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Functional Characteristics :
This manual presents the organization, characteristics, functions :
and features unique to the 1M System/360 Model 30. Major {
— ~ areas described are system structure, generalized information :
flow, standard and optional features, system control panel, in-
struction timings, channel characteristics, concurrent input/out-
put capabilities, selector channel loading, multiplexer channel
loading, and channel interference with the cru.
Descriptions of specific input/output devices used with the .
‘ M System/360 Model 50 appear in separate publications. i
i Configurators for the 18M 2030 Processing Unit and 1/0 de- &
vices are available. See IBA[ System/360 Bibliography, Form p—
A22-6522. 5 ;
It is assumed that the reader has a knowledge of the System/ iy 4
. 360 as defined in the IBM System/360 Principles of Qperation, }
_.~ Forin A22-6821 and the IBM System Summary, Form A22-6310.
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Preface

Publications pertinent to the operation of System,/360

Model 50 include:

IBM System/360 Special Feature Description — 7074
Compatibility Feature for System/360 Models 50
and 65, Form A27-2717 ' ‘

IBM System/360 l’rl;)it‘t/O;ifgvift Configurator, Form
A22-6523 e | :

IBM System/360 Data Communications and Acqui-
sition Configurator, Form A22-6824

IBM System/360 Model 50 Operating Procedures,
Form A22-6908

IBM System/360 Processors Models 44 and 50
(Equipment Template), Form X22-6914

Additional publications, categorized by type, in-

clude:

CHANNEL-TO-CHANNEL ADAPTER — IBM System/360
Special Feature Channel-to-Channel Adapter,
Form A22-6892

 coapaTiBLITY — IBM Systeni/360 Conversion Aids:
The 1410/7010 Emulator Program for IBM.Sys-

tem/360 Mode! 50, Form C23-6368, and IBM
System/360 Comuersion Aids: The 7074 Emulator
Program for IBM System/360 Models 50 and 65,
Form C27-690%

CoNSOLE TYFEWRTER — IBM System/360 Component
Descriptions ard Operating Procedures — IBM

1052 Printer-Keyboard Model 7 with IBM 2150 .

Console, Form £22-6877

DIRECT CONTROL — IBM System/350 Direct Contiol
and Exzernal Ieterrupt Features, OEMT, Form
A22-6845 '-_

SHARED 2351 stomacE — IBM 2361 Core Storege,
OEMI, Form AZZ-6565

POWER -CONTROL iNTERFACE (for emergency power-
off conirol) — IBM System/360 Power Centrol In-
terface, Form AZ2-6308

Third Edition (March, 1969)
This is a minor revision of, and obsoletes, Forin A22-6898-1 and these related TNL’s:
N22-0277, N22-0292, N22-0299, N22-0309, and N22-0322.

Specifications contained herein are subject to change from time to time. Any such
change will be reported in subsequent revisions or Technical Newsletters.

Requests for copies of [BM publications should be made to your IBM representative
or to the IBM branch office serving your locality.

This manual has been prepared by the IBM Systems Develdpmcnt Division, Product
Publications, Dept. B9S, PO Box 390, Poughkeepsie, N.Y. 12602. A form is provided

at the back of this publication for readers’ comments. If the form has been removed,
comments may be sent to the above address.

© International Business Machines Corporation 1966, 1967
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The 1M System/360 Model 50 is part of a series of
distinguished, compatible, high performance, data
processing systems. The Model 50 provides the reti-
ability, convenience, and confidence demanded by
lurge-scale business and scientific computation, as
vell as general-purpose data processing for commu-

~ations or control applications.
The Model 50 includes the advantages, characteris-
and functional logic established for the
_as defined in the IBM System/360 Principles of
“ration, Form A%2-6821. The high performance of
(g1c-al structure is principally due to:

1. Access to four bytes in parallel with a 2-micro-
eocoy vocessor storage cycle time, with a standard

W /
ystemy

288 bytes for model L

2. Local storage (wx’th a 0.3-microsecond cycle
time), used for general and floating-point registers, as
well as a “scmtcl‘x—pad”‘ for varicus channel and ceu
activities.

3. Read only nmadc (with a 0.5-microsecond cycle
) containing 2 microprogram that centrols system
aperation:

4. Both arithmetic and storage cpesations are car-

id out using a full 32-bit word in parallel.

Overlap of channel (1/0) operations with cpu
operations.

A partial ]1<t of OpthI"
P 5 (see
s):
sage: Up to 8,388,608 bytes of S-microsecond
1ain storage are available under direct control of the
igels £ uhit,

S/ _.3()1 Storage: The 1Brg 2361 Core Storage
d with any Model 50, 65, or 75 that has
or greater processor storage.

Model 30 in-
dated publica-

available o
Preface” for list of asse:
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L
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-cct Cunirol: Péermits control and synchronizaiion
isveen two CPU's, or between cpu and non-standard
external device.

Compatibility: Permits” system to emulate other
systems, executing programs written for ‘the other
svitem. Either the 1410/7010 or the 7470/7074 com-
putibility feature may be plant installed in the Model
30.

Console Typewriter: The printer-kevboard is in-
stalled in operator position and incledes program-
controlled audible alarm.

Clannel-to-Channel Adapter: Permits interconnec-
tion of two System/360 channels (one per Model 30].

Systern Descripiion

Channels: Up to three selector channels. Additional

| multiplexer subchannels in models H, HG, or I ex-

pand the number of subchannels from 128 to 256. In
the expanded version, all 256 subchannels are unshared.

The major component in a System/360 Model 50
is the 2050 Processing Unit, which contains arithmetic
logic, main storage, read only storage, local storage,
the standard multiplexer channel, and up to three
selector channels. To this unit are attached auxiliary
(optional) storage, input/output devices and their re-
lated control units (Figure 1).

The five models of the Model 50 are termed FE50,
G50, 1150, HG50, and 150, These models differ only
in the amount of main storage contained within the
2050 processing unit and the number of multiplexer
subchannels. The significant differences are:

PROCESSING

IBM SYSTEX/ UNIT
360 xropEL MOBEL DESCRIPTION
F50 2050F 5,536 bytes of main sterage
64 multip}c.\er subehannels
G50 2050G 131,072 bytes of main storage
1’8 mu]txpk\q subcln xmels
HE0 20505 stor:
170 mump‘cxer mb(lmn'm]s
HG30 2050HG 393,216 bytes of main storage
128 multiplexer subchannels
150 20301. 524,288 bytes of main storage

128 multiplexer subchannels

The F30 standard multiplexer channel has 64 sub-
channels, the G50, H50, and 150 have 128 subchannels.
The number of subchannels can be increased to 256
on the 1150, HG50, and 150 if desired.

The system conirol panel is located at one end of
the 2050 Processing Unit. An optional 1052 Printer-
Keyboard Model 7 may be mountvd on the 2050 Proc-
essing Unit reading board to serve as an operator’s con-
J) The operator control
section of the system contrfl panel may be duplicated
once for each processing unit to provide a remote op-
erator control panel, which can be mounted on either
the 2150 Console, or the 2230 Display Unit Model 1.
Standard- features for any System/360 Model 50 in-
clude:

Muitiplexer channel
Universal instruction set

Interval timer
Storage protection (store protection only)

sole. (This is shown in Figure 1

Optional features for any Model 50 include:

Direct control

Selector channels (one, two, or three)

Channel-to-channel adapter

1052 Adapter, 1052 Printer- }\evbmrd (Console Typewriter)

System Description 5




‘cin Storage Cycle: 2 microsezonds

> 13M 2362 Tore Storace
8- econds)
S e Model 1= 1,048,576 oytes
13M 2350 Procassing Unit Model 2: 2,097, 152 bytes
System Storage bytes obtained per access: Four Sytes erleaving: One Model
Model Sytes Moltiplexer Subcheanels
s o ith 1 ing: T ial 1's,
Fs0 63,53 & ‘
Gs0 131,072 128
H50 252,144 128
HG30 393,215 128
150 524,288 128 Storage e
z 2 Shering To Maode!
Protection Protection, = R
(Storeonly) ; Fecture 50,65 or 75

Timer

1410,

Instructi

Interval

/7010

Exremnal Interrupt

138 1052 Adapter
res contral unit

tion on Multiplexer
Channel}

CChcnrel~f:—Ch

" - e
First Selector Chcmiij

R NI iaR

leuices, one ot o time

idresias up to 23511

in burst

Color: Sp

Notes:

blue, yallow, red, or gray.

* The Universe! Instruction set includes the two lfowing subsets: Standcrd, Commerci
T A Channel-tc-Channe] Ad tion (one ps

rel position on any o

terconnection of two channzis. O

cen cenrect to one cha hannel-to-Channel Ad

counts as a control unit.
T input/Output Control Units and devicas cre showa on the 13M System,/380 tnput/C:

Canfigurator, Form A22-4823;

Figure 1. IBM System/360 Model 50 Configurator
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e ‘i
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2361 Core Storage axt?chment

Multiplexer suhcham*u 1s — additional {¥30, HG30, and
130 on ly)

1410/7010 Compatibility feature {all models)

T07T0/7074 Compatibility feature (1130, HG30, end 150
only)

QOutline configurations of the Model .313, produced by
ihe various combinations of a 2050 Processing Unit,
2361 Core Storasze, and various chamzel options are
»;hm-:n in7Fignre 1, including inpu’(;“(}utput devices

are avail \Mc for U'\d wi h the \Iode]

C.'wcmnafors fo t! D d&x-"ix::es zmd
cvstems components are also available. Sce I1BM Sys-
ic1/360 Bibliography, Form A22- c“:f:?.)

AEons.

the facilities for

g or storis ing infor-

for arithmetic an d Iﬂm pr\:{ ing of data,
icing instructions in the & ;*ed order, and

ing the communication between sterage and

csternal devices. The four models of the 2050 Proc-

- Unit vary only in the capacity of the main stor-

. wnit and in the number of m: lexer subchan-

T

The 2050 Processing Unit co:
vajor cornponents:

s the following

Afnin storage

tic-logic unit
al storage

-nieral registers
Floating-point registers

Pead cnly storage {ROS)
Multiple channel
System - cesstrol panel
Optionzal «lector channels

Haoul Slarage
V' storage is available in the four storage capaci-
vicusly listed. The main storage read/write
¢vle time is 2 microseconds with aceess to four bytes.
loeations are consccutively mwmbered starting
zer0. An a dr'escing exception is recognized when
+ part of an operand is located beyend the haximum
by xl :ble installed main storage capaeity.

he Model 50 transfers informatien between main
¢ and the processing unit in usits of four bytes.
Main storage has a small extension, not 2 accessible
the problem programmer, that is used to store the
irol and status information for each subcharmnel of
« multiplexer channel. The number of these special
“terace locations determines the number. of subchan-

rels available to the multiplexer chaanel.

Lirithmetic-Logic Unit
The arithmetic-logic unit contains a four-by te adder-

subtractor that operates with either hexadecimal or

decimal values. It is capable of producing both arith-
metic and logical combinations of the input data
streams. Cycle time is 0.5 microsecond.

Local Storage

Local storage consists of a small high-speed core stor-
age unit providing registers for ﬁ\Cd -point and float
ing-point data, for channel operations, and for mtprnal
scratch-pad use. Local storage cycle time is 0.5 micro-
second per four bytes.

General Registers
The 16 general registers are used in address arithme-
tic and indexing, and as accumulators in ﬁ\'ed-point
arithmetic and logical operations. The general-purpose
registers have a capacity of one w r‘rd (Lour bytes).
For some operations, two adjacent registers can be
coupled together, providing a double word capacity.
flwe general registers are imp‘emented in local storage
nd have a cycle hme OL 0.5 micr osf’u,nd per fuur
vies. = . >

P

CJ‘ ,

Point Registers

Floating-F ¢
Four floating-point registers are availeble for floating-
point operations. These registers are twa words (eight
Lytes) in length and can contain either a short (one
word) or a long (two word) floating-ppint operand.
The floating-point registers are implemented dn local
storage and have a ¢y cle time of 0.5 nuﬂospcond per

four bytes.

Read Only

The control function of the Model 50 is achieved by
the use of a read only storage (ros), which contains
a permanent microprogram uscd to control the func-
tions of data flow and instruction execution. Address-
ing ros (except for the use of the PIAGNOSE instruction)
is not available to the programmer.

Storage

2361 Core Storage | ,
The 2381 Core Storage is a ]arr*e capacity direct access
core storage unit. It has 2 Lanc S-microsecond storage
Cvde with access to two words (eight bytes) in
arallel. When used with the Model 50, however, only
four bytes are accessed inl parallel to match the inter-
nal data flow of the system.

The 2361 is an ex‘ension of the main storage (proc-
essor storage) and is addressed contiguously with the
2050 processor storage. The 2361 Model 1 has a storage
capacity of 1,048,576 bytes, and the Model 2 has-a
storage capacity of 2,097,152 bytes.

A Model 50 can share a 2361 with a System/360
Model 65, another Model 50, or a Model 75, if the
other model has equal or greater processor storage.

System Description 7



When a 2361 is shared, its addresses are an extension
of the addresses of the larger of the two processor
storages.

Storage protection is a standard feature on the 2361
and matches the type of protection provided for the
System /380 model that is using it. For use by the
Model 50, the 2361 provides store protection only, but
if another model with the fetch protection feature is
sharing the 2361 with the Model 30, the 2361 provides
both store and fetch protection for that other model.
(The sharing of a common storage area by more than
one program can be controlled by the use of the test
and set instruction, which is described in the IBM
System/360 Principles of Operation, Form A22-6821.)

The 23681’s can be specified for two-way interleav-
ing, when attached to a Mecdel 635 or 73. Interleaving
provides an addressing scheme between two 2361s
that permits the overlapping of read/write storage
cycles in sequential operations.

One 2361 Model 1 or one to four Model 2s, without
interleaving, can be used with Model 50. Two 2361
Model I's or two or four 2361 Model 2, with inter-
leaving, can he used with Model 50 when 2361’s are
shared with a Model 65 cr Model 75. Any 2381’s in-
tended for intermixing with other 2361s must be
equipped for two-way iaterleaving.

Channels

The channel directs the flow of information between
the 1/0 devices and main storage. Tt relieves the ceu
of the k of communicating directly with the 1/0
devices and permits data processing to proceed con-
currently with 1/0 operations. Data are transferred
one byte at a time between the 1/0 device and the
channel. Data ham ers between the channel and stor-

age are parallel by four bytes (one word) for selector
channels. The multiplexer
from storage in units

For efficie

channel routes data to and
(Figure 2).
‘ney, the channels are integrated with the
processing unit s, For
examiple, the channels utilize the same read only stor-
age for control, and use the cru data paths for han-
dling nearly all data and control information. A stanfL
ard 1/0 interface provides a uniform method of a
taching 1/0 control units to all channels, making thc
Model 30 adaptable to a broad spectrum of applica-
tions and devices.

of a single byte

and share many of ‘its facilit

Channel-to-Channel Feature
A channel-to-channel adapter is available as an op-
tional feature. The adapter permits communication be-

tween. two Systemm?360 channels, thus providing the
capability for intereannection of two processing units.
The adapter uses eue control unit position on each of
the two channels. This feature is required on only one
of the two connectad channels. Only one channel-to-
channel adapter can be installed on a Model 30.

Multiplexer Channel

The multiplexer channel is a standard feature of the
Model 50. This channel is capable of controlling sev-
eral low to medium speed 1/0 units concurrently in
multiplex mode or a single high-speed unit in burst
mode.

The channel facilitv necessary to sustain an 1/0 op-
eration with an /o Cevice is called a subchanmel. The
number of multiplezsr subchannels is determined by
the size of the main storage unit. (See Figure 2.} In
the multiplex mode, the multiplexer channel sustains
concurrent i/0 ogu_.‘ tions on several subchannels.
Bytes of data are interleaved and transmitted to or
from the selected 1'e devices and to or from the de-
sired locations in n storage. A maximum of eight
control units may be attached to the multiplexer
channel.

In the burst mods the multlp exer channel sustains
one 1/0 operation on one subchaunnel. Only one 1/0
device can be selectzd at a time and no other device
on the multiplexer x.huunu can transfer data xldtll

tl 1 'Cu_\‘uu 1y O (u..L..sl..J &3 u«.,LL. temina

Selacior Channel : i

One, two, or three s or channels are available, as
optiona WLmum for the Model 50. The selector chan-
nel operates in burst mode only, although one to
eight cont*ol units can be attached and the channel
has the facilities for addressing as many as 258 de-
vices. Only one 1/0 device may be selected at a tine
on a selector ch“ w2]. No other 1/o device on the
selector channel cax transfer data until the selected
activity has been tem}inated.

)

_Conirol Panel

The control panel located on one end of the
2050 Processing Unit provides the switches, the keys
and the lights necessary to operate, moritor and con-
trol the Model 50. The need for operator manipula-
tion of manual comtzals is held to a minimum by the
system design and the governing supervisory pro-
gram. A detailed description of operator functions

provided by the switches, keys and lights of the con-

B
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#icro-Coded Segquencing
Centrol

\
sl Buffer Selector Chonnel Main Storoge
QPSSR e <
@ o Moltiplexer Chonnel
Control Storoge
Contrel
. Selecter Chonnel Werking Registers and
e Butfer Le Electronic Switches
G T O .
Local Sterege
@ General Registers
. <% Flocting-Point Pegisters
o N Multiplexer Chennel Sellacior Channe)
e Control Sterage
@ - Working Registers
A
8 =
f . i 2 I
i Copocity/Numbee Dota Width

Rend only storoge

sin-storoge ¢

Bosic machine cycle

tiplexer chennel
st mede

ex mode
tronsfers

or to storoge
o sicrege

M lexer chonnel

Ceontral unit to chonnel

r chennel to storzge

to stcrage

16 4 bytes
4 8 bytes
4 bytes
4 };} fes

1 byte
1 byte

4 bytes
4 bytes
4 bytes
1 byte
1 byte

0.5 microsecond
R/W cycle/4 bytes

0.5 mizrosecond
R/W cycle/4 bytes
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Tigure 2. Data Flow Diagram and System Statistics
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trol panel is located in the section “Systera Control  and scientific instruction subsets, plus the two storage
Panel.”

protection instructions.

Descriptions of all instructions are found in the
IBM System/360 Principles of Operation, Form A22-
6521. Timing infermmation for each of the instructions
is found in “Instruction Times.”

Universal Insiruction Set

The universal instruction set is a standard feature of
the Model 50. It includes the standard, commercial,



The system control panel contains the switches and
lights necessary to operate, display, and control the
system. The system consists of the cw, storage, chan-
iels, on-line control wunits, and 1/0 devices. Off-line
cortrol units and 1/0 devices, although a part of the
stern environment, are not cor 4<'u're.d part of the
n proper.

stem c@*;irols are logically :
tor control, operator itervention, and
¢ oaner engineer control (LP) switch and mctﬁrs)

1 ¢ the system con-
wos lunctions provided by the system contrel panel
a5 well as the purpose and use of the switches and
ts on the panel.

ntrol Functions

contrel panel, the opare
owe systern control functions:
1 B

Leset the system.
2. Store and display informaticn in

‘or can perform

storage and

[.oad initial program informativa.

SuataarReset

stern reset function resets the c¥y, channels, and
noashared control units and /o devices.
cry is placed in the stopped state and 2ll pend-
. mpﬁorxs are eliminated. The garity of the gen-
\:ng point registers, as ssell as the purity
v, is corrected. All error-staias indicators and
thc ‘z:simc!ion address register are szset to zero.
reset state for a control unit or device is de-
-:-d in the appropriate System Reference Library
iss1) publication. A system reset siznal from a cru
s m;]) the functions in a shared control unit or
: belonging to that cru. Any fumction pertaining
sother et remains undisturbed.
Ul system reset function is perfermed when the
vstem reset key is pressed, when initial program load-
112 is initiated, when a psw restart & performed, or
“lien a power-on sequence is performed.

Programining Notes -

If a system reset occurs in the middle of an operation,
the contents of the psw and of the result registers or
storage locations are unpredictable. If the cru is in the
wait state when the system reset is perfmmed and no

1/0 operation is in progress, this uncertainty is elimi-
A}f’ted
A system reset does not correct parity in storage but

does correct parity in the registers. Because a rmchme
check occurs when 171f()1n1f1t10ﬂ with incorrect parity is
used, the incorrect information should be replaced by
loading new information.

tore and Display
The store and display function permits manual inter-
vention in the progress of a program. The storing and/
or displaying of data may be provided by a supervisor
pro”rum in LOU)LJ‘\C[ on with proper 1o equipment

anathal p «"‘

In th abéende of '4n appropriate supervisor pro-
gram, the controls on the operator intervention p anel
allow direct storing and displaying of data. This is done
by placing the cpu in the stopped state, and subse-
quently storing and/or displaying information in main
storage, in general and floating-point registers, and in
the instruction-address part of the psw. The skopped
state is achieved at the end of the current instruction
when the stop key is pressed, when single instruction
execution is specified, or when a preset address is
reached. The store and display function is then
achieved through the store and display keys, the
address switches, the data switches and the storage
sclect switch. Once the desired ention is com-
pleted, the cpu can be started again.

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

Machine checks occurring during store and d:fp ay
functions do not log 1rnmed1“te]y, but create a pending
log condition that can be removed by a system reset or
check reset. The error condition, when not masked off,
forces a log-out and a subsequent machine check in-
terruption when the cpu is returned to the operating
state.

interv

System Control Panel 11



Initial Program Loading

Initial program loading (1pr) is provided for the ini-
tiation of processing when the contents of storage or
the psw are not suitable for further processing.

Initial program loading is initiated manually by
selecting an input device with the load-unit switches
and subsequently pressing the load key.

Pressing the load key causes a systemn reset, turns
on the load light, turns off the manual light, and ini-
tiates a read operation from the selected input device.
When reading is completed satisfactorily, the L psw
is obtained, the CPU starts operating, and the load light
is turned off. ;

System reset suspends all instruction l,x ocessing, in-
terruptions, and timer updating and zlso resets all
channels, on-line nonshared control units, and 1/0 de-
vices. The contents of general and floating-point reg-
isters remain unchanged,

When 1P is initiated, the selected input device
starts transferring data. The fuxt 24 bytes read are
placed iu storage locations 0-23, Store protection, pro-
gram controlled interruption, and a possible incorrect
length indication are ignored. Control of the loading
operation is then assumed by the double word just
read into location 8, which is used as the next channel
comrnand word (cow). The remainder of the program
to be loaded may therefore be located in any desired
section of storage. When chaining is specified in this
cew, the double word in location 16 may also he nged
as a ccw to provide additional control.

After the input operation is completed, the 1/0 ad-
dress is stored.in bits 21-31 of the first word in stor-
age. Bits 16-20 are made zero. Bits 0-15 remain un-
changed.

The cpu then fetches the double word in location 0
as a new psw and proceeds as in nam‘r’al operation.
The load light is turned off, When the 1/ p rations
and rsw loading are not completed sat1stz orily, the
cpu idles, and the load light remains on.

Programming MNotes

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 cow 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- conLrollndvum:rruption flag off, chain-
data flag off, and skip flag off.

Initial program loading reads new information into
the first six words of storage. The remainder of the
IPL program may be placed in any desired section of
storage.

If the selected input device is a disk, the 1rL infor-

ation is read from track 0.

The selected imput device may be a 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 cru, the
adapter sends an attention signal to the addressed cru.
That cpu then should issue the write command neces-
sary to load a pro;
questing cpy.

When the psw in location 0 has bit 14 set to one,
the cpu is in the wait state after the 1L procedure (the
manual, the system and the load lizhts are off, and the
wait light is on). Interruptions that become pending
during i7L are ta‘« u before instruction execution.

ram into main storage of the re-

Sysiem Conirol Panel Controls .
System controls are divided into three logical groups

identifled as oper

control, operator intervention,

34

and customer engineser control. Figure 3 shows the
operator controls lorated in areas labeled C and N and
operator interventse controls in areas I, M, and N

of the system control panel. The customer engineer
will use all controls, but the controls in aveas A, B,
F, G, and K are intended primarily for custorer engi-

neer usa.

Operator Conirols

Scctions C and N gf 'c’r»c systemn control panel contain
the controls required by the operator when the cry is
operating under fulf :~U.L)<;‘I visor control. Under super-
visor control, a minimum of direct manual ini
tion is required berause the supervisor performs op-

EViET-

erations similar to stare and display.

The main functivas p‘u“\.e‘(_l by the opera
trols are the contrel and indicaticn of power, the indi-
cation of systerm stafus, operator to machine commu-
mcatmn and initial program loading.

he following table lists (alphabetically) oll opera-
cators and their i
All operator controls except the emergenc
ed in the
N and shown in T

COxY~

7-

iple nvntati')n
v pull swite

area of the control panel Li‘.) led
N are

tor centrols "u.-d ir

are locat
4. The contrels in area
identical in all models of the System,360. '}
gency pull switch i located in area C.

he emer-

NAME INMPLEMENTATION
Emergency Pull Pull switch
Interrupt Key
Load Key
Load Light
Load Unit ) Three rotary switches
Manual Light
Power Of Key
Power On Rey, backlighted
System Light
Test Licht
Wait Licht

Note: All keys have mémentary.pus.ﬂ“hton action.
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Figure 4. Section N Panel

Ernergency Pull

Pulling this switch turns off all power beyond the

power-entry terminal on every unit that is part of the

system or that can be switched onto the system.
The switch latches in the out position and can be re-

stored to its normal position by maintenance personnel

only.

1en the emergency null switeh is in the ont posi-

tion, the power-on key is ineltective.

Intereupt :
The interrupt key is pressed to request an external in-
terruption.

The interruption is taken when not masked and
when the cru is not stopmd Otherwise, the interrup-
tion request remains pending. Bit 25 in the interrup-
tion-code portion of the current psw is made 1 to
indicate that the interrupt key is the source of the
external interruption. The key is effective while power
is on the system.

load (Key) 3
The load key is pressed- to start initial program load-
ing. The key is effective while power is on the system.

Load (Light)

The load light is on during initial program loading;
it is turned on when the load key is pressed and is
turned off after the read operation and the loading
of the new prsw are completed successfully.

Load Unit
Three rotary switches provide the 11-bit address of the
channel and unit to be used for initial program load-
ing.

(=}
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The leftmos rotary switch has eight positions la-
beled 0-7 used for the channel address. The other two
16-position rotary switches are labeled with the hexa-

decimal charaziers 0-9, A-F, and are used for the unit
address.

Manual

The manual light is on when the cru is in the stopped
state. Several ¢f the manual controls are effective only
when the cru s stopped (manual light on).

Power Off
The power-off key is pressed to initiate the power-off
sequence of tha systert

The contents of main storage (but not the kevs in
storage associzted with the protection feature) are,
preserved, prosided that the ceu is in the stopped
state. The key is effective while power is on the system.

Power On

sed to initiate the poswer-on seguence

As part of the power-on se qurnCr., a system reset is
performed in sugh a manner that the x}-\{um e s
no instructions ar 1o operations unt “‘p jtly di-
e preserved.

m

Q

rected. The cordents of main storage arv

The power-cx !6} is bvcnhqhted to indicate when
the power- on se is completed. The key is effec-
tive only when mergency pull switch s in the
normal pos;txom

System
¥ is on when the cpu usage meter or
ger meter is running.

ThL \) ein !
cusloraer engi

Tes?

The test light is on when a manual control is not in its
normal positien er when a maintenance function is
being performsd for cru, channels, or storgge. The

or rotary switches is straight up, and

P

normal positio
for lever swite

Any abaor system control

- separate maintenance pqnm for the
channels that can aflect the normal

panel or on
Ccru, storag
operation of a grogram causes the test light to be on.

The test swiches described are shown in Figures
5, 6, and 7. Thsse switches cause the test light to be
on if any is not in its normal position:-

SWITCHES ‘ PANEL
Rate switch not tvnmcc&s M
FLT Mode switck not to off M
Address Compa tch (IADR) not to process M

Address Comyg itch (ROS) not to synz M
Repeat INSN ,1-\1\ or ROS) not \tm_ﬂt out M
Check Control mif to process . M
Storage Test not % process B



SWITCHES PANEL

A
FLT Control not to process M
Test not straight out M

Data Py not straight out 1

Interval Timer not straight out M : i
Trvert SAR Bit 16 not straight out B ; ] S SR T e
er switch to CE M i ok ; % SRR R b
;mal Op not straight out B
R Comapare to stop M

The test light may be on when one or more diagnos-
inctions under control of pracNose is activated or
sen cortain abnormal cireuit breaker or thermal con- o

o s 5
G1S OCCUT. 5
The test light does not reflect the state of marginal !
e controls. . ’
Wail P

the wait and manual

lights
other; howeves, the stat

of
-1 1'0"1 is not mcependent of *J:'e si-ﬂes of the
manual hal'ts The possibl ditions when

O
7 o
Y
15

Figure 7.

§ are:
SYSTEM MANUAL  WAIT Cru 1/0
LIGHT LIGHET LIGHT STATE STATE .
of of  Of . o , . 33
OF Off On. Wait Not working Operatar Infervention Centrals
On Of Stenyed g Seotiops 10 M and N of the system control nanel con-
0Of On On Stoppred, Not working i X R
Wait tain the controls re rquired for the operator to intervene
On off off Running Undetermined in normal programmed operation. These controls are
Oy i Tat A Aarkin e s " -~ .
On Off On o Wait Working intermixed with the customer engineer controls. Only
On Cn O Stopped Working 0 . e 3 ; e
On On On topped Woldne operator intervention controls are described in detail.
Stopped, wking
Wait Operator intervention contrels provide the system
> Abnormal condition reset and the store and display functions.
: S I S : L B o

Fizure 5. Section M Panel
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The following table lists (alphabetically) all inter-
vention controls and indicators and their implementa-
tion. Keys have momentary pushbutton action. The
section L panel is shown in Figure 8.

IMPLEMENTATION

NAME PANEL
Address L Key switches
Address Compare (IAR) M Key switch
Check Control M Rotary switch
Check Reset M Key
Data & Key switches
Display M Key
PSW Restart M Key
Rate M Rotary switch
Rev Data Pty L / Key switch
SAR Corr‘pare M/ Key switch
Set IC M ;/ Key "
Start M Key
Storage Select L Rotary switch
Store M. Key
Stop M Key
System Reset - M ; Key
Address ;

‘
The address lever swiiches provide a means of manu-
ally selecting an addressable location in storage when
used in conjunction with the storage select switch
or to identify the address to be compared when an
address-comparison stop is desived. Correct parity is
automatically generated.

For main storage select, the
used to manually address a
-when the storage select switch is set to the yramv posi-
tion. For an stop, the
switches pi
main storage, the 2

address switches are

main storage locaticn

S ;-compaz‘izaon

d(‘lul! NS

dhiiad Lol

Figure 8. Section L Panel
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address. The rightmost toggle is the units position or
low-order position. Because data in main storage are
stored or displayed a word at a time, the two low-
order position address switches (switch positions 30
and 31) are not invelved in determining the address.

When an address switch is in the down position it
represents a ong- bit; when in the center or restored
position it represents a zero bit. Color coding is pro-
vided to identify the hexadeciral digit groupiugs.

If the address switches are manipulated while ad-
dress compare (1am) is set to stop, a machine check
can occur. '

Addreﬁs Compare (IAR}

The address compare switch provides a means of stop-
ping the cru on a successful instruction address com-
parison. ‘

1. In the stop p’:exififm, an eqva} comparison be-
tween the address switches and the instruction ad-
dress register causes tﬁe cpu to stop. The stop cccurs
at completion of the addressed instruction.

2. In the process pasition, no comparison CCOUrs.

3. The sync positien is for custon

The address compare switch can be manipulated
without distupting cev operation other thaun bv caus-
ing the address- comparison stop. When the

et to sync or stop pu
seconds are added to each

ner engincer use.

witch is

approximately 3 micro-
instruction to accomplish
a machine

SII0n,

the comparison, cheek interrup-

tion, set the adaiess swisches and thensset the address

comipare switch to the stop position.

e



Check Centrol

The check control switch checks for errees in the cpu/
¢hannel operation. This switch has the keflowing posi-
tions:

1. PROCESS (Normal Position): In this position,
a1l errors are handled by the monitor with the aid of
a general log-out, if psw bit 13 is unmasked. This is
follawed by an interruption. If psw bit 13 is masked,
ihe error register is set, but the error resmains pending.

9. DISABLE: In this position, all erars in the cpu
or multiplexer channel are ignored and the system
ion continues, disregarding the seror. The pro-

by the error.

w

oner

, operation can still be "affe

cause an 1/0 interruption. (
used by the customer engineer.)

TOP: Tn this position, processiang is stopped
when a machine check interruption oreurs; the cru is
o stopped (hardstop).

4. CHAN STOP: In this position, processing is
ncorrect-length
is generally

-d when an error cther than

idication (111) occurs. (This posi
usied by the customer engineer.)

ool Raset

- check reset key resets all cpu and channel check
indicators to the no-error state. Chugk reset can be
dered a subset of the system reset. It is active
modes. Check lights remaining on after check
wwree by use of

must be cleared at the check ¢
nanual controls.

Duig
L torage data switches in section L are used to

specifv or represent the data to be steced in the loca-
fion specified by the storage select switch and address
<witches. Correct datd parity is autematically gener-
at-d. Changing the keys does not affext cpu operation.

The storage data switches can be wred to represent.
2 word of information. The leftmest switch is not

«ed as part of the word for customer store functions.
A storage data switch in the down pesition represents

1.

+ cne bit and in the center position & zero bit.

isplay key is pressed to display ixformation that
location specified by-the storzze select switch
address switches. When the desigrated location is

¢ available, the displayed informatien is unpredict-
e The key is effective only while the cpu is in the

straped state.
4

PSYY Restart

This key causes a system reset, after which a psw
is loaded from storage location zero and the cpu is
changed from stopped to operating state.

Rate

This three-pesition rotary switch is used to indicate
the manner in which instructions are to be performed.
The position of the switch should be changed only
while the cru is in the manual state. Otherwise unpre-
dictable results may occur. The rate switch has the
following settings:

1.” PROCESS: In this position, the system starts op-
erating at normal speed-when the start key is pressed.
The test light is on when the rate switch is not set’
to process position. Moving the rate switch from proc-
ess to instruction-step position stops the cpu.

9. INSN STEP (Instruction Position): In this posi-
tion, the system executes one instruction for each de-
vression of the start pushbutton and returns to the
nanual state. All pending interruptions not masked are
subsequently taken. Th
switch is in this position.

Any instruction can be executed with the rate switch
set to InsN sTEP. Input/output operations are com-

Kl % | ! 5

Froighiod o . ’ i §
PAeied o L FIGHOLON PRI,

the wait state, no instruction is performed, but pend-
ing interruptions, if any, are taken before the cru
returns to the stopped state. Initial program loading
is completed with the loading of the new rsw before
any instruction is performed.

3. SINGLE CYCLE: The system executes one ma-
chine cycle for each depression of the start pushbutton
and returns to the stopped state. The stopped state for
single cycle is one in which no cpu clocks are running.
Otherwise, in the normal stopped state, the ros is
running, executing a halt loop.

Single cycle operates with 1/0 equipment to the
point of the initiation of the asynchronous cperation.
The asynchronous operation starts with the next de-
pression of the start pushbution and runs to com-
pletion. If start pushbutton is pressed during this time,
the next cycle is taken. If an interruption results, the
interruption sequence is not automatically exccuted
but must be single cycled. Moving the rate switch
from process to single-cycle position while the cru is
running stops the cpu.

Je timer is not updated when the

A% oo STy 56 in
1) T 15 1

Rev Data Pty -

This switch generates incorrect parity for data speci-
fied in the data switches. Parity is inverted for all
bytes of the word. When this switch is on, the test
light is on.

System Control Panel 17
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SAR Compare

The storage address register compare switch provides
a means of stopping the cpu on a snccessful data ad-
dress comparison.

1. In the stop position, an equal comparison be-
tween the data lever switches 8-31 (low-order 24
positions) and a storage address may be used either to
locate data or as a successful branch address. Either
comparison causes the cpu to stop at the completion of
the instruction containing that address. Data switch
positions 0 and 1 may be set to effect the stop when the
storage reference is made either by the cru, by the
channels, or by both.

2. In the sync position, no stcp occurs.

The sar compare switch can be n
out disrupting cpu operation other than by causing
the address-comparison stop.

manipulated with-

Set IC (Instruction Counter)

This key enters the instruction address set in the ad-
dress switches. The key is active only when the cpu
is in the stopped staie.

Start

The start key is pressed to start instruction execution
as specided by the rate switch. The Le »is effective
ouly while the cru is in the stopped state.
Pressing the start key after a normal stop
continue’ as if no “stap had

instruction T TONGSeTT ne to

causes

-

oceurred, pr(md"ﬂ that t}.n rate switeh is in the proe-
ess or instruction-step position. If the start key
pressed after a system reset without intreducing a new
instruction address (szT 1c), the results are unpre-
dictable.

This four-position rotary switch is used to select the

main storage area addressed by the address
The storage select switch is active only in stopped
tate (nmumzl light on ). The storage select switch has
the following settings:
1. MAIN (Main Sfom;> :
~location specified by the address switches.
2. PROTECT (Storage Protect): Unconditionally
selects the storage protect key register.
3. LOCAL: Selects a local storage location (psw,
general or floating-point register, and working stor-
age) specified by the address switches.

switches.

): Selects a main

18

4. MPX: Used by the customer engineer.
The switch can be changed without disrupting cpu
operaticgs.

Store

The store key is pressed to store information in the

location specified by the storage select switch and
address switches. The key is chcme only while the
cpu is in the stopped state.

The coutents of the data switches are placed in
specified locations in main storage, in general registers,
or in floating-point registers. Store protection is ig-
nored. When the locations designated by the address
switches and storage switch are not available, data are
not stored.

Siop

The stop key causes the cpu to enter the stopped state
and turns on the manual light. (The cru first com-
pletes the instruction being executed at the time the
stop signal is recognized, and it processes all pending
unmasked interrupens.) While the cpu is in the
manual (.s- o.)pcc.)
is completed. The hey is effective
t}f SV >tun

#

te, any 1/0 operation in progress
while power is on

ous Qtrm“ oF interru
crU is unable to cwan
machina malfunction

System Reszt
o
This key

initial state.

r, channels, and control u .'
placed in the manrual state, all
arc eliminated and <lN error

key is ff tive while power

pending ir

The customer usage (cpu) meter and the customer

engincer meter are aiw panel M of the svstem control
panel. The customer engineer key switch controls
which of these meters is to run while the systen is in

operation; that is, g, executing, or completing
instructions, 1’0 and assignable unit opera-
tions. The test light & turned on when the key (meter)
switch is in the custemer engineer position. (For other
conditions, see “Tes‘.") The system light, on panel N,
indicates when the system is in operation.

aiing

Hwa
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Cmmc' Chennel Information

and 1/0 devices under coniref of a channel

\ fodel 50 crU is free to reswmne the
an 10 operation.
unels n ‘xa), TUn COnCu
; transfer rate and channel prograsam
tiens specified in this Iﬂdu‘JBl
A ;n,‘}or feature of the channels is their common
. rface connection to all System 360 input/out-
FSTES u,:»;‘;’:rol units. The 1/0 interface grovides for at-
-nt of a variety of 1/0 devices #a:
\+ the end of an /o operation, the © signals
0 interruption request to the Gl If not masked
oF an 170 interruption occurs that j 1,“ es the 1/0 new
»s in control of the cpu. When 1/0 fferruptions are
«d, interrupton requests are quezed. Until hon-
, an 10 interruption condition is ealled a pend-
erruption.
2 c“d of an 170 op°ra*imn, 2 whanne! has in-
o Acermng the success of the operation, or
hout any lack of success. The in mzmah‘on is
:ble to the cru procfram.
ich System,/360 channel has {z
'f!'z‘-; f\}:w following functions:

U program

tly, within the
ng conven-

J

HERCR! O i

s for perform-

an 170 instruction from the CPU

¢ the device specified by an I/8+

ia d & channel program from core stox

Ying the channel connnand words tha ke up the chan-
ram

-h channpel command word (C

CCW functions

mtrol signals on the 170 interface

1 control-response signals from the IAY interface

a between an I/0 device and sore siorage

of bytes i:anmcrred

e number of bvtes transferred

3 st .tus information from I/O devices

2 channel-status information

xtLIl’uphO‘l reqv ests to th:_ CPU

ction

CWi for validity

wannel Control
IEM Sy

stem 7360 channels provide a wsmmon input/
sutput ‘?z terface to all Svstem7/360 caztrol units. All
vintrol units are’ governed with six basic channel

stem,/ 360 channels transfer dasz between core

am executed independently of th: cpu program.

Channel Characteristics

commands and a common set of only four cru in-
structions. The instructions are:

Start 1/0

Test channel

Test 1/0

Halt /0

Al 1/0 instructions set the psw condition code, and,
all but test channel may
cause a channel status word to be stored. A test chan-
nel instruction ehr::;ts information about the addressed
channel; a test 1/0 instruction elicits information about

a channiel and a particular device. Halt 1/0 terminates
any operation on the addressed channel, subdmnnel
or device. Only Start 1/0 makes use of channel com-
mand words (ccw’s).

A start 1/0 mstru‘hon initiates execution of one or
more 1/0 operations. It specifies a channel, subchan-
nel, control unit, md 1/0 device. It causes the channel
to fetch the channel address Word ( wj'from loca-

under certain "‘md‘- ions,

tion 72. The caw contains the pr 10’1 1\?) :md the
25 (Tihe ! ord (oow)

for t‘k upcra’uon The Umwel f’m}w =S an d ex cc,utes
one or more ccw’s, beginning with the first cow speci-
fied by the caw.
ix chanmel cos

Read

Write

Read backward

Control

Sense

Transfer in channel

The first three are self-explanatory.

Control commands specify such operations as set
tape density, rewind tape, advance paper in a printer.

A sense command brings mun mation from a control
unit into main storage concemmﬂ unusual conditions
detected during the last 1/0, operation, and detailed
status about the device. 4

A transfer in channel (ic) command specifies the
location in main storage from which the next ccw in
the channel program is to be fetched. A Tic may not
specify another Tic. Also, the caw may not address a
TIC.

Each ccw specifies the channel operation to be per-
formed and, for data transfer operations, specifics con-
tiguous locations in main storage to be used. One or
more ccw’s make up a channel program that directs
a channel operation.

nmands are use

& Channel Characteristics 19
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Channsal lagisters ;
System/360 channels maintain the following channel
control information for each 1/0 device selected:
: Protection key :
Data address
Identity of operation specified by command code
cew flags
Byte count
Channel status
Address of next ccw
A selector channel has only one set of registers for
the above information because it operates with only
one 1/0 device at a time.
On a multiplexer channel, the listed information
must be maintained for each

ubchannel in operation.
Storage for this information is provided by special
channel storage that is not directly addressable. Each
subchannel has provision in channel storage for chan-
nel register information. When a particular subchan-
nel is selected by a start 1/0 instruction and a channel
program initiated, the channel stcrage locations for
the subchannel are loaded with the information neces-
sary for operation of the subchanmel.

At edch cessation of activity in a subchannel, its
particular area in channel storage contains updated
information, and the multiplexer channel is available
for operation of another subchannel. The sharing of
weilities by the multiplexer channel and the ceu is

-

Chaining
A single cow may specify contignous locations in main
storage for a data transfer operati i 5si
ccw’s may be chained together to specify a set of
noncontiguous storage areas.

Chaining to the next
ccw is caused by the presence of a flag bit in a cow.

In data chaining, the address and count information
in a new ccw is used; the command code field is
ignored.

Entire cow’s, including their command code fields,
may also be chained together for use in a sequence of
channel operations. Such coupling is called command
chaining, and is specified by a different flag bit in' a
CCW.

Data chaining has no effect on a device, as long as
the channel has sufficient time to perform both data
chaining and data transfer for the device.

In this manual, when a device is said to data chain,
it means that the channel program for the device
specifies data chaining.

Fetching Channel Commund Words
The channel must fetch a new cow whenever a cow
specifies data chaining, command chaining, or trausfer

20

.nel alse has a dzta

avicd

; = No

b

Y k 4
] y Yes
Operation Fetch UCW;
or Selector Upd;.-ts (One
Chan'Sanvizs 8yte), Restore

=1

i)
b 4

CPU
Oparaiion

[

i G Storer |
No Updatred UCW

Figure 9. Eguipmezt
Multiplex

haring by Model 50 CPU and
Channel

in channel (1ic). The extra control activity causaed by
these operations fzkes time and diminishes a chan-
nel’s ability to do ether work.

A data chai

hi usually occurs while a chan-
mnsfer load from the sams device.
The time required to fetch the new ccw necessarily
limits the interval of time available for successive data
transfers through the channel. An absence of data
chaining ordinarily permits a channel to operate with
a faster /o devige. Similarly, when a channel is not
transferring datz, a data chaining operation has a
lesser impact on channel facilities.

Data Chaining in Gaps

For direct access storage devices, such as an 18ar 2311
Disk Storage or an my 2314 Direct Access Storage
Facility, formattisg write commands cause the control



i+ 1o create gaps between count, key, @

on the recording track. Kzad, write, and \.m:h com-
nands U.al uddrcss more xban one of the qu s ..y

progra

dev ices. The chan ael do es not tra nsfex data d\mw

1 & gap is created or passes under the read-
wead, and this time is sufficient for a Model 50

o perform a command chaining or data chaining

bu‘c data (‘na;m hg Tnay

\I.J e data is being transferre

e operation occurring during gap U
channel facilities than when

alsd Jar. T_f channel p~0'fr°m for 2 d LLt access

calls for data cpaxnmgs ty during gap

>

levice’s overall lToad on chanzel facilities is

When a due‘ access device is said to data chain
the reference is {o a gap 0“}{-1 than a zep
a data feld. The latter gap ¢
end md1(_ tion and command chaining

if the transfcr oF more inforn

.ﬁ

L dacima mnd oot i the albien
fying command (Immmv results in termination of
y_: ¥

eration. When command clairn
ion, the status information
end of hﬂ operation relates to the last

While reading, an attempt to data chain in a gap
fellowing a data field causes an incornect length indi-
cation in the channel status byte.

Lot rmand Chaining

Operation of direct access devices, such as disk stor-
requires the use of command chaining. Between
iin operations, such as the search for a record
ntification’ key and the reading of 2 data feld on

a direct access storage device, the control unit has a
“wed time interval during which it must receive and
cwente 2 new command. If activity en other chan-
'5) causcs too much delay in initiation of the op-
ion specified by the new command, the channel

sgram is terminated and an 1/0 interruption con-
aition oceurs.

ruge Addressing

':—:--1 data chaining, the beginning and ending byte
Irecses and the minimum number of bytes trans-

1 :rrvd are factors in the maximum data rates that dif-

‘orent System/360 channels can sustain. If the stcrage

i

models and the possibility of using
faster 1/0 devices are kept in mind when writing chan-
nel programs for small models, better performance will
Le oblained when the programs are run on larger

-~ models or with faster 1/0 devices.

For example, a tape operation at a 30 kb (kiloby te)

data rate may data chain with a byte count of one en

a Model 30 with one selector channel, but the. same

tape operation cannot be performed at 90 kb on a
Model 50. In this instance, the use of a larger count for
data chaining would permit the Model 50 to execute
the channel program at 20 kb.

4 ST TR & o e o e
Caonnel i ainenal

The Model 50 has two types of channels. The multi-
is standard; up to three selector chan-

nels are optional. All charnels on the Maodel 30 are
integrated with LHP 2050 Processor and share part of
the cru {acilitics. Fach charmel may attach as many
as eight control units and can address up to 256 1/0
devices. Conirol units are connected to all channels

¥

through a standardized 1/0 interface.

plexer channe

Selecter Channel

i
Each selecter cha rmel prov ides a pnh for moving g data

Te . ol - A1, = ; 4 &
toCctv L Stuicl -Q& aiil 4 -Selecivu SYAS, \,;\“..'\‘. 3. IS

own registers for control information and datQ }‘um -
ing. Data move to or from an 1/0 device one byte at a
time, but are buffered to a width of four bytes for
communication with storage. Selector channels can
operate concurrently with each other and with the cru.

Multinlexer Channel

A multiplexer channel has a single data path that may

* be monopolized by one 1/0 device (burst mode) or

shared by many 1/0 devices (mul‘if)]ex mode). The
dLS}Q:H of a control unit predetermines whether its

sration ‘on the multiplexer channel is in burst or
Itmh,.\ mode. In c;c!vi:'r case, data transfer be-
tween storage and an 1/0 device is controlied one byte
at a time. Multiplexer channel operation may overlap
selector channel and cru operation.

When multiple 1/0 devices concurrently share mu]tl-
plexer channel facilities, the operations are in muld-
plex mode. Each device in operation is selected, one
at a time, for transfer of a byte or a few bytes to or
from main storage. Bytes from multiple devices are
interleaved together and routed to or from desired
locations in core storage. Thus, the multiplexér chan-
nel data path is used by one device for transfer of
one or a few bytes of data and then another device
uses the same data path. The sharing of the data path

Channel Characteristics 21



makes each device appear to the programmer as if
it has a data path of its own. This leads to calling a
device’s share of the data path a subchannel.

The numbering scheme for multiplexer subchannels
relates to 170 device addresses; the device address as-
signed to each device determines the subchannel that
controls its operation. For an unshared subchannel,
one device address is used. A shared subchannel per-
mits use of several device addresses. The devices
share a single control unit, which connects them to
the shared subchannel. The devices may be selected
for use one at a time, but ma} not be selected con-
currently.

Device addresses 0 to 127 refer to correspondingly
numbered unshared subchannels. Device addresses
128-235 are assigied to sha ared subchannels 0-7 in eight
groups of 16. Physically, the shared subchannels are
the same as the first eight nonshared subchannels. For
example, the set of addresses 1000xxxx (128-143) refers
to the same subchannel as the address 00600000 (060);
the set 1001xxxx (144-159) refers to the same sub-
channel as the address 00000000 (001), etc.; the set
1111xxxx (240-255) refers to the same subchannel as
the address 00000111 (007). Thus the installation of
all eight sets of devices on the shared subchannels re-
duces the maximum possible number of devices that
do not share a subchannel to 120. '

The storace sizes on the Model 30 and the assariated

subchannels are:
‘

SHARZD UNSHARED
SUBCHANNEIL SUBCHANNEL

SUB- 1/0 DEVICE 1/0 DEVICE

MODEL CHANNELS  ADDAE ADDRESSES
°50 64 0-63,128-255

G350 128

H50 128

HC30 128

150 128

H30° 236

HG50° 236

150° 236

) a*xd 150, the additional multiplexe
non' S 1 *x'-?] of

none of the

256 subchannels.

Channel Priority

Priority for allocation of Model 30 cru facilities is in
this order, for normal operation:

Machine check interruption handling

Multiplexer channel data transfer

Selector channel data transfer

Selector chaunel chaining

Multiplexer channel chaining

cru operation

8]
2

256 subchannels can.

NSRS S SRR SIS SR PO LA e maning SRS SR R

Selector channels receive priority in numeric order.

Although ‘the multiplexer channel normally has
higher priority thza the selector channel, in certain
cases, the selector channel may be promoted above
the multiplexer channel. This occurs when selector
channel service has been delayed to the point where
it becomes likely thst overrun will occur if the channel
is not serviced immediately.

Relationshin of Madel 50 fo Other Models of
Systern/360

Model-Deorzandant Punciions

2}
The compaﬁbﬂit‘y rale of the System/380 does not
apply to a number of detail functions for which neither
the frequency of ceeurrence nor usefulness of results
warrants identical zetion on all models.
tions are concernsd with t*-o
programs and mackine
identified in the IB

tion, Form A22-&
exists, the definition

These func-
handanw of inv‘xT"

lo ws umwcc

in implementation 'S 1 t} peration is
unpredictable. uld ig,'l[m re Llltg that are
defined to be unpredictable and showld not base his

program on any fwwiion where choice in implementa-
tion is permitted.

Considering any 3

ticular installation and opera-
tion, the operation wormally is not truly unpredictable;
the action may depsud on Jn" par mul_h systern com-
penents or ou the faput da . This section describes
how some of the medel- dcf'n lent functions are per-
formed on the Medst 50.

Note, however,
informa

t writing a program based on
ction is in violation of the rules
e System/380. If a program de-
that is model-dependent, it may

iodel of the systera. Even if the

of compatib

pends on a

not run om anot
program 11’«63‘1! es. 3
all other mad 73 «f the System, "'%PO difficulties may
occur when dels are introduced. Furthermore,
a mand ator;.' engiz2ering chzmge may in some in-
stances require a ciznge in the execution of a model-

dependent functica in an installed machine, and”

therefore may require changes in a program that uses
model-dependent isformation. -

logout

Logout of main sterage starts at main storage location
128 (hex 80} and exfonds, for 164 bytes, to 292 (hex 120).

model-dependent operation of

e



play

- Jow-order portion of 1}w psw is is local storage
: - register 7. This data can be stored or d15~
slaved by using the store or display function and by
sddressing ocal storage working register 7 (010111).

Program Interruption

the counditions of program interruption, the
fel 50 does not cause an 1. of zero %o be stored.

Controls and Indicators

Compore Siep -

onal address-
ss register as
2, also provides a stop when the address in
sax is reached. -

AR compare switch compares the input to
he san (from fhc, adder vut bus) v,;:"e the selected
c’{,_;ﬂ. kevs. Data keys 0 and 1 further define the com-
on to either 1/0 or cru mode (or beth). This is a
whine rather than program comparizon and does
cct program execution Hime.

el 30, in addition to the conve
+ stop using the instruction add

RGO e |

taster Chl Light :

All machine check errors are grouped under a single
indicator: master chk. Other locations of errors are on
cru roller 2 (position 6), common channel roller (posi-
tions 2, 4, and 3), and selector channel reller (position
3); rcs errors are indicated on cru roller 1 (position

8).

Check Reset
Check reset is model-dependent in the Model 50.
This switch is described under “Operator Intervention
Controls.”

Check Contrel

This switch varies in nomenclature throu gl out the
System /360, and it is described under “Cperator In-
tervention Controls.” Similar functions of this swuch
in other models include: cru check (Model 40), check

control (Model 44), cpu check (Model 65), cru check
(Model 67), cru chk (Model 73), ma \_H ne check
(Model 83), and cru check stop (Model 91).

Channel Characteristics 22.1



Each 1/0 device in operation places a load on its chan-
nel facilities. The magnitude of a load depends on a
device’s channel programming and its data transfer
rate. In this manual, numeric factors are used to te-
Jate the loads caused by operation of 170 devices to
the channel’s abilities to sustain concurrent operation
of the devices.

One or more numeric factors are specified for each
1/0 device and channel available with a Model &0.
The numeric factors are presented in tables in the
apperdix to this manual and are used in arithmetic
pro res for determining whether the eperations o

specific Model 50 input/cutpat confgurations are satis-
} /

‘.ﬁ(uly.

Several pmcedur@ﬁ are providpd
guration of 1/0 devices for cone
Model 50 channels. Use of the b
w:H suffice for most configurations in determining

-

C"Dl

ic procedures

whether operation is satisfactory; mere detailed pro-
cedures are to be used only for configurations that

S S P t comahilitios,

: N int o

i

arst Case Loads

The evaluation factors and procedures allow for a
worst case situation — when the most demanding de-
vices in the configuration all make their heaviest de-
mands on Model 30 1/0 capabilities at the same time.
Such a situation may not occur frequentdy, but it is the
situation that the evalvation procedures place under
tesy a particular configuration fails to pass testing,
one or more devices may be expected to incur over-
run or loss of performance.

Overrun S5

Overrun ocenrs when a channel dees not accept or
transfer data within required time limits during a
read, read backward, or write operation. This data
loss may occur when the total channel activity initi-
ated by the program exceeds channel capabilities.
Depending on the device, it may halt speration, or it
miay continue transferring data until the end of the
block is reached. 5

An overrun causes a unit-check indication to be
stored in the channel status word. An t/o interruption
condition is generated at the conclusion of the opera-
won. The cause for the unit check is indicated by turn-
inz on sense bit 3, the overrun bit, for subsequent
nterrogation.

Concuirznt inpul/Cutput Capabilities

Loss of Performance

Overrun occurs only on unbuffered 1/0 devices. Buft-
ered devices are not subject to overrun. Instead, when

buffer service is not provided within required time

limits, the device merely waits for channel service.
Vhile it is waiting, the device is said to incur a loss

of performance.

isfactery Channel Programs
rogram causes a Joad on chan-
ilities. Some 1/0 devices require
of commands, preparatory to
transfer of a data block. However, the impact of the
load caused by a channel program is not a simple
function of the number of commands used: the se-
quence in which particular types of commands appear
in a chennel program is also a factor.

A type of onnmand particularly significant to se-
quencing cm]vd«u ations is a contrcl C(u“[ﬂﬂ"d that
is executed at electronic speeds and that does not
crved any mechanical motion. Such a com1mmd is

"G

execution of a c}i?

executed as an immediate operation and provides de-
vice end in the initial status byte. When command
chaining is specified in such an immediate operation,
channel facilitics are not. disengaged from the chan-
nel program until such a chain ends or a command
causing mechanical motion or data transfer is executed.
Therefore, when immediate operations with device
end in the initial status byte are chained together,
fetching and exccution of the ccw’s may cause a heavy
load on channel facilities. Such a load may cause ex-
cessive delay in channel service to one or more devices

in the 1/0 configuration, with resultant overrun or loss
1

of performance. For example, a chain of no-op com-

mands can contribute heavily to channel loadiug. Such
a programming convenience may cause a severe over-
run sitvation for concurrently operating devices.

Data Chaining Censiderations
A System/360 user is free to specify data chaining in
channel programs whenever he chooses to do so, al-
though a channel is able to transfer data at a faster
rate, without overrun, when data chaining is not speci-
fied. The channel evaluation procedures and tables in
this manual provide guidance in gauging the effects
of data chaining operations.

The factors. in Table 1 in the appendix allow for
data chaining on the 2702, except for data chaining

Concurrent Input/Output Capabilities 23
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on telegraph controls on a 2702, and as specified for
other ‘devices. The 2702 factors in Table 1 assume a
count of 32 for data chaining. (The appendix is com-
pesed of Tables 1-7 and certain illustrations, which
have been placed at the end of the manual so they can
be removed easily for reference.) '

To obtain maximum compatibility for data chaining
channel programs, addressing resolution on double
word boundaries and byte counts of 16 or greater are
necessary.

/

/
Relationship of Conventions and Evaluation Procedures

The evaluation procedures g’fe premised on channel
programs having command sequences that provide ef-
ficient operation of 1/0 devices and avoid placing un-
necessary loads on channel facilities. Channel pro-
gramming conventions have been established to help
1/0 programmers avoid overrun situations.

Observance of channel programming conventions is
fundamental to the selection of an 1/0 configuration
that will permit concurrent operation of 1/0 devices
in a satisfactory manner. The channel prograraming
conventions described below are integral to the chan-
nel evaluation procedures. An evaluation yielding an
indication of satisfactory channel performance is not
depewdﬂ' ¢ when channel pzoq: ams written in viola-
tion of the conventions are used.

Szope of Conveniions .

1. The conventions relate to the sequence in which
certain types of commands may be executed, not to
their sequence in main storage '

2. The conventions define fom' classes of commands
and the sequence in which they may be used.

3. The command sequences provided by the con-
are different for different types of devices.
Sequences are provided for these devices:

DASD - 2302, 2303, 2311, 2314, 2321, 7320

Tape units — series 2400

Card units — 1442, 2501, 2520, 2540

Printers — 1403, 1443 z
Coensole — 1052

Communication adapters — 2701, 2702

ventions

4. The conventions relate to all the commands in a
chain, including the ccw addressed by the caw and
the terminating ccw that does not specify any chain-
ing.

5. The conventions do not relate to commands ad-
dressed by the caw which do not specify any chaining,

6. The conventions relate only to the avoidance of
overrun; they do not define invalid command se-
quences that are rejected by a channel, such as Tic

to 11c, or that are rejected by a control unit. ccw

i S b S i b e i o et L e T 3 T s R SR SR

sequences causing command reject are specified in the
1/0 device manuals.

Note that item 4 is of particular interest to 1/0
programmers workng on segments of a single channel
program; the rules still apply when one segment is
chained to another segment.

The chennel programming conventions in this man-
ual are recommended to System/360 users, particu-
larly in a multi-programming environment where a
programmer is not aware of the overall load on chan
nel facilities. Whese a programmer controls or haa
knowledge of all 10 activity, he may establish some-

what Ies> restrictive channel programming conventions
of his own which may be particularly suited to his ap-

1.,11(,3 tion and COiz ..1;‘.11».‘ ion.

Classes of Commands

The conventions establish four classes of commands.
Commands that alwzys cause mechanical motion are
in one class. The other three classes encompass com-
mands that are always executed at electronic speed
plus commands that are sometimes executed at clec-
tronic speeds. An example of the latter is rewind,
which is executed & electronic speeds when tape is
already at load poist. The. three classes of commands
having electronic-speed pmperties differ in the length
of time required for their execution.

The conventions f:?..r the different devices specify
classifications for the specific commands pertinent to
each device.

The convention, &
the sequence in whi
other commands:

Class A Commen These comn’mds may be
chained in any ordex; without restriction. Class A com-
mands always cause mechanical motion.

Cliss B Commazls: Only one Class B command
may be chained between two Class A commands:

¢fre the four chss'"caii«:ms by
1 they may precede or follow

> A > B = A = germissible command chaining sequence
> A—> B - B> 3) = command chaining sequence ex-

cluded by conventions

A Class B commzd may be substituted for a Class
C or Class D commund.

Class C Commards: A Class C command may ap-
pear only once in a channel program;, and then only as
the first command i a channel program; therefore, a
Class C command may appear only in the location
specified by the caw:

CAW - C - A - B = permissible program
CAW > A - C - Al = program excluded by conventions

A Class B commsnd may be substituted for a Class
C command:

CAW > B> A->8B-> A > B = = pernissible program

e



nly as the last command in a channel program;
it mey not specify any chaining:
CAW = X = X - D.

= permissible program
CAW = X 2w - A =

program exclzled by conventions
A Class B command may be substituted for a Class
{7 comunand.
Some devices have conventions that exclude specific
cnices of commands not excluded by the classifica-
tions above.

ome devices have conventions that allow a specific
cOt nd sequence to be substituted for a single com-
mand of a speciied class.

mand Classificetions for 1/0 Devires
> rules below define classifications for specific com-
ds used with a particular device. The bit pattern
ezch command cede byte is specified to

‘e identification of commands.
imands not classifi

srovide

ed may nat specify any chain-
arnd may be lﬂac ed only in the lecation specified
caw. Each such command thus constitutes an

channel program in which i is the only com-
mand, ’Ii 1e sense command is used i this manner for

~ations ure va hd for all devices attached to a
r:ontrol unit.
Class A commands (any order):

AXXX XX10

]
b XXXX XX01
Record 0000 1111
Hibrate G001 0011 (Class A or 2311 only)
Y 0000 0011 (NoOp may be used orly when

preceded by a formatting write
0001 XX01 « 0000 0001)

e oo
(lass B commands (not more than one between
Cless A commands): :

TIC XXXX 2600
i b 0000 Bl
1000X 1911

ey 'y <
These command chains have the properties of a
* Class B command:

TIC -» SEEK XXXX  1¢00 -» {80@%’. (l)éﬁ
e 0000 0111
EEK - 4
».T1C 000X 10115 XNAX 1000

Class C commands (first ccw in program). These
vummand chains have the properties of a single Class
C command:

0000

seek — Set File Mask - TIC 000X (l)%]:;?@
0001 1131 » XXXX 1000

Class D commands (last ccw in program):

NoOp 0000 0011 (except when preceded by a formatting
write)

Restore 0001 0111 (NoOp on other than

Excluded chains:

2311)

smanen -+ w0 » wars 33 (50

XXXX 1000 - 0000 X101
Data chaining may propagate through a Tic com-
mand for gap-only data-chaining, as dcscubcd in the
“Data Chaining in Gaps” part of this. manual (in-
cluded in the “channel characteristics” section).
- Series 2400 Tape Units
Class A comimands (any order):

Read XXXX XX10
Write « XXXX XX01
Read backward XXXX 1100
Forward space 0011 X111
Backspace 0010 X111
Write tape mark 0001 1111
Erase gap 0001 0111

Class B commands (not more than cne between
Class A commands):

T XXXX 1000
Class C commands (first ccw in program):
Set Mode XXXX X011
This coipmaand chain has e prupsglics ol au ngle

Class C command:
Set Mode - TIC XXXX X011 » XXXX 1000
Class D commands (last ccw in program):

Rewind 0000 0111
Rewind and Unload 0000 1111
NoOp 0000 “ 0011

Mixed Mode Seven-Track Tape Operations: A rou-
tine may be used to select a tape unit, set its density
mode, and then TIC to a desired channel program:

SIO - Set Mode] Class C
TIC { sequence

The conventions require the ccw addressed by the
TIC to be Class A.

If the tape applications involve mixed mode seven-
track operations, the programmer may make provision
for placing the proper set mode command in the loca-
tion addressed by the caw before s10 is issued, or the
programmer may begin each channel program ad-
dressed by the Tic with an appropriate set mode com-
mand. Such an additional set mode comimand violates
the convention for Class C commands and causes an
additional load-on channel facilities. Provision for the
extra load is made in the multiplex mode evaluation
procedure in this manual. '

Card Units (1442, 2501, 2520, 2540):

Class A commands (any order):

READ XXXX XX10
WRITE XXXX  XX01
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Class B commands (not more than one between
Class A commands):

TIC XXXX 1000

Class C commands (first ccw in program):
CONTROL XXXX XX11

Class D commands (last ccw in program):
CONTROL XXXX XX11 ‘

Printers (1403, 1443):

Class A commands (any order):
WRITE XXXX XXo01

Class B command (not more than one between
Class A commands).
TIC XXXX 1000

Class C commands (first ccw in program):
CONTROL XXXX  XXI1

Class D commands (last ccw in program):
CONTROL 0000 0011

Console (1052):

Class A commands (any order):

ead inquiry 0000 1010
\fV{lt(} auto carriage return 0000 1001
Write inhibit carriage return 0000 0001

Class B commands (not more than cne between
Class A commands):
TIC XXXX 1000
Class C commands:
Not applicable
Class D commands (last ccw in program):
Control N XXXX XX11-
Communrication Adeplers (2701, 2702): Data chain-
ing with or without 11¢ may be used for these adapt-
€rs.
Class A commands (any order):
Write
Dial
Break XXXX XXo1
Diagnostic write

Read

Prepare

Inhibit XXXX XX10
Search

Diagnostic. read

26

dcnces with heavy lo

Class B commands:
Not applicable
Class C commands (first ccw in program}:
XXXX  XX11
Class D commards (last ccw in program):
Control® XXXX XXIt
.°Fo.r a communication network of switch-type terminals, these

two control commands are Class A:

Disable 0010 1111
Enable 0010  OI11

Control®

Evaluating Heavily toaded Channals
Concurrent operation of multiplex mode devices im-
portant to an application may be ensured by giving
them higher priority than devices having less impor-
tance; higher priority may reduce the ‘1equmky of
overrun or loss of p&rfommnce incurred by a device.

When evaluating the performance of a system sus-
ceptible to channel averload conditions, consideration
should be given to the relative ease of restarting an
interrupted 1/0 operztion. For example, an overrun on
a communication line coupling two ceu’s is handled
more readily than z read overrun on a card read
puach. Preferential priorftv may be given to devices
that require manual intervention in responsc to an
overrun condition.

Some circumstances may make it desirable to place
ad factors on the same selector

nel, rather than on separate silector channels; in

order to preclude interference with each other.
Evaluations sl 01::5 not ignore the characteristics of
1B Progmznmtng Sy

Basic Programm

S ppoxt
hese programs ?,-L-“pi to execute

M UL 0o 20
53?
2
b
(@]
O
'T.‘
[©)

e any start 1/0
instruction for which the channel and device are "vav'L
able. The programs that permit concurrent operation
of more than one device on a multiplexer channe] will
not, however, initiate a burst mc d: oo"ratim on the
ub]LcL to over-
channel.

3

multiplexer channel while any de
run is in operation en the mulnp



wipact on a selector channel of 2 Jead caused by
. ion of an unbuffered 1/0 device depends on the
Jevice’s data transfer rate and on:

1. Whether data chaining is specified for the device.

2 Whether data chaining is specified for the device
nsfer in channel (Tic) commandsare used.
Whether data chaining is also specified for other
:elector channels.

4 Whether the data chaining is performed with a
£ 16 or greater (long records).
"hether the initial byte of each chai
on a word boundary.

ned record

vir Test Exception

Under certain circumstances, the load on shanne! facil-
: ed by data chaining may be jgaored in test-
snel overlcad. It then is not = consideration

exception is \'1] d onlv f ¢ direct access
devices that are programmed ina certain way.
.\.zmel program for direct access storage devices,
an 131 2511 Disk Storage Drive, must specify
nd chaining, and it may, of course, specify data-
ining operations. The time it takes & gap ona track
pass a read-write head on one of these devices is
it for the channel to perform 2 data-chaining
-+ *ign, Cap time occurs in such eperations as
Wi couut, key, and data,” where ths gap time oc-
between writing the count and the key, and
between writing the key and the data.

the program causes data chaining to occur only

) P = o ~ Y
wing gap umc, id(, da a‘Ln&thl“ ‘}iu.,_‘ on _‘L.:h’;;s

“ities will not be additive to the deviee’s data trans-
load. Therefore, data chaining that occurs only
ng the gap time may be ignored i testing the
¢l for overrun.

]

] ,c:-s‘,?f' for Qverrun >

reenlt in overrun, perform the following procedure:

1. Referring to Table 4 in the appendix, determine
¢~ =ach operating selector channel whick device to be
voched to it has the largest load value.

- Dctermine which one of Tables 5-7in the appen-

i

ey s p‘*‘lcabk These tables are divided into three

termine whether selector channel eperation can

major groupings: load limit information pertinent (1)
when both cpu and channel references (both data and
ccw’s) are made only to main storage, Table 5, (2)
when cpru references may be made to the my 2381
Core Storage and channel references (both data and
ccw’s) are made only to main storage, Table 6, and
(3) when both cpu and channel references (both data
and cocw’s) are made to the 1 2361, Table 7. Each
of the three tables is subdivided as follows.

No data chm'ning

ata mnltiplexer operating, LWN.
j2 Jt s 4

Data mdtm ]C\u LWT.

Data mu! 3 opuatv': LBN.

Data 7, multiy lc-xc—.r cperating, LBT.
> g,

Data mv‘np]e\;er operating, SBN.

Data multizlexer operating, SBT

Data ¢, multiplexer not operating, LWN.

Data a, multiplexer not operating, LWT.

Dat hmn multiplexer not operating, LBN.
z I

Data chaining, multiplexer, not oﬂvr'mm' LBT. |

Dmd SBN. |

) G
iata lalii Py o O

multiplexer net
N ¥
muiliglexer not ¢

LWN —long records, word boundaries, no TIC commands. -

LWT - long records, word beundaries, with TIC commands.

LBN —long records, byte boundaries, no TIC commands.
LBT —long records, b\ te boundaries, with TIC comniands.
SBN — short rccurds no TIC cummands.

SBT  — short records, with TIC commands.

Long records are. those chained segments that have a
length of 16 or more bytes. The indication of bound-
aries refers to the location of the first byte of the
chained segment. “No T1¢” or “with 11C” refers to the
command immediately following any command that
specifies data chaining. To qualify as “multiplexer op-
erating,” the multiplexer channel may be in burst mode
or multiplex mode.

3. Enter the applicable t‘.ble determined in step
2, with the load values found in step 1. Find the line
on which the appropriate configuration appears; then
compare the load values from step 1 with the appropri-
ate values listed on that line under “Maximum Load
Values.” (In the tables, “N/Op” means “not operat-
ing.”) If any of the values from step 1 is greater than
the appropriate value in the table, the configuration
will overrun. If the values from step 1 are equal to or
less than the appropriate values in the table and if no
coefficients are listed for the overrun equation, the
configuration will not overrun; if, however, coeffi-
cients are listed, perform step 4.
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4. Substitute in the following equation the load
values found in step 1:

PC1 4+ QCz +

RCs + MCm = 100
where

C1 is the load value selected in step 1 for the first selector
channel, " i

Cs is the load value selected in step 1 for the second selsctor
channel,

Cs is the load value selected in step 1 for the third selector
channel,

Cm is the load value selected in step 1 for the multiplexer
channel operating in burst mode, and
Cm = O for the multiplexer channel operating in multiplex
mode;
and where P, Q, R, and M are coefficients.

Then, determine whether the equation is satisfied
for each set of coefficients given. If any of the ap-
plicable equations are not SdtlSF"d the configurations
will overrun.

Example 1: An 13 2311 Disk Storage Drive Model
1 is on the first selector channel, and an myr 2401
Magnetic Tape Unit Model 5 (1,600 bpi) is on each
of the other two selector channels. References are to
main storage only, the first selector channel is data
chaining (long records, word boundaries, with TIC’s ),
and the multiplexer channel is operating in
plex mode.

Table 4 shows a load value for the 2311 Model 1
of .170 and a load value for the 2401 Model 5 of .152.
The information just given shows that Table 53 is the
applicable channel load-limit table. With a data-
chaining configuration oE X00, the maximum load
value for the first selector chanmel is .289; for the
second, .272; and for the thnd 292, Although 170 is
less than 269 and 1 2 less than 272 and 222, coeffi-
cients are listed in the table for X00, indicating that
calculations must be made to determine whether the
overrun equation is satisfied. Substituting, in the over-
run equation, the load value for the devices and using
the cocfficients listed, tlh, following calculations can
be made:

multi-

PC1 4 QCs -+ RC; = 100

(312 x .170) -+ (82.7 x .152) < (82.7 x .132) = 100
53.0 4+ 12.6 -+ 12.6 = 100

78.2 = 100

(Because the multiplexer channel is operating in the
multiplex mode, MC,=0.) The equation is satisfied,
indicating that the configuration will not overrun.
Example 2: An 1y 2314 Direct Access Storage
Facility Model 1 is ou the frst selector channel, an
mar 2314 Model 1 is on the second, and an mwm 2401
Magnetic Tape Unit Model 3 (800 bpi, with data
conversion operating) is on the third, and an 1831 2401
Model 1 (800 bpi, with data conversion operating)
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is on the multiplexer channel. References are to main
storage only, no selestor channel is data chaining,
and the multiplexer channel is operatina in burst mode.

Table 4 shows a lsad value of .333 for the 2314
Model 1, a load valee of .086 for the 2401 Model
3, and a load value of .030 for the 2401 Model 1.
The preceding information show that Table 5 is
applicable. Note in Tzble 5 that when all three selec-
tor channels are operzting and w h’m the multxplz\-“‘x
channel is operating in burst mode, either of two
lines of maximum load values may be used. Because
of the load value of #he 2314 Model 1, a check of
the first line of maximum values indicates that the
allowable load for the second selector channel would
be exceeded. A check of the second line, however,
for the mulisiexer channel,
the raximum value (£41); for the first selector chan-
nel, .333 is equal to the maximum value {.333); for the
second, .333 is equal # the maximum value; and for
the third, .086 is less than the maximum value (HC}
Because is exc
and because no overi
the configuration will ngt overrun.

shows that 030 is less than

none of the maximum values
w equation must be satisiied,

Example 3: An mas 3314 Model 1 is data chaining
(long records, word bay no 1ic’s) on the first
selector channel, a f ¢ Tape Unit Model
6 (1,600 bpi) is dz‘i;—: chie In (h ng records, word

boundaries, no TiC’s) cond splegto* U‘R'UV)Cl
and the third selectore ;
only, and the mu umme'

ences are to main sto
tiplex mode.

N

channel is Opm ating in

Table 4 shows a ]
of 333 and a load v
222, The preceding
3

ion indicates

: a L ita-chaining co

is applicable. Wi

of X-X-N/Op, the n

first selector channel

values of the devic

efficients are shown oz the X-X-N,/O

th"xt caleulations must e made to de
fi

w.% {OL the
ond. The load

values are

y line, Pﬂm.uu?

ermine whether

rr'

for the devices and
IIO\WIV‘ cale

overrnn equation, t
using the coefficients
can be made:

PCi + QCz = 100

(82.5 x .333) <4 (350 x 232) = 100
27.5 + 777 = 100
1052 = 100

(Because the third selector channel is not operating
and the multiplexer ¢hannel is operating in multiplex
mode, bod RC; ang MC,=0.) The equation is not
satisfied, indicating hat the configuration will over-
run.

. Substituting, in the

R



Channel-to-Channel Adapter /
The cliannel-to-channel adapter is unique in that it
adjusts its specd to the varying demands of the other
channels on the processing unit to which it is attached.
The System/360 Model 50 operates at maximum effi-
ciency when the chanuel-to-channel adapter is con-
nected to the lowest-priority selector channel. If data
chaining occurs on any other operating selector chan-
nel, it must be attached in the samme manner; other-
wise, the data chaining chennel weuld be subject to
gverrun.

The formula for computing the rate at which data
will be transferred over the chénnel-to-channel adapter
1S3

ytes) = K —.75 (Ca+Cs)

whe! Ta and Cs are the load values {Table 4) for
the' ..vices operating on the higher priority (lower-
numbered) selector chanuels (see fellowing table)

and K is shown for various conditions:

Rate (in meg

X
ULTIPLEXER SELECTOR CHANNEL JIRIN
INEL DATA CHAINING STORAGE 2361
Not operating: - Ne chaining .80 37
Operating Ne¢ chaining &} 20
Operating Loug records .3 19
(& . Shiit records 0 - 03 .02

|}

Note that the resultant calculated rate represents
a worst-case condition for the system. When other
channels are not transferring data (gap time, unover-
lapped cru time, ete.) the channel-to-channel connec-
tion will run at a faster rate. The instantaneous data
rate may be .8 megabytes when all other channels are
idle.

Also mnote that the other chanmel to which the
adapter is attached imposes a limitation on the data
transfer capability between systems. The data transfer

rate cannot be higher than that permitted by the more

limited system.

The effective channel-to-channel data transfer rate
for a systom, therefore, will vary between a maximum
rate of .8 megabytes and a minimum rate as indicated
by the preceding calculation or that imposed by.the
cther system.

Selector Channel Loading 28.1
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The multiplexer channel on the Model 32 can handle
a burst mode /o device with a load valuze not greater
than .182. (Sce Table 4 for maximum ca J‘.oxlvhes

tmder various conditions.) If multiplex mode devices

e in operation when a burst mode operation is ini-
e«d on the nuﬂtm‘cxtr channcl they Wi"l OVEITUR

or lose verformance when their wait for
J,

hernel service is exceeded.

3 2 . p -

# L lex Mode Considerations

Concurrent operation of 1/0 devices on a multiplexer
channel is governed by

the fo Tlowmw 2

zs, inchuding

1 s vary in their data transfer rates.
2. s have buffers varying in capacity from 1
byte to

3. Devices vary in the number and type of ccw’s
needed for their operation.

A N

Al deiitobe gtk S edtestnr channels
vary in the interference they cause.

5. The large number of 1/0 devices available for use
on a mul txplﬁxm channel may be comtined in many
different ways

6. Devices in a particular con
physically connected in many differ
cences.

The  problem of determining whether a particular
mu’ lexer channel configuration will ren concurrent-
ly i« 'satisfactory marmer has been reduced to arith-
metic procedures in which a worksheet form and fac-
tors provided in tables in this manual re used.

T YN

X

stion may be
pricrity se-

Device Load
A pumeric factor has been computed for each multi-
plex mode device to represent its load on channel
‘fa(-ﬂi’ries It is called a device lead. The factors are
‘listed in Table 1 in the appendix.
Other factors are listed in Table 1 for use in consid-

ering the impact of higher priority devices on lower™

priority devices.

Device Wait Time

After a multiplex mode device requests ehannel serv-
ive, it has a fixed length of time that it can wait for
service. If the channel provides servie within this
length of time, the device operates satisfactorily. If,

e ey e R ot e g S e i e,

however, the channel dces not service the device with-
in the device’s wait time, either of two things happens:
if the device is not susceptible to overrun, it continues
waiting; if it is, it loses data and subsequently causes
2n 1/0 interruption condition. For example, when an
mar 1403
nel fzils to receive data within its particular wait time,
it merely waits until service is provided by the multi-
The delay does not cause an interrup-
tion condition; nor is a new start 1/0 instruction re-
qu.ir:‘-d for selecting the 1403. The only effect is a les-

Card Read

data service

Printer on an overloaded multiplexer chan-

3 - oy
slexer channel

sening performance. If an 1sn 1442

Punch read opemh’on does not receive
mtum its wait time, however, overrun occurs.
ait time ﬁh

Ii S‘.Ld in Tabl

s for multiplex mode devices are

Device Priority on Mult cer Channal -

The pi']'u-’]u of devices-on a2 multiplexer channel is de-

Lot “f:\-'.‘,\«(‘:
‘hich they a

fuc;h-,u P

3 J?‘; PO 3 S AET) .‘,A,,.‘r,..,,- i

are connected to the ‘channel. The ca bling
rovide considerable flexibility in the physical’
location and logical position of 1/0 devices.

Devices may have the sr*’orihf sequence in which
they are attached to the cable (select-out line priority)
or the device most remote from the channel may be
connected to have highest priority and the device
nearest the channel connectr’d to have
(select-in line priority).

Each device on the multiplexer channel cable may
be connected {for selection) either to the select-out
line, or to the select-in line. Thus, one or the other of

lowest priority

the lines is specified in fsthbhthm'f priority for a de-
sired physical layout of devices.

Pricrity assignments and 'machine room layout
should be cstablished during the physical planming
phase of an installation so that cables for the 1/0 de-
vices may be properly specified.

A major consideration in assigning priority to multi-
plex mode devices is their susceptibility to overrun.
Devices are identified in this manual as being in one
of three categories:

1. Devices subjéct to overrun, such as magnetic tape
units.

2.  Devices that require channel service to be in syn-
chronization with their mechanical operations. For ex-
ample, the 1 2540 Card Read Punch has a fixed
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mechanical cycle. Delay in channel service for such de-
vices usually occasions additional delay due to syn-
chrenization lag.

3. Devices that do not require synchronized channel
service. An 1831 2260 Display Station with its 2848 Dis-
play Control is such a device; it is entirely electronic
in nature. An 1M 1443 Printer is another device that
does not require synchronized channel service; it can
begin printing as soon as its buffer is full and line
spacing is completed. Any loss of performance by this
category of devices is limited to that caused by chan-
nel delay in providing service.

Devices in the first category have a need for the
highest priority. The devices in the last two categories
may opemte with reduced performance on an over-
loaded channel but are not subject to overrnn; their
control units have data buffers 1

;

or an 2bility to wait for
channel service. Devices in e -ond category, how-
ever, should have highe

than those in the
third category.

Vithin each category, devices are assigned decreas-
ing priority in the order of their increasing wait time
factors; smaller wait time factors should have higher
priority. Wait time factors are listed in Table 1

VWhen devices that operate only in burst mode, such
as magnetic tape or disk storage devices, are attached
to the multiplexer channel, they should have lower
priority than multiplex mode devices. Low priority de-
vices take longer to respond to selection than do highe
priority devices;

E )
he s

prum

v
I

-
4

Q

a burst mode device need be selectec
only once for an operation, but a multiplex mode de-
vice must be selected for the transfer of each byte,
or a short burst, of data.

The control unit determines whether a device oper-
ates on the multiplexer channel in burst mode or in
multiplex mode.

Some devices, such as the myr 2521 Control Unit
may operate on a multiplexer channel in either burst
mode or in multiplex mode, as determined by th

(’.)

7]

(4]

e
[

ting of a manual switch on the control unit’s customer
engineering panel. Such devices are assigned priority
on the multiplexer channel as ipeciﬁed above.
A multiplexer channel can transfer data most "‘pizﬂy
~"in burst mode. Where an application uses only cate-
gory 2 or 3 d >vices that have the mode choice, im-

7

b} operating tnc devices in burst mode.
Table 1 spemﬁes whether a device operates in burst
mode or in multiplex mode.

Interference from Priovity Devices
The multiplexer channel sustains concurrent operations
in multiplex mode by servicing cne device at a time.
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The operating devices compete for service, and the
multiplexer channe! services them in the order of their
priorit}}.

Devices on the selector channels or higher priority
devices on the multiplexer channel may force a lower
priority mutiplex mede device to wait for channel ser-
vice. The former are caHed priority devices, and the
latter is called a waiting device.

When' a priority éence forces a waiting device to
wait for channel serrice, the priority device is said to
interfere with the lower priority device.

When there is more than one priority device, each
of the priority devices may generate interference. All
such interference must be considered in determining
whether the waiting ¢evice will receive channel service
before its wait timne Jed.

The test procedures for concurrent operation of mul-
tiplex mode devices zssume that a waiting device has
made its request for channel service at the worst pos-
sible time, that is, when the pricrity devices will cause
during the waiting device’s

maximum interferenze
wait time.

through the
interference, and the waiting device is unaflected by
the wait. If, howeves, heavy interference forces the
waiting device to wai

The channel ordisazily works its way

past its particular wait time,
it will be subject to everrun or reduced performance,
as determined by its ¥

To eva ‘u*e the effe

a waiting dﬁvme, a
Three fac

ority load:

of priority device interference on
werie priority load is computed.
ors are considered in determining a pri-

i

. The control load caused by execution of caw’s, in-

A3 tr

cluding ¢ -T‘:’mm«'r and transfer in channel operations.
2. The priority device’s data transfer load.
> b . .
3. The wait time af the device being evaluated.

Note that since a griority load is a function of wal
time, a f::ccd sriority load cannot be established for
a priority device; the priority load caused by a prio:
device must be commg

ooy

ed as a function of a particular
waiting device’s wait time.

Ranges of Wuit Times

The relationship between the mterferﬂncc generated

by a priority device {expressed as “priority load”) and
various wait times i shown in Figure 10. The ab-
scissa relates to devire wait times. The short wait time
shown results in a heavy priority load; the longer wait
time. falls in a Para of the curve showing much less

priority load. This eurve shows that the impact of a



Priority
Load

'Lcnger
—————{ Short Wait Time Wait
Time
34
1

Figure 10, Priority Load Curve
g Y

priority device on a w uxtmg, device is more intense for
a waiting device with a short wait time than it is for
a device with a long wait time.

Two factors: called A and B, are provided in this
manual which relate each device’s prisvity load curve
to different wait times. The priority load curve was
considered in segments related to different time inter-
vals, aud an A and a B factor were cemputed for each
curve segment. These factors are used to compute the
priority load for a waiting device having a wait time
that falls within the range of the interval established
for the curve segment.

*“altiple A and B Factors: Table 1 lists the A and B
fa. s for cach Model 50 input/outpst device.

Sorne devices have only one set of A and B factors.
Other devices have more than one set. Each set bas
an associated priority time factor that represents the
} &g iug of the time interval over wkich the A and B

ctma are effective.

hzom‘.y Time Factors: The priority time factors in
Table 1 are used in the evaluation procedure to iden-
tify the A and B factors to be used.

As ecach waiting device is evaluated on a multiplexer
channel worksheet, its wait time is-used to select a set
of A and B factors for each priority device. -

Each set of A and B factors in Table I has a priority

time factor next to it that specifies the beginning of a’

tirme interval significant to that set of A and B factors.
The range extends from the priority time factor speci-
tied for that set to the priority time factor speci-
fied for the next set, if any. The end of the last inter-

ore cefinad by these priority
time factors

These Time lntervels

Priority Lood
Time A 8
.200 to 4.8 .200 0 100
4.8 t0 55 4.8 476 0
(55 up 85 220 4.8

A wait time factor of 6.5 fclls in this ronge . . .

. . . cond this set of A end B factors is significont to a waiting
device with a woit time factor of 6.5.

Figure 11. Use of Pnomy Time Factors

val is assumed to be unbounded. For example, a de-
vice may have three sets of A and B values which
describe the prlor}tv load function over three contigu-
ous intervals. I e 11 shows the priority time factors
and A and B fa Lton as they appear in Table 1 for an
ma 1443 Printer Model N1 with a 13-character set.

Priority Load Fermula

The A and B factors and wait time factors in Table 1
have heen provided for use in a formula that yiclds the
priority load which occurs when a priority device
interferes with a waiting device.

h 2

by dividing the A factor by f‘u wait time f?ckor of the

vaiting device is the priority load. The arithmetic
(,‘OI\S like this:
A/wait time 4- B = priority load

Table 1 provides pricrity load factors for data chain-
ing byte counts of 20 and 100; the factors may be in-
terpolated or extrapolated for other counts by using
a linear function of 1/count.

The procedure for using arbitrary counts is:
1. Use the wait time to select A and B factors for a
count of 20, compute the priority load, and call it Leo:

A2 ; .
wait 1517?; SR :

2. Repeat step 1 for a count of 100, and call the
result Ligo:

A1oo

wait time

4+ Bico = Lioo

3. Compute the priority load for the desired count:

o5 = Priority load for
TEL 8o gl 20 — i de
L1ioo 4 (count 3) (L-O L"”’) count

Previcus Load

A waiting multiplex mode device may be forced to
wait for channel facilities, not only by devices with
higher priority, but also by a device with lower priority
that is in operation when the waiting device requests
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channel facilities. This interference is called a “pre-
vious load” and must be added to the priority load
caused by priority devices. The device with lowest
priority on the channel has no previous load; a zero
value is used in the addition. Previous load factors are
provided in Table 1. )

Load Sum

Several load factors relating to multiplex mode opera-
tions have been described:

Device load (contributed by waiting device)
Priority load (contributed by/each priority device)
Previous load (contributed bv a lower priority device)
These loads are added together to form a load sum
for each waiting device. The load sum reprosents the
total load on system c}mfmcl facilities under a worst
cabe condition when: .'

1. All priority devices are causing maximuna priority
loads.

2. Any lower priority device, already in operation,
is making maximum demands on channel facilities
(previous load).

3. The waiting device places its maxirum devie
load on chaunel facilities

A step-by-step procedure for computing load sums
is given in “Multiplex Mode Evaluation Procedure.”

Muliiplex Kode Channe! Losd Limii

A numeric factor of 100 has been established as the
multiplex mode channel load limit. If a load sum ex-
ceeds 100, loss of performance or overrun is indicated
during worst case situations.

Lost Performence Time

A Toss of performance indicated by a load sum greater
than 100 is caused by the waiting device’s having been
forced to wait past its wait time. This reduced per-
formance may be inconsequential in many cases, as
shown in the following illustration. The total length of
time the device waits for channel service during a
worst case situation is computed as:

load sum x wait time (ms)

T o T total delay in channel service
multiplex mode channe (in ms)

load limit of 100

Wait time is subtracted from the quotient to find the
amount of time lost:
total delay in ms — wait time = lost performance time in ms
By relating the amount of time lost to the device’s
normal operating cycle time, the effect on performance
may be seen: '

lost time

——- X 100 = percentage loss of performance
cycle time

For a hypothetizal device having:
Wait time = 20 ms
Load sum = 120
Cycle time = 200 ms

The arithmetic is:

120 load sum x 20 wuit time
100 (limit)

= 24 ms total delay

and,
24 ms total delay — 20 ms wait time = 4 ms lost performance
: time
and
4 lost time

— x 108 =

_ 2 percent loss of performance
200 cycle time

(occurring only during worst case
situations)

Muitiplex Mode Evaluation Procedure

The following step-by-step procedure is used with a
System/360 Multiglexer Channel Worksheet, Form
X24-3407, shown in Figure 12. (Figures 12-15 and
17-21 are part of the appendix; they are at the end’
the manual so ther ean be removed easily for refer-
ence.)

Most of the steps call for an entry to be made on
the worksheet. Each cireled number shown on the
worksheet in Fi 13 refers to the numbered step
in the following “"*ocedwre For e\'ample a Circ:led
namber 1 is shown &2 the top of the worksheet in gach
of the two spaces fhat receive the entries ca ‘cd tor
by step 1. As an additional aid in seeing where entries
are made on a worksheet, refer to Figure 14, which
shows a worksheet $hat has been completed for a con-
figuration specified in the next part of this section.

The following pmecedure assumes that the sel
channel con

21

_,.

ector

curatin has already been defined and
evaluated (cs ctor Channel Loading”).

1. Eunter the s identification and the date.

2. Identify for esch operating selector channel the
device that has the zr

3. For the d
A, B sets 21 ed wmder “Selector Cnaund Priority
Load” in Table 1.

4. Arrange the multiplex mode devices proposed
for simultaneous eperation in sequence by priority
categories (1, 2, and 3), as specified for the devices
in the Table 1 colwnn headed “Key.” Within the pri-
ority categories, arrange the devices according to in-
creasing wait time; the device with the smallest wait
time appears first {receives highest priority). Then
enter the devices gz the worksheet in the scquence
just established.

5. For the first device entered in step 4, enter from
Table 1 the wait time; the “time, A, B” sets listed under

eatest load value.
ey 1&..' entered in step 2, enter the “time,

e



“Multiplexer Channel Priority Load”; the previous
load; and the device load.

8. Repeat step 5 for each remaining device entered
in step 4; the lowest priority device has no previous
load factor.

Compare the wait time factor of ths first waiting
device being evaluated to the time factors of the pri-
arity device for the first selector channel; enter the
set of A and B factors that relate to the time interval
that includes the wait time (that is, the set that is
on the same line with the largest time fector that is less

han the wait time factor).

S. Repesnt step
devices.listed for the other selector chas

9. For the second and each other ssaiting

#the prierity
n step 2.
device

7 with the time Tactors <

on »" - miltiplexer channel, compare s wait time to
the .ae factors given for each of the s2i

pricrity devices (steps 7 and 8) and =

the multiplexer channel devices with %ig
enter. the ;_‘*)1 opriate set of A and B &
the set that is on the same line with 3
factor that is le than the wait ime).
10. For cach multiplexer channel waiting device,
add the sclected A factors and enter tha A sum.
11. Divide the A sum 'b\/ t] e wait tins factor for the

3 . 1

r priority;
ors (that is,
largest time

Lalss ».(\. ‘« TR R | i A\n\,;_ L
19 lor cach mmunlmcr chemmel muiting device,
add the B valaes, the quotient found in step 11, the
]

I avrioe e 5
aevice xmd, and

enter this sum

the previous joad, and
s the load sum. The load sum nust be less than or
equal to 100 for satisfactory operation of the waiting
device. Tf a 2702 T:ansmission Contro! has a load sum
areater than 100, further evaluation i sequired; con-
sult the “Load Sums for 27027 part of this section.

-

Worksheet Example

e ; . . e v
1he following 1/0 configuration is evaluzted for use on
a Medel 50 (Figure 14):
Selector channel 1 2311 Disk Storage Medel 1, no data
chaining
Selector chanmel 2 2401 Magnetic Tape Uait Model 6

- (180 kb/sec), no data ¢haining
2401 Magnetic Tape Urit Model 6
(180 kh/sec), no data chaining
2501 Card Reader Mefel B2 (EBCD)
2521 Control Unit
2540 Card Read Pumch Model 1
(reading EBCD)
1403 Printer Model N1
- lines a minute)
1403 Printer Model NI (1,100
lines a minute)

1052 Printer-Keyboard 2
(2130 Consadle)

Selector channel 3

Multiplexer channel

(1,100

fodel 7

The completed multiplexer channel worksheet for
the given configuration is shown in Figure 14; it shows
satisfactory operation for all multiplex mode devices:
no load sum exceeds 100.

Worksheet Eniries for 2821

Each device attached to an mat 2821 Control Unit is
evaluated as if it were a separate control unit. Each
device has its own channel service requirements and
is evaluated in a separate column on the muliiplexer
channel worksheet. The space provided on the work-
sheet may not be SU{EC"C’]Wt for evﬁ]natinv all the per-

tinent ‘Le\ ices, and the user must then make appropri-
o 335
The priority sequence for 2521 devices is:
“ard Read Punch Mc d 1 (Reading)

2540 Card Read Puuch Model 1 (Punching)
ter Control No.
inter Control No.
Printer Control No.

W o

i2i4 2702 Consid
The 1M 2702 Transmission Contrel may connect a
variety of comumunication terminals to a multiplexer

charnel: 1

crations

-5 or 1-31 terminal lines may be connected.
The 2702 uses delay lines for storage of data and
control information. The information circulates in the
delay lines and may be accessed for transfer to or from
the multiplexer dwawwl or to or from a terminal.

When priority devices force a 2702 to wait for chan-
nel service, adc huon al delay may occur in the 2702 be-
cause of time required for synchronization with the
delay line. Such additional delay exists only for the
2702 and does not affect other devices on the multi-
ple\'er channel.

A bit of information takes a certain length of time to
go once around a delay line. A 2702 with a capacity
for 15 terminal lines takes 0.4S0 millisecond per revo-
lution, and a 31-line 2702 has a delay

1Ces

line revolution
time of 0.992 millisecond. The number of comamunica-
tion lines attached to a 2702 has a direct bearing on
how long it can wait for channel service. Maximum
wait time exists when only one communication line
is used. Each additional line in operation reduces the
time a 2702 can wait for channel service.

In addition, the data transfer speed of a terminal
affects 2702 wait time; a high-speed line cannot wait
for channel service as long as a lower-speed line.
Therefore, the wait time factors specified in Table 1
vary with the type of terminal control and number of
lines available. The factors shown in Table 1 for the
2702 are for all lines operating at the same speed.
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Workshest Example With Two 2702's and a 2821
The following Model 50 1/0 confiiguration is evalu-
ated:

Selector channel 1 2303 Drum Storage Model 1, no

data chaining

2311 Disk Storage Model 1, no

data chaining )

2401 Magnetic Tape Unit Mcedel 3
(120 kb/sec), no data chaining

2702 Transmission Control — 15 1030’s
(Terminal Control II) at 600 bps

2702 Transmission Control — 31 1030’s
(Terminal Control I) at 135.5 bps
2821 Control Unit

2540 Card Read Punch Model 1

(Reading EBCD)

2540 Card Read Puunch Model 1

(Punching EBCD)

1403 Printer Model N1 (1,100 lines

. a minute

1403 Printer \Iocm] N1 (1,100 lines
a minute) ‘
1052 Prmter-heyboard Model 7

The completed worksheet for this configuration is
shown in Figure 15.

The load sum for the ma 1403 Printer Model N1
with fifth priority is 102.3, and the load sum f“r the
1403-N1 with sixth priority is 114.3; these su
cate a loss in performance for both printers
worst case conditions.

The maximum length of time that channel service
to the 1

Selector channel 2
Selector channel 3

Multiplexer channel

s indi-

under

1403-N1 with sixth priority would be delayed

ice load sum x waiting device wait time
5 100

waiting

maximum delay in ms

Values for the 1403-N1 are:
114.3 x 15.7/100 = 17.9 ms

The 1403-N1 can wait 13.7 ms for its buffer to ba
serviced; in this worst case situation, it must wait an
additional 2.2 ms (17.9 — 15.7 == 2.2). The 1403-N1
ordinarily prints a line in 54.5 ms. An increase to 56.7
ms during a period of maximur priority loads is an
increase of 4 percent.

When a 2702 has a load sum in excess of 100, the
following “Load Swums for 2702” is pertinent.

When a 2702 contributes a priority load to any de-
vice having a load sum in excess of 100, the ¢ Pnonty
Load Factors for 2702 is pertinent.

Load Sums for 2702: The wait time, device load, and
previous load factors specified in Table 1 are con-
servative values,
computing 2702 logd suns give

and in most instances their use in
s an indication of satis-

" factory operation. However, whcn a 2702 load sum

exceeds 100, a more detailed examination is called for.
To this end, a special
the 2702 is provided in the next

analysis procedure unique to
section of this manual.
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The procedure wses a special 2702 worksheet for anal-
ysis, and resolution is to a single delay line cycle.
When - the special analysis indicates satisfactory
operation of the 2702, attention may be retuined to
the multiplexer channel worksheet for evaluation of
the next waiting device. If, however, the special anal-

_ysis load sum stiil indicates an overrun, some of the

communication lnes may have to be connected to
another 2702 in order to eliminate overrun.

In a system with a large number of terminal lines,
construction of a '7robab1hst1c model may lead to the
conclusion that te frequency of overrun will not be
great enough to te objectionable for a particular ap-
plication.

27902 Performonee

If the meltiplexer mode evaluation procedure finds a
load sum greater than 100 for an M 2702 Transmis-
sion Control, the more sophisticated performance
analysis given hiere may indicate that operation is satis-
factory.

The soccal analysis assumes that all attached com-
munication lines will request service during a single
and that a scanning sequence
will oceur that gives service last to the highest speﬂu
cornmunication lise. The analysis reveals whether,
considering priority loads, the number of delay line
revolutions available is sufficient for the total dehy line

Spacial Analysis of

delay l!'z: revolutinn

revolnfion icquiremgguts of all comyaunicgibon lines.

It is seldom necessary to test every communication
line’s requirements for delay line revolutions. After a
communication line tests satisfactorily, a projection is
made of both the minimmum and the maximurm number
of revolutions needed to service the remaining com-
5. When a projected maximum is fewer

munication lin

than the maximuir revolutions needed for the highest
speed rémaining lme, satisfactory cperation is indi-
cated and no further analysis is required. Similarly,
if a projected minimum is greater than the maximum

evolutions needed for the highest spced remaining
cated, and the analysis is com-
plete. s

The projections are made on the 2702 worksheet
as the procedure progresses. Figure 16 illustrates the
relationship of the two projections to the maximum
number of revolutions needed for the highest speed
line. Satisfactory eperation is indicated in Figure 18
whenever an upper eurve crosses the line indicating
the maxiraum musber of revolutions before overrun.

To determine the number of delay line cycles re-
quired by a particular communication line, tables of
factor values are provided in this manual for use with
the 2702 Worksheet, Formn X24-3408. -

s

—

z'z:-:r, overrun is ind

s et A
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sare 16, Projection of Delay Line Revolution Fequirements

The factors are used to compute a Jezd sum occur-
ring during the servicing of each commumication line.

Le load sum consists of priority loads ed by se-
lector channel priority devices and by m..mp’»excr
channel priority devices, plus a device Joad factor and
a previous load factor for the terminal being tested.
. The va_jous factors are entered on the 202 worksheet
~ used to compute a load sum which is then
A;d to the ]oad limit alrcady weified on the
revolution

8 Cau

and

worksh

{ first, second, etc).

If the load sum is greater than the specified load
Yim zt the communication line nnder consideration re-
‘quires an additional delay line revolution. The pro-
qued minimum time for service is iacreased one
tevolution and tested. If overrun is not indicated, the
next column of the 2702 worksheet is used to compute
a new load sum which is compared, ete. :

' 1f, however, the first load sum mentioned in the
previous paragraph was not greater than the specified
load limit, adequate service is indicated for the com-
munication line under consideration, zad if it was
serviced in one revolution, or if it is the last communi-
cation line to be considered, satisfactory operation of
the 2702 is indicated. But if the communication line
serviced was not the last one and was nat serviced in
ay revolution, it is necessary to see if the remain-

ing communication lines can be serviced within the
number of revolutions remaining to them. A new pro-
jection of the maximum time for service is made.

In this ana]ysis} no communication line remaining
to be evaluated will take more revolutions than the
communication line for which's ;‘xtisfactory service was
just indicated; therefore, if the number of revolutions
it required is mu'*}p‘xed by the number of remaining
lines and the results compared to the remaining num-
ber of revelutions available, a low or equal comparison
indicates satisfactory operation, and the analysis is

con*plete. A high comparison indicates a need to test

the next communication line. This is done by trans-
fe rlmg ralues on the worksheet in use to a new 2702
worksheet and testing the next communication line
for satisfactory operdﬁon A load sum is computed

and compared with the load limit. Comparison results
have the significance already described.

Szecial Analysis Procedure

procedure is used with
sheet, shown in Figure 17. { s 17-¢
the appendix; they are at the end of t
they can be removed easﬂ_\’ for reference.) Most of
the steps call for an entry to be made on the work-

The cimcled s e st B

.A.ul'-.’)~ ’ 3 cthite

a 2702 work-
21 are part of
e manual so

The following

&

L'J

{ Yfi.;—n‘-‘ N
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1

in Figure 18 refer to the nu )b(n d steps in the pro-
cedure. The procedure is shown in fowchart form in
Figure 19. This flowchart also is keyed to the num-
bered steps in the procedure.

To use the 2702 worksheet, perform the following:

1. In three places, enter the number of communica-
tion lines proposed for attachment.

2. Enter 1 as the line nuinber.

3. Subtract the step 2 entry from the step 1 entry
and enter the remainder as K.

4. In Table 2, find the smallest Nmax value that is
listed for the terminals proposed for attachment and
enter that value. ?’ "

5. From Table and j
load values shown for the terminal selected in step 4.

6. Identify the sclector cljénnd and multiplexer
channel priority devices in the leftmost column in the
order of their priority (copy from the multiplexer
channel worksheet).

7. For tl, enter a value of zero.

S. Enter zero values in the Al and B1 spaces.

9. Enter the t2 vahue.

|
2, enter the device Toad previous

When j = 1, the 2 value is:
t1 + .464 for a 15-line 2702
tl 4 .976 for a 31-line 2702
When j > 1, the t2 value is:
the previous t2 + 480 for a 15-line 2702
the previous t2 + 992 for a 31-Jine 2702
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10. Use the t2 value just entered to select A2 and B2
factcis from the left-hand column of the multiplexer
channel worksheet. Copy the selected A’s and B’s from
that worksheet into the A2 and B2 spaces on the 2702
worksheet.

Norte: If the 2702 that is being evaluated has a con-
figuration of terminal lines that operate at different
speeds, use the A and B factors in Table 1 for the
highest speed line or compute the factors by using
the procedure described in the “Priority Load Factors
for 2702” part of this section.

11. Enter the Al sum and Bl sum; this step is per-
formed only once per worksheet. (When the line num-
ber is 1, the A1l sum and the Bl sum are zems.)

12. Multiply the B1 sum by the t1 value and enter

the product; this step is performed ounly once per
worksheet.

13. Determine and enter the A2 sum and the B2
sum.

14. Multiply the B2 sum by the t2 value and enter
the product.

15. Subtract the A1l sum from the A2
the A remainder.

16. Subtract the Bl product fr
and enter the B remainder.

17. Add the A remainder, the B remainder, the de-
vice load, and the previous load, and enter
as the load sum,

18. Comypare the load swr LA riate. lsad
limit shown at the bottom of tlk \\r)vl J~
Ioad sum is not gl'CuxCr, ac Kplate cornrnunic

sum and enter

m the B2 product

ation line
1. If it is greater, the
communication line needs another delay
tion; go to step 19.

19. Add I to the last-entered n value; enter that sum
in the next n space.

20. If the new n value is greater than the Nmax
value, no ]

service is indicated; go to step 2
line revolu-

additional delay line revolution is available
Overrun is indicated. If
the new n vahwe is not greater than Nmax, go to step
9 and repeat the performance analysis for the new
delay line revolution. When j is greater than 8, the
analysis must be continued on another worksheet

for the communication line.

-

each new load limit is then computed by adding a load
limit increment to the old load limit.
Load limit increment:
48.0 for a 13-line 2702
99.2 for a 31-line 2702
21. The step 18 load sum was not greater than the
load limit, m(hmtm“ adequate channel service for the
communication line under test. If this line is the last
— the
number of lines), or if it was serviced by the first

communication line (that is, the line number

36

delay line revolgtion (j = 1), satisfactory operation
of the 2702 is indicated. But if the communication line
serviced was not the last one and was not serviced by
the first revoluticn (that is, if j is greater than 1), add
its n value to the product of its revolution number
minus one (j — 1} times X, and enter the sum in the
space at the botiam of the worksheet, where n -
(j — 1 K is pripted.

If the value just entered is not greater than the
\ma\ satisfactory operation of the 2702 is indicated.
If it is greater, get a new 2702 worksheet.

23. Make the szme “number of lines” entry for the
new worksheet as was on the old worksheet. Enter the
value last used on the old worksheet in the spaces
und ertland j=E
24. Enter a new line number one greater than .the
old line number.
25. Subtract the step 24 entry from the step 23 eniry
for “number of lires” and enter the remainder as K.
26. Make the same entries made in steps 4, 5, and 6.
27. Enter a new tl vahxe by adding 0.048 to the
old t2.

28. Use the new t1 va evice :‘
and B factors from the mu kshee
and enter the factuzs in the Al d Bl spaces.

29. Go to step &

2702 c,zwcxc:l Analysis Zxample
Figure 20 she ws & mulbiplex mode evaluativn of the
following 170 cor ion
Selector channel 1 2314 Direct Access Facility ~
sctel 1, no data chaining
Selector channel 2 Disk Storage Model 1
data chaining
Selector channel 3 Disk Storage Model 1,
ao data chaining
Multiplexer channel 2 Transmission Control — 13 .‘.'3 s

verminal Coutrol II) at 600 1

{02 Transmission Control -- 1..) ,LO»?t) S

(Terminal Control II) at 600 bps

02 Trausmission Control — 13 10307

Tcrmmm Contrel 1I) at 600 bps

22 Transm si(m Control — 5 10390%s
Terminel \\num II) a: GO0 bLps

il 10 1030’s {Terminal Control I) -

at 135.5 bps

1052 Printer Kes ooard Model 7

2
(

h:(

i ¥

Figure 20 shows an excessive load sum of 108.3 for
the 2702 having forsth priority; use of the 2702 special
analysis procedure is indicated. .

Figure 21 shows the completed 2702 Worksheet used
in the special analysis. The 2702 special analysis pro-
cedure in the preceding part of this section was used
in making the entrius.

Figure 21 (Sheet 1) shows service to be completed
for the 1030 on the eighth cycle; the projected maxi-



mum number of cycles needed is 120, which is greater
than the Nmax of 30; a new 2702 Worksheet is used.

Figure 21 (Sheets 2-4) continue the analysis. The
Nmax factor of 30 does not change; the procedure
zssumes that if all terminals request service, the 1030
may be the last to be serviced. The Nmax factor for
the highest speed line is always used.

Figure 21 (Sheet 4) shows a satisfactory load sum
on the 28th delay live revolution. This indication of
satisfactory operation for the 2702 completes the
evaluation of the communication conf'"u ztion for con-
current operation.

Pririty Load [Factors for 2702 .
An 1BM 2702 Transmission Control may have terminal
lines attached that all operate at the same speed.
Whe is is the case, the priority Ioad A and B fac-
. tors sisted in Table 1 (for the type of terminal control
and the number of lines attached) are used for the
muitiplex mode evaluation.

An my 2702 may have a configuration of terminal
iines that cperate at different speeds. ¥Where this is
the case, the priority load factors in Tehle 1 for the
highest speed line may be used; the A and B facters
used are those listed for the number o s aitached.
When these faetors are used, the slower speed lines
receive undue weizht; but if their use does not cause
any load sum to exceed 100, satisfactory operation is
indicated, and the disparity in line sl,r.-r:ds may be
ignored. .

If their use indicates unsatisfactory multiplexer
channpel operation, however, a more acgurate assess-
ment of the situation may be made:

1. Retain the first set of “time, A, B” factors already
enter~ 1 on the multiplexer channel worksheet for the
vrici 2702 and also retain the time factor from the
second set.

2. As described below, compute a new second set
of “A, B” factors, which then replace the second set
already enteréd.

New load sums are then computed. Any new load
sum that is less than or equal to 100 indicates satis-
factory operation for the Igad sum device.

Each new second set of “A, B” factors is computed
as specified in steps 1-3. An example computation is
shown immediately following step 5.

1. Select from Table 2 a b factor for each type of
terminal. Multiply each selected D factor by the num-
ber of terminal lines having that b factor, and add all
the products. The sum of the products is the new B
factor.

2. Subtract the new B factor from the B factor
specified in the first set of “A, B” factors already en-

tered; then multiply the remainder by the time factor
retained fromn the second set.

3. Add the A factor specified in the first set of “A,
B” factors already entered to the product found in step
2. The sum is the new A factor.

4. Substitute the “A, B” factors just determined in
place of the second set of “A, B” factors previously
entered on the m uluplcxcr channel woxksheet for the
priority 2702.

5. Repeat steps 1-5 for any remaining 2702 priority
devices and then consider the new “A, B” factors in
computing new load sums for the devices previously
found to have excessive load sums.

A nevw second set of “A, B” factors can be computed
for a 2702 with a mix of line speeds as shown in the
following example: 2

Consider a 15-liue 2702 to which is attached:

. One 1030 line (Terminal Control 1) —at 600 bps
Ten 1030 lines (Tern:inal Control I) at 135.5 bps

Step 1. From Table 2.

Step 2. From first set:

From second set:

Step 3. From first sels

From step 2: 572_'_/_ +
60.S8
Step 4. Previous priority load factors (from Table 1):

TIME A B

200 3.59 7.60
721 46.4 1.67
New priority load factors:
TIME A B

.200 3.59 7.60
7.21 60.86 .35

IBM 2703 Cansiderations

For this evaluation, see Tables 1.1 and 1.2. Table 1.1

covers the channel evaluation factors; Table 1.2 tabu

Jates 2703 priorities.

In the calculations:
Base A has N(A) lines with P(A) priority and te (A)
wait time. i
Base B has N(B) lines with P(B) priority and tc(B)
wait time.
Base C has N(C) lines with P(C) priority and t.(C)
wait time.

- Priority (P) is obtained from Table 1.2.

The wait time of the highest speed line is te; it is
obtained from Table 1.1.

T(X) is the effective wait time of base A, B, or C
(denoted by X).
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te(X)
Ne(X)
all bases which may obtain
on this base (X).
Ne(X) = N(X) + S(X, Y1) + S(X, Y2) where:
- NEXF/B(X) Thare r(X) "
S(XLY) = | =20 I N(Y) = N(Y
(%1 = | Riieen | N0 = [58 ve)
= [R(X, Y)I N(Y),and R(X, Y) max = 2.
The smallest T. determines the critical base.
The largest N, determines the priority load.
/
f
1. Find most critical base (mnl est Te).
|/ 386 N.

e 3

Te(X) = where N. is the number of lines on

service before the last line

Procedure for one 2703:

o

. Compute device Ioau, La =

(K = 0.015 N. except when another 2703 or a
buffered
multiplexer channel;
3. Multiplexer chaunel priority load Ly is found by

d device is operating simultancously on the

in that case, K = 0.)

using “Multiplex Mode Evaluation Procedure” for
all higher priority multiplexer channel devices. Se-
lector channel prim'itv load Ls is found by a similar
proceclure. Table 1 is entered with T = t. (wait
time of the highest speed line of the critical base).

4. Previous load L, == =Ly of all lower priority db
vices up to L max = L.

5. La ++ Ly - SLa - SLs = 100. Load sums in
excess of 10y dpdigate an overrun ou the Z703.

.

Procedure for t“ 0 2703's:

. Same as preceding Step 1 for each 2703.

. Same as preceding Step 2 for each 2703,

- (In this procedure, Steps 3 and 4 for one
combined.) The effect of priority load and previous
load of one 2703 on another is determined by con-
sidering the fact that a 2703 always delays a short
time between its own consecutive recuests for

GO 1O

~n0
2703 are

service, thus allowing other devices to utilize the
channel.
In the following equations:

(Code 1) = AU devices of a priority hicher than the
higher priority 2703.
(Codz 2) = All devices of a priority lower than the

lower priority 2703.
(Code 3) = The other 2703.
The first of the two 2703’ is the more critical: it limits
the allowable Selector Channel Load.

For the higher priority 2703:
L, =L, (Code 3) 4 L, (Code 2)
AT 3.86 Ne max (of second 270 03) + SLu (Code.2)
te  (of first 2703)
up to L, max = L (of first 2703).
Ly = =Ly (Code 1)

For the lower priority 2703:

Lo = La (Code 3) + Ln (Code 1)

oy 3.88 N. max (of first 2703)
S t (of second 2703)

up to Lz max = Lq (of second 2703).
Ly (Code 1) is found as in Step 3 of the procedure
given for two 2705's.

Ly =L, {Code 2)
Ly + La (Code 3) < La (of second 2703).

When more than two 2703’ are attached, they may
be evaluated as successive pairs. The procedure for
the first pair is the same as that for two 2703's. The
third 2703 does not obtain service until one of the
first pair lias completed service of N max lines. The
remaining lines of the other 2703 then “alternate with
the third 2703. The last 2703 in the series is londed by
all pairs of 2703’s having higher priority.

that may be \.\1“)? ‘wcnre the Iast TOS is able to

complete its service reg

uirements.

Example 1 (One 2703)

Base A: N(A) = 8Slines of 1030
P(A) = 6, and t.(A) =595

Dase B: N(B) = 24iines of 1030
P(B) = 4, and t.(B) = 13.3

Base C: N(C) = 2{4lines @ 2400 bps
P(C} = §, and {C(C) =6

N{A) SS =

T TR e T 14 == ‘/:\

P(A) — 6 ) :

N(B) 24 p

------- & =——=6=1fB)

P(B) 4 s,

N(C) 24 .

—_— = =3 = )

L~ 8

¥ (X)

B{X, Y2t

st ¢

Ne(A) = N(A) +5/4,B) +5(A, C)
= N(A) + R{A, B) N(B) + R(A, C) N(C)
A5 7o %i (24) + ]iL (24) (See Noie)

= 8S 4+ 2(24} -+ 2(24)
= 881 48 4 48

= 184
LY (X
feld) = \<(1x)\
— 59‘15__ 7973
—]§4 O.w}.‘-)

e

i

e

v



14.7 .

Note: *6—‘> ,..R(A,B) =2

MT 5 - R(A,C)=2

N(B)»}-S(B,C)-{-S(B,A) .
= N(B) —I—R(B C)\T(C) L R(8,A) N(A)

== 24
+ 32y - 2 (s9)
=4 o (2) (24) + (0.408) (83}
= 924 1 48 436
== 16
te(B)
T(B) =
(B) N(B)
BELE T
108
N.(C) = N(C) 4+ S(C,A) 4 5(C, B)
= N(C) 4+ R(C,A) \’(}‘) 4 B{C, B) N(B)
b 3 3
= 94 4 ——= (88) + — (24
o (89) + 5 (21)
== 24 -1 (0.204) (88) + (0.3) (#4)
= 24+ 18+ 12
= 54
e 3 C)
Tl G == B
bl = et
8
= — =0.111
54
RBase C is critical base, N max = 1584
3.86 N 86 {3% 2
Device Load == Lg = 3.86 Ne P 3.86 { } == B9

t—K 620

Asy" wlp=0
Assane that 2 1403 Model 3 has lower piurity.
Then:
Iy =Lnof 1403 @t =6
(From Table 1: A = 185, B =0)
185
Ly == ‘0 —=3]
Ls + Ly 4 XLx 4 xL. =100
Ly 4 L, o Ly = 66, SL, + 66 == 100, SL, == 34
L. cannot exceed 34 (one channel of 2314 or two
chamels of 2311’s).

Fxample 2 (Two 2703's)

A4d a second 2703 to the configuration is Example 1

- Compute the first 2703 as before.-

For the second 2703:
Base A: D o7 lines of 1050

N(A)
P(A) 9, and te(A) = 59.5

Base B: N(B)
P(B)
Base C: N(C)

94 lines of 1030

= 4, and t:(B) = 13.3

16 lines @ 2400 bps, 6-bit code
autopolling

P(C) = 8, and t.(C) = 4.1 -
N(A) _
—16=r(A
P(/&) '2 ()
N(B)
e ::___._: — (B
P(B) 4 EGE)
T/
‘\\»—C—)::EQZZZI(C)
P(C) 8
I r(X)
R(X, Y] = Del
U, T) = X
N.(A) = N(A) + S(A,B) 4+ S(A,C)
— N(A) -~ R(A, B) N(B) + R(A, C) N(O)
= 324 28 (24) 4 18 (16) See Note)
6 2
3249 (24) 4 2 (16)
32 4 48 4- 32
= 118
Note: 2259, " R(A,B) =2
6
Bes of - RpAMCY =2
-2->2, R(B,A) =2
oy o te(A)
Tel8) = R(A)
59.5
112
— 0.53
N.(B) = N(B) +5(B,C) -+ S(B, A)
— N(B) 4+ R(B,C) N(C) 4 R(B,A) N(A)
— 24 4 -15(:3:2) +36)  (SeeNote)
- 94 4 0375 (32) 4- 2 (16)
= 24 412432
— 68
Z\’ofc:%6>2, R(A,B) =2
}9§>2, R(A,C) =2
g->2 R(B,A) =2
te(B)”
T(B) = :
(B) = N.(B)
“ 138
= 6
0.196
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s

Ne(C) = N(C) -+ S{C,A) + S(C, B)

— N(C) + R(C,A) \(A) 4+ R(C, B) N(B)
. 9

= = (S \ 9
16 + T 32 i (21)

- 16+0.1~2;(32)+0.3&3(24)

— 16--4+8

=08

) = _ﬁl\t;((cc))

Aad

28

= 0.146

Base C is critical base, Ne max = 112

Device Load (of second 2703) = La (

28) 965

La (of first-2703) == 35 (from Example 1)
Ln (Code 1) = 0 (from Example 1)

Assume a 1403 Model 3 has lower priority.

For the first 2703:
Ly= 3Ly {Code 1) =0
L, = L. (Code 3) + L, (Code 2)

3.86 Ne max (of second 2703)

Ly = & (of first 2703) 41, (Code 2)
3.86 (112) T‘““- i
== —-6——;:1$—;—01_Lu\)
But:
Ly, max = Lq (of first 2703) =35
Lilan=.35

La -+ Ly 4 Ta= 70, 3Ls
Ls cannot exceed 30

470 =100, sLs = 30

For the sccond 2703:
Lo = Lx (Codz 3) - Ly (Code 1)
But:
Ty (CG(Z@ ]) =={)
3 e (00 P e
te <0/‘ second X1 03/‘
3.86 (184)

41 o &
But: 2
Ln max = La (of second 2703) = 28.3
Ly =1, (Code 2) = 185 iy

41

38.2°

L, + Lx (Code 3) < La (of second 2703)
But:

45+ 175 > 265

. g = @

La+L,+Le=33

.Sywchrcmzchon Teadency of Bufier Servicing

When evaluation of a multiplex mode configuration
shows loss of performance for several buffered devices,
additional analysis may show a reduction of the indi-
cated loss because of the tendency of multiple bufi-
ered devices to syﬂcin‘onize to a greater or lesser
extent, their use of channel facilities.

By estimating the delays involved in servicing the
device’s buiers and by 1elating the delays to the de-
vices requests for ckannel service, it may be discovered
that some of the buffered priority devices do not in-
terfere with buffered waiting devices to the extent
premised in the evahsation procedure. The procedure
assumes a random relat mnshlp between the operations
of the various 1/0 davices that may not apply to bufr-

ered devices.

th of two card readers in opera-
service at the same time, the
higher priority device will force the other device to
wait; and having once waited, the second card reader
will next request channel service after the first device
has alreadv made its naxt requast for channel
The two new requests will not coincide unless the first
card reader has been similarly delayed by some other
device. This synchronization effect tends o organize
buffered devices reguests for channel service into a

¢ them on

For exemple, if bo
tion request channel

seryica,

ot

secuence that enal

fes the channsl to servic

a rotating basis, and a loss of performance premised
on rand mel service requests may be signifi-
cantly redu

The analysis of the synchronization efect is cone by

laying out t‘n.c operating cycles of the buffered devices
in their priority segnence, one below another, on a
millisecond scale. The devices that operate satisfac
‘:A E_’: pr.‘il.‘!’:. (Aw I‘!"Q VW

starting point is esiablished 'on the millisecond scale
for each device found to incur delay. The resulting
synchronization pattern may be studied to see which
buffered device prisrity loads may be ignered in com-
puting new load sums.

Operation cycle times are specified in Syst
erence Library manaals for the devices.

ems Ref-



A channel operaticn on the Model 50 interferes with
cpu use of main storage whenever the channel re-
quests access to main storage. Additional cru inter-
ference is generated because the channels use some
cru facilities. ‘

The amount of cpu interference caused by an 1/0
deviee over a period of time depends on its data trans-
fer rate and its channel programming. Table 3 lists
ised to compute Model 50 cannel inter-
{erence with the cpu.

When an application requires the con
+ion of /0 devices, it must first be determ that the
devi  will operate without overrun. This is d,ne as
desci..ed in the channel loading sectiens of this

"m* opnrq-

manual.

Procadure

eraice |
'ZIEI' an indication of satisfactory operation
1, channel interference with the crpu may b e com-
after which t}le availeble cpu fime may be

nined. The l‘IOCL dure has three steps

TR s e DR,y N e DR ,‘,.....‘.q-....: T A

P

times, device operating cvele times, ete., ar
an 1/0 operation time span pertinent # he applic
tion. )

9. Calculate the cru interference cavsed during the
/0 time span by:

a. Execution of start 1/0’s
b. Execution of ccw’s

c. Data transfer

* 1/0 interruptions

3 stract the sun of total cpu interference time in
milliseconds from the 1/0 time span. The diference is
he milliseconds of time available for cev operations
during the time span.

Dividing the available cru time by the time span
and nmultiplying by 100 gives the percentage of avail-
able cru time for the application considered:
available CPU time

time span

v

-

x 100 = % available CPU time

Availalle CPU Time Example
Application

Tape-to-printer operation.
Cenfiguration

The Model 30 will use an 18yt 2403 Maznetic Tape
Unit and Control Model 2 (800 bytes per inch, data

conversion feature not in operation) on the first selec-
tor channel, and an a1 1403 Printer Model N1 (1,100

lines a minute) on the multiplexer chanmel.

Anclysis
The tape read operation will handle 1,000-byte tape
blocks data chained into 10 scattered 100-byte blocks
in main storage which lie on word boundaries

The printer may be programmed with a start 1/0
for each line of print, or it may be programmed with
one start 1/0 and nine chained commands for each 10
lines of print. The difference in cru interference caused
by the two approaches is examined in the example.

Eveluatica of Concurrent Qperction
The 2403-2 load value of 076 is less than the selector
channel load limit of 400 (for references to main
storage only, a data-chaining configuration of X-N/Op-
N/Op, with multiplexer operating, and Lwx); it will
set of “A, B” factors are
(QOO b pi, ﬂata conversion

run satisfzctorily. Only one
listcd for the priority 2403-2

Lot Ly R TASAV S I and dzj; HE ..;3 VWathl we CuldBie L
100); they are A = 0 and B = 7.3. The 1403 has a
wait time of 15.7. ;

The formula A/wait time -4 B = priority load
yields:
——-O—« 4 7.3 = 7.3 pricrity load

1w P

The 1403 device load is 11.8 and its previous load
is 0.6. A load sum is computed:

Priority load = 7.3
Device load = 11.8
Previous load = 0.6
Load sum = 19.7 |

The load sum is less than 100; satisfactory concur-
rent operation is indicated. i

j

_Arithmetic fer Channel ln?erfe:enc/é Example

The computation of available 'cru time demonstrated
below uses the {following three-step procedure:

1. Establish the 1/0 time span.

Compute the channel interference with cpu.

3. Subtract the sum of interference from the time
span to find the available cpu time.

The information necessary to execute step 2 is found
in Tables 1 and 3.

Table 1 provides data transfer rates, gap times, and
cyele times for 1/0 devices.

¥ Channel Interference With CPU 39



Table 3 provides the microseconds of cru delay per
byte transferred, both on the selector channels and
the multiplexer channel, plus the microseconds of cpu
delay per ccw execution and end interruption.

Step 1: Establish time span. !

The time needed to read this 1,000-byte tape record
block (24.7 ms) is listed on the tape timing card, IBM
System/360 Magnetic Tape Record Characteristics for
IBM 2400 Series Magnetic Tape Units, Form X22-6837,
or can be computed by using the formula on the same

card:

Model 1 — ms per record block = 16.0 4+ 0.0333N
Model 2 — ms per record block = 8.0 -+ 0.0167N
Model 3 — ms per record block = 5.3 4+ 0.0111N
N = Number of bytes in :c.ro d black
The time to print 10 lines is 10 times the 1403-N1
print cycle time (listed in Table 1):
10 x 54.5 = 545 milliseconds to print 10 lines

Because the tape and printer operations will be over-
lapped, the longer printer time of 545 ms is the time
span pertinent to the application configuration.

Step 2: Compute channel interference with cpu

Tape transfer interference time is the product of
the number of bytes in the tape block multiplied by
the selector chanel byte transfer cru interference fac-
tor, .95 microsecond (from Table 3):

1000 x .95 == 930 microseconds tape transfer interfercnce

' 1 s

ipe dala cuai,aag ntorferauce e s Uie proggct
of the numb(‘r of data chaining operations per record
block and the selector channel data chaining ceu in-
terference factor, 7 microseconds (from Table 3):

9 x 7 = 63 microseconds tape data chaining interference

Printer transfer interference is found by computing
the product of the number of characters per print line
times the multiplexer channel byte transfer ceu inter-
ference factor, 10 microseconds (from Table 3), times
the number of print lines handled during the time
span:

160 x 10 x 10 = 10,000 microseconds printer trm\';sl inter-
ference

Printer command time is the product of the number

of chained commands per time span times the multi-
plexer channel command chaining cru interference
factor, 29 microseconds (from Table 3):
9 x 29 = 261 microseconds printer command interference
Start 1/0 interference factors are referenced from
the instruction timing section of this manual, end in-
terruption factors are referenced from Table 3, and
total interference time may be computed:

40

Tape MICROSECONDS
Start I/0 35
Transfer interferewee (25 previously computed) 930
Data chaining irterference (as previously

computed) 63
Channel end interzzption g 22
Printer
Start I70 50
Transfer interferemce 10,000
Command chainizz interference 261
Chanrel end intermuption 28
Device end interrsption 58
Total interference fime = 11,467

Step 3: Compute available cpu time in milliseconds.
Available cpu time is found by subtracting the in-
terference time frem the time span:
545 — 11.3 = 333.5 milliseconds available CPU time
Step 4: Compute available cpu time as a percentage.
The cpu interference may be expressed as.a per-
centage by dividing the interference time by the time
span ”md multiplylng by 100:
(11.5/545) x 100 = 2.1 percent CPU interference

Zage e

Commuand CF:aim'ng F¥iciency

By ignoring printer data transfer interference, atten-
tion may be focu. < on the cpu interference caused by
channel control furctions for the printer. In the exam-
ple, command chaining may be eliminated if a start
1/0 is used for ezth.print line. A comparison of the

CPU interferences sdveed hy the two methods reveals

which is more eff=nt, as shown below.
Printer control mnterference using command chain-
ing is: /

MICRCSECONDS
Start I;O 50
Command chaining 261
Channei end 28
Device end 53
Printer control inteiference using cornmand
chaining = . 357

If command chaiwing is not used for printer opera-
tion each print line occasions a start 1/0 and two end
interruptions, and the following arithmetic applies:

f 5

MICROSECONDS

Start I/0 — 50 x 1§ 500
Device end — 38 x 2@ 2 380
Channel end — 28 x 19 280
Total ; 1,360

Printer contro! interference using no command
chaining is 1,360 microsecouds.

The use of a sturt 1/0 for each print-line occasions
1,360 — 397 = %3 microseconds of additional cru
interference. Command chaining is clearly more effi-
cient.




The instruction time tables presented here are divided
into bwo groups:

Group 1 This group of instruction times provides the average
timme for all instructions used with the Model 50.

Group 2 This group of instruction times contains the detailed
timing formulas for all variable field length (VFL)
instructions used with the Model 30.
All symbels used in the formulas thould be inter-
preted in accordance with the Legend for Sy stemy 350

Timing.

All times are given in microseconds. Complete in-
form'  a for each instruction is included in the pub-
licath. . IBM System/360 Principles uof Operation,
Form A22-6891. ]

fiv .uvg Cansiderations

were umd in the de\c]omn(nt of tl £se instruction
time tables.

1. The time required for indexing by a base register
is included in the times given. For thos
that may be double indexed (indicated by an asterisk
in the instruction name column), an additional 0.5
microsecond must be added to the times given in
the table.

2. Tn all arithmetic oy erations, positive and nega-
tive operands are equally probable.

3. Each bit locauo.l has equal probubility of con-
taining bit values 0 or 1, and each bit lecation is in-
dependent of other bit locations. Decimal data may
cont digit- values 0-9 in ecach digit position with
equarprobability.

4. Instructions may start on even or sdd halfwords
with equal probability.

<2 instruciions

<l-

Average Timing Formulas

fnstruction Times

5. Interruptions are not reflected in these timings.
( Exception: supervisor call. See item 4 under “Timing
Ascvmptions ”) Interruption times are stated separate-
ly in a table following instruction times.

6. All timings provided include both decoding and
execution of the instruction.

Tining Assumptions

The fo]':m\’ingf wssumptions (Lmlesq otherwise noted)
were used in the development of the instruction time
tables.

1. For decimel qdd (ar) and subtract (sp) instruc-
tions, the length of the first operand (i.e., destination
field) is assumed to be equal to or greater than the
length of the second operand (i.e., source field).

9. In the TRANSLATE and TEST (TRT) instruction, it is
assumed that a nonzero byte from a translate and test
table is found. )

The instruction times for the ﬂ\)dx““’lﬂli:t in-
lepead on the number of hexadeciinal diglis
that are preshifted and postshifted, as well as the
number of times recomplémentation of the result
occurs. Each of the floating-point instruction times
listed is an wverege of actual execution times. Although
each value is the most accurate that can be given, the
actual time is data-dependent.

structions ¢

4. The supervisor call {svc) instruction includes in-
terruption time.

5. Start 1/0, Halt 1/0 and Test 1/0 instruction times
and device end interruption times include average
control unit response times to interface signals from
the channels.

INSTRUCTIONS & DATA

INSTRUCTION FORMAT MNEMONIC IN PROCESSOR STORAGE

Add KR AR 325 + Go

Add® BX A 4.00 4+ G,

Add Decimal SS AP 6.22 4 1.13N; +- 0.533N,
+ T, (3.00 -~ 1.00N;)

Add Halfword?® RX AH 5.50 4+ G2

Instruction Times
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i

i~

INSTRUCTION
Add Logical
Add Logical®
Add Normalized (Long)
Add-Normalized (Long)®
Add Normalized (Short)
Add Normalized (Short)*® //:
Add Unnormalized (Long) ‘/

|

Add Unnormalized (Long)®
Add Unnormalized (Short)”
Add Unnormalized (Short) ®
AND
AND®
AND
AND
Branch and Link
Branch and Link®
Branch on Condition
Branch on Condition®
Branch on Count
Branch on Count*®
Branch on Index High
Branch on Index Low or Equal
Compare
Compare®
Compare Decimal
Compare Halfword®
Compare Logical
Compare Logical®
Compare Logical
Compare Logical

Compare (Long)

42

FORMAT

RR~

RX
RR
RX
RR
RX
RR
X
RR
RX
RR
RX
SI
SS
RRR
RX
1R

MNEMONIC

ALR
AL
ADR
AD
AER
AE
AWR
AW
AUR
AU
NR

NI
NC
BALR
BAL
BCR

BC

BCTR
BCT
BXH
BXLE
CR

Cp
CH
CLR
CL
CLI
CLC
CDR

INSTRUCTIONS & DATA
IN PROCESSOR STORAGE

3.95

400

9.81

11.94 |
797 1
8.73

9.57

11.76

748

8.24

5.00

575 : i
6.50
12,19 2 150N
3.00 4 1.25F,
450

275+ F,
3.00 - F;

3.25 4 F; 4+ 0507,
350 £ F,

430 + F,

450 3+ F,

'3.23

4.00

12.03 -+ 1.63N; 4 047Nz
5.50 ‘

3.00

4.00

450

10.00 - 1.00B

8.08



INSTRUCTION
Compare (Long)*®
Compare (Short)
Compare (Short)®

Convert To Binary®

Cenvert To Decimal®

Divid
Divide

Divide Decimal

Divide (Long) -
Divide (Long)®
Divide {Short)

Divide (Short)®

Edit
Edit and Mark

BExclusive OR
Exclusive OR®
Extlusive OR
Exclusive OR

Execute®

HaltI/0

Halve (Long)
Halve (Short)

Insert Character®

FORMAT
BRX
R&
RX

RX
RX

RR
BX
ss

ST

RR
RR

MNEMONIC
CD
CER
CE
CVB:

CVD

DDR
DD
DER
DE
ED

HIOo

HDR
HER
IC

INSTRUCTIONS & DATA
IN PROCESSOR STORAGE

9.00
6.75
7.29

C,:10.75 +- 2.00H
Co:17.50 - 2.00H
Cy:93.75 4 2.00H

C1:13.00 - 2.00H
C.:23.95 4 2.00H
C:28.75 - 2.00H

23.13
28.88

15.00 4 16.00N;
= 18,13N5 == T
[13.00(N; — N2 ) — 6.00]

© 9.63 4+ 2.38N;

- 0.50N; - 0.50N;

10.13 - 238Ny
4- 0.50N; -+ 0.50N;

W

.00

S
|
n

6.

[VaS

0
12.19 4- 150N

E, =475 4-E
E, =500+ E
E; =650 + E
E,=6754+E
B, =31
B.— 04
B, =8~

7 4+ 1.5H, + 0.5L,
6.5 + Hs + 0.5L;
00

(92
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INSTRUCTION
Insert Storage Key
Load
Load®
Load Address®
Load and Test
Load and Test (Long)
Load and Test (Short)
Load Complement
Load Complement (]{,ong)
Load Complement (Short)
Load Halfword®
Load (Long)
Load (Long)®
Load Multiple
Load Negative
Load Negative (Long)
Load Negative (Shot)
Load Positive
Load Positive (Long)
Load Positive (Short)
Load PSW
Load (Short)
Load (Short)®
Move
Move
Move Nuinerics

Move With Offset

Move Zones
Multiply
Multiply®

FORMAT
R
RR
RX
RR
RR
RR
RR
RR
BX
RR
RX
RS
RR
RR

RR
RR
RR
SI
RR

X

S8
58
sS

RR
RX

MNEMONIC

ISK
LR
L
LA
LTR
LTDR
LTER
LCR
LCDR
LCER
LH
LDR
LD
LM
LNR
LNDR
LNER
LPR
LPDR
LPER
LPSW
LER
LE
MVI
MVC
MVN
MVO

INSTRUCTIONS & DATA
IN PROCESSOR STORAGE

525
2.50
4.00
2.75

2.50

3.00 -+ 2.00GR

450
10.69 - 1.00N
12.19 -+ 1.50N

11.88 + 1.00N;
4+ 0.55N.

12.19 -+ 1.50N
26.13 — 1.50K;
27.38 — 1.50K;

&



INSTRUCTION
Multiply Decimal

Multiply Halfword?®
Multiply (Long)
Multiply (Long)®
Multiply (Short)
Multiply (Short)®

OR

OR

Pack

Read Direct

Set Proszrgm Mok
Set Storage Key
Set Systern Mask

Shift Left Double

" Shift Left Double-Logical

© Shi{  “tSingle

. Shift Left Single-Logical

Shift Right Double

_ Shift Right Double-Logical

Shift Right Single
Shift Right Single-Logical

Start I/0

FORMAT

SS

RX
RR
RX
RR

RY

RS

RS
RS

RS

SI

MNEMONIC

_MP

PACK
RDD
SPM
SSK
SSM
SLDA

SLDL
SLA
SLL
SRDA

SRDL
SRA

SRL

S10

INSTRUCTIONS & DATA
IN PROCESSOR STORAGE

12.84 4- 11.40N,
900N 4T
[6.50(N; — N;) + 0.75]

99.50 — 150K,

£7.00

4975 .
20.75

91.50

0

Ut
(o]

at

i

Ut

6.50

12.19 4 1.50N

10.38 4 113N, + 0.75N;
6.50 + ED

2.75

*
~1
Ut

5

5.00 + qs + ra
1- 2,008 + 0.50

[Rs(1-Ss) 4 S5l
4.00 + 4 + Ty —{— 050R4

4.00 4- 0.50

[qs + rs + Sz 4 R4l
400 + 0.50 |
lq: +rs+Rel |
400 4 qs+rs

+ 0500Q: + Ry 7+ S:]
400 4 qs -+ 14 4 0.50Rs
4.00 4+ 0.50

[qs + re 4+ Rel

4.00 4-.0.50

[qs + rs + Rs]

B;_ZSO

R, 3

g v

t
&S

!

Instruction Times
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INSTRUCTION
Store®
Store Character®
Store Halfword*®
Store (Long)*®
Store Multiple
Store (Short)®
Subtract
Subtract®

Subtract Decimal

Subtract Halfword®

Subtract Logical

Subtract Logical®

Subtract Normalized (Long)
Subtract Normalized (Long)*®
Subtract Normalized (Short)
Subtract Normalized (Short)®
Subtract Unnormalized (Long)
Subtract Unnormalized (Long)*®
Subtract Unnormalized (Short)
Subtract Unnormalized (Short)®
Supervisor Call

Test and Set

Test Channel

Test I/O

46

FORMAT

RX
RX
RX
RX
RS

RX
RR

RE
RX
RR
RX
RR
ST

S

ST

MNEMONIC

ST

SH
SLR
SL
SDR
SD
SER
SE
SWR
SW
SUR
SU
SvC
TS
TCH

TIO

INSTRUCTIONS & DATA
IN PROCESSOR STORAGE

4.00

B

450

5.00

6.00

3.00 - 2.00GR
4.00

325 4 Gs
%2 B e

16.22 -+ L13N; 4 0.53N; | e
+ T:[3.60 4+ 1.00N, ]

550 + G
3.25

4.00

11.34
13.60

8.75

9.54

10.80
12.85

B;‘.S.O
B.:83.5
B,:6.3
B,:6.0

D;:12.0
D.:83.5
D,:6.0

D,:38.0
D;5:49.0
D;:6.0

D;:29.0
D4:18.5



INSTRUCTION & DATA

INSTRUCTION FORMAT MNEMONIC IN PROCESSOR STORAGE
Test Under Mask ' SI ™ 5.50 — 0.50G,
Translate SS TR 6.00 - 4.50N
Translate and Test SS TRT 7.75 + 3.00B
Unpack SS UNPK 9.88 4 1.00N; + 0.63N2
Write Direct SI WRD 7.00 ;
Zero and Add SS ZAP 13.22 4- L.13N; + 0.41IN;

.

Variakle Field Length Instructions Note: This divide decimal formula assumes that
In { .ollowing timing formulas, the times for the the quotient digits have random value. If the quotient

"variav:e field length instructions (i.e., those instruc-
ticns that contain an “L” field) are given in terms of
word boundary crossovers. The term “word boundary”
is used to specify the boundary between two physical
words. A physical werd is the amount of information
fetched in a single storage cycle (for Model 50 this is
four bytes). Thas, the number of werd boundary
crossovers is one less than the number of words

the ficld.

-~ -y D | -
SRanain. iy

Add Decimal — AP

17.88 4- 45NWBL; -+ 2.13NWBL.

- Ty [4.00 — 2.00T: -}- 4.00 (1 —T:) NWBL1]
- Ty [1.5 4 0.5 (N2 — Ni1)] + 1.00G:

And — NC

13.69 + 4.00NWBL; 4 200NWBL:

Con Decimul — CP
3.63 4 450NWBL; 4 1L.8SNWBL,
- 0.50N; 4 0.5ABV -+ Tis
[0.5 (N2— Ni) + 2.50 (NWBL, — NWBL:] -
4+ Tu3 [0.50 (NWBL; — NWBLa)]

Compare Logical — CLC
. 11.00 4 2.00NWBB; +- 2.00NWBB: — 1.25T14

Note: The compare logical operation is terminated
when an unequal condition is found. All bytes of the
first operand word that contain the unequal condi-
tion are processed with the corresponding bytes of
the second operand.

Divide Decimal — DP

15.00 + 2.50NWBL; + 2.00NWBL.

-+ 200NWBQ, 1+ 1.5NWBR, + 15.60N,
— 13.50N, + Tg [13.00 (N; — N2) — 6.00]

e e e St B e

contains zeros, the following times can be subtracted:
If N, < 4, subtract 4.00 us/zero digit
If N > 4, subtract 8.00 ps/zero digit

Edit — ED
11.00 -- 3.50NWBL; + 2.00NWBL;
4+ 1.50N; + 0.50Ns

Edit and Mark — EDMK

11.50 - 23.50NWBL1 4~ 2.00NWBL,
1+ 1.50N; - 0.50Ns

Fxelusive OR — XC

13.69 - 4.00NWBL. 4 2.00NWBL,

Move Charcciers — MVC
11.69 4+ 2.00NWBL; + 2.00NWBL,

Move Numerics — YN
13.69 - 4.00NWBL: + 2.00NWBL.

/

Move With Offset — MVO /

12.00 4- 1.00NWBL: 4 2.50NWBL,

4~ 1.0ON; -+ Tis

[1.00 (NWBL; — NWBL,) — 0.50 (N1 — N:)]

tove Zones — MVZ

13.69 4- 400NWBL; + 2.00NWBL,

Multiply Decimal — MP
12.80 ++ 4.00NWBL,; -+ 20NWBL»
— 0.50NWBL;L. 4+ 10.40N; — 9.40N;

4 Ts [0.75 + 6.50 (N1 — N2)] -+ L50MQ,

Note: This multiply decimal formula assumes that
multiplier digits have random values. If the multiplier
contains zeros, the following times can be subtracted:

If Np < 4, subtract 2.7 us/zero digit :
If No > 4, subtract 5.45 us/zero digit

Instruction Times 47



OR — 0OC
13.69 - 4.00NWBL, + 2.00NWBL:

Pack — PACK
10.75 + 1.5NWBL, 4 25NWBL: 4 1.0N;
-+ Ty; [0.83 — 0.5N; + 0.25N:] b

Subtract Decimal — SP
17.88 4+ 4.50NWBL, + 2.13NWBL.
-+ T, [4.00 — 2.00T> +- 4.00 (1—T2) NWBL,]
4+ T [15 4+ 05 (N2—Ny)1 + IPOOGz
/

/

Translate — TR

6.50 - 20NWBL, -+ 40N . ]/
;

Translate and Test — TRT : /
8.25 -+ 20NWBL; + 25N — L.75Ts

Unpack — UNPK
11.00 4- 2.00NWBL; + 2.50NWBLs -+ 0.50N;
+ T; [0.13N; — 0.25N2 + 0.5]

Zero and Add Decimul — ZAP

13.88 - 2.00NWBL: 4+ 2.13NWBL.
4 0.50N; 4 2.00T,T.

+ Tye [0.50 (N2 — Ny)

+ 0.50 (NWBLs — NWBL:) + 1.50]

;
|

Large Capacity Storcdge Timing
Instruction times are.lengthened when instructions
and/or data are located in the 2361 Core Storage,
which has an 8.0-microsecond cycle time. The follow-
ing section contains timing factors which adjust the
times previously quoted for instructions and data
located in 2.0-microsecond Processor Storage. Various
combinations of:instruction and data location, both
with and without 2361 interleaving, are included.

The timing adjustments are presented in groups,
according to the number of references to data in
storage (none, one, or two). Within these groups,
many instructions may be affected in the same way,
and these are classified together. There are three
classes for re instructions (no reference to data in
storage), four classes for rx, ®rs, and st instructions
(one reference to data in storage), and five classes
for ss instructions (two references to data in storage).

In the instructions following, the times are given in
microseconds. The symbol w/o indicates without in-
leaving, 1w indicates with interleaving. Where an aster-
isk (°) appears, it significs no change with inter-
leaving.
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RR Instructions

°Class 1: Fixed- and floating-point multiply and di-
vide instructions in LCS, add 3.0.

i
3

Class 2: Successful Branch.
#instruction in LCS, branch to main, add 3.0.
instruction in LCS, branch to LCS, total time:
w/o 12.0
105 -
®instruction in main, branch to LCS, add 4.0. £

Class 3: All other instractions in LCS, add 3.0, mini-
mum total:
w/o ~ 80
w 725

RX, RS, and 5! Instructions -~

Class 1: Fixed- and fleating-point multiply and di-
vide.
®instruction in LCS, data in main, add 3.0.
instruction and data in LCS, add:
w/o 85 i ;
w 7.0
(for long floating peint)
w/o - 105
w 9.0 .
°instruction in main, data in L.CS, add 3.0 (except
add 4.5 for long fleating point).

Class 2: Successful Branch.
% instruction in LCS, branch to main, add 3.0.
instruction in LCS, branch to LCS, total time:
w/o 120
w 105
°instruction in main, branch to LCS, add 4.0.

Class 3: Shift instructions in LCS, add 3.0, minimum
total:
w/o 8.0
w 7.0

Class 4: All others.
instruction in LCS, data in main, add 3.0, minimum
total:
w/o 8.0
w 7.0
instruction and data in L.CS, )
all double floating point, NI, OI, XI, total:

w/o 24.0

w 995
radix conversion, add: 7

w/o 14.0

1w 125

load and store multiple, total:
w/o 8.0 + 80GR
w 8.0 1+ 63GR

ssam s gl
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others, total:
w/o 16.0
w 14.5
instruction in main, successive data in 1.CS,
411 double floating point, NI, OI, Xi, 16.0 total.
2 :adix conversion, add 10.0.
load and store multiple, total:
1/0 0.5 3- 8.0GR
w 0.5 4 6.5GR
others, add 3.0, minimum total:
w/o 8.0
w 0
instruction in main, scattered data in LCS,
=511 double floating point, NI, OI, XI, 2dd 8.0.
s radix conversion, add S.0.
load and store multiple, total:
‘0 S.0GR
w 6.5GR
*others, add 3.0.

£8 fnsiructions
Class T: Decimal Muliiply (MP).
instruction in LCS, data in main, add:
wio 2.0
# w 7:5
instruction and data in LCS, add:
w/0 22.0. 4 9.5NWBLy 4+ 6.0 W ble
w 17.5 + S.ONWBL; + 4.5XWBL»
2instruction and destination in main, ssurce in L.ES,
2dd 3.0, then add 6.ONWBL.
@i siruction and source in main, destination in LCS,
add 8.0, then add 10.5NWBL,.
instruction in main, data in LCS, add:
w/o 9.0 -+ 9.5NWBL,; -} 6.08WBL,
w 7.5 - S.ONWBL, + 4.5NWBL.

Clag  Decimal Divide (DP).
insreuction in LCS, data in main, add:
«  w/o 9.0
W o5 EE

instruction and data in LCS, add:
w/0 20.5 -+ 5.5NWBL. + 9.0NWBL,
w 16.0 - 40NWBL, 4 7.5NWBL,
instruction in main, data in LCS, add:
w/o 13.0 4 5.53NWBL. + 9.0NWBL,
w 11.3 4 4. O0NWBL. + 7.55WBL,
*instruction and destination in main, searce in LCS,
add 8.5 4 7.5NWBL:
®:instruction and seurce in main, destination in 1.CS,
add 10.5 4 9.0NWBL,

‘Class 3: Character Move (MVC, ZAP, PACK, UNPK)
and Compare (CLC, CP).
instruction in LCS, data in main, add:

Ve o
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w/o 90 i
w 75 '
instruction and data in LCS, add:
w/o 18.5 -+ 6.0NWBL; + 6.0NWBL,
w 14.0 -+ 4.5NWBL: + 45NWBLy
instruction in main, data in LCS, add: |
w/o 5.5 -- 6.ONWBL: - 6.0NWBL1
w 4.0 + 45NWBL; -+ 45NWBL,
¢instruction and destination in main, source in LCS,
add 6.0 4- 6.L0NWBL.
*instruction and source in main, destination in L.CS,
add 6.0 -- 6.0NWBL,

Class 4a: Translate (TR).
instruction in LCS, data in main, add:
w/o 9.0
10 7.5
instruction and data in LCS, add:
w/o 23.0 4 6.0NWBL; + 12.0N>
w 20.0 4 4.5NWBL; 4 9.0N;
instruction in main, data in LCS, add:
w/o 9.5 4- 6.0NWBL; + 12.0N>
w 9.5 - 45NWBL,; -} 9.0N,
instruction and destination in main, source in LES,
add:
w/o 3.5 1 40N,
w .40 3.5N;
instruction and source in main, destination In .05,
add:
w/o 2.0 + 6.O0NWBL; 4 4.0N;
w 2.0 4 4.5NWBL; + 4.0N:

Class 4b: Trauslate and Test (TRT).
instruction in LCS, data in main, add:
w/o 9.0
w 1.5
instruction and data in LCS, add:
w/0 23.0 - 6.0NWBL, + 5.5N
w 200 -+ 45NWBL, + 45N,
instruction in main, data in LCS, add:
w/o 9.5 4 6.0NWBL, -+ 5.5N,
w 9.5 4+ 4.5NWBL, 4 4.5N2
instruction and destination in main, source in LCS,
add:
w/o 1.5 + 55N, — 20NWBL,
w 2.5 4+ 4.5N, — 20NWBL,
instruction and source in main, destination in LCS,
add:
w/o 2.5 4 3.0NWBL,
w 254 1L5NWBL,

Class 5: All others:
instruction in LCS, data in main, add:
w/o 9.0
w 7.5
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instruction and data in LCS, add:
w/o 24.5 + 6.0NWBL. -+ 12.0NWBL,
w-  20.0 4+ 45NWBL, -+ 10.5NWBL,
instruction in main, data in LCS, add:
w/o 13.0 + 6.0NWBL. 4+ 12.0NWBL,
w 11.5 4 4.5NWBL. -+ 10.5NWBL,
¢instruction and destination in main, source in L.CS,
add 5.0 - 6.0NWBL,
®instruction and source in main, destination in L.CS,
add 10.0 4 12.0NWBL,

Interruption Times

A pending interruption condition (if not masked) is
recognized and allowed to occur only at the termina-
tion of an instruction. The interruption time, then,
extends from the time of this recognition to the begin-
ning of the next instruction. Average interruption times
(in microseconds) for the five classes of interruption
are:

External 12
Supervisor Call 12
Program 12
Machine Check 97
1/0 ‘ ;
Device End 58¢ 419
Channel End 28* 2242
Program Controlled (PCI) 28° D E

*For multiplexer channel
*2For selector channel

Legend for System /380 Timing
This section contains legends for the timing formulas
for the cases where multiple timing formulas for in-
structions are listed. In some cases more than one tim-
ing formula for an instruction may be given.
Legends A; to As are timing formulas for Store Mul-
tiple or Load Multiple instractions depending on
quantity of general registers and position with respect
to double word boundaries.

A;: Usé if the number of registers is 2, and if the op-
erand lies on double word boundaries

A.: Use if the number of registers is > 2 and even,
and if the operand lies on double word boun-
daries

As: Use if the number of registers is even, and if the
operand does not lie on double word boundaries

As: Use if the number of registers is odd

Legends B, to B, are timing formulas to be used
when addressing a channel.
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B:: Use when addressing the multiplexer channel in
the multiplex mode

B.: Use when addressing the multiplexer channel in
the burst mode — first execution

Bs: (Same as B:) — executions subsequent to the first,
during the same burst mode operation

Bi: Use when addressing the selector channel

Legends Cp to Cs are timing formulas to use for
radix (number base) conversion.instructions, depend-
ing on the size of the number converted.

Ci: Use when the number converted contains eight or
less decimal digits

Cs: Use when the number converted contains more
than eight decimal digits, but seven or less hexa-
decimal digits

C;: Use when the number converted contains more
than seven hexadecimal digits

Legends CH; to CH, are timing formulas to use for
Compare Halfword-instruction, depending on the na-
ture of the numbers being handled.

CH;: Use if signs differ

CHo: Use if signs zze alike, and the high-order 18 bits
of the first operand are significant

CHs: Use if inequatity is found in byte 2

CH,: Use if inequality is found in byte 3, or if com-
parison is egual

Legends CVDy ta CVDy are timing formulas to use
for the Convert te Decimal instruction, depending on
the number of leading zero bytes.

CVDy: Use if thers are no leading zero bytes
CVD;: Use if there is one leading zero byte
CVDa: Use if there are two leading zero bytes
CVDy: Use if there are three leading zero bytes

CVDjy: Use if there are four leading zero bytes

Legends D; to Ds are timing formulas to be used
depending on the state of the addressed channel.

Di: Use if the multiplexer ‘channel is busy and in the
multiplex mode



ey

Ds: Use if the multiplexer channel is busy and in the
burst mode — first execution
D;: (Same as D2) — exccutions subsequent to the first,

during the same burst mode operation

D.: Use if the multiplexer channel is idle

Ds: Use if the multiplexer channel has an interruption
pending

De:. Use if the selector channel is busy

I\

). Use if the selector channel is idle

Use if the selector channel has an interruption
pending

[esends Er to Es are timing formules to use for the
=]

FExd > instruction, depending on the instruction

length code and varying conditions.

E.: Use when subject instruction is one halfword long

,. Use when subject instruction is two halfwords
long

.. Use when subject instruction is a three-halfword
character instruction

. Use when subject instruction is a ihree-halfword
decimal instruction

Legends Vi to V4 are timing formulas to use for the
fove instruction, depending on the lecation of oper-
ul(«x nelds.

V,: Use if first and second operand fields start and end
on'doubleword boundaries

e if frst and second operand fields start at cor-
sponding byte addresses within doublewords
but do not lie on doubleword boundaries

7.: Use if first and second operand fields do not start
at corresponding byte addresses within double-
words or if N < 8.

. Use if fArst and second operand felds start on

. doubleword boundaries but do not end on double-

word boundaries. N must be greater than seven
to use this case.

Note: A byte address of a doublewerd can have
the value 0, 1, 2, 3, 4, 5, 6, or 7. g

This section contains the legends for terms to be
used in the timing formulas for System,380.
ABV = Absolute value (i.e. unsigned value)

NWBL,; — NWBL.

of
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b

Total number of bytes of the first operand which
are plocesced (Applies to instructions with a
single-length field)

Time for the subject instruction which is exe-
cuted by the Execute instruction

ED = External delay

F = Input/output field length specified in Transfer
1/0 instruction

F; = 1 if the branch operation is successful
= 0 otherwise
F, — 0if the R field (specified in the RR formatted
branch instruction) is zero (i.e., branch is sup-
pressed)
= 1 otherwise
G, == 1 if an overflow interruption occurs (PSWV bit
36 = 1) or fixed-point divide interruption oc-
curs
== 0 otherwise
G, = 1if overflow occurs and fixed-point interruption
is masked (PSW bit 36 = 0)
= 0 otherwise -
G; = 0 if operand to be converted is positifve
= I otherwise
G: = 1 if condition code is zero; ie., all of the
selected bits are zero or mask is all zero
= 0 otherwise
Gs = Qif first operand is positive

1 otherwise
GR = Number of general registers loaded or stoved

HB, = 1 if the address of the high-order (leftmost)
byte of the first operand is odd
= 0 otherwise

HB: = 1 if the address of the;hidh order (leftmost)
byte of the second operard is odd
== 0 otherwise ‘.v

H = number of significant (1 e., other than high-order
7eros) hemdecxmal dths in the binary operand

H. = Number of }ngh-order hexadecimal zeros in the
second operand
H; = H./2if H. is even
— H,/2 4+ 1if-H,is odd
H, = 4—H/2if His even

H-1
4——~2—~ if H is odd

(Hy has a minimum value of 1)

Instruction Times 51

s e e b e T T i e e v AR e S A e e R RO PSPPSR G T Yo P e



P G e

K: = Number of zero-hexadecimal digits (both lead-
ing and embedded) in the factor (multiplier
or multiplicand) with the smaller absolute
value after recomplementing that factor if it is
negative. In Multiply Halfword, Xi applies
only to the 16 low-order bits. :

L: = 1if a guard digit is involved
= 0 otherwise

LB; — 1 if the address of the low-order (rightmost)
byte of the first operand is odd
= 0 otherwise _

LB: = 1 if the address of the low-order (rightmost)
byte of the second operand is odd
= 0 otherwise

M = greater of N1 or N2

MK = number of times the mark address is stored
in the Edit and Mark instruction

MQ, = 0 if multiplier or quotient lies on a word
boundary
= 1 otherwise

N = total number of bytes in the first operand for
those instructions with a single length field

N: = total number of bytes in the first operand (des-
tination)

N, — total number of bytes in the second operand
(source) -

N; = total number of bytes which overlap between
the first and second operands
= 0 for nonoverlapping fields, and for overlapping
fields where the address of the second operand
is greater than or equal to (>) the first oper-
and address

N: = number of field separator characters in edit
pattern
N; = number of control characters in edit pattern

Ns = number of bytes of the field which lie outside of
that part of the field bounded by doublewords

NWBB; = number of word boundary crossovers for
that part of the first operand processed

NWBB: = number of word boundary crossovers for
that part of the second operand processed

NWBIL: = number of word boundary crossovers for
the first operand (destination)

NWBL;Ls = number of word boundary crossovers
for that part of the first operand which
consists of Ns bytes of high-order zeros
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NWBL: = number of word boundary crossovers for
the secosd operand (source)

NWBQ: = number of word boundary crossovers for
the quotient field .

NWBR: = number of word boundary crossovers for
the remainder field

q: = quotient found by dividing the number of posi-

tions to be shified by 4

qs = quotient found by dividing the number of posi-
tions to be shifted by 8

QL= 1lifge=0

— 0 otherwise

QS = smaller of N; — 8 or Ny —N;

rs — remainder found after dividing the number of
positions to be shifted by 4

R; = remainder whea N is divided by 8

Rs : lifry=20
— 0 otherwise

SG = number of sigus in the field to be edited

Si 1ifrs=3,orifg:=0
2ifry =3andg: =0

— 0 otherwise
Sg — -—1 lf s = 0

lifrs=1andg: =0
0 otherwise

I

Il

I

I

S; = Oifry=0,andg: %0
lifri=0,andgs =0

= 3 1f Y= l
= 5ifrs=201r3
Si = 0 if Tqe == 0
= 4ifqs =0aundrs = lorifqis~=0and rs =2
= 3ifqu=0andrs =2 orifqs#0andrs =3
= 2ifqs=0andrs =3
— 5ifqs~=0andi =1
S5 = 1 if the even-numbered register is zero
= 0 otherwise
'S¢ = 1 if operand isnegative
= 0 otherwise
S; = 1if ry =~ 0 and operand is negative
=0 otherwise
T, = 1 if the result field is recomplemented

(i.e., changes sign)
= 0 otherwise

To = 1 if the result field is zero
— 0 otherwise
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Ts

Ts

T7

Ts

Ty

Tha

TH

1if N, < % (N1 1)
0 otherwise <

Il

I

1 if the second operand has leading hexadeci-
mal zeros

0 otherwise

0if N, < 4

1 otherwise

0ifN; <8

1 otherwise

Al

il

0 if fields do not overlap
1 otherwise

o

I

0 if any nonzero function byte is found
1 otherwise

el 1 Ne B8 {0, 1 1)

f.  Uotherwise

Il

, = 1 if R, ficld of the Execute instruction is not

Zero

— 0 otherwise

= 0if Ne > Ny
= 1 otherwise

— 1 NWBLz =0
= (0 otherwise
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Tys = 1if B = N and operands are equal
= 0 otherwise ' :
Tis = 0if N1 > N
= 1 otherwise
N
Ty = 1if N1 > E
= 0 otherwise
Tis = lifN=1
= 0 otherwise
Tie = 1if Ny > 2Ns
= 0 otherwise
Tso = 1 if signs are unlike for Add Decimal or if
signs are alike for Subtract Decimal, when sec--
ond operand > first operand
= 0 otherwise
U, = sclect out delay plus device delay
U, = device delay for Halt I/O sequence
V = absolute value (i.e., unsigned value) of N1 — N2

W = total number of doublewords in the first oper-
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and for those instructions with a single length

field
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