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INTRODUCTION

The Bendix G-20 general purpose computing system
is modular in construction. The major computing and
controlling module in the system is the Central
Processor. It is built of solid state components and
includes a random access, expandable, magnetic
core memory. The system contains peripheral equip-
ment that can operate concurrently with, and inde-
pendently of, the Central Processor. The Ceniral
Processor may have from 4096 to 32,768 words of
magnetic core memory, in modules of 4096 words
each. Each word contains 33 bits, including a parity
bit.

This manual describes the Central Processor’s basic
machine Icmgﬁcxge. Descriptions of other units in the
G-20 System and instructions for the use of auto-
matic programming systems will be found in sepa-
rate publications.

The booklet, “The Bendix G-20 System for High-
Speed Computing,” contains a technical introduction
to the G-20 System. It is suggested that this booklet
be read before reading the material in this manual.

COMMAND STRUCTURE

The basic machine command specifies a single oper-
and. Either the value of the operand, or its address,
may be written in the command. By combining the
contents of any number of addresses, using com-
mands provided for this purpose, a very flexible
index register operation is provided. Other special
commands facilitate use of memory locations 1
through 63 as address modifiers.

NUMBER FORMS

Numerical information is stored in memory in one
of three formats: Single Precision, Double Precision
and Pickapoint. A Single Precision quantity is a
floating-point number that is contained in a single
memory location. A Double Precision quontity is
a floating-point number that is contained in two con-
secutive memory locations. A Pickapoint quantity is
a floating-point number that is stored in a single
memory location without the exponent; during stor-
age the quantity is automatically adjusted to an
exponent selected by the programmer. All internal
computation is performed in Double Precision
floating-point form. If a Single Precision or Picka-
point number is internally copied into an arithmetic
register for computation, zeros are automatically
appended so that the number appears at Double

Precision length. Therefore, Single Precision, Picka-
point and Double Precision numbers may be mixed
during computation. The numeric result may then be
stored in memory in any one of the three forms.

REGISTERS

There are five registers which are used to control
information flow (see page 29). Special commands
are used to set and reset these registers.

The Next Command register contains the ad-
dress of the next command to be executed.

The Interrupt Request register contains switches
which are set by the computer when a request
for interrupt is encountered.

The Enable register contains switches which are
set by the programmer to permit computation to
be interrupted when specific requests for inter-
rupt occur. The first switch in the Enable reg-
ister controls all of the interrupt operations and
is called "Control.”

The Pickapoint Exponent register contains the
Pickapoint exponent.

The Line Response register is concerned with
Input/Output and its operation is discussed in
the section on Input/Output.

INDEX REGISTERS

Locations 1 through 63 of the memory are special
locations which can be used as Index registers. Spe-
cial commands are available which increment,
decrement, and test these locations (see page 28).
These locations can also be used for normal storage.

ACCUMULATOR

The accumulator consists of three registers. One
register will contain the 14 octal digit mantissa of
any operand brought to the accumulator. Another
register will contain the sign of that operand. A
third register will contain the 2 octal digit exponent
and the sign of the exponent.

Octal Digits 13 ] 10

Bits 41 o

ACCUMULATOR



OPERAND ASSEMBLY REGISTER

The Operand Assembly register is similar to the
accumulator, containing a 14 octal digit mantissa
with its sign and a 2-octal digit exponent with its
sign.

Dctal Digits 13 0 1 o

Bits 41 o 5 0

OPERAND ASSEMBLY REGISTER

COMMAND PRESENTATION

The commands which are developed in later sec-
tions are presented in the following form:

Operation Octal Function

Code Designation

Operation

The explanation of the command will immedi-
ately follow the heading.
Example

The Addition command is given as:

ADD 045 Add (Acc)+4-B— (Acc)

Notes

In internal computation, numeric information is
handled in octal form. An octal number is equiv-
alent to a binary number in which each group
of three bits, from right to left, is represented by
a digit from 0 to 7.

"Operand” is the name given to any quantity
being operated on by the "operation code”
phase of a command. “Operand B" is the name
given to the result of the “operand select” phase
of a command (see page 3).

In addition to the normal use of parentheses,

they are also used to denote “contents of.” For
example, the (Accumulator) is read “contents of
the accumulator.”

Brackets “[ ] are used, instead of parentheses,
where context demands, to denote separations.

Numeric subscripts are used to denote the por-
tion of the contents of a register which is
operated on by a command. For example,
;/(Accumulator), means that the least significant
thirty-two bits of the accumulator will be oper-
ated on.




ADDRESSING FACILITIES

The G-20 Computer uses a single-operand command
structure. Each command operates in two phases.
The first is the “operand select” phase and the sec-
ond is the “operation code” phase such as add or
multiply. During the operand select phase, the
addressing mode is inspected and the operand B is
assembled in the Operand Assembly register, which
contains a 14 octal digit mantissa with its sign and
a 2-octal digit exponent with its sign.

Addressing Index
Made Field

Flags Operation Code I Field

3130292827 2625242332 212019 1BITI6151413 1211108 8 7 6 5 4 3 2 1 0

Command Word

A command word consists of two flag bits, a 2-bit
addressing mode code, an operation code, and two
number fields designated “F" and “I."” The F field
covers the least significant fifteen bits and the I field
covers the 6 bit positions 15 through 20. These fields
designate two octal integers of 5 digits and 2 digits,
respectively. The 5 octal digit F field is used as a
part of the address of the operand B. The I field is
the Index field. The 2 octal digits of the I field are
used to address any of the Index locations, 01
through 63. The programmer may use an Index
register with any Standard Addressing (see excep-
tions, page 4). An Index field of zero is ignored
by the addressing assembly. The contents of
these two fields, taken as integers, or the contents
of the locations they individually address are
summed with the contents of the Operand Assembly
register in one of four distinct ways to form the
operand B of any command with Standard Address-
ing. The form of each of these four sums is con-
trolled by the addressing mode.

STANDARD ADDRESSING

Addressing Action
Mode
0 (OA)+F+(D=B

In addressing mode 0, the action of the “operand
select” phase of the command is to sum the F field,

the contents of the location specified by the I field
and the contents of the Operand Assembly register.
The addition is performed in floating-point. The oper-
and B can be in any number format (see page 6).

Example

Consider a Clear and Add command (octal code
005). Using addressing mode 0, let the F field
contain 1200 and the I field contain 13:

Mode | Field
Flags Op Code F Field

0 005 13 1200

1029227 262524202221201918 17161514 131211109 8 7 65 4 3 2 1 0

Let the contents of the Operand Assembly reg-
ister be 0 and the contents of location 13 be 5.0.
The operand B will be:

B=(OA)+ F+ (I) = 0 + 1200 + (13) =0 + 1200
+ 5.0 = 1205

Therefore, the number 1205 will be placed in
the accumulator.

Addressing Action
Mode
1 (OA)+F+(M=B

In addressing mode 1, the action of the command
specifies that the F field will be taken as an integer
and used as an address. Therefore, the operand B
will be composed of the sum of the contents of the
location specified by the address in the F field, the
contents of the location specified by the I field and
the contents of the Operand Assembly register.

Example

Consider a Clear and Add command (octal
code 005). Using addressing mode 1, let the F
field contain 1200 and the I field contain 13:

Mode | Field
Fiags Op Cade F Field

I 005 13 1200

3130292827 2625 242322212019 18 1716151413 121110 8 8 7 6 5 4 3 2 L O



Let the contents of the Operand Assembly reg-
ister be 0, the contents of location 13 be 5.0 and
the contents of location 1200 be 652.0. The oper-
and B will be:

B= (OA) + (F) + (I) = 0 + (1200) + (13) =0
+ 652.0 + 5.0 = 657.0

Therefore, the number 657.0 will be placed in
the accumulator.

Addressing Action
Mode
2 (CA)+F+ M) =B

In addressing mode 2, the “operand select” phase,
using an action identical with addressing mode 0,
first prepares a number which may be in floating-
point. If the number first brought to the Operand
Assembly register is not an integer, it is shifted to
zero exponent, If the exponent is zero, whether after
the shifting process or because the number brought
to the Operand Assembly register is an integer, bits
15 through 41 of the Operand Assembly register are
made zero. The least significant 15 bits are not dis-
turbed. This number is then used as an address and
the operand B is the contents of that address.

Example

Consider a Clear and Add command (octal
code 005). Using addressing mode 2, let the F
field contain 1200 and the I field contain 13:

Mode I Field

Flags Op Code F Field

2 005 13 1200

130292027 262524 2322212019 18 1716 151413121110 9 8 7 B 5 4 3 2 1 0

Let the contents of the Operand Assembly reg-
ister be 0, the contents of location 13 be 5.0 and
the contents of location 1205 be 55. The oper-
and B will be:

B=((OA) +F+ (D)) =(0+ 1200 + (13)) = (0
+ 1200 + 5.0) = (1205) = 55.

Therefore, the number 55 will be placed in the

accumulator.
Addressing Action
Mode
3 ((CA)+(F)+ (M) =B

In addressing mode 3, the "operand select” phase
prepares a number in a manner identical with
mode 1. If this number is not an integer, it is shifted
to zero exponent. If the exponent is zero, whether
after the shifting process or because the number

a

brought to the register is an integer, bits 15 through
41 of the register are made zero. The least significant
15 bits are not disturbed. This final number is used
as the address of a memory location and the contents
of that location are used as the operand B.

Example

Consider a Clear and Add command (octal
code 005). Using addressing mode 3, let the
F field contain 1200 and the I field contain 13:

Madi I Field
Flags O Code F Field
3 005 13 1200

A1 a0 292827 26 252423222020 19 1B 1716151413 1211109 8 7 B 5 4 3210

Let the contents of the Operand Assembly reg-
ister be 0, the contents of location 13 be 5.0, the
contents of location 1200 be 652.0 and the con-
tents of location 657 be 43.0. The operand B
will be:

B=((OA) + (F) + (I) = (0 + (1200) + (13))
= (0 + 652.0 + 5.0) = (657) = 43.0

Therefore, the number 43.0 will be placed in
the accumulator.

INDEX ADDRESSING

Reference has been made to Standard Addressing.
Commands with Standard Addressing are the
Numeric, Non-numeric and Test commands. There
are two groups of commands with non-standard
addressing. One such group is the set of Index
commands (page 28) and the set of Register com-
mands (page 29). Index Addressing is used with
this group of commands. The "operand select”
phase of the command is altered in form. The 6-bit
I field is used as an identification tag. It specifies
which one of the 63 Index register addresses will be
operated on, or on which of the five registers the
operation will be performed. Therefore, the “oper-
and select” phase of these commands operates with-
out the “(I)"" portion of the operand format.

OPERAND SELECT FOR THE INDEX
AND REGISTER COMMANDS

Mode Action
0 (OA)+F =B
1 (OA) +(F) =B
2 ((OA)+ F)=B
3 ((OA)+(F)) =B




STORAGE ADDRESSING Example
Consider again the example from the Standard

The other group of commands with non-standard Command explanation:

addressing, is the set of Store commands. The action - i

o of these commands is to store, in a specified location, Flags Op Code F Field
a number which is currently in the accumulator. 1 13 % 1200
Storqge Addressing ls used With these Command's' In 3130292827 262524232221 2019181718 151413121110 9 8 7 6 5 4 3 2 1 0©
¢ Storage Addressing, though the “operand select"”
phase still functions like the Standard Addressing In memory locations 13 and 1200, respectively,
operation, the final "B" is not the operand; the final 5.0 and 652.0 are stored, the Operand Assembly
"B" specifies the storage location of the contents of register contains a zero and 300 is in the accu-
the accumulator. If the final “B" is not an integer, it mulator. Use mode 1 and a Store command
is shifted to zero exponent. If the exponent is zero, to store the contents of the accumulator in B.
whether after the shifting process or because the Therefore:
number is an integer, bits 15 through 41 of “B” are B = (OA) + (F) + (I) = 0+ (1200) + (13)
made zero. The least significant 15 bits are not dis- =0+ 652.0 + 5.0 = 657.00
turbed. This 15 bit integer is the location at which the The Store command would store 300 in mem-
number in the accumulator is stored. ory location 00657.




FORMAT DESCRIPTION

In the G-20 a memory word consists of 32 bits of
information plus a parity bit. All internal arithmetic
is performed in floating-point form with the result
having a signed mantissa and a signed exponent.
Internally, numerical data can be of three forms:
Double Precision, Single Precision and Pickapoint.

A Single Precision quantity consists of a 7 digit
octal number in the form * NNNNNNN x 10NN, A

Double Precision quantity consists of a 14 digit octal
number in the form = NNNNNNNNNNNNNN x 10NN,
A Pickapoint quantity consists of a9 digit octal num-
ber in the form * NNNNNNNNN x 10.~FE, where ~FE
indicates the contents of the Pickapoint Exponent
register.

The following table lists the range of values for the
different number formats.

RANGE OF VALUES

Octal Form
= 7777777 % 10 a”"’. (Note 1)

Single Precision

Double Precision

Decimal Equivalent
= 2,000,000. x 10758

= 77777777777777 x 10,774 + 4,000,000,000,000. x 10*%
Pickapoint

* 777777777 (Note 2) + 130,000,000. (Note 3)
Pickapoint Integer

= 777777777 + 130,000,000.

Note 1: The exponent range is 10;77; octal and

10+58 decimal.

Note 2: Times the Pickapoint exponent whose

range is 10,77

Note 3: Times the Pickapoint exponent whose

range is 10*96,

TABLE 1

The form in which information is held in memory is
explicitly explained on the following pages.

When a piece of data is stored in memory, the
central processor automatically places the correct
indicators in the specified location along with the
data:

The precision of the number is indicated in bit
number 29.

A "0" in bit position 29 indicates Single Pre-
cision or Pickapoint.

A "1" in bit position 29 indicates Double
Precision.

The sign of the mantissa and the sign of the
exponent (except Pickapoint) are placed in bit
positions 28 and 27, respectively.

A "'0" indicates a positive sign.
A "1" indicates a negative sign.

When the Pickapoint switch is ON and a number
is stored:

A "1" in bit position 27 indicates a Pickapoint
number. '

A ""0" in bit position 27 indicates a Pickapoint
integer.



The way in which numerical data is brought from
memory is explained on page 9, following the de-
scription of the number formats.

SINGLE PRECISION FLOATING FPOINT NUMBER

0 + + Exponent Mantissa

3130292827 262524232221 2019181716151413121110 9 8 7 B 5 4 3 2 1 O

This number form has a 7 octal-digit mantissa with
a 2 octal-digit exponent, and is stored in memory
in the following format:

Bit positions 0 through 20 contain the mantissa
Bit positions 21 through 26 contain the exponent
Bit position 27 contains the sign of the exponent
Bit position 28 contains the sign of the mantissa

Bit position 29 contains a 0 to indicate a Single
Precision number

Bit positions 30 and 31 contain interrupt flag bits

DOUBLE PRECISION NUMBER

1=+  Exponent Mantissa

3130292827 262524232221 2019 1B 1716151413 1211109 8 7 6 5 4 3 2 1 0
LEAST SIGNIFICANT HALF

not used Mantissa
3130292827 262524 232221 2019 1817 16 1514131211109 8 7 6 5 4 3 2 1 0

MOST SIGNIFICANT HALF

This number form has a 14 octal-digit mantissa with
a 2 octal-digit exponent. A Double Precision number
is stored in adjacent locations automatically and any
“clear and add” type command or “operand select”
phase of a command operating on such a number
will bring all 14 octal digits from memory. A Double
Precision number is stored in memory in the follow-
ing format:

Bit positions 0 through 20 of the first word con-
tain the least significant 7 octal digits of the
mantissa

Bit positions 21 through 26 of the first word con-
tain the exponent

Bit position 27 of the first word contains the sign
of the exponent

Bit position 28 of the first word contains the sign
of the mantissa

Bit position 29 of the first word contains a 1 to
indicate a Double Precision number

Bit positions 30 and 31 of the first word contain
interrupt flag bits

Bit positions 0 through 20 of the second word
contain the most significant 7 octal digits of the
mantissa

Bit positions 21 through 31 of the second word
are ignored

PICKAPOINT NUMBER

01 Mantissa
J130292827262524232221201918 1716151413 121110 9 & 7 6 5 4 3 2 1 0O
This number form has a 9 octal-digit mantissa with
a 2 octal-digit exponent which is taken from the

Dickapoint Exponent register. A Pickapoint number
is stored in memory in the following format:

Bit positions 0 through 26 contain the mantissa

Bit position 27 contains a 1 to indicate that the
value of the exponent is taken from the Picka-
point Exponent register

Bit position 28 contains the sign of the mantissa

Bit position 29 contains a 0 to indicate a Single
Precision number

Bit positions 30 and 31 contain interrupt flag bits

The signed exponent in the PE register will be
brought from memory to the accumulator or Oper-
and Assembly register with the number, if and
only if, the Pickapoint Switch is ON.

PICKAPOINT INTEGER

00 Integer

3130292827 2625 24 232221 2019181716 151413121110 8 8 7 6 5 4 3 2 1 0

The Pickapoint number can be stored in memory as
an integer in the following format:

Bit positions 0 through 26 contain the integer

Bit position 27 contains a 0 to indicate that the
number is an integer. (The contents of the Pick-
apoint Exponent register are disregarded when
this form is brought from memory)

Bit position 28 contains the sign of the integer

Bit position 29 contains a 0 to indicate a Single
Precision number

Bit positions 30 and 31 contain interrupt flag bits

7



A positive zero exponent will be provided when the
integer is brought from memory, if and only if, the
Pickapoint Switch is ON (see Store Commands,
page 25).

LOGIC WORD

3130392027 262524 232221 2019 B 17615413 121110 9 8 7 6 & 4 § 2 1 O

The Logic word is 32 bits long. Bit positions 30 and
31 are interrupt flag bits but are also part of the
Logic word.

COMMAND WORD

Mode 0Op Code Index Field F Field

3130292027 262524 23222120 1918171815 1413121110 9 8 7 6 5 4 3 2 1 O

The command word is stored in memory in the
tollowing format:

Bit positions 0 through 14 contain the F field

Bit positions 14 through 20 contain the Index
field

Bit positions 21 through 27 contain the octal Oper-
ation Code

Bit positions 28 and 29 contain the Addressing
Mode code

Bit positions 30 and 31 contain interrupt flag bits




ACCESS OF NUMERICAL DATA

When the contents of a memory location are brought to any 14 octal digit
register, such as the Operand Assembly register or the accumulator, during
the access of numerical data, the elements in the location are considered

with the following priority:

If bit number 29 is

0

The number is taken to be in either Single Pre-
cision floating-point form or Pickapoint form.

If the Pickapoint switch is

OFF ON

The number brought from memory is in Single
Precision form. The contents of the least signifi-
cant 7 octal positions of the memory location are
placed in the least significant 7 octal positions
of the register. The remaining (most significant)
7 octal positions of the register are cleared to
zero. Bit number 28" is inspected and the sign
is prefixed. The signed exponent is taken from
bit positions 27 through 21.

1

The number brought from memory is in Double
Precision form. The contents of the least significant
7 octal positions of the location, some location N,
are placed in the least significant 7 octal positions
of the register. The contents of the least significant 7
octal positions of location N+1 are placed in the
remaining (most significant) 7 octal positions of the
register. Bit number 28" in location N is inspected
and the sign is prefixed. The signed exponent is
taken from bit positions 27 through 21 of location N.
If bit number 29 is a 1, the Pickapoint switch is not
inspected.

The number brought from memory is in Pick-
apoint form. The contents of the least significant
9 octal positions of the memory location are
placed in the least significant 9 octal positions
of the register. The remaining (most significant)
S octal positions of the register are cleared to
zero. Bit number 28" is inspected and the sign
is prefixed.

If bit number 27 is

0

A positive zero exponent is taken
as the exponent of the number in
the register.

1

The signed contents of the Pick-
apoint Exponent register are taken
as the exponent of the number in
the register.

When it is desired to bring a Pickapoint number from memory, the Pickapoint
switch must be ON. The Pickapoint switch is the bit position number 8 of the
Enable register (see page 11} and can be selectively turned on and off by

register commands to be described later.

*If bit number 28 is a “1,” the sign of the mantissa is negative.

If bit number 28 is a “0," the sign of the mantissa is positive.



ROUNDOFF RULES

A number produced by a machine operation such as
multiplication, whose magnitude exceeds the phys-
ical limitations of the arithmetic unit, is rounded off
to avoid loss of precision due to truncation. (Division
is the exception.) Roundoff will occur only when a
number has been shifted right as a result of some
machine operation or when a number of more than
14 octal digits is generated in the arithmetic unit.

ROUNDOFF RULES

When the digits to be discarded represent a
value greater than one half in the least signifi-
cant digit position to be retained, the magnitude
of the digit in that position is increased by one.

When the digits to be discarded represent a
value exactly equal to one half in the least
significant digit position to be retained, and if
that last digit is even, the magnitude of the digit
is increased by one. In all other cases the digits
are discarded.

Example

The following five-digit, octal numbers are rounded
to two digits using the above roundoff rules.

65.401 is rounded to 66.0
65.400 is rounded to 65.0
64.400 is rounded to 65.0
65.377 is rounded to 65.0

ADD-SUBTRACT

If the exponents of the two operands in an Add or
Subtract command are equal or if the exponents
can be made equal by a left shift of the number
with the larger exponent, no digit will be shifted
out of the register, and no roundoff will be necessary.

If the exponents are not equalized after left shifting
the number with the larger exponent, right shifts of
the number with the smaller exponent will be exe-
cuted until the exponents are equal or until the
number has been shifted out of the register, at
which time a true zero will replace the number.

10

The right-shifted number will be rounded according
to the Roundoff Rules.

If an Add or Subtract operation produces an over-
flow out of the most significant end of the arithmetic
unit, ‘a right shift will occur and the number will
be rounded according to the Roundoff Rules.

MULTIPLICATION

The product generated by the multiplication
command is octally normalized. If the normalized
product exceeds the 14 octal digit capacity of the
arithmetic unit, the remaining most significant 14
digits of the number are rounded according to the
Roundoff Rules.

DIVISION

In the division process the quotient is truncated at
14 octal digits and the remainder is lost.

SINGLE PRECISION STORAGE
PREPARATION

In the Single Precision, floating-point, Store com-
mands, the contents of the accumulator are prepared
for storage in the least significant 21 bits of the
arithmetic unit. If the number in the accumulator
contains more than 7 octal digits of significance, it
is shifted right until only 7 octals remain. The lost
digits are examined and the remaining number is
rounded according to the Roundoff Rules. If the
roundoff produces an overflow into the eighth least
significant digit, one more shift to 7 octal digits
occurs (see page 25).

In the Pickapoint Store command, the contents of
the accumulator are prepared for storage in the
least significant 27 bits of the arithmetic unit. The
number in the accumulator is shifted (if necessary)
until its exponent is equal to the Pickapoint ex-
ponent and then 8 octal digits are stored. If the
exponent of the contents of the accumulator cannot
be made equal to the Pickapoint exponent without
generating more than 9 octal digits, an interrupt
request is generated.



INTERRUPT FACILITIES

Internal computation can be interrupted under pro-
gram control. An interrupt may be due to: exponent
overflow, an illegal operation code, an illegal ad-
dress, an elapse of a selected period of time, a signal
from an accessory unit, a flagged command, or a
flagged word of data. Interrupt requests, how to
enable them and how to request them, are discussed
in this section. Input/output interrupt requests are
discussed in the input/output section on page 44.

Two 15-bit registers, the Enable register and the
Interrupt Request register, are used in preparing
and executing interrupt requests (see Table 2 be-
low). The commands which are used to address
these registers are explained on page 29.

INTERRUPT REGISTERS

INTERRUPT
ENABLE BIT REQUEST
REGISTER POSITION REGISTER
Command Flag 31...... 14.... Command Flag 31
Command Flag 30...... 13.... Command Flag 30
Logic Flag 31.......... 12....Logic Flag 31
Logic Flag 30.......... 11.... Logic Flag 30
Dottt Flag 31 :c.n coeis ais 10. ... Data Flag 31
Data Flag 30........... 9....Data Flag 30
Pickapoint Switch 8 Overflow
Real Time Enable...... 7....Real Time Interrupt
6
Sound Tone Enable 5
Transmit-Interrupt 4  Receive Interrupt
Transmit-Interrupt 3  Receive Interrupt
2  Receive Interrupt
1 Receive Interrupt
Caontrol .o e, s 0 Illegal Address
TABLE 2

The first bit in the Enable register controls the entire
interrupt process. It will be referred to as “Control”.
It must be in the ON position (contain a "1") before
any interrupt request will interrupt computer
operation.

The interrupt enable switches are in bits 9 through
14 of the Enable register as follows:

The enable switch for the flag in bit position 31
of the command word is in bit 14.

The enable switch for the flag in bit position 30
of the command word is in bit 13.

The enable switch for the flag in bit position 31
of the logic word is in bit 12,

The enable switch for the flag in bit position 30
of the logic word is in bit 11.

The enable switch for the flag in bit position 31
of the data word is in bit 10.

The enable switch for the flag in bit position 30
of the data word is in bit 9.

The Pickapoint switch is in bit 8. A real time inter-
rupt enable switch is in bit 7. Bit positions 3 and 4
in the Enable register are for input/output (see page
45). Bit positions 1, 2 and 6 are not assigned.

The Interrupt Request register contains the indicators
which are turned on by the computer when an inter-
rupt condition is encountered. The indicators are as
follows:

The interrupt request indicator for the flag in bit
position 31 of the command word is in bit 14.

The interrupt request indicator for the flag in bit
position 30 of the command word is in bit 13.

The interrupt request indicator for the flag in bit
position 31 of the logic word is in bit 12.

The interrupt request indicator for the flag in bit
position 30 of the logic word is in bit 11.

The interrupt request indicator for the flag in bit
position 31 of the data word is in bit 10.

The interrupt request indicator for the flag in bit
position 30 of the data word is in bit 8.

The overflow interrupt request indicator is in bit 8.

The real time interrupt request indicator is in bit 7.

The illegal address indicator is in bit 0. Any nega-
tive address, or any address specifying a location
not applicable to the command, or not in the memory
(such as location 16,700 in an 8,192 word core), is an
“illegal address”. Since the occurrence of the ex-
ponent overflow and the illegal address interrupts
is abortive in nature, no corresponding enable
switches exist in the Enable register. Bit positions 1,
2, 3 and 4 in the Interrupt Request register are for
input/output (see page 45). Bit positions 5 and 6 are
not assigned.
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To cause an interrupt of computation by the interrupt
flags in word positions 30 and or 31 the program
must:

1. Turn Control ON,

2. Set the desired flag, or flags, in the Enable
register to a one (see page 29 for the com-
mands), then

3. Process an operand which has a one in the
corresponding bit position 30 and/or 31. This
will set the flag bit or bits to one in the Inter-
rupt Request register.

The previous three operations will cause the central
processor to:

1. Mark the place of return to the program by
placing the contents of the Next Command
register in the first 15 bit positions of location
64 (bits 15 through 31 are made zero).

2. Turn Control OFF and

3. Transfer to location 65 to the first command
of the Interrupt Service Routine, which will
inspect the Interrupt Request register to de-
termine the interruption, report as the pro-
grammer wishes and turn the Control ON
again.

If a one is encountered in a flag bit, in a command,
data or logic word, but the flag is not enabled (i.e.
the corresponding bit is not a one in the Enable
register), the one is ignored.

If a one in an enabled flag bit is encountered in a
command, data or logic word and Control is OFF,
the corresponding flag bit is set to a one in the Inter-
rupt Request register, but there is no transfer to
location 65. The Next Commoand in sequence is
executed. When Control is turned ON again, the
interrupt and transfer will occur.

If Control is ON and an exponent overflow occurs in
either the accumulator, the Operand Assembly reg-
ister, or the arithmetic unit; or, if a number in the
Pickapoint mode is too large for the Pickapoint Ex-
ponent, the exponent overflow bit will be turned on
in the Interrupt Request register, the contents of the
Next Command register will be marked in location
64 and the Interrupt Service Routine will be entered
at location B5.

If Control is OFF and an exponent overflow occurs
in either the accumulator, the Operand Assembly
register, or the arithmetic unit; or, if @ number in the
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Pickapoint mode is too large for the Pickapoint Ex-
ponent, the exponent overflow bit is made a one in
the Interrupt Request register and the Next Com-
mand in sequence is executed.

Note

Exponent underflows (i.e. attempts to generate
a number with an exponent less than — 63) do
not result in interrupt requests. The number is
shifted right, increasing the exponent back within
range, if possible. If the number is shifted en-
tirely out of the register, it is replaced by a true
zero, which has positive zero mantissa and posi-
tive zero exponent.

If Control is ON and an illegal code is processed,
the illegal code bit will be made a one in the Inter-
rupt Request register, the contents of the Next Com-
mand register will be marked in location 64 as before
and the Interrupt Service Routine will be entered at
location 65.

If Control is OFF and an illegal address is encoun-
tered, the results of the command being processed
are not predictable. The illegal code indicator will
be made a one in the Interrupt Request register and
the Next Command in sequence will be executed.

The real time interrupt (Bit 7 of the Interrupt Request
register) is turned on once per second, if Control
is ON and the clock bit (number 7) of the Enable
register is a one. This interrupt is turned on and off
by command.

An audio tone is turned on, if Control is ON and the
fifth bit in the Enable register is made a one. The
audio tone is turned off when the fifth bit of the
Enable register is made a zero.

Interrupt requests are processed after the Operand
Assembly register is cleared during a command
operation. The set of Address Preparation commands
(page 13) and the Extract Register to OA command
(page 29) do not clear the Operand Assembly regis-
ter during their operation. Therefore, no interrupt
request can occur while using these commands, but
if an interrupt condition is encountered, the appro-
priate bit in the Interrupt Request register is set.
This interrupt request will be processed as soon as
a command is used which clears the Operand Assem-
bly register. An illegal address and an exponent
overflow are exceptions to the above rules about
the Operand Assembly register and the commands
noted.



ADDRESS PREPARATION COMMANDS

Address preparation commands are used to assemble addresses and
operands in the Operand Assembly (OA) register. The Standard
Addressing Modes (page 3) are used with these commands. All oper-
ands B are brought from memory in a numeric form. The Operand
Assembly register is not cleared upon completion of any of these

commands.

OCA 000 Clear and Add; accumulate answer in 0A  B— (0A)

The contents of the Operand Assembly register are
replaced by the operand B. The Operand Assembly
register is not cleared at the completion of this com-
mand. The contents of the accumulator are undis-
turbed.

This command can be used as a no-operation com-
mand if the contents of the Operand Assembly
register are zero, the Index address I is zero and
addressing mode 0 is used with the F field equal
to zero.

0CS 020 Clear and Subtract;
accumulate answer in OA

— B— (0A)

The contents of the Operand Assembly register are
replaced by the operand B with its sign changed.
The Operand Assembly register is not cleared at the
completion of this command. The contents of the
accumulator are undisturbed.

0AD 040 Add;accumulate
answer in OA

(Acc)4-B— (0A)

The operand B is added to the contents of the accu-
mulator. The sum replaces the previous contents
of the Operand Assembly register. Unnormalized
floating-point addition is performed. (See page 14).
The Operand Assembly register is not cleared at
the completion of this command. The contents of the
accumulator are undisturbed.

0SU 060 Subtract; accumulate
answer in 0A

(Acc) — B— (0A)

The operand B is subtracted from the contents of the
accumulator. The difference replaces the previous
contents of the Operand Assembly register. Unnor-
malized floating-point subtraction is performed. The
Operand Assembly register is not cleared at the
completion of this command. The contents of the
accumulator are undisturbed.

OAN 100 Add and Negate; —[(Acc) -+ B]— (0A)

accumulate answer in OA

The operand B is added to the contents of the accu-
mulator. The sum with its sign reversed replaces
the previous contents of the Operand Assembly
register. Unnormalized floating-point addition is per-
formed. The Operand Assembly register is not
cleared at the completion of this command. The
contents of the accumulator are undisturbed.

OSN 120 Subtract and Negate; B — (Acc)— (0A)
accumulate answer in OA

The contents of the Accumulator are subtracted from
the operand B. The difference replaces the previous
contents of the Operand Assembly register. Unnor-
malized floating-point subtraction is performed. The
Operand Assembly register is not cleared at the
completion of this command. The contents of the
accumulator are undisturbed.

0AA 140 Add and take Absolute value;
accumulate answer in OA

| (Acc) -+ B|— (OA)

The operand B is added to the contents of the accu-
mulator. The absolute value is taken and the result
replaces the previous contents of the Operand As-
sembly register. Unnormalized floating-point addition
is performed. The Operand Assembly register is not
cleared at the completion of this command. The con-
tents of the accumulator are undisturbed.

0SA 160 Subtract and take Absolute |(Acc) — B|— (0A)
value; accumulate answer in OA

The operand B is subtracted from the contents of the
accumulator. The absolute value of the difference is
taken and replaces the previous contents of the
Operand Assembly register. Unnormalized floating-
point addition is performed. The Operand Assembly
register is not cleared at the completion of this com-
mand. The contents of the accumulator are undis-
turbed.
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ARITHMETIC PROCESSES

ADDITION

Addition is performed in an arithmetic unit of 14
octal digit capacity. The two operands involved in
the addition are not normalized before the addition
process begins. The exponents of the numbers are
made equal and the resulting mantissas are sum-
med, with the result having the equalized exponent.
This method is called unnormalized floating-point
addition.

The exponents of the two numbers are compared.
If the exponents are equal, the mantissas are alge-
braically added together and the result is placed in
the accumulator. The exponent of the operand B
replaces the exponent of the accumulator. If the
result of the addition contains more than 14 sig-
nificant octal digits, the least significant digit is
inspected, discarded and the sum is rounded accord-
ing to the Roundoff Rules to 14 octal digits. These
14 digits are placed in the accumulator and the
exponent of the accumulator is increased by one.

It the exponents of the two numbers are unequal,
an attempt to equalize them is made by left shifting
the mantissa of the number with the larger exponent.
The exponent of the number is decreased by one for
each left shift of one octal digit position. The left
shifts will cease when a non-zero octal digit is shifted
into the most significant octal digit position (14th)
of the arithmetic unit.

Example

To add 25 X 87 in the accumulator, to an oper-
and B of 13 x 8¢, the operand B is left-shifted
three digits before the addition. 25 x 8%+ 13 x 8¢
= 25 X 8% + 13000 x 83 = 13025 x 83, After the
addition, the accumulator will contain 13025 x 82,

If the exponents can be made equal by left shifting,
the algebraic addition of the mantissas occurs when
they are equal, and the result is placed in the accu-
mulator, The smaller exponent is taken as that of the
result. If the result of the addition contains more than
14 significant octal digits, the least significant digit
is inspected, discarded and the sum is rounded ac-
cording to the Roundoff Rules to 14 octal digits.
These 14 digits are placed in the accumulator and
the smaller exponent, increased by one, is taken as
the exponent of the result.
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Example

The addition command ADD is used to add the
number in location 100 to the contents of the
accumulator. Location 100 contains 25 x 820
and the accumulator contains 36 X 8%, Using
mode 1 with a 0 Index field, an F field of 100,
and a 0 in the Operand Assembly register, oper-
and B will be 25 X 820, The contents of the ac-
cumulator are shifted to 3600000 X 82° and then
added to 25 x 820, The result, 3600025 x 820, is
placed in the accumulator. The contents of loca-
tion 100 are undisturbed.

If the exponents cannot be equalized by left shifts,
an attempt to equalize them is made by right shift-
ing the mantissa of the number with the smaller
exponent, After the left shifts of the number with the
larger exponent have been accomplished, right shift-
ing of the other number begins. The smaller ex-
ponent is increased by one for each right shift of
one octal digit. The digits which are shifted out of
the right end of the arithmetic unit are remembered;
when the exponents are equalized, these digits are
inspected and the number is rounded off according
to the Roundoff Rules.

The resulting mantissas are algebraically added
together, the sum is placed in the accumulator and
the number equal to the final exponents is taken as
the exponent of the accumulator. If the result con-
tains more than 14 significant octal digits, the least
significant digit is inspected, discarded and the sum
is rounded according to the Roundoff Rules to 14
octal digits, and the exponent is increased by one.

If all of the non-zero digits are right-shifted out of
the register before the exponents are equalized, the
number is replaced by a true zero with a positive
zero exponent and positive sign, and the addition is
performed without further shifting.

Example

The addition command ADD (octal 045) is used
to add the number in location 100 to the con-
tents of the accumulator. Location 100 contains
257 % 8% and the accumulator contains 234,434,-
433,540 X 85. Using mode 1 with a 0 Index field
and a 0 in the Operand Assembly register,
operand B is 257 x 82,



Made | Firld
Flags Op Code F Field
00 1 045 0 100

JLI0IWIT 6252423222120 191817 161514 191211109 8 7 6 5 4 2 2 | 0

The contents of the accumulator are shifted to
23.443,443,354,000 x 83. The exponents are not
equal so the operand B is shifted right until they
are equal and B is rounded to 26. X 83, The
addition is performed,

23,443,443,354,000. x 83
00,000,000,000,026. x 83

23,443,443,354,026. x 83,

and 23,443,443,354,026. x 82
is placed in the accumulator. The contents of
location 100 are undisturbed.

SUBTRACTION

Subtraction is performed exactly like addition except
that the sign of the subtrahend is reversed before
computation.

MULTIPLICATION

In multiplication, the multiplicand, the number in the
accumulator, is octally normalized before the arith-
metic operation begins. The multiplier, operand B,
is not normalized or modified in any way before the
multiplication begins. The multiplication begins with
the least significant octal digit of the multiplier and
ends when the last non-zero octal digit has been
processed. An octally normalized product is formed
and is placed in the accumulator. If the product con-
tains more than 14 octal digiis, the excess digits from
the least significant end of the number are inspected,
discarded and the product is rounded off to 14 digits.

DIVISION

Upon the completion of a division operation, the
accumulator contains an octally normalized, 14 digit,
truncated quotient with the appropriate exponent.
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ADD-SUBTRACT COMMANDS

Operation  Octal Function Operation
Code Designation
CLA 005 Clear and Add B—(Acc)

The contents of the accumulator are replaced by the
operand B.

CLS 025 Clear and Subtract —B—(Acc)

The contents of the accumulator are replaced by the
operand B with its sign reversed.

ADD 045 Add (Acc)+B— (Acc)

The operand B is added to the contents of the ac-
cumulator. The sum replaces the previous contents
of the accumulator. Unnormalized floating-point ad-
dition is performed (see Addition, page 14).

SUB 065

Subtract (Acc) — B— (Acc)

The operand B is subtracted from the contents of the
accumulator. The difference replaces the previous
contents of the accumulator. Unnormalized floating-
point subtraction is performed. (See Subtraction,
page 15.)

ADN 105 Add and Negate —[(Acc) -+ Bl— (Acc)

The operand B is added to the contents of the ac-
cumulator. The sum with its sign reversed replaces
the previous contents of the accumulator. Unnormal-
ized floating-point addition is performed.

SUN 125 Subtractand Negate B — (Acc)— (Acc)

The contents of the accumulator are subtracted from
the operand B. The difference replaces the previous
contents of the accumulator. Unnormalized floating-
point subtraction is performed.

ADA 145 Add and take Absolute value |(Acc)+B|— (Acc)

The operand B is added to the contents of the ac-
cumulator. The absolute value is taken and this
result replaces the previous contents of the accu-
mulator. Unnormalized floating-point addition is
performed.

SUA 165 Subtractand take

Absolute value |(Acc) —B|—(Acc)

The operand B is subtracted from the contents of the
accumulator. The absolute value is taken and this
result replaces the previous contents of the accu-
mulator. Unnormalized floating-point subtraction is
performed.

MULTIPLY-DIVIDE COMMANDS

MPY 077 Multiply Bx(Acc)— (Acc)

The contents of the accumulator are normalized. The
normalized contents of the accumulator are multi-
plied by operand B. The multiplication process be-
gins with the least significant octal digit of operand
B and ends when the last non-zero digit has been
processed. Floating-point multiplication is performed.
The octally normalized product replaces the previous
contents of the accumulator. Only the most signifi-
cant 14 octal digits are retained. If the product has
more than 14 significant digits, it is rounded off ac-
cording to the Roundoff Rules.

DIV 053 Divide (Acc)/B— (Acc)

The contents of the accumulator and the operand B
are normalized. The normalized contents of the ac-
cumulator are divided by the normalized operand B.
The quotient is a 14 octal digit number and it re-
places the previous contents of the accumulator.
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RDV 057 Reverse Divide B/(Acc)— (Acc)

The contents of the accumulator and the operand B
are normalized. The normalized operand B is di-
vided by the normalized contents of the accumu-
lator. The quotient is a 14 octal digit number and
replaces the previous contents of the accumulator.

Shifting

The contents of the accumulator can be shifted by
either multiplication or division. Multiplication is pre-
ferred because it is faster. The most common shifting
situation is that of shifting a 32-bit logic word left
or right by multiples of 8 bits. For example, to shift
the mantissa of a number in the accumulator 8 bits
to the left, multiply the number by 2°=400,. The result
of the multiplication will be octally normalized and
will have the appropriate exponent. Any non-numeric
command (see page 18) operating on the product
causes aqutomatic shift to zero exponent and thus re-
turns the mantissa to the desired form.



ADD-SUBTRACT TEST COMMANDS

FOP 001 If Operand Plus Go to (NC)if B > 0,

Resume at (NC)4-1ifB < 0

The operand B is tested. If B is greater than zero, the
Next Command in sequence is executed. If B is less
than or equal to zero, the next command in sequence
is skipped and the following command is executed.
The contents of the accumulator remain unchanged.

FOM 021 If Operand Minus Go to (NC) if B < 0,

Resume at (NC)+1ifB > 0

The operand B is tested. If B is less than zero, the
Next Command in sequence is executed. If B is
greater than or equal to zero, the Next Command in
sequence is skipped and the following command is
executed. The contents of the accumulator remain
unchanged.

FSP 041 If Sum Plus Go to (NC) if (Acc)+B >0,

Resume (NC)+-1 if (Acc)+B < 0

The operand B is added to the contents of the ac-
cumulator and the sum is tested. If (Acc)+B is
greater than zero, the Next Command in sequence
is executed. If (Acc)+B is less than, or equal to
zero, the Next Command in sequence is skipped
and the following command is executed. The con-
tents of the accumulator remain unchanged.

FGO 061 If Greater
than Operand

(Acc) > B, If Yes, Go to (NC),
If No, Resume at (NC)-- 1

The operand B is tested against the contents of the
accumulator. If the contents of the accumulator are
greater than the operand B, the Next Command in
sequence is executed. If the contents of the accumu-
lator are less than or equal to the operand B, the
Next Command in sequence is skipped and the fol-
lowing command is executed. The contents of the
accumulator remain unchanged.

FSM 101 If Sum Go to (NC) if (Acc)+B < 0
Minus Resume at (NC) - 1 if (Acc)+B > 0

The contents of the accumulator are added to the
operand B and the sum is tested. If (Acc)+B is less

than zero, the Next Command in sequence is exe-
cuted. If (Acc)+B is greater than or equal to zero,
the Next Command in sequence is skipped and the
following command is executed. The contents of the
accumulator remain unchanged.

(Acc) < B If Yes, Go to
(NC), If No, Resume at

(NC) +- 1

FLO 121 If Less than Operand

The operand B is tested against the contents of the
accumulator. If the contents of the accumulator are
less than the operand B, the Next Command in se-
quence is executed. If the contents of the accumu-
lator are greater than or equal to the operand B,
the Next Command in sequence is skipped and the
following command is executed. The contents of
the accumulator remain unchanged.

FSN 141 If Sum
Nonzero

Go to (NC) if |(Acc)+B| > 0,
Resume at (NC) -1 if |(Acc)+B| =0

The absolute value of the sum of the contents of the
accumulator and the operand B is tested. If |(Acc)+-B|
is greater than zero, the Next Command in sequence
is executed. If |(Acc)tB| is equal to zero, the Next
Command in sequence is skipped and the following
command is executed. A less than zero case is not
possible. The contents of the accumulator remain
unchanged.

FUO 161 If Unequal
to Operand

(Acc)==B if Yes, Go to
(NC), If No, Resume at
(NC) + 1

The operand B is tested against the contents of the
accumulator. If the contents of the accumulator are
not equal to the operand B, the Next Command in
sequence is executed. If the contents of the accu-
mulator are equal to the operand B, the Next Com-
mand in sequence is skipped and the following
command is executed. The contents of the accumu-
lator remain unchanged.
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NON-NUMERIC COMMANDS

Non-numeric commands can handle a word of infor-
mation as a code of ones and zeros instead of &
numeric quantity. The commands can be used to
handle alphanumeric characters or to set up and
use bit patterns as switches or logic words.

The result of any Non-numeric command is a 32-bit
configuration of ones and zeros that are placed in
the least significant 32 bit positions of the accumu-
lator. The addressing modes, which are used in pre-
paring the operand B, perform a very important
function in the operation of these commands.

In addressing modes 0 and 1, all operands are
prepared exactly like the operand for any nu-
meric command, including numbers stored in
Double Precision form (see page 9).

In addressing modes 2 and 3, the 32 bits in the
specified location are placed into the least sig-
nificant 32 bit positions of the Operand Assem-
bly register. (See Logic format, page 38.) Bit
positions 32 through 41 in the Operand Assem-
bly register are made zero, the exponent is
cleared to zero and the sign of the Operand
Assembly register is made positive. This number
in the Operand Assembly register is used as the
operand B.

In the following figures, the numeric subscripts de-
note which part of the number is operated on. In a
"Unite” operation, indicated V/, two operands are
combined in this manner:

00000000000000000000000000101101 Value in
31 o Accumulator

00000000000000000000000000011001  Value of
31 o Operand B

00000000000000000000000000111101 Result in
3l o Accumulator

A one will appear in the result in each position in
which a one appeared in either operand.
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In an “Extract” operation, indicated /\, two oper-
ands are combined in this manner:

00000000000000000000000000101101  Value in
31 o Accumulator

00000000000000000000000000011001 ~ Value of
31 o Operand B

00000000000000000000000000001001 Result in
3l o Accumulator

A one will appear in the result in each position in
which a one appeared in both operands.

The complement of an operand B, indicated B, is
a value in which ones and zeroes have been re-
versed. For example:

Operand B

00000000000000000000000000001001
81 0

The Complement
of Operand B

11111111111111111111111111110110
3l 0

CAL 015 Clear and Add
Logic word

3 IBO_) 31(Acc)l) ] 0—)41(Ac0132

In addressing modes 0 and 1, the mantissa of the
operand B is shifted until the exponent of the oper-
and is zero. Any digits shifted out of the register
are lost and the operand is truncated. The least
significant 32 bits of the result replace the least
significant 32 bits of the accumulator. Bits 32 through
41 of the accumulator are made zero. The sign of
the operand B is taken as the sign of the accumulator.

In addressing modes 2 and 3, the 32 bits in the
specified location are placed in the least significant
32 bit positions of the accumulator. Bit positions 32
through 41 are made zero, the exponent is cleared
to zero and the sign of the accumulator is made
positive.



Example

Consider the octal number, 202 X 83, to be stored,
Single Precision floating-point, with both flags
zero, in location 142. The number would have
the following form in memory:

00 000 000011 000000000000010000010

Let the contents of the I field and the contents of
the Operand Assembly register be zero, and let
the contents of the F field be 142. The command
format would be:

Made | Field
Flags Op Code F Field

00 1 015 0 142

10292027 26252423221 20191817 6151413 1211109 8 7 6 5 4 3 2 1 0

The results of the CAL command operating in
addressing mode number 1 would be:

(OA) + (F) + () = 0 + (142) + 0 = 202 x 8 =B

The operand B, shifted to zero exponent or
202000 * 89 would be loaded into the accumu-
lator with positive sign. Bit positions 32 through
4] would be made zero. The bit pattern in the
least significant 32 positions of the accumulator
would be:

00000000000000010000010000000000
a1 0

If the same operation code were used in mode
number 2 (Logic format), the same location would
be specified, but since the Logic access brings
all 32 bits from memory, supplies a positive
zero exponent and supplies a positive mantissa
sign, the same 32 bit positions of the accumu-
lator would contain:

0000000001 1000000000000010000010
31 0

CCL 035 Clear and add
Complement of
Logic word

H;EO_') ai(Acc)y , 0— 44 (Acc),.

In addressing modes 0 and 1, the mantissa of the
operand B is shifted, if necessary, until the exponent
of the operand is zero. Any digits shifted out of the
register are lost and the operand is truncated. The
complement of the least significant 32 bits of the
result replace the least significant 32 bits of the
accumulator. Bits 32 through 41 of the accumulator

are made zero. The sign of the uncomplemented
operand B is taken as the sign of the accumulator.

In addressing modes 2 and 3, the complement of
the 32 bits in the specified location is placed in the
least significant 32 bit positions of the accumulator.
Bit positions 32 through 41 are made zero, the ex-
ponent is cleared to zero and the sign of the ac-
cumulator is made positive.

EXL 115 Extractwith  ;,(Acc)AB,— ;i (Acc), , 0— 41(ACC)se
Logic word

In addressing modes 0 and 1, the operand B is
assembled in normal numeric form in the Operand
Assembly register. Both the operand B and the con-
tents of the accumulator are shifted to zero exponent
and any digits shifted out of either are lost and the
operands truncated. Bits 32 through 41 of both are
set to zero. Then the least significant 32 bits of the
operand B are extracted from the least significant
32 bits of the accumulator and the result is placed
in the least significant 32 bits of the accumulator.
Bit positions 32 through 41 of the accumulator are
made zero. The previous sign and the zero exponent
of the accumulator are retained. (See Extract, page
18.)

In addressing modes 2 and 3, the 32 bits in the
specified location are placed in the least significant
32 bit positions of the Operand Assembly register,
the exponent is cleared to zero, the sign is made
positive and bits 32 through 41 of the Operand
Assembly register are made zero. The contents of
the Operand Assembly register are then operand B.
The contents of the accumulator are shifted to zero
exponent, any digits shifted out of the accumulator
are lost (no roundoff) and bits 32 through 41 are
made zero. The least significant 32 bits of operand B
are extracted from the least significant 32 bits of
the accumulator and the result is placed in the least
significant 32 bits of the accumulator. Bit positions
32 through 41 of the accumulator are made zero. The
previous sign and the zero exponent of the accu-
mulator are retained.

ECL 135 Extractwith ,,{Acc)AB,—> s (Acc), , 0—> .. (ACC):e
Complement of
Logic word

In addressing modes 0 and 1, the operand B is
assembled in normal numeric form in the Operand
Assembly register. Both the operand B and the con-
tents of the accumulator are shifted to zero exponent
and any digits shifted out of either are lost and the
operands are truncated. Bits 32 through 41 of both are
set to zero. Then, the complement of the least signifi-
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cant 32 bits of the operand B are extracted from the
least significant 32 bits of the accumulator and the
result is placed in the least significant 32 bits of the
accumulator. Bit positions 32 through 41 of the accu-
mulator are made zero. The previous sign and the
zero exponent of the accumulator are retained.

In addressing modes 2 and 3, the 32 bits in the
specified location are placed in the least significant
32 bit positions of the Operand Assembly register,
the exponent is cleared to zero, the sign is made
positive and bits 32 through 41 of the Operand
Assembly register are made zero. The contents of
the Operand Assembly register are then the operand
B. The contents of the accumulator are shifted to
zero exponent, any digits shifted out of the accu-
mulator are lost (no roundoff) and bits 32 through
41 are made zero. The complement of the least
significant 32 bits of the operand B are extracted
from the least significant 32 bits of the accumulator
and the result is placed in the least significant 32
bits of the accumulator. Bit positions 32 through 41
of the accumulator are made zero. The previous
sign and the zero exponent of the accumulator are
retained.

UNL 155 Unite with
Logic word

.1(Acc) VB,— ,(Acc), , 0— . (Acc),.

In addressing modes 0 and 1, the operand B is
assembled in normal numeric form in the Operand
Assembly register. Both the operand B and the con-
tents of the accumulator are shifted to zero exponent
and any digits shifted out of either are lost and the
operands are truncated. Bits 32 through 41 of both
are set to zero. Then, the least significant 32 bits of
the operand B are united with the least significant
32 bits of the accumulator and the result is placed
into the least significant 32 bits of the accumulator.
Bit positions 32 through 41 of the accumulator are
made zero. The previous sign and the zero exponent
of the accumulator are retained.

In addressing modes 2 and 3, the 32 bits in the
specified location are placed in the least significant
32 bit positions of the Operand Assembly register,
the exponent is cleared to zero, the sign is made
positive and bits 32 through 41 of the Operand
Assembly are made zero. The contents of the Oper-
and Assembly register are then used as the operand
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B. The contents of the accumulator are shifted to
zero exponent, any digits shifted out of the accu-
mulator are lost (no roundoff) and bits 32 through
4] are made zero. The least significant 32 bits of the
operand B are united with the least significant 32
bits of the accumulator, and the result is placed in
the least significant 32 bits of the accumulator. Bit
positions 32 through 41 of the accumulator are made
zero. The previous sign and the zero exponent of
the accumulator are retained.

UCL 175 Unite with . (Acc)V -B—u—> ;,,KACCL. ’ 0— ,.(Acc),,

Complement of
Logic word

In addressing modes 0 and 1, the operand B is
assembled in normal numeric form in the Operand
Assembly register. Both the operand B and the
contents of the accumulator are shifted to zero ex-
ponent and any digits shifted out of either are lost
and the operands are truncated. Bits 32 through 41
of both are set to zero. Then the complement of the
least significant 32 bits of the operand B are united
with the least significant 32 bits of the accumulator
and the result is placed in the least significant 32
bits of the accumulator. Bit positions 32 through 41
of the accumulator are made zero. The previous
sign and the zero exponent of the accumulator are

retained.

In addressing modes 2 and 3, the 32 bits in the
specified location are placed in the least significant
32 bit positions of the Operand Assembly register,
the exponent is cleared to zero, the sign is made
positive and bits 32 through 41 of the Operand
Assembly register are made zero. The contents of
the Operand Assembly register are then used as the
operand B. The contents of the accumulator are
shifted to zero exponent, any digits shifted out of
the accumulator are lost (no roundoff) and bits 32
through 41 are made zero. The complement of the
least significant 32 bits of the operand B are united
with the least significant 32 bits of the accumulator
and the result is placed in the least significant 32
bits of the accumulator. Bit positions 32 through 41
of the accumulator are made zero. The previous
sign and the zero exponent of the accumulator are

retained.



The following two commands are arithmetic in nature and should not be
confused with the logical union and the logical extraction commands.

ADL 055 Add Logic
word

s1(Ace) 4 B,— 51(Acc) , 0— 4i(Acc)s.

In addressing modes 0 and 1, the operand B in
normal numeric form is added to the contents of
the accumulator using unnormalized floating-point
addition. This sum is shifted until the exponent is
zero. Any digits shifted out of the register are lost
and the sum is truncated. The least significant 32
bits of the sum replace the least significant 32 bits
of the accumulator. Bits 32 through 41 of the ac-
cumulator are made zero. The sign of the sum is
taken as the sign of the accumulator.

In addressing modes 2 and 3, the 32 bits in the
specified location are placed in the least significant
32 bit positions of the Operand Assembly register,
the exponent is cleared to zero (no shifting), the
sign is made positive and bits 32 through 41 of the
Operand Assembly register are made zero. This
number in the Operand Assembly register is then
added to the contents of the accumulator, the sum
is shifted to zero exponent as in modes 0 and 1 and
the least significant 32 bits of the sum replace the
least significant 32 bits of the accumulator. Bits 32
through 41 of the accumulator are made zero. The
sign of the sum is taken as the sign of the accu-
mulator.

SUL 075 Subtract
Logic word

.,[Acc) — B,— s:(Acc), , 0— 41 (ACC)sn

In addressing modes 0 and 1, the opercnd B in
normal numeric form is subtracted from the contents
of the accumulator, using unnormalized floating-point
subtraction. This difference is shifted until the ex-
ponent is zero. Any digits shifted out of the register
are lost and the difference is truncated. The least
significant 32 bits of the difference replace the least
significant 32 bits of the accumulator. Bits 32 through
41 of the accumulator are made zero. The sign of
the difference is taken as the sign of the accumulator.

In addressing modes 2 and 3, the 32 bits in the
specified location are placed in the least significant
32 bit positions of the Operand Assembly register,
the exponent is cleared to zero, the sign is made
positive and bits 32 through 41 of the Operand
Assembly register are made zero. This number in
the Operand Assembly register is then subtracted
from the contents of the accumulator, the difference
is shifted to zero exponent as in modes 0 and 1 and
the least significant 32 bits of the sum replace the
least significant 32 bits of the accumulator. Bits 32
through 41 of the accumulator are made zero. The
sign of the difference is taken as the sign of the
accumulator.
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