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FIS Topics

¢ Introduction and Overview

o |-Unit

o E-Unit

o SCU

® Microdiagnostics

¢ Maintenance Console Maintenance

Lecture Topics

¢ Logout

o System Diagnostics
¢ System Maintenance
o Power

¢ Cooling

o PM

¢ M9A Storage Unit

¢ Console File

o Remote Analysis

¢ ECs (One Hour Lab to Support Prerequisite),

o NS Instructions
® Machine Language Program Applications
¢ Diagnostic Utilities

Figure 0-1 - Course Breakdown
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e Data Flow
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e Functional Units

o Data Flow

¢ Display Capabilities
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o Introduction

¢ Load Procedures
¢ Running and Error Analysis Procedures

Figure 0-2 - FIS Topics



The Model 165 is a large-scale, high-speed, general-purpose computing system with
an internal performance of approximately two and a half times the Model 65, depending
on the job stream. It offers high performance in both commercial and scientific
applications. Fixed-point, floating-point, decimal, logical and 1/0 operations are
performed as defined in System/360 Principles of Operation with the addition of
extended precision floating-point, floating-point explicit rounding and the removal

of operand boundary alignment restrictions for unprivileged operations. However,
specifying off-boundary operands will result in severely reducing the speed of the
system.,

The Model 165 operates under 0S/360, and can serve as a growth system for
presently installed System/360 models. Upward compatibility (as defined in System/360
Principles of Operation) is maintained with all models of System/360.

The scientific and commerical throughput of the system is dependent on the size
of main storage and high-speed buffer storage as well as the number, type and
speed of the attached 1/0 devices.

Main storage for the Model 165 utilizes the M9A Basic Storage Module (BSM). A
maximum of four M9A BSM can be housed in a 165 M9A storage frame. The M9A
has a 2.0 microsecond cycle time.

Each 165 M9A storage frame can contain up to a maximum of 512 kilobytes. Frame
capacity is determined by storage configuration. The available storage configurations
for the 165 M9A storage are 500 kllobytes 1.0 megabyte, 1.5 megabytes, 2.0 megabytes,
and 3.0 megabytes. .

Figure 0-3 - Introduction, page 1 of 2

All configurations are normally operated four-way interleaved but can be made
two-way or serial under configuration control. To increase system throughput,
all main storage references in the Model 165 are a doubleword, eight bytes wide,
and instruction preparation is overlapped with instruction execution.

The Model 165 makes optimum use of the large main storage by means of a high-
speed (C40) buffer storage in the storage control unit (SCU). The basic eight-kilobyte
buffer storage retains main-storage data with which the CPU is currently working.
The processor achieves high performance by working mostly with the high-speed
buffer storage rather than with main storage. Buffer storage is transparent to the
program.

The Model 165 also makes optimum use of the interleaved characteristic of its main
storage in behalf of 1/0 operations by means of an [/0 buffer in the SCU. The 1/0
buffer provides dedicated buffering for each attached channel, allowing pending
channel requests to access main storage concurrently with other channel or CP U
requests when vying for different logical storages.

[/0 operations are carried out through the 2860 selector channel, the 2880channel
and the 2870 multiplexer channel via a single channel interface. The Model 165
channel interface allows attachment of two 2870s and any mix of 2860 and 2880
channels up to a total not exceeding seven addressable channels or five channel
frames.

The high performance of the Model 165 is enhanced by the implementation of the
logic in monolithic system technology (MST-4) circuitry. The system also uses a
read only system storage (ROS), as well as a writable control storage (WCS) that
provides residence for emulators and diagnostics.

Additional optional features include a high-speed multiply unit that allows faster
fixed-point and floating-point multiply operations, 7074/7090 class emulators, an
eight-kilobyte expansion of the high-speed buffer storage for a total of 16 kilobytes
and an additional channel feature allowing attachment of up to five additional
addressable channels.

’

Figure 0-4 - Introduction, page 2 of 2



Fixed-length fields, such as halfwords and double-
words, must be located in main storage on an integral
boundary for that unit of information. A boundary is
called integral for a unit of information when its stor-
age address is a multiple of the length of the unit in
bytes. For example, words (four bytes) must be lo-
cated in storage so that their address is a multiple of
the number 4. A halfword (two bytes) must have an
address that is a multiple of the number 2, and double-
words (eight bytes) must have an address that is a
multiple of the number 8.

Storage addresses are expressed in binary form. In
binary, integral boundaries for halfwords, words, and
doublewords can be specified only by the binary ad-
dresses in which one, two, or three of the low-order
bits, respectively, are zero (Figure 3). For example,
the integral boundary for a word is a binary address
in which the two low-order positions are zero.

Variable-length fields are not limited to integral
boundaries, and may start on any byte location.

Figure 0-5 - Information Positioning

Fix the CPU failures that are located by any type of card calling CE aid
(microdiagnostics, FLTs, support documentation).

Fix all power and cooling problems.

Install all ECs.

e Fix all 2880 channel failures.

Configurate storage.
e Fix all M9A storage unit failures.

e Fix maintenance console mechanical failures, including both microfiche viewers
and the minnow file.

Figure 1-1 - Job Responsibilities
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11.

12.

Fix CPU failures that are located by any type of card calling CE aid
(microdiagnostics, FLTs, support documentation).

Fix all power problems.

Fix all E-Unit failures.

Fix all cooling problems.
Install all ECs.

Fix all 2880 channel failures.

Configurate main storage.

~ Fix all maintenance console failures.

Fix all M9A storage unit failures.
Fix all SCU failures.

Fix maintenance console mechanical failures, including both microfiche
viewers and the console file.

Fix all operators console-feature failures.

Figure 1-10 - Session 1 Question 3
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Figure 2-13 - Microfiche Viewers
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Figure 2-14 - Console File
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Figure 2-21 - Cable Feed Through Frames
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30-50 clock is 30 nsec and not-clock is 50 nsec.

Figure 2-22 - Basic Clock Shapes
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Figure 2-31 - System Control Panel

Figure 2-32 - System Control Panel
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Figure 2-35 - Console File
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Figure 2-39 - CPU Frames
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Figure 2-43 - Dummy Frames
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Figure 3-9 - Intervention Controls

Note 1 MD = Microdiagnostics
Note 2 CS = Control Storage
Note 3 IC = Instruction Counter
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Figure 3-31 CDU CE Panel
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Unit

CPU

Instruction Unit

%

Fetch Instructions . :

Requests "blocks" of mstructlons from storage via the storage
control unit.

Buffer Instructions _

Has buffers/registers for the temporary storage of mstructnons both

as they enter and after they aredecoded and are ready to be transferred

to the E-unit.

Decodes Instructions

Instruction is identified and the availability of the facmtles needed for
further processing.is checked.

Calculates effective storage addresses

A three input adder for determining address for branches, stores,
fetches, 1/0 operations, and shift instructions.

Fetches Operands

Operands (data the program is operating upon) to be used by the E-unit
are prefetched from storage by the |-unit, and loaded into the buffers
in the E-unit.

E-Unit Setup

Establishes the initial conditions for instruction execution.

Figure 4-3 [-Unit Operations

CPU p—

Execution Unit .
* Processes the instructions fetched and readied by the l-unlt
* Except for the portions needed by the |-unit to set up initial

- conditions, the E-unit is controlled by a@ microprogram. -

* Local storage, consisting of 20-latch registers and associated
address registers, are located in the E-unit.
a. The 20 latch registers are used for the 16 GPRs and four FPRs
that make up local storage.
b. Having the GPRs and FPRs in the E-unit reduces the number of
processor storage references required by the CPU during each
operation.

Figure 4-4 E-Unit Operations
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CPU p—

SCU

Storage Control Unit ,
*Functionally connects all system units to processor storage.
*Controls all references to storage from the CPU (I-and E-units),
channels, and the maintenance controls.
a. Resolves priority between requests.
b. Checks the validity of each request.

*Controls the operation of the high -speed buffer located in the SCU.

*Contains the Error Checking and Correction (ECC) logic.

Figure 4-5 SCU Operations

CPU p—

SCU

Maintenance
Controls

Maintenance Controls ‘

* Executes the functions provided by the system control panel
controls, provides diagnostic capabilities for the system, and
contains logic required to buffer the needed information to
execute the system portion of instruction re-try.

Figure 4-6 Maintenance Control Operation
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 Partial List of System Logic Units
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INSTRUCTION BUFFER

To accelerate preprocessing of instructions, the main instruction buffer stores
up to one quadword of the current instruction stream in the [-unit to provide
extremely rapid access to consecutive instructions for preprocessing. A
doubleword of the "instruction stream' is fetched from main storage and placed
on a bus called "Buffer Data Bus-Out"' (BDBO) by the Storage Control Unit (SCU).
From BDBO the instructions can then be ingated to either half of the instruction
buffer. A fetch to main storage is initiated immediately when either half of the

| buffer is depleted, to keep the contents of the | -buffer as current and as far
ahead of the 1-unit processing as possible.

" Instructions are outgated one-at-a-time from the main instruction buffer to the

instruction register under the control of the pointer A-register. Four bytes,
starting with an even byte, are sent to the instruction register. If the left two
bytes contain an RR instruction, the right-most two bytes are ignored. After an
instruction is outgated from the [ -buffer, the pointer is updated by the length of

the instruction to keep track of which byte is the beginning of the next instruction.

The pointer is also instrumental in determining when a new main storage fetch
must be initiated to refill each half of the instruction buffer as soon as it is
emptied.

Figure 5-8 |-Buffer

ADDRESS REGISTERS

The four 24-bit address registers used to make storage requests are: instruction
address register A (IARA), instruction address register B (IARB), source (src)
address register, and destination (dst) address register. Instruction address
registers A and B are used exclusively for fetching instructions. The source
address register is used only for fetching operands from main storage. The
destination address register is used for storing operands into main storage.

For instructions requiring operands of eight bytes or less, the source address
register is controlled only by the 1-unit. For instructions requiring longer
operands (load multiple and SS format), the initial fetch request is made by the
I -unit, and control then passes to the E-unit for subsequent requests. The
destination address register is used to hold the address during store requests,
which are always made by the E-unit.

Any of the four registers can be ingated from the address-adder latch or the
address-incrementer latch. The contents of any of the four registers can be
transferred to the address-incrementer for incrementing or the SCU address
latches for accessing main storage.

Figure 5-9 -Address Registers
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POINTERS

A special type of functional unit associated with the I-unit is the "pointer. "
Pointers keep track of individual instructions in the instruction buffers and
the queue registers. Because the |-unit handles several instructions at a
time, they are needed toensure that instructions are processed in the proper
sequence.

Address Register Pointers (Pointer A-Register and Pointer B-Register)

Two pointers, one associated with each of the two instruction address registers,

- select the word that is to be transferred from an instruction buffer to the

instruction register. As instructions are transferred from the instruction
register to the instruction queues, the contents of the pointer register are
incremented according to the instruction length and are transferred to the
pointer latch. The contents of the pointer latch then select the next word that
is to be transferred from the instruction buffer to the instruction register,

Figure 5-10 Address Register Pointers

Main Even [-Buffer

Byte | Byte | Byte | Byte | Byte [ Byte | Byte | Byte
IA. 56 {58 20 8 AC|1A 52
0 31,
16 a7
I-Reg | 1A 56 I|58 20
I-Reg | 58 20 180 AC

Figure 5-11 [-Reg Ingate
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INSTRUCTION REGISTERS

The four-byte instruction register holds each instruction during a decode cycle.
Ingating from the main instruction buffer is determined by pointer A-register,
and by the format of the instruction itself (RR, RX, RS, SI, or SS). Each half
of the instruction register can be ingated separately. Parity is checked on a
byte basis.

Each instruction processed by the 1-unit remains in the instruction register for

at least one machine cycle for decoding. During this time, the instruction is

decoded to determine all the information concerning the instruction that the

I-unit requires to preprocess it. If all interlocking conditions are not satisfied,

or if any I-unit facility (eq, the address adder or an address register) is busy

with an earlier instruction, the decode cycle is delayed until all interlocking

conflicts are resolved or the required facilities become available. The following

- conditions must be satisfied for an instruction to be decoded:

1. A queue register must be available (not busy) to receive the instruction.

2. Required general purpose registers in the E-unit, and the address adder
must be available if an address calculation is required.

3. If an SS format instruction is being processed in the I-unit or the E-unit,
-only branch and RR format instructions are decoded.

4. If adefeat I-unit/E-unit overlap condition exists, no instruction can be
decoded until all instructions preceding it complete their execution cycle.
A defeat 1-unit/E-unit overlap condition occurs when the overlap switch
is set at the DSBL position, or when an instruction that required |-unit/
E-unit overlap to be defeated is decoded in the I-register.

5.  If the instruction to be decoded is a branch, no other branch instruction
can be in progress in the [-unit or E-unit.

Figure 5-12 Instruction Register

Commence Decode

Operand AnSS This is a
ég(ljgﬁlsjtion GRs Boundary || Instruction| | Instruction| |Branch
Required Needed No Allgn.ment is in And Instruction
AND AND Queue Required Process Exepution AND
Address Needed Register AND' AN‘D . Unit a Branch
Adder s GRs Available | | Any Queue| | This is Not | |Overlap Instruction
Busy Unavailable Register RR or Br Prohibited | |is in

Busy Instruction Process

“OR

Yes %yFunction

Satisfied

Complete Decode

Figure 5-13 Instruction Decode
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ADDRESS ADDER

Instructions that reference main storage for operands or that require address -
type operands (shift and 1/0 instructions) must have addresses or shift amounts
calculated for them using information supplied by the X, B, and D fields of the

instruction format. These calculations are performed by the I-unit address adder

prior to E-unit execution using base address (B), index (X), and displacement (D)
components specified by the instruction.

To briefly review System/360 Principles of Operation on these address components
they are defined as follows:

1. Thebase address is a 24-bit number in a GPR specified by the B -field.
2. Theindex is a 24-bit number in a GPR specified by the X-field.
3.  Thedisplacement is a 12-bit number in the instruction format.

In forming the address, the base address and index are treated as unsigned 24-bit
positive binary integers (whole numbers). The displacement is treated as a

12-bit positive integer. The three are added as 24-bit binary numbers, ignoring
overflow. Because every address includes a base, the sum is always 24-bits

long. The address bits are numbered 8-31 corresponding to the numbering of the

- base address and index bits in the GPR. The instruction may have zeros in the

base address, index, or displacement fields. A zero means that there is no
corresponding address component. A base or index of zero implies that a zero
quantity is to be used in forming the address, regardless of the contents of GPRO.

Because the 24-bit (plus 3 parity bits) address adder performs the additions
involved in these address calculations, it has three input registers: DA, BA,

and XA. Up to three address components (displacement, base address, and lndex)
can be added and checked in one machine cycle.

Figure 5-14 Address Adder

The principal inputs to the adder input registers are two local storage buses (GPR
X data bus and GPR B data bus) and the D-latches (which receives its input from
the instruction register) During the instruction decode cycle, the required GPRs
are read from local storage, and the D-field is set up. When the decode cycle is
successful, the quantities are ingated to the adder input registers and then added
in the next cycle.

When an instruction requires a store request, the result of the address calculation
is put into the destination address register (dst). If dst is busy, the contents of
the adder input registers are held until the destination register becomes not busy.

When an instruction requires a fetch request, the result of the address calculations
is sent to the source address register (src) and a request is made during the same
cycle in which the address is calculated. If src or both the operand buffers are
busy, .the contents of the adder input registers are held. The address components
are retained in the XA, BA, and DA registers and re-added each cycle until the
busy condition is cleared.

For shift and 1/0 instructions, the calculated address -type operand is put into the

shift or 1/0 register. As in other instructions, the contents of the adder
input registers are held until the receiving register is available.

Address Adder (continued)
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INSTRUCTION QUEUE REGISTERS

The three instruction queue (1Q) registers allow up to three instructions to be
preprocessed in the I-unit ahead of actual E-unit execution. The instructions
are stacked in the 1Q-registers until needed by the E-unit. Each 1Q-register
consists of two sections. Refer to the system data flow in Volume 1 of the
FEMDM. Note that bits 0-15, which are timed as latches, hold the first two
bytes of the instruction. Bits 17-23, which are timed as triggers, hold the
initial values for the A~counter adder latches (ACAL) and B -counter adder
latches (BCAL). (Note that there is no bit 16 in the queues. )

The 1Q-registers are ingated and outgated ina 1, 2, 3, 1... cycle sequence.

Two pointers are provided: The inpointer indicates which 1Q-register is next

to be loaded from the I -register, and the outpointer indicates which 1Q- register
contains the next instruction to be sent to the E-unit for execution. These pointers
are not shown on the data flow. '

Figure 5-15 [nstruction Queue Registers

Instruction Queue Pointers

Two three-bit pointers are associated with the instruction queues: an inpointer

that indicates which queue is next to be loaded from the instruction register, and an
outpointer that indicates which queue's contents are to be used next by the E-unit.
This pointer is not shown on the data flow. The IQ-inpointer steps 1, 2, 3, 1 ... etc,
and works with busy triggers associated with each queue. Every cycle the

contents of the instruction register are gated to all nonbusy queues. When conditions
are present to allow the instruction to be released from the instruction register,

the queue pointed to by the INPOINTER is loaded, made busy, and the inpointer is
stepped to point to the next queue.

The instruction sent to the E-unit for execution is always from the queue pointed
to by the outpointer. At the same time, the queue whose contents were outgated
is made not busy and the outpointer is stepped to point to the next queue. The
outpointer steps 1, 2, 3, 1... just as the inpointer does.

These pointers ensure that the instructions are kept in sequence as they are
transferred to the E-unit.

Figure 5-16 1Q Pointers
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Shift or 1/0 Register

The address adder generates shift counts and 1/0 addresses as if a main storage
address were being generated. When operands for shift and 1/0 instructions are
being prefetched, the |-unit transfers the contents of address -adder latches to

the "'shift 1/0" register. The address adder can then be reused without waiting

for execution of the shift or 1/0 instruction. Because shifting is performed by the
E-unit's shifter, the shift-count bit positions of the "shift or 1/0" register are
transferred to a six-bit shift latch to preserve trigger -latch timing relationship

This latch is shown under the shift or 1/0 regist er on the data flow. Its output goes
‘to the shift control triggers, which are part of the shifter, located in the E-unit.

During the execution of 1/0 instructions, the shift or 1/0 register contents are
gated to the channel -selection logic.

Figure 5-17 Shift or 1/0 Register

Difference Registers

Two difference registers, each associated with an instruction address register,
permit calculations of the true instruction count (1C) when needed. Because the
I-unit prefetches instructions up to two doublewords ahead of the instruction

being executed, neither instruction address register contains the actual instruction
counter value of the instruction in the E-unit. Two registers (difference registers
A and B) contain in twos complement form the difference between the instruction
counter (IC) value and the corresponding instruction address register. The I1C
value can be obtained when needed by ADDing the active IAR and its corresponding
difference reg ister.

The difference register (A when using IAR A) keeps track of how far ahead |-unit
instruction processing is with respect to the E-unit. An incrementer associated
with each difference register can increment or decrement the contents of the
difference register or can do both. When an instruction address register is set
to a new value, the four low-order bits are transferred to the four low-order

bits of the difference register; the remaining two bits of the difference register
are reset to zeros. As instruction processing progresses, the contents of the
difference register are changed such that at any point the sum of the instruction
address and the difference equals the current 1C. To keep the difference register
value correct, the difference register is decremented by 8 each time the 1-unit
increments the instruction address by &

Address incrementer bits 29-31 are always transferred to difference register A
after the E-unit or the |-unit calculates the IC transfer into instruction address
register B because the | -unit always restarts with |ARA active after an operation
that requires IC to be calculated.

Figure 5-18 Difference Register
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Address Incrementer

The 24-bit address incrementer can increment or decrement the contents of the
four address registers and can be used as a path between the I-unit and the E-

unit.” The |-unit uses the incrementer for: ADR K MK ID ST ARRAY ADR VD
CH XX XX XX 0X XX XX 0X 0 XX XX XX
. . . . ) 1 XX XX XX
L Adding 8 to the appropriate instruction address register A or B, when STAR XX XX XX 0X XX 2 XX XX XX
) . . FAR XX XX XX XX 3 XX XX XX
updating to the address of the next doubleword of instructions.
REDO XX XX XX XX B RPL XX XX XX
2. Calculating the instruction -counter (IC) value from the appropriate instruction DBAR R
address and difference register and transferring the result to instruction — - - -
address register A This calculation is part of the program store compare 1B A XX XX 2% oy mx XX XX Mx wX o M e Rk
recovery operation. IB M XX XX XX XX XX XX _XX XX XX XX XX XX XX XX XX XX
CH I XX XX XX XX XX XX XX XX L2 XX
. . CH 0 XX XX XX XX XX XX XX XX IREG XX XX XX XX SH XX XX
The E-unit also has access, and can use, the incrementer. SDBO XX XX XX XX XX XX XX XX IQ 1 XX XX XX DSPM 0X XX
IQ 2 XX XX XX BASE XX XX XX
. . OP 1 XX XX XX XX XX XX XX XX IQ 3 XX XX XX INDX XX XX XX
L The E-unit uses the incrementer to add or subtract from the contents of OP 2 XX XX XX XX XX XX XX XX
. . . . A XX XX XX XX XX XX XX XX SRC XX XX XX
the source register and destination registers. B XX XX XX XX X X % xx Ter Xk XX wx
C XX XX XX XX XX XX XX XX DIF A XX ) IAR A XX XX XX
2. Transfer main storage addresses from the shifter in-bus to the appropriate g §§ §§ XX XX XX XX XX XX DIF B XX IAR B XX XX XX
address register. The transferred address is neither shifted nor incremented. F XX XX XX XX XX XX XX XX
. CSAR 0X XX
3. Transfer the contents of an address register or the value of the IC to the CSARA 0X XX 0X
maintenance controls address register. CSARB 0X XX  OX
Note: If a conflict exists between the |-unit and the E-unit for usage of the MERR XX XX XX XX XX XX XX XX IC XX XX XX XX MCER XX |
incrementer, the |-unit waits. : MCDR XX XX XX XX XX XX XX XX MCAR XX XX XX XX MRAR XX XX XX XX

Figure 5-19 Address Incrementer Figure 5-20 CRT Display
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Because the I-unit preprocesses instructions, the need for a GPR in the I-unit
can arise before that GPR is updated and available. For example, if the I-
register contains an RX instruction, the address adder is not busy, the E-unit
is executing an add instruction (RR) with an R1 field addressing GPR5, and the
RX instruction X-field is also addressing GPR5, a GPR conflict condition exists.
The RX instruction in this case must not be decoded until the needed GPR (5)
has been changed by the E-unit. Otherwise, the wrong value will be obtained
from GPR5. The needed delay is produced by blocking 'lis go'. The RX
instruction remains in the I-register until the GPR |s updated and a GPR
conflict no longer exists.

When a GPR conflict delays the decoding of an instruction in the I-register, the
total delay time can sometimes be reduced by one cycle by taking the address
component from the parallel adder output during the GPR put-away cycle instead
of waiting one more cycle for the information to be written in the GPR and read
out again.

The normal sequence for the E-unit is to complete an execution, activate ""end
op, " and then to write the result into the GPR for the specified Rl field on the
following cycle. This sequence is not altered; but, by first detecting the GPR
conflict and then waiting for "end op, "' the unavailable GPR contents will be
available at the parallel adder during the "end op' cycle. Detection and obtain-
ing the updated GPR contents from the parallel adder latch durlng the pre-
fetching cycle is called address wraparound.

Figure 6-6. Address Wraparound



06

—&&] From scu

I~UNIT B8O

L2 Lth,,

15
CRT

—
L2 Reg a8
il 15

CRT 1 [ CRT
Aux Even I-buffer ™m Aux 0dd |-buffer B2
0 63 54 27
)| CRT 1 CRT
[ Main Even |-buffer " Main Odd I-buffer ;fl
o 63 64 27
0 3 32 63 64 95 36 127
o 15[ 4a7]a8 79180 ml«z 127
L | 1
9 )
0 _5[16_ 3
GPRX Data. Bus
RE
0 Sl | 3
SRI ne,L1-4
—
Instruction RR]
[ g
015161920 3
—— ]
11
it
Tizts
I
26,1316

LAR =
Buffer K
Latch 4

To SCU

Priority D

0 15 17|19 20|23
CRT
ﬁl
Instruction —
Latch Q
0 78 15
——1
0 78 4547 1920 23
0
s + cA + cA
215 0, ?.4,6;8 0,2,46-8
Latch Latch
T - —
8 15
| A6, HI3-16
Dup E-Reg KK
] 15]
] 15
KK
Compare for
Wraparound

A0 UY g

E-unit E-unit

Figure 6-7. AIL To MCAR

L-1th
2 3 D-Ith  ag
From Paroallel Adder (40-63) 20 3
HH
E-unit [}
2] 3 l
CRT CRT CRT
XA Register TB BA Register v DA Reg -A-B
8 Al |8 20 3
v
Address Adder (Carry —save Portion)
Sum Carry (Into)
A M
/s NG 30,
46,L14-16
3IVE 30,
Address Adder Halfsum Check
- 1 it
((eiarry propagate Por}t‘lon) A6,L1B-20
Address Adder Lth Fullsum Check
8 3
MA INTENANC
- 711NV R In- Shift or 170 Reg™3a
CONTROLS ’ 4 : .
. 0 28 To Channel Address
From Address Incrementer Lth -1 26 3
1 -Unit
1 Latch Aa
. 26 i
To Shift Control Triggers (SCT.
L1 § 5 il
|~ 2 9 78 I 1
Mnt Ripple == Mnt Control == bC SRY I SR1 Ll SRT | l SRY
onrns chuur!l [oAddreu Register 3 ) — -—
ssReg A R Inst Address Reg B | Source Reg (Src) RP| Destination Reg(Ds
JLN——LY 9 28 28 8 28 8 3 8 3
g Hr 8 L 8 2 3 8 28
— 7 3
Manual Control
e\ De
fer Odwqate
Address Bus, To Mnt
\ 28] 3 Controls
Address Incrementer AG'ES:%:
+8,0,-8,-16-24,-32 (+)0,8,16 (1846 4|  619-24
(Control) H19-24
F hi - -63)
rom Shifter In~bus (40-63) 3
A6,L7-9
Address |ncrementecA
8 Latch 3
28 30
~ -1
\ 29 3
™,
N
To MCAR I-UNIT
G H

E-unit A-counter E-unit 8-counter



16

I-UNIT

BDBO
[————@ From SCU

D=Ith  apf
From Parallel Adder (40-63) 20 3
H
Eunt L9
als
| g CRT CRY
XA Register " BA Register "pg| | DAReg "2
8 3| |8
GPRX Data Bus
8115 Address Adder (Carry —save
[ 15146 3
CRT g (1-4

Sum C
: 0 BAS T N
Instruction RR|
0__ Register 3

0 151619 20 3

.
~ E-Unit
A @@ BIG @
—8 Tss
1L arry =pro —
8 10 Lih(12-45) LOCAL STORAGE
1-confrols force a1 to
BA“'“ Yow-order bit of LARS
1Q Lth (8-11)
B2
X2 ]
1
Local Storage Address Latches
— =) - - -
Lo LALY | LAL2 | LAL3 5|° LALS 4] LALS 4
8 _Latch . LARS
-1 o 3
) 7 [ FIRET I IS ]
FP Registers 0,246 GP Registers O+
. 28 o o (Lotch) 63 Jo (Latch) 3, /LALS E
28 30 28 30 1 | -LAL4 l
| Sm—
LAL4 — S
[76,Ci-3 [26,C16-18 [ [ CRT [ 2 [ 6 9 . ul:z[ ::
Pointer . Pointer Inst AddressReg A R Inst Address R 3 ' j
inter ointer nst ress Re ns ress Re N
A-reg KE B-reg KE 8 9 28 8 [o LS A-Bus I; LS B-Bus o
+ +
0,2,4 0,2,4 .
— :r‘ Latch Latch
0 78 15471920 23 I [ B Res In-Bus
—_ eg In-
Pointer Latches Determine A 1] .
81 + o + cn i=buffer Outgate (9)\ 1Q Latch
2 15 0,2,4,6;8 0,2,46,-8/4 "
1 1
Latch La!c}/ 1
-I-T e wole ] OO T
h g Address Incremen oj78 6 0[7(8]19 [} 3
-8 —16- - - C
I +8.0,(c8';n:?°|§4, 32 (+)0,816 (18,16 ] C-Rugister '—'J r A-Register -' I B-Register
o 63 fo &) o
From Shifter In-b 0 3 3]
46,H13-16 [

l Address | ' s N
ress Incrementer
8 Latch g‘: pC
28 30
B / KK -1
r ‘Compare for 29 3
2 / Wraparound 1
[28> To MCAR I~UNIT
™~
J00 UY ©
E-unit E-unit

G H

E-unit A-counter E~unit B-counter

Figure 6-8.. Local Store
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Storage

Decoder

Register

Instruction

Instruction
Buffer

l I-Unit

I_
Register

Queue

Figure 6-9. Simple 1-Unit Data Flow

mrn e — — — — — — — —

The 128-bit I-buffer temporarily stores instructions so that the I-register can
have a supply of instructions to decode without having to wait for storage fetch
operations. This is accomplished by fetching 16 bytes of instructions and

gating them into the I-buffer. All requests are for doublewords (eight bytes)
and the doubleword can be ingated to either half, even or odd, of the I-buffer.
An attempt is made to keep the I-buffer ahead of instruction processing. There-
fore, when half of an I-buffer is emptied by having all of its contents moved to
the I-register, a storage request for more instruction stream data is initiated.

A pointer register, in addition to controlling the gating of instructions from the
I-buffer to the I-register, also indicates when a buffer half is empty.

The instruction address register contains the storage address of the instruction

stream being fetched. The instruction address register is updated by the address
incrementer.

Figure 6-10. 1-Fetch Review
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Figure 6-11. I-Fetch
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Figure 6-12. RR Add .
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Figure 6-14. RX Store
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Operand Store Compare

An operand store compare condition exists when a fetch instruction is decoded
before a store instruction is completed. A store fetch sequence can cause a
problem because of the way the I-unit processes fetch instructions and the way
that the E-unit processes store instructions.

For example, if a fetch follows closely behind a store, it is possible for the fetch

to be processed out of program sequence before the store. This can happen be-
cause the [-unit generates the address for a store but the E-unit initiates the
request to SCU when the data is ready to be stored. While the E-unit is processing
previously decoded instructions, the I-unit could decode a fetch instruction. Be-
cause the request to the SCU for a fetch instruction is made at the beginning of
the address calculation cycle, the fetch request to the SCU could be processed
before the store request. This does not cause any problem except when the

fetch and store requests are made to the same main storage address. Then

special action is needed.

Because this condition can exist, the source and destination registers are com-
pared each time a fetch instruction is decoded before a store instruction is
completed. If fetch address equals the store address, the fetch instruction is
ignored until the store instruction has been completed. After the store is
finished, a new request is made for the fetch.

The 1-unit controls check for this condition and provide the control necessary to
prevent a fetch instruction from receiving old information.

Figure 6-15. Operand Store Compare

PROGRAM STORE COMPARE

Because the I-unit preprocesses instructions, a store instruction could alter
an instruction that the [-unit has already fetched. This situation could cause
incorrect program execution. Therefore, to prevent the E-unit from receiving
the wrong instruction, a test is made by the I-unit controls. The controls
cause a compare circuit to compare the address in the destination register with

the instruction address register (IARA). If the destination register equals
[ARA or 1ARA + 16 or IARA + 32, aprogram store compare condition is signaled.

A program store compare condition (PSC) causes all further processing of
instructions to stop until the store instruction has finished. The I-unit is
reset, the address of the instruction immediately following the store is calcu-
lated, and then instruction processing is restarted.

Figure 6-16. Program Store Compare
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SS FORMAT INSTRUCTIONS

Multiple decode and address calculations cycles are needed. For decoding and
address calculations, the I-unit handles an SS format instructions as two or
three instructions with multiple decode cycles (three for logical and two for
decimal) and multiple address calculation cycles. The I-unit generates both

~ initial operand addresses and fetches a doubleword operand from each address.

For logical instructions, base and displacement are adrded to produce an address
that points to the leftmost byte of the field.

WORD OVERLAP TEST (WOT)

[-unit tests for word overlap condition for SS logical instruction. The I-unit
also tests logical instructions to determine whether the E-unit is to use an

alternate execution microprogram routine because of overlapping operand fields.

An overlapped operand field exists when all or a portion of the first and second
operands reside in the same address in main storage. For example, if an SS

- logical instruction specifies address 1005 for the first 0perand a length field of

five, and an address of 1009 for the second operand, there is an overlap of one

- 'byte in address 1009

Figure 6-17. SS Instruction

Address Operand Address Operand
Field 1 Field 2

D5 L Bl Dl Bz Dz <—|-Buffer

D5 | L B, D, I-Register, First Decode

Address

Adder
Local Storage
Address Register

—>» |2 Latch

I-Register, Second and Third Cycles

s | L B

L>Address Adder

Local Storage Address Register

Figure 6-18. I-Register
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Figure 6-19. First Cycle, SS Instruction
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Figure 6-20. 2nd Cycle, SS Instruction
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Figure 6-21. 3rd Cycle, SS Instruction
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Figure 6-22. RS Shift Format (SLL)
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[-UNIT BRANCH INSTRUCTION PROCESSING

Special action is required when a branch instruction is decoded in the I-unit.
When the address is calculated for a branch instruction, it is put into the
instruction address register that is not currently active. For example, if AR A
is currently being used to fetch instructions for the main instruction buffer,
the branch target address is put AR B. An instruction fetch is then made per
IAR B. The doubleword of instructions obtained by this fetch is part of the
target instruction stream, Conversely the instructions obtained by a fetch per
the instruction address register currently being used are part of the normal
instruction stream. The I-unit makes an estimate as to the probable success
of the branch by decoding the branch instruction op code, the branch mask,

‘and the R2 field of the instruction, if applicable. (A successful branch is one

in which the branch actually takes place during E-unit execution; conversely,
an unsuccessful branch is one in which the branch does not occur when the
branch is executed. )

Figure 6-27. 1-Unit Branch Instruction Processing

BRANCH ESTIMATES

Unsuccessful branch estimates are made for:

Branch on condition (BC) when the mask bit is not equal to 0 or 15.
Branch on condition (BCR) when the mask bit is not equal to 0 or 15 and
R2 is not equal to 0.

Successful branch estimates are made for:

Branch on condition (BC) when the mask bit equals 15.

Branch on condition (BCR) when the mask bit equals 15 and R2 is not
equal to 0.

Branch and link (BAL).

Branch and link (BALR) when R2 is not equal to 0.

Branch on count (BCT)

Branch on count (BCTR) when R2 is not equal to 0,

Branch on index low or equal (BXLE).

Branch on index high (BXH).

The following instructions are not regarded as branch instructions by branch
controls.

Branch on condition (BC) when the mask bit equals 0.
Branch on condition (BCR) when the mask bit or R2 equals 0.
Branch and link (BALR) when R2 equals 0.

Branch on count (BCTR) when R2 equals 0.

Figure 6-28. Branch Estimates
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UNSUCCESSFUL BRANCH ESTIMATES

When a branch instruction is decoded that requires an unsuccessful branch
estimate, the I-unit generates the target address and initiates a fetch request
for the target stream of instructions, When the target fetch returns, the I-
unit places the target instructions in the auxiliary buffer. Also, the I-unit
continues processing the instructions following the branch instruction in the
old instruction path without stopping.

Sometime later, the E-unit sends the result of the branch instruction back to
the I-unit, If the decision is not to branch (I-unit estimate was correct), it

is only necessary to rescind any outstanding requests for the target stream and
to continue processing.

However; if the E-unit determines that a branch is necessary (I-unit estimate

‘was incorrect), the I-unit must back up and process the target stream instead

of the old instruction stream. The I-unit is reset to cancel any instructions
that may have already been sent to a Q-register and the target instruction
stream that was fetched and placed in the auxiliary buffer is moved to the main
buffer. Instruction processing then resumes in the target stream.

Figure 6-29. Unsuccessful Estimate

SUCCESSFUL BRANCH ESTIMATES

When a branch instruction is estimated to be successful, the target address is
generated and a fetch request is initiated in the same manner as for unsuccess-
ful estimates. I-unit instruction processing must wait until the target stream
is actually available. The old instruction stream of instructions is moved to the
auxiliary buffer. When the target stream instructions return, they are placed
in the main buffer and instruction processing continues.

Sometime later, the E-unit advises the I-unit of the outcome of the branch in-
struction. If the estimate was correct, the I-unit has correctly started process-
ing in the target stream and it is only necessary to rescind any outstanding re-
quest for the old instruction instruction stream.

However, if a successful estimate branch is actually unsuccessful, then the
I-unit must be reset to cancel any instructions processed in the target stream.
The old instruction stream must be returned to the main buffer from the
auxiliary buffer and then processing is resumed in the old instruction stream.

Figure 6-30. Successful Estimates
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Figure 6-31. MFI Branch Indicators
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E-UNIT SETUP

When an instruction is transferred from the I-unit to the E-unlt the E-unlt
registers must be set up with the values needed to begin the execution of that
instruction. Setup includes placing the instruction in the E-register, fetch-
ing operands from local storage, ingating operands from the operand buffers
(the operand buffers hold the operands fetched from storage by the I-unit), and
sending starting values to ACAL and BCAL Also, the op code must be put into
the control storage address register (CSAR to cause a CS branch to the first
word of the microprogram routine that will control the E-unit during the execu-
tion of this instruction. The instruction queue register in the I-unit must be
released for use by another instruction.

The conditions for transferring a new instruction to the E-unit are:

1. The I-unit has an instruction ready.

2. The E-unit has completed execution of the last instruction.

When the I-unit has an instruction ready for the E-unit, the queue out-pointer
gates the op code to the CSAR in-bus, and the 'instruction ready' line is turned
on. When the end-op bit and "instruction ready" line are both on, the op code
(Q-register bits 0-7) is ingated to CSAR, and the 'op branch taken® trigger is
turned on. The "op branch taken" trigger causes most of the setup information
to be transferred from the I-unit to the E-unit.

Figure 6-32. E-Unit Setup
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XV869 KF916 KF506 KK426 KK431 KK426 KK34. KK346 KK331 KK336 CA323
r— & CTL TGRS —— e OPERAND WRAP AROUND CONTROLS 17 DUP E REG R1 FIELD 1 r MISCELLANEOUS INCREMENTER CONTROLS'——l
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Figure 7-2.

Image A6 For Session 7, Question 1
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Figure 7-3. Image A6 For Session 7, Question 2
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MCER

MRAR
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Figure 7-4. CRT For Session 7, Question 2
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F

XX
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XX
XX
XX
XX

XX
XX
XX
XX
XX

XX
XX
XX
XX
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XX

XX

XX
XX
XX
XX
XX

XX
XX
XX
XX
XX
XX

XX

MK ID ST ARRAY ADR VD
XX XX 0X 0 XX XX XX
1 XX XX XX
0X XX 2 XX XX XX
XX 3 XX XX XX
XX B RPL XX XX XX
D BAR XX XX XX
BAR XX XX XX
4 5 6 7 8 9 A B C D E F
XX XX XX XX XX XX XX XX XX XX XX XX
XX XX XX XX XX XX XX XX XX XX XX XX
XX XX XX XX
XX XX XX XX IREG XX XX XX XX
XX XX XX XX 1IQ 1 XX XX XX
1Q 2 XX XX XX
XX XX XX XX 1Q 3 XX XX XX
XX XX XX XX
XX XX XX XX
XX XX XX XX
XX XX XX XX DIF A XX
XX XX XX XX DIF B XX
XX XX XX XX
XX CSAR  0X XX
XX CSARA 0X XX 0x
XX CSARB 0X XX 0X
XX
XX IC XX XX XX XX
XX MCAR XX XX XX XX
(:): FLASHING

Figure 7-5. CRT For Session 7, Question 3

L2
SH
DSPM
BASE
INDX

SRC
DST

IAR A
IAR B

MCER

MRAR

XX

XX

XX

XX XX

XX

o (69 X
XX XX
XX XX XX
XX XX XX

XX XX XX
XX XX XX

XX XX XX




vLL

1 2 3 4 5 6 7 8 9 10 n 12 13 14 15
KE202 KE207 KE227
———=INSTRUCTION ADDRESS REGISTER A 1-BUFFER CONTROLS ——
B r STATE TRIGGERS 1 A
A B Cc ] E—/F G H REQUEST
KE217 - XJ531 KH226 KE122 KF931
c r—PTR A TGRS™1 " DIF A CTLS INCR= .
A SCU  MC DEFEAT
} 28 29 30 BY 2 BY 4 INCR ADV CYC  OVLP
KF106 ——  KF116 ~ KF121 KF926 KF311
| INSTRUCTION REGISTER CONTROLS rACTV INSN REGq

16 17 18 19 20 21 22 23 24

KE602 XE6O07 KE627

——— INSTRUCTION ADDRESS REGISTER B | - BUFFER CONTROLS —
r STATE TRIGGERS 1 8
H REQUEST

A B C D E— F G
KE617 KJ531 KH226 KES522
r—PTR B TGRS =1 r~DIF B CTLS INCR= 8 scu
28 29 30 BY 2 BY3 INCR ADV CYC
KF306 KF316 KF321 KH231
T BRANCH AND EXECUTE CONTROLS 1
B HOLDS A USE AUX MAIN  SUBJECT r—EXEC CTLS—I LB TO
TARGET MAIN TO MAIN  TO AUX OF EXEC A LSAL 1
kK326 xvee7 KG317 Ki537
1 = AC BC SET UP =——ry

INCR E USES
A B c D M ORD INCRTR

FT

KK326 xvee7 CA323
GATE TO INCREMENTER —————

o r—— 55 CTRLS —— READY TGRS— PROTECT  INVAL §S IN PROGRESS— DEFEAT
A B '_-I:EF'I’ RIGHT AREA ADR ~ 1 2 A 8
KFS06 K206 KFOLL - KFS11 K508 KK316 KK321 KK326 KK316 KK321
€ : r— INSTRUCTION QUEUE 1 STATUS BITS
|—— UEUE PTRS — ADR WRAP ARND SuBJ PROTECT INVAL  EXTDD OP == OPERAND WRAP AROUND STATUS TRIGGERS ——— EMLTR PR
Q ouT 1 BUSY " L T - BRANCH OF EXEC AREA ADR CODE A B c [} E F TYPE
KF906 KK211 KF911 KFS11 KJs1l K316 KK321 KK326 KK316 KK321.
i INSTRUCTION QUEUE 2 STATUS BITS
F ] r— QUEUE PTRS =y r— ADR WRAP ARND —

IN 2 OUT 2 BUSY S T BRANCH

SUBJ PROTECT l?i‘(l)al EngBEOP rA_ OPERAND WRAPCAROUND STATUS TRIGgERS —F1 EMLTR PRIV = DIFFERENCE —— y— INSN ADDRESS —

OF EXEC AREA

KF906 KK211 KF911 KFS11

KJ516 KK316 KK321 KK326 KK316 KK321

G UEUE PTRS ADR WRAP ARND
T our_a—' gusy " s T ' BRANCH

TYPE DIL A B A B SOURCE DEST

KK326 Xv867 CA323

INSTRUCTION QUEUE 3 STATUS BITS

r———ADDRESS INCREMENTER CONTROLS ———

SUBJ PROTECT INVAL EXTDEEOP r—-A—-— OPERBAND WRAPOAROUND STATUS TRIGg ERS _1 EMLTR PRIV

OF EXEC AREA ADR

F TYPE DIL +16 +8 +0 -8 -16 DIF

XV869 KF506 KK426 KK43. KK426 KK341 KK348 KK331 KX336 CA323
|_ E CTL TGRS ——— [— OPERAND WRAP AROUND CONTROLS 17 DUP E REG R1 FIELD = r——MISCELLANEOUS INCREMENTER CONTROLS ——=y
H DILO TO EMLTR —ADR WRAP ARND — e (MPOSSIBLE — — WRAP ARND —— s BIT 1A 1B 94 1C st
CSAR  INIUNIT  BUSY s T WRAP1 WRAP2 '' TOA Tos A B c 3 9 10 1u 7 Ic 68 +8 +8 INCR  INCRTR
KJ127 KJ132 KJ521 KJ132 KJ117 KJl22 KJ137 CA307 AB157 KH231 KK436 KK441 -
3 ' e [INSTRUCTION QUEUE OP DECODE TRIGGERS =~~—————————— —~ALLOW CHECK SAMPLE — ————LSAR BUFFER " LSAR 3 1T LSAR 4 1
SOURCE SHIFT PROTECT  INVAL  FLTG USES STORE —— [ DIF T AA
INGATE  SS ORI/0  AREA ADR  POINT  INCRTR ' INSN CTRL A B 'HALFSUM  o© 1 2 3 0 1 2 3 ° 1 2 3
K
RR302 RR310 RR314 RR318 CAll3 CA193 CA273 CA307 AA155 AA235 AA3L AA157 AA237 AA317 IMAGE FEATURE
L = INSTRUCTION REGISTER = r— ADDRESS INCREMENTER L<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>