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MAGNETIC DRUM DATA-PROCESSING MACHINE
Type 650

THE TYPE 650 Magnetic Drum Data-Processing
Machine has been developed to offer features heretofore
available only in large-scale electronic data-processing
machines. The result is an electronic machine interme-
diate in speed and capacity between the widely ac-
cepted IBM Type 604 Electronic Calculator and the
more recent IBM electronic data-processing machines.
The Type 650 has all the advantages of stored pro-
gramming, high component reliability, self-checking,
automatic operation, compact design, and ease of op-
eration. Because of its great flexibility, the Type 650
serves the needs of accounting, engineering, and
scientific computing fields in a most efficient manner.

The Type 650 is a stored-program, modified single-

address, numerical, decimal machine. It is available in
two models with memory capacities of 10,000 or
20,000 digits. The use of IBM punched cards for both
input and output permits easy integration into exist-
ing punched-card systems. The flexibility of the Type
650 frequently permits the elimination of clerical
operations as well as auxiliary punched-card opera-
tions, such as sorting, merging, or gangpunching.
Figure 1 shows the three units that make up the
Type 650 Magnetic' Drum Data-Processing Machine:
1. Type 533 Read-Punch Unit (right foreground)
2. Type 650 Console Unit (left)

3. Type 655 Power Unit (right rear)
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Type 533

Input and output are through the Type 533 Read-
Punch unit. A maximum input rate of 200 cards, or
16,000 digits, per minute is possible. Maximum out-
put speed is 100 cards or 8000 digits per minute. A
control panel is provided to allow flexibility of input
and output.

Type 650

The Type 650 Console Unit contains the calculating
units, the control console, and the magnetic drum.

The heart of the Type 650 is the magnetic drum
on which may be stored the information necessary to
process a problem. The drum is a cobalt-nickel plated
cylinder about 4 inches in diameter and 16 inches in
length, which revolves at a speed of 12,500 revolu-
tions per minute.

The console of the Type 650 (Figure 2) is the oper-
ator’s means of simple and immediate communication
with the machine. Information can be manually read
into internal memory from storage-entry switches or
displayed from internal memory in display lights.
These functions will be discussed in detail later.

The calculating units will accumulate 10-digit fac-
tors to form a 20-digit total, perform 10-digit by
10-digit multiplication to develop a 20-digit product,
and divide a 20-digit dividend by a 10-digit divisor
to develop a 10-digit quotient and a 10-digit re-
mainder. Complete automatic sign control is pro-
vided.

Logical and control-digit tests are provided to de-
termine which path the program will follow.

The machine is capable of performing an automatic
table lookup operation. This feature makes practical
the solution of problems requiring table references,
which occur frequently in both commercial and
scientific applications.

Type 655

The Type 655 Power Unit contains the power sup-
plies for all the machine units. It also contains the
necessary circuitry to translate the decimal input into
the machine code, and the machine code back into
decimal for output.

Ficure 2. Typre 650 ConsoLE UNIT




GENERAL

Ficure 3. MacgNETIC DRUM ASSEMBLY AND READ-WRITE HEAD (INSET)

STORAGE

THE MAGNETIC DRUM provides the general storage ot
memory for the Type 650. Information is stored on
the surface of the drum in the form of magnetic
spots. Each digit is identified by a recognizable pat-
tern of these magnetic spots.

Reading and recording the magnetic spots on the
drum are accomplished by devices known as read-
write heads (Figure 3). These heads are mounted on
bars around the drum.

Any magnetized spot recorded on the drum will
remain there permanently, or until it is erased by re-
cording another spot in the same location. The ma-
chine may be turned off completely without any
danger of loss of magnetized spots from the drum
surface.

A different method of storage is used in the arith-

metical and control units. These units employ con-
denser storage. A storage of this type is used to provide
the speed necessary for calculating. Condenser storage
will retain a factor only as long as power is supplied
or until another digit is read into the unit. Any in-
formation contained in one of the condenser storage
units will be lost when the power is turned off.

Information is handled within the Type 650 ten
digit positions at a time. Thus, the basic unit of
storage contains ten digits and an algebraic sign. Each
unit of ten digits and a sign is known as a word. The
magnetic drum has a capacity for either 1000 or 2000
words (10,000 or 20,000 digits). Several independent
factors may be stored within a single ten-digit word.

The algebraic signs of words may be read from
punching in the input cards or may be automatically
supplied by the machine. Conventional sign indica-
tions are 12’s for positive factors and 11’s for negative
factors.
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Location of Factors

It is necessary to have a means of locating each spe-
cific word in storage at any time. To make this pos-
sible, each segment of the drum and arithmetical units
that can contain a ten-digit word is assigned a four-
digit location address. Thus, each word has a unique
address that is used to locate that word only.

Factors are recorded on the drum in a pattern so
that, beginning at a specific point on the drum and
going around the surface, one would encounter fifty
words before returning to the starting point. Each
such strip of fifty word locations comprises what is
known as a band of general storage. The Type 650
has twenty such bands of storage in the 1000-word
model, and forty in the 2000-word model.

Any word location on the drum may be located by
selecting the proper band and then the proper word
within that band. The drum layout chart (Figure 4)
shows how 1000 words of general storage are arranged
on the drum surface. The general storage addresses
that are used within the Type 650 are 0000-1999
(0000-0999 in the 1000-word machine).

The condenser storage units in the arithmetical
circuitry are also addressable. These units and their
addresses are:

8001 Distributor
8002 Lower half of the 20-digit accumulator
8003 Upper half of the 20-digit accumulator

The control console has a group of eleven switches
(ten for digits and one for a sign) which are ad-
dressable from the machine at 8000. The distributor,
accumulator, and console switches will each be dis-
cussed in later sections of the manual.

Input-Output Buffers

To obtain high-speed operation, input and output
factors pass through an intermediate storage area.
This intermediate storage is known as buffer storage.
Both the read and punch buffer storage areas can ac-
commodate 100 digits (10 words). The buffer stor-
age areas are located on a portion of the drum that is
not addressable (Figure 5).

The first action of a card-reading operation is to
transfer immediately the contents of the read buffer
storage to the general storage section of the drum.
Then, as the next card is read by the Type 533, the
information from that card enters read buffer storage
where it is held until the next card read operation is
called for.

The punch buffer is used in essentially the reverse
of the read buffer. The first action of a punch opera-
tion is to transfer immediately the information to be
punched from general storage to punch buffer storage.

A\
SNord L O00T
Nord 2 N 0002 N
Aord 3 N _ 0003 N\

\ord 4 N\__ 0004\
\__0005

0038
0037
Word 10 0036
Word9 | 0035
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STORAGE rd 4 030
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N
<0026 >
Ficure 5.
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10 TYPE 650

The information is then punched into the card from
punch buffer storage. Because of this buffer storage
arrangement, it is possible for the Type 650 to per-
form reading, punching, and calculating functions
simultaneously.

From the drum layout chart (Figure 4), it may be
seen that word locations 1-10 or 51-60 of a band are
the only locations that may be used for read input
storage. A similar condition exists with respect to
punch output storage (locations 27-36 or 77-86 of a
band). The reason for the restriction to these loca-
tions is their association with the read and punch buf-
fer storage blocks.

INSTRUCTIONS

ALL OPERATIONS performed by the Type 650 are con-
trolled by numerically coded instructions. An in-
struction consists of ten decimal digits and sign. The
ten digits of the instruction are divided into three
basic groups (Figure 6):

10|98 716] 51413121160
oP Data
Code Address

Instruction

Address ign

Ficure 6. Type 650 INsTrRUCTION GROUPDS

1. The operation code, digit positions 10 and 9,
designates the operation that the machine is to per-
form.

2. Digit positions 8-5 designate the data address.
Depending upon the operation code of the instruction,
the data address can have one of the following mean-
ings:

a. Location of information to be used in the
operation

b. Location in which informaztion is to be stored
by the operation

c. The number of positions the information in
the accumulator should be shifted left or right

d. The maximum number of positions the infor-
mation in the accumulator may be shifted on a
shift and count operation

e. Locations into which information is to be read
from a card

f. Locations from which information is to be
punched into a card

g. The location of an alternate instruction

h. The location of the beginning of a table

3. Positions 4-1 designate the instruction address,
which is normally the address of the next instruction
to be performed.

The sign associated with an instruction is not con-
sidered in the analysis and execution of the instruction
but should be present.

Original data and instructions are stored in drum
storage locations from punched cards during the ma-
chine loading operation. Additional data and instruc-
tions may be loaded from cards during the solution
of the problem. Because both data and instructions
are stored in the same manner, an instruction may be
subjected to arithmetical operations and thus altered
from its original form. If an instruction is altered in
this manner, the sign of the instruction is treated in
exactly the same way as the sign of any other number.

As a problem is being solved, the machine refers
to a storage location to obtain an instruction. After
one operation is performed, the machine obtains an-
other instruction from storage. A meaningful se-
quence of these instructions is called a program.
Because the program is stored on the magnetic drum,
the Type 650 is a stored-program machine.

Internal Flow (Figure 7)

From the schematic of the internal flow, it can be
seen that:

1. The program register can receive instructions
directly from general storage.

2. The program register can transmit information
directly to the operation and address registers.

3. The distributor can receive information directly
from general storage or the accumulator.

4. The distributor can transmit information di-
rectly to general storage, the program register, or the
accumulator.

5. The accumulator receives information directly
from the distributor and indirectly from general stor-
age by way of the distributor.

6. The accumulator transmits information directly
to the distributor or program register and indirectly
to general storage by way of the distributor.

Instruction Execution

The three-part make-up of the Type 650 instruc-
tion provides that, whenever possible, while one opera-
tion is being executed, the following instruction is
being located.

The internal control section governs the execution
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of the instruction. It receives the instruction, inter- division, transfer of words to and from storage, shift-
prets the operation code, and sets up the necessary ing and logical tests) are performed by the action of
circuitry to accomplish the specified operation. All the distributor and the accumulator. The functions
arithmetical and logical operations of which the ma- of these units are controlled by the program, opera-
chine is capable (addition, subtraction, multiplication, tion, and address registers (Figure 8).
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The program register receives all ten digits of an
instruction (Figure 9A). The program register trans-
fers the operation code to the operation register and
the data address to the address register for the first
half-cycle of the execution of an instruction. This is
known as the data (D) balf-cycle (Figure 9B).

The operation code is analyzed in the operation
register. The data address is analyzed in the address
register. If the operation is arithmetical, the contents of
the data address location are read from the p-address
location into the distributor (Figure 9C). If the opera-
tion is logical, the p-address can specify the number
of positions to be shifted, location of a table, branch
address, etc., in which cases the previous contents of
the distributor will not be altered by the operation.
All store accumulator operations, however, will alter
the contents of the distributor.

Execution of the instruction is begun once the op-
eration code is interpreted and the distributor loaded
(if necessary). The second part or instruction (I)
half-cycle begins as soon as possible. The operation
and address registers are reset and the I part of the
instruction word (positions 4-1) in the program reg-
ister is transferred to the address register for analysis
and selection of the next instruction (Figure 9D).

l . INPUT

The next instruction is then read into the program
register (Figure 9A). The operation and address
registers are reset, and the opr-code and p-address por-
tions of the new instruction word are read out of the
program register and into the operation and address
registers (Figure 9B). An interlock will prevent any
further program advance, except for read or punch
operations, until the previous step has finished using
the arithmetical units.

In this manner, the machine steps through a pro-
gram, locating the next instruction, when possible,
while executing the current one.

ARITHMETICAL COMPONENTS

ALL OPERATIONS other than read, punch, no-op, and
programmed stop that can be performed by the Type
650 make use of one or more of the arithmetical units.
There are three basic arithmetical units: the distribu-
tor, the accumulator, and the one-digit adder (Figure
10). These units are composed of electronic circuitry
and are not a part of drum memory. The distributor
and accumulator are controlled by the stored pro-
gram. The one-digit adder is fully controlled inter-
nally, and its operation cannot be programmed.
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Distributor

The distributor has a capacity of one word (10
digits and sign) and is addressable at 8001. It acts
as an intermediate link between the accumulator and
drum memory. Any information transferred between
the accumulator and memory, in either direction,
must pass through the distributor. Information passed
through the distributor remains in the distributor and
is available for repeated use until replaced by the
entry of new information. The distributor has an
extremely low access time and, therefore, provides a
word source that can be used to increase the opera-
tional speed of the Type 650. The distributor also
makes possible increased flexibility in the use of the
accumulator, This increased flexibility will be ex-
plained in the accumulator discussion that follows.

Accumulator

The accumulator is a storage unit having a capacity
of twenty digits and sign. Actual accumulation is
accomplished in a one-digit adder, but the results
from the adder are stored in the accumulator. Tne
twenty positions of the accumulator are divided into
two sections, upper and lower. The low-order ten
positions comprise the lower half and have an address
of 8002. The high-order ten positions comprise the
upper half and have an address of 8003.

The accumulator is flexible in control because it
is possible to read into and read out of either half.
However, the entire accumulator is reset whenever an
instruction for either half calls for a reset. It should
be noted that there is only one sign for the entire
accumulator (except on a division operation where
the remainder and quotient have independent signs).
In addition and subtraction operations, carries are
propagated from the lower to the upper half of the
accumulator. Care must be taken to insure that no
operations are attempted in one half of the accumu-
lator that would have an undesirable effect on the
other half. Such operations would be of the follow-
ing nature:

1. With an independent factor in each half of the
accumulator and the sign of the accumulator plus, a
factor larger than the factor within the lower is sub-
tracted from the lower. This will cause a reduction
of the units position of the factor in the upper half

of the accumulator. The resultant factor in the lower
half will be a complement of its actual value and will
have a positive sign.

ACCUMULATOR

OPERATION Uprer Harr Lower HALF

Subtract 6500
from lower before 0000000123 0000005678+

after 0000000122 9999999178+

2. With the same condition as in 1, if a factor
larger than the factor in the upper half of the ac-
cumulator is subtracted from the upper, the factor
in the lower half will become a complement and will
carry the sign of the accumulator (minus) if stored
at this time.

ACCUMULATOR
OPERATION Urper Hatr  Lower HALF
Subtract 500
fromupper  before 0000000123 0000005678

after 0000000376 9999994322 —

In case the capacity of the accumulator is exceeded,
an overflow will be sensed. This overflow may be used
to stop the machine, or, through programming, may
be detected to alter the course of the program.

Because of the distributor, it is possible to perform
the following operations on the accumulator:

1. Either half of the accumulator can be added to
or subtracted from the other half (Figure 11A).

2. Either half can be added to itself, i.e., multiply
by 2 (Figure 11B).

3. Either half can be subtracted from itself (Fig-
ure 11C),

4. Either half can be added (or subtracted) into
the other half with reset. This is equivalent to a ten-
position shift (Figure 11D) .

5. Either half can be added, with reset, into the
same half. This is used to clear one half of the ac-
cumulator while retaining the contents of the other
half (Figure 11E).

6. A factor in the upper accumulator may be
squared by a multiply instruction having a data ad-
dress of 8003 (Figure 11F).

In any of the foregoing operations, the number
being moved passes through the distributor and will
remain there until replaced by the entry of another
factor.




Instruction 8003 8002 8001
OP ] Data Instr. Upper Accumulator Lower Accumuiator Distributor
0[0]0[0!0]0]011:2]3]0[(010|010[0]10[4]5161010[0/0[01010]11213
AU [ 8002 XXXX000000057900Q00004560000000456
A
Instruction 8003 8002 8001
OP | Data Instr. Upper Accumulator Lower Accumulator Distributor
0{0/0]0[0}j0]|0|0]0}0]0|0[0!0]0}0]|2]3[4]0[0i0|0|0O[0Oj1]4]6]8
AL| 8002 | XXXX [ofofofofofojofofo[ofofojofofoojof4[sl8fofojofo{ofo]o[2]3[4
B
Instruction 8003 8002 8001
OP | Data Instr. Upper Accumulator Lower Accumulator Distributar
01010(0{0101 2[3171810(010QJ0J0[01[216]9[010(0]0|0|0{1]2(6:9
SU| 8003 | XXXX lololojololojololojolofoiololojol1]2]6{2f0j0]0]0i0[{0]2{3}7]8
C
Instruction 8003 8002 8001
OP | Data Instr. Upper Accumulator Lower Accumulator Distributor
0[010]10[1[213[4[5/610[(010[2]14]3]2]1]6]|0]0{0[010{0[0]0]0]0]0
RAL| 8003 | XXXX {0[0][0/0](0]/0{0[{0[0/0f0I0[0]0]1[2]3]4[{516]10[0/0{0]1{2|3]4/5]6
D
Instruction 8003 8002 8001
OP ] Data Instr. Upper Accumulator Lower Accumulator Distributor
olololololoj204/6]8]0]0[010]0|3]5]7]912]/0|0]0[0[0]0]|0[1]2]3
RAL| 8002 | XXXX {olo]Jo|o|ololo]ojo[0f0|0[0j0[0]3]5]7]9]12]0[0]0[0]0]3]5]7]|%]|2
E
Instruction 8003 8002 8001
OP | Data Instr. Upper Accumulator Lower Accumulator Distributor
ololololololol0]ol4]0[0]0j0[0i0i0/0i010]0[0[D|0|0]|0j0]0|0]0
Multl 8003 | XXXX jolo]olo/0l0j0l0l0j0f{0/0f{0[0]0j0[00[1{6]0}10[0[0]0[0]0]0]/0j4
E

Ficure 11
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One-Digit Adder

As mentioned in the accumulator description,
actual addition or subtraction is accomplished by pass-
ing the two factors involved through the one-digit
adder (Figure 10). In any operation involving addi-
tion, subtraction, multiplication, or division, the fac-
tor in the location specified by the data address is
automatically placed in the distributor. Then the fac-
tor in the distributor and the factor in the accumu-
lator are fed into the adder one digit at a time starting
with the low-order digit.

The adder has three inputs: one for the digit from
the distributor, one for the digit from the accumu-
lator, and a third for carry input in case the sum of
the preceding digits was ten or more. Thus, when two
factors are added, the digit from the distributor is
added to the digit of equal order from the desired
half of the accumulator and, in case a carry occurs,
the circuit is set to increase the sum of the next set
of digits by one. 'The signs of both factors are ana-
lyzed along with the operation and, if necessary, the
individual digits of one or the other of the factors are
complemented before they enter the adder. There-
fore, the adder accomplishes all arithmetical operations
by addition.

BI-QUINARY CODE

THE TYPE 650 translates the decimal-digit represen-
tation of the input data into bi-quinary digit repre-
sentation for internal transmission and use.

The bi-quinary code makes use of seven possible
units of information. Two of these units (or bits)
are known as the binary portion of the code and have
the assigned values of 0 and 5 (Figure 12). The re-
maining five units are known as the quinary portion
of the code and have the assigned values of 0, 1, 2, 3,
and 4 (Figure 12).

When this code is used, all digits 0-9 are represented
by the combination of one binary unit and one quin-

0 5 0 1 2 3 4
OO 0O0OO0O0O0O
BINARY QUINARY

UNITS UNITS

FiGURE 12. Br-QumNary REPRESENTATION

DIGIT BINARY QUINARY
0 0 0
1 0 1
2 0 2
3 0 3
4 0 4
5 5 0
6 5 1
7 5 2
8 S 3
? 3 4

Ficure 13. B1-Quinary Cobpk

nary unit of information (Figure 13). Because of this
condition, it is possible to check for valid informa-
tion. This checking is known as validity checking
and will be discussed under that topic.

Signs of numbers are translated internally into a
digit 9 for plus and a digit 8 for minus to enable
checking of their validity.

SELF-CHECKING

THE TYPE 650 has been designed with reliability as a
paramount consideration. Conservative circuit design
and components chosen for their high reliability are
employed throughout. The Type 650 also uses built-
in self-checking as a supplement, which provides fur-
ther assurance of accurate results.

Self-checking within the machine is separated into
two categories: validity checks and control checks.

Validity Checks

The use of the bi-quinary code within the Type 650
provides a unique method of checking the internal
transmission of digits. Checking is desirable to insure
that no digits have been affected by failure of any
of the transmitting elements.

Because each digit (0-9) is represented by one and
only one binary bit and one and only one quinary bit,
any transmission error can be detected by checking
for any lost or gained bits in each digit position. Thus,
validity checking errors are indicated for the follow-
ing conditions:

1. No binary bit

2. Two binary bits

3. No quinary bit

4. More than one quinary bit

5. No binary and no quinary bits (blank)
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Ficure 14.

It is conceivable that compensating errors might
cause the loss of one bit and the simultaneous gain of
a different bit. However, even this condition would
have to create a valid number. The probability of
such a condition ever occurring is extremely remote.

The following units have a validity check point lo-
cated in their output (Figure 14):

1. Distributor

2. Accumulator

3. Program register

Figure 14 illustrates the validity check points with
relation to the flow of information within the Type
650.

Read Checks

Information read into the Type 650 from a punched
card undergoes a validity check as soon as it is re-
ferred to by the program. This check detects any
failures that may have occurred during card reading.
Some of these reading failures that are detected and
their results are:

1. Failure to read a column for any reason will
cause a blank digit position.

VaLmwity CHEcCK PoIiNTs

2. Shorted reading brushes will cause extra bits to
be added to the associated digit positions.

3. Early, late, or crooked card feeding can cause
blank digit positions by failing to read a punched hole
or extra bits in a digit position by reading punched
holes in adjacent columns.

One very important fact should be noted at this
time. In order to receive the full benefit of validity
checking, 12’s must be used for positive signs. If posi-
tive signs are not used, the machine assumes that the
absence of an 11 punch means a positive sign. It is
obvious that a failure to read an existing 11 punch
will cause the machine to assume that the factor is
positive.

Punch Checks

Output checking is accomplished by the double-
punch and blank-column detection device. Any bits
lost between the last validity check and the punch
operation will cause a blank column. Any bits gained
between the last validity check and the punch opera-
tion will cause multiple punching of a column.
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HOME PULSE

SECTOR PULSE

1 PULSE
(Each 50 words)

5 PULSE
(Each 10 Words)

Ficure 15.

Control Checks

Control checks have been incorporated in the ma-
chine to detect the following conditions:

1. Addresses other than 0000-1999, 8000, 8001,
8002, and 8003.

2. Operation codes other than those assigned t
machine functions.

3. Timing circuitry discrepancies.

4. Accumulator overflows not anticipated in prob-
lem processing.

The timing referred to in item 3} is controlled by
four tracks of pulses located on the drum (Figure
15). These tracks supply pulses timed to the follow-
ing:

1. One complete drum revolution

2. One-fifth of a drum revolution (10 words)

3. One word-time

4. One digit-time

Error Correction

When the machine detects an error by means of a
validity check or a timing circuit check, it is very
possible that this error is a random one that will not

WORD PULSE

50 PULSE
(Each Word)

DIGIT PULSE

600 PULSE
(Each Digit Position)
12 per Word:

10 Digits
1 Sign
1 Space

Timing PuLses

occur again, or, at worst, occurs very infrequently,
Hence, it is reasonable to assume that the machine will
probably perform the problem correctly if given a
second chance. Therefore, it will prove profitable in
most applications to program the machine to repeat a
problem in the case of errors detected by self-check-
ing.

In practice, very large problems will be broken into
smaller segments, each segment representing a small
part of the whole. In this way, it will not be neces-
sary for the machine to repeat the whole problem, but
to repeat only that segment in which the error oc-
curred.

The preceding statements should not be construed
to mean that normal accounting and procedural con-
trols might be eliminated or ignored. Such controls
should be embodied, if at all possible, in the defini-
tion of the problem and should be regarded as part
of the general procedure of efficient programming.
The method of checking a particular problem is de-
termined by the character of the problem and the
degree of confidence in the results the programmer
desires.




TYPE 533 INP

THE INrUT-0UTPUT of the Type 650 Magnetic Drum
Data-Processing Machine is by means of IBM punched
Type 533

cards, which are read and punched by the

Ficure 16. Tyre 533 Inpur-OuTtruTr UxN

UT-OUTPUT UNIT

(Figure 16). There are two independent card feeds:
one for reading cards; the other, for punching cards
(Figure 17).

IT

Ficure 17.

Reap FEep (LEFT) aND PuncH FEep (RIGHT)

19
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Read Hopper

First Read

E Second Read
SN——

FiGure 18. REeap FEED SCHEMATIC

W

¥

Stacker

The speed of both the read and punch feeds can
be affected by the amount of time required to perform
the instructions between successive read or punch op-
erations. To obtain the highest possible speed, both
feeds are driven by multiple-tooth clutches.

Input

The input cards are fed into the card reader, face
down, 12 edge first. The card reader (Figure 18) is
similar to that on the Type 402 Accounting Machine
and operates at a maximum speed of 200 cards per
minute. Al 80 columns of the card may be read into
the Type 650. The card reader has two reading sta-
tions at which cards may be read. Normally, the cards
are read at the second reading station. The first read-
ing station is usually used to read control information,
such as man number, card identification, etc. Group
control is performed by internal programming.

Output
The punch feed conrtains a punch station and a
punch brush station (Figure 19). The principle use

Punch Hopper
Punch Station

A

)
l

Punch Brushes Stacker

Ficure 19. PunNcH FEED SCHEMATIC

of the punch brushes is for the detection of double-
punched or blank columns in the output. Normal
gangpunching from the punch brushes can be accom-
plished. Tt is not possible to read into drum storage
from the punch brushes.

The maximum rate of feeding in the punch feed
is 100 cards per minute. As in the read feed, cards
are fed face down, 12 edge first. The two feeds are
entirely independent, and it is not possible to punch
information directly from the read feed. Any infor-
mation from a read card must pass from the reading
brushes to the drum before it can be punched.

The control panel receptacle (Figure 20) is mounted
in the Type 533. The control panel provides for flex-
ibility of input and output. The operation of the
Type 533 input-output unit is under the control of
the keys and indicator lights shown in Figure 21.

Ficure 20. ConNTroL PaNEL
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Ficure 21. Type 533 ConTROL KEYs AND INDICATOR LIGHTS

Wain-Lline Switch

The main-line switch controls the application of
power to the Type 533. This switch is located on the
right-hand end of the unit.

Power Light

This light will go on when the Type 533 main-line
switch is turned on and remains on as long as power
is applied.

Fuse Light

This light goes on when a fuse blows in the
Type 533.

READ-UNIT KEYS AND LIGHTS

Read-Start Key

Depressing the read-start key causes the read feed
to operate. The effect of the read-start key is de-
pendent upon the number of cards in the read-feed
hopper.

Condition 1. Four or More Cards (Figure 22)

With four or more cards in the read hopper, a
single depression of the read-start key will cause three
cards to be fed. After the initial run-in, feeding is
controlled by the stored program as long as cards re-
main in the read hopper. With cards in the read hop-
per and cards at all stations of the read feed (three
cards in), depression of the read-start key has no ef-
fect.

Condition 2. Three Cards (Figure 23)

With three cards in the read hopper, a single mo-
mentary depression of the read-start key will cause
all three cards to be fed. Any additional depressions
of the read-start key will cause the read feed to run,

Read Hopper

First Read

Second Read

Card 1

Stacker

Ficure 22. REap-StarT KEY—CoNDITION 1

Read Hopper

First Read

Second Read

Card 1

Stacker Drum

Stacker

Ficure 23. REap-STarT KEY—CONDITION 2
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Read Hopper

First Read

Second Read

Card 1

Stacker Drum

N

Stacker

Ficure 24. REeap-StarT KEy—CoNDITION 3

Condition 3. Two Cards (Figure 24)

With two cards in the read hopper, a single mo-
mentary depression of the read-start key will cause
both cards to be fed. Asin condition 2, any additional
depressions of the read-start key will cause the read
feed to run.

Condition 4. One Card (Figure 25)

With a single card in the read hopper, a single mo-
mentary depression of the read-start key will cause
only one read-feed cycle, as in conditions 2 and 3 any
additional depression of the read-start key will cause
the read feed to run,

Read Hopper

Empty
First Read
Card 3
= Card 2

Second Read
These Cards

not Processed

These Cards
Processed

Card 1

Stacker

FIGUrRe 26.

Read Hopper

First Read

Second Read

Stacker Drum

Stacker

Ficure 25. REap-StarT KeEy—ConDITION 4

The read-start key also functions as a non-calculate
runout key. This fact becomes very important in all
conditions just mentioned. Because of the non-
calculate runout condition, the last three cards in con-
dition 1 and all cards in conditions 2, 3, and 4 could
be passed through the machine without being proc-
essed. This would occur if the read-start key were
depressed for a sufficient amount of time to cause all
the cards in the feed to pass the second reading station.

The methods used to process cards remaining in the
card feed are described under End of File Kevy,

Read Hopper

First Read

Second Read

Enp-or-FiLe Ky CoNpITION
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End-of-File Key

The end-of-file key is effective only when the read
hopper is empty, and a card has just passed the second
reading station. In order to calculate or process the
card that has just passed second reading and any cards
that might follow it (maximum of two), the end-
of-file key must be depressed. In other words there
are three conditions under which the end-of-file key
can be used:

1. The hopper becomes empty after feeding three
or more cards. The unprocessed cards in the feed are
at stations 1, 2, and 3 (Figure 26A).

Depressing the end-of-file key will allow all three
cards to be processed (Figure 26B).

2. With only two cards in the read hopper, a single
momentary depression of the read-start key will cause
the read feed to take two card-feed cycles (Figure
27A).

A second momentary depression of the read-start
key will cause the first card to pass the second reading
station (Figure 27B).

Depressing the end-of-file key at this time will al-
low both cards in the feed to be processed (Figure
27C).

Read Hopper

First Read

Second Read
(®) Hopper becomes Empty
@Aﬁer Second Start Key Depression

@Aﬁer End of File

Operation

=

Stacker Drum

Stacker

FicUure 27

Reqd Hopper

First Read

Second Read
@ Hopper becomes Empty

(®) After Second Start Key Depression
@Affer Third Start Key Depression

(©) After End of Fite

Operation

Sracker Drum

Stacker

FiGURE 28

3. With a single card in the read hopper, a mo-
mentary depression of the read-start key will cause
the read feed to take one card-feed cycle (Figure
28A).

Two additional momentary depressions of the read-
start key will move the card past the second reading
brushes (Figure 28B).

Depressing the end-of-file key at this time will
allow the card to be processed (Figure 28C).

In all of the foregoing cases, the actual processing
is under control of the stored program. The stored
program must be initiated by the program start key
on the control console. The program start key will
be discussed in the control console section.

Stop Key

Depressing this key will immediately suspend card
feeding in both feeds. However, the stored program
continues until such time as a read or punch instruc-
tion is called for.

When both feeds are in use, card feeding may be
stopped by depressing either the read-stop or punch-
stop key. It is necessary to depress both the read-
start and punch-start keys in order to resume card
feeding.

When only one feed is in use, card feeding may be
stopped by depressing either stop key; however, the
appropriate start key must be depressed in order to
resume feeding.
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Unlabeled Light

This light is on whenever the read feed is not in use.

End-of-File Light
This light will go on when the end-of-file button

is depressed and remains on until the information
from the last card has entered drum storage.

Card-Feed Stop Light

This light will go on when an improper card feed
occurs in the read feed. In order to restart, the cards
must be removed from the hopper and the feed
cleared. The light is turned off by depressing the stop
key after the feed has been cleared.

When an improper card feed causes a card-feed-
stop condition, the following steps are necessary in
order to restart:

1. Remove the cards from the read hopper and de-
press the read-start key to clear the feed.

2. Depress the read-stop key to turn off the card-
feed-stop light.

3. Remove the last two cards from the stacker and
place them in front of the file, then restart in the nor-
mal manner.

A card-feed-stop on a run-in requires only that
the read-stop key be depressed to turn off the card-
feed-stop light.

PUNCH-UNIT KEYS AND LIGHTS

Start Key

Depressing this key causes the punch unit to feed
cards (Figure 29). With cards in the punch hopper
and cards positioned as shown by Card 1 and Card 2,
the start key is inoperative. In order to run cards out
of the punch unit, the hopper must be empty and the

Punch Hopper
Punch Station

i

oull™
Card 2 Card |

|

Punch Brushes Stacker

FiGUre 29. Carp PosITION AFTER RUN-IN

start key depressed. When processing a problem in-
volving card punching, the punch-start key should be
depressed and cards positioned as shown, before pro-
gramming begins.

Stop Key

Depressing this key will immediately suspend card
feeding in both feeds. However, the stored program
continues until such time as a read or punch instruc-
tion is called for. When both feeds are in use, card
feeding may be stopped by depressing either the read-
stop or punch-stop key. It is necessary to depress
both the read-start and punch-start keys in order to
resume card feeding.

When only one feed is in use, card feeding may be
stopped by depressing either stop key; however, the
appropriate start key must be depressed in order to
resume feeding,

If the punch-start key and punch-stop key are de-
pressed at the same time, in an attempt to single-cycle
the run-in of the cards in the punch feed, the ma-
chine will lock up after feeding one card. It will be
necessary to remove the cards from the punch hopper
and to run the card out of the punch feed before op-
eration can be resumed.

Reset Key

Depressing this key resets the double-punch and
blank-column stop circuit and turns off the double-
punch and blank-column (DPBC) light.

Double-Punch and Blank-Column (DPBC) Light

This light comes on when a double-punch or blank-
column error is detected. Detection of double-
punched columns and blank columns is accomplished
by control panel wiring.

Unlabeled Light (Adjacent to Reset Key)

This light is on whenever the punch feed is not
in use,

Unlabeled Light (Extreme Right)

This light is not used on the standard machine.




PROGRAMMING

THERE ARE 44 possible operation codes used in pro-
gramming for the Type 650. In order to simplify
the understanding of all operation codes, those opera-
tions that function in a similar manner are treated
as a group. Thus, when one understands the basic

OPERATION CODES

. Add and subtract with reset
. Add and subtract absolute value

4
5

6

7. Shifting
8. Branching
9
0

1

function of one of the group, the others should be

equally clear. The explanations are grouped as fol-

lows:
1. Read and punch
2. Transfer

3. Add and subtract without reset

. Table lookup

. Miscellaneous

. Multiply and divide

One of the most simple problems for the Type 650

would be to read an input card, transfer some or all of

the information to punching locations, and punch an

output card. Reading and punching are presented

first and then transfer of factors in general storage.

input-Output
70 RD (Read)

This operation code causes the ma-
chine to read cards by a two-step pro-
cess (Figure 30). First, the contents
of the 10 words of read-buffer storage
are automatically transferred to one of
the 20 (or 40) possible ten-word
groups of read general storage. The
group selected is determined by the
p-address of the READ instruction. Sec-
ondly, a card is moved under the read-
ing brushes, and the information read

€ Through conirol
panel wiring
from Reading to
Storage Entry.

is entered into buffer storage for the
next READ instruction. When cards
are initially run into the machine, the
contents of the first card are read into
read-buffer storage, Therefore, the first
READ instruction causes the contents of
the first card to be transferred to gen-
eral storage, and the contents of the
second card to be read into read-buffer
storage.

Of the 300 milliseconds read cycle
an average of 270 milliseconds is avail-
able for computing because of the read-
buffer storage.

Each drum memory band has 10

words that may be used for read stor-
age and any p-address given within
that band will cause the card to read
into thosc storage positions. For exam-
ple, an address of 0663 would cause
reading into locations 0651 through
0660. A READ instruction will erase
the previous contents of the read stor-
age locations. However, the read stor-
age is available for any purpose during
computing.

Special conditions apply when the
card being read is identified as a load
card. Load cards will be discussed fol-
lowing this section.

0]

Word 6

Word 7
Word 8 L
Word 9 0159
Word 10 o1

GENERAL

STORAGE

INPUT CARD —
PASSING READING STATION

INSTRUCTION: 70 0151 0003

STEP (D— Contents of Read Buffer Storage are trans-
ferred to Read General Storage Locations
0151-0160 specified by the "D” address
of the Read Instruction.

STEP (D — The next card is moved past the Reading
Station; and infermation read is entered,
through control panel wiring, into Read
Buffer Storage. Control panel wiring al-

lows full flexibility of entry of factors.

Ficure 30
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71 PCH (Punch)

This operation code causes card
punching in two steps (Figure 31).
First, the contents of one of the 20 (or
40) possible ten-word groups of punch
storage are transferred to punch-buffer
storage. The group selected is specified
by the p-address of the puncH instruc-

tion. Secondly, the card is punched
with the information from buffer stor-
age. Of the 600 milliseconds punch
cycle, an average of 565 milliseconds is
available for computing because of the
punch-buffer storage.

Each drum memory band has 10
words that may be used for punch

OUTPUT CARD —
PASSING PUNCH STATION

storage, and any p-address given with-
in that band will cause the card to
punch from the punch-storage posi-
tions. For example, an address of 0123
will cause punching from locations
0127 through 0136. The data in drum
punch storage remains unchanged by
the punching operation,

VA

1

Through control
panel wiring
from Storage
Exits to punch
position,

INSTRUCTION: 71 0027 0000

STEP (D~ Transfers contents of General Storage
Locations 0027-0036 to Punch Buffer

Storage.

-7 0
—// v
‘_
0044
0043 CoQ006: N
0042 0007
0041 0008 X
0040 0009 X
0039 010 1
0038 0011
® 0037 | SDERAL 0012
Word 10 epem 0036 . 0013
Word 9 === 0035~ 0014
Word B 0034 0015
Word 7 003 0016
Word 6 -wyes= (032 0017
\_Word 5= 0031 "\ 0018
\_Word 4 aeems 0030 -\ 0019
N\ _Word J-ame— Q070
N P
o] X
= aTowY. T —

STEP @~ Transfers contents of Punch Buffer Storage
to card at Punching Station through con-

trol panel wiring.

Ficure 31
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Op CONTENTS OF ACCUMULATOR
CobpE Drusm LocaTioNn  Upper Lower DisTRIBUTOR
69 LD before: 0000123456+ 0000000000 0000643217 00006432174+
69 LD (Load Distributor) after: 00001234564+ 0000000000 00006432174 0000123456
This operation code causes the con- DaTta ADDRESS UppI:ECUMUL?LOVI;ER DisTRIBUTOR
tents of the p-address location of the A AD ’
instruction to be placed in the distrib- |69 LD before: 8003 1234567890 38385678901 3838567890+
utor. after: 1234567890 3838567890} 12345678904
69 LD before: 8002 1234567890 3838567890 — 1234567890 —
after: 1234567820 3838567890 — 3838567890 —
24 STD (Store Distributor)
This operation code causes the con-
tents of the distributor with the dis-
tributor sign to be stored in the
location specified by the p-address of Or CONTENTS OF
the instruction. The contents of the Cope Drum LocaTioN DISTRIBUTOR
d“I‘“,b‘?mf remain ““d‘““ibed'h X 24 STD before: 0123456789+ 0001042666 —
¢ is Important to rememper that the after: 0001042666 — 0001042666 —
p-address for all store instructions
must be 0000-1999. An 8000-series
p-address will not be accepted as valid
by the machine on any of the store in-
structions.
Figure 32 shows a program to ac-
complish read, transfer, and punch.
STORAGE ENTRY WORDS
1 2 3 4 5 & 7 8 | 9 | 10
| _Memory Address [e]e]e]] Q002 QO03 0004 [elele) Q006 [e]s]eR] [a]e]e] -} Q009 QOIQ
[ Tnpvt €ard [00CO0C 2743]
STORAGE_EXIT WORDS
) 2 3 4 5 [ 7 8 9 10
[Famory Addren elspl GoZ8 5629 0030 5O3) 0032 0033 o0& S65E 5036
{_ Ovtput Cord [ACCET. NUM|
Location | Instruction Opaeration 8002 8001
lm%g Oata Instr. Abbrev, Upper Accumulator Lower Accumulator Distributor Remarks
00%0[70]0001[00BT ] _RD O (@) READ CONTENTS OF A CARD /NTO LoC.0001-00K]
CO51[69]CCOT[COBZ| LD [0 OIOOCIOIO[CIOIZ[ 7 FA]L.0AD DISK. WIiTR ACET. NO. EROM 6006 |
0Q052|24[0031|OCB3| STD O OI0IOCIO0IOR [T 3ISTORE DIST, (ACET. NO.) FOR PUNCHING N 00
OO53|7||O0CXT|00ED] PCH O 000002 TIAIZ[FUNCH A CARD WHTH CONTENTS OF 10C, 00X 7-00
FiGUrE 32. PosiTion AccounT NUMBER FOR PUNCHING
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Addition and Subtraction

In any practical use of the Type 650, there will
be a considerable amount of addition and subtraction
involved in the solution of a problem. The basic func-

10 AU (Add to Upper)

This operation code causes the con-
tents of the p-address location to be
added to the contents of the upper
half of the accumulator. The lower
half of the accumulator will remain
unaffected unless the addition causes
the sign of the accumulator to
change, in which case the contents of
the lower half of the accumulator
will be complemented. Also, the units
position of the upper half of the ac-
cumulator will be reduced by one.

15 AL (Add to Lower)

This operation code causes the con-
tents of the p-address location to be
added to the contents of the lower half
of the accumulator. The contents of
the upper half of the accumulator
could be affected by carries.

tion of the

addition and subtraction operations is the

same and, for that reason, they have been grouped in
the discussion that follows.

The distributor will contain the p-address factor
following any addition or subtraction operation.

Or CONTENTS OF ACCUMULATOR
CopE Drum LocaTtion UppEr Lower DistrIBUTOR
10 AU before: 0012345678+ 0000458632 8942711365+ 8942711365+
after: 0012345678 0012804310 8942711365+ 0012345678+
10 AU before’: 0012345678+ 0000458632 8942711365 — 8942711365 —
after: 0012345678+ 0011887045 1057288635 0012345678
10 AU before: 0012345678 9989374627 8942711365 89427113654
after: 0012345678+ 0001720305 8942711365+ 0012345678

(overflow)

ACCUMULATOR
DATta ADDRESS UrPER Lower DisTRIBUTOR
10 AU before: 8003 1234567890 3838567890+ 38385678904
after: 2469135780 38385678904 1234567890
10 AU before: 8002 1234567890 3838567890 1234567890
after: 5073135780 38385678904 3838567890
10 AU before.' 8001 1234567890 3838567890 1234567890 ~
after: 0000000000 38385678904 1234567890 —

Or CONTENTS OF ACCUMULATOR
CobE DruMm Location UpPER Lower DisTrRiBUTOR
15 AL befor&‘ 00123456784 0000000000 9989374627+ 9989374627+
after: 0012345678+ 0000000001 00017203054 0012345678
15 AL before: 0012345678-- 0000000000 9989374627 — 9989374627 —
after: 0012345678 0000000000 9977028949 — 0012345678
15 AL before: 0012345678 — 0000000000 9989374627 — 9989374627 —
after: 0012345678~ 0000000001 0001720305 — 0012345678 —

ACCUMULATOR
DaTa ADDRESS UprpER Lowexr DistriBuTOR
15 AL before: 8003 9876543210 38385678904 12345678904
after: 987654321(1) 37151111004 9876543210
15 AL before.' 8002 1234567890 38385678904 1234567890+
after: 1234567890 7677135780 3838567890-F
15 AL before: 8001 1234567890 3838567890} 3838567890 —
after: 1234567890 00000000004 3838567890 —
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Or CONTENTS OF ACCUMULATOR
CobpE DruM LocaTion  Urrer LowEer DISTRIBUTOR
11 SU before: 0012345678 — 0000458632 8942711365~ 0000458632 —
11 SU (Subtract from Upper) after: 0012345678~ 0011887045 10572886354 0012345678 —
. . 11 SU before: 0012345678+ 0000458632 8942711365 — 0000458632 —
This operation code causes the con after: 0012345678+ 0012804310 8942711365 — 0012345678
tents of the p-address location to be
subtracted from the contents of the |11 SU  before: 0012345678+ 9989374627 8942711365 — 9989374627 —
after: 0012345678 0001720305 8942711365 — 0012345678+
upper half of the accumulator. The (overflow)
contents of the lower half of the ac-
cumulator will remain unaffected un- A U ACCUMULA"EOR D
less the subtraction causes a change of DaTa Appress PPER OWER ISTRIBUTOR
sign in the accumulator, in which case |11 SU before: 8003 1234567890 3838567890 3838567890
the contents of the lower half of the after: 0000000000 3838567890-1 1234567890+
accumulator will be complemented. |11 SU before: 8002 1234567890 3838567890 12345678904
Also, the units position of the upper after: 2603999999 6161432110~ 3838567890+
half of the accumulator will be re- |11 SU  pefore: 8001 1234567890 3838567890 12345678904
duced by one. after: 0000000000 3838567890+ 1234567890}
Oor CONTENTS OF ACCUMULATOR
CobpE Drum LocaTioNn  Upper Lower DISTRIBUTOR
16 SL before: 00123456784 0000000000 9989374627 9989374627 4
16 SL (Subtract from Lower) after: 0012345678~ 0000000000 99770289494 0012345678+
Thi t d es th _ 16 SL before: 0012345678 — 0000000000 9989374627+ 9989374627 4
cents of the Doaddeess lomssion to be after: 0012345678~ 0000000001 0001720305 - 0012345678 —
subtracted from the contents of the |14 g before: 0012345678 — 0000000000 9989374627 — 9989374627 —
lower half of the accumulator. The after: 0012345678 — 0000000000 9977028949 — 0012345678 —
contents of the upper half of the ac-
cumulator could be affected by carries. ACCUMULATOR
Darta ADDRESs UprER Lower DISTRIBUTOR
16 SL before: 8003 9876543210 3838567890+ 3838567890+
after: 98765432(09) 3962024680 9876543210~
16 SL before: 8002 1234567890 3838567890 1234567890
after: 1234567890 0000000000+ 3838567890
16 SL before: 8001 1234567890 3838567890 3838567890
after: 1234567890 00000000004 38385678904
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Addition and Subtraction with Reset

The reset-add and reset-subtract operation codes
differ in function from the add and subtract opera-
tions in that the entire accumulator is reset to zero

before the new factor is entered.

60 RAU
(Reset and Add into Upper)

This operation code resets the entire
accumulator to plus zero and adds the
contents of the p-address location into
the upper half of the accumulator.

65 RAL
(Reset and Add into Lower)

This operation code resets the entire
accumulator to plus zero and adds the
contents of the p-address location into
the lower half of the accumulator.

Or CONTENTS OF ACCUMULATOR
Cobpe DrumMm LocaTioNn  Upper LowEr DisTRIBUTOR
60 RAU before: 0012345678+ 8942711365 99893746274 8942711365+
after: 0012345678+ 0012345678 0000000000+ 00123456784
60 RAU  before: 0012345678 — 8942711365 9989374627+ 9989374627+
after: 0012345678~ 0012345678 0000000000 — 0012345678 —
ACCUMULATOR
DaTAa ADDRESS Urprer LowEer DisTRIBUTOR
60 RAU before: 8003 1234567890 3838567890} 3838567890+
after: 1234567890 0000000000 1234567890
60 RAU  pefore: 8002 1234567890 3838567890} 1234567890+
after: 3838567890 0000000000} 38385678904
60 RAU before: 8001 1234567890 3838567890-}- 1234567890 —
after: 1234567890 0000000000~ 1234567890 —
Or CONTENTS OF ACCUMULATOR
CobE Drum LocatioNn UprPER Lower DiIsTRIBUTOR
65 RAL before: 00123456784 8942711365 9989374627 89427113654
after: 0012345678+ 0000000000 0012345678+ 0012345678~
65 RAL  before: 0012345678 — 8942711365 9989374627+ 8942711365+
after: 0012345678— 0000000000 0012345678 — 0012345678 —
ACCUMULATOR
DaTa ADDRESS UrpER Lower DisTtrIBUTOR
65 RAL before: 8003 1234567890 3838567890 3838567890+
after: 0000000000 1234567890 12345678904
65 RAL before: 8002 1234567890 3838567890 3838567890+
after: 0000000000 3838567890 3838567890+
65 RAL before: 8001 1234567890 3838567890+ 1234567890 ~
after: 0000000000 1234567890 — 1234567890 —
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61 RSU
(Reset and Subtract into Upper)

This aperation code resets the entire
accumulator to plus zero and sub-
tracts the contents of the p-address
location into the upper half of the ac-
cumulator.

66 RSL
(Reset and Subtract into Lower)

This operation code resets the entire
accumulator to plus zero and subtracts
the contents of the p-address location
into the lower half of the accumulator.

Figure 33, which follows the ac-
cumulator store operations, shows a
program using addition and subtrac-
tion,

Or CONTENTS OF ACCUMULATOR
CopE DruMm LocaTion  UppPEr Lower DisTRIBUTOR
61 RSU before: 0012345678 8942711365 9989374627} 89427113654
after: 0012345678+ 0012345678 0000000000~ 0012345678
61 RSU before: 0012345678 — 8942711365 9989374627+ 8942711365+
after: 0012345678~ 0012345678 00000000004+ 0012345678 —
ACCUMULATOR
DaTta ADDRESS UrrEr Lower DisTRIBUTOR
61 RSU before: 8003 1234567890 3838567890+ 3838567890+
after: 1234567890 0000000000 — 1234567890
61 RSU before: 8002 1234567890 3838567890+ 1234567890-F
after: 3838567890 0000000000~ 3838567890}
61 RSU before: 8001 1234567890 38385678904 1234567890+
after: 1234567890 0000000000~ 1234567890+
Or CONTENTS OF ACCUMULATOR
CobE DruM LocaTion  UppeEr Lower DisTRIBUTOR
66 RSL before: 0012345678+ 8942711365 9989374627+ 8942711365+
affer: 0012345678+ 0000000000 0012345678 — 0012345678
66 RSL before: 0012345678 — 8942711365 9989374627+ 9989374627}
after: 0012345678~ 0000000000 0012345678+ 0012345678 —
ACCUMULATOR
DaTa ADDRESS Urper LowER DisTRIBUTOR
66 RSL before: 8003 1234567890 3838567890+ 38385678904
after: 0000000000 1234567890~ 1234567890+
66 RSL before: 8002 1234567890 3838567890 — 3838567890 —
after: 0000000000 3838567890 3838567890 —
66 RSL before: 8001 1234567890 3838567890} 12345678904
after: 0000000000 1234567890~ 1234567890+
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Accumulator Store Operations

There are also store operations for the contents of
either half of the accumulator, and two special store
instructions for portions of the contents of the lower

half of the accumulator.

20 STL (Store Lower in Memory)

This operation code causes the con-
tents of the lower half of the accumu-
lator with the accumulator sign to be
stored in the location specified by the
p-address of the instruction. The con-
tents of the lower half of the accumu-
lator remain undisturbed,

It is important to remember that the
p-address for all store instructions must
be 0000-1999. An 8000 series D-address
will not be accepted as valid by the
machine on any of the store instruc-
tions.

21 STU (Store Upper in Memory)

This operation code causes the con-
tents of the upper half of the accumu-
lator with the accumulator sign to be
stored in the location specified by the
p-address of the instruction. If STU
is performed following a division op-
eration, and before another division,
multiplication, or reset operation takes
place, the contents of the upper ac-
cumulator will be stored with the sign
of the remainder from the divide op-
eration (or-cope 14). The contents

21 STU before: 0123456789+ 0404532877

Or CONTENTS OF ACCUMULATOR
CobEe DrumMm LocatioNn Upper Lower DisTriIBUTOR
20 STL before: 0123456789+ 0404532877 0000553882 — 0000012998+
after: 0000553882~ 0404532877 0000553882 — 0000553882 —
Or CONTENTS OF
CoDE Drum LocaTioN UprrEr LowEer DisTRIBUTOR

00005538824 0000012998+
after: 04045328774 0404532877 0000553882-F 04045328774
21 STU before: 0123456789+ 0404532877

after: 0404532877 — 0404532877

0000553882 — 0000012998
0000553882~ 0404532877 —

Remainder Quotient
21 STU before: 0136543210~ 0006349211 — 0014987621+ 00064321984

of the upper half of the accumulator after: 0006349211 — 0006349211 — 00149876214 0006349211 —
remain undisturbed.
It is important to remember that the
p-address for all store instructions
must be 0000-1999. An 8000 series
p-address will not be accepted as valid
by the machine on any of the store in-
structions,
STORAGE ENTRY WORDS
i 2 3 5 s 7 B I 9 ] 10
| Memory Address Q00| 0002 [elSek) Q004 OCO5 0006 QOO o008 0009 [e]=]]e] ]
AZCOUNT NO. A B < D Iy
[ e Cord 000000 273 F325 Fig) +I58 F 125
STORAGE EXIT WORDS
1 K 4 5 6 7 8 9 10
| Memory Address cc27 Q028 Q023 0C30 Q031 Q032 0033 OO 34 o035 CC3b
Ouipvt Cord A9 B) T 3AO(E DI K87 ACCT. ND) DA
(oca'ﬂon Instruction Operation 800! 8001
trection] OP | Data Instr Abbrev Upper Accumulotor Lower Accumulater Distributor Remarks
8‘0?‘0 70j0001 [OOST] RD_ [bfslole o[ al3]o{oTololold]cTa 8208 olololols |oTa 2] READ CONTENTS OF A CARD JNTO LOCATIONS 0000010
OOBT 160]OO0T 0052 LD _Jo[olo/olojojol 2] RI0/0/0/00[016 15182100 [0 [0/0 |02 114 [ 31AD DISTRIBUTOR WITH ACGOUNT NUMBER
OOK2]24|0031 0083 &TD (0|00 Q1 23010 [SIAOIC|e]2 BRI O [C[O0 2] 7|4 |STORE DIET (ARET. NO.) IN PUNCH .00, 0631
00536500032 0054 RAL |0 OO I0ICI0[0I0 0] 3|2 [SloloIo0 [O[0[0 3 RS [REEET  ADD FACTOR A INTO LOWER AALF OF AGCUM.
QO54T 1560030055 AL O OROICI0ICIO0 314000000 SO0 1 [5]ADD FACTOR B T0 CONTENTS OF LOWER [A+B)
CO55]20[00C27|0056] &1L 1D OORIOIO O[O 1A IO[CIO[DICIO [DIO[ 3[4 JOJETORE IOWER (A¥E) 1N PUNCH LOGATION OO 2
COEE| 61 |CO4|OCET] RaU 75815 OO0 7| alREET & SUETRACT FACTOR C INTO U ALE OF
OO5T| 1T |O005 0058 U - 18[7]2 OO0 (240 T FACTOR D _FRDM QONT. D)
OOSB[21[CO2.8[0059] STU B[72]0 © = 18] 7| 2|STORE UPPER{L-D)IN PUNCH LOCATION OO0 2.8
0059 [7110027]0050] PeH PURCH CARD WITH CONTENTS OF [XC, 001 ~00 26
FIGURE 33. ApDITION, SUBTRACTION, STORING




22 STDA
(Store Lower Data Address)

This operation code causes positions
8-5 of the distributor to be replaced by
the contents of the corresponding posi-
tions of the lower half of the ac-
cumulator. The modified word in the
distributor with the sign of the dis-

tributor is then stored in the location
specified by the p-address of the in-
struction.
half of the accumulator remain un-
changed, and the sign of the ac-
cumulator is not transferred to the
distributor.
mains in the distributor upon comple-
tion of the operation.

The contents of the lower

The modified word re-

It is important to remember that the
p-address for all store instructions
must be 0000-1999. An 8000 series
p-address will not be accepted as valid
by the machine on any of the store in-
structions.

Figure 34 shows how instructions
from the program may be modified by
addition and by use of the 22 code,

Or
Cope

DAta ADDRESS

Location
0100

ACCUMULATOR
UprpER

Lower

DisTRIBUTOR

22 STDA before: 0100 69 1946 0600~ 0000000000 00 1988 0560 — 69 1950 0600~
after: 69(1988) 0600 0000000000 00(1988)0560 — 69(1988) 0600
STORAGE ENTRY WORDS
i 2 ] 5 3 7 g
| Menory Address
| teputCard
STORAGE EXIT WORDS
1 2 4 5 & 7 8 9 10
| Memory Address
L_Output Card
Location Instruction Operation 8002 8001
of ionl OP | Data Instr. Abbrev. Upper Accumulater Lower Accumulator Distributor Remarks
[ — L L T T T I T I T T T e ]
———— p—— r—p—— — -_——
OI00 165{0022[ 0101 [ RAL [0 OlelClggloo0] | IHH6[00[8l0[0I101 [O[4[PRASE 7 'oN 0022 IN Ef
OIOI[15]r84g] o102 AL 10 QleoloosIod [Cl4o[C|o] | [BICICIOIO|HADD G15C TO THE DATA ADDRESS
OI02[ 901050103 LD |o |0 5100 [OI2[1]O19/4[9]O] TI0]&[LOAD DIST. With [NSTRUCTON IN LoC. 0105
C103[23|0105]|8002| STDA |0 610035001 [Ol& |21 [OBE|OI0] T IO]G{INGERT NEW OATA ADDRESS AND RESTORE N OTOE]
[ 5002] 60[(0950) ©104 | RAU [0R0[00GABEE AOOGIOI0[63EE[5[Frhte FATOR FROM 0950 TN UPRER
OIo4[ 10118500105 AU OICIO6R3[E[o O[OIC OO0 [CIO|O]8]3|ADD FAGTOR. FROM 850 TO UPPER.
0105121 {0950} O106]| STV KOICO0I06[393[8 OO ERE EE[STORE SUM [N LOCANION 0950
/‘\/\ | — O NEREE e S e i —————
FiGure 34. INsSTRUCTION MobIFicaTioN
23 STIA utor is then stored in the location speci- p-address for all store instructions

(Store Lower Instruction Address)

This operation code causes positions
4-1 of the distributor to be replaced by
the contents of the corresponding po-
sitions of the lower half of the ac-
cumulator. The modified word in the
distributor with the sign of the distrib-

fied by the p-address of the instruction.
The contents of the lower half of the
accumulator remain unchanged, and
the sign of the accumulator is not
transferred to the distributor,
modified word remains in the distribu-
tor upon completion of the operation.

The

It is important to remember that the

must be 0000-1999. An 8000 series
p-address will not be accepted as valid
by the machine on any of the store in-
structions.

Figure 35 shows the use of codes 22
and 23 to separate independent factors
within a single word.

Or. LocaTioN ACCUMULATOR
CobpE DATA ADDRESS 0100 UPPER LowEgRr DiISTRIBUTOR
23 STIA  before: 0100 69 1800 0715 -+ 0000000000 00 1988 0816 -+ 69 1800 0750 —
after: 69 1800(0816) — 0000000000 00 1988(0816)~} 69 1800(0816) —
STORAGE ENTRY WORDS
1 2 4 3 5 7 8 T [ I 10
| Memory Address [a]=1}
AT B [ C
[ Input Cord 12[2456[7850
STORAGE EXIT WORDS
1 2 4 F & 7 8 9 10
| Memory Address
[ Output Card
Locati i ] 2 8001
T:::n OP Inps;::cmn Instr. o:l:l:::‘vo" Upper Accumulator Lower Accumulator Distributor Romarks —
—— T T 1T T T -] | L L ——— —
0025 [6E10TCT 0026 | RAL |9 = O[22 145a[TE8[?]e]1 [2 +56’7€95Awwoabfoﬁ?—ﬁﬁwe FFE?SRK,BA%?
0026 [69180030027] LD |0 ol 23K [516[7[8]9]0[O0 O[LOAD DISTRIBUTOR WITH ZERDOS
C02T123[0149 10028 | STIA Jo QNP ISANBEIR Q@@ Eh SQg%EPARATE AND €STORE FACTOR C
0028[16{800] [CO23] SL. [0 ol [2[RH[E[6|0[0[00I0[ORC[O[O]T[BR[O[CLEAR C PORTION “F LOWER
002916318003 |003C[ LD [0 ol [2[3H4[5]e 00000 O[L.0AD DISTRIBUTOR WITH ZEROS
O0320[22{0C148 0031 STDA [0 Ol 2 [3R[5]600[01010[0 5B 60/0C0|SEPARATE AND STORE FACTOR B
0031 |16]8001 0032 3L [0 o[ [2[CI0I0I0ICIOCIORICI2HKIE6I0[CIOIO|cLEAR. B PORTION OF LOWER
0032|2004 T7]0033] STL_[O ST 200001 12000 PR CO0[EToRE FACTOR, A
E—— ] —
Ficure 35. FACTOR SEPARATION
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TYPE 650

ADDITION AND SUBTRACTION —
ABSOLUTE VALUES

Operation codes are provided that
enable the absolute value of the incom-
ing factor to be added or subtracted.
These operations ignore the actual al-
gebraic sign of the incoming factor
and automatically treat it as a positive
factor.

17 AABL
{Add Absolute to Lower)

This operation code ¢auses the con-
tents of the p-address location to be
added to the contents of the lower half
of the accumulator as a positive factor
regardless of the actual sign. When
the operation is completed, the dis-
tributor will contain the n-address fac-
tor with its actual sign.

67 RAABL (Reset and Add
Absolute into Lower)

This operation code resets the entire
accumulator to zeros and adds the con-
tents of the p-address location into the
lower half of the accumulator as a
positive factor regardless of its actual
sign. When the operation is completed,
the distributor will contain the p-
address factor with its acrual sign.

18 SABL
(Subtract Absolute from Lower)

This operation code causes the con-
tents of the p-address location o be
subtracted from the contents of the
lower half of the accumulator as a
positive facter regardless of the actual
sien. When the operation is completed,
the distributor will contain the -
address factor with its actual sign.

68 RSABL (Reset and Subtract
Absolute into Lower)

This operation code resets the entire
accumulator to plus zero and subtracts
the contents of the p-address location
into the lower half of the accumulator
as a positive factor, regardless of the
actual sign. When the operation is
completed, the distributor will contain
the p-address factor with its actual
sign.

Or. CONTENTS OF ACCUMULATOR
Cope Drum LocatioN  Upprr Lower DistrIBUTOR
17 AABL  before: 0012345678 0000000000 9989574627 99893746271
aff(’r: 0012345678~ 0000000001 00017203054 0012345678+
17 AABL /)ffon’: 0012345678 — 0000000000 8942711365 — 8942711365 —
affm'.' 0012345678 — 0000000000 8930365687 — 0012345678 —
17 AABL 17(?f0‘r£’: 0012345678 0000000000 9989374627 — 9989374627 —
aff(’r: 0012345678 0000000000 9977028949 — 0012345678

Opr. CONTENTS OF ACCUMULATOR
CopEe Drum Location  Urper LowER DisTRIBUTOR
67 RAABL before: 0012345678 — 8942711365 9989374627 — 9989374627 —
affcr: 0012345678 — 0000000000 00123456784 0012345678 —
67 RAABL before: 0012345678+ 8942711365 9989374627+ 8942711365+
afz‘er: 0012345678+ 0000000000 0012345678+ 0012345678+

Or. CONTENTS OF ACCUMULATOR
CobEe Drun Location  Uprper Lower DisTrIBUTOR
18 SABL bt’forf': 0012345678 — 0000000000 8942711365 — 8942711365 —
affer: 0012345678 — 0000000000 8955057043 — 0012345678 —
18 SABL lJc'forc: 00123456784~ 0000000000 8942711365 8942711365+
after: 0012345678 0000000000 8930365687 0012345678+
18 SABL bt’fore: 0012345678~ 0000000000 9989374627 — 9989374627 —
aft‘er.‘ 0012345678+ 0000000001 0001720305 — 00123456784

Op. CONTENTS OF ACCUMULATOR
CopE DruM Location  Uprper LoweEr DistriIBUTOR
68 RSABL be’fore.‘ 0012345678+ 8942711365 9989374627 4 9989374627
aftm’: 0012345678+ 0000000000 0012345678 — 00123456784
68 RSABL 17ef0re: 0012345678 — 8942711365 9989374627+ 9989374627+
afh’r: 0012345678 — 0000000000 0012345678 — 0012345678 —
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Multiplication

Multiplication in the Type 650 is accomplished by
repeated addition. The number of additions is con-
trolled in the following manner:

1. The contents of the entire accumulator are
shifted one position to the left. This places the high-
order digit of the multiplier in a special storage posi-
tion. The digit in the special position is then analyzed
for a zero or nonzero condition. If it is zero, another
left shift is initiated. If it is nonzero, an add cycle
Is set up.

2. The multiplicand is added into the lower half
of the accumulator. The digit in the special position
is decreased by one each time the multiplicand is
added. As soon as the digit becomes zero, the addition
operation is stopped, and the contents of the entire
accumulator are again shifted to the left to place the
next digit of the multiplier in the special position.

Thus, the machine process of multiplication is es-
sentially the same as the paper and pencil process used
by most people. The only difference is that the mul-
tiplier digits are handled in the reverse order.

Haxp MeTHOD  MACHINE METHOD

19 MULT (Multiply)

This operation code causes the ma-
chine to multiply. A 10-digit multi-
plicand may be multiplied by a 10-
digit multiplier to develop a 20-digit
product. The multiplier must be placed
in the upper accumulator prior to mul-
tiplication. The location of the multi-
plicand is specified by the p-address
of the instruction. The product is
developed in the accumulator begin-
ning in the low-order position of the
lower half of the accumulator and ex-
tending to the left into the upper half
of the accumulator as required. The
multiplier (originally in the upper
half of the accumulator) will be lost
during multiplication. The multipli-
cand will remain in the distributor.

The operations necessary to position
factors for decimal point alignment
and to half-adjust results are covered

under Shifting.

1111 1111
w111 X 111
1111 1111
1111 shife 1 shift 1 1111
1111 shift 1 shift 1 1111
123321 123321
1234 1234
23 23
3702 1234
2468 1234
28382 1234
1234
1234
28382
ACCUMULATOR
Or CobpE MuLTtiPLICAND Uprrer LowEer DisTRIBUTOR
19 MULT  before: 00123456784 8942711365 0000000000~ 8942711365 --
after: 0012345678+ 0011040383 4959230470+ 0012345678+
19 MULT befor‘e’:0012345678— 8942711365 0000000000 89427113654
zzfz‘er: 0012345678 — 0011040383 4959230470 — 0012345678 —
19 MULT  before:0012345678 — 8942711365 0000000 (111) - 8942711365 -
afl‘f’r: 0012345678 — 0011040(494)4959230470 — 0012345678 —
19 MULT= bcf0r0:0012345678— 8942711365 9999999999+ §942711365+
ﬂfz‘c’r: 0012345678 — 0011040382 4971576148 — 0012345678 —
Correct Answer 0012345678 — 10011040382 4959230470 — 0012345678 —

“ A carry is propagated into the multiplier to cause an erroncous answer. The
carry is also lost in the product as the accumulator has a 20-digit capacity.

If the lower half of the accumulator
contains some number at the start of a
multiply operation, the absolute value
of that number will be added to the
absolute value of that portion of the
product developed in the upper half of

the accumulator. The regular rules of
carry and overflow apply in this case.
Thus, a sufficiently large number in
the lower half of the accumulator could
increase the absolute value of the
multiplier,




36 TYPE 650

Division

Division in the Type 650 is accomplished by re-
peated subtraction. The number of subtractions is
controlled in the following manner:

1. The contents of the entire accumulator are
shifted one position to the left. This places the high-
order digit of the dividend in a special storage position
and inserts a zero in the units position of the lower
half of the accumulator.

2. The ten-digit divisor is subtracted from the con-
tents of the upper half of the accumulator and the
special digit position. The subtraction process con-
tinues until an overdraw occurs. When the over-
draw occurs, the subtraction process stops, and the
overdraw is corrected by adding the divisor back into
the upper half of the accumulator. Following each
subtraction on which an overdraw does not occur, a
count of one is added to the units position of the
lower half of the accumulator.

3. Following the overdraw correction, the entire
accumulator contents are again shifted one position to
the left and the process repeats for ten cycles (shifts).
The remainder, if any, is the amount left in the upper
half of the accumulator after the last overdraw cor-
rection.

Thus, the machine process of division is essentially
the same as the paper and pencil process of division.

HaNp MeTHOD

1234
23) 28382
23
753

46
778
69
92
92

MacHINE METHOD

1234

23) 28382

- 23

5
-23
~18
+23

53
-2}

30
-23

7
-23
1s
423
T 78

- 23

55
- 23

+2

- 23

69
- 23

46
-2}

23
-23

-~ 23
BET)
+23

14 DIV (Divide)

This operation code causes the ma-
chine to divide without resetting the
remainder. A 20-digit dividend may
be divided by a 10-digit divisor to
produce a 10-digit quotient. In order
to remain within these limits, the abso-
lute value of the divisor must be
greater than the absolute value of that
portion of the dividend that is in the
upper half of the accumulator. The

entire dividend is placed in the 20-
position accumulator. The location of
the divisor is specified by the p-address
of the divide instruction. The opera-
tions necessary to position the dividend
for decimal-point alignment and to
half-adjust the results are covered un-
der Shifting.

If the machine attempts to develop
a quotient of more than 10 digits, a
quotient overflow will occur, and the

machine will stop. If division by zero
is attempted (divisor of zero), a quo-
tient overflow will always occur, and
the machine will stop.

At the completion of the divide op-
eration, the divisor is in the distributor;
the quotient, with its sign, is in the
lower half of the accumulator; and the
remainder, with its sign, is in the up-
per half of the accumulator. The sign
of the remainder is the same as the sign




OPERATION CODES ¥
of the dividend and will continue to
be associated with the upper half of
the accumulator until a reset or ACCUMULATOR
another divide operation is executed. Or. Drvisor UprPER Lower DISTRIBUTOR
This is the only condition under Cope (dividend)

which the upper half of the accu-
mulator will acquire an independent
sign.,

If there is a possibility of a differ-
ence in the sign of the quotient and
the sign of the remainder, the remain-
der should be stored in some drum
memory location or loaded into the
distributor before any arithmertical
operation using the remainder is per-
formed. This is necessary to insure
that the remainder retains its proper
sign.

If a multiply operation is executed
any time after a code 14 operation
but before a reset operation is given,
the sign of the accumulator will be
placed in the remainder sign position.
A store upper operation would then
store the sign of the multiplier, not
the sign of the product.

If the branch minus code (46) is
used after a divide operation, it is the
sign of the accumulator, not the sign
of the remainder, that is tested by this
code. '

.64 DIV RU
(Divide and Reset Upper)

This operation code causes the ma-
chine to divide as explained under op-
eration code 14 (DIV). However, the
upper half of the accumulator con-
taining the remainder with its sign is
reset to Zzeros.

14 DIV before: 0000000125-F 0000000000 0000004682+ 0000004682
(remainder) (quotient) (divisor)
after: 0000000125-}- 0000000057+ 00000000374 0000000125+

14 DIV before: 0000000125 — 0000000000 0000004682+ 00000046824
(remainder) (quotient) (divisor)
after: 0000000125 — 0000000057 () 0000000037 (— ) 00060000125 —

(dividend)

after:
after:

after:

64 DIVRU before:
64 DIVRU before:
64 DIVRU before:

64 DIVRU before:

(dividend)
14 DIV before: 0000000125+ 0000000000 0000004682 — 0000004682 —
(remainder) (quotient) (divisor)
after: 0000000125+ 0000000057 (— ) 0000000037 (— ) 000000012 -
(dividend)
14 DIV before: 00000001254 0000000852 10340102004~ 00000008524
(divisor)
after: 0000000125+ OVERFLOW 00000001254~
Or. ACCUMULATOR
ConE Drvisor UprpER Lower DisTRIBUTOR

00000001254 00680000000 0000004682+ 0000004682}
0000000125+ 0000000000 0000000037+ 00000001254~

0000000125 — 0000000000 0000004682} 0000004682
0000000125 — 0000000000 0000000037 — 0000000125 —

00000001254+ 0000000000 0000004682 — 0000004682 —
0000000125+ 0000000000 0000000037 — 0000000125+

0000000125~ 6000000852 10340102004 0000000852+

Figure 36 shows a program to solve after: 0000000125+ OVER FLOW 0000000125 -
the equation:
(A+B) X C _ .
D
STORAGE ENTRY WORDS
1 H 3 4 5 5 7 g I g I 10
[ Memory Address 101 Ol O 010% o104
[ npotCord A [ [} D
STORAGE EXIT WORDS
1 2 3 4 5 4 7 8 9 10
| Memony Address [e]F %] [l o129 o150 0131
L Output Card A i) [o) D T
Location | Instruction Oparation 8001 8002 8001
,,° 1on] OP ] Data Imstr Abbrev Upper Accumulator Ltower Accumulotor Distributor Remarks
7010101 0001 | RD READ A CARD
QOO0 [0 [E101 [O00Z| RAU 3 @) Q A ENTER A TNTO UPPER
OOCZI24[C1 270003 1D A C Q A\ STORE A FOR PUNCHING
O003[10[CI0Z2[0004] AU Al+E (] 2 ADD B TO A
OO0H24]0128[6CCE] &T0 Al+[B 0 [@] 2 STORE B FOR PUNCHING
Q0051901 03/CCCHIMULT [0 (@) ArEIK T MULTIPLY (A+B) TIMES ©
O000[24][0125 0007 &TD [0 @) (A+E X ¢ c STORE €& FoR PUNCHING
00O T[AC1O4[000E[DIV RU [O ] T- D DIWIDE Ar8IXC) BY ©
O0C8[24 0120|0008 &0 [0 T D STORE Dr-FOR RUNCHING
QCOC3[20(01 3110010 oYL 1o @ T T STORE RESULTS (T) FOR PUNCRING
OCIO[1] 0127 [OOGO] _PCH PUNCH A CARD

FiGUurE 36. MuULTIPLICATION AND Division
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Branching

Branching is the logical-means of recognizing one
of two possible conditions. A branching instruction
consists of the branch code, the data address, and the
instruction address:

Branch Code Data Address Instruction Address
XX XXXX XXXX

When a branching instruction is used, the ma-

chine chooses either the data address or the instruction
address of the branching instruction as the location
of the next instruction to be performed. If the con-
dition of the branch code is fulfilled, the location of
the next instruction is specified by the data address
of the branching instruction. If the condition of the
branch code is not fulfilled, the location of the next
instruction is specified by the instruction address of
the branching instruction.

44 BRNZU
(Branch on Non-Zero in Upper) Or ACCUMULATOR NexT INSTRUCTION
This operation code causes the con- Cope UrrER Lower
tents of the upper half of the accumu- | 44 BRNZU 0012345678 00087643294~ Take p-address (branch)
lator to be examined for zero. If the 0000000123 00000000004  Take p-address (branch)
contents of the upper half of the ac- 0012345678 0000000000~  Take p-address (branch)
cumulator is non-zero, the location
of the next instruction to be executed 0000000000 00123456784 Take 1-address (no branch)
is speciﬁed by the p-address. If the 0000000000 0000000000+ Take I-address (no branch)
content of the upper half of the ac- 0000000000 0000000000 —~ Take I-address (no branch)
cumulator is zero, the location of the
next instruction to be executed is spe-
cified by the 1-address. The sign of the
accumulator is ignored.
45 BRNZ (Branch on Neon-Zero)
Op ACCUMULATOR NexT INsTRUCTION
This operation code causes the con- CopE UpprER LowER
th ti lator to b
tent of the entire accumulator to be | pp 0000000123 0000000000+  Take p-address (branch)
examined for zero. If the content of
X 0000000000 0000000123 Take p-address (branch)
the accumulator is non-zero, the loca- 0000000000 0000000123 Tak id 0 b
tion of the next instruction to be exe- - ake p-address (branch)
cuted is specified by the p-address. If 0000000000 0000000000+  Take 1-address (no branch)
the contents of the accumulator is zero, 0000000000 0000000000 —  Take 1-address (no branch)
the location of the next instruction to
be executed is specified by the 1-address.
The sign of the accumulator is ignored.
46 BRMIN (Branch on Minus)
This operation code causes the sign Or ACCUMULATOR NexT INSTRUCTION
of the accumulator to be examined CoDE UpPER LOWER
for minus. If the sign of the accumu-
lator is minus, the location of the next 46 BRMIN 0000000000 0000000123 — Take p-address (branch)
instruction to be executed is specified 0000000123 0000000000 — Take p-address (branch)
by the p-address. If the sign of the 0000000000 0000000000 — Take p-address (branch)
acc‘ilm“lmf_ is positive, the location 0000000000 0000000000+  Take 1-address (no branch)
of the ,flj.le’“gn“flumon to be exccuted 0000000000 0000000123+  Take 1-address (no branch)
is specified by the 1-address. The con- 0000000123 00000000004+  Take r-address (no branch)
tents of the accumulator are ignored.

If branch minus is used after a di-
vide-without-reset operation (14), it
is the sign of the accumulator (quo-
tient)not the sign of the remainder

that is tested.

It is extremely important, when op-
eration code 46 (BRMIN) is being
used, to be aware of the fact that the

sign of the accumulator can be minus
when its contents are zero. Refer to
minus zeros discussion in Programming
and Operating Suggestions.
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47 BROV (Branch on Overflow) machine to branch on overflow, the lower accumulator before multiplica-
overflow switch on the control console tion began.
Thi . must be set to SENSE. If the switch is 3. Trying to exceed the number of
is operation code causes the over- . . ; o

S . set to sToP, any overflow will cause the  shifts called for in a shift and count

flow crewit to be examined to see machine to stap. The overflow switch operation.
whethér e h.as been set. If‘the OVer- s covered in detail in the Control Con- 4, Trying to develop a_quotient of
flow clreurt is set, the location of the  sole section. Overflow may occur in  more than ten (10) digits. A division
next instruction to be executed is spe- one of the following ways: overflow will always stop the machine,

cified by the p-address. If the overflow Execution of the BROV instruction
circuit is not set, the location of the rescts the overflow sense circuit. An-
next instruction to be executed is spe- 2. Multiplication operation in which  other overflow must occur before the
cified by the 1-address. In order for the a sufficiently large factor was in the  circuit is activated again.

1. An excessive accumulation

STORAGE ENTRY WORDS

1 3 3 4 B 5 6 7 8 9 10
[Femory Address [Ssle]] CO0Z
RECEIPTS |OLE BALANCE YT T
[ InpvicCard [234567850[08765432) B B R
o o _STORAGE EXIT WORDS o o e B |
OVER | FLow |NEW 2BAMAMY 3 4 5 6 7 8 [} 10
[ Memory Address 1927 1928
|__Output Card OOO0TCOCO | [HITIH 1160 - -
Location Instruction Operation 8003 8002 8001
Qr?fdion OP | Data Instr, Abbrev. Upper Accumulator Lower Accumulator Distributor Remarks
QOol [7o[0CO1 [OO6L] RD | READ
OOBL2| oo/ COOT [CO63| RAU [ [2[3[&5]6[7]8[9]0 o[ 23 E BT830 RECEIPTS
CO63| TO[OCOZ|CO0EF] AU T IVERFIEY, |, ICo)0 cRR[7e B[RRI [JADD OLD BAEANCE
0064 [ 4T 0065 [CO7 | BReN [I[T[TH IOl C -10[8817[6[514[3[2[1 [O| BRANCH 1F oVERFLOW
Q0516806000066 D [T [T [ToBE OIOIOQIOICIOIO[CIC] T |[LOAD CONSTANT
CCbb 2419270068 [ <to [I [T I1[TOICD ClolCICIO[CIO0ICIO]T] ETOrRE FOR PUNCHING
Q0LT[20[T927[0068| Sy [ [TT[T[TI[F 100G @) | SToRE ZEROS
OCe8[211928]0C6S | v [T el O[T [TTTIOC] STorRE NEW BALANCE
OCER 7119276061 | PCH PUNCH

CONSTANTS 0600 -0000000C0C|

T ;
i |

FIGURE 37. BRANCHING—AcCCUMULATOR OVERFLOW

Figure 37 illustrates the use of code 47 to detect distributor. The instruction in location 0066 stores
overflows from accumulation. the overflow constant for punching. When no over-
flow is detected, the instruction in location 0067
The instructions in locations 0061 through 0063 causes zeros to be stored in punch location 1927.
cause receipts to be added to old balance; the instruc- This is necessary because the overflow constant could
tion in location 0064 tests for an overflow. If an be carried over from a previous calculation. The in-
overflow occurs, a branch is taken to location 0065, structions in locations 0068 and 0069 cause the new
where the constant 0000000001 is loaded into the balance to be stored and punched.

90-99 BRD 1-10 (Branch on 8

in Distributor Position 1-10) Opr Cobne DisTRIBUTOR NEXT INSTRUCTION
. . . 90 8000000000 Take p-address (branch)
This operation .code examines a par- 9000000000 Take 1-address (no branch)
ticular digit position in the distributor 0980000000 Error Stop

for the presence of an 8 or 9. Codes
91-99 test positions 1-9, respectively,
of the test word; code 90 tests position

Notk: The position tested must have either an 8 or 9.
Any other digit will cause the machine to stop.

10. ¥ an 8 is present, the location of 91 0123456788  Take p-address (branch)
the next instruction to be executed is 0123456789 Take r-address (no branch)
specified by the p-address. If a 9 is 92-99 0888888882 Take p-address (branch)
present, the location of the next in- 0999999992 Take 1-address (no branch)

struction to be executed is specified by
the 1-address. The presence of other

than an 8 or 9 will stap the machine. codes will usually be for card type will usually be through control panel

identification purposes. The entry of wiring of a pilot selector controlled by
The use of one of the BRD operation the digit 8 or digit 9 into a word entry the identifying punch in the card.
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Shifting

All of the following shifting operations are accom-
plished within the accumulator. The contents of the
upper and lower halves of the accumulator are re-
garded as one value and shifted right or left depend-
ing on the operation. All vacant positions are filled
with zeros. The sign of the accumulator is not af-
fected by a shift operation. The distributor is not af-
fected by a shift operation.

The shifting of all significant digits of a negative
value out of the accumulator will result in a minus
zero. Shifting after division (before a reset, multipy,
or divide) will not change the signs associated with
the upper and lower halves of the accumulator and
may also result in a minus zero.

In any of the shift operations, the units position
of the data address is the only digit analyzed by the
machine. However, if for any reason some digits
other than zero are placed in the other three positions
of the data address, the four digits must be a valid
machine address. If an invalid address exists, the ma-
chine will stop with a storage selection error indica-
tion.

30 SRT (Shift Right)

This operation code causes the contents of the en-
tire accumulator to be shifted right the number of
places specified by the units digit of the p-address of
the shift instruction. A maximum shift of nine posi-
tions is possible. A data address with a units digit of
zero will result in no shift. All numbers shifted off
the right end of the accumulator are lost.

Or DaTta ACCUMULATOR
CoDE ADDRESS UprprER Lower
30SRT  before: 0002 1234567890 12345678904
after: 0012345678 90123456784+

31 SRD (Shift and Round)

This operation code causes the contents of the entire
accumulator to be shifted right the number of places
specified by the units digit of the p-address of the in-
struction. A 5 is added (-5 if the accumulator sign
is negative) in a blind position to half-adjust the
amount in the accumulator. Data addresses with a
units digit of 1-9 will cause a shift of 1-9, respec-
tively, with rounding. A data address with a units
digit of zero will result in a right shift of 10 with

rounding,
(@) DaTta AccUMULATOR

CobE ADDRESS Urper Lower

31 SRD before: 0002 1234567890 1234567890}
after: 0012345678 90123456794

31 SRD befo're.' 0000 1234567890 12345678904
after.' 0000000000 1234567890+

31 SRD before: 0005 1234567890 1234567890 ~
after: 0000012345 6789012346 —

35 SLT (Shift Left)

This operation code causes the contents of the en-
tire accumulator to be shifted left the number of
places specified by the units digit of the p-address of
the instruction. A maximum shift of nine positions is
possible. A data address with a units digit of zero will
result in no shift. All numbers shifted off the left end
of the accumulator are lost. However, the overflow

circuit will not be turned on.

Or Dara
CopE ADDRESS Urrer Lower

35 SLT  before: 0006 1234567890 1234567890
after: 7890123456 7890000000+

ACCUMULATOR
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36 SCT (Shift Left and Count)

This operation code causes

1. The contents of the entire accu-
mulator to be shifted to the left.

2, A count of the number of places
shifted to be inserted in the two low-
order positions of the accumulator,

The shift and count operation code
functions ‘in the following manner.
At the beginning of the shift and
count operation, the tens complement
of the units digit of the data address
is placed in the shift counter (zero in
the case of a units digit of zero). After
each shift is executed, the quantity of
one (1) is added to the number in the
shift counter. Shifting and counting
will continue until some digit other
than zero is sensed in the high-order
position of the upper half of the ac-
cumulator, or until the shift counter
attempts to accumulate a total of more
than ten.

When shifting and counting is ended
by sensing a digit other than zero in
the high-order position of the accumu-
lator, the total accumulated in the
shift counter is inserted in the two
low-order positions of the accumu-
lator, and the machine goes to the next
instruction.

When shifting and counting is ended
by the shift counter trying to accumu-
late 2 total of more than ten, the over-
flow circuit will be set, the overflow
light will come on, and the quantity
of ten will be inserted in the two low-
order positions of the accumulator.
The effect of this overflow condition
on machine operation is dependent on
the setting of the overflow switch on
the console.

If a shift and count operation is
called for and no shift rtakes place
(digit other than zero in twentieth
position), the two low-order digits of
the accumulator contents will be re-
placed by zeros regardless of the units
position of the data address.

If a shift and count operation is
called for and only one shift is executed
(digit other than zero in the nine-
teenth position), the units digit of the
original accumulator contents will be
replaced by zero.

The following are examples of shift left and count
with data address whose units digit is zero:

Or ACCUMULATOR
CopE DATa-ADDRESS UrpER LowEer
Normal shift of five positions — count of five in units position
36 SCT  before: 0000 0000012345 22222555554
after: 1234522222 §555500005 -+
Maximum shift of ten positions — count of ten in two low-
order positions
36 SCT  before: 0000 0000000000 1234522222+
after: 1234522222 00000000104
Overflow condition — count of ten in two low-order positions
36 SCT before: 0000 0000000000 0012345222
after: 0012345222 00000000104
(overflow)
No shift — two low-order digits replaced by zero
36 SCT  before: 0000 1234567890 2222255555+
after: 1234567890 2222255500~
One shift — units digit of original contents replaced by zero
36 SCT  before: 0000 0123456789 2222255555+
after: 1234567892 2222555501+
Examples of shift left and count with data address
whose units digit is other than zero:
Or AccuMULATOR
Cone DaTa-ADDRESS UrpER Lower
Normal shift of four positions — count in units position is sum
of tens complement of 6 and number of positions shifted.
36 SCT before: 0006 0000123456 2222255555+
after: 1234562222 2555550008}
Maximum shift of 6 — count in low-order digits is sum of tens
complement of 6 and number of positions shifted.
36 SCT before: 0006 0000001234 22222555554+
after: 1234222225 5555000010
Overtlow condition — more than six shifts attempted — count
of ten in low-order positions. '
36 SCT  before: 0006 0000000123 2222255555
after: 0123222225 $5550000104
(overflow)
No shift — two low-order digits replaced by zero.
36 SCT before: 0006 1234567890 2222255555
after: 1234567890 2222255500--
One shift — units digit of original contents replaced by zero.
36 SCT before: 0006 0123456789 22222555554
after: 1234567892 22225555054+
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Table Lookup

The Type 650 is provided with an automatic table
lookup operation. This permits a table reference to be
performed in a2 minimum of time and with a mini-
mum of programming effort. Before a TLU operation
is performed, careful consideration must be given to
the application itself. In some cases optimum results
can be obtained from other programming techniques.

In order to understand' thoroughly the description
of table lookup given below, the terminology used is
defined as follows:

Table — An arrangement in condensed form for
ready reference of statistics, measures, etc.

Argument — The known reference factor necessary
to find a desired item in a table.

Function — The unknown factor or factors within
a table associated with a known reference factor
(argument).

A table, therefore, will consist of a series of argu-
ments (reference factors) arranged in a sequence of
ascending absolute values. Associated with each argu-
ment will be one or more functions (results within

the table).

Table arguments are stored on the drum in ascend-
ing sequence by their absolute values (argument signs
are ignored). Therefore, it will be necessary to treat
some tables containing arguments with different signs
as two different tables. In some cases, only one set of
arguments would be stored and two different locations
referred to according to the sign of the search argu-
ment.

Arguments may be a maximum of 10 digits in size
and are stored 48 to a band except for the last band
of a table, which may contain less. The last two mem-
ory locations in each band (0048, 0049; 0098, 0099;
etc.) cannot be used to store table arguments. They
may be used to store functions instructions, etc., how-
ever. Table arguments should be stored in successive
drum locations starting with the first word in a band
(0000, 0050, 0100, etc.).

A table does not need to contain all the possible
search arguments that will be encountered. A table

lookup operation will cause a search until an equal
or next higher condition occurs. Thus, when a search
argument is not actually in the table, the szarch will
stop on the next higher table argument. Interpolation
can be accomplished by programming, if necessary.

The fact that the search stops on a next higher, as
well as an equal, condition makes possible, in many
cases, the location of both the table argument and
the associated function in the same word. The argu-
ment must be stored in the most significant positions
of the word. For example:

TaBLE DISTRIBUTOR ARGUMENT

Argument Function

00001 00650
00002 00638 =~ 00002 00000
00003 00600 ‘Table argument selected as

a next higher

Function values also may be stored a fixed number
of locations from their arguments. Thus, having
found the location N of the argument, the function
is located at N+c where c is the fixed separation of
the functions from the arguments.

The p-address of the table lookup instruction is the
location of the first argument in the table. If the
p-address is other than the first address of a band, the
search will begin at the first address of the band, and
the number of locations searched to find an equal
(or next higher) argument will be added to the
p-address. This may be useful for short tables having
less than one band of arguments as it saves modifica-
tion to locate the function address. For example: the
instruction 84 0020 xxxx is given for a 20-argument
table whose arguments are located 0000-0019. If the
argument at 0015 equals the given argument,
xx 0035 xxxx will appear in the lower accumulator.
If the function is stored 20 locations from the argu-
ment, the lower accumulator contains the address of
the function with no further modification.

It is possible to store several short tables in one
band and use the same p-address. For example: As-
sume three tables 15 arguments in length each having
5-digit arguments:
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Drum LocaTioNn TABLE ARGUMENTS

0000 00000XXXXX
0001 00000XXXXX Table 1
i |
| |
0014 00000X X XXX
0015 0000XXXXX0 Table 2
0016 0000XXXXX0
J !
j |
0029 0000XXXXX0
0030 000X XXXX00 Table 3
0031 000X XXXX00
! :
': !
0044 000X XXXX00

Searching will begin at 0000. Proper placement of
the argument will cause the search to be effective only
in the applicable section of the band. When this
method is used, it is necessary for the first argument
of each table to be greater in value than the last argu-
ment of the previous table.

The known argument must be placed in the dis-
tributor prior to the search operation. Throughout
the table lookup operation, this argument is compared
against the table arguments stored on the drum.
v7hen an equal argument or next higher (if no equal
exists) is located, the address is placed in positions 8-5
of the lower half of the accumulator. As just men-
tioned, the absolute value (sign ignored) of the dis-
tributor argument is compared with the absolute
value of the table arguments. When the search is
complete, the known argument will be unaltered in
the distributor. Positions 10-9 and 4-1 of the lower
half of the accumulator will also be unaltered.

It will be necessary to modify the argument ad-
dress in positions 8-5 of the lower accumulator in
order to locate the function except for the two cases
mentioned.

1. Argument and function stored in the same word

2. Address of function compiled by giving
p-address other than the first in the band.

It is particularly important that an end-of-table—
end-of-search indication be incorporated into a table

search. Several methods of indicating end of search
are possible. The most frequently used method is to
insert an argument of 99 . . . . 9 as the last argu-
ment of the table to terminate TLU.

If no end-of-table indication is provided, a search
argument larger than any of the table arguments will
cause the machine to continue searching until it en-
counters a location that contains a number equal to,
or greater than, the search argument. Under this
condition, the address of the location on which the
search stopped would be used as the address obtained
from the TLU operation. If no equal or greater
number is encountered, the machine will stop when
it attempts to search location 2000 (an invalid ad-

dress).

If an end-of-table indication is undesirable, it is
possible to compare the known argument to the last
argument in the table. In this manner, it can be as-
sured that the known argument falls within the table
range.

It is possible with the Type 650 to achieve the re-
sults of a table lookup operation without actually
using the table lookup code (84). This type of opera-
tion is feasible if the arguments to be used are four-
digit numbers that fall in a block between the limits
of 0000 and 1999 or 0000 and 0999 (or can be modi-
fied in some manner to meet these conditions).

One application that might lend itself to this
method of programming is cost distribution by de-
partment number. If it is assumed that department
numbers run from 0001 to 0200, it is then possible to
assign magnetic drum location 0001 to department
0001, location 0002 to department 0002, etc. When
department number which had been read into the ma-
chine from a card is used as a data address, it is pos-
sible to locate the associated magnetic drum storage
location without doing a table lookup.

This is one method of doing table lookup without
using code 84. Modifications of this basic approach
are possible but are dependent upon the type of infor-
mation processed.
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84 TLU (Table Lookup)

This operation code performs_an auto-
matic table lookup using the p-address
as the location of the first table argu-
ment and the 1-address as the address of
the next instruction to be executed.
The argument for which a search is to
be made must be in the distributor.
The address of the table argument
equal to, or higher than (if no equal
exists) the argument given is placed in
positions 8-5 of the lower accumulator.
The search argument remains, unal-
tered, in the distributor.

Miscellaneous

00 No-Op (No operation)

This code performs no operation.

The data address is bypassed, and the
machine automatically refers to the
location specified by the instruction
address of the No-Op instruction.
This code may therefore be used for
switching the path of the program. It
should be noted that the data address
must be a valid Type 650 address to
prevent a storage selection error.

Or ACCUMULATOR
CobEe Darta-ADDRESs UPPER LowEr
84 TLU befora 0200 0000000000 65 0000 05544
after: 0000000000 65 (0240) 0554+
84 TLU h#ora 021§ 0000012345 65 0000 0554+
afhv: 0000012345 65(0255)05544

DisTRIBUTOR

8365828300
8365828300+

83658283004
83658283004

Drum LocaTioN CONTENTS
0200 8365824300
0201 8365824400
0239 8365828200

Drum Location of—- 0240
Equal Argument 0241

0247

8365828400

8365828300«-Table Argument Equals
Search Argument

8365830000

01 Stop

This operation code causes the pro-
gram to stop provided the programmed
switch on the control console is in the
sTOP position. When the programmed
switch is in the RUN position, the 01
code will be ignored and treated in the
same manner as 00 (No-op). The
programmed switch is discussed in de-
tail in the Console Section.
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Program Example

The following is a sample program
such as might be used for inventory
calculations (Figure 38). [t is pre-
sented here to display the use of a
major portion of the operation codes
in an actual program.

STORAGE ENTRY WORDS
1 2 3 4 5 & 7 8 9 10
Memory Address [K=Yell TBOX 1853 T804 1805
ssues PART AO. [GUANTSSUED QUAN. TSSUED [TDENT. X
nput Card XXX OO0DC [XXXOCOTETE Psese s | desssever]:]
eceipts PART NO. [QUAN. RECV'D[UNTT COST QUM RECVD| IDENT. X
Tnput Card  DRXAX Y0000 X EXD0E000 [0 - XX OO XXX OO0 B
Memory Address
Qutput Card
Location Instruction Qperation 8003 8002 8001
°‘,;°n QP | Dota instr, Abbrev. Upper Accumulator Lower Accumulator Distributer Remarks
S8 TTo 1801 [C00T] _RD |
OO0 T [6570300 0002 RAL |5 oeooooooooeglooooooooe ADD CONSTANT [NSTRUCTION
0002|692 /8o [0003[ LD [0 QClelO0 00 OO0 X IO QOICI LOAD DIST. WITH PART NUMBER
0003[84./0400[ 004 TLU [T OGO DAXIXIOIOIT 6[X <X COICIOIASEARCH TABLE STARTING N L&C. 0400
0004 6980030005 LD o Ol6l0X KO0 EOCIOI0ICIOOIIOIOLOAD DIST. WITH ZEROS
000 S5[22]OTO0[BOOZ[STDA O Qlelo seeE e DO STORE TLU ADDRESS FOR FUTURE USE
800260 XXXX [OO06] RAU 1R Mixlo ol AR e | o P TRADD TARLE WORD INTO UPPER
o006 ITTTBO[ (0007 U I+ Em]O0 K [XIX[C OISR <% JO[O]O[OJOISUBTRACT ACTUAL PART NO. FROM TABLE PART NO.
0007 [30]|0003|0008| SRT_IKIOO[FERIT_I0IOhIXK € OIOICIOITISHIFT AVERAGE UNITT COST INTO LOWER
000844000900 1 OIERNZU KOO P 7[R < =IO [@ S OlO[CIO[OBRANCH 1F PART NOG. DO NOT AGREE
0003 [0 | —— [——1STOP IO X0 A< OOIC|CICIMFROPER PART NO. OR JOENTIFYING X PUNCH
OO I0|3E|CO03[6OIT [ &LT_ B CXXIX|O PP OO CICIOHIFT AVERAGE UNIT COST _TO UPPER.
o0 11]eg|I80s5]0ciZ] LD D OKKK][C o] @) LOAD DIST WiTH | DENTIFYING EAGHT
01213t [COT4[O0I3[BRDT IO O] o (@)@} O[9BITEST  FIRST POS. OF DISTRIGUTDR FOR EAGHT
0013920022 CO03|BRDZ @ [ & O[8[9[TEST SECOND FoS. OF DISTRIBUTOR FOR CIGHT
004191 804[OOTI5[MULT B ORICIOI0 < R e [ JO TR EXTEND QUAN. ISSUED THMES AVE-UNTT COST
COI5[i5]1802[00/6] AL O Ol O PR P T | L | ST2 O O[INSERT QUAN-TSSUED TO LEFT GF AMOUNT
C01b|20[C102[00I T STE [0 O AR IO B E Y [ By IO o T e o [STORE QUAN- TSSUED & AMT. [N TEME. STORAGE
OO 17[e5[03202/ 0018 RAL |O ClIClOBRRRR[ P C[OEICIOOC] T[FAED CONSTANT INGST RUCTION
CO18[i5]ocioo8t0?] AL b Ol [Ox RO [PICIOXIXIXIXICIOIQ[O[MEDIFY DATA ADDRESS BY TLU ADDRESS
8002 [TO[RXXX[OCIF[ AU O] 1 O] FNESIEN OXD] ADD QUAN. € AMT. FROM TABLE
CCIgIT[0102[0020[ <U @) TOXEIKIXIOIG T G R KOISUBTRACT QUANTSSTED & AMOURNT
0020|659 [0303[Coal| LD € 1O CloL 9R[TIOICIOICIOICIOTLOAD DIST. WITH CONGTANT [NSTRUCTION
O021]22|0103 8001 STDA [@; 1 [Op<] OO BT OO INSERT DATA ADDRESS FROM [OWER
GO0T 21 [XXXX [OO00| STuU & B OI0[T]S @ STORE NEW QUAN, 6 AMT, TN TABLE
0022 [e0[1BO3 [O023] RAU ORI O x0 OEDZRJADD RECEIPTS UN (T COST
0C 231518040024 MULT © [@ o mmElRHEARMM] e BRI [EXTEND QUAN.RECEVED TIMES UNTT COGT
C024|15]1802 0025 AL AN]SR MB35 O[INSEET QUAN.RECEVED TO LEFT OF AMOUNT
002511010304 [C026] AU_ T} [B1O/5|COIOI0[Z 7|32 K ICLAL R L% [ [1 [5O[S O[OS0 2] 7IABD CONSTANT TNSIRUCTION Yo UPFER
0026[i0[0ic08003] AU I [EBOPIOI R TIRT AR oL Ao T ;o O<POIIOIOOIOMODIFY DATA ADDRESS BY TLU ADDRESS
BOOE 15 RXX oo AL L IE Ol T R [ A T L T D e e ACD TAELE QUM & AT 1D LoWER
002711010305 18003| AU |38 RS2 3|35 a ¥ AR O AL R [ O[5 00000 0] ([FACTE Y INSTRUCTION [N UFPER
BOO3[20[XXXX [OO28[ STL RICKIXIXOO[R] &[S A LA S I e R B O LA [ |[STORE. PREVIOUS BAL.T RECEIRS IN TARLE
oo2gle5Booz[cazg[ RAL [0 BT O T R L [ Tt [ AR BT [ < [CLEAR _UFPPER
00 29[35][00032[0CZ0[ LY SR OLARRTE KOOO@Q“,;O AR AL [SHET QUARNTITY 170 UPPER
0030|221 [O104 003 STU B ORYAR [ AT [<IOI0[0 SPEE[STORE QUANTITY [N TEMP. STORAGE |
COZ1165[8002|0032] RAL © OOl A5 TL < [OIOIOI LR B Ml [ IO|C[O]|CLEAR. UPFER
OO 32[64[CTCEL|CO3I[BNRU O OO0 o[ A8 K=l [ S| DWVIDE AMOURNT BY QUANTITY
CO3331 |CO03[CT24 SRD |0 10 A FrelE]|SHFT AND ROUND 70 THREE POSITI10NG
OOZH 151801 [O03 AL 0] Ol T Tl O[S < A 2L [CIOIC O[O ITNSERT PART NO. 7O LEFT OF AVE. COST
0035]100301]0036] AU [2[00I0I00I00I0I RS DO RR IO O/dOICIOICO[CIADD CONSTANT TNSTRUCTION TO UBPPER
O036{1010100[8003] AU RIOK] OO T2 |OJCRASTL 1010 COO|O[MODIEY DATA ADDRESS BY TLU ADURESS
8003]20 XXXX [OOOO] STL |RIOMIXIXXI OO0 et S T« JOIORE ST [t < O[O NS [STORE _PART RO, AND NEW AVECOST |N TABLE
CONSTANTS .

O 3200 — L0 0000 000L

0301 — 20 000G 0000

SB30A— [0 0500 0019

0303 — 2] OO0 OOOO

0304 — 15 0500 0027

Q205 — O CO0OO OOCT

[TEMPORARY STORAGE &

0100 —TLU ADDRESS

O102 =QUAN g AMT. (ISSJVES)

OT O 3 =2ATXXXK OOODINWER USED]

OTO% —NEW QUANTITY

Ficure 38. INVENTORY CALCULATIONS




LOAD CARD

AN INpPUT caRD which céntains a 12 punch in any
specific column may be identified as a Joad card. The
identification of a load card is accomplished by con-
trol panel wiring as the card passes the first reading
station, The control panel wiring is discussed in the
control panel section.

As a load card passes the second reading station,
control panel wiring for storage entry is completely
bypassed. Internal machine wiring automatically
reads the entire 80 columns of the card into words 1-8
of read buffer storage. Columns 1-10 enter word 1,
columns 11-20 enter word 2, etc. Zeros are entered
into words 9 and 10 automatically.

Another important difference in the machine func-
tion on a load card is in the analysis of the read in-
struction. After the operation code has been analyzed
and the load card information transferred from buf-
fer to general storage, the machine will obtain its next
instruction from the location specified by the b-
address instead of the 1-address.

Although the primary use of load cards is to load
instructions, tables, etc., onto the drum, it is impor-
tant to realize that a load card may be used at any

time. The use of a load-type card during production
runs automatically effects a branching function be-
cause the address of the next instruction is specified
by the p-address. Thus, one type of card identifica-
tion branching is accomplished with no programming
necessary.

Load cards must have all ten columns punched in
any words that will be used within the Type 650. In
addition, these words must have a 12- or an 11-punch
over the units position to indicate a positive or nega-
tive sign.

Figure 39 shows how a load card might be used to
cause a new deck of inventory status cards to be
punched from the results of the calculations in the
programming example shown in Figure 38.

A load card, punched with 0000000037 in columns
1-10 and placed behind the last card in the activity
deck being processed, would automatically cause the
program to branch to location 1801 after the load
card has been read. In location 1801 the card has
just entered a NO-OP instruction with an 1-address of
0037. This sends the program to location 0037 for
its next instruction.

STORAGE ENTRY WORDS
1 2 3 4 5 [ 7 8
Memory Address 1801\
Load Card 0000000037 N
Input Cord
STORAGE EXIT WORDS
1 2 3 4 5 & 7 8 9 10
| Memory Address 1827 828
[ Output Card PART ¥ AVE.COST| QUAN S AMBUNT
Location | Instruction Operation 8003 8002 8001 Remarks
S etion] O | Data Tnstr. | Abbrev. Upper Accumulator Lower Accumulator Distributor
TG | 0000 |00 31 | ND-OF 1 BRANCH ON OAD CARD

0037 |65 [0306[8002] RAL |O GlT[oICKOIC IR IRl [OICHICOICIORB[RESET ADD CONSTANT .
B8OOI D XXX 0028 AU | ARAK [R5 0 IC[SRAL [ OXIKIKXO O3 8L PERL Mk 00| 2 el |ADD SEL WORD FROM TABLE [ PART# £ AVE COST )
00328 44003250053 [BRNZU [PRRT] Mo oI Ce ST [0 X IIXIXOIO| 3 |8 PR LR R [OlO[SPE[ [BRANCH [F PART NUMBER PRESENT
0030 |24 BRT|C0A0] STD | PhRE [me= 00 ISR L O I X O[O 28 [EAA T (SR O[OS TR | ST ORE PART £ ¢ AVE CORT FOR PUNCYTNE
0040 | 65|8002 | OOFI|_RAL [0 O[1 0 XK[XIXICC BB IO X XKOOBB[CLEAR UPPER
OO& [ [15]0Z%0] | 8002 | _AL O Ol IcRiZ I E BRI COEI0I0CDIO4[MODIFY INSTRUCTION N TOWER
BOOZ| 10 15230 | 0042 AU SV OIS R [ [ 1O XK XIOIOK RIS FE I (IO R T | APD SEL WORD FROM TABLE [QUAN. E VALVE)
OO42 241828 [0043] oTD QPN IOLAINT. [ [T IO IX<IOICK 2 ISTAN [O[ AT [« [BToRE QUAN. & VALUE FCR PUNCHING
0042|711 8270044 | PeH PUNCH A CARD
0044 55| BO0Z[0045 | RAL O[TTOXKIXIXICIOM [ 2| | [OAXIXIX]OJOR [2|ChEAR. UPPER
D045 65 BO03 0046 LD o Ol JOXIXPIXICIOK]2{0) OI-OAD OISTRIBUTOR WNMH ZEROS —
0044 (2200 2[cod7[aTDA [0 ORI KIOI0 14 2 OO X|OIOICICIEXCTRACT DATA ADDRESS FROM Low
Q0471018001 0048 AU [0IOXXXIIOOO D] 1 [TOXKMKKIXIDIOKH 2 IOIOMIX] OOICIO[ATE DATA ADDRESS [NTO UPPER
0048[ /7 [0308 0049 | U OO:{E&%O OO0 IO XIOICHIZIOIO [ZISBIOTIOIDIS UBTRACY LAST POSSIRLE LOCATION
0049 [44]00S0 [0052 [RRNZ0 |OOL 2 22 OICRO O] XIXIOOK21010] ] O O OCIRRANCH 1F NGT AST POSSIBLE ROCATION
005065 8002|0051 | RAL O DT OXIR<ORIE 2] TIOK QO4 2 |cHEAR UPPER. =
O05| [ 1603098002 &L o Ol [ORIEZZBIS3 8 00X ORI EREATE {OSTRUCTION 70 ADD NEXT PART -
IoCE2 [0 [co0T | — [Stor STOP-LAST POSSIBLE 1.0C, OR LAST S1G. PART
0053 [16 0370|0054 _SL__|O OJCIOTX[X[X[X]C]0[010]1 [O]0[E[A[O[CIO[3]8]SUBTRACT LAST LOCATION
0054 [45[0C55[C052 [BRNZ |0 olofol?[?12]2[0]o[o[o[+O[O[6[S[9[0[0[3]6 [TBRANCH IF NOT LAST LOCATION
0055[15[03711]6002] AL [0 cl O XIX[X[X[O]O[3[8[1]C[0]9]0[C[0]O[3]8] ADD CONSTANT TC CREATE NEW INST.

0306 - 1004000038

0307 - 0005000004

0308 - 0013990000

0308 - 0004690004

C310 - 1006990C38

0311 — 1008000038

Ficure 39. BranNcHiNG BY UsiNGg A Loap Carp
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CONSOLE AND

THE coxTrOL coNsoLE (Figure 40) located on the
Type 650 Unit contains switches and lights through
which the operator may obszrve and control the course
of the problem being solved. The principal use of
the console is for detecting errors in new programs
and for trouble analysis. The console enables the
operator to investigate each step of a program.

Power Control

The bank of buttons across the top of the console
is used to control ‘the power to the machine. There-
fore, they are separated from the controls used in the
actual machine operation (Figure 41).

PROGRAM | PHOGRAM

TRANSFER

ITS OPERATION

FIGURE 41

FiGure 40. Tyre 650 CoNTrROL CONSOLE
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Power-On Button

Depressing this button has the following effects:

1. AC power is supplied-to all parts of the machine.

2. The blower motors and drum drive motor are
started.

3. DC power is supplied automatically after ap-
proximately a three-minute delay,

Power-On Llight

This light goes on when the powEr-onx button is °

depressed and remains on as long as ac power is sup-
plied to the machine.

Ready Light

This light comes on when pc power is turned on
and remains on as long as pc power is supplied to the
machine. DC power is automatically turaed on ap-
proximately three minutes after the powEr-on but-
ton is depressed. However, pc power may be turned
off without turning the ac power off (see DC OFF
and DC ON).

Fuse Light

This light indicates that a fuse has been blown in
the Type 650 or Type 655.

Power-Off Button

When this button is depresssd, the following se-
quence of events occurs:

1. DC power is turned off.

2. AC power (except that supplied to the blower
motors) is turned off,

3. The blower motors are turned off after a five-
minute delay.

DC-Off Button

This button is effective only after the power-oN
button has been depressed, and the delay time for
automatically turning on the pc power has elapsed.
Depressing the pc-oFF button will cause all pc power
to be turned off and the ready light will go out. The
DC-OFF button has no effect on the ac power. When
this button is used, the machine can be shut down for
comparatively short periods (e.g., an hour) without
necessitating cooling off and reheating the electronic
tubes in the machine.

DC-On Button

The pc-on button is effective only after the pc
power has been turned off by the pc-orF button. It
supplies bc power to the machine components.

Display Lights

There are 10 digit positions and one sigh position
across the upper portion of the console. Each digit
position is represented by seven lights (Figure 42).

FIGURE 42
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The horizontal pairs of lights are known as binary
lights and represent the values zero and five. The five
vertical lights are known as quinary lights and repre-
sent values of 0, 1, 2, 3, 4, 0or 5, 6, 7, 8, 9, depending
upon the binary indication.

The sign of the factor is indicated by one of two
sign lights. The upper sign light indicates a plus
factor when lit, and the lower sign light indicates
a minus factor when lit. Figure 43 shows how digits
can be identified. The display lights are used with
the display switch to display the contents of a specific
location when the machine is stopped.

FiGUurRE 43.

NuMBER REPRESENTED 0375

Storage-Entry Switches

These ten digit switches and one sign switch (Fig-
ure 44) can be used in two ways. They can be referred
to during the program by using an address of 8000,
They can also be used in conjunction with other con-
sole buttons and switches to enter information into
any drum memory location.

Operation Lights

During the data half-cycle, these two sets of lights
(Figure 45) indicate which operation is to be per-
formed. They are blank during the instruction half-
cycle.

© P E R AT HOH

Ficure 44
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Address Lights

These four sets of lights (Figure 46) indicate the
contents of the address register. If the data address
light is on, the address shown is the data address and
the p-half-cycle is ready to be executed. If the in-
struction address light is on, the address shown is the
instruction address and the 1-half-cycle is ready to be
executed.

Ficure 46

Operating Lights

These lights (Figure 47) indicate the operating
status of the machine. The data-address and instruc-
tion-address lights indicate which half-cycle the con-
trol unit is executing. The remaining lights indicate
the status of the read, punch, accumulator, and pro-
gram units.

Data-Address Light

When the machine stops with this light on, the p-
half-cycle is ready to be executed.

Instruction-Address light

When the machine stops with this light on, the 1-
half-cycle is ready to be executed.

Pata aDDRIS PRESE AR, PUNCH

o @

AR oM spuRiss ACCUMLATOR keap

Ficure 47

Program Light

This light will go on only if the machine stops for
a programmed stop, manual stop, or address stop, It
will not, however, be on if a manual stop is accom-
plished during the 1-cycle of a READ or pUNCH in-
struction,

Accumulator Light

This light is on whenever the accumulator is in use.

Punch Llight

This light is on during the p-cycle of a puNcH
instruction until the beginning of a punch-feed cycle.
If the machine stops when this light is on, one of four
conditions is indicated:

1. No cards in the punch hopper

2. A punch-feed failure

3. Cards have not been run into the punch feed

4. Either the read or punch-stop key has been de-
pressed.

Read Light

This light is on during the p-cycle of a rREaD in-
struction until the beginning of a read-feed cycle. If
the machine stops with this light on, it indicates one
of four conditions:
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No cards in the read hopper
A read-feed failure
Cards have not been run into the read feed

LT I S

4. Either the read or punch-stop key has been de-
pressed.

Checking Lights (Figure 48)
Program Register Light

This light indicates the detection of a validity error
at the output of the program register.

Storage Selection Light

This light indicates errors of the following type:

1. A store operation with a data address of the
8000 series.

2. An invalid p- or 1-address (other than 0000
through 1999 and 8000 through 8003).

3. Information is being written in two or more
locations simultaneously.

4. Information is not written in any location on a
store operation.

5. Attempted manual entry from storage entry
switches to 8001, 8002, or 8003.

CHECK I NG

. L

PHOGRAM REGISTER
- L4
STORAGE SHECHN QQKING.
. w.
TITRMAOK ACCUMILATOR
> »

ovenriawe HRROR SEMSE

Ficure 48

Distributor Light

This light will come on if a validity error is detected
at the output of the distributor.

Overflow Light

This light will come on if an overflow condition is
detected. An overflow condition can be caused by
one of the following:

1. An excessive accumulation.

2. Trying to develop a quotient of more than ten
(10) digits.

3. Trying to exceed the number of shifts called
for in a shift and count operation.

Clocking Light

This light will come on if an error is detected in
the clocking (timing) circuitry.

Accumulator Light

This light will come on if a validity error is detected
at the output of the accumulator.

Error Sense Light

This light is operative when the error sense switch
is in the sENSE position and will come on when one
of the following errors has been detected:

1. Validity error

a. Program register
b. Accumulator
¢. Distributor
2. Clocking (timing) error
This light will remain on until reset by the operator.

Unlabeled Light

The one unlabeled light in the checking lights is
completely inoperative and is of no importance to ma-
chine control.

Machine Stops (Not Indicated)

There are conditions that will cause the machine
to stop with none of the checking lights on. The most
common causes of such stops are:

1. A programmed stop (or cope 01). See Qpera-
tion Code.
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2. An impossible operation code in the operation
register.

3. An attempted BRD (90-99) operation in which
the position tested does not contain either an 8 or 9.
See Operation Code.

4. A control signal failure.

5. A table lookup failure.

Switch Controls (Figure 49)
Programmed Switch

When this switch is in the RUN position, the pro-
gram will bypass any operation codes calling for a
program stop (code 01). The machine will treat the
01 code as a no-operation code (No-or 00).

When this switch is in the sTop position, program-
ming will be stopped whenever a stop code (01) is
encountered.

Half-Cycle Switch

When this switch is in the RUN position, the pro-
gram will proceed automatically once it is started.

When this switch is in the HALF position, the ma-
chine will execute one-half of an instruction for each
depression of the program start key provided the con-
trol switch is in the RUN or ADDRESs sTOP positions.

With an operation code in the operation register
and a data address in the address register, a depression
of the program start key will cause the operation to
be performed and place the address of the next in-
struction in the address register. This is the paTa or

p-half-cycle of the instruction. The next depression
of the program start key will cause the next instruc-
tion to be located and placed in the program, opera-
tion, and address registers. This is the iINsTRUCTION
or 1-half-cycle of the instruction.

Address Selection Switches

These four switches are used to set up an address
that may be used in one of the following ways:

1. Address at which program is to be stopped.
2. Address to be entered into address register for
storage read-in or storage read-out.

3. Address to be entered into address register for
starting program.

Control Switch

When this switch is in the aApprEss sTop position,
the program proceeds until the address in the address
selection switches is identical to the address in the ad-
dress register. At this time, the machine stops.

When this switch is in the RUN position, the pro-
gram proceeds automatically once started.

When this switch is in the MaNUAL position, the
console may be used to read information into any
addressable drum memory location or to display the
contents of any addressable drum memory location.

The MANUAL position of this switch is used when
entering an address from the address selection switches
in order to start the program at a specific address.
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Display Switch

When this switch is positioned for lower accumu-
lator, upper accumulator, distributor, or program reg-
ister, the contents of the corresponding location will
be automatically displayed in the display lights.

The contents of any addressable storage location
may be examined by use of the READ-OUT STORAGE
position of the switch, in conjunction with the address
selection switches. Any word may be entered into any
drum memory location by use of the READ-IN sTOR-
AGE position of the switch, again in conjunction with
the address-selection switches. The control switch
must be in the MANUAL position to perform either of
these operations. The machine will not operate with
the control switch in the RUN or ADDRESs-sTOP posi-
tions if the display switch is in the READ-0UT sTORAGE
or READ-IN STORAGE positions.

The setting of this switch may not be changed
while the program is running., Changing the setting
will upset factors in transmission.

Overflow Switch

When the overflow switch is set to sTop, the ma-
chine will stop whenever an overflow is detected.

When the overflow switch is set to sexsg, the over-
flow will be indicated but the machine will not stop
except on a quotient overflow. The overflow indica-
tion may be interrogated by using an operation code
(BROV 47) to determine automatically whether an
overflow has occurred. The branch-on-overflow op-
eration is discussed in detail in the section Operation
Codes, page 39.

Error Switch

When the error switch is set to stor, the machine
will stop under any of the following conditions:
1. Validity error
a. Program register
b. Accumulator
c. Distributor
2. Clocking (timing) error
When the error switch is set to sensg, detection of
any of the foregoing errors will have the following
effect:
1. The error sense light will come on.
2. The program register, distributor, and accumu-
lator will be reset to zeros.

3. The address register will be reset to 8000, which
is the address of the storage entry switches.

4. The next instruction is then taken from the
storage entry switches. With the error switch set to
SENSE, it is possible to use a correction.routine to re-
calculate part or all of the problem in case an error
occurs. The error sense light will remain on to in-
dicate to the operator that an error has occurred.

Key Controls (Figure 50)

Transfer Key

The transfer key functions only when the control
switch is in the MANUAL position. When the transfer
key is depressed, it will cause the address set in the
address-selection switches to be transferred into the
address register.

Program Start Key

When the program start key is depressed, the ma-
chine will start executing the program with the in-
struction located at the address specified by the ad-
dress register.

The program start key is effective in this manner
only when the control switch is in the RuN or ap-
DRESS~STOP positions.

The program start key is also depressed as the final
step of a READ-IN Oor READ-OUT STORAGE operation,
Under these conditions, the control switch is set to
MANUAL,

Program Stop Key

When the program stop key is depressed, the ma-
chine will stop at the completion of the particular
half-cycle of the instruction on which it was de-
pressed.

Program Reset Key

When the program reset key is depressed, the pro-
gram register is reset to zeros. Error circuits that have
been activated by a program register validity check, a
storage selection error, or a_clocking error are reset by
the program reset key.

When the control switch is in the MaNUAL position,
a depression of the program reset key inserts blanks in
the operation register and address register.
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When the control switch is in the RUN or ADDRESS-
STOP position, a depression of the program-reset key
inserts blanks in the operation register and the address
of the console switches (8000) in the address register.

Computer-Reset Key

When the computer-reset key is depressed, the pro-
gram register, the distributor, and the entire accumu-
lator are reset to zeros. This key resets all error cir-
cuits. It should be noted that the depression of this
key will destroy the contents of the distributor, the
accumulator, and the program register.

When the control switch is in the MANUAL position,
a depression of the computer reset key inserts blanks
in the operation register and address register.

When the control switch is in the RuNn or ADDRESS-
sTOP position, a depression of the computer-reset key
inserts blanks in the operation register and the address
of the console switches (8000) in the address register.

Accumulator-Reset Key

When the accumulator-reset key is depressed, the
distributor and the entire accumulator are reset to
zeros. Error circuits that have been activated by an
overflow condition, a validity check in the accumu-
lator or distributor, a clocking error, or a storage se-
lection error other than that caused by the detection
of an invalid address, are reset by the accumulator-

reset key. Depression of this key destroys the contents
of the distributor and the accumulator. It should be
noted that a depression of this key does not alter the
contents of the program register, operation register, or
address register.

Error-Reset Key

When the error reset key is depressed, the error
circuits activated by a clocking error or a storage se-
lection error, other than that caused by the detection
of an invalid address, are reset.

Errror-Sense Reset Key

When the error-sense reset key is depressed, the
error-sense circuit is reset and the error-sense light is
turned out. This key is effective only when the error
switch is in the sEnsE position.

Master Power Switch

The master power switch is for emergency use only.
When this switch is depressed, all power, including
that to the blower motors, is removed from the ma-
chine immediately.

The depression of this switch also activates a lock-
ing device which makes it impossible for the operator
to turn the machine back on. A customer engineer
must be called in order to get the machine back in
operation.
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EXAMPLES OF USE OF THE CONTROL
CONSOLE

Display Memory

When checking-out a program, it is often found
desirable to examine the contents of a particular stor-
age location. The inspection of a storage location can
be accomplished as follows:

1. Stop the program,

2. Set the address of the location to be examined in
the address selection switches.

3. Set the control switch to MANUAL.

Set the display switch to READ-OUT STORAGE.
Depress the program reset key.

Depress the transfer key.

. Depress the program start key.

The contents of the desired storage location will be
indicated in the display lights. Manual read-out is
through the distributor, which causes the previous
contents of the distributor fo be lost,

When the program is stopped and the display switch
is in the distributor, program register, lower accumu-
lator, or upper accumulator positions, the contents of
the selected unit are automatically exhibited in the
display lights. If the upper accumulator is displayed
following a divide without reset operation and before
a reset or multiply operation is performed, the sign
displayed will be the sign of the remainder.

N e

Enter Information

By means of the control console new instructions
and data can be inserted into a program that is already
on the magnetic drum. The steps necessary to enter
a word manually into some drum memory location
are:

1. Stop the program.

2. Set the word to be entered in the storage-entry
switches.

3. Set the address of the desired location in the ad-
dress-selection switches.

4. Set the control switch to MANUAL.

5. Set the display switch to READ-IN STORAGE.

6. Depress the program reset key. The computer-
reset key could be used, but the contents of the ac-
cumulator would be lost.

7. Depress the transfer key.

8. Depress the program start key.

The word set in the storage entry switches will then
enter the location specified in the address selection
switches. The word will appear in the display lights.
The word that is entered passes through the distribu-
tor, replacing whatever may have previously been con-
tained in the distributor. To verify that the manual
entry was performed properly, the location in which
the word was entered should be inspected. Verifica-
tion can be accomplished by moving the display
switch to READ-0UT sTORAGE and performing the fol-
lowing:

1. Depress the program reset key.

2. Depress the transfer key.

3. Depress the program start key.

The address-selection switches and the READ-IN
STORAGE position of the display switch cannot be used
to enter a word directly into the distributor or ac-
cumulator from the storage-entry switches.

A word can be placed in the distributor from the
storage-entry switches by entering the desired word
into some unused drum memory location using the
method described. Because the word entering the
drum memory location must pass through the dis-
tributor, it is retained in the distributor as desired.

A different method must be used to place a factor
in the accumulator. Any method that is used to place
a word manually in the accumulator requires at least
two steps. One method of placing a word in the ac-
cumulator is:

1. Enter the desired factor into some unused drum
memory location.

2. The factor in the distributor can then be added
to or subtracted from the accumulator contents in
the following manner:

a. Set the desired instruction in the storage-entry
switches.

b. Set the control switch to RUN.

c. Depress program-reset key.

d. Depress program-start key.

The 1-address of the instruction in the storage-
entry switches could be the address of the first in-
struction to follow.

If it is desirable to inspect the effect of the alteration
factor on the contents of the accumulator, the half-
cycle switch should be set to HALF.

Another method of placing a word in the accumu-
lator is:
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1. Set the desired add or subtract instruction (with
a p-address of 8000) in the storage-entry switches.

2. Set control switch to RUN.

3. Set half-cycle switch to HALF.

4. Depress program-start key one time.

5. Set desired factor in the storage-entry switches.
6. Depress program-start key.

This will enter the factor into the accumulator; and
if the proper 1-address was used in the instruction in
step 1, the program can continue from this point.

When a factor is entered into drum memory from
the console, it may be desirable to save the contents
of the accumulator and/or the distributor. The in-
formation in the accumulator may be retained by
using the program-reset key. The information in the
distributor will be lost when the factor being entered
passes through. For this reason the contents of the
distributor must be noted by the operator and re-
loaded by console operation.

Half-Cycle

The half-cycle switch is an excellent aid that can
be used by the programmer in checking out a new
routine. When this switch is set in the HALF position,
it can be used in conjunction with other console con-
trols to check the results of each operation before and
after execution.

When the half-cycle switch is set in the 1aLF posi-
tion, it can be used to check out the program in the
following manner. Let us assume that the operation
code ADD LOWER (15) is in the operation register,
and that 0100 is in the address register. Under these
conditions, the operation is ready to be performed.
The first depression of the program-start key will
cause the machine to perform the operation (p-half-
cycle). At this time, it is now possible to use the dis-
play switch and check the following units:

1. Distributor — this unit would be checked to see
that the proper information had been called in from
storage (location 0100).

2. Accumulator — this unit would be checked to
see that the operation had produced the correct result.

3. Program register — this unit will still contain
the entire instruction.

Simultaneously with the execution of the operation,
the operation register is reset to blanks, and the data
address in the address register is replaced by the in-
struction address from the program register.

The second depression of the program-start key will
cause the next instruction which is to be executed to
enter the program register (1-half-cycle). It is now
possible to use the display switch to check the pro-
gram register. This unit would be checked to see that
the next instruction to be executed has been properly
chosen and placed in the program register.

The foregoing procedure allows the programmer to
check all the individual instructions in a particular
block where an error in programming occurs,

Address Stop

It is possible to stop the program at a specific point
by using the control switch in conjunction with the
address selection switches. This type of stop can be
accomplished in the following manner:

1. Set control switch to ADDRESs sTOP position.

2. Set desired address in address selection switches.

3. Depress program-start button,

With the switches set in this manner, the machine
will stop every time the address in the address register
equals the address set in the address selection switches.
The stop will occur on both p- and 1-addresses.

Depressing the program-start key after such a stop
will cause the machine to resume computing from the
point at which it was stopped. This feature is useful
in program checking when it is desirable to proceed
at full speed to a given instruction in the program.

Programmed Stop

The programmed switch makes it possible to ignore
stop codes in the program. If the switch is set to
sTOP, an 01 operation code will stop the machine. If
the switch is set to RUN, an 01 code will be treated as
an 00 (No opr) code and the program will proceed.
Thus, for testing purposes stop instructions may be
inserted at critical points in the program to permit
examination of partial results. Later, when the prob-
lem is run, these stops may be ignored.

Start Program

Two methods commonly used to start a program
are:

e
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MEeTHOD 1
1. Set 00 0000 xxxx in the storage-entry switches
where xxxx is the address of the first instruction to
be executed.

2. Depress the program or computer-reset key.

3. Depress the program-start key.

This procedure causes the Type 650 to get its first
instruction from the storage-entry switches. This in-
struction calls for no operation, and its instruction
address is the address of the first instruction of the
program. The control switch must be in either the
RUN or ADDRESS-STOP positions. The display switch
must be in either the accumulator, distributor, or pro-
gram-register position.

MeTHOD 2

1. Set the control switch to MANUAL.

2. Set the address of the first instruction to be exe-
cuted in the address selection switches.

3. Depress the program or computer-reset key.

4. Depress the transfer key.

5. Set the control switch to RUN or ADDRESS sTOP.

6. Depress the program start key.

This procedure causes the Type 650 to obtain its
first instruction from the location set in the address
selection switches. This is the address of the first in-
struction to be executed.

The starting procedures described are based on the
assumption that the Type 533 operator-functions, if
any, are also performed.




CONTROL PANEL

ALTHOUGH THE control panel is used basically for
flexibility of input-output, its use can have a great
effect on the programming. For this reason, it is most
important to plan the control panel layout as the pro-
gramming is being done.

Figure 51 shows the control panel layout. The
shaded areas represent additional capacity and op-
tional devices.

The timing chart for the control panel impulses
is shown in Figure 77.

Input

Basic control panel wiring for entering informa-
tion into the machine is covered first,

Read Card A, Read Card B, Read Card C (A-D,
1-20; Q-T,1-20; X-AA, 1-20). The three sets of read
hubs are common (Figure 52). They provide con-
venient exits for wiring the read brushes to each of
the three independent sets of storage-entry hubs. The
80 hubs associated with read card A, B, or C are the
exits for the impulses read from card columns 1-80 at
the second reading station.

Storage Entry A, Storage Entry B, Storage Entry C
(E-J, 1-22; K-P, 1-22; AE-A], 1-22). Each group
of storage-entry hubs (A, B, or C) is independent of
the other two (Figure 52). This arrangement permits
the entry of information from at least three different
card forms without using pilot selectors or co-selec-
tors. Each entry group has words 1-10.

Only one group of storage entry hubs (A, B, or C)
can be active during one particular card cycle. Stor-
AGE-ENTRY cC hubs are normally active. Srorace-
ENTRY A hubs are made active by impulsing ENTRY 4
hubs on the previous cycle. SToRAGE-ENTRY B hubs
are made active by impulsing ExTrRY B hubs on the
previous cycle.

Each storage-entry word has eleven positions. The
extreme right-hand position of each storage-entry
word is the sign position (labeled =). This position
will accept only 11 impulses for minus, and 12 im-
pulses for plus. The sign hub does not need to be
wired when the READ siGN over UNITS (RsU) switch
is plugged.
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The units position of each storage-entry word will
accept all read digit impulses (12-9). The twelve
and eleven impulses in this position are used for sign
identification when the READ SIGN OVER UNITS (RSU)
hubs are wired. Positions two through ten (2-10) of
each storage-entry word will accept read digit im-
pulses zero through nine (0-9).

Wiring (Figure 52)

1. Information enters STORAGE-ENTRY A from
READ CARD A,
2. Information enters STORAGE-ENTRY B from
READ CARD B.
3. Information enters STORAGE-ENTRY ¢ from
READ CARD C.
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The ENTRY A and ENTRY B hubs, mentioned under
Storage Entry, function as follows:

Entry A, Entry B (C, 21-22; D, 21-22). These
hubs will accept all read-digit impulses (Figure 53,
wires 2 and 3). An impulse to these hubs will cause
either the STORAGE-ENTRY a hubs or the sToraGE-
ENTRY B hubs to become active one cycle later. There-
fore, these hubs are normally impulsed from first
reading. If the ENTRY A and ENTRY B hubs are im-
pulsed simultaneously, only the sTORAGE-ENTRY a
hubs will be active.
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Ficure 53. REeap CarRp SELECTION

Load (B, 21-22). The load hubs (Figure 53, wire
1) are receptive to any read 12-impulse. The impulse
to this hub causes internal wiring to take precedence
over all entry wiring. This internal wiring automat-
ically reads card columns 1-80 into the read storage
words 1-8 specified by the p-address of the read in-
struction. The load hub is effective one read feed
cycle after it is impulsed; therefore, it is normally
wired from first reading. After the card is read
(transferred to general storage), the next instruction
will be taken from the location specified by the data
address of the rREAD instruction,

Wiring (Figure 53)

1. A card with a 12-punch in column 1 is iden-
tified as a load card. A 12-punch in some column is
necessary to identify a load card.

2. Activates STORAGE-ENTRY A.

3. Activates STORAGE-ENTRY B.

First Reading (A-D, 23-42). These hubs (Figure
53) are exits for all read-digit impulses (12-9) and
correspond to columns 1-80 of the card being read at
the first reading station. They are normally used for
control purposes.

Word Sizes

Because the field size of factors being entered from
normal cards will vary, the worp-size EMITTER and
WORD-SIZE ENTRY hubs are provided.

Word-size Emitter (AK, 1-11). These hubs, labeled
zero through ten (0-10) (Figure 54), are used to
fill in zeros automatically to the left of the most sig-
nificant digit of storage-entry words. It is necessary
to enter these zeros in order to satisfy validity check-
ing conditions.

Each of these hubs is labeled to correspond to the
number of digits actually being entered into a storage-
entry word. For example, a WORD-$I1ZE EMITTER hub 7
will put zeros into the three high-order positions of a
word; WORD-SIZE EMITTER hub 4 will put zeros into
the six high-order positions of a word, etc.

When all ten positions of a storage-entry word con-
tain a digit, worD-s1zE EMITTER hub 10 must be used.
Worp-s1ze EMITTER hub 0 can be used when it is de-
sirable to put all zeros in a storage-entry word.

Within an entry group (A, B, or C) that is being
used, all word-size entry hubs must be wired to a
word-size emitter. Unused words within such an en-
try group can be wired to any word-size emitter hub.

It is important in wiring the control panel to know
the number of digits being read into a storage-entry
word. Using a word-size emitter hub less than the
actual number of digits will cause zeros to be super-
imposed over the overlapping digits. Using a word-
size emitter hub greater than the actual number of
digits will cause blank digit positions in the word.

It is possible to select the word-size emitter im-
pulse by using a pilot selector or co-selector. When
word-size emitter impulses are selected, however, it
must be remembered that these automatic zeros are
the same timewise as zeros read from a card.

Word-Size Entry Hubs (AL-AR, 1-10). These
hubs (Figure 54) accept impulses from the word-size
emitter hubs. There are three sets of hubs labeled A,
B, and C. These hubs are receptive when the corre-
sponding storage-entry hubs are active.

All hubs within a group (A, B, or C) must be
wired to a word-size emitter hub when the corre-
sponding group of storage-entry words is being used.
If a group of storage-entry words is not being used,
no wiring is necessary to the corresponding group of
word-size entry hubs.
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All factors used within the machine must carry a renoronorenene=one
sign. The entry of signs is controlled by the rsu and -

R+ switches.
RSU (V-W, 24). When the rsu (read sign over
units position) switch is wired (Figures 55 and 56),
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the units position of each storage entry word is condi-
tioned to accept the sign identification, as well as the
units digit of the factor being entered. The rsu
switch can be selected. This switch is independent of
the R+ (read plus sign) switch.
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Wiring (Figure 56)

The sign enters the sign entry position of a word
if the sign is not over the units position.

1. Normal storage entry wiring.

R+ (V-W, 25). The R+ (read plus sign) switch
(Figure 57) is wired if it is desired to recognize
twelve punches as positive signs. The R+ switch can
be selected. This switch is independent of the rsu
(read sign over units) switch. If the R4+ switch is
not wired, all words that do not receive an 11-
impulse will be considered positive.

Wiring (Figure 57)

1. Twelve punches are to be identified as positive
signs,

2. This wiring shows how the sign of a factor may
be entered into the sign hub if it is not in the units
position.

Selection

Pilot selectors and co-selectors are provided to han-
dle the varying conditions of input and output, Each
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individual position of a selector is a switch composed
of three hubs labeled T, ~, and c. The ¢ (Common)
hub is always connected to either the n (Normal)
or T (Transferred) hub, but never to both. Thus,
impulses entering the c hub are selectively available at
the N or T hubs depending upon whether the pickup
hubs have received an impulse. Conversely, impulses
entering either the N or T hubs are available at the ¢
hub under control of the impulses to the pickup hubs.

Both pilot selectors and co-selectors in this machine
have hold hubs on the control panel. These hubs
must be wired to either the REaD or PUNCH HOLD im-
pulses for proper operation of the selectors.

Pilot Selector Pickups (E-G, 23-42). Three types
of pilot selector pickups are provided (Figure 58):

1. XPU. These hubs will accept any 12 or 11 read
impulse and cause the corresponding selectors to trans-
fer on the next read feed cycle. Because there is a one-
cycle delay in the transfer of the pilot selectors which
is automatically controlled by the read feed, these
hubs should not be activated by an impulse timed to
the punch feed. The piLoT sELECTOR HOLD hubs must
be wired from rp-HoLD when using xru.

2. DPU. These hubs will receive any read-digit
impulse (12-9) and cause the corresponding selectors
to transfer on the next read feed cycle. Because there
is a one-cycle delay in the transfer of the pilot selec-
tors which is automatically controlled by the read
feed, these hubs should not be activated by an impulse
timed to the punch feed. The rILOT SELECTOR HOLD
hubs must be wired from rRp-HOLD when using pru.

3. IPU and Couple Exit. These hubs can be either
entry hubs or exit hubs.

As entry hubs, they will accept impulses timed to
both the read feed and the punch feed. Impulses
timed to the punch feed, which are used to control
pilot selectors, must be wired to these hubs. An im-
pulse entering one of these hubs will cause the asso-
ciated pilot selector to transfer immediately.

These hubs become exit hubs if either the xpu or
ppu hubs are wired. The impulse from these hubs is
available at the beginning of the next read-feed cycle
after the xpu or ppU hub is impulsed.

“The couple exit impulse is usually used to control
other pilot selectors and co-selectors.

Pilot Selectors (H-N, 23-42). Ten pilot selectors
are standard with the Type 650. Additional pilot se-
lectors are available in groups of five. Each pilot se-
lector has two positions.

Pilot Selector Hold (P-Q, 23-42). These hubs are
entries for impulses that will determine how long a
pilot selector will remain transferred. Because the
pilot selectors can be used with either the read feed or
the punch feed, no automatic pilot selector hold im-
pulse is provided. The hold impulse is provided by
control panel wiring from either the Rp-HoOLD or pcH-
HoOLD hubs depending upon which feed controls the
action of the pilot selector.

Read Hold (T-U, 39-40). These hubs emit an im-
pulse which, when wired to co-seLEcTOR HOLD or
PILOT SELECTOR HoLD, will cause the co-selector or
pilot selector to remain transferred for the duration
of the read-feed cycle.

Co-Selector Pickup (R-S, 23-38). These hubs will
accept impulses timed to both the read feed and the
punch feed. An impulse entering one of these hubs
will cause the associated co-selector to transfer imme-
diately.

Co-Selectors (U-W, AB-AD, 1-20 and 45-64),
Eight co-selectors are standard with the Type 650.
Additional co-selectors are available in groups of four.
Each co-selector has five positions.

Co-Selector Hold (T-U, 23-38). These hubs are
entries for impulses that will determine how long the
co-selector will remain transferred. Because the co-
selector can be used with either the read feed or the
punch feed, no automatic co-selector hold impulse is
provided. The hold impulse is provided by control
panel wiring from either the RpD HOLD or PcH HoLD
hubs depending upon which feed controls the action
of the selector.

Wiring (Figure 58)

1. Pilot selector 1 is activated by X or 12 punches
in column 24.

2. Co-selector 4 is picked up from couple exit of
pilot selector 1.

3. Pilot selector 1 and co-selector 4 remain trans-
ferred for the duration of a read feed cycle.

4. Shows how field selection can be accomplished
using a co-selector.

5. Shows how column selection can be accom-
plished using a pilot selector.
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Emitted Impulses (Read)

Factors may be supplied from the control panel for
entry into the machine. These emitted factors might
be used for such things as filling in zeros to the right
of fields wired to storage entry, supplying sign im-
pulses or converting control factors to 8 or 9 for
interrogation by the program. The hubs supplying
these factors are labeled Read Impulses.

There is also a digit selector that can be used as an
emitter for all of the read-digit impulses.

Read Impulse (V-W, 26-35; AN, 13-20; AP, 13-
22). These hubs (Figure 59) emit read-digit impulses
12, X, 0, 8, and 9.

Wiring (Figure 59)
A selected digit impulse enters the units position
of word 2.

2. A read digit nine impulse enters the normal side
of a pilot selector.

3. A read digit eight impulse enters the transferred
side of a pilot selector.

DI (Q, 21). This hub (Figure 60) emits all read-
digit impulses (12-9) every read feed cycle.

Digit Selectors-Read (R-AD, 21). One read-digit
selector (Figure 60) is standard with the Type 650.
One additional read-digit selector or one V4 time emit-
ter may be obtained. Digit selectors are used to select
specific digits from a card column or to emit digits on
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Column Splitting

The need to separate a column between two digit
positions (usually 0 and 11) occurs rather frequently.
Read column splits are provided for this purpose.

Read Column Splits (X-Z, 33-42). These hubs
(Figure 61) are used to separate 12 and 11 impulses
from 0-9 impulses that are read from a card at first
or second reading stations.

Wiring (Figure 61)

1. The impulses read in column 80 enter the com-
mon of the column split.

2. Digit impulses 0-9 from column 80 are directed
to the ppu of pilot selector 9.

3. Digit impulses X-12 from column 80 are di-
rected to the xpu of pilot selector 10.
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Special Devices

Read Code Selectors (X-Z, 23-32), page 101.

RSO (Read Second Only; V-W,23 ), page 101.
Alphabetic In (AL-AR, 11-12), page 105.

CAI (AK, 12), page 105.

Alphabetic First Read (AK-AM, 13-22), page 105.

Output

The control panel provides the means for punching
the results of the Type 650 calculations into IBM
cards for output.

Punch Card A, Punch Card B, Punch Card C (A-D,
45-64; Q-T,45-64; X-AA, 45-64). The eighty hubs
associated with each punch card group (A, B, or C)
are entries for punching into the eighty columns of
the output card (Figure 62). Each group of punch
card hubs (A, B, or C) is independent of the other
two. This arrangement permits punching at least
three different card forms without using pilot selec-
tors or co-selectors.

Only one group of punch-card hubs (A, B, or C)
can be active during one particular card cycle. Punch
card C hubs are normally active. PuncH carp a hubs
are made active by impulsing the puncH a hubs,
PuncH carD B hubs are made active by impulsing the
PUNCH B hubs.

Storvage Exit A, Storage Exil B, Storage Exit C
(E-], 43-64; K-P, 43-64; AE-A], 43-64). The threc
groups of storage exit hubs are common (Fig-
ure 62). They are located to facilitate wiring to
PUNCH CARD A, PUNCH CARD B, Of PUNCH CARD C.
Each group has words 1-10. Each word has 11 exit
positions, one for each digit of the word and one for
the sign. The action of the sign exit and units posi-
tion hubs are under control of the psu (punch sign
over units) switch and the p+ (punch plus) switch.

Wiring (Figure 62)

1. Information from STORAGE-EXIT A enters PUNCH
CARD A.

2. Information from STORAGE-EXIT B enters PUNCH
CARD B.

3. Information from STORAGE-EXIT C enters PUNCH
CARD C.

Control Information (AK-AM, 55-64). These hubs
(Figure 63) emit an impulse before 12-punch time
if there is a digit 8 in the corresponding position of
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Ficurr 62.

storage-exit word 10. If there is any digit other than
8 in a particular position, the corresponding position

of control information does not emit any sort of

impulse.

Punch A, Punch B (C-D, 43-44). An impulse to
PUNCH A or PUNCH B will cause PUNCH cARD a or
PUNCH CARD B to become active on the same cycle.
These hubs (Figure 63) are normally impulsed from
control information. If puxcH A and puxcH B are
impulsed simultaneously, only puxcH carp a will be

active.

Wiring (Figure 63)

1. A path is provided for the control information

impulse to the puncH a hubs.

2. A path is provided for the control information

impulse to the puxcH B hubs.

Ficure 63.
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Ficure 64. Carp IDENTIFICATION anD Dicit EMITTING

Emitted Punch Impulses

Control panel hubs (Figure 64) are provided for
emitting impulses for use while output cards are being
punched.

X IMP (A-B, 43-44; AR, 51-54). These hubs emit
an X-impulse during each punch feed cycle.

DI (Digit Impulse; Q, 43). This hub emits all
punch digit impulses (12-9) every punch feed cycle.

Digit Selector—Punch (R-AD, 43). One punch
digit selector is standard with the Type 650. One ad-
ditional punch digit selector or one 14 time emirter,
may be obtained. Punch digit selectors may be used
to separate or combine multiple digits. It may also
be used as a punch digit emitter by connecting the
common to the pi-impulse.

Output Selection

The pickup control of selectors has already been
discussed. Because the hold must be timed to the
proper feed, punch hold hubs are provided.

Punch delay hubs are provided in case it is desirable
to delay the cffect of a punch timed impulse one or
more punch feed cycles.

Punch Hold (R-S, 39-40). These hubs (Figure
64) emit an impulse which, when wired to a co-
selector hold or a pilot selector hold, will cause the
selector to remain transferred for the duration of the
punch feed cycle.
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FicUurRe 65. FieLp SerecTioN Using Punch DELAY

Wiring (Figure 64)

1. A path is provided for the X-impulse to column
80 through the transferred points of a co-selector.

2. Punch digit impulses are made available to the
punch digit selector.

3. Digit 1 and digit 2 impulses from the digit se-
lector selected by use of a co-selector.

4, Co-selectors remain transferred for the duration
of the punch feed cycle.

Punch Delay (AN-AR, 49-50). There are four
sets of punch delay hubs (Figure 65) on the control
panel. Each set of hubs consists of an 1~ hub and an
ouT hub. The 1~ hub will accept any impulse timed
to the punch feed. On the punch'feed cycle after the

IN hub is impulsed, the out hub will emit an impulse
before 12 punch time.

Wiring (Figure 65)

1. The punch-delay unit is activated by an impulse
from control information position 10.

2. The selection of blank-column detection con-
trol matches the field entering the pr anD BC DET
ENTRY hubs.

3. Field selection of information directed to the
DP AND BC DET ENTRY.

It is possible by means of control panel wiring to
create a two-cycle delay (Figure 66). This can be
accomplished by wiring the out hub of one delay unit
to the 1N hub of another delay unit.
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Fiure 66. Punch Deray anp BC-OFF SkrecTion

Wiring (Figure 66)

1. The machine stops two punch-feed cycles after
an impulse is emitted from control information posi-
tion 9.

Output Signs

Punching of signs in output cards is controlled by
the rsu and p—+ switches.

PSU (Punch Sign over Units; V-W, 41). When
this switch is wired (Figure 67), signs will automatic-
ally be punched over the units position of a storage-

2. The Bc ofF switch selected under control of a
control information impulse from position 10.
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PANEL n

exit word, and the sign position of each storage-exit
word is made inactive. The psu switch can be se-
lected. This switch is independent of the p+ (punch
plus sign) switch.

Wiring (Figure 67)

1. Signs of factors are punched over the units posi-
tion of the field.

2. Information from STORAGE-EXIT C enters PUNCH
CARD C.

P+ (Punch Plus Sign; V-W,42). The p+ (punch
plus sign) switch (Figure 68) is wired if it is desired
to punch twelve holes for positive signs. The p+
switch can be selected. This switch is independent of
the psu (punch sign over units) switch.

Wiring (Figure 68)

1. A 12-hole is punched in the card to identify
positive factors.

2. Information from STORAGE-EXIT C enters PUNCH
carD c. (Note sign storage exit wiring.)

Punch-column splits are provided. Their function
is similar to that of the read-column splits.

Punch-Column Splits (AK-AM, 43-52). These
hubs (Figure 69) are used to separate 12- and 11-
punch impulses from 0-9 punch impulses.

Punch-Brush Station

A card in the punch feed passes the punch brushes
one punch-feed cycle after it has been punched. In-
formation read by the punch brushes may be used
for gangpunching and double-punch blank-column
detection.

Punch Brushes (AA-AD, 23-42). These hubs
(Figure 69) are exits for digit impulses (12-9) read
from the output card one cycle after the card is
punched.
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Wiring (Figure 69)

1. The digit impulse from the punch brushes
enters the common of the punch column split.

2. The 12- and 11-impulses from the punch brush
are directed to one position of DOUBLE-PUNCH and
BLANK-COLUMN-DETECTION ENTRY.

3. The 0-9 impulses from the punch brush are
directed to one position of DOUBLE-PUNCH and
BLANK-COLUMN-DETECTION ENTRY.
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Ficure 69. CoLUMN SPLITTING

Double-Punch Blank-Column Detection (DPBC)

The Type 650 is equipped with 20 positions of
DPBC detection as a standard feature. Additional
positions are available in groups of ten, maximum
of six additional groups.

BC OFF (Blank column off; AN, 21-22). When
this switch is wired, blank columns will not be de-
tected by the DPBC device. The Bc oFF switch may
be selected (Figure 66).

DP & BC DET ENTRY (Double-punch & blank-
column detection entry; AE, AH, AL, AP, 23-42).
These hubs (Figure 70) are entries for the digit im-

pulses from the punch brushes. They are used to
detect double-punched or blank columns in the out-
put cards.

Wiring (Figure 70)

1. Twenty positions are checked for double punches
and blank columns,

BC DET ENTRY or GP EXIT (Blank-column
detection entry or gangpunch exit; AF, A], AM, AQ,
23-42). These hubs may be ecither ¢ntries or exits
(Figure 71).

As entries, they are used to detect blank columns
in the output cards without double-punch detection.

As exits, they are wired to PUNCH CARD A, B, OF C
for gangpunching. When used as gangpunch exits,
only the first digit of any column wired to a pp and
BC DET ENTRY hub will be available at the associated
GP EXIT hub.

Wiring (Figure 71)

1. Positions 1-10 are checked for double punches
and blank columns; the same columns are also gang-
punched.

2. Positions 11-20 are checked for blank columns
only.

BC DET CONTROL (Blank-column detection
control; AG, AK, AN, AR, 23-42). These hubs
(Figure 72) provide a means for control of blank-
column detection. All positions of DPBC are in-
ternally connected for blank-column detection. It
is possible to bypass any particular position or posi-
tions that are not to be checked for blanks by con-
trol panel wiring in the following manner:

The blank-column-detection control hub for the
last position, in which blanks are to be checked, is
connected by a control panel wire to the blank-
column-detection control hub preceding the next
position which is to be checked for blanks.
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FicURE 72, Branx-CorumnN DeTEcTION CONTROL ScLrcTION
Wiring (Figure 72) Wiring (Figure 73)
1. Columns 10-13 are checked for double punches 1. The last ten positions of blank-column detection

only. are bypassed.
In case it is desirable to bypass checking for

In case it is necessary to bypass checking for blanks in DPBC position one, it is necessary to wire

blanks in the last position (position 20 for standard from the exit hub of the Bc orF switch (AN, 21)
machine), the blank-column-detection control hub to the blank-column-detection control hub preceding
for the last position in which blanks are to be checked the first position that is to be checked for blanks
must be connected by a control panel wire to the (Figure 74).
blank-column-detection control hub of the last The wiring to bypass blank-column checking may
ppBC position (Figure 73). be selected.
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Ficure 74.

Wiring (Figure 74)

Braxk-Corumn DET

1. The first three positions of blank-column detec-

tion are bypassed.

DPBC (AP, 51-52). These hubs (Figure 75) emit
an impulse one punch-feed cycle following the detec-
tion of a double-punch or blank-column by the prsc
device. If the ppBc impulse is wired to stop, the
punch feed will stop with the error card as the last

card in the punch stacker.

STOP (AN, 51-52). These entry hubs (Figure
75) accept impulses to stop the punch feed.

ecTiON CONTROL SELECTION

Wiring (Figure 75)

1. A double-punch or blank-column indication

stops the machine.

BUS (R-U, 41-42;

the need for split wires.
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Ficure 75.

MacHINE SToOP

43

V-W, 36-38 and 39-40).
Three sets of bus hubs are provided on the control
panel. All hubs that are connected by lines on the
panel are common. They are provided to minimize




76 TYPE 650

Special Devices Control Panel Example — Inventory
Offset (AQ,51-52), page 104. Figure 76 shows the control panel wiring for the
Punch Code Selectors (AN-AR, 55-64), page 102. problem in programming examples shown in Figures

Alpha Out (AK-AQ, 53-54), page 105. 38 and 39.
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— Normally Efective . TIMING CHART, TYPE 533
ESTTS Otfer | o TR ’

READ ENTRIES

CONTROL PANEL HUB LOCATION 288 306 324 342 O 18 36 54 72 90 108 126 144 162 180 198 216 234 252 270 288
Alpha In AL-AR 1112
Alphabetic First Read AK-AM, 13-22
Co-Selector Hold T-U, 23.-38
Co-Selector Pick-up R-§, 23-38 - T
Column Split — Common Z,33-42
Column Split — -9 Y, 33-42
Column Split — 1112 X, 33-42 ! ]
Digit Selectors — Common R, 21 : I
Entry A, Entry B C-D, 21-22 N
Load B, 21-22
" | Pilot Selector — D PU F, 23-42 —— — ——
Pilot Selector — | PU G, 23-42 ;;mmm
‘| Pilot Selector — X PU E. 23.42
Pilot Selector Hold P.Q, 23.42 — **
R+ v, 25 _— T
RSO V.23 > T c—
RSU v, 24 R - 0 - x
Read Code Selector — In 1 X, 23-32 i Wd
Reod Code Selector —In 2 Y, 23-32 =
Storage Eniry — Digits 210 |E-P; AE-AJ1-9& 12-20 4 >
Storage Entry — Digit 1 E-P, AE-AJ,108& 21 1 .
Storage Entry — Sign E-P; AE-AJ, 11422
Word Size Entry AK, 111
READ EXITS I ’
CONTROL PANEL HUB LOCATION 288 306 324 342 © 18 36 54 72 90 108 126 144 162 180 198 216 234 252 270 288
CAl (Except for Load Card) AK, 12 ]
Read Card A, B, C& First Read | &0 11082342 010 24 ' 20 ] ] ] ) L2
Couple Exit G, 23-42 ——
DI Q, 21 ¥ARAl ]
Read Code Selector — Out Z,23-32
R+ W, 25 S — pv—
RSO W, 23
RSU W, 24
RD Hold T-U, 39-40
Read Impulse | PerHub Labe!) | V-W, 26.35
Word Size Emitter ALAR, 110 | |
Zero Read Impulse AN, 13-20; AP, 13.22 | )

PUNCH ENTRIES —l
CONTROL PANEL HUB LOCATION b 14 12 1 0 1 2 3 4 5 6 7 3 9 13 D
Alphabetic Out AK-AQ, 53.54 ] ] I ! ! y
Column Split Common AM, 43-52 [ h
Co-Selector Hold T-U, 23.38 —
Co-Selector Pick-Up R-S, 7338 ]
Digit Selector Common R, 43 T
Pilot Selector Hold P-Q, 23.42 —
Pilot Selector — | PU G, 23-42 ——
Punch A; Punch B C-D, 43-44 ——
Punch Card A, B C AD; 0.1, X AA, 45.64 ]
Punch Code Selectors — | PU AN, 55-64
Punch Delay — In AN-AR, 50
P+ v, 42
P30 v, 41

PUNCH EXITS I
| CONTROL PANEL HUB LOCATION D 14 12 A 0 1 2 3 4 5 ] 7 8 9 13 ¢
BC DET Control & BC OF 4G A AR 0 N T I ! l oes | |
Column Split 12-X AK, 43-52 I [ [
Column 8plit 9.9 AL, 43-52 - r ‘]h_ -
Control Information AK; AL, AM, 55.64
ol Q, 43 -
DPBC AP, 51.52 — .
Punch Brushes AA-AD, 23.42 | h h
Punch Code Selector ~ Trans. | AP, 55.64 —
Punch Delay Out AN-AR, 49 |
PCH Held R-5, 39-40
Pt W, 42 .
P+{Entry! V, 42
PSU W, 41
Storage Exit A, B, C— Pos, 2-10[E-PAE-AJ 43-51& 54.67 F F F F F
Storage Exit A, B, C,— Pos. 1 |E.P; AE-AJ, 52 & 63 | b ] ||
Storage Exit A, B, C, — Sign E-P; AE-AJ, 53 & 64 t t
X Impulse A.B, 43-44; AR, 51.54 [ h | ] [ [ | | | |

Figure 77. Type §33 Impurse TimiNng CHART
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OPTIMUM PROGRAMMING

THE TYPE 650 has been designed with ease of pro-
gramming as one of the primary considerations. As
a result, the programmer is not burdened with timing
restrictions that must be considered throughout the
planning of 2 program. Interlocks within the machine
make it impossible to violate timing conditions and
cause the machine to give erroneous results. It is
important, however, for the programmer to realize
that the simplest method of programming (using
sequential drum locations for succeeding instruc-
tions) causes the machine to waste a large amount
of time in nonproductive waiting or searching.

In many cases it will be desirable to increase the
productive work performed by the machine in the
time available between successive read and/or punch
operations. Proper recognition and analysis of the
sequence of events occurring within the machine
will indicate how one might significantly increase
the effective speed by the proper location of data
and instructions on the drum surface. Optimum
programming is the technique by which data and
instructions. are located in such a manner as to
minimize or eliminate, if possible, nonproductive
waiting or searching time.

The basic time element of interest to the pro-
grammer is the time required to read one word.
This is known as a word time. Because there are fifty
words in each band of general storage, a word time
is equal to 1/50 of the time required for a drum
revolution. The drum revolves at 12,500 revolutions
per minute; therefore, a word time is equal to .096
milliseconds. In order to establish a set of rules for
optimum programming, each operation has been
analyzed to determine the number of word times
required for its interpretation and execution.

From a timing viewpoint, there are forty drum
locations (one per band, assuming a 2000-word
machine), which are equivalent. Therefore, only
the angular location or the position between the
first and fiftieth locations in a band must be con-
sidered in optimum programming. The band makes
no difference. For example, any of the addresses
0003, 0053, 0103, 0153, . . , 0953, 1003,
1053, . . . ... ctc, along the length of the drum
could be used without any loss of time.

79

Because the accumulator contains twenty posi-
tions, it takes two word times to read its contents.
The internal timing synchronizes the upper half
of the accumulator (8003) to odd word times (odd
locations), and the lower half of the accumulator
(8002) to even word times (even locations). For
this reason, when an operation requires the use of
the accumulator, it may be necessary to wait for an
even word time, because the entire accumulator must
be read starting with the lower half.

The p and 1 address system used in the Type 650
makes possible optimum programming, because it al-
lows data and instructions to be placed in any location
on the drum. As just mentioned, once an optimum
location has been determined, there are thirty-nine
additional locations that are equally accessible with
respect to time.

Another factor of importance is that the 1-address
of many instructions can be optimum within a
range of locations. This is because of the 650’s ability
to overlap arithmetical execution with the search for
the next instruction. In most cases, it will net
be practical to attempt to optimum-program such
operations as multiplication, division, and table look-
up due to the wide variation of factors.

Sequence Chart

The sequence chart (Figure 78) shows the steps
taken in the interpretation and execution of the
various types of operations and the word times
required for each step. In several cases the sequence
chart branches into two parallel paths; this is to show
that two functions are being performed simulta-
neously. One of the parallel branches represents the
arithmetical process, and the other, the process of
obtaining the next instruction.

Analyzing the steps carried out by the machine
in the performance of any operation, one can see
that in every case certain fundamental word times
are required. Begin consideration of each instruction
at the time the instruction has been located. Starting
at this point, the first word time of every operation
is used to transfer the instruction from its memory
location into the program register. The next word
time is used to transfer the operation code to the




Reod

70 7Vt T Rl it e
7 ms to 43 ms Input Buffer
—/ (73) to (448)
Interlocks
T e T T T T T SR Cad e T T "
7m0 55.8ms Ovutput Buffer
(73) 1o (582)
M () A
| to PR DA to AR
OP to OP R
Load Dist, 69 ———|--—- ------- | | I I
) (0) to (49) Ty Y ™y "7 7(0) te (49) .
Enoble Distr. Search for Dota to A to AR Enable PR Search for
Read In Dota Loc, Distrib. Reod In next Instr,
! It i
¢ ' () or (2) LT
Adds Distributor Compliment Remove
Sobtrocts | o to Accum, Neg, Sum Interlock A
10, 11,15, 16, 17, 18,7 (), ) 7o (49 |"—'*——(1) O o) If Req.
60, 61, 65, 86, 87, 88 |gnable Distr. Search for Data ta Wait for
Reod In Dota Loc, Distributor  Even I { | {
m T T T o
Restart IA to AR Encbie PR Search for
Signal Reod in next tnstr,
h m_l _____ i
. Muitiply or Remove
Multiply .
Divide | = e e e e Div. Loop Interlock A
14,19, 64 Q)] (0} to (49) () (0 or (1)
Enable Distr. Search for Data to Wail for
Read In Deto Loc. Distributor  Even | | |, [, .l
Ra; T L) (0) to (49)
estort 1A to AR Enable PR Search for * Moltipl " N
Signal Read in next Instr, ultiply Loop Requires (20) 1o (200)
Divide Loop Requires (60) to (240)
I |
(@) o]
. Per Shift Remove
Shift Laft .
Shift Right | (Shift Loop) Interlack A
0, 35 (H 0 or (1)
Enable Woit for
Shift Contr. Even ! | | _1
@em oy T T e
Restart Sig. A to AR Encble PR Search for
(unless Read In next Instr
shift 0)
] ]
@ o T
Shift ond Per Shift Remove
Count % (Shift Loop) interlock A
3% () (0) or (1)
Enable Woit for
Shift Contr,  Even ! ] | {
@or(m T (M T M T (0@
Restart Sign. 1A to AR Enable PR Search for
(unless X9 #0) Read In next Instr,
| | |
@ ! @ )
. Per Shift Round Remove
Shift and s
Round } (Shift Loop) Interlock A
31 | ( {0) or (1)
| Enable Wait for
IShift Contr,  Even 1 ! [ {
| m M M T 0w
! Restart 1A to AR Enable PR Search for
: Signal Read in next Instr
¥
continued

Ficure 78.
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Stere
Lower

Store

Upper
21

Store Data Address
Store Inst., Address
22,23

Store Distributor
24

BRNZU

BRNZ
45

BR MIN

ROV
BR Dist. 8
91-98

BR Dist. 8
90,99

Table
Look Up
84

No OP
Stop
00,01

| ] | { | | L_____________!
m @or( ' () @t M T M T T (0 e
Enable Distr.  Waitfor L. Aceum, Search for Store |Ato AR Enable PR Search for
Read In Even ta Distrib, Data Loe. Date Reod In “next instr.
| { L oo L [ | | _I
O Taem ™ "o T T@eem T T T T e
Enable Distr, Wait for U. Aceum, Search for Store IA to AR Enable PR Search for
Read In Qdd to Distr. Deta Loc, Data Read In next Instr.,
! | 1 { | | e e _{
@orth T T @M T M T @@
Wait for L. Accum, Search for Store IA to AR Enable PR Search for
Even to Distr. Deta Loc. Data Read In next Instr.
__P ________ | — ! { | e _I
(1 o e T T oe®)
Enable Search for Store 1A 1o AR Enable PR Search for
Position Sel. Data Loe. Data Read In next lnste,
] [l | R _1
@or() T (@or(h * () T 77(0) to (49)
Wait for IA to AR Encble PR Search for
Even If Req. Read In next Instr,
| - | S _,l
@or(h ' @er( Ty T 71010 (49
Wait for |A to AR Enable PR Search for
Odd If Req. Read In next [nstr, NOTATION.
1 = Instruction
op = Operation Code of Instruction
DA = Data Address of Instruction
| 1A = Instruction Address of [nstruction
{ e e——— -{ PR = Program Register
0) or (1) Q)] (0) to (49) AR = Address Register
A to A_R Enable PR Search for QPR = Operation Register
If Required  Read In next Instr, (m) = m word times
1 word time = ,096 ms
INTERLOCKS:
Point R cannot be possed until the previous Read oparation is complete
Point P cannot be posted until the previous Punch operation is complete
|l : { ————————— -{ Point A cannot be possed until the previous Arithmetic operation is complete
(0 © or (1) (O or () {0) to (49)
Test and IAto AR Enable PR Search for
Enable PR If Regq. Read In if next Instr,
Read In if No Branch=
Branching ing Oecurs
Cecurs
! ! D e _'
M T@e ' o T @
Test A to AR Enable PR Search for
If Req. Read In next Instr,
RIS T — t ' - | | T 1
(§)] (0) to (49) (0) to (?) i 3] ! U] (0) or (1) (¢)] U} () (0) to (49)
Encble Search for Search for Correct Add to PR Wait for  [nsert Address 1A to AR Enable PR Search for
Position Sel. First Argum, Correct Argum, Even inL. Aceum. Read In next inste,
Argum, Found
| |, "
m o () 1o (49)
1A te AR Enable PR Search for
Read In next Instr,
FiGURe 78, TyPE 650 SEQUENCE CHART (CONTINUED)
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82 TYPE 650
Interlock
A
A Acc. through Complement
' Adder Acc. if necessary
Location Instruction - Ae Remove
I Add to Upper !0 1 Interlock
0001 15 mmem meee Lower ,  Posses L | \ A
Inst Enable Data Wait I 1 { | 1
to Opto Op R Dist. to for 0008 0007 0008 0009 o010
| PR | D to AR RI | Dist, | Even
¥ i t i | Add Enable inst,
0001 0002 0003 0004 0005 Restart to PR to Op 1o Op Rk
Signal AR, Rl _ﬁk___+_0_fg_ﬁ«_R__+\
0006 | 007 | o8 | o009 0010 Interlock
Shift 1 Pos. Shift | Pos. Shift 1 Pos. R
B A A A Inerlock
Al 1
0007 = %0 0003 ---- I | 1Ir 1 1[ | LA
i 1 1
Enable Wait ootz | o013 ' o014 ' o015 | o006 | oow 0018
Shift for
Control | Even Op to Op R
v ova +--oee 1 I Add Encble [rat. to FR D o Ak
0009 0010 0011 (Not A )
Needed) Res\‘ur!' Ar: R p . \
Signal _ ) Ry Y T
ootz ' 003 | oo ' o015 ' oos + 0017 + 0018 T —ertock
[ } A
— Complement
gd‘f Ace. if necessory R
c. 15t emove
Lower to interlock
0017 : 10 wcmm mnes Posses | Upper | A |
— A Enable  Data Wait 0022 | 023 | 0024 ' 0025 | o026 |
d R Dist, to for
RI Dist. Even
} |
] + ______ + ------ T T 1 Add Enable Inst
007, 0018 o019 0020 o021 Restort to PR to Op to Op R
Signal AR \ RI } P’f___+_21°_A_R_.'\
02 | 002 | o024 0025 0026 Interlock
NOTE: Upper limit positioning of Inst,
is always assumed for determination
of data oddress,
FiGURE 79. SeQUENCE CHART

operation register, and the data address, to the ad-
dress register. The steps performed during the word
times beyond this point will depend upon the partic-
ular instruction being executed.

Consider, for example, an instruction calling for
an add lower (15) operation. The sequence chart
for this particular operation is shown in Figure 79A.
Assume that the add lower instruction is in location
0001. Then, as location 0001 passes the reading
heads, the instruction is read into the program
register (1 word time). As location 0002 passes the
reading heads, the operation code (15) is transferred
to the operation register, and the data address
(XXXX) is transferred to the address register. As
location 0003 passes the reading heads, the control
circuits necessary to perform addition are set up,

and the distributor is signaled to read in. When the
location specified by the data address passes the
reading heads, its contents will be read into the dis-
tributor. Therefore, if the data address of the add
lower instruction had been 0004, the search time
for the factor to be added would be zero. Thus,
location 0004, or any of the 39 other locations
having the same angular position, would be the
optimum location for data in this example.
Assuming the data is in location 0004, the factor
to be added will enter the distributor as location
0004 passes the reading heads. The machine is now
ready to add the factor in the distributor to the
contents of the lower half of the accumulator. Be-
cause location 0005 is ready to pass the reading
heads, the machine is starting an odd word time.
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The accumulator contents can only be read into the
one- digit adder beginning with an even word time. For
this reason, nothing is accomplished as location 0005
passes the reading heads. As location 0006 passes
the reading heads, the contents of the distributor are
added into the lower half of the accumulator. Simul-
taneously with the actual addition operation, a re-
start signal is given to the program control system.
During the time location 0007 is passing the read-
ing heads, the contents of the upper half of the ac-
cumulator are passing through the adder, and the
instruction address is transferred to the address
register.

If no complementing of the accumulator con-
tents is necessary, the arithmetical interlock A is re-
moved as location 0008 passes the reading heads, and
the program register is readied to read in the next
instruction. Therefore, if the instruction address of
the add lower instruction had been 0009, the search
time for the next instruction would be zero. Thus,
location 0009, or any of the other 39 locations having
the same angular position, would be the optimum
location for the next instruction in this example.

If it is necessary to complement the accumulator
contents, the over-all timing is not affected. Under
this condition, the simultaneous operation continues
while the next instruction is read into the program
register, and the operation code and data address
are transferred into the operation and address regis-
ters. Thus, the next instruction in process reaches
the interlock point just as the interlock is removed.

The foregoing add operation and the [ocation of
the next instruction require eight word times (.768
milliseconds) for execution when optimum program-
ming is used. The same two functions could require
as much as 106 word times (10.176 milliseconds)
if the data and next instruction were placed in the
worst possible locations. Of course, the factors would
rarely fall in such poor relationship to each other;
but when sequential locations for instructions are
used, it can easily be seen that each operation and
location of the next instruction must take at least
51 word times. For this reason, it is easy to gain
speed increases of 3 to 1 or better by the use of
rough optimum programming. Such significant speed
increases will often be well worth the small amount
of additional effort required.

Referring to the sequence chart again, one can sce
that multiplication, division, and shifting operations
may vary in the number of word times required for
the arithmetical function. These operations offer lati-
tude for positioning the succeeding instruction de-
pending upon the time required for the multiply,
divide, or shift function.

To continue with the example, assume that the
instruction found in location 0009 (Figure 79B)
calls for a shift right of three positions. The instruc-
tion is read into the program register as location
0009 passes the reading heads. During the time
location 0010 passes the reading heads, the operation
code and data address are transferred to the operation
and address registers. Because no drum data location
is used in a shift operation, the only concern of the
programmer is in positioning the following instruc-
tion,

As location 0011 passes the reading heads, the
shift control is readied. Accumulator read-out can
begin immediately, because location 0012 (even
word time) is ready to pass the reading heads. Parallel
operations begin at this point. During word time
0012, actual shifting is begun, and the restart signal is
given to the control unit. The next word time
(0013) is used to complete a shift of one position
and to transfer the instruction address to the ad-
dress register. During word time 0014, the second
position of shifting is begun, and the program regis-
ter is signaled to receive the next instruction.

At this point the latitude for positioning the suc-
ceeding instruction enters the picture. The next
instruction could be in location 0015, which would
be the lower limit for optimum location. However,
the shifting operation is not completed until word
0017, and interlock A is not removed until 0018,
Therefore, the instruction could be placed in loca-
tion 0016 or 0017 and still have the new operation
code and data address in the operation and address
registers by the end of word time 0018 when the
interlock is removed. Thus, location 0017 is the upper
limit for optimum location of the instruction. Any
of the three locations 0015, 0016, or 0017 will give
zero access time for obtaining the instruction.

The data and instruction addresses, 0020 and
0025, respectively, (Figure 79C) of the instruction
which follow are chosen as if the upper limit had
been used. This is done because the arithmetical func-
tion determines when the operation can continue
beyond interlock A.




84 TYPE 650

LOCATION OF OPERATION ADDRESS
INSTRUCTION!  ABgRV., CODE DATA INSTRUCTION
0001 Al 15 ? ?

? SRT 30 0003 ?

? AU 10 ? ?
LOCATION OF OPERATION ADDRESS
INSTRUCTION|  ABBRV. CODE DATA INSTRUCTION
000 AL 15 0004 0009
0009 SRT 30 0003 0015
0015 AU 10 0020 0025

Figure 80. OrTiMuM PROGRAMMING

Thus, the original skeleton program can be filled
in as shown in Figure 80.

Read or punch operations do not require the use
of any of the arithmetical units; therefore, interlock
A is bypassed by read or punch instructions. Cal-
culating is delayed only until a signal is received
from the read or punch feed to indicate that the
feed has started to move. Once this signal is re-
ceived, calculating can continue. The interlocks on
a read or punch operation affect only succeeding read
or punch operations. Interlock R (read) prevents
a second read operation from starting until the cur-
rent read operation is completed. Interlock P func-
tions in the same manner with respect to punch
operations.

CobE

n. Location of instruction
d. Data address of instruction

Optimum Programming Rules

A set of rules has been developed for optimum
programming based on the analysis shown in the
sequence chart. These rules have been arranged in
table form for easy reference. The table is divided
into several sections, each of which covers operations
that use similar rules.

One section (Figure 81) covers all the addition,
subtraction, multiplication, division, load distribu-
tor, and store operations.

For any of the foregoing operations, the table is
used in the following manner:

1. If the location (n) of the instruction is even,
the number to be added to the location (n) to de-
termine the data address (d) is found in the column
headed # even and opposite the operation specified
by the instruction.

2. When the data address (d) has been deter-
mined, the number to be added to the data address
(d) to determine the instruction address (i) may
be found opposite the operation in the proper column

headed d even or d odd.

3. When the instruction address (i) has been
determined, the location (n) of the next instruction
has also been determined.

Thus, with an operation code 15 in location 0001
(n), the data address (d) equals n + 3, or 0004,
The instruction address (i) equals d 4 5, or 0009.
These are exactly the same as the addresses deter-
mined in the example using the sequence chart.

Another section of the table covers all shift opera-
tions (Figure 82).

Zm. Sum of multiplier digits
3q. Sum of quotient digits

i, Instruction address of instruction

n even n odd d even d odd

Operation d=n+4 |d=nt+ | i=d+ | i=d+
Add, subtract, €tc., 10, 11, 15, 16, 17, 18,
60, 61,65, 66,67, 68 3 3 5 4
Multiply, 19 3 3 214+23m | 204-23m
Divide, 14, 64 3 3 61+4-23q | 60-4-23q
Store Lower Accumulator, 20 5 4 3 3
Store Upper Accumulator, 21 4 5 3 3
Load Dist., Store Dist., 69,24 3 3 3 3
Store D Address, Store I Address, 22, 23 3 4 3 3

FiGure 81. OrtiMUM PrOGRAMMING RULES
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CobE
1: lower limit for i

i,: upper limit for i

Shift Operations No. of Positions n even n odd
j=n+ | i,=n+ | i=n+ | i,=n+
([ (0) 6 6 5 5
(1) 7 7 6 6
Shift Right, 30 (2) 7 7 6 ¢
e g (3) 7 9 6 8
Shift Left, 35 {4 7 1 6 10
(5) 7 13 6 12
Shift and Count, 36 (6) 7 15 6 14
7) 7 17 6 16
(8) 7 19 6 18
L (9) 7 21 6 20
Shift and Count Only, 36 (10) 7 23 6 22
[ (1) 7 7 6 6
(2) 7 9 6 8
(3) 7 11 6 10
(4) 7 13 6 12
b 7 15 6 14
Shift and Round, 31 3 263 7 17 6 16
. (7) 7 19 6 18
(8) 7 21 6 20
(9) 7 23 6 22
L (10) 7 25 6 24
FiGURE 82. OpmimMum PROGRAMMING RULES
The table shows the word times to be added to the exactly the same as the address limits determined

location of the shift instruction to determine the
instruction address. Both the lower (i;) and the o _ .
upper (iy) limits are stated. With a shift right opera- Two additional sections of the table give the in-
tion code and a data address of 0003, the instruction formation for determining d and i for the various
address (i: lower limit) equals n + 6, or 0015. The branching operations and for table lookup (Figure
upper limit (i,) equals n + 8, or 0017. These are 83).

in the example using the sequence chart.

a: Location of argument found by TLU operation.

n even n odd a even a odd

Operation . d=n+}|d=nt+]|i=al | i=a}
Table Look-up, 84 3 3 5 6

n even n odd n even n odd

Operation d=n+|d=n+|i=nf | i=n}

Branch Non-Zero Upper, 44 3
Branch Non-Zero, 45 4
Branch Minus, 46 3
3
4

Branch Overflow, Branch Dist. 8, 47, 91-98
Branch Dist. 8, 90, 99
No Operation, Stop, 00, 01

I P PV I
B Bova
B o U S G

Ficure 83. OpTiMUM ProgrRaMMING RULES
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800X Addresses

Because the storage-entry switches (8000), distrib-
utor (8001), lower accumulator (8002), and upper
accumulator (8003) are addressable, special con-
sideration must be given to the cases where one of
these locations is addressed. The storage-entry
switches and distributor are always immediately ac-
cessible. However, the lower accumulator can be
read into or out of only during an even word time.
The upper accumulator. can be read into or out of
only during an odd word time. Thus, for purposes
of optimum programming, the storage-entry switches
and the distributor may be treated as being equivalent
to any address, the lower accumulator as equivalent
to an even address, and the upper accumulator as
equivalent to an odd address.

If, for example, a reset-add upper operation (or any
add-type operation) has a data address of 8000 or
8001, these addresses can be treated as being equiv-
alent to n + 3 and the instruction address of that
instruction can be determined accordingly. If a data
address of 8002 were used, and the instruction were
in an even location, the optimum location for the
datum for that instruction would be n + 3, which is
odd in this case. Therefore, an extra cycle must
be taken to wait for an even location so that the
lower accumulator may be read out. Because the
effective data address is then even, the rulei =d + §
must be used to determine the location of the next
instruction. Similar analyses may be made for each
of the other cases.

The following table (Figure 84) gives the rules
for determining the instruction address of an in-
struction in cases in which a data address of 800X
is used:

Because the accumulator may be in use when an
instruction address of 8002 or 8003 is given, it

Data n even n odd

Operation Address| i=n-+ | i=n-4
Add, Subtract, etc., 8000 7 8
(10, 11,15, 16,17, 18,| 8001 7 | 8
60, 61, 65,66, 67, 68) | 8002 9 8
8003 7 8
Load Distributor, 69 8000 6 6
8001 6 6
8002 7 6
8003 6 7

Ficure 84. OrTiIMUM PROGRAMMING RULES

would seem possible to take the next instruction
from the accumulator before the arithmetic opera-
tion was completed. For example, if an 8002 instruc-
tion address were used on a multiply operation, one
of the partial products might be taken as the next
instruction rather than the final product. For this
reason, an additional interlock is provided to pre-
vent the next instruction from being taken from an
800X address until completion of the arithmetic
portion of the operation. This prevents such an error
from occurring.

The following table (Figure 85) gives the rules
for determining the effective instruction address
in those cases in which an instruction address of
800X is used.

Inst. |d even| d odd

Operation Address f i~d4 | i~d+
Add, Subtract, etc. 8000 5 4
(10,11, 15, 16,17, 18, 8001 ) 4
60,61, 65, 66,67, 68) 8002 3 )
No Complement Cycle Required| 8003 5 4
Add, Subtract, etc. 8000 7 6
(10, 11, 15, 16, 17, 18, 8001 7 6
60, 61, 65, 66, 67, 68) 8002 8 7
Complement Cycle Required 8003 7 6
Load Distributor, 69 8000 3 3
8001 3 3
8002 4 3
8003 3 4

~ means “equivalent to”

Ficure 85. OpTiMuM PrRoGRAMMING RULES

By application of the principles used in determin-
ing the above-mentioned rules it is possible to deter-
mine equivalent addresses for any other desired case.
It is necessary to remember only that an 8002 ad-
dress is equivalent to an even drum address, and
8003 is equivalent to an odd drum address.

Consider the instruction 10 0643 8000. Because
0643 is odd, the rule in d + 4 must be used. There-
fore, the instruction at 8000 can be programmed as
though it were located in location 0647.

A wallet-sized card (Form 22-6219) is available
which shows the tables for optimum programming
and a complete list of the operation codes.

Figure 86 shows a portion of an actual payroll
problem. This has been included to help show how
optimum programming might be used.




OPTIMUM PROGRAMMING 87
LOCATION OF OPERATION ADDRESS REMARKS LOCATION OF OPERATION ADDRESS
INSTRUCTION| ™ ABBRV. ] CODE DATA __ |INSTRUCTION INSTRUCTION| ™ aBBRV. ] CODE DATA __[INSTRUCTION
Sequential Optinum
0013 RAL 1815 0014 Add Constant Instruction 0013 RAL 65 1916 0021
0014 LD 49 1802 0015 Joad Dist, with Man No. 0021 LD 49 18072 9005
15 i TRY) 84 04600 Q16 On Man Na., Tgble 0005 JLuU 84 0400 0004
é LD 49 1812 0017 Load Dist. with Zeros 0004 LD 49 8003 0012
10017 SIDA 22 0449 8002 Store Selected Data Address Q012 SIDA 22 0515
(8002 RAL 65 XXXX Q018) Add Selected Man No. and Assoc. Data (8002 RAL 45 xxxx 0025)
0018 SRT 30 0005 0019 Shift Off Dept. No 0025 SRT 30 0005 0037
0019 SLT 35 0005 Q020 Shift Selected Man No. 0037 SIT 35 0005 0049
0020 SL 16 1802 0021 Sub. Actual Man No. 008% SL 14 1802 0007
021 BRNZ. 45 0Q22 0023 Branch if not in Table [0}0] BRNZ 45 0010 0011
0022 STOP 01 0004 8000 No Master for this Man Ne. 0010 sIop 0] 0004 8000
0023 RAL 65 1816 0024 _Add Constant [nstruction 0011 RAL 45 1914 0019
0024 Al 15 Q449 8002 Insert Dota Address 0019 Al 15 0029 /002
(8002 RAU 40 XXXX 0025) Add Selected Data to Upper (8002 RAL 60 XXX 0035)
0025 SLT 35 000 0026 Shift off Tax €l Q035 SLI a5 0001 0041
10026 SRT 30 000 00 Shift Rate to Right 004] SRT 30 0001 0047
0027 STU 2] 049¢ 0028 Store Stand, Rate 0047 STY 21 0514 0017
28 sSU 11 1805 0029 Subt, Job Rate 0017 sy 11 1805 0009
0029 MIN 48 0031 0030 Branch if lah Rate Greqter 0009 BRMIN 46, Q042 0043
0030 LD 49 0498 0032 Load Dist. with Selected Rate 0063 LD &9 0514 0049
0031 LD &9 1808 0032 load Dist. with Sel  Rate 00482 LD 49 1805 0042
2 SID 24 0499 0033 Store Selected Rate 0049 SID 24 0522 0075
033 RAL) &0 0499 0034 Load Upper with Sej. Rate 0075 RAU 40 8001 0031
0034 MULT 19 1803 35 Reg. Hrs. X Rate 0031 MULT 19 1803 0014
0035 SRD 31 0002 0034 Shift 2 and Round 0014 SRD kil o002 0071
0034 SIL. 20 Q598 0037 Stare lob Card Reg. Farn 0071 SIL 20 0524 0029
0037 SLT 35 0005 0038 Shift Lteft 5 Pos 0029 SLT 35 0005 0034
0038 Al 10 1822 0032 Add Constant |nstruction 0036 Al 10 1939 0043
0039 Al 10 Q449 ROQ3 Mndify Data Address 0043 AU 10 0515 8003
(8003 AL 15 XXX 0040} Accumulate Reg. Earnings (8003 Al 15 K 0024)
0040 SIL 20 0549 004] | i 0026 SIL 20 0531 0034
0041 RAU 40 0499 0042 Load Upper with Sel, Rate 0034 RAU 40 0522 0077
42 MULT 12 1804 0043 Sel. Rate X O T Hrs 0077 MULT 12 1804 0044
0043 SRD 3 0002 0044 Shift and Round 2 Pos 0064 SRD 31 0002 0070
0044 STL 20 Q0599 0045 Store O T Eqrn_for Job Cost Dist. %ZQ STL 20 0525 0078
0045 Al 15 0549 0044 Create New Ward 3 78 AL 15 0531 0085
0046 AY 10 1817 0047 Add Constant Instruction 0085 AU 10 1938 0093
47 Al 10 0449 | Modify Data Address 0093 Al 10 0515 8003
8003 STL 2 XXXX 0054) Stare Word 3 in Table 8003 SIL 20 XXXX 0054)

FicUure 86
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PROBLEM: ___Square Root
a= VA ,0<AK]
LOCATION OF OPERATION ADDRESS

INSTRUCTION]  aBBRV. CODE DATA

INSTRUCTION

REMARKS

SEQUENTIAL PROGRAMMING REQUIRES 321 SEC,

0102 RAL 65 0200 0103 |}
0103 Al 10 8001 0104 S oo =(A+1) /2
0104 MULT 19 0201 0105 | -
105 ST I 21 0209 o106 1J
0106 RAU 60 0200 0107 |
0107 MULT 19 0201 0108
0108 DIVRY |64 0202 0109 9 =g+ Alg ) /2
109 Al 10 0200 0110 o b
0110 MULT 19 0202 0111
o1l ST U 21 0203 p112 1)
12 Sk 11 0202 0113 | -

0113 BRNZU |44 0114 0101

1 lfop,,, =0
transfer back to main routine (0101).

0114 BR MIN [ 4% 0115 0101

0115 LD 49 | 0203 0114 — O aini—=0,< 0, thus, prepare to rapeot;
0116 SID 24 0202 0106 iteration

0200; 172 5000000000

0201. A

0202! an

0203: Temporary Stora

0101: Contains gext instruction in main routine

OPTIMUM_PROGRAMMING REQUIRES . 152 SEC.

0139 RAL 65 0142 0148

AlJ 10 RO01 0105

a6 = (A+ 1) /2

0148
'8']'88 MULT 19 0108 0189
STU 2] 0144 0147

0147 RAY 60 0100 0155

155 MUIT 19 0108 0140
0140 DIV RI) a4 0144 0134 Quiy =(ga + A/g. ) /2
AU 10 0137 0141
%}% MULT 12 0144 D125
STU 2] 0130 0133 /
0133 sy 11 0144 0120 N Testaua, -0, Ifans; -g. 2 O,
0120 BRNZU [44 0124 0128 > transfer back to main routine (0128). |
0124 BRMIN |44 0127 i [J
017 LD 69 0130 0135 1l e, . g < 0, thus, prepare to
0 ST D 24 0144 0147 _ |J  repedt iteration, N
0142; /2= 5000900000
R. A
44, Qn
00: 1/2= 0

%]_%_- [Temporary,
128: Contains 1

ext inspruction in[main routine

Ficure 87.

SQuare Root (Figure 87)

When programmed sequentially, this routine re-
quires approximately .321 seconds (assuming five
iterations). The same routine is shown programmed
optimumly. The time required is reduced to .152
seconds. Thus, the increase in speed is a factor of
2.1 to 1. Note, however, that the optimumly pro-
grammed routine requires two additional storage
locations so that the constant 1, will always be
located optimumly. Experience has shown that the
gain realized may be a factor of less than 2 to 1
to a factor as large as 6 ot 7 to 1.

Square Root

Techniques for Using Optimum Programming

The gains obtained by optimum programming
will depend upon the particular problem considered
and the skill of the programmer. Every instruction
cannot be optimum, because conflict will occasionally
exist between instructions. For example, data placed
optimumly for a store operation may not be opti-
mumly located for a later add operation. Further-
more, an instruction that is preceded by several
branch instructions cannot usually be optimumly
located for each of these branch instructions.
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Techniques for efficient use of optimum program-
ming will be developed through experience. It is
too lengthy a task to explore thoroughly the tech-
niques for its use in this manual. However, certain
general principles can be applied to any program
one may wish to consider. Some of these principles
will be indicated in the following paragraphs.

The first consideration that must be made is: When
should optimum programming be used? Any problem
in which the speed of input or output is appreciably
reduced because of lengthy calculations can justi-
fiably be programmed optimumly.

Once it has been determined that optimum pro-
gramming is necessary, there are two ways in which
it can be done. One could simply program the prob-
lem optimumly by straightforward application of
the rules derived previously without consideration
of the program as a whole. Such a procedure may
result in data and instructions being poorly located
for the latter part of the problem. This type of
programming can be done quickly and with very
little more difficulty than if the instructions were
programmed in sequence. Even though it is done
roughly, it will usually result in a significant increase
in the over-all speed, and will be well worth the
small amount of additional effort required.

The second type of optimum programming is
where the programming is done elegantly. This type
of programming requires 2 greater amount of work
and thought on the part of the programmer. Instead
of simply programming each step optimumly as it
occurs, the programmer must think ahead to see
how this might possibly affect later steps that will
use the same data or perhaps branch to the same
instruction. Many possibilities exist when program-
ming in this manner. One can see after he has

completed the problem how a simple re-arrangement
of the beginning may improve the latter part of the
problem. It may be necessary to reprogram the same
problem several times in order to obtain the most
efficient program. Obviously such a procedure would
require much more time than sequentisl program-
ming or the rough optimum programming just de-
scribed.

Elegant optimum programming should be used
only when it is desirable to use the Type 650 in
the most efficient manner possible. The types of
problems for which this is necessary are those that
must be done repeatedly on a mass basis and that
realize reduced input-output speeds. It will not al-
ways be necessary to program the entire problem
this way but only those segments or sub-routines
that are most frequently used. For example, sub-
routines, such as floating decimal operations, square
roat, sine, and cosine evaluations, which occur fre-
quently in technical applications, should be pro-
grammed to function in the most efficient manner
possible. Similar applications that will occur in com-
mercial problems are extension from gross to net in
payroll calculation, insurance dividend calculation,
and bill computation in public utility customer ac-
counting.

Computing During Input and Output
Operations

At a card-punching rate of 100 cards per minute,
up to 44 milliseconds are available for computing.
This is approximately 5600 word times, or 110 drum
revolutions. At a card reading speed of 200 cards
per minute, up to 257 milliseconds are available for
computing. This is approximately 2700 word times,
or 54 drum revolutions.




LOADING ROUTINES

ONE oF THE first problems that arise in using a
stored program machine is how to originally enter
the instructions, constants, tables, etc., necessary to
solve a problem. The flexibility of the input system
of the Type 650 gives the programmer a wide range
of possibilities. The routines that follow are merely
three of the many approaches that might be used
to solve the loading problem.

One Word Per Card

This routine enters one instruction (or word)
from a card identified as a load card. Each card also
contains two instructions that are used with the
storage-entry switches (8000) to form the entire
program necessary to load the instruction or word
in the desired location. There is ample room in the
card for indicative information and description.

Because each card is an entity, the cards may be
arranged in any desired order, dependent, of course,
on the extent of the indicative information. The
cards can be sorted, collated, or listed in any desired
manner for analyzing the program.

Because of its simplicity. and flexibility, this
method is suggested as the basic means for loading
programs that are to be tested. Once a program has
been tested and proved correct, it is a simple matter
to convert the program to some multiple instruction
per card form to save time in reloading. The original
single-item cards also provide the easiest method of
creating reproductions of the program through
simple listings.

A standard card form (853862X) is available.
This card is designed for keypunching directly from
the planning chart (Form 22-6151). It provides
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space for the two instruction words needed in the
loading program, ten columns of indicative informa-
tion, the word to be loaded, the alphabetical abbre-
viation for the operation and descriptive remarks.

A sample program to load a single word per card
is shown in Figure 88.

Once the read-in locations are chosen, the p-address
of the read instruction is determined. It is the loca-
tion into which the load distributor instruction from
the load card has been read.

The p-address of the 69 instruction is the address
of the location into which the word to be stored on
the drum has been read. The 1-address of this in-
struction is the address of the location into which
the store distributor instruction has been read.

The p-address of the 24 instruction is the location

into which the word is to be stored. The 1-address
is always 8000.

Multiple Words Per Card

It may be desirable after a program has been
proved to reduce the number of cards necessary to
load the program. This can be accomplished by
placing several instructions in each load card. A
card could contain up to eight instructions. Because
it will usually be desirable to have some means of
identification punched into all program load cards,
something less than eight instructions per card is
recommended.

An important factor to note is that any loading
method using more than two instructions per card
will require the storage of a loading routine on the
drum.




LOADING ROUTINES 1

LOCATION OF OPERATION ADDRESS
['NSTRUCTION ABBRV. | CODE | DATA __ lINSTRUCTION REMARKS
8000 RD 70 1951 i Set on Console. See Note F1.
1951 LD &9 1954 1953 Standard code in logd card,
1953 SID 24 XXXX| 8000 This word combines a standard store
instryction with a varigble dafc

ddress, T
ocation in which the instruction or
factor is to be stored.

NOTE -~ i is vatiabl irst instruction
ft am .

/G’ji‘:'f»‘h[i ERK 4 500

STAND LOADING CODJ[|MeE] BLOCK | CARD [R{ 24 FOSIERST SOOO] BISTRVCTIN 19 0E LOMIED |OPERATION REMARKS

BLOCK MO, [CARD NO.| iy dn | INSTRUCTION TO BE LOADED | { operaTion REMARKS
gi:42?Egg?wn111:?4?s|°l107100?!gnninuuu:ﬂaan:vu:nunu:nuanuuuuu 650 LOAD CARD

T Rt ERRY BT RRS I AR RHERSH AR RURNRHERRIRREY ONE INSTRUCTION PER GARD

1 1 1 i
22:222Z|22222222222222ﬂ2:22225222222:2222:222222222
|

t
3ﬂa33ﬂaaaneaasss333s3maasabaa3sdsasq333333333

| ! | ' t

stanllaro ] L cocanion INSTRUCTION
R|
LOADING BLOCK | 04 an 24| of | sooo To 8@ SPERLTION
e woueeR| wnse ) 2 Joagep  |aesacvurion
T T T T

nsfssssisssssssssseessss:ssss:ssssas:ssss‘ssassssss
77:1777:7777771177117177!1717!7177777717.717177171
es‘aeas'sssaaeaasaasesssiassasﬂeuaslaaasasaaassaa
gg stls ssssesss[sssesslssss!ssssss.sssslsssssssss

s II1 Q1 123 4SBT WA ZIBUE BT BAXN 2V UBBIRNNO AOHBS MOV RNHUSUTURRIRNHEHIBANTIRINSIRTI AR

Ficure 88

Four Worps PER CARD After all the load cards have been processed, it
is necessary to transfer to the main program just
loaded. This can be accomplished in one of the
following ways:

1. If the first card following the program deck
is not a load card, the switch to the main pro-
gram could be accomplished by using the 1-address
of the read instruction.

2. Probably a more useful method of switching
to the main program is to change the 1-address of
the last store distributor instruction in the last
program load card. The 1-address used would
simply be the location. of the first instruction in
the main program.

This routine enters four words from a card. In
addition to the four words, the card contains the
addresses of the locations into which the instruc-
tions are to be stored. The loading routine consists
of nine instructions, five of which are stored on
the drum, and four that are entered from each card
as it is read. The program consists of a read instruc-
tion followed by four sets of load distributor-store
distributor instructions, The four store distributor
instructions are punched into the cards with the
data address of each as the location into which the
adjacent word is to be loaded.

The five instructions to be stored on the drum
may be loaded from single-item load cards. A sixth By proper choice of the r1-address of the last
card could then be used to effect the switch into the store distributor instruction in any load card, cards
four-per-card routine just loaded. containing one, two, or three instructions can also
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LOCATION OF OPERATION ADDRESS

INSTRUCTION|  aBBRY. CODE DATA INSTRUCTION REMARKS
1999 - RD 70 1995 0000 Note |
1995 LD 69 1952 1251 Note |
1251 SID 24 A%XX 1994 Note Il
1996 LD &9 1954 1953 Note [
1953 SID 24 XRKK 1997 Note il
1997 LD 49 1954 1955 Naote |
1955 STD 24 XXXX 1298 Note 11
1998 LD &9 1958 1957 Note [
1957 SID 24 XXXX 1999 Note {l

Note I: These instructions kept on the
drum.

Note II: These instructions are read
into the 650 on each |oad
card. The data addresses

~ipecify the location nte ]
which each of the four
Pieces of information
is to be stored.
Ficure 89

be processed by the four-per-card loading routine.

Figure 89 is an example of a routine for loading
four instructions per card using locations 1951 to
1960 for read storage.

SEVEN WorDs pER CARD
This routine is used to load up to seven words
from a single load card. The eighth word is used as a

which the first word is to be entered and the number
of words to be entered from that particular card.
Because only one address is in each card, the words
from each card are loaded into consecutive drum
locations.

Figure 90 shows a routine to load up to seven in-
structions per card using the control word layout just

control word and is punched with the address into mentioned.
LOCATION OF OPERATION ADDRESS
INSTRUCTION| " aBBRV. _|-CODE_| DATA __|INSTRUCTION REMARKS
1988 RD 70 1994 m (Transfer control to ocation m if no
1994 RAL 65 1951 1979 load card)
1979 1D &2 1982 1984
986 ST DA | 22 1982 1989
1989 SIT 35 0004 1981 Pm'nm-g i stare starting with
1981 Al 15 8001 1990 location f
1990 SIDA | 22 1978 1984
1984 RAL &5 19221 1992
1992 All 10 1982 K002
L8002 LD 49 {1952 | 8003 Store word i in location £+ i = |
_?gO' ST D 24 (% 1977
Al 10 1980 1985 \ Modify instryctions in preparation fo
1985 AL 15 8001 1223 %sfore word i + 1,
1993 Su 11 1978 1983 Test to see if word n = | has been N
1983 BRNZU| 44 1987 | 1988 1J <tored. If <o, read the next card
1987 Al 10 8001 8002 Prepare to store word i + 1.
1982 81D 24 0000 1977
1 LD &9 19252 B0O3 > Constants
1980 00 0001 o000 [/
1978 SID 24 f+n 1977, T \parary Storage
1951 00 f 000n ntrol ward punched in load card
is oddr here first word on card
s to be entered. n is the number of
words to be entered.

Ficure 90




PROGRAMMING AND OPERATING SUGGESTIONS

Drum Clearing

The entire 2000 drum memory locations, or any
portion thereof, can be cleared to zeros in less than
twenty seconds. Clearing the drum memory to zeros
before loading a program offers the following operat-
ing advantage:

If a stop instruction (operation 01) is stored in
location 0000 during the loading of the program, a
failure to load all the instructions of the program will
cause the machine to stop. The stop will occur as
soon as the first missing instruction is referred to once
the program has been started. There will be zeros in
any memory location where an instruction is missing.
When this location is referred to, the zeros in posi-
tions 10 and 9 become a No-or code (00), and the
machine will go immediately to the 1-address of the
instruction (positions 4-1). Because the 1-address por-
tion is also zeros, the address of the next instruction
is 0000. Location 0000 contains a stop code and the
machine will stop at that point if the programmed
switch is set to stop.

If a program load card were missing and the drum
had not been set to zero, the location or locations that
should have been loaded from the missing card might
contain an instruction from a previously loaded pro-
gram. When this instruction is encountered, it would
be performed and the machine would then refer to
the location specified by the 1-address. This would
probably upset the entire program.

There are, of course, other methods of insuring that
none of the program load cards is missing. Two such
methods are:

1. The load cards could be sequence checked.

2. A card count could be carried and checked by
the operator against the known number of load cards.

Both of the foregoing checks would require pro-
gramming during the loading routine.

Clear Entire Drum

Figure 91 shows a routine that can be used to clear
effectively the entire drum to minus zeros. All in-

Location Instruction Operation
of

truction] OP | Data Instr. Abbrev.

8000 [ 70| 0004 | XXXX | RD

0004 | 61| 0008 | 0007 RSU

0007 | 6% 0006 | 0005 LD

0005 | 24} 0000 | 8003 STD

8003 | 20| XXXX| 0003 STL

0003 | 10| 0001 | 8003 AU
CHACH D 00000 o0 Ol R L OO0 SO TR s DN E L L DA DnL G SO B i 2 el S=bR=TaTulwjct
0

WORD 1 WORD 2 WORD 3 WORD 4 WORD 3 n WORD € WORD 7 WORD 6
a0 0 g il il 0 0
000t ? 0002 Y 0003 U 0004 9 0oos U ocoe Y 0007 ” ooos
U000 oDO0OpCONECOCOEPORCEo oL oo b OLONo/o o DDECo COOLoUDU00oONoc Q0o DDCeaho 000 OOL0
I234SB'Il!1Ull12l‘.HH"aIs171313202’222316252627202830313233143536373839w41lzd]“l&t&ﬂwuw&l5253545555575859606!575.1'54655687686970717213147!7577‘70730
AR R AR R R R R R (AR AR AR AR R AR ER R RN AR RE AR RRRRRRRRREN IRRRERE
IBM TYPE 650 MAGNETIC DRUM DATA PROGESSING MACHINE
2222222222222222222222 2212222222222\0222222222
33333333333333333313333 3313333333333333333333[
44444444444444444444)44 44/444444444414444444444
5555555555/5555555555(535 55555555555[)5555555555
B6666666666666666666(66 66[06666[066666666666666
1111311107 100171111711 7911 PTIT11917171 7711111117177
88886888038(88888888838[88 [ 60/888808888848/88868888838
99599999999999999999L99 998 99999599995”“9999
1234587 83HMIZNUBBTININNZANSBIAINIRBASRTHARRNK ZQAUSKIBHNERNASEINNNNMEHEIueIzA nNMNe
1

FIGU-RE 91.
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Drum Zeroing RouTINE
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structions for this routine are contained in one load
card. Minus zeros are used to differentiate between
a location that was never loaded and a location that
might be cleared to plus zero by a store instruction
in the program.

This routine will clear all drum locations to zeros
with the exceptions of location 0000, which will con-
tain the constant 01 0000 8000, and location 0001,
which will contain the constant 00 0001 0000.

The routine was set up in this manner so that any
reference to location 0000 will cause the machine to
stop. With the constant 00 0001 0000 in location
0001, any reference to this location will also cause the
machine to stop (No-op and go to location 0000).

Clearing Between Limits

Figure 92 shows a drum-clearing routine that will
clear the drum to zero between specified limits. The
entire routine may be punched into a single card.
The card is identified as a load card. This could be
accomplished by using any of the eight sign punches
as shown in the sample or by punching any other
desired 12 in the card.

The limits are specified by the data address of
words 2 and 6 (the lower limit in word 2 and the
upper limit in word 6). In the example which fol-
lows, the limits are 0500 and 1999.

333333333[[333333333033
44444448444040804844/04
5555555555/555]555555[55
L 666666668666666666656
1111111111111 111117107
BBBB8B[888/868883888888
999999
123 45%

9998999993999938
L)

9
TE810
M

Location Instruction Operation
lnsh—%cﬁon OP | Data Instr. Abbrev,
8000 ]70 0001 | XXXX | RD
0001 ]60 | 0002 |8003 RAU
8003 |20 | 0500 |0003 STL
0003 |10 | 0004 | 0005 AU
0005 |11 0006 | 0007 SU
0007 {44 | 0008 |8000 BRNZU
0008 |10 8001 18003 AU
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Minus Zero

During the course of a problem, a word containing
ten zeros with an associated sign of minus (a minus
zero) may be developed in the upper half or lower
half of the accumulator. The minus zero that is de-
veloped through programming can be stored in any
drum memory location as a minus zero.

The problem of bringing the contents of a drum
memory location that could be minus zero into either
half of the accumulator with a resultant accumu-
lator sign of minus for purposes of branch minus
can be accomplished by the following method:

1. Accumulator must contain minus zero before
operation begins.

2. Operation must be add upper (10) or add lower
(15) from drum memory location containing the
minus zero.

3, Accumulator results will be minus zero.

It is recognized that the foregoing method of
bringing a2 minus zero from a drum memory location
into the accumulator is rather cumbersome. A simpler
method that will bring a minus zero into the accumu-
lator is as follows:

1. Multiply the minus zero of the drum memory
location by a plus (4) 1.

2. The result in the accumulator will be minus zero.

Because bringing a minus zero from drum memory
into the accumulator with a resultant sign of minus is
rather complicated, the most logical approach is to
branch minus (46) when the minus zero is originally

developed.

Branching

Because of its flexibility the Type 650 offers the
programmer a wide choice of techniques with respect
to branching on zero and minus values. Loop (series
of instructions) routines require that some means of
branching or instruction modification be utilized in
order to determine whether the loop has been com-
pleted. When programming a routine of this type,
be careful that the end-of-loop test does not miss
by 1. For example, a loop is to be executed 300 times.
If a constant of 300 is used in conjunction with a zero
test (to determine the end of loop) and the test is
made prior to executing the loop, the routine will be
executed only 299 times.

The alternative here is to increase the constant to
301 or to make the end-of-loop test after the instruc-
tions within the loop have been executed. The fol-
lowing examples offer several approaches to this prob-
lem.

Figures 93, 94, 95 and 96 illustrate a table-punch-
out routine. Each program performs the same opera-
tion; they differ only in testing and branching tech-
niques.

The table occupies drum locations 0300 through
0625, exclusive of locations XX48, XX49, and XX98,
XX99; therefore, provisions are made to effect skip-
ping the last two locations of each band. Contained
in each table location is part number and quantity
arranged as follows:

PART NO.
XXXXX

QUANTITY
XXXXX

None of the examples is singled out as being the
best method; they serve merely to illustrate various
branching techniques.
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ATION OF OPERATION AODRESS
]:'N?SCTRUCTWN ABBRV. | CODE | DATA _ [INSTRUCTION REMARKS
1950 RAU 60 1972 1951 D" Address = to_be punched
1951 SLT 35 0004 1952 Drop op_ code & 2 high order positions
of "D" agddress.
1952 Sy 11 1970 1953 Test for location xx48.
53 BRNZU |44 1954 (1945} Branch if not {ocation xx48
1954 S 11 1971 1955 Test for location xx98
1955 BRNZU [ 44 1956 {1965) Branch if not location xx98
1956 RAL 65 1972 8001 "D" address = location to be punched
001 LD 69 XXXX 1957 Part # and quantity
957 STD 24 0927 1958 Store for punching
958 PCH 71 0927 1959 Punch
1959 AU’ 10 1973 1960 Add |imit to upper accumylator
1940 sy 1 8002 1941 Subtract this location
1961 BRNZU |44 1963 1962 Branch if not Jast location
1962 SIOP 01 0000 8000 Stop
1963 AL 15 1974 1264 Add 1 to "D" address
964 STL 2 1972 1950 Store
965 RAL 65 1972 1966 "D" address = xx48 or xx%8
966 AL 15 1975 1964 Add 2 to "D" address to
increase to xx00 or xx50
1970 - 48 1957 0000 - Constant
1971 - 50 0000 0000 - Constont
1972 - 69 xxxx 1957 = "N" Location
1973 = 69 0625 1957 - Last Location
1974 - 00 0001 0000 - Constant
1975 - 00 0002 0000 - Constant
FiGure 93. BrancHING—NoN-ZErRO UPPER

Figure 93. The instructions in 1950 through 1955
test for locations XX48 and XX98 of a band. These
instructions are repeated in each example and will not
be discussed in the succeeding examples.

The instructions in 1956 through 1958 load, store,
and punch a table value. The p-address of the in-
struction in location 1972 will be 0300 initially;
thereafter, it will be increased until it has progressed
to 0625,

The instructions in 1959 and 1960 set up 8003 for
testing. The instruction in 1961 tests 8003 for a non-
zero condition. If the last table location has been
punched, 8003 will contain zeros, and the stop in-
struction in 1962 will be called for. If 8003 is non-
zero, the instructions in 1963 and 1964 will add 1 to
the p-address and store the modified instruction in
1972,

The instructions in 1965 and 1966 increase the p-
address (table location) by 2. These instructions are
called for when location XX48 or XX98 has been
reached.

Figure 94. The instructions in 1956 and 1957 load
and store the table values. The instruction in 1958
subtracts the high limit. Note that the limit, con-
tained in 1973, is 0626 because a minus branch is

utilized. If the accumulator remains plus, the last
location has been punched; therefore, 8002 is restored
to its original value by adding back the contents of
1973. The instructions in 1961 and 1962 increase the
p-address by 1 and store the modified instruction back
into 1972.

The stop instruction in 1964 is called for when
the accumulator becomes plus. The instructions in
1965 through 1967 are called for if location XX48
or XX98 has been reached.

Figure 95. The instructions in 1956 and 1957
set up 8002 for testing. Note that 0626 (location
1973) is used for the high limit (last location) be-
cause punching takes place after testing. If the
accumulator is non-zero, the last location has not
been punched; therefore, the instruction in 1959
adds back the contents of 1973 in order to restore
8002 to its original value. The instructions in 8002
and 1960 load and store the contents of a table
location. The instruction in 1961 increases the -
address by 1. Note that the modified instruction is
not stored back into 1972 until punching has taken
place; this allows the same STORE LOWER instruc-
tion to be used when the p-address has been in-
creased by 2 as a result of the instructions in 1965
and 1966.
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LOCATION OF OPERATION ADDRESS
INSTRUCTION| AgBRV__| CODE | DATA _ [INSTRUCTION REMARKS
1950 RAU 60 1972 1951 "D" address = Location to be punched
1951 SLT 35 0004 1952 Drop "Op Code" & 2 high arder positions
of "D" address
1952 suU 11 1970 1953 Test for location xx48
1953 BRNZY | 44 1954 (1965) Branch if not location xx48
1954 SU it 1971 1955 Test for [ocation xx%8
1235 BRNZI) | 44 1954 (19245) Branch if nat location xx%8
1956 RAL 65 1972 8001 "D" address = Location to be punched
8001 LD &2 XXXX 1957 Load valuyes to be punched
957 SID 24 0977 1958 Store veolues to be punched
958 SL 16 1973 1959 Sybtract high limit plus 1
259 BRMIN | 46 1960 (1964) Branch if not high limit plus 1
1960 Al 15 1973 1961 Restore
1961 Al 15 1974 1962 Add 1 to "D" address
1962 STL 20 1972 1963 Store next tocation to be punched
1963 PCH 71 0927 1950 Punch
64 S1OP 01 Q000 8000 Stap
965 RAL 65 1972 1966 "D" Address = xx48, xx%98
966 AL 15 1975 1967 Add 2 - incregse to xx00, xx50
967 STL 20 1972 1950 Store next location to be punched
970 = 48 1957 0000
971 = 50 0000 0000
972 = 69 xxxx 1957
1973 = 69 0626 1957
1974 = 00 0001 0000
1975 = 00 0002 0000
Ficure 94. BrancuHiING—MIiNUs
LocaTion oF QPERATION AODRESS
INSTRUCTION|  agsrv. | cooe DATA INSTRUCTION REMARKS
1950 RAU 60 1972 1951 "D" address = Location to be punched
1951 SLT 35 0004 1952 Rrop "Op Code" & 2 high order positions
of "D" gddress
1952 St 11 1970 1953 Test for lacation xx48
1953 BRNZU |44 1954 {1945} Branch if not location xx48
1954 SuU 11 1971 1955 Test for location xx98
1955 BRNZU |44 1956 (1965) Brgnch if not location xx98
1956 |RAL 65 1972 1957 "D" address = location to be punched
957 SL 16 1973 1958 Subtract high limit plus 1
958 BRNZ 45 1959 (1964) Bronch if not high [imit plus 1
959 AL 15 1973 8002 Restore
8002 LD 69 XXXX 19260 Load values to be punched
1960 SID 24 0927 1261 Store values to be punched
1961 AL 15 1974 1962 Add 1 to "D" address
19262 PCH 71 09 1963 Punch
1963 STL 20 1972 1950 Store next location to be punched
1944 STOP. 01 0000 8000 Stop
1965 [RAL 45 1972 1946 "D" address = xx48_or xx%8
1964 Al 15 1975 1963 Add 2 to "D" gddress to increase
to xxo0 or xx50
970 = 48 1960 0000
971 = 50 Q000 0000 -
972 = 69 xxxx 1960
973 = 69 0626 19460
1974 = 00 0001 0000
1975 = 00 0002 0000

FIGURE 95. BrRANCHING-—NON-ZERG
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LOCATION OF OPERATION ADDRESS
INSTRUCTION|  ABBRYV. CODE DATA INSTRUCTION REMARKS
1950 RAU 40 1972 1951 "D" address = Location to be punched
1951 SLT 35 0004 1952 Drop Op-Code & 2 high positions of
"D" gddress
1952 Sy 11 1970 1953 Test for location xx48
1953 BRINZY) | 44 1954 (1964) Branch if not location xx48
1954 Sy 11 1971 1955 Test for location xx98
1955 BRNZU | 44 1956 (1966) Branch if not Joeation xx98
1956 RSL 66 1972 8001 "D" address = location_to be punched
8001 LD 69 XXXX 1957 Part # & quantity to distributor
1957 STD 24 0927 1958 Store for punching
1238 PCH 71 Q927 1959 Punch
1959 Si 16 1974 1960 Increase "D" oddress by 1
1960 AL 15 1973 1961 Add last location
1941 BRMIN 44 1942 1943 Branch if last location punched
1962 STOP 01 0000 8000 Stop
1963 SL 16 1973 1264 Restore to original value
1964 RAABL &7 8002 19245 Change sign to plus
1965 STL 20 1972 1950 Store
192446 RA] %! 1972 19267 "D" address = xx48 or xx98
1967 AL 15 1975 1964 Add 2 to "D* address to increase to
xx00 or xx50Q
1970; 48 1957 0000
1971: 50 0000 0000
1972; 69 xxxx 1957
1973; 69 0625 1957
197 4. 00 0001 0000
1975: 000002 0000

FIGURE 96.

Figure 96. The instructions in 1956, 8001, 1957,
and 1958 load, store, and punch a table location.
Note that the contents of 1972 are placed in 8002
as a negative quantity. This allows a minus branch
to be utilized without increasing the high limit
(last location) by 1 as was necessary in Figure 94.
The instruction in 1959 increases the p-address by
1, the instruction in 1960 adds the high limit (last
location) to 8002. If the accumulator becomes plus,
the last location has not been punched; if it re-
mains minus, 8002 is restored to its original value
by the instruction in 1963. The instruction in 1965
stores the modified instruction back into 1972.

Sub-Routines

A sub-routine is a compact, short program de-
signed to accomplish one particular job such as square
root, part number comparison, rate computation.
Usually these routines will be part of a library
of programs built up at each Type 650 installation.
Thus, a programmer will often be able to assemble
a number of sub-routines along with some original
programming to plan his problem.

BraNcHING—MINUS

Careful consideration should be given to the fol-
lowing points by the programmer before employing
a sub-routine:

1. Ease in programming

2, Speed of programming

3. Calculating time

4. Storage space consumed

If a library of sub-routines is to be really valuable,
time and effort should be exerted to insure they are
written for a minimum of running time and storage
space. Those routines used often should be optimum-
ly programmed for several storage areas for con-
venient use by the programmer.

There are many variations for entering and leaving
sub-routines. The programmer must decide “which
best suits his needs. A few examples are offered here,
assuming the sub-routine starts at location 0650
and exits from 0672. The simplest type of entry and
exit is:

Example: xx xxxx 0650 (address of first instruc-
tion in sequence)

This assumes that the location of any necessary
data is fixed as well as the location of the next in-
struction to be executed following the sub-routine.
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In order to provide a flexible exit point, the follow-
ing example requires the address of the first in-
struction after the sub-routine to be stored from
the distributor by the sub-routine.

0200 LD 0203 0650 (0203
0650 STD 0672 0675

¢ XX xxxx 0201)

In the previous example no attempt to vary the
location of the factors referred to by the sub-routine
was made. A sub-routine might be written so that
a factor (x) needed in the sub-routine could be
in any location for the general routine. The fol-
lowing example shows the factor (x) being placed
in the lower half of the accumulator immediately be-
fore entry into the sub-routine.

0200 RAL Loc.x 0201
0201 LD 0204 0650 (0204 :xx xxxx 0202)
0650 STD 0622 0675

If two factors (x and y) are required and they
have the same sign, the following can be done:

0200 RAU Loc.x 0201
0201 AL Loc.y 0202
0202 LD 0205 0650
0650 STD 0672 0675

(0205 : xx xxxx 0203)

In order to get a variety of sign combinations, one
factor could be placed in the distributor, and the
next instruction (contents of 0205), in the upper
accumulator, etc.

If multiple factors are required by the sub-routine,
these may be moved to a block of locations always
used by the sub-routine.

There are two basic methods for handling results
computed by sub-routines. The first method leaves
the result in the accumulator and/or the distribu-
tor for immediate access upon return to the main
program. The second method stores the results in
temporary storage locations fixed by the sub-routine.

The coding of sub-routines within storage blocks
makes for easier and neater programming. It is
better to sacrifice optimum programming somewhat
in order to achieve a program in one consecutive
block rather than have blank spaces within a sub-
routine,

Initialization

One of the first things a program should do is
insure that the following preparation or initialization
steps are performed:

1. All locations used for accumulation are set to
zero.

2. All variable addresses are set to the proper
initial value.

3. All switches within the program are set to
the initial condition.

It should be remembered that any error routine
written for a problem must make provision for any
necessary initialization. In the case of errors in pro-
cedure (cards out of sequence, punch errors in in-
put, etc.) the programmer will need to make pro-
visions to perform initialization either through pro-
gramming or reloading of factors necessary to restart
with the proper conditions set.

Error Sense — Error Correction

When random errors occur, it is more efficient
for the machine to repeat the calculation a specified
number of times rather than require manual opera-
tions by the operator. In addition to the speed su-
periority of programmed corrections over manual
corrections, experience indicates a far greater re-
liability on automatic procedures.

Error correction may be accomplished, in some
cases, by merely returning to the first step (other
than a read) in the program. In other cases, it will
be desirable to block the problem into breaking
points. A compact error routine can then be in-
corporated in the program to restart the program
automatically at the last correct breaking point.
The correct restart point is determined by altering
the error routine as each block is successfully com-
pleted.

When an error correction routine is being used
the error switch is set to sENSE. If an error is de-
tected, the machine automatically refers to the
storage entry switches (8000). The instruction in
8000 should direct the program to the error cor-
rection routine.

To simplify the problems that might be encoun-
tered in writing an error, correction routine for prob-
lems involving intermittent accumulation of factors,
the following technique is suggested as part of the
main program.

When the new total has been stored and while the
total is still in the accumulator, the factor just writ-
ten should be loaded back into the distributor from
the drum location. If the factor has been improperly
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written, the factor loaded from the drum will not pass
the validity check in the distributor. When this
method is used, the errér switch must be set to stop.
Thus, the operator can obtain the correct factor from
the accumulator for storage on the drum.

Program Testing

In order to verify that a program is correctly
written to accomplish all the specifications set down
in the problem definition, a test case is run. This
test should include precalculated partial and final
results for all logical branches in the program. If
this method is used, the time required to test and
correct a program will be greatly reduced.

Assuming that a program contains some errors,
corrections can be made by using any of the fol-
lowing three methods:

1. Console operation
2. Memory punch-out
3. Tracing

Console operation is unquestionably the simplest
and fastest method for locating errors in a program.
When the address-stop feature is used in conjunc-
tion with the precalculated partial results, it is a
simple matter to locate the point at which an error
occurs. The display switch permits examination of
the accumulator, distributor, and program register
without disturbing their contents. The contents of
any drum location may be displayed. The storage
entry switches provide a means for entering factors
into storage.

Memory punch-out can be used to punch the
contents of drum locations along with the location

address. It is possible to specify limits for the area
to be punched. In order to speed the operation,
several locations are punched in each card. Memory
punch-out requires that a punch program be stored
in the machine.

Tracing makes use of a program that monitors the
program being tested. As each step of the program
is executed, a card is punched that contains the
following information:

1. Location of the instruction executed

2. The instruction

3. Contents of the accumulator and distributor
4. Condition of the overflow indicator (if

desired)

The output cards can then be listed to examine
the programming. Tracing is slow and expensive
and is not recommended except as a last resort
when the Type 650 is being used.

The same test case used to verify the program
provides an excellent test deck for future use. The
test deck can be used to verify machine setup when a
run is being started; it also can be a great aid in
machine trouble analysis.

Program Planning Aids

A booklet, Program Planning Aids (Form 22-
6220), contains several hints and suggestions aimed
at helping the programmer, as well as information on
block diagramming, use of the planning chart,
single instruction loading card, and preliminary
program testing and analysis.
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Read Code Selectors and Punch Code Selectors

Read code selectors and punch code selectors are
optional features on the Type 650. They can be
obtained in groups of five read code and five punch
code selectors (maximum two groups). Read or
punch code selectors are not furnished separately.

Read Code Selectors (X-Z; 23-32). Each read
code selector has three associated control panel hubs.
These hubs are:

In 1. This hub is normally wired from first reading
and accepts digit impulses 12 through 7.

In 2. This hub is normally wired from READ CARD
A, READ CARD B, Of READ CARD ¢, and accepts digit im-
pulses 12 through 7.

Out. This is an exit hub. If both the in 1 and
the 1x 2 hubs receive an impulse, the out hub will
emit an 8 impulse. If neither the 1N 1 hub nor the 1~
2 hub receives an impulse, the out hub will emit a
9 impulse. If only one of the in hubs receives an
impulse, #0 impulse will be available at the ouT hub.

Associated with the read code selectors is a switch
called Reap seconD oNLY (RSO). When this switch
is wired, both n hubs may be wired from the same
reading station (Read Card A, B or C, or First Read-
ing).

Because the ouT hub of a read code selector emits
an 8 or 9 impulse, the selector can be readily used
to enter 8’s and 9’s into storage entry for X and
No-X conditions.

Figures 97 and 98 show control panel wiring for
two uses of read code selectors.

Wiring (Figure 97)

1. Any digit impulse (12 through 7) read at first
reading column 80 enters the 1N 1 hub of the rREAD
CODE SELECTOR.

2. Any digit impulse (12 through 7) read at
second reading column 80 enters the IN 2 hub of
the READ CODE SELECTOR.

3. Fither an 8 impulse, 2 9 impulse, or a blank
enters the units position of word 10 depending on
how the 1x hubs have been conditioned.
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Ficure 97. Reap CopE SELECTORs

Wiring (Figure 98)

1. Both 1x hubs of the READ CODE SELECTORs are
activated from the same set of reading brushes.

2. Any digit impulse (12 through 7) read at
second reading column 80 enters both the 1N 1 and
IN 2 hubs of the READ cODE sELEcCTORS.

3. Either an 8 impulse, 6r a 9 impulse, enters the
units position of word 10 depending on how the I~
hubs have been conditioned.




102 TYPE 650

—
=

O—OM MY ——GO—O=
QWO O= Q000K

BOWONO® QOO0

E
6 A
oD
7
o |fo
8 s
of o
o, 9
3)°
R
[« I to
c © to
o 0 to
o © + o
¢ 0o eto

ST READ 24
OWwWo 20 OIO o] C
a1

Cwo 40 CIO o] G
44 ac

CWOoOB O o O e} C

BCEOFF

-0=0
[}
=~ Q= Q0 =0=0

61 BC €
o] o e}
Iﬁl——
o} o} o]

18 20 2 22 23 24 25 ¢
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Punch Code Selectors (AN-AR; 55-65). The
punch code selectors available for the Type 650 are
single-position selectors with one pickup hub. These
selectors may be controlled by any impulse timed
to the punch feed. The selector transfers immediately
when impulsed. Figures 99 and 100 show control
panel wiring for two uses of the punch code selectors.

Wiring (Figure 99)

1. The punch code selectors are activated by a
control information impulse resulting from an eight
in the units position of word 10.

2, 3. An X is punched in column 80 of the out-
put card when the punch code selector is trans-
ferred.

Wiring (Figure 100)

1. Punch code selector 10 transfers when an im-

pulse is emitted from control information position
10.

' co ] [e] © ©Co © o)

6 o olo oltoco o o = w
s PENCH CARD € 15 2cy
© 9 o ¢ 0 0 ¢ c 0 ©6 c o ¢ z ¢ ¢ < ;
25 30 i 40
© ¢ 0o o 2 o0 0o 0 0 0 0O 9 T ©° 2 o ¢ o .
a5 50 s 6c
© 0 0 0 0 0 0 ©c ¢ ¢ 0 90 ¢ C & O ¢ 9
65 70 7 8c
¢ 0 0 0O 0O ©o 0 © T 9 o0 ¢ o & e © s
CO-SELECTORS /.—.
° 0To © 0 ©0]oTc © ¢ c¢c{cTo o o a8
15
[ ONO © o o|eNo o o z]o S ] 2
o © oco o o ologo o ¢ cCc o o o )
BN WORD | EE— STORAGE EXIT C 2
¢ © o ¢ o0 otc]o o o ¢ . T ¢ ¢ otc s
—— WORD 23 WORD
o 0o 0 0 o/ © 2 o ¢ o oto &
—WORD 5 WORD 6
© o 0o © O 0 © ©° ¢ o otc &5
— WORD 7 WOSD 8
o o0 o o c ¢ o o o oto n
— WORD 9 WORD 10
o 0 o o 5o ¢ % o o c¢to A
COLUMN SPLITS ATION S
Q o © IS I [ . —_ ax
' 1 | i
© o o o© 2 ¢ o o o© B
5 [
© 0o o © o ¢ o o ¢ o
PCH DELI H CODE SELECTORS Mmmsuwammen
o010 ¢ < o o o o o an
uT N 5 1
coz2o ©c ¢ T o © T ¢ O tF
o030 © ¢ 2 0o o o o o 20
VTN
c4o0 © 0 © 0 o o o © R

47 48 49 50 & 52 53 34 55 %6 87 83 S 60 &l €2 63 64

FIGURE 99. PuncH CopE SELECTORS

2. A digit 1 enters the transferred side of punch
code selector 10.

3. A digit 2 enters the normal side of punch code
selector 10.

4. A digit 1 or a digit 2 is punched in column
80 of an output card depending upon the transferred
or normal condition of punch code selector 10.

Half-Time Emitter

Half-time emitters are available for both the
read and punch feeds. Either a half-time emitter or
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Ficure 101.

an additional digit selector, not both, can be in-
stalled for each feed. The control panel location
for half-time emitters is the same as the additional
digit-selector location. It is possible to install a half-
time emitter on one feed and an additional digit
selector on the other.

The half-time emitter is similar to the digit
emitter, except that the impulses occur at half-time
after the digits 12-9. These impulses are normally
used to cause selectors to transfer between two specific
digits.

The control panel locations for the half-time
emitters are:

Read (Q-AD, 22)
Punch (Q-AD, 44)

The half-time impulses are available at:the b1

hubs (Q, 22) or (Q, 44).
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HaLr-TiME EMITTING

An example of the use of the half-time emitter
is shown in Figure 101.

Wiring (Figure 101)

1. Half-time READ pIiGiT impulses supplied to the
half-time emitter.

2. A half-after-digit-four impulse picks up pilot
selector 1 every read feed cycle.

3. The digit impulses read in column 80 enter
the common of pilot selector 1.

4. Any digit impulses (12 through 4) read in
column 80 pick pilot selector 2.

5. A digit eight enters word two if any digit
12 through 4 is read in column 80.

6. A digit nine enters word two if any digit §
through 9 or blanks are read in column 80.

7. The common of pilot selector 2 connected
to the units position of word 2.
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OFFSET STACKING DEVICE

AN OFFSET STACKING DEVICE is available for in-
stallation on the punch stacker. This device is used
to locate specified cards by offsetting them in the
punch stacker 34” toward the front of the machine.
The operation of this device is controlled by con-
trol panel wiring to the oFFseT hubs (AQ, 51-52).

Examples of control panel wiring to control the

offset stacking device are shown in Figures 102 and
103.

Wiring (Figure 102)
1. The card in which a double-punched or blank-

column error was detected is offset in the punch
stacker.

2. The digit impulses read in column 80 by the
punch brush enter the common of the punch column
splits.

3. The 11 or 12 impulses read in column 80
activate the punch delay device.

4. The offset stacking device is activated one cycle
after an 11 or 12 card identification punch has been
read in column 80 by the punch brushes. The identi-
fied card will be offset in the punch stacker.

o 0 I olo l chno © o o|loNc ¢
soff o | ¢
<] ololBoco o ¢ oltocoe o
) WORD $TOR/
[} o ¢ o o ¢ o o o ©°o ot
WCRD 3
o (oo o © o © ¢ o o o°o ot
20 WORD 5
c oo © o o © o o c c© ot
0 WCORD 7
o ol ¢ o o o o o o o ot
e @)) | WORD 3
o] U 0o o 0o o 0o 0o o o ot
12-X MuSm—PUNCH COLUMN SPLITS
o] o .\%o SR} > 0
- () 0-9
O ON® © O O o o ﬁ
60 OBMON B
o ofo o 0 © oH
[ H LTSTOP-
o © i o
r—— 504 o:r\ DF@
o 0o o O -
804 rrs{TI
o © c30 | -
804 g IN X M
o ©° 0408 0a0=-

Ficure 102, OFrFsET STACKING

WORD 10 |
o v 0 0o ¢ oto It
INFORMATION Sum—1

o o © 0 © ax
' ! | ] !
> 0o o o © AL
[ [ |
o O o [e) le] AW
SELECTORS
o o o 0 © an
5 [t
o ¢ ¢ 0o © ar
) Lo} (o} (o] 0 &0
© 0 © o © 2R

49 50 51 52 53 %4 55 56 57 58 59 60 6l 62 €3 64

Ficure 103. OFFSET STACKING

Wiring (Figure 103)

1. The punch delay device is activated by the
control information impulse when an eight is in
the tenth position of word 10.

2. This wire causes a second cycle delay.

3. The offset stacking device is activated two cycles
after the control information impulse identifies the
card to be offset. The identified card will be offset in

the punch stacker.

ALPHABETIC DEVICE

THE ALPHABETIC DEVICE provides a maximum input
and output of 30 alphabetic positions distributed in
the first 6 storage entry or storage exit words. The
device will handle all 26 alphabetic characters plus
the 10 numerical digits. Special characters are ex-
cluded.

Transfer of pure alphabetic or alphabetic-numerical
information from read input to punch output is pos-
sible. The alphabetic input may be used logically in
the program for table look-up arguments and other
operations as required. Those entry words, designated
by control panel wiring as alphabetic, have their en-
try information translated in the entry scanning cir-
cuits into a 10-digit numerical word. From that point
on, the translated word is handled internally as any
other numerical word.

The coded alphabetic-numerical information as-
sumes the following sequence relationship internally:
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Carp TYPE 650
CHarAcTER CopE  CobpE

Blank = 00
A 12-1 = 61
B 12-2 = 62
C 12-3 = 63
D 12-4 = ¢4
E 12-5 = 65
F 12-6 = 66
G 12-7 = 67
H 12-8 — 68
I 12-9 = 69
J 11-1 = 71
K 11-2 = 72
L 11-3 = 73
M 11-4 = 74
N 11-5 —= 75
o) 11-6 = 76
P 11-7 = 77
Q 11-8 = 78
R 11-9 = 79
S 0-2 =— 82
T 0-3 — 83
U 0-4 = 84
A\ 0-§ =— 85
\4 0-6 — 86
X 0-7 = 87
Y 0-8 — 88
Z 0-9 = 89

Zero 0 = 90
1 1 = 9]
2 2 = 92
3 3 = 93
4 4 = 94
§ ) = 95
6 6 = 96
7 7 = 97
8 8 = 98
9 9 = 99

When a word is alphabetically coded, the number
of digits involved is doubled. For example, a part
number 5A72R is recoded as 9561979279. If more
than five characters are involved, and the alphabetic
portion is interspersed at random, at least two alpha-
betic words must be used. Alphabetic words are auto-
matically read into the machine as positive numbers.

The device is flexible from a capacity standpoint.
Any number of input words from 0 to 6 may be
designated as alphabetic by selective control panel
wiring. Similarly, any number of output words from
0 to 6 may be made alphabetic. The output words
may be controlled by either internal programming or
control panel wiring. The same words need not be
designated as alphabetic on both .input and output.

The alphabetic designation may vary from output
card to output card as required by control panel
selection. Because the zone portions of the alphabetic
characters are read at first reading, it is impossible to
use field selection on alphabetic fields in the normal
manner. Alphabetic field selection may be accom-
plished as shown on pages 108 and 109.

Alphabetic Input Hubs

Alphabetic in entry hubs (AL-AR, 11-12) receive
impulses to set up the corresponding storage entry
word to receive alphabetic information. These hubs
may be constantly impulsed from the consTANT AL-
PHABETIC IMPULSE (CAI) exit hub or selectively
from the courLE ExiT of a pilot selector.

CAI exit hub (AK, 12) provides a constant alpha-
betic impulse except during load cards. This may be
used to impulse the desired ALPHABETIC IN hubs.

Alphabetic first read entries (AK-AM, 13-22) are
normally wired from first reading. The alphabetic
columns to be read from the card are entered directly
as required.

The normal sToRAGE ENTRY hubs of the alphabetic
words must be impulsed from second reading. The
card columns to be entered are wired to the five low-
order digits of the storage entry. Each alphabetic or
numerical character is internally translated to a stand-
ard two-digit number for use in the computer.

Note: When the word in question is alphabetic, the
word size entry is always wired for word size 10.

Alphabetic Output Hubs

Alphabetic out entry hubs (AK-AQ, 53-54) re-
ceive impulses to convert the corresponding storage
exit words to alphabetic output. These entry hubs
normally receive impulses from coNTROL INFORMA-
TiIoN when selective control is required. If con-
stant alphabetic output is- required, an impulse is
entered from the PSU exit, V-41.

The normal sTorAGE Ex1T hubs are wired to the se-
lected punching positions, using the five low-order
exits of the alphabetic word.
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SAMPLE CONTROL PANEL WIRING

Problem

Card columns 51-55 are alphabetic and are to be
reproduced in the same columns of all output cards
from all input cards.

Card columns 1-5 contain alphabetic information
only in X-45 cards, and this is to be carried through
into output cards identified by an X-45.

Card columns 1-10 contain numerical information
in NX-45 cards. This is to be entered into the com-
puter, and the results are to be punched in columns
6-15 of NX-45 output cards.

Wiring (Figure 104)

1. X only in column 45. The X energizes ENTRY A
and continues on to pick pilot selector 1. The IPU
(couple exit) is used to impulse ALPHABETIC IN
worD 1. Word 1 is alphabetic only on ENTRY A cards.

2. First reading, columns 1-5, contains alphabetic
information and are wired to ALPHABETIC FIRST
woRD 1. These wires are used to condition worp 1 to
receive alphabetic information.

3. READ CARD 4, columns 1-5, contains the alpha-
betic information and are wired to the low-order
positions of STORAGE ENTRY A, WORD 1.

4. First reading, columns 51-53, contains alphabetic
information and are wired to ALPHABETIC FIRST READ,
woRD 3. These wires condition word 3 to receive al-
phabetic information.

5. READ caRD A, columns 51-55, contains alpha-
betic information and are wired to the low-order posi-
tions of STORAGE ENTRY A, WORD 3.

6. CONSTANT ALPHABETIC IMPULSE (CAI) is wired
to ALPHABETIC IN WORD 3} to cause word 3 to be
alphabetic for all cards.

7. READ caRD ¢, columns 51-55, is wired to sTOR-
AGE ENTRY C, WORD 3, low-order positions. This pro-
vides alphabetic input for word 3 for entry C cards.

8. An 8 is emitted into position of word 10, entry
A for identification. Likewise, a 9 is wired into the
same position of entry C for the normal indication.

9. A CONTROL INFORMATION impulse is emitted
from digit 8 to identify puncH a carps. This is also
used to cause STORAGE EXIT WORD 1 to become alpha-
betic for PUNCH A CARDs.

10. The psu ExiT hub emits an early timed impulse
to ALPHABETIC OUT WORD 3 to cause word 3 exit to
be alphabetic for all cards.

11. STORAGE EXIT C, WORD 3, five low-order posi-
tions are wired to PUNCH CARD ¢, columns 51-55 to
PUNCH cARD c alphabetic output.

12. STORAGE EXIT A, WORD 3, five low-order posi-
tions are wired to PUNCH cARD A, columns 51-55 to
PUNCH CARD A alphabetic output.

13. STORAGE EXIT A, WORD 1, five low-order posi-
tions are wired to PUNCH CARD a, columns 1-5 to
PUNCH cARD A alphabetic output.

14. An X-impulse is emitted into column 45,
PUNCH CARD A for identification.

15. Ten digits of numerical data are read into
word 1 on entry level C. Level C is identified by
NX-45 cards.

16. Ten digits of numerical data are punched out
of word 1 on exit level C. Level C output is also
identified by NX-45 cards.

17. WoRrD size ENTRY wiring for those words de-
scribed here is shown. No other word size entry wir-
ing is illustrated. Note that all these words are wired
to emitter 10. The alphabetic words are five char-
acters each, but the recoding expands them to ten
digits.
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FiGure 105,

Alphabetic Selection
(Without Special Characters)

Several types of alphabetic selection can be per-
formed. Control panel diagrams are not included for

items 1, 2a, 2b, and 2c.

1. Alphabetic field for X-cards; numeric field for
NX-cards. A pilot selector is picked by the X at first
reading. The pilot selector couple exit is wired to the
ALPHA IN hub for the correct word. The alphabetic
first read wiring is ignored on the NX-cards. Because
of this, the numeric field may be in different columns
than the alphabetic and only the storage entry wiring

ALPHABETIC FIELD SELECTION — MEeTHOD 2D ONLY

from second reading needs to be selected.

2. Alphabetic Field Selection.

MeTtHop A. Alphabetic fields can be readily se-
lected based upon an identifying punch in the pre-
ceding card. Both the alphabetic first read and
storage entry wiring must be selected.

METHOD B. Results equivalent to alphabetic field
selection can be obtained by reading both fields all the
time, for example, field A on word 1; field B on
word 2, and then selecting the correct field by pro-
gramming.

MeTtHop C. If both fields are entirely alphabetic
(every column has an alphabetic character), the al-
phabetic first read wiring does not have to be selected,
but can be wired directly from either of the two fields.
The storage entry wiring from second reading (read
card C) has to be selected in the normal manner.
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Note: This is possible since the alphabetic first
read hubs identify a card column as having a zone
(12, 11, 0) and/or a numeric (1-9). It does not
identify the particular zone or the particular numeric
value. Blanks are identified by the absence of the
zone and numeric.

MeTtHOD D. Completely flexible alphabetic field se-
lection is possible within the selector capacity of the
machine. The card for which field B is to be selected
(field A is the normal field) must be identified by
either a 12 or an 11 punch. The method used depends
upon the fact noted above and operates as follows:

1. Pilot selectors are transferred whenever an X or
12 occurs on either of the two fields.

2. A pilot selector (No. 11) is transferred by the
control X or 12.

3. A digit emitter zero is selected to test either the
field A pilot selectors or the field B pilot selectors.

4. The output from the selectors (a zero) substi-
tutes for the corresponding 12 or X-impulse and is
wired into ALPHABETIC FIRST READ along with the
correct numeric (1-9) for the selected field.

5. The storage entry wiring is selected in the nor-
mal manner.

SPECIAL CHARACTER DEVICE

A SPECIAL CHARACTER device is available for the
Type 650, This device is available in two different
groups and is capable of handling special characters.
The number of special characters that this device will
handle will be dependent on the group specified.

The available groups and their capacities are:

1. Group I will handle eleven and twelve punches
only.

2. Group II will handle all Type 407 special char-
acters including eleven and twelve punches only.

Note: The foregoing discussion of alphabetic se-
lection does not apply when the special character de-
vice is in use.

Each character that is to be handled by the special
character device is automatically recoded into a two-
digit number. The sequence of the special character
code and the standard alphabetic code is the same as
that of the Type 89 Alphabetic Collator; for example,
blank, special characters, alphabetic, and numeric
from the lowest to the highest order. The numerical
representations of the complete code are:

Carp TyPE 650
Cobpe

CrARACTER CODE

Blank

\

-~

Dt

HELCHLPWOROZEN R~ TOTHD O W >

N

—
CoCc oo OO —
1
N oo NI A\ - kW N\

D 0O NA DN = O

ol

Il

I

L v (O T T O T T TR T

00

18
19

20

28
29

30

!

P

Standard Alphabet Special
Characters Group 1, II

Special Characters
Group II

Special Character
Group [, II

Special Characters
Group 11

Special Character

Group 1, II

Special Characters
Group 11

Standard
Alphabet




INDEX

Absolute Values 34
Accumulator 14
Accumulator Light (Checking) 51
Accumulator Light (Operating) 50
Accumulator Reset Key : 54
Accumulator Sign 14, 38, 36
Accumulator Store Operations ... 32
Add Absolute to Lower (AABL-17) 34
Adder (One-Digit Adder) 16
AddItion oo e 28
Addition, Subtraction, Storing — Example 32
Add Lower (AL-15%) 28
Addressing — Addresses 9
Address Lights 50
Address Register 10, 13, 50
Address Selection Switches oo 52
Address Stop 56
Add Upper (AU-10) 28
Alphabetic Device 104
Alphabetic First Read 105
Alphabetic In ... 10§
Alphabetic Out ... 105§
Alphabetic Selection ... 108
Arithmetical Components _._. 13
BC Det. Control oo 72
BC Det. Entry or GP Exit .o .. 72
BC Of ... 72
Bi-Quinary Code ... 16
Branching 38, 95
Branching Techniques ... ... 95
Branch on Minus (BRMIN-4¢) 38
Branch on Non-Zero (BRNZ-45) 38
Branch on Non-Zero in Upper (BRNZU-44) ... 38
Branch on Overflow (BROV-47) 39
Branch on 8 in Distributor Position 1-10 (BRD-90-99) ... 39
Buffer Storage ... 9
Bus 75
Calculating Units ... 6
Capacity — Calculating Units 14
Capacity — Input-Qutput 6
Card Feed Stop Light 24
Checking Lights 52
Clearing Drum 93
Clearing Drum — Between Limits 94
Clocking Light 51
Column Splits — Punch 71
Column Splits — Read ... 66
Computer Reset Key ... 54
Computing during Input and OQutput 89
Console 6, 47
Console Operation 47, 55
Constant Alphabetic Impulse (CAI) 105
Control Checks 18
Control Information ... 66
Control Panel 58
Control Panel Impulse Timing Chart 78
Control Switch 52
Co-Selectors 63
Co-Selector Hold 63
Co-Selector Pickup 63
Couple Exit ... 63
Data Address 10
Data Address Light 50
Data Half-Cycle 13
DC-Off Button 48
DC-On Button 48
Digit Pickup (DPU) 63
Digit Representation ..... 49
Digit Selector — Punch 68
Digit Selector — Read 64
DI-Punch 68
DI-Read ..... 64
Display Memory — Read-out Storage 5s
Display Lights ... 48
Display Switch 53
Distributor 14
Distributor Light 51
Divide — Reset Remainder (DIVRU-64) ... ... ... ... 37
Divide — Retain Remainder (DIV-14) _ 36

Division 36
Double-Punch and Blank-Column Light (DPBC) oo 24
Double-Punch and Blank Column Detection (DPBC) ... 72, 7%
DP and BC Det. Entry ... .. . 72
Drum Clearing 93
Emitted Impulses — Punch 68
Emitted Impulses — Read 64
End-of-File Key ... 22
Lnd-of-File Light 24
End-of-File Operation 24
Enter Information — Read-in Storage 5$
Entry A 60
Entry B 60
Error Correction 18
Error Detection ..o 16
Error Reset Key 54
Error Sense — Error Correction 99
Error Sense Light 51
Error Sense Reset Key 54
Error Switch 53
First Reading 60
Fuse Light (Type 533) .. 21
Fuse Light (Type 650) 48
Half-Adjust 40
Half-Cycle 56
Half-Cycle Operation 56
Half-Cycle Switch 52
Half-Time Emitter 102
Immediate Pickup (IPU) 63
Int,In2 101
Initialization 99
Input 20, 58
Input-Output Buffers 9
Instruction ... 10
Instruction Address .. 10
Instruction Address Light 50
Instruction Execution 10
Instruction Half-Cycle - 13
Internal Flow 10, 11
Key Controls 53
Load et e e e ee et et et ettt eeee e eee e 60
Load Card 46
Load Distrtbutor (LD-69) 27
Loading Routines 90
Location of Factors 9
Logical Tests 38
Machine Stops (Not Indicaved) 51
Main-Line Switch (Type $33) o 21
Master Power Switch (Type 650) 54
Minus Zero .. DO 95
Multiplication 35
Multiply (MULT-19) 3s
No Operation (NO=OP-00) ..o 44
Offset 104
Offset Stacking Device 104
Operating Lights 50
Operating Suggestions 93
Operation Code ... 10
Operation Codes ......oooooimiiieoeo 25
Operation Lights 49
Operation Register 10
Optimum Programming ... ... 7%
Optimum Programming Rules 84
Optimum Programming Sequence Chart ... 79, 80
Ot e .. 101
Output 20, 66
Output Selection 68
Output Signs 70
Overflow ... .. 28, 29, 38, 39
Overflow Branching 39
Overflow Light ... 51
Overflow Switch 53
Pilot Selectors 63
Pilot Selector Hold 63
Pilot Selector Pickups ... 63
Power Control 47
Power Light (Type 533) 21
Power-off Button 48

Power-on Button




.

INDEX (Continued)

Power-on Light (Type 650) 48
Program 10
Program Light 50
Programmed Stop 56
Programmed Switch 52
Programming 25
Programming Example 45
Programming Suggestions 93
Program Planning Aids 100
Program Register 10
Program Register Light 51
Program Reset Key 53
Program Start Key 53
Program Stop Key ... 53
Program Testing 100
Punch (PCH-71) ... 26
Punch A, Punch B 67
Punch Brushes 71
Punch Card (A, B, and C) 66
Punch Checks 17
Punch Code Selectors 102
Punch Column Splits 71
Punch Delay 69
Punch Feed 19, 20
Punch Hold 68
Punch Light 50
Punch Plus Sign (P+) 71
Punch Sign Over Units (PSU) 70
Punch Start Key 24
Punch Stop Key 24
Punch Storage 10, 26
Punch Unit Keys and Lights 24
Quotient 36
Read (RD-70) 25
Read Card (A, B and C) : . 58
Read Checks 17
Read Code Selectors 101
Read Column Splits 66
Read Feed 19, 20
Read Impulses (12, 11, 0, 8, 9) 64
Reading 21, 25
Read Hold 63
Read-in Storage (Enter Information) s
Read Light 51
Read-out Storage (Display Memory) — 55
Read Second Only (RSQ) 101
Read Sign Over Units (RSU) 61
Read Start Key 21
Read Stop Key 23
Read Storage 10, 25
Read Unit Keys and Lights 21
Read-Write Head 7
Ready Light (Type 650) 48
Remainder 14, 32, 36
Remainder Sign ... 14, 32, 36
Reset 30
Reset and Add Absolute into Lower (RAABL-67) ooeececi. 34
Reset and Add into Lower (RAL-65) 30
Reset and Add into Upper (RAU-60) 30
Reset Key (Type 533) 24
Reset and Subtract Absolute into Lower (RSABL-68) ... .. 34
Reset and Subtract into Lower (RSL-66) 31
Reset and Subtract into Upper (RSU-61) 31
R Plus (R+) i 62
Selection 62
Self-Checking 16
Shift and Count (SCT-16) 41
Shift and Round (SRD-31) 40
Shifting 40
Shift Left (SLT-35) 40
Shifc Right (SRT-30) 40
Sign Entry 61
Special Character Device 109
Special Devices 101
Start Key — Punch 24
Start Key — Read 21
Start Program 56
Stop 75

m

SEOP  (StOP-01) e e 44
Stop Key — Punch 24
Stop Key — Read 23
SO A oo 7
Storage Entry (A, B and C) 58
Storage Entry Switches 49
Storage Exit (A, B and C) 66
Storage Selection Light 51
Store 27, 32
Store Distributor (STD-24) 27
Store Lower Data Address (STDA-22) . 33
Store Lower in Memory (STL-20) oo 32
Store Lower Instruction Address (STIA-23) .o 33
Store Upper in Memory (STU-21) ... 32
Sub-Routines 98
Subtract Absolute from Lower (SABL-18) ... .. 34
Subtract from Lower (SL-16) 29
Subtract from Upper (SU-11) ... ... 29
Subtraction 29, 31, 34
Switch Controls 52
Table Lookup (TLU-84) 42, 44
Tables — Use of 42
Techniques for Using Optimum Programming .o 88
Timing Chart 78
Timing Pulses oo 18
Transfer Key 53
Type 533 5, 6, 19
Type 650 5, 6
Type 655 5, 6
Unlabeled Light (Read) ... ..o 24
Unlabeled Light (Adjacent to Reset Key) 24
Unlabeled Light (Extreme Right) 24
Unlabeled Light (Console Checking) ..o 51
Validity Checks 16
Word-Size Emitter 60
Word-Size Entry ... 60
X Impulse (X IMP) oo 68
X Pickup (X PU) 63
QOPERATION CODES
00 No-Operation (NO-OP) 44
01 Stop (Stop) 44
10 Add Upper (AU) 28
11 Subtract Upper (SU) 29
14 Divide (DIV) 36
15 Add Lower (AL) ... 28
16 Subtraet Lower (SL) 29
17 Add Absolute (AABL) 34
18 Subtract Absolute (SABL) 34
19 Multiply (MULT) 35
20 Store Lower (STL) 32
21 Store Upper (STU) 32
22 Store Data Address (STDA) 33
23 Store Instruction Address (STIA) 33
24 Store Distributor (STD) 27
30 Shift Right (SRT) 40
31 Shift and Round (SRD) 40
35 Shifc Left (SLT) 40
36 Shift and Count (SCT) 41
44 Branch Non-Zero Upper (BRNZU) 38
45 Branch Noa-Zero (BRNZ) 38
46 Branch Minus (BRMIN) 38
47 Branch Overflow (BROV) 39
60 Reset Add Upper (RAU) 30
61 Reset Subtract Upper (RSU) 31
64 Divide — Reset Upper (DIVRU) 37
65 Reset Add Lower (RAL) 30
66 Reset Subtract Lower (RSL) . 31
€7 Reset Add Absolute (RAABL) 34
68 Reset Subtract Absolute (RSABL) 34
69 Load Distributor (LD) 27
70 Read (RD) 25
71 Punch (PCH) 26
84 Table Lookup (TLU) 42, 44
90-99 Branch on Distributor 8 (BRD 1-10) oo 39
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