-8 (-t)FT( f) AS Functions (Sheet 6 of 6) 

CPU INSTRUCTIONS (Conrinued) 

I 
MNE.'f)NIC I INSTRUC'rION DEFINITION 

SIP roUBLE OPERAND INSTRUCTIONS (Continued) 

SK. Scientific Mul t1ply 

SDV Scientific Divide 

SIP SINGLE OPERAND mSTRUCTIONS 

SCZD Scientific Compare to Zero - Two Worc!:s 

smD Scientific Negate - Two Worda 

SCZQ Scientific Ccmpare to Zero - Four Words 

SNGQ Scientific Negate - Fo1.:r Worda 

i = POP 
I 
'f = POSH x = Trap 16 

3.11.4 Remote Descriptor Specifier (M6X and M6XE only) 

When the four low order bits of the word containing an AS frcm Map 2 or Map 3 
equal Zero, the twelve most significant bits of the word containing the AS are 
interpreted as a label. '!he label is mul tiplied by two (since all remote 
descriptors are ass\lDed to be two words long) and added to the base val ue in liDBR. 
This address defines the location of the remote descriptor wbioh is to be used. 

A remote descriptor m~ not point to another remote descriptor; if it does, a 
Trap TV12 is po sted. 

Figure 3-11 shows how the different instructions appears when using an escape 
AS and when using a rElllote descriptor. 
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AS m'l'ERPRETATICB FOR GENERAL mSTRucrrouS 
(AS Not F.q ual to Elll or EI123) 

o 1 3 4 I a 2 1~ 
I I I I I -, 
I I I I 

WORD 1 111 # OPCODE I AS23 1 1 
I I I 1 Does not spec1fy a 

IMI I ,- Remote Descriptor 
WORD 2 OFF RFfJ IAI AS2 OR AS3 ' 1 I (RD) • 

IPI I I 
III I _I 

o 1 3 4 8 9 11 12 15 -1 I I I I 
WORD 1 111 # I OPCODE AS23 I I Spec1fies a Remote 

I I I I 1_ Descriptor in a 
I I I Remote Descriptor 

WOBD 2-1 LABm. I 0 0 0 01 I arr8J. 
I I I_I 

, I 
I , 

0 :3 4 'z 8 2 1~ I -I 1 I I 1 
I I I 

WORD 1 ->1 R F 0 I AS23 I 1 
I 

I I I I Remote Descriptor I 

I IMI I '- using an AS frcm 
WORD 2 IOFFSEr RFO IA! AS(2,3) I 1 ei tl:ler AS Map 2 I 

1 IPI I 1 or 3. 1 

I III I I 
WORD 3 1 I I 

I •.•• --- See lote 3 ----------1 I 
WORD 4 1 _, 

Figure 3-11 Remote Desor1ptcr Formats (Sheet 1 ot 4) 

o 

C~ 

o 
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WORD 1 

WORD 2 

WORD 1 

AS INTERPRETATION FOR EXTENDED INTmEB INSTRUCTIONS 

o 1 3 4 7 8 9 15 
I: I 1 1-: 

: 111 rei I OP(l)DE IEII1 or EI123 
I 1 Does not specify a 

1- Remote Descriptor 
I (liD). DATA 

TYPE 

1M: 
IA I AS1 OR AS2 
IPI OR A53 : 
III I 1 ______ ~ ____ ~ .•. ___________ I _I 

I I-I I I 
o 1 3 4 8 9 11 12 ·15 

111 Ie, 1 OP(l)DE EI123 I I Specifies a Remote 
I ...... __ I~ ____ ~ __ ~ ___ I '- Descriptor in a 
I I I I Remote Descriptor 

WORD 2 ---I LABEL 1 0 0 0 01 1 arr;v. 
I I I I _: 
1 
I ([Label] I 2) + [RDBR] (See Note 1) 
I 
I 

: _O __________ .1~8~9--------~1S-
I I IMI I I 

WORD 1 1->1 DATA IAI I I 

WORD 2 

WORD 3 

or 

, 
1 

WORD 1 --> 

WORD 2 

WORD 3 

WORD 4 

TYPE IP I I I REmote Descriptor 
II I '- using an AS fran 

I AS Map 1 (except 
1---- ------1 I AS23. 

See Note 2 I 
I I 

-------------_------__ 1 _, 

0 3 4 7 8 9 
I 

~ __ ~~ __ ~~~------~1~2 _ 
I I 

I 
I 

R F U I 
1 , 

IMI 
DATA IAI 
TYPE IPI 

1#1 

A823 

18(2,3) 
I Remote Descriptor 
L using an AS fran 
I ei ther AS Map 2 
I or 3. 
I 1-------- See Note 3 --------1 I , 

_I 

Figure 3-17 Remote Descriptor Formats (Sheet 2 of 4) 
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WORD 1 

WORD 2 
WORD 3 

WORD 4 
WORD 5 

WORD 1 

WORD 2 
WORD 3 

.AS IN!ERPRETATION FOR COMMERCIAL nlS'l'BUc.":IONS 

o 10 15 -, 
o 0 0 0 0 0 0 0 0 1 I I I I X I 

I 

o 

DATA DESCRIPTOR 
DD1 

DATA DESCRIPTOR 
DD2 

10 1S 

I 
1 
1 Data Descriptors 
{-do not specity 
I a Remote Descriptor. 
I 
I 
I 
1 

_I 

o 0 0 0 0 0 0 0 0 1 I II II 
I Data Descriptor tor 
I tb.e second operand 

DATA DESCRIPTOR '- spec1r1es a Remote 
DD 1 I Descri ptor in a , _________ -=-___ , Remote Descriptor 

I array. 
WORD 4 - LABliL 0 0 0 0 I I 

I ________________ ~ ______ I_I 
I 

([LABliL] x 2) + [BIBR] (See lote 1) 

0 1 2 3 7 8 9 1S -I 1 1 1 1 I Remote Descriptor I 

WORD 1 1->1 C1 C2 C3 I L _ITI AS '- using an AS trcm _I 

1 I- I I I 1 AS Map 2 (except I 
WORD 2 I I AS3). 1 1--·,------- See Note 2 -----1 I 
WORD 3 

or 
I 
I 

1 , 

1 I 
WORD 1 ->1 

I 
I 

WORD 2 I 
I 

WORD 3 

WORD 4 

0 

C1 

1 2 3 I 

R F U 

I I 1 
1C2 I C3 I L 
I I I 

------- See lote 3 

1 _I 

8 2 15 -I I Remote DeScriptor 
I AS3 1 WI1ng an AS trcm 1 

I I I AS Map 3. Usage I 

I I I 1- ~ entries " + D 
ITI AS I I + in + 0 or =Kn 
I -I 1 I will resul t in a 

1 1 TV16. 
·_--------1 I 

1 

I_I 

Figure 3-17 REmote Descriptor Formats (Sheet 3 or 4) 

---- --------- --

o 
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~) 
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AS INTERPRETAT!ON FOR NON-INTRINSIC SCIENTIFIC INSTRUCTIONS 

o 8 9 15 -I I I 
WORD 1 OPCODE I AS23 I , I Does not specif'y a , 

IMI ,- Remote Descriptor 
IAI AS2 OR AS) 

, 
(BD) • I WORD 2 R F U 

'PI I I 
II! I_I 

o 8 9 11 12 15 -I I I 
I AS23 I 

, 
Specifies a Remote I WORD 1 OPCODE , 

I------------~----~-----
, 1_ Descriptor in a I 

I I I Remote Descriptor 
WORD 2-1 , LABEL 1 0 0 0 01 I , . 

------------------~-------, -' 

arra;r. 

I 
"I ([Label] X 2) + [RlER] (See Note 1) 

_O __________ ~1~8-----------1~5 _ 
I I I I 

WORD 1 -> I RFO I 1 Remote Descriptor 
____________ 1'--________ 1 using an AS fran 

WORD 2 I 1- AS Map 1 (except 
1-------- -------1 I AS23). 

WORD 3 See Note 2 I I 

---------------------------1 _, 
?r 

I 0 3 4 1 8 9 15 
I I I-I 

WORD 1 ->1 R F U AS23 I 
I 1 I 
I-------------:I~M+----------- I Remote Descriptor 

WORD 2 I R F U IA AS(2,3) '- using an AS fran 
1 IP 1 either AS Map 2 
I II I or 3. 

WORD 3 I 

WORD 4 
1------ See Note 3 ----------1 . 
0---------------------------

, 
-' 

Figure 3-11 Remote Descriptor Formats (Sheet 4 of 4) 

Notes for Figure 3-11 

1. An RD entry consists of' two words, hence the formula ([Label] X 2) + " 
[RIBR] • As a function of the AS used, the RD mar use 1, 2, 3, or 4 words. 
Whenever more than 2 words are required, two entries in the RD arrar must be 
reserved. 
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~rotes tor Figure 3-17 (continued) 

2. IDs using entries frail AS Map 1 CeQ" consist of: 
- 1 Word (e .. g., AS = Bn) 
- 2 Words (e. g., AS = Bn+D) 
- 3 Words (e.g., AS = IMA) 

3. RDs using entries trail AS Map 2 or 3 1IeQ" consist of: 
- 2 Wards (a. g., AS = @F'!'+O'T) 

- 3 Warda (e.g., AS = Bn+D+O) 
- 4 Warda (e. g.. AS = Pt- L1+0) 

Note that the offset field 0 is recoga1%ed ollly when executing sutword 
instructions. Refer to Table 3-1. 

3 • 12 mDE%IllG 

MaJll7' ac:1dress syllable torms specily index:1.ng. During E.l pneration, the value 
of the index regLster is aLpbra1.call1 added as the laat step, atter aJll7' 
indirection, to form an E.l. 

'l'Iio sets of index regLsters are available: 

o Short index regLsters. 11 througb. RT. The index value is a sigaed integer 
data word with range r: _215 i r i +2 15_1. 

o 

(\ 
~J 

o Long indeX reg1ners, 11 ti1rou&U ~ (MOl: anci MalE onlyi. Tile illdex ,,&lUII ia 
a signed inteprdata double ward with range r: _231 i r i 231_1. 

While index:1.ng, the hardware autc:matically aligas the index value to correspond 
to the size of the item (atc:m) being referenced. The s:i.ze of the item (i. e., bit, 
byte, decimal digit, word, double word or quad word) is determiIl8d by the opcode 
type, or bY the data type field of the data descriptor (e.g., word, double word or 
address). . 

As an e:ample, consider the address syllable B1+R2 which speciries 1ndex:1.ng. 
It' [51] = 100 and [R2] =.:t n, then as a function of the atc:m the follcw1ng applies: 

atc:m = bit 

99 

51 = 100 

101 

o 15 
& -a ____ •• _____ w •• __ a ••• _a ___ •••••• _ _ 

1-161-151-141-131-121-111-101-91-81-71-61-51-41-31-21-11 
1-1-1-1-1-1--1--1-1--1--1-1-1--1--1-1--1 
10111213141516171 SI 91101111121131141151 
1--1--1--1--1--1--1--1-1-1-1-1-1-1-1-1-1 
1161171 lSI 191201211221231241251261271281291301311 

•• ___________ •• FK. __ a__ ____ _ _______ . ____ _ 

( ." 
) 
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atcm = digit (4 bits) 

o 15 

99 -4 -3 -2 -1 

l~-----~------I--------------I-----------I-----------l 
B 1 = 100 a 1 2 3 

1---------------1--------------1-----------1-----------1 
101 4 5 6 7 

-----------------------~-------------------------~----
atom = byte 

o 15 

99 -2 -1 

I-~-------------------~---I--------~------------I 
B1 = 100 o 1 

I---~---------------~----~--I-----------~---------I 101 2 3 

atom = word 

o 15 

99 -1 

I------~-----------~-------~-------------------~---I B 1 = 100 I 0 

I--~~----~--------------------------~-----------------I 101 1 

--------------------------------------------------------
atom = double word 

o 15 

98 
1---- -1 ----I 

99 I 

B 1 = 100 

101 

101 

102· 

I--~-----------~-------------~--~~---------------I 1 
1- o -I 

I 
I---~-----------------------------~-----------~-----I 
1--- 1 
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atan = quad wor1:1 

o 15 

~-----~~--- -~--------~-------~-~~~------------96 I 
1--

91 I 
!-

98 I 
1-

99 I 

-1 

---I 

--I 
I 

--I 
I 
I 

1----------------------------... · ... ------------------------------------1 100 1 
1-

101 I 
1-

102 I 
1-

103 I 

o 

1--·_·------ --------------------
.104 

105 

106 

101 

I 
I 

I-­
I 
I 

I-
I 
I ,--,-----
I -.. -.. ---~---

3.13 MEMlRY ADDRESS BOUNDS 

1 

. -----

1 
-I 

1 
-I 

I 
-I 

I 
·_------------1 

--I 
I 

-I 
I -, -- -~-, 

____ on _____ _ __ 

FollOWing conversion ot a VA to a PA, the PA is used to address the mun 
lIemo17. All1 attempt to address an un1nstalled memory address will. resul t in a 
reference to UIlava1lable resource trap (TV1S). 

Concern1ng memory sizing, since the Pb¥s1cal Address Space exceeds the losf,cal 
addressing limits in all IIIOdels but the !5IE and M6IE, memory sizing operations 
must use the sepent base relocation capability of those systems, using memory 
management. Adjusting the value of the segment base tield in conjunction with the 
CHZ with B + I address syllable will. cause a NI1S it (Bl-I] ~ It or (BPI] < 0 (where 
K = coIltigured mEllorr size). Usap or all1 other 1nstruct:1.on to size melllor,r can 
resul t in undef1ned operation. 

3 • 14 gomE MAN AG !MEN'!' 

0," i 

'l'he processor provides a queue mamgement capabil.ity that tac:Uitates 
maintemnce of ordered lists of -trames-. A tree contains a trame priority 
ntlll ber , a ce: trame pointer, and. an associated data structure. Each list is 
identified by a LOCK trame which contuns a LOCK word and list head and tail 
pointers. Reference Figure 3-18. 

() 

-" --- ----'~---~---,-~-----, -- ~-~- ----------
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------------------~~~-------------~-------~----------------------------~ 

I 
I 
I I 
1 I 

->1 LOCK -> PRIORITY -> PRIORITY ----> PRIORITY 
I 1 
1 I 

FIRST I NEXT NElT LOCK I 

FRAME 1--- FRAME 1 -1- - FRAME 1--->1 1---
POINTER 1 POINTER I POINTER I ... POINTER I 

I 1 

1 1 I I 
I I 

LAST I DATA I DATA DATA 
FRAlE: 1-
POINTER . 1 I (OPTIONAL) I (OPTIONAL) I (OPTIONAL) I 

I I I 
I . . . . 

------------- -------------- -----------...-- --------------
I 

LOCK FRAME 

LOCK 

FIBS'!' 
FRAME 
POINTER 

LAST 
FRAME 
POINTER 

I 
1 

I 1 I 
I 

FIRST FRAME INTERMEDIATE LAST FRAME 
(HEAD) FRAME (TAIL) 

-------------~---~----------------------

I 
I 

1<--
I 
1 NOTES 
1 1 
1-->1 1. Scanning (it acy) 13 always performed frcm 
I first frame (bead) toward the last frame I 

I (tail). 
I 
1 I 2. Priority 1a an unsigned 16-bit integer. 
1-->1 
I 3. Frame pointers are two words. 
I 

- LOCK FRAME FOR EMPTY QUEUE 

Figure 3-18 Queue Mamgement 

the 



--_ .. _. _____ • ______ • ____ a _____ •••• ____________ ••• ___________ I --_ 

HOBElWiLL INFORMATION 
SYSTEMS 

SPEC. NO. 
60149140 

I SHEET I REV. 
I 3- 92 c __________ ____ •••• _________ nan ______ •• _____________ ~ ______ • ______ ~ 

'l'he t'ollow:il'lg generic instructions are provided to enqueue/dequeue/search 
frames in the list: 

a Queue on Head (QOH) 
o Queue on Tail (QOT) 
o Dequeue from Head (DQH) 
o Dequeue by Address (DQA) 
o Search Queue fr01ll Head (SQR) (M6X or M6XE only) 
o Search Queue by Address (SQA) (M61 or M6XE only) 

For a description at' the above instructiOns, refer to Section 5. 

3.14.1 Lock Word 

The LOCI word is used to insure that only one procedure is accessina a 
particular queue at a time. Each instruction causes a t'etch of the LOCI word with 
a Read-Modity-Write (RMW) aicle. Ir the low order bit ot the LOCI = 1 (i.e., list 
is looked), the RMW cycle is completed without changina LOCI, I(C) is ol_ared, and 
the next instruction is fetched. It the low order bit ot LOCI = 0 (that is, list 
is u~ocked), the CSS c01llpletes the RMW cycle, writina a one into the low order bit 
at' the-LOCK word and initiates execution ot the queue management instruction. 

o 

For the QOH, QOT, DQH and DQA instructiOns, the LOCI word is cleared (that is, 
list is unlooked) upon completion ot the instruction. 

(\ 
F~r th@ SQH an(! SQA. mst:r'UC!t:!.onS: the LOCI word is lett set (that is, list is "'--J 

lett locked) upon completion ot the instruction. To unlock the list, a non­
queue-management instruotion must be used. All)' instruotion, using an RMW cycle, 
capable at olearina the low order bit ot LOCI word to Zero can be used (e.g., LBF). 

~.14.2 Scan 

The exeoution at all the queue management instructions oausesa soan at the 
trames in the list, t'r01ll head toward the tail. 

The soan continues until the conditions ot the particular instruction are met 
(a hit), the last trame is reached without a hit, or an interrupt ooours. 

When a hit oocurs or it the last trame is reached without a hit, the trame is 
linked into or out ot the list as appropriate. I(G) and I(L) indicate the results 
or the soan. 

It an interrupt oocurs, the CSS will stop the soan, initiate an RMW oyole, 
write Zeros in the LOCI word, clear ICC), leave I(G) and I(L) undetined and backup 
P to point to the queue management instruction, berore servicing the interrupt. 

3.14.3 Ring Movement 

During the soan, the etteot1 ve Rina number (REF) is moved outward whenever a 
trame is scanned in a segment having less privilege. !t a trame is soanned in a C 
segment requiring greater write privilege than REF then, a trap tv14, aooess _ . 
violation, is posted. Following a sucoessrul soan (i.e., one where no acoess 
violations were encountered) the CSS pertorms al21 ellqueuina or dequeuina operations 
without any t'urther aooess cheoks. 
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3.14.4 Lock Frame 

Software must build the lock frame of each list to be used. A list with no 
entries is a lock frame in which the first and last frame pOinters point to the 
LOCK word, see Figure 3-18. The CSS will leave the lock frame in the same 
condition when a frame is unlinked from a single frame list. 

3.14.5 Queue Security 

For security reasons it is recommended that the Lock frame as well as all 
frames of a queue, reside in one or more segments having the same write access 
rights. 

3.15 CSS HALT STATES 

The processor supports the following types of HALT states: 

o Procedure Halt 
o Level 63 Halt 
o Operator Halt 
o Super Halt (M61 and M6XE only) 
o Halt (CR41E and M5IE only) 

3. 15. 1 Procedure Hal t 

This halt state is entered by the CSS when it detects a Halt instruction during 
procedure execution. In this state, the CSS does not execute any instructions but 
simply waits for an interrupt. Depression of the Execute key, by the operator, 
will cause the CSS to skip over the HALT instruction and resume execution at the 
next instruction. Other operator commands are also honored when in this state. 

3.15.2 Level 63 Halt 

This halt state is entered by the CSg when it goes to Level 63 and finds the IV 
= NULL. In this state, the CgS does not execute any instructions but simply waits 
for an interrupt. Depression of the Execute key, by the operator, will have no 
effect in this state. Other operator commands however are honored when in this 
state. 

3.15.3 Operator Halt 

This halt state is entered by the Cgg when so commanded by the operator via the 
SCF. In this state the CSS does not execute any instructions or honor inter­
rupts. It exits this state only via operator command or initialize. 

3.15.4 Super Halt (M61 and M6XE only) 

This halt state is entered by the Cgg upon detection of an error condition. 
Upon entering this state, the Cgg sets the sa bit in the S register and waits for 
either operator intervention or an interrupt. Refer to subsection 3.3.4.1 and 
Table 3-9. 
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Table 3-9 Super Halt CondiUons (M6X and .M6IE only) 

CONDITIONS CAUSING A SUPER HALT 

o LEVEL CRANGE 

- TV15 or TV11 is detected when accessing any or the 
constructs speciried in subsection 3.5.2. 

- During an INRUSH, the AS'l pOints to an invalid 
segment. 

- During an INRUSH, a TV15 or TV11 ia detected when 
accessing aUT or the SMHU mode SDs. 

o RTT 

- (IV] = NULL 

- TV15 or Til1 is detected when accesaing aUT or the 
- .. -~-...... • .. -... ~ P""" "PI ."h ......... i "'" ":I ,I; _ ~ _ ~v~~~vw~ ~p~~ _____ _____________ ._._. 

o TRAP 

- (NATSAP] = NULL 

- (TV 1 = NULL 

- (IV] = NULL 

- TV15 or TV11 ia detected when accessing aDJ ot the 
constructs speciried in subsection 3.6.2. 

3.15.5 Halt (CR41E and H5lE only) 

This halt state ia entered by the CSS upon detection ot an error condition. 
Upon entering thia state, the CSS waits tor either operator intervention or an 
interrupt. Rerer to Table 3-10. 

o 

() 
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Table 3-10 Halt Conditions (CR41E and M5XE only) 

CONDITIONS CAUSL~G A HALT 

o RTT 

- (IV] = NULL 

o TRAP 

- (NATSAP] = NULL 

- [TV] 

[IV] 

= NULL 

= NULL 

I REV. 
I C 
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SECTION 4 MEMORY MANAGEMENT UNIT 

4.' OVERVIEW OF THE HEmRY MANAGEMENT UNIT 

'!'he MEmOry ManagEment Unit (MMU) supports segmentation with mEmory relocation 
and Read-Write-Execute protection based on a ring protection scheme. tepenc11ng 
upon the memory management software used to manage the system,' a simple base-and­
bounds foreground/background system or a secure, segmented sy stem is .prov ided. 

Two Memory Management modes are available to the DPSS Stage 3 Central Subsys­
tems (eSSs): Standard Memory Management (SMMJ) mode and Extended Memory Management 
(EMMU) mode. The SMMO mode is available on all CSSs while the EMMU mode is offered 
only on the MSIE and M6IE CSSs as a software selectable option. 

An address is treated by the MMJ as a logical address consisting of three 
fields: a Segment Number field, a Block Number field, and an Offset field. The 
creation of a logical address (LA) takes no cognizance of this field division; 
hence it is possible, for example, to incrEment/decrEment an LA across Block and 
Segment boundaries. The MKJ enforces protection and relocation whenever the CSS 
performs mEmory references. 

Two segment sizes are defined: Small Segments (512 bytes .i size .i 8192 bytes) 
and Large Segments (512 bytes ~ size.i 131,072 bytes). 

Note that Small Segments are not supported in EMMU mode. 
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4.2 MMU FUNCTIONALITY 

Subsection 4.2.1 describes the unique functionality of the SMKl and subsec­
tion 4.2.2 describes that of the EMMtl. 

4.2.1 SMMJ Functionality 

III SMMU mo<le, a task is provide<l wi ttl a 220 wor<ls (2 Megabytes) of Logioal 
A<ldress Spaoe (LAS). 31 Sepents (16 small sepents an<l 15 large segments) are 
use<l to describe the LAS. The sall sepents are denote<l SDO.O through 300. F 
(hexideci.mal) an<l represent the least .sign:U'ioant 128 Kbyte region of the Logical 
Address Space (LAS). The large segments are denoted SD1.0 through SDF.O (he%!­
deci.mal) and represent the LAS regLons above 128 K~tes through the maximum of 2 
Megabytes .. 

o 

The SMHl' contains a storage arrQ' consisting or 31 entries. Each entry holds a 
Segment DeScriptor (SD) consisting' ot 32 bits, wh10b areuse<l to perfom a<ldress 
relocation an<l aocess checking. The SMMJ resides at the CSS's interrace with the 
Level 6 bus, where it mediates all CSS accesses to memory. SDs are loa<le<l into the 
SMMJ arra,. Figure 4-1 is a block diagram of the SMMJ; Figure 4-2 shows how a 
logioal ~ddress is interprete<l (parse<l) and absolutize<l by the SMMU. 

'!he locations in the SMMJ storage arrq are as.signed as follows: 

o Locationa 0 to 15 are used for sesaents 0.0 to O.F 
o Locations 16 to 30 are use<l tor sesaents 1.0 to 1.0 .. 

'l'he organ1za tion of the SMKJ is shown in Figure 4-3. 

4.2.2 Extended MMU Functionality 

4.2.2.1 EMMJ OVERVIEW 

The EMHJ features the following extenmona: 

o 'l'he Logioal Addresa Space (LAS) is extended from 220 wor<ls (2 Megabytes) to 
224 wor<ls (32 Megabytes). 

o The maxim1.1ll number of S8saents is extended to 256 (Large Sepents 01111). 

o 'l'he Logical A<ldresa Space of a Task ia cUv1de<l evenl7 between the system 
space and task space (128 sapents assigned to each). A Syst8lll Segment Table 
(SST) is uaed to describe the oamaon (to all tuks) S8pents. A Task Sesaent 
table (TST) is used to deacr1be the per-task sepents. 

o , Mul tiple variable length Sesnent 'l'ables (STs) located in main memory are 
supporte<l. One ST for the System Sepents (SST) and one ST for each task 
('1'3T). At aDf given time only the SST an<l one TST are aotive. 



------~----~----------------~---~--------~----------------~----------------
HONEIWELL INFORMATICli 

SYSTEMS 
I SPEC. NO. I SHEET 
I 60149740 I 11- 3 

I REV. 
I C 

------------------------------------~----~------------------------------------

o 

(4/8) 

I 
->1 

(12) 

-1-
v 

· · 
1-: : 

-->1 A I 
I D I : 

( 8) 

19 

LOGICAL ADDRESS-

MMU 
STORAGE 

ARRAY 
(31 SD) D J---------------------

. . 

I 
I E : 

----->1 R I 

I 
I 

'_I 
CHECKL'Il 1--> 'mAP 
LOGIC 

· · 

-All Addresses are Word Addresses. 

o 

--For non-M6X or -M6XE models see ~ble 4-1. 

v 

HiYSICAL ADDRESS-

Figure 4-1 SMHJ Block Diagram 

v 22 

( 8) 



-~~---~----~~~-~---~~ - --- - --- -~- ~~~-

-----------~----------------------------~------.-.---------------------------
HONElWELL mFORMATICIl 

SYSTEMS 
, SPEC. NO. I SHEET 
, 60149140 I 4- 4 

, REV. 
, C 

----------~-------.... -------------------~ .. -------------.. ----------------------------

sm 0.0 - O.F 

sm 1.0 - F.O 

o 3 4 1 8 11 12 19 _ 
, I I I 

o 0 0 0 I sm I BLOCK OFFSET 
I (4) I (4) (8) 
I I . . . . 

I 
I 
I 
I 

I 

I 
I 

I I I 
I Sm(4) I BLOCK(S) IOFFSET(S), f 

. • ----­. . 

1~-~~I~---~~-~I-l 
:0 3:4 11 12 19: 
\---~/ \'--~-~/ \ / 

> L 00 ICAL ADDRESS. 

--- ---- . ----

SD 

/ 
I 
I 
I 
\ 

V V 

I I I I 
I MKU I I BLOCK I 
I STOllAGE I I REG (9) I 
I AUAY I I I I 

I ~31 SD} I 
I 
I 

V 

\ 
I I 

l 

BASE (15) •• I SZ (9) I 0-----------
I I 

/\ / 

V 

I 
I 
I 

COMPARATOR .i 

v V 

I 
I ADD E R I 
I--__ ----_--_____ ~I 
\ / 

o V 

PHlSICAL 
ADDRESS-

(15)--

-All Addres:ses are Word Addresses. 
-*For llOD-M6X or -M6XE models see Table 4-1. 

V 22 

(8) 

Figure 4-2 SMMU LOgical SeEPent Address Interpretation 

Ore, 
;: ',. 



f' 

o 

------------------~~-----------------------------~----~--------------~------
BONElWaL INFORMATICIl 

SYSTEMS 
I SPEC. NO. 
I 
I 60149140 

I SHEET I REV. 
I lI-5 I C 

-----~--------------------~~--~----------------------------------------------

I 

LOC 0 

0 V 

15 V=1 

16 V=1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I , 
I .. 

I 
I 

1 15 16 
I 
I 

BASE (15)*: 

I 
I 
I 

BASE (15).' 
I 
I 

BASE (15)-1 

1I 18 12 20 21 
I I 

RR I RW RE 

Rll RW RE 

Rli RW RE 

30 v=o IRS U 
I 

I I 

-For non-M61 or -M6IE models see Table 4-1. 

22 23 31 
I I 

RFU SIZE (9) 

I 
I 
I 
I -

RFU SIZE (9) 

RFU SIZE (9) 
I , 
I 

I 

Figure 4-3 MS1 MHO Storage Arr-.q Layout 

SBa 

0.0 

I 
I 
I 
I ... 

O.F 

1.0 

F.O 

Table 4-1 DPS6 M:ldel Specific Variations in Logical/Pbysical Address Space 

DPS6 BASE CSS K>DEL 

CR41 
CR41E 
M5X 
MSIE 
861 
M6IE 

Loo I CAL ADDRESS LIMIT 
(BYTES) 

2 MB (221) 
2 MB (221 ) 
2 MB (221) 

2 MB (221)/32 MB (225). 
2 MB (221) 

2 Me (221 )/32 MB (225). 

PHYSICAL ADDRESS 
LIMIT (B YTES) 

2 MB (221) 
4 MB (222) 
2 MB (221 ) 
8 MB (223) 

16 MB (224) 
16 MB (224) 

SD BASE SIZE 
(BITS) 

12 
13 
12 
14 
15 
15 

~~=MMU~~m-o-d~e--sel~e-c~te-d~.~--------------------~------------~~----------
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!he key differences between the SMMO and EMMD modes are as tollows: 

o Small Segment Descriotors 

0. 
V 

In SMMU mode, the lower 128X-byte region of the Logical Address Space (00000 
-> OFFFF Hex) is mapped through the Small SDs (SDO. a --> SDO. F) • In EMMU 
mode, this region is described by one Large SD (Segment 100). 

Small Segment Descriptors are not supported in EMMU mode. 

o Logical Address Space 

Unlike SMMU mode, which presents one contiguous Logical Address Space (LAS), 
EMMa mode partitions the LAS, into two separate and distinct regions: System 
Space and Task Space. 

- System Space: 

The System Space region is assigned to be the lower 16 Me portion ot the 
32 MB Logical Address Space. It is described by the System Segment Table 

.- (SST) • System Space is accessed through SDs 00 through 7F. The SST may 
. be activated (i.e., loaded in to the EMMU) only through exeoution ot 
either the Aotivate System Segment Table (ASST) instruotion or the 
Aotivate Segment DeScriptor (ASD) instruotion. The ASST instruotion CO"""~ 
causes n system SDs to be copied, 1"rom. the SST in memory, into the EMMU . _ . 
storage arrar and the remaining m system SDs (where m = SDs n+ i through 
7F) to be loaded as invalid SDs. The ASD instruotion allows any one 
system SD, to be updated in the EMMU storage array. 

Task Space: 

The Task Space region is assigned to the remaining (upper) portion 01" the 
LAS and is described by the Task Segment Table (TST). Task Space is 
aooessed through Segment Descriptors 80 through FF. 

Task Space is assumed to specUty I Task Looal' prooedure/data. The TST may 
be aotivated either through exeoution ot the Aotivate Task Segment Table 
(ATS'l) instruotion or at mIroS time (i.e., during interrupt prooess­
ing) • Consequently, a TST must be attached to eaob Interrupt Save Area 
(ISA) which requires a TSTchange. The Address Spaoe Vector (ASV) in the 
ISA is \USed to point to the TST. A Task Segment Table Limit (TSTL) f'ielcl 
in the ISA speoifies the Dumber ot SDs in the TST. At aotivation time the 
TST SDs are DOt 'INRtJSIi'ed as in SMMtJ mode. Rath-er,the pointer to 
(e.g., ASV) and the s:ize ot (e.g., TSTL) the TST are stored in EMMtJ 
registers, the old EMHD Task Context is tlushed trom. the EMMO task cache 
and the new Task SDs are demand loaded, individually, as needed. SDs in 
the TST must be double word aligned else post a Trap (TV18). 

The exeoution 01" the ASD instruotion is ditterent when aotivating a tasC=: 
SD. The single task SD is not actually activated by the ASD instruotion;/ 
but rather it is marked -not Pr-esent W in the EMMtJ task Cache. These task 
SDs are demand loaded into the EMMD task Cache upon subsequent memory 
referenoe. 
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A view of the EMMJ Logical Addr~ss Space is given in Figure 4-4 and a descrip­

tion of the EMMU Logical Address interpretation is given in Figure 4-5. 

Segment Descriptor formats supported by the EJ.~ are identical to those used in 
SMMO mode and are described in subsection 4.2.3. 

4.2.3 Segeent Descriptor Definition 

The Valid (V) bit of an SD defines how to interpret the other fields of the SD. 
If the Valid bit is a Zero, the remainder of the SD is resel"'led tor software use 
(RStJ) and a~ attempt to access througll that SD causes a Trap (TV15). If the Valid 
bi t is One, then the remainder ot the SD is interpreted as tollows: 

The base field defines the modulo 256 word (512 Byte) physical address ot the 
start of the segment. 

The RR, liW and BE bits are used to eDtorce the protection of memory against il­
legal access. The access rules are described in subsection 4.3.5. It the rules 
are violated, the access is not performed and a Trap (TV14) is taken. 

The size field defines the size of the segment in terms of 256 word (512 Byte) 
blocks. The size value defines the higbest allocated block n1llD.ber. Being nine 
bits in length, it allows tor specitica tion of more blocks (up to 512) than can 
exist within a single se9l1ent (i.e., in SMMJ mode, 16 for segments 0.0 - O.F or 256 
tor sesnents 1 - F). This functionality allows a.DJ n1.lllber ot segments to be 
treated as concatenated se9l1ents by the MM1 it Memory Management software wishes to 
define them in this way. Inherent in the creation of concatenated segments by the 
Memory Management software is the requirement that such seSJllents must be logically 
and pb;ysioally contiguous. The size field thus indicates a n1llD.ber of blocks that 
are physically contiguous with respect to this part10ular seSJllent base. The abil­
ity to represent concatenated segments to the MMO is required in connection with 
checking of instructions that operate on arrays of contiguous data (e.g., commer­
cial and scientitio instructions and the VLD instruction). An address space 
consisting of a single set of concateaated seSJllents is a simple memory partition 
conventionally described by a base, and bounds (size) register pair. 

It the size checks are not satisfied, the access or instruction is not per­
fomed and a Trap (TV15) is posted. It all checks are satisfied, the Block Regis­
ter is added to the Base field in the SD and the offset is concatenated to form the 
pb;ysical address. If a carry occurs while performing this addition, a Trap (TV15) 
is posted. Note that al thougb. the Logical address in a !t)IE and M6IE is 24 bi ts, 
whenever a memory reference is made in SMMO mode, only the low order 20 bits of the 
logical address are used. The high order four bits ot a logical address MBZ in 
SMMU mode, else Trap (TV15). 
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4.2.4 MMU Initialization 

At initialize time the MHO is always set to a default state. This state is 
applicable to all the ess models. The mode selected is SMMU mode. The MMU is loaded 
with default SDs which define a 2MB Address Space. The default setting ot the SDs 
tollows: 

o The Valid bits are set to One, 

o The Size fields are set to all Onea, 

o The RR, RW and BE fields are set to all Zeros. 

o The Base fields are loaded with valuea that result in a one-to-one mapping 
between logical and physical memory. 

Ir a Main Memory Prom Option (MMPO) is cont'igured in an M5XE, M61 or M6IE and 
its base address ia set greater than 2MB, then: 

- for panel in the unlocked state set SDI r as spec1tied above. 
for panel in the locked state set SDI F to map to the MMPO base address. 

MMU functionality, during normal operation, has no overall enabling control; it 
115 always enabled. It starts in the default state aDd may be subsequently altered 
by the software. On the M5IE, M61 aDd M6IE, an MHD diagnostic instruction is /~" 
provided which allows for example, address relocation (mapping) and access rights ~ 
checks to be di:ablea. Ret~ to aUba6GtiVG 5.9.28 tor ~ ae=cr!ption ot the MMUD 
instruction. 

The means by which the HMtJ storage arraJ may be loaded or al tered atter 
Initialization, are described in subsection 4.3.4. 

4 .2 .5 MMU Checking 

The Block Registers shown in Figures 4-2 and 4-5 are fictitious registers shown 
here to facilitate the description ot the checking performed by the MMU. 

The MMU uses the Segment field ot the logical address to select an entry in its 
storage array and uses ita contents to perform validity. access right and Size 
checks. The size check verUies that the nine-bit content ot the Block Register is 
equal to or lesa than the Size tield from the MMU entry. When performing this 
check the Block Register cons1sta of either, the four Block field bits tram the 
logical address with five high order Zeros (for Small Segments 0.0 to O.F); or the 
eight Block tield bits trom the logical address with one high order Zero (tor Large 
Segments) • 

An additional check is performed in EMMD mode to d,ynamically verity that the 
selected SDI 1s not greater than the Task Segment Table Limit (TSTL). else TRAP 
(,"15) • ._", . 
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On certain commercial, certain scientific and Validate instructions, the CSS 

uses the MHO to perform a Limit check; the MHO storage array entry (i.e., the SD) 
used is determined by the segment field of the LA. Before performing the Limit 
check the CSS calculates a Limit address by taking the block and Offset of the LA, 
and adds to this a 16-bit Range value derived from the instruction. The high order 
eight bits of this result, together with the carry, if any, are sent to the Block 
Register as the nine-bit value to be used to perform the Limit check. 

The Limit check is used to verify that the operand(s) of the instruction about 
to be executed, which could involve a field of n atoms, is within the segment or 
concatenated segments. 

4.2.6 I/O Order ConSiderations 

I/O orders are privileged and thus may be executed only in ring 0 or ring 1. 
The Validate order must be used to ensure that the I/O buffer is within a segment 
or two concatenated segments. When the IOLD instruction is executed, the address 
of the buffer, defined by the AAS, is absolutized by the MMU. 

4.3 HARDWARE/SOFTWARE INTERFACES 

4.3.1 General 

f The pl·otection scheme of the MHO is based on a ring structure. Memory objects 
~ are visible to a process through SDs. Each SD specifies the access rights applic­

able to the segment (object). A process executing in ring R has access to any 
segment in ring R and in all rings of lesser privilege. A process may switch 
between rings only under tightly controlled conditions. Access rights are enforced 
through a comparison of an effective ring number and a pertinent access control 
field in the appropriate SD. This comparison is performed by the MHO hardware. 

4.3.1.1 PRIVILEGED mSTRUCTIONS 

In order to ensure system integrity the following instructions can be executed 
only when in: 

o Ring 0: MEMD, MMUD, DBR, CPID, ASST and ATST, 

o Ring 0 or 1: ASD-, LEV, HLT, IO, IOB, IOtD, RSC, RTCN, RTCF, WDTN and WDTF. 

Violations of the above conditions result in Trap (TV13). 

4.3.1.2 EXECUTION PRIVILEGE OF A PROCESS 

The execution privilege R current (RCR) of a process that is running on a 
processor is defined by a two-bit ring number in the S register. At dispatch time 
the process execution privilege is saved in its ISA. If a trap is posted while the 
process is running, then its execution privilege is saved in the Z word (bits 8 and 
9) of the TSA. 

• ASD may be executed only in ring 0 in a CR41E, M6X or M6XE. 
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4.3.1.3 ADDRESS SPACE VECTOR 

In order to accommodate hardware dispatching ot processes with their respective 
address spaces, the IS! supports an Address Space Vector (ASV). The format ot the 
ASV is shown in Figure 4-6. 

The PTa field spec1r1es the base ot a segment table (ST) in memory. The ST 
consists of 62 locations in SMMU mode and from Zero up to 256 locations tor the TST 
in EMMD mode, as determined by TSTL (see subsection 4.3.4). The structure ot the 
ST is shown in Figure 4-7 and the TST in Figure 4-8. 

Note that the TST must be memory resident during execution due to demand 
loading of SDs by the EMHU. 

o 7 8 11 12 15 
PTR (EMMUMODE) I 

- WORD 1 R F U 1----------_···_-_·_-_·_-----------·---1 
I PTa 
I ( SMMU MODE) 

WORD 2 p a 

Figure 4-6 ASV Format 

~~~-~----
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SEGMENT TABLE FORMAT FOR SMMU MODE 

Figure 4-7 Segment Table Format in Memory in SMMU Mode 



______________ •••• __________ • __________________________ A ____ ••• _. l. ________ ._. __ 

I SPEC. NO. I SHEET I REV. HONE'IWELL DlFORMATION 
SYSTEMS I 60149740 I 4-14 I C -------------------- ----.. ---------_.- --------... ---------------------

!SA TASK SEGMENT TABLE FORMAT FOR EMMI1 MODE 

a 1 2 ~ 4 2 6 I 15 -I I · I I · IASV POL'l'l'ERI -> 0 V BASE (15) I 
TSn ' I :- SEG. 80 

I · • - 1 Hi RW RE RFU SIZE (9) I · • 
1_: 
I 

I-
I · • 

254- V BASE (15) I • • 
I :- SEG. FF 

I I I • · 255- U RW I HE HFU I SIZE (9) J · · I I 1_: 

• Location ot the last segment descriptor word pair is dependent 
upon the value ot the TSTL. Shown here is the case where 
'l'STL = FF (128 SDs assigned). Space requirements tor TST are 
(TSTL - 80)- 2 words. 

Figure 4-8 Task Segment Table Format in Melllol"1 in EMMU Mode 

4.3.1.4 EMMU MODE TASK SEGMENT TABLE LIMIT (TSTL) 

,~ 

~/ 

The TSn is contained within a word adjacent to the ASV ot the !SA and detines 
the maximum addressable segment available to the Task. Each memory reterence 
dynamically compares the value ot the TSTL with the referenced segment number (80 
-> FF) and it SEnI > TSn, then Trap (TV15). 

For a description ot the ASV and TSTL tields refer to the description ot the 
ISA in subsection 3.5.2.3. The tormat ot TSTL i8 shown in Figure 4-9. 

o 1 8 15 
I J I 
I I Highest Segment J 
I RFU Number Allocated I 
I To The Task I I _______ ..s.-_______ I 

TSTL = 00 --> FF f tor values 00 -> 7F, no Task Space i8 allocated. !e: 
Figure 4-9 'l'STL Format 
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Operating System (OS) procedures typically are assigned to run in privileged 
rings. In order to reduce context switching, the OS is not centralized into a 
separate process, but rather it is distributed (i.e., it is a part of each pro­
cess). Thus a switch from a user to an OS procedure occurs through a controlled 
switch in ring of exe~ution. 

4.3.3 Segment Descriptors 

As shown in Figures 4-10 and 4-11, memory is viewed by a process through its 
segment descriptor (SO). 

DATA/PROCEDURE 
SEGMENTS 

--------->1 
1 
1 

Figure 4-10 Process Context and Address Space Definition 
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SMMU MODE SUPPORTS 16 SMALL SEGMENTS AND 15 LARGE SEGMENTS 
EMMU MODE SUPPORTS 0 SMALL SEGMENTS AND 256 LARGE SEGMENTS 

I \ L- \ -I I ~ I 
I I I 
I I I 
I I I 

UP TO SEG SEG SEG I 0 sro I 
I I 

4K o 0 o 0 F I 
I 

WORDS IJ 0.0 Ii O.F IJ n F 1m I 
I 

S I 
I 

E I 
T 

Where for: I UP TO 
SMMU mode n = 1 and m = F 1- 64K 
EMMU mode n = 0 and m = FF ...:L I WORDS I 

DATA I 
I 
I 
I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I I 
J J J 
I_I _I 

Figure 4-11 Process View of Memory 

Addresses generated by a process are logical addresses and are mapped by the 
MMU through the SDs stored in its storage array into physical addresses. 

The SMMU is designed to accept a logical word address of 20 bits and maps this 
into a physical address. Refer to Table 4-1 for the appropriate physical address 
size as a function of model. 

The EMMU is deSigned to accept a logical word address of 24 bits and maps this 
into a 23-bit physical address. 

4.3.4 Address Space Switching 

The OS assigns a logical space to each Task. The logical space of a Task is 
defined by its ST in SMMU mode or by the combination of the SST and its TST when in 
EMMU mode. The transition from one address space to another (which takes place at 
process dispatch time) can be performed in one of two ways: 

o INRUSH - This method is applicable at context switch time and uses ISM2 bit 
o (MU bit) to cause an address space change. 

In SMMU mode, the SDs contained in the ST pointed to by the ASV are loaded 
into the MMU storage array at context load time. 

In EMMU mode, the MMU task cache used to store Task SDs is flushed and the ~ 
[ASV] and [TSTL] are loaded into MMU registers. All subsequent references .. -----f 
to the TST will be made dynamically through on-demand loading of the MMU 
task cache. 
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In an M5XE the following applies at inrush time: 

The TST is checked to insure that it is in a valid segment. If not then 
the TSTL is set to 7F (i.e., no task space is allocated). Subsequent 
references to the TST will result in a Trap (TV15). 

The TST is not checked to insure that it is double word aligned. 
Subsequent references of a segment descriptor from the TST will result in 
a Trap (TV18). 

In an M6XE the following applies at inrush time: 

The TST is checked to insure that it is in a valid segment. If not post 
superhalt for the level. 

The SST is not affected by an INRUSH. 

ACTIVATE - This method uses the Activate Segment Descriptor (ASD), Activate 
System Segment Table (ASST) and Activate Task Segment Table (ATST) 
instructions to cause an address space change. 

In SMMU mode the OS may use ASDs to cause an address space change,.by 
changing only the required number of SDs in the MMU storage array (e.g., it 
may change the task SDs but not the system SDs). 

In EMMU mode, the OS may use an ASST and/or an ATST to cause an address 
space change. Typically it will only use an ATST since the system SDs are 
common to all tasks. 

~.3.5 Access Checks 

The access permission checks performed by the MMU are as follows: 

o A segment descriptor contains three fields defining the access control 
attributes of the segment as follows: 

RW = Write permisSion 
RR = Read permission 
RE = Execute permission. 

o The current privilege of a process is defined by an R current (RCR) and is 
contained in S(1:2). 

o R effective (REF) is used to determine whether the process may make a memory 
reference as follows: 

REF = RCR if no indirection is involved, or 
REF = Least privileged of RCR or RW of the segment containing the 
indirect pOinter. 

o -Whenever fetching an instruction, check that: 

RCR < RE i.e., RCR is as privileged or more privileged than the RE of 
the segment containing the instruction. 
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o Whenever reading an operand, check that: 

REF < RR 

o Whenever writing an operand, check that: 

REF < RW 

In all statements of access checks in this specification the tests are stated 
in terms of ring values rather than in terms of the encoding of the ring values (as 
given in the next subsection). On this baSis, for example, Ring 0 < Ring 1 < Ring 
2 < Ring 3 although this is not true of the binary codes which represent these ring 
values. 

Ring 0 always has access rights to any valid segment in the currently defined 
address space. 

4.3.6 Ring Definition 

In a system using four ring values the following assignments could be used: 

o Ring 0 - Kernel (Privileged) 
o Ring 1 - Supervisor (Privileged) 
o Ring 2 - Subsystem (Non-privileged) 
o Ring 3 - User (Non-privileged). 

In a system using only two ring values, the following assignments could be 
used: 

o Ring 0 - Supervisor (Privileged) 
o Ring 3 - User (Non-privileged). . 

. . .. 
Privileges and access rights accorded the various rings are in inverse order to 

the ring's number (i.e., Ring 0 is most privileged). 

There are two kinds of ring values of interest: Current Value (RCR) and 
Effective Value (REF). REF can be equal to or can differ from RCR (see subsection 
4.3.5). 

RCR is contained in S(1:2) and may be changed only under certain limited 
situations (see subsection 4.3.7). 

REF is calculated whenever one of the following situations are encountered: 

1. Indirect addressing or remote descriptor reference is performed. In this 
case REF = lesser privileged of REF or RW of segment containing the indi­
rect pOinter/remote descriptor. 

2. When the firmware references system-base type areas such as interrupt vec-

0·····\ i 

tors, trap vectors, saving areas, etc. In this case, since the firmware is 
considered to be part of as, an Effective Ring Value of Zero (highest priv- C 
ilege) is u:;ed. .. 
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For oompatibility with lower processors of the Level 6 family, the ring values 

are encoded as one's oomplements whenever they appear. Thus the ring values and 
their binary enoodings are as shown below: 

Ring Values 

4.3.7 Ring Transitions 

o 
1 
2 
3 

Binary Code 

11 
10 
01 
00 

i 
I Increasing 
I Privileges 
I 

Figure 4-12 shows the four rings in whioh a process can be and the transition 
paths between rings. Ring crossing occurs whenever the RCR of a process running on 
a processor is changed. The oondi tions under which this oocurs are described 
below. 

Following a system in! tialize, the CSS places the current process in ring o. 
To exit ring 0, i.e., perform an outward ring crOSSing, the process can either exe­
oute an ENTER instruction and thus oause a transition to ring 3, or execute an RTT 
instruction that results in a transition (through a Trap or emulation of a Trap) to 
the ring (e.g., 1, 2 or 3) specified in the TSA. 

( Inward ring cross1ngs are performed via a trap (e.g., Monitor Call instruo-
tion). As a function of the Trap vector (i.e., odd or even address), a ring cross­
ing to ring 0 or no ring change occurs. Note that perfOrming an inward ring cross­
ing to a ring other than ring 0 requires that first an inward ring crossing to ring 
o be performed and then an outward ring crossing to the desired ring. 

4.3.7.1 TRAP 

A Ring crossing oan occur as a resul t of a trap. The trap procedure can run in 
either the same or the most privileged ring (ring 0). 

When a trap occurs, the CSS aocesses the next Available TSA Pointer to obtain a 
TSA, links the TSA to the current ISA and stores appropriate information in the 
TSA. These operations are accomplished using an REF = Zero, since these are CSS 
firmware functions. 

RCR is saved in bits 8 & 9 of the Z word in the TSA. Still using REF = 0, the 
CSS then accesses the appropriate Trap Vector. If the least significant bit of the 
Trap Vector is a Zero, the Current Ring Value in S1, S2 is retained unaltered 
(i.e., execute the Trap procedure at the current ring value); if it is a One, the 
Current Ring Value in S1, S2 is set to 11 (i.e., execute the Trap procedure in ring 
0). 

The address in the Trap Vector is delivered to the P counter and the Trap 
procedure is executed using the new current ring value. 
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Figure 4-12 State Transitions - Secure System c 
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Non-privileged procedures should not be allowed access to either interrupt or 
trap vectors or saving areas. Thus, in order for a non-privileged trap procedure 
to gain read access to the information regarding the trap, it is necessary for a 
privileged procedure to move this information to a non-privileged area and then 
pass control to the non- privileged procedure. 

4.3.7.2 RTT INSTRUCTION 

A Ring crossing may occur as a result of an RTT instruction. The RTT restores 
the context contained in the TSA, which includes the ring information in bits 8 and 
9 of the TSA Z word. Refer to Section 5 for more information about the RTT in­
struction. 

4.3.7.3 ENTER INSTRUCTION 

A Ring crossing may occur as a result of an ENTER instruction. The ENTER in­
struction causes a ring change from any ring to ring 3. Refer to Section 5 for 
more information about the ENTER instruction. 

4.3.8 Transfer of Control Instructions 

During the execution of a transfer of control type instruction (e.g., branch, 
jump, etc.) no ring change takes place regardless of the outcome of the instruc­
tion. It is the software's responsibility to insure that privileged procedures not 
branch to less privileged procedures Since this would allow a less privileged 
procedure to run in a more privileged ring thus jeopardizing system security. 

4.3.9 Mode Switching (M5XE and M6XE Only) 

Switching the CSS between SMMU and EMMU modes is accomplished with the Activate 
System Segment Table (ASST) instruction. The ASST instruction is used to activate 
a new system address space and to activate (or deactivate) EMMU mode as follows: 

o For SST pOinter ([B5]) equal to NULL: 

o 

Deactivate EMMU mode (switch to SMMU mode) and generate a trivial map in the 
MMU (31 SD) Storage Array. All subsequent references are made from the MMU 
Storage array and the processor is in SMMU mode. 

For SST pOinter ([B5]) not equal NULL: 

INRUSH the SDs contained in the system segment table pointed to by [B5] into 
the EMMU (128 SD) storage array up to and including the SD whose I = [R6] 
where 00 < [R6] < 7F. Note that not all SDs loaded are necessarily Valid/ 
assigned. Mark In the EMMU storage array all SDs beyond the SD specified in 
R6 as invalid and set the TSTL Register to 7F (127). EMMU mode is activated 
and all subsequent references are made through the System Space descriptors 
until a level change specifying an INRUSH is made or an ATST instruction is 
executed. For a definition of the ASST and ATST instructions, refer to 
subsection 5.9. 
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The following briefly describes the instructions which are pertinent to the 
MMU. Refer to Section 5 for a detailed description of these instructions. 

4.3.10.1 VALIDATE 

The Validate instruction provides a means whereby a called procedure running in 
a more privileged ring can validate the access rights to data of a less privileged 
caller. This assures that any reference made by the more privileged procedure on 
behalf of the less privileged procedure is consistent with the less privileged pro­
cedure's access rights. The Validate instruction operates identically in both SMMU 
and EMMU modes. 

4.3.10.2 CONVERT LOGICAL ADDRESS TO PHYSICAL ADDRESS (CVP) 

The CVP instruction converts a logical address to a physical address and per­
forms a Validate operation. The CVP instruction operates identically in both SMMU 
and EMMU modes. 

4.3.10.3 ACTIVATE SEGMENT DESCRIPTOR (ASD) 

The ASD instruction allows a SD to be updated in the MMU storage array. As a 
function of MMU mode the following applies: 

o 

o SMMU Mode - The specific SD (one of 31) is updated in the MMU storage (,; 
array. 

o EMMU Mode - For segment # equals 00 -7F, the specific system SD is updated 
in the EMMU storage array. 

o EMMU Mode - For segment # equals 80 -FF, the specific task SD is flushed 
from the EMMU task cache. 

4'.3.1 0 .4 ACT IV ATE SYSTEM SEGMENT TABLE (ASST) 

The ASST instruction allows entry into or exit from EMMU mode. It also defines 
the system address space by causing the system segments in the system segment table 
to be loaded into the EMMU storage array. 

4.3.10.5 ACTIVATE TASK SEGMENT TABLE (ATST) 

The ATST instruction defines the task address space by causing the EMMU task 
cache to be flushed and the pOinter to the TST and its limit TSTL to be saved in 
the EMMU. All subsequent references to the task address space will be allowed and 
will take place via on demand loading of the EMMU storage array. 

4.3.11 Segment Descriptor Access Checks (EMMU mode only) 

During demand fetching, of a segment descriptor, from the EMMU storage array 
certain checks are performed by the CSS. Refer to the definition of TV18, in 
subsection 3.6.3, for a description of these checks. 1(" ~, , , 

--_/' 
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SECTION 5 GENERAL INSTRUCTION SET DEFINITION 

5.1 GENERAL INSTRUCTION SET 

This section describes the General instruction set. Table 1-2 lists the 
various conventions and definitions used to describe these instruotions. 

The instructions are classified as follows: 

o Double Operand (subsection 5.2) 

o Single Operand (subsection 5.3) 

o Short Value Immediate (subsection 5.4) 

o Branch on Registers (subsection 5.5) 

o Branch on Indicators (subsection 5.6) 

o Shift Operation (subsection 5.7) 

o Input/Output (I/O) (subseotion 5.8) 

o Generics (subsection 5.9) 

The double and single operand and I/O instructions use an Address Syllable (AS) 
field. Refer to subsection 3.11 for a description of an AS. 

For convenience the instructions are summarized in Appendix E. Appendix E also 
includes the summaries of those Ccmmercial and Scientific instructions which use 
the format of general instructions. 
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5.1.1 Instruction Rules 

While reading in~truction definitio~, the following special cases should be 
noted: 

1. IMO usage: This AS should be used with caution. Improper usage oan lead to 
a mOdirication of the procedure (i.e., !MO AS should never be the 
destination of an operand). 

2. IndeXing: Indexing can be used to select bits, bytes, words or double words 
when using a word address torm or bytes only when" using" a byte address 
form. Reter to subsection 3.13 for details. 

Compare Instructions 

Execution ot a Compare instruction results in the setting ot ICG) or -greater 
than,· I(L) or -less than,· and leU) or -Sign unlike- bits ot the indicator 
register. The compare is pertormed between two operands, namely, OPl and OP2, 
where OP1 is conta1ned either in register ! or a or CEA] as determined by the 
opcode. OP2 can reference a memory location or an R- or a-register, or have an 
implied value ot :ero, as determined by the opcode. For the purpose ot the 
compare, both quantites (OP' and OP2) are treated as unaigned binary integers. 

o It OP1 > OP2 then I(G) <-- 1 else I(G) <--0 

o It OP1 < OP2 then I(L) <-- 1 else IeL) <--0 

o It OP1(O) ;. OP2(O) then leU) <-1 else leU) <-0, with the exception ot the 
CMB (Compare with a-register) and CMN (Compare with NULL) instructions 
during which the setting ot I(U) i.3 undetined. 

Arithmetic Instructio~ 

Most arithmetic operatio~ (e.g., add, subtract, multiply, arithmetic shitts, 
etc.) affect the setting ot ICOV) or Overflow and ICC) or Carry bit ot the 
indicator register. 

ICOV) will set it the Result that is being loaded into a register exceeds the 
capacity of the register. 

This operation i.3 shown for the ADD instructions in truth-table form in Table 
5-' . 

c 
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Table 5-1 Carry and Overflow Truth Table 

---------------------------------------------------------------
(Assuming Add Operation) I 

I--------------------~---------------------------------------1 
IBIT 0 OF IBIT 0 OF CARRY-nl IBIT 0 OF STATE OF I STATE OF 

, , 
I OPERAND 1 'OPERAND 2 FROM BIT 11 RESULT I(C) 

, 
I(OV) I , 

,--------- ---------- ----------1-------- ----------I~--------I 
0 0 0 0 0 0 
0 0 1 1 0 1 
0 1 0 1 0 0 
0 1 1 0 1 0 
1 0 0 1 0 0 
1 0 1 0 1 0 
1 1 0 0 1 1 
1 1 1 1 1 0 

During a divide operation, I(OV) is also set to a One under the follOWing 
condi tions : 

1. 

2. 

3. 

It the divisor = 0, or 

If Q > 2 N -1, or 

If Q < -2N (where N = the size minus one of the register receiving Q) , 
e. g. , 

If the dividend = _2N' and the divisor = -1 (the true value of the 
quotient would be 2N', which is not representable and therefore 
constitutes an OV). 

ICC) .is set during some arithmetic and shift operations. If an add or subtract 
operation results in a carry fran bit 0, then I(C) is set. This operation is shown 
for the ADD instructions in truth-table form in Table 5-1. 

For shitt operations that modifY ICC), ICC) reneots the state of the last bit 
shifted out. 

ICC) is set during divide if a non-zero remainder is discarded. If the above 
operation does not set ICC) and/or I( OV), these indicators are cleared. 
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----------------------------------------------------._---------------_._. __ .----------------------------~----------~------
5.2 DOUBLE OPERAND mSTRUC'l'IONS 0'····· " 

Double operand instructions have the following format: 

a 1 3 4 8 9 15 

---------_.--------------------------
I 1 I # I OP AS 
1-----------------------------------1 

Add1tiocal words as needed 
____ M __________ ••• _______________ __ 

or (M6X and M6XE oal)") 

o 134 8 9 15 
------------------------_ ...... _--

I 1 I # I OP 

I-------------·-·---------------~-I I OFFSET I IFU' IMAPf I 132,3 I' 
I I s •• 1.. ---- ____ M ___ ••• ----- J 

10 346189 151 
I I 

Add1 tional words as needed 

•• ___ .___ _ ___ we_a_a __ u _______ • __ __ 

where # = Selects one at the general registers. The type of register selected 
(i.e., B, I, M) is a function ot the opcodej 

OP = Opcode field; 

AS = Address Syllable field. 

Within this group, the tollowing t)"pes of instruction:. are available: 

o Address register (B) instructions 
o Word operand register (I) instructions 
o HalfVord (byte) instructions 
o Mlde register (M) instructiOns 

Depending upon whether the AS specifies lAS, MAS, or IMJ torm, the double 
operand instructions are detined to have the follOWing tormat respectivel)": 

o U: 
o RK: 
o RI: 

register to register 
register to JSU!IIlOl'1 
register immediate 

These instructions are stlllDlarized in Table 5-2. Their numerical representation 
is given in Table 5-3. 

c 
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----------------------~--------------------------------------~-----------------

Table 5-2 Double Operand Instructions (Sheet 1 of 3) 

-----------------------------------------------------------------------------------
I REFERENCE IMNEMJNIC I DESCRIPTION 
I SUBSECTION I 

OPERATION IL'mICATORS I COMMENTS 
I AFFE C'l'ED I 

WORD OPERAND RmISTER nlSTRUCl'IONS 

1----------------------------------------------------------------------------------

, . 
I , 

5.2.1 

5.2.2 

5.2.3 

5.2.4 

5.2.5 

5.2.6 . 

5.2.7 

5.2.8 

I 5.2.9 

5.2.10 

5.2.11 

5.2.12 

LDR I Load Register R [RI] <-- [EA] 
I 

STH I Store Register R [EA] <-- [HI] 
I 

SWR I Swap Register R [RI] <--> [EA] 
I 

CMR I Compare with [RI] :: [EA] 
Register R 

ADD Add to Register [RI] <-- [RI] + 

SUB 

MOL 

DIV 

OR 

XOR 

SRM 

AND 

R [EA] 

Subtract fran 
Register R 

Multiply 
Register R 

Divide Register 
R 

[RI] <- [RI] -
[EA] 

[RI] <--
[RI] • [EA] ex­
cept it I = 7, 
then [R6, RT] <-­
[R7] • [EA] 

[RI] <--
[RI] / [EA] ex­
cept it :# = 7, 
then [R7] <-­
[Hi, R7] / [EA]; 
[R6] <-- remain­
der 

OR with Register [RIl <--
R [RI] \I [EA] 

Exclusive OR [RI] <-
with Register R [RI] ~ tEA] 

Store R 
through Mask 

AND wi th Reg. R 

For 0 i i .i 15, 
if (M(i)] = 1, 

I [EA(i)] <- [R(i)] 
I else [EA(i)] is 
I unchanged 
I 

[RI] <-­
[RI] /\ tEA] 

a, L, tr 

C, OV 

C, ov 

If I < 7, (R6, R71 
OV is double 

integer 
format 

ItI<7, 
C, ov 

If#=7, 
. OV 

[R6, R7] 
is double 
integer 
format 

If [M] = 
0, use 
[R1] as 
Mask. If 
[R1] = 0, 
SRM = NOP 

~---------------------------------------------------------------------------------~ 

~~~-... _. ~.~.~. ~--~-.-
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Table 5-2 Double Operand Instruotioll3 (Sheet 2 ~ 3) 

.... -------... -----............ -...... -----...... ---------~-...,---------.--------------...... -----...... -...--
tRmRENCE IMNEmNICI DES Cll IPTION OPERATION I INDICATORS I COMMENTS I 
ISUBSEC'!'ION I I AFFECTED I 

I 
I ----------....----~~ ...... -----------------~-- ·_-_ ..... ....-_-----------------1 I 

f BnE INSTRUCTIONS • 

I-------------------------~-·----·---------------------------~-------------- --I I 5.2.13 LIE I Baltworti (byte) [R,(8:1S)] <-
I I Load Re gister R [EA]; [RI(0:7)] 
I I <- (R'( 8)] 

I 
5.2.14 I sm 1 Raltworci (byte) [EA] <-I 

I I Store Register R [R,(8:15)] 
I , 

5.2.15 I Qfi RaltworQ (byte) [RI] .. [EA] G, L, tJ [EA'] is I •• 
I Compare Reg. R si&n ex-I 

I tended , 
5.2.16 I OBB Hal tworci ( byte) [RI] <- [EA] a I 

-. I OR with Register [RI] \/ [EA] sign ex ... 
I R tended 
I I 
I I 

5.2.17 1 ICB Haltword (byte) [RI] <- [EA] a ?-\ 
I bel usi ve OR [RI] , [EA] sign ex-

( , 

~j' 
I wi tl1 Register I tended I 
I I 

5.2.18 I A.NB Haltword (byte) [RI]<- [EA] is I 
I AND with f [II] /\ [EA] sign ex- I 
I Register R I tendecl I 
I I I I 

5.2.19 - I LLH Haltworci (byte) I (1#(8:15)] <- I I 

I Load Logi cal I [EA]; [1'(0:7)] I 
Register R I <- 0 I 

I-----------------~-----------~---------------------------------------------1 MODE REDISTER INSTRUCTIONS I _________ ~ ____________ ~ ___ ~ __ L. _______ ~ _________ . ____ --~---------------~I 

5.2.20 I M'l'M I Modify and/or 
, 

See text B I 

I I Test Register M I 
I I I 

5.2.21 I 3TH I Store Register M I [EA(0:7)] <-- FF; 
I I [EA(8:15)] <-I 

I I [MI] 
-------- ._--------------------------------------------------------------._-----

-In all byte instruotions [EA] = addressed byte. 

o 
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----------------~------~---------------------~-------------------------------

Table 5-2 Double Operand Instructions (Sheet 3 o-r 3) 

-----------------------------------------~----------------------------------------I REFERENCE IMNEl~NIC I DESCRIPTION 
I SUBSECTION I I 

OPERATION I INDICATORS I COMMENTS I 
I AFFECTED I 

I---~---------------------------------------------------------------------------, ADDRESS REGISTER INSTBUCTIONS 

,-------~-------------~---------------------~------~-~--------~--~----------~-
5.2.22 LDB Load Reg1ster B I [BI] <- (EA] I , 

I 

5.2.23 STB Store Reg1ster B I (EA] <- (BI] . 
I 

5.2.24 eMS Compare with I [BI] .. (EA] G, L, U . . 
Reg1ster B I 

I 
5.2.25 SWB Swap Reg1ster B I (BI] <--> (EA] 

I 
5.2.26 LAB Load Ef'fective (BI] <- EA 

Address into B 

5.2.21- LNJ Link Jump [BI] <- (P]; (BI] 
[P] <-- EA pOints to 

I the first 
I word 
I after I 

I 

I Link Jump. I 
I It M1(J) 
I =1 then I 
I Trap TV02. I 

, , 

----~-------------------------~-~----~-------~------------~-----------------------
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Table 5-3 Numerical Representat10n ot Double Operand Instructj.ollS 

---~~~----~~-------------------~-~~~~-------I SOB SECT ION I Bl f 82 I 83 I 84 I MNEHlNIC I ATOM SIZE I 

:--~-------l----------~~-~----------------~--------~--: I 5.2.20 I 8+r 0 O+m I n MTM Werd 
5.2.13 I 8+r 0 8+m I n LDH Byte 
5.2.15 I 8+r 1 8+Dl I n CMH Byte 
5.2.6 I 8+r 2 O+m I n SOB Werd 
5.2.19 I 8+r I 2 8+11 I n LLH Byte 
5.2.8 I 8+r I 3 O+m I n DIV Word 
5.2.27 I B+r 3 8+11 I n LllJ Word 
5 .2 • 9 8+r 4 O+m n OR Werd 
5.2 • 16 8+r 4 8+11 n ORB Byte 
5.2.12 8+r 5 O+m n AND Word 
5.2.18 8+r 5 8+Dl n ANH Byte 
5.2.10 8+r 6 I O+lll 11 XOR - I Word 
5.2,11 8+r I 6 I 8+Dl n XOB Byte 
5 .2.21 B+r I 1 O+lll 11 STM Wera 
5.2.14 8+r 1 8+11 11 S!B Byte 
5 .2. 1 . 8+r 8 O+lll 11 LDR Viera 
5.2.4 8+r 9 O+m n CMR Word 
5.2.5 8+r A O+lll n ADD Word 
5.2.11 8+r A 8+m n SliM Word 
5 .2.1 B+r B O+lll: n MOL Word 
5.2.26 8+r B 8+m I n LAB Word 
5.2.22 8+r C I 8+m I n LIS LWor<l 
5.2.24 8+r D I 8+Dl I n CMS DWord 
5.2.3 8+r E I O+lll I n SWR Wora 
5.2.25 8+r E I 8+11 I n SWB DWord 
5.2.2 8+r F O+lll I n STR Word 
5.2.23 8+r F 8+11 I n S'm DWord 

---.. --~.....---------------------~--.... ----------~-----------where r = Register number contained in bits 1 through 3 
and m, n = Coerdimtes ot AS Map (see subsecUon 3.11). 

5.2.1 Load Register H, LDR 

Fonnat: 

RR, RM, RI 

Description: 

The contents ot the loca t10:l spec1fied by the AS are loaded into the 
desigm ted B-reg1ster. 

Operation:" 

[HI] <-- (EA] 



HONEYWELL INFORMATION 
SYSTEMS 

Indicator Condition: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

None. 

5.2.2 Store Register R. STR 

Format: 

RR, RM, RI 

Description: 

I SPEC. NO. I SHEET I REV. 
I 60149740 I 5- 9 I C 

The contents of the designated R-register are stored in the location 
specified by the AS. 

Operation: 

[EA] <-- [RI] 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

Use of !MO address form may cause alteration ot procedure. 

5.2.3 Swap Register R. SWR 

Format: 

RR, RM, RI 

Description: 

The contents of the designated R-register are swapped with the contents of 
the location specified by the AS. 
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Operation: 

[RI] <--> [EAl 

Indicator Cond1 tions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
(JfI Unchanged 

Spec1al Cond1 tions: 

Useot IHJ address torm mq cau.se alterationo£ proce4ure. 

5.2.4 Compare With Reg1ster R. CMR 

Fonnat: 

RR, RM, RI 

Description: 

The contents of the designate4 i-register and the co·ntents ot the location 
spec1t'ie4 by the AS are ccmpared as unsigned integers. G-, 1.-, and 
U-ind1cator bits are :set to ind1cate the results of the ccmpare. 

Operation: 

I(G), I(L), I(U) <-- [RIl :: (EA] 

Indicator Condi tions: 

It [Rll > [EAl then·. 
It [RI] < [EA] then 
It [!I(O)] A (!A(O)] 

Special Condi tioDS: 

None. 

C Unchanged 
B Unchanged 
I Unchanged 
G <- 1 else G <-- 0 
L <- 1 else L <- 0 

then U <- 1 else U <- 0 
OV Unchanged. 

2J2.5 A4d To Register H, ADD 

Fonnat: 

RR, .HM, RI 

C·\ " _I 

c 
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-~-------------------~-------------.------------------------------------------
Description: 

The sum of the contents of the designated R-register and the contents of the 
loca tion specified by the AS is loaded into R. 

Operation: 

[RI] <-- [RI] + [EA] 

Indicator Conditions: 

If carry then C <- 1 else C <-- 0 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 

If overflow then OV <- 1 else av <- 0 

Special Conditions: 

If' an overflow occurs and M1 (I) = 1, then a Trap TV06 occurs. 

C 5 .2.6 Subtract Frau Register R, SUB 

Format: 

RR, RM, RI 

Description: 

The difference of the contents of the designated H-register and the contents 
of the location specified by the AS is loaded into R. 

Operation: 

[HI] <- [HI] - [EA] (Using two's complement arithmetic) 

Indicator Conditions: 

If carry then C <- 1 else C <- 0 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 

If overflow then OV <- 1 else OV <- 0 

() Special Conditions: 

If an overflow occurs and M1(1) = " then a Trap TV06 occurs. 

---------------
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~---------------------------~------------.-.---------------------.. ------~~-
5.2.1 Mul tipl,. Resister. R. MIL 

Format: 

RR, liM, RI 

tescr1ption: 

o 

The product 0'£ the ClOntent:s of the designated R-register and the ClOntents of 
the location specit1ed by the AS is loaded into R. r.r the desigm ted 
R-register is R1 J then the product (double precision format) is loaded into 
~ and F{( wj.th R'T being loaded wj.th the least :s1gn1t1cant portion of the 
product. 

Operation: 

(RI] <-- (Rll • (EA] 
except it I = 7 
then [R6, RTl <- (RT] • [EA] 

Ind1~tor Coad1 tions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 

It overflow then OV <- 1 else OV <- o· except tor I = 7, 
then Of is cleared. All operands remain 
unchanged if Of <-- 1. 

·Spec1al Condi tions: 

It an overflow occurs and M1 (I) = 1 J then a Trap 'l'V06 oc~urs. 

5.2.8 Divide Register H, DIV 

Format: 

RR, liM, RI 

Descr1ption: 

The de:ngnated R-register contents are d1v1dec1 by the contents ot the 
100& tion spec1ted by the AS, anc1 the resul ting quotient is 10ac1ec1 into R. 
It the des1gnatec1 R-reg1ster is R7, then the operation is performec1 on the 
double integer operanc1 contained in Ri and RT J and the remainder in single 
integer format is loaded into B6. .~ 
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If the contents of the location specified by the AS (divisor) are zero, or 
if the resulting quotient (Q) is Q < _2 15 or Q > 215 -1, then the overflow 
condi tion is set, the contents of the selected reg1sters are unchal".ged, and 
the C-1ndicator Cit is in an undefined state. 

Operation: 

[RI] <-- [RI] / [EA] 

except if I = 1, then 

[R1] <- [R6, RT] / [EA]; 
[R6] <-- Remainder (supplied with the same sign Cit as the dividend) 

Indicator Condi tiona: 

For I I: 1, it the remainder J; 0, 
For # = 7 

then C 
C 
B 
I 
G 
L 
U 

<--1, else C <- 0 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 

It the divisor is zero, or if the quotient causes overflow, then the 
operands remain lmchanged and OV <-1. 

Special Conditions: 

It an overflow occurs and M1(I) = 1, then a Trap TV06 occurs. 

5.2.9 OR With Register Rt OR 

Format: 

RR, RM, RI 

Description: 

The inclusive OR of the contents of the designated R-register and the 
contents of the location specified by the AS is loaded into R. 

Operation: 

[RI] <-- [RI] \/ [EA] 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
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L Unchanged 
U Unchanged 
OV Unchanged 

Special Condi Uons: 

None. 

5.2.10 !xoluaive OR With Register R. lOR 

Format: 

RR, HM, RI 

Desoription: 

The axel wsive 01 o-r the contents o-r the c1es:1saat.d R-reg1ster and the 
contents o-r the loca tion speo1tied by the AS is loaded into R. 

Operation: 

[RI] <-- [RI] ~ [EA] 

Indica tor Condi tiona: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
r:N Unchanged 

Special Condi Uons: 

None. 

5 .2.11 Store R Under Control o-r Mask. SHM 

Format: 

RR, RM, HI 

Description: 

Transt"er b1 ts ot RI as specit1ed by a Mask word to the corresponding bi t 
pos:1 Uona at [EA]. 'lbe Maak word is the last word o-r the 1nstrucUon. 

0,'; ;',' 

Operation: 

For 0 i 1 ~ 15, it [M(1)] = 1 then rEA (1)] <-- [RI(1)]j otherwise, rEA(1)~ 
is unchanged. (M = Maak word.) 
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--------------------------------------------------------------------------------
Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

1. If [M] = 0, use [R1] as the Mask word, and it [Rl] = 0 treat the instruction 
as a NOP. 

2. The use at IH) address torm may cause al teration ot procedure. 

3. If AS requires addi tional words (i. e., IMA, dis plaoeme nt, descriptor), then 
these precede the Mask word. 

5.2.12 AND With Register R. AND 

Format: 

RR, RM, HI 

Description: 

The logical AND ot the contents ot the designated R-register and the 
oontents ot the location speoified by the AS is loaded into R • 

. Operation: 

[RI] <-- (RI] /\ [EA] 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I . Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

None. 

5.2.13 HalfWord (Byte) Load Register Rs LDH 

Format: 

RR, aM, RI 
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1"", 

Description: ~ 

The byte spec:U"ied by the AS is loaded (sign extended) into the designated 
B-reg!.ster. 

Operation: 

(RI(8:15)J <-- byte addressed by !A; (RI (0:1)J <-- (i#(8)] 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
av Unchanged 

Spea1al Condi tions: 

The byte spea1fied by the AS is a function ot the AS format: 

o When a MAS wi th indexing is used, the byte useci is as spec1t'ieci ill 
subsection 3. 12 

o When an 00 or MAS without indexing is used, the leftmost byte at the 
acidresseci loca tion is selecteci. 

o When R-register AS is useci, the riSht byte, i. e., [RI( 8: 15) J. is taken. 

5.2.14 Half'worci (By tel Store Register R, sm 

Format: 

ii, HM, HI 

Descr:f.ption: 

The least s:l.gDiticant e:f.gt1t bits ot the contents ot the cies1gnated 
i-register are storeci into the byte locs. tion spec:f.t1ed by the AS. 

Operation: 

[Byte acidresseci by EAl <- [R'( 8: 15) 1 

Indi ca tor Condi tions: 

C Unchanged 
B Unchangeci 
I Unchanged 
G Unchanged 
L Unchanged 
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0' Unchanged 
OV Unchanged 

Special Conditions: 

1. The byte specified by the .AS is as described in the LDH instruction under 
Special Conditions. 

2. Use of IH) address form mSJ cause al teration of procedure. 

5.2.15 Half'word (Byte) Compare Register R. CMH 

Fonnat: 

RRt RMt HI 

Des crt ption : 

The unsigned comparison ot the contents ot RI with the byte (sign extended) 
specified by' the AS is used to set the G-, L-, and tJ-indicators. 

Operation: 

[TEMP (8:15)] <-- [Byte addressed by EA] 
[TEMP (0:1)] <-- [TEMP(8)] - Sign Extend Operation 
I(G), IeL), I(U) <-- [RI] :: [TEMP] 

Indicator Conditions: 

If (HI) > [TEMP] then 
It (RI) < [TEMP] then 
If [RI (0)] ~ [TEMP(O)] 

Special Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G <- 1 else G <-- 0 
L <- 1 else L <- 0 

then 0' <-- 1 else 0' <-- a 
OV Unchanged 

The byte specified by' the .AS is as described in the LlE instruction under 
Special Conditions. 

5.2.16 Half'word (Byte) OR With Register R. ORR 

Fonnat: 

RR t RM, HI 

Desc~ption: 

The inclusive OR of the contents ot the designated R-register and the byte 
(sign extended) specified by' the AS is loaded into H. 
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Operation: 

(TE.'U' (8: 15)] <- [Byte addressed by EA] 
['!'EMP (0:1)] <- (TEMP (8)] Sign E::tend Operation 
(HI] <-- [HI] \/ (TEMP] 

Incli ca tor Concli tions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Spec1al Condi tions : 

The byte spec1f'1ed by the AS is as described in the LIS instruction under 
Spec1al Concli tiona. 

5.2.11 Ralfword (Byte) Bxclusive OH With Hegister Hz XCR 

Format: 

HB, RM, II 

Deacr1 pt10n : 

The exclusive OR at the contents ot the designated H-reg1ater and the byte 
(sign extended) spec1f'1ed by the AS is loaded into R. 

Operation: 

[TEMP (8:15)] <-- [Byte addressed by Ell 
(TEMP (0:1)] <- (TEMP (8)] Sign Extend Operation 
[HI] <- [HI] ~ [TEMP] 

Ind1 ca tor Condi t10ns : 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Spec1al Condi tiona: 

The byte spec1tied by the AS is as described in the LIS instruction under 
Spec1al Condi tiona. 

C 
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5.2.18 Halt'word (Byte) AND With Register R, ANH 

Fonnat: 

RR, RM, RI 

Description: 

The log::l.cal AND of the contents of the designated R-reg::l.ster and the byte 
(sign extended) specified ,by the AS is loaded into R. 

Operation: 

[TEMP 8:15)] <-- [Byte addressed by EA] 
[TEMP 0:7)] <-- [TEMP (8)] Sign Extend Operation 
[RI) <-- [HI] /\ [TEMP] 

Indicator Conditions: 

C Unchanged 
B . Uncllanged 
I Unchanged 
H Uncllanged 
L Unchanged 
U Uncb.anged 
OV Unchanged 

Special Conditions: 

The byte specified by' AS is as described in the Lm instruction under 
Special Condi tions. 

5.2.19 Half'word (Byte) Load Logical Register R. LLH 

Format: 

RR, RM, RI 

Description: 

The byte specified by the address syllable is loaded into the r1gbt half of 
RI; i.e., RI (8:15). !be left half of RI, i.e., RI (0:7) is cleared to 
Zero. 

Operation: 

[RI 8: 15)] <-- [Byte addressed by EA]i [HI (0:7)] <-- 00 

Indicator Condition: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
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L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

The byte specified by the AS is as described in the LDB instruction under 
Special Conditions. 

5'.2.20 Modit:r Or Test Resister H, M'l'M 

Format: 

RR, RM, RI 

. Description: 

The deSignated eight-bit register M is altered and/or tested as specified by 
the contents of the location specified by the AS. 

Operation: 

(I(B)] <-- 0, then 
for 0 < i < 7 
If [EA-(i)] = 1 then [HI(i)] <-- [EA (i+8)] else 
It [EA (i)] = 0, [EA (i+8)] = 1, and [HI(i)] = 1, 
then (I(B)] <-- 1 else 
It [EA(i)] = 0, and [EA(i+8)] = 0, then (MI(i)] unchanged. 

Indicator Conditions: 

If tor i = 0,1, •••• ,6,7 [MI(i)] = 1 and 
(EA (i)] = 0 and [EA (i+8)] = 1 then 

Special Conditions: 

C " Unchanged 

B <- 1 else B<-- 0 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

It H6 or M7 is specified in a CR41E then Trap !V05. 

5.2.21 Store Register H, STH 

Format: 

RR, RM, RI 

Description: 

The designated eight-bit register H is loaded into the right half of the 
location specified by the AS. The left half of the location specified by 
the AS is set to all Ones. . 

o 
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Operation: 

[EA (0:7)] <-- FFj 
[EA (8:15)] <-- [MI] 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

1. If M6 or M7 is speci£ied in a CR41E then Trap TV05. 

2. Use of IMO address form may cause alteration of procedure. 

5.2.22 Load Register B. LDB 

Format: 

RR, RM, RI 

Description: 

The contents of the location specified by the AS are loaded into the 
deSignated B-register. 

Operation: 

[BI] <-- [EA] 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

1. The two words beginning at EA are loaded into the deSignated B register. 
Bits 12 (or bits 8, it EMMO) through 15 of the EA are loaded as the 
high-order bits ot B. [EA + 1] is loaded as the low-order 16 bits ot B. 

2. It high order bits ot [EA] are non zero then Trap TV15. See subsection 
3.2.1.2. 
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5.2.23 Store Register B, STB 

Format: 

RR, RM, RI 

Desoription: 

The oontents at the designated B-register are stored in the looation 
speoif1ed by the AS. 

Operation: 

[EA] <- [BI] 

Indioator Conc:lit.1ons: 

C Unohanged 
B Unchanged 
I Unchanged 
G.-Unchanged 
L Unchanged 
U Unohanged 
OV Unchanged 

Special Condi tiona: 

1. The oontents of the designated B register is stored in the two words 
beginning at EA. Bits 12 (Bit 8 it EMMU) through 15 of EA oontain the 
high-order bits at B. [EA + 1] oontains the 16 low-order bits at B. 

2. Use ot IMO address torm may oausealteration ot ,prooedure. 

5.2.24 Compare With Resister B, CMB 

Format: 

RB, BM, RI 

Description: 

o 

The comparison at the contents at the deSignated B-register and the contents 
at the location speoified by the AS is use<! to set the G- and L-1ndicators. 

Operation: 

l(G), l(L) <-- [BI] :: [EA] 

c 
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Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 

If [BI] > [EA] then G <-- 1 else G <-- 0 
If [BI] < [EA[ then L <-- 1 else L <-- 0 

Special Conditions: 

U <-- X i.e., setting of U is undefined 
OV Unchanged 

1. [BI] and [EA] are treated as addresses, i.e., unsigned 20 or 24-bit 
integers. 

2. If the high-order 12 bits (high order 8bits if EMMU) of [EA] are not Zero, 
then G <-- 0, L <--1. 

5.2.25 Swap Register B. SWB 

Format: 

RR, RM, RI 

Description: 

The contents of the designated B-register are swapped with the contents of 
the location specified by the AS. 

Operation: 

[BI] <--> [EA] 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

1. The two words beginning at EA are swapped with B. The four high-order bits 
of B (8 high-order bits if EMMU) are swapped with [EA (12:15)] (or [EA 
(8:15)] if EMMU. The 16 low-order bits of B are swapped with [EA + 1]. 

2. Use of INO address form may cause alteration of procedure. 

3. If high order bits of [EA] are non zero then Trap TV15. See subsection 
3.2.1.2. 
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5.2.26 Load Effective Address Into!. LAB 

For:nat: 

liM, RI 

Description: 

The EA 3pecitied by the AS is loaded into the designated B-regi4ter. 

Operation: 

(BI] <- EA 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
J;. Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

1. For !MO torm ot AS, B# is loaded to point to the second word ot the 
instruction. 

2. IndeXing and IMO AS act as it LAB had a one-word operand and B# i4 loaded to 
point to IMO. 

3. It high order bits ot.EA are non zero then Trap TV15. See subsection 
3.2.1.2. 

5.2.21 Link Jump. LNJ 

Format: 

liM, RI 

Description: 

Store the program counter in the deSignated B-register, then jump to the 
location specified by the AS. On completion ot the instruction, the 
contents ot that B-register points to the instruction toll owing LNJ. Thus, 
LNJ can be used tor subroutine linkage, with B contain1ng the return 
address. 

Operation: 

V 

(BI] <-- [P]; [P] <-- SA c 
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Indicator Condition3: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Condi tion3: 

I SPEC. NO. 
I 60149740 

If' Mle J) = 1 then trap to TV02. 

I SHEET I REV. 
I 5- 25 C 
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5.3 SINGLE OPERAND 

Single operand instructiol'l.S have the following format: 

o 1 3 4 8 9 15 -----.--- -_ .. _----------------_-.---...... 
I 1 I IOO I OP 
I·· ----_·---------------------------1 

Addi tional words as needed 
. -.----- . ----.. -----------

or (M6% and M6lE only) 

o 1 3 4 8 9 15 ---------------._._'_ .. _---_ .. -----...... ----~ 
I 1 I lOa I OP 
1--------·--·_---_·_-----------------------1 I OFFSET f BFO I HlPI I 
I a ••• 

10 
-------_.- -_ .. --_····---1 
34 6189 

Ac1dit1onal worda as needed 
151 

____ a_a ____ • __ •••. ___ . ~. ______ _ 

where X = 0 for all single operand instructions except 
= 1 for scientific a1ngle operand instructions (ret'erence Sect:1on 8); 

OP = Opcode field; 

AS = Address Syllable field. 

Wi thin th1a group the following t)'pes of' instructions exist: 

o Mldity operands 
o Bit instructions 
o Control instructions. 

Depending upon whether the AS specifies a BAS, MAS or D!) form, these 
instructions are de:f'ined to have the following format: 

B = Register oaly 
M = MallOry 01117 
I = lmDlediate omf_ 

These 1natruct:1ons are slJllDlar1zed in Table 5-4. The nuaerical Z'1!preaentation 
is given in Table 5-5. 

c 
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--------------------------------------------------------------------------------
Table 5-4 Single Operand In3truction3 (Sheet 1 of 3) 

-----------------------------------------------------------------------------------
I REFERENCE IMNEmNIC: DESCRIPTION 
I StlBSECTIo.'ll I 

OPERATION I INDICATORS I COMMENTS 
I AFFECTED I 

1------------------------------------------------------------·--------------------1 
MODIFY OPERANDS t _______________________________ ~ ____________________________ ~ _________ ~ ______ I 

5.3.1 INC I IncrEment [I(B)] <- OV, C, B I Read 
[EA( 0)]; [EA] <-- !t)dity 
[EA] + 0001 Write 

5.3.2 DEC DecrEment [EA) <- [EA] + OV, C, B Read 
FFFF; [I(B)] <-- M;)d1fy 
[EA](O) Write 

5.3.3 I Nm . Negate [EA) <- 0000 - OV, C 
(EA] 

5 3.4 CPt. CanplEment (EA] <-- (EA1 ~ 
FFFF 

5.3.5 CL Clear (EA] <- 0000 

5.3.6 CLH Cl ear Hal £'word (EA] <- 00 

5.3.1 CMZ Compare with [EA] :: 0000 I a, L, t1 
Zero 

5.3.8 CHl Canpare Addre3s (EA(2:31)] :: a, L 
to Null 00000000 

5.3.9 CAD Add Carry [EA] <- [EA] + OV, C 
. I(C)· 

J----------------------------------------------------------------~----------------I 
CONTROL INSTRUCTIONS 

,-------------------------------------------------------------------------~-------
5.3.10 

5.3.11 

5.3.12 

STS 

JMP 

EN'!' 

I Store S Regi3ter (EA] <- (S] 
I 
I J1.IDP [P] <- EA 
I 
I , 
I 
I Enter [P] <- EA 
I [So SH] <- 00 
I 

Trap TV02 
if M1( J) 
= 1 

Trap TV02 
if M1(J) 
= 1 

-------------------------------------------------~-------------------------------
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Table 5-4 Single Operand Instructj.ona (Sheet 2 of 3) 

-----------------------------------------,--------------~----~-------..--.......... -------... ~--
IREFERmCE IMNEMJNIC: DES CltIPTIOl 
IStlBSECTIQrl1 I 

OPERATION I INDICATORS I COMMENTS 
I AFFECTED I 

1-----· .. , ...• ---..... -------.-------~------,.....-----......... ---------. - .• ..-------.-------.... , 
CONTROL INSTRUCTIONS (Continued) 

1-----------------,---------------------------------------,-----------------------.--------------,-------------------........---1 

I 5.3.15 
I 
I 
I 
I 
I 
I 
I 
1 
I 

I LEV 
f 

SAVE 

1ST! 

I Level 
I 
I 
I 
I Save Context 
I 
I 
I 
I Restore Context 
I 
I 
I 
I 
I 

I See text 
I 
I 
I 

[EA] + 0 t 1 •••• ] 
<- [B1-Bl, I, 
R1-R1, M1 J 

, [B7-B1, I, R'T-R1, 
Ml] <- [EA + 0 t 
1, ••• J 

I 
I 
I 
I 
I See text 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Pr1vi- I 
leged In- I 
struction I 

I 
Save and I 
Restore 
are done 
under 
contrQ]. 
of the 
Mask that 
followa 
the in­
struction 

See rules 
in sub­
section 
3.3.2.2 ~~ _____ •••••• __ •••• tar_ ••••• __________ ••• ___________ •• _____ ••••• __ 

BIt INSTRUCTIONS-------.. - ••• ___ 1 ____ • 1_- _______ ••• ___ • ___ J ••• __ • __________________ • ______ ~ 

5.3.16 I LB. I Load Bit [I(B)] (- [EA] B 
I I 

5.3 17 I LBF I Load Bit and set [I(B)] <- [EA1; B I 

I I False . (EAl <- 0 I 

I I 
5.3 18 I LBT I Load Bit and set [I(B) <-- [EA]; B I 

I I True [EA] <- 1 
I I 

5.3.19 I LaC I Load Bit and [I(B)] <- [EAJ; 
I I Ccmplement tEAl <-- ciA] I 

I I 
5.3.20 I LBS f Load B1 t anci [I(B)] <-> [EA1 B I 

I I Swap •• __ a ___ .______ .____ _ ••• al __ • __________ •••• ___ •• ______ • __ • ______ ~-

-lll instrucUorus excluding LB execute in Read-It:)d11)'-Wr1te lIlod.e. 

It the AS involves indexing, the ind.ex value is alj.gned to count bits and [EA] is 
the b1 t thus addressed. 

It the AS is not indexed, [EAJ i3 the log1cal product of the addressed word. and 
the 16-bit Mask following the instruction. (j 



( 
---------~---~~----------~-----------~-------------------------------------

HONElWELL INFORMATION 
SYSTEMS 

I SPEC. NO. I SHEET 
I 60149740 I 5- 29 

I REV. 
C 

--------------------------------------------------------------------------------
Table 5-4 Single Operand Instructions (Sheet 3 of 3) 

-----------------------------------------------------------------------------------
I REFERENCE IMNEMJNIC I DESCRIPTION 
I SUBSECTION I I 

OPERATION I INDICATORS I eOMMENTS 
I AFFECTED I 

1---------------------------------------------------------------------------------1 
DOUBLE WORD 

----------------~---------------------~----------------~------------~-----------5.3.21 AID I Add Integer [R6] , [R1] <- OV,C I 
I Double [R6] , [R1] + [EA] I 

I 
5.3.22 LDI I Load Double Word [R6] , (R1] 0<_-

I Integer (EA] 
I 

5.3.23 SDI I Store Double (EA] <- (R6, 
I Word Integer I (R7] 
I I 

5.3.24 SID I Subtract Integer I (R6] , [R71 <- Oi,e I 

I Double I (R6] , ]R7] - (EA] I 
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Table 5-5 Numerical Representation of Single Operand Inatruction.s 

-------... _---- .0_ ........... _________ .-------- ._---
I SUBSEC'rIOH I 81 182 1 83 I 84 1 MH!H)HIC I A'l'OKSIZE I· I 

1----------1 .. -... __ .- --------- _._. -.. ----------1 
5.3.3 8 I 2 1 O+m In I NED Word 
5.3.16 8 I 2 I 8+m In I ~ Bit I 

5.3.11 a I 3 I 8+11 In I JKP Word 
5.3.21 a I 4 I O+m I n I AIl) alor<l 
5.3.24 a I 4 I 8+. In I SID DWord 
5.3.4 a I 6 J O+m In I CPL Word 
5.3.5 a I T J O+m In let Word 
5.3.6 a I T J 8+m In I aJl Byte 
5.3.11 a I a J O+m In I LaP Bit 

-" 5.3.2 a I a 8+m In I DEC Word 
5.3.18 a I 9 O+m I a I La'!' Bit 
5.3.1 a I 9 8+m In I O!Z Word I 

5.3.20 a I A O+m I a I LaS Bit 
5.3.1 a J A 8+m In I mc Word 
5.3.19 8 IB O+m 11'1 I LaC Bit 
5.3.12 8 IB 8+m In 1 !NT Word 
5.3.10 a I C O+m 11'1 IS'tS Word 
5.3.22 a I C 8+m I n ILD! DWor<l 
5.3.23 a I D O+m 11'1 I SDI DWord 
5.3.8 8 I D a+m I n I Cz.tl alord I 

5.3.13 I 8 I E 0+11 In I LEV Word .1 I 

5.3.9 I 8 I E I 8+m 11'1 I CAD Word I I 

5.3.14 I a I F I O+m In I SAVE Word I 

5.3.15 I 8 I F I 8+IIl 11'1 I !1ST! Word 
a_a . ___ . 

.-------.---------~--------------.. ----... ----
Where m,n = coord1m tea of AS Map <see :subsection 3.11) 

~ ... 
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5.3.1 Increment, INC 

For.nat: 

R, M, I 

Description: 

Increment by one the contents of the location specified by the AS. 

Operation: 

[I(B)] <-- [EA(O)]; [EA] <-- [EA] + 0001 

Indicator Condit.1ons: 

If carrr then C <- 1 else C <- 0 
Before incrementing, 
it [EA (0)] = 1 then B <- 1 else B <- 0 

I Uncllanged 
G Unchanged 
L Un cllanged 
U Unchanged 

It overfl ow then OV <-- 1 else OV <-- 0 

The setting of OV for this instruction will not cause a trap. 

Special Condi t.1ons: 

1. Use of DI) address torm may cause al teration of procedure. 

2. Operand is addressed with a read-modif'y-write cycle. 

5.3.2 Decrement, DEC 

Fonnat: 

R, M, I 

Description: 

Decrement by one the contents of the location specified by the AS. 

Operation: 

[EA] <-- (EA] + FFFF; (I(B)] <-- (EA(O)] 

Indicator Condit.1ons: 

It carry then 
Atter decrement if (EA( 0)] = 

C <-- 1 else C <-- 0 
1 then B <- 1 else B <-- 0 

I Unchanged 
G Unchanged 
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It overflow then 

L Unchanged. 
U Un ct:lange d. 
OV <- 1 else OV <- 0 

'l'he setting ot ov tor tbis instruction will not cause a trap. 

Spec1al condi tiona: 

1. Use or IH) ad.dress torm mq cause al teration ot procedure. 

2. Operand. is addressed wi th a read-lIlOd.1ty-wri te C1 cl e. 
5.3.3 Neeate. NEG 

Fomat: 

R, M, I 

Descr1 pt1on: 

Two· s complElllent on the contents ot the location spec1.f'1ed by the AS. 

Operation: 

CEAl <-- 0000 - CEAl 

!ndicator Condi tiona: 

r.r [EA] = 0 then C <- 1 else C <- 0 
B Unci1anged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 

It CEA] = 8000, then OV <- 1 else OV <- 0 

The setting of Of tor this instruction will not cawse a trap. 

Spec1al conditions: 

Use of IHJ address torm mq cause alteration of procedure. 

5.3.4 ComplE!llent. Cpt. 

Fomat: 

H, M, I 

Descr1pt1on: 

Oce· s complement on the contants ot the·locatio·n spec1fied by the AS. 

o 

( ' 

, --- ... .,;' 
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Operation: 

[EA] <-- [EA] ~ FFFF 

In d1 ca tor Cond1 tions : 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Uncl1anged 
OV Unchanged 

Special Condi tiona: 

I SPEC. NO. I SHEET. 
I 60149140 I S- 33 

Use ~ IH) address torm ma, cause al terat10n ot procedure. 

5.3.5 Clear. CL 

Fomat: 

R, M, I 

Description: 

Zero is stored. in the locat1on specifed by the AS. 

Operat1on: 

[EA] <-- 0000 

Ind1cator Cond1 tions: 

C Unchanged 
B Un cl1ange d 
I Unchanged 
G Unchanged 
L Unchanged 
U Uncl1anged 
OV Unchanged 

Special Condi t1ona: 

Use of IMJ address torm mar cause al teration ot procedure. 

5.3.6 Clear Balf'word (Byte) • CLH 

Fomat; 

R, M, I 

I REV. 
C 
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Zero is loaded into the byte location specified by the AS. 

Operation: 

(Byte Addressed by EA] <- 00 

Indi cat or Condi tiorLS: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged. 

Special Conditions: 

1. ~e byte specified. by the AS is as described. in the LDH instruction und.er 
Special Conditions. Rel'er to subsection 5.2.13. 

2. The use of IMO addres8 form may cause alteration ot proceciure. 

5.3.1 Compare With Zero. CMZ 

For:u.t: 

Rt M, I 

Description: 

The unsigned comparison ot Zero with the content ot the location specified. 
by the AS is used. to set the 0-, 1.-, and U-indicators. 

Operation: 

l(G), I(L), leU), < ... [EA] :: 0000 

Indi cat or Cond.1 tiOrLS: 

C Unchanged. 
B Unchanged. 
I Unchanged. 

It (EA] ~ 0000 then G <-- 1 else G <-- 0 
L <- 0 

It (EA](O) = 1 then U <-- 1 else U <-- 0 
OV Unchanged. 

c 



(" 

c 

-----~------------~---------------------------------------------------~-------HONEYWELL INFORMATION 
SYSTEMS 

Special Conditions: 

Uone. 

I SPEC. NO. 
I 60149140 

5.3.8 Compare Address To Null. CMN 

Format: 

R, M, I 

Description: 

Compare the contents of EA to a null address. 

Operation: 

IeG) <-- [EA] :: 00000000 
IeL) <- 0 
IeU) <-- Undefined 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 

If [EA] ~ 0 then G <-- 1 else G <-- 0 
L <-- 0 

I SHEET 
5- 35 

U <-- I (i.e., setting of U is undefined) 
OV Unchanged 

Special Conditions: 

The EA is defined to contain an address. 

5.3.9 Add Carry. CAD 

Format: 

R, M, I 

Description: 

I REV. 
I C 

Add the carry bit ICC) to the contents of the location specified by the AS. 

Operation: 

[EA] <-- [EA] + [ICC)] 

Indicator Conditions: 

It carry then C <-- 1 else C <-- 0 
B Unchanged 
! Unchanged 
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G Unchanged 
L Unchanged 
U Unchanged. 

U overflow then OV <- 1 else OV <-- 0 

I SHEET iEV. 
I S- 36 ... -•........ --- --

The setting ot (J'I tor this instruction does not cause a Trap TV06. 

Special Cond:.i t:1ons: 

Use at nt:) ad.dress torm. mar cause al teration ot proceciure. 

5.3.10 Store S-HegiBter. ST.S 

Fomat: 

i, If, I 

Description: 

Store [S] in the word spec1.t'1ed by the AS. 

Operation: 

rEA] <- [S] 

Ind1cator Cond:1t1ons: 

C UnchaJl&8d 
B Un cb.anpd 
I Unchanged 
G Unchanged. 
L Unchanged 
t1 Unchanged 
(J'I Unchanged 

Special Cond1 tiona: 

U:se at JlI) addzoess torm. m&;y cawse al terat:1on or procedure • 

. 5.3.11 Juap. JMP 

Fomat: 

If 

Description: 

Jmp to the mElllor:r loca t:1on specified. by the AS. 

Opera tion : 

[P] <- EA 

C 
---- o 

c 
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Indi ca tor Co ndi t1 ons: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special. Conditions: 

If' the trace trap bi t (i. e., Ml. ( J» is on, a Trap TVO 2 is perf'ormed at ter 
the JMP instruction has been exeouted. 

5.3.12 Enter. ENT 

Format: 

M 

Description: 

JI.IIlP to memory location specif'ied by the AS and change the process priv­
ilege (HCR) to ring 3. 

Operation: 

[p] <- EA; and 
[S.BH] <- 00. 

Indica tor Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U . Unchanged 
OV Unchanged 

Special Conditions: 

If' the trace trap bi t (1. e., Ml. (J» is on, a Trap TVO 2 is perf'ormed af'ter 
the ENT instructioD has been executed. 

5.3.13 Le'lel, LEV 

Format: 

H, M, I 
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Description: 

Set/c:lear level Ifactivity" flag bit, inh1bi t interrupts, or enable 
interrupt:s under control at the operand. 

Operation: 

Reterence :subaect1on 3.5.4. 

Indi cat or Condi tion:s: 

C See :subsection 3.5.4 
B See :sub:section 3.5 • .14 
I See subsection 3.5.4 
G See sub:section 3.5 • .14 
L See subsection 3.5.4 
OSee :sub:section 3.5.4 
OV See :subsection 3.5.4 

Special Conditiona: 

'rlle LEV 1n3truction can oDl:r be executed ir in ring 0 or 1, el:se '!'rap TV13. 

5 .3 • 14 Save Context, SAVE 

i"onaat: 

H 

De:scri pt1 on: 

Save regi:ster:s under contral ot a 16-bi t Ma:sk word. 1'2le Ma:sk word i:s the 
la:st word at the in:struction. 

Operation: 

rEA + O,1 ••• l <- rST - Bl, It iT-R1. MlJ, under control ot Ma.:sk word. 

Indicator Cond:1tion: 

C Oncbanged 
B Oncbanged 
I Onchanged 
G Oncl1angecl 
L Onchanged 
o Oncbanpd 

. OV Oncbanged 

Spec1al Condition:s: 

1. Refer to Re:store ill3truct1on, special condi tion:s. 

2. tt AS requ:Lre:s additional word3 (tbat i3, IMAt dis pl aCEllle nt, de:scriptor), 
then these precede the Mask word. 

c 

c 
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5.3.15 Restore Context. RSTA 

Format: 

M 

Description: 

I SPEC. NO. I SHEET I REV. 
60149740 I 5- 39 C 

Restore registers under control of a 16-bit Mask word. The Mask word is the 
last word of the instruction. 

Operation: 

[B7 - Bl, I, R7 - Rl, Ml] <-- [EA + 0, 1 ••• ]. under control of Mask word. 

Indicator Conditions: 

For Mask.I = 0 

I is Unchanged 

For Mask.I = 1 

I <-- [EA+N] 

Special Conditions: 

Mask Format for SAVE and RSTR 

o 1 2 3 4 5 6 7 a 9 10 1'1 12 13 14 15 
-----------------------------------------
1M R R R R R R R B B B B B B B 
I I [[P]+(n-1) ] 
11 1 23456 7 1 2 3 4 5 6 7 

If bit = 1 save/restore corresponding register 

a If Mask is all Zeros use Rl as mask; if Rl = 0 then treat the instruction 
as NOP. 

a For address syllable forms that require auto increment/decrement, the 
address is incremented or decremented by a unit of one word regardless of 
the number of mask bits that are on. 

I a For address syllable form YFT1, FT is incremented or decremented by 
23 words regardless of the number of mask bits that are on. 
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For SA.VE: 

Tbe processor registers selected by the mask bits are stored in memory in 
consecutive address locations starting at the specified location. The 
mask bits are scanned trom right (bit 15) to lett (bit 0). It the mask 
bit is On, the corresponding register is stored in memory and the address 
register is incremented. Only as many memory words as needed are used. 

For RSTR: 

The contents 01' memory in consecutive address locations starting at the 
specitied location are placed in the registers selected by the mask word 
bits. The mask bits are scanned trom right (bit 15) to lett (bit 0). 
The contents 01' the starting address is placed in the register corres­
poDding to the first mask bit that i:s on. The contents 01' the consecu­
tive memory location:s are placed in the appropriate registers as each 
mask bit that is on i:s encountered. 

The high order bits 01' the addres:s values being loaded in to the ba:se 
registers must be zero el:se Trap TV15. Refer to subsection 3.2.1.2. 

5.3.16 Load Bit. LB 

Format: 

R, )I, I 

Description: 

The bit specil'ied by the AS i:s copied into ICB). 

Operation: 

(I(B)] <-- (Bit addressed by EA] 

Indicator Conditions: 

C Unchanged 
It addressed bit = 1 then B <- 1 else B <- 0 

I Unchanged 
G Unchanged 
L Unchanged 
U. Unchanged 
OV Unchanged 

Special Concli tiona : 

It AS involves indeXing, the index value is aligned to count bits and (EA] 
is the bit thus addressed. Ir AS is not indexed, (EA] is the logical 
product 01' the.addressed word and the 16-bit Mask in the last word 01' the 
instruction, and ICB) receives the logical OR ot the selected bits. It the 
Mask is Zero, (Rl] is used as the mask; 11' (Rl] is Zero, ICB) is cleared. 

c) 



(-' 

( 

("' 

HONEYWELL INFORMATION 
SYSTEMS 

: SPEC. NO. I SHEET 
60149140 

: REV. 
5- 41 I C 

---------------------------------------------.---------------------~-----------

5.3.17 Load Bit And Set False, LBF 

Format: 

R, H, I 

Description: 

The bits specified by the AS are loaded into I(B). The addressed bits are 
then cleared to Zero. 

Operation: 

[ICB)] <-- [EA]; [EA] <-- 0 (Bit position selected) 

Indicator Conditions: 

C Unchanged 
If addressed bit = 1 then B <-- 1 else B <-- 0 

I Unchanged 
G Unahanged 
L Unohanged 
U Unohanged 
OV Unchanged 

Speoial Conditions: 

1. See LB instruotion (subseotion 5.3.16). 
2. Operand is addressed with a read-modify-write cyole. 

5.3.18 Load Bit And Set True. LBT 

Format: 

R, H, I 

Description: 

The bits specified by the AS are loaded into I(B). The addressd bits are 
then set to One. 

Operation: 

(ICB)] <-- [EA]; [EA] <-- 1 (Bit poSition selected) 

Indicator Conditions: 

C Unchanged 
If addressed bit = 1 then B <-- 1 else B <-- 0 

I Unchanged 
G Unchanged 
L Unohanged 
U Unchanged 
OV Unohanged 
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Special Conditions: 

1. See La instruction (subsection 5.3.16). 
2. Operand is addressed with a read-modify-write oyole. 

5.3.19 Load Bit And Complement. LBC 

Format: 

Rt 1'1, I 

Description: 

The bits specitied by the AS are loaded into I(B). The addressed bits are 
then oomplemented. 

Operation: 

(I(B)] <-- [EA]; rEA] <-- rEi] (Bit position selected) 

Indioator Conditions: 

C Unchanged 
It addressed bit = 1 then B <-- 1 else B <-- 0 

I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

1. See LB instruction (subsection 5.3.16). 
2. Operand is addressed with a read-modify-write oycle. 

5.3.20 Load Bit And Swap. LBS 

Format: 

a, Ht I 

Description: 

The bits spec1t'ied by the AS are swapped with I(B). 

Operation: 

[ICB)] <--> [EA] (Bit position selected) 

o 

c 
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Indicator Conditions: 

I SPEC. NO. I SHEET 
I 60149140 

C Unchanged 
If addressed bit = 1 then B <-- 1 else B <-- 0 

I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

1. See LB instruction (subsection 5.3.16). 

5- 43 

2. Operand is addressed with a read-modifY-write cycle. 

5.3.21 Add Integer Double. AID 

Format: 

R, M, I 

Description: 

I REV. 
C 

The sum of the double word integer contained in R6 and R1 and the contents 
of the double word location specified by the AS is loaded into R6, R1. 
R6(O) is considered the high-order bit; R1(15) is considered the low-order 
bit. 

Operation: 

[R6], [R1] <-- [R6], [R1] + [EA] 

Indicator Conditions: 

If carry then C <- 1 else C <- 0 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 

If overflow then OV <- 1 else OV <- 0 

Special Conditions: 

1. See LDI instruction (subsection 5.3.22 below). 

2. If an overflow occurs and M1(6) = 1, then a Trap TV06 occurs. 
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5.3.22 Load Double Word Integer: LDI 

Format: 

li, M, I 

Description: 

Place contents of the EA into R6 and 41. 

Operation: 

[R6], [R1] <- CEA] 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
t;.. Unchanged 
o Unchanged 
OV Unchanged 

Special Cond.1tions: 

1. liAS torm ot addressing is defined as tollows: 

lIN 
liAS 

d _____ •• _. _____ ____ _ ______ _ 

RmI.STER PAIR 
SELECTED COMMENT 

1------ J -------------------1...-...--------··· -----
3 I 
5 I 

I 1 1 
11,2,4,61 
I I 

li2, H3 
R4, liS 
R6, R1 

I Operation 
Unspecified 

. --~--.-- ---~------. - ----.. -------
2. !MO and MAS torms of AS select a two-word operand. 

5.3.23 Store Double Word Integer. SDI 

Format: 

H, H, I 

Description: 

Place the contents ot R6 and li1 into the location speci1'1ed by EA. 

Operation: 

[EA] <- [R6], [H1] 

c 
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Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

I SPEC. NO. 
60149740 

1. See LDI instruction (subsection 5.3.22). 

I SHEE'l' 
I 5- 45 

2. The use ot IHO torm may cause alteration ot procedure. 

5.3.24 Subtract Integer Double. SID 

Format: 

ll, M, I 

Description: 

I REV. 
C 

The ditference ot the double word integer contained in R6, R7 and the 
contents of the double word location specified by the AS is loaded into R6, 
R7. R6(O) is considered the high-order bit; R7(15) is considered the 
low-order bit. 

Operation: 

[R6], [R7] <- [R6], [R7l - [EA] (using two's complement arithmetic) 

Indicator Conditions: 

It carry then C <- 1 else C <- 0 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 

It overtlow then OV <- 1 else OV <- 1 

Special Conditions: 

1. See LDI instruction (subsection 5.3.22). 

2. It an overtlow occurs and M1(6) = 1, then a Trap TV06 occurs. 
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5.4 SHORT VALUE IMMEDIATE 

Short value immediate (SI) instructions have the following format: 

o 1 3 4 1 8 15 
1···---· .. ------------------.... ---------1 101 # OP 1 V 1------·-· ·----------.--....... ........ ..-.-.. .... ---1 

where # = Selects one ot the seven word operand registers (R); 

OP = Opcode tield; 

V = Immediate Operand Value, sign extended range is: -128 ~ V ~ + 121 

These instructions operate on the R-registers and pertorm load, compare, add, 
and ~ultiply operations. 

These instructions are summariZed in Table 5-6. Their numerical representation 
is given in Table 5-1. 

Table 5-6 Short Value !=mediate Instructions _________ . __ ___.' ____ . ___________________________ . ___________________ A_ _ _____________ ..-.-______ _ 

I REFERENCE I MNEMON!C I DESCRIPTION OPERATION I INDICATORS I COMMENTS I, 
I AFFECTED 1 Ie ISUBSECTIONl I 

1- • 
I 5.4.1 
I 

5.4.2 

5.4.3 

5.4.4 

---_ .. _-._ .. _... .. 
LDV I Load Value 

i 
I 

. I 

CMV 

ADV 

MLV 

Compare with 
Value 

Add Value 

Multiply by 
Value 

. . . ------_ .. 
[RI] <- V 

[RI] :: V 

(RI] <-- [RI] + V 

[RI] <-- (Rll • V 
except it RI = 1, 

I then (R6, R1) <--
1 orr)·v 

1______ ---- .. _1 

G,L,tT 

C, OV 

OV, 
U 1--7 

In all 
cases V 
is sign 
extended 

-------------_._._----,--------____________________ ._." __________ " ________________________ --------------~-
Table 5-1 Numerical Representation ot Short Value Immediate Instructions 

_ n •• I _n •• ..___ •• an. • _____ ._ -_a . __ 
I SUBSECTION I H1 I B2 I H3 I H4 I MHEMONIC I ATOM SIZE I 1---·------1.......------ . ____ A •••• _.- H._ •• _______ ---·-1 

5.4.1 O+r , C V LDV NOT , , 5.4.2 , O+r I D V CHV APPLI-, I 

I 5.4.3 I O+r I E V ADV CABLE I 

I 5.4.4 I O+r , 
F V MLV 

C' 
I ._- . ----------

.. ___ a_ . __ -........... - .-~-.. --- .. -where r = Register number contained in bits 1 throu&D 3 ot the instruction 

V = Immediate Operand Value. 
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5.4.1 Load Value, LDV 

Format: 

SI 

Description: 

I SPEC. NO. I SHEET I REV. 
I 60149140 I 5- 1;1 C 

Load the 8-bit V-tield (sign extended) into the designated R-register. 

Operation: 

[RI(8:1S)] <-- [VC8:1S)] [RICO:1)] <-- (V(8)] 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

None. 

5.4.2 Compare With Value, CMV 

Format: 

SI 

Description: 

The comparison ot the contents ot the designated R-register and the 8-bit 
V-tield (sign extended) is used to set 0-, L-, and U-indicators. 

Operation: 

[TEMP(8:1S)] <-- [V(8:15)] 
[TEMP(O:1)] <-- [V(8)] ; 
ICG), I(L), I(U) <-- [RI] :: [TEMP] 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 

It [RI] > [TEMP] then G <-- 1 else G <-- 0 
It [RI] < [TEMP] then L <-- 1 else L <-- 0 
It RICO) ~ V(8) then U <-- 1 else U <-- 0 

OV Unchanged 
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Special Conditions: 

None. 

5.4.3 Add Value, ADV 

Format: 

SI 

Description: 

The sum o~ the contents o~ the designated R-register and the V-field (sign 
extended) is loaded into R. 

Operation: 

[TEHP(8:15)] <-- [V(8:15)]; 
[TEMP(O:7)] <-- [V(S)]; 
[RI] <-- (RI] + [TEMP] 

Indicator Conditions: 

It carry' then C <- 1 else C <- 0 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
0' Unchanged 

It overf'low then OV <- 1 else OV <- 0 

Special Conditions: 

If' an over~low occurs and M1 (I) = 1, then a Trap TV06 occurs. 

5.4.4 Multiply By Value. MLV 

Format: 

SI 

Description: 

The product or the deSignated R-register contents and the eiiht-bit V-tield 
(sign extended) is loaded into R. It # is 7, then the Signed double 
precision product is loaded into H6 and R7 with R7 being loaded with the 
least significant portion of' the product. 

Operation: 

(TEHP(8:1S)] <-- (V(8:15)]; 
(TEMP(O:7)] <-- (V(S)]; 
[RI] <-- (RI] • [TEMP] 
except it I = 7 then (R6, R71 <-- [R71.(TEMP] 

o 

(~/ 
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Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 

It OVerflow then OV <-- 1 else OV <-- 0 except it I = 7, 
then OV is cleared. 

Special Conditions: 

1. It OV <- 1, [RI] i.s unchanged. 

2. It an overflow occurs and M1(1) = 1, then a Trap TV06 occurs. 
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5.5 BRANCH ON REGISTER 

General Branch on Register (BR) instructions have the format shown in Figure 
5-1. 

These instructions enable branching on selected R-registers; e.g., equal to 
zero, less than zero, increment and test, etc. These instructions are detined in 
summary torm in Table 5-8. Their numerical representation is given in Table 5-9. 

5.5.1 Branch It Cll] Less Than Zero. BLZ 

Format: 

BR 

Description: 

Branch to EA it the contents ot the R-register are negative. 

Operation: 

It [RI (0)] = 1 then [PJ <-- EA 

Inciicator Concii tion: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

It the branch condition is true (i.e. f a branch is executed) and Ml(J) = 1 f 
then a Trap TV02 occurs atter the BLZ instruction is executed. 

() 

.~. 

C· , . , 
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o 1 3 4 8 9 15 

WORD 1 I 0 I RI OP d ~ 0 or 1 

WORD 1 I 0 I RI OP d = 1 

WORD 2 D 

WORD 1 I 0 I RI OP d = 0 
------------~-~---------------...-----

WORD 2 
1-- IMA 

·WORD 3 

where RI = One of seven operand registers (R) 

-I 
I 

OP = Opoode - determines the branch condition 

-64 .s.. d .s.. 63 

d = Displaaement - defines how to oompute the EA: 

o If d ~ 0 or 1, EA = Pd ~ d, where Pd is the address ot the word con­
taining d (or D); -64 .s.. d .i +6 3; and d is a word dis placement. 

o It d = 1, EA = Pd + D. 

o It d = 0, then EA = IMA; 

Figure 5-1 Branoh on Register Instruotion Formats 
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Table 5-8 Branch On Register Instructions 

o 
~~~--------~---------------------.------~----~-----------------~--~---I RE..1:'ERENCE IMNEMON!CI DESCRIPTION OPERATION I DlDICATORSI COl-f.MENTS 
'SUBSECTION I I I AFFECtED I I _II._. ___ ~----~------. ___ . __ ~ __________ ~~ ________ ~ __________________ I 

5.5.1 BLZ Branch it (ll] If' (RI(O)] = 1, In all 
l.,ss than 0 then [P] <- EA branch 

o per a-
5.5.2 BGEZ Branch it (R] , 

If' (RI(O)] = 0, tiol'lS, it I 

Greater than or I then (P] <- EA the I 

Equal to 0 I branch I 

I condition 
5.5.3 BEZ Branch it eR] I If' [RI] = 0, then i3 true 

Equal to 0 I [PI <- EA (i.e., 
I branch i3 , 

5.5.4 BNEZ Branch it [R] I It [RI] ~ 0, then executed) 
Not Equal to 0 I (P] <- EA and. it 

I M1(J) = 1 I 

5.5.5 BGZ Branch it (R] I It (R#(1:15)] ~ 0 then trap 
Greater than 0 I and it to TV02 I 

I 

I (RI(O)] = 0, then I , 
I (P] <- EA I 

I 

I I/~ 

5.5.6 BLEZ Branch it CR] I It [RI(O)] = 1 or I\~ 
Less than or I it [HI] = 0, then I 
Equal to 0 , [PI <- EA I 

I 
5.5.1 BODD Branch it [H 1 i3 I It [RI( 15) J = i, 

Odd then [Pl <- EA 

5.5.8 BnN Branch it (R] is It [RI(15)] = 0, 
Evell then [P] <- EA 

5.5.9 BINe I Branch and [Rll <- (RI] + 
Increment 0001; it (Rll ~ 0 

then [P] <- EA 

5.5.10 BDEC Branch and [HI] <- [RI] + 
Decrement FFFF; it [HI] ~ 

FFFF, then 
[PI <- EA ____ v_v ________ _______ • ____ • _______ _ ._~ ________________________________ ~ 

c 
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Table 5-9 Numerical Representation of Branch On Register Instructions 

-----------------------------------------------------~----I SUBSECTION I H1 I H2 I H3 I H4 I MNEMONIC I ATOM SIZE I 
I I I I I 

I_~_--__ ---:---------------------------------------------
5.5.10 O+r 1 0+<1 BDEC 
5.5.9 O+r 1 8+<1 SINC 
5.5.1 O+r 8 O+d BLZ NOT 
5.5.2 O+r 8 8+d BGEZ 
5.5.3 O+r 9 O+d BEZ APPLI-
5.5.4 O+r 9 8+d BNEZ 
5.5.5 O+r A 0+<1 BGZ CABLE 
5.5.6 O+r A 8+d BLEZ 
5.5.8 O+r B 0+<1 BEVN 
5.5.1 O+r B 8+d BODD 

where r = register number contained in bits 1 through 3 of the instruction; 

d = Seven-bit displacement. 

5.5.2 Branch If [Rl Greater Than Or Equal To Zero. BGEZ 

Format: 

BR 

Description: 

Branch to EA if the contents ot the R-register are positive or Zero. 

Operation: 

If [RI(O)] = 0 then [P] <-- EA 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

If the branch ccndition is true (i.e., a branch is executed) and Ml(J) = 1, 
then a Trap TV02 occurs after the BGEZ instruction is executed. 
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5.5.3 Branch If CaJ Equal To Zero. BEZ 

Format: 

BR 

Description: 

Branch to EA 1: ~e contents ot the R-register are Zero. 

Operation: 

It (il] = 0 then [P] <- E.A 

Indicator Conditiona: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
t. Unchanged 
U UnchaJ:lged 
OV Unchanged 

Special Conditions: 

It the branch condition is true (i.e., a branch is executed) and Ml(J) = 1, 
then a Trap TV02 ooours after the BIZ instruotion is exeouted. 

5.5.4 Branch It tRJ Not Equal To Zero, BN'EZ 

Format: 

BR 

Description: 

Branch to EA it the contents ot the i-register are not Zero. 

Operation: 

It [RI] ~ 0 then [P] <- EA 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

o 

o 
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It the branch condition is true (i.e., a branch will be executed) and Ml(J) 
= 1, then a Trap TV02 occurs atter the BNEZ instruotion is executed. 

5.5.5 Branch It [R] Greater Than Zero, BGZ 

Format: 

BR 

Description: 

Branch to EA it the oontents ot the R-register are greater than Zero. 

Operation: 

It «(RI] ~ 0) /\ «(RICO)] = 0) then (P] <-- EA 

Indicator Conditions: 

C Unchanged 
B Unchallged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

It the branoh is true (i.e., a branch is executed) and Ml(J) = 1, then a 
Trap TV02 ocours atter the BGZ instruotion is exeouted. 

5.5.6 Branch It [RJ Less Than Or Equal To Zero. BLEZ 

Format: 

BR 

Description: 

Branch to EA it the contents of the R-register are less than or equal to 
Zero. 

Operation: 

If «(RICO)] = 1) \/ «(RI] = 0) then (P] <-- EA 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
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G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

Ir the branch condition i8 true (i.e., a branch i8 executed) and Ml(J) = 1, 
then a Trap TV02 occurs atter the BLEZ instruction is executed. 

5.5.1 Branch It rHJ Odd, BODD 

Format: 

BI 

Description: 

Branch to EA U the I-register contains an odd value. 

Operation: 

It [RI(15)] = 1 then [P] <-- EA 

Indicator Condit:1.ol13: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

It the branch condition i8 true (i.e., a branch i8 executed) and Ml(J) = 1, 
then a Trap TV02 occurs atter the BODD in8truction is executed. 

5.5.8 Branch It rHJ Even. BEVN 

Format: 

BI 

Description: 

Branch to EA :it' the I-register contains an even value. 

Operation: 

It [HI(15)] = 0 then [P] <-- EA 

c 
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Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

It the branch condition is true (i.e., a branch is executed) and Ml(J) = 1, 
then a Trap TV02 occurs atter the BEVN instruction is executed. 

5.5.9 Branch And Increment. BINC 

Format: 

BR 

Description: 

Add one to the contents ot the R-register. It the result is not Zero, then 
branch to the EA. 

Operation: 

[RI] <-- [RI] + 0001 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Condition: 

it [RI] ~ 0 then [P] <-- EA 

It the branch condition is true (i.e., a branch is executed) and MleJ) = 1, 
then a Trap TV02 ooours atter the BINC instruotion is exeouted. 

5.5.10 Branch And Deorement. BDEC 

Format: 

SR 
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Description: 

Subtract one from the contents o~ the i-register. If the result is not 
equal to -1 (FFFF), then branch to t~e EA. 

Operation: 

[RI] <- [RI] + FFFF i~ [RI] ~ FFFF then [P] <- EA 

Inc11cator Conc11 tions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchacged 
U Unchanged 
OV Unchanged 

Special Conc11 tions : 

If the branch condition is true (i.e., a branch is executed) and Ml(J) = 1, 
then a Trap TV02 ocours atter the BDEC instruction is exeouted. 
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5.6 BRANCH ON INDICATOR 

Branch On Indicator (BI) instructions have the format shown in Figure 5-2. 

These instruotions enable branohing on various indicator conditions, e.g., 
carry, equal, less than, greater than, I/O bit, etc. These instructions are 
summarized in Table 5-10. Their numerical representation is given in Table 5-11. 

5.5.1 Branch, B 

Format: 

BI 

Description: 

Branch to EA. 

Operation: 

[P] <- EA 

Indicator conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

It M1(J) = 1, then a Trap TV02 occurs after the B instruction is executed. 

5.5.2 No Operation. NOP 

Format: 

BI 
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o 1 8 9 15 

~---------------- -- - --------~---WORD 1 I 0 I Of d;&!Oor1 . - . ------......... -..-.--------,------- .. _--
----_ .. ------------- ......... -_._-----

WORD 1 o I Of d = 1 _______ a __ • ____________ •• ____ __ 

WORD 2 D - . .. ---_._------

-. --_.. ._.-. .. --~ 
WORD 1 o I Of c! • 0 

_ .... . --~---~-----------------------... -,----WORD 2 
1-

WORD 3 I 
--I 

--~--.----~~---... -------~-------

where OP • Opooc!e - determines the branch conc!1t1on 

-64 i. d i. 63 

d = Displacement - definea how to compute the EA: 

o It d ~ 0 or 1, EA = Pc! + c!, where Pc! is the ac!dr9ss ot the worc! oon­
taini1l8 c! (or D); -64 ~ d ~ +6 3; anc! c! is a worc! dis placement. 

o It' d = 1, EA = Pc! + D. 

o It' d = 0, then EA = IMA. 

Figure 5-2 Branch on In<11cator Instruotion Formats 

o 
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Table 5-10 Branch On Indicator Instructions (Sheet 1 ot 2) 

------------------------------~------------------------------------------~-------/REFERENCE IMNEMONIC/ DESCRIPTION OPERATION I INDICATORS I COMMENTS I 
I 

ISUBSECTION/ I I AFFECTED I I 
I I 

:---------------------~---------------------------------------------------------1 5.6.1 B Branch [P] <-- EA In all I 
I 

branch I 
I 

5.6.2 NOP No Operation operations/ 
it the 

5.6.3 BE Branch on Equal It [I(L)]V(I(G)] branch 
= 0, then condition 
[P] <- EA is true 

(i.e., 
5.6 4 BNE Branch on Not It [ICL)]V[ICG)] branch is 

Equal = 1, then executed) 
[P] <- EA and it 

M1(J) = 1 I 

5.6.5 BAL Branch on It [I(L)] e then trap 
Algebraic Less [ICU)] = 1, then to TV02. 
than [P] <- EA 

5.6.6 BAGE Branch on It [IeL)] i 
Algebraic [ICU)] = 0, then 
Greater or Equal [P] <- EA 

5.6.7 BAG Branch on It [I(G)] i 
Algebraic [ICU)] = 1, then 
Greater [P] <- EA 

5.5.8 BALE I Branch on It [ICG)] i 
Algebraic Less (ICU)] = 0, then 
than or Equal (P] <- EA 

5.6.9 BL Branch on Less It (I(L)] = 1, 
than then (P] <- EA 

5.6.10 BGE Branch on It (ICL)] = 0, 
Greater than or then (P] <- EA 
Equal 

5.6.11 BG Branch on It (ICG)] = 1, 
Greater than then [P] <- EA 

5.6.12 BLE Branch on Less I It' [ICG)] = 0, 
than or Equal I then [P] <- EA I 

------------------------------------------------------------------------~---------
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Table 5-10 Branch On Indicator Instructions (Sheet 2 ot 2) 

o 

~----~~-------.----------~--- ------------~---. ---------- -----_._-------I REFERENCE I MNEMONIC I DESCRIPTION 
I SUBSECTION I 

OPERATION I INDICATORS I COMMENTS I 
I AFFECTED I I 

1-----.... ------·------·· ------ ---_.. ----- -----------·----·------~--I 5.6.13 BSU 

5.6.14 BSE 

·5.6.15 BCT 

5.6.16 BCF 

5.6.11 BBT 

5.6.18 BBF 

5.6.19 BlOT 

5.6.20 BIOF 

5.6.21 BOV 

5.6.22 BNOV 

I Branch on Signs 
I Unlike 
I 
I Branch on Signs 
I Equal 
I 
I Branch on Carry 
I True 
I 
I Branch 011 Carry 
I False 
I 

Branch on Bit 
test indicator 
True 

Branch on Bit 
test indicator 
False 

I U (I(U)] = 1, 
I then CP] <-- EA 
I 
I It (I(U)] = 0, 
f then (P] <-- EJ. 
I 
I U (ICC)] = 1, 
I then [P] <-- EA 
I 

If' [I(C)] = 0, 
then (P] <- E.1 

It [ICB)] = 1, 
then (P 1 <- EA 

It [I(B)] = 0, 
then [P] <- EJ. 

Branch on I/O It [I(I)] = 1, 
indicator True then CP] <-- EA 

Branch onIIO It [I(I)] = 0, 
indicator False then [P] <- EA 

Branch on I It (I(OV)] = 1, 
Overtlow I then [P] <- EJ. 

I 
Branch on Ho I It [I(OV) 1 :I Os 
Overflow I then [P] <- EA 

In all 
branch 
operations 
it the 
branch 
condition 
is true 
(i.e., 
branch is r~\ 
executed) l~ 

I ancl it 
f M1(J) = 1 

then trap 
to TV02. 

F ______ •• ___ • __ a_ _ ______ _ . ._------ ---------------------- -

G 
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Table 5-11 Numerical Representation ot Branch On Indicator Instructions 

: SUBSECTION I 81 I 82 I H3 I 84 I MNEMONIC I ATOM SIZE 

,---------~-------~--------------------------~-------5.6.9 0 
5.6.10 0 
5.6.11 0 
5.6.12 0 
5.6.21 0 
5.6.22 0 
5.6.17 0 
5.6.18 0 
5.6.15 0 
5.6.16 0 
5.6.19 0 
5.6.20 0 
5.6.5 0 
5.6.8 I 0 
5.6.3 0 
5.6.4 0 
5.6.7 0 
5.6.8 0 
5.6.13 0 
5.6.14 0 
5.6.2 0 
5.6.1 0 

2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
8 
9 
9 
A 
A 
B 
B 
F 
F 

0+<1 
8+<1 
O+d 
8+d 
0+<1 
8+d 
0+<1 
8+d 
0+<1 
8+d 
O+d 
8+d 
0+<1 
8+d 
O+d 
8+d 
O+d 
8+d 
O+d 
8+d 
O+d 
8+<1 

where d = 7-bit displacement. 

BL 
BGE 
BG 
BLE 
BOV 
BNOV 
BBT 
BBF 
BCT 
BCF 
BlOT 
BIOF 
BAL 
BAGE 
BE 
BNE 
BAG 
BALE 
BSU 
BSE 
NOP 
B 

NOT 

APPLI-

CABLE 
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De:scription: 

No operation is performed. 

Operation: 

Aa above. 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U t:1nchanged 
OV Unchanged 

Special Condit~on:s: 

None. 

5.6.3 Branch On EqUal. BE 

Format: 

BI 

De:script::'on: 

Branch to EA it I 1ndicate:s equality. 

Operation: 

It [I(L)] \/ [I(G)] = 0 then [P] <-- EA 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

o 

If the branch condition i:s true (i.e., a branch 1::5 executed) and Ml(J) = 1,C' ",_ 
then a Trap TV02 occur:s after the BE instruction i:s executed. 
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5.6.4 Branch On Not Equal. BNE 

Format: 

BI 

Description: 

60149140 

Branch to EA if I indicates inequality. 

Operation: 

If [I(L)] \/ [l(G)] : 1 then [P] <-- EA 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

I SHEET I REV. 
5- 65 C 

If the branch condition is true (i.e., a branch is executed) and M1(J) = 1, 
then a Trap TV02 occurs after the BNE instruction is executed. 

5.6.5 Branch On Algebraic Less Than. BAL 

Format: 

BI 

Description: 

Branch to EA if I indicates an algebraic less than. 

Operation: 

If [IeL)] i [leU)] = 1 then [P] <-- EA 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 



· .w________ ____________________ . _____ ........--....... ___ .__ ________ _ . _______ _ 
RONEIWELL INFORMATION 

SISTEMS 
I SPEC. NO. 
I 60149140 

I SHEET I REV. 
I 5-66 I C ••• ______ a ________ ._ •• ___ •••• ________________________________ • ________ -..-______ __ 

Special Conditions: 

1. If the branch cond1 tion is true (i. e., a branch is exeouted) and M1 (J) = 1, 
then '!'rap TV02 ooours atter the BAL instruotion is exeouted. 

2. Should not be used follow1ng CMB or om instruotions, as (ICU)] is 
undeti:ed. 

5.6.6 Branch On Algebraio Greater !'han Or F.gual. BAGE 

Fomat: 

BI 

Description: 

Branch to EA 1r I indicates an algebraio greater than or equal. 

Operation: 

.~ (IeL)] ~ (I(U)] = 0 then (P] <- EA 

Indicator Condi t1ons: 

C Unchacged. 
B Unchanged. 
I Unchanged 
G Unchanged 
L Onchacged 
U Unchanged 
OV Unchanged. 

Special Condi tions: 

1. It the branch oondit1on is true (i. e., a branch is exeouted) and Ml( J) = 1 f 
then a Trap TV02 occurs atter the BAGE instruction is executed.. 

2. Should. not be used following CMH or am instructions, as (ICU)] is 
undetined. 

5.6.1 Branch On Algebraio Greater Than. BAG 

FOr.llat: 

BI 

Description: 

Branch to EA U I indicates an algebraic greater than. 

o 

Operat1on: C . 
It (I(G)] ~ (I(U)] = 1 then (P] <- EA 
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Indica tor Condi tions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Condi tions: 

1. Ir the branch condi tion is true (i. e., a branch is exeouted) and M1 (J) = 1, 
then a Trap TV02 ooours at"ter the BAG instruotion is executed. 

2. Should not be used follOWing CM!{ or am instruotions, as (I(U)] as 
undefined. 

5.6.8 Branch On Algebraio Less Than Or F.gual, BALE 

Fonnat: 

BI 

Desoription: 

Branch to EA if' I indicates an algebraio less than or equal to. 

Operation: 

If [ICG)] ~ [ICU)] = 0 then [p] <-- EA 

Ind! ca tor Condi tions : 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
0'1 Unchanged 

Special Conditions: 

1. Ir the branch oondi tions is true (i. e., a branch is exeouted) and M1 (J) = 1, 
then a Trap TV02 ooours at"ter the BALE instruotion is exeouted. 

2. Should not be used following CMN or am instruotions, as (ICU)] is 
undefined. 
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5.6 .9 Branch On Less Than, BL 

Format: 

BI 

Description: 

Branch to EA 1t I indicates less than. 

Operation: 

If (I(L)] = 1 then [P] <-- E1 

Indicator Conditions: 

C Unchanged 
B Unchanpd 
I Unchanged 
G. Unchanged 
L Unchanged 
U Unchanged 
ov tJnchanged 

Special Condition3: 

If the branch condition is true (i.e., a branch is executed) and M1(J) = 1, 
then a Trap TV02 occurs atter the BL instruction is executed. 

5.6.10 Branch On Greater Than Or Equal, BGE 

Format: 

BI 

Description: 

Branch to EA 1t I indicates an algebraic greater than or equal to. 

Operation: 

!r[I(L)] = 0 then [P] < ... E1 

Indicator Conditions: 

C tJnchanged 
B Unchanged 
I tJnchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 
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Special Conditions: 

If the branch condition is true (i.e., a branch is executed) and M1(J) = 1, 
then a Trap TV02 occurs after the BGE instruction is executed. 

5.6.11 Branch On Greater Than! BG 

Format: 

BI 

Description: 

Branch to EA if I indicates greater than. 

Operation: 

If [ICG)] = 1 then (P] <-- EA 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

If the branoh condition is true (i.e., a branoh is executed) and M1(J) = 1, 
then a Trap TV02 ocours after the BG instruction is executed. 

5.6.12 Branch On Less Than Or Equal. BLE 

Format: 

BI 

Description: 

Branch to EA if I indicates an algebraic less than or equal to. 

Operation: 

If [I(G)] = a then [P] <-- EA 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
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G Unch ange d 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Concl1 tiona: 

It the branch concl1 tion is true (i. e., a branch is executed) and Mt( J) = 1, 
then a Trap T'V02 occurs atter the BLE instruction is executed. 

5.6.13 Branch On Signs Unlike. BStJ 

Format: 

BI 

. De.scr1ption: 

Branch to EA it I indicates that signs are unlike, 

Operation: 

It (I(U)] = 1 then [Pl <-- !A 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

1. It the branch condition is true (i.e., a branch is executed) and M1(J) = 1, 
then a Trap TV02 occurs atter the BSU instruction is executed. 

2. Should not be used tallowing CMB or O!H 1nstruct1.on, as [I (U) 1 is undef'ined. 

5.6.14 Branch On Siggs Equal. BSE 

Format: 

BI 

Descr1ption: 

Branch to EA if' I indicates that signs are equal. 

Operation: 

It [I(U) 1 = 0 then tPl <- !A 
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Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Condi tions: 

1. U the branch condi tion is true (i. e.. a branch is executed) and M1( J) = 1. 
then a Trap TV02 occurs atter the BSE instruction is executed. 

2. Should not be used following CMS or CMN instructions, as (ICU)] is 
undet'ined. 

5 .6 • 15 Branch On Carry True, BCT 

Fonnat: 

BI 

Description: 

Branch to EA it' the carry indica tor is true, 

Operation: 

U (ICC)] = 1 then (PJ <-- EA 

Indi oa. tor Condi tions : 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

U the branch condition is true (i. e •• a branch is executed) and M1( J) = 1, 
then a Trap TV02 occurs atter the BCT instruction is executed, 

5.6.16 Branch On Carry False. BCF 

Fonnat: 

BI 
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Description: 

Branch to EA it the carry indicator is false. 

Operation: 

It (ICC)] = 0 then (P] <-- EA 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

:If the branch condition is true (i.e., a branch 1sexecuted) and M1(J) :·1, 
then a Trap TV02 occurs atter the BCl instruction is executed. 

5.6.11 Branch On Bit Test Indicator True. BST 

Format: 

SI 

Description: 

Branch to EA it the bit test indicator is true. 

Operation: 

If [ICB)] : 1 then (P] <-- EA 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

It the branch condition is true (i.e., a branch is executed) and M1(J) = 
then a Trap TV02 occurs atter the BBT instruction is executed. 

o 
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5.6.18 Branch On Bit Test"Indicator False, BBF 

Format: 

BI 

Description: 

Branch to the EA it bit test indicator is false. 

Operation: 

If [ICB)] = 0 then [P] <-- EA 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

If the branch condition is true (i.e., a branch is executed) and M1(J) = 1, 
then a Trap TV02 occurs atter the BBF instruction is executed. 

5.6.19 Branch On I/O Indicator True, BlOT 

Format: 

BI 

Description: 

Branch to EA if I/O test indicator is true. 

Operation: 

If [I(I)] =1 then [P] <-- EA 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 
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Special Conditions: 

It the branch condition is true (i.e., a branch is executed) and M1(J) = 1, 
then a Trap TV02 occurs atter the SlOT instruction is executed. 

5.6.20 Branch On IIO Indicator False, BIOF 

Format: 

B1 

Description: 

Branch to EA. if' IO test indicator 13 talse. 

Operation: 

It [I(I)] = 0 then [P] <-- E.A. 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged. 

Special Conditions: 

It the branch condition is true (i.e., a branch 13 executed) and M1(J) = 1, 
the a Trap TV02 occurs atter the BIOP instruction is executed. 

5 .6 .21 Branch On Overflow. aov 

Format: 

13I 

Description: 

Branch to E.A. if' the overflow indicator (OV) is true. 

Operation: 

It [I(OV)] = 1 then [P] <-- E.A. 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 

--- ... - ... 

c 
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If the branch condition is true (i.e., a branch is executed) and M1(J) = 1, 
then a Trap TV02 occurs arter the BOV instruction is executed. 

5.6.22 Branch On No Overflow, BNOV 

Format: 

BI 

Description: 

Branch to EA if the overflow indicator (OV) is false. 

Operation: 

If (I(OV)] = 0 then (P] <-- EA 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

It the branch condition is true (i.e., a branch is executed) and M1(J) = 1, 
then a Trap TV02 occurs arter the BNOV instruction is executed. 
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5.7 SHIFT OPERATIONS 

The shUt in:struction bas two tormat:s: sbi:f't short (SHS) and shitt long (sm.): 

o 1 3 4 7 8 9 11 12 15 

------------------~----------------------,. Shift :short (SHS) format: I 0 I RI 0000 I 0 I T d 

------.----------------.-----~-- --._---
where il = Selecta one o~ seven operand registers (i) 

T = Identities type and direction ot the shitt 

d = Di:stance (1 ~ d ~ 15); it d = 0, sub:stitute content o~ R1 (12:15) 
tor distance. It (R1(12:15)] = 0, the register's contents are 
unchanged and the indicators relevant to the in:struction are 
cleared. 

o 1 3 4 7 8 9 10 11 15 _______________ • ______ , __ au ____ a_______ _ ___ __ 
2 • .--Shitt long (Sm.) tormat: 1 0 I RI 0000 I 1 I T D 

--------- -----.- ••• _._.. __ A •• _ _ __ _ 

o 

where RI = Select:s one ot tbe three word operand register pairs (R) where 
f must be 3, 5, or 7 or the operation is unspecified 

C~ 
T = Identities type and direction ot the sbitt 

D = Distance (1 ~ D ~ 31); it D = 0, substitute contents ot R1(11:15) 
tor the distance. It (R1(11:15)] = 0, then the register's COD­
tents are unchanged and the indicators relevant to the instruc­
tion are cleared. 

Various types ot shitt:s on single or double regi:sters (two registers linked 
together) are po:ssible, e.g., clo:sed, open, arithmetio, lett, right, eto. For­
double shift:s # must equal 3, 5, or 7, otherwise the operation is unspeoif1ed. 
Double shift pairing ot registers i:sa:s follows, where f' is the implied register 
linked together with I. 

_. .. . 
1 #-1 1 # 1 
1--1--1 
I 2 I 3 I 
1 4 I 5 I 
1 6 I 1 I 

Some shift operations modity ICC) or I(OV). ICC) will r~leot the state ot the 
last bit shifted out. When ICC) or I(OV) is to be modified and the actual shitt 
distanoe is Zero (i.e., content ot R1 (11/12:15) 18 Zero), then ICC) or ICOV) is 
oleared to Zero. The variou:s types ot shitt in:struotions available are sWlllllarizedC· ____ . 
in fable 5-12. The numerical repre:sentation is given in fable 5-13. 



( 

( 

--~~----------~---~-------------------------~---~~----------------------
HONEYWELL INFORMATION 

SYSTEMS 
1 SPEC. NO. I SHEET 
I 60149740 I 5-77 

I REV. 
C 

------~-------------------~---------------------------------------------~---

Table 5-12 Shift Operations (Sheet 1 of 2) 

------------------------~-------------------------------------------------------: REFERENCE 1 MNEMONIC 1 DESCRIPTION 
I StJ:BSECTION I 

OPERATION IINDICATORSl 
I AFFECTED : 

I----------I--------I·-··-----------~I-------~-----------~------I----------1 SHIFT SHORT (SHS) - SHIFT DISTANCE (N) IS 1 < N < 15 
I---_--___ -----~---------~-~---~------~-----------------_------_--_' 

5.7.1 SOL 

5.7.2 SCL 

SAL 

5.7.4 DCL 

5.7.5 SOR 

5.7.6 SCR 

5.7.7 SAR 

Single Shift 
Open Left 

Single Shift 
Closed Lett 

Single Shift 
Ari thmetic Lett 

Double Shift 
Closed Left 

Single Shift 
Open Right 

Single Shift 
Closed Right 

Single Shift 
Arithmetic Right 

I 0 15 
I I( C) <_I':'--<-_-.....:...c., <- .0 .. 

I 
-- Saves the last bit 

shifted out of RI(O) 

o 15 
-<-I <- 1<-­
I I 
----------->---------

o 1 15 
I(OV) <-lSI <- 1<-- 0 ... , 

-- Set to 1 if RI(O) 
ohanges during shift 

a 15 a 15 
-<-I RI-l 1<--1 RI 1<--­
I 

------------>---------~--
o 15 

o -->1 -> 1--> ICC) ... 
I 

Saves last bit shifted -­
out of Rle1S) 

a 15 
---> I -> 1->-
I 1 
----------<-- . ----

o 1 15 
->ISI ---> 1-> ICC) 
I I· ... 
-<- I 

Saves last bit --­
shifted out of RI(15) 

C 

OV 

C 

C 

,------------------------------------------------------------------------------1 
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Table 5-12 Shift OperatiOns (Sheet 2 ot 2) 

-... ------~------------------~-~~~---------~------------~~------I REFERENCE :1~EMOHIC I DESCRIPTIOH OPERATION 
I SUBSECTION I 

(INDICATORS I 
: AFFECTED I 

-------------------------------------------_. __ &._.-------------------_._---------------------------------~--I SHIFT SHORT (SHS) - SHIFT DISTANCE (N) IS 1 < N < 15 (Cont.) 
- ----------------- ____ A __________ ._. aM • ------- _______________ 1 

5.1.8 DCR Double Shift 
Closed Right 

I 0 15 0 15 
I an>: RI-1 / ... >1 HI 1->­
I I I 
I --------<-------.-. _._-

- • •• I. - ____ v ___ .a •• _____ T. ____________ •• ._-_. - •• A___ .. -----I 
SBIF'l' LONG (sm.) -SHIFT DISTANCE (H) IS 1 < N < 31 -- --_._ .. _--- .--- -- __ a_ • ---._.--. •. ______ 1 

DOL 

5.1.10 DiL 

5.1.11 DOR 

5.1.12 DAR 

Double Shift 
OpenLet't 

Double Shift 
Arithmatic Left 

Double Shift 
Open Right 

o 15 a 15 
I(C)<-l RI-l 1<-1 HI 1<-0 ... 

1 
-- Saves last bit 
shifted out of Rl-leO) 

o 1 15 .Q..J.2. 
I(OV)<-ISIRf-11<-1 RI 1<-0 .. -

I 
-- Set to 1 if RI-l(O) 

changes clur1llg shUt 

a 1S a 15 
0~>IHI-1 1->1 RI I~>I(C) .. 

1 
Saves last bit -­

sh1tted out ot RI(1S) 

Double Shift 0 1 15 a 15 
Arithmetic Right --->ISIRI-1/->1 HI I->ICC) 

I 1 .. .. 
I I 1 
1- I 
I Saves last bit -
I 3h1tted out ot RI(15) 

C 

OV 

C 

C 

____________ ... _. ____ w._____ II 1 _____ •• __________________ __ 

o 
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Table 5-13 Numerical Representation of Shift Instructions 

I SUBSECTION I H~ I H2 I H3 I H4 I MNEMONIC I ATOM SIZE I 
I 

I-------~----~-----------------------------------------I 5.7.1 I r 0 0 d SOL 
5.1.2 r 0 1 d SCL 
5.1.3 r 0 2 d SAL 
5.1.4 r 0 3 d DCL NOT 
5.1.5 r 0 4 d SOR 
5.1.6 r 0 5 d SCR APPLI-
5.1.1 r 0 6 d SAR 
5.1.8 r 0 1 d DCR CABLE 
5.1.9 r 0 8 D DOL-
5.1.9 r 0 9 D-16 DOL" 
5.1.10 r 0 A D DAL-
5.1.10 r 0 B D-16 DAL" 
5.1.11 r 0 C 0 OOR-
5.1.11 r 0 0 D-16 OOR--
5.1.12 r 0 E D DAR-
5.1.12 r 0 F D-16 DAR--

-----------------------------------------------------_ .... _---
where r selects one of the seven operand registers in bits 

of the instruction; 

d = Distance in bits, 1 ~ d ~ 15. 

D = Distance in bits, 1 ~ D ~ 31; 

- = For 0 ~ 15; and 

•• = For D > 15. 

5.1.1 Single Shift Open Left. SOL 

Format: 

SHS 

Description: 

1 through 3 

The contents of HI are shifted d bit poSitions left. Zeros f111 the d least 
significant bit positions of RI. The last bit shifted out of HI (0) is 
saved in the C-indicator. 

Operation: 
o 15 

I(C) <--- I <- <-- 0 

I RI 
-- Saves the last bit shifted out of RI(O) 



- -._._- --'---.- .--~------.-. 

_~_._ _ __ .A_______ _ ____ _ -------------_ ......... _-----------_ ....... -.. ---------
HOHEIWELL INFORMATION 

SYSTEMS 
I SP!C. NO. SHEET 

60149740 
I REV. 

5- 80 C 

-------_.-------------------------------------------------------------------_._----------------------------------
Indicator Conditions: 

If' d J. 0 and if the last bit 
shifted out of HI (0) = , then C <--1 else C <-- 0 

B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

It d = 0 then the H-reg1ster's contents are unchanged and ICC) 13 cleared. 

5.1.2 Single Shirt Closed Lett. SCL 

Format: 

SItS 

DesCription: 

'!'he contents ot HI are slUrted d bit positions lert. Bits shUted out of 
(RI(O)] replace bits vacating (RI (15)]. 

Operation: 

o 15 
____ a_ ••• _ _ _ •• 

-<- <-
I ._--- ---------
I HI 
.. -- ---------)---------, 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

,Special Conditions: 

<-

It d = 0 then the R-register's contents are unchanged. 

5.7.3 Single Shirt Arithmetic Lett, SAL 

Format: 

SItS 
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Description: 

The contents of HI are shifted d bit positions left. If the sign bit (i.e., 
RI(O» changes at any time during the operation, the OV indicator is set. 
Zeros fill the d least significant bit positions of RI. 

Operation: 
o 1 15 

ICOV)<-I S I <-0 
I ------------------------
I RI 
--Set to 1 if RICO) changes during shift. 

Indicator Conditions: 
C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 

If [RI(O)] changes then OV <-- 1 else OV <-- 0 

Special Conditions: 

1. If d = 0 then the R registers' contents are unchanged and I(OV) is 
cleared. 

2. If an overflow occurs and M1(1) = 1, then a Trap TV06 occurs. 

5.7.4 Double Shift Closed Left. DCL 

Format: 

SHS 

Description: 

The contents of the even-odd register pair are shifted d bit poSitions 
left. Bits shifted out of [RI'CO)] of the even register replace bits 
vacating [RI(15)] of the odd register. 

Operation: 
o 15 o 15 

-<-I RI - 1 1<-1 RI 1<-
--~------------- ------------------ I 

~------------------->----------------------
Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
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G Unchanged 
1. Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

1. # in instructions must specify the odd registers 3, 5, or 7, else the 
operation is undet~ed. 

2. It d = 0, then the R-register's contents are unchanged. 

5.7.5 Single Shift Open Right. SOR 

Format: 

SRS 

Description: 

.The contents of RI are shifted <1 bit positions right. Zeros till the d most 
significant bit positions of RI. The last bit shifted out of (a'(15)] is 
saved in the C-1n<1icator. 

Operation: 

a 15 
_ I _a •• __ _ 

0-> -----> 1-> ICC) 
II •• _. I a .... ______ _ .. 

RI I 
Saves the last bit shitted out ot RI(15)--

Indicator Conditions: 

It d ~ 0, and the last bit 
shifted out of (RI(15)] = 1 then C <-- 1 else 0 

B Unchanged 

Special Conditions: 

I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

It d = 0 then the R-registerfs contents are unchanged and ICC) is cleared. 

c 

5.7.6 Single Shift Closed Right. sca 

Format: C: 
SRS 
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The contents of [HI] are shifted d bit positions right. Bits shifted out of 
[R#(15)] replace bits vacating [R'(O)]. 

Operation: 

o 15 
------------------------.-... ----> I --.. ----.... ----> 1--->-

I ------------------------
RI 

-----------------<--------------~--
Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
1:. Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

It d = 0 then the R-register's contents are unchanged. 

5.7.1 Single Shift Arithmetic Right. SAR 

Format: 

SHS 

Description: 

The contents of R# are shifted d positions right. Bits equal to the sign 
bit of the B-register fill the d most significant bits of the R-register. 
The last bit shifted out of [R#(15)] is saved in the C-indicator. 

Operation: 

o 1 15 

-->1 S I -> I -> I(C) ... .. B# 

~-- I 
Saves the last bit shifted out of R#(15)--
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Indicator Conditions: 

It d ~ 0 and the last bit 
shifted out ot [H'(15)] = 1 then C <-- 1 else C <-- 0 

B Unchanged 
I Unchallied 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchallged 

Special Conditions: 

If" d = 0 then the R registers' contents are unchanged and ICC) is cleared. 

'5.7.8 Double Shift Closed Right. DCR 

Format: 

SHS 

Description: 

The contents of the even-odd register pair are sbi.f'ted d bi t posi t101lS("- "­
right. Bits shifted out of [RI (15)] (the odd register) replace bits 
vacating [RI'(O)] (the even register). 

Operation: 

o 15 o 15 ---------_ .... __ ..• -- -----------------~-

->1 HI - 1 1->1 HI 1->------------ - ------------------_____ • ________ . ________ < .1 .. __________ ___ 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

1. # in instruction must specify registers 3, 5, or 7, else operation is 
undefined. 

2. It d = 0 then the R-register's contents are unchallged. 'C ./ 
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5.1.9 Double Shift aoen Left, DeL 

Format: 

SHL 

Description: 

The contents of the even-odd register pair are shifted d bit positions 
left. Zeros fill the d least significant bit positions of the register 
pair. The last bit shifted out of [RI'(O)] (i.e., bit 0 of the even 
register) is saved in the c..indicator. 

Operation: 

o 15 o 15 

I(C)<-l RI - 1 1<-1 RI 1<- 0 ... 
I 
-- Saves the last bit shifted out of RI-1(O) 

Indicator Conditions: 

If d ~ 0 and the last bit 
shifted out of RI' = 1 ,then C <-- 1 else C <-- 0 

B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

1. I in instruction must specify registers 3, 5,or 7 else the operation is 
undefined. 

2. If d = 0 then the R-registers' contents are unchanged and I(C) is 
cleared. 

5.1.10 Double Shift Arithmetic Left. DAL 

Format: 

Sm. 

Description: 

The contents of the even-odd register pair are shifted d positions left. It 
the sign bit (i.e., [RI'(O)]) changes at any time during operation, then the 
overflow indication is set. Zeros fill the d least significant bit 
poSitions of the register pair. 



... ___ --.... ___ .-_______ ...... ~~, ________ .. _. ________ .. ______ . -_______ .... _r_ .. ________ _ 
HONEYWELL INFORMATION 

SYS'rEMS 
I SPEC. NO. SHEET 

60149740 
REV. 

5- 86 C ______________ ._WI .. __ V______ __ .... ____ , _________________________ . ___ . ____ ....... _______ -,--.. ..--

Operation: 
o 1 15 o 15 -..... _------.. ----.-- ---.-------~-----

I(OV)<-ISI HI - 1 1<-1 RI ... 
1 
- Set to 1 if RI-HO) changes suring sh1.f't 

Indicator Condi t1on:s: 
C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 

If (RI' (0) 1 change.s then OV <- 1 else OV <- 0 

Special Condit1on.s: 

1<- 0 

1. # in the instruction must specitY registers 3, 5, or 7, else operation 
is unde.f'1ned. 

2. It d = 0 then the H-registers' contents are unchanged and I(OV) is 
cleared. 

3. If an overflow occurs and M1( I) = 1, then a Trap TV06 occurs. 

5.7.11 Double Shift Open R1gDt, DOR 

Format: 

Sm. 

Description: 

The contents ot the even-odd register pair are shifted d positions right. 
Zero.s till the d most significant bit positions of the register pair. The 
last bit shifted out ot [RI(lS)1 (i.e., bit 15 ot the odd register) is saved 
in the C-11ldi cat or • 

Operation: 
o 

-------------o ->1 RI - 1 
-------

15 

1->1 

o 15 

RI 1-> ICC) .. .. . -
: 

Saves the last bit shitted out of RI(lS} --

Indicator Conditions: 

U' d -A 0 and the lut bit 
shifted out ot ~1('5) = 1 then C < ... 1 else C <-- 0 

B Unchanged 
I Unchanged 
G Unchanged 

c 
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Special Conditions: 

L Unchanged 
U Unchanged 
OV Unchanged 

1. # in instruction must specify registers 3, 5, or 7, else operation is 
undefined. 

2. If d = 0 then the R-registers' contents are unchanged and ICC) is 
cleared. 

5.7.12 Double Shift Arithmetic Right. DAR 

Format: 

Sm. 

Description: 

The contents of the even-odd register pair are shifted d bit poSitions 
right. Bits equal to [RI'CO)] (sign bit of the even register) fill the d 
most significant bits of the register pair. The last bit shifted out of 
(RI(lS)] (i.e., bit 15 of the odd register) is saved in the C-indicator. 

Operation: 

o 1 15 a 15 

--->1 S 1 RI - 1 1->1 RI 1-> ICC) .. 
I ---<-- Saves the last bit shiftea out of RI(1S) --

Indicator Conditions: 

If d -J. 0 and the last bit 
shifted out of HI (15) = 1 then C <-- 1 else C <-- a 

B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

1. # in the instruction must specifY register 3, 5, or 7, else operation is 
undefined. 

2. If d = 0 then the R-reg1sters'contents are unchanged and ICC) is 
cleared. 
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5.8 INPUT/OUTPUT 

I/O ill3tructions have two tormats: 

o Data and Command I/O (IO and lOB) 
o Address and Range Output (IOLD). 

The governing documsnt tor 1/0 standards is the Extended Megabus EPS-1 
(60126298). This subsection describes the tormat of the I/O ill3tructions. For the 
purpose of programming I/O, see the bus and appropriate controller specifications. 
Also reter to section 10 of this EPS-1. 

Data and Command I/O (IO and lOB> Instructions 

These instructions specify two quantities, (1) a Data word or byte indentitied 
by an AS called Data AS (DAS) analogows to the single operand instruction formats, 
and (2) a Control word identifying the external channel (or device) alld the 
function it ia to perform. The control word may be embedded in the procedure as 
tollows: 

For 
control 
word 
embedded 
in the 
procedure 

o 1 3 4 8 9 15 . ____ ___ A______ _ _____ .. ___ . __ _ 

1 000 I OP DAS 
---.----------------_.-. ---:: POints to data 

AdditioDal word(s) 1r 
needed by DAS 

CB 

:- word or byte 

F 1:-____ a _. ___________ , ______ •• _________________ ~ 
Is the control 
word (CW) when 
CW(0:8) oj. 0 

o 9 10 15 

or the control wor~ can be pointed to by the Channel Address Syllable (CAS) as 
tollows: 

o 1 3 4 8 9 15 _______ • ________ d ____ • ~ ____ ~ __ 

I 1 o 0 0 I OP DAS I 
I· . ----- ------ ----_.- --I 

For I Additional word(s) it I I 

control I needed by DAS I 
word 1- ----- ._ .. ·1-
pointed I 00000 0 0 0 0 CAS · · to by CAS I . --_. a .. --I · POinta to the .-

Additional word(s) it I · control word I • 
neecled by CAS I when CW(0:8) = 0 I 

~ .. ------------
It either DAS or CAS wse an AS trom an AS Map other than AS Map 1 (M6X and M6IE 

, 
0···· 

only), the following applies: c 
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When 
either 
DAS or 
CAS use 
an AS 
frail a 
Map other 
than AS 
Map 1 

o 1 3 4 7 8 9 15 

-------------------------~-----------I 1 I 000 I OP I DAS = ASN 

:-----~---------------------------OFFSET I RFU lMAP #1 A82,3 
1-----------------------------------

Addi tiocal werd(s) if' 
needed by DAS 

1-----------------------------------a 0 0 a 000 0 0 I CAS = ASH 

J-----------------------------------
OFFSET I RFO IMAP # I AS2,3 

1-----------------------------------1 
Additional word(s) if' 

nee ded by CAS 

where OP = Opcode field 

· · 
· · 

· · 

For DAS using 
an AS frail a 
Map other than 
Map 1 

For CAS uaing 
an AS frail a 
Map other than 
Map 1 

= Data Address Syllable - Specifies a location fran/to which a data 
word or byte is transferred to/fran the I/O bus 

= Chancel nmber (or device address), where: 
o CH is odd for output DMA transfer channels 
o al is even for input DMA transfer channels. 

F = Function Code, which is controller specif'1c under the following 
co nstr aint s: 

o If' F is even, cia ta will be transferred frail the controller to the 
CPU 

o If' F is odd, cia ta or commands will be transferred fran the CPU to 
the controller 

CAS = Control Address Syllable - Points to control word oontaining CH and 
F. 

OFFSET = Specifies the atcm offset when using a word address form or is not 
used if' using a byte address form. 

Address and Range Output Instruction 

This instruction specifies three quanti ties: 

1. Butfer virtual address identit'ied by an AS analogcua to that in the single 
operand instruction toma t. 

2. Control word identitying the external channel (or devioe) and the function 
it is to perform. 

3. Range identitied by an AS analogcua to. that in the single operand instruc­
tion fomat. 

The control word mq be embedded in the procedure as tollows: 
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For 
control 
word 
embedded 
in the 
procedure 

o 1 3 4 8 9 10 15 

~~-------------------~-~------~ I 1 I 0 0 a I OP I • , . 
:--~------ .-----~------~--~-: :-I Additional wordes) it needed. by ~ I : 
:---------------~~~------- ----1--
1-----------····-------------000 0 0 0 000 

F I : ... -------1-. . 1------ ----------------1 :-I Additional word.(s) it needed by HAS I : 
l __ ••• __ _ ___ a' 

or the control word can be pOinted to by the CAS as tallows: 

For 
control 
word 
pOinted to 
by CAS 

o 1 3 4 8 9 15 

-----~--------------.-.------.----.---._------.-----I 1 I 0 0 0 I OP !AS 
J---•• --------- ---------1 I Additional word(s) it need.ed by !AS I I _____ ~_ ------ • ______ w_______ . 

--I-
000 000 a 0 0 CAS I : 

1-, • _.--.- .. • ._. --1:-
I Ad.d~tioaal word.(3) 1t need.ed. by CAS I : 

1---·_·_-----------------------------------1--o 0 0 0 0 0 0 0 0 
I • - .--- .. - .•• ··--1 
1 Adeli tional word (3) it needed by RA.S l. ~ ______ •• _____ F •• ____ • _________ • 

Points 
to the 
Butfer 

Is the control word 
(~.) when CW(O:8) ~ a 

POints to the 
word that 
speci.fies the 
range o~ the buffer 

Points to the 
control word. 
when ~i(O:8) = 0 

If' any o~ the ASs use an AS trom an AS Map other than AS Map 1 (M6X and. M6XE 
only), then the toll owing applies: 

o 
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When 
either a 
DAS or CAS 
uses an AS 
from a Map 
other than 
Map 1 

where !AS 

o 1 3 4 789 15 

I 1 I 0 0 0 I OP !AS = ASN 

I---~---------------~---------------I OFFSET I RFUIMAP II AS2,3 

1-------------------------------------1 

: For AAS using 
an AS from a 

:- Map other than 
Map 1 

I Additional word(s) if needed by !AS I : 
1-------------------------------------1--
I 000 0 0 0 000 CAS ~ ASH I • 

I • 

I-------------------------------------J :-
I Additional word(s) if needed by CAS I : 

I---------~--~--------------------I--

From CAS using 
an AS from 
Map 1 

o 000 0 0 0 0 0 RAS = ASN 

I-----------~----------------~-----I OFFSET I RFO IMAP 'I AS2,3 

1------------------ ----------------1 

For RAS using 
an AS from a 

:- Map other than 
Map 1 

I Additional word(s) it needed by HAS I : 
1----------------------------------------
= Address Address Syllable, pointing to an address 

OFFSET = Specifies the atom offset when using a word address form or is 
not used if using a byte address form 

RAS = Range Address Syllable, pOinting to a range word. 

The F-field in the Address and Range output instruction must specity the 
function code needed to load the controller address register. If F is other than 
above, the operation is unspecified. 

The type of I/O instructions available are summarized in Table 5-14. The 
numerical representation is given in Table 5-15. 

Table 5-14 I/O Instructions (Sheet 1 of 2) 

I REFERENCE IMNEMONIC I DESCRIPTION OPERATION I INDICATORS I COMMENTS 
I AFFECTED I I SUBSECTION I I 

1----------1--------1--------------1-----------------------------,-------------
5.8.2.1 

5.8.2.2 

IO 

loa 

Word 
Input/Output 

Halfword 
Input/Output 

For F = odd, 
output word to 
channel 

For F = even, 
receive word 
from channel 

For F = odd, 
output byte to 
channel 

For F = even, 
receive byte 
from channel 

I set if 
accepted 

Privileged 
instruction 

I set if Privileged 
accepted instruction 

--------------------------------------------------------------------------------



--------_ ..• ---_. , __ ... _------- ... ---_ ..... -----... _--_ ... _----_ .. -
HONEYWELL INFORMATION 

SYSTEMS 
. ---------•... -_.- _. 

SPEC. NO. 
60149740 

------- ._-----_ . 
SHEET I REV. 

S- 92 I C 
--_.. ----~----~---- -~ 

Table 5-14 I/O Instructions (Sheet 2 o~ 2) 
------------,~------..-.-...~------------- -----------_.... . .. _---------------------
: REFERENCE 'MNEMONIC I DESOIPTION 
I SUBSECTION , 

OPERATION I INDICATORS' COMME.'lTS 
I AFFEC'!'ED I 

I .' .. ----1---------1----- --.-----1---.-----------------------1---..--..-.---1 
I 5.8.2.3 IOLD Output 

A.ddress and 
Ranp 

Output address 
and ral18e to 
channel 

I set it IMO and REG I 
accepted illegal for I 

AAS- (TV16),/ 
Privileged I 
instruction I 

I 

___ 1M __ • ___ ______ , _______ ._ •• ____ • ___ ._ •• ________________ • _._._. ___________ , ____ • ____ , •••••• __ 

• for CR41E exception see IOLD instruction description. 

Table 5-15 Numerical Representation of Wor~ 1 ot I/O Instructions - .. -- . - _._--_._--_.... --_.-. 
/SUBSEC'l'IOII H1 B2 I Ii3 

I 
Ii4 MNEMONIC I ATOM SIZE 

I I 
I I I 
I-~--------- l----fl--: --- 1-----1 ...... -1 
I 5.8.3.1 
I 5.8.3.2 
I 5.8.3.3 

8/0 10+mln I 
8 I 1 I O+m I n I 
811 l8+mrn I 

where m, n = map coord.inates. 

J. -. • •• - _a -------1 
I !AS I DAS I CAS / BAS 

------I------I------I~-I------I 
IO Word I Word I -
lOR -- Byte I Word 1 1 
IOLD Byte I Word I Word I 

---- --------.-_. . 

5.8.1 I/O lnatruction Execution 

Execution of I/O inatructions requires ring 0 or 1 privilege. 

During I/O 1natruction execution, the following oriteria determines which 
functions are to be performed by the software and which by the hardware: 

o It is the software's responsibility to 1naure that the butfer used during 
the execution ot an IOLD instruction be in memory. 

o It ia the hardware's responsibility to perform the following access right 
checks: 

- For IO or lOB, check that: 

1. The control word can be read by the process. 

2. Data being sent to the device controller can be read by the process 
or the data being received from the device controller can be written 
in to the specified location by the process. 
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- For IOLD , check that: 

1. The control word can be read by the process. 

2. The range word can be read by the process. 

3. The first word of the data butfer can be read or written (as applica­
ble) by the process. 

5.8.2 I/O Instruction Description 

5.8.2.1 WORD INPUT/OUTPUT, IO 

Format: 

IO 

Description: 

1. It F is Odd (indicating Output): Send the control word (CH, F) and the 
data word specified by the DAS to the addressed I/O channel. 

2. If F is Even (indicating Input): Send the control word (CH, F) to the 
addressed I/O channel. It the channel accepts the command, receive a 
word response from the channel and store it in the word location 
specified by the DAS. If the channel does not accept the command, do not 
change the contents ot that location. 

In both cases above, if the I/O channel accepted the command, set the 
I-indicator bit, else clear it. 

Operation: 

1. F is Odd: L6 Bus <-- CH, F; L6 Bus <-- [DEA], where DEA is the Data 
Effective Address and is obtained from the DAS. 

2. F Even: L6 Bus <-- CR, Fi it ACK, then [DEA] <-- Response from I/O 
channel. 

Indicator Conditions: 

If addressed channel 

C Unchanged 
B Unchanged 

accepted the command then I <--1 else I <--0 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 



~ ______ _________ Il_. ________ ~~. ___ . _________________ _ _____ ___ 
HONEriELL nlFOBMATION 

SYS'!EMS 
I SPEC. NO. 
I 60149140 

I SHEET REV. 
I 5- 94 C _______ ~ __ • ______ • ___ .1- .1. ________________ . _____ ....... ____________ _ _________ _ 

Special Concl:1.tion:s: 

,. III the DAS, IMO usage is valid it F is odd (indicating output). 
even, IMO usage can cause alteration ot procedure. 

2. In the CAS, IMO usage is valid. 

It F is 

3. Privileged instruction. It not in ring 0 or 1, then Trap TV13 in lieu ot 
execution. 

4. It the addressed controller does not answer, then Trap TV15. 

5.8.2.2 BALFWOliD (BYTE) INPUT/OUTPUT, lOB 

Format: 

IO 

Description: 

1. It F is Odd (indicating Output): Send the control word (ell, F) and. the 
byte specified by the DAS to the addressed. I/O channel. 

. , 0·,·.·· 

2. It F is Even (1ncl:1.cating Input): Send the control word (Ca, F) to the 
addressed. I/O channel. It the channel accepts the command., receive a 
byte response trOll the channel and store it in the byte location 
specified by' the DAS. It the channel does not accept the command, do 
change the contents ot that location. 

,~ 

not~.Y 

In both cases above, it the I/O channel accepted the command, set ~e 
I-indicator bit, else clear it. 

Operation: 

1. F is Odd: L6 Bus <--- CH, F; L6 Bus <-- [DEA] where DEA is the Data 
Eftective Address and is obtained trom the DAS. 

2. F is Even: L6 Bus <--- CH, F; It lCX, then [DEA] <--- Response trom I/O 
channel. 

Ind.1cator Cond.1tions: 

It addressed channel 

C Unchanged. 
B Unchanged 

accepted the command. then I <--1 else I < .... 0 
G Unchanged. 
L Unchanged. 
U Unchanged 
OV Unchanged c\ 
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Special conditions: 

1. The byte specified by the DAS is as described in the LDH instruction 
sheet. 

2. !MO usage as specified in I/O instruction. 

3. Privileged instruction. If not in ring 0 or 1, then Trap TV13 in lieu of 
execution. 

4. If the addressed controller does not answer, then Trap TV1S. 

5.8.3.3 OUTPUT ADDRESS AND RANGE, IOLD 

Format: 

IO 

Description: 

1. Send the Control word (CR, F) and the physical address derived trom AAS 
to the addressed I/O channel. 

2. It the channel accepts the above command, send the same tunction code 
incremented by 4 and the data item specitied by HAS to the same I/O 
channel. 

It the I/O channel accepted both ot the above, set the I-bit of the 
indicator register, else clear it. 

Operation: 

1. First Bus Cycle 
L6 Bus <- CR, F 
L6 Bus <-- AEA, where AEA is the ettective address derived trom AAS. 

2. Second Bus Cycle 
L6 Bus <- CR, F+lJ 
L6 Bus <-- (REA], where REA is the ettective address derived trom RAS. 

Indicator Conditions: 

If addressed channel 

C Unchanged 
B Unchanged 

accepted both commands then I <--1 else I <--0 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 
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Spec~al CODd~tions: 

1. AS: 

a. !Me uaage tor AAS causes a Trap TV16 except in a CR41E where results 
are unspec~ied. 

b. REG usage for AAS causes a Trap TV16. 
c. Push and pop type ASs (e.g., tBn, Bni) will cause unspec~ied 

results in a CR41E. 

2. All addresses on the I/O bus are physical addresses. 

3. Privileged instruction. Ir not in ri1lg 0 or 1, then Trap TV13 in lieu ot 
execution. 

4. It the addressed controller does not answer, then Trap TV15. 

o· 
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A generic instruction (GE) has the following format: 

o 7 8 15 

I a 0 0 0 0 0 0 0 I OP 
1-----------------------------------1 

Addi tional words as needed 

where OP = Opcode: 

5- 97 
I REV. 
I C 

o i OP.i 127 or 00 .i OP ~ 7F - Standard or reserved for future HIS use; 

128 i OP ~ 256 or 80 .i OF .i FF - RFU (user defined). 

Within the first group, the types ot generic instructions available are 
summarized in Table 5-16. '!beir numerical representation is given in Table 5-17. 

Table 5-16 Generic Instructions (Sheet 1 ot 3) 
-----------------------------------------------------------------------------------
IREFERENCE IMNEMONICI DESCRIPTION I OPERATION 
lSUBSECTION I 

I INDICATORS I 
I CSAnJED 

COMMENTS 

, __________ 1 ________ 1 _______________ ---------~----l----------I-----------~-----
5.9.1 

5.9.2 

5.9.3 

5.9.4 

5.9.5 

5.9.6 

HLT 

BRK 

RTT 

RTCN 

RTCF 

WDTN 

Halt Program 
Execution 

Call MoDi tor 
via Trap 

Breakpoint 

Return fran 
Trap 

Real-Time 
Clock On 

Real-Time 
Clock Oft 

Watchdog 
Timer On 

See text 

TVa 1 

TV02 

(I], (R3], 
(B3], (P] <­
(TSA]i 
S. RN <-­
(Z(8,9)] 

See text 

See text 

See text 

Indicator 
register 
is re­
stored 
tran 
(TSA. I] 

Privileged 
instruction 

If (TSAP] = NULL 
then Trap TV 16 • 

Privileged 
instruction 

Privileged 
instruction 

Privileged 
instruction 

-----------------------------------------------------------------------------------
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Table 5-16 Generic Instructions (Sheet 2 ot 3) 

I HEFER:EllCE I MNEKlN IC I DESCRIPTION 
I SUBSECTION I 

I OPERATION 
I 
I 

I INDICATORS I 
I a!AlIJED I 

CO!-f.MEN'l'S 
:~--~:-_______ J ___ ~ __ ~ ___ I ________ ~ _____ t __ ~ ______ I ___ ~ _______ ~ __ -I 

I 5.9.8 I WDTF I Watchdog See te~ I Privileged I 
I I I T1mer Ott instruotion I 
I I 
I 5 .9 • 9MMM I Memory- to-

5.9.10 

5.9. 11 

5.9.12 

5.9.13 

5.9.14 

5.9.15 
I 
I 
I ' 
I 

5.9.16 I 
I 

I 

5.9.17 

5.9.18 I 

5.9.19 

5.9.20 

I 5.9.21 I 

I Memo1"1 Move 
I 
I 

ASD I Activa te 
I Sepent 
I Descriptor 
I 

VLD I Validate 
I Access Ri&hts 
I 

CVP I Convert V~ 

QCH 

QOT 

DQH 

l'QA 

SQ.H 

SQA 

SlUlB 

LRDB 

LDT 

: tual to Phys­
I ical Address 

Queue on Head 

I Queue on Tail I 

I 
I Dequeue t rem 
I Head 
I 
I 

I Dequeue b7 
I Address 

Search Queue 
from Head 

Search Queue 
I by Address 

Store Remote 
Descriptor 
Base 

Load Remote 
Desoriptor 
Base 

I Load Staok 

See text 

See text 

See text 

See text 

See text C 

See text C 

See text 

See text C,G,L 

,See text C,G,L 

See text C,G,L 

(B3] <-
(RDaR] 

[RDaR] <-
(B3] 

[T] <- (Bn] 

I 
I 
I 

Interruptabl e 

I Privileged 
I instruotion 

Not supported b7 
Cli41E, 16X 

Interruptabl e 

Interruptabl e 

Interruptabl e 

Interruptable 

Interruptabl e 
Not supported by 
Cli41E, !fiX, ~XE 

Interruptable 
Not supported by 
CR41E, !fiX, l-SIE 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

o 

/' '-" 

~ 

I I Address 
~C I 

I I Register I 
I I I 
I I 

I 5.9.22 ST'! Store Stack (57] <- (T] I 
Register I 

... --------~----~~---~~----.. -----~~--~------~~~---~---------~ 
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Table 5-16 Generic Instructions (Sheet 3 of 3) 

I REFERENCE lMNEMONIC I DESCRIPTION OPERATION lINDICATORS I COMMENTS 
l SUBSECT ION l I l <lIANGED l 
1----------1--------1---------------'---------------1----------1------------------1 

5.9.23 ACQ 

5.9.24 RLQ 

5.9.25 MFL 

5.9.26 BSRCH 

5.9.27 MEMD 

MMUD 

5.9.29 ASST 

5.9.30 ATST 

waT 

5.9.32 mB 

5.9.33 Rse 

CPID 

Acquire Stack 
Space 

Rel ilXl uish 
Staok Space 

M::>dify Frame 
Length 

Bit String 
Search 

Main Memory 
Diagnostic 

Memory 
Management 
Unit 
Diagnostic 

Activate 
System 
Segment Table 

Activa te Task 
Segment Table 

Who Goes 
There 

Dt.mlp HlW 
Registers 

Rescan 
Configura tion 

CPU Self 
I dentifica-
tion 

See text 

See text 

See text 

See text B 

See text 

See text 

See text 

Se.e text 

See text 

See text 

See text 

See text 

Not supported by 
CR41 E, 1-51, 1-5XE 

Not supported by 
CR41E, MSI, M5XE 

Privileged 
instruction 

Privileged 
instruction 
Not supported by 
CR41E, M5X 

Privileged 
instruction 
Not supported by 
CR4 1 E, 1-5X, M61 

Privileged 
instruction 
Not supported by 
CR41 E, 1-51, M61 

Privileged 
instruction 

Privileged 
instruction 
Not supported by 
CR41E, 1-51, M3XE 

Privileged 
instruction 

Privileged 
instruction 
Not supported by 
MS1, M6X, M6XE 

-----------------------------------------------------------------------------------
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Table 5-17 Nunerical Representation ot Generic Instructions 

~-------....... -----------.,----------.........---........-----~-.."....----~ .... ---
I SUBSECTION H1 : H2 : H3 I H4 1 MN~~NIC I ATOM SIZE I 
I-~----~- ---------------~~---~~~--~--~--~-~---I 
I 5.9.1 0 0 0 0 HLT 
I 5.9.2 0 0 0 1 MCL 
I 5.9.3 0 0 0 2 BRK 
I 5.9.4 0 0 0 3 RTT NOT 

5.9.5 a . a 0 4 RTCN 
5.9.6 a 0 0 5 RTCF 
5.9.7 a 0 0 6 WDTN 
5.9.8 0 0 0 1 I wnrF 
5.9.9 0 0 0 8 I MMM APPLI-
5.9.31 0 0 0 9 I fiGT 
5.9.10 0 0 0 I A I!SD 
5.9.11 0 0 0 r a I VLD 
5.9.20 0 0 0 I C I LRCB 
5.9.19 0 I 0 0 I D I SRDe 
5.9.27 0 0 0 E I MEMD 
5.9.32 0 0 0 F I DBR 1, 3 

o 0 1 0 I Stack 
o 0 0 0 I STT 6, 
o 0 0 n RLQ 6, 
o 0 Dl 0 LDT 6, 
o 0 Dl n ACQ 6, 

5.9.22 
5.9.24 
5.9.21 
5.9.23 
5.9.25 
5.9.33 
5.9.26 
5.9.34 
5.9.29 
5.9.30 
5.9.12 
5.9.28 
5.9.16 
5.9.14 
5.9.15 
5.9.13 
5.9.18 
5.9.17 

o 0 8+m 0 MFL 6,1,3 
o 0 1 1 RSC 
o 0 1 2 aSHCH 
o 0 1 1 CPID 
o 0 1 9 !SST 
o 0 1 A ATST 
o 0 1 a cvp . 
o 0 1 E MMUD 
o 0 6 0 r:QA 
o 0 6 1 QOT 
o 0 6 2 r:QH 
o 0 6 3 QOH 
o 0 6 4 SQA 
o 0 6 6 SQH 

1, 3 
2, 4 
1, 5 
1, 5 
1 
1 

1, 3 I 
1, 3 I 

CABLE 

------.---.--~~-------.---.---~.--------------~-- ~------~-

Notes 

1 •. Not supported by CH41E, M5L rr used, then post a Trap TV05. 
2. Not supported by !5I. It' used, then post a Trap n05. 
3. Not supported by MSIE. It' used, then post a Trap T"105. 
4. Not supported by M6I, M6IE. It' used, then post a Trap n05. 
5. Not supported by M6X. It used, then post a Trap TV05. .~ 
6. The llmerical representation given is for the second word of the instructioC.:' 

which determines the instruction type. 
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Format: 

GE 

Description: 

I SHEET 
5-101 

I REV. 
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Stop Program Execution. The CSS enters the Procedure Halt state. This 
state is indicated through the SCF. In this state no instructions are exe­
cuted but all interrupts are honored. Ir the operator depresses the Execute 
key on the SCF while the CSS is in this state then the CSS skips the HLT, 
goes to the next instruction and resumes instruction execution. 

Operation: 

As above 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

Privileged instruction. Ir not in ring 0 or 1, then Trap TV13 in lieu of 
execution. 

5.9.2 Call Monitor, MCL 

Format: 

GE 

Description: 

Initiate a Trap TV01. 

Operation: 

A Trap TV01 is generated. 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
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L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

See subsection 3.6. 

5.9.3 Breakpoint, BRK 

Format: 

GE 

Description: 

Initiate a Trap TV02. 

Operation: 

~ Trap TV02 is generated. 

Indicator Conditions: 

C -Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

Used for debugging. See subsection 3.6. 

5.9.4 Return From Trap. RTT 

Format: 

GE 

Description: 

The current level ISA is used to access the Trap Save Area (TSA) from which 
all saved visible registers are restored. The privilege state is restored 
from the Saved Privilege field (Z.RN) in the TSA. The TSA block is returned 
to the TSA memory pool. Refer to Figure 5-3. 

Operation: 

[I], [R3], [B3], [P], [S.RN] <-- [TSA] 

c 
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Indicator Conditions: 

C <-- [TSA] 
B <- [TSA] 
I <-- [TSA] 
G <- [TSA] 
L <-- [TSA] 
U<- [TSA] 
OV<-- [TSA] 

Special Conditions: 

I SPEC. NO. 
I 
I 60149740 

I SHEET 
5-103 

I REV. 
c 

Ir the Trap Save Area Pointer (TSAP) is NULL, then Trap TV16 in lieu or 
execution. Refer to subsection 3.6. 

5.9.5 Heal-Time Clock On. HTCB 

Format: 

GE 

Description: 

Enable Heal-Time Clock (RTC). Hefer to subsection 3.7. 

Operation: 

As above 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

Privileged instruction. If not in ring 0 or 1 , then Trap TV13 in lieu or 
execution. 

5.9.6 Heal-Time Clock orr. HTCF 

Format: 

GE 



--.. --------------.-----------. ..-..----------------------- --.. -..... --....... -.-....--------------~ 
HONEYWELL INFORMATION 

SYSTEMS 
I SPEC. NO. 
I 60149740 

I SHEET 
I 5-104 

I REV. 
I 
I C 

----... ~--.... .....-...-------------------------..-----........ -----....... --.. ----------.. -.. -------------~ 
••••••• 

• START • ••••••• 
v 

( ) 
( FETCH THE RTT INSTRUCTION ) 
( ) 

v 
USING THE CPU I AND THE 
CURRENT LEVEL #, COMPUTE 

THE VA OF THE IY AND FETCH IT 
I 
v 

I WAS A \ YES •••••••••••• 
< TRAP >. ---->* BALT OR • 
\ ENCOUNTERED? I • SUPER HALT • 

I NO •••••••••••• 
v 

I \ ~ 
< IS [IV] = NULL? >-------> I 
\ I 

I NO 
v 

USING IV, COMPUTE THE 
VA OF TSAP (IV-2) 

ANDFETCB IT 

v 
I WAS A \ 

< TRAP 
\ ENCOUNTERED ? I 

I NO 

YES 

>---------~----

v •••••••••• 

I \ YES • TRAP #16 • 
< IS [TSAP] = NULL ? >----->. PRCGRAM • 

\ I. ERROR • 
I NO 
v 

o 0 
( A ) 
o 0 

•••••••••• 

Figure 5-3 RTT Instruction Flow Chart (Sheet 1 or 3) 

\ . ,,--j 
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--------------------------------------------------------------------------------

o 0 

( A ) 
o 0 

I 
v 

DETERMINE THE NATSAP I 

v 
USING THE CPU # AND THE 
NATSAP I, COMPOTE THE VA 

OF THE NATSAP AND FETCH IT 

v 
/ WAS A \ YES •••••••••••• 

< TRAP >--------->- HALT OR • 
\ ENCOUNTERED? / • SUPER HALT • 

I NO 
v 

UNLINK THE TSA FROM THE ISA A..~D 

RETURN IT TO THE APPROPRIATE 
TSA POOL AS FOLLOWS: 

[NATSAP] 
[TSAP] 
[TSAL] 
[TEMP] 

--> TEMP 
-> NATSAP 
--> TSAP 
-> TSAL 

v 
/ WAS A \ YES 

•••••••••••• 
.... 

< TRAP >--------------\ ENCOU~ITERED? / 
I NO 
v 

o 0 
( B ) 
o 0 

Figure 5-3 RTT Instruction Flow Chart (Sheet 2 of 3) 
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I 
I C --_ ... --~ ...... -..... -~---.. -----.-.. -----~--.... ----... -------...... -.. -------......... --------...... -----

o 0 

( B ) 
o 0 

v 
( ) 
( RESTORE RTT INSTRUCTION CONTEXT ) 
( ) 

v 
I FETCH FROM TSA: 
I 0 COpy OF I 0 RETURN ADD. 
I 0 B3 0 Z WORD 
I 0 R3 

I 
v •••••••••• *. 

I WAS A \ YES * HALT OR * 
< TRAP DETECTED >-------->. SUPER HALT * 
\ ? I * ••••••••••• 

I NO 
v 

RETURN ADDRESS -> 1::A 
RING # IN Z WORD -> REF 

I 
v 

RESTORE SAVED RTT 
INSTRUCTION CONTEXT IN 

o I 0 B3 
o R3 

v 
I 

REF -> S.RN I 
I 
v 

EA.SN --> P.SH 
!A.DSP --> P.DSP 

I 
v 

START PROCEDURE BEING I 
RETURNED TO, WITH PHI-I 
V!LEGE DEFINED BY S.HNI 

I 
v 

•••• * 
* END * * •••• 

Figure 5-3 RTT Instruction now Chart (~heet 3 of 3) 

o 

c 
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HONEYWELL INFORMATION 
SYSTEMS 

Description: 

I SPEC. NO. 
60149740 

I SHEET 
5'';'107 

Disable the Real-Time clock. Refer to suusection 3.7. 

Operation: 

As above. 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

I REV. 
I C 

Privileged Instruction. If not in ring 0 or 1, then Trap rv13 in lieu of 
execution. 

.~. 5.9.7 Watchdog Timer On. WDTN 

Format: 

GE 

Description: 

Enabled.the Watchdog Timer. Refer to subsection 3.7. 

Operation: 

As above. 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 



---....-----..... ---~----~-----~-......-----~---.. ---------.... -............... ---.. ------------------
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SYSTEMS 
I SPEC. NO. 
I 60149740 

I SHEET 
5-108 

I REV. 
C 

--~~~~-~~---------~.-----.---~---------~-~-------------~.-----,~--------

Special Conditions: 

Privileged In=truction. If not in ring 0 or 1, then Trap TV13 in lieu of 
execution. 

5.9.8 Watchdog Timer Off. WDTF 

Format: 

GE 

Description: 

Disable ~atchdog Timer (WDT). Refer to subsection 3.1. 

Operation: 

As above. 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

Privileged Instruction. If not in ring 0 or 1, then Trap TV13 in lieu of 
execution. 

5.9.9 Memory To Memory Move. MMM 

Format: 

GE 

Description: 

n bytes ot memory are moved trom a sending tield to a receiving field. The 
address of the first byte ot the sending field is identified by (B2] + [R2], 
where R2 contains a signed byte displacement from [B2]. The first byte 
location of the receiving field is identified by [B3] + [R3], where R3 
contains a signed byte displacement from [B3]. The number of bytes to be 
moved is contained in R6, where 1 ~ (R6J ~ 64K. 

o 

c 
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HONEYWELL INFORMATION 
SYSTEMS 

Operation: 

I SPEC. NO. 
60149740 

If [R6] = 0 then treat instruction as a NOP 

I SHEET 
5-109 

I REV. 

Post a Trap TV16 if: 
- [R6(0)] = 1 or 
- [R2] + [R6] or [R3J + [R6] > 215 -1 (overflow in R2 and/or R3) 

Else repeat [R6] <-- [R6] - 1; [[B3] + [R3f]] <-- [[B2] + [R2f]] 

E 

until [R6] = O. Move is from left to right. Note also that R2, R3 and R6 
are modified during instruction execution. 

While performing the move post a Trap TV15 if 
[B2] + [R2] or [B3] + [R3] exceed segment size. 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

1. MMM is interruptable. 

2. Partially overlapped fields will cause unspecified results. 

5.9.10 Activate Segment Descriptor, ASD 

Format: 

GE 

Description: 

Register B5 contains an EA which, in its segment field, specifies a segment 
descriptor entry in the HMO. Registers R6 and R7 contain the descriptor 
first and second words, respectively. 

The results of ASD execution are dependent upon the MHO mode of operation 
(SMMU or EMMU) and the target address space (System or Task) as follows: 

o SMMU mode ([B5] = OOXXXX through OFXXXX) or EMMU mode, system address 
space ([BS] = OOXXXX through 7FXXXX), where X = dont care; 

The contents of R6 and R7 are copied into the specified MHO entry, 



--------~-------~----------~----------------------------------------------------
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60149740 
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I 5-110 I E 

--------------------------------------------------------------------------------
MHO RAMSD <--- [R6], [R7] 

o EMMD mode, Task address spaoe ([BS] = 80XXXX through FFXXXX)j 

The SD speoified by [BS] is marked "not present" in the EMMU Storage 
Array. Subsequent referenoes to this descriptor oauses it to be 
On-Demand loaded from the Task Segment Table pointed to by the ASV. 

Operation: 

As above. 

Indioator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unohanged 
U Unohanged 
OV Unchanged 

Special Conditions: 

1. Privileged Instruction. If not in ring 0 or 1, then Trap TV13 in lieu of 
execution. In a CR41E, M6X and M6XE, ASD may be executed only in ring O. 

2. In SMMU Mode (applicable to M5XE or M6XE only), if Segment number is greater 
than OF ([B5] > OFXXXX) then Trap (TV16). 

3. Segment 0 cannot be invalidated in an M5XE, M6X or M6XE in any Mode, else 
Trap TV16. 

4. The valid bit and base field of SDi 0.0 (in SMMU Mode) cannot be modified in 
a CR41E or M5X. No trap is posted. 

5.9.11 Validate, VLD 

Format: 

GE 

Description: 

The VLD instruction allows a called procedure to determine if the operand 
being passed to it by a calling prooedure would have been accessible to the 
calling procedure, and 

o for the case where the operand is within one segment, 

the operand is within a valid segment; 

O· '\ '~ . -



HONEYWELL INFORMATION 
SYSTEMS 

I SPEC. NO. 
6014974.0 

I SHEET 
5-111 

o For the case where the operand spans two segments 

the operand is within two consecutive valid segments, 
the access right checks apply to both segments. 

The VLD instruction's parameters are in dedicated registers. 

1. The operand pOinter is specified in B5. 

I REV. 
I E 

2. The range (r) of the operand is specified in R3 and consists of a 
positive value in bytes where 0 ~ r ~ 216_1. 

If the range equals zero, then the resultant value returned in R3 is 
model dependent. 

3. The ring value given for validation (reflecting the calling procedure's 
execute priviledge) is specified in bits 1 and 2 of R5. 

4. R3 is returned with an indication of the results: 

R3 Contents 

-1 

Meaning 

The segment number, in a M5XE or M6XE, is out of bounds 
(i.e., the segment number in B5 is greater than OF in SMMU 
mode or the segment number in B5 is greater than TSTL in 
EMMU mode), the segment descriptor is invalid or the 
operand is out of segment bounds 

-2 No read access is permitted. 

o Read access is permitted, Write access is not permitted 

+2 Read/Write access is permitted 

Operation: 

As above. 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

None. I 



-----------.~--------------------------------------------------------------------
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SYSTEMS 
I SPEC. NO. 
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1 SHEET 

5-112 
I REV. 

E 
--------------------------------------------------------------------------------
5.9.12 Convert Virtual To Physical Address, CVP 

Format: 

GE 

Description: 

The CVP instruction converts a Logical Address (LA) into a Physical Address 
(PA) and performs a validate function. 

Its parameters are in dedicated registers. 

o B5 supplies the LA to be converted. 

o K5 receives the PA in the M6XE; B6 receives the PA in the M5XE. 

o R3 supplies the range (a positive nonzero value in bytes) for use by the 
validate operation. 

o R5 bits 1 and 2 supply the effective ring value for use by the validate 
operation. 

R3 is returned with indication of the results as follows: 

Invalid LA 

PA is not returned in this case, K5/B6 is undefined. 

o 1 15 

I I I 
I I I 

11 1 X - - - ~-- - - - - ~ - - X I R3 

Invalid LA is posted if: 

o The Segment Descriptor is invalid 
o The offset specified by the LA is greater than the segment size 

Valid LA 

PA is returned in this case. 

o 11 12 13 14 15 

I 0 1 0- - - - - - - - - - 01 X I R 1 W lEI R3 



(-

.4 

.~. 

( 

--------------------------------------------------------------------------------
HONEYWELL INFORMATION 

SYSTEMS 
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--------------------------------------------------------------------------------
where for: 

Bit 12 = 0: 
Bit 12 = 1: 
Bit 13: 
Bit 14: 
Bit 15: 

Operation: 

As above. 

Range is valid 
Rar.ge is invalid (too large or less than or equal to Zero) 
R = 1, Read access not permitted 
W = 1, Write access not permitted 
E = 1, Execute not permitted. 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
QV Unchanged 

Special Conditions: 

1. If only a conversion from LA to PA is deSired, then R3 and R5 need not be 
preloaded. The return code in R3should be checked only for negative 
(invalid LA) and positive (valid LA~ since the Validate operation takes 
place using undefined information. The return code in R3 bits 12 through 15 
is thus unspecified. 

2. In SMMU Mode (applioable to M5XE or M6XE only), if Segment number is greater 
than OF ([BS] > OFXXXX) then Trap (TV15). 

3. The CVP instruction is supported only in the M5XE, M6X and M6XE models. 

5.9.13 Queue On Head, QOH 

Format: 

GE 

Desoription: 

The QOR instruotion links a new frame into the list before the first frame 
that has the same or numerioally higher priority number, or as the last 
frame if no frame of equal or greater priority is found. B2 is used to 
point to the lock word of the list, and R5 oontains the priority to be as­
signed to the new frame. The priority word will be loaded with the contents 
of RS. B1 pOints to the priority word of the frame to be added. The 
pOinter following the priority word is loaded with the oorrect frame 
pOinter. Reference subsection 3.14. 

-~~.-,~~- --~ - -------



------.-.-.~~-~~------~----.------~----------------~----~~------~------
HONElWm..L INFORMATIa. I SPEC. NO. I SHEET· I REV. 

SYSTEMS 60149740 I 5-114 C 

~----~-----~--~~---~ ... --~------~-.. --..... -----------------------~---~--
Operat1on: 

As above. 

Indicator Condi tion:s: 

Operation completed then C <- 1 else C <- 0 

Special Conditions: 

1. QOH is interruptable. 

(queue was lockec:O 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
O'l Unchanged 

2. The Lock word is addressed with a read-modify-write C7ole. 

5.9.14 Queue On Tail. gOT 

FOl"JDat: 

GE 

tescriptioa: 

The QOT instruction linlca a new trame into the list betore the tirst trame 
tha t llas a americally bigher priority number, or as the last trame it no 
trame at greater priority is. tound. 

B1, B2 and 15 are used the same as in the QOH instruction. 

Tlle llardware assumes a monotonic queue structure. Tlle tallowing examples 
best ill ustra te the pOint. 

a. QOT a trame with priority 3 into a monotonic queue structure: 

Frame Number -
Priori t'! NUIIlber -

1 2 3 4 5 6 1 8 9 10 11 
111233346118 

Note that the priority ambers ot trames in the queue are linked in such 
a way that the priority amber ot trame nt-1 is never less than that at 
trame n. 

b. QOT a trame with priority 3 into a normonotonic queue structure: 

Frame NUIIlber -
Pri ori ty HUIIl ber -

1 2 3 4 5 6 1 8 9 10 11 12 
1112333434278 

Note that the trame is inserted between trames 6 and 7 rather than trames 
8 and 9 since scanm.ng takes place tran queue llead to queue tall. 

o 

c 
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-~------------------------------------------------------------------------------
Reference subsection 3.14. 

Operat:!.on: 

As above. 

Indicator Conditions: 

Operation completed then C <- 1 else C <- 0 
(queue was unlocked) 

B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

1. QOT 1s interruptable. 

2. The Lock word 1s addressed with a read-modit'y-wr1 te cycle. 

f 5.9.15 Deaueue Fran Head, ISH 

Fonnat: 

GE 

Description: 

The r.QH iI;lstruction unlinks the first frame fran the list whose priority 
value equals or is numerically greater then the contents of 115. B2 points 
to the lock word, and B 1 is returned containing a pointer to the priority 
word of the unlinked frame. IeG) and IeL) indicate the hit conditions. 

o o 

o 

a 1 

Condition 

Unlinked frame was first whose priority equaled [RS] 

Unlinked frame was first whose priority exceeded [RS] 

No frame was unlinked, B1 is unchanged, no priority 
found equal to or greater than [RS] 

lleference subsection 3.14. 

Operation: 

As above. 
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-----------~~~-~----.----------~~-----------~~--~~--------~ 
Indica tor Conditions: 

Operation completed then C <- 1 else C <-- 0 

Special Condi t1ons: 

1. DQH i3 interruptable. 

(queue was locked) 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
CN Q'nchanged 

2. The Lock word is addressed with a read-modity-write cycle. 

5 .9 .16 Deg ueue On Address, tQA 

Fonet: 

GE 

Description: 

The DQA instruction unl1nks a frame whose priority word address exactly 
matches Bl. B2 pOints to the lock word. 

Reference sub:section 3.14. 

Operation: 

As above. 

Indi ca tor Condi tions : 

Operation completed then C <- 1 else C <- 0 
(q ueue was locked) 

B Unchanged 
. I Unchanged 
G <- 0 

It !'rame was unlinked then L <- 0 el 3e L <- 1 
U Unchanged 
0'1 Unchanged 

Special Conditions: 

1. DQA is interruptable. 

2. The Lock word is addressed with a read-modity-wr1te cycle. 
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-------~---------------------------------~--------------------------------------

5.9.17 Search Queue Fran Head, SQH 

Fonuat: 

GE 

Description: 

The SQH instruction searches for the first frame in the queue whose priori ty 
value equals or is numerically greater than the contents of [RS]. [B2] 
points to the lock word. The indicator I(C), I(G), and I(L) report the 
outccme of the search as follows: 

llill.Ull. 

0 OC· 

1 0 

. 1 1 

0 

l.UJ.. 
UC· 

0 

0 

1 

Queue was locked. No search was performed. 

A frame was found whose priority equaled [RS]. Queue 
remains locked. 

A frame was found whose priority exceeded [RS]. Queue 
remains locked. 

No frame was found wi th priority eq ual to or greater 
than [RS]. (B1] is i.Ulchanged, and the queue remains 
locked. 

If a sui tabl e frame is found, [B1] is returned containing a pointer to the 
priori ty word of the frame found; the found frame is not unlinked. 

Refer to subsection 3.14. 

Operation: 

Search takes place only 1£ the queue is unlocked; i. e. , 

o If locked, then ICC) <-- 0 and instruction is terminated 
o If unlocked, then ICC) <-- 1 lock queue and instruction proceeds as 

described above. 

Indica tor Condi tions: 

C As above 
B Unchanged 
I Unchanged 
G As above 
L As above 
U Unchanged 
OV Unchanged 

• UC = Unchanged 
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Spec1al condi tiona: 

1. SQH is interruptable. 

2. The Look word ia addressed with a read-modiI'y-write oyole. 

3. 'lbe SQH instruotion ia supported only in the M61 and M6IE. 

5.9.18 . Search Queue By Address. SQA 

Fomat 

Description: 

The SQA. instruotion searches the queue for a frame whose priori ty worel 
address exactly matches (B1]. (B2] po1nts to the lock word. '!he indicators 
ICC), ICG), anel IeL) report the outoome at the search as follows: 

·I(C) I(G) .llY.. 

o Queue waa locked. No search was performed. 

1 o o Frame waa found. Queue remains looked. 

1 o 1 Frame was not found. Queue remains looked. 

rr a suitable frame is found, the frame ia not unlinked. 
Refer to subsection 3.15. 

Opera~on: 

Search takea place only it the queue is unlooked; i. e. , 

o If looked, then I(C) <- 0 and instruotion 1a terminated 

o rr unlooked, then I(C) <- 1 lock queue and instruotion proceeds aa 
desoribed above. 

Indica tor Condi tions: 

C Aa above 
B Unchanged 
I Unchanged 
G As above 
L As above 
U Unchanged 
(N Unchanged 

-UC = Unchanged 

c 
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--------------------------------------------------------------------------------
Special Conditions: 

1. SQA is interruptable. 

2. The Lock word is addressed with a read-modify-write cycle. 

3. 'lbe SQA instruction is supported only in the M6X and M6XE. 

5.9.19 Store Remote Descriptor Base Register. SRDB 

Format: 

GE 

Description: 

The contents of the Remote Descriptor Base Register (RIlBR) are stored in B3. 

Operation: 

. [83] <-- [RDBR] 

Indicator Conditions: 

C Unchanged 
B Ucchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

None. 

5.9.20 Load Remote Descriptor Base Register, LRDB 

Format: 

GE 

Description: 

The contents of B3 are loaded into the Remote Descriptor Base Register 
(RIER) • 

Operation: 

[RDBR] <-- [B3] 
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Indioator Condit~ons: 

C Unchanged 
B Unc.l:!anged 
I Unchanged 
G Unohanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Spe~al Conditions: 

None. 

5.9.21 Load Stack Address Register. LDT 

Format: 

GE 

Description: 

O· 
",:1 _ .i 

The oontents ot a specified base register, Bn, are stored into the stack 
address register, T. This instruction is distinguished from the other stack,,-, 
instructions by the contenta ot the second word ot the instruction: (. 

-:"'--../;/ 

Second Word Format: 

Bits 0:7 
Bita 8, 12 
Bits 9:11 
Bits 13: 15 

Reter to subseotion 3.4. 

Opera.tion: 

[T] <- [Bn] 

!nd~cator Conditions: . 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchallied . 
L Unchanged 
U Unchanged 
OV Unchanged 

RFU 
Zero 
Specifies Bn, 0 < n i 7 
Zero 
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Special Conditions._ 

1. If bit 12 of the second word ~ Zero, then Trap TV16 is posted. 

2. If current privilege is not sufficient to read the new stack header, then 
Trap TV14 (M6X or M6XE only). 

5.9.22 Store Stack Register, STT 

Format: 

GE 

Description: 

The contents of. the stack address register, T, are stored into B7. The 
instruction is distinguished from the other stack instructions by the 
contents of the second word of the instruction: 

Second Word Format: 

Bits 0:7 
Bits 8: 15 

Refer to subsection 3.4. 

Operation: 

[B7l <-- [T] 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

RFU 
Zero 

If bit 12 of the second word ~ Zero, then Trap TV16. 

5.9.23 Acquire Stack Space. ACg 

Format: 

GE 
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Description: 

The ACQ instruction acquires a portion of the remaining available stack 
space. The amount of space in words to be acquired is specified by Rm, and 
Sn is loaded with the lett-most address of the newly acquired space. C~ is 
updated to the new stack length. This instruction is distinguished from the 
other stack instructions by the contents of the second word ot the 
i.astruction: 

Second Word Format: 

where: 

Bits 0:7 
Bits 8, 12 
Bits 9:11 
Bits 13: lS 

CW = Current stack length in words 
MW = Maximum stack length in words 

Refer to subsection 3.4. 

Operation: 

BFU 
Zero 
Specifies Rm, 0 < m ~ 7 
Specifies 5n, 0 < n i 7 

If MW < eli + (Rm] + 1, TVl0 (Stack Overflow) 
Else (Sn] <-- (T] - ~i - [Rm] 
([5n] - 1] <-- (Rm] 
C'i <- ~.J + (Rm] + 1 

Indicator Conditions: 

C Unchanged 
5 Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

1. It bit 12 of the second word ~ Zero, then Trap TV16. 

2. If T = NULL then Trap TV16. 

5.9.24 Relinquish Stack Space. RLg 

Format: 

GE 

c 
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Description: 

The RLQ instruction converts a consumed stack frame into available space by 
updating the current length in words CCW) in the stack header. Bn is loaded 
with the leftmost address of the frame at the top of the stack. This 
instruction is distinguished from the other stack instructions by the 
contents of the second word of the instruction. 

Second Word Format: 

Bits 0:7 
Bits 8: 12 
Bits 13: 15 

Refer to subsection 3.4. 

Operation: 

If CW = 0, Trap TV16 
Else 
CW <-- CW - [[T] - CW] - 1 
If 0 < CW, then [Bn] <-- [T] - CW + 1 

RFU 
Zero 
Specifies Bn, 0 < n i 7 

Else if CW = 0, then Trap (TV09) Stack Underflow 
Else Trap TV16 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

1. If bit 12 of the second word # Zero, then Trap TV16. 

2. If T = NULL then Trap TV16. 

5.9.25 Modify Frame Length, MFL 

Format: 

GE 

Description: 

The MFL instruction allows the current active frame to be either extended 
([Rm] > 0) or shortened ([Rm] < 0) by the magnitude of the contents of the 
register Rm. The range of [Rm] is -215i [Rm] i 215_1. 

Refer to subsection 3.4. 
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As above. 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 
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1. The stack header in memory must not be accessed by software following the 
execution of MFL instruction or usage of a stack related address syllable 
since the CSS does not update the header in memory but rather hidden CSS 
registers only. 

2. The stack header in main memory may be accessed by the software after it is 
made current by the CSS following a reload of T. 

3. If [Rm] < 0 and the absolute value of [Rm] is greater than the size of the 
active frame, then a Trap TV16 (program error) occurs. 

4. If [Rm] = 0, the instruction is equivalent to a NOP. 

5. If [Rm] < 0 and the absolute value of [Rm] is equal to the size of the 
active frame, then the frame is reduced to Zero words. The frame remains 
the active frame. 

6. If [Rm] > 0 and sufficient space is not available in the current stack area,. 
then Trap TV10 (stack overflow). 

7. The MFL instruction is supported only in the M6X and M6XE. 

5.9.26 Bit String Search, BSRCH 

Format: 

GE 

Description: 

o The BSRCH instruction searches a string for a search argument conSisting 
of n all Zeros or n all Ones. If a match is found, then I(B) <-- 1 and 
R2 is incremented and R6 is decremented by the number of bits preceding 
the beginning of the match (B2 + R2 points to the beginning of the 
match) • c 
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o If no match is found, then I(B) <-- 0; R2 and R6 are updated as a func­
tion of whether a partial match is found or not. For no partial match 
found then R2 is incremented by the value of R6, and R6 is cleared to O. 
For partial match found then R2 is incremented by x such that it points 
to the beginning of the last partial match and R6 is decremented by x. 

o [B2] + [R2] pOints to a bit string, with [R2] being a 16-bit Signed bit 
index. 

o [R6] = size of string in bits, where 0 ~ [R6] < 215_1. 

o [R7(0)] = 0 specifies the search argument is n Zeros. 

o [R7(0)] = specifies the search argument is nOnes. 

o [R7(1:7)] = RFU. 

o [R7(8:15)] = size n of the search argument in bits where 0 ~ n ~ 255. 

Operation: 

As above. 

Indicator Conditions: 

If match then 

Special Conditions: 

C Unchanged 
B <-- 1 else 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

B <-- 0 

1. If [R6] = 0, I(B) is cleared and exit. 
2. If [R6(0)] = 1, then Trap TV16, negative string size. 
3. If [R6] + (R2] > 215_1, then Trap TV16 (i.e., B2 would have to be 

incremented when R2 reaches FFFF, to continue addressing the bit string). 
4. If [R7(8:15)] = 0, I(B) is set and exit. 
5. The BSRCH instruction is supported only in the M6X and M6XE. 

5.9.27 Main Memory Diagnostic, MEMD 

Format: 

GE 

Description: 

The MEMD instruction selects a memory controller, passes it a memory 
command, and stores the memory controller's response. 
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NOTES 

1. The implementation of this instruotion is model dependent. 

2. Memory oontroller responses to the MEMD are memory oontroller dependent. 

3. Since base registers vary in width among the various models, the Megabus 
nomenolature, will also be given in desoribing the MEMD oommands. In 
Megabus nomenclature, BSAD19 through BSAD22 correspond to the least 
significant (rightmost) hexadecimal digit of the logical address in a base 
register. . 

4. An input memory ID command should always be the first command used in order 
to identify the memory controller type. 

For more information on the MEMD, refer to Appendix A in this EPS-l. 

Operation: 

o Model CR41 E 

Its parameters are in dedicated registers as follows: 

o B5 contains a logical address which, after being oonverted into a 
physical address, provides the memory diagnostio oommand oode. 

o B6 contains a logioal address which, after.being converted into a 
physical address, defines the memory looation to be read. B6 is only 
used by command code 2 inB5. 

o R6 is used to receive memory data or status as a function of the memory 
diagnostic command. 

The supported commands are given in Table 5-18. 

o Model M5X and M5XE 

Its parameters are in dedicated registers as follows: 

o B5 contains a logical address which, after being converted into a 
physical address, defines the memory oontroller to be address~d and 
provides the memory diagnostic command oode. 

o R6 is used to receive memory data or status as a funotion of the memory 
diagnostic command. 

o Model M6X and M6XE 

Its parameters are in dedicated registers as follows: 

o B5 oontains a logioal address which, after being converted into a tf" 
physical address, defines the memory oontroller to be addressed. It also '''"--/ 
provides the memory diagnostic command code if [B5] is even. 
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o K6 contains the memory diagnostic command which is sent to the memory 

controller if [B5] is odd. 

o R6 is used to receive memory data or status as a function of the memory 
diagnostic command. 

o K5 is used in some command sequences to supply the data to be written 
into memory. 

The supported commands are given in Table 5-18 if [B5] is even and in Table 
5-19 if [B5] is odd. 

Indicator conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

Privileged instruction. If not in ring 0, then Trap TV13 in lieu of 
execution. 

Table 5-18 [B5] Functionality (Sheet 1 of 3) 
([B5] is an even word address) 

I BSAD 19-22 FUN C T ION 

1-------------- --~--------------~----------------------------------------
[B5] (16-19) CR41E 

o 0 0 0 R6 <-- Mem. ID/Status 

o 0 1 0 Clear Mem. ID/Status; Read contents of location 
addressed by [B5]; R6 <-- Mem. ID/Status 

o 1 0 0 Set EDAC Mode 

o 1 1 0 Reset EDAC Mode 

x X X 1 TV16 
I 

1 X X X TV16 , 

--------------1----------------------------------------------------------1 
[BS] (19-22)*' M5X and MSXE 

--------------1----------------------------------------------------------1 
o 0 0 X R6 <-- Mem. ID/Status of Mem. contr. specified by [B5]. 

o 0 1 X RFU 
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Table 5-18 [ES] Functionality (Sheet 2 of 3) 
([ES] is an even word address) 

ESAD 19-22 1 FUN C T ION 
--------------1----------------------------------------------------------1 

[ESJ (19-22)*1 M5X and MSXE (cont.) 
-------------- ------------------------~--------------------------------I 

o 1 0 X Set EDAC mode in Mem. controller specified by [E5J. 
R6 <-- contents of location addressed by [BS]. 

o 1 1 X Reset EDAC mode in Mem. controller specified by [ES]. 
R6 <-- contents of location addressed by [BS]. 

1 0 0 X RFU 

o 1 X Set/Clear "Here-I-Am" indicator, per ESAD1S, in Mem. 
controller specified by [BS]. 

1 1 0 X Set/Reset Alpha refresh control, per BSAD14-1S: 
ESAD14-1S = 00 Alpha refresh on ; normal cycle 
BSAD14-1S = 01 Alpha refresh offj normal cycle 
ESAD14-1S = 10 Alpha refresh on j high speed cycle 
BSAD14-1S = 11 Alpha refresh offj high speed cycle 

1 1 1 X RFU 

.--------------1----------------------------------------------------------
1 [ES] (19-22)*1 M6X and M6XE 
1--------------1----------------------------------------------------------o 0 0 0 

o 0 1 0 

o 1 0 0 

o a 

1 a 0 a 

R6 <-- Mem. ID/Status of Mem. contr. specified by [BS]. 

If configured Mem. contr. is a EF8MXG, then [ES(7, 16, 
17)] may be used to select the ID word D-as follows: 

ES(7) specifies Mem. contr. statej 0 = online and 
1 = offline. 

ES(16, 17) select ID word I; 00 = word #0 
11 = word #3 

If BS(7, 16, 17) contain values not defined above then 
R6 is loaded with the content of the memory location 
specified in ES. 

R6 <-- Mem. Status (from most recently detected error) 
of Mem. contr. specified by [ES]. 

TV16 

TV16 

Reconfigure Mem. controller, per BSAD13-15j 
R6 <-- contents of location addressed by [BS]. 
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BSAD 19-22 

Table S-18 [BS] Functionality (Sheet 3 of 3) 
([BS] is an even word address) 

FUNCTION 

[BS] (19-22)· M6X and M6XE (cont.) 

1 0 1 0 Set/Clear ftHere-I-Amft indicator, per BSAD15, in Mem. 
controller specified by [B5]. 

1 1 0 0 Set/Reset Alpha refresh control, per BSAD14-15: 
BSAD14-15 = 00 Alpha refresh on ; normal cycle 
BSAD14-1S = 01 Alpha refresh off; normal cycle 
BSAD14-15 = 10 Alpha refresh on ; high speed cycle 
BSAD14-15 = 11 Alpha refresh off; high speed cycle 

1 1 1 O' TV16 . 

x X X 1 Command specified by K6. 
---------------------------------------------------------------------------
• [B5] (16-19) for ~SX and M6X. 
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" Table 5-19 [K6] Functionality (Sheet 1 of 2) 
([BS] is an odd word address) 

----------------------------------------------------------~---------------
K6 I FUNCTION 

f _____________ I _________________________________________________________ _ 

00000000 

00000002 

00000004 

00000006 

00000007 

0000XXX8 

OOOOOOOA 

0000008A 

OOOOOOOC 

000ooo8C 

0000010C 

0000018C 

R6 <-- Mem. ID of Mem. controller specified by [BS] 

R6 <-- Status word of Mem. oontroller speoified by [BS], 
containing most reoently detected error. 

Clear status word of Mem. controller specified by [B5]. 

Clear Status word of Mem. controller specified by [BS]. 
K5 <-- double word specified by [[BS]-1]. 
R6 <-- Status word of Mem. controller specified by [BS]; 

i.e., status of double word just read. 

I Place Mem. controller specified by [B5] in EDAC mode. 
[KS(16:31)] --> word specified by [[B5]-1] with all EDAC 

bits =0. 
Reset EDAC mode in Mem. controller specified by[BS]. 

Place Mem. controller specified by [BS] in EDAC mode. 
[K5(16:31)] --> word speoified by [BS] with all EDAC 

bits =0. 
Reset EDAC mode in Mem. controller speoified by[BS]. 

I Reconfigure Memory per [K6]. 

Turn OFF "Here-I-Am" Light in Mem. controller specified 
by[B5]. 

R6 <-- word specified by [[B5]-1]. 

Turn ON "Here-I-Am" Light in Mem. oontroller specified 
by[B5]. 

R6 <-- word specified by [[B5]-1]. 

Set Soft Error Rewrite ON, Normal Cyole in Mem. 
oontroller specified by[BS]. 

R6 <-- word speoified by [[BS]-1]. 

Set Soft Error Rewrite OFF, Normal Cycle in Mem. 
controller specified by[B5]. 

R6 <-- word specified by [[BS]-1]. 

Set Soft Error Rewrite ON, High Speed in Mem. 
controller specified by[BS]. 

R6 <-- word speoifiedby [[B5]-1]. 

Set Soft Error Rewrite OFF, High Speed in Mem. 
controller specified by[BS]. 

R6 <-- word specified by [[BS]-1]. 

I 
I 
I 

I , ,-
I 
I , 
I 
I 
I , 
I , 
I 
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Table 5-19 [K6J Functionality (Sheet 2 of 2) 

([B5J is an odd word address) 

NOTES 

1. K6 (0-21) and K6 (25-27) must be zero else TV16. Other unlisted codes are 
RFU and yield unspecified results. 

2. K6 (22-23) are subject to modification by the MMU during address 
translation, as a function of bits 14 and 15 of the first word of the 
segment descriptor. 

5.9.28 Memory Management Unit Diagnostic, MMUD 

Format: 

GE 

Description: 

This instruction is used to test the MMU and cache hardware. The register 
usage is as follows: 

o R5 supplies, in bits a and 13 through 15, a four-bit function code that 
specifies which diagnostic action is to be performed. Bits 1 through 12 
are currently ignored but should be made Zeros, since they are RFU. When 
the MMUD is executed in an M6X or M6XE, the content of R5 is replaced 
with the 16-bit "syndrome" of the most recent "disaster". When the MMUD 
is executed in an M5XE, the content of R5 is unchanged. 

o R6 and R7 supply a 32-bit operand (left unchanged) for function codes 3, 
5 and 7. R6 and R7 receive a 32-bit result for function codes 8000, 1, 
2, 4, and 6 (initial values ignored). 

o B5 supplies a virtual address for function codes 1, 2 and 3 (only the 
segment number field is used by function codes a and 3. B5 is ignored 
for function codes 8000, 4, 5, 6 and 7. 

The content of B5 is unaltered by the MMUD instruction. 

The MMU diagnostic instruction (MMUD) provides functionality to: 

o Read/load a segment descriptor from/into the MMU SD storage facility. 

o Convert a LA into PA. 

o Read/load the MMU mode register (this register is an internal MMU 
register) • 

o Read/load the level register. 

o Read/load TSTB and TSTL. 

For more information on the MMUD, refer to Appendix B in this EPS-1. 
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Operation: 

As above. 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

1. The MMUD instruction is supported only in the MSXE, M6X and M6XE. 

2. Privileged instruction. If not in ring 0, then Trap TV13 in lieu of 
execution. 

5.9.29 Activate System Segment Table, ASST 

Format: 

GE 

Description: 

The ASST instruction activates a new system address space and switches the 
MHO mode of operation between SMMU mode and EMMU mode, according to the 
contents of registers B5 and R6. 

Operation: 

o [B5] = Null 

Activate SMMU mode of operation, generate a trivial address map (one for one 
mapping, where LAs = PAs) in the 31 Segment Descriptors. All subsequent 
references are made through the 16 small SDs and the 15 large SDs. 

Note that R6 is ignored for this case. 

o [BS] ~ NULL 

----~~-- - -----

INRUSH the contents of the SST, which is pointed to by the LA contained in 
B5, starting at SD#OO, up to and including the SD indicated in the System 
Segment Table Limit (SSTL) contained in R6. All invalid SDs within the 
range of SSTL and all SDs beyond SSTL are marked INVALID in the EMMU Storage 
Array. The Task Segment Table Limit (TSTL) register is set to 7F (no valid 
task address space assigned) and EMMU mode is activated. All subsequent 
references are mapped through the SDs in the extended mode of operation. 
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The format of R6, where 00 < SSTL i 7F, is shown below: 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 

OV Unchanged 

Special Conditions: 

o 8 9 15 

MBZ SSTL 

1. Privileged instruction. If not in ring 0, then Trap (TV13) in lieu of 
execution. 

2. R6(0:8) must be set to zero else unspecified results will occur. 

3. The SST must start in a valid segment, else Trap (TV1S). The SST is 
assumed to be contained in consecutive PA locations (no checks are 
performed) • 

4. An SST must be contained within the physical memory space, else Trap 
(TV15). State of the EMMU storage array, after this trap, is undefined. 

5. The ASST instruction is supported only in the M5XE and M6XE. 

5.9.30 Activate Task (User) Space Table (ATST) 

Format: 

GE 

Description: 

The ATST instruction activates a new task address space according to the 
contents of registers BS and R6. This instruction is equivalent to an EMMU 
context switch with BS supplying the ASV and R6 the TSTL. 

Operation: 

Convert the LA contained in B5 (which contains the pOinter to the Task 
Segment Table (TST» into a PA. Then load the computed PA and [R6] (which 
contains the Task Segment Table Limit (TSTL) value) into MMU registers. 
Subsequent references to the task address space will be made dynamically 
through on-demand loading of the MMU task cache. 
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Note that the TST must be memory resident whenever the task is a candidate 
for execution. 

The format of R6, where 00 < TSTL < FF is shown below: 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

o 7 8 15 

MBZ TSTL 

1. Privileged instruction. If not in ring 0, then Trap (TV13) in lieu of 
execution. 

2. If ATST is executed in SMMU mode, then Trap (TV16). 

3. The TST must start in a valid segment, else Trap (TV15). The TST is 
assumed to be contained in consecutive PA locations (no checks are 
performed) • 

4. If TSTL is specified to be less than 7F ([R6] as well as the ISA 
contents), the Task Address Space is treated as unassigned, i.e., TSTL is 
set to 7F and subsequent references to the Task Address Space will cause 
a Trap (TV15). 

5. The ATST instruction is supported only in the M5XE and M6XE. 

6. The TST, in a M5XE, must be double word aligned else Trap (TV16). 

5.9.31 Who Goes There, WGT 

Format: 

GE 

Description: 

The Firmware Revision Level of the processor is loaded (right justified) 
into R7. 
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[R7] <-- CSS Firmware Revision Level 

Indioator Conditions: 

C Unohanged 
B Unohanged 
I Unohanged 
G Unohanged 
L Unchanged 
U Unchanged 

OV Unchanged 

Speoial Conditions: 

None 

5.9.32 Dump Hardware Registers. DHR 

Format: 

GE 

Desoription: 

I SHEET 
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The DHR instruction results in the CSS reading most of the CSS hardware 
registers and placing them in memory beginning at the memory location 
pOinted to by the base register B1. 

Operation: 

CSS Registers --> Memory fieldj- [B1] pOints to leftmost .word of memory 
field. 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

1. Privileged instruction. If not in ring 0, then Trap (TV13) in lieu of 
execution. 

2. The DHR instruction is su~ported Qnly in the M6X and M6XE. 
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The RSC instruction causes the contents of R7 to be transmitted on the 
Megabus to an optional processor whose channel number is contained in 
R6(O:9), with the function code to be sent contained in R6(10:15). 

For M6X and M6XE: 

TED 

This instruction is used in conjunction with the ability of the SIP, CIP, 
and cache to alter its channel number. RSC also forces the CSS to determine 
whether an SIP, CIF, or cache is currently assigned to it. 

Operation: 

As above. 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

1. Privileged instruction. If not in ring 0, then Trap (TV13) in lieu of 
execution. 

2. The function code specified in R6(10:15) must be odd (I/O output). 
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5.9.34 CPU Self Identification, CPID 

Format: 

GE 

Description: 

The CPID instruction places the CPU identification code and optional 
information in registers R6 and H7. 

The format of the values returned in registers R6 and R7 are as follows: 

R 6 I 
I R 7 

CPU 1-----------------------1-----------------------
I BITS 0-7 I BITS 8-15 I I 
I CPU TYPE I MODIFIER I I 

-----------1-----------------------
CR41 01 

CR41E 01 

HERCULES 02 

HELlOS 03 

M5XE 05 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

00 

00 

00 

00 

00 

I BITS 0-15 I 

CPU SPECIFIC 
-----------------------

0000 

0001 

0000 

0000 

0000 

1. Privileged instruction. If not in ring 0, then Trap (TV13) in lieu of 
execution. 

2. The CPID instruction is supported only in the CR41, CR41E and 5XE. 
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SECTION 6 EXTENDED INTmER mSTRUC'l'ION SET DEFINITION 

6.1 EXTENDED INTEGER mSTRUC'l'ION (Ell) SET 

Tb1s section describes the CSS EII instruction set. Refer to Table 1-2 for a 
list of the various conventions and definitions used to describe these instruc­
tions. These instructions are available on the M6X and M6XE only. 

These instructions are classified as follows: 

o Double Operand - Subsection 6.2 
o Single Operand - Subsection 6.3 
o Short Value Immediate - Subsection 6.4 
o Branch on Register - Subsection 6.5 
o Shift - Subsection 6.6 

This set of instructions provides the follOWing functionality: 

o Access to seven 32-bi t integer registers, K( 1: 7) 

o Usage of a data descriptor to define the Operand 

o Use of mode register H2. 

~de register (M2) is defined to contain overflow masks for each of the seven K 
registers. See subsection 3.3.4.6 

For convenience the instructions are summarized in Appendix F. 
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6.1.1 Data Descriptors 

Data Descriptors (DD) are used to specify the type and location of an operand 
(second word of an EII). 

Two types of DDs are defined: 

o For all EII instructions except for Load Index and Address (LXA) instruction 
the following applies: 

0 4 ~ I 8 2 1~ 
I 

, DATA , 
I BS LENGTH , DATA TYPE MAP # AS DESCRIPTOR , , 

I 

or 
0 :3 4 I 8 ~ 12 

I DATA 
R F U DATA TYPE MAP # AS DESCRIPTOR 

Where: 

- as LENGTH specifies the length of the bit string when data type is Bit 
String. It data is Bit String and BS length equals Zero, then use contents 
ot R1 (11:15). It [R1(11:15)] = 0, then the instruction is treated as a 
NOP. 

- DATA TYPE specifies the atom size ot the operand as defined in Table 6-1. 

Table 6-1 EII Data Types (Sheet 1 ot 2) 

I I 
I I 

IDATA TYPE BITSI MEMORY OPERAND L'iO = In REG 
4 5 6 1 I 

I 0 0 0 U Bit String Illegal Illegal Illegal 
(TV16) (TV16) (TV16) 

I 0 ·0 1 S Bit String " " " 
0 0 1 0 Illegal (TV16) " " " 
0 0 1 1 " " " " 
0 1 0 0 U Half Word " " " 
0 1 0 1 S Half Word " " " 

'e ' r 
_-1 
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Table 6-1 Ell Data Types (Sheet 2 of 2) 

I I 
I I 

IDATA TYPE BITS I HEIDRY OPERAND IM) =Kn Rm 

0 1 0 o Word U Word nlegal U Word 
(TV16) 

0 1 1 SWord SWord II SWord 

1 a 1 a nlegal (TV16) Illegal II Illegal 
(TV16) (TV16) 

1 0 1 1 S Double Word S Double S Double S Double 
Word Word Word 

1 1 a 0 Illegal (TV16) nlegal nlegal nlegal 
(TV16) (TV16) (TV16 ) 

1 a 1 II II II II 

1 1 o. Address Address Address Address 
(:a Reg) 

1 1 1 1 Illegal (TV16) Illegal nlegal nlegal 
(TV16) (':V16) (TV16) 

where: 
0 X = least significant bit of BS length field 
0 U = unsj,gned 
0 S = signed 

- MAP I specifies the AS Map as a funotion of the AS in Word 1 (i.e., EII1 or 
EII23). See Figure 3-11. 

I 
I 

AS IN WORD 1 MAP I IN I AS }tAP I I 

WORD 2 I 
I 
I 
I 

EII1 0 IRFO (TV05) 
Elll 1 I 1 I 

EII23 0 I 2 I 

EII23 1 I 3 I 
I 
I 
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o For LXA instruct~on, the following applies: 

o 1 3 4 7 8 9 15 
I DATA 
IRFU S# DATA. TIPE MAP# AS DESCRIPTOR 

where: 

o S# defines in which S register the word portion of the address is to be 
stored, right-justified. 

Bits 1 through 3 of word 1 ot the instruction, define in which H register 
the atom index portion ot the address is to be stored, right-justified. 

o DATA TYPE specifies the atom size ot the data being pOinted to: 

DATA TYPE BITS 
I----··--~---I ATOM SIZE 

4 5 6 1 I 
I 
I 
I 

X 0 0 X I Bit I 

0 0 1 0 I Digit (4 bits) I 

0 0 1 1 I Ulegal (TV16) I 

0 1 0 X I Byte 
0 1 1 X I Word 
1 0 1 X I Double Word 
1 1 0 0 I Illegal (TV16) 
1 1 0 1 I Quad Wo~ 
1 1 1 0 I Address 
1 1 1 1 I nlegal (TV16) 

I 
I 

The atom index is stored in HI when a bit, digit or byte atom size is 
selected. 
For all the other atom sizes, RI is set to Zero. 

o MAP # specifies the AS Map as a function ot the AS in the instruction word. 
See detinition ot this bit in previous DD description. 
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6 • 1 .2 General Rul es 

The following general rules apply to the Extended Integer Instructions: 

o It' the DD specifies a signed operand, and the operands have unequal lengths, 
then: 

Rigtlt-justify and sign-extend to the left the shorter operand and/or 

-: Store the appropriate low order bits of the result; set the (]V indicator 
if.' the trunca ted bi ts are not all eq ual to the sign bi t retained. 

o It' the DD specif.'ied an unsigned operand, and the operands have unequal 
lengths, then: 

Rigtlt-justify and zero-fill to the left the shorter operand and/or 

- Store the appropriate low order bits of' the result; set the (]V indicator 
if.' the truncated bits are not all Zeroes. 

o .If' an (]V condi tion occurs and the resul t is being stored into a KI, then as 
a function of (M2], either trap or complete the instruction. Refer to 
subsection 3.3.4.6. 

o The as LENGm field is unsigned and specifies the length of' a bit string. 
'!be left-most bit of the string is pOinted to by the Effective Address. If 
the AS does not specify indexing, the string begins on a word boundary and 
continues to the right. Bit strings may cross word boundaries. 

o Ell instructions perform their operations with 32 bit operands. If an 
instruction specif.'ies an operand wi th size less than 32 bits, then the 
operand is converted in to a 32 bi t operand before instruction execution. 
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6 .2 Ell roUBLE OPERAND 

Ell double operand instructions are encoded W3ing t!le format of the general 
double 0 perand instructions wi th their AS fi el d eq ual to EII1 or EII23. The 
following formats apply: 

where: 

Refer 

Ie# 
OP 
EII1 

EII23 

o 1 3 4 

1 Iel OP 

8 9 

EII1 or 
EII23 

15 

I 

• 
WOliD 1 

----~--~--------~---------I 
DATA DESCRIPTOR USING AS FROM 

MAP 1, 2 or 3 
WOliD 2 

= Selects one of the seven clouble-word registers 

= Opcode field 

= Defines an Ell in:struction using an AS 
frcm Map 1 

= Defines an Ell instruciton using an AS 
frcm Map 2 or 3 

tata Descriptor = Specifies tne type and location of an 
operand. Refer to subsection 6.1.1. 

to F1 gure 3-15. 

(Ie) 

The above format applies to all Ell double operand instructions except for the 
LX! instruction, for which the format is given in subsection 6.2.12. 

Depending upon whether the AS .:specifies RAS, MAS, or nJ:) form, the double 
operand instructions are defined to have the following tor:na.t respectivel1: 

o RR.. Register to register 
o RM - Register to memory 
o RI - Register immediate. 

These instructions are sanmarized in Table 6-2; their numerical representation 
is given in Table 6-3. 

o 

c 
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Table 6-2 ElI Double Operands .' -----------------------------------------------------------------------------------
: REFERENCE IMNEMONIC 
I SUBSECTION I 

DESCRIFT:ON OPERATION I INDICATORS COMMENTS 
I AFFECTED 

, __________ , ________ ------------______ 1. _____ --------------,---------- __________ _ 

6.2.1 KLD Load Register I (II] <-- (EA] 

6.2.2 KST Store Register I [EA] < .• - (II] OV 

6.2.3 ICM Compare with (II] :: [EA] a, L, U 
Register I 

6.2.4 KSW Swap Register I [II] <--> [EA] OV 

6.2.5 KADD Add to Register I (II] <- [II] + c, OV 
I [EA] 

6.2.6 KSUB Subtract f'rom [II] <-- [II] - C, OV 
Register I [EA] 

6.2.7 KMUL Multiply [II] <- [II] • OV 
Register I [EA] 

6.2.8 IDIV Divide Register (XI] <-- OV Note 1 
I [II] I (EA] 

6.2.9 IOR OR with Register [XI] <-
K [II] \I (EA] 

6.2.10 [XOR I Exclusive OR [II] <--
with Register I [II] i (EA] 

6.2.11 KAND AND with (II] <-
Register I [II] 1\ [EA] 

6.2.12 LX! Load Index and (BI] <-- EA 
Address (address) 

[RI] <-- EA 
(atom index) 

Note 

1 M6X and M6XE do not change the state of' ICC) during the execution of this 
instruction. 
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Table 6-3 N1.lII1erical Representation or Word 1 of ElI J:ouble Operand Instructions 

~-----~------~-~---~--~------------~---~-----~-ISUBSEC'l'IOU I H1 I 8.2 I H3 I 84 I MNEMJNIC I ATOM SIZE I 
I I I I I 

J~~~~I--------~-.. --------------------~---------~--6 • .2.12 8+R# 8 0+111 n LlA 
6 • .2 • .2 8 ... KI 8 8-H1l I n IS'! I 

6 • .2.11 8+KI 9 O+m I n lWlD A 
6 • .2.4 8+K# 9 8+m 

, 
n KSW function I 

6.2.10 8+KI A O+m 
, 

n IClOR or the I 

6 • .2 .6 8+IC# A 8-HIl In ICStIB data type 
6.2.9 8+IC# B O-Hll I n ICOR in the 
6 • .2.8 8+K# B 8+m a IDIV Data De-
6 • .2.1 8+U I C 8+m a BI.D scriptor 
6 • .2.3 8+IC# I D 8+m a ICC! I 

6 • .2.5 8+ICI I E 8+m I a ICADD I 

6 • .2.7 8+KI I F 8-HIl I :'l L.'«JL I 

........ -------...------------------....--------.... ~.......--..--..... ----.--
where: Ill, n = 6, C for EII1 

Ill, n = 7, C for EI!23 

6 .2.1 Load Register [, KLD 

Format: 

RR, RM, RI 

Description: 

The contents ot the location specified by the AS ot the Data Descriptor are 
loaded into the desigmted K regLster. 

Operation: 

(ICI] <-- (EA] 

Indi ca tor Condi tioas: 

C Un c!:1anged 
B Uncl1anged 
I Uncilanged 
G Uacl1anged 
L Uncilanged 
o Unchanged 
av Unc!:1anged 

Special Coadi tions: 

Noae. 

0_' 
, , 

c 
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The contents of the designated register K are stored in the location 
specified by the AS of the Data Descriptor. 

Operation: 

[EA] <-- [II] 

Inc!icator conditions: 

C 
B 
I 
G 
L 
U 

Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 

If [II] > [EA] OV <-- 1 else OV <- O. 

Special Condi tions: 

The use of IMO address form. may cause al teration of procedure. 

6.2.3 Compare With Register It KCM 

Fonnat: 

RR, RM, RI 

Description: 

The contents of the designated I register and the contents of the location 
specified by the AS of the Data Descriptor are cc:mpared (unsigned). 

Operation: 

I(G), I(L), I(U) <-- [II] :: [EA] 

Indicator Condi tions: 

If (KI] > [EA], 
If (KI] < [EA], 
If [KI(O)] ~ [EA(O)], 

C Unchanged 
B Unchanged 
I Unchanged 

then G <--1 Else G <-- 0 
then L <-1 Else L <- 0 
then U <--1 Else U <-- a 

OV Unchanged 
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Special Conditions: 

None. 

6.2.4 Swao Register K, ~J 

Fonnat: 

HR, RM, HI 

Des cri ption : 
The contents ot the designated I register are 'swapped with the contents ot 
the loca tions speci.fied by the AS ot the Ia ta Descriptor. 

Operation: 

[II] <--> (EA] 

Indica tor Condi tiorus: 

It significant b1 ts 

C 
B 
I 
G 
L 
TJ 

TJncha.n&ed 
TJnchanged 
TJnchanged 
TJnchanged 
Unchanced 
Unchanged 

are truncated, then OV <- 1 Else OV <- 0 

Special Conditions: 

TJse of Dr> address torm m.ay cause al teration of procedure. 

6.2.5 Add to Register Is !:ADD 

Fonnat: 

HR, RM, HI 

Des en ption : 

The SUll of the contents ot the de si gna ted I register and the contents ot the 
location spec1t'1ed by the AS of the Iata Descriptor is leaded into the I 
register. 

Operation: 

(II] <-- [II] + [EA] 

Indicator Conditions: 

If carry, then C<-1 Else C<-O 
B TJnchanged 
I TJnchanged 

C·'·' .: I 

" 
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G Unchanged 
L Un cb.anged 
U Unchanged 

It overflow, then OV <-- 1 El se OV <--0 

Special Conditions: 

If an overflow occurs and M2(I) = 1, then a Trap TV06 occurs. 

6.2.6 Subtract From Register I. KSUB 

Fonnat: 

RR, RM, RI 

Description: 

The difference ot the contents ot the de signa ted It register and the contents 
at the location specified by the AS of the Iata Descriptor is loaded into 
the I register. 

Operation: 

[II] <- [KI] - [EA) (using 2's complement arithmetic) 

Indicator Condi tions: 

·If carry, then C <- 1 Else C <-0 
B Uncb.anged 
I Unchanged 
G Uncb.anged 
L Unchanged 
U Un.cb.anged 

It ov errl ow , then OV <-1 Else OV <-0 

Special Conditions: 

If an overflow occurs and M2(I) = 1, then a Trap TV06 occurs. 

6.2.1 Multiply Register I. KMUL 

Function: 

RR, RM, RI 

Des cri pt or : 

The product of the contents of the de signa ted K register and the contents ot 
the location specified by the AS of the r:a ta Descriptor is loaded into K. 

Operation: 

[II] <-- [II] • [EA] 
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Indi ca tor Condi Uons: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 

U overflow, then OV <- 1 Else OV<-o. 

Special Condi tiona: 

All operands rEmain unch~d it 
OV --> 1. 

'U an overflow occurs and H2(I) = 1, then a Trap 'l'V06 occurs. 

6.2.8 Divide Register Is KDIV 

Format: 

.RR, RM, RI 

Description: 

'!'he designated I register contents are divided by the contents of the (~ 
loca tion specif1ed by the AS of the Da ta Descriptor and the resul ting 
quotient is loaded 1nto Ie. 

'U the contents of the location spea:f.f1ed by the AS (d1v1.sor) is zero, or it 
the resuJ. ting quotient (Q) is Q < _231 or Q > 231 -1 t then the overflow 
condi tion is set, and the contents of the selected register are unchanged. 

OperaUon: 

(II] <-- (II] I(EA] 

Ind1cator Conditions: 

U divisor is Zero, or it' the quotient 
causes Overflow, then all operands 

C Unchanged 
B Unchanged 
I Uncbanged 
G Unchanged 
L Uncbanged 
U Unchanged 

remain unchanged, and OV <- 1 t else OV <- 0 

Special Conditions: 

1. U an overflow occurs and M2 (#) = " then a Trap 'l'V06 occurs. 

2. This CSS does not change the state of ICC) during the execution of this 
instruction. 
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6.2.9 OR With Register K. KOR 

Format: 

RR, RM, RI 

Description: 

The inclusive OR o~ the contents o~ the designated K register and the 
contents o~ the loca tion specified by the AS o~ the Ia ta Descriptor is 
loaded into K. 

Operation: 

[KI] <-- [II] \/ [EA] 

Indicator Condi tiona: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

None. 

6.2.10 Exclusive OR With Register K. KXOR 

Fonnat: 

RR, RM, RI 

Description: 

The exclusive OR ~ the contents o~ the designated K register and the 
contents o~ the loca tion speci.fied by the AS o~ the ta ta Descriptor is 
loaded into I. 

Operation: 

(II] <-- [II] ~ [EA] 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
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L Unchanged 
U Unchanged 
OV Uncllanged 

Special Cond1 tiona: 

None. 

6 .2. 11 AND With Register It KAND 

Format: 

RR, liM, HI 

Description: 

The logical AND of the contents of the designated Ie register and the 
contents o£ the location spec.1tied by the AS ~ the Data DeScriptor is 
loaded into L 

Operation: 

[XI] <-- [ICI] /\ (EA] 

Ind1 ca tor Cond1 t:l.ons: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchallged 

Special Cond1 tiona: 

None, . 

6.2.12 Load Index and Address, LX! 

Instruction format: 

0 1 3 4 8 ~ 1~ 
I I I 

1 RI I 1 0 0 0 0 I EII1 or WORD 1 
I I EII23 
I 

DATA DESCRIPTOR USING AS FROM MAP WORD 2 
1, 2 or 3 

o 

c 
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The B register designated in the Data Descriptor is loaded with the word 
portion of' the atan address. 'nle designated R register is loaded with the 
a tan index portion of' the address. 

An atan address is f'ormed by using the atan size and AS def'ined by the Data 
Descriptor. 

Operation: 

(BI] <-- EA, and 
(HI] <- ATOM INDEX 

If' Data Descriptor specif'ies a word (or greater) atan size, then (RI] <- 0 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV unchanged 

Special Condi tions : 

None. 

Example 

'!'he Data Descriptor specifies a byte atan size. The AS specifies B2 + D + 
R2 + 0 fran AS Map 2, where: 

(B2] = 1000 
D = 5 
(H2] = 5 
o (offset): not applicable to LX! 

'nle atan address is then equal to 1007.1. If' the selected S# = B3 and HI = R1 
then the registers are loaded as follows: 

(B3] <-- 1007 
(R1] <-- 1 
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6.3 EI! SINGLE OP!RJI..ND 

Ell single operand instructions are encoded using the format o£ the general 
single operand instructions wi th their AS tield equal to Elll or EI123. 
The following formats apply: 

o 1 :3 4 8 9 15 
I I 

1 0 0 0 OP I EII1 or WORD 1 
I EI123 

DATA DESClUPTOR (lSma AS FROM MAP 
1, 2 or 3 

WORD 2 

where OP = Opcode fielcl 
Ell 1 = Def ines an EII instruction using· an AS fl'Qll Map 1 
EI123 = Defines an Ell instruction using an AS trQll Map 2 or 3 
DATA DESCRIPTOR = Specifies the type and location of an operand. Reter to 

. subsection 6.1.1. 

Depencling upon whether the AS specifies an RAS, MAS, or DI) form, these 
instructions are defined to have the toll OWing format: 

R = Register only 
M = MEmor,. onJ.y 
I = Immecliate only. 

These instructions are sUIUIlarized in Table 6-4; their nt:mer1c:al representation 
is given in Table 6-5. 

Table 6-4 EII Single Operand ·Instruction Summary 

-------------------.. --~-~-------~~---~----~~----~~-------~-----IREFEREllCE IMHEHJNICI DESCRIPTION 
• StmSE C"r ION I . I 

OPERATION I INDICATORSI CO~'lTS 
I AFFEC!ED I 

·------~'--------l-----------------~I------~------~I-------~I-------------6.3.1 KINC IncrEment- [EA] <- [EA] + 11 ov, C 
I 

6.3.2 [DEC De or EIIle nt- [EA] <- (EA] - 11 OV, C 
• I 

6.3.3 mED Negate I [EA] <- 0 - (EA] I OVt C I 

I -6.3.4 ICPL Ccm pl Eme nt [EA] <-- (EA] 

--.-.-----------------~--------.------~----------~~~-------~--~-.0 mEmory interlock (RMW) is invoked during execution of this instrUction. 

.. 0···· 

o 
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Table 6-5 Numerical Representation of Word 1 of Ell Single Operand Instructions 

(SUBSECTION I H1 I H2 I H3 I H4 I MNEMJNIC I ATOM SIZE 

J----------I---------------------------------------------
6.3.1 8 C 0+11 n KINC A func-
6.3.2 8 D O+m n KDEC tion of 
6.3.3 8 E O+m n KNm data type 
6.3.4 8 F O+m n KCPL in Data 

Descrip-
tor 

----------------------------------------------------------
where: m, n = 6, C for EII1 

m, n = 7, C for EII23 

6.3.1 Increment, KINC 

Format: 

R, H, I 

Description: 

Increment by One the contents of' the location specified by the AS in the 
Da ta Descriptor. 

Operation: 

[EA] <-- [EA] + 1 

Indicator Conditions: 

If carry, then C <- 1, Else C <- 0 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 

If overflow, then OV <- 1, Else. OV <- 0 

'!he setting of OV for this instruction will not cause a Trap. 

Special Conditions: 

Use of IMO address form causes al teration of procedure. 

6.3.2 Decrement. KnEC 

Format: 

R, H, I 
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Description: 

Decrement by one the contents of the loca tion s~ci.tied by the AS ot the 
ra ta tescriptor. 

Operation: 

(EA] <- (EA] - 1 

Indicator Conditions: 

If carry, then C <- 1, Else C <- 0 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 

It overflow, then OV <- 1, Else av <- 0 

The setting or 0'1 tor this instruction will not cause a Trap. 

speCial Conditions: 

Use or IHl address torm causes alteration ot procedure. 

Format: 

R, M, I 

tescri ption: 

Two's complement the contents ot the location specified by AS of the Data 
Descriptor. 

Operation: 

(EA] <- 0 - (EA] 

Indicator Conditions: 

It [EA] = 0, then C <- 1, Elae C <- 0 
8 Unchanged, 
I Unchanged 
G Unci1anged 
L Unchanged 
U Unchanged 

It [EA] = BOOO 0000, then OV <- 1 Else OV <- 0 
The setting or 0'1 tor th1s instruction will not cause a Trap. 

Special Cond.1 tions: 

Use of IHJ address torm causes alteration ot procedure. 

0_-,--'\, . , 

, ' 
C,

--" 
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6.3.4 Complement, KCPL 

Fonnat: 

R, M, I 

Description: 
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One's complement the contents of' the location specif'ied by the AS of' the 
Da ta Descriptor. 

Operation: 

(EA] <-- (Ei] 

Indica tor Conditions: 

C 
B 
I 
G 
L 
U 
OV 

Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 

Special Conditions:· 

Use of' nt) address f'orm causes alteration of' procedure. 
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6.4 Ell SHORT VALOE DHDIATE 

The Ell short value immediate (ISI) instructions have the following format: 

0 1 3 4 8 2 15 
I 
I 

1 Iel I OP EII1 WORD 1 I 
I 
I 

V WORD 2 

where Iel = Selects one of the seven double-word reg:l.sters (Ie) 

OP = Opcode field 

EII1 = Defines an Extended Integer Instruction 

V = Immediate operand value, sign extended range is 215 i V i 215 - 1 

'!'hese instruotions operate on the I reg:l.sters and perform the following 
operations: load, compare, add and multiply. These instructions are suramar1%ed in 
Table 6-6; their nl1lleriaal representations are given in Table 6-1. 

Table 6-6 EII Short Value Immediate Instruotions 
-------------------------------------------_._._------... '-------------_._------------------- .. _----
I REFERmCE IMND!lNIC I DESCRIPTION OPERATION IINDICATORS COMMENTS 
StlBS!crION I I AFFECTED 
----------I--~ ··_-----------------1 ~---................. ---I---------- ----------...... f 

6.4.1 KLDV Load Value. (II] <- V 

6.4.2 ICCMV Cc:mpare Value. (XI] :: V a, L, U 

6.4.3 rADV Add Value- (ICI] <-- (ICI] + C, OV 
V 

6.4.4 IMLV Mul ti pl e by (II] <- (XI] • OV 
Value- V -------------.-....-.-------------------------------.... --~-----~--~--.... ---.-..------
-'!he 16-bit V is sign extended to 32 bits 

Table 6-1 N1.IIlerioal Representation of 
Ell Short Value Immediate Instructions 

-----........-----------~--------------.... ---------------------I StlBS! cr ION I Ii1 I H2 I H3 I Ii4 I MNEMONIC I Al'OMSrz! I 
I I I I 

I-------~-I----------------------~~~-------------I 6.4.1 a+KI 0 E C ICLDV 
6.4.2 8+K# 1 E C ICCHV NOT 
6.4.3 a+KI 2 E C DDV APPLI-
6.4.4 8+KI 3 E C KMLV CABLE 

C 
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6.4.1 Load Value, KLDV 

Format: 

KSI 

Description: 

I SPEC. NO. I SHEET I REV. 
I 60149740 I 6- 21 I C 

Load the 16 bit Value field (sign extended) into the designated K register. 

Opera tion: 

[KI(16:31)] <-- [V(0:15)]; [KI(0:15)] <-- (V(O)] 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Condi tiona: 

None. 

6.4.2 Compare With Val ue, KCMV 

Format: 

KSI 

Description: 

The unsigned comparison of the contents of the designated- K register and the 
16-bi t value field (sign extended) is used to set G, L, or U indicators. 

Operation: 

(TEMP(16:31)] <-- [V(0:15)]; [TEMP(0:15)] <-- [V(O)]; 
ICG), I(L)., IeU) <-- [KI] :: [TEMP] 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 

If [KI]>[TEMP] then G <-- 1, Else ~ <-- 0 
It (KI]<[TEMP] then L <-- 1, Else L <-- a 
It KI(O) A V(O), then U <-- 1, Else U <-- a 

OV Unchanged 
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Special Condi tiOIlS: 

None. 

6.4.3 - Add Value, IAN 

Fonnat: 

ISI 

Des cri ption : 

I SPEC. NO. ISREET- I REV. 
60149740 I 6- 22 I C 

The Sl.1Il ot the contents ot the designated Ie register and the value field 
(sign extended) is loaded into Ie. 

Operation: 

(TEMP(16:31)] <-- (V(0:15)J; [TEMP(0:15)] <-- [V(O)J; 
[ICI] <-- (ICI] + (tEMP] 

Ind1ca.tor Conditions: 

It Carry, then C <-- 1, ELse C <-- 0 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 

It OVertlow, then OV <-- 1, ELse OV <- 0 

Special Conditions: 

It an overflow occurs and M2 (I) = 1, then Trap TV06 occurs. 

6.4.4 MultiplY by Value, KMLV 

Fonnat: 

ISI 

Description: 

The product of the designated IC reg1.ster contents and the 16 bit value field 
(sign extended) is loaded into Ie. 

Operation: 

o 

(TEMP(16:31)] <-- (V(O: 15)]; (TEMP(0:15)] <-- (V(O)]; 
(ICI] <-- (ICI] • (TEMP] C: 
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~-------------------------------------------------------------------------------

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 

It OVerflow, then OV <- 1, Else OV <- 0 

Special Conditions: 

1. It ov <- 1, [Iel] is unchanged. 

2. It an overflow occurs and M2(#) = 1, then Trap TV06 occurs. 
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-~--~---~~------~-----------~-------------~~--------------~--
6 .5 Ell 13 RANCH ON RBHS'!ER 

These instructions have the following formats (iBR): 

WORD 1 

WORD 2 

WORD 1 

WORD 2 . 

W.ORD 3 

WORD 4 

I 
I 
I 
I 
I 
I , 
I 

a 1 3 4 
I 

1 II 1 

0 1 3 4 
I 
I 

1 II I 
I 

I 

1-
I 

a 9 

OP EI123 

DISPLACEMENT f; 0 

8 2 
I 

OP I EI123 
I 

DISPLACEMENT = 0 

IM! 

15 

12 
I 

I 
I 

I 
I 
I 
1 

_I , , 
1 
1 

where: II = Selecta one ot seven operand reg:Laters (I) 

OP = Opcoc:1e - aeterminea the branch condition 

EI123 = Defines an EII inatruction. 

DISPLACEMENT (D) = Detines how to compute EA as tollows: 

o For D/:O, EA = P + D 
o For D = 0, EA = IMl 

o 

(' " 
~ 

'!bese instructions enable brancl:1ing on a selected I reg:Lster, e. S., equal to 
Zero, less than Zero, etc. These instructions are det'ined in SUlUllary form in Table 
6-8; their numerical representation ia given in Table 6-9. 

o 
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Tab! e 6-8 EII Branch on Register Instructions 

I REFERENCE IMNEmNIC I DESCRIPTION 
I SUBSECTION I 

OPERATION I INDICATORS : COMMENTS 
I AFFECTED I 

l~-----'--------J------------------ -----------------1----------1-------------1 
6.5.1 

6.5.2 

6.5.3 

6.5.4 

6.5.5 

6.5.6 

6.5.7 

6.5.8 

KBLZ 'Branch it [I] is It [I'(O)] = 1, 
Less than Zero then [P] <- EA 

IBGli% Branch it [I] is It [II(O)] = 0, 
Grea ter than or then [P] <-- EA 
Eq ual to Zero 

IBli% Branch it [Il is It [II] = 0, 
Equal to Zero then [PJ <-- EA 

KBNEZ Branch it [Il is It [II] A 0, 

KBGZ 

KBLEZ 

KBEVN 

IBODD 

Not Equal to then [P] <- EA 
Zero 

, Branch it [Il is 
Greater than 
Zero 

Branch it [Il is 
Less than or 
F.q ual to Zero 

It ([II] A 0) /\, 
([II(O)] = 0) , 
then [p] <-- EA 

It «(I'(O)] = 
1) \I ([II] : 

I 0), then 
I (P] <- EA 

I Branch it [Il is I It [KI(31)] = 
I 
I 
I 

Even 0, then 
[P] <- EA 

I Branch 
I Odd 
I 

it [Kl is It [KI(31)] = 
1, then 
[P] <- EA 

In all 
branch op­
era tions, 
it branch 
condition 
is true and 
M1( J) = 1, 
then post a 
Trap TV02 
atter in­
struction 
is executed 

------------------------------------------~-----------------------------------~---



· --..... -....-.---..... .. -...._ ... ---... ---.............. --......-............... -_...--.............. ------...--_ .... -.. --... 

HONEl'.iELI.. INFORMATION 
SYSTEMS 

I SPEC. NO. 
I 601497 40 

f SHEET 
I 6- 26 

I REV. 
I 
I C 

... ,.....------.... ---......... -~--.... --------... ----......-..-...... ------..... -...... ---------------- ------

Table 6-9 Nmerical Representation ot Word 
1 ot EII Brancil on Register In:structions 

~~--------.. -------.. -----... ----.. ---~-~----~-----------I SUBS! Cl' ION H1 I H2 I H3 I H4 I ~!{EMONIC I ATOM SIZE I I I 

l---~~ ------.. ---------------------~-~~--------6.5.1 8+KI 0 7 C KBLZ 
6.5.2 8+KI 0 F C KBGEZ 
6.5.3 8+K# 1 7 C XBEZ NOT 
6.5.4 8+KI 1 F C KBNEZ APPLI-
6.5.5 8+K# 2 7 C KBGZ CABL! 
6.5.6 8+KI I 2 F C KBLEZ I 

6.5.7 8+KI I 3 7 C XBEVN 
6.5.8 8+KI I 3 F C KBODD I 

-~---~-.--.------~----------------~----------where 0 < KI .i 7 

6.5.1 Branch It tKl Less Than Zero. ICBLZ 

Format: 

XBR 

Description: 

Branch to Ertect1ve Address it the content:s of the designated I regL:ster are 
negative. 

Operation: 

If [II(O)] = 1, then [P] <-- EA 

Indi ca tor Condi tions : 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
0' Unchanged 
OV Unchanged 

Spea1al Condi t10rul: 

o 

It branch condition is true and M1( J) = 1, then a Trap 'l'V02 occurs after the 
XBLZ 1n:struction is executed. 

o 
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6.5.2 Branch If [ll Greater Than or Eaual to Zero. KBGEZ 

Format: 

KBR 

Description: 

Branch to the Effective Address if the contents of the designated K register 
are positive or Zero. 

Operation: 

If [KI(O)] = 0, then [P] <-- EA 

Ind! ca tor Condi tions : 

C 
B 
I 
G 
L 
U 
OV 

Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 

Special Cond! tions: 

If the branch condition is true and M1(J) = 1, then a Trap TV02 occurs after 
the KBGEZ instruction is executed. 

6.5.3 Branch If (K] Equal to Zero, KBEZ 

Format: 

KBR 

Description: 

Branch to the Effective Address if the contents of' the designated K register 
are Zero. 

Operation: 

If [XI] = 0, then [P] <-- EA 

Indicator Cond! tions: 

C 
B 
I 
G 
L 
U 
OV 

Unchanged. 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
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If tne branch condition is true and M1( J) = 1, then a '!'rap 'l'V02 occurs cU'ter 
tile KEE% instruction i3 executed. 

6.5.4 Branch If ell Not Equal to Zero. RBNE% 

Format: 

RBi 

Descri ption: 

Branch to the Effeotive Address it the contents of the desisnated I register 
are not Zero. 

Operation: 

It (II] ~ 0, then (P] <- EA 

Indicator Condi tiona: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Condi tiona: 

If the branch condi tion is true and M1( J) = 1, then a Trap TV02 occurs atter 
the XENE% instruction i3 exeouted. 

6.5.5 Branch If (I] Greater Than Zero. RBGZ 

Format: 

1mB 

Des cri ption : 

Branch to the Effective Address it the contents ot the designated I register 
are greater than Zero. 

Operation: 

It ((II] ~ 0) /\ ([II(O)] = 0), then (P] <-- EA 

Indicator Condi tiona: 

C Unchanged 
B Unchanged 

o 
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I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

If the branch condi tion is true and M1( J) = " then a Trap TV02 occurs after 
the KBGZ instruction is executed. 

6.5.6 Branch If [K] Less Than or Equal to Zero, KBLEl 

Fonnat: 

KBR 

Des cri ption : 

Branch to the Effective Address if the contents of the designated K register 
·are less than or equal to Zero. 

Operation: 

If ([KI(O)] = 1) \/ ([K'] = 0), then [P] <-- EA 

Indicator Condi tiona: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Condi tiona: 

If the branch condition is true and M1 (J) = 1 then a Trap TV02 occurs after 
the KBLEl instruction is exeouted. 

6.5.7 Branch If tK] Even. KBEVN 

Fomat: 

KBR 

Desoription: 

Branch to the Effective Address if the contents of the designated K register 
are even. 
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Operation: 

If (K'(31)] = 0, then [P] <-- EA 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Un chanae d 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Condi t:iona: 

rr the branch cond:ition is true and M1(J) = 1, then a Trap TV02 occurs after 
the XBEVN instruotion is exeouted. 

6.5.8 Branch Ir (IC] Odd, Kl30DD 

Format: 

(, . 
1 J 

ICBS (" 

Description: 

Branch to the Effective Address it the contents ot the designated IC register 
are odd. 

Operation: 

If (K'(31)] = 1, then (P] <-- EA 

Ind:icator Cond:i tions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Cond:i tiona: 

If the branch cond:i tion is true and M1 (J) = 1, then a Trap TV02 ocours after 
the mODD instruction is executed. 



-----------------------------------------------------------~------------------
HONElWELL INFORMATION 

SYSTEm 
I SPEc. NO. 
I 60149740 

I SHEET : REV. 
I 6- 3 1 I C 

------------------~-------------------------------------------------------------

6.6 Ell SHIFT OPERATIONS 

Ell shift instructions (KSHL) are encoded using a format that is similar to 
that used by the general shift long instructions. 

0 1 3 
I 
I 

0 I [I I 
I , 

I 
I 
I 
I 
I , 

4 7 8 10 11 

o 0 0 1 I T 
I 

1S 

D 

where [I = Selects one ot seven double-word registers ([) 

T = Identifies type and direction ot the shift 

WORD 1 

D = Distance (1 ~ D ~ 31); if' D = 0, substi tute contents of' R1( 11: 15) for 
the distance. It [R1( 11: 15)] = 0, then the register's contents are 
unchanged and the indicators relevant to the instruction are cleared. 

These instructions are sunmarized in Table 6-10; Their n1.lllerical representation 
is given in Table 6-11. 

Table 6-10 Ell Shift Instructions (Sheet 1 of 2) 

IREFERENCE IMNDDNICI .DESCRIPTION OPERATION 
lSUBSECTION I 

'INDICATORS 
AFFECTED 

I----------J-------- --------~--------I---------------------------- ------~--
6.6.1 [CL 

6.6.2 [CR 

6.6.3 KAt 

6.6.4 ICAR 

Shift Closed 
Lett 

Shift Closed 
Right 

Shift Arithmetic 

. I 
I 

1 
I 

o 31 
-<-I <- 1<-­
I I 
---------->----------

o 31 
--> I -> 1->-­
I 
----------<----------

o 1 31 
Lett I(OV) /SI <- l<- 0 

Shift Ari thmeti c 
Right 

.... 

I 
-- Set to 1 if' [1(0) 

changes during shift 

o 1 31 
-> IS I -> 1-> I(C) 
I I 

I 
I 

I 
Saves last bi t --­
shifted out of' KI(31) 

OV 

C 

~-----~--~---------------------------------------------------------------------
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Table 6-10 ED: Shift Instructions (Sbeet 2 o£ 2) 

---.... -----.. -----.. -----.... ----.....--------~--~----.. ------~---.. ------ ---....-...-----
I RE.1;'£RENa: IMHE!-!JNIC I DESCRIPTION 
I S1JJ3SECTION I 

OPERATION lINDICATORSI 
I AFFECTED I 

6.5.5 Sbift Open Let't 

6.6.6 ISOll Sbift Open Right 

o 31 
ICC)<--I <-- 1<-- 0 ... 
I 
- Saves last bit 

shifted out ot [1(0) 

o 31 
o ->1 -> I->I(C) ... 

I 
Saves last bit ---­
shifted out ot II(31) 

C 

C 

---------------~~----------.......... -~-.. --------------.......---...... ~-------.. -
Table 6-11 NlJDerical Representation of Ell Shift Instructions 

o 3 4 1 a 11 12 15 

~---- .... -------.. -... -----------.----~-------~~------
1 StlBSEC'.rICIH I B1 I B2 I 83 84 MNEMONIC I ATOM SIZE I 

I I I 

1-· ------1------1----'-----1-------- --------1----------1 
6.6.1 [' 1 2 I D KeL- I I 

I , I 

6.5.1 KI 1 3 I 
D - 16 KCL-- , 

1 I I 

6.6.2 II 1 6 D ICR- , 
NOT I I 

6.6.2 [I 1 7 D -16 " [CR-- , , 
6.6.5 KI 1 8 D KScL- APPLI-
6.6.5 [I 1 9 D - 16 KSa." 
6.6.3 

, [I 1 A D KAL- CABLE , 
5.6.3 " KI 1 B D - 16 KAL--I 

6.6.6 I KI 1 C D KSOR-
6.6.6 I K# 1 D D - 16 [sOR--
6.6.4 I KI 1 E D KAR-
6.6.4 I [' 1 F D - 16 [AD-· 

---------- ---------- ---------------------- .. ---------------~ where 1 i [I .i 1 ill bi ts 1 through 3 

D = Distance in b1 ts, 1 i D i 31 

-For D i 15 

-.For D > 15 

o 

( .... \ ".J 
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6.6.1 Shirt (K], Closed, Lett. KCL 

Fonnat: 

KSHL 

Description: 

The contents or the designated K register are sbirted D bit positions to the 
le.ft; bits shi.fted out ot [KI(O)] replace bits vacating (K'(31)]. 

Operation: 

Indicator Conditions: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Spec1.al Conditions: 

I 
-<-I 

o 

<-------

31 
I 
1<­
I I 

--------~~--------II I 
I 

--------------->---------------

If D = 0, the K registers' contents are unchanged. 

6.6.2 Shitt [Kl. Closed, Right. KCR 

Fonnat: 

KSHL 

Descri ption: 

The contents ot the designated K register are sbUted D bit positions to the 
right; bits shifted out of the (I#(31)] replace bits vacating (KI(O)]o 
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Operation: 

Indica tor Condi tiona: 

C Unchanged 
B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

S peci al. Co ndi ti 011.3: 

I 
I 

o 3 , 

-->1 ~-----~> 1->-
I I I ________ ~--____ ----I I 

KI I 

---------------<--~-~-------

If D = 0, then the It registers' contents are unchanged. 

6 .6 .3 Shift nq, Ari thmeti c, Lett. KAL 

Fomat: 

KSBL 

Description: 

The contents of the designated Ie register are shifted D bit positions to the 
lett. It the sign bit K'(O) changed at allJ time during the operation, the 
OV indicator is set. Zero rill the d least significant bit positions ot KI. 

Operation: 
0 1 31 

1 I 
I 

I(OV) S I <- 1<-0 .. I 
I KI 
I 
-- Set to 1 it KI(O) changes during shitt 

Indicator Conditions: 

0" , , 

C 
B 
I 
G 
L 
i1 

Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 

o 
U (KI(O)] changes, then OV <- 1 t Else Of <- 0 
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1. If D = 0, then the I registers' contents are unchanged, and ICOV) is 
cleared. 

2. If an overflow occurs and M2(I) = 1, then a Trap TV06 occurs. 

6.6.4 Shift [Il, Arithmetic, Right, KAR 

Format: 

ICSHL 

Description: 

The contents ot the designated I register are shifted D bit positions to the 
right. Bits equal to the sign bit [II(O)] till the d most significant bits 
of the II register and the last bit shifted out of (II(31)] is saved in the 
C indicator. 

Operation: 

o 1 31 
I 

--> I S -> I-->I(C) 
I l~~ ______ ~ ________ __ 
I II 

I 
I 

Saves last bit shifted out --­
of IiH31) 

Indicator Conditions: 

If D ~ 0 and the last bit 
shifted out of [II(31)] = 1, then C<-- 1, Else C <-- 0 

B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

Special Conditions: 

If D = 0, then the I registers' con~ents are unchanged, and I(C) is cleared. 

6.6.5 Shift [KI], Open, Left. KSOL 

Format: 

ICSHL 
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The cont.ents ot the designated I register are shifted D bit positions to the 
le£t. Zero till the d least significant bit positions ot II register. 'l'he 
least bit shifted out ot (iC#(O)] is saved in the C indicator. 

Operation: 

I 
I(C)<-I 

.... 

o 31 
I 

<- 1<- a 

II 

Saves laat bit shit'ted out ot II(a) 

Indicator Conditions: 

It D f; 0 and it the last bit 
shit'ted out at II( 0) = 1, then C <- 1, Else C <- 0 

Special Condi t1.ons : 

B Unchanged 
I Un c:hanpd 
G Unchanged 
L Uncllanpd 
U Unchanged 
OV Onc:hanpd 

It D = a, then the I registers' contents are unchanged, and I(C) is cleared. 

6-.6.6 Shift rICI], Open. Right, !(SOB 

Fonnat: 

!{sHL 

Description: 

The contents ot the designated I register are shit ted D bit positions to the 
rigbt. Zero till the d most sign1ticant bit positions or the II reg1ster. 
The last bit :mit'ted out ot (II(31)] is :saved in the C indicator. 

Opera t1.on : 
o 

I 
I 

o ->1 -> 

31 
I 
I->I(C) 

.... 

o 

I 
Saves last bit :mit'ted out or -
II(31) C·\ ,~' -
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Indicator Conditions: 

If' D 1= 0 and if' the last bit 
shifted out of [K'(31)] = 1, then C <-- 1 Else C <-- 0 

B Unchanged 
I Unchanged 
G Unchanged 
L Unchanged 
U Unchanged 
OV Unchanged 

S pe c1 al Condi tions : 

U D = 0, then the K reg:l.sters' contents are unchanged, and ICC) is aleared. 
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SECTION 7 COMMERCIAL INSTRUCTIONS 

7.1 INTRODUCTION 

This section describes the commercial. instruotion set. These instructions are 
part of the CSS instruction set and fall under the generic and branch groupings. 

The commercial instructions are classified as follows: 

o Numeric (subsection 7.3.1) 
o Alphanumeric (subsection 7.3.2) 
o Edit (subsection 7.3.3) 
o Branch (subsection 7.3.4). 

The commercial numeric, al phanumeric, and edit instructions use Da. ta Descri~ 
tors (DDs) to specify their operands. 

The commercial branch instructions are similar to the general branch on indi­
cator instructions. 

For convenience the instructions are s\llllJD.arized in Appendix G. They also 
appear in Appendix E as a function at their forma t. 
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1.2 DATA DESCRIPTORS 

Data De:!criptors (DDs) are used to define the operand type, size and location 
in memory. They can be In-Line DDs (IDs) or Remote DDs (RDs), but regardless of 
their location in memory, they llave the same format. 

IDs are part of a Caamercial Instruction (see Figure 3-16). 

RDs are defined by a label within the Commercial Instruction (see Figure 
3-17). 'nle label is a 12-bit positive integer which is used as an offset fraa the 
remote descriptor base address (contained in tlle Remote Descriptor Base Register, 
ROBR. 

As a function of the instruction op code, a DD can be one of' the following: 

o Decimal DD 
o Alphanumeric DD, or 
o Binary DD. 

7.2.1 Decimal Data t:escriDtors 

Decimal DDs are implied by all numeric instructions and the Numeric Edit 
instruction. Decimal DDs can refer to ei ther string decimal or packed decimal 
data. '!he format for Decimal DDs is :shown in Figure 7-1. 

where: 

o 1 
I I 
I C1 I C2 

I 

2 3 7 8 9 15 
I I I 

C3 LIT I WORD 1 

AS SPECIFIC WORD 2 

WORD 1: 
- C1, C2, C3 = COntrol bits which specify byte or half-byte offset and 

sign int'ormat1on 

- 1.= Speciries the length of the operand 

- T= Specifies the data type: 
T = 0, cia ta is string decimal; 
T : 1, cia ta is packed decimal. 

- AS: Specifies the address syllable (see subsection 3.11). 

WORD 2: 
- The contents of Word 2 is as defined by the AS Csee su~ection 3.11). 

Figure 7-1 Decimal Data Descriptor Format 

o 

o 
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7.2.1.1 STRING DECIMAL DD 

In a String Decimal DD the fields shown in Figure 7-1 have the following 
meanings: 

o C1 (Bit 0) - Byte offset: 

- When no indexiug is specified, C1 specifies the offset within the 
addressed word: 
C1 = 0: operand starts in the leftmost byte of the addressed word. 
C1 = 1: operand starts in the rightmost byte of the addressed word. 

- When indexing is specified, C1 contains a byte offset value which is added 
to the index value and the resulting sum is used to compute the EA. 

o C2, C3 (Bits 1 and 2) - Sign control as shown below: 

C2 C3 SIGN CONVENTION 

o 0: Unsigned-
o 1 I Trailing Overpunch 
1 0: Leading Separate Sign 
1 1 I Trailing Separate Sign 

I 
I I 

-The operand is positive. 

o L (Bits 3-7) - Specifies the length of the operand: 
for L ~ 0, then 1 < L < 31 
for L = 0, then escape~to Rn (11-15), where: 

n = 4 for DD1 
n = 5 for DD2 
n = 6 for DD3. 

Rn (8-10) should be Zero else unspecified results occur. 

For unsigned or signed overpunched operands, the length refers to digits. 

For leading or trailing separate signed operand, the length refers to L-1 
digits and a sign. 

An Illegal Specification Trap TV26 results if an operand has either: 

- a length of Zero, or 
- a length of one and specifies separate sign (i.e., the 
operand consists only of a sign). 
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o AS (Bits 9 - 15)- Specifies the address syllable (see subsection 3.11). 

o WORD 2 - The contents ot Word 2 are as detined by the AS (see subsection 
3.11). 

7.2.1.2 PACKED DECIMAL DD 

In a Packed Decimal DD the fields shown in Figure 7-1 have the following 
meaning: 

oCt, C2 (Bit 0, 1) - Halt byte ottset: 

- When no indexing is specified, then Ct and C2 specity the otfset within 
the addressed word: 

C1 C2 POSITION OF FIRSt DIGIT 
WITHIN THE ADDRESSED WORD 

0 0 digit 0 (bits 0 - 3) 
0 t cUgit 1 (b1ts 4 - 1) 
1 0 d1git 2 (bits 8 - 11) 
1 1 cUgit3 (bits 12 - 15) 

- When indenng is spec1tied C1 and C2 conta1n a half-byte offset value 
which is added to the index value and the result1ng sum is used to compute 
the EA. 

o C3 (Bit 2) - Sign oontrol: 
- It C3 = 0, the operand is unsigned; 
- It C3 = 1 t the operand is trai11ng signed. 

When unSigned, the operand is considered to be pos1tive. When signed, only 
trailing sign is allowed. 

o L (B1ts 3 - 7) - Spec1fies the length ot the operand directly or 
ind1rectly. The rules in subsect10n 7.2.1.1.for L also apply here. 

o T (B1t 8) = One. 

o AS (Bits 9 - 15) - Specifies the address syllable (see subsect10n 3.11). 

o 

//-~ 
r , 

U 

o WORD 2 - The contents of Word 2 are as defined by the AS (see subsect10n 
3.11). 

1.2.2 Alphanumeric Data Descriptors c 
Alphanumeric DDs are imp11ed by all Alphanumeric instruct10aa and the Alpha­

numeric EcUt instruotion. The format ot the DD is shown in Figure 7-2. 
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o 1 2 3 7 8 9 15 

C1 C2 0 I. o AS WORD 1 

AS SPECIFIC WORD 2 

Figure 7-2 Alphanumeric Data Descriptor Format 

o C1 (Bit 0) - Byte offset: 

- When no indexing is specified, C1 specifies the offset within the 
addressed word: 

If C1 = Zero, operand starts with leftmost byte of the addressed word. 
If C1 = One, operand starts with the rigntmost byte of the addressed word. 

- When indexing is specified, C1 contains a byte offset value which is added 
to the index value and the resulting sum is used to compute the EA. 

o C2 (Bit 1) - Fill Control. This bit is used in DD2 of an ALR or MAT. It 
specifies whether or not the receiving field is to be filled: 

If C2 = Zero, do not fill; 
If C2 = One, fill. 

The fill character is either a blank or as specified in [R5(0:7)]. See 
definition of the I. field. 

In an ACM instruction, the same rules apply except that fill is always 
assumed, regardless of the state of C. 

In DME and !ME instructions, no fill is performed. 

oBit 2 - MBZ or unspecified results will occur. 

o L (Bits 3 - 7) = Specifies the length ot the operand either directly or 
indirectly. It also specities the fill character. Refer to the specific 
instruciton for a description of the interpretation of the L field. 

oBit 8 - MBZ or an Illegal Specification Trap TV26 occurs. 
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o AS (Bits 9 - 15) - Specii"ies the address syllable (see subsection 3.11). 

o WORD 2 - The contents of WORD 2 are as defined by the AS (see subseotion 
3.11). 

7.2.3 Binary Data Descr1ptors 

Binary DDs are 1mpl.1.ed. by the CBD and the CIS instructions. 'l'heir format is 
shown in Figure 7-3. 

0123789 15 
I I 

C1 0 0 I L 0 WORD 1 
I 

AS SPECIFIC WORD 2 

Figure 1-3 B1nal'Y' Data Descriptor Format 

o C1 (Bit 0) - Byte etfset. Same def1mtion as given for an alphanumeric DD 
applies. 

oBits 1, 2 - IeZ or an unspec1t'1e<1 resul t occurs. 

o L (Bits 3 - 1) - Defines the binary precision, either 16 bits or 32 bits. 

It L Ii 0, then the L must be two or four, otherwise unspe¢.f'ie<1 resul ts 
occur. 

- It L = 2, then biIlal'1 operand is 16 bits (single precision). 

- It L = 4, then bin&l'Y' operand is 32 bits (double precision). 

- It L = 0, then the length is given by M( 11: 15) for DD1 or R5( 11: 15) for 
DD2. 

- Rn (11-15) can be 31t to two or tour oaly, otherwise unspec1.f1ed results 
occur. 'lbe same rules for L = 2 and L = 4, as described above, apply. 

oBit 8 - !f3Z or an nlegal Spec1f1cation Trap 'l'V26 occurs. 

oBits 9 - 15 (AS) - Specifies the address syllable (see subsection 3.11). 
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o WORD 2 - The contents of WORD 2 are as defined b.r the AS (see subseotion 

3.11). 

NOTE 

A binary desoriptor is a special case of an alphanumerio des ori ptor. 
Specifically, it is equal to an alphanumerio descriptor which has its C2 bit 
set to Zero (i.e., specifies no fill) and its length set to either two or 
four. Consequently, alphanumeric instructions can be used to operate on 
(e. g., move or oc:mpare) binary operands. '!be binary descriptor(s) in this 
oase is interpreted as alphanumerio. 

1.3 COMMERCIAL INSTRUCTION SET 

The t'ollowing subsections describe the Commercial instructions. These 
instructions are classified as follows: 

o N1JIIleric 
o Alphanumerio 
o .Edit 
o . Branoh. 

The format for the numerio, alphanumerio, and edit instruotions is given in 
Figure 7-4 (also see Figure 3-16). 'lbey are SlJDllDarized in Table 1-1 and their 
numerical representation is given in Table 7-2. 

'!be fOnDa t for the branch instruotions is given in Figure 1-7. '!bey are 
summarized in Table 7-3 and their numerical representation is given in Table 1-4. 

where: 

o 1 8 15 _ 
I I lOne Word 

o 0 0 0 0 0 O· I OP I > OP CODE , , , 
--------------.'---------------,-, I I Multi 

DATA DESCRIPTOR (DD1) I > Word DD , , 
------------------------------,-, I 

DATA DESCRIPTOR (DD2) I 

DATA DESCRIPTOR (DD3) 

OP - Opcode (0021:) 

DDn - Data Descriptor - Specit'ies the type, size and location ot' the oper­
and. DD1 refers to the first operand, DD2 refers to the second and 
DD3 refers to the third. 

Figure 7-4 Numerio, Alphanumerio and Ed! t Instruction Formats 
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Table 7-1 Commercial Numeric, Alphanumeric, and Edit Instruction Summary' 
(Sheet 1 ot 2) 

----------------------------------.. ---------------------------------------------------------------------I I I I tllDICl1'Ol!S I IU PS Illnllllll 
IIIJIIIICIIKlIKOIICI D&SCIIPTIOI 0'1111101 10'lfIIS'10ILllSIICID~lraI0'1 01 I COMKI.fS 
I I I I I I I I I I I I I IOPll- I 
I I I I 11111111111'JlDIII I 

I-------------------------------------------------~-----------------------------------------------------1 I'HIIIC IIIITIUCTIOIS I 
1------.. --------------------------------------------1------------1--------------1----------------------t I T.3.1.1 I DAD I Deo1aal '44 I [DDal • [DD1] 11 I /1 II/Ill /1 / 11 I 2 / 
I I I I -) CDDZl I I I I I I I I I I (II) I I 
1---------1--------1----------------1--------------- 1--1--'--'·'-1--1--1--1--1--'------1---------------1 I T.3.1.2 I Dsa I Deoi •• l I [DDU - (DD11 11 I 11 I11ZlZ 11 I I 11 I 2 I I 
I I I 11111&,.... I --) [DDa] I I I I 1 1 I I I I I 'II) I I 
1---------1-----1------------1------------- 1-1--1 -1-1-'--' .. '-- r --1--1-----' ---------------, 
I T.3.1.3 I DHIo I Deoual I [DDU I: (DD1l IX I 11 111Xll 11 I I 11 I 2 I I 
I I I KulUplr I --) (Dua] I I I I I I I I I I I (II) I I 
1---------,--------1----------------1--------------- 1--1--1--1-1-1--1--1--'--'--,------,---------------1 I 1.3.1 •• I DD' I Doo1l1&1 D1yUe I ill.Z.l -) [Dill 11 I II 1111\1 1% 11 I 11 I 3 I I 
I r I I CbDTI 'I I J I I I I I I I I (III) I I 
I I I I • _e) [DU] I I I I I I J I I I I I I 
1---------1--------1----------------f --------------- 1-1-' --1-1 .. 1--1--'-' .... 1 .. '----,---------------·, 
I 1.3.1.5 I DCK I Deo1aal I (DD1] II (Dua] I I I 111111 II I I I I 2 I Ia DDt 0 0" r. I 
I I I Co.p.... I -) IliD I I I I I I I I I' I I (II) I thD DDU I 
/ I I I I I I I I t I I I I I I h .. o Ull to I 
I I I I I I I I I I I I I I I I tile 10n 811,.. t 
I I I I I I I I I I I J I I I I 1'1104 tor I 
I I I I I I I I I I I I I I I 1 ••• Un I 
I I I I I I I I I I I I I I I I opnaael I 
1---------1--------1---..... ------..... 1....-..-----· ..... - 1-1--1--1-1-1-1--1--1--1--J -----I------..... -----C· -"\ 
I T.3.1.6 I DIIC I Deo1aal Koye I [DDt) oo ..... ~edll I II 111111 II I I 11 I a I CoaDiII.t10a. ,./ 
I I I aael Coa .. u ' I -) (DDU I I I I I I I I I I I (II) I .... a _e) a, .. 
I I I I I I I I I I I I I I I I S _e) P, I 
I I I I I I / I I I I I I I I I P _e) a, I 
I I I I I I I I I I I I I I I I , --) p' I 
1-.-------1--------,----------------;--------------- I--I--I--I-I-I--I--I--I--I--I------i---------------l I 1.3.1.T I caD I COaurt Iha..,. I [DD1] ou .... t.d 11 I 11 I I II I / I 11 I 2 I Uu..,. 0p .... lldl 
I I I to Ded.al I -) (DDU I I I I I I I I I I I (II) I La 10 2 .. 00_ I 
I I I I I I I I I I I I I I I I p.!. .eat toN I 
I---------t--------I----------------I---------._---- '--1--1--'.'-'--1--1--1--1-.1.-----.---------------1 I 7.3.1.8 I clla I CODurt ])eot.all (DD1] aoau .. t.oca/l I / I I II II I I ·11 I 2 I lLu..,. ,..nU I 
J , I I .to UU..,. I --) [DDal I I I I I I / I I I I (n) I La • 2a 00.- I 
I I II . I' I I' I I I I / I I I i IIl .... t ll!labo .. 1 
,---------,--------1----------------1--------------- 1--I--I--I-I-I--I--I--l--I--I----~-I---------------1 
I 7.3.1., I DSa I ])ed.al Sutt J IIUtt [DD1] II I I IXIIII 1% I 1 IX I 1 I "11· • abitt 1 
I I I I r.ett "11· I I I I I I I I 1 I I (I) I 111auaoe; 0' I 
I I I I I I I I I I I I I I I I ill 111 c. t or &Del I 
I I I I sun [DD1] I I I 111111 11 I I I I I t ... p, yal1cS I 
I I I I l1aU "4· I I I I I I I I I I I I oa17 tor I 
I I I I I I I I I I 1 I I 1 I I tbUt latt. I 
I I I I I I I I I I I I I I I I OpUOIta! I 
I I I I I I I I I I I I I I I I ,.oulld1.C I 
I I I 1 I I I I I I I I' I I I I clu .. iDa • I 
I I I I I I I I I I I I I I I I tUt1: ,.ieta t. I 1-----------------------------------------------------------____________________________________________ _ 
"bel'. II • St .. 1 •• 000 .. 0.4; , • 'aoked oper •• d. 

Det1D1t1olla. B. D.01.al 01" Baa ... ic 0p."Ollel 
a • Ii •• ..,. Opo,.0.4 
, • Upballaa.1"10 Ope .. &lIel 
I • EUt 

c 
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Table 7-1 Commercial Numeric, Alphanumeric, and Edit Instruction Summary 

(Sheet 2 of 2) 

I I I I IllDICATORS 1 TRAPS I NVKBEIII 
IUFERENCEII!If£l!ONICI DESCRIPTION OUlnIOI IOVITlISFIOII./ISIIC/DZ/TII/OVI OF I COMM!NTS 
I I I I I I I I I I I I I 10 PER- I 
I I I I I I I I I I I I I I I AliOS 1 
1---------------·---------------------------------------------------------------------------------------1 
I ALPHANUKERIC III8TIIUCTIOIIS 
1----------------------------------------------------1------------1--------------1----------------------1 
17.3.2.1 I AL3 I Upbaawaarl0 1(001] _e) [DD2l! 11 I I I 11 I I 11 I I 2 I FUl or do I 
I I I Kove I I I I I I I I I I I I (U) I Dot fill to I 
I I I I I I I I / / / I I I I I eha r1iht. da- I 
I I I (Interruptable) I I I 1 I I I I I I I I I tinad b, 002 I 
1---------1--------1----------------1----------------1--1--1--1-1-1--1--1--1--1--1------1---------------1 
I 7.3.2.2 I ACM I Uphuuaarlo I [001] II [002] I I I 111111 I I I I I 2 I If DDHL) ~ I 
I I I COIIpara I I I I I I 1 I I I I I (U) I DD2( I.). thea I 
I I I I I I I I I I I I I I I I ezt.ead ahorterl 
I 1 I I I I I I 1 1 I 1 I I I I oparaud aa I 
I I I I I I I I I I I I I I I I .peolflad br I 
I I I (Iaterruptable) I I I I I I I I I I I I I DD2 I 
1---------1--------1----------------1----------------1--1--1--1-1-1--1--1--1--1--1------1---------------1 
I 1.3.2.3 I KAt 1 Upbanwnr10 I [001] Trau.latal 11 I I I 11 I I U: I I 3 I Fill aUre 0 tel' I 
I I I Kove aad 1--) [DD2J I I I I I I I I I I I (AUll daf1aad II, 0021 
I I I TraDala'a I [003] apac1U .. 1 I I I" I r , I I I 1. uad I 
I I I I 256 b,te freDa-I I I I I I I I I I I I dlrectl, I 
I I I (Iaterruptabla) I la'a Table I I I I I I I I I I I I I 
1---------1--------1----------------1----------------1--1--1--1-1-1--1--1--1--1--1------1---------------1 
I 7.3.2.4 I SRca I Uphaawnr10 I [003] 1s I I I 111111 I I I I I 3 1 SL • Saaroh I 
I I I Saarch I .aarchad udnl I I I I I I I I I I I (.lUll Lhe I 
I I I I [DO 11 .. SL. I I I I I I I I I I I I SA • Search I 
I I I I ... ul t _e) a, I I I I I I I I I 1 I I Ar,wnar. I 
I I I I I. 1ad10at.or. I I 1 I I I I 1 I I I I I 
I I I I aad d1.place- 1 I , I I I I I I I I I 1 
I I I I seat, SA OIIa- I I I I I I I I I I I J I 
I I I (Interruptable) Iller _e) [DD2] I I I I I I I I I I I I 1 
1---------1--------1----------------1----------------1--1--1--1-1-1--1--1--1--1--1------1---------------1 
I 7.3.2.5 I var I llpbaauaerl0 I [003] 18 "'1'1- I I I 111111 I I 1 I I 3 I VL • 'ier1f7 I 
I I 1 'er1f7 I f1ed lllial I J I I I I I I I I I (AU) I Ust I 
I I I I [001] .. fL. I I I I I I I I I I I I I 
I I I I lIaault _e) 0,1. I I I I 1 I I I 1 I 1 I I 
I I I I 1ad1eatora aad I I I I I I I 1 I 1 I 1 I 
1 I I I d1.plao •• eat 1 I I I I I I I I I I I I 
I I I (Iatarruptable) I _e) [DD2] I I I I I 1 I I I 1 I I I 
1-------------------------------------------------------------------------------------------------------1 
I BDIT IJISTRUCTIOH8 I 
1----------------------------------------------------1------------1--------------1----------------------1 
11.3.3.1.11 DHI I De01.al Kon I [DD1] edUed I I I I I II 11 I 1 I I ] I DDl • daobal I 
I I I aad Edit I _e) [DD2], DD] I I I I I I I I I I I (HUll deao.; DD2. I 
I I I I .pec1f1e. , I I I I I I I I I I DD3 • a1 plla- I 
I I I(Iaterruptable) I M1cro-op. I I I I I I I I I I I I aUller10 de.e. I 
1---------1--------1----------------1----------------1--1--1--1-1-1--1--1--1--1--1------1---------------1 
17.3.3.1.21 1MB I Upbaauaar1e I [DOt] ed1tad I I I I I IX I I I I 1 3 I DOl. DD2. I 
I I I Mo.,. aad Edit I --) [DD2], DD] I 1 1 I I I I I I I I (.lUll DD3 • &lplle- I 
I I I I .peelf1.. I 1 I I I 1 I I I 1 1 1 aUII.r1a deao. 1 
I I I (Iaterruptablal I K1ero-opa I 1 I I I I I 1 I I I I I 
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Table 7-2 Numerical Representation of Numerio, 
Alphanumerio, and Edit Instruotions 

I SUBSECTION I H1 I 112 I H3 I H4 I MNEMONIC I ATOM SIZE I 
I----------,-------~--~-----~~~~---~----------: 7.3.2.5 I 0 0 2 a VRr I Note 3 

7.3.2.1 I 0 0 2 1 ALB Note 3 
1.3.2.2 : 0 0 2 2 ACM Note 3 
1.3.2.3 I 0 0 2 3 MAT Note 3 
7.3.3.1.21 0 0 2 4 AM! Note 3 
7.3.1.6 I 0 0 2 5 DMC Note 1 
7.3.3.1.11 0 0 2 6 DM! Notes 1,3 
7.3.1.7 I 0 0 2 7 CBD Note 2 
7.3.2.4 0 0 2 8 SRca Note 3 
7.3.1.3 0 0 2 9 DML Note 1 
7.3.1.8 0 0 2 A CDS Note 2 
7.3.1.4 0 0 2 B DDV Note 1 
7.3.1.1 0 0 2 e DAD Note 1 
1.3.1.2 0 0 2 0 OSB Note 1 
7.3.1.9 0 0 2 I DSB Note 1 
7.3.1.5 0 0 2 r DCM Note 1 

-----.............. _---------..... -----.... ------------....------------------
NO'l'ES FOR TABLE 7-2 

1. 'lbe atcm size at each numerio operand mar be either a byte or a digit 
as defined by the 00. 

2. The atcm size of each ZllJllerio operand mar be either a byte or a digit 
as defined by the DO. 'lbe atcm size of the binary operand must be 
ei ther 2 or 4 bytes. 

3. The a tcm siz e of each al ph anumeri ° operand is a byte. 

1.3.1 Numerio 

The tollowing general rules apply to all commercial ntDerio instruotions: 

1. IA alwars pOints to the leftmost digit or leading sign ot the operand. 

2. G, L indicators indicate value ot result relative to Zero (except tor CIS 
and CBD instruotions) regardless ot overflow. 

3. It the result is shorter than the reoeiving tield, the reoeiving tield is 
Zero-tilled to the lett except tor the em instruction where the resul t is 
sign extended instead. 

4. (+) and (-) Zero are allowed on input but are treated as + Zero during 
instruction execution. All Zero results genera ted by the hardware are + 
Zero. 

5. A string decl.mal Zero = 3016; a paoked dec1mal Zero = 016. 
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6. All signed resuJ. ts have hardware generated signs, regardless of the sign 

convention used by the operands at execution time. Refer to Tables 3-1 
and 3-2. 

1. Zone bits (leftmost bits of a string decimal number) are always ignored on 
input. Nevertheless, all results have the zone bits set to 3 hexadecimal. 

8. Operands must not overlap each other, otherwise unspecified resul ts ocour 
(except as allowed by Rule '9). 

9. Identical operands are allowed. 

10. If a trap condition is disabled, the trap does not oocur and the reoeiving 
field is altered. 

11. Mixing of operands (i. e., string and packed decimal) is allowed. 

12. Operands having dif'ferent sign conventions are allowed. 

p. 
oI! 

14. 

15. 

16. 

Arr.I operand having a Zero length or a length equal to just the sign 
character, and speoifying separate sign, results in an IS Trap TV26 
oondi tion. 

OV is set if the receiving field cannot accept all significant dig! ts of 
the resul t. 

If ei ther operand has an illegal digi t or an illegal sign, then an nlegal 
Claraoter Trap TV27 results. 

If a negative result is to be stored in an unsigned reoeiving field, then 
the sign faul t indicator is set. 

17. If DD2 specifies IMl in any instruction except a DCM, a Trap TV26 occurs. 

18. If DD3 specifies IMO, .a Trap TV26 oocurs. 

19. Truncation Traps can oocur only during the execution of Alphanumerio 
instructions. 

20. The original operands of a commercial nU'J1eric i!lstruction are preserved if 
a Trap IS, IC, DZ, or OV ooours. For any other Trap type, the state of 
the operands are undefined. 

21. If the reoeiving field cannot accept all significant digits of the resuJ. t 
and M3 register specifies that no trap be generated, then the reoeiving 
field contains only low order digits (i.e., the high order digits are 
lost) • 

22. Comparison is algebraio. 

23. The follOWing defines the canmeroial numeric traps: 
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TRAP EVENT MNEMJNIC TRAP NUMBER 

Reference to protected. memory PV 14' or 32 

Illegal character IC 15' or 23 

D:1. vid.e by Zero DZ 11' or 24 

Illegal spec1tica tion IS 26 

Illegal character IC zr 
D:1.v1de by Zero DZ 25 

Overflew OV 29 

• Th::i.3 trap nmber i3 u.:sed. when the ccmmercial instruction is executed. by the CPU 
as opposed. to an auxiliary porcessor. 

1 .3 • 1 • 1 DECIMAL ADD, DAD 

Type: 

Nmeric. 

Description: 

(DD2] + [DD1] --> (DD2] 

Indicator Conditions: 

OV, SF, G, L 

Trap Cond.1 tions : 

IS, IC, OV 

1.3.1.2 DECIMAL SUBTRACT, DSB 

Type: 

Numeric 

Description: 

o 

[DD2] - (DD1] --> [DD2] o 
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Indicator Conditions: 

av, SF, a, L 

Trap Conditiona: 

IS, IC, av 

7.3.1.3 DECIMAL MULTIPLY, DHL 

Type: 

Numeric 

Description: 

[DD2] x [DD1] --> [DD2] 
(Multiplicand x Multiplier = Product) 

Indicator Conditiona: 

av, SF, G, L 

Trap Conditions: 

IS, IC, OV 

7.3.1.4 DECIMAL DIVIDE, DDV 

Type; 

Numeric 

Description: 

[DD2J -> [DD3] 
[DD1 ] 

Remainder --> [DD2] 

Indicator Conditions: 

OV, SF, G, L 

Trap Conditions: 

IS, IC, DZ, av 
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Special Conditions: 

1. OV is set if quotient is larger than DD3( L) or a divide by Zero is 
attempted. 

2. Sign ot quotient is determined by rules ot algebra. Specifically: 

o U sign of (DD1] = that ot (DD2], then quotient = (+). 

o U sign of (DD1] _ that at (DD2], then quotient = (-). 
o Sign ot remainder is alwa;ys equal to that ot the (tividend [DD2] unless 

the remainder is Zero. 

3. If [DD1] > [DD2], then [DD2] --> [DD2] and 0 --> [DD3]. 

4. rr (tivide by zero is attempted, then m Trap (TV25) and set CI(OV). 

7 .3 • 1 .5 DECIMAL COMPARE, DCH 

HUIleric 

Desoription: 

[DD1] :: [DD2] -> Indicators 
Compare takes place algebraically. 
G, L than [DD2]. 

Indica tor Conditions: 

Gt L 

Trap Concli tions: 

IS, IC 

Special Condi tions: 

1. Ccmparison is algebraic. 

Indicators will indicate it [DD 11 is i, 

2. Leading Zero till dig:Lts are :supplied tor the shorter operand. 

3. (+) and (-) zero cQllpares equal. 

4. [DD1] and/or [DD2] ma:r be IKls. 

o 

o 
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1.3.1.6 DECIMAL mVE AND CONVERT, DMC 

Type: 

N\.1IIleric 

Lescription: 

[DD1] is converted and moved to [DD2] 

1. Valid canbinations: 

String --> String 
String --> Packed 
Packed -> String 
Packed --> Packed 

2. Data type specified by DD1 is converted to data type specified by DD2. 

~. The resul t is right justified in the receiving field. 

4. It DD2( L) > DD 1( L), then the 1 ettmost portion of the resul t is 
Zero-filled. 

Indicator Conditions: 

OV, SF, a, L 

Trap Conditions: 

IS, IC, OV 

1.3.1.1 CONVERT BINARY TO DECIMAL, CBD 

Type: 

Description: 

[DD1] is converted and moved to [DD2] 

1. Result is right justified. 

2. DD1 is a Binary DD. 

3. DD2 is a Decimal (String or Packed DD). 

Indicator Conditions: 

OV, SF 
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Trap Conditions: 

IS, OV 

Spec1al Conditions: 

1. If DD2( L) > the nmber ot significant dig:1 ts in the dec:idecimal 
equivalent ot [DD 1], then the leftmost position ot DD2 is Zero-tilled. 

2. H1gt1 order bi t ot Binary operand is 1 ts si&n b1 t (2 f s oompl ement 
notation) • 

3. If DD1 specit1es an IH), then unspecit1ed results occur. 

1.3.1.8 CONVERT DECIMAL TO BINARY, CDB 

Type: 

N'lDer1c 

Description: 

[DD1] is converted and moved to [DD2] 

1. Result is rigt1t juat1t1ed. 

2. DD1 is a decimal (Strine or Packed) DD. 

3. DD2 is a binary DD. 

4. Binary result is a 2 fa complement nClllber, sign extended to till [DD2]. 

Indicator Condi tiona: 

OV 

'!rap Conditions: 

IS, IC, OV 

1.3.1.9 DECIMAL SHIFT, DSH 

Type: 

N\Deric 

Description: 

Figure 1-5 gives the two possible tormats of the shUt instruction. Note 
that two shift control words are alwqs required and they must be in line 
toll ow 1ng DD 1 or Labell. 

o 

() 

c 
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Special Conditions: 

1. r.r DD1 specifies an L.'!l, an IS Trap resul ts. 

2. nlegal Character checking is perf'ormed only upon canpletion or the shi.f't 
operation. Thus, an;y illegal characters shi:fted out do not a:frect the 
nlegal Character checking. 

3. r.r d = 0, the instruction is treated as a no-operation instruction. Thus, 
there is no checking ror illegal characters or sign nonnaliza tion. 

7.3.1.9.1 Decimal Shirt - Shift Left, DSH 

Type: 

NUDeric 

Description: 

For LIR = 0 
·Shirt DD1 left "d ft and append zeros to the right 

Indicator Condi tiOn:5: 

OV, Gf L 

Trap Conditions: 

IC, OV, IS 

Special Conditions: 

r.r a non-zero character is shifted out, set OV. 

7.3.1.9.2 Decimal Shi.f't - Shift Right, DSH 

Type: 

Numeric 

Description: 

For LlR = 1 

Shift [DD 1] Right ftd ft and round if specified. Zero rill to the left. 

Indicator Condition:5: 

G, L 

(Text continues after Figure 7-5) 
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Shift instruction with :!hift control information in line: 

a 1 8 15 
I 
I 

o a a 0 0 0 o 010 a 1 0 1 1 1 a 
I 

, , 
I 
I 

DDl or Label 1 I 
I 

- 1- Bit 1 of SCMl 
I I I I I I specifies that I I J 

Shift I SCM1 RPTJ 1000011101 1 1 100 0 I 1- shift control I 

Control < I , '-I information is I I 
Words 1 LI I llil 

, 
in S~M2. I I 

I SCI2 /lliPl11 d ICI RFtJ I 
I 

1- B' I I I 
, 

I I I 

o 123 7 8 9 15 

OR 

Sbj,ft instruct:Lon wi th shift control intonna tion in regi:ster B5: 

Shift 
Control 

. Words 

CPU 15 

where: 

,­
I 

I Sew1 

< 
I 
1 SCW2 
I 

'-

o 1 8 15 
I 

o 0 0 0 0 0 0 010 0 1 a 1 1 1 a 
I 
I 

------------~----------_I I 
DD 1 or Label 1 I 

----~----~~----------_I-I I I I I 
liFO 10 0 0 01010 1 1 1 1 0 a 0 I 1-

:----~I~----------------_I_I 
I 

o 1 2 3 

RI 
Cl 

I 
o 1 

B F tJ 

1 8 9 

ILl I 
R F tJ 1/ I BFO I d 

llil 

15 

,1 8 9 11 15 

Bit 1 of SCWl 
specifies that 
shUt control 
information is 
in register R5 • 

SCWn = Shift Control Word (SCWl and SCW2) - They must be inline and take the 
1'081 tion nonnall1 occupied by DD2. The SCWn is treated as a DD and 
thus the word must be encoded exactly as shown above. SCWl bi t 1 
specifies' where the shift control iDt'onnation is located. When the 
shirt control information comes trail 15, the lett and rigbt bytes ot 

o 

the shirt control infonna tion are interchanged. The sign (if. any) ( .. " 
is unaffected by the shift operation. (i. e., it does not get shifted) J 

Figure 1-5 Sbj,ft Instruction Fonnats (Sheet 1 of 2) 
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L/ R = Specifies the direction of the shift operation. For L/ R = 0, shift 
left; for L/ R = 1, shift right. 

d = Shift distance: (0 id,i 31) 

RC = Round Control - This is applicable only to a shift right. For RC = 
0, do not round; for BC = 1, round after shifting right. 

Figure 7-5 Shift Instruction Formats (Sheet 2 of 2) 

(Text continued fran sheet 1-11) 

Trap Condi tions : 

·IC, IS 

Special Condi tiona: 

It rounding is performed, the follOWing rules apply: 

o Shift digits to the right 

o If tbe last digit (Ld) shifted out equals: 0.i Ld.i 4, then the result 
remains unchanged. 

o Ii' the last digit (Ld) shifted out equals: 5.i Ld.5. 9, .then absolute 
value of the result is incremented by one (i.e., +12 --> +13; -12 --> 
-13.) 



----~ --- --------- -.--

------~~~-~--------------------~-----~-----~--------------~----HCNElWm.L INFORMATION 
SYSTEMS 

I SPEC. NO. 
I 60149740 

I SHUT 
I 1- 20 

I REV. 
I 
I c 

---------~---~---- -------------~~--------~-------~-~---~--~--
1.3.2 Alphanumeric Instructions 

The following general rules apply to all Commercial alphanUlleric instructions: 

1. EA always points to the leftmost character of the operand. 

2. It' sending field leJl81;h of an ALR or MAT instruction is shorter than 
receiving field length, then fill or not (as specified by DD2) the 
rema:f.m.ng characters, at the rigtlt end of the receiving field.. ACM always 
fills (independent of DD2-C2). 

3. During the execution of an alphanmeric compare instruction, the shorter 
field is alwaJs fUled (as specified in DD2) to ensure that both operands 
have the same 1 ength. 

4. When fill is specified by DD2, then DD2 also specifies the fill character: 

o E1 ther an ASCII Blank, or 

o Character contained in (R5 (0: 1) J. 

5. Operands with Zero length are allowed except in SllH and VRF instructions. 

6. The TR indicator is .set if the receiving field cannot accept all the 
characters of the resul t. 

1. Operands must not overlap except as allowed by rule 18. 

8. Identical operands are allowed. 

9. It' DD2 specifies an IMJ in a~ instruction except an !CM, a Trap TV26 
occurs. 

10. It DD3 specifies an IM:l, a Trap TV26 occurs. 

11. 'l'he following defines the camnercial al phant.llleric instruction traps: 

I 
I' TRAP EVElIT 

Reference to protected mElllory 

Reference to unavailable resource I 
I 

Memory or bus error I 
I 

nlegal specification I 
I 

Truncation I 
I 

MHDIlHIC 

PV 

'OR 

BE 

IS 

TR 

TRAP NUMBER 

14- or 32 

lS. or 23 

11- or 24 

26 

I 28 I 

I 
C I. ,: 

- This trap ntJllber is used when the camnercial 
as opposed to an auxiliarr processor. 

instruction is executed by the CPU 
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12. Whenever a trap occurs, the state of the indicators affected by the 
trapped instruction are unspecified. 

13. If.' an IS Trap occurs, then the operands are preserved except for the edi t 
instruction. 

14. If.' the rece1vi.ng field cannot accept all the characters of the resul t, 
then only the lefthand portion of the resul t is found in the receiving 
field (i. e., the rigbt-most character(s) are discarded). 

7.3.2.1 ALPHANUMERIC MOVE, ALB 

Type: 

Alphanumeric 

Description: 

[DD1] -> [DD2] 

1. If.' DD2( L) = Zero, then instruction is aborted, the TB b1 t 1s set, and a 
TR Trap results. 

2. If.' DD1(L) = Zero, then fill or not as specified by DD2. 

Indicator Conditions: 

TB 

Trap Conditions: 

IS, TR 

Special Conditions: 

1. For L /: Zero: 

DD 1, 1 i. L i. 3 1 

DD2, 1 i L ~ 31 and fill character (if specified by c:!) is an ASCII Blank 
(20 hexadecimal). 

2. For L = Zero, then escape to [Bn (8:15)] for L: 

DD 1, 0 i. L i 255 

DD2, 0 < L < 255 and fill character (if specified by C2) is contained in [R5 
(0:7)].- -

3. ALB instruction is interruptable (see subsection 3.5.2.3, H-bi t) • 
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7.3.2.2 ALFHANUMERIC COMPARE, ACM 

Type: 

Al phanumer1 c 

Description: 

(DD1] :: [DD2] -> Indicators 

o 

1. :u DD1( L) 'f: DD2( L), then uncondi tiocally extecd the snorter field to the 
rigtlt with till characters as specified by DD2. The extension of the 
aborter operand does not take place in main memory but only in the esS. 

2. :u DD 1C L) = DD2( L) = Zero, then ccmpare is as for eq ual 0 perands. 

3. (DD1] is determined to be G or L than (DD2] by comparing characters lett 
to rigtlt. When a non-ccmpare results, then the binary values of the two 
unlike characters determine whether (DD1] is G or L than (DD2]. 

Indicator Conditions: 

Gt L 

Trap Condi tiOJ1S : 

IS 

Spec1al Conditions: 

1. Indicators indicate that (DD1] is G, L, than (DD2]. . 

2. (DO 1] or [002] mq be IMJs. 

3. For L J: Zero: 

DD1, 1 i L i 31 

DD2, 1 i L i 31 and fill charracter is an ASCI! blank (20 hexadecilZlal). 

4. For L = Zero, then escape to [Rn (8-15)] for L. 

DD1, 0 i L i 255 
DD2, 0 i L i 255 and till character is contaJ.ned in [R5(O-1)]. 

5. ACM instruction is interruptable (see subsection 3.5.2.3, H bit). 

o 
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1.3.2.3 ALPHA.'lUMERIC MOVE AND TRANSLATE, MAT 

Type: 

Alphanumeric 

Desoription: 

[DD1] is translated and moved to [DD2]. 

DD3 speoifies a 256 byte transl.ate table. 

Each character in [DD1] is used as a displacement frcm the base of the table 
defined by DD3 and the referenced character frcm the table is stored in 
[DD2]. 

1. It' DD2( L) = Zero, then instruction is aborted and a TR Trap (TV28) 
results. 

2. It' DD1(L) = Zero, then fill or not as specified by DD2. 

Indicator Conditions: 

TR 

Trap Conditions: 

IS, TR 

Special Conditions: 

h The CSS takes the length of [DD3] to be 256 bytes. 

2. Fill character speoified by DD2 is used direotly (1. e., it is not 
transl.ated) • 

3. For L I: Zero: 

DD1, 1 ~L~31 

DD2, 1 i L i 31 and flll charaoter (if' spec1f1ed by C2) is an ASCII 
blank (20 hexadeoimal). . 

DD3, L is ignored and DD3(L) is assumed to be 256. 

4. For L = Zero, then escape to [Rn(8:1S)] for L: 

DD1,O~L.i255 

DD2, 0 < L < 255 and till character (if speci.tied by C2) is contained in 
[R5(O:7)]. -

DD3, L is ignored and DD3(L) is assumed to be 256. 

5. MAT instruot1on is interruptable (see subseotion 3.5.2.3, H bit). 
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1.3.2.4 ALPHANUMERIC SEARC3, SRCB: 

Type: 

Alphanumeric 

Description: 

Search the operand string defined by DD3 for a character sequence (sub­
string) which matches aar of one or more argument strings described by DD1. 
The operation terminates when the scan of the operand string is oompleted or 
a matoh is found. It a match is found, the indicator bits are set for 
oomparison equalitY' (G = 0, L = 0) and the two-word field addressed bY' DD2 
is set to indicate both the operand substring position of the match and the 
identifier DUmber index of the matched argument. It there is no match, the 
indicator bits are set to indicate inequality (G = 0, L = 1) and the field 
addressed bY' DD2 is left unaltered. 

DO', the descriptor for the argument list has the folloiwng signifioanoe: 

If L = 1 through 3': Single argument string of length L 

It L = 0: Register R4 oontains the c1imensions of a list (arraY') of argument 
strings. Bits 11 through 15 speo1tiY' the total list length (up to 31 bytes) 
and bits 3 through 1 specify' the length of each argument. The number of 
arguments is equal to the largest integer multiple ot the argument length 
oontained in the list length. AnY' residue is ignored. 

DD3, the desoriptor for the string being searched, denotes the following: 

It L = 1 through 31: The operand is a field (string) of length L. All 
substrings equal in length to that of the argument(s) are matoh oandidates. 

It L = 0: Register R6 bits 8 through 15 speoifY' the operand string length 
(up to 255 bY'tes). Register R6 bits 0 through 1 speoify a value referred to 
as the operand element length or oursor increment. This ooding of L in DD3 
oauses seleoted substrings ot the operand to be tested for an argument 
matoh. The candidate substring seleotion is oontrolled by a hardware­
managed cursor. During exeoution, the cursor contains the bY'te displaoement 
(tom the lett end of the operand) of the tirst (leftmost) bY'te ot eaoh oan­
didate substring as it is tested. Atter each no-match scan ot the argument 
list, the cursor is incremented by the value in bits 0 through 1 to seleot 
the suooeeding candidate substring. 

0' .. " . , 

The operation prooeeds under the oontrol ot two hardware maintained values: 
operand scan cursor a!ld argument list index. Both are im tiallY' set to Zero 
which alwaY's, theretore, starts the search at the leftmost charaoter of the 
operand string and the first argument string in the argument list. The 
argument index is inoremented to seleot suooessive arguments for comparison 
against the operand string positions seleoted bY' the current setting of the 
oursor. It there is no match atter the argument index has reached its max-C 
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imum value (one less than the number of arguments since the range starts at 
Zero), the cursor is incremented by the scan cursor increment value to se­
lect a new operand substring. The argument index is reset to Zero and the 
arguments are scanned again for a match. The instruction is terminated when 
a match is found or the cursor is so far to the right that the remaining 
substring is either (1) shorter than the argument length or (2) shorter than 
the operand element length. 

If a match occurs, the first word of the two addressed by DD2 is set to the 
index of the search argument which was matched. The second word is set to 
the value of the operand scan cursor which indicates the relative character 
pOSition, in the operand, of the leftmost character of the matched 
substrings. 

Depending on the relative magnitudes of the cursor increment and argument 
length, the following ralationships between substring of the operand are 
possible: 

o Cursor increment less than argument length - Tested operand substrings 
overlap. 

o Increment equal to argument length - Substrings are concatenated. 

o Increment greater than argument length - Untested characters embedded in 
operand string between tested substrings. 

Indicator Conditions: 

a, L 

Trap Conditions: 

Special Conditions: 

1. Unspecified results occur if argument length or search list length is 
not less than or equal to 31 (bytes). 

2. IS trap (TV26) it argument longer than search list or cursor increment 
(operand element length) larger than operand string length. 

3. An IS trap (TV26) is posted if argument string length or cursor 
increment is Zero. 

4. For L ~ Zero: 

DD1, 1 ~ L ~ 31. This implies that SAL = 1 and 1 ~ L= SLL ~ 31. 
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DD2, L is ignored and DD2(L) is assumed to be two words. 

DD3, 1 .i L ..s. 31. '!'his implies that OEL = 1 and 1 ..s. L = OL.i 31. 

5. For L = Zero, then esoape to Rn for L: 

DD1, tiL = 51L.i 31 in (R4(11:15)] and SAL is oontained in (R4(3:7)]. 

DD2, L is ignored and DD2(L) is assumed to be two words. 

DD3, 1 ~ L = OL ~ 255 in (R6(8-15)] and OEL is contained in (R6(0-7)] 

6. SHea instruction is interruptable (see subsection 3.5.2.3, H bit). 

NOTE 

Due to the compleXity ot th~ Search instruction, examples are given in 
A.ppendix C. The toll owing abbreViations are used: SA· - searo!:L argument, 
SAL - search argument length, OEL - operand element length (cursor 
increment), OL - operand string length, and SLL - search list length. 

7.3.2.5 ALPHANUMERIC VERIFY, VHF 

Type: 

Alphantmleric 

Description: 

Veriry that each ot the characters or selected substrings ot the operand 
defined by DD3 is a member ot the set of verity arguments contained in the 
verify list defined by DD1. 

If at least one character or substring of the operand does not match anyone 
ot the verify arguments, then a nonequal indication is posted (G = 0, L = 
1). Also, the word addressed by DD2 is set to the relative displacement 
(trom the leftmost operand character) of the unmatched substring. It sub­
strings of the operand are tested rather th~ individual characters, this 
value is the displacement of the leftmost character of the substring, not 
that of the specitic character which could not be matched. It all tested 
operand items (characters or substrings) have a corresponding verity list 
entry, then an equal comparison indication (G = 0, L = 0) is set and the 
word addressed by DD2 is unaltered. 

DD1, the descriptor for the verity argument list, has the following 
significance: 

., I O-~· 

c 
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If L = 1 thorugh 31: Single argument string of length L. 

If L = 0: Register R4 oontains the dimensions of a list of verity argu­
ments. Bits 11 through 15 specity the total list length (up to 31 bytes) 
and bits 3 through 7 specity the length ot each argument. The number of 
arguments is equal to the largest integer multiple of the list length 
divided by the argument length. Any residue is ignored. 

DD3, descriptor tor the string being verified, denotes the following: 

If L = 1 through 31: Operand string ot length L. The scan cursor is in­
cremented by one character position atter each verity/match. All character 
positions are therefore tested for a corresponding character or substring 
entry in the argument list. 

If L = 0: Bits 8 thorugh 15 of register R6 specity the operand string 
length (up to 255 bytes). Bits 0 through 7 specify a scan cursor increment 
value referred to as operand element length. As in the search instruction, 
the cursor indicates the lett-most character position of the operand and 
~ubstring to be verified. The cursor is incremented automatically atter 
each verification to select the subsequent character or substring to be 
tested for an argument match. The number of characters tested for a single 
argument match is equal to the argument length. 

As in the search instruction, scanning of the operand is under the control 
of a cursor which selects a character (verity argument length of one byte) 
or substring. After a match is found in the verity argument list, the 
cursor is incremented to select the next operand character(s) to be tested. 
The cursor is initialized to a character displacement of Zero (first aaarac­
ter) and incremented so that verification always includes and starts at the 
first character and ends when a mismatch is found or an increment would 
cause the cursor to fall beyond the operand string end. It the cursor be­
comes positioned such that remaining oharacters of the operand would form a 
test compare result that is truncated shorter than the argument length, the 
verification tails. There is no padding of the operand d~ing matching 
comparisons. 

Indicator Conditions: 

a, L 

Trap Conditions: 

IS 



----- -------... 

~ __ . ___________ ~ ___ .w_~_. __ ~_ ... __________ •• _____________ ~ __________________ _ 

HONEYWELL INFORMATION 
SYSTEMS 

I SPEC. NO. 
60149740 

I SHEET 
7-28 

I REV. 
I C 

~_ ...... _~ .. ..-______ • WA .__._.._.........-. _________ •• ••• _______ A ___ •• we •• ____ .... _______________ .... 

Special Conditions: 

1. Verify argument liat length muat be equal to or leaa than 31 by tea else 
unspecified results occur. 

2. Veriry argument length (VAL) muat be equal to or less than verii.'y list 
length (VLL) and operand element length (OEL) (cursor increment) must be 
less than operand length (01.) else IS Trap (TV26). 

3. It VAL = 0 or operand element length (OEL) = 0, then IS Trap ('l'V26). 

4. It any ot the length paramenters is zero, then IS Trap (TV26). 

5. For L I. Zero 

DD1, 1 .i L .i 31. This implies that VAL = 1 and 1 .i L = VLL .i 31. 

D02, L is ignored and DD2(L) is assumed to be one word. 

D03 , 1 .i L .i 31. This implies that OEL = 1 and 1 .i L = OL.i 31. 

6. For L = Zero, then escape to (Rn(8-15)] tor L: 

D01, 1 .i L = VLL.i 31 in (R4(11:15)] and SAL is contained in (R4(3:7)]. 

DD2, L is ignored and D02(L) is assumed to be one word. 

DD3, 1 .i L = OL .i 255 in[R6(8:15)] and OEL is contained in (R6(0:7)] 

7. VHF instruction is interruptable (see subsection 3.5.2.3, H bit). 

NOTE 

Due to the complexity ot the verify instruction, examples are given in 
Appendix D. 

1.3.3 Edit Instructions 

Two types ot edit instructions are supported: 

o Decimal Move and Edit CDME) 

o Alphanumeric Move and Edit (AME). 

Their DDs are interpreted as tollows: 

o DD1 = Sending field descriptor, and is: 

- A decimal DD tor a DM! with DD1(L) ~ 31, or 

- An alphanumeric DD tor a AM! with DD1(L} .i 255. 

o 

() 
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o DD2 = Receiving field descriptor (alphantmeric). DD2 (L) i 255. 

o DD3 = Micro-op string descriptor (alphanumeric). DD3(L) i 255. 

Edit instructions are used to move and edit data fran a sending field to a 
receiving field as specified by micro-opr s contained in a micro-op string. The 
number of edited characters stored in [DD2] can be either less or more than con­
tained in the sending field. Less characters result in the receiving field when 
one or more of the sending field characters are sld.pped over. More characters than 
were originally in the sending field resul t in the receiving field when one or more 
characters are inserted by the micr~ops. 

In3ertion characters normally come fran an Edit In3ertion Table (EIT) that is 
hardware managed and contains special characters useful during edit operations. 

The editing is termiDated normally when the receiving field length is ex­
hausted. This nonual tenuina tion occurs irrespective of the current string length 
of the sending field or the micr~op string or both. U the receiving field length 
is not exhausted, but either there are no more micr~ops or the sending field is 
exhausted, then an IS Trap (TV26) occurs. 

7.3.3.1 EDI'r mSTmcrION DESCBIPl'ION 

The following general rules apply to the ed:!. t instructions: 

1. EA always pOints to the leftmost character of the operand. 

2. All operations take place left to right. 

3. Instructions terminate as described in subsection 7.3.3. 

4. Plus or minus Zero sending fields are considered positive (i.e., SN flag 
is set Off). . 

5. Arq operand having a Zero length causes IS Trap (TV26). 

6. Sending field count defines the number of atcms in the sending field. It 
is decrEmented every time an atcm in the sending field is ei ther moved to 
the receiving field or skipped. 

7. Receiving field count defines the number of byte pesi tions in the 
receiving field. It is decrEmented every time a byte is moved into the 
r ecei v ing f iel d. 

8. The EIT is always initialized at Edit instruction initiation. See 
subsection 7.3.3.3 for EIT's initial state val ues. 

9. The Edit Flags are always initialized at Edit instruction initiation. 
See subsection 7.3.3.4. 

10. A digit is ass1.Jlled to be equal to zero if its low order four bits are 
Zero. 
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11. The following defines the Edit instruction Traps: 

TRAP EVENT 

Reference to protected mEmory 

Reference to unavailable resource 

Memory or bu:s error 

nlegal specification 

I 
I 
I 
1 

nlegal character I 
I 

- This trap number is uaed when the cCIIIIlercial 
as opposed to an awd.liary processor • 

. " 

MNEKlNIC TRAP NUH!EB 

.Pi 14- or 32 

OR 15- or 23 , 
I 

BE I 11- or 24 I 
I , 

IS I 26 
I 

IC I 21 
I 

instruction is executed by the CPO 

12. Micro-ops in the arr31 subsequent to the one which results in the 
term ina tion of the instruction are not necessa,rily subj ect to IS Trap 
condi tion checks. 

13. nlegal character checks (tor non-numeric values) are not performed on 
portions of DME sending tields which are ignored or unprocessed. Sign 
representations, however, must tie valid. 

1 .3 .3 • 1 • 1 Decimal Move And Edit, DM! 

'l'y'pe : 

Edit 

De scri pti on: 

[DD1] Edited and Moved to [DD2] 

[DD3] spec1t"1es the micro-ops 

1. DDl is a nuaeric DD; L ~ 31 

2. DD2 and DD3 are alphan1.llleric DDs; L ~ 255. 

Indicator Condi tiona: 

None. 

Trap Condi tiona : 

IS, IC 

o 
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Special Condi tions: 

1. For L I: Zero: 

DD1, 1 i L i 31 
DD2, 1 i L i 31 
DD3, 1 i L ~ 3 1 • 

2. For L = Zero, th en 1 ength is given by: 

DD1, 1 i [R4(8: 15)] i 31 
DD2, 1 < [R5(8:15)] < 255 
DD3, 1 '( [R6( 8: 15)] < 255. 

3. am instruction is interruptable (see subsection 3.5.2.3, H bit.). 

7.3.3.1 .2 Al pl'lan1.1llleri 0 Move and Edi t, AME 

Type: 

"Edit 

Description: 

[DD1] Edited and moved to [DD2] 
[DD3] specifies the micro-ops 
All DDs are alphan1Jll1eric DDs; L ~ 255. 

Indicator Condi tiorus: 

None. 

Trap Condi tiona : 

IS 

Special Conditions: 

1. For L I: Zero: 

DD1, 1 i L ~ 31 
DD2, 1 i L .So 31. 
DD3 , 1 i L .So 31. 

2. For L = Zero, then length is given by: 

DD1, 1 < [R4(8:15)] < 255 
DD2, 1 '( [R5( 8: 15)] '( 255 
DD3, 1 < [R6(8: 15)1 i 255 

3. AME instruction is interruptable (see Subsection 3.5.2.3, H bit). 
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7.3.3.2 Micro-Ops 

DD3 pOints to an array' of eight-bit micro operations to be performed during an 
Edi t instruotion. Eacll eight-bit byte defines a micro operation and has the 
following formats: 

o 3 4 7 Bit Po:n.tion Within a Byte 
I I I 
I MOP I IF I 
I I I 
o 3 0 3 Bit Position Wi thin a Field 

where KlP = M:l.cro-OPj IF = Information Field 

A micro-op defines the micro operation to be performed. The following 
micro-ops are supported: 

I BIT POSITIOBS IN KlP FlaD 
I 
I 
I b2 b3 b2 b3 b2 b3 b2 b3 
I bO b1 0 0 0 1 1 0 1 1 
I 

0 0 I CBT ENF IGN mSA I 

I 
I 

0 1 I !NSB INSH I INSN !NSP I 
I 
I 
I 

1 0 MFLC MFLS I REt)' REt)' 

I , , 
I I 

I , 1 MVC MVZA I MVZB SEl 
, 
I , I 

I I 

The information field (IF) indicates one of the following, depending upon the 
micro-op: 

1. The nlllllber of source digits to be manipulated (1-16). 

2. The nlllber at the partioular entZ'1 in the Edit Insertion Table (EIT) to be 
used. 

3. Wh1cll ed1 t flags are to be set. 

o 

c 
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7.3.3.3 EDIT INSERTION TABLE 

During the execution of an Edit instruction, a hardware table of eight 8-bit 
bytes holds insertion infonna. tion. This table is called the Edit Insertion Table 
(ElT). It is initialized to the values given below at the start of each Edit 
instruotion (each symbol shown refers to the corresponding standard ASCII 
character) : 

EIT Entry Number , 
1 2 3 4 5 6 , 

7 8 I I 

I I 
, 
I , , I 

I I I 

Graphic Value 
, 

)5 
I • + $ I , I I 0 I I • 

I I I I I I 
I 1 1 I I 
I • 

Hexadecimal Value 120 12A 12B 12D .24 12C 12E 130 
I I I I 

I 

where )5 = Blank; !J = The digit Zero. 

One or all of the table entries can be changed by the Change Table (CHT) 
micro-op to provide different insertion character(s) • 

7.3.3.4 EDIT FLAGS 

The following ed! t flags are provided for recording or setting or both (as "ON" 
or "OFF") certain specifio "edi ting condi tion. " '!he current status of scme of 
these edi t flags can be interrogated by conditional micro-ops, thereby prOViding a 
mechani.sm for alternative editing operations. '!he status of the other edit nags 
is interrogated at the termination of the micro-op sequence, thereby causing 
certain "po st-edi t/edi ting" 0 para tions to be performed. 

1. The End Suppression (ES) Flag - The ES flag is im tially set "OFF". It is 
typically set "ON" when Zero suppression ends (e. g., when a non-zero digit 
is processed frail the sending field). The ES flag can be interrogated and 
set "ON" or "OFF" by certain micro-ops (e.g., SEF). 

2. The Sign (SN) Flag - The SN flag is initially set "OFF" if the sending 
field has an alphanumerio descriptor (i. e, in an AME). 

If the sending field has a nmaric descriptor (i. e., in an tME), the sign 
of the sending field is im tially "read" frcm the sending field according 
to the sign type information in the sending field descriptor, and: 

o SN is initially set "OFF" it the sending field is positive, unsigned or 
Zero. 

o SN is initially set "ON" if the sending field is negative and non Zero. 

The SN nag can be interrogated by certain micro-ops, but cannot be altered 
by allY' micro-op. 
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When an operand specif'ies a separate sign, the sign is is skipped (i.e., 
is not considered to be part of the sending field). Similarly, when an 
overpunch sign is specified, the over punch is co~erted into a dec~al 
digit (i. e., Sign information is removed). 

O· it·· .. 

3. The Zero (Z) Flag - The Z flag is initially set "ON". It is automatically 
set "OFFII whenever a nOD-zero atom from a sending field is moved to the 
result field. (Once the Z flag has been set ·OFF·, it remains "OFFII for 
the duration of' the Edit instruction.) 

The Z nag can be neither interrogated nor altered by any micro-op. The Z 
flag is interrogated and resulting alternative editing oan occur in the 
post-edit/edit (see BZ and AZ Flags). 

4. The Blank-When-Zero (BZ) Flag - The BZ f'lag is initially set ·OFFIt. It can 
be set 1t0NIt by either the ENF (End Floating Suppression) or SEF (Set Edit 
Flags) micro-op. (Once set ·ON", the BZ flag raains so tor the duration 
of' the Move/Edit instruction.) 

It, at the termination of' the micro-op sequence, BOTH the Z and BZ f'lags 
.are ·ONII, then the EHTIliE result tield is force-tilled with the contents 01' 
EIT (1) - that 1s, Edit Insertion Table entry one (which normally contains 
a blank ("~") characterl. 

Note that this "post-edit/editing· operation completely "blanks out" 
whatever character string had been move/edited into the result field by 
"executing- the micro-op sequence. 

5. The Asterisk-When-Zero (AZ) Flag - The AZ tlag is in! tially set "OFF". It 
can be set "ONIt by the SEF micro-op. 

It, at the termination of the micro-op sequence, the Z Flag is "ON" AND the 
BZ flag is "OFFII AND the AZ tlag is "ON,"" then the EHTIliE result tield 
EXCEPT any oharacter corresponding to EIT 7 (normally a decimal pOint, ". II) 
will be forcetilled with the oontents of' EIT 2 (which normally contains an 
asterisk (II •• ). 

The "post-editing/editing" operation oompletely tills with asterisks (.) 
except tor the character ourrently in EIT 7 - the character string that had 
been move/edited into the result field by "executing" the micro-op 
sequence. The BZ and AZ tlags (hence, the blank-when-Zero and the 
asterisk-when-Zero operation) are mutually exclUSive. Further, the BZ flag 
is interrogated betore the AZ tlag. 

6. The Plus/Minus (PM) Flag - The PM flag is initially set "OFF. It It can be 
set ·ONII by the SEF mioro-op. 

The PM tlag can be interrogated by the floating (m.S) and fiXed (INSP) 
sign insertion micro-ops as well as the End Floating Suppression (ENF) 
micro-op. 

It the PM flag is "ON-, then the floating sign micro-ops (MFLS, ENF) and 0 
the insert on positive fixed sign insertion micro-op (DlSP) operate as 
follows (rater to subsection 7.3.3.6.2): 
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7.3.3.5 

The 

1 • 

o It the SN flag is "OFF", then float or insert the edit insertion 
character contained in EIT(3) - normally a pl us sign (" +") • 

o It the SN flag is "ON", then the float or insert the insertion character 
contained in EIT (4) - normally a minus sign ("-"). 

If the PM flag is "OFF", then the floating sign micro-ops (MPl.S, ENF) and 
BOTH fixed sign insertion micro-ops (INSN and INSP) utilize: 

o EITHER - The appropriate non-blank edit insertion character (i. e. J 

ei ther the appropriate sign EIT (3) or EIT (4) or the approariate credit 
or de bi t insertion character fran the micro-op string); 

o OR - The blank edit insertion character fran EIT (1); depending on wbich 
micro-op is used and the setting ot the SN flag (see the wri te-up on the 
particular micro-ops for specific details). 

DIFFEREllCE BE'lWEEll A l»!E AND AN AME 

only differences between a DME and a AME are: 

In the type of the sending field; where: 

a. For DME, DD1 is a decimal DD. 
b. For !ME, DD1 is an alphanumeric DD; and 

2. In the intial state of the edit nags as specified in subsection 7.3.3.4. 

M:f.cro-op execution is independent of instruction type. 

7.3.3.6 MICRo-OP DESCRIPTION 

Descriptions of the micro-ops (MOPs) follows. The mnemonio and funotion 
performed is given for each K>P. 

7.3.3.6.1 CRT (Change Table) 

The EIT is modified as specif'ied by the IF field. It a specifio EIT entry is 
to be modified, then use the a-bit byte immediately following the CHT K>P and do 
not execute it as a micro-op. It all the EIT entries are to be modified, then use 
the eight a-bit bytes immediately following the CHT KlP and do not execute thEm as 
micro-ops. 
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IF CODE OPERATION 

0 Replace all 8 !IT Entr1es 

1 Replace EIT Entry 1 

2 Replace Err Entry 2 

3 Replace Err Entry 3 

4 Replace Err Entry 4 

5 Replace Err Entry 5 

6 Replace Err Entry 6 

7 Replace Err Entry 7 

8 Replace EXT Entry 8 

9 - F IS Trap (TV26) 

7 .3 .3 .6 .2 alF (End Flea ting Suppress1on) 

The ENF micro-op is used· to perform two functions as determined by the b1 ts 0 
and 1 qt the IF: 

DF TABLE 

,~-~~-----~----~~--------~---
ES PM I SN IF(O) I INSERTION CiARACTER 

I I 
I I 

1 I II I I NONE 
I I I 

0 0 I 0 0 Erre 1) )S I 
I 
I 

0 I I 1 0 I EIT(4) -I 
I 
I 

0 I I 1 I EITeS) $ 

0 0 0 Err(3) + 

() 

" 

C 
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1. The main function is to terminate either leading Zero suppression or 

floating insertion and to force the insertion of either the appropriate 
sign or ourrency symbol. IF(O) speoifies the type of insertion required: 

a. !F(C) = 0, then do sign insertion; 
b. !FeO) = 1, then do currency symbol insertion. 

2. The other function is either to set or not to set the BZ flag. IF(1) 
defines the following: 

a. IF(1) = 0, then do not set BZ; 
b. IF(1) = 1, then set BZ. 

Insertion is performed as a function of the state of the ES flag, the PM 
flag, the SN flag and bit 1 of IF: 

o For ES = OFF, then insertion if required as a function of the setting of 
IFe 0>, SN and PM. 

o For ES = ON, then no insertion is required. 

The following defines the insertion byte required when ES is OFF and PM is 
OFF: 

o For IF(O) = 0, SN determines the insertion byte: 

a. If SN = OFF, the EITel) is moved into the reoeiving field. 

b. If SN = ON, the EIT(4) is moved into the receiving field. 

o For IF(O) = 1, then EIT (S) is moved into .the receiving field. 

The following defines the insertion byte required when ES ·is OFF and PM is 
ON: 

o For !F(O) = 0, SN determines the insertion byte: 

a. If SN = OFF, then EIT(3) is moved into the receiving field. 

b. If SN = ON, then EIT(4) is moved ito the receiving field. 

o For IFeO) = 1, then EIT(S) is moved into the receiving field. 

Whenever insertion takes place, ES is set ON. 

The sending field count is unaffected by the ENF micro-op and the reoeiving 
field oount then: 

o Remains unaltered if no insertion is performed, or 

o Is deoremented by one if insertion is performed. 
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7.3.3.6.3 lGN (Ignore Source Character) 

The ION micro-op is used to sld.p over n bytes of the sending field. The 
sending field count is reduced accordingly and ao change is mace to the receiving 
field count. 

IF specifies the amber of' bytes to be ignored where: 

IF = a, for 1 i a i 15 and IF = 0 specifies n = 16. 

7.3.3.6.4 INSA (Insert Asterisk On Suppress) 

The INS! lIlicro-op is used to insert a byte into the receiving field as a 
function of: 

1 • The state of ES fl ag, and 

2. The value at IF. 

The.sending field count remains unchanged while the receiving field count is 
decr eme-nted by one. 

ES determines the following: 

o For ES = OFF, then insert into the receiving field EIT(2) (normall,. an ('\ 
aster1sk). \",--_?/ 

o For ES = CIl, then insert into the receiving field the insertion character 
spec1f'ied by IF. 

IF determines the following: 

o The insertion byte, when ES = Ql: 

a. For IF = 0, insert the byte immediatel,. following the INSA micro-op. 

b. For IF = 1-8, take the insertion byte fran the Err entr:r defined by IF. 

c. For IF > 8, set IS Trap (TV26). 

o Where the next micro-op is located: 

a. For IF = 0, the next micro-op is at INS! address +2 since INS! address 
+1 contains the insertion byte. 

b. For IF I. 0, the next lIlicro-op follc.ws msA. 

7.3.3.6.5 INSB (Insert Blank On Suppress) 

The JlfSSmicro-op is used to insert a byte into the receiving field. The same 
logic applies to this micro-op as defined for the INS! micro-op except tha. t for ES C 
= OFF, insert into the receiving field EIT( 1) (normall,. a blank). . .. 

---.-~ --- --
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7.3.3.6.6 !NSM (Insert Table Entry 1 Mul tiple) 

The INSM micro-op io3 used to insert n EIT Entry 1 bytes into the receiving 
field. The sending field count remains unchanged while the receiving field count 
is decremented by n. 

IF specifies the ntJllber at EIT( 1) bytes to be inserted into the receivir.g field 
where: 

o IF n for 1 i n i 15, and 

o IF = 0 specifies n = 16. 

7.3.3.6.7 INSN (Insert on Negative) 

The lNSN micro-op is used to insert a byte into the receiving field as a 
function at: 

1. The state at the SN flag and 

2. The contents of IF. 

Therefore, the sending field count renains unchanged while the receiving field 
count is decremented by one. 

o For SN = OFF, insert into the receiving field EITe 1) (normally a blank). 

o For SN = ON, insert into the receiving field the insertion byte specified 
by IF: 

a. For IF = 0, the insertion byte immediately follows the mSN micro-op. 

b. For IF = 1-8, the insertion byte is taken fran the EIT entry defined by 
IF. 

c. For IF > 8, set IS. 

d. For IF = 0, the next micro-op is at mSN address +2 since !NSN address 
+1 contains the insertion byte. 

e. For IF ~ 0, the next micro-op follows INSN. 

7.3.3.6.8 INSP (Insert on Positive) 

The lNSP micro-op is used to insert a byte into the receiving field as a 
function of: 

o The state at the SN flag 

o The sta te of the PM nag 

o The contents of IF. 
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'l'heret'ore, the sending field. oount remains unchanged while the receiving field. 
count is decremented. by one. 

o 3 4 1 ..:8 ____ 1 .. 5 
I 
I MOP IF 

I 
I DATA 

----~--, -- ,--------
HlP = MLcro-op 
IF = IDtormation Field.. 

DD 3 PO IN 'l'EB 

(Reference subsection 1.3.3.2) 

INSP TABLE 

PM SN IF INSERTION CHARACTER 

0 0 0 Data (DD3 Second Byte) 

0 0 1-8 En (1-8) 

0 0 9-F Set Trap (TV26) 

0 1 X En( 1) b 

1 0 I EIT(3) + 

1 1 I En(4) • 

1. For PM = OFF, the following applies: 

a. For SB = OFF, then insert the insertion byte spec1t'ied by IF into the 
receiving field. 

b. For S1I = CR, then insert Enc 1) (normallY' a blank) into the receiving 
field. 

2. For PM = eN, the following applies: 

a. For SN = OFF, then insert Enc 3) (normallY" a n+lI) into the reoeiving 
field. 

b. For SN = CR, then insert En(4) (normallY' a 11.11) into the receiving 
field. 

() 
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IF determi!les the following: 

o The insertion byte when PM = SM = OFF: 

a. For IF = 0, the insertion byte immediately follows the INSP micro-op. 

b. For IF = 1-8, the insertion byte is taken fran the EIT entry defined by 
IF. 

c. For IF > 8, an IS Trap (TV26) is set. 

o Where the next micro-op is located: 

a. or IF = 0, the next micro-op is at INSP address +2 since INSP address +1 
contains the insertion byte. 

b. For IF .,. 0, the next micro-op follows INSP. 

1.3.3.6.9 MFLC (Move With Float Currency Symbol Insertion) 

The MFLC micro-op is used to float the appropriate Currency Symbol over a 
specified nl1llber of sending field digits as a function of the ES nag. 'lb.e 
Currency dig:!. t is four bits in size for packed decimal; otherwise, it is one byte 
long. 

IF specifies the number of sending field dig:!. ts upon which the operation is to 
be perf"onned, where: 

o IF = n for 1 i n i 15, and 

o IF = 0 specifies n = 16. 

Starting with the next available sending field digit, the next n digits are 
individually fetched and the following condi tional actions occur: 

1 • For ES = OFF: 

a. If sending digit is Zero, then move EIT( 1) to receiving field in place 
of Zero. '!be ES flag remains OFF. 

b. If digit is not a Zero, then move EIT(S) (currency symbol) to the 
receiving field followed by the non-Zero atom. '!be ES nag is set ON. 

2. For ES = ON, just move the digits to the receiving field. 

'!be n1.lDber of bytes moved to the receiving field is data dependent: 

o If ES = OFF and the entire sending field equals Zero, then n EIT (1) bytes 
are moved to the receiving field. ES remains OFF. 

o It ES = ON at micro-op im tiation, then n digi ts are moved to the receiving 
field. 
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o If the sending field contains at least one leading Zero and one noD-Zero 0 

dig1 t, then n+1 bytes are moved to the receiving field.. ES is set ON.. . 

At the completion ot' the mc micro-op, the sending field count is decremented 
by n while the receiving field count is decremented by either n or n+1. 

1.3.3.6.10 MP!.S (Move With Float Sign Insertion) 

'l'he MFLS micro-op is used to float the appropriate Sign Symbol over the 
specified ntlllber o'r sending field dig1 ts as a function of: 

o 'l'he ES flag 

o The SN flag 

o 'l'he PM flag. 

The sign dig1t is tour b1ts tor packed desiJllal data; otherwise, it is one byte 
long. 

IF specifies the nmber at sending tield dig1 ta upon which the operation is 
pert"ormed, wherF: 

IF = n for 1 i n i 15 and 

IF = 0 specifies n = 16 .. 

Starting with the next available sending field dig1t, the next n dig1.ta are 
individually tetched and the toll OIling condi tiona! actions occur: 

I 
I 

I MFLS TABLE 
I 
I 
I ES PM SN S ENDING DIG IT I INSERTION CHARACTER I 

I I 
I 

I I 
I 0 I I = 0 I EIT( 1) b 

I 
0 0 0 ~ 0 EITe 1) b 

a I 1 ~ a EIT(4) -

a 1 0 
_ a 

EIT(3) + 

,/" -~, 

~~ 

c 
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1 • For ES = OFF: 

a. If digit is a Zero, then move EIT( 1) to receiving field in place of' 
Zero. If the entire sending field equals Zero, then n EIT( 1) bytes are 
moved to the recieving field (ES remains OFF). 

b. If' dig:l. t is not a Zero, then the SN and PM flags determ:ine the sign to 
be inserted: 

o For PM = OFF: 

- and SN = OFF, insert EIT( 1); 

- and SN = ON, insert EIT( 4) • 

o For PM = al: 

- and SN = OFF, insert EIT(3); 

- and SB = ON, insert EIre 4). 

Atter inserting the sign, also move the non-Zero dig:l. t to the receiving 
fi el d and set the ES flag ON. 

2. For ES = al, just move the dig:l.ts to the receiving field. The n1.lllber of' 
digits moved to the receiving field is data dependent. 

a. If ES = ON at micro-cp im tiation, then n digi ts are moved to the 
receiving field. 

b. If' the sendiz;g field contains at least one leading Zero and one non-Zero 
digi t, then n+1 digits are moved to the receiving field. ES is set ON. 

At the completion of the MFLS micro-op, the sending field count is decremented 
by n while the receiving field count is decremented by either n or n+1. 

7.3.3.6 .11 MVC (Move Source Character) 

The MVC micro-op is used to move n sending field digits to the receiving field. 

IF specifies the nlJllber of sending field digits upon which. the operation is to 
be performed, where: 

IF = n for 1 .i n ~ 15 and 

IF = 0 specifies n = 16. 

At the completion of the MVC micro-op both the sending and receiving field 
counts are decremented by n. 

7.3.3.6.12 MVZA (Move With Zero Suppression and Asterisk Replacement) 

'!be MVZA micro-op is used to replace Zero digits wi th asterisks over a 
specified number of' sending field dig:l. ts as a function of' the ES flag. 
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IF specifies the nmber of sending field digi ts upon wbich the ope'ration is to 

be pert'ormed,where: 

IF = n for 1 .s. n i 15 and 

IF = 0 specifies n = 16. 

Starting with, the next ava:Llable sending field digit, the next n digits are 
individually tetched and the toll owing condi tional action.s occur: 

1 • For ES = OFF: 

a. It' digit is a Zero, then move EIT(2) to receiving tield in place of' Zero 
digit; 

b. It' digit is not Zero, then the digit is moved to the receiving field. 
'lbe ES nag is set ON. 

2. For ES = ON, just move the digit to the receiving field.. 

At .the canpletion of' the MYZA micro-op, both the sending and reoeiving field 
counts are decremented b)" n. 

1.3.3.6.13 MVBZ (Move With Zero Suppression and Blank Replacement) 

o 

('" 

'!be MVZB micro-op is used to replace Zero digits with blanks over a specified 0' 
nmber of sending field digi t:l. The same 10g1c applies to this micro-op as detined 
for MVZB micrc-op except that it ES = OFF and the digit is Zero, then move EIT( 1) 
to the reoeiving field.. 

1.3.3.6.14 SEF (Set Edit Flags) 

The function ot the SEF micro-op is to "control" the t'ollowing ·edi t fl~gs: 

o ES (End Suppression) 

o BZ (Blank When Zero) 

o AZ (Asterisk When Zero) 

o PM (PlUs/Minus). 

With this micro-op, the IF field represents a tour bit biIlar'1 mask where: 

0 Bit 0 of the IF field, IF( 0), specities the IS nag 

0 Bit 1 of the IF field ,IF( 1) , specit'ies the BZ flag 

0 Bit 2 ot' the IF tield ,IF(2), specit'ies the AZ nag 

0 Bit 3 ot' the IF tield , IF(3) , specifies the PM flag C 
As a tunction of each IF bit, the now shown in Figure 1-6 occurs. 
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........ 
• START • ......... 

v 
1 \ =1 1 

< IF(O) >------>1 1 --> ES 1-----
\ ? 1 1 ___ _ 

=0 
v 

1 
o --> ES I 

1<---------------------------
v 

1 \ =1 1 
< IF(') >------>1 1 --> BZ 1-----
\--1-1 1 ____ 1 

I =0 
v 

1 \ =1 I 
< IF(2) >------>1 1 --> AZ 1---> 
\--1-1 I I 

I =0 

1<---------------------------
v 

i \ =1 I 1 
< IF(3) >------>1 1 --> PM 1-----

\ ? 1 I I 
=0 

1<---------------------------
v 

••••• 
• END • ••••• 

Figure 1-6 Set Edit Flags (SEF) Micro-Op Flow 

!be SEF micro-op bas no e:f'feot on the sending and reoeiving field counts. 
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1.3.4 Eranch Instructions 

The Commerc:i.al branch instructions are a subset o£ the general branch on indi­
cator instruotions. The format of these instruotions is shown in Figtlres 1-7. 

These instruotions enable branching on various indicator conditions. They are 
sUJllllarized in Table 7-3 and their n'lllerioal representation is given in Table 1-4. 

where: 

OP CODE 
I 

I \ 
0 I 1 3 4 ! 8 12 I 

I I 
0 I X X I a a 1 1 T/F I 

I I 
_Of = Opcode 
xxx = Specifies which CI bi t is to be tested 
T IF = True or Fal sa 

12 
I 
I 

d I 
I 
I 
I 

d = O1splacement - defines how to ocmpute the EA. Reter to Figure 5-2. 

Figure 1-7 Canmercial Branch Instruotion Format 

Tabl e 7-3 Commercial Branch Instruction SUIIJI1ary' (Sheet 1 or 3) 

..... --...... -...... --------------~ ...... -......--~--------..-...... ---------... -..... -~-..--.... -----
IREFEREllCE I MNEKlNICI DESCRIPTION 
IStlBSEC!IOH I I 

OPERATION I INDICATORS I COMMENTS 
1- AFFEcttJ) : 

. -----------------------------~-----------~-~~-------~-------------: caov Branch on 
OVertlow 

I , , 
CSNOV I Branch on No 

I Overflow 
I 
I 

CBT! I Branch on 
I Truncation 
I 

I It (CICOV)] = 
-I 1, then (P] 
I <-- EA 
I 

It (CICOV)] = 
0, then (P] 
<- EA 

If (CICta)] = 
1, then (P] 
<- EA 

See sheet 2 

--------------------------------....--------.... ---...... ----....-.. ------------.... ---.... ~-.. --.-~ 

o 

() 

--- --~- ----
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Table 1-3 Commercial Branch Instruction S1.lDID1ary (Sheet 2 of 3) 

I REFERENCE IMNEKlNIC' DESCBIP'l'ION 
SUBSE c:r ION I 

OPERATION 

7.3.4.4 

1.3.4.10 

CBNTR 

CBSF 

I 

Branch on No I It [CIeTR)] = 
Truncation I a, then [P] 

I <-- EA 
I 

Branch on Sign I It [CI(SF)] = 
Faul t 1, then [P] 

<-- EA 

CBNSF I Branch on No 
Sign Fault 

It [CI(SF)] = 
0, then [P] 
<- EA 

CSYNC Sync 

CSNBC 

CBE 

CBNE 

Sync and 
Branch 

Branch on 
!qual 

Branch on Not 
Equal 

See Text 

See Text 

I It [CI(L)] \I 
I [CI(G)] = 0, 
I then [P] <­
lEA 
I 
I It [CI( L)] \I 
I [CI(G)] = " 
1 then [P] <-­
I EA 
I 

7.3.4.11 CBG Branch on 
Greater than 

It [CI(O)] = 1 
then [P] <-­
EA 

'INDICATORS' COMMENTS 
, AFFECTED I 

In all 
branch 
operations 
it the . 
branch 
condition 
is true 
(1. e •• 
branch is 
executed) 
and it 
MH J) = 1 
then trap 
to TV02. 



_ .. -- ------ -, ~- ._.- ~--.------- ._-- -_. - -_ ...... _---_. 

---------------------... ----.. -----........... -~-.......... --..-----.. ---..... ~----.. -----------
HOHElWELL INFORMATlaI 

. SYSTEMS 
I SPEC. NO. 

60149740 
I SHEEr 
I 7- 48 

I REV. 
I 
I C 

-~---------------~-------~--------~------.. ~----------~----.-.-------
Table 7-3 Commercial Branch Instruction Summary (Sheet 3 o£ 3) 

IREFER!wCE I MNEMJNICI DES CliIPTION 
I StlBSE C'l' ION I 

OPEltAl'ION lINDICATORS I COMMENTS 
I AFFE Cl'ED I 

, 7.3.4. 12 caL! 

1.3.4.13 CBL 

1 .3 .4 • 14 caGE 

Branch on Lass I It [CI(G)] = 0 
than or Fqual 1 then [P] <­

lEA 

Branch on 
Less than 

Branch on 
Greater than 
or Equal 

U [CICL)] = 1 
then [P] <­
EA 

It [CICL)] = 0 
then [P] <­
EA 

See sheet 2 

____ A____ __..-......--___________ . _____________ .... _____ .......... ......-.. __________ -...-.._...__ 

.-;Table 1-4 N1.lIIlerical Representation ot Ccmmercial Branch In:structions 

...... -------...-.---------------------~----.. -----------.-.--......... -
IStlBSECl'ION I Hl I H2 I H3 I H4 I MNEMONIC I ATCM SIZE 

I a_a .. ~------.. ~---~--------- •• -------.---
I 1.3.4. 1 1 3 0 + d 1 CBOV 
I 1.3.4.2 1 3 8 + d CBNOV 

1.3.4.3 2 3 0 + d CBTR 
1.3.4.4 2 3 8 + d CBNTR 
1.3.4.5 3 3 0 + d caSF 
1.3.4.6 3 3 8 + d CBNSF 
1.3.4.1 4 3 0 + d CSINC 
1.3.4.8 4 3 8 + d CSNBC 
1.3.4.9 . 5 3 0 + d CBE 
1.3.4.10 5 3 8 + d CNBE 
1.3.4. 11 6 3 0 + d CBG 
1.3.4.12 6 3 8 + d CBL! 
1.3.4.13 1 3 0 + d CBL 
1.3.4.14 1 3 a + d CBGE 

I 
I 

NOT 

I APPLICABLE. 
I 
I . , 
I 

I 
I 
I 
I 

---~---------------------------------------------------

C···~. \ '/ 
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--------------------------------------------------------------------------------
7.3.4.1 BRANQi CN OVERFL"", CBOV 

Type: 

Branch 

Description: 

Branch to EA it CICOV) is ON; i.e., indicating overflew. 

Operation: 

If (CICOV)] = 1, then [P] <-- EA 

Indicator Condi tiona: 

OV Unchanged 
TR Unchanged 
SF Unchanged 
G Unchanged 

. L Unchanged. 

S peci al Condi tiona : 

{ 1£ the branch condi tion is true (that is, a branch is executed) and M1 (J) = 
1, then Trace trap (TV02) ocours when the CBOV instruction is executed. 

7.3.4.2 BRANClI CB NO OVERFLOl, CBNOV 

Type: 

Branch 

Description: 

Branch to EA if CI(OV) is OFF, that is, indicating no overflew. 

Ooeration: 

If (CICOV)] = 0, then (P] <- EA 

Indicator Condi tiona: 

OV Unchanged 
TR Unchanged 
SF Unchanged 
G Unchanged 
L Unchanged. 

Special Conditions: 

If the branch oondi tion is true (that is, a branch is executed) and M1( J) = 
1, then Trace trap C TV02) occurs when the CBNOV instruction is exeouted. 
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7.3.4.3 BRANCH C'll TRUNCATION, C3TR 

Type: 

Branch 

Description: 

Branch to EA 1t CICTR) 1s ON; 1. e., 1ndicating truncation. 

Operation: 

I£ [CI(TR)] = 1, then (P] <- !A 

Indicator Condi tion:s: 

OV Unchanged 
TR Unchanged 
SF Unchanged 
G Unchanged 

.·L Unchanged. 

Spec1al Condi tiona: 

o 

If the branch condition 1s true (that 1s, a branch 1s executed) and M1( J) =(~. 
1, then Trace trap (TV02) occurs when the C3TR 1nstruction 1s executed. \",,--/ 

7.3.4.4 BRANca CJi NO TRUNCATION, C3NTR 

Type : 

Branch 

Description: 

Branch to EA 1t CICTR) 1s OFF, that 1s, indicating no truncation. 

Operation: 

If (CI(TR)] = 0, then [P] <- !A 

Indicator Condi tion:s: 

OV Unchanged 
TR Unchanged 
SF Unchanged 
G Unchanged 
L Unchanged. 

Spec1al Condi tiona: 

If the branch condi tion 1s true (that 1s, a branch 1s executed) and Ml ( J) 
1, then Trace trap (TV02) occurs when the C3NTR instruction is executed. 

(I, = -
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7.3.4.5 BRANCH W SIGN FAULT, CBSF 

'l'y pe: 

Branch 

Des cri ption : 

Branch to EA if CI(SF) is ON; i.e., indicating a sign fault. 

Operation: 

If [CI(SF)] = 1, then [P] <-- EA 

Indicator Conditions: 

OV Unchanged 
TR Unchanged 
SF Unchanged 
G Unchanged 

. L Unchanged. 

Special. Conditions: 

If the branc1l condition is true (that is, a branc1l is executed) and M1{ J) = 
1, then Trace trap (TV02) occurs when the CBSF instruction is executed. 

7.3.4.6 BRANCH CN NO SIGN FAULT, CBNSF 

Type: 

Branch 

Description: 

Branch to EA if CI(SF) is OFF; i.e., indicating no sign fault. 

Opera tion: 

If [CI(SF)] = 0, then [P] <-- EA 

Indicator Conditions: 

OV Unchanged 
TR Unchanged 
SF Unc1langed 
G Unchanged 
L Uncllanged. 

Special. Conditions: 

If the branch condition is true (that is, a branch is executed) and M1( J) = 
1, then Trace trap (TV02) occurs when the CBNSF instruction is executed. 
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1.3.4.1 COM!1ERCIAL SnlC, CSINC 

Type: 

Branch 

Descript:ion: 

Wait tor ccmplet10n ot the previous CIP instruction (it necessary) bef'ore 
going to the next instruction. No operation is perf'omed. 

Operation: 

As above. 

Indicator Conditions: 

ov tJnchanged 
Tll tJ nchanged 
SF tJnchanged 

.-. G Unchanged 
L tJn change d. 

Spec1al Condi t1ons: 

o 

( ". 
This instruction never causes a branch, so consequently the displacement d,0 
given in bits 9 to 15 of' the instruction, is used only to determine the 
size of' the instruction (see subsection 1.3.4). 

1.3.4.8 SINC AND BRANCH, CSNCB 

Type: 

. Branch 

Description: 

Wai t tor ccmpletion of' the previous CIP instruction (it necessary), then 
uncondi tionally branch to EA. 

Operation: 

As above. 

Indicator Conditions: 

(N Uncbanged 
Tll tJ ncbanged 
SF tJncbanged 
G tJnchanged 
L tJncbanged. c 
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Special Conditions: 

If' the branch condi tion is true (that is, a branch is executed) and M1 (J) = 
1, then Trace trap (TV02) occurs when the CSNCB instruction is executed. 

7.3.4.9 BRANCH Cll ~UAL, CBE 

Type : 

Branch 

Description: 

Branch to EA if' CI(L) = CleO) = Zero; i.e., indicating that (001] = (002] 
in the previous ccmpare or the resul t was Zero in the previous numeric: 
instruction. 

Operation: 

If (CI(L)] \/ (CI(O)] = 0, then (P] <-- EA. 

Indicator Conditions: 

OV Unchanged 
TR Uncb.anged 
SF Unchanged 
o Unchanged 
L Unchanged. 

Special Condi tiona : 

If the branch condition is true (that is, a branch is executed) and M1( J) = 
1, then Trace trap (TV02) occurs when the CBE instruction is executed. 

7.3.4.10 BRANCH CN NOT EQUAL, CBNE 

Ty pe : 

Branch 

Description: 

Branch to EA if' either Cl(L) = 1 or CleG) = 1; i.e., indioating that [001] 
I:. (002] in the previous ccmpare or the resul t was not Zero in the previous 
numeric instruction. 

Operation: 

If (CI(L)] \/ (CleG)] = 1, then (P] <-- EA. 
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Indicator Conditions: 

OV Unchanged 
Tli Unchanged 
SF Unchanged 
G Unchanged 
L Unchanged. 

Special Condi tiona:. 

If the branch condi tj,on is true (that is, a branch is executed) and. M1( J) = 
1, then Trace trap (TV02) occurs when the CBNE instruction is executed. 

7.3.4.11 BRAHe! Cll GREATEB 'DUN, <:SG 

Type : 

Branch 

Des cr1pt10n : 

. Branch to EA if CI(G) = 1; i.e., indicating that [DD1] > (DD2] in the pre­
viows cc:mpare or the resul t was greater than Zero in the previous nmenc 
inBtructi on. 

Operation: 

If [CI(G)] = 1, then (P] <-- EA. 

Indicator Condi tiona: 

OV Unchanged 
TRUnchanged 
SF Unchanged 
G Unchanged 
L Unchanged. 

Special Condi tiona: 

If the branch condition i3 true (that is, a branch is executed) and M1( J) = 
1, then Trace trap (TV02) occurs when the Cl3G instruction is executed. 

7.3.4.12 BRAHe! Ql LESS mAR OR EQUAL, CBLE 

Type : 

Branch 

Des cr1 ption : 

0·" " 

Branch to EA it' CIeG) = 0; i. e., indicating that (DD1] .s. [DD2] in the C 
previous ccmpare or tb.e resul t was less than or eq ual to Zero in the ./ 
previous nUlleric instruction. 
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Operation: 

If [CI(G)] = 0, then [P] <-- EA. 

Indicator Conditions: 

OV Unchanged 
TR Unchanged 
SF Unchanged 
G Unchanged 
LUnch ange d. 

Special Conditions: 

If the branch condi tion is true (that is, a branch is executed) and M1( J) = 
1, then Trace trap (TV02) occurs when the CSLE instruction is executed. 

7 .3.4.13 BlWlQl ctl L~S THAN, a3L 

Type: 

Branch 

Des cri ption : 

Branch to EA if CI(L) = 1; i.e., indicating that [DD1] < [DD2] in the 
previous canpare or the resul t was less than Zero in the previous numerio 
instruotion. 

Opera tion: 

If [CI(L)] = 1, then [~] <- EA. 

Indicator Conditions: 

OV Unchanged 
TR Unchanged 
SF Unchanged 
G Unchanged 
L Unchanged. 

S pe ci al Condi tions : 

If the branc!:l condition is true (that is, a branch is executed) and M1( J) = 
1, then Trace trap (TV02) occurs when the CSL instruction is executed. 

7.3.4.14 BRANCi eN GREATER THAN OR ~UAL, a3GE 

Type: 

Branch 
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Description: 

Eranch to EA it' a(t) = 0; i.e., indicating that [DD1] 1 [DD2] in the 
previoua ccmpare or the resul t was greater than or equal to Zero in the 
previoua numeric instruction. 

Operation: 

If' [Cl(t) J = 0, then [1'] <- EA. 

Indicator Conditions: 

OV Unchanged 
TR Unchanged 
SF Unchanged 
G Unchanged 
L Unchanged. 

Special Condi tiona: 

0" If' the bzoanch coadi tion is true (that is, a bzoanch is executed) and M1( J) = 
1, then Trace trap (TV02) occurs when the C2GE instruction is executed. 
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SECTION 8 SCIENTIFIC INSTRUCTIONS 

8.1 INTRODUCTION 

This section describes the scientific instruction set. These instructions are 
part of the CSS instruction set and fall under the double and single operand and 
branch groupings. 

Soientific instructions are classified as follows: 

o Double Operand (subseotion 8.2) 
o Single Operand (subsection 8.3) 
o Scientific Branch (subseotions 8.4 and 8.S) 
o Intrinsics (subsection 8.6). (These instructions are available only in the 

. M6X and M6XE). 

The double and single operand instructions use an Address Syllable (AS) field 
that is summarized in subsection 8.1.1 and described in detail in subsection 3.11. 

Intrinsic instructions also use an Address Syllable (AS) but are restricted to 
a subset of Map 1 (reference subsection 8.6). 

For oonvenience the instructions are summarized in Appendix H. They also 
appear in Appendix E as a fUnction of their format. 

8.1.1 Address Syllable 

The single and double operand instructions generate operand references through 
a field oalled the Address Syllable (AS). The resolution of the AS usually results 
in the formulation of an Effective Address (EA) that points to an operand. For 
scientific instruotions, the AS can take one of the following forms: 

o Register AS (RAS) 
o Immediate Operand AS (!MO) 
o Memory AS (MAS) 
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~Iote that: 

o Scientific Intrin3ic instructions can only use AS entries Sn and registers 
(SA1, 2, 3) of AS Map 1 and cannot use AS Map 2 or 3. 

o All other scientific instructions can use AS Maps 1, 2, and 3 with the 
exception of IMO and AS3 entries in Map 2. 

For more information about the AS, refer to subsection 3.11. 

8.1.1.1 REGISTER AS (RAS) 

The source or destination ot the operand is a register (see subsection 3.11.1) • 

8.1.1.2 IMMEDIATE OPERAND AS (IMl) 

The source or destination ot the operand is a double or quadruple word location 
in main memory following the Address Syllable word. The mElllory length control bit 
corresponding to the selected SA (contained in~, see 3.3.4.8) determines the 
length at an IHO for double-cperand instructions. 

8.1.1.3 MEMORY AS (MAS) 

The source or destination of' the operand is a double or quadruple word location 
in main mElllory. The.AS specifies the EA. The memory length control bit i", 
correspond:l.ng to the selected SA (containea in ~, see 3.3.4.8) determines the '~) 
length ot a memory operand for double-operana instructions. The op coae determines 
the length of' a memory operana for single-operand instructions. 

8.-1.2 Normalization and Eguilization 

Normalization ot a floating pOint number involves the shifting of the fraction 
(mantissal to the left until its higb-order hexaaec1mal dig1 t is no longer Zero, 
and a t the same time decrementing the exponent val us for each dig1 t shitt. As the 
mantissa is shiftea to the left, a Zero value is moved into the least· 3ign1f'icant 
dig1 t po3i tion. 

Floating pOint numbers are normalizea when loaaea into scientific accumulators 
by Scientific Load and Scientific Swap instructions. Arq tEmporary copy of' an 
operand, created for usage during a Scientific Compare instruction, will be 
converted into a flea ting pOint nl.llllber ana normalized if' necessary; however, the 
original operand is 1 eft unchanged. 

Integer numbers are converted to floating point nl.llllbers and are normalizea when 
transterrea to SA registers or prior to entering into scientific calcula tions. 

Floating point results ot scientific arithmetic operations are normalized prior 
to being storea in a destica tion SA. As the mantissa is shifted to the left, two 
guard digits ana a Zero value are moved into the least signiticant digit po3ition. 

c: 
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o If" an exponent underflow condition is detected and the Exponent Underflow 
Mask M5 (EDF) is on, the nonnalized resul t wi th an exponent 128 too large 
is stored and a trap signal is posted. 

o If" an exponent underflow condition is detected and the M5 (EDF) is off, a 
clean Zero resul t is stored and no trap signal is posted. 

Nonnalization of a fuzzy Zero produces a clean Zero (refer to subsection 
3.1.3.1 ). 

All other floating pOint numbers entering into arithmetic operation are not 
prechecked as to whether they are nonnalized. 

Scaling right is the process of shirting floating point mantissa digits one 
hexadecimal position to the right, inserting a hex Zero or One digit into the most 
significant mantissa digit position, and j,ncreasing the exponent by One. Th1s 
process can cause an exponent overfl ow condi tion; that is, the exponent is 
incremented to a number 128 less than the correct value. If" the scaling right of 
the result of a scientific operation produces an exponent overt"low, the nonnalized 
resul t with an exponent 128 too sall is transferred to the designated register and 
an EOF 'trap posted. 

Equalization is a scaling right process in which the exponent of the operand 
with the saller exponent is incremented until it equals the exponent of the larger 
exponent of the two operands entering into a floating point addi tion or subtraction 
operation. 

8.1.3 Mixed Mode Operands 

Main mElllC'ry operands used by scientific instructions are assumed to be in 
floating point format. Operands in registers (e. g., R, I) are assumed to be in 
integer' format. Integer operands are converted within the CSS to floating point 
values prior to entering into a scientific calculation. See Figure 8-1. 

The process for converting an integer to a floating point number include,S: 

1. It the integer value is plus or minus Zero, set the floating point 
exponent, sign, and mantissa fields to Zero (clean Zero). 

2. If" the integer is not Zero, convert the integer to a floating point sign 
and 14-digi t mantissa value, right justified. Set the exponent field to 
.14. Normalize the floating point nllDlber and place it in the desigmted SA 
register. Low-order digit(s) are truncated/rounded if the accumulator 
length as detenJL1ned by the mode register is less than the converted 
floating point number (i.e., loading a double integer operand into a single 
precision floating point register). No significance error or precision 
error conditions are sensed during an integer to floating conversion. 

If the address syllable specifies Rn or Kn in a Scientific Stare or Scientific 
Swap Instruction, the CSS converts the floating point value found in the source SA 
register prior to storing the integer in the designated register. 
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The process tor converting a floating point nmber to an integer value 

includes: 

1. An assmption is made that the floating quantity is a normalized amber. 

2. It the true value of' the source SA register exponent is less than +1 (after 
mantissa rounding/truncating), set the integer to Zero. 

3. It the integer tits in the destim tion register, then it is stored; that 
is, a value equal to or greater than Zero and not greater than tour hex 
digits (including sign bit) it a single integer register, or not larger 
than eisht hex digits (including sign bit) it a double integer register 
(after bio's ccmplementing it the floating amber sign is negative). 

4. It the integer does not fit in the destination register, set the SI(SE); 
that is, a value larger than tour hex digits (including sign bit) it a 
single integer register, or larger than eight hex <11gi ts (including sign 
bit) it a double integer regLster (after two's ccmplementing it the 
tloating aUllber sign is negative). 

o It the Signi.f1cant Error Mask H5 (SEM) is Zero, store the largest two's 
cQDplement integer; that is, positive value - 7FP'F (hex), negative value 
- 8000 (hex) tor a single integer, and positive value - 7P'P'P' FP'P'F (hex), 
naga t1ve value - 8000 0000 (hex) .for a double intger, with a sign bit 
and po st IlO trap. 

o It the Sigaticant Error Mask M5 (SEH) is One, post a trap. 

It M4( BIT) is Zero, truncate the low-order tractional portion of' the 
converted integer and store the rightmost nonfract1or:Jal tour or eight 
di gi ts (single or dou bl e inte ger) • 

NOTE 

The bigb-order digit (s) and sign are not stored. 

It ~(BlT) is One, do not round. Truncate the low-order tractior:Jal 
portion of' the converted integer and store the right-most nontrac­
tiocal tour or eight digits (single or double integer). 

NOTE 

'!he high digit(s) and sign are not stored; SI(PE) 
is set i.f rounding of the converted integer would have 
incremented the truncated result by One. 

o It the command being executed is a Sc1enti.fic Swap , the command i3 ter­
minated; the registers are not altered it the state ot M5(SEM) is One. 

(Text continues atter Figure 8-1) 

o 
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••••••••• 

• START • ••••••••• 

I ARE SENDING OPERAllD (S) AND \ NO 
< DESTINATION OPERAND (D) Bom >--------------------­

\ FLOATING POINT (FP) OPERANDSI 

v 
FOR S AND D ALIKE 

SPECIFICALLY 
S = D = DFP OR 

I S = D = QFP THEN I 
IEXECUTE INSTRUCTION I 
I (EI) 

v 
•••• 

• EI • •••• 

I YES 

v 
I FOR S = DFP AND 
I D = QFP: 
I EXPAND S TO FaJR 
I WORDS WITH RIGHT~ 

MOST TWO WORDS 
CLEARED TO ZERO 

I 
v 

•••• 
• EI • •••• 

v 
I FOR S = QFP AND 
I D = DFP: 
I EXPAND D TO FOUR 
I WORDS WITH RIGHT-

MOST TWO WORDS 
CLEARED TO ZERO 

v 
•••• 

• EI • • ••• 

I IS SENDI.~ OPERAND (S) AN \ NO 0 0 

< INTmER (I) AND DESTINATION >------->o( A )0 
\ OPERAND (D) AN FP OPERAND I 0 0 

: YES 
. : 

-------------------------------------------------
v 

( FOR S = SINGLE 
I WORD I, CONVERT S 
f TO NORMALIZED FP 
f OF LENGm = TO D 

f 
v 

•••• 
• EI • •••• 

Figure 8-1 

: 
v 

: FOR S = DOUBLE 
(WORD I AND D = DFP, I 
I CONVERT S TO I 
I NORMALIZED gFP I 

v 
•••• 

• EI • •••• 
FOLLaJ Ioo INSTRO' CT ION 
EXECUTION mE RESULT 
IS NORMALIZED, RCUNDED 
AND TRUNCATED TO DFP 

v 
( FOR S = DOUBLE I 
IWORD I AND D = QFP, I 
I CONVERT S TO I 
I NORMALIZED gFP ( 

I 
v 

•••• 
• EI • • ••• 

Instruction Pre-Execution (Sheet 1 of 2) 
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o 0 
o( A )0 

o 0 
I 
v 

( SENDOO OPERAND (S) IS A ) 
( FP OPERAND AND DESTIN!- ) 
( TIal OPERAND (D) IS AD ) 
( INmiEH (I) ) 

I 

v 
NORMALlZE S ADD TEST 'mE 

EXPONPllT OF S 

v 
YES I IS S \ ------< LARGO mAll CAPACITY > 

I 
v 

CONVERT TO 
I INTmER (SEE I 
ISUBSECTION 8 .1. ~) I 

I , 
I 
v 
•••• 

• EI • IF .... 
M5(SEM) I 

= 1 v 
•••••• 

• TRAP • •••••• 

Figure 8-1 

\ OF P 7 I 
I NO 
I 
v 

CONVEllT S TO INTBlER (2s 
COMPLEMENT). SET Sl (PE) 
IF FRACTION IS TRUNCATED 

v 
•••• 

• EI • IF •••• 
M5(PEM) I 

= 1 v 
• ••••• 

• TRAP • • ••••• 

Instruction Pre-Execution (Sheet 2 ~ 2) 

o 
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(Text continued fran sheet 8-4) 

5. It the integer fits in the destination register and there are nonzero 
fractional digi ts, then: 

o It M4( BIT) is a Zero, truncate the fractional portion of the converted 
integer, store the resul t, set SI (PE), and it M5 (PEM) is on, post a 
trap. 

o It M4( BIT) is One, round the converted integer, store the result, and 
post no trap. 

6. U the source SA register operand sign is negative, set the integer to the 
two's oanplement of the converted value. 

8.1.4 Mixed Precision Operands 

Scientific instructions operate on .s1ngl.e precision and double precision 
operands (respectively, double word and quadruple word fields) with formats as 
described in subseotion 3.1.3. Operands entering into sc1enti.tio operation emanate 
fran main mEmory, registers (following conversion to fica ting pOint quanti ties), 
and SA registers. Prior to command exeoution invol ving two operands, the CSS tests 
for unequal length fica ting pOint val ues. If the operand lengths are not equal, 
the destination scientifio accumulator's length (refer to Mode Register, subsection 
3.3.4.8) dcminates. '!'he adjustment proceeds as follows: 

1. U the sending operand length and the reoeiving operand length are both two 
words and both are lengthened to four words (two lower-order words are set 
to Zero), normalize the four word result and round/truncate to two words 
following oommand execution (refer to subseotion 8.1.5). If, however, both 
operands are four words, proceed to command exeoution. 

2. If the sending operand length is two words and the receiving operand length 
is four words, the sending operand is left justi.tied with the low-order 
(right-most) two words set to Zero prior to oommand execution. '!he 
oontents of the sending operand location is not altered. 

3. It the sending operand length is four words and the receiving operand 
length is two words, the receiving operand is lengthened to four words (two 
low-order words are set to Zero). Following oommand execution, normalize 
the four-word result and round/truncate to two words (refer to subsection 
8.1.5). 

8.1.5 Round/Truncate Mode 

Scientific operations requiring right scaling may produce results in which 
nonzero data has been shi.tted off the end of the scient1.fio aocumulator into two 
guard dig:!. t loca tions. These guard digi ts will be truncated fran the resul t after 
normaliza tion it bi t 0 of mode register 4 is Zero (refer to subsection 3.3.4.8). 
If bi t 0 is One, the resul t after normalization is rounded using the most signifi­
cant guard digit. If rounding overflows the mantissa, then scale right one digit, 
shifting in a hex One dig1 t. 
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8.1.5 Notes On Scientific Operations 

1. No scientific operation will produce an unnormal12ed value in a Scientifio 
Aoolaulator (SA). '!he only wSf that an unnormal12ed val ue can occur ill an 
SA i3 for software to modify the SIP context in the Interrupt Save Area 
(ISA) prior to a level change tl:lat load:s the Scientific Acc1.llllalators frail 
the ISA. This type of modification is not supported. Arrt scienti:f'ic 
opera tion that uses an wmormal1zed val ue frem an SA thus modified wUl 
produce unspecified resul ts. 

2. No scientific operation will result in both Scientific Inci1ca.tors SICS) 
(gt"eater than) and SIC 1) (less than) being set. '!he only wq that both 
SI(g) and SI(l) can be set at the same time is for software to modify the 
SIP context in the ISA prior to a level change that loads the Scientific 
Inci1cators. This type of modification is not supported. Any scientific 
branch on indicators SI(g) and/or SIC 1) when both are set will produce 
unspecified 'results. 

3. Whenever the length of a Scientific Acc1Jlllulator is al tared by changing mode 
.-,register ~, then the Scientific Accumulator lIlust be reloaded by software 
. prior to USing it in any other scientific operation. Otherwise, the 
results of the scientifiC operation is unspecified. 

8.1.1 Abbreviations Used for Indica tor Conditions and Traps 

Traps (refer to subsection 3.6.2): 

PREl = Scientific Program. Error ('!V20) 
DZ = Scientific Divide by Zero (TV07) 
EOF = Scientific Exponent Overfiow ('!VaS) 
EOF2 = Scientific Exponent Underflow (TV19) 
SE2 = Scientific Significance Error (TV21) 
PE2 = Scientific Precision Error (TV22) 

Where: 

Note that the usage of !H) and AS) entries in AS Map 2 by &llJ scientific 
instruction will result in a Program. Error Trap TV16 instead of a TV20. 

2 This trap 1:s contralled by a mask bit in the M5 register (refer to 
subsection 3.3.4.9). 

Indicators (refer to subsection 3.3.4.4): 

EDF = Scientific Exponent Underflow 
SE = Scientific Significance Error 
PE = ScientifiC Precision Error 
G = Scientific Greater Than 
L = Scientific Less 'lhan 

o 

c 
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8.2 SCIENTIFIC roUBLE WORD OPERAND INSTRUCTIONS 

'!'he Scientit'ic double operand instructions have the following fonnat: 

o , 2 3 4 8 9 15 
I 

1 lOP x X o P A S 

Addi tional words as needed 

or 

0 1 2 3 4 8 9 15 
1 1 
,I I 

1 lop X X o P A S 
I 

OFFSET R F U MAP # AS2, 3 
I 

I 
I 

I 

0 3 4 6 7 8 9 
I 

~----------~~------~~----~~--------------------1~51 
I 

Addi tional words as needed 

where: OP = Opcode 

xx= Selects one of the three scientific accumulators: 
01 = SA 1 
10 = SA2 
11 = S13 

AS= Address Syllable field. 

Depending upon whether the AS specifies the RAS, IMJ, or MAS form, the double 
operand instructions are defined to have the following format respectively: 

RR - Register/Register 
RI - Register/Immediate Memory 
RM - Register/Memory. 

These instructions are stJllJllari:z:ed in Table 8-1. Their numerical representation 
is given in Table 8-2. 
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Table 8-1 Scienti£ic Instruction Summary - Double Operand Instructions 

---------------------------------------------------------------------------------------------------I I I I I IlIDI!:1t'9!!S I TUPS I I 
IlEl'IUICII MlIIIfOIICI DE:lCllIPTIOJI I OPllAno. IElIJ'IPSI:IIIGII.IPUID%aotllurISIIi'IICOMtllsts I 

1--------- --------1---------------- ----------------1--- -- --I-t-I--- --1---1---'--1--1---------1 I 8.2. 1 SLD I SoinUtto [SU] <-- (11) I I I I I I I I I I I I 
I I Load I I I I I I I 
I I I I I / I I I 
I 8.2.2 SCM / SohaUt1a SIca), SI(I.) I II/II I I I c: • n 
I I CCMlpa,.. (-- (SU] 1& I I I I I I 
I I (11) I I I / I I 
I I I I I I I I 
I 8.2.3 SAD I SahaUt10 144 [SAIl <-- I I I / I I I I I 
I / [SUI • (Ill I I I I I I 
/ / I I / I / I 

8.2._ SSI I Sc1nUtio [suJ <-- I I / I I I I I I 
I Subtraat [SUI - [11] I I I I I I 

I / I I I 
8.2.5 SIlL SainUtLa [SUI <-- I I I I I I I I I I 

MIIl.t1pll [UI] • (14] I I I I I I I 
I I I I I I I 

8.2.6 3D, So1nt1t1a (SU] <-- I I I / I I II I I I I 
D1'114. [U'] I (11] I I I 1 /1 I I 

I I 1/ I I I I 
8.2.7 SST SahaUt10 [11'1 <-- I II II I I I I I I II II 

Store [UI I I I I I I I I I I 
I I "I I I I I I 

'.2.8 sa S olea tit10 [UI] <---) I I II II I I I I I I I I II II 
Swap [11] I I I I I I I I I I 

---------------------------------------------------------------------------------------------------

Table 8-2 Numerical Representation of 
Double Operand Scient1ric Instructions 

~-----.--------~-~~--------------------------~-----~---I SUBSECTION I H1 I H2 I H3 I H4 1 MNEMONIC 1 ATOM SIZE I 
I I I I I ----.... - . '----1-----1------ 1 ____ : ~ ______ I_ ........... ------ t 

8.2.1 8+rl 8 8+11 n SLD Determined 
8.2.2 C+rl 8 8+m n SCM by lIemory 
8.2.3 8+1'1 9 8+11 n SAD control bit 
8.2.4 C+rl 9 8+m n ssa correspon-
8.2.5 8+1'1 C 0+11 n SMt. ding to 
8.2.6 C+rl C 0+11 n I SDV the selec-I 

8.2.7 8+rl D 0+11 n 1 SST ted SA, in 
8.2.8 C+rl D O+m n I SSW M4 I 

.-.._-------------_ ...... _---------------------------------------
where: r = Register number contained in bits 2 and 3 

lI,n = Coordinates ot AS" Map (subsection 3.11) 
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8.2.1 Scientific Load Instruction (SLD) 

Format: 

RR, RI, RM 

Des crt ption : 

The operand indentified by the address syllable is loaded into the 
scientific accumulator specified in bits 2 and 3. 

Operations: 

[SA] <-- [EA] 

Indica tor Condi tiona: 

If (e) < -64, then EDF <-- 1 

Trap Condi tiona: 

EOF, EaF. 

else !OF <- 0 
SE <-- Unchansed 
PE <- Unchanged 
a <-- Unchanged 
L <-- Unchanged 

Special Condi tiona: 

EUF Trap (TV19) is posted only if' EDF is set and [MS( 0)] = 1. 

8.2.2 Scientific Compare Instruction (SCM) 

Format: 

RR, RI, RM 

Description: 

The contents of the scientit'ic accumulator, specified in bits 2 and 3, 
(first operand) is ccmpared to the operand identified by the address 
syllable (second operand). 

NOTE 

A clean Zero operand is equal. to a fuzzy Zero operand. 

Operation: 

SIca), SI(L) <- [SA] :: [EA] 
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!.rldi c:a tor Co ndi t1 0 ns: 

EllF <- Unchanged 
S! <- Unchanged 
PE <- Unchanged 

If [SA] > [EA] then G <-- 1 
else G <- 0 

If [SA] < (EA] then L <- 1 
else L <- 0 

Trap Condi tiOI1:5: 

Bone. 

Special Condi tiODS: 

None. 

8.2.3 Scientific Add Instruction (SAD) 

Format: 

BRt BIt !1M 

Decr1pt1on: 

The operand identitied by the address syllable is added to the contents ot 
the scient1t"ic accUilulator speo1t"1ed 1n bits 2 and 3. 

Operation: 

(SA] <-- [SA] + [EA] 

Indicator Condi t1ons: 

It (e) < -64, then EllF <- 1 
else alP' <- 0 

Trap Condi tioDs : 

EOF, EDF. 

Special Condi tions: 

SE <- Unchanged 
PE <-- Unchanged 
G <- Unchanged 
L <- Unchanged 

1mP' Trap (TV19) is posted oaly it 1mr is set and [M5(O)] = 1. 

() 

c 
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8.2.4 Scientific Subtract Instruction (sse) 

Fonnat: 

RR, RI, RM 

Description: 

The operand identified by the address syllable is subtracted fran the 
contents of' the sc1ent1f'ic accUllulator spec1f'ied in bits 2 and 3. 

Operation: 

[SA] <-- [SA] - [EA] 

Indicator Conditions: 

U(e) < -64, then EUF <-- 1 
else EDF <-- 0 

Trap Conditions: 

EOF, EX1F. 

Special Conditions: 

SE <- Unchanged 
PE <-- Unchanged 
G <- Unchanged 
L <-- Unchanged 

EUF Trap (TV19) is posted only it' EDF is set and (M5(O)] = 1. 

8.2.5 Sci entific Mul ti ply Instruction (3M..) 

Fonnat: 

RR, RI, RM 

Description: 

The operand 1ndentified by the address syllable is mul tiplied by the 
contents of the sc1entif'ic accumulator (spec1f'ied in bits 2 and 3) and the 
product is put in SA (1, 2 or 3). 

Operation: 

[SA] <-- (SA] • (EA] 
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.... --~~-~ ... --~-----.... -~----------.... .....-------------------........ -.... -...---------------
Ind1cator cond:1. tiona: 

I.f'(e) < -64, then EO!' <-- 1 
else EUF <- 0 

Trap Cond1 tiorus : 

EO!', ED!'. 

Special Condi UODa: 

SE <- Unchanged 
PE <- Unchanged 

G <- Unchanged 
L <- Unchanged 

ED!' Trap (TV19) is posted only 1£ EDF is set and [l-5( 0)] = 1. 

8.2.6 Scientific Divide Instruction (SDV) 

Fonuat: 

RR, RI, RM 

Des crt pUon : 

The content ot the scientific accUIIlulator specified in b1 ts 2 and 3 is 
cL1vided by the operand identl£ied by the address syllable. '!he operands 
are normalized prior to the aritbmeUc operaUon8, however, it the divisor 
is Zero, an unconditional Trap (TV01) is posted, the operands are lett un­
modified, and the divide operaUon is not executed. 

Opera Uon: 

[SA] <- [SA] / (EA] 

Indicator Condi tiorus: 

It (e) < -64, then EO!' <- 1 
else l!IJF <-- 0 

Trap Condi Uons: 

EOF, EDF, DZ. 

Special Condi tiODS: 

SE <- Unchanged 
PE <- Uncbanged 
G <- Unchanged 
L <- Oncbanged 

EDF Trap (TV19) is posted only 1: EDF is set and [M5(0)] = 1. 

C1 
• ! .. )I 
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---------------~---------------------------------------------~-----------------
8.2.7 Sci entific S tore Instruction (SST) 

Format: 

RR, RM 

Des cr! ption : 

The contents of the location specified by the address syllable is replaced 
by the contents of the scientific accumulator specified in bits 2 and 3. 
Conversion of the contents in SA to an integer prior to transfer to a 
register can cause one or more indicator changes (see below). 

Operation: 

(EA] <- (SA] 

Indica tor Condi tions: 

EDF <-- Unchanged. 

!£ scale left operation during conversion of a floating number to an 
integer number cause non-Zero bits to be lost (refer to subsection 8.1.3), 
then: 

SE <- 1 
else SE <- O. 

If scale rigbt operation during conversion of a floating nUlllber to an 
integer number cause non-Zero bits to be lost (refer to subsection 8.1.3), 
then PE <-- 1 
else FE <-- a 

G <-- Unchanged 
L <-- Unchanged 

Trap Conditions: 

PRE, EOF, SE, PEe 

Special Conditions: 

1. SE Trap (TV21) is posted oaly if SE is set and (M5(2)] = 1. 

2. PE Trap (TV22) is posted only if PE is set and [M5(3)] = 1. 

3 • Use of the 00 .AS wUl cause TV20. 
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8.2.8 Scientific Swap Instruction (SSW) 

Format: 

RR, HI, ilK 

Description: 

The content of a location 1denti.f'1ed by the address syllable is swapped 
with the content of the sc1ent1tic accmulator spec1t1ed in bits 2 and 3. 

Operation: 

[SA] <-> (EA] 

Indicator Conditions: 

It' (e) < -64, then mF <- 1 
else EOF <- O • 

. ~ It' scale lett operation during conversion ot' a t'loating number to an 1ntger 
nmber cause non-Zero bits to be lost Creter to subsection 8.1.3), 

then SE <- 1 

o 

else SE <- O. (' 

It' scale ri&t1t operations during conversion ot' a t'loating nmber cause 
non-Zero bits to be lost (reter to subsection 8.1.3), 

Trap Conditions: 

then PE <- 1 
else PE <- 0 

G <- Unchanged 
L <- O'ncllanged. 

PRE, EOF, EllF, SE, PEe 

Spec1al Conditions: 

1. mF Trap (TV19) is posted only 1t EDF is set and (MS( 0)] = 1. 

2. SE '!'rap ('l'V21) is posted only it' SE is set and (M5(2)] = 1-

3 • FE Trap (TV22) is po sted 0 Illy 1£ PE is se t and [MS ( 3)] = 1. 

4. Use of the IK') AS will cause a TV20. 
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--------------------------------------------------------------------------------
8.3 SCI~~TIFIC SINGLE OPERAND INSTRUCTIONS 

Scientific single operand in:structions have the following fonnat: 

o 1 3 4 8 9 15 
I 

1 100: OP 

Addi tiona! word:! as needed 

or 

a 1 3 4 8 ~ 1~ 
I I 

1 I 100 OP I ASN I 

I 
I I I 

I 

OFFSET RFU (MAP': 182,3 I 
• 

• I 
I • 

.0 3 4 6 7 8 9 151 

Addi tional word:s a:s needed 

where bit 1 = a for all single operand instructions except 
= 1 for :scientific single operand instructions; 

OP = Opcode field; 

AS = Address Syllable field. 

Depending upon whether the AS :specifies an HAS, MAS, or lID form, these 
instructions are defined to have the following fonnat: 

H = Register only 
M = MEmOry only 
I = Immediate only. 

These instructions are sUlllllarized in Table 8-3. Their numerical representation 
is given in Table 8-4. 
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~~~-~------~----------.~~~-------------~---~----~-----------. 

Table 8-3 Sc.1entific Single Operand Instruction Summary 

-------------------------------~---------------------------------.-----------------._--------------

o 

I I I I tl!DICUORS I TUts , J 
IIUllnC! IJIIUHOIIC I DISCIt,nOI 0'IU1%01 Il£1Ir I PI lSI to 11.1 PU I D% IIOF t IUPlSB I PI: I COMMIns I· 
---------1-------- ----------------I----------------f---I-- --1-f-4---'--I---I---'--'--I---------, 

8.].1 sen 3c:LuUtlo I U(O). 3:(1.) IXIXI x I I I I I I C: • F% I 

8.].2 amD 

8.] .] SC:Q 

8.] ., IROQ 

Co.p .... to I <- (U] II I I I I I I I I I 
Zel"O - 2 VOI'O I %a1'0 I I I I I I I I I 

SolaDUtio 
lap"a - 2 
VOl'da 

I I I I I I I I I 
I (U(s) <-- I I x I I I I I 
I I I I I I I I 
I [U(s) I I I I I I I 
I I I I I I I I 

Sos.eaut10 I U(O). U(I.) XIXI x I I I I c: • 1% I 
eoa,.... to I <-- [1& J u I I I I I I I 
Zero. , 1I01'd. I %al'o I I I I I I I 

SoS.aDUt10 
lacata. , 

I VOl'da 

I I I I I I I I 
I (U(s) <- I I X I I I I I 
I I I I I I I I 
I faA(s) I I I I I I I 

---------------------------------------------------------------------------.. --------------------

where: 

Table 8-4 NtmericaJ. representation o~ Single 
Operand Sc.1enti:fi c Instructions 

------------------ ---------------... --------..... __ ....... _-----------, 
StlBSEcrIOU 

, 
51 

, 
H2 I H3 I 84 I !fiEMONIC I ATOM SIZE 

, 
I I I , I I 

I--·---------I----I~r----~I~I 
I _______ I _______ ~ __ I 

I 8.3.1 C 8 I 8+m n SCZD LWord I , 
I 8.3.2 C 9 

, 8+. 11 SHOD DWord I 

8.3.3 C c I 0+11 n SCZQ QWord 
8.3.4 C D 0+11 11 SNGQ QWord 

--~~-----------. .._---------------------------------
m,n = Coordinates of AS Map (subsection 3.11) 

c 
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Format: 

If M 

Description: 
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The operand identified by the address syllable (first operand) is compared 
wi th a clean Zero (second operand). 

A clean Zero operand is reported equal to a fuzzy Zero operand. An SCZD 
instruction using an RAS operand causes a scientific program error Trap 
(TV20) to be posted, and no change to the scientific indicator register. 

Operation: 

SI(G), SI(L) <--- (EA] :: Zero 

Indicator conditions: 

!UF <-- Unchanged 
SE <-- Unchan~d 
PE <- Unchanged 

If (EA] > Zero, then G <-- 1 
else G <-- 0 

If (EA] < Zero, then L <-- 1 
else L <- 0 

Trap Condi tions: 

PRE 

Special Conditions: 

PRE Trap (TV20) occurs if an RAS operand is selected (refer to subsection 
3.11.1). 
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---~-----------~----~-------------------------- ------.-----~---------~--
8.3.2 Scientific Negate - Two Words (SNGD) 

Format: 

R, I, M (H only for SA1, 2, 3) 

Description: 

The operand identified by the address syllable is negated; that is , the 
sign bit ot the floating point nUDber (bit 7) is altered (it Zero, to One; 
if One, to Zero) except when the value at the tloati1l8 point nlllllber is 
Zero. In this case the resul tant sign bit is Zero. U the format is Rt 

the length ot the operand is determined by the 1Il0de register. Register 
addressing is restricted to the scientific acc\1Iulatora. An S!IlD instruc­
tion using allf other HAS operand, causes a scientific program error Trap 
( TV20 ) to be po ated and no change to the 0 parana. 

Operation: 

(EA(s)] <-- [EA (a)] 

Indica tor Condi tions: 

mF <- Unchanged 
SE <- Unchanged 
PE <- Unchanged 
G <- Unchanged 
L <- Unchanged 

Trap Conditions: 

Special Condi tions: 

1. PRE Trap (TV20) occurs if RAS (In, R4, 15, 116, ~/R'T) AS is used. 

2. Use of 1M:) AS lIlar cause change at procedure. 

o 

c 
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--------------------------------------------------------------------------------
8.3.3 Scientific Compare to Zero - Four Words (SCZQ) 

Fonnat: 

I, M 

Desoription: 

The operand indentified by the address syllable (first operand) is compared 
with a clean Zero (second operand). 

A clean Zero operand is reported equal to a fuzzy Zero operand. An SCZQ 
instruotion using an RAS operand causes a program error Trap (TV20) to be 
posted and no change to the scientifio indica tor register. 

Operation: 

SICG), SI(L) <-- (EA] :: Zero 

Indica. tor Condi tions : 

EUF <-- Unchanged 
SE <-- Unchanged 
PE (-- Unchanged 

If (EA] > Zero, then G <-- 1 
else G <- a 

If (EA] < Zero, then L <-- 1 
else L <-- a 

Trap Condi tions : 

PRE 

Special Conditions: 

PRE Trap (TV20) ooours if an RAS operand is seleoted (refer to subseotion 
3.11.1). 
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~~---------------- - --------~----~--------~------------------~~--~ 
8.3.4 Scientitio Negate - :Oour Words (Soog) 

Format: 

R, I, M (R Only tor SA 1, 2, 3) 

Description: 

The operand 1denti.tied by the address syllable is negated; that is , the 
sign bit ot the floating point nmber (bit 7) is altered (i.t Zero, to One; 
it One, to Zero) except when the value ot the .tloating point number is 
Zero. In this aase, the resultant sign bit is Zero. If' the tonsat is Rt 

the length of the operand is determined by the mode register. Register ad­
dressing is restrioted to the scientific acclIIlulators. An SNGQ instruction 
using an;y other US operand causes a scienti.tic program error Trap (TV20) 
to be posted and no change to the operand. 

Operation: 

.: [EA(s)] <- tEA(S)] 

Indiaa tor Conditions: 

mF <- Unchaneed 
SE <- tJncb.anaed 
PE <- Unchanged 
G <- Uncb.anaed 

. L <- Unchanged 

Trap Conditions: 

PRE 

Special Conditions: 

1. PRE Trap (TV20) occurs 1:t' HAS (In, R4, il5, a), a)/R7) AS is used. 

2. U.se o:t' IHl AS m8;1 aau.se change at procedure. 

o 

c 
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Branch on Scientific Accunulator (BR) instructions have the format shown in 
Figure 8-2. 

These instructions enable branching on selected Scientific Accumulators; e. g. , 
equal to zero, less than zero, etc. 'lbese instructions are defined in summary form 
in Table 8-5. Their numerical representation is given in Table 8-6. 

a 1 2 3 4 a 9 15 

o 0 x x OP d 

• where: XX - Selects one of' the three scientific accumulators: 
01 = SA1 
10 = SA2 
11 = SA3 

OP - Opcode field 
d - Displacement (see Figure 5-1 for an explanation of the displace­

ment field). 

Figure 8-2 Branch on Scientific Accumulator Instruction Format 
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~-------~-------~--------------~----- .-----------~------------------
Table 8-5 Branch on Scientifio Acoumulators ----.... ---........ --------------.... -....-..-..... --------------.. ---.. ------.. ~----.... --------...... ,....--

I REFERENCE lMNE- , DESCRIPTION OPERATIONS I INDICATORS I COMME.'1TS I 

IMOHICI I AFFE C'rED I 
I---------I~---I~~-------J----~----~-----t-~-------I------~---~I 

8.4.1 ISSLZ I Branch it (SA] I If (SA(s)]=l and I In all bran ch I 
I Less than Zero I if (SA(t)]~, tnen loperationa, I I 
I (P] <- EA lit tne branch I I 

1 lcondition is I 
8.4.2 ISEGEZ Branch it (SA] If (SA(s):O or Itrue (i. e., I 

I G rea ter tnan or [SAC t)] I. 0, tnen Ibranch wlll) I 
I 

I !'qual to 0 [P] <- EA I be exeouted), I I 

I I lit (M1(J)]=1,1 
8.4.3 ISBEZ Branch it [SA] It (SA( t) ]:0, then l then Trap to I 

I Equal to 0 [P] <- EA ITV02. I 
I I I 

8.4.4 I sa NEZ Branch it [SA] It' [SA(t)]~, then I I 
1 Not !'qual to 0 [P] <- EA I I 
I I 

8.4.5 ISBGZ Branoh it [SA] It' (SA( t)]PO and 
I Greater than 0 it (SA(a)]=O, tnen 
I (P] <- EA 
I I 
I I 

8.4.6 ISBLEZ Branch it [SA] It' [SA(t)]=O, or it I 

o 

I Less than or (SACs)]=1, then I (~\ 
I Fqual to 0 [P] <- EA I \,,"~ 

------.- .. --------------.---------------~-----------~------.. ------------where t = Fraotion (mantisaa) excluding aign 

s = Sign 

SA = Scientific Aooumulator 

. Table 8-6 Nunerical Representation ot Branch on 
Scientifio Aoounulator Instructions 

~--------------------~~.-----~~--~--------~ I StlBSE CT ION I B1 I B2 I H3 I B4 Iz.tlEMOHIC I ATOM SIZEI 
1----------1----1--1-------1-------1---------1 
I 8.4.1 I O+r I 4 0+<1 I S3LZ I I 
I I 
I 8.4.2 I O+r I 4 8+<i I SSGEZ I NOT I I I 

I 8.4.3 I O+r I 5 0+<1 I S3EZ I APPLI- I I 

I 8.4.4 I O+r I 5 8+d I ssm I CABLE I I I 

8.4.5 ·IO+r I 6 0+<1 I SBGZ I I I I 

8.4.6 I O+r I 6 8+d I SSLEZ I I I I 

where r = Acoumulator oLJllber contained in bits 2 & 3 of the inatruction 

<1 = 7 -bit displacement. c 
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---~----------------~-----------------------------------------------------------
8.4.1 Eranch if (SA] Less Than Zero (SSLZ) 

Fonnat: 

BR 

Description: 

Branch to the effective adc:lress if the content of the SA is negative. 

Operation: 

If [SACs)] = 1 and if [SA(f)] ~ 0, then [P] <-- EA 

Indicator Conditions: 

EUF <-- Unchanged 
SE <- Unchanged 
PE <- Unchanged 

G <-- Unchanged 
L <-- Unchanged 

Special Conditions: 

If the branch condition is true (i. e., a branch is executed) and M1 (J) = 1, 
then trap TV02 (trace trap) occurs after the SBLZ instruction is executed. 

8.4.2 Branch if [SA] Greater Than or Fgual to Zero (SBGEZ) 

Fonnat: 

BR 

Description: 

Branch to the effective adc:lress if the content of the SA is post tive or 
Zero. 

Operation: 

If [SA(f)] = a or [SACs)] = 0, then [P] <-- EA 

Indicator Conditions: 

EUF <-- Unchanged 
SE <-- Unchanged 
PE <-- Unchanged 
G <-- Unchanged 
L <- Unchanged 

Special Conditions: 

If the branch condition is true (i. e., a branch is executed) and Ml( J) = 1 t 
then trace Trap (TV02) occurs after the SBGEZ instruction is executed. 
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-----~---... ------------------------~~-~--------~~---------------
8.4.3 Branch it [SA] Equal to Zero (SBEZ) 

Format: 

BR 

Desoription: 

Branch to the eftective address it the content at the SA is Zero. 

Operation: 

It (SA(t)] = 0, then [P] <-- EA. 

Indicator Conditions: 

EllF <-Unchanged 
SE <- Unobanged 
PE <- Unchanged 

,- G <- Unchanged 
L <- Unchanged 

Special Conditions: 

o 

/-", 

It the branch condition is true (1. e., a branch i8 exeouted) and H1(J) = 1 ,~./ 
then traoe Trap (TV02) ocours atter the S3NEZ instruotion is executed. 

8.4.4 Branch it [SAl Not EQual to Zero (SBNEZ) 

Fonnat: 

BR 

Description: 

Branch to the eftective address it the content at the SA is not Zero. 

Operation: 

It (SA(t)] ~ 0, then (P] <- EA. 

Indicator Conditions: 

EUF <- Unchanged 
SE <-- Unchanged 
PE <- Unchanged 
a <- Unchanged 
L <- Unchanged. 

Special Condi tions: 

It the branch condition is true (i. e. t a branch is exeouted) and M1 (J) = 1, 
then traoe Trap (TV02) occurs atter the SBNEZ instruction is executed. 
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--------------------------------------------------------------------------------
8.4.5 Branch if (SA) Greater Than Zero (SBGZ) 

Format: 

BR 

Description: 

Branch to the effective address if the content of the SA is greater than 
Zero. 

Operation: 

If [SA(f)] ~ 0 and if [SACs)] = 0, then [P] <-- EA 

Indicator Conditions: 

EUF <-- Unchanged 
SE <- Unchanged 
PE <-- Unchanged 
G <-- Unchanged 
L <-- Unchanged 

Special Conditions: 

If the branch conditions is true (i.e., a branch is executed) and M1(J) = 
1, then trace Trap (TV02) occurs after the SBGZ instruction is executed. 

8.4.6 Branch if (SA] Less Than or Equal to Zero (SBLEZ) 

Format: 

BR 

Description: 

Branch to the effective address if the content of the SA is less than or 
equal to Zero. 

Operation: 

If [SAC!)] = 0 or if [SACs)] = 1 then [P] <-- EA 

Indicator Conditions: 

EUF <-- Unchanged 
SE <-- Unchanged 
PE <-- Unchanged 
G <-- Unchanged 
L <-- Unchanged 

Special Conditions: 

If the branch conditions is true (i.e., a branch is executed) and M1(J) = 
1, then trace Trap (TV02) occurs after the SBLEZ instruction is executed. 
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~ .... ---------.... --------.. ----------------........ --------.....------------.... -~-----.---
8.5 BR~'lCli CN SCIENT!FIC INDICATOR INSTRUCTIONS 

Brancll on Scient:if'ic Indicator (BI) instructions nave the format shown in 
Figure 8-3. 

These instructions enable branclling on various indicators conditions; e.I., 
eq ual, less than, greater than, etc. 'these instructions are s1.illllllarue<1 in Table 
8-1. Their n1.llllerical representation is Siven in Table 8-8. 

o 1 2 8 9 15 

o 1 OP <l 

wbere: OP = Opcode field 
<l = Displacement (s·ee Figure 5-2 for an explamtion of' the displace­

lDent fiel<l). 

Figure 8-3 Branch on Scientific Indicator Instruction Format 

8.5.1 Branch on Less Than (SSL) 

Format: 

BI 

Description: 

Branch to the etfective a<ldress if the Scientific Less Than indicator is 
set. 

Operation: 

If (SI(L)] = 1, then [P] <-- EA 

Indi ca tor Ccndi tions : 

EOF <- Unchange<l 
SE <- Unohange<l 
PE <- Unchange<l 
a <- Unchange<l 
L <- Unchange<l 

(j 

Special Ccndi tions: (.; 
If' the branch condition is true (i. e., a branch is e:xecute<l) an<l M1( J) = 1, 
then a trace Trap (TV02) occurs atter the SSL instruction is e:xecute<l. 
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Table 8-7 Branch on Sc1entif1c Indicators 

-------------------------------------------~~---------------------------------I REFERENCE IMNE- 1 DESCRIPTION 
IMCNICI 

OPERATIONS IIBDICATORS 1 COMMENTS 
1 AFFECTED 1 1---------1----- ________________ I __________ ~_~ ____ ~--------I-------------

8.5.1' 

8.5.2 

8.5.3 

8.5.4 

8.5.5 

8.5.6 

I 8.5.7 

8.5.8 

8.5.9 

[ saL 
I 
I 

Branch on Less I If [SI(L)]=1 then 
Than I [P] <- EA 

I 
ISBPE Branch on Pre- 1 If' [SI(PE)]=1 then 
I c1s1on Error I [P] <- EA 
[ I 
ISBSE Branch on Sig- [ If [SI(SE)]=1, then 
I nif'1cance Error 1 (P] <- EA 
I I 
ISBGE I Branch on I If' (SI(L) =0, then 

I Greater Than I [p] <- EA 
I or ntual to I 

1 I [ 
ISBNPE I Branch on No I If (SI(PE)]=O, then 
I I Prec1s1on Error [ [P] <- EA 
I I I 
ISSNSE Branch on No I If [SI(SE)]=O, then 
I Significance [P] <- EA 
[ Error 
I 
I SSE 
I 
I 
ISBNE 
[ 
I 
I SSG 

I 
Branch on nt uall 

I 
I 

I Branch on Not 
I F4ual 
I 
I Branch on 

I I Greater Than 
I 1 

If [SI(L)/\sI(G)]=O 
then, [P] <-- EA 

If' [SI(L)\/SI(G)]=1 
then, [P] <- EA 

If [SI(G)]=1, then 
[P] <- EA 

8.5.10 ISBEU [ Branch on Expo- If' [SI(EUF)]=1,then 
then [P] <-- EA I I nent Underflow 

I I 
8.5.11 ISSLE I Branch on Less 

I I Than or nt ual 
I I 

8.5.12 ISBNEU I Branch on No 
I Exponent Under-I 
I flow I 

If [SI(G)]=O, then 
[P] <- EA 

If' [SI(EUF)]=O, 
then [P] <- EA 

I In all branch 
loperations, 
lit the branch 
Icondi tion is 
I true (1. e. , 
Ibranch is 
lexecuted) and 
lif' [M1( J}] = 1, 
I then trap to 
TV02. 

--------------------------------------------------------------------------------
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Tabl e 8-8 Numerical Representation of Branoh on 
Scientiti c Ind1 ca tor Instructions 

-------~----~----~-----------------~-~---~-I SUBSE c:r ItA' I H1 I 112 I H3 I H4 I MNEMONIC : ATOM SIZEI I I I 

1 .... -.....--.....-1---- ' ---..1 ...... ---.---....1----.... ---1-----------1 
I 8.5.1 4 4 I O+d I I 
I 8.5.4 4 4 I 8+d I 

I 8.5.7 4 5 I 0+<1 
I 8.5.8 4 5 8+d 

8.5.9 4 6 O+d 
8.5.11 4 6 8+<l 
8.5.2 5 4 0+<1 
8.5.5 5 4 8+d 
8.5.3 6 4 0+<1 
8.5.6 6 4 8+d 
8.5.10 7 4 0+<1 
8.5.12 1 4 , I 0+<1 

._-----------_.- --------- • 

wher.e d = 7 -bi t displacement 

8.5.2 Branoh on Precision Error (SBPE) 

Fomat: 

BI 

Description: 

SBL I 
I 

SBG! I 
I 

saE I NOT 
SBNE 
SBG APPLI-
SBLZ 
SHE CABLE 
SBNPE 
saSE 
SBNS! 
sau 
SBNEU 

----------------------

I REV. 
C 

Branch to the effective ,ad.dress it the Scientific Ind.1cato~, Precision 
Error, is set. 

Operation: 

It (SI(PE)] = 1, then [P] <-- EA 

Ind.1 ca tor Cond1 tions : 

EtJF <- Unchanged 
S! <- Unchanged 
PE <- Unchanged 

G <- Unchanged 
L <- Unchanged 

Special Cond.1 tions: 

o 

It the branch cond.1 tion is true (i. e., a branch is executed) and. MH J) = 1, 
then trace Trap (TV02) occurs atter the SSP! in.struction is executed. C 
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8.5.3 Branch on Significance Error (saSE) 

Fonnat: 

BI 

tescr1ption: 

Branch to the effective address if the Scientific Indicator, Significance 
Error, is set. 

Operation: 

If [SICSE)] = 1, then [P] <-- EA 

Indicator Condi tions: 

EOF <-- Unchanged 
SE <-- Unchanged 
PE <-- Unchanged 
G <-- Unchanged 
L <-- Unchanged 

Special Conditions: 

If the branch condition is true (i. e., a branch is executed) and M1( J) = 1, 
then trace Trap (TV02) occurs after the saSE instruction is executed. 

8.5.4 Brancll on Greater Than or [qual (saGE) 

Fonnat: 

BI 

tescr1ption: 

Brancll to the effective address if the Scientific Less Than indicator is 
not set. 

Operation: 

If [SI(L)] = 0, then [P] <-- EA 

Indi ca tor Condi tions : 

EOF <-- Unchanged 
SE <-- Unchanged 
PE <-- Uncllanged 
G <-- Unchanged 
L <-- Uncllanged 

Special Conditions: 

If the branch co ndi tion is true (i. e., a branch is executed) and M1 (J) = 1, 
then trace Trap (TV02) occurs after the saGE instruction is executed. 
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8.5.5 Branch on No Preci.sion Error (SBNPE) 

Fomat: 

BI 

Description: 

Branch to the eftective address it the Scientitic Indicator, Precision 
Error, is not set. 

Operation: 

If [SI(PE)] = 0, then [P] <-- EA 

Indicator Conditions: 

EUF <- Unchanged 
SE <- Unchanged 

_: PE <- Unchanged 
G <- Unchanged 
L <- Unchanged 

Special Conditions: 

U the branch condi tion is true (i. e., a branch is e%Scuted) and M1 (J) 
then trace Trap (TV02) occurs atter the seUPE instruction is e%Scuted. 

8.5.6 Branch on No Sisg1ficance Error (SBNSE) 

Fonuat: 

BI 

Description: 

= 1, 

Branch to the effective address iZ the Scientific Indicator, Significance 
Error, is not set. 

Operation: 

If [SICSE)] = 0, then [P] <-- EA 

Indi ca tor Condi tions : 

o 

./\ o 

EUF <- Unchanged 
SE <- Uncb.anged 
PI <-- Uncb.anged 
G <- Uncllanged 
L <- Unchanged c 

Special Conditions: 

U the branch condition is true (1. e., a branch 13 executed) and M1( J) = 1, 
then trace Trap (TV02) occurs atter the saNSE instruction is e%Scuted. 
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8.5.1 Branch on Eo ua1 (SSE) 

Format: 

BI 

Description: 

Branch to the effective address if the Scientific Indicators Greater Than 
and Less '!han are not set. 

Operation: 

If [SI(L) /\ SI(G)] = 0, then [P] <-- EA 

Indicator Conditions: 

EUF <- Unchanged 
SE <-- Unchanged 
PE <-- Unchanged 

G <-- Unchanged 
L <-- Unchanged 

Special Conditions: 

It the branch condition is true (i. e., a branch is executed) and M1( J) = 1, 
then trace Trap (TV02) occurs atter the SBE instruction is executed. 

8.5.8 Branch on Not Equal (SBNE) 

Format: 

BI 

Description: 

Branch to the effective address if either of the Scientific Indicators, 
Greater 'l'han or Less '!'ban are set. 

Operation: 

If [SI(L) \/ SICG)] = 1, then [P] <-- EA 

Indi cat or Condi tions: 

EUF <- Unchanged 
SE <-- Unchanged 
PE <-- Unchanged 
G <-- Unchanged 
L <-- Unchanged 

Special Condi tions: 

It a branch condi tion is true (i. e., a branch is executed) and M1 (J) = 1, 
then trace Trap (TV02) occurs atter the SBNE instruction is executed. 
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8·~5.9 Branch on Greater Than (SSG) 

Format: 

BI 

Description: 

Branch to the effective address if the Scientific Indicator, Greater Than 
is set. 

Operation: 

It (SIca)] = 1, then (P] <-- EA 

Indi ca tor Condi t:1ons : 

!UF <- Unchanged 
SE <- Unchanged 
PE <- Unchanged 
G <-- Unchanged 
L <- Unchanged 

Special Condition:s: 

rr the branch condition is true (1.e., a branch is e::c:ecuted) and K1(J) = 1, 
then trace Trap (TVtl2) occurs atter the saG instruction is executed. 

8.5.10 Branch on Exponent Underflow (saEIJ) 

Format: 

BI 

Description: 

Branch to the effective address if the Scientific Indicator, Exponent 
Undert'low, is set. 

Operation: 

It [SI(EUF)] = 1, then [P] <-- E1 

Indicator Condi tiona: 

o 

!UF <- Unchanged 
SE <- Unchanged 
PI <- Unchanged 
a <- Unchanged 
L <- Unchanged C-" 

- / 

Special Condition:s: 

1.£ the branch condition is true (i. e., a branch is e::c:ecuted) and K1 (J) = 1, 
then trace Trap (TVtl2) occurs atter the ssm instruction is executed. 
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8.5.11 Branch on Less Than or Fgual (SSLE) 

Fonnat: 

BI 

Description: 

Branch to the effective address if the Scientific Indicator, Less Than is 
not set. 

Operation: 

If (SI(a)] = 0, then (P] <-- EA 

Indi ca tor Condi tions : 

EUF <- Unchanged 
SE <- Unchanged 
PE <-- Unchanged 
a <- Unchanged 
L <-- Unchanged 

Special Conditions: 

If the branch condi tion is true (i. e., a branch is executed) and M1( J) = 1, 
then trace Trap (TV02) occurs after the SBLE instruction is executed. 

8.5.12 Branch If No Exponent Underflow (SSNEU) 

Fonnat: 

BI 

Description: 

Branch to the effective address if the Scientific Indicator, Precision 
Error, is not set. 

Operation: 

If [Sl(EUF)] = 0, then [P] <-- EA 

lndi ca tor Condi tiona : 

EUF <- Unchanged 
SE <-- Unchanged 
PE <-- Unchanged 
a <- Unchanged 
L <-- Unchanged 

Special Condi tiona: 

If the branch condition is true (i. e., a branch is executed) and M1 (J) = 1, 
then trace Trap (TV02) occurs after the SBNEO instruction i5 executed. 
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8.6 Scientific IntrinaiQ5 

These instructions are available onlY' on the M6X and M6XE. The format for 
intrinsic instructions is a generic instruction followed by a single word that 
specifies AS, SA, and funotion. The format is: 

0 ~ 4 7 8 11 12 15 
I I I 

GENERIC 0 0 1 I 8 WORD N 
FORMAT 

0 1 2 3 4 6 7 8 2 15 
I I I 

0 OP I I 000 I OP AS WORD N + 1 
I I 

I 
OP 

where: I - Selects one of the three soient:U'ic accumulators (SA1, SA2, SA3): 
01 = SA 1 
10 = SA2 
11 = SA3 

OP - Function sal eot : 
000 = Sine (SSIN) 
001 = Arc Tanpnt (SAaT) 
010 = Exponentiate (SEIP) 
011 = Convert .Dec1mal to Hex (SDTH) 
100 = Cosine (SCOS) 
101 = Square Root (SSRT) 
110 = Log (SLOG) 
111 = Convert Hex to Dec:L.m.al (SI:1TD) 

AS - Address Syllable: 

Sn and SA are the only legal AS for intrinsios except for the two 
convert instructions which maJ only use the Sn AS else TV05. 

The convert in3tructions are used to convert between a pseudo dec:L.m.al floating 
point number and a floating point hexadecimal number. The source or destimtion of 
the pseudo decimal floating point number is defined by the instruction AS which 
points to a tbree- or five-word area in memory. 'lbe memory' fOnDa t is: 

o 

S M WORD n 

o 

M WORD n + 1 ( .. --'" 

. ' 

- >' 

EX WORD n + 2 or 4 
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where EX, Sand M are defined in subsection 3.1.3.3. 

Intrinsic instructions are used to compute a square root, power of e, loga­
rithm, or trigonometric function. Intrinsic instructions are summarized in Table 
8-9 and described in subsections 8.6.1 through 8.6.8. Their numerical repre­
sentation is given in Table 8-10. 

The intrinsic instructions provide accuracy equal to or greater than the 
accuracy provided by Advanced FORTRAN, Release 1 under the MODE 400, Release 200 
Operating System (using the appropriate precision SI mode or SI simulator). 

The conversion functions try to preserve as much precision as possible. The 
effective weight of the least significant bit of the converted value is no more 
than the weight of the least significant bit of the input argument. 

Although the precision criteria is maintained during conversion, the instruc­
tions SHTD and SDTH are not exact inverses. A value (V1) converted to V2 by SDTH, 
and V2 converted by SBTD will result in V3 which although equivalent to V1 may not 
be the same representation. 

Table 8-9 Scientific Instruction Summary - Intrinsic Instructions 

-----------------------------------------------------------._--------------------------------------I 1 I I I II!DICATORS I nAPS 
IRIU'IR£IICZ I HIlI KOIIC 1 DISCRl PTIO! I O'IBAnO! I EDF I PI ISE lOlL I PRE I DZ I Eor I EDP Isa I PI I COMMEIITS I 
1---------1--------1----------------1----------------1---1--1--1-1-1---1--1---1--- --1--1---------1 
I 8.6.1 I SUD I COIlU .. t Bn to I ClAl (-- CSA'l I I I I I I I 1 1 I 1 Bote 1 I 
I liD. ai.aJ. 1 1 1 1 I 1 I 1 I I I I I 
I 1 1 1 I I 1 1 lit I tit I 
I 8.6.2 I SDTH I Con.,. .. t Deot.aJ. I [SAIl (-- [81] 1 I 1 I I 1 I I I 1 I 1 1 1I0te 2 I 
I I I to Hn: t I I I I tit I I I I 
I I I I I I I I I I I Itt I 
t 8.6.3 t SSIX I rrigonoa.trlD I [SAl] <-- I I I I I I I I 
I I I Sin. I SIU [IA] I I I I I I t I 
I I I I I I I I I I I I 
I 8.6.' SCOS I trigono.atria I [SAl] <-- I I I I I I I 
I I Conn. I COSIIIB [U] ttl I I I 
Itt I I I I I 

I 8.6.S SLOO I lI.tur.l I [SU] <-- t J J I I 
t I Lag.rUb. J loCO. [81] I J t J I 
I J I I J J I I 
I 8.6.6 SEX. I !zponaDUal:1oD I [UI] <-- I I I I I 
I I I alIA] I I I I I 
I ( I t I I I I 
I 8.6.1 SUt I trigona.atri0 I (U.l <-- I I I I I 
I I Arc tucent I fAI- ,[U] I I I I I 
J I J t I I I I 
I 8.6.8 Ssat I Squ .... Roo& I [SUI <--- I I I I I 
I I I CIA] 112 t I I I I 
---------------------------------------------------------------------------------------------------

IOtlS 

1. Flo.ting lIez to fla.tiDg d.d •• l. 
2. Floatil1g deai •• l to t'lo.tilll lI.x. 
3. ala. SA1, 2 or 3. 
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Table 8-10 NtlQIerical Representation ot Intrinsic Scientitic Instruct10na 

I SUBSECTION I H 1 I I:i2 I H3 I a4 I MNEMJNIC I ATOM SIZ E I 
I-----~-- ----,~-~'-----'---~'----------:~--------: 

8.6.3 
8.6.1 
8.6.6 
8.6.2 
8.6.4 
8.6.8 
8.6.5 
8.6.1 

o 0 
r 0 
r 0 
r 1 
r 1 

4+r a 
4+r. 0 
4+1"1 1 
4+1"1 1 

1 8 Intrinsic I 
m n SS IN # I Determined I 

8+m. n SADT # I by meD.ory I 
m n SEIP I conto! bit I 

8+m. n SDrH I correspoD-1 
m n sces # ding to 1 

8+m. n SSRT I the selec-l 
m n I SLCG I I ted SA, inl 

8+m. n I SB'l'D I I M4 I 

~--~--------------.---------------------------~~~--
where: r = Scientitic Acc'Ulllulator bita 2 ancl 3; 

m, n = Coordim tea ot AS Map (see subsection 3. 11) • 
I :I '1'b.e numerical representation given ia tor the second word ot the 

inatruction which determines the instruction type. 

8.6.1 CORVEll'! HEXADECIMAL TO DECIMAL. (SHTD) 

Format: 

Ge 

Description: 

The hexadecimal nmber in the selected SA is converted to two binary 
ntllllbers, EX, M and S (representing the decU:aal exponent, mantisaaand 
sign), which are stored in the meD.ory area de signa ted by the AS. 

Operation: 

As above. 

Indicator Condi tiOI13: 

!OF <- Unchanged 
SE <- Unchanged 
PE <- Unchanged 
G <- Unchanged 
L <- Unchanged 

Trap Condi tions : 

None 

0-
,:. 

Special Conditions: c 
Trap (TVOS) occurs i!" the AS wsed was not Bn trcm Map 1. 

-~- ---- -------
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8.6.2 CONVERT DECIMAL TO HEXADECIMAL (SDTH) 

Fonnat: 

Ge 

Description: 

The two binary n1.llllbers (representing the decimal sign, mantisaa, and ex­
ponent) in the memory field designated by the AS are converted to floating 
point bexadecimal representation and stored in the selected SA. The AS 
field of the mode register (M4) cietermines the mantissa. size assumeci during 
the conversion. If the magni tude of the converted val ue is too sall or 
too large to fit the standard bexadecimal floating point fomat, an EOF 
trap or exponent underflow (EUF) occurs, respectively. 

Operation: 

As above. 

Indi ca tor Concii tions : 

If EX < -77, then EUF <- 1 
el se EIJF <-- a 

Trap Condi tions : 

EOF, EDF 

Special Conditions: 

SE <- Unchanged 
PI <-- Unchanged 
G <-- Unchanged 
L <-- Unchanged 

Trap (TiOS) occurs if the AS used was not Sn frcm Map 1. 

8.6.3 smE (SSIN) 

Format: 

Ge 

Description: 

The trigcncmetric sine or the operand identified by the address syllable is 
ccmputeci and the result is stored in the specifieci scientific acc1.llllulator. 
The operand is in radians. The precision of the operation i3 determined by 
the operand and acc1.llllulator lengths specified by M4. Refer to subsections 
8.1.2 through 8.1.5. 
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Ope~at1011: 

[SA] <- SINE [EA] 

Indi ca tor Condi tiona: 

EUF <-- Unchanged 
SE <- Unchanged 
PE <- Unchanged 

G <- Unchanged 
L <- Unchange<l 

Trap Condi tiona : 

None 

Spec1al Condi tiona: 

1. 'lV33 occurs it the absolute value at the input operan<l is greater than: 

. 0 Single Precision - Sa5487EC hexadecimal. floating point (.10541436E9 
dec1mal. flea ting point) 

o Double Prec1sLon - 9C1921FBS 4EB96 BF hcadec1mal flea ting point. 

2. Trap TVOS occurs it' the AS u:se<l was not Bn er REG (SA.1 t 2, 3) frcm Map 1. 

S.6.4 COSINE (SCOS) 

Fonnat: 

Ge 

Description: 

The tr1&Oncme'tric oosLne at the ope~and identified by the address syllable 
is ccmputed and the resul t is stered in the specit'ied sc1entific accUllu­
later. The operand is in radians. The prec1sLon of the operation is 
deter.u1ned by the operand and acc\lllulato~ lengths specified 1n~. Rater 
to subsections a. 1.2 through a. 1 .5. 

Operation: 

[SA] <- CONSINE [EA] 

Indicator Condi t.101l3: 

ET1F <- Uncbanged 
SE <- Unchanged 
PE <- Unchanged 

G <- Unchanged 
L <- Unchanged 

o 

c 

c 
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Trap Conditions: 

None 

Special Conditions: 

Same as tor SSIN. 

8.6.5 NATURAL LooARITHM (&.00) 

Fonnat: 

Ge 

Description: 

The natural logarithm of the operand identitied by the address syllable is 
ccmputed and the resul t is stored in the specified scientific accumulator. 
The precisioD ot the operation is determined by the operand and accumulator 

. lengths specified in MIJ. Refer to subsections 8.1.2 through 8.1.5. 

Operation: 

(SA] <-- Looe (EA] 

Indicator Conditions: 

EUF <-- Unchanged 
SE <-- Unchanged 
PE <-- Unchanged 

G <-- Unchanged 
L <-- Unchanged 

Trap Conditions: 

None 

Special Condi tioDS: 

1. 'l'V33 occurs it the operand is nega. tive or zero. 

2. Trap TV05 occurs if the AS used was Dot Bn or REG (SAl, 2, 3) tran Map 1. 

8.6.6 EXPONENTIATE (SEXP) 

Fonnat: 

Ge 
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Description: 

The number e (natural logarithm case) is raised to the power specified in 
the operand identified by the address syllable. 'lbe result is stored in 
the specified scientifia aaaumulator. The precision of the operation is 
d.etenllined by the operand and accumulator lengths spec1fied in MIJ. Reter 
to subsections 8.1.2 througll 8.1.5. 

Operation: 

(SA] < __ e LEA] 

Ind1 ca tor Cond.1 tions: 

!UF <- Unchanged 
SE <- Unchanged 
PE <.;... Unchanged 
G <- Unchanged 
L <- Unchanged 

Trap Cond1tions: 

None 

Special ConcU. tions: 

1. 'l'V33 ocaurs if the valueot the operand. is greater than: 

o Single Precision - 84AEAC4E hexadeaimal flea tine; point 

o Double Precision -84AEAC4EF88B9777 hexadecimal t'loating 
pOint. 

2. Trap nos ocaurs if the AS used. was not Bn or RED (SA1, 2, 3) trau. Map 1. 

8.6.7 ARC TAmEN'! (SAR'!) 

Format: 

Ge 

Description: 

The angle whose tangent is the operand specified by the address syllable is 
aQllPuted.. '!he resul t, in racU.ans, is stored in the spec1tied scient1fia 
accumulator. The precision ot the operation is deter.mined bJ the operand 
and accumulator lengths specified in M4. Reter to subsections 8.1.2 
througll 8. 1 .5 • 

The resul t of the 3D'! instruation is within the range at =. p1/2 rad1ans. C 
Operation: 

(SA] <-- TAH-1 (EA] 
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Indicator Conditions: 

EUF <-- Unchanged 
SE <-- Unchanged 
PE <-- Unchanged 
G <- Unchanged 
L <-- Unchanged 

Trap Conditions: 

None 

Special Conditions: 

Trap n05 occurs if' the AS used was not Bn or Rm (SA1, 2, 3) f'ran Map 1. 

8.6.8 SQUARE ROOT (SSRT) 

Format: 

". Ge 

Description: 

The square root of' the operand specif'ied by the address syllable is 
canputed and the resul t is stored in the specified scientific accUllulator. 
The pre- cision of' the operation is determined by the operand and 
accumulator lengths specified in 114. Refer to subsections 8.1.2 througb 
8.1.5. 

Operation: 

(SA] <-- (EA]1/2 

Indi ca tor Condi tions: 

EUF <- Unchanged 
SE <- Unchanged 
PE <-- Unchanged 
G <- Unchanged 
L <-- Unchanged 

Trap Condi tions: 

None 

Special Condi tions: 

1. lV33 occurs if' the value of' the operand is negative. 

2. Trap TV05 occurs if' the AS used was notBn or REG (SA1, 2,3) fran Map 1. 
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DPS6 Stage 3 Systems will otfer both the traditional DPS6 monoprocessor 
configura tiona (i. e., CR41 E-based models) as well as tightly coupled mul tiprocessor 
configurations (e. g., Dual 6X models). 

Note that a tightly coupled mul tiprocessor system, as the term is used in this 
document, is defined as a group of processor resources under the control of a 
single operating system and sharing a common address space. 

The following information is presented to convey scme ot the finer pOints to be 
considered in the use of the L6 in mul tiprocessor configurations. 

10.1.1 Basic Configurations 

16 Architecture is designed to accomodate fran one to four central subsystems 
attached to the system Bus (Megabus or Extended Me ga bus) • Table 10-1 defines Bus 
Slot requirements for those DPS6-CSSs allowing for mul tiprocessor support. 

10.1.2 Channel Nuabering 

Each CSS in a mul ti-CSS configuration is assigned a unique channel number. 
This channel nuaber is used by memory and oonfigured I/O controllers to oc:mmunioate 
(interrupts, status, and Memory Read responses) with the individual CSS. Channel 
nuabers are also used to relocate individual CSS' "Dedicated Memory" areas (see 
subsection 10.1.3). 
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Table 10-1 CSS Bus Slot Requirements 

I , 
I CSS , CSS BUS MEMORY SIZE (BnES) MEMORY BUS I , , 
'GENERIC'FUNCTICNALITYI SLOTS REQ'D ------~~~----~-~---------I SLOTS PER 

NAME I INCREMENT I 
I Min. Max. Modularity I 

I 
I 

M5X M5X CSS & 5 for Dual 512K 2M 512K 2 total 
SCF (Data- (N/A) Increments 
Het only) 

M5IE M5XE CSS & 5 for Dual 2M 8M 2M 1 total 
SCF (Data- Increments ' 
Net only) 

M6X M6X (CSS, 3- 1M (4M) 16M 1M, 4M, 2 total 
__ I SIP, CIP, 8M, 16M 
'.1 SCF) , 

I 

M6XE , M6X CCSS, 3- 1M (41~) I 16M 1M, 4M, 2 total I I 
I SIP, CIP, I 8M, 16M I I 

I 
I 
I , 
I 

,~'\ I 

I sa, EMMU) I I f 0 I I I 
I I I I I I I I 
-Two adcii.tional 10-slot 6X chassis' must be configured in adcii.tion to the Mega-
bus chasns. 

Channel n~ber assignments are .fixed depending on the position of the CSS in 
the cabinet. CSSO is assigned channel number 0000 and CSS1 is assigned channel 
number 0040. Note that in some documentation CSSO is referred to as Central System 
No. 1 and CSS1 is referred to as Central System No.2. 

10.1.3 CPU Specialization 

Several functions are pertormed by the CSS to guarantee integrity ot itselt, as 
·well as that ot the other components (processors) attached to the system bus. 
Specitically, the CPU pertorms a Selt Test (QLT) on both itself and the system main 
memory, provides a system bus deadman timeout facility to prevent bus hangs, and 
provides System Bootstrap capability tor -Cold Start- ot the system. The -Deaaman 
Timerw is approximately a 5-microsececond timer started with the generation ot each 
system bus cycle, regardless ot the originator, and causes a Wno acknowledge" 
response (NACK) to be generated by the CSS it, upon expiration ot the timer, no 
exter~ response is received. The HACK response frees the system bus for further 
operations. Note that other forms ot timeout tunctions have been provided in 
certain models (i.e., M6X and M6IE CSS , ms operations timeouts) and are 
implementation specit1c. ~ 
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In a multiprocessor system, each processor attached cannot assume" the 
responsibility for simultaneously performing external services (i.e. Memory QLT, 
Bootload, System Bus Timers) without catastrophic results. To alleviate this 
problem, CSSO (channel number 0000) is delegated the task of performing these 
services while all other processors only perform their internal self-testing.. In 
this sense a master/slave relationship is established where CSSO is the master and 
all others are slaves, by virtue of the conf1gurable channel number assignment. 

10.1.4 Dedicated Memory 

Each L6 CSS has a 256-word dedicated control area in memory that contains IVs, 
TVs, etc. These areas are kept separate by the CSSs via relocation based upon the 
CSS channel number, and are specified in Table 10-2. 

Table 10-2 Dedicated Memory Areas 

CPU Number 

o 
1 

Channel Number Dedicated Memory 

0000 
0040 

Region (Hex Address) 

000000 - OOOOFF 
000100 0001FF 

CSSs use their (relocated) dedicated memory area whenever addressing any of the 
entries (except for the memory error count, 00001F, which is not relocated). The 
reallocation is automatic and performed by the CSS. Direct access to any dedi­
cated memory location by software must take this into account. 

10.1.5 Control Panels 

The system's control panel functionality is provided by the VCP (Virtual 
Control Panel) capability of the SCF and a separate full control panel. The SCF is 
connected to the master CSS. The full control panel is connected to the slave CSS. 

The depression of the clear button on the panel is seen system wide. Indi­
vidual clearing ot CPUs is not possible (see 10.1.6) 

10.1.6 Initialization 

Upon sensing the presence of the ftMaster Clear ft Signal, all processors react by 
clearing specified registers, modes, trivializing HMO images, and executing inter­
nal self-test/verification firmware. In completing these functions, the proces­
sors determine what condition invoked the clear signal (Power-On, Panel Clear, 
etc.) and react to the stimulus as a result of what processor number is config­
ured. 

The initialize operations performed by a CSS depend on whether the CSS is the 
master or the slave. In dual 61 and 6IE systems, CSSO is always configured as the 
master while CSS1 is always configured as the slave. 
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The master ess (CSSO) reacts to an initialize by performing a self test and the 

following functions as a function of panel state and the initialize situation: 

o It the panel is unlocked, esso halts at Level 0 and waits for manual inter­
vention. 

o It the panel is locked and performing a Start, CSSO performs an automatic 
bootload (autoboot) from channel 0400. Execution starts at memory location 
000100 with the CSS at Level O. 

o It the panel is locked and performing a Restart, CSSO performs an aut~ 
restart. Execution starts at memory location 000000 with the CSS at Level 
O. 

The slave CSS (CSS1) reacts to an initialize by performing a self test and the 
following tunctions as a tunction ot panel state: 

o It the panel is unlocked, CSS1 halts at Level 0 and waits for manual inter­
vention. 

:. 0 It the panel is locked (typical setting) CSS1 goes to Level 63 and waits tor 
an interrupt from the master CSS before it starts execution. 

10.1.1 Interprocessor Communications 
/~.~ 

There ia no explic1t hardware communication between CPUs. 
own, using its own dedicated memory, Level flags, etc. 

Each CPU runa on~s 

A CPO can interrupt another CPU it the code in execution builds an I/O instruc­
tion that appears aa an interrupt and directs it to the other CPU. The format of 
the I/O instruction is shown in Figure 10-1. 

Although CPUs can interrupt each other, the CPOs do not. have any interrupt 
stacking capability or visibility to the "Resume Interrupts" bus Signal (as in I/O 
controllers). !bus software using the interrupts for communications between CPOs 
must check that the interrupts are acknowledged and be prepared to retry the inter­
rupt until it is accepted. 

To avoid having to retry the interrupt, the interrupting CSS can set the appro­
priate Activity Flag (AP) ot the CSS to be interrupted by using a read-modity-write 
operation. The interrupting CSS then sends an interrupt to the CSS to be 
interrupted. It the interrupt is accepted, the interrupted CSS has honored the 
interrupt. It the interrupt is not accepted, the CSS to be interrupted is 
currently processing another interrupt or is executing at a higher interrupt 
level. Since the appropriate AF has been set, the interrupting CSS can aasume that 
the CSS to be interrupted will honor the interrupt aa soon as its execution level 
decreases to the appropriate level set by the interrupting CSS. 

NOTE 

The M5X does not synchronize with Read Modify Write when ac­
ceSsing the IAF area. 

c 
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IO WORD / 
INSTRUcrION \ 

. , 

o 

1 

1 3 4 
I 

o 0 0 0 P 

8 9 15 

Data Address 
Syllable (DAS) 

Additional word(s) if needed b.1 DAS 

00 • • • • • • • 00 Control Address 
Syllable (CAS) 

Addi tional word(s) if needed b.1 CAS 

"--,-----------------------------------
o 

o 

Channel number or CSS 
to be interrupted 

9 10 15 

01 

9 10 15 

Level at which 

DAS points 
to word to 
be placed 

. . - . . 
on data bus_: 

CAS word 
pOints to 
word identi­
fying the 

. . -
CSS to be 
interrupted_: 

1<-----------------

Higb order 10 bits 
of interrupting CSS 

channel num ber 
interrupt is 1<--------------------
attempted 

Figure 10-1 Format or I/O Instruction Used to Generate a CSS-to-CSS Interrupt 

·10.1.8 Read-~difY-Write (lMl) Operations 

All CSSs have instructions that perrorm Read-Modit'y-Wri te (RMol) operations on 
memory locations. Cooperating procedures in different CSSs can use these instruc­
tions to "lock" and "unlock" shared data structures b.1 accessing a prederined 
"LOCX" menory location. '!'he read-modify-write instructions are: 

o Increment (INC) 
o Decrement (DEC) 
o Load Bit and Set True (LBT) 
o Load Bit and Set False (LBF) 
o Load Bit and Complement (LBC) 
o Load Bi t and Swap (LBS). 

~-- "'- - ------------
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Instructions that use an BMW operation to access a Lock in main memory are: 

o Queue on Head (QOB) 
o Queue on Tail (QOT) 
o Dequeue from Head (DQB) 
o Dequeue on Address (DQA) 
o Search Queue from Head (SQH) 
o Search Queue by Address (SQA). 

The double -Lock- provided by these instructio~, that is, RMW operation plus 
Lock in main memory, ensures access to the Lock by only one CSS at a time. 

The M6X and M6XE use a BMW operation when addressing Activity Flags in 
dedicated memory. 

10.1.9 Double Word (32 Bit) Operand Coherengy 

Within the M6X and M6XE CSSs, the aaches are organized on a single-word basis 
(16 bits), and the possibility exists that halt or allot a requested double word 
operand is present in cache memory, coincident with a current memory write 
operation to the same physical location by a second esS. Due to the cache update 
pipeline delays and parallelism inherent in the memories/Megabus, the operand re­
trieved, for the case ot the entire double word already encached, will be the told 
contents' ot main memory (' old t by less than a few hundred Dalloseconds). To pre-
vent a si.tuation where the double word operand retrieved contains halt 'old' data (" 
and. half 'new' data, the CSS/cache treats all double word (DBWD) requests as ei.ther","-j 
a 'Full Hit' or 'Full Miss' during cache look-up. 

To guarantee data coh~rency in double word operand instructions, the following 
programming rules must be obeyed: 

o Even word or odd word starting addresses are allowed, but double ~ord oper­
ands must not end on a Modulo 16 word boundary due to memory interleaving 
(access to each MOd-16 word block ot memory addresses different memory con­
trollers) • 

o Overlapped double words (word pairs) are NOT allowed, as shown in Figure 
10-2. 

NOTE 

Use ot even word starting addresses is the best practical way 
to avoid problems (i.e., memory interleaving and overlapped 
operands. 

Double word coherency functions independently fram read-modity-write-type 
operations. 

Note that the M5X and MSXE do not support this functionality in the cache. 
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lLL.EGAL: 

. . . 

LEGAL: 

:<--DWD Operand' 1-->1 
1st Word I 2nd Word 

1 
Word A I Word A+1 Word A+2 I ••• 

1 I 
I I 
I 1st Word I 2nd Word I 
I<--DWD Operand # 2-->1 

1 <--DWD Operand , 1-> 1 
1st Word 2nd Word 

Word A Word A+1 : Word A+2 Word A+3 I ••• 
I 
1 
I 1st Word I 2nd Word I 
I<--DWD Operand # 2-->1 

Figure 10-2 Overlapped Double Words 

10.1.10 IIO Considerations 

IIO instructions can be issued by any CSS to any IIO channel (or other CSS). 
Interrupts, however, are always returned to the CSg specified in the IIO channel's 
control word (containing the channel number of the CSS to be interrupted and the 
interrupt level). A CSS does not apply its channel number to the data transmited 
to the controller during an Output· Interrupt Control command, and, if this is de­
sired, it must be performed by software. Therefore, IIO operations can be ini­
tiated from one CSg and terminated (interrupt handling) on the same or different) 
CSg in a multi CSg system, according to the software convention used. 

Because the I/O instructions can cause multiple bus sequences on the Megabus, 
it is the software's responsibility to insure via software means that I/~ channels 
are addressed by only one Cgg at a time. If more than one CSS is allowed to 
address the same I/O channel without a software interlock mechanism, unspecified 
results can occur. 

In addition, note that the MOC and MLC16 controllers require that all their 
channels be addressed by the same CSS. 

10.1.11 Coexistance of Different CSS Models 

Configurations using mixtures of different CSS Models are not recommended. Due 
to the differing physical characteristics in areas such as physical address size 
and other limitations from one model to the next, anomolous behaVior may result. 
Table 10-3 describes the potential for configuring such L6 systems. 
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Table 10-3 Multiprooessor Coexistanoe on the System Bus 

, Generio Model Name M5X M6X M6XE CR41E CR41 MSXE , , , 
I 
I MSIE NO NO NO NO NO !ES-
I (up 
I to 4) 
I 
I 
I CR41 HO HO HO NO HO 
I 
I 
I CR4l! NO NO HO HO 
I 
I 
I M6IE HO HO YES 
I (up 

-1 to 2) 
I • Datanet a 
I . I Applioations 
I M6X HO YES . I only_ 
I (up I 
I to 2» I 
I I 
I 
I MSI YES-
t (up 
I to 4) 
I 

HOTE 

These rules apply only to tightly ooupled multiprocessor enviroaments. 

10.2 INTERFACES 

10.2.1 Syste. Bus 

the Stage 3 CSSs attach to the 31st .. bus in fixed positions and use the bus to 
OOJllJllUDicate with the lIO controllers and other OSSa as follows: 

o Standard Megabus (CR41, CR41!, MSI, a.ncl MSXE models) 

o Extended Megabus (M61 and M6D models). 

The CSSs adhere to the Megabus funotionally as desoribed in the Extended Mega­
bus EP5-1 and the MaX Megabus EP5-1 (document numbers 60126298 and 60149832, c'.· ''''. 
respectively). . .. 
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10.2.2 Control Panel 

The control panel interface provides control panel visibility. It is a private 
interface and is described in the SCF EPS-1, document number 60139142. The master 
CSS uses this interface to communicate with the SCF. The slave CSS uses this 
interface to communicate with the full control panel. 

10.2.3 QLT 

The QLT interface provides QLT information in the MeX and M6XE esss. The 
master CSS uses the interface to communicate with the SCF. The slave CSS uses this 
interface to communicate with the QLT display that is mounted inside the cabinet. 

10.3. RESILIENCY 

Dual M6X and M6XE systems provide no specific features for higher resili-
ency. Recovery from a CSS failure is possible only if the followj.ng conditions are 
met: 

o The failure is not in the master ess 

o The system is rebooted, and 

o A T&V program verifies that the faulted slave ess is not interfering with 
the system operation. 
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The Central Subsystem is contained on one or more mother/daughter board 
combinations. Processor functionality is configured for the various systems as 
follows • 

. 11.1.1 CR41 and CR41E Physical Structure' 

The CR41 and CR41E CSSs each occupy one standard Megabus slot, offering 5XCPU, 
MHO, CIP, and SCF with on-board memory options of 512K bytes, 1 Megabyte (using 64K 
bit RAMs), 2 Megabytes, and CR41E, 4 Megabytes (using 256K RAMs). 

11.1.2 M5X and M5XE Physical Structure 

The M5X and M5XE CSSs require a Megabus slot each for cache, CPU, CIP, SCF, and 
optional SIP, respectively. Main memory is configured separately in the bus and 
occupies one slot. Memory sizes are 512XB, 1MB, and 2MB; and for M5XE, expansions 
of 4MB and 8MB are possible. 

11.1.3 Monoprocessor M6X andM6XE Physical Structure 

The M6X and M6XE esss are configured in a 10-slot 'Local Bus' chassis and 
connect to the system bus via one bus slot, and a second bus slot is reserved for 
the SCF. The Local Bus chassis provides for 6X ess functionality of the CPU, 
cache, eIP, SIP, and SMMU, and for M6XE, the EMMU is included. Memory requires two 
bus slots and offers capacities of 2MB, 4MB, 8MB, 12MB and 16MB. 
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11.1.4 Dual Processor M6X and M6XE Physical Structure 

The Dual processor configurations of the M6X and M6XE require two 10-slot local 
bus chassis's and two system bus slots (SCF and memory requirements are identical 
to the monoprocessor versions). Dual tightly-controlled multiprocessor functions 
are provided. See Section 10 for usage. 

11.1.5 Generic Stage 3 I/O "Physical Struoture 

Reter to Section 14 for System Configurations of the various Stage 3 CSSs. 

11.2 ENVIRONMENTAL CONDITIONS 

11.2.1 Operating 

11.2.1.1 SUBSYSTEM LEVEL OPERATING ENVIRONMENT 

All non-Mechanical Assemblies (i. e. Eleotronic/Logic PWAs) are designed to 
comply with HIS Standard B01.08 Class 3, with the following exceptions: 

o Contamination requirement waived 
·0 Non condensation conditions. 

11.2.1.2 SYSTEM LEVEL OPERATING ENVIRONMENT 

Per HIS Standard B01.08 Class 2 (modified) as follows: 

o Temperature - 50-100.40' 
a Relative Humidity - 20-80S, noo-oondensing 
a Contamination requirement waived. 

11.2.1.3 NON-OPERATING 

Per HIS Standard B01.10 

11.2.2 Eleotrioal Characteristics 

The Stage 3 systems are capable of operating with either 60- or 50-Hz power 
systems, as spec1tied below: 

o 60-Hz Power System. Voltage Group 2: 

- Voltage: 120/208 Vac, +10S. -15S. SingleIMultiple phase as required by 
the speo1tia CoDtiguration. 

- Frequency: 60 Hz ::. 0.6 Hz 

- Other Power Requirements: As specified in HIS Standard B01.48. 

c 
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- Voltage: 220/380 Vac, +10%, -15%, or240/415 Vac, +6%, -15%, 
Single/Multiple phase as required by the specific Configuration 

Frequency: 50 Hz ~ 0.5 Hz 

Other Power Requirements: As specified in HIS Standard B01.48. 

- For the European ell-He market a UPS or MG set is required to meet 
B01.48. section 6.2, compliance 2. 

11.2.3 Electromagnectic Interference (EMI) 

The EMI levels must comply with U.S. FCC Class A standards for data processing 
equipment. EMI tests will be done in accordance with HIS Operating Standard B01.08 
(Environment) • 

11.2.4 Electrostatic Discharge (ESD) 

-The ESD levels comply with HIS Standard B01.08, paragraph 9, WElectrostatic 
Discharge. W 

11.2.5 Safety 

The systems will comply with HIS Standard B01.09 requirements for safety. 

11.2.6 Audible Noise 

All sources of audible noise should be minimized to conform to office 
environment- standards per B01.08. The possible sources of audible noise are as 
follows: 

o Printing 
o Motor (disk drives) 
o Cooling tans 

11.2.1 Power Distribution and Pakaging Requirements 

All Stage 3 DPS6 systems are configured using the standard Level 6/DPS6 30 w and 
60 ft Cabinetry and Power/Cooling assemblies. 

A Power Distribution Unit (PDU), at the bottom of the cabinet, provides master 
circuit breaker protection, ac branch protection, ac filtering, cabinet on/off 
control and ac power distribution. 
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SECTION 12 PERFORMANCE 

12.1 PERFORMANCE GOALS 

Table 12-1 gives the performance goals for the Stage 3 DPS6 CSSs • 

Table 12-1 Processor Relative Perfol"lllance Goals 

I 
SYSTEM CPU COMMERCIAL I SCIE.'TIFIC 

I 

CR41 1.0 1.0 1.0 
----------'-1----- ------------ ------------

CR41E I 1.0 1.0 1.0 
-----------1-----.------------ ------------1 

M5X I 1.7 I 1.8 2.4 
-----------1-----1------------ ------------1 

H5XE I 1.7 I 1.8 2.4 
.-----------1-----1------------.------------
I H6XS I 3.0 I 4.0 6.5 

J-----------I-----I------------I-~---------I M6XES I 3.0 I 4.0 6.5 
1-----------1-----1------------ ------------
I H6X I 4.4 I 4.2 
I-----------I~---I------------ ------------I H6XE I 4.4 I 4.2 

I-----------I----~I------------ ------------I Dual H6X I 8. 1 I 7.6 13.4 

I----------~I-----J------------ ------------Dual H6XE 8.1 7.6 13.4 
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SECTION 13 AVAILABILITY/MAINTAINABILITY STRATEGY 

13.1 MAINTAINABILITY 

The Stage 3 CSSs are partitioned into a set of mother/daughter boards and are 
composed of the following units: 

o Conventional logic found in present DPS 6 pa~kaged systems 
o Proprietary a~d Non-proprietary VLSI microprocessor. components. 

13.2 MAINTENANCE STRATEGY 

The maintenanoe strategy for the Stage 3 CSS consists of partitioning it into 
one- or two-board ORUs that can be effectively diagnosed for a faulty condition via 
a combination of diagnostiC techniques. These diagnostic aids are executable on 
site by the customer or customer service engineer, or remotely by a customer 
service engineer at the Honeywell Field Repair Center. 

Simple repairs, such as the replacement of a defeotive ORU with an operational 
one, can be carried out by trained customer personnel or a servioe engineer. 

13.3 SYSTEM CONTROL FACILITY 

The System Control Faoility (SCF) is an integral part of the DPS 6 Stage 3 
systems, serving as a oontrol panel and oonsole and providing remote maintenance 
capability for these systems. 
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For the CR41 and the CR41E, the SCF consists of the following: 

o Control Panel 
o VCP 
o Modem 
o Local terminal as console. 

For the remaining Stage 3 CSSs, the SCF consists of the following: 

o Control Panel 
o MPU 
o Modem 
o Local terminal as console. 

The VIP7300 terminal or equivalent, with properly labeled function keys on the 
keyboard, provides local or remote control and display of status and/or maintenance 
information. 

The SCFbecomes a prime tool of the Technical Assistance Center (TAC) to 
facilitate the resolution of software, operational, and hardware faults in a more 
rapid manner than by telephone conversation followed by on-site calls. 

The multifaceted characteristics of the SCF support the following functions: 

o Control panel functionality 
o Systems console functionality 
o Local and remote maintenance functionality. 

13.4 MAINTAINABILTY FEATURES 

The primary test method is the use of traditional Quality Logic Tests (QLTS). 
The secondary level of testing is via T&V software. 

13.5 VIRTUAL CONTROL PANEL 

System support in the Stage 3 systems is provided by the VCP located in the CSS 
in conjunction with the locally connected and remotely connected VIP7300 display 
terminals. This combination of elements performs System Control Facility (SCF) 
functionality. 

SCF Functionality Provided in all Systems 

o L6 basic control panel and display terminal 
o Status information 
o Local and remote maintenance information 
o EIA RS-422 direct connect interface to locally connected terminals 
o EIA RS-232C interface to modem for remote terminal connections. 
o Auxiliary printer interface 
o Battery backup support. 

Additional Functionality Not Provided in CR41 and CR41E 

o Power marginal checking 
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In multiprocessor systems, the SCF connects to the master CSS (CSSO) only. A 
full control panel is provided to gain access to the slave CSS. 

Twelve special function keys in the top row of the display terminal (VIP7300) 
keyboard, labeled to correspond to the full" control panel, generate codes that are 
interpreted along with certain standard keys by the VCP. The VCP responds to these 
key codes by performing the equivalent functions that are performed when the 
corresponding keys are activated on a Level 6 full control panel. 

The control panel display, visible on line 25 of the VIP7300, is updated under 
VCP control after each keystroke, as appropriate. The control panel display 
provides the following: 

o Status information 
o Maintenance information such as register and memory contents, etc. 
o Commands and messages to the operator. 

NOTE 

In an M5XE with EMMD selected, all address register displays will be six 
digits (24 address bits), as in the M6XE. However the number of registers 
supported are as in a M5X. 

For a more in depth description of the SCF functionality refer to EPS-1 
60139142. 
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Information relative to the suggested DPS6 Stage 3 configuration is presented 
below. Note that the bus allocation diagrams in subsection 14.2 are not intended 
to depict all possible variations, but are the recommended set based on the DPS6 
Packaged System strategy. However, any variances must be configured according to 
the prevailing Megabus rules and restrictions. 

14.1 I/O CONFIGURABILITY 

14.1.1 Glossary of Terms 

CR41 - One-slot CSS with integrated CPU, SCF, CIP, and up to 2MB memory 
CR41E - CR41 with up to 4MB memory 

HPDC - High Performance Disk Controller. Host for SMD/CMD or FSD drives on 
optional adapters. Mother board has two versions: Reversed Prinet 
(current 6X disk controller) or Standard Prinet (new MRX-HPDC), and are 
not interchangeable. 

HSDC - 16-bit disk controller hosting FSD drives; includes optional floppy and 
1/4" Sentinal Streamer attachments 

LAN Local Area-Network controller featuring ONMINET and Ethernet/IEEE CSMA/CD 
connections initially 

LARK - Larkette Controller. 
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M5X - Current CSS with separate CPU, SCF, CIP, SIP, oaohe, and 2MB memory 
M5XE - M57 with up to 8MB memory 
M6X - Corrent CSS with separate CPU, SCF, CIP, SIP, oache and 16MB memory 
M6XS - Slow version of M6X 
M6XE - M6X with optional 5X MMU or EMMU and up to 16MB memory (both M6 and M6E 

will be supported in mono and dual prooessor oonfigurations by M400 R4) 
M6XES - Slow version of M6XE 
MOC - Multiple Devioe Controller. Hosts standard unit reoord devioes via 

version III firmware and reader/sorter devioes via BDCS and BDC7 
firmware. Note that new 1985 firmware releases of all supported versions 
of MOC-based devioes is required in dual prooessor M6X and M6XE systems. 

MLC16 - Current 16-port serial oontroller (supports both FLAPs and RS422, 232 
FLAP-less oonneotions) 

MPDC - Medium Performanoe Disk Controller. Hosts SMO/CMD disk (16-bit Megabus). 
MSC - Current SMO/CMD disk oontrollers 
MTC - Current NRZI, PE and GCR tape oontrollers. 

14.1.2 I/O Controller Configurability 

Listed below are the oontrollers that are allowed to be oonfigured in dual 6X 
systems; all others are exoluded. 

o Disk I/O: 
- Disk Controllers: Larkette, MPDC ('DC1'), HPDC, HSDC, and WREN (4Q86). 
- Disk Devioes: See Table 14-1. 

Table 14-1 Disk Devioes Supported 

DISK INTERFACE DRIVES SUPPORTED REMARKS 

LMD Lark 2 10 MHz, 10' Cable Max. 
1----------------,------------------1-----------------_________ _ 

SM01H I SMO, CMD 
I 
I 

I Honeywell 'Speoial' 
I 10MHz, 50' Cable Max. 

~---------------J------------------:---------------------------SMOO I FSD I, FSD II I Industry standard, 
I I 15 MHz, 50' Cable Max. I 

----------------1------------------1---------------------------1 
SMOO-E I EMD I I Industry standard, I 

I I 15 MHz, 50' Cable Max. I 

----------------I-----------------~I---------------------------1 ESDI Wren II, III I Industry standard, 
I 10 MHz, 10' Cable Max. 
I 
I 

- Disk Devioe Interfaoes:· See Table 14-2. 

o Communications Controllers Supported - MLC16, LACS, L66 FEP Coupler. 

o Unit Record Controllers Supported - MOC-III, BDC-5 (234-XYZ RDR-Sorter), 
MDC-7 (234-0 RDR/Sorter), BDC-3 (NRZI/PE Tape), MOC-II (8" Floppy). c 
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Table 14-2 Disk Device Interfaces Supported 

CONTROLLER LMD SMD1H SMDO SMDO-E ESDI , , 
-t 

Larkette YES NO I NO NO NO I 1 ____________ 1 _______ 1 ________ 1 ________ 1 ________ 1 ________ I 

I WREN NO I NO . I NO I NO YES 
1------------1-------1--------1--------1--------1--------
I MPDC NO YES I NO NO NO 
1------------1-------1--------1--------1--------1--------
I HPDC NO YES I YES I YES NO 

I------------J-----~-I--------I--------I--------I--------HSDC NO NO YES lES NO 

14.2 MEGABOS SLOT ASSIGNMENTS 

,igures 14-1 through 14-6 give the Megabus slot assignments for the various 
Stage 3 systems. 

14.2.1 DPS6/40E 

o Available 1Q86. 

o Not Field Upgradable. 

o CSS Performance = 1.0. 

o Standard HMO, only. 

o Memory Size Options of 2MB or 4MB. 

o Configuration: 30· System Cabinet with 5 Slots, and 2 X 8- Winchester Disk 
Drives. 

051- STANDARD- HSDC DISK or SIP (OPTION SLOT) 
1-- STANDARD- HSDC or LARlCETTE or SMD/CMD or MDC 
1-- !iDC or HMLC (OPTION SLOT) 
/- MLC16 4-RS422 

_~O.l 1- CR41 E CSS (SCF , MEMORY, CIP) 

-I 
(OPTION SLOT) t 

> 5 CARD 
t CHASSIS 

_I 

- Standard HSDC disk includes 4 SMDO disk ports, standard floppy and optional 
streamer tape. 

Figure 14-1 DPS6/40E Megabus Assignments 
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14.2.2 DPS6/45E 

o 

o 

o 

o 

o 

o 

.... 
I .. , .. 
J 

I 
I 

I· 
I 
1 

Available 1 QS6. 

Field Upgradabl·e to Models 75E, SSE": 

CSS Performance = 1.0. 

Standard MMU, only. 

Memory Size Options of 2MB or 4MB. 

Configuration: 60· System Cabinet w1th 20 Slots and add1t1onal Peripheral 
Cabinets accomodat1ng FSDs or S- Winchester Disk Drives. 

20 1- LACS (OPTION SLOT) 
1- SIP or HSDC or LARKETTE or SMD/CMD (OPTION SLOT) 
1-- HSDC or LARXETTE or SMD/CMD (OPTION SLOT) 
1- HSDC DISK, FLOPPY, (OPTIONAL STREAMER) 
1- MDC (OPTION SLOT) 

151- OCR/PI (OPTION SLOT) 
'- MLC16 (OPTION SLOT) 

MLC16 4-RS422 
--- CR41E CSS (SCFf MEMORY, ClP) 

-I 
1 
I 
J 

I 
I 
I 
I 
I 
I 

/" 

- TERMINATOR- > 20 COD 
II I II I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II I I • I I I I I I • I I I I I I CHASSIS 
I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 • 1 I I I I I 1 I I I I I I .. 1 I I 1 I I 1 I 1 I 1 1 1 I I 1 

10 -

.-- I I I I I I I I I I I I I I 1 I I I I I I I I I I II I I I I I I I I II I I I I I I I I • I i I I "I I I I I I I 1 
1- I111I1II II1I1I .. 1II1 II II I I I II I II I I "I 
1--- II III I II II I II I" REGION NOT POWERED I II I I I I I I I I I II I I I I .. / 

051- 111111111111111 11111111111111111111 

1- 1111111111111111 I III 1I11I111II1 III I1111I III 1.11111 I 1III 11+1 
1- I I 111I1 III I I II 11'111 II I I I I I I I I I1I1 I I I III II I I I I I III I III I I I II 

1- I' II , I I I I 11111 I I I I t I I I I I I I I I III II I I I I II II I I I I I I I I I I I I I I I I I I 
__ .... 0 ... 11- II 11 .. 1 I I I I1111I1 I III 11I1 III I I 1,,11111111 II II II I1I11 I III II.!,.I 

• The term1Dator~board takes up a funct10nal slot due to the lack of power in 
the normal -term1nator-only- slot, belovo 

Figure 14-2 DPS6/45E Megabus Assignments 
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o Memory Management •• : Standard HMO or Extended MMU. 

o Memory Size Options of 2MB, 4MB, 6MB or 8MB. 

1 REV. 
D 

o Configuration: 30" System Cabinet with 10 Slots, with integrated 8"' 
Winchester Disk Drives and additional Peripheral Cabinets accomodating FSD 
or 8" Winchester Disk Drives. 

101--- SCF 
1--- MSIE-CACHE 
1--- M5IE-CSS 
1-- M5X-CIP 
1--- M5X-SIP (OPTION SLOT) 

051--- LACS or STANDARD HSDC. (OPTION SLOT) 
1-- STANDARD HSDC. or LARKETTE or SMD/CMD or MOC 
1--- MOC or MLC16 (OPTION SLOT) 
1--- MLC16 4-RS422 

_--:0..:..1 1-- MZG MEMORY 

I 
I 

I 
I 
I 
> 10 CARD 

I CHASSIS 
(OPTION SLOT) I 

I 
I 
I 
I 
I 

-' 

•• If M400 R4.0 is configured then only EMMU mode will be active. 

• Standard HSDC disk includes 4 SHOO disk ports, standard floppy and optional 
streamer tape. 

~F1gure 14-3 DPS6/70E Megabus Assignments 



HONEYWELL INFORMATION 
SYSTEMS 

1 SPEC. NO. 
t 60149140 

I SHEET 
14- 6 

1 REV. 
I D 

I 
t 

·1 
I 

------------------------------------------------------------------------------~ 

14.2.4 DPS6/75E 

o Available 1 Q86 • 

o Field Upgradable to Models S5E, 95E. 

o CSS Performanoe = 1.1. 

o Memory Management.: Standard MHO or Extended MMO. 

o Memory Size Options of 2MB, 4MB, 6MB or 8MB .. 

o Configuration: 60 ft System Cabinet with 20 Slots and additional Peripheral 
Cabinets aooomodating FSDs or 8ft Winchester Disk Drives. 

201- SCF 
1- M5XE-CACHE 
1- M5XE-CSS 
1- M5X-CIP 
1--- M5X-SIP (OPTION SLOT) 

151--- LACS (OPTION SLOT) 
1--- DISI CACHE or LACS (OPTION SLOT) 
1- HSDC DISI or LARXETTE or SMD/CMD (OPTION SLOT) 
1- HSDC DISI (OPTION SLOT) 
1--- HSDC DISI, FLOPPY, (OPTIONAL STREAMER) 

101--- MOC or GCR/PE TAPE (OPTION SLOT) 
1- MDC or DOC HANDLER (OPTION SLOT) 
1-- MLC16 (OPTION SLOT) 
\- MLC16 (OPTION SLOT) 
1- MLC16 (OPTION SLOT) 

05\- HLC16 (OPTION SLOT) 
1- HLC16 (OPTION SLOT) 
\---- HLC16 4-RS422 
1- DISI CACHE BUFFER (OPTION SLOT) 

_...;:;0~1 1- MZG MEMORY 

• It M400 R4.0 is oonfigured then only EMHU mode will be aotive. 

Figure 14-4 DPS6/75E Megabus Assignments 

, 
-' 

> 20 CARD 
CHASSIS 
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14.2.5 DPS6/85E 

: 
: 
1 

o Available 1Q86. 

o Field Upgradable to Model 95E. 

o CSS Performance = 3.0. 

o Memory Management-: Standard MMU or Extended MMU. 

o Memory Size Options of 2MB, 4MB, 6MB or 8MB. 

o Configuration: 60 ft System Cabinet with 20 Slots (15 powered) and additional 
Peripheral Cabinets accomodating FSDs or 8ft Winchester Disk Drives •. 

201--- I1111 I I I I I I I t I I I I ~ I I I I I II I I I I III I I I I I II I I I I I to ~ I to I I ... II I 1++ 

1-- I ~ 1111 to++++++++ I ~ 1++++1 I I 1 II 1+++++ 

1 • :--- II I I II I I I II 1+++ REGION NOT POWERED +++++++11 II Illr++++ 
1 
1 
1 

1-- I 1 I I I 1+ .... to I I I I • ++ I I I I • I I +++ .... I + ~ to 1 

:--- ++i+11 11++ .. +++1 I II I 1++++++++1 I 11++++++++++++++1 I I I I II I I I 1+ 

151--- TERMINATOR-- . 
I -- LACS (OPTION SLOT) 
I - DISK CACHE or HSDC DISK (OPTION SLOT) 
'--- HSDC DISK, FLOPPY, (OPTIONAL STREAMER) 
--- HSDC DISK or LARKETTE or SMO/CMD (OPTION SLOT) 

10 --- MOC or GCR/PE TAPE or DOC HANDLER (OPTION SLOT) 
--- MOC or DOC HANDLER (OPTION SLOT) 
--- MLC16 (OPTION SLOT) 
--- MLC16 (OPTION SLOT) 
--- MLC16 (OPTION SLOT) 

05 --- MLC16 4-RS422 
--- MIG MEMORY (OPTION SLOT) 
-- MIG MEMORY-BANKED 

SCF 
1 
1 

I 
1 _.....:;0..:.,1 -- CSS MBA _I 

1--- 1111111111111111111111111111111111111111111111111111111111 
1--- 111111111111111111 SLOW M6XE 111111111111111111111 
1--- 111111111111I1I111 CPO 111111111111111111111 

051--- 111111111111111111 CIP 111111111111111111111 
1--- 111111111111111111 SIP 111111111111111111111 
1--- 111111111111111111 CACHE 111111111111I11111111 
1--- 111111111111111111 & 61 ASSEMBLY 111111111111111111111 

_____ 0_.11--- 111111111111111111111111111111111111111111111111111111IIIL 

• It M400 R4.0 is configured then only EMHO mode will be active • 

> 20 CARD 
CHASSIS 

• - The terminator board takes up a functional slot due to the lack of power in 
the normal ftterminator-onlyft slot, below. 

Figure 14-5 DPS6/85E Megabus ASSignments 
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14.2.6 DPS6/95E 

o Available 1Q86. 
o Not. Field Upgradable. 
o CSS Performance = 4.5. .' 
o Memory Management.: Standard MMU or Extended MHO. 
o Memory Size Options of 4MB, 8MB, 12MB or 16MB. 
o Cont1guration: 60· System Cabinet with 30 Slots and additiol'lal Peripheral 

Cabinets accomodating FSDs or 8ft Winchester Disk Drives. 

301- CSSl MBA (OPTION SLOT) 
--- DISK CACHE (OPTION SLOT) 
-- (OPTION SLOT) 

- LARKETTE or SMD/CMD (OPTION SLOT) 
--- GCRIPE TAPE (OPTION SLOT) 

25 --- GCR/PE TAPE (OPTION SLOT) 
-- MDC/FLOPPY 

- HDC or DOC HANDLER (OPTION SLOT) 
,- MOC or DOC HANDLER (OPTION SLOT) 
1- MLC16 (OPTION SLOT) 

1 
1 

201--- MLC16 (OPTION SLOT) 
1- MLC16 (OPTION SLOT) 
1- MLC16 (OPTION SLOT) 
1- MLC16 (OPTION SLOT) 
1- MLC16 (OPTION SLOT) 

I /" 

151--- MLC16 (OPTION SLOT) 
1---- MLC16 4-RS422 
1- SCF 
1-- MIG MEMORY (OPTION SLOT) 
1- MIG MEMORY (OPTION SLOT) 

101 -- BUS CONNECTION 
1- MIG MEMORY-INTERLEAVED 
1-- MIG MEMORY INTERLEAVED 
I -- LACS (OPTION SLOT) 
1 -- LACS (OPTION SLOT) 

051--- HPDCI DISK 
1- HPDCI DISK (OPTION SLOT) 
1- HPDCI DISK (OPTION SLOT) 
1- HPDCX DISlt (OPTION SLOT) 

_...::0:..1.1 1- CSSO MBA 

I 
I 

1--- 11111111111111111111111111111111111111111111111111111111171 
1--- 111111111111111111 M6XE 1111111111111111111111 
1--- 1111///1111//11/11 CPU 1111/111//111/1111/111 

051--- 111///1/11//1///11 CIP //11//11111111111/11/1 

> 30 CARD 
CHASSIS 

1--- /11//11111// 1//1/ / SIP I I I 1/ I /1//1 I II I /1// I I I (ro, 
1- II I I 1/ I II/ I I I /1/11 CACHE II/ I I / I I 1/1 I I / I 1/ I I I I I 'lj 
1--- 1111111111/1111111 & 61 ASSEMBLY 11/1111111111111111111 

_____ 0 .. 11--- 111111111111111111//1111111111/11111111111111111111111IIILI 

• If M400 R4.0 is configured then only EMMU mode will be active. 

Figure 14-6 DPS6/95E Megabus As.signments 
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SECTION 15 WORLLWIDE MARKETING R~UIREMENTS 

15.1 . AC mPUT PatER 

All DPS6 Stage 3 systems operate in accordance with the requirements set forth 
in this specification when connected to ac power sources of either 50 or 60 Hertz, 
Vol tage Groups 1 &: 2, per subsection 11.2.2. Systems are factory-configured for 
ei ther 50- or 50-Hertz operation as a function of their final destination. 

Peripherals such as a disk drive or tape drive whose motor rotation speed is 
sensitive to line frequency are accamnodated by pulleys/gears to maintain proper 
operation. 

Real-time clocks and interval timers whose timing is derived frcm line 
frequency will exhibit different outputs when driven from 50 or 50 Hertz. '!he 
operating system accounts for this difference at im tialization time. 

15.2 mTERNATICNAL KEISOARDS 

The VIP7300 (or equivalent) terminal, used as a console with the SCF, is 
planned to have international keyboards available for overseas markets. 

15.3 INTERNATIONAL LANGUAGES 

The VIP7300 (or equivalent) terminal is planned to have available internation­
al character generators. Software and firmware packages are planned for displaying 
status, maintenance, and operator messages on the 25th line in the language of the 
host country. 
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APPENDIX A MAIN MEMORY DIAGNOSTIC FUNCTIONALITY 

A.1 SCOPE 

This appendix describes the Main Memory diagnostic functionality supported by 
the M6X and M6XE. Main Memory diagnostic functionality supported by the CR41E and 
M5XE is TED. The following features are supported: 

o Read Memory ID - Allows identification of memory type, size address mode and 
other information. 

o Read Memory Status - Allows reporting of memory error information for 
isolation of RAM failures. 

o Automatic testing ot EDAC Logic - Allows testing of EDAC logic without 
requiring operator intervention. 

o Address reconfiguration - Allows the following types of memory 
reconfiguration functions to be performed: 

Halt board and quarter board swap 

Memory controller module number can be dynamically changed to any value 
within the addressing space 

A failed memory controller can be placed offline, communicated with, and 
put back online. 
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Additionally, half and quarter controllers can be placed offline. 

o 
o "Here I Am" Light - Allows the T&V to physically identity a failing memory 

controller for field personnel by turning on that memory controller's "Here 
I Am" light. 

o Soft Error Rewrite Control- Allows the activation or deactivation and cycle 
speed selection of the rewrite logic. 

A.2 MAIN MEMORY DIAGNOSTIC COM!WlD CODES 

When a memory controller is to perform a diagostic operation, the following 
conditions must be satisfied: 

o The proper module ID must be transmitted: 

- For banked mode (64IC chip) - Address bits 0 through 3 

- For interleaved moe (64IC chip) - Address bits 0 through 2 and bit 18 
0" 

o Memory reference must be True 

o A Read command for one word must be used 

o Yellow must be true. 

It these conditions are satisfied, then address bits 19, 20 and 21 will be de­
coded to determine the type of diagnostic operation being requested. The decoded 
diagnostiC commands are as follows: 

ADDRESS BIl'S ' ___ .. ------__ ....... TYPE OF OPERATION 
19 20 21 

0 0 0 Read ID Word 
0 0 1 Read Status Word 
0 1 0 Set EDAC Mode 
0 1 1 Clear EDAC Mode 
1 0 0 Address Reconfiguration 
1 0 1 "BERE I AM" U&ht Control 
1 1 0 Soft Error Rewrite Control 
1 1 1 RFU 

Note that the above text pertains to the bus dialog and is not independent of 
the software and firmware .used to initiate the action (see subsection TBD). c 
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When this diagnostic code is received, the memory reads the location being 
addressed. However, the contents of the ID register are substituted for the data 
and transmitted to the register. The ID word is sent on the data bus (bits 0:15). 
Bits 0-3 of the ID, define the memory module type and bits 4-15 are memory module 
type specific. The following applies: 

o ID( 0- 3) = 0000, Memory Module Type is BFMMXE 

- ( 4- 5) = RFU = 00 
- ( 6) = Chip type: 0 = 64K chip; 1 = 16K chip 
- ( 7) = Array pacs swapped (upper <-> lower) if set 
- ( 8) = EDAC in test mode if set 
- ( 9) = Soft error rewrite in test mode if set 
- ( 10) = Bus error if set 
- (11-14) = Array pac 0 through array pac 3 present if set 
- ( 15) = Interleaved if set 

o IDC 0- 3) = 0001, Memory Module Type is BF6MXF 

- ( 4- 5) = - ( 6) = - ( 7) = - ( 8) ":: - ( 9) = - ( 10) = - ( 11) = - ( 12) = 
- ( 13) = - ( 14) = - ( 15) = 

Hardware revision 
Chip type: a = 64K chip; 1 = 256K chip 
Double density array pacs if set 
EDAC in test mode if set 
Soft error rewrite in test mode if set 
Controller reconfigured if set 
Eighth board swapped if set 
Quarter board swapped if set 
Half board swapped if set 
Fully populated controller if set else half populated 
Interleaved if set 

o ID( 0- 3) = 0010, Memory Module Type is BF8MXG 

- ( 4- 5) = 00 - no retry attempted 
= 10 - retry was successful 
= '1 - retry failed 

- ( 6) = Chip type: a = 64K chip; 1 = 256K chip 
- ( 7) = Double density array pacs if set 
- ( 8) = EDAC in test mode" if set 
- ( 9) = Soft error rewrite in test mode if set 
- ( 10) = Controller reconfigured if set 
- ( 11) = Mixed array pacs if set 
- ( 12) = Quarter board swapped if set 
- ( 13) = Half board swapped if set 
- ( 14) = Fully populated controller if set else half populated 
- ( 15) = Interleaved if set 
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A.2.2 Read Status Word 

When this diagnostic oode is received, the memory reads the location being 
addressed. However, the oontents of the status register are substituted for the 
data and transmitted to the register. The status word is sent on the data bus 
(0:15) with the following format: 

o 7 
I I I 1 II 
IAOIA11S0lS11S21S31S41S51 
" I I I I I 
I' " I I I 

EVEN WORD STATUS 

8 15 
I I I I I 
I I I I I 

lAO IA11S0 IS11S21S31S41S51 
I I I , I I I I I 

. I , , I I J I I I 

ODD WORD STATUS 

where: AO - Identifies lower/upper addressed daughter board 

A1 - Identities lower/upper addressed row of ch1ps within a daughter board. 

SO-S5 - EDAC syndrome bits (identifies failing bit within a word). 

COMMEN'l'S 
-

o The oombination of address bits (AO & A1) plus syndrcme bits (SO-S5) allows 
isolation to the RAM failure. 

o The status register oontains information related to the most recent single;'" 
double bit error. ~/ 

o The status register is cleared to Zero at the end of the read status 
operation. 

A.2.3 Set EDAC Mode 

When this diagnostio oode is received, the memory will put it.15elf into the EDAC 
test mode. It will then read the location being addressed and ship the data to the 
register. While in this' mode, all 'BSRED' signal.15 are inhibited during read. oyoles 
and the <:heck bit field is forced to Zero during write oyoles. 

A.2.4 Clear EDAC Mode 

When this diagnostic .code is received, the memory turns off the EDAC test 
mode. It then reads the location being addressed and ships the data to the 
register. 

A.2.5 Address Recontiguration 

When this diagnostio code is received, the memory reads the location being 
addressed. During the second half bus cycle, the data is shipped to the register 
and the recontiguration information contained in the present address field i.15 
loaded to a speoial register. Upon receipt of subsequent bus'oycles, the memory 
uses the register oontents to determine its module identifioation. The reCOll- ('I 
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figuration register powers up with all Zeros (unused state), does not change with 
bus Master Clear, and retains its contents on power outages if the memory has a 
power save unit (BBU). When memory receives the address reconfigurat1on code (4 in 
address bits 19, 20 and 21), it interprets the remaining bits of the address field 
as follows: 

where 

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

ROO 

R01 

R02 

IROOIR011R021R0310L110LOIRFUIHBSIgBSI I I 1 a I a 
I I 
I I 

I 
Reconfigured Module Address 

= Will be the address bit value 

= Will be the address bit value 

= Will be the address bit value 

I 
Configuration Code 

compared with BS1000 

compared with BS1001 

compared with BS1002 

X I 

R03 = Will be the address bit value compared with BS1003 or BS1018 

OLO/OL1 = Offline Command Bits: 
00 - Module on line 
01 - Quarter module offline 
10 - Half module offline 
11 - Full module offline 

HBS - Half Board Swap Bit: 
o = Normal 
1 = Swap daughter board pair 

QBS - Quarter Board Swap: 
o = Normal 
1 = Swap half daughter board pairs 

I - Interleaved Bit: 
o = Banked mode 
1 = Interleaved mode 

I = Don't care. 

A.2.5.1 COMMUNICATION WITH MEMORY 

Communication with memory controllers can be accomplished in either of two 
modes. First, in the normal or online mode, the memory receives its module address 
from the address bus, BS1OOO, BS1001, BS1002 and BS1003 for banked or BSAD18 for 
interleaved. Second, when the controller is in the maintenance (offline) mode, it 
responds to the proper module address value plus the values of address bus bits 6, 
7 and BSYELO. 
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A.2.5.1.1 Normal Mode (BSYELO = 0) 

BSADOO 01 02 03 
1 
1 

: AOO AOl A02 A03 1 Module Address for Banked Memories .1 
1 1 
I I 

BSADOO 01 02 18 

AOO ADl A02 A03 

A.2.5.1.2 Maintenance Mode (BSYELO = 1) 

03 or 
BSADOO 01 02 18 04 O~ g6 

I I I 
I AOO I A01 A02 I A03 I RFU RFU C 

·1 I I I _ •. , I 

where: C - "Off-Line" command module ID Bit: 
o = Communication with o~line memories 
1 = Communication with off-line memories 

R - Default command bit: 
o = Normal mode 

Module Address for 
Interleaved Memories 

Module Address 
01: For Banked/Inter-

I leaved Memories 
R in the On-Linel 

Off-Line Mode 

1 = Resets all controllers to switch settings. 

A.2.5.2 MEMORY RECONFIGURATION 

A.2.5.2.1 Halt Board and Quarter Board Swap 

c 

All examples assume a 512-r .. modlue fully populated with four memory PACs and 
64 [RAMs. In this example, assume a double bit error occurs in location 000000, 
rendering the module and the system unusable. With the use of the Reconfiguration 
command, the memory PACs can be rearranged to put the defective location at the top 
of the memory controller. 
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When me:nory is sent a diagnostic code with the correct combination of half' 

board and quarter board swap, it takes on of the following logical identity and 
moves the double bit error to the top of memory. The code sent is as follows: 

1. BSYELO True 
2. BSMREF True 
3. Read One Word 
4. Address (OOOOES) 

512 K I 
I 
I A I 
I 1 ___ -

384 Ie I 
I 
I B I 
I 
I 

256 x: I 
I 

I C 
I ' ____ 

128 x: I 
I 
I D I 

000 I 
I 

'!be resul t as shewn is a rearranged module wi th detective me:norypac at the top. 

A.2.5.2.2 Address Reconfigurat1on 

The f'oll:JWing example of address reconfiguration is intended to Bhow a possi. ble 
way in which a detective memory controller can be placed otf'-line and a fully 
functional module can be readdressed to fill the vaca ted module space. A system of' 
16 MBytes is given so that all available memory slots are used up. 

Assune the me:nory sy stem to 
the right canpr1sed of eight pairs 
ot interleaved modules, each pair 
being two megabytes. Upon power­
up, the T&V detects a problem in 
Module 12 which renders the entire 
module inoperative. It lett alone, 
sane means would be necessary to 
map around both modules 12 and '3, 
since they are configured inter­
leaved. What can be done with the 
use of the Reconfigurat1on command 
is to put module #2 off-line, place 
module 114 in the space of' module 
#2, and put modul e 115 in banked 
mode with a starting address ot 
one location above module 113. 
The f'ollowing steps illustrate this: 

14 15 

4 5 

2 3 

a 
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STEP 1 

!t)ve modul e #2 to ott-line state: 
a. BSYELO is true 
b. Memory Ret erence true, BSMREF 
c. Read one word 
d. Address = 101628 

Th1.s command is interpreted by module 
12 as a Recoaf"igura tion ccmm.and placing 
1 t ott-line with the same ID. 

---

STEP 2 

!t)ve module #14 to module #2 SPACE: 
a. BSYELO is true 
b. Memory Reference true, BSMREF 
c. Read one word 
d. Address = 701028 

These instructions are interpreted by 
module #14 as a Hecoaf'1gurat1on cc:mmand 
placing a module nmber or 2 in the re­
contiguration register. The controller's 
ID nat is determined by' tba t value rather 
than the SNitches. The recoaf"igured. 
modele #14 also is placed in interleaved 
mode so that it works with module 13. 

I 
14 f 

I· 
I 
I 

12 
, 
I , 
I , 
• 

I 
I 
I 4 
I I 
flllll 
IIIIII 
IIIIII , I 
I I 

r 0 
, , 
I 

filII I 
IIIII1 
1/,1.1.1.1 
I I • , 

12 I I , 
I 
I 
I 

4 , , , , 
I 14 
I 

0 

15 

13 

OFFLINE 
5 MODULE 

I-I 
I I 

3 I 2 I 
I I 
'_I 

1 

15 

13 

OFFLINE 
5 MODULE 

-, , 
I I 

3 I 2 
, , I 

I I 
I_I 

1 

"'-.. ? 

( 
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STEP 3 

Give modul e '15 a starting address 
one location above module 113 and 
place in banked mode: 

a. BSIELO is true 
b. Memory Reference true, BSMRE 
c. Read one word 
d. Address = 707038 

This command is interpreted by module 
115 as a Recontiguration command. The 
module is put in banked mode and the mod­
ule n\.ID.ber is under control ot the receD­
figuration register whose value is COD­
tiguous fran module '13. 

F 

I 
I 15 
I , 

12 13 

4 5 

14 3 

OFFLINE 
MODULE 

Fran these steps, a detective module I_I 
can be placed in lIotf-line ll status, and 
other functional modules can be put in 0 1 
the detective slot so that memory space 
is contiguous and operational. 
B In order to address a module in the lIott-line" status condition (module #2 in 
our example), signals BSYELO and BSAD06 in addi tion to the module address must be 
invoked. Since the lIott-line" module was previously reconfigured, its module I 
is detennined by the reconfiguration register contents. By way of illustration, 
asslllle in Step 2 it was necessary to move the otfline module #2 to the vacated 
space ot module 114, and turther assume the fault in module 12 was such that only 
the lower board pair was detective. It will be the intent to place the otf-line 
module fJ2 fran off-line status to on-line module 114 wi th a swap in board ~si­
tions. The follOWing would occur; 

STEP 4 

a. BSYELO is true 
b. BSAD06 is true 
c. Memory Reference true, BSMREF 
d. Read one word 
e. Address = 1170AB 

Communicating with the ott-line module 12 is accomplished with BSlELO and 
BSAD06 signals and the module address value contained in the reconfigura tion 
register. The module issues a MYACIR corresponding to a single word read operation 
and on the MYDCNN signal the reconfiguration information is clocked into its regis­
ter. This information places the module in the interleaved mode at the physical 
space of the original. module 114, swaps the daughter boards, and clears the oft­
line command bit. Eventually the module will reside· at the top pair along with 
module 115. The bottan halt ot the memory pair will be functional. 
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Once the memory controller has 
been reconfigured, the intormatibn 
may- be updated or chan&ed by is­
suing subsequent RecoDtiguration 
ocmmands. However, returning to 
the original state under control 
of the module switches can onl7 be 
aCCOJllplished by issuing a detaul t 
COJIIDland consisting ot BSlELO, BSMREF 
and BSAD01. These tnctions are in­
terpreted by all m_ory controllers 
clearing alI1 Hecollfiguration command 
and reverting control to the module's 
switches. 

'.2.6 "Here I Am" LiSt 

- 2 - 15 

12 13 

6 1 

4 5 

14 3 

o 1 

o 

When this d1agnostio code is received, the IIE11'lOry reads the location being 
addressed. During the second halt bus c:/cle, the data is sbipped to the register 
and the information controlling the "Rere I Am" light (conta1ned in ourrent address 
field) is loaded into a flop. '!'he "Rere I Am" light powers-up in the off state 
and clears with bus master clear.· 

When the memory receives the "Here I Amll code (5 in address.b1ts 19, 20 & 21) 
it interprets the rEmaining bits of the acldress as follows: 

8 9 10 11 12 13 14 1S 
I I I I I I I I I 
10 10 10 10 10 10 10 IV I 
I! I I I 

where: V = Value of' "Here I Amll l1gllt: 
o = Light Off 
1 = Ugllt On 

X = Do not care. 

A.2.7. Sott Error Hewn te Control 

16 17 18 19 10 21 22 23 
I I I I I I I I 
10 10 IX 11 10 11 IX IX 

"; I I ; 

When this cliagnostic code is received, the IIEmOry reads the location being 
addressed and sends data to the register during the second balt bus cycle. Memory 
then 1I0clifies the operation ot its sott error rewn te logic based upon the two b1 tf' 
in the address field. For proper operation of' autcmatic controls, the manual \tv 
override switches must be in their normal position. 



------------------------------------------------~----------------~-------------HONEYWELL INFORMATION 
SYSTEl'.s 

I SPEC. NO. I SHEET I REV. 
60149740" A- 11 C 

-----------------------------~--------------------------------------------------
When the memory receives the soft error rewrite control code (6 in address bits 

19, 20, and 21), it interprets the remaining bits of the address field as follows: 

8 2 10 11 12 13 14 12 
I I I I I I I I 
I I I I I I I I 

10 10 10 10 10 10 IS IB 
I I I 

, 
I I I 

where: B = Bypass Soft Error Rewrite: 
o = Soft Error Rewrite On 
1 = Soft Error Rewrite Off 

S = Soft Error Rewrite Cycle: 
o = Normal Cycle 

I 
I 
I 
I 
I 
I 

1 = High-Speed T&V Cycle (5 sec). 

A.3 MAIN MEMORY DIAGNOSTIC PROGRAMMING 

16 11 18 12 10 21 22 23 
I I I I I I I I 
I I I I I I I I 

10 10 IX 11 11 10 IX IX 
I 
I 

The following describes the programming required to perform main memory 
diagnos~ics. 

Subsection A.2 describes the diagnostic funcitonality from a hardware point of 
view. It describes the diagnostic functions available and how they are invoked. 
Refer to Table A-1 for a summary. 

Table A-1 Hardware Command Summary 

:-----------------------------------------------------------------------------------------------------------_. , : A 1:1 0 R !: S S a or s • 
OtAc:.aso:-:c CCII!~AND :-----------________ r_ 

: : 0 1 :·1 4 5: S 1: 8 9~-77~;-~;-7;-7;-:~-7;_:-:;-:-~;-~~-~;-:-~;-~~-~ 
: -------------------------_. -------- . .. . _. .... 
: ~eac t~ . ; ~ ~ ~--;--~--~-:-;--~-;-;--~--~--; __ ~--~--~--~--~--~-:--;-~--~--~--;-:--;--~-: 

: M ~ ~ M ~ ~ x X: X X X X X X X X X X 

: ~ ~ ~ ~ ~ ~: X X: X X X X X X X X X X 

.'1: J ~ 

,,,!: C 

M M ~ ~ M M : X X: X X X X X X X X X X: M: 0 

OX: 

0: :l X: 

1: 0 X 

;;~:. 'lie,e t hi· :ndi.~a':QC' : ~ M M ~ 14 ~: X ;C: 0 il 0 0 0 0 (I 'J 0 Q: ~: 0 0 X: 

: :: •• 0: ., ._: :: ::: : : .0. . .C' • Q r l1ew r • •• :." ... ,.. :-. ... ,..: Xl(: 0 G GOO 0 S = .J 0: ."!: 1 1 :l;.J • 

;----------------------------------------------------------------------------------------------------------~-; 
If .:l ':' :: s 

l. Address ~i~s :e!er := ~~. ~ddcess ~i.cs ~n :~e ~eqaous ~r t~:.nd.d 
,"eqaoWl. ':':'Ius. ~.in :ne!lloC'"( =:IIIo11and is redly J ;:nysi:.3l ad'::'.s~. 

~. .. (btts 0 t~rQU9n 5 and oi: :al SC.3n~s ~~: ~=~ul. ~.L.c:. 

lCl :c. Oan't ~.r ... t: ~4y :. 'I&.:~e: ~ .~C' l .. 

-t. 31.1:3 19 :!1.r~uqn II :on~31n :~. ~i.aqnos::.: ':::::01;-'.3:\= .::.:." 

s. 3~e3 3 c::r:~uc;n 17 ==nt..l.n :::e 3 ... ~~la~enl:.):_·;o" ~~,l.;r:o.s:~~ c::uftdnd ::d... . 

~------------------------------------------------------------------------------------------------------------~ 

Subsection 5.9.27 describes the new CPU instruction which has been defined to 
perform main memory diagnostics. What follows describes how B5 and the memory 
management unit (MHO) are used to generate the bit patterns (in SMHO mode) defined 
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in Table A-1. Note that a base register oontains a logioal address (LA) wnioh will 
be aonverted into a pllys10al address to be sent to memory. Note also that the bit 
patterns defined in Table A-1 reflect physioal acidresses (PA). 

To understand the LA-PA translation process, refer to Figure A-1. 

Basioally the LAs oonsist of three fields: segment number, block number and 
offset. The segment field is used to reference a segement descriptor (3D) in the 
MHO. The base in the SD is then added to the block number field and the result is 
ooncatenated to the offset field to produce a 23-bit PA. 

With this background, it is now possible to aescribe one way ot generating a 
main memory oommand (PA). 

o Let the LA in a base register have: 

- Segment = I 
- Block = 0 
- Offset = 001 

o 'Set the desired memory oommand oode from Table 5-19 in (6 (reference 
subsection 5.9.21) 

o Set the base field of SDI I to the module address 

o Activate 3DI I 

o Execute the generiC main memory oommand. 

Other ways ot generating a main memory command can be defined by following the 
flow given in Figure A-l. 

Note that the above description operates in the same manner forEMMU mode, with 
the exoeption that the LA segment number field (SEG) extends to 8 bits. 



( 
-~-------~-------------------~~--------------------------------------------HONEYWELL INFORMATION 

SYSTEMS 
I SPEC. NO. I SHEET 

60149140 A- 13 
I REV. 

C 

----------------------------------~------------------~----------------~------

, , 
I 
I 

SEG 
(4) 

BLOCK 
(8) 

I 
I 

OFFSET 1 20-BIT 
(8) I LA 

I II I I _-.-_ _.....-_1 '-.-__ 

1 ~O~1~-----------'~5~16~~~~2~3~--.3~1 
I 1 I I I 1 1 1 MMU 

SEGMENT 
DESCRIPTOR 

-->IVI BASE IRRIRWIREIOI SIZE 
1~ _____ ~(1~5~) _____ ~--1~~~1~1--~(9~)~-

1 

I , 
t 

BASE 

15 

--~-----------~---~-------------------I 
1 1 8 t 15 

1 
o 000 0 0 01 BLOCK 

G 14 1~ i: 22 -I I 
I I 

BASE + BLOCK OFF SET I I 
I I 
I I , I 
I I PHYSICAL I I 

I ADDRESS , 
1--> OR 

0 ~ 8 17 18 19 21 22 I MEMORY I 

I I COM!i.AND I 

M X X S C C 1M C C X I 
I 

I , , 
I '_I 

Example shows M5X Mode Operation only 

Figure A-1 Logical to Physical Address Translation 
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APPENDIX B MHO DIAGNOSTIC FUNCTIONALITY 

B.1 SCOPE 

This appendix describes the Memory Management Unit (MHO) diagnostic 
functionality supported by the MSXE, M6X and M6XE. 

B.2 MMUD FUNCTIONS 

RS supplies a four-bit function code that specifies which diagnostic action is 
to be performed. On an M6X or M6XE, RS is returned with the disaster syndrome. On 
art M5XE, RS is not changed. Depending on tbe value of the sign bit and the 
contents of the three least significant bits of RS, the following functions can be 
invoked: 

o Sign bit RS (0) = One - Display Current Task Segment Table parameters: The 
contents of the CPU hidden registers, containing the most recent Task 
Segment Table Base (TSTB) and Task Segment Table Limit (TSTL) , are loaded 
into R6 and R7 as shown below. 

I R6 I R7 
10 7 8 9 1510 15 , , 
I I 

I (TSTL) 0 <-----------(TSTB)----------> 
I 23 bit Physical Address 

I----------~--~------~I----------------------

Note that the TSTB is the converted PA derived form the ASV logical address. 

If the sign bit R5(0) = ONE, then the three least significant bits of R5 
(Function Code bits - FC) are ignored. 
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o Sign bit R5(0) = ZERO - Depending upon the content of the three least 
significant bits of R5, [R5(13:15)], the f~llowing eight function codes can 
be invoked: 

- FC = 0 - Read Segment Descriptor (SD): The 32-bit SD, corresponding to 
the segment containing the virtual address specified in 85, is fetched 
from the MMU SD storage facility and delivered to R6 and R7. 

In an M6I and M6IE the following applies: 

The format of the 32-bit result is rotated eight bit positions from the 
standard SD format: 

R6 
t 

o 7 8 9 15 0 
I 

8 LSB OF SZ I V 8 A S E 

R7 
t 

7 8 13 14 
I I 

ACCESS RIGHTS I RFU 

15 

SZ MBZ 

(Executing DCL R7, 8 will restore a more familiar format.) 

In an M5IE the following applies: 

The format of the 32-bit result is identical to that of the standard SD 
format: 

R6 R7 
t t 

0 15 0 6 I 15 
I· . I 
I I 

V BASE I ACCESS RIGHTS I SIZE I I 
I 
I 

- FC = 1 - Set Task Segment Table Parameters (for M6I and M6XE): The 8-bit 
TS'I'L supplied in 85 (24: 31) is transferred to the EMMU TS'I'L register. The 
pointer to the TST supplied in R6(9:15) and R7(0:15) is transferred to 
the EMMU TSTB register. 

- FC = 1 - Trap TV16 (for M5IE). 

- FC = 2 - Translate Address: The virtual address from 85 is converted via 
the appropriate segment descriptor, and the resulting physical address 
delivered (right justified) to R6, R7. The eight most significant bits 
of R6 receive the right-most byte of the segment descriptor (part of size 
field) in an M6X and M6XE and are set to zero in an MSIE. 

I. 
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FC = 3 - Set Segment Descriptor: The SD, corresponding to the segment 
containing the logical address specified in B5, is loaded from the 32-bit 
content of R6, R7. 

- FC = 4 - Read Interrupt Register: The content of the 16-bit external 
interrupt register (10-bit interrupting channel number, 6-bit level 
number) is placed in R6. R7 is cleared. 

FC = 5 - Set Interrupt Register (for M6X and M6XE): The 2-bit channel 
number and the 6-bit level number supplied in R7, bits 6, 7, 9-14, are 
transferred to the external interrupt register. Bit 8 defines CSS on 
line/off line as follows: 

- Bit 8 = 0 ---> CSS is placed off line 
Bit 8 = 1 ---> CSS is placed on line. 

FC = 5 - Trap TV16 (for M5XE). 

FC = 6 - Read Mode (for M6X and M6XE): The 16-bit mode register in the 
MHO/Cache is interrogated and its content placed in both R6 and R7. 

FC = 6 - Read Mode (for M5XE): The 8-bit mode register is interrogated 
and its content placed in R7(0:7). R7(8:15) and R6 are set to zero. 

FC = 7 - Set Mode (for M6X and M6XE): A single bit of the MHO/Cache mode 
register is set or cleared as specified by R7(11:15). R7(0:10) and R6 
are reserved for future use and should be Zeros: 

00 i [R7] i 07 - Clear selected bit 8-15 

08 i [R7] < OF - Set selected bit 8-15 

10 < [R7] < 17 - Clear selected bit 0-7 

18 i [R7] i 1F - Set selected bit 0-7 

FC = 7 - Set Mode (for M5XE): A single bit of the MHO mode register is 
set or cleared as specified by R7(12) (which specifies a reset if set to 
o or specifies a set if set to 1) and R7(13:15) (which specifies the bit, 
one of eight, to be updated). 

B.3 MHOD FAULT CONDITIONS 

a. Any MMUD executed with less than maximum privilege (Ring 0) causes a trap 
(TV13) regardless of function code, etc. 

b. An MHOD executed on a Level 6 model which does not implement this 
instruction causes a trap (TV05). 

c. Note that the MMUD instruction (particularly with Fe = 0 or 2) does not test 
the validity nor size field of the referenced segment descriptor, or the 
legality of the logical address supplied from BS (e.g., above 1 MW). 
Software which uses these function codes is responsible for prechecking the 
appropriate descriptor(s), etc. 



-
~-------------------------------------------------------------------------------HONEYWELL INFORMATION 

SYSTEMS 
I SPEC. NO. I SHEET 

60149740 
I REV. 

B- 4 E 

--------------------------------------------------------------------------------
B.4 MMUD MODES 

The MHO/Cache mode register contains 16 (for M6X and M6XE) and 8 (for M5XE) 
mode control bits which can be individually set or cleared by firmware or by the 
MMUD instruction. All are cleared by any Master Clear signal (including power-up 
and the maintenance panel CLEAR button). Changing multiple bits in the mode 
register requires the multiple MHOD executions. 

NOTE 

Usage of the mode control bits requires full understand1ng of the 
hardware operation. 

The names and functions of the 16 mode bits (for M6X and M6XE) are: 

BIT # NAME FUNCTION (WHEN ON) 

o * SSTATV Enter EMMU mode. 

2 

3 

4 

5 

* SPRSNT Set Task SD present bit in EMMU. 

* 
* 

L2FHIT Meaningful only if FRCHIT (bit 7) is set. 

PRCBYP 

PRTYER 

HMRINH 

If L2FHIT = 0, then force a hit on cache level 1. 
If L2FHIT = 1, then force a hit on cache level 2. 

Bypass cache update for procedure reads. 

Force a parity error in the directory and SD. 

Inhibit memory reads/writes on tick (e.g., to the memory 
locations; RTC current, WDT current and memory yellow error 
count) • 

6 BYPMRY Inhibit all Megabus accesses. Results of misses and 
non-memory references are undefined. 

7 FRCHIT For Cache to act as if a hit occurred on Level #1 if 
physical address bit 11 is Zero, on Level 12 if physical 
address bit 11 is One. If request is. a read, return data 
from indicated Cache level; if request is a write, "Update" 
indicated level. 

8 INITLZ Suppress normal alternation between the two Cache levels 
for "Replace n operations. 

9 IHRGCK Inhibit access rights checking for memory references 
initiated by the CSS. 

10 INHARL Inhibit address relocation. 

* M6XE only 

c 
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(continued) 

11 CAHBYP Bypass Cache (Cache continues to "Update" on write hits, 
but does not "Replace" on read misses, nor supply data on 
read hits). 

12 FRCMIS Force Miss (Cache does not supply data, does "Replace" on 
all reads, does not "Update" on writes). 

13 FNHMDE Generate a UAR Trap (TV15) if any memory reference results 
in a cache miss. 

14 MRWRAP Memory writes do not "Update" Cache directly, but are 
"wrapped" via Megabus adapter to simulate writes 
originating in other SUbsystems. 

15 WRDRTY UAR does not block "Replace" in Cache directory. 

Certain mode combinations deserve further comment: 

a. When CAHBYP and MRWRAP are both on, CSS-initiated memory writes are queued 
in the Megabus adapter FIFO buffer, to be selectively "Updated" into the 
Cache data store (depending on hit/miss) when CAHBYP is cleared. It is 
assumed software assures the absence of other Megabus activity during such a 
test. 

b. When CAHBYP and FRCMIS are both on, the Cache performs neither "Updates" nor 
"Replaces"; i.e., the Cache contents are unchanged by either reads or 
writes. Subsequent to such a test, software is responsible for restoring 
the correspondence of Cache and main memory contents. 

c. When BYPMRY is One, FRCHIT should also be on to avoid the undefined results 
of a miss. Likewise, I/O operations should not be attempted during such a 
test (they won't work). 

The names and functions of the 8 mode bits (for M5XE) are: 

BIT /I NAME FUNCTION (WHEN ON) 

o EMMU Enter EMMU mode. 

1 SPRSNT Set Task SD present bit in EMMU. 

2 ADDINH Inhibit address translation. 

3 RFU 

4 NOCHECK Disable ring checking. 

5 - 7 RFU 
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B.5 M6X AND M6XE CACHE ACTIONS AND TERMINOLOGY (with all mode bits cleared) 

The Cache acts on every memory read or memory write initiated by the CSS. The 
Cache also monitors-all memory writes originating from other subsystems on the 
megabus (e.g., I/O controllers, other CSS). 

For each of the above cases, the Cache checks its "directory" to determine 
whether the referenced memory location (physical address) is represented in either 
level of the Cache. If the location is so represented, the reference is termed a 
"hit", otherwise it is a "miss". 

When a CSS-initiated read results in a hit, the Cache supplies the desired data 
to the requesting processor, with no Megabus involvement. (Exception: if the read 
request includes a command to "Lock" the memory, as in Read-Modify-Write instruc­
tions, the Lock command is transmitted to the main memory module involved, and the 
Cache waits for the command to be acknowledged before transmitting the data to the 
processor.) 

When a CSS-initiated read results in a miSS, the Cache relays the request via 
the Megabus adapter to main memory and waits for the data to be returned. It then 
passes the data to the processor and also "Replaces" a suitable location in the 
Cache directory and data store to represent this most recent reference. Successive 
"Replaces" are directed alternately to Level 1 and Level 2. 

When a memory write is initiated by the CSS, the Cache relays the request via ./ 
the Megabus adapter to main memory. 'l..J 

When any memory write (initiated by CSS or Megabus subsystem) which results in 
.a hit is acknowledged by the addressed memory module, the Cache "Updates" the 
appropriate location in its data store to reflect the new content. 

B.6 M6X AND M6XE SYNDROME 

Whenever a "Disaster" stimulus (master clear, unavailable resource (UAR), pro­
tection violation (PROV), uncorrectable memory error (RED) or bus parity error 
(PAR» is detected by CPU hardware, a syndrome pattern describing the nature of the 
stimulus is stored in a hardware register. The syndrome is analyzed by the CPU 
firmware to determine the appropriate action to be taken (e.g., trap). The syn­
drome remains available for software interrogation by the MMUD instruction (for 
example) until the next disaster occurs. This syndrome pattern is loaded into R5 
by the CPU firmware during the execution of the MMUD instruction. 

The syndrome pattern (for CPU release 2.1) is: 
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BIT II 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10,11 

12 

13 

14,15 

MEANING IF TRUE 

UAR on procedural read 

PROV on procedural read 

RED on procedural read 

PAR on procedural read 

UAR on non-procedural read or write 

PROV on non-procedural read or write 

RED on non-procedural read 

PAR on non-procedural read 

WRAP (overflow in address calculation) 

Master Clear (ignore other syndrome bits) 

Effective ring number used in reference 

IO (reference was not to memory) 

Error was associated with left word (i.e., was not just in right 
half of doubleword reference) 

Amount by which non-procedural address, Y, was incremented 
subsequent to reference and before disaster was detected. 
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APPENDIX C SEARCH INSTRUCTION EXAMPLES 

The Search instruction can be classified into tour distinct cases: 

o Search String Single (i.e., search a string to determine whether it contains 
the single search arg'Ulllent given in the . search list); 

o Search String Mul tiple (1. e., search a string to determine whether it 
contains any one of the mul tiple search arg'Ulllents given in the search list) i 

A 0 Search Array Sing]. e (i. e., search an array to de termine whether it contains 
the single search arg'Ulllent given in the search list); and . 

o Search Array Mul tiple (i. e., search an array to determine whether it 
contains an;y one of the mul tiple search arguments given in the search list). 

FollOWing are examples for each case. 

C. 1 SEARaI STRING SINGLE EXAMPLE 

[DD1] - The search list which contains one search argument (SA). The SA can 
consist ot one or more characters. 

[DD2] - It a match is found, then store in [002] the search argument n'Ulllber (= 
0) and the displacement. 

[003] - The string. 
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B Given the string: 

0123456189 AE C 
abc d e f g h i j d e k 

fEr SA = d -> Post = and set (DD2] = 0, 3 

for SA = fg --> Post = and set [DD2( = 0, 5 

for SA = th -> Post ~ and set (DD2] = unchanged 

for SA = dek --> Post = and set (DD2] = 0, A 

for SA = lm -> Post ~ and set (DD2] = unchanged 

for SA = a --> Post = and set (DD2] = 0, o. 

C.2 SEAR a! STRINGKJLT.PLE EXAMPLE 

o 

(DO·1] - The search list which contains Dull tipJ.e search arguments. The length 
of an SA. can be one or more characters but all SAs must have the same 
length. This case requires the use at R4 which contains the SAL. and 
the su. •• 

(DD2] - It a match is found, then store in (DD2] the _arch argument numberc",-_/ 
and the displacement. 

(DD3] - The string. 

Given the string: 

0123456189AEC 
abcdefghij dek 

for SAL- = 1, SLL- = 3 --> f, e, j --> Post = and set (DD2] = 1, 4 

for SAL = 1, SLL = 2 --> r, s --> Post ~ and set (DD2] = unchanged 

for SAL = 2, SLL = 6 --> de, hi, er --> Post = and set (DD2] = 0, 3 

tor SAL = 3, SLL = 6 --> cdt, h1j --> Post = and set [DD2] = 1, 1 

tor SAL = 2, SLL = 4 -> cb, lea --> Post ~ and set (DD2] = unchanged 

-Defined in subsection 1.3.2.4 (NOTE). 

-~--~ -~~ 
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C.3 SEABCH ARRAY SINGLE EXAMPLE 

[DD1] - The search list which contains one search argument. The SA- can 
consist of one or more characters. 

[DD2] - It a match is found, then store in [D02] a Zero for search argument 
number and. the displacement. 

[DD3] - The array. This case requires the use of B6 which contains the OEL. 
and. the a..o 

Given the array: 
00 a b d f 

04 a c b e 

08 cad e 

OC d.efg 

10 m j 0 p 

14 e a c b 

where R6 specifies OEL- = 4 and. OL. = 24, 

for SA. = ca --> Post = and set [002] = 0, 08 

for SA = a --> Post = and. set [DD2] = 0, 00 

for SA = mjo --> Post = and set [DD2] = 0, 10 

for SA = mjpo --> Post ~ and set [DD2] = unchanged 

for SA = acbec --> Post = and set [DD2] = 0, 04 

for SA = eacba --> Post ~ and. set [D02] = unchanged 

for SA = bac --> Post .p and set [DD2] = unchanged 

for SA = cade --> Post = and set [002] = 0 f 08 

C.4 SEARCE ARRAY MULTIPLE EXAMPLE 

[DOl] - The search list which contains multiple search arguments. The length 
of' an SA can be one or more characters but all SAs must have the same 
length. This case requires the use of R4 which contains the SAL- and 
the SLL*. 

[DD2] - If' a match is found, then store in [D02] the search argument number 
and the displacement. 

-Defined in subsection 7.3.2.4 (NOTE). 
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(DD3) - The arra:y. This case requires the use of 1\6 which contains the Ca.* 

and the ot.*. 

Given the arra:y: 

00 a b d t 

04 a 0 b e 

08 0 a d e 

OC d e t g 

10 m j 0 p 

14 e a 0 b 

where R6 spec1fies OEL- = 4 and OL* = 24, 

tor SAL~ = 3, SLL* = 6 --> aob,' aod --> Post = and set (DD2] = 0, 04 
-

for SAL· = 1, SLL = 3 -> 0, a, d -> Post = and set [DD2) = 1, 00 

tor SAL = 4, SLL = 8 --> detg, abed --> Post = and set (DD2] = 0, OC 

for SAL = 2, SLL = 6 -> ad, ea, mj -> Post = and set (DD2] = 2, 10 

tor SAL = 3, SLL = 9 --> aab, abb, eao -> Post = and set [DD2] = 2, 14 

t"r SAL = 5, SLL = 10·--> a bc1f b, mj ope -> Post = and set [DD2] = 1, 10 

.Detined in subseotion 7.3.2.4 (NOTE). 

c 
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APPENDIX D VERIFY INSTRUCTION EXAMPLES 

lhe Verify instruction can be classified into four distinct cases: 

o Verity String Single (i. e., verity a string to determine whether its 
characters are all equal to the single verify argument given in the verify 
list; 

o Verity String mul tiple (i. e., verify a string to determine whether its 
characters are each equal to one of the mul tiple verify arguments given in 
the verity list; 

o Verify Array Single (i. e., verity an array to determine whether its elements 
are all equal to the single verify argument given in the verify list); and 

o Verity Array mul tiple (1. e., verity an array to determine whether its 
elements are each equal to one of the multiple verify arguments given in the 
verity list). 

Following are examples for each case. 

D.1 VERIFY STRING SINGLE EXAMPLE 

[DD1] - The verity list which contains one verify argument. 

[DD2] - If' a noncanpare is found, then store in [DD2] the displ'acement~ 

[DD3] - The string. 



-----------~~----~----~~---~---------------------~-----~-------~~---IiONEIWELL INFORMATlai 
SYSTEMS 

I SPEC. NO. 
I 60149740 

I SHEE'l' I REV. 
D- 2 I C 

--------~--------~-------------------.-----------~---~~---------------
Given the string: 

0123456 

aaabaaa 

for VA = a --> Post I. and set [DD2] = 3 

tor V A = b -> Post I. and se t [D])2] = 0 

Given the string: 

0123456 

b b b b b b b 

tor VA = b -> Post = and set [DD2] = unchanged. 

0.2 VERIFY STRING KJLTIPLE EXAMPLE 
-

[DDJ] - The verify list which contains mul tiple verity arguments (VAs). The 
lengtl:l or a VA. should be one character. This case requires the use 
er R4 which contains VAL. and VLL •• 

o 

[DD2] - It a noncanpare is tound, then store 1n [DD2] the displaCEment. ~j 

CDD3] - The string. 

Given the string: 

0123456189 

abebbadbce 

tor VA = a, b -->/ Post = and set [DD2] = 2 

tor V A = a, b, at e -> Post I. and set [DD2] = 6 

tor VA = a, b, c f d -> Post = and set [DD2] = unchanged. 

D.3 VERIFY ARRAY SINGLE EXAMR.E 

[DD1] - The verity list which contains one verity argument. The VA can 
consist ot one or more charaeters. 

[DD2] - It a noneompare is found, then store in [DD2] the d1splaeement. 

[DD3] - The array. 
and the OL. 

This case req u:i.res the use of ~ which eontains the OEL 

-Defined in subseet10n 7.3.2.5 (Special Cond1 tions) 
c 



(' 

( 

{ 

-- ---- ----- ---

----~----~---~------------------------------------------------------------------HONElWlil.L mrORMATION 
SYSTEH3 

I SPEC. NO. 
I 60149740 

I SHEET I REV. 
I D- 3 I C 

--------------------------------------~-----------------------------------------
Given the array: 

o a b a 

3 abc 

6 a b d 

9 a c b 

where R6 specifies OEL = 3 and OL = 12, 

for VA = ab --> Post ~ and set [DD2] = 9 

for V A = abc -> Post ~ and se t [DD2] = a 

tor VA = a --> Post = and set [DD2] = unchanged 
for VA = aba --> Post ~ and set [DD2] = 3. 

D.4 VERIFY ARRAY MULTIFLE EXAMPLE 

[DD1] - The verity list which contains multiple verity arguments. The length 
of a VA. can be one or more characters but all VAs must have the same 
length. This case requires the use of R4 which contains the VAL. and 
the VLL •• 

[DD2] - It a noncompare is found, then store in [DD2] the displacement. 

[DD3] - The array. This case requ1res the use of as which contains the Oa.. 
and the OL •• 

Given the array: 

o abc d 

4 a c d b 

8 b cad 

Cae b d 

where R6 specifies OEL = 4 and OL = 16, 

tor VA = ab, ac --> Post ~ and set [DD2] = 8 

for VA = ab, ac, be --> Post = and set [DD2[ = unchanged 

tor VA = abc, acd, acb --> Post ~ and set [DD2[ = 8 

for VA = abed, acbd --> Post ~ and set [DD2] = 4 

.Defined in subsection 7.3.2.5 (Special Conditions). 
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APPENDIX E GENERAL INSTRUCTION SUMMARY 

This Appendix contains summaries of the formats, instructions, and america! 
representations of the General instruction set. 

It will be supplied at a later date. 
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APPENDIX F EXTENDED INTmER INSTRUCTION (Ell) SUMMARY 

This Appendix contains summaries of the formats, instructions, and numerical 
representations of the Extended Integer Instruction (EII) set. 

It will be supplied a tala ter da teo 
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APPENDIX G COMMERCIAL INSTRUCTION SUMMARY 

This Appendix contains slllUllaries of' the t'omats, instructions, and numerical 
representations ot' the Commercial Instruction set. 

It w ill be supplied a tala ter da teo 
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APPENDIX H SCIENTIFIC L'STRUCTION SUMMARY 

This Appendix contains summaries of the formats, instructions, and numerical 
representations of the Scientific Instruction set. 

It will be supplied at a later date. 
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