
































































































































































































































































































UNIT VII 

PROBLEMS: 

Assume multiplication of the following amounts: 

$142.41 shown in memory 11141214 ,11 
200 204 

by 

$ 3.50 shown in memory as 11,5,01 
205 207 

151. How many digits should the 

Lesson 29 
(cont'd) 

work area contain? 151. __________________ _ 

152. If the work area starts at 
0400, show the LeA instruction 
to set up the work area. �1�5�2�.�~�1� __ �~�~� ____ �~� ____ �~� 

153. Show the multiply instruction. �1�5�3�.�~�1� __ �~�~� ____ �~� ____ �~� 

154. To round-off two digits show 
the address to which 5 should 
be added. 154. L-I-L---L...---L...--l 

155. How many digits would be 
located to the right of the 
decimal point after rounding? 155. __________________ _ 

Indicate the result of A x B, 
showing sign and size of 
product. 

157. A �=�~� 

156.1 L.... -L-...L--1--'--__ _ 

Indicate the result of A x B, 
showing sign and size of 
product. �1�5�7�.�1�~� �~�~�~� ________ _ 

131 



151. 9 

152.1 L c Alo 2 0 710 4 

153.1 M 10 2 0 410 4 

2 

UNIT VII 

Lesson 29 

NOTES AND ANSWERS 

0 21 

0 81 

5 digit multiplicand 
3 digit multiplier 

+ 1 
9 digit work area 

Place the multiplier in the 
high-order positions. 

The B-address should be the low-
order digit address. 

This references the left-most 
digit of the two digits being 
rounded-off. 

The multiplicand and multiplier 
each have 2 digits to the right 
of the decimal for a total of 
4 digits in the product. Round­
ing-off 2 digits left 2 to the 
right of the decimal. 

Multiplication of unlike signs 
yields a negative product. 

Multiplication of like signs 
yields a positive product. 

132 



UNIT VII Lesson 30 

DIVISION: Division may be considered repetitive subtrac­
tion. The number of times the divisor can be subtracted 
from the dividend is the quotient. 

Thus: 24 -:- 8 = ? 

24 - 8 = 16 
(1 time) 

16 - 8 = 8 
(2 times) 

l is the quotient 

8 - 8 = ° 
(3 times) 

or: 2578 = ? 

25 - 8 = 17 17 - 8 = 9' 9 - 8 = 1 1 - 8 = negative 
(1 remainder) (1 time) (2 times) (3 times) 

Quotient = 3 with remainder = 1 

Thus we subtract the divisor from the dividend in a work 
area and test for minus, adding 1 to a counter each time it 
does not go minus. When we transfer on minus we do not add 
to the counter, but we add back the divisor to restore the 
work area to plus. The-COunter will contain the quotient-­
the work area will contain the remainder. 

The IBM Company has developed special sub-routines to per­
form division on computers not equipped with the optional 
Mu'ltiply-Divide feature. Consult IBM Manuals D24-1401 or 
A24-1403. 

The work area in which the repeated subtraction occurs 
should be equal to: the number of digits in the divisor + 
the number of digits in the dividend + 1. 

Thus: ( Dividend) 
1592 

(Divisor) 
64 = ? 

(4 digits) + (2-digits) + 1 = 7 digits 

For IBM 1401 computers equipped with the optional 
Multiply-Divide feature, the following rules apply. 

DIVIDE: 

The A-address designates the divisor. The B-address refers 
to the high-order digit of the dividend. It is stored as 
the low-order digits of the work area. Length of work area 
is computed as shown above. 

B-Address 
Work Area 10,o,0,o,oJijiJ 

Divisor 
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UNIT VII Lesson 30 
(cont'd) 

After execution of the division the quotient will be found 
in the high-order digits of the work area--the remainder 
will be found in the low-order digits. The number of digits 
in the quotient will be the same as the number of digits in 
the dividend. The number of digits in the remainder will 
equal the number in the divisor. 

Work Area Ix,x,x,X, ,X,X! 
Quotient Remainder 

The sign of both fields must be designated by zoning. If 
the field is plus it ~ have both A and B bits over the 
low-order digit. If the field is minus it ~ have a B-bit 
without an A-bit over the low-order digit. 

Both the quotient and the remainder will be signed after 
division according to the following rules: 

If both fields are plus, both the quotient and remain­
der will be signed plus. 

If both fields are minus, the quotient will be plus 
but the remainder will be minus. 

If the fields have different signs, the quotient will 
be minus but the remainder will have the sign of the 
dividend. 

EXAMPLES: 

Divide the field located at memory position 004$ by the 
field located at 0159, using a work area located at 020$. 

11.1 2 ,2,BI 1~,7,DI 
045 048 ....---______ ----.157 159 

IQ,O,O,O,O,O,O,ol Work Area 
201 208 

Iz A ° ° 4 $ ! ° 2 ° $1 Move dividend to 
~-----~--~~~------~ digits of work 

10,0,0,0,1,2 12 I BI 
2~ ~8 

low-order 
area 

ID ° 1 5 9 I 020 5! Divide dividend by divisor 

IQ,O,O,B, 12 ,7 1
DI 

201 204 206 208 

Note that all fields have a plus sign as shown by presence 
of the A and B bits over the low-order digits. 
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UNIT VII 

PROBLEMS: 

Assume division of 

1428 as 

31 as 

158. 

the following 

1114121H I 
200 203 

~ 
204 205 

the 

fields: 

Dividend 

Divisor 

Lesson 30 
(cont'd) 

How many digits should 
work area contain? 158. ______________ __ 

159. If the work area starts at 
0400 show the ZA instruction 
to set up the work area. 159.~1 __ ~ ______ ~ ____ ~ 

160. Show the divide instruction. 160.1~ __ ~ ______ ~ ____ ~ 

161. Show the work area after 
division. 161.~1 ~~~~ ______ __ 

Indicate the result of B A, 
showing the sign and size of 
both quotient and remainder. 162.~1~~~~ ________ _ 

Indicate the result of A B, 
showing the sign and size of 
both quotient and remainder. 163.~1-L~~~ ________ _ 
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158. 7 

159.1 z A 10 2 0 310 

160. In 
1
0 2 0 51 0 

o 0 pi 
I I I 

UNIT VII 

Lesson 30 

NOTES ANn ANSWERS 

4 0 61 

4 0 31 

4 digit dividend 
2 digit divisor 

+ 1 

7 digit work area 

Place the dividend 
order positions of 
area. 

in the low-
the work 

The B-address must refer to the 
high-order digit of the dividend. 

Both the quotient (high-order 
group) and the remainder (low­
order group) would be signed 
minus (B-bit, no A-bit). 

The quotient would carry a plus 
sign (which must be shown as A, 
B-bits), but the remainder would 
have the sign of the dividend. 
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UNIT VII Lesson 31 

ADDRESS MODIFICATION: It is frequently desirable to modify 
some part of an instruction to permit re-use of the same 
instruction. To search a table in storage, for example, it 
might take many COMPARE instructions to compare each table 
entry to the item for which you are searching. If, however, 
you modify the COMPARE instruction address, you can step 
through the table, using the same COMPARE instruction over 
and over. 

EXAMPLE: Assume you are writing a program that has a 2-
digit Dept. Number in each card, ranging from 01-09. This 
Dept. Number should match a table entry in a table of de­
partments in core storage. When you find the matching num­
ber, move the Department Name into the print area and branch 
back to the main program. 

Input Card 

Dept. 
Number 

[I2] 
00' 002 

Counter 

IT] 
601 

Constants 

IQ I 1 ,012,0,112,O,9! 
602 604605 607608 610 

SUB-ROUTINE: 

Instruc. Mne-
Addr. monic A B 
1000 C 0002 0501 
1007 B 1045 
1012 A 0604 1006 
1019 A 0604 1048 
1026 S 0603 0601 

d 

S 

1033 B 1077 0601 0 
1041 B 1000 

* 1045 MCW 0509 0226 
1052 MCW 0607 1006 
1059 MCW 0610 1048 
1066 MN 0610 0601 
1073 B XXXX 
1077 H 1077 

TABLE 
Memory Dept 
Address Nr. Dept. Name 

5 ° ° ° 1 A C C 0 U N T G 
5 1 ° '5 2 FOUNDRY 
52O Q 3 MILLING 
5 3 ° ° 4 PAT T ERN 
540 a 5 PER SON N L 
550 '5 6 PUR C HAS G 
56o '5 7 SAL E S 
570 '5 8 S TOR AGE 
58O Q 9 1: R A F F I C 

Compare Dept. Nr. to table 
Branch, if equal 
Add 10 to B-addr. of compare 
Add 10 to A-addr. of MCW 
Subtract 1 from counter 
Branch if counter equals zero 
Go back to COMPARE next entry 
Move Dept. Name to print area 
Initialize COMPARE to 0501 
Initialize MCW to 0509 
Initialize Counter to 9 
Branch back to main program 
Halt because Dept. Number not 

in table 

* These instructions undergo address modification. 
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UNIT VII Lesson 31 
(cont'd) 

OPTIONAL FEATURE: The IBM 1401 may be equipped with a fea­
ture which minimizes the coding required to modify addresses. 
This feature is called "INDEXING." Three index registers 
are located at storage addresses as follows: 

Index Reg. #1 at 087-089 
" " #2 "092-094 
" " #3 "097-099 

Addressed by 
" " 
" " 

089 
094 
099 

These registers may be used to store the modifier. When an 
A or B-address is indexed to a particular register, the con­
tents of that register are added to the address before it 
is executed. Thus if IRI contains 010 and an address of 
0501 is indexed to IRl, the address will be modified before 
execution to 0511. Indexing an A or B-address is done by 
changing the zoning on the middle digit of the 3-digit 
address. 

Index Reg. 
IRI 
IR2 
IR3 

Address Middle Digit 
A-bit, no B-bit 
B-bit, no A-bit 
A-bit and B-bit 

Under the symbolic assembly system the programmer need not 
worry about zoning. He can indicate the IR being referenced 
by placing a 1, 2, or 3 in Column 27 to modify the A-address 
or in Column 38 to modify the B-address. 

EXM~PLE: Using IRI to modify the COMPARE and MCW addresses 
in the previous example, the program would look like this: 

Instruc. Mne- I I 
n n 

Addr. monic A d B d d 
1000 LCA 0613 0089 
1007 C 0002 0501 1 
1014 B 1044 S 
1019 A 0604 0089 
1026 S 0603 0601 
1033 B 1062 0601 0 
1041 B 1007 

* 1044 MCW 0509 1 0226 
1051 MN 0610 0601 
1058 B XXXX 
1062 H 1062 

* These instructions are Indexed. 

Special Constant 
IQ,O,ol 
611 613 

Set IRI to zero 
Compare & index B-address 
Branch if equal 
Increase IRI by 10 
Reduce counter by 1 
Branch if counter = zero 
Go back to compare again 
Move name with A-add. + IRI 
Initialize counter to 9 
Go back to main program 
Halt--no table entry 

There is no need to initialize the COMPARE and MCW instruc­
tions. They were not affected in memory--the indexing 
occurred while the instructions were being executed. 

138 



UNIT VII 

PROBLEM: 

Lesson 31 
(cont'd) 

164. Twenty 10-digit fields are located in melllory between 
0400 and 0599. The first field is at 0409, the second at 
0419, etc. We wish to move those twenty fields to 0800 to 
0999. We could use 20 MCW instructions, but address modifi­
cation would require fewer instructions. Both the A-address 
and the B-address must be modified each time. We must also 
keep track of the number of times we move to insure moving 
only the twenty.lO-digit fields. Write a program, using IRI 
to modify the addresses and IR2 to keep track of the number 
moved. The following flow chart will assist: 

I Q ,0 , 0 I ,g, I 011,0 I Cons tan ts 
300 302 303 304 305 306 

Mne- I I 
n n 

Label monic A-Addr. d B-Addr. d d 
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164. I Mne-
~ Label monic A-Addr. 

LCA 0)02 

ZA 0)04 

MOVE MCW 0409 1 

S 0)05 

C 0094 

B STOP 

A 0)06 

B MOVE 

STOP H STOP 

UNIT VII 

Lesson )1 

NOTES AND ANSWERS 

I 
B-Addr. 

n 
d 

0089 

0094 

0809 1 

0094 

0)02 

0089 

140 

d 

S 

Load zeros in IRl 

Load 20 in IR2 

Move a word--mod. IRl 

Subtract 1 from IR2 

Compare IR2 to zero 

If equal branch to stop 

Otherwise add 10 to IRl 

Branch to move again 

Stop the program 



UNIT VII QUIZ 

165. In each of the following multiplica- 165. 
tion problems, show the zone bits 
that will appear in the product. 

(a)I~,2,2,2,SI x 

(b)I~,2,2,2,KI x 

(c)I~,2,2,2,21 x 

(a) D 
(b)D 

(c) D 
166. Multiply: Ix X X X XlbylX X xland 166. 

round to two decimal places. 

(a) The multiplier should be placed 
in PROD - ? (a) PROD -0 

(b) A constant of 5 is added to 
PROD - ? (b) PROD -0 

167. Divide:IX,x,x,x,X,xlbyIX,x,xl 

(a) What is the length of the 
Quotient area? 

(b) Show the location of the 

167. 

( a) 

Divisor in work area. (b) 

(c) Show the location of the Quo­
tient and the Remainder in the 
work area. (c) 

168. In each of the following division 
problems, show the zone bits that 
will appear in the quotient and 
the remainder. 

168. 

Quo. 

(a)D 

(b)D 

(c)D 

169. Name the storage locations of the 169. 
following: 

(a) Index Register 1 

(b) Index Register 3 
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(b) 

digits 

Rem. 
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D 
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UNIT VII QUIZ 

ANSWERS REMINDERS 

165. ( a) [!] Refer to page 127 

( b) IT] 
(c) [t] 

166. ( a) PROD - ~ Refer to page 129 

( b) PROD - IT] 

167. ( a) 110 digitsl Refer to page 134 

( b) I I I I I IXIXI X I 
( c ) !XIXIXIXIXIXI ,X,X,X I 

Quotient Remain. 

168. Quo. Rem. 

(a) [KJ OIJ One field was plus and one was 
minus. 

(b) [II []] Both fields were plus. 

( c) ~ rn Both fields were minus. 

Refer to page 134 

169. (a) ~-~ Refer to page 138 

(b) ...J}2L-~ 
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UNIT VIII Lesson 32 

IBM 7330 Magnetic Tape Unit 

The IBM 7330 magnetic tape unit provides economical, 

compact record storage for the IBM 1401 data processing system. 

High speed (out-of-column) and low- speed (in-column) rewinding 

functions are available with the 7330. Tapes prepared on this unit 

are completely compatible with the faster IBM 729 II and IV magnetic 

tape units. 



UNIT VIII Lesson 32 
(cont'd) 

MAGNETIC TAPE: This text has, until now, used punched cards 
for input and output. Now we must examine a second form of 
input-output that is frequently used with the IBM 1401. 

Magnetic tape is made of thin plastic material in a strip 
~ inch wide and 2400 feet long. Data is stored on the tape 
with the same bit grouping (except W/M's do not go on tape) 
as in memory. Records are separated from each other by an 
inter-record gap, 3/4 inch long. 

Bits appear on tape 

R ELECTIVE SPOT 

o CHECK BIT 

g }ZONE BITS 

o g } NUMERIC BITS 

The check-bit has no bearing on data in tape storage so may 
be ignored. The bits are counted as "on" if they appear on 
the tape; "off" if the space is not magnetized. 

Three different tape units (machines for reading and writing 
tapes) may be used with the IBM 1401. They are IBM 72911, 
IBM 729IV, or the IBM 7330. They differ, primarily, in the 
speed with which they perform. Since this text will not 
concern itself with speeds, we will treat all units alike. 

Characters may be stored on tape very close together (high 
density) or further apart (low density). The high density 
mode has 556 to an inch; low density has 200 to an inch. 
The IBM 1401 may have up to six tape drives attached to it. 

Data is placed on tape as records. A record is a group of 
one or more characters which normally are needed in the com­
puter at the same time. Up to now we have considered a 
record as being in one BO-column card. With tape, a record 
may be as long or as short as necessary. 
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UNIT VIII Lesson 32 
(cont'd) 

Each collection of records, of the same type, stored on tape 
is called a file. A file may be stored on one tape reel 
(2400 feet) or more than one if it is a very large file. 

Every tape reel should have three labels. One label is a 
sticker attached to the reel showing the name of the file. 
When we refer to a label in this text we will refer to the 
second type. A hea~abel should be written on the front 
of the tape in magnetic characters, just as records are 
written. This special "record" should provide identifying 
information about the file contained on the tape reel. Such 
information may include: file name, date tape written, reel 
number, etc. The programmer must provide for writing this 
data on each reel before he begins to write data records. 

Each tape reel should also include a trailer label. The 
trailer label is written at the end of the tape after all 
data records are on the tape. It should include such in­
formation as: number of records on tape, and whether the 
file is continued on another tape. 

The first 20 feet of each tape reel is a "leader" used to 
thread the tape. Writing begins at the 20 foot point where 
a piece of reflective aluminum foil is attached to the face 
of the tape. This foil spot is called a reflective spot or 
load point. A second reflective spot is located near the 
end of the tape to signal the approaching end. The tape 
unit is equipped to "see" the reflective spot and signal the 
computer. 

When all the data is recorded on a tape, it may occupy only 
a small part of the reel. To avoid reading beyond the end 
of the data, the programmer must cause a tape mark to be 
written after the trailer. A tape mark is a one-character 
record, written as any other record, by the program. As the 
tape is read, the program continually tests for the tape 
mark. 
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UNIT VIII Lesson 32 
(cont'd) 

A ~ mark is a special character that must be placed at 
the end of a record in memory. The group mark causes the 
tape unit to stop writing and space forward to create an 
inter-record gap. Its symbol is: * The group mark is read 
back into memory at the end of the record. 

A record mark is a similar symbol (*) which may be used to 
separate blocks of information within a record. Its use is 
optional and it does not affect the tape unit. 

When a W/M is to be recorded on tape it is converted to a 
special character called a word separator, and written 
immediately ahead of the character with which the W/M was 
associated in memory. 

All characters are checked by the tape unit for correctness 
during reading or writing. Errors are signalled to the com­
puter but reading or writing continues to the end of the 
record. 
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UNIT VIII 

PROBLEMS: 

Lesson 32 
(cont'd) 

170. How long is an inter-record gap? 170. ______________ _ 

171. \Vhat character shows the end of 
a record? 171. ____ __ 

172. Who provides for writing a head-
er label? 172. ____________ __ 

173. How many characters in a tape 
mark? 173. ____________ __ 

174. The record count and reel-in-file 
number at the end of data on a 
tape is called a 174. ______________ _ 

175. What keeps tape from running off 
the end of the reel when writing? 175. ____ __ 

176. A collection of records of a 
similar type on a reel or group 
of reels is called a 176. ______________ _ 

177. How many tape units may be 
attached to the IBM 1401? 177. ____________ __ 

178. The word separator on tape repre-
sents a in memory. 178. ______________ _ 

179. Show the symbol for a group mark. 179. ____________ __ 

180. Show the symbol for a record 
mark. 180. ____________ __ 

181. Does the program place reflec-
tive spots on the tape? 181. ______________ _ 

182. What is the function of the tape mark? 

183. What is the function of a group mark? 
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170. 3/4 inch 

171. group mark 

172. programmer 

173. 1 

174. trailer 

175. reflective 

176. file 

177. 6 

178. word mark 

179. * 
180. t 

181. no 

UNIT VIII 

Lesson 32 

NOTES AN D ANSWERS 

This space contains no bits. 

This symbol ($) is recognized by 
the computer as the end of data to 
be written. 

This character is a special charac­
ter which causes a signal to be 
sent to the computer when it is 
read. 

A record count is written when 
writing. Records may be counted 
when read and checked against the 
record count. 

spot These are small foil "stickers" 
placed on the tape at the factory. 
They may be moved or replaced. 

Reflective spots are applied to the 
tape by the manufacturer. 

182. Signals that the end of the tape is approaching. 

183. Separates two records on tape by causing an inter­
record gap to be formed. 



UNIT VIII Lesson 33 

WRITING ON MAGNETIC TAPE: Data is written on tape, charac­
ter-by-character, from the address given by the program 
until a group mark is sensed. The tape unit reads each 
character as it is written and compares what is read against 
what was sent from the computer to be written. Errors are 
signalled by the tape unit. This signal enables the program 
to backspace (reverse the tape movement back to the last IR 
gap) and re-write the record. The following instructions 
are used to write: 

WRITE TAPE: 

This is the MOVE CHARACTER TO WORD MARK instruction which we 
have discussed. The A-address indicates which tape unit is 
used. The %U indicates a tape operation; the n indicates 
the number TI-6) of the particular tape unit. The B-address 
indicates the address of the left-most digit of the record 
to be written. The d-modifier-TW) indicates a WRITE opera­
tion. Word marks are ignored. 

WRITE TAPE WITH WORD MARKS: 

This is the LOAD CHARACTER TO A WORD MARK previously dis­
cussed. This instruction operates like WRITE TAPE except 
that when a W/M is encountered it is converted~a word­
separator character and placed ahead of its associated char­
acter. 

This instruction causes the tape unit to record a tape mark 
on the tape. Inter-record gaps precede and follow the tape 
mark. 

SKIP AND BLANK TAPE: 

I gOP I r-______ +-A_-~A~d-d-r-e-s-s~ 
% U n 

When repeated errors are signalled during writing and re­
writing does not correct the trouble, the cause may be a 
damaged spot on the tape. This instruction may be used to 
skip about 3~ inches, erasing any data that might be in that 
space. The data is then written on the new area of tape. 
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UNIT VIII 

BRANCH IF END OF REEL: 

Lesson 33 
(cont'd) 

If the reflective spot is sensed while writing, or a tape 
mark while reading, an indicator (EOR) is turned on. After 
each record is written this instruction should be coded to 
permit a branch to an "END OF REEL ROUTINE" if the indicator 
is Qg. The EOR routine should provide notification to the 
operator to load a new reel. 

BRANCH IF TAPE ERROR: 
~-------,----------~~ 

If an error is detected while reading or writing, an indi­
cator is turned on. This instruction should be coded after 
each read or write to test the error indicator. If it is 
"on" the program will branch to the A-address where an 
"error routine" should be coded. The error r.outine should 
cause a backspace and a re-read or re-write. 

EXAMPLES: 

0520 

Write tape 

(Write a record on tape unit #1, starting at 0500) 

2. Same record 

PREVIOUS 
THIS RECORD IRG RECORD 

" ~ r-----A-
1764WRENCH0376001614 1763PLIERS04 

THE CHARACTERS ACTUALLY APPEAR AS 
MAGNETIC BITS AND IN REVERSE ORDER. 

Write tape 
with wlMJ s IL C AI% U 1 o 5 0 OIWI 

t t t t t 
WORD SEPARATORS PLACED AHEAD OF 
EACH CHARACTER WITH A WORD-MARK 
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UNIT VIII 

PROBLEMS: 

Show an instruction to 
write on Tape Unit #4, 
without W/M's, from 300. 

185. Show an instruction to 
write on Tape Unit #6, 
with W/M's, from 300. 

186. Show an instruction to 
branch to a routine 
labelled ERROR if the 
error. indicator is on. 

187. Show an instruction to 
branch to a routine 
labelled EOR if the end­
of-reel indicator is on. 

188. Show an instruction to 
write a tape mark on 
Tape Unit 115. 

189. Show an instruction to 
SKIP AND BLANK 3! inches 
of tape on Unit #2. 
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Lesson 33 
(cont'd) 

184.1~ ~~~t~~~C~ ___ A __ ~ ___ B __ +I_d~1 

186. 1..-1 _-----L __ --L--_---L.----J 

187 • L-I _-----'-__ --L--_---'----J 

188. L-I _-----L __ --L--_---L.----J 

189. 1..-1 _-----L __ --L--_---L.----J 



UNIT VIII 

Lesson 33 

NOTES AND ANSWERS 

184. This is the most common 
L-______ ~ ________ ~ ________ ~~ method of writing on 

185.1 LeA 1% U 6 

tape. 

I 0 3 0 0 Iw I This method is used 
primarily to store 
programs on tape. 

186.1 B IE R R 0 RilL I The d-modifier tells 
L-______ ~ ________ ~ ________ ~~ which indicator to 

test. If the indicator 
.-----------"T----------,------------r---; is not II on II no branc h 

187.\ B \E 0 R IK I will occur. 

188.\ c U 

189.1 c U 

152 

1M I Write a tape mark and 
the skip and blank tape 
are called IIcontrol" 
instructions. 



UNIT VIII Lesson 34 

READING FROM MAGNETIC TAPE: Data is read from tape charac­
ter-by-character, placing each character in memory starting 
at the address given in the instruction. If word-separators 
are encountered, a W/M is placed with the next character 
read. Reading stops when an inter-record gap (IRG) is en­
countered. All characters are actually read twice and com­
pared. Errors are signalled but the reading does not stop. 

READ TAPE: 

The A-address specifies the tape unit from which data is to 
be read. The B-address indicates the memory position of the 
left-most character. The d-modifier is an R, which indi­
cates a read operation. Data must be on tape without word­
separators, i. e., it must have been written with a MCW 
instruction. 

READ TAPE WITH WORD MARKS: 

A-Address 

% U n 

This instruction operates like READ TAPE except that word­
separators are converted to W/M's. 

BACKSPACE TAPE RECORD: 

Ic~el 
This control instruction causes the tape unit designated by 
the A-address to backspace to the last IRG. By this means, 
the same section of tape can be re-read or re-written. 

REWIND TAPE: 
A-Address 

% U n 

This control instruction causes the tape unit to rewind the 
tape on its original reel. Tapes must always be rewound 
before taking the reels off the tape unit. The tape stops 
at the LOAD POINT, properly positioned to read or write. 
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UNIT VIII Lesson 34 
(cont'd) 

REWIND TAPE AND UNLOAD: 
Op 

Mnemonic A-Address d Code 

C U % U n U U 

This instruction is like REWIND TAPE, except that the tape 
is ready for removal from the tape unit. The tape unit can­
not be addressed by the computer again until the operator 
resets it by positioning the tape. 

EXAMPLES: 

All read and write instructions should be followed by BRANCH 
ON EOR and BRANCH ON ERROR instructions to detect these con­
ditions. 

Label Mnemonic A-Address 

R E A D M C w % U 2 

B ERR 0 R 

B E 0 R 

B X X X X 

Label Mnemonic A-Address 

W RITE M C W % U 1 

B ERR 0 R 

B E 0 R 

B X X X X 

B-Address 

o 5 0 0 

B-Address 

o 5 0 0 
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d 

R 

L 

K 

d 

W 

L 

K 

Read a tape 

Branch, if error 
indicator "on" 

Branch, if EOR 
indicator "on" 

Otherwise branch 
to main program 

Write a tape 

Branch, if error 
indicator "on" 

Branch, if EOR 
indicator "on" 

Otherwise branch 
to main program 



UNIT VIII 

PROBLEMS: 

190. Write an instruction to 
read from Tape Unit #2 
to position 0300, without 
word marks. A 

Lesson 34 
(cont'd) 

B 

191. Write an instruction to 
read from Tape Unit #3 
to position 0300, with 
word marks. 191. ~I __ ~ ______ ~ ____ ~~ 

192. Write a control instruc­
tion to backspace Tape 
U ni t #6. 192. L-I _---"-__ ---L.. __ ---1.----J 

193. Write a control instruc­
tion to rewind Tape Unit 
#4. 193 ·1 L-_...L....-_-!. __ ---L---I 

194. Write a control instruc­
tion to rewind and unload 
Tape Unit #5. 194. 
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UNIT VIII 

Lesson 34 

NOTES AND ANSWERS 

B-Address 
190. 0 3 0 0 

~------~~------~------~~ 

191.1 L C A % U 3 

192·1 C U % U 6 1 B I 

193·1 C U % U 4 IRI 

194.1 C U % U 5 lui 
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The MCW instruction is 
normally used for 
reading. 

The LCA is used when 
the data on tape was 
written with an LCA. 

All control instruc-
tions are directed to 
a specific tape unit 
and differ only in the 
d-modifier used. 



UNIT VIII Lesson 35 

SPECIAL FEATURES OF TAPE PROCESSING: Although an IBM 1401 
can have as many as six tape units, it may have fewer. What­
ever the number, it is possible to waste processing time by 
using them improperly. If, for example, the whole process 
must stop while tapes are being loaded on the tape unit, 
valuable time is lost. If sufficient tape units are avail­
able, the "flip-flop" technique may be used. 

TAPE FLIP-FLOP: If you have a large, multi-reel file to 
read--and to write, and you have four tape units available, 
you can assign two to the input file and two to the output 
file. Assume a 4-reel file: 

Tape Unit #1 - Read 1st reel and 3rd reel 

Tape Unit #2 - Read 2nd reel and 4th reel 

Tape Unit #3 -.Write 1st reel and 3rd reel 

Tape Unit #4 - Write 2nd reel and 4th reel 

IBMI401 

When Reel #1 is finished on Tape Unit #1, modify the A­
address of the read instruction to %U2 on which Reel #2 is 
loaded. Processing can continue while the operator takes 
Reel #1 off Tape Unit #1 and mounts Reel #3. When Reel #2 
is exhausted, the A-address is changed back to %Ul. The 
same can be done with the output tapes on Tape Units #3 and 
#4. 
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UNIT VIII 

EXAMPLE: 

Lesson 35 
(cont'd) 

One way to code a flip-flop is as follows: 

Label 

READ 

ERROR 

HALT 

EOR 

Set up a special two-digit register in storage. 
Start with 02 in the register. 

Mne-
monic A-Address B-Address 

MCW %Ul INPUT 
B ERROR 

B EOR 
B PROG 
CU %Ul 
MCW %Ul INPUT 
B HALT 

B PROG 
H HALT 

CU %Ul 
MN READ + 3 0181 

MN 0182 READ + 3 
MN 0182 ERROR + 3 
MN 0182 ERROR + 8 
MN 0182 EOR + 3 
MN 0181 0182 

B READ 

d 

R 
L 

K 

B 

L 

U 

Register 

I Q ,.?I 
181 182 

Read a record 
Branch if error indicator 

"on" 
Branch if EOR indic. "on" 
Branch bk. to main program 
Backspace tape one record 
Read again 
Branch on 2nd error to 

halt 
Branch bk. to main program 
Stop f/operator to correct 

error 
Rewind and unload 
Move (n) portion of A-add. 

to 181 
Move the number in the 

register to each (n) 
portion of the read and 
control instructions 

Move the "saved" (n) into 
the register 

Go back to read new tape 

Now the register looks 
like this: 11,11 
The next time through the 
EOR routine the %U2 will 
be set back to %Ul. 

Actually, a routine like this would require more coding to 
work properly, but this illustrates one way to code a FLIP­
FLOP. It is customary to re-read more than once for errors 
and we would need a counter to count records, a routine to 
read the label on a new tape, and a counter to tell us when 
all reels have been read. 
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UNIT VIII 

PROBLEMS: 

195. How many digits in a read instruction 
must be modified for flip-flop? 195. 

196. How many tape units are required to 
flip-flop the read operation? 196. 

197. Which branch instructions must always 
follow a read or write? 197. 

198. Write a control instruction to skip 
and erase 3~ inches of tape on Tape 
Unit 1. 
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(a) 

(b) 

198. 

I I 

Lesson 35 
(cont'd) 

I I 



195. 1 

196. 2 

UNIT VIII 

Lesson 35 

NOTES AND ANSWERS 

Only the (n) part of the A­
address needs to be modified. 

Two units are alternately 
used. 

197.(a) Branch if tape error These two branch instructions 
must be coded following every 
read and write instruction. 

(b) Branch if end of reel 

MNE-
A d MONIC 

198. C U % U 1 E 
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UNIT VIII Lesson 36 

READ AND WRITE SUB-ROUTINES: It is customary to program 
tape read and write process as sub-routines. This may be 
done several ways, but the following will serve: 

(Label = 
WRITE) 

WRITE SUB-ROUTINE 
Flow Chart 

"WRITE" ERROR ROUTINE r-----------------------
I 
I 

YES I BACKSPACE 
ONE 

RECORD 

SUBTRACT 
ONE FROM 

ERROR COUNTER 

L ________ _ 
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('IOPERAIID 

coun LABEL OPERATIDM 
ADDRESS 

WRITE SUB-ROUTINE 
CODING 

(8) OPERAMO 

~ 'OJ. 
ADDRESS 

ADJ. -
d 

Lesson 36 
(cont'd) 

COMMENTS 

.7. 131. 18 17 

I ±.1 CHAR. 

is 2728 

I:±,I CHAR. .. !l83Q 40 ., 

WR I T E Z Ai co N3 
, 

WC 'I R : : S E 'I co UN TER 'IO 1 I 

M ciW 91 U'3 
, 

oiL. 00 : I W \', R I 'lIE A IR E CO R I , 
B : WE R R : : , 

L E RA N C H I F ER ROR , 
I , , : B I WE OR 

, 
K B R A NCH IF EO R 

A I CO Nl : WR C D C'IUO 01 ADD 1 TO R E C CT 

WE X I T B I xx Ixlx 
1 : , 

BIR AIN lei H IBIK TO piG M , 
C UI ~ uI3 

, : , R I WE RR , , B B A C KS P C A R E C 0 

S : C 0 Nl 
, 

wle , T R : : R E [IU C E Iclo Iu N !T E R 

r. I 1IJ r. I'I'IFI : r.ln N 7 RIFI: 
, 

r.ln TIN I'I'IRIFI In ? , -
I WS I KIF i' : 

, 
S Tio IslKlp IEIR AiSlE I IF = f-. B , 

B I WR ITE '+:0 017 
, : TO IR E P E AT WR IT E , 

Iw E o R C u: 'l1 ul3 
, , , : MW FIT 'fIR 1'1' A IplR 1M A IFlIK , , 

M ,..!w at, nil 
' , 

WFI r. T r. 'I'1_;n Inlr, ww R T 'f1F. IFlIF. en IFlln 1,..1'1' ' , 
Z AI e 0 I Nlz IE Ri i W R e r e To -:0 loll z E RI'o ITIHIE IRIElc Ic T 

I 
~ UI3 

' , : : R I 'I E CU, ~ : 
MW TA P E MA RK 

G u ' .~ Ul3 ' ' M W R I TE TA P E M A RK , , 
,.. U~ :~ tl3 

' , , , 
:u R E'Vj I NID 1& lulN IL 0 IA D ' ' , ' 

M N ' tWR II T E 1+:0 1 0 WR ,E G '-:0 all CH IA N GE ALL IT A P E 

M NI Iw R EIG 
, : WR II 'I' E :+:0 10 R E IF E R E N C E S ITlo 

1M N' WR EG 
, : Iw E IR R '~o 03 A L TE RN ATE TA P E 

IMNI IWR EG : : Iw F. In R ~~o n1 'A S SH WN IN TIH E 
I 

EG ' : :+:0 M NI WR WE o R 08 IRE G I R T ER WR E G 1 
I , , 

:+10 MN ~'R EG 
, , Iw E 10 R 21 

1M N' IwlR Er. 
, , 

Iw E 10 R :~o 2g : I I , , 

M N ' WR EG I : IWE o R '+:0 11 i i I 

E G 
, 

: W!L AB E L:+:O 03 
, M NI WR 

, 

M N ' WR : : ws KII P 
, , 

013 EG '+'0 

IMINI wlR F.G :-:0 011 wlR F. (: : : RIE slF. T :RiE In I R T ER 

II L EL M C'W &U1 1 ' 
, , 

LAB ON NEW T P AB ' ' LA BEL , , WR 

B : W EX II IT 1-10 017 : : BIR IT 0 IRIE Iclo R'D CiT 

WS KIP C u ' ~U 1 ' , : , E , , , 
B I WR I 'I E : I : : f-. 

, ;1 : 1 C o N1 D CI\', * , CO N S 'I A N'I 10iF 13 

DC:\', * 
, 

'0 
I : 1W OTR , , 

ER R 0 R CO U N T E R , 
O'N 1 D C'\I * : , 

1 : co Nis T A N 'I 10 F 1 e '1 11 

f-~ ~R CD e T D ciw * : :000 000 
, , 

RE CO RD CO UN T , 

1 Ie 0 NZ IEIR I e:\\ * : 10 : : Ie 0 IN S TA N 'I nlF 10 

2W R EG D c ' * 
: 'oiL. : ; RE G I S T ER OF TA P E 

I , , , : I 
, , 
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(LABEL = REXIT) 

(Label 

READ SUB-ROUTINE 
Flow Chart 

READ) 

"READ" ERROR ROUTINE r----------------------- -----, 
NO I 

I 
I 
I 
I 
I 
I 

I I 
I I L __________________________ ~ 

ERROR 

HALT 

Lesson 36 
(cont'd) 

I 
I 
I 
I L ________________________ ~ 
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READ SUB-ROUTINE 
CODING 

(llOPERAND (8) OP£UJID 

CQUIIT lABEL OP[RATION I ±j CHAR. 0 I±.I CHU. 
ADDRESS 

ADJ. 
ADDRESS 

ADJ. .,. 13,.. lC 17 2728 34 

~' E AD Iz IAI CO N l : : IRr. ITIR : : 
1M CIT,i I<J: Ull 

, , 
loll.. luln : , , 

: R E R Ii 
I : : , 

B I , 
f-~ '--

'1 I , 
B I R E o R : , , : 

IA 
I 

Ie 0 INll : : IRIR e r I C ",:-: r loll 

rBeEix I T B I Ix X Ix x 
, I : : , , 

I-f-
REI IJ' R e UI 1% U 1 ! : : , , 

I I Is: C C N1 ; , 
IRlc 'IIR : : , 

f-
i+ I Ie I IR c IT Ii 

, 
Ic e INlz IEIR: : I-r-

, ; , 
B I EH L T I 

, 
I : , 

I- -
, 

, 

B ; A I '+:0 017 
, , 

I RE , , 
If.' C:\I I ~ 1 1 

, , 
014 

, : R E OR , 00 , 
C I 014 o 5 : : R R CD C r!-:O 01 

B I RC OK : , 
I 

, , , 
EH L 'I Z H 

I 
I 

: : : : 
I IRle !OIK 1,.,lu ' IqJlul1 ' , : ; 

IE I EO J 
, , 

I N D I C : : , , 
M N' RE A D :+'0 10 RR EG '-!j: 01 

I 1M N I RR EG I 
: RE AD :+:0 10 

I I Ill! N' IRIR IF.IG 
, : IR F I FIR '+10 10.13 

I N~N I IRIR IF.IG : : IRIF. 10iR ~+: (1 loh 
i IN,N: IRIR IE G ' : IR C lelK :+:0 01'3 

I I III N! 
, , 

~+Jo Iii F FI c: , 
IRIT. I FIT loa 

I R:L !B If-t- MLC.:W f-%!U 11 
' , 

lolL. 1(10 ' : , ' , , 
+ -t-LU I I~~ 014. 01_6 ' ' e f\ I fill J. B!-:o 11'3 

I : : ! ,-r R I EiA t 
r--~-' , , B I , , , 

IEIH LT'3 H 
, , , ' 

I , , ' : 
IF.IH II, T 1 H : I : ' , , , 
EIOIJ M N: ViIR IIITIE :+'0 10 I\'IR lou T :+;0 101'3 

MIN' WIR IIITIE : ~o 10 IWR lou 'I :+:0 lois 

M NI \'IR I TE :+:0 10 WR OUT :+10 116 

M NI ViR I T E !+:o 10 Iw R OUT 
I' 
'+'0 12.'1 

NIN: 1IIR I TI 'T'IF: 1+;0 llJl WJi loJL! :+:0 12.16 
Iw R 10 II'T' clu' o/.IUI'3 

, : : , 
M C'W <J:ul'3 : I 

CTUO 016 I 1\'1 R C D I- - , : CUI 'lI uI3 i 
, , , 

CUi ~ UI3 
, , : , , 

( u ' 10 U '3 : ! 1 : 
IH I : : I 

, , 
] F r.1'I'IR r c: \' * : :0 : : 

,? F Ric IDle I'I I c!w * : :010 C 101010 : : 
11 1 N r ITle T C:\\ * 

, , 
: : , :0 

12 R REG De' * iOl2 ' : 
12 0 CO NL A B D CI\'J * :1 N Vb lelT ILlb Illb :OlF bl1 

I : , : 
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Lesson )6 
(cont'd) 

COMM£IITS 

3831» .0 .. 
SIEI'!' Ic 0 IUN l1lE.LR LT10 3. 

.R...R ...ELALD ~ RE Icla IRID 

L...E RlA NC~ 1'1< ELR IR...cLH 
KB B~ IN,--CJ: IF ElolR 

A [1: ~ ~..o lRLE~ ...c11 
IBR 'AIN C H BK ITlo J:'IGM 

B B A C K S P C J RE C 0 RD 

lRLE IDlu Ic E I cle lulN 'IIElR 

~~ lulN ~ IIR ~ 10 ? 

slB.lR lTo lHA llT IF = 

GO Tlo R E P E AT RD 

R R E A D RE CO R D Ir. T 

R E C 0 RD CO UN TS I=-
S I F == GO AH E~ D 

ItF N 0 ~ HA L T 

w 
1 B R~ N C H I F EO J 

IF NOT E OJ FL P j P 

IR 

CO MP Vi I ITH LB L C ON 

SII IF .. .Gfr ..AlH ..E.AD 

IIIF NOT HA IL.1 

lslE..T. OU T P U T IT'IA .£...E 
A C C a RD I NG TO 

WH A T I S I N WR ITE 

SU B- RO U ~ INE 

K~LR OT PT TA IplE MRl{ 

WW IRiI TL..E R E CJ; RD clJ: 
MWR TWO _T A PE MR KS 

M 

U..R ...E11l LI N n L& JIIri-lLLo AD 

F:IN In rlF ..rlO~ 

Ibly I rln 



UNIT VIII QUIZ 

199. 199. 

IKIXI~IKIXIXIXI*IKIXIXI$IKIXIXIXI*IKI*I 
501 519 

D (a) How many tape records will this 
make? (a) 

(b) Which storage positions will 
cause IRG? (b) 

200. With core storage as above and 200. 
the following instruction: 

I L gE A I % ~ 1 I 0 5 B 0 1 ~I 
( a) How many word-separators will be D placed on tape? ( a) 

(b) List the storage positions that 
will cause this to happen. (b) 

201. Write the two instructions 201. 
that should immediately follow 

lOP I I d I 
a Read instruction. A B 

202. Show an instruction to write 202. 
on Tape Unit 6 (without vl/M's) 
from storage location 1260. lop I A B 

I d I 

203. Tape Unit 1 (mentioned in 203. 
Problem 200) is now to be read 

I d I 
into storage into loco 501. lOp I A B 
\vri te the instruction that will 
do this. 
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ANSWERS 

199. (a) ~ 
( b) 512, 519 

200.(a) 0 
( b) 201 1 2°!!:1 2091 

51.21 518 

201. Op A 
B R ERR 

!?. R E 0 R 

202. Op A 

MeW % U 6 1 

20). Op A 
LeA % U 1 0 

UNIT VIII QUIZ 

B d 
L 

K 

B d 

2 6 o W 

B d 
501 R 

REMINDERS 

The group mark ( *) separ­
ates records and causes IRG 
on tape. 

The W/M causes word-separa­
tors on tape if the Load 
instruction is given. 

1. Branch if Read Error 

2. Branch if End-of-Reel 

The Move instruction writes 
without placing word-separa­
tors on tape. 
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The tape contains word­
separators, therefore the 
Load instruction is used to 
convert them to W/Mts in 
storage. 



UNIT IX 

Lesson 37 

SPECIAL FEATURES: The IBM 1401 has many special features 
and additional equipment available on an optional basis. 
Some of these have been discussed, others mentioned, and a 
few have not been referred to. Also, there are many factors 
which have bearing on the operation of the computer, but are 
not considered essential to an elementary text. All fea­
tures are fully covered in IBM Manual A24-1403. 

IBM RAMAC 1401 SYSTEM: This is an optional form of storage 
which permits records to be filed in a readily access­
ible magnetic disc file. Like memory storage, sections 
of this file can be addressed directly, without reading 
through many records as on tape. This device has a 
special set of instructions. 

MODIFY ADDRESS: This is an optional instruction available 
on computers with memory storage larger than 4000 char­
acters. In order to express memory addresses higher 
than 3999 in 3 digits, the computer uses zoning over 
the units position of the 3-digit address. A special 
arithmetic is needed to modify such addresses.· The 
(MA) instruction provides a simple means of modifying 
such addresses. 

READ AND PUNCH RELEASE: This extra cost option saves time 
when reading or punching large numbers of cards. It 
permits card feeding to occur more rapidly than on the 
normal equipment. 

PUNCH FEED READ: This optional attachment permits punching 
data in the same card from which data was read. 

PRINT STORAGE FEATURE: This option permits less delay in 
processing while printing. The write instruction 
transfers data to a temporary storage area instead of 
directly to the printer. Then the program continues 
while the printer operates to print out of the tempo­
rary storage. 



UNIT IX Lesson 37 
(conttd) 

EXPANDED PRINT EDIT: This option adds several additional 
print features to the basic MOVE CHARACTERS AND EDIT 
instruction. For example, asterisks, CR and blank­
spacing can be placed to the left of the printed data 
as well as to the right. The dollar sign can be made 
to "float" so that it is always print'ed next to the 
high-order digit. 

STORE ADDRESS REGISTER: When this option is available, the 
programmer can "save" the A and B addresses, at any 
given point in the program, and refer to them later. 

MOVE RECORD: This is an optional instruction that permits 
moving entire records, without regard to W/Mts, from 
one place in memory to another. 

SENSE-SWITCHES: A group of six toggle switches on the con­
sole may be turned on or off by the operator. Anyone 
switch can be tested by a BRANCH IF INDICATOR ON in­
struction. These switches permit the introduction of 
alternate processes in the program. The operator can 
select the proper process without changing the program. 
The sense switches are labelled B through G. 

TIMING: Although timing is important in the writing of 
efficient programs, this text will not cover this de­
tail. Following the rules for coding discussed in this 
text should result in average efficiency. As the pro­
grammer gains experience, further improvement may be 
realized. 

PROGRAMMING AIDS: The IBM company maintains a large force 
of trained people to write general routines and to 
assist customers in their use. These aids can save 
many programming hours and reduce errors. 
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UNIT IX Lesson 3$ 

OPERATING STEPS: A computer is a very precise device. 
Every character in the program, and there may be thousands, 
must be exactly correct. Using a symbolic assembly program 
is one way to minimize errors. We have seen that this sys­
tem automatically places the proper zoning for 3-digit 
memory addresses and always places the correct code for the 
operation. 

Practice and experience will aid the programmer to use cor­
rect logic. The flow chart is an invaluable aid to insure 
against logic errors. It is not uncommon for a programmer 
to set up a COMPARE followed by a BRANCH ON EQUAL--but fail 
to take care of situations that are not equal. A carefully 
prepared flow chart will show such errors. 

The people who key-punch program cards are careful; but they 
are people, and people make mistakes. Cards should be 
checked by the programmer before entering them in the com­
puter for assembly. Many keypunch errors are caused by the 
programmer when he fails to form letters and numerals 
clearly. Program sheets should be written in block letters. 
Some letters and numerals are similar enough to be easily 
confused. The following alphabet will reduce similarities: 

ABCDEFGHIJKLMN0PQRSTUVWXY~ 
NUMERALS: 1234567890 

Note that letters I, 0, S, and Z, which closely resemble 
numerals 1, 0, 5, and 2, have distinctive form, which must 
be followed to avoid errors. Similarly, the letters U and 
V, which may be formed to resemble each other, are also 
distinctive. Close adherence to these forms will greatly 
reduce keypunch errors. 

The programmer should always write precise directions for 
the operators who will operate the computer. An inadvertent 
error, failure to enter the right input cards, mounting the 
wrong tape, or failure to set the right sense switches might 
result in an expensive rerun. 
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UNIT IX Lesson 38 
(cont'd) 

Testing, or "debugging," is a necessary step. After a pro­
gram is assembled the programmer must test the program with 
sample data precisely like the data the program was designed 
to process. If minor errors are discovered they may be cor­
rected by changing the machine-language program deck. If 
these are numerous, or if major errors occur, it may be best 
to correct the symbolic deck and re-assemble the whole pro­
gram. In any event, the program should not be used to proc­
ess "live" data until all errors are corrected. 

The programmer will want to make use of several "general­
ized" programs provided by the IBM Company to its customers. 
One such program is the "LOAD PROGRAM" used to replace the 
instructions from cards into their correct memory positions. 
This program is punched in two or three cards and is placed 
before the regular program deck. The LOAD PROGRAM may also 
include a CLEAR MEMORY program which sets all memory posi­
tions to blank before loading the program. 

Another standard IBM program is the MEMORY PRINT or MEMORY 
DUMP program. This program provides a printed output show­
ing the contents of every position of memory. When a pro­
gram stops, due to an error in the program, a MEMORY PRINT 
will show the exact "picture" of the contents of the memory 
positions at the time of stoppage. From this the programmer 
can see whether the core positions appear as they should. 
With the MEMORY PRINT, the operator should supply a CONSOLE 
PICTURE, which is a schematic drawing showing all of the 
lights and switches. The operator must indicate which 
lights were on, and how the switches were positioned at the 
time of stoppage. These facts will tell the programmer the 
type of error and the memory address of the instruction 
being performed, etc. 

The program itself should be organized into three main 
parts: 

HOUSEKEEPING: This part of the program is usually performed 
only once, each time the program is run. It usually is 
the first part and provides all of the preparatory 
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UNIT IX Lesson 38 
(cont'd) 

steps that must be taken before processing can begin. 
It should clear storage in the input, output and work 
areas. Word marks should be placed wherever needed. 
The housekeeping routine should read and check labels 
from input tapes and write labels on output tapes. 
Frequently, programmers provide for reading the first 
record from the input tapes and the first card from the 
card read-punch, in this routine. This enables them to 
code a READ AND PUNCH or READ AND PRINT instruction 
near the end of the main program. 

MAIN PROGRAM: This is the part of the program where most of 
the processing actually occurs. This usually takes the 
form of a large "loop" which is repeated each time a 
new record is processed. The loop itself may have many 
branches, but sooner or later the process must return 
to the beginning of the main program to repeat the 
cycle. 

INPUT-OUTPUT: The reading and writing of data on the input­
output devices is really part of the main program. 
Because, however, such processes have special problems 
involving error conditions and end-of-reel or end-of­
file situations, they are frequently treated separately. 
Having decided what he will read or write, and where, 
the programmer should give careful consideration to the 
coding required to perform these steps. The internal 
speed of the computer is much greater than the input­
output speeds. Therefore he should choose an input­
output method that will offer the greatest saving in 
time. Use of the tape read and write sub-routines will 
also help to insure proper checking of error and EOR 
indicators. 

The use of sub-routines is strongly recommended, wherever 
possible. These are like small programs, linked to the main 
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UNIT IX Lesson )S 
(cont'd) 

program by a branch instruction or by a calling seguence. 
A calling seguence is a set of instructions which may be 
coded anywhere in the main program, and which provide for 
modifying the final branch from the sub-routine to always 
return to the right place. 

EXAMPLE: 

One method of branching to a sub-routine might be as 
follows: 

Label Op A B 

MCW ADCON+) EXIT 

B SUBRT 

ADCON DCW ADCON+4 

XXX XXXXX} Continue program after sub-
XXX XXXXX routine 

SUBRT XXX XXXX) Sub-routine 
XXX XXXXX 

EXIT B 0000 

The MOVE instruction moves the address of the next instruc­
tion-rn-sequence to the final branch of the sub-routine. 
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Refer 
to Pg. 

Lesson 39 

QUICK REFERENCE 
of All Instructions Covered in the Text 

Descriptive 
Title 

I.W/M, MOVE and LOAD OPERATIONS: 

25 

25 

17 

25 

17 

41 

41 

41 

41 

/ CS XXX 

/ CS XXX XXX 

SW XXX XXX 

CW XXX XXX 

M MCW XXX XXX 

L LCA XXX XXX 

Z MCS XXX XXX 

D MN XXX XXX 

Y MZ XXX XXX 

Clear Storage 

Clear Storage and Branch 

Set W/M (one or both ad­
dresses) 

Clear W/M (one or both ad­
dresses) 

Move 

Load 

Move & Suppress Zeros 

Move Numeric (only) 

Move Zone (only) 

II.ARITHMETIC OPERATIONS: 

58 

63 

127 

131 

58 

63 

A A XXX XXX 

S S XXX XXX 

@ M XXX XXX 

% D XXX XXX 

? ZA XXX XXX 

ZS XXX XXX 

Add (one or both addresses) 

Subtract (one or both add.) 

Multiply 

Divide 

Zero and Add 

Zero & Subtract (one or 
both addresses) 

III.LOGICAL OPERATIONS: 

45 

46 

46 

46 

C C 

B B 

B B 

B B 

XXX XXX Compare 

XXX Unconditional Branch 

XXX XXX X Branch if d-Char. Equal 

XXX X Test d-Char. and Branch 

47 V BWZ XXX XXX X Test for Zone or W/M and 
Branch 
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(cont'd) 

Refer Descriptive 
to Pg. Title 

IV.MISCELLANEOUS OPERATIONS: 

67 N NOP No Operation 

67 H Halt 

67 H XXX Halt and Branch 

67 K ss X Stacker Select 

119 F CC X Control Carriage 

119 F CC XXX X Control Carriage & Branch 

115 E MCE XXX XXX Move Characters and Edit 

93 DCW XXX Define Constant with W/M 

93 DC XXX Define Constant 

97 DS XXX Define Symbol 

97 ORG Origin 

97 CTL Control 

9$ END End 

V.INPUTLoUTPUT OPERATIONS: 

21 1 R Read a Card 

21 1 R XXX Read and Branch 

21 2 W Write a Line 

21 2 W XXX Write and Branch 

21 4 P Punch a Card 

21 4 P XXX Punch and Branch 

III 3 WR (XXX) Write & Read (Br. if A-add) 

III 5 RP (XXX) Read & Punch (Br. if A-add) 

III 6 WP (XXX) Write & Punch (Branch if A-
address) 

112 7 WRP (XXX) Write, Read, Punch 
if A-address) 

(Branch 
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(cont'd) 

Refer Descriptive 
to Pg. Title 

VI.MAGNETIC TAPE OPERATIONS: 

149 M MCW %UX XXX W Write Tape (without W/M's) 

149 L LCA %UX XXX W Write Tape (with W/M's) 

153 M MCW %UX XXX R Read Tape (without W/M's) 

153 L LCA %UX XXX R Read Tape (with W/M's) 

150 B B XXX L Branch if Tape Error 

150 B B XXX K Branch if End-of-Reel 

149 U CU %UX M Write Tape Mark 

149 U CU %UX E Skip and Blank Tape 

153 U CU %UX B Backspace Record 

153 U CU %UX R Rewind Tape 

154 U CU %UX U Rewind and Unload Tape 

UNIT IX QUIZ 

The quiz on the following pages is somewhat different from 
the previous ones in that this quiz will attempt to cover 
the highlights of the entire course. 

There will be 25 problems and the correct answers will not 
be given until all problems have been completed. Work the 
problems without referring to the text, and when you have 
finished, score yourself by allowing four points for each 
problem answered correctly. 

The quiz should take between one and two hours to complete 
and you should score at least 70. The correct answers are 
referenced to pages in the text. Check out all problems 
that were done incorrectly. 
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(cont'd) 

In problems 204 through 213 show the result of combining the 
A-field with the B-field, using the specified operation 
code. 

Contents Contents Resultant 
Mnemonic of A-Field of B-Field B-Field 

204. A 11.,°,°.01 11.,O,O,BI 1 1 , , , 

A 11.,O,O,SI I~,O,O,MI 1 1 , , , 205. 

A 11.,0,01 11.,1,6,6,61 1 1 , , , , 206. 

S 11.,0,0,0, B\ \1,O,O,O,K\ I I , , , , 207. 

S \1,1,1,1, A\ 11,l,l,l,cI 1 I , , , , 208. 

S 11,1,1,1, C\ 11,l,l,l,A\ 1 1 , , , , 209. 

ZA 1~,2,.21 11) ) ,3 .31 [ I , , , , 210. 

Resultant 

I Q, 1, 1,1, M 1 
A-Field 

S No B-Field I I , , , , 211. 

ZA I Q,l, 1,1, nl No B-Field I I , , , , 212. 

ZS I Q,l,ll11 MI No B-Field I 1 I , I , 213. 
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214. After executing the following two steps, 

Mnemonic A 

M N ° ° 2 6 ° 
M Z ° ° 2 3 ° 

B 

1 5 6 

1 5 8 

d A-Field 
\ A. I B , S ,T ,2 I 5\ 
02' 026 

B-Field 
1§.,I,Jl ,2,61 
'54 '59 

show the contents of the resultant B-field: 

215. After executing the following two steps, 

Mnemonic A B d 

Lesson 39 
(cont'd) 

A-Field 
111212,2?\ Hold 

C H ° L DAR E A 

B ° 7 5 ° / 
Area 

where will the program go for its next instruction? 
Answer: ____________________________________ ___ 

216. After executing the following step, 

Mnemonic A B d B-Field 

B S U B R ° ° 7 2 H \ li,o ,L, D \ 
07' 074 

where will the program go for its next instruction? 
Answer: ____________________________________ ___ 

217. After executing the following instruction, 

Mnemonic A B 

M C S 002 9 ° 5 5 

d 

1 

A-Field 
\QIO,OI21 
026 029 

B-Field 
IQ ,I, Q ? ,2 ,41 
546 551 

show the contents of the resultant B-field: 

I , 1 I 
546 551 
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(cont'd) 

218. Instr. 
Addr. Op A B d 

9 o 1 N 0 9 9 1 

905 M o 9 8 7 o 9 0 1 

-
-

987 ~ o 2 2 1 

991 . 
-

After execution of the above program, the instruction 
in 901 will be: 

19 01
1 

219. Write the instructions to accomplish the following 
actions: 

Add 
521-524 
526-529 
530-533 
535-538 

to 
807-811 
812-815 
816-819 
820-823 

Op A B d 

220. Set up a constant, labelled CONST, in the following 
format: TOT b COS T b b $ b , b b b • b b 

I Count Label 

221. Label Op A 
C S 0 080 

S W 0 3 1 0 

REA D R 

B W Z STKIN I 

C CONSI 

B S TOP 

A 24 

B 

0 3 2 5 

o 0 o 4 

o 0 o 3 

178 

d 

K 

/ 

(a)READ + 8 refers 
to: 0 

(b)READ - 7 refers 
to: 0 

(c)READ + 16 refers 
to: 0 

(d)READ - 11 refers 
to: D 



UNIT IX Lesson 39 
(cont'd) 

222. Using the constant set up in Problem 220 and data 
field as follows: 11,2,7,6,0,41 

420 425 

(a) Write the instructions to edit the data and to 
print starting in print position 39. 

Op A B d 

(b) Show the printed line that would result. 

Print Area 

, , , I I I , I I I I I I I I I I I I I I I 
220 230 240 

223. Write a program, in symbolic, to solve the following 
problem: 

Multiply QTY (XXX.X) by COST (X.XX). Half adjust the 
product to the nearest cent (PROD = XXXX.XX). 

Count Label Op A B d 

Set up constants 

Program to 
multiply 

224. Fill in the missing instructions that will result in 
a triple-spaced report with the least amount of pro­
gram interlock. 

? 

? 

Op 
R 

L C A 

A 

H ° L 

B d 

D A R E 
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(cont'd) 

225. Tape has been written with the following instruction: 

Op A B d 

LeA % U 6 1 2 0 0 W 

Show the instruction to be used to read this tape into 
storage. 

I d I Op A B 

226. Write the two instructions that should immediately 
follow a WRITE instruction. 

I 

Op 

I 

A 

I 

B 

I d I 

227. On a 1401 equipped with the High-Low-Equal compare 
feature, after executing the following two steps, 

Op A 

C o 0 2 7 0 

B S TOP 

B d 

2 9 0 

U 

I A-Field I 
2 2 3 3 L 
-, I I I 

OZ3 OZ7 

I 
B-Field 

.£,2,3 ,3 ,C I 
286 290 

where will the program go for its next instruction? 
Answer: ____________________________________ __ 

228. On a 1401 equipped with the High-Low-Equal compare 
feature, after execution of the following two steps, 

Op A B 

C 002 702 9 

B S T 0 P 

d 

0 

T' 

A-Field 
I 1~,2(2(21 
023 027 

I 
B-Field I o 2 222 

-, , ( I 

Z86 290 

where will the program go for its next instruction? 
Answer: ____________________________________ __ 

180 



UNIT IX Lesson 39 
(cont'd) 

ANSWERS TO QUIZ PROBLEMS 

(Pg. 58) 217·IQ,1, I I ,21 (Pg.41) 
546 55' 

(Pg. 58) 

206.11.,1,7 ,6,61 (Pg. 58) 219. Op 

A 
(Pg. 63) A 

A 

208.1 Q., 0 ,0,0, B 1 (Pg. 63) ! 

(Pg. 63) 

220. 
210.1 Q., 0 , 2 , 2, B 1 (Pg. 58) 

Ct Label 

211.1 Q, 0 ,0,0,51 (Pg. 63) 
19 CONST 

, '" , , ,., , , 
35 42 

221. 

214.1§.,I,N,K,S,61 (Pg.41) 
154 159 

215. location 750 (Pg. 46 

216. next instruction in seguence 
( Pg. 46) 

181 

( a) 

( b) 

( c) 

( d) 

A B d 

0 5 3 8 0 823 

0 533 

o 5 2 4 

(Pg. 79) 

Op A 

Dew * ,~O,r.&P.o,S,~¥-~, 
24 34 

(Pg. 93) 

EJ 
~ 

[D 

@] 
(Pg. 103) 
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222. (a) Op 

M C W 

M C E 

W 

(b) 
Print Area: 

223. Ct Label 

° e PRO 

° 1 K 5 

224. 

225. Op A 

L C A % U 6 

226. Op A 

B W ERR 

B W E ° R 

227. S TOP 

ANSWERS TO QUIZ cont'd 

A B d 

CONST ° 2 3 9 

° 4 2 5 ° 2 3 9 

Lesson 39 
(cont'd) 

(Pg. 115) 

1 ?,O,T, ,C,O,SIT, 1 ,$,11"2,7,6'·1°,4,, 
220 230 240 

Op A B d 

D D C Vi * 
D C W * 5 

L C A C ° S T P R ° D - 5 

M Q T Y PRO D 

A K 5 PRO D 

M Z PRO D PRO D - 1 ( Pg. 127) 

(Pg. 119) 

B d 

1 
2 ° ° R (Pg. 149) 

B d 

L 

K (Pg. 150) 

(B >A) (Pg. 46) 

22e. Next instruction in sequence (B ~A). (Pg. 46) 
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U NIT X 

Lesson 40 

SYSTEM ANALYSIS: We will set-up an imaginary company which 
has a central warehouse and 15 branch stores, each ordering 
its wholesale stocks from the central warehouse. Orders for 
stock are phoned-in to the inventory control section located 
at the warehouse. These orders are written on slips, one 
slip for each type of item. The slips are checked against a 
ledger showing stocks in the warehouse. If stock is avail­
able a "picking-ticket" is made showing the branch's name 
and address, item stock number (a different number for each 
type of item), warehouse location, quantity ordered, and 
total weight. The quantity on the picking ticket is deduct­
ed from the ledger sheet and a new balance written-in. 

When the ledger record shows no stock-on-hand for an item, a 
back-order slip is written and placed where it can be check­
ed in the next day's processing before new orders are proc­
essed. If partial stocks are available, the partial "pick­
ing ticket" is created and the remainder is back-ordered. 

When a new shipment of stock is received by the warehouse, 
the warehouse manager sends a slip called a "notice of re­
ceipt," showing the quantity received. This amount is 
added to the ledger record. 

When the orders are filled by the warehouse they are all 
sent to the shipping department, which sorts the items 
according to branch destirtation, packages and ships them. A 
slip is sent from the shipping department to accounting to 
show items shipped, branch number, price each, and total 
price. 

A system analyst is asked to design a computer system to 
perform the work of the inventory control office. After 
viewing the whole operation, he decides the following rec­
ords are necessary: 

1. Inventory Ledger File: This file will contain one rec­
ord for each type of item. The records will be se­
quenced by stock number. The record will keep track of 
total quantities of each ordered by each branch for a 
report to be prepared in the future. The following 
record will be needed: 

Data Field 
Stock Number 
Item Name 
Price 
Shipping Weight (each item) 
Warehouse Location 
Quantity in Stock 
Quantity on Back-order 

Nr. of Digits 
10 
20 
6 
4 
2 
8 
8 



UNIT X 

Data Field (cont'd) Nr. of Digi ts 

Branch Number-4 digits Once for 
each 150 

Total Ordered-6 digits branch 

Lesson 40 
(cont'd) 

2. Order Card: When a sales order is received a card will 
be punched for each type of item ordered: 

Data Field 

Branch Number 
Stock Number 
Item Name 
Quantity 

Card Columns 

1- 4 
5-14 

15-34 
35-40 

3. Receipt Card: WHen new stock is received at the ware­
house a card will be punched for each type of item: 

Data Field Card Columns 

Stock Number 5-14 
Item Name 15-34 
Quantity Received 35-40 
(Column 40 will be punched with an II-punch) 

4. Back-Order Card: When stock is not available a card is 
punched exactly like the order card except for an 11-
punch over Column 1. The quantity is the amount not 
shipped. 

5. Picking Ticket: A printed slip will be prepared for 
each order to be shipped. The slip will be used to 
select the stock. It will be attached to the container 
when it is sent to the shipping department. 

Line 5, Positions 10-13 Branch Number 
Line 5, " 20-39 Branch Name 
Line 6, " 20-39 Branch Street Number 
Line 7, " 20-39 Branch City 
Line 12, " 4-13 Stock Number 
Line 12, " 16-35 Item Name 
Line 12, " 42-43 Warehouse Location 
Line 12, " 48-56 ~uantity (bb,bbb) 
Line 12, " 60-64 Total Wt. (b,bbb) 
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LINE ~ 

7 

12 

4 

(BRANCH 
NO.) 

XXXX XXXXXXXXXXXXXXXXXXX (BRANCH NAME) 
XXX XX (BRANCH STRET ADDRESS) 
XXX XX (BRANCH CITY) 

XXXXXXXXXX XXXXX-----XX 
(STOCK NO.) ( ITEM NAME ) 

XX 
(W'HSE 
LOC'N.l 

XX, xxx x ,xxx 
(QUANTI TY) (WEIGHT) 

Lesson 40 
(cont'd) 

6. Order Record Card: Each time a picking-ticket is print­
ed a card is punched for use by the shipping department 
to check-out shipments and then is sent to the account­
ing department. 

Data Field 

Customer Number 
Stock Number 
Quantity Shipped 
Price Each 
Total Price 
Blanks 
Date 

Day (01-31) 
Month (Jan,Feb,etc.) 
Year (62,63,64,etc.) 

Card Columns 

1- 4 
5-14 

15-20 
21-26 
27-35 
36-39 
40-46 

Col. 40-41 
42-44 
45-46 

The systems analyst usually draws a system flow chart which 
.shows the order in which actions will take place. Each 
point at which a decision must be made is shown and how the 
decision is to be handled. 
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ORDER 
FROM 

BRANCH 
BACK-ORDER 

FROM PREVIOUS 
PROCESSING 

~ ____ -J/ 

V 

MATCH CARD 
TO INVENTORY 
LEDGER RECORD 

WITH SAME 
STOCK NUMBER 

SUBTRACT 
BACK-ORDER 

FROM 
ORIGINAL 

186 

PUNCH AN 

ORDER 

RECORD CARD 

Lesson 40 
(cont'd) 



UNIT X Lesson 41 

SYSTEM PROGRAMMING: When the programmer discusses the in­
ventory control problem (Lesson 40) with the a •• alyst, he 
notes certain important points: 

1. The inventory ledger records have 208 characters. The 
analyst tells him there are about 5000 items in the 
inventory. He decides to put the ledger file on mag­
netic tape, low-density (200 characters per inch). 

2. 

3. 

5. 

Each record will use approximately 1 inch of tape, with 
an IRG of 3/4 inch. 

5000 x 1 3/4 = 8750 inches = 729 feet 

He concludes that a single tape reel will hold all the 
ledger records. Thus two tape units are needed--one 
for input and one for outputting the updated file. 

The three types of input cards (order, receipt, back­
order) all have the same data fields in the same col­
umns. (The receipt card has blanks in the Branch Nr.) 

Both order record cards and back-order cards will be 
outpu~e decide~put back-orders in Stacker #4; 
order record cards in Stacker Np. 

The order and back-order cards have plus quantities, 
but the receipt card has a minus quantity (due to the 
II-punch in Col. 40). If all transaction quantities 
are subtracted, the minus quantity (receipt) will be 
added to the balance--others actually subtracted. 

The order and back-order cards have only the branch 
number--not the name and address as required for the 
"picking ticket." He decides to place a table in 
memory, in branch number sequence, cross-referencing 
the number to the name, street address, and city. 

Cust. 
Nr. Branch Name I Street Address I Branch City 

4 char 20 characters I 20 characters I 20 characters 

Starting at memory address 0501 to 1460 he will read in 
a table of addresses for 15 branches, each entry 64 
characters long. These must be punched in 15 cards 
(Col. 1-63) and read-in before the data cards are read. 

6. The date will be required for the tape label and for 
the order record card. A card must be punched before 
each run and read into memory after the program deck, 
but before the table of addresses. 
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Data Field 
Day of Month 

Card Columns 
1-2 

Lesson 41 
(cont'd) 

Month (3 char. abbreviation) 
Year (last 2 digits) 

3-5 
6-7 

7. He decides to use the standard tape read and write rou­
tines (see Lesson 36). Although the flip-flop is not 
needed, he concludes that he will leave that feature in 
the routine since the inventory may grow to more tapes. 

8. The II-punch in Column 1 of the back-order card will 
make it sort ahead of other orders for the same stock 
number. 

9. A tape label will be required and he chooses a simple 
form of header label: 

Date 
INVENTORYbLEDGERblbOFblbbDDMMYY 

These 33 digits are entered as a constant. The date is 
inserted after the date card is read. The input label 
will be read from tape, and the first 16 characters 
will be compared to the constant to insure the correct 
tape is used. The whole label will be written on the 
output tape. 

10. The trailer label will consist of a 6-digit record 
count only. Six characters must be reserved in memory 
to keep count of records as they are read. The input 
trailer label will be compared to this count to insure 
accuracy. A second 6-character field, followed by a 
group-mark, must be reserved to tally each record as it 
is written. After the last record has been written, 
the record count will be written as the trailer label. 

The programmer then prepares a detail flow chart showing 
each step of computer processing. Practicing programmers 
differ on the amount of detail to be included, but beginners 
should probably show each distinct computer operation, using 
the symbols shown in the introduction. The tape read and 
write details can be left out since they are shown as 
separate sub-routines. 

The programmer makes the following memory reservations: 

0001-0080 
0101-0180 
0201-0300 
0301-0364 

Input Card Area 
Output Card Area 
Print Area 
Work Area for 

Table Data 

0501-1460 

1501-1708 
1500 

2000 

Tables of Names and 
Addresses 

Tape Read Area 
Reserved for "Last 

Card" Indicator 
Start Program (ORG) 

The computer used has 4000 memory positions, the COMPARE 
option, and the MULTIPLY-DIVIDE feature. 
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FINAL PROBLEM: Using the data shown in Lessons 40 and 41, 
and the special rules shown here, code a program. This pro­
gram will require approximately 155 individual instruction 
words. 

1. Housekeeping should clear storage, put the date into 
constant called LABEL which contains the label data. 

2. Constants are designated as: 

CON15 

CONI 

CONZER 

etc. 

Constant of 15 

" " 1 

" " 00000000 

3. The read tape and write tape routines are coded in 
Lesson 36. These may be copied, except that changes 
must be made to insert the correct read and write ad­
dresses, and "last card" check. 

4. To get to sub-routines such as the read and write rou­
tines--use the following linkage: 

M C W * + 0 1 1 REX I T + 0 0 3 

B REA D 

B + 0 0 1 

This set of instructions will cause the second branch 
instruction to be inserted at the end of the READ sub­
routine. The second branch instruction says to branch 
to the next instruction in sequence. 
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(cont'd) 

5. 

6. 

7. 

8. 

The last card of the DATA deck will be punched with END 
in columns 1-3. When this card is detected, move an-X­
to 1500. At end-of-reel on the input tape test for an 
A in 1500--this will indicate that all cards have been 
processed. 

Use a sub-routine called "QUANUP" to update totals for 
each branch. 

Use labels for constants and for program entry points, 
but use actual addresses for data fields within the 
input-output areas and the table work area. 

The programmer's detailed flow chart is shown on the 
following pages. Code the entire problem to the best 
of your ability. The correct answer may be found in 
the sealed envelope at the back of the book. Do not 
refer to the correct answer until you have completed 
your coding--then check it very carefully and compare 
it to your work. The numbers above the flow chart 
blocks refer to the page and line number of the correct 
answer. 

CONCLUDING REMARKS 

It must be understood that what you have learned is only the 
beginning of the learning process. To become an accomplish­
ed programmer, you must work with the machine and with the 
problems to be solved by the machine. Nothing can be sub­
stituted for experience. 

Many of the areas covered in the book only give you a basic 
idea that such a method exists. No more is possible in a 
book of this nature (or in a short lecture course, for that 
matter). Constant use of the concepts and instructions will 
do more than anything else to implant them firmly in your 
mind. Good luck in your new profession. 
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CLEAR 
STORAGE FROM 

0000-1499 

1/160 

SET W/M 
IN 0001 FOR 

CARDS 

1/170 

READ 
THE DATE 

CARD 

1/180 

MOVE DATE 
WITH W/M 
TO LA8EL 

1/190 

SET COUNTER 
(CTRTAB) 

TO 15 

(VI 

2/010 

READ 

A TABLE 
CARD 

2/020 

MOVE CARD 
DATA WITH 

W/M TO TABLE 

2 030 

SUBTRACT 
I FROM 

COUNTER 

HOUSEKEEPING 

2/060 

ADD 64 
TO MOVE 
ADDRESS 

2/080 

SET W/M'S 
FOR DATA 

CARDS 

2/100 

READ 
FIRST DATA 

CARD 

2/110 

REWIND 
THE INPUT 

AND OUTPUT 
TAPES 

READ THE 
INPUT 

LABEL 

2/130 

2/140 

COMPARE FIRST 
16 CHAR. OF 

INPUT LABEL 
WITH CONSTANT 

191 

Lesson 42 
(cont'd) 

2/170 

PLACE DATE 

INTO INPUT 
LABEL 

2/180 

WRITE 
THE LABEL 

ON %U2 

2/190 

CLEAR 
STORAGE FOR 

TAPE AREA 

3/010 

SET W/M'S 
FOR TAPE 

FIELDS 
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COMPARE CARD 
STK.NO WITH 
TAPE STK.NO 

3/140 

HALT 

3/170 

7/010 

7/170 

READ 
A CARD 

MAIN PROCESSING 

ADD 64 TO 
COMPARE AND 

MOVE ADDRESS 

7/020 

MOVE 

7/050 

PUT A INPUT CARD 
B-ZONE ON 

DATA TO 
PUNCH COLUMN I 

192 

SET UP A 
COUNTER 
WITH 15 

COMPARE INPUT 
BR.NO. (V) 
WITH BR.NO 
IN TABLE 

SUBTRACT 
I FROM 
COUNTER 

7/060 

PUNCH 
B/O CARD 

Lesson 42 
(cont'd) 

7/060 

ADD B/O 
QUAN. TO 
TAPE B/O 

7/090 

SET TAPE 
O/H BAL. 

TO ZERO 
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~ 4/110 5/030 

MOVE TABLE 
CLEAR 

ENTRY TO r WORK AREA PRINT AREA 

t 4/120 l 5/040 

SET W/M'S SKIP TO 
FOR TABLE LINE 12 

DATA (CHANNEL NO.2) 

t 4/140 l 5/050 

MOVE BR. MOVE STK. NO, 
NUMBER AND ITEM NAME a 

NAME TO WAREHOUSE TO 
PRINT AREA PRINT LINE 

f 4/160 t 5/080 

MOVE EDIT 
PRINT CONSTANT FOR 

A LINE QUANTITY TO 
PRINT LINE 

l 4/170 l 5/090 

CLEAR EDIT 

PRINT AREA QUANTITY 

f 4/180 ~ 5/100 

MOVE 
MOVE EDIT 

STREET AD DR. 
CONSTANT FOR 

WEIGHT TO 
TO PRINT AREA PRINT LINE 

f 4/190 ~ 5/110 

PRINT EDIT 

A LINE WEIGHT 

t 4/200 ~ 5/120 

CLEAR PRINT 

PRINT AREA A LINE 

f 5/010 l 5/130 

MOVE SKIP 
CITY TO 

PRINT AREA TO NEXT PAGE 

~ 5/020 ~ 5/140 

CLEAR TABLE 
PRINT WORK AREA 

A LINE 
~ AND PRINT 

AREA 

5/160 

RESTORE 

~ 
THE MODIFIED 

ADDRESSES 

~ 5/180 

MOVE 
DATA FIELDS 

TO PUNCH AREA 

f 6/020 

MOVE 
QUANTITY TO 

WORK AREA 

f 6/030 

MULTIPLY 
BY PRICE AND 
PRODUCT TO 

CARD 

~ 6/060 

MOVE 
DATE TO 

CARD 

t 6/070 

PUNCH A 
CARD AND 

READ A CARD 

f 6/080 

CLEAR 

PUNCH AREA 

l 6/090 

RESTORE 
WORK AREA 

TO ALL ZEROS 

t Moo 
COMPARE 

~ 
FIRST 3 DIGITS 

OF INPUT TO 
END 
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Lesson 42 
(cont'd) 

~ 
IS IT NO 

~ END7 C 

YES 

6/130 

MOVE INDIC. 
TO SHOW 

LAST CARD 

~MO It-

WRITE 
TAPE RECORD 

ON % U2 

16/150 

READ 
TAPE RECORD 

FROM% UI 



UNIT X 

Special gUANUP Sub-routine 

SET 
COUNTER TO 

15 

8/0BO 

(VI 

COMPARE 
BR.NUMBER 

SUBTRACT 
1 FROM 

COUNTER 

ADD 
TO MODIFY 

COMPARE AND 
ADD ADDRESSES 

8/160 

(VI 
ADD 

INPUT QUANTITY 
TO BR. RECORD 

8/200 

HALT 

8/170 

RESTORE 
COMPARE AND 

ADD ADDRESSES 

(Variable addresses are indicated by V) 
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INDEX 

A-address, 9, 89 
Address, 1, 3 
Address modification, 137, 138 
Algebraic addition, 57 
Algebraic division, 134 
Algebraic multiplication, 128 
Algebraic subtraction, 63 
Arithmetic function, B 
Assembly program, 85, 97, 98 
Automatic Data Processing, A 

Backspace, 149 
B-address, 9, 90 
Bit, 35, 36, 144 

Calling sequence, 172 
Carriage tape, 119, 123 
Cells, 1 
Chaining, 79, 80 
Channels, 119 
Character adjusting, 101 
Coding, B 
Comments, 90 
Computer storage, 1 
Computer word, 3, 4 
Connectors, C, 78 
Console picture, 170 
Constant, 52, 60, 93, 115 
Control field, 115 
Control function, B 
Control word, 115, 116 
Core, 35 
Core storage, 35 
Count, 89 

Data field, 7 
Data word, 7 
Debugging, 170 
Digit Modifier, 9 

Editing, 115, 116 
Eleven punch, 60 

File, 145 
Flip-flop, 157, 158 
Flow charting, B, 31, 93, 169 
Flow charting symbols, C 

195 



Gate, 69 
Group mark, 146, 149 

Half adjusting, 128 
Header label, 145 
High density, 144 
High-order position, 3, 4 
Housekeeping, 170 

I-address, 46 
Indexing, 138 
Index Registers, 138 
Input function, A 
Instruction, 9 
Inter-record gap, 144, 153 

Label, 89, 145 
Line, 89 
Load point, 145, 153 
Logical decisions, 45 
Loop, 78, 102, 112, 171 
Low density, 144 
Low-order position, 3, 4 

Machine coding, B 
Magnetic core, 35 
~1agnetic core storage, 35 
Magnetic tape, 144 
Memory, 1 
Memory positions, 2 
Memory print, 170 
Mnemonic, 85 
Multiple instructions, Ill, 112 

Numeric bits, 35 

Object program, 85 
Operation code, 9 
Output function, B 
Overflow, 57, 63 

Print area, 15 
Printer controls, 119 
Program, A 
Program planning, B 
Program testing, 170 
Programming, 187, 188 
Programming flow chart, 191-194 
Punch area, 15 
Punched cards, 29 
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Quick Reference - Operation Codes, 75, 173 

Read area, 15 
Read sub-routine, 163, 164 
Record mark, 146 
Records, 144 
Reflective spot, 144, 145 
Reserved storage areas, 15 
Roun~ing, 128, 130 

Sign, 57, 63 
Source program, 85 
Stacker, 67, 69 
Storage function, A 
Storage position, 1, 3 
Stored Program System, A 
Sub-routine, C, 102, 171, 172 
Symbolic coding, 85 
Symbolic coding sheet, 89 
Symbolic program, 85, 98, 169 
Symbols for flow charting, C 
System analysis, 183-185 
System flow chart, 186 
System programming, 187, 188 

Tape, 144, 157 
Tape flip-flop, 157, 158 
Tape labels, 145 
Tape mark, 145 
Tape reel, 145 
Testing, 170 
Trailer label, 145 

Variable word length, 5, 6 

Word, 3, 4 
Word mark, 5, 6 
Word separator, 146, 153 
Work areas, 78, 93 
Write sub-routine, 161, 162 

Zone bits, 35, 38 
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Address Conversions • • • • • • 

Operation Codes (first half) 

Mnemonic Codes (first half) 

d-Modifiers for Carriage Control 

Operation Codes (complete course) •• 

Mnemonic Codes (complete course) 

ILLUSTRATIONS 

IBM 1401 Computer Complex • • 

Read, Punch and Print Areas • 

Punched Cards • 

Storage Position in Memory 

Magnetic Core Plane 

IBM 1402 Card Read-Punch 

Source Program to Object Program 

Symbolic Program Coding Sheet • 

Symbolic Program Card Deck 

Carriage Tape • • • • 

IBM 1403 Printer 

Magnetic Tape Unit 

Magnetic Tape 

Tape Flip-Flop 

Printed Alphabet 
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11 

75 

86 
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173 

173 
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. 15 

29, 30 

35 

36 

68 

. 85 

89 

98 
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· . . 122 

143 

150 
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I\) 
o 
o 

LINE COUNT LABEL 

3 5 6 7 8 

0 I 0 S TAR T 
0 2 0 

o 3 0 

0 4 0 

0 5 0 

o 6 0 

o 7 0 

o 8 0 

o 9 0 

I o 0 

I I 0 

I 2 0 

I 3 0 

I 4 0 

I 5 0 

I 6 0 

I 7 0 

I 8 0 

I 9 0 

2 0 0 

I 

(AI OPERAND 

OPERATION I;J ADDRESS 
13 14 16 17 

C Sl 1 J.. 9,9 
I 
I 

r. s: 
I 
I 

r. s' 
I 
I 

C s: I 

C Sl 

C Sl 

r. s: 
C S~ 
C Sl 

C s: 
r. s! 
C Sl I 

C S: 
I I 
I 

c S! 
I 
I 

c S! 
I 
I 

S Wi o 001 
I 
I 

R 
I 
I 

L C: A o 0 0 7, 
I 

Z AI CON 1 '5 I 
I I 

I 

: I 
I 

I I 
I 

I I 
I 

I I 
I 

I I 
I 

I : 

(BIOPERAND Page 1 
CHAR. g I~I CHAR. ci d COMMENTS 

ADDRESS ~ ADJ. ADJ. 
27 28 38 39 40 55 

I 
I r. T R A R ~'T'nRAGE B yl 
I 

r.,HATN,TNG I 

I 
I 

I 

· · 

· 
I 

· · 
I 

I 

· I 

Is ,F. '1' ,W.M F 0 H. C A H n. 
IH ,E A D • D A '1' E CAR D · 1 AlB R,T. _ :n ,n " Is ,'1' n,A.'1',R T,N TAR Fo.T 

CTRTAB I SET I IC ,T R T O. 1 '5 I 

: 
I 
I · · I 
I · I 

I 
I · I 

I 
I · I 
I · • I 

I 

• I 

I · 



I\) 

o 
(-J 

(AI OPERAND 

LINE COUNT LABEL OPERATION I :tIl CHAR. ADDRESS 
3 5 6 7 6 13 14 16 17 23 ADJ. 

B L, D T, A B R 
1 1 

o I 0 I 

L C
I 

A o 0 6, 4 
1 

o 2 0 I 

8 I CON 1 
1 

o 3 0 1 

C 
1 

C T R TAB: o 4 0 

B 
, 

TABEND o 5 0 

A 
, 

eON 6 4 
I 

o 6 0 1 

R 
1 R L. n 1', A R~ o 7 0 

o 8 0 l' AB, END S w: o 0,0, ] 

o 9 0 8 w: 001 '5 
I 0 0 R 1 
1 I 0 e ul '10 U 1 1 

I 2 0 e u l 
'10 U 2 

1 3 0 M C:W '10 U 1 
I 4 0 e l o 4 1 6, 
1 5 0 B l * +, 0, 0 2 

H 
1 1 I 6 0 1 

1 7 0 MC'IV 1 A R F., 1. _I 0, 0 1 

1 B 0 1M c'w ~ II 2 
I 

170 8 1 9 0 e 81 
2 0 0 e 8' 

210 C s: 
I 
I 
I 

, 
I 
I , 

I , , , I , , I I 

(BI OPERAND Page 2 

~ I ±,I CHAR. 
ci d COMMENTS 

ADDRESS :: 
27 26 34 ADJ. 36 39 40 :):) 

R ,E A D TAB 1 E CAR D 8 
o '5 6 1< 8 ,LJLR E I N T.A B L E --'-

CTRTAB 8 U B FRO M C T R I 

CON, Z E, R C T R E,Q U A L Z E R 0 . 
8 I F 8 0 END .0 F T A.B 

B L D T A Bi + 0 0 7 I F NOT MOD ADD R. 
R ,F.P,F. A l' CY C,I E , 

o 0 0, c; S ,F.,1' ,IV 1M FO R CAR D S 

o 0 '3 '5 
R ,F. A n ,l&~ D A l' A C n 

IR R,EIW,I,NID I,N PUT I 

IR R ,F.,W,T ,N.D I IN P.U ~ 
1 5 0,1 IR R ,EA D II N,P U T. cL ABE I L 
TAR F. I. - 0 1 ? r. ,H IE ,e IK I IL A IB E.L I 

Is G ,0 A ,J-! IE A D II IF _E;,;,t U--' 
I F NOT - HAL T . 

1 c; 2 f., TJ ,p D A ,1' .E II. A,R,F.,L I 

] c; ,0 1 P ,n ,1' ,I ,A ,R ,F, ,I. ,O,N ·0 II T 
(' ,L ,F. A ,R l' A IP E AlE. _E AI 

, 
I . 

. 
I 

, , , I I I , , 



I\) 
o 
I\) 

(A) OPERAND 

LINE COUNT LABEL OPERATION /;J CHAR. 
ADDRESS 

5 6 7 6 13 14 16 17 
ADJ. 

3 

8 Wi 1 5,0 1 
I 

o I 0 I 

8 Wi 1 5, J 1 
I 

o 2 0 I 

8 W' 1 5, 4 1 
I 

o 3 0 I 

8 Wi 1 5, 5 1 
I 

o 4 0 I 

o 5 0 M C
I 

\'J * ~ 0 1 1 
B 

I 
REA D 

I 
o 6 0 I 

R 
I M, A I N, 

I 
o 7 0 , 

M A I, N C 
I 1 '5,1 0, I 

o 8 0 I I 

o 9 0 B : W. R, I 'T'. A 
I 
I 

I o 0 B : * ~ 0, 0, 'J 

H l I 
I I 0 I 

C 
I 00'3 4-

I 
I 2 0 I 

I 3 0 B 
I ~ O. 0. 2 I -,.. 

H l I 
I 4 0 I 

I 5 0 B zlw * -h 0 0 9 
B 

I 8 U, B Q, T, yi I 6 0 

8 
I 

004 0 I 7 0 

B 
I 

8 U B 0, T Y I 8 0 I 
I 

I 9 0 SUB J T Y S I o 0 L. 0 
2 0 0 B Wi Z B A C K 0, 

210 B w:z REA D A 

220 M C~ W * + 0, 1 1 

2 "3 0 
I 

0, U, A N U, P; 
I 

B I 

2 ~ 0 B 
I 

P R I N T 
I 
I 

I I 
I 

I I , , , , , , I , , 

(B) OPERAND 

ci 
/ ±I/ CHAR. :z: ADDRESS 

27 26 34 ADJ. 

1 ') 1 1 
I 
I 

152~ 
I 
I 

1 5,4 3 
I 
I 

1 5 5 9 I 
I 

REX I T +' 0 0 "3 

001 4-

1 I) '3 0 
, 

o 0 0 1 

o 4 5 8 

1 I) I) 0 
1 5 5 0 
o 0,4 0 
o lJ E X, I, Ti +1 0, 0 '3 

I 
I 
I , 
I 
I 
I , , 1 __ 1 , I , , 

Page J 
g d COMMENTS 

36 39 40 55 

8E,T W M 8 FOR TAP E 

RECORD8 , , 
, , 
, 

8 E T REA D E X I T 

B ,R A N C H T 0 REA D 
R ,R ,'T',lJ ,H IN A n D,R R S S 
r ,O,M P S To,e ,T<", N R S , 

lJ (' A ,R D 18 / N 1,8 H I G,H 
S r A ,R D 18 / N EL~ T A P,E 

N ,0 ,M AT C H - 8 TOP 

COM P I T E M oN IA M E 

SMA ,T C ,H 1- G 0 A IH E A D I 

N,O ,M AT C H - 8,T 0 P 

K I 8 I N PUT BACK-0 

I F NOT G 0 AHEADL 

8 U B I 

, 
8 U B CAR D o U A N 

K I 8 NEW B A L MIN U S 

K I 8 C D A R E,C E I P T ? 

S R,T 8 R E X I T 

B,R T,O 8 U B -,R 0 U T 

RET URN ADDRE88 

I 

_~ I , , I , , , , , , , , , I 



N 
o 
\..oJ 

(A I OPERAND 

LINE COUNT LABEL OPERATION I;J CHAR. 
ADDRESS 

3 5 6 7 8 13 14 16 17 ADJ. 

P R I N 'T' 7 III r. n. N, 1 c; 
I 

o I 0 I 

C I o 0 0 L. 
I 

o 2 0 I I 

R I F, T N, n. I 
o 3 0 I 

o 4 0 S I CON 1 
I 
I 

C 1 C T R TAB: o 5 0 

o 6 0 B I ERR TAB: 
A I CON 6 L 

I 
o 7 0 I I 

o 8 0 A 1 CON 6 L.. 
I 
I 

B I P R I N T : + 0 0 7 o 9 0 I 

I o 0 ERR TAB H : I 
I 

I I 0 F I N, D, M clw 0, 1),6, L.. I 
I 

I 2 0 S Wi o '3 0 1 
I 
I 

I 3 0 S w: o 3 2 5, 
I 

I 4 0 M clw o 1 0 L.. 
I 5 0 M r,lw (), ~ 2 IL 

I 6 0 W, 
I I 

I 

r, 3 1 
() ::> G, G, 

I 
I 7 0 I 

I 8 0 Mr.: \\1 n, ~ ), ), 
I 

I 9 0 W I 

2 0 0 C 31 o 2 g, g, I 

1 
I 

I 

I 

1 I 
I 

1 I 
I 

1 I 
I I 

(BIOPERAND Page 4 
g I~I 

CHAR. ~ d COMMENTS 
ADDRESS 

27 28 ADJ. 38 39 40 55 

(' 'T'.R '1' A R I~ ,F. 1'1' ,r. 1'1'.R '1' () 1 c; 

() c;. () /, C 0 !>1 P IB R N R - TAB L E 
S 10,K -N ,R I S MAT C H I 

CTRTAB SUB 1, FRO M C T R 
CONZER C 0 UNT,E R E Q Z E R 0 ? 

S I F Z EaR 0 - ERR 0 R 
P R I N T 1+10 1 '3 MODIFY COM PAR E 
FIN D : +: 0 0 '3 MODIFY M 0 V E 

I CON TIN U E SEA R C HI , 
I ERR 0 R - HAL T I 

10 1 6, L 
I 

1M ,() ,V E IE N TRY T 0 W A I 

() ~ 0 I) 
I SET W M S FOR W 0 R K , 

o 3 L. 5 
I ARE A IF 0 R TAB L E I 

o 2,1 1 
I M 0 V E IB R N R T 0 P,R I 

I 
() ::> ~ G I M ,0 ,V E B R N A M E 

I Ip ,H ,T N '1', I A LIN E 
I !r, ,T, ,F. A, R P R T N '1' I ARE A 

o 2 1 q ."------. M 0 V E B R ADDRESS - .. 
I P R,I N T, A LIN E 
I C LEA R P,R I N T A R.E A I 

. 
a 
. 
I 
a 



I\.) 
o 

+="" 

LINE COUNT 

3 5 6 7 8 

o I 0 

o 2 0 

o 3 0 

o 4 0 

o ~ 0 

o 6 0 

o 7 0 

o 8 0 

o 9 0 

I o 0 

I I 0 

I 2 0 

I 3 0 

I 4 0 

I ~ 0 

I 6 0 

• 7 0 

I 8 0 

I 9 0 

2 0 0 

, , I , 

LABEL 

, , , 

(AI OPERAND (Bl OPERAND 

OPERATION I;J CHAR. g I tl CHAR. ADDRESS ADDRESS 
13 14 16 17 

ADJ. 27 28 34 ADJ. 

M CIW o 3 6 4 o 2 3 9 
W I 

• 
C SI o 2 9 9,' 
C C: . 
M CI W 1 510 021 3 

M C:W 153 0 a 2 3 5 

M c1w 1 542 o 2 L ,3 
M c1w EDQUAN a 2 5 6 
M c: E a a 4 0, o 2 5 6 
M c:w E D W G T o 2 64 
M dE i 54 a a 2 6 L. 
W I 

cc: 
C sl o 3 6 4, 

C sl 
M clw CON A D 11 P R I N T +10 1 3 
M c:w CON A D 2: FIN D +100 1 

M c:w o 0 0 4, a 104 

M c:w 1 510 all 4 

M clw a a 4 a o 1 2 0 
I 

• ~ 

I 

I 

I 
I 

I 

Page 5 
c:i d COMMENTS 
~ 
38 39 40 55 

M 0 V E B R CIT Y 
P R INT. A LIN E 
CLEAR. P R I N T A·R E A 

2 SKI P .T 0 LIN E 1 2 

M a V E S T K N R 
M 0 V E I T E M N A M E 
M 0 V E WAREHSE L 0 C 
SET E D I T CON S T 
IE ,D ,I T ,0 U A ,N TIT Y 
SET E D I T CON S T • 
!E D I T .W E I G H T 
P R I N T A LIN E • 

1 S ,K ,T ,p ,rr a ,N E I~ T P G.E 
C LEA R TAB L E W A 
(' ,r. ,F, A ,R P,R,INT ARE A 
RES TOR E TAB L E • 
R ,E S TOR E M O.V E 
M a V E B R N R - CAR D 
M 0 V E S T K N R 
o U ANT Y T 0 CAR D 

I 

I 



I\) 
o 
\Jl. 

LINE COUNT LABEL 

3 5 6 7 8 
o I 0 
o 2 0 
o 3 0 
o 4 0 
o 5 0 
o 6 0 
o 7 0 
o 8 0 
o 9 0 
I o 0 E N, D. A 
I I 0 
I 2 0 
I 3 0 
I 4 0 W R I T X 
I 5 0 

I 6 0 

J 7 0 R E, A D, X 
1 8 0 

1 9 0 

2 0 0 

(A I OPERAND 

OPERATION I;J CHAR. 
ADDRESS 

13 14 16 17 ADJ. 

M CIW 1 5, 3 6 I 
I 

M CIW 153 6 I 
I 

M ply 004. 0 
I 
I 

S \'11 M P Y W A -: 0 0 9 
M Cl W M P Y W A I 

I 

M C'W LAB E L -: 0 0 1 
R P: 

1 
I 

C Sl o 1 8 0 
I 
I 

L CiA MPYCON I 
I 

C I C 01 N EI N, DI 
I , I 

B ! * +: 0 0, 6 
B I M A I N I 

1 
iM C:W C 0, N A I 

I 

M CIW * +: 0 1 1 
B I W, R I T E J 

I 

B I REA D XI J 
I 

1M C:W * +: 0 1 1 
B : RE, A D 
B 

I 
VI R I T X I 

I 
I 
I I 

I 
I 
I 
I 
I . 1 

(BI OPERAND Page 6 
g 

ADDRESS I~I CHAR. ci d COMMENTS 
~ 

27 28 ADJ. 
38 39 40 55 

o 1 2 6 
I P ,R,l C ,E. E A C H 1 

MPYWA' _10 0,7 PUT PIR I N W 0 R K A 
MPYWA M,U L T liP L Y 

IS ,E ,T ,W,M F,O R PRO D 
o 1 3 5 M 0 V E PRO D T 0 C D 
014. 6 M 0 V E D ATE T 0 C D 

PUN C H C D AND R.D 
Ir ,L ,E A ,R PUN C H ARE A 

MPY\V:A 1 I RES TOR E W 0 R K A R 
o 00 3 

I C ,K E C K I C D FOR ENID , i 
I S II,F E,N D - S,K II P 1 
1 I F NOT REP EAT I 

1 I) 0 0 
I 

'M ,0 ,v ,E ,I N D T,O R D I 

W E X I T +: 0 0 3 W R I T E RECORD 
I 
I 

J 
1 

REI L T 'P, 1+: 0 0 1 IR ,E A D IR E COR D 

REP EAT U N TIL E 0 F 

I 

I 
I 

I I 



I\) 
o 
0' 

LINE COUNT LABEL 

3 5 6 7 8 

o I 0 B A C K 0, 
o 2 0 

o 3 0 

o 4 0 

o 5 0 

o 6 0 

o 7 0 

o 8 0 

o 9 0 

I o 0 

I I 0 

I 2 0 

I 3 0 ~,TT R T N 
"I 4 0 

I 5 0 

I 6 0 

I 7 0 R E, A D A 
I 8 0 

I 9 0 

2 0 0 

1 , 1 , , 

(AI OPERAND 

OPERATION i;J CHAR. 
ADDRESS 

13 14 16 17 
ADJ. 

Z s~ !I. c; c; n 
MC!W o 0,1 L 
M CIW 

M CIW 

Z Sl o 1 0 1 

P 
I 

S s: 
A 

I 
014 0 I 

Z AI CON Z E R 

1M C:W * + 0 1 1 

R I (.) nAN U p. 

~ 
I SUB I N 
I 

~ I n 1 I. n 
C 

I 
004 0 I 

B 
I REA D A 

B 
I 

P R I N T 
I 

R 

B 
I 

E N Dt A I 
I 
I 
I 

I 

I 
1 
I I 

I 
I I 
I I 
I I 
I I 
I I , , , l_-----..L~I _l_~ 

(Bl OPERAND Page 7 
g I ±II CHAR. 

ci d COMMENTS 
ADDRESS :: 

27 28 34 ADJ. 38 39 40 55 

n, 1 L.. 0. SET ,:..) U A N T 0 P L U S 

0,1 1, L.., M ,0 ,V,E I N PUT CAR D 
T 0 o UT PUT -,P 0 R 

B A C K - 0 R D E R 

PUT B - Z 0 N E o N 1 

PUN C H B A C K,-,0 C D, 

~ S ,E ,1 ,S ,T A ,C ,K ,E,R N,R ,I.. 
1 5, 5, 8 I' I ADD ,Q U A N T,O B / ~I 
1 5, 5, 0 I 

SET ,0 / H T 0 Z E R 0 1 I 

Q U, E, ~ II 'Ii ~ 0, 0 '3 G 0 T 0 I SUB - R 0 U T 
I 
I I i i 
I 

IRETURN ADDRESS I 

n n I. 0. 
I 

Is ,IT ,R I ,R.J,Q\ ,F',R,O,M I NIP 
C 0, N Z, E Th SEE I IF IQ U A N = Z E RIO 

S II F S 0 - REA D N E X To 

I F NOT o R D E R I 
IR ,E A ,D INIEX T CAR D 

I I IG ,0 IB ,A IC ,K 

0 

0 I 

I I 
, 0 

, 0 

, , 

I 
, 



I\.) 
o 
-.J 

(Al OPER':'ND 

LINE COUNT LABEL OPERATION I !,I CHAR. ADDRESS 

3 5 6 7 8 13 14 16 17 23 ADJ. 

010 W R I T A M C·W * +: 0, 1 1 
B 

I W R, I T, E, I 
o 2 0 I 

o 3 0 R I W, H, T '1', A +: 0,' " 
o 4 0 M C:W ,,.. +: 0,' , 

I 
o ~ 0 B REA ~_ 
o 6 0 B • M, A I N 
o 7 0 I..) U A N U P Z A: CON 1 5 

C • o 0 0 4-o 9 0 I 

B • Q FIN D o 9 0 

I 0 0 8 I CON 1 I 

I I 0 C ! C T R TAB 
I 2 0 B I o E, R R 0 R 

I 
I 3 0 A I CON 1 0 
I 4 0 A ! CON 1 0 
I 5 0 R I (.) tJ A N U P; + 0 0, 7 
I 6 0 IOF T N D A 

I o 0 1.. 0 
I 7 0 M c1w CONAD.1 
I 8 0 M C:W CONAD.L 

I 
I 9 0 \J U E X I T B I J U E X I T 

;.J. ERR 0 R H • 2 0 0 

I 
I 

I 

I 

I 

I 

• , · , I I 

(Bl OPERAND 

g I !,I CHAR. ADDRESS 

27 28 34 ADJ. 

W,EXIT, +' 0 0 '3 

F?, F. y: T '1', . +i 0, 0 1 

C TR TAB 
1 5 6 2 

CTRTAB 
CON Z E R 

j TT A N TT, P + 0 1 1 
o F I N,D +:006 

I 
I 

, " fl 8, 
I 
I 

O.If A N TT, P +: 0 1 1 
OFIND. +: 0 0,6 

I I I I I I I 

Page g 
c:i d COMMENTS 
~ 
39 39 40 55 

Iw ,R ,I T ,E R E C O,R D 
, 

· .L 

IF? ,F. A D .N EXT t t 

!G ,0 R A ,e K · i8 ,E ,T - ,U .P C,O U,N T E R 
COM PAR E B R N R 

8 I F E,~ U A L - F 0 U N D ..L 

8 U B 1 FRO M C T R 
C 0 U N T E R E Q Z E R 0, 

8 I ,F ,8 ,0 - E IR IR 10.R 
M ,0 ,niT IF,Y Ie ,O,M,P A R F. 

MODIFY A D D. 
R IE,P IF. A.'1' ,L ,O,O,P 
[J IP ,D A IT.E ,Q,U A,N 
R1E ,S ,'1',O,R F. A D.D,R E S S I 

R ,E ,T,U ,R N F R O.M 8 - R 
E ,R IR ,0 IR -,H A,LT. 

1 I 

_--'_ I I I 1 I I· I I · I I I I 1 
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CO 

tAl OPERAND 

LINE COUNT LABEL OPERATION 
I :tIl CHAR. ADDRESS 

3 5 6 7 8 13 14 16 17 23 ADJ. 

o 1 o 13 ,3 LAB E L D C 1\'1 * I N V F. 

o 2 0 o ,2 CON 1 5 D C IW >!< 1 5 
o 3 0 10 ,2 Ie T R TAB D c1w * o 0 
o 4 0 o ,2 CON 6 l.. D c:w * 6 l.. 

o 5 0 10 ,2 II"' ,0 N , D c~w >!< o , 
o 6 0 o 8 CONZER D C IW t,< o 0 0 0 
o 7 0 10 ,fl IE D QUA N D c:w t,c 

o 8 0 In ,t; IR n W rr 'T' n ,r,:w t,< 

o 9 0 11 ,1 1M ,p Y W A D c:w * _00 0 0 
1 o 0 13 M P Y CON D C:W t,< 000 0 
1 1 0 o ,3 CONEND D c1w * END, 
1 2 0 10 ,I 1(' ,0 N A n,r,!w * A 
1 3 0 o ,2 CON 1 0 D C:W * 1 0 
1 4 0 o .3 CONADI D C ~vl t,< I) 0 l.. 

1 5 0 o ,3 CONAD2 D C ~W :',:: 564-
1 6 0 10 ,1 II"' ,ON A n ,1 n ,e:w >:< V fl ? 

1 7 0 10 ,1 ,., ,0 NAn L.. !n ,e:w * V fl R 
1 

1 B 0 I 
I 

I 9 0 1 
1 

2 0 0 

1 
I 

I 
I 

1 

1 

1 

I 
, 1 , , , ~ _L_J ~_L_L_' , 
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g 

_I :tIl CHAR. 
ci d COMMENTS 

ADDRESS :: 
27 28 34 ADJ. 38 39 40 55 

N 'T' 0 R y, T. F'J n, rr, E R 1 o F, .1 ,n n,M,MIM,Y y,$i 

• I , 
, , 

, 
0 o 0 0, , 

0 
. 

0 

0 o 0 0, 0 0, 0: 0:0, I 

0 o 0 0, 0 0, 0: 0: 0, I • , 
• 1 

1 

• 

I 


