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Figure 20A. Block Diagram for Detail Printing with Three Classes of Totals
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** TEST CONTROL CHANGE
1 : DEPT. NO. READ IN VS DEPT. NO.
| PREVIOUS CARD ==
2 i GEN LEDG NO, READ IN VS GEN LEDG |
|__NO. PREVIOUS CARD Ci#E =
3 | SUB LEDG NO, READ IN VS SUB LEDG |
E NO. PREVIOUS CARD 1A
:
4 ) PRINT DEPT TQTAL X
5 3 PRINT GEN LEDGER TOTAL x|x
|__6 ! PRINT SUB LEDGER TOTAL XX X

1

L

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

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 arithmetic:

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:

Label perati
6 : 156 20021 30 35
e P CW, JSW 1,8W2,

i

In this case, the word marks at both addresses (SW1I
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 MLGC 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
position 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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Page No.I%%l of .04

Line Label peration| OPERAND

3 5/6 1516 Q21 25 30 35 490 45 $0 5% 60 ___ 65 70

o1, S ORG . 401 ., , ., ... .. START STQORAGE, ,ASS. I, GNME T POS,., 1,00

02 BRLINAEL;_; A 0 11x36,G ., ., DEFINE PRINT LINE N S A ST
03 |DEPTL | e 8 e v FIELDS : DEPARTMENT, NO, 0000 0,
04 |GENL , | e e e vy GENERAL LEDGER NO. .,
°5LSAUBL.1.H+..A11.~....-xuu-‘.‘....xwm.gg&qm_;_._uw%
06 |[LNVNOL , , | vt ey o UNVOICE NOL L
o7 IMOL L . 1. .. ). .LLQLM..HJ,LJLL,.L....HMQLNT.H.H...........,..,..u.
08, |DAYL ... . 2 e e DAY
09 JAMNTL .o ol 1806 e ot e e e e AMOUNT st e e e
1.0, IRDAREA | DA . . |1,X70uG .. ..., DEFINE CARD READING AREA ., ., ., . . .,
LMo b2 oo  FIBLDS,:, , MONTH ., 0 oo
2 IDAYC o0 e B e e e e e DAY e e
13, JI.NYNQQ ., 232 T e e e INVOLCE NQ
14 |GENC 0.0 |0 180,32 0 i v e o, GENERAL ,LEDGER NO. . , ., , ., ., .
5 SUBC. 1ol 08800850 o e e o w o, SUB LEDGER NG . ..., ...,
L6 IDEPTC | ., | .., . . 136,38 .00y,  DEPARTMENT NO , ., ., , , .,
vt laMNTG L o 16400 00 i o AMOUNT
18, [CTRLWD _ ., [DCW  [@BbHBHbO.BBDDDBE , , , , EDIT CONTROL WORD . ., . . ., . . .
19, [DEPTW |, DCW, |#8 4. .a. ., DEFINE, WORK AREAS, . . . . ., . .. . .,
20, |GENW , |,  IDCW , [#3, v v u e
20, ISUBW, o 1, IDGW 880 o e e e e
22 |ACCUML , , , |DCW, I#8 . 4 W, 1., , DEFINE ACCUMULATORS, , , . , , ., ,  ,, .,
23, [ACCUM2!  , , IDCW . |#8, | \ v\ oyt u ottt et et
2.9, [ACCUMS! , . IDCW o {8 o oo oo v e oo oty e e
25 [swi oo ey DEFINE, SWITCHES, 0o

Page No.l%%l of 04

Line l Lobel fperotion OPERAND

3 56 . 15)16 2021 25 30 35 40 45 50 55 60 65 70

o\ P W2, . DC, L P S S S L o
02 |SW3 1. pc W1 . . ... X e e

03 START, i .. |s. . ., CEUWMJWWM
o4 | o i 0S8 . JACCUMZ2,ACCUME \ 4t oot e e . .

os |1 4s;,AA,(‘.r,rm.q..ArmLMa,L,LL..J.A..A......44.,“..,“.4,....

0.6, | . N l X CW., 6 , SW3, | S TURN SWITCH 3 OFF ‘(‘LC. ‘C‘O‘NJB‘I‘TIIAO‘N)

ot oot IR, |1, RDAREA, v ooy READ A GARD o it o s
0.8, TO RE, ‘L . IMLC DEPTC,,DEP TW , , ., ., STORFE, LONTROL, FIELDS , ., ., oy 4
o9 | vt IMLC JGENCLGENW. & v v v v v o i e
1,0 JLJ;.LJLLA_A LC BUBC.SUB W « o 00 0w 0 0w a0 o0 0 0 ey e g
LI .g.it._AC.W S BW1 e s o TURN SWITCHES, ONE, AND, TWO OFF ., ., .
V2 e e CW L BW e e e e e e
13, ASSEM, | ., . |MGS ., DEPTC.DEPTL, .. .., .. ASS EMBLE DETAI.L PRINT, LINE , ., , , |
e | oo i, IMCS L IGENCL,GENL, v v e i e b e b e e e
s, le vy iy IMGS, BUBCLSUBLL o o vy v e e
6 |t IMLC L, JINVNOCLINVINOL |\, 0 v oy ooty v e e
bt i IMLG , MOC MOL o o e e e
18, | . Cl s IMLG DAYCLMOC, o oty e e e e e
el e IMLOCWACTRILWO, AMNTL | oy oy 0w
20, 0.0 01, . |MCE , WMNTC,AMNTL=3: 4 4 4 o v ot vttt e ot a st a1
200, |y ... 1A, .,  AMNTC,ACCUM1 , ., ,, ADD ITEM AMOUNT TO ACCUMULATORS, .
22 Lo e A AMNTC ACCUM2 o v o et e b e e e
{Z,.J lAlll‘lAlJ A AMNTCG, ACCUMS 4 w0 00y a0 00 a0 a0y g I S S U WY
2o, | v W, PRLINE ., 4,0, PRINT, DETAIL, LINE .\, oy,
25 o BLC  [SETSW3 . ., ., ., ~ TEST FOR LAST CARD , ., .

Figure 21.

Coding Sheets for Detail Printing with Three Classes of Totals
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Page No.l('_’l%.l of 94

3Line5 . Label 'sfperah:g ) 2 s - v OPERAND
45 50 55 60 65

ovelo o wiy. R, B.RDAREA, ., .., ..., READ A, CARD, , ., ., , . .. ..., ’o
02 4__4_%. L 1C . ,  DEPTC,DEPTW , ., - COMPARE DEPARTMENT NO, , , ., .,
03 | BU , TOTAL ., ., . . N e e
oe | ... .. c. . |GENG,GENW .. ....... GOMPARE GENERAL .LEDGER. NO. ... ... |
0.5, e BU ,  |SETSW2 e e e e )
0.6, *MJLJ} dc . . |SUBC,SUBW. , . ., ... . . GOMBARE ,SUB, .LE.DGERJAO,,LAJL.....A
0.7 4,,4L14‘_.B.El.ASS!EM:L'#LIJ;LJLIJAIIAIlllllllllJLlJInglllllllL‘xL
0.8 el Isw ., lsw1, o TURN SWITCH, ONE, ON, \ ittt
09 | vt B MO AL o e e e e
ro |sETSwa ., . Isw . . Sw2. ......,..,,....., UOBN, SWLTCH TWO ONi s s ot ettt s
rulToTAL L. les lAMNER o w i u .  CLEAR, PRINT AREA, . v vt it o
e |t IMLCWACTRLWD, AMNTL . .. .. ASSEMBLE .TOTAL CLASS, ONE . . .4, o\ .., |
03l IMLG @R BBAAMNTL, L oy e e e e e
'l 1, IMGE | JACCUMI, AMNTLA3, o\ 4 v v o i ey
s, e v, S0, JACCUML,ACCUMY, ., , RESET, ACCUMULATOR, ONE, .TO, ZEROS, ., |
'Asl1A‘l‘i1lxCVCJJ_J2lljllIJJAALLJI_IALIIDIIIIIJLJJIIIIlJLle‘|||A14L||L||L
e W L PREINE, e e
18, |, IBW TORE ,SW2, 4 o v 0 0y v v u v e i e e
19, |, et  IMLCWACTRLWD,AMNTL , , ,,  , ASS EMBLE TOTAL CLASS TWO ., , .., ,.
20, 0,0 a1, IMLG @A AB @ AMNTL o o e e e e
2, vty IMGE , JACCUM2, AMNTLSS, o 0 v vy v vt v v oo e e e
22 |0 ol , ]S, JACCUM2,ACCUM?2, ,,,, , RESET, ACCUMULATOR, TWQ .TQ ,ZE,ROS, , . |
LSLI IA‘:IAICCIJI24‘[‘;‘1““ll‘l“‘l‘lll‘\‘l]l\‘\|J;l_‘;LllJllll4LlJJA‘L
sz b lil‘AWl‘lllPRALIIANEAIll‘llLlJLlALliuLl_LiLlJ)JJLII||lll“illlllllL
25, B s ORE, SWR L

PageNo.Li!li:JofL
Line Label Eperoru OPERAND
3 56 15)i6 20121 30 35 40 45 $0 55 60 65 70
o1 ol MLCW,ACTRL‘WDA.AJ\_’IN.TL b1, L ASSEMBLE, TOTAL, CLASS ,THREE, , , ., , . |
0 2 L Ll MLC-, ***@,é NT[L\ll\l\_AALxlIlA T WD N T W | FUED U T N - U S U N N G S
o3 | .. i, |lMmcE |accumMs . AMNTL-38 .. ..o N
Y S ... laccuMs, ACCUM3, .., ,  RESET, .ACCDMLM
05, | . ce . le o, R S .
0.6, .L.,Ai \WA..PR.LxInN.E.;x-Anzn_A-AAJAAJA_A4LnnA:JA_nglx;.AAnnn.AJ..;..
o7, | .. .. i... BW . . lHALT.SW3 ., .., ..., . LAST CARD PROCESSED? , ., ,, ., .,
08, | . il B VISTORE e e e e e e e a4 s
os |SETSWS, . Isw . |sws ., ., .,..,.,.. ... ,TURN SWITCH 3 ON., ., .., ., ., ., ,,,
1.0, ‘....;.. B TOTAYN 00 0w vav o b e e e e e e
v marnr, b M BTART e e
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.
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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 position 1000 has been assigned to the
symbol ArPHA 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 24, 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 02, 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
1 1K X X
K J X X
1K 1] X X
ACA ABA X X
123 124 X X

Line 03, 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
07, a BE operation, causes the program to branch to
the instruction labeled assEwm, 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 word 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 to 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.

Label perati
s — 15)i6 20f21 25 30 35
N S W [5 01,532 .
|
P L n i R T R |

Line 09 causes an unconditional branch to the in-
struction labeled ToTAL (start of total routine). Line
10 turns switch 2 on by setting 2 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
XX 00 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

Label peration|
1sjis olz1
CS 40,0,

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 (@*bb@), 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 1 to zeros. Line 16 conditions the

42

carriage so that it skips two spaces after the next print
instruction. Line 17 causes the class one total to be
printed. Line 18, 2 BW operation, tests switch 1 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

3.7085

G



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 .28

—

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

—ll Read Card

Set Count

to7
]

Reset

to Zeros

Accumulator

to

Add Amount

Accumulator

Subtract
Constant |
from Count

Count

unch

and Rate

Equalis Zerg
?

Yes

Discount Amount

Halt

Figure 22A. Block Diagram for Reading/Punching and

Multiplication by Repetitive Addition

** START

1!HA D2

2 | SET ITERATION COUNT =7

Ll

3 ESET ACCUMULATOR = ZERO
41GO TO ITERATION
;

5 | GO TO STOP
i

|
* ITERATION

1} SET ACCUMULATOR + AMOUNT

»

2 | SET ITERATION COUNT — 1
| 21SET.
3! TO

- TEST ITERATION COUNT
T

_1 ' ITTERATION COUNT = ZERO ?

_2!

| __3 ! MOVE ACCUMULATOR TO DISCOUNT

| 4 | PUNCH DISCOUNT

R

5 1 GO TO START
1
]

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 ¢ode 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 03-0¢ 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.

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-
mitted. The A field character is unchanged
by this operation. Also, the zone bits (AB
bits) of the B field character remain un-

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 pcH. 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

changed. 16) senses the last card.

PogeNo.L?:_‘zJofJ_
Line Label Eperotion OPERAND
3 sl6 15]ie 2021 25 30 35 45 50 55 60 65 70
o 1. IRDAREAI . . DA, . 1x9.,.G .+ oy D E ELNE READ A REA N S S PR
o2 AMOUNT . |, 15,00 e
03 [PCHARA DA,  11x4,G .., ,.,,, DEFINE PUNCHAREA ., . . . . ., .. . .
o IDISC i b e
05 |COUNT, |, IDCW , 1 e e e e aa
06, [ACCUM |, , . [DCW 146, 0\t ot e o e
07 |START, | . . . |R . . |1, RDAREA ... ..  BEAD. .CARD. 1« v\ttt io ot ettt et o e e e
o | .. ... 1. . IMLNS |+7,COUNT, ,,. . ., . SET, COUNT, ,TO, S EVEN (. . . . . .
0,9, e al. 08 lACcCUM, ACCUM ., . RESET ACCIMILLATOR TO: .ZEROS. . + o 4 o o 10 o]
o [MULT , .. . |A ., . . |AMOUNT .ACCUM .. ADD, AMQUNT .TO. ACCUMULATOR
ool eyt s 41, CQUNT ., . .., SUBTIRAC.T. .GONSTAN.T. .ONE ,EROM .COUNT. . . . |
2 | ..., i., .. |BCE , |[PCH,.COUNT, 2 .. ., COUNT EQUAL ,PLUS, ZERO.? + « s o ot v vs o4, ]
03, b BV IMOLT e e e e
14 PCH i  ,IMLC  |ACCUM-2,DI,8C |\, 4ttt e
5, ..y, {PS |1, PCHARA ., .,  PUNCH CARD . .\, .\ttt i,
6 .., 0., . |BLC HALT , ., ,,,, TEST ,FOR, LAST CARD ., . . . . ., ., . . . .,
v b B TART, L e e e
Ve MHALT L 0 VW | e e

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 department number (XXX)

35-39 gross earnings (XXX.XX)

40-43 miscellaneous earnings
(XX.XX)

44-48 regular earnings (XXX.XX)

49-52 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 Define Constant with Word Mark
DS Define Symbol
EQU Equate
A Add
S Subtract
ZA Zero and Add
MCE Move Characters and Edit
MCS Move Characters and Suppress Zeros
MLC Move Characters to A or B
Word Mark

MLCWA  Move Characters and Word Mark
from A Field

MLNS Move Numerical Portion of
Single Character

B Branch Unconditional

BCV Branch on Carriage Channel 12
BE Branch on Equal Compare

BH Branch on High Compare

BL Branch on Low Compare

BU Branch on Unequal Compare
BLC Branch on Last Card

BW Branch on Word Mark

BCE Branch If Character Equal

C Compare

w Write a Line

WS Write a Line and Suppress Spacing

R Read Card to Group Mark with
Word Mark

P 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
€arnings.

The Iast 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.
iIf 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

1098.67
457.83
785.45

1945, 35

[ury
= ooumWw

Printing

Positions 5-7 13-20

Figure 24. Control Register for Multiple-Field Crossfooting
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Turn OFff
Switch

Store Depart-
ment Number
and Reset

Accumulator

l

Crossfoot
to Gross
Earnings

Punch
Gross E.

Add Gross
to Department
Total

Turn On
Switch
(To Remember
LC Condition)

Skip to

Channel 1
Assemble Immediate
Print Line
t Halt
Print
(Last Card
Processed ? )

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

L

1 READ CARD X

2 GO TO INITIALIZE X
i

]

1
** INITIALIZE
T

L 1 SET DEPT TOTAL = ZERO
|_2 IMOVE DEPT NO READ IN TO DEPT NO_|
|' WORK X
3 TO CROSSFOOT X
|_** CROSSFOOT
| 1 SET GROSS = MISC x|
i + REG X,
I: + EXTRA Xi
| +0.T, X .
2 EPUNCH GROSS X ‘
3 'READ CARD X i
4 'SET DEPT TOTAL + GROSS x| |
| 5 GO TO TEST DEPT CONTROL CHANGE !X

1

)

T

** TEST DEPT CONTROL CHANGE : ]

11 _HAS LAST CARD BEEN PROCESSED ? NNNY
]

_2 DEPT NO READ IN VS DEPTNO WORK |\ =/<!>}
3 GO TO CROSSFOOT - X
4 'co TO SEQUENCE CHECK HALT X
5 |GO TO CONTROL REGISTER X|x
]
_**CONTROL REGISTER :
|_1 {HAS LAST CARD BEEN PROCESSED? | N|N'Y
j ? E Y-
3 ISKIP TO NEXT FORM X,
4 WRITE PRINT LINE XXX
5 G0 TO INITIALIZE
6 !GO TO STOP X

L

4 —— —'

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 starts assignment of storage.
Lines 02  define the printing area.
-04
Lines 05  define the card reading area.
-10
Lines 11 define the card punching area.
-12
Line 13 reserves a 7-position accumulator labeled
ACGUM.
Line 14 defines an edit control word constant.

)
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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

Section 4.

reserves a 3-position work area for depart-

ment number storage.
reserves a 1-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.

Questions

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 [$b,bb0.bb—]?

18

Fields Before Edit Fields After Edit

000001 (negative)
643625 (positive)

Line 07 moves the department number from the
work area to the print area and suppresses
leading zeros,

Lines 08  setup the control word in the “department

-09  total” print area, and move and edit this
amount from the accumulator to that area.

Line 10 prints a department total line.

Line 11 tests the position labeled switcH for a word
mark and branches to the halt instruction
labeled Enp, provided the word mark is
present.

Line 12 branches to the instruction labeled orLo
if the channel 12 indicator is on.

Line 13 branches unconditionally to the instruc-
tion labeled sTORE.

Line 14 skips the form immediately to channel 1
of the carriage control tape.

Line 15 branches unconditionally to the instruc-
tion labeled STORE.

Lines 16  turn the switch on by setting a word mark

-17  in the position labeled switcH and
branch to the instruction labeled AssEM,
which starts the print routine.

Line 18 ends the program.

Line 19 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 the 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 channel 1 of the carriage

control tape can be used to initiate a carriage
skip?

=
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5.

10.

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.

Does the carriage skip automatically take place

when the carriage channel 12 indicator is found

to be on by the BCV operation?

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

. 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

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

b. sTEPX.

c. SWI1.

Write an instruction that will test the storage
position labeled copk for the letter R, and will
branch to the instruction labeled starT if the R
is present.

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.

11.

12.

13.

Read o
Card

Add
Gross to
Total

Print
Total

Use these labels in the area definition state-
ments.

RDAREA - for read area
GROSS for gross earnings field
PRAREA for print area
TOTAL 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.

A Compare operation compares two fields and

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 Field B
a. 0000 (unsigned) 0000 (positive)
b. 0000 (unsigned) 0000 (unsigned)
c. 0000 (unsigned) 00bb (unsigned)
d. 123] (unsigned) 1231 (unsigned)

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.

Sequential storing of data is usually used when:

1. Transactions to be processed are in a given se-

quence (same order as records) .
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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

Write 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 Data
Field Field
A A

[ T —
NN EENEE

f

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 Selects Disk Drive

00000-19999 0
20000-39999 1
40000-59999 2
60000-79999 3
80000-99999 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:

Alternate Code Selects Disk Drive

0 0
2 1
4 2
6 3
8 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, 100 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 with 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.

()



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 Bcp 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,

Label peration|
T 15[16 20021 25 30 35
L OP, ADDR —
|
1

where op is one of the disk mnemonic operation codes
and AppR 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 WwWDCO WDTR WDTA
with WM WDwW wDTW wDCOW WDTRW | WDTAW
WRITE DISK CHECK
without WM wWDC 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.

Condition
Operation
Low or Equal Equal High or Equal
SCAN DISK
(Special Feature)
without WM SDL SDE SDH
with WM SDLw SDEW SDHW

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 Write 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.

54

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

Labe! tperoﬁm
6 . islie of21 25 30 35
- ol B.IN I NS.T.,.d " "
!
- il T

Lo

R

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

*

*

*

*

*

(Sense Switch A)
Sense Switch B
Sense Switch C
Sense Switch D
Sense Switch E
Sense Switch F
Sense Switch G
Access Inoperable
Access Busy
Printer Busy

Unequal Compare (B # A)
Equal Compare (B = A)
Low Compare (B < A)
High Compare (B > A)

Disk Error
Wrong Length Record
Unequal-Address Compare

d-modifier

character Indicator Reset by
bl Unconditional Branch
9 Carriage Channel 9 Branch Test
@ Carriage Channel 12 Branch Test
A "Last Card" Switch Manual

Next Disk Storage operation
Next Disk Storage operation

Next Compare or

Disk Storage operation

Next Disk Storage Operation

Any Disk Condition

Overflow

N <XsT< CcHOvN » ~ZQOmTmmoONHw

Check Switch off

? Read Error

* Printer Error

Processing Check with Process

If 1/O Check Stop
! Punch Error Switch is off

Branch Test
Branch Test

Reset by Test; must
be reset before next

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-execute 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;
ie., 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 1 and
2 in column six identify the first and second cards of a
name and address record.

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 1, 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 positions) 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

cust NOE CITY & STATE
8
00000/0/000000000000000000000000000000/00000000000000000000000000000000000000000000
1234 5[6[7 0 891011121314 151617 181920212223 24 252627 28.29.30 31 32.33 34 35 36|37 38 394041 42 43 M 4545 47 46 4950 51 52 53 54 55 56 57 SS9 60 616260 GA B 6 6TQREITVTI R B HTSTE TN W9 M
11

CUST NO. g CUSTOMER NAME ADDRESS 22

U

33

060000j0000000000000000000000000000000000000000000000000000000000000,00000000000000 44
123 45]6]78 81011121314151617181920212223 2425262728 29 30 31 32 33 34 35 36/37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 6162 63 64 6566/6768697071 7273 47576 17 18 19 %0
IRRRRIIR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R IR R R R R R RN 55
22222)2(1222222222222222222222222222222{222222222222222222222222222222{22222222222222 66
33333(3(333333333333333333333333333333(333333333333333333333333333333/333333333333133 11
AA4 4444444444444 44444444444444444444)44444444444444444444444444444444444444044444 88
§555555(555555555555555555555555555555/555555555555555555555555555555555555555555855 99
66666/6666666666666666666666666666666666666666666666666666666666666(66666666666666 "
TITIT11711700712 0717011100101 11119\1711711701711071117711117171717177111711111771171111111171
888880868888888888088808888888888808883888886888880888888808088888886888888888888888
99999/9999999999999999999999999999999999999999999999999999999999999199999999998999
1234 5/8)7 8 91011121314 1518171819 20212223 24 25 26 27 28 29 30 31 32 3) 34 35 337 38 39 40 4142 43 44 45 45 47 48 49 50 51 52 5 54 55 56 57 58 59 60 61 62 63 64 65 66/67 60 69 1071 1213 M 75 7677 18 79 90

Figure 27. Name and Address Cards for Storing Records in Disk Storage
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Halt
KInvalid|

Code)

Move Disk Move
Address and City and State
Sector Count to to Record

Disk Control Field

Write
Seek Disk
Record

Move
Customer No,
i_' Name, Address,

to Record

Restore
Disk Control
Field

N t

\£
o = > Halt
?

Off

Halt

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 100-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
1 |HAS LAST CARD BEEN PROCESSED? _||N
2 |READ CARD X
3 ico TO TEST CARD CODE X
41GO TO END OF JOB HALT X

!

*4 TEST CARD CODE
1 ‘:(‘ARD CODE EQ1

2 :CARD CODE EQ 2

]

2 [

T
3 |SET CORE SECTOR ADDR EQ CUST.NO.||X

4 |SET SECTOR COUNT EQ 001 X
i

5 (MOVE CUST.NO.,NAME,ADDRTO |
'RECORD: CORE X

T
6 |MOVE CITY,STATE TO RECORD;CORE

7 |WRITE RECORD:CORE TO DISK
8 | DO TEST DISK INDICATORS
9 |SET SECTOR COUNT EQ 001
10 |WRITE CHECK RECORD: DISK
| 11 1DO TEST DISK INDICATORS
12 !GO TO START X

13 |GO TO ERROR HALT
1

LR

|
+
i

]

t

T
K s
1 :ARE ANY DISK INDICATORS ON ? NYY
2 [IS ACCESS BUSY INDICATOR ON?

1
3 WRITE RECORD TO DISK AGAIN X

4 EHALT X

5 :RETURN XX

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 channel 1 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.

b sl 35l36 65jee. 95| 100}
Icustl  Customer | Address | City and State | |
No Name

Figure 29. Record Layout for Storing Records in Disk Storage
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Page No.lOTI?lJ of 02

Line Label peration OPERAND
3 5|6 15{16 2021 25 30 35 40 45 50 55 60 65 70
0 1, RDARE_A: . DA | 1x66,G | N . DEFINE CARD READING A‘R‘E‘A o
02 |CUSNOC! . .| ... B v oo CUSTOMER, NUMBER |, , , 000y
03 |CODEC, | R [ oo o v CODE, | e
0.4 |INAMEG | .. . l7.86,, . ., ..., NAME OR CITY & STATE, ., . . . . . ..
05 [ADDRC, | , , | ., , ,137.66,, ..., ..., ADDRESS, \ \, \ \ 4\ 4 sy vt
06, |[DSKCTF| , , . |DCW_, l@*bbb:55.0.01.8 ., DLSK CONTROL, FIELD CONSTANT . ., ..., .. ..
o7 | . 1 ... {bA |  11x100,G , ,, DEFINE DISK RECORD ., ., . .
o6 |[CUSNOR, . . .} .. .5 , .\, ., 0y, o, .., CUSTOMER NUMBER ., , , . . . . . . . . o .,
09, INAMER |, | . I35 , .\ iuu o O NAME
1o [ADDRR, |, { .. . 165 ..., .,  ADORESS, , o
11, |CLTYSR, | | oo les L CITY, & STATE
1.2, [START, | . [R {1, RDAREA = READ CARD , ., ', ittt ittt ]
03 !..,.,,., ,|BCGE |CARD1,CODEC, K1 , , CARD CODE 1 ,? |
e | . .. . IBCE , |CARD2 . CODEC. .2 . CARD CODE, 120 2 | o\ oot o et e i
0S5 ey, /B START, oo ooy . HALT JFOR I NVALI,D CODE , . ., .\ oy,
16 |GARD1, ., ., |[MLC , [CUSNOC, DSKCTF,-3, . MOV,E, ,DISK, ADDRESS, ,TO,_DI SK, CTRL FI LD
7 L \ ) MLNS [@1@,DSKCTF, ,,  ,,, MOVE S ECTOR COUNT TO DIS K CTRL FI LD
18, |, i, . . |SD ., IDSKCTF-8, .\ .\ 4 SEEK, \ v 0ttt v
to |, .y, ,|MLC, K INAMEC ,NAMER ,,  ,, MOVE CUSTOMER NAME AND , , . , ., ., . ., |
20, | MLC , K6 |ADDRC, ADDRR, , , , , . ADDRESS, TOQ RECORD, , . . .., . ... .1l
2.1 o i, . (B, [START . ., .., ,,,, BRANCH UNCONDITIONALLY TOQ START k6 |
|2.2 CARD2, |, . . INAMEC,CITYSR ., ., , MOVE CITY ,& STATE ,TO RECQE&B_L_;_._A_J_L_L,A
23, |WRITE |, , WD  , |DSKCTF-8 ., ... , WRITE, DLSK RECORD, , . ., . . (. \ .\ c.0. -
2.4, L BIN WRITE,N. . v, ..« ..BRANCH IF, ACCESS, BUS3Y, .
25 1, . ._L} —— LNS @1@, D3 KCTF, ., E2S TORE, DISK, CONTROL, FLELD L _j__‘_]
Page No.L‘Q.LZZJ of 02
Line Label J?peroﬁon OPERAND
3 5|6 15|16 20]21 25 30 35 40 45 50 55 60 65 70
0.1, et A @1,@ DSKCTF S8 e by
o2 | ., .., . |wpnc |DSKCTF-8 .,,,,. , CHECK DISK WRITING ,
o3 |...,,i. . .BIN |DSKERR,Y ,,.,,,,, BRANCH ,I.,F ANY ERROR .
o4 | ..., ,,i,,.|BLC JusTCD,,.,,,,.,.,,, TEST FOR LAST CARD .~
0.5, N l ... B, ., ISTART, ., , . ., .., ., ,BRANCH ,UNCONDITIONALLY TO START, . . ..
o, |[DSKERR , , , |H,  START , , ,. ., , HALT FOR DISK ERROR
or |LsTeD, | ., |H ., START ..., .,,,.., HALT ,FEOR ,LAST CARD , . .

Figure 30. Coding Sheets for Storing Records in Disk Storage
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3

FROM
GENERAL MANUFACTURING CO,
ENDICOTT, N.Y.

FROM
GENERAL MANUFACTURING CO.
ENDICOTT, N.Y.

FROM
GENERAL MANUFACTURING CO,
ENDICOTT, N.Y,

DELIVER TO

ROGER CARR
1132 N EDDY STREET
SANTA CLARA, CALIF.

DELIVER TO

ROGER CARR
1132 N EDDY STREET
SANTA CLARA, CALIF,

DELIVER TO

ROGER CARR
1132 N EDDY STREET
SANTA CLARA, CALIF.

Figure 31.

B FROY, FROM : FROM
- GENERAL MANUFACTURING CO, GENERAL MANUFACTURING CO, GENERAL MANUFACTURING CO.
- ENDICOTT, N.Y. ENDICOTT, N.Y, : ENDICOTT, N.Y.
|
: DELIVER TO DELIVER TO | | DELIVER TO
z ‘ JOHN PAGE JOHN PAGE I'| Joun paGE
1682 FLORENCE DRIVE 1682 FLORENCE DRIVE | | 1682 FLORENCE DRIVE
EAU CLAIRE, WISC. EAU CLAIRE, WISC. | | EAU CLAIRE, WISC.
|
_______________________________ S
FROM FROM | FROM
GENERAL MANUFACTURING CO. GENERAL MANUFACTURING CO. | | | GENERAL MANUFACTURING CO.
ENDICOTT, N,Y. ENDICOTT, N.Y. ' ENDICOTT, N.Y.
DELIVER TO DELIVER TO { | DELIVER TO
LARRY SHAMUS LARRY SHAMUS : LARRY SHAMUS
2121 JOHNSTON WAY 2121 JOHNSTON WAY | | 2121 JOHNSTON Way
SAN JOSE, CALIF. SAN JOSE, CALIF, | | SAN JOSE, CALIF.
________________________________ .’_______._..._._.___._.__

FROM
GENERAL MANUFACTURING CO,
ENDICOTT, N.Y.

FROM
GENERAL MANUFACTURING CO.
ENDICOTT, N.Y.

FROM
GENERAL MANUFACTURING CO,
ENDTCOTT, N.Y.

DELIVER TO

JAC WYMAN
1358 EARL AVENUE
ENDICOTT, N.Y,

DELIVER TO

JAC WYMAN
1358 EARL AVENUE
ENDICOTT, N.Y.

DELIVER TC

JAC WYMAN
1358 EARL AVENUE
fENDICOTT, N.Y.

]

N

]

}ooooo

oo oo oloo o oo

o0 o0 o o

Printing _
Positions

1-30

33-63

66-96

Form Layout for Printing Name and Address Labels from Disk Storage
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** START
L L)

Read . 1 'HAS LAST CARD BEEN PROCESSED? _|IN[Y
Card 2 \READ CARD
3 |SET CORE SECTOR ADDR EQ CUST. NO.|X
|
t
Assemble ! 2001
Second Line |2 (GET CUSTOMER RECORD: DISK
of Three Labels |6 1DO TEST DISK INDICATORS
|7 IDO COMPARE CUSTOMER NO.
[}
Move Cust. _&Mm
No and Sector 9 1GO TO START
Count to Disk T |
Control Field 10 ;GO TO HALT X
Il
I | *.TEST DISK INDICATORS
Assemble |
Seek Third Line ' Y& XY
of Three Labels 2 IS ACCESS BUSY ON? Y|N
2 IS ACCESS
3! E : DISK AGA X
4 'HALT X
Read |5 RETURN X X
Disk o !
Record . E MER NO.
ST 1 /CUST, NO: CARD VS CUST. NO. DISK _|= ¥
ip to
Channel One 2 EHALT X
of Carriage 1
Conftrol Tape
Figure 32B. Decision Table for Printing Name and Address
Labels from Disk Storage
No
Halt
Yes 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
Halt Halt time. However, more computer time would have been

Assemble
First Line of
Three Labels

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.

60

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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Page No.l.?.alt.l of 02

Line Label Epe ati OPERAND

Sl6 0J21 25 30 35 40 45 $0 $5 60 85 10
o | ... 1 . |lorG, ,l401, ... . STARTS THE, ,ASSIGN OF ,STORAGE, W [TH .ADDR 40.1,
0.2 PR.ARF.A[ N A 1.X96.. .G . . DEFRINE PRINTING, AREA, | PRI P & 444 4oy
0.3 LAB],.:. 1. 3o 0., ,, FIRST NAME AND ADDRES S IiABEL
04 |LAB2 . 1. .. .. 68 ... .. .. . SECQND NAME . AND ADDRESS, LABEL.,. , , ., ,, ., ..,
o5, (LAB3, , 1. .| ... . ]ps6 . .THIRD NAME, AND ADDRESS LABEL , , , ., ., .., ..
06, |DSKCTF|, . . DCW  |l@xpdb550021@8 ., DISK, CONTROL FLELD CONSTANT, , , . ., . . ., ., .
o7 ool . . DA, 11x100.G  DEFINE DISK, RECORD \ \ i it v e ettt i
oe ICUSNOR) , . . | .., 11,5 ,,.,,.,, CUSTOMER NUMBER , . , , . .\, oy,
0.9, R: ol 16,85, , . NAME, e e
1o |[ADDRR, |, . .| ... . [86.65 .. .., ADDRESS, .\ iyt i i
1 ICITYSR ., . ... 166,95 ., CITY & STATE, ., , ., .\ syt it i
12 |RDAREA DA [1x5,G ..  DEFINE CARD READING AREA . .~ .
13 |lcusNoC L . lmiu.LA,,.C.U.S.T.O.MERJLMRFR
‘4 ISTART, i ., . R . . 1, BDAREA: . .. .. .. READ A CARD ., . . ., iy,
s |.. .. ... . Myc  |cUSNOR,DSKCTF-3, ., MOVE .CUST, NO, ,TO DISK CONTROL FIELD
6. . . ., MLNS |@.@ DSKCTF SEC,TOR, UNT, .(,1), TO, D.SKCTF
el ot . !sD,,  DSKCTF-8, ..o, SEEK e
18, |READ | RD , |DSKCTF-8, . ,..,,.,,, READ DISK REGORD ., ., ., .., ., .\ ., ,., . . ..
19 ceeitl. .. BIN.READ.N. .. ..,.., ., , TEST ACCESS BUSY INDICATOR ,b . .
20|, , .. 1, |BIN DSKERR..Y .,...,.,., .TEST ANY, DISK .CONDLT.ION I NDLCATOR. .|
2.1, ca ... lC .., CUSNOR,CUSNQG . .. .COMPARE, CUST. N.OS. RECORD, ,AND ,CARD , |
22.|...,,1,, . BU, WRONGR , ,.,,,,,,,,, BRANCH, ,LF, UNEQUAL ., ., .., , ..., ..,
2,3, N C . NAMER,LAB1, , ., ,, MOVE NAME TO ,FIRST LABEL ., 6 . .,
Y D T lMLg. AMER, LAB2, ., ., , MOVE NAME TO SECOND LABEL ., ., ., ., ]|
es [, .., ), IMrc |NAMER,LABS . .. MOWE \NAME TO THIRD LABEL .. ... .., |

Page No.g‘.l.g_l of 02

Line I Label ‘Eperuﬁoi OPERAND
3 sle : 1s|ie 2021 25 30 35 40 45 50 55 60 85 70
o1 |, 1., . W .. |PRAREA, . ., ... .,, PRINT FIRST LINE ., . . ., .
02 A
0.3 ceeai...|MLC  |ADDRR, LABZ2, ,, MOVE, ADDRESS, ,T.0, SECOND LABEL, .. .. ..
0.4 . l...MLC  |ADD A
os, |..,, 1, ,. W , [PRAREA. , .., ... .., PRINT SECOND LINE, . i\ i0 ittt
0,6, Li.. . MLC [CITYSR,LAB1 ,, ., ,, MOVE, CLT.Y. & STATE TO. FIRST. LABEIL
or |l v i . IMLC  lCITYSR, . LAB2 .. MOVE, CITY. & STATE ,TO .S.ECOND. .LABEIL
0.8 1., .MLC  lcITYSR, LABS L MOVE, CITY. & STATE TO, THIR.D .LABEI
oo, |, .. i, . W, [PRAREA . ., . .. . PRINT THIRD LINE ... . 0 .\ .\ ... ...
10 et € 0 .. ...,  SKIP TO FIRST LINE OF NEXT LABEL, CHN1
O N LC,  ILSTCD( v v v v w1y, TEST FOR LAST CARD . |\ oy ot e i
2 |, ..y, . B, BTART ,,,.,,,,,, BRANCH UNCONDITIONALLY, TO, START, . . ...
13, |LsTCD, |, , . W,  ISTART ., . ..,..,., ., HALT FOR LAST, CARD:. « t 0\ v ottt
QL‘WRO,NG.RQ,H H ., ,BTART, OB, WRONG RECORD. . . . .\, 5000 00y,
.sDKER,R;HAH.LMS.'I‘.A.R.T...,......LH.A.LT‘.FQ,RA.an.‘E,RR.O\R..
Figure 33. Coding Sheets for Printing Name and Address Labels from Disk Storage
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Section 5. Questions
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1.

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

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

. List the three parts of the disk control field.

. 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.

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 original loca-
tion in disk storage?

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

drive O, the disk alternate code in the disk control
field should be

Z€ro

. eight

twelve

four

seven

o0 g

. Write an instruction which will test the Unequal

Address Compare indicator and, if it is on, branch
to the instruction labeled TEST.

. 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.

. The number of tracks within a disk cylinder is

. 100
. 10
1000
99

Ao ow

o~

0)

7
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Section 1.
1.
2.
3.

Answers and Solutions
1443 Printer
Yes. All data goes through the processing unit.

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

4. 4000 characters

11.

. a. Control

A card must pass the reading station before it

can be punched.
b. Storage c. Arithmetic

90 characters with word marks
100 characters without word marks

. 20,000-20,199 (address range)
. Disk Sector address

. Yes. Each position of core storage has a unique

address.

To identify the leftmost position of a data field.

Section 2. Answers and Solutions

1.

AN

&

a. Establish the requirements of the problem and
the requirements of the solution.
b. Write the program for the computer to follow.

Autocoder.
b. To assign storage areas for data.
a. The leftmost position of the area reserved.

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

To specify that the constant is alphameric.

. 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.

Label 2ﬁpera'i
15 ol21 25 30 35 40
CONST1, ., |Dcw ., [@ERROR ,LISTING, ,. ., @ , |
EQURTH . . . [DCW, . 123456, . « o0 o0t en.
DATE , | bc e
el A 29627200
READIN . . . DA X80 , .. ., ., .. . .
DATE, , | DCW, , @ FEBRUARY®, ., ., . ., . . "
I
o aaa |

Appendix

Section 3. Answers and Solutions

1

2.
3.

. d. is passing the reading station.
c. DA (Define Area) operation code.

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.

Answers a and b are both positive.

B
a. A equals plus 2
2

b. 1; -equals plus 2

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

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.

. Fields after edit

$bbbbb.01—
$6,436.25

. ¢ 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 immediateskip d-modifier
is used.

No.
. a. is not true.

. No; a CC instruction must be executed to provide
the skip.
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11. b. sets an indicator which may be tested by sub-

sequent instructions.

OPERAND
s I D 12. a. Unequal
s b. Equal
il i P . Al 4 P A I Y SR |
c. Unequal
d. Unequal
8. b. sTEPX
13.
Lobel perati j OPERAND
OPERAND «
. ... lcs 999 CLEARS, 999-900 N
) START,CODE..R . o cs 89,9, CLEARS, 899:-800. i\ 0\, ..,
o | N N P | cs 625, CLEARS, 625-600. .. .
ot cs 501 ..., CLEARS, 501:-500, . .4, ..,
I cs .. l20 CLEARS, 200, ONLY, . 0.\ .y
10. N NN N
Line Label perati OPERAND
5 { 1 35 40 4 -1 60 [ 1] 70
o1, . ORG, , 401 v o oo i R
oz |PRAREA) DA_,_ 1X7, 6 DEFLNE THE .PRINT, AREA
o3 [TOTAL, LS SO Lo TOTAL FIELD ,,, . ., - R

0.4 DAREA DA . 1X5.,.G

0,5, IGROSS

DEF LNE TLH‘E._&A.B.D._&EAA__ABLA._A_._A_._H_M_._
1.,.5 i . GROSS, EARNINGS FIELD , ., , ., ,

PR

b - --E-F-F+-

06 |START, R, .. |1, RDAREA . READ A, CARD , ., . N i PP
0.7 . A_ ., |GROSS, TOTAL ,, ADD GROSS TO TO,_‘A,L e et
0.8 o |BLC , IPRINT, o s .., JHAS THE LAST CARD, BEFN PROCESSED 2
09, | .. B ..., |START BRANCH ,UNCONDITIONALLY .TO ,START,
10 PR[NL o w PRAREA, , BRINT THE TOTAL , . . ., o
L el H. .. N oo . HALT {END OF PROGRAM), . ., ., .

I
1.2 L PR S . n

Section 5. Answers and Solutions

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-

64

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

6. d. four

7.

Label perati
15)i6 0

. il BI N, TEST, X

8. d. after the first disk (seek, read, write, etc.) in-
struction following a seek instruction.
9. b. 10 tracks

)



Access assembly ... ... 8
Access Busy indicator ......... ... 54
Access Inoperable indicator ............. ... ool 54, 56
Actual address (inoperand) ......... ..o 17
Add operation (A) ......... .o 25
Address adjustment of anoperand.............. ... ..l 40, 44
Address codes (alphameric)
fOr COTE SEOTAZE .« o .ottt it e naee et 12
over 3,990 . ... 12
Address CONSEANL .. ....o.outiiiiitiiii e e 17
Addressmode ... e 52
Addressing, positions in core storage.............. ... ... 6
Alternate code . ..........iiiiiiniiiiiii e 6
Any Disk Condition indicator............................54,55
Arithmetic operations
of processing unit ............ .. ... e 5
word marks in........ ... ... 25
Arithmetic overflow ....... ... ... ... .. i 26
Assembled instructions ............... oo 16
At sign in Autocoder........... .. ... il 20
Autocoder i
adVantages . ... ... 15
instructions for defining areasin................. ... .. .. 12
Alanguage ... ...l e 15,16
-mnemonic operation codes (Table2)..................... 19
SPTOCESSOT . . v v ittt et e ettt et e e 12
bit structure in cOre StOrage. .. ...........oueveiereenann. . 10
blank character (b) .......... ... ... .. ... 32
Block Diagrams
Detail printing from cards.................. ... ... 29
Detail printing with three classes of totals................. 37
Multiple-field crossfooting with control register............ 46
Printing name and address labels from disk storage........ 60
Reading/punching and multiplication by repetitive addition 43
Storing records in disk storage. . ... P 57
USES o vttt e ettt e 15
Branch If Character Equal operation (BCE) ................ 44
Branch If Indicator On operation (BIN) .................. 54-55
Branch on Carriage Channel 12 operation (BCV) ............ 34
Branch on Equal Compare operation (BE) .................. 41
Branch on Last Card operation (BLC) ....................... 26
Branch on Unequal Compare operation (BU) ............... 41
Branch on Word Mark operation (BW) .................... 42
Branch Unconditional operation (B) ....................... 26

Calculating time

Printer ... i e s 8
Punch ........ . 7
Card
checking sequence ............. ... . .., 45
codes (in Bco form—Table I) ...... ... ... ... ... .. ... 11
coding €rrors ... ... ... 16
throughput ....... ... ... .. . 23
Cardpunching ........ ... 25
OPETation . ....oviii i e e 25
reserving an area for............ ... ... 24
Cardreading ......... ..o i 24
1] 213 -1 13 ¢ 25
reserving an area for......... ... . 24
Carriage Control tape................cooiiiiiiniinan... 8,32-33
for spacing forms ........ ... . il 32

Index

Character Codes in Ascending Sequential Order (Tablel1) .... 11

Character coding .........c.cooviiiiiiiiiiniiiiiiiiiiii 10
special characters ....................e. P 7
Check bit .....ovvviiiiiiian e 10
Clear Storage operation (CS) ... 0........ ..., 42
Clear Word Mark operation (CW) ......................... 38
Coding Sheet ’
FUNCLION .. ..o i 36
Tabel .o e e 17
line NUMDbET ... ..o ittt 17
OPErand . ..........iii e 17
OPETAtION ...\ tvtetete e 17
page number ..................o.. e 17
USES + vttt ettt e e e e 17-18
Coding Sheets
A4 B=C. i 23
Detail printing from cards................. ... 28
Detail printing with three classes of totals............... 39-40
Multiple-field crossfooting with control register............ 47
Printing name and address labels from disk storage......... 61
Reading/punching and multiplication by repetitive addition 44
Storing records in disk storage............. .o 58
Comma
INSETLION ...\ttt t ittt it 32
Use Of ... 16,17
Comments (on coding sheet) ............... ... .. ..ot 20
Compare operation (C) ..........ooiiienieieiiay - 41
rank of characters in- .......... ... . i 41
examples of ... ... ... .. i 41
Constant
alphameric ...... ... . i 20
Blank . ... e 21
created by declarative operations.................. ..., 20
numerical ... 20
Control Carriage operation (CC) .................oovnuen. 32
Control field ....... ... .. .. . 56
for disk addresses. . .......: .. ..o, 51,56
in compare Operations............. .ol 36
Control function (processing unit) ......................... 5
Control operations, definition............. ... . ... ... .. ... 17
Control word (in edit operation) ....................oouu 32
body portionof, ........ ... oo 32
status portion of, ... ... .. oo 32
Core Sector Address............. oo 51
Core Storage
addressable . ... e e e e 6,12
allocation of areas in ........ ... ... i i 12
capacity of Processing Unit....................... oot 5
program instructions in............. ... oo 6
reserving areas in................iiiiiiiiiii i 20
symbolic assignment of........... ... .. ..ol 20
CR, insertion or deletion............ ... ... i, 32
Cylinder .........ooiiiiinii i 8
description ...l 8
number of .............. e e 8
OVEIflOW ... e e 56
Ad-modifier ...... ... 33,44

-used with Branch If Indicator On instruction (Table5) .... 55
Data

£ 703 - I R R 50
TEtrieval .. ... oottt 50
DebUGEING .. ..ooovtei i 16




Decimals, insertion of.............couiiiiiii i, 32
Decision tables

Detail printing from cards.................. ... ... 29
Detail printing with three classes of totals................. 38
function ........ ... ... e 15
Multiple-field crossfooting with control register............ 46
Printing name and address labels from disk storage......... 60
Reading/punching and multiplication by repetitive addition 43
Storing records in disk storage.......... ... ... i 57
Declarative operations, definition........................... 17
Define Area operation (DA) ..............civiiiiiiiiiannn. 21
label address of . ............ .. .. i i 21
Define Constant operation (DC) +...............oooiiiinn, 20
Define Constant with Word Mark operation (DCW) ........ 20
Define Symbol operation (DS) ................ ... .. ... 21
Detail Printing from Cards............. .. ...c.coiiion.. 28
Detail Printing with Three Classes of Totals................ 35
Direct Addressing ........... ... . i 50
Direct Seek (special feature) ....................... ... ... 10
ACCESS TIME ...ttt 10
Disk Alternate code ......... ..ot 51
Disk Check indicators .................coovevenneene.....54-56
testing of- ... ... 55
Disk Control Field............... ..o, 51
Disk Error indicator. . ........c.ovveeiieeeeeaannnann. ... .52 54
Disk Pack
interchangeability ............. ... .. o il 8
method of retrieval............. ... .. . i il 8
Storage Capacity ...............iiiiiiiie 8
weight ... 8
Disk StOTage ... ... e 8-10
format ... 53
Statement .......... . . 53
Disk Storage Drives.................... .. ... ... 8-10, 50-61
accessassembly ... . ... oL e 8
selectionof- ... ... L 10
Dollar sign ......... ... e 32
Edit controlword ............ ... .. . ... 32,42
body portionof, ........ ... .. 32
status portion of, ......... ... L o 32
Edit pass ... e 16
Editing
see Move Characters and Edit operation................... 32
Equate operation (EQU) ........ ... . coiiiiiiiiinnninn.. 21
EXTOr mMessages ...ttt 16
Fixed length records........... ... ...ciiiiiiininninnnn.. 53
Halt operation (H) ..., 26
program end halt............ .. ... .. ...l 48
sequence error halt .......... ... ... ... .. o oL 48
Imperative operations, definition........................... 17
Indexing, definition.................. ... ... .o, 50
special feature ............iiiiiiiiiiii e 20
Indirect addressing ............. ... . .. .. o ol 50
Initializing ......... ... . .. i 36,45
Input, definition ........... ... .. .. i ittt 5
Instructions ........ ... . e 15
AULOCOET- ..o\ttt e 16
in core StOrage ...........ecevuuns Ceieeereeirteea e 16
Labels
AS OPETANAS ..o\ttt e 17
descriptive, ......... . e 20
suffixing of, ... ... .. o 31
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Last card
EESL ottt e 26
indicator ......... ... e 45
Literal ... . e e e 17,42
Loading instructions ....... ...ttt 16
Location assignment counter. .. .. e 20
Minus sign (in statement) ......... ..ot 20
editing for- ... ... . 32
MINUS ZETO ..\t vvt ittt i i e a e e 32
Mnemonic
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Scan Disk operation codes (Table 4) ..................... 54
Write Disk operation codes (Table 3) .................... 53
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Move Characters to A or B Word Mark operation (MLC) .... 31
Move Numerical Portion of Single Character (MLNS) ....... 44
Multiple-Field Crossfooting with Control Register........... 45
Negative field, indication of............... ... .. ... ..., 26
Nonsequential storage, USES............oviernnienieaanenns 50
Number sign, significance in Autocoder..................... 20
ODbJECt PrOGIAM ...\t vtti ittt aeie i neenns 12,15
OPerands .........uiutiutitia i 17
Aand B- oo 17
d-modifier ....... ... ... . 18
Origin statment (ORG) ......... ..., 30
Output, definition .......... ..o 5
Overflow
arithmetic- ........ oot e 26
cylinder- ... .. 56
zone bit configuration of. ... ... ... o oo 27
Parity check ... ... ... i 10,11
Printer
T448- o 7
1447 Console I/O- ... o i 10
Printing name and address labels....................... ..., 57
Program definition ............. .. .. oo 15
Program listing............. ..o ittt 16
Programmer, duties of......... ... ... i 15
Programming Example 1 ........ .. ... oot 28
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Programming Example 2
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Programming Example 3
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Programming Example 5
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