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DATATRON DIGITAL COMPUTER MODEL 205

GENERAL

Electronic data processing systems have five components
— input, storage (working and auxiliary), arithmetic, con-
trol, and output. This handbook describes the character-
istics and explains the use of the DATATRON Digital
Computer Model 205 (called the DATATRON). This
unit, which consists of the Computer Cabinet, the Power
Control, and Magnetic Amplifier Power Supply (Figure
1), contains the working storage, arithmetic, and control
components of a complete system.

DATATRON ELECTRONIC DATA
PROCESSING SYSTEMS

The DATATRON is a general purpose, internally pro-

grammed, decimal, electronic computer with magnetic

drum storage. It is the heart, or central controlling and
processing unit, of an electronic data processing system
which accomplishes the functions of:

1. Accepting data directly from punched cards, punched
tape, magnetic tape, keyboard —employing input units
singly or in multiple.

2. Selecting from magnetic tape files the historical or
reference records necessary to process data.

3. Processing data — comparing, computing, analyzing,
sorting, classifying as required —in obedience to a
series of instructions which have previously been
stored in the system (stored program).

4. Bringing up to date the historical or reference records
maintained on magnetic tape, and returning the
up-dated records to magnetic tape.

5. Transmitting required information directly into
punched cards, punched tape, magnetic tape, printed
documents, visual indications —employing output
units singly or in multiple.

As a result of its ability to control data processing sys-
tems of wide scope, and because of its economical and
reliable operation, the DATATRON has been applied
effectively to a wide range of commercial, manufacturing,
scientific and engineering problems.

In speed of computer operation, the DATATRON is
classed below the very large-scale electronic data proc-
essors — and considerably above card-programmed com-
puters, other externally programmed computers, and the
small, stored program computers.

In capacity and data processing capability, the
DATATRON (as the central unit in a system) approaches
large-scale systems in power and ability to produce an
effective and economical flow of work.

COMPONENTS OF THE DATATRON

The Computer Cabinet contains the arithmetic and con-
trol units (see Figure 1). The center section contains
the magnetic drum working storage and the Control
Panel. Switches, indicators, and displays required by the
operator are mounted on this panel.

The Magnetic Electronic Power Supply is a compact,
electronically controlled power system which provides
all voltages necessary for the Burroughs 205 computing
system. Many features are included, such as complete
metering circuits, metering display of all voltages, and
dependable regulation under varying load conditions
and input line variations.

The power system shown in Figure 1 is composed of
three consoles: the Basic Power Control Unit (A cabi-
net); the Basic Power Supply Unit (B cabinet); and the
Auxiliary Power Supply Unit (C cabinet). All Burroughs
205 Systems require the Basic Power Supply Unit and
Power Control Unit. Only systems that include Cardatron
require the additional Auxiliary Power Supply Unit.



OPERATING CHARACTERISTICS OF THE DATATRON

HOW INFORMATION IS REPRESENTED
IN THE DATATRON

Information is represented in the DATATRON as fixed
length numbers, each of which contains ten decimal
digits. Each ten digit number is preceded by an addi-
tional digit (Figure 2) which
— represents the algebraic sign of the number, or
—is sometimes used to control machine operation, or
—1is an arbitrary zero having no special significance.
Each of these 11 digit units of information, called
a word, may represent numerical data, alphabetic data,
or a mixture (alphanumeric data), or an instruction
which the DATATRON is to obey. For example:

Once placed on the drum, information is retained
(even if the power is turned off) until it is “erased”
by writing new information on the drum over the old
information.

Only the digits zero and one are represented on the
surface of the magnetic drum — and this representation
is made by magnetizing a small spot on the drum for
each digit. All zero spots are magnetized in the same
direction of polarity, and all one spots are magnetized
alike in the opposite direction. Four such spots (called
bits of information or binary digits) are used to repre-
sent one decimal digit. In this scheme of representation
(binary-coded decimal), one bit of information is
assigned the value 1, the second bit is assigned the value
2, the third bit is assigned the value 4, and the fourth

VAT AN reprsnis G wler - A0 Gl B bit is assigned the value 8. Decimal digits are repre-

04259 64 4955 represents the noun BRUIN sented according to the following table:
04259 64 4955 represents the command “Clear the A o 1 2 3 4 5 6 8 9
Register. Add :
the eontents of 8 Bit 0O 0 0O 0O o0 0 O 11
storage cell 4955.” 4 Bit 0O 0 0 O I 1 I 0 O
By changing two digits in the sample word, 2 Bit 6 60 1 1 0 0 1 1 0 0
an alphanumeric word can be represented: 1 Bit o 1 o0 1 o0 1 O 1 0 1

04259 86 4955 represents Part Number BR 6 I N

The interpretation of the word is controlled by the
programmer as he arranges the instructions and data
for input to the computer.

I 88 0 3 e e TR

0|4 2 5 9 6 4 4 9 5 5

2 @

10-DECIMAL DIGIT NUMBER

Figure 2

The 11 digit word is treated as a unit by the
DATATRON. It is stored as a unit, and it is manipulated
as a unit. However, if it is necessary to break up a word
into smaller units of information, or to combine words
into longer records, this can be done by placing the
proper series of instructions in the DATATRON.

HOW INFORMATION IS STORED
IN THE DATATRON

Over 4000 words of information are stored in the

DATATRON on the surface of a large-capacity magnetic

drum which revolves at 3570 revolutions per minute.

This unusual storage capacity makes possible

— adequate reference to data,

— adequate facility for classification of data,

— convenient use of long programs,

— convenient insertion of temporary programs for
“spot” analysis,

—improved internal sorting techniques, and

— a reduction, in many cases, in the number of times the
same data must be fed through the central data
processor to secure the desired results.

Write heads and read heads are mounted on the mag-
netic drum casing (Figure 3). As the drum cylinder
revolves inside the casing, the surface of the drum passes
these heads. The function of each write head is to place
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Figure 3 Magnetic Drum Assembly



information on the surface of the drum by magnetizing
four spots at a time according to the code tabulated
above. The function of each read head is to interpret
the pattern of magnetic spots on the surface of the drum,
four bits of information at a time, thus making the
information available for use.

LOCATION OF INFORMATION
ON THE MAGNETIC DRUM

A space on the drum large enough to write the contents
of exactly one word is called a storage cell. Storage cells
are arranged in bands which extend around the circum-
ference of the magnetic drum. Each band consists of four
tracks of magnetized spots (Figure 4), making possible
the use of the binary-coded decimal scheme of repre-
senting digits. Four zeros, one in each of the tracks,
separate each word from its adjoining words. Associ-
ated with each band is a read head and a write head,
or a combination read-write head.
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4 Figure 4 Information Stored on a Drum
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Each storage cell on the magnetic drum has its own
address, a four digit number which identifies the cell and
specifies its location. The top 20 bands on the mag-
netic drum (Figure 5) each contain 200 words, a total
of 4000 storage cells being located in the portion of the
magnetic drum called main storage. The addresses of
these cells are the numbers 0000 through 3999.

The bottom four bands on the drum are reserved for
high-speed storage. Only 20 different words are stored
in each of these quick-access bands, but each word is
repeated ten times at equal intervals around the drum.
This provides the basis for faster access to each word
in the band—as described below.

The bands can be addressed from 4000 through 4999,
5000 through 5999, 6000 through 6999, and 7000
through 7999. Because each word is repeated ten times,
the word in 4000 will be repeated in 4020, 4040, 4060,
4080; however, the word can be addressed without re-
gard to the second address digit. Thus the word in 4000
could be addressed as 4100, 4520, 4760, 4980, etc.;
cell 5569 will contain the same word as cell 5009; cell
6738 will contain the same word as cell 6018, etc.

OPERATION OF QUICK-ACCESS BANDS

Each main storage band has associated with it one com-
bination read-write head (Figure 6). A word stored in
a main storage cell passes the read-write head only once
in every revolution of the magnetic drum. A word stored
in a main storage cell is available for use, then, once in
every revolution of the drum. The access time (or wait-
ing time) for this word can vary from zero to 0.017

— —

200 WORDS 0000 Tw/’/ T

200 WORDS 0200700399 A

200 WORDS 0400 TO 0599

200 WORDS 0600 mﬂs”/

200 WORDS 0800 TO 09939
w// MAIN STORAGE

200 WORDS 1600 TO 1799 20 BANDS)

200 WORDS 1800 TO 1999

200 WORDS 2200 TO 2399

200 WORDS 2600702799 4

200 WORDS 2800 TO 2999

200 WORDS 3000703199

200 WORDS 3200 TO 3399

200 WORDS 3400 TO 3599

200 WORDS 3600 TO 3799

200 WORDS 3800 TO 3999 -~

20 WORDS  4xx0 TO 4xx9 HIGH SPEED
20 WORDS  5xx0 TO 5xx9 STORAGE
20 WORDS 6xx0 TO 6xx8 (13:2'5?('
\w__ 20WORDS 7070 78 ____J~ BaNDS)

Figure 5 Location of Information on Magnetic Drum

seconds (17 milliseconds). The average access time for
the word is 8.5 milliseconds, the time for a half-revolu-
tion of the drum.

Each quick access band has a separate read head and,
20 words distant from this head along the drum
circumference, a separate write head (Figure 7). Since
a complete band around the magnetic drum contains 200
words, these two heads are one-tenth of the drum cir-
cumference apart.

As each word passes under the read head, it is always
immediately rewritten twenty words back along the drum
circumference. If a block of 20 words is placed in
a quick access band this continual process of reading
and writing will duplicate the 20 words in ten loca-
tions around the drum —in the first revolution of the
magnetic drum following the transfer of information
into the band.

A word stored in one of the cells of a quick access
band is available for use once in every one-tenth of a
drum revolution, or ten times in every revolution. In
effect, the quick access bands supply data and instructions
at the same rate as if the magnetic drum were revolving
at 35,700 revolutions per minute. The access time for
a word in a band can vary from zero to 1.7 milliseconds.
The average access time for a word stored in a band is
0.85 milliseconds.



In most applications, DATATRON instructions are
transferred from main storage into the quick-access bands
before the execution of theinstructions. Similarly, data
and intermediate results are normally stored in the quick
access bands, or transferred from main storage into the
quick access bands.

To accomplish the necessary manipulation of infor-
mation, block transfer instructions are used. These in-
structions move 20 words at a time from main storage
to band, or from band to main storage, at the rate of 1.7
milliseconds per block of 20 words. This is the amount
of time required for 20 words to pass by a read head.
The actual transfer of each digit is almost instantaneous.

Words transferred from main storage to a band remain
(in unaltered form) in main storage, facilitating the
process of making memo entries in records. Words trans-
ferred from a band to main storage remain (in unaltered
form) in the band.

DATATRON programs are written to maintain a con-
tinuous flow of data and instructions through the bands.
Thus, the DATATRON maintains the high rate of proc-
essing associated with optimum (or minimal access)
programming, but retains the reliability inherent in a
conservative speed of drum revolution.

ELECTRONIC REGISTERS

On the magnetic drum, each decimal digit is represented
by a combination of four magnetized spots, each spot
being an indicator of either zero or one. This method
of representing information has proven to be extremely
reliable.

An electronic circuit, called a flip-flop, can also repre-
sent zero or one by being in one of two possible states
—either “low” or “high.” Several registers, or storage
cells with zero access time, use the flip-flop circuit to
store information. In these registers, each decimal digit
is represented by four flip-flops. Just as in the case of
the magnetized spots on the magnetic drum, relative
values are assigned to each flip-flop. The first flip-flop is
assigned the value 1, the second flip-flop is assigned the
value 2, the third flip-flop is assigned the value 4, and the
fourth flip-flop is assigned the value 8. Decimal digits are
represented in electronic registers according to the table
of combinations used to represent decimal digits on
the drum. (Refer to How Information is Stored in the
DATATRON.)

200 DIFFERENT WORDS

WORD

READ-WRITE HEAD

Figure 6 Access to Word Stored in Main Storage Band

1/10 REVOLUTION

Figure 7 Access to Word Stored in Quick Access Band

ARITHMETIC REGISTERS

Three electronic registers are used to contain numbers
involved in computation and data processing (Figure 8).

A Register holds an 11 digit word. This register is an
accumulator in which the results of all arithmetic oper-
ations appear.

R Register holds ten decimal digits. This register is
primarily an extension of the A Register. However,
multiplication and division are the only arithmetic opera-
tions which affect the R Register.

A REGISTER R REGISTER
[ [
1 ] >
. 1
1 .
. .
H i
B REGISTER ADDEIﬁ C REGISTER
-
t t 1
| 1 |
ORDER  ADDRESS ~ CONTROL
D REGISTER REGISTER REGISTER = COUNTER
T T
L] .
1] 1]
1) 1]
. [l
H H

=0

Figure 8 Arithmetic Registers

D Register holds an 11 digit word which cannot be
manipulated by the programmer. Words entering the A,
R and C registers from an input medium, or from main
storage, first pass through this register. :

In an arithmetic operation one of the numbers in-
volved is always in the A Register, or in the combined
A Register and R Register. The second number involved
is always transferred from the drum into the D Register.

INSTRUCTION FORMAT

A DATATRON instruction is made up of three parts
(Figure 9) :

(a) the four digit address — which designates the loca-
tion of the storage cell referred to during execution of
the instruction ;

(b) The two digit order — which designates the specific
operation to be performed;

(c) the four control digits — which designate variations
in the execution of the instruction

olo o o o6 4]3 2 3 6
SIGN- s v - S w‘ ~ v
P;’s'ﬁ:LN CONTROL DIGITS ORDER ADDRESS

Figure 9 Instruction Format



C REGISTER

C Register receives each instruction from the magnetic
drum through the D Register (Figure 10). The function
of this register is to start the operation of the control
component of the DATATRON.

The C Register is composed of three sub-registers
(reading from left to right):

Order Register holds the two digits which designate
the specific operation to be performed.

Address Register holds the four digits which designate
the location of the storage cell referred to during execu-
tion of theinstruction.The contents of the Order Register
and the Address Register, together, are the same as the
six right hand digits of the instruction word as it appears
in the D Register and on the magnetic drum.

Control Counter holds the four digits which specify
the address of the nextinstruction which will be executed
— after the completion of the operation specified in the
Order Register and the Address Register.

OPERATION SEQUENCE

In normal, continuous operation,instructions are executed
in the order in which they are stored on the magnetic
drum.Thus, fif' instructions are stored in storage cells 1000,
1001, and 1002, theinstructionstored in cell 1001 will be
executed after theinstruction stored in cell 1000 and the
instruction stored in cell 1002 will be executed after
the instruction stored in cell 1001.

The Control Counter counts up 1 after each instructionf]
comes into the C Register so that the next instructionwill
be read from the next cell. In the preceding example,
when theinstructionstored in cell 1000 is being executed,

the Control Counter will read 1001. When the instruction
stored in cell 1001 is being executed, the Control Counter
will read 1002 (Figure 10).

To change this normal method of sequential opera-
tion, change of controlinstructions areused. These instruct
ions: may be used to alter the sequence of instruction
execution arbitrarily —in which case they are uncondi-
tional changes of control. A similar series of instructions
may be used to alter the sequence of instruction execution
only in response to the presence of a machine condition
(see Overflow, below). These conditional changes of con-
trol are used for decision-making or branching.

Instead of allowing the Control Counter to count up
1, the change of control instructions insert their address
digits into the Control Counter, and thus specify the next
instructionto be executed.

TIMING CYCLE

The timing cycle of the DATATRON has two distinct
phases:

In the fetch phase of the timing cycle (Figure 11),
the instruction word located in the storage cell specified
in the Control Counter is brought from the magnetic
drum, through the D Register, through the Adder, to
the C Register.

In the execute phase of the timing cycle (Figure
12), the data word specified in the instructionjust fetched
is brought from the magnetic drum, through the D Regis-
ter, through the Adder (where an arithmetic operation
takes place) to the A Register.

During DATATRON operation, the fetch phase and
the execute phase alternate as the timing cycle repeats.

A REGISTER A REGISTER A REGISTER
! ] ] T H T T T
0/0000{00{0000 010000000000 00000000000

C REGISTER C REGISTER C REGISTER

1001 64/3236(1002 64/3236(10.02
CELL 1001 CELL 1001

CELL 3236
1 FETCH PHASE 2 FETCH PHASE 3 EXECUTE PHASE

LOCATING NEXT INSTRUCTION — CELL 1001

‘A REGISTER

r— T
] ' ]
0:0000:00:1111
] ) ]
'] ] ol

64/3236(1002

CLEAR THE A REGISTER,

0000000 !}

INSERT INSTRUCTION IN CELL 1001 INTO ORDER
AND ADDRESS REGISTERS AND ADVANCE
CONTROL COUNTER 1

PERFORM ‘64" INSTRUCTION —

ADD THE CONTENTS OF CELL 3236

LOCATING DATA ADDRESS — CELL 3236

64/3236|1002

y

CONTROL COUNTER
h—

(CONTAINS LOCATION
OF NEXT INSTRUCTION)

ADDRESS REGISTER

ORDER REGISTER

EXECUTE PHASE

Figure 10 Action of Control Counter



A REGISTER R REGISTER

B REGISTER ADDER C REGISTER

D REGISTER

DRUM

FETCH PHASE

Figure 11 Timing Cycle

B REGISTER

The B Register holds any four decimal digits from 0000
to 9999. These digits can be added to the address digits
of an instruction word as the instruction goes through the
Adder to the C Register (Figure 13).

The addition of the contents of the B Register to an
instruction (address modification) is signaled by the
first control digit of the instructionword, when the word
reaches the D Register. If the digit is 1, the contents of
the B Register are added. If the control digit of the
instructionword is O, the contents of the B Register are
not added (see Figure 11).

The contents of the B Register can be increased by
one, or decreased by one, during the execution of a series
of instructions.When the series of instructionsis repeated
many times, the B Register can serve, in this case, as a
tallying device.

DECIMAL POINT

Inside the DATATRON, a decimal point is considered
to be fixed at the left of each ten digit word stored on
the magnetic drum or in the electronic registers.

The eleventh digit, at the left of the decimal point,
represents the algebraic sign of numerical data (zero for
plus and one for minus), or (in the case of an instruction
word) is sometimes used to control machine operation,
or (in the case of alphabetic or alphanumeric data) is
an arbitrary zero having no special significance.

Outside the DATATRON, the decimal point may be
located in its proper position (by programming) regard-
less of its internal position. For example:

Internally Externally
01621 00 0000
0 0001 62 1000 may represent 16.21

00000 00 1621

. A REGISTER R REGISTER

B REGISTER ADDER T C REGISTER
L

D REGISTER

EXECUTE PHASE

Figure 12 Timing Cycle

A REGISTER R REGISTER

B REGISTER ADDER C REGISTER

o 2 R,EGISTER ADD B TO INSTRUCTION ADDRESS

(FETCH PHASE)

Figure 13 B Register Modification

OVERFLOW

Whenever the execution of an instruction produces a
result which is too large to be inserted in the A Register,
an overflow condition is set up in the DATATRON.
This condition will cause the DATATRON to stop, unless
a conditional change of control instruction follows the
instruction that caused the overflow condition (previously
discussed in the handbook section, Operation Sequence).
The presence of the overflow condition is determined
as follows:

Indication to DATATRON — Overflow flip-flop is in a
“high” state.

Indication to operator — Overflow light is ON.



EXAMPLE 1
Actual Arithmetic

0.9000 00 0000
+0.8000 00 0000

1.7000 00 0000*
*Carry produces
number to

the left of the
decimal point.

DATATRON Arithmetic

0 9000 00 0000
0 8000 00 0000

0 7000 00 0000**

**Qverflow indicates ON.
Zero to the left of
decimal point position
represents plus sign.
the resulting ‘carry one’
is lost.

EXAMPLE 2

Actual Arithmetic

3.0000 00 0000*
0.3000 00 0000/0.9000 00 0000

*Division of larger number
by a smaller number
produces a whole number or
overflow to the left of the
machine decimal point.

DATATRON Arithmetic

0 0000 00 0000 *

0 3000 00 0000 0 9000 00 0000

#**Qverflow indicates ON.
Zero to the left of
decimal point position
represents plus sign.

The overflow condition may follow the arithmetic
manipulation of the contents of the A Register. Overflow
always follows the test for and detection of a difference
between the algebraic sign of the A Register and the
sign of a number brought from a storage cell for com-
parison.

When the possible appearance of an overflow is antic-
ipated, a conditional change of control instruction is
inserted in the program to allow the program to branch
(take one of two possible alternate paths). When an
unanticipated overflow occurs (a programming error)
the DATATRON stops.

CHECKING FACILITIES

The DATATRON automatically stops upon the appear-
ance of an unanticipated overflow (see Overflow).

An alarm light is turned on and computation is
stopped by a forbidden combination (binary-coded deci-
mal digits 10 through 15) in the A, B, D, and R Regis-
ters, the Address Register, the Control Counter, and the
Shift Counter. Inspection of the register contents as
indicated on the Control Panel indicates the failure

An alarm will stop machine operation if the storage
cell counter does not contain O at the start of each drum
revolution. This check prevents information from being
recorded on or read from incorrect locations on the drum.

An audible alarm indicates excessive rise in exhaust
air temperature in the computer cabinet and after a
preset interval up to 15 minutes, dc voltages will be shut
off if the temperature stays at or above a predetermined
level.



COMPUTER INSTRUCTIONS

This section defines the DATATRON instructions avail-
able to the programmer and illustrates their use.

ARITHMETIC

Instructions for Addition and Subtraction.
Addition and subtraction instructions affect the A
Register, but not the R Register.

The series of instructions below illustrates the use of the
add and subtract instructions and the effect that each

Assume that:
Storage cell 1000 contains the number 0 2222 22 2222,

Storage cell 1001 contains the number 1 3333 33 3333,
The A Register contains the number 1 9874 53 1234,

instructionhas on the A Register and the R Register.

AN

CAD CLEAR, ADD
000p 64 xxxx

Clear the A Register. Add the contents of xxxx.

AD ADD
000p 74 xxxx

Add the contents of xxxx to the contents of the A Register.

ADA ADD ABSOLUTE
000p 76 xxxx

Add the absolute value of the contents of xxxx to the Program A Register R Register
contents of the A Register. 19874 53 1234

CADA CLEAR, ADD ABSOLUTE CAD 1000 02222222222 0000 560000
000p 66 xxxx AD 1001 11111111111 0000 560000
Clear the A Register. Add the absolute value of the ADA 1001* 02222222222 0000 560000
contents of xxxx. CADA 1001* 03333333333 0000 560000
CSU CLEAR, SUBTRACT «— (CSU 1000 12222222222 0000 560000
000p 65 xxxx SU 1001 O11t1 111111 0000 560000
Clear the A Register. Subtract the contents of xxxx. / CSUA 1001* 13333333333 0000 560000
SU SUBTRACT SUA 1001* 1 6666 66 6666 0000 560000
000p 75 xxxx DAD 0000 1 6666 66 6659 0000 560000
Subtract the contents of xxxx from the contents of the *In addition and subtraction of absolute numbers, the
A Register. number is treated as a positive number, regardless of
CSUA CLEAR, SUBTRACT ABSOLUTE its sign.

000p 67 xxxx
Clear the A Register. Subtract the absolute value of the
contents of XXXX.

SUA

000p 77 xxxx
Subtract the absolute value of the contents of xxxx from
the contents of the A Register.

DAD

0000 10 0000
Stop machine operation. Add the next digit read (from
manual keyboard or paper tape reader) to the least signifi-
cant position of the A Register.

SUBTRACT ABSOLUTE

DIGIT ADD

Program A Register R Register

19874 53 1234 0000 560000

*SU 1000 12096 75 3456 0000 560000
SUA 1001 15430 08 6789 0000 560000
CADA 1001 03333 333333 0000 560000
ADA 1001 0 6666 66 6666 0000 560000
ADA 1001 09999 99 9999 0000 560000
*ADA 1001 03333333332 0000 560000

*Qverflow indicator ON.

The R Register contains the number 0000 560000.
Insert a 7 on Keyboard for Digit Add.

The condition of overflow in AD, ADA SU, SUA is pos-
sible and will appear as follows:



Addition and Subtraction instructions can be used in:
posting, accumulating receipts, debiting and crediting
accounts and, in general, updating records.

PROBLEM: .A store has four sections. Following each
day’s business the owner wants to know
net receipts. Each section reports total
receipts and amount of sales commissions.

TO FIND:  Net Receipts

ASSUME:

Information from sections located in
memory cells:

1000 00000019432 (Section 1 — Sales — 194.32)

1001 00000 00 3886 (Section 1 — Commissions — 38.86)
1002 00000 01 5203 (Section 2 — Sales — 152.03)

1003 00000 00 3040 (Section 2 — Commissions — 30.40)
1004 00000 00 9367 (Section 3 — Sales — 93.67)

1005 0000000 1873 (Section 3 — Commissions — 18.73)
1006 00000010152 (Section 4 — Sales — 101.52)

1007 00000 00 2030 (Section 4 — Commissions — 20.30)

SOLUTION:
Tocation | Control | Operation | Operand

Main Loop [s|] Digits [Nof Alpha | Address Remarks

ppo 0 0 CAD 000{ A~ 00000 of 74.32

pop! 1 SV lroo/|A: 0,0000 01 555;4@

ppo 2 2 AD /002 | A: o.0000 03 07.49
| 0po 3 3 S (003 z q_,@m_LQz 7%6‘?
| pop 4 4 AD /004 |A- oooqe' Q..M

000 5 S S0 1005 | A= 02,0000 o7 52 03
| 0006 6 AD /0006 |A- opom_&_s:;ss

peO 7 7 Sy / Qo_Z__A__a_AmgéM 33 25

ANSWER: Located in the A Register represents $433.25

A = machine decimal point

= programmer’s decimal point



Instructions for Multiplication and Division:

Multiplication and division instructions affect both the A
Register and the R Register.

The series of instructions below illustrates the use of in-
structions for multiplication and division, and the effect
that each instruction has on the A Register and the R

Register.
V¥V MULTIPLICATION Assume that:
M MULTIPLY 1. Storage cell 1000 contains the number 0 2222 22 2222.

000p 60 xxxx

Multiply the contents of xxxx by the contents of the A
Register. Insert the twenty digit product in the A Register
and the R Register. The ten most significant digits are in
the A Register. The ten least significant digits appear in the

Storage cell 1001 contains the number 1 3333 33 3333.
. The A Register contains the number 0 9999 99 9999,
. The R Register contains the number 9999 999999,

R Register. Program A Redister R Register
MRO MULTIPLY, ROUND 0 9999 99 9999 9999 999999
000p 70 xxxx CAD 1000 02222222222 9999 999999
Multiply the contents of xxxx by the contents of the A M 1001 1 0740 74 0740 5925925926
ﬁzill:t[g: Round the product to ten digits. Clear the R CAD 1000 02222222222 5925 925926

’ MRO 1001 10740 74 0741 0000 000000
During the execution of the Multiply instruction, the R CAD 1000 02222222222 0000 000000
Register is cleared to permit the insertion of the least DIV 1001 1 6666 66 6666 2222222222
significant ten digits of the product. Overflow is impossible in multiplication.

The A Register will contain the proper algebraic sign
of the product.

V¥ DIVISION
DIV DIVIDE

000p 61 xxxx
Divide the twenty digit contents of the A Register and the
R Register by the contents of xxxx.

(a) If Overflow indicator ON, clear the A Register and Example of overflow in division:
the R Register.

(b) If Overflow indicator OFF, insert the quotient in Program A Register R Register
the A Register, and insert the undivided remainder (if any) 09822 70 9243 0000 000000
in the R Register. CAD 1001 13333333333 0000 000000
In division, the divisor must be greater than the portion *DIV 1000 0 0000 00 0000 0000 000000
of the dividend in the A Register. If the dividend is *Qverflow indicator ON.

greater than or equal to the divisor, the quotient will
exceed the capacity of the A and R Register and an over-
flow will occur. If the dividend is contained in the A
Register, then the R Register must be cleared before
dividing.
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Multiplication and Division instructions can be used in:
determining rates, payroll extension, billing, tax com-
putation, and general engineering computations.

TO FIND:
ASSUME:

Monthly interest payments.

Information for purchase located in mem-

ory cells:

PROBLEM: A store owner wants to take advantage of .
a close-out sale to purchase 2,250 items at ;88(1) 8 (1)88(2) 3(5) 8888 (Sugnlt)ny )
$10.00 each. There will be a shipping cost 1002 0 0000 00 3800 §S§lt ir?cec)o 0
of $380.00. There is a $909.00 discount if 11ppIng £os
th hase i d 1003 0 0000 00 9090 (Discount)
e purchase is made on an 18 month con- 1004 0 6500 00 0000 (Int R
tract at 6.5% interest. The store owner 1005 00000 18 G000 (1\111 erc:)st ?t;)
wants to know what his monthly interest (Number of Payments)
payments will be.
SOLUTION:
Location Control | Operation | Operand
Main Loop |g| Digits [NoJ Alpha | Address Remarks
0000 0 aAD 11000 A: 0,06002 25 0.000
b00 ! 1 M (o o/ | A= 0000 22 500.0
0002 2 AD /002 | A=p,0000 22 880.0
0003 3 SU /003 | A=0,0000 21 97/.0
0004 4 MERO /004 | A-o 0000 14 28.12
_0003 5 Div l/o05] A=20,19.34 00 0000

ANSWER: Located in the A Register represents $79.34

A = machine decimal point

+ = programmer’s decimal point

11



MANIPULATION AND TRANSFER
OF INFORMATION

SL SHIFT LEFT
000p 14 00nn

Shift the contents of the A Register and the R Register
nn places left. The nn digits shifted out of the left end
of the A Register re-enter the right end of the R Register
in the same order. The sign does not move.

SR SHIFT RIGHT
000p 13 00nn

Shift the contents of the A Register and the R Register
nn places right. The nn digits shifted out of the right

end of the R Register are lost, and nn zeros enter the left Program
end of the A Register. The sign does not move. The
maximum value for nn is 19. SL 0004

Overflow can not occur on shifting instructions CR 0000
CR CLEAR R R 0012

SL 0006
Clear the R Register. /STOP 0000
RO ROUND
000p 23 0000
Round the twenty digit contents of the A Register and
the R Register to ten digits. Clear the R Register.
STOP STOP
000p 08 0000
Stop machine operation.
The operation of the DATATRON stops, but no infor-
mation is lost. Operation is resumed at the next program
step when the START button is pressed.
Program

ST STORE CAD 1000
000p 12 xxxx
Store the contents of the A Register in xxxx. /S,;l]; 188‘1‘
STC STORE, CLEAR ~—_ o1 1005

000p 02 xxxx
Store the contents of the A Register in xxxx. Clear the
A Register.
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A Register
01234 56 7891
05678 91 2345
05678 91 2345
0 0000 00 0000
0 0000 00 5678
0 0000 00 5679
0 0000 00 5679

A Register

07133219821
02222222222
02222222222
11111111111
0 0000 00 0000

R Register

2345 678912
6789 121234
0000 000000
0056 789123
9123 000000
0000 000000
0000 000000

R Register
4792 014910
4792 014910
4792 014910
4792 014910
4792 014910

Memory cell 1004 will contain 0 2222 22 2222,
Memory cell 1005 will contain 1 1111 11 1111.



Manipulation instructions are provided iq the DAT{X- TO FIND:  Monthly payments—principal and interest.
;{:ﬁ?&;g gzcl}i]:;‘tgpgzt?ﬁcuve use of arithmetic  in- ASSUME: g;;ogglll;:t'ion for purchase located in mem-
Tt sae o purchase 2.250 e at $10.00 1000 00000002250 (Quantiy)
$380.00, There is & $909.00 dscount 100200000 03 8000 (Shipping Cos)
the purchase is made on an 18-month con- 1004 00000 00 0065 (Interest Rate)
tract at i-:z’v mterest r:;‘st;;;";rlzz‘;z 1005 00000 00 0018 (Number of Payments)
and interest payments will be.
SOLUTION:
Location Control | Operation | Operand
Main Loop |s| Digits [No] Alpha | Address Remarks
000 0 CR |ovoo | R=pove oo0o00
o001 1 epp |looo | A- 2, 2000 00 2250
©00 2 2 /) 100/ |H#=2000, B= 0002 258800
coo3 3 SA coto Az 0002 25 00.00
@004 4 A0 po2 A= opooo R X8 §po0
0005 ) Su /003 A= opcc0l [T 740
006 6 ST | so0k | A= Op220R (7 7400
0007 7 /M 004 | Az 2600 fr 0142 £//500
&00 8 8 SA 0007 | A= op020 /4 23.11 A5o00 o0000q
©009 9 <0 0000 |fz 040000 s4f 48/2 , B=2ER0 |
©0/0 0 SR 0o0/0 | 4= 2€£0, A2 oo0p 1428.12
oo/l 1 DY | ro05 |A- op0000 00 7934, 2600
oo/2 2 ' 37—6 /807 ,4= 2££0 }";Z'L{:Z'Z LTELEST |
| 060/3 3 CAD | so0c | A= OpO00R [P 7400
200/ 4 4 SR | 90/0 |A=2800, Kro002 1937400
°0/5 5 DIV | s005 | H=p0000 12 20.0, Bovoo mﬁ"
oo/ 6 6 AD | 1007 | H:040000 12 5275
0o/ 7 STC | 008 | A=2£20, 13%1;22)&47_&4&;
oo/8 8 SA 0/0 | H-= Op0000 00 ©oo
0o/ 9 9 AL | 1008 | #=0p0000 R 9777
oo S7TC | fo07 |AH=2Er0 Z;f/% YMERT

ANSWER: Located in merhory cells 1008 (17 monthly payments), and 1009 (last payment).

13



BT4 BLOCK TO BAND_ 4 Program
000p 34 xxxx

Block transfer the contents of twenty consecutive main BT 1000
storage cells, beginning with xxxx, to the 4000 quick ac- 4

cessband. Usc BTS (35) for the 5000band,BT6 (36) for BT; 1020
the 6000 band, and BT7 (37) for the 7000 band. BF, 2660

BF4 BLOCK FROM BAND 4 BF; 2680

000p 24 xxxx

Block transfer the contents of the 4000 quick accessband
to twenty consecutive main storage cells, beginning with
xxxx. Usc BFS (25) for the 5000 band, BF6 (26) for the
6000 band, and BF7 (27) for the 7000 band.

alike.

alike.

In blocking to a quick access band, main storage is un-
changed and the previous contents of that band are com-
pletely erased.

In blocking from a quick access band to main storage,
20 words in main storage are erased and 20 new words
are written. The quick accessband remains unchanged.

EX EXTRACT
000p 63 xxxx

Extract from the contents of the A Register by changing
each digit in the A Register (including sign) to zero if the

Program

digit in the corresponding position in xxxx is zero. The EX 1000
digit in the A Register rcmains unchanged if the digit in

the corresponding position in xxxx is one.

CIRA CIRCULATE A Program

000p 01 00nn

Shift the contents (including sign) of the A Register nn + ;\ CIRA 0006
places left. The digits shifted out of the left end of the

A Register re-enter the right end of the A Register in the

same order.

UA UNIT ADJUST Program
000p 06 0000

Increase by one the most significant position of the ;\UA 0000
Register if the digit in this position is even. UA 0000

When the digit is odd, there is no change. The sign of
the A Register is immaterial.
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A Register
16214912721
1621491 2721
1621491 2721
1621491 2721
16214912721

Assume cell 1000=1 1011 01 1101

A Register

1621491 2721
16014 01 2701

A Register

1621491 2721
27211 62 1491

A Register
1621491 2721
17214 91 2721
17214 91 2721

R Regi:ter
2179 430198
2179 430198
2179 430198
2179 430198
2179 430198

The contents of 1000-1019, band 4, and 2660-2679 are

The contents of 1020-1039, band 5, and 2680-2699 are

R Register

2179 430198
2179 430198

R Register

2179 430198
2179 430198

R Register
2179 430198
2179 430198
2179 430198



The block transfer instructions enable the programmer to
place data in the quick access bands and thereby shorten
operation time. The manipulation instructions presented
on the opposite page are excellent for editing and separat-
ing parts of a word.

It has been determined that the Warehouse
Classification code should be revised to
contain three digits and that the color
code is not necessary. The current files
shall be assigned the Warehouse Classifica-
tion code of lww (100 plus the current

PROBLEM: A warehouse maintains a file of supplies.
The data is filed in the following code: code number).
TO FIND: Revised file. (Only one file will be revised
O uuvw wx xyyy in the example program below.)
where: uu is the Supplier code L .
+isthe Colrcoe ASSUME: - Examplefle for revsion i loated i
ww is the Warehouse Classification ’ Prog ’
code
xx is the Assembly code
yyy is the Detail code
SOLUTION:
Location Control | Operation { Operand R K
Main Loop | s | Digits [No| Alpha | Address emarxs
BLOUK CONTENTS OF CELL jooO
3pp0l 7000 BT4 | ;000 | (FILE) TO 4000
| 300! 7001 CAD |4000 A0, st sevw wx xyyy
3002 200 2 £ X 7009 A0 s 400 wx Xyyy
__lQ_LS wa c1A loocors 1R un. 0w x Xy )L)/OLQ.
3004 7Too4 UA 000D T e JWX Xy yyou. |
J00 5 700 5 CIRA) {00pY A= D st i) wX Xyyy
| 3008 7006 s7C |4p000p
BLOCK REVISEP FILE IN CELL
3007 1po7? BF4L /000 | 4000 1D CELL 1000
3008 o008 srof |poopo
L8009 7009/ 1(/ 01 i1] (L (] \LXTERACT CONSTANT
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DECISION MAKING AND
BRANCHING

CC CHANGE CONDITIONALLY
000p 28 xxxx

Overflow indicator ON: Change control to xxxx.
Overflow.

Overflow indicator OFF: Control continues in sequence.

Overflow indicator OFF: instruction is ignored and con-
trol continues in sequence.

CCB CHANGE CONDITIONALLY, BLOCK
000p 38 xxxx

Overflow indicator ON: Block transfer the contents of
twenty consecutive main storage cells, beginning with
xxxx, to the 7000 band. Change control to 70xx. Reset
Overflow.

Overflow indicator OFF: Control continues in sequence.

Reset

Overflow indicator OFF: instruction is ignored and con-
trol continues in sequence.

CCR CHANGE CONDITIONALLY, RECORD
000p 29 xxxx

Overflow indicator ON: Clear the R Register. Store in the
four most significant positions of the R Register the
address (as contained in the Control Counter) of the in-
struction next in sequence. Change control to xxxx. Reset

Overflow. . .
Overflow indicator OFF: Control continues in sequence.

Overflow indicator OFF: instruction is ignored and con-
trol continues in sequence.

CCBR CHANGE CONDITIONALLY,
000p 39 xxxx BLOCK, RECORD
Overflow indicator ON: Block transfer the contents of
twenty consecutive main storage cells, beginning with xxxx,
to the 7000 band. Clear the R Register. Store in the
four most significant positions of the R Register the
address (as contained in the Control Counter) of the in-
struction next in sequence. Change control to 70xx. Reset

Overflow. o .
Overflow indicator OFF: Control continues in sequence.

Overflow indicator OFF: instruction is ignored and con-
trol continues in sequence.
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CU CHANGE UNCONDITIONALLY
000p 20 xxxx

Change control to xxxx.

CUB CHANGE UNCONDITIONALLY, BLOCK
000p 30 xxxx

Block transfer the contents of twenty consecutive main
storage cells, beginning with xxxx, to the 7000 band.
Change control to 70xx.

CUR CHANGE UNCONDITIONALLY, RECORD
000p 21 xxxx

Clear the R Register. Store in the four most significant
positions of the R Register the address (as contained in
the Control Counter) of the instruction next in sequence.
Change control to xxxx.

CUBR CHANGE UNCONDITIONALLY,
000p 31 xxxx BLOCK, RECORD
Block transfer the contents of twenty consecutive main
storage cells, beginning with xxxx, to the 7000 band.
Clear the R Register. Store in the four most significant
positions of the R’ Register the address (as contained in
the Control Counter) of the instruction next in sequence.
Change control to 70xx.



Change of controlinstructions enable the programmer to
allow for possible exceptions during the execution of the

demonstrations are located in memory
cells 3000—3999. (All of the above are

program. arranged according to salesman number;
PROBLEM: A new car agency requests ea_ch salesman :1:');1 Si?llels 82)39‘: 1218099” g%%c;:t)ed the informa-
to report sales, in dollars, twice a month,
?gnci;?: ::::ebzrngi ier;zgfga.?ggssi?;:?os; TO FIND: Total dollar sales per salesman during the
he sl of the menth e o, i month, pr customer demondisaon
the last half of the month are located in ASSUME: For example purposes, use only salesman
memory cells 2000—2999. The number of no. 10. (1010, 2010, 3010 cell nos.)
SOLUTION:
Vot Toop[5] Disits [N Hiphe ] Addross Remarks
0300 0300 QOB | 0801 |pPralr peocesrd IN  Lpof 7.
0801l 700! BT4 | /00O | [18ST HALF MpwTH SALES.—> BAND4
P802) 2002 B7S |2000 lsec 74 —> BAN
0803 7093 B76 |3000 |Demomstrarions. —= BAND b |
| pgo 4 2004 cl 0000
040 5 7005 CAD |¢40/0 EIND TOTAL SALES
0206 2006 A0 lsorso
0807 2007 cc 2075 | CRECK FOR OVERFLOW
| 0808 Zop8 S7 L0/ 0
0809 7009 DIV 1 60/D | SALES + DEHONSTRATIONS |
| 08/0 2010 CCR * DIVIDENN A DTVSTMENT
_ 081 Zer! s7c |eoso | B/sacesman/oecmonsreanon. |
08/2]  Por2 BF4 _lrooo |l ANSUWERS TO a4AIN STOERGE. |
081 3| 7013 BFe |3c00
087 4 Jor4 s70P |0 000 v/ LESMARS
p31 5] 2pr5 se__looor])
08/ b 2016 VA |poobd (ADD/HDALA_MMNT
08(7 2017 cvy |7008%
8 8
9 9
Additional Remarks # 47 74 £n) pF 7HE DIVIDEND ADTUSTMENT PROGRAM, |
[ _INSTRUCTION -ENTE £0.
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NOR NORMALIZE (CHANGE ON ZERO) Program A Register R Register
000p 15 xxxx o . \ 1 0006 21 4912 2179 430198
(a) If the content of the A Register is not zero, shift the NOR 3172 16214 91 2217 9430 198000
twenty digits in the A Register and the R Register left until
the most significant position in the A Register is not zero. Special Counter is 3. Control continues sequentially.
The sign does not move. Record the number of shifts in
the Special Counter. Program A Register R Register
(b) If the content of the A Register is zero, shift tlhe colt:- 1 0000 00 0000 2179 430198
tents of the R Register left into the A Register, clear the -
R Register, and -change control to xxxx. The sign does NOR 3172 12179430198 0000 000000
not move. Special Counter is 10 (forbidden combination).
Control transfers to cell 3172.
CNZ CHANGE ON NON-ZERO
000p 04 xxxx Program A Register R Regist
Test the contents of the A Register (not the sign) for zero. gra egiste egister
(a) If the A Register sctting is zero, set the sign of the A \\ 16214 912721 2179 430198
Register to zero and continue control in sequence. CNZ 3172 1621491 2721 2179 430198
f(l)))x:tfx)gw A Register setting is not zero, change control Control transfers to cell 3172.
A non-zero number in the A Register is unaltered. Program A Register R Register
1 0000 00 0000 2179 430198
CNZ 3172 00000 00 0000 2179 430198
Control continues sequentially.

ADSC ADD SPECIAL COUNTER
000p 16 0000

Add the contents of the Special Counter to the least
significant position of the A Register.

The condition of Overflow is possible with this instruction Assume Special Counter is 2.

if the A Register is at lqast 9?99 99 9991. If }he Special Program A Register R Register
Counter is 10, the machine will stop on “forbidden com- 0 0000 00 0050 2179 430198
bination” without performing the addition. ADSC 0000 00000 00 0052 2179 430198
SUSC SUBTRACT SPECIAL COUNTER -=————SUSC 0000 00000 00 0050 2179 430198
000p 17 0000

Subtract the contents of the Special Counter from the
least significant position of the A Register,

(See Add Special Counter.)

Assume cell 3710 is positive.

OSGD OVERFLOW ON SIGN Assume cell 3720 is negative.

000p 73 xxxx DIFFERENCE . .

If the sign of the A Register differs from the sign of xxxx, Cell Program A Register R Register
Overflow indicator ON. 06214912721 2179 430198

0000 OSGD3710 06214912721 2179430198

The contents of the A Register is not affected. This-instruc- 0001 CC 0004 06214912721 2179430198
tion must always be followed by a Conditional Change 0002 OSGD3720 06214912721 2179430198

instruction. 0003 CC 0005 06214912721 2179430198

0004 STOP 0000 06214912721 2179 430198
0005 If the sign of the A register is negative (—),
control transfers to cell 0005.

If the sign of the A register is positive (+),
control continues to cell 0004,
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Decision making instructions are used to determine the TO FIND: The nature of the inventory count for each
nature of a number. As a result of this determination the part, and determine whether or not it is
next steps are performed, either in normal sequence or necessary to re-order.
by branching to another part of the program.
NOTE: Two methods of solution are shown.
PROBLEM: An inventory count of various parts is
located in memory cells 1000—1999. If a ASSUME:  The inventory count located in cell 1000
count is 100 or less, that part should be shall be used as an example.
re-ordered.
SOLUTION 1:
Mafr? =9 tlolrjoop S leigtirtosl g pe;la; }11(:1 %;53;::2 Remarks
0640] 7000 BT4 |(0DO |PIK, INVENTORY TO 4000 BAND
ped | 700l Bre |---- | pe-orpee pPeOCRAM
0642] 7002 cAD 4000 | resr swvveniroey covnmr
0643] 7003 SU 17009 | BALANCE TO MAINTAIN.
0644 7004 cNZ 7006 |CHECK AMT, INVENTORY
| 064 °| 7005 CU 6000 | RE-OPDER PROGEAM,
| 064 8] 7006 PSGD 7006
64 7 7007 cC — £AM,
0048 7008 I'of_ |0000 )
0649 7009 ¢0loopo 0L0Q | CONITINT
SOLUTION 2:
MaIiJrcx) Catmﬂoop S cDoingtirtos1 S pe;f;;? %Zﬁ"’e’;‘; Remarks
OLY 0] Teoo 7Y | 27200 |BLK. INVENT. TO 4000 BAND
0b¥1| 7001 B7é6 | —- - - | pe-orvER Ploitsm
0b#2| 2002 EHD | Hovo | Fresy +vvENTORY Lo4NT
o b#3| 7003 NOR | boop |5 orpie Feosrnm, gount: o |
ob¥4| 7004 CAD |70/2
ob4s| voos 3Susc| evcoo
o6l 7006 056D | 700 | enber /£ counr wwoir /oo
obd7| w07 CC | dooo |eroeoir Pevsenm,counr sl
ob#s| 7eoog CAD | Hovo | Frrer /WUENTORY eounT
0649 9009 SU | 70/3 | BarawcE 7o mAIpTAY
0650| 72/0 WokR | oo |pE-orpie Peosesm, ¢ousr=lo0
0651 90/1 S7T0P| 6000 ok ecomrmus 7o weExT _esun
0e8 2| 70/2|0| 0000 |00 00o¥ | LoNSTANT
0653 v0/3|0| o0co |09 ©/00 | CONSTANT
4 4
5 5
6 6
7 7
8 8
9 9
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USING THE B REGISTER

Program A Register
16214912721
SB SET B SB 3170 16214912721
000p 72 xxxx
Sct the B Register to the value of the four least significant
positions of xxxx.
Program A Register
16214912721
1B INCREASE B 1B 0000 1621491 2721
000p 32 0000
Add one to the contents of the B Register.
Program A Register
16214912721
BA B TO A BA 0000 0 0000 00 0020
000p 11 0000
Clear the A Register. Add the contents of the B Register.
Cell Program A Register

1621491 2721

DB DECREASE B 10000 DB 1004 16214912721
000p 22 xxxx .

Subtract one from the contents of the B Register. Control will transfer to cell 1004.

(a) If the new B Register setting is 9999 (0000 — 1), con- .

trol continues in squence. Cell Program A Register

(b) If the new B Register setting is not 9999, change con- 16214912721
trol to xxxx. 1000 DB 1004 16214912721

1001  STOP 0000

20

Assume cell 3170 contains 0 1279 42 0019.

B Register

2174
0019

B Register

0019
0020

B Register

0020
0020

B Register

0001
0000

B Register

0000
9999



The B Register is one of the most valuable tools available
to the programmer. Use of the instructions for the B
Register is as varied as the problems in the business
world. The use of the instructionsis shown below. For a
more refined use of the B Register, refer to the discus-
sions of various techniques on the following pages.

PROBLEM: A manufacturing concern has an hourly
payroll of 1000 employees. A daily com-
putation of hours and earnings is required
by employee number. Daily computations
are accumulated for the weekly payroll.

ASSUME: Employee numbers range from 0000

through 0999. In the cell corresponding to
the employee number is the current day’s
record for that employee. That is, in cell
0000 will be found the following informa-
tion for employee 0000: his daily hours
worked, and his wage rate. This informa-
tion is stored in the following manner: xxx
(hours), yyy(rate), 0000.

The accumulated hours and pay for
each employee will be stored in cells 1000
through 1999, with the total for employee

TO FIND: Accumulate hours and amount by 0000 located in cell 1000, that of employee
iy mvalable. if requirea. Towls are ored in the Tollowing manace: trcx
?:glmulated for weekly payroll process- (hours), yyyyyy(amount of pay).

Location Control | _Operation | Operand

Main Loop Digits ['No] Alpha| Address Remarks

0[609 S8 |eo/”
1| 600 1 CAD |(0000)| Carnans Hours two Rwre
2| 600 ; EL |Go/8 (| FyrrRgcr #vo Siope
3| 600 3 S7¢C |Rooo are
4| 600 4 CAD |(0000) | Corenr Hoors ave Aire
5{ 600 s £t | 60/5 ) Ftriwcy #+v0 Sromc
6/600 ¢ s7 | 200/ S HawRs
71600 5 SR |oooz| scaie
8] 00 ¢ MRO | Jooo | CoRFENT Aatovn7
9] 6009 s7¢ | 2ooo b Szors
ol 60/ o CAD | 200/ | CoRRENT HouRs
11607 ) SR |opos| Scaie 70 #oo HouRs
2] 607 ; AD 2000 | #OO CovRRENT AMoINT
3l 60/ 3 S7 | (0000)|STomr Conpenr #as. l#o/»foan/r
o 607 4 AD |(1000) | Becomulareo tos #vo Hrmoowr
5| 60/ 5 s7c |(7000) L srone

~ | 60/ ¢ 2B |600/ TALLY
7| 69/ 4 SToP | 0999 |Nf001FrcqT 10N CoNSrANT
8|l 60/ o |ooos |/ 0000 |Consranr For Lilgpcting fH7re
ol 60/ o| |/770 |oo 0000 |(onsT gu's For LrrRgcrn'G fooms
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GENERAL PROGRAMMING PROCEDURES

SCALING

Scaling is an important part of a program. It is a problem
for the programmer only, not the computer. The com-
puter will always handle the data as ten digit numbers.
The programmer, then, has the problem of keeping track
of the movement of the decimal point.

In addition and subtraction, scaling must locate the
digits in a number so that the decimal points are in line.
For example, 52.9 plus 5.32 is written

52.9
+ 5.32

58.22

No further scaling is necessary for addition or subtrac-
tion.

However, multiplication and division change the posi-
tion of the decimal point. When two 10-digit numbers
are multiplied, the product is a 20-digit number in the
A Register and the R Register. In division, the dividend
is a 20-digit number, the divisor is a 10-digit number,
and the quotient is a 10-digit number appearing in the
A Register.

(1) In multiplication, the number of places to the right
of the decimal point in the product is the sum of
the number of decimal places to the right of the
decimal point in the multiplicand and the multiplier.

(2) In division, the number of places to the right of the
decimal point in the quotient is the number of places
to the right of the decimal point in the dividend
(A and R) minus the number of decimal places to
the right of the decimal point in the divisor.

Examples:

(1) 00002 25 0000 multiplied by 0 1000 00 0000 is
0 0000 22 5000 0000 000000
(A Register) (R Register)
The number represented by 0 0002 25 0000 is
actually 2250.
The number represented by 0 1000 00 0000 is
actually 10.

Therefore, the number of decimal places to the right
of the decimal point is:

Mutliplicand 3

Multiplier 8

Product (AandR) 11

The product, therefore, represented by
0 0000 22 5000 0000 000000 is actually 22,500.

(2) 00000 14 2812 0000 000000 divided by
0 0000 18 0000 is 0 7934 00 0000.
The number represented by 0 0000 14 2812
0000 000000 is actually 1428.12.
The number represented by 0 0000 18 0000 is
actually 18.
Therefore, the number of decimal places to the right
of the decimal point is:
Dividend 12
Divisor 4
Quotient (A) 8
The quotient, therefore, represented by
0 7934 00 0000 is actually 79.34.

ADDRESS MODIFICATION
AND CYCLING

In using a stored program machine such as DATA-
TRON, it is often necessary to provide a means of modi-
fying instructions in order that a small program may be
used repeatedly, but with different data each time the
calculation is performed. To accomplish this effect, it is
required that the instruction addresses which refer to
the data be changed on each cycle.

The DATATRON provides two means for the pro-
grammer to accomplish address modification; i.e., B
modification and programmed modification.

B modification of instructions:

Any instructionwith a 1 in the first control digit (numer-
ical minus sign) will have the contents of the B Register
added to the address of the instruction before it is ex-
ecuted. Example: Sum 500 sales stored in cells
0000-0499.

Location Control | Operation | Operand
Main Loop | s | Digits [No| Alpha | Address Remarks
ol 77 0| 0| sov0 SE | 200¢|scT Eg;e'c/;zm To ox 9 f
C LEAR PEGISs7TER TNVD
\| %70 1| 0| sroo CAD lo477 | #op casT _Sace
2| 700 2| 1| ovov AD |[oooo[| sum saLES
3| 700 3| 0| so7o 700l | TRLLY
Z 'DB COMPUTER Wict 3 70P WHREN
41700 4| 0| roro 370P | 0477 |BRecisTeR #AS COUNTED Doww
s s Y499 TIMES
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In this case, the B Register serves two functions; i.e.,
automatic address modifier and tallying device, for which
DB performs both functions.

Programmed modification:
Any instruction may be inserted into the A Register. It
appears to the DATATRON just as a number, and any

other number may be added or subtracted, thereby modi-
fying the instruction.Usually, only the instruction address
is modified. Example: 500 sales are stored in 0000-0499

which

are to be summed.

Theinstructionin cell 7001 was modified on each cycle to
serve as a tally device and refer to the next data item.

Location Control | _Operation [ Operand
Main | Loop |s|] Digits [No|] Alpha | Address Remarks
0| 700 0|pl s270 | | CAD | 0920 | FiksT Saue
700 olroso #D |[o0 /]| A0D weXT sALE
2| 700 20| 07o0| |STC | 70 (O|SToRE PIRTIAL Sunt TE=mPsRRakse Y
3| 720 3| 0| gorg A 70-0/\ MODIEY ADP CommAND
4| 7004|0| 2770 AD | 7ovg
5| 708 5| 0| 2oTY Qe | 70// |TEST FoR CaMPéfmlorPﬂM?
6| 7006|0| g770 STC | 700/ | rMobiEiEd #02 Commayd
7| 7707\ 0| oros | |CHAD | Zoro | 2RRT/IAL sum
8| 7008 | 7777 CU | 7o/ | RePEAT CXOLE
8] 72499 g g2/9 0D OTT [ |TALLY AMD Ao DIFYING CONSTANT
0| 70/ 0| 9| sp7D OTT7 TENPAARY - SoRAEE CELL
1| 79/ 0| gze | | STOP| 9270 | POIgLeEm e smPLETED
USE OF THE QUICK ACCESS BANDS or CU or any other transfer instruction must appear at

General:

The sole purpose of the quick access bands is to increase
the speed of computer operation. Normally, all instruc-
tions are executed from one of these bands, and, if
possible, the data groups used in a section of the program
are stored in any of the bands. Only under difficult situa-
tions should the program sequence be shifted to main
storage where the speed of operation is ten times as
lengthy. The blocking instructions are provided to facili-
tate the use of the quick access bands.

GENERAL RULES FOR USE OF THE
QUICK ACCESS BANDS

PROGRAMMING: Experience shows that the 7000 band
receives greatest use in programming because of the
CUB instruction’s dual function of blocking from main
storage to the 7000 band and then transferring control
to the first instruction of the 20 words blocked. Of
course, the program will operate at the same speed when
using any of the three remaining bands. Normally pro-
grams are broken into segments of 20 instructions or
less such that discrete small groups of program steps are
used in the bands as a unit. This does not mean that every
twentieth step must be a CUBIinstruction but that a CUB

least once in every 20 instructions as used in one band.

DATA

STORAGE: For considerations of speed, it is desir-

able to store data and constants in the quick access bands

along

with the program. Generally, the program which

has the least number of main memory instruction
addresses will be the most rapid.
ADDRESSING: The accepted practice for designating quick

access

band instruction addresses is to keep them within

the ranges 4000-4019, 5000-5019, 6000-6019, 7000-7019.

DATA EDITING

Usually in business problems, arithmetic computation is
not complex. The general case is the making of logical
decisions and the preparation of data in proper format
for these decisions. The DATATRON provides five very
convenient instructions for this purpose, viz., CIRA, EX,
SL, SR, UA.

CIRA. This instruction provides a means of “opening” a

word
digits.
to the

any number of spaces and inserting additional
CIRA is really a shift left instruction that applies
A Register only.

Example: Expand a six-digit account number to eight
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digits, inserting 00 between the second and
third digits.



Locati Control | Operation] 0O d
Mﬁr?ca 10{.loop S 13()1211;05 of Alpha Agggrsls Remarks
0| 70 0| 9| gvop CAD | 7226|140 gvmd xX YYYY
A=O, JFv0 72 70 XX
1| 700 1| ¢l go70 SR |\ovmdle- ' YYYY cpeeaD
M= O. 00D SO K XJD
2| 700 2| 0| s770 C/RA| sTD/ | #=  YYYY 0vDOPD
- Az 0. cOXK IO YYYY
3700 3la| s7wD SL| prod|lp= opov gvvovo
4| 70p 4|0| ovov| | S7TC | 7007
5| Zoo slo| sv2p S70pP | ogap
6| 700 6|0| grro |X4 YYYY |#ecouns pNombeR (oLd)
71 700 710 | 0B XX aol YYYY | 4eeounvy vompeze (WEw)

EXTRACT. Thisinstructionis of great value in breaking
down coded numbers (part numbers, account numbers,
policy numbers, etc.) such that certain logical decisions
requiring a particular type of processing may be made

easily.

Example: Check a nine-digit part number to determine

whether the seventh digit (warehouse class
code) is a 7. If so, increase unit cost by 1%.

Location Cortrol | Operation | Operand

Main Loop |8 | Digits [No| Alpha | Address Remarks
0| 7000| 0| rovp cad | 70t4 | A= O 0XXX xx xxx¥.-per.
1 2001l 0| oprvo X 20/ A= 0 00X 00 MDD*;LZ_ZZZ}_
2| 7002 0| 200 sv | zos0 |l
3] Zro3|o| ooro caz | 7009 jC,//fce Foe 7"
4| Z0v04|.d svoo CAD 7012 | A: o oppo 00 XXX umrcosy
°| 7245 0] ocwwp se oop2 | A= 0onon 00 poxx. 1.
6] 7406| 0| zovp Lo |oppo
7l 7207 0| owr0 AD 70/ 2 |A-00000 00 AXXX u:/iwcasr
8] 7008lo| goyo S7C 70/3
9 709 v| oppo S7T0P 0000
0] 7670|000 0700 LOOQlconsSTANT
lf 70f/1lolo 00 (|00 oo plconsTanT
2| Zo/2lolooo00lno X X XX|lotp pmr cosr
3] Ze/3|ploooD |00 X X XX |pwew pmir cost
4] 79 4lolox x xlxx x x X X| Paer ao.
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TABLE LOOK-UP

In general, table look-up with the DATATRON is a
simple and rapid machine process. Basically, the prob-
lem is this: a file exists in memory, and a particular item
from the file is called for by each input item. If the file
is lengthy, the search for the desired item may be time-
consuming unless it is efficiently programmed.

There are several methods of performing the search:

1. Comparing item by item, starting at the head of the
table. This is the slowest but simplest method.

2. Comparing by starting at the middle of the table and
continuously eliminating half the remaining possibili-
ties. This is Binary Search and is usually fairly rapid.
This technique should be used when the third method
is not applicable.

3. The most used method, a particularly efficient one
with the DATATRON, is this: construct the file in
such a way that the location of each item is corre-
lated to the input number itself. If this can be done,
the DATATRON can use the input number (part
number, employee number, etc.) to specify the address
of the item in the table. Then the table entry can be
called up directly, and no search for it need be per-
formed.

In the simplest case, the input number can directly
identify the memory location in the table. An example
of this is the following.

PROBLEM: A bank has 3000 checking accounts. It
keeps the current balance for each account in a file in

the DATATRON memory. Transactions are to be entered
in groups as they are processed. Each account is assigned
a number from 0000 to 2999, and its current balance is
kept in the corresponding memory location. Thus account
number 1504 has its current balance recorded in location
1504.

100 transactions have been read into memory locations
3500-3599. Each is recorded in the following form:

* xxxxx0yyyy
where = XXxXxx = transaction
yyyy = account number

The table look-up in this example was done without any
searching, because the account number could be used to
directly indicate the proper location of the proper cur-
rent balance.

In most practical cases, the identifying number
(account, employee, or part number) does not directly
correspond to a memory address. The memory location
corresponding to an input item must be computed or
looked up as a separate operation before the table look-up
can be carried out. In some cases, an arithmetic compu-
tation can convert the item into the appropriate address.
In others, it is necessary to use a “dictionary” to find the
memory location corresponding to an input item. In either
case, the program operating time is somewhat increased.
However, this method will still be much faster than an
item-by-item search of the main file or a binary search.

Location Control | Operation | Operand
Main Loop Digits [ No| Alpha | Address Remarks

0] 7ooo| |[F700 CAD | 3500 A= xxxxxOyyyy
1| 2001 ST |70/73 o
2| 7002 SE |70/1Z | B = yyyy
3| 7003 SRk |0oos | A= 00000 XXxXXX
4| 7o04|/ 0000 AD | 9000 | Add balance from pile
5] 7oo 5|/ |©000O ST {0000 STore new balance ’1'14 f/’/e
6] 7006 CAD | 7000
7| 7007 Ap | 702 ||
8| 7008 cc |70// } Maa(izl‘] and Ta/év ara/er
o| >oo0 S7C | 7000 |\ in 7000
0| 70/ 0 U | 70020
1| 7071 S70P| 000
2| 7o0/2|0]|20/2 00 | 900/ | CouslanT To macdipy 7000
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PROBLEM: A bank keeps current balances for checking
accounts in a file in DATATRON memory. The account
numbers vary from 00000 to 99999, but only 1500
accounts exist. As before, the problem is to post transac-
tions in the current balance file.

In this case, there is no correspondence between
account number and memory location. For example, the
current balance for account number 14708 may be in
memory location 1695, while 1696 contains the current
balance for account number 35614. The file is maintained
in account number sequence however. A dictionary must
be provided which will relate the account number to the
memory location where the current balance is stored.

The solution to this problem, as given below, is fairly
complex. However, it shows the DATATRON perform-
ing a practical operation at high efficiency, and demon-
strates the power of this table look-up technique.

SOLUTION: Table #2 is composed of 1500 current bal-
ances stored in memory locations 1600-3099, and Table
#1 is composed of 1500 account numbers stored in loca-
tions 0100-1599. With each account number is stored
the address of its balance (Table #2) so that the entry
has the following form.

. :l * 0 dddd xxxxx
:!;He dddd = address of current balance in Table #2.
Entry | XXXXX = account number

The table of account numbers, Table #1, is arranged in
ascending sequence. A third table, Table #3, is con-
structed, which consists of 100 BT4 instructions referring
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to Table #1. The first two digits of the account number
will correspond to a memory cell in Table #3. The
instruction address of the BT4 instructionin that cell will
refer to Table # 1. This table is stored in 0000-0099, and
makes possible a very rapid look-up of the account num-
ber, in the following way.

1. An input account number is in 5000, and the amount
to be posted in 5001.

2. The first two digits of the account number call for
the appropriate BT4 order from the Table #3 in
0000-0099.

3. A BT4instructionsis executed, bringing a block of
20 account numbers from Table # 1 into band 4.

4. The 20 account numbers are searched by sequential
comparison, and the desired account number is found.
This is the only actual search necessary.

5. The address accompanying the matched account num-
ber is used to refer to the proper cell in the Table #2.

6. The posting is performed, and the operation is com-
plete.

Table #3 Table #1 Table #2
Cells Cells Cells
0000-0099 0100-1599 1600-3099
Table 1 BT4 Account numbers  Current balances.
addresses. and Table 2
addresses.



Location Control | Operation | Operand
Main Loop Digits [No] Alpha | Address Remarks
698 o (AD | soo0 ,?:'f”é%caaom’éﬁ%ff,‘,
698 1 SR |ooo3 | A- 0 0000 00 ocots
698 2 |#O | 700! |#:0.0000 &% oott(532,
698 3 S7C | 6984
698 4 [[cao |ookr] %‘&2‘2‘7& MT‘:/‘:?i'e‘wzoz%mMos
698 s S7¢c 6986 (6786):0. 0000 8T 4 (0100-1599)
698 ¢ [[Br¢ |----]
698 7 SB | 7000 | Ser(B)+o /19
698 s LAD |#000 | A= 0dddd rixvk
698 9 CR | vooo ) —o0—
699 $L |ooos kﬁa XELLY 00000 00600 odddd,
699 1 ci7q | ooos |49 25225 XXX
699 2 Su |soo00 |
699 ; cnvz 6999 |)
699 4 SL (0070 |A=-0.0000 00 Addd
699 ; Ao | 700! |H:=0.0000 6% Ladd
699 s S7 | Joo¥
699 , Cd | 7002
699 50| 0000 |62 0000 CoNSTANT
699 , DB 6988 | Ty
700 ¢ S70P | 0079 XZZ‘Z,‘N’;’%L”&Z"?}/‘mm;a
700 1|0| 0000 |64 0000 | CoNSTANT ¥ = CAL
700 , So | €998 | A~ 0 0000 02----;02=ST¢
700 3 S7¢c | 7006
700 4 Qeao |---0| 7777 §54%Y <°mmn "o
700 s Ao |s500/ PosT Anstovr/7
700 [sre |----1| M455505°Y <om™MaNe
700 ; SToP (0000
8
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Figure 15, Magnetic Amplifier Power Control Unit Panel

28



OPERATION AND CONTROLS

DESCRIPTION OF THE OPERATING
CONTROLS ON THE DATATRON

10.

. CLEAR. When the CLEAR button is depressed, the

A, R, B, C Registers, and all alarm indicators are
set to zero and the DATATRON is placed in the
execute state.

. EXECUTE. When the DATATRON is in the exe-

cute phase, the FETCH light is on. When the
START button is depressed, the instruction in the
C Register will be executed. The DATATRON may
be placed in the execute phase without depressing
the CLEAR button by pressing the button directly
beneath the EXECUTE light.

. FETCH. When the DATATRON is in the fetch

phase, the EXECUTE light is on. When the START
button is depressed, the instruction whose storage
address is specified by the contents of the Control
Counter is inserted into the Order and Address Regi-
sters. The DATATRON may be placed in the fetch
phase by pressing the button beneath the FETCH
light.

. CONTINUOUS-STEP.

a. CONTINUOUS. The DATATRON will auto-
matically progress at high speed in sequence accord-
ing to the program.

b. STEP. The DATATRON will proceed by single
program steps in sequence according to the pro-
gram. The START button must be pressed for each
execute or fetch operation.

. START. When the START button is depressed, the

DATATRON will change from execute to fetch or
vice versa. If the CONTINUQUS-STEP switch is
set to STEP, step-by-step operation can be per-
formed; if set to CONTINUOUS, the DATATRON
will proceed at high speed.

. LOCK-NORMAL. During normal operations, this

switch is in the NORMAL position. When it is in the
LOCK position, the DATATRON is prevented from
changing the phase, fetch or execute, of the cycle.

. OVERFLOW. During the operation of the program

in STEP or CONTINUOUS, if an overflow condi-
tion occurs and the instruction causing the overflow
is not immediately followed by a Conditional Change
instruction, the DATATRON will stop and the
OVERFLOW indicator will be set. The indicator may
be reset by pressing the RESET button beneath it.

. SECTOR. When an internal timing error occurs,

the DATATRON will stop, setting the SECTOR
alarm. This indicator may be reset by pressing the
RESET button beneath it.

. F.C. When a forbidden combination (a binary-

coded decimal digit greater than 9) is sensed, the
DATATRON will stop. The sensing occurs on both
fetch and execute cycles, and a forbidden combina-
tion may be detected in the A, R, B, C or D
Registers.

CONTROL ALARM. When the instruction STOP
(08) or an overflow not followed by a Conditional
Change occurs, the CONTROL alarm is set. The
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indicator may be reset by pressing the Reset button.

11. IDLE LIGHT. Whenever the DATATRON ceases
high speed operation, the IDLE indicator is set.

12. ZERO. By pressing the ZERO button and simul-
taneously pressing any of the red buttons under the
registers, a particular indicator of that register is
reset.

13. All other buttons or switches on the Supervisory
Control Panel are of no particular use to the oper-
ator; these are used primarily by the Field
Engineer.

MANIPULATION OF THE CONTENTS
OF THE REGISTERS

For each digit of any register, there are four neon indi-
cators. Directly beneath each row there are four red
set buttons. When any red button is pressed, the corre-
sponding neon indicator is turned ON. This provides
a direct means of changing quantities in any register.
When the DATATRON is being manually controlled,
this is the only way of inserting desired quantities into
any of the registers.

OPERATING PROCEDURES

The controls for operating the DATATRON are located
on the Power Control Unit and the Supervisory Control
Panel on the center of the DATATRON.

Operating the Magnetic Amplifier Power Control Unit
(See Figure 15, Magnetic Amplifier Power Control Unit
Panel)

1. To turn the DATATRON on:

a. Press DRUM START button. (Wait several sec-
onds to allow time for drum to reach operating
speed.)

b. Press START button, located below the READY
indicator; hold down until indicator goes on.
Note: If the START button is inoperative, verify

that the 70-amp Single Phase Circuit Breaker
switch is on. When the back panel of the
Power Control Unit (Cabinet A) is removed,
the operator can see this switch mounted at
eye level on the inside of the right panel of
the unit.

2. If an emergency stop occurs:

a. Depress the DC OFF button.

b. Depress the EMERGENCY STOP button.

Note: It is not necessary to wait between steps,
but it is essential that the correct sequence
be followed.

Methods of Using the Supervisory Control Panel
(See Figure 16, Supervisory Control Panel)

1. To insert information {manual input): Storage of data,



instructions, or constants in the DATATRON is accom-
plished as follows:
a. Set CONTINUOUS-STEP switch to STEP and
press the CLEAR button.
b. Insert the data item or instruction in the A Register
by depressing the corresponding red buttons to form
the proper binary-coded decimal representation of the
digits desired.

c. Insert into the Order Register the STC (02) in-
struction.

d. Insert into the Address Register the address of the
storage location into which the number in the A Regis-
ter is to be stored.

e. Press the START button. The STC instruction will
be executed and the DATATRON will immediately
stop.

. To transfer control to a stored instruction:
a. Press the CLEAR button.
b. Set the CONTINUOUS-STEP switch to whichever
phase is desired.
c. Insert the CU (20) instruction into the Order
Register. Insert into the Address Register the location
of theinstructionto which control is to be transferred.
d. Press START button.

. To operate the DATATRON continuously: Assuming that
an instruction is in the C Register:
a. Set the CONTINUOUS-STEP switch to CON-
TINUOUS.
b. Press START button.

. To operate the DATATRON step-by-step: Assuming that
an instruction is in the C Register:
a. Set the CONTINUOUS-STEP switch to STEP.

b. Press START button. The instruction in the C
Register will be executed.

c. Press START button. The instructionin the loca-
tion specified by the Control Counter will be fetched
into the Order and Instruction Address Registers.

d. Press the START button. The instruction now in
the Order and Instruction Address Registers will be
executed. The START button must be depressed once
for each fetch phase and once for each execute phase.
As each execute phase is completed, the progress of
the problem may be observed in the A, R, B, C and
D Registers.
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5. To inspect a stored program in sequence: Occasionally

it is necessary to inspect a series of data, instructions
or constants stored on the drum.

a. Press the CLEAR button.

b. Insert into the Order Register CAD (64).

c. Place LOCK-NORMAL switch at LOCK.

d. Insert in the Address Register (C Register) the
address of the location whose contents are to be
displayed.

e. Press START button.

f. Return to Step d. until all necessary items have
been examined.

. To turn the DATATRON off: All controls to perform

shut-down are located on the Power Control Unit.

a. Press red SHUTDOWN button; hold down
until the right-most blue indicator labeled DC
is turned off. (This occurs when the Power Control
Unit begins to cycle down.)

b. When blowers have turned off, turn 70-amp
Single Phase Circuit Breaker switch to
OFF position.

c. This sequence must be followed.
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