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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 I /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 
o(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 OS/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 I /O 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 kilobytes, 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 I /O operations by means of an I /O buffer in the SCU. The I /O 
buffer provides dedicated buffering for each attached channel, allowing pending 
channel requests to access main storage concurrently with other channel or CPU 
requests when vying for different logical storages. · 

110 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. 

Add it ion al 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 

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

1 Fix all power and cooling problems. 

• Install al I ECs. 

1 Fix all 2880 channel failures. 

1 Conf igurate storage. 

• Fix all M9A storage unit failures. 

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

Figure 1-1 - Job Responsibilities 
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1. Fix CPU failures that are located by any type of card calling CE aid 
(microdiagnostics, FLTs, support documentation). 

Figure 1-10 - Session 1 Question 3 
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Figure 2-21 - Cable Feed Th rough Frames 
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Figure 3-24 Microfiche Console 
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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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*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. 
>:cContains the Error Checking and Correction (ECC) logic. 

Figure 4-5 SCU Operations 
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~ 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 Un its 

1. D BAR 
2. Address Adder 
3. LA R Buffer Latch Cf ~ ~ 
4. ACAL ADR K MK ID ST ARRAY ADR VD 

5. MCDR @)-CH xx xx xx ox xx xx OX 0 xx xx xx 
1 xx xx xx 

6. Buffer Bypass Latch (!§)--STAR xx xx xx ox xx 2 xx xx xx 
7. L2 Register QV-FAR xx xx xx xx 3 xx xx xx 

8. Parallel Adder ~REDO xx xx xx xx ~B RPL xx xx xx 
9. Channel Data-Out Buffer GD-D BAR xx xx xx 

~BAR xx xx xx 
10. A-Register 
11. Shift Control Triggers 1 2 3 4 5 6 7 8 9 A B c D E F 

GV-+ I B A xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx 
12. Destination Register ~IB M xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx 
13. Main I-Buffer ~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 
14. A-Pointer ~SDBO xx xx xx xx xx xx xx XX~IQ 1 xx xx xx ~DSMP ox xx 
15. C-Register ~IQ 2 xx xx xx (@--BASE xx xx xx 

GE)-OP 1 xx xx xx xx xx xx xx xx (§Y---1 Q 3 xx xx xx ~INDX xx xx xx 
16. STAR ~OP 2 xx xx xx xx xx xx xx xx 
17. FAR ~A xx xx xx xx xx xx xx xx ~SRC xx xx xx 

QD-B xx xx xx xx xx xx xx xx ~DST xx xx xx 
18. Source Register C§)--c xx xx xx xx xx xx xx XXC§E)+-DIF A xx @>-IARA xx xx xx 
19. LAL 5 G!)---D xx xx xx xx xx xx xx XX<::§frDIF B xx ~JAR B xx xx xx 

G!)---+E xx xx 
0) 20. F-Register GD--+F xx xx xx xx xx xx xx xx 
0) 

21. Instruct ion Queues 
~MY 1 xx xx xx xx xx xx xx XX~CSAR ox xx 

22. Serial Adder ~MY 2 xx xx xx xx xx xx xx XX~CSARA ox xx ox --GD 
23. MCWR ~.SUM xx xx xx xx xx xx xx XX Cfil>-CSARB ox xx ox +--<ID 

~CAR xx xx xx xx xx xx xx xx 
24. Difference Register B QY)--SPAR xx xx xx xx 
25. CSAR ~MCRR xx xx xx xx xx xx xx XX~IC xx xx xx XX~MCER xx 
26. B-Register C§)--..MCDR xx xx xx xx xx xx xx XX~MCAR xx xx xx XXG[).MRAR xx xx xx xx 

Figure 5-1 Partial List of System Logic Un its Figure 5-2 Session 5 Question 12-17 
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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 I -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" (BOBO) by the Storage Control Unit (SCU). 
From BOBO 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 
I -buffer is depleted, to keep the contents of the I -buffer as current and as far 
ahead of the I-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 I -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 I -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 Bare 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 I-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 du ring store requests., 
which are always made by the E-u nit. 

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 



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 I-unit handles several instructions at a 
time, they are needed to ensure 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 
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INSTRUCTION REGISTERS 

The four-byte instruction register holds each instruction during a decode cycle. 
I ngating 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 bas is. 

Each instruction processed by the I-unit remains in the instruction register for 
at least one machine cycle for decoding. During th is 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 1-un it facility (eg, 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 a defeat 1-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 I-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 I-unit or E-unit. 

Figure 5-12 Instruction Register 
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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 (8), 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. The base address is a 24-bit number in a GPR specified by the B -field. 

2. The index is a 24-bit number in a GPR specified by the X-field. 

3. The displacement 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 index) 
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 du ring 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) 



INSTRUCTION QUEUE REGISTERS 

The three instruction queue (IQ) 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 IQ-registers until needed by the E-unit. Each IQ-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 ofthe 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 (BCAU. · (Note that there is no bit 16 in the queues. ) 

The IQ-registers are ingated and outgated in a 1, 2, 3, 1 ... cycle sequence. 
Two pointers are provided: The inpointer indicates which IQ-register is next 
to be loaded from the I-register, and the outpointer indicates which IQ- 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 Instruction 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 thedata 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 rel eased 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 IQ Pointers 



Shift or 110 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 I /O instructions are 
being prefetched, the I-unit transfers the contents of address-adder latches to 
the "shift 1/011 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 1/011 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 register 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 110 instructions, the shift or 1/0 register contents are 
gated to the channel-selection logic. 

Fig u re 5 -17 Sh i ft or I / 0 Register 

Difference Registers 

Two difference registers, each associated with an instruction address register, 
permit calculations of the true instruction count (IC) when needed. Because the 
1-un it pref etches 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 tre instruction 
counter (IC) value and the corresponding instruction address register. The IC 
value can be obtained when needed by ADDing the active IAR and its corresponding 
difference reg ister. 

The difference register (A when using IARA) keeps track of how far ahead I-unit 
instruction processing is with respect to the E-u nit. 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 IC. To keep the difference register 
value correct, the difference register is decremented by 8 each time the 1-un it 
increments the instruction address by 8. 

Address incrementer bits 29-31 are always transferred to difference register A 
after the E-unit or the I-unit calculates the IC transfer into instruction address 
register B because the 1-u nit always restarts with I ARA active after an operation 
that requires IC to be calculated. 

Figure 5-18 Difference Register 
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Address I ncrem enter 

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 I -unit uses the incrementer for: 

1. Adding 8 to the appropriate instruction address register A or B, when 
updating to the address of the next doubleword of instructions. 

2. Calculating the instruction-counter (IC) value from the appropriate instruction 
address and difference register and transferring the result to instruction 
address register A Th is calculation is part of the program store compare 
recovery operation. 

The E-u nit also has access, and can use, the incrementer. 

1. The E-u nit uses the increment er to add or subtract from the contents of 
the source register and destination registers. 

2. Transfer main storage addresses from the shifter in -bus to the appropriate 
address register. The transferred address is neither shifted nor incremented. 

3. Transfer the contents of an address register or the value of the IC to the 
maintenance contro!s address register. 

Note: If a conflict exists between the I-unit and the E-unit for usage of the 
incrementer, the I-unit waits. 

Figure 5-19 Address lncrementer 
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Figure 5-20 CRT Display 
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Because the 1-.unit preprocesses instructions, the need for a GPR in the I-unit 
can arise before that G PR is updated and available. For example, if the 1-
regi ster contains an RX instruction, the address adder is not busy, the E-unit 
is executing an add instruction {RR) with an Rl 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 'I is go'. The RX 
instruction remains in the I-register until the GPR is 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-u·nit 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 t~e parallel adder latch during the pre
fetching cycle is called address wraparound. 

Figure 6-6. Address Wraparound 
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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. I-Fetch Review 
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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 o-urof program sequence before the store. This can happen be
cause the I-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 I-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 COMP ARE 

Because the I-unit preprocesses instructions, a store instruction could alter 
an instruction that the I-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 
IARA or IARA + 16 or IARA + 32, a program store compare condition is signaled. 

A program store compare condition (p SC) causes al I 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 1~unit generates both 
i nltial operand addresses and fetches a doubleword operand from each address. 
For logical instructions, base and displacement are adrterl to produce an address 
that points to the leftmost byte of the field. 

WORD OVERLAP TESl (Won 

I-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 al I 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 operand, a length fie Id 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 
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Figure 6-26. IARA And IARB 
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I-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 IARA 
is currently being used to fetch instructions for the main instruction buffer . , 
the branch target address 1s put IAR B. An instruction fetch is then made per 
I AR 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 successfu I 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. I-Unit Branch Instruction Processing 

BRANCH ESTIMATES 

U ns uccessf u I branch estimates are made for: 

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

Successfu I 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 Ii nk (BAU. 
Branch and link (BALR) when R2 is not equal to a. 
Branch on count ( BCT) 
Branch on count ( BCTR) when R2 is not equal to a . 
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 O. 
Branch on condition ( BCR) when the mask bit or R2 equals o. 
Branch and Ii nk ( BALR) when R2 equals a. 
Branch on count ( BCTR) when R2 equals O. 

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 1-
u nit places the target instructions in the auxiliary buffer. Also, the I-unit 
continues processing the instructions following the branch inst ruction in the 
old instruction path without stopping. 

Sometime later, the E-un it sends the resu It 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 stre·am. 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
f u I estimates. 1-u nit instruction processing must wait u nti I 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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cg 
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L 

When this light is on, it means that I ARA is being used to fetch. 
instructions. Conversely, when this light is off, fetch requests 
are blocked, and any fetch request previously issued by IARA is 
rescinded. Any time the I-unit is restarted, this light will come 
on and remain on until a successful branch is executed. 

2 3 4 5 6 7 8 9 10 

---- KE:202 KE207 ---- KE227 

r----INSTRUCTl0N ADDRESS REGISTER A I· BUFFER CONTROLS-----. 
.--------STATE TRIGGERS A 

A--B--C--D E--F G--H REQUEST 

---KE217 --KJ531-- KH226 KE122 KF931 

a--PTR A TGRS---, r-DIF A CTLS INCR-, 
AIN A SCU MC DEFEAT 

28 29 30 BY2 BY 4 INCR ADV eve 

-- KFIOS -- Kfll& KF121 -- KFl26 KF926 --

r-- INSTRUCTION REGISTER CONTROLS------
r--; SS CTRLS B'"""' 'i.e~\ADY TirlHT" p~':t\~CT l~~~L r- ssl IN PRDGR~ss-, 

KF906 KK206 KF91l 

DEFEAT 
OVLP 

OVLP 

11 

A 

When this light is on, it means that IARB is being used to fetch 
instructions. Conversely, when this light is off, fetch requests 
are blocked, and any fetch request previously issued by I ARB is 
rescinded. This light is not affected by restarting the I-unit 

14 15 

B 

16 17 18 19 20 21 22 23 24 

----KE602 KE607 KE627 

..----INSTRUCTION ADDRESS REGISTER B I ·BUFFER CONTROLS----. 

...--------STATE TRIGGERS B 
A -- B -- C -- D E -- F G -- H REQUEST 

--- KE617 KJ531-- KH226 KE522 

r--PTR B TGRS---, r-DIF B CTLS INCR-, 
B IN B SCU 

28 29 30 BY 2 BY 3 INCR ADV eve 

--KF306 ---KF316 --KF321-- KH231 r-------- BRANCH AND EXECUTE CONTROLS--------. 
B HOLDS A USE 
TARGET MAIN 

AUX MAIN SUBJECT .-EXEC ens--, 
TO MAIN TO AUX OF EXEC A B 
~ 

LB TO 
LSAL 1 

,...NQrEUE p1isT l1 BUSY 
When this light is on, it means that IARB is associated with the 
target instruction stream, and by implication IARA is associated 
with the old instruction stream. Conversely, when this light is 

PRIV 
OIL 

---- KG317 ---- --KJ537-
r+---AC BC SET UP---. 

INCR E USES 
B c D MORD INCRTR 

KF906 KK2l1 KF9ll 

r----moff, IARB is associated with the normal instruction stream and 
XV867----------CA323------

'INO!JEUE p1i~°21 

KF9QI; KK21l 

r--""jNQNEUEP~~~"'3°1 

XVIH 

OIL 9 TO EMLTR 
CSAR IN I UNIT 

BUSY IARA with the target instruction stream. 

KF91l --KF51l-- KJ516 KK316 KK3 

BUSY 
r-ADR WRAP 

s 

. Kfllll --KF506 

r--- E CTL TGRS 

BUSY 
r-AOR WRAP 

s 

When this light is on, it means that IARA is associated with the 
main I-buffer, and by implication IARB is associated with the 
auxiliary I-buffer. Conversely, when this light is off, IARA is 
associated with the auxiliary I-buffer and IARB with the main --....., 

11 

I-buffer •. 

PRIV 
OIL 

KJ127 -- KJ132 - --KJ521-- KJ132 KJ117 KH22 KJ137 -- CA307 -- AB157 ----KH231---- ----

,..-----INSTRUCTION QUEUE OP DE, ................................ ... 
SOURCE SHIFT PROTECT INVAL 

Controls gating of the instruction stream between the instruction 
buffers The 11main to aux11 light is on whenever a branch is 
guessed to be successful. The "aux to main 11 light is on whenever 
a branch is guessed to be unsuccessful, and is actually successful 
or guessed successful, and is actually unsuccessful. 

INGATE SS OR 1/0 AREA ADR 

RR302 RR310 RR314 RR318 CA113 CA193 CA273 CA307 AAlSS AA235 AA315 AAl57 

----- GATE TO INCREMENTER -----. 

DEST 

--+------CA323-------

.---+--ADDRESS INCREMENTER CONTROLS--..., 

+16 +8 +o -8 -16 OIF 

--+------CA323-------
ISCELLANE0US INCREMENTER CONTROLS---, 

CS BIT IA IB 94 IC SI 
68 +8 +8 INCR INCRTR 

---------KK441----

----.---- LSAR 4 -----. 

3 0 2 

AA237 AA317 
,...- INSTRUCTION REGISTER--, r- ADDRESS INCREMENTER LATCH-, r-------ADDRESS ADDER------

IMAGE 

A6 
FEATURE 
I UNIT·A & 
74/94 EMLTR 00·07 08·15 16·23 24-31 08·15 16-23 24·31 

DIF 
CHECK 

r---HALF SUM---, ..----- FULL SUM---, 
08-15 16-23 24-31 08-15 16·23 24-31 

Figure 6-31. MFI Branch Indicators 
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E-UN IT SETUP 

When an instruction is transferred from the I-unit to the E-unit, Jhe E-unit 
registers must be set up with the values needed tobegi_n the execution of that 
instruction. Setup includes placing the instrudfo~ in th~ E-reg,ister, feJch
ing operands from local storage, ingating operands from the operand buffers 
(the operand buffers hold the operands fetched from storage by. the l~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-u nit are: 

I. The I-unit has an instruction ready. 
2. The E-u nit 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 

ADR K MK ID ST ARRAY ADR VD 
xx xx xx OX XX XX OX 0 xx xx xx 

1 xx xx xx 
- STAR xx xx xx ox xx 2 xx xx xx 

FAR xx xx xx -xx 3 xx xx xx 

REDO xx xx xx xx B RPL xx xx xx 
D_BAR xx xx xx 
- BAR xx xx xx 

1 2~ 3 4 5 6 7 8 9 A B C D E F 
IB A XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX 
IB M BO 06 43 80 80 7C 54 80 BO 92 59 80 BO 9A 47 80 
CH I XX XX XX XX XX XX XX XX 
CH 0 XX XX XX XX XX XX XX XX 
SDBO XX XX XX XX XX XX XX XX 

OP 1 XX XX XX XX XX XX XX XX 
OP 2 XX XX XX XX XX XX XX XX 

A XX XX XX XX XX XX XX XX 
B XX XX XX XX XX XX XX XX 
c xx xx xx xx xx xx xx xx 
D XX XX XX XX XX XX XX XX 
E XX XX 
F XX XX XX XX XX XX XX XX 

::MY 1 xx xx xx xx xx xx xx xx 
::MY 2 xx xx xx xx xx xx xx xx 
:: SUM XX XX XX XX XX xx xx xx 
~ CAR XX XX XX XX XX xx xx xx 
::SPAR OX XX ox xx 

MCRR XX XX XX XX XX xx xx xx 

xx xx xx xx xx xx xx xx 

!REG 59 80 BO@ 
IQ 1 XX XX XX 
IQ 2 XX XX XX 
IQ 3 XX XX XX 

DIF A XX 
DIF B XX 

CSAR 05< XX 
CSARA OX XX 
CSARB OX XX 

OX 
ox 

IC xx xx xx xx 

MCAR xx xx xx xx 

0 = FLASHING 

Figure 7-1. CRT For Session 7, Question I 
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SH 

DSPM 
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SRC 
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xx xx xx 
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B 

c 

D 

E 

F 

G 

H 

K 

L 

2 3 4 5 6 7 B 9 10 

------ KE202 KE207 ------- KE227 

.-----INSTRUCTION ADDRESS REGISTER A I· BUFFER CONTROLS------. 
------------STATE TRIGGERS------------.. A 

A -- B -- C -- D E -- F G --.- H REQUEST 

-----KE217 ---KJ531--- KH226 KE122 KF931 

r--PTR A TGRS--, rDIF A CTLS INCR-. 

28 29 30 8Y2 BY4 

• 0 • 
AIN 
INCR 

A SCU MC DEFEAT 
ADV eve OVLP 

-- KF106 -- KF116 Kfl21 --- KF126 KF926 ---

r- INSTRUCTION REGISTER CONTROLS --------. 
~SS CTRLS B' ~ERF\ADY T;rJHT' PRAOllACT l~i~L rssl IN PROGRE2ss-, DEFEAT 

OVLP 

11 12 13 

--- KF311 --

r ACTV INSN REG 1 

A B 

• • 

14 15 16 17 18 19 20 21 22 23 24 

------ KE602 KE607 ------ KE627 

.-----INSTRUCTION ADDRESS REGISTER BI· BUFFER CONTROLS-----. 

.------------STATE TRIGGERS-------------. B 
A -- B -- C -- D E -- F G -- H REQUEST 

-----KE617 KJ531--- KH226 

r---PTR B TGRS---. rDIF D CTLS INCR-i 

28 29 30 BY 2 BY 3 

0 • 0 

BIN 
INCR 

---KF306--- -----KF316 --Kf321--- KH231 

KE522 

B scu 
ADV eve 

.--------BRANCH AND EXECUTE CONTROLS--------.. 
B HOLDS A USE 
TARGET MAIN 

• 
AUX 

TO MAIN 
LB TO 
LSAL 1 

Kf906 KK206 Kf911 ---Kf5U--- -------- KJ506 KK316 KK321 KK326 KK316 KK321 KKJH -- XVl67--- ------- KG317 ------ ---KJ537---

r--iNQrEUE p1isT 1' 

Kf906 KK21l 

'"IN~EUE P1fJr2'1 

KF906 KK21l 

1 lrnEUE Pb~\ ;--1 

XV869 

DIL 9 TO EMLTR 
CSAR IN I UNIT 

---------------INSTRUCTl0N QUEUE l STATUS BITS------------------. AC BC SET UP----.. 

BUSY 
r- ADSR WRAP AR:D-, 

BRANCH 

KF911 ---Kf511 

of~~~c P~OR~~CT l~~~L EXJ88EOP r--;-- OPE~AND WRAP tROUND s-r:TUS TRIG~;ERS ----;--1 E.rvw PRIV 
DIL A B C D 

INCR 
MORD 

E USES 
INCRTR 

KJ511 KK316 KK321 KK326 KK316 KK321 KK326 -- XV867--- ----------- CA323 ----------
---------------INSTRUCTION QUEUE 2 STATUS BITS------------------. GATE TO INCREMENTER ------. 

BUSY 
r- AD: WRAP AR:D-, 

KF9ll ---KF5U 

BRANCH 
on~JEC P~i~~CT l~~~L EXJ88EOP r--;-- OPERrD WRAP tROUND ShATUS TRIG~ERS ----;--1 E-rNER PRIV 

DIL 
r-f IFFERENC~--, r- l~SN ADDRE:S-, SOURCE DEST 

--------KJ516 KK316 KK321 KK326 KK316 KK321 KK326 -- XVl67--------------CA323----------

---------------INSTRUCTl0N QUEUE 3 STATUS BITS------------------. ADDRESS INCREMENTER CONTROLS----. 

BUSY 
r- AD: WRAP AR:D-, 

BRANCH 
of~~JEC p~i~~CT ·~~~L EXJ88EOP r--;-- OPERBAND WRAP tROUND s1ATUS TRIG~ ERS ----;--1 E.fAvW 

KF916 ---KF506-- KK4H KK431 --KK426--- ---KK341--- KK346 ---KK331-- ---KIC336---

r--- E CTL TGRS------, .------QPERAND WRAP AROUND CONTROLS-----. r---DUP E REG Rl FIELD----, 

BUSY 
r ADR WRAP ARNO-, 

S T A B c 8 9 10 11 

PRIV 
DIL +16 +8 +o -8 -16 DIF 

---------- CA323----------
r--MISCELLAN EOUS INCREMENTER CONTROLS--., 

CS BIT IA 18 94 IC SI 
IC 68 +8 +8 INCR IHCRTR 

KJ127 --- KJ132 -----KJ521--- KJ132 KJ117 KJ122 KJl37 -- CA307 --- AB157 KH231 ------ ------KK436------ ------ KK441 ------
.-------INSTRUCTION QUEUE OP DECODE TRIGGERS ,-ALLOW CHECK SAMPLE.., .-----LSAR BUFFER LSAR 3 LSAR 4 ------. 

SOURCE 
INGATE SS 3~ 11~b PRfJlfT l~~~L :~1i1 l~~~~R INSNSTORE CTRL r--;- DIF---;-t HAL~~UM 

RR302 RR310 RR314 RR318 

r-- INSTRUCTION REGISTER--., 

00·07 08·15 16·23 24·31 

CA113 CA193 CA273 

r ADDRESS INCREMENTER LATCH-, 

08·15 16-23 24·31 

CA307 

DIF 
CHECK 

0 2 0 

AA155 AA235 AA315 AA157 AA237 AA317 
.-------------ADDRESS ADDER-----------. 
----HALF SUM ---, ...-----FULL SUM---., 

08-15 16·23 24·31 08-15 16-23 24-31 

0 

IMAGE 

A6 

2 3 

FEATURE 
I UNIT·A & 
74/94 EMLTR 

Figure 7-2. Image A6 For Session 7, Question 1 
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2 3 4 5 6 7 8 9 10 

------ KE202 KE207 ------ KE227 

..-----INSTRUCTION ADDRESS REGISTER A I· BUFFER CONTROLS-----., 

..-----------~STATE TRIGGERS------------. 
A--a--c--o E--F G--H 

----KE217 --- KJ531--- KH226 
r---PTR A TGRS---, r-DIF A CTLS INCR-, 

28 29 30 BY 2 BY4 

• 0 0 

AIN 
INCR 

• 

A 
REQUEST 

KE122 KF931 

A SCU MC DEFEAT 
ADV CYC OVLP 

-- KFIDI -- KFU& KF121 --- KF126 KF926 ---
r--- INSTRUCTION REGISTER CONTROLS--------... 
~SS CTRLS a-i rtlNDY T~r~H'f1 PRAOR~~CT l~i~L r ss1 IN PROGR~SS-, DEFEAT 

OVLP 

11 12 13 14 

--- KF311 ---

r ACTV INSN REG i 

A B 

• 

15 16 17 18 19 20 21 22 23 

KE602 KE607 

INSTRUCTION ADDRESS REGISTER B I ·BUFFER CONTROLS 
STATE TRIGGERS 

A-- B-- c-- D E-- F 

---- KE617 KJ531--- KH226 
r----PTR B TGRS--., rDIF B CTLS INCR-, 

28 29 30 BY 2 BY3 
BIN 
INCR 

G-- H 

---KF306 ----KF316 --KF321--- KH231 

24 

KE627 

8 
REQUEST 

KE522 

B SCU 
ADV CYC 

....---------------BRANCH AND EXECUTE C0NTR0lS---------------., 
B HOLDS A USE 
TARGET MAIN 

• 
AUX MAIN SUBJECT r- EXEC CTLS---., 

TO MAIN TO AUX OF EXEC A B 
LB TO 
LSAL 1 

KF906 KK20I KFIU ---KF511--- --------- KJ5DI KK316 KK321 KK321 KK316 KK321 KK321 -- XV867--- ------- KGJ17 ------ ---KJ537---
---------------INSTRUCTl0N QUEUE 1 STATUS BITS-----------------... AC BC SET UP----

~NQ~EUE P1RJri' BUSY r AD: WRAP AR:D-, BRANCH OFS~~ic P~i~~CT l~~~L EXJ88EOP r--;-- OPEiAND WRAP roUND s1ATUS TRIG~IERS --;;---1 ErNER 

KF901 KK211 KF911 ---KF511 KJ511 KK316 KK321 KK321i KK316 KK321 KK326 -- XV167 
---------------INSTRUCTION QUEUE 2 STATUS BITS-----------------

'i"N~EUE P1"Jr2-, BUSY r AD: WRAP AR:D-, BRANCH of~~~C P~~~~CT l~i~L EXJ88EOP r--;-- OPERro WRAP rOUND s1ATUS TRIG~ERS --;;---1 ErNER 

PRIV 
DIL 

PRIV 
OIL 

A B C D 
INCR 

MORD 
E USES 
INCRTR 

----------CA323-----------

----- GATE TO INCREMENTER -------. 
r--flFFERENC~-..., r- l~SN ADDRE:s-, SOURCE DEST 

• 
KF906 KK211 KF911 ---KF511----------KJ5U KK316 KK321 KK326 KK316 KK321 KK326 --- XVl67--- -----------CA323----------

---------------INSTRUCTl0N QUEUE 3 STATUS BITS-----------------... ADDRESS INCREMENTER CONTROLS----. 
r--u.QNEUE pi~\"i' BUSY r AD: WRAP AR:o-, BRANCH OFS~~~c p~i~~CT l~i~L EXJ88EOP r--;-- OPE~AND WRAP CAROUND s1ATUS TRIG~-ERS --;;---1 E.rflf PRIV 

DIL +16 +a +o -8 -16 DIF 

XVIH 

OIL 9 TO 
CSAR 

EMLTR 
IN I UNIT 

KFlll ---KFSDl-
r-- E CTL TGRS---, 

BUSY r AD: WRAP ARTND-, 

KK421 KK431 --KK426--- ---KK341--- KK34& ---KK331-- ---KK336---

..-------- OPERAND WRAP AROUND CONTROLS-------. r--- DUP E REG Rl FIELD---. 

A c . 8 9 10 11 

• 
----------CA323----------
r--MISCElLANE0US INCREMENTER CONTROLS---, 

CS BIT IA IB 94 IC SI 
IC 68 +8 +8 INCR INCRTR 

• 
KJ127 -- KJ132 -----KJ521--- KJ132 KJU7 KJ122 KJ137 -- CA307 --- AB157 KH231 ------ ------KK436------ ------KK441------

..------- INSTRUCTl0N QUEUE OP DECODE TRIGGERS rALLOW CHECK SAMPLE-,.----LSAR BUFFER LSAR 3 LSAR 4 -----... 
SOURCE 
INGATE SS 3~'Vo PRf:lf T •ml /J-,i1 .~JNrR INSN STORE CTRl'1 r--;:- DIF---;-i HAL~~UM 0 2 3 0 2 3 

RR302 RR310 RR314 RR318 

r-- INSTRUCTION REGISTER--..., 

00·07 08-15 16-23 24·31 

CA113 CA193 CA273 
r ADDRESS INCREMENTER LATCH-, 

08-15 16·23 24-31 

• 

CA307 

DIF 
CHECK 

AA155 AA235 AA315 AA157 AA237 AA317 
.-----------~ADDRESS ADDER------------. 
..----HALF SUM----. .-----FULL SUM----

08·15 16-23 24-31 08·15 16·23 24-31 

0 

IMAGE 

A6 

2 

FEATURE 
I UNIT-A & 
74/94 EMLTR 

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



ADR K MK ID ST ARRAY ADR VD ADR K MK ID ST ARRAY ADR VD 
CH xx xx xx OX xx xx ox 0 xx xx xx CH xx xx xx ox xx xx ox o xx xx xx 

1 xx xx xx 1 xx xx xx 
STAR xx xx xx ox xx 2 xx xx xx STAR xx xx xx ox xx 2 xx xx xx 

FAR xx xx xx xx 3 xx xx xx FAR xx xx xx xx 3 xx xx xx 
REDO xx xx xx xx B RPL xx xx xx REDO xx xx xx xx B RPL xx xx xx 

D BAR xx xx xx D BAR xx xx xx 
BAR xx xx xx BAR xx xx xx 

1 2 3 4 5 6 7 8 9 A B c D E F 1 2 3 4 5 6 7 8 9 A B c D E F 
IB A xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx IB A xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx 
IB M xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx 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 I xx xx xx xx xx xx xx xx L2 xx 
CH 0 xx xx xx xx xx xx xx xx I REG xx xx xx xx SH xx xx CH O xx xx xx xx xx xx xx xx !REG xx xx xx xx SH xx xx 
SDBO xx xx xx xx xx xx xx xx IQ 1 xx xx xx DSPM ox xx SDBO xx xx xx xx xx xx xx xx IQ 1 xx xx xx DSPM ~xx IQ 2 xx xx xx BASE xx xx xx IQ 2 xx xx xx BASE xx xx 
OP 1 xx xx xx xx xx xx xx xx IQ 3 xx xx xx INDX xx xx·xx OP 1 xx xx xx xx xx xx xx xx IQ 3 xx xx xx INDX xx xx 
OP 2 xx xx xx xx xx xx xx xx OP 2 xx xx xx xx xx xx xx xx 

A xx xx xx xx xx xx xx xx SRC xx xx xx A xx xx xx xx xx xx xx xx SRC xx xx xx 
B xx xx xx xx xx xx xx xx DST ~xx xx B xx xx xx xx xx xx xx xx DST xx xx xx 
c xx xx xx xx xx xx xx xx DIF A xx IAR A xx xx c xx xx xx xx xx xx xx xx DIF A xx IAR A xx xx xx .... D xx xx xx xx xx xx xx xx DIF B xx IAR B xx xx D xx xx xx xx xx xx xx xx DIF B xx IAR B xx xx xx .... 
E xx xx E xx w xx 
F xx xx xx xx xx xx xx xx F xx xx xx xx xx xx xx xx 

::MY 1 xx xx xx xx xx xx xx xx CSAR ox xx ::MY 1 xx xx xx xx xx xx xx xx CSAR ox xx ::My 2 xx xx xx xx xx xx xx xx CS ARA ox xx ox ::MY 2 xx xx xx xx xx xx xx xx CSA RA ox xx ox :: SUM xx xx xx xx xx xx xx xx CS ARB ox xx ox :: SUM xx xx xx xx xx xx xx xx CS ARB OX xx ox :: CAR xx xx xx xx xx xx xx xx :: CAR xx xx xx xx xx xx xx xx ::sPAR ox xx ox xx ::5 PAR ox xx ox xx 
MCRR xx xx xx xx xx xx xx xx IC xx xx xx xx MCER xx MCRR xx xx xx xx xx xx xx xx IC xx xx xx xx MCER xx 

xx xx xx xx xx xx xx MCAR xx xx xx xx MRAR xx xx xx xx xx xx xx xx MCAR xx xx xx xx MRAR xx 

0 = FLASHING 0= FLASHING 

Figure 7-4. CRT For Session 7, Question 2 Figure 7-5. CRT For Session 7, Question 3 
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H 
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2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

------ KE20Z KEZ07 ------ KE227 ------ KE602 KE607 ------ KE627 

.------INSTRUCTION ADDRESS REGISTER A I· BUFFER CONTROLS----. .------INSTRUCTION ADDRESS REGISTER BI· BUFFER CONTROLS-----. 

....-----------STATE TRIGGERS--------------. A 
A -- B -- C -- D E -- F G -- H REQUEST 

....-----------STATE TRIGGERS------------. B 
A -- B -- C -- D E -- F G -- H REQUEST 

----KE217 ---KJ53l--- KH226 KE122 KF931 ---- KE617 KJ531--- KH226 KE522 

r---PTR A TGRS----, r-DIF A CTLS INCR-. r--PTR B TGRS--. r-DIF B CTLS INCR-. 
BIN 
INCR 

B SCU 
ADV CYC 28 29 30 BY2 BY4 

AIN 
INCR 

A SCU MC DEFEAT 
ADV eve OVLP 28 29 30 BY 2 BY3 

-- KFIOS -- KFlH KFl21 -- KF126 KF926 ---

r-- INSTRUCTION REGISTER CONTROLS ---------. 
---KF311--

rACTV INSN REG i 
---KF306------KF316 --KF321-- KH231 

.---------BRANCH AND EXECUTE CONTROLS--------. 

~SS CTRLS 8' 'i..E~~ADY TirrfHT" PRAOR~\CT ·~~~L r-ssl IN PROGR\SS-, DEFEAT 
OVLP A B 

B HOLDS A USE 
TARGET MAIN 

AUX 
TO MAIN 

LB TO 
LSAL l 

KF906 KKZOS 

r-""jNOf EUE P1,ffJTl-, 

KF901S KK211 

r-'j"N~EUE P1't5T""'21 

KF906 KK211 

r--i,.QNEUE Pb~\ 3°1 

XYIH 

DIL 9 TO EMLTR 
CSAR IN I UNIT 

KF911 ---KF511-- -------- KJ50S KK316 KK321 KK32' KK311S KK3Zl KK3H -- XYl67--- ------ KG317 ------ ---KJ537--
---------------INSTRUCTl0N QUEUE 1 STATUS BITS------------------. AC BC SET UP----. 

BUSY 
r- AD: WRAP AR:D-, 

KF911 ---KF511 

BRANCH O'~~ic P'li\~CT l~~~L EXJ88EOP r---;- OPERBAND WRAPlROUND SI,ATUS TRIGlERS ---;--1 ErvW PRIV 
OIL A 

INCR E USES 
B c D MORD INCRTR 

-------- KJ511 KK316 KK321 KK326 KK316 KK321 KK326 -- XY867--- CA323 ----------
.-------------...,...-INSTRUCTION QUEUE 2 STATUS BITS GATE TO INCREMENTER ------. 

BUSY 
r- AD: WRAP AR:D-, 

BRANCH ol~~JEC P~'lt\~CT l~~~L EXJ88EOP r---;- OPERrD WRAP roUND s1ATUS TRIGl ERS ---;--1 ErNER PJilV r- flFFERENC~--..., r- l~SN ADDRE:s-, SOURCE DEST 

KF911 ---KF511 --------KJ515 KK316 KK321 KK326 KK316 KK321 KK326 -- XYl67--- ----------CA323----------

---------------INSTRUCTl0N QUEUE 3 STATUS BITS------------------. ---ADDRESS INCREMENTER CONTROLS---. 

BUSY 
r- AD: WRAP AR:D-, 

BRANCH 

KF9'H ---KF501S--

r--- E CTL TGRS--, 

BUSY 
r AD~ WRAP ARTND-, 

OFS~~ic PRAi\~CT l~~~L EXJ88EOP r---;- OPERrD WRAPrOUND s1ATUS TRIGlERS ---;--1 ErNER 

KK4H KK431 --KK426--- ---KK341--- KK346 --KK331-- ---KIC336--

.------ OPERAND WRAP AROUND CONTROLS----- r--- DUP E REG Rl FIELD---. 

'WR~~~ossw~IP21 'Tow:AP AR~g B1 A B c 8 9 10 11 

PRIV 
DIL +16 +8 +o -8 -16 DIF 

---------- CA323----------
r--MISCELLAN EOUS INCREMENTER CONTROLS--, 

CS BIT IA IB 94 IC SI 
IC 68 +8 +8 INCR INCRTR 

KJ127 --KJl32 -----KJ52l--- KJ132 KJ117 KJ122 KJ137 -- CA307 -- AB157 ------ KH231 ------ -------KK436------ ------ KK441 --....,----

.--------INSTRUCTION QUEUE OP DECODE TRIGGERS rALLOW CHECK SAMPLE-, LSAR BUFFER LSAR 3 LSAR 4 ----..... 
SOURCE 
INGATE SS 3~11% PRfJ{fT ·~~~L l~1i1 l~J~fR 'i'N'SNSTORE CTRL r-;- DIFB' HAL~~UM 0 2 0 2 3 

RR302 RR310 RR314 RR318 CA113 CA193 CA273 

r-- INSTRUCTION REGISTER--, r- ADDRESS INCREMENTER LATCH-, 

00·07 08·15 16·23 24·31 08·15 16·23 24·31 

CA307 

DIF 
CHECK 

• 

AA155 AA235 AA315 AA157 AA237 AA317 
.-----------ADDRESSADDER---------
..-----HALF SUM---, ....----FULL SUM----. 

08·15 16·23 24·31 08·15 16·23 24·31 

• 

0 

IMAGE 

A6 

2 3 

FEATURE 
I UNIT·A& 
74/94 EMLTR 

Figure 7-6. Image A6 For Session 7, Question 3 



.... .... 
UI 

B 

c 

D 

E 

F 

G 

H 

K 

L 

2 3 4 5 6 7 8 9 10 

------ llE202 KE207 ------- KE227 
.------INSTRUCTION ADDRESS REGISTER A I· BUFFER CONTROLS-----, 
r---------------STATETRIGGERS------------. 

A--e--c--o E--F G--H 

----KE217 ---KJ531--- KH226 
r--PTR A TGRS-w r-DIF A CTLS INCR-, 

28 29 30 BY 2 BY4 

• 0 0 

AIN 
INCR 

• 

A 
REQUEST 

• 
KE 122 KF931 

A SCU MC DEFEAT 
ADV CYC OVLP 

-- KF106 -- KF116 KF121 --- KF126 KF926 ----
0-- INSTRUCTION REGISTER CONTROLS ---------. 
~SS CTRLS e--1 'LERF\ADY T;rJHT" PRAOR~)CT l~~~L r- ssl IN PROGR~ss-, DEFEAT 

OVLP 

11 12 13 

--- KFlll --
r ACTV INSN REG i 

A B 

14 15 16 17 18 19 20 21 22 23 24 

------- KE602 KE607 ------ KE627 

-----INSTRUCTION ADDRESS REGISTER B I .·BUFFER CONTROLS-----. 
.------------STATE TRIGGERS---·---------..., B 

A -- B -- C -- O E -- F G -- H REQUEST 

---- KE617 --- KJ53l--- KH226 
r---PTR B TGRS---, r-DIF B CTLS INCR-, 

28 29 30 BY 2 BY 3 
BIN 
INCR 

---KF30&--- -----Kfll& --KF32l --- KH23l 

KE522 

B SCU 
ADV eve · 

.----------BRANCH AND EXECUTE CONTROLS---------. 
B HOLDS A USE 
TARGET MAIN 

AUX MAIN SUBJECT r-- EXEC ens--, 
TO MAIN TO AUX OF EXEC A B 

LB TO 
LSAL 1 

KF90& KK206 KF9ll ---KF511--- -------- KJ5011 KK316 KK32l KK326 KK316 KK321 KK326 --- XV867--- ------- KG3l7 ------- ---KJ537---

'INQ~EUE Pb~ST l' 

KF906 KK211 

l"j"N~EUE pb'L5r? 

KF906 KK211 

r-"j"NQNEUE P~~\ 3' 

XV869 

OIL 9 TO EMLTR 
CSAR IN I UNIT 

---------------INSTRUCTl0N QUEUE 1 STATUS BITS-------------------. .----AC BC SET UP----. 

BUSY 
r- AD: WRAP AR:o-, 

BRANCH of~~ic P~OR~)CT l~~~l EXJ88EOP ~ OPERrD WRAPlROUND S~TUS TRIG~ERS ---;---1 E.rvw 

KF911 ---KF511 -------- KJ511 KK316 KK32l KK326 KK316 KK32l KK326 -- XV867 
---------------INSTRUCTION QUEUE 2 STATUS BITS ------------------. 

BUSY 
r- AD: WRAP AR:D-, 

BRANCH of~~JEC P~OR~)CT l~~~L EXJ88eOP ~ OPERlND WRAPrOUND s1ATUS TRIG~ERS ----;--1 E~WER 

PRIV 
OIL 

PRIV 
OIL 

A B C D 
INCR 
MORD 

E USES 
INCRTR 

---------- CA323 ----------
...-----GATE TO INCREMENTER -----.... 
r-flFFERENC~--, ,- l~SN ADDRE:s-, SOURCE DEST 

KF9ll ---KF511--- --------KJ516 KK316 Kll32l llll326 KK316 KK321 KK32& --- XY167--- -----------CA323----------
.----------------INSTRUCTl0N QUEUE 3 STATUS BITS------------------. ADDRESS INCREMENTER CONTROLS----. 

BUSY 
r- AD: WRAP AR:D-, 

BRANCH on~ic P~OR~)CT l~i~L EXJ88EOP ~ OPERro WRAPrOUND S~TUS TRIG~ERS ---;---1 E{"yW 

KF916 ---KF506-- KK426 KK431 --KK426--- ---KK34l--- KK346 ---KK331-- ---KIC336---
.---- E CTL TGRS---, ..------ OPERAND WRAP AROUND CONTROLS------. r--- DUP E REG Rl FIELD---, 

BUSY 
r AD: WRAP A~ND-, 

A B c 9 10 11 

PRIV 
OIL +16 +8 +o -8 -16 DIF 

---------- CA323----------
r--MISCELLAN EOUS INCREMENTER CONTROLS--, 

CS BIT IA IB 94 IC SI 
IC 68 +e +e INCR INCRTR 

KJ127 -- KJ132 -----KJ521--- KJ132 KJ117 KJ122 KJl37 -- CA307 --- AB157 KH231 ------ ------KK436------ ------ KK441 ------
-------INSTRUCTION QUEUE OP DECODE TRIGGERS---------. 0 ALLOW CHECK SAMPLE-.----LSAR BUFFER LSAR 3 LSAR 4 ------, 

~~M:if SS 5~ 1t/o PR~:EEfT l~~~L l~1t1' ,~J~~R INSNSTORECT'Rl' r--;:- DIFe--i HAL~~UM 

RR302 RR310 RR314 RR318 
r-- INSTRUCTION REGISTER--, 

00-07 08-15 16·23 24·31 

CA113 CA193 CA273 
r- ADDRESS INCREMENTER LATCH-, 

08·15 16·23 24·31 

CA307 

OIF 
CHECK 

• 

0 2 3 0 2 

AA155 AA235 AA315 AA157 AA237 AA317 
..-----~----ADDRESS ADDER-----------. 
..----HALF SUM---, ..----FULL SUM----. 

08-15 16·23 24-31 08-15 16·23 24·31 

0 

IMAGE 

AG 

3 

FEATURE 
I UNIT-A& 
74/94 EML TR 

Figure 7-7. r mage A6 For Session 7, Question 4 



ADR K MK ID ST ARRAY ADR VD ADR K MK ID ST ARRAY ADR VD 
xx xx xx ox xx xx ox 0 xx xx xx xx xx xx ox xx xx OX 0 xx xx xx 

1 xx xx xx 1 xx xx xx 
STAR xx xx xx OX xx 2 xx xx xx STAR xx xx xx ox xx 2 xx xx xx 

FAR xx xx xx xx 3 xx xx xx FAR xx xx xx xx 3 xx xx xx 

REDO xx xx xx xx B RPL xx xx xx REDO xx xx xx xx B RPL xx xx xx 
D BAR xx xx xx D BAR xx xx xx 

BAR xx xx xx BAR xx xx xx 

1 2 3 4 5 6 7 8 9 A B c D E F 1 2 3 4 5 6 7 8 9 A B c D E F 

IB A xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx IB A xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx 
IB M xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx 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 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 CH 0 xx xx xx xx xx xx xx xx !REG xx xx xx xx . __ SH_ xx xx 
SDBO xx xx xx xx xx xx xx xx IQ 1 xx xx xx DSPM ox xx SDBO xx xx xx xx xx xx xx xx IQ 1 xx xx xx DSPM ox xx 

IQ 2 xx xx xx BASE xx xx 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 OP 1 xx xx xx xx xx xx xx xx IQ 3 xx xx xx INDX xx xx xx 
OP 2 xx xx xx xx xx xx xx xx OP 2 xx xx xx xx xx xx xx xx 

A xx xx xx xx xx xx xx xx SRC xx xx xx A xx xx xx xx xx xx xx xx SRC xx xx xx 
B xx xx xx xx xx xx xx xx DST xx xx xx B xx xx xx xx xx xx xx xx DST xx xx xx 

... c xx xx xx xx xx xx xx xx DIF ~® IAR A xx xx xx c xx xx xx xx xx xx xx xx DIF A xx IAR A xx xx xx ... D xx xx xx xx xx xx xx xx DIF IAR B xx xx xx D xx xx xx xx xx xx xx xx DIF B xx IAR B xx xx xx en 
E xx xx E xx xx 
F XX xx xx xx xx xx·xx xx F xx xx xx xx xx xx xx xx 

::MY 1 xx xx xx xx xx xx xx xx CSAR ox xx ::MY 1 xx xx xx xx xx xx xx xx CSAR ox xx 
::MY 2 xx xx xx xx xx xx xx xx CSA RA ox xx ox ::MY 2 xx xx xx xx xx xx xx xx CS ARA ox xx ox 
:: SUM xx xx xx xx xx xx xx xx CS ARB OX xx ox :: SUM xx xx xx xx xx xx xx xx CS ARB ox xx ox 
:: CAR xx xx xx xx xx xx xx xx :: CAR xx xx xx xx xx xx xx xx 
::SPAR OX xx ox xx ::5 PAR ox xx ox xx 

MCRR xx xx xx xx xx xx xx xx IC xx xx xx xx MCER xx MCRR xx xx xx xx xx xx xx xx IC xx xx xx xx MCER xx 

xx xx xx xx xx xx xx xx MCAR xx xx xx xx MRAR xx xx xx xx xx xx xx xx MCAR xx xx xx xx MRAR xx 

0= FLASHING 0 = FLASHING 

Figure 7-8. CRT For Session 7, Question 4 Figure 7-9. CRT For Session 7, Question 5 



B 

c 

D 

E 

F 

G 

H 

K 

L 

2 3 4 5 6 7 8 9 10 

------ KE202 KE207 ------- KE227 

.------INSTRUCTION ADDRESS REGISTER A I· BUFFER CONTROLS-----, 

..------------STATE TRIGGERS------------. A 
A -- B -- C -- D E -- F G -- H REQUEST 

• 
-----KE217 ---KJ531--- KH226 KEl22 KF931 

r--PTR A TGRS---i r-DIF A CTLS INCR'"1 

28 29 30 BY 2 BY4 

• • • 
AIN 
INCR 

• 
A SCU MC DEFEAT 

ADV eve OVLP 

-- KF106 -- KFU6 KF121 --- KFl26 KF926 ---

r-- INSTRUCTION REGISTER CONTROLS---------. 
~SSCTRLS B' r1.lF\ADY T~r~HT" PRAORTE~CT l~~~L rSSllN PROGR~ss-, DEFEAT 

OVLP 

11 12 13 

--- KF311 ---

r ACTV INSN REG i 

A B 

• • 

14 15 16 17 18 19 20 21 22 23 24 

------ KE602 KE607 ------ KE627 

.------INSTRUCTION ADDRESS REGISTER BI· BUFFER CONTROLS-----. 

..------------STATE TRIGGERS-------------. 
A--B--C--D E--F G--H 

----- KE617 KJ531--- KH226 

r--PTR B TGRS--.., rDIF B CTLS INCR'"1 

28 29 

0 0 
---KF306 

30 BY 2 

• 
BY3 

BIN 
INCR 

-----KF316 --KF321--- KH231 

B 
REQUEST 

1([522 

B scu 
ADV eve 

.---------BRANCH AND EXECUTE CONTROLS---------. 
MIX MAIN SUBJECT r- EXEC CTLS--, LB TO 

TO MAIN TO AUX OF EXEC A B LSAL 1 
B HOLDS A USE 
TARGET MAIN 

• • 
KF906 KKZOI KFtll ---KF511--- --------- KJ501 KK316 KK321 KK326 KK316 KK321 KK326 -- XV167--- ------- KC317 ------- ---KJ537---

.----------------INSTRUCTl0N QUEUE 1 STATUS BITS------------------. AC BC SET UP----. 
'INQ~EUE P:Jrl-, BUSY r- AD: WRAP AR:D 1 BRANCH of~~ic P'ii~\CT l~i~L EXJ88EOP ~ OPERrD WRAP roUND s1ATUS TRIG; ERS ~ E.fWf- PRIV 

DIL A B C D 
INCR 

MORD 
E USES 
INCRTR 

• • 
KFtOI KK211 KFtll ---KF511 -------- KJ511 KK316 KK321 KK326 KK316 KK321 KK326 --- XVl67--- ----------- CA323 ----------

.----------------INSTRUCTION QUEUE 2 STATUS BITS ------------------. GATE TO INCREMENTER -----.... 
l"""'jN~EUE P~RJj"'i' BUSY r- AO: WRAP AR:D 1 BRANCH of~~JEC P'ii\\CT l~i~L EXJ88EOP ~ OPERro WRAP lROUND s1ATUS TRIG; ERS ~ Er.fir 

• 0 

PRIV 
OIL 

• 
DEST 

KF906 KK211 KF911 ---KF511------------KJ516 KK316 KK321 KK32& KK316 KK321 1111326 --- XVl67--- -----------CA323----------

.----------------INSTRUCTl0N QUEUE 3 STATUS BITS------------------. ADDRESS INCREMENTER CONTROLS----. 
,......NQNEUE Pb~~"'i' BUSY ,-AD: WRAP AR:D1 BRANCH of~~~C P'1il~CT l~~~L EXJggEop ~ OPERBAND WRAPCAROUND s1ATUS TRIGiERS ~ ErNER PRIV 

OIL +16 +8 +o -8 -16 DIF 

0 
xvau 

OIL 9 TO 
CSAR 

• 
EMLTR 

IN I UNIT 

• 
KFIH ---KF506-

r-- E CTL TGRS--, 
BUSY r-AD: WRAP A\ND-, 

KK426 KK431 --KK426--- ---KK341--- 1111346 ---KK331-- ---KIC336--- ---------- CA323----------
.------ OPERAND WRAP AROUND CONTROLS-----. r--- DUP E REG Rl FIELD--.., r--MISCELLANE0US INCREMENTER CONTROLS--, 

CS BIT IA IB 94 IC SI 
A B c 8 9 10 11 IC 68 +8 +8 INCR INCRTR 

• 
KJ127 --KJ132 -----KJ521--- KJ132 KJ117 KJ122 KJ137 -- CA307 --- AB157 KH231 ------ -------KK436------ ------ KK441 ------

.--------INSTRUCTION QUEUE OP DECODE TRIGGERS -----.----.,ALLOW CHECK SAMPLE-,.-----LSAR BUFFER LSAR 3 LSAR 4 ------. 

~~gm SS J~ 11~b PRf:tfT l~i~L :~111 l~J:~R 'iNSNSTORECTRL1 r-;:- DIFe-i HAL~~UM 0 2 3 D 2 3 

RR302 RR310 RR314 RR31B CA113 CA193 CA273 
• r--- INSTRUCTION REGISTER--, r- ADDRESS INCREMENTER LATCH-, 

00-07 08-15 16-23 24-31 08-15 16-23 24-31 

CA307 

DIF 
CHECK 

AA155 AA235 AA315 AAl57 AA237 AA317 

.------------ADDRESS ADDER---------------..... 

.-----HALF SUM---, ..----FULL SUM----
08-15 16-23 24-31 08-15 16-23 24-31 

• 

0 

IMAGE 

A6 

2 3 

FEATURE 
I UNIT-A & 
74/94 EMLTR 

Figure 7-10. r mage A6 For Session 7, Question 5 
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PREFACE 

This volume of the maintenance diagrams manual contains diagnostic diagrams 
that can be used by both Phase I and Phase 11 CEs when analyzing system mal
Junctions. 

There are four sections in this manual. 

--- ;,:,--Th_e _first section (0-XXX numbered diagrams) contains the error check analysis 
diagrams and the various display formats with descriptions. 

- The second section (1-XXX numbered diagrams) covers the contror descriptions 
and operating procedures for the system console. 

- The third section (2-XXX numbered diagrams) contains failure analysis diagrams 
that serve as troubleshooting charts for specific units on the system. 

~The fourth section (3-XXX numbered diagrams) contains general reference 
data in chart form. 

Figure 7-11. Volume 1 Sections 
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tO 

CONTENTS 

ECAD 1S AND DISPLAYS 

e ECAD1S 

ECAD Description 0-002 
Source/Sink Out Address Check (2 Parts) 0-004 
Source/Sink, Key, Mark, Data, and ChaDDel Bus Check(2 Parts)0-008 
Source/Sink Parity Check (2 Parts) 0-016 
SDBI Check, Storage Mark Check, and Storage Address Check 0-020 
SCU Key Check, In.key Check, and Outkey Check (2 Parts) 0-028 
SCU Storage Address Check (2 Parts) 0-032 
SCU Address Check (2 Parts) 0-036 
C40 Address and Mark Check (2 Parts) 0-040 
Buffer Data Bus Out Check (2 Parts) 0-044 
Hang Detect Check (2 Parts) 0-048 
Buffer Array Checks (2 Parts) 0-052 
Control Storage - Invalid Word and Parity Checks (2 Parts) 0-056 
Parallel Adder, Half Sum, Full Sum, Half Sum Word and 

Cany Checks (2 Parts) 0-060 
E-Register Error (2 Parts) 0-064 
Serial Adder Checks (2 Parts) 0-068 
Shifter Checks (2 Parts) 0-076 

Instruction Register Check. (2 Parts) 
Address Incrementer and Difference Checks (2 Parts) 
Address Adder Checks (2 Parts) 
HSM Checks (2 Parts) 

Local Storage, Card, and ALD Locations (2 Parts) 

0-080~ 
0-084_,,_ 

0-088 
0-092 
0-200 

I-unit ECADs 

SYSTEM CONSOLE 

e CONTROL PANEL DESCRIPTIONS 
Main Control Panel 

Panel Al Controls (2 Parts) 
Panel A2 Controls (2 Parts) 
Panel A3 Controls (2 Parts) 
Panel A4 Controls (3 Parts) 
Panel AS Controls ( 3 Parts) 
Operator's Keyboard 
Frame 06 Controls (2 Parts) 

e OPERA TING PROCEDURES 
Console Operating Procedures 

e DIAGNOSTICS 
Diagnostic Charts 

FAILURE ANALYSIS DIAGRAMS 

0 CONSOLE FILE 

Console File Maintenance (8 Parts) 

OOPERATOR'S CONSOLE 
Operator's Console Charts 

e DISPLAYS /Alphabetical listing of OMAIN STORAGE 

Microfiche Indicator locations 
Image AO 

Image A1 
Image A2 
Image A3 
Image A4 
Image AS 
Image A6 
Image A7 
Image BO 

Image Bl 

Image B2 
Image Bl and B2 Descriptions 
Image B3 

Image B4 

Image B3 and B4 Descriptions 
Image BS 

Image B6 - 7094 
Image B6 - 7074 
Image B6 Descriptions 

CRT Format 

Figure 7-12. Volume I Contents 

o-so1~ MFI lamps -- has Troubleshooting Guide cs Parts) 
0-503 BSM Logic Flow (4 Parts) 
0-505 system page number, Waveforms (2 Parts) 

o-s07 and image frame 
0-s

09 d I t· 
o-s11 an row oca ion REFERENCE DATA 

0-513 

~=~~~~ 0-519 

o-s21 A 
0-523 
0-525 
0-527 
0-529 

0-531~--

0-533 
0-535 
0-537 

0-539 
0-541 

Model 165 Frame Layout 
CPU Logic Index 

Permanent Storage and logout Assignments 

Model 165 Data Flow Diagram 

This page contains the 
descriptions of the in
dicators on these pages 

1-001...-© 

!::~0 
1-001 D 
1-009 
1-011 
1-013 
1-015 

1-201 

1-401 

2-001 

2-201 

2-401 
2-403 
2-405 

3-00l;t® 
3-003 E 
3-005 

3-999 . 



ERROR CHECK ANALYSIS DIAGRAMS (ECADS) 

Error check analysis diagrams (ECADs) show Ii ne names, card locations, and 
logic pages for the circuits that activate the microfiche error lights. The 
ECADs do not necessarily show every logic line in the data flow path related 
to a given error light. They do, however, show all the cards in the data path. 
In addition, some control logic is shown. Note that ECADs are applicable only 
to machine-check type problems. 

ECAD DESCRIPTION 
Each ECAD is structured so that the user can go back from the microfiche error 
indicator through the display logic to the error detection point that controls the 
given indicator. The ECAD then covers the functional logic back to the previous 
error detection point in the data flow. Included on the ECAD (usually a multi
sheet diagram) is a data flow drawing of the logic area in question. The data 
flow shows the error checking points. 

Additional information found on ECADs: 

1 Heavy broken lines show error check flow from the error detection logic 
to the indicator. Although not shown on most ECADs, the machine error 
check lines also go to the logic that stops the clocks and freezes the main
tenance control registers that are buffering retry information. 

1 Heavy solid lines show the functional flow of data, addresses, marks, keys, 
etc. 

• Normal-weigth solid lines show control flow. 
• Some ECADs contain a list of suggested microdiagnostic and/or diagnostic 

programs. 
1 Where applicable, each ECAD lists related diagrams that are located in 

volumes 2 through 6 of the FEMDM. 

HOW TO LOCATE AN ECAD 
To locate an ECAD for a given error light refer to the ECAD Contents list. This 
list is in order by microfiche frame, row, and column. ECAD numbers are also 
shown on the microfiche images in diagrams 1-001 through 1-031 in this manual. 
The ECAD numbers are in the shaded areas directly under the error-light nomen
clature. 

Figure 7-13. ECAD Information 

HOW TO USE AN ECAD · 
Use an ECAD in the following manner to locate suspect cards. 

1. Check the data flow connected by the heavy sol id Ii nes. Locate the block 
closest to the error light. Start at the first card location above the WDxxx 
logic pages and work back changing one card at a time. 

2. Check the control flow (normal-weight solid Ii nes) in the same manner as 
described above. 

3. Check the error detection logic (heavy broken lines). 



e Machine Check Switch 

G 

The machine check switch is a three position (STOP ON CHK, PROC, DSBL) lever switch that 
is used to modify the handling of a machine check within the system. 

Stop On Check: With the switch in this position, all machine checks cause a hard stop. There 
is no logout and no interrupt is taken. If the switch is moved to the process position and the 
start switch is pressed, a retry is attempted if the machine is in retry mode. If the machine 
is not in retry mode, results are unpredictable. 

2. Process: With the switch in the process position, all machine checks cause a hard stop, 
a logout, and (if the retry switch is set to NORM) an instruction retry. If retry is disabled, 
a logout and machine check interrupt occurs. If retry is in the count mode, a logout and 
machine check interrupt occurs only on count overflow. 

3. Disable: In the disable position, this switch causes all machine checks to turn on the associated 
check triggers. No other action is taken. 

._I _e1 .... h~...,* .... "-' _,I ._I ---....,,.,,"-ou_G_•_1_m _____ ,.__,._,c_•o_o1_.c_•N_os_r1_cs _ ___,l~I t~~~t I \7~::m I 
noc• '&' 
Coo' r;mu~@oo O•::u;=il 

..-c, znos 

0 
zuos ~7,L•tL~1 

Lwam 0 0 w11u 
OMU ONIS J 

Q~--~TE 
~
OCHT ~OHIGH 
0 OFF QNOlM 

0~~1ra 0LOW 

FOICED UPEAT 

~ our ~ ~ ~ ~011• ~o,.m ~ ~ QNOIM QHOIM QNOlM QRSDT O~O•M QOFf ONOlM 

0 m 0 ~~s~' 0 ~~c~' 0 ~s~~ a ~·~.. 0 SNG 0 DSIL 

Figure 7-14. Stop On Check 



..a 
N 
N 

rGROSS STATUS--, 
rMARG ACIV1 · 

.----------------------UNIT DIRECTORY----------------------. LOGIC CHECKS ---i 
.-----CHANNEL FRAME 

7 I 
..----- STORAGE-----..., CNSL CON 

FILE FIG 
I E 

CPU CHAN TEMP PWR POU CDU CNSL CPU 

MFI - Row A-~o 0 0 0 0 0 0 0 0 

FIXED INDICATORS (MFI DISPLAY) 

GROSS STATUS INDICATORS 

e Margin Active, CPU -- One of the four margin control switches is 

not set at the nominal value ( 1, 25V de). 

2 

0 

•Margin Active, Channel -- A margin control on one of the channel 

frames is not set at the nominal value, (Does not apply to the 2880) 

e Temperature -- One of the following coolant conditions exists in the 

CDU: high temperature, low temperature, low reservoir, or low flow. 

• Power -- Power is not up on a unit that has its local/remote switch 

set to remote, This indicator is also on if the MG detects an over

voltage condition or if the MG is set to the local (voltage sense) mode 

Figure 7-15. MFI Row A 

3 4 5 6 0-1 2-3 4-5 6-7 8-9 10-11 UNIT UNIT SCU STOR 

0 0 0 0 0 0 o ·o 0 0 0 

UNIT DIRECTORY INDICATORS 

• POU -- One of the following POU conditions exists: MG check, POU thermal 

check, ac or de circuit breaker tripped, 

• CDU -- One of the following CDU conditions exists: empty reservoir, no 
208V ac to the pump, or any of the conditions that tum on the gross status 
temperature indicator. 

0 0 • 0 0 

LOGIC CHECK INDICATORS 

The five logic check indicators are used to indicate 

a machine check condition. Additional information 

for a logic check condition is obtained by displaying 

the appropriate image on the MFI display, 

•Configuration check Image Al 

• Console -- There is a tripped CB in frame 06 or a thermal indication in frame •I-Unit 
05 or 06 • 

Image A6 ....... i------i 

• CPU -- There is a thermal indication in the CPU or POU or a tripped CB in 
the POU, 

•E-Unit 

•Storage Control Unit 

• Channel Frames 1 through 7 -- Power is not up on the indicated channel frame e Storage 

Image AS 

Image A2 

Image Al 
(local/remote switch set to remote), -----------------------" 

• Storage 0 1 1 through 10, 11 -- Power is not up on the indicated logical storage 
unit local/remote switch set to remote , 

0 
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N w 

B 

c 

D 

E 

F 

G 

H 

K 

L 

2 3 4 15 6 7 8 e 10 

------ 11202 KU07 ------ KU27 

----INSTRUCTION ADDRESS REGISTER A I· BUFFER CONTROLS-----. 
A -- I -- C __ IT~Tl TRIGGEERl_-_-_-,:-,----G----------H---. REQOEIT 

----KU17 ---KJUl--- KH2H Kl122 Kftll 

r---PTR A TGRl---i r-DIF A CTLS INCR-, 

21 30 IY 2 IY4 

0 0 • 
AIN 
INCR 

A ICU MC DEFEAT 
ADV CYC OVLP 

-- KFlDI -- KPUI KPlZl -- K'1H KPUI ---
,..- INSTRUCTION REGISTER CONTROLS-------.... 
r-- II CTllLI---., r-:" READY TORI--, PROTECT INVAL r-11 IN PROOREll-, DEFEAT 

A D . ·) ,l,IFT RIGHT AREA ADii l 2 OVLP 
,, .. 

11 12 13 

--KF311-

r ACTY INSN REG i 

A B 

14 16 18 17 18 19 20 21 22 23 24 

------ KHD2 KUD7 ------ KH27 r----- INSTRUCTION ADDRESS REGISTER B I ·BUFFER CONTROLS-----. 
A -- B -- c __ STaTE TRIGQEERS_-,:_-.:-,----a---.:.:.:-H--. REQ3EST 

---- KH17 KJU1--- KHZZI 

r--PTR B TGRS----, r-DIF B CTLS INCR-, 
8 

IN 

21 29 30 IV 2 IV 3 INCR 

--KF301 K'311 --KF3Zl -- KH23l 

Kl!l22 

I ICU 
ADV eve 

--------BRANCH AND EXECUTE CONTROLS----------. 
I HOLDS A UIE AUX MAIN SUBJECT ,.....-- EXEC CTLI--, LI TO 
TA RQET MAIN TO MAIN TO AUX OF EXEC A B UAL 1 

• 
KrtOI KKZOI KrtU ---KPIU--------- IUIOI KllJll llKUl KKUI KK3111 KKU1 KUH -- XYH7--- ------ KGJ17 ------ ---KJ5J7--

r--'j'NQf EUE P1'L'ri"-, 

II rt DI KKIU 

r-'jN~EUE P1,RJia1 

KPIOI KK211 

r-"'jNQ~EUE Pt~\ "i""1 

·XYHI 

DIL I TO EMLTR 
CIAR IN I UNIT 

--------------INSTRUCTl0N QUEUE 1 STATUS BITS----------------.., AC BC SET UP----. 

IUIY 
r-AD: WRAP Ait.rD-, 

Krtll ---KPIU 

BRANCH ol~~~C P~o11~\CT l~i~L EXJ88EOP ~ OPE~AND WRAP c"ROUND lhATUI TltlQ:ERI --;---1 ErNl PRIV 
DIL A 

INCR E USEI 
B C D MORD INCRTR 

-------- IUlll KKJlll KKUl KllUll KllJll KKUl KKJH -- XVH7----------- CAUi ---------
--------------INSTRUCTION QUEUE 2 STATUS BITS-----------------. .. -----GATE TO INCREMENTER-----

IUIY 
r- AD: WRAP AR:D ""'I 

llPIU ---KPlll--

BRANCH ol~~JEC P~i\\CT l~~~L EXJ88EOP r-;- OPER8AND WRAP CA.ROUND 11,ATUI TRIG:ERI --;---1 E.JwER PRIV 
DIL ,-ilFFERENC~-, r- l~SN ADDRE,1-., IOUllCE DEST 

--------llJ5U Kllllll llKUl KK321 Klllll Klll21 KlllH --XVH7-- ---------CAUJ---------

--------------INSTRUCTION QUEUE 3 STATUS BITS----------------- ADDRESS INCREMENTER CONTROLS---

IUIY 
r- AD: WRAP AR:D-, 

BRANCH 

Krtll ---llPIDI--
r--- E CTL TGRS--, 

IUIY 
,-AD: WRAP A\ND-, 

o/~~EC p~i\\CT l~~~L EXJ88EOP r-;- OPEii/ND WRAP CA.ROUND •tATUS TRIG:m --,---, E~W 

KIC4JL --K114H--- ---KKl41-
,...----- OPERAND WRAP AROUND CONTROLS-----, 

KK4H KKS41 

'WR~~~osst:u,7 r--ro•:AP AR~g u-1 A B c 

--KK331-- --KIC3H--
r--- DUP E REG Rl FIELD---, 

8 SI 10 11 

PRIV 
DIL +UI +I +O -· 

CA323 
r--MISCELLAN EOUS INCREMENTER 

Cl BIT IA IB 
IC 68 +8 +II 

-16 DIF 

CONTROLS---, 
141C IN~~TR INCR 

KJ127 -- KJ1U -----ICJl21--- KHU llJ117 KJ12Z KJ137 -- CA307 -- All57 KH2Sl KK4H KK441 
-------INSTRUCTION QUEUE OP DECODE TRIGGERS r-ALLOW CHECK SAMPLE-, 

SOURCE 
INGATE SS ~~ 11~~ PRfllfT 1~i~L IJ-1~~ 1~~:¥R 1 1NsNsTORE cm r--;- oiF--;--i HAL~~uM 

1111302 1111310 1111314 1111111 
r-- INSTRUCTION REGISTER---, 

Diagram number of ECAD 
that contains 1-regi ster 
check flow 

CAU3 CA!U CA273 
r- ADDRESS INCREMENTER LATCH-, 

08·15 16·23 24-31 

CA307 

DIF 
CHECK 

0 

LSAR BUFFER LSAR 3 

2 3 0 2 3 

AA155 AA235 AA315 AA157 AA237 AA317 
..--------ADDRESS ADDER----------. 
----HALF SUM---, ----FULL SUM----. 

08-15 16-23 24·31 08·15 16·23 24-31 

0 

LSAR 4 

IMAGE 

A6 

2 

FEATURE 
I UNIT·A& 

3 

. 74/94 EML TR 

Figure 7-16. Image A6. 



Buf Data Bus Out PO 07 Pl 15 P2 23 P3 31 P4 39 P5 47 P6 55 P7 63 

Card Location 03C4xx E2 F2 G2 H2 E2 F2 G2 H2 

ALD Page MQxxx 301-305 307-313 315-321 323-327 331-337 341-347 351-357 361-367 

x • x 

Instruction Buffers, Any Byte, Any Buffer 

Bit Positions in Byte (Table 1) 00 01 02 03 04 05 06 07 p 

Card Location 03Bxxx 4T2 452 4R2 4Q2 5T2 552 5R2 5Q2 5P2 

ALD Page RRxxx 

Aux Even 050 054 058 062 066 070 074 078 082 

Aux Odd 086 090 094 098 102 106 110 114 118 

Main Even 122 126 130 134 138 142 146 150 154 

Main Odd 158 162 166 170 174 178 182 186 190 

05 06 07 p 

Card Location 03Bxxx 4T2 452 4R2 5T2 552 5R2 5Q2 5P2 

ALD Page RRxxx 

Bytes 0-1 194 198 202 206 210 214 218 222 226 

B tes 2-3 230 234 238 242 246 250 254 258 262 

1 
Line Nome ~ Card Local ion ALO Page 

"Si ~es 0 1 ~ ~2 3 Bytes 0 1 2 3 

Ind I-reg Error xx Io3B5xx} N2 -( N2 ]i N2 RRxxx 302 310 314 318 
Ind A6-A7 Col x nor- 1 2 _h \J 4 WDxxx 221 221 221 221 

Display Fiche Bit xx OlBlxx G2 H2 J2.:sJ [l K2 WDxxx 007 011 015 019 

Display Fiche Bit xx Exit 01 1 2 3 N4 WMxxx 215 215 215 215 

Display Fiche Bit xx Entr 05 1 2 3 14 WllOO 

Bus Bit xx MF 05B-A2xx J6 J6 J6 l6 PAOll 

Line 9<>xx 058-A lxx D2 E2 F2 GI PBxxx 001 001 011 011 
Ind 06A-A lxx E2 E2 E4 ~ PBxxx 201 201 211 211 

.-- - - - - --- - - ;~ FRAME A& 

1 ROW L 

RR302 RR310 RR314 RR318 CA113 CA193 CA273 CA307 ~ AA315 AA157 AA237 AA317 

r INSTRUCTION REGISTER-, rADDRES5 INCREMENTER LATCH I I ADDRESS ADDER 
I 

r- HALF SUM-----, r- FULL SUM-----, IB A 
DIF 

00-07 08-1 6-23 24-31 08-15 16-23 24-31 CHECK 08-15 16-23 24-31 08-15 16-23 24-31 

IB M 
CH I 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CH 0 
SDBO 

Figure 7-17. I-Register ECAD 

xx 
IA 
xx 
xx 
xx 

Line Name Card Location ALD Page 

• ~----1----------+---0-3B5-M2--+--K-E-906~-~92~1----1 
I ngote to I-buffers 

• 

I 
xx 
23 
xx 
xx 
xx 

Line Name Card Location ALO Page 

Pointer A Lths 03B5J2 KEl 17 

- Pointer B Lths 03B4J2 KE517 

2 
xx 
IA 
xx 
xx 
xx 

3 

lngate I-reg 0-15 03B4M2 KFl 16 

lngate I-reg 16-31 03B4M2 KF121 

Table 1 

Byte Position 
0 2 3 4 5 

00 01 02 03 04 07 
08 09 10 11 12 15 
16 17 18 19 20 23 
24 25 26 27 28 31 
32 33 34 35 36 37 39 
40 41 42 43 44 45 47 
48 49 50 51 52 53 55 
56 57 58 59 60 61 63 
64' 65 66 67 68 69 71 
72 73 74 75 76 77 79 
80 81 82 83 84 85 87 
88 89 90 91 92 93 95 
96 97 98 99 100 101 103 

104 105 106 107 108 109 111 
112 113 114 115 116 117 119 
120 121 122 123 124 125 127 

__ This table shows the position within any byte that any bit 
of a quadword occupies. For example, bit 91 of a quadword is 
located in byte 11, bit 03, of that quadword. 

To determine which word of the main instruction buffer was gated 
to the instruction register, look at microfiche frame A6. If the A 
using main indicator (A6, 017) is on, pointer A triggers (A6, 
Cl-C3) show the word outgated from the instruction buffer. If the 
A using main indicator is off, pointer B triggers (A6, C16-Cl8} 
show the word outgated from the instruction buffer. The pointers 
ore coded as follows: 

Pointer Bits Outgated 

000----©--r00-31 
001 E 16-47 
010 32-63 
011 48-79 
100 64-95 
101 80-111 
110 96-127 
111 112-127, 00-15 

5 6 7 8 g A B 
xx xx xx xx xx xx xx xx xx 
24 IA 2B IA 28 xx xx xx xx 
xx xx xx xx xx 
xx xx xx xx xx !REG IA 
xx xx xx xx xx IQ I xx 

IQ 2 xx 
IQ 3 xx 

F 
xx 
xx 



.... 
N 
U1 

A Di a gram 0-084 

005-085 

Shifter In-bu• 00-02 03-05 06-PO 08-10 11-13 14-Pl 16-18 19-21 

005-085 ALD Page ASxxx 001-081 

22-P2 24-26 27-29 30-P3 32-34 35-37 38-P4 40-42 

Cord Location 04C3.x 52 R2 02 52 R2 02 52 R2 M2 02 52 R2 02 P2 N2 M2 P2 N2 

59-61 62-P7 

N2 M2 Image A6 
Terminator PO 07 Pl 15 16-17 18-19 20-23 P2 P3 31 P4 39 PS P6 

Card Location 04xxxx C5L2 C5H2 C5G4 D2J2 C5G4 B2F4 C5G4 C5E4 ----------- CA32l-----------
t--C-a-rd_L_oc_o-ti-on-03A-4x-x-t------1-------'----'---i..:..:...=-.i....:..:..;_,_ _ __:.:....:.. __ _,_ _ _;::..:.c __ +----N-2---+---G-2---+-... r----MISCELLAN EQUS INCREMENTER CONTROLS-----, 

AddreH Adder L th PB-15 Toa 15 P16-23 T16 23 P24-2aI24 31 

Card Location 03A5xx J2 E2 H2 

ALD Page AAxxx 081-157 161-237 241-321 

Terminator P8-15 Toa 11T12 15 P16-23T16 19120 23 P24-28I24-21 28 

Cord Location 03A4xx K2 T P2 T M2 K2 T H2 I F2 C2 I E2 I C2 

T T 
x x 

0 • x x 
I 

IARA-IAR&-Src-D.i PB-15 08 11 12 15 P16-23 16 19 20 23 P24-28 24 31 

Card Location 03A4xx K2 P2 M2 K2 H2 F2 C2 E2 C2 

ALD Page RPxxx 154 081-115 121-151 234 161-195 201-235 314 241-275 282 

Terminator PS-15 OB 09 10 11 12 13 14 15 P16-23 16 17 18 19 20 21 22 23 

Card Location Olxxxx /':lM2 /':2N2 A2P2 A202 A3H2 A3J2 A3K2 A3L2 

Card Location 03B3xx C2 C2 D2 

x 

e 
x 

x • x 

PB-15 08 15 P16-23 16 23 P24-2B 24 ':ll 

N2 G2 D2 

081-151 161-231 241-273 

PB-15 08 09 10 II 12 13 14 24 2 26 27 28 

A2G2 /':2M2 A2N2 A2P2 3H2 A3J2 A3K2 A3L2 A3G2 A3M2 A3N2 A3P2 

x x 
0.1 e 

--~~~~~~~~~~~~-x I x 

I 
line Nome Card Location ALD Page 

Ind Adr Iner Err Bits 08-15 16-23 24-31 Bits 08-15 16-23 24-31 Line Name 

Ind Adr Iner Err 03A4xx N2 G2 02 CA 113 193 273 Ind Dif Reg Err 

Ind Ab-A7 Col xx Dot 7 8 9 WD 223 223 223 Ind A6-A7 Col 11 

Dsply Fiche Bit xx 0184xx G2 H2 J2 WD 047 051 055 Dsply Fiche Bit 11 

Dspl y fiche Bit xx Exit 01. 7 8 9 WM 215 215 215 Osply Fiche Bit 11 

Dsply Fiche Bit xx Entr 05 7 B 9 wt 100 100 100 Dsply Fiche Bit II 

il<Js Bit xx MF 05B-A2 J6 J6 JS PA 011 011 011 il<Js Bit 11 MF 

Line 9<:>xx 05B-Alxx F3 G3 D4 PB 031 031 041 Line9<>11 

Ind 06A-A lxx F2 F2 F4 PB 231 231 241 Ind 

40 

....----
Card Location 

03A4H2 

Dot 

018402 

Exit 01 

Entr 05 

05B-A2K6 

05S-Alf4 

06A-A1F6 

CS BIT IA IB 94 IC SI 
IC 68 +8 +8 INCR INCRTR 

• 
Dif Reg A P26-27 

Card Location 03A4xx 

ALD Page CAxxx 265 

r---------_J 
I 
I 
I 
I 
I 

Dif Reg B 

Card Location 03A4xx 

ALD Page CAxxx 

P26-27 

285 

0 

28-31 

B2 

287 

~---------_J Image A6 
I 
I 

ALD Poge 

RP173 

WD223 

WD077 

WM215 

Wl.100 

PA021 

PBOSI 

PB251 

lml------- KG317 -------
W.-------AC 8C $ET UP----

A B c D 
E USES 
INCRTR 

------------CA323------------lllllll 
-----GATE TO INCREMENTER -------ii• 
r--flFFERENCE--, ,- l~SN ADDRE:S-, 

fi)~--4-----L-in_e_N_o_m_e _____ -+-_C_ar_d_L_o_co_1_io_n-+--A-LD_P~age'---I 
Shifter Pre-bu• to AIL 03A4J2 CA363 

line Name Cord Local ion ALD Page 

Gate Adder lo I-regs 0385B2 KF741 

Line Name Cord Loe at ion ALD Page 

Gote Adder to I-regs 0385B2 KF741 

Gate Adder to Dif Reg 03A4B2 CA307 

Line Name Card Loca~ion ALO Page 
Gate 1-odr A lo Iner 03A4J2 CA343 

Gate Dst Adr to Iner 03A4J2 CA363 

Line Name Card Lo cat ion ALO Page 

Add Inst Adr to Dif 03A4J2 CA353 

Gate Iner to Latch 03A4D2 CA313 

Line Nome Cord Location ALD Page 

Gate Iner lo 1-odr A 03A4J2 CA343 

Gate Iner to 1-adr B 03A4J2 CA353 

Gate Iner to Src Adr 03A4J2 CA363 

Gate Iner to Ost Adr 03A4J2 CA363 

Line Name Card Location ALD Page 

Gote AIL to Dif • Ptrs 03MJ2 CA343 

Line Nome Cord Lccation A LO Page 

Iner Dil Regs by 0,2,4,6 03B4L2 KJ531 

Deer Oil Reg by 8 03A4J2 CA353 

Line Name Card Lccotion ALO Poge 

41»~~+-~ln_c_r_by_O __ +_a~+_l_6 ___ -r--0-3A_4_J_2_-+-_c_A_3_7_3_~ 
Deer by -B -16 03A4J2 CA373 

Iner or Deer 03A4D2 CA313 

Image A6 

T , _________ _J ------------CA323-----------· .. 

FRAllE A&, ROR L 

RR302 RR310 RR314 RR318 CA 11 3 CA 193 CA273 

r-INSTRUCTION REGISTER ----, I ADDRESS INCREMENTER LATCH I 

00-07 OB-15 16-23 24-31 08-15 16-23 24-31 

CA307 

DIF 
CHECK 

AA155 AA235 AA315 AA157 AA237 AA317 

.----------ADDRESS ADDER --------~ 

r- HALF SUM----, r-FULL SUM----, 

08-15 16-23 24-31 08-15 16-23 24-31 

00000089909000000000 

Figure 7-18. Address I ncrementer ECAD 

r----ADDRESS INCREMENTER CONTROLS---•• 

+8 +O -8 -16 DIF 



Diagram 
0-200 

C)J 
x • x 

Diagram 
0-200 

~ 
x • x 

Diagram 
0-060 

Figure 7-19. 

Tobie 1 

Position Instruction Register 

Byte 0 1 2 3 4 5 6 7 p Bit Positions in Byte (Tobie 1) 00 01 02 03 04 05 06 07 08 
L2 lth 0 00 01 02 03 04 05 06 07 p Cord Location 03Bxxx 4T2 4S2 4R2 402 512 5S2 5R2 502 5P2 

ALO Page RRxxx 

Bytes 0-1 194 198 202 206 210 214 219 222 226 

1 08 09 10 11 12 13 14 15 p 
2 16 17 18 19 20 21 22 23 p 
3 24 25 26 27 28 29 30 31 p 

Card location 03A5xx 

ALO Po e ABxxx 

Bytes 2-3 230 234 238 242 246 250 254 259 262 

_s __ 1_1 .!LJ.i....:2;.::0'-------.::..:.. 
x x 

0 0 x • x ------~-------i_J 
L2 Reg P, 11-15 

Card location 03A5xx C2 

ALO Page ABxxx 301 

x • x 
L-lth P,27-31 

Cord location 03A5xx C2 

ALO Page ABxxx 311 

x 
0 

27 x 31 I 

Card Local ion 03A5xx 

ALO Page ABxxx 

L2 xx 
SH 

DSMP 
BASE xx 
INDX xx 

x e 
x 

XA Reg {Included with Adder) 

11 12 13 14 15 p 

xx 
ox 
xx 
xx 

D-lth 

Some os DA Reg 

x 

G 
x 

DA Reg (Included with 
Adder) 

20-31 

,-----~-----=------=-~-
I 
I 
I 

Adr Adder (Corry Prop) 
Cord location 03A5xx 

ALO Page AAxxx 

L-------, 
Line Name Card Locoti on 

Adr Adder HS Check Bits 08-15 16-23 24-3 Bits 

Ind HS Check Byte x 03ASxx J2 E2 H2 AAxxx 
Ind A6-A7 Col x Dot 14 15 16 WDxxx 

Dsply Fiche Bit xx E_lBlxx 02 F2 N2 WDxxx 

Dsply Fiche Bit xx Exit 01 14 lS 16 tNMxxx 

Dsply Fiche Bit xx Entr OS 14 15 16 ~lxxx 
Bus Bit xx MF pSB-A2xx - JS I- PAxxx 

line 9<>x 058-Alxx ES FS G5 PBxxx 

Ind lo6A-Alxx G2 G4 G4 PBxxx 

ALO P"lle 
08-15 16-23 

155 23S - 22S 

037 003 

1- 215 - 100 

1- 021 

061 071 

261 271 

Line Name Card location ALO Page 

24-31 Adr Adder FS Check Bits 08-15 16-23 24-31 Bits P8-1s 16-23 24-31 

315 Ind FS Check Byte x 03A5xx J2 E2 H2 AAxxx 155 235 315 

1-- Ind A6-A7 Col x Dot 18 19 20 WDx~ 225 227 227 
031 Dsel_r Fiche Bit xx 01xx><x BIP2 8402 8402 WDxx> 035 077 077 

1-- Dsply Fiche Bit xx Exit 01 18 19 20 WMxx> - 215 f--
~ Ds_e_ly_ Fiche Bit xx Entr 05 18 19 20 Wlxxx 1- 100 f--
I-- Bus Bit x MF 05B-A2 - K6 I-- PAxxx - 021 f--

071 line 9<>x OSB-A Ix. E6 F6 G6 PBxxx 081 091 091 

271 Ind 06A-Alxx G6 H2 H2 PBxxx 281 291 291 

L---------------, 
FRAME A&. ROW L 

RR302 RR310 RR314 RR3 18 

r-- INSTRUCTION REGISTER--i 

00-07 08-15 16-23 24-31 

CA 113 CA 193 CA273 

rADDRESS INCREMENTER LATCHI 

08-15 16-23 24-31 

CA307 

DIF 
CHECK 

0000000 00000 

Address Adder ECAD 

M155 AA235 AA315 AA157 AA237 M317 

~--------ADDRESS ADDER---------

r--- HALF SUM---, r-- FULL SUM-, 

08-15 16-23 24-31 08-15 16-23 24-31 -- oeee 

•• 
0 

•--4--~l~in_e_N_a_m_e ___ ~C_a_r_d_Lo_c_at_ion-+A_L_D_Pa~g~e 
I-unit Clock 03A5T2 KC311 

Line Name Cord Location ALO Page 

Gate B-bus into BA Reg 038582 KF711 

038582 KF711 

038582 KF711 

038582 KF711 

Gate PAL into BA Reg 

f>~1-G~a~te;..;;;.D~-l~th~i~nt~o~D~A-R_e~g--J----'----l--"'-'-~ 
OR 1-----~l-S_S_L~og~i_ca_l_G_o_te_f_o_r_L-_re~g'--+--..;__--+------4 

O-f-1-Gc_te_X_-_b_u_•i_n_w_X_A_Re~g--J------l----~ e----+--1 Gate PAL into XA Reg 

0-+- Gate L-lth into XA Reg 

L.- SS Decimal Gate for L-reg 

Line Name 

Src Cale for SS 

Ost Cale lngt IR la l 

• 

038582 

038582 

038582 

038582 

KF716 

KF716 

KF716 

KF716 

ALO Page 

KF106 

KG432 

• 
Image A3 

21 22 23 24 

LINE 
LSOO! 

B LSAL 1 .... 

0 1 2 3 

LSOO! 

c 1r LSAL 2 , 
0 1 2 3 

LS025 

D 1r LSAL 3 I 

0 1 2 3 

LS025 
E Ir LSAL 4 I 

0 1 2 3 

LS041 

F r-- LSAL 5 (WRITE ONLY)----, 

0 1 2 3 

LS041 

r GEN PUR 
LSAL 

CONTROL WRITE 
G 

REGS FLOAT PAIR 





... 
N ca 

~ ""' Buf Data Bus Out p~ 07 Pl IS P2 23 P3 31 ~ 39 PS 47 P6 SS P7 63 • Line Name Card Location ALD Page 

Card Local ion 03C4xx E2 F2 G2 H2 E2 F2 G2 H2 Ingole to I-buffers 03B5M2 KE906-921 Note 3: 
Four ca 
BDBO. 

rd for complete ALO Page MQxxx 301-305 307-313 315-321 323-327 331-337 341-347 351-3S7 361-367 

.... .... 
x • I 

Instruction Buff~rs, Any Byte, Any Buffer 

Bit Positions in Byte (Table 1) 00 01 02 03 04 OS 06 07 p 

Note 1: 
d contains all One car 

four po sitions. 

Card Location 03Bxxx 

ALO Page RRxxx 

Aux Even 
Aux Odd 

Main Even 

Main Odd 

Bit Positions in Byte (Table 1) 

Cord Location 03Bxxx 

ALO Page RRxxx 

Bytes 0-1 

~ytes 2-3 

Line Name 

Ind I-reg Error xx 

Ind A6-A7 Col x 

Display Fiche Bit xx 

Display Fiche Bit xx 

Display Fiche Bit xx 

Bus Bit xx MF 

Line 9<> xx 

Ind 

4T2 452 4R2 4Q2 ST2 552 

oso 054 OS8 062 066 070 

086 090 094 098 102 106 

122 126 130 134 138 142 

158 162 166 170 174 178 

x 
0 
I 

Instruction Register 

00 01 02 03 04 05 

4T2 4S2 4R2 4Q2 5T2 5S2 

194 198 202 206 210 214 

230 234 238 242 246 2SO 

J 

~~ JS: ~ 
:Sca~ocati6i \ 

Bytes iij"o ~i 1 ~2 R3 

03B5xx N2 N2 N2 N2 

Dot l 2 3 4 

OlBlxx G2 H2 J2 K2 

Exit 01 1 2 3 4 

Entr 05 1 2 3 4 

OSB-A2xx J6 J6 J6 J6 

05B-A lxx D2 E2 F2 G2 

06A-Alxx E2 E2 E4 E4 -. 

SR2 5Q2 _5P2 ,.. 
J-... 

074 078 082 
110 114 118 

146 150 154 

1B2 186 190 

06 07 p 

5R2 502 !il2 
I""" 

218 222 226 

2S4 2S8 262 

ALO Page 

Bytes 0 1 

RRxxx 302 310 

WDxxx 221 221 

WDxxx 007 011 

WMxxx 215 215 

WLlOO 

PAOl 1 

PBxxx 001 001 
PBxxx 201 201 

- - - - - - - - J 
FRAME A& 
ROW L 

RR302 RR310 RR314 RR318 
I INSTRUCTION REGISTER-, 

CA 113 CA 193 CA273 

rADDRESS INCREMENTER LATCH-, 

CA307 AAISS AA23S AA315 AA157 AA237 AA317 
~----- ADDRESS ADDER------

r- HALF SUM-----, r- FULL SUM---, 

DIF 
00-07 08-15 16-23 24-31 08-15 16-23 24-31 CHECK 08- lS 16-23 24-31 08- lS 16-23 24-31 

e e .e e o o o o o o o o o o o o o o o o 

Figure 7-21. I-Buffer Packaging 

2 

314 

221 

015 

215 

011 
211 

~ ~ 
Line Name Card Location ALO Page 

Pointer A Lths 03B5J2 KE117 

o- Pointer B Lths 03B4J2 KE517 

Ingole I-reg 0-15 03B4M2 KF116 

Note 4: lngate I-reg 16-31 03B4M2 KF121 

All control is on only ~ four cards. 

3 

318 

221 

019 

215 

011 
211 

' 

Table l 

~ Byte Position 
0 l 2 3 4 5 p 

0 00 01 02 03 04 05 06 07 p 
1 08 09 10 11 12 13 14 15 p 

t 
2 16 17 18 19 20 21 22 23 p 
3 24 2S 26 27 28 29 30 31 p 
4 32 33 34 35 36 37 38 39 p 
5 40 41 42 43 44 45 46 47 p 

I 6 48 49 so Sl 52 53 54 55 p 

7 56 57 S8 S9 60 61 62 63 p 
·0 64 65 66 67 68 69 70 71 p 

) 9 72 73 74 7S 76 77 78 79 p 
10 80 81 82 83 84 85 86 87 p 
11 88 89 90 91 92 93 94 95 p 
12 96 97 98 99 100 101 102 103 p 
13 104 105 106 107 108 109 110 111 p 
14 112 113 114 115 116 117 118 119 p 
15 120 121 122 123 124 125 126~ p 

Note: This table shows the position within any byte that any bit 
of a quadword occupies. For example, bit 91 of a quadword is 
located in byte 11, bit 03, of that quadword. 

To determine which word of the main instruction buffer was gated 
to the instruction register, look at microfiche Frame A6. If the A 
using main indicator (A6, D17) is on, pointer A triggers (A6, 
Cl-CJ) shew the word outgated from the instruction buffer. If th 
A using main indicator is off, pointer B triggers (A6, C 16-C 18) 
show the word outgated From the instruction buffer. The pointers 
are coded as Follows: 

Pointer --
000 
001 
010 
011 
100 
101 
110 
111 

Note 2: 
Changing this card will change 
bit 7 of every byte in the main 
I-buffer, the aux I-buffer, and 
the 1-regi ster. 

Bits Outgated 

00-31 
16-47 
32-63 
48-79 
64-95 
80-111 
96-127 

112-127, 00-15 

e 



... 
N 
CD 

Shifter In-bu• 

Card Location 04C3xx 

ALO Page ASxxx 

Terminator 

Ccrd Location 04xxx.IC 

Card Location 03A4xx 

J 

Addren Adder L th PS-15 08 15 Pl6-23 16 23 P24•28 24 31 

J2 E2 H2 l Card Location 03A5xx 
081-157 ALO Page AAxxx 161-237 241-321 r 

Terminator P8·15 08 11 12 15 P16-23 16 19 20 

Card Location 03A4xx K2 P2 M2 K2 H2 

23 P24·28 24-21_ 28 

C2 E2] C2 F2 
l 
I 
[ 

Oif Reg A 1 
Card location 03A4xx T 
ALO Page CAxxx J 

28-31 L 
B2 ,rr-1 

P26-27 I 

1 
N o{P) x 

265 ~ 275 J 
e --~~~~~~~~~--7~~ l __ _J 

-------+-~ .... ~---._J ~ I i-- ----
Pa-15 08 2 11 1-S: 15 P16-23 16 19 20 2~~24-2a ~=:~::s.7128 31 I IARA-IARS-Src•Ost 

Card Location 03A4xx K2-W' P2 ,a- K2 H2 F2 i"""c2 E2 rc2 

154 001-m 121-1s1 234 161-195~~1-235 314 241-275 J 2a2 ~, I Q 
ALO P~ RPxxx 

ra-15 00 09 10 11 12 13 14 1s Pl6-23 16 1if1a 19 20 2~ P24-28 24-2~26 27 2a I 
A2M2 A2N2 A2P2 A2Q2 A3H21A3J2 A3K2lA3L2 ............ A3M2jA3N2 A3P2 

Terminator 

Card Location Olxxxx 

C.vd Location 03B3xx C2 C2 

T 
x 

G 

Line Nome 

Ind Adr Iner Err Bits 

Ind Adr lnc!:!r 03A4xx N2 G2 D2 CA 113 193 273 

Ind A6·A7 Col xx Dot 7 a 9 WO 223 223 223 

Dsply Fiche Bit xx 0184xx G2 H2 J2 WO 047 051 055 

Dsply fiche Bit xx Exit 01 7 8 9 WM 215 215 215 

Dsply Fiche Bit xx Entr 05 7 a 9 WL 100 JOO 100 

Bus Bit xx MF 05B-A2 J6 J6 J5 PA 011 Oil 011 

Line 9<>xx 058-Alxx F3 G3 D4 PB 031 031 041 
Ind 06A-Alxx F2 F2 F4 PB 231 231 241 

l 

FRAME A&. ROW L 

RR302 RR310 RR314 RR318 CA113 CA193 CA273 

r-INSTRUCTION REGISTER ----, rADDRESS INCREMENTER LATCH --, 

00-07 06-15 16-23 24-31 08-15 16-23 24-31 

~ I 
D2 ~ I ] 

I [ Dif Reg B ] P26-27 31 28-31 

I [f Cord Location 03A4xx JJ 
2
B

5 1
s2 

ALD Page CAxxx 287 

Line Name ~Cord Location ALD Page 

Ind Dif Reg Err '03MH2 RP173 

Ind A6·A7 Col 11 Dot WD223 

Dsply Fiche Bit 11 018402 W0077 

Dsply fiche Bit 11 Exit 01 WM215 

Dsply Fiche Bit 11 Entr 05 WllOO 

Bus Bit 11 MF 05B-A2K6 PA021 

Line9<>11 058-AIF4 PB051 

Ind 06A-A1F6 PB251 

.------ __ _J 

CA307 

DIF 
CHECK 

AAISS AA235 M315 M157 AA237 AA317 

.---------ADDRESS ADDER -------~ 

r- HALF SUM ----, r---FULL SUM----, 

08-15 16-23 24-31 08-15 16-23 24-31 

oooooo•••oeoo 0000000 

Figure 7-22. Address I ncrementer Packaging 

0-

~ 
1 

s 
Line Name Card Location ALO Poge 

Shifter Pre-bus to Al L 03A4J2 CA363 ~ 

0 
Line Nome Card Location ALO Page 

Gote Adder to I-regs 038582 KF741 -""""-
""" 

Line Name Card Location ALO Page 

Gate Adder to I-regs 0385B2 KF741 _A_ 

""" • Gate Adder to Dif Reg 03A4B2 CA307 

Line Name Cord Loca:ion ALO Page 

Gote 1-odr A to Iner 03A4J2 CA343 ~ ,_ Gate 1-adr 8 to Iner 03A4J2 CA353 ~ 
Gata Src Adr to Iner 03A4J2 CA363 i...... 
Gate Ost Adr lo Iner 03A4J2 CA363 i.... 

Line Name Card Location ALO Page~ 
Add Inst Adr to Dif 03A4J2 CA353 

Gate Iner to Latch 03A4D2 CA313 J """ 

Line Name Card Location ALO Poge 

Gate I ncr lo 1-adr A 03A4J2 CA343 ~ 
1- Gate Iner to l·adr B 03A4J2 CA353 k~ 

Gate I ncr to Sre Adr 03A4J2 CA363 

~ Gate Iner to Ost Adr 03A4J2 CA363 

. 

Line Name Cord Location ALO Page 

Gate AIL to Dif • Ptrs 03A4J2 CA343 ~ 

Line Name Cord Locotion ALO Page 

Iner Dif Regs by 0,2,4,6 03B4L2 KJ531 

Deer Dif Reg by 8 03A4J2 CA353 ~ 

Line Name Card Location AW Page 

I ncr by 0 + 8 + 16 03A4J2 CA373 

~ Deer by - 8 - 16 03A4J2 CA373 

Iner or Deer 03A4D2 CA313 
~ 

• 
CD 

u 



_. 
w c 

Diagram 
0-200 

C)J 
x • l 

Note 3: 

Diagram 
0-200 

C(J 
x • i 

Diagram 

~ 

Table 1 

Position Instruction Register 

Byte 0 I 2 3 4 5 6 7 p Bit Positions in Byte {Table 1) 00 01 02 03 04 05 06 07 08 
L2 Lth 0 00 01 02 03 04 05 06 07 p Card Location 03Bxxx 4T2 4S2 4R2 402 5T2 5S2 5R2 502 5?2 

1 08 09 10 11 12 13 14 15 p 
2 16 17 18 19 20 21 22 23 p 
3 24 25 26 27 28 29 30 31 p 

ALO Page RRx.-

Byles 0-1 194 198 202 206 210 214 218 222 226 

Card Local ion 03A5xx 

ALO Pa e ABxX> 

Bytes 2-3 230 234 238 242 246 250 254 258 262 

11 11 15 ~2.._o _ ....... 

1 
___ 3_1 

x x 
0 0 x 

L2 Reg 

Card Location 03A5xx 

L ALO Page ABxxx 

[ L-lth 

l Card Location 03A5xx 

L ALO Page ABxxx 

1 301 

·~ 

• 1 
I P,27-31 

l C2 

_L 311 

x 
0 

J 

] 
J 
J 

27 x 31 I 

x x • 
,,-- ---J _ __J x 

"'Note 4: 
Adder parity bits and L2 latch 
and register, and L-latches are 
on the same card. 

~~\ ! 

l
x 8 

1 l
x I 

[ 
L 

-0-lth :SI 
Same as DA Reg ~ 

~ ' • i 1 

20-31 

_ ... [ 
~ 

L 
Cord Location 03A5xx l F2 l K2 JC2I 02 rc2 K2IF2I K2 I F2 rc2] 

ALO Po9e ABxxx Jo0!1_09110U_11112113U_141 15!1_15~16U_17110!1_19il6U1BI19U_17[Cl73 12U_08[14TI:151 13[10!1_111 09!.l_153V 

"" 8 Sum Out 31 8 Carry (Into) Output 31.J 

] 

XA, BA, and DA registers are 
on the same cards as the carry 
save part of the adder. 

~-----i--t---3-1 -8 ~ ~ 
I [ AdrAdder(Corry Prop) 08To9fu1I11I12T1JI14 15TpJ16I1tl18f19[20J2[2~23[Pp4 25 26}27 28[29 30J31 p 

I [ Cord Location 03A5xx J2-. l ._-E2 ,,_,-- l ~ H2 

[ ALO Page AAxxx 081 I 101J121I1~5l 161~01 l 221J231l_241 261 281 301 311 

I \:8 ~ z z 31_/ 

L------,___- =-rK't ~---, 
Line Name Cord locatio.!l~ 17" ALO P~ Line Name ~ ~d°l "'Plion ALO Page 

Adr Adder HS Check Bits 08-15 I~ 2~ Bits 08-15 16-23 24-31 Adr Adder FS Check Bits If_-~ '16~ j'4-31 Bits pa-15 16-23 24-31 

Ind HS Check ~ex 03A5xx J2..!_~ ~ J!!_ AAx~ 155 235 315 Ind FS Check Byte x 03A5xx ~2 ~ 'H2 AAxxx 155 235 315 

Ind A6-A7 Col x Dot 14 15 16 WDxxx ~ 225 f-- Ind A6-A7 Col x Dot 18 19 20 WO)()()( 225 227 227 

Dsply Fiche Bit xx ~1Blxx 02 F2 N2 WDxxx 037 003 031 D~Fiche Bit xx Olxxxx B1P2 8402 8402 WDx~ 035 077 077 

Osply Fiche Bit xx Exit 01 14 15 16 ~M><)()< ~ 215 f-- Dsply Fiche Bit xx Exit 01 18 19 20 WMxx_!' --I 215 1---
0sply Fiche Bit xx Entr 05 14 15 16 ~Lxxx ~ 100 ~ 19 20 Wlxxx --I 100 l---D!£!yFi che Bit xx Entr 05 18 

Bus Bit xx MF ~B-A2xx -j JS f--- PAxxx ~ 021 f--- K6 I=:'-_ PAxxx --I 021 l---Bus Bit x MF 05B-A2 -
Line 9<>x 05B-A lxx ES F5 G5 PBxxx 061 071 071 F6 G6 PBxxx 081 091 091 Line 9<>x OSB-Alxx E6 

Ind ]Q_6A-A lxx G2 G4 G4 PBxxx 261 271 271 H2 H2 PBxxx 281 291 291 Ind 06A-Alxx G6 

FRAllE A&, ROW L 

RR302 RR310 RR314 RR318 

.-INSTRUCTION REGISTER---, 

00-07 08-15 16-23 24-31 

L------------1 

CA 113 CA 193 CA273 

rADDRESS INCREMENTER LATCH--, 

08-15 16-23 24-31 

CA307 

DIF 
CHECK 

AA155 AA235 AA315 AA157 AA237 AA317 

~------ADDRESS ADDER--------. 

r-- HALF SUM----i .----- FULL SUM------i 

08-15 16-23 24-31 08-15 16-23 24-31 

ooooooooooooeee oeee 

Figure 7-23. Address Adder Packaging 

·---.,1---,-~-~-t~-~-:-k---+-Ca_~-3~-~-~-ti_onTA-~-~J-~~:;e 

Line Name Cord Location ALO Page 

• • Gate B-bus into BA Reg 038582 KF711 

Gate PAL into BA R~ 038582 KF711 

f)-i Gate D-lth into DA Reg 038582 KF711 • OR SS Logical Gate for L-reg 038582 KF711 .-+-i Gate X-bus into XA Reg 038582 KF716 

e Gate PAL into XA Reg 038582 KF716 .___, 
t---i Gate L-lth into XA Reg 038582 KF716 

'--1 SS Decimal Gate for L-reg 038582 KF716 

Line Nome 

Src Cole for SS 

D.t Cole lngt IR to L 

• 0 

Note 2: Note 1:--
D-latch on same card 
as DA register. 

AI I one card -- also 
changes control lines 
indicated by 11 511 on 
Figure 7-22 



... 
w ... 

B 

c 

D 

E 

F 

G 

H 

K 

L 

2 3 4 5 6 7 B 9 10 

------ llEZ02 KE207 ------- KE227 

-----INSTRUCTION ADDRESS REGISTER A I· BUFFER CONTROLS-----. 
------------STATE TRIGGERS------------. 

A--B--c--o E--F G--H 

----KE217 ---llJ53l--- llH2H 

r---PTR A TGRS---i r-DIF A CTLS INCR-i 

28 30 8Y2 BY4 
AIN 
INCR 

A 
REQUEST 

llEl22 Kf931 

A SCU MC DEFEAT 
ADV eve OVLP 

-- llFlOI -- llFUI llfl21 --- KF12' llF92& ---

,-- INSTRUCTION REGISTER CONTROLS --------. 
r-; SS CTRLS 8' 'LEWDY TirJHT' P~<:t~~CT l~~l r- ss1 IN PROGR~SS-, DEFEAT 

OVLP 

11 12 13 

---KFJU--

r ACTV INSN REG 1 

A B 

14 15 16 17 18 19 20 21 22 23 

KE602 KE607 

INSTRUCTION ADDRESS REGISTER B I ·BUFFER CONTROLS 
STATE TRIGGERS 

A-- e-- c-- D E-- F G-- H 

---- KE617 KJ!Ul--- KH2Z6 

r--PTR B TGRS----i r-DIF B CTLS INCR-i 
BIN 

28 29 30 BY 2 BY 3 INCR 

---KF306 ----llflll --KF321--- KH231 

24 

KE627 

B 
REQUEST 

KE522 

B SCU 
Aov eve 

.----------BRANCH AND EXECUTE CONTROLS--------..... 
B HOLDS A USE 
TARGET MAIN T:~~IN T~A1Hx ~~em~ r-AEXEC CTLSB--, 

LB TO 
LSAL 1 

llF901 KllZDI llftll ---11nu--- -------- llJ501 llKll& KK32l llK321 Kll31& KK321 KK321 -- XV167--- ------- KG317 ------ ---KJ537---

r-"'j"NQ~EUE p1i\ l1 

KFI06 KllZll 

..... N~EUE p1isT""'2' 

llFIO& KK211 

r-1,nEUE P~~~ 3" 

xveu 

OIL 9 TO EMLTR 
CSAR IN I UNIT 

---------------INSTRUCTl0N QUEUE 1 STATUS BITS----------------- AC BC SET UP----. 

BUSY 
r- AD: WRAP AR.f D-, 

BRANCH OFS~~~c p~i~~CT ·~~~l EXJ88EOP r--;- OPERBANO WRAProuND S1,ATUS TRIG~ERS ~ E.fWl 

Kftll ---KF511 -------- KJ511 1111316 Kll321 llKJH llKll& 1111321 KIC326 -- XVl67 
---------------INSTRUCTION QUEUE 2 STATUS BITS-----------------.. 

BUSY 
r- ADSR WRAP AR.f D-, 

BRANCH OFS~~~C P~':t~~CT l~~~L EXJ88EOP r---;-" OPERro WRAP lROUND s1ATUS TRIG~ERS ~ EfvW 

PRIV 
Oil 

PRIV 
Oil 

A B C 0 
INCR 

MORO 
E USES 
INCRTR 

----------CA323----------
----- GATE TO INCREMENTER ------. 
r-flFFERENC~--, r- l~SN AODRE:S-, SOURCE OEST 

KFIU ---KF5U --------KJ511 KK316 1111321 llK326 KK316 KK321 KK326 --- XVH7--- -----------CA323----------

---------------INSTRUCTIQN QUEUE 3 STATUS BITS----------------- ADDRESS INCREMENTER CONTROLS---

BUSY 
r- AD: WRAP AR.f D-, 

BRANCH OFs~~~c P~i~~CT l~~~l EXJ8~EOP '--;- OPERrD WRAPCAROUPID s1ATUS TRIG~ERS ~ E.Jw: 

Kftll ---Knoa-- KK421 KK431 --1111426--- ---1111341--- KIC346 ---1111331-- ---KIC336---
,--- E CTL TGRS----. 

r-AD: WRAP ARTND, 
BUSY 

r------ OPERAND WRAP AROUND CONTROLS-----. r--- DUP E REG Rl FIELD---. 
r=' IMPOSSIBLE :--i r-:: WRAP ARNO--, . 
WRAP 1 WRAP 2 TO A TO B A B C B 9 10 11 

PRIV 
OIL +16 +8 +o -8 -16 DIF 

---------- CA32J----------
r--MISCELLANE0US INCREMENTER CONTROLS---. 

CS BIT IA 18 94 IC SI 
IC 68 +8 +8 INCR INCRTR 

KJ127 ---KJ132-----llJ52l--- KJ132 KJ117 KJ122 KJ137 --CA307--- AB157 KH231------ ------KK431i------------KK44l------

..-------INSTRUCTl0N QUEUE OP DECODE TRIGGERS r-ALLOW CHECK SAMPLE-,.-----LSAR BUFFER LSAR 3 LSAR 4 -----.. 
SOURCE 
INGATE SS 3~1Vo PR~JffT l~~~L IJ'1~<t 1~Ji~R INSNSTORE CTRL r--;:- DIF---;--' HAL~~UM 

RR302 RR310 RR314 RR318 

,-- INSTRUCTION REGISTER--, 

00-07 08-15 16-23 24-31 

I-Unit error 
check indicators 

CAU3 CA193 CA273 CA307 
I ADDRESS INCREMENTER LATCH-, 

08-15 16-23 24-31 
DIF 

CHECK 

0 2 3 0 2 3 

AAl!l!I AA235 AA315 AA157 AA237 AA3l7 
..----------ADDRESS ADDER----------. r---- HALF SUM ----. 

16-23 08-15 24·31 
.----- FULL SUM ----. 

16-23 08·15 24·31 

0 

IMAGE 

A6 

2 3 

FEATURE 
I UNIT-A & 
74/94 EMLTR 

Figure 7-24. I-Unit Error Lights 



I Byte 
I 
I 

I Bit I 
I 
I 
I 
.. _________ _ 

~ I 
W I 
N 

Byte 

I Bit 
I 
I 
I 
I 
.. _________ _ 
I 
I 
I 
I 
I 
I 
I 

\ 

0 

8 

Byte 0 

Aux Even I-Buffer 

1 2 7 

1234567P .. 

. 63 

Aux Odd I-Buffer 

9 10 

Main Even I-Buffer 

1 2 

Main Odd I-Buffer 

9 10 15 

I-Register 

1 2 3 
' ' ' ' \\ Bit 0 1 2 3 4 5 6 7 P 0 1 2 3 4 5 6 7 P 0 1 2 3 4 5 6 7 P 0 1 2 3 4 5 6 7 P 

,, ,, 
' -

0 31 

03B4R2 Will Change 
These Posit ions 

Figure 7-25 I-Buffer Functional Packaging 



-a 
w w 

Oil Re A 

Card Location 03A4xx 

ALO Page CAxxx 

r------
1 

I 
I 
I 
I 

Dif Reg B 

Cord Location 03A4xx 

ALO Page CAxxx 

Same 
Card 

28-31 

275 

28-31 

287 

~---------_J 
I 

0 

Figure 7-26. Session 7, Question 8 Remedial 

Address Adder Lth PB-15 08 15 P16-23 16 23 P24-28 24 31 

Card locotioll 03A5x>< J2 E2 H2 

ALO Page AAx'°' 081-157 161-237 241-321 

Terminator PB-15 08 11 12 15 Plb-23 16 19 20 23 P24-28 24-2~ 28 

Card Location 03A4xx K2 P2 M2 K2 H2 

1 
F2 C2 E2}C2 

T 
x 

~ ~! ! -----_.L::._~--~::\_,.. ___________________ ~"'~~ -'-----

J.1ARA-IAR~Src-o,tl_ PS-15 08 11 12 15 P16-23 16 19 ~ 23 P24-28 24 27128 31 

~ Location ~xx K2 P2 M2 K2 I~ F2 C2 E2 J C2 

ALO Page RPxxx 154 081-115 121-151 234 161-195 201-235 314 241-275} 282 

Terminator PB-15 08 09]0 11 12 13114 15 P16-23 16 lips 19 20 2!1_22 23 P24-28 24-25126 27( 28 

Card Location Ol'°'xx 

Card Location 03B3xx C2 C2 02 

This tells you that bits 16 to 19 of the SRC and DST 
registers, and IARA and IARB, are all on the same 
card. 

Figure 7-27. Session 7, Question 7 Remedial 



XA teg (Included with Adder) 

31 B 

5 
Adr Adder (Cony Save) 

Card Location 03A.5xx 
ALO Page A8xxx 

Adr Adder (Car Prop) 

Card Location 03A.5xx 

ALO Page AAxxx 

Card location for bits 8 to 31 are the same for 
BA and XA registers. 

Same is true for bits 20 to 31 for DA register. 

BA Reg (Included with Adder) 

Figure 7-28. Session 7, Question 9 Remedial 

DA Reg (Included with 
Adder) 

31 20 31 

I 

All three inputs 
combined to 
'produce two 
outputs. 

PARTIAL LIST OF SYSTEM LOGIC UNITS 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 

OBAR 
Address Adder 
LAR Buffer Latch 
ACAL 
MCDR 
Buffer Bypass Latch 
L2 Register 
Paral lei Adder 
Channel Data-Out Buffer 
A-Register 
Shift Control Triggers 
Destination Register 
Main I-Buffer 
A-Pointer 
C-Register 
STAR 
FAR 
Source Register 
LAL5 
F-Register 
Instruction Queues 
Serial Adder 
MCWR 
Difference Register B 
CSAR 
B-Register 

Figure 8-1. Sesion 8, Question 1 



' ' ~ RED-LIGHT ERRORS 

@}---+-cH 
ADR K MK ID ST ARRAY ADR VD 

xx xx xx ox xx xx ox 0 xx xx· xx 1. Store Check 

~STAR 
1 xx xx xx 2. Hang Detect xx xx xx ox xx 2 xx xx xx 

@-+-FAR xx xx xx ox xx 3 xx xx xx 3. Parallel Artder Halfsum Check 

@-..REDO xx xx xx xx ~B RPL xx xx xx 4. Parallel Adder Fullsum Check 

~ 
~D BAR xx xx xx 5. Difference Check 
~BAR xx xx xx 6. 1-Regi ster Check 

~ 1 2 3 4 5 6 7 8 9 A B c D E F 7. Address Adder Fu llsu m 
~IBA XX xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx 8. Serial Adder Half sum 
~IBM 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 9. E-Register Check 

CH 0 XX xx xx xx xx xx .XX XX · IREG xx xx xx XX~SH xx xx 10. Address Adder Halfsum 
~SDBO XX xx xx xx xx xx xx XX~IQ 1 xx xx xx ~DSPM OX xx 

~OP I XX 
@-+IQ 2 xx xx xx ~BASE xx xx xx 11. Serial Adder Fullsum 

xx xx xx xx xx xx XX~IQ 3 xx xx xx ~INDX xx xx xx 12. Parallel Adder Carry Check 
~2XX xx xx xx xx xx xx xx . z 

®----:;A XX xx xx xx xx xx xx xx ~SRC xx xx xx 13. Parallel Adder Halfsum Word Check 
""" B XX xx xx xx xx xx xx xx ~DST xx xx xx 14. Outkey Check w @) l> c xx XX~DIF A XX Ul xx xx xx xx xx xx ~IAR A xx xx xx 
~DXX xx xx xx xx xx xx XX(§)"""D I F B XX IAR B xx xx xx 15. Buffer Array Check 
®---::E XX xx ~ 16. Shifter Input Check 
~FXX xx xx xx xx xx xx xx 

t XX~CSAR 
17. Address I ncrementer Latch Check 

e-:=MY I xx xx xx xx xx xx xx ox xx x~ 18. Shifter Output Check MY 2 xx xx xx xx xx xx xx XX~CSARA ox xx 
~SUM xx xx xx xx xx xx xx XX~CSARB OX xx x-+-0) 19. Non-Retry Storage Check . 
~CAR xx xx xx xx xx xx xx xx t 20. Shifter Control Check PAR ox xx ox xx 

@...._MCER ~CRR xx xx xx xx xx xx xx xx xx 21. Address Storage Check f MCDR 

9-+IC xx xx xx x~ 22. Enter Error xx xx xx xx xx xx xx xx{§}+MCAR xx xx xx XX MRAR xx xx xx xx 

a 

Figure 8-2. Session 8, Questions 10 & 11 Figure 8-3. Session 8, Questions 19 & 20 



1. Op 1 Register 
2. CSAR 
3. Shifter-In Bus 
4. D-Register 
5. C40 ROS 
6. C50 WCS 
7. Output Latch 
8. PAL 
9. CSDR 

10. C-Register 
11. LAL3 
12. E-Register 
13. CSAR A 
14. ACAL 
15. Mark Buffer Latch 

Figure 8-4. Session 8, Question 22 

r 
Controls Operation 
of the E-Unit 

I-Unit 
---Equivalent---!+- State Control 

M 
Mnt Control 
Word Latch 

Triggers 

Controls Operation 
of the I-Unit 

Figure 8-5. E And I-Unit Contror Areas 



1-unit 

A B C D E 

UCDI 

Ila Opl Ro91111r -61 
I 

µcI:::ll 
0p2 R19i1tor -

F 

IQ Lth(lz.l~I 
LOCATST 

I· contrala force a 1 to 
low•Ofdlr bit of LAR3 

IC Lth(8-ll) 

] 

So""' Rog 129·31) ~'------~ 
H Destination Reg (28-31) 

"" .... ~"~ 
Inst O-l..th1 (0-7or 8·151..r.;'\ 

1 -5_ ~illor E-UNIT 
Inst Q-Rogi1ttr (20-23) 

~ ] ~-+_] __ ,_____ ~ II ~ j 1
1 H " [,""-;i,,~ .. -; E ,'""";::.:::"·:~ .... ?_6 ____ ___, E Ho E-R~1~~r;~i~~1~T:·~ ~ r Co~~~~:~~~1 [l~~~~~t.~~:tr:1 I 

1
1 I 1 lo CPU Identity 

61
1 I Q.f ~ 
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BOBO 

"------+----- A or B Register 

'-------- A-Register 

OPERAND REGISTERS - OP 1, OP 2 

The two eight-byte operand registers, referred to as operand register 1 and 
operand register 2, are used to buffer prefetched storage operands. 

The only ingate to the buffers is.the buffer data bus-out (BOBO), which may be 
·gated directly or shifted right 32. The shift allows the I-unit to place all fixed
point and floating-point short operands in the right half of the buffers. 

lngating data to the registers is done by the I-unit. 

Transfer of d~ta from the operand registers to the working registers is dependent 
on the operation performed and upon which operand register contains the active 
data. 

Operand buffer I can be gated to the A- or B-register; operand buffer 2 can be 
gated only to the A-register. This allows the I-unit to use either buffer for RX 
instruction setup. For SS instr~~tion~__!_ operand buffer 1 is used solely for 
destination operands and operand buffer 2 is used only for source op-erands~--

Figure 8-7. Operand Registers 
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The eight-byte A-register is used primarily as the second operand register. 
The second operand is the contents of a local storage register, or the source 
operand for RR, RX, and SS formats. 

I ngates to t~e A-register include the parallel adder, shifter, operand register 1, 
opera~d register 2, and local storage. The seriar adder latch may be gated into 
the high-order byte of the A-register to handle floating-point characteristics. 

T~e A-r.egister can be outgated to the parallel adder (true or complement form) 
with shifts of 0, 1, or 2. The A-register also feeds the shifter and contains 
byte gates to the serial adder. 

Figure 8-8. A-Register 
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The eight-byte B-registet is used primarily as the first operand register. The 
first operand is the content of a local storage register for RR and RX formats 
and the destination field for SS format. 

The ingates to the B-register include the parallel adder, the shifter, operand 
register I, local. storage, the B-reg prebus and the byte ingates from the serial 
adder. 

The 8-reg prebus is a 32-:-bit bus to the high-order 32-bits of the B-register. 
This bus accommodates inputs from the PSW, the time of day clock, the 
control registers, the CPU identification and the machine check interruption 
code. 

The B-register can be outgated to the parallel adder with a "right three•• shift 
or a left shift of 0, I, 2, and 3. The B-register also feeds the shifter and the 
serial adder by byte. 

Figure 8-9. 8-Register 
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The eight-byte C-register is used primarily as a buffer facility to input data 
to the local storage. For those RR and RX format instructions that require 
a result to be placed in local storage, the result is held in the C-register and 
written in local storage during the first cycle of the next instruction. The 
C-register is used in fixed- and floating-point multiply to hold a multiple of 
the multiplicand. 

The ingates to the C-register include the parallel adder, shifter, the I-unit 
address incrementer latch (used for Load Address, PSW handling, VFL in
structions, and such, and the serial adder to the high-order byte (used in 
floating-point characteristic handling). 

The C-register can be outgated to local storage and (in true or complement 
form) to the parallel adder. 

Figure 8-10. C-Register 
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The eight-byte D-register is used for multiplier decoding.in !i~ed-. and 
floating-point multiply and as the quotient accumulator in d1v1de rnstru.c
tions. The high-order byte may be ingated from and ou!gated to the sen al 
adder and· serves as a byte buffer for serial adder operations. · 

The ingates to the D-register include the parallel adder, shifter, and the 
serial adder (to the high-order byte). The high-order byte may be gated to 
the serial adder as previously mentioned. 

Figure 8-11. D-Register 
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T.he parallel adder is a 64-bit (plus parity) full-binary arithmetic unit In· 
addition to arithmetic operations, the parallel adder performs the following 
operations: four-byte-wide logical (AND, OR, exclusive OR), algebraic com
pare, convert-to-decimal (CVD), convert-to-binary (CVB), and simple data 
transfer. Error-checking facilities with in the adder consist of: (1) a halfsu m 
check that verifies the validity of the incoming data (operands) and (2) a 
fullsum check that verifies the validity of the adder result. As part of the 
fullsum check, parity is predicted on a byte basis. These parity bits accom
pany the adder result to its destination. 

Important points concerning the adder are: 

1 Is 64-bit (plus parity) full-binary adder. 
1 Includes halfsum and fullsum error checking. 
1 Inputs are from A-, B-, C-, and D-registers. 
1 Outputs go to shifter, serial adder, address adder, and A-, B-, C-, and 

D-registers. 
1 Operation rate is one operation per machine cycle. 
1 Adder operates every machine cycle. If no register data is gated into the 

adder, zero bytes with good parity are forced through the adder. 

Figure 8-12. Parallel Adder 
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An eight-byte shifter in the E-unit displaces the bits of an operand from 0-63 
positions to the right or left for fast data alignment, multiplication, and 
division. The shifter is also used as a 11feed-thru 11 device to transfer data 
from one arithmetic register to another. It performs left or right, arithmetic, 
or logical shifts. If a left shift is given, bits are moved from low-order to 
high-order positions, and vice versa for a right shift. On arithmetic shifts, 

·the sign bit is propagated as the operand is shifted; during logical shifts, the 
sign is shifted in the same manner as other bits (zeros fill in vacated positions). 

The shifter requires only one machine cycle to perform a shift operation, re
gardless of the number of positions shifted. Thus, any Shift instruction can 
be executed within one CS cycle. 

The shifter is logically divided into six stages: shifter in-bus, stage A, stage B, 
stage C, stage D, and the shifter output latches. The shifter in-bus (SI) pro
vides the ingating from the E-unit arithmetic registers. Shifter-stages A-D 
perform the actual shifting operations. Dllta is gated to SI, filters through the 
shifter stages, and is then set into the output latches. Each stage shifts the 
data a different amount The contents of the shifter output latches are gated to 
the A-, B-, C-, D-, or F-register. 

Figure 8-13. Shifter 

SH I FT CONTROL TR I GGERS (SCTs) 

The direction (left or right) of shifts, the number of positions shifted, and sign 
propagation are controlled by shift control triggers (SCTs). The SCTs are a 
"left shift" trigger which is on for left shifts and off for right shifts, a "shift 
single arithmetic" trigger which is on for a word-length operand during an 
arithmetic shift operation, a "shift double arithmetic" trigger which is on for 
a doubleword length operand during arithmetic shifts, and three groups of 
four SCTs which control the number of positions shifted. Each group of the 
last-mentioned SCTs is associated with a certain stage of the shifter. The SCTs 
associated with stage B cause the operand to be shifted 0, 1, 2, or 3 positions in. 
stage B; the SCTs associated with stage C cause the operand to be shifted 0, 4, 
8, or 12 positions in stage C; and the SCTs associated with s-tage D cause the 
operand to be shifted 0, 16, 32, or 48 positions in stage D . 

The SCTs are set up by micro-orders that specify an operation to be performed 
by the shifter. For most shifts, the shift amount is ingated from a specific reg
ister, is decoded, and is sent to stage B, C, and D SCTs. One SCT is set in each 
of these three groups. The arithmetic and left shift triggers are set according 
to the operation. 

Figure 8-14. SCTs 
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Figure 8-15. Shifter Stages 
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• Handles information on a byte basis. 

AC-BC 
(used with 
MVC instruction) 

• Processes information from the A-register, the B-register, and byte DO. 
• Operation rate is one operation per machine cycle. 
• Adder proper must add in every cycle. In serial-adder no-op cycles, 

zero is added to zero and good parity is forced into the "W parity" latch. 

Figure 8-16. Serial Adder 

A particular A-register byte is selected for outgating to WIA by turning on one 
of eight gate control triggers ('A GCT O' through 'A GCT 7'). Decoding of ACAL 
determines which of these GCTs turns on. A particular B-register byte or 
byte DO is selected for outgating to WIB by turning on one of nine GCTs ('B 
GCT o• through 18 GCT 7' and the GCT for DO). The control program determines 
whether a B-register byte or byte DO is selected, and decoding of BCAL deter
mines which of the B-register GCTs turns on. 

The primary function of the serial adder is to perform arithmetic operations 
(binary or decimal) and logical operations (AND, OR, or Exclusive OR) on two 
one-byte-wide operands. The miscellaneous functions of the serial adder in
clude the following: 

I. Check for valid decimal data and sign. 
2. Generate preferred decimal signs and zones. . 
3. Produce constants or increments by use of the four;...bit emit field in 

control storage. 
4. Post-normalize the floating-point characteristic. To enable th is, the 

paral le I-adder-hex-decode constant is placed on WA for addition to the 
characteristic that is entering the serial-adder B-side from DO. 

5. Act as a straightforward data path. This is done by adding zero to data 
th~t is being routed through the serial adder. Further, the data that is 
being thus routed may be manipulated by cross-gating or by gating only 
one of the two incoming digits. 

6. Decode the pattern characters for the Edit instruction. 
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LOCAL STORAGE 

A high speed local storage (LS) reduces the number of main storage references 
that are required by the CPU during each operation. Local storage consists of 
20 latch registers: 16 general-purpose registers (GP Rs) for fixed-point operands 
and addressing components and four floating-point registers (FPRs) for floating
point operands. The GPRs are fullword registers (32 bits); the FPRs, double
word registers (64 bits). Information can be stored in or fetched from an LS 
register during one machine cycle (80 nsec), and up to four LS fetch (plus one 
LS store) operations can occur simultaneously. In other words, LS can be 
accessed from four sources and written into from one source during a single 
machine cycle. 

The 16 GPRs can be used as base and index registers in address calculations 
and indexing and as accumulators in fixed-point arithmetic and logical opera
tions. The four FPRs are used for floating-point operands and are used only 
during execution of floating-point instructions. 

Figure 8-17. Local Storage 

Local storage is shar·ed by the I-unit and the E-unit in their efforts to set up and 
execute instructions, 'respectively. Therefore, to provide complete 1-unit/E-unit 
overlap and the ability to process an instruction in one cycle, fout GP Rs can be 
read a_nd a fifth can be written into the same cycle. This multiple-accessing 
ability of, LS al lows the operand put-away initiated by one instruction to be over
lapped with the execution of the next instruction. In addition,, execution of an 
instruction may require that the. contents of one or two LS registers be fetched 
at the same time that the' I-unit is calculating an effective address, which may 
also require the use of one or two registers of LS. 

The I-unit accesses LS for two operations: E-unit setup and address calculations. 
When an instruction is passed from the l~unit to the £-unit, the E-uriit registers 
must be setup with the values needed to begin instruction execution.· Setup in
cludes fetching operands from local storage and i ngati ng them into the A- or 8-
regi ster as required. To perform address calculations, the I-unit contains a 
three-input address adder. Two of the three principal inputs to address-adder 
input registers are two local storage buses, LS-X-data bus and LS-8-data bus. 
During the instruction decode cycle, the contents of the required GPRs are fetched 
from LS, and the other addressing components to be added are set up. The ad
dressing component~ are ingated to the adder input registers (XA, BA, and DA), 
and the add occurs, producing a main storage address which is sent to one of the 
I-unit address registers. , 

LS fetches by the E-unit are always for operands. As directed by the control pro
gram in the E-unit, the contents of the specified GRP or FPR are gated to the A
and/~r B-register, as required. Local storage stores are always performed by the 
E-urnt. The control program gates the contents of the C-register to the specified 
GPR or FPR. · . 

Figure 8-18. Local Storage 
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LOCAL STO~AGE ADDRESS LATCHES 

Read addressing is performed by four sets of local storage address latches: 
LALI, LAL2, LAIJ, and LAL4; write addressing is performed by local storage 
address register S (LARS). 

LALI addresses LS to fetch the index component of an effective address. The 
index component is a 24-bit number contained in a GPR that is specified by the 
X-field of an RX format instruction. When LAU is addressed from the I-unit 
instruction register, data from the specified GPR is gated to the I-unit XA 
register. 

LAL2 addresses LS to fetch the base-address component of an effective address. 
The base address is a 24-bit number contained in a GPR that is specified by the 
8-field of an instruction that references main storage. When LAL2 is addressed 

_by the I-unit instruction register, data from the specified GPR is gated to the 
I-unit BA register. 

LAIJ addresses LS for GPR and FPR fetches to the B-register. If the I-unit 
initiates the operation, the address is received from the IQ register via LAR3. 
If the E-unit initiates the operation, the address is received from the E
register. 

LAL4 addresses LS for GPR and FPR fetches to the A-register and to bytes 0-3 of 
the B-register. If the I-unit initiates the operation, the address is received 
from the IQ register via LAR4. If the E-unit initiates the operation, the address 
is also received from the IQ register via LAR4. (LAR4 can be addressed from the 
E-unit only on the first cycle of an instruction execution.) 

LARS addresses LS for GPR and FPR stores. The contents of E (8-11) are always 
used to address LS on a write operation via LAL5. LS stores are control led by 
the E-unit. 

Figure 8-19. LS Address Latches 

CALENDAR CLOCK 

• Programmer can read precision calendar time. 
• 52 latches provide 135-year cycle. 
e One~microsecond increments are independent of other system activities. 
• Parity check assures clock validity. 
1 -Security switch reduces chance of erroneous update. 

The calendar clock provides a high-precision calendar time to the programmer. 
The clock is set by the system programmer and a switch on the console helps 
assure its security. A programmer can read (store) the clock at any time. 

The calendar clock is a 52-bit counter increased by one every microsecond. 
Each clock advancement is independent of other CPU and channel activities. 
The clock content ranges from one microsecond to 13S years. Clock overflow 
is recorded but no interrupt condition is provided. 

Bits 0 through 51 ofa doubleword latch arrangement provide the binary storage 
needed to count to 13S years by microseconds. The doubleword latch is advanced 
each microsecond by adding 1 to bit 51. Bits S2 through 63 retain the status 
originally set, while bits 0 through 51 hold the binary representation of the 
current time of day. 

The programmer reads the clock by means of the store clock instruction. Store 
clock reads the current calendar time and puts it in main storage. Reading 
and storing the clock does not affect the content of the latches or the incremental 
activity. 

Control Registers 

Clock xc 

0 lncrementer 31 

B· re9 In· bu~ . 

0 31 

Figure 8-20. Calendar Clock 



CPU IDENTITY REG I STER 

1 Register is composed of jumper wires. 
1 Programmer requests readout. 

The CPU identity register provides processor identification to the system pro
grammer. The programm.er requests CPU identification and the control storage 
microprogram routines transfer the d~ta to main storage. The CPU identity 
register is composed of jumper wires. The bits, when tied up, represent the 

· desired data. Any arrangement may be set into the register. for CPU identifica
tion; however, the data set into the register can not be readily changed. 

B- reg In- busR 

0 31 

Figure 8-21. CPU Identity Register 

CONTROL REGISTERS 

Extended system control requires four of sixteen control registers. The control 
registers, accessable to the system programmer, are addressed 0, 2, 14, and 15. 
The four control registers provide extended control of external masks, channel 
masks, error recovery and logout. 

Control registers are not addressable as part of main storage. The programmer 
must store the register data in main storage when required; but the store opera
tion does not affect the content of the registers. The programmer must load 
data from main storage to change the register content. Store and load instruc
tions provide the only control-register access method available to the programmer. 

Store and load operations employ control storage microprogram concepts. When 
control registers read out (microprogram control) the data transfers to working 
register B for further manipulation. 

Control address latches and registers select the desired control registers and 
gate the control register word (32 data bits and four parity bits) onto the control 
register bus. When loading, data enters the contro·I register latches via the 
shifter in-bus. 

The program status word (PSW) mode gates the control registers. Extended 
control mode (PSW bits 12 is one) allows system control th rough control register 
mask bits, while basic control mode (PSW bit 12 is zero) negates the content of 
the control registers. System programmer access to the control registers re
quires the following RS instructions: load control, LCL; store control, STCL 

Shiller In-bus AS 
!Sii 63 
31 

Control Register0 2 
O (Latch) KM 31 

Control Register 
0 Bus KU31 

TOD ___ ~ 
Clock 

B- reg In-bu\ 

0 31 

Figure 8-22. Control Registers 



PROGRAM STATUS WORD LATCH 

The P.SW latch has 40 latches to hold the current PSW data. When a new PSW 
is set, bits O through 15 and 36 through 39 are set into the corresponding PSW 
latches. The P SW control data is then avai I able for system control during the 
entire clock cycle for every clock cycle until the next PSW is set. When an 
interrupt occurs, the remaining PSW latch bits are set to reflect the interruption 
code, the instruction length code ( ILC), and the condition code (CC). 

Figure 8-23. PSW Latch 
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PSW (Latch) RK 
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E-REG I STER AND ADDER 

The E-register adder· increments or decrements bits 8-15 of the instruction in 
the E-register during execution of VFL, load multiple, and store multiple in
structions. This adder can increment or decrement bits 8-15, which corres
pond to the Rl/R2, Rl/R3, Ll/L2, or L fields of the instruction (depending 
upon the format), as two separate four-bit values (8-11 and 12-15) or as one 
value under microorder control. Bits 8-11 can be incremented or decremented 
by 1, 2, or 4; bits 12-15 can be decremented by 1 only; and, when considered as 
a single field, bits 8-15 can be decremented by 1 or 8. In addition, bits 8-!5 
can be decremented by the contents of ACAL or BCAL Note that data that 1s 
gated into the E-register adder is always bits 8-15 of the instruction, whether 
the input is from the E-register or the instruction queue register. 

Inst Q- lths (00-07) 

To Maintenance M....+-+--~~ 
Conlrols· 

PSW Latch----' 
Inst Q·llh (08-15) 

Serial Adder 

Figure 8-24. E-Register And Adder 
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Instruction Decode 

The AC consists of a three-bit register, a binary adder (A-counter adder), and 
adder latches (ACAU. These components perform operations on values of 000 
through 111, that can be incremented, decremented, complemented, or have 
other values-added to them via the A-counter adder. In operation, these binary 
values WOO th rough 111) specify A-register bytes 0-7 for gating to the serial 
.adder. The AC also serves as a general-purpose counter to hold the low-order 
three bits of source address values for byte locations during execution of VFL 
instructions and for specification tests during execution of RX format i nstruc
tions. 

Initial values are gated to the A-counter adder under control storage or I-unit 
control from E (13-15), Src (29-31), or IQ 07-19). In addition, initial values of 
000, 001, or 111 can be set into the A-counter adder by means of the increment 
controls. 

For control of the A-register bytes that are gated to the serial adder, the contents 
of ACAL are gated to a decoder which sets an A-register gate control trigger per 
the decoded ACAL value. This occurs every cycle; thus, when a control storage 
microorder is issued that gates an A-register byte to the serial adder, the gated 
byte is_ dependent upon which gate control trigger is set and, hence, on the 
value m ACAL 

Figure 8-25. AC And BC 

B-COUNTER 

T~e BC consists of two four-bit trigger registers (BC and BCAL triggers), a 
b1 nary adder ( B-cou nter adder), and two latch registers ( BCAL and BCU. 
These components gate a byte of data from the B-register to the serial adder 
and ing~te a byte of data from the serial adder to the B-register. The BC also 
serves as a general...:purpose counter to hold the four low-order bits of the 
destination address. Th is latter usage enables the BC to be used to set marks 
for storage operations. 

Initial values are gated to the B-counter adder under control storage or I-unit 
control from E (12-15), Ost (28-31), or IQ (20-23). In addition, initial values 
of 0, 1, 3, 4, E, and F (hex) can be set into the B-counter adder by means of 
the increment controls. 

For control of the B-register bytes that are gated to the serial adder, the con
tents of BCL (01-03) are gated to a decoder which sets a B-register gate control 
tr!gger per the decoded BCL value. This occurs every cycle; thus, when a 
m1cr?order is issued that gates a B-register byte to the serial adder, the gated 
byte 1s dependent upon which gate control trigger is set and hence on the . ' , 
value 1 n BCL. 

B-register ingating from the serial adder is under control of BCL ( B-counter 
latch). The contents of BCL are decoded to select the specified byte of the B-
register to which data from W is gated. · 

AC-BC DECREMENTER 

The AC-BC decrementer is a three-position bi nary adder that sets up proper 
shift amounts in W during execution of the MVC instruction. 
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The CS logic units are shown above.· Control storage holds the program (called 
.the "microprogram") that provides the control of the E-unit as it executes in
structions. 

To understand the operations of control storage, it is helpful to note its rela
tionship to conventional controls. Conventional controls are characterized 
by state/control triggers that activate control Ii nes in accordance with the op
eration to be performed and existing machine conditions. Each cycle that the 
CPU _!llay take represents a state of the CPU as defined by the control circuitry. 
~~~-state, in turn, specifies the control lines that are to be activated during 
that cycle and the state that is to follow next The specified state causes the 
next state/control trigger to be set in the following cycle. In some cases, the 
next state may be contingent upon a branch condition which selects one of 
two or more state/control triggers. 

Figure 8-30. Control Storage 

In the E-u nit, the state/control triggers are replaced by CS words that are 
sometimes called micro-instructions. Each CS word consists of a predeter
mined bit pattern that represents a state of the CPU and controls a portion 
of the CPU (the E-Unit) for one machine cycle. When -decoded, the CS word 
defines all control lines that are to be activated during that machine cycle. 
Also contained in the CS word is the information required to address the next 
CS word. 

Control storage for the E-unit consists of 2, 048 108-bit words of read-only 
storage (C50) and 512 108-bit words of writeable control storage (C40). Each 
control storage word contains a unique bit pattern. When decoded, the bits· 
control gates to route data through the E-u-nit --- -

For the CSO, information can be read out as required, but a physical mod
ification is necessary to change the stored information. For the C40 write
able control storage, information may be changed by using the load micro-
program ir}struction. · 

In general, a control word is read out of the control storage (either the C40 
or the CSO) at the end of each machine cycle and controls the E-unit during 
the following machine cycle. Each control storage (CS) word contains t!Je ___ _ 
address of the CS word to control the E-u nit during the following cycle. Ille_ 
number of control words (and machine cycles) required to perform a particular 
operation may vary because the individual functions and the address of the 
next CS word are modifiable by the operation in progress, the data or control 
bit configuration, and the detection of interrupts or exceptional conditions. 
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BAS IC DATA FLOW 

The basic data flow through the E-unit consists of gating a register (or two 
registers) through the parallel adder, the serial adder, or the shifter, to 
another register in a single E-unit cycle. 

From the main storage or the high-speed buffer, data enters either the operand 
I (Op 1) or the operand 2 (Op 2) register, where it is held until the E-unit is 
ready to process it. When the E-u nit is ready, data enters a working register 
(register A, B, C, or D), and the E-unit cycle begins by gating data from the 
working register(s) into the adder or shifter being used. After passing through 
the adder or shifter, the manipulated data is latched up in the adder or shifter 
output latch to wait for the next clock pulse, which gates it back either to a 
working register for additional processing on a subsequent cycle or to the 
F register in the SCU, where the data is placed back in main storage and the 
·high-speed buffer. 

Figure 9-4. E-Unit Basic Data Flow 
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START 1/0 

The start 1/0(S10) instruction selects a specified 1/0 device and initiates a 
channel command to that device. The following channel commands can be 
issued with the S 10 instruction: read, read backward, write, sense, and 
control. The effective operand address (base plus displacement), determined 
during I-fetch of the SIO instruction, addresses the channel and 1/0 de
vice. Bits 19-23 of the effective operand address are decoded to select the 
channel; bits 24-31 are sent to the channel as an eight-bit 1/0 device address, 
selecting the correct 1/0 device. 

At the start of execution, the first 16 bits of the instruction are in the E
register and the second operand address is in the shift or I /O register; the 
first aper-and is not applicable. Because this instruction is an 1/0 instruc
tion, the address in the shift or 1/0 register is the address of the channel 
and 1/0 device and is not to be interpreted as a main-storage address. There
fore, no data is requested from ~main storage. The SI 0 instruction can be 
executed only when the CPU is in the supervisor state. The first operation of 
the instruction, therefore, is to determine the state of the CPU. If the CPU 
is not in the supervisor state, a privileged-operation check occurs, causing 
a privileged-operation interrupt. . If the CPU is in the supervisor state, ex
ecution of the S 10 instruction begins by setting the select channel trigger. 
This trigger causes a select signal to be sent to the proper channel as deter
mined by shift or 1/0 register bits 19-23. 

The unit address in the shift or 1/0 register bits 24-31 also is sent to the chan
nel. If at this point the selected channel is busy or in test mode, a CC of 2 or 
3, respectively, is sent to the CPU. A release signal is also sent to the CPU, 
releasing it for execution of other instructions. If the channel is available, 
the unit address is gated to the unit address register in the channel. The 
channel then fetches the CAW from main -storage address 48 (hex). The CAW 
specifies the address of the first CCW and the storage protection key for all the 
channel commands associated with t_h~_S I 0 instruction. If any errors are dis
covered in the CAW or the unit address, a status byte is stored in the channel 
and a CC of 1 is sent to the CPU. A release signal is also sent to the CPU, re-

. -·- - . 

leasing it for execution of other instructions. 

Figure 9-13. Start 1/0 

Two operations, fetching the CCW and selecting the 1/0 unit per the unit ad
dress, are now started simultaneously. The channel starts a CCW fetch by 
raising a storage req.uest to main storage. After the proper exchange of con
trol signals, the command information (command code, data address, flags, 
and counts) is set into the proper registers in the channel. The CCW-valid 
trigger is set, if there were no errors, to show that the CCW has been re
ceived. The CCW information is then checked for correct parity. 

The second operation, selection of the proper 1/0 devices, is started at the 
same time as the CCW fetch. To select the proper 1/0 device, the channel puts 
the unit address on the bus out to the control unit and sends an address-out 
signal followed 400 ns later by a select-out signal. The control unit responds 
with an operation-in signal, which causes the channel to drop the address-out 
signal, it puts the address of the selected device on the bus in and raises its 
address-in signal. The channel then compares the address it received from 
the control unit with the address it sent to the control unit to determine that 
proper selection has been made. 

If the addresses are equal, the CCW-valid trigger is set, and if no errors oc
curred, the operation continues. The command code is placed on the bus out, 
and the command-out signal is sent to the control urii[ The control unit re
sponds with O status if it can accept the command. The channel then sends 
a condition code of 0 and a release signal to the CPU, releasing the CPU for 
further instruction execution. When the CPU receives the release signal, the 
select channel trigger is reset and an end-op cycle is taken, completing the 
operation. 

Figure 9-13. Start 1/0 (Cont'd) 



2 3 4 5 6 7 

KN021 

B 
SYSTEM MASK 

P0·7 0 2 3 4 

---RK325-- RK871 .--- ILC ---, c 
STORAGE KEY 

0 0 1 2 

RK87l 

D 
STORAGE KEY 

0 2 3 4 

E 

KN021 

1/0 INTERRUPTS F 
CHANNEL 

0 2 3 4 5 6 

.... KN021 
0) 

EXTERNAL INTERRUPTS 0) 
G TIME CLK TIME CONSOLE 

UPDATE CLOCK SIGNAL 2 3 4 5 

H 

J 

K 

L 

Figure 9-14. Condition Code 

8 9 1C 11 12 13 14 15 16 17 18 

RK121 --- RKIOI --- RK351 RKIOI 

PSW 0·15 
EXTDD CTL MCH CH ws PROB S 

1/0 EXT P8-15 p 16-23 p 24-31 P32·39 12 13 14 15 

---RK357--- RKIOI 

BASIC CONTROL (BC) MODE 
r-- CND CODE --, FXP OFLO DEC OFLO EXP UFLO SGNF 

3 34 35 36 37 38 39 

RKIOI 

DEC OFLO EXP UFLO SGNF 
5 21 22 23 

Condition Code 

KN075 

r- PROGRAM INTERRUPT CODE --W 

7 8 9 A B 8 4 2 

KNiil RKIOI KNlll 

INTERRUPTS 
MACHINE SUP ERV 

6 7 CHECK CALL PROGRAM 1/0 EXT 

19 20 

KNIOI 

SUP OR 
TRMNT 

21 22 23 24 

LSOOI 
LSAL 1 

0 2 3 

LSOOI 

LSAL 2 

0 2 3 

LS025 

LSAL 3 

0 2 3 

LS025 

LSAL 4 

0 2 

LS041 

r-- LSAL 5 (WRITE ONLY) ---, 

0 

GEN PUR 
REGS 

IMAGE 

A3 

2 3 

LS041 

LSAL 
WRITE CONTROL 
FLOAT PAIR 

PSW • 
INTERRUPTS 



... 
O') 
...... 

ALO Page 
FS APxxx 
HS APxxx 

Line Name 

Ind HS or FS Byte x 

Bxx to Ind 

UF Bit xx Extend 
Dply Fiche Bit xx 

Dply Fiche Bit xx 

Dply Fiche Bit xx 

Bus Sit xx to MF 

Line 8<> xx 
Line 9<>xx 

Ind HS Bytes 

Ind FS Bytes 

Card Location 
04A-C4xx 

I Card Locction 
I 04A-C4xx 
I ALO Pa e APxxx 

C-register 
(See Tobie 1) 

A-side lngcte 
(See Table 1) 

S2 S2 
315 395 

Dec Corr Control Logic 
Card Location ALO Page 

63 

I 04A-C5F2 AP901-11-31 I 

L--------------------...J 

A-register 
(See Tobie 1) 63 

B-register 
(See Table 1) 63 

D•register 
(See Table 1) 

B-side lngate 
(See Tobie 2) 

63 

r---------------, I Lookahead Logic I 
------4111~ Card Location ALO Page I 

1 04A-C4H2 AP701-721 I 

L---------------~ 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 p 23 p 24 25 26 2 28 29 30 31 32 33 34 35 36 37 38 39 p 40 41 42 59 60 61 62 63 
----11~11----E2----o~ .,..----F2-----o~.----G2-----11~,._----~.------11~11----K2----11~11---~L2----a*"'11----

001 021 041 061 065 101 121 141 145 161 181 

Cord Location 
04A-C4xx 

ALD Page 
APxxx 

Halfsum and Fullsum Check 

00 07 OB 15 16 23 24 31 32 39 40 4 
F2 G2 J2 K2 L2 M1. 

071 150 230 310 390 470 

241 261 281 301 305 321 341 361 381 385 401 421 441 461 465 481 501 521 541 545 561 581 601 621 625 

40 63 ---, 

550 630 

Carry Group Check I 
I 
I 
I 

Card Location 
04A-Cxxx 

00 07 OB 15 16 23 24 31 32 39 40 47 48 55 56 63 
4T2 4T2 

ALD Page 
AP)(XX 929 

L_...;... __ _ 
929 

4T2 

929 

4U2 4U2 4U2 5F2 5F2 

930 930 930 931 
Address Iner Lth 15 P16-23 16 

Cord Location 03A4xx N2 G2 

ALD Page CAxxx 081-151 

Terminator 08 10 11 13 14 p 16 21 22 
Card Location ALD Page Line Nome 

Cord Location 04D3xx N2 M2 L2 J2 H2 
Bytes 
APB xx 

Dot 'M>209 

OIBxxx 1G2 IJ2 4H2 'M>Oxx 
01 Bxxx 'MlOxx 

WM215 

Entr 05 WLlOO 

05B-A2J6 PAOll 

058-Alxx 02 E2 F2 G2 03 E3 F3 G3 PBOxx 
058-Alxx 02 E2 F2 G2 03 E3 F3 G3 PBOxx 

06A-Alxx E2 E2 E4 E4 E6 E6 F2 F2 PB2xx 

06A-Alxx E2 E2 E4 E4 E6 E6 F2 F2 PB2xx 

1 2 4 

01 01 01 01 11 11 11 11 Bit 09 to Ind 

Display Fische Bit 09 

07 15 51 Display Fiche Bit 09 
31 11 35 19 37 27 47 63 Display Fiche Bit 09 

Bus Bit 09 to MF 

Line 809 

Line 9<> 9 

01 01 11 11 21 21 31 31 Ind PA HS Word 
01 01 11 11 21 21 31 31 Ind PA Corry 

01 01 11 11 21 21 31 31 

01 01 11 11 21 21 31 31 

06A-Al F4 
06A-A1 F4 

I 
I 

'Ml055 

WM215 
Wl.100 

PAOll 

PB041 

PB041 

PB241 
PB241 

Diagram 
0-068 

23 P24-28 24 

02 

241-273 

Diagram 
0-088 

28 29 31 

D2 

291 

24 26 27 29 30 

G2 F2 E2 

A .. E'A'1i." 
W K 

__J 
-------~----------------------, 

-------- AP801----- ----- AP811 --------

PARALLEL ADDER HALF SUM (BYTE) --------~ 

I 1 2 3 4 5 6 7 

[__!:: !_ - e e e e e e 
FRA_llE A5, 
ROW L 

-------- AP801 ----- -----AP811 --------

0 1 2 3 5 

e 8 e e e 

Figure 10-1. Parallel Adder No 1 

AP861 

PA r- SER ADDER--, 

HALF 
SUM 

0 
FULL 
SUM 

0 

-------XC149---------

.-----TOD CLOCK--------~ 

~----BYTES ------~ 

0&4 1 & 5 2&6 3 

0 0 0 0 0 

KA021 

ENTER 
ERROR 

0 

KU131 KU231 KUl 31 KU221 

~---CONTROL STORAGE-----, 

INVALID 
WORD 

0 
P0-35 

0 
P36-71 P72-107 

0 0 

I 
I 
I 
I 
I 

------------------------------~ 
AT791 -- ATSOl -- AT791 AT781 AT771 

SHIFTER OUTPUT BYTES----------------. 

1 

0 
2 

0 
3 

0 
4 

0 
5 

0 6 
7 

0 

-AT821-

I SHIFTER --, 

INPUT CONTROL 

0 o· 



l ime-of-doy Clk PO 07 PB 15 P16 23 P24 31 

P32 39 P40 47 P48 55 P56 63 

Card Location 04B2x)( L2 M2 N2 P2 
ALO Poge XCxxx 001-007 013-021 025-033 037-041 

Terminator 

Cord Location 0482xx Q2 R2 S2 12 

Ctrl Reg PO 00 07 Pl 15 P2 23 P3 31 

Cord Location 04B2xx B2 ,U2 82 C2 D2 E2 
ALD Poge KMxxx 205,215,293 202-217 222 -237 241-257 261-277 

Terminator 

Cord Location 04B2xx 02 02 R2 52 12 

~16 I 
I 

31 

~~ 

8-r!..a_ Pre-bus 00-02 03-05 06-PO 08-10 11-13 14-Pl 16-18 19-21 22-P2 24-26 27-29 30-P3 
Card Location <l4B2xx 02 

ALO Poge RBOxx 25 

Terminator 

Cord Location 04D4xx F2 

Ser Adder Output Lth p 

Cord location 04C3xx F2 
ALO Page ASxxx Sil 

Terminator 

Cord Lo cot ion 04A-xxxx 

ALO Page A-, 8-, C-, 0-regs = 
RA, RB, RC, ROxxx 
Op 1 =RA, Op 2 =RC 

ALO Page 
A-side lngate APxxx 

Cord Location 04A-C4xx 

ALO Page 
8-side Ingole AP.xxx 

02 02 R2 R2 R2 52 52 52 12 T2 12 

27 29 19 21 23 15 17 19 7 9 13 

G2 H2 J2 K2 L2 M2 N2 P2 Q2 R2 S2 

10 
00 01 02 03 04 05 06 07 

G2 G2 G2 G2 H2 H2 H2 H2 
301 311 321 331 341 351 361 371 

Located at Bytes 0 and 7 of A-register 

Toblol ~ 
Byte 0 Byte I Byte 2 

00 01 02 03 04 05 06 07 p 08 09 10 11 12 13 14 15 p 16 17 18 19 20 21 

04F2 04G2 D4H2 04J2 D4K2 D4L2 04M2 04N2 

005 035 065 085 115 145 165 195 

015 031 045 095 111 125 175 191 

Tobie 2 

00 01 02 031 04 05 06 07 08 09 10 11 112 13 14 15 16 17 18 19, 20 21 

~ F2 

Oil 

- G2 

051 091 131 

C-register 
(See Table 1) 

171 

r- - - - 0~;;-aJc-;r~t~nLo ic- - - - - -., 
23 30 31 34 35 42 43 50 51 581 

I Cord Location 
I 04A-C4xx 
I ALO Po e APxxx 

$2 
315 

52 
395 

Dec Corr Control Logir; 
Cord Location ALO Page 

I 
R2 I 
635 I 

I 04A-C5F2 AP901-11-31 I 

L--------------------...1 

J2 

22 23 

04P2 

225 

205 

22 

211 

39 

PSW PO 07 Pl 08 11 12 15 P2 16 17 18 19 20 23 P3 24 29 30 31 

Cord lo cot ion 04xxxx C5L2 C5H2 C5H2 C5H2 C5K2 C5H2 02M2 C5K2 C5K2 C5H2 C5H2 

ALO Page RKxxx 001 121 111 121 821 111 357 081 811 131 141 

Terminator 

Card Location 04B2xx Q2 R2 52 T2 

I J 
L 

_t_ • PSW P4 j 32 33 P5W P4 32 33] 34 • 35}36 39 

Cord Location 04C5xx H2, K2 Card Location 04xxxx C5K2 C5H2,C5K21 D2M2,C5K2I C5K2 

ALO Page RKxxx 141, 811, 821 ALO Page RKxxx 811 141, a11 I 357, 821 l Bil 

Terminator Terminator 32 3tl35 3138 39 

Card Location 04B2xx R2 Card Location 0403xx P2 R2 l 02 l P2 

J ]) 
Buf Doto Bus Out PO 07 Pl 15 P2 23 P3 31 P4 39 PS 47 P6 55 P7 63 

Cord Location 03C4xx E2 F2 G2 H2 E2 F2 G2 H2 

ALO Poge MQxxx 301-305 307-313 315-321 323-327 331-337 341-347 351-357 361-367 

oo-02Jo3-o8_ 06-PO 08-10J11-1:!]_14-P1 16-ltl 19-2 !.l.22-P2 24-26j27-29j 30-P3 32-34j 35-3j3B-P4 40-4tl_ 43-4~46-P5 48-5Ql51-5:tl_5s-P6 56-5s!s9-61l62-P1 Terminator 

Cord Location 0404xx F2 j G2 j H2 J2] K2 j L2 M2 j N2J P2 02J R2 l 52 l l I l l ] J I 
Cord Location 0403xx ] ] ] ] ] l l l R2 j Q2] P2 N2 J M2 l L2 K2 l J2 ] H2 G2] F2 ] E2 

Shift Output Lths PO Joo otlo4 01 j Pl J 08 11J12 15 P2}161~2023 P3 }4 27j28 31 P4 I 32 35]36 39 PS I 40 43144 47 
Cord Location 04C2xx L2 J G2 j L2 J H2 L2 J J2 L2j K2 L2 j K2 L2 I J2 
ALO Page ATxxx 731 j 531J 541 j 731J SSlj 561 741 J 571j s81 741J 591 J 601 741] 611 j 621 751 j 631 j 641 

Terminator Located on B-register Bit Cards 

Op 1 and Op 2 ~ f!itte 3 flitte 4 ~e5 

p 24 25 26 27 28 29 30 31 p 32 33 34 35 36 37 38 39 p 40 41 42 43 44 45 46 47 p 

04Q2 04R2 04S2 D3R2 03Q2 03P2 D3N2 03M2 03L2 

245 275 305 325 355 385 405 435 465 

255 271 285 335 351 365 415 431 445 

23 24 25 26 27128 29 30 31 32 33 34 35136 37 38 39 40 41 42 43144 45 46 47 

52 12 U2 

251 291 331 371 411 451 

Porol lel Adder 

f!itte 6 

48 49 50 51 52 53 54 55 p 

03K2 D3J2 03H2 

485 515 545 

495 511 525 

48 49 50 51152 53 54 55 

R2 --

491 531 

flit_te 7 

56 57 58 59 60 61 62 63 p 
1 

D3G2 03F2 D3E2 

Op2 

565 595 625 

575 591 605 

56 63 

L 

~ 56 57 58 59 , 60 61 62 63 

Q2 ~ 

571 611 

D-register 
(See Tobie 1) 

63 

S-s ide I ngote 
(See Tobie 2) 

r---------------1 I Lookahead Logic I 
I Cord Location ALO Page I 
I 04A-C4H2 AP701-721 I 
L---------------~ 

7 

8 

~ Diagram 
0-076 

and 
0-084 

Cord Location 
04A-C4x. 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 P 16 17 18 19 20 21 22 23 P 24 25 26 2 28 29 JO 31 P 32 33 34 35 36 37 38 39 P 40 41 42 43 44 45 46 4 P 48 4>' 50 51 52 53 54 55 56 57 8 59 60 61 62 63 
----- F2 ------<-.+.---- G2 J2 K2 L2 M2 N2 -----1------ E2 -----1~ 

Figure 10-2. Parallel Adder No 2 

P6 48 51 52 55 P7 56 59 60 63 
L2 H2 L2 G2 

751 651 661 751 671 681 

Dicgrom 
0-076 



.... 
O') 
co 

Diagram 
0-068 

A Instruction Regi,ter 

Bit Po~itions in B te Table 1) 00 Ot 02 03 04 05 06 07 

Card Loe 03Bxxx 4T2 4S2 4R2 402 5T2 5S2 5R2 502 

ALD Page RRxxx 

8 tes 0-1 194 t98 202 206 210 2t4 2t8 222 

8 te• 2-3 230 234 238 242 246 250 254 258 

x 

• x 

1 
Instruction Q.Jeue Lotches \ 2, 3 and Ou.!.aates Positions 00-1 ~ 

Bih 00 OJ 02 03 04 05 06 07 p 

Cord Location OJA-Bxxx 4H2 402 4F2 4H2 402 4F2 4H2 402 4F2 

ALD P~eJ!-atchl ROOxx 002 006 010 002 006 010 002 006 010 

ALO Page (Outgate) ROOxx 062 066 070 062 066 070 062 066 070 

Di a gram 0-056 
x 

E-reg Pre-bus 

Card Location 04D2xx 

ALO Page REx><>< 

E-register 

Bits l P Joo-o&o4-07 [ P I os-12113-15 

Card Location 04A-Dxxx J 2R2 l 2R2 J 2R2 J 2s2 I 252 I 2S2 

ALD Page RE><>« J 041 J 001 J 041 . l 861} 851 T 861 

7 8 15 

08 09 JO 

4H2 402 4F2 

002 006 Oto 

062 066 070 

78 

p 

5P2 

226 

262 

11 12 

4H2 4G2 

002 006 

062 066 

x 

x 

L-------. 
Line Name Card Location ALD Page 

13 14 

4F2 4H2 

Oto 002 

070 062 

Parity Error E00-07 04A-D2R2 RE041 Line Name Card Location 
Ind E0-7 Check 04A-D2T2 RE891 
E-unit to Microfiche 10 Dot WD215 
Dsply Fische Bit 10 01A-B4K2 WD059 
Dsply Fische Bit 10 WM215 
Dsply Fische Bit 10 
Bus Bit 10 MF 05S-A2J5 PAOii 
Line 8 <>JO 05S-AI E4 PB041 
Ind 06A-A1F4 PB241 

Ind EB-15 Check 04A-D2T2 
E-unit ta Microfiche 11 Dot 
Disply Fische Bit 11 OlA-8402 
Disply Fische Bit 11 
Disply Fische Bit 11 
Bus Bit II MF 05B-A2J5 
Line 8 <>II 06A-AIF6 

r 

FRAllE AS. ROW K 
'----, r------...1 

-----AP801----------AP8111----- AP861 RE891 

15 p 

4G2 4F2 

006 Oto 

066 070 

15 

ALO P~ 

RE891 
WD203 
WD077 
WM215 
WL100 
PA201 
PB251 

XC149 

..------ PARALLEL ADDER HALF SUM (BYTE) -------. rEREG-i 

AS501 

rSER ADDER-, r--TOD CLOCK CHECKS--, 

PA BYTES-----, 

KF906 KK201i 

E ~QUEUE PTRS--, 
IN 1 OUT 1 

KF901 KIC21L 

F ...-:- QUEUE PTRS--. 
IN 2 OUT 2 

KF901i KK21L 

G 'liP~EUE P~~~ "'31 
Image A6 

~ Diagram 0-056 

E-reg Adder 08-15 

Card Location 04D2xx 

ALO Pa e RExxx 

E-reg Adder Lth 08-15 

Card Location 04D2xx S2 

AL D Page RExxx 82t-831 

KA021 KUl31 KU231 KUt31 KU221 

r-CONTROL STORAGE--, 

HALF SUM HALF FULL ENTER INVALID 
WORD BYTE 0 BYTE I SUM SUM 0&4 1&5 2&6 ERROR WORD P0-35 P36-71 P72-107 

0000000009•000000000000 

Figure 10-3. E-Register ECAD 

KF911 

BUSY 0 

KF911 • 
BUSY 

KF9ll 

BUSY e 

G 

line Name Cord Location ALO Pa e 
lngate IQ Lths Bits 00-tS 03S5H2 KF9t J 

Line Name Cord Location ALD Paoe 

Op Branch Taken 04A-a4D2 RJll 1 

Line Nome Card Location ALO Page 

Op 04A4R2 KR885 

Line Ncrne Card Location ALO Page 

Op 04A4R2 KR885 

Line Name Card Location ALO Page 

Op Branch Token 04A-B4D2 RJl 11 

Line Name Card Location ALO Page 

Set LI by WL 04D2S2 RE811 

W to L 04A4R2 KRBB5 

Line Name Card Location ALO P!:!ae 
Set L2 by WL 04D2S2 REBl 1 

W to L 04A4R2 KR885 

W04-07 to L2 04A4R2 KR885 

Line Name Card Location ALO Page 

Set Ll by LIL<>L2 by L2L 04D2S2 RE811 

Op Branch Token 04a4D2 RJl 11 

Update AC<>BC<>L<>MVBG<>M 04A4A2 KR89t 

LI Incremented b 4 04A4R2 KR885 

Line Name Card Location ALD Page 

Gate IQ to LL 04D2S2 RE81 I 

Op Branch Ta ken 04a4D2 RJll 1 

Table I 

Byte Position 

0 1 2 3 4 5 6 7 p 

0 00 01 02 03 04 05 06 07 p 
I 08 09 JO 11 12 13 14 15 p 
2 16 17 18 19 20 21 22 23 p 

3 24 25 26 27 28 29 30 31 p 
4 32 33 34 35 36 37 38 39 p 
5 40 41 42 43 44 45 46 47 p 
6 48 49 50 51 52 53 54 55 p 
7 56 57 58 59 60 61 62 63 p 
8 64 65 66 67 68 69 70 71 p 
9 72 73 74 75 76 77 78 79 p 

10 80 81 82 83 84 85 86 87 p 
II 88 89 90 91 92 93 94 95 p 
12 96 97 98 99 100 IOI 102 103 p 
13 104 105 106 107 108 109 110 Ill p 
14 112 113 114 115 116 117 118 119 p 
15 120 t21 122 123 124 125 126 127 p 

~: This table shows the position within ony byte that any bit al a 
quadword occupies. For example, bit 91 of a quadword is lo
cated in byte 11, bit 03, of that quadword • 



... ....., 
0 

ALO Page 
A-,B-,C-,D-regs = 
RA, RB, RC, ROxxx 

Card Lacaiian 04A-C3xx 

ALO Page ASOxx 

Bot 
Card Lccatian 
ALO Page ASxxx 

00 

52 
P2 

01 
05 

00 

005 035 065 

01 

S2 
P2 

11 
15 

21 
25 

01 02 

101 111 

Bit 

Card Location 
ALO Page 

31 
35 

085 

41 
45 

Ta Adder 

Line Name Cord Locotion ALO Page 

OE HS Bits 04A-C3H2 AS431 

Line Nome Cord Location ALO Page 

Ind HS Check T gr 04C3F2 ~5501 

E-unit to Microfiche 12 Dot WD203 

Dsply Fiche Bit 12 01B4M2 WD067 

Dspl Fiche Bit !2 Exit 01 WM215 

Osply Fiche Bit 12 Entr 05 WLlOO 

Bus Bit 12 MF 05B-A2J5 PA021 

Line 8<>12 05B-A1G4 PB051 

Ind 06A-A1F6 PB251 

115 145 165 195 225 245 275 305 325 355 385 

WB Bus Bits 

03 04 

R2 R2 
N2 N2 

61 71 Bl 01 11 31 41 
65 75 95 05 15 35 45 

05 06 
071 ~ 

01 02 03 04 
04A-C3K2 

121 1;1 131 201 

Serial Adder 
(W) 

H2 f2 
71 511 

Line Name 

I 
I 

OE WA Par<>P Adj 

OE WB Par<> P Adj 04A-C3K2 

I 
,--J 
I 
I 

Line Nome c Location ALO Page 

Ind FS Check T gr C3F2 AS501 

Osply Fiche Bit 13 018102 W0037 

Dsply Fiche Bit 13 Exit 01 WM215 

Dsply Fiche Bit 13 Entr 05 WLlOO 

Bus Bit 13 MF 05B-A2J5 PAu21 

Line 8 <>13 05B-A1D5 PB061 

Ind 06A-A1G2 PB261 

L __________ l 
FRAME A5, ROW K 

.-------PARALLEL ADDER HALF SUM (BYTE) -----~ 
PA 

HALF
SUM 

WORD 

r-E------, 
REGISTER 

BYTE BYTE 
0 1 

,--SERIAL---, 
ADDER 

HALF FULL 
SUM SUM 

405 435 465 

05 06 07 

R2 02 02 
N2 M2 M2 

51 61 71 
55 65 75 

05 06 07 

211 

Diagram 
0-064 

485 

02 
M2 

81 
85 

515 545 

0-register 
(See 1able 1) 

565 595 625 

Serial Adder 
Latch (W) 

INVLD 
WORD P0-35 

PS36-
71 

P72-
107 

oooooooooooeeooooooooooo 
Figure 10-4. Serial Adder 
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""" ... 

SCT's 
0 78 15 16 23 24 31 32 3940 4748 55 56 63 

SI 

Stage B 

r;~o3r-------~~~~~~~~~~~~~~~~~ 
Stage B 

0 0 o(j)i 1 1 1 1 1 0 0 1 0 0 0 1 1 0 1 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1'1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stage C 

r,~~r---------~--~~~~~~~~~~~~~----
Stage C 

Stage p 

r·~ l----r------~~------~~----~----------------------=~ 
Stage D 

1 1111100100011010101010 

s 
1000000000000000001010101011000100111111 

LOGICAL LEFT SHIFT 23 

Figure 10-5. Logical Left Shift 23 

SCT's 

Stage B 
Shift 0 

SI 

Stage A 

o-----
Stage C 
Shift 0 

Stage B 

0 78 1516 23 24 31 32 39 40 47 48 55 56 63 

1 11111001000110101010100000000000000000111111110000000000000110 

1 1111100100011010101010000000000000000011111111000000000000011 

o----~~~~ 

Stage D 
Shift 0 

Stage C 

(i)111111001000110101010100000000000000000111111110000000000000110 

o----~~~~ 
Stage D 

. G)111111001000110101010100000000000000000111111110000000000000110 

s 
0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 1 0 1 1 0 0 0 1 0 0 1 1 1 1 1 1© 

NO SHIFT 

Figure 10-6. No Shift 



2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

KSOOl KSOll KS021 KSOJl KS041 KSOSl KS061 KS071 KS041 KQ351 ---KQ351---

.e STATUS TRIGGERS SHIFTER INBUS CONTROLS 
MOVE A REG BYTES B REG BYTES r--D REG BYTES--, WIA WIB 

A B c D G H CHAR 0 1-3 1-7 4.7 0-3 1-3 4.7 7-SIO 0 1-7 3-SI TO WA TO we 

AT561 A1581 AT601 AT031 KR791 AT161 

c SHIFTER CONTROLS SHIFT AMOUNT 
QUOTIENT SER ADDR RT PER STAGE B STAGE C STAGE 0 

61 . 62 63 DECODE ACAL 0 l 2 0 4 8 12 0 16 32 48 

KSOOI KSOU KS021 · KS031 KS041 KS051 DE021 ---AP992-- KQ031 KQOll KQ031 ---KQOBl--

D 
G REGISTER r-- DIVIDE PA--, 

SET INSN A REG LEFT ZR llf.~l1EG c~~lT2' 0 2 4 5 6 TEST·SET TRUE CPMT lXll llOX XXXl XOll 

CE041 CE041 DMOU KQIU KQlll --- KQ181 --- OMOOI 

E 
r--A COUNTER--, B COUNTER FLO A TING POINT ADD 

F CTL EXP WO ,-PA LATCH--, CONTROL STORAGE BITS 14·17 ,- A REG CPMT ---:i 
0 2 0 2 3 ZERO CARRY HOLD BLOK 0·5 lXll uox OlOX OllX lOlX lOXl XOll LEFT l LEFT 2 TX 

CE041 AP921 AP942 --AP982 -- AP921 AP911 

F 
SERIAL ADDER A SIDE BUS (WIA) A REGISTER BYTE PB ADDER B SIDE 

B REGISTER TO ADDER B SIDE DECIMAL DO 
0 2 4 6 BO Bl-3 B4-7 LEFT 1 LEFT 2 LEFT 3 DIV LT 3 RT 3 CORRECT TO PB7 

Doubfoword Operands (64 bits) 
CE041 

.... 
G 

SERIAL ADDER B SIDE BUS (WIB) B REGISTER BYTE .... 
N 0 2 3 4 5 6 7 Sing leword operands (32 bits) 

KN381 KN451 KN375 KN371 KN383 KN315 KN371 RK321 RK355 RKlOl KP841 KN391 --- DEOU --- KN431 ---XCl49---
CHANNEL . r-- CHAN CTRL TGRS----, ,-BRANCH---, r-TOD CLK STATUS-, 

H SELECT CHAN CHAN .. UNIT ADR EXEC IN DLYD OP BLOCK GREG TIMING CHANNEL BFR SEQ CHANNEL CLOCK CLOCK 
CHAN NOT AVL RESP RELEASE 4 2 LOAD INVALID PRGS CODE BR PUT AWAY HOLD GATE CHER FAULT succ UN SUCC EQPT CHK VALID ENABLED 

AP801 AP811 AP861 ---RE891-- ---AS5Dl -- XCl49 KA021 KU131 KU231 KU131 KU221 

K 
PARALLEL ADDER HALF SUM (BYTE) PA ,..-- E REG----, r- SER ADDER-, TOD CLOCK CHECKS r---CONTROL STORAGE----, 

HALF SUM HALF FULL BYTES ENTER INVALID 
0 2 4 6 WORD BYTEO BYTE 1 SUM SUM 0&4 1&5 2&6 ERROR WORD P0-35 p 36-71 72·107 

APBOI AP811 AP861 AT771 AT781 AT791 --AT801-- A1791 AT781 AT771 --- AT821--- ADDERS PARALLEL ADDER FULL SUM (BYTE) PA SHIFTER OUTPUT BYTES ..--SHIFTER---, IMAGE 
L AS CHECKS 

0 4 6 CARRY 0 4 6 INPUT CONTROL 

Figure 10-7. Shifter Control Indicators 



IQ Out. 

Cord Location 03S4xx 0 
ALD Page ROOxx 

BCAL 01 02 

Cord location 04S4xx R2 R2 
ACAL ALD Page CE I xx 31 31 

Cord Location 04S4xx C01d location 0402 P2 
ALD Page CExxx ALD Po e KMOxx 33 

Shilt Amount Lth W-bit to SLG 00-03 04-07 IQ Out 05 06 
Card Location 03A5xx Card location 04C3xx G2 H2 Card Location 03114 F2 H2 

ALD Pa e AS3xx 01-31 41-71 ALD Page ROOxx 70 62 

Shift Control Triggers Shift left 

Card Location 04C2xx F2. 
ALO Pa e ATxxx 031 

Diagram 
0-060 -- -- _....;. -- --- - --~ - - - - ---- -- - - -- --- --- --- ---. 

B ~ ..• 

CiJ F Diagram 
0-068 

I 
- £ 

Shifter In-bus oo-02Jo:i-:os lo6-POloa-10l11-1Jl14-p1J.{!6-1a J 19-21 J 22-P2 _)124-26127-29 J Jo-P3 32-34135-37138-P~ 40-42 I 43-45 46-PS I 48-50 l 51-53154-P6 ls6-5B }59-61J62-P7 
Card Location 04C3xx s2 I R2 I Q2 I s2 I R2 I 02 ~s2 l R2 l 02 LL s2 l R2 l Q2 ~P2 1 N2 1 M2-L_ P2 1 N2 M2 1 P2 1 N21 M2 1 P2 l N2 j M2 
ALO Page ASxxx 001 """ 005-085 ,~vu~ 

Terminator PO ilPI 1sI 16-11I18-19 I 20-23 I P2 jP3 31 P4 39 PS 47lP6 5slr1 63 
Cord Location 04xxxx C5L2 1 C5H2 1 C5G4 l D2J2 lC5G4 l B2F41 C5G4 C5E4 1 I 
Cord Location 03A4xx N2 l G2 l 02 

0 .. 53 

~ 
I 

~ .. Diagram 

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

0-056 

63 62 61 w s~ 56 55 54 53 s7:1!!1 50 49 48 47 46 45 44 43 4~1 "40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 2~20~ 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 
Stage A Card Location 00. 01 02 OJ'!"_ 05 04. 07 08 09 10 ,, 12 13 14 15 16 17 18 19J_ 20 21.!_ 23 24 25 26 21T2a 29 30 31 32 33 34 35J36 37·3a 39 40 41~4647 48~1152 53 54. 55 56 57 5a 59 J6o 61 62 63 
Left or Right 04A-C2xx 
Shift 

52 u2 U2 I r. 12 12 T2 U2 U2 S2 
Odd Bin Shifted 
Stages A and B 

Stage 8 ALO Page ---N NNNN NN.._,N NNNN NNNN NNNN NNNN NNl'\lN ~~~~ _l·WWWW 
www·w 

!:!~~~ 
wwww 

~~~~ Shilt 0, ATxxx ............... " 1 00 CD CD CD ~::g:2g 
1 

2g:::: -Np.JN l WWW~ !;~~~ 
1 UI °' °" °" ~:::!~~ 1 CD00-0-0 

___ ..., 
NNWW l U1 U'I U1 U1 l 

1, 2, 3 

Cord Location ALO P~ 
04A-C252 AT811 

Terminator 

Card location P2 
04A-C2xx 

P2 R2 R2 R2 .02 Q2 Q2 

Figure IO-Ba. Shifter ECAD 

Shifter Controls 

Cord Location 04C2><X 02 

ALO Po ge K Rxxx SOI 

-. -------i 

I 
I 
I 

S-bus Parity Bih 

Byte I Cord locatio~LD Page 

0-3 l 04A-C3Q2 l ASOSI 

4-7 l 04A-C3M2 l A5085 

1 l 
Shifter Input Check 

Card Location I ALO Page 

04A-C2l2 I AT821 

I 

I 
I 
I 
I 
I 
I 
I 
I 



L- D 3 
Stage C j.<l'{JOI 02 03104 05 ~~:~~:tionl 06 07 08 09 10 II I 12 13 14~~ 17 18 19120 21 22 23 24 25 26 27 28 29 30 31 

Shift 0, 4, 
8, 12 

ALO Page 

Terminator 

Cord Location 
04A-C2xx 

Stage D Card Location 
Shift O, 16, 04A-C2xx 
32, 48 

ALO Page 
ATxxx 

Terminator 

Card Location 
04A-C2xx 

Shifter Latch Card Location 
Left or Right 04A-C2xx 
Shift 

ALO Page 
Alxxx 

Shifter Check Card Location 
04A-C2xx 

ALO Page 
Alxxx 

P2 P2 R2 

J----AT371 AT381 AT391 

N2 M2 N2 

-
00 01 02 03104 05 06 07 08 09 10 II Ji2 13 14 15 16 11 18 19T20 21 22 23 

N2 M2 N2 

~~~~ 
AA.b.A AAUll.n c.nc.nc.nc.n 

. ~~~~ ~.,Jli..AA 

J_ :::::!:::! ~ ~ -o "°a o 
l __ ..,.., 

l ~~~~ ----
.. 

G2 H2 J2 

\ 

63 62 61 60 59 58 57 56 55 54 53 S2 51 50 49 48 47 46 45 44 43 42 41 40 

00 01 02 03 04 05 06 07 

531 

G2 

Byte 0 

G2 

771 

541 

08 09 10 

551 

11 12 13 14 15 16 17 18 19 20 21 22 23 

H2 

R2 

AT401 

M2 

24 25 26 27 28 29 30 31 

M2 

A.JlrrdJ't l.n c.n01c.nc.n 
~~~3 _l - _...,"' ----

K2 

39 38 37 36 3S J.4 33 32 

24 25 26 

591 

27 28 

K2 

Byte 3 
K2 

801 

29 30 31 

601 

32 33 J.4 35 I 36 37 38 3' 
R2 

AT411 

N2 

32 33 34 35 I 36 37 38 39 

N2 

~~~~ l_ :3~~~ 

K2 

31 30 29 28 27 26 25 24 

32 33 J.4 

611 

35 36 

K2 

Byte 4 

K2 

801 

37 38 39 

621 

~ 
~ 41 42 4:lf 44 45 46 47 48 49 50 51T52 53 54 55 

02 02 

AT421 AT431 

M2 N2 

40 41 42 43' 44 45 46 47 4a 49 50 51152 53 54 55 

M2 N2 

.Jio.Ac.nt.n c.n c.n U1 U1 

~~~~ 
AAA.$1.. 

~:23=: l_ ==~~ l 
....,. "<D m 

J2 H2 

23 22 21 20 19 18 17 16 15 14 13 12 11 10 09 08 

40 41 42 43 44 

Byte 5 

J2 

791 

4S 46 47 48 49 50 51 52 

Byte 6 

H2 

781 

53 54 55 

661 

56 57 58 59160 61 62 ~~ 
02 

AT441 _____..: 

M2 

S6 57 58 59)60 61 62 63 

M2 

A A Ul c.n 

==~~ :!:? ~ g =: _l 

G2 

07 06 05 04 03 02 01 00 

56 57 58 59 60 61 62 63 

671 

G2 

Byte 7 

G2 

771 

681 

from Stage C 

Parity 
Predict 

Bytes 0-1 P2 
2-4 R2 
5-7 Q2 

5-parity 
Bytes 0-1 L2 

2-4 L2 
5-7 L2 

01 
11 
21 

31 
41 
51 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

--=--=~--_J r-------------
..--- -------

Line Nome Cord Location ALO Page .. Line Nome Cord Location ALO P~ Line Nome Cord Location ALO Page 
Bytes 0 1 2 3 4 5 6 7 Bytes 0 1 2 3 4 5 6 7 Ind S Input Check 04C2P2 AT821 SCT Check 04C2P2 AT161 

Ind SCT Check 04C2L2 ATl81 -E-unit to Microfiche 18 Dot WD204 Ind S Check Byte x 04C2xx G2 H2 J2 K2 K2 J2 H2 G2 Alxxx 771 781 791 801 801 791 781 771 
E-unit io Microfiche Dot WDxxx 203 203 203 203 203 204 204 204 Dsply Fiche Bit 18 01 BlP2 WD035 E-unit to Microficlie 19 Dot WD204 

· Dsply Fiche Bit xx OlBlxx 02 02 F2 N2 L2 WDxxx 037 037 003 031 023 Dsplr Fiche Bit 18 Exit 01 WM215 Dsply fiche Bit 19 018402 WD077 

D~Fiche Bit 19 Exit 01 WM215 A Dsplr._Fiche Bit 19 Entr OS WLlOO 

Dsp!r_ Fiche Bit 18 Entr 05 WLIOO 

Bus Bit 18 MF 05B-A2K6 PA021 

Dsply Fiche Bit xx 01 B4xx K2 02 M2. WDxxx OS9 077 067 

Dsply Fiche Bit xx Exit 01 10 11 12 13 14 15 16 17 WM21S 

Dsply Fiche Bit xx Entr 05 10 11 12 13 14 15 16 17 WLlOO Line 9<>18 05B-AlE6 P8081 Bus Bit 19 MF OSB-A2K6 PA021 
Bus Bit xx MF 05B-A2xx JS JS J5 J5 .J5 JS J5 K6 PAxxx 011 021 021 021 021 021 021 021 Ind S Input Check 06A-AlG6 PB281 Line 9 <>19 058-Al F6 P8091 
Line 9<>x 058-Alxx E4 F4 G4 05 ES F5 G5 D6 PBxxx 041 OSl OSl 061 061 071 071 081 Ind SCT Check 06A-AI H2 PB291 

I Ind S Check Byte xx 06A-Alxx F4 F6 F6 G2 G2 G4 G4 G6 PBxxx 241 251 251 261 261 271 271 281 r _____ _. 
I .------·-------

I 
------' L----, 

FRAME A5 1 ROW L 

.------ PARALLEL ADDER FULL SUM (BYTE)-----, ..------- SHIFTER OUTPUT BYTES-------, r SHIFTER I 
PA 

·4 CARRY O INPUT CTRL 

0000000009•••••••••00000 

Figure 10-8b. Shifter ECAD 



... 

....... 
U1 

~o 

r C-register J l A-register l 
~o~~~~(_s_••_T~a-Ql_•_l_l~~~-63~ ~o~~~~-(s_._·~Ta~b-le~l)~~~-6.....,3 

L T :r 

A-side Ingole 
(See Table 1) 

r- - - - o~i;;;-a1c-;;;:r;;t~nl'~c--- --"J 
r 123 30 31 34135 ;i: ;f 5BI I Card Location I 
I 04A-C4xx S2 S2 T U R2 I 
I ALO P"9" APxxx 315 395 47 55 635 I 

I Card Location ALO Page --....._,__ 
I 04A-C5F2 AP901-11-31 I 

L----------- ---- __ ...J 

Parallel Adder 

S-register 
(See Table 1) 

L 

I 

D-register 
(See Table 1) 

B-side Ingole 
(See Table 2) 

r---------------1 I Lookahead logic I 
I Cord local ion ALO Poge I 
I 04A-C4H2 AP701-721 I 
L---------------J 

j DecCorrControllogic ~~ ~ 

Card Location oo oljo2 03j04 osjo6 071 P oa 0911011f12 13jj4 151 P 11> 1i[la 19T20 21f22 2:3f P ~ :27j2a~ 3jJ P 32 33134 35[36 37138 391 P 40 41142 43144 45146 47' P 48 4~lso sffs2 5:lf54 55( P 56 57lss 59160 6iT62 63T P 
04A-C4xx -- F2 G2 ~ ~ J2 ~~ L2 M2 __. ~ N2 - E2 

r;:'\, ~~·~ '"'~' l " 1 J oo5 '" d,, l "' l •<> '" Jm l "" J m l "' '" l "~"' ~' l "' J w• l"' "' I "' I "'' I '" I "' "oj sm l "ol "' I '" "' J,,. I'°' J.,, l m 

~ r _e_---~ HalfsumandFullsumCheck i ~ ~oupCheck 
40 

~1 I 

63 

Cord Location 00 oif os 1.Sj 16 23f24 31f32 39f40 47f49 ssT56 63 I Card Locati~~8 15 16 23 24 31 32 39 40 47 46 55 56 63 Card Location I~ rvo ·~1 ·~1~· JYj~ 48 55 56 63 
04A-C5D2 • 04A-C5_~2 04A-C4xx - ...,.....F2 -r'G2 J2 K2 L2 M2 N2 E2 I 04A-Cxxx ~ 4T2 4~ 4U2 ~ 5F2 5F2 

~k~~:;: 8211821 j s21 183118~11841 I ALO Page I ALD Poge -
:•S APxxx 801 801 801 801 8~1 811 . I APxxx 071 150 230 310 390 470 550 630 APxxx 929 929 929 930 930 930 931 .931 

63 

Diagram 
0-088 

28 29 31 

T -----LI · "\ I Card Location 04A-C5D2; ALD Poge AP861 

. ·· L----~ ~-=-· -. __ _. '1J- L----~ T 
Address Iner Lth P8•15·108 15 Pl6-23l 16 23 P24-28 24 

1-_:_C~ar~d~L~o~ca~ti~on:::.:..:.0-3A_4_x_x_-+;_:__=-_.i...;.::._N_2 _____ :+---'-'-.L--G-2----~--~-D2_~-t---D-2--I 

Line Name ./ Card location ALO Page 

Bytes ~ 0 1 2 3 4 5 6 7 Bytes 1 2 

Ind HS or FS Byte x .04C5D2 , ..,.,._,_.__-+--+--+---+---+---+-1--..~ APB xx 01 01 01 

Bxx to Ind Dot WD209 

UF Bit xx Extend OlBxxx 1G2 IJ2 4H2 07 15 
Dply Fiche Bit xx 01Bxxx 1N2 1H2 1P2 1K2 102 1M2 4G2 4L2 WOO xx 31 11 35 

Dply Fiche Bit xx ExitOl. 3 4 6 -7 WM215 

Dply Fiche Bit xx Entr 05 3 4 WllOO 

Bu'• Bit xx I<> MF OSB-A2J6 PAOll 

line 8<>xx 058-Alxx 02 E2 F2 G2 Dl E3 Fl G3 Pl!Oxx 01 01 11 
Line 9<>xx 058-Alxx 02 E2 F2 G2 Dl E3 Fl G3 PBOxx 01 01 11 

Ind HS Bytes 06A-Alxx E2 E2 E4 E4 E6 E6 F2 F2 PB2xx 01 01 11 

Ind FS Bytes 06A-Alxx E2 E2 E4 E4 E6 E6 F2 F2 PB2xx 01 01 11 

rm•EAr. 
I 1:K 

_J 

AP801----- ----- AP811 --------

....----------- PARALLEL ADDER HALF SUM (BYTE) --------~ 

I 
~!___ 

FRAllE AS. 
ROW--( 

1 

e 
2 3 

e e 
4 5 6 7 

e e e e 
-------- AP801 ----- ------AP811 --------

.----------- PARALLEL ADDER FULL SUM (BYTE) --------~ 

0 I 2 3 4 5 6 7 

e e e e_ e e e e 

Figure 10-9. Parallel Adder Functional Packaging 

line Nome ~crd Location 

l'nd HS Word or Corry Grp Chk :£.4C5D2 

01 11 11 II 11 Bit 09· to Ind · · Dot 

Display F ische Bit 09 01 B4J2 

51 Display Fii:he Bit 09 
19 37 27 47 63 Display Fiche Bit 09 

Bus Bit 09 to MF 05B-A2J5 

Line 8<>9 05B-AIE4 

line 9<>'1 05S-AiE4 

11 21 21 31 31 Ind PA HS Word 06A-AlF4 
11 21 21 31 31 Ind PA Carry 06A-AlF4 

II 21 21 31 31 

11 21 21 31 31 

ALO Page CAxxx 

Terminator 
ALO Page Card Location 0403x.x 
AP861 

WD209 

WD055: 

WM215 • 
WLIOO 

PAOll 

PB041 

PB04i 

PB241 
PB241 

I 

081-151 

08 
N2lM2lL2 

Diagram 
0-068 

161-231 

p 16 11[ 19 21122 

K2 I J2 l H2 

p 24 

241-273 

26 27 
G2 F2 

.....:.-: __ -:....:... __ ...::_ _________ _L ______________ . ---------, 

AP861 

PA 

HALF SUM 
WORD 

e 

--RE891--

r-- E REG---, 

BYTE 0 BYTE 1 

0 0 

--AS501--

r- SER ADDER--, 

HALF 
SUM 

0 
FULL 
SUM 

0 

-------XC149---------

..-----TOD CLOCK-----------. 

..------BYTES --------. 

0&4 I & 5 21\.6 3 

0 0 0 0 0 

KA021 

ENTER 
ERROR -

0 

KU131 KU231 KU131 KU221 

~--- CONlROL STORAGE-----., 

INVALID 
WORD 

0 
P0-35 

0 
P36-71 P72-107 

0 0 

I 
I 
I 
I 
I 

-------------------------------------~ 
AP861 

PA 

CARRY 

e 

AT771 

0 

0 

AT781 

1 

0 

AT791 -- AT801 -- AT791 AT781 AT771 

SHIFTER OUTPUT BYTES---------------. 

2 

0 
3 

0 
4 

0 
5 

0 6 
7 

0 

-ATB21-

r SHIFTER ---, 

INPUT CONTROL 

0 0 

291 

29 30 
E2 



Oiagam 
0-068 

A Instruction Register 

Bit Positions in ~ejJcble !}_ 00 01 02 03 04 05. 06 07 

Card Loe 03Bxxx 4T2 452 4R2 402 5T2 552 5R2 502 

ALO Page RRxxx 

~es0-1 194 198 202 206 210 214 218 222 

~tes2-3 230 234 238 242 246 250 254 258 

1 x 

• x 

J 
Instruction O.,eue Latches I ~ 3 and Oulll.ates Positions 00-1 !!)_ 

Bits 00 01 02 03 04 05 

Card Location 03A-Bxxx 4H2 4G2 4F2 4H2 4G2 4F2 

ALO P!!a,eJLatc!!J.. RQOxx 002 006 010 002 

ALO Page (Outgate) RQOxx 062 066 070 062 

Diagram 0-056 

E-reg Pre-bus 

Card Location 0402xx 

AlO Page RExxx 

ALO Page 

Parity Error E00-07 
Ind E0-7 Check 
E-unit ·1o Microfiche 10 
Dsply Fische Bit 10 
Dsply Fische Bit 10 
Dsply Fische Bit 10 
Bus Bit 10 MF 
Line S<>H> 
Ind 

006 010 

066 070 

x 

x x 

04A-D2R2 
04A-D2T2 

Oat 
01A-B4K2 

05B-A2J5 
05B-A1E4 
06A-A1F4 

06 07 p 08 09 10 

4H2 4G2 4F2 4H2 4G2 4F2 

002 006 010 002 006 010 

062 066 070 062 066 070 

78 

p 

5P2 

226 

262 

11" 12 

4H2 4G2 

002 006 

062 066 

x 

• x 

FRAllE A5. ROW IC '-----, r----.J 

-----AP801----------AP81l----- AP861 RE891 AS501 

13 14 15 p 

4F2 4H2 4G2 4F2 

010 002 006 010 

070 062 066 070 

15 

ALO Pa 

04A-D2T2 RE891 
Oat WD203 

OlA-8402 WD077 
WM215 
V;l.100 

05&-A2J5 PA20l 
06A-A1F6 PB251 

XC149 

~----- PARALLEL ADDER HALF SUM (BYTE) -------. 

PA 
r E REG--, rSER ADDER( r-- TOD CLOCK CHECKS---, 

r----- BYTES -----. 

Diagram 0-056 

E-reg Adder 08-15 

Card Location 0402xx S2 

ALO Po e RExxx 

E-reg Adder Lth 

Card Location 0402xx 

ALO Page RExxx 

KA021 KUl31 KU23l KU131 KU221 

r- CONTROL STORAGE --., 

HALF SUM HALF FULL ENTER INVALID 
WORD BYTE 0 BYTE l SUM SUM 0&4 1&5 2&6 ERROR WORD P0-35 P36-71 P72-l07 oooooooooeeoooooooooooo 

Figure 10-10. E-Register Functional Packaging 

line Nome Card Location ALO Pa e 
Ingole IQ Lths Bits 00-15 0385H2 KF911 

Line Nome Card Location ALO Paoe 

Op Bronch Taken 04A-8402 RJl 11 

Line Name Cord Location ALO Page 

Op 04A4R2 KR885 

line Name Card Location ALO Page 

Op 04A4R2 KR885 

Line Name Card Location ALO Page 

Op Branch Taken 04A-8402 RJl 11 

Line Nome Card Location ALO Page 

Set L1 by 'M. 0402S2 RE811 

W to L 04A4R2 KR88!' 

Line Name Card Location ALO Pa e 
Set L2 by 'M. 0402S2 RE811 

W toL 04A4R2 KR885 

\\04-07 to L2 04A4R2 KR885 

Line Name Card Location ALO Page 

Set Ll by L1L<>L2 by L2L 0402S2 RE811 

Op Branch Taken 048402 RJ111 

Update AC<>BC<>L<>MVBGOM 04A4A2 KR891 

L1 Incremented b 4 04A4R2 KR885 

Line Name Card Location ALO Page 

Gate IQ to LL 0402S2 RE8l l 

Op Bronc h Ta ken 048402 RJ111 

Table 1 

Byte Position 

4 

0 00 01 02 03 04 05 06 07 
1 08 09 10 11 12 13 14 15 
2 16 17 18 19 20 21 22 23 
3 24 25 26 27 28 29 30 31 
4 32 33 34 35 36 37 38 39 
5 40 41 42 43 44 45 46 47 
6 48 49 50 51 52 53 54 55 
7 56 57 58 59 60 61 62 63 
8 64 65 66 67 68 69 70 71 
9 72 73 74 75 76 77 78 79 

10 80 81 82 83 84 85 86 87 
11 88 89 90 91 92 93 94 95 
12 96 97 98 99 100 101 102 103 
13 104 105 106 107 108 109 110 111 
14 112 113 114 115 116 117 118 119 
15 120 121 122 123 124 125 126 127 

Note: This table shows the position within any byte that any bit of a 
quadword occupies. For example, bit 91 of a quadword is lo-
coted in byte 11, bit 03, of that quadword. 



ALO Page 
A-,B-,C-,0-regs = 

RA, RB, RC, RDxxx 

Cord Location 04A-C3xx 

ALO Page ASOxx 

Bit 00 
Card Location 
ALO Page ASxxx 

005 035 065 

01 02 

101 111 

Bit 

Card Location 
ALO Page 

To Adder 

Line Name 

OE HS Bits 

line Name 

Ind HS Check T gr 

E-unit to Microfiche 12 Dot 

Dsply Fiche Bit 12 OIB4M2 

Dspl Fiche Bit 12 Exit 01 

Dsply Fiche Bit 12 Entr 05 

Bus Bit 12 MF 05B-A2J5 

Line8012 OSB-A1G4 

Ind 06A-A1F6 

085 115 

WD203 

WD067 

WM215 

WLIOO 

PA021 

PBOSl 

PB251 

145 165 195 225 245 275 305 325 355 
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SCU TASKS 

The tasks assigned to SCU are divided into seven main variations. 

1. CPU fetch - data not in buffer 
2. CPU fetch - data in buffer 
3. CPU store - data not in buffer· 
4. CPU store - data in buffer 
5. Channel fetch 
6. Channel store - data not in buffer 
7. Channel store - data in buffer 

Each of the above seven main tasks starts with a request to SC U controls. The: 
requesting unit starts the SCU by sending its request signal and by placing an 
address on the SCU address bus. Requests can come to SCU from either CPU or. 
channels and can arrive at SCU in any sequence or any number of simultaneous ·. 
requests. · 

CPU requests come from the I-unit address registers - IARA, IARB,· source and 
destination. Each of these registers has its own request line to SCU which turns 
on a corresponding request latch. These latches in SCU start the sequence of 
operation and generate an identifying code so that SCU can know during the · 
processing of a request where it came from. 

Channel requests are identified in a similar way, but because of the speed require
ments of the faster 1/0 devices, channels have the highest priority and channel 
requests are handled by SCU slightly differently from CPU requests. 

Four of the seven SCU tasks are necessary to fetch and store from the two users 
of main storage, CPU and channel. The use of the high-speed buffer makes the 
additional three tasks necessary. Because of the way the high-speed buffer is 
used, CPU requests always check the buffer to see if the addressed main storage 
location is in the buffer, but the buffer is checked only on a store for channel 
requests. 

Figure 11-1. SCU Tasks 
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Figure 11-3. Channel Control Area 
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HIGH-SPEED BUFFER CONTROL AREA 

The storage control unit (SCU) contains the high-speed buffer and controls 
all buffer and main storage references made by the CPU, the channels, and 
manual controls. The buffer storage control portion of the SCU handles CPU 
to main storage references, both fetches and stores. Parity checking is used 
for data verification in the buffer. 

When a data fetch request is made by the CPU, buffer storage control deter
mines whether or not the requested data is in_ the high-speed buffer in inter
rogating its address array of the buffer's contents. If the data requested is 
present in the buffer, it is sent directly to the CPU without a main storage 
reference. If the requested data is not currently in the buffer, a main stor
age fetch is made. The data obtained is sent to the CPU. The data is also 
assigned a buffer location and ~tored in the buffer. When data is stored by 
the CPU, both the buffer and main storage are updated if the main storage lo
cation being altered is one whose contents are currently being maintained in 
the buffer. 

The channels never access the buffer directly. They read into and write from 
main storage only. When- a channel stores data in main storage, the address 
array is interrogated. If data from the affected main storage address is being 
maintained in the buffer, the data is placed in the buffer as well as in main 
storage. 

The entire buffer can be disabled manually by a system console switch or via 
execution of a DI AG NOSE instruction. When the buffer is disabled, all CPU 
fetches are made directly to main storage and effective system execution speed 
is reduced. 

_f~g_u_~~ 11-4. High-Speed Buffer Control Area 
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MA IN STORAGE CONTROLS 

All control signals and data pass through the main storage control section of -
SCU. Circuits to assign priority between requests for channel and the var
ious parts of CPU are located in this section of SCU. 

The main storage control section receives requests from the high-speed buf
fer controls or the channel controls. The request is then processed first 
through the priority circuits. Then a select is sent to main storage along with 
an address, source-sink bits, and data and marks if a store. At advance time, 
main storage controls receive the source-sink bits as wel I as the data for a 
fetch and sends the information to its proper destination. 

The main storage control section al so has the circuits that permit pluggable 
control in interleaving addresses. Under control from the console, serial, 
two-way, or four-way interleaving is possible. 

Figure 11-6. Main Storag~ Controls 



Figure 11-7. Main Storage Controt Area 

F-register 

CRT -AT 
63 

EE From E- unit 

BOB\ SDBI 
r---------------------------, 

Storage Data Bus In STORAGE COMMON LOGIC I 

!Marks to Main Storage 
SOB\ Bulfer 

0-3 Al,K17 

PCl-----4 

L---, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SAR0-3 
14 

Store Register Check 
MM or 
63 Parity 

ECC 

Store Update MM 
Latch 63 

Felch Register 1,w 
63 

ECC 
Compare and 
Correction 

Fetch Update MM Parity 
Latch 63 



..a 

~ 

J'>------.:_1-~u~n~il_:_A~d~d~re~••~R~e::ci•~•e~rs:...._ _____ ...._ 

§Manual Controls 

Column Address 
Decode 

I~ 

A2 ,L12 

True/Campi 
Cheok 

CRT 

~~~~it NN>---S_h_il_te_r_o_u~tp~u_t~(5_6~-~6-'-0~l-~ 

A2 L 10 

MPt--------j Compare Check 
Encoder 

A2, l 11 

Multiple 
Compere Check 

Bus 

MT°iMs 
10 Source /Sink 

21 + 3P Addr~ss 
8 t 1 P Marks Channel 
4 + 1 P Key Section 

10 8 

IL 

PC A1,F17 

~S_h_i 1 _1e_r _o_ut_:_p_u '----< DD From 
E-unit 

CRT 

F-register -AT 
63 

Chonnel Doto Bus In 

;;:s 
8 ey tes I Section 
2 Sections I Group 

0 1 Group I Chonneki 

PC Al, f20 

.___ ____ __,_.._~__,,.,__ _______ _._M_o_i_nt_C_a_nt_r_ol_R_e~q~B~u_s ____ ~FF 

EE From E- unit 

scu 

r---------------------------, 

26 

A1,Kl2 

BDBI SDBI Storage Data Bus In STORAGE COMMON LOGIC 

A2,KB 

BMBI _ A1,J14-23 

Retain MP 
Source -
Sink-Out 7 

64 Columns 
32 Bytes I Block 

4 Blocks I Column 
63 

15 

Buffer Bypass Latch 
0 - MQ63 

CRT 

!Marks to Main Storage Al,1(17 

I PC 

I 
I 
I 
I 
I Mark Reg 

I 0 Q-JMM7 

I (Control) 

I 
I --,---
I 
I Storoge Data 

Bus Out (SDBO) 

8 Bytes I Section 
2 Sections /Group 
I Group/Channel 

0 MV63 

SDBI Bulfer M~ 
0-3 63 

Store Register Check ...... or 
63 Parity 

ECC 

Store Update MM 
Lot ch 63 

MORO MN 

71 

Fetch Register 

Fetch Update 
Latch 

MDR2 
71 

~y 

63 

ECC 
Compare and 
Correction 

MM 

63 
Parity 

MN 
71 

I 

i I 
I I 

I 
I 

scu 
~----------------------------------:::_B_:_ul_:_le_:_r_:D:..:o_:lo:_:B::u::_•_:_O:::_u:._I (:.:B:::_D_:_B:::_O.:_l _____ _.__Jpc A2, KIS- 22 ~---_._ ___ __:C~h~on~n~el-'-D~o~l~o~B~u~s~O~u.:_I _ _.. 

Figure 11-8. 

K To E-unit 
Op Registers 

SCU Data Flow 

Bl,Gl·B 



-' 
co 
U1 

CHANNEL BUFFERS. 

The basic:·m.~chine i£1cludes three channel buffers which are divided into 
fourteen sections; two· sections per channel. The sectio'ns are numbered 
1-0, 1-1, 2-0, 2-1, etc., 7-0, and 7-1. When the extended channel feature 
is added, the buffers are divided into 24 sections numbered from 1-0 through 
D-1 but skipping 8-0 and 8-1. The three channel buffers are channel address
in, channel data-in, and channel data-out. The channel address in buffer 
has 48 data bits which are organized as fol lows: ten bits for source-sink in
formation, 24 bits for address, nine bits for store marks, and five bits for 
protect key. Each of the data buffers include 72 bits for a doubleword of data. 

Although·two sections are provided for each channel, the only channel that 
makes use of both sections is the 2880. The other channels will always be - ·· t 
using the. first section or x-0 (x =·the channel buffer group assigned to the 
channel).. Channel buffer sections are assigne~ to the channels by group -
numbers. The group numbers are not necessarily synonymous with the ·digit 
of the channel address. 

E~gure. 11-9. Channel Buffers 
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The purpose of the high-speed buffer is to speed up CPU request for data. 
The buffer produces the effect of a faster main storage by storing selected 
sections of main storage that are likely to be used next by the CPU. When 
the required information is in the buffer a request for data can be filled 
quickly. This leaves the times that CPU must wait for the longer main 
storage access time to the requests that do not find the needed data in the 
buffer. The buffer is constructed and used in such a way that better than 
90% of the time, the buffer will contain the requested data. 

The overall effect of the buffer and the way it is used is to make main storage 
appear to have an 80-nsec cycle time instead of its actual two usec cycle time. 
To use the buffer, the SCU processes all request from the CPU for data by first 
checking to see if the buffer has the requested data. If the buffer has the 
data, the request is filled by cycling the buffer and sending the data to the re
questing section of the CPU. 

If the buffer does not have the requested data, a fetch is made to main stor
age and the CPU must wait the full main storage access time. 

When the SCU receives a request to store data into main storage from the CPU, 
the buffer again is checked to see if the addressed location is in the buffer. 
If the buffer contains the addressed location on a CPU store, both the buffer 
and main storage are stored into. If the buffer does not have the addressed 
location, the store is made to main storage only. 

A fetch request for main storage data from a channel does not involve the 
buffer. Main storage is addressed and the data is sent to the requesting 
channel. When a channel wants to store informatoin into main storage, the 
buffer is checked to see if the store location is in the buffer. If the store 
location is in the buffer, SCU stores the information into both the buffer and 
main storage. 

Figure 11-11. 

ERROR CORRECTION 

1 Error correction detects and corrects single-bit errors. 
1 Error correction uses four data registers. 
1 Error correction converts parity bits to ECC bits. 

Each main storage access moves a doubleword (72 bits--64 data and eight error 
correction) through storage common logic. The error correction bits provide a 
means of automatically detecting and correcting single-bit errors. However, 
multiple-bit errors (though detected) are uncorrectable and must be stored as 
is. Either type of error is indicated to allow the CPU to determine any necessary 
action. 

Before considering the method used to generate error correction bits, consider 
parity checking. In parity checking (used when ECC is disabled), one position 
of a byte is reserved for a parity bit. The parity-check logic sets this bit to a 1 
or 0, as required, to make the total number of ls contained in the byte an odd 
number (odd parity). If any bit position changes status during the transmission 
of data, the byte parity becomes even and the parity-check logic detects the error. 
No method of correction is provided by parity checking, and even multiples of 
errors in a byte wi II go undetected. 

The error correction bits constitute a special type of parity checking. In a 
normal parity scheme, as described above, each data bit contributes to the 
status of the associated parity bit. Note that each data bit exhibits an equal 
amount of influence on the status of the parity bit. With error correction 
code (ECC) logic, the parity bits are replaced by a group of seven bits which re
cord a parity sum. Each data bit contributes to th is sum. No two data bits con
tribute the same amount; however, the amount contributed by any one bit is 
equivalent to the position of that bit in the doubleword. Thus, bit position 1 
contributes to ECC bit 1, position 2 contributes to ECC bit 2, and position 3 con
tributes to both ECC bits I and 2. Additionally, bits 0-32 contribute to ECC 
bit 0, and bit 0 also contributes to ECC bit 32. 

Eight check bits are identified as CO, Cl, C2, C4, CB, Cl6, · C32, and Ct. 
The last check bit, Ct, acts as a parity bit for the other check bits. Odd 
parity is always maintained. 

Figure 11-12-1. 



When data is stored, the data bits in the store register are used to generate 
the stored ECC check bits. When data is fetched, the data bits in the fetch 
register are used to generate new ECC check bits. These new ECC check bits 
are then compared with the check bits in the fetch register that had been 
stored and were fetched with the data bits. An equal comparison of the fetched 
check bits and the newly generated check bits indicates no error. An unequal 
comparison indicates an error, and bits known as syndromes are generated 
from the two sets of check bits. 

The syndrome bits, identified as SO, SI, S2, S4, S8, Sl6, S32, and St are 
decoded to indicate and correct the changed bit (even a change of the check 
bit) if only one bit has changed. If two or more bits have changed the syn
drome bits decode and signal an uncorrectable error. 

The error correction circuit uses four registers to hold data before, during, 
and after error detection and correction. Two registers (RS and Rfl hold the 
data before and during detection and two registers (SUL and FUU hold the data 
after detection and correction. The correction circuit always operates regard
less of error occurrance. Error correction circuits also prepare new ECC bits 
for store operations. · 

The· four ECC registers, RS, SUL, RF, and FUL, are identical; each consists 
of 64 data bits and eight parity or check bits for the left half and 64 data bits 
and eight parity or check bits for the right half. 

STORE REG f STER 

The store register (RS) receives data from one of two sources, the storage data 
buffer-in registers for new data or the storage bus-out (S BO) from the LSU 's. 

Gating into RS is on a byte basis under mark bit or "cancel" signal controf. 
Each mark bit is associated with a byte; if the mark bit is set, the byte is trans
ferred from the buffer register, and, if the mark bit is clear, the byte is trans
ferred from the LSU. The "cancel" signal causes all bytes to be transferred 
from the LSU. 

The setting of RS occurs approximately 1200 nsec into the storage cycle. 

The ECC logic generates check bits from the data bits in RS· the check bits 
I I 

as well as the data bits, are available for transfer to SUL 

Figure ll-12-2. 

STORE UPDATE LATCHES 

The store update latches (SUL) register receives data from one of two places: 
RS (during a normal fetch, store, or TAS cycle) or from RF if an uncor
rectable error has occurred. 

If, during a fetch cycle or a partial store cycle, a correctable had been detected, 
during the transfer from RS to SUL, the faulty bit and the associated ECC bit 
wou Id have been corrected. However, if a correctable error had occured in 
a marked byte, the correction would have been blocked since the marked byte 
contains new data. 

The transfer from RF to SUL occurs if an uncorrectable error occurs; this 
transfer overrides the transfer from RS since the data is to be regenerated 
exactly as it was received from the LSU. 

The data in SUL is made immediately available to the applicable LSU. 

FETCH REG I STER 

The fetch register (RF) unconditionally receives data from the LS U at about 
1200 nsec into the cycle. 

The ECC logic generates new check bits from the data bits in RF. These new 
check bits are compared with the check bits that are received from the LSU 
(and stored in RF with the data bits). If an equal comparison is found (indi
cating no error), the data bits in RF are transferred to FUL and the check bits 
are replaced with newly generated parity bits. ff a correctable error had been 
detected, the failing bit and associated parity bit would have been corrected 

. . 

during the transfer from RF to FUL. Also, if a fetch or a partial store cycle 
had been in process, the fai Ii ng bit and the associated check bit wou Id have 
be~n corrected during the transfer from RS to SUL. 

If an uncorrectable error occurs, the data and the check bits in RF are 
transferred to SUL, bypassing the ECC logic associated with RS. 

FETCH UPDATE LATCHES 

The fetch update latches (FUU register always receives data from RF. The 
content of FUL is gated to the CPU about 20 nsec after the setting of FUL 

Figure 11-12-3. 
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CHANNEL BUFFER ING 

Each channel has a fixed assignment of one buffer group and each group con
sists of two sections. A bu.ff er section stores all the information for one main 
storage access .. Each buffer.section stores data in, data out, .marks,· key,·_ ad
dre.ss, and various check and identification information. 

Channel requests for input or output information must first vie for priority 
on the ch~nnel~in bu~. The order of in-bus priority is established by insert
ing. Jumpers on a matrix card located in Frame 03. The wiring of the jumpers 
for.a particular system results in a fixed-buffer assignment to each channel 
which is displayed on the microfiche viewer. 

When in-bµ~ priority is resolved, the appropriate channel i~ signalled. The 
channel, in turn, responds with address, marks, key and, if a store operation, 
a doubleword of data and a store signal. Upon the receipt of an address valid 
signal, this information is loaded into one of the channel1s assigned buffer 
sections. If both buffer sections are empty (X 0 and X 1 where X is the buffer 
group number), the channel transfer is loaded into section XO. If a buffer 
section is not civailable for use (empty), th~t channel is blocKed from receiving 
in-bu$ priQrity. · · 

Once a buffer section is loaded, it is s~t to a busy state and entered as a con
tender irto main storage priority. After main storage priority has been received, 
the storage unit is selected. ldentific~tion of the .channel buffer section is 
placed on the source-sink bus-in, and the buffer section contents are gated to 
maf n storage. Main storage control r~c;:eives the address, rnarks, and key. 
In the case of a store, the buffer section GOntents are also gated to the high
speed buffer control section to update the buffer if the address block is in 
the: buffer. 

When the "c:twnnel request processing is completed by .main ·storage, a storage 
signal foll.owed by data, source-sink identification, and error information is 
se.nVto theriiain storage control which as~embles and sends the information to 
the i niti ati ng channel buffer section. 

Figure 11-13-1. 

, ; When the information from storage is loaded into a channel buffer section, use 
· · · of the channel out-bus is vied for by entering channel-out bus priority. When 

priority is re solved in favor of a buffer section the contents of that buffer sec
tion are gated onto the channel-out bus. At this point that buffer section is 
made not.busy. All address and data type checks, ()ssociated with this channel 
request, are sent to the channel at the same ti me as the channel bl:lffer data. 

Figure 11-13-2. 
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CPU FETCH - DATA NOT IN BUFFER 

All SCU operations begin when the originator of a request to either store or 
fetch data presents an address and sends a request signal. The address ar
rives at SCU at the input to the SCU address latches. A simplified data flow 
is shown on SCM 12-4. High speed buffer controls are not shown because_ 
the example chose does not find the data in the buffer. Note that the address 
input path to SCU enters by way of the priority circle. The circle in th is figure 
represents the input control to SCU. All requests must go through the priority 
circuits to start an SCU operation. 

Each part of the system that mak_es ·requests to SCU has its own request latch 
located in the SCU. When a request latch is turned on, SC U operation starts. 

For an example, the SCU starts the fetch processing when the 1-un it turns 
on the source request latch. (Address in Source Request Latch). This latch 
makes an entry into the SCU priority circuit If there are no higher priority 
requests waiting - destination, redo, nor any channel request - source is 
given priority. The I-unit can alter the priority sequence by sending a con
trol line that can give instruction address register A or B preference over 
the source request. 

Once the SCU grants priority to a reques~ the source request in this ex
ample, several things· must take place. Rrst, a test (MS CPU Adv) to see if 
some previous request is being filled on this cycle, because if data is return
ing from main storage the buffer would be in use. The "source address gate 
trigger" is turned on to gate the address from the source address register to 
the SCU address latches. The "accept" signal is sent to the I-unit to tell that 
the source register contents have been taken and that the source register can 
be made not busy. 

Also, the granting of priority generates the identification bits that are passed 
through SCU to serve as control bits and at the end of the request handling 
fo direct the data to the proper place. (Source Sink). - · 

Figure 12-2-1. 

Another important item started by source priority is the reference to the 
high speed buffer. Although for the chosen example the requested data is 
not in the buffer, al.I CPU requests unconditionally check the buffer. The 
address from the source register is compared against the addresses in the 
address array and a decision is made in time to stop the request to main stor
age if the addressed data is in the buffer. 

After a testto see if the fetch address register (FAR) is busy, the address is 
moved from the SCU address latches to FAR. If FAR is found busy at this 
point, the address and the identification bits are moved to the redo register 
and the request starts over as a redo request into SCU priority. 

When the address is moved into FAR the bits are decoded to see which logical 
storage unit (LSU) is needed. The busy latches for the LSU's are used to see 
if the addressed LSU is available and if so a request for main storage priority 
is made. 

· If the FAR Busy trigger is on, to signify that the addressed data was not in 
the buffer, and if no higher priority request is in process, FAR is granted 
main storage priority. If a higher priority, or a busy LSU blocks FAR main 
storage priority, the FAR request can wait unti I the blocking condition ends. 
The address would stay in FAR and the ID bits would stay in the FAR ID 
triggers with the FAR busy trigger on to block any following request to use 
FAR. 

FAR main storage priority sends the select signal to the selected LS U and gates 
the address in FAR onto the storage address bus. Also timing gate "FAR Op 
B" is turned on to gate the ID bits into the source sink latches. 

The timing controls to the selected main storage BSM's have various time 
delay circuits that are needed to synchronize the BSM to the SCU. The 
"gated select and ready LSU" line gates the SAB into the selected SAR and 
also starts the two "delay line clocks" in the selected pair of BSM's. 

Figure 12-2-2. 
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About one microsecond after the start of the BSM 's "delay line clock", a busy 
signal from each BSM occurs. The upper BSM "busy" starts a delay line 
in the SCU. This delay line controls the flow of the data returning from the 
BSM pair through the ECC circuits and finally into the storage data out reg
ister. And also gates out the source sink ID bits to the CPU. The lower BSM 
11busy11 is used to control restarting the BSM delay line for the write half of 
the BSM cycle. 

The data will pass out of the SDBO register, through the Buffer bypass latch 
to the CPU. Where it is directied to the area it is needed by the CPU's de
code of the ID bits it received. 

At this time the SCU wi II load the buffer. with the block of data associated 
with the previous fetch. But we wil I not get into that right now. 

Timings for the ifffportarit parts of the fetch operation through the SCU can 
be seen on SCM 12-5. 

,Figure 12-2-3. 
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CPU STORE 

All CPU stores are made from the destination register and except for channel 
·or maintenance controls are under the control of the E-unit. The E-unit does 
a store by placing the data in the F-register andthen sending the request 
signal to SCU. In most cases the I-unit will have already put the address in 
the destination register for the E-unit's use. 

The address and request are sent to SCU. The priority circuits generate the 
ID bits for the source sink. Use the simplified flow chart, SCM 12-11 and sim
plified Data Flow SCM 12-12 to follow the store operation through the SCU. 

As soon as the store g~ts SCU priority, the buffer is checked in the same 
way as the buffer was checked for a fetch . 

With ithe add res~ in the SCU address latches, accept is sent to CPU which 
allows the destination register to be made not busy. However, the data in 
the F-register must be held unti I the store vies for and gets main storage 
priority. 

_The address is next moved to the store address register and to the Buffer 
A~dress Register (BAR), (STAR) if STAR is not busy. ·STAR busy at this 
point would cause the request to start over as a redo request. 

The address in STAR next causes a check to see which LSU is to be used and 
if the des.ired LSU Js available (not busy). STAR then has to vie for main stor-
age priority. · · 

At this point the store could be blocked only· by a channel request to some non 
busy LSU. Whenth_e store receives main storage priority, "STAR op ti me B" 
gates through the source s·ink-in 'bi_ts _into the desired LSU's source sink reg
ister and the'h turns on 11STAKop time C" to gate the data to be stored from 
the F-register to the selected S_DBI register. At the same time, BAR will ad
dress the high-speed buffer and F-register data will also be gated to the high
speed buffer . 

Also the granting of main storage priority gates the address from STAR to the 
storage address bus and the select signal to the selected LSU. This gated 
select signal also gates the mark bus into the selected mark register. 

Figure 12-10-1. 
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CHANNEL BUFFER I NG 

Each channel has a fixed assignment of one buffer group and each group con
sists of two sections. A buffer section stores all the information for one main 
storage access. Each buffer section stores data in, data out, marks, key, ad
dress, and various check and identification information. 

Channel requests for input or output information must first vie for priority 
on the channel-in bus. The order of in-bus priority is established by insert
ing jumpers on a matrix card located in Frame 03. The wiring of the jumpers 
for a particular system results in a fixed-buffer assignment to each channel 

. which is displayed on the microfiche viewer. 

When in-bus priority is resolved, the appropriate channel is signalled. The 
channel, in turn, responds with address, marks, key and, if a store operation, 
a doubleword of data and a store signal. Upon the receipt of an address valid 
signal, this information is loaded into one of the channel's assigned buffer 
sections. If both buffer sections are empty (X O and X 1 where X is the buffer 

·group number), the channel transfer is loaded into section XO. If a buffer 
section is not available for use (empty), that channel is blocked from receiving 
in-bus priority. 

Once a buffer section is loaded, it is set to a busy state and entered as a con
tender into main storage priority. After main storage priority has been received, 
the storage unit is selected. Identification of the channel buffer section is 
placed on the source-sink bus-in, and the buffer section contents are gated to 
main storage. Main storage control receives the address, marks, and key. 
In the case ofa store, the buffer section contents are also gated to the high
speed buffer control section to update the buffer if the address block is in 
the.buffer. · 

When the channel request processing is completed by main storage, a storage 
signal followed by data, source-sink identification, and error information is 
sent to the main storage control which assembles and sends the information to 
the initiating channel buffer section. 

When the information from storage is loaded into a channel buffer section, use 
of the channel out-bus is vied for by entering channel-out bus priority. When 
priority is resolved in favor of a buffer section the contents of that buffer sec
tion are gated onto the channel-out bus. At this point that buffer section is 
made not busy. All address and data type checks, associated with this channel 
request, are sent to the channel at the same time as the channel buffer data. 
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CPU Advance Lines 
(From SCU to I-Unit, E-Unit, and Mnt. Ctrls.) 

Advance 0 and 1 
(Encoded as follows) 

00 Null 
01 Normal Advance 
10 Invalid Address 
11 Protected 

Rescind Lines 
(With in SCU) 

00 No Request in FAR 
01 Request in FAR 
10 Not Used 
11 I-Unit Rescinded 

N SCU Address Gate ..... 
N 

(Within SCU) 

Priority 
ID Bits 

012 
000 Not Used 
001 Maint. Request 
010 Unused 
0 11 Maint. Ripple 
100 Destination 
10 I Source 
11 0 IARA 
1 1 I IARB 

Figure 13-9. CPU Advance Lines 
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2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

--MK255-- MK261 MK335 ---MK285-- MK231 --------------MVISl--------------

MAIN STOR ADVANCE 
.--- IDENTITY INVAL FIRST 

0 STORE 0 1 FETCH FETCH 

--MK281---

,.-- CPU ADV --.., 

0 

MKl05 MK325 MKIOS------

r-- CHANNEL -,----REDO REQUEST----. 
IDENTITY ----. 

REQ FREEZE STORE 0 1 

MK325 MKl35 MK305 
ADDRESS GATE 

CHAN IDENTITY 
STORE REDD STORE 0 1 

MK321 MK331 MK335 --- MK331 ---

.--- WRITE ADR ARRAY CTRL ---.., 
CHAN STOR 
CONFLICT VALID CMPR eve INVAL INHIBIT 

MK345 

MAINTENANCE ADD/DEL 
MAINT MAINT GATE 
DELETE ADD ACCEPT REPLACE COMPLETE 

LAST 
FETCH 

---MKlll----

r- DEST REQS -, 

STORE FETCH 

• 
---MK205 ---

TEST SET STOR INSERT 
& SET KEY KEY 

MPJll 

INCR 
D BAR 

MKlll MKlll 

..----------- INKEY LATCH-----------. 

P0-7 0 4 FETCH 

• 
MV21 I ------ MV205 ----------MV211 ----

------------ OUTKEY REGISTER ----------. 

P0-7 0 

• 
MKl15 

4 

• 
--MK!IS---

FETCH 
PROTECT 

• 
------REQUEST FETCH------. r- MAINT REQS-, 

--- MK515 --

r-" INVAL ADR-, 

SOURCE INSN A INSN B STORE FETCH FAR SAR 

• 
---MK211 --- --- MK215---- MK22I--- --- MK225 --- --- MK515 ---

-----------RESCIND TRIGGERS ,-- INH REQ--, r PROTECT VIOL-, 
,..-- DESTINATION --, ,...--- SOURCE---.., r-- INSN A --, r--- INSN B --, 

0 1 0 1 0 1 CPU STO MAINT FTH 0 1 

---MKl61--- MK401 ---- MK445 -----

----- FAR----.. ,---- INCREMENT FAR--, 

REQ BSY REQ LTH 27 28 p 24-28 

• • 
--- MK165 ---

r--- SAR--, 

REQ BSY 

--- MK171---
,_- REDO--., 

REQ BSY 0 

• 
2 

MK445 

RESC 
INH LTH 

MP381 

--- MK43l ---
r-B LOK FTH CTR, 

0 

RETAIN LATCH C40 ADDRESS BUS 

3 4 5 6 

FAR SAR 

--- MK515 ---

r- KEY CHECK-, 

FAR SAR 

MP375 

RETAIN 
8 TGR 

---------- MP361 MP331 ----- MP395 MP375 

-----REPLACEMENT ALGORITHM ,- BFR SIZE INSTLD -, 

0/1 0/2 0/3 1/2 1/3 2/3 

• • 
---- MK901 ML455 -----

r--SCU CTRL CHKS--, r-SCU STOR ADR CHKS-, 

MK911 

HANG 
DETECT 

l?:'.'.,&1]:!:[] 

MK935 

MK935 
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CHK 

~~&;:[~:in 

4K BK 16K 

• 
----- MK901 -----
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SCU C40 C40 
ADR ADR MARK 

• -----MK901-----
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--------------MP371 --------------
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STORAGE 
CONTROL 
UNIT 

Figure 14-1. Microfiche Image A2 
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---MQ515-

r"" IN-LINE RIP-, 

CE UE 

3 4 5 6 7 8 9 10 11 12 

MK451 MK455 

CONFIGURATION REGISTER 
r---- NUMBER OF BIFRAMES ---, REV HI-LO REV Bl-FRMr-- INTERLEAVE ---, 

0 1 2 3 5 6 7 8 

• • 
MM681 MM7JI MM741 MM771 MM681 MM711 MM741 MM771 

STORAGE BUSY LATCHES 

0 2 4 6 

----- MQ609 ----
r--- STORAGE ID----, 

0 

13 14 15 16 17 18 19 

MK461 

r-- STORAGE Bl FRAME READY ---, 

0 

• 
MM685 

0 

MQ641 

DISABLE 
ECC 

• 
MM715 MM745 MM775 MM685 MM715 

STORAGE WRITE LATCHES 

MQ641 

SMALL 
BSM'S 
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20 21 22 

MM745 MM775 

6 7 

---------------~MQ6.fs----------------

r-------------------------~ SOURCE/SINK OUT---------------------------

P0-7 

PA 

P0-7 

• 

.---- CPU ID RIPPLE lST FTH 4TH FTH STORE CPU OP 
CH ID 0 CH ID 1 CH ID 2 CH ID 3 CH ID 4 5 6 7 P8-15 

• • • 
MQ605 MQ609 

STORAGE ADDRESS BUS 
CPU=l4 15 
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IMAGE 
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Figure 14-2. Microfiche Image Al 
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2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

--MK255-- MK261 MK335 ---MK285-- MK231 MVISI 

MAIN STOR ADVANCE 
r--- IDENTITY INVAL 

0 STORE 0 1 FETCH 

---MKZBI ---

.-- CPU ADV --.., 

0 

MK105 MK325 MKIOS 

r- CHANNEL--, REDO REQUEST 

REQ 

MK325 

CHAN 
STORE 

MK321 

IDENTITY 
FREEZE STORE 0 1 

MK135 ------ MK305 ------
..------ ADDRESS GA TE -------. 

.----- IDENTITY-----. 
REDO STORE 0 1 2 

MK331 MK335 --- MK331---

r-- WRITE ADR ARRAY CTRL ---, 
CHAN STOR 
CONFLICT VALID CMPR eve INVAL INHIBIT 

--------MK345 --------

---MAINTENANCE ADD/DEL----
MAINT MAINT GATE 
DELETE ADD ACCEPT REPLACE COMPLETE 

FIRST 
FETCH 

INKEY LATCH 
LAST TEST SET STOR INSERT 

FETCH & SET KEY KEY P0-7 0 

• 
MPJll MV211 MV205 

OUTKEY REGISTER 
INCR 

D BAR P0-7 0 

• • 
---MKlll--- MKlll MKlll MK115 --MKllS---

r- DEST REQS -.., REQUEST FETCH .-- MAINT REQS-, 

STORE FETCH SOURCE INSN A INSN B STORE FETCH 

---MK205 --- ---MK211 ---- MK215 ---- MK221--- --- MK225 ---
..-------------RESCIND TRIGGERS r- INH REQ---, 
r-- DESTINATION --, r-- SOURCE-...., r-- INSN A ----, r-- INSN B ----, 

0 1 

MK401 --- MK161 --

;----- FAR -----. 

REQ BSY REQ LTH 

--- MK165 ---

r--- SAR ----, 

REQ BSY 

--- MKI 71---
,-- REDO ---, 

REQ BSY 

o 1 0 I 0 1 CPU STO MAINT FTH 

----- MK445-----

,-- INCREMENT FAR--, 
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MK445 
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INH LTH 

MP381 

--- MK431 ---
r-BLQK FTH CTR, 

0 

RETAIN LATCH C40 ADDRESS BUS 

4 6 

---------- MP361 MP331 ----- MP395 

.-----REPLACEMENT ALGORITHM r-- BFR SIZE INSTLD --, RETAIN LATCH C40 MARK BUS 

0/1 0/2 0/3 1/2 1/3 2/3 4K BK 16K P0-7 0 2 3 4 5 

• • • • MK935 ---- MK901 ----- MP371 
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6 

---- MK!IOI ML455 ----
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MK!lll 

HANG 
DETECT 

~::1?.:rn.1::~:rni 

8·15 16-23 24·28 
INKEY 
CHK 

MK935 

OUTKEY 
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SCU C40 C40 BYTE 
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BLOCK MPLE REPLACE 
CMPR CMPR ARRAY 

Figure 14-3. Microfiche Image A2 
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--- MK515 ---
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FAR SAR 
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r PROTECT VIOL, 
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r- KEY CHECK--, 
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ADR K MK ID ST ARRAY ADR VD 
xx xx xx ox xx xx ox 0 xx xx xx 

1 xx xx xx 
STAR xx xx xx xx xx 2 xx xx xx 

FAR xx xx xx xx 3 xx xx xx 

REDO xx xx xx xx B RPL xx xx xx 
D BAR OX xx xx 

BAR ox xx xx 

1 2 3 4 5 6 7 8 9 A B c D E F 
IB A xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx xx 
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 I REG xx xx xx xx SH xx xx 
SDBO xx xx xx xx xx xx xx xx IQ 1 xx xx xx DSPM ox 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 
OP 2 xx xx xx xx xx xx xx xx 

A xx xx xx xx xx xx xx xx SRC xx xx xx 
B xx xx xx xx xx xx xx xx DST xx xx xx 

N c xx xx xx xx xx xx xx xx DIF A xx IAR A xx xx xx ... 
O') 

D xx xx xx xx xx xx xx xx DIF B xx IAR B xx xx xx 
E xx xx 
F xx xx xx xx xx xx xx xx 

::MY 1 xx xx xx xx xx xx xx xx CSAR ox xx 
::MY 2 xx xx xx xx xx xx xx xx CS ARA ox xx ox 
:: SUM xx xx xx xx xx xx xx xx CS ARB ox xx ox 
:: CAR xx xx xx xx xx xx xx xx 
::s PAR ox xx ox xx 

MCRR xx xx xx xx xx xx xx xx IC xx xx xx xx MCER xx 

MCDR xx xx xx xx xx xx xx xx MCAR xx xx xx xx MRAR xx 

Figure 14-4. 
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---MQ515--

r-" IN·LINE RIP-, 

CE UE 

3 4 5 6 7 B 9 10 11 12 13 

------- MK451 ------- --------- MK455 ---------
..----------CONFIGURATION REGISTER---------.. 
r--- NUMBER OF BIFRAMES -----, 

0 1 2 3 4 
REV HI-LO REV Bl-FRMr-- INTERLEAVE --, 

5 6 7 8 

• • 
MM681 MM711 MM741 MM771 MM6Bl MM711 MM741 MM771 

..---------STORAGE BUSY LATCHES 

0 4 6 

MQ609 

r---- STORAGE ID----, 

0 

MQ613 

14 15 16 17 18 19 20 21 

-------MK461-------

r- STORAGE BIFRAME READY ---, 

0 2 3 

• • 
MM685 MM715 MM745 MM775 MM685 MM715 MM745 MM775 

--------STORAGE WRITE LATCHES---------, 

0 

MQ64l 

DISABLE 
ECC 

2 3 

MQ641 

SMALL 
&SM'S 

4 6 

22 

-----------------MQ645-----------------

.--------------------------~SOURCE/SINK OUT---------------------------~ 
CPUID 

P0-7 CH ID 0 CH ID l 

• 
CPU=14 15 

.PA STOR=14 13 

MQ605 

P0·7 0 

• 

RIPPLE lST FTH 
CH ID 2 CH ID 3 CH ID 4 

MQ605 

16 17 18 
12 11 10 

• 
MARKS 

3 4 

----MQ609 ----

,---- ECC CHECKS ----, 

CE UE 

4TH FTH 
5 

• 
19 
9 

MQ609 

STORE 
6 

CPU OP 
7 

• 
MQ609 

PS-15 

• 
STORAGE ADDRESS BUS 

20 21 
8 7 PB 

• 

IV ADR 
8 

CPU=22 
STOR=6 

MQ637 

SPV 
9 

23 
5 

MQ637 

24 
4 

25 26 12 13 
3 2 l 0 

• • MQ641 

--------ERROR INDICATION FIELD---------. 

5 

MQ5ll 

SRC/SNK 
CHECK 

MK921 MK92l 

STOR 
CHECK 

NON RTRY 
STOR CHK 

0 2 3· 4 6 

---------MQ64l---------

----- STORAGE CHECKS-----

SDBI MARK ADR 

IMAGE 

Al 

Figure 14-5. Microfiche Image Al 
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3 4 5 6 7 8 9 10 

------ KE202 KE207 ------ K£227 

.------INSTRUCTION ADDRESS REGISTER A I· BUFFER CONTROLS-----. 
------------STATE TRIGGERS-----------...., A 

A -- B -- C -- D E -- F G -- H REQUEST 

• 
----KE217 --- KJ531--- KH226 KE 122 KF93l 

r---PTR A TGRS---.., rDIF A CTLS INCR-, 

28 29 30 BY 2 BY4 
AIN 
INeR 

A SCU MC DEFEAT 
ADV eve OVLP 

-- KFJOI -- KF116 KF121 --- KF126 KF926 ----

r-- INSTRUCTION REGISTER CONTROLS ---------. 
r---; SS CTRLS B' 'l_ERF\ADY T~rJHf1 PRA~~~eT l~~~l r- ss

1 
IN PROGR~SS-, 

KF906 KK206 KF9ll ---KF5ll--- KJ501 

DEFEAT 
OVLP 

• 

11 

KK316 

INSTRUCTION QUEUE 1 STATUS BITS 

12 13 

--- Kflll --

r ACTV INSN REG i 

A B 

KK321 KIC326 

14 15 

KIC316 KK321 

16 17 18 19 20 21 22 23 24 

------ KE602 K£607 ------ KE627 

.------INSTRUCTION ADDRESS REGISTER BI ·BUFFER CONTROLS-----. 

.-----------~STATE TRIGGERS-------------, B 
A -- B -- C -- D E -- F G -- H REQUEST 

---- K£617 KJ531--- KH226 

r-PTR B TGRS---, r-DIF B CTLS INCR-, 

28 29 30 BY 2 BY 3 

• • 
B IN 
INCR 

---KF306--- KF316 --KF321--- KH23l 

• 
KE522 

B SCU 
ADV eve 

.----------BRANCH AND EXECUTE CONTROLS--------...., 
B HOLDS A USE AUX MAIN SUBJECT r- EXEC CTLS--, 
TA RGET MAIN TO MAIN TO AUX OF EXEC A B 

• 
ICIC326 -- XVl67--- KG317 

AC BC SET UP 

LB TO 
LSAL l 

---KJ537---

r"(NQf EUE P1isT l' r- ADf WRAP AR:D-, SUBJ PROTECT INVAL ExJggEoP r--;- OPEiAND WRAPlROUND s1ATUS TRIG~ERS -----;--' EMLTR PRIV INCR E USES 
BUSY BRANCH OF EXEC AREA ADR TYPE OIL A B c D MORD INCRTR 

• • 
ICF906 KIC21l 

r-"°jN~EUE P1RJT"'21 

KF906 KKZll 

r"(NQNEUE Pbi\~ 

XV869 

Dll 9 TO 
CSAR 

EMLTR 
IN I UNIT 

• 
KF9ll ---ICFSll---

BUSY 
r- AD: WRAP AR:D-, 

BRANCH 

• 
KF911 ---KF511 

BUSY 
r- ADf WRAP AR:D-, 

BRANCH 

• 
KFtl& ---KF506--
~ E CTL TGRS---, 

BUSY r-AD: WRAP A\ND-, 

• • • 
KJ5ll KK316 ICIC321 KIC326 KK316 KK321 KK326 -- XY867--- CA323 

INSTRUCTION QUEUE 2 STATUS BITS GATE TO INCREMENTER 
SUBJ PROTECT INVAL EXTDD OP r--- OPERAND WRAP AROUND STATUS TRIGGERS ------, EMLTR PRIV r- flFFERENC~--, r- l~SN ADDRE:s-. 

OF EXEC AREA ADR CODE A B C D · E F TYPE OIL SOURCE DEST 

• • 
KJ516 KK316 KK32! KK326 KK316 KK321 KK326 --XVH7--- CA323 

INSTRUCTION QUEUE 3 STATUS BITS ADDRESS INCREMENTER CONTROLS 
SUBJ PROTECT INVAL EXTDD OP r--- OPERAND WRAP AROUND STATUS TRIGGERS -----., EMLTR PRIV 

OF EXEC AREA ADR CODE A B C D E F TYPE Oil +16 +8 +0 -8 -16 DIF 

• • 
KK426 KK431 --KK426--- ---KK34J--- KK346 ---KK331-- ---Kl(336--- ---------- CA323----------

.----- OPERAND WRAP AROUND CONTROLS------. ..---- DUP E REG Rl FIELD---. r-MISCELLANE0US INCREMENTER CONTROLS----, 
'Wii~~~osswk~P2' 'Tow:AP AR~g ii' A B c 8 9 10 11 

CS BIT IA 18 94 IC SI 
IC 68 +8 +8 INCR INCRTR 

KJ127 --KJJ32 -----KJ521--- KJ132 KJ117 KJl22 KJ137 --CA307--- AB157 KH231------ ------KK436------ ------KK441------

..--------INSTRUCTl0N QUEUE OP DECODE TRIGGERS-------. r-ALLOW CHECK SAMPLE-. ----LSAR BUFFER LSAR 3 LSAR 4 -----... 

~~M=f~ SS J~ 11~1 PR~lffT l~~~L /J11';- 1~J~~R ""INsffSTORE CTRL r--;- DIFll" HAL~~UM 

• 

RR302 RR310 RR314 RR318 

,-- INSTRUCTION REGISTER--, 

00·07 08-15 16-23 24·31 

CA113 CAJ93 CA273 
r- ADDRESS INCREMENTER LATCH-, 

08-15 16·23 24-31 

• 

CA307 

DIF 
CHECK 

0 3 0 2 3 

• • 

AA155 AA235 AA315 AA157 AA237 AAJ17 
r-----~------ADDRESSADDER~--------. 

.----HALF SUM ----, .-----FULL SUM----, 
08·15 16-23 24-31 08-15 16·23 24-31 

0 

• 

IMAGE 

A6 

3 

FEATURE 
I UNIT·A & 
74/94 EMLTR 

Figure 14-6. Microfiche Image A6 
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---KHl17--- -----KHl07 ---KHll2--- -----KH236-----

..------------- ST0RAGE C0NTR0LS --------------. 

• • 

11 

KHll7 

END OP 

12 

KHl22 

RESTART 
l·U 

13 14 

KJ526 K[9QI 

TARGET MAN ens 
IC TGR ADV CYC 

15 16 17 18 19 20 21 

K•Ul l --- KH3l6 --- ------- KH321 -------

SEIZE 
BY E·U 

22 23 24 

KHl22 --- KHJll ---

SS INSN ,-- PSC RCVY---, 
END OP 1 2 

-----KH911------------KH716-------------KH606 KH611 ---KH721--- KH626 ---KH731--- KH921 KH926 KH921 KH926 

----------------------OPERAND BUFFER CONTROLS r--- l·U SRC FTH SEQ---
r-- OPND STORE CMPR ens--,.---- l·U SRC FTH CTR LS ----.. .----- E·U SRC FTH CTR LS E·U DEST FTH CTR LS-, r-- ADV CYCLE TGRS ----, .-- SRC VIOLS ----, r- WAIT FOR ACPT-, r- WAIT FOR ADV---., 

A B c D E F G H J K M N p Q DEST FTH SRC FTH MAN ens PROTECT INVAL ADR NORM CROSS NORM CROSS 

• KH406 KH'411 KH421--- ------- KF726 KF731 -- KF736 --- --- KH631 ---

STORE CONTROLS ,-----ADDRESS ADDER CONTROLS---, 
STATE TRIGGERS CNCL DEST STO ..------ STATE TRIGGER WD OVLP SHIFT 1/0 r-- DEST VIOLS -, 

A B c D E G H TGR ADV CYC A B C D BUSY TEST REG BUSY PROTECT INVAL ADR 

• • • • • ------------------------------CPU A MAINTENANCE CONTROL (MCW BITS 0-23) ------------------------------
,--- 94 EMULATOR FEAl -----, REV ADR 

REV CS FR TSLTR EMLTR r-- HSM CHKS ENCODED----, r ECODDUNIT SEL-, DEFEAT INH BFR REV PA FR SA BLOK SHFR ADDER INH PA FR SHFR .--- REVERSE cs FIELD----, LOG ON DSBL l·U/ DISABLE r LOG ON MINOR eve, 
FS PTY OUT PTY FS PTY CAR CHKS OUT PTY A PTY B PTY C PTY COUNT E·U OVLP INTV TMR 1 2 EXTDD PTY CHK DIAGN MODE 11 =CPU ASEL HSM RESET FS PTY 

lO=CPU B SEL DELETE ADD BIT 
'----- BLOCK SELECT BITS---~ 

--------------------------------CPU B MAINTENANCE CONTROL (MCW BITS 0·23) ------------------------------__. 
"- ECODD UNIT SEL ..J BIT '--------- ENCODED PARTITION SELECT BITS --------' 

--- RM285 ----- RM321 ---- RM355 ---- RM391 ---- RM425 ---- RM461 ---- RM495 ---- RM531 ---- RM595 --- --- RM631 --- --- RM665 --- --- RM701 ---

0 1 2 REV DATA REV BC SUP STOR Ol=CHAN SEL EXTDD CHAN DIAG SEL PROG 
"-----CHANNEL ID ~ PTY PTY DATA CHK L. ECODD UNIT SEL ..J SEL 8·11 ALL CHAN SCAN (2885) 

FORCE 
CHAN PTY 

---------------CHANNEL MAINTENANCE CONTROL (MCW BITS 0·14) --------------~ 
--- RM285 ------ RM321 ------ RM355 --- --- RM391 ----- RM425 ---- RM461 --- --- RM495 -- RM531 

--- RM735 --- --- RM771 --- --- RM805 --- --- RM841 --- --- RM285 ---- RM321 --- --- RM355 -- --- RM391 --

----------------CPU A MAINTENANCE CONTROL (MCW BITS 24·39)----------------

J~~L o0Nv~~:~i;, B~~M-U B~~:r~u sc~Lg~KS CMPRFO~~t~ ~~Rp~HA1GM PT~ :~i~~t ~1~pc~~ s~~VR sl~~%~G .-RE~Tc:i~D MCJ'~E--, r-c~~~ ~~J>~D----, 

BYPASS 
BUFFER 

-----------------CPU B MAINTENANCE CONTROL (MCW BITS 24·39)-----------------
RM771 

45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 
'-~-~-~~-~-~-~~-~~~~~--CPUCSAR~~-~~~----------~----~~-~-~-~------~-~------CPUCOUNT~-------------------___. 

40 41 42 43 44 

._-----------------------------------~CPUMAINTENANCECONTROL(MCWBITS40-63)--------------------------------' 
--- RM425 -- -- RM461 ---- RM495 ---- RM531 -- --- RM595 ----- RM631 -- --- RM665 ----- RM701 --- --- RM735 ------ RM771 -- --- RM805 ----- RM841 ---

IMAGE I UNIT ·B 

A7 

Figure 14-7. Microfiche Image A7 
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KD005 KD021 KDOI I ---KD025 --- KD031 KD035 KD031 KD035 KD031 KD035 KD031 KD035 KDOll KDOl5 KOO! I KD015 KDOll KD015 

------------------------------CPU A MODE BITS--------------------------------. 
DEFEAT INH BFR DSBL l/E DSBL OVRD STP BLOK E-U BLOK 1-U BLOK ,--- FORCED BFR CHK ----, FREEZE STOP ON 

HSM RESET OVLP INTV TMR ON CHK SW IRPTS IRPTS SCU CHKS CMPR MPLE CMPR ALGM PTY BFR VAL WCS CHK 

BYPASS 
BUFFER 

L CPU B MODE BITS .J 
KD031 KD035 

REV FORCE ,-- ECODD CPU --, ,-- ECC MODE ---, 
STOR SER ADRG RETRY MODE CTRL ECODD 

20 21 22 23 24 

---------KW071 ------------- KW075----- KWl31 -------------------- KW125 -----------

--------- MIN NOW FI LE ADDRESS ---5-E~CT~O~R-----. 
T:i~c2K --B-IT_J ___ B_IT-4---. ~ BIT 6 - 81-:;:-;-1 

BIT 0 BIT 1 

--- KA531 --- KA501 KA505 --- KA515 --- KA51 l 

MCI CODE TRIGGERS 
SYSTEM SYS CLOCK EXT DLYD STOR CHK STOR CHK SP CHK PSW IC FPR CPR 
DAMAGE RCVY DAMAGE DAMAGE IRPT UNCRCTD CRCTD UNCRCTD VALID VALID VALID VALID 

• • • • 
KBl05 --- KBl25 --- CM247 KB415 KBll5 KA435 --- KB301 ---

MAINTENANCE CONTROLS 
STATE TRIGGERS DATA RIGHT WCS RIP IN-LINE CS READ DSBL STOP STOP 

0 1 2 A ENTRY DIGIT WRITE RIPPLE RIPPLE CHK STP TGR LOOP 

• 
KA245 M325 --- --- KA?45 --- KA035 

RETRY 
STOR REQ JRD OPND BLOK ELC IC OPND PRGM STO ,--- MLCR---, ENTG E RESTORE 
LAST CYC BFRD IC UDT VALID INVAL COMPARE 0 1 IRPT BUSY SEQUENCE 

• • • 
KA245 --- KA325 --- --- KA245 --- KA035 

RETRY 
INT REG STOR PAR RSLTS RESULTS EXEC UNRETRY ,---MSSR-----, EXEC LAST IN 
ALTRO ALTRO STORED STORED SUBJ EVENT IRPT CYCLE PROG 

• • • • • • 

BIT 1 BIT 2 

KA035 

MCR . LOG 
VALID VALID 

• KB321 KA435 KB505 

LOAD MD SEL EVEN 
MD MODE l·U BFR 

• • 
KA035 

r-- RETRY COUNT-----, 
0 1 2 

--- KA035 ---

CHAN LOOP 

BIT 3 BIT 4 BIT 5 

--- MK921 ---

HANG DETECT 
SYNC OUT ST 

MK920 --- KA035 ---

r---- ST 0 P ---, 
SCU STO LOG ON ENTER 

INVAL COUNT ERROR 

BIT 6 BIT 7 BIT 8 

KA435 --- KB405 ---

BYPASS NORMAL STORAGE 
OPERAND ADVANCE VIOL 

--- KA035 --

r-- LOG OUT---, 
BLOCK LOCAL 
STATUS STORE 

BIT 9 

IMAGE 

BO 

BIT 10 BIT 11 

MAINTENANCE 
CONTROLS 

Figure 14-8. Microfiche Image BO 
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- FAR Op Time B 

-STAR Op Time B 

-Chon Op Time B 
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SS Bit 11 

SS Bit 11 Al, FIB 

SCU Key Control Check Indicator (A2, K2): This light turns an if on SP inkey or outkey check 
occurs during o CPU operation. 

lnkey Check Indicator (A2, KB) and Outkey Check Indicator 1A2, LB): These lights turn on when 
errors are detected at their respective sides of the storage pr~t11ct unit. 

Suggested Diagnostics: 

1017 Micro Error Check Section 
1391 SCU Buffer and Addressing 
13CB Storage Protect 
13EO Random 
E401, E402, E403 for 2B60/2B70 
E431, E436 for 2B70 

Related Diagrams: 

SCU Channel Control~ 
Advance, Key, and Doto Indicators; Microfiche Frame A2 
SCU HS Buffer Controls, Change Key Sequence 
SCU HS Buffer Controls, Timing for Block Load and Change Key Sequence 
Functional Significance of Storage Address Bits 

Figure 14-9. SCU Key Control Check 
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0 
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STORE l 

------ MK305 ------
...------ADDRESS GATE------. 

...---- IDENTITY-----. 
STORE 0 1 2 

MK321 MK331 MK335 --- MK331 ---

,----WRITE ADR ARRAY CTRL---, 
CHAN STOR 
CONFLICT VALID CMPR CYC INVAL INHIBIT 

--------MK345 --------

--- MAINTENANCE ADD/DEL----. 
MAINT MAINT GATE 
DELETE ADD ACCEPT REPLACE COMPLETE 

-----------MP361-------------

r-----REPLACEMENT ALGORITHM-----. 
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Figure 14-10. Microfiche Image A2 

FIRST 
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INKEY LATCH 
LAST TEST SET STOR INSERT 

FETCH & SET KEY KEY P0-7 0 4 FETCH 

MP311 MV211 MV205 MV211 

OUTKEY REGISTER 
INCR FETCH 

D BAR P0-7 0 3 4 PROTECT 

---MKll!--- MKlll MKlll MKllS --MK115--- --- MKSIS ---

r- DEST REQS --, REQUEST FETCH r- MAI NT REQS -, r-- INVAL ADR--, 

STORE FETCH SOURCE INSN A INSN B STORE FETCH FAR SAR 

---MK205 --- ---MK211 ---- MK215 ---- MK221--- --- MK225 --- --- MK515 --

f" PROTECT VIOL, ...-----------RESCIND TRIGGERS r- INH REQ---, 
r-- DESTINATION --i r-- SOURCE----,,-- INSN A ---, r-- INSN B ---, 

0 1 0 1 0 l 0 1 CPU STO MAINT FTH FAR SAR 

--- MK161 --- MK401 

....----- FAR------. 
-----MK445----

r--- INCREMENT FAR--, 
MK445 --- MK431 --

rBlOK FTH CTR-, 
---MK515--

r- KEY CHECK--, 

REQ BSY REQ LTH 

--- MK165 --

r--SAR---, 

REQ BSY 

REQ BSY 

---- MP331 ------

,-BFR SIZE INSTLD --, 

4K SK 16K 

---- MK901 ----

,- BFR CTRL CHECKS--, 
SCU C40 C40 
ADR ADR MARK 

-----MK90l ----

r- BFR ARRAY CHECKS-, 
BLOCK MPLE REPLACE 
CMPR CMPR ARRAY 

27 28 p 24-28 
RESC 

INH LTH 0 FAR SAR 

--------------------~MP381-------------------

-------- RETAIN LATCH C40 ADDRESS BUS---------. 

0 2 3 4 5 6 8 

---------------------MP395--------------------r---------- REfAIN LATCH C40 MARK BUS----------. 

P0-7 0 3 4 5 

--------------MP371 --------------

.-------BUFFER DATA BUS OUT CHECK TRIGGERS------..... 

..----------------BYTE---------------. 
0 3 4 6 

MP375 

RETAIN 
TGR 

MP375 

BYPASS 
LATCH 

IMAGE 
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Figure 14-11. Buffer Array .Checks 



Figure 14-12. Buffer Array Checks 
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19" DISPLAY HEAD 
SHEET 2 OF 3 

i- - - - - - - - - - - - -,- - - - - - - --- - - - - ------ - - -- - - - - ~ - - - - -- - --. 
PHOOO 

l CURSOR I . CHARACTER DEELECTION 
I DAT:!: BIT.2 4-1_ FOR ..f..R..E..Sll DECODE - PR}..S_If J..ECODE FOR IJ U V W Z 4 71 ~ - - - - - - - - - - - - - - - - - - I 
I 1 I 

CONTROL UNIT I CHARACTER GENERATOR (OROS) I CHARA- COUNTER CHAR.'\CTER I 
D -------CURSOR t rcTART-cTo" I CONTROL-Y-EXTEND COUNTER ATA BITS 1- 7 _.. I NIER FACE CARD I DEC Ol"IER Dl- A2 A B C D E F G H I L__.._ ~ . 1-- lllROB.!_ ,... cVtJ/ " 1 ~ - CURSOR I 
CURSOR TERMINATOR loATA....B..llS.J..-..1.l 141 Dl-82 & J KL MN 0 P QR! +X,-X,+Y,-~Zl5'-.... ~ ~ I ~ 

:"'.BL:..:l.:...N'-.l:K~----i .... ..-~~~: ...... 1-l....JE~6 II ~:= ~~ 1161 DI- C2 •I S T U V W X .. Y Z IBL Dl- E6 +X ·X +'(. DAEDLJAY LINE +X -X +Y DE~INE 'j--.. :~: ~: ~ Al- M• I- 1
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: _J : + PCC 1 
x-v CORRECT I ON I 

SPECIAL VOLTAGES L--------------J Al-M2 ~ ....... l PLOOl .... 

POWER MUST BE REMOVED WHILE CARDS ARE CHANGED 
REFER TO FEMM FOR CORRECT PROCEDURE FOR REPLACING CRT . 
USE THE FOLLOWINQ PROCE.DURE. .. TQ CHECK A BUFFER TRANSISTOR USING AN OHMMETER. 
PLACE. THE OHMMETER LEAD WHICH HAS THE MORE POSITIVE VOLTAGE ON THE BASE PIN. 
THE RESISTN~CE FROM BASE. TO EMITTER AND FROM EASE TO COLLECTOR (WITH THE 6ASE 
POSIT/VE.) SE:- ~LD BE LOW (ABOUT 20 OHMS) ~LL OTHER MEASUREMENTS WITH THE OHMMETER 
SHOULD BE YEi";Y HIGH (IOK OHMS TO INF'INITY). 
IF ANY OF THESE MEASUREMENTS ARE INCORRECT, THE TRANSISTOR SHOULD BE REPLACED. 
THESE MEASUREMENTS CAN BE VERIFIED BY MEASURIN(i A l<NOWN GOOQ TRANSISTOR. 

Figure 18-1-2. 19" Display Head 
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19" DISPLAY HEAD ADJUSTMENTS SHEET J IF J PHOOO 

1. 0 SINGLE SHOT AOJUSTMENTs 
SET EACH Sl:-.IGLE SHOT OUTPUT WITH AN OSCILLOSCOPE TO THE NOMINAL SETTING AS INDICATED IN THE FOLLOWING PROCEDURE: 

1.1 CE CARD ADJUSTMENTS CSU SHEET 1 OF J) 
1.1.1 SELECT DOUBLE CARD ICE TEST CARDI AND PLACE IN HOME LOCATION 05C·All2. SYNC SCOPE INTERNAL. S\11TCH 

TO OFF LINE MODE !SWITCH 1 RO\Y II, THIS WILL GIVE A NEGATIVE LEVEL AT 05C·AlBZJ11 
NOTE: FOR THE FOLLOWING TWO SINGLE SHOT ADJUSTMENTS, IT IS NECESSARY TO USE THE OH/OFF LINE SWITCH 
-- !SWITCH 1 ROW II 

1.1. Z 1:E r.ESET 551 WITH A -POSITIVE GOING INPUT SIGNAL AT B2Jl0, ADJUSi SSl CROW Cl FOR A 100 tlO USEC 
WIDTH NEGATIVE PULSE AT 12GOC 

1.1. 3 ICE OAITA \tlLIC> SS I WITH A POSITIVE GOING INPUT SIGNAL AT D2GOC ADJUST SSS CROW Cl FOR A MINIMUM 
WIDTH NEGATIVE PULSE AT IZG02. 1.5 t0.25 USEC 

1. 2 SINGLE SHOT -HOME L..OCATION OSC -AIGS 
I. '2.1 :>.ATA V'*'l.ID SS 

INSERT CARD IN SPARE LOCATION 05C-AlCJ. CONNFCT JUMPER BETWEEN B2Jll AND C7803. Fllf' ON LINE•OFF 
LINE SWITCH ON CE CARD AND ADJUST MIDDLE POTENTIOMETER ON CARD IN LOCATION C7 FOR .J 
MICROSECONDS t5~ NEGATIVE OUTPUT AT C7Dl~ LOGIC REFERENCE PAGE PH061 

1.2.:Z ST::i.RT TPD 
CONNECT JUMPER BETWEEN 12JU AND C7DOC. FLIP ON LINE· OFF LINE SWITCH ON CE CARD AND ADJUST BOTTOM 
POTENTIOMETER ON CARD IN LOCATION CJ FOR .I MICROSECONDS NEGATIVE OUTPUT AT C7B13. LOGIC REFERENCE 
PAGE PHOll 

1.3 INHIBIT SiA~T CLOCK 
SINGLE SHOT- HOM!! LOCATION O~·C·AIGlf 
INSERT CARD IN SPARE LOCATION 05C• AlCJ. CONNECT JUMPER IETWHN B2Jll AND C1Bl2. CONNECT JUMPER HTllEEN 

C7B04 AND C7803. FLIP ON LINE- OFF LINE SWITCH ON CE CARD AND ADJUST BOTTOM POTENTIOMETER or.i CARD· IN 
LOCATION CJ FOR 105 MICP.OSECONDS t5S NEGATIVE OUTPUT AT CJD04 

I.~ i:i!EGEN SS 
SINGLE SHOT CARD - HOME LOCATION 05C•AIC5 
INSERT CARD IN SPARE LOCATION 05C· AlCJ. CONNECT JUMPER BETWEEN B2Jll AND CJ803, CJD02 AND C1DD5. 
FLIP ON LINE- OFF LINE SWITCH ON CE CARD AND ADJUST POTENTIOMETER ON CARD IN LOCATION CJ FOR I 
MILLISECONDS tSS NEGATIVE OUTPUT AT CJllO 

125 NSEC fu fu Fl25 NSE!C 
I. S REGEN SS 3V- -- --

. SINGLE SHOT- HOME LOCATION 05C-AIB5 PULSE WIDTH AHO 
1. 5.1 USE SAME PROCEDURE AS IN SECTION 1.C .6VV ~ ~ )~ SYMMETRY ADJUSTM!NT 
1. 5. 2 A AND B PULSE WIDTH AND SYMMETRY 0 

SCOPE "A OR B" DELAY PULSE AT D5C-Al G7D02. ADJUST POTENTIOMETERS ON CARD IN LOCATION 05C•All6 FOR 1S 
NSEC POSITIVE PULSES. FOR OSCILLATOR SYMMETRY ADJUST POTENTIOMETER ON CARD IN LOCATION O~C·AlU 
FOR BALANCED WAVE SHAPE. NOTE: INITIAL DELAY SETTING MUST BE MADE ON CARD AT D5C-AlGJ AS PER PARAGRAPH I. J. 2 

p 
H 
0 
0 
0 

1.6 DELAY LINE ADJUSTMENT 
JUMPER AND DELAY·ARRANGEMENT FOR OROS GATING AND START STOP SYNC CARDS: 

PIN . 1 2•3 C•5 6-7 l•t 10•11 U 
FUNCTION INPUT 50 •O 20 10 S OUTPUT 
EXAMPLE: 90 NANOSECONDS: INSERT JUMPERS 1•2, J·•, 5·U 

l. 7 OROS GATING CARD - HOME LOCATION OSC• AlGJ 
l. 7.1 THE PURPOSE OF THIS ADJUSTMENT IS TO POSITION THE "A OR B DELAYED PULSES" SUCH THAT - IE OUTPUT 

PULSE OBTAINED FROM THE C4TE HAS A CONSTANT WIDTH WITH MINIMUM SKEW 
1.1. 2 INITIAL DELAY SETTING-· ADJUST THE DELAY LINE FOR 65 NAHOS

0

ECONDS AS SHOWN IN PARAGRAPH 1. 6 
1: 1. 3 INSERT CARD 1.N HOME LOCATION. SELECT CHARACTER "A" IBIT 71 AND COMPARE THE •X, -.X, •Y, -Y AND 

INTENSITY PULSES COMING FROM THE OROS CLOGIC PAGE PH2711 WITH THE SAMPLE PULSE AT 05C•AlGJDDZ 
!LOGIC PAGE PH2111 • 
IF THE SAMPLE PULSE IS NARROWER THAN THE OROS PULSE, THE SAMPLE PULSE SHOULD FALL WITHIN THE 
OROS PULSES. IF THE SAMPLE PULSE IS WIDER THAN THE OROS PULSE, THE SAMPLE PULSE SHOULD 
COVER THE OROS PULSES. ADJUST THE DELAY SO THAT THIS CONDITION IS OPTIMIZED. 

1. 8 START - STOP SYNC CARD - HOME LOCATION OSC· AlHC 
1.8.1 THE PURPOSE OF THIS ADJUSTMENT IS TO ESTABLISH THE CORRECT SAMPLE TIME OF THE X ANDY STORAGE 

TRIGGERS, NOMINAL 30 NANOSECONDS. 
1.8.2 DELAY LINE SHALL BE SET ACCORDING TO THE PROCEilURE DESCRIBED BELOW. USE THE NOMINAL TIMING 

FOR INITIAL SETTING. THE DELAY TIME CAN BE VARIED WITHIN THE MINIMtlM AND MAXIMUM RANGE FOR 
FINE ADJUSTMENT liURING THE ALIGNMENT PROCEDURE. 

1. 8. 3 SET UP PRCEDURES: 
1. 8. 3.1 SWITCH CE CARD TO "OFF LINE" MODE. SET DATA SWITCHES FOR CHARACTE.R "X" !CHARACTER CODE 11001111 
1.8.3.2 SYNC THE OSCILLOSCOPE POSITIVE AT PIN 05C•AlH5Dl3. 
1. 8. 3. 3 C'ONNECT PROBE 1 AT THE FOLLOWING POINT: 

+X 05C-A1HCD07 CPH2821 
L 8. 3. C CONNECT PROBE 2 TO THE "A OR B DELAY PULSE" AT 05C-AlH4D05. ADJUST THE DELAY LINE SO THAT THE 

POSITIVE TRANSITION OF THE "DELAYED PULSE" LAGS THE POSITIVE TRANSITION ON PROBE 1 BY 30 .tS 
NANOSECONDS AT THE 20S POINT 

NOTE: BEFORE: REMOVIN5 OR INSEICllNG CARDS 
SET THE DISP!.AY HEAD POWER SWITCH 
TO OFF (LOCATED ON BACK OF FRA~E 05 ) 

Figure 18-1-3. 1911 Display Head Adjustments 

. ' 

2. 0 INTENSITY: 

2.1 THE INTENSITY CARD IS LOCATED AT OSC·AlU. TURN INTENSITY CONTROL FULLY CCW AND THEN ADJUST 
"BIAS ADJUST" POTENTIOMETER ON INTENSITY CARD SO THAT THE RETRACE LINES ARE VISIBLE NOW 
ADJUST THIS POTENTIOMETER UNTIL THESE LINES IOR A DOT W ... ICH APPEARS IN THE UPPER LEFT CORNER 
OF THE CRT DURING A RESET CONDITION) JUST DISAPPEAR. INTENSITY CONTROL NOW CAN IE ADJUSTED TO 
PRODUCE DESIRED BRIGHTNESS 
NOTE: IF THE RETRACE LINES IOR RESET DOTI CANNOT BE MADE VISIBLE WITH THE BIAS ADJUST 

POHNTIOMETER. TURN THE POTENTIOMETER COUNTER- CLOCK WI SE TO STOP. THEN ADJUST THE 
INTENSITY CONTROL FOR DESIRED BRIGHTNESS · 

2, 2 FOCUS 
THE SPOT QUALITY OF THIS DISPLAY IS SUCH THAT NO OPERATOR FOCUS IS REQUIRED 

CE FOCUS ADJUSTMENT IS PROVIDED. CRT GRID• ISINr-LE LEAD 15 WITH RING TONGUE TERMI MAY IE 
RETURHED TO EITHER ·•oo 'tl5"/t VOLTS 105C-TB1-31, 26J VOLTS' t15S C05C·TB1-•I. 133 VOLTS :tUfi 
C05C·TB1-51 OR GROUND 105C•T01·61. SELECT WHICHEVER VOLTAGE GIVES DETTER FOCUS OVER THE £rJTlft£ 
DI SPLAYED IMAGE 

~O DISPLAY ADJUSTMENT AND MEASUREMEN~ 

3.1 DEFLECTION YOKE ADJUSTMENT 
3.1.1 POSl1'10N MASK AGAINST r"RONT OF DISPL.AY F'R~Mli AND secuae WITH TAPI. 

:<E:FER TO l='EMM FO~ BEZEL AND FRAME REMOVAL. 
3.1. 2 LOOSEN THE YOKE CLAMP 
3.1. 3 PUSH THE YOKf FORWARD SO THAT IT SEATS FIRMLY AGAINST THE CRT IUL 
3.1. • ROTATE THE YOKE SO THAT THE DI SPLAY FRAME IS PARALLEL WITH THE GUIDELINES Of tAASIC 

P/N 51811 'i9 . 1 

J.1. 5 TIGHlEN THE YOKE CLAMP SO AS TO HOLD THE YOKE FIRMLY. tN POSITION 

3. 2 ADJUST THE IMAGE TO THE VALUECi GIVEN BELOW, WITH THE FOUR POTS. LOCATED ON 05C· A1KZ. THF TOP 
TWO CONTROLS ADJUST HEIGHT AND VERTICAL CENTERING WHILE THE BOTTOM TWO ADJUST WlnTH lND 
HORIZONTAL CENTERING. CENTER THE DISPLAY ON THE TUBE WITH MASK A AS A GUIDE USF A FULL PAITEiN 
OF "H" 'S FOR. WIDTH ADJUSTMENT, AND A FULL PATTERN FOR "E" 'S FOR HEIGHT ADJU

0

ST"hi 
3.2.1 Y..-'( PIN CUSHION A.NO KE'(SIONE CORBECJIOH 

IM~E PIN CUSHIONING .A.ND KE.YSTOOltG ARE CORRECTED 6Y AOJ THE FO\JR POT'S OH· THE CARD IN LOC O'X:-A\MZ 
THE TOP ANO BOTTOM POTS CONTROL THE 'TOP/BOTTOM 1'NO UFTIRIGHT PIN OJSH!ONING RESPECTIVEL'f V11LE THE 
SECOND AND THIRD POTS CONTROL THE. lfFT/RIGlff AMO TOFYBCITlOM WIDTH RllTIOS RESPECnvay . 

3. '2.. '2.. TIE i\DJ Sl"JJ..l & MADE SUCH TAAT THE ~IE~ OF THE OISPU'( ltUa SWU. fi\J.L. WlTlUM ll£ GUUUliES (f TI£ ~ 
3.3 BO'rH \MA.GE Sl'Z.E. ~~O IM~GE CENTERl~G 5HIJ-L BE CA.P-'&LE OF .,,OVINGt.r;OO{l'Z.,i) FROM THE NOMINAL 

SETilNG AFTER BEING ADJUSTEO TO lTS PN>PER OISCERN18LE SETrlNG 
3.'+ IMAGE DRIFT 

~.'+.I SHORT i'ERM · 
THERE WIU. BE NO DISCERNISLE MOVEMENT OF Ii.NY POINT OF A CHA.R.l.CTER FR.CM A REFEREMCE 

Lt-.0 CHABAC:TERC~SJU~~~E~~ A. PERIOD Of iO SUDM0S WHEN VIEWED ~M flti.. MINIMUM DISTANCE OF 18.000 KHES 

If. I OVEROR\VE . •• 
C.1.1 WITH A FULL DI SPLAY OF "B" 'S ADJUST THE OVER DR IVE POT LOCATED IN 05C• A1U lMIL DE. IOlm 

LINES OF THE CHARACTER JUST CLOSE. CHARACTERS IN THE FIRST COLUMN Will NOT IE AFFECTED IY 
THE OVERDRIVE POTENTIOMETER . 

C.2 CHARACTER SIZE . 
THE CHARACTER SIZE IS ADJUSTABLE. THE POTEtHIOMETER IH LOCATION DlA·AlJZ WILL CHANGE THE SIZE OF 
THE HEIGHT AND WIDTH SIMULTANEOUSLY ITHE RATIO OF THE HEIGHT/WIDTH IS CONSTANTI THE SETTING OF 
THIS POTENTIOMETER CAN BEST BE DONE BY ENTERING VARIOUS CHARACTERS ON THE SCREEN AND THEN 
ADJUSTING FOR THE BEST COMPROMISE BETWEEN SEPERATION OF CHARACTERS AND CONTINUITY IETWEH 
ADJACENT CHARACTERS 

C, 3 CHARACTER TILT 
•.3.1 CHARACTER TILT CORRECTION CARD IS LOCATED AT D5C·All4 

CAUTION: THIS CARD MUST NOT BE INSERTED OR REMOVED WITH POWER ON. 
4. 3. 2 ADJUSTMENT OF CHARACTER CORRECTION CARD IS AS FOLLOWS: 
C, 3. 2.1 SYNC SCOPE ONE PER FRAME 105C• J2Dl31 
4, 3. 2. 2 ADJUST THE POT. UNTIL THE SIGNAL AT UJ09 HAS AN AVERAGE VALUE OF 6 VOLTS tl VOLT. 

AMPLITUDE OF THIS SIGNAL IS APPROXIMATELY C VOLTS PEAK TO PEAK. THIS IS A COi.RS£ ADJUST· 
MENT 

4. 3. 2. 3 ADJUST THE POT. UNTIL THE S 'GNAL AT UG13 IS SYMMEJR ICAL. SEE IELOW 

u:2 C 
l2 

4.3.2.4 FOR FINAL ADJUSTMENT, OBSERVE A DISPLAY OF CHARACTERS SUCH AS "P" At•O ADJUST THE PCT. 
FOR MINIMUM TILT IN All FOUR CORNERS . 

EC HISTORY 
loJUNb9 713020 
8DECb9 712.302. 
2.l)MAY10 113010 

DISPLAY HEAD FAULT 
FLOWCHART SHEET 3 OF 3 

MACH 19 INCH DI SPLAY 

PART NO 5182760 
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