





















































































































































































































































































































































Valid Valid Valid Valid
Combination | Combination | Combination Combination
High Speed Feature No No No
Allowed if no
Station Selection Feature No No Auto Calling
Feature
Allowed if no
Automatic Calling Feature No No Station Selection
feature
Internal Clocking Feature No Allowed Allowed
Full Tronsparency Feature Allowed Allowed Allowed Allowed
intermediate Block Checking Feature No Allowed Aliowed Allowed

Figure 18. Optional Features Configuration

* send an ending sequence to the remote BSCA prior
to issuing the halt instruction.

If the local BSCA is the donor, STX/ENQ (or data
ending with ENQ) must be sent. To this, the recip-
ient responds with NAK. When NAK is recognised,
the donor must send EOT (or DLE/EOT on switched
lines) and then the halt instruction can be issued.

If a condition requiring a halt comes up in the

- recipient, the recipient must send EOT (or DLE/

EOT) after it has received the ending character (ETB
- or ETX) of the current message. After that, the
halt instruction can be given.

The BSCA can receive the EOT even after the
CPU has stopped. The received EOT causes the
BSCA to enter the reset state. Enable BSCA must
be given before operations can be resumed. How-
ever, the first BSCA-XIO instruction that is issued
(after a received EOT) is rejected, and the condition
code is set to 3 (binary 11). This condition code
reminds the program to check the EOT bit that is on
in the sense information.

Initialization Sequence '

The initialization sequence is used to bid for the

line and is actually an indirect control sequence
since it only initiates data exchange. The sequence
consists either of an ENQ character alone which is
interpreted as "Who are you?", or of some identi-
fication followed by ENQ which is interpreted as

"I am xxx, who are you?" The sending of an initiali-
zation sequence does not set the BSCA to data mode.

BSCA OPTIONAL FEATURES

To accommodate special needs, optional features
are provided for the Binary Synchronous Communi-
cation Adapter. All of these features can be field-

installed, but the installation of some features
excludes others. Figure 18fists features and shows
valid combinations for the same BSCA ; the shaded
areas provide a guide to which features can be
added when a specific feature is already installed.

With the installation of certain features, instruc-
tions and control characters, additional to those
described previously for the basic BSCA, are pro-
vided to operate them. The additional instructions
(Figure 19) can be used only when the corresponding
feature is installed. If an instruction is issued when
the feature is not installed, the condition code is set
to 3 (binary 11), meaning not operational, and a
programming error stop occurs with error number
6 displayed in data register I on the CPU console.

Type | Format | Op Code | DA | FS Function
X0 SS DO 5 2 Address Prepare
X0 SS DO 5 3 Auto Call
Cio Sl 98 5 0 Disable ITB
Ccio Si 98 5 1 Enable IT8
Cio St 98 5 8 Store ITB Address
EBCDIC

g”] P;sn:;n;ns 67 Mnemonic Functign

00011111 ITB Iintermediate Block

(Unit Separator)

ASCI!

g,;PZS'S'":nB 21 Mnemonic Function

POO1TT1 1] ITB Intermediate Block

(Unit Separator)

Figure 19. Additional Instructions for Optional Features
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Internal Clocking Feature

The Internal Clocking Feature supplies the clock
pulses that are required for establishing and main-
taining bit synchronization. The feature provides
for transmission speeds of 600, 1,200, 2,000 or
2,400 bits per second, the required speed being set
by the customer engineer when the feature is
installed.

This feature is required whenever the modem or
data set does not provide the clock pulses. The
feature is required also if the other station (or
stations) on the same network use internal clocking;
conversely, if the BSCA is equipped with the internal
clocking feature, the other stations must be similarly
equipped. When the feature is installed, four SYN
characters are automatically supplied in addition to
the two regular SYN characters to establish and
maintain bit synchronization.

High Speed Feature

The High Speed Feature is required for transmission
speeds above 4, 800 bits per second (such as 19,200
or 40, 800 bits per second), up to a maximum of

50, 000 bits per second. One part of this feature is
the data station interface (digital interface). At
speeds above 2,400 bits per second, the BSCA
executes all XIO-type instructions in burst mode,
which means that all other operations in the Model
20 are excluded for the duration of the burst mode
operation. However, in the Model 20 burst mode
operations can be processed only when the CPU is
not processing any time-shared operations. When a
BSCA -XIO instruction is issued while time-shared
operations are in progress, the condition code is
set to 2 (binary 10) and the program continues with
the next sequential instruction. On completion of
all current time-shared operations, the CC2 inter-
rupt occurs (identified by device address 15) and the
burst mode operation can be executed because the
CPU is then free.

Automatic Calling Feature

The Automatic Calling Feature enables the BSCA to
originate dial calls by program control. The
program-generated call is delivered to an externally-
attached automatic calling unit that executes the
dialing. Automatic calling units are used only in
switched networks.

Prior to initiating a call, the Enable BSCA
instruction must be issued to make the modem
operational. The dialing information (the number of
the desired subscriber) is transmitted to the auto-
matic calling unit by means of the Auto Call instruc-

tion. When this instruction is issued, the condition
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code is set to 1 (binary 01) if the BSCA is processing
a previously-issued XIO instruction. If the auto-
matic calling unit has power off, or if the data key
on the connected telephone set was not pressed, the °
condition code is set to 3 (binary 11).

When the Auto Call instruction is accepted, the
four low-order bits of each byte of the output field
(addressed by B1-D1) are transmitted to the calling
unit. The number of half-bytes that are thus trans-
mitted is specified by the field length. After trans-
mission, an interrupt is requested. If no error flag
is on, connection is established; if the timeout flag
is on, the connection cannot be made because either
the line is busy, or the wrong number was used.

Station Selection Feature

The Station Selection Feature is required whenever
the BSCA is to be incorporated into a centralized
multipoint network on leased or privately-owned
lines. In a centralized multipoint network, all
operations are initiated by the master station. The
master station transmits to one or more slave
stations by selecting them, and receives from a
slave station by polling it. Thus, the initiative rests
with the master station; the slave stations cannot
begin to transmit without having been requested to
do so. In a multipoint network, all stations involved
must have the same speed, transmission code, and
optional features. The Model 20 has no master
station capability.

At initialization time, and always after the end of
a transmission from a slave station, the master
station has the sole right to transmit. 'The master
station uses two different initial sequences, either
a selection sequence or a polling sequence. The
selection sequence causes a specific slave station to
serve as the receiver, and the polling sequence
requests a specific slave station to transmit to the
master station. The configurations of both sequences
are alike and consist of a station address, followed
by data (that represents an identification) and by the
ENQ character (Figure 20). To distinguish between

Selection/Polling Low-Order
Marker Position

l l

EBCDIC o 1 3 4 5 6 7
ASCII P 7 5 4 3 2 1
Selection R
l Station Address A 17’ Text l ENQ J
Sequence
::L|l::gce I Station Address o l ] Text l ENQ j
Figure 20. Selection and Polling (o1ze7)



polling and selection, bit position 2 (in EBCDIC)
and bit position 6 (in ASCII) are treated as '"do not

care'' bit positions by the address decoding circuits.
.. throughput is increased. Without this feature, a

a ;ffc;hleck is performed only after the entire message
"has been transmitted.

These bit positions are used to mark polling or
selection. The BSCA is equipped with an address
decoder for the station address. The station address
is set up by the customer engineer when the feature
is installed.

To gain access to the multipoint network, the
BSCA must be enabled and the modem must be
ready. The Address Prepare instruction must then
be issued. This instruction causes the BSCA to
search for synchronization, but the BSCA does not
become busy until it is polled or selected. After
Address Prepare, a burst mode operation can inter-
fere during the not-busy period.

When synchronization is achieved, the BSCA
monitors the line for the EOT character. An EOT
character within a stream of data has no effect on
the BSCA; an EOT that is sent (outside of data mode)
to indicate an end of transmission, however, puts
the monitoring BSCA into control mode. In control
mode, the BSCA monitors the line for either of its
addresses. No data is transferred to main storage
during monitoring operations. If either of the BSCA
addresses (polling or selection) is recognized, the
BSCA enters select mode and becomes busy until
the initialization sequence from the master station
is received. The select mode is indicated on the
- BSCA console (see Figure 24) and pertains to both
polling and selection; its meaning is, therefore, that
the BSCA has been addressed by the master station.
After the initialization sequence has been received,
interrupt is requested. In the interrupt, the sequence
must be examined for selection or polling (an agree-
ment on the marker bit must exist among the sub-
subscribers). If the station was polled, it must
transmit to the master. With every starting sequence
(SOH, and STX), the BSCA enters data mode; with
every turnaround sequence, the BSCA returns to
control mode. When an EOT character is sent or
received in select mode, all stations on the network
return to control mode.

Intermediate Block Checking Feature

The Intermediate Block Checking Feature allows
the programmer to divide a message into small

blocks, so that each ;blib_ck_.i's checked separately.
~Turnaround (with acknowledgemerit of each inter-
mediate block) is not needed and, therefore, overal’

The length of the intermediate blocks can be
freely chosen. A block-divided message can be
processed by the receiver while transmission is
still in progress because each block (that is received
free of errors) is made available by means of an
intermediate interrupt. This interrupt is requested
only in the receiving BSCA and it is identified by the
function specification 2. The final interrupt (function
specification 6) occurs only at the end of the entire
message, that is, when turnaround occurs.

The intermediate block checking feature is auto-
matically activated when the Power On key on the
CPU console is pressed. If intermediate block
checking is not desired, the Disable TT'B instruction
must be issued. After this instruction, the feature
can be activated at any time by issuing the Enable
ITB instruction. These instructions are executed
immediately except that, when the BSCA is busy,
they enter the I/O-busy loop and are executed as
soon as the BSCA becomes available,

The message is divided into blocks by the Inter-
mediate Block (ITB) character as shown in Figure
21, The ITB characters are recognized as normal
data with no other function when the feature is not
enabled.

When the intermediate interrupt occurs in the
receiving BSCA, the last-received hlock can be
used directly without testing for any errors. The
error testing is superfluous because the intermediate
interrupt is requested only when the received block
is error-free; in addition, the TIOB on Any Indicator
Set instruction cannot be used because the BSCA
remains busy for the duration of the entire message
and, therefore, the test instruction would be locked
in the I/O-busy loop. If a block is faulty, no inter-
mediate interrupt occurs for this and all following
blocks., At final interrupt time (end of message),
error testing can be performed.

During ITB operations, the receiving BSCA stores
automatically the address of each ITB character.
This address is updated by every block that is
received free of errors, and thus it shows where the

j@-———Intermediate Block ———e—Intermediate Block —4e—Intermediate Block —w
Start ‘ End
STX l }f Text ] L j( Text 1118 ’I Text JETX'| Turnaround
. and
M Final
hd interrupt
Figure 21. ITB Message
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ITB character of the last-received error-free block
is located in the main storage. If an error occurs,
the ITB address is not updated but remains unaltered
so that the address of the last '"good" block can be
made available at final interrupt time. The address
is made available by issuing the Store ITB Address
instruction. The instruction is executed immediately
(even though the BSCA is busy) and moves the ITB
address to the main-storage position addressed by
B1-D1.

The block in which an error is detected is stored
into main storage as if it were a good block, but any
further blocks that belong to the message are not
stored, even if they are received free of errors.
However, the ending sequence of the message is
stored into the byte next to the last byte of the faulty
block.

All blocks that belong to a message must be
transmitted with one Transmit and Receive instruc-
tion. Transmitting a single block defeats the pur-
pose of block checking and, if a single block does
not end with the ETX character, a timeout occurs
because there is no turnaround after ITB.

Intermediate block checking is inhibited by the
Disable ITB instruction. Intermediate block checking
can be used only at speeds up to 2,400 bits per
second. Above this speed, there is insufficient time
for the interrupt requests to be serviced.

Full Transparency Feature

The Full Transparency Feature allows the BSCA to
transmit (free of restriction) any kind of binary
data. The feature is required for the transmission
of packed decimal data, entire programs, random
data, etc. Transmission of this binary data is
accomplished by making all control characters
available for use as data; thus, a message becomes
transparent.

The feature is activated by sending or receiving
the starting sequence DLE/STX. This sequence
places the BSCA into data mode and into transparent
mode at the same time. When transparent mode is
set, the following characteristic changes occur:

1. The BSCA recognizes neither individual con-
trol characters nor control sequences as anything
but data with no other associated function.

2. All inserted SYN characters are automatically
preceded by a DLE character.

3. A second DLE is automatically attached to
every '"data-DLE" to mark the data~DLE as such.
This second DLE, and the inserted DLE/SYN's,
are automatically deleted upon reception and do-not
enter main storage. (Therefore, the program must
not insert SYN characters as ''fillers' as these will
enter main storage.)
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Figure 22. Transparent Message

To leave transparent mode, the following ending
sequences are available: DLE/ETX, DLE/ETB,
DLE/ITB, and DLE/ENQ. These sequences are
recognized as escape signals only when they coincide
with two specific values in the field length counter
of the transmitting station. DLE must coincide with
the counter value 11 (decimal) and the associated
ETX, ETB, ITB, or ENQ must coincide with the
counter value 10 {decimal). As Figure 22 shows, a
transparent message may be of any length up to
4,095 bytes; however, due to the fixed location at
which the escape sequence must appear, a reply of
not greater than nine-bytes length is required.
Longer replies, such as used in téte-a-téte opera-
tions, are not permitted, but a téte-d-téte-type
reply that is limited to nine bytes in length is
allowed.

All escape sequences (except DLE/ITB) that are
used to leave transparent mode cause the BSCA to
return to control mode. In addition, all of them
(except DLE/ITB) cause turnaround. DLE/ITB is
used to end a transparent block when the inter-
mediate block checking feature is enabled together
with the full transparency feature. When trans-
parent intermediate blocks are to be transmitted,
there must be a Transmit and Receive instruction
for each transparent block.

Each transparent intermediate block is started
with DLE/STX and ended with DLE/ITB. After each
transparent intermediate block, the transmitting
BSCA sends SYN characters for 3 sec to retain
synchronization. To avoid timeout, the transmitter
must send the next block before 3 sec have elapsed.

The sequence DLE/SOH does not set transparent
mode, it is accepted as strictly SOH. The sequence
DLE/EOT has no transparency function. DLE/EOT
is the discomnect sequence for switched networks.

SENSE INFORMATION

The sense information is a collection of check bits
which indicates the type of error that occurred.
These bits are available at final interrupt time and
must be moved from auxiliary storage (where they
are generated) to a main-storage position where
they can be examined by the program. The Store



Sense Information instruction is designed explicitly
for the retrieval of this information. After the

- execution of this instruction, or after acceptance of

the next XIO instruction, the sense information is
reset. (See Figure L-3 in Appendix L.)

Check Bits

The individual bits are described in the following
text.

Bit Zero - Transmit/Receive Mode Error

Bit zero indicates whether the error occurred during
transmission or during reception. When this bit is
present (binary 1), the error occurred during
receive operations. When it is not present (binary
0), the error occurred in transmit operations.

Bit One - EOT Received

This bit indicates that the remote BSCA station was
forced to stop transmission or reception due to an

I/0O condition that required a programmed halt. Thus,
this bit indicates that operations will resume when

the halt condition has been corrected in the other
station.

Bit Two -~ CRC/LRC Check

Bit two is set when either the Cyclic Redundancy
Checking (CRC) circuits or the Longitudinal Redun-
dancy Checking (I.RC) circuits have detected an
error. Both checking circuits can be installed in
the BSCA, The checking circuits are activated in
both stations with each starting sequence (SOH,
STX) and they accumulate a block check character
by way of arithmetic operations, After each ending
sequence (ETX, ETB, or ITB), the transmitter
sends its Block Check Character (BCC) to the
receiver where it is compared with the BCC gener-
ated by the receiver. Thus, only the receiver
detects CRC/LRC errors. These errors are caused
by noise on the telephone line. (The efficiency of a
noisy telephone line can be greatly increased when
messages are divided into blocks that reduce the
error probability by way of smaller individual
lengths.)

Bit Three - Timeout

Bit three is turned on in the receiving BSCA only
when the BSCA is in receive mode and if either:
1. The BSCA does not receive a SYN character,
interspersed at the proper time interval
2. The BSCA does not receive a turnaround
sequence before 3 sec have elapsed

3. The BSCA receives constant SYN characters

for 3 sec.

If the timeout bit is set during an Auto Call
instruction, it indicates that the telephone line was
busy or that the connection cannot be made (wrong
number, etc).

Bit Four - Short Record

Bit four indicates that the field length specification
of a Transmit and Receive instruction is smaller
than the size of the combined output/input field in
main storage that is addressed by the instruction.
During processing of an instruction with insufficient
field length, the field length counter in the BSCA
runs down to zero prior to the detection of the
turnaround character (ETX or ETB).

The short record bit is also turned on under the

following circumstances:

1. When the field length specification is correct
but the turnaround character is either not
detected or missing.

2. If the escape sequence in transparent data
does not coincide with field length counter
values 11 (decimal) and 10 (decimal).

Bit Five ~ Storage Wraparound

Bit five is turned on when the combined output/input
field (addressed by a Transmit and Receive instruc-
tion) exceeds the upper limit of the main storage of
the CPU. Depending on the main-storage size, the
upper limit is either 4, 095, 8,191, 12,287, or
16,383 positions; beyond these limits, storage
wraparound occurs.

Bit Six - Parity Check

Bit six covers two different types of parity check:

1. The bit is turned on when a parity error is
detected within the data path of the transmitting
BSCA. This parity error is indicated only in *he
transmitting BSCA, and requires the attention ot a
customer engineer.

2. The bit is set only in the receiving BSCA
when ASCII is used as the basic code and the full
transparency feature is not installed. The bit indi-
cates a vertical redundancy error (invalid ASCI
character) detected during receive operations.

Bit Seven - Overrun

Bit seven is turned on when a burst mode operation
(tape, or disk) overlaps the reception of an initial
sequence (a bid) that was invited by a Receive Initial
instruction or an Address Prepare instruction. The
overrun bit is also set in the event that a BSCA
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malfunction prevents the micro-program from
servicing BSCA requests; this fault must be cor-
rected by a customer engineer,

Burst mode operations end with an interrupt.
After such an interrupt, a BSCA interrupt can follow
in which the overrun bit is on, which indicates that
an inifial sequence was received during the burst
mode operation. Therefore, an acknowledgement
must be sent back within 3 sec, otherwise timeout
occurs.

BSCA REJECT CONDITIONS

To avoid program error stops during BSCA opera-
tion, the following basic requirements must be met:

1. The BSCA must be enabled (to supply the
'data terminal ready’ signal for the modem)

2. The modem must have power on and must
not be in a test state (so that it can supply the 'data
set ready' signal for the BSCA)

3. Imstructions must not be issued for optional
features which are not installed.

The BSCA instructions are subject to the same
rules and restrictions that apply to Model 20 instruc-~
tions, that is, they must be located on even bound-
aries in main storage, and addresses must neither
violate the protected area nor exceed storage capac-
ity. Field length specifications in excess of 4, 095
bytes can be stated; however, only the 12 low-order
bits of the field length are used. Burst mode opera-
tions (tape, or disk) that interfere with either a
Receive Initial instruction or an Address Prepare
instruction must not interfere more than once, and
new burst mode operations must be inhibited until
the initial sequence is received and a reply has
been sent.

Figure 23 shows the reject conditions of the
BSCA.

ERROR CHECKING METHODS

Three error checking methods are used in the
BSCA: CRC, LRC, and Vertical Redundancy
Checking (VRC). The methods are used in the
follewing circumstances:

Circumstances

Checking Methods

When EBCDIC is used as the transmission CRC
code.

When ASCII is used as the transmission LRC and VRC
code and the full transparency feature is

not installed in the BSCA.

When ASCII is used as the transmission CRC

code and the full transparency feature is
installed in the BSCA.
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BSCA CONSOLE

The BSCA console (Figure 24) is located adjacent t~
the Model 20 CPU console and contains all indicati
lights that are required to show the current state of
the BSCA. The following indicator lights are
provided:

BUSY: Indicates that an XIO type instruction is
being processed.

REC MODE: Indicates that the BSCA has turned
around to receive.

TSM MODE: Indicates that the BSCA is set as a
transmitter.

REC LINE: Indicates that a message is being
received on the telephone line.

TSM LINE: Indicates that a message is being trans-
mitted over the telephone line.

CHAR PHASE: Indicates that the BSCA is in syn-
chronism with another station.

DATA MODE: Indicates that a control character
sequence has set the BSCA to data mode.

TRANSP MODE: Indicates that the BSCA is set to
transparent mode.

REC IN OR ADPREP: Indicates that the BSCA was
set to receive mode by a Receive Initial instruction
or an Address Prepare instruction.

ANY CHECK COND: Indicates that any of the indi-

cators that are testable at interrupt time have been
set by an abnormal condition.

DIAGNOSE: Indicates that the BSCA is in test mode.

CONTROL MODE, SELECT MODE: Both indicators
are provided when the station selection feature is
installed. CONTROL MODE indicates when the
BSCA is monitoring. SELECT MODE indicates
when the BSCA has been addressed by the master
station.

ACU POWER, ACU CALL REQUEST: Both indica-
tors are provided when the automatic calling feature
is installed. ACU POWER indicates that the
externally-attached automatic calling unit has power
on. ACU CALL REQUEST indicates that the BSCA
has sent dialing information to the automatic calling
unit.




Affected

or Data key on connected
telephone set not
pressed

instructions Error Type Result

Enable 178

Disable |TB . Program error stop

Auto Call Feature not installed (6 displayed in Data Register |)

Address Prepare

Auto Call BSCA not enabled Program error stop
{Data Terminal Reody (6 displayed in Data Register 1)
off)

Auto Call Auto Call Unit power off | Condition code 3

(not operational)

Receive Initial

BSCA not enabled
(Data Terminal Ready
off)

Progrom error stop
(6 displayed in Data Register 1)

Receive Initial

Modem Power Off

Condition Code 00 (available)

Address Prepare

BSCA not enabled
(Data Terminal Ready
off)

Program error stop
(6 displayed in Data Register 1)

Address Prepare

Modem not operational
(Data Set Ready off)

Condition code 3
(not operational)

Transmit und Receive,
or Receive

BSCA not enabled
(Data Terminal Ready off)

Program error stop
(6 displayed in Data Register 1)

Transmit and Receive,
or Receive

Modem not operational
(Data Set Ready off)

Condition code 3
(not operational)

All XIO instructions

BSCA busy with proces-
sing of previous X10
instruction

Condition code |
{working)

All CIO and TIOB
instructions, except
Test on Busy and Store
1TB Address

BSCA busy with proces-
sing of previous X1O
instruction

Enter 1/O - Busy Loop, wait for
available, then execute
instruction

Figure 23. BSCA Reject Conditions

DATA SET READY: On private or leased lines,

DATA SET READY indicates that the modem is
operational and is not in a test mode. On switched
lines, DATA SET READY indicates that the line
connection is established.

DATA TERMINAL READY: Indicates that the BSCA

has been enabled.
[]
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BSCA

DATA SET
READY

ANY CHECK
COND

ACU POWER

DATA TERMINAL
READY

DIAGNOSE

ACU CALL
REQUEST

REC MODE TSM MODE
REC LINE TSM LINE
BUSY

CONTROL MODE SELECT MODE

DATA MODE TRANSP MODE
CHAR PHASE REC IN OR
ADPREP

AUTO ANSW WAIT
ON

OFF

Figure 24.

BSCA Console



JATA FORMATS

Binary Number

Halfword Binary Number

Integer

Decimal Numbers

Packed Decimal Number

Digit | Digit

Digit

Digit | Digit DigirJDigiv

Sign

.

Zoned Decimal Number

Zone

Digit [Zonq ...... l—agif TZonel Digierign

Logical Information

 ixed -Length Logical Information

Logicol Data

7

APPENDIX A FORMATS

Variable-Length Logical Information

Character

Character

1518

- -

Character

INSTRUCTIONS BY FORMAT TYPE

RR Format

Op Code

o 78

RX Format

Op Code

0000

SI Format

2

1518

19 20

Op Code

SS Format

1516

1920

n

Op Code

nai2

1516

1920

33

35 Je a7
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APPENDIX B EBCDIC AND ASCII CHARTS

Extended Binary -Coded-Decimal Interchange Code (EBCDIC)

1
Rl

Bit Positionsof a Byte 0,1, 2, 3, 4, 5, 6, 7

s |
0000 | NUL BLANK | & - . 0 0
o001 / A |3 1 !
0010 b | xk [ s ] 2] 2
oont c | v ] 1]3]?
0100 o | M| uf«|*
o101 E | N|v]s |3
0110 F (o] w [ 6
on

1 G P X 7 7
1000
H Q Y 8 8
1001 1 R z 9 4
1010 ¢ 1 A
1011 . $ , ‘ B
1100 < . % @ C
1101 D
( ) - '
1110 . ; > - E
nn N F
|—> 0 1 2 3 4 5 6 7 8 9 A B C D E F
Hexadecimal Representation for Bits 0 1 2 3 (Data Switch 1)
Hexadecimal Representation for Bits 4567 (Data Switch 2)
American Stendard Code for Inf ion hange (ASCil}
Extended to Eight Bits
Bit Positions —=76
[ on o 1 o 1 10 T n 1
4321 00 01 10 11 00 01 10 11 00 01 10 11 00 01 10 11
0000 {NUL | DLE SpP 0 \ 4 @ P
0001 {SOH | DCI 1 1 A Q a 9
0010 |STX | DC2 " 2 B R b r
oon |[ETx | DC3 ! 3 C s c |
0100 |[EOT | DC4 $ 4 D T d t
0101 (ENQ | NAK % 5 E U e
0110 JACK | SYN & 6 F v f v
0111 {BEL ET® ! 7 G w 9 w
1000 |BS CAN ( 8 H X h x
1001 |HT EM ) 9 I Y i y
w10 [IF | ss . b [z i |z
101 |vr ESC + ; K C k {
1100 |FF FS < L ~ | puny
101 CR | GS - = M 3 m |}
1110 |SO RS . > N A n |
mam sl us / ? (o] _ o DEL
)
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n

3]

©0 B DI b

16
32
64
128

256
512
1 024
2 048

4 096
8192
16 384
32 768

65 536
131 072
262 144
524 288

1048 576
2 097 152
4 194 304
8 388 608

16 777 216
33 554 432
67 108 864
134 217 1728

268 435 456
536 870 912
1 073 741 824
2 147 483 648

4 294 967 296
8 589 934 592
17 179 869 184
34 359 738 368

68 719 476 736
137 438 953 472
274 877 906 944
549 755 813 888

WM =O

IO

APPENDIX C POWERS OF TWO TABLE

0.007 812 5

0,003 906 25
0.001 953 125
0.000 976 562 5
0.000 488 281 25

0.000 244 140 625
0.000 122 070 312 5
0.000 061 035 156 25
0.000 030 517 578 125

0.000 015 258 789 062 5
0.000 007 629 394 531 25
0.000 003 814 697 265 625
0.000 001 907 348 632 812 5

0.000 000 953 674 316 406 25
0.000 000 476 837 158 203 125
0.000 000 238 418 579 101 562 5
0.000 000 119 209 289 550 781 25

0.000 000 059 604 644 775 390 625
0.000 000 029 802 322 387 695 312 5
0.000 000 014 901 161 193 847 656 25
0.000 000 007 450 580 596 923 828 125

0.000 000 003 725 290 298 461 914 062 5
0.000 000 001 862 645 149 230 957 031 25
0.000 000 000 931 322 574 615 478 515 625
0.000 000 000 465 661 287 307 739 257 812 5

0.000 000 000 232 830 643 653 869 628 906 25
0.000 000 000 116 415 321 826 934 814 453 125
0.000 000 000 058 207 660 913 467 407 226 562 5
0.000 000 000 029 103 830 456 733 703 613 281 25

0.000 000 000 014 551 915 228 366 851 806 640 625
0.000 000 000 007 275 957 614 183 425 903 320 312 5
0.000 000 000 003 637 978 807 091 712 951 660 156 25
0.000 000 000 001 818 989 403 545 856 475 830 078 125
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APPENDIX D BINARY AND HEXADECIMAL NUMBER NOTATION

Binary Number Notation

A binory number system, such as is used in System/360 uses o
base of two, The concept of using o base of two con be compared
with the bose of ten (decimal) number system.

decimal number binary number
0 = ]
1 = 1
2 = 10
3 = n
4 B 100
5 = 101
6 = 110
7 = m
8 = 1000
9 = 1001

Exomple of o decimal number

| ]
1 2 3 9 + 9 units position
+ 30 tens position
/-/. ";. ":/. ':«. + 200 hundreds position
B0\ Do\ 2\ %o o 1000 thousands position
1239 = decimal number

As shown above, the decimal number system allows counting to ten
in each position=from units to tens to hundreds to thousands etc. The
binary system allows counting to two in each position, Register displays
in the System/360 are in binary form: o bit light on i3  "one" o bit
light off is o "zero",

Exomple of o binary number

=
1 0 ] ]
+0001 = decimol
- o o P +0000 = decimal 0
+* \* \* \* or +0000 = decimal 0
Pe\ R\ o\ b 1000 = decimal 88—
1001 = decimal ¢
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Hexadecimal Number System

as been noted that binary numbers require about
three times as many positions as decimal numbers to
express the equivalent number. This is not much of
a problem to the computer; however, in talking and
writing or in communicating with the computer, these
binary numbers are bulky. A long string of 1's and
0's cannot be effectively transmitted from one individ-
ual to another. Some shorthand method is necessary.
The hexadecimal number system fills this need.
Because of the simple relationship of hexadecimal to
binary, numbers can be converted from one system
" to another by inspection. The base or radix of the
hexadecimal system is 16. This means there are
6 symbols: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C,
=D, E, and F. The letters A, B, C, D, E, and F
represent the 10-base system values of 10, 11, 12,
13; 14, and 15, respectively.
Four binary positions are equivalent to one hex-
adecimal position. The following table shows the
comparable values of the three number systems,

Decimal Binary Hexadecimal
0 0000 0
1 0001 1
2 0010 2
3 0011 3
4 0100 4
5 0101 5

6 0110 6
7 o111 7
8 1000 8
9 1001 9
10 1010 A
11 1011 B
12 1100 C
13 1101 D
14 1110 E
15 1111 F

At this point, all 16 symbols have been used, and
a carry to the next higher position of the number is
necessary.

16 0001 0000 10

17 0001 0001 11

18 0001 0010 12

19 0001 0011 13

20 0001 0100 14

21 0001 0101 15
and so on.

Remember that as far as the internal circuitry
of the computer is concerned, it only understands
binary. But an operator can look at a series of lights
on the computer console showing binary 1's and 0's,
for example: 0001 1110 0001 0011, and say that the
lights represent the hexadecimal value 1E13 which is
easier to state than the string of 1's and 0's.
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APPENDIX E HEXADECIMAL — DECIMAL CONVERSION TABLES

-
The table in this appendix provides for direct conver- Hexadecimal Decimal
sion of decimal and hexadecimal numbers in these
ranges: 5000 20480
Hexadecimal Decimal 6000 24576
000 to FFF 000 to 4095 7000 28672
. 8000 32768
For numbers outside the range of the table, add
the following values to the table figures: 9000 36864
A000 40960
Hexadecimal Decimal B000 45056
1000 4096 C000 49152
2000 8192 D000 53248
3000 12288 E000 57344
4000 16384 F000 61440
Register Register Register Register
E S T R
o R 1 S E . 9
| |
i : |
®@0000 | ®000e P0000O ®O000CO
1 |
| et i 4 | ]
{pmmnmam e - !
"
1
W ! A B C D E F
00 Y [ o000 0001 0010 0011 0012 0013 0014 0015
ol . | 0016 0017 0026 0027 0028 0029 00630 0031
02 - | 0032 0033 0042 0043 0044 0045 0046 0047
03 _ | 0048 0049 0058 0059 0060 0061 0062 0083
04 _ | 0064 0085 0074 0075 0076 0077 0078 0079
05 . | 0080 0081 0090 0091 0092 0093 0094 0085
06 _ | 0096 0097 0106 0107 0108 0109 0110 0111
07 _ | o112 0113 0122 0123 0124 0125 0126 0127
08 _ | 0128 0129 0138 0139 0140 0141 0142 0143
09 _ | 0144 0145 0154 0155 0156 0157 0158 0159
0A_ | 0160 0161 0170 0171 0172 0173 0174 0175
OB_ | 0176 0177 0186 0187 0188 0189 0190 0191
oc_ | o192 0193 0202 0203 0204 0205 0208 0207
OD_ | 0208 0209 0218 0219 0220 0221 90222 0223
OF _ | 0224 0225 0234 0235 0236 0237 0238 0239
OF _ | 0240 0241 . 0250 0251 0252 0253 0254 0255
10_ | 0256 0257 0266 0267 0268 0269 0270 0271
11_ | 0272 0273 0282 0283 0284 0285 02868 0287
12 | 0288 0289 0298 0299 0300 0301 0302 0303
13- | 0304 0305 0314 0315 0316 0317 0318 0319
! 14 _ 0320 0321 0330 0331 0332 0333 0334 0335
15_ | 0336 0337 0346 0347 0348 0349 0350 0351
16 - 0352 0353 0362 0363 0364 0365 0366 0367
17 - 0368 0369 0378 0379 0380 0381 0382 0383
18- | 0384 0385 0394 0395 0396 0397 0398 0399
19_ | 0400 0401 0410 0411 0412 0413 0414 0415
1A_ | 0416 0417 0426 0427 0428 0429 0430 0431
1B | 0432 0433 0442 0443 0444 0445 0446 0447
1C_ | 0448 0449 0458 0459 0460 0461 0462 0463
1ID_ | 04684 0465 0474 0475 0476 0477 0478 0479
#{0489] 0490 0491 0492 0493 0494 0495
0505 0506 0507 0508 0509 0510 0511
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. r— 0 1 2 3 4 5 6 7 8 9 A B C D E F
G— - | 0512 0513 0514 0515 0516 0517 0518 0519 0520 0521 0522 0523 0524 0525 0526 0527
21— ] 0528 0529 0530 0531 0532 0533 0534 0535 0536 0537 0538 0539 0540 0541 0542 0543
22 | 0544 0545 0546 0547 0548 0549 0550 0551 0552 0553 0554 0555 0556 0557 0558 0559
23 | 0560 0561 0562 0563 0564 0565 0566 0567 0568 0569 0570 0571 0572 0573 0574 0575
24 | 0576 0577 0578 0579 0580 0581 0582 0583 0584 0585 0586 0587 0588 0589 0590 0591
25 | 0592 0593 0594 0585 0596 0597 0598 0599 0600 0601 0602 0603 0604 0605 0606 0607
26 | 0608 0609 0610 0611 0612 0613 0614 0615 0616 0617 0618 0619 0620 0621 0622 0623
27- | 0624 0625 0626 0627 0628 0629 0630 0631 0632 0633 0634 0635 0636 0637 0638 0639
28~ | 0840 0641 0642 0643 0644 0645 0646 0847 0648 0649 0650 0651 0652 0653 0854 0655
29~ | 0856 0657 0658 0659 0660 0661 0662 0663 0664 0665 0666 0667 0668 0669 0670 0671
2A- | 0872 0673 0674 0675 0676 0677 0678 0679 0680 0681 0682 0683 0684 0685 0686 0687
2B- | 0688 0689 0690 0691 0692 0693 0694 0695 0696 0697 0698 0699 0700 0701 0702 0703
2C- | 0704 0705 0706 0707 0708 0709 0710 0711 0712 0713 0714 0715 0716 0717 0718 0719
2D- | 0720 0721 0722 0723 0724 0725 0726 0727 0728 0729 @730 0731 0732 0733 0734 0735
2E- | 0736 0737 0738 0739 0740 0741 0742 0743 0744 0745 0746 0747 0748 0749 0750 0751
2F. | 0752 0753 0754 0755 0756 0757 0758 0759 0760 0761 0762 0763 0764 0765 0766 0767
30~ | 0768 0769 0770 0771 0772 0773 0774 0775 0776 0777 0778 0779 0780 0781 0782 0783
31- | 0784 0785 0786 0787 (0788 0789 0790 0791 0792 0793 0794 0795 0796 0797 0798 0799
32- | 0800 0801 0802 0803 0804 0805 0806 0807 0808 0809 0810 0811 0812 0813 0814 0815
33- | 0816 0817 0818 0819 0820 0821 0822 0823 0824 0825 0826 0827 0828 0829 0830 0831
3. | 0832 0833 0834 0835 0836 0837 0838 0839 0840 0841 0842 0843 0844 0845 0846 0847
35.- ) 0848 0849 0850 0851 0852 0853 0854 0855 0856 0857 0858 0859 0860 0861 0862 0863
36- | 0864 0865 0866 0867 0868 0869 0870 0871 0872 0873 0874 0875 0876 0877 0878 0879
37- ) 0880 0881 0882 0883 0884 0885 0886 0887 0888 0889 0890 0891 0892 0893 0894 0895
38. | 0896 0897 0898 0899 0900 0901 0902 0903 0904 0905 0906 0907 0908 0909 0910 0911
39- | 0912 0913 0914 0915 0916 0917 0918 0919 0920 0921 0922 0923 0924 0925 0926 0927
3A- | 0928 0929 0930 0931 0932 0933 0934 0935 0936 0937 0938 0939 0940 08f 0942 0943
3B. | 0944 0945 0946 0947 0948 0949 0950 0951 0952 0953 0954 0955 0956 0957 0958 0959
3C- | 0960 0961 0962 0963 0964 0965 0966 0967 0968 0969 0970 0971 0972 0973 0974 0975
3D- | 0976 0977 0978 0979 0980 0981 0982 0983 0984 (985 0986 (0987 0988 0989 0990 0991
SE- | 0992 0993 0994 0995 0996 0997 0998 0999 1000 1001 1002 1003 1004 1005 1006 1007
3F- | 1008 1009 1010 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021 1022 1023
0 1 2 3 4 5 6 7 8 9 A B C D E F
40 - 1024 1025 1026 1027 1028 1029 1030 1031 1032 1033 1034 1035 1036 1037 1038 1039
41 - 1040 1041 1042 1043 1044 1045 1046 1047 1048 1049 1050 1051 1052 1053 1054 1055
42 1056 1057 1058 1059 1060 1061 10682 1063 1064 1065 1066 1067 1068 1069 1070 1071
43 - 1072 1073 1074 1075 1076 1077 1078 1079 1080 1081 1082 1083 1084 1085 1086 1087
4. 1088 1089 1090 1091 1092 1093 1094 1095 1096 1097 1098 1099 1100 1101 1102 1103
45 - 1104 1105 1106 1107 1108 1109 1110 1111 1112 1113 1114 1115 1116 1117 1118 1119
46 - 1120 1121 1122 1123 1124 1125 1126 1127 1128 1129 1130 1131 1132 1133 1134 1135
47 - 1136 1137 1138 1139 1140 1141 1142 1143 1144 1145 1146 1147 1148 1149 1150 1151
48 11152 1153 1154 1155 1156 1157 1158 1I59 1160 1161 1162 1163 1164 1165 1166 1167
49 - 1168 1169 1170 1171 1172 1173 1174 1175 1176 1177 1178 1179 1180 1181 1182 1183
4A. | 1184 1185 1186 1187 1188 1189 1190 1191 1192 1193 1194 1195 1196 1197 1198 1199
4B- | 1200 1201 1202 1203 1204 1205 1206 1207 1208 1209 1210 1211 1212 1213 1214 1215
4C.- 1216 1217 1218 1219 1220 1221 1222 1223 1224 1225 1226 1227 1228 1229 1230 1231
4D- | 1232 1233 1234 1235 1236 1237 1238 1239 1240 1241 1242 1243 1244 1245 1246 1247
4E-. | 1248 1249 1250 1251 1252 1253 1254 1255 1256 1257 1258 1259 1260 1261 1262 1263
4F- | 1264 1265 1266 1267 1268 1269 1270 1271 1272 1273 1274 1275 1276 1277 1278 1279
50 1 1280 1281 1282 1283 1284 1285 1286 1287 1288 1289 1200 12901 1292 1293 1204 1295
S1- | 1296 1297 1208 1209 1300 1301 1302 1303 1304 1305 1306 1307 1308 1309 1310 1311
52. | 1312 1313 1314 1315 1316 1317 1318 1319 1320 1321 1322 1323 1324 1325 1326 1327
53- | 1328 1329 1330 1331 1332 1333 1334 1335 1336 1337 1338 1339 1340 1341 1342 1343
S4- | 1344 1345 1346 1347 1348 1349 1350 1351 1352 1353 1354 1355 1356 1357 1358 1359
55- | 1360 1361 1362 1363 1364 1365 1366 1367 1368 1369 1370 1371 1372 1373 1374 1375
56 - | 1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1386 1387 1388 1389 1390 1391
57. | 1392 1393 1394 1395 1396 1397 1398 1399 1400 1401 1402 1403 1404 1405 1406 1407
58 | 1408 1409 1410 1411 1412 1413 1414 1415 1416 1417 1418 1419 1420 1421 1422 1423
59— ] 1424 1425 1426 1427 1428 1429 1430 1431 1432 1433 1434 1435 1436 1437 1438 1439
SA- | 1440 1441 1442 1443 1444 1445 1446 1447 1448 1449 1450 1451 1452 1453 1454 1455
SB- | 1456 1457 1458 1459 1460 1461 1462 1463 1464 1465 1466 1467 1468 1469 1470 1471
5C- | 1472 1473 1474 1475 1476 1477 1478 1479 1480 1481 1482 1483 1484 1485 1486 1487
5D- | 1488 1489 1490 1491 1492 1493 1494 1495 1496 1497 1498 1499 1500 1501 1502 1503
SE- | 1504 1505 1508 1507 1508 1509 1510 1511 1512 1513 1514 1515 1516 1517 1518 1519
S5F- | 1520 1521 1522 1523 1524 1525 1526 1527 1528 1529 1530 1531 1532 1533 1534 1535

117



118

—
. r— 0 1 2 3 4 5 6 7 8 9 A B C D E F
60 - 1536 1537 1538 1539 1540 1541 1542 1543 1544 1545 1548 1547 1548 1549 1550 1551
61 - 1552 1553 1554 1555 1556 1557 1558 1559 1560 1561 1562 1563 1564 1565 1566 1567
62 - 1568 1569 1570 1571 1572 1573 1574 1575 1576 1577 1578 1579 1580 1581 1582 1583
63 — 1584 1585 1586 1587 1588 1589 1590 1591 1592 1593 1594 1595 1596 1597 1598 1599
64 1600 1601 1602 1603 1604 1605 1606 1607 1608 1609 1610 1611 1612 1613 1614 1615
65 - 1616 1617 1618 1619 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629 1630 1631
66 - 1632 1633 1634 1635 1636 1637 1638 1639 1640 1641 1642 1643 1644 1645 1646 1647
67 - 1648 1649 1650 1651 1652 1653 1654 1655 1656 1657 1658 1659 1660 1661 1662 1663
68 _ 1664 1665 1666 1667 1668 1669 1670 1671 1672 1673 1674 1675 1676 1677 1678 1679
69 - 1680 1681 1682 1683 1684 1685 1686 1687 1688 1689 1690 1691 1692 1693 1694 1695
6A 1696 1697 1698 1699 1700 1701 1702 1703 1704 1705 17086 1707 1708 1709 1710 1711
6B _ 1712 1713 1714 1715 1716 1717 1718 1719 1720 1721 1722 1723 1724 1725 1726 1727
6C— 1728 1729 1730 1731 1732 1733 1734 1735 1736 1737 1738 1739 1740 1741 1742 1743
6D 1744 1745 1746 1747 1748 1749 1750 1751 1752 1753 1754 1755 1756 1757 1758 1759
6E _ 1760 1761 1762 1763 1764 1765 1766 1767 1768 1769 1770 1771 1772 1773 1774 1775
6F 1776 1777 1778 1779 1780 1781 1782 1783 1784 1785 1786 1787 1788 1789 1790 1791
70 - 1792 1793 1794 1795 1796 1797 1798 1799 1800 1801 1802 1803 1804 1805 1806 1807
71 1808 1809 1810 1811 1812 1813 1814 1815 1816 1817 1818 1819 1820 1821 1822 1823
72 - 1824 1825 1826 1827 1828 1829 1830 1831 1832 1833 1834 1835 1836 1837 1838 1839
73- 1840 1841 1842 1843 1844 1845 1846 1847 1848 1849 1850 1851 1852 1853 1854 1855
74 - 1856 1857 1858 1859 1860 1861 1862 1863 1864 1865 1866 1867 1868 1869 1870 1871
75 - 1872 1873 1874 1875 1876 1877 1878 1879 1880 1881 1882 1883 1884 1885 1888 1887
76 - 1838 1889 1890 1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 1901 1902 1903
77 - 1904 1905 1906 1907 1908 1909 1910 1911 1912 1913 1914 1915 1916 1917 1918 1919
8- 1920 1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935
79 - 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951
TA- 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967
7B~ 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983
7C- 1084 . 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
- 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
TE- 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
TF - 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047
0 1 2 3 4 5 6 7 8 9 A B C D E F
80— 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062 2083
81 2064 2065 2066 2067 2068 2069 2070 2071 2072 2073 2074 2075 2076 2077 2078 2079
82 2080 2081 2082 2083 2084 2085 2086 2087 2088 2089 2080 2091 2092 2093 2094 2085
83— 2096 2097 2098 2099 2100 2101 2102 2103 2104 2105 2106 2107 2108 2109 2110 2111
B4 2112 2113 2114 2115 2116 2117 2118 2119 2120 2121 2122 2123 2124 2125 2126 2127
85 _ 2128 2129 2130 2131 2132 2133 2134 2135 2136 2137 2138 2139 2140 2141 2142 2143
86 - 2144 2145 2146 2147 2148 2149 2150 2151 2152 2153 2154 2155 21586 2157 2158 2159
87 - 2160 2161 2162 2163 2164 2165 2166 2167 2168 2169 2170 2171 2172 2173 2174 2175
88 _ 2176 2177 2178 2179 2180 2181 2182 2183 2184 2185 2186 2187 2188 2189 2190 2191
89 - 2192 2193 2194 2195 2196 2197 2198 2199 2200 2201 2202 2203 2204 2205 2208 2207
8A_ 2208 2209 2210 2211 2212 2213 2214 2215 2216 2217 2218 2219 2220 2221 2222 2223
8B_ 2224 2225 2226 2227 2228 2229 2230 2231 2232 2233 2234 2235 2236 2237 2238 2239
8C- 2240 2241 2242 2243 2244 2245 2246 2247 2248 2249 2250 2251 2252 2253 2254 2255
8D- {2256 2257 2258 2259 2260 2261 2262 2263 2264 2265 22668 2267 2268 2269 2270 2271
8E - 2272 2273 2274 2275 2276 2277 2278 2279 2280 2281 2282 2283 2284 2285 2286 2287
8F_ 2288 2289 2260 2291 2292 2293 2294 2295 2206 22097 2298 2299 2300 2301 2302 2303
90 - 2304 2305 2306 2307 2308 2309 2310 2311 2312 2313 2314 2315 2316 2317 2318 2319
9l _ 2320 2321 2322 2323 2324 2325 2326 2327 2328 2329 2330 2331 2332 2333 2334 2335
92 _ |2336 2337 2338 2339 2340 2341 2342 2343 2344 2345 2346 2347 2348 2349 2350 2351
93 - 2352 2353 2354 2355 2356 2357 2358 2359 2360 2361 2362 2363 2364 2365 2366 2367
94 _ 2368 2369 2370 2371 2372 2373 2374 2375 2376 2377 2378 2379 2380 2381 2382 2383
95 - 2384 2385 2386 2387 2388 -2389 2390 2391 2392 2393 2394 2395 2396 2397 2398 2399
96 - | 2400 2401 2402 2403 2404 2405 2406 2407 2408 2409 2410 2411 2412 2413 2414 2415
97 - [ 2416 2417 2418 2419 2420 2421 2422 2423 2424 2425 2426 2427 2428 2429 2430 2431
98 - {2432 2433 2434 2435 2436 2437 2438 2439 2440 2441 2442 2443 2444 2445 2446 2447
99 . [2448 2449 2450 2451 2452 2453 2454 2455 2456 2457 2458 2459 2460 2461 2462 2463
9A - 2464 2465 2466 2467 2468 2469 2470 2471 2472 2473 2474 2475 2476 2477 2478 2479
9B. 2480 2481 2482 2483 2484 2485 2486 2487 2488 2489 2490 2491 2492 2493 2494 2495
9C. [2496 2497 2498 2499 2500 2501 2502 2503 2504 2505 2508 2507 2508 2509 2510 2511
9D~ 12512 2513 2514 2515 2516 2517 2518 2519 2520 2521 2522 2523 2524 2525 2526 2527
9E_ |2528 2529 2530 2531 2532 2533 2534 2535 2536 2537 2538 2539 2540 2541 2542 2543 |
9F - | 2544 2545 2546 2547 2548 2549 2550 2551 2552 2553 2554 2555 2556 2557 2558 2559



—
e o 1 2 3 4 5 & 1 8 9 A B C D E F
A0 D [2560 9561 2562 2563 2564 2565 2566 2567 2568 2569 2570 2571 9572 2573 2574 2575
Al _ [2576 2577 2578 2579 2580 2581 9582 2583 9584 9585 2586 02587 9588 2580 2500 2591
A2 _ |2592 9593 2594 2595 2506 2597 2598 2599 2600 2601 2602 2603 2604 2605 2606 2607
A3 _ |2608 2609 2610 2611 2612 2613 92614 2615 2616 2617 2618 2619 2620 2621 2622 2623
A4 _ |2624 2625 2626 2627 2628 2629 2630 2631 2632 2633 2634 2635 2636 9637 2638 2639
A5 _ (2640 2641 2642 2643 2644 2645 2646 2647 2648 2649 2650 2651 2652 2653 2654 2655
A6 . [2656 2657 2658 2659 2660 2661 2662 2663 2664 2665 2666 2667 2668 2669 2670 2671
A7 _ |2672 2673 2674 2675 2676 92677 2678 2679 2680 2681 2682 2683 2684 2685 2686 2687
A8 _ |2688 2689 2690 2691 2692 2693 2694 2695 2696 2697 2698 2699 2700 2701 2702 2703
A9 _ 2704 2705 2706 2707 2708 2709 2710 2711 2712 2713 2714 2715 2716 2717 2718 2719
AA_ |2720 2721 2722 2723 2724 2725 2726 2727 2728 2729 2730 9731 2732 2733 2734 2735
AB_ |9736 2737 2738 2739 2740 2741 2742 2743 2744 2745 2746 2747 2748 2749 2750 2751
AC. |2752 2753 2754 2755 2756 2757 2758 2759 2760 2761 2762 2763 2764 2765 2766 2767
AD- 2768 2769 2770 2771 2772 2773 2774 2175 2776 2777 2778 2779 2780 2781 2782 2783
AE . |2784 2785 2786 2787 2788 2789 2790 2791 2792 2793 2794 2795 2796 2797 2798 2799
AF. [2800 2801 2802 2803 2804 2805 2806 2807 2808 2809 2810 2811 2812 2813 2814 2815
BO - (2816 2817 2818 2819 2820 2821 2822 2823 9824 2825 2826 ©0R27 2828 2829 2830 283]
Bl _ (2832 2833 2834 2835 2836 2837 2838 2839 2640 92841 2842 0843 2844 02845 2846 2847
B2 _ |2848 2849 2850 2851 2852 2853 2854 2855 2856 2857 2858 2859 2860 2861 2862 2863
B3 _ |2864 2865 2866 2867 2868 2860 2870 2871 2872 9873 2874 2875 2876 92877 2878 2879
B4 _ (2880 2881 2882 2883 2884 2885 2886 2887 2888 <2889 2890 2891 2892 2893 92894 2895
B5 - 2896 2897 2898 2899 2900 2901 2902 2903 2904 2905 2906 2907 2908 2909 2910 2911
B6 _ {2912 2013 2914 2915 2916 2917 2918 2919 2920 2921 2922 2923 2924 2925 2026 2927
B7 - |2928 2020 2930 2931 2932 2933 2934 2935 2936 2037 2938 29039 2940 2941 2942 2943
BS . (2044 2045 2946 2947 2048 2949 2950 2051 2952 2953 2954 2955 2956 2957 2958 2959
BO_ 2060 2061 2062 2063 064 2065 2966 2067 2068 2060 970 2071 2972 297y 2074 2975
BA_ |29768 2077 2978 2979 2980 2981 2082 2983 2984 2985 2086 2987 2988 2940 2900 2901
BB [2992 2993 2994 2995 2996 2997 2098 2999 3000 3001 3002 3003 3004 3005 3006 3007
BC_ |3008 3009 3010 3011 3012 3013 3014 3015 3016 3017 3018 3019 3020 3021 3022 3023
BD_ |3024 3025 3026 3027 3028 3029 3030 3031 3032 3033 3034 3035 3036 3037 3038 3039
BE_ (3040 3041 3042 3043 3044 3045 3046 3047 3048 3049 3050 3051 3052 3053 3054 3055
BF- [3056 3057 3058 3059 3060 3061 3062 3063 3064 3065 3066 3067 3068 3069 3070 3071
o 1 2 3 4 5 6 1 8 9 A B C D E F
CO - [3072 3073 3074 3075 3076 3077 3078 3079 3080 3081 3082 3083 3084 3085 3086 3087
Cl . |3088 3089 3090 3091 3092 3093 3094 3095 3096 3097 3098 3099 3100 3101 3102 3103
C2 _ [3104 3105 3106 3107 3108 3109 3110 3111 3112 3113 3114 3115 3116 3117 3118 3119
C3._ [3120 3121 3122 3123 3124 3125 3126 3127 3128 3129 3130 3131 3132 3133 3134 3135
C4_ |3136 3137 3138 3139 3140 3141 3142 3143 3144 3145 3146 3147 3148 3149 3150 3151
C5_ [3152 3153 3154 3155 3156 3157 3158 3159 3160 3161 3162 3163 3164 3165 3166 3167
C6 - [3168 3169 3170 3171 3172 3173 3174 3175 3176 3177 3178 3179 3180 3181 3182 3183
C7. | 3184 3185 3186 3187 3188 3189 3190 3191 3192 3193 3194 3195 3196 3197 3198 3199
C8 - [3200 3201 3202 3203 3204 3205 3206 3207 3208 3209 3210 3211 3212 3213 3214 3215
C9_ (3216 3217 3218 3219 3220 3221 3292 3223 3924 3295 3296 3227 3298 3229 3230 3231
CA_ | 3202 3233 3234 3235 3236 3237 3238 3239 3240 3241 3242 3243 3244 3245 3246 3247
CB_ [3248 3249 3250 3251 3252 3253 3254 3255 3256 3257 3258 3259 3260 3261 3262 3263
CC._ (3264 3265 3266 3267 3268 3269 3270 3271 3272 3273 3274 3275 3276 3277 3278 3279
CD- |3280 3281 3282 3283 3284 3285 3286 3287 3288 3289 3290 39291 3202 3293 3204 3295
CE_ |3296 3297 3268 3299 3300 3301 3302 3303 3304 3305 3306 3307 3308 3309 3310 3311
CF_ |3312 3313 3314 3315 3316 3317 3318 3319 3320 3321 3322 3323 3324 3325 3326 3327
DO. | 3328 3329 3330 3331 3332 3333 3334 3335 3336 3337 3338 3339 3340 3341 3342 3343
DI_ |3344 3345 3346 3347 3348 3349 3350 3351 3352 3353 3354 3355 3356 3357 3358 3359
D2 | 3360 3361 3362 3363 3364 3365 3366 3367 3368 3369 3370 3371 3372 3373 3374 3375
D3_ | 3376 3377 3378 3379 3380 3381 3382 3383 3384 3385 3386 3387 3388 3389 3390 3391
D4. | 3392 3393 3394 3395 3396 3397 3398 3399 3400 3401 3402 3403 3404 3405 3406 3407
D5. | 3408 3409 3410 3411 3412 3413 3414 3415 3416 3417 3418 3419 3420 3421 3422 3423
D6. | 3424 3425 3426 3427 3428 3429 3430 3431 3432 3433 3434 3435 3436 3437 3438 3439
D7- [ 3440 3441 3442 3443 3444 3445 3446 3447 3448 3449 3450 3451 3452 3453 3454 3455
D8 | 3456 3457 3458 3459 3460 3461 3462 3463 3464 3465 3466 3467 3468 3469 3470 3471
D9 | 3472 3473 3474 3475 3476 3477 3478 3479 3480 3481 3482 3483 3484 3485 3486 3487
DA. | 3488 3489 3490 3491 3492 3493 3494 3495 3496 3497 3498 3499 3500 3501 3502 3503
DB_ | 3504 3505 3506 3507 3508 3509 3510 3511 3512 3513 3514 3515 3516 3517 3518 3519
DC. | 3520 3521 3522 3523 3524 3525 3506 3527 3528 3529 3530 3531 3532 3533 3534 3535
DD- | 3536 3537 3538 3539 3540 3541 3542 3543 3544 3545 3546 3547 3548 3549 3550 3551
DE. | 3552 3553 3554 3555 3556 3557 3558 3559 3560 3561 3562 3563 3564 3565 3566 3567
DF- | 3568 3569 3570 3571 3572 3573 3574 3575 3576 3577 3578 3579 3580 3581 3582 3583
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|
{— 0 1 2 3 4 5 6 7 8 9 A B C D E F
EO_ 3584 3585 3586 3587 3588 3589 3590 3591 3592 3593 3594 3595 3596 3597 3598 3599
El_ |3600 3601 3602 3603 3604 3605 3606 3607 3608 3609 3610 3611 3612 3613 3614 3615
E2_ |3616 3617 3618 3619 3620 3621 3622 3623 3624 3625 3626 3627 3628 3629 3630 3631
E3_ 3632 3633 3634 3635 3636 3637 3638 3639 3640 3641 3642 3643 3644 3645 3646 3647
E4_ [3648 3649 3650 3651 3652 3653 3654 3655 3656 3657 3658 3659 3660 3661 3662 3663
E5_ [3664 3665 3666 3667 3668 3669 3670 3671 3672 3673 3674 3675 3676 3677 3678 3679
E6_ |3680 3681 3682 3683 3684 3685 3686 3687 3688 3689 3690 3691 3692 3603 3694 3695
E7_ [3696 3697 3698 3699 3700 3701 3702 3703 3704 3705 3706 3707 3708 3709 3710 3711
E8_ 3712 3713 3714 3715 3716 3717 3718 3719 3720 3721 3722 3723 3724 3725 3726 3727
E9_ (3728 3729 3730 3731 3732 3733 3734 3735 3736 3737 3738 3739 3740 3741 3742 3743
EA_ | 3744 3745 3746 3747 3748 3749 3750 3751 3752 3753 3754 3755 3756 3757 3758 3759
EB_ | 3760 3761 3762 3763 3764 3765 3766 3767 3768 3789 3770 3771 3772 3773 3774 3775
EC. |3776 3777 3778 3779 3780 3781 3782 3783 3784 3785 3786 3787 3788 3789 3790 3791
ED- 3792 3793 3794 3795 3798 3797 3798 3799 3800 3801 3802 3803 3804 3805 3806 3807
EE_ |3808 3809 3810 3811 3812 3813 3814 3815 3816 3817 3818 3819 3820 3821 3822 3823
EF_ |3824 3825 3826 3827 3828 3829 3830 3831 3832 3833 3834 3835 3836 3837 3838 3839
FO_ |[3840 3841 3842 3843 3844 3845 3846 3847 3848 3849 3850 3851 3852 3853 3854 3855
Fl1 _ [ 3856 3857 3858 3859 3860 3861 3862 3863 3864 3865 3866 3867 3868 3869 3870 3871
F2 . (3872 3873 3874 3875 3876 3877 3878 3879 3880 3881 3882 3883 3884 3885 3886 3887
F3 . |3888 3889 3890 3891 3892 3893 3894 3895 3896 3897 3898 3899 3900 3901 3902 3903
F4_ | 3904 3905 3906 3907 3908 3909 3910 3911 3912 3913 3914 3915 3916 3917 3918 3919
F5. 13920 3921 3922 3923 3924 3925 3926 3927 3928 3929 3930 3931 3932 3933 3934 3035
F6 - | 3936 3937 3938 3939 3940 3941 3942 3943 3944 3945 3946 3947 3948 3949 3950 3951
F7 - | 3952 3953 3954 3955 3956 3957 3958 3959 3960 3961 3962 3963 3964 3985 3966 3967
F8 _ | 3968 3969 3970 3971 3972 3973 3974 3975 3976 3977 3978 3979 3980 3981 3982 3983
F9 . | 3984 3985 3986 3987 3988 3989 3990 3991 3992 3993 3994 3995 3998 3997 3998 3999
FA. | 4000 4001 4002 4003 4004 4005 4006 4007 4008 4009 4010 4011 4012 4013 4014 4015
FB_ | 4016 4017 4018 4019 4020 4021 4022 4023 4024 4025 4026 4027 4028 4028 4030 4031
FC- | 4032 4033 4034 4035 4036 4037 4038 4039 4040 4041 4042 4043 4044 4045 4046 4047
FD. | 4048 4049 4050 4051 4052 4053 4054 4055 4056 4057 4058 4059 4060 4061 4062 4063
FE_ | 4064 4085 4066 4087 4068 4069 4070 4071 4072 4073 4074 4075 4076 4077 4078 4079
FF_ | 4080 4081 4082 4083 4084 4085 4086 4087 4088 4089 4090 4091 4092 4093 4094 4095



APPENDIX F OPERATION CODES

Operation Codes
Op Code
Name Mnemonic [yexadecima Binary Class Format

Branch on Condition BCR - 07 0000 0111 Branching RR
Branch and Store BASR 0D 0000 1101 Branching RR
Add AR 1A 0001 1010 Binary RR
Subtract SR 1B 0001 1011 Binary RR
Store Halfword STH 40 0100 0000 Binary RX
Branch on Condition BC - 47 01000111 Branching RX
Lood Halfword LH 48 0100 1000 Binary RX
Compare Halfword CH 49 0100 1001 Binary RX
Add Halfword AH 4A 01001010 Binory RX
Subtract Halfword SH 48 0100 1011 Binary RX
Branch and Store BAS 4D 0100 1101 Branching RX
*Diagnostic 83 1000 0011 Special St
Test under Mask ™ 91 1001 0001 Logical S
Move MVI 92 1001 0010 Logical N
Set PSW SPSW 81 1000 0001 Bronching Si
And NI 94 1001 0100 Logicai Si
Compare CLl 95 1001 01.01 Logical N|
Or Ol 96 1001 0110 Logical S
Halt & Proceed HPR 99 1001 1001 Logical N
Test 1/O and Branch TIOB 9A 1001 1010 Input/Output 10
Control 1/O Cio 98 1001 1011 Input/Output 10
Transfer |/O X10 DO 1101 0000 | Input/Output 10
Move Numerical MVN D1 1101 0001 Logical SS
Move Characters MVC D2 11010010 Logical SS
Move Zone MvZ D3 1101 0011 Logical SS
Compare CLC D5 1101 010 Logical SS
Edit ED DE 1101 1110 Logical SS
Move with Offset MVO Fi 11110001 Decimal SS
Pack PACK F2 11110010 Decimal SS
Unpack UNPK F3 11110011 Decimal SS
Zero-and Add ZAP F8 11111000 Decimal SS
Compare Decimal CcP Fo 11111001 Decimal SS
Add Decimal AP FA 11111010 Decimal SS
Subtract Decimal SP FB 11111011 Decimal SS
Multiply Decimal MP FC 11111100 Decimal SS
Divide Decimal DP FD 11111101 Decimal SS
Translate TR DC 1101 1100 Logical SS
* The Diagnostic instruction is used in special programs by the IBM Customer Engineer

to verify the proper functioning of the CPU and to assist in locating faulty components.

It is not intended for use in programs for normal applications and its use should be

avoided, because the status of the CPU, the condition code, the contents of registers

and main storage, and the progress of 1/O operations may be affected.
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APPENDIX G CONDITION CODE
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Instruction Condition Code Setting

00 01 10 11
Add zero <zero > zero -
Subtract zero < zero > zero --
Compare Halfword equal low high -
Add Halfword zero < zero > zero -
Subtract Halfword zero < zero > zero --
Zero & Add zero < zero > zero -
Compare Decimal equal low high -
Add Decimal zero <zero > zero overflow
Subtract Decimal zero < zero > zero overflow

1 4

Test under Mask zero mixed - all one
And zero not zero -- -
Compare Logical equal low high -
Or zero not zero -— -
Edit zero <zero > zero -
Transfer 1/0 available working -- not operational




APPENDIX H SYSTEM/360 MODEL 20 TIMING

Operaion, | Fomet | Mnamonic | 1iming (vercge o misrecends with
Bronch on Condition RR BCR 78
Branch and Store - RR BASR 94
Add RR AR 174
Subtract RR SR 183
Store Halfword RX STH 17
Broanch on Condition RX 8C 110
Lood Halfword RX LH 124
Compare Halfword RX CH 223
Add Halfword RX AH 209
Subtract Halfword RX SH 216
Branch and Store RX BAS 124
Test Under Mask S| ™ 132
Move St MV 104
Set PSW St SPSW 149
And St NI 123
Compare Logical Si Ctl 122
 or st ol 12
" Halt ond Proceed Si HPR 105
Move Numerical SS MVN 137 + 16N
Move Characters SS mvC 137 + 16N
Move Zone SS MvZ 137 + 16N
Compore Logical SS CLc 126 + 248
Edit SS ED 165 + 26 N
Move with Offset ss MVO 170 + 10.2Ny + 7.8 Ny (if Nj > Ng)
170 + 18.0N; (if Ny 2 Ng) ”
Tronslate S5 TR 148 + 53Ny — h’\ .
Pack $s PACK |+ 182+ 270N2(N2* %3 1)+ 16.8P, + 9.6N, - 4.8N,
2
L\ Use 182, i 2Ny - (N2 + 1) ia >0
}Use 160, iF 2Ny - (N + 1) is <0
Unpock SS UNPK 178 + 9.6N; + 8. 4N, + P, (S + 4.4N; - 8.4Ny)
Compare Decimal s cP 312+ 13.2N, + (N, - 1) (69 + 15Pg) + (N - Np)
(38 + 9Pg) + 120
Add Decimal 3 AP 312+ 13.2N, + (N, - 1) (69 + 15F5) * (Ng - Ny)
(38+9P5) +12Pc + Py (15 + 57N;)
Subtract Decimal SS SP (The formula is the some for both instructions)
Multiply Decimal %3 MP 215+ 20N, + (N; - Ny) (70 + 9.6N,) + XOpl 0
(394 9.6N; + 44N,)
Divide Decimal ss op 325+ 250N, + (N; - Np) (150 + 250Np) + £Q
(100 + 50 N,)
Zero ond Add sS ZAP 210 + 10.2Ny +13.2N,
Notes: With time sharing switch OFF, ond 22 usec to each instruction. Symbols used in the timing formulas:
When effective oddress generation (Indexing) is used, odd 56 usec N = Number of bytes in field (defined by coupled field length)
fgr eoch generated oddress. Ny = Number of bytes in the first operond
N2 = Number of bytes in the second operand
B = Tota! number of bytes processed
Q = Sum of quotient digits
:"\o follou!if\g constants must be placed into the respective formulas LOplg; = Sum of operand 1 digits
in the positions indicated by Py through Pg:
PI=1 12N —(N2* 1) isodd [P = TTTN, +1-2N, s <0 1L, 1,
0if 2Ny = (N2 + 1) is even 0if Ny +1-2N,is20 0ifli=Ly
P2=TifN1=N2=1 P5 = For Add: P; =1 if Recomplement desired
0 if other (l) :: ::: :iign: :: E)o:;.dc; T Oprd'i differ 0 if No Recomplement desired
P3 =1 if N2 is odd For Sub'n::’;: e P =$ ': ::: ’59'“ °:: OhPrdO‘ :lnddc':p'd 2 ore olike
0 if Ng is even (l) :: ::: :Egm o: gooh Oprds are ‘clil:e ! signs of the Oprds difter
igns of Oprd 1 ond 2 differ
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Average CPU Time Required for Time-Shared Input/

124

. N . /O input/Output Timing (Averoge)
Output Operations (Time in Milliseconds) Device Operation Format | Mnemonic | in Microseconds
Machine Operation Timing Formula 2501 | Read Cord 10 XI0 186
2501 Test Reader Busy 10 TIOB 12
2501 Card Read 0.065 - F 2501 | Test Reoder Error 10 TIOB 12
2520 Card Read 0.065 - F 2520 | Read Card 0 | xi0 190
2520 Card Punch 8.0 2520 | Punch Card 10 XI10 172+24F+7(80-F)
2560 Card Read 0.065  F 2520 Punch ond Feed 10 Xi10 172+24F+7(80-F)
2560 Card Punch 0.06]  F 2520 Test Reoder Busy 10 TIOB 112
o | commm | weshs o |l 1o | ey |
. . est Punc sy
]24232 2":; Punch ™8 +0.0047 - F 2520 | Test Punch Eror | 10 | TIOB | 112
ord Punch 0.061 - F 2520 | Test Last Card 10 nos | n2
1419 Read or Write 0.055 - F 2520 | Test Feed Error 10 TIOB 12
CA Transmit or Receive 0.070 - F 2520 | Stacker Select e} clo 12
2560 Reod Cord 10 X10 220
Symbols: F = Input/Output Field Length Specified 2560 | Punch Card 10 X10 216
in X1O Instruction. 2560 | Punch and Feed 10 X10 216
H = Number of Print Heads Selected for 2560 | Write Card 10 XI0 224
Printing 25523 Test Rdr;l’ch Busy 10 TioB 112
= . 2! Test Rdr/Pch Error 10 TIOB 112
T8 = Number of Characters in the typebor. 2560 | Test Printer Busy 10 TIoB 12
—~ 2560 | Test Lost Card 10 TI08 12
(o] 2560 | Test Feed Efror o | mos |13
2560 Stacker Select 10 Cio 118
2560 Print Head Select | 10 clo 116
1442 Punch Cord 10 X10 183
1442 Test Punch Busy 10 TIOB 112
1442 Test Punch Error 10 TIOB 112
1442 Test Feed Error 10 TIOB 112
2203 Print 10 X0 2100 +45_2F
2203 Test Printer Busy 10 TIOB 115
2203 Test Printer Error 10 TIO8 15
2203 Test Chan 9 or 12 10 TIOB 15
2203 Test Carriage Busy 10 TIOB 115
2203 Control Carriage 10 cio 125
1403 Print (48 Char) [e] XI0 2400 +6.6F
1403 Print (Numeric) 10 X10 2400+10.5F
1403 Test Printer Busy 10 TIOB 15
1403 Test Printer Error 10 TIOB 115
1403 Test Chon 9 or 12 10 TIOB 15
1403 Control Carriage 10 cio 120
1419 Reod /O Device 10 X0 187
1419 Write 1/O Device 10 X10 204
1419 Test |/O Trons Line | 10O TIOB 112
1419 Unit Select 10 C10 112
1419 | /O Select 10 Cio 10
Comm Tronsmit 10 Xi0 190
Adapter | Receive 10 Xi0 190
Test for Busy o] TIOB 120
Test for Error 10 TIOB 120
Test EOT 10 TIOB 115
Test on BCD 10 TIOB 15
Receive Mode 10 Cio 150
Transmit Mode 10 [el] @] 135
Send EOT 10 CIo 135
Inhibit Aud Alom | 10 cio 120




APPENDIX I INSTRUCTION USE EXAMPLES

The following examples illustrate the use of Compare Decimal
System/360 instructions. Note that these examples
closely approximate machine language to best illus- The contents of location 700-703 are to be compared
trate the operation of the system. For clarity, the algebraically with the contents of location 500-503.
mnemonic for each operation code is used instead of Assume:
the actual machine code. In addition, whenever pos- Reg 12 05 50
sible, the contents of registers, storage locations, Reg 13 04 00

» and so on, are given in decimal notation rather than Loc 700-703 17 25 35 6+
the actual binary formats. When binary formats are Loc 500-503 06 72 14 2+

used, they are segmented into bytes (eight bits) for

ase of visual comparison. . L.
The instruction is:

v

Decimal Add OpCode L &

(o A LTl o Tu] _w X
) [}

The signed, packed decimal field at location 500-503
is to be added to the signed, packed decimal field at

location 2000-2003. Condition code = 2; first operand is high.
Assume:
Reg 12 20 00 Multiply Decimal
Reg 13 04 80
Loc 2000-2003 (before) 00 38 46 0- The signed, packed decimal field in location
Loc 500-503 01 12 34 5+ 1200-1204 is to be multiplied by the signed, packed
. . decimal field in location 500-501, and the product
* The instruction is: is to be placed in location 1200-1204.
OpCede L Lt B 'Y » 'S Assume:
Reg 8 12 00
AP 3] 3| o 13 20
Ce LTl o JTul = & Reg & 1200
Loc 1200-1204 (before) 00 00 38 46 0-
Loc 2000-2003 (after) 00 73 88 5+ Loc 500-501 32 1-

Condition code = 2; sum is greater than zero.
The instruction is:

Zero and Add OpCede L L & o . o
- (e 8Tl oTe] o ¥To 20 ¥
The signed, packed decimal field at location 4500- =]
4502 is to be moved to location 4000-4004 with four
rading zeros in the result field. Loc 1200-1204 (after) 01 23 45 66 0+
Assume: Condition code: unchanged.
Reg 9 40 00
Loc 4000-4004 (before) 12 34 56 78 90
Loc 4500-4502 38 46 0- Divide Decimal
The instruction is: The signed, packed decimal field at location
2000-2004 is to be divided by the packed decimal
Do v L & & hod > field at location 3000-3001.
[z ¥ [2[s] o ¥[+s] sw Q] Assume:
=) Reg 12 18 00
« ‘ Reg 13 : 25 00
Loc 4000-4004 (after) 00 00 38 46 0- " Loc 2000-2004 (before) 01 23 45 67 8+

Condition code = 1; sum is less than zero. Loc 3000-3001 ) 321-
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The instruction is:

Op Code L L L) - . ©,
Loe Q] e[ 2] 200 $]3] 500 Q]
Loc 2000-2004 (after) 38 46 0- 01 8+

where the quotient is 38460-and the remainder
is 018+
Condition code: unchanged.

Pack

Assume locations 1000-1004 contain the following:

Z1 72 73 74 S5

where Z = four-bit zone code

S = four-bit sign code
The field is to be in packed format with two

leading zeros and placed in location 2500-2503.

Reg 12 10 00
Reg 13 25 00
Loc 1000-1004 Z1 72 73 74 S5
Loc 2500-2503 (before) A B CD

The instruction is:

Op Code o

Pl [ Tal s

Loc 2500-2503 (after)

Dy

Tl = %

00 12 34 58

. Condition code: unchanged.

Unpack

Assume locations 2501~-2503 contains the following
fields:

12 34 58
This field is to be put into zoned format and

placed in the locations 1000-1004 where: S is a
four-bit sign code.

126

Reg 12 10 00
Reg 13 25 00
Loc 2501-2503 12 34 58

Loc 1000-1004 (before) ABCDE

The instruction is:

Op Code Y

e[« T2 ] o

o, o,

Ry

o]

and results in

Loc 1000-1004 (after) Z1 722 2374 S5
where Z is a four-bit zone code.

Condition code: unchanged,

Let Z and Y represent four-bit zones,
parts of the eight-bit characters in the field at loca-
tions 6070-6074 are to be replaced by the numeric (
parts of eight-bit characters at locations 8080-8084.

Move with Offset

The unsigned three-byte field at location 4500-¢

is to be moved to location 5600-5603 and given the

sign of the one byte field location at 5603.

Assume:

Reg 12 50 00
Reg 15 40 00
Loc 5600-5603 (before) 77 88 99 0+
Loc 4500-4502 12 34 56

The instruction is:

Op Code L L L]

(ol [z [] s 3]

;g

Loc 5600-5603 (after) 01 23 45 6+

Condition code: unchanged,

Move Immediate

A dollar sign ($) is to be placed in location 2100,

leaving locations 2101-2105 unchanged. Let Z rep-

resent a four-bit zone.
Assume:
Reg 12
Loc 2100-2105 (before)

20 00

The instruction is:

Op Code s [

Z0 Z1 Z2 Z3 Z5 70

[ i | s

[ 2 | 100 |

(5]

Loc 2100-2105 (after)
Condition code: unchanged.

Move Numeric

Assume:
Reg 12 60 00
Reg 15 80 00

Y1Y2Y3Y4Y5
Z3 726 79 27 78

Loc 6070-6074 (before)
Loc 8080-8084
The instruction is:

Dy

0 3]

=)

L

(o]« o]

—1tn

$ 2122723257270

The numeric

y
'



Loc 6070-6074 (after) Y3 Y6 Y9 Y7 Y8

Condition code: unchanged.

ve Zones

Let Z and Y represent four-bit zones in the eight-bit
characters making up the fields at location 2006-
2010 and 3007-3011, respectively. The zones of the
field at 2006-2010 are to be replaced by the zones
from location 3007-3011.

Assume:
Reg 12 20 00
Reg 15 30 00

Loc 2006-2010 (before)
Loc 3007-3011

Z1 24 77 78 75
Y8 Y7 Y4 Y6 Y8

The instruction is:

Op Code O

Lol = Tel s STl = %]
]

Y1l Y4 Y7 Y8 Y5

Loc 2006-2010 (after)
Condition code: unchanged,

Test Under Mask

Test bit positions 0, 2, 3, and 6 of a given byte in
storage to determine if all of these bit positions con-
- in 1s, A Test Under Mask instruction with a mask
" i 10110010 = 1781 is used. The byte to be tested
is stored at location 1250 and contains 01101101,
Assume:
Reg 10 12 00

The instruction is:

Op Code b L] [
[ [ w ] 50 ]
Mask from TM 10110010
Byte tested 01101101
Selected result 00100000

Condition code = 1; some selected bits are 0,
some selected bits are 1 (mixed).

Translate

Assume a stream of 20 characters comes into loca-
tion 2100 in EBCDIC. Translate to ASCII-8.

Assume:
Reg 12 20 00
Reg 15 10 00

Loc 2100-2119 (before) JOHN JONES 257 W.95

. The instruction is:

Op Code

(o Tl w STe] o ]
[N

Loc 2100-2119 (after) = JOHN JONES 257 W, 95
where the overbar means the same graphic in
ASCII-8

Condition code: unchanged.

Translate Table

1000 1015

1016

1032

+|

g
R =
|
21 1[4

~|

m2 }

®|
4
Hl

1128

=y
i)
~| =]~
cllal|e]
<J 17|}

N

€0l
x|v|n|
x‘alrl
M=

1160

176

1192

ik

1208

1224

Nljal =] |=]
w|{=f|~l|n]
~llclizl|ol
v <| zi[m|
S el el
o| | <|lp}i=x|

>l €l{o}|™|
o [N} =] |~

124015

1255

Branch On Condition

Assume a prior operation has been performed which
resulted in setting the condition code in the PSW. The
program is to branth if the result of the previous
operation is nonzero.

The Branch On Condition instruction with a mask
of 0111 = 71¢ in the M field becomes a Branch-on-
Nonzero instruction,

Reg 5 00 00 01 00

Reg 12 00 04 00 00

The instruction is:

Code

Lo'sc ];];I;I 100

HL

and causes a branch to location 410, provided
the condition code is not zero.
Condition code setting is unchanged.
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APPENDIX J 4-OF -8/EBCDIC CONVERSION TABLE
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EBCDIC 4of 8 . EBCDIC 4 0of 8
Graphic Graphic
0123 4567 NXOR 8421 0123 4567 N XOR 8421
blank 0100 0000 1111 0000 F 1100 0110 0110 0110
¢ 0100 1010 0110 1010 G 11700 0111 1000 0111
. 0100 1011 1000 1011 H 1100 1000 0111 1000
< 0100 1100 0110 1100 I 1100 1001 0110 1001
( 0100 1101 o101 0110 J 1101 0001 1101 0001
+ 0100 1110 0011 0110 K 1101 0010 1101 0010
! 0100 1111 1000 1101 L 1101 0011 1100 0011
& 0101 0000 1000 1110 M 1101 0100 1101 0100
! 0101 1010 1100 1010 N 1101 0101 1100 0101
$ 0101 1011 0100 1011 o 1101 0110 1100 0110
* 0101 1100 1100 1100 P 1101 0111 0100 0111
) 0101 1101 o101 1100 Q 1101 1000 1101 1000
; 0101 1110 0011 1100 R 1101 1001 1100 1001
- 0101 1111 0100 1101 none 1110 0000 1010 1010
- 0110 0000 0100 1110 S 1110 0010 1011 0010
/ 0110 0001 1011 0001 T 11710 0011 1010 0011
, 0110 1011 0010 1011 U 11710 0100 1011 0100
% 0110 1100 1010 1100 \% 1110 0101 1010 0101
- 0110 1101 o101t 1010 A 1110 0110 1010 O0tt0
> 0110 1110 0011 1010 X 1110 0111 0010 0111
? 0110 1111 0010 1101 Y 1110 1000 1011 1000
: 0111 1010 0010 1110 A 1110 1001 1010 1001
¥ 0111 1011 0001 1011 0 1111 0000 1001 1010
@ 0111 1100 1001 1100 1 1111 0001 1110 0001
! 0111 1101 0000 11111 2 1111 0010 1110 0010
= 0111 1110 0001 1110 3 1111 0011 1001 0011
" 0111 1111 0001 1101 4 1111 0100 1110 0100
A 1100 0001 0111 0001 5 1111 0101 1001 0101
B 1100 0010 0111 0010 é 1111 .0110 1001 0110
C 1100 0011 0110 0011 7 1111 0111 0001 0111
D 1100 0100 0111 0100 8 1111 1000 1110 1000
E 1100 0101 0110 0101 9 11711 1001 1001 1001
[i340A
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APPENDIX K CARD CODE TABLE

Extended Binary-Coded Decigmal Interchange Code (EBCDIC) Cord Code Table

o —1}
~
~N —

Bit Positionsof a Byte 0, 1, 2, 3, 4, 5,
4567 0000 { 0001 0010 | 0011 1001 1010 on 1100 | 1101 1no nmn
0000 T09 TE9 EOQ9 TEO9 TE EO
18 18 18 18 18 18
0001 19 E9 09 9 TE EO
1 1 1 1 1 1
0010 9 E9 o9 9 TE EO
2 2 2 2 2 2
oon 0 E9 o9 9 TE EO
3 3 3 3 3 3
0100 9 E9 o9 9 TE EO
4 4 4 4 4 4
010} 9 E9 o9 9 TE EO
5 5 5 5 5 )
0110 9 E9 o9 9 TE EO
6 [} ) ) 6 é
om T9 E9 o9 9 TE EO
7 7 7 7 7 7
1000 T9 E9 o9 9 TE EO
8 8 8 8 8 8
1001 T9 E9 o9 9 TE EO
18 18 18 18 9 9
1010 T9 E9 09 9 TE EO
28 28 28 28 28 28
1011 T9 E9 o9 9 TE EO
38 38 38 38 38 38
100 | 19 E9 o9 9 TE EO TEQ TO9 TE9 EOC? TEOQ9
48 48 48 48 48 48 48 48 48 48 48
1101 T9 E9 o9 9 TE EO TEO 109 TES EQ9 | TEO9
58 58 58 58 58 58 58 58 58 58 58
no [+ 1 £9 o9 9 TE EO TEO TO9 TE9 EO9 TEQ?
68 68 68 68 68 68 68 68 68 68 68
1 T9 E9 o9 9 TE EQ TEO TO9 TE9 EO9 TEO9
78 78 78 78 § e e 78 78 78 78 78 78 78
r—0 1 2 3 4 5 6 8 9 A B C D E F
Hexodecimal Representation for Bits 0 1 2 3 (Data Switch 1)
Hexadecimal Representation for Bits 4567 (Date Switch 2)
The numbers contained in the blocks represent row punches in the card.
"T" indicates a twelve zone punch.

"E" indicates ar eleven zone punch. .
EBCDIC graphic characters are shown in the shaded areas.

)
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APPENDIX L. BSCA TABLES

ASCHl Table

Column 0 1 2 3 4 5 6 7

Row I Birs — 765

l 0 0
(] (]

4321 0 1

_O
-
o

0000 |NUL |DLE

0001 |SOH |DCI

0010 |STX |DC2

0011 (ETX {DC3

0100 JEOT |DC4

0101 |ENQ [NAK

0110 [ACK |SYN

0111 (BEL |ETB

1000 |BS CAN

0 o ~ o w S w ~N — o

1001 |HT [EM

10 (1010 |LF SS

RN <iIxXls|l<|clalwu|=|p]|~
<

n {101y |vr |esc k {
12 {1100 |FF [FS ~ I
13 {1101 |CR |GS J e |}

14 /1100 |SO |RS A ln |

15 11 st fite — | o |DOEL
7

% = Column 3 Characters

Figure L-1. ASCH Table
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EBCDIC Toble

Bit positions 0,1 contsin —————» 00
A\

7 N

Bit positions 2,3 conlain  ——» 00 ot 10 1"

Bit positions 4,5, 6,7 contain —1

0f 0000 | NUL|DLE | DS

1{0001 |SOH}DCI | SOS

21 0010}STX [DC2| FS ]SYN

310011 |ETX | DC3

-~

410100 PF |RES | BYP | PN

510101 | HT NL | LF RS

610110 LC BS JEOB | UC

ol|lz |z

710111 DEL | IL PRE | EOT

©

811000 CAN

911001 EM

10| 1010 SMM| CC [ SM

11011 | VT [CUl | CU2 | CU3

1211100 FF |FLS . | DC4

13{1101 ) CR | GS | ENQ| NAK

141110 SO |RDS | ACK

1I5/1111 | si IT8 | BEL | SUB

= Column 3 Characters

NOTE: EOB is calied ETB in the section "IBM Binary
Synchronous Communication Adapter” of the monual.

Figure L-2. EBCDIC Table

Bit Valid on XIO Insn durin, Valid with
TSM REC Auto Call Insn

Position
0 TSM/REC Mode Error X
1 EOT Received

CRC/LRC Check

Timeout

Short Record (Field Length Zero)

Storage Wraparound
Parity Check (VRC or BSCA Check)

Nijo|luola|lw]|s
XX |X|X|IX|Xx]|X

XXX |X

Ovwverrun

BSCA Sense Byte Table

Figure L-3.
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INDEX

Access mechanism 59 Command code (Figure 9) 64
Access time 59 Command reject 55
Add 10 Communications adapter 81
Add decimal 14 Compare decimal 14
Add halfword 9 Compare halfword 9
Address stop 28 Compare logical 18
Addressing * 4,91 Compatibility 90
Address/register data switches 29 Condition code 8, 12,17, 32, 36, 37, 39, 40,43, 46, 84
Alternate track, assigning 76 Condition code (CPU) 55
Alternate track, copying data on 76 Condition code in the PSW 73
AND 21 Condition code settings for decimal operations 12
Assigning an alternate track 76 Condition code settings for logical operations 17
At load point 56 Condition code setting 77
Audible alarm 84 Control 51
Auto answer 88 Control 1/0 33
Auto answer wait 88 Control I/O and test I/O and branch instructions 72
Auto answer/disconnect switch 87,88 Control 1/0 instructions (CIO) 36, 37, 39, 40,42, 45,47, 79
Auto select 79 Control switches 28
Automatic sign standardization 11! Control unit 49
Available 32,39,40,43 Control unit commands 52
Awaiting reply 86 Control unit end 54
Copying data on an alternate track 76
Backspace block 52 Count area 63
Backspace file 52 CPU console 26
Backward memory 57 Cyclic check 64
Batch numbering 80 Cylinder address 63

BCD switch, binary 87
Binary arithmetic 7

Binary arithmetic error conditions 10 Data area 64
Binary instructions 8 Data check 56, 74
Binary representation 7 Data checking 62
Binary/BCD switch 87 Data conversion 57
Branch and store 24 Data converter check 56
Branch instructions 23 Data formats 2,7,11,16,32
Branch on condition 23 Data length 64
Branching 22 Data light/record lights 85
Bus out check 56 Data records 62
Busy 54,86 Data recovery 76
Data recovery and flagging procedures 76
CA instructions 81 Data register VRC 56
CA timing conditions 89 Data set ready 86
Card 1/O 27 Data switches 28,29
Card 1/0O device indicators 26 Data transfer 62
Central processing unit ({CPU) 1 Decimal arithmetic 10
Channel command word (CCW) 64 Decimal arithmetic error conditions 16
Channel commands 49 Decimal instructions 12
Channel flata check 55 Decimal number 2
Channel end 54 Defective surfaces 75
Channel status 72 Description 82
Channel status bit 55 Device end 54
Channel status word 53 Direct addressing 4
Channel status word (CSW) 71 Disconnect operation, auto answer 88
Channel status word settings 73 Disconnect switch, auto answer 87
Character phase 86 Disk pack handling 61
Check lights 85 Disk pack labeling 61
Check stop light 85 Disk pack loading and unloading 61
CIO instruction 46,48 Disk pack storage 62
C-compare 57 Divide decimal 15
Code translation 88 Document to be read 78
Column binary feature 90 Document under the read head 78
Command chaining 51 Dual-feed carriage 45 )
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Edit 19

Effective addressing 4
Emergency off switch 28

End data check 57

End of cylinder 75

Envelope check 57
Equipmégt check 56
Enable/disable switch 61
Erase gap 52

Error conditions 22,25, 33,73
Explicitly addressed operands 5

File protect 56

Fill character 20

Fixed-length logical data 2

Flag byte 63

Flagging a defective track 76
Flagging procedures, data recovery 76
Forwardspace block 52

Forwardspace file 52

General registers 2,90

Halt and proceed 22
Halfword binary number 2,7
Head address 63

IBM 1419 Magnetic Character Reader
IBM 1442 Card Punch, Model 5 36

IBM 1403 Printers, Models 2,7, and N1 46

IBM 2203 Printer 44

Jam or sort check 79

Key length 64

Keys and switches 87
Key, 1/O check reset 27
Key, power off 27

Key, power on 27

Key, program load 27
Key, stop 26

Key, start 26

Key, system reset 26

Lamp test switch 29

Last card control 34

Line receive, line transmit 87
Line transmit and line receive
Line turn-around delay 89
Load halfword 9

Logical data 2

Logical instructions 18
Logical operations 16

LRC error/multiple track error
LRCR error 4

Main storage 1

Main storage addressing 91
Mode 1 set command 53
Mode 2 set command 53
Mode switch 28

Move 18

Move numerics 18

IBM 2311 Disk Storage, Models 11 and 12 58

IBM 2311 Disk Storage characteristics 59 Move with offset 13
IBM 2415 characteristics 48 Move zones 18

IBM 2415 Magnetic Tape Drive and control unit 48 Multiple trac‘k error 56
IBM 2520 Card Read Punch and Card Punch 37 Multiply decimal 15
IBM 2560 Multi-Function Card Machine 41

IBM 2501 Card Reader, Models Al and A2 37 No record found 75

Immediate operands S
Incorrect length 55

Indicators, attention 27
Indicators, card 1/O devices 26
Indicators, register display 26
Indicator, printer 26

Indicator, process 26

Indicator, select lock 61
Indicator, stop key 27
Information positioning 3
Inhibit audible alarm (CIO) 8S
Input/output channel (IOC) 49
Input/output devices 36
Input/output operations 32
Instruddon execution 3
Instruction format 3,8, 12,17,23,32
Instruction step 28

Instructions 8, 12, 18,23, 64
Instructions and command codes 65
Interblock gap noise 56
Interface control check 55
Interlock light 85

Interrupt 55,73

Interruption 6,33

Intervention required 55

Intervention required and equipment check 74

I0C 28
1/O check reset key 27
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Normal stop conditions 30
Not capable 56

Not operational 32, 39,41,43
Number representation 7

Operands 5

Operands, explicitly addressed S

Operands, immediate 5
Operands in registers S
Operating conditions 29

Operating keys and indicators 26

Operating principle 81
Operating procedures 89
Operation codes 90
Operation switch 97

Operator controls and indicators 60

Optional features 57
OR 21
Overrun 56

Pack 13

Packed decimal 2
Packed decimal number 11
Parity checking 2
Pattern character 19
Pocket selection time 79
Power 27

Power off key 27



Power on key 27

Print head selection 43

Printer 27

Printer indicator 26

Process 27,28

Process error stop conditions 31
Process indicator 26

Processor check light 85

Program check 55

Program control for pocket lights 80
Program load key 27

Program sort mode 79

Program status word (PSW) S
Programming error stop 73
Programming error stop conditions 30
Programming errors 84
Programming notes 16,24,42

PSW format 24

Punch card or punch and feed 38,41

Read 51

Read card 38,41

Read count 67

Read count and data 67
Read data 66

Read register VRC 57

Read register VRC/enveldpe check 57
Read transmission error 79
Ready 86

Recalibrate 66

Receive EOT 86

Receive instruction (XIO) 83
Receive operations 83
Receive run 86

Receive TEL 86

Record lights, data light 85
Record number 63

Register alter 28

Register display 28

Register display indicators 26
Reset 88

Result condition 20

Rewind 52

Rewind and unload 52

RR format 3

Scan equal 69

Scan high or equal 69

Scan low or equal 68

Sector format 63

Seek 66

Seek gheck 75

Select lock indicator 61
Selective tape listing 46,48
Send EOT instruction (C10) 83
Send EOT key 87

Send run 86

Send TEL key 88

Sense 51,69

Sense byte 0 55

Sense bytes 1,2,3 56

Sense data description 55
Sense data table 52

Sense information 74

Service description 59

Set PSW 24

Set receive mode instruction (CIO) 83
Set transmit mode instruction (CIO) 82
Sharing, time 5

SI format 3

SIOC 28

Skew error 57

Sort check, jam 79

Source digit 20

Speed select switch 87

SS format 3

Stacker selection 42

Start for a receive operation without auto answer
Start for receive operation with auto answer on at

local CA 89
Start key 26,87
Start/stop switch 60
Status indicators 86
Status modifier 54
Stop 87
Stop conditions, normal 30
Stop conditions, programming error 30
Stop conditions, process error 31
Stop key 26,87
Stop key indicator 27
Storage alter 28
Storage capacity 59

Storage control feature -- cyclic check 62

Storage display 28

Storage fill 29

Storage medium (1316 disk pack) 59
Storage scan 29

Store halfword 9

Subtract 10

Subtract decimal 14

Subtract halfword 9

Switches, address/register data 29
Switches, control 28

Switches, data 29

Switch, emergency off 28
Switch, lamp test 29

Switch, mode 28

Switch, start/stop 60

Switch, time-sharing 29

Switch, enable/disable 61
System reset key 26

System stops 80

Tape unit status A and B 56

Test card printer busy 42

Test carriage busy 45,47

Test channel 9 44,47

Test channel 12 44,47

Test feed error 36, 39,40,42

Test 1/0 and branch 32

Test 1/O and branch instructions ( TIOB)

Test last card 37, 39,42
Test pattern light 86

Test printer busy 44,47
Test printer error 44,47
Test punch busy 36, 38,40
Test punch error 36, 38,40

89
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Test reader busy 37,38

Test reader error 37, 38

Test reader/punch busy 42

Test reader/punch error 42

Test under mask 22

Time sharing 89

Time-sharigg switch 29

Track condition check 75

Track format 63

Transfer in channel (TIC) 51
Transfer instructions (XIO) 36, 37, 38,40,41,44,47,77
Transfer 1/O 33

Transfer I/O (XIO) 64

Translate 22

Transmit instruction (XIO) 82
Transmit operations 82

Trigger, S 19

Two's-complement notation 7
Typical alternate track procedure 76

Unit check 54

Unit exception 54

Unit status 71

Unit status bits 54

Universal character set (1403-2 and -N1) 46
Unpack 13

Valid account-number field 78
Valid amount field 78

Valid process-control field 78
Valid serial-number field 79
Valid transit-number field 78
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Variable-length logical data 2
Verify count and data 68
Verify data 68

Wait with auto answer on at local CA
Word count zero 56

Working 32,39,41,43

Write 51

Write card 41

Write count and data 68

Write data 67

Write status 56

Write tape mark 52

XIO instruction 46, 48,49

Zero and add 13
Zoned decimal 2
Zoned decimal numbers 11

1442 card punch instructions 36
1403 printer instructions 47
1600 BPI 57

2203 printer instructions 44
2415 instructions 49

2520 card punch instructions (2520-A2 and A3) 40

2520 card read punch instructions 38
2520 card read punch 90
2560 MFCM 90

2560 multi-function card machine (MFCM) instructions 41

2501 card reader 90
2501 card reader instructions 37

89



