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Model 44, a new member of the 1BM System/360, is
tailored to handle all relatively small to medium-sized
scientific applications and advanced data acquisition
and process control applications. Although the Model
44 is thus specialized, its inclusion within the context
of System/360 philosophy provides for a very large
addressing capability, a wide range of high-speed stor-
age capacities, and 1/0 multiplexing on channels of low
and high data-transfer rates.

The basic Model 44 is unilaterally compatible with
System/360 Models 30 through 91. That is, a program
written for the Model 44 can be executed on any of
these other models if the compatibility constraints of
System/360 are observed. However, programs that de-
pend on special features available for only the Model
44 cannot be run on any other System/360 model.
These features are: the selection of less than eight
bytes for long-precision floating-point arithmetic (to be
discussed ) and three features (direct word, direct data
channel, and priority interrupt) described in Data
Acquisition Special Features for the IBM System/360
Model 44, Form A22-6900.

Model 44 was derived from standard System/360
architecture by including only those capabilities and
instructions that are required for a binary and scien-
tific model. The Model 44 therefore excludes 19 in-
structions that are normally included in the standard
instruction set; those excluded are decimal arithmetic
and other variable-field-length instructions.

One or more multiplexer channels, providing a
choice of two data transfer rates, can be included in
the Model 44 system. (Model 44 cannot be equipped
with selector channels; however, a multiplexer chan-
nel in which one of its subchannels is operating in
burst mode performs very similarly to a selector
channel.)

Model 44 uses conventional high-speed sequential
logic control instead of read-only storage.

Although the Model 44 processing unit is about the
same in physical size (Figure 1) as that of its nearest
neighbor, the Model 50, its performance on problems
for which it is optimized is 30 to 60 per cent faster than
that of a Model 50. Performance figures depend much
on the specific applications and optional equipment
selected, namely: storage size, number and speed of
channels, and quantity and speed of 1/0 devices sup-
porting the cpu.

System Description

The Model 44 processing unit contains, as standard
equipment, a single-disk storage drive (capacity 1,171,
200 bytes) used for programming systems residence;
the necessary disk storage adapter; and an adapter for
the console printer-keyboard that is located on the
processor table. A second single-disk storage drive, of
equal capacity to the first, may be added within the
processing unit as a special feature. (See Figure 2.)

All the 1/0 devices that can be attached to the
Model 44 are listed, with channel and control-unit
data, in Figure 9.

Processing Unit

As in all other models of the System/360, the smallest
addressable data unit is the byte, consisting of eight
bits. A ninth bit, called the parity bit (not available
to the program), is associated, for checking purposes,
with each byte. Because of the optimization of Model
44 toward scientific work, however, the common units
of data are the 32-bit binary word and the 16-bit
binary halfword, composed of four and two bytes,
respectively. Parity is checked upon each data fetch
from processor storage and each transfer of data to or
from channels.

Floating-point arithmetic uses the 32-bit word for
short operands and a 64-bit double word for long
operands. Model 44 introduces a new feature, variable
long-precision floating-point arithmetic, in which dif-
ferent selections can be made for the length of the
fraction when long operands are used. (See “Variable
Long-Precision Floating Point.”)

Processor storage speed for the Model 44 is 1 micro-
second. Four bytes (one word or two halfwords) are
stored or fetched in each access. Processor storage, al-
ways housed within the cpu, is available in the four
capacities shown at the top of Figure 3.

Data paths throughout the cpu are one word wide.
Because variable-length fields are not used in Model
44, bytes are handled in groups of two or four; how-
ever, they can be manipulated singly by the iNsert
CHARACTER, STORE CHARACTER, TEST UNDER MASK, or the
five immediate instructions:

AND (NI)

COMPARE LOGICAL (CLI)
EXCLUSIVE OR (XI)
MOVE (MVI)

OR (o0I)
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o Figure 1, Processing Unit and Console Printer-Keyboard

The 16 general registers of the basic Model 44 are
in a normally-unaddressable extension of the 1-micro-
second processor storage. (This extension is often
called “bump” storage or “core extension.”) If the op-
tional high-speed general registers feature (sometimes
called “accelerator” feature) is installed, the 16 general
registers are provided instead in solid logic technology
(sLT) circuitry having 0.25 microsecond read/write
time. This quartering of the access periods substanti-
ally reduces address generation time as well as the
basic execution time of all fixed-point instructions in
particular. (See Figures 3 and 7.)

Arithmetic and logical operations are performed be-
tween the A and B registers; the results are usually
formed in the B register. The Bx register, coupled to
the B register with left and right shifting ability, is
used in multiply and divide operations and as an
auxiliary address register.

If the floating-point feature is installed, the Ax reg-
ister extends the A register to the 64-bit width needed
for long-operand floating-point arithmetic. For long
operands, the high-order halves of the floating-point
registers are contained in sLT circuitry and the low-
order halves are contained in the extension of processor



Processor Storage Cycle: 1 Microsecond

2044 PROCESSING UNIT
Storage Bytes Obtained Per Access: 4

Subchannels
System Processor (Valid only When
Model Storage Bytes Multiplexer Channel is Used)
E44 32,768 32
F44 65,536 64
G44 131,072 64
H44 262,144 64

Instruction Sets

Model 44

Up to 8
Control Units
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tnstruction

Multiplexer Channel ! M
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Set
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Floating Point /
Insfruction Set / /

1st High-Speed
Muliiplexer Channel

Addresses up to 64 /O devices overlapped with processing--burst or
multiplex mode

T (MU
Control Units (2 per subchannel)

/) 7 (Up to 4 Subchannels #) ] HI
/ P - // 1st Subchannel
Console Y / Ist Additional Subchannel
Printer /
/ y 2nd Additional Subchannel
/
/// 3rd Additional Subchannel

Disk Storage
Drive*

2nd High-Speed

Operates in multiplex or burst mode
overlapped with processing

Multiplexer Channel
(Up to 4 Subchannels #)

] H2

T U
Control Units (2 per subchannel)

1st Subchannel

1st Additional Subchannel
2nd Additional Subchannel,
3rd Additional Subchannel

Operates in multiplex or burst mode
overlapped with processing

Priority Interrupt }

] 32 Independent Levels

~

High-Resoiution Timer ‘ External Interrupt r

—l 6 Lines on One Level

)

High Speed
General Registers

Direct Data Channel L

] Up to 8 OEM Control Units

Protection
(Store and Fetch) Direct Word 1

|

] Up to 8 OEM Control Units

I/

Indicates

Standard
Feature

A system must have either the Multiplexer or the 1st High-Speed Multiplexer Channel; a system may have

either, or both, plus the 2nd High-Speed Multiplexer Channel or the two High-Speed Multiplexer Channels.

# To each subchannel may be assigned:
Two shared-path control units, or
Two devices of a multipath control unit, or
One shared-path control unit and one device of a multipath control unit.

* Requires: Multiplexer or 1st High-Speed Multiplexer Channel, subchannel, and Control Unit position.

o Figure 2. IBM System/360 Model 44 Configurator

m — Indicates Optional Feature
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Figure 3. Data Flow in Model 44 CPU
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t High-Speed General Registers

# Can be displayed on system control panel



storage. For short operands, only the high-order (srt)
halves of the floating-point registers are used.

An optional feature provides six lines for external
interrupts. The source of the external interrupts is
identified by bits 26-31 of the interruption code in bit
positions 16-31 of the old program status word (old
psw). These interrupts are independent of channel
operations or of the direct-control feature required to
provide external-interrupt capabilities for most Sys-
tem/360 models. Figure 14 shows the psw.

Timer

Model 44 has either a line-frequency timer as a stand-
ard capability or a high-resolution timer as a special
feature. Either type can be used as an interval timer
to measure elapsed time, or programmed to tell the
time of day for program completions, etc. The stand-
ard timer is counted down every 1/60th or 1/50th of a
second, and is fully described in IBM System/360
Principles of Operation, Form A22-6821. The special-
feature timer is mentioned therein also; for this, the
least significant bit of the 32-bit timer word is decre-
mented and the resolution is 13 microseconds.

The low-order eight bits of the high-resolution timer
lie in an sLT-circuit counter rather than in core storage.
The contents of the storage address register are moni-
tored for any reference to byte 83, whether addressed
directly, or as part of the halfword at 82, or as part of
the fullword at 80. When any such reference to 83 is
detected, a substitution occurs that causes the contents
of the eight-bit counter to participate in the operation
in place of the storage byte 83. This eight-bit counter
includes the decrementing and parity-generating cir-
cuits and acts for all purposes as the low-order byte
of the timer word. Byte 83 in the storage array be-
comes unaddressable cither by cpu instructions or by
channels, and its bits cannot be displayed.

A 76.8-xc oscillator causes the low-order bit of the
counter to be decremented at approximately 13-micro-
second intervals. Decrementing the counter does not
interfere with cpu processing. The decrementing is
prevented by any of the following conditions:

1. The initial program is being loaded

2. The cpu is in the stopped state

3. The rate switch is set to INSN STEP

4. The disable interval timer switch is turned on.
This switch is for the use of customer engineering (ce)
personnel.

Every 1/300th of a second the counter becomes all
1’s, and bit 23 is updated whenever access to storage
permits. Specifically, when the counter becomes all 1’s,
a timer step trigger turns on (while the decrementing
continues); if the timer step trigger is on at end-

operation time, instruction sequencing is stopped to
permit the timer word to be updated by the subtrac-

“tion of 1 from bit position 23, at which time the timer

step trigger is turned off. Updating takes 1.75 micro-
seconds, and the fetching of the next instruction is
delayed for that time.

If the timer step trigger is on when the cpu is fetch-
ing from the timer word in storage, bits 24-31 of the
fetched word are made zero; that is, the fetch gets
only zeros in the fourth byte instead of the contents
of the counter. This ensures a correct relationship be-
tween the value fetched from the counter and the
value fetched from the main storage portion of the
timer at this instant; the counter is prevented from
appearing as all I's when timer bit position 23 is not
yet decremented. The value of the fetched timer word
may appear to be off by no more than the execution
time of the instruction (after allowing for cycle-steal-
ing by channels).

If, during the course of an instruction that addresses
the timer word, an interruption is requested, this in-
terruption may be delayed until the end of the next
instruction. Only machine-check and program inter-
ruptions are not delayed. If only the standard timer
is installed, however, the delay does not occur for any
class of interruption.

When decrementing causes the entire timer word to
pass from a positive value (including zero) to a nega-
tive value, a standard timer interrupt occurs in the
form of an external interruption request. The full eycle
time, from all 1’s in bit positions 0-23 to the time when
the interruption signal is generated, is the standard
15.5 hours.

Programming Note

When the timer is used as a real-time clock and the
CPU is to be instructed to read the current timer value
and set the clock to some other value, successive full-
word LoaDp and STORE instructions must be used to
simulate the mvc move which is absent from the Model
44 instruction set. It is possible for a timer updating to
occur between the LoAD and STORE instructions; thus,
the real-time clock may “creep” forward by 13 micro-
seconds, and in the worst case this creep takes place
whenever the clock value is changed.

Protection Feature

The protection feature makes it possible to protect the
contents of main storage from destruction or misuse.
When the protection is added, as a special feature, to
the Model 44, it includes both the store and the fetch
protection features defined in IBM System/360 Prin-
ciples of Operation, Form A22-6821. Neither store nor
fetch protection is available alone. The protection key
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in storage can be changed by the SET STORAGE KEY in-
struction and inspected by the INSERT STORAGE KEY
instruction. Note that these two instructions are added
to the Model 44 instruction set only when the protec-
tion feature is installed. The instruction timings are
included in Figure 7.

In the INSERT STORAGE KEY instruction, bit 28 of the
register designated by the first operand is the fetch
protection bit and is set to one for both store and fetch
protection or to zero for store protection only.

It is possible for the Model 44 to access in one cycle
a storage word that straddles a 2,048-byte protection
boundary. This can happen only in instruction fetch-
ing, at which time a fetch protection violation may

cause the instruction to be suppressed. However,
Model 44 has time to fetch and compare both storage
keys during the one main storage access with no in-
crease in the instruction time.

Standard Supporting Equipment

Console Printer-Keyboard

The console printer-keyboard ( Figure 4) permits com-
munication between the operator and the system.
Facilities are provided for interrupting the processing
unit and for signalling the end of a data transmission.

eFigure 4. Console Printer-Keyboard
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The printer-keyboard has a stationary carriage and a
replaceable, interchangeable printing sphere. Its type-
writer-style keyboard and the printing function can be
used independently: the keyboard for system input
and the printer for computer output. The font of each
printing sphere is specified by the customer.

The functions and operations of the console printer-
keyboard are the same as those described for the 1BM
1052 Printer-Keyboard Model 7 in IBM System/360
System Summary, Form A22-6810. Operating pro-
cedures and details are the same as those in IBM 1052
Printer-Keyboard Model 7 with IBM 2150 Console,
Form A22-6877.

The console printer-keyboard is attached to one of
the system channels via an adapter which is physically
located within the cpu as a standard feature. The in-
stallation of the console printer-keyboard is also stand-
ard and takes up either one control-unit position and
one subchannel of a multiplexer channel or one con-
trol-unit position and half a subchannel on a high-
speed multiplexer channel.

Single-Disk Storage Drive

The single-disk storage drive provides direct access
auxiliary storage for a minimum of 1,171,200 bytes on

a single disk permanently enclosed in an 1BM 2315
Disk Cartridge and housed within the cpu, with side
access for replacement of cartridges (Figure 5.) Each
cartridge must be purchased separately, but the drive
is a standard featurc of Model 44.

The data rate of the disk storage is 90,000 bytes per
second, necessitating operation in burst mode. Average
time to seek a track is 70 milliseconds; the subsequent
rotational delay to a particular record ranges from 0
to 40 milliseconds and averages 20 milliseconds.

Information is written on or read from the disk by
a pair of magnetic read/write heads, one head for each
surface. The disk is organized in 200 cylinders and
three spare cylinders; a cylinder consists of a pair of
tracks, one track per disk surface. Each cylinder con-
tains 16 sectors (eight per track and surface). Each
sector has a fixed length of 366 bytes. The three spare
cylinders ensure that the stated capacities are main-
tained for the life of the cartridge. The read/write
heads move, under a single seek command, directly to
the track addressed. Error detection is accomplished
on reading data from the disk.

No programming compatibility exists between the
single-disk storage drive and disk storage drives con-
trolled through the 1BM 2841 Storage Control.

®Figure 5. Removing an IBM 2315 Disk Cartridge from a Single-Disk Storage Drive
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The drive is attached to one of the system channels
only via an adapter, which is also installed in the cpu
as a standard feature. A second drive may be installed
in the cpu, as a special feature, to double the storage
capacity. The two drives use the same shared-path
adapter and operate on one shared subchannel, requir-
ing one control-unit position on either a multiplexer or
a high-speed multiplexer channel. Seek overlap is per-
missible when both drives are installed.

Commands

Control Seek — 00001011: One byte is transferred to
the adapter. The byte contains the required cylinder
address (0 through 202). The channel is free after the
transfer of this byte, and the drive is free at the end of
the seek.

Read Data — HSSS1010: Reading begins with the
head for track H, sector SSS, and continues to the end
of the track. If SSS=0, the entirc track of 2,928 bytes is
read. If the ccw count goes to zero at the end of sector
7 (end of track) or before the end of any other sector,
the drive is free at the end of the sector being read. If
the ccw count goes to zero at the last byte of a sector
0-6, however, the device end is delayed until the end
of the following sector.

Write Data — HSSS1001: Writing begins at track H,
sector SSS, and continues to the end of the track. If the
ccw count goes to zero before the end of the track, the
remainder of the sector being written is filled with
zeros by the adapter and the drive is then free.

Other Commands: The adapter also recognizes read
L (00000010), control no-op (00000011), and sense
commands (00000100).

Programming Notes

The formal record length of the single-disk storage
drive is 2,928 bytes (one full track); for all correct but
shorter records, “incorrect length” is a normal indica-
tion. The ccw for a read or write command must
therefore contain the sui flag (suppress-length-indica-
tion, bit 34) unless the operation is to end with the
366th byte of the eighth sector.

Command chaining to the next sector may take place
at a sector boundary without rotational delay unless a
read operation ends with the 366th byte of sectors 0-6.

Keys and Lights

All keys and lights for the proper operation of each
drive are on the lower left portion of the system con-
trol panel and are described under “Operator Control
Section.”

12

Instructions
The Model 44 executes the following instructions:
MNEMONICS
RR RX RS s1
INSTRUCTION FORMAT FORMAT FORMAT FORMAT

Add AR A N S
Add Halfword —_— AH —_— —_
Add Logical ALR AL _ —_
AND NR N _ NI
Branch and Link BALR BAL _ —
Branch on Condition BCR BC —_— R
Branch on Count BCTR BCT _ P
Compare CR C N J—
Compare Halfword N CH P —
Compare Logical CLR CL —_ CLI
Divide DR D _ —
Exclusive OR XR X _— XI
Halt I/0 HIO
Insert Character S IC N ——
Load LR L _ R
Load Address _ LA —_— _
Load and Test LTR
Load Complement LCR
Load Halfword —_ LH —_— _
Load Negative LNR
Load Positive LPR
Load PSW LPSW
Move MVI
Multiply MR M _ _
Multiply Halfword —_ MH —_— —
OR OR o —_— (0]}
Set Program Mask SPM
Set System Mask SSM
Shift Left Double —_ R SLDA ———
Shift Left Double Logical ——— — SLDL,  ———
Shift Left Single —_— —_— SLA —_—
Shift Left Single Logical ~— —~—— E—— SLL _
Shift Right Double _— —_ SRDA  ———
Shift Right Double Logical ——— —_— SRDL, ——
Shift Right Single —_— —_ SRA _
Shift Right Single Logical ——— —_ SRL —_
Start 170 SI10
Store e ST s i i i e
Store Character —_ STC —— —_—
Store Halfword —_— STH _ —_
Subtract SR S —_ R
Subtract Halfword _ SH _ —
Subtract Logical SLR SL _ _
Supervisor Call SvVC
Test and Set TS
Test Channel TCH
Test I/0 TIO
Test Under Mask ™

An optional feature provides the full complement of
floating-point instructions for both long and short oper-
ands and the rr and rx formats:

MNEMONICS
RR FORMAT RX FORMAT
INSTRUCTION LONG SHORT LONG SHORT
Add Normalized ADR AER AD AE
Add Unnormalized AWR AUR AW AU
Compare CDR CER CD CE
Divide DDR DER DD DE
Halve HDR HER —_— _
Load LDR LER LD LE
Load and Test LTDR LTER — I
Load Complement LCDR LCER ——— —_—
Load Negative ILNDR LNER —— P



MNEMONICS

RR RX RS 1
INSTRUCTION FORMAT FORMAT FORMAT FORMAT
Load Positive LPDR LPER —— —_
Multiply MDR MER MD ME
Store —_— —_— STD STE
Subtract Normalized SDR SER SD SE

Subtract Unnormalized SWR SUR Sw SU

As already described under “Protection Feature,”
two more instructions are added when that special
feature is installed:

INSTRUCTION FORMAT MNEMONICS
Set Storage Key RR SSK
Insert Storage Key RR ISK

A full description of each instruction (except for
execution time) is in the IBM System/360 Principles
of Operation, Form A22-6821. Full timing formulas,
and bases for determining the average times given in
Figures 7 and 8, are described in this manual under
“Instruction Timing Formulas.”

Variable Long-Precision Floating Point

“Some floating-point problems need more than short
precision but do not require the 56 bits of long pre-
cision. With the variable long-precision floating-point
feature, the user can adjust long-precision instructions
for execution with 32, 40, 48, or the full 56 bits of
precision. The adjustment for variable long-precision
floating point is made at program execution time by
setting a rotary switch on the system control panel
to one of four positions (Figure 6). Each successively
lower setting truncates eight bits from the fraction
length. Figure 8 shows the effects on execution time.

LONG PRECISION
( FRACTION LENGTH

SWITCH SETTING
(NO. OF HEXADECIMAL

DIGITS IN FRACTION ) IN BITS)
14 56
12 48
10 40
8 32

For maximum speed, the switch is set to 8; for
maximum precision, it is set to 14. Setting the switch
to 14 maintains complete compatibility with other
System,/360 models using long-precision floating point.
At settings 8, 10, or 12, all floating-point operations
fetch the operands (from storage or floating-point
registers) truncated to the selected fraction length;

Fraction

f——~——6HexadecimaIDig?ts———>| §_*| 10—»{ 12—4 14—

i
1
1
!
Sign plus te¢——Short Precision = 24 Bifs——b‘ :
Seven-Bit
Charac-
teristic I
Floating-Point
Precision

14

1
f€—————————————— Long Precision = 32, 40, 48, or 56 Bits —————————>|
1

1
1
!
]
1
1
/
’

’

Figure 6. Variation of Fraction Length in Long Precision

low-order zeros are assumed to exist to the right of
the truncation point. Model 44 always performs long-
precision arithmetic with 56 bits. Therefore, when the
truncated fraction is right-shifted for alignment during
the performance of addition, subtraction, and com-
parison instructions, two, four, or six guard digits
(depending on the selected precision) participate in
the computation. With unnormalized addition and sub-
traction, the fraction in the result is tested for lost
significance up to the selected fraction length.

Indexing Time

All Model 44 instruction timings (Figures 7 and 8)
include the 1-microsecond I time and, for instructions
that reference storage, the time to perform single in-
dexing by one general register as referenced in the
instruction (i.e., B 7= 0).

For instructions in which double indexing is possible
(i.e., all rx format instructions) the time required for
the second indexing is 1 microsecond on the basic
Model 44, or 0.75 microsecond when the high-speed
general registers feature is installed. The times shown
for the eight shift instructions assume no indexing (i.e.,
B = 0). For special timing calculations, the following
adjustments may be made:

BASIC WITH HIGH-SPEED
MODEL 41 GENERAL REGISTERS

INSTRUCTION FETCH

(included in all timings): 1.00 1.00
FIRST INDEXING

(excluded for shift instructions): 1.00 0.25
SECOND INDEXING

(excluded from all timings): 1.00 0.75

System Description 13



Instruction Format Mnemonic Basic Mode! 44 Model 44 with High-Speed
General Registers Feature (ms **)
Add RR AR 3.75 1.75
Add RX A 4,75 2.25
Add Halfword RX AH 4.75 2.25
Add Logical RR ALR 3.75 1.75
Add Logical RX AL 4.75 2.25
AND RR NR 3.75 1.75
AND RX N 4.75 2.25
AND Sl Ni 3.75 3.00
Branch and Link RR BALR 3.25 2.25
Branch and Link RX BAL 3.25 2.50
Branch on Condition RR BCR BR 2.50 1.75
No BR 1.00 1.00
Branch on Condition RX BC BR 2.75 2.00
No BR 2.00 1.25
Branch on Count RR BCTR 3.75 2.50
Branch on Count RX BCT 3.75 2.75
Compare RR CR 3.00 1.75
Compare RX C 4.00 2.25
Compare Halfword RX CH 4.00 2.25
Compare Logical RR CLR 3.00 1.75
Compare Logical RX CL 4.00 2.25
Compare Logical Sl cu 3.25 2.50
Divide RR DR 31.75 28.75
Divide RX D 32.75 29.00
Exclusive OR RR XR 3.75 1.75
Exclusive OR RX X 4,75 2.25
Exclusive OR N X1 3.75 3.00
Halt 1/0 N| HIO 3.00 - 35.00 2,25 - 35,00
Insert Character RX IC 4,00 2,50 EA, 2,25 OA
*Insert Storage Key RR 1SK 3.50 2.00
Load RR LR 3.00 1.00
Load RX L 4.00 2.25
Load Address RX LA 3.00 1.25
Load and Test RR LTR 3.00 1.00
Load Complement RR LCR 3.00 1.75
Load Halfword RX LH 4.00 2.25
Load Negative RR LNR 3.00 1.75
Load Positive RR LPR 3.00 1.75
Load PSW S LPSW 4,50 3.75
Move Si MvI 3.75 3.00
Multiply RR MR 18,39 16,14
Multiply RX M 19.39 16.89
Multiply Halfword RX MH 12.72 10.72
OR RR OR 3.75 1.75
OR RX (o) 4.75 2.25
OR St Oi 3.75 3.00
Set Program Mask RR SPM 2.00 1.50
*Set Storage Key RR SSK 3.00 2.00
Set System Mask St SSM 3.50 EA,4.00 OA 2.75 EA,3.00 OA
s<3 $>3 s< 1 S>1
Shift Left Double RS SLDA 5.50 5.50 + 0.25 (5-3) 3.00 3.00+ 0,25 (5-1)
Shift Left Double Logical RS SLDL 5.50 5.50 + 0.25 (5~3) 3.00 3.00+ 0.25 (S-1)
Shift Left Single RS SLA 3.50 3.50 + 0.25 (5-3) 2,25 2.25+ 0.25 (5-1)
Shift Left Single Logical RS SLL 3.50 3.50 + 0.25 (5-3) 2,25 2.25+0.25 (5-1)
Shift Right Double RS SRDA 5.50 5.50 + 0.25 (5-3) 3.00 3.00+0.25 (S-1)°
Shift Right Double Logical RS SRDL 5.50 5.50 + 0.25 (5-3) 3.00 3.00+ 0,25 (S-1)
Shift Right Single RS SRA 3.50 3.50 + 0,25 (5-3) 2,25 2.25+ 0,25 (5-1)
Shift Right Single Logical RS SRL 3.50 3.50 + 0,25 (S-3) 2.25 2.25+0.25 (S-1)
For single indexing For single indexing
of shift instructions, of shift instructions,
Add 1.00 Add 0.25
Start 1/0 N e} 3.00 - 40,00 2,25 - 40.00
Store RX ST 4.25 2.50
Store Character RX STC 4.75 EA,4.25 OA 3.00 EA,2.50 OA
Store Halfword RX STH 4,25 2.50
Subtract RR SR 3.75 1.75
Subtract RX S 4.75 2.25
Subtract Halfword RX SH 4,75 2.25
Subtract Logical RR SLR 3.75 1.75
Subtract Logical RX St 4.75 2.25
Supervisor Call RR SVC i.00 1.00
Test and Set 4] TS T73.50 2.75
Test Channel sl TCH 4.00 - 20.00 3.25 - 20.00
Test 1/O Si TIO 3.00 - 38.00 2.25 - 38.00
Test Under Mask St ™ 3.00 EA,3.25 OA 2.25 EA,2.50 OA

NOTES: EA = Even Address
OA=0dd Address

S =Number of bits shifted

For double indexing of
RX format instructions, add

*|nstruction added with protection feature
#* All times except those for the eight shift instructions include single indexing; see "Indexing Time."

1.00

Figure 7. Execution Time for Standard Instructions and Protection-Feature Instructions
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Average Time in Microseconds *
Instruction Format Mnemonic i Mode! 44 with High-Speed
Basic Model 44 General Regisrerngeatzre
Add Normalized (long) RR ADR 6.28 6.28
Add Normalized (long) RX AD 8.28 7.53
Add Normalized (short) RR AER 3.81 3.81
Add Normalized (short) RX AE 5.31 4,56
Add Unnormalized (long) RR AWR 6.25 6.25
Add Unnormalized (long) RX AW 8.25 7.50
Add Unnormalized (short) RR AUR 3.79 3.79
Add Unnormalized (short) RX AU 5.29 4.54
Compare (Long) RR CDR 5.84 5.84
Compare (Long) RX CD 7.84 7.09
Compare (Short)- RR CER 3.50 3.50
Compare (Short) RX CE 5.00 4.25
Divide (Long)
Precision 14 RR DDR 124,00 124,00
Precision 12 RR DDR 108.50 108,50
Precision 10 RR DDR 93.00 93.00
Precision 8 RR DDR 32.75 32,75
Divide (Long)
Precision 14 RX DD 126.00 125.25
Precision 12 RX DD 110.50 109.75
Precision 10 RX DD 95.00 94.25
Precision 8 RX DD 34.75 34.00
Divide (Short) RR DER 23.25 23.25
Divide (Short) RX DE 24.75 24,00
Halve (Long) RR HDR 3.25 3.25
Halve (Short) RX HER 1.50 1.50
Load (Long) RR LDR 3.00 3.00
Load (Long) RX LD 5.00 4.25
Load (Short) RR LER 1.00 1.00
Load (Short) RX LE 3.00 2.25
Load and Test (Long) RR LTDR 3.00 3,00
Load and Test (Short) RR LTER 1,00 1.00
Load Complement (Long) RR LCDR 3.00 3.00
Load Complement (Short) RR LCER 1.00 1.00
Load Negative (Long) RR LNDR 3.00 3.00
Load Negative (Short) RR LNER 1.00 1.00
Load Positive (Long) RR LPDR 3.00 3.00
Load Positive (Short) RR LPER 1.00 1.00
Multiply (Long)
Precision 14 RR MDR 61,39 61.39
Precision 12 RR MDR 52,72 52.72
Precision 10 RR MDR 44,06 44,06
Precision 8 RR MDR 21.14 21.14
Multiply (Long)
Precision 14 RX MD 63.39 62,64
Precision 12 RX MD 54.72 53.97
Precision 10 RX MD 46.06 45.31
Precision 8 RX MD 23,14 22.39
Multiply (Short) RR MER 14,06 14,06
Multiply (Short) RX ME 15.56 14,81
Store (Long) RX STD 5.25 4.50
Store (Short) RX STE 3.25 2.50
Subtract Normalized (long) RR SDR 6.28 6.28
Subtract Normalized (long) RX ) 8.28 7.53
Subtract Normalized (short) RR SER 3.81 3.81
Subtract Nomalized (short) RX SE 5.31 4,56
Subtract Unnormalized (long) RR SWR 6.25 6.25
Subtract Unnormalized (long) RX SW 8.25 7.50
Subtract Unnormalized (short) RR SUR 3.79 3.79
Subtract Unnormalized (short) RX SuU 5.29 4.54
For double indexing of RX format instructions, add 1.00 0.75

*All times include single indexing; see "Indexing Time."

Figure 8. Execution Time for Floating-Pgint Instructions
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Instruction Timing Formulas

The timing formulas for the standard and protection-  both in the presence and absence of the high-speed
feature instructions and the floating-point instructions  general registers feature.
are given separately; all instructions are considered

Group 1: Standard and Protection Timings with High-Speed General Registers

AVERAGE
TIME
INSTRUCTION MNEMONIC TIMING FORMULA (microseconds)
Add AR 1.75 1.75
Add A 2.0 + BX 2.25
Add Halfword AH 2.0 + BX 2.25
Add Logical ALR 1.75 175
Add Logical AL 2.0 + BX ‘ 2.25
AND NR 1.75 1.75
AND N 2.0 + BX 2.25
AND NI 2.75 4+ BX 3.00
Branch and Link BALR 225 2.25
Branch and Link BAL 2.25 4+ BX 2.50
Branch on Condition BCR 1.0 4 0.75F1 1.37
Branch on Condition BC 1 + BX + 0.75F? 1.63
Branch on Count BCTR 25 2.50
Branch on Count BCT 2.5 + BX 2.75
Compare CR 1.75 1.75
Compare C 2.0 + BX 2.25
Compare Halfword CH 2.0 4+ BX 2.25
Compare Logical CLR 1.75 1.75
Compare Logical CL 2.0 + BX 2.25
Compare Logical CLI 2.25 4 BX 2.50
Divide DR 28.75 28.75
Divide D 28.75 + BX 29.00
Exclusive OR XR 1.75 1.75
Exclusive OR X 2.0 + BX 2.25

16



INSTRUCTION
Exclusive OR
Halt I/0

Insert Character

Insert Storage Key

Load

Load

Load Address

Load and Test

Load Complement

Load Halfword

Load Negative

Load Positive

Load PSW

Move

Multiply

Multiply

Multiply Halfword

OR

OR

OR

Set Program Mask

Set Storage Key

Set System Mask

Shift Left Double

Shift Left Double Logical
Shift Left Single

Shift Left Single Logical
Shift Right Double

Shift Right Double Logical
Shift Right Single

MNEMONIC
XI
HIO

IC
ISK
LR

LA
LTR
LCR
LH
LNR
LPR
LPSW
MVI
MR

MH
OR

Ol
SPM
SSK
SSM
SLDA
SLDL
SLA
SLL
SRDA
SRDL
SRA

TIMING FORMULA
2.75 4+ BX

HSMPX =1 + BX + MM
-+ 2BM + IFR

(5 + SEL + CU)

MPX = 1 + BX + MM
+ BM -+ IFR
(7 4+ SEL + CU)

2.0 4+ BX -+ 0.25EA
2.0

1.0

2.0 -+ BX

1.0 + BX

1.0

1.75

2.0 + BX

175

175

3.5 + BX

2.75 4+ BX

10.75 + 0.5A

11.25 4+ BX -+ 0.5A

 7.75 4+ BX 4 0.5A

1.75

2.0 + BX

2.75 + BX

1.50

2.0

2.5 + BX + 0.250A

3.0 + BX + 025 (S —1)
3.0 4+ BX + 025 (S —1)
2.95 4 BX + 025 (S — 1)
2.25 + BX + 025 (S—1)
3.0 4+ BX 4 025 (S —1)
3.0 + BX + 025 (S —1)
2.25 + BX + 0.25 (S —1)

AVERAGE

TIME

(microseconds)

3.00

2.25 to 35.00

2.37
2.00
1.00
2.25
1.25
1.00
1.75
2.25
1.75
1.75
3.75
3.00
16.14
16.89
10.72
1.75
2.25
3.00
1.50
2.00
2.87

Instruction Timing Formulas
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INSTRUCTION
Shift Right Single Logical
Start I/0

Store

Store Character
Store Halfword
Subtract
Subtract
Subtract Halfword
Subtract Logical
Subtract Logical
Supervisor Call
Test and Set
Test Channel
Test I/0

Test under Mask

MNEMONIC TIMING FORMULA
SRL 225+ BX 4025 (S—1)

SI0  HSMPX =1+ BX + MM
++2BM + IFR
(12 4+ SEL + CU)
MPX = 1 -+ BX + MM
+ BM -+ IFR
(12 + SEL + CU)

ST 2.25 + BX
STC 225+ BX + 05EA
STH 2954 BX

SR 175

S 2.0 + BX
SH 2.0 + BX
SLR 175

SL 2.0 -~ BX
SVC 10

TS 25 + BX

TCH 1+ BX-+ MM 42

TIO  HSMPX =1 4 BX 4+ MM
4+ 2BM -+ IFR
(6 4+ SEL + CU)
MPX =1 + BX + MM
+ BM -+ IFR
(10 + SEL + CU)

™ 2.0 4+ BX + 0.250A

Group 2: Floating-Point Timings with High-Speed General Registers

INSTRUCTION

Add Normalized (long)

Add Normalized (long)

Add Normalized (short)

Add Normalized (short)

Add Unnormalized (long)

18

MNEMONIC TIMING FORMULA

ADR 575+ 025
(EXPM 4 6T' + H4)

AD 675+ BX 4025
(EXP + 6T' + H)

AER 34025
(EXP! + EXP7 4+ 2T'AT'H® + HT)

AE 3.5 4+ BX + 025
(EXP' 4 EXP" 4 2T' 4 T'H® 4+ H")

AWR 575 4 025 (EXP'* + 6T!)

AVERAGE
TIME
(microseconds)

2.25 to 40.00

2.50
2.75
2.50
175
2.25
2.25
175
2.25
1.00
2.75
3.25 to 20.00
2.25 to 38.00

2.37

AVERAGE
TIME
(microseconds)
6.28
7.53
3.81

4.56

6.25



INSTRUCTION

Add Unnormalized (long)
Add Unnormalized (short)
Add Unnormalized (shdrt)

Compare (long)
Compare (long)
Compare (short)
Compare (short)

Divide (long)
32 bits

40 bits
48 bits

56 bits

Divide (long)
32 bits

40 bits
48 bits
56 bits

Divide (short)
Divide (short)

Halve (long)
Halve (short)

MNEMONIC TIMING FORMULA

AW
AUR
AU

CDR
CD
CER
CE

DDR

DDR
DDR

DDR

DD

DD
DD
DD

DER
DE

HDR
HER

6.75 4 BX + 0.25
(EXP' - 6T*)

34025

(EXP! - EXP? + 3T")

3.5 + BX + 0.25

(EXP! + EXP? 4 3T")

55 4 0.25EXP!+

6.5 - BX + 0.25EXP!

3.0 -- 0.25 (EXP! + EXP?)

3.5 4+ BX + 0.25
(EXP! 4 EXP7)

31.95 4- 0.25 (H! — 1) + 0.25
(H2—1) + 3G7

39.25 + (49.75 + 5G7) LS8
14025 (H! —1) + 025
(H2 —1) + 3G7

44.75 4 (59.75 - 5G7) LS
+ 025 (H! — 1) 4+ 0.25
(H2 — 1) + 3G7

50.25 -+ (69.75 4 5G7) LS
4025 (H'—1) + 025
(H2 —1) 4 3G7

32.25 4 BX + 025 (H!' — 1)
4025 (H2 —1) + 3G
40.25 - BX + (49.75

1 5G7) LS® + 0.25 (H! — 1)
+ 025 (H2 —1) + 3G7
45.75 4 BX -+ (59.75

4+ 5G7) LS - 0.25 (H! — 1)
4025 (H2—1) + 3G
51.25 - BX -+ (69.75 + 5G7)
LS 1 0.25 (H' —1)

+0.25 (H2 — 1) + 3G7
21.75 4 0.25 (H' — 1)

4 0.95 (H2—1) + 3G7
92,95 + BX - 025 (H! — 1)
14025 (H2 —1) + 3G7

3.25

15

AVERAGE
TIME
(microseconds)
7.50
3.79
4.54

5.84
7.09
3.50
4.25

32.75

93.00

108.50

124.00

34.00

94.25

109.75

125.25

23.25

24.00

3.25
1.50

Instruction Timing Formulas 19



INSTRUCTION

Load (long)

Load (long)

Load (short)

Load (short)

Load and Test (long)
Load and Test (short)
Load Complement (long)
Load Complement (short)
Load Negative (long)
Load Negative (short)
Load Positive (long)
Load Positive (short)

Multiply (long)
32 bits

40 bits

48 bits

56 bits

Multiply (long)
32 bits

40 bits

48 bits

56 bits

Multiply (short)

20

MNEMONIC
LDR
LD
LER
LE
LTDR
LTER
LCDR
LCER
LNDR
LNER
LPDR
LPER

MDR

MDR

MDR

MDR

MD

MD

MD

MD

MER

TIMING FORMULA
3.0

4.0 + BX
1.0

2.0 + BX
3.0

1.0

3.0

1.0

3.0

1.0

3.0

1.0

3.75 4 [12.0 4+ 0.5A
+ 025 (H'—1) 4 025
(H*—-1)]1G8

3.75 + [30.75 4 0.5A
4025 (H! —1) + 025
(H2—1)] G®

3.75 + [35.25 4+ 0.5A
+0.25 (H'— 1) + 025
(H*-1)]1G*

3.75 + [39.75 + 0.5A
+ 025 (H'—1) + 025
(H2—1)] G°

475 + BX -+ [12.0 + 0.5A
4025 (H! —1) 4+ 025
(H2 —1)] G®

475 + BX + [30.75 + 0.5A
4025 (H! —1) + 025
(H2—-1)] G

475 4+ BX + [35.25 + 0.5A
4025 (H! —1) + 025
(H2—1)] GS

4.75 + BX + [39.75 4+ 0.5A
+ 025 (H!'—1) + 0.25
(H2—-1)]1G®

3.0 4 G8
(7.0 + 0.5A + 0.25H'%)

AVERAGE
TIME
(microseconds)

3.00
4.25
1.00
2.25
3.00
1.00
3.00
1.00
3.00
1.00
3.00
1.00

21.14

44.06

52.72

61.39

22.39

45.31

53.97

62.64

14.06



INSTRUCTION MNEMONIC
Multiply (short) ME
Store (long) STD
Store (short) STE
Subtract Normalized (long) SDR
Subtract Normalized (long) SD
Subtract Normalized (short) SER
Subtract Normalized (short) SE
Subtract Unnormalized (long) SWR
Subtract Unnormalized (long) SwW
Subtract Unnormalized (short) SUR
Subtract Unnormalized (short) SU

TIMING FORMULA

35 - BX + G¢
(7.0 + 0.5A - 0.25H2)

4.25 4+ BX
2.25 4+ BX

5.75 + 0.25
(EXP'* 4 6T' 4 H)

6.75 + BX + 0.25
(EXP'* 4 6T + H')

3.0 + 0.25
(EXP! 4~ EXP7 + 2T - T'HS® + HT)

3.5 + BX 4 0.25
(EXP' + EXP7 ++ 2T 4 T'H® 4+ H")

5.75 -+ 0.25 (EXP™ - 6T")

6.75 -+ BX - 0.25
(EXP' - 6T?)

3.0 + 0.25
(EXP! -+ EXP? + 3T1)

3.5 4+ BX - 0.25
(EXP! 4- EXP7 4 3T?)

Group 3: Standard and Protection Timings without High-Speed General Registers

INSTRUCTION MNEMONIC
Add AR
Add | A
Add Halfword AH
Add Logical ALR
Add Logical AL
AND NR
AND N
AND NI
Branch and Link BALR
Branch and Link BAL
Branch on Condition BCR
Branch on Condition BC
Branch on Count BCTR
Branch on Count BCT

TIMING FORMULA
3.75

3.75 4 BX

3.75 - BX

3.75

3.75 + BX

3.75

3.75 + BX

2.75 4 BX

3.25

2.95 + BX

1.0 + L5F!

1 + BX -+ 0.75F1
3.75

2.75 4 BX

AVERAGE
TIME

(microseconds)

14.81

4.50
2.50
6.28

7.53

3.81

4.56

6.25
7.50

3.79

4.54

AVERAGE
TIME

(microseconds)

3.75
4.75
4.75
3.75
475
3.75
4.75
3.75
3.25
3.25
1.75
2.37
3.75
3.75

Instruction Timing Formulas
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INSTRUCTION
Compare
Compare
Compare Halfword
Compare Logical
Compare Logical
Compare Logical
Divide

Divide

Exclusive OR
Exclusive OR
Exclusive OR
Halt I/0

Insert Character
Insert Storage Key
Load

Load

Load Address
Load and Test
Load Complement
Load Halfword
Load Negative
Load Positive
Load PSW

Move

Multiply

Multiply

Multiply Halfword
OR

OR

OR

22

MNEMONIC
CR
C
CH
CLR
CL
CLI
DR
D
XR
X
XI
HIO

IC
ISK
LR

LA
LTR
LCR
LH
LNR
LPR
LPSW
MVI
MR

MH
OR

0] 1

TIMING FORMULA
3.0

3.0 4+ BX
3.0 + BX
3.0

3.0 + BX
2.25 4+ BX
31.75

31.75 + BX
3.75

3.75 + BX
2.75 + BX

HSMPX = 1 + BX + MM
+ 2BM -+ IFR
(5 + SEL + CU)
MPX = 1 + BX + MM
+ BM + IFR
(7 4+ SEL + CU)

3.0 + BX

35

3.0

3.0 + BX

2.0 + BX

3.0

3.0

3.0 + BX

3.0

3.0

35 + BX

2.75 + BX

13.0 + 0.5A

13.0 + BX + 0.5A
9.0 4 BX + 0.5A
3.75

3.75 4+ BX

2.75 4+ BX

AVERAGE
TIME
(microseconds)

3.00
4.00
4.00
3.00
4.00
3.25
31.75
32.75
3.75
4.75
3.75
3.00 to 35.00

4.00
3.50
3.00
4.00
3.00
3.00
3.00
4.00
3.00
3.00
4.50
3.75
18.39
19.39
12.72
3.75
4.75
3.75



INSTRUCTION

Set Program Mask

Set Storage Key

Set System Mask

Shift Left Double

Shift Left Double Logical
Shift Left Single

Shift Left Single Logical
Shift Right Double

Shift Right Double Logical
Shift Right Single

Shift Right Single Logical
Start I/0

Store

Store Character
Store Halfword
Subtract
Subtract
Subtract Halfword
Subtract Logical
Subtract Logical
Supervisor Call
Test and Set
Test Channel
Test I/0

Test under Mask

MNEMONIC

SPM
SSK
SSM
SLDA
SLDL
SLA
SLL
SRDA
SRDL
SRA
SRL
SIO

ST
STC
STH
SR

SH
SLR
SL
SvC
TS
TCH
TIO

™

TIMING FORMULA

2.0

3.0

2.5 4+ BX + 0.50A

55 4 BX + 0.25 (S — 3)
55 4 BX 4+ 0.25 (S — 3)
35 + BX + 0.25 (S — 3)
3.5 + BX + 0.25 (S — 3)
55 4 BX 4+ 0.25 (S — 3)
55 4 BX + 0.25 (S — 3)
35 + BX -+ 0.25 (S — 3)
3.5 + BX + 0.25 (S — 3)

HSMPX = 1 + BX 4 MM
+ 2BM -+ IFR
(12 + SEL 4 CU)
MPX = 1 4+ BX 4+ MM
+ BM -+ IFR
(12 + SEL 4 CU)

3.5 + BX

3.25 -+ BX + 0.5EA
3.95 + BX

3.75

3.75 + BX

3.75 + BX

3.75

3.75 + BX

1.0

25 + BX

1+ BX 4+ MM +2

HSMPX = 1 4 BX + MM
-+ 2BM - IFR
(6 -+ SEL -+ CU)
MPX = 1 4 BX + MM
1+ BM -+ IFR
(10 + SEL + CU)

2.0 + BX - 0.250A

AVERAGE
TIME

(microseconds)

2.00
3.00
3.75

3.00 to 40.00

425
4.50
4.25
3.75
4.75
4.75
3.75
4.75
1.00
3.50

4.00 to 20.00
3.00 to 38.00

3.12

Instruction Timing Formulas
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Group 4: Floating-Point Timings without High-Speed General Registers

INSTRUCTION

Add Normalized (long)
Add Normalized (long)
Add Normalized (short)
Add Normalized (short)

Add Unnormalized (long)
Add Unnormalized (long)

Add Unnormalized (short)
Add Unnormalized (short)

Compare (long)
Compare (long)
Compare (short)
Compare (short)

Divide (long)
32 bits

40 bits

48 bits

56 bits

Divide (long)
32 bits

40 bits

24

MNEMONIC TIMING FORMULA

ADR

AD

AER

AE

AWR
AW

AUR

AU

CDR
CD
CER
CE

DDR

DDR

DDR

DDR

DD

DD

5.75 + 0.25
(EXP™ + 6T + HM)

8.75 + BX + 0.25

(EXP' - T - H)

34025

(EXP! 4+ EXPT 4 2T + TUH¢ + H7)
35 4+ BX 4 0.25

(EXP! 4+ EXP? + 2T! 4 T1HS + H7)
5.75 + 0.25 (EXP™ 4 6T?)

8.75 - BX 4 0.25
(EXP!4 4 6T?)

3 4025
(EXP! 4 EXPT 4 3T?)

35 + BX + 0.25
(EXP! + EXP7 + 3T")

55 + 0.25EXP4
6.5 + BX + 0.25EXP4
3.0 4 0.25 (EXP! 4 EXP7)

3.5 4 BX 4 0.25
(EXP! 4+ EXP7)

31.25 4 0.25 (H! —1)
+ 025 (H2— 1) + 3G7

39.25 + (49.75 4+ 5G7) LS®
+0.25 (H! —1)
4025 (H2—1) 4 3G7

44.75 4 (59.75 + 5G7) LS16
+0.25 (H! —1)
+ 025 (H2—1) + 3G7

50.25 + (69.75 + 5G7) LS2*
+ 025 (H —1)
+ 025 (H2 —1) + 3G7

32.95 + BX + 0.25 (H! — 1)
+ 025 (H2—1) + 3G7

40.25 4+ BX

1+ (49.75 4 5G7) LS8
4025 (H1—1)
1025 (H2—1) 4 3G7

AVERAGE
TIME
(microseconds)
6.28
8.28
3.81
5.31

6.25
8.25

3.79

5.29

5.84
7.84
3.50
5.00

32.75

93.00

108.50

124.00

34.75

95.00



INSTRUCTION

48 bits

56 bits

Divide (short)
Divide (short)

Halve (long)
Halve (short)
Load (long)
Load (long)
Load (short)
Load (short)
Load and Test (long)
Load and Test (short)
Load Complement (long)
Load Complement (short)
Load Negative (long)
Load Negative (short)
Load Positive (long)
Load Positive (short)
Multiply (long)

32 bits

40 bits
48 bits

58 bits

MNEMONIC TIMING FORMULA

DD

DD

DER
DE

HDR
HER
LDR
LD
LER
LE
LTDR
LTER
LCDR
LCER
LNDR
LNER
'LPDR
LPER

MDR

MDR

MDR

MDR

45.75 + BX

+ (59.75 -~ 5G7) LS
4+ 0.25 (H! —1)
14025 (H2—1) 4+ 3G7

51.25 4 BX

4+ (69.75 4 5G7) LS
4025 (H! —1)
10925 (H2—1) 4+ 3G7

21.75 4 0.25 (H! — 1)
1025 (H2—1) + 3G7

92,95 - BX 4- 0.25 (H!
4025 (H2—1) 4 3G

3.25
15
3.0
40 + BX
1.0
2.0 + BX
3.0
1.0
3.0
1.0
3.0
1.0
3.0
1.0

3.75 4+ [12.0 - 0.5A
4025 (H! —1)
14025 (H2—1)] G

3.75 4+ [30.75 4- 0.5A
4025 (H! —1)
+0.25 (H2—1)] G

3.75 4 [35.25 + 0.5A
+0.25 (H —1)

4025 (H2—1)] G
3.75 4+ [39.75 + 0.5A

4025 (H! —1)
4025 (H2—1)] G

AVERAGE
TIME

(microseconds)

110.50

126.00

23.25

24.75

3.25
1.50
3.00
5.00
1.00
3.00
3.00
1.00
3.00
1.00
3.00
1.00
3.00
1.00

21.14

44.06

52.72

61.39

Instruction Timing Formulas
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INSTRUCTION
Multiply (long)
32 bits

40 bits

48 bits

56 bits

Multiply (short)
Multiply (short)

Store (long)
Store (short)
Subtract Normalized (long)

Subtract Normalized (long)
Subtract Normalized (short)
Subtract Normalized (short)

Subtract Unnormalized (long)
Subtract Unnormalized (long)

Subtract Unnormalized (short)

Subtract Unnormalized (short)

Symbols Used in Timing Formulas
All times are in microseconds. A negative value of any
expression in parentheses should be treated as zero.

A = The number of addition-subtraction cycles re-
quired during multiplication. Its value is data-

dependent as follows:
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MNEMONIC

MD

MD

MD

MD

MER

ME

STD
STE
SDR

SD

SER

SUR

SU

TIMING FORMULA

475 + BX + [12.0 - 0.5A
4-0.25 (H! —1)
4025 (H2—1)] G®

475 + BX -+ [30.75 4 0.5A
4025 (H! —1)

+0.25 (H2—1)] G®

4.75 + BX + [35.25 -+ 0.5A
1+ 025 (H —1)

+0.25 (H2—1)] G®

475 + BX + [39.75 4 0.5A
4025 (H —1)

4025 (H2—1)] G®

3.0 + G*

(7.0 - 0.5A + 0.25H12)

3.5 + BX + G¢

(7.0 -+ 0.5A -+ 0.25H12)

425 4 BX
2.25 + BX

5.75 + 0.25
(EXP 4 6T -+ H4)

6.75 -+ BX + 0.25
(EXP* 4 6T! 4 H1)

3.0 4 0.25

(EXP! 4 EXP7 4 2T! 4 T*H® 4 H7)

3.5+ BX + 025

(EXP! 4+ EXP? 4 2T* 4 T'H® + H7)

5.75 4 0.25 (EXP4 4 6T?)

6.75 + BX -+ 0.25
(EXP! | 6T!)

3.0 + 0.25

(EXP! ++ EXP7 + 3T)

3.5 -+ BX + 0.25
(EXP! 4 EXP? 4 3T?)

AVERAGE
TIME
(microseconds)

23.14

46.06

54.72

63.39

14.06
15.56

5.25
3.25
6.28

8.28
3.81
5.31

6.25
8.25

3.79

5.29

In fixed point, the second operand is used as

multiplier.

the multiplier.

In short-precision floating point, the first oper-
and fraction is used as the multiplier.

In 32-bit long-precision floating point, the nor-
malized first operand fraction is used as the



BM

In 40-, 48-, and 56-bit long-precision floating
point, four multipliers are used:

1. Multiplier 1 is the 32 most significant bits
of the normalized first operand fraction.

2. Multipliers 2 and 3 are the 8/16/24 least
significant bits of the normalized first operand
fraction (used twice as multiplier).

3. Multiplier 4 is the 8/16/24 least significant
bits of the normalized second operand fraction.

32 bits 8, 16, or 24 bits

Normalized
Operand 1 *
[

| e - |
| Sign + Characteristic 1 \
| |

Multiplier 1 Multipliers 2 and 3

Normalized *

Operand 2 Multiplier 4

Proceeding from right to left through the
multiplier or multipliers, underline from each
two adjacent one bits (including these) to the
next leftmost two adjacent zero bits (excluding
these). For example:

10110010 10100110 11010110 01011101

Count 2 for each underline
plus 1 for each underlined zero
plus 1 for each non-underlined one
minus 1 if the leftmost bit is an underlined one.
For example:

3 underlines 6
5 underlined zeros 5
4 non-underlined ones 4
Leftmost underlined one -1

A=14

A random pattern of n bits yields an average
value of A equal to
(3n + 1— (=05) ),

9
or for specific word lengths:

AVG VALUE OF A

Short precision 8.11
8 hex digits 10.77
10 hex digits 19.11
12 hex digits 27.44
14 hex digits 35.77
Fixed-point halfword 5.44
Fixed-point fullword 10.77

= 1 if the burst-mode state applies
= 0 if not*

BX = Base and indexing time
SINGLE  DOUBLE
INDEXING INDEXING
Basic Model 44 1.00 2.00
With HSGR feature 0.25 1.00

CU = Interface tag response delays in the addressed
control unit. Minimum == 0 if fully overlapped
with channel logic delays, maximum = 32 mi-
croseconds on HSMPX channel.**

EA = 1 if the effective storage address is even
= 0 otherwise

EXP! = 1if the two exponents differ
= 0 otherwise

EXP2 = the absolute value of the difference between
the two exponents

EXP" = EXP? if EXP?2 < 7
=T7if EXP? > 7

EXP!* =0 if EXP> = O or 1
= (EXP? — 1) if 1 < EXP? < 14
= 13 if EXP? > 14

F! = 1if the branch operation is successful
= 0 otherwise

G® = 1if the second operand is non-zero
= 0 otherwise

G? = 1if the absolute value of the normalized second
operand fraction exceeds the absolute value of
the normalized first operand fraction

= 0 otherwise

H!' = the number of high-order hexadecimal zeros in
the first operand fraction

H? = the number of high-order hexadecimal zeros in
the second operand fraction

H5 = the number of high-order hexadecimal zeros in
the intermediate result fraction

H¢ = 1if H° =]
= 0 otherwise
H" =0if HS =O0orl
=(H-1)ifl<H <7
=0 if H5 > 7 i.e, if the intermediate sum is zero
H2=0if H  =0or 1l
=(H*—=1)if 1 < H® < 12
=0 if H5 > 12
H*=0if H =0orl
=(H-1)ifl <H < 14
= 0 if H% > 14 i.e,, if the intermediate sum is zero
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IFR = 1if the interface-free state applies
= 0 if not*

LS® — 0 if the least significant 8 bits of the normalized
40-bit divisor are all zero
= 1 otherwise

L.S'® = 0 if the least significant 16 bits of the normal-
ized 48-bit divisor are all zero
= ] otherwise

L.S2¢ = 0 if the least significant 24 bits of the normal-
ized 56-bit divisor are all zero
= 1 otherwise

MM = Delay while waiting for multiplex-mode state
to end. Minimum = 0. Maximum = 100 for
TCH, indefinite for HIO, SIO, or TIO.*

OA = lif the effective storage address is odd
= 0 otherwise

S = The number of bit positions of shifting called
for

SEL = Time to propagate select-out to the addressed

control unit. Minimum = 0, maximum —
17.5.**
T! =1 if recomplementing is required
= 0 otherwise®**

*See “Channel Architecture.”

*#*See Component Description manual for the appro-
priate device/control unit.

*#%1n short precision, if signs differ but exponents are
equal, Model 44 complements the second operand. If
signs differ and exponents differ, Model 44 comple-
ments the operand with the larger exponent.

In long precision, if signs differ but exponents are
equal, Model 44 complements the first operand. If
signs differ and exponents differ, Model 44 comple-
ments the operand with the smaller exponent.

Recomplementing is never required for a zero result.

Basis of Average Timings

Single indexing is assumed in all indexible instructions,
except shift instructions; the variable Bx is given the
value 1.00 (basic) or 0.25usec (high-speed registers).
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Successful and unsuccessful branches are assumed
to have equal probability. Even and odd effective ad-
dresses in byte-handling instructions are assumed to
have equal probability.

The operands in multiplication are assumed to have
random bit patterns; the special effect of zero oper-
ands is ignored.

The average value of variables entering into float-
ing-point formulas are based on trace information:

1. Frequency of alignment shifting for apbp, sus-
TRACT, and COMPARE:

VALUE OF EXp2 FREQUENCY
0 42.1
1 29.9
2 10.9
3 4.8
4-6 4.2
7-13 0.8
>14 ] 7.3
100.0

2. Frequency of postnormalization shifting for app
and SUBTRACT:

SHIFT VALUE OF H® FREQUENCY
Overflow 0 4.35
0 0 81.70
1 1 6.95
2 2 3.05
3 3 1.15
>4 >4 2.00
Zero result 7orl4 0.80
100.00

3. Frequency of recomplementing in App and sus-
TRACT (assuming that complementing occurs half the
time):

Long precision: Because the shifted operand is com-
plemented, recomplementing is assumed never to oc-
cur when exponents differ; from (1) above exponents
are the same 42.1% of the time, complementing will
occur 21% of the time, and recomplementing will occur
10.5% of the time.

Short precision: Because the unshifted operand is
complemented, recomplementing is assumed on one
quarter of the occasions when exponents are equal
(10.5%) plus one half of the occasions when they differ
(28.9%): total, 39.4%.

4. In floating-point MULTIPLY and DIVIDE, operands
are assumed to be normalized, with post-shift required
half the time.



The Model 44 uses the System/360 1/0 interface. Com-
mand and data chaining are provided, as are all Sys-
tem/360 1/0 instructions and channel commands and
functions. All 1/0 operations overlap with processing.

The 1/0 control section consists of two parts, both
physically integrated with the cpu: (1) the multiplexer
(Mpx) channel, and (2) the one or two high-speed
multiplexer (Hsmpx) channels. At least one channel
must be installed, but the channel types are optional.
The 1/0 equipment attachable to each channel is
shown in Figure 9.

In the Mpx channel, the information associated with
a subchannel is kept in the extension of processor
storage; in the HsMrx channels, this information is kept
in the sLT registers associated with the high-speed
channels. One set of sLt registers is provided for each
HSMPX subchannel (see “Subchannels”).

On any given channel operating in multiplex mode,
the number of 1/0 devices that can transfer data simul-
taneously depends on:

1. The speed of the devices,

2. The maximum aggregate data transfer rate of the
channel,

3. The use of chaining and transfer-in-channel (TIC)
commands,

4. The number of subchannels composing the
channel,

5. The number and type of 1/0 devices attached (via
control units) to the channel.

Speed of Devices

Refer to the 1/0 device descriptions in IBM System/360
System Summary, Form A22-6810, or the 1/0 device
publications listed in IBM System/360 Bibliography,
Form A22-6822.

Data Transfer Rates

The data transfer rate of a single channel is not nor-
mally a limiting factor for devices operating in multi-
plex mode. However, the time available for data
transfers on one channel (particularly the mpx) is de-
creased when any other channel is working. (See
“Cross-Channel Interference.”)

Chaining and TIC

The use of chaining and TiIC commands increases the
amount of cross-channel interference.

Channels

Subchannels

In the case of the Mpx channel, the number of sub-
channels depends on the capacity of processor storage.

BYTES ‘WORDS SUBCHANNELS

32,768 8,192 32

65,536 16,384 64
131,072 32,768 64
262,144 65,536 64

Each usMmpx channel equips the Model 44 with one
high-speed subchannel; moreover, up to three addi-
tional high-speed subchannels can be installed in each
HsMPX channel. Thus, the system maximum is eight
HsMpPx subchannels and 64 mMpx subchannels.

Control Units and Devices

Up to eight control units can be attached to the mpx
channel, and two control units can be attached for
each msMPx subchannel. The figure of two control
units per HsMPX subchannel may vary as explained in
item 5 in “Addressing” but the system maximum is 24
control units: 16 attached to high-speed subchannels
(eight on each HsMpx channel) and eight attached to
the mpx channel. In the following examples the con-
sole printer-keyboard and single-disk storage drive(s)
require a total of two control-unit positions and two
subchannels on the Mpx channel, or two control-unit
positions and one subchannel on the msmpx channel.

Examples: If 63 mpx subchannels are in use for 1/0
devices or communication lines that are controlled via
seven control units, the 64th subchannel is still avail-
able to attach a control unit (such as a tape control).
To take another case, if an 1BM 2702 Transmission Con-
trol that is to control 31 lines is attached, it would tie
up 31 mpx subchannels. That would leave up to 33
subchannels or seven control units, whichever limit is
reached first, for the use of other 1/0 devices attached
via the mpPx channel. In either case, the HsmMpx channel
capabilities remain available: up to eight control units
for 1/0 devices per Hsmpx channel. A system maximum
of 72 devices (one for every mpx and HsMPX sub-
channel) may, if permitted by device and channel
speeds, transfer data simultaneously.

Shared Subchannels

As in other models of the System/360, the first eight
subchannels on the Mpx channel are called shared sub-
channels. Thus, addresses 0 and 128-143 may refer to
the same subchannel; however, devices cannot be in-
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Device Name and Number
with Exclusive Models Attaches to Control Unit Attaches to Model 44
No. Model Name Channel Via Type Via (Channel Type)
1053 4 Printer 2848-1-3 == M, H
1403 2,3,7,N1  Printer 2821-1,2,3,5 --- M,H
1442 NI Card Read Punch — Single Path M,H
1442 N2 Card Punch -—- Single Path M, H
1443 N1 Printer -—— Single Path M, H
1800 Data Acquisition and Control System 1827 or System/360 Adapter** — M, H
1827 Data Control Unit — Multipath See 1800
2250 1 Display Unit —-— Single Path M, H
2250 2 Display Unit 2840-1 — M, H
2250 3 Display Unit 2840-2 -— M,H
2260 1 Display Station 2848-3 ——— M, H
2260 2 Display Station 2848-1,2 — M, H
231 1 Disk Storage Drive 2841 -—- M, H
2401 1-3 Magnetic Tape Unit 2803-1,2, or 2804-1,2, or — M, H
2403-1-6, or 2404-1-3
2401 4,5 Magnetic Tape Unit 2803-2, or 2804-2, or —- M, H
2403-4-6
2401 6 Magnetic Tape Unit 2803-2, or 2804-2, or - H
2403-4-6
2402 1-3 Magnetic Tape Unit 2803-1,2 or 2804-1,2 or -— M, H
2403-1-6, or 2404-1-3
2402 4,5 Magnetic Tape Unit 2803-2, or 2804-2, or -— M, H
2403-4-6
2402 6 Magnetic Tape Unit 2803-2, or 2804-2, or ——— H
2403-4-6
2403 1-5 Magnetic Tape Unit and -— Shared Path M,H
Control
2403 6 Magnetic Tape Unit and —— Shared Path H
Control
2404 1-3 Magnetic Tape Unit and — Shared Path M,H
Control
2501 B1,B2 Card Reader -— Single Path M,H
2520 B1 Card Read Punch -—- Single Path M, H
2520 B2,B3 Card Punch —_— Single Path M,H
2540 Card Read Punch 2821-1,5 - M, H
2671 Paper Tape Reader 2822 ~—- M, H
2701 Data Adapter Unit *** -— Multipath M, H
2702 Transmission Control *** -— Multipath M
2803 1 Tape Control -—- Shared Path See 2401-1-3, 2402-1-3
2803 2 Tape Control -—- Shared Path See 2401-1-6, 2402-1-6
2804 1 Tape Control —-— Shared Path See 2401-1-3, 2402-1-3
2804 2 Tape Control -—= Shared Path See 2401-1-6, 2402-1-6
2816 1 Switching Unit 2803-1,2 or 2403~1-6 -_— See 2401-1-6, 2402-1-6,
2403-1-6
2821 1,5 Control Unit - Multipath See 1403-2,3,7,N1, 2540
2821 2 Control Unit ——— Single Path See 1403-2,3,7,N1
2821 3 Control Unit —-— Multipath See 1403-2,3,7,N1
2822 Paper Tape Reader Control -— Single Path See 2671
2840 1 Display Control — Shared Path See 2250-2
2840 2 Display Control - Shared Path See 2250-3
2841 Storage Control - Shared Path See 2311
2848 1-3 Display Control -—- Shared Path See 2260-1,2
Channel-to~Channel Adapter —-— Single Path See footnote****
Console Printer-Keyboard* CPU Adapter Single Path M, H1
Single-Disk Storage Drive* CPU Adapter Shared Path M, H
System/360 Adapter --- Single Path See 1800

* Standard feature of Model 44,
** System/360 adapter is installed in the 1826 Data Adapter Unit of the attached 1800 system. The 1827 permits attachment of 1800 process

1/O equipment without use of an 1801 or 1802 Processor-Controller.

*** Used to attach a wide variety of teleprocessing systems or terminals, process control devices, and non-IBM communication equipment and
(with 2701) data communication devices. See IBM System/360 Data Communications and Acquisition Configurator, Form A22-6824, also
2701 or 2702 in IBM System/360 Bibliography, Form A22-6822,

**#* Channel-to-channel adapter, installed in Model 30, 40, or 50 CPU or in a 2860 Selector Channel, can provide high-speed intersystem

communication.

M = Multiplexer channel
H = High=Speed Multiplexer Channel
H1 = First High=Speed Multiplexer Channel

Single Path = Qnly one device is associated with the control unit.
Shared Path = Only one attached device at a time is in a data-transferring operation. When attached to M, a shared subchannel may be used;
where more than 16 devices can be attached (e.g., the 2848-3), a second shared subchannel is used. Where H is specified,
the equivalent sharing capability of its subchannels is used.
Multipath = Attached devices are in data-transferring operations simultaneously. When attached to M, each device requires one nonshared subchannel.

e Figure 9. Device Attachment Data
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stalled for both the single address and the set of 16
addresses in the same system. (Likewise, either 7 or
241-256, but not both in the same installation.) All 1/0
devices are attached to a channel via a control unit, or
its equivalent in the form of an adapter in the cpu or a
control section within the device; this control unit can
be described as one of three types: “shared path,”
“single path,” or “multipath.” A shared subchannel may
be assigned at the time of installation to only one of
the three types:

1. A “Shared-Path” Control Unit: In this case, up to
16 devices can be addressed by the subchannel, of
which one device at a time can be in a data-transfer-
ring operation, although all other devices attached
through the same shared-path control unit can be en-
gaged in free-running operations such as tape re-
winding,

EXAMPLES OF SHARED-PATH CONTROL UNITS

IBM 2841 Storage Control
IBM 2803 Tape Control
Single-Disk Storage Drive Adapter (adapter acts as control )

2. A “Single-Path” Control Unit: The subchannel is
associated with a single eight-bit device address.

EXAMPLES OF SINGLE-PATH CONTROL UNITS

IBM 1442 Card Read Punch Model N1 (has internal control)
IBM 2822 Paper Tape Reader Control

3. One Path of a “Multipath” Control Unit: The sub-
channel is associated with a single eight-bit device
address. (Exceptionally, two or more addresses in a
block of 16 addresses may be assigned to 1BM 1827
Data Control Unit functions.)

EXAMPLES OF MULTIPATH CONTROL UNITS

IBM 2821 Control Unit Model 1, 3, or 5
IBM 1827 Data Control Unit
IBM 2701 Data Adapter Unit

Addressing

The addressing of shared and non-shared subchannels
and devices is done within the general architectural
rules defined in the “Input/Output Device Addressing”
section of IBM System/360 Principles of Operation,
Form A22-6821. Specifics for the Model 44 follow.

Of the 11 bits of addressing that specify the chan-
nel, subchannel, and device to be used in an 1/0
operation, the three high-order bits are assigned to
specify the channel as follows:

000 — mpx channel

001 — msmpx channel 1

010 — usmpx channel 2

The eight low-order bits specify the subchannel and
the device:

For Shared MPX Subchannels, indicated by 1 in
the high-order position: 1 xxx yyyy (xxx specifies one
of the eight subchannels that can be shared; yyyy spec-
ifies one of the 16 devices using subchannel and control
unit xxx). If a shared subchannel is to be used as a
non-shared subchannel and associated with a single
device address instead of a set of 16, the subchannel
address is at the right in the following table. Either
address may be chosen, but the unused alternative
must be left unassigned.

DEVICE ADDRESS FOR SHARED MPX
Shared Use  Non-Shared Use

SUBCHANNEL

~NOoOUAWND=O

For Non-Shared MPX Subchannels, indicated by 0
in the high-order position: 0 Oxx xxxx (xx xxxx specifies
one of the non-shared subchannels and its control unit
and device — up to 64 subchannels, depending on proc-
essor storage size, less the number of subchannels
being used as shared subchannels).

DEVICE OR NON-SHARED MPX SUBCHANNELS
to (All Model 44’s) 8-31
00i
00
(Not Model E44) 32-63

For HSMPX Subchannels, all having the shared ca-
pability: 1 hhc xxxx (hh specifies one of the four
possible HsMPx subchannels on that channel and ¢
distinguishes between the two control-unit data paths
on that subchannel. Where 1 hhc identifies a shared-
path control unit, xxxx is used to specify one of the
16 attached devices. Where 1 hhc identifies either a
single-path control unit or one path of a multipath
control unit, only one value of xxxx is significant be-
cause the unshared data path assumes a single eight-
bit device address.)

DEVICE ADDRESS SUB-~

FOR ALL HSMPX CHANNEL ASSIGNMENT EXAMPLE

1 XXXX A 1827 — 1st of two digital inputs®

1 XXXX 2848 — 1st sixteen 2260°s (1-16)

1 XXXX B 2701 — 1st of two adapters

1 XXXX 1827 — 1st of three analog inputs®*®
1 XXXX C 2701 — 2nd adapter

1 XXXX 1827 — 2nd analog input

1 XXXX D 2848 — remaining eight 2260’s

1 XXXX (17-24)

1827 — 3rd analog input
1827 — 2nd digital input
1827 — digital/analog output
®*Requires more than one 1827 (only one digital input per 1827).
#*#*A full analog input function requires three device assign-
ments for the same analog input function.
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The results or ramifications of several addressing
facts are demonstrated by the last example:

1. Although the 1827 is not a shared-path control
unit, a device attached to an 1827 may share a block
of 16 addresses with other devices so attached, but
not with any non-1827 device.

2. Analog input basic features, attached via 1827,
must be assigned to different subchannels.

3. If 1827 digital input or digital/analog output
devices must operate at the same time as analog input,
they must be assigned a different subchannel; however,
if they need not operate simultaneously and independ-
ently, they may not only share a subchannel with one
of the analog input devices, but they may also share a
block of 16 addresses with one of the analog input
devices.

4. Assignment of 2260 Display Stations 17-24 to a
second HsMPX subchannel (rather than to the second
control-unit position on the same subchannel) can be
done to permit other devices to be spread over more
subchannels. If all 2260’s had been assigned to sub-
channel 0 in the preceding example, the 1827 devices
could not have been assigned according to items 2
and 3.

5. On an HsMPX subchannel, each device address
associated with a non-shared-path control unit falls in
a separate and non-shared block of 16 addresses.
Multipath control units such as the 2701 and 2821
usually need more than one such block of 16, reducing
the number of attachable control units to less than two
per subchannel. The 1827, however, is unique: two or
more 1827’s may share the same block of 16 addresses
and increase the number of attachable control units to
more than two per subchannel.

Burst Modey

Burst mode is a method of operation forced by many
control units and adapters for high-speed synchronous
devices; it is not under the control of the programmer.
For example, magnetic tape control units, the 1BM
2841 Storage Control, the single-disk storage drive
adapter, and the 18M 2840 Display Control, all force
burst mode.

In burst mode, either type of multiplexer channel
(MPx or HSMPX) operates similar to a selector channel,
which has only one subchannel. Only one device at a
time communicates with the cpu via the particular
channel, but communication is at a higher maximum
data rate than in the multiplex mode and (in the case
of the Mpx channel) the interference with cpu opera-
tion, per byte of 1/0 data transferred, is reduced.

Control units (or equivalent adapters for devices)
that force burst mode are listed under “Cross-Channel
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Interference” (see items 4 and 5 of “Type I Inter-
ference”).

Multiplex Mode

In multiplex mode, each channel can concurrently
sustain one data-transferring 1/0 operation per sub-
channel, provided that the aggregate data rate does
not exceed the channel capacity. Thus:

1. The mpx channel may be capable of simultaneous
communication with as many 1/o devices as can be
attached to it (up to 64, via no more than eight con-
trol units).

2. Each msmprx channel may be capable of simul-
taneous communication with as many 1/0 devices as
there are subchannels in that channel (up to four).

Channel Architecture
The following description of the interface states of
Model 44 channels amplifies information in other 1BMm
publications® but does not imply incompatibility with
other models of the System/360.

For simplicity, the phrase “multiplexer channel” is
used to apply equally, in this section, to the mpx and
HSMPX channels.

States of the 1/0 Interface

The interface of a Model 44 channel is at any time
in one of three states:

Interface free IFR
Interface working in multiplex mode MM
Interface working in burst mode BM

Interface Free (IFR): In the basic Model 44, 1FR is
logically defined as: (not operational in) AND (not
request in) AND (no channel-initiated communication
sequence is taking place over the interface) AND
(channel delay complete). Briefly, no control-unit se-
lection or channel-initiated operation exists or is re-
quired on the interface and the channel’s 400-nano-
second internal delay following a communication se-
quence is completed.

If the priority interrupt feature is installed, 1FR is
defined as: (not operational in) AND (no channel-
initiated communication sequence is taking place over
the interface) anp (channel delay complete) anp [(not
request in) oR ( priority interruption requested and en-
abled)]. The state 1FR is created in two ways:

1. The same conditions exist as given for the basic
Model 44, provided that no enabled priority interrup-
tion request exists.

*IBM System/360 Principles of Operation, Form A22-6821, and
IBM System/360 1/0 Interface — Channel to Control Unit,
Original Equipment Manufacturers’ Information, Form A22-
6843.



2. The cru is attempting to select the channel to
execute an 1/0 instruction, no control-unit selection or
channel-initiated operation exists on the interface, the
channel’s internal delay is timed out, and a priority in-
terruption request exists at any enabled level. Under
these conditions, request in is ignored in an attempt to
create IFR as soon as possible.

As a rule in the System/360 channel architecture,
a new I/0 operation can be started only after the
channel has serviced all outstanding requests for data
transfer from devices previously placed in operation.
Installation of the priority interrupt feature causes
Model 44 to differ only in this way: when a priority
interruption is requested while the cpu is attempting
to execute an 1/0 instruction, the 1/0 operation is
started as soon as possible (in order to release the cpu
for the interruption) even if there are outstandmg re-
quests for data transfer.

NortEe: The priority interrupt feature is described in
Data Acquisition Special Features for the IBM Sys-
tem/360 Model 44, Form A22-6900.

Interface Working in Multiplex Mode (MM): This
state is defined as the absence of states 1FR and BM.
Either one of the interface signals, request in or opera-
tional in, must be present, or the channel must be in
the process of selecting a device. Because any of these
conditions may also be present in state BM, they do not
define state Mm.

Interface Working in Burst Mode (BM): A multi-
plexer channel runs a timer whenever the operational
in line is up or command chaining is in process after
device end. The timer is reset on the fall of opera-
tional in, unless command chaining is indicated in
response to the device end. The BM state exists when
the value of the channel timer exceeds 100 micro-
seconds (nominal). In other words, every selection of
a control unit on the interface is monitored by the
channel, and, for the first 100 microseconds of every
selection, the channel is in the MM state but thereafter
is in the BM state.

Norte: For any multiplexer channel, a direct transi-
tion from state 1FR to state BM cannot occur; all other
transitions can occur.

Forcing Burst Mode

Devices such as tapes and disks “force burst mode.”
Such devices, having established a logical connection
with a channel, usually stay connected for the duration
of data transfer, thereby forcing the channel to reach
| the BM state. The BM state does not exist for multi-
plexer channels during the first 100 microseconds of
an interface sequence, and does not necessarily extend
| until the device presents the ending status. The device

may drop off for a time between data transfers before
presenting ending status.

A multiplexer channel may appear to be in burst
mode as a result of command chaining. More spe-
cifically, the channel keeps its timer running between
the acceptance of device-end status, with command
chaining indicated, and reselection for the chained
command; and if the selection lasts for more than 100
microseconds, the channel enters the BM state.

The significant differences between a multiplexer
channel and a selector channel are:

1. Selector channels have only the interface states
IFR and BM.

Multiplexer channels have the additional state M.

2. Although all channels act to force burst mode,
in effect, between device end and reselection for com-
mand chaining, a selector channel also creates the sm
state (its only active state) by keeping the select-out
interface line in the up state from the time of selection
until channel end — and, if command chaining is in-
dicated with channel end, from selection through
channel end to device end.

A multiplexer channel cannot do this.

3. A selector channel cannot be simultaneously in
the interruption-pending state (as the result of status
provided by the device) and in the BM state.

A multiplexer channel can be.

Note: Both types of channels, while transferring
data in burst mode, can be in the interruption-pending
state if the pcr flag is set and signals for program-con-
trolled interruptions. -

Multiplexing Devices

“Multiplexing” devices cannot force burst mode; they
are designed to complete an interface sequence in
less than about 32 microseconds. It is possible, how-
ever, for several sequences of a multiplexing device to
become joined by command chaining; and if the joined
sequences last for 100 microseconds, the BM state is
forced even though the device is of the multiplexing

type.

Programming Aspecis
The following points apply to overlapped Model 44
multiplexer channels.

1. The instructions START 1/0, TEST 1/0, and HALT 1/0
cannot be executed by a Model 44 channel in the MM
state; if such an instruction is fetched by the cru while
the addressed channel is in the MM state, the cpu must
wait until the state changes to ¥R or BM. Unless an
enabled priority interruption request is received, there
is no logical limit to the duration of the MM state; but
a duration of more than 100 microseconds is statis-
tically improbable with any 1/0 configuration.

Channels 33



NortE: An interruption request signal, whether from
the priority interrupt feature or the standard inter-
ruption system, is often called an “interrupt.” This
provides a distinction between a request signal and
(after the interrupt has been accepted) the actual
performance by the cpu of the procedure known as
the “interruption.”

2. Because interface states can change unpredic-
tably, the programmer aware of the present state of a
channel cannot foresee its state in the immediate
future. In particular, when a unit-check condition ap-
pears in a csw, there is no warranty that the interface
will immediately be free (1Fr) for a sense command.
A condition code 2 (channel or subchannel busy) is
not an unusual response to a START 1/0 instruction
where the first command is a sense.

3. A channel scheduler that queues an 1/0 request
after receiving condition code 2 cannot rely on a chan-
nel-end 1/0 interrupt to signal the end of the BM state;
the time when this interrupt will occur is not always
predictable.

The generation of condition code 2 indicates that
some device is working; therefore, that a channel-
end interrupt must eventually occur unless a system
reset occurs first. With most devices the channel-end
interrupt occurs soon enough to avoid seriously delay-
ing the cpu or causing the channel scheduler to appear
inefficient. However, during a manual input operation
the console printer-keyboard may take several seconds
to present channel end; more importantly, a 2701 or
2702 executing an enable command can take an in-
definite time before presenting channel end. Therefore,
it is possible, though unlikely and entailing an unusual
command chaining sequence, for the 2701, the 2702, or
the printer-keyboard to (1) create the BM state, (2)
cause an 1/0 request to be queued by the channel
scheduler, then (3) delay channel-end status.

Channel Interference

The HsMPX subchannels delay the cpu about 0.5 micro-
second per byte of data transferred. The following
cause this figure to increase:
Use of data chaining
Use of Tic commands
Use of the pcr flag to cause program-controlled in-
terruptions (ecrs).

The Mpx channel operating in burst mode delays
the cpu about 1.0 microsecond per byte of data trans-
ferred; data chaining, Tic commands, and pcr’s increase
this figure. The mMpx subchannel operating in multi-
plex mode delays the cpu up to 5 microseconds per
byte. This figure increases if data chaining, TIC com-
mands, or pcr’s are used; it decreases if the 1/0 device
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control unit sends more than one byte at a time in
multiplex mode.

HsMPx data accesses to processor (main) storage
are for halfwords, at 1 microsecond each, unless the
specification of the channel command word (ccw)
data address forces a 1-microsecond access for a single
byte at the beginning or end of a logical record.

mpx data accesses to main storage are for single
bytes at 1 microsecond each. As indicated in the

“following table, 4 microseconds are added when op-

eration is in multiplex mode: this accounts for two
1-microsecond accesses when the control unit gains
selection, and two more when the control unit discon-
nects from the interface.

Because a storage access by a channel does not stop
the compute clock unless it causes the cpu to wait
for a storage cycle, channel interference is slightly
less than the following (in microseconds):

MPX HSMPX
(MULTIPLEX  (BURST
MODE ) MODE )
For Data
Group of n bytes
per selection 44n
Per byte 1
Per two bytes 1
Chaining (per link)
Command chaining 8 4 4
Data chaining 4 4 4
TIC (per command) 2 2 2

Cross-Channel Interference

This is either intrachannel or interchannel interference,
and is caused by contention among 1/0 devices. It is
of two types:

TYPE CAUSE
I The devices are on the same MPx or HSMPX
channel and are contending for use of the
interface.

II The devices are on different channels and

are contending for access to storage.
Type II interference is significant, and type I inter-

ference is normally insignificant.

Type I Interference

Type I (interface) interference is insignificant when
the devices’ control units have the following normal
priority arrangement:

1. Synchronous Unbuffered Multiplexing Devices:
The devices in this group should be arranged in the
order of increasing waiting time, with those having
the fastest character rate placed first.

1442-N1 Card Read Punch used to read and punch concurrently
2501-B1, B2 Card Reader
2520-B1 Card Read Punch used to read and punch concurrently
2702 Transmission Control



2. Synchronous Buffered Multiplexing Devices: The
devices in this group should be arranged in the order
of increasing waiting time, with those having the fast-
est character rate placed first.

2520-B1 Card Read Punch used to punch only
2520-B2, B3 Card Punch

3. Asynchronous Buffered Multiplexing Devices: To
permit the devices in this group to run at their max-
imum character rates, they should be arranged in the
order of increasing waiting time, with those having the
fastest character rate placed first.

1443-N1 Printer
1827 Data Control Unit
2821-1,2,3,5/1403-2,3,7,N1 Control Unit and Printer
2821-1,5/2540 Control Unit and Card Read Punch
2822/2671 Control Unit and Paper Tape Reader
4. Burst-Mode Devices Time-Dependent on Com-
mand Chaining:
2701 Data Adapter Unit
2841//2311-1 Storage Control and Disk Storage Drive
5. Other Burst-Mode Devices:

2250-1 Display Unit

2400-series Magnetic Tape Units and Controls
2840-1/2250-2 Display Control and Display Unit
2840-2/2250-3 Display Control and Display Unit
2848-1,2/2260-2 Display Control and Display Station
2848-3/2260-1 Display Control and Display Station
2848-1,2,3/1053-4 Display Control and Printer
Channel-to-Channel Adapter on other System/360
Single-Disk Storage Drive

System/360 Adapter on 1800 system

6. Asynchronous Unbuffered Multiplexing Devices:

1442-N1 Card Read Punch used to punch only
1442-N2 Card Punch
Console Printer-Keyboard

Norte: Critical time (waiting time) directly concerns
only the synchronous multiplexing devices (whether
buffered or unbuffered) in priorities 1 and 2, but is
also of indirect concern to the asynchronous buffered
multiplexing devices in priority 3.

The critical time before overrun can occur is con-
stant for any device, regardless of the channel to which
it is attached; the shortest critical time (waiting time)
for any device attachable to Model 44 is the 800 micro-
seconds of the 1442 Card Read Punch.

The duration of multiplex-mode bursts on the chan-
nel interface is, however, much less than this shortest
critical time. A sequence lasting more than 32 micro-
seconds is exceptional, and will not occur under nor-
mal programming (see note).

For example, the interface time to transfer a burst
of four bytes to a 1403 printer, with data chaining
every byte, is unlikely to be more than 40 micro-
seconds; and command chaining with No-op, command
immediate, and Tic is unlikely to take more than 50
microseconds with any device. It is almost impossible

to create enough type I interference to add up to 800
microseconds and cause overrun of a byte-multiplexing
device on a Model 44 channel. Even with eight 1442’s
on a channel, all using Tic and data chaining, an over-
run cannot be created.

Note: Normal programming is stipulated only be-
cause a sequence of 20 No-oP commands, chained to
each other, can be specified if an overrun must be
forced. A channel program without unnecessary No-
OP’s cannot cause type I overrun.

Type Il Interference

Devices sensitive to type Il interference (contention
for storage) are the unbuffered burst-mode devices;
multiplexing devices are affected only insignificantly.

Overrun occurs if a channel cannot obtain its re-
quired storage accesses in the time permitted by the
device, or more specifically in the portion of that time
left available by an interfering channel. The total time
depends on the actual speed of the device, and the
time required for data transfers by a given channel are
shown under “Channel Interference.” It is necessary to
establish the probability of obtaining this time when
there is contention for storage.

A channel may fail to obtain consecutive storage
cycles because of contention. Even when there is no
contention for storage, however, the channel may fail
to obtain or even to request consecutive storage cycles;
this can occur when the channel is transferring data
(as opposed to fetching a ccw ), and happens for one
of the following reasons:

1. When operating with a relatively low-speed 1/0
device, the channel does not request consecutive stor-
age cycles because it cannot go faster than the device.

2. When operating with an extremely high-speed
device, the channel may be unable to obtain consecu-
tive storage cycles for the simple reason that the chan-
nel (which in this case would logically be the msmpx
channel) cannot request its two-byte storage accesses
more often than about once each 2 microseconds.

When consecutive storage cycles are demanded by
the channel but are not obtained, the demands are al-
ways honored in subsequent cycles. In the high-speed
case, excessive delay in obtaining the storage cycles
may result in overrunning the device.

The amount of type II cross-channel interference
depends on how often the interfering channel can de-
mand storage cycles: its “demand rate.”

The Demand Rate for steady-state data transfers in
burst mode is set by the 1/0 device. The MPx channel,
transferring one byte of data per storage access to or
from a 90kb device such as the single-disk storage
drive, demands a storage access every 11 microseconds
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(or perhaps every 10 microseconds if the device oper-
ates well above its nominal speed ). An HsMPX channel,
transferring two bytes of data per storage access to or
from a device of 90kb nominal speed, demands a stor-
age access every 22 microseconds (for worst-case cal-
culations, every 20 microseconds). If the device is
indefinitely fast (e.g., a Model 65 connected via a
channel-to-channel adapter), the demand rate of the
Model 44 channel is limited only by interface and
channel logic delays: the HsMPx can demand a storage
cycle about every 2 microseconds (as stated previ-
ously), and the Mpx can demand a storage cycle about
every 2.5 microseconds. Contention for storage pre-
vents any of these maximum demand rates from being
sustained.

Effects of Data Chaining on Demand Rate: During
a storage data cycle, a channel decrements its count.
If the count reaches zero and data chaining is indi-
cated, the channel demands four consecutive storage
accesses to fetch a new ccw. (This demand becomes
effective too late to obtain the first storage cycle that
follows the data transfer cycle.) If a TiIc ccw is de-
tected, two additional cycles are demanded, for a total
of six ccw cycles. Accordingly, the maximum demand
rate of a channel during chaining is about 7.5 micro-
seconds for seven cycles. (The extra 0.5 microsecond is
the minimum time to obtain a storage access to fetch
the new ccw.)

In multiplex mode, different subchannels may initi-
ate data-chaining requests at 3-microsecond intervals;
at the extreme, therefore, a single channel using data
chaining with several devices can demand an indefinite
number of consecutive storage cycles.

Priority Among Contending Channels: Only one
HSMPX subchannel at a time can demand a ccw fetch
cycle. The following priority scheme makes use of this
fact to guarantee the mpx channel — if it is running
in burst mode — a minimum frequency of storage
accesses.

1. asmpx1 and msmpx2 data cycles (alternating in
top priority).

2. HsMPX, cycles for bits 0-15, 32-47, and 48-63 of a
ccw (first, third and fourth quarters).

3. MPx, data cycles in burst mode.

4. usmrpx, cycles for bits 16-31 of a ccw (second
quarter).

5. Mpx, data cycles in multiplex mode and Mpx
ccw cycles.

Demonstration of Priority: Let the first asmpx chan-
nel be data chaining with Tic in burst mode. Let the
second msmpx channel be data chaining on two sub-
channels in multiplex mode. Let the Mpx channel be
operating in burst mode without data chaining. Then,
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with asterisks indicating when a subchannel is wait-
ing for a storage cycle, a typical sequence of obtaining
storage cycles is as follows:

HSMPX] HSMPX2 MPX
(SUBCHANNEL O) (SUBCHANNEL 2)
o *
b data

CCW 1st %

* oo BB B

-] o

® ¢ data
. CCW 2nd %

o CCW 3rd %

o . CCW 4th %

TICCOW It s—

TIC CCW 2nd %

CCW 1st % b

o
! £ ]
° w data
CCW 2nd % ® *
& > data
CCW 3rd 4 =
*

CCW 4th 4
data *
T oW Ltk

CCW 2nd 4

@ CCW 3rd 4

data< “
CCW 4th 4 *
data ®

Estimation of Storage Access Delay: It requires 0.5
microsecond to obtain a storage access when there is
no contention. If storage is busy at the time of the re-
quest, it may take up to 2 microseconds longer; in par-
ticular, execution of the Lpsw instruction involves a
2-microsecond use of storage during which channel
break-in is not permitted.

HsMPX burst-mode data cycles can be held off for
2.5 microseconds, when two HsMPX channels make a
simultaneous request of this type, one of them may
be held off for 3.5 microseconds.

When a subchannel (either MPx or Hsmpx ) is fetch-
ing a ccw, or waiting for a ccw to be fetched, no data
transfer for that subchannel is permitted. The channel
does not accept input bytes from a device until the
new ccw has been entirely fetched and checked for
possible program errors (such as a zero count field).
When both HsMpx channels request ccw fetching, one
of them will obtain the four or six ccw cycles ahead of
the other. The time for HsMpPx data chaining is thus
seriously limited, especially in multiplex mode, by the
demand rate of other HsMPx subchannels.

In estimating the data-chaining performance of
asMpx1 in burst mode, a hold-off of 6 microseconds
should be included if msmpx2 is working, on the
grounds that command chaining with TiIC must be



allowed on msMmpx2. If MPx is working in burst mode,
an allowance should also be added for mpx data cycles.

Several byte-multiplexing devices working on one
HsMPX channel can hold off a burst-mode ccw fetch on
the other msmpx channel for an estimated 15 micro-
seconds, but an overrun caused by this unusual dura-
tion would almost certainly be recoverable by a retry
at the device associated with the overrun.

The mpx channel can be held off from multiplex-
mode data cycles or ccw cycles (these having fifth and
lowest priority) for extended periods by HsMPXx activ-
ity. An MPx data request in burst mode has third pri-
ority, however, and cannot be held off for more than
about 6 microseconds by msmpx channels, as deter-
mined by the probable worst-case sequence of HsMPx
demands:

‘ccw 2nd %
data
ccw 3rd %
ccw 4th ¥
ccw Ist %
data

mpx data chaining is heavily exposed to hold-off by
HSMPX channels.

Channel Buffering: The mpx channel has no data
buffering, and the entire time for a storage access, in-
cluding hold-offs by Hsmpx channels, must be allowed
between adjacent bytes received from or sent to an
1/0 device via the mpx channel.

Each usmpx subchannel has a two-byte data register
and a single-byte interface register. These registers
provide, in effect, one byte of data buffering during
normal data transfer; therefore, the worst-case delay
in obtaining a storage cycle can in practice be spread
over two byte cycles of the device as in the following
example.

SUBCHANNEL SUBCHANNEL
DEVICE OFFERS INTERFACE DATA STORAGE
DATA REGISTER REGISTER ACCESS
CONTENTS CONTENTS
byte 1 )
byte 1
byte 1
1
1
byte 2 1
byte 2 1
bytes 1, 2 requested
1,2
1,2
byte 3 1,2
byte 3 1,2
3 1,2
3 1,2
3 1,2
byte 4 3 1,2

SUBCHANNEL  SUBCHANNEL
DEVICE OFFERS  INTERFACE DATA STORAGE
DATA REGISTER REGISTER ACCESS
CONTENTS CONTENTS
3 1,2
3 obtained
byte 3
byte 4 3
byte 5 bytes 3, 4 requested
byte 5 obtained
byte 5

Note: When data chaining is indicated, no further
bytes are accepted into the interface register; hence,
ccw accesses must be obtained between adjacent bytes
from the device.

The usmpx channels provide no buffering when data
chaining is used; the time for data chaining, including
any storage hold-offs, must be allowed between adja-
cent bytes at the interface.

In all cases, buffering in the 1/0 control unit can re-
lieve the timing limitation at the channel.

Maximum Safe Data Rates: Figure 10 combines the
above principles with 1/0 control-unit buffering infor-
mation to estimate the types of 1/0 devices that are
either safe from overrun or may overrun.

“Safe” means that overrun should not be expected;
it is logically possible but abnormal, and should not
recur on a retry.

NotEe: For the usmpx channel, some combinations
labelled safe can overrun if data chaining is used to
link single-byte logical records: byte, chain, byte,
chain, etc. — an inadvisable method of programming.

“May overrun” means that overruns should be ex-
pected; the frequency, and the likelihood of successful
recovery on retry, can be estimated by using the prin-
ciples described.

Multisystems
The channel-to-channel adapter is not presently avail-
able for the Model 44; multisystems composed exclu-
sively of Model 44’s permit communication among
processing units via shared 1/0 devices only. However,
Model 44 can be connected to any other model of the
System/360 that has the channel-to-channel adapter
feature or to an 18M 1800 Data Acquisition and Control
System that has a System/360 adapter; either kind of
adapter can then be brought into play to provide faster
transmissions between systems. The adapter takes one
control-unit position of an Mpx or HsMPx channel.

The transmission rate from channel to channel is
limited by the maximum data-transfer rate of the
lower-speed channel.

The channel-to-channel adapter operates in burst
mode; therefore, it cannot operate simultaneously with
another unit on the same channel.
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HSMPX CHANNEL

A magnetic tape (240x) or direct-access (2311 or SDSD*) operation is "Safe" from overrun or "May Overrun," depending on (1) whether
the operation uses data chaining, and (2) the condition of the other channels.

Condition of Data Chaining Data Chaining
Other Channels No Data Chaining Without TIC with TIC
Not Working Safe Safe Safe
or All aftachable devices 240x-1,2,3,4 240x-1,2,3,4
Not Installed SDSD SDSD
May Overrun May Overrun
240x-5,6 7240%-5,8
2311 231
MPX Only Safe Safe Safe
Working All attachable devices 240x-1,2,3,4 240x~1,2,4
SDSD SDSD
May Overrun May Overrun
Ox=5, X=3,3,
2311 2311
Other HSMPX Only Safe Safe Safe
Working All attachable devices 240x~1,2,4 240x-1
May Overrun May Overrun
240x-3,5,6 240x-2,3,4,5,6
2311 2311
SDSD SDSD
Both MPX and Safe Safe Safe
Other HSMPX All aftachable devices 240x-1 240x-1
Working
May Overrun May Overrun
240x-2,3,4,5,6 71@(-2,3,4,5,6
2311 2311
SDSD SDSD

MPX CHANNEL

A magnetic tape (240x) of direct-access (2311 or SDSD*) operation is "Safe"” from overrun or "May Overrun," depending on (1) whether
the operation uses data chaining, and (2) the condition of the HSMPX channel(s).

Condition of

Data Chaining

Data Chaining

HSMPX Channel(s) No Data Chaining Without TIC With TIC
Not Working Safe Safe Safe
or All attachable devices 240x-1,2,3,4 240x-1,2,4
Not Installed SDSD SDSD
May Overtun May Overrun
240x-5 240x-3,5
2311 2311
Only One Working Safe Safe Safe
240x~1,2,3,4 240x-1,2 240x-1
SDSD
May Overrun May Overrun May Overrun
0~ 240x-3,4,5 2%0x-2,3,4,5
2311 2311 2311
SDSD SDSD
Both Working Safe Safe Safe
240x~1,2,3,4 240x~1 240x~1
SDSD
May Overrun May Overrun May Overrun
X~ 22%x-2,§,z,5 2%0x-2,§,4,5
231 2311 2311
SDSD SDSD

*In the tabular notations:

SDSD refers to the Single-Disk Storage Drive(s).

240x-1,2,3 . . .refers to IBM 2401, 2402, 2403 Magnetic Tape Unit Models 1-6 (or 2404 Models 1-3). Model 6 is not
attachable to the MPX channel.

Figure 10. I/0 Activities Susceptible of Overrun
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The system control panel (Figure 11) contains the
switches and lights necessary to operate and control
the system. The system consists of the cpu, storage,
channels, on-line control units, and 1/0 devices. Off-
line control units and 1/0 devices, although they may
be part of the system environment, are not considered
part of the system proper.

System controls are considered to be grouped in
three classes, and are so physically oriented on the
system control panel:

Operator control

Operator intervention

Customer engineering (CE) control

Figure 11 is divided into labeled areas for reference.
The operator control section is virtually limited to
areas B and G, and the left half of area F. The opera-
tor intervention controls appear on (but do not wholly
occupy) areas D and E as well as the right half of
area F. Operator interventions may also require the
use of some of the cE controls and lights that occupy
the remaining areas.

Area A contains the cpu usage meter, the ce usage
meter, and the ce keylock switch. Area C contains
lights primarily useful to customer engineers. Area H
contains the two roller switches, both of which are
set to position 1 during normal operations.

System Control Functions

Using the control panel, the operator can reset the
system; store and display information in storage, in
registers, and in the program status word (psw); and
perform initial program loading (1pL).

System Reset

This function suspends all instruction processing and
timer updating, resets the channels, and resets on-line
control units and 1/0 devices that are unshared by
other cpU’s.

The cpu is placed in the stopped state and all pend-
ing interruptions are eliminated. All error lights are
turned off.

In general, the system is placed in such a state that
processing can be initiated without the occurrence of
machine checks, except for those caused by subsequent
machine malfunction.

The reset state for a control unit or device is de-
scribed in the appropriate System Reference Library

System Control Panel

(srL) publication. A system-reset signal from a cepu
resets only the functions in a shared control unit or
device belonging to that cpu. Any function pertaining
to another cPU remains undisturbed.

The system-reset function is performed when the
system-reset key is pressed, when IPL is initiated, when
a power-on sequence is performed, or when psw re-
start is initiated (see “psw Restart Key”).

Programming Notes

If the system reset occurs in the middle of an opera-
tion, the contents of the psw and of result registers or
storage locations are unpredictable. If the cpu is in the
wait state when the system reset is performed, and 1/0
is not operating, this uncertainty is eliminated.

A system reset does not correct parity in storage.
Because a machine check occurs when information
with incorrect parity is used, the incorrect information
should be replaced by loading new information.

Store and Display

Certain controls in the operator intervention group
permit storing and displaying data during manual in-
tervention in the progress of a program. This manual
intervention is begun by placing the cpu in the stopped
state. The cpu enters the stopped state when the stop
key is pressed, when single instruction execution is
specified (by the rate switch setting of INSN STEP), or
when a preset address is reached (see “ms Address
Compare Switch”).

The operator then uses the address switches, data
switches, storage select switch, store key, and display
key to store and/or display information in main stor-
age, in general and floating-point registers, and in the
psw. Once the desired intervention is complete, the
cpU can be started again.

The stopping and starting of the cpu does not in
itself cause any alteration in program execution other
than the time element involved in the transition from
operating to stopped state.

Machine checks that occur during store or display
operations do not interrupt or log immediately, but
may create a pending interruption. This interrupt can
be eliminated by a system reset. A pending interrup-
tion, when not disallowed, will be taken when the cpu
is returned to the operating state.
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Initial Program Loading

Initial Program Loading (1pL) is provided for the ini-
tiation of processing when the contents of storage or
the psw are not suitable for further processing.

PL is started manually by using the load-unit
switches to select the input device that contains the
program and pressing the load key.

Pressing the load key causes a system reset, turns on
the load light, and starts a read operation from the
selected input device. The first 24 bytes read are
placed in storage locations 0-23. If the selected input
device is a disk, the 1pL information is read from track
0. Storage protection, program-controlled interrupts,
and a possible incorrect-length indication are ignored.
The double word starting at location 8 is used as the
channel command word (ccw) to continue the input
operation under control of the channel. When chain-
ing is specified in this ccw, the operation proceeds
with the second ccw starting at storage location 16.

After the input operation ends, the 1/0 address is
stored in bits 21-31 of the first word in storage. Bits
16-20 are made zero. Bits 0-15 remain unchanged. The
cpu fetches the first two words in storage for a new
psw and proceeds under control of this new psw. The
load light is turned off.

At this point, the loader-portion of the first program
is loaded. The 1PL continues with the loading of pro-
grams or continuations of programs stored on the
selected input device.

Programming Notes

Initial program loading resembles a sTaRT 1/0 that
specifies the 1/0 device selected in the load-unit
switches and a zero protection key. The ccw for this
START 1/0 is simulated by cpu circuitry and contains a
read command, zero data address, a byte count of 24,
chain-command flag on, suppress-length-indication
flag on, program-controlled-interruption flag off, chain-
data flag off and skip flag off. The ccw has a virtual
address of zero.

After the new information is read into the first six
words of storage, the remainder of the 1PL program
may be placed in any desired section of storage.

The selected input device may be the channel-to-
channel adapter connecting the channels of two cpu’s.
After a system reset is performed and a Read command
is issued to the adapter by the requesting cpu, the
adapter sends an attention signal to the addressed cpu.
That cru should then issue the write command neces-
sary to load a program into main storage of the
requesting CpU.

When the psw starting at location 0 has bit 14 set
to one, the cpu is in the wait state after the 1pL pro-

cedure; the manual, the system, and the load lights
are off, and the wait light is on. Interruptions that are
requested during 1PL are taken, if allowed, before in-
struction execution begins.

When the load light goes off, the loader portion of
the first program is loaded. The continuing procedure
for 1pL varies slightly (but is nearly if not wholly auto-
matic) if stand-alone programs are being loaded, with
program execution to follow either immediately or,
if the cpu is placed in the wait state at the end of
1L, upon receipt of the signal to exit from the wait
state. If the control program is being loaded, addi-
tional procedures for the operator are required.

Operator Control Section

This section of the system control panel contains (ex-
cept for the emergency pull switch) the only controls
needed by the operator when the cpu is operating
under full supervisor control.

The main functions provided by the operator con-
trol section (Figure 12) are:

Control and indication of system power

Indication of system status

Initial program loading

Control and status indication of single-disk storage drives

The operator controls and lights are (in alphabeti-
cal order):

NAME
Cartridge Unlocked (Disk)
Emergency Pull

IMPLEMENTATION
Two lights
Pull switch

Interrupt Key

Load Key

Load Light
Load Unit Three rotary switches
Manual Light
Power Off Key
Power On Key
Ready (Disk) Two lights
Start (Disk) Two keys
Stop (Disk) Two keys
System Light
Test Light
Wait Light

Cartridge-Unlocked Lights (Disk)

A light indicates that the associated single-disk storage
drive is fully stopped and the operator is able to re-
move its cartridge. Neither this nor the ready light is
on while the drive is decelerating; the drive slows to
a stop in two minutes or less.

Emergency Pull Switch

Pulling this switch drops power at the primary power
input to the cpu and all connected devices that are
part of the system or can be switched onto the system,
including 1/0 control units and devices that are off-
line or shared by other cpu’s. For emergency power
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e Figure 12. Operator Controls (Areas B, F, and G)

off on multisystems, as many as six emergency pull
switches are interconnected.

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

When the emergency pull switch is in the out posi-
tion, the power-on key is ineffective.

Interrupt Key

Pressing this key requests an external interruption. The
interruption request remains pending if the interrup-
tion is disallowed or the cpu is stopped. Bit 25 in the
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interruption-code portion of the current psw is made
one to indicate that pressing the interrupt key is the
cause of the external interruption.

The key is effective while power is on the system.

Load Key

Pressing this key starts 1pL. The loading is from the in-
put device selected by the three load-unit switches.
Pressing the load key causes a system reset and loads
the first 24 bytes of information from the input device
into the first 24 bytes of main storage.

The key is effective while power is on the system.



Load Light

This light is on during 1pL; it is turned on when the
load key is pressed, and is turned off after the loading
of the new psw has been successfully completed.

Load-Unit Switches

Three rotary switches provide the 11-bit address of
the channel and device to be used for initial program
loading.

The leftmost rotary switch has eight positions,
labeled 0-7, and is used to select the channel address.
The other two are 16-position rotary switches, labeled
with the hexadecimal characters 0-F, and are used to
select the subchannel, control unit, and device (see
“Addressing”).

Manual Light
This light is on when the cpu is stopped. Several
manual controls are effective only when the manual
light is on. To exit from the stopped state, see “Start
Key (cru).”

Power-Off Key

The single-disk storage drive(s) must be individually
turned off before this key is pressed. Pressing the
power-off key initiates the power-off sequence of the
system; about 5 seconds elapse between pressing the
key and removal of power.

The contents of main storage (but not protection
keys in storage) are preserved, provided that the cpu
is in the stopped state. The general and floating-point
registers may be affected.

Power-On Key

Pressing this key initiates the system power-on se-
quence and causes a system reset. After about 90
seconds, the sequence is complete; this is indicated
when the power-on key lights up.

The system reset is performed in such a manner that
the system executes no instructions or 1/0 operations
until explicitly directed (the normal stopped state).
The contents of main storage are preserved.

The power-on key is effective only when the emerg-
ency pull switch is in the normal (in) position.

Ready Lights (Disk)

A light turns on when the associated single-disk stor-
age drive is up to full speed, operational, and ready
for a seek command. Neither this nor the cartridge-
unlocked light is on while the drive is accelerating;
the drive achieves full rotational speed in 2 minutes
or less.

Start Keys (Disk)

Pressing one of these keys starts the associated single-
disk storage drive motor. If only one drive is installed,
the disk 0 key is used; if both drives are installed and
are to be started, the disk 0 and disk 1 keys are used.

Stop Keys (Disk)

Pressing one of these keys turns off the associated
single-disk storage drive motor. If only one drive is
installed, the disk 0 key is used. If both drives are in-
stalled and are to be turned off, the disk 0 and disk 1
keys are used.

If a cartridge is to be replaced, it is necessary to
wait for the drive to come to a complete stop; this is
indicated when the associated cartridge-unlocked light
turns on.

System Light
This light is on when the cPu usage meter or CE usage
meter is running.

When the cE keylock switch is turned off (counter-
clockwise, toward the cpu usage meter) and the sys-
tem is doing productive work, the cpu usage meter
accumulates time.

The manual light and wait light indications are in-
dependent of each other; the system light indication
is-a function of both the cpu and 1/0 states. The fol-
lowing table shows possible conditions when power is
on:

SYSTEM MANUAL  WAIT CPU 1/0
LIGHT LIGHT  LIGHT STATE STATE
off off off Rate switch
on SINGLE
CYCLE
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
Test Light

This light is on when a manual control is not in its
normal position or when a maintenance function is
being performed for the cpu, including channels and
storage.

Any abnormal switch setting on the system control
panel that can affect the normal operation of a pro-
gram causes the test light to be on.

The test light does not reflect the state of marginal
voltage controls.
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Wait Light
This light is on when the cpu is in the wait state. Exit
is only by a new psw, e.g. through external or 1/0
interruption or 1PL.

Operator Intervention Controls

Areas D, E, and F of the system control panel contain
most of the controls required for the operator to in-
tervene in normal programmed operation ( Figure 13).
These controls are intermixed with ce controls and
lights that are located in the same areas.

Operator intervention provides the system-reset and
the store-and-display functions.

oFigure 13. Operator Intervention Controls (Areas D, E, and F)
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The operator intervention controls are (in alphabet-

ical order):

NAME

| Address

Check Reset

Data

Data

Display
Floating-Point Precision
Instruction Counter
Lamp Test

MS Address Compare
PSW Restart

Rate

Set IC

Start (CPU)

Stop (CPU)

Storage Select

Store

System Reset

IMPLEMENTATION

17 toggle switches (18 on H44)
Key

32 toggle switches

36 lights

Key

Rotary switch

17 lights (18 on H44)
Toggle switch

Rotary switch

Key

Rotary switch

Key

Key

Key

Rotary Switch

Key

Key




Address Switches

These switches provide a 17- or 18-bit address by
means of 17 or (for H44) 18 toggle switches, of which
the four rightmost, labeled cpr, are used to address a
general (purpose) register; and the three labeled rpr
are used to address halves of a floating-point register.
The group of switches as a whole can be used to ad-
dress any word in storage, or to stop the cpu at an
equal address comparison. The 16 (or 17) high-order
switches provide an address that can be loaded into
the instruction counter. Correct address parity is
generated.

Although enough switches are provided to address a
single byte in a 262,144-byte storage, addresses are
specified by word and not by byte. This means that
switches 30 and 31 (rightmost) are ignored when the
toggle switches are used to address storage.

The address switches can be manipulated without
disrupting cpu operations and are normally used for:

Comparison by selecting a 17- (or 18-) bit address
to be compared with any address in storage. Address
switch 31 is ignored. The purpose is to stop the cpu
when the comparison is equal. Example: processing a
segment of a program to examine the results. This
function is performed when the Ms address compare
switch is set at sTop.

Instruction-Counter Loading by selecting a 17- (or
18-) bit address to be loaded into the instruction coun-
ter when the set 1c key is pressed. Address switch 31 is
ignored. The purpose is to set in, or manually branch
to, the instruction address where the program is to
start.

Storage Addressing by selecting a 17- (or 18-) bit
storage address to either store the word selected with
the 32 data switches, or display (on the data lights in
the center of the panel) the word of data at this ad-
dress. Address switches 30 and 31 are ignored. The
store or the display key initiates this function when
the storage select switch is set at Ms.

General Register Selection by selecting a four-bit
address that identifies a general (purpose) register to
either store the word selected with the 32 data
switches, or display (on the data lights) the contents
of this general register. The store or the display key
initiates this function when the storage select switch
is set at GPR.

ADDRESS-SWITCH SETTING

GENERAL (0 = normal; 1 = down)
REGISTER 28 29 30 31

0 0 0 0O

1 0 0 01

2 0 010

3 0 0 1 1

4 01 0 0

5 01 01

ADDRESS-SWITCH SETTING

GENERAL (0 = normal; 1 =.down)
REGISTER 28 29 30 31
6 0110
7 0111
8 1000
9 1 0 01
10 1 010
11 1 011
12 1100
13 1 1 01
14 1 110
15 1 1 11

Floating-Point Register Selection by selecting a two-
bit address that identifics a floating-point register to
either store the word selected with the 32 data
switches, or display (on the data lights) the contents
of this floating-point register. A third address bit, in
the rightmost position, identifies which half of the 64-
bit floating-point register is affected. The store or the
display key initiates this function when the storage
select switch is set at Fer,

FLOATING- ADDRESS-SWITCH SETTING
POINT (0 = normal; 1 = down)
REGISTER BITS 29 30 31
0 0-31 0 0 0
32-63 0 0 1
2 0-31 010
32-63 01 1
4 0-31 1 0 O
32-63 1 01
6 0-31 1 10
32-63 1 11
Check Reset Key

Pressing this key resets all error lights on the system
control panel.

Data Switches

These 32 toggle switches (in area D) provide the data
to be stored in main storage, in a general register, a
floating-point register, or in the psw. These switches
are used in conjunction with the address switches, stor-
age select switch, or store key, as described for those
controls. The number of data switches is sufficient to
permit storing of a fullword, with correct data parity
being automatically generated.

Data Lights
These 36 lights display one of the following, as gov-
erned by the setting of the storage select switch and
by pressing the display key:

1. The word of data at the main storage location
specified by the address switches.

2. The contents of the general or floating-point reg-
ister specified by the address switches.
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3. Either half of the current psw.
All 32 bits and the four associated parity bits are

1 displayed, except as described for the psw under

“Storage Select Switch.”

Display Key
Pressing this key causes the data lights to display one
of the following, as selected by the storage select
switch:

1. The word of data at the main storage location
specified by the address switches.

2. The contents of the general or floating-point reg-
ister specified by the address switches.

3. Either half of the current psw. (For this function,
see “Storage Select Switch.”)

When the designated location is not available, the
displayed information is unpredictable.

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

Floating-Point Precision Switch

This rotary switch enables the operator to select 4
degrees of precision (32-, 40-, 48-, or 56-bit fraction
length) to be used in the processing of long-precision
floating-point arithmetic (see Figure 6).

Instruction-Counter Lights

These 17 lights (18 for Model H44) automatically dis-
play the 17 (or 18) low-order bits of the instruction
counter. These bits make up the instruction-address
part of the current psw,

Lamp Test Switch

Pushing this toggle switch down tests the ability of
all panel lights to turn on.

MS Address Compare Switch

This rotary switch is used to stop the cpu on a success-
full address comparison. It has two positions, PROCESS
and stop, for the use of operators; the other positions
are for the use of customer engineers.

The switch has no effect on cpu operations when it is
set at the PROCEss position. Setting the switch at the
sTOP position causes the address selected on the ad-
dress switches to be compared with main storage ad-
dresses encountered as the program runs; when they
match, the cpu enters the stopped state.

Note: Entering the stopped state means that the
cpu will stop at the end of the current instruction, but
any interruption allowed and pending will be taken
before the cpu stops, and any current 1/0 operation
will continue to completion.
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The Ms address compare switch can be switched be-
tween the ProCEss and sTop settings without disrupting
cPU operation other than by causing the address-com-
parison stop. When it is set to any position except
PROCESS, the test light is on.

PSW Restart Key

Pressing this key causes a system reset, which is fol-
lowed by the loading of a psw from location zero
(bytes 0-7). Processing then starts, automatically, un-
der control of the new psw, using the instruction at the
location in the instruction counter.

Rate Switch

This rotary switch indicates the manner in which in-
structions are to be performed. The position of the rate
switch should be changed only while the cpu is in the
stopped state. Otherwise, unpredictable results occur.

The switch has three positions: PROCESS, INSN STEP,
and SINGLE CYCLE.

When the switch is in the ProcEss position, the sys-
tem starts operating at normal speed when the start
key is pressed. The test light is on when the rate switch
is not set to PROCESS.

When the rate switch is set to INsN sTEP and the cpu
is in the stopped state, pressing the start key causes
one complete instruction to be performed. All pend-
ing, allowed interruptions are subsequently taken. The
cpU next returns to the stopped state. When the cpu
is in the wait state, no instruction is performed but
pending interruptions, if any, are taken before the
cpu returns to the stopped state.

Any type of instruction can be executed with the
rate switch set to iNsN sTEP and 1/0 operations are
completed to the interrupt point. However, initial pro-
gram loading is completed with the loading of the new
psw before any instruction is performed and the timer
is not updated while the rate switch is set to INSN STEP.

The SINGLE CYCLE position is for the use of customer
engineers.

Set IC Key
Pressing this key loads the instruction counter with the
bits provided by the leftmost 16 (for H44, 17) address
switches. The 17 (or 18) bits in the instruction counter
make up the instruction-address part of the current
psw. The instruction address is entered in bits 47-63
(or 46-63) of the current psw, as shown in Figure 14.
Bit 63 must be zero; accordingly, the rightmost ad-
dress switch is not used in this function and its infor-
mation is ignored.

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



Program

System Mask Key AMWP Interruption Code ILC|{CC | Mask Instruction Address
0 78 1112 1516 313233343536 3940 63
Bit Displayed

Position As Indication

0,1,... 0,1,... (For channel 0, 1, etc.) 1 = 1/O interruption allowed, 0 =
1/Q interruption disallowed.

7 7 (For timer, interrupt key, other external) 1 = external
interruption allowed, 0 = external interruption disallowed.
8-11 8-11 Protection key (0000 if no protection feature).

12 12 (A) 1= USASCII -8 code, 0 = EBCDIC.

13 13 (M) 1 = machine~check interruptionallowed, 0 = machine=~
check interruption disallowed.

14 14 (W) 1 = wait state, 0 = running state.

15 15 (P) 1 = problem state, 0 = supervisor state.

16-31 16-31 Interruption code,

32,33 0,1 Instruction length code.

34,35 2,3 Condition code for the instruction.

36-39 4-7 Each 1 = interruption results from the associated program
exception, each 0 = no interruption results from the associated
program exception. (Thestate of bit=position 3% also influences
floating=point addition and subtraction.)

40-45 8-13 Inapplicable to Model 44.

46 14 High=-order instruction address bit-position for H44,

47-63 15-31 Instruction address bit-positions for any Model 44,

®Figure 14. Bits in Program Status Word

Start Key (CPU)

Pressing this key starts instruction execution. The first
instruction address used, when the cpu starts normal
program execution, is that contained in the instruction
counter when this key is pressed.

Pressing the start key after a normal stop causes in-
struction processing to continue as if no stop had oc-
curred. Pressing the start key after system reset, with-
out first introducing a new instruction address, yields
unpredictable results.

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

Stop Key (CPV)

Pressing this key causes the cpu to enter the stopped
state. The cpu will stop at the end of the current in-
struction, after all allowed and pending interruptions
have been taken and all current 1/0 operations have
continued to completion. The stop key is effective
while power is on the system.

Programming Notes

Pressing the stop key has no effect when a continuous
string of interruptions is performed or when the cru
is unable to complete an instruction because of ma-
chine malfunction. The effect of pressing the stop key
is indicated by the turn-on of the manual light as the
CPU stops.

Storage Select Switch

This rotary switch is used to select a register, storage,
or psw, for the purpose of either changing its infor-
mation or displaying its contents. This switch has five
positions:

Ms — selects main storage.

GPR — selects general (purpose) registers.

FPR — selects floating-point registers.

psw (0-31) — selects bits 0-31 of the current rsw.
psw (32-63) — selects bits 32-63 of the current psw.

The exact storage location or the particular register
is identified under “Address Switches.”

To store the 32 bits of data provided by the data
switches into main storage or a register, the store key
is pressed. All 32 bits in the location are affected. If
the display key is pressed, the data lights display the
word of data indicated by the storage address on the
address switches, or the contents of the register indi-
cated by the address switches.

Storing or displaying in the psw positions docs not
involve the address switches.

On psw 0-31, only bits 0-15 are affected. The inter-
ruption code in bits 16-31 is formed only at the time
of an interruption and therefore cannot be displayed
or stored. Also, in a store operation the correct pro-
tection key (or all zeros) must be selected on data
switches 8-11 to avoid an interruption, even if the pro-
tection feature is not installed.
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On psw 32-63, bits 32-63 can be displayed but only
bits 34-63 can be stored. On a store, the 1rc bits (32
and 33) remain unchanged.

The storage select switch can be rotated without dis-
rupting cpu operations.

Store Key
Pressing this key stores the data provided by the data
switches into one of the following locations, as selected
by the storage select switch:

1. The main storage location specified by the storage
address on the address switches. (Storage protection
is ignored. )
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2. The general or floating-point register specified by
the address switches.

3. Either half of the current psw. (For this function,
see “Storage Select Switch.”)

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

System-Reset Key

Pressing this key causes a system reset. The cpu as-

sumes the stopped state, error lights (if any) are reset,

and all pending interruptions are eliminated. For other

particulars, see “System Reset” as previously described.
The key is effective while power is on the system.



1052 Printer-Keyboard Model 7

(see also console printer-keyboard) ............cccooeeviini 10
1442 Card Read Punch ..., 30, 34, 35
1800 Data Acquisition and Control System ... 30, 35,37
1827 Data Control Unit .........c.ccovriieiiiiiiininns ... 30-32, 35
Ixxx (any other lxxx machine) ...l 30, 35
2044 Processing Unit (see also processing unit) ................. 7
2260 Display Station ... 30, 32, 35
2311 Disk Storage Drive .........ccocciiiiniiiiiinin 30, 35, 38
2315 Disk Cartridge (see also disk cartridge) ................ 11
2400 Magnetic Tape Units ..o 30, 35, 38
2701 Data Adapter Unit ........ccocoooviiiiiiiiinin, 30-32, 34, 35
2702 Transmission Control ... 14, 30, 34
2821 Control Unit ........... s 30, 32, 35
2841 Storage Control ... ... 11,30, 35
2848 Display Control ................. e 30, 31, 35
2xxx (any other 2xxx machine) ... 30, 34, 35
Accelerator (sec high-speed general registers)

Adapter
Console printer-keyboard ...
Single-disk storage drive ......

Address comparison ...

Addressing storage, manually

Address switches
FPR setting ..o
Functions ....... e
GPR setting ...............occooe

Analog input basic features ......

A register ...

Arithmetic operations ................ccccoeeeein

Asynchronous buffered multiplexing devices

Average timings
Basis of
Table of
With timing formulas ...

AX TEZISEET i

Basis of average timings
BM state
B register
Buffering of data

HSMPX channel ..o, 37

MPX channel ... 37
Bump storage (core extension) ........................ 6, 29
Burst mode

Definition of ...

Devices forcing

Interference with CPU ..., 34

StAtE 32-34

Storage accesses in ......... 34, 36
Bx register ...
Byte-handling instructions ... 5
Capacity

Of processor StOTAZE ............cccccooviiiiiiiiiiiiiieiiiioiieiies 7,8

Of single-disk storage drive ... 11
Cartridge (see disk cartridge)
Cartridge-unlocked lights (disk) ... 41,43
CCw

Fetching of ...

Formation in IPL

For single-disk storage drive ... 11,12
Chaining

Command chaining ... 33-35

Index

Command chaining with SDSD ........... e 12
Data chaining ..
Flags oo
Channel
Addressing
Architecture s .
Buffering .......c.ccooiiiiii
Command word (see CCW)
Data transfer rates ... 29
Delay, internal .......... TSRO 32
Description .......... e 29, 31
End interrupt ............... 34, 36
Figure showing each ...............c.cccccooviiiiicn e 7
High-speed multiplexer ........... 7,29
HSMPX data accesses ...... e ———— 34
HSMPX data buffering ........... [EUSTOTRRUT 37
HSMPX subchannel ...................... .. 29,36
HSMPX subchannel addressing .... [RSTTRTTRUT 31
Interference ...........ccccooveiiviiiiinen, s 34
MPX data ACCESSES ........ccoovivviiiiiieiiiiieireenieeeiaeireen e 34
MPX data buffering ........ e 37
MPX subchannel ... e 29
MPX subchannel addressing . TSR 31
Multiplexer ... 7,29
Options .....cc.ooevceirinciiinn PV 29
Priority, demonstration of ... ST 36
Scheduler ..o e 34
TEIET ..o i 33

Channel command word (see CCW)
Channel-to-channel adapter
Check reset Key ..o
Command chaining (see chaining)

Commands

Compatibility
Compute clock
Condition code

Configurator ................oo.... e e
Console printer-keyboard
Adapter ...

Control-unit position required

Description ...,

Photos .......cooooven.

Priority required .............

Subchannel required ...
Contention

Among I/0 devices .............ccooiiviiii e 34

For use of the interface ... 34
Control units

Addressing of ... 31,43

Connection to channel ... .

Number per channel ...

Priorities required .........

System maximum ...

TYDE OF oo
Core extension ... " .
Core storage capacities
Counter

For high-resolution timer .

Instruction ...




CPU (processing unit)
Description ...t
Photo . oo
State of (see also stopped state, wait state)
USage MELET ........c.oooiiiiiiiiiiieee et
Critical time (waiting time) ...................c.ococoiiiiiiee
Cross-channel interference
CSW e
Current PSW ...
Customer Engineering
Controls and lights ...
Keylock switCh ..........cccccoooiiiiii e
Meter .......................
Cylinders, disk

Data
Accesses, HSMPX ...
Accesses, MPX ...
Buffering, HSMPX .
Buffering, MPX ...
Chaining (see chaining)
Cycles
Lights
Register ............
Switches ...
Data lights ...........
Data switches .........................
DDC (direct data channel) ...
Decimal arithmetic instructions
Delay, internal channel ..................
Demand rate for storage cycles
Devices, 1/0
Addressing of ...
Connection to control unit or channel ...
Priorities required ...
Speed ...........cocoon
Device-end status
Digital/analog output devices ....
Digital input devices ...............
Direct control feature .....................ccocoeeieiiiiiiiii
Direct data channel ...
Disable interval timer switch ...
Disk 0 key ..o
Disk 1 Key ..o
Disk cartridge
Description ...
PRhotoSs ..o
Removal of ... .
Replacement of ...
Display key ...

... 39,45,47, 48
................. 45-47
... 39,45, 47,48

EBCDIC ... 47
Emergency pull switch ... 41, 42
Error lights ... 39, 45, 48
Execution time
Of floating-point instructions .................. 15, 18-21, 24-26
Of 1/0 instructions 14,17, 18, 22, 23
Of protection instructions ... 14,17,22, 23
Of standard instructions ............... 14, 16-18, 21-23
Extension core (core extension) ... 6, 29
External interruption ... 9, 42, 44, 47

Fetch protection (see also protection feature) ................ 9, 10

Floating-point arithmetic
Fraction length
Guard digits ...........
Instructions ...
Instruction timing formulas ..
Precision selection ................
Truncation .................
Variable long-precision ...............

Floating-point precision switch
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Floating-point registers

Changing contents of ...............ccococcverniicvcriinen. 45, 47, 48
Displaying contents of ... 48, 47
Implementation of ..............cccocooiiiii 6,8
Manual selection ..o 45
Preservation of contents 39, 43
Forcing burst mode ...t 33

Formulas (see timing formulas)

FPR setting
Address switches ..o,
Storage select switch

General registers
Changing contents of ...
Displaying contents of ...
Implementation of ........
Manual selection ...................
Preservation of contents
GPR setting
Address switches ................cccocoiiiiii e,
Storage select switch
Guard digits, floating point ... 13

High-resolution timer (see timer)
High-speed general registers (see also

general registers) ... 6,13
High-speed multiplexer channel (see also channel) ........ 7,29
HSMPX (see high-speed multiplexer channel)

TFR State ..ot 32-34
ILC (instruction length code) ... 47, 48
Immediate instructions ... 5
Incorrect-length indication ... . 12,41
INAEXING ..ot 13-15
Indicators (see lights)

Initial program loading ..., 39, 41-44, 46
INSN STEP setting, rate switch ..................ccccoon, 9, 39, 46
Instruction counter ........................ ... 8,45-47
Instruction-counter lights ..o 46
Instruction

AdAress ..o

Descriptions ........cccccoveeriniininn. . .

Floating-point instructions .........

Protection-feature instructions

Standard instructions .............ccocoeeiiiveniisii

Timing formulas (see timing formulas)

Instruction length code ...
Interface register .............c..cccccoeeiiinn,

Interface sequence completion time
Interface states
IFR (interface free)

BM (burst mode) ..............

Interference with CPU

Interruption
Caused by program exception ................ccccocoviiciiiiieicnnn 47
COdE .o 9,42, 47
External ..., 9,42, 44,47
Interrupt key ... 42, 47
Machine-check ..... 9, 39, 47
/O oo 34, 44, 47
PriOTILY ...oovivoeiicoeeeeee et 32-35
Request signal ................ 34,41
String of interruptions ..o 47

Interrupt key ... B PO PRSPPI 42,47

Interval timer (see timer)

I/0
Activities susceptible of overrun ... 38
Control Section ............c.cocooeiiiiiieie e 29
Devices (see devices, I/0)
Device address 31, 41, 43
Device SPeeds ........cc.ooooeiiiiiieie e 29
Instruction timing formulas 17,18, 22, 23



INEIFACE ..o 29

Interruption .... e 34, 44, 47
State ... PPN PPUUPRTRPRIN 43
IPL ... o 39,41-44, 46
T HIME o 13

Keys (see switches)

Lamp test switch ..o 46
Lights
Cartridge unlocked (disk) ..o, 41,43
Data .o

Load .........ccoooevinnn.
Instruction counter

Manual ...
Ready (disk) ........

Wait o
Line-frequency timer (see also timer) ..
Loader program ..............cccccoiiiiiiniins
Load key ..............
Load light ....... .
Load-unit switches ..............ccccoccoiiiiiiiciie
Long-precision floating point
LPSW instruction ...........ccccoiiiiiiiiiiiiii e

Machine-check interruption ....................coccoocoiiiii,
Main storage (see processor storage)
Manual light
Meters ...........
MM state ...
Mnemonics
MPX (see multiplexer channel)
MS address compare switch ... 39, 45, 46
MS setting, storage select switch ...l 45, 47
Multipath control unit ...
Multiplexer channel (see also channel) .................. 7,29, 33
Multiplexing devices ... 33
Multiplex mode
Data-chaining requests ................cccocoiioeiiiiiieiein,
Definition of .................
Duration of bursts in .....
Interference with CPU ...
State ..o
Multisystems

New PSW e
Non-shared subchannel addressing ...
No-0p commAands ............c.c..cooviviiviooeet e

Off-line control units/devices
Operational in ...
Operator controls
DESCription ........c.oociiiiiiii
List
Photo
Operator intervention controls
DeSCription  .........ccoooiiiiiiii
List
Photo
Oscillator, high-resolution timer ....
Overlap ...,
OVEITUN .. i

Parity ...
PCI flag (see also program-controlled

interruption )
Power-off key
Power-on key
Precision selection, floating point ..
Printing sphere ...

Priority among contending channels
Priority arrangement of 1/O devices
Priority interrupt feature .....................
Problem State ............c.ccooiviiiiiiiiec e
PROCESS setting
MS address compare switch .
Rate SWItch ...
Processing unit
DeSCTIPHON  ....oiiiiiiiiiic e
PhOtO ..o
State of (see also stopped state, wait state)
Usage MELET . .....oooiiiiiiii i
Processor storage
Capacities ...t
Changing contents of
Cycle .....ccoovvieiieiein,

Displaying contents of ...........cccoccoiiiininiiiii

Manual addressing of .............c..c.c.oviiiiiin

Obtaining accesses t0 ................

Obtaining consecutive cycles of

Preservation of contents ................

SPEEA ..o e
Processor (see proccssing unit)
Programming systems residence ..............c.occoooiiiiiiiiiiinanns 5
Program-controlled interruption ... 9,33, 34, 41

Program status word (see PSW)
Protection feature

Boundary .......c...oocooiiiiiie e 10
Description ........... . TP 9,10
Fetch protection e, 9,10
Instructions ... TSRO 10,13,14
Instruction timing formulas ... 14,17, 22,23
Key oo, 10, 41, 43, 47
Store Protection ...............cccccooviiireiiiiiiiiiiree e 9,10
PSW

After TPL ... 41, 46
Allowing or disallowing interruptions ...................ccccoo. 47
Causing exit from wait state ..................coccoeeviiiiiiii,

Changed by data switches
Changed by interrupt key
CUITENt ..o
Displaying on data lights ...
Figure showing ..............ccccoooiiiiiiine
Identifying external interruption
Instruction address portion
NEW oo
Preservation of contents ...
PSW 0-31 setting, storage select switch .......
PSW 32-63 setting, storage select switch
Restart caused by system reset ...................
PSW restart key ...

Rate switch

FUNCHONS  ..vviiiiioi et 46

INSN STEP setting ........ccoccooviiiiiiiiiiiiiiiic 9, 39, 46

PROCESS setting ............

SINGLE CYCLE setting ...
Read IPL command
Read-only storage .........
Ready lights (disk)
Record length, disk
Registers

A, Ax, B, Bx

Data ..., B

Floating point ( see floating-point registers

General (see general registers)

High-speed general (see also general) .................. 6,13

Storage address .............cccoiiiiiinn,

Request in ..........ccccooovvviiiiiiiioniiece,

Reset state for control unit/device
Rotational delay, SDSD .......................
Running state ..........ocoooiviiiiiiie




SDSD (see single-disk storage drive)

Sectors, disk ......coooviiiiiiii s 11
Selector channel ..................ccocooiviiii 5, 32,33
Select QUL ..o 33
Sense command .... e 34
Set IC key ......ccooveiiviiiiii e 45, 46
Shared control units/devices .................c.ccccoeiiin. 37, 39, 41
Shared-path control unit ....... IR TS OO UPU RO UUR PRI 30, 31
Shared subchannel ............... 12, 29, 31
Single-byte handling ...

SINGLE CYCLE setting, rate switch ... 43, 46

Single-disk storage drive
Acceleration to ready state
Adapter ...

CAPACIEY  ..oooiiieieci e

Cartridge (see disk cartridge)

COW e

Commands ..........c.ocoeveririeiieinns

Control-unit position required

Data Tate .......oooooiiiiiie

Deceleration for cartridge removal ..................

Demand for processor storage accesses ..

Description ..o

Overrun possibilities .........

Photo ........ooovviiiiiiiaeen,

Priority required .......................

Stopping before power-off

Subchannel required ............
Single-path control unit .......
Skip flag ...
SLIflag ........ccoooviiiin
Stand-alone programs ...
Standard instructions

LSt e

Timing formulas ......................

Standard supporting equipment

Start key (CPU) ..o

Start keys (disk) .....

States of CPU .................

States of I/0 interface ..................

State of I/0 system ..o

Stopped state
Between instruction steps ...
Caused by system reset ............
Definition of
Indication of
Required for changing rate switch .
Required for using display key ...
Resulting from address comparison

Stop key (CPU)

Stop keys (disk)

STOP setting, MS address compare switch

Storage (see processor storage)

Storage address register ... 6,8

Storage address switches (see address switches)

Storage protection (see protection feature)

Storage select switch
FPR setting
Functions
GPR setting
MS setting ..o
PSW 0-31 setting .....

PSW 32-63 setting 47,48
Store and display operations 39, 45,47, 48
Store Key ... 39, 45, 47, 48
Store protection (see also protection feature) ... 9,10
Subchannel

Address ...

Apportionment, example e

Quantity ...

System maxima
Supervisor state ... 41, 47

52

Supress-length-indication ....................ccoce v 12,41
Switches
AAress ..o 39, 45-47
CE keylock switch ........... e 39, 43
Check reset key ........ s 45
Data switches ............................. 39, 45, 47, 48
Disable interval timer switch ... 9
Disk 0 keys ...... . 43
Disk 1 Keys ..o 43
Display key .........c........... ... 39, 45-47
Emergency pull switch ... 41,42
Floating-point precision switch ... 13, 46
Interrupt key ..o 42,47
Lamp test switch ... 46
Load key ..., s 41,42
Load-unit switches ..., 41,43
MS address compare switch .. ... 39,45, 46
Power-off key ... 43
Power-on key ........... T RUTRPUPUPSRTOI 42,43
PSW restart Key ........ccoooviivoiiiiieiiieee e 39, 46
Rate switch ............... SURTROURURTU 43, 46
Set IC key EUTOURUTUROR 45, 46
Start key (CPU) ... SRRSO 46, 47
Start keys (disk) ... TP ROTTTOP 43
Stop key (CPU) ..o 39, 47
Stop keys (disk) ..o, 43
Storage select switch ... 39, 45-48
Store Key ..o 39, 45, 47, 48
System reset key ............ocoooiiiiii e 39, 48
Synchronous buffered multiplexing devices .......................... 35
Synchronous unbuffered multiplexing devices ....................... 34
System
Definition ..............ccocoiiii e,
Model 44 prefixes ..ot
System/360 adapter ......
System control panel ...........
System light ...
System reset
Caused by load key ...
Caused by power-on key ........ TSR 43
Caused by PSW restart key .... s 46
Caused by system-reset key ..o 48
Description of ... 39
Starting CPU after .. ..o, 47
System-reset key ... 39, 48
Test light ..o 43, 46
TIC commands ..o, 29, 34-36, 38
TIC CCW .o 35, 36
Timer
DesCription ..........cccooiiiiiiiieii e
Interruption ......................
Multiplexer channel ................
Standard ...
Step trigger ..
Updating ...........ccoocooeeriiie,
Used as real-time clock
WOIA oo
Timing formulas
Floating-point instructions ... 18-21, 24-26
I/0 instructions .................. ... 17, 18,22, 23
Protection instructions ... 17,22, 23
Standard instructions ....... 16-18, 21-23
Symbols used in ...........
Tracks, disk ...
Transfer in channel command (see TIC command )
Type I cross-channel interference ....................ccoooeveiiiienn 34
Type II cross-channel interference ...........................ccooonin. 35
Unbuffered burst-mode devices ...............ccccoooeoiiiiiiiiinns 35
Unit check condition
USASCII-8 ..................
UsSAGE MELETS ..ot et




Variable-field-length instructions ... 5 Before system TYESet .............c..oocoovviviiiiiiiiniiieeen, 39
Variable long-precision floating point Cause Of ..o
(see floating-point arithmetic) Exit FY0M ..o
Indication of
Wait Light ..o 41,43, 44 Waiting time-............
Wait state Word
Before instruction stepping ..., 46 Working state

Index 53
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