






































































EXPENSE DISTRIBUTION 
By Department or Branch 

Account No Our Date 
Dept Invoice Amount 

Gen Sub Number ftIo Day 
Ledg Ledg 

82 431 112 12066 12 10 300.00 
82 431 112 12153 12 28 300.00 

600.00* 

82 431 113 12066 12 10 150.00 
82 431 113 12066 12 10 150.00 
82 431 113 12066 12 10 125.00 
82 431 113 12153 12 28 150.00 
82 431 113 12153 12 28 150.00 
82 431 113 12153 12 28 125.00 

850.00* 

82 431 114 12066 12 10 50.00 
82 431 114 12066 12 10 75.00 
82 431 114 12066 12 10 50.00 
82 431 114 12153 12 28 50.00 
82 431 114 12153 12 28 50.00 
82 431 114 12153 12 28 75.00 

350.00* 

82 431 520 12149 12 28 360.43 
360.43* 

82 431 700 12082 12 14 2.25 
2.25* 

82 431 750 12003 12 01 100.00 
100.00* 

82 431 810 12112 12 18 70.20 
70.20* 

82 431 850 12043 12 07 24.75 
24.75* 

2357.63** 

82 432 841 12151 12 28 1792.86 
1792.86* 

1792.86** 

4150.49*** 

I Print 
Positions 1-3 5-7 9-11 13-17 19-20 22-23 25-36 

Figure 19. Form Layout for Detail Printing with 
Three Classes of Totals 
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designated for accumulating totals. The steps per­
formed thus far by the program may be termed initial­
izing �s�t�e�p�s�~� so caIled because they are performed only 
once during the program and are used to get the pro­
gram started. 

As indicated in the next square in the block diagram, 
the control fields (department number, general ledger 
number, and sub ledger number) are read from the 
first card of the deck and from each card that foIlows 
a total and are stored in a work area. These numbers 
in the work area wiIl be used by the program to recog­
nize changes in control field numbers. Switches I and 2 
wiIl be used to remember the classes of totals taken. 
After a total is taken, the particular switch wiIl be 
reset to its off status. 
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The next step is to assemble a detail line and print 
data. The next step is to test for last card. If the final 
card has been processed, three classes of totals wiII be 
required. Before the totals are taken, Switch 3 is turned 
on to remember the last card condition. After the 
totals are taken, Switch 3 is tested to end the program. 
The item amount wiII be added into each of the three 
accumulators. After the test for last card, another card 
is read. When this is done, the three control fields in 
the card and the three control fields in work storage 
are compared one at a time. If the fields are found to 
be equal, no totals are required and the program can 
loop back to assemble and print another detail line. 
If any control field is found to be unequal, a total or 
totals wiII be required. To properly set the switches, it 
is important to start comparing the control fields with 
the most significant control field (department num­
ber) and to end with the least significant control field 
(sub ledger number). The first unequal comparison 
does not turn on a switch, whereas the second and 
third unequal comparisons turn switches 2 and lon, 
in that order. 

Before a class one total can be printed, the print 
area must be cleared to blanks. This is required because 
the area from which the detail line is printed is the 
same area from which the total lines are printed. If 
this area is not cleared, portions of the detail line data 
wiIl be printed erroneously along with the totals. 

The class one total is assembled in the print area, is 
printed, and its associated accumulator is reset to 
zeros. If switch 1 is found to be on, this means that only 
a class one total is required, and the program will go 
back to the process of assembling another detail line. 
If switch 1 is off, a class two total is assembled, printed, 
and its associated accumulator reset to zeros. Switch 2 
wiIl be tested. If it is found to be on, which means that 
class one and class two totals are required, the program 
returns to assemble another detail line. If switch 2 is 
found to be off, a class three total is printed and its 
associated accumulator reset to zeros. The program 
wiIl return to assemble the next detail line, unless 
switch 3 is on. 

In our example you wiIl find that a switch is merely 
a position of core storage designated SW; when a word 
mark is placed in that position, the switch is on. When 
the word mark is removed, it has the effect of turning 
it off. 

The four program coding sheets for detail printing 
with three classes of total are shown in Figure 21. These 
are used to define storage areas, work areas, constants, 
and the program instructions. 

Line 01 starts the assignment of storage with position 
401. 
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Reset 
Accumulators 
to Zeros and 
Turn Off Switch 3 

Store 
Control 
Fields, Turn 
Off Switches 
I and 2 

Assemble 
Detail 
Print line 
and Add 
Item Amount 
to Accumulators 

Print 
Detail 
line 

Turn On 
Switch 3 
(To Remember 
LC Condition) 

Turn On 
Switch 2 
Class 2 Total) 

Turn On 
Switch I 
(C lass I Total) 

Yes 

ear Print 
Area, 
Assemble 
Class One 
Total, and 
Reset Accumulator 
One to Zeros 

Print 
and 
Space 

Assemble 
Class Two 
Total, and 
Reset Accumulator 
Two to Zeros 

Print 
and 
Space 

Assem Ie 
Class Three 
Total, and 
Reset Accumulator 
Th ree to Ze ros 

Print 
and 
Space 

(Last Card 
Processed? ) 

Figure 20A. Block Diagram for Detail Printing with Three Classes of Totals 
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** TEST CONTROL CHANGE I -- f-- f-- - -
! 1 1 I DEPT. NO. READ IN VS DEPT. NO. 

I PREVIOUS CARD Ftt 
I 

2 I GEN LEDG NO READ IN VS GEN LEDG T 
I ./= I NO. PREVIOUS CARD 

~l3 LEDG NO. READ IN VS SUB LEDG 
-: 

-I-~ 

: NO. PREVIOUS CARD . iF 
: i 

4 I PRINT DEPT TOTAL 

=1~ I xi 5 I PRINT GENLEDGER TOTAL 

6 I PRINT S1J:B LEDGER TOTAL xix 
I -:1 I 

Figure 20B. Decision Table for Detail Printing with 
Three Classes of Totals 

I 

!, 

! 

i 

Lines 02-09 describe the print area and lines 10-17 
describe the card read area. Line 18 defines an edit con­
trol word. Lines 19-21 reserve three 3-position work 
fields for the control field numbers. Lines 22-24 set up 
three 8-position accumulators. Line 25 (page 1) and 
lines 01-02 (page 2) reserve three positions of storage 
to designate the three switches to be used by the pro­
gram. 

Lines 03-05 are Subtract (S) operations which reset 
the three accumulators by subtracting each from itself. 
The result is the same as if we had performed the fol­
lowing ari thmetic: 

123 
-123 

000 

Subtract Operation. In a subtract operation, 
the data addressed by the A operand is sub­
tracted from the data addressed by the B 
operand, digit by digit, starting in the right­
most position. The result that is developed 
replaces the data previously stored at the B 
address. 

The subtract operation is terminated by 
the word mark in the leftmost position of 
the B field. If the A field is smaller than the 
B field, both fields require a word mark. 

Line 06) a CW statement, turns off switch 3 by re­
moving the word mark. 
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Clear Word Mark Operation. The CW 
statement clears the word mark at the ad­
dress specified by the A operand or the word 
marks specified by the A and B operands 
without disturbing the data. 

Line 07 reads a card. Lines 08-10 are MLC statements 
which move the three control fields to working storage. 

Lines 11-12 turn off switches 1 and 2 by removing 
word marks. The CW statements on lines 11 and 12 
could have been combined and written as a single 
statement, thus: 

Operatinnl 
1516 '20121 2.5 30 

Label 
35 

In this case, the word marks at both addresses (SWl 
and SW2) would be cleared by a single statement. In 
effect, removing these word marks is equivalent to turn­
ing off these switches. 

Lines 13) 14) and 15 are MCS statements which move 
the three control fields - department number, general 
ledger number, and sub ledger number - to the print 
area and eliminate the high-order zeros from each field. 

Move Characters and Suppress Zeros. The 
MCS statement is similar to the MLC state­
ment in certain respects, i.e., it is designed 
to move data. However, zeros to the left of 
the leftmost significant digit of the data are 
eliminated and replaced by blanks. Removal 
of nonsignificant zeros is considered an edit­
ing function. The word mark in the leftmost 
posi tion of the A field defines the size of the 
field; B field word marks are erased. 

Lines 16-18 are MLC statements which move the 
invoice number, month, and day to the print area. 
Line 19 moves the edit control word to the amount 
field (print area) . Any asterisks in the amount field 
from a previous total will be eliminated by the move. 
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o Line Label , 56 

o , : 
o 2 IP.RLI,N.E: 

IDEP,TL 
I 

o 3 I 

o 4 IGENL : 

~'SUBL 
I 
I 

o £. I,N VN OL: 

IMOl 
I 

o 7 I 
I o 8 DAY,L 

o 9 AMNTT, : 
, 0 RDAREA: 

'MOC 
I , , 
I 

I 2 IDA Y,c' I 

, 3 .T ,N VNOO 
, 4 IGENC : 

I 
I 5 SUBC I 

I £. DEPTC : 
, 7 AMNTC. : 

I 8 CTRLW,Q 

, 9 DEPTW. : 

2 0 GENW , : 
2 , 

I 
SUBW , I 

2 2 ACCD.Mli 

2 3 ACCD.M2' 

2 4 ACC,UM3: 

IS.Wl 
; 

2 5 

Line Label , 56 

CLLc_ ~W2 : 
~W3' 

I 

~ I 

o 3 START : 

o 4 : 
~5, : 
o £. : 
o 7 : 
o 8 51'0 RE : 

I 
09 I 

I 
, 0 I 

I , , 
I 
I 

I 2 

I 3 ASSEM : 

, 4 : 
, 5 ; 

I 
, 6 I 

I , 7 
I 

I 8 I 
I 

I 9 I 

2 0 ; 
2 I : 

I 

2-"-~ I I , , I I 

2 __ .L 
-----L.-'--'----"--'-

~-'----' 
2 5 i 

Operation 
'516 2021 25 30 

'O,nli 401 "'---_, , I , 
InA Lx.3.6 n 

3 

7 

1 1 , , , , , , , , , 
1 7 

2 Q 

2 ::l 

~ h 

DA 1 x 7, Q G 

1 2. 

I~ ,4 

12~, ,2,7, 

13 0 ,3,2 . 
133, 3 5 
I~ h, ~,H, 

64 7 0 

OPERAND 

Page No. Lili!J of ~ 
, 2 

35 40 45 50 5S 60 65 70 

S ,T AR~ IS,TQ,RA,GE, ,AS,S I GNME NT AT. POS. 100 
,n.F..1<'.T ,N.R ,p,R, T ,N.T, ,L IN E 

FIELDS :DEPA,R,T,M,ENT NO 

GENERAL LEDGER NP, 

, , I , , , , , , , IS,lJ,H ,LE.D,GE1R ,N,O 
I NVOI CE NO 

.MUNTH 

DAY 

. AMOUN T. 

.n.F..1<'J .N.R 'c,A.R.D ,READ.I NG ,A.REA 

FI.ELDS: ,MON T.R 

,D.A Y 

J N,VO.I,c'E NO 

G EN E.RAL LEDGER NO 

S HE. ,LEDGER NO 

DEPARTM.ENT NO 

A,MOU.N,T 

DCW @t'lt'l"b1lb () • t'l"b"b1'>:b @ E.DI T CONTROL WO~D 

DC W #3 

DCW #3 

Dew #3 

PCW #8 

DCW # 8 

DCW ,#,8, 

In~ 1#,1 

pperation 
'516 202' 25 30 35 

DC # 1 I , , . , , I , , 
DC i# 1 .1-, , , , I , 
S AC,~.n,Ml oAC ,c. TIM 1 

S ACCUM2 ,A~ ~lT M? 

Is, A ,r..r ,TTM" . ~ ,A r. r. IT, M ~ 

CW SW3 

IR 1 .RDA.REA 

MLC iDE,P,T'c. n.F.;P ToW. 

Ml.C h.ENC nENW. 

MLC R TT ,H.r. ~ TTH ,w. 

C.W SW,l . 
C.W SW.2 

MCS IoE,P,TC DE P:TL 

MCS GENC liEN! 

MCS SURC S UBL 

MlC INVNO.c I NVNO L 

MLC !M,oc .MO L 

MlC· bAYC .M.OC 

ML,CW,A r TR L.wn. A.MNTL 

MCE l-\MNTC AMNT.L-3 

A A,M,N TC,. ACCU,M 1, 

A AMNTC ACCU.M2 

A AMN,T,Cl. A,CC,u.M.~, 

W P.RLT1NjE ~'! , , , , , 
BLC SET SW3 

,DE FI NE WORK. AREAS 

I I , , I I I , 

D.EF I NE ACCUl\rQLATORS 

.n Eo F,T ,N,R S, WI T,C HE S 

OPERAND 
40 45 50 55 

I I , I I I , I I , I I , 

I I , I I , I I I I I 

, 

60 

, I I I , , 
'-~ 

Page No.lQdJ of ~ 
, 2 

65 70 

, I I I , , , I _--L-_ 

I I I , , 

,R.RS,F..'T', .ACeU,MoHI. A,'T'.o.R.S ,TO ,Z,E H,Oke;: 

TURN S.WI T CH 3 OFF (LC CONDITION) 

.n.RA.n. At ,CARn " 

.S.'T'OR.F. _,GDN,TRD L F I.E LDS 

,TJJR.N, S WI .TCH.ES O,N.E AND, TWO OFF 

A.SS E.M.R L E DE,TA.! L .P,RI NT LINE 

. 

.A.DD I T,EM AMOUN T TO A C C U,M,U,L.A TO,R,8 

-~ 

PRINT DETAIl. LIN .E, 
TEST F OLR. LA S T C.J\.R.D 

Figure 21. Coding Sheets for Detail Printing with Three Classes of Totals 
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Line Label pperation 
3 56 IS 16 2021 25 30 

, 

o I I - R 1 RDAREA 

~ ~-L.... bE,P.TC DEPTW 

OPERAND 
35 40 45 !;of') 55 

READ A CARD 

CO.MRAR.E. DEPARTMENT 

Page No.L2dJ of ~ 
I 2 

60 65 70 

NO 
o 3 

··-.L_.J......... __ -'--_t··L~ 
BU To.T.A!L_, , , I I , , ! e , , ! f , ! I 

o 4 : C G~NC GENW 

OS : BU S E TSW2 

06 : C S,D. Be. S ILR:W, 

o 7 : B.~ lASS EM 

o 8 : S,W SWI 

o 9 : B ! T,o. 1', A, T 

I 0 S E TSW2 
, 

S.w' S .w:2 

I I TOTAL : Ie.s ,A.MN'r.T. 

I 2 
I 

IMLCWJ ,C,TRT .wn A,M-N.T. T 

I 3 
, 

MI,e ;@),*bb.\o) AMNT.I 

I 4 : IMC~ ACCU,Ml" AMNTL- 3 

I 5 : S ACCU,Ml ACCU,Ml 

I 6 : C.C 2 
, 

PRLINE I 7 I W 

I 9 
, 

B.W S XO.HE S W,2 
, 

IMltC,WP CTRL,WD A.M,NTL I 9 

~& : MIC 1'(1) * *15,\0) AMNTI 

2 I ; MC£, ACCU,M2 ,AMNTL- 3 
, 

S AC C U,M2 ,AC C;U .M,2 

:~!l:: : , : : cc 2 , I , ! , , , , 
2 4 j , I I I i W PRLINE 

2 5 B Vol STORE SW2 

Line Label pperation 
3 56 1516 2021 25 30 

o I ; MLCWA CTRLWD AM,NTL 
-~ ~ 

o 2 MLC @***.@l AMNTL 

o 3 : MCE ACCU~_L AM,NTL- 3 

04 : . S ACCU,M3 ACCDM.3 

o 5 
, 

CC 2 , 
o 6 : W PRLINE 

o 7 
I IBw IHAIT SW 3 , , • I I 

o 8 
I 

B ST,QRE 

09 SE TSW3' SW SW3 

I 0 
I 

IR IT n.T .A ,T 

I I IHALT ; IH ~TA,RT 

. , , , 

35 

,C.O,MPARE GENE RALLEDGER NO 

,('Ao.M ~ A. H, R ,~Jl R , L.F..nn,F..H .N ,0, 

TURN S W,I TCH ONE ON 

:rnRN S,w,T,T,e,H .. 1':WO (),N 

CI,EAR .PHI NT AREA 

ASS Ii: MliH. F. .T.(),T,A.L CLAS,S ().N,R 

RESET ACCUMUL,ATOR ONE TO ZEROS 

A S~ E,MBLE TOTAL C,LA S S TWO 

JU:: SE T AC C UM,U LA,TOR. 

, I I ! , ! ! • \ ! \ ! 1\ J ! ) I ! , 

OPERAND 
40 45 SO 55 

TW,O TO ZE,ROS 

. I I I ! , ! I , , '_...L....L...J.-

60 

Page No. 8!J of ~ 
I 2 

65 70 

ASSE,MBLE Tn T,A L C.LASS THREE 

R.E SET .ACCUMULATOR THREE TO ZEROS 

LAS X eARn PROCE S S E,I)? 

XURN SW I TC.H 3 ON 

Figure 21. Coding Sheets for Detail Printing with Three Classes of Totals (contd.) 

Line 20 moves the amount to the print area. The B 
operand is address-adjusted so that the position im­
mediately to the left of the printing positions which 

print the asterisks can be addressed. In our example, 

if the position addressed by AMNTL, which is the loca­

tion of the rightmost asterisk, had been assigned ad­

dress 688 by the processor, then AMNTL minus 3 would 

be 685, the position to the left of the asterisks. 

40 

Address Adjustment of an Operand. Address adjust­
ment is used by the programmer to tell the processor 
to arithmetically adjust the address of an operand. The 
programmer indicates address adjustment should be 
performed by writing a plus (+) or minus (-) sign 
after the symbol. The processor then assigns an address 
that is a given number of positions away from the spe­
cific address, the specific address being the address as­
sociated with the label. 

{;, ( 
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If the storage posi tion 1000 has been assigned to the 
symbol ALPHA and the programmer writes two operands 

ALPHA + 40 
ALPHA - 30 

the processor then assigns to these operands the ad­
dresses 

1040 
970. 

Lines 21-23 add the item amount to each of the three 
accumulators. Line 24y a Write a Line operation (W), 
prints a detail line from the detail data in the print 
area. Line 25 tests for last card. Line 01 (page 3) reads 
a card into the read area. 

Line 02y a Compare operation (C), causes the con­
tents of the A and B fields (department numbers) to 
be compared. 

Compare Operation. In a Compare state­
ment, the rightmost position of the A and B 
fields is addressed by the A and B operands, 
respectively. The data in the fields, starting 
with the rightmost position, is compared 
until a word mark is encountered in either 
field. If the B field is longer than the A field, 
in which case a word mark will be encount­
ered in the A field first, an unequal compare 
results. If the data in the A and B fields is 
the same, the equal indicator is turned on. 
If they are not the same, either the high or 
low indicator is turned on as well as the un­
equal indicator. 

When the value of the B field data is less 
than the value of the A field data (B < A) , 
the low indicator turns on. When the value 
of the B field data is greater than the value 
of the A field data (B > A) , the high indi­
cator turns on. 

Comparing is not restricted to numerical 
fields. Alphabetic and alphameric fields can 
also be compared. The fields compared must 
have the same bit configuration to be equal. 
For this reason, comparison of a plus zero 
and a minus zero results in the unequal 
indicator being turned on. 

To determine high or low comparisons, 
the programmer should remember that the 
character rank (collating sequence) from 
lowest to highest is 

1. blank 
2. special characters 
3. letters (A-Z) 
4. numbers (0-9) 

The following comparisons of A and B 
fields show the indicators that are set as a 
result. 

Indicators 

A Field B Field Unequal High Low 

01 02 X X 
02 01 X X 

J K X X 
1J 1K X X 
K J X X 

1K 1J X X 
ACA ABA X X 
123 124 X X 

Line 03 y a BU operation, tests the Branch Unequal 
indicator. If the department numbers are unequal, 
the program will branch to the instruction labeled 
TOTAL. 

Branch on Unequal Compare Operation. 
If the Branch Unequal indicator is on when 
tested by this instruction, the program 
branches to the address specified by the op­
erand. 

Lines 04-05 function similarly to the previous two 
lines. In this case, however, the fields compared con­
tain general ledger numbers and the branch is to the 
instructions labeled SETSW2. 

Line 06 compares the sub ledger numbers, and line 
07y a BE operation, causes the program to branch to 
the instruction labeled ASSEM y if the sub ledger numbers 
are equal. 

Branch on Equal Compare Operation. If 
the Branch Equal indicator is on when 
tested by this instruction, the program 
branches to the address specified by the 
operand. 

Line 08 turns switch 1 on by setting a wOord mark 
in a position of storage. The effect of line 08 is to set 
a switch that can be tested by another program step 
at a later time. 

Set Word Mark Operation. This operation 
causes a word mark tOo be set in the position 
of core storage designated by the A operand. 
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The character is unchanged in a positIOn 
where a word mark is set. Two word marks 
can be set by a single SW operation, provided 
both the A operand and B operand contain 
an address. The following statement will 
cause word marks to be set in storage posi­
tions 501 and 532. 

Line 09 causes an unconditional branch to the in­
struction labeled TOTAL (start of total routine) . Line 
10 turns switch 2 on by setting a word mark at the 
address symbolized by SW2. Line 11) a CS operation, 
clears the print area of all data and resets the area to 
blanks. 

Clear Storage Operation. The CS operation 
causes storage to be set to blanks and word 
marks to be removed, starting at the address 
specified by the operand and continuing 
through lower-numbered positions until an 
XXOO address is encountered, i.e., an address 
that ends in zero-zero. The following state­
ment 

results in clearing storage positions 482 
through 400, whereas the statement 

30 

would clear storage pOSitIOn 400 only. As 
many as 100 positions can be cleared by a 
single CS statement. 

Line 12 moves the edit control word to the amount 
field in the print area. Line 13 moves a single asterisk 
to the print area to identify the total as a class one total. 
Since the A operand is a literal (@*'t>o@), it is pre­
ceded and followed by an at (@) sign. Line 14 moves 
the class one total to the print area and edits it. Line 15 
resets accumulator I to zeros. Line 16 conditions the 
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carriage so that it skips two spaces after the next print 
instruction. Line 17 causes the class one total to be 
printed. Line 18) a BW operation, tests switch I which 
is represented by a word mark and branches to the 
instruction labeled STORE if the word mark is present. 
In effect, this is the instruction that tests switch 1. 

Branch on Word Mark Operation. The BW 
operation tests the position specified by the 
B operand for a work mark and, if the word 
mark is present, branches to the address of 
the instruction specified by the A operand. 

Lines 19-25 are similar to lines 12-18. They assemble 
and print a class-two-total line identified by two 
asterisks. 

Lines 01-06 (page 4) assemble and print a class three 
total identified by three asterisks. 

Line 07 tests switch 3 for a word mark. If the word 
mark is present (meaning that the last card has been 
processed), the program branches to the instruction 
labeled HALT. 

Line 08) a B operation, is used to initiate an uncon­
ditional branch to the instruction labeled STORE. 

Lines 09-10 turns on switch 3 to remember the last 
card condition and branches to the start of the total 
routine which is labeled TOTAL. 

Line 11 ends the program after the last card has 
been processed. 

Programming Example 3. 
Reading/Punching and Multiplication by 
Repetitive Addition 
This programming example introduces two new opera­
tions. In this example an amount field is read from each 
card. The discount is calculated, by repetitive addition, 
at a certain discount rate (.07) and the discount is 
punched. The card format is as follows: 

Card columns 1-4 discount (XX.XX) 
5-9 amount (XXX. XX) 

When multiplication is performed using program­
med repetitive addition, the problem 

123.45 
X .03 

3.7035 

I~) 
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is accomplished by adding the number 123.45 to a 
specific area of storage three times, thus 

00000 
+ 12345 

12345 
+ 12345 

24690 
+ 12345 

3.7035 (result) 

Likewise, the multiplication: 

123 
x.23 

28.29 

is done by adding the number 123 to an area three 
times. The multiplicand is then shifted left one posi­
tion, and added two more times. 

0000 
+ 123 

0123 
+ 123 

0246 
+ 123 

0369 
+123 

1599 
+123 

2829 (result) 

Programmed division is performed in a similar man­
ner, except that repetitive subtraction is used in place 
of repetitive addition. 

Figure 22A, block diagram, and Figure 22B, decision 
table, describe this program. In them the first functions 
shown are reading a card and testing for last card. The 
next is the setting of the repetitive-addition count to 7 
and the resetting of the accumulator to zeros. The 
accumulator is an area of storage used to accumulate 
discount amount. 

The discount amount is calculated by adding the 
amount to the accumulator the number of times desig­
nated by the count (in this case, 7). Each time the 

Set Count 
to 7 

Reset 
Accumulator 
to Zeros 

Add Amount 
to 
Accumulator 

Subtract 
Constant 1 
from Count 

Figure 22A. Block Diagram for Reading/Punching and 
Multiplication by Repetitive Addition 

•• START 

I' HAS LAST r!ARn "R"F.1i'1Il I;.;rlv 

2' SET ITERATION COUNT - 7 X 

3 : SET ACCUMULATOR = ZERO X , 
4 , GO TO ITERA TIDN X 

5' GO TO STOP X , 
, 

.... ITERATION 

I' SET ACCUMULATOR + AMOUNT X 

2 : SET ITERATION COUNT -1 X 

3 ' GO TO TEST ITERATION COUNT X 

~-, 
, 

: •• , TEST ITERATION COUNT 

1 'ITERATION COUNT - ZERO? N'y 

-----.2 ' GO iO crEBA1:IQN !y I 
, 

I xi 3 : MOVE ACCUMULATOR TO DISCOUNT 

4 ~ PUNCH I !x: , I 
1-1-1-1-

5' GO TO START I XI 
I =:===J I 

Figure 22B. Decision Table for Reading/Punching and 
Multiplication by Repetitive Addition 
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amount is added, the count is reduced by one. When 
the count reaches zero, the discount amount is moved 
from the accumulator to the punch area and the card 
is punched. Then, the next card is read and the pro­
gram is repeated. 

Figure 23, the coding sheet for this example, contains 
the 18 statements required to code this program. Lines 
01-04 define the card reading and punching areas of 
storage. Lines 05-06 reserve positions in storage, and 
lines 07-18 constitute the program itself. 

Lines 01-02 define the read area. Lines 03-04 define 
the punch area. Line 05 reserves one position of storage 
labeled COUNT) and line 06 reserves six positions of 
storage labeled ACCUM. Line 07 reads a card. 

Line 08 moves the literal "7" to the position symbol­
ized by COUNT. The plus sign in front of the 7 designates 
it is a positive numerical literal. 

3 
Line 

Move Numerical Portion of Single Char­
acter. The MLNS operation moves the nu­
merical bits (8421 bits) from the position of 
storage addressed by the A operand to the 
position of storage addressed by the B oper­
and. No word marks are needed in either 
position because only a single digit is trans­
mi tted. The A field character is unchanged 
by this operation. Also, the zone bits (AB 
bits) of the B field character remain un­
changed. 

Lobel Operation 
56 1516 2021 25 30 35 40 

Line 09 resets the accumulator to zeros. Line 10 adds 
the amount to the accumulator. Line 11 subtracts a 
literal "one" from the count. 

Line 12) a BCE operation, tests the position symbol­
ized by COUNT to determine if the count has reached 
zero. If it has, the program branches to the instruction 
labeled PCR. If not, it proceeds to the next instruction. 

Branch If Characters Equal Operation. The 
BCE operation is used to test a specific posi­
tion of storage for a particular character and 
to branch if that character is present. If that 
character is not present, the program pro­
ceeds to execute the next instruction. 

The position to be tested is indicated by 
the B operand and the particular character 
is the d-modifier. The address to which the 
program branches is indicated by the A oper­
and. Note that the d-modifier character and 
the character to which it is compared must 
have the same combination of bits to be 
alike. 

Line 13 branches unconditionally to the instruction 
labeled MULT. Line 14 moves the product, the "dis­
count amount," to the punch area. Note that the two 
rightmost digits of the product are dropped because of 
the A operand being address-adjusted. Line 15 punches 
a card. Line 16 tests for last card. Line 17 branches 
unconditionally to the instruction labeled START. Line 
18 ends the program after the BLC operation (line 
16) senses the last card. 

OPERAND 
45 50 55 60 

Page No. t!h!.J of _1 _ 
I 2 

65 70 

o I, RnAR EA: DA 1.x.9 ,G _, , I , In EEL NE, ,B EA,D ,A BE,A I I I , , I , ,--'------

o 2 A,l\1 0 U ItT. 5 • 9 

o 3 PCHAE~ D,A, 1 x 4 • ,Q DE 1: l ~E PUN C Fl A,R. E A 
04 DIS C : 1 4 

o 5 COUNTl DCW # 1 

o 6 ACCU,l\1 : DeW #6 

START 
I 

lR ,RnAR.E,A R.EAD ,C,A,RD, 07 1 1 
I 

iMIr}fS +7,CQUNT o 8, I $,ET COUNT TO SEVEN 
I 

S IAC.C.TT.M A C'.C'.HM .H,F..S,R:r. A r.r.TT.MTT,T.A,T,o.R, ,TO, ZEROS 09 ~ 

I 0 IMULT 
I 
I A !AMOUNT ACCU.M ADD A.MOUN.T. TO ,AC C U,MUl A T.O R. 

I I 
I 

J S + 1 QQUN~ ~ILR ,T,T.R A C; T, ,c,o.N.S ,TAN ,T, ,QNE, F,Ro.M ,C,O.UN,T, 
I 2 : BeE Ip,c.R. ,C.onN T., ? .c-D-liNLT, EIQ,u,A.I. ,BI"lI.S, ,Z,E,R.o, ?, I I I , I I I , , , I 

I 3 ; B 1l\fJ L T , 
I 4 IP CH 

I 
M~C ACCU,114-2 DISC I , 

I PS 1" PCJI.ARA J!D;N"j:: ,If. C,AnD. I 5 I , 
I 

B,~C H,A,1...T T,ES T FOR L.A,S T CARD I 6 I 

I 
B START I 7 1 

HALT 
I 

H I 8 I 

Figure 23. Coding Sheet for Reading/Punching and Multiplication by Repetitive Addition 
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Programming Example 4. 
Multiple-field Crossfooting with Control Register 
This payroll application has as its objectives to: 

1. Crossfoot each current earnings card and to punch 
the resulting gross earnings. 

2. Accumulate a total of gross earnings by depart­
ment and to print that total. 

3. Sequence-check the card deck by department num­
ber and to stop processing if a sequence error is 
detected. 

The card format of the current earnings card is as 
follows: 

Card columns 14-16 
35-39 
40-43 

44-48 
49-52 

department number (XXX) 
gross earnings (XXX. XX) 
miscellaneous earnings 

(XX.XX) 
regular earnings (XXX. XX) 
extra shift earnings 

(XX.XX) 
53-56 overtime premium earnings 

(XX.XX) 

Miscellaneous, regular, extra shift, and overtime earn­
ings are added together (crossfooted) to obtain gross 
earnings. 

This application combines card reading, card punch­
ing, and printing functions in one program. No new 
operations are described or used. A listing of the opera­
tions thus far used follows: 

DA Define Area 
DC Define Constant 
DCW 
DS 
EQU 
A 
S 
ZA 
MCE 
MCS 
MLC 

MLCWA 

MLNS 

B 
BCV 
BE 
BH 
BL 
BU 
BLC 

Define Constant with Word Mark 
Define Symbol 
Equate 
Add 
Subtract 
Zero and Add 
Move Characters and Edit 
Move Characters and Suppress Zeros 
Move Characters to A or B 

Word Mark 
Move Characters and Word Mark 

from A Field 
Move Numerical Portion of 

Single Character 
Branch Unconditional 
Branch on Carriage Channel 12 
Branch on Equal Compare 
Branch on High Compare 
Branch on Low Compare 
Branch on Unequal Compare 
Branch on Last Card 

BW 
BCE 
C 

Branch on Word Mark 
Branch If Character Equal 
Compare 
Write a Line W 

WS 
R 

Write a Line and Suppress Spacing 
Read Card to Group Mark with 

P 
Word Mark 

Punch and Feed 
PS Punch and Stop 
CC Control Carriage 
CS Clear Storage 
CW Clear Word Mark 
H Halt 
SW Set Word Mark 
ORG Origin 

Figure 24 shows the format of the control register. 
The leading zeros in the department number column 
are suppressed. 

Figure 25A, block diagram, and Figure 25B, decision 
table, describe Programming Example 4 in a general 
way. The initializing steps called for in this program 
are to read a card and to turn off the switch. The next 
steps are to store department number in a work area, 
and to reset the accumulator. The earnings are cross­
footed to gross earnings and the gross earnings amount 
is punched. The gross earnings amount is added to 
the accumulator to accumulate the total department 
earnings. 

The last card indicator is tested. If the indicator is 
on, the switch is turned on, a line is assembled and 
printed, the switch is tested, and the program ends. 
If the last card indicator is off when first tested, the 
next operations performed are to read another card 
and to check department sequence. 

To check sequence, the program compares the de­
partment number in the read area and the depart­
ment number in the work storage area. If the numbers 
are equal, signifying there is no change in the control 
number, the program branches back to repeat the 
crossfoot operation. If the result of the compare is high, 

Dept. No. Dept. Total 

3 1098.67 
5 457.83 

1 8 785.45 
1 1 4 1945.35 

I Printing 
Positions 5-7 13-20 I 

Figure 24. Control Register for Multiple-Field Crossfooting 
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Figure 25A. Block Diagram for Multiple-Field Crossfooting 
with Control Register 

this condition means there is a change in control num­
ber (department change) and the cards are in ascend­
ing order. If this is the case, the program proceeds to 
assemble a printing line and to print. After printing, 
the switch is tested. If it is on, the last card has been 
processed and the program is directed to halt. If it is 
off, the program proceeds to test for carriage channel 12. 
A skip is initiated to channel 1 of the carriage tape, 
provided channel 12 was sensed. This is to allow for 
page overflow. If the result of the compare is low, it 
signifies the cards are in descending order, therefore 
out of sequence, and the program is stopped. 

After a line is printed, the program branches back to 
the beginning of the program loop where department 
number is again stored and the accumulator is reset to 
zeros. 
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** START 

1 'READ CARD X 

2 100 TO INITIAUZE x 

: 
1 

**IINITIALIZE 

1 IRET DEPT TOT AT. - 7.ERO eX 

2 :MOVE DEPT NO READ IN TO DEPT NO I 
1 

WORK i 1 X 

3 00 TO CROSSFOOT X I 
1 
1 

**' '.L I 
~.T GROSS - MISC -- x 

1 + REG X 
1 

+ EXTRA IXI 1 

1 + O.T. IX! I 

2 'PUNCH GROSS !xi ! I ! I 
1 IIxi I : : 3 !READ CARD 

-----1 
! 4 SET DEPT TOTAL + GROSS 1[xL __ I ! - -

5 :no TO TEST DEPT L CHAN~~ ! i 
1 i 1 

** TEST DEPT CONTROL CHANGE il 
-+-

1 ! 
+-

1 HAS LA£T CARD BEEN PROCESSED? I NIN'NY , 
I=<i> . I 2 PEEl' NQ READ :m ¥S DEPT NO WORK 

3 :00 TO CROSSFOOT X i ----_.-_._--, 
xl 4 '00 TO SEQUENCE CHECKHA~ 

5 100 TO CONTROL REGISTER !XX 
I 

! I 
I 

**!\';Ul'IH'J. I 
I 

1 lHAS LAST CARD BEEN PROCESSED 2 I NiNiv i 

2 :HAS END OF FORM BEEN RF. Al'lfF.n? !;NlviO ! 

3 ISKIP TO NEXT FORM ! iX ! ! 

r--!-JwRIT E PRINT LINE I xIX'X 

5 :00 TO TN1'1'TA T.T'7.F. ILx i 
I 

6 '00 TO STOP 
!. 
I Ix I 

I l ~~- ,-__ LL~-L_ 1---------1--____________________________ ____ ---1 L ___ 

Figure 25B. Decision Table for Multiple-Field Crossfooting 
with Control Register 

Figure 26 consists of the coding sheets contaInIng 
the forty-three statements used to code this application. 
Line 01 starts the assignment of storage with the ad­
dress 401. Lines 02-15 define areas and constants, and 
the remaining lines compose the program. 

Line 01 

Lines 02 
-04 

Lines 05 
-10 

Lines 11 
-12 

Line 13 

Line 14 

starts assignment of storage. 

define the printing area. 

define the card reading area. 

define the card punching area. 

reserves a 7-position accumulator labeled 
ACCUM. 

defines an edit control word constant. 
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Line Label pperation 
3 56 1516 2021 25 30 

I 
I 

QaG o I I 4 0 1 

o 2 P~~ I NE: D,A. 1 x2 0 G 

o 3 DE PT L : 7 

o 4 trOTAL L: 20 

o 5 RDAREA: DA 1 x 56 , G 

o 6 DEiPTC : 14,16 

o 7 I~IS~ C : 40 43 

aE;GC 
I 

44 .4,R. o 8 I 

o 9 EXTRAq 49,52 

Ol'C 
I 

53 56 I 0 I 

I I PCAREA: DA 1 x 3 9 G 

I '2 GaOssc: 3 5 39 

I 3 A,qCUM : DCW if 7 

I 4 C'I;R~Wn DCW @:t5:tr:b:t5 0 .;b-;b ,@, 

I 5 PE;P.T,W: DCW # 3 

I 6 S WI T CHi DC # 1 

START 
I 

R 1 RDA.REA I 7 I 

~ --'----'---'--- : CW SWI'I.CH 

STORE I M.LC DEPT C DEPTW I 9 
I 

2 0 I S AC C.DM l>. r.r T1.M 

2 I C110SSf: Z.A M,ISCC. GROSSe 

2 2 : A R,EGC • G;R.OS S~ 

2 3 : A EXT;RA,C , GRaS S C 
I A OTC ,G ROS SC 2 4 I 

2 5 : PS 1" PCA.REA 

Line Label Operation 
3 56 1516 2021 25 30 

o I : A 'GROSSC ACCUM 
I 

B,~C SETSW. o 2 I 

I 
R l .. RDAREA o 3 I 

I 
C DEPT.W DEPTC o 4 I 

I 
,R F. r R.().~ .R .1<'. o 5 I 

I 
BI SEQ ERR o 6 I 

o 7 ASS E,M : Mes DEPTW. .DEP.T,} 
I 

MI CW,A rTRL.WD TOT.A.T.T o 8 I 

o 9 : MCE ACCU,M TOTAl L 

I 0 : W P E.L I.N,E 
I BW E,N;D SWI T C a I I I 

I 
BCV OFLO I 2 I 

I 
B STORE. I 3 I 

O,F La 
I 

CC 1 I 4 I 
I 

B S T O.RE I 5 I 

I 6 SETS W : SW SWITCH 
I 

B AS SE.M I 7 I 

I 8 EN,D : a START 

I 9 SE,QER.R: H ~ ,'r,A,R,T, 

OPERAND 
35 40 45 50 55 

DE F I. N E P R I NT IN G ,AREA 
D;EPARTMENT 

TOTAL 
DEFINE CARD READING AREA 

DEPART.MENT 

.MI SC E L LANE 0 DS EARNINGS 

REGULAR EARNINGS 
EXTRA SHIFT EARN I NGS 

OVE.RTI M.E EAEN.IlJ_G~ 

60 

Page No.lQ.UJ of ~ 
I 2 

65 70 

DE FINE CARD PU;NC,H.I NG AREA, 

GROSS E.AR.NINGS 

DEFI;NE ,SWITCH; 

35 

,R,EAD C,A,El) 
-

'IURN SW:ITCIl OFF 

S1' ORE ,D.E PT NU,M;B E.R, 

.R,R~.F. ~ A,e ,eU,M,JlL A, LO.LR TO ZEROS 

CROSSFOOT TO GROS~ 

-~ 

BUNCH GROSS EARNINGS 

Page No.~ of ~ 
I 2 

OPERAND 
40 45 50 55 60 65 70 

A.DD G R,GS S ,£A...RN I NGS TO DE.PT TOTAL 
TE S T FOR LA ST C,ARD 

READ A CLA.R,~ 

COMPAR.E DE PAR T .M EN T NU.MBE.RS 

,R,R.A . .NCH IF ,EQ,uA,L 

.RRA . .NCH. I;F ~OW 

AR ,~,R,MBLE, P,RINT I IN E 

1 

PRI N T 

:r.E S ,T, S W ITC,H. 

CARRIAGE C,~ANNE L 12 ? 

S K.I P TO CHANNEL 1 I M.MEDIA 'IE 

'IURN SW:ITCH ON 

END PROGRAM. 

Figure 26. Coding Sheets for Multiple-Field Crossfooting with Control Register 
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Line 15 

Line 16 

Line 17 

Line 18 

Line 19 

Line 20 

Line 21 

Lines 22 
-24 

Line 25 

Line 01 
(page 2) 
Line 02 

Line 03 

Line 04 

Line 05 

Line 06 

reserves a 3-position work area for depart­
ment number storage. 

reserves a I-position work area as a switch. 

reads a card. 

turns the switch to its off status by remov­
ing the word mark at the position labeled 
SWITCH. 

stores the department number in a work 
area. 

resets the accumulator to zeros. 

zero-and-adds miscellaneous earnings to 
the gross earnings field in the punch area. 

add the regular earnings, extra shift earn­
ings, and the overtime earnings to the 
gross earnings field (punch area) . 

punches the gross earnings amount into 
the card. 

adds gross earnings to the accumulator 
(field symbolized by ACCUM) . 

tests the last card indicator and branches 
to the instruction labeled SETSW. 

reads a card. 

compares the department number in the 
work area with the department number 
read from the card. 

branches back to the crossfoot routine 
(labeled CROSSF), provided the result of 
the compare operation showed the depart­
ment numbers to be equal. 

branches to the halt instruction labeled 
SEQERR) provided the department number 
in the read area proved to be lower (of 
lesser value) than the department number 
in the work area. This condition (A field 
< B field) represents a step down in card 
sequence. 

Section 4. Questions 
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1. Which of the following operations is best suited 
to move an edit control word to a field prior to 
editing? 
a. MCE 
b. MCS 
c. MLC 
d. MLCWA 

2. What is the result of editing the two fields shown, 
using edit control word [lb,tibO.ot>-]? 

Fields Before Edit 

QOOOOI (negative) 
&:43625 (positive) 

Fields After Edit 

Line 07 

Lines 08 
-09 

Line 10 

Line 11 

Line 12 

Line 13 

Line 14 

Line 15 

Lines 16 
-17 

Line 18 

Line 19 

moves the department number from the 
work area to the print area and suppresses 
leading zeros. 

set up the control word in the "department 
total" print area, and move and edit this 
amount from the accumulator to that area. 

prints a department total line. 

tests the position labeled SWITCH for a word 
mark and branches to the halt instruction 
labeled END) provided the word mark is 
present. 

branches to the instruction labeled OFLO 

if the channel 12 indicator is on. 

branches unconditionally to the instruc­
tion labeled STORE. 

skips the form immediately to channel 1 
of the carriage control tape. 

branches unconditionally to the instruc­
tion labeled STORE. 

turn the switch on by setting a word mark 
in the position labeled SWITCH and 
branch to the instruction labeled ASSEM, 

which starts the print routine. 

ends the program. 

halts the program for a sequence error. 
Note that separate Halt instructions are 
provided for the program-end halt and 
the sequence-error halt although a single 
halt instruction could have been used. 
Separate halt instructions allow the com­
puter operator to observe which halt in­
struction is being displayed at the console 
and make it easier for him to find the 
reason for ~he halt. If only a single halt 
were provided, the reason for the halt 
would not be isolated. 

3. The instruction to cause skipping after printing 
a line 

a. must appear before the printing instruction. 
b. must appear after the printing instruction. 
c. can appear before or after the printing instruc­

tion. 
d. must appear before and after the printing in­

struction. 
e. none of the above. 

4. Is it true that a hole in channell of the carriage 
control tape can be used to initiate a carriage 
skip? 
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5. Which of the following statements is not true of 
the print operation? 
a. The position immediately to the left of the 

area to be printed must contain a group mark 
with a word mark. 

b. The addressed core storage position is printed 
in print position 1. 

c. The operand specifies the leftmost position of 
the print area. 

d. A group mark with a word mark must follow 
the highest-numbered core storage position to 
be printed. 

e. The Autocoder operation code for Write a 
Line is W. 

6. Does the carriage skip automatically take place 
when the carriage channel 12 indicator is found 
to be on by the BCV operation? 

7. Using address adjustment, write a statement that 
will move only the 123 portion of the field labeled 
SUM to a 3-position field labeled TOT. 

1234567 SUM is the address of the rightmost 
position 

8. If the contents of the position of storage desig­
nated SW1 is a digit 1 with a word mark and 
the following Branch on Word Mark instruction 
is executed 

6 
label 15~perati:121 25 50 55 

BW STEP:X. SW 1 
I 

which'is the location the program advances to? 
a. the next sequential step. 
b. STEPX. 

c. SW1. 
9. Write an instruction that will test the storage 

position labeled CODE for the letter R, and will 
branch to the instruction labeled START if the R 
is present. 

10. Given the following block diagram, write a pro­
gram on an Autocoder program sheet' that will 
read gross earnings from the cards, accumulate 
a total of gross earnings for all cards, and print 
this total. 

No 

Use these labels in the area definition state­
ments. 

RDAREA 

GROSS 

PRAREA 

TOTAL 

for read area 
for gross earnings field 
for print area 
for total field 

Gross earnings amount is to be read from card 
columns 1-5, and the total is to be printed in print 
positions 1-7. 

11. A Compare operation compares two fields and 

12. 

a. if they are equal, branches to the instruction 
specified by the A operand. 

b. sets an indicator, which may be tested by subse­
quent instructions. 

c. if they are unequal, branches to the address of 
the instruction specified by the B operand. 

After comparing field A to field B, does the com­
parison result in an equal or unequal condition? 

Field A 

a. QOOO (unsigned) 
b. QOOO (unsigned) 
c. QOOO (unsigned) 
d. 123 J (unsigned) 

Field B 

QOOO (positive) 
QOOO (unsigned) 
QObt> (unsigned) 
1231 (unsigned) 

13. Write instructions to clear to blanks the following 
storage positions: 

800-999 
600-625 
500-501 
200 only 
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Programming with Disk Storage 

Section 5 

The sample programs we developed in previous sec­

tions were based on a system composed of a Card Read­
Punch, a Processing Unit, and a Printer. In this section 
we will study ways to use the supplemental storage 
provided by the 1311 Disk Storage Drive, and we will 
program some basic disk storage operations in Auto­
coder language. 

The 1311 Disk Storage Drive supplements the core 
storage area at a reasonable and acceptable cost. Like 
core storage, disk storage can be used to store program 
instructions, tables, and data records. It can also serve 
as a working storage area; i.e., an area for storing inter­
mediate results, input data, and output data. 

It is advisable in large programs to store the most 
infrequently used subroutines in disk storage, because 
it takes a certain amount of time to read these sub­
routines into core storage where they can be operated 
on. Using disk storage in this way permits the program 
to execute its functions in the shortest amount of time. 

Some applications require large rate tables. If the 
tables are stored in disk storage rather than core stor­
age, more core storage is made available for the pro­
gram and for the input and output areas. 

Data records may be stored in disk storage in either 
a sequential or nonsequential (random) manner. 

Sequential Method 

For sequential storing, virtually unlimited storage is 
available. As soon as one disk pack is filled to capacity, 
it can be removed and replaced by another. 

Data records that are stored sequentially usually 
contain some control field, for example, account num­
ber, that is in the same sequence as the sequence in 
which the records are stored. This control field makes 
it easy for the computer to scan the sequence of records 
and update or post changes to the records. 
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Sequential storing of data is usually used when: 

1. Transactions to be processed are in a given se­
quence (same order as records) . 

2. Most of the records require processing for any 
given application. 

3. Unlimited storage is needed for the records. 

4. Sequential reports are required by the user. 

The term "sequential searching" implies that each 
record, starting with the first, must be scanned to 
locate a specific record. However, indexing may be 
used to eliminate the scanning of every record. Index­
ing is a method of cross-referencing a control field with 
a disk storage address through the use of a table. By 
scanning the table, the computer can obtain the ad­
dress of the record and thus locate the record without 
sequential searching. 

Nonsequential (Random) Method 

For nonsequential storing, data records have no par­
ticular sequence so far as control information or con­
tents is concerned. However, if these data records 
contain a control field that can be used as the actual 
disk address, they can be stored by direct addressing 
and retrieved in the same way. If direct addressing is 
not possible, a form of indirect addressing may be 
used. In indirect addressing, some technique must be 
employed for converting the control field to the disk 
address. A number of such techniques known as ran­
domizing techniques are available. 

The nonsequential (random) method of data stor­

age is usually used when: 

1. Sorting of transactions in a given sequence is un­
desirable, or not possible before processing. 

2. A low percentage of the records is used during 
processing (low activity for many records) . 

3. The maximum number of disk records to be made 
available at one time for processing will fit within 
an established disk storage area. 

4. Nonsequential reports are required by the user. 
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1311 Disk Storage Operations 
Disk storage instructions consist of five basic opera­
tions: 

Seek 
Read 
Write 
Wri te Disk Check 
Scan Disk (special feature) 

The Read, Write, and Scan Disk operations have num­
erous variations that increase their effectiveness. A 
general description of the various Disk Operations 
follows. 

Seek Operation 

The Seek operation consists of an instruction that di­
rects the read/write heads to the proper cylinder on 
the disk pack. Data on the disk records is not acted 
upon by this instruction. The seek instruction merely 
positions the access arms at the proper cylinder. 

The Seek instruction is followed by a read instruc­
tion or a write instruction. The operand of this in­
struction specifies the core storage address of the Disk 
Control Field (described under READ DISK OPERATION) . 

Read Disk Operation 

The Read Disk operation transfers data from disk stor­
age to the core storage area of the processing unit. 

The core storage area where the data is to be placed 
must be defined by an instruction that precedes the 
seek or read instruction. This area is defined thus: 

Disk Control 
Field 

J.. 

Data 
Field 

J. 
r 1 1 
"'"':-1 * ~I ........ 1 .&....-1 ",--I ...&.-1 -L-I ....1.-1 ......... 1 ~I ~I .......&-.....L1l..lliJ 

t~t 
Alternate Core Sector First 

Code Sector Count Data 
Address Character 

The Disk Control Field determines the location in disk 
storage of the data to be used and determines the num­
ber of disk sectors in the data record. The number of 
positions in core storage reserved for the data field 
must be large enough to contain all the data read from 
the disk. The group mark with a word mark at the end 
of the data field defines the total length of the area 
reserved . 

The Sector Count part of the disk control field speci­
fies the number of disk sectors that are to be read or 
written by the instruction. 

The Core Sector Address part of the Disk Control 
Field contains the disk address of the data to be read 
or written. If more than one sector is read or written, 
the address of the first sector is specified. 

The disk address of the data indicates which storage 
drive is to be used by the system for an instruction, as 
shown in the examples below. 

Address Block 

00000-19999 
20000-39999 
40000-59999 
60000-79999 
80000-99999 

Selects Disk Drive 

o 
1 

2 
3 
4 

If the disk address on a disk pack does not correspond 
to the number of the disk storage drive it is located on, 
then a Disk Alternate code is used. 

This coding provides the flexibility to operate upon 
any block of. disk addresses, regardless of which disk 
drive the pack is located on, and, when the occasion 
requires, to have more than one Disk Pack containing 
the same disk addresses on-line at once. 

The selection of a particular Disk Storage Drive is 
made by using the following Alternate codes: 

Al terna te Code 

o 
2 
4 

6 
8 

Selects Disk Drive 

o 
1 

2 
3 
4 

For example, if address block 60000-79999 is located 
on Disk Drive 4 (instead of Disk Drive 3) , the Alternate 
code in the Disk Control Field will be 8. 

When this flexibility is not required, the drive is 
selected directly from the core sector address and an 
asterisk (*) is placed in the Alternate Code part of 
the Disk Control Field. 

Write Disk Operation 

The Write Disk operation transfers data from core 
storage to disk storage. An area in core storage is set 
aside for the Disk Control Field, which specifies the 
disk storage drive to be used, the disk address where 
the data is to be written, and the number of sectors to 
be written on. 

The data to be transferred to disk storage is located 
immediately to the right of the Disk Control Field. If, 
for example, lOO character records are to be written 
into core storage, 110 core storage positions will be 
reserved; 9 positions for the Disk Control Field, 100 
positions for the data, and one position for a group 
mark with a word mark. 
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Write Disk Check Operation 

A Write Disk Check instruction must immediately 
follow each Write Disk instruction. The Write Disk 
Check operation causes the data just written in disk 
storage to be read and compared with the original 
source data in core storage. When the disk data does 
not compare, bit-by-bit and character-by-character, with 
the core storage data from which it was written, a Disk 
Error indicator is set. 

Scan Disk Operation (Special Feature) 

This feature provides the system with the ability to 
make a rapid search of a disk pack for a specific code 
or condition (such as data or account number) that 
is stored within the data itself. Only one seek and one 
scan disk instruction are required to cause the program 
to search through an entire cylinder (200 sectors) . The 
scan can be made to compare the search argument with 
the data, on the basis of the argument being low or 
equal to the data, equal to the data, or high or equal to 
the data. 

The program can be directed to scan (search) all 
records in a file, or all records in a cylinder, or any 
specific number of records. The Disk Control Field 
contains the address of the sector where the scan is to 
begin and the maximum number of sectors to be 
scanned. 

Four Modes of Read or Write Disk Operations 

Read instructions and Write instructions have four 
modes: 

Address Mode 
Sector Mode 
Sector Overlay Mode 
Track Record Mode 

It is possible to transfer data, with or without word 
marks, in any of these modes. 

Address Mode 

This mode of operation allows sector addresses re­
corded in disk storage to be changed. It transfers both 
data and disk sector addresses to and from the file, one 
complete track at a time. The sector count must be 
set to 020 (sectors are transferred in blocks of twenty) . 

The operation requires that the Disk Control Field 
contain an address of one of the sectors within the track. 
This address must be satisfactorily compared with its 
counterpart in disk storage before the transfer can take 
place. 

To write in the Address Mode, the Write Address 
key-light on the number 0 Disk Storage Drive unit must 
be set to the ON position. 
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Sector Mode 

The Sector Mode is the normal mode of operation. 
Read and Write operations in the Sector Mode transfer 
data, but do not transfer disk sector addresses. The 
number of sectors to be handled within one operation 
is designated in the Sector Count part of the Disk Con­
trol Field. 

Each sector is transferred only upon absolute com­
parison of sector addresses in Disk Storage with those 
in the Disk Control Field. The Core Sector Address 
in the Disk Control Field is automatically increased 
by one for each sector transferred and thereby supports 
the comparison of successive sector addresses. Similarly, 
the Sector Count is reduced by one and indicates by 
a 000 setting that the required operation has been com­
pleted. 

If a group mark with a word mark is sensed in the 
Record field before the sector count reaches zero, the 
operation is terminated. Likewise, if the sector count 
reaches zero before the group mark wi th a word mark 
is sensed, the operation is terminated. Either of these 
events will result in the Wrong Length Record indi­
cator being turned on. 

The Wrong Length Record indicator is tested by a 
Branch If Indicator On instruction. It is reset by the 
next Disk operation. 

Sector Count Overlay Mode 

The Sector Count Overlay mode of operation allows 
a record to indicate the number of sectors it contains 
by modifying the Sector Count portion of the Disk 
Control Field. This technique permits better utiliza­
tion of disk storage in sequential-type applications 
having variable size records. In all cases, the variable 
size records must be in increments of 100. 

When such a record is read into the processing unit 
in the Sector Count Overlay Mode, the first data char­
acter transferred from disk storage is stored in the 
leftmost position of the Sector Count part of the Disk 
Control Field instead of the position immediately to 
the right of the Disk Control Field. When a record is 
stored in disk storage from core storage, the trans­
mission of data starts with the leftmost position of the 
sector count field. 

In the normal operation of read and write instruc­
tions, the Sector Count in the Disk Control Field is 
decremented by one each time a sector is read from or 
written into the file. At the same time the Sector Ad­
dress in the Disk Control Field is incremented by one. 
The operation is stopped when the sector count reaches 
zero. Incrementing and decrementing are automatic 
functions of the processing unit. 
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Initially, the Sector count must be set to a number 
greater than 001 before a read operation in the Sector 
Count Overlay mode is executed. The Sector Count 
Overlay mode cannot process records containing only 
one sector. 

Track Record Mode (Special Feature) 

Normally one 100-character record is written in or read 
from each of the 20 sectors of a track. The Track 
Record mode makes it possible to read or write one 
record in place of the twenty sectors of a track. This 
record consists of a 5-position address and 2980 posi­
tions of data. The Track Record mode can also be used 
in the address mode to transfer the 5-digit address with 
the data. 

Reading and Writing with Word Marks 

In all reading and writing operations, the data to­
gether with word marks may be read from, and written 
into, disk storage. When word marks are written on 
the file, the data is written in 8-bit BCD coding. The use 
of 8-bit coding reduces the number of characters that 
can be stored on a sector from 100 to 90, and reduces 
the total number of characters on a disk pack from 
2,000,000 to 1,800,000. In the Track Record Mode, 
the maximum number of characters on one track IS 

reduced from 2980 characters to 2682 characters. 

Fixed and Variable Length Records 

Fixed length and variable length records can be stored 
in disk storage. The sector mode is used to process 

fixed length records. The sector count of the Disk Con­

trol Field in this mode is constant and indicates the 
number of sectors contained in the record. The Sector 
Count Overlay mode is used to process variable length 
records. In this mode, the record itself contains the 
sector count. Because each record can contain a dif­
ferent sector count, the length of each record can be 
variable. 

Format of Disk Storage Statement 

The disk storage statement takes the following form, 

so 

where op is one of the disk mnemonic operation codes 
and AD DR is the address of the leftmost position of the 
Disk Control Field used in the operation. 

The mnemonic operation code to be used for all 
seek operations is: 

SK (Seek Disk) 

Read, Write, and Write Disk Check mnemonic op­
eration codes are shown by mode in Table 3. 

The Scan Disk (special feature) mnemonic opera­
tion codes are given in Table 4. 

Table 3. Mnemonic Operation Codes Used for Read, Write, and Write Disk Check Operations by Modes 

Modes 

SECTOR ADDRESS SECTOR OVERLAY TRACK RECORD 

Operation 
(special feature) 

(data (data and (data and data data and 
only) addresses) sector count) only addresses 

READ DISK 

without WM* RD RDT RDCO RDTR RDTA 

with WM RDW RDTW RDCOW RDTRW RDTAW 

WRITE DISK 

without WM WD WDT WDCO WDTR WDTA 

with WM WDW WDTW WDCOW WDTRW WDTAW 

WRITE DISK CHECK 

without WM WDC WDC WDC WDC WDC 

with WM WDCW WDCW WDCW WDCW WDCW 

*WM = Word Mark 
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Table 4. Mnemonic Operation Codes for the Scan Disk Operation 

This operation compares the Argument to the Data for one of the conditions shown in this table. 

Operation 
Low or Equal 

SCAN DISK 

(Special Feature) 

without WM SDL 

with WM SDLW 

Disk Check Indicators 
Several disk check indicators provided on the 1440 
system are automatically turned on to indicate disk 
storage conditions or errors. It is up to the programmer 
to test the indicators in his program to identify the 
condition or error and to specify the course of action 
to be followed by his program. 

A description of the six disk check indicators follows. 

Any Disk Condition 

This indicator is set in unison with any other disk check 
indicator. It is reset by the next programmed disk 
storage operation. It can be tested by a Branch If 
Indicator On instruction. 

Access Busy 

This indicator is set when reference is made to a Disk 
Storage .Drive that is in a Busy status. The programmed 
disk operation is terminated. The indicator is tested 
by a Branch If Indicator On instruction. It is reset 
upon completion of the next programmed disk stor­
age operation. 

Access Inoperable 

This indicator is set when reference is made by a disk 
operation to a Disk Storage Drive that is in a Not 
Ready status. Because the access is in a Not Ready 
status, the disk operation is terminated. 

The Access Inoperable indicator is tested by a Branch 
If Indicator On instruction. It is reset by the next 
programmed disk storage operation. 

Disk Error 

This indicator is set when a parity error is detected 
during a Read or Wri te Disk operation, or when an 
Unequal Compare or parity error occurs during a 
Write Disk Check operation. The indicator is tested 
by a Branch If Indicator On instruction. It is reset 
by the next programmed disk storage operation. 
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Condition 

Equal High or Equal 

SDE SDH 

SDEW SDHW 

Wrong Length Record Check 

This indicator is set when a 000 Sector Count and the 
group mark with a word mark fail to correspond at the 
end of a Read or Write or Disk Check operation. This 
indicator is also turned on if data records read from 
disk storage or written to disk storage are not in even 
increments of 100 characters. The indicator is tested 
by a Branch If Indicator On instruction. It is reset by 
the next programmed disk storage operation. 

Unequal Address Compare 

This indicator is set (1) if a disk data transfer is 
initiated and the sector address does not compare and 
(2) after the data transfer process begins, if the next 
sector address in physical sequence fails to compare, i.e., 
the sector address of the Disk Control Field and the 
next disk address are unequal. The indicator is tested 
by a Branch If Indicator On instruction. It is reset by 
the next programmed disk storage operation. 

Format of Branch If Indicator On Instruction 

The Branch If Indicator On instruction can be used 
to test any of the indicators contained in the system. 
Included in these indicators are the six Disk Check 
indicators. The instruction used to test these indicators 
takes the following form 

where BIN is the actual mnemonic operation code, 
INST is the address of the instruction which the pro­
gram branches to if the indicator is on, and d is the 
d-modifier character which identifies the indicator to 
be tested. A list of the d-modifier characters that can 
be used with this instruction is given in Table 5. 

o 
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Table 5. d-modifier Characters Used with Branch If Indicator On Operation 

d-modifier 
character Indicator Reset by 

b1 Unconditional Branch 

9 Carriage Channel 9 Branch Test 

@ Carriage Channel 12 Branch Test 

A "Last Card" Switch Manual 
(Sense Switch A) 

B * Sense Sw itch B 

C * Sense Switch C 

D * Sense Switch D 

E * Sense Sw itch E 

F * Sense Switch F 

G * Sense Swi tch G 

N Access Inoperable Next Disk Storage operation 

\ Access Busy Next Disk Storage operation 

P Printer Busy 

/ Unequal Compare (B 'I A) } S Equal Compare (B = A) I'lext Compare or 

T Low Compare (B < A) Disk Storage operation 

U High Compare (B > A) 

V Disk Error 

W Wrong Length Record Next Disk Storage Operation 

X Unequal-Address Compare } 
y Any Disk Condition 

Z Overflow Branch Test 

% Processing Check with Process Branch Test 
Check Switch off 

? Read Eno' } If I/o Check Stop } Reset by Test; must 

! Punch Error Swi tchis off be reset before next 

t Printer Error operation 

* Special Feature 

Testing the Disk Check Indicators 

The programmer should always test the Access Busy 
indicator after the first disk (seek, read, write, etc.) 
instruction following a seek. If this test is omitted, the 
disk instruction which follows the seek can be negated 
(not acted upon) without being detected. If this in­

dicator is on when tested, it means that the disk in­
struction was negated. The program can then be in­
structed to branch back to repeat the negated disk 
operation. If the indicator is off when tested, the pro­
gram may proceed with the next instruction, for the 
test indicates that the disk operation has been per­
formed. 

The Any Disk Condition indicator makes it possible 
to make one check for any disk errors, and if the in­
dicator is off, to proceed with the normal program. 

If the indicator is on, only then is it necessary to test 
the other indicators to find out which error condition 
is present. A good practice in coding a disk operation 
is to follow it always by a test of the Any Disk Condition 
indicator. 

The programmer can write one subroutine to test the 
indicators and use this common subroutine after every 
disk operation, and thus save program storage space. 
In such a subroutine, it is desirable to have a program 

loop which will cause the disk operation to be re­
peated (up to three times) if the Disk Error indicator 
is on. By repeating the operation, the error in some 
instances may be corrected automatically by the com­

puter without operator intervention, thus saving 

valuable computer time. 
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For the other indicators (Access Inoperable, Wrong 
Length Record, or Unequal Address Compare) it may 
be desirable to halt the program if any of these is on. 
The program should then try to re-execu te the disk 
storage operation when the Start key is depressed. It 
should be noted that an ON condition of the Unequal 
Address indicator can be caused by a cylinder overflow; 
i.e., by attempting to read or write beyond the capacity 
of a cylinder. In some applications, the programmer 
may want to write beyond the capacity of a cylinder. 
If he does he must give another seek instruction to get 
to the next cylinder; and then, a second read or write 
instruction to continue the operation which initially 
caused the cylinder overflow. 

Programming Example 5. 
Storing Records in Disk Storage 
In Programming Example 5, we will read name and 
address data from cards, two cards for each address, 
and store the name and address record in disk storage. 
We will use a control field from the card for direct 
addressing, that is, use the control field as the sector 
address. Figure 27 shows the format of input cards. 
Customer number, which will also become the direct 
address, is the same number in both cards. Codes I and 
2 in column six identify the first and second cards of a 
name and address record. 

/ CUST NO. ~ 
u 

CITY & STATE 

In Figure 28A, block diagram, and Figure 28B, 
decision table, we can see that the card code determines 
the course of action to be followed in the program. 
Card code I, the customer name and address part of the 
record, is assembled and a seek instruction is initiated. 
Card code 2, the city and state part of the record, is 
assembled and the disk record is written into disk stor­
age from core storage. Figure 29 is a record layout 
which corresponds to the 100 characters of a sector. 

The Write Disk operation is followed by a Write 
Disk Check operation, as it must be. Note that certain 
parts of the disk control field are changed when the 
write command is given; the sector address is incre­
mented by one and the sector count is decremented by 
one. Therefore, the disk control field must be restored 
to its original value before the Write Disk Check can 
be given. The Any Disk Condition indicator is tested 
following the Write Disk Check operation. If it is on, 
the program halts. The program would not halt at this 
point if we had inserted in our program a subroutine 
for testing the individual indicators, as described 
earlier. 

Figure 30 is the program coding sheet. First, a card 
reading area (66 posi tions) and disk record area (100 
positions) , each followed by a group mark with a word 
mark, are defined in core storage. The disk control field, 
defined by a DCW statement, immediately precedes the 

00000000000000000000000000000000000000000000000000000000000000000000000000000000 
12345'7"W"n~u"an~~~~~nu~~vn~~~~~~~~n~~~~~~«~~~q~OO~~~M~~~~"m~UUMu.~.nMnnnu~nnnn. 

/ CUSTNO ~ CUSTOMER NAME ADDRESS 

u 

00000000000000000000000000000000000000000000000000000000000000000000000000000000 
12345'7"W"n~u"an~~~~~nu~~vn~~~~~~~~n~~~~~~«~~~q~OO~~~M~~~~"m~UUMu.~.nMnnnu~nnnn. 

1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

22222222222222222222222222222222222222222222222222222222222222222222222222222222 

33333333333333333333333333333333333333333333333333333333333333333333333333333333 

44444444444444444444444444444444444444444444444444444444444444444444444444444444 

55555555555555555555555555555555555555555555555555555555555555555555555555555555 

66666666666666666666666666666666666666666666666666666666666666666666666666666666 

17 7 7 7 7 7 17 17 7 77 7 17 17 17 17 17 7 7 17 17 7 17 7 17 7 7 17 7 7 7 7 7 7 7 7 7 17 7 7 7 7 7 17 7 7 7 7 7 7 7 17 7 17 17 17 17 7 7 7 

88888888888888888888888888888888888888888888888888888888888888888888888888888888 

99999999999999999999999999999999999999999999999999999999999999999999999999999999 
12345'7"W"n~u~an~~~~~nu~~v~~~~~~~~~n~~~~~~«~~~q~OO~~~M~~~~"m~UUMu.~.nMnnnu~nnnn. 

Figure 27. Name and Address Cards for Storing Records in Disk Storage 
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No 

Move Disk 
Address CI'ld 
Sector Count to 
Disk Control Field 

Seek 

Move 
"Customer No, 
Ncme, Address, 
to Record 

No 

Off 

Move 
City CI'ld State 
to Record 

Restore 
Disk Control 
Field 

Write 
Disk 
Check 

Figure 28A. Block Diagram for Storing Records in Disk Storage 

record-defining statements. This arrangement of state­
ments is necessary to assign the disk control field the 
nine positions to the immediate left of the IOO-position 
record area. Note that records are written in the sector 
mode; therefore, the sector mode operation code 
mnemonics are used. 

Programming Example 6. 
Printing Name and Address Labels 
from Disk Storage 
This problem may be considered an extension of the 
previous one where we loaded name and address rec­
ords into disk storage. Here, we will use the finder cards 
which contain the customer number (direct disk ad­
dress) in columns 1-5 to select the disk records to be 

** START --t--r-'- -
1 I HAS LAST CARD BEEN ED? N!Y 

2 I READ CARD XI ! 

3 : 00 TO TEST CARD CODE X I 

xl 
I 

4 I GO TO END OF JOB HALT 

! 

*~ TER'T' CARD CODE I ! 

1 : (';ARD CODE EQ.l YNiN 

2 I CARD CODE EQ 2 
I 
NyiN 

3 I SET CORE SECTOR ADDR EQ CUST. NO. FX+-+-I _+_+---4_4-+---+-+.-+ 

~T SECTOR COUNT EQ 001 FX+-+--+_-+-+-+-+--+-+--+ 

5 I MOVF.CUST_NO. NAME.ADDRTO i 
~-+:R_E_C_O~R~D~:_C~O~R~E ________________ ~~X+'I-+-' _+_+___4_4-+---+-+-11-+ 

6 I MOVE CITY STATE TO RECORD'CORE ~!x! , : 

7 IWRITE RECORD:CORE TO DISK XI ; 

~=8~:' DO:::T:E~S:T:D:I:SK::IN:D:I:C:A:T:O:R~S:::=====~il---l'lx~i ~~:~~:~::i -11--+ 
9 I SET SECTOR COUNT EQ 001 I !X: 

~10~: WR~~IT~E~C~H~E~C~K~R~E~C~O'--'RD~:~D~IS~K------~i:-tr --­
~~I~~~~~~~~~~~~------ll~,~, _+_+___4_4-+---+-~ 

11 : DO TEST DISK INDICATo-"-R.=S----------1L'-x-!"I!.:xx.~: _+_+___4-+-+- --', __ 

12 100 TO START .-------~~'4---+--+_4_4-+-+--.~ 
13 100 TO ERROR HALT X 

I ~~~~~-+--+-~ 
I 

1_~I+IA~R~E~A~NY~D~IS~K~IND~I~C~A~T~O~RS~O~NL?L---_4~N~Y~IY-+-+---4_4-+---+-~ 

2 lIS ACCESS BUSY INDICATOR ON? yiN 
I ' I 

1-------1-------------------------_41--+- -f--
3 :waITE RECORD TO DISK AGAIN !.x i 

I---~~==~~~~~~~~====~--~ 

4~~ ~ 
I 

1---~5~IR~E~T~UR~N~ ____________________ Ii~'x~x~I4_~~~_+__+_~ 
i 

Figure 28B. Decision Table for Storing Records in Disk Storage 

printed. The format of the disk record will be the 
same as it was in the last example (Figure 29). 

Figure 31 shows the format for the three name and 
address labels that are to be prepared simultaneously 
from one record. The channell punches in the carriage 
control tape are used for carriage skipping to the first 
line of the addresses. 

In Figure 32A, block diagram, and Figure 32B, 
decision table, note that the address (customer num­
ber) in each card is used to select the record. After 
the record is read into core storage, the customer num­
ber in the record and the customer number in the finder 
card are compared to see if they are equal. 

Figure 29. 

Customer 
Name 

3536 
Address 

6566, 
City a"nd State 

Record Layout for Storing Records in Disk Storage 
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Line Label 
3 56 

0 I ~DAREA: - -
o 2 C,US,NOC: 

o 3 CQDEC : 
o 4 N:A.MEC : 

,A,DDRC I o 5 

o 6 IDSKCTFl 
, 

o 7 I 

o 8 CUS;NO]1' 

NAlI4ERs 
I 

o 9 

I 0 ,A,DDRR I 

I I C I TYS R' 

~-,-'- START i 
I 

I 3 
f--~ 

I 4...L 

I 5 
I 

I 6 CAR,Dl 
I 7 

I 8 

~ --"--
, 

~~- ----".-'-~ 

~ j 

2~2 CAR,D2 

2 3 WRI TE I 

2 4 
I 

2 5 I 

Line Label 
3 56 

I 
0 I, I 

I o 2 1 

o 3 i 
o 4 , , I , , 

I o 5 I 

o 6 Il~~ER.Ri 
, 

o 7 LSTCD 

pperation 
1516 2021 25 30 

DA 1 x 6 6 , Q, , , 

5 

6 

7 3 6 

3 7 66, , , , , , , , 
DCW: 1(5), *:b;b;bj)"jj O,O,l,@, , 
DA 1 xl 00 G 

5 

35 

65 

95 

R 1,RDAREA 

B,C~ CARDl,CODEC, 

BeE CARD2 CODEC 

H lSlTARXl 

OPERAND 
35 40 45 50 

,D E,F I N,E, ,C,A,R,D, ,RE.ADIi'I G 

C USa' OM,ER NU,M.B.E R 

CODE 

55 60 

A,R,EA 

Page Na.llliJJ of ~ 
I 2 

65 70 

. , , 
~-

NAME OR CITY ~ I'TATE 

, , , ,A .Q,D.B~ ~ ~ , I , , , , I , , , I_J.~J. __ ..L' , , , , 
DIS K CONTROL FIE L,D CON S T,A,NT 

DE FINE DISK RECORD 

CUSl'P,M,ER N:UM~ER, 

NAME; 

A.U:QR,ESS 

CITY & STA TE 

R EA,n ,C,A,BD, I , , , , , , , , , ~ __ -L_J..._J.._~_..L..----1-..-.J._----1..---.L...-'----l_ 

1 CA~D CODE 1 ? 

2, CARD CODE 2 ? 

,RA L.T, ,FIOR I NV:A L I D caDE 
IMLC C U SJ'lQ.c DSK~F - 3 MJOVE UH;~ ADDRESS TO DJ SK CTRL FI L;D 

MLNS @l@ ,D,S,K,C T F M,OVE SECTOR, COUNT TO DI S K CTRL FI LD 

SD Ins &,C,T, F,-,S, , , , , , , , ,S~~.K, , , , I , , , , , , , , , , I , , I , I 

Ml,.C NA,ME,C, "NA,M~B , , , I , ,M,o,V,E, ,c,u,S,T,o,ME,B N,A,M~ ~~~ I , , , I , , , --'- ' .. -

114 J,.. G iA,DDRC, ADDRR '~lP.L ~E.L~JS 1 ,TLq .L~.J:1CJOJR)?.L L_L.L...L _'-- I , L __ 
I I --.l __ 1_..L 

~ ST A,RJT , ;§B~N,C,!!, ,U,N,C,o,N,D,I ,T ,I P ,N,A,L,L,Y, IT,q S,T,A,R,T, 
~-

.l\ikC MM~g. C I ,T,Y,S,R, , , ,MO,V,E, IC,I,T,Y, ,~ ,S,T,A,T,E, IT,o, ,RE,C,OgD, , , , , , , 

WD DSKCTF- 8 -.L....L. ,W,R I,T,E, ,D,I,S,K, ,R,E,C,O,R;Q, , , , , , , , , , ' J L_...!.._--L..... __ ~ 

BIN iWR,ITE,,- I ' -L 1 LL. ~ BRA.N.C,H I.E AC-LQ~ B,U -" Y , ~~.-~ 
IMINS iiJl@ CSKCTF 

Operation 
1516 2021 25 30 35 

A @l@ ns,K.C T F - 3 

WUC D.SK,C T F - 8 

BIN D S,K,E,R,R y 

:6_LJ~1 LST~D 

B S TA,R,T, , , , , , , , , 
H ~ TART 

H S.TART 

R ~~ S TORE DIS ,K CONTROL 

OPERAND 
40 45 50 55 

CHECK DISK, WRI T I ~ G 

BRANCH I F ,ANY ERROR 

TE~ ,F,O,R, ,L .. A,S,T ,C,A,RP, I 

FiELD 

60 

, 

Page No.1.OJ2J of ~ 
I 2 

65 70 

, , I , , , 
,;§B,A,N,C H l!ZNC.:.QN,D liT, I,ONA,LLY TO START 
,H,ALT FOR pI S K ERROR 

,HA LT FOR, LAST, IC,A,R,D, , , , , , , 

Figure 30. Coding Sheets for Storing Records in Disk Storage 
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GLlJE 

,--------------, 'I 'II II 0 
1-t--I1-t--I~H_l+_++_1:l:if FROM FROM FROM 
1-t--If--H~H_l+_++_1liS;;1i1 GENERAL MANUFACTURING CO. I GENERAL MANUFACTURING CO. I GENERAL MANUFACTURING CO. I 

-H, -++-f-+e++-l--+-HI 

ENDICOTT, N.Y. I ENDICOTT, N.Y. I ENDICOTT, N.Y. I 0 

OOUWRro I MUWRro I MUWRro 1 0 
I ROGER CARR I ROGER CARR I ROGER CARR 

1132 N EDDY STREET 
SANTA CLARA, CALIF. 

I 1132 N EDDY STREET I 1132 N EDDY STREET I 0 
I SANTA CLARA, CALIF. I SANTA CLARA, CALIF. : 
I I 10 ----------- -- ---,--- - - -- - --- ---~ - - -- - - --- - ---,.--

FRO;>: I FROM I FROM 0 
GENERAL MANUFACTURING CO. I GENERAL MANUFACTURING CO. GENERAL MANUFACTURING CO. 

ENDICOTT, N. Y. I ENDICOTT, N. Y. : ENDICO'IT, N. Y. o 
MUWRro I MUWRro I MUWRro 

JOHN ? AGE I JOHN PAGE I JOHN PAGE 
1682 FLORENCE DRIW I 16tj2 FLORENCE DRIW I 1682 FLORENCE DRIW 0 
EAU CLAIRE, WISC. I EAU CLAIRE, WISC. I EAU CLAIRE, WISC. I 

o 

I I 1 0 
~----------------~----------------r---------------,--

FROM I FROM I FROM I 0 
GENERAL MANUFACTURING CO. I GENERAL MANUFACTURING CO. I GENERAL MANUFACTURING CO. I 

ENDICOTT, N.Y. I ENDICOTT, N.Y. ENDICOTT, N.Y. I 0 
I I I 

DELIWR TO I DELIWR TO I DELIWR TO I 0 

LARRY SHAMUS I LARRY SHAMUS I LARRY SHAMUS I 
2121 JOHNSTON WAY I 2121 JOHNSTON WAY I 2121 JOHNSTON WAY I 0 
SAN JOSE, CALIF. I SAN JOSE, CALIF. I SAN JOSE, CALIF. I 0 

I ' I I 
-----------------I----------------+---------------~--

FROM I FROM I FROM I 0 
GENERAL MANUFACTURING CO. I GENERAL MANUFACTURING CO. I GENERAL MANUFACTURING CO. I 0 

ENDICOTT, N.Y. I ENDICOTT, N.Y. I ENDTCOTT, N.Y. I 

MUWRro I MUWRro I OOU~Rro 10 
J AC WYMAN I J AC WYMAN I J AC WYMAN I 
1358 EARL AWNUE I 1358 EARL AWNUE I 1358 EARL AWNUE I 0 

O I Y I C I ENDIC 'IT, N. Y. I ENDICOTT, N. • I 2NDI OTT, N. Y. I 0 

I I 

Printing _ 
Positions 1-30 33-63 66-96 

Figure 31. Form Layout for Printing Name and Address Labels from Disk Storage 
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Move Cust. 
No and Sector 
Count to Disk 
Control Field 

Seek 

Read 
Disk 
Record 

Assemble 
First line of 
Three Labels 

Print 

Assemble 
Second line 
of Three .Labels 

Print 

Assemble 
Third Line 
of Three Labels 

Print 

Skip to 
Channel One 
of Carriage 
Con tro I Tape 

No 

Figure 32A. Block Diagram for Printing Name and Address 
Labels from Disk Storage 

This check also verifies that the right record was read. 
In all disk read operations it is good programming 
procedure to have some field of data in the record such 
as part number or customer number, which can be 
compared to a given field to verify that the correct 
record was read. 
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•• START 

1 IHAS LAST CARD BEEN PROCESSED? NY 

9. !R~An ~ARn X 
3 :SET CORE SECTOR ADDR EQ CUST. NO. X 

I 
4 'RET RECTOR COUNT EQ 001 X 

5 !GET . DISK X 

R :110 TF.RT nTRK INDICATORS X 

7 :110 ---.-.-- NO. X 

R !PRTNT T.A'R~T_q X 

9 :00 TO START X 

10 '00 TO HALT X 
I 

•• :TEST DIRK _ ..... -~ :R 

1 :AR~ ANY nn:tK' ON? NYY , 
2 lIS ACCESS BUSY ON? NYN 

.-a. IGET ( JS' 'UMJi:R RECORD~ DISK AGAIN X 

4 !HALT X 

5 !RETURN XX 
: 

•• :COMPARE CUATOMER NO 
T 

1 ICUST NO: CARD VS CUST. NO. DISK = -F 

2 'HALT X , , 

Figure 32B. Decision Table for Printing Name and Address 
Labels from Disk Storage 

In this programming example, we could have printed 
the name and address labels for each customer, one 
after the other, rather than printing the three at one 
time. However, more computer time would have been 
used to do it this way. Often, it is advantageous to print 
copies side by side when the printing capacity allows 
such operation. Figure 33 is the coding sheet for this 
program. 

Programming is the process of preparing a logical 
set of instructions for the computer to follow. There 
are many programming systems in existence; Autocoder 
is but one. Since the 1440 uses Autocoder, we have ex­
plored this particular programming system in this 
book. 

Not all functions of the 1440 Data Processing System 
or of the Autocoder programming system are explored 
nor are the programming solutions in this book the 
only acceptable ones. But we have presented the funda­
mentals which will allow the student programmer to 
go on to attempt to program a greater variety of jobs 
and more difficult jobs. 

If possible, the student programmer should work 
with an experienced programmer in developing the 
first few programs. If not, he should get the help of an 
experienced programmer and get him to check the 
accuracy of his programs. In the end, though, it is 
practice that counts. 
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Operation OPERAND 

Page No. tSLlJ of --2.L 
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1516 2021 25 30 3S 40 U 50 55 60 15 70 

O.R,G 

DA 

DeW 

DA 

DA 

R 

M,LC 

M.INS 

SD. 

RD 

BIN. 

BIN 

C. 

BU 

iMIC 

IM.LC 
iM.IC 

401 S T A.R,T S TH,E .A S.S I G N OF ST ORAGE W LTH ,AllDR 401 
Il.X9.fl .G. .fiF.1i'. T.N.F .. "D.R.' .N.T.T .Nn ,A.R.F..A 

13.0. FI,R.ST N.A.l\l E. ,AN D ADDRESS ,L,A BE L . 
6 3 ,~, F.c!. 0 N D .N.A.ME :AN..J:lL LAD"D.R,E,S S L,ABEL' 

9 6 T.H I.RD .NAME AN.DADDRES.s ,ltABEL 

!<ii) .• b :h:h:h:h 0 0 1 (ii) DISK CONTROL F I E.LD CON.S TANT 

11 x,1 0 0 G D.E FIN E DIS K. R E CO, R D 

1 5 e U STO,~E.R, N U,M,B E R 

6 35 NAM.E 

36 65 ADDRESS --'--

66 95 CIT Y & .s T.A,TE 
lx5,G p~ FIN E C A.R.D REAP,I N G ,.. REA 

1 5 C US TO,MER ,N,U.MBER 
II ,.Rl'\.A.R.F.A 

CUS NOR , DSL~CTF- 3 
@1@ DSKCTF 

DSKC 1'.F -,Ii .. 
DS.K.CTF- 8 

lR.E.AD. \ 

D,S.KE.RR Y 

c!.TT.~.NnR ,C,U.S.Noe 

W,R ON.G.R 

NA.M.E,R, LAa 1 

N,A,M,E,R" ,~AB2 

N.A.ME,R, •. LA B 3 

RE.A.D A CARD 

.MQ v.£ CUST NO TO DIS K CONTROL FIELD 

,MOV.£ SEC TOR ,COUNT ,( 1.) TO DS,K;CTF 

S E,EL~ --'--

,READ ,DISK RECORD 
TEST ACCESS BUSY INDIC.t\TOR 

T,ES.T •. AN,Y. ,D.I.S.K. ,C,QN,llI.T,I.O,N. ,I NDI.C.A.T,O,R, 

,eOM.PAR.E .C,U.S.T ,N,QS RE.cORD AND CARD 

,1lR..A, N;C.H, 
MOV.E NAJ.f...E 

MOV.E.. N A1d..E 

,MOV.E NAME 

I F L lIN;E.QU A.L. 
TO 

TO 
TO 

FI,R,ST LABEL 

S EC.QN-.D ,L.A,ll"E,L, 

THIR.D LABEL 

Page No.~ of ~ 
I 2 

LABE L, CHNI 

Y: TO START 

Figure 33. Coding Sheets for Printing Name and Address Labels from Disk Storage 
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Section 5. Questions 

62 

1. List two other items, besides data records, that 
could be stored in disk storage. 

2. Is it true that the sequential storage method of 
storing records offers the advantage of unlimited 
storage capacity? 

3. List the three parts of the disk control field. 

4. An area of core storage reserved for reading a 
disk record must be followed by a group mark 
with a word mark and immediately preceded by 
a. an asterisk. 
b. the disk control field. 
c. a group mark with a word mark. 

5. After a disk record is read into an area of core 
storage from disk storage, what are the two changes 
that must be made to the disk control field before 
the record can be written back to its originalloca­
tion in disk storage? 

6. If a disk pack containing address block 00000-
19999 is located on disk drive 2 instead of disk 

drive 0, the disk alternate code in the disk control 
field should be 
a. zero 
b. eight 
c. twelve 
d. four 
e. seven 

7. Write an instruction which will test the Unequal 
Address Compare indicator and, if it is on, branch 
to the instruction labeled TEST. 

8. The Access Busy indicator must be tested 
a. only once during a program. 
b. after every disk operation. 
c. after a disk read or write operation. 
d. after the first disk (seek, read, write, etc.) In­

struction following a seek instruction. 

9. The number of tracks within a disk cylinder is 
a. 100 
b. 10 
c. 1000 
d. 99 

() 
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Section 1. Answers and Solutions 
1. 1443 Printer 

2. Yes. All data goes through the processing unit. 

3. Yes. Data from the processing unit may be moved 
as output to anyone output device or any com­
bination of output devices. 

4. 4000 characters 

5. A card must pass the reading station before it 
can be punched. 

6. a. Control b. Storage c. Arithmetic 

7. 90 characters with word marks 
100 characters without word marks 

8. 20,000-20,199 (address range) 

9. Disk Sector address 

10. Yes. Each position of core storage has a unique 
address. 

11. To identify the leftmost position of a data field. 

Section 2. Answers and Solutions 
1. a. Establish the requirements of the problem and 

the requirements of the solution. 
b. Write the program for the computer to follow. 

2. Autocoder. 

3. b. To assign storage areas for data. 

4. a. The leftmost position of the area reserved. 

5. b. The address of the rightmost position of the 
constant. 

6. To specify that the constant is alphameric. 

7. The leftmost position of the first constant will 
be given a word mark by the processor, whereas, 
the second constant will contain no word mark. 

8. 

Label Operation 
6 1516 20121 25 ~o ~5 40 

eONST I DeW @E.RROR LIS T IN.G @ 

IF.O TT.R.T.H: 'nr..w. 11 2.!l.4.!U; 

IDATE 
I 

D.c. taJ .. nE.C 9 .@. 

: A 2962,-,,- 7 2 0 

IREAD I.N: DA IX.S 0 

D,A TE : Dew @.FE,IUW.A.RY@ 

: 

Appendix 

Section 3. Answers and Solutions 

1. d. is passing the reading station. 

2. c. DA (Define Area) operation code. 

3. 49 positions of core storage are required: 48 posi­
tions are used for data and a 49th position con-

tains a group mark with a word mark. 

4. Answers a and b are both positive. 

B 
a. A equals plus 2 

2 

A 
b. 2 .equals plus 2 

5. c. both fields must contain a word mark in their 
leftmost position. 

6. c. a branch to the address of the instruction 
specified by line 01 can be performed by a later 
program step. 

Section 4. Answers and Solutions 

1. d. MLCWA (Move Characters and Word Mark 
from A Field). This operation moves the word 
mark along with the edit control word to the print 
field. The word mark is required in the control 
word for editing. 

2. Fields after edit 

$bbbhb.01-
$6,436.25 

3. c. can appear before or after the printing instruc­
tion. If the CC instruction appears before the 
print instruction, a skip-after-printing d-modifier 
is used. If the CC instruction appears after the 
print instruction, an immediate-skip d-modifier 
is used. 

4. No. 

5. a. is not true. 

6. No; a CC instruction must be executed to provide 
the skip. 
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7. 

8. b. STEPX. 

9. 

10. 

line label 
3 56 

I 0_,--. 

qperatian 
I .,,,' 20 I 25 30 

ORG 40 1 

35 40 

OPERAND 
4 

OPERAND 
4S 50 

11. b. sets an indicator which may be tested by sub­
sequent instructions. 

12. a. Unequal 
b. Equal 
c. Unequal 
d. Unequal 

13. 

label I ~perati: I 
OPERAND 

6 25 ~o ~5 40 4S 50 

CS 999 CLEAR S 999-900 

: r..S 899 r..T .. F..A.R .!': .. 8.9.9 - 8.0.0 
, 

CS 625 CLEAR S 625-600 

: CS 501. l'1T.F..AR.!': .5.0.1 -.5.0.0 , 
C.s. 200 l'1.T.F..A .R!': .. 2.0.0 ON.L.Y. 

, 

~~ &n _15 70 

02 P.RAREA' DA lX.7 G~. gEFIN& THE P!!.I~ To ARE~ 
o ~ TOTAL 

, 
1 7 TOTA.L FIE LD. 

04 RDAR.EA' DA lX.5 .G. .DRF. T.N.F.. :r,HE C:.A.lU~, .REA D .AREA 

05 G.ROSS 
, 

1 .5 .n.Rn.'!.!':. Ii''' '>1'''' T M('! S F IE.LD 

0 .. S TAR.T 
, 

R 1 RnARF." .REAn A CA.R.D 

07 
, 

A GRO SS TOTAL ADDGRO !'!.S TO TOT.AL 

08 
I 

BLC PR.IN.T .HAS T.HE .LAST CARD. BEEN. PROCKS S E.D ? 

0' 

, 
B START RR ANr.HTTNr.OND.I T IO.NA LLY TO STA RT 

I 0 PR IN.T : W PRAREA PRINT THE. TOTAL 

~ 
, 

H U.A.L'r .IFIII.n .. n."" .. t>J>nr.J>"M.1. 

I 2 

Section 5. Answers and Solutions 
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1. a. program instructions 
b. tables 

2. Yes 
3. a. access code 

b. core sector address 
c. sector count 

4. b. the disk control field 
5. On the read operation the core sector address was 

incremented by the number of sectors read and 
the sector count was decremented to zero. The 
core sector address and sector count must be re.: 

stored to their original values before the record 
can be written back to disk storage. 

6. d. four 
7. 

8. d. after the first disk (seek, read, write, etc.) in­
struction following a seek instruction. 

9. b. 10 tracks 
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