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JUNE 1, 1971

CHAPTER 1: INTRODUCTION TO 9020D/E SYSTEMS

1.1 INTRODUCTION

| The IBM 9020D and 9020E Systems are solid-state data processing
systems which provide the speed, precision, and data manipulating
versatility demanded by the challenge of Air Traffic Control. The IBM
9020D/E Systems, with advanced logical design implemented by microminia-
ture technology, provide a new dimension of performance, flexibility,

| and reliability. This dimension makes possible a new more efficient

| systems approach to information processing, with economy of implementa-
tion and ease of use.

The logical design of the IBM 9020D/E Systems permit efficient use at
several levels of performance. Extremely high performance and reliabi-
lity requirements are met by the modularity inherent in the basic
logical structure of both the 9020D and 9020E Systems.

Differentiation between a 9020D and 9020E System is primarily one of
system configuration and utilization. The 9020D System is designed to
provide increased compute capability and increased high speed core
storage in the Central Computer Complex (CCC) task. The IBM 9020E
System, through system configuration and the utilization of unique task
oriented micro-programmed instructions, provides both high performance
and reliability in the Display Channel Processor (DCP) environment.

The 9020D and 9020E Systems utilize the same computing elements,
storage elements and input-output control elements. The remaining major
system elements in each system are configuration dependent.

1.1.1 9020D SYSTEM
Individual 9020D Systems, designed for the Central Computer Complex

(CCC) environment, are composed of the following types of major
| self-contained, self-powered elements and units:

Computing Element (7201-02)

Storage Element (7251-09)

| System Console (7265-02)
‘ Peripheral Adapter Module (7289-02)

Tape Control Unit (2803-01)

| Storage Control Unit (2314-A1)

The IBM 9020D System design incorporates the following features:
e Any Computing Element can access any storage element.
e Any Input/Output Control Element can access any Storage element.

® Each Peripheral Adapter Module is connected to the system through
two input/output control elements.

e Each Input/Output line is connected to the system through a
subchannel in each of two peripheral adapter modules.
1.1.2 9020E SYSTEM
Individual 9020E Systems, designed for the Display Channel Processor (

DCP) environment, are composed of the following types of major self-

Introduction 1
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| contained, self-powered elements and units:

Computing Element (7201-02)
Storage Element (7251-09)
I/0 Control Element (7231-02)
Display Element (7289-04)
| Configuration Console(7265-03)
Tape Control Unit (2803-01)
Data Adapter Unit (2701-01)

The IBM 9020E System design incorporates the following features:

e Any Computing Element can access any storage element or any
display element.

* Any Input/Output Control Element can access any storage element.

» Each Data Adapter Unit is connected to the system through two
input/output control elements.

e Each 9020A or 9020D IOCE communication path is connected to the
9020E System through two input/output control elements.

Other units which are not part of the 9020E, but which are
| gevertheless discussed in this publication for completeness, are the
| Display Generator (DG), Radar Keyboard Multiplexor (RKM), System Main-
| tenance Monitor Console (SMMC), and Plan View Display (PVD). This
| publication does not apply to these units except where explicitly
| stated.

1.2 COMPATIBILITY

1.2.1 SYSTEM/360 COMPATIBILITY

The IBM 9020D/E Systems are compatible with the IBM System/360 when
operating in 360-mode. Compatibility allows for ease in systems growth,
convenience in systems backup, and simplicity in education.

The compatibility rule has limitations:

1) The systems facilities used by a program should be the same in
each case. Thus, the optional computing-element features and
the storage capacity, as well as the quantity, type, and
priority of input/output equipment, should be equivalent. In
particular, the 9020D/E multiprocessor and display
instructions are not available in the System/360 mode.

2) The program should be independent of the relation of
instruction execution time and of input/output data rates,
access times, and command execution times.

3) The compatibility rule does not apply to detail functions for
which neither frequency of occurrence nor usefulness of result
warrants identical action in all models of System/360. These
functions, all explicitly identified in the System/360 Prin-
ciples of Operation manual, are concerned with the handling of
invalid programs and machine malfunctions.

An example of this variance is the DIAGNOSE instruction. The
9020D and 9020E Systems use a Maintenance Control Word in
conjunction with the DIAGNOSE while the 9020A System does not.
This reflects different diagnostic approaches for various
models of IBM System/360.
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4) Programs not specifically designed to run on both System/360
and 9020D/E require use of the lowest numbered storage and
will be unable to address some input/output channels when not
run on their home system.

1.2.2 9020A COMPATIBILITY

The 90200 and 9020E Systems are designed to be compatible with the
9020A System. Modifications in some areas were necessary to provide
increased storage element capacity, display processing, and functional

duality for both 9020D and 9020E utilization.

The major differences in the 9020A and 9020D/E hardware result from
the following modifications:

1. SE logout format 5. SATR instruction

2. CE logout format 6. SCON instruction

3. SE storage capacity 7. Operator panels

4, DIAGNOSE instruction 8. Inclusion of four special display

processor instructions.

1.3 COMPUTING ELEMENT

The Computing Element of the IBM 9020D/E contains the logic to
perform arithmetic, logical, and input/output instructions and initiates
storage selection, input/output data transfers, IOCE-processor opera-
tions, and intercomputing-element data transfers.

Data are processed as a 36-bit word made up of four bytes of
information (byte = eight data bits plus parity bit). Data are always
fetched from storage in doublewords (eight bytes) but may be stored by
byte. The computing element has a local store containing 16 general-
purpose registers, four floating-point registers, adder logic, high-
speed transistor registers, and an internal read-only storage used for
control. All data transfers into, out of, and within the computing
element are parity checked on a byte basis.

The Computing Element (CE) operates with a 200-nanosecond machine
cycle. Storage address capability accommodates up to 16,777,216 storage
byte locations.

The cComputing Element may also house an optional 1052 Keyboard
Printer Adapter within the 9020E System.

1.4 STORAGE ELEMENT

Storage Elements (SE), in the form of 65,536 doubleword (doubleword =
eight bytes) modules, have an 0.80-microsecond doubleword cycle (read
and restore). Two-way interleaving is provided to produce an effective
0.40 microsecond doubleword cycle for alternating accesses to- even and
odd addresses. Each storage element is a completely self-contained
unit, with its own registers and power supplies. Each storage element
has seven "tails", which allow up to four CE and three input/output
control elements to access each element. Priority 1logic contained in
each storage element determines which of the seven elements accesses
storage when more than one simultaneous access is attempted. The
input/output control elements have priority over CE's, with each IOCE
contending for priority at the point in its cycle when a storage cycle
is required. Logic will break ties if two or more elements of the same
type attempt simultaneous access to one storage element.

Introduction 3
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1.5 DISPLAY ELEMENT

Display storage is provided within a 9020E System by Display Elements
(DE). These synchronous two-way interleaved elements, which interface
only computing elements and display generators, provide 32,768 double-
words of display storage with an 0.80 microsecond doubleword cycle time.
Each DE is a stand-alone unit containing its own power, registers, and
tails. Up to four computing elements and eight display generators may
be attached to each DE; of the eight display generator interfaces only
four may be active at one time. A fixed, 'slotted', priority scheme is
provided in the DE, allocating one of nine doubleword cycles to the CEs
as a minimum. Those storage cycles normally allocated for the display
generators will be made available to the CEs if not required by the
display generators.

1.6 SYSTEM CONSOLE AND CONFIGURATION CONSOLE

1.6.1 9020D SYSTEM CONSOLE

A valuable tool to trace down system errors -- equipment or
programming -- is the system console. The system console of the IBM
9020D provides the following seven types of indicators and controls:

1) Element error and status indicators

2) Manual controls and switches for the selection of major elements
and certain peripheral units

3) Data and sense switches

4) Computing element register display

5) Power indicators

6) Initial program loading and other unit-control switches

7) An interface to SMMC for subsystem configuration indicators and
check signals.

The system console contains those indicators and controls necessary
for the effective monitoring and operation of the IBM 9020D System.
Equipment out of service for data reduction, maintenance, or diagnostic
tests 1is so indicated on the system console. Operation of such units
for maintenance purposes will be performed from unit test panels or, in
the case of a subsystem configuration, from the individual CE control
panel.

1.6.2 9020E CONFIGURATION CONSOLE

The configuration Console (CC) provides three basic functions for the
9020E System:

1. System Console
2. Reconfiguration Unit for DAU, DG and RKM units.
3. Status Reporting Unit for DG and RKM units.

The System Console portion of the CC contains those indicators and
controls necessary for the effective monitoring and operation of the
9020E System. These include:

1. Element error and status indicators

2. Manual controls and switches for the selection of major
elements and certain peripheral units.

3. Data and Sense switches.

4. Computing Element register display

5. Power indicators.

6. Initial program loading controls.

7. In addition a programmable data path to the SMMC is provided.
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The Reconfiguration Unit portion of the CC provides duplex paths for
configuring and monitoring of DG and RKM units and the 9020E 2701 data
adapter units.

Those indicators necessary for effective system monitoring of the DG
and RKM units are provided on the CC panel. These include:

1. Unit Status Indicators

2. Power Status
3. Check Indicators

1.7 INPUT/OUTPUT CONTROL ELEMENT

The input/output control element (IOCE) is a stand-alone device, made
up of selector channels, one multiplexor channel, and a processor.

From the user's point of view, the IOCE consists of two distinct and
independent functional units sharing a common logic and internal storage
unit (i.e., Maintenance and Channel (MACH) Storage): IOCE - channel
controller and IOCE-processor. Since the IOCE-channel controller and
IOCE-processor are functionally independent, the IOCE can perform I/O
operations and processing operations concurrently.

The IOCE-channel controller receives a basic input/output command
from a selecting CE, energizes the appropriate device, controls the
specified operation, and responds to the CE with interruption informa-
tion. The data path for the IOCE is directly to and from any of the
main-storage elements, or to and from the IOCE's internal (MACH) storage
and is under program control. The storage areas are utilized by the
IOCE as a data-buffer and instruction areas. Each IOCE contains its own
control storage.

The IOCE has the capability of working with a device on each selector
channel and all the devices on the multiplexor channel simultaneously.

Only one CE at a time can control an IOCE. By masking unused
channels, the input/output system program will insure that no interrup-
tions are accepted from the IOCE channels not used by the CE.

The base address that a CE is using to determine its preferential
storage location is supplied to the IOCE(s) with which it is working.
Using the base address, the IOCE routes interruption words to and
fetches certain control words from the proper locations.

The IOCE-processor operation (i.e., instriction execution) is
initiated by a controlling CE. The IOCE-processor can execute a subset
of the IBM 9020 System instruction set with a few special instructions
added. The IOCE-processor has access to all main storage elements and
it's own internal MACH storage for instruction execution and data sets.
The IOCE-processor cannot initiate I/O operations. (See Appendix H).

NOTE: The CE does not have access to MACH storage.

The IOCE may house up to two Channel-to-Channel Adapters.

1.8 PERIPHERAL_ ADAPTER MODULE

The peripheral adapter module satisfies two basic requirements for
real-time processing:

1. Subchannels to provide entry points for multiple devices and a
wide range of data rates and message lengths.

Introduction 5
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2. Priority control of data transfers and program interruptions as
appropriate for individual system configuration.

1.9 TAPE CONTROL UNIT

The magnetic tape units are connected to the I/0 control element via
tape control units. The tape control units provide data byte assembly
and disassembly as well as the control functions for the tape units.
Only one tape drive may be transmitting data to, or accepting data from
a particular tape control unit at a time; however, up to eight tape
drives may be attached to each tape control unit.

The tape control unit is capable of being controlled from two
selector channels on a first-come-first-served basis. In any event, the
TCU must be configured to communicate with either one or both IOCEs. If
one channel attempts to use a tape control unit already operating under
control of another channel, a busy I/O indication will occur.

1.10 STORAGE CONTROL UNIT

The disk storage units are connected to the I/0 control element via
storage control units. The storage control units provide data byte
assembly and disassembly as well as the control functions for the disk
storage units. Only one disk storage unit may be transmitting data to,
or accepting data from a particular storage control unit at a time;
however, up to five disk storage units (maximum configuration is five
2312s or four 2318s and a 2312) may be attached to each storage control
unit for a maximum of eight active and one spare disk module.

The storage control unit is capable or being controlled from two
selector channels on a first-come-first-served basis. In any event, the
SCU must be configured to communicate with either one or both IOCEs. If
one channel attempts to use a storage control unit already operating
under control of another channel, a busy I/O indication will occur.

1.11 DATA ADAPTER UNIT

The Radar ZKeyboard Multiplexers (RKM) associated with the 9020E
System are interfaced to the I/0 control elements via the data adapter
units. The data adapter units provide buffering as well as control
functions for the RKM's. Only one RKM may be transmitting data to/or
accepting data from a data adapter unit; however, up to five RKM's may
be attached to each data adapter unit.

1.12 SYSTEM ALERTS

The interruption system permits a CE to automatically change state as
a result of conditions arising outside of the system, in input/output
(E/0) units, or in a CE itself. Interruption switches the CE from one
program to another by changing not only the instruction address, but all
of the essential machine-status information.

A storage-protection feature permits one program to be preserved when
another program erroneously attempts to store or fetch information in
the area assigned to the first program. Protection does not cause any
loss of performance. Storage operations initiated from a CE, as well as
those initiated from the IOCE-processor or an IOCE channel, are subject
to the protection procedure.

Programs are checked for correct instructions and data as they are
executed. This policing action identifies and separates program errors
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and machine errors. Thus, program errors do not create machine checks
since. each type of error causes a unique interruption. In addition to
an interruption due to machine malfunction, the information necessary to
identify the error is recorded automatically in a predetermined storage
location. This procedure appreciably reduces the mean-time to repair a
machine fault. Moreover, operator errors are reduced by minimizing the
active manual controls. To reduce accidental operator errors, operator
consoles are I/0 devices and function under control of the system
program.

Introduction 7
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CHAPTER 2: SYSTEM STRUCTURE

The basic structure of an IBM 9020D system consists of main-storage,
computing elements (CE), input/output control elements (IOCE) containing
the selector and multiplexor channels and channel-to-channel adapters,
and the input/output devices attached to the channels through control
units. It is possible for subsystems to communicate with each other by
means of shared input/output devices (I/0), shared storage, or direct
control. The basic organization of an IBM 9020D system is shown in
Figure 2-1.

The basic structure of an IBM 9020E System consists of main storage,
display storage, computing elements (CE), input/output control elements
(IOCE) containing the selector and multiplexor channels and channel-to-
channel adapters, and the input/output devices attached to the channels
through control units. It is possible for subsystems to communicate
with each other by means of shared input/output devices, shared storage,
or direct control. The basic organization of an IBM 9020E System is
shown in Figure 2-2.

2.1 MAIN STORAGE .

Storage units are self-contained and self-powered units. The storage
cycle is not directly related to the internal cycling of the CE, thus
permitting selection of optimum storage speed. Each storage unit
provides two-way interleaving for consecutive odd/even doubleword
accesses.

The fetching and storing of data by the CE is not affected by any
concurrent IOCE operation (i.e., I/0 operation or IOCE-processor opera-
tion). When an IOCE is requesting data (fetch operation) from the same
SE as a CE operation, the IOCE access is honored first, followed by the
CE. When the IOCE is storing data, the IOCE access is acknowledged
first, however, due to the basic difference between the machine speeds
of the IOCE and CE, the storage unit will allow the CE to receive the
first storage cycle followed by the IOCE storage cycle. cConcurrent IOCE
and CE references to the same storage element do not cause a machine-
check indication.

Instructions that involve fetching and subsequent storing of data do
not necessarily take the storage cycles contiguously, and it is possible
for any combination of CEs and/or IOCEs to take one or more intervening
cycles. When any combination of CEs and/or IOCEs concurrently cause the
contents of the same location to be updated, such interleaving may cause
the information stored in one of the accesses to be lost or the results
to be meaningless.

For example, if one CE attempts to wupdate a storage location by
executing an instruction, or instructions, that fetch data, update it,
and store it back into the original location, it is possible for another
CE, or an IOCE, to fetch or store data at that same location between the
fetch and store cycles of the first CE. This would result in loss of
the data stored by the second CE, or IOCE.
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TEST AND SET and the immediate instructions (AND, OR, and EXCLUSIVE
OR) avoid this problem by forcing the storage to give the executing CE
two consecutive cycles before allowing any other unit access to that
Storage Element.

2.1.1 INFORMATION FORMATS

The system transmits information between main storage and a CE, eight
bytes at a time. Four bytes at a time are transferred between main
storage and an IOCE. An eight-bit unit of information is called a byte
-- the basic building block of all formats. With each byte a ninth bit,
the parity or check bit, is transmitted. It carries the parity of the
byte. The parity bit cannot be affected by the program. The effect of
improper parity is to cause a machine-check interruption. References to
the size of data fields and registers in this manual generally exclude
the associated parity bits.

Bytes may be handled separately or grouped together in fields. A
halfword is a group of two consecutive bytes and is the basic building
block of instructions. A word is a group of four consecutive bytes; a
double word is a field consisting of two words (Figure 2-3). The
location of any field or group of bytes is specified by the address of
its leftmost byte.

The length of fields is either implied by the operation to be
performed or stated explicitly as part of the instruction. When the
length is implied, the information is said to have a fixed length, which
can be either one, two, four, or eight bytes.

When the length of a field is not implied by the operation code, but
is stated explicitly, the information is said to have variable field
length. Variable-length operands are variable in length by increments
of one byte.

Within any program format or any fixed-length operand format, the
bits making up the format are consecutively numbered from left to right
starting with the number 0.

2.1.2 ADDRESSING

Byte 1locations in storage are consecutively numbered starting with
"logical" 0; each number is considered the address of the corresponding
byte. A group of bytes in storage is addressed by the leftmost byte of
the group. The number of bytes in the group is either implied or
explicitly defined by the operation. The addressing arrangement uses a
24-bit binary address to accommodate a maximum of 16,777,216 byte
addresses. This set of main-storage addresses includes some locations
reserved for special purposes.

An addressing exception is recognized when any part of an operand is
located beyond the available storage capacity of an installation, or
located outside the configured storage, or the storage assigned by the
storage address translator for a particular CE or IOCE. The addressing
exception is only recognized when the address is actually used to
attempt an access, and not during an address manipulation operation
prior to its use.

In the IBM 9020D/E Systems main storage may be shared by more than
one CE and/or IOCE. The address of a byte location is determined by the
content of a ten-position storage address translator (ATR) in each

| accessing element. Addresses generated by the CE and IOCE may be

System Structure 11



JUNE 1, 1971

Byte

A
111000001
I J
0 7
Halfword
r T 1

J | K |
}111010001{11010010}|
L J | ]
0 8 15
Word

T L] 1
| I B | M | 3 |
111001001{11000010]11010100}11110011}
L L | 1 J
0 8 16 24 31
Doubleword
T T T L3
s | U c 1 9 | z T

1

4 F |
111100010]11100100|11110100{11000011§11111001{11101001(11000110}11100011|
L L L L | 1 L ]

0 8 16 24 32 40 48 56 63

Figure 2-3 Sample Information Formats

relocated using the current value of the preferential-storage base
address (Chapter 8). When the preferential-storage base address is
other than zero, CE accesses to the first U4096-byte block of main
storage are relocated, and therefore are not available to the programm-
er. This block is available, however, to the IOCE-processor and IOCE
Channel Controller.

PROGRAMMING NOTE

The IBM 9020D System uses Storage Elements (SE) in modules of 131,072
words (or 524,288 bytes)each. The 9020D configuration provides 4,194,
304 bytes of storage, expandable to 5,242,880 bytes, which represents
eight and ten modules, respectively. Byte addresses extend from 0 to
4,194,303 or 5,242,879 inclusive for main storage in a 9020D System.

2.1.3 INFORMATION POSITIONING

Fixed-length fields, such as halfwords and double words, must be
located in main storage on an integral boundary for that unit of
information. A boundary is called integral for a unit of information
when its storage address is a multiple of the length of the unit in
bytes. For example, words (four bytes) must be located in storage so
that their address is a multiple of the number 4. A halfword (two
bytes) must have an address that is a multiple of the number 2, and
double words (eight bytes) must have an address that is a multiple of
the number 8.

Storage addresses are expressed in binary form. In binary, integral
boundaries for halfwords, words, and double words can be specified only
by the binary addresses in which one, two, or three of the low-order
bits, are zero respectively (Figure 2-4). For example, the integral

12
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boundary for a word is a binary address in which the +two low-order
positions are zero.

Varijiable-length fields are not limited to integral boundaries, but
may start on any byte location.

2.2 DISPLAY ELEMENT

Note: This section is only intended as an introduction to the
display element (DE). Due to the task-oriented architec-
ture of this element, Appendix I should be referenced for
a more detailed discussion of its system functions and
utilization.

Display elements are constructed as self-contained and self-powered
units for wutilization within a 9020E system. These synchronous units
provide a data path from a 9020E system to the display subsystem as well
as providing data storage and some control functions for the display
subsystem.

The DE storage cycle for these units is not directly related to the
internal cycling of the attached units, +thus permitting an optimum
storage speed. Each DE provides two-way interleaving for two consecu-
tive doubleword accesses.

Display elements are accessed by up to four computing ' elements (CE)
and eight display generators (DG) (only four DGs being active at a time).
Unlike SEs the display elements are synchronous or "slotted" devices in
order to provide a synchronous environment to the display subsysten.
Storage access availability is likewise a predetermined "slotted" scheme
which allocates accesses to specific display generator access requests
and to computing elements (as a group). One out of every nine accesses
is allocated to CEs, the remaining eight being allocated to specific DG
access requests. Those accesses specifically allocated to DGs will, if
not required by a specific DG, be made available to the computing
elements.

2.2.1 INFORMATION FORMATS

The CEs transmit information between themselves and DEs eight bytes
at a time (doubleword). Transmission of data from a DE to a display
generator is performed two bytes at a time (halfword). The actual
storage fetch for a DG however, is a quadword (sixteen byte) fetch which
is implemented as two consecutive interleaved odd-even or even-odd
storage cycles. The gquadword fetched is stored in a buffer within the
DE for subsequent transmission to a DG as eight halfword data transfers.

Data within the display element is rigidly formatted for subsequent
transmission to the display subsystem. This formatted data is basically
of a doubleword form. Consequently, there is a minimal requirement for
handling display element data in other than doubleword wunits of
information.

2.2.2 ADDRESSING

The DEs are externally addressed by the CEs in the same manner as an
SE, including address translation via the CE resident ATRs. There is no
external addressing of a DE by a display generator, such addressing
being determined internally by the DE itself (initially specified by the
programmer). Additionally there is no DE selection addressing from
display generators since each display generator can be attached to only
one DE at a time.

Byte locations within each DE are consecutively numbered starting
with 0, each number being considered the address of the corresponding
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byte. Each DE provides 262,144 bytes (65,536 words) of storage. The
first 98 doublewords of each DE are not normally available for data
storage as they are used by the DE logic for address determination
relative to display generator requests.

Display storage addressing from a system standpoint (multiple DEs) is
disjunctive by DE, there being system address "gaps" between each DE.
storage capacity of 262,144 bytes. Additionally, display storage always
begins at physical system byte address 2,621,440 (See Table 8-VI).

PROGRAMMING NOTE

The IBM 9020E System uses Storage Elements (SE) in modules of 131,072
words (524,288 bytes) each and Display Elements (DE) in modules of
65,536 words (262,144 bytes) each. The 9020E configuration provides
2,097,152 bytes of main storage plus 1,048,576 bytes of display storage,
expandable to 2,621,440 and 1,310,720 bytes respectively. This storage
capacity represents four SEs and four DEs expandable to five SEs and
five DEs. Main storage byte addresses range contiguously from 0 to
either 2,097,151 or 2,621,439. Display storage byte addresses range
disjunctively from 2,621,440 through 4,456,447 or 4,980,735. Display
elements do not provide for address wrap-around within the unit nor are
preferential storage areas (either primary or alternate) permitted
within these elements (reference the discussion of Preferential Storage
Base Address Register in Chapter 8).

2.3 COMPUTING ELEMENT

Each computing element (CE) contains the facilities for addressing
main storage and display storage, for fetching or storing information,
for arithmetic and logical processing of data, for sequencing instruc-
tions in the desired order, for initiating IOCE-processor operations,
and for initiating the communication between storage and external
devices.

The system control section provides the normal CE control that guides
the CE through the operations necessary to execute the various
instructions.

The CE provides 16 general registers for fixed-point operands and
four floating-point registers for floating-point operands.

LOW-ORDER FOUR BITS OF BINARY ADDRESS

—a1_
0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010
| T

BYTE BYTE BYTE BYTE BYTE BYTE BYTE BYTE BYTE BYTE BYTE

\ 1 1 1 )
HALFWORD HALFWORD HALFWORD HALFWORD HALFWORD
)
y 4 !
WORD WORD WORD
y ?
> DOUBLE WORD DOUBLE WORD

Figure 2-4 1Integral Boundaries for Halfwords, Words, and Double Words
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2.3.1 GENERAL REGISTERS

The CE can address information in 16 general registers. The general
registers can be used as index registers, in address arithmetic and
indexing, and as accumulators in fixed-point arithmetic and logical
operations. The registers have a capacity of one word (32 bits). The
general registers are identified by numbers 0-15 and are selected by a
four-bit R field in an instruction (Figure 2-6).

For some operations, two adjacent general registers are coupled
together, providing a two-word capacity. In these operations, the
addressed register contains the high-order operand bits and must have an
even address, and the implied register, containing the low-order operand
bits, has the next higher address.

2.3.2 FLOATING-POINT REGISTERS

Four floating-point registers are available for floating-point opera-
tions. They are identified by the numbers 0, 2, 4, and 6 (Figure 2-6).
These floating-point registers, are two words (64 bits) in length and
can contain either a short (one word) or a long (two words) floating-
point operand. A short operand occupies the high-order bits of a
floating-point register. The 1low-order portion of the register is
ignored and remains unchanged in short-precision arithmetic. The
instruction operation code determines which type of register (general or
floating-point) is to be used in an operation.

STORAGE ADDRESS MAIN STORAGE/
DISPLAY STORAGE
4
R e
’ P INSTRUCTIONS y :
= I
COMPUTER GENERATED
| SYSTEM P ADDRESS FIXED-POINT VARIABLE- FLOATING-POINT :
| CONTROL OPERATIONS FIELD-LENGTH OPERATIONS
| OPERATIONS i
l y A |
| |
| |
U e ————— 1

[ r r [ b
| I L
| - ! 16 4 FLOATING-POINT REGISTERS ||

| GENERAL ||
| | REGISTERS L
|
| I Il
| L LOCAL STORAGE |
{_COMPUTING ELEMENT ]

Figure 2-5 Computing Element
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R FIELD REG NO. GENERAL REGISTERS FLOATING-POINT REGISTERS

0000
0001
0010
0011
0100
0101
0110
o
1000
1001
1010 10 ——————
1011
1100 12 ————
1101 13 ———1
1110 14 ———
1mn 15 —————1

C— 328BITS ™3™ C————— 64BITS —————

Rl I NI A I A R =)

D

Figure 2-6 General and Floating-Point Registers

2.4 ARITHMETIC AND LOGICAL UNIT

The arithmetic and logical unit can process binary integers and
floating-point fractions of fixed length, decimal integers of variable
length, and logical information of either fixed or variable length.

Arithmetic and logical operations performed by the CE fall into four
classes: fixed-point arithmetic, decimal arithmetic, floating-point
arithmetic, and logical operations. These classes differ in the data
formats wused, the registers involved, the operations provided, and the
way the field length is stated.

2.4.1 FIXED-POINT ARITHMETIC

The basic arithmetic operand is the 32-bit fixed-point binary word.
Sixteen-bit halfword operands may be specified in most operations for
improved storage utilization. To preserve precision, some products and
all dividends are 64 bits in length (chapter 3).

Because the 32-bit word size conveniently accommodates a 2u4-bit
address, fixed-point arithmetic can be used both for integer operand
arithmetic and for address arithmetic. This combined usage provides
economy of implementation and permits the entire fixed-point instruction
set and several logical operations to be used in address computation.
Thus, multiplication, shifting, and logical manipulation of address
components are provided.
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Halfword
r-T 1
ISl Integer |
i L J
0 1 15
Full Word
1
] Integer |
|
0 1 31

Figure 2-7 Fixed-Point Number Formats

Additions, subtractions, multiplications, divisions, and comparisons
are performed upon an operand in a register and another operand either
in a register or from storage. Multiple-precision operation is made
convenient by the twos-complement notation and by recognition of the
carry from one word to another. A word in one register or a double word
in a pair of adjacent registers may be shifted left or right. A pair of
conversion instructions -- CONVERT TO BINARY and CONVERT TO DECIMAL --
provides transition between decimal and binary radix (number base)
without the wuse of tables. Multiple-register loading and storing
instructions facilitate subroutine switching.

2.4.2 DECIMAL ARITHMETIC

Decimal arithmetic 1lends itself to data-processing procedures that
require few computational steps between the source input and the
documented output. This type of processing is frequently found in
commercial applications, particularly when use is made of problem-
oriented 1languages. Because of the 1limited number of arithmetic
operations performed on each item of data, radix conversion from decimal
to binary and back to decimal is not justified, and the use of registers
for intermediate results yields no advantage over storage-to-storage
processing. Hence, decimal arithmetic is provided, and both operands
and results are located in storage. Decimal arithmetic includes
addition, subtraction, multiplication, division, and comparison.

Decimal numbers are treated as signed integers with a variable-field-
length format from one to 16 bytes in length. Negative numbers are
carried in true form.

The decimal digits 0-9 are represented in the four-bit binary-coded-
decimal form by 0000-1001, respectively (Figure 2-8). The codes
1010-1111 are not valid as digits and are reserved for sign codes; 1011
and 1101 represent a minus; the other four codes are interpreted as
plus. The sign codes generated in decimal arithmetic depend upon the
character set preferred (Figure 2-8). When the extended binary coded
decimal interchange code (EBCDIC) is preferred, the codes are 1100 and
1101. When the ASCII set, expanded to eight bits, is preferred, the
codes are 1010 and 1011. The choice between the two code sets is
determined by a mode bit in the PSW.
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r 1
| |
| |
| Digit Code Sign Code |
| |
| 0 0000 + 1010 |
| 1 0001 - 1011 |
| 2 oo10 + 1100 I
| 3 0011 - 1101 |
| 4 0100 + 1110 [
| 5 o101 + 1111 |
| 6 0110 |
| 7 0111 |
| 8 1000 |
| 9 1001 |
| |
L J

Figure 2-8 Bit Codes for Digits and Signs

Decimal operands and results are represented by four-bit binary-
coded-decimal digits packed two to a byte. They appear in fields of
variable length and are accompanied by a sign in the rightmost four bits
of the low-order byte. operand fields may be located on any byte
boundary, and may have length up to 31 digits and sign. Operands
participating in an operation may have different lengths. Packing of
digits within a byte (Figure 2-9) and of variable-length fields within
storage results in efficient use of storage, in increased arithmetic
performance, and in an improved rate of data transmission between
storage and files.

High-order Byte Low-order Byte
/

r . . T . 3 H . . H H - . H . ] T . 3 T . 3 H s 1
|Digit|Digit|Digit| |Digit|Digit |Digit |Digit|Sign |
L 1. L L L L. 1 L L ]

Figure 2-9 Packed Decimal Number Format

Decimal numbers may also appear in a zoned format as a subset of the
eight-bit alphanumeric character set (Figure 2-10). This representation
is required for character-set sensitive I/0 devices. A zoned format
number carries its sign in the leftmost four bits of the low-order byte.
The zoned format is not used in decimal arithmetic operations. Instruc-
tions are provided for packing and unpacking decimal numbers so that
they may be changed from the zoned to the packed format and vice versa.

High-order Byte Low-order Byte

T T .T T/T ‘l 1‘_T' 1__1
| Zone |Digit|Zone | |pigit|{Zone |Digit|Sign |Digit|
L i L L/L i IS 4 4 4

Figure 2-10 Zoned Decimal Number Format

2.4.3 FLOATING-POINT ARITHMETIC
Floating-point numbers occur in either of two fixed-length formats --

short or long. These formats differ only in the length of the fractions
(Figure 2-11). (See Chapter 5)
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Short Floating-Point Number (One Word)

: /
1 1
S|Characteristic| Fraction
i 1 . /.
0 1 .8 31

Long Floating-Point Number (Double Word)

/
1

S|Characteristic| Fraction
0 1 8 63

Figure 2-11 Short and Long Floating-Point Number Formats

Floating-point operands are either 32 or 64 bits long. The short
length, equivalent to seven decimal places of precision, permits a
maximum number of operands to be placed in storage and gives the
shortest execution times. The long length, used when higher precision
is desired, gives up to 17 decimal places of precision, thus eliminating
most requirements for double-precision arithmetic.

The operand lengths, being powers of 2, permit maximum efficiency in
the use of binary addressing. Floating-point arithmetic is designed to
allow easy transition between two formats.

The fraction of a floating-point number is expressed in hexadecimal
(base 16) digits, each consisting of four binary bits and having the
values 0-15.  In the short format, the fraction consists of six
hexadecimal digits occupying bits 8-31. In the long format the fraction
has 14 hexadecimal digits occupying bits 8-63.

The radix point of the fraction is assumed to be immediately to the
left of the high-order fraction digit. To provide the proper magnitude
for the floating-point number, the fraction is considered to be
multiplied by a power of 16. The characteristic portion, bits 1-7 of
both formats, is used to indicate this power. The characteristic is
treated as an excess-64 number with a range from -64 through +63, and
permits representation of decimal numbers with magnitudes in the range
of 10-78, to 1075,

Bit position 0 in either format is the sign (S) of the fraction. The
fraction of negative numbers is carried in true form.

Four 64-bit floating-point registers are provided. Arithmetic opera-
tions are performed with one operand in a register and another either in
a register or from storage. The result, developed in a register, is
generally of the same length as the operands. The availability of
several floating-point registers eliminates much storing and loading of
intermediate results.

2.4.4 LOGICAL OPERATION

Logical information is handled as fixed- or variable-length data. It
is subject to such operations as comparison, translation, editing, bit
testing, and bit setting. (Chapterx 6)

When used as a fixed-length operand, logical information can consist

of either one, four, or eight bytes and is processed in the general
registers (Figure 2-12).
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A large portion of 1logical information consists of alphabetic or
numeric character codes, called alphanumeric data, and is used for
communication with character-set sensitive I/0 devices. This informa-
tion has the variable-field-length format and can consist of up to 256
bytes (Figure 2-13). It is processed storage to storage, left to right,
an eight-bit byte at a time.

Fixed-Length Logical Operand (One, Four, or Eight Bytes)

r 1
{ Logical Data |
J

Figure 2-12 Fixed-Length Logical Information

Variable-Length Logical Operand (Up to 256 Bytes)

/

T L]
| Character |
/- 4 ¥

T
Character | Character
4.

el

O m—m

8 16

Figure 2-13 Variable-Length Logical Information

The CE can handle any eight-bit character set, although certain
restrictions are assumed in the decimal arithmetic and editing opera-
tions. However, all character-set sensitive I/0 equipment will assume
either the Extended Binary-Coded-Decimal Interchange Code (EBCDIC)
[Figure 2-14] or the United States of America Standard Code for
Information Interchange (USASCII-8) (Figure 2-15).

The numbering convention for bit positions within a character differ
for each code. The conventions are as follows:

Bit Positions
EBCDIC 01234567
USASCII-8 87654321

The preferred codes do not have a graphic defined for all 256
eight-bit codes. When it is desirable to represent all possible bit
patterns, a hexadecimal representation may be used instead of the
preferred eight-bit . code. The hexadecimal representation uses one
graphic for a four-bit code, and therefore, two graphics for a eight-bit
byte. The graphics 0-9 are used for codes 0000-1001; the graphics A-F
are used for codes 1010-1111.
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:t_-,, 00 o 10 1 Bit Positions 0,1
[=} . Py
5 2 o J o [l n o | o |0 n o [ o Tl n 00 [ o T 10 T v 1Ysirpositions 2,3
w5 0 1 2 3 4 5 6 7 8 9 A ] C D E F First Hexadecimal Digit
- o
T 8 i En2 12 12 12 12 12 12! 12
§ § %
= T § 11 11 17 17 11 11 11 11
H T % Zone Punches
= 8§ 3 0 0 0 0 0 0 0 0
z 8 2
2.2 9 9 9 9 9 9 9 9
1 2 3 4 5 é 7 8 9 10 ) 12
0000 10 BEM WUl | DLE | DS | & | - o B
4
0001 | 1 18 SOH [ DC1 | SOS /@ a i A J 1 1
0010 | 2 20 sTx | DC2 | Fs SYN b k s 8 K H 2 2
ool | 3 3@ ETX | TM c I t [ L T 3 3
o100 | 4 BEL4H Pr RES | BYP | PN d m u D M u 4 4
00 )5 584 HT NL LF RS e n v E N v 5 El
one |6 6 LC BS ETB | uc f ° w F o w 6 6
o |7E879 oeL | ESC | eor ] P x G 4 X 7 7
1000 |8 B 18 CAN h q y H Q Y 8 [
1000 |9 E8-1 EM i r z ! R z 9 9
®
1000 | Af8-2ld smm | cc | sm ¢ ! : 8-2
o1 | B E8-3 v | cul | cuz | cua $ , /) 8-3
oo |c fa-44 FF IES pcd | < . % | @ 8-4
noi |o §a-sll cr | 165 | Ena | Nnak | ¢ ) - ' 8-3
1m0 |E [8-68 SO | ks | ACK + ; > = 8-4)
1 | r ge-7R st ws | BeL | sus | - ? " 8-7
12 12 12| 12 12 12 12 2 el
3
11 i1 Jil 11 11 11 11 11 ]
Zone Punches 5
0 0 0 0 0 0 0 0 :
&
9 9 9 9 9 2 9 ki a
Card Hole Patterns
@ 12-0-9-8-1 (® No Punches @ 120 @ o
@ 12-11-9-81 ® 2 -0 @ n-o91
@ 1-0-9-8-1 @n @ os-2 ® 121
@ 12-11-0-9-8-1 12-11-0 ® o
Control Character Repr‘esemarions Special Graphic Characters
ACK  Acknowledge EOT  End of Transmission PF Punch OFf ¢ Cent Sign - Minus Sign,Hyphen
BEL Bell ESC Escape PN Punch On . Period, Decimal Point / Slash
BS Backspace ET8 End of Transmission Block RES Restore < Less=than Sign , Comma
BYP  Bypass ETX End of Text RS Reader Stop (  Left Parenthesis % Percent
CAN  Cancel FF Form Feed H Shift In +  Plus Sign _ Underscore
CC  Cursor Contral FS Field Separator SM Set Mode | Logical OR > Greater-than Sign
CR Carrioge Return HT Horizontal Tab SMM  Start of Manual Message &  Ampersand ?  Question Mark
CUl  Customer Use 1 IFs Interchange File Separator SO Shift Out 1 Exclamation Point :  Colon
CU2  Customer Use 2 1GS Interchange Group Separatar SOH Start of Heading §  Dollar Sign #  Number Sign
CU3  Customer Use 3 L Idle SOSs Start of Significance * Asterisk @ At Sign
DC1  Device Control 1 IRS Interchange Record Separator SP Space ) Right Parenthesis ' Prime,Apostrophe
DC2 Device Control 2 s Interchange Unit Separator STX Start of Text ;  Semicolon = Equal Sign
DC4 Device Control 4 Lc Lower Case SuB Substitute = Logical NOT " Quotation Mark
DEL  Delete LF Line Feed SYN  Synchronous Idle
DLE  Data Link Escape NAK  Negative Acknowledge ™ Tope Mark
DS Digit Select NL New Line uw Upper Case
EM  End.of Medium NUL  Null 4 Vertical Tab
ENQ Enquiry

| Figure 2-14 Extended Binary Coded Decimal Interchange Code
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:‘;’
a
3
T
£ 2
£ 3 % o 10 [ } 8it Positions 8,7
pe g 00 [or JTroTnnfooJorTio i TooTor Jwo | vw oo ot 10 11 1}BiPositons 6,5
o T2 s [ 4 5] 6l 7181 91 A8l C D E F |}FisHexadecimal Digit
0000 | 0 { NUL | DLE SP 0 @ P N P
0001 | 1 | SOH | DCY 1O 1 Al Q a | q
00102 [ sTx [bc2 w2 B | R b | r
oon | 3 [ETX [DC3 7|3 c|s ¢
0100 | 4 [ EOT | DC4 $ | 4 D | T d
0101 | 5 | ENQINAK % | 5 E | U o
0110 [ 6 | ACK [ SYN & | 6 F |V Fl v
0111 | 7 | BEL | ETB ' 7 G | W g | w
1000 8| Bs [cAN (| s H | x h | x
1001 {9 | HT | EM ) |9 [y i y
1010 [A] tF ['sus|. 1 J | Z i z
1011 [ B[ v |ESC + | 5 K [ k
TI00 |[C| FF | FS | < N \ [
noi [p] cr | Gs -1 = M]3 m
1mofel so ] rs . > N | A® n | ~
T [F| I | US 7 |7 o= "o | DEL

If IBM equipment implementing USASCIi-8 is provided, the graphic | {Logical OR) will be used
q P
instead of | (Exclamation Point).

@ If IBM equipment implementing USASCII-8 is provided, the graphic —1(Logical NOT) will be

used instead of A (Circumflex).

NOTE: Current activities in committees under the auspices of the United States of America Standards Institute may result
in changes to the characters and/or structure of the eight=bit representation of USASCI devised by the Institute.
Such changes may cause the eight=bit rep ion of USASCII impl d in System/360 (USASCII-8) to be
different from a future USA Standard. Since a difference of this nature may eventually lead to a modification of
System/360, it is recommended that users avoid: (1) operation with PSW bit 12 set to 1, and (2) the use of any
sign codes in decimal data other than those preferred for EBCDIC.

Control Character Representations

Special Graphic Characters

NUL  Null DLE  Data Link Escape (CC) SP  Space < Less Than
SOR  Start of Heading (CC) DC1 Device Control 1 | Exclamation Point = Equals
STX  Start of Text (CC) DC2  Device Control 2 | Logical OR > Greater Than
ETX  End of Text (CC) DC3  Device Control 3 " " Quotation Marks ? Question Mark
EOT  End of Transmission (CC) DC4  Device Control 4 ’ Number Sign @ Commercial At
ENQ Enquiry (CC) NAK  Negative Acknowledge (CC) $ Dollar Sign [ Opening Bracket
ACK  Acknowledge (CC) SYN  Synchronous Idle (CC) %  Percent \ Reverse Slant
BEL  Bell ETB  End of Transmission Block (CC) &  Ampersand ] Closing Bracket
8s Backspace (FE) CAN  Cancel ' Apostrophe A Circumflex
HT Horizontal Tabulation (FE) EM End of Medium { Opening Parenthesis - Logical NOT
LF Line Feed (FE) SUB  Substitute ) Closing Parenthesis Underline
v Vertical Tabulation (FE) ESC  Escope - Asterisk ~ Grave Accent
FF Form Feed (FE) FS File Separator (IS) + Plus ‘ Opening Brace
CR Carriage Return (FE) GS  Group Separator (IS) , Comma | Vertical Line (This graphic is
SO Shift Out RS Record Separator (IS) - Hyphen (Minus) stylized to distinguish it from
Sl Shift In us Unit Separator (IS) . Period (Decimal Point) Logical OR)
[ DEL  Delete /  Slant } Closing Brace
(CC) Communication Control : Colon ~ Tilde
(FE)  Format Effector 3 Semicolon
(IS)  Information Separator
| Figure 2-15 United States of America Standard Code for Information

| Interchange
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2.5 PROGRAM EXECUTION

Each CE program consists of instructions, index words, and control
words specifying the operations to be performed. This information
resides in main storage and general registers, and may be operated upon
as data.

2.5.1 INSTRUCTION FORMAT

The length of an instruction format can be one, two, or three
halfwords. It is related to the number of storage addresses necessary
for the operation. An instruction consisting of only one halfword
causes no reference to main storage. A two-halfword instruction
provides one storage address specification; a three-halfword instruction
provide two storage address specifications. All instructions must be
located in storage on integral boundaries for halfwords. Figure 2-16
shows five basic instruction formats.

The five basic instruction formats are denoted by the format codes
RR, RX, RS, SI, and SS. The format codes express, in general terms, the
operation to be performed. RR denotes a register-to-register operation;
RX, a register-to-indexed-storage operation; RS, a register-to-storage
operation; SI, a storage and immediate-operand operation; and SS, a
storage-to-storage operation. An immediate operand is one contained
within the instruction.

For purposes of describing the execution of instructions, operands
are designated as first and second operands and, in the case of load or
store multiple, 1load chain and branch-on-index instructions, third
operands. These names refer to the manner in which the operands
participate. The operand to which a field in an instruction format
applies is generally denoted by the number following the code name of
the field, for example, Ry, By, Lo, Di.

In each format, the first instruction halfword consists of two parts.
The first byte contains the operation code (op code). The length and
format of an instruction are specified by the first two bits of the
operation code.
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Figure 2-16 Five Basic Instruction Formats

TABLE 2-I INSTRUCTION LENGTH RECORDING

_JUNE 1, 1971

LI Ll L]

| |

BIT POSITIONS INSTRUCTION | INSTRUCTION |
(0-1) LENGTH { FORMAT |
+ 4 '

T 1 B

| | |

00 One halfword | RR |
01 Two halfwords | RX |
10 Two halfwords | RS or SI |
11 Three halfwords| SsS |
L J

eight-bit field.
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The second byte is used either as two 4-bit fields or as a

This byte can contain the following information:
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Four-bit operand register specification (Ry, Rz, Or Rj)
Four-bit index register specification (X3)

Four-bit mask (M,)

Four-bit operand length specification (L; or Lj)
Eight-bit operand length specification (L)

Eight-bit byte of immediate data (I;)

In some instructions a four-bit field or the whole second byte of the
first halfword is ignored.

The second and third halfwords always have the same format:

Four-bit base register designator (B, or B;), followed by a 12-bit
displacement (Dy or D;).

2.5.2 ADDRESS GENERATION

For addressing purposes, operands can be grouped in three classes:
explicitly addressed operands in main storage, immediate operands placed
as part of the instruction stream in main storage, and operands located
in the general or floating-point registers.

To permit the ready relocation of program segments and to provide for
the flexible specifications of input, output, and working areas, all
instructions referring to main storage are given the capacity of
employing a full address.

The address used to refer to main storage is generated from the
following three binary numbers:

Base Address__ (B) is a 24-bit number contained in a general register
specifed by the program in the B field of the instruction. The B field
is included in every address specification. The base address can be
used as a means of static relocation of programs and data. In
array-type calculations, it can specify the location of an array and, in
record-type processing, it can identify the record. The base address
provides for addressing the entire main storage. The base address may
also be used for indexing purposes. )

Index (X) is a 24-bit number contained in a general register
specified by the program in the X field of the instruction. It is
included only in the address specified by the RX instruction format.
The RX format instructions permit double indexing; i.e., the index can
be used to provide the address of an element within an array.

Displacement (D) is a 12-bit number contained in the instruction
format. It is included in every address computation. The displacement
provides for relative addressing up to 4095 bytes beyond the element or
base address. In array-type calculations the displacement can be used
to specify one of many items associated with an element. In the
processing of records, the displacement can be used to identify items
within a record.

In forming the address, the base address and index are treated as
unsigned 24-bit positive binary integers. The displacement is similarly
treated as a 12-bit positive binary integer. The three are added as
24-bit binary numbers, ignoring overflow. Since every address includes
a base, the sum is always 24 bits long. The address bits are numbered
8-31 corresponding to the numbering of the base address and index bits
in the general register.

The program may have zeros in the base address, index, or displace-

ment fields. A zero is used to indicate the absence of the correspond-
ing address component. A base or index of 2zero implies that a =zero
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quantity is to be used in forming the address, regardless of the
contents of general register 0. A displacement of zero has no special
significance. Initialization, modification, and testing of base
addresses and indexes can be carried out by fixed-point instructions, or
by BRANCH AND LINK, BRANCH ON COUNT, oxr BRANCH-ON-INDEX instructions.

As an aid in describing the logic of the instruction format, examples
of two instructions and their related instruction formats follow.

RR_Format

T 1] 1
aad [ 7 | 9 |
[

8 12 15

O ==
=
-

Execution of the ADD instruction adds the contents of general
register 9 to the contents of general register 7 and the sum of the
addition is placed in general register 7.

RX Format

T T
Store | 3 | 10 14 300
L

- e

O r——

8 12 16 20 31

Execution of the STORE instruction stores the contents of general
register 3 at a main-storage location addressed by the sum of 300 and
the low-order 24 bits of general registers 14 and 10.

2.5.3 SEQUENTIAL INSTRUCTION EXECUTION

Normally, the operation of the CE is controlled by instructions taken
in sequence. An instruction is fetched from a location specified by the
instruction address in the current program status word (PSW). The
instruction address is then increased by the number of bytes in the
instruction fetched to address the next instruction in sequence. The
instruction is then executed and the same steps are repeated using the
new value of the instruction address.

A change from sequential operation may be caused by branching, status
switching, interruptions, certain external signals, or manual
intervention. :

2.5.4 BRANCHING

The normal sequential execution of instructions is changed when
reference is made to a subroutine,or when a two-way choice is encoun-
tered, or when a segment of coding, such as a loop, is to be repeated.
All these tasks can be accomplished with branching instructions (Chapter
7). Subroutine linkage permits not only the introduction of a new
instruction address but also the preservation of the return address and
associated information.

Decision-making is generally and symmetrically provided by the BRANCH
ON CONDITION instruction. This instruction inspects a two-bit condition
code that reflects the result of a majority of the arithmetic, logical,
and I/O operations. Each of these operations can set the code in any
one of four states, and the conditional branch can specify any selection
of these four states as the criterion for branching. For example, the
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condition code reflects such conditions as nonzero, first operand high,
equal, overflow, channel busy, zero, etc. Once set, the condition code
remains unchanged until modified by an instruction that reflects a
different condition code.

The two bits of the condition code provide for four possible
condition-code settings: 0, 1, 2, and 3. The specific meaning of any
setting is significant only to the operation setting the condition code.

Loop control can be performed by the conditional branch when it tests
the outcome of address arithmetic and counting operations. For some
particularly frequent combinations of arithmetic and tests, the instruc-
tions BRANCH ON COUNT and BRANCH ON INDEX instructions are provided.
These branches, being specialized, provide increased performance for
these tasks.

2.5.5 PROGRAM STATUS WORD

A double word, the program status word (PSW), contains the informa-
tion required for proper program execution. The PSW includes the
instruction address, condition code and other fields to be discussed.
In general, the PSW is used to control instruction sequencing and to
hold and indicate the status of the system in relation to the program
currently being executed. The active or controlling PSW is called the
"current PSW". By storing the current PSW during an interruption, the
status of the CE can be preserved for subsequent inspection. By loading
a new PSW or part of a PSW, the state of the CE can be initialized or
changed. Figure 2-17 shows the PSW format. (See Chapter 8)
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| ‘ |
M | INTERRUPTION CODE |
! |

20 31

INSTRUCTION ADDRESS

AR——

7 System mask
Multiplexor channel
Selector channel 1A
Selector channel 2A
Selector channel 3A
Multiplexor channel
Selector channel 1B
Selector channel 2B

63

A mask
mask
mask
mask
B mask
mask
mask

N~NouvsEwNe=oO |

External mask
Protection key
12 USASCII-8 Mode (A)
13 Machine Check Mask (M)
14 Wait State (W)
‘ 15 Problem state (P)
16 - 19 System mask
16 Selector channel 3B mask
17 Multiplexor channel C mask
18 Selector channel 1C mask
19 Selector channel 2C mask
20 - 31 Interruption code
32 - 33 Instruction length code (ILC)
34 - 35 Condition code (CC)
36 - 39 Program mask
36 Fixed-point overflow mask
37 Decimal overflow mask
38 Exponent underflow mask
39 Significance mask
40 - 63 Instruction address

[=-]
[
[Ry
=

Figure 2-17 Program Status Word Format

2.5.6 INTERRUPTIONS

The interruption system permits the CE to change state as a result of
conditions external to the system, in input/output (I/0) units or in the
CE itself. Five classes of interruption conditions are possible: I/0,
program, supervisor call, external, and machine check. (Chapter 9)

Each class has two related PSWs called "o0ld" and "new" in unique
preferential main-storage locations (Figure 2-18). The location of the
preferential-storage area is determined by a base address in each CE,
thus allowing different areas to be assigned for each CE. All addresses
generated automatically by the CE are constructed using the current
value of the preferential-storage base address. In all classes, an
interruption involves merely storing the current PSW in its "old"
position and making the PSW at the "new" position the current PSW. The
"0old" PSW holds all necessary status information of the system existing
at the time of the interruption. If, at the conclusion of the
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interruption routine, there 1is an instruction to make the old PSW the
current PSW, the system is restored to the state prior to the
interruption and the interrupted routine continues. The following table
lists the main-storage location in the preferential-storage area. The
addresses shown are relative to the preferential-storage base address.

PERMANENT STORAGE ASSIGNMENT

T
ADDRESS | LENGTH

PURPOSE

| L]

0 |[0000 0000| double word

8 |0000 1000| double word
16 |0001 0000| double woxrd
24 {0001 1000| double word
32 {0010 0000| double word
40 |0010 1000| double word Program old PSW
48 {0011 0000| double word Machine check old PSW

T

|

+

| Initial program loading PSW
|
|
|
|
I

56 |0011 1000| double word | Input/output old PSW

|
|
|
i
|
|
|
|
|
|
|
L

Initial program loading CCW1i
Initial program loading CCW2
External old PSW

Supervisor call old PSW

64 [0100 0000| double word Channel status word

72 |0100 1000| word Channel address word

76 |0100 1100| word Unused

80 [0101 0000] word Timer

84 |0101 0100| word Unused

88 |0101 1000| double word External new PSW

96 |0110 0000| double word Supervisor call new PSW
104 |0110 1000| double word Program new PSW

112 | 0111 0000| double word Machine check new PSW
120 {0111 1000] double word Input/output new PSW
128 |1000 0000] Diagnostic logout area#*

L L

S U ————
e . . T e S ey S— — T — —— — — — —— —— — — i — i gv— o]

* The diagnostic logout area extends through byte location 511.

Figure 2-18 Preferential Storage Assignments

Interruptions are taken only when the CE is interruptable for the
interruption source. The system mask, program mask, and machine check
mask bits in the PSW may be used to mask certain interruptions. When
masked off, an interruption either remains pending or is ignored. The
system mask may keep I/0 and external interruptions pending, the program
mask may cause four of the program interruptions to be ignored, and the
machine-check mask may cause machine-check interruptions +to remain
pending. Other interruptions cannot be masked off. With the exception
of CONVERT and SORT SYMBOLS, CONVERT WEATHER LINES, REPACK SYMBOLS, and
DELAY, an interruption always takes place after one instruction intex-
pretation is finished and before a new instruction execution is started.
However, the occurrence of an interruption may affect the execution of
the current instruction. To permit proper programmed action following
an interruption, the cause of +the interruption is identified and
provision is made to locate the last executed instruction.

2.5.6.1 Input/Output Interruption

An I/0 interruption provides a means by which the CE responds to
conditions in the IOCE channels, to which it is configured, and I/O
units.

An I/0 interruption can occur only when the related channel is not
masked. The address of the channel and I/0 unit involved are recorded
in the old PSW. Further information concerning the I/0 action is
preserved in the channel status word (CSW) which is stored in location
64 of the preferential-storage area during the interruption.
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2.5.6.2 Program Interruption

Unusual conditions encountered in a program create program interrup-
tions. They include incorrect operands and operand specifications, as
well as exceptional results. Failure of an IOCE to gain access to a
preferential storage area (PSA) creates a PSA lockout exception which is
also recognized as a program interruption. The interruption code
identifies the interruption cause. The different causes that may occur
are shown in Figure 2-19.

] T L)
| | |
| Interruption | Program Interruption | Mask |
| code Cause | Bit |
i | ]
| 1 00000001 Operation | |
{ 2 00000010 Privileged operation | |
| 3 00000011 Execute | |
| 4 00000100 Protection | |
| 5 00000101 Addressing | |
i 6 00000110 | Specification | |
| 7 00000111 | Data | |
| 8 00001000 | Fixed-point overflow | 36 |
| 9 00001001 | Fixed-point divide | |
| 10 00001010 | Decimal overflow | 37 |
| 11 00001011 | Decimal divide | |
| 12 00001100 | Exponent overflow 1 |
| 13 00001101 | Exponent underflow | 38 |
] 14 00001110 | significance | 39 |
| 15 00001111 | Floating-point divide | |
| 16 00010000 | IOCE-3 PSA lockout | |
{ 32 00100000 | IOCE-2 PSA lockout | |
] 64 01000000 | IOCE-1 PSA lockout | |
‘| 128 10000000 | SE stopped | |
L L L i

Figure 2-19 Interruption Ccode for Program Interruption

2.5.6.3 Supervisor Call Interruption

This interruption occurs as a result of execution of the instruction,
SUPERVISOR CALL. Eight bits from the instruction format are placed in
the interruption code of the old PSW, permitting an identification to be
associated with the interruptions. A major use for the instruction
SUPERVISOR CALL is to switch from the problem-state to the supervisor
state. This interruption may also be used for other modes of status-
switching. (Chapter 8)

2.5.6.4 External Intexruption

The external interruption provides the means by which the CE responds
to signals from the interrupt switch on the system console, config-
uration console or CE control panel, the timer, the external signals of
Direct cControl (CE or IOCE-processor), and the diagnose accessible
register (DAR). (Chapter 9)

With the exception of abnormal condition signals, which are also
masked by the DAR mask and may be subject to configuration control, an
external interruption can occur only when the system mask bit 7 is one.

The source of the interruption is identified by the interruption code
in bits 20-31 of the PSW. (Figure 2-20)
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L] 1
Interruption | External |
Code Bit | Interruption Cause Mask Bit
4
]
i l |
| 20 | CE1 Read direct 7
| 21 |CE1 Write direct 7
| 22 | CE2 Read direct 7
| 23 |CE2 Write direct 7
24 | Timer 7
25 | Interrupt switch 7
26 | CE3 Read direct | 7
27 |CE3 Write direct | 7
28 | CE4t Read direct | 7
29 |CE4 Write direct | 7
30 | Processor Interruption| 7
|Register |
31 | Diagnose accessible | 7 |
|register | |
L i (]

Figure 2-20 Interruption Code for External Interruption

2.5.6.5 Machine Check Interruption

The occurence of a machine check (CE malfunction) terminates the
current instruction, initiates a CE diagnostic procedure, and subse-
quently causes the machine-check interruption. The occurence of a
machine check (IOCE malfunction) terminates the current instruction if
an I1I/0 instruction, initiates an IOCE diagnostic procedure, and subse-
quently causes the machine-check interruption. The occurence of a
machine check (Read Direct Timeout) terminates the current instruction
and subsequently causes the machine check interruption; no diagnostic
procedure is performed. A machine-check interruption can occur only
when PSW mask bit 13 is one. A machine check cannot be caused by
erroneous data or instructions. The diagnostic scan is performed into
the logout area which starts at location 128 and extends through
location 511 in each of the preferential-storage areas. Proper execu-
tion of these steps depends on the nature of the machine check (Chapter
9). The interruption code identifies the interruption cause. (Figure
2-21)

T ]
| Interruption Machine Check Mask |
| Code Interruption Cause Bit |
[ ]
I 1
| 0 | CE Malfunction | 13 |
| 1 | IOCE-1 Malfunction | 13 |
| 2 | IOCE-2 Malfunction | 13 |
| 3 | IOCE-3 Malfunction | 13 |
| 4 | Read Direct Timeout | 13 |
L y) L ]

Figure 2-21 Interruption Code for Machine Check Interruption

2.5.6.6 Priority of Interruption

During execution of an instruction, several interruption requests may
occur. Simultaneous interruption requests are honored in the following
predetermined order:

Machine Check
Program or Supervisor Call
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External
Input/Output

The program and supervisor-call interruptions are mutually exclusive
and cannot occur at the same time.

When more than one interruption cause requests service, the action
consists of storing the old PSW and fetching the new PSW belonging to
the interruption which is taken first. This new PSW subsequently is
stored without any instruction execution and the next interruption PSW
is fetched. This process continues until no more interruptions are to
be serviced. When the 1last interruption request has been serviced,
instruction execution is resumed using the PSW last fetched. The order
of execution of the interruption subroutines is, therefore, the reverse
of the order in which the interruption requests are serviced.

Thus, the most important interruption subroutines -- I/0, external,
program or supervisor call -- are actually serviced first. Machine
check, when it occurs, does not allow any other interruptions to be
taken.

2.5.6.7 Program States

The overall status of each CE is determined by several program-state
alternatives, each of which can be changed independently to its opposite
and most of which are indicated by a bit or bits in the PSW. The four
types of program-state alternatives, which determine the over-all
status, are named stopped or operating, running or waiting, masked or
interruptable, and supervisor or problem state. These states differ in
the way they affect the CE functions, and the manner in which their
status is indicated and switched. All program states are independent of
each other in their function, indication, and status-switching (Chapter
8).

Stopped or Operating States: The stopped state is entered and left
by either programmed or manual procedures. Instructions are not
executed, interruptions are not accepted, and the timer is not updated.
In the operating state, the CE is capable of executing instructions,
being interrupted, and the timer is allowed to update.

Running or Waiting State: 1In the running state, instruction fetching
and execution proceed in the normal manner. The wait state is normally
entered by the program to await an interruption, for example, an I/0
interruption or operator intervention from the console. In the wait
state, .no instructions are processed, the timer is updated, and I/0 and
external interruptions are accepted, unless masked. Running or waiting
state is determined by the setting of bit 14 in the PSW.

Masked or Interruptable State: The CE may be interruptable or masked
for the system, program, and machine-check interruptions. When the CE
is interruptible for a class of interruptions, these interruptions are
accepted. When the CE is masked, the system and machine-check interrup-
tions remain pending, whereas program interruptions are ignored. The
interruptable states of the CE are changed by changing the mask bits of
the PSW.

Supervisor or Problem State: In the problem state, all I/0O instruc-
tions and a group of control instructions are invalid. In the
supexvisor state, all instructions are valid. The choice of problem or
supervisor state is determined by bit 15 of the PSW.
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2.6 PROTECTION

Store protection is provided to protect the contents of certain areas
of main storage or display storage from destruction due to storing of
erroneocus information during the execution of a program. Similarly,
fetch protection is provided to protect @ program from making erroneous
use of the contents of certain areas of storage as data or instructions.
This protection is achieved by identifying blocks of storage with a
storage key and comparing this key with a protection key supplied with
the address of the location to be accessed. The detection of a mismatch
results in a protection interruption (Chapter 8).

For protection purposes main storage and display storage are divided
into blocks of 2048 bytes. A five-bit storage key is associated with
each block. When data are stored in a storage block, the four
high-order bits of the storage key are compared with the protection key.
When data are fetched, the fetch-protection (fifth, i.e., low-order) bit
is inspected. When the fetch-protection bit is one, the four high-order
bits of the storage key are compared with the protection key. The
protection key of the current PSW is used as the comparand when a
storage access is specified by an instruction. When a main storage
access is specified by a channel operation, a protection key supplied by
the channel is used as the comparand. The keys are said to match when
they are equal or when either one is zero.

The storage key is not part of addressable storage. The key is
changed by SET STORAGE KEY and is inspected by INSERT STORAGE KEY. The
protection key in the PSW occupies bits 8-11 of that control word. The
protection key of a channel is recorded in bits 0-3 of the CSW, which is
stored as a result of the channel operation. When a protection mismatch
due to an instruction is detected, the execution of this instruction is
suppressed or terminated, and the program execution is altered by an
interruption. The content of the protected storage location always
remains unchanged on a store-protection violation, and is never loaded
into an addressable register or moved to another storage location on a
fetch-protection violation.

Protection mismatch due to an I/O operation causes the data transmis-
sion to be terminated in such a manner that the content of the protected
main or display storage location remains unchanged on a store-protection
violation, and is not recorded on an output medium on a fetch-protection
violation. The mismatch is indicated in the CSW stored as a result of
the operation.

Storage protection applies to main storage (SE) and display storage
(DE) references only. This protection is effective in main storage for
all CE and IOCE accesses and in display storage for CE accesses only.
Storage protection is not provided for IOCE MACH storage access (i.e.,
during I/O operations or IOCE-processor operation), nor is it provided
within display storage for display generator accesses.

2.7 TIMER

The timer is provided as an interval timer and may be programmed to
maintain the time of day. The timer consists of a full word in
preferential-main-storage location 80. The timer word is counted down
at a rate of 60 cycles per second. The timer word is treated as a
signed integer following the rules of fixed-point arithmetic. An
external interruption condition is signaled when the value of the timer
word goes from positive to negative. The full cycle time of the timer
is 15.5 hours. (Chapter 9)

The +timer is wupdated automatically at the end of each instruction
execution but is not updated in the stopped state. The timer is changed
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by addressing preferential-storage location 80. As an interval timer,
the timer is wused to measure elapsed time over relatively short
intervals. It can be set to any value at any time.

The timer is not updated whenever the CE is in state =zero with the
Disable Timer Switch on.

2.8 DIRECT CONTROL

CE Direct Control provides two instructions -- READ DIRECT and WRITE
DIRECT -- and external interruption lines. The instructions provide for
the transfer of a single byte of information between computing elements.
WRITE DIRECT may also be used to cause the external start or external
stop of another CE, the logout of another CE or an IOCE, or the start,
stop, or interruption of an IOCE-processor. (See Chapter 9.)

IOCE-processor Direct Control provides one instruction -- WRITE
DIRECT -- and an external interruption line to computing elements. This
instruction is wused by an IOCE-processor to request an external
interruption in the controlling CE.

Each of the external signal lines, when pulsed, sets up conditions
for an external interruption.

2.9 MULTIPROCESSOR OPERATION

2.9.1 COMPUTING ELEMENT

The design of +the IBM 9020D and 9020E Systems permit communication
between individual CE's at several transmission rates. The communica-
tion is possible through shared control units, through CE Direct Control
and through shared storage. CE Direct cControl, described in the
previous section, can be used to signal from one CE to another and from
a CE to an IOCE. Multiprocessor operation provides direct address
relocation, malfunction indication, and electronic CE initialization.
(See Chapter 8.) '

The relocation procedure applies to the first 4,096 bytes of storage.
This area contains all permanent storage assignments and, generally, has
special significance to supervisory programs. The relocation is accomp-
lished by a preferential-storage base address register that determines
the location of this storage ‘area. Instructions are provided for
loading and storing this base address.

To alert one CE to the possible malfunction of another CE, an element
check (EILC) out-signal is provided, which can serve as an external
interruption to another CE.

Finally, provision is made for an external start or external stop
initiated by a signal from another CE.

2.9.2 IOCE-PROCESSOR OPERATION

The design of the IBM 9020 System permits the IOCE to perform
processing in addition to controlling I/O operations. From the user's
viewpoint, the IOCE-processor operation and I/O operations are indepen-
dent of each other and can be performed concurrently.

The IOCE-processor is under control of a CE. Processing (i.e.,
instruction execution) is initiated by a controlling CE. As is true for
I/0 operations, once initiated, IOCE-processing is independent of the
CE. The IOCE-processor can execute a subset of +the IBM 9020 System
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instruction set with a few special instructions added. The IOCE-
processor has access to main storage (as well as the internal (MACH)
storage in the IOCE) for instruction execution and data sets. An IOCE
Direct Control facility is provided to allow the IOCE-processor to
signal external interruption requests to its controlling CE. (See
Section 2.8). The IOCE-processor cannot initiate I/0 operations. (See
Appendix H for more details on the IOCE-processor.)

2.10 DISPLAY PROCESSOR OPERATION

2.10.1 COMPUTING ELEMENT

The design of +the IBM 9020D and 9020E Systems computing element
provides several task-oriented instructions for utilization in the 9020E
Display Channel Processor environment. These instructions provide for
storage paging, processing of radar and weather line input data, and for
data management of display storage. These instructions are described in
Chapter 8.

2.11 INPUT/OUTPUT

The following information is introductory in nature. For thorough
definition of the input/output system, see "Input/Output Operations".
(Chapter 10) :

2.11.1 INPUT/OUTPUT DEVICES AND CONTROIL UNITS

Input/output operations involve the transfer of information to or
from storage and an I/0 device. Input/output devices include such
equipment as card readers and punches, magnetic tape units, printer-
keyboard devices, page printers, peripheral adapter modules (PAM), data
adapter units, channel-to-channel adapters, storage control units, etc.

Many I/0 devices function with an external document, such as a
punched card, disk pack or a reel of magnetic tape. Some I/0 devices
handle only electrical signals, such as those found in printer-keyboard
devices. 1In either case, I/0 device operation is regulated by a control
unit. The control-unit function may be housed with the I/O device, the
channels, or a separate control unit may be wused. In all cases,the
control-unit function provides +the logical and buffering capabilities
necessary to operate the associated I/0 device. From the programming
point of view, most control-unit functions merge with I/0 device
functions.

Each control unit functions only with the I/O device for which it is
designed, but each control unit has standard-signal connections with
regard to the channel to which it is attached.

2.11.2 INPUT/OUTPUT INTERFACE

To allow the IOCE to control a wide variety of I/0 devices, all
control wunits are designed to respond to a standard set of signals from
the channel. This control-unit-to-channel connection is called the 1I/0
Interface Channel to Device Control Unit. It enables the CE to handle
all I/0 operation with only five instructions.
2.11.3 CHANNELS

The IOCE channels connect with the CE and main storage, and, by means

of the I/0 interface, with control units or other 9020 Systems. Each
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channel has facilities for:

Accepting I/0 instructions,

Addressing devices specified by I/0 instructions,
Fetching channel control information from storage,
Decoding control information,

Testing control information for validity,

Executing control information,

Providing control signals to the I/0 interface,
Accepting control-response signals from the interface,
Buffering data transfers,

Checking parity of bytes transferred,

Counting the number of bytes transferred,

Accepting status information from I/O devices,
Maintaining channel-status information,

Sending requested status information to main storage,
Sequencing interruption requests from I/O devices, and
Signaling interruptions to the CE.

The IBM 9020 System IOCE has two types of channels: multiplexor and
selector. The channel facility necessary to sustain an operation with
an I/0 device is called a subchannel. The selector channel has one
subchannel; the multiplexor channel has multiple subchannels.

Channels have two modes of operation: burst and multiplex.

In the burst mode, the data-transfer facilities of the channel are
monopolized for the duration of transfer of a burst of data. Other
devices attached to the channel cannot transfer data until the burst
ceases. The selector channel functions only in the burst mode.

The multiplexor channel functions in either the burst mode or in the
multiplex mode. In the multiplex mode, +the multiplexor channel can
sustain concurrent I/O operations on several subchannels. Bytes of data
associated with different I/O devices are interleaved and routed to or
from the desired locations in storage. The 1I/0 interface is time-shared
by a number of concurrently operating I/0 devices, each of which uses
its own subchannel.

Some I/0O devices can operate only in burst mode. Other I/0 devices
have a manual switch in the control unit that may be set to a burst-mode
or to a multiplex-mode position, when attached to a multiplexor channel.
When attached to a selector channel, an I/0 device can operate only in
burst mode.

2.11.4 INPUT/OUTPUT INSTRUCTIONS

The IBM 9020D and 9020E Systems use only five I/0 instruction:
START I/0
TEST 1I/0
HALT I/O0
TEST CHANNEL
SET PCI

Input/output instructions can be executed only while the CE is in the
supervisor state.

2.11.4.1 start I1I/0

The START I1I/0 instruction is used to initiate an I/O operation. The
address part of the instruction specifies the channel and 1I/0 device.
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2.11.4.2 Test Channel

The TEST CHANNEL sets the condition code in the PSW to indicate the
state of the channel addressed by the instruction. The condition code
then indicates chamnel available, interruption condition in channel,
channel working, or channel not operational.

2.11.4.3 Test I/0

The TEST I/0 instruction sets the condition code in the PSW to
indicate the state of the addressed channel, subchannel, and I/0 device,
and may cause a CSW to be stored. The instruction may be used to clear
I/0 interruption conditions, selectively by device.

2.11.4.4 Halt I/0

The HALT I/O instruction terminates a channel operation.

2.11.4.5 Set PCI

This instruction requests an interruption from the channel or
subchannel controlling the addressed device. The requested interruption
if permitted, which normally will occur after this or the following
instruction , will not affect channel and subchannel operation.

2.11.5 INPUT/OUTPUT OPERATION INITIATION

All 1I/0 operations are initiated by a START I/0 instruction. If the
IOCE channel facilities are free, START I/O is accepted and the CE
continues its program. The channel independently selects the I/0 device
specified by the instruction.

2.11.5.1 Channel Address Word

Successful execution of START I/0 causes the channel to fetch a
channel address word (CAW) from the CE rpreferential main-storage
location 72. The CAW specifies the byte location in storage where the
channel program begins.

| Figure 2-22 shows the format for +the CAW. Bits 0-3 specify the
storage-protection key that will govern the I/0 operation. Bits 4-7
must contain zeros. Bits 8-31 specify the location of the first channel
command word (CCW).

r ¥ ]
|Key |0000 |Command Address
L L L

S—

0 4 8 31

| Figure 2-22 Channel Address Word Format

2.11.5.2 Channel Command Word

The byte location specified by the CAW is the first of eight bytes of
information that the channel fetches from storage. These 64 bits of
information are called a channel command word (CCW). Only the START I/O

| instruction may cause the channel to fetch CCWs. (Figure 2-23)

One or more CCWs make up the channel program that directs channel
operations. If more than one CCW is to be used, each CCW points to the
next CCW to be fetched, except for the last CCW in the chain, which
identifies itself as the last in the chain. A channel command word can

| specify one of seven commands:
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Read

Write

Read Backward

Control

Sense

Transfer In Channel

| Search

r T 1
| | |
| COMMAND CODE | DATA ADDRESS |
| [ |
L. 1 Jd
0 8 31
r T R s T 1
| | [ I [
| FLAGS | 000 | * | COUNT |
| | | | |
L [ 1 L J
32 37 40 48 63

Bits 0-7 specify the command code.
Bits 8-31 specify the location of a byte in storage.
Bits 32-36 are flag bits.
Bit 32 causes the address portion of the next CCW to be used.

Bit 33 causes the command code and data address in the next CCW to
be used.

Bit 34 causes a possible incorrect length indication to be
suppressed.

Bit 35 suppresses the transfer of information to storage.
Bit 36 causes an interruption as soon as it is decoded.
Bits 37-39 must contain zeros.

Bits 40-47 are ignored ‘
Bits 48-63 specify the number of bytes involved in the operation.

| Figure 2-23 Channel Command Word Format

2.11.6 INPUT/OUTPUT COMMANDS
2.11.6.1 Read

The Read command causes data to be read from the selected I/0 device
and defines the area in storage to be used.

2.11.6.2 Write

The Write command causes a write operation on the selected I/0 device
and defines the data in storage to be written.

2.11.6.3 Read Backward

The Read Backward command causes a read operation in which the
| characters are read from the external document in reverse order by the
| I7/0 device. Bytes read backward are placed in descending storage
| locations.
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2.11.6.4 Control

The control command contains information used to control the selected
I/0 device. This control information is called an order. Orders are
peculiar to the particular I/0 device in use; orders can specify such
functions as rewinding a tape unit, or line skipping on a printer. A
control command may cause mechanical motion by an I/0O device, or it may
specify a function altogether electronic in nature, such as setting the
recording density for a tape unit operation.

The general relationship of I/0 instructions, commands, and orders is
shown in Figure 2-24.

| [ [ i
| CE (Executes | | IOCE Channels | | Control Units |
| I/0 ——A (Execute }—-——4 and I/0 Devices |
| Instructions) | | Commands) | | (Execute Orders) |
| | | I | |
L 3 { 4 L 4
r 1 3 Al v 1

Figure 2-24 Relationship of I/0 Instructions, Commands, and Orders

2.11.6.5 Sense

The Sense command specifies the beginning storage location to which
sense information is transferred from the selected control unit. One or
more bytes of sense data may be specified, depending upon the type of
I/0 device. The sense data provides detailed information concerning the
selected I/0 device, such as a stacker-full condition of a card reader
or a file-protected condition of a reel of magnetic tape on a tape unit.
Sense data have significance peculiar to the type of I/0O device
involved.

2.11.6.6 Transfer In Channel

The Transfer In Channel (TIC) command specifies the location of the
next CCW to be fetched and used by the channel. The TIC command is used
whenever the programmer wants to specify a CCW that is not located at
the next higher double-word 1location in storage. The TIC command
permits a programmer to cause execution of any CCW, including a CCW
immediately preceding a TIC command, except that the channel will not
permit a TIC command to specify execution of another TIC command. Also,
the CAW may not address a TIC command.

External documents, such as punched cards, disk packs or magnetic
tape, may carry CCWs that the channel can use to govern reading of the
external document being read.

2.11.6.7 Search

The Search command specifies a comparison between data from a storage
location and the specified area (Identifier, Home Address, or Key) on
the Disk Pack in the Direct Access Storage Facility (DASF). The search
terminates when the specified condition has been satisfied or when the
end of the Search occurs. The Search does not cause any transfer of
data. The Search command is normally followed by a Read or Write
command which performs the data transfer.

2.11.7 INPUT/OUTPUT TERMINATION

Input/output operations terminate with the device and channel signal-
ing end of operation and a request for an I/0 interruption to the CE.
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A command can be rejected during an attempt to execute a START I1I/0 by
a busy condition, by a channel programming error, etc. The condition
code set in the PSW by an unsuccessful START I/0 instruction will
indicate one of the following: that a channel status word (CSW) has
been stored to detail the conditions that precluded initiation of the
I/0 operation, that the equipment is busy, or that the addressed
equipment is not operational.

2.11.7.1 Channel Status Word

The channel status word (CSW) provides information about the termina-
tion of an I/O operation. It can be formed or reformed by START I/0,
spci, TEST I1I/0, HALT I/0, or by an I/0 interruption. The instruction
TEST CHANNEL does not affect the CSW. Figure 2-25 shows the CSW format.

T LE 1 A
| KEY |0 0 0 Of COMMAND ADDRESS |
| [ I |
L L L (]
0 4 8 31
r T 1
| STATUS i COUNT |
| | |
L L J
32 48 63

Bits 0-3 contains the storage-protection key used in the
operation.

Bits 4-7 contain zeros.

Bits 8-31 specify the location of the last CCW used.

Bits 32-47 contain an I/0 device-status byte and a channel-status
byte. The status bytes provide such information as data check,
chaining check, control-unit end, etc.

Bits 48-63 contain the residual count of the last CCW used.

Figure 2-25 Channel Status Woxrd Format

2.11.8 INPUT/OUTPUT INTERRUPTIONS

Input/output interruptions are caused by termination of an I/0
operation or by operator intervention at the I/0 device. Input/output
interruptions enable the CE to provide appropriate programmed response
to conditions which occur in I/0 devices or channels.

Input/output interruptions have priority sequences, one for the 1I/0
devices attached to a channel, and another 'sequence for channel
interruptions. A channel establishes interruption priority for its
associated I/0 devices before initiating an I/0 interruption signal to
the CE. conditions responsible for I/O interruption requests are
preserved in the I/0 devices or channels until they are accepted by the
CE.

2.12 SYSTEM CONTROL FACILITIES

Each CE control panel provides the switches, keys, and 1lights
necessary to operate and control a subsystem, while the system console
(9020D system) or configuration console (9020E system) provides these
facilities for their respective systems. The need for operator manipu-
lation of manual controls is held to a minimum by the system design and

40



JUNE 1, 1971

the governing supervisory program. The result is fewer and less serious
operator errors.

2.12.1 CONTROL PANEL FUNCTIONS

The main functions provided by the CE control panel, the config-
uration console, and the system console are the ability to: store and
display information in main storage, in registers, and in the PSW; and
load initial program information. The CE and system console controls
are divided into two sections -- operator control and intervention, and
maintenance control. The configuration console , in addition to the
above functions, provides a communications path for configuring and
monitoring the status of the DG and RKM units and the data adapter
units.

2.12.1.1 Store and Display

The store-and-display function permits manual intervention in the
progress of a program. The function may be provided by a supervisory
program in conjunction with proper I/0 equipment and the interrupt
switch. Or, the system-control-panel facilities may be used to place
the CE in the stopped state, and then to store and display information
in main storage, in general and floating-point registers, and in the
instruction-address portion of the PSW.

2.12.1.2 Initial Program Load

The initial-program-loading (IPL) procedure is used to begin or renew
system or subsystem operation. The load switch is pressed after first
selecting a storage element and an input device with the main storage
select switches and the load-unit switches. This causes a read
operation at the selected input device. Six words of information are
read into main storage and are used as channel control words and as a
PSW that controls subsequent operations.

2.12.2 OPERATOR SECTION
The main functions provided are the control and indication of power,

the indication of system status, and operator-to-machine communication
(see Chapter 11). These are implemented as follows:
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Element master power-off pull switch **
Power-on/off switch#*

Power sequence complete light*

360 mode switch-indicator

Interrupt switch#*

Wait light*

Manual light#*

System light

Test light

Load light*

Load-unit switches*

Load switch#

Main storage select switch#*

System interlock key-operated switch#*
PSW restart switch

State Three light#*

State Two light*

State One light*

State Zero light*

Lamp test switch#*

Stop switch#*

Start switch*

Rate switch#*

Storage-select switches*

Address switches (24)#*

Data switches (64)* (32 on system and configuration consoles)
Store switch*

Display switch#*

Set IC switch*

Address~compare switch#***
Address-Compare enable switch#¥¥*
Computing Element Select switch#*#*
Control CE switch##**

Control CE activate switch¥*#*

Sense switches**=*
Reader/Punch-Printer select switch**#*
Reader/Punch-Printer enable switch-indicator**#*
Printer keyboard select switch#***
Printer keyboard enable sw1tch—1nd1cator****
Console reset switch**#*

Bell reset switch****

Buzzer/Bell reset switch¥***#*

Buzzer reset switch¥¥**

All-Stop switch**#*

Invalid selection light*¥*

Test mode light#****

Fault reset switch¥®**¥

* These functions are alsc provided on the System Console and the
Cconfiguration Console

** System Emergency Power Off switch provided on System Console and
Cconfiguration Console only

**+* Provided on System Console and Configuration Console only

**%** Provided on System Console only

#**¥** Provided on Configuration Console only

2.12.3 MAINTENANCE SECTION
This section of the CE control panel provides the controls intended

only for maintenance use. - Maintenance controls may also be available on
individual storage, channel, and control-unit equipment.
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CHAPTER 3: FIXED-POINT ARITHMETIC

The fixed-point instruction set performs binary arithmetic on
operands serving as addresses, index quantities, and counts, as well as
fixed-point data. In general, both operands are signed and 32 bits
long. Negative quantities are held in two's-complement form. One
operand is always in one of the 16 general registers; the other operand
may be in main storage or in a general register.

The instruction set provides for loading, adding, subtracting,
comparing, multiplying, dividing, and storing, as well as for the sign
control, radix conversion, and shifting of fixed-point operands.

The condition code is set as a result of all sign-control, add,
subtract, compare, and shift operations.

3.1 DATA FORMAT

Fixed-point | numbers occupy a fixed-length format consisting of a
one-bit sign followed by the integer field. When held in one of the
general registers, a fixed-point quantity has a 31-bit integer field and
occupies all 32 bits of the register. Some multiply, divide, and shift
operations use an operand consisting of 64 bits with a 63-bit integer
field. These . operands are located in a pair of adjacent general
registers and are addressed by an even address referring to the
left-most register of the pair. The sign-bit position of the rightmost
register contains part of the integer. In register-to-register opera-
tions the same register may be specified for both operand locations.

Fullword Fixed-Point Number

T
S| Integer
1 .

b e ol

r
|
L
0 1 : 31

Halfword Fixed-Point Number

T
S| Integer
1

b e el

r
I
L H
0 1 . 15

Fixed-point data in main storage occupy a 32-bit word or a 16-bit
halfword, with a binary integer field of 31 or 15 bits, respectively.
The conversion instructions use a 64-bit decimal field. These data must
be located on integral storage boundaries for these units of informa-

tion; i.e., double-word, fullword, or halfword operands must be
addressed with three, two, or one low-order address bit(s) set to zero.

A halfword operand in main storage is extended to a fullword as the
operand is fetched from storage. Subsequently, the operand participates
as a fullword operand.

In all discussions of fixed-point numbers in this publication, the
expression "32-bit signed integer" denotes a 31-bit integer with a sign
bit, and the expression "64-bit signed integer" denotes a 63-bit integer
with a sign bit.
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3.2 NUMBER REPRESENTATION

All fixed-point operands are treated as signed integers. Positive
numbers are represented in true binary notation with the sign bit set to
zero. Negative numbers are represented 1in two's-complement notation
with a one in the sign bit. The two's-complement of a number is
obtained by inverting each bit of the number and adding a one 1in the
low-order bit position.

This type of number representation can be considered the low-order

portion of an infinitely long representation of the number. When the
number is positive, all bits to the left of the most significant bit of
the number, including the sign bit, are zeros. When the number is

negative, all these bits, including the sign bit, are ones. Therefore,’
when an operand must be extended with high-order bits, the expansion is
achieved by prefixing a field in which each bit is set equal to the
high-order bit of the operand.

Two's—-complement notation does not include a negative zero. It has a
number range in which the set of negative numbers is one larger than the
set of positive numbers. The maximum positive number consists of an
all-one integer field with a sign bit of zero, whereas the maximum
negative number (the negative number with the greatest absolute value)
consists of an all-zero integer field with a one-bit for sign.

The CE cannot represent the complement of the maximum negative
nurmber. When an operation, such as a subtraction from =zero, produces
the complement of +the maximum negative number, the number remains
unchanged, and a fixed-point overflow exception is recognized. An
overflow does not result, however, when the number is complemented and
the final result is within the representable range. BAn example of this
case 1is a subtraction from minus one. The product of two maximum
negative numbers is representable as a double-length positive number.

The sign bit is leftmost in a number. In an arithmetic operation, a
carry out of the integer field changes the sign. However, in algebraic
shifting the sign bit does not change even if significant high-order
bits are shifted out.

PROGRAMMING NOTE

Two's~-complement notation is particularly suited to address computa-
tion and multiple-precision arithmetic.

The two's~complement representation of a negative number may be
considered the sum of the integer part of the field, taken as a positive
number, and the maximum negative number. Hence, in multiple-precision
arithmetic the low-order fields should be treated as positive numbers.
Also, when negative numbers are shifted to the right, the resulting
rounding, if any, is toward minus infinity and not toward zero.

3.3 CONDITION CODE

The results of fixed~point sign-control, add, subtract, compare, and
shift operations are used to set the condition code in the program
status word (PSW). All other fixed-point operations 1leave this code
undisturbed. The condition code can be used for decision-making by
subsequent branch-on-condition instructions.

The condition code can be set to reflect three types of results for
fixed-point arithmetic. For most operations the states 0, 1, or 2
indicate a zero, less than zero, or greater than zeroc content of the
result register, while the state 3 is used when the result overflows.
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For a comparison, the states
operand is equal, low, or high.

0, 1, or 2 indicate that the first

For ADD LOGICAL and SUBTRACT LOGICAL, the codes 0 and 1 indicate a
zero oOr nonzero result register content in the absence of a logical
carry out of the sign position; the codes 2 and 3 indicate a =zero or
nonzero result register content with a logical carry out of the sign
position.

TABLE 3-I CONDITION CODE SETTING FOR FIXED-POINT ARITHMETIC

r L L] ] T 1
| | | | |
| | o 1 | 2 b3 |
1 'R 4 4 d
LB T ] L t
| , | | |
| ADD (halfword/fullword) | =zero < zero > zero |overflow |
| ADD LOGICAL | =zero, |not zero, zero, |not zero, |
| |no carry|no carry carry | carry |
| COMPARE (halfword/fullword) | equal | low high | -— |
| LOAD AND TEST | zero | < zero > zero | - |
| LOAD COMPLEMENT | zero < zero > zero |overflow |
| LOAD NEGATIVE | zero < zero - | — |
| LOAD POSITIVE | zero - > zero |overflow |
| SHIFT LEFT DOUBLE | zero < zero > zero |overflow |
| SHIFT LEFT SINGLE | zero | < zero | > zero |overflow |
| SHIFT RIGHT DOUBLE | zero | < zero | > zero | - |
| SHIFT RIGHT SINGLE | zero | < zero > zero - |
| SUBTRACT (halfword/fullword)| zero | < zero > zero |overflow |
| SUBTRACT LOGICAL | - |not zero, zero, |not zerxo, |
| | |no carry carry | carry |
L L L L d

3.4 INSTRUCTION FORMAT

Fixed-point instructions use the following three formats:

RR Format

T L}

L]
| Ra | Ra |
1 L J

8 12 15

OP

O -

RX Format

Dz

31

D2

Sy

31
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In these formats, R, specifies the address of the general register
containing the first operand. The second operand location, if any, is
defined differently for each format. .

In the RR format, the R, field specifies the address of the general
register containing the second operand. The same register may be
specified for the first and second operand.

In the RX format, the contents of the general registers specified by
the X, and B, fields are added to the content of the D, field to form an
address designating the storage location of the second operand.

In the RS format, the content of the general register specified by
the B, field is added to the content of the D, field to form an address.
This designates the storage location of the second operand in LOAD
MULTIPLE and STORE MULTIPLE. In the shift operations, the address
specifies . the number of bits of the shift. The Ry field specifies the
address of a general register in LOAD MULTIPLE and STORE MULTIPLE and is
ignored in the shift operations.

A zero in an X, or B, field 1ndlcates the absence of the correspond-
ing address component.

An instruction can specify the same general register both for address
modification and for operand location. Address modification is always
completed prior to operation execution.

Results replace the first operand, except for STORE and CONVERT TO
DECIMAL, where the result replaces the second operand.

The contents of all general registers and storage locations partici-

pating in the addressing or execution part of an operation remain
unchanged, except for the storing of the final result.

3.5 INSTRUCTIONS

The fixed-point arithmetic instructions and their mnemonics, formats,
and operation codes are listed in the following table. The table also
indicates when the condition code is set and the exceptional conditioms
which cause a program interruption.
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TABLE 3-II FIXED-POINT INSTRUCTIONS

] | | 1N
| NAME | MNEMONIC |TYPE|CC| EXCEPTIONS | CODE| SECTION|
t + + +--+ 1 + 1
| | | I | | |
| ADD { AR { RR |C | IF| 1A |3.5.8 |
i ADD | A | RX |c {P,A,S IF| 5A |3.5.8 |
| ADD HALFWORD | BH | RX |c |p,A,s IF| 4A [3.5.9 |
| ADD LOGICAL | AILR | RR |C | | 1E |3.5.10 |
| ADD LOGICAL | AL | RX |c |P,A,S | 5E |3.5.10 |
| COMPARE | Ccr | RR |C | | 19 |3.5.14 |
| COMPARE | ¢ | X |c |{p,A,S | 59 [3.5.14 |
| COMPARE HALFWORD | cE | RX {c |P,A,S | 49 [3.5.15 |
| CONVERT TO BINARY | CVB | RX | |[P,A,S,D,IK| 4F {3.5.19 |
| CONVERT TO DECIMAL | CVD | RX | |P,A,S | 4E |3.5.20 |
| DIVIDE | DR | RR | | S IK| 1D {3.5.18 |
| DIVIDE | D | R | |P,A,S IK| 5D [3.5.18 |
| LoaD | IR | RR | | , | 18 3.5.1 |
| LOAD | & | RX | |P,A,S | 58 |3.5.1 |
| LOAD AND TEST | TR | RR |C | | 12 [3.5.3 |
| LOAD COMPLEMENT | ILCR | RR |C | IF] 13 [3.5.4. |
| LOAD HALFWORD | IH | RXx | |P,A,S | 48 |3.5.2 |
| LOAD MULTIPLE | 1M | RS | |P,A,S | 98 [3.5.7 |
| LOAD NEGATIVE | INR | RR |C | | 11 [3.5.6 |
| LOAD POSITIVE | LPR | RR |C | IF| 10 [3.5.5 |
| MULTIPLY | MR | RR | | s | 1c {3.5.16 |
| MULTIPLY | M | RX { |{P,A,S 5C |3.5.16 |
| MULTIPLY HALFWORD | MH | Rx | |P,A,S 4Cc [3.5.17 |
| SHIFT LEFT DOUBLE | SILDA | RS |C | S IF| 8F |3.5.26 |
| SHIFT LEFT SINGLE | SLA | RS |C | IF| 8B |3.5.24 |
| SHIFT RIGHT DOUBLE | SRDA | RS |C | S | 8E [3.5.27 |
| SHIFT RIGHT SINGLE | SRA | RS |C | | 8a [3.5.25 |
| SUBTRACT | sr | RR |C | IF| 1B |3.5.11 |
| SUBTRACT | s | RX |c |p,A,s IF| 5B [3.5.11 |
| SUBTRACT HALFWORD | SH | RX {c |P,A,S IF| 4B |3.5.12 |
| SUBTRACT LOGICAL | SLR | RR |C | 1F {3.5.13 |
| SUBTRACT LOGICAL | st | RX |c |P,A,S | 5F |3.5.13 |
| STORE | sT | Rx | |P,A,S | 50 |3.5.21 |
| STORE HALFWORD | sTH | RX | |P,A,S | 40 [3.5.22 |
| STORE MULTIPLE | stM | RS | |P,A,S | 90 [3.5.23 |
I_‘ L L __1 o1 _ll
| ’ |
| Legend |
| |
| A Addressing exception |
| C Condition code is set |
| D Data exception |
| IF Fixed-point-overflow exception {
| IK Fixed-point-divide exception |
| P Protection exception |
| S Specification exception |
| |
L J

PROGRAMMING NOTE

. The logical comparisons, shifts, and connectives, as well as LOAD
ADDRESS, BRANCH ON COUNT, BRANCH ON INDEX HIGH, and BRANCH ON INDEX LOW
OR EQUAL, also may be used in fixed-point calculatioms.
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3.5.1 LOAD

LR Ri,Ra [RR]

I T L) L)

| 18 | Ra | Rz |

L [ A1 J

0 8 12 15

L © Ry,Dz(X2,Ba) RXI

r T T 1 1]
| 58 Ry | X2 | Bz | D [
L L L 1 J
0 8 12 16 20 31

The second operand is placed in the first operand 1location.
second operand is not changed.

Condition Code: the code remains unchanged.

Program Interruptions:

Protection (fetch violation by L only)
Addressing (L only)
Specification (L only)

3.5.2 LOAD HALFWORD

1H Rs,D2(X2,B2) [RX]

] L) T T ] i ]
| 48 | Ry | Xz | Ba | D, -
L L L L i . J
0 8 12 16 20 31

The

The halfword second operand is placed in the first operand location.

The halfword second operand is expanded to a fullword by propagating
the sign-bit value through the 16 high-order bit positions. Expansion
occurs after the operand is obtained from storage and prior to insertion

in the register.

condition Code: the code remains unchanged.

Program Interruptions:

Protection (fetch violation)
Addressing
Specification
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3.5.3 LOAD AND TEST

LTR  R,,R, (RR]
T T
12 Ry | Rz |
1 J
0 8 12 15

The second operand is placed in the first operand location, and the
sign and magnitude of the second operand determine the condition code.
The second operand is not changed.

condition Code:

Result is zero
Result is less than zero
Result is greater than zero

wNnRP o

Program Interruptions: None.

PROGRAMMING NOTE

When the same register is 'specified as first and second operand
location, the operation is equivalent to a test without data movement.

3.5.4 LOAD COMPLEMENT

LCR  Rs,Ra . [RR]

L] LA 1
13 | Ra | Rz |
L L J

0 8 12 15

The two's complement of the second operand is placed in the first
operand location.

An overflow condition occurs when the maximum negative number is
complemented; the number remains unchanged. The overflow causes a
program interruption when the fixed-point overflow mask bit is one.

Condition Code:

0 Result is zero

1 Result is less than zero

2 Result is greater than zero
3 Overflow

Program Interruptions:

Fixed-Point Overflow
PROGRAMMING NOTE

Zero remains invariant under complementation.
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3.5.5 LOAD POSITIVE

LPR  Rs,Ra. {RR]

10 Ry | Ra

O pm—a

8 12 15
The absolute value of the second operand is placed in the first
operand location.

The operation includes complementation of negative numbers; positive
numbers remain unchanged.

An overflow condition occurs when the maximum negative number is
complemented; the number remains unchanged. The overflow causes a
program interruption when the fixed-point overflow mask bit is one.

Condition Code:

0 Result is zero

1 p——

2 Result is greater than zero
3 overflow

Program Interruptions:

Fixed-Point Overflow

3.5.6 LOAD NEGATIVE

LNR Ry,R2 [RR]

¥ 1
11 R: | Ra |
L

0 8 12 15

The two's complement of the absolute value of the second operand is
‘placed in the first operand location.

The operation complements positive numbers; negative numbers remain
unchanged. The number zero remains unchanged with positive sign.

Condition Code:

Result is zero
Result is less than zero

WwNh P o
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Program Interruptions: None.

3.5.7 LOAD MULTIPLE

LM Ry ,Ra,D2(B3) [RS]

L)
98 R:_ R3 Bz ‘ DZ
§ 1

e .

T
I
L

0 8 12 16 20 31

The set of general registers starting with the register specified by
Ry and ending with the register specified by Rz is loaded from the
locations designated by the second operand address.

The storage area from which the contents of the general registers are
obtained starts at the location designated by the second operand address
and continues through as many words as needed. The general registers
are loaded in the ascending order of their addresses, starting with the
register specified by Ry and continuing up to and including the register
specified by Rj, with register 0 following register 15.

The second operand remains unchanged.

Condition Code: the code remains unchanged.

Program Interruptions:

Protection (fetch violation)
Addressing
Specification

PROGRAMMINGVNOTE
All combinations of register addresses specified by R, and Ras are
valid. When ‘the register addresses are equal, only one word is

transmitted. When the address specified by Rs is less than the address
specified by Ry, the register addresses wrap around from 15 to 0.

3.5.8 ADD

AR Ry /R2a ~ [RR]

| T 1

1A | R:s | Rz |
4L L

O e

i |
8 12 15
A Ri,Da(Xa,Bz) [RX]
L L ) L] 1
5a | Ra | Xa | Ba D2 |
. L. L L. i} j |
0 8 12 16 20 31

The second operand is added to the first operand, and the sum is
placed in the first operand location. .
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Addition is performed by adding all 32 bits of both operands. If the
carries out of the sign-bit position and the high-order numeric bit
position agree, the sum is satisfactory; if they disagree, an overflow
occurs. The sign bit is not changed after the overflow.. A positive
overflow yields a negative final sum, and a negative overflow results in
a positive sum. The overflow causes a program interruption when the
fixed-point overflow mask bit is one.

condition Code:

Sum is zero

Sum is less than zero
Sum is greater than zero
Overflow

WN O

Program Interruptions:

Protection (fetch violation by A only)
Addressing (A only)

Specification (A only)

Fixed-Point Overflow

PROGRAMMING NOTE

In two's-complement notation a zero result is always positive.
3.5.9 ADD HALFWORD

AH Ry,D2(X5,B3) " [RX]

T
4A | Ra | X2
H

=]
N
o o
(=]
N
TR

© p—n
=

8 12 16 20 31

The halfword second operand is added to the first operand and the sum
is placed in the first operand location.

The halfword second operand is expanded to a fullword prior to the
addition by propagating the sign-bit value through the 16 high-order bit
positions.

Addition is performed by adding all 32 bits of both operands. If the
carries out of the sign-bit position and the high-order. numeric bit
position agree, the sum is satisfactory; if they disagree, an overflow
occurs. The sign bit is not changed@ after the overflow. A positive
overflow yields a negative final sum, and a negative overflow results in
a positive sum. The overflow causes a program interruption when the
fixed-point overflow mask bit is one.

Condition Code:

Sum is zero B
Sum ‘is less than zero
Sum is greater than zero
overflow

WNROo

Program Interruptions:

Protection (fetch violation)
Addressing
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Specification
Fixed-Point Overflow

3.5.10 ADD LOGICAL

ALR Ry Ry [RR]
r T T 1
| 1E |'Rs | Rz |
L 1 L J
0 8 12 15
AL R10D2(X2'B2) [RX]
T T T ; 1
5E | Ra | X2 | Ba Dz |
L L L J
0 8 12 16 20 31

The second operand is added to the first operand, and the sum is
placed in the first operand location. The occurrence of a carry out of
the sign position is recorded in the condition code.

Logical addition is performed by adding all 32 bits of both operands
without further change to the resulting sign bit. The instruction
differs from ADD in the meaning of the condition code and in the absence
of the interruption for overflow.

If a carry out of the sign position occurs, the left-most bit of the
condition code (PSW bit 34) is made one. In the absence of a carry, bit
34 is made zero. When the sum is zero, the right-most bit of the
condition code (PSW bit 35) is made zero. A nonzero sum is indicated by
a one in bit 35. :

Condition Code:

Sum is zero (no carry)

Sum is not zero (no carry)
Sum is zero (carry)

Sum is not zero (carry)

Wk o

Program Interruptions:

Protection (fetch violation by AL only)
Addressing (AL only)
Specification (AL only)
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SR Ry ,R2 [(RR]

T
1B | Ry | R2
L

JUNE 1, 1971

T

|

L

0 8 12 15

s Ry ,Da(Xz,B2) [RX]

¥ T LB LB 1 ] 1
| 5B | Ra | X2 | B2 | D2 1
L 4 L L 4 3
0 8 12 16 20 31

The second operand is subtracted from the first operand, and the
difference is placed in the first operand location.

Subtraction is performed by adding the one's complement of the second

. operand and a low order one to the first operand. All 32 bits of both
operands participate, as in ADD. If the carries out of the sign-bit
position and the high-order numeric bit position agree, the difference
is satisfactory; if they disagree, an overflow occurs. The overflow
causes a program interruption when the fixed-point overflow mask bit is

one.:

Condition Code:

Difference is zero

WNRO

overflow

Program Interruptions:

Protection (fetch violation by
Addressing (S only)
Specification (S only)
Fixed-Point Overflow

PROGRAMMING NOTE

When the same register is

Difference is less than zero
Difference is greater than zero

S only)

specified as first and second operand

location, subtracting is equivalent to clearing the register.

Subtracting a maximum negative number from another maximum negative
number gives a zero result and no overflow.

3.5.12 SUBTRACT HALFWORD

SH Ry ,Da(X5,Bs) {RX]

T T LB T L ]
| 48 | Ry | X5 | B2 D2 |
L L L '} J
0 8 12 16 20 31

The halfword second operand is

subtracted from the first operand, and

the difference is placed in first operand location.
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The halfword second operand is expanded to a fullword prior to the
subtraction by propagating the sign-bit value through the 16 high-order
bit positions.

Subtraction is performed by adding the one's complement of the
expanded second operand and a low order one to the first operand. All
32 bits of both operands. participate, as in ADD. If the carries out of
the sign-bit position and the high-order numeric bit position agree, the
difference is satisfactory; if they disagree, an overflow occurs. The
overflow causes a program interruption when the fixed-point overflow
mask bit is one.

Condition Code:

0 Difference is zero

1 Difference is less than zero

2 Difference is greater than zero
3 overflow

Program Interruptions:

Protection (fetch violation)
Addressing

Specification

Fixed-Point Overflow

3.5.13 SUBTRACT LOGICAL

SIR Ry,Ra (RR]
r L] 1
| iF Ry | Rz |
L N Jd
0 8 12 15
SL Ri,Dg (x;,Bz) ) [Rx]
T LI L] 1
5F | Ry | X2 | B2 | D2 |
L L L N}
0 8 12 16 20 31

_The second cperand is subtracted from the first operand, and the
difference is placed in the first operand location. The occurrence of a
carry out of the sign position is recorded in the condition code.

Logical subtraction 1is performed by adding the one's complement of
the second operand and a low order one to the first operand. All 32
bits of both operands. participate, without further change to the
resulting sign bit. The instruction differs from SUBTRACT in the
meaning of the condition code and in the absence of the interruption for
overflow.

If a carry out of the sign position occurs, the left-most bit of the
condition code (PSW bit 34) is made one. In the absence of a carry, bit
34 is made zero. When the sum is =zero, the right-most bit of the
condition code (PSW bit 35) is made zero. A nonzero sum is indicated by
a one in bit 35.
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Condition Code:

Difference is not zero (no carry)
Difference is zero (carry)
Difference is not zero (carry)

wNpR o

Program Interruptions:

Protection (fetch violation by SL only)

Addressing (SL only)

Specification (SL only)

PROGRAMMING NOTE

A zero difference cannot be obtained without a carry out of the sign
position. )

3.5.14 COMPARE

CR Ry ,R2 [RR]

T T 1
19 l Rey | R2 |

4. J
0 8 12 15
c Ry ,Da2(Xz,B2) (RX]
] L3 ] 1
| 59 Ry | X2 | Bz | D, |
L . L 1 ]
0 8 12 16 20 31

The first operand is compared with the second operand, and the result
determines the setting of the condition code.

Comparison is algebraic, treating both comparands as 32-bit signed
integers. Operands in registers or storage are not changed.

Condition Code:

Operands are equal
First operand is low
First operand is high

wNhkeHOo

Program .Interruptions:

Protection (fetch violation by C only)
Addressing (C only)
Specification (C only)
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El

3.5.15 COMPARE HALFWORD

CH Ry D2 (X2,B2) [RX]

1}
49 | Ra D2 |
L ]

O -

8 12 16 20 -31
The first operand is compared with the halfword second operand, and
the result determines the setting of the condition code.
The halfword second operand is expanded to a fullword prior to the
comparison by propagating the sign-bit value through the 16 high-order
bit positions. '

Comparison is algebraic, treating both comparands as 32-bit signed
integers. Operands in registers or storage are not changed.

Condition Code:

Operands are equal
First operand is low
First operand is high

WP o

Program Interruptions:

Protection (fetch violation)
Addressing
Specification

3.5.16 MULTIPLY

MR Re,Ra {RR]

T T h
ic | Ra | Ra |
L L

J

0 8 12 15
M Ry ,D2(X2,Bz) [RX]
L T L] L3 L]
SC | Ry | X2 | Bz | Da |
L L [ i Jd
0 8 12 16 20 31

The product of the multiplier (the second operand) and the multipli-
cand (the first operand) replaces the multiplicand.

Both multiplier and multiplicand are 32-bit signed integers. The
product is always a 6U4-bit signed integer and occupies an even/odd
register pair. Because the multiplicand is replaced by the product, the
Ry field of the instruction must refer to an even-numbered register. A
specification exception occurs when R; is odd. The multiplicand is
taken from the odd register of the pair. The content of the even-
numbered register replaced by the product is ignored, unless the
register contains the multiplier. An overflow cannot occur.
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The sign of the product is determined by the rules of algebra from
the multiplier and multiplicand sign, except that a zero result is
always positive.

Condition Code: The code remains unchanged.

Program Interruptions:

Protection (fetch violation by M only)
Addressing (M only)
Specification

PROGRAMMING NOTE

The significant part of the product usually occupies 62 bits or
fewer. Only when two maximum negative numbers are multiplied are 63
significant product bits formed. Since two's-complement mnotation is

used, the sign bit is extended right until the first significant product
digit is encountered.

3.5.17 MULTIPLY HALFWORD

MH Ry, D2 (X2,B2) [RX]

T
4c l AR1 xz Bz Da
L

P e ——

8 12 16 20 . 31

The product of the halfword multiplier (second operand) and multipli-
cand (first operand) replaces the multiplicand.

Both multiplicand and product are 32-bit signed integers and may be
located in any general register. The halfword multiplier is expanded to
a fullword prior to multiplication by propagating the sign-bit wvalue
through the 16 high-order bit positions. The multiplicand is replaced
by the low-order part of the product. The bits to the left of the 32
low-order bits are not tested for significance; no overflow indication
is given.

The sign of the product is determined by the rules of algebra from
the multiplier and multiplicand sign, except that a zero result is
always positive.

Condition Code: the code remains unchanged.

Program Interruptions:

Protection (fetch wviolation)
Addressing
Specification

PROGRAMMING NOTE

The significant part of the product wusually occupies #46 bits or
fewer, the exception being 47 bits when both operands are maximum
negative. Since the low-order 32 bits of the product are stored
unchanged, ignoring all bits to the left, the sign bit of the result may
differ from the true sign of the product in the case of overflow.
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3.5.18 DIVIDE

DR Ry ,R2 ‘ [RR]
1
1D R:s | Ra |
- 4
0 8 12 15
D Ry D2 (X2,B3) [RX]
] Ll L] 1
5D Ry | X2 | Bz | D2 |
L L i i J
0 8 i2 16 20 31

The dividend (first operand) is divided by the divisor (second
operand), and replaced by quotient and remainder.

The dividend is a 64-bit signed integer and - occupies the evens/odd
pair of registers specified by the Ry field of the instruction. A
specification exception occurs when R, is odd. A 32-bit signed
remainder and a 32-bit signed quotient replace the dividend in the
even-numbered and odd-numbered registers, respectively. The divisor is
a 32-bit signed integer.

The sign of the quotient is determined by the rules of algebra. The
remainder has the same sign as the dividend, except that a zero quotient
or a zero remainder is always positive. All operands and results are
treated as signed integers. When the relative magnitude of dividend and
divisor is such that the quotient cannot be expressed by a 31-bit signed
integer, a fixed-point divide exception is recognized. A program
1nterrupt10n occurs, no division takes place, and the dividend remains
unchanged in the general registers.

Condition Code: the code remains unchanged.

Program Interruptions:

Protection (fetch violation by D only)
Addressing (D only)

Specification

Fixed-Point Divide

PROGRAMMING NOTE

Division applies to fullword operands in storage only.

3.5.19 CONVERT TO BINARY

CVB  Ry,Da(Xa,Bz) (RX]

T T L 1] L R}
| 4F | Ra | X2 | Ba | Da ]
L 1 L L [ J
0 8 12 16 20 31

The radix of the second operand is changed from decimal to binary,
and the result is placed in the first operand location. The number is

Fixed-Point Arithmetic 59



JUNE 1, 1971

treated as a right-aligned signed integer both before and after
conversion.

The second operand has the packed decimal data format, and is checked
for valid sign and digit codes. Improper codes are a data exception and
cause a program interruption. The decimal operand occupies a double-
word storage field, which must be located on an integral boundary. The
low-order four bits of the field represent the sign. The remaining 690
bits contain 15 binary-coded-decimal digits in +true notation. The
packed decimal data format is described under "Decimal Arithmetic".

The result of the conversion is placed in the general register
specified by Ri. The maximum number that can be converted and still be
contained in a 32-bit reyister is 2,147,483,647; the minimum number is
-2,147,483,6u48. For any decimal number outside this range, the opera-
tion is completed by placing the 32 1low-order binary bits in the
register; a fixed-point divide exception exists, and a program interrup-
tion follows. In the case of a negative second operand, the low-order
part is in two's-complement notation.

Condition Code: the code remains unchanged.

Program Interruptions:

Protection (fetch violation)
Addressing

Specification

Data

Fixed-Point Divide

3.5.20 CONVERT TO DECIMAL

CVD R4 ,Do (X5,B3) . [RX]

L 1 L) ¥ Ll ]
| LE | Ra | X2 | Ba | D2 |
L 1 L L . J
0 8 12 16 20 - 31

The radix of the first operand is changed from binary to decimal, and
the result is stored in the second operand 1location. The number is
treated as a right-aligned signed integer both prior to and after
conversion. . : .

The result is placed in the storage location designated by the second
operand and has the packed decimal format, as described in "Decimal
Arithmetic®™. The result occupies a double-word in storage and must be
located on an integral boundary. The low-order four bits of the field
represent the sign. A positive sign is encoded as 1100 or 1010; a
negative sign is encoded as 1101 or 1011. The choice between the two
sign representations is determined by the state of PSW bit 12. When PSW
bit 12 (USASCII-8 Mode) is on, the second alternative listed is used.
The remaining 60 bits contain 15 binary-coded-decimal digits in true
notation.

The number to be converted is obtained as a 32-bit signed integer
from a general register. Since 15 decimal digits are available for the
decimal equivalent of 31 bits, an overflow cannot occur.

Condition Ccode: the code remains unchanged.
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Program Interruptions:

Protection (store violation)
Addressing
Specification

3.5.21 STORE

ST Rs,D2(X2,B3) [RX]

r k) k) L] 1
[ 50 Ry | X2 | B2 | D2 |
L L L L ]
0 8 12 16 20 31

The first operand is stored at the second operand location.

The 32 bits in the general register are placed unchanged at the
second operand location.

Condition Code: the code remains unchanged.

Program Interruptions:

Protection (store violation)
Addressing
Specification

3.5.22 STORE HALFWORD

STH Ry ,D5(X5,By) [RX]

O pm——
(o]
[
N
=
=2}
N
o
w
[

The first operand is stored at the halfword second operand location.
The 16 low-order bits in the general register are placed unchanged at

the second operand 1location. The 16 high-order bits of the first
operand do not participate and are not tested.

Condition Code: the code remains unchanged.

Program Interruptions:

Protection (store violatiom)
Addressing
Specification
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3.5.23 STORE MULTIPLE

STM Ry ,R3,D2(B3) [RS]

L]
90 Ry | Rs
L

(=}
N
p——

1
|
L
6 20 31

The set of general registers starting with the register specified by
Ry and -ending with the register specified by Ry is stored at the
locations designated by the second operand address.

The storage area where the contents of the general registers are
placed starts at the location designated by the second operand address
and continues through as many words as needed. The general registers
are stored in the ascending order of their addresses, starting with the
register specified by Ry and continuing up to and including the register
specified by R;, with register 0 following register 15. The first
operands remain unchanged.

Condition Code: the code remains unchanged.

Program Interruptions:

Protection (store violation)
Addressing
Specification

3.5.24 SHIFT LEFT SINGLE

SLA Ry ,D2(B3) [RS]

[ T T T 1
| 8B Ry |7777]| Bz | D, |
L 1 L 1 3
0 8 12 16 20 31

The integer part of the first operand is shifted left the number of
bits specified by the second operand address.

The second operand address is not used to address data; its low-order
six bits indicate the number of bit positions to be shifted. The
remainder of the address is ignored.

The sign of the first operand remains unchanged. All 31 integer bits
of the operand participate in the left shift. Zeros are supplied to the
vacated low-order register positions.

If a bit wunlike the sign bit 4is shifted out of position 1, an
overflow occurs. The overflow causes a program interruption when the
fixed-point overflow mask bit is one.

Condition Code:

Result is zero

Result is less than zero
Result is greater than zero
Overflow

Wk o

‘.
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Program Interruptions:

Fixed-Point Overflow
PROGRAMMING NOTE

For numbers with an absolute value of less than 239, a left shift of
one bit position is equivalent to multiplying the number by two.

The base register participating in the generation of the second
operand address permits indirect specification of the shift amount. A
zexro in the B, field indicates the absence of indirect shift
specification.

3.5.25 SHIFT RIGHT SINGLE

SRA  R,,Dz2(B3) [RS]

r | | T T 1
| 8an | Ry |/777] Bs | " Da |
L L L 1 1 i |
0 8 12 16 20 31

The integer part of the first operand is shifted right the number of
bits specified by the second operand address.

The second operand address is not used to address data; its low-order
six bits indicate the number of bit positions to be shifted. The
remainder of the address is ignored.

The sign of the first operand remains unchanged. All 31 integer bits
of the operand participate in the right shift. Bits equal to the sign
are supplied to the vacated high-order bit positions. Low-order bits
are shifted out without inspection and are lost. :

Condition Code:

Result is zero
Result is less than zero
Result is greater than zero

WP o

Program Interruptions: None.

PROGRAMMING NOTE

Right-shifting is similar to - division by powers of two and to
low-order truncation. Since negative numbers are kept in two's-
complement notation, truncation is in the negative direction for both
positive and negative numbers, rather than toward zero as in decimal
arithmetic.

Shift amounts from 31-63 cause the entire integer to be shifted out
of the register. When the entire integer field of a positive number has
been shifted out, the register contains a value of zero. For a negative
number, the register contains a value of -1.

The base register participating in the generation of the second
operand address permits indirect specification of the shift amount. A
zero in the B, field indicates the absence of indirect shift
specification.
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3.5.26 SHIFT LEFT DOUBLE

SLDA R4,D.(By) (RS]

r T T r ]
| 8F Ry |//77] Bz | D2 |
L L L 1 1
0 8 12 16 20 31

The double-length integer part of the first operand is shifted left
the number of bits specified by the second operand address.

The Ry field of the instruction specifies an even/odd pair of
registers and must contain an even register address. A specification
exception occurs when R, is odd.

The second operand address is not used to address data; its low-order
six bits indicate the number of bit positions to be shifted. The
remainder of the address is ignored.

The operand is treated as a number with 63 integer bits and a sign in
the sign position of the even register. The sign remains unchanged.
The high-order position of the odd register contains an integer bit, and
the content of the odd register participates in the shift in +the same
manner as the other integer bits. Zeros are supplied to the vacated
positions of the registers.

If a bit unlike the sign bit is shifted out of bit position 1 of the
even register, an overflow occurs. The overflow causes a program
interruption when the fixed-point overflow mask bit is one.

Condition Code:

Result is zero

Result is less than zero
Result is greater than zero
Overflow

W kR o

Program Interruptions:

Specification
Fixed-Point Overflow

3.5.27 SHIFT RIGHT DOUBLE

SRDA R, ,Daz(B3) [RS]

I 1] . T T 1
| 8E Ry |7/77] Ba | D> I
L 1. i 4 4
0 8 12 16 20 31

The double-length intéger part of the first operand is shifted right
the number of places specified by the second operand address.

The Ry field of the instruction specifies an evens/odd pair of

registers and must contain an even register address. A specification
exception occurs when R, is odd.
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The second operand address is not used to address data; its low-order
six bits indicate the number of bit positions to be shifted. The
remainder of the address is ignored.

The operand is treated as a number with 63 integer bits and a sign in
the sign position of the even register. The sign 1remains unchanged.
The high-order position of the odd register contains an integer bit, and
the content of the odd register participates in the shift in the same
manner as the other integer bits. The low-order bits are shifted out
without inspection and are lost. Bits equal to the sign are supplied to
the vacated positions of the registers.

Condition Code:

Result is zero
Result is less than zero
Result is greater than zero

WN PO

Program Interruptions:

Specification
PROGRAMMING NOTE

A zero shift. amount in the double-shift operations provides a
double-length sign and magnitude test.

3.6 FIXED-POINT ARITHMETIC EXCEPTIONS

Exceptional instructions, data, or results cause a program interruption.
When a program interruption occurs, the current PSW is stored as an old
PSW, and a new PSW is obtained. The interruption code in the old PSW
identifies the cause of the interruption. The following exceptions
cause a program interruption in fixed-point arithmetic.

Protection: The storage key of an accessed location does not match
the protection key in the PSW.

The operation is suppressed for a store violation. Therefore, the
condition code and data in registers and storage remain unchanged. The
only exception is STORE MULTIPLE, which is terminated; the amount of
data stored is unpredictable and should not be used for further
computation. The operation is terminated on any fetch protection
violation.

Addressing: An address designates a location outside the available
storage for a particular installation, or outside the configured
storage, or storage assigned by the storage address translator for a
particular computing element.

The operation is terminated. Therefore the result data are unpre-
dictable and should not be used for further computation.

Operand addresses are tested only when used to address storage.
Addresses used as a shift amount are not tested. The address restric-
tions do not apply to the components from which an address is generated
—— the content of the D, field, and the contents of the registers
specified by X, and B,.

Specification: A double-word operand is not located on a 64-bit
boundary, a fullword operand i not located on a 32-bit boundary, a
halfword operand is not loca:&  _..a a 16-bit boundary, or an instruction

Fixed-Point Arithmetic 65



JUNE 1, 1971

specifies an odd register address for a pair of general registers
containing a 64-bit operand.

The operation is suppressed. Therefore, the condition code and data
in registers and storage remain unchanged. )

Data: A sign or a digit code of the decimal operand in CONVERT TO
BINARY is incorrect. The operation is suppressed. Therefore, the
condition code and data in registers and storage remain unchanged.

Fixed-Point Overflow: The result of a sign-control, add, subtract,
or shift operation overflows. The interruption occurs only when the
fixed-point overflow mask bit is one. The operation is completed by
placing the truncated low-order result in the register and setting the
condition code to 3. The overflow bits are 1lost. In add-type
operations the sign stored in the register is the opposite of the sign
of the sum or difference. In shift operations the sign of the shifted
number remains unchanged. The state of the mask bit does not affect the
result.

Fixed-Point Divide: The quotient of a division exceeds the register
size, including division by zero, or the result in CONVERT TO BINARY
exceeds 31 bits.

Division is suppressed. Therefore, data in the registers remain
unchanged. The conversion is completed by recording the truncated
low-oxrder result in the register.
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CHAPTER 4: DECIMAL ARITHMETIC

Decimal arithmetic operates on data in the packed format. 1In this
format two decimal digits are placed in one 8-bit byte. Since data are
often communicated to or from external devices in the zoned format
(which has one digit in an eight-bit byte) the necessary format-
conversion operations are also provided in this instruction group.

Data are interpreted as integers, right-aligned in their fields.
They are kept in true notation with a sign in the 1low-order eight-bit
byte.

Processing takes place right to left between main-storage locations.
All decimal arithmetic instructions use a two-address format. Each
address specifies the leftmost byte of an operand. Associated with this
address is a 1length field, indicating the number of additional bytes
that the operand extends beyond the first byte.

The decimal arithmetic instruction set provides for adding, subtract-
ing, comparing, multiplying, and dividing, as well as the format
conversion of variable-length operands. All of the instructions dis-
cussed in this section except PACK, UNPACK, and MOVE WITH OFFSET are
part of the decimal feature.

The condition code is set as a result of all add-type and comparison
operations.

4.1 DATA FORMAT

Decimal operands reside in main storage only. They occupy fields
that may start at any byte address and are composed of one to sixteen
8-bit bytes.

Lengths of the two operands specified in an instruction need not be
the same. If necessary they are considered to be extended with zeros to
the left of the high-order digits. Results never exceed the limits set
by address and length specification. Lost carries or lost digits from
arithmetic operations are signaled as a decimal overflow exception.
Although decimal arithmetic is performed on data in the packed format,
decimal operands may be either in the packed or zoned format.

Packed Decimal Number

/

H . . H . 3 H . . H ‘ H . . H . K3 T s L
|Digit|Digit|Digit]| |Digit|Digit|Sign |
L 4 i N i i XL L J

/

In the packed format, two decimal digits normally are placed adjacent
in a byte, except for the rightmost byte of the field. In the rightmost
byte a sign is placed to the right of the decimal digit. Both digits
and a sign are encoded and occupy four bits each.

Zoned Decimal Number

/

r L T L D T
|Zone |Digit|Zone | |Digit|Sign |Digit|
L 1 1 L L L L J

/
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In the zoned format the low-order four bits of a byte, the numeric,
are normally occupied by a decimal digit. The four high-order bits of a
byte are called the zone, except for the rightmost byte of the field,
where normally the sign occupies the zone position.

Arithmetic is performed with operands in the packed format and
results in the packed format. In the zoned format, the digits are
represented as part of an alphanumeric character set. A PACK instruc-
tion is provided to transform zoned data into packed data, and an UNPACK
instruction performs the reverse transformation. Moreover, the editing
instructions may be used to change data from packed to zoned. (Chapter
6)

The fields specified in decimal arithmetic other than in PACK,
UNPACK, and MOVE WITH OFFSET either should not overlap at all or should
have coincident rightmost bytes. In ZERO AND ADD, the destination field
may also overlap to the right of the source field. Because the code
configurations for digits and sign are verified during arithmetic,
improper overlapping fields are recognized as data exceptions. In
move-type operations, the operand digits and signs are not checked, and
the operand fields may overlap without any restrictionms.

The rules for -overlapped fields are established for the case where
operands are fetched right to left from storage, eight bits at a time,
just before they are processed. Similarly, the results are placed in
storage, eight bits at a time, as soon as they are generated. Actual
processing procedure may be considerably different because of the use of
high-speed 1local storage for intermediate results. Nevertheless the
same rules are observed.

4.2 NUMBER REPRESENTATION

Numbers are represented as right-aligned true integers with a plus or
minus sign.

The digits 0-9 have the binary encoding 0000-1001. The codes
1010-1111 are invalid as digits. This set of codes is interpreted as
sign codes, with 1010,1100,1110, and 1111 recognized as plus and with
1011 and 1101 recognized as minus. The codes 0000-1001 are invalid as
sign codes. The zones are not tested for valid codes inasmuch as they
are eliminated in changing data from the zoned to the packed format.

The sign and zone codes generated for all decimal arithmetic results
differ for the Extended Binary-Coded-Decimal Interchange Code (EBCDIC)
and the United States of America Standard Code for Information Inter-
change (USASCII-8). The choice between the two codes is determined by
bit 12 of the PSW. When bit 12 is zero, the preferred EBCDIC codes are
generated; these are plus, 1100; minus, 1101; and zone 1111. When bit
12 1is one, the preferred USASCII-8 codes are generated; these are plus,
1010; minus, 1011; and zone, 0101.

4.3 CONDITION CODE

The results of all add-type and comparison operations are used to set
the condition code. All other decimal arithmetic operations 1leave the
code unchanged. The condition code can be used for decision-ma