
































COMPUTER COMMANDS -

This section defines the DATATRON commands avail-
able to the programmer and illustrates their use. Appendix
I of this handbook contains a summary of these com-

mands.
ARITHMETIC

Commands for Addition and Subtraction.

Addition and substraction commands affect the A Assume that:
Register, but not the R Register. 1. Storage cell 1000 contains the number 0 2222 22 2222.
The series of commands below illustrates the use of the 2. Storage cell 1001 contains the number 1 3333 333333.
add and subtract commands, and the effect that each 3. The A Register contains the number | 9874 53 1234.
command has on the A Register and the R Register. 4. The R Register contains the number 0000 560000.

5. Insert a 7 on Keyboard for Digit Add.

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 AD)|
000p 76 D ABSOLUTE ‘
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
ﬁ%} CLEAR, SUBTRACT CSU 1000 12222222222 0000 560000
Clop 65 xxxx SU 1001 O1111111111 0000 560000

car the A Register. Subtract the contents of XXXx. / CSUA 1001* 13333333333 0000 560000
Su SUBTRACT SUA 1001* 1666666 6666 0000 560000
g"g",” Xxxx DAD 0000 16666666659 0000 560000
Au Rt(r:;‘i:s(te‘:‘ ¢ contents of xxxx from the contents of the *In addition and subtraction of absolute numbers, thef

: number is treated as a positive number, regardless o

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 ABSOLUTE

Subtract the absolute value of the contents of xxxx from
the contents of the A Register.

DAD
0000 10 DIGIT ADD

Stop machine operation. Add the next digit read (from

manual keyboard or paper tape reader) to the least signifi-

Ke iti i , SUA is pos-
cant position of the A Regisior. The condition of overflow in AD, ADA SU P

sible and will appear as follows:

Program A Register R Register

19874 53 1234 0000 560000

*SU 1000 12096 75 3456 0000 560000
SUA 1001 1 5430 08 6789 0000 560000
CADA 1001 03333 33 3333 0000 560000
ADA 1001 0 6666 66 6666 0000 560000
ADA 1001 09999 99 9999 0000 560000
*ADA 1001 0333333 3332 0000 560000

*Qverflow indicates ON.



Addition and Subtraction commands can be used in: Post- ASSUME: Information from sections located in

ing; Accumulating receipts, Debiting and Crediting memory cells:
accounts, and i , Updati ds. .
s, and in general, Updating recor 1000 0000001 9432 (Section 1 — Sales)
PROBLEM: A store has four sections. Following each 1001 00000 00 3886 (Section 1 — Commissions)
day’s business the owner wants to know 1002 0000001 5203 (Section 2 — Sales)
net receipts. Each section reports total 1003 0000000 3040 (Section 2 — Commissions)
receipts and amount of sales commissions. 1004 00000009367 (Section 3 — Sales)
. . 1005 0000000 1873 (Section 3 — Commissions)
TOFIND:  Net Receipts 1006 0000001 0152 (Section 4 — Sales)

10607 00000 00 2030 (Section 4 — Commissions)

SOLUTION:
Location Control | Operation | Operand
Main Loop S | Digits |No] Alpha | Address Remarks
Qpo 0 0 CAD lrpoo0| A~ 0 0000 of 7£32.
Dpol 1 SuU (00O = Q.0000 01 5546,
| ppo 2 2 AD ls002 | A= o.0000 03 ©14%
| ppo 3 3 SU (003 A= o 0000 02 7701,
| _pop 4 4 AD /004 = 0 0000 O3 7076,
000 5 S S0 L0085 (A= opop0 03 S203 0 |
000 6 6 AD | 10006 |A= 000w 0+ 5355,
oYeloXi 7 Sy (007 A= p poso g+ 3325,

ANSWER : Located in the A Register — $433.25




Commands for Multiplication and Division :

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

~

The series of commands below illustrates the use of com-
mands for multiplication and division, and the effect that 2
each command has on the A Register and the R Register.

V¥ MULTIPLICATION
M

Assume that:

1. Storage cell 1000 contains the number 0 2222 22 2222.

60 xxxx MULTIPLY, 2. Storage cell 1001 contains the number 1 3333 33 3333.
Multiply the contents of xxxx by the coritents of the A 3. The A Register contains the number 0 9999 99 9999.
Register. Insert the twenty digit product in the A Register 4. The R Register contains the number 9999 999999.
and the R Register. The most significant digits are in

the A Register.

Program A Redister R Register

MRO MULTIPLY, ROUND 0 9999 99 9999 9999 999999

i ki CAD 1000 02222222222 9999 999999

l1\£Lu|_tl‘plry tl‘llcea cc:lnttei'lms o‘f)d xxxxt byt thedgqmems of the A M 1001 1 0740 74 0740 5925 925926
ister. un

Resister. € Product {0 ten digits. Clear the R CAD 1000 02222222222 5925925926

: . MRO 1001 10740 74 0741 0000 000000

During the execution of the Multiply command, the R CAD 1000 02222222222 0000 000000

Register is cleared to permit the insertion of the least DIV 1001 16666 66 6666 2222 222222
significant ten digits of the product.

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

WV DIVISION

DIV

000p 61 xxxx

Divide. the twenty digit contents of the A Register and the
R Register by the contents of XXXX,

(a) If Overflow indicates ON, clear th i
the R Reprom clear the A Register and

(b) If Overflow indicat
the A Register, and insert
in the R Register.

Overflow is impossible in multiplication.

DIVIDE

Example of overflow in division:

es OFF, insert the quotient in Program A Register R Register
the undivided remainder (if any) 0 9822 70 9243 0000 000000

e CAD 1001 13333333333 0000000000
In lelSIO.n: 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 *Overflow indicates 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 commands can be used in:

»

TO FIND: Monthly interest payments.
Determining rates, Payroll extension, Billing, Tax com- . ) )
putation, and general engineering computations. ASSUME: g;;o;'l‘lzt_‘on for purchase located in mem-
PROBLEM: A store owner wants to take advantage of .
a close-out sale to purchase 2,250 items at 1000 00002 25 0000 (Qu'fmnt_y)
. P 1001 01000 00 0000 (Unit Price)
$10.00 each. There will be a shipping cost 1002 000 o
of $380.00. There is a $909.00 discount if 00 00 3800  (Shipping Cost)
the hase i d 1 1003 00000 00 9090 (Discount)
purchase is made on an 18 month con-

. 1004 06500000000 (Interest Rate)
tract at 6.5% interest. The store owner 1005 00000 18 G ¢
wants to know what his monthly interest 80000 (Number of Payments)
payments will be.

SOLUTION:

Location Control | Operation | Operand R X

Main Loop Digits [No] Alpha | Address emarxs
00090 0 CAD 11000 A= 0.0002 25 0000,
500 1 1 M _ltoof | A=0 0000 22 S5000.
0002 2 AD y002 | A=n. 0000 22 BE OO,
0003 3 SuU 1003 | A=0.0000 21 97 (LO.
0004 4 MERo 7004 | A=0. 0000 14 23 L.
__0005 5 Div _l/o051 A=017934 00 0000.
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ANSWER: Located in the A Register — $79.34



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 mn 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 commands. CR 0000
SR 0012
CR CLEAR R
gcl)op 3: qk()ﬂﬂ f{LO 88?)8
ear 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
000p 08 0000 stop
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
000p 12 3000k STORE CAD 1000
:’tlc‘)(r:e the contents of the A Register in xxxx. IS\'I]') igg‘:
tore the contents of the A i i
A Regivier. e Register in xxxx. Clear the

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
0222222 2222
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 1111111 1111,

12
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Manipulation commands are provided in the DATA- TO FIND:  Monthly payments—principal and interest.
TRON to facilitate {he effective use of arithmetic com- ASSUME: Information for purchase located in mem-
mands during operation. ory cells:
PROBLEM: A store wants to take advantage of a close- 000 00 2250 it
out sale of purchase 2,250 items at $10.00 }88(1) 8 8000 00 %000 Egﬁ?tnlt’lri)::)e)
each. There will. be a shipping cost qf . 1002 0 0000 03 8000 (Shipping Cost)
$38000 Thqre 1S a $90900 discount if 1003 0 0000 09 0900 (DiSCOUﬂt)
the purchase is x:nade on an 18-month con- 1004 0 0000 00 0065 (Interest Rate)
tract at 6.5% interest. The store owner 1005 00000 00 0018 (Number of Payments)
wants to know what his monthly principal
and interest payments will be.
SOLUTION:
Location Control | Operation | Operand R K
Main Loop Digits [No| Alpha | Address emarks
£ 0 0 0 CR | ovoo | =poop oopooo
o001 1 CHD |looo |H:zo0 sooo oo 2250
®0o0 2 2 /) 709/ |\ H=2p00 B co02 AS50000
coo3 3 SL oor/o |A: & poor 25 oovo
@ 00 4 4 AL | so02 = 0 ppo R A8 fpoo
0005 5 SU | s003 | A= 0 oooz /9 7s00
0006 6 ST | so0b | A= & eo0R /P z/00
6007 7 1 | o0t | Hz 2800 f-0/4#2 £//500
®008 8 S A 0007 | A= 0 cooco /4 28// A So00 cvoooq
009 9 Ko | e0oo |Hz0 cooo s4f 282/2 , B=2Ex0
©0/0 0 SR oo/0 |- zEr0, A2 ov00 sv25/2
©o/l 1 LY | s005 | A0 oose oo 793‘5/, =2Er0 |
STor /i N
oo/l2 2 STt | /007 |A=-2800 Zponimscy cwrwesr |
oo/ 3 3 CAHD | sooe |A=0 sooz /9 7/00
o0/ 4 4 SR | 9070 |H>2E20, o002 197/00
00/5 5 2/ | oo H=0 oove /2 Lo/, Lopoo %
oo/ 6 6 AD | 1007 | -0 co00 /12 7995
SroLire
0o/’ 7 SIC | 008 |A=2£20, 17 mpwrniy 29Umsers
oo/8 8 SA 0070 | H= 0 0000 00 o002
| 0o/ S 9 AD | sro008 | A=0 coco A 9927
STOLIN G~
oolo S7TC | fo02 |A>26#0 AAST LPRYMENRT

ANSWER: Located in memory cells 1008 (17 monthly payments), and 1009 {last payment).
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BT4 BLOCK TO LOOP 4 Program A Register R Register

34 . 16214 91 2721 2179 430198
Block transfer the contents of twenty consecutive main BT 1000 16214 912721 2179 430198
storage cells, beginning with xxxx, to the 4000 quick ac- 4 1020 1621491 2721 2179 430198
cess loop. Use BTS (35) for the 5000 loop, BT6 (36) for BTy 2921 - 2179430198
the 6000 loop, and BT7 (37) for the 7000 loop. F, 2660 1621491 0198
BF4 BLOCK FROM LOOP 4/ BF; 2680 16214912721 2179 43
000p 24 xxxx The contents of 1000-1019, loop 4, and 2660-2679 are
Block transfer the contents of the 4000“qui:ek access loog alike. 4 2680.2699 are
to twenty consecutive main storage cells, beginning wit - 1 5, an - ar
xxxx. Use BFS (25) for the 5000 loop, BF6.(26) tor the The contents of 1020-1039, loop
6000 loop, and BF7 (27) for the 7000 loop. alike.

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

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

P2 EXTRACT Assume cell 1000=1 1011 01 1101
000p 63 xxxx . .

i i A Register R Register
Extract_ frqm the contents of the A Register by changing Program e
each digit in the A Register (including sign) to zero if the - 1 6214 91 2721 0158
gt in the A Roponding positon in xuxx is zero. The EX 1000 16014012701 2179 43

digit in the A Register remuins unchanged if the digit in
the corresponding position in xxxx is one.

Cu e 00 CIRCULATE A Program A Register R Register
Shifi he 1621491 2721 2179 430%33
ift the contents (including sign) of the A Register nn + 1 1491 2179 430

places left. The digits shifted out of the left end of the CIRA 0006 2721162

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

same order.

U“ ﬂAﬂ UNIT ADJUST Program A Register R Register
%6 16214 91 2721 2179 430198

Increase by one the .most significant position of the A UA 0000 17214912721 2179 430198

Register if the digit in this position is even. UA 0000 17214912721 2179 430198

When the digit is odd, there is no change. The sign of
the A Register is immaterial.
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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 Iww (100 plus the current
code number).

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

- PROBLEM: A warehouse maintains a file of supplies.
The data is filed in the following code:

15

' o TO FIND: Revised file. (Only one file will be revised
utvw wx J.(yyy . in the example program below.)
where: uu is the Supplier code . .
v is the Color code ASSUME: lli(y)(&t)nple file for revision is lo:l:a}ecll in ce}l
ww is the Warehouse Classification - The program is located in loop 7.
code
_ xx isthe Assembly code
y yyy is the Detail code
SOLUTION:
Location Control | Operation | Operand R K
Main Loop | s | Digits [No| Alpha | Address emarks
| 3000 7000 BT4 |,000
| 300! 70p! CAD 14000 1420, iy svviwr wx xyyy |
3002 2002 £X 7009 1A 0 w 40w Wwx Xyyy |
200 3| 7003 CifA loool WBru.owwx xy yyOu |
3004] 704 wA 10000 (A= tee twiwX Xy yyOie,
500 31 7005 CIRA 1000F W=D ateassw) wX Xyyy |
| 3006|7006 STC 4000
|__3007] Ipo7 BFL 14000
3008 7008 el {popo
80091 Zop9/1ss 01 it (L (] |AXTEACT CONSTANT



DECISION MAKING AND
BRANCHING

CC CHANGE CONDITIONALLY
000p 28 xxxx

Overflow indicates ON: Change control to xxxx. Reset
Overflow, . .

Overflow indicates OFF: Control continues in sequence.

Overflow indicates OFF: command is ignored and con-
trol continues in sequence.

CCB CHANGE CONDITIONALLY, BLOCK
000p 38 xxxx

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

Overflow indicates OFF: Control continues in sequence.

Overflow indicates OFF: command is ignored and con-
trol continues in sequence.

CCR CHANGE CONDITIONALLY, RECORD
000p 29 xxxx

Overflow indicates 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 com-
mand next in sequence. Change control to xxxx. Reset
Overflow.

Overflow indicates OFF: Control continues in sequence.

Overflow indicates OFF: command is ignored and con-
trol continues in sequence.

CCBR CHANGE CONDITIGNALLY,
000p 39 XxXxX BLOCK, RECORD
Overflow indicates ON: Block transfer the contents of
twenty consecutive main storage cells, beginning with xxxx,
to the 7000 loop. 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 com-
mand next in sequence. Change control to 70xx. Reset
Overflow.

Overflow indicates OFF: Control continues in sequence.

Overflow indicates OFF: command is ignored and con-
trol continues in sequence,
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CU
000p 20 xxxx
Change control to xxxx.

CHANGE UNCONDITIONALLY

CUB CHANGE UNCONDITIONALLY, BLOCK
000p 30 xxxx . .

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

CUR CHANGE UNCONDITIONALLY, RECORD
000p 21 xxxx o
Cle:r the R Register. Store in the four most sngpnﬁgapt
positions of the R Register the address (as contained in
the Control Counter) of the command next in sequence.
Change control to xxxx.

CUBR CHANGE UNCONDlTlONALLY[';
000p 31 xxxx BLOCK, RECOR.
Block transfer the contents of twenty consec;x(;&)e ]rg(a:;’n
storage cells, beginning with xxxx, to the X ‘ﬁcant.
Clear the R Register. Store in the four most signi car
positions of the R Register the address (as contained In
the Control Counter) of the command next in sequence.
Change control to 70xx.




Change of control commands 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
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program. fm-anged according to salesman .number;
PROBLEM: A new car agency requests each salesman :'if).l’l siilels g(l)ang ;803” ;%%‘;I:t)ed the informa-
to report sales, in dollars, twice a month,
?:;3:: :::::zgﬁi ieggg:gagggsssgscg; TO FIND: Total dollar sales per salesman during the
i:mﬁ;sr; f::aelﬁsoi 538_“1'8;;1? a’lf;ek::;:df;?- month, per customer demonstration.
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:
Location Control | Operation | Operand
Main Loop | S| Digits [No| Alpha | Address Remarks
0300] o0%00 COB | 0801 |prale peoceirs N Loof 7.
Ngoll 7001 B74 | 71000 | Fresr 4otF sonrH SALES.
| 0§02 200 2 BTS 120D 0 |sccord Hoer pipnTH SALES,
pgo3 7003 BTt |B3000 | DeappsstRarions,
| pgo 4 2004 cl p0OO
og0 S5 7005 cAD |20/0 || ToTAL SALES
ngo5 2006 Al _|s0r0
| 0807 2007 cc 2015
0208 7008 ST _ |40/0
03089 2009 vl 60O/sp | SALES = DEMONSTRATIONS ,
| 08/ 0 2070 CCAR * DIVIDENN AODTUSTMENT,
0811  7orl s7c lepso | ®/saesman/oenonsreamon. |
08/ 2 2012 BFY o000 |} TOLACE.
| 0813 20r3 BF6 3000 J
087 4  7ord STOP 1D 000 | ok CONTINUE To NEXT SALESMANL |
03l 5 2015 se_looor|)
|_0n8/6 20! 6 PA |pooo ‘ADD/TIDALMMNT
| 0F/7 2017 cp |700%
8 8
9 9
Additional Remarks ¥ 47 74F end OF THE DIVIDEND ADTUSTMENT PROGRAM,
{ £ £0 A




NOR NORMALIZE (CHANGE ON ZERO)
000p 15 xxxx

Program
(a) If the content of the A Register is not zero, shift the\ NOR 3172

Special Counter-is 3. Control continues sequentially.

twenty digits in the A Register and the R Register left until
the most significant position in the A Register is not zero.
The sign does not move. Record the number of shifts in
the Special Counter.

(b) If the content of the A Register is zero, shift the con-
tents of the R Register left into the A Register, clear the
R Register, and change control to xxxx. The sign does
not move.

CNZ CHANGE ON NON-ZERO
000p 04 xxxx

Test the contents of the A Register (not the sign) for zero.
(a) If the A Register setting is zero, set the sign of the A
Register to zero and continue control in sequence.

(b) If the A Register setting is not zero, change control
10 XXXX.

A non-zero number in the A Register is unaltered.
ADSC ADD SPECIAL COUNTER
000p 16 0000

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

The conditiop of Overflow is possible with this command
if the A Register is at least 9999 99 9991. If the Special

Program

NOR 3172

Special Counter is 10 (forbidden combination).
Control transfers to cell 3172.

CNZ

Program

3172

A Register

10006 21 4912
16214 91 2217

A Register

1 0000 00 0000
12179430198

A Register

16214 91 2721
16214 91 2721

Control transfers to cell 3172.

CNZ

Program

A Register

1 0000 00 0000

3172 00000 00 0000

Control continues sequentially.

Assume Special Counter is 2.

bC‘oun'ter is 10, the machine will stop on “forbidden com- Program

Ination” without performi iti

o pertforming the addition. ADSC
SUBTRA

000p 17 0000 CT SPECIAL COUNTER «-—————SUSC

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

(See Add Special Counter.)

A Register

0 0000 00 0050
0000 0 0000 00 0052
0000 0 0000 00 0050

Assume cell 3710 is positive.
Assume cell 3720 is negative.

4 Cell
OSGD OVERFLOW ON SIGN

:)foo: 73 xxxx DIFFERENCE\ggg(I)
the sign of the A Register differs f the si f s

Overflow indicates ON% ers from the sign of xxxx 0002

. 0003

The contents of the A Register is not affected. This com- 0004

mand must always be followed by a Conditional Change 0005

command.
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Program

OSGD3710
CC 0004
OSGD3720
CC 0005
STOP 0000

A Register
06214912721
06214912721
0621491 2721
0621491 2721
06214912721
0621491 2721

R Register

2179 430198
9430 198000

R Register

2179 430198
0000 000000

R Register

2179 430198
2179 430198

R Register

2179 430198
2179 430198

R Register

2179 430198
2179 430198
2179 430198

R Register

2179 430198
2179 430198
2179 430198
2179 430198
2179 430198
2179 430198

If +, control transfers to cell 0005.
If —, control continues to cell 0004.




e 43

ST

Decision making commands 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:
Location Control | Operation | Operand
Main Toop | s | Digits [No] Alphs | Address Remarks
0640] 7000 BT¢ |i1000
| peq 1| 700! Bre |---- | BE-ORDER PROSRAM.
|_o¢tg2 700 2 CAD 4000 | 7eST snvVENTORY RO NT ‘
0643 7003 sy 7009 | BALANCE TD MAINTAIN. ]
| p6g4 700 4 CcrZ 006
|_064 5| 7005 CU 16000 | BE-OPDER PLOGRAM,
| 064 6] 7006 ps6h 172006
064 7 7007 cC LE—DRDEL PLOCRAM, {
0048 7008 STOL 10000 Q8 LONTIVUE T MEXT COUNT
0649] 7009 0looppleg 0/00 lcomITANT
SOLUTION 2:
o e s B o e
OL¥ 0| 7Zeoo By | ro00
ob¥1| 7001 B7é | —--- | pa-orper  _Plosrsm
oé#2| 2002 RO | Hoso | Frresr swvEnTORY 00T
o b4#3| 7603 NOR | boop |5 orpce Poosrrm, sounts o
ot¥q| vooa eAD |vos2
o0dé¥s| voos 3Susc| ceoo
o8|l 2006 OSGD | 700l | eHbLl I1F Counr UwOSE /9O
o647\ #s07 8C | dooo | ek-ompke. Peosirm, counT Lwns,
ob48| 7ec03 LAD | Hooo | Frrsr swivENTORY eounT
0649 9009 SU | 70/3 | BALGVEE _TO _mBIRTHIND
0650 vo/0 NoR | éoop |@E-orpie Peosesm, Counrsioe
0651 vo/1 ST o000 |0k _eonT/VUS TV WEXT ot
0¢8s 2| 7os2l0| 0000 |od 000F | LONWSTANT
0653 vo/s3|e]|occo o os00 | eonvsravr
4 4
5 5
6 6
7
8 8
) 9
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USING THE B REGISTER

Program A Register
16214 91 2721
SB SET B+~——— SB 3170 16214912721
000p 72 xxxx
Set the B Register to the value of the four least significant Program A Register
positions of xxxx. 16214912721
1B INCREASE B+— B 0000 16214912721
000p 32 0000 .
Add one to the contents of the B Register. Program A Register
BA : 16214912721
B
1 TO A BA 0000 0 0000 00 0020
Clear the A Register. Add the contents of the B Register.
Cell Program A Register
: 1621491 2721
DB DECREASE B———1000 DB 1004 16214912721
000p 22 xxxx .
Subtract one from thg contents of the B Register. Control will transfer to cell 1004.
(a) If th? new.B Register setting is 9999 (0000 — 1), con- Cell Program A Register
ar’;)llcf:otgnnues 13 ;equence. . 16214 91 2721
e new egister setting j -
trol to xxxx, Bister setting Is not 9999, change con 1000 DB 1004 16214912721

1001  STOP 0000

Control continues in sequence to cell 1001.

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

s



The B Register is one of the most valuable tools available
to the programmer. Use of the commands for the B
Register is as varied as the problems in the business
world. The use of the commands is 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
employee number. Current daily totals are 0001 in cell 1001, etc. This information is
rocumminad for ety pyill oo o) Yy o o .
ing.

M) Foos |5] Dleis [No] Aloha] Adarens

0{8 02 o S8 |eos”

1| 600 1 CAD |(0000)| Carnney/'s Hoons w0 w7

2| 600 , EL 6o/f ) FrrRger #50 Siops

3l 600 3 S7¢C |2ooo 1 /CATE

4| 600 4 CAD | (0000) | CovReanr Hovrs vo fire

5] 600 s £ | 60/3 ) EFtriwcr #40 Syorc
6/600 6 ST | 200/ S HouRs

| 600 5 SR |oooz2 SCALE

8| 00 g MRO | 2000 | CoRRENT Hnroun7

9| 600 9 s7¢ | 2ooo b Srore

0] 6O/ ¢ CAD | 200/ | CoRRENT HouRS

11607 ) SR |00/ | Scate 70 Hoo HouRS

2] 607 AD 2000 | #OO CYRRENT ArrooNT

3 60/ 3 S7 |(0000)|SToke Connen's Has. #o founT
4| 60/ 4 AD |(1000) | decomelareo tos #vo %mm/f
s| 60/ 5|7 s7c |(7000) b srons

— 6| 69/ & 28 |600/ TALLY

71 69/ 5 S70P | 0999 \Noo)Frecd7roN ConSrdN7

sl 60/ o| looos |7 0000 (Consrans For FalupcTing fH7E
of| 60/ o| |///0 |00 0000 |Consran'r For LrrRgcrn's fbvms
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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 substraction, 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 52.9
+ 5.32 and not +53.2
58.22 10.61 or 106.1

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

However, multiplication and division change the posi-
tion of the decimal point. In multiplication, 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.

The following rule will be helpful to the programmer:

(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.

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.

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.

COMMAND MODIFICATION
AND CYCLING

In using a stgred program machine such as DATA-

(2)

(2) In division, the number of places to the right of the TRON, it is offen necessary to provide a means of modi-
decimal point in the quotient is the number of places fying commanis in order that a small program may be
to the right of the decimal point in the dividend used repeatedly, but with different data each time the
(A and R) minus the number of decimal places to calculation is performed. To accomplish this effect, it is
the right of the decimal point in the divisor. 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 command modification; ie., B
Examples: modification and pragrammed modification.
-
(1) 00002 25 0000 multiplied by 0 1000 00 0000 is B modification of commands:
0 6000 22 5000 0000 000000 . Any command with a 1 in the first control digit (numer-
The number represented by 0 0002 25 0000 is ical minus sign) will have the contents of the B Register
actually 2250. added to the instruction address of the command before
The number represented by 0 1000 00 0000 is it is executed. Example: Sum 500 sales stored in cells
actually 10. 0000-0499.
Location Control | Operation | Operand R X
Main Loop |s | Digits [No] Alpha | Address emarxs
200 0| 0| 77D SRE | 2904 |ScT EQ‘EGIQLER To oy 3P
C LEAR PEG(STER /TVD
700 \|o| sovo | | CAD oy 77| #op sa5sT SacE
700 2| 1| ovrv AD |[ovwo]| sum saLes
400 3| o| sorp DB | 7002 THery
COMPUTER Wice J 70l WHEN
700 4| 0| sovo 3702 | 049F |BRecisTeR_tHAS COVNTED Doww/
s H99 TIMeES
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A, /4
N

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 command 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 command. Usually, only the instruction address
is modified. Example: 500 sales are stored in 0000-0499
which are to be summed.

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

Wareo] Toos |5] Diviis el Aisha | Adgrase
0| 700 0|lp| s770| | CAD | 2720 | FirsT Saie Q
WW9700 \olroro /2D @oa/;l ADD NEXT SALE
2| 700 2| 0| ovoO STC | 770 (O|SToRE PIRT 1AL Tunl 7i=mPsRaksLy
3| wrv3lo| goep| | €AY | 700/\ mosiey Aow commansd
4| 7004|0| r7ov AD | 7009
s| #238 5| 0| 2oV QC Q| 70/ |TEST FOR_ComMPLELz0M of PR
6] 7006|0| vgrg | | STC | 700/ | PodiFicd #op commaid
7| 79070l ovr | |CAD | 7010 | PART/AL Sum
8] 709 8|d| sv7o CU | 7o/ | RcPEAT CYCLE
S| 72299 Q g7/ oD oTT [ |TALLY AP Mo DIrYING CONSTRNT]
0| 70/ 0| 9| gp7D oD [TENPAARY - S700A6E CELL
1| 79/ 0| ozow | | STOP| 9270 | PRIScEM e ormpLETED

USE OF THE QUICK ACCESS-LOOPS

General:

The sole purpose of the quick access loops is to increase
the speed of computer operation. Normally, all com-

mands are executed from one of these loops, and,¢if *

possible, the data groups used in a section of the program
are stored in any of the loops. 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 commands are provided to facili-
tate the use of the quick access loops.

GENERAL RULES FOR USE OF THE
QUICK ACCESS LOOPS

PROGRAMMING: Experience shows that the 7000 loop
receives greatest use in programming because of the
CUB command’s dual function of blocking from main
storage to the 7000 loop and then transferring control
to the first command of the twenty words blocked. Of
course, the program will operate at the same speed when
using any of the three remaining loops. Normally pro-
grams are broken into segments of twenty commands or
less such that discrete small groups of program steps are
used in the loops as a unit. This does not mean that every
twentieth step must be a CUB command but that a CUB
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or CU or any other transfer command must appear at
least once in every twenty commands as used in one loop.
DATA STORAGE: For considerations of speed, it is desir-
able to store data and constants in the quick access loops
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 loop 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 commands for this purpose, viz., CIRA, EX,
SL, SR, UA.

CIRA. This command provides a means of “opening” a
word any number of spaces and inserting additional
digits. CIRA is really a shift left command that applies
to the A Register only.

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



Mo Toor 5] Dlate [Nal Apha | 2aaras Remarks
o| 700 o|lglgvon | | CAD | 7opb |4 -0 oo xx YYYY
A= O, JFP0 oD 5D XX
U700 WHgoro | | SR |69 4lg:  YYYY cpaaro
A= O. 709D 59 K XJO
2| 7o 2| 0| 499y C/RA)| svB/ |\ f= YYYY svoovwD
i A=z 0. oDXK 0O YYYY
8700 310| gowD SL) povd|p= opvv ouvvep
4| 7op 4| 0| 097D Sre 70927
5| 700 5lo| dvep | |S70P | o7oD
6] 700 6|0| gewo |x YYYY |tecoyns nomBeR (9Ld)
7| oo 0| 05 xxl94 YYYY | acasons vompeze (Wew)

EXTRACT. This command is of great value in breaking
down coded numbers (part numbers, account numbers,
policy numbers, etc.) such that certain logical decisions

Example: Check a nine digit part number to determine
whether the sixth digit (warehouse class
code) is a 7. If so, increase unit cost by 1%.

requiring a particular type of processing may be made

easily.
Location Control | Operation | Operand Remarks
Main Loop [ s | Digits [Noj Alpha | Address
0| 7000| 0| rovp cad | 7012 | 4= o oxxx xx xxxv.-per.” |
1 2001l 0| oo EX 20/ A= p 000X 0¢ oooo-a??zz'_
2| 7002 0| 200 so | zo/0 |
3] 7Zs03|0| o7zo cauz | 7009 ]C#ECK FoR 7"
4| 7004 dvoo CAD | 7012 | A: 0 obpop 00 XXXY  uvaircost
S| 7epSlo| ocwep se 0002 A= 00000 00 poXX. 12,
6] 74056| 0| cvvp L0 10p00
nWVEW
7\ 7207 0! ovvo AD 7072 |A- o D X r ¢
8] Zo008lo]| vvro SI¢ | 7013
9| 7909\ 0v| zore S7eP | 0000
0] 7e/0lplOpO7 PDOOO|lcoNITANT
W moflloloop (00 DO O D|CONSTANT
2| 7o/2loloooolpn X_X XX |otp prrr cosr
3| 7e/310lo00D |00 X X XX |wew omir cosr
4] 79 4iplox x xlxx XX XX|Paer wo.
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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.

2.

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

. 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 * xxxxx = 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 R X
Main Loop s | Digits | No| Alpha | Address emarxs
0| zooo| |7900 CAD | 3500| A= xxxxxOyyyy

1| voo1 ST

70/3

2| 700 2 SE |70/13 | B = yyyy

3] 7003 SK |[TooS5 | A= 00000 xxxXxX

4| 7oo 4|l |0OOO AD | 9000 | Add halance from pile

5] 7005 /| pooo ST 0000 STore new éa/ance, 'ih fi/e,
| voo8 CAD | 7000 '

7| 7oo7 Ap | 70/2 [

8l 7008 cc | 70// } naaa/if/ ancf Ta/é/ order
o| >0 S7C | 7000 |\ in 7000

of w0/ 0 | cU | 7002

1l s0/1 S70P| 000d

2| gosa|o|ooro| | 90 | 9001 ConslanT To_moclipy 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.

A
Table 0 dddd xxxxx

#1 dddd = address of current balance in Table #2.
Entry (XXXXX = account number

The ta!:le of account numbers, Table #1, is arranged in
ascending sequence. A third table, Table #3, is con-
structed, which consists of 100 BT4 commands referring

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 command in 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 BT4 command is executed, bringing a block of
20 account numbers from Table #1 into Loop 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.
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Location Control | Operation | Operand

RS S ey

Main Loop | S ] Digits [ No] Alpha| Address Remarks
o] 698 o CAp | sooo ,? 1’3‘.’”3‘3’5’"&1&"}‘}?”"
1| 698 1 SR |ooo3 | A= 0. 0000 00 oot
2| 698 2 \#o | 700t |#:-0.0000 &% 0041535,
3|6 98 3 S7C | 6984
1| 698 4 [[cao | 0ort]| prcccomes THRee Commanlos
51698 s S7c |6956 |(65%6): 0. 0000814 (0100-1595)
6| 698 6 IBr¢ |----]
7| 698 7 SB | 7000 | Ser(B)+o 19
8| 698 8 (AD |#000 | A= odddd rrixk
96928 s CR | vooo ) ——
ol 69220 SL | ooos 1@%0, XXELY 00000 00000 odddd,
116992 1 C174 | 0005 |27 G gaee Love: Op
2| 699 2 Su |soo0|
31699 3 cNZ (6999 |)
4699 4 SL |0070 |A=0.0000 00 Addd
5| 699 s Ao | 700/ |H=0.0000 6% sadd
6] 6929 s S7 | Foo¥
71692 cd | 7yooz
gl 699 0| 0000 |62 0000 CoNSTANT
J699, | 28 |6988 | Twucy
0| 700 ¢ S70P | 0072 ,é’c'i:.‘%’;":&"w{q”af-}"f&mm
1| Y00 1|0| 0000 |64 0000 | CosT N &4 = CHP
2| 700 Sv | €998 |\ A= 0 0000 02 ----;02=STC
3| 700 3 S7¢ | 7006
4| 700 4 [eao | ----]| 755 £85%Y <°mmn~e
5| 700 s Ho |5oo/ Posr fntoor7
o] 700 ¢ [src |- -] 7725 22,8y command
71 700 4 SToP |O0O0OO
8 8
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