














SCU Buffer: In this position, 16 doublewords of high-speed
buffer storage are displayed. Console address register bit
positons 17 and 18 select the buffer storage segment, and
bit positions 19-28 select the first doubleword within the
segment for display. The address displayed on the screen
represents the buffer storage location only (Figure 14).

SCUDD: In this position, 16 doublewords from the data
directory, including the chronology array, are displayed.

Bit positions 19-25 in the console address register address
one of the 128 locations in the data directories and chronol-
ogy array (Figure 15). For each address, reading from left
to right, characters 1, 2, and 3 of the display refer to the
contents of data directory 1; characters S, 6, and 7 to data
directory 2; characters 9, 10, and 11 to data directory 3;
and characters 13, 14, and 15 to data directory 4. Char-
acters 4, 8, and 12 are hexadecimal representations of special
chronology array bits (denoted by C above the character).
Character 16 is always F.,

System Reset (Panel N)

The system-reset key is pressed to reset on-line channels,
control units, and CPU controls to their initial states. All
check indicators are reset and the contents of the high-speed
buffer storage data directory are cleared. The current PSW,
data flow registers, keys in storage, and main storage are not
reset. The CPU is placed in the stopped state, and all pend-
ing interrupts are eliminated. The reset function does not
affect any off-line or shared devices.

This key is active while power is on the system.

Key Switch and Meters

The customer usage and the customer engineering (CE)
meters for the CPU cluster are on the left side of the display
console.
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DIRECTORY
ADDRESS DATA
1cC 2 C 3¢C 4

000000 00 00 00 00 00 00 00 OF
000040 01 25 45 66 89 09 23 4F
000080 02 35 45 66 77 89 99 OF
0000cCo 03 36 44 99 22 1A 45 9F
000100 04 09 22 36 44 09 88 9F
000140 05 1A 33 15 22 16 77 8F
000180 04 25 44 36 55 89 66 7F
0001co 05 35 55 49 77 96 55 6F
000200 06 46 66 95 99 09 88 5F
000240 07 0A 77 19 88 15 33 4F
000280 08 1A 88 15 99 26 22 3F
0002C0 09 45 99 66 44 66 88 2F
000300 0] 46 88 65 23 45 67 3F
000340 09 5A 98 6A 87 99 65 4F
000380 10 56 43 56 33 99 45 9F
0003co 08 55 21 95 63 05 87 SF

Note: A blank following any byte indicates
correct parity; an asterisk denotes
incorrect parity.

Figure 15. Sample Data Directory Display

The Model 195 CPU cluster includes: CPU, processor
storage, processor system console, CPU power supplies, and
power and coolant distribution units.

A key switch controls which meter is to run while the sys-
tem is in operation, that is, initiating, executing, or com-
pleting instructions, including I/O and assignable unit oper-
ations.



Although the Model 195 'performs CPU operations in a highly
parallel fashion, no elaborate optimization plan is required to
prepare programs for CPU processing. For the most part,
they may be written in a straightforward IBM System/360
code. If a program will benefit by some modification, how-
ever, the following suggestions may be helpful.

1.

Place index loading and incrementing instructions well
ahead of instructions that use them for address genera-
tion. In aloop, a convenient place for an indexing in-
struction such as ‘add’ (AR) is at the end of the loop,
just before a ‘branch on index low or equal’; by the time
the branch is completed, the index registers will be ready
for use.

. The instructions ‘load address’, ‘branch on count’ (BCT,

BCTR), ‘branch on index low or equal’, and ‘branch on
index high’ use the address adder to change a general
register. As suggested in item 2, make sure that the
registers required are available.

. The ‘load address’ instruction requires three cycles that

cannot be overlapped; it is also subject to delays if regis-

ters are unavailable. Instructions such as ‘add’ (A, AR)

require only one unoverlapped cycle and are not subject
to delays if registers are unavailable. In most cases,
therefore, replace the ‘load address’ instruction with an

AR instruction. In some situations, the ‘load address’

instruction is preferable:

a. When the register to be used is needed for addressing
by the next instruction.

b. When the fixed-point execution element is busy with
a lengthy instruction sequence and a register is needed
for addressing within the next few cycles.

¢. When the condition code must not be changed.

Because the Model 195-fetches and stores doublewords,
align operands on doubleword boundaries for faster op-
erations. Operands that are not aligned to doubleword
boundaries can be used in fixed- and floating-point
arithmetic and in variable field length (VFL) operations,
but performance is affected adversely.

. In normal coding, a condition-setting instruction im-

mediately precedes most ‘branch on condition’ instruc-
tions. On the Model 195, place neutral instructions,

10.

11.

12.
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such as those dealing with loads and stores, between the
condition-setting instruction and the conditional branch.

. Avoid storing into the next several words of the instruc-

tion stream.

. Whenever possible, contain a loop in the instruction

stack so that it is executed in loop mode. (See the dis-
cussion of loop mode in “Instruction Processor.”)

. Because all instructions that store data use the same

three store address registers (SAR) and the same three
store data buffers (SDB), if a fourth store is encountered
before a store address register is freed, the instruction
processor must wait. When possible, avoid more than
three stores in a row. For example, if it is necessary to
store data from six registers by using one ‘store multiple’
instruction, only three SAR’s are required if the first
address started on a doubleword boundary; four stores
are required otherwise.

. When only two registers are to be loaded, using two load

(L) instructions is faster than using a ‘load multiple’ in-
struction; however, when four or more registers are to
be loaded, prefer the ‘load multiple’ instruction. Also,
the ‘store multiple’ instruction is usually better than re-
peated ‘store’ (ST) instructions because it requires fewer
SAR’s and SDB’s.

Avoid repeated accesses to different doublewords in the
same storage module; conflicts result. For example,
with 16-way interleaving of processor storage, a Model
195K that is storing by column into a 16 x 16 array

of doublewords is storing eonsecutively into the same
storage module. This does not take advantage of the
interleaving, nor of the buffer storage because it isa
store operation.

Try not to use the interrupt mechanism to effect logical
program branches; operation is slow because of the re-
quired program interlocks. Also, some logical program
operations available through the interrupt mechanism
in slower, more serial processors are not available in the
Model 195 if the interrupt in question is not precise.
Efficiency is increased by eliminating short records.
Avoid excessive use of SIO for small quantities of data,
because the I/O device response time is included as a
part of the instruction.
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Appendix B: Timing Considerations

For other models of the IBM System/360, average times can
be given for each instruction. For a parallel system like the
Model 195, however, no average times are meaningful, be-

cause the amount of overlap varies from program to program.

The following information gives an appreciation of some
major aspects of timing in the Model 195 but it is not in-
tended to be comprehensive. In the discussion, “cycle” re-
fers to a major-machine-cycle time of 54 nanoseconds.

Instruction Processor Delays

Any of the following conditions delay the instruction proc-
essor:

1. The next instruction is unavailable.

2. The system is in conditional mode, and the next in-
struction is an instruction to be executed by the instruc-
tion processor or is a variable-field-length instruction.
(An unconditional branch or a no-operation instruction,
however, can be executed in conditional mode.)

3. A general register is unavailable for the addressing of
the next instruction.

4. A general register is unavailable for modification by the
next instruction — a condition that applies only to an
instruction-processor instruction, such as ‘load address’
or ‘branch on index low or equal,” which changes a
general register.

5. The next instruction requires an address generation, but
a previous instruction will not be able to complete its
address generation for another cycle.

6. The next instruction requires a fixed-point buffer regis-
ter, but all fixed-point buffer registers are busy.

7. The next instruction requires a floating-point buffer
register, but all floating-point buffer registers are busy.

8. The next instruction is a fixed-point operation, but the
fixed-point operation stack is full.

9. The next instruction is a floating-point operation, but
the floating-point operation stack is full.

10. The next instruction requires a store, but all store ad-
dress registers are busy.

11. An instruction is decoded whose execution is delayed
until the completion of all previously decoded instruc-
tions.

Transmission Time

Each of the following transmissions requires one cycle. In
most cases, these transmissions take place concurrently with
other operations, but instances may occur in which delays
due to these transmissions will directly affect the timing.
1. A fixed-point or floating-point operation from the in-
struction processor to the fixed-point operation stack
or the floating-point operation stack, respectively.
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2. An activate or cancel signal from the instruction proc-
essor to the fixed-point operation stack or the floating-
point operation stack.

3. A condition-code indication from an execution unit to
the instruction processor.

4. A general-register-available indication from the fixed-
point execution element to the instruction processor.

5. A buffer-free indication from the fixed-point execution
element or the floating-point execution element to the
instruction processor.

6. An operation-stack-position-free indication from the
fixed-point execution element or the floating-point exe-
cution element to the instruction processor.

7. A store-address-register-free indication from the storage
control unit to the instruction processor.

Branches

When loop mode is not set, the first cycle of a branch is the
usual decoding in the instruction processor. The next two
cycles are address generations for the target and target +1
doublewords; the two temporary fetches are initiated im-
mediately after the address generations. Minimum time for
any branch out of the instruction stack, therefore, is two
cycles plus the access time.

The test for a conditional branch is normally made after
the address generation. The two types of conditional
branches are: those whose condition is set by the instruction
processor, and those whose condition is set by the fixed-
point or floating-point execution element. For the instruc-
tions ‘branch on count’ (BCT, BCTR), ‘ranch on index
high,” and ‘branch on index low or equal,’ the condition is
set by the instruction processor. For the ‘branch on condi-
tion” (BC, BCR) instruction, the condition is set by the exe-
cution elements. (Masks of 0 and 15 are special cases and
are detected during the decoding cycle.)

When the condition is set by the instruction processor, no
further instructions are decoded until all tests have been
completed. Instruction processor times (in cycles) for some
of the more important branches are:

Target in Stack Target Not in Stack

Loop  Quick Loop Not Loop
Mode Mode Mode Mode
BX, Branch 4 3 6 +access 8(or2+
time access time)*
BX, No Branch 6 S 5 6
BCT, Branch 4 3 5+access 7 (or2+
time access time)*
BCT, No Branch 5 4 4 5

* The actual time required is the longer of the two times listed.



When the condition is set by an execution element, the
first three cycles of the branch are taken by the instruction
processor, and the temporary fetches are made. The instruc-
tion processor then enters conditional mode until the condi-
tion code is determined.

In conditional mode, no additional instruction fetches are
made. The instruction processor continues to decode in-
structions, generate addresses, and issue operations to the
fixed-point operation stack and the floating-point operation
stack; the operations are conditional and cannot be decoded
or executed until an activate signal is sent by the instruction
processor.

The instruction processor continues to decode instructions
conditionally until any of the following conditions occurs:
1. The condition code is set.

2. No more instructions are available in the stack.

3. The fixed-point or floating-point operation stack is filled.

4. An instruction-processor or variable-field-length instruc-
tion is encountered (except for an unconditional branch
or a no-operation instruction, which can be executed in
conditional mode).

When the condition code is set, the instruction processor
takes one cycle to make a decision. If the branch is not
taken, an activate signal is sent to the fixed-point and float-
ing-point operation stacks, and the instruction processor con-
tinues decoding instructions. If the branch is taken, a cancel
signal is sent to the fixed-point and floating-point operation
stacks and to the SAR’s, and the instruction processor be-
gins decoding instructions along the new path. When condi-
tional mode is ended, instruction fetching resumes along the
correct path.

When the machine is in loop mode, no temporary fetches
are made for conditional branches.

An unconditional branch (BC 15 or BCR 15) takes either
six cycles or two cycles plus the access time. A branch with-
in the stack takes five cycles, and a branch closing a loop
takes two cycles.

The ‘branch and link’ instructions (BAL, BALR) require
four cycles plus the time required for access or plus the time
required for the condition code to be determined, which-
ever is longer. The ‘branch and link’ instruction destroys
loop mode.

A no operation (BC 0,X; BCR 0,R; BCR C,0) requires one
cycle; a count without branching (BCTR R,0), three cycles;
a link without branching (BALR R,0), five cycles or the time
until the condition code is determined; and an ‘execute,’
tive cycles plus the access time plus the target execution
time.

Fixed-Point Execution

The following information is pertinent to fixed-point execu-

tion timing:

1. Decoding proceeds serially.

2. No conditional operation can be decoded until it has
been activated or canceled.

3. Canceled operations are decoded in one cycle.

4. An active operation is not completely decoded until the
cycle before its execution starts.

5. Execution can begin if the following conditions are met:
a. The operation is decoded.

b. The data is available.
c. The execution circuitry is free.

6. As soon as decoding is completed for a one-cycle opera-
tion, the instruction processor is notified that the stack
position is free. For operations of more than one cycle,
the stack-position-free notification is delayed until the
second or third cycle. Notification that the fixed-point
buffers are released is given to the instruction processor
during the first cycle for all instructions except ‘convert
to binary’ and ‘divide’ (D), which do not release the buf-
fers until during the last cycle.

Floating-Point Execution

In the following information, pertaining to floating-point
execution timing, precision conflicts (differences in precision
between overlapped floating-point operations using the same
floating-point register) and RR instructions for which both
registers are free may cause exceptions to items 1-6:
1. Decoding proceeds serially.
2. No conditional operation can be decoded until it has
been activated or canceled.
3. Canceled operations are decoded in one cycle.
4. Operations that do not require an execution unit can
be decoded in one cycle.
5. Operations that require an adder or a multiplier can be
decoded in one cycle if a reservation station is available.
6. If a decode is waiting for a reservation station, it can be
completed on the cycle before the result of that reser-
vation station goes on the common data bus.

7. The test for ‘load and test’ (LTDR and LTER) is made
during the common data bus cycle.
8. An operation in which the adder is used can begin if
the following conditions are met:
a. The operation is decoded.
b. The data is available.
c. Another add with higher priority is not beginning
on the same cycle.
d. The execution circuitry is free.
9. A multiply or divide can begin if the following condi-
tions are met:
a. The operation is decoded.
b. The data is available.
¢. Another multiply or divide with higher priority is
not beginning on the same cycle.
d. The execution circuitry is free.
10. If more than one unit request the common data
bus simultaneously, the following operations are given
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priority in the order indicated: loads, short- and long-
precision adds, short- and long-precision multiplies,
extended-precision operations.

11. Assoon as an operation has been decoded, the instruc-
tion processor is notified that the stack position is free.

12. If the operation has already been decoded, the buffer
is set free as soon as the data enters it.

13. If the buffer is filled before the operation is decoded,
the buffer is set free one cycle after the decoding.

Selected Execution Times

Because of the concurrency achieved in the Model 195, the
effective time required by a given instruction is not directly
related to the rate at which the instruction can be processed.

The following is a list, by category, of the number of cycles
required by the appropriate execution element to process
certain instructions. These times do not include any of the
other processing times required for that instruction and do
not reflect the effects of simultaneous operations or over-
lap. Instructions are listed by their mnemonics.

No. of Machine
Cycles
Fixed-Point Instructions
A, AH, AL, ALR, AR, C, CH, CL, CLR, CR, IC 1
L, LCR, LH, LNR, LPR, LR, LTR, N, NR, O,
OR, S, SH, SL, SLR, SR, ST, STC, STH, X, XR

SLA, SLL, SRA, SRL 2
SLDA, SLDL, SRDA, SRDL 3-4
MH 7
M, MR 7-11
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No. of Machine

Cycles
Fixed-Point Instructions
D, DR 36-37
CVB 17-18
CVD 17-32
Inm‘zcdz'ate Instructions
Fetch only: CLI, TM 1
Store only: MVI 1
Fetch and Store: NI, OI, XI 2

Floating-Point Instructions
LD, LDR, LE, LER, LTDR, LTER, STD, STE 0

AD, ADR, AE, AER, AU, AUR, AW, AWR, CD,
CDR, CE, CER, HDR, HER, LCDR, LCER,
LNDR, LNER, LPDR, LPER, SD, SDR, SE,
SER, SU, SUR, SW, SWR

MD, MDR, ME, MER (normalized numbers) 3
MD, MDR, ME, MER (unnormalized numbers) 4
DE, DER

DD, DDR 11

The O-cycle instructions do not require an execution unit. The
2-cycle instructions are executed in the adder. The 3-, 4-, 9-, and
12-cycle instructions are executed in the multiplier.

Extended-Precision Floating-Point Instructions

LRDR, LRER 2
AXR, SXR 9
MXR (normalized/unnormalized) 25/29
MXDR, MXD (normalized numbers) 7/8
MXDR, MXD (unnormalized numbers) 7/8
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