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Figure 11. Operator Control Panel and Power Panel

duplicated as a remote panel on a stand-alone opera-
tor’s console (1BM 2150 Console or 1M 2250 Display
Unit Model 1.) This attachment is a standard feature.

The main functions provided by the operator con-
trols are the control and indication of power, the in-
dication of system status, operator-to-machine com-
munication, and initial program loading,.

The following table lists (alphabetically) all opera-
tor controls and indicator lights and their implementa-
tion. (See Figure 11.)

NAME IMPLEMENTATION

Display Power Off
Display Power On
Emergency Pull

Key .
Key (backlighted)
Pull switch

Interrupt Key
Load Key
Load Indicator light

Load Unit Rotary switches (3)
Manual Indicator light
Power Off (System) Key

Power On (System) Key (backlighted)
System Indicator light

Test Indicator light

Wait Indicator light

Display Power Off

The display-power-off key is pressed to initiate the
power-off sequence of the display console integrated
with the system control panel. The key is situated on
the power panel (Figure 11). The contents of the
upper 4,096 bytes of display console buffer storage
( containing format control data) are preserved fol-
lowing power off to the display console.

Display Power On

The display-power-on key, situated on the power panel
(Figure 11), is pressed to initiate the power-on se-
quence of the display console integrated with the
system control panel. While power is on the display
console, the key is backlighted white. The contents
of the upper 4,096 bytes of display console buffer
storage (containing format control data) are preserved
following power on for the display console.
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POWER PANEL

Emergency Pull

Pulling the emergency-pull switch turns off all power
beyond the power-entry terminal on every unit that
is part of the system or that can be switched onto the
system. Therefore, the switch controls the system prop-

“er and all off-line and shared control units and 1/0

devices.

The switch latches in the out position and can be
restored to its in position by maintenance personnel
only.

Interrupt

The interrupt key is pressed to request an external in-
terruption. The interruption is taken when it is allowed
and when the cpu is not stopped. Otherwise, the inter-
ruption remains pending. Bit 25 in the interruption-
code portion of the current psw is made one to indicate
that the interrupt key is the source of the external in-
terruption. The key is effective when power is on the
system,

Load (Key)

The load key is pressed to begin initial program load-
ing. (See “Initial Program Loading” elsewhere in this
section.) It is effective while power is on the system.

Load (Light)

The load light is on during initial program loading; it
is turned on when the load key is pressed and is turned
off after the new psw is successfully loaded.

Load Unit

The three load-unit switches provide the 11 rightmost
/o0 address bits of the device to be used for initial
program loading.

The leftmost switch has eight positions, labeled 0-7.
The other two switches are 16-position switches
labeled hexadecimally 0-F.




Manval

The manual light is on when the cpu is in the stopped
state. Several of the manual controls are effective only
when the cpvu is stopped, that is, when the manual
light is on.

Power Off (System)

The power-off key is pressed to initiate the power-off
sequence of the system. The contents of main storage
(but not the keys in storage associated with the pro-
tection features) are preserved, provided that the cpu
is in the stopped state. The key is effective while pow-
er is on the system.

Power On (System)

The power-on key is pressed to initiate the power-on
sequence of the system. As part of the power-on se-
quence, a system reset is performed in such a way that
the system performs no instructions or 1/0 operations
until explicitly directed. The contents of main storage
are preserved.

The power-on key is backlighted white when power
is on the entire system. The key is backlighted red
during the power-on sequence and when any remote/
local power control switch in the power system is in
the local position. If there is a loss of power in some
section of the processor, main starage units, or chan-
nels, the light will change from white to red. The
power-on key is effective only when the emergency-
pull switch is in its in position.

System
The system light is on when the cpu-cluster usage meter
or customer engineering meter is running. These meters
are situated on the left side of the display console.
The states indicated by the wait and manual lights
are independent of each other; however, the state of
the system light is not independent of the states of
the wait and manual lights. The possible conditions
when power is on are:

SYSTEM  MANUAL  WAIT cpPu 1/0
LIGHT LIGHT LIGHT STATE STATE

Off Off Off ® .

Off off On Wait Not working

Off On Off Stopped Not working

Off On On Stopped, Not working
Wait

On Off off Running Undetermined

On Off On Wait Working

On On Off Stopped Working

On On On Stopped, Working
Wait

® Abnormal Condition

Test

The test light is on when a manual control is not in its
normal position or when a maintenance function is be-
ing performed for the cpu, channels, or main storage.

Any abnormal setting of a switch that is on the sys-
tem control panel or on any separate maintenance
panel for the cpu, main storage, or channels and that
can affect the normal operation of a program causes
the test light to go on.

The test light may be on when certain diagnostic
functions are activated or when certain abnormal cir-
cuit-breaker or thermal conditions occur.

The test light is not an indication of the state of the
marginal voltage controls.

The test light is on when any of the following man-
ual controls is not in its normal position:

Address compare

Address increment (up-by-BSM/beat)
Address increment (1-up store/display)
Block scan

CPU check stop

CRT display and tape operation
Disable interval timer

Enter instruction

Frequency margin range

Inhibit multi-access

Inhibit overlap

Maintenance console test, rotary
MCW active

MCW to PSCE

Rate

Repeat

Reverse CBR PTYS

Storage address alteration

Storage test ( EMS-only/MWS-only)
Storage test (store/fetch)

Wait

The wait light is on when the cpu is in the wait state.
The wait state exists whenever bit position 14 of the
current Psw contains a one. The wait state can be
changed to the running state only by loading a new
psw in which bit position 14 contains a zero; it can-
not be changed by pressing the system reset key.

Operator Intervention

This section of the system control panel contains the
controls required for the operator to intervene in nor-
mal programming operation. These controls are inter-
mixed with the customer engineering controls.

Operator intervention provides the system-reset func-
tion and the store-and-display function.

The following table lists (alphabetically) all inter-
vention controls and their implementation. (See Fig-
ure 12.)
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Figure 12, Operator Intervention Controls and Indicator Lights

26




Address

Address Compare
Address Increment (1-Up Store/Display)

Block Scan

CRT Display and Tape Operation

Data

Display
Log-Out
PSW Restart
Rate

IMPLEMENTATION

Key switches
Rotary switch
Key switch
Key switch
Rotary switch
Key switches
Key

Key

Key

Rotary switch

Scan Key
Set IC Key
Set PSW Key
Start Key
Stop Key
Store Key
Store/Display Rotary switch
System Reset Key
Address

The 27 address switches (24 address switches and
three parity switches) are nonlocking key switches
and are used to address a storage location or register,
as specified by the store/display switch.

The switches have nonlocking set and reset posi-
tions; they are in a neutral position when they are not
being operated. The associated bit position of the
address register is set or reset according to the posi-
tion to which the switch is operated. (When the switch
is operated down, the bit position is set.)

The contents of the address register are the output
of the address switches and can be altered by the
manipulation of those switches or by the address
stepping circuitry. The contents of the address register
are indicated continuously so that any manipulation of
the address switches can be seen.

The three low-order bit positions are not used in
main-storage addressing and are not affected by the
address stepping circuitry. Main-storage addressing
always specifies a double-word boundary. However,
in the performance of the address-compare and for
register selection, the three low-order bit positions are
used.

Parity for each byte is indicated by the parity indi-
cators in the address register and is generated auto-
matically whenever the address register is used. The
three parity switches of the 27 switches do not affect
usage; when activated, they turn the associated ad-
dress-register bit on or off, but parity is automatically
updated in the address register before the address is
used.

Address Compare

The address-compare rotary switch is used to control
synchronizing pulses, program loops, and machine
stops by means of address comparisons during instruc-
tion-fetch or data-store operations. The switch has 10

active positions, seven of which are for customer en-
gineering use. If the switch is in other than the process
position, the test light will be on.

The address-compare switch can be manipulated
among the three customer settings, described below,
without disrupting cpu operation other than by caus-
ing the address-comparison stop.

Process: When the switch is in this position, a syn-
chronizing pulse is provided when the address spe-
cified in the address register matches the instruction
address. The pulse occurs when decoding of the in-
struction begins and may be used to synchronize an
oscilloscope at the start of an instruction.

This position is the normal operating position for
the switch.

Insn Soft Stop: When the switch is in this position,
the cpu enters the stopped state when the address
specified in the address register matches the instruc-
tion address. This position may be used to control the
stopping point of a program.

The instruction-fetch operation, all other outstand-
ing operations, and all pending interruptions that are
allowed are completed before the cpu enters the
stopped state.

MSCE Store Soft Stop: When the switch is in this
position, the cpu enters the stopped state when the
address specified in the address register matches a
main-storage or extended-main-storage address speci-
fied in any cPE store operation or in an 1/0 store oper-
ation into high-performance main storage.

The store operation, all other outstanding opera-
tions, and all pending interruptions that are allowed
are completed before the cpu enters the stopped state.

The psck soft stop setting, the cpc hard stop settings,
and the cpc loop settings are for customer engineering
use.

Address Increment (1-Up Store/Display)

When the store/display switch is in the storage posi-
tion, the setting of the l-up store/display switch
determines which double-word location in storage is
accessed.

Off: When the switch is in this position (centered),
pressing the store key or the display key causes the
double-word storage location to be accessed that is ref-
erenced by the maintenance console address register.

On: When the switch is in this position (down),
pressing the store key or the display key causes the
double-word storage location to be accessed that is
referenced by the maintenance console address regis-
ter. After the access is made, the maintenance console
address register is automatically incremented by one

double word.
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Note: When the 1-up store/display switch is on, the
address increment (up-by-BsM/beat) key switch must
be in the process position.

Block Scan

The block scan key switch is operated to inhibit the
scanning of registers or main storage during a crr-dis-
play operation.

Off: When the switch is in this position ( centered),
pressing the scan key initiates the normal scan func-
tion (see the description of the scan key).

On: When the block scan switch has been placed in
this position (down), pressing the scan key imme-
diately after setting the block scan switch causes the
information displayed during the last storage display
operation to be displayed again; the data specified by
the crr display switch and related controls are not
scanned, and no data are transferred to the buffer
storage of the display console.

When the switch is in the on position, the test light
will be on.

CRT Display and Tape Operation

The crr-display portion of this switch, identified as
“Scan,” is used to connect the display console with
either an 1/0 channel or the system control panel.
When it connects the display console to the system
control panel, the switch is used to determine the type
of display to be produced on the crr when the scan
key is pressed.

The tape operation portion of this switch is for cus-
tomer engineering use.

When the switch is in any position other than proc-
ess, the test light will be on.

Process: When the switch is in this position, the dis-
play console is connected to either a 2860 channel or
a 2870 selector subchannel and is under program con-
trol.

Storage: When the switch is in this position, press-
ing the scan key initiates an operation in which,
beginning at the address indicated by the address reg-
ister, 16 double words are fetched from storage (one
double word at a time), placed in the console buffer
register, and then transferred to the buffer storage of
the display console; these 16 double words are then
displayed on the crr in hexadecimal form with the
storage address of each double word.

Note: When the switch is in the storage position,
the address increment (up-by-Bsm/beat) switch must
be in the process position.

Pressing the scan key again causes the next 16
double words in storage to be fetched and displayed.
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When the block scan switch is operated, the fetch-
and-transfer operation is inhibited. Pressing the scan
key immediately after the block scan switch has been
operated causes the 16 double words displayed dur-
ing the last storage display operation to be displayed
again.

CPE Regs: When the switch is in this position and
the cpu is in the stopped state, pressing the scan key
initiates an operation in which the contents of the cPE
registers are placed, in order, into the console buffer
register and then transferred to pre-assigned buffer
storage areas of the display console; then this data and
the identifications of the registers are displayed on the
CRT.

Operating the block scan switch immediately before
pressing the scan key inhibits the fetch-and-transfer
operation; when the scan key is then pressed, data dis-
played during the last cpe-register-display operation
are displayed again.

Stor Ctrl Regs: When the switch is in this position
and the cpu is in the stopped state, pressing the scan
key initiates an operation identical to that described
for the cpe-regs position, except that the registers of
the storage control areas are scanned and displayed.

Operating the block scan switch immediately before
pressing the scan key inhibits the fetch-and-transfer
operation; when the scan key is then pressed, data dis-
played during the last storage-control-register-display
operation are displayed again.

Data

The 72 data switches (64 data switches and eight
parity switches), labeled cBR, are nonlocking key
switches and are used to enter data into selected areas
of the cpu or storage.

The contents of the console buffer register (cBr)
are normally the output of the data switches; the con-
tents of this register are altered either by manipulation
of these switches or by a storage fetch operation.

The switches have nonlocking set and reset posi-
tions; they are in a neutral position when they are not
being operated. The associated bit position of the
buffer register is set or reset according to the position
to which the switch is operated. (When the switch is
operated down, the bit position is set.) The contents
of the console buffer register are indicated continuous-
ly so that any manipulation of the data switches can be
seen.

Data are stored according to the setting of the store/
display switch and the contents of the address register.
The actual operation of storing is initiated by pressing
the store key. The parity is automatically generated
whenever the data are transferred.



Display
The display key is pressed to place data into the con-
sole buffer register, as determined by the setting of
the store/display switch and by the contents of the
address register. The lights for the console buffer reg-
ister continuously display the contents of that register.
When the designated location is not available, the
displayed information is unpredictable.
This key is effective only when the cpu is in the
stopped state.

Log-Out
Pressing the log-out key causes a log-out of machine
status into main storage. The log-out area is 1,520
bytes (190 double words); it begins at location 12810
and continues through location 1647;,.

The key is effective only when the cpu is in the
stopped state.

Note: Machine status is also logged out when a
machine-check interruption takes place.

PSW Restart
The psw-restart key is pressed to initiate the following
operations in sequence:

1. System reset.

2. Loading of a new psw from location 0.

3. Instruction fetching starting at the new program
location specified by the new psw.

4. Execution of instructions as specified by the set-
ting of the rate switch.

Rate

The rate rotary switch is used to indicate the way in
which instructions are to be performed. The test light
is on if the rate switch is set to any position other than
process.

The position of the rate switch should be changed
only while the cpu is in the stopped state. Otherwise,
results are unpredictable.

Process: When the switch is in this position, the sys-
tem operates at normal speed after the start key is
pressed. The decoding of instructions is halted by
pressing the stop key.

Insn Step: When the switch is in this position, one
instruction is completely executed each time the start
key is pressed. The cpu automatically halts in the
stopped state. When the start key is pressed but before
the one instruction is processed, interruptions that
were allowed but became pending during the stopped
state are processed prior to the execution of the next
instruction.

Mple Step: When the switch is in this position, an
instruction is executed every 100 milliseconds for as

long as the start key is pressed. The cpu automatically
halts in the stopped state when the start key is re-
leased.

Single Cycle: This position is for customer engineer-
ing use.

Single Pulse: This position is for customer engineer-
ing use.

Scan

The scan key is pressed to produce a display on the
cathode-ray tube of the display console. The display
that is produced is determined by the setting of the
crr display switch.

Whether the display represents updated information
depends on whether the block scan switch has been
operated. Pressing the scan key immediately after the
block scan switch has been placed in the operating
position causes the information displayed during the
last storage display operation to be displayed again.

This key is effective only when the cpu is in the
stopped state.

Set IC

The set 1c (instruction counter) key is pressed to en-
ter the contents of bit positions 40-63 of the console
buffer register into bit positions 40-63 (the instruction
address part) of the current psw.

This key is effective only when the cpu is in the
stopped state.

Set PSW
The set psw (program status word) is pressed to en-
ter the contents of bit positions 0-15 and 32-63 of the
console buffer register into bit positions 0-15 and 32-63
of the current psw.

The key is effective only when the cpu is in the
stopped state.

Start

The start key is pressed to start instruction execution
as defined by the setting of the rate switch.

Pressing the start key after a normal halt causes in-
struction processing to continue as if no halt had oc-
curred, provided that the rate switch is in the process,
instruction-step, or multiple-step position.

Pressing the start key after system reset without first
having introduced a new instruction address yields un-
predictable results.

Pending interruptions that are allowed will be hon-
ored before the first instruction is executed.

The key is effective only while the cpu is in the
stopped state.
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Stop

The stop key is pressed to terminate machine opera-
tion without destroying the machine environment. The
cru enters the stopped state after all instructions pre-
viously decoded have been executed, after all pending
interruptions have been processed, and after an inter-
ruption that became pending while the cru was in the
decode or stop-decode state has been processed.

As the cru enters the stopped state, the manual light
goes on. After stopped state has been entered, no in-
terruptions are processed.

The stop key is active while power is on the system.

Store

The store key is pressed to store data from the console
buffer register into the location specified by the setting
of the store/display switch and by the contents of the
address register.

Store protection is ignored. When the location desig-
nated by the address register and by the setting of the
store/display switch is not available, no data are
stored.

The key is active only when the cru is in the stopped
state.

Store /Display

The store/display rotary switch is used to specify the
part of the system that is to be stored into or dis-
played, according to the contents of the address regis-
ter and by the use of the store or display key.

Storage: When the switch is in this position and the
cru is in the stopped state, the data at the address in-
dicated by the address register are placed in the con-
sole buffer register when the display key is pressed
or are replaced by the contents of the console buffer
register when the store key is pressed.

Unadrbl Regs: When the switch is in this position
and the cru is in the stopped state, data in a register
(in the crE or in the storage control units) whose
pseudo-address is in the address register can be placed
in the console buffer register by pressing the display
key.

Vo)
el

Gen Regs: When the switch is in this position and
the cru is in the stopped state, the contents of the gen-
eral register (indicated by the address register) can
be placed in the console buffer register by pressing
the display key or can be replaced by the contents of
the console buffer register by pressing the store key.
The contents of the general register are displayed left-
justified in the console buffer register; for store opera-
tions, the data must be placed in the left half of the
buffer register.

FLP Regs: When the switch is in this position and
the cru is in the stopped state, the contents of the
floating-point register that is indicated in the address
register are placed in the console buffer register by
pressing the display key or are replaced by the con-
tents of the console buffer register by pressing the
store key.

System Reset

The system-reset key is pressed to reset on-line chan-
nels, control units, and cpu controls to their initial
states. All check indicators are reset. 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 pending interruptions 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 meter for the cpu cluster and the
customer engineering (ce) meter for the cpu cluster
are both situated on the left side of the display console.

The Model 91 cpu cluster includes the processor,
the maintenance console, the cpu power supplies, the
power distribution unit, and the main storage.

A key switch controls which meter is to run. If the
key switch is in the customer-operation position, the
usage meter accumulates time when the system does
productive work. If it is in the cE position, the cE
meter accumulates time instead, on the same basis as
the usage meter it replaces.



Although the Model 91 performs cpu operations in a
highly parallel fashion, no elaborate optimization plan
need be followed in preparing programs for cpu proc-
essing. They may, for the most part, be written in a
straightforward M System/360 code. However, if it
has been determined that a program will benefit by
some modification, the following suggestions may
prove helpful.

1. Attempt to minimize the use of the following in-
structions because they are executed by means of
interpretive program subroutines: ADD DECIMAL, COM-
PARE DECIMAL, DIVIDE DECIMAL, MULTIPLY DECIMAL,
SUBTRACT DECIMAL, and ZERO AND ADD.

2. Place index loading and incrementing instruc-
tions well ahead of instructions that use them for ad-
dress generation. In a loop, a convenient place for an
indexing instruction such as App (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 regis-
ters will be ready for use.

3. The instructions LOAD ADDRESS, BRANCH ON COUNT
(BCT, BCTR), BRANCH ON INDEX LOW OR EQUAL, and
BRANCH ON INDEX HIGH all use the address adder to
change a general register. As suggested in rule 2, make
sure that the registers required are available.

4. The LoAD ADDRESS instruction requires three
cycles that cannot be overlapped; it is also subject to
delays if registers are unavailable. Instructions such
as ADD (A, AR) require only one unoverlapped cycle
and are not subject to delays if registers are unavail-
able. In most cases, therefore, the LOAD ADDRESS in-
struction should be replaced by an AR instruction.
There are some situations when the LoAD ADDRESS
instruction is preferable:

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

c. When the condition code must not be changed.

Appendix A: Coding Considerations

5. Because the Model 91 fetches and stores double
words, align operands for vrL instructions on double-
word boundaries for faster operations.

6. In normal coding, a condition-setting instruction
immediately precedes most BRANCH ON CONDITION in-
structions. On the Model 91 it is usually advantageous
to place neutral instructions, such as those dealing with
loads and stores, between the condition-setting instruc-
tion and the conditional branch.

7. Avoid storing into the next several words of the
instruction stream.

8. Whenever possible, contain a loop in the instruc-
tion stack in such a way that it will be executed in
loop mode (see the discussion of loop mode in “In-
struction Processor”).

9. Because all instructions that store data use the
same three store address registers and the same three
store data buffers, if a fourth store is encountered be-
fore a store address register is freed, the instruction
processor must wait. In some cases it is possible to
keep from having 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 double-word boundary; four stores are required
otherwise.

10. When only two registers are to be loaded, using
two LoAD (L) instructions is faster than using a LoAD
MULTIPLE instruction. However, when four or more
registers are to be loaded, the LoAD MULTIPLE instruc-
tion is preferable. Also, the sToRE MULTIPLE instruc-
tion is usually better than repeated sTORE (sT) in-
structions because it requires fewer sar’s and spB’s.

11. Repeated accesses to different double words in
the same storage module cause conflicts. Repeated
accesses to the same double word, however, usually
cause no conflicts because of the combined-accessing
feature in the main storage control element (see the
discussion of multiple cPE requests to storage in “Main
Storage Control Element”).
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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 such as the Model 91, however, no average
times are meaningful because the amount of overlap
varies from program to program.

The following information is relevant to any con-
siderations of timing. It is presented to give the reader
an appreciation of some of the major aspects of timing
in the Model 91 but is not intended to be compre-
hensive. In the discussion, the term “cycle” is nsed to

refer to a major-machine-cycle time of 60 nanoseconds.

Conditions That Delay the Instruction Processor

Any of the following conditions will delay the instruc-
tion processor:

1. The next instruction is unavailable.

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

3. A general register is unavailable for addressing
for 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 Loap
ADDRESS Or BRANCH ON INDEX LOW OR EQUAL, which
changes a general register.

5. The next instruction requires an address genera-
tion, 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
register, but all fixed-point buffer registers are busy.

7. The next instruction requires a floating-point buf-
fer 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 address registers are busy.

11. An instruction is decoded whose execution is
delayed until the completion of all previously decoded
instructions.

w
[

Important Transmission Time

Any of the following transmissions requires one cycle.
In most instances these transmissions take place con-
currently with other operations, but there may be
instances in which delays due to these transmissions
will directly affect the timing.

1. A fixed-point or floating-point operation from the
instruction processor to the fixed-point operation stack
or the floating-point operation stack, respectively.

2. An activate or cancel signal from the instruction
processo - 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 exe-
cution 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
execution element to the instruction processor.

7. A store-address-register-free indication from the
main storage control element 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 -4 1 double words; the two temporary
fetches are initiated immediately after the address
generations. The 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. There are two types of
conditional branches: those whose condition is set by
the instruction processor and those whose condition is
set by the fixed-point or floating-point execution ele-
ment. For the instructions BRANCH ON COUNT (BCT,
BCTR), BRANCH ON INDEX HIGH, and BRANCH ON INDEX
LOW OR EQUAL, the condition is set by the instruction
processor. For the BRANCH ON CONDITION (BC, BCR) in-
struction, the condition is set by the execution ele-



ments. (Masks of 0 and 15 are special cases and are
detected during the decoding cycle.)

When the condition is set by the instruction proc-
essor, no further instructions are decoded until all tests
have been completed. The following are instruction
processor times (in cycles) for some of the more im-
portant branches:

TARGET IN STACK TARGET NOT IN STACK

LooP QUICK LOOP NOT LOOP
MODE LOOP MODE MODE
BX, Branch 4 3 6+ access 8(or2
time  accesstime)®
BX, No Branch 6 5 5 6
BCT, Branch 4 3 5+4access T (or2 +
time  accesstime)*
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 instruction processor then enters condi-
tional mode until the condition code is determined,

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

The instruction processor continues to decode in-
structions 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
instruction 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 proc-
essor takes one cycle to make a decision. If the branch
is not taken, an activate signal is sent to the fixed-point
and floating-point operation stacks, and the instruction
processor continues 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 begins decoding
instructions along the new path. When conditional
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 within the stack takes five cycles, and a branch
closing a loop takes two cycles.

The BRANCH AND LINK instructions (BAL, BALR) re-
quire four cycles plus the time required for access or
plus the time required for the condition code to be
determined, whichever 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 de-
termined; and an ExecuTs, five cycles plus the access
time plus the target execution time.

Fixed-Point Execution

The following information is pertinent to fixed-point
execution 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
have been met:

a. The operation has been decoded.
b. The data are available.
c¢. The execution circuitry is free.

6. As soon as the decoding is completed for a 1-
cycle operation, the instruction processor is notified
that the stack position is free. For operations of more
than 1 cycle, the stack-position-free notification is de-
layed until the second or third cycle. Notification that
the fixed-point buffers are released is given to the in-
struction processor during the first cycle for all instruc-
tions except CONVERT TO BINARY and pivipE (D), which
do not release the buffers until during the last cycle.

Floating-Point Execution
The following information is pertinent to floating-point
execution 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. 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 reservation station goes on the common data bus.
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7. Precision conflicts (differences in precision be-
tween two overlapped floating-point operations using

the same floating-point register) and mr instructions |

for which both registers are free may cause exceptions
to the preceding rules.

8. The test for Loap anp TEST (LTDR and LTER) is
made during the common data bus cycle.

9. An operation in which the adder is used can be-
gin if the following conditions have been met:

a. The operation has been decoded.

b. The data are available.

c. Another add with higher priority is not begin-
ning on the same cycle.

d. The execution circuitry is free. .

10. A multiply or divide can begin if the following

conditions have been met:
a. The operation has been decoded.
b. The data are available.
¢. Another multiply or divide with higher priority
is not beginning on the same cycle.
d. The execution circuitry is free.

11. If more than one unit requests the common data
bus simultaneously, the following operations are given
priority in the order indicated: loads, adds, multiplies.

12. As soon as an operation has been decoded, the
instruction processor is notified that the stack position
is free.

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

14. 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 91,
the effective time required by a given instruction is
not directly related to the rate at which that instruc-
tion can be processed.

e
g

The following is a list by category of the number of
cycles required by the appropriate execution element
to process certain instructions. The times listed do not
include any of the other processing time required for
that instruction and do not reflect the effects of simul-
taneous operations or overlap. 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, I, 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
D, DR ' 36-37
CVB 17-18
CVD 17-32

Immediate Instructions
Fetch only: CLI, TM

Store only: MVI

Fetch and Store: NI, OI, XI

Floating-Point Instructions®

LD, LDR, LE, LER, LTDR, LTER, STD, STE

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 9
DD, DDR 12

# The 0-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.
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