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Although this publication is primarily a reference manual for the GE-425 and GE-435 Information
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that the reader is generally familiar with computers and computer terminology, although terms
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system central processor. Internal logic is described where it has a bearing on the activities
of the programmer, It is recommended that this publication be used in conjunction with the
reference manuals for the GE-425/435 Macro Assembly Program and individual peripheral
subsystems,
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INTRODUCTION

The GE-425 and GE-435 Information Processing Systems are the initial members of the powerful
GE-400 family of general-purpose digital computers, Because of the high degree of compatibility
and the logical similarity of the two systems, they are described together in this manual,
Differences between the GE-425 and the GE-435 are specifically noted where they are significant,

This manual presents the functional details of the GE-425/435 computer systems in sufficient
depth to provide the programmer with systems familiarity, A series of reference manuals
for the complete line of programming systems and aids available to the user provide additional

nrocramming information
programming information,

by

Figure I-1 illustrates the major components of a GE-425/435 system, together with represen-
tative peripheral (input/output) subsystems, These major components are described in sub-
sequent sections of the manual, Peripheral subsystems, which are described only briefly in
this manual, are the subject of separate reference manuals on each subsystem,

CENTRAL PROCESSOR
The GE-425/435 Central Processor includes three major functional units:
1. The magnetic core memory, which provides high-speed storage for data and programs,

2. Theprocessor section, which provides for control and execution of arithmetic, branching,
and logical operations,

3. The input/output (I/O) control section, which monitors and controls all peripheral
operations on as many as eight I/O channels,

In combination, these sections provide a general-purpose digital processor with a binary/decimal
arithmetic unit using a relocatable, variable-length accumulator in memory.
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The basic unit of information is the word consisting of 24 bits (binary digits) plus a 25th bit
used in memory for parity checking, u/Iemorv is a magnetic core memory available with 4k,
8k, 16k, or 32k words. Provision is made for as many as eight input/output channels, with each
channel capable of servicing one peripheral subsystem. Data transfers between the peripheral
subsystem and the 1/O channels are serial by character, Both word and character buffered
channels are available for data transfers between the 1/O control section and memory. Memory
communication with both the processor section and input/output channels is not restricted to
fixed times with reference to the processor clock; memory control logic operates asynchronously
with respect to the processor under control of its own clock.

Essential operator control of the central processor is provided through a minimum of switches
and lights on a separate control console, Communication between the operator and central
processor is provided by the input/output typewriter,

MEMORY SECTION

The primary storage device for the GE-425/435 systems is the magnetic core memory available
in capacities of 4096, 8192, 16384, and 32768 words of 24 information bits (plus one even parity
bit) each, The GE-425 memory has a memory access (read/write) cycle of 5.1 microseconds
(usec), while the memory access cycle for the GE-435 memory is 2.7 usec. The modular design
of the memory makes it possible to expand the smaller memory capacities to the larger sizes
by on-site modification,

Core memory operates asynchuonously with ilie Cential processuvi aud contaiis ils own litding
and control logic and address register, Although the basic read-write memory access cycle
is either 5,1 or 2.7 usec, many central processor instructions automatically take advantage
of the split-cycle capability of memory (read only, write only, read-restore, clear-write) to
reduce execution time, The programmer has no direct interest in this aspect of timing,

Memory Addressing

Each data word in memory can be individually accessed by specifying the location of the word
in the address field of an instruction., Internal memory addressing is binary and instruction
word address fields always consist of 15 bits, The Macro Assembly Program for the GE-425/435
automatically converts the programmer-generated decimal or symbolic addresses to binary.
Memory addressing is binary rather than decimal to provide for efficient use of the bits in the
instruction word. The instruction word address field can directly address any memory location
from 0 through 32,767,

Core memory logic provides for signaling the central processor whenever an attempt is made

to address a location beyond the capacity of the system memory (for example, any location

higher than 8191 in an 8k memory), An attempt to access a non-existent memory location is
alid ~
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Memory Words

Each 24-bit memory word can contain any one of the following, depending upon machine inter-
pretation:

1. TFour 8-bit decimal characters
2. Four 8-bit alphanumeric characters
3. Twenty-four binary digits (equivalent to 8 octal characters),

Categories 1 and 2 are data word formats, while category 3 is normally (but not exclusively)
reserved for instruction words and auxiliary words in the instruction processing sequence,
Data word and instruction word formats are described in Section II, Word Formats,

Special Locations in Memory

Sixty-five of the first 72 memory locations have functions that restrict their use by the pro-
grammer, These restrictions are for either of two reasons:

1. Certain locations have special processor-oriented functions during operation
2. Other locations must not be used in GE-425/435 programs if GE-400 programming
compatibility is to be maintained,
Specifically, the restricted locations and the reasons for the restrictions are (see Figure I-2):
Locations 1 through 6--These six locations are reserved for fixed index words which can
be used in addressing and address modification, as described in Section IV, Although this

does not prevent their use for other purposes, the programmer is cautioned against any
use that can cause conflict in the program.

Location 8--This location is used by the central processor logic for working storage during
execution of Shift and Move instructions, The programmer can not use location 8,

Locations 10 and 11--These two locations are reserved for the processor channel program
interrupt control words, The programmer cannot use these locations for any other purpose.

Locations 16 through 47--These 32 locations are reserved for the input/output channel con-
frol words which are used to control memory access during data transfer operations and
to service program interrupt requests by the input/output channels, The programmer
cannot use these locations for other purposes,

Locations 48 through 71--These locations must not be used by GE-425/435 programs if
full GE-400 programming compatibility is to be maintained,

BE-425/435
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Decimal
Memory Reserved for

Locations
0
1 1
2 2
3 3 Fixed Index Words
4 4
5 5
6 6 J
7
8 Used by Processor during Move and Shift instructions
9
10 Program Interrupt Word (PIW) Processor
11 Program Interrupt Second Word (PSW)} Channel
12
13
14
16 List Pointer Word (LPW)
17 Data Control Word (DCW) Channel
18 PIW 0
19 PSW Input/Output

% > Channel
44 LPW Control
45 DCW Channel Words
46 PIW 7
47 PSW <
N 48 Reserved for GE-400 Programming Compatibility

. = 'A\

~—_ y
71 Reserved for OF=400 Programming Compatibility

Figure I-2, Special Locations in Memory

Memory Parity

Each time that a word is written into memory, parity is automatically generated, If the number
of 1-bits is odd, a 1-bit is generated for the parity bit position; if the number of 1-bits is even,
the parity bit position remains set to zero. Thus, all words in memory will have an even 1-bit
count,

As words are read from memory, parity is checked. If the number of 1-bits in a word is odd,
a parity alert is generated., Treatment of alert conditions is described in subsequent sections,

BlE-425/4385
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PROCESSOR SECTION

The processor section contains all logic necessary for accessing core memory and executing
all operations as described in Section III, Instruction Repertoire. These include variable-length
load and store, decimal and binary arithmetic, compares, shifts, branching, and logical modi-
fication instructions with both single-address and two-address capability, Variable-length
operations involve single-, double-, triple-, and quadruple-length (4, 8, 12, and 16-character)
fields.,

Alphanumeric data is processed in binary-coded-decimal form, although certain binary arithmetic
instructions are also provided, The variable-length, relocatable accumulator, in arithmetic
operations, permits addition and subtraction of data fields consisting of 4, 8, 12, or 16 characters,
The accumulator has sufficient capacity to perform multiplication of 8 by 8 character fields and
division of 16 by 8 character fields,

Logic elements of particular significance to the programmer are:

1. Program counter (P-counter)
2. Accumulator location register
3. Accumulator length register.

The P-counter controls the sequence in which instructions are executed. It is a 15-bit register
that normally holds the address of the next Program sequence memory location. The P-counter
is automatically incremented by one during the time that a word in the P-sequence is being obtained
from memory.

The P-counter registers sequential locations until a branch instruction is encountered in the
P-sequence and the P-counter contents are replaced, Any branch instruction can change the
contents of the P-counter. During a Store P and Branch instruction or a P-counter to Index
and Branch instruction, the P-counter contents can be stored ina specified memory location
for later recovery in order to permit a return to that point in the P-sequence,

The accumulator location register is a 13-bit register that holds the high-order 13 bits of the
address of the most-significant word of the full accumulator, Under program control, the
contents of this register can be changed, thereby causing a relocation of the accumulator, The
Load Accumulator Location and Length (LAL)instruction establishes the location of the accumulator
by replacing the contents of this register, By using a Store Accumulator Location and Length
(SAL) instruction, the programmer can place the current accumulator location in memory for
later recovery.

The accumulator length register is a 2-bit register that records the length of the working accumu-
lator, The contents of this register are automatically set by any instruction that includes a set
accumulator length function, The LAL instruction causes the two low-order bits of the LAL
address field to be set into this register, The SAL instruction places the contents of the register
in the two low-order Dbit positions of the memory location specified by the SAL address field,

BE-425/435
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Processor Capabilities

The processor section contains the logical elements necessary to execute decimal and binary
arithmetic; bit and character shifts; data transfer, logical, and special instructions; and to
perform address modification,

The basic operations that are performed

constitute the instruction repertoire) are:

1.

Load and Store - These operations move information between memory locations. In
load operations, information moves from selected memory locations into the memory
locations currently being used as the accumulator, In store operations, information
moves from the accumulator memory locations to other specified memory locations,

Addition - Instructions are provided to permit binary addition and both decimal addi-
tion and decimal subtraction,

Complement - Complement operations are performed automatically as required in the
execution of decimal instructions. Complementing of binary values must be programmed,

Shift - Both bit and character shift instructions are provided. Shifting is accomplished
by moving data from the accumulator, shifting, and returning the result to the accumu-
lator, Shifting is fully described in Section III, Instruction Repertoire,

Branchmg The P- counter contents can be changed as a result of tests of internal

41 ™ - <4 P o e PR L Nt e T s F L IR 4 S TR S RS o ST 00D
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Logical Operations - Logical AND, OR, and exclusive ORI operations are performed
by loading the contents of two memory locations into internal registers, executmg
a combination of shifts of both registers, and placing the result in memory.

Edit - Edit operations are performed by simultaneously processing data to be edited
and the accumulator contents (format), Data characters are gated into the accumulator
under the control of the format characters, The edited result replaces the format
characters in the accumulator,

In addition to the above basic operations, the processor section contributes to the execution of
two special classes of instructions: the General and the Central Processor Operation instruc-

tions.

These instructions are discussed in Section III, Instruction Repertoire,

Processor Control

The processor channel is associated with central processor operations and with program inter-
vention by the operator, Its functions are:

1,

BE-425/455

To permit programmed storage of the status of certain central processor indicators
which reflect various occurrences during processing.
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2. To permit programmed setting of certain central processor indicators,

3. To permit program interruption and to control transfer to an interrupt subroutine upon
the occurrence of certain central processor conditions,

By using a Request Status instruction, the programmer can cause the status of central processor
indicators to be stored in any memory word for subsequent program testing, The programmer
can set the central processor indicators on or off ina predetermined pattern by using a Set
Status instruction. Together, these capabilities enable the establishment of a status word which,
upon occurrence of a program interrupt, is used to retain the current status of the processor,
and subsequently to restore that status, This status word can also be examined to determine
the cause of the program interrupt,

Details of processor channel functions are contained in Section V, Processor Channel,

INPUT/OUTPUT CONTROL SECTION

The third major section of the central processor is the input/output control section which, under
control of the processor section, performs the following:

1. Responds to input and output instructions and activates the peripheral subsystems,
2. Permits reading data into non-adjacent areas of memory (data scatter).
3. Permits writing data from non-adjacent areas of memory (data gather),

4. Controls time-sharing of memory access for data transfers in accord with established
priorities in order to permit simultaneous operations.

5. Monitors data transmission between core memory and the peripheral subsystem,
6. Makes channel and peripheral status available to the central processor.

7. Initiates program interrupts upon detection of certain peripheral conditions in accord
with established priorities,

The input/output control section provides for orderly data transfers between the various peri-
pheral devices and the central processor. Each peripheral subsystem is assigned an input/
output channel with a specific number, program interrupt priority, and data transfer priority.
A channel receives commands from the central processor and transmits them to the peripheral
device, A channel also transfers data from the peripheral device (or information relative
to the device status) to memory and from memory to the peripheral device,

BE-425/485
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Data transfers are synchronized with memory and central processor operations, Also, selection
and sequencing of pauses in instruction processing, such as for data transfers and program
interrupts, must be controlled. The input/output control section performs these control functions

in three ways:

1, Input/output command control - The input/output command control initiates peripheral
operations, The General instruction specifies the operation to be performed and the
channel and device to be used., The status of the channel and peripheral subsystem
is stored in a location determined by the second address of the two-address General
instruction,

2, Input/output control words - Four channel control words for each channel are stored
in fixed memory locations. The words are used by the I/O logic during data transfers
and during program interrupt operations, The list pointer word (LPW) and the data
control word (DCW) determine the memory location to or from which data is to be
transferred, The program interrupt word (PIW) and the program interrupt second
word (PSW) are used to provide an automatic branch to an interrupt subroutine to
service the condition which caused the interrupt,

3. Data transfer logic - Because several subsystems can be operating simultaneously,
the information which passes between the peripheral device and the channel must wait
its turn for access to memory in order to transfer data. The data transfer logic deter-
mines the order in which the channels can access memory, Selection is made on the
basis of channel priority. When simultaneous data transfer requests occur, the channel
with the highest priority is honored first. After a request is honored, the DCW and
LPW words are used to control data flow,

Functicns of the input/output control section are described in detail in Section VI, Input/Cutput
Processing,

SYSTEM CONTROL AND COMMUNICATION

The GE-425/435 control consoles each include an operator panel, a maintenance panel, and
an input/output typewriter, Figure I-3 illustrates the GE-425 Control Console, The console
and typewriter provide the primary means for communication between the computer and the
operator, The typewriter is connected to a standard character buffered input/output channel
which is always the lowest-priority channel (zero). In addition to the channel connection to
the central processor, other lines bring power to the console unit and connect control panel
switches and lights to central processor logic,

BE-425/455
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Figure I-3. GE-425 Control Console and Console Typewriter
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PERIPHERAL EQUIPMENT

All input/output devices used with the GE-425/435 communicate with the central processor
and core memory through input/output channels under the control of the 1/0 control section,
The GE-425/435 can have as many as eight such channels, with one always reserved for the
I/O typewriter, As many as seven additional peripheral subsystems with one or more I/O
devices can be connected to the remaining channels,

Input and output media can be selected from the following:

1,

BE-425/435

Magnetic tape (input and output) - The MT-20 Magnetic Tape Unit has a forward tape
speed of 75 inches per second and data transfer rates of 15,000 and 41,666 characters
per second, As many as eight MT-20’s can be connected to one MTC-20 Magnetic
Tape Controller. As many as eight MT-20’s can be connected to an MTC-21 Magnetic
Tape Controller for a dual channel peripheral subsystem providing greater flexibility.
Refer to the MT-20 Magnetic Tape Unit Reference Manual for operating and programming
details,

Printer - The PR-20 Printer prints 1200 lines per minute from a selection of 46 most-
used characters, or 900 lines per minute from the full GE-425/435 character set.
Print line length is 136 characters, 10 characters per horizontal inch and either 6
or 8 print lines per vertical inch, One PR-20 Printer connects to an input/output
channel, Refer to the PR-20 Printer Reference Manual for operating and programming
details,

Card reader - The CR-20 Card Reader can read standard 8U-column punched cards at
900 cards per minute, either in Hollerith, binary, or mixed mede, One card reader

connects to one input/output channel, Refer to the CR-20 Card Reader keierence

Manual for operating and programming details,

Card punch - The CP-10 Card Punch punches standard 80-column cards at 100 cards
per minute in either Hollerith, edited Hollerith, or binary mode. One card punch
connects to one input/output channel. Refer to the CP-10 Card Punch Reference Manual
for operating and programming details,

Perforated tape (input and output) - The TR-20 Tape Reader and TP-20 Tape Punch,
respectively, can read and punch 5-, 6-, 7-, and 8-level tape, Tape is read at the rate
of 500 characters per second, and punched at the rate of 150 characters per second,
The TR-20 and TP-20, with a tape spooler, are available singly or together in one
cabinet. The TR-20 and TP-20, in combination, comprise the TS-20 Tape Reader/
Punch which can be connected to a single input/output channel. Refer to the TS-20
Tape Reader/Punch Reference Manual for operating and programming details.

Magnetic disc storage (input and output) - The DS-20 Disc Storage Unit provides up to
23.5 million alphanumeric characters of random access storage, As many as four
DS-20’s can be connected to a DSC-20 Disc Storage Controller, providing 94 million
characters of storage. One DSC-20 Controller connects to a single input/output channel,
Refer to the DS-20 Disc Storage Unit Reference Manual for operating and programming
details,

I-1



7. Magnetic ink documents (input only) - The MR-20 Magnetic Reader/Sorter reads 1200
documents per minute and sorts them into 12 pockets, One MR-20 connects to a special
input/output channel, called the magnetic reader/sorter channel. Refer to the MR-20
Magnetic Reader/Sorter Reference Manual for operating and programming details.

Within certain constraints, as many as seven peripheral subsystems (in addition to the input/
output typewriter) can operate simulatneously while they time-share memory access and while
instruction processing continues, Channels have priorities for access to memory, as described
in Section VI, Input/Output Operations, This section includes descriptions of standard and
special input/output channels, as well as details of input/output operations.

MAJOR FEATURES

Several features of the GE-425/435 systems are of particular significance. These include:

Variable-length, relocatable accumulator
Edit Instruction

Scatter-Gather ability

Address Modification

Program Interrupt Logic

Checking Capability,

DU WN
P

Variable-length, Relocatable Accumulator

The accumulator in the GE-425/435 serves several functions. It holds:

One of the two operands in single-address arithmetic operations,

The result of certain arithmetic operations.

Data to be shifted,

Data to be imploded into memory and the result after data has been exploded from memory.
Edit format characters prior to editing,

. Result characters after editing,

One of two operands in certain compare operations,

QO)UI:POONH
.

The full accumulator is four adjacent memory locations that are assigned by the program. The
programmer can relocate the accumulator in any group of four adjacent locations whose most-
significant location is evenly divisible by four (0, modulo 4). Relocating the accumulator does
not affect the contents of the memory locations involved.

In addition, the working (or effective) length of the accumulator can be set to single, double,
triple, or quadruple word length. Regardless of the working length setting, the full accumulator
always corresponds to four locations. The setting of the working length determines the length
of the memory field affected by certain operations involving the accumulator, Instructions are
provided for setting the working length alone or in combination with other operations.
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Advantages provided by the relocatable, variable-length accumulator are significant, and include:

1, The accumulator can be moved to the data to be processed, rather than moving the data,
Relocating the accumulator, which does not require memory accesses, is generally
tfaster than data movement,

2. The accumulator working length can be adjusted to the data, thereby facilitating control
and saving processing time,

3. Relocatability of the accumulator minimizes instructions required for unpacking, editing,
and packing data,

For convenient referencing, the four words of the full accumulator are designated as words
D, C, B, and A, ranging from the most-significant to the least-significant word., The accumu-
lator and related terminology are illustrated graphically in Figure I-4,

16380 16381 16382 16383 j
8188 8189 8190 8191
Typical
4092 4093 4094 4095 Possible
RN e R . Four-word
100 101 102 103 > Accumulator
Locations
12 . 13 14 15 (0, Modulo 4)
4 5 6 :
0 1 2 3 J
Hord Word Word Word Full Accumulator
D C B A
-<Single-=
-tDouble — Working
-sTriple > Lengths

-4- Quadruple >

Figure I-4. Relocatable Accumulator

Note that, regardless of working length, the least-significant word of the accumulator is always
word A and the actual length of the full accumulator is always four words,

In addition to instructions for setting accumulator length and location, other instructions are
provided for remembering (storing) and re-establishing (loading) previous accumulator lengths

and locations, These instructions are described in Section III, Instruction Repertoire,
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Edit Instruction

The GE-425/435 systems have the ability to edit output data by suppressing zeros, deleting data
characters, and inserting punctuation marks and special characters into the data, This ability
is provided automatically through the Edit (EDT) instruction.

The Edit instruction processes individual data characters from memory under the control of
format characters that are held in the relocatable accumulator, The result of editing is placed
in the accumulator. The contents of the memory data field are unchanged,

During editing, three types of zero suppression are possible under the control of format characters:

1, Simple suppression
2. Suppression with Asterisk Protection
3. Suppression with Floating Dollar Sign,

Suppression causes the replacement of leading zeros, commas, and periods by spaces, asterisks,
or spaces followed by a dollar sign, The Edit instruction is discussed in Section III, Instruction
Repertoire,

Scatter-Gather

Because the input/output control section uses a list of words in memory (called a data control
list) to determine the memory locations involved in data transfer operations, it is possible
for the programmer to elect to read an input record into non-adjacent memory fields (scatter),
or to write a single output record from non-adjacent memory fields (gather),

Such a technique has the advantage of reducing the number of intramemory data moves neces-
sary and of reducing the amount of memory that need be allotted for working storage. The
scatter-gather technique is illustrated in Section VI, Input/Qutput Processing,

Address Development and Modification

The GE-425/435 instruction repertoire includes both single-address and two-address instruc-
tions. Single-address instructions specify a single operand or memory location; two-address
instructions involve two operands, Both types of instructions can require one or more words
in the processing sequence (P-sequence), depending upon the operation code and address con-
trol field (ACF) of the instruction word. See SectionII, Word Formats, for an illustration of
the instruction word format.

BE-425/435
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During instruction processing, the central processor follows this general sequence:

The instruction word is obtained from memory.

Any modification specified by the instruction word ACF is perforimed, accessing words
outside the P-sequence if necessary,

If the operation code identifies the instruction as a two-address instruction, the secon
address is obtained,

The instruction is executed,

The next instruction is obtained,

First-address modification capabilities, as controlled by the instruction word ACF and Indirect
Address Field, include:

1.

2.

Fixed Index Word (FIW) modification - Adds the contents of one of six FIW’s to the
basic instruction,

Indexing or modification through an Address Modification Sequence (AMS) - If the
instruction word ACF specifies an AMS, the next P-sequence word will be one of the
following:

a. An Index, whose address field is added to the address field of the basic instruction,

b. An Index Pointer. whose address field specifies the location of the indexing quantity
to be added to the address field of the basic instruction,

c. An Index Link, whose address field specifies a location outside the P-sequence
that ‘contains an Index, Index Pointer, or another Index Link,

Indirect Addressing - Modification by replacement of the address field with the con-
fents of any word in memory. After any Address Modification Sequence, the P-sequence
AMS word that initiated the sequence is examined to determine whether indirect addressing
is specified, If so, the developed address becomes the address of the location containing
the replacement address field. The indirect address can also be modified,

The address field of single-address instructions can be modified by any of the above three
methods, The first address of two-address instructions can be modified by an AMS and/or
indirect addressing, but not by using a fixed index word, The second address cannot be modified,

The second address of a two-address instruction is generally specified by a Second Address
Sequence (SAS) that is initiated with an SAS word in the P-sequence after any first-address
modification is performed, The P-sequence SAS word can be an:

1,
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2. Operand Pointer, whose address field contains the second address,

3. Operand Link, whose address field contains the address of another SAS word which
can be an Operand, Operand Pointer, or another Operand Link,

A special class of two-address instructions requires no SAS, Instead, the second address is
specified in the instruction word ACF to be one of the six fixed index words., These instruc-
tions are described under the heading, Fixed Index Word Instructions, in the instruction repertoire.

Extensive address manipulation is possible and can provide a useful supplement to the basic
addressing capabilities, Address modification can materially reduce total processing time
and program memory requirements, and is discussed in Section IV, Addressing and Address
Modification,

Program Interrupt

The program interrupt logic provides for the selection, initiation, and sequencing of automatic
program interrupts on a priority basis. The processor channel has the highest priority, and
input/output channel priorities are (from high to low), one through seven, and zero. Upon interrupt,
the central processor executes a branch to the program interrupt word for the requesting channel,
The contents of the program interrupt word determine whether the interrupt condition is to be
ignored or whether a program interrupt routine is to be entered. Program interrupts for the
processor channel are discussed in Section V, Processor Channel, Input/output channel pro-
gram interrupts are described in Section VI, Input/Output Processing.

Checking

A high level of accuracy and reliability are provided in the GE-425/435 systems,

The GE-425/435 can be programmed so that a detected error will initiate a program interrupt
that does not halt the system but causes the program to enter a recovery routine,

For example, if a parity alert is detected during a magnetic tape read operation, an alert indi-
cator in the processor is set by the magnetic tape controller, When the status of the magnetic
tape unit is examined upon conclusion of the operation, a branch occurs to a recovery routine
to attempt to reread the tape under program control, The programmer can select the method
for handling alerts that is best suited to his program, Other peripheral operations can be
continued while the alert condition is serviced, The programmer can elect to have the operator
informed of alerts through programmed messages on the input/output typewriter, Central
processor alerts are discussed in Section V, Processor Channel. Input/output alerts are dis-
cussed in appropriate peripheral equipment reference manuals,
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. WORD FORMATS

Although the GE-425 and the GE-435 are both decimal computer systems, knowledge of the binary
and the octal number systems, as well as the better-known decimal system, is helpful to the
programmer. Acquaintance with the binary number system is important because:

1. Internal memory addressing is in binary notation and, although the Macro Assembly
Program permits addresses to be representedby the programmer in decimal or symbolic
notation, there are occasions when it is desirable to do binary address manipulation.

2. The GE-425 and the GE-435 have binary arithmetic and logical capabilities that require
a knowledge of binary notation for their most effective use.

A knowledge of the nctal number system is also useful. because it provides a more convenient
equivalent of the binary number system. Italso facilitates conversions between binary and decimal
notation. The Appendix contains a table of powers of two and procedures for converting numbers
from one system to another.

The basic unit of information within the GE-425/435 is the word, which consists of 24 information
bits (plus one parity bit when the word appears in memory).

GE-425/435 words belong to three general categories as listed below:
1. Data words

2. Instruction words
3. Auxiliary words for addressing and control.

Each category is discussed in the balance of this section.
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DATA WORDS

Within the GE-425/435 system, alphanumeric data is represented in BCD (binary-coded-decimal)
notation. The alphanumeric word contains 24 bits numbered 0 through 23 from right to left. The
24-bit word is divided into four characters, each consisting of six bits. The four alphanumeric
characters are designated as 0, 1, 2, and 3 from left to right, as illustrated in Figure II-1.
23 eg————— 18 17 12 11 g 6 5 - 0 sit
M - nd Positions

Char 0 Char 1 Char 2 Char 3

Figure I-1, GE-425/435 Alphanumeric Word

Each character of the alphanumeric word consists of two zone bits and four numeric bits in the
format shown in Figure II-2.

N
Zone Numeric
Bits Bits

Figure II-2. BCD Character Format

Each zone and numeric bit position can contain either a 0-bit or a 1-bit. A unique bit combination
is provided for each character of the GE-425/435 character set which is illustrated in Figure
II-3. Note that all numeric characters contain 00 zone bit coding.
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Hollerit Hollerith

Printer BCD Octal Card Printer BCD Octa Card
Characters Code Code Code Characters Code Code Code
0 00 0000 | 00 0 It 10 0000 | 40 11-0

1 00 0001 01 1 J 10 0001 41 11-1

2 00 0010 02 2 K 10 0010 42 11-2

3 00 0011 03 3 L 10 0011 43 11-3

4 00 0100 04 4 M 10 0100 A 11-4

5 00 0101 05 5 N 10 0101 45 11-5

6 00 0110 06 6 ) 10 0110 46 11-6

7 00 0111 07 7 P 10 0111 47 11-7

8 00 1000 10 8 Q 10 1000 50 11-8
9 00 1001 11 9 R 10 1001 51 11-9
- 00 1010 12 2-8 I 10 1010 52 11

I #l 00 1011 13 3-8 $ 10 1011 53 11-3-8
@ 00 1100 14 4-8 * 10 1100 54 11-4-8

: 00 1101 15 5-8 ) 10 1101 55 11-5-8
11> 00 1110 16 6-8 I 10 1110 | 56 11-6-8
e 00 1111 17 7-8 (K] 10 1111 57 11-7-8
fica)] Space| 01 0000 20 (blank) + 11 0000 60 12-0
A 01 0001 21 12-1 / 11 0001 61 0-1

B 01 0010 22 12-2 S 11 0010 62 0-2

c 01 0011 23 12-3 T 10011 63 0-3

D 01 0100 24 12-4 U 1L 0100 64 0-4

E 0l 0101 25 12-5 v 11 0101 65 0-5

F 01 0110 26 12-6 W 11 0110 66 0-6

G 01 0111 27 12-7 X 11 0111 67 0-7

H 01 1000 30 12-8 Y 11 1000 70 0-8

I 01 1001 31 12-9 z 11 1001 71 0-9

& 01 1010 32 12 — 11 1010 72 0-2-8

. 01 1011 33 12-3-8 , 11 1011 73 0-3-8
1 01 1100 34 12-4-8 % 11 1100 74 0-4-8

( 01 1101 35 12-5-8 = 11 1101 75 0-5-8
< 01 1110 36 12-6-8 " 11 1110 76 0-6-8

| 01 1111 37 12-7-8 W\ 11 1111 77 0-7-8

Characters inside

3]

have special Edit functions

Characters inside normally do not print.

(%)

Figure II-3. GE-425/435 Standard Character Set
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In decimal arithmetic operations, the zone bits of all character positions of the word, except
character 3, are ignored. The character 3 zone bits indicate the sign (plus or minus) of the
entire word, not the sign of character 3. A minus sign is indicated by the binary configuration,
10, in the zone bits of character 3 (bits 5 and 4), 1f these two bit positions contain any other
configuration (00, 01, or 11), the entire word is regarded as positive. The format of a word
as it is treated in decimal operations is shown in Figure II-4.

Bit
23 22 2] -@———18 17 16 15——12 11 10 Y—— 6 5 4 3t O Position
‘XXXX Jx X X XS s}X X X X
1 1 2 3
Character
' Positions
Ignored Sign Bits:
00 = plus
01 = plus
10 = minus
11 = plus

Figure II-4. GE-425/435 Decimal Arithmetic Word

If a decimal data field is longer than one word, then the sign of the entire field is contained in
character 3 of the right-most (least-significant) wordof the field. Zone bits of all other characters
of the field are ignored automatically.

Although the GE-425 and GE-435 are essentially alphanumeric computers, both have certain
binary capabilities that permit the use of binary data words. In binary data words, the entire
24 bits are treated as a single unit of information; there is no separation into characters as in
alphanumeric words. The binary data word format is illustrated in Figure II-5.

Bit

2322212019 18 17 16 15 14 13121110 9 8 7 6 5 4 3 2 1 0 Position

Figure II-5. Binary Data Word

Binary words are automatically treated as positive quantities, and no provision is made for
indicating sign information. The 24-bit word provides for positive values ranging from zero
to 16,777,215 (decimal). Note in Figure II-5 that the number designation for each bit position
matches the corresponding power of two for that bit position; for example, bit position 23 cor-
responds to 223 Binary arithmetic involving negative quantities can be performed by the pro-
grammer if appropriate programming conventions (including two’s complement notation) are
adopted and the overflow condition is properly interpreted.
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INSTRUCTION WORDS
The GE-425 and the GE-435 are stored-program computers; that is, data processing is performed
under the control of a series of instructions stored in core memory and executed (usually in

sequence) one at a time. The sequence in which instructions are executed is called the program
sequence, or P-sequence, and is controlled by the program counter, or P-counter

Each word taken from memory under P-counter control is normally either an instruction word
or an auxiliary word. Auxiliary words are described under the next heading.

The instruction word serves these functions:
1. Defines the operation or program step to be performed.
2. Identifies the instruction as either a single-address or a two-address instruction.
3. Specifies an operand or an address.
4. Indicates the type of address control (if any) to be exercised in determining the effective

address.

The instruction word, like all Gk-425,435 words, consists of 24 bits of the format illustrated
in Figure II-6.

23 ———————18 17 16 15 14 =& 0
Address
Operation Control Address Field
Code Field

Figure II-6. GE-425/435 Instruction Word Format

The operation code field (bits 18 through 23) identifies the operation to be performed (add, subtract,
shift, etc.) and determines whether the instructionisa single-address or a two-address instruction.
The address control field (ACF), in conjunction with the operation code, determines the type of
address modification (if any) to be performed, or for certain two-address instructions specifies
the second address. The address field normally contains a memory address which is either a
tentative or an effective (final) address, depending upon whether or not address modification is
involved.

The operation codes for all GE-425/435 instructions are explained in Section III, Instruction
Repertoire. The use of the ACF is described in Section IV, Addressing and Address Modification.
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AUXILIARY WORDS

Each instruction word, under control of its ACF, may refer to a fixed index word (see Figure
1I-7a), or be followed directly in the P-sequence by one or more Address Modification Sequence
(AMS) words, as illustrated in Figure II-7Tb. Depending upon the instruction, either the fixed
index word contents modify the tentative address of the instruction word, or the fixed index
word itself is the second address in two-address instructions. The P-sequence AMS word is
invariably used to determine a modifier for the first address of the instruction.

In most two-address instructions, the instruction word (andany associated AMS words) is followed
in the P-sequence by a Second Address Sequence (SAS) word that determines the second address.
Figure II-7f illustrates the format of the P-sequence SAS word.

The P-sequence AMS and SAS words, depending upon their type, or class, can cause the program
to refer to remote AMS and SAS words located in memory but outside the P-sequence in order
to determine the address modifier or the second address for the instruction. The formats for
remote AMS and SAS words are shown in Figures II-7c and 7g, respectively.

If the indirect addressing capability of the GE-425/435 is used, a P-sequence AMS word can
also specify (in its indirect address field, bit 21) an Indirect Address word (IAW) to establish
a replacement address field for the tentative address. The IAW can also refer to an indirect
AMS word, under control of its ACF, for further address modification and/or address replacement.
The formats for the IAW and the indirect AMS word are shown in Figures II-7d and 7e, respec-
tively.

These auxiliary words are useful to the programmer for first address modification and for
second address determination. Their uses are discussed in Section IV, Addressing and Address
Modification.

In the illustrations of the formats of the auxiliary words, Figure II-7, the bit positions shown
to contain zeros must contain zeros, either because of GE-425/435 hardware requirements,
or to maintain program compatibility with planned additions to the GE-400 family of computers.
The shaded bit positions of the auxiliary words are ignored by the GE-400 instruction control
logic.

Additional auxiliary words (such as counter control words) are required by specific instructions.
Their uses and formats are described in Section III, Instruction Repertoire.
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a. TFixed Index Word (when used for address modification):

23 =< 15 14 -

Address Field

b. P-Sequence AMS Word:

[ XS]
s

20 19

=
(o]

—t

~J
[
[=)]
[y
n
[y
~

23 22

0 0 0 | Class ACF Address Field

]

‘—Indirect Address Field

c. Remote AMS Word:

23 22 21 20 19 18 17 16 15 14 =4

Class Address Field

d. Indirect Address Word:

—

18 17 16 15 14 =

ACF Address Field

e, Indirect AMS wWord:

3 22 2

[}
(38
<«
—
o)
oy
(o0

e
~4

Ju—
o
——t
Wl
v
i~

1
I
0 0 {X 0 | Class Address Field

L— Indirect Address Field

f. P-Sequence SAS Word:

23 22 21 20 19 18 17 16 15 l4~®

0 0o 0 0 |Class 0 0 0 Address Field

g. Remote SAS Word:

23 22 21 20 19 18 17 16 15 14—

0 |Class Address Field

Figure II-7, Auxiliary GE-425/435 Words
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I, INSTRUCTION REPERTOIRE

Tnis section presents the full instruction set for central processor operations in the GE-425/435,
Input/output instructions are briefly described in order to provide overall perspective, The
individual peripheral subsystem reference manuals contain more complete descriptions of
peripheral operations,

The functional description of each instruction is presented, together with simple examples
illustrating the effect of instruction execution, The format in which each instruction is presented
is related in part to the coding sheet used with the Macro Assembly Program,

ASSEMBLY LANGUAGE PROGRAMMING

A part of the programming language made available by the Macro Assembly Program is the basic
assembly language which provides the user with a symbolic language having a one-for-one corre-
lation with the GE-425/435 instruction repertoire, The basic assembly language consists of a
set of mnemonic operation codes, one code for each computer operation, In addition, mnemonic
codes for pseudo-operations are provided for memory allocation, production of constants, assembly
control, and miscellaneous functions, Some of these pseudo-operations are briefly mentioned
in this section with the instructions to which they are directly related. For a full description
of Macro Assembly Program capabilities, refer to the reference manual for the GE-425/435
Macro Assembly Program,

The coding form provided for use with the macro assembly language is illustrated in Figure III-1,
Only its use with the basic assembly language portion is described here, The coding sheet is
arranged in source program card image format, as follows:

Sequence (columns 1 through 6) - The programmer has the option of placing sequence
numbers on his source program cards within this 6-character field,

Type (column 7) - An asterisk in this field signifies that the entire card contains only
remarks,
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80

IDENT

78177

lnas

‘onz
VALUE

PARAMETERS
44

OCCURS

OPERATION
aola

PICTURE

PROGRAMMER

2428

OPERATION
5
19|20 22

LEVEL
18

1817

NAME

REFERENCE SYMBOL
DATA

SEQUENCE

PROGRAM
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Figure III- 1.
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Reference Symbol (columns 9 through 16) - This card field enables the programmer to
assign symbols to program entries, such as instructions and constants, The Macro Assembly
Program equates actual memory locations with the symbols,

Operation (columns 17 through 24) - This field is the portion of the coding sheet in which
fhe user writes the mnemonic codes for the desired instructions and pseudo-operations.

Operation Parameters (columns 25 through 76) - This field will contain absolute or symbolic
expressions of information required to complete the instruction specified in the Operation
field, and must be left-justified, Comments may also be inserted following the first blank
column after the Operation Parameters entry, For most instructions, this field will contain
the symbolic or absolute address for the instruction, followed by identification of the type
of address control (ACF), if any. The address and address control must be separated by
a comma,

Identification (columns 77 through 80) - This field provides up to four characters of pro-
gram identification, The field is not checked by the assembly program, but is printed on
the assembly listing,

The headings in the second line (Data Name, Level, Sync, etc,) are related to Macro Assembly
Program capabilities beyond the basic assembly language and are described in the reference
manual for the GE-425,/435 Macro Assembly Program,

FORMAT OF INSTRUCTION DESCRIPTIONS

Each instruction in thc rcperteire is introduced in this section by a standardized heading that

| 5¢1 PRyt pe) SIS0 5404 alze

illustrates both the codmg sheet format and the absolute octal Iormat o1 the 1nstruction, For
brevity, certain symbol conventions are used. See Figure III-2, which contains a duplication
of a heading for a representative two-address instruction,

MOVE FROM FIRST MEMORY (line 1)
MFM Y/Y,X 30XYYYYY (line 2)
0/0P/OL 7 0C0ZZZZZ (line 3)

Figure III-2. Sample Instruction Repertoire Heading

Line 1 of the heading contains the instruction name, which is a brief description of the operation
performed,

Line 2 contains three items:

1. The mnemonic code (MFM, in the illustration) for the Operation field of the coding
sheet,
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An indication of the coding sheet Operation Parameters field requirement for the oper-
ation. If this space is blank, no operation parameter is required. If it contains a Y/Y,X,
the field must contain a symbolic or absolute address field, and may contain, in addition,
an expression for the type of address control required, The Y represents the address
of single-address instructions and the first address of two-address instructions, If
the heading contains Y,X only, and not Y/Y,X, the coding sheet Operation Parameters
field must contain both an address field expression and an expression specifying one
of the six fixed index words, Only two-address instructions referencing a fixed index
word for the second address must have some address control designation,

A representation of the octal format of the instruction, The two most-significant digits
(30, in the example) are always the octal operation code. The X (third octal digit from
the left) represents the address control field and can be any digit, 0 through "7, depending
upon the type of address control required. Address control is discussed in Section IV,
Addressing and Address Modification, The YYYYY portion of the octal instruction
word corresponds to bits 0 through 14 of the binary instruction word (the address field).

For single-address instructions, line 3 of the headingis left blank, Only two-address instructions
not referencing a fixed index word must contain a second line of coding as represented in line 3
of the heading,.

When used, line 3 contains:

1,

The mnemonic for the P-sequence SAS word, For clarity, this entry should be indented
to column 21 on the coding sheet. The heading entry in the example, O/OP/OL, indicates
that either an Operand (O), an Operand Pointer (OP), or an Operand Link (OL) can be
used with this instruction. TFor certain instructions, an Operand (O) cannot be used,
In these cases, the heading only indicates OP/OL.

The heading, Z, indicating the Operation Parameters entry for the coding sheet, This
entry is usually a symbolic or absolute address,

The octal representation of the P-sequence SAS word. The digits indicated as zeros
must be zeros. The C represents the class field of the SAS word and is either 0, 1,
or 2 for an Operand, Operand Pointer, or Operand Link, respectively, The ZZZZZ
corresponds to the address field of the SAS word.

Following the heading for each instruction is the functional description that details the execution
of the instruction, The functional descriptions are, for most instructions, followed by one or
more illustrative examples containing a segment of the coding sheet and the betore and after
condition of registers and memory locations affected.

In illustrations of instructions affecting the accumulator, the full accumulator is shown as four
connected blocks with a diamond marking the working length of the accumulator. To illustrate,
Figure III-3 shows the accumulator with the working length set to triple,
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|
xxxx?xxxx X X X X[ X XXX

Figure III-3. Accumulator Representation

INSTRUCTION REPERTOIRE ORGANIZATION

In the remainder of this section, instructions are grouped according to function, The major
groups are:

Data Movement
Shift

Arithmetic
Compare

Branch

Logic

Fixed Index Word
Accumulator
Special Purpose
Peripheral

e« e e e

SOXTI T WO

[y

The Special Purpose category includes the Central Processor Operations, Edit, Halt and General
instructions. The Appendix contains both alphabetic and octal indexes of the instructions, refei-
encing the pages in this section on which the instructions are discussed,
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LDS

DATA MOVEMENT INSTRUCTIONS

LOAD SINGLE

LDS Y/Y, X 40XYYYYY

The accumulator length is set to single and the contents of location Y replace the contents of
the single accumulator. The contents of Y are not changed.

Example:

The working accumulator is double, Set the accumulator to single and load the contents of the
one-word memory field in symbolic location QTY1 into the single accumulator., QTY1 contains
+98786,

7 REFERENCE SYMBOL OPERATION OPERATION
P
E
DATA  NAME LEVEL s PICTURE c
e|7]s 1617 |18 i9f20] Y22 24|28 a0l 4
‘ 1 L§D> S QTY. 1: + ., . . .o
e i H i 3 L i 1 i 4
N ;
- i i e L i A, i 1 1
i i i i i 1 i i i
i 3 i A i i i 1 1 1 i L i
Locations Affected:
Before After
QTY1 QrYl
¥ ¥
9876 9876
Accumulator ccumulator
+
X X X X xxxx*xxxx X X X X XXX X|X XXX xxxx¥9876
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The accumulator length is set to double and the contents of locations Y-1 and Y replace the
contents of the double accumulator. The contents of Y-1 and Y are not changed,

Example:
The working accumulator is quadruple, Set the accumulator to double and load the contents of

the two-word memory field in symbolic locations QTY2-1 and QTY2 into the double accumulator,
QTY2-1 and QTY2 contain -1234 5678,

; REFERENCE SYMBOL OPERATION OPERATION
P
€ 5 0
DATA NAME LEVEL v SE PICTURE C’
[ 7|8 t6 {17 {18 19]20 22 24]28 401} 41
/| I.DD QTY2
Locations Affected:
Before After
QTY2-1 QTY2 QTY2-1 QTY2
1234156738 1234|5678
Accumulator Accumulator
+x X XX|[XXXX|XXXX|XX XX XXX X|X XX x+].2 3415678
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LDT

LOAD TRIPLE

LDT Y/Y, X 42XYYYYY

The accumulator length is set to triple and the contents of locations Y-2, Y-1, and Y replace
the contents of the triple accumulator, The contents of the memory field are not changed.

Example:

The working accumulator is single, Set the accumulator to triple and load the contents of the
three-word memory field in symbolic locations AMTA-2 through AMTA into the triple accumu-
lator, The memory field contains +9876 5432 1234,

7 REFERENCE STMBOL OPERATION opsnnnon’
P
E U
DATA  NAME LEVEL S PICTURE ()
s|7]s 1617 |18 19]20] Y22 24|28 40| s

. LDT ... .. AMTA . .

i
P
i
{

Locations Affected:

Before After
AMTA-2 AMTA-1 AMTA AMTA=2 AMTA-1  AMTA
T T
9876543211234 9876154321234
Accumulator Accumulator
+
X X X X|X X XX xxxx+xxxx xxxx+9876 5432|1234
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LDQ

LOAD QUADRUPLE
LDQ Y'Y, X 43XYYYYY

The accumulator length is set to quadruple and the contents of locations Y-3, Y-2, Y-land Y
replace the contents of the quadruple accumulator, The contents of the memory field are not

changed.

Example:

The working accumulator is triple, Set the accumulator to quadruple and load the contents of
the four-word memory field in decimal locations 1996 through 1999 into the quadruple accumu-
lator. The memory field contains 2468 135A AAT6 A149.

i REFERENCE SYMBOL OPERATION OPERATION
€ 1
DATA  NAME LEVEL I v % PICTURE (’
gi7is8 etz g 19lz20] o2 24]28 a0l &
: i
LD Q L - 1,999 o o e g
S , ‘
o ! [ 1 ’ )
- S DU . PO SR T : i b L4
i
JR S Lot i FARURNS SURIUS WSS S ) TN SRR

H— : |
e . R P R . A — \ - PR
[ B Rt - e R Bt e C e e 4 1 1 Lok e T &

Locations Affected:

Before After

1996 1997 1998 1999 1996 1997 1998 1999
2468|135AA076(8149 246 81135AlAr0761201409
Accumulator Accumulator

xxxx+xxxx X XX X|X X XX *2468 135A(AA76{~A1409
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STS

STORE SINGLE

STS

Y/Y. X

44XYYYYY

The contents of location Y are replaced by the contents of the single accumulator, regardless
of the accumulator length setting, The accumulator length and contents are not changed.

Example:

The working accumulator is double,

Store the contents of the least-significant accumulator

word in symbolic location AMTB, The working accumulator contains -1234 5678,

7 REFERENCE SYMBOL OPERATION OPERATION
e y
DATA  NAME LEVEL ",J S PICTURE [
e|7]s 1617 |18 1920 22 24|28 40| 41
o STS, |, AMT.B, . . .,
: : i
- e o S S . bl .
: i i
—den Lok It i X ;.
' L. - L 1 4 i e 1 i i 1
Locations Affected:
Before After
Accumulator Accumulator
X X X X xxxx+1234 56 78 X X X X xxxx+1234 56 78
AMTB AMTB
X X X X 5 78
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STD

STORE DOUBLE

STD Y/Y, X 45XYYYYY

The contents of locations Y-1 and Y are replaced by the contents of the double accumulator,

regardless of the accumulator length setting, The accumulator length and contents are not
changed,

Example:

The working accumulator is single, Store the contents of the two least-significant accumulator
words in decimal locations 1078 and 1079. The full accumulator contains +1234 5678 9098 7654.

; REFERENCE SYMBOL OPERATION OPERATION
P
E U
Y
& T:i8 :3% paTA NamE &7 !L!EVE!; ;r 22 SE 24128 PICTURE 401 4t '
'STD : . | 1.0717.9 _ : ‘
L] ;
i =
SRS S— O S . i =
Locations Affected:
Before After
Accumulator Accumulator
+ +
1234|5678 9098+7654 1234|5678 9098+7654
1078 1079 1078 1079
+
X X X X| X X XX 9098|765%4
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STT

STORE TRIPLE

STT Y/Y, X

46XYYYYY

The contents of locations Y-2, Y-1, and Y are replaced by the contents of the triple accumulator,

regardless of the accumulator length setting,

changed,

Example:

The accumulator length and contents are not

The working accumulator is quadruple, Store the contents of the three least-significant accumu-
lator words in symbolic locations AMTB-2 through AMTB. The full accumulator contains NAME

ARIC HARD AROE.

T REFERENCE SYMBOL OPERATION OPERATION
P
. %
DATA  NAME LEVEL Se PICTURE
e{7]8 |9 16117 |18 1920 22 24]28 40| 4
e ; i A Mx T! B- SR 1. - - N R
A N e N R
P jm - % - - i i1 1 ) ST e ;
N ‘,%.__MJ. . . i . 3 .a TN SR .4,..
: +
,-‘;w,_,.y_ T L i i i - !
‘ H
e e e A i i e - ‘

Locations Affected:

Before
Accumulator
+NAME ARIC|HARD|{AROE
AMTB-2  AMTB-1 AMTB
X x X x)xxxx|xxxX

After

Accumulator

+NAME ARIC

HARD

A ROE

AMTB-2

AMTB-1

AMTB

ARIC

HARD

AROE

BE-425/435
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STQ

STORE QUADRUPLE

STQ Y/Y, X 47XYYYYY

The contents of locations Y-3, Y-2, Y-1, and Y are replaced by the contents of the quadruple
accumulator, regardless of the accumulator length setting, The accumulator length and contents
are not changed,

Example:

The working accumulator is triple, Store the contents of the four accumulator words in locations
2000 through 2003, The accumulator contains AABR AHAM ALIN COLN,

7 REFERENCE SYMBOL OPERATION OPERATION
P
E 3
DATA  NAME LEVEL v S PICTURE
Tie 1817418 19|20 "e2| Elaefes B 40| &
. S . T .Q.’ — i_.; .,4,.-,_; ,.,.lz-iNOn Q L&.LM S SIS S I SR

i v

1

-
e s &l

; H
: e [ j
- 55 SO S S IO S OSSO i [ ,
i . b e } .ﬂ_é_,,ww_,é [EE T N ST SR S . L P O S
s = b e ) i
i . o —
Locations Affected:
Before After
Accumulator Accumulator
f\ABRéAHAM ALINJCOLN ’\ABR+AHAMALIN COLN
2000 2001 2002 2003 2000 2001 2002 2003
X X X X|X X XX|{XXXX|XZXXZX AABR|IAHAMIALINICOLN
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MFM

MOVE FROM FIRST MEMORY

MFM Y/Y, X 30XYYYYY
O/0P,0OL Z 0C0Z22772

The contents of location Y are moved to a second location, leaving the contents of Y unchanged,
Y can be modified under control of the instruction word ACF (X), which is either zero (no modi-
fication) or seven (modification). The second location is defined by a Second Address Sequence,
The SAS word can be an Operand, Operand Pointer, or Operand Link:

OPERAND. The contents of the SAS word are replaced by the contents of Y.
OPERAND POINTER. The contents of location Z are replaced by the contents of Y,
OPERAND LINK. Location Z contains another SAS word which is either an Operand, Operand

Pointer, or another Operand Link,

With this instruction, the SAS word shouldnotordinarily be coded as an Operand. This instruction
would cause an Operand to be changed, thus possibly changing the class of the SAS word to other
" than Operand.
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Example:

Move the contents of memory location, LOC1, to a second memory location LOC2, The memory
word LOC1 contains +1234,

T REFERENGE SYMBOL OPERATION OPERATION
P
€ m
DATA  NAME LEVEL 8 PICTURE d
el7le ]9 1617 |18 19 ]20 'gzz El24]28 40| &
L MFM rLoc1t1, , ., .. s
s O P Locz2 . . . - .
! 1 t L L
- U 1 i i i, 1 FR— 1 . he ek,
i i i i 1 i n i 1 1 L i i 1
i3 L X i 4 i i L i 1 1 A A i i "3
Locations Affected:
Before After
LOC1 Loc1
+ +
1234 1234
L0C2 LOC2
+
X X X X 1234
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MFI

MOVE FROM IMMEDIATE

MFI Y/Y. X 31 XYYYYY
0/0P/OL Z 0C0Z2ZZ2722

The address field Y is moved to the address field of a second location, The operation code field
and ACF of the second locationare not changed, Y can be modified under control of the instruction
word ACF (X), which is either zero (no modification) or seven (modification). The second
location is defined by a Second Address Sequence. The SAS word can be an Operand, Operand
Pointer, or an Operand Link:

OPERAND. The address field of the SAS word is replaced by the address field Y.
OPERAND POINTER. The address field of location Z is replaced by the address field Y.

OPERAND LINK. Location Z contains another SAS word which is either an Operand, Oper-
and Pointer, or another Operand Link,
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Example:

Move the value (1500)1¢ to the address field of symbolic location FTAX, The value (1500)10
is in the address field of the MFI instruction, The MFI instruction is in location 1750,

REFERENCE SYMBOL OPERATION

M OPERATION
€
)
DATA  NAME LEVEL A EE PiCTURE \;
el7lalo 1617 {18 19l20] 22| Elzales a0l 4

__MF.I,

Locations Affected:

Before After
1750 1750
MFI 0 (1500)10 MFI 0 (1500)10
FTAX FTAX
X X X X X X X X X X X (1500)10
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II-17



MTA

MOVE TO FIRST ADDRESS FIELD

MTA Y/Y, X 32XYYYYY
O,/0P/0OL Z 0C0Z2Z722Z7Z

The address field of location Y is replaced by the address field of a second location. The second
location is not changed. Y can be modified under control of the instruction word ACF (X),
which is either zero (no modification) or seven (modification), The second location is defined
by a Second Address Sequence. The SAS word can be an Operand, Operand Pointer, or Operand
Link:

OPERAND, The address field of the SAS word replaces the address field of location Y,

OPERAND POINTER. The address field of location Z replaces the address field of location
Y.

OPERAND LINK. Location Z contains another SAS word which is either an Operand, Operand
Pointer, or another Operand Link,

BE-425/455
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Example:

Replace the address field of location 1100 with the contents of the address field of location 1200,

The address field of location 1200 contains the address (1300)10,

; REFERENCE SYMBOL OPERATION OPERATION
P
€ T8 I o A
DATA NAME LEVEL 3 °E PICTURE [+
e 718 1817 118 19120 22 24128 401 &\ ’
- R $MT A b e ,lz,i(,)i,«Q.x‘_.,.,‘ 5 3. oo
i 1O!P 1,2 00 . e

s - A L PR S SIS W S S
i i A, [N W S _.,,W,L‘J
i
Locations Affected:
Before After
1200 1200
X X X (1300) 1 X X X (1300)10
1100 1100
X X X X X X X X X X X (1300) ;¢
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MoV

MOVE
MOV Y/Y, X 06XYYYYY
OP/OL Z 0C0Z2Z22Z27Z

The contents of a memory field whose most-significant word is at location Y are replacedby
words moved from a second memory field, The second memory field is not changed.

The receiving field address, Y, can be modified under control of the ACF (X), which is either
zero (no modification) or seven (modification),

The location of the most-significant word of the second memory field is defined in a control
word which also contains a word count for N, the number of words to be moved (N can range
from 1 to 512). This count is in the form 512-N, expressed in binary,

The control word format is:

2 @——m—— 15 14 = 0
Count, "From Address'" Field
512-N

N = Number of words to be moved.

The control word can be generated by using the MCTR pseudo-operation, which is described
Lelow,

The location of the control word is defined by a Second Address Sequence, The SAS word can
be an Operand Pointer or Operand Link (because of the control word format, it should not be
an SAS Operand):

OPERAND POINTER, Location Z contains the control word,

OPERAND LINK, Location Z contains another SAS word which is either an Operand Pointer
or another Operand Link,
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Move Counter (MCTR) Pseudo-Operation. The MCTR pseudo-operation is used to specify the
control word required for the proper execution of the Move (MOV) and Move on Index Control

(MXC) instructions,

To use the pseudo-operation, place MCTR in the Operation field of the coding sheet. In the
Operation Parameters field, place an absolute or symbolic expression for the starting address
of the memory field to be moved and an absolute or symbolic expression for the number of words
to be moved., The largest count that can be specified is 512, The MCTR should also be identi-
fied by a symbol in the Reference Symbol field of the coding sheet,

The MCTR should not be placed in the P-sequence, but in an area of memory used for constants,
Example:

Move the contents of the three-word memory field that starts at location 1350 to the three-
word memory field that starts at location 2104, The control word is at symbolic location COUNT,

T REFERENCE SYMBOL OPERATION OPERATION
1
E
DATA  NAME LEVEL s PICTURE q
e|7|e ]9 1617 [18 19 20| "Y22 24|28 40[ ®
i s e s - em = p— . ,,,.M, 0 V I i . ! % i }.‘ 0 L 4 s i 1 i
,,_ e fod [T ii L ;U%l’% 'x ibIUlUIL\I’iVL i L i
i 1 H H i t
. - ¥ O . +
& . A
i i A 2 i i 1 ‘II i i i i L i 1 i it 1
COUNT, ,  MCTR 1,3,50,,.3 . R

Locations Affected:

Before After

COUNT COUNT

(509) 10 (1350) 1 (509) 10 (1350) 10
1350 1351 1352 1350 1351 1352
JOHN AJOH NSON JOHN AJOH NSON
2104 2105 2106 2104 2105 2106

X X X X X X X X X X X X JOHN AJOH NSON
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EXP

EXPLODE

EXP Y/Y, X 20XYYYYY

The working accumulator is cleared to zero, From one to four characters from location Y
are distributed to the working accumulator, one character to each accumulator word, as follows:

Location Y

Accumulator € 0007 [ 0006 | 0007 | 0004 ]

Accumulator words outside the working accumulator and the contents of location Y are not
changed,
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Example:

Explode the three least-significant characters of location 4250 into the triple working accumu-
1 gth wag previously set.) Location 4250 contains AABC,

el e

ator le

REFERENCE SYMBOL OPERATION OPERATION

DATA  NAME LEVEL v Se PICTURE d’
) 40] 41

Locations Affected:

Before After
4250 4250
| — i
AABC AABC
| e
Accumulator Accumulator
xxxx+xxxx X XX X|[xxxx xxxx+000A 000B|OOOC
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Imp

IMPLODE
IMP Y/Y, X 21XYYYYY

The least-significant character of each working accumulator word is gathered into location
Y, as follows:

Location Y

Accumulator F{xxB I xxx1 I xxx9 I xx}ﬂ

The character from the least-significant accumulator word is always placed in the least-signifi-
cant character position of location Y, If any accumulator words are excluded because of a
working accumulator length less than quadruple, corresponding character positions in location
Y are cleared to zero. The accumulator contents and length are not changed,
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Example:

Implode the least-significant characters of each word of the triple accumulator into location

4250, (The accumulator length was previously set,) The full accumulator contains xxxx XxxS
XxXxA XxxM,

T REFERENCE SYMBOL OPERATION OPERATION
£ 7
DATA  NAME LEVEL l' s PICTURE c’
s|7]8 |9 1617 18 19]20] "H22 24|28 40| 41
o IMP 0 425,0 .
4 H ]
: 1 1 i L PO S—
i i 1
1 1
1 i L [,
. ——— 1 - — - L
i
Locations Affected:
Before After
i l T i | | |
!VVYVYYYYQfYYYAiYYYM' X ¥ X X@x X x Sixx X AixxxM
{ i | | |
4250 4250
X X X X 0O0SAM

2
X
ah]

i

SN
5

[y
a
JB
NS)
5
N
N
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SHIFT INSTRUCTIONS

The Shift instructions provide a variety of capabilities involving the accumulator, The type
of shift, the length of the accumulator affected, the direction of movement, and the number of
positions to be shifted are determined by the address field, which (in this case) does not refer
to a memory location, Standard address modification procedures can also be used to modify
the operation of the Shift instructions,
The address field functions as follows:

Bits 0 through 4 constitute the count field, expressing (in binary) the number of character
or bit positions to be shifted. Any number from zero through 31 is valid,

Bits 5 and 6 have no effect, but must be zero for programming compatibility with other
members of the GE-400 family,

Bits 7 through 14 control the specific type of shift and other functions to be performed,

Major characteristics of the Shift instructions are listed below:
1. Types

a, Shift - Characters or bits shifted out of the accumulator are lost, Zeros enter
the other end of the accumulator,

b. Rotate - A circular shiftin which characters or bits leaving one end of the accumu-
Iator re-enter the other end and no information is lost,

2. Direction of movement - Data movement within the accumulator can be either left
(characters only) or right (characters or bits),

3. Accumulator length - The length of the accumulator affected can be single, double,
triple, or quadruple and is independent of the working accumulator length setting,
Binary shifts involve the single or double accumulator only. In character shifts, the
working accumulator length can be set to correspond to the accumulator length to be
shifted,

4, Data types - Shifting of data can be either by character (decimal or alpha) or by bit
(binary).

a, Alpha - All character positions are treated identically by the Shift instructions,
The count field controls the number of character positions that the accumulator
contents are shifted or rotated,

b. Decimal - The accumulator sign is remembered outside the accumulator and
the sign bits in the accumulator are set to zero before shifting occurs, After
shifting, the remembered sign is restored (00 for plus and 10 for minus) to the
accumulator sign bit positions, The count field controls the number of character
positions that the accumulator contents are moved.
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¢. Binary - All positions of the accumulator are treated identically in shifting, The
count field controls the number of bit positions that the accumulator contents are
moved,

5, Special functions

a, Test (binary only) - The least-significant bit position of the accumulator can be
tested after shift completion, If this bit is zero, the Compare indicators are set
to the less than condition; if the bit is a one, the Compare indicators are set to the
equal condition, The Compare indicators can then be tested in the program by
using either the BRE or BRL instruction,

b, Set Length (alpha or decimal only) - The working accumulator length can be set
to correspond to the accumulator length to be shifted,

Shift Length vs. Accumulator Length

If the number of positions specified exceeds the length of the accumulator involved, the result
is a function of the type of shift:

1. Rotate - The specified number of positions are rotated,

2, Shift - The portion of the accumulator involved will containall zeros except in a decimal
shift which preserves the sign when it is minus,

Instruction Word Structure

The octal format of the Shift instruction wordis shown in Figure III-4, From the information given,
it is possible to construct, in octal, any legal combination of shift functions, The programmer
can construct his own Shift instructions in octal or use assembly language mnemonics provided
for that purpose,
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Operation

0 Code ACF Address Field
[ N A
2 2 X T L D N N
22 = Shift instruction operation code
X = ACF; indexing and address field modification is possible, but the nature of

the shift is altered.

T = Type of shift
0 = Shift alpha (character)
1 = Rotate alpha (character)
2 = Shift binary (bits)
3 = Rotate binary (bits)
4 = Shift decimal (characters)
5 = Rotate decimal (characters)
L = Length of accumulator affected
0 = Quadruple, do not set length Alpha or
1 = Triple, do not set length }’ decimal only
2 = Double, do not set length ‘> Alpha, decimal,
3 = Single, do not set length or binary
4 = Quadruple, set length quad
5 = Triple, set length triple Alpha or
6 = Double, set length double decimal only
7 = Single, set length single
D = Direction
0 = Right
2 = Left (alpha or decimal only)
4 = Right and test least=-significant bit (binary only)
NN = Number of positions (bits or characters) to be shifted; O through 37 octal

(which is the equivalent of 0 through 31 decimal).

Figure II-4. Octal Format of the Shift Instruction

Assembly Language Shift Mnemonic Codes

The basic assembly language makes available to the programmer 72 mnemonic codes for Shift
instructions, From the two tables in Figure III-5 the programmer can construct a mnemonic
code for each combination of shift functions that has been described, A table is provided for each
of the two categories of shifts: character and bit., Mnemonic operation codes for character shifts
contain either four or five letters, depending upon whether the Set Length function is included,
Bit shift mnemonics contain either three or four letters, depending upon whether the Test Bit
function is included,
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In addition to the two tables, all 72 mnemonic operation codes and their octal equivalents are
listed in both the alphabetic and the octal listing of the instruction repertoire in the Appendix,

Character Shifts (Decimal and Alpha) Bit Shifts (Binary)
S R S A s S R S T
Single
D Alpha Set
. . Accum Shift Single Test
Shife Right Double Length
Right
R L T D A R D A
Triple (blank) (blank)
Q
Rotate Left Quadruple Decimal Rotate Double No Test
Figure III-5. Tables for Constructing Mnemonic Codes for Shift Instructions

Using these tables, the programmer can construct any of the Shift mnemonic operation codes
desired, For example, if a rotate right of two accumulator words in the alpha mode is required,
this could be coded as follows:

Operation Operation
Code Parameters
RRDA N

This would provide a Rotate Right Double Alpha instruction that would rotate the characters of
the two least-significant words of the accumulator N places, The working accumulator length
setting would not be affected,
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Other typical shift instructions are listed below:

Operation Operation

Code Parameters Instructions

SRSD N Shift Right Single Decimal, N characters

SLTDS N Shift Left Triple Decimal and Set, N characters

RLSAS N Rotate Left Single Alpha and Set, N characters

RRD N Rotate Right Double (Binary), N bits

SRST N Shift Right Single (Binary) Test, N bits
Example:

Shift all of the decimal information in the four-word accumulator right eight character positions,
The working accumulator is presently triple, and the full accumulator contains +1692 1941
1950 1963.

7 REFERENCE SYMBOL OPERATION OPERATION
e 3
DATA NAME LEVEL Y T’E PICTURE
el7]sls 16[17 |18 19]20] Y22 24|28
T
" SRQD | 8. . ... A
: -} SES ; F—— i PO — : S
]
,,,,,,,,,,, ! e i
ey o e _
B0 TN S — -
Locations Affected:
Before After
Accumulator Accumulator
+ +
1692+1941 19501963 0000+0000 1692|1941
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Example:

Shift the alphanumeric information in the triple accumulator left four character positions and
set the length of the working accumulator to triple. The working accumulator is presently

double, The four-word accumulator contains 1234 5678 MOST APAY.
; REFERENCE SYMBOL OPERATION OPERATION
P
E
DATA NAME LEVEL ',,l s PICTURE q
6j7|8® i8{i7 [i8 1920 qii Z24j25 40| 41
. ,LTASS 4h i i 1 L
; _ 1 [ IO SO b o b ‘
! .
i i i 4 1 1. k L 1
Locations Affected:
Before After
Accumulator Accumulator
1234 5678*MOST APAY IZBQ*MOSTAPAY 0000
Exampie:

Rotate the decimal information in the two least-significant words of the accumulator four char-

acter positions right, The working accumulator is presently triple, The 4-word accumulator

contains -1234 5678 1421 5980,

; REFERENCE SYMBOL OPERATION OPERATION
P
E
DATA  NAME LEVEL PICTURE
6j17]8 1617 {18 19 40| 4

R RD, I

Locations Affected:

Before

Accumulator

After

Accumulator

1234*5678

1421

5980

1234+5678

5

9801421
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Example:

Rotate all of the alphanumeric information in the four-word accumulator eight character positions
to the left and set the accumulator to quadruple, The working accumulator is presently single,
The four-word accumulator contains ACCO UNTA DUEA PAYA.

mo=<-y

REFERENCE SYMBOL

OPERATION

DATA  NAME

LEVEL
17118 19]20

OPERATION

PICTURE

40 4I’

ST N S A

.

Locations Affected:

Before

Accumulator

After

Accumulator

ACCO

UNTA

DUE Ai'? AYA

Example:

{ DUEA

PAYA

ACCO

UNT A

Shift the binary information in the double accumulator 30 bit positions (10 octal digits) to the

right,

The working accumulator is presently quadruple,

the octal number XXXXXXXX Xxxxxxxx 32641234 01020304,

The four-word accumulator contains

mo<-4

REFERENCE SYMBOL

OPERATION

OPERATION

DATA NAME

LEVEL 8

PICTURE

17 |18 19 ]20 22

Location

Before

Accumula

s Affected:

tor (octal)

{;xxxxxxx

32641234

XXXXXXXX

01020304

BE-425/455

After

Accumulator (octa

1)

XXXXXXXX

{ XXXXXXXX

00000000

00326412
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Example:

Rotate the binary information in the single accumulator 30 bit positions to the right and set
the Compare indicators, The working accumulator is presently quadruple, Notice that the same

results are obtained by rotating only six bit positions, The four-word accumuiator contains the

4 TOULLD aiT Uu

octal number XXXXXXXX XXXXXXXX XXXXxxxx 12345670,

i REFERENCE SYMBOL OPERATION OPERATION |}
E
DATA  NAME LEVEL s PICTURE q
sj7|8 |9 16117 118 19|20 22 24]28 401 &
H i L i R R S T 3 i Ox el | bk d N A TR S " "
| i
H i j{ e 1 i 1 1 I 1 (R bk 1 It . A
H
1 i i i i i i 1 1 i i i i i 1 i L i i
1 1 i A ] A 1 i 1 1 Aok 1 i 1 I i "
i i L " i 1 i L i i L i A 1 1 4 It t
A i i i J i i L i A 1 i 4 i i i i A 1 A L i

Locations Affected:

Before After

Accumulator (ectal)

Accumulator (octal)
1 ¥ T 1 r 7

i i i i i i i i i

txxxxxxxx XXXXXXXX | XXXXXXXX | 123456 /Ui Y XXXXXXXX | XXXXXXXX [XXXXXXxK | 70123456

|

i

After the shift, the least-significant bit position of the accumulator contains a zero (octal 6 is
binary 110), This causes the Compare indicators to be set to “less”,

¥

i
i
&

5
N
dBy
SN
n
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LBT

LOW BIT TEST
LBT 22X23400

The least-significant bit position of the accumulator is tested, If it is zero, the Compare indi-
cators are set to “less”; if it is a one, the Compare indicators are set to “equal”,

This instruction is a special case of the Shift instruction and is the equivalent of a Shift Right
Single Test with zero number of bits specified to be shifted (SRST O0).

BE-425/435
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ADS

ARITHMETIC INSTRUCTIONS

ADD DECIMAL SINGLE

ADS Y'Y, X 50XYYYYY

The contents of location Y are added to the contents of the working accumulator, The resuit is
placed in the accumulator, and Y is not changed, The sign of the result is placed in the zone
bits of the least-significant result character; the remaining zone bits of the working accumu-

lator are set to zero, The accumulator length is not affected by this instruction,

Overflow: A carry out of the working accumulator turns on the Overflow indicator, The carry
is lost and the initial sign of the accumulator is not changed,

Example:

Add the decimal contents of location PAY4 to the accumulator. The contents of PAY4 are +1040
and the contents of the working accumulator (which is single) are -20,

~pEnATIAN

:L_ _ ! T T 18T T ir ‘“L‘—| ‘r
T 1 ! ! !’

i DATA  NAMF i dreveld o RE o isd i PICTURE i
5
B i9 16 {17 118 9420} ¢22| ~124|28 40 41

ADS = PAY4

Locations Affected:

Before After
PAY4 PAY4L
+ +
1040 1040
Accumulator Accumulator
I - | )
X XXX |X X XX XXXX?OOZO X X X X [X X XX xxxx?lOZO

y

CPR)
{r_gﬂ
=)
)
&
NN
Iy
@
&
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SDS

SUBTRACT DECIMAL SINGLE

SDS Y/Y, X 60XYYYYY

The contents of location Y are subtracted from the contents of the working accumulator, The
result is placed in the accumulator, and the memory field is not changed, The sign of the result
is placed in the zone bits of the least-significant result character; the remaining zone bits of the
working accumulator are set to zero, The accumulator length is not affected by this instruction,

Overflow: If the accumulator and the contents of Y have unlike signs, the result can exceed the
capacity of the working accumulator, turning on the Overflow indicator, The carry is lost and
the initial sign of the accumulator is not changed.

Example:

Subtract the decimal contents of location TAX from the accumulator, The contents of TAX are
+540 and the contents of the working accumulator (which is single) are +2160,

; REFERENCE SYMBOL OPERATION OPERATION
P
E S
DATA NAME LEVEL Y SE PICTURE ’
e|7]8 ]9 16[17 {18 19}20 22 24|28 40| 41
1
..8bs, . .. TAX _ .

Locations Affected:

Before After
TAX TAX
+ +
0540 0540
Accumulator Accumulator
+ +
X XXX |[xXxXxXx|xxxx92160 X X XX |[xxxx|xxxx¥®L620
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ADD

ADD DECIMAL DOUBLE

DD V

iaas

~N

>
(8]
><
<
<
=<
..<
o

The contents of locations Y-1 and Y are added to the contents of the working accumulator. The
result is placed in the accumulator and the memory field is not changed, The sign of the result
is placed in the zone bits of the least-significant result character; the remaining zone bits of the
working accumulator are set to zero. If the working accumulator is double, triple, or quadrupie,
the length is not changed, If the working accumulator is single, the length is set to double and

the added working accumulator word is cleared to zeros before addition occurs,

Overflow: A carry out of the working accumulator turns on the Overflow indicator, The carry
is lost and the initial sign of the accumulator is not changed,

Example:

Add the decimal contents of Y-1 and Y to the contents of the accumulator, The cunteunts of Y-1
and Y are +2000 3000 and the contents of the working accumulator (which is single) are +1000,
{The added working accumulator word is cleared to zero before the addition takes place,)

REFERENCE SYMBOL | OPERATION | SPERATION
(3
DATA  NAME LEVEL Y s PICTURE )
8 |9 1617 (18 19 |20] Y22 24|28 40] 41
4 L : i A;DzD Y\ i L i i S b " i i i -
; i A L . . ; %
FRR i i
L SNSRI S S, A i i J.. Lo i . L re -
i s o i A

Locations Affected:

Before After
Y-1 Y Y-1 Y
+ +
200013000 2000|3000
Accumulator Accumulator
+ +1
X XXX |XXxXxX|55009@1000 X X X X {X X X X ‘zuuuqu::u‘i

BE-425/435
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sDD

SUBTRACT DECIMAL DOUBLE
SDD Y/Y. X 61XYYYYY

The contents of locations Y-1 and Y are subtracted from the contents of the working accumulator,
The result is placed in the accumulator, and the memorv fieid is not changed, The sign of the
result is placed in the zone bits of the least-significant recult character; the remaining zone hits
of the working accumulator are set to zero, If the working accumulator is double, triple, or
quadruple, the length is not changed. If the working accumulator is single, the length is set to
double and the added working accumulator word is cleared to zeros before subtraction occurs,

Overflow: If the accumulator and the contents of Y have unlike signs, the result can exceed the
capacity of the working accumulator, turning on the Overflow indicator, The carry is lost and
the initial sign of the accumulator is not changed,

Example:
Subtract the decimal contents of locations 2004 and 2005 from the accumulator, The contents of

2004 and 2005 are +8060 5000 and the contents of the working accumulator are +1234 1234 0061
5500, The current working accumulator is quadruple,

; REFERENCE SYMBOL OPERATION OPERAT!ON’
P
3 § G
DATA NAME LEVEL Y sE PICTURE g
el7]e 1617 {18 19]20 22 24|28 40] 44
o
SDD 2005, i
ooy o e - e e ¥ b
L ;
- Rt a4 po e — - -
s f :
H i W DR S e P S - -
i i

Locations Affected:

Before After
2004 2005 2004 2005
e T
8060 (5000 80605000
Accumulator Accumulator
+ ! s
*1234 12341]10061[5500 ?12341233 20011]0500

BE-425/435
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ADT

ADD DECIMAL TRIPLE

3
o
i
<
<
oS
<
<

/
DT /Y,

>
"
Ay
[
v

The contents of locations Y-2, Y-1, and Y are added to the contents of the working accumulator,
The result is placed in the accumulator and the memory field is not changed, The sign of the
result is placed in the zone bits of the least-significant result character; the remaining zone
bits of the working accumulator are set to zero, If the working accumulator is triple or quad-
ruple, the length is not changed, If the working accumulator is double or single, the length is
set to triple and the one or two added working accumulator words are cleared to zeros before

addition occurs,

Overflow: A carry out of the working accumulator turns on the Overflow indicator, The carry
is lost and the initial sign of the accumulator is not changed.

Example:

Add the decimal contents of DAY-2 through DAY to the contents of the accumulator. The contents
of DAY-2 through DAY are +0001 5000 4000 and the contents of the working accumulator (which
is double) are +3020 3030, (The added working accumulator word is cleared to zero before the

addition takes place,}

7 REFERENCE SYMBOL OPERATION OPERATION
I
E S, 0
DATA  NAME LEVEL Y 5 PICTURE '
e|7|8 |9 16117 |18 19 |20] "Yz2 24]28 40{ 41
_ADT_ | DAY . T
’ - : : Al b S S T - . R BT O ‘

[ S L D ORI S 0O N D M PP W S R 4

Locations Affected:

Before After
DAY-2 DAY-1 DAY DAY-2 DAY-1 DAY
+ +
0001i{5000]4000 000150004000
Accumulator Accumulator
T T T
Xxxxx|123493020]3030 xxxx?OOOl 80207030

BE-425/855
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sDT

SUBTRACT DECIMAL TRIPLE

SDT Y/Y, X 62XYYYYY

The contents of locations Y-2, Y-1, and Y are subtracted from the contents of the working accu-
mulator, The result is placed in the accumulator, and the memory field is not changed, The
sign of the result is placed in the zone bits of the least-significant result character; the remaining
zone bits of the working accumulator are set to zero, If the working accumulator is triple or
quadruple, the length is not changed., If the working accumulator is double or single, the length
is set to triple and the one or two added working accumulator words are cleared to zeros before
subtraction occurs.

Overflow: If the accumulator and the contents of Y have unlike signs, the result can exceed the
capacity of the working accumulator, turning on the Overflow indicator. The carry is lost and
the initial sign of the accumulator is not changed,

Example:

Subtract the decimal contents of location BA-2 through BA from the accumulator, The contents
of BA-2 through BA are -0000 8000 5000 and the contents of the working accumulator are +4000
1000, The current working accumulator is double,

; REFERENCE SYMBOL OPERATION OPERATION
P
[
DATA NAME LEVEL Y sE PICTURE
6j7(8}9 1617 118 1920 %22 24128

sSpT ... BA .

Locations Affected:

Betore After
BA-2 BA-1 BA BA-2 BA-1 BA
000080005000 0000800015000
Accumulator Accumulator
+ +
xXxx|658594000]1000 xxxx@0001{2000{6000
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ADQ

ADD DECIMAL QUADRUPLE

[$2]
[9%)
v
v
e
v
v

DQ vV/V. X

A
i21s i/ i, «a

The contents of locations Y-3, Y-2, Y-1, and Y are added to the contents of the working accumu-
lator., The result is placed in the accumulator and the memory field is not changed, The sign
of the result is placed in the zone bits of the least-significant result character; the remaining
zone bits of the accumulator are set to zero, If the working accumulator is quadruple, the
length is not changed. If the working accumulator is triple, double, or single, the length is set
to quadruple and the one, two, or three added working accumulator words are cleared to zeros

before addition occurs,

Overflow: A carry out of the accumulator turns on the Overflow indicator, The carry is lost
and the initial sign of the accumulator is not changed.

Example:

Add the decimal contents of locations 1300 through 1303 to the contents of the accumulator, The
contents of 1300 through 1303 are +0100 0200 0400 0300 and the contents of the accumulator are
+1000 2000 4000 3000, The accumulator is currently set to quadruple,

i‘ REFERENCE SYMBOL OPERATION OPENAT'ON?
E
slrfeafs DO4TA NAME refi7 |1e 8 |20 22 % 24|28 PICTURE 40| 4 t'
eed EA,P Q ‘, 1x310131 S S S N N SR w -
] r H ot 0 : 2 TS Y 1

SN0 SUS TS SN S H

Locations Affected:

Before After
1300 1301 1302 1303 1300 1301 1302 1303
+ +
0100[0200{0400(0300 0100/0200|l0400(0300
Accumulator Accumulator
+ +
1000200040003 00¢0 1100{2200{4400(3300

BE-425/455
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sDQ

SUBTRACT DECIMAL QUADRUPLE
SDQ Y/Y, X 63XYYYYY

The contents of locations Y-3, Y-2, Y-1, and Y are subtracted from the contents of the working
accumulator, The result is placed in the accumulator and the memory field is not changed, The
sign of the result is placed in the zone hits of the least-<significant result character; the remaining
zone bits of the accumulator are set to zero. If the working accumulator is quadruple, the length
is not changed, If the working accumulator is triple, double, or single, the length is set to quad-
ruple and the one, two, or three added accumulator words are cleared to zeros before subtraction
occurs,

Overflow: If the accumulator and the contents of Y have unlike signs, the result can exceed the
capacity of the accumulator, turning on the Overflow indicator. The carry is lost and the initial
sign of the accumulator is not changed,

Example:
Subtract the decimal contents of locations 3060 through 3063 from the accumulator, The contents

of 3060 through 3063 are -6020 8000 5000 0010, The contents of the working accumulator are
+1000 2000 0000, The current working accumulator is triple,

7 REFERENCE SYMBOL OPERATION OPERATION
P
E 5,
DATA NAME LEVEL Y s PICTURE q
el7]s s 1817 [18 19 ]20| "Yz22 24|28 40} 0
; JSD Q I 310»6|3| b P

e ek S TS - ; TSN RN WU W S S

A

Locations Affected:

Before After
3060 3061 3062 3063 3060 3061 3062 3063
6020|8000 |5000(|0010 6020|8000|500010010
Accumulator Accumulator

+ +
0320100020000 000 66 2019000|7000]0010

BE-425/455
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AMS

ADD TO MEMORY SINGLE

AMS Y/Y, X 54XYYYYY

If the working accumulator is single, its contents are added to location Y and the result is stored
in Y, The accumulator contents and length are not changed, The sign of the result is placed
in the zone bits of the least-significant character of Y; zone bits of all other characters in Y
are set to zeros,

Overflow: A carry out of the most-significant character position of Y is lost and the Overflow
indicator is turned on,

If the accumulator length is double, triple, or quadruple, Y is not changed and the Overflow
indicator is turned on,

Example:

Add the contents of the working accumulator to the contents of location 2000, The working accu-
mulator contains +0500 and location 2000 contains +6200,

T REFERENCE SYMBOL OPERATION OPERATION
e o
DATA NAME LEVEL ¥ S PICTURE '
sl7]s 22 24]28 40l 4
2,000, . ORTT |
b e
- . i
, . . |
Locations Affected:
Before After
Accumulator Accumulator
§ ]
XXXX|[xxxx|xxxx@Q0500 X XXX |XXXXx|xxxx9050
2000 2000
+ +
6 200 6700

BE-425/455
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AMD

ADD TO MEMORY DOUBLE
AMD Y/Y, X 55XYYYYY

If the working accumulator is single or double, its contents are added to the contents of locations
Y-1 and Y, and the result is stored in Y-1 and Y, The accumulator contents and length are not
changed, The sign of the result is placed in the least-significant character position of Y; zone
bits of all other characters in Y-1 and Y are set to zeros.

Overflow: A carry out of the most-significant character position of Y-1 is lost and the Overflow
indicator is turned on,

If the accumulator length is triple or quadruple, Y-1 and Y are not changed and the Overflow
indicator is turned on,

Example:

Add the contents of the working accumulator to the contents of location 1229 and 1230, The
working accumulator contains -7050, and locations 1229 and 1230 contain -5500 5000,

T REFERENCE SYMBOL OPERATION OPERATION
3
DATA NAME LEVEL Y s PICTURE ’
e|7]e 16/17 |18 19|20 Y22 24|28 40l &1
; o 'AM D 1230, . . e L+‘
i ,{ i i i L i : . : I i
47__ e - ; { X L . L e i
VRS T SN S S L b SRR S S S N
} : f
,.,;.é_,_,...,m,\w S : It 1 L bl 1 1
Locations Affected:
Before After
Accumulator Accumulator
X X X X|X XXX xxxx+7050 XXX X|X X XX xxxx+7050
1229 1230 1229 1230
5500(5000 5501},2050

BE-425/435
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AMT

ADD TO MEMORY TRIPLE

[$)}
[¢2]

N
v

v
v
v
v
i

AMT Y/

I or t iple, its contents are added to the contents of
locations Y-2, Y-l, and Y nd the resmt hose locations, The accumulator contents
and length are not changed The sign of the result is placed in the least-significant character

position of Y; zone bits of all other characters of the result are set to zeros,

U)
n
ot
Q
=
@
cu
I
:i
,...
C)

Overflow: A carry out of the most-significant character position of Y-2 is lost and the Overflow
indicator is turned on,

If the accumulator length is quadruple, Y-2, Y-1, and Y are not changed and the Overflow indi-
cator is turned on,

Example:
Add the contents of the working accumulator to the mntentq of location 1420 through 1422, The

workine accumulator contains ~A700 3900 2100 ana loecations 1420 through 1422 contain 0050
0020 0090,

T REFERENCE SYMBOL OPERATION OPERATION
: . :
DATA A s
sl7]s A NAME re]i7 | e 15 [20| "2z E[2a]es PICTURE +0] 4 ‘)
i - —res = A M _Tr—o — ~-—--yv ~—+~~1-4——-41 .2.&42_.._ ~~~~~~~
,x;,“, - UG S i L i e i ‘L
; : Calt i . ‘
ek S . - —i e i
s . N i e .
Locations Affected
Before After
Accumulator Accumulator
+ +
xxxx@®6 700(|3900(2100 xxxx@6 7001390012100
1420 1421 1422 1420 1421 1422
e T

0050[0020{0090 075039 2072190

)
i
al
)

(Ge
0
=
S
U
N
(NS
2N
Gl
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AMQ

ADD TO MEMORY QUADRUPLE

AMQ Y/Y, X 57TXYYYYY

The contents of the working accumulator are added to the four-word memory field in locations
Y-3 through Y, and the result is stored in those locations. The accumulator contents and length
are not changed, The sign of the result is placed in the least-significant character position of
Y; zone bits of all other characters of the result are set to zeros,

Overflow: A carry out of the most-significant character position of Y-3 is lost and the Overflow
indicator is turned on,

Example:

Add the contents of the working accumulator to the contents of locations PD-3 through PD, The
current working accumulator is triple and contains +6200 7100 3200, Locations PD-3 through
PD contain +0002 7000 2000 1000,

T REFERENCE SYMBOL OPERATION OPERATION
P
E U
DATA  NAME LEVEL Y S PICTURE
el7]s 1817 {18 19]20] Y22 24|28 40| 4
. H

AMQI{ P:DJ b i Iy i A ) PO i .

Locations Affected:

Before After
Accumulator Accumulator

+ +
x x x x@6200(7100;32¢C0 xxxx@c 2007100122020
PD-3 PD-2 PD-1 PD PD=-3 PD-2 PD-1 PD

+ +
0002(7000(2000(1000 00G3{3200t9100{4200

BE-425/485
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ABM

ADD BINARY TO MEMORY

ABM Y/Y, X 34XYYYYY

O/0P/0OL Z 0CO0ZZZZZ
The contents of location Y are added absolutely, in binary, to the contents of a second location.
The result is placed in the second location, The contents of Y are not changed. Y can be modi-

fied under control of the instruction word ACF (X), which is either zero (no modification) or
seven (modification), The second location is defined by a Second Address Sequence., The SAS
word can be an Operand, Operand Pointer, or Operand Link:

OPERAND. The contents of location Y are added to the contents of the SAS word and the
result is stored in the SAS word,

OPERAND POINTER. The contents of location Y are added to the contents of location Z
and the result is stored in location Z,

OPERAND LINK. Location Z contains another SAS word which is either an Operand, Operand
Pointer, or another Operand Link,

With this instruction, the SAS word should not ordinarily be coded as an Operand, This instruc-
tion would cause an Operand to be changed, thus possibly changing the class of the SAS word
to other than Operand.

Overflow: A carry out of the most-significant bit position of the second location is lost, and
the Overflow indicator is turned on.

BE-425/455
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Example:

Add the contents of location 1500 absolutely in binary to the contents of location 2000, Location
1500 contains (60566413)8 and location 2000 contains (11111111)8.

T REFERENCE SYMBOL OPERATION OPERATION
H

DATA NAME LEVEL [ S PICTURE ’

e|7]s 18 19 |20] Y22 40] 41

STV JSDT IRSIATSUNVIUN: IS SIS PRI RSN M- ‘
i

Locations Affected:

Before After
1500 1500
110 000 101 110 110 100 001 011 110 000 101 110 110 100 001 O11
2000 2000
001 001 001 001 001 001 001 001 111 001 110 111 111 101 o0l0 100

BE-425/43%
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SBM

SUBTRACT BINARY FROM MEMORY

SBM Y/Y, X

O/OP/0OL Z

o ™

o w
ao
N
N !
N =
N !
N !

The contents of location Y are subtracted absolutely, in binary, from the contents of a second
location, The result is placed in the second location. The contents of Y are not changed, Y
can be modified under control of the instruction word ACF (X), which is either zero (noc modi-
fication) or seven (modification), The second location is defined by a Second Address Sequence,
The SAS word can be an Operand, Operand Pointer, or Operand Link:

OPERAND, The contents of location Y are subtracted from the contents of the SAS word
and the result is stored in the SAS word,

OPERAND POINTER, The contents of location Y are subtracted from the contents of location
Z and the result is stored in location Z,

OPERAND LINK, Location Z contains another SAS word which is either an Operand, Operand
Pointer, or another Operand Link,

With this instruction, the SAS word should not ordinarily be coded as an Operand., This instruc-
tion would cause an Operand to be changed, thus possibly changing the class of the SAS word
to other than Operand,

Overflow: In the absolute subtraction, if the value to be subtracted exceeds the value contained
in the second location, the result (in 2’s complement form) is placed in the second location and
the Overflow indicator is turned on,

BE-4285/455
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Example:

Subtract the contents of location 1500 absolutely in binary from the contents of location 2000,
Location 1500 contains (11111111)8 and location 2000 contains (656 16627)8.

; REFERENCE SYMBOL OPERATION OPERATION
5
: 5
DATA NAME LEVEL sE PICTURE ’
6|7]8 16117 {18 19]20 22 24|28 40| 91

Locations Affected:

Before After
1500 1500
001 001 001 001 001 001 001 001 001 001 001 001 001 001 001 001
2000 2000
110 101 110 o001 110 110 Ol0 111 101 100 101 000 101 101 001 110

BE-425 /455
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[

ADD IMMEDIATE TO MEMORY

AIM Y/Y, X 33XYYYYY
0/0P/OL Z 0C0ZZZZ7Z

The address field Y is added in binary to the address field of a second location. The result is
placed in the address field of the second location, The operation code field and ACF of the
second location are not changed, Y can be modified under control of the instruction word ACF
(X), which is either zero (no modification) or seven (modification). The second location is
defined by a Second Address Sequence, The SAS word can be an Operand, Operand Pointer, or
Operand Link:

OPERAND, Address field Y is added to the address field of the SAS word and the result
is placed in the address field of the SAS word,

OPERAND POINTER, Address field Y is added to the address field of location Z and the
result is placed in the address field of location Z,

OPERAND LINK, Location Z contains another SAS word which is either an Operand, Operand
Pointer, or another Operand Link,

Overflow: A carry out of the address field is lost and the Overflow indicator remains unchanged,

BE-425/455
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Example:

Add the value (500);( to the contents of the address field of location2000. The address field of
location 2000 contains (150);g. The value of (500), is in the address field of the AIM instruction,
The AIM instruction is in location 1700,

; REFERENCE SYMBOL OPERATION OPERATION
X F
E S,
DATA NAME LEVEL Y sE PICTURE )
6[(7]8 ]9 1617 {18 19}20] Y22 24|28 40| &
CAIM 308“* o O

Locations Affected:

Before After
1700 1700
AIM 0 (500)10 AI1IM 0 (500)10
2000 2000
X X X (150)10 X X X (650)10

BE-425/435

III-52



VLM

VLM Y/Y, X 27TXYYYYY

The contents of locations Y-1and Y are multiplied by the least-significant character in the accumu-
lator, generating a 9-digit product in the most-significant positions of the accumulator, Details
of execution are dependent upon the status of the First Time indicator (FTI),

Memory Field Accumulator
Y -1 Y D C B A
[(mMumM[MumumM] [plo{pppplpppp[?22722[?27 2mls{n]
Multiplicand s ~ - ~— /
Cumulative Previously-
product for generated
each VLM product digits,
execution or multipliers
Single-Digi% for later VLM's
Product ~N i
Register J Single-Digit M'ultiplier}____.i

Rroaicteor

If the FTI is on:

1. The two least-significant accumulator words (B and A) are shifted right one character;
the least-significant digit in the accumulator moves into the single-digit multiplier
register; a zero is placed temporarily in the most-significant character position of
accumulator word B,

2, Accumulator words D and C are cleared to zeros,

3. The contents of Y-1 and Y are multiplied by the contents of the single-digit multiplier
register, and the nine-digit product is placed in the single-digit product register and
accumulator words D and C,

4, The sign of the product, as determined by the signs of the multiplier digit and the
least-significant digit of Y, is placed in the zone bits of the least-significant digit in

accumulator word C,

5. The First Time indicator is turned off.

BE-425/435
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6. Accumulator words D and C are shifted right une character, and the least-significant
digit of word C replaces the temporary ze€ro previously placed in the most-significant
position of word B (the remaining three digits of word B are unaffected). The single-
digit product register contents enter the most-significant position of word D,

If the FTI is off:

1. The two least-significant accumulator words (B and A) are shifted right alpha one
character; the least-significant digit in the accumulator moves into the single-digit
multiplier register; a zero is placed temporarily in the most-significant position of
accumulator word B,

2. The contents of Y-1 and Y are multiplied by the contents of the single-digit multiplier
register, The sum of the nine-digit product and the contents of accumulator words
D and C is placed in the single-digit product register and accumulator words D and C.

3. Accumulator words D and C are shifted right one character, and the least-significant
digit of word C replaces the temporary zero previously placed in the most-significant
position of word B (the remaining three digits of word B are unaffected). The single-
digit product register contents enter the most-significant position of word D,

The multiplier character is lost during each VLM execution. The multiplicand field, Y-1 and Y,
is not changed, The accumulator length is not changed,

The multiplicand is always considered to be an eight-digit field consisting of the memory word
specified by the VLM address field and the next-most-significant word (Y-1 and Y).

To form the product of a memory field and a multi-digit multiplier, the VLM instruction must
be executed once for each multiplier digit. Thus, an N-digit multiplier requires N executions
of the VLM, up to a maximum of eight,

The product of a single VLM execution contains 9 digits; the product formed with an N-digit
multiplier contains 8 + N digits, for a maximum of 16, left-justified in the full accumulator,

The sign of the product appears in the zone bits of the least-significant character of the product;
the zone bits of all other product digits are set to zero.

A single VLM instruction can be used to form an 8 + N-digit product by controlling VLM execu-
tion with a Branch on Count (BRC) or Branch on Index Count (BXC) instruction that has been
set to allow N executions of the VLM, The BRC or BXC instruction automatically turns on the
FTI upon completion of the count, thereby reinitializing the FTI for subsequent instructions.

Upon completion of a multiply, if the product is less than 16 digits, it must be shifted right
alpha by the program for proper positioning and sign preservation, The number of character
positions to be shifted is 8 minus the number of VLM’s executed,

BE-425/485
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The VLM instruction is not affected by, and does not change, the accumulator length, Execution
of VLM can result in a -0 product, if one factor is zero and the other is negative. Overflow
can never be caused by the VLM,

Example:

Multiply the contents of symbolic location MCND by the single-digit field in memory location
MTER and right-justify the product in the accumulator, MCND-1 and MCND contain -0004 1234
and MTER contains +0002, The First Time indicator is on,

i REFERENCE SYMBOL. OPERATION onnxnou"’
€
DATA NAME LEVEL S PICTURE d
e|7]s 1817 [i1s 19 ]20] Y22 24|28 40 8
L . . 'LDS M,T.E,R, , (Multiplier), , ., . .
pot AViIL M M,C.N,D, . (Multiplicand), ., , |
4 SIR.QA 7. . . . . (Position the Product)
S IR S H i i 1 i i i i i A i i i i "
i H i L ] i 1 i 1 i i 1 i i i i i 1 i i i i 1
A SRS PR IS S Y i b 1 4 i i i 1 i i L i 1 1
Locations Affected:
After Execution of LDS
MCND~1 MCND Accumulator
- +
000411234 +xxxx XX Xx|xxxx|[000 2
After Execution of VIM
MCND-1 MCND Accumulator
0004|1234 +OOOO 8246(8xxx|x000
After Execution of SRQA
MCND-1 MCND Accumulator
000411234 {OOOG 000000082468

The sequence above leaves FTI reset (off).
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Example:

Generate a VLM-BRC loop to multiply an 8-digit memory field in symbolic locations CAND-1
and CAND by a 3-digitfield in symbolic location ER, and right-justify the result in the accumulator,
CAND-1 and CAND contain +6231 1231 and ER contains +0456, The First Time indicator is on,

; REFERENCE SYMBOL OPERATION OPERATIO
: Y
DATA NAME LEVEL Y sE PICTURE
8]7]|81}9 1617 |18 19|20 22 24]28 40] 4t
1 ‘ : Lps . . ER . B
, ‘MPLY , vLM .t CAND. . ol
R BRC | ' MPLY
) , OoOP XCT
¢' SRQA 5
1, XCT BCTR . . .2 .
e~ —— L

Locations Affected:

After Execution of LDS
CAND-1 CAND Accumulator

[

+
6231(123 X X X X |X XXX |XX X}{+0 456

After Execution of 1lst VIM
CAND-1 CAND Accumulator

(e

6231|123

+
3738|6738]6x x:<+x.0 45

After Execution of 2nd VIM

CAND-1 CAND Accumulator
+ +
623111231 348914289 |36%x x4n<>(0 4
After Execution of 3rd VIM
CAND-1 CAND Accumulator
—+ +
623111231 284113921133 6:<+}cx x 0
After Execution of SRQA
CAND-1 CAND Accumulator
+
62311231 0000(0284(1309 2+].3 3 g

The Branch on Count (BRC) instruction and the BCTR pseudo-operation used in the above example
are both discussed in the Branch Instructions subsection of the Instruction Repertoire section,
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VLD

VARIABLE LENGTH DIVIDE

VLD Y/Y, X 26XYYYYY

The contents of Y-1 and Y are divided into the nine most-significant digits of the four-word
accumulator, For each execution of a VLD, a single-digit quotient (with sign) is generated in
the least-significant character position of the accumulator, with any remainder, the balance
of the dividend, and any previously-generated quotient digits occupying the remaining accumulator
positions. Details of VLD execution depend upon the status of the First Time indicator (FTI).

Memory Field Accumulator
Y -1 Y D c B A
[@ddd[dddd] |[p]-dpppD[pDDD[2222]277¢]-{q]
Divisor - ; jlk —/ 4
{ Dividend for l Balance of
‘ | each VLD dividend, or
i j i uotient digits
Single-Digit ' 4 ?.t““ :;::';i;%:,
Dividena j e remalnaer VLD executions
Register generated by
VLD execution Single-Digit
Quotient -
Register

If the FTI is on:
1. The Overflow indicator is turned off,

2. The contents of the four-word accumulator are shifted left alpha one character, This
causes the sign of the least-significant digit of the dividend to be shifted, even when
the dividend consists of 16 digits, The most-significant digit shifts out of the accumulator
into a special single-digit dividend register, and a zero is temporarily inserted in the
least-significant character position of the accumulator,

3. The First Time indicator is turned off,

4, The 8-digit memory field (Y-1 and Y) is divided into the 9-digit dividend located in the
single-digit dividend register and accumulator words D and C, The remainder, if any,
is formed in the eight most-significant positions of the accumulator (words D and C),
The sign of the remainder is the same as the sign of the 9-digit dividend. The remainder
becomes the eight most-significant characters of the dividend for any subsequent VLD,
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5, The quotient is formed in a single-digit quotient register. The sign of the quotient
is determined by the sign of the least-significant characters of the divisor and the sign
of the least-significant character of the 9-digit dividend,

6. The single-digit quotient, with sign, replaces the temporary zero in the least-significant
accumulator position,

If the FTI is off:

1. The contents of the four-word accumulator are shifted left decimal one character, This
causes the sign bits of the least-significant character of the accumulator to be reset
to zero before shifting is begun, The most-significant digit shifts out of the accumulator
into a special single-digit dividend register, and a zero is temporarily inserted in the
least-significant character position of the accumulator,

2. The 8-digit memory field (Y-1 and Y) is divided into the 9-digit dividend located in
the single-digit dividend register and accumulator words D and C. The remainder,
if any, is formed in the eight most-significant positions of the accumulator (words
D and C). The sign of the remainder is the same as the sign of the 9-digit dividend.
The remainder becomes the eight most-significant characters of the dividend for any
subsequent VLD,

3. The quotient is formed in a single-digit quotient register. The sign of the quotient is
determined by the sign of the least-significant characters of the divisor and the sign
of the least-significant character of the 9-digit dividend.

The single-digit quotient, with sign, replaces the temporary zero in the least-significant
accumulator position,

The contents of the divisor memory field and the accumulator length setting are not changed,

The VLD always regards the divisor as an 8-digit, 2-word memory field, with the sign in the
zone bits of the least significant digit.

Successive executions of the VLD can result in the formation of a quotient of up to eight digits,
one for each VLD execution. After N executions, the N-digit quotient is found right-justified
in accumulator words B and A,

The full dividend can contain 9 to 16 digits, depending upon the number of VLD executions, For
N executions of the VLD, the effective dividend is 8+N digits. For each execution of 2 VLD,
the dividend is considered to be the nine digits held in accumulator words D and C and the most-
significant digit of accumulator word B, After execution, words D and C contain the portion of
the remainder generated by the single VLD, This remainder and the next adjacent character in
the accumulator form the effective dividend for any subsequent VLD execution, after N executions,
the 8-digit remainder is in accumulator words D and C and the sign is the same as the sign of the
original dividend, The least-significant N positions of the accumulator will contain the quotient,
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Overflow: The Overflow indicator is automatically turned off at the beginning of the VLD, if
the FTI is on.

The Overflow indicator will be turned on, and the VLD will not be completed, if either or both
of the following conditions occur:

1. The absolute magnitude of the divisor is less than 100,000 (decimal),

2. The absolute magnitude of the divisor is less than or equal to the most-significant
eight digits of the four-word accumulator.

To form the quotient of a divisor in memory and a dividend in the accumulator, the VLD must
be repeated as many times as the number of desired quotient digits, This is most effectively done
with a programmed loop containing the VLD and BRC (Branch on Count) or BXC (Branch on Index
Count) instructions and providing automatic control of the FTI,

A divide subroutine for forming an 8-digit quotient and relieving the programmer of much coding
detail is provided as part of the GE-425/435 programming systems. Provisions and requirements
for its use are described in the subroutine write-up.
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Example:

Generate a VLD-BRC loop to divide the memory field in symbolic locations DVND-3 through
DVND, which contains -0000 0008 8888 8888, by the memory field in symbolic locations DVSR-1
and DVSR, which contains -0400 0000. Develop three quotient characters, The First Time indi-
cator is on,

; REFERENCE SYMBOL QPERATION OPERATIO
P
E S, I
DATA NAME LEVEL Y sE PICTURE
6 71819 6117 {18 19]20 %22 24|25 40! 4
L DQ D ‘
S 5 (Position Dividend)
\' D
B D
D

Locations Affected:

After Execution of SLQA

DVSR-1 DVSR Accumulator
= = +
0400|0000 0088|8888|8880]0000
After Execution of 1lst VDD
DVSR-1 DVSR Accumulator
0400|0000 0088|8888|8800{0002
After Execution of 2nd VLD
DVSR-1 DVSR Accumulator
0400[(0000 0088|8888|[8000(|0022
After Execution of 3rd VLD
DVSR-~1 DVSR Accumulator
p =T T
04006|Q0&886 +0 0 5 8|8888 (0000|0222
- T —7 < 7
Remainder Quotient
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CAA

COMPARE INSTRUCTIONS

COMPARE ALPHANUMERIC ACCUMULATOR TO MEMORY

CAA Y/Y, X 03XYYYYY

The contents of the working accumulator are compared with the contents of a memory field
whose least-significant location is Y and whose length corresponds to the length of the working
accumulator. Comparison is based upon the absolute binary contents of the two fields, although
the fields can be either binary or alphanumeric, If the fields are considered to be alphanumeric,
the result of the comparison will be in accord with the GE-400 collating sequence, The result
of the comparison (accumulator less, equal, or greater) is placed in the Comparison indicators.
The accumulator contents and length and the memory field contents are not changed,

Example:

Compare the contents of the working accumulator absolutely with the contents of location 3002,
The accumulator contains C100 and location 1002 contains A104,

i REFERENCE SYMBOL OPERATION OPERATION
[ 3
DATA NAME LEVEL Y sE PICTURE )
8 71819 16117 |18 19}]20 22 24|28 40| 4
Laa, o e vva, o NP R T S i
! - | T

Locations Affected:

Before After

Accumulator Accumulator

XX XX|Xxxx xxxx+ClOO X X X X |X X XX xxxx+ClOO
3002 3002
A104 Al1OG4

The Comparison indicators are set to “greater”.

If, in the example, the accumulator had contained 200J and location 3002 had contained 2009, the
Comparison indicators would be set to “greater”. It should be noted that 200J and -2001 have
identical bit configurations.
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CDA

COMPARE DECIMAL ACCUMULATOR TO MEMORY

CDA Y/Y, X 02XYYYYY

The contents of the working accumulator are compared algebraically with the contents of a memory
field whose least-significant location is Y and whose length corresponds with the length of the
working accumulator, The only zone bits consideredin the comparison are the signs of the memory
and accumulator fields, When the signs are compared, a minus sign (10 in the zone bits) is
less than all three plus sign configurations (00, 01, or 11), The result of the decimal comparison
(accumulator field less, equal, or greater) is placed in the Comparison indicators. The accumu-
lator contents and length and the memory field contents are unchanged.

The 8421 numeric bits constituting the decimal value of any character can be the non-numerics,
1010, 1011, 1100, 1101, 1110 or 1111, which are greater, in the sequence shown, than the greatest
numeric value 1001,
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Example:

Compare the contents of the working accumulator algebraically with the contents of locations
2000 and 2001, The working accumulator contains -9000 0000 and locations 2000 and 2001

YT REFERENCE SYMBOL OPERATION OPERATION ,
¢ /

3 5T 1

DATA NAME LEVEL sE PICTURE [
ej7r]8 {9 1617 {18 19]20 %22 24]285 40| 8
RN S SO S S CD A 2:0 ‘0 (1 D S P PSR SE S S
: | i } i i i i i i i : i 1 i
1 i i i L i 1 i i
g i i 1 H i i i i i i 1 1

\_ I i i X i i 1 1 o+ L " i 1 i i " i

! A i, 1 e i i i i 1 i 4 i 1 i i 1 1

! sl
Locations Affected:
Before After
Accumulator Accumulator

. ' ) T T T —
i | - i _ -
xxxxtxxxx#90()0|0000j xxxxxxxx+yaau‘oeooj'
2000 2001 2000 2001
+ +
200050000 2000{0000

The Comparison indicators are set to "less".

BE-425/435

II1-63



Example:

Compare the contents of the working accumulator algebraically with the contents of location
2500, The working accumulator contains +1200 (an Ignore character is in the most-significant
character position) and memory location 2500 contains +8000,

; REFERENCE SYMBOL OPERATION OPERATION

P

£ S,

DATA  NAME LEVEL Y s PICTURE
e|7|81|9 16117 |18 19]20 22 24128 40} 4|

. I f,,,,,C1D'A.4. ; i 2L510 IO- b e S B T DU S S
‘ s ' ' ! f
. . v : SO TN SN SN SN S VORISR PO AP U PO Vo
1 H :
i 4 L i H i H s i 2 H P NP RNS WS SO S
i ; ?
o4 b " J— i)

Locations Affected:

Before After
Accumulator Accumulator
+ +
XXX X|xxxx xxxx+1200 XXX X|[xxxx xxxx+1200
2500 2500
+ +
8000 8000

The Comparison indicators are set to “greater” (the Ignore character has a numeric bit con-
figuration of 1111, which is larger than the numeric bit configuration of a decimal 8, which is
1000).
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MM

COMPARE SECOND TO FIRST MEMORY

CMM Y/Y, X 04XYYYYY
0,0P,0L Z 0C0Z22Z2227

The contents of location Y and the contents of a second location are compared. Comparison is
based upon the absolute binary contents of the two fields, although the fields can be either binary
or alphanumeric, If the fields are considered to be alphanumeric, the result of the comparison
will be in accord with the GE-400 collating sequence, The result of the comparison (second
location less, equal, or greater) is placed in the Comparison indicators, The contents of the
compared locations are unchanged, Y can be modified under control of the instruction word ACF
(X), which is either zero (no modification) or seven (modification), The second location is defined
by a Second Address Sequence, The SASword can be an Operand, Operand Pointer, or an Operand
Link:

OPERAND. The contents of location Y and the SAS word are compared absolutely.
OPERAND POINTER. The contents of locations Y and Z are compared absolutely.

OPFRAND LINK. Loecation 7 contains another SAS word whichis either an Operand. Operand
Pointer, or another Operand Link,

Er)
e
L
8]
ci:g‘:
S
&x
S
N
X
G
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Example:

Compare the contents of location 2000 absolutely with the contents of location 3000, Location
2000 contains (’70000000)8 and location 3000 contains (30420000)8.

T REFERENCE SYMBOL OPERATION opEaAroon’
14
E 3 U
DATA  NAME LEVEL v S PICTURE ’
6|7]9 |9 1617 |18 1920 Y22 24!28 40| 41
CMM 000
OoP 2000

Locations Affected:

Before After
2000 2000
(70000000)8 (70000000)8
3000 3000
(30420000)8 (30420000)8

The Comparison indicators are set to ''greater'.
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Example:

Compare the contents of location 2000 absolutely with the contents of location 3000, Location
2000 contains C100 and location 3000 contains A104,

}' REFERENCE SYMBOL OPERATION OPERATION
P
E I £'d I
DATA NAME LEVEL ¥
617185 18117 118 19}20 22

Locations Affected:

Before After
2000 2000

‘C 100 c100
|

3000 3000
Al1OA4 A1O0G4

The Comparison indicators are set to ""greater".
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cMmi

COMPARE MEMORY TO IMMEDIATE

CcMI Y'Y, X 01XYYYYY
O, 0P,/ OL Z 0C0ZZZ277Z

Address field Y and the address field of a second location are compared absolutely, The result
of the comparison (second location address field less, equal, or greater) is placed into the
Comparison indicators, Theinstructionwordand the contents of the second location are unchanged.
Y can be modified under control of the instruction word ACF (X), which is either zero (no modifi-
cation) or seven (modification), The second location is defined by a Second Address Sequence.
The SAS word can be an Operand, Operand Pointer, or Operand Link:

OPERAND., Address field Y and the address field of the SAS word are compared absolutely.

OPERAND POINTER. Address field Y and the address field of location Z are compared
absolutely,

OPERAND LINK. Location Z contains another SAS word which is either an Operand, Operand
Pointer, or another Operand Link,
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Example:

Compare the address field of location 2000 absolutely with the address field of the CMI instruction
word. The address field of the word in location 2000 contains (3050)1 and the address field

of the CMI instruction word contains (1050)1 o- The CMI instruction is in location 3000,

T REFERENCE SYMBOL OPERATION OPERATION
E s ]
DATA NAME LEVEL Y sE PICTURE .
e|7[8 |9 16117 |18 19 ]20] "Ya2 24{28 40[ &
N ,CM I. - re ,?A,Ai ,,,,1,;,01 5 f 0‘:, SR SN T ta s : -
T lopl 2000 NN
; T S ST S S SR VY S S
. "T . - I e e
PO P E I— i ,*,_,, S S S 1 i L L
Locations Affected:
Before After
2000 2000
I l [
Px X x { 305U . | X X X ( 3U>0) .
I i uJ l iU
3000 3000
CMI (1050)10 CMI (1050)10

The Comparison indicators are set to ''greater'.

ED)
[
By
NS
Al
>
N
&1
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BRU

BRANCH INSTRUCTIONS
BRANCH UNCONDITIONALLY

BRU Y/Y, X 10XYYYYY

The contents of the P-counter are replaced by the instruction address field Y, causing a pro-
gram branch to location Y,

Example:

Branch unconditionally to location 2500, The BRU instruction is in location 4000.

}’ REFERENCE SYMBOL OPERATION OPERATION
P
E £ U
DATA NAME LEVEL v sE PICTURE ’
(-3 718 te 17 |18 19]20 22 2428 40| 41
BRU 2500 ‘
Locations Affected:
Before After
P-counter P-counter
(4001)10 (2500)10
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SPB

STORE PROGRAM COUNTER AND BRANCH
Y/Y, X 17TXYYYYY

o OL Z 0CUZL4424

sPB
[OIR®

-

The contents of the P-counter (the address of the word following the SAS word in the P-sequence)
are stored in memory, and the instruction address field Y is placed in the program counter,
effecting a branch to location Y, Y can be modified under control of the instruction word ACF (X),
which is either zero (no modification) or seven (modification), The location in which the pre-
vious contents of the program counter is stored is defined by a Second Address Sequence, The
545 word can be an Operand, Operand Pointer, or Operand Link:

OPERAND. The program counter contents are stored in the address field of the SAS word,

OPERAND POINTER, The program counter contents are stored in the address field of
location 7,

OPERAND LINK, Location Z contains another SAS word which is either an Operand, Operand

orader opF AnoTner e canag ank

Iiv any location in which the P-counter is stored, only the address field is affected, The other
bit positions remain unchanged,
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Example:

Store the contents of the P-counter in the address field of location 2300 and branch to location
2500, The SPB instruction is in location 2000,

H’ ! l REFERENCE SYMBOL OPERATION opsnnnon’
et |
S — - < 5 SO U
I ! r DATA  MAME LEVEL Y s‘i BirTHaE
Eg?i‘s ‘IQ 16117 {18 19120 zz Slzaf2s 40| 44
SPB 2500
oP 2300
Locations Affected:
Refore After
P-counter Pe i unter
(20()2)]_0 (250())10
2300 2300
X X X X X X X X X X X (2002)10
!
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BRE BRL BRG

BRANCH IF EQUAL
BRE Y/Y, X 13XYYYYY

BRANCH IF LESS
BRL Y/Y, X 14XYYYYY

BRANCH IF GREATER

BRG Y/Y, X 12XYYYYY

If the specified condition exists in the Comparison indicators, the contents of the program counter
are replaced by the instructionaddress field Y, causing a program branch to the location specified,
If the specified condition does not exist, the branch is not made and the next instruction is taken

in normal sequence,

NOTE: Execution of the conditional branch instructions does not affect the Comparison indicators,
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Example:

The Comparison indicators contain an “equal” condition, Indicate the result of executing BRE

3500, The BRE instruction is in location 2000,

; REFERENCE SYMBOL OPERATION OPERATION
P
3
DATA  NAME LEVEL M s PICTURE (}
[BEAERE 1617 18 1920 22 24}28 4ol 4
i i B R, E I 3 13 i 0 ;u H i i i 1 L i
H 1
S0 S S SO et : R .
; . - R e "
T '
DO S - PSS SN AN SUN SV S G U TS S S S SR SR S
el e i A 4 i
- %__._ - i - L 1 i1 5. L ] L L 1 )
Locations Affected:
Before After
P-counter P-counter

(2001)1O (3500)10

The program branches to 3500, the new location in the P-counter, because the setting of the Com-
parison indicators matched the condition (equal) specified in the instruction.
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Example:

The Comparison indicators contain a ¢“greater” condition, Indicate the result of executing
BRI 3500, The BRI ion ig i c

i ion ig in location 2000
D SOV, Sitas i u en 1g 1n location 4

a LVAVAV Y

T REFERENCE SYMBOL OPERATION OPERATION
:
B DATA  NAME LEVEL * &a PICTURE d
7]s 16]17 118 19]20 22 24|28 40| &

i i : . : I ] B R eL 3 |5 i 0 10 i 1 X 1 n AL 1 1 i A I

5 : R . Y : PR S S S | ot RS SIS S N S 2

1 i H 1 H i i 1 1 i L i i A A i 1 i i i i

L i 5 i i i 1 A i L L i i A i 1 i A i 1

i L i i i i L 1 1 I i i 1 i i 1 L L i i i i

L : i 1 L 1 1 I L 1 1 1 1 A i, 1 1 1 1 1 1 1 1

Locations Affected:

Before After

P-counter P-counter
C2001) . . (2001)Y 4 4
N ‘ i v PO

The program does not branch, but continues in sequence to 2001, because the setting of the Com-
parison indicators did not match the condition (less) specified in the instruction.
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Example:

The Comparison indicators contain an “equal” condition,

Indicate the result of executing BRG
3500, The BRG instruction is in location 2000.
; REFERENCE SYMBOL QPERATION OPERATION
H 10 )
DATA  NAME LEVEL F" s PICTURE c'
6|718 1817 {18 19]20 '&22 24128 40] 4t
i ‘BgR G, ¢ 8080, PR ; ) .
,_Nit._,,,.x, SUSTS UEE O WU SN ,‘;,...W;, ‘. : } ; ‘ - N i e
L ) Lt ! P ; ; i
! [ ! : )
S ek £ ; ; P Do o . H 1 PR R VO -
—— e - SN SRS SOV S SOOI SR NP SO PP .
[ . ( B e e

Locations Affected:

Before After
P-counter P-counter

(2001)10

(2001)10

The program does not branch, but continues in sequence to 2001 because the setting of the Com-
parison indicators did not match the condition (greater) specified in the instruction.

BE-425/435

III-76



BRZ

BRANCH IF ZERO

BRZ Y'Y, X i5
A test is made of the working accumulator bits, king accumu
3

contents of the program counter are replaced by address field Y an d brancu s taken, If any
working accumulator bits are not zero, the next instruction in normal sequence is executed,

Example:

The working accumulator contains all 0-bits, Indicate the result of executing BRZ 2400, The
BRZ instruction is in location 2000.

i REFERENCE SYMBOL OPERATION OPERATION
E S ]
DATA NAME LEVEL Y SE PICTURE ’
e|7]8 ]9 1617 18 19]20 22 24]28 40| 9
BRZ, . . 2400

Locations Affected:

Before After

Accumulator Accumulator

xxxx+0000 0000]J]00O0O xxxx+0000 0000j00O00O0
P-counter P-counter

(2001)10 (2400)10

The program branches to location 2400, the new location in the P-counter, because the working
accumulator contained all zeros, and matches the condition specified in the instruction.

BE-425/455

II-77



s i b st

BRM

BRANCH IF MINUS
BRM Y/Y, X 11XYYYYY

The sign of the accumulator, contained in the least-significant character of the accumulator, is
tested, If the sign is minus (10 in the zone bits), the contents of the program counter are re-
placed by address field Y and a branch is taken, If the sign is not minus, the next instruction

in normal sequence is executed,

Example:

The sign of the accumulator is plus. Indicate the result of executing BRM 2400. The BRM
instruction is in location 2000,

; REFERENCE SYMBOL OPERATION OPERATION
P
E
DATA  NAME PICTURE (’
6}17]8 40] 4t

I.ocaticns Affected:

Before After
Accumulator Accumulator

+ +
xxxx |xxxx@92320]6000 XXX x| xxxx€@2320]|6000

P=cuuiiter P-counter

s |
(2001) 15 I (2001) 14

The program does not branch, but continues in sequence to 2001, because the sign of the accu-
mulator did not match the sign (minus) specified in the instruction,
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BRANCH ON COUNT
BRC Y/Y, X
OCP,/0OL Z

b
¥

N <

N <
N <
N <

o =
ao
o

N v

This instruction operates as a branch for N executions, During the succeeding execution, the
branch is not taken, but the instruction is automatically initialized sc that, for the next N execu-
tions, it again operates as an unconditional branch,

The branch address is contained in the instruction address field Y, The count N is part of a
control word held in a second location, The control word format is:

2l 15 lie 9 8w 0

Work Count Not Used Restore Count
511-N 511-N

The programmer must provide the control word, with the indicated binary counts in the form
511-N where N is the number of times that a branch 1s taken, The control word can be venerated
by using the BCTR pseudo-operation, The BCTR pseudo-operation is described beiow,

The work count is incremented each time the instruction is executed, As long as the count
remains non-zero, the instruction operates as a branch. On the execution following the Nth
execution, when the count becomes zero (the count becomes zero when one is added to 511):

1. The First Time indicator is set on.

2. The restore count is set into the work count field.
3. The program counter steps to the next sequential instruction (no branch occurs),

The restore count field is not changed, A maximum of 511 branches can be specified by N.

Y can be modified under control of the instruction word ACF (X), which is either zero (no modi-
fication) or seven (modification),

The location of the control word is defined by a Second Address Sequence. The SAS word can
be an Operand Pointer or Operand Link (because of the control word format, it should not be an
SAS Operand),

OPERAND POINTER, Location Z contains the control word,

OPERAND LINK. Location Z contains another SAS word which is either an Operand Pointer
or another Operand Link,
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BTCR Pseudo-Operation - The BCTR pseudo-operation enables the programmer to specify the
counter required for the proper execution of the Branch on Count (BRC) and Branch on Index
Count (BXC) instructions,

To use the pseudo-operation, the programmer places BCTR in the coding sheet Operation field
and an absclute or symbolic expression in the Operation Parameters field corresponding to
the number of branches to be taken, The BCTR should also be identified by a symbol in the
Reference Symbol field of the coding sheet,

The largest count that can be specified by the BCTR is 5i1 (decimal), The count word generated
controls the number of times the BRC or BXC instruction referencing the count word is executed
as a branch,

The BCTR should not be placed in the P-sequence, but in an arex of memory used for constants,
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Example:

Execute the 20-word loop which begins at location 1980 three times before continuing to the
next sequential routine. The Branch on Count instruction is in locations 2000 and 2001 and the
control word is in symbolic location COUNT, Since the BRC is after the loop, the branch should
be taken twice, The work count and restore count, therefore, are 511 minus 2, which is 509,
(Although absolute locations in actual practice are not placed in the Reference Symbol field,
they are used in the example below for added clarity,)

REFERENCE SYMBOL OPERATION OPERATION

~  mUo<|

DATA  NAME LEVEL S PICTURE
8|9 16117 [18 1920 22 24]25 40] 4

P-Counter Controi Word

Before execution of the loop: COUNT

(1980)10 (509)10 (509)10
After first BRC: COUNT :

(1980) 1, (510) ;4 (509) 19
After second BRC: COUNT

(1980)10 (511)10 (509)10
After third BRC: COUNT

(2002)10 (509)10 (509)10
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Examgle:

Execute the 20-word loop which begins at location 2003 three times before continuing to the
The Branch on Count instruction is in locations 2000 and 2001 and the

in location 2050, Since the BRC is before the loop, the branch should be taken
The work count and restore count, therefore, are 511 minus 3, which is 508,
(Although absolute locations in actual practice are not placed in the Reference Symbol field,

next sequential routine,

control word is
three times,

they are used in the example below for added clarity,)

\

(2023) BRU
-

(2050) BC T R

Locations Affected:

P-Counter

Before execution of the loop:

(2000) 3¢

After first BRC:

(2003) 10

After second BRC:

(2003)10

Aftey third BRC:

(2003)10

After fourth BRC

.
.

(2002)lO

BE-425/485

Control Word

7 REFERENCE SYMBOL OPERATION OFERATI
e T
DATA  NAME LEVEL M S PICTURE
7ls 1617 [18 19 |20] Y22 24|28 40/ 4
(20000 BRC .200 3
(200) ~~~ OP 2050 .
(2002) BRU 202 4 )
(2003) LDD o
Loop
.2.000

1050
(508)]0 (508)10
1050

(509) (508)
1050

(510) (508) 4
1050

(511) 4, (508) 719
1050

(508) 1, (508) 1
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ANM

LOGIC INSTRUCTIONS

AND TO MEMORY

ANM Y'Y, X 24XYYYYY
O/OP/OL A 0C0ZZZZ7Z

The contents of location Y are used to modify the contents of a second location, The result is
placed in the second location, leaving the contents of Y unchanged. The modification is as
follows: for each bit position of location Y that contains a zero, the corresponding bit position
of the second location is set to zero; for each bit position of location Y that contains a one, the
corresponding bit position of the second location is left unchanged, Y can be modified under
the control of the instruction word ACF (X), which is either zero (no modification) or seven
(modification), The second location is defined by a Second Address Sequence, The SAS word
can be an Operand, Operand Pointer, or Operand Link:

OPERAND, The contents of location Y are used to modify the contents of the SAS word,

OPERAND POINTER., The contents of location Y are used to modify the contents of loca-
tion Z,

OPERAND LINK. Location Z contains another SAS word which is either an Operand, Operand
Pointer, or another Operand Link.
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Example:

AND the contents of location 1500 to the contents of location 2000,

(’7354631'7)8 and location 2000 contains (42473262)8.

Location 1500 contains

7 REFERENCE SYMBOL OPERATION OPERATION
P
E
DATA NAME LEVEL Y s PICTURE ,
e|7]s 1617 18 19]20| Y22 24|28 40| 41
ﬁ... ANM 1X5:0403 i i i i o
’ ‘ i OP 2.0.010. 2 3 ] i
- .;.w.. L i J. i 1 i i i e i
{
} H : 1 i s 1 i L 1 A Ak 1 1 i
i L i A H i i L s i 1
Locations Affected:
Before After
1500 1500
111 011 101 100 110 011 o001 111 111 011 101 100 110 011 o001 111
2000 2000
100 010 100 111 011 o010 110 O1l0 100 010 100 100 010 010 000 010
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Example:

Remove the sign bits from
(01020344) ;, and location 1

........ ]

the word at location 2000. Location 2000 contains -1234, which is

________ ) o
‘8

; REFERENCE SYMBOL OPERATION OPERATION
P
E
DATA NAME LEVEL PICTURE C'
6 718 16117 118 19 40, 41

]

Locations Affected:

Before After
1500 1500

! |
111 111 111 111 111 111 001 111j 111 111 Lip L1l L1l L1l 0Ol 1l11j
2000 2000
000 001 000 010 000 011 100 100 000 001 000 010 000 011 000 100
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RIM

OR INCLUSIVE TO MEMORY

RIM Y/Y, X 23XYYYYY
O/0P, 0L Z 0C0ZZZ7Z7Z

The contents of location Y are used to modify the contents of a second location, The result is
placed in the second location, leaving the contentsof Y unchanged. The modification is as follows:
for each bit position of location Y that contains a one, the corresponding bit position of the second
location is set to one; for each bit position of location Y that contains a zero, the corresponding
bit position of the second location is left undisturbed, Y can be modified under control of the
instruction word ACF (X), which is either zero (no modification) or seven (modification), The
second location is defined by a Second Address Sequence, The SAS word can be an Operand,
Operand Pointer, or Operand Link:

OPERAND. The contents of location Y are used to modify the contents of the SAS word.

OPERAND POINTER, The contents of location Y are used to modify the contents of loca-
tion Z,

OPERAND LINK. Location Z contains another SAS word which is either an Operand, Operand
Pointer, or another Operand Link,

With this instruction, the SAS word should not ordinarily be coded as an Operand, This instruc-
tion would cause an Operand to be changed, thus possibly changing the class of the SAS word
to other than Operand,
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Example:
Modify the contents of location 1400 with the contents of location 2000 by the OR inclusive method,
Location 2000 contains (6400706 5)8 and location 1400 contains (126606 10)8.

;‘ REFERENCE SYMBOL OPERATION OPERATION
E
DATA NAME LEVEL PICTURE ti
el7l8i9 161t7 1ia 19 a0l a1
‘ LRI M, ‘
- e e - )
L - - e -
Locations Affected:
Before After
2000 2000
! ! 1
{ 110 100 000 000 1iL 000 110 104 110 100 000 000 L1l 000 110 101 |
1400 1400
001 010 110 110 000 110 001 000 111 110 110 110 111 110 111 101
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Example:

Change the sign of the word at location 1400 from plus (assume 00 zone bits only) to minus
(10 in the =zone bits). Location 1400 contains +9876, which is (11100706)8, and location 2000

contains (00000040 8

; REFERENCE SYMBOL OPERATION OPERATION
€ 5
DATA LEVEL Y FSE PICTURE c’
6|78 16{17 ]18 1920 22 24|25 40| 81
R 1 M . Z_‘Lo ,1QM V i - .
L 140 R o
i - - ]
S J
Locations Affected:
Before After
2000 2000
000 000 000 000 000 000 100 OO0 000 000 000 000 000 000 100 000
1400 1400
001 001 001 000 000 111 000 110 001 001 001 000 000 111 100 110
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RXM

OR EXCLUSIVE TO MEMORY
RXM Y/Y, X 25XYYYYY
O/0OP/0OL Z 0C0ZZZZZ

The contents of location Y are used to modify the contents of a second location, leaving the
contents of Y unchanged. The modification is as follows: for each bit position of location Y
that contains a one, the corresponding bit position of the second location is inverted (zero be-
comes one, one becomes zero); for each bit position of location Y that contains a zero, the
corresponding bit position of the second location is left undisturbed. Y can be modified under
the control of the instruction word ACF (X), which is either zero (no modification) or seven
(modification), The second location is defined by a Second Address Sequence, The SAS word
can be an Operand, Operand Pointer, or Operand Link:

OPERAND. The contents of location Y are used to modify the contents of the SAS word,

OPERAND POINTER, The contents of location Y are used to modify the contents of loca-
tion Z,

OPERAND LINK, Location Z contains another SAS word which is either an Operand, Operand
Pointer or another Operand Link,

With this instruction, the SAS word should not ordinarily be coded as an Operand. This instruc-
tion would cause an Operand to be changed, thus possibly changing the class of the SAS word

to other than Operand,
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Example:

Modify the contents of location 1150 with the contents of location 3200 by the OR exclusive

method, Location 3200 contains (6 15260'71)8 and location 1150 contains (12561140)8.

I REFERENCE SYMBOL OPERATION OPERATION
P
3
DATA NAME LEVEL Y PICTURE q
7]s 1817 |18 19 |20f "Hz2 24]28 40] &
; — i R‘XM i 3! 210100 b i i A 4
i . - oP 1,150, , . . C
! ( A ; i 1 A by
| Lo i L b 1 i P Il - i A
. 1 1 ! i i i 1 i i i i & 4 i 4
Locations Affected:
Before After
3200 3200
110 001 101 010 110 000 111 o001 110 001 101 o010 110 o000 111 o001
1150 1150
001 010 101 110 001 001 100 OO0 111 011 000 100 111 o001 011 o001
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Example:

Form the one’s complement of the word at location 1150. Location 1150 contains (00001200) ,
and location 3200 contains (77777777) ©

8
; REFERENCE SYMBOL OPERATION OPERATION ’
[4 g
€
DATA  NAME LEVEL v 8 PICTURE
e|7]elso 1617 [18 19 ]|20] 22| Bl24|2s 40| &1
Il PN S | R X ~M i 3 5 2, 0 ,0 i ' N N .
r i oP 1,150, | . . I
1 1 A i L i i i A i i i 1
Locations Affected:
Before After
3200 3200
(77777777)8 (7‘7777777)5
1150 1150
(00001200)8 (77776577)8
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LDX

FIXED INDEX WORD INSTRUCTIONS

LOAD INDEX

LDX Y, X 30XYYYYY

The entire contents of location Y are moved to fixed index word X (1-6). The contents of Y are
not changed, Y cannot be modified, This instruction is a special form of the MFM instruction
and has the same operation code,

Example:

Load the contents of location 2500 into fixed index word 4. Location 2500 contains +1234,

7 REFERENCE SYMBOL OPERATION OPERATION
P
E
DATA  NAME LEVEL s PICTURE c’
ej7]8 |9 1617 18 19]20 22 24] 28 40| 4
o : L H i LDX 2t5n0L04’14s 1

i i ‘ ok I S

!

1
L
i

A

A
(R S 0 VOV AP RS DRUD SRS S S W S S S G i
i

Locations Affected:

Before After
2500 2500
+ +
1234 1234
4 4
+
X X X X 1234
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Example:

Load the contents of location 2500 into fixed index word 4, Location 2500 contains a BRU 1000
instruction,

; REFERENCE SYMBOL OPERATION OPERATION ’

P

E 63

DATA NAME LEVEL SE PICTURE ('
ejr]8 |9 1617 {18 19]20 %22 24|28 40| 44
| ~ ',L DX}, ks ‘215;0 4053 34x dek i N
- [— ! i H " 1 L
i
- i i —i 5 S
Locations Affected:
Before After
2500 2500
r ! !

BRU 0 (L000) 19 | B R U iui (1000) 19
0004 0004
X X X X X X X X BRU 0 (1000)lO
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LXI

LOAD INDEX WITH IMMEDIATE

LXI Y, X

31XYYYYY

The address field Y is moved to the address field of fixed index word X (1-6). The operation
code field and ACF of index word X are unchanged. Y cannot be modified, This instruction
is a special form of the MFI instruction and has the same operation code,

Example:
Move the value 1400 to the address field of fixed index word 5. The LXI instruction is in location
2000,
; REFERENCE SYMBOL OPERATION OPERATION
E 8, U
DATA NAME LEVEL Y SE PICTURE [
86 |7]8 16117 18 1920 '!:zz 24128 40| 4}
[ o LXT 1400,,5 , ,
» ‘ ‘ ; i { . ,
SRR SR UNE SOUIC NS SO U SR U S ' i o
i ! N :
i - -
B he . ’ i i i e 1
Af % e | Lo ! Loy L
. i.,., -y ,; o L i 4 4 i A 1
Locations Affected:
Before After
2000 2000
LXI 5 (1400)10 LXI 5 (1400)10
5 5
X X X X X X X X X X X (1400)10
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SXA

STORE INDEX IN ADDRESS FIELD

SXA Y, X 32XYYYYY

The address field of location Y is replaced by the address field of fixed index word X (1-6).
Index word X and the operation code field and ACF of Y are not changed, Y cannot be modified,
This instruction is a special form of the MTA instruction and has the same operation code.

Example:

Move the contents of the address field of fixed index word 5 to the address field of location
3100, The address field of the fixed index word contains (2500)

10°
; REFERENCE SYMBOL OPERATION OPERATION
e ST
DATA NAME LEVEL Y SE PICTURE ’
6|78 (9 16117 118 1920 22 2425 40| 41
SXA 3100, 5 ‘
- vy
Locations Affected:
Before After
5 5
X X X (2500)10 X X X (2500) 10
3100 3100
X X X X X X X X X X X (2500) 19
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MmXcC

MOVE ON INDEX CONTROL

MXC Y X 06XYYYYY

The contents of a memory field, whose most-significant word is at location Y. are replaced by
words moved from a second memory field, The second memory field is not changed. Y cannot
be modified,

The location of the most-significant word in the memory field to be moved is specified in a con-
trol word which also contains a control count of the number of words to be moved. The control
count is expressed in binary, in the form 512-N, where N is the number of words to be moved
(N can range from 1 to 512), The control word is held in fixed index word X (1-6),

The control word format is:

23 ———————15 14 - 0
Count, 512-N "From'" Address Field

N = Number of words to be moved.

The control word can be generated by using the MCTR pseudo-operation as described under
the MOV instruction,

This instruction is a special form of the MOV instruction and has the same operation code.
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Example:

Move the contents of the four-word memory field that starts at location 3000 to the memory
field that starts at location 2500, Location 3000 contains LAST APAY AA06 1563. Fixed index

word 3 contains the control word,

; REFERENCE SYMBOL OPERATION OPERATION’
®
E
DATA  NAME PICTURE c’
6|7]8 40| 4l

Locations Affected:

Before After

[(fn”‘. ‘ {2000 | I(Eo?\ (2000)

PA YT s 0 L It
3000 3001 3002 3003 3000 3001 3002 3003
LAST| APAY|AAOB6]|1563 LAST|APAY|{AANOB6]|1563
2500 2501 2502 2503 2500 2501 2502 2503
XXX X|XXXX [XXXX[XXXX LAST|APAY|[AAOB6]1563

GlE-428/458

II1-97



ABX

ADD BINARY TO INDEX

ABX 34XYYYYY

The contents of location Y are added absolutely, in binary, to the conteuts of fixed index word
X (1-6). The result is placed in the fixed index word, The contents of Y are not changed, Y
cannot be modified,

Overflow: A carry out of the most-significant bit position of the fixed index word is lost and
causes the Overflow indicator to be turned on,

This instruction is a special form of the ABM instruction and has the same operation code,

Example:

Add the binary contents of location 2000 absolutely to the contents of fixed index word 1. The
contents of location 2000 are (00012000)8 and the contents of the fixed index word are (00000064)8.

; REFERENCE SYMBOL OPERATION OPERATION
e 5
DATA NAME LEVEL Y,d rsz PICTURE q
6j7]8 16117 |18 19|20 22 2428 40] 4t
L
ABX, - ; 52!0A0 nOra-l ) J
L ; i : Lo e et i KA SR ,_:«_,i,
| ; f
?, ,}, P i s ‘.«,._L‘«.J‘._,
1) ‘? . " Es -~ V~1'~
S O . e e
H I} +
,ii_i,;,.,iﬁ . L R — ST l
Locations Affected:
Before After
2000 2000

(00012000) g

1

(00000064)8

BE-428/435

(00012000)8

1

(00012064)8

II1-98



SBX

SUBTRACT BINARY FROM INDEX

SBX Y, X 35XYYYYY

The contents of location Y are subtracted absolutely, in binary, from the contents of fixed index
word X (1-6). The result is placed in the fixed index word. The contents of Y are not changed,
Y cannot be modified.

Overflow: In the absolute subtraction, if the value to be subtracted exceeds the value contained
in the fixed index word, the result (in 2’s complement form) is placed in the fixed index word
and the Overflow indicator is turned on,

This instruction is a special form of the SBM instruction and has the same operation code,
Example:

Subtract the binary contents of location 2000 absolutely from the contents of fixed index word 1,
The contents of location 2000 are (00005000), and the contents of the fixed index word are

8
(00025000)3,
; REFERENCE SYMBOL CPERATICN OPERATION
P
E
DATA NAME LEVEL Y SE PICTURE q
16117 [18 19]20 22 24]28 40| &\
. ..SBX, B 02,000, ,1, . ‘
H T
e v o 4 i 1 i 1 L AL A ] I VL i
I ,5 1 i L i A SR L
{
Locations Affected:
Before After
2000 2000
(00005000)8 (00005000)8
1 1
(00025000)8 (00020000)8
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AIX

ADD IMMEDIATE TO INDEX

AIX Y, X 33XYYYYY

Address field Y is added in binary to the address field of fixed index word X (1-6). The oper-
ation code field and ACF of index word X are not changed. Y cannot be modified.

Overflow; A carry out of the index word address field is lost and the Overflow indicator re-
mains unchanged,

This instruction is a special form of the AIM instruction and has the same operation code,
Example:

Add the value (0120)1g to the value in the address field of fixed index word 2. The address field
of index 2 contains (3000)1g. The AIX instruction is in location 2500,

T REFERENCE SYMBOL OPERATION OPERATOOﬁ]
P
E 3 U
DATA  NAME LEVEL Y S PICTURE '
s |9 1617 |18 19 ]20| "He2 24]28 40] 4t
A1IX . 120,.2 : L |

Locations Affected:

Before After
2500 2560
X 0
ATl 2 ( 120) 10 ATX 2 (0120) 10
2 2
X X X (3000)10 X X X (3120)lo
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CXM

COMPARE INDEX TO MEMORY

CXM Y, X 04XYYYYY

The contents of location Y and the contents of fixed index word X (1-6), are compared, Comparison
is based upon the absolute binary contents of the two fields, although the fields can be either
binary or alphanumeric, If the fields are considered to be alphanumeric, the result of the com-
parison will be.in accord with the GE-400 collating sequence, The result of the comparison
(fixed index word less, equal, or greater) is placed in the Comparison indicators, The contents
of the compared locations are not changed, Y cannot be modified, This instruction is a special
form of the CMM instruction and has the same operation code,

Example:

Compare the contents of fixed index word 5 absolutely with the contents of location 2000, Fixed
index word 5 contains (00155000)8 and location 2000 contains (40000000)8.

REFERENCE SYMBOL QPERATION OPERATEON!

l sV Pﬁ - -

20l Maai Eiogiae B anla
; . !

4 MO

aQls
x n
2l
n
(e)
o
\U'l

Locations Affected:

Before After

5 5
(00155000)8 (00155000)8
2000 2000
(40000000) g (40000000)8

The Comparison indicators are set to "'less".
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CXi

COMPARE INDEX TO IMMEDIATE
CXl1 Y, X 01XYYYYY

Address field Y and the address field of fixed index word X (1-6), are compared absolutely,
The result of the comparison (fixed index word address field less, equal, or greater) is placed
in the Comparison indicators, The instruction word and the contents of the fixed index word
are not changed, Y cannot be modified., This instruction is a special form of the CMI instruction

and has the same operation code,

Example:

Compare the address field of fixed index word 5 absolutely with the address field of the CXI
instruction word. The address field of the fixed index word contains (3050),, and the address
field of the CXI instruction word contains (1050)10. The CXI instruction is in location 2000,

5 REFERENCE SYMBOL OPERATION OPERATION
P
€ 5 U
DATA  NAME LEVEL sE PICTURE (’
8 |7]8 |9 16117 |18 19 )20 22 24)28 40| 4t
XL 1.050,5 N
o s e e PR EF SUUIN RS SUU SN I S VUSRS SUSSY ST SR SRS S A S 1
T 1 i
S TN P S T— i {
i Jr )
B R T ST T S b ) i H B T S, L B et e e
H S .-i.,.,..f}, V-VJ..._.%_".V.._ b S S SV SO R S S ;-A;_
j ’ i '
_T..i . . B - I

Locations Affected:

Before After

5 5

‘&vx (3050)10 X X X (3050)10
2000 2000

CXI 5 (1050)lo cXI 5 (1050)10

The Comparison indicators are set to "'greater’.

RE IoR 1 RE
S “u(_é»’bu'/ Sy
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PXB

PROGRAM COUNTER TO INDEX AND BRANCH
PXB Y, X 17TXYYYYY

The address contained in the program counter (the address of this instruction plus one) is stored
in fixed index word X (1-6), and the contents of the instruction address field, Y, are placed in
the program counter, effecting a branch to the location thus specified. Y (the branch address)

cannot be modified,

The instruction word and the operation code fieldand ACF of the fixed index word are not changed.

This instruction is a special form of the SPB instruction and has the same operation code.

Example:

Store the contents of the P-counter in the address field of fixed index word 4 and branch to
location 2500, The PXB instruction is in location 2000,

;’ REFERENCE SYMBOL OPERATION OPERATION
P
(3 s' G N
DATA  NAME LEVEL SE PICTURE [
8 (7]8 19 1617 |18 19]20 22 24]28 “

PXB, | . ' '2500,.4,

-
|
1

Locations Affected:

Before After
P-counter P-counter
(2001)10 (2500)10
4 4
X X X X X X X X X X X (2001) ,,
iv

BE-428/455

III-103



BXC

BRANCH ON INDEX COUNT

BXC Y, X 16XYYYYY

This instruction operates as a branch for N executions., During the succeeding execution, the
branch is not taken, but the instruction is automatically initialized so that, for the next N execu-
tions, it again operates as a branch,

The branch address is contained in the instruction address field Y and cannot be modified. The
count N is part of a control word held in fixed index word X (1-6). The control word format is:

23} ——r----15 li—9 8 —————— 0

Work Count, Not Used Restore Count,
511-N 511-N

The programmer must provide the control word, with the indicated binary counts in the form
511-N, where N is the number of times that a branch is to be taken, The control word can be
generated by using the BCTR pseudo-operzticn as described under the BRC instruction,

The work count is incremented each time the instruction is executed. As long as the count
remains non-zero, the instruction operates as a branch, On the execution following the Nth
execution, when the work count becomes zero:

1. The First Time indicator is turned on,
2. The restore count is set into the work count field,
3. The program counter steps to the next sequential location (no branch occurs).

The restore count is not changed. A maximum of 511 branches can be specified by N,

This instruction is a special form of the BRC instruction and has the same operation code,
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Example:

Execute the 20-word loop which begins at location 1980 three times before continuing to the next
sequential routine, The Branch on Index Count instruction is in location 2000 and the control
word is in fixed index word i. Since the BXC is after the loop, the branch should be taken twice,
The work count and restore count, therefore, are 511 minus 2, which is 509, (Although absolute
locations in actual practice are not placed in the Reference Symbol field, they are used in the

example below for added clarity.)

1;' REFERENCE SYMBOL OPERATION OPERATION
€
DATA NAME LEVEL M s PICTURE ’
AEAERE - 16{17 18 19]20] Y22 24|28 40| a1
e w£1v9 8WLO)LD D .' o [T SRS SURSNE DU TIPS I - st
ORI I St Loop . . - N L ‘

b
v

s, -y
Locations Affected: Control Word
P-Counter
Berore execution of the Loop:
(1980)10 (509)10 (509)10
After first BXC: 1
(1980)10 (510)10 (509)10
After second BXC: 1
(1980)10 (511)10 (509)10
After third BXC: 1
(2001)10 (509)10 (509)10
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ANX

ANX Y, X 24XYYYYY

The contents of location Y are used to modify the contents of fixed index word X (1-8). The
result is placed in the fixed index word leaving the contents of location Y unchanged. The modifi-
cation proceeds as follows: for each bit position of location Y that contains a zero, the cor-
responding bit position of the fixed index word is set to zero; for each bit position in location
Y that contains a one, the corresponding bit position of the fixed index word is left unchanged,
Location Y cannot be modified, This instruction is a special form of the ANM instruction and has
the same operation code,

Example:

AND the contents of location 2500 to the contents of fixed index word 3, Location 2500 contains

(52702114)8 and fixed index word 3 contains (34362670)8.
}' REFERENCE SYMBOL OPERATION OPERATION
!
¢ DATA NAME LEVEL PICTURE ’
6j7]8 ]9 16117 118 19 20| 4t
AN X,

Locations Affected:

Before After

2500 2500

101 010 111 000 010 001 o001 100 101 010 111 000 010 001 001 100
3 3

011 100 011 110 010 110 111 000 001 000 011 000 010 000 001 000
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RIX

OR INCLUSIVE TO INDEX
RIX Y, X 23XYYYYY

The contents of location Y are used to modify the contents of fixed index word X (1-6), The
result is placed in the fixed index word leaving the contents of location Y undisturbed, The modifi-
cation proceeds as follows: for each bit position of location Y that contains a one, the corre-
sponding bit position of the fixed index word is set to one; for each bit position of location Y
that contains a zero, the corresponding bit position of the fixed index word is left undisturbed.
Location Y cannot be modified, This instruction is a special form of the RIM instruction and
has the same operation code.

Example:

Modify the contents of fixed index word 3 with the contents of location 2000 by the OR inclusive
method, Location 2000 contains (61670251)8 and fixed index word 3 contains (16257036)8.

; REFERENCE SYMBOL OPERATION OPERATION ’
£ 3
DATA  NAME LEVEL Y SE PICTURE C)
8 |9 ‘617 118 19}20 22 2428 401 4
R I X REU \, -t _.,,ﬁzw‘.aox ,Qt<..Q.:,.} .3 TR - s s B ¢ 1+ o e

i .

O e RS5O 0 S SO

Locations Affected:

Before After

2000 2000

110 001 110 1i1 000 010 101 o001 110 001 110 111 000 010 101 o001

3 3

001 110 010 101 111 000 O1l1 110 111 111 110 111 111 OO0 111 111
7
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RXX

OR EXCLUSIVE TO INDEX

RXX Y, X 25XYYYYY

The contents of location Y are used to modify the contents of fixed index word X (1-6). The
result is placed in the fixed index word, leaving the contents of location Y unchanged, The modifi-
cation proceeds as follows: for each bit position of location Y that contains a one, the cor-
responding bit position of the fixed index word is inverted (zero becomes one, one becomes
zero); for each bit position of location Y that contains zero, the corresponding bit position of
the fixed index word is left undisturbed, Location Y cannot be modified. This instruction is
a special form of the RXM instruction and has the same operation code,

Example:

Modify the contents of fixed index word 4 with the contents of location 3500 by the OR exclusive
method, Location 3500 contains (072 56152)8 and fixed index word 4 contains (25416073)8,

T REFERENCE SYMBOL OPERATION OPERATION
P
£ 3 U
DATA  NAME LEVEL v s PICTURE q
el7]als 1617 |18 19}20] 22 24{28 40l 4
L RX X - 3500.,..4. . .
F - - - P W\ : ; H R [ f 2 P Il N

Locations Affected:

Before After

3500 3500

000 111 010 101 110 001 101 010 000 111 010 101 110 001 101 010
4 4

010 101 100 001 110 000 111 011 010 010 110 100 000 001 010 001

BE-425/435
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LAL

ACCUMULATOR INSTRUCTIONS

LOAD ACCUMULATOR LOCATION AND LENGTH

LAL Y'Y, X 36XYYYYY

The accumulator location and length are established as specified by the instruction address field
Y. The most-significant 13 bits of address field Y, together with two assumed least-significant
zeros, define the location of the most-significant word of the four-word accumulator. Therefore,
the most-significant word of the four-word accumulator is always at a 0, modulo 4 location,
Bits one and zero of address field Y establish the length of the accumulator as follows:

00 Quadruple
01 Triple

10 Double

11 Single

Address field Y can also be interpreted as specifying the location of the most-significant word
of the working accumulator, In relocating the accumulator, the contents of both the old and the
new locations are undisturbed, Care should be exercised in positioning the accumulator in locations
zero through 71 (excluding 12 through 15), because these locations are reserved for specific
purposes and for programming compatibility with other members of the GE-400 family,

BE-425/435

I1I-109



Example:

Relocate the four-word accumulator to locations 1160 through 1163 and set the working length

to triple, The accumulator is presently located at 128 through 131 and the working length is

quadruple,

; REFERENCE SYMBOL OPERATION OPERATION
P
€

DATA  NAME LEVEL MRS PICTURE ’

8 718 1617 118 19}20 22 24125 40] 4!
—4
LAL 1161

Locations Affected:

Before
Accumulator
128 129 130

*XXXXX

X X X X X X X

After
131 128 129 130 131
X X X X X X X X X X X X X X X X X X X X

1160 1161 1162

Relocated Accumulator

1163 1160 1161 1162 1163

X X XX X

XXX |]X XXX

X X X X XXXX+XXXX X X XX|X XXX

BE-425/435
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SAL

STORE ACCUMULATOR LOCATION AND LENGTH
SAL Y/Y, X 3TXYYYYY

The current accumulator location and length are stored in the address field of location Y. The
operation code field and ACF of location Y are not changed, The most-significant 13 bits stored
in the address field of location Y, together with two assumed least-significant zeros, indicate
the location of the most-significant word of the four-word accumulator., Bits one and zero stored
in the address field of location Y indicate the working length of the accumulator as follows:

00 Quadruple
01 Triple

10 Double

11 Single

The 15-bit field stored in location Y canalso be interpreted as the location of the most-significant
word of the working accumulator.

The actual accumulator location, contents, and length are not changed,

BE-425/435
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Store the accumulator location and length in the address field of location 2150.
is presently located at 128 through 131 and the working length is single.
; REFERENCE SYMBOL OPERATION OPERATION
&
DATA NAME LEVEL Y 8 PICTURE
16(17 118 19120 '222 24|28 40| 44
. SAL 2150 .
PO | i i I A i i i 1 1 i X
- H i L L i . A i i
¥
S e 1 i 1 i 1 i b1 i i 1 .
L L L 1 i1 L A i A i i 1 i i n 1
i i i 1 1 L 1 i, i i 1 A 4. i i 1
Locations Affected:
Before After
Accumulator Accumulator
128 129 130 131 128 129 130 131
X X X X X X X X XXXX+XXXX X X X X X X X X XXXX*XXXX
2150 2150
X X X X X X X X X X X (131) ..
U

BE-425/435
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| RALS |

RESET ACCUMULATOR LENGTH SINGLE
RALS 22X07000

The accumulator working length is set to single, The accumulator contents and location are
not affected. RALS is a special case of the Shift instruction (octal 22) and any modification
of the RALS address field has the same effects as modification of a Shift instruction address

field.

Example:

Change the accumulator length to single. The current length is quadruple,

; REFERENCE SYMBOL OPERATION OPERATION
[
€ S, U
DATA NAME LEVEL Y sE PICTURE ’
6|7]{8 16{17 {18 19}20 %22 24§28 40] 41
T
RALS L : .
| R

Locations Affected:

Before After
Accumulator Accumulator
+xxxx XX XX|XXXX|XXXZX XXX X|{X XXX xxxx+xxxx

BE-425/435
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RALD

RESET ACCUMULATOR LENGTH DOUBLE

RALD

22X06000

The accumulator working length is set to double,
not affected, RALD is a special case of the Shift instruction (octal 22) and any modification
of the RALD address field has the same effects as modification of a Shift instruction address

field.

Example:

The accumulator contents and location are

Change the accumulator length to double, The current length is triple,

REFERENCE SYMBOL

OPERATION

mo=<-i

DATA NAME

PICTURE C’
40| 41

S W S

Locations Affected:

Before

Accumulator

Accumulator

XXXX+XXXX X X X X

XXXX*XXXX X X XX
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RALT

RESET ACCUMULATOR LENGTH TRIPLE

RALT 22X05000

The accumulator working length is set to triple, The accumulator contents and location are
not affected, RALT is a special cast of the Shift instruction (octal 22) and any modification
of the RALT address field has the same effects as modification of a Shift instruction address
field,

Example:

Change the accumulator length to triple, The current length is single.

7 REFERENCE SYMBOL OPERATION OPERATION
P
E
DATA NAME LEVEL Y 5 PICTURE <’
el7]|8 s 16}17 118 19]20 22 24)28 40| 4
' LA S
~RALT = .
o .
Cabl ST
P ]
e - 1 l i —t PR S
‘ IR '

Locations Affected:

Before After
Accumulator Accumulator
XXX X|[XXxxX xxxx*xxxx xxxx*xxxx X XX X [X XXX

BE-425/435
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RALQ

RESET ACCUMULATOR LENGTH QUADRUPLE

RALQ 22X04000

The accumulator working length is set to quadruple, The accumulator contents and location are
not affected, RALQ is a special case of the Shift instruction (octal 22) and any modification of
the RALQ address field has the same effects as modification of a Shift instruction address field,
Example:

Change the accumulator length to quadruple, The current length is double,

; REFERENCE SYMBOL OPERATION OPERATION
P
e 5
DATA  NAME LEVEL ’! PICTURE [
6178 1617 {18 19]20 22 24)28 40| M\
L i RA ! L Q i - i i i e d. A A 1 PR i L

! : : r PNV YO, VAR SN ST SN ST SN VUMD TR E S SR |

Locations Alfected:

Before After

Accumulator Accumulator

X X X X xxxx+xxxx X X X X +xxxx X XXX |[XXXX|X XXX
MDE_NOE /HRE
GE-428/485

I1-116



EDT

SPECIAL PURPOSE INSTRUCTIONS

The Edit Instruction

EDIT

T Y/Y, X 05XYYYYY

=
)

The contents of a memory field whose least-significant word is at location Y ar<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>