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PDP-11/70 PROCESSOR MAINTENANCE
COURSE QUTLINE

DAY 1
I. Introduction
II. PDP-11/70 System Description

III.

Iv.

A, System Components

B. Physical Configuration

C. PDP-11/70 Addressing Space
KBl1l-B Block Diagram

A. Data Paths Block Diagram
B. Control Block Diagram
KB11l-B Timing

A. Basic Timing

B. Pause Timing

References; KBll=-B Processor Manual Sec, I Ch. 1, Sec. II pp 1-1 to

1-6, pp 2-1 to 2-3, Ch. 4.

Reading Assignment: KB1ll=-B Processor Manunal Sec., I Ch. 1, Sec.

OIEITAL EQUIPMENT CORPORATION

1I, Ch.4.
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DAY 2
V. Contrel ROM
A. RAR and RBR Timing
B. Address Calculation
1. Fork
2, PBranch
VI. Flow Diagram Concepts
A. Symbolegy
B. Correlation to ROM Map and Block Diagram
VII. Contrel Console
A. Flows
B. Logic
VvIIZ. Load Address Operation

References: KBl1l~B Processor Manual Sec, II Para. 1.2 to 1.2.3,
Para. l.4 to 1.4.8, Sec, III Para. 2.1 to 2.5.2.

Reading Assignment: KBl1l-B Processor Manual Sec. II Para. 1.2.1,
1.4 to 1.4.4,

DIBITAL EQUIPMENT CORFORAATION
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DAY 3
IX. Register Deposit/Deposit Step Operation
A. General Register Selection |
X. Register Examine/Examine Step Operation
'XI. Examine and Examine Step Operation
A, Unibus Data Transfers
XII. Deposit and Deposit Step Operation
XIII. Start Operation
XIV., Troubleshooting Laboratory
References: KBll-B Processor Manual Sec. II Para. 2.1.4, Ch. 5,
Sec, III, Para 2.5 to 2.12

Reading Assignment: XBll-B Processor Manual Sec. II Ch. 5, Sec. III
Para. 2.7.3.

DIGITAL EQUIPMENT CORFPORATION
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DAY 4.
XV, Condition Code Instructions
A. Flows
B. Logic
XVI. Branch Instructions
A, Flows
B. Logic
XVII. Single QOperand Instructions
A, No Memory Reference
B. Destination'OPerand Acquisition
XVIII. Troubleshooting Laboratory
References: KBl1l-B Processor Manual Sec.

Reading Assignment:

1.5.8,

II,

11/70 Proc Maint

Para.l.4.6.1 to 1.5.8.

KB-11-B Processor Manual Sec. II Para.l.4.6.1 to

MGITAL EQULIPMENT CODRAPDAHATION
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" DAY 5
XIX. Double Operand Instructions
XX. Register Instructions
A. ASH
B. ASHC
XXI. Troubleshooting Laboratory
References: g?l%-B Processor Manual Sec, II Para. 1l.2.5.7, 2.1.5 to

Reading Assignment: KBll-B Processor Manual Sec, II Para. 2.1.5 to
2.1.8.

DIGITAL EGUIPMENT CORAPORATION
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DAY 6
XXII. Register Instructions (continued)
A. MUL
B, DIV
XXIII. fTrap and Subroutine Operations
A. JMP and JSR
B. RTS
C. TRAP
D. RTI and RTT
E. PSW Logic
References: KBll-B Processor Manual Sec. II Para. 1.2.5.8, 1.2.5.9.,
3.9 to 3,9.10,

Reading Assignment: KB11l-B Processor Manual Sec. II Para. 1.2.5.8.,
1.2.5.9, 3.9 to 3.9.10,

DIGITAL EQLFPMENT CORPORATION
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DAY 7
XXIV. BRQ Operations
A. Service Flows
B. Interrupts and Traps
C. Power Up and Power Down

XXV. Troubleshooting Laboratory

References: KBll-B Processor Manual Sec, II Ch. 6.

Reading Assignment: KBll-B Processor Manual Sec. II Ch, 6,

DIGITAL EQUIPMENT CORPORATION
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DAY B
XXvI., Cache Concepts
XXVII. Block Diagram
A. Address Logic
B. Data Logic
XXVIII. Program Example
XX1IX. Cache Logic
A, Timing
B. Power Up - Initialization
C. Reguest Arbitrator
D. Cache Registers
XXX, Troubleshooting Laboratory
References:

Reading Assignment:

4.8.8.

“Viii-

11/70 Proc Maint

EBl1l=-B Processor Manual Sec. VI Ch. 1, 2,Para. 4.3 to

KBll-B Processor Manual Sec, VI Ch., 1, Para, 2.1

to 2.2.3.6, 4.3 to 4.5,

DIGITAL EQUIPMENT CORPORAATICN



DAY 9

XXXI. Ccache Operations

A, Read Hit

1.

2.

Processor

Unibus Map

B. Processor Bust - Bend Cycle

C. Read Miss

1.

2.

D. Write

l.

2-

Processor

Unibus Map

Processor

Unibus Map

E. Register Read and Write

XXXITI. ‘Troubleshooting Laboratory

References:

Reading Assignment:

KB11l-B Processor Manual Sec.

VI Para.

KBl1l-B Processor Manual Sec.

11/70 Proc Maint

3.8 to 3.8.8,.

VI Para.

3.8 to 3.8.8

DIGITAL EQUIPMENT CORPORATION
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DAY 10
XXXIII. Memory Management
A. Relocation
B. Protection
C. Multiple Modes
D. Statistical Information
XXXIV. Memory Management Timing

¥XXV. ROM Control

References: KB1ll-B Processor Manual Sec, IV Ch. 1, Para 2.1,
2.2' 3-1’ 3.2; ch. 6.

Reading Assignment: KBl1l-B Processor Manual Sec. IV Ch. l., 6.

DIGITAL EQUIPMENT CORAPDRATION
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bay 1l

XXXVI.

Memory Management Relocation Logic
A. Selection of K, 5, U Space
B. ©Selection of I, D Space

C. Generation of Physical Address

XXXVII. Memory Management Protection Logic
A. BSelection of a PbR
B. Memory Mahagement Trap Logic
C. Memory_Management Abort Logic
XXXVIIiI. Troubleshooting Laboratory
References:

Reading Assignment:

=xi-

11/70

KB1ll-B Processor Manual Sec. IV Ch. 3,4,5,8.

DIRITAL EQUIPMENT CDRPORATION

Proc Maint

KBll-B Processor Manual Sec. IV Ch, 3,4,5,8,



DAY 12

11/70 Proc Maint

XXXIX. Memory Management Internal Register Logiz

A. PDR A and W Bit Operation
XXXX, MTP, MFP Instruction Execution
XXXXTI.  Unibus Map

A. Block Diagram

B. Operation

XXXXII. Troubleshooting Laboratory

References: KBll-B Processor Manual Sec. IV Ch. 7, 9, Sec. V Ch. 1.

Reading Assignment: KBll-B Processor Manual Sec. IV Ch. 7, 9, Sec.

V' Ch. l.

-Xii~
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DAY 13
XXXXIII, Unibus Map Logic
A. Cache/Unibus Transactions
B. Register Operations

XXXX1IV. Troubleshooting Laboratory

References: KBll-B Processor Manual Sec., V Ch., 2,3,

Reading Assignment: KBl1l-B Processor Manual Sec. V Ch. 2,3.

DIAITAL EQUIPMENT CORFOHATION
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Day 14
XXXHV. MJ1l Core Memory
A. 3 Wire Memory Operation
B. MJI1ll Operations
1. Read
2, Write
3. Exchange
C. MJI1ll Configuration
1. Block Diagram
2. Memory Controller
3. Internal Bus
4, stack Module Set
D. Main Memory Bus
l. Description
2. Bus Protocol
E. Memory Timing Control Signals
XXXXVI.. Troubleshooting Laboratory
References: MJ1l Memory System Maintenance Manual: Ch..l, 2,
Para. 3.1 teo 3.5,

Reading Assignment: MJll Memory System Maintenance Manual: Ch. 1,
Para. 3.1 to 3.5.

DIGITAL EQUIPMENT CORPORATION
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DAY 15
X®¥XXvIT. MJIL11l Stack Module Set
A. Organization
B. Logic Operation
C. Example

XXXXVIII. Troubleshooting Laboratory

References: MJll Memory System Maintenance Manual: Ch. 4.

Reading Assignment: MJ1l Memory System Maintenance Manual: Ch. 4,

DIGITAL EQUIFMENT CORPORATION
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PDP-11/70 MJ11 MEMORY OPTIONS

Minimum Configuration
CPU Cabinet with CPU
1 Memory Cabinet
1 Memory Box with
Cowtrolier and Transceiver
64K words

3rd Expension { % Expansion
Box . Box
2nd Expansion 5th Expension
Box Box
| 4
15t Expansion tth Expansion
Box Box
Basic Tth Expansion
Mamory Box
Maximum Configuration
2 Memory Cabinets
8 Momory Boxes with Controlier
and Transceiver m sach box
1024K wordhs

TR-0919



00 0G0 001
00 000 003
00 000 00s

00 777 773
Q0 777 775
00 777 777

16-BIT WORD
L —

ns BYTE 08 07 BYTE 00
HIGH LOW 00 000 000
HIGH LOW 00 000 002
HIGH LOW 00 000 004
---'''""'--M.-_.--'._-_’-.I
M’\/
HIGH Low 00 777 772
HIGH LOW 00 777 774
HIGH LOW 00 777 776

WORD ORGANIZATION

OR

8-BIT BYTE
07 00

LOW
WORD
HIGH

LOW
WORD
{ HIGH

{ Low
"

{ HIGH

LOW
HIGH

BYTE ORGANIZATION

Figure 1-5 Word and Byte hddresses

00 000 000
00 000 001
00 000 002
00 000 003
00 000 004

Q0 777 778
00 777 778
00 777 217

Nn-3195



BLOCK

WORD 1 WORD 0O
BYTE 3 RYTE 2 BYTE 1 BYTE O
00 000 003 00 600 002 00 000 001 00 000 000
00 000 007 00000 004 00 000 CO3 00 000 004
00 777 787 00777 766 oG 777 783 00 777 764
Q0777 773 o0 277772 00 777 TN 00 777 770
Q0 777 777 00 777 776 00 ¥77 775 00 777 774
Figure 1-6 Maln Memory Addresses

00 000 000

00 GD0 004
00 000 010

00 777 760
00 777 7564

00777 770
00777 7M1

11-4000



17777778

17 000 000
16777776

10 000 000
07 777 776

- 00377778

00 000 000

PDP-11/70 SYSTEM ADDRESS

Unibus

S

Non Existent

Memory

Maximum 1M

Core Memory

Minimum 64K

=

S
ey
b Y p—
-.-.-

-
177777176
1/O Page
4K
17 760 000
17 757 776
Unibus Map
124K
\
\] 17 000 000
System Registers
17777 776  Processor Status
17777774  Stack Limit
17777 772  Program Interrupt Request
177771770  Microprogram Break
17777766 CPU Error
17777764  System ID
17777762  System Size Hi
17777760 System Size Lo
17777762  Hit/Miss
17777750 Maintenance
17777748 Control
17777744  Memory System Error
17777742  High Error Address
17777740 Low Error Address

TR-0922




cPU
A
MEM. MGT.

UNIBUS

2
&S

CACHE

18 ADORESS BITS 1}'.72"“*55

UNIBUS
MAP

22 ADDRESS 8ITS

TS

MAIN
MEMORY

Figure 1-7

2
ADDRESS

Addresa Paths

11=-4001



wrny | TTT T FITITIY
K PERIPHERAL PAGE
preoo0o | 17600000
(18 MITS)
$00000 N S
1BUS 16777777 i
NN
N
\
A
| ——

FOG?S???? 19 20K

26K

00157777

VIRTUAL 28K

1% BITS}
20000000 J_
INCOMING . PHYSICAL ADDRESS
ADDRESS ADDRESS SPACE 10CATIONS
{22 BITS) [MAX, AVAILABLE

MEMORY 1024K)

——#= RELOCATION

O ADDRES 5
RELOCATION n-31964

Figure 1-9  16-Bit Mapping



FLOW
"""" AT [l £ £
4K PERIPHERAL PAGE
lpre0000 17600000
7757777
N
A
(18 BT} 124x
000000 170000 \\
- UNIBUS -]
A 16777777 B
AN
N\
~
N
S N
00757777 00757777 1920K
77777 124K 124K
YIRTUAL MEM .
I ™ MGNT
200000 100000000 e _Noooooocoo B
INCOMING PHYSICAL ACDRESS
ADDRESS ADDRESS SPACE LOCATIONS
{22 8i75) {MAX. AVAILABLE

MEMORY 1024K)

= RELOCATION

= ————= +ND ADDRESS
RELOCATION

n-3e7

Figure 1-10  18-Bit Mapping



FLOW

7I77777 —’ __________ 17777777
4K PERIPHERAL PAGE
17240000 12600000
17757777
18 8ITS) 124K
1000000 Y S 17000000
16777777 8777777 7
1920K
ADDRESS
71787 MEM
/. MGMT
00757777
124K
00000 w(00000000 | ___ \j (00000000 |
INCOMING PHYSICAL ADDRESS
ADDRESS ADDRESS SPRCE LOCATIONS
127 BITS) {MAX. AVA(LABLE
MEMORY 3024K)
= sRELOCATION
= —e—— aND ADORESS
RELOCATION
-3198

Figure 1-11

1-10

22-Bit Mapping
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ALUIT [17-15]

PCai T[S

O NO CLOCK

1 LOAD

PCa{T2I(30-43]

O NOCLOCK 2 SFT:LGAD
L LOAD 1 FT LMD

SHF (121 [18-47]
O SwAP BYTES
1 PC
2 NG SHIFT
3 RIGHT SHIFT

P 1Tl A3-4 (Th) [#5-44
O NOT & »mn‘3 umg 341 & PWE s 1
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PROCESSOR CONTROL REGISTERS /

4LEGAL HaLI
OD0 ACCAELS EARCR

M- RISTERT AEMCRY [CACHE|
RIS TINE Oy
TELLOW IOME SHACK LT
MED IO STACR Ll ———.

CPU Error Regilster

Figure 3-1
5 N T L M I P
TR '*“T]' I. .LT' 1 ._[.,,1
Figure 3-2 Program Interrupt Register
Figure 3-3 Stack Limit Register

[P | i} [ T 4 4 1 1
Lnoruun HugeTy [\{lelv <

w13

CLARENT MODE ‘:
PREVIOUS MODE
CENMAL RECASTIR

L 1R1-H))

AODE: 00 -RERNEL
OF rhbeayh
i

sor

Figure 3-4 Processor Status Word

Lag 1% 4% 17 e 46 3 a w07 B 7 b
e NNV NN

i

| N—
hd

DETERMINED BY SIHITC'!fl.S_f

Lower Size Register

PETEAMMED By SwITCHES ——-—-—-—\fr
System ID Register

1=12

ADDRESSES

(TMCD) 17 777 766

(PDRD) 17 777 772

(PDRC) 17 777 774

(IRCH, PDRD)
17 777 776

(SCCN) 17 777 7860

{SCCN) 17 777 764
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Figure 4-6 Time States
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Table 4-1

Ring Counter Stop and Pause Conditions

STOP INT2
Internal Bus Pause Stop: SAPN NOT CACHE ADRS H
TIGA PAUSE H (UBSD = 2 or 3)
TIGA SO (0} H or TIGA S1 (0)H
Restart: S0 and S1 count to 3 (90 ns).
Unibus Pause CPU Control Registers Stop: Same as Internal Bus Pause
Restart: Same as Internal Bus AND
UBCB TIG RESTART H
(BUS SSYN}
Interrupt Pause Stop: UBSD» = 1 (INTR Pause)
UBCI) EXT BRQ H
Restart: UBCB TIG RESTART H
(Passive Release or BUS INTR)
Sinple ROM Cycle Stop: TIGE ROM+UPB (1) H
Restart: CONTINUE or MAINTENANCE
(XMAA S4) switches
STOP INTS
Cache Pause Stop: TMCF CACHE ADRS H
TiIGA PAUSE H(UBSD =2 or 3)
No Aborts (not TMCC ABORT H)
Restart: TIGA MEMSYNC (1) H
Single Bus Cycle Stop: TIGE SINGLECY L
TIGA PAUSE H
- Restart: CONTINUE or MAINTENANCE
(XMAA 54) switches




MICROPROGRAM WORD FIELDS

52 31 3029 2B 27 26 25 24 23 22 21 2019 1817

16 1514 13 1211 10 9 B 7 6 5 4 3 2 1
I | I
B8CT MSC BSC | amMx | BMX | kMx | ALu FEN BEN UAD
{ | i
BUS BUS 8 MUX ALU BRANCH |
CONTROL CONDITIONS CONTROL ENABLE
MISCELLANEQUS AMUX  CONSTANT FORK MICROPROGRAM
CONTROL MUX ENABLE ADDRESS
63 62 61 60592 58 57 56 55 54 53 52 51 50 49 48 47 48 45 44 43 42 44 40 39 38 37 36 35 34 33
B|B S P |
RIB[SRX |DRX |RIDRX| ccL |cC]|PcB| SHF| R{PwE{ PaD | Bsp | BAX| 1BS | SHe
KIX K A K
BUS DEST | DEST PCA | SHIFTER| PAD BUS INTERNAL
REG REG REG CLOCK | CONTROL| WRITE DELAY - BUS
MUX MUX | crock ENABLE
BUS  SRC SRC CONDITION PCB  INSTRUCTION SCRATCH BUS SHIET
REG  REG REG =~ CODE LOAD CLOCK REG CLOCK PAD ADDRESS COUNTER
CLOCK MUX CLOCK

ADDRESS MuUx



o FIRST ROM CYCLE e SECOND ROM CYLE————
6 T8 :
T T2 T3 T4 ™ ' T2 3 T4

1 | | |

Im

1
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ADDAESS o
p—-—‘ GENE ROM ACCESS TIME———=

T2H

—_—— e

RATION 1
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I

I
i
|
|
|
|
|
|
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|
I
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t t ! “mow vt
ROM QUTPUT
BITS BITS A&R CLOCKED INTQ AAR
15:40 48383 CLOGCKED BUFFER (RIA] CLOCKED
BITS 41:43
ROM OUTPUT

GCLOCKED INTQ
BUFFER {RER)
=3O

Figure 1-4 ROM Timing



Connector from (ﬁ‘F ORK ) Condition for antry

another page into flows that follow

Nams of =28 - T ©—___ Addremot

ROM cycle
WoRD Ir SE7 OB bty v

I, B8, GCe-LRTT
&y SHFRe 2
Cu BUS PAYSE

e JUS
% —-SAP I SANGSUSFD
SF7 Skhe SAPL
~ &F 7 DGO HF T
OF?: DR SNFR Addrass of

Cﬁ‘)""’-’.z—-—-—"‘" next ROM

INOLEXTNG ; #IX UP FC T cycle
mwr BIYOND TNDEX WOLi

6 A

A& LS >

0y SHmt e Sy an

£ SAler St
e cH

Cres)
£+

FETCN SOC; MO 8L CHECK Description of Cycle oparations

Clock tima
at which
operations
arg oxecuted

Oparations sxecuted during Cycle

L at-7 7L
t, fsﬂr;;e- ::'2 o8 Connector 2o

Cy B4G STHOSE another page: may
o ?és"usz be ta Fork or Branch

Fork
Enable:

4 =C Fork
2 =B Fork
1=A Fork

ROORS TO SB CINODIRECT)

L, <R/ T
Ly SHFRe- B
c SR SH S =) Condition for

" I CrdE ) Branch
FETCH SRC GAEERND  NO
SL CHECK

Page number {i.e., Flow 4)

" BEN14: Branch
t SN2 RS PCE LT
tg SN PCES Enable #14;

BUST; GRLDT {317): Base address
rra .
S/t 42 rr4c) of next Cycls:

5348 (2.1, final address

EET SAC OPERAND depands on
conditions

Ly S-S540, BC ST Hprl 3

[ <Siresfemy

L3 BRQ STeo8s

tw 343& PALSE
-

11-3128

Figure 1-3 Flow Chart Symbols (P/O Flows 2)



PDP11/70 DIAGNOSTICS

Each diagnostic test assumes successful completion of preceeding tests.

Diagnostics should be runin the following sequence, otherwise errors will
not be detected or error messages will be misleading.

MD-11-DEKBH-A
MD-11-DEKBA=-A
MD-11-DEKBB-A
MD-11-DEXKBC-A
MD-11-DEKED-A
MD-131-DEKBE-A
MD-11-DEKEF-2
MD-11-DEKBG-A
MD-11-DEMJA-A
MD-11-DEQXC-A

MD-11-DERHA=A
MD=-11-DZTUA-A
thru DZTUF-A
MD=11-DERSA-A
thru DERSD~A
MD-11-DERPK-3&
thru DERPN-A
and DERPS-A
thru DERPV-A

Diagnostic ROM (M9301-¥C)
CPU - Part 1

CPU - Part 2

Cache - Part 1

Cache - Part 2

Memory Management

Unibus Map

Power Fail

Main Memory

Test T15

RH-70 Massbus Control
Tole
RS@3/RSQ4

RPP4

PDP11/70 Diagnostics are stored on two disks MAINDEC 11-DZZA-A-~HB

MAINDEC L1-DZZB-A-HB

MD-11-DEKBI-A is a paper tape diagnostic to check the M9301-YC.

oIGITAL EQUIPMENT CORFORATION



BUST T2 72 T2 PAUSE
+

+ o+
™ T2 T3 T4 T3 71 T2 30 B0 90 T3 T4 75 T

DnTl-oAﬂP-nAToL | | I [ | I

0 I I

T2

VIRTUAL ADDRESS ::/‘E"E

-

PHYSICAL ADDRESS /W/

!

ok

1
|
1
i
i
]
|
I
SAPN NOT CACHE ADRS H - i
H / |
. ]
° |
SAPN UNIBUS ADRS H / !
|
.k ]
TIGA PSEUDO T3 H :
| |
. | )
CP BUSY CLOCK H SEE NOTE # n ! )
L 1
i ‘ L sEE
UBGA CP BUSY H ! P noTe #2
N ! 1
ie ] | |
UBCA START BUS {1} H SEE NOTE # 3 150NS ADRS | I\ | ;
1 DESKEW ' \ [ I
|
UBCA MSYN (1) H : :
1 |
A1 ]
>
BUS SSYN H I : 22
¥ ,
1
|
TIGC T3 H . N SEE NOTE # & |
T
|
TIGA BR GLK # n SEE NOTE # 5— |
NOTES:
1. Set CP BUSY if -INPR + NPG + SACK 3. Used to start DATO address deskew on
+DSACK + ABORT + BBUSYI. DATIP/DATO aperation.
2. CP BUSY it not cleared if DATIP cycis. 4. 75 na data deskew ir obtained by 2 stage
1t is clesrac on DATO portion of DATIRY synchronizer on TIGA.  Unibus dess is
DATO. loaded inta PDRAHM buffer rogister at T3,

6. Address & control are deskewed from
T3 to T1. PDRM butfer register losded
to BR at T1.

Figure 5-2 Unibus Data Transfers
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# OF INTERATIONS

GHT SHIFT
SR15 Rl
SXT 15 sc
—
SHFR
\\ ' SC=
| I:,‘ . TO BR REG —=» L ©
¢ ALU BIT 0 —»
0= BR-» SHFR
ALU . A=BR+SR SHFR
f 15 —= ™o
T——-- " SR —-I DR ;
MULTIPLIER MULTIPLICAND
BR LOW ORDER
- PRODUCT
[ HIGH ORDER PRODUCT

MULTIPLY DATA PATH



[ )

POSITIVE MULTIPLICAND, POSITIVE MULTIPLIER

MUL %0, 2 RO = 003 -
R2 = 003 -
NEXT
UADR UADR sC SR ALU SHFR BR DR
7 100 000 011 0 0 0 00 000 101
MUL.10 MUL. 20 6 | 0OC 000 011 0 0 0 00 000 010
MUL. 20 MUL. 30 5100 000 0i1{ OO0 OCO0 O11 | OO OOCO OOl | 00 000 00Ol [ 10 000 0OL
MUL. 30 MUL. 20 41 00 000 011] 00 000 OO1] 00 00O 000} OO 000 000 | 11 00O 000
MUL.20 | MUL.30 3| 00 000 011{ 00 000 011 OO0 000 001 | 00 OO0 001 | 11 100 000
[ MOUL.30 MUL. 30 2[00 000 OLL] OO 000 001 | OO0 000 000 | 00 OO0 0G0 | 11 110 000
MUL. 30 MUL. 30 1 100 000 011] 00 000 OOO| 00 OO0 0001 OO0 000 000 01 111 000
MUL. 30 MUL. 30 0100000 011] 0 €eereee O] O 0 [ O<——0 | 00 111 100
MUL. 30 MUL, 40 -{00 000 01l O«e—0| 0 &0} 0 €————0| 00 011 110
MUL. 40 MUL. 60 ~ 100 000 0111 0 «<———0] 0 € 0 0« 0] 00 001 111 | STORE BR—>R
MUL.60 FET. - 100 000 011§ OO0 001 111 | 0O 001 111 O &——0 00 001 111 | STORE DR —>Rvl




NEGATIVE MULTIPLICANDII NEGATIVE MULTIPLIER

MUL %0, 2
R2 = 375 (-3) -3
RO = 376 (-2} -2
+6
NEXT

UADR UADR  SC SR ALU SHFR BR DR

/41 11 111 101 11 111 110
MUL.10 MUL. 30 6/ 11 111 101 0 0 0 01 111 111
MUL, 30 MUL. 20 51 11 111 101 0 0 0 00 111 111
MUL, 20 MUL. 20 4711 111 101 |11 111 101} 11 111 1i0| 11 111 110| 10 011 111
MUL. 20 MUL, 20 3111 111 101 |11 111 Ol1| 11 111 101 11 111 To1| 11 001 111
MUL. 20 MUL. 20 21 11 111 10T 7T I1 I11 OI0] I1I 111 101 | oI T1T 101 | o1 100 111
MUL, 20 MUL.Z0 L LI 100 T I LD ULO [ 11 TIT I0IT 11 1ITT- 101 [ 00 I10 ¢oIT
MUL, 20 MUL. 20 O] 11 111 101l [II 111 OI0] IT 111 101 | 11 11T I61 [ 00 011 ool
MUL. 20 MUL. 50 -] 11 111 101 11 111 010} 11 111 1017 I1 111 101 | 00 001 100
MUL. 50 MUL. 60 -| 11 111 101 [ 00 000 000 ] OC OOOC 000 OO 000 000 | OO 000 110 [STORE BR
MUL., 60 FET, 00 -{ 11 111 101 1 OC OO0 TIIO| OC OO0 110 | O0C 000 000 | 00 000 110 |STORE DR




DIVISOR

* sr
15 0
Cout
1 CLASS =
ALU le_ALU CONTROL (A-B) v (A+B) v (A+A+DRI15)
A lw—
15 0 ';” O | sw DIVIDEND
MSw BR  |e——— DR e
c v DIVIDEND # OF ITERATIONS
LEFT #
DATA . «DR 15 SC
' | l SC=0
TO BR REG »
- . TO DR BIT @
NOTES
LEFT , N
SAVE F/F TO ALU CONTROL At completion of divide
D | A (ADD OR SUB) DR= Quotient
1'9 >_"' BR= Remainder
l SIGNS = : A-B SR= Unchanged
TI c ol SR 15 SIGNS= A +8

DIVIDE BLOCK DIAGRAM



DIV. R2Z, Rl

ICLASS
DAC
BSOPI

28@@/DIV R2,R1

FET. 9¢
tl BA €«—— PCRE
BC «<—— DATI
+t2 SHFR&— SR-SR
t3 BRUST -
CLEAR FLAGS
t6 IR&-— SHFR
=BRQ
]
FET.1l0
tl BA&=—PCB
BC ~g—— DATI
t2 <SHFR«<—PCB+2)
+3 BRQ STROBE
BUS PAUSE
t5 PCA &— PCB+2
té IR<— BUS
BR £-—— BUS
PCB€— PCA
1RD.@g
tl BA«<—PCB
' BC w—— DATI
t2 SHFR<— PCB
t3 CONDITIONAL BUST
t5 PCA— PCB+2
t6 ~SF7: SR %— GS(SF)
SR «—— R2
~DF: DR «— GI {DF)
" DR<€<—RI1
DIV * DM¢g
DVsS. @op

-2[ =7

SRI BR,DR

Rl = 76
R2 = 77
R3 = 71
BA = 2pg9¢
BCG & BCl = §
SHFR = g¢

START BUS CY¥CLE
TMCC~CLRS E41&E37 F/F's
IR = 9¢

BA = 2000
BCY & BCL = @
SHFR = 2002

PCA = 2002
IR = DIV R2, Rl
BR = DIV R2, Rl
PCB = 2002

BA = 2002

BCH & BCl = g
SHFR = 2002
START BUS CYCLE

PCA = 2004
SR = 77
DR = 76



tl {BA&— PCB> BA = 2002

+2 SHFRe—-DR SHFR = 76
3 BEND : BUS CYCLE END
t6 BR €— SHFR BR = 76 DIVISOR
DIV.@#
t1 BA €—DR BA = 76
BC <—— BSOPI BC = DATI
t2 SHFR<«—BR SHFR = 76 DIVISOR
t6 SR €—SHFR SR = 76
‘DR €—— GD (SF)
DR €— R2 DR = 77 HI ORDER DIVIDEND
CCLD4
N=1, z=8, Vs&C=f§
. DIV.1¢
tl <BA «— SR> BA = 76
t2 SHFR<— DR SHFR = 76
t6 CCLD4

N=1, Z=¢g, V&C=§

-2
1
DIV.20
tl <BA<—DR> BA = 77
t2 <¢SHFR<— SR> SHFR = 76
|
N
DVN.gg
tl <BA &—— DR> BA = 77
t2 <{SHFR«<— SR> SHFR = 76
t3 CLEAR DR DR = @@
t6 OSR€— GS(SFV1)
SR &—~—— R3 SR = 71
DVN.].”
tl <BA €— DR)> BA = pg
t2 SHFR«<—DR-SR DR = 000000
SRZ = 000111
SHFR = 000111



t5 GR(SFV1)<€— SHFR

R3 «——— SHFR R3 = g7
DVN .24
tl <BA«<—- DR> BA = g
t2 SHFR<€—DR-SR DR = 000000

SR = 000111
SHFR = 000IIL

t6 DR € LEPT (DR) DR = @¢
DVN. 3¢
tl <BA «— DR> BA = g¢ :
t2 SHFR<£—DR~1 DR = 000000
' -1 = 111111
SHFR = IIIII1 COUT1S = @
t6 SR «€—— GS(SF)
SR€—— R2 SR = 77 HI ORDER DIVIDEND
DR «—— SHFR DR = 77
DVN.4g
tl <BA <—DR> BA = 77
t2 SHFR<— DR-SR DR = 111111
srR? = 000001
SHFR = 000000
t5 GR(SF)<— SHFR
R2 €——— SHFR R2 = 0p
+6 DR €~——— SHFR DR = gg
CCLD4
N=g, 2Z=1, V&C =§
DVN. 50
£l (BA €—— DR> Ba = g@
+2 SHFR€-BR- SHFR = 76 DIVISOR
t6 SR €—— SHFR SR = 76
]
-N
I
DVN.6g
tl <{BA€—— DR> BA = g¢
t2 SHFR€—DR SHFR = gp
gy

t6 BR<“—— SHFR BR =



DVN. 78 (%)

tl <BA«<—— DR) BA = gd
t2 SHFR-—DR SHFR = 77
t3 sC€«<— 95 sc = @5
t6 DR« GD(SFV1)
DR «<——R3 DR = g7 LOW ORDER DIVIDEND
CCLD4 -
N=1, 2=4, V&C=§
DIV.3g
tl <BA «—-DR> BA = @7
t2 SHFR-— ALUS BR+BR+DR15 BR = 000000
BR = 000000
DR1S = 0
SHFR = 00000
t6 BR<—SHFR _ _ BR=g§
CCLD$
N=1, C,v&2=1
SR15 (1)
DIV.50
tl <BA «—-DR> BA = @7
t2 SHFR<— BR+SR BR = 000000
: ' SR = 111110
SHFR = COUT15 =0
t3 SC-«<«— 5C-1 SC=04
t6 BR<€— SHFR BR = 76
DR «<— LEFT (DR}
{ALU CARRY INSERTED) DR = 001110
CCLD6
N=g, Z=@, C=1 & V=1
DIV.60
tl <BA €——DR> BA = 16
t2 SHFR<—BR SHFR = 76
-DIV QUIT z=1 A SR15(1)
DIV.74

6-8



t1 <BA «—- DR}
t2 SHFR<€—ALUS

t6 BR «—- SHFR

DIV SUB
]
DIV.3¢

tl <{BA €—- DR>
t2 SHFR&-BR-SR

t3 SC «——S5C-1
t6 BR «—— SHFR

DR «—- LEFT {(DR)
DIV.74

t1l <BA €<—— DR)>
t2 SHFR<--ALUS

+6 BR<€—- SHFR
DIV SUB
DIV.8d

tl {BA €&—- DR)>
t2 SHFR<—BR-SR

t3 SC €——SC~1
té BR€—- SHFR
DR €—- LEFT (DR}

DIV.70

tl {BA<—— DR>
t2 SHFR<-ALUS

t6 BR SHFR

sC

BA = 16
BR = 111110
BR = 111110
DR15 = 0
SHFR = TTI100
BR = 74
COUT15 = #  SR15(1)
BA = 001110
"BR = 111100
SRZ = 000010
SHFR = IIIII0
83 COUT15 = #
BR = 76
DR = 011100
BA = 34
BR = 111110
BR = 111110
DR1S = O
SHFR = ITIT00
BR = 74

COUT15=8 A SR15 (1)

BA = 34
BR = 111100
SRZ = 000010
SHFR = TITITO
SC = @2 couT15
BR = 76
DR = 111000
BA = 70
BR = 111110
BR = 111110
DR15 = 1
SHFR = 111101
BR = 75

FROM DIV.50

g



DIV SUB
DIV.8¢

tl <BA <«— DR>
t2 SHFRe— BR-SR

t3 SC«€&— sC-1
t6 BR<— SHFR
DR <— LEFT (DR}
DIV. 7§

tl <BA <— DR>
t2 SHFR<—ALUS

té BR«<t——— SHFR
DIV SUB
DIV. 88

tl (BA €— DR)
t2 SHFR%— BR-SR

t3 SC €— SC-1

t6 BR <— SHFR
DR« LEFT (DR}

DIV.70

tl <BA<— DR)>
t2 SHFR€—ALUS

té6 BR<— SHFR
~DIV SUB
DIV. 98

£1 <BA €—DR?

6-10

COUT15=f A SR15 (1)

BA = 70
BR = 111101
SR? = 000010
SHFR = TIT1I1 COUT15=8
sC=#1
BR = 111111
DR = 110000
BA = 110000
BR = 111111
BR = 111111
DR15 = 1
SHFR = ITI111
BR = 77
BA = 110000
BR = 111111

SRZ = 000010
SHFR = 000001 COUT15=1

sC=pggd
BR = 000001
DR = 100001
BA = 41
BR = 000001
BR = 000001
DR15 = 1
SHFR = O000LI
BR = 03
BA = 41



t2 SHFR&— BR+SR

t3 SC €——SC-1
t6 BR €——SHFR
DR -¢—- LEFT (DR)

DVC. ##
tl (BA &—=DR>
t2 SHFR<—BR
t5 GR(SFV1«—SHFR
R3 «¢———— SHFR
i
DRZ (1) * SR15 (1)
]
DVC.40

tl {BA «<—~DR?>
t2 SHFR€- -BR
t6 BR<€——~ SHFR

N

DVC. 60

tl <(BA €«——DR)

t2 SHFR€—BR+1

t5 GR(SFV1)<— SHFR
R3€—— SHFR

pvc. 78

tl ¢(BA<— DR>

t2 SHFR+— DR

t3 BRQ STROBE

t5 GR(SF) «—— SHFR
R2 €— SHFR

t6 CCLD4

N=g, z=§, V&C=§

BR = 000011
SR = 111110
SHFR = 000001
5C = 77 :
BR = 000001 000010
DR = 000011
= 03
SHFR = #1 000010
R3 = #1
BA = #3
SHFR = 111110
BR = 111110
BA = @3
-BR = 111110
) 1
SHFR = IIITIT
R3 = 77
BA = g3
SHFR = #3
R2 = #3

6-11






STACK LHMT STACK LIMIT

REGISTER REGISTER
=000(000} l *001{000)
o T e e
000400 | Soeor | cotscon
000376 t 001378
[~ YELLOW [~ s
TMCD 8L YEL (1 H{ =Z0eradel IoNE ool Y TMCD SL YEL (1} H
000340 L 0M340
i 5
000336 001336
RED PDRC STACK LIMIT H #
PORC STACK LIMIT H{ ¥"0verl Z0NE Lot 1 TGO YEL ZONE H
= ~TMCD YEL ZONE HJ T f
000000 001000
SCCUE STAGK OVERFLOW n{ TTTTS 000776
e LS )PDRC RED 20NE H
000000

17778 SCCE STACK OVERFLOW H
W i

-3

Figure 6-1 Examples of Stack Limit



BUST PAUSE TAP.OF DRK. 3@ FET.0¢
e Wil S e e

D
iy TET TST1 ST T4 TaT1 T TST
CLpene ey ey il

ODD ADRS ODD ADRS
8L RED
KT ABQRT
TINEQUT

TMCC ABORT H

4 - F
TMCC KERNEL R6 (11 H w - o e
L

TMCC SERF (1 H

TMGC BLOCK STROBE (1)H . B N T
UBLE ACKN BH . -
TMGC PRIORITY CLA L ~] - ) .

P
{TNMCC) GLEAR FLAGS L (UBET=3 @ Ta3) i i | l
RACA ZAP L ?" |

11-3127

Figure 6~3 Stack Error Akorts



Table 6-2
Processor Service in Order of Priority

Order Condirion Input Output* Result*
1 console Rag UBCF STOP L TMCA CONF (1 H do console control
function
2 cache parity CCRJ PARITY TMCB PARTL trap (114}
TRAPH
3 MEmory manzagement SSRD MEM MGMT | TMCB SEGT L trap (2500
traps TRAPL TMCA HONOR SEGT H
4 warning stack TMCD SL YEL TMCA HONOR SLY H trap (4)
violation
5 power fail UBCE PDNF (1D H TMCA HONOR PWRF L trap {24)
] fleating-point FRHH TMCA HONOR FPTRAP L teap (224)
exception trap FPEXC TRAPL
CPLEY ?
7 priority interrupt PDRDPFIRIS(1)H | TMCA HONOR PIR7 L trap (240)
request PIRQ7
[ bus request. level 7 BUSBR?TL TMCA HONOR BR7 L. inferrupt
interrupt
CPLEV 6
9 priotity interrupl PFDED PIRI4 (1} TMCA HONOR PIR6 L trap ( 240)
request PIRQo
10 bus request, ievel 6 BUSBRS L TMCA HONOR BR6 L nterropt
) interrupt
CPMLEY 5
11 prionty interrupt FDRDPIRI3 (1311 | TMCA HONOR PIRS L trap ( 240)
request PIRGS
12 bus request, level § BUSBRS L TMCA HONOR BR5 L interrupt
interrupt
CPLEV 4
13 priority inierrup PDRD PIRI2(I)YH TMCA HONOR PIR4 L trap {240)
reguest PFIROQ4
14 bus request, level 4 BUS BR4 L TMCB HONOR BR4 L interrupi
interrupt
CPLEV 3
15 prionty interrupt PDRD PIR(I (1) H | TMCB HONOR PIR3 L trap (2400
regguest PIRQ3
CPLEV 2
16 priority request PDRDPIR1O{1}'H { TMCB HONOR PIR? L trap (2400
PIRQ2
CPLEV
17 priorily reques! PDRD PIRO9 {IYH TMCB HONOR PIR{ L frap {240}
PIRQI
18 T bit set and not RTT | PDRD PS04 (1) H TMCBHONORTL trap {14}

and -¢{[RCD RTT L)

* Caly if no higher prianty requesi has been received,




e INTR PAUSE BRK: ¥ or WAT. 20— ————slo= BRK. 19 -]

T =

T2 +TITATETITZTS T4 TS

UBCD FREE GLX n_rl_ﬂ_,_LII_n_rLJ—[ M r rn r

( 1 1

TS4 —

1
INPUT TO UBEO BRO (1] 1 ? N
T82 !

L
1 .
1
L]

UBCD BRQ {1} H

s I

i

uacH ENAB BR H

UBCD CLR BO (11 H

]
|
I
]
L
1
|
I
|
|
|
[

/o~

|
UBCD GRANT BRIl H j '
UBCD PROGC BGn H

UBCA PASSIVE
L FLIP-FLQP SET.

N

LT
BUS SACK L

SACK F-F UIH

. ol

NFG MAY BE GRANTED
AT THIS TIME.

o
/

UBCD DSACK IH

{usce) sus asvw L

UBCC INTR B H™™
UBCE TIG RESTART H

ST TIGA RESYNC F-F"

e
I 4.—! }
t o]

2ND TIGA RESYNG F~F*

TIGA THINY

o
.. et

* NOT CLOCKED BY UAGD FREE CLK,

*® ASYNCHRONQUS BSI1GNALS FROM UNIBUS.

Figure 6-9

VECTOR CLOCKED INTO _] LVECTOR GLOCKED
PDRJ BUS BYFFER REG {TY) INTQ BR (T1)

H=-MM

INTR Sequence

7-4



Tig CLOCK 51'&!'*‘!'81y ZAP 29 PUP, pg RTLeg

TATETM TS T4t mn ™S T1 b s T
RN TRE N W TR TR e AN TN A
BUS ACLO L (UBGE) _ﬁ'“ als : e ‘-
S P

BUS DCLG L (VBCE} I / {RECEIVED FROM UNIBUS OR CACHE) )
ree—

a 3 [ I N

UBGCE BLOCK DOWN (1} HVQ

- , -+
URCE PUPF lilHZ
(VBCE} INIT L taunz J
—
r——f

{UBCE ) TOma OME-SHOT L, - .J-— TOms

TMCE BRGQ STROBE H . I l

UBCH ABORT ACKN L

(UBCE} 2ms OME-SHOT L

*NOTE: Powar-up subrouting executed during this tme.
UBCE PDNF (1} H connot be set

DC powar coming up.
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UBCE BLOCK DOWN (1) H
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ITMCC) CLR FLAGS L

BUS DCLO L IUBCE} (GENERATED BY PROGESSOR)

UBCE PUPF (1} H

{UBCE] NIT L (oll)

*NOTE: Powsr-Dawn subrouting sxscuted during ihiz time.
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Figure 2-2 Fast Data Memory Organization
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Figure 2-3 Address Memory Organization
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b ooo ADDRESS TAG FIELD
ADDRESS BITS(9:2] | |
{INDEX FIELD) 256 | |
INDEX I |
POSBITIONS | |
) |
i |
| |
I |
y
s AT?
ADDRESS BITS (2111 L
{ADDRESS FIELDI
—FARITY ] ParuTY
*| CHECK CHECX
e : PAR — : PAR
COMPARATOR ax COMPARATOR oK
_11 A:B HIT Y
MATCH 0| MATCH t[ -
HIT
ADDRESS BITS 1,0 g
[WORD/BYTE SELECT)
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1:\:5» 60D JEUEN ooD
000 SET
i BLOCK BLOCK
la—— WORD WORD
ADDRESS B1TS (9:2}) 256 f l i {
{INDEX Fi
ELol INDEX b | | t
POSITIONS | ! : |
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i I | |
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Figure 2-4 PDP-11/70 Cache Simplified Data
Path Diagram
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ADDRESS MEMORY ADDRESS MEMORY
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A MX <21:007 |
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e TAGO 21107 TAG| PARA.PARB
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PROCESSOR DATA GEN TRy o LOGIC
U5:007 v DATA PAR CHECK ‘
PAR CHECK] ar:00?
MBC DATA ™
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Table 2-1

Example Program
{all numbers in octal notation)
Adldresy Machine Index Address
Loaded Code Field Field Mnemonics Remarks
001000 013737 ] MOV &#5000@43000 This program
001002 005000 w00 | 5000 moves the INC
001504 003000 201 0000 000 instruction at
001006 0p0gaz 4 IMP & #3000 address 5000
[LAlL iR 003000 m? 3000 1o address 3000,
BeHol2 177776 J then jumps to
address 3000,
performs the
INC instruction,
. . - : and HALTS
0031000 DONT CARE [ 200
00002 o001z d
V03004 000000 [ 201 HALT
o 000
005000 005237 [ 200 ] - - INC & #
00402
Table 2-2
Summary of Cache Operations Example
Fasl Data Memg, Address Memory
Processor Random | GROUP 0 GROLUF | | TAG O TAG I
Rt [HiU/ Cuntents Contents dress Memory 1 Address Memory
REF| PC Crperation Assumed})|Miss | Block | Low Word | Hligh Word |Biock | Low Word High Word | Address Field Loaded | Address Field Loaded Remarks
T (1000 | Fetch (1000) = 313737 a Read| 200 [ (1000)= {1002) = 0000 Fetch MOV inktruction
Miss 013737 005000
72 | Feteh (1002) = 005000 1 Hit | 200 f 1 Hit Fetch source address
A ) on
”04 Fetch (SO00) = 005237 0 Read| 200 [ 15008 = (3602) = 0o Felch contents a1 soyrce address
Miss 005237 KXXXAK
4 11004 { Feich {1004) = DD3000 | Read 201| (toD4):| (toDb)~ 0000 Fetch destination address
. Miss COZ000 | CODIBT
5 1006 | Write DOS2A7T inte 3000 a Write MOV contents ol soutee 1o
Mizs destinalion address
6 (1006 | Fetch {1006} = 000137 1 Hit | 201 T T Hit Feich IMP instruction
on
T (101G | Ferch {1018} = 003000 5} Read! 202 | (10100 = (o= 0050 Fetch destination address
Miss 003000 171776
§ 13000 | Fetch (3000) = 005237 ] Read 200 43000) = (3002 e T JTUMP: Fetch INC instruction
Miss Q05237 oo10)2
G |3002 | Fetch (30023 = 001012 0 Hit 200 * ? Hit Fetch destinalion address
an
10 |3004 | Ferch (@001 = {77776 I Hit | 202 ? Hit Fetch contents of destination
un address (DATIP)
11 (3004 | Write 177777 into 00101 2 0 Hit 0T |Gty - T Hir INC znd restore (DBATO)
an unaliered o1 =
177777
12 (3004 | Fewch (3004} = DOOO00 1 Read 01| (3004 = (200a) = Fetch and execute HALT
Miss 000000 XXKAAX instruction
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Figure 4-1 Cache Clock Waveforms
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T
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write and regd miss Cytles.
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Figure 4-2 Cache Timing Sequence

POWER UP (1) H

COQUNT CLK L 5; I l | ‘ I L“_l &_

OFLO
POWER UP ADDRESS - Q * 1 . 2 M) 377, .

" T I L

FUF WP L

Figure 4-3 Power-Up Sequence Timing Diagram



Table 4-2

Cache Registers

Register Address Access
Low Error Address 17 777 740 Read only
High Error Address Y7 777742 Read only
Memory Systemn Error 17777 744 Read/selective clear
Control 17 777 746. Read/write
Maintenance 17 7717 750 Read fwrite
Hit/Miss 17 777 7152 Read only

LOMW ADDRESS (16 BITS)

.

Figure 4-8 Low Error Address Register

(= D777

5 14

Figure 4-9 High Error Address Register

13 12 n 16 ] 5 4 ] 2 1

-

DATA ERRORS

9[![?

UNIBUS. MULTIPLE PARITY ERROR
CPU ERROR

WUNIBLS ERRCR

ey avorT—— 3 _T 4 [
CPU ABORT AFTER ERROR
UNIBUS PARITY ERROR

CPU UNIBUS ABCRT
ERROR 1N MAINTENANCE

DATA MEMORY GROYP |

DATA_MEMORY GROUP O
ADDREES MEMORY GROUF |

ADDRESS MEMORY GROLP O

MAIN MEMORY 0D WORD

MAIN MEMORY EVEN WORD

R
MAIN MEMORY ADGAESS PARITY ERROR

MAIN MEMORY TIMEOWT

Figure 4-10 Memory System Error Register
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FORCE REM ACEMENT GROUF
FORCE HEPI.AICEMH\IT GllO U
FORCE MI5S GROUP

FORCE MISS GROUS 0
DISABLE UNIBUS TRAP

DISABLE TRAPS

Figure 4-11 Control Register

1 17 n 4 _7 4 3 1 0

3

; T . i N 1 i
FAST ADDIESS mnv T I

FAST DATA PANITY

MEMORY MARGING

Figure 4-12 Maintenance Register

)

Figure 4-13 Hit/Miss Register
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REGISTER
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LOGIC
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FROM
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MUX
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T
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Figure 4-14 Register Logic Block Diagram
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22-BIT RELOCATED

ADDRESS «
13 585 7486

1312 06 05 a0
VIRTUAL ADDRESS:=157 748 1 0| JS R TR R T R SN - B T T
| |
—— _ ~ — /
APF : BLOCK NUMBER ' DISPLACEMENT i
) : (N BLOCK i
t |
ACTIVE PAGE FIELO : : II
SELECTS PAF» | |
PAGE BASE ADDRESS | | i
PAR 6 *13 546 000 l ! |
I
21 gz o6 Il
TR T 1 0 1 o o 1t 0 o 0 9 :
| ] |
e, — J [
: | |
I
| | !
I ADDER ! |
) I
I, — [
T ] 00
Y 0 1 1 ) o (T O v 1+ 1 1 86 0 1 1 o
| | ] | H
| W— F LY -

BASE AQDDRESS OF BLOCK

Figure 1-2 Construction of PA
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MEMORY PHYSICAL

PROGRAM MANAGEMENT MEMORY
wnrﬂjhgggness P:ﬁé AGE BASE [x__jiﬁéggggih_,_
000000 - 17778 o | io4oc00xx |—— ey }PAGE 0
020000 ~ 037776 o 003200XX 00337775]PAGE|
040000 - 067776 o 2 orzsooxx . 00320000

060000 - OT7776 2 | 000B0OXX 01251?75]PA652
100000 - 117776 4 000200XX 01250000

120000 - 137776 5 | OTI000XX e e ]PAGE 7
140000 — 187776 o & | 000200XX
160000 — 177776 .l 7 001500%X 07100000

00077776
oooaoooo}P“GE3

QGOO3ITTTE | PAGES
Q00200004 66

| Q000000 l

- 4016

Figure 1-3 Relocation
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CHAPTER 3

/ \ CHAPTER 4
/ i \\ > / \
va 7 >
/ ADDER :> oA PHYSICAL ADDRESS
PEW 7 > NERATION TC CACHE
J GENERATIO 6 UNIBUS
—i
PAR / POR
PROCESSOR N
ROM ADDRESS ) ROM > ADDRESS :> FARs :>
SELECT
SAPN NOT

CACHE ADRS

ADDRESS

1.3 ":R :9 LMY

CHECK
SCCL ENAB 22 817 MODE SAPN UNIBUS

I " * aprs
MMR ~| 3$RE S
. JlreLoc SIz<2it4> b,
f=-400%

Figure 2-4 MM Relocation Function
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PDP-11/70 MEMORY MANAGEMENT FAMILIAFRIZATION LAB

Set up the appropriate PAR's to complete each of the
following steps.

a. Map all virtual page zero addresses to the entire
upper 4K section of memory in your processor for
Kernel, User and Super modes. {(do not map into the
device register address range}).

b. Use I Space control at this time.

What is the memory size of the processor you are working
on K.

What value did you deposit into the Kernel, User, and
Super PAR's? ' ' ' g -

What value did you deposit into the Kernel, User, and
Super PDR's? a.

Enable the memory management relocation logic for 18
bit mapping.

a. How was this done?

Load address with zero in the switch register.

a. Which function or functions has the memory management
performed during Load Address? Explain:

CGITAL EQUIFMEMNT CORFORATICN
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10.

Select Kernel I with the address select switch, depress
the Examine key,

(1) What address is displayed 8

(2) Is this the virtual or physical addresgs?

Select Program Physical display. What address is dis-
played? 8

Explain:

Repeat steps 6, 6b, and 6c using the User I and Super I
controls.

a.

Notice the mode control lights change on the console
(top center) as the new mode is entered and operated on.

Repeat step 6. This time load address with the value 1000g.

a.

Explain what happens this time.

Repeat step 6 again. This time load address with 21,000g.

a‘

Explain what happens now.

Turn the memory management relccation logic off. Look up
the address of the TTY or LA30, printer data buffer; what
is it? 8.

For the PDP-11/70 this address must be prefixed by a 17g.

=

If you deposit the ASCII code of a valid character into
this address, the character will print one time.

(1) Try this operation,

DIGITAL EQUPMENT CORPORATION
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11.

12.

Enable the memory management logic again. The virtual
address of the buffer is 177566, Load this address.
Select Kernel I and deposit the character.

a. What happens, and why?

b. Which PAR and PDR must be set up?

(1) PAR = S ]

(2) PDR = g

¢. Do what has to be done to make it work with Memory
Management on.

d. There are actually several PAR values which will cause
the printer data buffer address to be output from
memory management. When using 18 bit mapping an ad-
dress is defined as a Unibus address if bitg ~ = =

are all 1's, If this is true, the bitg 21:18 are

forced to 1's, even though they might have contained
some other value after relocation. In a sense, Unibus
addressing may be relocated twice; once to the upper
4K of the 18 bit addressing space, and once to the
upper 4K of the 22 bit addressing space. To verify
this, load Kernel I PAR7 with the constant required
to relocate Kernel I address 177566g to physical ad-
dress 007775664,

Kernel I PAR7 =

Deposit the code for an ASCII character in that address.

Note that the character is printed. Select PROG PHY,
and note the 22 bit address displayed.

22 bit address =

Twenty two bit mapping is enabled by setting bit 4 of
memory management register 3. (Refer to the KBllB
Processor Manual, Section IV, Figure 9-§) For memory
addresses in the range 0-124X, there is no difference
between 18 bit mapping and 22 bit mapping. Valid ad-
dresses above 124K were relocated to the 4K device ad-
dresses under 18 bit mapping. Under 22 bit mapping,
addresses up to 1920K are treated as memcry addresses.
The 128K addresses with address bits 21:18 equal to
all 1's are treated as Unibus addresses. The upper 4K

DGITAL  SOWUPMEMNT  CORPORATION
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12,

13,

14,

of these are the device addresses, the remaining 124K
address the Unibus Map. After releocation; the address
is determined to be a Unibus address, the leading l's
are stripped off and bits 17:00 are used as the 18
bit Unibus address.

a. Enable 22 bit mapping.

b. TRepeat step 6 again. Is the operation different from
the previous execution of step 67 ' o ' '

C. Repeat step ll. Is the printer data buffer addressed?
. The value loaded into PAR7 in step 1101
causes the memory management output to be a non-Unibus
address. Change it so that the buffer register will be
addressed.

To uge D-Space memory management register three must be set
up to specify the mode.

a. Enable Kernel D-Space. Repeat step 6.

b. Explain what happens and why?

¢. Correct the probklem, and see that Kernel D-Space works.
Analyze the feollowing simple program. Deposit it into the

specified location., Do what is needed to make it work with
the memory management enabled.

20000g MOV#1,@#777572
2

000001
4 177572
6 BR

OIGITAL EGQUIPMENT CORPORATION
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STEP NUMBER

3

6a

6b (1)
6b(2)
6cC

8a

9a

10
lla
11b
1ib(l)

lib(2)
1ld

12b
12¢

13

ANSWERS TO QUESTIONS

ANSWERS
Core Range PAR's
32K~ 1600g
40K~ 2200g
48K~ 2600g
56K- 3200g
64K 3600y

PDR's = 077406g
Deposit a one into SRO bit 0O

None; KT1l-C only deals
with address from the BAMX.

Zero

Virtual

PAR+0: This is the physical
address after the PAR0O and
the virtual addresses were
added.

The virtual address is 1000.
This address is mapped to
the specified physical ad-
dress range.

Memory Management abort. The

virtual address is in page two.
Page two hardware is not set up.

7775663

Memory Management abort. Vir-
tual page 7 is referenced and
the hardware is not set up.
Kernel PAR7 and PDR7.
PAR = 177600g.
PDR = 077406g.

17:13
Kernel I PAR7 = 007600g
22 bit address = 17777566

No
No

Memory Management abort. The

Kernel D PAR and PDR are not
set up correctly.

DIGITAL EQUNIPMENT CORPORATIOMN



PDP 11/70 Address Handiing Format

Address Generated by
Msemory Management

Address =
17 XxxxX

—

Physical XXNHAXXK =
Memory Unibus
Address Address

Physical
Memory Address
< System Size

Unibus
Address within

Map Limits

Register

Addrass of
Yeos Unibus
Device

NEXM

1 error

Add Map
Rogister
Contents
to Unibus
Addrass

Address used to
Access Memory
System

TR-1022
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PDP-11/70 MEMORY MANAGEMENT FLOW CHART

MMRO<0> O NOT Ene

KERNEL KERNEL SUPER SUPER VSER USER
D APR I APR O APR I APR I

L ] ' 0 AIPR ) APR

ABORT

16 BIT

PA 0500 VA~05:00>
FA21:08 - PAR VA 12:08"-

PA<O6: 00>+ VA< 08:00>
PFACYT:06 - —PAIR<11:00>
WACIZ:08
PACZT 8 00:FACIT 1A %1
PACZU M- 1A 71351y

PASIG 00> — VA< 18:00>
PA<2T:168> —EX MEM FLAG

—y A

UNIBUS—PA<17:002: PAC21 Ha=y7,
CACHE —FA<21:00>: PA<21:1 Exe17,

POP-11/70 MEMORY MANAGEMENT

TR-0BOE
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BR{14:08)> BR@3 BR(D2:00) { FROGRAM WRITE TO POR
¢ T T < {ADDRESS (CHAPTER 7).

v
PLF Alw % ep{ acF |ppr
T PAR, 8.3 —
KEY | & READ SAPL BS5RD 55RO
e kEvsawrite | L SOPL e MEM MaNT ENABLE
SAPL KEY 4 £ DET {1} H MGMT (1) H
WRITE
GYGLE H
KEY 1 8 WRITE SAPL READ
CHARTER & ™ wevz s waite ONLY FAULT
>PAR. 8.2 SSRO MEM | _ . ca
MGMT TRAP
KEY O SAPL NON
— KEY 3 = RESIDENT |
F
Kev 7 MILTH chRPTER 8
SAPL SAPL SSRC KT
LENGTH ABOGRT ABGRT |=TmcE
VAC12106> ——a  FAULTL COND _H FLAG L
PAR. B.1
CHARTER 9— o 7 !
MMRG |18 | va }13 |12 /// o9
“

NON RESIDENT ———.T T—‘Elﬁl.ﬁ.BLE TRAP

ABORT { PAGE LENGTH ERROR
READ ONLY

TRAP

N-40E0

Figure 8-1 Traps and Aborts
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-—t PAUSE »
T1412Cn0s  +150ns |

T2 TSI |T4 TS T\l TZI T3|

SSRK PULSE BCB9 H

SSRD MEM MGMT TRAP L

SSR0 MEM MGMT B L | I

SSRD MEM MGMT DET {1}L

SSRD MGT TR DET OLY L

WY

(PRE-MEM MGMT TRAP}

55RD MGMT HOLD {1) H

LN

SAPD WR A+W L

11-4022

Figure 8-2 Trap Timing



000
004
010
o1
100
101
110
11

000
[+Rv R
Q10
o1
1 Q0
101
110
111

Selacted by

SSRB KERNEL SPACE,
SSRB SUPER SPACE and
SSRB USER SPACE Ingie

}

KERN@FL

PAR

PLR

PAR

SAPK ADDRY® L
e SAPK ADDR1 L
SAPK ADDRZ L

One of eight ragisters
welactad by VA (15130

SUPERVIS
PAR FOR
1 L
FAR PR
'
Figure 3-1

JUSER

\4

SAPE KERNEL PAR L
SAPE KERNEL CS L
SAPE SUPER PARL
SAPE SUPERCS L
SAPE USER PAR L
SAPE USER CS L

PDR

1 SPACE —

SAPK ADDR 33 L

SAPK ADDR 3K L
SAPK ADDR 3L L

PAR

PDR

1 or D SPACE selictad
by MMRA3 (2:00 and

by S3SRE | SPACE A

end SSRB | SPACE B.
When SAPK ADDR 2 K,

D 5SPACE -4—

35 and 3 U are high,
1 space is selected;

whan they a7e low. D

paca is selacred.

H-4012

Addressing of PAR /PDR



YES

CONSOLE

PHYSICAL
RELOC N
ASSEATED
SELOH=H
SEL1H =H
SELOH=H SELOH=L
SELT1HaL SELIHwH
SELOH~L
BELTH=L
22817 MODE 12817 MODE 16811 MODE CMBL PHYS.
PAUITAD No VAORID
=110 -1
YEE YES
21 00 2 1818 o0
TR 215
ABRE (2100 ilald VA (15:00 PA
| ] | ] | L 1 i | | |
21 W 17 1312 00 2 1618 1312 . 00
pal v 111 191 11 e——— ADREU1Z:00 —w 1 411 t11 1] ——— vAN20n —ef FA
I T Y R N S | I N U N I |
n 187 12 o0 Y 1@ 13 0
PA{ 0 800 e——v ADRE (1700 0 000 0@ ———— VAUBOE — pd PA
| | { | | | ] | i | | | | |

11 - 4007

Figure 4-10 Generation of Physical Address
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55R0D SSRC

S5RD
SSRG

15 14 13 1z 1. 10 9 B 7 B8 8% 4 3 2 1 p

_ 3 | N S Y ——— }
ABORT-NON RESIDENT ' }
ABORT— PA }

LENGTH ER%%R
ABORT- READ ONLY

ACCESS VIOLATION

TRAP-MEMORY MANAGEMENT
NOT USED
NOT USED
ENABLLE MEMORY MANAGEMENT TRAP
MAINTENANCE MODE.
INSTRUCTION COMPLETED
PAGE MODE
PAGE ADDRESS SPACE I/D
PAGE NUMBER
ENABLE RELOCATION

11- 4048

Figure 9-1 MMRO
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SCCA MMR ADRS L—¢)

TIGA PSEUDD T3 H=—

UBCB HI BYTE H —

TMCE KT BEND L -~ )
SSRE RELOC H

SSRC NO ERROR (1) H—
SCCC INT REG B L ——

1

| ) [
UBCA HI BYTE H—

SSRK TS3 H—]
TMCE PAUSES B8 H—1—

UBCE LO BYTE H— :

SSRK PULSE 23 H—
TMCE PAUSES B H—

Figure 9-2 Cloc

12-2

king of MMRO

—15
8CCC MMR REG (1) H SAPL. ABORT LOQIC |14
[\ SSRH vAg2¢L—] o ¢
TMCE C1H-___/
— 8CCC WRITE MMRE REG H
l $5AB MMRE MODE1 H— —os
SSRH VAD2 ¢ L —] :i’;‘l,‘:l“'“
S3RH vAgh & H—T $3REB MMR® MODEQ H . o8
SSRC WRITE MMR@ H1BL
SSRC STROBE ENABLE H SAPK {ND DATA H .
— —03
DT— SSRH VACI5:13) H{_ 02
RC CLK MMRZ H — —o1
SSRK PULSE SSRCC L £
6ca9 H
| [ SSRE STROBE OK H BR1Z—] —r
SSRE STROBE OK L
BRES —| e
c
erge—| —cs
SSRD MMR@ HIB CLK L
c
BRYE —| oo
SSAE MMRY LOB CLK L
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PAUSE

-r

T

T2

0

51

SZI

T3

T4

TS

TIGA PSEUDD T3

TIGE 733
S5RK PULSE BCA9 H

SSRK PULSE 23 H l

SCCC WRITE MMRE REG H
SSRE WRITE MMRI H

]

'I'il I'I'Z

SCCC INT REG H

CLOCK BITS 15:134

CLOCK BIT &9

CLOCK BITS 0.8.09. 12,06 : 01

Figure 9-3 MMROC Write Timing
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15 1n__ 1o a v 3a_ 2 0

AMOUNT CHANGED REGISTER  AMOUNT CHANGED REGISTER
(2's COMPLEMENT) NUMBER {2'S COMPLEMENT) NUMBER

- 4042

Figure 9-4 MMRI

|_‘2 [r.]

11- 4041

Figure 3-5 MMR2

13

7 : [ ™ e

ENABLE UNIBLS MAP f b
ENABLE 22-BIT MAPPING

4

KERNEL
SUPERVISOR
USER

-4 040

Figure 9-6 MMR3
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BUS A (17:000 [ . I_- | | | l |

BUS A €17:12 aslect I

one o 32 Mapgi !

Rogisters, 37,
21 01

ml MAPH MAPL
1 L 1 1 1 1 !
— 1
| b
_l_l . 1
1_L L 1
37 = .
ADDER
MAPE
2t o1 00
CACHE ADDAESS [_]
] 1 i 1 i ]
MAPE Ca 21:01) H. MAPA CADO 1
=402
Figure I-1 Construction of the PA
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D (16:000 L

pA UNIBUS
(] A (17100 MSYN $8YN
DECODE LT
ADDRESS NO
! I NG ACTION oK
?
YES
YES GACHE NO
REG. ADDR.
?
MAPR
CACHE REG. L -
& MAPA
ADRS (03:01 MAP
ENABLED YES MEYN No
? ?
YEE
UNIBUS UNIBUS
ADDRESS ADDRESS
UNMODIFIED RELOCATED
MAPF UB
- —- REQUEST
| oL
|
|
|
|
— —
CACHE CCec NO
- —— e — uB DONE
H
YES
SSYN
11 - 413
Figure 2-1  Unibus Map Flowchart
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] MSTN MAPF UB REQUEST (1L
UPPER B LOWER L FF ———————
MAPB LIMIT JUMPERS
l l MAPE
NOT PERIPHERAL
LRSS LIMIT CAGE
COMPARATOR
MAPF
CCBE UB ACKN L
SCCL ENAB MAP H [y MAPD ENAB MAP
e
R
UB MAPA DATACIS:00> H
*| oata
D{05:00> D{15:01 >
MAPA
ALIT3D MAP REGS. RA<21:01> —
A<06:02> (MMMAPH|  mapL 1 ADDER
I MAPC, MAPD 5 MAPE CAC21:013 H
R .
RALIT 0N MAPE
UB
ADDRS
MAPA CAGE H
MAPA
SR MAPA ADRS (03'.01)!‘!_
ADDRS
5 DECODE CACHE REG L MAPBE CACHE REG L
¢1,co
MAP REG QP
MAPE MAPB

MAPE C1H, C@ H

CCBD UB TIMEQUT L

CCBC UB DONE H

Do

OTML COMY O{15:00> H

{ DLY r—l
D D
MaFS

BUS SSYN
f——————

A15:08 >

£05:00>

GCBF REG DIBI00> H

DTML BADR PARITY H

:}" BUFFER
) REG

MAPH

BuUS D

MAPJ

MAPB PB DATA H

BUS PB

NOTE:

F¢

MAPH

0= UNIBUS DRIVER, R=UNIBUS RECEIVER

Figure 2-2 Unibus Map Block Diagram
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UNIBUS UNIBUS MAP CACHE

CCBB PRE UBUS F/F

MSYN MAPF UB REQUEST (1} L {
CCBC UB ACKN L

o MAPB C& H ADMJ CO H

c1 1  MARE C1 H ADMJ READ L
MAPA cAEE W ] ADME AMX €21:003 H
MAPE CA<21:@> H

A<17:00> MARA ADRS <@3:21> H

MAPB CACHE REG L CCBH, CCBJ {REG. LDGIC)

MAPR) DATA <15:00> M i CB_PE WRITE MUX <1%: 00> H
0<15:00>
DTML COMX D<I5:00> H
(MARY) BUS D<1%:00> L {
il CCBF REG D<15:00> H
{MAPB}! BUS PB L DTML BAD PARITY
PB
e
MAFB PB DATA W _ €CBY {REG. LOGIC!
SEYN (MAPB) BUS SSYN L

{ CLBC UB DONE M

CCBD Ul TIMEOUT L

MAPD ENAD MAP L —- S3CCL ENAS MAP MW

Mn-4082

Figure 2-3 Unibus Map Interface
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MAPA ADRSIT:005 H
uaMAPA DATACS:00> H

MAPB MSYN H

~
WAFB CACHE REQ H /2222
MAPF CACHE BUS ADRS L zzz;/;

RE

MAPJ ENBUS H

»

5=

\

MAPF UB REQUEST {1} L

CCBC UB ACKN L

CCBC U8 DONEH

Ll
~

N
.

60Ny

L1011 %4

BUS SSYN L

*MAPH CA DATAI153:04> H

#BUS DI5:005L, PB L

*NOTE: DATI or DATIP oniy.
s 2 NOTE : DATO or DATQB only.

Figure 2-4 Cache/Unibus Transactions
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111 0 0 0 0 1 0 [ BUS A(17:00

Bit AQ1 = D snables
4 dath transfer betwaen
BUS D (15:09) ancd
bits (15:0% of 0
Bit AD1 = 1 enabiwy reqisTar,
wansior between _I .
BUS D 06:04} and L] : 0 Do
bits 21: 18 of a
register. BUS D {16:01; /;
BUS 4 108:02 mlact BUS D (05: 00
one ol 32 Mapping
Registers, 00 -7,
21 16 15 a1
aa MAPH MAPL
I L 1 1 i } 1
o L L
bl e 1
L 1 T
37 l—|_ I
| L
1= 4030

Figure 3-1 Addressing of UB Map Regiaster
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MAPA ADRS (17:00C>H o
waMAPA DATA {15:00> H

MAPB MSYN H

\

MAPB REG 0P H D ' ( N

1 e X
MAPd ENBUS H @

N
/ g-uo.o new /

MAFPB REG SSYN L

# 4MAPE WRITE HI WORD L
#%MAFEB WRITE LO WORD L
BUS SSYN L

S
/
% BUS D<ISI00) L \l o ‘I

# NOTE: DATI oniy
w4 NOTE: DATQ only

1-4024

Figure 3-2 UB Map Register Read/Write
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INHIBIT CURRENT DRIVER
AND SENSE TERMINATION
A

XG -

FERRITE

-\ CORES

SELECTED

" CORE

Tmez

SENSE/INHIBIT N
LINES L

TO SENSE AMPLIFIER Imsz

-17ed

Figure 4-1 Three-Wire Memory Configuration
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HYSTERESIS LOODP FOR CORE

INHIBIT OR FLUX STORED OR SWITCHED
READ HALF SELECT

1
[ ————————— == =" UNOISTURBED

p—— “I"DISTURBED

WRITE
FULL
SELECT
FLUX
CHANGE I WRITE
FOR 1 AT - - -
READ o DRIVE CURRENT
TIME

.
{ *a" DISTURBED- - "_"":/’31'"
“0" UNDYSTURBEQ- |

{ HALF SELECT WRITE

L, e— FLUX CHANGE AT READ
TIME FOR A "0"

NOTE NG SWITCHING
TAKES PLACE.

"t" QUTPUT SWITCHES AT THE
CORE TIME CONSTANT AND IS
PRIMARILY DEPENDENT QN

"0" DUTPUT COMES DURING I RISE TIME

AND I3 & FUNCTION OF IT AND CURRENT / g‘;*f',‘g,’ﬂ:;‘{‘;,:*,.“,?n‘g;{,,",“;';
_AMPLITUDE, a1 RISE TIME IS DECREASED.

0" OUTPUT & & v~ OR O ¥ /

-

DOTTED LINES SHOW HOW
QUTPUTS WOULD BEHAVE
WITH DIFFERENT CURRENTS

Y1-00es8

Figure 4-2 Hysteresis Loop for Core
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ARROWS SHOW CURRENT
DURING READ TIME

X5W

TOP VIEW OF CORE MATS

~

Mo

SA S8
T THERE 1S 1 SENSE
SENSE WINDING PER MAT

AMP

R Kot ¥

W
MR = X2
W
P S
W
VAN = X0
w
XDR
Y0 i rel  v3
INH
YEW VSW
RW RW
YDR
- CORE
SENSE= INH LINE
8 x 1) Ye-X LINE
¥ LINE /
BONDING MEDIUM e

#— GROUND PLANE

PC BOARD

DETAILS OF CORE STRINGING

NTERCHANGE
IS FOR NOISE
CANCELLATION

INHIBIT

=179t

Figure 4-3 Three-Wire, 3D Memory - Four Mats of a 16-Word by 4-Bit Memory



P-¥T

MJ11-AE:

MJ11-AA:
AB:

MJ11-AG:
AH:

MJ11-AC:
AD:

MJ11 MEMORY OPTIONS

32K words

Memory Box with Controller and Transceiver, 32K words, 110 V.
Memory Box with Controller and Transceiver, 32K words, 220 V.

Memory Box with Controller and Transceiver, 128K words, 110 V.
Memory Box with Controller and Transceiver, 128K words, 220 V.

Memory Cabinet and one Memory Box with Controller and Transceiver, 128K words, 110 V.
Memory Cabinet and one Memory Box with Controller and Transceiver, 128K words, 220 V.

Maintenance Spares (not for expansion purposes)

MJ11-AM:

16K words

TR-0916



S-%1

HIGH WORD LOW WORD

[efefrTesl«elz] 1 Tolef]e]o]«le]2] ofo]e]r[efs e]a]e]r[ojofr]c]s]afs]2]*]e]
NOT BYTE 2 BYTE 1
Uslib PARITY FARITY
1/70
BYTE 3 WOT USED BYTE @
PARITY N 11770 PARITY
L. e AN — e Y _ - N, . . —
DATA BYTE 3 DATA BYTE 2 DATA BYTE 1 DATA BYTE #
NOTES

BIT 9 of DATA BYTES 3 and | ars implemanted on the
MAIN MEMORY BUS but ore pol used in the POP-11/70,

81T 8 of aach DATA BYTE is the byte parily bit in
POP-11/T0 applications.
1®- 2988

Figure 1-1 Data Word Organization



MAIN
MEMQRY
BUS

DATA LINES

ADDRESS &
CONTROL LINES

\/ {32 BITS PLUS PARITY)

\/.

MEMORY DATA_GATING :
TRAMSCEIVER CONTROL MEMORY CONTROL
CARD AND TIMING
[(MB8149) {M8148)
T | CONTROL AND TIMING SIENALS
HIGH BUS (DATA
{16 _BiTS
{16 8iTs LOW BUS (DATA) PLUS
PLUS PARIT Y}
PARITY) y ' $ ' ¥ ¥ 1 $
Low LOW LOW LOW HIGH HIGH HIGH HIGH
STACK STACK STACK STACK STACK STACK STACK STACK
0 1 2 3 3 2 1 o
l_ PARALLEL _]
QPERATION
PARALLEL
OPERATION
FARALLEL
OPERAT(ON
PARALLEL
OPERATION
Figure 1-9 MJ11 Simplified Block Diagram

T4=-A

INTERNAL
BUS
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MJ-1I MEMORY

MINIMUM CONFIGURATION 64K WORDS

"
~
H -~
§ -
~
L ..
~
[ 1
o - 1
] ‘-\\.. 1
! =]
-
L 1
~
Fo = 1
o™ 1
RS

1 ~ . 1
1 \‘\ !
L -

-

-

STACK
1

STACK

STACK
o

[N

—

LOW WORD

addrasses XX XXX XXO
w0 KAN Knd

{EVEN]

PP L

STACK BTACK  STACK  STACK STACK
3 3 2 1 o

4

—r

{ODD) HIGH WORD

addrasees XX XXX xx2

XX XXX A%6 TRe0920



MJ-11 INTERLEAVED MEMORY

- SLOT

‘ i
INTERLEAVED
oDD

INTERLEAVED
EVEN

TR-0921
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TOP OF MODULE

IIT)
M

(> D10 MISMATCH ERROR
(O D9 CONFIGURATION ERROR

(O D8 PARITY ERROR

> D5 BUSY

Mgi48 MEMCRY CONTROL AND
TIMING MODULE EDGE VIEW
FROM FRONT OF MEMORY FRAME,

BACKPLANE

11-2972

Figure 3-3 Locatlion of Memory Controller Status LED Indicators
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[ ADDRESS F——ﬂ
anp ContRer 7

BYTE MASK

|7 Rl
=t
&
Ewa
2z
<

ACKNOWLEDGE

-

DATA

DATA READY

SIGNALS TQ
MEMORY FROM
BUS MASTER

SIGNALS TG | BUS OCCUPIED

BUS MASTER
FROM MEMORY

=308

Figure 2.2 Write Operation - Main Memory Bus Protocol

et

1 MINIMUM ACCESS TIME —

=+ = 50ns

-
£
]
]
- r
=
3R 3
=+ x = w [ <
%O ] IS T} w = B
Wi A o [=] = ot o
£ = 5 s 3 ° @
W I3
23 ¢ 2 b4 =
ol o =] [
a @ z £
z b4 o a
« o =2
=3 [-:]
o LN - ]
(=3 1.4 [=Y: %
L Peg
] NpnE
HYM Fiw
58s Zaz
ax2 223
u VoL
= -

1=3%080

Figure 2-3 Read Operation - Main Memory Bus Protocol
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ADDRESS
RECOGNITION

/
STACK SELECTION

RECEIVE

MAIN
START
?

YES

LATCH
MAIN MEMORY
BUS DATA

LATCH MAIN
MEMORY BUS
ADDRESS AND
CONTROL LINES

!

START CONTROL
TIMING
GENERATOR

GENERATE
TIMING
CONTROL
SIGNALS

11-2986

Flgure 3-1 Memory Controller Operation -- Simplified Flowchart
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RAT250 | |

RT 275 ]

RT300 |

RT 325 : |

I

RT 350 I

"-z971

Figure 3-5 Buffered Qutputs of Read Timing Delay Line
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ADRS 8 CONTROL JW

DATA

MAIN START

MCTC BUSY I

MCTD LOMBER

MCTF LOCIKK MAR I

MCTF CLR MDR

MCTF LD MBER

MCTF LACK

MCTF READ EARLY

MCTF READ LATE

MCTF SAS EN

MCTF 57 WRITE

{MCTD) RT

(MCYE) WT .

MCTF 5T CHG

MCTF WRITE EARLY

MCTF WRITE LATE

MGTF ENHIBIT TIME

MCTF END

[ A

:

—

F

g = & & oD * 2 300¢ &« 30O & 2 4DDe * P00

G v " v D0 + «Z00% ¢ 2300 & 4400w = S#5{0% + sDOY v 2TODF = ¥

j !

| ' 1

-

Figure 3-6 Write Operation Timing Control Signals
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ADRS & CONTROL

MAIN START

MCTD BUSY |

MCTD LD_MBR'
MCTF LOCK MAR
MCTF JACK

MCTF CLR MDA
MCTF B0CC TIME
MCTF READ EARLY
MCTF READ LATE
MCTF 5AS EN
M;TF MEM OUT EN
MCTF TYR QUT EN
BUS DATA

WCTF DATA READY

MCTF ST WRITE
{MCTD) RT
(MCTE)WT

MCTF 5T CHG
MCTF WRITE EARLY

MCTF WRITE LATE

MCTF INHIBIT TIME

MCTF END

Figure 3-7

-

—

1
1
T
_ T

L

1_1 .

M

0+ &« » D0 » » 2008 & 300 ¢ ad0Ce # & 300 w

0 4« 4 4100 & s200a =« 23008 » 3400 e » #5008 o #8009 = 2700 ¢ »

|

]

1

14-14

Read Operation Timing Control Signals
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T~ST

.
X

R r—— WRITE
CURRENT i CORE | x | CURRENT
SOURCE (ARRAYI Io100€ ! SOURCE

|LII')~J(ES | |MATRIX]

{ ; ; ) o l | i i 1’1>———€E§EEE)___.
w l | : |

U T -

Ny |
swiTcHes 7 ®

Figure 4-4 dperation of Drivers and Switches

X
RIVERS

!
@1 o
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NOTE ° SWITCHES

A& matrix thia size would be + |RYSOO
used in a system having 16 Y

driva lines. The MJ11 16K atock

conloins 128 ¥ driva lines an - | WYSOO
an B » 16 motrix., )

+ |RYSOH

= PWYSOM

RYS02

- | wysoz

+ |RYS0Q2

[5s50]
[wvsoo]
[Frsor]
[rsor]
» [Frsoe]
[wvsoz
[rrsos]
=i

NUMBER OF CORES
DEPENDS ON NUMBER
OF WORGS ANE WORD
LENGTH

| I WRITE

TYPICAL JUNCTION

DRIVERS
% 33| k23| K 13r | & osr | LYNRO3|-
P it —4 —hit—y r s o
& 33w X 23w & 13w X 03w [WI .
Xa2r | k2r | 12 | Fozm | LNRDZ]-
Fryl Fryl rrry) Fryl
rrr Frr i Erdd
]i IZW & 22W x IZW & 02w W‘l +
X 31R & 2R X IR X 01R M”
755~ reca Y58 e
3w | kziw | xuw | & omw Im] .
E30R | A20r | & 10n | & oom | LYNROG|-
bl ) fomet b opee]
]E Aow & 20w R 1OwW & OOwW I_'_j
. YPWDO | +

Y-AXI15 4x4 SECTION [16 LINES)

Figure 4-5 Simplified Y Line Selection Stack Diode Matrix
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TO DECODER
E1g9

+20V +20V
Y WRITE CURRENT Y READ CURRENT
GENERATOR GENERATOR
* D132 0
AN
S | OQVERSHOOT
= CIRCUIT
TIMING D133
] q POSITIVE PDSITIVE
TIMING ggllvrl::c'a E17 g&?T%H 130
— Yowor [~ ¥S07
¥ D47 =
iv—*—-l
: 4 Y CoTACK | — -
! i 3&% — v TO STACK
- OTHER LINES " VWVW—r=e CHARGE
gmgg h X | CIRCUAT
LINES V& WRITE
——d 4 e — —_{CURRENT
[} D43
L 4 b 4 4 h J . L 4
READ ' 2048 CORES
CURRENT |} (128 /MAT)
v
o NEGATIVE TO DECODER €28 ——4—d NEGATIVE
E22 DRIvER TIMING ———— W
TIMING —Q " YNRD 7 YsOT
t
+ NOTE: =
Refer 10 Iogic schemotic DRVA ,DRVEB
) 11784

Pigure 4-6 Typlcal Y Line Read/Write Switches and Drivers
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o o ) 2 3 7 & 4
,.._._.a.._,_ﬁ-_.. e e, e — —-"-—.“--—ﬂ"-—-\r———-"‘*—-\ MAIN
22 21’20 19 18717 K 15 "14 13 122711 0 s s 4 MEMORY
8ys
Io[olo[ [ |ololo|1—lo|o|||1 111 HEREEE :|:|o|||o|o]annness
SUBTRACT
STARTING
ADBRESS

NORMALIZED ADDRESS © © ©0 O O O

STACK
SELECT

Figure 4-7

\/——-..
3103 1 1 N N N N N A S M D

13
INTERNAL BUS
L10|l|'lll I‘III]111 I IOI ADDRESS
Al
LO Ill fl'l ||I0 1]I|f] OlileODDE
—— P — —
X Y 4
SWITCH DRIVER SWITCH ORIYER
xs07 XNRD®T Y507 XHRDOS
XPWDaT YRPwD@5
'y — F1% o s
WINDING WINDING
x93 Y79
11=2980

Example of Address Decoding (Non-interleaved)
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E403

SINA INH TIME hl\/\ ]
- 6 INHIBIT SENSE
B)—— ORIVER TERMINATOR

5

SINA SENSE STROBE Q
E403

NETWORK

S

SINA POWER FAIL L

- ]

= . mED
E407
: SINA QUTPUT
= E404 ENABLE M

SINA CLK MDR O L CLK M
CLR

SINA CLEAR O L

INTERNAL BUS DATA LINES D {15:00) >

Figure 4-8 Interconnection of Internal Bus, Data Register,
Sense Amplifier and Inhibit Driver

H~-23al
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THRESHOLD __ _

SENSE AMP INPUT
VOLTAGE

“FROM STACK

SENSE LINE
QUTPUT E40I(6-T)

CLEAR MDR O L

SINA SENSE STROBE H

SENSE _AMP 0
QUTPUT

E402 OQUTPUT

E404 OUTPUTS <

ENABLE H -

0
E407 OUTPUT —  —— |7 77~
TO INTERNAL BUS

12983
Figure 4-9 Sense Operation Timing Dlagram
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AK 2

15-7

TTHERMISTER | TEMPERATORE COMPENSATION 1
|ON STACK | NETWORK ~ [+3v i RS Ra 3
I : . - A ANA HIAS CURRENT
Ry I l‘-‘-"EL l TO OTHER CURRENT
§ ID | r105 o1g R3S RI4S RI3 Rr$ | R23 GENERATORS
| | 11 ) )
L z Bt ST
——— WS WE wT TRANSIENT 3
] ro T 7 7 | CT SUPPRESSION | |
! ' =8 1 | |
I VWA l { | |
[ RS I RE S /Y | :
, « - A 1
i |  DRvA ORvE =
< HIGH MARGIN
{ R12‘: I L o
f >t
AUt D30
| } 1 DAVA DRIVE ..k car
L 14 LOW MARGHN . R53
. - —————— ———— . — " — "LV
) @
c54 ||
DRVC STK SEL =
S D
13 ——
ORVYC READ TIME H I_ TO READ
SWITCHES
| |
| oo | 7
TS I o6
| RES | =
NOTE : =
Retfer to lagic schematic DRVA ANTI-
IOVERSWOTI
LC—IRCU!T—I

=187

Figure 4-10 Bias Current Supply and Read X Current Generator



INHIBIT CIRCUITRY

Figure 4-11 Sense Amplifier and Inhibit Driver

L SIN A SENSE
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Figure 4-13 Stack Charge Clreuits
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