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This publication is intended for computer programmers;
systems analysts, engineers, and others interested in machine
language or in basic assembler language. The reader is
expected to have a basic knowledge of programming, data
processing terms, and fundamental System/3 concepts.

This manual describes the configuration of input/output
units, processors, and special features available on System/3
Models 8, 10, 12, and 15. The functions performed by

the various models and the lights, switches, and machine
level instructions that initiate and control these functions
are explained.

The introduction in this manual presents the configurations
of features, |/O devices, and main storage capacities for
each model. Other chapters and summary charts within
this reference manual are organized as follows:

Chapter 1, Introduction contains an overview of system
characteristics and the physical characteristics of the
available 1/O devices.

Chapter 2, Instruction Set presents the entire instruction
set in alphabetic order.

Chapter 3, Processing Unit describes the various registers
and functions of the processing unit.

Chapter 4, System Control Panel discusses the lights,
switches and panel procedures for the various models.

The remaining chapters describe the 1/0 devices available
on System/3.

Appendix A contains instruction timings and formats,
code conversions, and number charts.

Appendix B defines terms and abbreviations used in this
publication.
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Chapter 1. Introduction

This introduction contains a brief overview of system The following chart gives possible configurations:
characteristics you need to be familiar with before you can

program System/3. It also presents the available /0
devices, size of storage available, how storage is addressed, Dovi g"°“'§' of D°"'°°I: t':::)A‘m'd
the size of the smallest addressable unit, and the types and Syices ata Dverrun — Read Down
formats of system instructions. 5444 X % X
5445°% X X | x
SYSTEM CONFIGURATIONS BY MODEL 2
5448 X X X
Figures 1-1 through 1-5 show the configurations of input/ 5203! X X X
output devices that are available and list the amount of
main storage available for each model. In the figures, solid 1255, 1270, 38812 X X X X X X
lines leading from the CPU to the 1/0 device indicate that S10C (50 KB)
the device shown {or one of the devices shown, where two X X X X
or more devices are shown connected by an OR) is required 3410/3411 X x| x
for the system to operate. Devices attached to the system
by dotted lines are available, but are not required. BSCA X X X X X X
. . . . 5424
Program Note: The configurations of required units shown X X X X X X
_in this manual do not necessarily represent the configura- MLTA X X X % X %
tions of 1/0 devices required on the various System/3 models
when IBM programming support is used. This manual 1442 X X X X X X
assumes that some readers may work with systems not usin
. Y 4 g 3741 X X X X X X
IBM programming support.
1403! x| x| x| x| x| x
L . . 3
Channel Limitations on Model 10 Configurations 5471, 5475 X X X X X X
1 .
. . . 5203, 1403 Mutually exclusive devices.
In cert.am Model 10 system c.onflguratlonf, overlapped 1/0 21285, 1270, 3881 SI0C attached devices; they are
operations can cause |/O devices to experience data overrun mutually exclusive and each excludes
conditions. Data overrun occurs when requests for 1/0 cycle s all other devices on the SI10C.
steals are not granted in the time limit required for a device. 4 2471,5475 Mutually exclusive devices.
The result of the overrun may cause loss of data and on the 5445, 5448 Mutually exclusive devices.

5424 and 5203 this condition is not detected. Therefore,
when programming 1/O device operations, only those devices

should be overlapped which do not cause overrun conditions. |BM required special equipment engineering can determine

whether configurations involving high data rate devices,
such as the RPQ items installed, will result in data overrun
if IBM program products are not being used. Contact your
IBM sales representative for this information.
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INTERNAL DATA FORMAT

Data Code

Data is stored in System/3 in EBCDIC {extended binary
coded decimal interchange code) format.

Byte

The smallest addressable unit in System/3 is the byte, which
consists of 8 data bits and a parity bit:

Parity Bit

Plof [ [ 1] ]]7

Note that all data in storage looks the same to the process-
ing unit: 8 binary bits. Instructions in the processing unit
determine whether the data is treated as zoned decimal,
graphic characters, or binary integers.

Parity

System/3 maintains odd parity on data entering the CPU.
That is, if a byte entering the CPU has an even number of
1-bits in positions 0 through 7, the CPU places a 1-bit in
the parity (P) position to provide an odd number of 1-bits
in the byte. Thereafter, anytime a byte is used, the CPU
checks to ensure that it contains an odd number of bits
(1-bits). If an even number is detected, the CPU stops
with a process check.

Zoned Decimal Format

Zoned decimal format divides each byte into two 4-bit
groups. Bits 0-3 constitute the zone portion and bits 4-7
constitute the digit portion:

Parity Bit

I

Plof | |3]4] | |7

Nt e’ et~
Zone Bits  _Digit Bits

When data is handled in this format, the zone bits do not
participate in any arithmetic operations. The zone bits
of the low-order byte indicate the sign of the field for
arithmetic operations.

Binary Format (Logical Data)

System/3 processes logical data in binary format, treating
each byte as an unsigned 8-bit binary integer:

Parity Bit

|

Plol [ [ [ 1]”

—m T
Unsigned

Binary Integer

Introduction
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ADDRESSING MAIN STORAGE

Main storage positions are numbered consecutively from
hex 0000 to the upper limit of storage. The operand
address specifies the rightmost position of the main storage
field to be acted upon during instruction execution. The
only exception is that operand 1 of the insert-and-test-
characters instruction is addressed by its leftmost position.

An instruction can address a main storage location by
either of two methods: direct addressing or base-displace-
ment addressing. As shown in Figure 1-8, the first 4 bits

in the instruction operation code (op code) specify
type of addressing to be used by the instruction.

the

00 —

01 —

10 —

not address main storage.

XIX|XIX|IX|X|X]|X
\‘“f"’\"r"’
Defines type of operation to be performed.
Bit
Group Specifies operand 2 main storage addressing activity for instruction:
2-3
00 — Operand 2 address portion of the instruction contains a 2-byte
address (direct addressing). |
01 — Content of XR1 (index register 1) is added to the single byte in
the operand 2 section of the instruction. The result specifies the
storage location being addressed (base-displacement addressing).
Bit 10 — Content of XR2 (index register 2) is added to the single byte in
Group the operand 2 section of the instruction. The result specifies the
0-1 storage location being addressed {base-displacement addressing).
11 — Operand 2 address portion of the instruction is not used to

address main storage in this instruction.

Specifies operand 1 main storage addressing activity for instruction:

Operand 1 address portion of the instruction contains a 2-byte
address {direct addressing).

Content of XR1 is added to the single byte in the operand 1 sec-
tion of the instruction. The result specifies the storage location
being addressed (base-displacement addressing).

Content of XR2 is added to the single byte in the operand 1 sec-
tion of the instruction. The result specifies the storage location
being addressed (base-displacement addressing).

Operand 1 address portion of the instruction is not used to
address main storage in this instruction.

Note: Whenbits 0, 1,2, and 3=1111 (hex F), the instruction is & command-type instruction and does

Figure 1-6. Op Code Function in Addressing Main Storage




Direct Addressing

When the op code specifies that an operand is being
addressed directly by the instruction, the CPU uses the
appropriate 2 bytes from the operand address area of the
instruction as a direct address of the operand.

Base-Displacement Addressing

When the op code specifies base-displacement addressing

for an operand, the CPU adds the immediate data from

the single byte in that operand address area to the 2-byte
address from the index register specified by the op code,
then uses the resulting address as the address of the operand.

The instruction can specify the use of either index register
for either operand address. Also, the same index register
can be used to determine both operand addresses in the
same instruction.

Any one value of an index register allows access to 256
storage positions.

INSTRUCTION FORMATS

System/3 uses three instruction formats of varying length.
The type of addressing being performed determines the
length of each instruction.

All instruction formats have two elements in common: the
op code and the Q-byte. Each of these elements is one
byte. The op code determines the type of addressing (there-
by the length of the instruction) and the operation to be
performed. The function of the Q-byte is determined by
the instruction and is discussed with each individual
instruction.

Command-Type Instructions

Command-type instructions are always 3 bytes long. Ina
command-type instruction, the Q-code contains the follow-
ing information, depending on the instruction:

® Jump condition in jump-on-condition instructions

® Halt identifier {tens position) in halt-program-level
instructions

® Feature or function specification in command-CPU
instructions

® Device address and function specification in all other
command-type instructions

Bits 0-3 of the op code of a command type instruction
always contain 1111 (hex F).

Op Code:
1M1 Q-Byte

R-Byte

0 3 Bits

One-Address Instructions

One-address instructions can be either 3 or 4 bytes long.
These instructions are distinguished by having either bits
0-1 or bits 2-3 of the op code byte both 1’s. The 2 bits that
are not both 1’s can be 01, 10, or 00. If these bits are 00,
addressing is direct and the instruction is 4 bytes long. If
the bits are 01 or 10, addressing is base displacement; the
instruction is 3 bytes long; and index register 1 (01) or
index register 2 (10) is used. The Q-byte of a one-address
instruction can contain one of the following:

® An immediate operand

® A mask

A branch condition

A data selection

Introduction  1-9



One-Address Instruction—Direct Addressing:

Operand Operand
Op Code: {High-Order | {Low-Order
0011 Address Address
1100 Q-Byte |Byte) Byte)
0 3 Bits

One-Address Instruction—Base-Displacement Addressing:

Op Code:

1110

1101 Displace-
1011 ment
0111 Q-Byte |Operand
0 3 Bits

Two-Address Instructions

Two-address instructions can be 4, 5, or 6 bytes long. This
instruction type is distinctive in that neither bit group 0-1
nor bit group 2-3 of the op code byte are both 1’s. If all
four of bits 0-3 are O's, addressing is direct, and the instruc-
tion is 6 bytes long. If any one of bits 0-3is a 1, one of
the addresses is direct, the other address is base displace-
ment, and the instruction is b bytes long. If one bit from
each of the bit groups is a 1, all addressing is base displace-
ment and the instruction is 4 bytes long.

The index register to be used in base displacement address-
ing for either operand is determined by the bit in the bit
group that is 1. If the bit group = 01, index register 1 is
used; if the bit group = 10, index register 2 is used. Both
addresses can use the same index register during one
instruction.

Two-Address Instruction—Operand 1 Address Direct:

Operand 1 | Operand 1
Op Code: {High-Order| {(Low-Order | Operand 2
0001 Address Address Displace-
0010 Q-Byte | Byte) Byte) ment
0 3 Bits

Two-Address Instruction—Operand 2 Address Direct:

Operand 2 | Operand 2
Op Code: Operand 1 | (High-Order| (Low-Order
0100 Displace- Address Address
1000 Q-Byte | ment Byte) Byte)
0 3 Bits
Two-Address Instruction—Both Addresses Direct:
Operand 1 | Operand 1 | Operand 2 | Operand 2
(High-Order| (Low-Order | {High-Order| (Low-Order
Op Code: Address Address Address Address
0000 Q-Byte | Byte) Byte) Byte) Byte)
0 3 Bits

Two-Address |nstruction—Both Addresses Base Displacement:

Op Code:

0101

0110 Operand 1 | Operand 2
1001 Displace- Displace-
1010 Q-Byte | ment ment

0 3 Bits




96-COLUMN CARD CODE

Systems equipped with the IBM 5424 Muiti-Function Card
Unit use 96-column cards. Data is stored in these cards in
three tiers. Each of these tiers holds 32 columns, with
each column containing 6 punch positions. Therefore, the
card can contain a maximum of 96 six-bit codes. As the
5424 reads the card, the CPU converts each 6-bit code into
8-bit.EBCDIC format. On output to the 5424, the CPU
converts the EBCDIC code into 6-bit 96-column card code.
For more information about the 96-column card, refer to
I1BM 96-Column Card Reference Manual, GA21-9125.,

Eight-Bit Program Card Code (IPL Code)

Six-bit card code limits the number of characters {bit
patterns) to 64. The 8-bit bytes used internally in the )
processing unit allow a maximum of 256 differént combina-
tions. The instructions to the system require all of the 266
different combinations. The system provides a method of
reading 8 bits into storage while using 6-bit card code.

Eight-bit code uses tier 3 of the card to provide 2 extra
bits for each column in tiers 1 and 2. These bits are desig-
nated C and D. For tier 1 columns, the 4-bit of the corres-
ponding tier 3 column serves as the C-bit, and the 8-bit
serves as the D-bit. For tier 2, the 1-bit of the correspond-
ing tier 3 column serves as the C-bit, and the 2-bit serves as
the D-bit. For example, columns 1 and 33 use column 65
for their C- and D-bits, columns 2 and 34 use column 66,
etc. Figure 1-7 shows an example of program card code
punching. The full card code including the characters that
must be punched to obtain 8-bit code are shown in
Appendix A.

! N

/ 12 3 4 %8 6§ 7 8 9 101 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 N 32

33 34 35 36 37 38 39 40 4t 42 43 44 &5 46 47 48 49 30 5i 52 51 34 55 36 37 58 59 60 61 62 63 64
65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 B0 81 82 83 B4 8% 06 87 £6 €9 30 N 92 93 94 95 95

97 98 99100 101 102 103 104 105 106 107 108 109 1O 1N 2 112 U4 1S 1% N7 18 NP 120 121 @2 123 124 128 126 127 128

T2 2 4 S 6 7 8 9101 12931415 % 1718 19 20 21 22 23 24 25 26 27 20 29 30 N 32

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 40 49 50 31 52 53 34 35 56 57 58 39 60 61 62 63 64

.} g Bits for Tier 1

[ ]
D - .
:} Bits for Tier 2

8566 €/ 64 €9 70 71 72 73 74 TS 76 77 70 79 80 §) 52 63 64 83 56 57 85 §9 30 91 92 53 24 95 96

“NDDOAPTD=NLODPD=NIDPD
~NbODPH-NDODPI-NIODPD

N 14 3700

\

Figure 1-7. Program Card Code Punching
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This chapter presents the entire System/3 instruction set in
alphabetic order. Three of these instructions {command

CPU, load CPU, and store CPU) apply only to the Models
12C and 15.

See Appendix A for summary charts that illustrate the
various instruction formats and instruction timings.

System/3 uses five types of instructions to handle input
and output operations.

® Start 1/0

Sense 1/0

Load 1/0

Test |/0 and Branch

Advance Program Level

Chapter 2. Instruction Set

The five 1/0 instructions are presented briefly In this
chapter as instructions processed by the CPU. Each chapter
in this manual that describes an 1/0 device includes detailed
descriptions of all appropriate 1/0 instructions for that
device.

Although the interval timer and the 1/0 not-ready-to-ready
{(unit record restart) features {(Model 15 only) are not |/O
devices in the usual sense, both are programmed with 1/0
instructions (Chapter 7). The SI0 and TIO instructions
used with the dual program feature are also discussed in
Chapter 7.

Instruction Set  2-1



ADD LOGICAL CHARACTERS (ALC)

Op Code
{hex) Q-Byte! Operand Addresses?
Byte1 [Byte2 [Byte3 | Byte 4 Byte 5 | Byte 6
0E L1-1 Operand 1 direct Operand 2 direct
Op 2 disp
1E L1-1 Operand 1 direct from XR1
Op 2 disp
2E L1-1 Operand 1 direct from XR2
Op 1 disp
4E L1-1 from XR1 Operand 2 direct
Op 1 disp Op 2 disp :
5E L1-1 from XR1 | from XR1
Op 1 disp Op 2 disp
6E L1-1 from XR1 from XR2
Op 1 disp
8E L1-1 from XR2 Operand 2 direct
Op 1 disp Op 2 disp
9E L1-1 from XR2 | from XR1
Op 1 disp Op 2 disp
AE L1-1 from XR2 | from XR2

1L 1-1 = number of bytes in operand 1, minus 1
Maximum length of each operand is 256 bytes; both operands
must be the same length.

2The operands may overlap. Address operands by their rightmost
bytes.

Condition Register

Bit Name Condition Indicated

7 Equal Zero result

6 Low No carry occurred from the high-order
byte and result not zero

5 High Carry occurred from the high-order byte
: and result not zero
4 Decimal
overflow Bit not affected
3 Test false Bit not affected
2 Binary
overflow Carry occurred from the high-order byte

~ Example

Instruction:

5E 03 00 10 Index Register 1 = 0CCO

Operand 1 before Operation:

00110101 | 11001011 | 11101101 | 01100100

Operation

This instruction adds the binary number in operand 2 to the

binary number in operand 1 and stores the result in operand
1.

Program Notes

® |f operands are overlapped and the operand 1 address
is lower than the operand 2 address, data in the over-
lapped positions of operand 2 is destroyed before it is
used in the operation.

® The system resets the binary-overflow bit during this
operation.

2-2

ocBD OCBE 0CBF 0CCo

Operand 2:

01011011 | 01010101 | 01111000 | 11001101

0ccD 0CCE OCCF 0CcDOo

Operand 1 after Operation:

10010001 | 00100001 | 01100110 | 00110001

0ocBD OCBE OCBF occo

Condition Register after Operation:

00000010




ADD TO REGISTER (A)

Op Code
{hex) Q-Byte! | Operand Address2
Byte1 [Byte2 |Byte3 | Byte 4

36 Rx Operand 1 direct
Op 1 disp

76 Rx from XR1
Op 1 disp

B6 Rx from XR2

IRx specifies the register whose contents are modified by the
instruction. .

2Q0perand 1 is a 2-byte field addressed by its rightmost byte; the
eperand is not changed by the operation.

Operation

This instruction adds the unsigned binary number contained
in the 2-byte field addressed by the operand address to the
contents of the 2-byte register selected by the Q-code.
After the addition is complete, the CPU places the sum in
the selected register.

The high-order bit (bit 0) of the Q-code specifies which
group of registers will be modified. The remaining bits of
the Q-code determine which register within the group will
be modified.

If bit 0 of the Q-code is 0, bits 1 through 7 specify the
register from the following group:

Bit Register to be Modified

1 Program address recall register on Model 15;
program level 2 IAR on Models 8, 10, and 12

2 Program instruction address register on Model
15; program level 1 AR on Models 8, 10,
and 12

3 Instruction address register in use when the

add to register instruction is executed

4 Address recall register for current level

5 Program status register

6 Index register 2 (for current level on Models
8, 10, and 12)

7 Index register 1 (for current level on Models

8, 10, and 12)

If the high-order bit of the Q-code is 1, the selected group
is the instruction address registers for the interrupt levels.
The instruction address registers are selected by the remain-
ing bits as follows:

Bit Interrupt Level Instruction Address Register

None  Interrupt level 0
Interrupt level 1
Interrupt level 2
Interrupt level 3
Interrupt level 4
Interrupt level 5
Interrupt level 6
Interrupt level 7

All models

Model 15 only

NOOTVAE WN =

This instruction must not be used to add to more than one
register at a time. The result of attempting to add to two
registers simultaneously can be either incorrect parity or
incorrect results in the registers.

This instruction is privileged on Model 15 if bit O of the
Q-byte equals 1.

Program Note

Even though this instruction can modify the program
status register, the contents of the condition register will
be placed in the low-order byte of the program status
register during |-phase of the next instruction.

The binary overflow bit in the condition register is turned

off during |-phase of this instruction.

Condition Register

Bit Name Condition Indicated

7 Equal Zero result

6 Low No carry occurred from the leftmost byte
and result not zero

b High Carry occurred from the leftmost byte

and result not zero
4 Decimal
) overflow Bit not used
3 Test false Bit not used
2 Binary
overflow Carry occurred from the leftmost byte
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Example

Instruction:

36 00000010 | 00

04

Operand 1:

| 01001000

00100000

0003

Index Register

0004

2:

Before Operation

After Operation

00110101

01101010

01111101

10001010

Condition Regi

00000100

24

ster after Operation:




ADD ZONED DECIMAL (AZ)

Op
Code
(hex) Q-Byte! Operand Addresses?
Byte1] Byte2 [Byte3  [Byte4 Byte 5 [Byte 6
|
06 L1-L2jL2-1 Operand 1 direct Operand 2 direct
| Op 2 disp
16 L1-L2]L2-1 Operand 1 direct from XR1
| Op 2 disp
26 L1-L2IL2-1 Operand 1 direct from XR2
I Op 1 disp
46 L1-L2lL2-1] from XR1 Operand 2 direct
! Op 1disp | Op 2disp
56 L1—L2!L2—1 from XR1 | from XR1
1 Op 1disp | Op 2disp
66 L1—L2!L2—1 from XR1 [ from XR2
N Op 1 disp
86 L1-L2'L2—1 from XR2 QOperand 2 direct
; Op 1disp | Op 2 disp
96 L1-L2,1 2-1| from XR2 | from XR1
;‘ Op 1disp |Op 2 disp
A6 L1-L2L2-1] from XR2 | from XR2

LL1-L2 (4 bits) = number of bytes in operand 1 minus the number
of bytes in operand 2
L2-1 (4 bits) = number of bytes in operand 2, minus 1
Maximum length of operand 1 is 31 bytes; maximum length of
operand 2 is 16 bytes.

2The operands may overlap. Address operands by their rightmost
bytes.

Operation

This instruction algebraically adds the second operand to
the first operand and stores the result in the first operand.

The processing unit sets the zone bits of all bytes except
the rightmost byte in the first operand to hex F {binary
1111). It sets the zone bits of the rightmost byte in the
first operand to (1) hex F if the result of the operation is
either positive or zero, or (2) hex D if the result is negative.

Program Notes

® The second operand remains unchanged unless the fields
overlap.

® |f operands are overlapped and the operand 1 address is
lower than the operand 2 address, data in the overlapped
positions of operand 2 is destroyed before it is used in
the operation.

® The system does not check for valid decimal digits in
either operand.

® The decimal overflow condition indicator, which may
be set during this operation, is reset by:
— A system reset
— Testing decimal overflow with a branch-on-condition
or jump-on-condition instruction
— Loading a 0 in bit 4 of the program status register
using the load-register instruction

® The system saves the starting address of operand 1 in
the address recall register.

Condition Register

Bit Name Condition Indicated
7 Equal Zero result

6 Low Negative result

5 High Positive result

4 Decimal

overflow Carry occurred from the leftmost position
of operand 1

3 Test false Bit not affected
2 Binary

overflow Bit not affected
Example
Instruction:

06 22 00 10 00 20

Operand 1 before Operation:

F7 F6 F3 | F6 F9

000C 000D OOOCE O00OF 0010

Operand 2:

Fa | F2 | F5

00tE 001F 0020

Operand 1 after Operation:

F7 | F6 | F7 | Fo | Fa

000C 000D OOOE O0O0OF 0010

Condition Register after Operation:

00000100
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ADVANCE PROGRAM LEVEL (APL)

Op Code
(hex) Q-Byte! | R-Byte
Byte1 |Byte2 |Byte3

F1 | Notv used

11 {Q-byte) = DA-code, M-code, and N-code, where:
DA (bits 0-3) = the address of the device being tested
M {bit 4) = an address modifier
N (bits 5-7) = a code that specifies the condition for which
the device is tested

Operation

This instruction (which is privileged on Model 15) tests
the addressed device for the condition specified by the N-
‘code. The operation performed depends on whether the
APL is conditional or unconditional.

Conditional APL Instruction: A conditional APL is one
that has a DA code other than hex 0. Whenever the DPF
(dual program feature) is enabled, the program level
advances if the conditions specified by the N-code of the
Q-byte exist at the addressed device. The reentry point of
the discontinued program level is the starting address of
the advance program level instruction. If the specified
condition does not exist, no program level advance occurs,
and the CPU executes the next sequential instruction.

If the DPF is not installed or is not enabled, a conditional
APL instruction causes the program to loop on itself until
the tested condition no longer exists at the addressed
device. The program then proceeds with the next sequen-
tial instruction.

Unconditional APL Instruction: There are two types of
unconditional APL instructions: looping and nonlooping.

Nonlooping APL: The nonlooping unconditional APL
instruction has an M-code of hex 0 and an N-code of binary
000.

In systems with the DPF enabled, an unconditional program
level advance occurs when the CPU executes the instruction.
The reentry point to the discontinued level is the next
sequential instruction.

26

If the DPF is not installed or is not enabled, the CPU
immediately advances to the next sequential instruction
upon encountering a nonlooping unconditional APL.

Looping APL: The looping unconditional APL instruction
has an M-code of hex 0 and an N-code of binary 001 through
111.

In systems with the DPF enabled, an unconditional program
level advance occurs when the CPU executes the instruction,
The reentry point to the discontinued level is the address

of the APL instruction.

'If the DPF is not installed or is not enabled, the CPU loops
on the APL instruction but interrupt routines still function
normally. If the unconditional looping APL is executed in
an interrupt routine, that routine loops on the APL instruc-
tion continually, and only higher priority interrupt routines
function normally. To exit from the loop caused by a loop-
ing unconditional APL, either modify the 1AR of the pro-
gram or interrupt routine (using either a load-register or
add-to-register instruction) or change the instruction resid-
ing at the address indicated by the instruction address
register (using a move characters instruction, for example).

Program Notes
® APL is a privileged instruction on the Model 15.
® A |ooping unconditional APL instruction can be used

deliberately to prevent the active program from advanc-
ing to the next sequential instruction.

Condition Register

This instruction does not affect the condition register.

Example

Instruction:

Not used

F1 cs

1
l Drive 2 Not Ready or Unit Check
5445

APL



BRANCH ON CONDITION (BC)

Op Code

(hex) Q-Byte! | Operand Address?

Byte1 |Byte2 |Byte3 | Byte 4

Cco 1 Operand 2 direct
Op 2 disp

DO | from XR1
Op 2 disp

EO | from XR2

1| = binary ¢ode specifying condition or conditions that
cause branch to occur

2Qperand portion of instruction specifies the branch-to-
address.

Operation

This instruction tests the condition register for the condi-
tions specified by the Q-code. Bit O of the O-code specifies
whether the branch is to be performed on condition true

{1) or condition false (0). Bit 1 is not used.

Q-Code
Bit Conditions

are 0

=1 Branch if any condition (bits 2 through 7) tested

is 1
Not used
Binary overflow
Test false
Decimal overflow
High
Low
Equal

NO OIS WN -

Program Notes

® The branch operation performs as a no-op when the
Q-code is 80, x7, or xF (where x = 0 through 7).

® An unconditional branch occurs when the G-byte con-

tains 00, x7, or xF (where x = 8 through F).

Branch if all conditions (bits 2 through 7) tested

Condition Register

Bit Name

7 Equal

6 Low

5 High

4 Decimal

Condition

Bit not affected
Bit not affected
Bit not affected

overflow Turned off if tested; otherwise not

affected

3 Test false Turned off if tested; otherwise not

2 Binary

affected

overflow Not affected

Example

Instruction:
CO | 10001000 | 02 BF
0BCC 0BCD OBCE 0OBCF

Condition Register before Operation:

00011001

02 BF

oB DO

nstruction Address Register after Operation:

Address Recall Register after Operation:

Condition Register after Operation:

00010001

Instruction Set
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COMMAND CPU (CCP} — MODELS 12C AND 15 Condition Register

Op Code This instruction does not affect the condition register.

(hex) Q-Byte! | R-Byte?
Byte 1 Byte 2 |Byte 3

Example
F4 Rx 11
. Instruction:
1Rx = ID codes for the function to be acted upon
211 = code specifying action to occur Fa 30 08

Operation Program Mode Register (Current) before Operation:

74

The processing unit performs the actions specified by the
R-byte with the functions specified by the Q-byte

(Figure 2-1). Command CPU is a privileged instruction Program Mode Register (Current) after Operation:
{on Model 15 only).

08

The Model 12C assembler does not recognize the mnemonic
CCP but the hardware recognizes the op code for this
command.

To use this command for a Model 12C assembler, the pro-
grammer has the following options:

® Code the instruction using DCs
® Use $CCP macro (see /BM System/3 Models 8, 10, and

12 System Control Programming Macros Reference
Manual, GC21-7562)

Program Notes, Diagnostic Mode

® Mode change is effective at the next sequential instruc-
tion {NSI).

® System reset/IPL resets diagnostic mode.

® This instruction performs as a no op on Modeis 12C,
16A, 16B, and 15C.

® This instruction cannot modify the 1/O >256 bit of the
PMR (LCP must be used).

2-8



Control
Q-Byte | Function Code Action
108 Supervisor 00 Request interrupt level 0
call {SVC)! 02 Reset interrupt level O
205 Program 00 Disable interrupt level 7
check 01 Enable interrupt level 7
interrupt 02 Reset and disable interrupt
control? level 7
03 Reset and enable interrupt
level 7
30 Load current Bit 0 1/0 greater than 128K
program mode | Bit 1 EB cycle address translate
register (PMR) | Bit 2 EA cycle address translate
immediate3 Bit 3 I cycle address translate
Bit 4 Privileged state
Bit 5 1/O greater than 64K
Bit 6 Protection state
Bit 7 Mask interrupt state
405 Model 15D 00 Set diagnostic mode
diagnostic {(slow)
mode? 02 Reset diagnostic
| mode (fast)

1The supervisor call command allows the program to force the

CPU to enter interrupt level 0. If bit 6 of the control code is O,
if no higher interrupt priority exists, and if the mask interrupt
bit in the current PMR is not on, the CPU enters interrupt level
0 at the completion of the supervisor-call instruction. While in
0, the system is in privileged mode and all commands can be
executed. (Therefore, while in level O the program can change
the system status by altering the PMRs.) Essentially, the super-
visor call is the means of communication between the unprivil-

eged application programs and the privileged supervisor program|

residing at interrupt level 0. Level 0 is always enabled and can-
not be disabled. A command CPU instruction with a Q-code of
hex 10 is not a privileged instruction.

2interrupt level 7 must be enabled to use the program check
interrupt feature. Once enabled, an invalid address, invalid
operation, storage violation, privileged operation in non-
privileged mode, or invalid Q-byte will cause a program
check interrupt. (If level 7 is not enabled, these conditions
will cause a processor check and the system will stop.) The
interrupt 7 routine must store the program check address
register and the program check status register before level 7
is reset, because resetting level 7 resets these registers also.

3Load current PMR immediate provides another way to change
the current PMR (the PMR that is selected by the interrupt
level when the command CPU instruction is issued). The
control code is treated as immediate data and is loaded into
the current PMR. These new contents become effective at
NSi (next sequential instruction) if the active program level
is not changed via an interrupt.

4Model 15D system diagnostics require certain attachment
and device diagnostics to be executed at normal System/3
rate. This instruction allows fast/slow rate of CPU
operation.

5Not available on Model 12C.

Figure 2-1. Command CPU Functions and Actions

Instruction Set

29



COMPARE LOGICAL CHARACTERS (CLC)

Op Code
(hex) Q-Byte! Operand Addresses?
Byte1 |Byte2 |[Byte3 [Byte 4 Byte 5 [Byte 6
oD L1-1 Operand 1 direct Operand 2 direct
Op 2 disp
1D L1-1 Operand 1 direct from XR1
' Op 2 disp
2D L1-1 Operand 1 direct from XR2
Op 1 disp
4D L1-1 from XR1 Operand 2 direct
Op 1 disp Op 2 disp
15D L1-1 from XR1 from XR1
Op 1 disp Op 2 disp
6D L1-1 from XR1 | from XR2
Op 1 disp
8D L1-1 from XR2 Operand 2 direct .
Op 1 disp Op 2 disp
9D L1-1 from XR2 |from XR1
Op 1 disp Op 2 disp
AD L1-1 from XR2 | from XR2
1L1-1 = number of bytes in operand 1 minus 1
Maximum length of each operand is 256 bytes; both operands
must be the same length.
2The operands may overlap. Address operands by their rightmost
bytes.

210

Operation

This instruction compares operand 1 to operand 2, byte
by byte, and sets the condition register according to the
result of the comparison. The comparison treats each

operand as a binary quantity; that is, corresponding bytes
from the two operands are compared, bit for bit.

Program Note

Neither operand is altered by the instruction.

Condition Register

Bit Name Condition Indicated

7 Equal Operand values are equal

6 Low Operand 1 value smaller than operand 2
value

5 High Operand 1 value greater than operand 2
value

4 Decimal
overflow Bit not affected
Test false Bit not affected
2 Binary
overflow Bit not affected

w

Example

Instruction:

0D | 02 00 12 00 02

Operand 1:

27 FA | 26

0010 0011 0012

Operand 2:

23 FA | 26

0000 0001 0002

Condition Register:

00000100




COMPARE LOGICAL IMMEDIATE (CLI) Condition Register

Op Code Bit Name Condition Indicated
(hex) 0-Byte! | Operand Address?
Byte1 |Byte2 |Byte3 [Byte d 7 Equal Operand 1 value equal to Q-byte value
3D | Operand 1 direct 6 Lc'>w Operand 1 value less than Q-byte value
Op 1 disp 5 High Operand 1 value greater than Q-byte value
7D I from XR1 4 Decimal
Op 1 disp overflow Bit not affected
BD : from XR2 3  Testfalse Bit not affected
1] = immediate binary data to be compared with addressed 2 Binary i
operand data overflow Bit not affected
‘2 Addressed operand is single byte of storage to be com-
pared with Q-byte data.

Example

Operation
Instruction:

This instruction compares the binary immediate operand
contained in the Q-byte to the binary operand in storage
located at the operand address; the result sets the condition

3D | 7F 00 21

register. Neither operand is changed as a result of this Storage Operand:
operation.

7F

0021

Condition Register after Operation:

00000001

Instruction Set  2-11



EDIT (ED)

Op Code .
(hex) Q-Bytel Operand Addresses?
Byte1 |Byte2 |Byte3 [Byte 4 Byte 5 | Byte 6
0A L1-1 Operand 1 direct Operand 2 direct
Op 2 disp
1A L1-1 Operand 1 direct from XR1
Op 2 disp
2A L1-1 Operand 1 direct from XR2
Op 1 disp
4A L1-1 from XR1 Operand 2 direct
Op 1 disp Op 2 disp
I5A L1-1 from XR1 from XR1
Op 1 disp Op 2 disp
B6A L1-1 from XR1 |from XR2
Op 1 disp
8A L1-1 from XR2 Operand 2 direct
Op 1 disp Op 2 disp
9A L1-1 from XR2 |from XR1
Op 1 disp Op 2 disp
AA L1-1 from XR2 |from XR2
11.1-1 = length operand 1 minus 1, in bytes
20perand 2 contains the same number of bytes as operand 1
contains hex 20's.

Opération

The decimal numeric characters in the second operand re-
place the bytes éontaining hex 20 in the edit pattern con-
tained in the first operand. All characters other than hex
20 in the edit pattern remain unchanged. The zone bits of
all the replaced characters are set to all 1’s. The result of
the edit operation occupies the first operand. The second
operand is not changed. Address the operands by their
rightmost bytes. The operands cannot be overlapped.

Condition Register

Bit Name Condition Indicated
7 Equal Operand 2 zero

6 Low Operand 2 negative
5 High Operand 2 positive
4 Decimal

overflow Bit not affected

3 Test false Bit not affected
2 Binary

overflow Bit not affected
Example
Instruction:

0A | OA | 0O BF | 00 | 07

Operand 1 before Operation:

IiIZOI |20I20l208

00B5 00B6 00B7 00B8 00OB9 OOBA

&2020%*

00BB 00BC 00BD OOBE OOBF

Operand 2:

0 1 0 8 0 R Note: R represents -9

0002 0003 0004 0005 0006 0007

Operand 1 after Operation:

$ 0 1 0 8 K

00BS 00B6 Q0B7 00B8 00B9 COBA

Sogw*

00BB 00BC 00BD OOBE 0OBF

Note: Location 00BD contains a 9 because the zone bits of all
replaced characters {0's) in the edit pattern are set to all 1°s.

Condition Code:

00000010




HALT PROGRAM LEVEL (HPL)

Op Code

{hex) Q-Byte! | R-Byte?
Byte 1 Byte 2 |Byte3
FO 12 11

112 = hex code of the left character in the 2-character halt
identifier
211 = hex code of the right character in the halt identifier

Operation .

This instruction prevents execution of the next sequential
instruction by:

1. Branching on itself if the system is not using the dual
program feature, or

2. Causing an advance to the alternate program level
when the system is equipped with the dual program
feature and that feature is enabled.

When a halt or branch occurs, the CPU displays a halt
identifier code on a display unit on the system control
panel.

Pressing the system START/HALT RESET key while the
program level is in the halt state resets the halt state and its
associated halt identifier code, restarting the interrupted
level at its next sequential instruction. If a second pro-
grammed halt occurs (on the alternate level) before the
first programmed halt has been serviced; the CPU loops on
the second program level instruction until the first pro-
grammed halt has been serviced, then executes the second
halt.

The message display unit consists of 14 bar lights arranged
as shown in Figure 2-2.

The hex digits required in a byte to produce the common
characters used as halt identifiers are shown in Figure 2-3.

Figure 2-4 shows how a 2 is formatted on the display and
how the code that specifies a 2 is generated by combining
bits that turn on the required bar lights.

Tens

Units

Bits 1-7 turn on bar lights 1-7, respectively.

Figure 2-2. Message Indicator Light Arrangement

CHAR- | HEX |DISPLAY |CHAR- |HEX | DISPLAY
ACTER | CODE |SEEN ACTER | CODE | SEEN
1=
None 00 A 3F I~
1 03 / b 79 =
- -
2 76 1= c 6C i
3 57 EEE 73 =
1_1 -
4 1B - E 7C =
5 5D = F ac N
6 7D = H 38 -
=1 1
7 07 i J 63 1=l
= ]
8 7F = L 68 I
- =
9 5F = P 3E B
11 11
0 6F 1= U 6B [

Figure 2-3. Coding for Typical Halt Identifier Characters

Instruction Set
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- Bits — 01234567

=" =State— X 1110110

'- N N’
Hex Codes 7 6

Figure 2-4. Relationship between Bars Used and Hex Code

Display Unit:

Example

Instruction:

FO | 6F | 03

Program Notes

® The halt program level instruction is not executed when
it is used in an interrupt level program sequence.

® The program level can be stopped with a halt program
level instruction to wait for an interrupt request. The
interrupt routine can modify an appropriate program
level instruction address register with a load register
instruction to return to the halted program level at an
instruction other than the halt instruction. The halted
program level resumes operation after the interrupt is
reset. The display unit is turned off by a load register
instruction. The program level resumes operation accord-
ing to normal priority.

® The halt instruction is a privileged instruction (on
Model 15 only).

Condition Register

This instruction does not affect the condition register.

o oy s,
S T i’.‘“‘."

s

B

SRR aY o

R



INSERT AND TEST CHARACTERS (ITC)

Op Code
{hex) Q-Byte!l Operand Addresses?
Byte 1 Byte 2 |[Byte 3 I Byte 4 Byte 5 I Byte 6
0B L1-1 Operand 1 direct Operand 2 direct
Op 2 disp
1B L1-1 Operand 1 direct from XR1
Op 2 disp
2B L1-1 Operand 1 direct from XR2
Op 1 disp
4B L1-1 from XR1 Operand 2 direct
Op 1 disp Op 2 disp
5B L1-1 from XR1 |from XR1
Op 1 disp Op 2 disp
6B L1-1 from XR1 |from XR2
Op 1 disp
88 L1-1 from XR2 Operand 2 direct
Op 1 disp Op 2 disp
9B L1-1 from XR2 |from XR1
Op 1 disp Op 2 disp
AB L1-1 from XR2 | from XR2
‘11.1-1 = number of bytes in operand 1, minus 1
2 Address operand 1 by its leftmost position. Operand 2 is a
single-byte field.

Operation

The single character at the operand 2 address replaces all
the characters to the left of the first significant digit in
operand 1. Only the decimal digits 1 through 9 are
significant.

For example, if the leftmost byte of a field to be printed
contains a dollar sign, the first operand address should be
the address of the byte to the right of the dollar sign.

The operation proceeds from left to right. Filling operand
1 with the character from operand 2 or encountering a
significant digit in operand 1 ends the operation.

Program Notes
® Operand 2 remains unchanged.

® At the end of this operation, the address recall register
contains the address of the first significant digit of
operand 1; if no significant digit is found, it contains the
address of the byte to the right of operand 1. This new
information remains in the register until the system exe-
cutes the next decimal-add, decimal-subtract, branch,
test-1/0-and-branch, or insert-and-test-character
instruction,

Condition Register

This instruction does not affect the condition register.

Example

Instruction:

oB 09 00 B6 -| 00 10

Operand 1 before Operation:

$ 0 . 1 0 8 5

00B5 00B6 00B7 00B8 00B9 OOBA

&.osus*

00BB 00BC 00BD OOBE OOBF

Operand 2:

*

0010

Operand 1 after Operation:

$ * * 1 0 8 S

00B5 00B6 0087 00B8 00B9 OOBA

S.ogus*

0088 00BC 00BD OOBE 0OBF

Note that address 00B5 was not included in the first operand.

Instruction Set  2-15



JUMP ON CONDITION (JC)

Op Code
{hex) Q-Byte! | R-Byte?
Byte 1 Byte 2 Byte 3
Control
F2 | code

1) = 8 bits of information specifying condition register
bits to be tested and the conditions under which a
jump is to occur

2R-byte contains number {0-255) of bytes that is added
to the address of the next sequential instruction (the
value in the 1AR) to specify the jump to address.

Operation

This instruction tests the condition register for the condition
or conditions specified by the Q-code. If the condition
register satisfies the condition or conditions established by
the Q-byte, the 1-byte control code is added to the value

in the instruction address register (the address of the next
sequential instruction}, and the sum becomes the address

of the next instruction.

When bit 0 of the Q-byte = 1, the jump occurs on condition
true; when bit 0 = 0, the jJump occurs on condition false.

Bits 2 through 7 of the Q-byte define the condition register
bits to be tested. More than one condition register bit can
be tested at the same time. The Q-byte bits and the condi-
tions tested are:

Q-Code
Bit Conditions

Jump if all conditions tested are O (bits 2-7)
~ Jump if any condition tested is 1 (bits 2-7)

Not used

Binary overflow

Test false

Decimal overflow

High

Low

Equal

o
]
- O

N Oh WN =

Program Notes

® The jump operation performs as a no-op when the
Q-code 80, x7, or xF (where x = 0 through 7)

® An unconditional jump occurs when the Q-code is 00,
x7, or xF {where X = 8 through F).

216

Condition
Bit Name

Equal

Low

High

Decimal
overflow

H OO N

3 Test false

2 Binary
overflow

Example

Instruction:

Condition Indicated

Bit not affected
Bit not affected
Bit not affected

Turned off if teéted; otherwise not
affected

Turned off if tested; otherwise not
affected

Bit not affected

F2 | 00110000

OF

0BBD OBBE

O0BBF

Condition Register before Operation:

00001001

Instruction Address Register after Operation:

oB CF

Condition Register after Operation:

00001001




LOAD ADDRESS (LA)

f:“;f)"de AByte! Operand Address>
Byte1 [Byte2 |[Byte3 | Byte 4
Cc2 Rx Operand 2 direct
Op 2 disp
D2 Rx from XR1
Op 2 disp
E2 Rx from XR2

1Rx specifies the index register to be loaded:
XR1 =hex 01
XR2 = hex 02
2 A direct address is loaded when the instruction has a C2 op
code. When the op code is D2, the system adds the instruc-
tion byte 3 value to the contents of XR1 and stores the
result in the index register specified by the Q-byte. When
the op code is E2, the system adds the instruction byte 3
value to the contents of XR2 and stores the result in the
index register specified by the Q-byte.

Operation

This instruction loads the value specified by instruction
byte 3 or instruction bytes 3 and 4 into the index register
specified by the Q-byte,

Condition Register

This instruction does not affect the condition register.

Example

Instruction:

D2 | 02 05

Index Register 1:

BA | 15

Index Register 2 after Operation:

BA | 1A

Instruction Set
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LOAD CPU (LCP) — MODELS 12C AND 15

Op Code
(hex) Q-Byte! | Operand Address?
Byte1 [Byte2 |Byte3 [Byte 4
3F Rx Operand 1 direct
Op 1 disp
7F Rx from XR1
Op 1 disp
BF Rx from XR2
1Rx = register into which data is to be loaded, expressed
in binary
20perand addressed is a 2-byte field.

Operation

The CPU moves the data from the 2-byte field specified by
the operand address to the register specified by the Q-byte
of the instruction. The Q-codes that can be used by the
programmer are the same as those specified for the store
CPU instruction. Three other Q-codes are accepted by the
system for CE diagnostic functions: hex 21, hex 22 and
hex 23.

The Model 12C assembler does not recognize the mnemonic

LCP but the hardware recognizes the op code for this
command.

To use this command for a Model 12C assembler, the pro-
grammer has the following options:

® Code the instruction using DCs

® Use $LCP macro {see /BM System/3 Models 8, 10, and
12 System Control Programming Macros Reference
Manual, GC21-7562)

Program Notes

® The program notes for the store CPU command apply
to the load CPU command.

® On the Model 15, load CPU instructions that use Q-
codes 20, 21, 22, 23, and 30 are diagnostic commands
and are not functional if the program check interrupt
(level 7} is enabled.

® On the Model 12C, load CPU instructions that use Q-

codes 12 through 17; 1D through 3F, and 41 through
FF are invalid.

218

® On the Model 12C, load CPU instructions that use Q-
code 10, address PMR Program Level 1. Load CPU
instructions that use Q-code 11, address PMR Program
Level 2.

® The low-order byte (operand address minus 1) is used
to set the 1/0 >256K bit (byte 2, bit 7) on Model 15
D25 and Model 15 D26.

Condition Register

This instruction does not affect the condition register.

Example

Instruction:

3F 10 00 39

Operand:

01 4A

0038 0039

Program Level Program Mode Register before Operation:

-
| 00 | 7F
[

Model 15 D25 and Model 15 D26 only

Program Level Program Mode Register after Operation:

b o1 aA

t
[ -

1
Model 15 D25 and Model 15 D26 only




LOAD 1/0 (L1O)

Op Code
{hex) Q-Byte! | Operand Address?
Byte1 |Byte2 [Byte3 | Byte 4
31 | Operand 1 direct
Op 1 disp
71 | from XR1
Op 1 disp
B1 1 from XR2

1] {Q-byte) = DA-code, M-code, and N-code, where:
DA (in bits 0-3) = address of device with register being loaded
M (in bit 4) = an address modifier
N (in bits 5-7) = a code that specifies the register being loaded
2The operand holds 2 bytes of data, and is addressed by its
rightmost (higher numbered) position.

Operation

This operation loads 2 bytes of data from the main storage
location specified by the operand address into the destina-
tion specified by the N-code. At the same time, when an
I/0 LSR is specified as the destination on a Model 15, the
CPU also loads the 1/0 > 64K bit into the LSR. When the
Model 15 is equipped with more than 128K or more than
256K of storage, the CPU loads the 1/0 > 128K bit or the
1/0 > 256K bit into the LSR. These bits must be loaded
into the PMR before issuing the L10 instruction.

Program Notes

® |f the system is not equipped with the dual program
feature or if that feature is not enabled, a load 1/0
instruction to a busy or not-ready device causes the
program to loop at the load 1/0 instruction until the
device becomes not busy or ready. If the system is
equipped with a dual program feature and if that feature
is enabled, a load 1/0 instruction to a busy or not-ready
device causes a program level advance. When the inter-
rupted level becomes active again, its program resumes
at the beginning of the L10O instruction.

® Load I/O is a privileged instruction on the Model 15.
® A Q-byte of hex 00 results in a no-op condition. The

CPU accesses the next sequential instruction without
performing the load function.

Condition Register

This instruction does not affect the condition register.

Example
Instruction:

31 CC | 2F B1

Location of Data Address
Disk Drive 2 DDAR
5445

Load 1/O
Operand:

OF 00 Data Address

2FBO 2FB1

Disk Data Address Register before Operation:

No Meaning

ress Register after Operation:

OB 20
Disk Data Add
OF 00

Address of Data Field

Instruction Set
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LOAD REGISTER (L)

Op Code
(hex) Q-Byte! | Operand Address?
Byte1 |Byte2 [Byte3 [ Byte 4
35 Rx Operand 1 direct
Op 1 disp
75 Rx from XR1
Op 1 disp
B5 Rx from XR2
1Rx specifies the register into which data is to be loaded.
20perand 1 is a 2-byte field addressed by its rightmost byte;
operand 2 is not used.

Operation

This instruction places the contents of the 2-byte field
specified by the operand address into the local storage
register specified by the Q-byte. The Q-byte specifications
discussed for the store-register instruction apply to this
instruction. The operation does not alter the operand.

Program Notes
® Do not load more than one register at a time.

® When the program status register (Model 15 only) is
selected, the contents of the rightmost byte of the oper-
and have the following significance:

Bit 7 = 1: Set equal condition

Bit 6 = 1: Set low condition if bit 7=0
Bit 6 = 0: Set high condition if bit 7=0
Bit 4 = 1: Set decimal overflow condition
Bit 3= 1: Set test false condition

Bit 2= 1: Set binary overflow condition

The processing unit ignores the leftmost byte of the
operand and bits 0, 1, and 5 of the rightmost byte of
the operand.

The condition register is set at the same time as the
program status register under these same controls.

® |fthe program level has been halted and this instruction
is used by an interrupt routine to load the program level
instruction address register, the program level will be re-
set from the halt state and will proceed after all inter-
rupts and /0 cycle steals have been serviced. The pro-
gram level halt indicators will be turned off.

2-20

Condition Register
This instruction does not affect the condition register setting,

unless the program status register is specified.

Example

Instruction:

35 00000100 ( OO 1

Operand:

00000000 I 00000000

0010 0011

Program Status Register before Operation:

00001100 | 00110001

Program Status Register after Qperation:

00000000 { 00000100

Condition Register after Operation:

00000100




MOVE CHARACTERS (MVC)

Condition Register

1L1-1 = number of bytes in operand 1 minus 1

2Maximum length of each operand is 256 bytes; both operands
must be the same length. The operands may overlap. Address
operands by their rightmost byte.

Operation

This instruction places the contents of operand 2, byte by
byte, into operand 1. It is possible to propagate one charac-
ter through an entire field by setting the operand 2 address

1 byte to the right of the operand 1 address.

Program Notes

® The second operand remains unchanged unless the
fields overlap.

® |f operands are oveflapped and the operand 1 address is
lower than the operand 2 address, data in the overlapped
positions of operand 2 is destroyed before it is used in
the operation.

2B55 2B56 2B57 2B58 2B59 2B5A

Operand 1 after Operation:

D9

D6

Cc2

C5

D9

E3

1A01 1A02 1A03 1A04 1A05 1A06

Op Code This instruction does not affect the condition register,
{hex) Q-Byte! Operand Addresses?
Byte1 [Byte2 [Byte3 [ Byte 4 Byte 5 [Byte 6
Example
ocC L1-1 Operand 1 direct Operand 2 direct
Op 2 disp )
1C L1-1 Operand 1 direct from XR1 Instruction:
Op 2 disp
2¢ L1-1 Operand 1 direct from XR2 0C | 05 | 1A [ 06 | 2B | BA
) Op 1 disp

4C L1-1 from XR1 Operand 2 direct .

Op 1 disp Op 2 disp Operand 1 before Operation:
5C Li-1 from XR1 from XR1

Op 1 disp Op 2 disp D1 C1 D4 Cb E2 40
6C L1-1 from XR1 | from XR2

Op 1 disp 1A01 1A02 1A03 1A04 1A05 1A06
8C L1-1 from XR2 Operand 2 direct

Op 1 disp Op 2 disp Operand 2:
9C L1-1 from XR2 | from XR1

- Op 1 disp Op 2 disp D9 D6 Cc2 Ch D9 E3

AC L1-1 from XR2 | from XR2

Instruction Set
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MOVE HEX CHARACTER (MVX)

Condition Register

11 = one byte of immediate data that specifies which portion of
each single-byte operand is used in the operation
2Both operands are single-byte fields.

Operation

This instruction moves the numeric portion (bits 4-7) or
the zone portion (bits 0-3) of the second operand to the
numeric or zone portion of the first operand, as specified
by the Q-byte. Q-byte coding is:

Hex Binary Meaning

00 0000 0000 Move data from operand 2 zone por-
tion to operand 1 zone portion

01 0000 0001 Move data from operand 2 numeric
portion to operand 1 zone portion

02 0000 0010 Move data from operand 2 zone por-

tion to operand 1 numeric portion
03 00000011 Move data from operand 2 numeric

portion to operand 1 numeric portion

Program Notes

® The six leftmost binary bits in the Q-byte should be 0's.

® The second operand is not changed unless the same byte

is used for both operands.

2.22

Op Code The condition register is not affected by this instruction.
{hex) Q-Byte!l Operand Addresses?
Byte1 [Byte2 |Byte3 [ Byte 4 Byte 5 [Byte 6
Example
08 I Operand 1 direct Operand 2 direct
Op 2 disp
18 I Operand 1 direct from XR1 Instruction:
Op 2 disp

28 i Operand 1 direct from XR?2 98 01 AO 65 Index Register 1 = 2B15

Op 1 disp Index Register 2 = 1F20
48 | from XR1 Operand 2 direct

Op 1 disp Op 2 disp Operand 1 before Operation:
58 | from XR1 | from XR1

Op 1disp | Op 2 disp 2F
68 | from XR1 | from XR2

Op 1 disp 1FCO
88 I from XR2 Operand 2 direct

Op 1disp | Op 2 disp Operand 2:
98 I from XR2 | from XR1

Op 1 disp Op 2 disp 4C
A8 | from XR2 | from XR2

2B7A

Operand 1 after Operation:

CF

1FCO



MOVE LOGICAL IMMEDIATE (MVI)

Op Code
{hex) Q-Byte! | Operand Address?
Byte1 |Byte2 |Byte3 [ Byte 4
3C | Operand 1 direct
Op 1 disp
7C | from XR1
Op 1 disp
BC | from XR2

1| = one byte of immediate data (for exampie, one byte of
actual data or a single-byte mask)
20perand 1 is a single-byte field; operand 2 is not used.

Operation

This instruction moves the Q-byte into operand 1.

Condition Register

This instruction does not affect the condition register.

Example

Instruction:

3C

AF

2F

cs

Operand before Operation:

00

2FCB

Operand after Operation:

AF

2FCB

Instruction Set
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SET BITS OFF MASKED (SBF)

Op Code
(hex) Q-Byte! | Operand Address2
Byte 1 Byte 2 | Byte 3 l Byte 4

3B | Operand 1 direct
Op 1 disp

7B | from XR1
Op 1 disp

BB 1 from XR2

I'The Q-byte contains a single-byte binary mask specifying
. operand bits to be turned off.
20perand 1 is a single-byte field; operand 2 is not used.

Operation

The system examines the Q-byte, bit by bit. Whenever it
encounters a binary 1 in the Q-byte, the system sets the
corresponding bit in the operand byte to 0; whenever it
encounters a binary 0 in the Q-byte, it leaves the corre-
sponding bit in the operand unchanged.
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Condition Register

This instruction does not affect the condition register.

Example

Instruction:

38 { 10000001 | 00 { 30

Operand before Operation:

01111001

0030

Operand after Operation:

01111000

0030



SET BITS ON MASKED (SBN)

Op Code
{hex) Q-Byte! | Operand Address?
Byte1 |Byte2 |Byte3 |Byte 4
3A ] Operand 1 direct
Op 1 disp
7A | from XR1
Op 1 disp
BA i from XR2
IThe Q-byte contains a single-byte binary mask specifying
operand bits to be turned on.
2Qperand 1 is a single byte field; operand 2 is not used.

Operation

The system examines the Q-byte, bit by bit. Whenever it
encounters a binary 1 in the Q-byte, it sets the correspond-
ing bit in the operand byte to 1; whenever the system
encounters a binary 0 in the Q-byte, it leaves the corres-
ponding bit in the operand unchanged.

Condition Register

This instruction does not affect the condition register.

Example

Instruction:

3A | 01011010 | 00

20

Operand before Operation;
00001100

Operand after Operation:

01011110

Instruction Set
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SENSE 1/0 (SNS) Condition Register

Op Code This instruction does not affect the condition register.
{hex) Q-Byte! | Operand Address?
Byte1 |Byte2 |Byte3 |Byte 4
Example

30 1 Operand 1 direct

. Op 1 disp _—
70 | from XR1 Instruction:

Op 1 disp

BO I from XR2 S0 | co o5 | FF

Main Storage Address
Drive 1, Bytes 0 and 1
5445
Sense Command

1] {Q-Byte) = DA-code, M-code, and N-code, where:
DA (bits 0-3) = the address of the device being sensed
M (bit 4) = an address modifier bit (not always used)
N (bits 5-7) = a code that specifies the register or unit
being sensed
2The operand is always a 2-byte field and is addressed by
its rightmost position.

Status Bytes at Disk before Operation:

Operation No-Op and Seek Check
This operation stores 16 bits of data from the source Operand before Operation:
specified by the N-code in the main storage location speci-
fied by the operand address. At the same time, when an 00 | AB
1/0 LSR is specified as the source on a Model 15, the CPU OSEE OSEF
also moves the high-order bits from the LSR into the PMR.
These are the 1/0 > 64K bit and, if the system is equipped No Meaning
with more than 128K or more than 256K of storage, the
1/0 > 128K bit or the 1/0 > 256K bit. The contents of Operand after Operation:
the PMR must be stored before its contents are changed
1o retrieve these bits. 81 | 00
A Q-byte of 00 specifies that the data source is to be the O5FE OSFF
ADDRESS/DATA switches on the system control panel. Status Bytes at Disk after Operation:
Specifications for other data sources are discussed with the
appropriate 1/0 device sense 1/0 instruction. 01 [ o0

S]eek Check
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START 1/0 (SI10)

Op Code
{hex) Q-Byte! | R-Byte?
Byte 1 Byte2 |Byte3

F3 12 I

1|2 = DA-, M-, and N-codes where, usually:
DA (bits 0 3) = the address of the device performing a
function
M (bit 4) = an address modifier bit (not always used)
N (bits 5-7) = a code that specifies the function being
performed
2|1 = control code that specifies additional functions

Operation

The operation of start 1/0 for each individual device is
discussed under that device.

Condition Register

This instruction does not affect the condition register.

Program Notes

® If a unit check condition that prevents the execution of
the start 1/0 instruction exists in the addressed device,
the processor usually treats the start |/O as a no-op
instruction.

® Any unit check condition that does not prevent the
execution of a start 1/0 instruction is reset by the start
1/0 instruction, and the instruction is executed. (Excep-
tion: This not does not apply to the 3340.)

® A start |/O instruction that specifies the reset of an
op-end interrupt condition is executed regardless of any
unit check condition in the addressed device.

® Start |/O is a privileged instruction on Model 15.

® A start 1/0 to a not-ready or busy device resuits in:
— A program level advance to a system using the dual
program feature, or
— The program looping on the start 1/O instruction unti!
the device becomes ready or not busy on a system
without an enabled dual program feature

Example

Instruction (to read key and data from drive 1):

T

F3 | 1100 }o
L

001 | 00000000

Disk Drive Control Register:

02 | 00

Disk Drive Data Register:

04 | 00

Disk Drive Control Field:
F C C H H R KL DL D_ N

00 00 14 00 | 06 10 | 00 00 28 00

0200 {CPU storage address)

The disk drive data field starts at main storage address 0400
and ends at 0428. Before the operation, the DDDF should
be initialized to blanks; at the end of the operation, the
DDDF contains data from cylinder 14, head 6, record 10
(hex).
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STORE CPU (SCP)—MODEL 12C ONLY To use this command for a Model 12C assembler, the
programmer has the following options:

Op Code

(hex) |QByte! | Operand Address? ® Code the instruction using DCs

Byte1 |[Byte2 |Byte3 | Byte 4

3E Rx Operand 1 direct ® Use $SCP macro (see /BM System/3 Models 8, 10, and
Op 1 disp 12 System Control Programming Macros Reference

7E Rx from XR1 Manual, GC21-7562)
Op 1 disp

BE Rx from XR2

!Rx = assigned code for register whose data is to be stored Program Notes, Genera/

2in the operand (Figure 2-5).

Operand addressed is a 2-byte field. ® Two bytes of data are transferred by the instruction.

Operation ® The storage location specified is addressed by its fow-
order {rightmost) byte,

This instruction stores the contents of the register or

registers specified by the Q-byte in the storage location

specified by the operand 1 address. The storage location

specified is addressed by its low-order {rightmost) byte.

The Model 12C assembler does not recognize the mnemonic
SCP, but the hardware recognizes the op code for this

command.

Q-Byte

in Hex Information Register Specified

00 00 and 01

01 Operand content: 02 and 03

02 04 and 05 ATT

03 Bits  Function 06 and 07

04 0 Not used 08 and 09

05 1 Not used 0A and 08B ATT

06 2 Address 2> 64K bit 0C and OD

07 3-7  Bits 0-4 of the high-order OE and OF

08 byte of the address 10 and 11

09 12and 13

0A 14 and 15 ATT

08 16 and 17

ocC 18 and 19

oD 1A and 1B

OE 1Cand 1D ATT

OF 1Eand 1F

10 Program mode Program level 1

11 Program level 2

18 Interrupt level 0

19 Interrupt level 1

1A Interrupt level 2

1B Interrupt level 3 PMR

1C Interrupt level 4

40 Program mode Current program mode (program mode register
for the program or interrupt level that is active
when the instruction is executed)

Figure 2-5. Register ID Chart for SCP and LCP Q-Bytes
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Program Notes, ATT Register

® The contents of the even-numbered address translate
table (ATT) register is stored at the addressed storage
position. The contents of the odd-numbered register is
stored at the addressed position minus 1.

® The address translate table register bits have these
assigned meanings:

Bit

Position Meaning

0-1 Not used

2 Address > 64K bit.
3-7 Bits 0-4 of the high-

order (leftmost) byte
of the address.

® Address translation does not occur for B-cycles of this
instruction, regardless of the state of bit 1 (EB cycle
address translate) of the program mode register.

® The contents of the ATT registers are not set to any
value after a power up function, so the ATT registers
must be initialized before activating the translation
function in the program mode register.

Program Notes, Program Mode Register

® The instruction moves 2 bytes of data to storage. In the

first byte:

Bit 0 = Not used .

Bit 1 = EB cycle (operand 1) address translate
Bit 2 = EA cycle {operand 2) address translate
Bit 3 = | cycle (instruction) address translate
Bit 4 = Not used

Bit 5= 1/0O cycle address translate

Bit 6 = Not used

Bit 7 = Mask interrupt

The second byte is set to 0's.

A bit set to 1 turns a function on; a bit set to 0 turns
the associated function off.

The mask interrupt bit is common to all program mode
registers. Therefore, setting this bit on for one machine
level (level O through 4, or either main program level)
sets the mask interrupt bit for all levels to the same
setting.

The program mode register of any level may be changed
at any time, but be cautious when changing the current
PMR. If the current PMR is changed, the new values
entered will be effective for the next instruction issued
for that level. Exception: the mask interrupt bit
becomes effective immediately, rather than when the
next instruction is issued. This allows the instruction
to inhibit any interrupt requests that might occur at
operation end for the current instruction.

The contents of the program mode registers are indeter-
minate after power up and must be initialized before
using. To ensure proper system operation, initialize the
program level first, then the interrupt level registers.
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STORE CPU (SCP)-MODEL 15 ONLY ® The content of the even-numbered storage protect
register is stored at the addressed storage position. The

Op Code content of the odd-numbered register is stored at the
(hex) Q-Byte! | Operand Address? addressed position minus 1.
Byte 1 |Byte2 [ Byte3 | Byte 4
® The program mode register storage protect bit (bit 6)
3E Rx Operand 1 direct should be off when issuing a store-CPU instruction or
Op 1 disp load-CPU instruction specifying the storage protect
7E Rx from XR1 ist
Op 1 disp registers.
BE Rx from XR2
le = assigned code for register whose data is to be stored Program Notes. ATT Register
in the operand (Figure 2-6). ’
2Operand addressed is a 2-byte field.

® The contents of the even-numbered address translate
table (ATT) register is stored at the addressed storage
position. The contents of the odd-numbered register is
stored at the addressed position minus 1.

Operation

This instruction stores the contents of the register or
registers specified by the Q-byte in the storage location ® The address translate table register bits have these
specified by the operand 1 address. The storage location
specified is addressed by its low-order {rightmost) byte.

assigned meanings:

Bit(s) Models A and B Models C and D

Program Notes, General 0 Read and write storage Address > 256K bit

protect key. Storageis  (Models D25 and

® The SCP instruction can be executed in privileged mode
only.

® Two bytes of data are transferred by the instruction.

® The storage location specified is addressed by its low-
order (rightmost) byte.

Program Notes, Storage Protect Register on Models C
and D

® The storage protect register stores 2 binéry bits. These
bits and their meanings are:

Bit
Position Meaning

0 Read and write storage protect key,
Storage is protected from all read and write
operations when this bit is 1.

1 Write storage protect key. Storage is protec-
ted from all write operations when this bit
is 1.

® Powering down can aiter contents of the storage protect
registers. Therefore, the registers must be initialized
after a power up function before they are used for a
storage protect function or before an address translation
function occurs.
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protected from all read D26 only)
and write operations
when this bit is 1.

1 Write protect key. Stor- Address > 128K bit
age is protected from
all write operations
when this bitis 1.

2 Address > 64K bit.

3-7 Bits 0-4 of the high-
order (leftmost) byte
of the address.

Address > 64K bit

Bits 0-4 of the high-
order (leftmost)
byte of the address.

Address translation does not occur for B-cycles of this
instruction, regardless of the state of bit 1 (EB cycle
address translate) of the program mode register,

The program mode register storage protect bit (bit 6)
should be off when issuing a store-CPU instruction (SCP)
or load-CPU instruction (LCP) specifying the address
translate table (ATT).

The contents of the ATT registers are not set to any
value after a power up function, so the ATT registers
must be initialized before activating translation or stor-
age protection functions in the program mode register.



Q-Byte
in Hex | Information Register Specified
00 00 and 01
01 Operand content: 02 and 03 ATT (and storage protect register for Models
02 04 and 05 Cand D)
03 Bits  Function 06 and 07
04 0 Storage fetch protect bit 08 and 09
05 1 Storage write protect bit OA and OB ATT (and storage protect register for Models
06 2 Address > 64K bit 0C and 0D C and D)
07 3-7  Bits 0-4 of the high-order OE and OF
08 byte of the address 10 and 11
09 12and 13 ATT (and storage protect register for Models
OA. 14 and 15 C and D)
0B 16 and 17
oc 18 and 19
0D 1A and 18 ATT (and storage protect register for Models
OE 1Cand 1D Cand D)
OF 1E and 1F
10 Program mode Program level
18 Interrupt level O
19 Interrupt level 1
1A Interrupt level 2
1B Interrupt level 3
1C Interrupt level 4 PMR
iD Interrupt level 5
1E Interrupt level 6
1F Interrupt level 7
20 Program check Check address register
30 Check status register
40 Program mode Current program mode {program mode register for the program or interrupt
level that is active when the instruction is executed)
50 Operand content: 00 and 01
51 02 and 03
52 Bits Function 04 and 05 ATT (Models C and D)
53 0 Address > 256K bit 06 and 07
b4 1 Address > 128K bit 08 and 09
55 2 Address > 64K bit 0A and 0B
56 3.7 Bits 1-4 of the high-order 0C and 0D ATT (Models C and D)
57 byte of the address OE and OF
58 10 and 11
59 {1f an SCP instruction is issued on a 12 and 13
BA Model A or B, the CPU stores hex 00 bytes 14 and 15 ATT {Models C and D)
5B in the addressed storage positions. If an 16and 17
5C LCP is issued to a Model A or B, the CPU 18 and 19
5D does not alter the contents of the register.). 1A and 1B
5E 1C and 1D ATT {Models C and D)
5F 1E and 1F
60 Operand content: 00 and 01
61 02 and 03 .
62 Bits Function 04 and 05 Storage protect register (Models C and D)
63 0 Storage fetch protect bit 06 and 07
64 1 Storage write protect bit 08 and 09
65 2-7 Not used OA and OB i
66 0C and 0D Storage protect register {Models C and D)
67 {If an SCP instruction is issued on a Model OE and OF
68 A or B, the CPU stores hex 00 bytes in the 10 and 11
69 addressed storage positions. {f an LCP is 12 and 13 .
B6A issued to a Model A or B, the CPU does 14 and 15 Storage protect register (Models C and D}
6B not alter the contents of the register.) 16 and 17
6C 18 and 19
6D 1A and 1B ;
6E 1C and 1D Storage protect register {(Models C and D)
6F 1E and 1F
Figure 2-6. Register ID Chart for SCP and LCP Q-Bytes
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Program Notes, Program Check Register

The program check registers store error definition data
whenever a program check occurs, if (1) Interrupt levet
7 is enabled, and (2) The CPU is not executing a pro-
gram check routine when another program error occurs.

The program check address register holds the 16 low-
order bits of the physical location of the op code, the
Q-code, or the operand address portion of the instruc-
tion being executed when the error occurs. The store
CPU instruction stores byte 1 (which contains the low-
order 8 bits of the address) in the location specified by
the operand address. Byte 2 is stored in the operand
address minus 1. The three high-order bits of the physical
address are bits 6, 7, and 0 of byte 2 in the program check
status register.

The status register bits and their meanings are shown in
Figure 2-7. Byte 1 {rightmost byte) of the status _
register is stored at the location specified by the operand
address portion of the Store CPU instruction. Byte 2

is stored at the operand address minus 1.

Resetting interrupt level 7 resets the program check
registers.

If program check status byte 1, bit 1 is on and bit 4 is
off, the error was caused by an invalid Q-byte of an

I/0 instruction. The AR of the erring program will con-
tain the logical address of the 1-Q byte plus 1 of the fail-
ing instruction.

If program check status byte 1, bits 1 and 4 are both on,
the error was caused by a privileged operation that was
detected during the I-Q cycle. The instruction address
registers (IAR) of the erring program will contain logical
address of the 1-Q byte plus 1 of the failing instruction.

If program check status byte 1, bit 2 is on, the error was
caused by an invalid op code. The IAR of the erring
program will contain the logical address of the 1-Q byte
of the failing instruction.

Errots indicated by program check status byte 1, bit 0
or 3 can occur during any CPU cycle, so the AR con-
tents are not meaningful.
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Program Notes, Program Mode Register

® The instruction moves 2 bytes of data to storage. In the

first byte:
Bit0=1/0> 128K
Bit 1 = EB cycle {operand 1} address translate
Bit 2 = EA cycle (operand 2) address translate
Bit 3 = I cycle (instruction) address translate
Bit 4 = Privileged mode
Bit5=1/0> 64K
Bit 6 = Storage protect
Bit 7 = Mask interrupt

In the second byte:
Bits 0-6 = Set to 0’s
Bit7 =1/0> 256K

A bit set to 1 turns a function on; a bit set to 0 turns
the associated function off.

The mask interrupt bit is common to all program mode
registers. Therefore, setting this bit on for one machine
level (level O through 7, or main program level) sets the
mask interrupt bit for all levels to the same setting.

The program mode register of any level may be changed
at any time while in the privileged mode, but be cautious
when changing the current PMR. If the current PMR is
changed, the new values entered will be effective for the
next instruction issued for that level. Exception: the
mask interrupt bit becomes effective immediately, rather
than when the next instruction is issued. This allows the
instruction to inhibit any interrupt requests that might
occur at operation end for the current instruction.

The contents of the program mode registers are indeter-
minate after power up and must be initialized before
using. To ensure proper system operation, initialize the
program level first, then the interrupt level registers.

Only this instruction can modify the 1/0 > 256K bit
of the PMR.



Condition Register

This instruction does not affect the condition register.

Example

Instruction:

3E 18 00 20

Interrupt‘ Level O Program Mode Register:

A8

Operand before Operation: Operand after Operation:

32 CcD 00 A8

001F 0020 001F 0020

Byte 1 Meaning When Byte 2 | Meaning When

Bit Setto 1 Bit Setto 1

0 Address violation 0 > 256K address bit
1 Invalid Q-byte 1 Not used

2 Invalid op code 2 Binary value of 41
3 {nvalid address 3 Binary value of 21
4 Privileged operation 4 Binary value of 11
5 CE diagnostic bit 5 Any interrupt 0-72
6 CE diagnostic bit 6 > 64K address bit
7 CE diagnostic bit 7 > 128K address bit

1The sum of these binary bits indicates the interrupt level active
when the program check occurred.
21f bit 5 is on, but bit 2, 3, or 4 is not on, interrupt level O
caused the stop. If bits 2, 3, 4, 5, and 6 are all off, the stop
occurred while the CPU was operating in the basic program level.

Figure 2-7. Program Check Status Bits .
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STORE REGISTER (ST) If the high-order bit of the Q-code is 1, the interrupt
instruction address registers are selected as follows:

ﬁ:af,ode Q-Byte! |Operand Address? Bit Register  Interrupt Level
Byte1 |Byte2 [Byte3 | Byte 4
None IAR-0 Interrupt level O
34 Rx Operand 1 direct 1 IAR-1 Interrupt level 1
Op 1 disp 2 IAR-2 Interrupt level 2
74 Rx ggn; Z(i:; 3 IAR-3 Interrupt level 3
B4 Rx from XR2 4 1AR-4 Interrupt level 4
5 IAR-5 Interrupt level 5 Model 15
IR x specifies the register whose contents are to be stored. 6 I1AR-6 Interrupt level 6 '
2Operand 1 .is a 2-byte field addressed by its rightmost byte; 7 IAR-7 Interrupt level 7 only
operand 2 is not used.
Operation Program Note
This instruction places the contents of the register specified This instruction must not be used to store more than one
by the Q-byte into the 2-byte field specified by the operand register at a time. An attempt to execute this instruction
address. when Q-bit 0 = 1 and the system is not in privileged mode
will result in a program check interrupt or a processor
The Q-byte specifies the register to be stored. The high- check.
order bit of the Q-byte, bit 0, specifies which of two groups
of registers is to be addressed, and the low-order bit specifies
which register within each group is to be stored. Condition Register
If the high-order bit is 0, the selected group consists of the This instruction does not affect the condition register.
following seven local storage registers, each represented by
a single bit:
Example
Bit Register
Instruction:

1 Program address recall register for Model 15; level
2 program instruction address register (P21AR)
for Models 8, 10, and 12

34 00001000 | B2 BB

2 PIAR for Model 15; program level 1 instruction Address Recall Register:
address register (P11AR), for Models 8, 10,
and 12 0A | CD

3 Current instruction address register in use when the
store register instruction is executed’

4 Current address recall register’

b Program status register; the high-order byte of this 2F | C2 0A | CD
register is the length count recall register and has
no program significance; the low-order byte is
the image of the condition register

Operand before Operation: Operand after Operation:

B2BA B2BB B2BA B2BB

6 Index register 2 (Index register 2 for current pro-
gram level for Models 8, 10, and 12)
7 Index register 1 (Index register 1 for current pro-

gram level for Models 8, 10, and 12)

IMay be one of the interrupt level registers or one of the program
level registers.
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SUBTRACT LOGICAL CHARACTERS (SLC)

Op Code
{hex) Q-Byte! ~ Operand Addresses’
Byte1 |Byte2 [Byte3 [Byte 4 Byte 5 |Byte 6
OoF L1-1 Operand 1 direct Operand 2 direct
Op 2 disp
1F L1-1 Operand 1 direct from XR1
Op 2 disp
2F L1-1 Operand 1 direct from XR2
' Op 1 disp
aF L1-1 from XR1 Operand 2 direct
Op 1 disp Op 2 disp
5F L1-1 from XR1 [from XR1
Op 1 disp Op 2 disp
6F L1-1 from XR1 |from XR2
Op 1 disp
8F L1-1 from XR2 Operand 2 direct
Op 1 disp Op 2 disp
9F L1-1 from XR2 |from XR1
Op 1 disp Op 2 disp
AF L1-1 from XR2 |from XR2
11-1 = number of bytes in operand 1, minus 1
2Maximum length of an operand is 266 bytes; both operands
must be the same length. The operands may overlap. Address
operands by their rightmost bytes.

Operation

This instruction subtracts the binary number in operand

2 from the binary number in operand 1 and stores the
result in operand 1. If the number stored in the second
operand is larger than the number stored in the first oper-
and, the answer develops as though the first operand has
an additional high-order binary digit. The result can never
be negative. For example:

First operand 0110 1101
Second operand 01111110
Result 11101111

Program Note

Overlapping the operands with the rightmost byte of the

first operand to the left of the rightmost byte of the second

operand destroys part of the second operand before it is
used in the operation.

Condition Register

Condition Indicated

Operand 1 smaller than operand 2
Operand 1 greater than operand 2

Bit not affected
Bit not affected

Bit not affected

Bit Name

7 Equal Zero result

6 Low

b High

4 Decimal
overflow

3 Test false

2 Binary
overflow

Example

Instruction:

AF 03 00 10

Operand 1 before Operation:

Index Register 2 = 0CCO

10010110 | 01011010 | 01110111 | 10111111

0CBD OCBE OCBF 0CCO
Operand 2:

01110100 | 10000110 | 01100010 | 10100100

0ccD 0CCE OCCF 0ocDO
Operand 1 after Operation:

00100001 | 11010100 | 00010101 | 00011011

0CBD OCBE 0CBF 0CCo

Condition Register:

Before Operation:

After Operation:

00000000

00000100

Instruction Set
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SUBTRACT ZONED DECIMAL (S2)

Op
Code
{hex) Q-Byte! Operand Addresses?
Byte 1 Byte2 |Byte3 I Byte 4 Byte 5 I Byte 6
07 L1—L2!L2—1 Operand 1 direct Operand 2 direct
i Op 2 disp
17 L1-L2,L2-1 Operand 1 direct from XR1
i Op 2 disp
27 L1—L2IL2-1 Operand 1 direct from XR2
| Op 1 disp
47 L1-L2 L2-1|from XR1 Operand 2 direct
! Op tdisp | Op 2 disp
57 L1—L2!L2—1 from XR1 from XR1
! Op 1disp [ Op 2 disp
67 |L1-L2lL2-1]from XR1 | from XR2
| Op 1 disp
87 [L1-L2!L2-1]from XR2 Operand 2 direct
| Op 1disp |Op 2 disp
97 L1-L2|L2-1|from XR2 | from XR1
1 Op 1 disp Op 2 disp
A7 {L1-L2]L2-1|from XR2 | from XR2

1L1-L2 (4 bits) = number of bytes in operand 1, minus the
number of bytes in operand 2
L2-1 (4 bits) = number of bytes in operand 2, minus 1
Maximum length of operand 1 is 31 bytes; maximum length
of operand 2 is 16 bytes.
2The operands may overlap. Address operands by their rightmost
bytes.

Operation

This instruction algebraically subtracts operand 2 from
operand 1, byte by byte, and stores the result in operand 1.
The processing unit sets the zone bits of all operand 1 bytes
except the rightmost byte to hex F (binary 1111). It sets
the zone bits of the rightmost byte in operand 1 to {1) hex
F if the result of the operation is either positive or 0, or (2)
hex D (binary 1101) if the result is negative.

Program Notes

® The second operand remains unchanged unless the fields
overlap.

® [f operands are overlapped and the operand 1 address is
lower than the operand 2 address, data in the overlapped
positions of operand 2 is destroyed before it is used in
the operation.

® The system does not check for valid decimal digits in
either operand.
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® The decimal-overflow-condition indication, which may
be set during this operation, is reset by:
— A system reset
— Testing decimal overflow with a branch-on-condition
or jump-on-condition instruction
— Loading a 0 in bit 4 of the program status register us-
ing the load-register instruction

® The system saves the starting address of operand 1 in the
address recall register.

Condition Register

Bit Name Condition Indicated
7 Equal Zero result

6 Low Negative result

5 High Positive result

4 Decimal

overflow Carry occurred from the leftmost position
of operand 1

3 Test false  Bit not affected
2 Binary

overflow Bit not affected
Example
Instruction:

07 22 00 10 00 20

Operand 1 before Operation:

F7 F6 F3 | F6 F9

000C 000D OOOE OOOF 0010

Operand 2:

Fa | F2 | F5

001E 001F 0020

Operand 1 after QOperation:

F7 | F5 | Fo | F4 | Fa

000C 000D OQ0OE O0OF 0010
Condition Register:

Before Operation: After Operation:

| 00000100

I 00000000 l




TEST BITS OFF MASKED (TBF)

Op Code |
{hex) Q-Byte! | Operand Address?
Byte1 |[Byte2 |Byte3 [Byte 4

39 | Operand 1 direct
Op 1 disp

79 | from XR1
Op 1 disp

B9 | from XR2

1The Q-byte contains a single-byte binary mask specifying
operand bits for testing.
20perand 1 is a single-byte field; operand 2 is not used.

Operation

This instruction tests specified bits in the operand byte for
a binary 1. For each mask bit (Q-byte bit) that is a 1, the
system tests the corresponding bit in the operand. If any
tested bit is a 1, the system turns the test false indicator {in
“the condition register) on.

Program Notes
® The operand and Q-byte remain unchanged.

® Test false condition is turned off by system reset, using
test false as a condition in a branch-on-condition or
jump-on-condition instruction, or by loading a binary 0
into condition register bit 11 (bit 3 of the rightmost
condition register byte).

Condition Register

Bit - Name Condition Indicated
7 Equal Bit not affected

6 Low Bit not affected

b High Bit not affected

4 Decimal

overflow Bit not affected

3 Test false One of tested bits on
2 Binary

overflow Bit not affected
Example
Instruction:

39 l 01101100 | 00 | 25

Storage Operand:

10010100

0025

Condition Register after Operation:

00010000

Instruction Set

2-37



TEST BITS ON MASKED (TBN)

Op Code
{hex) Q-Byte! | Operand Address2
Byte 1 Byte 2 |Byte 3. I Byte 4
38 | Operand 1 direct
Op 1 disp
78 i from XR1
Op 1 disp
B8 I from XR2
1The Q-byte contains a single-byte binary mask specifying
operand bits for testing.
20perand 1 is a single-byte field; operand 2 is not used.

Operation

This instruction tests specified bits in the operand byte for
an on state. For each mask bit (Q-byte bit) on, the system
tests the corresponding bit in the operand. If any tested
bit is off, the system turns the test false indicator (in the
condition register) on.

Program Notes
® The operand and Q-byte remain unchanged.

® Test false condition is turned off by:
— System reset
— Using test false as a condition in a branch-on-condition
or a jJump-on-condition instruction
— Loading a binary 0 into condition register bit 3 (bit
3 of the rightmost program status register byte) using
a load-register instruction.
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Condition Register

Bit Name Condition Indicated
7 Equal Bit not affected

6 Low Bit not affected

5 High Bit not affected

4 Decimal :

overflow Bit not affected

3 Test false One of the tested 'bits not on
2 Binary
overflow Bit not affected
Example
Instruction:

38 00010110 | 00 21

Storage QOperand

10010101

0021

Condition Register after Operation:

00010000




TEST:1/O AND BRANCH (T10)

Op Code
(hex) Q-Byte! | Operand Address?
Byte1 |[Byte2 [Byte3 |Byte 4

c1 1 Operand 2 direct
Op 2 disp

D1 | from XR1
Op 2 disp

E1 1 from XR2

11 (Q-Byte = DA-code, M-code, and N-code where,
DA (bits 0-3) = address of device tested
M (bit 4) = address modifier
N (bits 5-7) = a code that specifies the condition for which
the device is tested.
2The operand address specifies the branch-to-address.

Operation

This operation tests the condition specified by the Q-byte
for the addressed device. If the condition is present, the
branch-to address is placed in the instruction address
register and the next sequential instruction address is
placed in the address recall register. If the condition is
not present, the next sequential address is used and the
branch-to address is placed in the address recall register.
The address placed in the address recall register remains
there until the next decimal-add, decimal-subtract, insert-
and-test-characters, or branch instruction is executed.

Condition Register

This instruction does not affect the condition register.

Example

Instruction:

5445
[ '—Drive 2 Not Ready or Unit Check

C1 Cc8 | 02 00

0100 0101 0102 0103

Test 1/O Branch to Address

Status Byte 1:

10000000 Bit 0 on indicates a

disk drive error condition.

Instruction Address Register before Operation:

01 04 Next Sequential Instruction

Address Recall Register before Operation:

02 00 Branch-to Address {loaded when
instruction is taken from main

storage)

Instruction Address Register after Operation:

02 00 Branch-to

Contents of
Address ns o

Registers Were
Swapped Because
Branch Occurred

Address Recall Register after Operation:

01 04 Address of Return

Point in Main Program
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ZERO AND ADD ZONED (ZAZ) Condition Register

on Bit Name Condition Indicated
Code
{hex) Q-Bytel Operand Addresses? 7 Equal Zero result
Byte1 Byte2 |Byte3 [Byte 4 Byte 5 | Byte 6 6 Low Negative result
| 5 High Positive result
04 L1—L2!L2—1 QOperand 1 direct 8pe2racr;d 2 direct 4 Decimal
p isp .
14 L1-L2EL2—1 Operand 1 direct from XR1 overflow  Bit not affected
; Op 2 disp 3 Test false Bit not affected
24 |L1-L2)L2-1] Operand 1 direct from XR2 2 Binary
X Op 1 disp overflow Bit not affected
44 L1-L2|L2-1 [from XR1 Operand 2 direct
| Op 1 disp Op 2 disp
54  |L1-L2!L2-1[from XR1 |from XR1
""|Op Tdiso | Op 2disp Example
64 L1-L2,L 2-1 [from XR1 | from XR2
; Op 1 disp Instruction:
84 L1-L2)L2-1 |from XR2 Operand 2 direct
| Op 1disp | Op 2disp 04 22 00 10 00 20
94 L1—L2:L2—1 from XR2 | from XR1
: Op 1disp [ Op 2disp
A4  [L1-L2L2-1[from XR2 |from XR2 Operand 1 before Operation:
1L1-L2 (4 bits) = number of bytes in operand 1, minus the number F7 F6 F3 F6 Fo9
of bytes in operand 2
L2-1 (4 bits) = number of bytes in operand 2, minus 1 000C 000D OOOE O00OF 0010
Maximum length of operand 1 is 31 bytes; maximum length of .
operand 2 is 16 bytes, Operand 2:
2The operands may overlap. Address operands by their rightmost
bytes. F4 | F2 | F5

. 001E 001F 0020
Operation

Operand 1 after Operation:

This instruction moves data from the second operand, byte
by byte starting with the rightmost byte, into the first FO | FO | F4 | F2 | F5
operand. If the first operand is longer than the second

operand, the processing unit fills the unused high-order posi-
tions with decimal 0's (hex FQ). Condition Register:

000C 000D O00E O00QF 0010

The processing unit sets the zone bits of all bytes except Before Operation:  After Operation:
the rightmost byte in the first operand to hex F (binary
1111). It sets the zone bits.of the rightmost byte in the
first operand to (1) hex F if the value transferred is either
zero or positive, or (2) hex D (binary 1101) if the value
transferred is negative.

00000000 00000100

Program Notes

® The second operand remains unchanged unless the fields
overlap.

® |f operands are overlapped and the operand 1 address is
lower than the operand 2 address, data in the overlapped
positions of operand 2 is destroyed before it is used in
the operation.
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Figures 3-1, 3-2, and 3-3 show the data flow for the basic
processing unit. Input data enters the A-register, passes
through the ALU (arithmetic and logical unit), then enters
storage. When in dual-byte mode (Models 12 and 15 only),
bytes of data being sent to odd-numbered storage focations
bypass both the A-register and the ALU; bytes of data being
sent to the 1/0 unit from odd-numbered storage locations
bypass both the B-register and the ALU. Data is taken from
storage to the B-register. From the B-register, data enters
the ALU to be operated on and directed to one of the
following units:

® Op code register

® Q-register

® Condition register

® One of the local storage registers (LSRs)
® An |/O unit

® ATT register (Models 12C and 15)

® PMR register {(Models 12C and 15)

® Storage protect register (Model 15 only)

® Main storage

REGISTERS
A-Register—All Models

The A-register temporarily stores 1 byte of data at a time
before the data is processed by the ALU. Data can enter
the A-register {via the ALU) from the B-register, from one
of the local storage registers, or from an input device.
When a Model 12 or 15 is operating in dual byte mode
(transferring 2 bytes of data at a time between the disk
attachment and main storage), odd-numbered storage
position bytes do not pass through the A-register.

The A-register cannot be accessed by the program, but its
contents can be displayed on the display panel.

Chapter 3. Processing Unit

Address Recall Register (ARR)—AIll Models

Each level (program level or interrupt level) on a System/3
has its own address recall register. The CPU uses the
contents of the ARR during the various phases of an
instruction.

During the instruction phase of a branch operation, the

CPU fetches the branch-to address from the operand address
portion of the instruction and loads it into the address

recall register. During the execution phase of the operation,
the CPU swaps the contents of the address recall register
with the contents of the instruction address register if a
branch is to occur. (If a branch is not to occur, the contents
of the two registers remain unaltered.)

During the instruction phase of a decimal instruction, the
CPU stores the operand 1 address in the address recall
register.

During the execution phase of an insert-and-test-characters
instruction, the CPU stores the address of the first signifi-
cant digit encountered.

Arithmetic and Logical Unit (ALU)

The ALU performs all the arithmetic and logical functions
for the processing unit. Data that is to be moved from any
unit in the data flow to any other unit in the data flow
{except the storage address register and A- and B-registers)
usually passes through the ALU. In dual-byte mode, bytes
associated with odd-numbered storage locations do not pass
through the A-register, B-register, or the ALU. The ALU
accepts 2 bytes of input and produces 1 byte of output.

The ALU output and state of the ALU can be displayed on
the display panel.

B-Register—All Models

The B-register temporarily stores each data byte and
instruction byte moved from storage to the ALU. This

register cannot be accessed by the program, but its contents
can be displayed by the display panel.

Processing Unit ~ 3-1
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Condition Register—All Models

Bits 2 through 7 of the condition register have assigned
meanings which are set and reset during the operations
shown in Figure 3-4. For example, bits in the condition
register can indicate a high, a low, or an equal condition
after a compare operation; after an arithmetic operation,
bits can indicate that a binary or decimal overflow has
occurred. The program can test this register for these
conditions. The bits in this register are not reset by the
same operation that set them. Instead, they act like six
individual latch-type switches.

Bit Bit Name Operation That Sets Bit Operation That Resets Bit
7 Equal ® Zero and add zoned ® System reset
6 Low ® Add zoned decimal ® | oad register that loads 0 into the
5 High ® Subtract zoned decimal associated bit position of the program
® Add logical characters status register
® Subtract logical characters ® Instruction phase of one of the following:
® Add to register — Zero and add zoned
® Edit — Add zoned decimal
® | oad register that loads the associated bit — Subtract zoned decima!
in the program status register — Add logical characters
— Subtract logical characters
— Add to register
— Edit
® Instruction phase of next branch-on-condition
4 Decimal overflow ® Add zoned decimal instruction or jump-on-condition instruction that
® Subtract zoned decimal . specifies test decimal overflow as a branch or
® | oad register that loads a 1 into bit jump condition.
position 4 of the program status register Load register that loads O bit into bit
position 4 of the program status register
System reset
3 Test false ® Test bits on System reset
® Test bits off Instruction phase of next branch-on-
® | oad register that loads a 1 into bit condition instruction or jump-on-
position 3 of the program status register condition instruction that specifies
test false as a branch or jump condition
2 Binary overflow ® Add logical characters System reset
® | oad register that loads a 1 into bit Instruction phase of next add-logicai-
position 2 of the program status register characters instruction
Load register that loads a 0 into bit
position 2 of the program status register
1 .
0 These bits are not used.

Processing Unit
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Each program level on a system equipped with the Dual
Program Feature has a condition recall register. This
condition recali register holds data regarding the inactive
level, retaining that data until the level again becomes
active.

To understand the relationships between each of the
condition recall registers and the condition register, and
how the registers function, assume the following:

® The program levels are designated level A and level B,
and are controlled by programs A and B, respectively.

® The condition recall register for level A is designated
condition recall register A; the condition recall register
for level B is designated condition recall register B.

® Level A is active at the start of the operation.

Assume program A issues an APL instruction to test a
condition, and the tested condition exists. The CPU stores
the contents of the condition register (data associated with
program A} in condition recall register A, then loads the
contents of condition recall register B into the condition
register. This places conditions associated with program B
in the condition register. When the next program level
advance occurs, the CPU stores the contents of the condition
register (now program B condition data) in condition recall
register B and loads the contents of condition recall register
A back into the condition register. In this manner the
condition register always reflects conditions associated
with the currently active program.

Whenever the program issues branch-on-condition and
jump-on-condition instructions, bits stored in the condition
register are checked. The program can store the contents
of the condition register by issuing a store-register instruc-
tion; it can load information into the condition register by
issuing a load-register instruction.

Unlike operations using the dual program mode, the program
must store the contents of the condition register whenever
entering an interrupt routine, and must reload the condition
register at the end of the routine,

3-6

Data Recall Register (DRR)—AIl Models

The data recall register, which is a 1-byte register, shares a
2-byte local storage register with the 1-byte length count
register. The processing unit uses the data recall register for
two types of instructions:

® During the instruction cycles for single-address instruc-
tions, the processing unit stores the Q-byte in the data
recall register.

® During each EA cycle for a two-address instruction, the
processing unit places the byte of data read from operand
2 in the data recall register. Then, during the subsequent
EB cycle, the processing unit moves this byte of data
from the data recall register to the A-register as it moves
the associated byte from operand 1 to the B-register.
Then the processing unit moves both bytes from the A-
and B-registers to the ALU for processing.

The program cannot access the data recall register, and its
contents cannot be displayed.

Index Registers (XR1 and XR2)—All Models

Index register (XR 1) and index register {(XR2) are standard
on all systems. Each Model 8, 10, or 12 that is equipped
with the Dual Program Feature has a second pair of index
registers, identical to the first pair, that support program
level 2.



Each index register holds 2 bytes {16 bits). During base
displacement addressing, the program must store the base
address in the index register to be used to address the
operand. Either register can be used for either operand, or
the same register can be used for both operands.

The load-register, add-to-register, store-register, and load-
address instructions can address the index registers. Opera-
tions which alter base addresses do not change the contents
of the index register.

Instruction Address Register (IAR)—All Models

Each program level and interrupt level on a System/3 has
its own instruction address register, The CPU uses the
contents of instruction address registers to determine the
address of the next byte of an instruction that is to be
moved from main storage to one of the CPU registers.

During the instruction phase of an instruction, the CPU
fetches the first byte of the instruction from the main
storage position addressed by the IAR, then adds 1 to the
address stored in the IAR. The CPU then repeats this fetch-
byte-and-update-address process until all the bytes in the
instruction have been stored in appropriate registers in the
CPU. At the end of the instruction phase of an instruction,
the instruction address register contains the address of the
first byte of the next sequential instruction.

During the instruction phase of a branch instruction, the
CPU fetches the branch-to address from the instruction
and loads it into the address recali register. During the
execution phase of the instruction, the CPU swaps the
contents of the address recall register with the contents of
the instruction address register if a branch is to occur. (If
a branch is not to occur, the contents of the two registers
are not altered.)

Pressing either the SYSTEM RESET key or the PROGRAM
LOAD key resets the program level IAR (Model 15 only)
and the program 1 IAR {Models 8, 10, and 12) to 0, but
does not alter the content of any other IAR. However, the
address in the program level IAR (Model 15) or the program
1 IAR {Models 8, 10, and 12) may have been traded for the
address in the program level address recall register (Model 15)
or the program 1 address recall register (Models 8, 10, and
12). Therefore, do not assume that the addresses in these
registers remain constant throughout the system reset or
program load operation.

Length Count Register (LCR)—All Models

The length count register, which is a 1-byte register, shares
a 2-byte local storage register with the data recall register.

During instruction cycles of each two-address instruction,

the CPU loads the number of bytes specified for each operand
into the length count register (as the CPU stores the Q-byte

in the Q-register). Then, after the CPU has processed each
pair of associated bytes (one from each operand), it

subtracts 1 from the length count register. Instruction
execution continues until the length count register contains

a zero value,

The program cannot access the length count register, and
its contents cannot be displayed.

Local Storage Registers (LSRs)—All Models

The local storage registers hold data and addresses required
for the execution of instructions. Each of the LSRs except
the length count register, the length count recall register,
the data recall register, and the program status register are
2-byte registers.

Pressing the system reset key or program load key resets
the following registers to O:
Models 8, 10, and 12 Model 15

Program level instruction
address register

Program level 1 instruction
address register

Program level 1 program Program status register

status register

Program level 2 program
status register

Pressing the PROGRAM LOAD key aiso resets to O the data
address register for the device used for the program load
function. The program must initialize all other instruction
address registers, index registers, and 1/0 local storage
registers before their use.

Fetching the first instruction from storage sets the program
status register to condition equal. After the execution of
the first instruction, the program status register {program
level 1 program status register on Models 8, 10, and 12)
remains at condition equal unless the instruction itself
causes some condition other than equal to exist. In that
case, the CPU sets the program status register to the resulting
condition.

Processing Unit  3-7



Processing Unit Local Storage Registers

System/3 CPU local storage registers and their acronyms
are listed below. They are described in detail in separate
writeups.

LSR Name Acronym Note
Length Count Register LCR . 1
Length Count Recall Register LCRR

Data Recall Register DRR 1
Operand 1 (B Field) Address Register BAR

Operand 2 (A Field) Address Register ~ AAR

Index Register 1 XR1

Index Register 2 XR2

Instruction Address Registers (IARs):

Program Level 1 IAR P11AR 2
Program Level 2 IAR P2 IAR 2
Program Level IAR PIAR
Interrupt Level 0 |AR IAR-0
Interrupt Level 1 IAR 1AR-1
Interrupt Level 2 IAR IAR-2
Interrupt Level 3 AR IAR-3
Interrupt Level 4 {AR IAR-4
Interrupt Level 5 IAR 1AR-5 3
Interrupt Level 6 IAR IAR-6 3
Interrupt Level 7 IAR IAR-7 3
Address Recall Registers (ARRs):
Address Recall Register ARR
Program Level ARR PARR
Interrupt Level 0 ARR ARR-0
Interrupt Level 1 ARR ARR-1
Interrupt Level 2 ARR ARR-2
Interrupt Level 3 ARR ARR-3
Interrupt Level 4 ARR ARR-4
Interrupt Level 56 ARR ARR-5 3
Interrupt Level 6 ARR ARR-6 3
Interrupt Level 7 ARR ARR-7 3
Program Status Register PSR 4

Notes:

1. The length count register and data recall register are each
single-byte registers that share a 2-byte physical register.

2. Not used on Model 15.

. Used only on Model 15.

4. The low-order {rightmost) byte of the program status
register is used as the condition recall register (CRR).
The high-order (leftmost) byte is used as the length count
recall register (LCRR).

w

Input/Output Unit Local Storage Registers

Each 1/O device has an adapter or an attachment feature,
and each adapter except the MLTA and those for the 5471

3-8

and 5475 has at least one directly associated data address
register (DAR). To service some adapters, the CPU has
additional local storage registers used by the adapter for
the 1/O operation. For example, line printers must access
specified areas of storage to examine the character set
image, so the line printer adapter has a line printer image
address register that directs the processing unit to the
character set image field. The 5424 is an example of an
1/0 device that has more than one data address register: it
has a print DAR, a punch DAR, and a read DAR.

The program must load the address of the applicable main
storage field into each address register before the register

is used for an 1/O operation. During the operation the CPU
updates the register, under control of the adapter, to reflect
the next storage position to be accessed.

All LSR registers for Models 8, 10, and 12B have 16 bits
that allow addressing hex storage positions 0000 through
FFFF. For Model 12C, an additional {17th) bit is needed
to address additional memory. This bit is the 1/0 cycle
translate bit. For Model 15, additional bits are needed to
address more than 64K of storage. Therefore, Models 15A
and 16B LSRs provide an extra (17th) bit, which is the
address greater than 64K bit. Models 15C and 15D provide
both the 17th bit and an 18th bit which is the address
greater than 128K bit. Model 15 D25 and Model 16 D26
provide an additional bit, which is the address greater than
256K bit.

1/0 unit LSRs are discussed with the description of pro-
gramming for the devices for which they are provided.

Op Code Register—All Models

At the start of the instruction phase of an operation, the
CPU fetches a byte from the storage position specified by
the instruction address register and places it in the op code
register. This byte must be the first byte in an instruction,
which is always the op code. Then the CPU examines the
bits in the op code register to determine the operation to
be performed and the number of bytes still to be fetched
from storage and stored in registers prior to instruction
execution. After establishing the appropriate circuits to
complete the instruction phase of the operation, the CPU
moves the remaining bytes of the instruction from storage
into the appropriate registers.

Operand 1 Address Register (BAR)—AIl Models

During the instruction phase of operations using operand 1,
the CPU stores the starting address of operand 1 in the
operand 1 address register. During execution of the
instruction, the CPU fetches the byte addressed by the



operand 1 address register, then updates the address register
to point at the next byte of operand 1 to be fetched.

After the byte has been processed, the CPU fetches the
next byte and updates the operand 1 address register. This
sequence continues until the operation ends.

Operand 1 is addressed by its rightmost byte for all opera-
tions except insert and test characters. Therefore, to
update the operand 1 address register during execution of
the instruction, the CPU subtracts 1 from the stored
address in the register. At the end of these operations, the
operand 1 address register contains the address of the
leftmost byte in operand 1 minus 1.

Operand 1 is addressed by its leftmost byte for insert and
test characters operations. During these operations the CPU
adds 1 to the address stored in the operand 1 address register
to update the register for fetching the next byte to be
processed. At the end of insert and test characters opera-
tions, the operand 1 address register contains the address of
the rightmost byte of operand 1 plus 1.

Operand 1 is sometimes called the B-field, which is why the
operand 1 address register is called the BAR.

.The operand 1 address register cannot be addressed by the
program and its contents cannot be displayed.

Operand 2 Address Register (AAR}—AIl Models

During the instruction phase of operations using operand

2, the CPU stores the starting address of operand 2 in the
operand 2 address register. During execution of the instruc-
tion, the CPU fetches the byte addressed by the operand 2
address register and places it in the B-register, then updates
the address register to point to the next byte of operand 2
to be fetched. After the byte in the B-register has been
processed, the CPU fetches the next byte and updates the
operand 2 address register. This sequence continues until
Jhe operation ends.

Operand 2 is addressed by its rightmost byte for all opera-
tions except insert and test characters. Therefore, to

update the operand 2 address register during execution of
the instruction, the CPU subtracts 1 from the stored address
in the register. At the end of these operations, the operand
2 address register contains the address of the leftmost byte
in operand 2 minus 1.

Operand 2 is addressed by its leftmost byte for insert and
test characters operations. During these operations the
CPU adds 1 to the address stored in the operand 2 address
register to update the register for fetching the next byte to
be processed. At the end of insert and test characters
operations, the operand 2 address register contains the
address of the rightmost byte of operand 2 plus 1.

Operand 2 is sometimes called the A-field, which is why
this register is called the AAR.

The operand 2 address register cannot be addressed by the
program, and its contents cannot be displayed.

Program Check Status Register and Program Check Address
Register—Model 15 Only

These 16-position registers are both active while the program
check interrupt (level 7) is enabled unless the CPU is exe-
cuting a program check interrupt routine. If the 5415 de-
tects an invalid address, an invalid Q-byte, an invalid opera-
tion code, a privileged operation in nonprivileged mode,

or an address violation check, the 5415:

1. Sets bits in the program check status register to
indicate what caused the check condition, to specify
which 64K segment of storage the program was
using when the check occurred, and to identify the
program level that was active when the check
occurred.

2, Stores the contents of the physical address in the
program check address register.

3. Issues a program check interrupt request. This is
interrupt level 7, the highest interrupt level, so the

CPU must handle this interrupt before any others.

The program check registers are both reset by resetting
interrupt level 7 by means of a command CPU instruction.

Processing Unit  3-9
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Program Mode Register (PMR)—Models 12C and 15

The program level and each interrupt level has an associated
program mode register. A PMR bit controls whether the

Models 12C and 15 perform each of the functions specified
in the chart below during execution of the program assigned

to its level:

PMR

| Byte 1
Bit

0

PMR

| Byte 2
Bit

0-6

3-10

Function Activated by Binary 1

{High Order Address)
Model 12C

Not used

Address translate
during EB {operand 1)
cycles

Address translate
during EA {operand 2)
cycles

Address translate
during | {instruction)
cycles

Not used

Address translate
during 1/0 (input/
output) cycles

Not used

Mask interrupts

Model 15

1/0> 128K (131, 072
bytes, Models 15C and
16D only)

Address translate
during EB (operand 1)
cycles

Address translate
during EA (operand 2)
cycles

Address translate
during | (instruction)
cycles

Privileged mode

1/0 > 64K (65,536
bytes)

Storage protect

Mask interrupts

Function Activated by Binary 1

(Low Order Address)
Model 12C

Not used

Not used

Model 15
Zeros (Reserved)

1/0 > 256K (262,144
bytes)



Because each machine level has its own PMR, the interrupt
routines and the mainline program can independently use or
ignore the function associated with each bit. As interrupts
occur asynchronously to take control away from the main-
line program or lower priotity interrupts, the 5415 auto-
matically selects the appropriate PMR to control the CPU.
A description of each program mode register bit follows.

Byte 1 Bit 0, 1/0 Greater Than 128K (Models 15C and
15D only)

This bit represents the 128K-bit (the bit representing a
131,072 decimal value) in a binary address. The CPU
uses this bit while executing LIO and SNS instructions.

¢ |f the 1/O > 128K bit is on when the program issues a
load 1/0 instruction to an associated 1/0 LSR, the 1/0
> 128K bit in the selected LSR turns on if the 1/0 >
128K bit is off when the program issues a load 1/0
instruction to the LSR, the 1/0 > 128K bit in the
selected LSR turns off. :

@ If the 1/0 > 128K bit in the LSR for a sensed 1/0 device
is on when the program senses the LSR, the system sets
the program mode register 1/0 > 128K bit on if the I/O
> 128K bit in the LSR for the selected 1/0 device is off
when the program senses the LSR, the system sets the
program mode register 1/0 > 128K bit off.

Because the system uses a two-instruction sequence (LCP,
then L10) to set the 1/0 > 128K bit in the LSR for the
selected device, and a two-instruction sequence (SNS, then
SCP) to inspect the 1/0 > 128K bit in the LSR for the
selected 1/0 device, an interrupt may occur between the
two instructions in either operation. However, it is not
necessary to mask interrupts during these operations, as
each interrupt level has its own program mode register and,
therefore, cannot destroy the contents of another interrupt
level PMR.

Byte 1 Bit 1, Address Translate EB Cycles

When this bit is on, the CPU uses the output of the address
translate table (ATT) to develop a physical address during
EB (operand 1 execute) cycles. If operand 1 resides at a
storage address greater than 65,535, this bit must be on
and the address translate table must be appropriately
loaded. If operand 1 resides at an address of 65,535 or less,
the ATT may or may not be used, as the programmer
chooses. Bit 1 must not be set on until the ATT contents
are set after power on. Furthermore, this bit should be

off whenever the ATT contents are changed.

Byte 1 Bit 2, Address Translate EA Cycles

When this bit is on, the CPU uses the output of the address
translate table (ATT) to develop a physical address during
EA (operand 2 execute) cycles. If operand 2 resides at a
storage address greater than 65,535, this bit must be on
and the ATT must be appropriately loaded. If operand 2
resides at an address of 65,5635 or less, the ATT may or
may not be used, as the programmer chooses. Bit 2 must
not be set on until the ATT contents are set after power
on.

Byte 1 Bit 3, Address Translate |-Cycles

When this bit is on, the CPU uses the output of the address
translate table (ATT) to develop a physical address during

t (instruction) cycles. The CPU fetches the instruction to
be executed from main storage during | cycles. if the
instruction resides at a storage address greater than 65,535,
this bit must be on and the ATT must be appropriately
loaded. If the instruction resides at an address of 65,535

or less, the ATT may or may not be used as the programmer
chooses. This bit must not be set until the address translate
table contents are set after a power on.

Byte 1 Bit 4, Privileged Mode (Model 15 Only)

When this bit is on, the system operates in privileged mode
and executes all of the instructions in the Model 15 instruc-
tion set. If this bit is off, the CPU cannot execute any of
these instructions:

® Load |/O

® Sense

e Start |/O

® Test i/0

® Advance program level

¢ Halt program level

e Command CPU (except supervisor call, which is allowed)
® Load CPU

e Store CPU

o Add to register

(except Q-bytes 01, 02, 04, 08,

® Load register 10, 20, and 40, which are allowed)

® Store register
Processing Unit  3-11



A program check interrupt {(or processor check, if interrupt
level 7 is not enabled) occurs if the program issues any of

the preceding instructions while the CPU is not in privileged

mode.

Bit 4 has no significance for interrupt level 0. The system is

automatically privileged whenever the CPU is in interrupt
level 0, regardless of the state of the privileged mode bit in
the interrupt O program mode register (PMR). This means
that all instructions can be executed when the CPU is in
interrupt level 0.

Byte 1 Bit 5, Address Translation 1/0 Cycles (Model
12C only)

This bit is used in conjunction with LIO and SNS commands

to load and sense the I/O cycle translate bit associated with
each 1/0 device LSR.

If this bit is on and load 1/O instruction is issued to a
device LSR, the 1/0 translate bit in the selected LSR

will be set on. If this bit is off and load 1/0 instruction

is issued to a device LSR, the I/O translate bit in the
selected LSR will be set off. When a sense 1/0 command
is issued to a device LSR, the PMR 1/0O address translate
bit will be set to the state of the 1/0 translate bit in the
selected LSR. The PMR may be stored in memory and
bit 5 inspected to determine the contents of the device
LSR. Since a two-instruction sequence (LCP, then

L1O, or SNS, then SCP) is required to set or inspect the
1/0 translate bit in the I/O LSR, an interrupt may occur
between these instructions. Each interrupt level, however,
has its own PMR and one level will not destroy the results
of another. It is not necessary to set the mask interrupt
bit on while executing this two-instruction sequence.

Byte 1 Bit 5, 1/0 Greater Than 64K (Model 15 only)

This bit represents the 64K-bit (the bit representing a
65,536 decimal value) in a binary address. The CPU uses
this bit while executing LIO and SNS instructions.

® |f the 1/0 > 64K bit is on when the program issues a
load 1/0 instruction to an associated 1/0 LSR, the
address > 64K bit in the selected LSR turns on.

® |[f the I/O > 64K bit is off when the program issues a
load 1/0 instruction to the LSR, the address > 64K bit
in the selected LSR turns off.

® |f the address > 64K bit in the LSR for a sensed 1/0
device is on when the program senses the LSR, the
system sets the program mode register 1/0 > 64K bit on.

® |f the address > 64K bit in the LSR for a sensed /0
device is off when the program senses the LSR, the
system sets the program mode register 1/0 > 64K bit off.

Because the system uses a two-instruction sequence (LCP,
then LI10) to set the address > 64K bit in the LSR for the
selected device, and a two-instruction sequence {SNS,
then SCP) to inspect the address > 64K bit in the LSR for
the selected 1/0 device, an interrupt may occur between
the two instructions in either operation. However, it is
not necessary to mask interrupts during these operations
as each interrupt level has its own program mode register
and, therefore, cannot destroy the contents of another
interrupt level PMR.

Byte 1 Bit 6, Storage Protect (Model 15 only)

When this bit is on, the CPU inspects the storage protect

keys for each memory cycle except 1/0 cycles. Violations
(unauthorized attempts to use protected areas) cause program
check interrupts {(or processor checks if interrupt level 7

is not enabled).

When this bit is off, the CPU ignores the protect keys and
permits access to all storage locations. This bit must not
be set until the address translate table has been properly
loaded. Furthermore, this bit must be off whenever the
address translate table contents are changed.

Byte 1 Bit 7, Mask Interrupts

When bit 7 is on, all interrupt requests (except program
check) remain pending and the CPU remains in its present
level. The program can set this in the program level or any
interrupt level. The CPU cannot change levels until the
program sets the bit off. The program must set bit 7 off
before it resets any interrupts. Otherwise, the CPU remains
in the current level until the mask is set off. Use this bit
with care to avoid overrun in those devices whose interrupts
must be serviced within a certain period of time.



Byte 2 Bits 0-6, Reserved
Byte 2 Bit 7, 1/0 Greater Than 256K

This bit represents the 266K-bit (the bit representing a
262,144 decimal value) in a binary address. The CPU uses
this bit while executing LIO and SNS instructions.

® |f the I/O > 266K bit is on when the program issues a
load 1/O instruction to an associated 1/0 LSR, the 1/0
> 256K bit in the selected LSR turns on. {f the I/0>
256K bit is off when the program issues a load 1/0
instruction to the LSR, the 1/0 > 256K bit in the
selected LSR turns off.

® |f the 1/0 > 256K bit in the LSR for a sensed 1/0 device
is on when the program senses the LSR, the system sets
the program mode register [/O > 266K bit on. If the
I/0 > 256K bit in the LSR for the selected 1/0 device
is off when the program senses the LSR, the system sets
the program mode register 1/0 > 256K bit off.

Because the system uses a two-instruction sequence (LCP,
then L10) to set the |/O > 256K bit in the LSR for the
selected device, and a two-instruction sequence (SNS, then
SCP) to inspect the 1/0 > 266K bit in the LSR for the
selected 1/0 device, an interrupt can occur between the
two instructions in either operation. However, it is not
necessary to mask interrupts during these operations, as
each interrupt level has its own program mode register and,
therefore, cannot destroy the contents of another interrupt
level PMR.

General Notes About the PMRs

The contents of byte 1 bits 0 through 6 and byte 2 bit 7
are unique for each operating level. Byte 1 bit 7 (mask
interrupts) is common to all levels because once byte 1
bit 7 is on, the machine cannot pass to another level;
consequently, independent control of the mask bit is not
required.

Whenever the program changes the contents of its program
modeé register, bit 7 prevents or allows interrupts that may
occur before the CPU accesses the next sequential instruc-
tion. All other bits in the PMR become effective when the
CPU accesses the next sequential instruction.

When an operator turns the power switch on, the contents
of the PMRs are unpredictable. Therefore, the Model 15
CPU enters privileged mode and disables all other PMR
functions. Since the Model 12 CPU has no privileged
mode, it disables all the PMR functions at this time. The
CPU remains in this state until it accesses the first instruc-
tion to load any PMR.
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Before any interrupts occur, the program must load the
program level PMR and then the interrupt level PMRs. This
prevents checks that could otherwise occur from using the

- indeterminate contents in the PMRs after power up. The.
program must not set the translate bits (PMR bits 1, 2, and
3) or the storage protect bit (bit 6} until it has loaded the
address translate table (ATT) and storage protect registers.
Otherwise, use of the unpredictable bits stored in the ATT
or storage protect registers after powering up can result in
checks. (See Storage Protect Registers.) The PMRs must
be initialized using an LCP instruction. The CCP instruc-
tion does not control the 1/0 > 256K PMR bit.

Program Status Register (PSR)—All Models

Each model of the system has one program status register
(PSR} that operates with the base system. Systems equip-
ped with the Dual Program Feature (never Model 15) are
equipped with a second PSR that is associated with program
level 2, The leftmost byte of each PSR serves as a length
count recall register during interrupts. The rightmost

byte of the PSR serves as a condition register during interrupts.

During load register operations that specify the program
status register, the CPU sets both the PSR and the condition
registers using data from the rightmost byte of the operand.
The contents of the PSR remain unaltered until the next
branch, insert-and-test-characters, or decimal-type instruc-
tion has been executed.

Q-Register—All Models

This register accepts the Q-byte from the instruction. The
Q-byte controls operations performed by instructions.
Storage Address Register—All Models

The storage address register (SAR) holds the 2-byte logical
address that is to be accessed in main storage.

Storage Data Bus In Register (SDBI)—Models 12C and 15
The storage data bus in register serves as a place to store
data temporarily as it passes from the arithmetic and
logical unit (ALU) to main storage. The program cannot

access this register and its contents are not displayed on the
display panel.
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Storage Data Register (SDR)—Models 8, 10, and 12

This register temporarily stores data moving between the
processing portions of the CPU and main storage. Data can
enter the storage data register from ALU or from main
storage. Data can be sent from the storage data register to .
either the B-register or to main storage. This register
cannot be accessed by the program and its-contents cannot
be displayed on the display panel.

Storage Protect Registers—Models 15C and 15D Only

Each Model 15C and 15D has one storage protect register
for each 2K bytes of main storage. The program loads the
storage protect registers by means of the load CPU instruc-
tion, and stores their contents in main storage by means of
the store CPU instruction. (Storage protect register bits0
and 1 correspond to bits 0 and 1 in the bytes loaded and
stored.) During each machine cycle that is not an 1/0 cycle
the CPU examines the program mode register storage pro-
tect bit (bit 6). If the bit is a 1, the storage protect func-
tion is active and the 2K block of storage that holds the
addressed storage position is subject to control by keys
stored in the register. These bits and their meanings are:

0 1<—Bit Number

'ZI 'ZI« Storage Protect Register

When bit 1 in the register is 1, data in the
2K block of main storage containing the
addressed location cannot be modified by
any CPU instruction.

When bit 0 in the register is 1, data in the
2K block of main storage containing the
addressed location cannot be read or
modified by any CPU instruction.

The storage protect registers must be initialized after a
power down condition before either a storage protect
function or an address translation function occurs.



PHASES

The processing unit performs each of its operations in two

phases: instruction phase and execution phase. During the

instruction phase, the CPU moves an instruction from stor-

age to the designated CPU registers as follows:

® The op code byte intb the op code register.

® The Q-byte into the Q-register.

® The operand 1 address into the BAR, and the operand
2 address into the AAR. |f an operand is being addressed
by base displacement addressing, the CPU adds the value
in the 1-byte operand address portion of the instruction
to the address previously loaded into the selected index
register before placing the resulting address in the

appropriate operand address register (AAR or BAR).

During the execution phase, the CPU executes the instruc-
“tion just fetched from storage as follows:

@ Fetches a byte of data from each operand to be used.

® Examines, moves, or modifies the data as directed by
the instruction op code.

® Repeats this process until the operation is complete.

Some instructions combine the phases so that there is no
distinct execution phase. These are:

® Branch on condition
® Jump on condition

® | oad address

® Advance program level
® Halt program level

® Command CPU

® SIO

CYCLES

Data is moved into and from storage during time intervals
called cycles. During single-byte mode operations, the
CPU moves 1 byte per cycle; during dual-byte mode opera-
tions (for example, during Model 12 and Model 15 high-
speed disk read and write 1/0 operations) the CPU moves
2 bytes of data concurrently during the cycle.

The processing unit uses at least three cycles for each
instruction (the 3 bytes in the shortest instruction times
one cycle per byte). 1/0 adapters (sometimes called
attachment features) also use processing unit cycles when
they initiate the transfer of data between the 1/O device
and main storage. These are called cycle-steal or 1/0 cycles
beqause'the processing unit lets the adapter interrupt
regular processing to steal time for I/O cycles between any
two processing unit cycles. During this 1/O cycle, the
processing unit moves 1 byte of data (single-cycle mode)
or 2 bytes of data (dual byte mode).

The following list defines the System/3 cycles and the
operation performed during each cycle. (Note that the
cycle name indicates the phase in which the cycle occurs
and the type of operation performed.)

Cycle Operation

1-Op The CPU moves the op code from main storage
into the op code register.

I-Q The CPU moves the Q-byte from main storage
into the Q-byte register.

I-R The CPU moves the third byte of a command-
type instruction (the R-byte) to attachment or
CPU control logic, then the CPU (sometimes
aided by the attachment) executes the instruc-
tion.

Note: The R-byte is sometimes called the
control byte because it contains information,
not available in the Q-byte, that is used by the
CPU or attachment during command execution.
The CPU does not use I-R cycles for instructions
that address storage.
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Cycle
1-X1

I-H1

I-L1

1-X2

I-H2

I-L2

E-A

E-B

1/0

3-16

Operation

The CPU adds the single-byte displacement from
the instruction to the contents of the index
register specified by the op code and stores the
results (the operand 1 address) in the BAR.

This cycle is used only when the op code
specifies base displacement addressing for
operand 1.

The CPU moves the high-order (leftmost) byte
of the first operand address from main storage
into the leftmost half of the BAR. This cycle

is used only when the op code specifies direct

addressing for operand 1.

The CPU moves the low-order (rightmost) byte
of the first operand address from main storage
into the rightmost half of the BAR. This cycle
is used only when the op code specifies direct
addressing for operand 1.

The CPU adds the single-byte displacement
from the instruction to the contents of the
index register specified by the op code, then
stores the resulting operand 2 address in the
AAR. This cycle is used only when the op code
specifies base-displacement addressing for
operand 2.

The CPU moves the high-order (leftmost) byte
of the second operand address portion of the
stored instruction to the leftmost half of the
AAR. This cycle is used only when the op code
specifies direct addressing for operand 2.

The CPU moves the low-order (rightmost) byte
of the second operand portion of the instruc-
tion from main storage to the rightmost half of
the AAR. This cycle is used only when the op
code specifies direct addressing for operand 2.

The CPU moves a byte of the second operand
from storage to the data recall register. These
cycles are not used unless two operands are
involved in the instruction.

The CPU moves a byte of the first operand from
main storage, operates on it, and returns it to
main storage.

When the CPU is operating in single-byte mode,
the CPU moves a single byte of data between
main storage and an input/output unit. When the
CPU is operating in dual-byte mode, the CPU
moves 2 bytes of data, at the same time, between
main storage and an input/output unit.

BRANCHING—ALL MODELS

During the instruction phase of each branch instruction,

the CPU fetches the branch-to address from the operand
address portion of the instruction and loads it into the
address recall register. At the end of the instruction phase
of the branch instruction, the address of the next sequential
instruction resides in the instruction address register. During
execution of this instruction, the CPU:

® Swaps the contents of the address recall register with the
contents of the contents of the instruction address
register if a branch is to occur.

® Retains the contents of the address recall register and
the instruction address register as they were loaded
during the instruction phase if a branch is not to occur.

ADDRESS TRANSLATION—MODELS 12C AND 15

System/3 uses a 2-byte (16-bit} address and a 1-byte wide
data path. Using a 16-bit address limits addressable storage
to 64K (65,536) positions. In order to address additional
main storage positions, an address translation table {con-
sisting of 32 8-bit registers is required, which resides
between the 16-bit storage address register (SAR) and main
storage. As shown in Figures 3-5 and 3-6 the address trans-
fation table converts 16-bit logical addresses from the stor-
age address register into 17, 18, and 19 bit real addresses
{physical addresses).

The addresses in SAR are considered to be logical addresses
because they run from 0 to 64K, and are not uniquely
associated with the actual storage location accessed. The
addresses applied to storage are considered to be real or
physical addresses. -

INPUT/OUTPUT CHANNEL, I/O ATTACHMENTS, AND
1/0 CHANNEL ORGANIZATION

Each 1/0 unit has an attachment, sometimes called an
adapter. The processing unit has a single 1/0 channel to
which all the attachments connect. The channel serves as
a data and instruction path between the processing unit
and the attachment circuits of all the 1/0 units. The
processing unit is designed to communicate with only one
I/0 device at a time; therefore, each 1/0 device has an
assigned priority for channel use.



High-order address
byte of SAR

Low-order address
byte of SAR

0,1,2 3,45 6,7|0,1,2 3 45 6,7

YIYIY[Y[Y]X]X]X]X]X]X|X][X] X} X]X

Binary-coded
number of ATT
register selected
during each
operation

Contents of ATT register
selected for operation
M
0,1,2 3.4 5 6 7

zZlz|z|z|z|2|Z2]|Z

— N ——

Storage fetch
protect key !

These bits from the SAR
are used whether or not
address translation is used.
The CPU accesses these
bits from the SAR for the
low-order (rightmost) 11
bits of the address.

Storage write
protect keyl

These bits from
the ATT register
selected by SAR
bits 0-4-are
accessed by the
CPU during
address transla-
tion operations.
The bits serve
as the high-
order 6 bits of
the 17-bit
storage address.

Zlz|z|z|z|z|X|X|X|X]{X]X]|X]{X]X]|X]|X

01234656 7|01 23452867

High-order
address byte

L.ow-order
address byte

Address > 64K bit

1Storage is protected if bit = 1 (not used on the Model 12).

Note: One ATT register is always selected for each operation. If
address translation is not specified, the CPU uses the entire contents
of the SAR as the physical address of storage. |f address translation
is specified, the CPU uses address bits from the SAR and the speci-
fied ATT regisier, as shown in this figure. In each case, the CPU
examines the fetch and write protect keys in the ATT.

used on
read and Models D25 are used whether or not
write and D26. address translation is used.
protect The CPU accesses these

L.ow-order address
byte of SAR

High-order address
byte of SAR

0,12 3 456, 7|01 23 45 6 7

YIY|IY[IY]Y]X]X]|X]X]X]|XIX]X]X]X[X

Binary-coded
number of ATT
register and
storage protect
Contents of register selected

storage during each

protect operation

register

selected Contents of ATT

for register selected

operation for operation
»'\JI\/\ e A A—

01 0123 45 6 7

W W z|lz|z|z|Z12|2]|Z

| —— N ——
| IT This bit is
Storage

These bits from the SAR

key’ bits from the SAR for the
low-order {rightmost) 11
Storage bits of the address.
write __|
protect

key'

These bits from the ATT
register selected by SAR
bits 0-4 are accessed by
the CPU during address
translation operations.
The bits serve as the
high-order 8 bits of the

19-bit storage address.

zlzlz|zlz|zlz|Z|X]| X|X[X]X]|X]|X]|X|X|X]|X

0123 4567|0123 456 7
High-order Low-order
address byte address byte

Address > 64K bit
Address > 128K bit
Address > 256K bit (Models D25 and D26 only)

1Storage is protected if bit = 1.

Note: One ATT register and one storage protect register are always
selected for each operation. If address translation is not specified,
the CPU uses the entire contents of the SAR as the physicai address
of storage. If address translation is specified, the CPU uses address
bits from the SAR and the specified ATT register, as shown in this
figure. In each case, the CPU examines the storage protect keys in
the storage protect register,

Figure 3-5. How Address Translate Table is Used for Address
Translation on the 5412 Model C and 5415 Models
A and B, and Storage Protection Functions on 5415
Models A and B

Figure 3-6. How Address Translate Table Is Used for Address
Translation and Storage Protection Functions on
5415 Models C and D
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CYCLE STEAL OPERATIONS

System/3 overlaps processing operations with 1/0 operations
so that processing can continue while 1/0 operations occur.
To do this, the processing unit lets the 1/0 attachment
interrupt regular processing to use a machine cycle as an
1/0 cycle, then the processing unit returns to regular
processing operations by handling the next processing unit
cycle as if processing had not been interrupted. Because
the attachment used a machine cycle that would otherwise
be used for normal processing unit operations, the attach-
ment is said to have sto/en the cycle from the processing
unit operation. 1/0 cycles occur whenever a byte of data
(2 bytes, in dual byte mode /O operations) must be moved
between main storage and the 1/0 unit. The operation

during which 1/0 cycles occur is called a cycle steal operation.

1/0 DEVICE CONTROL
The following instructions control 1/0 devices:

Start 1/0O

Load 1/0

Sense 1/0

Test 1/0 and Branch
Advance Program Level

Each instruction specifies the operation being performed,
the device or unit performing the operation, and the
addressing scheme used for the instruction. Because the
exact operations performed are different for each attached
device, this manual describes, in detail, the five 1/0 instruc-
tions associated with each separate 1/0 device in the chapter
about that device.

INTERRUPTS

The processing unit performs operations by executing
sequential instructions until the instruction sequence is
altered by a programmed branch or interrupt. To avoid
contention, the CPU processes interrupts according to a
predefined priority (see Figure 3-7).

All interrupts follow the same general outline; (1) interrupt
the program in progress (always when a device becomes
ready (Model 15) or at op-end), (2) execute the requested
program, (3) return control to the interrupted program.
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Each interrupt level has a separate AR, ARR and-(Models
12C and 15) PMR in the CPU so these registers for the main
program are not disturbed. The condition register and any
index register used during the interrupt must be stored at
the beginning of the interrupt routine and reestablished

at the end of the same routine.

The interrupt routine being performed is established by
the interrupt priority latches. As in cycle steal, the highest
interrupt level device takes precedence over lower level
devices. Thus, it is possible for an interrupt routine to
interrupt a routine of a lower priority device. However,
each device maintains its interrupt request until it is
satisfied, so the lower priority device finishes its routine
upon completion of the higher level routine.

The stored program controls the ability of a device to
interrupt by enabling and disabling the device through
S10, L10, or CCP instructions. Once an interrupt has
occurred, the interrupt routine is also ended by the same
type of instruction. (Models 8, 10, and 12 interrupts
cannot be enabled or disabled by LIO instructions.)

Figures 3-8 and 3-9 show programming for typical interrupt
routine.

Supervisor Program (Interrupt Level 0)—Model 15 Only

A user program passes processing unit control to the
supervisor by initiating an interrupt on level 0. To do this,
use the command CPU instruction with a Q-code of 10
(supervisor call).

Op End Interrupt (Interrupt Level 5)—Model 15 Only

When an 1/0 device has completed the operation in progress,
its attachment sends an op-end request to the processing
unit if op-end interrupt is enabled for the device.

At the end of the execution phase for the instruction

being executed by the processing unit when any attachment
requests an op-end interrupt, the CPU switches to the
interrupt level 5 IAR for the address of the next sequential
instruction.

Once processing unit control is transferred to the interrupt
level 6 program, that program determines which device
initiated the op end interrupt. This is done through TIO
and SNS instructions. The method for determining which
device requested the interrupt and what priority each
device holds, is completely a programming function.



Function Performed
Interrupt Function Performed by Models 8, 10,
Level Priority | by Model 15 and 12

7 1 Program check— None
handles soft errors.

6 2 Interval timer
and not-ready-to.
ready interrupt

4 3 |sioc 1/0

con-
BSCC/MLTA ol Same a§ Model 15,
rol lexcept interrupt

2 5 Adapters for [ and |jgye| 6 is not used
synchronous data
communica- trans-
tions devices fer
like BSCA,

ICA

5 6 Device op-end— None
notifies the CPU that
the 1/0 device has
reached end of opera-
tion or 3741 not ready-
to-ready interrupt.

1 7 Display screen and Data entry keyboard or
keyboard—1/O control |printer keyboard—1/0O
and data transfer control and data

transfer

0 8 Supervisor program— |Dual programming
transfers control from |controi—interrupt
a problem program to |key initiated
the supervisor program [functions

None Main program level Program levels 1 and 2

Figure 3-7. Interrupt Levels and Priorities

Program Check Interrupt (Interrupt Level 7)—Model 15 Only

To allow efficient multiprogramming, errors caused by one
user must not stop the system and deprive all users of pro-
cessing time. In the Model 15, program check interrupt
allows the processing unit to enter an interrupt routine
rather than a processor check hard stop condition. Errors
causing a program check interrupt are:

® Invalid address
® |nvalid Q

® |nvalid op

® Privileged op
®

Storage violation

Page of GA21-9236-1
Issued 28 March 1980
By TNL: GN21-0325

The occurrence of any of these errors while in the program
check interrupt routine causes a processor check hard stop.
Invalid address during 1/O cycles also causes a processor
check hard stop.

The program check interrupt routine can analyze the cause
of the error from status provided by the processing unit
hardware, prepare a message for the user causing the error,
and then transfer processing unit control to another user
thereby making maximum use of the processing unit time,

The program check interrupt is assigned to level 7 which is
the highest priority interrupt. The program check function
must be enabled by a command processing unit instruction.
If the function is not enabled, the checks mentioned cause
a processor check hard stop. The command processing
unit instruction is also used to disable and reset interrupt
level 7. The status required to analyze the error source

is provided in registers that may be stored using the store
processing unit instruction. This status includes the
specified check, the physical main storage address at the
time of error, and the active interrupt level, if any, at

the time of error.

INTERRUPT MASK—MODELS 12C AND 15 ONLY

A mask function is provided to simplify interrupt process-
ing. This function gives the programmer the ability to
complete a critical routine before it is interrupted by a
higher priority program. The mask interrupt function is
controlled by a bit in the PMR., When this oit is on, any
higher priority interrupt request remains pending until
the mask is set off. The exception is interrupt level 7

for the Mode! 15 (program check interrupt). It is not
affected by the mask.

The interrupt mask bit in the PMR must be set off before
an interrupt level is reset. Failure to do so will cause the
processing unit to remain in that interrupt level.
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P

Store current
index registers 1
and 2; load zeros
in program status
register

l

Execute
interrupt
routine

_Load original
values back into
index registers 1
and 2 and program
status register

Start 1/0 to reset
interrupt request

—Automatic exit
from routine

=

Unconditional
branch to

Note: The interrupt instruction address register must be set to
the address of @ or before the first interrupt occurs.
The normal operation of the processing unit will leave the
interrupt instruction address register at the address of at
the end of the interrupt routine.

‘Figure 3-8. Typical Interrupt Routine for Models 8, 10, and
12B Programs
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P

Store current
index registers

1 and 2; store
program status
register and load
2eros in it

I

I Mask CPU interruptsl

I

Execute
interrupt
routine

Load original
values back into
index registers 1
and 2 and program
status register

Reset interrupt
request

|

Unmask CPU
interrupts

l—> Automatic exit

from routine

= s e o

Unconditional

branch to @

Note: The interrupt instruction address register must be set to
the address of or 0 before the first interrupt occurs.
The normal operation of the processing unit will leave the
interrupt instruction address register at the address of at
the end of the interrupt routine.

Figure 3-9. Typical Interrupt Routine for Models 12C and 15

Programs



Chapter 4. System Control Panel

The system control panel (Figure 4-1) contains the switches
and lights required to operate and control the system.
System controls are divided into three sections: operator
controls, customer engineering (CE) controls, and console

display.
CE Controls Emergency
ind’ Power Off
(behind ;
cover) Switch and
i Use Meter
s Panel

1

bisplay BSCA
Pangl panel fits
here.

]

Disk System
Control Controls
Panel

~Dual program
panel fits here

| on Models 8, 10,
' and 12 control

~ panels. BSCC
panel fits here

' on Model 15D.
Figure 4-1. Example of System Control Panel (Model 15A shown)
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OPERATOR CONTROLS
Emergency Power Off and Meter Panel
Emergency Power Off—All Models

Pulling this switch {Figure 4-2) in an emergency removes
power from the processing unit and most |/O units. Once
pulled, the switch remains locked in the off position. Power
can be restored to the system only by intervention of
maintenance personnel, Data in storage is lost any time
power is dropped.

Usage Meter—All Models

This meter (Figure 4-2) records the time that the system is
in operation. The meter records all the time that the
processing unit is in operation from the time someone

Emergency Power Usage
Off Switch Meter

presses the START key or LOAD key until the job is
complete. Whenever the system is performing /O opera-
tions during a programmed halt, the meter records time
until all 1/0 operations end. Time is not.recorded while:

® The processing unit is in a halt state because of either a
manual halt or a programmed halt.

® The processing unit is not operating because it has
stopped with a processor check.

® System power is off for any reason.

® The CE is servicing the processing unit or is using the
processing unit while servicing an 1/0 unit.

Message Display
Uni\t

PROGRAM PROCESSOR
LOAD CHECK
ON 1/0
POWER ATTENTION
OFF
START STOP

Figure 4-2, EPO and Meter Panel
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SYSTEM CONTROLS
PROCESSOR CHECK Light—All Models

All processor checks turn the PROCESSOR CHECK light
(Figure 4-3) on immediately and cause a processor check
stop.

Initiating a system reset, operating the CHECK RESET key
on the CE panel, or performing an IPL operation turns this
light off. The checks that light this indicator cause the
processing unit to stop immediately. When the processing
unit stops, data from any 1/0 operation that is in progress

is lost. The specific check that caused the proctessing unit

to stop is indicated in the display panel section of the system
control panel. Processor checks that can occur are listed in
Figure 4-9.

Message Display Unit—All Models

This two-position display unit {Figure 4-3) keeps a running
display of the halt identifier portion of a halt-program-level
instruction. The left half of the unit displays a character
specified by the second byte of the instruction; the right
half displays a character specified by the third byte of the
instruction.

If the system is equipped with the Dual Program Feature,
there are two message display units on the control panel,
one for each program level.

1/0 ATTENTION Light—All Models

1/0 ATTENTION light (Figure 4-3) turns on when an
addressed |/0 unit requires operator attention. Processing
unit operation does not stop, but the 1/0 unit requiring
attention will not accept a start 1/0 instruction until the
condition is corrected. The |/O unit requiring attention
usually turns on an indicator to show what attention is
required.

On Models 8, 10, and 12, a disk drive not ready condition
also turns on the 1/0 ATTENTION light and results in the
following action:

® If the syétem is using the Dual Program Feature, a pro-
gram level advance occurs.

® |f the system is not using the Dual Program Feature, the
program loops on the instruction until the drive becomes
ready, then executes the instruction.

After the operator has performed the required service on

the 1/0 unit needing attention, the I/O ATTENTION light

turns off.

The following conditions are typical of conditions that turn
on the I/O ATTENTION light on any model:

® Forms run-out
® Hopper empty
® Stacker full

® Chip box full
® Cover open

The following 3340 conditions also turn on the Model 12
/O ATTENTION light:

® Drive not ready (indicated by no 3340 READY light)
® Wrong data module size {no indicator)}

® Attempt to write on module set up for read-only mode
(indicated by read-only indicator)
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POWER ON/OFF Switch—All Models

This toggle switch (Figure 4-3) controls the power to the
system unless the emergency power off switch has been
pulled. Turning the POWER switch on initiates power on
system reset.

Good practice dictates pressing the STOP switch before
turning the POWER switch off; otherwise, stored data can-
not be considered to be valid should the POWER switch be
turned off,

PROGRAM LOAD Key—All Models

Pressing PROGRAM LOAD causes the processing unit to
perform the following specific actions:

® Perform a system reset operation.

® On all models except Model 15, reset the program level 1
instruction address register to 0. On Model 15 only,
reset the program level instruction address register to 0.

® On all models except Model 15, reset the program level 1
program status register (and, if the system is equipped
with the Dual Program Feature, the program level 2 pro-
gram status register) to 0. On Model 15 only, reset the
program status register to 0.

® Reset the data address register for the device selected by
the program load selector switch to 0.

When the PROGRAM LOAD key is released, the processing
unit executes the instruction read into storage starting at
location 0000. (Exception: For performing an IPL from
the 3340, see PROGRAM LOAD SELECTOR Switch.)

If the selected 1/0 device is not ready, the /O ATTENTION
light turns on when the PROGRAM LOAD key is pressed.
It is necessary to make the 1/0 device ready to complete

the program load function.

4-4

For additional information on program loading from the
5444, 1442, 5424, 2560, 3741, or 3340, refer to appropriate
1/0 section of this manual.

Models 12 and 15 Program Note

If the CE MODE SELECTOR switch is set at PROCESS
MODE when power is supplied to the system, the first time
either PROGRAM LOAD or SYSTEM RESET is used, the
two characters set into the console data switches are read
into every position of storage.

STOP Key/Light—All Models

Pressing STOP stops the processing unit at the end of the
operation being performed and turns on the STOP light.
The processing unit completes all 1/0 data transfer in
process when the key was pressed without loss of data.

To restart processing, press the START key.

START Key-All Models

This key turns off the STOP light and starts the processor.
The processing unit resumes execution of the program being
executed when the STOP key was pressed; execution re-
sumes at the next sequential instruction.

The START key is also used during diagnostic operations
when the processing unit is operating in CE mode. In this
mode, the processing unit performs {1) a complete instruc-
tion cycle, (2) a machine cycle, or {3) a clock cycle each
time the START key is pressed. If the START key is
pressed when the system is not executing a machine cycle,
an l-op cycle for the instruction addressed by the current
IAR is executed.



DISK CONTROLS

PROGRAM LOAD SELECTOR Switch—Models Using 5444
This switch (Figure 4-4) selects the source from which the
program is to be loaded. One of three sources can be

selected:

® Removable Disk: 5444 drive 1, removable disk, track
sector address 00000

® Fixed Disk: 5444 drive 1, fixed disk, track sector
address 00000

® Alternate: First record of alternate device

A program load operation from disk initiates the loading of
the first 256-byte sector from disk location 00000 into

main storage, starting at address 00000. The sector identifier

field is not compared and the DDCR is not changed.

OPEN Lights—Models Using 5444

Each 5444 drive has an OPEN light (Figure 4-4) that indi-
cates when the associated drive drawer can be opened for
changing the removable disk. This light turns on when the
START/STOP switch is turned to the stop position, the
read/write head has been retracted, and the disk has come
to a stop.

READY Lights—Models Using 5444

Each 5444 drive has a READY light (Figure 4-4) that turns
on when the associated drive is ready for use. If operation
of the drive is attempted before this light turns on, the ‘
1/0 ATTENTION light on the control panel turns on.

PROGRAM
LOAD
SELECTOR

DISK1

DISK 2

FIXED
DISK
ALTERNATE REMOVABLE
DISK

START

READY OPEN
STOP
START

READY OPEN
sTOP

Figure 4-4. Disk Control Panel—Systems Using 5444
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PROGRAM LOAD SELECTOR Switch—Models Using
3340/3344

This switch (Figure 4-5) selects the source from which the
program is to be loaded:

Alternate: First record of alternate device. (This posi-
tion also sets the 3340/3344 sense byte 1, bit 2 to 0.)

Disk 1 F1: 3340 drive 1, cylinder 0, head 0, record 48.
(This position also sets the 3340/3344 sense byte 1, bit 2
to 0.) If IBM programming support is used, the system
loads $$SPVR from the first 5444 simulation area on the
disk when PROGRAM LOAD is pressed.

Disk 1 R1: 3340 drive 1, cylinder 0, head 0, record 48.
(This position also sets the 3340/3344 sense byte 1, bit 2
to 1.) If IBM programming support is used, the system
loads $$SPVR from the second 5444 simulation area on
the disk when PROGRAM LOAD is pressed.

Disk 3 F1: 3344 drive 3, cylinder 0, head 0, record 46.
{This position also sets the 3340/3344 sense byte 1, bit 2
to 0.) If IBM programming support is used, the system
loads $$SPVR from the D3A 5444 simulation area on
the disk when PROGRAM LOAD is pressed.

Disk 3 R1: 3344 drive 3, cylinder 0, head O, record 46.
(This position also sets the 3340/3344 sense byte 1, bit
2to 1.) If IBM programming support is used, the system
loads $$SPVR from the D3B 5444 simulation area on
the disk when PROGRAM LOAD is pressed.

When the 3340/3344 is selected as the primary source,
pressing the PROGRAM LOAD key initiates the following
series of actions:

1.

2.

The system initializes the attachment.

The attachment loads control storage from either
3340 drive 1 or 3344 drive 3.

The attachment reads record 48 (3340) or record 46
(3344) as the final step in the IMPL {initial micro-
program load) process. {This record must contain the
program link to the system control program.)

4.6

DISK 1
F1
PROGRAM
‘LOAD ALTERNATE DISRK1 !
SELECTOR
Systems Using 3340
DISK 1
F1 DISK 1
R1
PROGRAM
LOAD ALTERNATE D'FS1K 3
SELECTOR
DiISK 3
R1

Systems Using 3344

Figure 4-5. Disk Control Panel




CONSOLE DISPLAY PANEL

Console Address and Data Switches

These are four 16-position rotary switches on the display
panel (Figures 4-6, 4-7, and 4-8). Each position on a switch
represents one of the 16 hex digits. The switches are used
in conjunction with switches on the CE panel to manually
enter data into storage, to manually set up addresses for
accessing storage positions, or to manually set up storage
addresses at which the program will stop executing
instructions.

Models 8, 10, 12, and 15 use the four rotary switches to
alter the contents of the storage address register and to
perform address compare operations. In addition to the
four rotary switches, the Model 12C uses the > 64K
ADDR BIT toggle switch (on the CE panel) and the
Models 15C and 15D use both the > 64K ADDR BIT and
the > 128K ADDR BIT toggle switches (on the CE panel)
to alter the contents of the storage address register and

to perform address compare operations.

Note: The Model 15 D25 and Model 15 D26 use the
EXTENDED SAR ADDRESS BITS rotary switch located
on the CE panel.

On Models 12C and 15, the two leftmost rotary switches
are used to identify the ATT or PMR register whose con-
tents are to be altered or displayed.

The two rightmost rotary switches (identified as DATA
switches) are used to enter a single byte of data (2 hex
characters) into the specified storage position or register.

Note: Data entered by these switches can be retrieved by
the program with a sense /O instruction that has a Q-byte
of hex 00. The data is stored in the 2-byte field specified
by the operand 1 address in the instruction.

Register Display Unit

The register display unit (Figures 4-6, 4-7, and 4-8) consists
of a row of 20 lights and eight legend strips mounted on an
8-position roller-type switch. Turning the roller selects the
legend strip and the register to be displayed. The legend
strips display the information described by Figure 4-9.

SAR Ht
SAR LO

N

DIG RE- TEMP
| @ B REG1 | P [} 1 I 2 3 4 rS I 6 l 7 I CAR IDEC ICOMPIADD sus |CAH lAND[OR ALUCTRL 4 ]
7* P 0 1 2 3 4 5 6 7 P [ 1 2 3 4 5 ] 7

(roller) | 3

REG
ALU CTRL

5 AREG
ALUOUT

6 ATT
COND REG

7 CS ASNMT
PMR/INT*®*

8 PROC CHK
PROC CHK

MACHINE
CYCLE

CLOCK

I 23 I Y M S A B N

ADDRESS
DATA

LAMP TEST

*This bit light, when on, specifies an address greater than 65,536.

**INT on Models 8, 10, and 12B.
***Not on Model 12C.

It appears on Models 12C and 15 panels only,

Figure 4-6. Display Panel {All Models Except Models 15C and 15D)
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t SARHI I(-P [ B REG I ]P | o I 1 | 2 l 3 | 4 I 5 l 6 l 7 |2L‘;|Dsc|2§w|wo|sua ZEA“F"'PlANDIOR ALUCTHL4|
SAR LO
2
6 7° P 0 1 2 3 4 5 & 7 P 0 1 2 3 4 5 6 7
Ll fefefafelefe]elefr]elefolofeafrfofefz]"]
(roller) | 3
FREG MACHINE INT
ALU CTRL CYOLE op | ka | R |exa hr L enr fax2 [z |2 ea | es ) LEV
5 AREG Y
. 1
ALUOUT -
TH PWR
o arr cLock Iol1|z|3]4ls|s]7|a|9| l CHK CHK
COND REG
7 CSASNMT
PMR/INT
8 PROC CHK
PROC CHK
r ADDRESS
[——ATT/PMR ADDRESS ——mm DATA

*This bit light, when on, specifies an address greater than 65,536 bytes. Models 8, 10, and 12B panels do not have this indicator,
**This bit light, when on, specifies an address greater than 131,172 bytes.

Figure 4-7. Display Pane! (Models 15C and 15D Except Models D25 and D26)

DIG RE- TEMP l
1 SARHI @ B REG P 0 1 2 3 4 ] 6 7 CARIDEC COMP) ADD | suB CAR AND| OR | ALUCTRL 4
SAR LO
2
P o 1 2 3 4 5 6 7 P 0 1 2 3 4 5 6 7
P18 4] 2|1 8|4|2|1IP|814|2I1|8l4I2[11
(roller)| 3 [ I I ] l I
5 -] 7 MACHINE CYCLE
REG SAR/LSR Hi INT
ALU OTRL EXTENDED sl 2| 1t frorfra ] eR|extfint] e |ix2] iz | 2| ea | es 10 LEV
5 AREG CLOCK
ALUOUT
TH PWR
Lol feelefelel-Tele[ | [S] [N
6 ATT
COND REG
7 CS ASNMT
PMR/INT®*
8 PROC CHK
PROC CHK
' ADDRESS
DATA

'—ATTIPMR ADDRESS ————

Figure 4-8. Display Panel (Model 15 D25 and Model 15 D26)



Strip System/3
Number Model

Identification

Information Displayed

1 All

SAR HI/SAR LO

Contents of storage address register {on Model 12C and Model 15, SAR DISPLAY
toggle switch must be set at SAR)

2 All

LSR HI/LSR LO

Contents of register selected by setting of LSR DISPLAY SELECTOR switch

3L All

OP REG

Contents of the op register

3R All

Q-REG

Contents of the Q-register

4L All

B-REG

Contents of the B-register

4R All

ALUCTL

The state of the following ALU controls:
DIG CAR (digital carry)
DEC (decimal)
RE COMP (recomplement)
ADD (addition)
SUB (subtraction)
TEM CAR {temporary carry)
AND f{logical and)
OR {logical or)

5L All

A-REG

Contents of the A-register

5R All

ALU OUT

Output of the ALU

6L 8,10,12B

Reserved

12C, 15

ATT

Contents of ATT

(The ATT displayed is the active ATT register unless the alter/display ATT
function is being used, in which case the addressed ATT register is displayed.

An ATT is always selected and displayed here regardless of whether the contents
are being used.)

6R All

COND REG

The contents of the condition register are displayed as follows:
BIN OVF (binary overflow)
TF (test false)
DEC OVF (decimal overflow)
HI (high}
LO (low)
EQ (equal)

7L All

CS ASNMT

Cycle steal assignment is displayed as it is presented to the |/O devices on the 1/O
interface.

7R 8,10, 128

INT LEV

Interrupt level, indicating which 1/Q device is interrupting the program. Level is
displayed as a binary encoded value. Interrupt level 0 is indicated as no light in
any of the 3 interrupt level code bits and the INTERRUPT CYCLE light on.

12C

PMR/INT

Program mode register (PMR) and interrupt level. The PMR displayed is the
active PMR unless the alter/display PMR function is being used, in which case
the addressed PMR is displayed.

Interrupt levels are indicated as follows:
Interrupt Level Indicators On

INT LEV
INT 1
INT 2
INT 3
INT 4

A WN-=0O

Figure 4-9 (Part 1 of 3). Information Displayed on Legend Strips
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Strip System/3
Number Model Identification Information Displayed
15 PMR/INT (Models A Program mode register (PMR} contents and binary encoded interrupt level. The
and B) PMR displayed is the active PMR unless the alter/display PMR function is being
PMR (Models C and D) used, in which case the addressed PMR is displayed.
Interrupt level is displayed as a binary encoded value, Interrupt O is indicated
by no light in all 3 interrupt level code bits and the INT LEV light on. (On
Models C and D only, the binary value displayed on the INT 1, INT 2, and INT 4
) lights below the MACHINE CYCLES lights serve as the interrupt level code bits.)
8 8,10, 12B | PROC CHK The processor checks are displayed as follows:
1/0 LSR: 1/0 attachment made an LSR selection error. If LSR F1 or LSR F2
is not on, the LSR is associated with the 1403, 1442, 5203, or 5424.
LSR F1: The output from the 3340, 3741 (IPL), or BSCA-1 LSR contained
a parity error.
LSR F2: The output from an LSR associated with an 1/O device is not listed
for LSR F1.
LSR HI: High-order (leftmost byte) of LSR output has parity error.
LSR LO: Low-order {rightmost) byte of LSR output has parity error
SAR HI: High-order (leftmost) byte of storage address register has parity
error.
SAR LO: Lowe-order (rightmost) byte of storage address register has parity
error.
INV ADDR: Storage address register contains address that exceeds installed
storage capacity.
SDR: Storage data register has incorrect parity.
CAR: Carry from ALU is wrong.
CPU DBO: Processor tried to send data with incorrect parity to an 1/0 device.
OP/Q: Incorrect parity in op-code register or Q-register.
INV OP: Invalid op code in op-code register.
CHAN DBO: CPU sent data with correct parity to /O device, but I/O device
received data with incorrect parity.
INV Q: Invalid’Q-byte in the Q-register.
DBI: CPU received data containing incorrect parity from an 1/0O device.
A/B: A or B register has incorrect parity.
ALU: ALU output has incorrect parity.
12C, 15 PROC CHK The processor checks are displayed as follows:

1/0 LSR: Selection of an LSR by an |/O device was not performed correctly.

LSR: Parity is incorrect on the output of the LSR.

Figure 4-9 (Part 2 of 3). Information Displayed on Legend Strips
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Strip System/3

Number Model Identification

Information Displayed

12C, 15 PROC CHK

N\ | (continued}

SAR ATT: Parity is incorrect in the storage address register or in the ATT
register located in the processing unit.

MSAR: Parity is incorrect at the memory end of the storage address lines.

INV ADDR: The MSAR contains an invalid address; that is, the storage
address exceeds the system storage size.

STOR PROT: An attempt was made to read or write into a protected
address {Model 15 only).

SDBI: Parity is incorrect at input to storage.
SDBO: Uncorrectable data error at output of storage.
CAR: Carry out of the ALU is incorrect.

DBI: Parity is incorrect on the processing unit end of the data bus in coming
from the 1/O devices.

A/B: Parity is incorrect in the A-register or B-register.
ALU: ALU output has incorrect parity {(Model 12C only).

CPU DBO: Parity is incorrect on the processing unit end of the data bus out
going to the 1/0 devices.

OP/Q: Parity is incorrect in the op-register or Q-register.

PRIV OP: An attempt was made to execute a privileged operation while in
nonpriviledged mode (Model 15 only).

INV OP: An invalid op code exists in the op-register.

CHAN DBO: Parity is incorrect on the 1/O device end of the data bus out
coming from the processing unit.

INV Q: An invalid Q-byte is present in an 1/O instruction.
If both this tight and the PRIV OP light are on, the check is caused by a privileged

op detected during |-Q cycle. If this light is on and the PRIV OP is off, the check
is caused by an invalid Q-byte in an 1/O instruction.

Figure 4-9 (Part 3 of 3). Information Displayed on Legend Strips

MACHINE CYCLES—AIl Models

Twelve back-lit indicator lamps (Figures 4-6, 4-7, and 4-8)
represent the 12 mutually exclusive machine cycles. In the
process mode, they identify the cycle in progress. In the
step mode, they identify the cycle either in progress or just
compieted. The I/O CYCLE light is on during the test
mode of operation. No MACHINE CYCLE indicator is on
after a system reset, after a STOP key was pressed, or during
an address compare stop. INT LEV at the right end of the
machine cycles lamps is described separately in this section.

INT LEV (Interrupt Level)—All Models

This back-lit indicator {Figures 4-6, 4-7, and 4-8) comes on
when the processing unit is servicing any of the interrupt
levels. The Model 12C CPU is servicing interrupt level O if
the INT LEV lightis on and INT 1, INT 2, INT 3, and

INT 4 lights are off. The Model 15 CPU is servicing inter-
rupt level O if the INT LEV lightis onand INT 1, INT 2,
and INT 4 lights are off.
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INT 1, INT 2 and INT 4—Models 15C and 15D Only

These back-lit lights, located below the left end of the
MACHINE CYCLE indicator strip (Figures 4-7 and 4-8)
define which interrupt level the processing unit is servicing
whenever the INT LEV light is also on. If INT LEV is on,
but INT 1, INT 2, or INT 4 is not on, the processing unit
is servicing interrupt level 0; otherwise, the processing unit
is servicing the interrupt level by adding the binary values
of the INT 1, INT 2, and INT 4 lights that are on with the
INT LEV light. For example, INT 2 light on but INT 1 and
INT 4 lights off indicates the processing unit is servicing
interrupt level 2; if INT 1, INT 2, and INT 4 are all on, the
processing unit is servicing interrupt level 7.

CLOCK (Back-Lit Indicators)—All Models

Ten indicator lamps (Figures 4-6, 4-7, and 4-8) represent
clocks O through 9, which can be stepped through in the
CE clock-step mode. In the normal process mode, a
machine cycle consists of clocks 0 through 8, inclusive.
Clock 9 is used with the CE step and test modes.

TH CHK (Thermal Check)}—All Models

This back-lit light (Figures 4-6, 4-7, and 4-8) turns on when-

ever one of the system thermal sensors (located in the
processor and in the line printer) detects an overheated
condition. If this condition occurs, the processing unit
removes power from the system. (The PWR CHK light also
comes on, remaining on until the POWER switch is moved
to the off position.) The TH CHK light remains on until
the overheated condition has been corrected and the
POWER switch has been turned off. Power can then be
restored to the system by turning the POWER switch on.

Figure 4-10 summarizes power check/thermal indications
and the required action.

4-12

PWR CHK (Power Check)—All Models

PWR CHK (Figures 4-6, 4-7, and 4-8) lights whenever the
POWER switch is on and power is not completely applied
to the system, or whenever the POWER switch is off and
power is not completely removed from the system (except
in those areas within the power control circuitry where
power is never completely removed). The following state-
ments apply to PWR CHK light operation:

® When the POWER switch is turned on, the PWR CHK
light remains on until power has sequenced all the way
up and the system is ready to operate,

® When the POWER switch is turned off, the PWR CHK
light remains on until power has sequenced all the way
down.

® |f system power is on and is then removed from the
system because an over temperature condition has been
detected (see TH CHK), the PWR CHK light remains on
until the POWER switch is turned off.

® |f system power is on and is then removed from the
system because a power fault has been detected, the PWR
CHK light remains on until the POWER switch is turned
off.

After the power fault has been corrected, power is restored
to the system by placing the POWER switch in the off posi-
tion, pressing the CHECK RESET key, then turning the
POWER switch to the on position.

Note: Although the IBM 5445 power can be controlled
remotely by the processing unit POWER switch, 5445
power is not included in the power check indication.

LAMP TEST Key—All Models

Pressing this key (Figures 4-6, 4-7, and 4-8) turns on all the
processing unit display lights.



POWER ON/ Indicators
Fault OFF Switch PWR CHK TH CHK Action
Internal power On On Off 1. Turn POWER switch to off.
supply malfunction 2. Call CE.
or {(Model 12 only) 3. Correct problem.
3340 power supply 4. Press CHECK RESET.
malfunction 5. Turn power on.
Thermal On On On 1. Turn POWER switch to off. PWRK CHK
condition indicator goes off, TH CHK light stays on
untif condition is removed.
2. Call CE.
Customer power On On On 1. Turn POWER switch to off.
source loss 2. All indicators turn off,
3. Turn POWER switch to on and continue
operation,
Emergency power off On Off Off 1. Turn POWER switch to off.
(EPO) activated 2. Call CE.
3. Correct problem.
4. Restore EPO interlock.
5. Turn POWER switch to on.

Figure 4-10. Power Check/Thermal Indicators and Action

COMMUNICATIONS ADAPTER OPERATOR PANEL
xxxx ATTN/yyyy ATTN (Attention) Light
For specific attention lights on the various models, see

Note 2 of Figure 4-11. The following table shows the
conditions indicated by these two lights:

TSM MODE (Transmit Mode) Light

The TSM MODE fight (Figure 4-11) indicates that the

adapter has been instructed to perform a transmit operation.

RECEIVE MODE Light

Instruction

Condition Indicated

Any receive or transmit  Data set not ready
and receive or {on non-

switched and multi-
point networks only)
receive initial

Auto call or receive
initial on switched

network

Any SI10 except con-
trol SIO

None

Auto call unit power off
or data line being used

Either BSCA disabled or
external test switch on
and BSCA not in test
mode

Data set not ready

This light {Figure 4-11) indicates that the adapter has been
instructed to perform a receive operation.

RECEIVE INITIAL Light

This light (Figure 4-11) is turned on by an SIO receive
initial instruction. It is turned off at the end of the receive
initial operation.

CONTROL MODE Light

This indicator (Figure 4-11) is used only on systems that
have the station select feature installed. The light is turned
on by an EOT sequence during a transmit, receive, or receive
initial monitor operation when the station select feature is
installed. It is turned off by the decoding of an SOH or STX.

System Control Panel  4-13°



ACU PWR OFF (Auto Call Unit Power Off) Light

The ACU PWR OFF light (Figure 4-11) indicates that the
auto call unit (special feature) power is off.

DT TERM READY (Data Terminal Ready) Light

The DT TERM READY light (Figure 4-11) indicates that the
BSCA is enabled and that the data terminal is ready for use.

TEST MODE Light

This light (Figure 4-11) indicates that the program has placed
the adapter in a test mode of operation.

CLEAR TO SEND Light

This light (Figure 4-11) indicates that the clear to send line
from the data set is on and that the adapter may now
transmit.

CHAR PHASE (Character Phase) Light

The CHAR PHASE light (Figure 4-11) indicates that the
adapter has established character synchronism with the
transmitting station. The light is turned off at the end of
receive operations and whenever character synchronism is
lost.

BUSY Light

This light (Figure 4-11) indicates that the communication
adapter is executing a receive initial, transmit and receive,
auto call, receive or loop test instruction.

DATA MODE Light

This light (Figure 4-11) is turned on by the decoding of an
SOH or STX during a transmit or a receive operation. It is
turned off at the end of the transmit or receive operation.

CALL REQUEST Light

On systems with the auto call feature instalied, this light
(Figure 4-11) indicates that the communication adapter has
received an SIO auto call instruction and is performing an
auto call operation.

r BSCA"
XXXX° DT TERM DT SET
ATTN READY READY
yyyy’ TEST EXT
ATTN MODE TEST SW
TSM CLEAR TSM
MODE TO SEND TRIGGER
RECEIVE CHAR RECEIVE
MODE PHASE TRIGGER
RECEIVE BUSY UNIT
INITIAL CHECK
CONTROL DATA DIGIT
MODE MODE PRESENT
ACU PWR CALL DT LINE
OFF REQUEST IN USE

r MLTA®
MLTA MLTA MLTA
ATTN BUSY CHECK
BSCA-1? Bsca-24
1200 BPS BSCA-12 1200 BPS
600 BPS BSCA-2 600 BPS
RATE DISPLAY RATE
SELECT SELECT SELECT

1This heading varies, depending on the features installed.

2These lights read:

5408 5412 5410/5415
xxxx — ICA BSCA BSCA
BSCA-1 BSCA-1
LCA
yyvy — BSCA BSCA-2 BSCA-2
ICA

3MLTA is available by RPQ only.

4Rate select switch is for machines used outside the U.S.A.

If the rate selection feature is specified on either of the
BSCA:s, it will be made available to both.

Figure 4-11. Typical Communications Control Panel




DT SET READY (Data Set Ready) Light

The DT SET READY light (Figure 4-11) indicates that the
data set ready line from the data set is on and that the
data set is ready for use. If the BSCA is equipped with an
EIA Local Attachment feature, this light indicates that the
attached device is ready.

EXT TEST SW (External Test Switch) Light

The EXT TEST SW light (Figure 4-11) indicates that the
switch at the data set end of the medium speed data set
cable is in the test position. For high-speed data sets and
the 1200 BPS integrated modem feature, this indicator is
active when the local test switch on the CE panel is in the
on position.

TSM TRIGGER (Transmit Trigger) Light
The TSM TRIGGER light (Figure 4-11) indicates the status

of the transmit trigger. The light is on when the trigger is
at a binary 0O state.

RECEIVE TRIGGER Light

This light (Figure 4-11) indicates the status of the receive

trigger. The light is on when the trigger is at a binary 0 state.

UNIT CHECK Light

This light (Figure 4-11) turns on when any bit in status byte
2is on. Also, when an SNS transition or SNS stop register
instruction is executed, it is possible for an LSR, S-register,
or DBI register parity check to occur, resulting in a unit
check condition with the UNIT CHECK light on. Under
such a condition, the status byte 2 bits may ail be 0.

The unit check indicator signifies that the BSCA program
should enter an error recovery proceduire,

DIGIT PRESENT Light

This light (Figure 4-11) indicates that a digit was obtained
from storage for the auto call unit when the auto call
feature was installed.

DT LINE IN USE (Data Line in Use) Light

On systems with the auto call unit installed, the DT LINE
IN USE light (Figure 4-11) indicates that the data line
occupied line from the auto call unit is on.

RATE SELECT Switch

This switch (Figure 4-11) which is present only on systems
installed outside the USA that have the rate selection
feature as well, controls the rate of transmission and recep-
tion of data.

CE CONTROLS FOR BSCA—ALL MODELS

CE control switches should be altered only when the
system is stopped.

CABLE TEST Switch—All Models

This switch is part of the plug at the remote end of the
BSCA data cable; that is, at the data set end of the cable.
The switch should be set at the operate setting except

during BSCA diagnostic operations. This switch is provided
with data cables to medium speed data sets only.
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BSCC OPERATOR PANEL
BSCC ATTN Light

The BSCC ATTN light (Figure 4-12) turns on whenever the
BSCC turns on the system |/O ATTENTION light.

DT TERM READY Light

The DT TERM READY light (Figure 4-12) indicates the
enable or disable status of the BSCC. This condition occurs
when the attachment is enabled and the microcontroller has
the microcode loaded.

DT SET READY Light

The DT SET READY light (Figure 4-12) indicates that the
data set ready line from the data set is on and that the data
set is ready for use. If the BSCC is equipped with an EIA
Local Attachment feature, this light indicates that the
attached device is ready.

SEND/RCV DATA Light

The SEND/RCV DATA light (Figure 4-12) indicates a
binary 1 is being transmitted or received. This light is for
diagnostic use.

TEST MODE Light

The TEST MODE light (Figure 4-12) indicates the program
has placed the BSCC in test mode.

EXT TEST SW Light

The EXT TEST SW light (Figure 4-12) indicates the test
switch at the end of the medium speed cable is in the test
position or the ‘Test Control”’ latch is set (causes data wrap
on the BSCC board).

TSM MODE Light

The TSM MODE light (Figure 4-12) indicates the BSCC was

instructed to perform a transmit operation on the selected
line.
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CLEAR TO SEND Light

The CLEAR TO SEND light (Figure 4-12) indicates the
clear to send signal from the data set for the selected line
is active and the BSCC is free to transmit on the line.

BUSY Light

The BUSY light indicates that a line is busy as a result of
processing a functional SIO command.

RECEIVE MODE Light

The RECEIVE MODE light (Figure 4-12) indicates the
BSCC was instructed by the program to perform a receive
instruction on the selected line.

RECEIVE INITIAL Light

The RECEIVE INITIAL light {Figure 4-12) indicates the
BSCC was instructed by the program to assume a receive
initial mode and wait for information to be received on
the selected line.

UNIT CHECK Light

The UNIT CHECK light (Figure 4-12) indicates the BSCC
has an 1/0 check condition and cannot continue until it is
corrected.

DISPLAY SELECT Switch

This switch (Figure 4-12), which is present only when the
BSCC line 2 feature is installed, allows the operator to
select one of the two BSCC lines for display.

Note: This switch should be altered only when the system
is stopped.

RATE SELECT Switches

These switches {Figure 4-12), which are present only when
the rate select and BSCC line 2 features are installed, allows

the operator to select full or half rate clocking speeds.

Note: These switches should be altered only when the
system is stopped.



HALF HALF BSCC 2

O O
BSCC 2 BSCC 1 BSCC 1

RATE RATE DISPLAY
SELECT SELECT SELECT

BSCC

BSCC
ATTN

SEND/RCV
DATA

TSM
MODE

RECEIVE
MODE

DT TERM
READY

TEST
MODE

CLEAR
TO SEND

RECEIVE
INITIAL

DT SET
READY

EXT
TEST SW

BUSY

UNIT
CHECK

Figure 4-12. BSCC Control Panel

CE CONTROLS FOR BSCC—ALL MODELS

CE control switches should be altered only when the
system is stopped.

CABLE TEST Switch—All Models

This switch is part of the plug at the remote end of the
BSCC data cable; that is, at the data set end of the cable.
The switch should be set at the operate setting except
during BSCC diagnostic operations. This switch is provided
with data cables to medium speed data sets only.

System Control Panel
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DUAL PROGRAM CONTROL PANEL

Figure 4-13 shows the Dual Program Feature control panel.

Message Display Units

A message display unit is provided for each program level.,
These units operate in the same manner as the message

display unit in the system controls.

PROCESS Lights

These lights indicate which program level is functioning at
any time. If an interrupt is being serviced, this indicator
shows which index registers and program status register are

in use.

HALT RESET Keys

These keys are used to take a program level out of the
programmed halt state. Pressing either of these keys clears
the corresponding message display unit and allows the
corresponding program to continue its normal operation.

Program Level 1
Message Display Unit

INTER Key/Light

Pressing this key when it is illuminated causes the program
in operation at that time to halt its normal operation and
enter the interrupt-handling subroutine for interrupt level
0. Normal programmed operation will be resumed after
the interrupt routine signals completion of interrupt servic-
ing with a start 1/0 instruction to reset interrupt request 0.

The interrupt key/light is on only when the system is in
dual program mode and interrupt level 0 is enabled. Selec-
tion of whether the system is to be used in the dedicated or
the dual program mode is accomplished via the start 1/0
instruction. The start /O instruction is also used to enable
or disable the use of interrupt level 0.

DUAL PROGRAM CONTROL Switch

This rotary switch is normally used in conjunction with the
console interrupt key. The status of this switch is checked
by the test-1/0-and-branch instruction.

Program Level 2
Message Display Unit

DUAL PROGRAM ‘
CONTROL

PROCESS HALT

RESET

OFF
"o A LS T
LOAD |pkg P-KB / / / /
"CANCEL CANCEL
HALT
PR
INTER OCESS RESET

Figure 4-13. Dual Program Control Panel
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CE CONTROLS

0

Figures 4-14 through 4-18 illustrate the CE control panels

used on various |BM System/3 models.

1/0 PARITY BSCA FILE STORAGE ADDRESS ADDRESS 10
Pl OVERLAP CHECK LOCAL TEST WRITE © TEST INCREM COMPARE CHECK ADDRESS 10
OFF OFF OFF RUN OFF RUN OFF sTOP STOP COMPARE  CHECK
STOP STEP ON RUN RUN
[ LSR DISPLAY SELECTOR —— k———— CE MODE SELECTOR ———i|
= e
NORMAL TEST PROCESS STEP
: ISP
IAR | / XR1 gToFI{AY \ I / INSTR SYSTEM CHECK BSCA
ARR XR2 ALTER MACH RESET RESET STEP
™ -~ STOR ~ CYCLE
OFF == —— OFF ALTER— — CLOCK
SAR
TAPE
Figure 4-14. CE Contro! Panel on Model 8
CE Usie Meter
File
P1 P2 Write * BSCA
Off Off Off On Address 1/0 CE
Compare Check Key
Off :
On On On Local
Test
1/0 Parity | Storage Addr |Addr 110
Check  Check | Test Increm| Compare Overlap
Stop Run Run Off Stop Off
Run Stop Step On Run On
- Test Process Step
Normal Display |
Stor nstr
IAR XR1 /_ Machine
Alter
SYSTEM CHECK BSCA ARR XR2 Stor — = Cycle
RESET RESET STEP OFF — —  OFF
Alter __ — Ciock
SAR
LSR Display
Selector CE Mode Selector

*Not on a Model 12

Figure 4-15. CE Control Panel on Madels 10 and 12
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BSCA
1 SAR OFF OFF OFF OoN
ADDRESS /o {CE Key}
COMPARE CHECK
0 MSAR ON ON ON OFF
>64K SAR P1 P2 1/0 LOCAL
ADDR BIT DISPLAY | ENABLE  ENABLE | OVERLAP TEST (CE USE METER)
— Test Step =—
STOP RUN RUN OFF ICYCLE  ECYCLE Normal PROCESS
1AR XR 1 | DISPLAY INSTR ——
. STOR
ARR XR 2 MACHINE _|
RUN sTOP STEP ON RUN RUN ALTER CYCLE
OFF OFF STOR
110 PARITY | STORAGE ADDR ADDRESS
CHECK CHECK TEST INCREM COMPARE ALTER
- SAR } CLOCK —
| ALTER
LSR DISPLAY ATT/PMR
SYSTEM CHECK BSCA* SELECTOR | bispLay
RESET RESET STEP ATT/PMR
CE MODE
SELECTOR
*|f local communications adapter feature is installed, this switch is labeled LCA/BSCA STEP.
Figure 4-16. CE Control Panel on Model 12C
BSCA
1 SAR OFF OFF ** ON ON
ADDRESS 110 (CE Key)
COMPARE CHECK
0 MSAR ON ON OFF OFF : :
>64K SAR 110 FILE DISPLAY  LOCAL
ADDR BIT DISPLAY | OVERLAP WRITE CHK 8ITS TEST (CE USE METER)
- Test Step
STOP RUN RUN OFF ICYCLE ECYCLE Normal PROCESS
’ 1AR XR 1 | DISPLAY! INSTR —
STOR
ARR XR 2 MACHINE _|
RUN STOP STEP OoN RUN RUN ALTER’ CYCLE
OFF OFF - sTOR
17/} PARITY | STORAGE ADDR ADDRESS
CHECK CHECK TEST INCREM COMPARE ALTER
- SAR f cLock —
| ALTER
LSR DISPLAY ATT/PMR
SYSTEM CHECK BSCA* SELECTOR DISPLAY
RESET RESET STEP = ATT/PMR

CE MODE
SELECTOR

*1f local communications adapter feature is installed, this switch is labeled LCA/BSCA STEP.

**Not on Mode! 15B.

Figure 4-17. CE Control Panel on Models 15A and 158
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00 = 064K
01=64-128K
10 = 128-192K
11 = 192-256K
BSCA/LCA
1 1 OFF SAR ON ON
0 0 ON MSAR OFF OFF
ADDRESS /0 (CE Key)
>128K >64K 1/0 SAR DISPLAY  LOCAL COMPARE  CHECK
ADDR BIT OVERLAP DISPLAY [CHKBITS  TEST IIU:D @ @
(CE USE METER)
STOP RUN RUN OFF ICYCLE  ECYCLE
— Test Step
PROCESS
RUN STOP STEP ON RUN RUN
| _DISPLAY INSTR ——4
110 PARITY | STORAGE ADDR ADDRESS STOR
CHECK CHECK TEST INCREM COMPARE MACHINE
Normal | ALTER CYCLE
STOR
: IAR XR 1
ALTER .
ARR XR2  lsar 4 CLOCK ——
SYSTEM CHECK BSCA*
RESET RESET STEP OFF OFF ALTER
TATT/PMR
LSR DISPLAY
SELECTOR
Lowsay —/ o woe
SELECTOR
*If local communications adapter feature is installed, this switch is labeled LCA/BSCA STEP,
Figure 4-18. CE Control Panel on Models 15C and 15D (Except Models D25 and D26)
w BSCA/LCA
= OFF SAR OoN ON
; @ @
i
5
6
S
B
EXTENDED SAR ADDAESS BYTS
ON MSAR OFF OFF
ADDRESS  1/0 (CE Key)
110 SAR DISPLAY  LOCAL COMPARE  CHECK
OVERLAP DISPLAY |CHKBITS  TEST [D]Il @ @
(CE USE METER)
sTOP RUN RUN OFF ICYCLE  ECYCLE
@ @; - Test Step
PROCESS ,
RUN STOP STEP ON RUN RUN
.DISPLAY INSTR ——
1/0 PARITY | STORAGE ADDR ADDRESS STOR
CHECK CHECK TEST INCREM COMPARE N MACHINE
lormal }_ALTER CYCLE
STOR
IAR XR 1
ALTER
ARR XR2  Lsar [ cLock —
SYSTEM CHECK BSCA*
RESET RESET STEP OFF OFF ALTER
[CATT/PMR
LSR DISPLAY
SELECTOR
Losreay —/ cewooe
SELECTOR

*If local communications adapter feature is instatled, this switch is labeled LCA/BSCA STEP.

Figure 4-19. CE Control Panel on Model 15 D25 and Model 15 D26

System Control Panel
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CE KEY Switch—Models 10, 12, and 15

This switch (Figures 4-15 through 4-19) is operated by the
CE to prevent recording time when the system is being
serviced.

CE MODE SELECTOR—AII Models

This rotary switch (Figures 4-14 through 4-19} selects one of
three processing unit operating modes: normal PROCESS
mode, STEP mode, or TEST mode. PROCESS is the normal
mode for normal programmed system operation.

In the STEP mode, the rotary switch setting controls the
manner in which the processing unit performs the stored
program:

1. INSTR (Instruction) STEP: Each time you press and
release the START key the processing unit performs
one complete instruction. The |-phase of the instruc-
tion occurs when you press START. If the instruction
has an E-cycle, the E-phase occurs when you release
START.

Note: When you press START for a start 1/O instruc-
tion, this instruction is completely executed. Then
the next sequential instruction is also executed.

2. MACHINE CYCLE STEP: Each time you press and
release the START key the processing unit advances
the instruction through one machine cycle. When
you press START, the processing unit accesses 1 byte
of data in storage, modifies it as required, and displays
the result in the ALU (arithmetic and logical unit)
indicators of the console display. When you release
START, the processing unit stores either the old data
or the new result {depending on the operation being
performed) back in the storage position from which
the byte was accessed.
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3. CLOCK STEP: Each time you press START the
processing unit takes an odd-numbered clock cycle;
when you release START the processing unit takes
the next sequential (even-numbered) clock cycle.

Note: The clock advances automatically from I-phase
end of every executable start 1/O instruction until
data transfer is complete. This ensures data integrity
during /O data transfer. In CLOCK STEP mode, the
START key is not functional during I/0 data transfer.

In CLOCK STEP mode, the HALT IDENTIFIER lights
are not turned on for any of the steps above.

The switch settings under TEST, and the associated CPU
functions are:

1. ALTER SAR: The processing unit loads the address
set up on the four rotary console switches and {(Model
15 only) the CE address switch(es) on the CE panel
into storage address register (SAR) when you press
START. At the same time, the processing unit loads
the address set up in the four rotary console switches
(but not the data set into the CE address switch({es))
into the instruction address register (IAR). The CE
address switch bits are not stored in the IAR, which
works with logical 16-bit addresses only.

When you alter the storage address register on the
Models 12C and 15, to alter or display the contents

of storage, you must enter the 17-bit, 18-bit, or

19-bit (Model 15 only) address of the storage location.
This is required because the processing unit auto-
matically disables the address translate table (ATT)
registers in alter SAR mode, and the 17-bit, 18-bit, or
19-bit address entered from the console and CE panel
switches addresses storage untranslated.

When you alter the storage address register on the
Models 12C and 15, to manually branch to a routine,
you must enter the 16-bit /ogical address. You must
also enter the /ogical address to restart a program. The
logical address must be used in these cases because the
bit values in the CE address switches are ignored in
PROCESS mode and STEP mode, and these bits are
essential to specify physical addresses greater than
64K.



ALTER STOR (storage): Pressing START loads data
set up in the data switches (the rightmost two rotary
switches on the console) into-the A-register. Releas-
ing START then transfers that data from the A-register
into the storage position specified by SAR and into

the Q-register. The Models 12C and 15 ATT registers
are inactive during ALTER STOR mode operations, and
the address used is the 16 bits from the IAR and the

CE address switch values entered into the processing
unit by the most recent alter SAR operation.

DISPLAY STOR (storage): When you press START,
the processing unit transfers data from the storage
position specified by SAR into the B-register. Then,

when you release START, the processing unit loads
the data in the B-register into the Q-register. The

Models 12C and 15 ATT registers are not active in
DISPLAY STOR mode, so the address used is the

16 bits from the IAR and the CE address switch values
entered into the processing unit by the most recent
alter SAR operation. To display the contents of
storage, turn the display panel roller to strip 3 and
read the display lights from the Q-register on the
display strip.

ALTER ATT/PMR (Models 12C and 15): This
mode of operation lets you alter the contents of
the various ATT registers and program mode
registers, one at a time. To alter the contents of
the registers:

a. Select the register to be loaded by entering the
ATT register number or the PMR identification
number into rotary switches 1 and 2, the two left-
most rotary switches on the console panel. (The
appropriate switch settings are shown in Figure
4-20.)

b. Enter the data to be stored in the register into
rotary switches 3 and 4, the two rightmost rotary
switches on the console panel. Set switch 3 at the
position representing the first hex digit in the byte,
and switch 4 at the position representing the second
hex digit in the byte. When aitering the 1/0 >
256K bit, an odd value in switch 4 turns the bit
on and an even value turns the bit off.

c. Press START. When you press START, the
processing unit transfers the data from the data
switches {rotary switches 3 and 4) into the A-regi-
ster. When you release the key, the CPU transfers
the data from the A-register into the register ATT
or PMR specified by rotary switches 1 and 2.

5. DISPLAY ATT/PMR: This position (Models 12C

and 15) lets you display the contents of one of the
ATT or PMR registers. To do this:

a. Select the register whose content is to be displayed
by entering the ATT register number or the PMR
identification number into rotary switches 1 and
2, the two leftmost rotary switches on the console
panel. The appropriate switch settings are shown
in Figure 4-20.

b. Turn the console display roller to position 6 if you
want to display the contents of an ATT register, or
to position 7 if you want to display the contents
of a PMR.

c. Press START. If you have selected an ATT register,
the CPU displays the register contents. If you have
selected a PMR, the processing unit loads the
address into the Q-register, then displays the regi-
ster contents in the display strip lights.

The storage test switch must be in the step position to avoid
a processor check when the CE MODE SELECTOR switch
is moved between the alter storage position and the display
storage position.

Note: No test is made for invalid storage addresses when
the CE MODE SELECTOR switch is in one of the test
positions.

ATT/PMR Address Switch Settings
Register to Be Loaded Switch 14 Switch 2
Att Register XX! » *
Program Level 1 PMR 2 0
Program Leve! 2 PMR 2 2 1
Interrupt Level 0 PMR 2 8
interrupt Level 1 PMR 2 9
Interrupt Level 2 PMR 2 A
Interrupt Level 3 PMR 2 B
Interrupt Level 4 PMR 2 C
Interrupt Level 5 PMR3 2 D
Interrupt Level 6 PMR3 2 E
Interrupt Level 7 PMR3 2 F

L Enter the first digit of the ATT register number into switch 1, and
the second digit of the ATT register number into switch 2 to
identify the desired ATT register. ATT registers are numbered
sequentially in hex from 00 to 1F.

2 Model 12¢ only.
3 These interrupt levels are not used on the Model 12C.

4Set this switch to 3 to alter the 1/0 > 256K PMR bit.

Note: Settings not defined above may cause undefined errors.

Figure 4-20. ATT/PMR Register Address
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LSR DISPLAY SELECTOR-AIl Models

This rotary‘switch {Figures 4-14 through 4-19) lets you
display the contents of a local storage register. This switch
is operative whenever the processor clock is stopped, or if
the clock is running, when no processing unit machine cycle
or |/O data transfer cycle is being taken. Otherwise, the
system controls the display of the LSRs.

The switch has these positions: NORMAL, |AR, ARR,
XR1, XR2, and OFF.

With the switch set at NORMAL, the system controls the
selection and display of the LSRs. The OFF position is
provided for CE use.

When the switch is set at IAR, ARR, XR1 or XR2, the
specified LSR for the program or interrupt level in use is
selected and its contents are available for display. The dis-
played content of the switch-selected LSR will be erroneous
if an /O LSR is being selected at the time of display.

Note: LSR parity check display will reflect the parity of
the switch-selected LSR. Therefore, if the selector switch

is not kept in the normal position during normal processing,
LSR parity checks will not show in the LSR processor check
display (strip 8}, or the LSR display may show erroneous
information.

SYSTEM RESET Key—All Models

This key (Figures 3-11 through 3-14) initiates a system reset
if you press it while the CE MODE SELECTOR switch is set
at the PROCESS setting. At all other settings, SYSTEM
RESET is inoperative.

A system reset puts the system in an immediate idle state.
Processing unit registers, controls, and status indicators are
reset (unless otherwise specified in this manual}. A com-
plete program restart is normally required after a system
reset.
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On Models 12 and 15, the first time you press the SYSTEM
RESET key or perform an IPL operation after a power on
sequence, the processing unit loads the data specified by

the rightmost two rotary console (DATA) switches into
each position of main storage. (This action is called initial
memory scan and does not occur unless the mode switch is
set to PROCESS when the power on sequence is performed.)

A system reset operation on a Model 8, 10, or 12 resets the
program level 1 instruction address register (P11AR) and
program levels 1 and 2 program status registers (P1PSR and
P2PSR) to 0.

A system reset on Model 15 resets the program level instruc-
tion address register (P-IAR) and program level program
status register (P-PSR) to 0, and disables the program mode
register control over the CPU. With PMR control disabled,
the PMR translation, storage protection, 1/0 > 64K, |/O >
128K, 1/0 > 256K, and interrupt masking functions are all
inactive. However, the processing unit is in privileged mode
following the reset.

CHECK RESET Key--All Models

Pressing this key {Figures 4-14 through 4-19) resets the
processor check, input/output check, and system power
check conditions and allows a power on retry. A check
reset removes the current error conditions, allowing the
processing unit to resume its operation when you press
START.

Note: The CHECK RESET key immediately resets all 3411
and 5445 functions and status indicators. Therefore, do not
press CHECK RESET while the 3411 or 5445 attachment is
processing 1/0 instructions.

BSCA Step Key—Models Using BSCA

The BSCA STEP key, which is effective only when the
communication adapter is in step mode, causes the com-
munication adapter to advance 1 bit each time a key is used.
(This key is labeled ICA/BSCA STEP if the integrated
communications adapter feature is installed.)



CE Servicing Switches

The following switches are used only by the customer
engineer. (Some models do not have all these items):

1/0 OVERLAP

1/0 CHECK

PARITY CHECK

BSCA LOCAL TEST
BSCA/LCA LOCAL TEST
DISPLAY CHK BITS
TAPE Jack

ADDRESS COMPARE Light—All Models

This light (Figures 4-14 through 4-19} comes on when the
processing unit stops because it has detected the address
specified for an address compare function (see ADDRESS
COMPARE Switch and SAR DISPLAY Light).

/O CHECK Light—All Models

This indicator (Figures 4-14 through 4-19)} turns on when
certain 1/0 errors are detected by an 1/0 device. It is turned
off by a system reset operation, a check reset operation, or
by the 1/O device itself.

STORAGE TEST Switch~All Models

With STORAGE TEST (Figures 4-14 through 4-19) set at
the STEP position, the processing unit accesses the storage
location specified by the storage address register once each
time someone presses the START key. With STORAGE
TEST set at the RUN position, pressing START repetitively
either accesses the same position of storage repeatedly or
accesses positions in a 64K segment of storage sequentiaily.

To use the tower 64K of storage on the Models 12C and 15,
first execute an ALTER SAR cycle with the CE address
switches set to O or perform a system reset operation. To
use main storage above 64K on the Models 12C and 15,
first execute an ALTER SAR cycle with the appropriate
ADDR BIT switch setting. After setting SAR as described
above, you can start the storage test operation.

Note: The STORAGE TEST switch must be in the STEP
position to avoid a processor check when changing the CE
MODE SELECTOR from ALTER STORAGE position to

DISPLAY STORAGE position and vice versa. '

ADDR INCREM (Address Increment) Switch—All Models

This switch (Figures 4-14 through 4-19) controls the con-
tents of the SAR (storage address register) while the CE
MODE SELECTOR switch is set at ALTER STOR or DIS-
PLAY STOR. With ADDR INCREM at the ON position,
the processing unit adds a value of 1 to the address in the
SAR after each storage access cycle. With ADDR INCREM
at the OFF position, the address in SAR remains unchanged
at the end of each storage access cycle.

Note: On the Model 15, the processing unit does not
advance the SAR address from one 64K block of storage

to the next higher 64K block of storage; instead, the
processing unit advances the SAR address to hex 0000 and
the address starts again at the beginning of the 64K specified
by the settings of the CE address toggle switch(es), To
cross from any 64K block to the next higher 64K block,
you must select the next higher 64K block by setting the
CE address switch{es) to their appropriate positions, setting
0000 into the four rotary address switches, then performing
an alter storage address operation.

ADDRESS COMPARE Switch—Models 8, 10, and 128

The ADDRESS COMPARE switch (Figures 4-14 and 4-16)
in conjunction with the SAR DISPLAY switch, is used to
stop program execution at desired main storage addresses
when the system is operating in PROCESS mode.

With SAR DISPLAY in SAR position, the system operating
in PROCESS mode, the register display roller switch set to
strip 1 {SAR HI/SAR LO), and the ADDRESS COMPARE
switch set at STOP, the processing unit continues to com-
pare the current main storage address to the address set in
the four console address switches. A match of the console
address switches and the SAR display stops the processor
at the end of the storage read/write cycle during which the
address match occurred. The integrity of |/O data transfers
is preserved during address compare stop operations. To
restart the processor after an address compare stop, press
the START key.

ADDRESS COMPARE Switches—Models 12C and 15

The two ADDRESS COMPARE switches, (Figures 4-16
through 4-19) in conjunction with the SAR DISPLAY
switch, provide the capability to stop on I/O-cycles or
I-cycles and/or E-cycles of either a real or a logical address.
This happens when the system is operating in PROCESS
mode, and the register display roller switch is set to strip 1
(SAR HI/SAR LO). Both the compare switches should be
set at RUN if you do not want to stop the program.
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With SAR DISPLAY in SAR position, the processing unit
continually compares the 16-bit logical address in SAR to
the bits in the four hex-digit address set in the four console
address switches. When SAR DISPLAY is in MSAR position,
the processing unit continues to compare the real address
(17-bit address applied to Model 12C, 15A, or 15B main
storage, 18-bit address applied to Models 15C and 15D
main storage or 19-bit address applied to Model 15 D25

or Model 15 D26 main storage) to the address set in the
four console address switches and the ADDR BIT switches
on the CE panel.

With the I-CYCLE switch on and the E-CYCLE switch off,
an address compare stop occurs on an I-cycle only.

With the E-CYCLE switch on and the I-CYCLE switch off,
an address compare stop occurs on either an E-cycle or an
1/0 cycle.

With the ADDRESS COMPARE switches at |-cycle and
E-cycle positions, an address compare stop occurs whenever
the processing unit detects a compare equal condition.

During address compare stop mode processing, a match of
the console data switches and the register display stops
processor at the end of the storage read/write cycle. To
restart the processor, press the START key.

Note: The integrity of 1/0 data transfers is preserved. The
contents of SAR do not necessarily match the setting of
‘the address switches at stop time. If a match occurs on a
physical address the processing unit displays the logical
address in the SAR display when the processing unit stops.

ADDR BIT and EXTENDED SAR ADDRESS BITS
Switches—Models 12C and 15

>64K ADDR BIT (Models 12C, 15A, 1568, 15C, and 15D}:
This switch (Figures 4-17, 4-18, and 4-19) enters a 64-bit
into the SAR for use in addressing storage positions

between 65,636 and 131,072, or above 196,608 (decimal)
in binary to display storage, alter storage, or perform address
compare operations. System reset sets SAR to 0. This
switch is inoperative in PROCESS mode except for address
compare stop operations.

>128K ADDR BIT (Models 15C and 15D): This switch
{Figure 4-18) enters a 128-bit into the SAR for use in
addressing storage positions above 131,072 (decimal) in
binary to display storage, alter storage, or perform address
compare operations. System reset sets SAR to 0. This
switch is inoperative in PROCESS mode except for address
compare stop operations,
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EXTENDED SAR ADDRESS BITS (Models 15 D25 and
D26): This rotary switch (Figure 4-18) enters the bit
represented by the switch position into the SAR for use

in addressing the various storage positions. This allows the
operator to display storage, alter storage, or perform address
compare operations. System reset sets SAR to 0. This
switch is inactive in PROCESS mode except for address
compare stop operations.

SAR DISPLAY Switch—Models 12C and 15

This switch (Figures 4-16 through 4-19) controls the dis-
play in roller position 1. In the SAR position, the display
reflects the untranslated or logical address (only 16 bits of
SAR are ever displayed in this position).

In the MSAR position, the display reflects the actual address
sent to memory. If translation is active, the SAR HI bits
come from the ATT register. During /0 cycles, the SAR

HI bits come from 1/O local storage registers. During con-
sole operations, the SAR HI{ bits come from the > 64K
ADDR BIT switch, (on the Models 15C and 15D) the >
128K ADDR BIT switch and the EXTENDED SAR
ADDRESS BITS switch,

When this switch is used with the ADDRESS COMPARE
stop switches, it controls whether the stop occurs on logical
(16-bit) or real (17-bit on Models 12C, 15A, and 156B; 18-
bit on Models 16C and 15D; 19-bit on Model 15 D25 and
Model 15 D26) addresses.

This switch is ineffective in TEST mode and at certain
times in PROCESS mode. If the system is stopped in
PROCESS mode and no |- or E-cycle light is on, then the
SAR DISPLAY switch is ineffective. (This is because the
address translator is only active during I, EA, or EB cycles.)
I-cycles include I-OP, 1-Q, I-HI, I-L1, I-L2, 1-X1, I-X2. If
the system is stopped with no I-cycle or E-cycle active the
logical and read addresses will appear to be equal. If the
system stops and an |-cycle or E-cycle light is on, the switch
is effective. If the real address and logical address.are equal
in this situation, the program is not using the address
translator.

FILE WRITE Switch—Models 8, 10, and 15A

This switch (Figures 4-14 through 4-17) when set at its
OFF position, prevents the processing unit from writing to
disk.



MANUAL OPERATION PROCEDURES
Altering Storage Data

1. Press STOP,

2. Set the STORAGE TEST switch to STEP.

3.  Set the CE MODE SELECTOR switch to ALTER
SAR.

4.  Set the ADDRESS/DATA switches on the console
to the address of the storage position holding data to
be altered. For Models 12C and 15, set both the
ADDRESS/DATA switches on the console and the
CE address switch(es) on the CE pane! to the address
of the storage position holding data to be altered.

5. Press START (switch) on the system control panel.

6.  Turn the CE MODE SELECTOR switch to ALTER
STOR.

7.  Set the two rightmost address/data switches to the
hex value you want in storage.

8. Press START.

In order to resume normal operation it will be necessary to

set the storage address register to the address of the instruc-

tion with which you wish to begin.

Displaying Storage Data

1. Press STOP,

2,  Set the STORAGE TEST switch to STEP.

3. Turn the CE MODE SELECTOR switch to ALTER
SAR.

4. Set the ADDRESS/DATA switches on the console
to the address of the storage position holding data to
be altered. For Models 12C and 15, set both the
ADDRESS/DATA switches on the console and the
CE address switch(es) on the CE panel to the address
of the storage position holding data to be altered.

5. Turn display roller to setting 3.

6. Press START.

7. Turn the CE MODE SELECTOR to DISPLAY STOR.

8. Press START. The byte stored will be displayed in
the Q-register display lights.

To resume normal operation it is necessary to set the stor-
age address register to the address of the instruction with
which you wish to begin processing.

Displaying Local Storage Registers except ATT and PMR

1. Press STOP.

2. Turn the register display roller switch to LSR HI/LSR
LO {(roller position 2).

3. Turn the LSR display selector switch to the desired
LSR.

Displaying ATT or PMR Data (Models 12C and 15)

1. Press STOP.

2. Turn the register display roller switch to position 6 to
display the data in the ATT register, or to position 7

to display the data in the PMR,

3. Turn the CE mode selector switch to DISPLAY
ATT/PMR.

4, Set the number of the register to be displayed into the
leftmost two rotary switches on the console. (See
Figure 4-20 for the ATT and PMR identification
numbers.)

5. Press START.

Altering ATT or PMR Contents (Models 12C and 15)
1. Press STOP.

2. Turn the CE mode selector switch to ALTER
ATT/PMR.

3.  Set the number of the register to be altered into the
leftmost two rotary switches on the console. (See
Figure 4-20 for the ATT and PMR identification
numbers, )

4.  Set the data to be loaded into the register in the right-
most two rotary switches on the console.

5. Press START.
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PROGRAM CHECK RECOVERY PROCEDURES-—-MODEL UNIT CHECK CONDITION

15 ONLY

The program tests check indicators in the 1/O units to
Program check interrupts allow a program error that occurs detect unit checks. Whenever the program detects a unit
in one partition to be handled without always stopping the check, it initiates a programmed halt with a halt identifier
entire processing of the other partition. Processor checks displayed on the message display unit; this identifier should
cause the system to come to an immediate stop, and cause be keyed to an operator restart/recovery procedure listing.

all 1/0 data transfer to stop immediately. Therefore,
processor checks stop programs in the processing unit.
Figure 4-21 defines the checks and the suggested action.

Name of Check Cause Suggested Action

Invalid address Storage address register is addressing a location Log the error and provide operator message to cancel

(see note) outside the available storage. the job or to continue with the job. If the job is to be
cbntinued, provide operator instructions. If program

Invalid operation The operation code in the op register {from must be corrected, correct the program.

(see note) the instruction being processed) is invalid.

Invalid Q-byte No 1/0 device recognized the 1/Q instruction

(see note) because:

— The addressed device is not attached to the
system.

— The instruction N-code is invalid.

If this check and privileged check are both
indicated, a privileged instruction issued in non-
privileged mode was detected during the |-Q
cycle.

Storage protect

The program attempted to access or write into

(see note) protected storage.

Privileged CPU detected a privileged instruction while in

(see note) nonprivileged state.

Parity CPU detected incorrect parity. Operator must perform an IPL operation. Point of restart

is a program/operator function. If program must be
corrected, correct it before restarting job.

Note: If this check is encountered in interrupt level 7, or is encountered in any other level while interrupt level 7 is disabled, the check
causes a processor stop. Also, if an invalid address is encountered during an 1/O cycle, the check causes a processor stop. Suggested
action for a processor stop is the same action suggested for a parity check.

Figure 4-21. Checks and Suggested Procedures
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IBM 1442 Card Read Punch

An IBM 1442 Card Read Punch Model 6 or 7 can be
attached to an IBM System/3 to provide 80-column card
reading and punching (Figure 5-1).

The following operations can be performed on the 1442:

® Feed

® Read column binary

Read translate
® Punch and feed
® Punch and no feed

Each of these operations is initiated by a start 1/O instruc-
tion. The operation is specified by the Q-byte (byte 2) and
the R-byte (byte 3) of the instruction, called a control code.

1442 NOT-READY-TO-READY INTERRUPT--MODEL
15 ONLY

If interrupt level 6 is enabled, the 1442 sends an interrupt
request to the system whenever the 1442 goes from a not-
ready state to a ready state.

Punch Read
Station Station
Cornering
Station

Cornering=
- Station

Post-Read
{Prepunch)
Station

Hopper

Stacker 1

Stacker 2

Figure 5-1. 1442 Card Path

Chapter 5. Card Devices

1442 OPERATOR PANEL

Figure 5-2 shows the operator panel.

POWER ON READY
CHECK CHIP BOX
START NPRO STOP

Figure 5-2. 1442 Operator Panel

POWER ON Light

This light indicates that system power is on.

READY Light

This light indicates that the 1442 is ready for processing.
Pressing START, when all of the following conditions
apply, turns READY on:

1. System power is on.

2, Cards are in the hopper.

3. Stacker is not full.

4. CHECK and CHIP BOX are off.

5. The 1442 covers are closed.

Card Devices: 1442
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HOPR FEED READ
CcLU REG

READ

STA PUNCH

PUNCH OVER

STA RUN

TRANS

Figure 5-3. 1442 Error Indicators

CHECK Light

This light turns on when any of the following error indi-
cators turn on (Figure 5-3):

1. HOPR indicates that a card did not feed from the
hopper when the 1442 took a feed cycle with cards
in the hopper.

2. FEED CLU indicates that cards in the card path
advanced one position because of an unrequested
feed cycle.

3. READ REG indicates a read error.

4, READ STA indicates a card jam at the read station.

b, PUNCH indicates a punch error.

6. PUNCH STA indicates a card jam at the punch station.

7. OVERRUN indicates that data was lost because the
processing unit was unable to accept data from the
1442 or send data to the 1442 fast enough.

8. TRANS indicates a card jam in the stacker area.

CHIP BOX Light

This light indicates that the chip box is full or out of place.
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START Key

This key places the 1442 in ready status if the following
conditions apply:

1. System power is on.

2. Cards are in the hopper.

3.  Stacker is not full.

4., CHECK and CHIP BOX are off.
5. The 1442 covers are closed.

The start key is also used to return the 1442 to a ready
status after the 1442 STOP key has been pressed.

NPRO Key

Pressing this key while the hopper is empty clears all cards
from the card feed path. The first card that enters the
stacker after NPRO is read but not punched. The second
card that enters the stacker is not read or punched.

This key does not function if there are cards in the hopper.

STOP Key

This key stops the 1442 after the operation in process is
completed.

1442 OPERATIONS
Read Operations

A load-1/0 instruction must be executed before each start-
1/0 instruction that specifies card reading. This load-1/0
instruction must load the address of the high-order byte of
the read data field into the 1442 data address register. To
meet performance specifications, the address for a normal
read must be on a 128-byte boundary; the address for a
read column binary must be on a 256-byte boundary.

The feed/read functions of start 1/0 instructions move cards
from the hopper through the read station. If read is speci-
fied, the data contained in all 80 columns of the card is
transferred to a storage field (1442 data field) specified by
a load 1/0 instruction. The data read is checked to ensure
that it is read correctly. An error in reading causes a read
check.



The card feeding and reading rate is determined by the
operations being performed. The rated reading speeds (300
cards per minute for Model 6 and 400 cards per minute for
Model 7) are for read operations only. If punching is
performed at the same time, the reading rate is reduced to
the rate at which punching is performed. To maintain the
rated reading rate, successive start 1/0 instructions specify-
ing reading must be issued within 40 milliseconds (Model
6) or 30 milliseconds (Model 7) after the preceding card is
read.

To test for a busy condition, use a test-1/0-and-branch
instruction.

1442 IPL. Read Operation—Model 15 Only

Pressing the PROGRAM LOAD key on the processing unit
when the PROGRAM LOAD SELECTOR switch is set at
ALTERNATE causes (1) the processing unit to load 0000
into the 1442 read data address, (2) the 1442 to read a
card into storage, starting at address 0000, and (3) the
processing unit to execute the instruction at position 0000.
The IPL read operation occurs without execution of a
1442 start 1/O instruction; otherwise, the read operation
performed is similar to the usual 1442 start 1/O read
operation.

Punch Operations

A load-1/0 instruction must be executed before each start-
1/0 instruction that specifies a punch operation. This load-
1/0 instruction places the address of the high-order byte of
the punch data field in the 1442 data address register.
Column 1 of the card is punched with the data in storage
at this address; column 2 is punched with the data in stor-
age at the next higher address. The punch data fields

must be on 128-byte boundaries.

In addition to loading the 1442 data address register, a
load-1/0 instruction must be issued to load the length
count register with 128 minus the number of columns to be
punched.

Start-1/0 instructions that specify punching move a card
from the read station to the punch station. If a punch and
feed command is issued, the card is punched and ejected
into one of the stackers. If a punch with no feed command
is issued, the card is punched but is not ejected.

As the cards pass through the punch station, data from
storage is recorded in the cards in thé form of punched
holes. The punching is checked to ensure that the data is
punched correctly. An error causes a punch check.

Card punching is performed at a rate of 80 columns per
second {(Model 6) or 160 columns per second (Model 7).
For example:

Last Column Cards/Minute
Punched Model 6 Model 7

1 260 355

40 84 145

80 49 91

To maintain the best card throughput, confine punching to
the beginning card columns.

Combined Operations

Through proper sequencing of start 1/0 instructions, a card
can be read and punched during one pass through the 1442,

Stacker Selection

Stacker selection is done by including the stacker select
information in the start 1/O instruction control code.
Stacker selection is performed on the card that is in the
punch station when the start 1/0 instruction is executed. If
no stacker select information is given, the cards are auto-
matically routed to stacker 1.

Op End Conditions—Model 15 Only
The 1442 op end occurs when one of the following happens:

® The 1442 goes from busy to not-busy at the end of a
feed instruction.

® The 1442 goes from busy to not-busy at the end of a
read instruction.

® The 1442 goes from busy to not-busy at the end of a
punch instruction. Busy drops after the last column is
punched on a punch with no feed instruction.

Note: If a feed check exists, the attachment sets the no-op
status bit in response to any SIO issued and presents interrupt
request at the end of the SIO instruction (during the IR
cycle).

Any valid 1442 SIO can be used to enable, disable, or
reset the interrupt request. In addition, an S10 instruction
with N-code of 101 is available for interrupt control only.
This instruction is accepted during busy, not ready, and
unit check conditions.

Card Devices: 1442 5-3



1442 START 1/0 (S10)

Op Code| Q-Byte R-Byte
(hex) (binary) {binary)
Byte 1 Byte 2 Byte 3

F3 0101 0 xxx |000x xxxx

DA M N Control Code
Bits
0123 4567 Function Specified

000x x000’ Select stacker 1 for card at the punch station
000x x0011 Select stacker 2 for card at the punch station

Model 15 Model 12
000x 100x° Enable interrupt Enable op-end indicator
0000 000x2 Disable interrupt Disable op-end indicator
0001 x00x° Reset interrupt Reset op-end indicator

N-Code Function Specified

000 Feed

001 Read only

010 Punch and feed

011 Read column binary

100 Punch with no feed

101 Model 10: Invalid N-code; causes processor check

Model 12: Perform op-end indicator control
Model 15: Perform interrupt control
Any N-code not shown is invalid and causes:
Program check if interrupt level 7 is enabled on Model 15
Processor check if interrupt level 7 is not enabled on Model 15
Processor check on Models 10 and 12

Not used; should be 0,

Hex 5 specifies the 1442 as the device to be controlled.

F3 specifies a start 1/O operation. F as the first hex character in the op code identifies a command-type instruction (that is, an instruction
without operand addressing).

! This code controls stacker selection when the N-code specifies a card function {(N#101).
% This code does not control stacker selection when the N-code specifies an interrupt control function (N=101).

Operation If a 1442 check does not prevent execution of the instruc-

tion, the 1442 executes the instruction and the attach-
The 1442 performs the function specified by the N-code ment resets the check. Feed checks and not-ready condi-
and control code (R-byte). tions cause no-op functions.

® The 1442 on Model 15 always accepts an SIO that

Program Notes specifies an interrupt control function. The 1442 on
Model 12 always accepts an S10 that specifies op-end
® |f a 1442 check prevents execution of the SIO, the indicator control.

processing unit aborts the instruction. Meanwhile, the
attachment sets the 1442 no-op status bit. On a Model
12, the attachment also sets the op-end indicator if the
indicator is enabled. On a Model 15, the attachment
also sets the op-end interrupt request if interrupts are
enabled.

54



1442 TEST 1/0 AND BRANCH (T10)

Op Code| Q-Byte
(hex) {binary)

Operand Address

Byte 1 Byte 2

Byte 3 Byte 4

C1 0101 0 xxx Operand 1 address
D1 0101 0 xxx |Op 1disp
from XR1
E1 0101 0 xxx |Op 1 disp
from XR2
DA M N

N-Code Condition Tested

000

010
101

Not ready/unit check. This condition indicates one of the following has occurred:
Feed check (not ready)
Read check (unit check)
Punch check (unit check)
No-op (unit check or not ready)
1/0 attention {not ready)

Busy. This condition indicates that the 1442 is feeding, reading, or punching a card.

Models 8 and 10: Invalid N-code; causes processor check
Model 12: Op-end indicator on
Model 15: Interrupt pending

Any N-code not shown is invalid and causes:
Program check if interrupt level 7 is enabled on Modal 15
Processor check if interrupt level 7 is not enabled on Modal 15
Processor check on Models 10 and 12

Not used; must be 0.

Hex 5 specifies the 1442 as the tested device.

C1, D1, or E1 specifies a test 1/O and branch operation. The first hex character in the op code specifies the type of operand addressing

for the instruction,

Operation

The processing unit tests the 1442 for the conditions
specified by the N-code. If any one of the tested conditions
exists, the program branches to.the address in the operand
portion of this instruction. If no tested condition exists,
the program proceeds with the next sequential instruction.

Resulting Condition Register Setting

This instruction does not affect the condition register.

Card Devices: 1442
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1442 ADVANCE PROGRAM LEVEL (APL)

Op Code | Q-Byte R-Byte
(hex) {binary) (binary)
Byte 1 Byte 2 Byte 3
F1 0101 0 xxx | 0000 0000
[]
DA M N R-byte is not used for an APL instruction

N-Code Condition Tested

000 Not ready or unit check. This condition indicates one of the following occurred:
Feed check (not ready condition}
Read check (unit check condition)
Punch check (unit check or not ready condition)
1/O attention (not ready condition)
010 Busy. This condition indicates that the 1442 is feeding, reading, or punching a card.
101 Models 8 and 10: Invalid N-code; causes processor check
Model 12: QOp-end indicator on
Model 15: Interrupt pending
Any N-code not shown is invalid and causes:
Program check if interrupt level 7 is enabled on Model 15
Processor check if interrupt level 7 is not enabled on Model 15
Processor check on Models 10 and 12

Not used; must be 0.

Hex 5 specifies the 1442 as the tested device.

F1 specifies an APL operation. F as the first digit in the op code identifies a command-type instruction (that is, an instruction
without operand addressing).

Operation Program Note
This instruction tests for the conditions specified in the For additional information concerning the advance pro-
Q-byte. gram level instruction, see Chapter 2.

® Condition present:

— Systems with Dual Program Feature installed and
enabled, activate the inactive program level.

— Systems without Dual Program Feature installed or
with Dual Program Feature instailed but not enabled,
loop on the advance-program-level instruction until
the condition no longer exists.

® Condition not present: Systems with or without Dual

Program Feature access the next sequential instruction
in the active program level,
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1442 LOAD 1/0 (LIO)

Op Code | Q-Byte Operand Address
{hex) (binary)
Byte 1 Byte 2 Byte 3 Byte 4
31 0101 0 xxx Operand 1 address
71 0101 0 xxx |Op 1disp

from XR1
B1 0101 0 xxx |[Op 1disp

from XR2

DA M N

Hex 5 specifies the 1442 as the addressed device.

N-Code To Be Loaded

000
100

Length count register

1442 data address register

Any N-code now shown is invalid and causes:
Program check if interrupt level 7 is enabled on Model 15
Processor check if interrupt ievel 7 is not enabled on Model 15
Processor check on Models 10 and 12

Not used; should be 0.

31, 71, or B1 specifies a load /O operation. The first hex character in the op code specifies the type of operand addressing to be used

for the instruction.

Operation

The processing unit loads the 2 bytes of data contained in
the operand into the register specified by the N-code.

The operand is addressed by its low-order (higher numbered)
storage position.

Program Note

If the selected register is busy, the program loops on the
load 1/0 instruction until the register is not busy.

Card Devices: 1442
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1442 SENSE 1/0 (SNS)

Op Code | Q-Byte Operand Address
(hex) (binary)
Byte 1 Byte 2 Byte 3 Byte 4
30 0101 0 xxx Operand 1 address
70 0101 0 xxx |Op 1disp

from XR1
BO 0101 0 xxx |Op 1disp

from XR2

DA M N

N-Code Sensed Unit

001 CE diagnostic indicators
010 CE diagnostic indicators
011 Status indicators

100 1442 data address register

Any N-code not shown is invalid and causes:
Program check if interrupt level 7 is enabled on Model 15
Processor check if interrupt level 7 is not enabled on Model 15
Processor check on Models 10 and 12

Not used; should be 0.

Hex 5 specifies the 1442 as the device being sensed.

30, 70, or BO specify a sense 1/0O operation. The first hex character is the op code specifies the type of operand addressing for the
instruction,

Operation

The 1442 transfers 2 bytes of data from the unit specified
by the N-code to the main storage field specified by the
operand address. The first byte transferred enters the
effective address {the operand address), the second byte
enters the effective address minus 1.
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Indicates

Reset By

Data read from the card may be invalid. (This bit
sets the condition that can be tested by a TIO
instruction, and turns on the CHECK and READ
REG lights.)

Next S!O accepted by 1442, system
reset, NPRO operation, or check reset

The 1442 has stopped because of an empty hopper
condition and the operator has pressed START
without refilling the hopper (example: end-of-job
routine). The bit turns on when the card passes
the read station when START is pressed. With the
bit on, there is a card ahead of the punch station.
Only a feed, punch and feed, or punch only
command should be issued while the last card bit
is on. A punch only command does not move the
card and the bit remains on. A command specify-
ing a feed moves the card into the stacker and
turns the bit off.

NPRO operation or a subsequent instruc-
tion specifying a feed operation

The correct punches were not set, so the card was
incorrectly punched. (This bit sets the condition
that can be tested by the T10 instruction and
turns on the 1442 PUNCH and CHECK lights.)

Next SIO accepted by 1442, system
reset, NPRO operation, or check reset

Data was lost because the CPU was unable to
accept data from the 1442 or send data to the
1442 fast enough. {Data overrun turns on the
OVERRUN and CHECK lights.)

Next SI10 accepted by 1442, system
reset, NPRO operation, or check reset

The 1442 requires operator intervention because
the hopper is empty, the stacker is full, the chip
box is full or not installed properly, a cover is
open, or STOP was pressed. If the chip box
caused the not-ready condition, the CHIP BOX
light is on.

Correcting the condition that caused
the not-ready state and pressing START

The program issued a command the 1442.accepted
but was unable to execute because of a previous
error. (This bit sets a condition that can be tested
by the T10 instruction.)

Next sense instruction accepted by
the 1442

Improper card movement in the card path of the
1442, (This bit also sets a condition that can be
tested by the T10 instruction, makes the 1442
not-ready, turns on the CHECK light, and lights
the appropriate error indicator.)

Correcting the condition causing the
check and pressing START

Byte Bit Name

1 0 Read check

1 1 Last card

1 2 Punch check
1 3 Data overrun
1 4 Not ready

1 5 No-op

1 6 Feed check

1 7 Read invalid

The 1442 detected multiple punching in rows 1
through 7 of a single column in the card being
read. This can be caused by invalid punching or by
cards being inserted in the hopper such that the
12-edge feeds first. {This bit turns on the READ
REG and CHECK lights.)

Next S10 accepted by 1442, system
reset, NPRO operation, or check reset

Figure 5-4 (Part 1 of 2). 1442 Status Bytes
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Byte Bit Name Indicates Reset By

2 0 Not used

2 1 Not used

2 2 Not used

2 3 Read station jam The read station operated improperly or a card mis- | NPRO operation
feed occurred at the read station. (The 1442 goes
not-ready and the READ STA and CHECK lights
turn on when the 1442 sets this bit.)

2 4 Hopper misfeed Card failed to feed properly from the hopper. NPRO operation
(This bit makes the 1442 not-ready and turns on
the HOPR and CHECK lights.}

2 5 Extra feed cycle The 1442 took an unrequested feed cycle. (The NPRO operation
1442 goes not-ready and the FEED CLU and
CHECK lights turn on when the 1442 sets this bit.)

2 6 Punch station jam A card misfeed occurred at the punch station. NPRO operation
(This bit makes the 1442 not-ready and turns on
the PUNCH STA and CHECK lights.)

2 7 Transport jam A card misfeed occurred in the stacker transport NPRO operation

area. (This condition makes the 1442 not-ready
and turns on the TRANS and CHECK lights.)

Figure 5-4 (Part 2 of 2). 1442 Status Bytes




IBM 2501 Card Reader

The IBM 2501 Card Reader Model A1 or A2 can be
attached to IBM System/3 as an 80-column punched card
input device. Model A1 reads cards at a maximum rate of
600 cards per minute. Model A2 reads cards at a maximum
rate of 1000 cards per minute. Each model has a hopper
capacity of 1200 cards and a stacker capacity of 1300
cards.

The processing unit program controls card reading. The
2501 reads cards column-by-column (serially) beginning in
column 1, reading each column twice and comparing the
two readings to check reading accuracy. As a further check
on reading accuracy; the 2601 attachment detects off-
punched cards, mispositioned cards, and hardware failures.

2501 NOT-READY-TO-READY INTERRUPT—MODEL
15 ONLY

If interrupt level 6 is enabled, the 2501 sends an interrupt
request to the system whenever the 2501 goes from a not-
ready state to a ready state.

Figure 5-5. 2501 Card Path

2501 CARD PATH

As shown in Figure 5-5, the 2501 card path consists of

the hopper, the preread station, the read station, the
stacker, and the transport between the hopper and stacker.
Two cycles are required to move each card from the hopper
to the stacker. During the first cycle, the card moves from
the bottom of the stack of cards in the hopper into the
preread station. During the second card feed cycle, the
card moves from the preread station, through the read
station, and into the stacker.

Stacker

Read Station

Preread Station
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2501 READ STATION

Figure 5-6 shows the 2501 read station and explains the
reading principle.

Light
. Source

Fiber-Optic
Bundles

12
Light (12)

Distributor

\

Card
Movement

$

Card

Light Striking
Phototransistor
{hole is read)

Figure 5-6. 2501 Read Station
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2501 KEYS

Figure 5-7 shows the 2501 operating keys.

2501 START Key

If the preread station is empty and there is at least one
card in the hopper, pressing START initiates a run-in cycle
that moves the bottom card from the hopper into the
preread station and makes the 2501 ready.

If there is a card at the preread station and the 2501 is
not ready, pressing START makes the 2501 ready.

Exception: START is not functional if any of the follow-
ing conditions apply:

Feed check condition exists
Stacker is full

2501 cover is open

STOP is also being pressed

2501 STOP Key

Pressing STOP makes the 2601 not-ready. If the 2501 is
performing a functional cycle when you press STOP, ready
drops at the end of the cycle; otherwise, ready drops
immediately. Pressing STOP has no effect while the 2501
is not ready.

2501 NPRO (Nonprocess Runout) Key

Pressing NPRO while there is no card in the hopper moves
the card from the preread station into the stacker without
reading it. This clears the card path of all cards.

Note: If cards are mispositioned or jammed in the card
path, remove them manually before pressing Ni’RO to
clear the feed check condition.

2501 LIGHTS

Figure 5-7 shows the operator panel, which contains the
2501 lights.



READ FEED POWER
ATTENTI READY
ON CHECK CHECK ON
START NPRO STOP

Figure 5-7. 2501 Operator Panel

2501 POWER ON Light

This light indicates that power is being supplied to the 2501.

2501 READY Light

This light indicates that the 2501 is ready and can process
cards. The light therefore indicates:

® (Card in the preread station

® Stacker not full

® No feed check conditions

® 2501 covers closed

® STOP not pressed since the 2501 was last made ready

® Hopper not empty, or 2501 in last card condition (that
is, the hopper is empty, causing the 2501 to go not
ready, then the operator pressed START to make the
2501 ready again to accept an SIO read command to
read the card in the preread station and stack that card)

2501 FEED CHECK Light

This light indicates one of the following:

® Card misfeed in the card path

® Equipment malfunction

® Power-on sequence

Correct the error condition (if any) and press NPRO to

turn FEED CHECK off. If repeated feed checks occur,
notify your customer engineer.

2501 READ CHECK Light

This light indicates that the attachment detected one of
the following conditions:

® Read emitter failure (machine failure)
® Fiber optics failure (machine failure)

® Read overrun (The processing unit did not grant a cycle
steal soon enough to transfer data from one column
before the 2501 started to read the next column. This
resuited in the loss of one column of data.)

® Card punched off-registration or placed in the hopper
with the 9-edge of the card next to the 12-edge side of
the hopper (the attachment sends a hex 00 to the
processing unit instead of the byte in error).

® |Invalid card code {while reading in translate mode, the
attachment detected more than one punch in rows 1
through 7 of a single card column. This could also be
caused by the card being placed in the hopper with the
9-edge toward the 12-edge side. The attachment sends
a hex 00 to storage in place of the byte in error).

® Translate check (machine error)

2501 ATTENTION Light

This light indicates that operator intervention is required
at the 2501 to do one of the following:

® Close a cover
® Empty the stacker

Correcting the condition causing the light and pressing
either START or NPRO turns ATTENTION off.
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Column Busy
1 End

Start of Column
Feed Cycle Actual Headingl 80

Feed Cycle
Decision Point?

Model A1 38.8

Model A2

1 Reading stops on length count register overflow, which occurs after last column specified to be read has been read.
Busy end sets an op-end interrupt request (if enabled) on Model 15 and operation end indicator {if enabled) on Model 12.
3 SI0 read instruction should be issued between busy end and feed cycle decision point for maximum card read rate.

Note: Timings are shown in milliseconds.

Figure 5-8. 2501 Read/Feed Timings



2501 READ OPERATION

A complete read operation requires the program to load the
storage address of the read field into the data address

register and to indicate the number of columns to be read 12-Row
. . Card
from the card by loading a value into the length count Codes

register. (This requires two LIO instructions.)

After the data length and input area have been defined,
the program can issue an SI10 read instruction. This

instruction moves a card from the preread station, past
the read head and into the stacker. The 2501 reads the
specified number of columns from the card as the card
passes the read station. The 2501 feeds a new card from (

the hopper to the preread station during the same card cycle. [OI 1 | 2| 3 |4 I 5| 6| 7]&[1 L2| 3 |4| 5 Iﬂﬂ*‘ Processing Unit Byi

When the 2501 goes not busy, near the end of the feed

© 00N OGN W=

cycle (Figure 5-8), interrupt request occurs on level 5 if Note: Attachment puts zeros in bytes 0 and 1.
interrupts were enabled on Model 15 and the operation
end indicator turns on (if enabled) on Model 12. Figure 5-9. 2501 Card Image Read Mode

Data can be transferred from cards into main storage in
either of two modes: card image mode (Figure 5-9) or
translate mode (Figure 5-10). In card image mode, 2 bytes
are transferred without translation, into. main storage for
each card column read. In translate mode, 1 byte is Translated
transferred to main storage for each card column read. In into

this mode, punching read from the 12 punch positions in EBCDIC
each column is translated into an 8-bit EBCDIC byte. codes

12-Row
Card
Codes

Attaining the maximum reading rate for each model of the
2501 is a programming function, and can be achieved by
always issuing the SIO read instruction prior to the feed
cycle decision point (Figure 5-8). If the instruction is
issued after the feed cycle decision point, the 2601 awaits
the next decision point before starting the read operation. * * ¢ ‘ Y * * * \

WO ND A WD =

y
[plo]1]2]3]4]5]6]7|e—rProcessing unit Byte

Figure 5-10. 2501 Translate Read Mode
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2501 START 1/0 (S10)

Op Code | Q-Byte R-Byte
(hex) {binary) (binary)
Byte 1 Byte 2 Byte 3

F3 0011 1 XXX | XXXX XXXX

DA M N Control Code

N —
Bits
0123 4567} Control Function Specified
Model 15 Model 12
00x0 1000 Enable interrupt Enable op-end indicator
00x0 0000 Disable interrupt Disable op-end indicator
0010 x000 Reset busy end Reset op-end indicator
(op-end) interrupt

N-Code Function

000 Model 12: Control op-end indicator

Model 15; Control interrupts
001 Read in translate mode (interrupt contro! is optional)
011 Read in card image mode (interrupt control is optional)

Any N-code not shown is invalid and causes:
Program check if interrupt level 7 is enabled on Model 15
Processor check if interrupt level 7 is not enabled on Model 15
Processor check on Madel 12

00111 specifies the 2501 as the device to be controlled.

F3 specifies a start 1/0 operation. F as the first hex character of the op code designates the instruction as a command-type instruction
(that is, with no operand addressing).

IBits 0, 1,5, 6 and 7 are not used; they should be set to 0.

Operation

The 2501 performs the operation specified by the N-code.
If the operation is a read operation, the 2501 moves a card
from the preread station, past the read head, and into the
stacker, and feeds a card from the hopper into the preread
station. As the first card moves past the read head, the
2501 reads the number of columns specified by the length
count register into the main storage field specified by the
data address register.
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2501 TEST 1/0 AND BRANCH (TiO)

Op Code | Q-Byte Operand Address
{hex) {binary)
Byte 1 Byte 2 Byte 3 Byte 4
C1 0011 XXX Operand 1 address
D1 0011 xxx | Op 1 disp
from XR1
E1 0011 xxx | Op 1 disp
from XR2
DA N
N

N-Code Condition Tested

Model 15 Model 12
000 Not ready/check Not ready/check
001 Interrupt pending Op-end indicator on
010 Busy Busy

Any N-code not shown is invalid and causes:
Program check if interrupt level 7 is enabled on Model 15
Processor check if interrupt ievel 7 is not enabled on Model 15
Processor check on Model 12

00111 specifies the 2501 as the device to be tested.

C1, D1, or E1 specifies a test-1/O-and-branch operation. The first hex digit in the op code signifies the type of operand addressing
to be used for the instruction.

Operation

"The processing unit tests the 25601 for the.condition speci-
fied by the N-code. If the condition exists, the program
branches to the address in the operand address portion of
the instruction. If the condition does not exist, the
program immediately accesses the next sequential instruc-

tion.

Program Notes

At the end of the TIO instruction, the IAR and ARR regis-
ters swap contents if a branch is to occur. That is, the
instruction address register holds the address of the branch-
to instruction and the address recall register holds the
address of the next sequential instruction.

Resulting Condition Register Setting

This instruction does not affect the condition register

setting.

Card Devices: 2501
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2501 ADVANCE PROGRAM LEVEL (APL)

Op Code | Q-Byte R-Byte
{hex) {binary) {binary)
Byte 1 Byte 2 Byte 3
F1 XXXX X Xxx | 0000 0000
DA M N h-byte is not used in an APL instruction.
S’
N-Code Condition Tested
Model 15 Model 12
000 Not ready/check Not ready/check
001 Interrupt pending Op-end indicator on
010 Busy Busy

Any N-code not listed is invalid and causes:
Program check if interrupt level 7 is enabled on Model 15
Processor check if interrupt level 7 is not enabled on Model 15
Processor check on Model 12

00111 specifies the 2501 as the device to be tested.

F1 specifies an APL operation. The first digit of the op code {hex F) signifies that the instruction is a command-type instruction
{that is, that no operand addressing is used).

Operation

This instruction tests for the conditions specified in the
Q byte.

® Condition present:

— Systems with Dual Program Feature installed and
enabled, activate the inactive program level.

— Systems without Dual Program Feature installed or
with Dual Program Feature instailed but not enabled,
loop on the advance program level instruction until
the condition no longer exists.

® Condition not present: Systems with or without Dual

Program Feature access the next sequential instruction
in the active program level.

Program Note

- For additional information concerning the advance program
level instruction, see Chapter 2.

Resulting Condition Register Setting

This instruction does not affect the condition register.
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2501 LOAD |

/0 (L10)

Op Code | Q-Byte
(hex) {binary)

Operand Address

Byte 1 Byte 2

Byte 3 Byte 4

000

100

DA = 0011 and M = 1 specify the 2501 as the device to be loaded.

31 0011 1 xxx Operand 1 address
71 0011 1 xxx | Op 1disp
from XR1
81 0011 1 xxx |Op 1 disp
from XR2
DA M N

N-Code Register Loaded

Length count register. (Load 128 minus n, where n is the number of the last column to be read.

The 2501 starts reading the first column of the card and continues reading until column n has been read.)
Data address register.
Any N-code not shown is invalid and causes:

Program check if interrupt level 7 is enabled on Model 15

Processor check if interrupt level 7 is not enabled on Model 15

Processor check on Mode! 12

31, 71, or B1 specifies a load 1/0 operation. The first hex character in the op code specifies the type of operand addressing for the

instruction,

Operation

The processing unit loads the 2 bytes of data contained in
the operand into the register specified by the N-code. The
operand is addressed by its low-order (higher numbered)

storage position.

Program Note

If a length count of 0 is specified, the processing unit aborts
the next SIO read command, sets the no-op status bit, and

requests an op-end interrupt.

Card Devices: 2501
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2501 SENSE 1/0 (SNS)

Op Code | Q-Byte Operand Address
{hex) {binary)
Byte 1 Byte 2 Byte 3 Byte 4
30 0011 1 xxx Operand 1 address
70 0011 1 xxx | Op 1 disp
from XR1
BO 0011 1 xxx [ Op 1 disp
from XR2
DA M N
N’
N-Code Sensed Unit
001 Status byte 4 and a meaningless bytel
010 Status byte 2 and 3!
011 Status bytes 0 and 1 !
100 2501 data address register

Any N-code not shown is invalid and causes:
Program check is interrupt level 7 is enabled on Model 15
Processor check if interrupt level 7 is not enabled on Model 15
Processor check on Model 12

DA =0011 and M = 1 specify the 2501 as the device to be sensed.

30, 70, or BO specifies a sense 1/0 operation. The first hex character in the op code specifies the type of operand addressing for the
instruction.

'Even-numbered bytes (including byte 0) are stored at the storage position specified by the operand address. Odd-numbered bytes
are stored at the operand address minus 1.

Operation

The processing unit stores the data specified by the N-code
into the storage data field specified by the operand address.
The operand is a 2-byte field and is addressed by its higher
numbered position. Figure 5-11 defines the bits in the
status bytes and describes their meanings.

Program Note

By examining the contents of the data address register, you
can determine how many columns of card data were moved
to the 2501 data field (the data address register always
indicates the address of the last position filled plus 1).
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Byte

Bit

Name

Indicates

Reset By

Preread station feed check

A card failed to feed from the preread station to
the read station.

Read station feed check

A card misfeed occurred at the read station, a read
cell was covered with dust or paper scraps, or a
read cell failed electrically,

Hopper feed check

A card failed to feed from the hopper to the
preread station,

Correcting the condition that caused
the check, then pressing NPRO

Invalid card code

Multiple punches were read in a single card column
by row sensors 1 through 7. This could be caused
by a card having been placed in the hopper with its
9-edge toward the 12-edge side of the hopper.
When the check occurs, the attachment sends hex
00 to main storage instead of the invalid character
read, but does not halt the 2501.

Unequal compare check

The card read had poor punch registration or the
card causing the check was placed in the hopper
with its 9-edge toward the 12-edge side of the
hopper. When this check occurs, the attachment
serids hex 00 to the processing unit instead of the
character from the column being read when the
check occurred. This check does not halt the
2501.

Fiber optics check

The read unit provided a false indication that a
punch position contained a punched hole, although
there was no hole punched in that punch position.

Read overrun

The processing unit did not grant a cycle steal in
time to accept data from one column of the card
before the 2501 presented data from the next col-
umn of the card. Therefore, 1 byte of data was
lost.

System reset key, check reset key, or
the next SIO accepted by the attach-
ment {Although the attachment does
not halt the 2501 for this type of
check, the program should stop the
reader and provide an operator pro-
cedure to reprocess the card causing
the check.)

No read emitter check

Read emitter failure while a card was being read.

Length count register
overflow

The last column was read from the card.

Next SI10 read or load length count
register instruction accepted by 2501

Trailing edge

Card reader ready

The 2501 is in a ready status. {This condition can
also be tested by a TIO instruction.)

Figure 5-11 (Part 1 of 2). 2501 Card Reader Status Bytes
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Byte Bit | Name Indicates Reset By
1 3 No-op The program issued a command that the 25601 is System reset, check reset, or the
not capable of executing, so the 25601 attachment SNS instruction that senses this
accepts the command but does not execute it. condition
1 4 Read complete The read operation has been completed. (This Next S10 instruction accepted by
indication is essentially the same as the length the 2501
count overflow indication; however, loading the
L.CR does not reset the read complete bit.)
1 5 Translate check The attachment detected a parity error in System reset, check reset, or the next
: translated data while in translate mode. S10 read instruction accepted by the
attachment (Although the attachment
does not halt the 2501 for this type of
check, the program should stop the
reader and provide an operator pro-
cedure to process the card being read
when the check occurred. If the error
persists, cali your customer engineer.)
1 6 . .
1 7 Not used; will be 1 Has no meaning.

Figure 5-11 (Part 2 of 2). 2501 Card Reader Status Bytes
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IBM 2560‘Multi-Function Card Machine

The IBM 2560 Multi-Function Card Machine (MFCM) is
available in two models, the Model A1 and the Model A2,
which read, punch, and collate 80-column cards under
control of the system. Model A1 can be equipped with a

special feature that permits the 2560 to print data on the
cards.

Both models have two card hoppers, a light sensing read
stat