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ALWAC III-E
MAGNETIC DRUM DATA-PROCESSING MACHINE

The ALWAC III-E is a general pur-
pose modified single-address, numeri-
cal, binary computer. It is available in
two models with memory capacities of
4096 0r 8192 words (135168 or 270336 bi-
nary bits). This magnetic drum comput-
er offersa large memory storage (here-
tofore available onlyinlarge scale elec-
tronic machines), ease of operation, self-
checking circuits, automatic operation,
ease of maintenance, and a very high
component reliability. Its great flexi-
bility and large memory storage make
it possible to meet the needs of the busi-
ness, engineering, scientific, and re -
search organizations.

This computer uses a stored-program
to perform its computations which per-
mits lengthy computations tobe perform-
ed at electronic speeds. A wide variety

of input - output equipment is available
which includes punched tape, magnetic -
tape, and punched cards.

Page 4 showstheten units that make
up the ALWAC III-E Magnetic Drum Data
Processing Machine:

Memory Unit

Logic Unit

Power Supply Unit

Magnetic Tape Buffer

Magnetic Tape Transport

Card Converter

Flexowriter with punchedtape con-
trol

. Control Panel

Oscilloscope

. High-Speed Paper Tape Reader and
Punch
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6 ALWAC III-E

Memory Unit

The Magnetic Drum and its associ-
ated control circuits are contained in this
cabinet. The drum rotates at a speed of
3500 revolutions per minute. Both data
and instructions are stored in serial man-
ner by means of magnetized spots on the
surface of the drum.

Logic Unit

The controllogic and certain parts of
the arithmetic registers are located in
this cabinet. All electronic parts are
mounted on removable plug-in units to
permit maximum ease of maintenance.

Power Supply Unit

This cabinet contains the power supply
for all units which comprise the basic
ALWAC III-E. Voltmeters for each of
the various supplies are mounted on the
front ofthe cabinet with rheostat controls
to permit manual adjustment of voltages.

Magnetic Tape Buffer

Control for the magnetic tape trans-
ports is contained in this cabinet. A maxi-
mum of 16 magnetic tapetransports may
be controlled from this unit.

Magnetic Tape Transport

Magnetic tape is used to extend the
memory capacity of the basic ALWAC
III-E for rapid-access, intermediate stor-
age of information andto provide a most
efficient means for input and output of
large data files.

Card Converter

Control of punched card reading and
punching equipment and the automatic
conversion of decimal, hexadecimal, and
alphabetic information is accomplished
with the electronic equipment contained
in this cabinet.

Flexowriter

Input and output are accomplished

through the Flexowriter unit by means of
the typewriter keyboard or punched paper
tape. A maximum input or output rate
of 10 characters per second is possible.

Control Panel

The Control Panel contains control
switches and banks oflites which display
to the operator the contents of the loca-
tion, instruction, and address registers
and the status of the overflow indicator.
By means of this the operator may con-
trol any ofthe various machine functions
and observe the contents of arithmetic
registers or word locations.

Oscilloscope

The contents of the A, B, D, and E
Registers, orthe contents ofa word from
one of the Working Channels, or General
Storage Channels may be viewed on the
face of an oscilloscope when the proper
switches are set on the Control Panel.

High-Speed Punched Tape Console

Input at effective speed of 150 charac-
ters per second and output at a speed of
50 characters per secondis accomplished
through this unit by means of punched
tape.

Figure 2.



STORAGE

Figure 3.
Magnetic Drum and Read-Write Head

STORAGE

The arithmetic registers, the 4 work-
ing channels, the 256 channels of General
Storage, and several channels used for
internaltiming are stored onthe surface
of the magnetic drum in the form of mag-
netic spots. Information stored on the
drum will remain permanently, or until
erased by recording another spot in the
same location. This memory is extremely
stable and no danger exists from loss of
information when the power isturned off
completely.

Recorded information is arranged on
separate bands on the drum which are
known as channels. By the geometric
location of the read and write heads a-
round the surface of the drum, storage
lines of various lengths are obtained.

Placing the read-write heads closer to-
gether provides ''short" lines of rapid
access for use as arithmetic registers.
Information storedin these rapid access
lines is retained only as long as poweris
supplied, the information being lost when
the power is turned off. Such lines are
used forthe A, B, D, and E Registersand
for the four Working Storage Channels.

As informationis processedin groups
of 33 binary digits at a time, the basic
unit of storage contains 32 bits and an
algebraic sign. Each such group of 32
bits and a signisknown as a word. Each
of the General Storage Channels contain
32 words. Magnetic drums are provided
with a capacity for either 4096 or 8192
words (135168 or 270336 binary digits),
corresponding to 128 or 256 channels.
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READ-WRITE HEAD

e

Figure 5. General Storage Channel
GENERAL STORAGE CHANNELS:

General Storage of the ALWAC III-E
computer consists of 128 (or 256) chan-
nels located on the outer surface of the
drum as shown in Figure 5. Only one
read-write head is required for each chan-
nel. Matric switching circuits select a
particular channel and connect the read
or write amplifier to a given read-write
head. After two copy operations, the
matric switching circuits return to the
"Read Channel 00" position and remain
in this position until reading or writing
operations are tobe performed on another
channel of General Storage. In this reset
position, any of the 32 words of Channel
00 may be copied into the A Register.
As a result of this action, Channel 00 is
treated as a special channel and is fre-
quently referred to as channel '"M'".

The contents of any wordin one of the
four Working Storage channels may be
displayed on the surface of the cathode-
ray oscilloscope bythe proper setting of
switches on the Control Panel.

WORKING STORAGE CHANNELS:

In order to execute a series of pro-
gram instructions it is necessaryto copy
the contents of a General Storage channel
into one ofthe four Working Storage Chan-
- nels. Each of these four channels com-
prises 32 word locations which are physi-
cally arranged as shown in Figure 6.

FLIP-FLOPS
I\

4 1

4% BITS

READ

NEAD AMPLIFIERS AR
WRITE READ
HEAD MPLIFIER HEAD

72 BIT
(s » ]
- .
FLIPFLOPS

Figure 6. Working Stor'age Channel

Since information is being constantly
read and re - written with intermediate
storage in flip - flop units, information
is not preserved when power is turned
off. No such loss of information occurs
for General Storage Channels.

WORDS:

All words in the ALWAC III-E com-
puter consist of 32 binary digits, sign bit
and overflow bit (34 bits). These words
may be stored in 128 distinct word loca-
tions in the four Working Storage channels
or in any of the 32 words of the 256 General
Storage Channels. '

The 33 bit positions of a word are shown
in Figure 7where S referstothe sign po-
sition, 1 referstobit position 1, 2 refers
to bit position 2, and so forth,

Figure 7.
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When a word contains numericaldata,
‘and the sign position contains a 1, the
word is positive; if it contains a 0, the
wordis negative, Used as abinary num-
ber (with algebraic sign), a word is e-
quivalent to a decimal number (with al-
gebraic sign) of slightly more than 9 dig-
its. As four binary digits are exactly
equal to one hexadecimal digit, a word
consists of 8 hexadecimal digits and an
algebraic sign.

Instructions

Two, three, or four instructions may
be contained within one word asis shown
in Figure 8.

OPERATION

ERA ’ADD}ESS OPERAA'I’ION ADDEESS
i % M M
Ll 111 [1] 11 [ )
] e=csecnccadg 9 ----- -..16 11..-.'--..24 25-.....- 32 s

TYPE A  INSTRUCTION woRD

OPERATION OPERATION OPERATION
A A Ao

¢ W “‘MES-S-‘
[ I 1 A A A

[REEEEEE 8 9-m=comeer 1617-==-=-=-24 Bmmmmm o 2
TYPE B INSTRUCTION WORD
OPERATION  ADDRESS OPERATION OPERATION
| \ L] . § \J
LL i1 111 (11 B0
[REEE TR 8 9mcomceeefffom e 2425 me o ns
TYPE €  INSTRUCTION WORD
_oreniﬂou OPERATION OPERATION OPERATION
L ] \X ] \

1l I 1l [11 10
R (R R Y | UB---==-S
‘TYPE D INSTRUCTION woORD
Figure 8.

Although the sign bit associated with an
instruction does not affect the execution
of the instruction, it is generally made
positive. From Figure 8 it may be seen
that both the operation code and the ad-
dress partof aninstruction each require
8 bits. The operation code is used to
designate the particular operation that

the machine is to perform and the ad-
dress part will have one of the follow-
ing meanings:

1. The number of binary positions
that the information in the A (or A and
B) register(s) is to be shifted to the left
or right.

2. Location in which information is
to be stored by the instruction.

3. Location of information which is
to be used by the instruction.

4, Number of characters to be read
or written by the Flexowriter or High-
Speed Tape Unit,

. 5. Specifiesthe particular type of op-
erationto be performed when using mag-
netic tape or punched card equipment,

6. The location of the next instruc-
tion to be performed.

An instruction wordis divided into four
syllables consisting of eight bits each.
Because of this four-part division it be-
comes convenientto use two hexadecimal
digits for each syllable ofthe word. Thus,
each hexadecimal digit consists of four
binary digits; each syllable consists of
two hexadecimal digits; each half-word
consists of two syllables; and each word
consists of two half-words.

It is emphasizedthatthe ALWAC III-E
operates as a binary machine and that the
use of hexadecimal notation in no way af-
fects this operation. Hexadecimal nota-
tionisusedby the programmer as a con-
venient means to record long sequences
of binary ones and zeros.

The counting system used for most of
the arithmetic problems one encounters
in everyday life is the decimal system.
In this system each digit position may
assume 10 discrete values after which
the entire sequence is repeated, num-
bers of larger value being indicated by
increasing the next most significant digit,
Thus, one counts from 0 to 9 and then
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from 10 to 19, 20 to 29, and so forth.
As each digit position canassume 10 dis-
crete values, this systemis saidto be of
"base 10",

The binary systemis of '""base 2'"and,
hence, the digits 0 and 1 are the only dig-
its used in each position. For the hexa-
decimal system which is of 'base 16" we
use the symbols 0, 1, 2, 3, 4, 5, 6, 7,
8, 9, A, B, C, D, E, and F to provide
16 discrete values.

To illustrate the relation between the
three systems (binary, hexadecimal, and
decimal) the followingtable is presented:

BINARY HEXADECIMAL DECIMAL

0 0 0

o1 1 1
10 2 2

11 3 3
100 4 4
101 5 5
110 6 6
111 7 7
1000 8 8
1001 9 9
1010 A 10
1011 B 11
1100 C 12
1101 D 13
1110 E 14
1111 F 15
10000 10 16
10001 11 - 17
10010 12 18

An instruction word as it appears in the
machine (in binary form) would resemble
the following example:

- 01100001010100010001000100101000 +

The equivalent in hexadecimal form would
be as follows:

6 1 5 1 1 1 2 8 +
which, as a Type A instruction word,

might appear on a coding sheet as shown
below:

ADD 51, TRA 28 +

Numbers

Fixed Point., Fixed - point numbers
are represented with a magnitude of 32
bits and a sign bit. The binary point is
assumedto be located to the right of po-
sition 32, However, the binary point may
be located elsewhere

MAGHUDE ‘ SieN

[ my)

L1l . 111

2 s .
Figure 9.

by proper scale-factoring. For example,
the binary number 0000 0000 0000 .....
0000 0100 may be variously used as the
number 4 at a binary point to the right
of position 32 (B=32) or as the number
1 at B=30.

Floating Point. No machine operations
are provided to handle floating-point num-
bers automatically. However, several
schemes are available to the programmer
who may wish to represent numbers in
this manner. One such scheme involves
the '"packing' of several quantities into a
single word. These quantities are known
as the characteristic, fraction, and sign
which comprise each floating-point num-
ber.

CHARACTERISTIC FRACTION siGn

110 1]

1 2§ I W mm o mmm e e e e e e
Figure 10.

A floating-point decimal number N is
written as a proper fraction F (with alge-
braic sign)times some integral power of
the base 10, or as F x 10", The power of
ten may be chosen such that the decimal
point is located to the left of the most sig-
nificant digit of F. When the power of
ten is chosen in this manner, the num-
ber is said to be a normalized floating-
point number; otherwise, an unnormal-
ized floating-point number. Examples:
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+ .124 = + .124 x 10°
- .012 = - .120 x 107}
+ 5.120 = + .512 x 10t!

A floating-point binary number N is
written in a similar manner with a prop-
er fraction F (with algebraic sign) times
some mtegral power of the base 2, or as

F x 2". Examples:
+ .100 = + .100 x 2°
- .010 = - .100 x 27!
+ 1.100 = + .110 x 21
©-10.100 = - .101 x 2%2

In the ALWAC III-E, floating - point
binary numbers are stored as shown in
Figure 10.

1. Bit positions 9-32 containthe mag-
nitude of the fraction F with the binary
point located to the left of position 9. A
normalized floating-binary number will
have a 1 in position 9. Thus, the range
for values of F is seen to be:

+ L IFl< 1

2. Thesignofthefraction F is placed
in the S position of the word.

3. Since signed exponents will occur
and since the S position contains the al-
gebraic sign of the fraction, the charac-
- teristic, C, of the number is stored in
positions 1 -8 instead of the exponent.
This characteristic is formed by adding
+ 128 to the exponent. Thus, the range
of the exponent is:

- 128¢n § + 127

‘whereas the range of the characteristic
is: o

0 ¢ K 255

An exponent of + 12 would use a charac-
teristic of + 12 + 128 = 140 while an ex-
ponent of - 12 woulduse a characteristic
of - 12 + 128 = 116. '

LOGIC UNIT

Arithmetic and control functions are
performed by electronic components lo-
catedinthe Logic Unit. Information pass-
es betweenthe Memory Unit and the Logic
Unit for processing. Each machine in-
struction may be divided into three mi-
cro-programming operations which are
known as interpretation, search and ex-
ectution times. During the interpretation

time, the machine locates the next in-

struction to be executed and f{ills the
Operationand Address registers.The Op-
eration register is then examined to de-
termine whether or notthe given instruc-
tion requires reference tothe contents of
another word in memory and whether or
not the Address register is to be modi-
fied. During search time, if required,
the machine obtains the contents of the
desired word from memory. (Since some
operations do not require such refer-
ence, these operations donothave search
times). During execution time, the given
operation is performed. The time re-
quired to complete each of these three
micro-programming operationsis an in-
tegral multiple of one word-time (0.523
ms.) and is variable depending upon the
given instruction, whetherornota search
is to be made, and the time required to
locate the given word in memory.

Arithmetic Elements

The A Register. The A Register is
an accumulator register consisting of 32
bits, an overflow position, and a sign.
See Figure 11. :

Figure 11,



ARITHMETIC ELEMENTS | 13

Almostallarithmetic operations make
use ofthe A Register. With some instruc-
tions (for example, addition, subtraction)
the contents of the A Register may over-
flow from position 1. When an overflow
occurs, withthe exception of shifting in-
structions, the OVERFLOW INDICATOR
lite on the operator's Contrcl Panel is
turned on and will remain onuntil turned
off by manually depressing the ALARM
SWITCH No. 2 to the RESTORE position
or by executing one of the instructions
COM, COV, or TOV. It should be noted
that an overflow from bit position 1 does
not always result in causing a 1 to be
placed in the Z position of the A Register
(for example, ADB and SBB)and-that the
status of the OVERFLOW INDICATOR
lite is not affected by any subsequent op-
eration which causes a change in the Z
position. It must be borne in mind that
the OVERFLOW INDICATOR lite may be
turned on by both arithmetic and control
instructions and that any attempt to exe-
cute anarithmetic operation when the lite
is on will result in the sounding of the
AILLARM No. 2 buzzer which will prevent
the completion of the operation until the
OVERFLOW INDICATOR lite is turned
off. : :

The B Register. The B Register con-
sists of 32 bits and a sign and has three
major uses:

1. The rriultiplier must be placed in
the B Register prior to execution of a
multiplication instruction.

2. After the execution of a division.

instruction, the quotient appears in the
B Register (the remainder is located in
the A Register).

3. After executing a multiplication
instruction, the B Register contains the
less significant part of the product and,
inthis respect, may be considered as an
extension of the A Register.

Figure 12.

The D Register. The D Register con-
sists of 32 bits and a sign and has the
following major uses:

1. The D Register is used to contain
the multiplicand when performing mul-
tiplication operations.

2. The mask word must be placed in
the D Registerbefore the execution of the
EXD operation.

3. The D Register is used to contain
the divisor during division operations.

4. The D Register is used to count
the number of shifts which occur when
using the SCT operation.

Figure 13.

Only the full-word contents of the D
Register may be altered by any instruc-
tion and hence this register performs no
accumulating or shifting functions.

The E Register. The E Register is
used for the indexing operations and to
provide automatic address modification.
This register consists of only 16 bits
(without sign)and is associated with bits
1-16 of the- A Register and of words in
memory. )

NOT AVAILABLE
TO PROGRAMMER ./

LLL I *

Figure 14.

Although atransfer of information be-
tweenthe A and E Registers occurs only
with the left half-word ofthe A Register,
both the left and right address syllables
ofinstructions stored inthe Working Stor-
age channels maybe automatically modi-
fied according to the contents of the E
Register.
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Although the storage line on the drum
which isusedto store the E Register con-
tains 32 bits and a sign, the right half of
this line is not available for use by the

programmer and will, therefore, rarely

concern him.

All arithmetic registers are stored on
the drum as one-word recirculating lines
as shown in Figure 15.

FLIP-FLOPS

Figure 15.

Since information is being constantly
read and re-written and requires inter-
mediate storage in flip - flop units, in-
formation is not preserved when power
is turned off.

By the proper setting of switches on
the Control Panel, the contents of any
arithmetic register may be displayed on
the surface of the cathode-ray oscillo-
scope.

When two numbers having the same
magnitude, but opposite signs are added
algebraicallyin the A (or A and B) regis-
ter(s), the result maybe either +0 or -0.

The sign of the zero result may be de-
" termined from the following tabulation:

"ADD and SCS -- sameas sign of C(W)

SUB and ACS -- opposite to sign of
C(W)

ADB and SBB -- sameas sign of C(B)
before execution of instruction

POWER SUPPLY UNIT

Figure 16 shows the Power Supply
unit which includes indicating lites, volt-
meters, voltage controls and operating
switches.

Master Circuit Breaker. All power
to the ALWAC 1II-E is controlled by this
switch. When turning on the computer,
this switch mustbe turned on first; when
turning off the computer, this switch
should be turned off last after all other
activity has ceased in the computer. See
Figure 16.

Record Switch. The Record switch
should be placedinthe OFF position until
the computer has beenallowedto ""warm-
up' and voltages have been adjusted to
their power values. When turning off the
computer, this switch shouldbe placed in
the OFF position to prevent accidental
destruction of recorded information due
to power transients within the computer.
This switch must be in the ON position
when the computer is operating to per-
mit information to be written in the gen-
eral storage channels of the drum.

Compute-Off-Test Switch. This switch
operates in conjunction with the Power
switch describedbelow.In passing through
the OFF position, this switch causes the
power tobe turned off and it becomes nec-
essary to depress the Power ON switch.
Since timing circuits are activated from
these two switches a delay of one minute
will occur before power is again supplied
to the computer.

Power Switch. After the Compute-
Off-Test switchhasbeen set in the COM-
PUTE or TEST position, the Power ON
switch- may be depressed. If the ther-
mostats in each cabinet are below drop-
out temperature, the Power On neon lite
will light immediately, and blowers and
filaments will be turned on. After a one
minute delay allvoltages other than fila-
ment voltages will be turned on. Power
will be supplied to the computer if the
Compute -Off-Test sw1tch is in the COM-
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Figure 16.

PUTE position, but will only be supplied
to the cable connection for the tester unit
when this switch is inthe TEST position.
The Power switch is also located on the
operator's Control Paneland is operated
in a similar manner.

Operating Procedure. To prepare
the computer for operation the follow-
ing steps should be observed:

1. The Record switch shouldbe turned
to the OFF position.

2. The Master Circuit Breaker should
be turned to the ON position. The line
voltage meter will then rise to 120 volts
and return to zero after a period of one
minute.

3. The Compute - Off - Test switch
should then be turned to the COMPUTE
position.

4. The Power ON switch should be
depressed.

5. The voltage regulators beneath
each voltmeter should be adjusted to
cause the proper readingto be displayed.
The proper voltage readings are given
beneath each meter.

6. As soon as voltages are indicated
onthe metersandare adjusted to the val-
ues, the Record switch should be turned
to the ON position.

7. The computer shouldnowbe opera-
tive. At this time a standard test pro-
gram is usually executed to insure cor-
rect operationbefore useful computing is
begun. This test may be some standard
production problem which provides an
adequate check of machine operations.
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When turning off the computer the
following steps should be observed:

1. The Record switch should be turn-

ed to the OFF position.

2. The Power OFF switch should be
depressed. ~

3. After the line voltage meter has
dropped to zero, the Master Circuit
Breaker may be turned to the OFF posi-
tion.

CONTROL PANEL

Figure 17 shows the operator's Con-
trol Panel whichincludes'indicating lites
and operating switches. Under normal
operating conditions this console unit is
used for control of all functions of the
computer.

Power Switch. The operation of this
switch is identical withthe Power switch
located onthe Power Supply unit which is
described on page 14.

‘Normal - Test - Clear Switch. When
this switch is in the NORMAL position,
the computer is under the control of the
Flexowriter and will not operate unless
the Flexowriter is turned ON and the
Flexowriter-Computer switch is turned
to the COMPUTER position.

In the TEST position, the computer
- will execute instructions whether or not
/ the Flexowriter is turned ON.

Upon release from the CLEAR posi-
tion,the contents of General Storage chan-
nel 01 replaces the contents of Working
Storage channel I and control is trans-

ferred to word 00, A similar switch is
located on the Flexowriter. A program
known as the Start Routine is located in
General Storage channel 0l and is used
to cause input and output of programs and
to transfer control to a given location in
one of the Four Working Storage channels.

Normal - Hold - Select Switch. When

this switch is in the NORMAL position,

the computer will execute instructions
in their normal sequence.

If in the HOLD position, the computer
inhibits the normal sequence and thus this
positionmaybeusedto cause the comput-
er to repeat a giveninstructionanynum-
ber of times.

Ifinthe SELECT position, the General
Storage selection relays will select the
channel which is indicated by the. neon
display lites of the Address register. A
given word in this channel may then be
displayed on the cathode-ray oscilloscope
by setting the Instruction Address lites
to the address of the desired word and
setting the ABDE WM switch to the M
position.

Normal - Stop - One Step Switch. “In
the NORMAL position, the computer will
execute instructions in their normal se-
quence at high-speed.

In the STOP position, all computation
is suspended. Byalternately moving this
switch from the ONE STEP to the STOP
position, the computer can be made to
execute single instructions in their nor-
mal sequence.

Jump Switches. Two switches pro-
vide the operator with manual control
over the program while it is being exe-
cuted. At various points in the program,
the status of these switches maybe test-
ed by the program, which will cause the
computer to execute one of two branches
of the program.

Overflow Indicator Lite. Arithmetic
operations and certain control operations
may cause this lite to be turned on and
off. If the lite is ON, anyattempt to exe-
cute arithmetic operations will result in
the sounding of ALARM No. 2 and will
inhibit the execution of the operation un-
til corrected manually by depressing the
Overflow OFF button or by turning Alarm
Switch No. 2 tothe RESTORE positionand
then to the NORMAL position.
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Figure 17.

Instruction Address Register. This
register indicates the memory location
of the instruction indicated in the Opera-
tion and Address registers, except for
instructions calling for input of informa-
tion in which case this register shows the
location from which the next instruction
to be executed will be obtained.

Operation Register. This registerin-
dicates the instruction which is about to
be executed.

Address Register. This register con-
tains the effective address associated
with the instruction contained in the Op-
eration Register. The contents of the
address part of any instruction before and
after modification are called literal and
effective addresses respectively. 1f the
least significant bit ofthe Operation Reg-
ister is a 0, the contents of the Address

Register willbe modified by the contents
of the E Register before the instruction
is performed.

Alarm Switch No. 1. Aninternal check
is made to compare, with the original,
the result of copying information between
the General Storage and Working Storage
channels. If this check fails, either due
to the Record switch on the Power Supply
unit being in the OFF position, or by the
failure to copy information correctly,
the status of Alarm Switch No. 1 is test-
ed. If this switch is in the SILENCE po-
sition, the machine will continue to at-
tempt the copying operation until the in-
ternal check indicates a correct copy has
been made, after which the machine will
execute the next instruction innormal se-
quence at high-speed. The alarmbuzzer
will not sound.




18 ‘ ALWAC II-E -

If inthe NORMAL position, the buzzer

~will sound and the machine will stop until

this switch is placed in the SILENCE or
RESTORE position.,

If in the RESTORE position, the buz-
zer will not sound, the internal check is
over-ruled and the machine continues at
high speed permitting whatever informa-
tion was copied to remain. As errone-
ous information could result under this
condition, it is recommended that this
switch not be permitted to remain in the
RESTORE position.

Since General Storage channel No. 01
is used to contain the Start Routine and
since the contents of this channel are to
be preservedfor normal machine use, it
is desirable to prevent accidental record-
ing of information in this channel. Hence,
if an attempt is made to record in Gen-
eral Storage channel No. 01, the status
- of Alarm Switch No. 1 is tested and the
machine will then operate as described
above. The operator will seldom have
occasion to place this switch in the RE-
STORE position. A special program to
fill General Storage channel No. 01 is
provided and is known as the Load Start
Routine. This program requires Alarm
Switch No. 1to be placedinthe RESTORE
positionin orderto copy the Start Routine
into General Storage channel No. 0l.

Alarm Switch No. 2. If in the NOR-
MAT position, when arithmetic opera-
tions are attempted while the Overflow
Indicator Lite is ON, the buzzer will sound
and the execution of the operation will
be inhibited until corrected manually by
turning Alarm Switch No. 2 to the RE-
STORE positionand thento the NORMAL
position or by depressing the Overflow
_OFF button. This action will cause the
" Overflow Indicator Lite and the buzzer to
be turned OFF.

Inthe SILENCE position, the machine"

will perform as for the NORMAL position
except that the buzzer will not sound.

If this switch is allowed to remain in
the RESTORE position, the Overflow In-
dicator Lite and the buzzer will be turned
OFF once with the machine returning to
high-speed operation. However, if an-
other attempt is made to execute an arith-
metic operation when the Overflow Indi-
cator Lite is ON, the machine will again
stop and the buzzer will sound. This
switch maythen be returned to the NOR-
MAL position and the sequence repeated.

ABDEWM Switch. This rotary switch
controls the selection of information to
be displayed on the cathode-ray oscillo-
scope. The A, B, D, and E positions
select the A, B, D, and E registers re-
spectively.

To inspect the contents of a word in
one ofthe four Working Storage channels,
this switch is placed in the W position,
the Normal - Hold - Select switch to the
HOLD position, the Normal - Stop - One
Step switch to the STOP position, and the
location of the desired full-word set on
the Address Register in neon lites. The
contents of the desired word will then be
displayed onthe cathode-ray oscilloscope.

To inspect the contents of a word in
one ofthe General Storage channels, this
switch is placed in the M position, the
Normal - Hold - Select switch to the SE-
LECT position, the Normal-Stop-One Step
switch to the STOP position, the desired
channel setonthe Address Register neon
lites, andthe desired full-word set on the
Instruction Address neon lites. The con-
tents ofthe desired word will then be dis-
played on the cathode-ray oscilloscope.

OSCILLOSCOPE

Figure 18 shows a cathode-rayoscillo-
scope on which the contents of a full-word
may be displayedby setting the appropri-
ate switches on the operator's Control
Panel. Note that the scope has been set
by ALWAC Corporation to sweep from

- right to left, Sweep should be adjusted

to start at the far right of the scope.
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Figure 18.

The display presents the bits com -
prising a word as a series of high and
low '"pips'" on the face of the tube. The
high pips represent 1 bits and the low
pips represent 0 bits. The word is di-
vided into four syllables by changing the
horizontal level of the four syllables as
is shown in Figure 19.

Reading the high and low pips from
Figure 19 yields the following binary num-
ber (a plus sign is represented by a 1):

01011001010110010101100101011001 +

which would be written as the hexadeci-
mal number:

59595959+

INSTRUCTIONS

In this section, the heading for each
instruction gives the title, the number of
milliseconds required for the execution
of the instruction, the alphabetic code
for the instruction, and the hexadecimal
code for the instruction. The time re-
quired for execution for certain opera-
tions is variable and attentionis directed
to the section entitled '"Instruction Tim-
ing'". If the instruction requires an ad-
dress part, the letter W is used to indi-
cate this fact. W may be the number of
binary positions to be shifted, the loca-
tion of a word in memory, a General Stor-
age channel address, or a special code
for an input-output operation.

The following definitions apply to in-
formation contained in this section:

1. C(W)indicatesthe contents of loca-
tion W, where W refers to some location
in Working Storage. C(A) indicates the
contents ofthe A Register, C(B) indicates
the contents of the B Register, and so
forth. Individual bit positions of a word
(or register) are denoted by subscripts.
Thus, C(A)1 -16. S is read ''the contents of

positions 1, 2, 3, . . . . 16, S of the A
Register'. When subscriptsare not pres-
ent, the entire word is indicated.

2. When a register is cleared, the
contents of the register are replaced by
0's and the sign bit set positive (a 1l is
placed in this position).

3. The negative of a number is the
same number with its sign reversed.

4. The magnitude of a number is the
same number with its sign made positive
(2 1 in position S represents a positive
sign).

5. When the word 'store' is used in
the title of an instruction, a wordin Work-
ing Storage is always one of the agents.
When the word ''load'" is used inthe title
of an instruction, one of the arithmetic
registers is always one of the agents.
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With both '"store' and 'load" instruc-
tions, the agent from which the informa-
tion is obtained 1Is unaltered.

6. Inthe three-letter operation code:

a. The first letter of all load in-
structions is L.

b. The first letter of all transfer
instructions is T.

c. Thefirstletter of all exchange
instructions is X,

d. Thefirstletter of all add, sub-
tract, multiply, and divide operations is
respectively, A, S, M, and D. Othercom-
mands, however, may start with these
letters.

ARITHMETIC OPERATIONS

Add
I.0 ADD W 61

The status of the Overflow Indicator
is tested: If ON, this instruction is not
executed and the machine sounds the a-

larm 2 buzzer; if OFF, this operationre-

places the contents of the Z position with
a 0, adds algebraically the C(W) to the
C(A), and replaces the C(A) with this sum.
The C(W) are unchanged. Overflow indi-
cationis possibleand a carry from posi-
tion 1 in the A Register will be placed
in the Z position.

Add and Change Sign

The status of the Overflow Indicator
is tested: If ON, this instruction is not
executed and the machine sounds the a-
larm 2 buzzer; if OFF, this operation re-
places the contents of the Z position with
a 0, adds algebraically the C(W) to the
C(A), reverses the sign of this sum, and
replaces the C(A) with the result. The
'C(W) areunchanged. Overflowindication
is possible and a carry from position 1
in the A Register will be placed in the Z
position.

Add to B :
1.0 ADB W BD

The status of the Overflow Indicator
is tested: If ON, this instruction is not
.executed and the machine sounds the a-
larm 2 buzzer; if OFF, this operation
treats the C(A)1-32 and the C(B)1_32’ S

as a 64-bit augend (with the sign of B),
replaces the contents of the Z position
with a 0, adds algebraically the C(W) to
form a 65 -bit sum, and replaces the
C(A), |_3, and the C(B) 5, o with the

result. The sign of A is replaced by the
sign.of B. The C(W)are unchanged. The
Overflow Indicator is mnot turned on if a
carry from position 1 in the A Register
occurs but said carry does enter the Z
position.

Subtract
1.0 SUB W 67

The status of the Overflow Indicator
is tested: If ON, this instruction is not
executed and the machine sounds the a-
larm 2 buzzer;if OFF, this operationre-
places the contents of the Z position with
a 0, subtracts algebraically the C(W)
from the C(A), and replaces the C(A)
with this difference. The C(W) are un-
changed. Overflow indication is possi-
ble and a carry from position 1 in the A
Register will be placed in the Z position.

Subtract and Change Sign
1.0 SC5 W 65

The status of the Overflow Indicator
is tested: If ON, this instruction is not
executed and the machine sounds the a-
larm 2buzzer;if OFF, the operation re-
places the contents of the Z position with
a 0, subtracts algebraically the C(W)
from the C(A), reverses the sign of the
difference, and replaces C(A) with the re-
sult. Overflow indicationis possible and
a carryfrom positionl in the A Register
will be placed in the Z position.
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Subtract from B

The status of the Overflow Indicator
is tested: If ON, this instruction’is not
~executed and the machine sounds the a-
larm 2 buzzer; if OFF, the operation
treats the C(A)1 32 and the C(B)1 32,8

‘as a 64-bit minuend (with the sign of B),
replaces the contents of the Z position
witha 0, subtracts algebraicallythe C(W)
to form a 65-bit remainder, and replaces
the C(A)‘Z, 1-32 and the C.(_B)l_sz, S with

the result. The sign of A is replaced by
the sign of B, The C(W) are unchanged.
The Overflow Indicator is not turned on
if a carry from position 1 in the A Reg-
ister occurs but said carry does enter
the Z position.

Multipl
I7.0 K%PW w E7

The status of the Overflow Indicator
is tested: If ON, this instruction is not
executed and the machine sounds the a-
larm 2 buzzer; if OFF, the C(D) are re-
placed withthe C(W) andthe C(A) arere-
pPlaced with zeros. Then, the C(B) are
multipliedbythe C(D) and the 64-bit prod-
uct placed in the A and B Registers with
the most significant part in the A Regis-
ter. The algebraic sign of the product
is placed in both the A and B Registers.
Overflow indication is not possible on this
instruction and the Z position will contain
a zero.

Multip% b¥ D
’ . 5

The status of the Overflow Indicator
is tested: If ON, this instruction is rnot
executed and the machine sounds the a-
larm 2 buzzer; if OFF, the C(A) are re-
placed with zeros, the C(B) are multi-
plied by the C(D) and the 64-bit product
placed in the A and B Registers with the
most 31gn1f1ca.nt part in the A Reglster.
‘Thealgebraic sign of the product is placed
in both the A and B Registers. Overflow
indicationis not possible on this instruc-

tion and the Z position will contain a zero.
The address part of this instruction is not
‘examined; thus, this instruction may be
doubled if desired.

Multiplé and Add
. . 3

The status of the Overflow Indicator
is tested: If ON, this instruction is mot
executed and the machine sounds the a-
larm 2 buzzer; if OFF, the C(D) are re-
placed with the C(W), the C(B) are mul-
tiplied by the C(D), the sign of A is re-
placed by the sign of the product, and the
C(A)addedalgebraically to the least sig-
nificant half of the 64-bit product. The
result replaces the C(A) and C(B) withthe
most significant part in the A Register.
The algebraic sign of the result is placed
in both the A and B Registers. Overflow
indication is not possible on this instruc-
tion and the Z position will contain a zero..

Multip% by D and Add

The status of the Overflow Indicator
is tested: If ON, this instruction is not
executed and the machine sounds the a-
larm 2 buzzer; if OFF, the C(B)are mul--
tiplied by the C(D), the sign of A is re-
placed bythe sign of the product, and the
C(A)addedalgebraicallyto the least sig-
nificant half of the 64-bit product. The
result replaces the C(A) and the C(B) with
the most significant part inthe A Register.
The algebraic sign of the resultis placed
in both the A and B Registers. Overflow
indication is not possible on this instruc-
tion and the Z position will contain a zero .
The address part of this instruction is.
not examined; thus, this instruction may
be doubled if desired.

Round
T.0 RND 22

The status of the Overflow Indicator
is tested: If ON, this instruction is not
executed and the machine sounds the a-
larm buzzer 2; if OFF, position 1 of the
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B Register is tested for a 1. If it con- |

tains a 1, the magnitude of the C(A) is
increased byl in position 32. If position
1 of the B Register contains a zero, the
C(A)arenot altered. Overflowindication
is possible and a carry from position 1
of the A Register enters the Z position.
The contents of the B Register are not
altered.

Divide
T7.0 DVW W EF

The status of the Overflow Indicator
is tested: If ON, this instruction is not
executed and the machine sounds the a-
larm 2 buzzer; if OFF, the C(A) are re-
placed with zeros, the C(D)are replaced
with the C(W), and the contents of the A
and B Registers are treated as a 64-bit
dividend (Z position excluded) with the
sign of the B Register. Thenew C(D) are
examined for a zero divisor. If zero,

the Overflow Indicator is turned ON and

the division is not performed. If non-
zero, the contents of the Z positionare
replaced with a 0, the dividend in the A
and B Registers is divided algebraically
by the C(D), the quotient (with its alge-
braic sign) placed in the B Register, and
the remainder with the sign of the divi-
dend is placed in the A Register. Over-
flow indication is possible only if the D
Register contains a zero divisor. Whether
or not the division is performed, the di-
visor is left in the D Register.

" Divide by D
,ﬁ"ﬁ"‘%ﬁ“ 0 DVD ED

The status of the Overflow Indicator
is tested: If ON, this instruction is not

©. 'executed and the machine sounds the a-
. larm 2 buzzer; if OFF, the C(A) are re-
. placedwith zeros, andthe contents of the

A and B Registersaretreated as a 64-bit
- "dividend (Z position excluded) with the

'sign of the B Register. The C(D)are ex-
amined for a zero divisor. If zero, the
Overflow Indicator is turned ON and the
division is not performed. If non-zero,
the contents of the Z position are re-

placed with a 0, thedividend in the A and
B Registers is divided algebraically by
the C(D), the quotient (with its algebraic
sign) placed in the B Register, and the
remainder with the sign of the dividend
placed in the A Register. Overflow in-
dication is possible only if the D Regis-
ter contains a zero divisor. Whether or
not the division is performed, the divisor
is left in the D Register. The address
part of this instruction is not examined;
thus, this instruction may be doubled if
desired.

Divide Double L.ength
17.0 DDW W EE

The status of the Overflow Indicator is
tested: If ON, this instructionis not exe-
cuted and the machine sounds the alarm 2
buzzer; if OFF, the C(D) are replaced with
the C{W), and the contents of the A and B
Registersaretreatedas a 64-bitdividend
(Z position excluded) with the sign of the
B Register. If !C(A)1_3ZI >/ 'C(D)l or

if the D Register contains a zero divisor,
the Overflow Indicator is turned ON and
the division is not performed.

If none of the above error conditions
occur, the content of the Z position is re-
placed with a 0 and the division is per-
formed. The quotient (with its algebra-
ic sign) is placed in the B Register and
the remainder with the sign of the divi-
dend is placed in the A Register. Over-
flowindicationis possible under the con-
ditions described above. Whether or not
the division is performed, the divisor is
left in the D Register.

Divide Double Length by D
I7.0°DDD -- EJ

The status of the Overflow Indicator is
tested: If ON, this instructionis not exe-
cuted and the machine sounds the alarm 2
buzzer; if OFF, the contents of the A and
B Registers aretreated asa 64-bit divi-
dend (Z position excluded) with the sign of
the B Register. If ‘C(A) 1 _32‘\< 'C(D) 1 _32‘
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or- if the D Register contains a zero divi-
sor, the Overflow Indicator is turned ON
and the division is not performed.

If none of the above error conditions
occur, the content of the Z position is re-
placed with a 0, and the division is per-
formed. The quotient (with its algebraic
sign) is placed in the B Register and the
remainder with the sign of the dividend is
placed in the A Register. Overflowindi-
cation is possible under the conditions
described above. Whether or not the di-
vision is performed, the divisoris left in
the D Register. The address part of this
instruction is not examined; thus, this
instruction may be doubled if desired.

Load A from W
. 9

The C(W) replace the C(A) and a zero
is placed in the Z position. The C(W)
remain unchanged.

Load A from M
9.0 LAM M B5

The C(M)mod 32

a zero is placed in the Z position. The
C(M) remainunchanged. Atleast 34 mil-
liseconds (2 drum revolutions) must be
allowed between this instruction and any
preceding Copy instruction except one
which copies information into channel M
(Channel No. 00).

replacesthe C(A)and

Load A from B
1.0 LAB -- 32

The C(A) are replaced with the C(B)
and a zero is placed in the Z position.
The C(B) remain unchanged. The ad-
dress part of this instruction is not ex-
amined, thus, this instruction may be
doubled if desired.

Load A from D
1.0 LAD -- 38

The C(A) are replaced with the C(D)
and a zero is placed in the Z position.

The C(D) remain unchanged. The ad-
dress part of this instruction is not ex-
amined, thus, this instruction may be
doubled if desired.

Load A from E
T.0 LAE -- 34

The C(A)l_16 are replaced with the
C(E)l-lé’ The C(A)l7-32, g are leftun-

changed, and the Z position is filled with
a zero. The address part of this instruc-
tion is not examined; thus, this instruc-
tion may be doubled if desired.

Exchange A and B

The C(A) and the C(B) are exchanged
and a zero is placed in the Z position.
The address part of this instruction is
not examined; thus, this instruction may
be doubled if desired.

Exchan%e A and D

The C(A) and the C(D) are exchanged
and a zero is placed in the Z position.

.The address part of this instruction is

not examined; thus, this instruction may
be doubled if desired.

Exchanﬁe A and E

The C(A)‘l_16 and the C(E)l-lé are
exchanged. The C(A)l7_32 are left un-
changed, the Z position is filled with a
zero, andthe sign of the A Register made
positive. The address part of this in-

struction is not examined; thus, this in-
struction may be doubled if desired.

Exchange Aand W

The C(A) and C(W) are exchanged and
a zero is placed in the Z position. ‘
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Store A
1.0 SAW W 49

The C(W)l__32 g are replaced with the
C(A)1_32. s. The C(A) remainunchanged.

Place Address in A
1.0 PAA W 6D

It w( (7F), ¢, the C(A)9-16 are re-
placed with the C(W)9_16; ifW 3, (80)16,
the” C(A) 25 _3p are replaced with the
C(W)25_32. The remaining bits of C(W)
and C(A) including the sign-and Z posi-
tions are not affected.

Place Half-Word in A
T.0 PHA W 6F

¥w( '(7F)16, the C(A)l—lé are re-
placed with the C(W)l-lé; ifW > (80)16,
the C(A) 17 - 32 are replaced with the
C(W)l7-32' The C(W) and the remain-
ing bits of C(A) including the sign and Z

positions are not affected.

Store Address from A
1.0 SAA W 4D

Ifwg (7F)16, the C(w)9-16 are re-
placed with the C(A)9_16; if W > (80)16,
the C(W) 25 _3p are replaced with the
C(A)25_32. The C(A) including the sign
and Z positions and the remaining bits

of C(W) are not changed.

Store Half- Word from A
1.0 SHA W 4F

If wg (7]’:")16, the C(W)l_16 are re-
placed with the C(A)l_lé; iftw > (80)16’
the C(W) 17 - 32 are replaced with the
C(A)17_32. The C(A) including the sign

and Z positions and the remaining bits
of W are not affected.

Load B
1.0 LBW 41

The C(B) are replaced with the C(W).
The C(W) are not affected.

Store B
1.0 SBW C5

The C(W) are replaced with the C(B).
The C(B) are not affected.

Load D
1.0 LDW W 5B

The C(D) are replaced with the C(W).
The C(W) are not affected.

Store D
1.0 SDW W C7

The C(W) are replaced by the C(D).
The C(D) are not affected.

Load E
1.0 LEW W 57

The C(E)l__16 are replaced with the
C(W)1_16. The C(W) are not affected.

Store E
1.0 SEW W C3

The C(W)l_16 are replaced with the
C(E)l_lé. The remaining bits of C(W)
and the C(E) are not affected.
Clear A
1.0 CLA 28

The C(A)l_32 and the Z position are

replaced with zeros and the sign of the
A Register made positive. The address
part of this instruction is not examined;
thus, this instruction may be doubled if
desired.

Change Sign
1.0 CHS -- Z2E

Ifthe sign bit of the A Register is posi-
tive, it is made negative, and vice versa.
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" The address part of this instruction is
not examined; thus, this instruction may
be doubled if desired.

Set Sign Plus
1.0 S%P -- 2C

The signbit of the A Register is made
positive. The address part of this in-
struction is not examined; thus, this in-
struction may be doubled if desired.

Complement A
1.0 CPL -- 3E

All zeros are replaced by ones and
vice versa in the C(A)1-32 s The Z po-

sition is filled with a zero. The address
part of this instruction is not examined;
thus, this instruction may be doubled if
desired.

LOGICAL AND CONTROL OPERATIONS

Extract
1.0 EXT W 75

Eachbitofthe C(A) 1-32. S is compared
with the correspondingbit of C(W) 1-32.5°

Whenbothbitsare ones, the correspond-
ing bit in the A Register is left unaltered
(remains a one). However, when either
of the bits comparedis zero, the corres-
ponding bit in the A Register is replaced

with a zero. The Z position is filled with"

a zero. The C(W) are not affected.
Extract with D Mask
1.0 EXD W 71

Eachbit of the C(A)1 -32.§ is compared
with the correspondingbit of C(D) 1-32. S

When the bit in the D Register is a one,
the corresponding bit in the A Register
is replaced by the bit in W; when the bit
in the D Register is a zero, the corres-
pondingbitinthe A Registeris not chang-
ed. The Z position is filled with a zero.
The C(D) and C(W) are not affected.

Change Overflow Indicator
I.0 COV -- 02

If the Overflow Indicator is ON, turn
it OFF and vice versa. The address part
of this instructionis not examined; thus,
this instruction maybe doubled if desired.

Compare Magnitude
. M -

The status of the Overflow Indicator is
tested; if ON, this instruction causes the
machine to stop; if OFF, the C(A) and
C(W) are compared:

If | C(A)l-32‘ < lC(W)1_32' , thisinstruc-

tion causes the Overflow Indicator to be
turned ON.. If [ C(A)1_32'>/‘C(W)l_32' s

the Overflow Indicator remains OFF.

No Operation

T.0 NOP -- 00

The machine takes the next instruc-
tion in sequence. . (Although no opera-
tion is performed, the Address Regis-
ter will contain the effective address;
i.e., after address modification by the
E Register has been performed.)

Halt and Transfer

1.0 HTR W IB

If the START-NORMAL switch on the
Control Panelis inthe NORMAL position,
the machine will stopuntil this switch is
throwntothe START position, after which
the machine will obtainthe next instruc-
tion from location W and proceed from
there. If this switch isin the START po-
sition, the machine will not stop but, in-
stead, will obtain the next instruction
from location Wand proceed from there.

Transfer

I.0 TRA W 11

The machine takes the next instruction
from location W and proceeds from there.
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Transfer on Overflow

I.0 TOV W IF

If the Overflow Indicator is ON as the
result of a previous operation, the indi-
cator is turned OFF and the machine takes
the next instruction from location W and
proceeds from there. If the indicator is
OFF, the machine takes the next instruc-
tion in.- sequence.

Transfer on Non-Zero
1.0 TNZ W 19

Ifthe C(A)1-32 are non-zero, the ma-

chine takes the next instruction from lo-
cation W and proceeds from there. If
the Cf(A)1 _3p are zero, the machine takes

the next instruction in sequence. Note
that the Z and sign positions are not ex-
amined.

Transfer on Less than Zero

1.0 TLZ W ID

If the C(A)l_32 g are non - zero and

negative, the machine takes the next in-

struction from location W and proceeds

from there. If the C(A)1 33 g aTre zero
TPy

or positive, the machine takes the next
instruction in sequence. Note the Z po-
sition is not examined.

Transfer on Index

The C(E) are decreased by 1l in the
least significant position and the result
placed in the E Register, after which the
contents of this register are tested for
the presence of a zero result. If non-
zero, the machine takes its next instruc-
tion from location W and proceeds from
there; if zero, the machine takes the next
instruction in the normal sequence. The
contents of the other arithmetic registers
arenot affected. Therefore, the E Regis-
ter may be used as an index register.

Transfer on Switch One
1.0 TSA W 13

The status of jump switch one is ex-
amined. If inthe JUMP position, the ma-
chine obtains the next instruction from lo-
cation W and proceeds from there; if in
the NORMAL position, the machine takes

the next instruction in sequence.

Transfer on Switch Two
1.0 TSB W 15

The status of jump switch two is ex-
amined. Ifin the JUMP position, the ma-
chine obtains the next instruction from lo-
cation W and proceeds from there; if in
the NORMAL position, the machine takes
the next instruction in sequence.

Shifting Instructions

Shift instructions areusedto move the
contents ofthe A (or A and B) Register(s)
to the left or right of their original posi-
tions. Theaddress syllableisused to in-
dicate the number of positions to be shift-
ed. When a shiftingtruction is executed,
the positions left ant in the registers
are automatically tilled with zeros. When
a shiftinstructionis interpreted, the ex-
tent of the shift is determined from the
six least significant bits of the address
syllable. Thesebits, are, therefore, in-
terpreted modulo 64. Multiples of (40)16

used inthe address syllable of a shift in-
struction produce no shift, asthe address
is interpreted as zero. Thus, addresses
greater than (40),, will produce shifts

ranging between hexadecimal 91 and 3F.
Hence, the maximum number of shifts is
63 (hexadecimal 3F) bits.

Example 1. 8 modulo 64 = 8
because 8 = 0(64)+8

Example 2. 63 modulo 64 = 63
63 = 0(64)+63

Example 3. 128 modulo 64 =0

128 = 2(64)+0
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136 modulo 64 = 8
136 = 2(64)+8

Example 4.

Shifting C(A), C(B), or C(A and B)has
the same effect as multiplying C(A), C(B),
or C(A and B)bya power of 2 (as long as
no significant bits are lost).

Example 1: Shifting a binary number
in the B Register two positions to the left
has the same effect as multiplying that

number by 22. Bits shifted left from po-
sition 1 of the B Register enter position
32 of the A Register on the LLS opera-
tion.

Example 2: Shifting a binary number
inthe A Register 30 positions to the right
has the same effect as multiplying that

number by 2730, Bits leaving position

32 of the A Register enter position 1 of
the B Register on the LRS operation.

A Right Shift
0.5 %ES W A5
The C(A)Z, 1.3 are shifted right W

modulo 64 positions. Bits shifted past
position 32 of the A Register are lost.
Positions made vacant are filled with
zeros. The sign positionis not affected.
I Wiod 64 = 0 the C(A)7 35 g are

not affected.

A Left Shift
0.5 ALS W A7

The C(A),_;,are shifted left W modulo

64 positions. Bits shifted past position 1

of the A Register are lost. There is no

overflow indication and if there is a bit

in the Z position it will be lost, unless

w = 0, in which case the contents
mod 64 :

of the Z position are not affected. Po-
sitions made vacant are filled with zeros.
The sign position is not affected.

Long Right Shift
0.5 LRS W Al

The C(A)Z 1-32 and C(B)1_32 are

shifted right W modulo 64 positions. Bits
shifted past position 32 in the A Register
enter position 1 of the B Register. Bits
shifted past position 32 of the B Register
are lost. The contents of the Z position
will be shifted into position 1 in the A
Register and positions made vacant (in-
cluding the Z position) are filled with

zeros; however, if W = 0, the
mod 64
C(A)Z, 1-32,§ 2% not affected.
A REGISTER R B REGISTER 5]
Ot T |
Z 12 Jemcmnns PR T S 313

>
Figure 20.

Long Left Shift
0.5 LL 3

The C(A)I-SZ and C(B)l_32 are shifted

left W modulo 64 positions. Bits shifted
past position 1 of the B Register enter
position 32 ofthe A Register. Bits shifted
past position 1 ofthe A Register are lost.
There is no overflow indication and if
there is a bit in the Z position it will be
lost unless W = 0, in which case,
mod 64

the C(A)Z, 1-32,8 are not affected. Po-

sitions made vacant are filled with zeros.

A REGISTER S B REGISTER S
OTT i)l |
Z 12 3emmmmmeeean T —— 3132
Figure 21.

Shift and Count

1.0 SCT -- AB

If position 1 of the A Register con-
tains a 1, or if the C(A)l-32 and C(B)

are all zeros, aminus zero replaces the
C(D). If positionl ofthe A Register con-
tains a 0 but there is at least one non-
zero bit in C(A)l_32 or C(B), the A and

B Registers are shifted left until a 1 bit
appears in position 1 of the A Register
and the positive value of the number of
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shifts replaces the C(D). The contents
of the sign position of the B Register re-
place the contents of the sign position of
the A Register.

COPY OPERATIONS

Copy instructions are used to copy an
entire channel of 32 full-words from a
General Storage channel to a Working
Storage channelor from a Working Stor-
age channel to a General Storage chan-
nel. It should be noted that it is possi-
ble to execute the instruction contained
in the right half of an instruction word,
when the left half contains a copy instruc-
tion to the same working channel in which
the given instruction word falls, since
the right half word is previously placed
in the right half of the E Register.

Copy to Working Storage 1

The contents of General Storage chan-
nel W replace the contents of Working
Storage I. The contents of General Stor-

"age channel W are not changed.

Copy to Working Storage 11

The contents of General Storage chan-

nel W replace the contents of Working

Storage II. The contents of General Stor-
age channel W are not changed.

Copy to Working Storage III
§I.8 CTC W §5

The contents of General Storage chan-
nel W replace the contents of Working
Storage IIl., The contents of General Stor-
age channel W are not changed.

Copy to qukinE Storage IV

The contents of General Storage chan-
nel W replace the contents of Working
Storage IV. The contents of General Stor-
age channel W are not changed.

Copy from Workin'g Storage 1
. F

The contents of Working Storage I re-
place the contents of General Storage
channel W. The contents of Working Stor-
age I are not changed. ‘

Cop% from Workinsg Storage 11

The contents of Working Storage II
replace the contents of General Storage
channel W. The contents of Working Stor-
age II are not changed.

Copy from Workin)g Storage III

The contents of Working Storage III
replace the contents of General Storage
channel W. The contents of Working Stor-
age III are not changed.

Copy from Working Storage IV

The contents of Working Storage IV
replace the contents of General Storage
channel W. The contents of Working Stor-
age IV are not changed.

INPUT-OUTPUT OPERATIONS

The most significant bitin the address
part of the following Flexowriter input-
output instructions is used to designate
whether the high-speed reader, the high-
speed punch, or the Flexowriter is to be
used as the input-output device. If this
bit position contains a 0, the high-speed
reader or punch will be used if this unit
is connectedtothe computer. If the most
significant bit of the address partis al,
or, if the appropriate high-speed unit is
not connected to the computer, the com-
puter will use the Flexowriter as the in-
put-output device.
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Hexadecimal (or Decimal) Input‘
-- HXI W FI

Hexadecimal input is indicated by plac-
ing a 0 in the second most significant bit
position of the address part of this in-
struction; decimal input is indicated by
placing a 1 in the second most significant
bit position. This instruction causes the
contents of the A Register to be shifted
left 4 binary positions and the C(A)Z9—32

tobe replaced with one hexadecimal char-
acter (4 bits) for hexadecimal input; or
to multiply the contents of the A Register
by 10 and to add the 4 least significant
bits of the character read to this prod-

uct which then replaces the contents of

the A'Register, for decimal input., For
both types of input, this operation is re-
peateduntil [[W- D, 0ds +I) inputs have

been supplied after which the Select Lite
is turned OFF and the machine resumes
high-speed operations. The signand Z po-
sitions in the A Registerare not changed.

Hexadecimal (or Decimal) Output
-- HXO W F5

Hexadecimal output is indicated by
placing a 0in the second most significant
bit position of the address part of this
instruction; decimal output is indicated
by placing a 1 in the second most sig-
nificant bit position. This instruction
causes the Flexowriter to print (or punch)
the hexadecimal character located in the

C(A)1 4 and to shift the A Register left.

4 positions for hexadecimal output;or to
multiply the C(A)l 32 by 10, to print (or

punch) a decimal character formed from
the integral part of the product, andto re-
place the C(A) 1-32 with the fractional part

of the product. For both types of output;
this operation is repeated [(W- 1) 0d 8 +J

times. The sign and Z positmns in the
A Register are not changed.

Number Output:
= NMO -—- DD

This instruction causes the Flexo-

writer to print (or punch) the hexadeci-
mal character located in the C(A)29_32.

The C(A) including sign and Z positions
are not changed. The address part of
this word is not examined, and, since
the operation code is odd, this instruc-
tion may be doubled only when used as
the address part of a doubled instruction.

Sign Input
e F9
This instruction replacesthe C(£) 1-32

with zeros and replaces the sign position
with a 0 or 1 (minus or plus) according
tothe character received fromthe Fiexo-:
writer. The space bar is used for plus
and the minus key for minus indica‘ions;
however, any Flexowriter character code
which has a punch in position 4 muy be
used in place of the minus key. Thiz in-
cludeg the characters:

abcdefjyzABCDEFIYZOR( - |$., *A
ahd the stop,lower case,color
shift,code delete,tabulate,
carriage return,and back space
codes.

Any Flexowriter character code which
has no punch in position 4 may be used
in place of the space bar. This includes
the characters:

ghiklmmopqrstuvwx
GHIKIMNOPQRSTUVWX
12345670°"+=%71)

The Select Lite on the Flexowriter is
turned ON by this instruction and the ma-
chine waits until an input has been sup-
plied, after which the Seléct Liteis turned
OFF and the machine resumes high-speed
operations. Note that the Z position of
the A Register is not changed.

Sign QOutput
-- SNO -- D5

Ifthe sign of the A Register is positive,
a space code istransmitted tothe Flexo-
writer; if the sign of the A Register is
negative, a minus code is transmitted to
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the Flexowriter. The C(A) including the
sign and Z positions are not changed.

Alphabetic Input

This instruction causes the C(A)2_32

to be shifted left 6 binary positions and
replaces the C(A)26431 with one alpha-

betic character (6 bits), and causes this
operationtobe repeated Ew-l)mod 8 +H

times. Note that if this instruction is

repeated more than 5 times, all but the

last 5alphabetic characters will be lost.

The Select Lite on the Flexowriter is

turned ON by this instructionand the ma-

chine waits until KW-I) +1] inputs
/ mod 8

have been supplied, after which the Select
Lite is turned OFF and the machine re-
sumes high-speed operation. The sign
and Z positions are not changed but the
C(A)32 is replaced with the C(A)31 after

the last alphabetic character has been
read.

Alphabetic Output
T ALO W FT

- -

This instruction replaces C(A)32 with

a zero, causes the Flexowriter to print
(or punch) the alphabetic character lo-
cated in the C(A)2_7, the contents of the

A Register to be shifted left 6 positions,

and causes this operation to be repeated

EW-I) +B times. Thebit positions
mod 8

made vacant are filled with zeros. The
C(A)Z 1. g 2re not changed.

- wm mm e e wr em G w w we e S o e e e s e e e e wm e e

The following instructions are used to
control punching and typing functions on
the Flexowriter according to the setting
of the two switches on the Flexowriter
which are labeled "TYPE'"and "PUNCH".
Two flip-flops, which are known as the
Type and Punch flip-flops, operate in
conjunction with these switches.

The status of these flip-flops may be
affected by executing one of the instruc-

tions TYP, PNH, BTP, or NTP (9B,

9D, 9F, or 99) or bydepressingthe Clear
switch on the Flexowriter or by placing
the Normal - Test - Clear switch on the
Control Panel in the CLEAR position.
Operating either of these switches causes
the Type flip-flop to be turned ON, and
the Punch flip-flop to be turned OFF.

Placing the Type and Punch switches
on the Flexowriter in the COMPUTE po-
sition permits the computer to select the
desired output according to the setting of
the Type and Punch flip-flops which are
controlledbythe instructions TYP, PNH,
BTP, and NTP (9B, 9D, 9F, and 99)
which are described below.

Placingthe Type and Punch switches on
the Flexowriter in the OFF position will
result inthe loss of printed or punched in-
formationtransmitted to the Flexowriter.

Placingthe Type and Punch switches on
the Flexowriter in the TYPE or PUNCH
positions will cause all informationtrans-
mitted to the Flexowriter to be typed or
punched, accordingly, without regard to
the setting of the Type and Punch flip-
flops.

Type
24.0 TYP -- 9B

This instruction causes the Type flip-
flop to be turned ON and the Punch flip-
flop to be turned OFF.

Punch
24.0 PNH -- 9D

This instruction causes the Punch flip-
flop to be turned ON and the Type flip-
flop to be turned OFF,

Both Type and Punch
24,0 BTP 9F

This instruction causes both the Type
and the Punch flip-flops tobe turned ON,
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Neither Type nor Punch
24.0 NTP --99

This instruction causesboth the Type
andthe Punch flip-flops tobe turned OFF.

- e e e e am s am m e e m M e M e e em M e o m e we em = W

Punched Cards
-- PCD W 97

This instructionis usedto control the
input and output of information fromIBM
punched card equipment. This isaccom-
plished by means of a 'buffer storage',
access to which is provided from Work-
ing Storage IV. Buffer storageis divided
into two half-channels of 16 words each
which are called the CONTROL and IN-
FORMATION lines, and refer, respec-
tively, to the first and second half-chan-
nels of the buffer storage. Either, or
both, of these lines may be exchanged
with the first or second half-channel of
Working Storage IV by placinga 0 or 1l
in the appropriate bit position in the ad-
dress part of this instruction, as shown
in Figure 22.

OPERATION @1)

'ﬁ lofo1]o]1]1 IITXIx!xlxIKIOIOIOI'

() ! » &
wrommmon BB T T T
TYPE OF EXCHANGE

O'- NORMAL
" 1"~ INVERTED
- 4

1 =EXCHANGE
’0’~NO EXCHANGE

INPUT—OUTPUT~(0) "= READY —~———me
7= PUNCH

CARD CYCLES —Q PERMIT
’ 1%~ SUPPRESS

ADDRESS
A

CONTROL

'Figure 22.

The CONTROL line in the buffer is
used to indicate both the format and the
type of conversiondesired (decimal, hex-
adecimal, or alphabetic) for data as it
appearsin the INFORMATION line of the
buffer. If the contents of a half-channel

of Working Storage IVaretobe exchanged
with the INFORMATION or CONTROL
lines in the buffer, a 1 is placed in bit
position 1l or 3 of the address part of this
instruction as shown in Figure 22. Ifa
0 is placed in these positions, no ex-
change is made with the corresponding
line in the buffer.

A normal or inverted exchange is in-
dicated by a 0 or 1, respectively, in bit
position 2 of the address part of this in-
struction, the half - channel(s) affected
being indicated by contents of bit posi-
tions 1 and 3 of the address part. A nor-
mal exchange is one in which either the
first half-channel in Working Channel IV
is exchanged with the CONTROL line in
the buffer or the second half-channel in
Working ChannellV is exchanged with the
INFORMATION line inthe buffer. An in-
verted exchange is one in which either
the second half-channel in Working Chan-
nel IV is exchanged with the CONTROL
line in the buffer orthe firsthalf-channel
in Working ChannellV is exchanged with
the INFORMATION line in the buffer.

If bit position 4 of the address part
of this instruction contains a 0, the card
reader is selected; if this bit position
contains a 1, the card punchis selected.

Bit position 5 of the address part of
this instructionis usedto permit or sup-
press a card cycle when this bit position
contains a 0 or 1, respectively. Thus,
the buffer may be used as an additional
rapid access storage channel, whether
or not the punched card equipmentis con-
nected to the computer. Note however,
that data placed in the INFORMATION
line will be converted accordingto codes
placed in the CONTROL line. This per-
mits rapid binary - decimal conversion.

Bit positions 6, 7, and 8 should con-
tain zeros.

Since 5 bit positions of the address
part of this instruction are used to indi-
cate the variations of this instruction, a
total of 32 different machine operations
may be obtained.
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It should be noted that the contents of
the indicated half-channels are exchanged
before conversion or card cycles occur,
Hence, information from either Working
~ Channel 1V or the buffer may be punched
on the same card cycle; however, infor-
mation read into the buffer onthe previ-
ous cardcycle appears in Working Chan-
nel IV after the exchange.

In order to operate the punched card
equipment at maximum speed, process-
ing of the information placed in Working
Channel IV is accomplished during the
conversion cycle before the card reaches
the '""9-time!' position. Since a change in
 format requires éxchange with the CON-
TROL line, ablank cardisusually placed
at the end of each file of cards.

MAGNETIC TAPE OPERATIONS

The following instructions are used
for control of the magnetic tape buffer
and of individual tape units. Bit posi-
tions 1-4 of the address partof these in-
structions are used to indicate the de-
sired sub-operation in accordance with
- the hexadecimal codes given in the de-
scription of the instruction. See Figure
23. When it is necessary to specify an
individualtape unit, bit positions 5-8 are
used for this purpose. Thus, as many
as 16 tape units may be used which are
numbered, hexadecimally, from 0 to F,

ADDRESS
A

L] I I l LI
1 2 4,5 6 )
V
SUB-OPERATION

TAPE UNIT

Figure 23.

Each individual tape unit contains a
Comparing Register which is used for
searching operations. The C(A) re-
place the contents of this register before

searching operations are started. In the
explanation of instructions which follows,
the first word in each tape record is in-
dicated by the symbol Wl' The contents

of this word are compared with the con-
tents of the Comparing Reg1ster during
searching operations.

Magnetic Tape Status

1.0 MTS wW 91

This instructionis used to prepare the
unit to read or to write, to select the
searching mode and cause searching op-
erations to be started, to test for com-
pPletion of searching operations, or to re-
wind a tape to the load point.

Searching operations cause the con-
tents of the A Register to be stored in
the CR (Comparing Register) of the des-
ignated tape unit, after which the com-
puter interlocksare released. While the
computer continues to execute instruc-
tions in their normal sequence, the tape -
moves in a forward direction until the
desired tape record is located. In the
following explanation, the symbol W, is

usedto represent the first wordin a given
tape record. Two searching modes are
available:

Mode 1. The tape unit searches for the
tape recorduntil C(Wl) 1- 3’2>/C(CR)1 32°

Note that the sign p051t10ns are not com-
pared.

Mode 2. The tape unit searches for the
tape recorduntil C(W. )29 32 C(CR)29 32°

The- address part of this instruction
contains the designated tape unit and the
desired operationas shown in Figure 23.
Bit positions 5-8 of the address part of
this instruction are used to indicate the
desired tape unit, Bit positions 1-4 of
the address part of this instruction are
used to indicate the desired sub-opera-
tion, accordingtothe following hexadeci-
mal code:
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"o -~ Rewind.
"l -~ Set unit to read status.
n2n .- Search in mode 1 and set to

read status.

"3t .. Search in mode 2 and set to
read status.

"4" - - Test for completion of search-
ing operation. The status of
the Overflow Indicator lite is
tested: If ON, the computer
sounds the alarm 2 buzzer; if
OFF, the status ofthe tape unit
is tested: If the tape unit is
still searching, the Overflow
Indicator lite is turned ON and
the computertakesthe next in-
struction in sequence.

n51 -.. Set unit to write status.

ng1r .. Search in mode 1 and set to
write status.

n7u __ Search in mode 2 and set to
' write status.

It shouldbe carefully noted that all the
above codes except 4 are executed im-

mediately by the individual tape unit and

overrule any previous MTS instruction
which the unit may be in process of exe-
cuting. However, this overrule action
will not interrupt read-write operations
being executed; instead, the computer will
wait until completion of the MTC instruc-
tion before execution of a MTS instruc-
tion.

Magnetic Tape Copy
I.0 MTC W 93

This instruction causes information
to be read from a tape and copied into
the magnetictape buffer, or to be copied
from the buffer and written on the tape.
Before this instruction is executed, the
status of the tape unit is tested and com-
pared with the operation specified in the
address part of this instruction. Thus,

when reading operations are attempted,
the tape unit should be in READ status,
and for writing operations, the tape unit
should be in WRITE status. If the tape
unit is in the wrong status for the given
operation, the given MTC instruction can-
not be executed, the machine sounds the
alarm 2 buzzer and stops. If the alarm
switch 2 is placed in the RESTORE po-
sition, the machine will execute the next
instruction in the normal sequence. It
should be noted that the tape unit is set
to READ status after a rewind operation.
This rewind operation may be caused by
execution of the MTS operation, by the
automatic rewinding of the tape when
reaching the physicalend of the tape, or
by the manual operation of the control
switches located on the tape transport.

Bit positions 5-8 of the address part
of this instruction are used to indicate
the desired tape unit. See Figure 23.

of this instruction are used to indicate
the desired sub-operation, according to
the following hexadecimal code:

n]l" .- Read previous record into the
buffer.

121 .- Read next recdrd intothe buff-
er.

13n .. Read same record intothe buff-
er.

"5 - Write previous record from
buffer.

161 _. Write next record from the
buffer.

"y .. Write same record from the
buffer.

Magnetic Tape Exchange
16.0 MTX W 95

This instruction causes the contents
of Working Storage IV to be copied into
the magnetic tape buffer, orthe contents
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of the buffer to be copied into Working
Storage IV, or causes the contents of the
buffer and Working Storage IV to be ex-
changed. -

Bit positions 5-8 of the address part
of this instruction are not examined.

Bit positions 1-4 of the address part
are used to indicate the desired sub-ep-

eration, accordingto the following hexa-

decimal codes:

M1Y -~ The contents of the buffer re-
place the contents of Working
Storage 1IV.
the buffer are not changed.

121" -~ The contents of Working Stor-
age IV replace the contents of
the buffer. The contents of
Working Storage IV are not
changed.

n3" -~ The contents of Working Stor-
‘ age IV and the buffer are ex-
changed.

. ADDRESS LOCATIONS

Each half-word in the four Working-

- Storage channels isaddressable, the ad-
dresses 00 to 7TF beingused for left half-
word locations and 80 to FF used for right
half-word locations. The address loca-
tions contained in each of the Working
Storage channels are as follows:

00 to 1F and 80 to 9F --
Working Storage 1

20 to 3F and A0 to BF --
Working Storage 11

40 to 5F and CO to DF --
Working Storage 1II

60 to 7F and EO to FF --
Working Storage IV

The contents of

Normal sequencing of instructions is
in half-word increments from the left to
the right half of aninstruction word and,
then, to the left half of the next instruc-
tion word in sequence as shownin Figure
24 which illustrates thenormal sequence
for Working Channel I. Note that the in-
struction which follows 80 is 04 (not 01),
that 01 follows 9C, and that 00 follows 9F.
Normal address sequencing in the re-
maining Working Storage channels is
similar. '

ADDRESS MODIFICATION

Automatic address modification maybe
achieved when using instructions whose
hexadecimal instruction codes are odd
numbers. This is accomplished by using
a code obtained by subtracting 1 from the
instruction code. When the instruction
is executed, the literal address is added
to the 2's complement of the contents of
the E Register to determine an effective
address which is placed in the Address
Register and is used forthe execution of
the instruction.

For example, assume that the ADD
instruction is to be used and that the E
Register contains the hexadecimal num-
ber 0001. The hexadecimal instruction
code for the ADD instructionis 61 which
would be written as 60 together with an
address. Thus, the instruction 6024 with
the literal address 24 would be added to
the 2's complement of the E Register
(which, inthis example, is FFFF), there-
by obtaining the effective. address 23.
Hence, whenthe E Register contains 0001,
the instruction 6024 is executed in the
same manner as if the instruction 6123
had been given. The distinct advantage
to such indexing operations is the manner
in whica_ﬂ_ﬂa?%ss modification may be
used to select one quantity from a set,
the elements of which are stored in suc-
cessive word locations. An example of
such usage is given in the section titled
“Symbolic Programming', '
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Figure 24.

INSTRUCTION DOUBLING

Two instructions may be doubled to
form a single half-word if the first hexa-
decimalinstruction code is an even num-
ber. This is accomplished by using a
code obtained by adding 1to the instruc-
' tion code and placing the instruction code
for the second command in the address
part of the half-word. Thus, to clear
the A Register and exchange the A and
B Registers (CLA and XAB) the instruc-
tions 28 and 30 are combinedto form the
half-word 2930. Note that no address
part is requiredforthe first command of
this doubled instruction andthat if doub-
ling of instructions is attempted in which
the second instruction requires an ad-
dress, the execution of the second com-
mand will require using the same address
part as the instruction code of the second
command. Thus, if the instructions CLA

and ADD are doubled in one half-word,
the machine code 2961 is obtained. This
instruction, when executed, would have
the same effect as giving the instructions
2900 and 6161 (CLA and ADD 61). As
such doubling is only rarelyused by pro-
grammers, it is advisable to avoid such
practices; indeed, an assembly program
should provide for detection of such prac-
ticesand indicate such codingasanerror.

TIMING

The time requiredto execute instruc-
tions is variable and is not only depend-
ent on the specific instruction being exe-
cuted, but may vary with the choice of
the address part of this instruction (if
required bythe instruction). The follow-
ing points must be considered inany dis-
cussion of instruction timing:
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1. The word location at which the
drum is positioned at the time of com-
pletion of the last instruction. If the cur-
rent instruction is in the left side of an
instruction word, the drum must turn
- untilit is positionedto read thisinstruc-
tion word. If the current instruction is
in the right side of an instruction word,
and such wordisaccessible from the right
side of the E Register (as the result of
execution of the left instruction in the
same instruction word), only one word-
time is requiredto transfer the contents
to the instructionand address registers.
If the current instruction is a right ad-
dress and such word is not accessible
from the right side of the E Register (as
the result of a transfer instruction from
some other word location), the drum must
turn until it is positioned to readthis in-
struction word.

In all of the above cases, the mini-
-mumaccess time willbe 0. 5 milliseconds
(one word-time) and the maximum, 8.0
milliseconds (16 word-times).

2. If the instruction requires refer-

ence to the contents of a word location
specified in the address part of the in-
struction, a search is required. This
search starts immediately, and, there-
fore, timing considerations must involve

the positions of the drum at the time this

action starts and at the timme when it is
positioned to read the word specified in
the address part of the instruction. In all
cases, however, access time will vary
between 0.0 and 8.0 milliseconds.

3. The executiontime required for an
instruction, after the contents of the oper-
and address have been obtained, is given
in the Description of Instructions. See
pages 19 to 34.

4. The shifting instructions require
0.5 milliseconds for each shift (modulo
64) specified in the address part of the
instruction.

The transfer instructions require vary-
ing amounts of time dependinguponthe re-
sult of various testing operations. Maxi-

mum time for such instructiong is 8.0
milliseconds.

5. Input-output instructiontimes are
dependent upon typing skills or upon the
status of punchedtape and certain switch-
es and, therefore, only minimum times
may be specified for these types of in-
structions.

Hence, the determination of the amount
of time required for the execution of a
set of instructions, although computable,
is somewhat complex. Such computations
may be included in Symbolic Assembly
Programs or similar executive programs
without significant reductions in the a-
mount of time required for other opera-
tions performedby such programs. How-
ever, certain programming rules are
recommended to permit reduction in the
time required for the execution of instruc-
tions. These rules produce near-optimum
times for execution of instructions.

1. Ifaninstructionappearsinthe left-
half of an instruction word, the optimum
address is one whose last hexadecimal
digit is one greater than the location ad-
dress of either the left or right half of
the instruction word. Thus, for loca-
tion 05, the optimum addresses are 06,
86, 16, 96, 26, A6, 36, B6, 46, C6, 56,
D6, 66, E6, 76, and F6.

2. If an optimum address is used for
the left half instruction, the optimum ad-
dress for the right half instruction is one
whose last hexadecimal digit is three
greaterthanthe location address of either
the left or right half of the instruction
word. '

3. If a non-optimum address is used
for the left half instruction, the optimum
address for the right half instruction is
one whose last hexadecimal digit is at
least two greater thanthe effective oper-
and address contained in the left instruc-
tion or a word location whose last hexa-
decimal digit is the same as this sum.

4., Transfer instructions are excep-
tions to the above rules. For left half
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instructions, the optimum address is one
whose last hexadecimal digit is three
greaterthanthe locationaddress of either
the: left or right half of the instruction
word, providing that the transfer of con-
trol occurs. For right-halfinstructions,
the optimum addressis four greater than
the effective operand address contained
in the left instruction or a word location
whose lasthexadecimaldigit is the same
as this sum, provided that the transfer
of control occurs. When a transfer of
control does not occur, the instruction
is as near-optimum as can be obtained.

5. Ifthe optimum address determined
by rules 1 to 4 above does not yield the
address location of a word which may be
used in the programming of the problem,
successive wordlocations from the opti-
mum address may be used with the loss
of one word time (0.5 milliseconds) for
each word after the optimum location.
The worst possible location selected when
time considerationsare paramountis the
word location which precedes the opti-
mum location. Selection of this address
will result in no less than 8.0 millisec-
onds searching time, since the drum must
make one half-revolution before the chos-
en location is accessible.

FLEXOWRITER

The Flexowriter (Model FL with cer-

tain modifications)is the primary input-
output medium for the ALWAC III-E and
consists cfthree main parts: a keyboard,
a paper tape reader, and a paper tape
punch. This reading (or punching) of
paper tape operatesat a maximum speed
of 10 characters per second (100 milli-
seconds per character). When a printed
copy is produced by the Flexowriter, a
maximum speed of 8 characters per sec-
ond (120 milliseconds per character) is
possible. Various switches located on
the Flexowriter permit the operator to
select the particular type of output de-
sired. In addition, certain switch set-
tings permit selection of printing and
punching operations to be placed under
program control.

Ofthe available 51 key lever positions,
42 levers areused for characters, 7 lev-
ers are used for tabulation, color shift,
back space, carriage return, upper case
shift, and space, and 3 levers are used
for the clear, stop, and delete controls.
The keyboard is similar to that of most
electric typewriters; however, the char-
actersoncertainkeyshave beenreplaced
with some of the more common mathe-
matical symbols. Thekeysused for hexa-
decimalinput are made of red plastic for
easy recognition. See Figure 25.

Figure 25.
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Since the same code isused for char-
acters in the upper and lower case, a
total of 84 distinct printed characters is
available. The shift controls are self-
locking and the Flexowriter will remain
in the given case until another upper or
lower case shiftoccurs. The color shift,
space, back space, carriage return,
clear, code delete, and stov codes op-
erate independently of theupper and low-
er case shifts,

CONTROL SWITCHES

Start Read Switch: When releasedafter
being depressed, this momentary contact
switch starts the tape reader operation.
By rapidly depressingand releasing this
switch, the tape may be moved one code
position at a time. If this switch is op-
erated whenno papertape isin the read-
er, the effect is the same as pressing
the Clear switch which is described be-
low.

Stop Read Switch: This momentary
contact switch is used to stop tape read-
ing operations. In order to resume op-
eration, the Start Read switch must be
depressed. Since it is difficult to stop
the paper tape manually at a particular
punched code position, and, since failure
todepressthis switch within certain crit-
ical time limits can cause double entry of
the last character read, the Start Read
switch is used to stop the paper tape at
the desired code position and then the

Stop Read switchis depressed which will’

stop reading operations.

Punch On Switch: This two - position
switch controls tape punching operations
and, when inthe DOWN position, causes
each character typed to be punched also
until the switch is returned to the UP po-
sition. Note that this switch controls only
the punching of information which is read
from the tape read station or is entered

~ manually on the keyboard and that this

switch does not control the punching of
information sent from the computer.

Clear Switch: This momentary con-

trol switch corresponds to the Normal-
Test - Clear switch which is located on
the Control Panel and is described on
page 16. Depressing and releasing the
Clear switch causes the contents of Gen-
eral Storage channel 01 to replace the
contents of Working Storage channel Iand
control to be transferred to word 00. A
program known as the Start Routine is
located in General Storage channel 01 and
is used to cause input and output of pro-
grams and to transfer control to a given
location in one of the four Working Stor-
age channels.

If the Punch On switch is in the DOWN
position when the Clear switch is de-
pressed, a special character code will
be punched in the tape which is known as
a "clear'" punch. - If this character code
is later read by the tape reader, the ef-
fect is the same as depressing the Clear
switch,

Copy Inputs Switch: When this two-
position switch 1s in the DOWN position,
each character read from thetape reader
will be typed at a maximum speed of 10
characters per second; when in the UP
position, information read from the tape
reader is not typed and tape reading op-
erations can proceed at a maximum speed
of 10 characters per second.

Tape Feed Switch: This momentary
contact switch 1s used to feed paper tape
from the punch station and to punch feed
holes which areused to guide and position
the punched tape whenplaced in the read
station. Since papertape is suppliedinun-
punched rolls, it isnecessary touse this
switch to provide approximately three
inches of feed holes which are used by
the punching station to pull the paper tape
past the punch dies,

- Code Delete Switch: This momentary
contact switch causes a special charac-
ter code (all six positions) to be punched
which will be ignored when interpreted
by the reading station. Thus, this switch
is usedto delete unwanted information on
a punched tape.
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Stop Code Switch: This momentary
contact switch causes a special character
code to be punched which will have the
same effect as depressing the Stop Read
switch which is described above. How-
ever, if the computer is asking for an
input at the time this switchis depressed,
abinary code correspondingtothe special
character code will be placed in the ap-
propriate bit positionsin the A Register.

Select Lite: The Select Liteis turned
ONwhen the computer selectsthe Flexo-
writer for an input device and remains
ON until the proper number of inputs is
supplied from the keyboard or from the
tape read station.

Computer - Off - Flexowriter Switch:
This switch supplies the electrical power
to the Flexowriter and determines wheth-
er the Flexowriter is to be used inde-
pendently or with the computer. When
in the OFF position, all electrical power
to the Flexowriter is turned off and all
control switches are inoperative.

When in the COMPUTE position, the
Flexowriter and its associated control
switches operate in conjunction with the
computer and maybeusedto control var-
ious machine functions.

When in the FLEXOWRITER position,
the computer and Flexowriter operate
independently. Thus, the Flexowriter
may be used to prepare punched tapes
or to produce a printed copy of informa-
tion which is punched on a tape without
disrupting other computer functions.

Punch - Off - Compute and Type - Off-
Compute Switches: These two switches
are used to control punching and typing
functions on the Flexowriter and operate
in conjunction with two flip-flops in the
computer which are known as the Type
and Punch flip-flops. Placing either of
these switches in the COMPUTE position
permits the computer to select the de-

sired output according to the setting of
the Type and Punch flip-flops which are
controlled bythe instructions TYP, PNH,
BTP, and NTP (9B, 9D, 9F, and 99) which
are described on page 30.

Figure 26.

Placing the Type and Punch switches
in the OFF positions will result in the
loss of printed or punched information
transmitted to the Flexowriter.

Placing the Type and Punch switches
in the TYPE or PUNCH positions will
cause all information transmitted to the
Flexowriter to be typed or punched, ac-
cordingly, without regard to the setting
of the Type and Punch flip-flops.

The proper feeding alignment of the
paper tape in the reading and punching
stations is shown in Figure 26. Note that
small sprockets onthe reading and punch-
ing stations are used to pull the tape
through the mechanisms.

The keyboard will lock, preventing
operation, if any of the following condi-
tions occur:

1. The tape guide arm is not against
the tape at the reading station.

2. The blank tape which feeds the
punching stationtears, binds, or runs out.
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FLEXOWRITER AND PUNCHED TAPE CODES

a A 00 1010 Stop Code 11 1100
» B 00 1011 Code Delete 10 1011
c C 00 1100 Clear | e
dD 00 1101 Upper Case Shift =~ 10 1001
e E 00 1110 Lower Case Shift 10 1000
£f¥ 00 1111 Space (See note) 00 0000
g G 01 0000 Back Space 10 1110
h H 01 0001 Color Shift 10 1010
i I Ol 0010 Carriage Return 10 1101
37 o1umn Tab 10 1100
J k X 10 0000 1° 00 0001
] 11 10 0001 2" 00 0010
J m M 10 0010 3+ 00 0011
8 n N 10 0011 b = 00 0100
8 o0 10 0100 5% 00 0101
] p P 10 0101 67 00 0110
¥ g Q 10 0110 71 00 0111
8 rR 10 0111 8% 00 1000
8 S 11 0010 9 ( 00 1001
+ T 11 0011 0) (See note) 11 0000
uU 11 0100 [t 11 0001
v V 11 0101 -_ 01 1110
wW 11 0110 | * 11 1011
x X 11 0111 $ A 11 1010
y Y 11 1000 .t 1 111
z Z 11 1001 ’ 3 11 1110

Note: The binary code 00 0000 when used with the ALO instruction pro-
vides the space character and with the HXO instruction provides
a 0 or ) character. The binary code 10 0001 which is used for the
1 and L character may be used as the number 1 when used with the
HXI and HXO instructions.

Figure 27.
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The punched code system uses seven
punching positions (of which the position
number 7 isused only for the clear code).
The remaining 6 positions provide suit-
able combinations for the various char-
acter and control codes which are shown
in Figure 27 together with the appropriate
binary codes. The punching positions are
numbered 7-6-1-2-3-4-5 from left to
right facing the leading edge of the tape
with the feed hole placed between the num-
ber 2 and 3 holes. An 8th hole position
is available but is not used. Either 7/8
inch or 1 inch paper tape width may be
used.

HIGH-SPEED PUNCHED TAPE CONSOLE

The Punched Tape Console (see Figure
28) is designed as a high-speed input-
output device. The unit operates at an
approximate power consumption of 320
watts, with voltages supplied from the
Power Supply unit of the computer.

The reader employs photo - cells to
read the punched characters thus per-
mitting the tape to move continuously dur-
ing reading operations.

The effective speed of the paper tape
unit during punch operations (which in-
cludes time required to copyinformation
to and from General Storage)is 50 char-
acters per second and during read op-
erations is 150 characters per second.
Thus, the unit is capable of punching the
contents of 12 channels of memory per
minute or the entire memory (256 chan-
nels) within 24 minutes. It is possible
to read and store information at the rate
of 35 channels per minute or the entire
memory within 8 minutes. (These speeds
include the programming time required
for check summing and block transfer
instructions.)

The same input and output commands
are used with the High-Speed Punched
Tape unit as with the Flexowriter; how-
ever, the most significant bit position
of the address part of the instruction is
examined. If the bit position contains a
1, the Flexowriter is selected as the in-
put-output device; if the bit is a 0, the
High-Speed Punched Tape unitis selected
(providing the Punched Tape unitis turned
ON; if it is OFF, then the Flexowriter is
selected). o

Figure 28.
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CARD CONVERTER

Punched cards provide a rapid input-
output medium because of their great
flexibility. Errors are easily detected
and corrected, data may be prepared on
severalkey-punches simultaneously, and
the cards collected before being pro-
cessed by the computer. Manual access
to files of punched cards is particularly
- desirable since cards caneasily be sep-
arated or inserted in the file. Alpha-
betic,  decimal, and hexadecimal num-
bers, quantities representedin any num-
_ber system, and special symbols may be
represented by appropriate combinations
of punched holes in the card. Certain
punch combinations are standard for
punched card processing machines as is
shown in Figure 29.

 Either the IBM Type 523 Summary
Punch or the IBM Type 514 Reproducing
Punch machines, with certain modifica-

DIGITS
0123456789
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000000008
171819022855 B P
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222222222
313333333331

4444444444409
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p 222 i
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- —
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BM 5081

22222222044
333333333‘r;
44444444440
5555555555505 5%

| § 4

555555555555'ii'5555555

y

LETTERS

5555555

'tion, may be used for readingand punch-

ing of cards. The card feeding should
be 12-edge face down for normal opera-
tion. The cables contained in the bases
of these machines are attached to con-
nectors located on the Card Converter
unit. Plug-boards areavailable for each
of these machines, the wiring for which
is described below:

Type 523

The hubs which are labeled COMP
MAG or CTR TOT EXIT or MS OUT pro-
vide accessto the cable connectors. For
reading operation, these hubs are wired
to the hubs marked PUNCH BRUSHES;
for punching operation, these hubs are
wired to the hubs marked PUNCH MAG-
NETS. The numbers which appear over
the hubs marked PUNCH BRUSHES and
PUNCH MAGNETS, which are numbered
from left to right, refer to card columns
1 through 80. See Figure 30.

SPECIAL CHARACTERS
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999999 399999999‘3995399999999999'9999999999.999999999 999949999593999999999998¢213
1234

5678 $10MI213M1516171815202122232425262728253031 3233 43535 37 38 3940 41 424344454647 4842 50 5152 5354 55 56 57 58 59 60 61 62 63 64 S5 66 6768 €3 10 71 :27374757677?3198@
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Figure 29.
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Type 514

The hubs which are labeled SELEC-
TOR 1 and SELECTOR 2 provide con-
nections to the cable connectors and are
wired to the hubs which are labeled RE-
PRODUCING BRUSHES for reading op-
erations. COMP MAG or CTRTOT EXIT
or MS OUT provide access to the cable
connectors and are wired to the hubs
which are labeled PUNCH MAGNETS for
punching operations. The numbers which
appear over the hubs marked PUNCH
BRUSHES, REPRODUCING BRUSHES
which are numbered from left to right,
refer to the columns 1 through 80 on the
card. See Figure 30.

Types 523 and 514

The 80 hubs which connect tothe cable
connectors are numbered from right to
left and correspond to 80 hub positions
within the card converter which are called
columns of the card image in the des-
cription which follows.

Two half-channels which comprise 16
words each are used to form this card
image. These half-channels are called
the CONTROL and the INFORMATION
lines in the Card Converter unit. The
CONTROL line is used to indicate both
the card format andthe type of conversion
desiredand the INFORMATION line con-
tains the data read from the card or to

be punchedonthe card. These half-chan-

nels may be exchanged with either of the
half-channels which comprise Working
Storage IV by the execution of the PCD
instruction. (See page 31). Upon exe-
cution of this instruction, the Card Con-
verter unit examines the contents of the
- CONTROL line and causes data read from
a card to replace the contents of the IN-
FORMATION line, or data contained in
the INFORMATION line to be punched on
a card, according to the contents of the
address part of the PCD instruction.

Sincethe INFORMATION line may con-
tain binary codes which represent deci-
mal, hexadecimal, alphabetic, or special
characters, it is necessary to specify
which of these types of data is contained
in each of the 16 words of the INFORMA -
TION line. This is indicated by the bi-
nary positions 1-2 of the Control Word.
See Figure 31. The number of columns
of the card image (not to exceed 8)asso-
ciated with each word is indicated by the
binary positions 5-32 and the sign bit of
the Control Word. Binary position 4 of
the Control Word is used to indicate a
special timing marker.

J23

REPRODUCING _ BRUSHES

REPRODUCING  BRUSHES.
© 6 0 006 0 6 0 o
30

- Figure 30.

To explain the use of these codes a
relationbetween words in the Control and
Information lines must be defined: A
CONTROL word and an INFORMATION
word are saidto correspond if the 4 least
significant binary positions of the address
location of the words are the same. See
Figure 24.
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- Thus, word locations 6016 correspond
~ to word location 70,6 6116 to 71,,, and

so forth. The previous and succeeding
- word locations are, then, the locations
whose addresses are respectively, one
unit greater or less than word location
to which reference is made, considering
each half-channel to be circular. Thus,
word location 60 16 precedes 61 16 and

6216 succeeds 6116; however, word lo-
cation 6016 succeeds 6Fl,6 and (;ve16 pre-
cedes 6F16. To code the CONTROL line

for a given card format the following rules
are given:

(TRLT] | — 11

12345 ‘ ‘ RS,

! v
' l Lcowmu ASSIGNMENTS
SPECIAL TIMING MARKER
TYPE OF CONVERSION: OO~ ALPHABETIC

01 -HEXADECIMAL
10-DECIMAL

Figure 31.

1. The following binary code, which
is determined by the type of data con-
tained in the corresponding INFORMA -
TION word, is placedin bit positions 1-2
of the CONTROL word which precedes

~ the corresponding INFORMATION word:

100" Alphabetic code
101" Hexadecimal code

110" Decimal code

2. Bit position 3 of the CONTROL
word should contain a zero.

3, Ifthereare l0orlessdecimal type
INFORMATION words, a 1l maybe placed
in bit position 4 of any one of the first 10
CONTROL words. All other CONTROL
words should containa 0 inbit position 4.
If there are between 11 and 16 decimal
type INFORMATION words, the CON-

TROL word which should havea 1 placed
in bit position 4 is located by applying
the following rules: '

a. Determinethe address location
of the last decimaltype INFOR-
MATION word.

b. Count back 9 decimal INFOR-
MATION words (including the
starting word as number 1 of
the count) and determine the ad-
dress location of the word.

c. Determine the corresponding
location address in the CON-
TROL line.

d. Count forward 8 CONTROL
' words (including the: starting
word as number 1l of the count)
and place a 1 in bit position 4.

4. The remaining bit positions (5-32
and the sign) are used to indicate the num-

ber of card columns .assignedto each IN-

FORMATION word and the location of data
within the INFORMATION word. To ac-
complish this, a 1 bit is placed in the
corresponding CONTROL word one bit
position to the right of each correspond-
ing position of the data characters in the
INFORMATION word. :

Note that the sign position appears to
the right of bit position 32 and that the
plus sign is represented by a 1 bit in the
sign position. Thus, if the INFORMA -
TION word contains 3 hexadecimal char-
acters whichare located at abinary point
of 32, the seven least significant hexa-
decimal positions in the corresponding
CONTROL word should contain 0000088+
since the binary 1l's in this word would
appear to the right of the 3 correspond-
ing groups of 4 bit positions in the CON-
TROL word. Similarly, ifthe INFORMA -
TION word contains 3 hexadecimal char-
acters whichare located ata binary point
of 31, the code 0000111- would be placed
in the seven least significant hexadecimal
characters of the corresponding CON-
TROL word.
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Decimal words are treated in a simi-
lar manner by making provision for 4 bi-
nary positions for each card image col-
umn but must be placed at a binary point
which is an integer multiple of 4; alpha-
betic words may consist of up to5 groups
of 6 bit positions each.

Thus, the 7 least significant hexa-
decimal characters of the CONTROL
words for INFORMATION words which
contain 3 decimaland 3 alphabetic char-
acters whichare locatedat abinary point
of 32 are, respectively, 0000088+ and
0000820+. An INFORMATION word con-
taining 3 alphabetic characters at a bi-
nary point of 31 would require that the
code 0001041- be placed inthe seven least
significant hexadecimal characters of the
corresponding CONTROL words. It is
important to note that, although it is pos-
sible to locate the binary points for al-
phabetic characters, all groups of 6 bi-
nary characters must be totally contained
within one word.

- By examining bit positions 5-32 and
the signs of the 16 CONTROL words, card

tention should be given toinsure that ex-
actly 80 non-zerobits appear in positions
5-32,S of the CONTROL words. Failure
to do so will result in the shift (and loss)
of information which is punched or read.

If situations occur in which more than
16 fields are required, plug-board wiring
together with programming techniques

~which '"pack" several fields in one IN-

FORMATION word may be usedto elimi-
nate such difficulties. ‘

Blank columns may be obtained by
placing zeros in the INFORMATION word
and identifying the word as an alphabetic
word. It is emphasizedthat no program-
mingis requiredforbinary-decimal con-
version when an INFORMATION word is
identified as containing decimal infor-
mation. Algebraic signs of hexadecimal
and decimal words (not alphabetic) are
punched over the least significant col-
umn of the field.

The binary codes used in conjunction
with punched card equipment appear in
Figure 32.

i i -
mage columnassignments are made be Char. B vode  TEM Codes

ginning with the last word of the CON- L ) ghare

Binary Code IBM Codes

TROL line and proceeding in the reverse (vith Dec.or L 10011 11-3

. . ., Hex.codes) M 100100 1-h
direction to the first word of the CON- Blank 000000 B.C, N 100101 11-5
TROL line. One column assignment is (with Alpha- 9 lggllg 11-6
made for each non-zero bit contained in betic codes) Q %01},%0 ﬁ:ﬁ
bit positions 5-32 and the sign of the 16 1 000001 1 R 102001 1-9
CONTROL words. Thus, a total of 16 3 gooo10 2 ; oo 2
different fields of alphabetic, decimal, ? 000100 ls; U 110100 0-15;

i i 000101 v 110201 0-
or hexade.cunal data: may be formed in z 000110 A W 10110 hev
the card image. Since the number of g 000111 g X 110111 o:g

- . . 001000 Y 111000 0
fields will suffice for most prob}ems, a 9 001001 9 ; 111000 09
standard plug - board may be wired for 2 010001 12-1 & 010000 12
the IBM Type 523 and 514 machines which B 010010 12-2 . oonl g-i'g
connects card image columns 1-80 to e 12:3 H 100000 1
punch brushes or punch magnet hubs 1-80. E 020101 12-5 $ 101011 11-3-8
This results in a 'criss-cross" wiring & 8%81112 ig}? / igo%gg &ih'a
scheme on the plug-board and permits H 011000 12-8 s 111011 0-3:3

. . I 12- 111100 0-
program controlof a wide variety of card Epvosy 22 i ety o
formats. In connection with punch pro- K 100010 11-2 @ 001100 4-8
gram controlusing such plug-board wir-
ing, it should be noted that careful at- Figure 32.
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MAGNETIC TAPE UNITS

In additionto magnetic drum storage,

sixteen Tape Transport units with an as- .

sociated Tape Buffer are available.

Each tapeunit may contain a half-inch

wide oxide coated plastictape up to 2400
feet long. Information is stored on mag-
netic tape as binary bits in the form of
magnetized spots. Thus, the same tape
may be reused many times.

The reading, writing, and searching
speed of the tape is 100 inches per sec-
ond. The longitudinal density of the tape
is 100 bits per inchand reading or writ-
ing is done at the rate of 10 records (of
32 words each) per second. The tape can
start and stopin approximately 10 milli-

~seconds and rewinds at a speed greater
than 500 inches per second.

The Tape Transport has a one word
Comparing Register, which may contain
up to 32 bits of information for compari-
son when locating an individual record
on the tape.

The Buffer unit controls the modes of
operation of each of the Tape Transports
and furnishes interlock signals to the
computer for maximum simultaneous uti-
lization of search, rewind, read, and
write times by the computer program.

ARRANGEMENT OF INFORMATION

Seven bits are recorded laterally on
the tape. These seven bits are composed
of four information bits, one check bit,
one clock bit, and one record marker bit
(see Figure 27). One word is made up of
nine of these groups (one group contains
the sign of the word) and a tape record
comprises 32 words (32 x 9 = 288 lateral
groups) which correspondtoa channel on
the drum.

Each record is preceded by a record
marker bit and a clock bit record in the
same lateral group.

f essess—— 3inches ’ -
RECORD MARKER—> + | P L. L2 RYTreerevces ey |
INFORMATION —» + +M++f+++-c B o YRt catptidtit 8
clock N+ FIS VORI N\ VR 223 22 042
INFORMATI "‘l'fﬂ P, oo —em maabi bbb |
INF mns"""i' +u4 ISV wirrsnpan '\ iy #3220 234
CHECK 817 FEF SR P AR e iy s B 5 S 4444 44
=3 luuuu‘nun... aes g Y 43 282400
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MARKER 32nd worp JTMWORD 2 WORD 1t wop T VORD
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Figure 33.

A tapefileis composed of any number
of associated records. A tape reel can
contain one or more files depending upon
the size of the individual files. A 2400

foot tape contains approximately 10, 000

records.
SEARCH OPERATION

The tape transport searches the tape
for the desired record at 100 inches of
tape per second. When a search order
is given, the contents of the A Register
replace the contents of the Comparing
Register in the tape unit, after which the
computer may continue with its program.
The search order takes one millisecond
of machine time providing it does not have
to wait on interlocks. The contents of
the Comparing Register in the tape unit
areused for search comparison. The tape
starts forward and a comparison of the
first word of each record with the Com-
paring Register is made. Upon reach-
ing the end of the tape, if the desired rec-
ord has not been found, the tape will re-
wind to the start of the tape and continue
search operations until the desired rec-
ord is located after which the tape unit
positions the tape in read or write status.
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SEARCH MODES

The tape transport is able to search
in two different modes of operation. The
search mode desired is indicated by the
configuration of the address part of the
word. During search model operations,
the tape transport unit will choose the
first record whose first word is greater
than or equal to the Comparing Register.
During search mode Il operation, the tape
transport unit will choose the first rec-
ord which has the least significant eight
bits of the first word equal to the least
significant eight bits of the Comparing
Register.

READING

The programming required to read a
record from tape is the command Mag-
netic Tape Copy (MTC). The configura-
tion of the address part indicates which
one of three available records to read
from, the preceding, the current, or the
succeeding record.

If the tape unit is in the WRITE status
when the command is given to read, the
computer will stop and alarm number 2
buzzer will sound.

If a command to read is given while
the tape unit is engaged in a search and
prepareto read operation or another read
operation, the command to read is held
up by interlocks until the completion of
the previous instruction. At this time,
the interlocks release and the computer
takes the next command in sequence while
the tape unit performs the read operation.

If the tape unit is engaged in a write
operation or searchand prepareto write
anda commandto readis given, the com-
mandto readis heldup by interlocks until
the previous command is completed. At
this time, the machine will stop and the
alarm number 2 buzzer will sound, indi-
cating the tape unit is not in the correct

status for the read operation.

WRITING

The programming required to write
a record onto tape is the command Mag-
netic Tape Copy (MTC). The configura-
tion of the address portionindicates which
one of three available records is to be
written: the preceding, the current, or
the succeeding record.

If the tape unit is in the READ status
when the command is given to WRITE,
the computer will stop and alarm number
2 buzzer will sound.

If a command to write is given while
the tape unit is engaged in a search and
prepare to write operation or another
write operation, the command to write
is held up by interlocks until the com-
pletion of the previous instruction. At
this time, the interlocks release and the
computer takes the next command in se-
quence while the tape unit performs the
write operation.

If the tape unit is engagedin a search
and prepare to read or a read operation
anda commandis givento write, the sec-
ond commandis held inthe tape unit until
the completion of the first command. At
this time, the machine will stop and the
alarm number 2 buzzer will sound indi-
cating the tape unit is not in the correct
status to carry out a write instruction.

If the tape unitis engaged in a rewind
operation and a command is given to
write, the write command is held in the
tape unit until the completion of the re-
wind operation. At thistime thetape unit
is automatically set to READ status and
the command to write is released by the
interlocks. The computer stops and a-
larm number 2 buzzer sounds indicating
the unitis not in the correct status to per-
form the write operation.



48 B ALWAC III-E

MANUAL OPERATION

Duringnormal operation the computer
controls the tape transport through the
buffer. The controls on the front panel
of the tape unit are for manual operation
of the unit,

The door of the tpae transport must
be closed to actuate an interlock which
permits the unitto operate from any con-
trol. The Interlock Lite on the Control
Panel signifies the door is open.

To operate the tape unit manually the
Test Switch must be ON. The Test Lite
will be turned ON and remains ON until
the Test Switch is turned OFF.

With the Test Switch ON, the unit may
be run forward, reversed, or rewound
with the appropriate switch.

The Ready Lite is ON at any time the
unit has found a record commanded by a
search operation or when the machine is
reading or writing under normal condi-
tions.

The Stop Lite isturned ONat anytime
the Stop Switch is ON. The Stop Switch
may beutilized at anytime of normal op-
‘eration or manual operation.

CALIBRATE OPERATION

The calibration switch is for the pur-
pose of calibrating a new tape or a tape
that is suspected of having bad spots on
it. .

To calibrate a tape, load tape reel
andthreadtape to the start position. De-
press the Calibrate Switch. No further
manual operation is needed as the cali-
bration takes place automatically.

The tape will start in a forward di-
rection and traverse the entire length of
the tape, saturatingitonall seventracks.
Upon reaching the effective end of the

tape, the unit reverses tape direction

and after inspection of the tape it records
a record marker bitand a clockbit as an
indicationthat ithas scanned enough con-
secutive good tpae to hold one record.
This process is continued tothe beginning
of the tape at a speed of 125 inches per '
second. At this time, the operation is
complete and control of the tape unit is
again transferred to the computer.

LOAD OPERATION |

Loadingis accomplished by the follow-
ing list of operations:

1. Place LOAD Switch in ON position,

2. Place loaded tape reel on lower
spindle. End of tape should hang from
left side of reel. Place empty reel on
upper spindle. Place reel retainer caps
on both spindles. : :

3. Thread end of tape over right hand
guide and through right vacuum well guide.
(Drop door at top of well to provide
access to guides). Tape should loop to
half length of well. :

4, Thread tape over right capstan and
through read-write mechanism.

5. Threadtapethrough left vacuum well
guides, Tape should form loop half the
length of the well,

6. Thread tape over left capstan,

7. Thread f{ape over upper guide and to
upper reel. Manually turn the top reel
to take up loose tape, but maintaining
the tape loops to approximately one half
the length of the vacuum wells.

8. Close coveronread-write mechanism
and access doors on vacuum wells,

9, Turn LOAD Switch to OFF position,

10. Close and secure the -main door on
the tape unit.

11. With all switches on the tape unit in
the NORMAL position, the unit is loaded
and under the control of the computer.



SYMBOLIC PROGRAMMING

The ALWAC III-E can execute only
absolute programs. In such programs,
both instruction and data words have defi-
nite storage locations assigned, and all
program functions which depend on such
assignments have been given definite
numerical values. Because intelligent
assignment of storage locations cannot
be made until after the program is writ-
ten, it becomes difficult to prepare pro-
grams in this form. Therefore, some
system of program writing isused which
permits the use of non-absolute or rela-
tive locations. The programming sys-
tem which incorporates this technique is
called symbolic programming.

The programis first writtenin a sym-
bolic form after which the programmer
can make storage assignments of certain
quantities. After such assignments are
made, the symbolic quantities can be
translated into the machine language and
an absolute program prepared. To ac-
complish this conversion, a general pro-
gram is written and is known as the As-
sembly Program 1 (AP 1). This pro-
gram accepts either cards or tape on
which the symbolic program has been
punched from information contained on
the coding form, together with additional
information regarding storage specifica-
tions, and producesthe absolute program
in a form suitable for subsequent loading
procedures, together with a printed list-
ing of theassembled program. The pre-
pared listing may also contain notations
which indicate detection (by AP 1) of er-
rors in the symbolic program. Such no-
tations assist the programmer inthe de-
tection and correction of coding errors.
The AP 1 writeup should be consulted for
details.

The following programming examples
appear as they would be written in sym-
bolic code on the coding form for assem-
bly by AP 1. To provide a convenient
method for locationaddressing, two num-
bering schemesareusedto refer to spe-
cific word locations within a channel.
Thus, each word location may be speci-
fied by either of two decimal numbers
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which are called the drumor instruction
locations. The first two columns on the
coding form provide conversion between
the two schemes.

These columns, which are labeled
DRUM and INSTR, are decimallocations
of half-words within a channel and are
used, respectively, in conjunction with
the codes 1-4 and 5-9, in the column la-
beled REG (Region). Note that the half-
words are numbered sequentially from
00 to 63 for instructions and that this
numbering conforms to the normal se-
quence for execution of instructions; how-
ever, the data locations are numbered in
such a manner as toindicate their actual
sequence in storage. It is necessary to
specify which numbering scheme isbeing
referenced when specifying the ADDRESS
partof anoperation and it is for this pur-
pose that the region column is provided.
The following code is used in this col-
umn:

"0 .- Absolute addresses
(e. g. shifting)

"] -- Drum locations
Working Storage I

"2" -~ Drum locations
Working Storage II

"3M __ Drum locations
Working Storage III

"4 -~ Drum locations
Working Storage IV

n51 __ Instruction locations in the
same channel

"6v - - Instruction locations
Working Storage 1

n7n . Instruction locations
Working Storage II

181 - . Instruction locations
Working Storage III

ngn _ . Instruction locations

Working Storage IV
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. The mnemonic instruction code may
be placed in the columnlabeled OPRNor
for doubled operations, may be placed in
the column labeled ADDRESS,

If automatic address modification is
desired, the letter E is placedin the col-
umn labeled TAG.

Inthe column labeled DATA/REMARKS:
both data (which may be hexadecimal,
octal, decimal, or alphabetic) and re-
marks are not examined by AP 1.

LOCATION S
. R T DATA
Control Branching onun [is; OPRN |E |ADDRESS | A é / REMARKS
N . 00 0J0 oL, AW|S| | 42, 7) FLAG 70 A REGISTER
An example of control branching A8 |2 efotl,mals| , a,0 | | reasems ro mormorion 10 2 sonzzmo
shown in Figure 34 in which a quantity Jooafo2] [, l@ CONTINUE IF FLAG IS ZERO

(called a 'flag') is tested to determine
which of two alternate courses of com-
putation is to be executed. If the flag is
non - zero, the normal instruction se-

quence is interrupted and the computer e L e 17 :
. TRASFER TOBSRE FROM Sl

takes the next operation from the loca- O O S
tion specified in the address; if the flag ozape |,y
is a zero, the normal instruction sequence ;: 2 ! j R
4 . 11 1 11
is continued. K [ I

oo tjr el , L1l

L U L

0 05|l 8 , , 1 1t

13 318 ,, 1.1 1

00920/mqPF |, , FLAG

Y3720 maB |4 FLAG

Figure 34.
The Sum of N-Quantities - :
. LOCATION
. . . o | OPRN £ |aooress |4 Z DATA / REMARKS
The algebraic sum of 13 quantities is  |oRUM["SY] ¢ SN

desired which are stored in successive [00o0oodz,mwsl , 60 SET INEX T0 12
data wordlocations 00, 01, 02, . . . 12 1290 UL, 4W[al \ , 0| | | AW FIRST Wm
. F¢lo on » 01, d . 0-0402A|nn*5 1 111318 /| ADD EEMATNING WOMBRRS
in Working Storage channel I. The coding 132003y, nals] |, .2 REPEAT INSTRUCTION 2 FOR NENAINING NONGKES
to accomplish this computation is shown [008Joajs aw[s| , 6,2 [/] swee msur
in Figure 35. 136fos| ||,y || [ comrnme oo

/

02T7€0 woplol [ 2,2 CONSTANT
1556 1iNop | RS
o3tfe2lmop| |, | STORAGE FOR

t 596 3No0p Y [su(

Figure 35.
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Floating a Fixed-Point Number

To convert a fixed - point number,
whose binary point is located 16 places
from the left end of a word, into a nor-
" malized floating-point number, the cod-
ing shown in Figure 36 is used.

LOCATION S _
, R T DATA

“ i~ OPRN |E |ADDR

orum [Vsr, & DEs?éé /REMARKS

0 0oloolLg,ws| ;50| /] ciear B rEGISTER

1 28lo1{La w5, 52 ~ FIXED-POINT WORD TO A REGISTER

0o04lo2lsgc,rlo] ; ,1,0| [/ SEIFT IEFT TO NORMALIZE

| 32{03|xa,B| [xA,D, NORM MAGNTTULE TO B AND COUNT TO A REGISTER |
Y o

0 08[04/50,s|5| | (54| [/4 FoRM 128-D

| 36{05/ap,d|5| , ,56 ADD BINARY POINT 1OC.

o1 2los[Lr,slo| , , 8] [/ PacCK WoRD IN B REGISTER

| 4 0lo7isB,w5| | ;58 STORE FLOATING-POINT NUMBER

01 6/08/rN z|5| | ;32| [/) TRANSFER TO ERROR HALT IF OVERFLOW N

14409 , , L CONTINUE PROGRAM

007|50 2

N©OPO| j | 10| [/l ZERO
1 35S IlnpyPlo] 4 , 40 X
o1 1I[s2 ' /)
No,P| | |, |, | [//| STORAGE FOR FIXED~POINT

I 39/53|y0,P V11 NUMBER

0 15/54N0,P| | , , ,0] /| 128 AT A BINARY POINT

| 43[5S5|yo0,p] | ;1,28 OF 32
,

ot19|selno,p| | ,, 0| /] 16ars

| 4;7 57\n0,P | 1,6 OF 32

02358K0,P |, , ,0| [/] STORAGE FOR FLOATING-POINT

15159 Npo,P {140 NUMBER

Figure 36.
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Subroutines

. Many routines, such as square root,
trigonometric functions, exponential and
logarithmic functions, data input-output,
interpolation, and integration, areused
repeatedly in the execution of a single
problem or in different problems. Such
routines are called subroutines since
their use is subordinate to the control of
the main problem of which they are a
part. A set of such subroutinesis called
a library and each computing installation
maintains suchabasic programming tool.
Subroutines are classified as being an
open or closed type, accordingly, by the
manner in which they are used with re-
gardto the flow of control: An open sub-
routine is incorporated in a program by
inserting the subroutine directly into the
main flow of control. It istherefore nec-
essary to insert the subroutine at each

point in the main program at which it is

required.

. computations.

A closed subroutine is one which may
be executed many times in a program,
but the subroutine instructions need ap-
pearonlyonce inthe program. To trans-
fer control from the main programto the
subroutine, a set of instructions (known
asacalling sequence)is given. The sub-
routine obtains sufficient information
from this sequence to perform its vari-
ous functions and to determine the re-
turn address to which control is trans-
ferred after completion of the subroutine
Calling sequences are
necessarily unique for each special sub-
routine; hence, each computing installa-
tion maintains a set of such calling se-
quences for subroutines in their library, .
which set, together with selected notes
pertinent to programming standardsused
by the installation, constitutes a text
known as a coding manual.




APPENDIX A
BINARY AND HEXADECIMAL NUMBER SYSTEMS

In all systems for representing num-
bers, a number may be expressed as a
sum of terms. Each term appears as
the product of aninteger and some power
of a base number. Thus, in the decimal
number system, the base is 10 and the
‘integers of the set 0, 1, 2, . . . 9, are
used. For example:

321 = (3x10%) + (2x10%) + (1x107)

2

5.93 = (5x10%) + (9x1071) + (3x107%)

and, in the binary number system:

321 = 256 + 64 +1

(1x28) + (0x27) + (1x2%)

+ (0x22) + (0x2%) + (0x23)
+ (0x22) + (0x2!) + (1x29)

If the base used is evident from the
discussion in which such numbers appear,
it is unnecessary to write more than the
coefficients of the above series. Thus,
321 and 101000001 are respectively the
decimalandbinary representations of the
same numerical value. If confusion may
occur when the base is omitted, a con-
venient symbol - a subscript - may be
usedto indicate the base. Inthe above ex-
ample, the numbers 3210 and 1010000012

indicate decimal and binary representa-
tions by the subscripts 10 and 2.

Itis important tonote that the integers
0, 1, 2, . . . (n-1) comprise a setofn
quantities and that each coefficient of the
series must consist of an integer from
this set. Thus, the integers 0, 1, 2, 3,
.. . 9are used for each decimal posi-
tion, the integers 0 and I each for bi-
nary position, and the integers 0, 1, 2,
...8 9, A, B, C,...F, for each
hexadecimal (base 16) position.
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There are but three rules for binary
addition; these are:

0+0=0
0+1=1
1+1=10(a 0 witha '"carry" of 1)

The following example illustrates these
rules for the addition of the numbers
1011001 and 10111101:

11111

10111101
1011001

carries:

Four rules exist for binary subtrac-
tion which are: '

0-0=0
1-0=1
1-1=0
0-1=1(withal borrowed from

the next most significant
position)

For example:

1011001 is subtracted from 10111101
as follows:

borrows: 1

10111101
-1011001

For binary multiplication, the follow-
ing four rules apply:

0x0=0
0x1=0
1x0=0
1x1l=1
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To multiply 1011 by 1001 proceed as
follows:

1011
1001

0000
00000
1011
1100011

To convert a number from one num-
ber system to another, the number is
divided by the base of the new system
and the remainder is noted. The quo-
tient obtainedis againdivided bythe base
and the remainder again noted;this pro-
cess is repeated with each successive
quotient until a zero quotient is obtained.

The sequence of remainderterms ob-
tained provides the coefficients of the
number expressed inthe number system
of the chosen base and these are written
fromleft toright inthe reverse.sequence
from that in. which they are obtained.
Thus, to convertthe decimalnumber 321
to its binary representationthe following
computations are made:

321~ 2 = 160 + remainder of 1
160+ 2 = 80 + remainder of 0
80 =~ 2 = 40 + remainder of 0
40 -2 = 20 + remainder of 0
20 =2 = 10 + remainder of 0
10 =2 = 5 + remainder of 0
5 =2 = 2 + remainder of 1
2 =2 = 1 + remainder of 0
1=2= 0+ remainder of 1~

and, the number is written as:

(321);, = (101000001),

To convert a binary number to its
decimal representation successive divi-
sions by 1010 (=decimal 10).

For example:

101000001+1010 = 100000 with remain-
’ der of 1

11 with remainder
of 10

]

100000 1010

11 1010

0 with remainder
of 11

The remainders obtained are the bi-
nary numbers 11, 10, and 1 which repre-
sent the decimal integers 3, 2, and 1.
Hence, (101000001)‘2 = (321)10.

To express decimal fractions in their
equivalent binary representations suc-
cessive multiplication by 2 is used to
generate the coefficients. The integer
generated (a 0 or 1) represents the cor-
respondingbinary digits. Using only the

‘resulting decimal fractionthe process is

continued to the number of positions re-
quired or until a zero fractional part is
obtained which indicates all further bi-

- narydigits shouldbe zero. Thus, to con-

vert the decimal fraction . 875 to its bi-
nary representation, the following com-
putations are performed:

.875x 2 =1.75
.75 x2=1.5
.5 x2=1.0

and, hence, the binary representation of
the number (.875)10 is (. 11100 . . .)2,

or more simply; (. 111)2.

It maybenecessaryto roundthe binary
fractiontothe amount ofaccuracydesired
since not all terminating decimal frac-
tions can be represented by terminating
binary fractions.

Hexadecimal

If the base sixteen is chosen for rep-
resentation of a number, it is said to be
expressed in the hexadecimal number
system. The number set usedis 0, 1, 2,
.+.+.9 A, B,...F. Thus, the dig-
its 0, 1, . . . 9, correspond directly
with the decimal system while the alpha-
betic characters Athrough F correspond
with the decimal characters 10 through
15 respectively.
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The decimal to hexadecimal conver-
sion of an integral number can be effected
by dividing successivelyby 16 (inthe dec -
:imal system) until a quotient of 0 is ob-
tained. The remainders, expressed in
hexadecimal notation and written in the
reverse sequence from that obtained,
produce the desired hexadecimal repre-
sentation. For example, the decimal 736
conversion would be:

73616 = 46 with a remainder of 0
(decimal)

46 =16 = 2 with a remainder of 14
{decimal)

2=16 =0 with a remainder of 2
(decimal)

The remainders when expressed in
hexadecimal notation and arranged in
proper sequence yield, 2, E, and 0. Thus,
(736)10 = (2E0)16.

The conversion from hexadecimal-
to-binary is particularly simple. Since

(10)16 equals 24, the conversionis carried

out- simply by replacing the hexadecimal
digits with their binary equivalents ex-
pressed as four-digit binary numbers.

For example, to convert the hexadeci-"

mal 2EO0, replace the 0 with 0000, E
with 1110, and 2 with 0010 and obtain
101110 0000, omitting the zeros at the
extreme left. Conversely, to convert
from binaryto hexadecimal, arrange the
binary digits into groups of four, begin-
ning at the binary point. Fill inany zeros
necessary at the left. Then replace each
group of binary digits with the appropriate
hexadecimal character.

Thus, the hexadecimal numbering sys-
tem furnishes a convenient form for hand-
ling a large binary representation.

Moduli

In certain sections of this Manual of
Operations, reference is made to num-

bers reduced to various moduli. To re-
duce a negative numberto a given modu-
lus, the numberis first made positive by
successive additions of the modulus un-
til a positive integer is obtained, after
which the computation proceeds as that
for a positive number.

To reduce a positive numberto a given
modulus, the number is divided by the
modulus and a remainderterm obtained.
The number at the given modulus is equal

to this remainder. Thus, -
12 modulo 10 = 2
0 modulo 2 =0
17 modulo 16 =1
-1 modulo 16 = 15 modulo 16
= 1510 or F16

When evaluatingalgebraic expression
involving moduli reductions, the quanti-
ties inside the parenthesis should be re-
ducedto the indicated modulus before be-
ing combined with the remaining terms,
Thus, the expression RW‘I)mod 8 + 1]

which occurs in severalinstruction des-
criptions has the following evaluations:

w [w-1) 0a gt
0 8
1 1
2 2
3 3
1 4
5 5
6 6
7 7
8 8
9 1



512
1 024
2 oL8

L 096
8 192
16 38L

32 768

65 536
131 072
262 1hL
52l 288

1 0L8 576
2 097 152
L 194 304
8 388 608

16 777 216
33 554 432
67 108 86l
13 217 728

268 L35 456
536 870 912
1073 741 82k
-2 147 L83 6L8

Ly 29l 967 296
8 589 93U 592
17 179 869 18l
3L 359 738 368

68 719 L1716 736
137 438 953 472
27l 877 906 9Ll
549 755 813 888

fn
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TABLE OF POWERS OF 2

2—1’1

1.0

0.5
0.25

0.125

0.062

‘0,015

0,007

0.003
0,001
0,000
0,000

0.000

00000
0.000

0,000
0,000
0,000
0,000

0,000
00000
0.000

0,000

0,000
0,000
0,000

0000
0,000
0,000
0,000

06000

- 0000

0,000
0,000

06000
0,000
0,000
0,000

5

25
625
812 5

906 25

953 125
976 562 5
488 281 %5

2L 140 625

122 070 312 5
061 035 156 25
030 517 578 125

015 258 789 062 5
007 629 394 531 25 -
003 81L 697 265 625
001 907 348 632 812 5

953 674 316 LO6 25
L76 837 158 203 125
238 418 579 101 562 5
119 209 289 550 781 25

059 60l 6Ll 775 390 625
029 802 322 387 695 312 5
0Ll 901 161 193 8L7 656 25
007 450 580 596 923 828 125

000
000
000
000

000
000
000
000

000
000
000
000

003 725 290 298 L61 91k 062 5
001 862 645 1Ly 230 957 031 25
000 931 322 574 615 478 515 625
000 465 661 287 307 739 257 812 5

232 830 643 653 869 628 906 25
116 115 321 826 93k 81k 453 125

000
000

000
000

000
000

000
000
000
000

000
000

000
000
000
000

058 207 660 913 L67 LOT 226 562 5
029 103 830 L56 733 703 613 281 25

01k 551 915 228 366 851 806 640 625

007 275 957 614 183 425 903 320 312 5
003 637 978 B0O7 091 712 951 660 156 25
001 818 989 403 s5h5 856 475 830 078 125

56
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HEXADECIMAL-DECIMAL INTEGER CONVERSION TABLE

0 1 2 3 b 5 5 7 8 9 A B c D E F
000 | 0000 0001 0002 0003 000k 0005 0006 0007 0008 0009 O00LO 001l 0012 0Ql3 001k 0015
010 | 0016 0017 0018 0019 0020 0021 0022 0023 0024 0025 0026 0027 0028 0029 0030 0031
020 | 0032 0033 0034 0035 0036 0037 0038 0039 OO40 .0OkL OOk2 OOW3 OOuL 00kS OO45 OO4T
030 | 0048 0Ok9 0050 0051 0052 0053 0054 0055 0056 0057 0058 0059 0060 00561 0062 0063
OkO | 00GK 0065 0066. 0067 0068 0069 0070 0071 0072 0073 OO7T4 0075 0076- 0077 0078 0079
050 | 0080 0081 0082 0083 0084 0085 0086 0087 0088 0089 0090 0091 0092 0093 0094k 0095
060 | 0096 0097 0098 0099 0100 0101 0102 0103 01L0% 0105 0106 0107 0108 0109 0110 0111
070 | o1l2 0113 011k 0115 0116 0l17 0118 0119 0120 012l 0122 0123 O0l2k 0125 0126 0127
080 | 0128 0129 0130 0131 0132 0133 OLl34% 0135 0136 0137 0138 0139 0140 0141 o1k2 0143
090 | O1kk 0145 o146 olky 0148 0149 0150 0151 0152 0153 OL5hk 0155 0156 0157 0158 0159
" 0AO | 0160 0161 0162 0163 0164 0165 0166 0167 0L68 0169 0170 OL71l 0172  OL73 OL74 0175
0BO | 0176 0177 0178 0179 0180 0181 0182 0183 0184 0185 018 018/ 0188 0189 0190 0191
0CO | 0162 0193 0194 0195 0196 0197 0198 0L99 0200 0201 0202 0203 0204 0205 0206 Q207
oDO 0208 0209 0210 0211 0212 0213 021k 0215 0216 0217 0218 0219 0220 0221 0222 0223
QEO | 0224 0225 0226 0227 0228 0229 0230 0231 0232 0233 0234 0235 0236 0237 0238 0239
OFO | 020 0241 0242 0243 o024k 0245 0246 0247 0248 0249 0250 0251 0252 0253 0254 0255
100 | 0256 0257 0258 0259 0260 0261 0262 0263 0264 0255 0266 0267 0268 0269 0270 0271
110 | 0272 0273 027k 0275 0276 0277 0278 0279 0280 0281 0282 0283 028k 0285 0286 0287
120 | 0288 0289 0290 0291 0292 0293 0294 0295 0296 0297 0298 0299 0300 0301 0302 0303
130 .| o304 0305 0306 0307 0308 0309 0310 0311 0312 0313 0314 0315 0316 0317 0318 0319
1k0 | 0320 0321 0322 0323 0324 0325 0326 0327 0328 0329 0330 0331 0332 0333 0334 0335
150 | 0336 0337 03386 0339 0340 0341 0342 0343 0344 0345 0346 0347 0348 0343 0350 0351
160 | 0352 0353 0354 0355 0356 0357 0358 0359 0360 0361 0362 0363 0364 0365 0366 0367
170 | 0368 0369 0370 037L 0372 0373 037% 0375 0376 0377 0378 0379 0380 0381 0382 0383
180 | 038% 0385 0386 0387 0388 0389 0390 0391 0392 0393 039% 0395 0396 0397 0398 0399
190 | okoo okol okoz ok03 oOkOk OhOs oOkOS OLO7 OkO8 OhO9 0410 Ok11 Oki2 OkL3 Ok1k Ohu5
140 | okls obl7 ok18 ob1lg oOk20 ok21l oh22 0h23 ok2h ok25 ob2s Ok27 0428 Oh29 0430 O43L
1BO | ok32 0b33 o3k 035 0436 O437. O438. 0439 O4LO oO4h1 oObhz oOh43 Obhh oOhhs OhkE  Ohh7
1co | okk8 okho ob4so ohs5l oOhs2 oOh53 olsk OhsS Ohs56 OhsT OW58  Ohsg OM60 OW6L OhE2 0463
100 | oksh obss ohbs OLST OLSB 0469 ONTO OhTL obT2 oOh73 obTh Oh7s Ob76 oOhTT OhT8 OWT9
1EO | O48O o481 0482 0483 0484 0485 0BG OUBT 0488 0UBY OLOO Okol oOh92 o0Le3 obsh ohgs
C1FO | Ooko6 Ohgr 0k98 0499 0500 0501 0502 0503 0504 0505 0506 0507 0508 0509 0510 0511
200 | 0512 0513 0514k 0515 0516 O5L7 0518 0519 0520 0521 0522 0523 052k 0525 0526 0527
210 | 0528 0529 0530 0531 0532 0533 053% 0535 0536 0537 0538 0539 0540 0541 osk2 0543
220 | o3kl 0545 0546 0547 0548 05h9 0550 0551 0552 0553 0554 0555 0556 0557 0558 0559
230 | 0560 05861 0562 0563 0564 0565 0566 0567 0568 0569 0570 0571 0572 0573 057k 0575
240 | 0576 0577 0578 0579 0580 0581 0582 0583 0584 0585 0586 0587 0588 0589 0550 0591
250 | 0592 0593 059% 0595 0596 0597 0598 0599 0600 0601 0602 0603 060k 0605 0806 0607
260 | 0608 0609 0610 0611 06l2 05613 0614k 0615 0616 O6L7 0618 0619 05620 0621 0622 0623
270 | 0624 0625 0626 0627 0628 0629 0630 0631 0032 0633 0634k 0635 0636 0637 0638 0639
280 | ooko O0B41L O5h2 0643 O6h4 0645 06k6 OOLT 06 0649 0650 0651 0652 0053 0654 0655
290 | 0655 0657 0658 0059 0660 0661 0662 0663 0664k 0665 0666 0667 06588 0669 G670 0671
200 | 0672 0673 0674 05675 0676 0677 0678 0679 0680. 0681 0682 0683 0684 0685 0886 0687
2BO | 0688 0689 0690 0691 0592 04693 0694k 0695 0696 0697 05698 0699 0700 0701 0702 0703
2C0 | O7O0k Q705 0706 0707 0708 0709 0710 0711 0712 0713 OT7i4 0715 0716 0717 0718 0719
2D0 | 0720 0721 0722 0723 0724 0725 0726 0727 0728 0729 0730 0731 0732 0733 0734 0735
2E0 | 0736 0737 0738 0739. o740 o7kl otk2 o7h3 O74L O7k5 O7MS OTHT OTH8 OTAS 0750  O751
2FO | 0752 0753 O75% 0755 0756 OT57 0758 0759 0760 0761 0762 0763 076k 0765 0766 0767
300 | 0768 0769 OT70 O77L 0772 Of73 OTT4 O775 O776 0777 0778 0779 0780 0781 0782 0783
310 | o784 0785 0785 0787 0788 0789 0790 079l 0792 0793 O79% 0795 0796 0797 0798 0799
320 | 0800 0801 0802 0803 o080k 0805 0805 0807 0808 0809 0810 0811 0812 0813 084 0815
330 | 0815 0817 0818 0819 0820 0821 0822 0823 0824 0825 0826 0827 0828 0829 0830 083L
340 | 0832 0833 0834 0835 0836 0837 0838 0839 0840 0841 o08hk2 0843 08LL 0845 084s 08LT
350 | 0848 08kg 0850 0851 0852 0853 0854 0855 0856 0857 0858 0859 0860 0861 0862 0853
360 | 086k 08o5 0806 0867 0868 0869 0870 0871 0872 0873 087h 0875 0876 0877 0878 0879
370 | 0860 0881 0882 0883 0884 0885 0886 0887 0888 0889 0890 0891 0852 0893 0894 0895
360 | 0856 08y7 0898 0899 0900 ©09OL 0902 0Y03 090k 0905 0906 0907 0908 0903 0910 09l
390 | Oz 0913 091% 0615 0916 09L7 0918 0919 0920 0921 0922 0923 092k 0925 0926 0927
340 | 0928 092% 0930 093L 0932 0933 0934k 0935 0936 0937 0938 . 0939. 0940 094kl oOgh2 0ulb3
380 | 094k 0945 09ko 09k7 09MB Ogh3 0950 0S51 0952 0953 0954 0955 09556 0957 0558 03555
3C0 | 0560 0961 0962 0963 090k 0955 0966 0967 0968 0969 0970 0971 0972 - 0973 0S4 0975
3D0 | 0976 0977 0978 097 0380 0961 0962 0983 098hk 0985 0986 0987 0988 098¢ 0950 0951
3E0 | 0992 0993 0994 0995 0996 0997 0998 0999 1000 1001 1002 1003 1004 1005 10056 1007
3FQ | LOOB 1004 1040 1011 1012 1013 101k 1015 1016 1017 1018 1019 1020 1021 1022 1023
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HEXADECIMAL-DECIMAL INTEGER CONVERSION TABLE

0 1 2 3 it 5 ) 7 8 9 A B o} D E F
Loo | 102k 1025 1026 1027 1028 1029 1030 1031 ‘1032 1033 103k 1035 1036 1037 1038 1039
h1o | 1ok0 1okl 10k2 1043 10kk 1045 1045 1047 1048 1049 1050 1051 1052 1053 1054 1055
L20 | iC50 1057 1058 1059 1060 106L 1062 1063 1064 1065 1066 1067 1068 1069 1070 1071
430 1072 1073 1074 1075 1076 1077 1078 1079 1080 1081 1082 1083 - 108k 1085 1085 1087
940 1088 108y 1090 10%1 1092 1093 109% 1095 1096 1097 1098 1099 1100 1101 1102 1103 |
450 [ 110k 1105 1106 1107 1108 1109 1110 1111 1112 1113 2111k 1115 1116 1117 1118 1119
b0 | 1120 .12l 1122 1123 112k 1125 1126 1127 1128 1129 1130 1131 1132 1133 1134 1135
ko | 1136 1137 1138 1139 1140 1141 i1ke 1143 11bhk 115 1146 11hk7 1148 11&9 1150 1154
480 | 1152 1153 1l54 1155 1156 1157 1158 1159 1160 1161 1162 1163 116k 1165 1166 1167
koo | 1168 1169 1170 1171 1172 1173 1174 1175 1176 1177 1178 1179 1180 1181 1182 1183
Lao | 1184 1185 1186 1187 1188 1189 1190 1191 1192 1193 1194 1195 1196 1197 1198 1199
LBO | 1200 1201 1202 1203 1204 1205 1206 1207 1208 1209 1210 1211 1212 1213 1214 1215
oo | 12u6 1217 1218 1249 1220 1221 1222 1223 1224 1205 1226 1227 1228 1229 1230 1231
4po | 1232 1233 1234 1235 1236 1237 1238 1239 12hk0 12kl 1242 1243 12hk 1zhs  12ks  12ky
4EO 1eh8 12hg 1250 1251 1252 1253 1254 1255 1256 1257 1258 1259 1250 1261 1262 1253
Lbro | 126k 1265 1266 1257 1268 1269 1270 1271 1272 1273 127k 1275 1276 1277 1278 1279
500 |.1280 1281 1232 1283 128k 1285 1286 1287 1288 1289 1290 1291 1292 1293 1294 1295
510 | 1296 129¢ 1298 1299 1300 1301 1302 1303 130k 1305 1306 1307 1308 1309 1310 1311
520 | 1312 1313 " 131% 1315 1316 1317 1318 1319 1320 ‘1321 1322 1323 132k 1325 1326 1327
530 | 1328 1329 1330 1331 1332 1333 1334 1335 1336 1337 1338 1339 1340 1341 13hk2 1343
50 | 134k 1345 1346 13kt 1348 1349 1350 1351 1352 1353 135k 1355 1356 1357 1358 1359
550 | 1360 1361 1362 1363 1364 1365 1366 1367 1368 1369 - 1370 1371 1372 1373 137% 1375
550 | 1376 1377 13v6 1379 1380 1381 1382 1383 1384 1385 1386 1387 1388 1389 1390 1391
570 | 1392 1393 1394 1395 1395 1397 1398 1399 1k%00 1kol 1bo2 1403 1hok 1hos 1406 1koT
580 | 1408 1409 1kio 111 1hklz 113 1414k 115 1h16 1b17 1818 1419 1ke0 1kei 1hke2 1423
590 | ibeh 1h25 1k25 1h27 1h28 1k29 1430 1431 1k32 1433 1434 1435 1436 1437 1438 1h3g9
SAO | 1bho 1hhi ibh2  1hk3 1hbh 1bks  1WB6 1Lh7 1LA8 1hlo 1450 1b51 1452 1453 1hsh  1hss
50 | 1h56 1h57 1458 1459 160 1461 162 1hE3 1LSE 1465 1h66 1467 1L68  1hG9  1h70  1h7l
5CO | 172 1h73 b7k 1k7s 1476 b7 1h78 179 1480 1481 1k82 1483 148L 1h85 1486 1487
5D0 | 1488 1489 140 1bko1l 1hg92 1h93  1hok 1L495  1hkgs 1hg7 1498 1499 1500 1501 1502 1503
S5EO0 | 1504 1505 1506 1507 1508 1509 1510 '1511. 1512 1513 1514 1515 1516 1517 1518 1519
5FO | 1520 152i 1522 1523 152k 1525 1526 1527 1528 1529 1530 1531 1532 1533 1534 1535
000 | 1536 1537 1538 1539 1540 1541 1542 1543 15hh 1s5h5 1546 15h7 1548 15&9 1550 1551
Lyl 1552 1553 1554 1555 1556 1557 1558 1559 1560 1561 1562 1563 1564 1565 1566 1567
520 | 1568 1569 1570 1571 1572. 1573 1574 1575 1576 1577 1578 1579 1580 1581 1582 1583
630 | 1584 1585 1586 1587 1588 1589 1590 1591 1592 1593 1594 1595 1596 1597 1598 1599
oo | 1600 1601 1602 1603 1604k 1605 1606 1607 1608 1609 1610 1611 1612 1613 161k 1815
650 | 1616 1617 1518 1619 1620 1621 1622 1623 1624k 1625 1626 1627 1628 1629 1630 1631
860 | 1632 1633 1634 1635 1636 1637 1638 1639 1640 16L1 16h2 1643 1644 1645 1645 1647
570 | 1648 15h9 1650 1651 1652 1653 165k 1055 1656 1657 1658 1659 1660 1661 1662 1663
580 | 166k 1565 1666 1667 15668 1669 1670 1671 1672 1673 167k 1675 1676 1677 1678 1679
590 | 1880 1681 14682 1683 14684 1685 1686 1687 1688 1689 1690 1691 1692 1693 1694 1695 |
640 | 1696 1597 1698 1699 1700 1701 1702 1703 170k 1705 1706 1707 1708 1709 1710 1711
6BO | 1712 1713 1714 1715 1716 1717 1718 1719 1720 1721 1722 1723 172k 1725 1726 1727
500 | 1728 1729 1730 1731 1732 1733 173% 1735 1736 1737 1738 1739 1740 17kl 17h2 1743
6O | L7k 17hs 17he  17h7 1748 17h9 1750 1751 L1752 1753 1754 1755 1756 1757 1758 1759
SE0 | 1760 1761 1762 1763 1764 1765 1766 1767 1768 1769 1770 L1771 1772 1773 177% 1775
SFO | 1776 L1777 1778 1779 1780 1781 1782 1783 178k 1785 1786 1787 1788 1789 1790 1791
(00 | 1792 1793 1794 1795 1796 1797 1798 1799 1800 1801 1802 1803 180k 1805 1806 1807
7i0 | 1808 1809 1810 1811 1812 1813 181k 1815 1816 1817 1818 1819 1820 1821 1822 1823
720 | 182k 1825 1826 1827 1828 1829 1830 1831 1832 1833 1834 1835 1836 1837 1838 1839
730 | 1840 1841 1842 1843 1844 1845 1846 1847 1848 1849 1850 1851 1852 ' 1853 185k 1855
Tho | 1856 1857 1858 1859 1860 1861 1862 1863 186k 1865 1866 1867 1868 1869 1870 1871
750 | 1872 1873 1874 1875 1876 1877 1878 1879 1880 1881 1882 -1883 188k 1885 1886 1887
760 | 1888 1889 1890 1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 1901 1902 1903
770 | Look 1905 1906 1907 1908 1909 1910 1911 1912 1913 191k 1915 1916 1917 1918 1919
780 | 1920 1$21 1922 1923 192k 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935
790 | 1936 1937 1938 1939 1940 194l 1942 1943 194k 1945 1946 1ok7 1948 19kg 1950 1951
- 7AO | 1952 1953 195k 1955 1956 1957 1958 1959 1960 1961 1962 1963 196k 1965 1966 1967
TBO | 1968 1969 1970 1971 1972 1973 197k 1975 1976 1977 1978 1979 1980 1981 1982 1983 |
co | 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 199% 1995 1996 1997 1998 1999 |
DO | 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 201% 2015
TEO | 2¢16 2017 2018 2019 2020. 2021 2022 2023 2024k 2025 2026 2027 2028 2029 2030 2031 |
TFO | 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 20k5 2046 2047
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0 1 2 3 4 5 6 1 9 A . E .F
800 | 2048 204y 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062 2063
810 | 208k 2065 2066 2067 2068 2069 2070 2071 2072 2073 2074 2075 2076 2077 2078 2079
820 | 2080 2081 2082 2083 2084k 2085 2086 2087 2088 2089 2090 2091 2092 2093 2094k 2095
830/| 2096 2097 2098 2099 2100 2101 2102 2103 2104 2105 2106 2107 2108 2109 2110 2111
840 | 2112 2113 211k 2115 2116 2117 2118 2119 2120 2121 2122 -2123 2124 2125 2126 2127
850 | 2128 2129 2130 2131 2132 2133 2134 2135 2136 2137 2138 2139 2140 2iki 2142 2143
860 | 21ikk 21h5 2146 2147 2148 2149 2150 2151 2152 2153 2154 2155 2156 . 2157 2158 2159 |
870 | 2160 2161 2162 2163 216k 2165 2166 2167 2168 2169 2170 2171 2172 2173 217k -2175.
880 2176 2177 2178 2179 2180 2181 2182 2183 218k 2185 2186 2187 2188 2189 2190 2191
800 | 2192 2193 2194 2195 2196 2197 2198 2199 2200 2201 2202 2203 2204 2205 2206 2207
840 | 2208 2209 2210 2211 2212 2213 2214 2215 2216 2217 2218 2219 2220 2221 2222 .2223.
8BO | 222k 2225 2226 2227 2228 2229 2230 2231 2232 2233 2234 2235 2236 2237 .2238. 2239
8co | 2240 2241 22hk2 2243 224k 2245 2246 22h7 2248 22h9 2250 2251 2252 2253 2254 2255
8D0O | 2256 2257 2258 2259 2260 2261 2262 2263 2264 2265 2266 2267 2268 2269 2270 2271
BEO | 2272 2273 2274 2275 2276 2277 2278 2279 2280 2281 2282 2283 2284 2285 2286 2287
B8F0O | 2288 2289 2290 2291 2292 2293 2294 2295 2296 2297 2298 2299 2300 2301 2302 2303
900 | 2304 2305 2306 2307 2308 2309 2310 2311 2312 2313 2314 2315 2316 2317 2318 2319 |
010 |. 2320 2321 2322 2323 2324 2325 2326 2327 2328 2329 2330 2331 2332 2333 2334 2335
920 | 2336 2337 2338 2339 2340 23hk1 2342 2343 2344 2345 2346 2347 2348 2349 2350 2351
930 | 2352 2353 2354 2355 2356 2357 2358 2359 2360 2361 2362 2363 2364 2365 2366 - 2367
9ho | 2368 2369 2370° 2371 2372 2373 2374 2375 2376 2377 2378 2379 2380 2381 2382 2383
950 | 2384 2385 2386 2387 2388 2389 2390 2391 2392 2393 239% 2395 2396 2397 2398 2399
960 | 2boo 2hkoi 2koz 2bL0o3 2hok 2k0s 2k06 2b07 208 2hk0o9 2h10 211 2k12 2413 2hik - 215
gro | 2ki6 2h17 2418 2hk19 2hk20 2421 2k22 2423 2k2h 2h2s 2k26 2k27 2428 2h2g 2430 2431
980 | 2432 2433 2434 2435 2436 2437 2438 243¢ 2hho 24h1 2hhk2 2443 2L4L  24hs 2hhs  2hh7
990 | 2448 2bhkgy 2450 2451 2452 2453 2hsh 2455 2hs5s 2457 2458 2459 2460 2461 2k62 2463
QAO | 246k 2465 k66 2h6T 2468 2h69 2470 2471 2k72  2W73  2W7h 275 2476 2k7T 2478  2k79
$BO | 2480 2481 2hB2 2483 2484 2485 2486 2487 2488 2489 2490 2491l 2492 2493 249k 2495
GCO | 2496 2hgy 298 2h99 2500 2501 2502 2503 250k 2505 2506 2507 2508 2509 2510 2511
9DO | 2512 2513 251k 2515 2516 2517 2518 2519 2520 2521 2522 2523 2524k 2525 2526 2527
GEC | 2528 2529 2530 2531 2532 2533 2534 2535 2536 2537 2538 2539 2540 25k1 25k2 2543
OF0 | 25k 2545 2546 25h7 2548 25k9 2550 2551 2552 2553 2554 2555 2556 2557 2558 2559
AOO | 2560 2561 2562 2563 2564 2565 2566 2567 2568 2569 2570 2571 2572 2573 2574 2575
Al0 | 2576 2577 2578 2579 2580 2581 2582 2583 2584 2585 2586 2587 2588 2589 2590 2591
420 | 2592 2593 2594 2595 . 2596 2597 2598 2599 2600 2601 2502 2603 2604 2605 2606 2607
A30 | 2608 2609 2610 2611 2612 2613 261k 2615 2615 2617 2618 2619 2620 2621 2622 2623
AkO | 262k 2625 2626 2627 2628 2629 2630 2631 2632 2633 2634 2635 2636 2637 2638 2639
A50 | 26hk0 2641 206k2 2643 26hk 2845 2646 2647 2648 26hg 2650 2651 2652 2653 2654 2655
A60 | 2656 2657 2658 2659 2660 2661 2662 2663 2664 2665 2666 2667 2668 2669 2670 2671
ATO | 2672 2673 2087h 2675 2676 2677 2678 2679 2680 2681 2682 2683 268k 2685 2686 2687
ABO | 2688 2689 2690 2691 2692 2693 2694 2695 2696 2697 2698 2699 2700 2701 2702 2703
A90 | 2704 2705 2706 2707 2708 2709 2710 2711 2712 2713 271k 2715 2716 2717 2718 2719
AAQ | 2420 2721 2722 2723 272k 2725 2726 2727 2728 2729 2730 2731 2732 2733 2734 2735
ABO | 2736 2737 2738 2739 27h0 274l 27h2 2743 274k 27hs5 27hé 27k 2748 27hk9 2750 2751 )
ACO | 2752 2753 275% 2755 2756 2757 2758 2759 2760 2761 2762 2763 2764k 2765 2766 2767
ADO | 2768 2769 2770 2771 2772 2773 2774 2775 2776 2777 2778 2779 2780 2781 2782 2783
AEO | 278k 2785 2786 2787 2788 2789 2790 2791 2792 2793 2794 2795 2796 2797 2798 2799
AFO | 2800 2801 2802 2803 280k 2805 2806 2807 2808 2809 2810 2811 2812 2813 2814 2815
BOO | 2816 2817 2818 2819 2820 2821 2822 2823 282k 2825 2826 2827 2828 2829 2830 2831
B1O | 2832 2833 2834 2835 2836 2837 2838 2839 2840 2841 2842 2843 284h 2845 2846 2847 |
B20 | 2848 2849 2850 2851 2852 2853 2854 2855 2856 2857 2858 2859 2850 2851 2862 2863
B30 | 2804k 2865 2866 2887 2858 2869 2870 2871 2872 2873 287k 2875 2876 2877 2878 2879
BhO | 2830 2881 2882 2883 28384 2885 2886- 2887 2888 2889 2890 2891 2892 2893 2894 2895
BSO | 2895 2897 2890 2899 2900 2901 2902 2903 2904 2905 2906 2907 2906 2909 2910 2911
BoO | 2912 2913 291k 2915 2916 2917 2918 2919 2920 2921 2922 2923 .292h 2925 2926 2927
B7O | 2528 24929 2930 2931 2932 2933 2934 2935 2936 2937 ©938 2939 2940 2941 29k 2043
BGO | 2okl 29ks 2945 29k 20648 29hk9 2950 2951 2952 2953 295k 2955 2956 2957 2958 2959
| BYO | 2500. 2961 2962 2963 296k 2965 2956 2957 2968 2969 2970 2971 2972 2973 297k 2975
BAO | 2576 29717 2970 2979 2980 2981 2982 2983 2984 2985 2986 2987 2988 2989 2990 2991
BBO | 2992 2993 299k 2995 2990 2997 2998 2999 3000 3001 3002 3003 3004 3005 3006 3007
BCO | 3048 3009 3010 3011 -30i2 3013 301k 3015 3016 3017 3018 3019 3020 3021 3022 3023
BDO | 3C2hk 3025 3020 3027 3028 3029 3030 3031 3032 3033 . 3034 3035 3036 3037 3038 3039
BEO- | 30k0 30ki 3042 3043 3044 3045 3046 3047 3048 3049 3050 3051 3052 3053 305k 3055
BFO | 3055 3057 3058 3059 3050 3051 3062 3063 3064% 3065 3066 3067 3068 3059 3070 3071
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0 1 .2 3 y 5 .6 7 8 9 A B c "D F
coo | 3072 3073 3074 3075 3076 3077 3078 3079 3080 3081 3082 3083 3084 3085 3085 3087
Clo | 3088 3089 3090 3091 3092 3093 3094 3095 3096 3097 3098 3099 3100 3101 3102 3103
| Cc20 | 310k 3105 3106 3107 3108 3109 3110 3111 3112 3113 311k 3115 3116 3117 3118 3119
€30 | 3120 3121 3122 3123 3124k 3125 3126 3127 3128 3129 3130 3131 3132 3133 3134 3135
Ch0 | 3136 3137/ 3138 3139 3140 31kl 31bk2 3143 3ibh - 3:ks 3:ké 3147 3148 3149 3150 3151
C50 | 3152 3153 3154 3155 3156 -3157 3158 3159 3160 3161 3162 3163 ‘3164 3165 3166 3167
c60 168 3169 3170 3171 3172 3173 3174 3175 3176 3177 3178 3179 . 3180 3181 3182 3183
C70 | 3184 3185 3186 3187 3188 3189 3190 3191 3192 3193 3194 3195 3196 3197 3198 3199
€80 | 3200 3201 3202 3203 3204 3205 3206. 3207 3208 3209 3210 3211 3212 3213 321k 3215
CY0 | 3216 3217 3218 3219 3220 3221 3222 3223 3224k 3225 3226 3227 3228 3229 3230 3231
CAO | 3232 3233 3234 3235 3235 3237 3238 3239. 3240 32hk1 32k2 3243 32kh 3245 3246 3247
CBO | 328 324y 3250 3251 3252 3253 325k 3255 ‘3256 3257 3258 3259 3260 3261 3262 3263
CCO | 320k 3265 3266 3257 3268 3269 3270 3271 3272 3273 3274 3275 3276 3277 3278 3279
CDO | 3280 3281 3282 3283 3284 3285 3286, 3287 3288 3280 3290 32901 3292 3293 329k 3295
CEO |'3296 3297 3298 3299 3300 3301 3302 3303 330% 3305 3306 3307 3308 3309 3310 3311
CFO | 33i2 3313 3314k 3315 3316 3317 3318 3319 3320 3321 . 3322 3323 3324 3325 3326- 3327
DOO | 3328 3329 3330 3331 3332 3333 3334 3335 3336 3337 3338 3339 3340 3341 33h2 3343
D10 | 334k 3345 3346 33&1 3348 3349 3350 3351 3352 3353 3354 3355 3356 3357 3358 3359
D20 [ 3360 33vL 3362 3363 3364 3365 3366 3307. 3368 3369 3370 3371 3372 3373 337+ 3375
D30 | 3376 33¢7 33¢6 3379 3360 3381 3362 3383 3384 3385 3386 3387 3388 3389 3390 3391
DO [ 3392 3393 3394 3395 3396 3397 3398 3399 3400 3401 3k0o2 3403 3kok 3405 3k06 3ko7
D50 | 3408 3409 3410 311 3hi2 3413 3414 3bis5 3416 3417 3418 3k19 3h20 321 3422 3423
DGO | 342k 3k25 3h26 3k27 3h28 3k29 3430 3431 3432 3433 3434 3435 3436 3437 3438 3439
D70 | 3440 34h1  3hh2 3443 3hhh 3khs 34h6 3WL7 3448 3hhko 3450 3451 3452 3453 3hsh  3Ls55
DBO | 3455 3457 3458 3h59 3460 34EL  3h62 3453 34k 3465 3hes 3467 3468 3469 3470 3hTL
D90 | 372 3h73  3byk 3hys 3h7S6 3h77 3478 3hrg 3480 3481 3482 3483 3484k 3485 3486 3487
DAO | 3488 3489 3490 3hol 3ho92 3k93 3hok 3k95 3ho6 3497 3498 3h99 3500 3501 3502 3503
DBO [ 3504 3505 3506 3507 3508 3509 3510 3511 3512 3513 351k 3515 3516 3517 3518 3519
DCO | 3520 3521 3522 3523 352k 3525 3526 3527 3528 3529 3530 3531 3532 3533 3534 3535
DDO | 35306 3537 3538 3539 3540 3541 3542 3543 3544 3545 3546 35h7 3548 3549 3550 3551
DEO | 3552 3553 3554 3555 3550 3557 3558 3559 3560 3561 3562 3563 356k 3565 3566 3567
DFO | 3508 35069 3570 357i 3572 3573 357% 3575 3576 3577 3578 3579 3580 3581 3582 3583
E0O | 358k 3505 3586 3587 3588 3589 3590 3591 3592 3593 3594 3595 3596 3597 3598 3599
ELO | 30600 3601 3602 3003 360k 30605 3606 3607 3608 3609 3610 3611 3612 3613 3614 3615
E20 | 3616 3017 3018 361y 3620 3621 3622 34623 3624 3625 3626 3627 3628 3629 3630 3631
B30 [ 3932 3633 3034k 3035 3536 3637 3638 3639 3640 3641 3642 3643 36L4 3645 36L6 3647
ERO | 30M8 30L9 3650 365. 3552 3653 365k 3655 3056 3057 3658 3659 3660 3661 3662 3663
ES0 | 3udhk 3005 35660 3067 3668 3009 36(0 3671 3672 3673 367k 3675 3676 3677 3678 3679
ES0 | 3080 3681 3082 3083 308k 3685 3686 3687 3688 3689 3690 3691 3692 3693 369% 3695
ETO [ 3096 3697 3098 3699 3700 3701 3702 3703 370k 3705 3706 3707 3708 3709 3710 3711
ECO | 3712 3713 37ik 3715 3716 37L7 3718 3719 3720 3721 3722 3723 3724 3725 3726 3727
Ey0 | 3728 3729 3730 ‘3731 3732 3733 373k 3735 3736 3737 3738 3739 37h0o 37kl 37h2 3743
EAO | 374k 5‘4) 37h0 37k 3748 379 3750 3751 3752 3753 3754 3755 3756 3757 3758 3759
EBO | 3700 3761 3(o2 3753 370k 3765 3766 3767 3766 3769 3770 3771 3772 3773 377% 3775
ECO | 3776 3777 3718 3719 3780 3781 3782 3783 3784 3785 3786 3787 3788 3789 3790 3791
EDO | 3792 .3{93 379% 3795 3796 3797 3798 3799 3800 380L. 3802 3803 380k 3805 3806 3807
EEO | 3808 3809 3810 3811 3812 3813 381k 3815 3816 3817 3818 3819 3820 3821 3822 3823
EFO | 382k 3825 3826 3827 2 329 3830 3831 3832 3833 3834 3835 3836 3837 3838 3839
FOO | 3040 38h1 38k2 3843 384S 38k 3848 3849 3850 3851 3852 3853 385F 3855
| FLO | 3950 3857 3658 3859 3852 38563 3864 3865 3866 3867 3868 3869 3870 3871
“F20 | 3672 363 3074 3875 3878 3879 3880 2881 3882 3883 3884 3885 3886 3887
F30 | 3888 3889 3890 380l 309k 3695 3856 30897 3898 3899 3900 3901 3902 3903
FLO | 390k 3905 3504 3907 3910 3911 3912 3913 391k 3915 3916 3917 3918 3919
F50 | 3920 3yel 3922 3723 926 3927 39286 3929 3930 3931 3932 3933 3934 3935
FGO | 3936 3937 3938 3939 392 39k3 39kk 39k5 3946 3947 3948 394y 3950 3951
F70 | 3952 3953 395k 3955 3950 3959 360 3901 3962 3963 396k 3965 3966 3967
FEO | 308 3905 3970 5/:L 397 3u75 3uTo 39TT 398 - 3979 3989 3981 3982 3983
FOO | 3984 - 3985 3986 3987 3990 3991 3992 3993 399k 3995 3996 3997 3998 3999
FAO | 4000 hbool hoo2 4u03 booS  hooy  LOO8 h00O9 L0100 LO11 -kol2z Lo13  holk  hols
FBO | 4016 LoL7 hoi8& 40i9 uczz hor3  bozh Lo25  hOzA  hO27 4028 L0Zo L4030 LO3L
FCO | 4032 L4033 4034 L35 5038 4033 boho Lhobi 4obkz  hOh3  LOhL C Lohs  hohS  hoky
FDO | 40U8 Loky  LOs0  hOSL Losh  hos5 405G 4057 4058 4059 4060 koSl hoo2  hos3
FEO | LO6h koSS 1055 LS LOr0  hori k02 ho73  hopht bLO7T5  hOro hOTT LOTE hovy
FFO | 4080 L4081 Lo8z 4083 4OB6 4088  408e hkogo ho9L howz  Log3 hook  Logs

60




HEXADECIMAL-DECIMAL FRACTION CONVERSION TABLE

(Nig)

(10-3N) ¢

(10"%N),s

.000
.001
.002
.003
| .00k
.005
.006
.007
1 .008
| .009

0244

.0000 0000
.00k1 8937
.0083 126e
.00ck 9bas
.0106 24dd
L0147 aell
.0189 374b
.Olca c083
.020c 49pa
dafl

.0000 0000
.0000 10cb
.0000 2184
.0000 3254
.0000 431b
.0000 53e2
.0000 6Lkag
.0000 7570
.0000 8637
.0000 96fe

.0000 0000
.0000 000k
.0000 0008
.0000 .000¢
.0000 0011
.0000 0015
.0000 0019
.0000 00le
.0000 0022
.0000 0026

.010
.011
.012
.013
.01k
.015
.016
017
.018
.019

5c¢28
e560

.028f
.02d0
.0312
.0353
.0395
.0347
L0418
.Ol5g,
.049p
.Okda

flce
8106
0a3d
9374
lcac
a5e3
2fla

6e97

.0000 a7ch
.0000 b88ec
.0000 953
.0000 dala
0000 eael
.0000 fbal
.0001 Oc6bf
.0001 1436
.0001 2dfd
.0001 3eck

.0000
.0000
.0000
. 0000
.0000
. 0000
.0000
.0000
.C000
.0000

002a.
002f
0033
0037
003c
(0/0]%0)
004k
0049
o0okd
0051

.020
.021
.022
.023
.024
.025
.026
.027
.028
.029

.051e
. 0560
.05al
.05e3 5317
L0624 adzfr
L0666 6666
.06a7 ef9d
.06e9 78dk
.072b 020c
.076c 8bh3

b851
4189

cacO .

..0001

Lf8b
6052
7119
81e0
92a7
.0001 a3be
.0001 b435
.0001 chfe
.0001 d5¢3
.0001 e68s

.0001
.0001
.0001
.0001

.0000
.0000
.0000
.0000
. 0000
.0000
.0000
.0000
.0000
.0000

0055
005a,
005e
0062
0067
006b
006°F
0073
0078
‘007c

.030
.031
.032
.033
1.034
.035
.036
.037
.038
.039

1472
9db2
26e9
020

.OTae
.07ef
.0831
.0872
. 08blt
. 0815
.0937
.0978
.0%bs,
.09fb

c28f
bbeb
dahfa
5e35
e7be

3958

.0001
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002

£751
0817
18de
295
3abe
4v33
5bfa
écecl
7388
8elr

0080
0085
0089
008d
0092
0096
009a.

.0000
.0000
. 0000
.0000
. 0000
.0000
.0000
.0000
.0000
.0000

00a3

00%e |
00aT

.040
Lol
.ob2
.043
. Obly
.0khs
.0k6
.Ok7
.0L8
.049

.0a3d
.OaTe
.OacO
.0b02
.0bh3
.0b85
.Obeb
.0c08
.0ck9
.0cBb

'70a.3

8312
Ocl9
9581
1leb8
afef
3126
babe
4395

f9db-

9r16
afad
cOak
d16b
e?232
£2£9
03c0
1487
25ke
3615

.0002
.0002
.0002
.0002
.0002
.0002
.0C03
.0003
.0003
.0003

00ab
0010
00blk
00b8
O0be
00cl
00c5
C0c9
COce
00dz2

.0000
. 0000
.0000
.00C0
.0000
.00C0
.0000
.0000
.Q000
.0C00

61

(Nis)

(103N)is

(10-5N)¢

.050
.051
.052
.053
054
.055
.056
.057
.058
.059

.Ocee cece
.0dOe 5604
.0d4f daf3b
.0d91 6872
.0dd2 fla9
.0ell Tael
.0e56 0418
.0e97 8akf
.0ed9 1687
.0fla 9fbe

.0003 46dc
.0003 57a3
10003 686a
.0003 7931
.0003 8918
.0003 9abf
.0003 ab86
.0003 becka
.0003 cdll
.0003 dddb

.0000 0046
.0000 00db
.0000 00ar
.0000 00e3
.0000 00eT
.0000 OQec
.0000 00f0
.0000 00fk
.0000 0019
.0000 00fd

.060
.061
.062
.063
.06h4
.065
.066
067
.068
.069

.0f5¢c 28f5
.0f9d b22d
.0fdf 3pbh4
.1020 c49b
.1062 Ldd2
.10a3 d70a
.10e5 6041
.1126 €978
.1168 7200
.11a9 fbe7

.0003 eea?
.0003 ff69
.0004 102f
.000k4 20f6
.0004 31bd
.0004 4284
.0004 534p
.0004 6412
.000% 7h4d9
. 0004 85a0

0101
0105
010a
0l10e
0112
0117
01lb
0l1l1f
0124
0128

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.000C
.0000
.0000

.070
071
.072
.073
Moy
075
.076
LOT77
.078
079

.1leb
.122d
.126e 9784
.12b0 20ck
.12f1 a9fb
-1333 3333
L1374 beba
.13b6 45al1
137 ced9
.1439 5810

851e
Oe56

.000k 9667
.0004 a72e
.000% b7f5
. 0004 c8be
.000k4 3983
.00CkH eaba
.0004 fbll
.0005 0Obd8
.0005 1c9f
.0005 2d66

Ol2c
0130
0135
0139
0134
0lk2
0146
Olka
oLLf
0153

.0000
.0000
.0000
.0000
.0000
.0000
.C000
.0000
.0000
.0000

.080
.081
.082
.083
.08k
.085
.086
.087
.088
.089

elk7
6aTe
£3b6
Teced

L1478
.1bbe
J1hfd
.153f
.1581 062k
.15¢2 8f5¢
1604 1893
.1645 alca
.1687 2b02
.16c8 vh39

.0005 3e2d
.0005 lLefk
.0005 5fbb
.0005 7082
.0005 8149
.0005 9210
.0005 a2d7
.0005 ©39%e
.0005 chkés
.0005 d52¢

.0000
.0000 015b
.0000 0160
.0000 0164
.0000 0168
.0000 0164
.0000 0171
.00C0 0175
.00CO 0179
.0000 Ol17e

0157

.090
.091
.092
093
.09k

.095

.096
.097
.098
. 099

.170a
174
.178a
.17ce
.1810
.1851
.1893
.18ak
L1916
.1958

3470
cta’7
hfar
d916
62u4d
eb85
Thoe
farf3
872n.
1062

.0005
.0005
.0006
. 0006
.0006
.0006
.0006
. 0006
.0006
.COCE

e513
féba
0780
1847
290e
3945
hage
5063
6coa
Tefl

.0000 0182
.0000 018¢€
.0000 ©18b
.CO00 018f
L0000 0193
.00C0 0158
.0000 019¢
.0COC 0lao
.00CO Olal
.000C Cla9




HEXADECIMAL-DECIMAL FRACTION CONVERSION TABLE

APPENDIX D

Nis

(10-3N)ss

(10-°Nis

. 100

.102
.103
.10k
.105
.106
.108
.109

.101°

«1999 9999
.19db 2240
.lalc ac08
.1a5e 353f
.1a9f be76
lael L7ae
«1b22 dCe$S
.1b64 5alc
.1ba5 353
.1be7 6cBb

.0C06 8dp8
.0006 9eTf
.0006 aflé
.0006 c00d
.0006 dodh
.0006 el9b
.0006 f262
. 0007 0329
.0007 13f0
.0007 2kv7

.00CC Clad
.0000 0lbl
.0000
. 0000
. 0000
.0000
.0000
.0000
.0C00
.0000

Olba
Olbe
0lc2
Ole7
Olcb
Olcf
0ldk

01b6 |

.110
<111
.112
.113
J11k
115
.116
J117
.118
.119

.1c28
.Jcba Tef9
.lcac 0831
.lced 9168
.1d2f 1a9f
.1470 a3d47
«1db2 2d0e
.1df3 véhs
.1le35 3f7c
.1le76 c8bh

£5c2

. 0007
. 0007
.0007
.0007
.0007
. 0007
.0007 9228
.0007 asef
.0007 bbbb
.0007 ceTd

357e
L6hs
570¢
6743
7892
8961

0148
Oldc
Olel
Ole5
0le9
Oled
o1f2
01+6
Olfa
Olff

.0000
.00C0
. 0000
.0000
.0000
.C000
-0000
.0000
.CCO0
.CC00

.120
121
.122
.123
.12k
125
126
127
.128
<129

.1leb8
.1efQ
.1f3b
1f7e
«1fbe
.20C0
.2041 8937
.2083 126e
.20chk 9ba5
.2106 2hdd

51eb
db22
645a
ed9l
76c8
0000

dakh
eeOb
fed?2
0f98
205F

.0007
.0007
.0C0T
.0008
. 0008
.0008 3126
.0008 hled
.0008 52bk
.0008 637o
.0008 Thh2

.0000
.0000
.0000
.0000
.0000
.0000
+~0000
.0000
.0000
.00CO

0203
0207
020b
0210
021k
0218
021d
0221
0225
022a

.130

.132
-133
.13k
.135
.136
1.137
.138
-139

131

L2147 aelk
.2189 37ho
.21lca c083
.220c 49va
2243 4211
.228f 5c28
.22d0 e560
.2312 6e97
«2353 fTce
.2395 8106

.0008 8509
.00C8 9540
.0008 ab97
.0008 bT75e
.0008 825
.0008 d8ec
.0008 e9b3
.0008 faTa
.0009 Cbhkl
.0009 1c08

.0000
.0000
.0C0C
.0000
.000C
.0000
. 0000
. 0000
.00CO
»0000

022e
0232
0236
023b
023f
02u3
0248
02h4c
0250
€255

.1ko
Ak
142
143
L1k
.1h5
146
147
.148
.149

.2347
.2h18
.245a lcac
.24k9b asSe3
.243d 2fla
.251e b851
.2560 4189
.2521 caco
«25e3 5317
L2624 aazf

Oa3d
937k

.0009 2ccf.
.0009 3396
.0009 lLes5d
.0009 5f2k
.0009 6feb
0009 80b2
0009 9179
.0009 a2h0
.0C09 1307
.0C09 c3ce

.0C00
. 0000
.0000
»0000
. 0000
.0000
.0000
«0000
.C000
. 0000

0259
0254
0261
0266
026a
026e
0273
0277
0270
027f

62

Nis

(10°3N)is

(i 0~6N)is

«150
.151
152
-153
154
-155
.156
<157
.158
159

. 2666 6666
.26a7
. 26e9
.272b
.276¢c
.27ae
. 27ef
.2831
.2872
.28ok

7844
020c
8o43
1472
9db2
26e9
b020
3958

efod

.0009 d495
.0009 e55¢
.0009 £623
.000a 06e9
.000a 1700
.000a 2877
.00Ca 393e
.000a LaO5
.000a S5acc
.0COa. 6b93

.+0000

.0000 0284
.0000
.0000
. 0000
.0000
.0000
.0000
.0000
.0000

028c¢
C2%1
0295
0269
02%e
0222
0226
02aa

160
161
.162
.163
.16k
165
.166
167
.168
.169

c28f
hpeb
akra

. 2815
«2937
.2978
.29ba 5e35
.29fb eTbc
.223d T0a3
.2a7e fodb
.2ac0O 8312
.2b02 Ockh9
.2b43 9581

.000a Tc5a
.00Ca. 8421
.000a. 9de8
.000a aeaf
.0COa bf76
.0CCa d03d
.000a elOh
.000a flcb
.000b 0292
.000b 1359

0000

02af
.0000 02b3
.0000 02bT7T
.0000 02be
.0000 02c0
.0000 02ck
.0000 02c8
.0000 02cd
.0000 0241
.0000 0245

.170
<171
172
<173
L17h
JA75
176
LA77
178
179

. 2085 1eb8
.2bct aTlef
.2c08 3126
.2cl9 base
.2¢8b 4395
.2CCC ccee
.260e 5604
.2dhkf af3b
 .2d91 6872
.2dd2 flag

2420
3he7
45ge
5675
673c
7803
88ca

.000b
.000b
.000b
.00Cb
.000b
.000b
.000b
.000b 9991
.000b aa58
.000b bblf

.0000 02da
.0000 02de
.0000 02e2
.0000 02eT
.0000 O2eb
.0000 O2ef
.0000 02f3
.0000 028
.0000 O2fc
.0000 0300

180
.181
.182
.183
.18k
.185
.186
187
.188
189

.2elk Tael
.2e56 0418
.2e97 8alr
.2ed9 1687
.2f1a 9fbe
.2f5¢ 28f5
.2£9d b22d
.2f3f 3bbh
.3020 ch9p
.3062 hadaz

cbeb
decad
edTh
fe3b
Of0ol
1fc8
308f
4156
5214
62el

.00Cb
. 000b
.0C0b
«000b
.000c
.000c¢c
. 000c
.000¢c
.000c¢c
.000c

0305
0309

.0000
.0000
.0000 0304
.0000 0311
.0000 0316
.0000 031a
.000C 03le
.0000 0323
.0000 0327
.0000 032b

.190
151
«192
193
.194
.195
.196
LA97
.198
.199

. 3023
- 30e5
.3126
.3168
«3129 foe7
.3leb 851e
.322d 0e56
.326e
«32b0 20ck
.32l a9fb

d7f0a
6041
e978
7200

978a.

.000¢c
.000¢c
.000¢c
«000c
.000¢c
.00Cc
.00Cc
.0C0c
.000c
.000d Caza

T3ab
8472
9539
a600
bbe7
c78e
asss
e9lec

%3

.0000 0330
.0000 033k
.0000 0338
.0000 C33c |
.0000 0341
.0000 0345
.0000 0349
.0000 O3ke
.0000 0352
.0000 0356

0288 |




APPENDIX D

HEXADECIMAL-DECIMAL FRACTION CONVERSION TABLE

Nis (10°3N)is | Q0~9N)es a Ni¢ (10°3N)is | (10-5N)is
.200 | «3333 3333 | .0004 17l | .0000 035a .250 | .4000 0000 | .0010 62k4d | .0000 OL31
.201 | 3374 beba | L0004 2¢38 | .0000 035fF .251 | 40Okl 8937 | .0010 7314 | .0000 OL36
.202 | .3306 45al1 | .0004 3cff | .0000 0363 .252 | 4083 126e | .0010 83db | .0000 0O43a
.203 | +33f7 ced9 | .000d4 L4dcé | .0000 0367 .253 | .40ck 9va5 | .0010 94a2 | .0000 O43e
.204 | .3439 5810 | .0004 5e84 | .0000 036¢c .254 | L4106 24dd | .0010 a569 | .0000 Okk2
.205 | .347a ell7 | .000d 6f54% | .0000 0370 .255 | 4147 aell | .0010 1630 | .000C OklT
.206 | .34bc 6aTe | .000d 801b | L0000 0374 .256 | 4189 374b | .0010 c6f7 { .0000 Olkb
.207 | .34fd £3b6 | .0004 90e2 | .0000 0379 | .257 | <4lca c083 | .0010 dTbe | .0000 Okks
.208 | .353f 7ced | .000d ala9 | .0000 0374 .258 | .420c 49ba | .0010 €885 | .0000 OLsSk
.209 | .3581 0624 | .0004 b270 | 0000 0381 .259 | .42hd d2f1 | .0010 £9k4c | 0000 OL58
.210 | .35¢2 8f5¢ | .000d ¢337 | .0000 0385 .260 | .428f 5c28 | .0011 0al3 | .0000 OU5c
.211 | .360% 1893 | .0004 d3fe | .0000 038a .261 | .42d0 e560 | .0011 lada | .0000 0460
.212| .36U45 alca | .000d ele5 | L0000 038e .262 | 4312 6e97 | .0011 2bal | .0000 OL65
.213 | .3687 2b02 | .0004 £58¢c | .0000 0392 .263 | .4353 f7ce | .0011 3c68 | .0000 Oh69
.214 | .36c8 b439 | .000e 0653 | .0000 0397 .264 | 4395 8106 | .0011 kd2f | .0000 Ohk6d
.215 | .370a 3d70 | .000e 1719 | .0000 039b .265 | 4337 0a3d | .0011 5a&f6 | .0000 OLT2
.216 | .374b cba7 | .000e 27e0 | .0000 039f .266 | 4418 9374 | .0011 6ebd | .0000.0LT6
.217 | .3784 4raf | .000e 38a7 | .0000 032k .267 | 4458 lcac | L0011 7£84'| .0000 OlTa
.218 | .37ce 4916 | .000e 496e | .0000 0388 .268 | .4U9b a5e3 | .00l 90Lb | .0000 OhTF
.219 | .3810 62kd | .000e 5a35 | .0000 O3ac .269 | .4had 2f1la | .0011 all2 | .0000 0483
.220 | .3851 eb85 | .000e bafc | .0000 03bO .270 | 451e 851 | .0011 bld9 | .0000 0487
.221 | .3893 Thbe | .000e Toe3 | .0000 0O3b5 .271 | 4560 4189 | .0011 c280 | .0000 048b |
.222 | .38ak far3| .000e 8cBa | .0000 0309 .272 | 458l cecO | .0011 4367 | .0000 0490
.223 | .3916 872b | .000e 9451 | .0000 03bd .273 | .45e3 53f7 | .001l1l ek2e | .0000 Okok4
.22 | .3958 1062 | .000e 2el8 | .0000 03c2 L27h | L4624 dd2f | 0011 fAf5 | L0000 0498
.225 | .3999 9999 | .000e bedf | .0000 03chd 275 | 4666 6666 | .0012 O5be | 0000 049 |
.226 | .39db 22d0 | .000e cfab | 0000 O3ca 276 | JM46aT ef9d | .0012 1682 | .0000 Ckal
.227 | .3alc ac08 | .000e e06d | .0000 O3ce 277 46e9 78ak | .0012 2749 | .0000 Okas
.228 | .3a5e 353f | .000e 134 | .0000 0343 278 | .472b 020c | .0012 3810 | .0000 Olaa
.229 | .3a9f be76 | .000f O1lfb | .0000 0347 .279 | 476c Bbl43 | .0012 48d7 | .0000 Okae
230 | +3ael 47ae | .000f 12c2 | .0000 03db .280 | .4Tae 147a | .0012 599e | .0000 OUb2
.231 | .3b22 d0e5 | .000f 2389 | .0000 03e0 .281| b4Tef 9db2 | .0012 6865 | .0000 Okbb
.232 | .3b6% 5alc | .000f 3450 | .0000 03ek .282 | .4831 26e9 | .0012 Tb2c | .0000 Obbb
.233 | .3ba5 e353 | .000f 4517 | .0000 03e8 .283| .4872 1020 | .0012 8bf3| .0000 Ohbf
.23% | .3be7 6c8b | .000f 55de | .0000 O3ed .284 | .48bk 3958 | .0012 9cba | .0000 Okhc3
.235 | .3¢28 f5c2 | .000f 66a5 | .0000 03fl .285] .48f5 c28f | .0012 ad8l| .00C0 OLc8
.236 | .3cba Tef9 | .000f TT76c | .0000 03f5 .286| 4937 bbeb| 0012 bel8 | .0000 Olce
.237 | .3cac 0831 | .000f 8833 .0000 03f9 .287( -4978 dird | .0012 cfOf | .0000 OLdO
.238 | .3ced 9168 | .000f 98fa | .0000 O3fe .288 | .49ba 5e35| .0012 dfd6| .0000 Oldl
.239 | .3d2f 1a9f | .000f a9cl | .0000 0kO2 .289 | .4ofp e76c | .0012 f09d| .00CO O4d9
.2%0 | .3d70 a3d7 | .000f ba88 | .0000 0406 .290 | .4a3d 7023 | .0013 0164 | .0000 Ohdd
.241 | .3d02 2d0e | .000f cbif | .0000 OLOb .291| .ba7e f9db | .0013 122b| .0COO Okel
L2h2 | .3df3 béL5 | .000F del6 | L0000 O4OF .292 | .haco 8312| .0013 22f2| .0000 Okeb
.243 | .3e35 3f7c | .000f ecdd | .0000 0413 .2931{ 4002 0ch9| .0013 3309 | .0000 Olea
24k | ,3e76 c8bh | .000f fdaalt | .0000 Ok17 .29% | .L4plk3 9581 .0013 HL4BC| .0Q0CO Olee
l-.245 | .3eb8 51eb | 0010 Oebe | .0000 Ohle .295( .4b85 1leb8 | .0013 5547 .COCO Okf3
L246 | .3ef9 db22 | .0010 1£31 | .0000 0k20 .2961 4pbeb aTef | .0013 66Ce | 0000 OUf7
.247 | .3£3b 645a | L0010 2£18 | .0000 Ok2k .297| .L4co8 3126 | .0013 76d5| .0C00 Ckfb
.248 | .3f7c ed9l | .0010 LObF | .0000 Ok29 .298 | .4ch9 baSe | .0013 879¢c| .0COO Okry
249 | .3fbe 76c8 | .0010 5186 | .0000 Ok2d .299 ] .L4eBo 4395 .0013 9863 | .0C00Q G504
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i Nis (10°3N)1g |(10-°N)is Nis - [(10°3N)is | 107°N)is
300 | .hece ccec | L0013 a92a | L0000 0508 .350 | +5999 9999 | .0016 £O06 | .0000 G56f
.301 | .4d0e 5604 | .0013 b9f1l | .0000 050c .351 | .598b 2240 | .0017 00cd | .0000 O5e3
302 | Judhf af3b | .0013 cab8 | .0000 0511 .352 | .5alc ac08 | .0017 1194 | .000C C5e7
.303 | .91 6872 | .0013 db7f | .0000 0515 .353 | .5a5e 353f | .0017 225b | .0000 G5ec
304 | .kdd2 fla9 | .0013 ecl6 | .0000 0519 .354 | .5a9f be76 | .0017 3322 |.0000 O5f0
.305 | .bkell Tael | .0013 fdOd | .0000 0514 .355 | .5ael 47ae | .0017 43e9 | .0000 OS5fh
.306 | .4e56 0418 | L0014 04d3 | .0000 0522 .356 | .5b22 d0e5 | .0017 54%b0 | .0COCO 05£9
.307 | .4e97 8dlf | .0014 1e9a | .0000 0526 .357 | .506k 5alc | L0017 6577 | 0000 0O5fd

| .308 | .4ed9 1687 | .001% 2£61 | .0000 052a .358 | .5ba5 €353 | .0017 763e | .00CC C60L
.309 | .4fla 9fbe | .0014 4028 | .0000 052f .359 | .5be7 6cBb | L0017 8705 | L0000 0605
.310 | .4f5c 28f5 | .0014 50ef | .0000 0533 .360 | .5¢28 £5¢2 | +0017 9Tce | 0000 060a
«311 | .4f94 v22d | .0014 61b6 | .0000 0537 .361 | .5c6a Ter9 | .0017 a893 | .0000 060e
.312 | J&faf 3064 | .00k 7274 | .0000 053c .362 | .5cac 0831 | .0017 ©95%a | .0000 0612
.313 | .5020 chovb | .001L4 834k | .0000 0540 .363 | .5ced 9168 | .0017 ca2l | .0000 0617
<314 | .5062 4dd2 | .0014 940b | .0000 O5hi .36k | .5d2f 1a9f | .0017 dae8 | .0000 061b
.315 | .50a3 d70=a | .0014 akd2 | .0000 0548 .365 | .5470 a3d7 | .0017 ebaf | .0000 061f
.316 | .50e5 6041 | 0014 1599 | .0000 O5kd .366 | .5db2 2d0e | L0017 fc76 | .0000 0623
«317 | .5126 €978 | .001% c660 | .0000 0551 .367 | .5df3 bbU5 | .0018 0d3c | .0000 0628 |
.318 | .5168 7200 | .00k 4727 | .0000 0555 .368 | .5e35 3f7c | .0018 1e03 | .OC00 062¢c
.319 | .5189 fbe7 | .0014 eTee | .0000 055a «369 | .5e76 c8ol | .0018 2eca | .0000 0630
.320 | .51eb 85le | .001% £8b5 | .0000 055e «370 | «5eb8 51leb | .0018 3f91 | .0000 0635
.321 | .5224 0eS6 | .0015 097c | .0000 0562 .371 | .5ef9 db22 | .0018 5058 | .0000 0639
.322 | .526e 9784 | .0015 1lah3 | .0000 0566 .372 | .5f3b 645a | .0018 611f | .0000 6634 |
.323 | .52b0 20chk | .C015 2b0a | .CO00 056Db .373 | .5f7c ed9l | .0018 T7leb | .CO0C 0642
.324 | .52f1 a9fb | .0015 3bdl | .0000 056f 374 | .5Tbe 76c8 | .0018 82ad | .0000 0646,
325 | .5333 3333 | .0015 Le98 | .0000 0573 .375 | .6000 €000 | .0018 9374 | .0000 O6ka |
.326 | .5374 beba | L0015 5d5f | .0000 0578 .376 | .6041 8937 | .0018 ak3b | .0000 Obke
.327 | +53b6 k52l | .0015 6e26 | .0000 057c <377 | 6083 126e | .0018 b502 | .0000 0653
.328 | .53f7 ced9 { .0015 Teed | .0000 0580 .378 | .60ck 9ba5 | .0018 c5¢9 | .0000 0657
.329 | .5439 5810 | .0015 8fb4 | .0000 0585 .379 | .6106 2kdd | .0018 d690 | .0000 065b

+330 | .54Ta €147 | .0015 a0Tb | .0000 0589 380 | .6147 aelk | .0018 e757 | .0000 0660
.331 | .54bc GaTe | .0015 b1k2 | .0000 0584 .381 | .6189 374b | .0018 £8le | .0000 0664
.332 | .54Ffd £3b6 | 0015 c209 | .0000 0591 .382 | .61ca 083 | .0019 08e5 | .0000 0668
.333 | .553f Tced | .0015 d2d0 | .000C 0596 .383 | .620c 49ba | .0C019 19ac | 0000 066¢c
.334 | .5581 062k | 0015 €397 | .0000 059 .384% | L6244 d2f1 | .0019 2a73 | .0000 0671
335 | .55¢2 8f5c | .0015 fl5e | .0000 059 .385 | .628f 5¢28 | .0019 3b3a | .0000 0675
.336 | .560k% 1893 | .0016 0525 | .000C 05a3 .386 | .62d0 e560 | .0019 4cOl | .00CO 0679
.337 | .5645 aleca | .0016 15eb | .0000 05a7 . .387 1 .6312 £e97 | .0019 S5ce8 | L0000 067e
.338 | .5687 2b02 | .0016 26b2 | .0000 OSab .388 | .6353 fce | .0019 6d8f | .0000 0682
.339 | .56¢8 bi39 | .0016 3779 | .0000 O5af .389 | .6395 8106 | .0019 Te56 | .0000 0686
L340 | .570a 3d70 | .0016 4BLO | .0000 O5bh .390 | .63d7 Ca3d { .0019 8f1d | .00C0 068b
341 | .57hn cba7 | L0016 5907 | .0000 0508 .391 | 6418 9374 | .CO19 9fek | .COOO CEBF
.342 | 5784 WFfdf | .0016 69ce | 0000 O5bc .392 | .645a lcac | .0019 blab | .0000 CEI3
343 | .57ce d916 | .0016 7295 | .000C O5cl .393 | .6490 a5e3 | .0019 ¢172 | .0000 06397
L34k | L5810 624d | .0016 8b5c | L0000 05c5 .394 | .6hdd 2fla | .0019 d239 | .0000 CEYe
.345 | L5851 ebB5 | L0016 9c23 | .000C C5c9 .395 | .651e 0851 | .COL9 e300 | .0CO0 06ad
346 | 5893 Thbe | .0016 acea | .0000 OS5ce .396 | .6560 4189 | .0019 f3e7 | .0000 Obak
.347 | .58a% £df3 | .0016 bdbl | .0000 05d2 .397 | .65al cacO | .001la OlBe | .COCO 0629
L3481 .5916 872b | .0016 ce78 | .CCO0 05386 .398 | .65e3 53£7 | .001a 1554 | L0000 0bad
349 | .5958 1062 | .0016 d4f3f | .0000 05da .399 | .662h4 ager | .0Cla 261b | .CO00 C6EbL
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Nig 03N)is | (10~°N)s Nis (103N)i1s | (10-°N),
400 | .6666 6666 | .001a 36e2 | .0000 06b5 450 | .7333 3333} .0C1ld 7dof | .0000 O78c
01| .66a7 ef9d | .001a 4729 | 0000 C6ba 451 | . 7374 bebe | .001d 8e86 | .0000 0791
402 | .66e9 78dk | .001la 5870 | .0000 Obbe U452 | L7306 4581 | .0Cld 9fkd | .0000 0795
.403 | .672b 020¢ | .001a 6937 | .0000 06c2 453 | L73F7 cedy | .001d bOLL | .0000 0799
ok | .676c 8bl3 | .001a T9fe | L0000 06cT sk | L7439 5810 | L0014 cOdb | .0000 0794
U405 | L6Tae 147a | .001a 8ac5 | .0000 Obeb L5511 . 7h7a el | L0014 d1m2 | L0000 OTa2
406 | .67ef 9db2 | .001a 9b8c | .0000 Obef LA456 | . Thbe 6aTe | .001d e269 | .0000 07ab
407 .6831 26e9 | .001a ac53 | .0000 064k U457 | L 74Fd £306 | .001d £330 | .0000 OTaa
.408 | .6872 1020 | .00la bdla | .0000 0648 458 | .753F Tced | .00le 03f7 | .0000 OTaf
109 | .68bk 3958 | .001la cdel | .0000 06dc 459 | . 7581 0624 | .00le 14bd | .0000 O7b3
U410 | .68f5 ¢28f | .001a dea8 | .0000 06e0 460 | .75¢2 8f5¢c | .001le 2584 [ .0000 OTbLT
11| L6937 Woch | .001a efbf | L0000 Obe5 461 | L7604 1893 | .00le 364b | .0000 OT7vb
L4121 6978 dkrd | .001b 0036 | .0COC 06e9 62 | L7645 alea | .001le 4712 | .0000 07cO
.413] .69ba 5e35 | .001b 10fd | .0000 Obed 1463 | 7687 2b02 | .001le 5749 | .0000 OT7ck
L1k | L69fb e76c | .001b 21ch | .0000 06F2 L6k | 768 bh439 | .001e 6820 | L0000 07c8
415 | .6a3d 7023 | .001b 328b | .0000 06F6 465 | . 7708 3d70| .001le 7967 | .0000 O7cd
JM16 | .6a7e £9db | .001b 4352 | 0000 O6fa JL66 | JTTHo cbaT | .001le Bale | L0000 0741
U417 .6acO 8212 | .001b 5419 | .0000 O6ff 467 7784 bfaf | .00le 9af5 | .0000 0745
418 | .6002 Ock9 | .001b 64e0 | 0000 0703 468 | . 77ce d916 | .001le abbe | .0000 07da
LA19 | .6b43 9581 | .001b 75a7 | 0000 0707 469 | L7810 624d | .001e be83 | L0000 07de
1420} .6b85 1eb8 | .001b 866e | .OCOC OT7O0b 470 | . 7851 eb85 | .001le cdla | .0000 O7e2
421 ] .6beb aTef | .001b 9735 | .0000 0710 L4711 .7893 Tube | L00le dell | .0000 O7eb-
L22 | .6c08 3126 | .001b aTfe | .0000 OT714 72 | .78dk £Af3 | .00le eed8 | .0000 OT7eb
423 | .6ck9 baSe | .001b b8e3 | .0000 0718 L4731 L7916 872b | L00le ££9Ff | 0000 OTef
J42h | L6e8b 4395 | .001b ¢98a | .0000 071d A7k | L7958 1062 | .001f 1066 | .0000 O7f3
14251 .6cee ceee | .001b da51 | .0000 0721 4751 27999 9999 | L001f 212d | L0000 O7f8
426 | .6d0e 5604 | .001b ebl8 | .0000 0725 L76 | . 79d0 2240 | .001f 31fh4 | .0000 OT7fc
27| .6d4f Aaf3b | .001b fbdf | .0000 0729 4771 .Talc ac08 | .001f 42bb | .0000 0800
28| .6d91 6872 | .001lc Ocab | 0000 O72e 478 | .7a5e 353f | .001f 5382 | .0000 080k
429 | .6dd2 fla9 | .00lc 1ldb6e | 0000 0732 A79 | L 729F be76 | L00LE 6449 | 0000 0809
430 | .6ellt Tael | .001le 2e33 | .0000 0736 480 { .Tael 47ae | .001f 7510 | .0000 0804
431 | .6e56 0418 | .001lc 3efa | .0000 073b 481 | .7b22 doe5 | .001f 8547 | .0000 0811
432 | .6e97 8akf | .001lc Lfel | L0000 O73f 482 | .Tobh Salc | .001f 969e | .0000 0816
L4331 .6ed9 1687 | .001c 6088 | .0000 0743 483 | .7oa5 e353| .001f a765 | .0000 081a
43k | (6f1a 9fbe | .001lc T14f | .0000 0748 484 | . Tbe7 6c8b | .001Lf b82c | .0000 08le
435 .6f5¢ 285 | .001lc 8216 | .0000 OThc U485 | .7c28 £5¢2 | .001f <8f3 | .0000 0823
436 | .6£9d b224 | .001c 9244 | .0000 0750 486 | .Tcba Tef9 | .001f d9ba { .0000 0827
.437 1 .6£af 3064 | .001lc a3al | L0000 075k U487 | .Tcac 0831 | .001f ea8l | .0000 082b
4381 .7020 c49b | .001lc bbb | .00CO 0759 L4881 .7ced 9168 | .001f foi8 | .0000 082f
.439 | .7062 4daz2 | .00le ¢532 | .0000 CT754 489 | .7d2f 1a9f | .0020 OcOf | .0000 0834
440 | . 70823 d70a | .001e d5f9 | .0000 OT61 490 | 7470 a3d7 | .0020 led5 | .0000 0838
b1 | . 70e5 6041 | .001lc ebcO | L0000 0766 491 | .7db2 2d0e | .0020 2d9c | .0000 083c
A2 | L7126 €978 | .001e £787 | .0000 076a o2 | L7af3 p6U5 | L0020 3e63 | .0000 0841
Ah3 | L7168 7200 | .001d 08ke | .0000 O76e LA493 1 . 7e35 3f7c | .0020 4f2a | .0000 0845
Ll | (7189 fbe7 | .001d 1915 | 0000 0772 Lok | . 7eT76 8ol | 0020 5ff1 | .0000 0849
445 | . 71eb 851e | .001d 29dc | .0000 OT77 .495 | .7eb8 51eb | .0020 70b8 | .0000 O8ke
L6 | L7224 0e56 | L0014 3aa3 | L0000 OT77b 96 | . 7ef9 db22 | .0020 817f | .0000 0852 |
L7 | L 726e 9784 | .001d Lv6a | .0000 OTTE L4971 L7f3b 645a | L0020 G246 | L0000 0856
448 | L7200 20ck | .001d 5e31 | 0000 0784 498 | (77 ed91 | .0020 a30d4 | .0000 0854,
g | L 72f1 a9fb | .001d 6cf8 | .0000 0788 JA99 | L 7fbe 76e8 | .0020 b3dk | .0000 085fF
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. APPENDIX E

Alpha
Code

** ACS

ADB

ADD
ALI
ALO
ALS
ARS

**BTP

CFA
CFB
CFC
CFD

* CLA

* CHS

* COV

- %% COM

* CPL

~ CTA
CTB
CTC
‘CTD

DDD
DDW

DVD

DVW

EXT
EXD

HTR
HXI
HXO

IBM

LAD
LAE
LAM
LAW
LBW
LDW

* ¥ 3

LEW

LLS
LRS

MDA
MPA

Hex

Code

Operation

Add and Change Sign
Add to B g
Add

Alphabetic Input
Alphabetic Output

A Left Shift

A Right Shift

Both Type and Punch

Copy from Working Storage I
Copy from Working Storage II
Copy from Working Storage III
Copy from Working Storage IV
Clear A

Change Sign

Change Overflow Indicator
Compare Magnitude
Complement

Copy to Working Storage I
Copy to Working Storage 1I
Copy to Working Storage III
Copy to Working Storage IV

Divide Double Length by D
Divide Double Length
Divide by D

Divide

Extract
Extract with D Mask

Halt and Transfer
Hexadecimal Input
Hexadecimal Output

IBM Tie-In

Load A from B

Load A from D

lL.oad A from E

Load A from M

Load A

Load B

Load D

Load E

Long Left Shift
Long Right Shift

Multiply by D and Add
Multiply and Add

Page

20
- 20
20
30
30
27
27

30

28
28
28
28
25
25
25
25

28
28
28

23
22
22
22

25
25

26
29
29

31

23
23
23
23
23
24
24
24

27
27

22
21
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Alpha
Code

MPD
MPW
MTC
- MTS
MTX

* NOP
% NMO
NTP

PAA
PHA
%% PNH

* RND

SAA
SAW
SBB
SBW
*% SCT
SDW
SEW
SHA
*% SNI
*% SNO
* SSP
SUB

TIX
TLZ
TNZ
TOV
TRA
TSA
TSB
¥ TYP

* XAB
* XAD
* XAE

XAW

Hex
Code

E5
E7
93 -
91
95

00
DD
99

6D
6F
9D

22
4D

49
BF

C5

AB
c7
C3
4F
F9
D5
2C
67

17
1D
19
1F
11
13
15
9B

30
3A
36
69

Operation

Multiply by D -

Multiply

Magnetic Tape Copy '
Magnetic Tape Status
Magnetic Tape Exchange

No Operation
Number Output .
Neither Type nor Punch

Place Address in A
Place Half-word in A
Punch '

Round

Store Address from A
Store A

Subtract from B

Store B

Shift and Count

Store D

Store E

Store Half-word from A
Sign Input

Sign Output

Set Sign Plus

Subtract

Transfer on Index

Transfer on Less Than Zero

Transfer on Non-Zero
Transfer on Overflow
Transfer

Transfer on Switch One

. Transfer on Switch Two

Type

Exchange A and B
Exchange A and D
Exchange A and E
Exchange A and W

Pa g'e

21
" 21
33
32
33

26
29
30

24
24
30

22

24
24
21
24
28
24
25
24
29
30
25
21

26
26
26
26
26
26
26
30

23
23
24
24

* Instructions marked with a single asterisk may be used as the first or second
instruction of doubled command pair.

%% Instructions marked with a double asterisk require no address but have odd codes;
hence, these instructions may be used as the second instruction of a command pair.

To double a pair of instructions, the first instruction code (which must be an even
number) is made odd by increasing the value by 1 and placing the second instruc-

tion code in the address part of the resulting instruction. See page 35.

Instructions with odd codes can use automatic address modification by using the
even code which is one less than the code given in the above table. See page 34.



INSTRUCTION CODES, ALWAC III-E BY GROUPS

ARITHMETIC

61 Add

67  Subtract

63  Minus add

65  Minus subtract
bd Llong add

bf Long subtract

e7  Multiply

e5 Multiply by D

e3 Add multiply

el Add multiply by D
ef Divide

ed Divide by D

eb Long divide

e9 Llong divide by D

ACCUMULATOR
22 Round off
28 Clear A

2¢  Absolute value
2e Reverse A sign
3e Complement A

al Double shift right
a3  Double shift left
a5  Shift right

a7 Shift left
ab  Float
INPUT-OUTPUT
f1 Hex. in

3 Alphabet in
£5 Hex. out

f7  Alphabet out
f9 Sign in

d5 Sign out

dd  Number out

9b Type
9d  Punch
9f Both
99  Neither

COPY & EXCHANGE
&9 Exchange A and W

49 Copy Ato W

79 Copy Wioc A

b5 Copy Mto A

30 Exchange A and B
5 Copy B to W

41 Copy Wio B

32 Copy B to A

3a Exchange A and D
7 Copy D to W

5b Copy Wtoe D

38 Copy D to A

36 Exchange A and E
¢3 CopyEteW

57 Copy Wio E

34 Copy E to A

4d Copy address to W
4f Copy half to W

6d Copy Address to A
&6f Copy half to A

71 Extract (D)

75  Extract

BLOCK COPY

81 Copy to |

83 Copy to Il

85 Copy to Il
87 Copy to IV
89 Copy from |
8b Copy from H
8d Copy from Il
8f Copy from IV

JUMP & RELATED

11 Jump

13  Control jump 1

15 Control jump 2

17  Count down

19 Non-zero jump

1b  Stop

1d Lless than zero jump
1¥f  Overflow jump

51  Overflow if A smaller
02 Reverse overflow

Two instructions can be doubled up if the first is an even-numbered
instruction; but it must be made odd by adding 1. The second can
be any instruction not requiring an address.

Odd numbered instructions will have their addresses avtoma-
tically modified if the instruction is made even by subtracting 1.



