


















































































































































































































































































































































































































































UNIT VII

Lesson 29

NOTES AND ANSWERS

151. 9

152,

L C A[0207]04 0 2]

153./M Jo20 4]0 4 O 8]

151.[5,0,0,7]

155. 2

156, O|0|017|7|1|7|N|

157.[0,0,1,2,3,1]

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

L 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.
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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: 2L — 8 =72
2, -8=16 16 -8=8 8-8=0
(1 time) (2 times) (3 times)

3 is the quotient

or: 25 8 =7
25 - 8=17 17-8=9 9 -8=1 1 - 8 = negative
(1 time) (2 times) (3 times) (1 = remainder)

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
Multiply-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) (Divisor)
1592 6L = ?
(L digits) + (2-digits) + 1 = 7 digits

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

DIVIDE: Op | Mnemonic A B
% | D XX XX[XXXX

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 {0,0,0,0,01%,X|
—_—
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 |X,X,X,X, ,X,X
Quotient Remainder

The sign of both fields must be designated by zoning. If
the field is plus it must have both A and B bits over the
low-order digit. If the field is minus it must 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 OO4L8 by the
field located at 0l59, using a work area located at 0208.

048 048 157 159

i%lgzIC)[O |0| 0 |O QEJ Work Area

[z JoOL 8] 0208] Move dividend to low-order
digits of work area

[0,0,0,0,1,2,2 B]
208

201

[D [0159] 0205]| Divide dividend by divisor
[Ei;ljl()l Bl I2 [7 IIU
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 Lesson 30
(cont'd)

PROBLEMS:

Assume division of the following fields:

14,28 as ;'hIZIH Dividend
200 203
31 as 34 Divisor
204 . 205

158. How many digits should the
work area contain? 158,

159. If the work area starts at
. OLOO show the ZA instruction
to set up the work area. 159.| I I ]

160. Show the divide instruction. 160.

161. Show the work area after
division. 161.| T

Indicate the result of B A,
showing the sign and size of

both quotient and remainder. 162.| L4

Indicate the result of A B,
showing the sign and size of

both quotient and remainder. 163.| Ly
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UNIT VII

Lesson 30

NOTES AND ANSWERS

158. 7

159.(z 4 |o 2 03lo4 06

léO.ID Tb 20 5|0 L 0 31

161. |§|O|h|6| IOIZJ

162-@0.1.!. 'O.OIP]

163. QlolllGl lOIQJgJ

L digit dividend
2 digit divisor
+ 1

7 digit work area

Place the dividend in the low-
order positions of the work
area.

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. TABLE
Input Card Memory | Dept
Dept. Address| Nr. Dept. Name
Number 500|01|]ACCOUNTG
? 2 10(02{FOUNDRY
= 520(03 MILLING
oot ooz 530|04LPATTERN
Counter 54, 0|05 |EERSONNL
IEIl 55006 [PURCHASG
e2le] gakes,,
Constants 58009 |TRAFFIC
0105015009 -
602 €04 €605 607608 610
SUB-ROUTINE:
Instruc.| Mne-
Addr. monic| A B |d
*| 1000 C 0002 [0501 Compare Dept. Nr. to table
1007 B 1045 S| Branch, if equal
1012 A 0604 | 1006 Add 10 to B-addr. of compare
1019 A 0604 |1048 Add 10 to A-addr. of MCW
1026 S 0603 |0601 Subtract 1 from counter
1033 B 1077|0601 |0| Branch if counter equals zero
1041 B 1000 Go back to COMPARE next entry
*| 1045 MCW | 05090226 Move Dept. Name to print area
1052 MCW | 0607|1006 Initialize COMPARE to 0501
1059 MCW |0610|1048 Initialize MCW to 0509
1066 MN [0610[0601 Initialize Counter to 9
1073 B XXXX Branch back to main program
1077 H 1077 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 Addressed by 089
" n #2 1t 092-0914» " 7" 0914.
n L #3 " 097_099 " " 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 IRl 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
chsnging the zoning on the middle digit of the 3-digit
address.

Index Reg. Address Middle Digit

IR1 A-bit, no B-bit
IR2 B-bit, no A-bit
IR3 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.

EXAMPLE: Using IR1 to modify the COMPARE and MCW addresses
in the previous example, the program would look like this:

Special Constant

Instruc.| Mne- % %
Addr. monic{ A d B d d 61l 613
1000 LCA |0613| [0089 Set IR1 to zero
| 1007 C 0002 0501|1 Compare & index B-address
1014 B 1044 S|Branch if equal
1019 A 0601 0089 Increase IRl by 10
1026 S 0603 | 0601 Reduce counter by 1
1033 B 1062 10601] |0|Branch if counter = zero
1041 B 1007 Go back to compare again
*| 1044 MCW |0509|1 0226 Move name with A-add. + IRl
1051 MN |0610(| |0601 Initialize counter to 9
1058 B XXXX Go back to main program
1062 H 1062 Halt--no table entry

% These instructions are Indexed.
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.
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UNIT VII Lesson 31
(cont'd)
PROBLEM:

164. Twenty 10-digit fields are located in meumory between
0L00 and 0599. The first field is at 0L09, 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 IRl
to modify the addresses and IR2 to keep track of the number
moved. The following flow chart will assist:

[0 0 0[2 0[1 0] Constants

300 302 303 304 305 306

Mne-

[o¥al g

@ Label |monic |A-Addr.|d|B-Addr.

LOAD
ZEROS INTO
tRI

{

ZERO AND ADD
20 INTO
LR2

MOVE FIRST
WORD-
MODIFIED BY
IRI

i

SUBTRACT
| FROM
1R2

ADD 10
TOIRI
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UNIT VII

Lesson 31

NOTES AND ANSWERS

164. o I T
e—
Label|monic |A-Addr.| @ [B-Addr.| d |d
LCA 0302 0089 Load zeros in IRl
ZA 0304 0094 Load 20 in IR2

MOVE | MCW | 04,09 |1]| 0809 |1 Move a word--mod. IRL

S 0305 0094 Subtract 1 from IR2

C 0094 0302 Compare IR2 to zero

B STOP S| If equal branch to stop

A 0306 0089 Otherwise add 10 to IRl

B MOVE Branch to move again
STOP H STOP Stop the program
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165.

166.

167.

168.

169.

UNIT VII QUIZ

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

(a)|2,22 28] x |33 ¢]
(b)[’2‘I2I2I2IK| X Il|3l£l
(c)|g|2|2|2|2| x |l:3|LI

Multiply: |X X X X X|by|X X X|and
round to two decimal places.

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

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

Divide:|X X X X X X|by|X X X|

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

(b) Show the location of the
Divisor in work area.

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

In each of the
problems, show
will appear in
the remainder.

following division
the zone bits that
the quotient and

(b){123 B +|; BI

(e)[1.2.3.5+{1]

Name the storage locations of the
following:

(a) Index Register 1

(b) Index Register 3
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UNIT VII QUIZ

ANSWERS REMINDERS
165. (a) Refer to page 127
(b) |
(c)
166. (a) PROD - Iz] Refer to page 129
(b) PROD -
167. (a) Refer to page 134
(b) | S R Y U N N | |X|X X

(C) K"IXIX‘XIXIXI IXIXIX

Quotient Remain.
168. Quo. Rem.
(a) @ One field was plus and one was
minus.
(b) Both fields were plus.
(c) @ Both fields were minus.

Refer to page 134

169. (a) _087 - 089 Refer to page 138

(b) _097 -_099
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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 [BM 1401 data processing system.
High speead (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 1401l.

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.
|

e
RECORD INTERG-ARPECORD RELECTIVE SPOT
Bits appear on tape as follows: O CHECK BIT
S }zone arts
©)
8 }NUMERIC BITS
O

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 140l1. They are IBM 7291I,
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 80-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 header label 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 group 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.

Wherr 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. ZErrors are signalled to the com-
puter but reading or writing continues to the end of the
record.

146



UNIT VIII Lesson 32
(conttd)

PROBLEMS:
170. How long is an inter-record gap? (170.
171. What 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.
17L. 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 14017 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?

147



UNIT VIII

Lesson 32

NOTES AND ANSWERS

170.__3/L inch This space contains no bits.
171._group mark This symbol (F) is recognized by

the computer as the end of data to
be written.

172, _programmer

173. 1 This character is a special charac-
ter which causes a signal to be
sent to the computer when it is
read.

17L4.__ trailer A record count is written when
writing. Records may be counted
when read and checked against the
record count.

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

176. file
177. 6

178. word mark

1790 $
180, ¥
181. no 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.
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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:

Mnemonic |A-Address |B-Address|d
MCW % U n XXXX |W

This is the MOVE CHARACTER TO WORD MARK instruction which we
have discussed. The A-address indicates which tape unit is
used. The %Q indicates a tape operation; the n indicates
the number (1-6) 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 (W) indicates a WRITE opera-
tion. Word marks are ignored.

WRITE TAPE WITH WORD MARKS:

Mnemonic|A-Address |B-Address|d
LCA % Un XXXX W

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 to a word-
separator character and placed ahead of its associated char-
acter.

WRITE TAPE MARK:

Mnemonic| A-Address|d
CU %2 Un [M

lc'o
kel

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:

Op| [Mnemonic| A-Address|d
u CUu %Un |E

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 Lesson 33
(cont'd)

BRANCH IF END OF REEL:

Mnemonic|A-Address|d
B X XXX |K

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 on. The EOR routine should provide notification to the
operator to load a new reel.

BRANCH IF TAPE ERROR:
Mnemonic|A-Address|d
B XXXX (L

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 routine should
cause a backspace and a re-read or re-write.

EXAMPLES:
Bin|Gr
Memory: [Stock Nr.lItem Name | Price | Quan. N%. Mkpl
l‘ Ill’?lélhl—w—lRlElNlclHlgl3l7l5lgloillsl;l:-lhl $ 1
0500 0520

Write tape |MC W[z Uu1] 05 0 olw]
(Write a record on tape unit #l, starting at 0500)

PREVIOUS
D THIS RECORD IRG RECORD
—N
O@Q 1764 WRENCH0375001514 1763PLIERSO4

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

2. Same record

Write tape
with W/M's [L C A

% U1 | 050 o|w|

Q©Q 417644 WRENCH 0375400154 14

= P Aoy

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

PROBLEMS:

184.

185.

186.

187.

188.

189.

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

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

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

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

Show an instruction to
write a tape mark on
Tape Unit #5.

Show an instruction to
SKIP AND BLANK 3% inches
of tape on Unit #2.
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Lesson 33

(cont'd)

184. MONIC_ 8 d
185.l | | |
186.l | I |

187.[47

188.

189.|




UNIT VIIT

Lesson 33

NOTES AND ANSWERS

Mnemonic [A-Address [B-Address (d

18,.] MC W % U L 03 00 [W]| This is the most common
method of writing on
tape.

185.L‘L CA |2U6 41 0300 [WJ This method is used
primarily to store
programs on tape.

186.] B [E R RO R] L | The d-modifier tells
which indicator to
test. If the indicator
is not "on" no branch

187.] B Eor | k | will cccur.

188.L70 U % U5 Ari IMW Write a tape mark and
the skip and blank tape
are called "control"
instructions.

189.] cu  [ruz | B
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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:

Mnemonic| A-Address|{B-Address|d
MCW % U n XX XX|R

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:

Mnemonic| A-Address|B-Address|d
LCA % U n XX XX (R

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

BACKSPACE TAPE RECORD:

Op
Mnemonic| A-Address|d Code
CU % Un B U

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: Op
Mnemonic| A-Address]|d Code
CU % U n R U

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

REWIND TAPE AND UNLOAD:

Mnemonic A-Address d

CU

% U

n U

Lesson 34
(cont'd)

Op

Code

U

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

The tape unit can-

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 |B-Address|d
READ MCW |]%U2 0500 |R
B ERROR L
B EOR K
B XXXX
Label [Mnemonic|A-Address |B-Address|d
WRITE MCW |%4U1 0500 (W
B ERROR L
B EOR K
B XXXX

154

Read a tape

Branch, if error
indicator "on"

Branch, if ECR
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 Lesson 34
{(cont'd)
PROBLEMS:
190, Write an instruction to
read from Tape Unit #2
to position 0300, without
word marks. 190, | M| » B d

191. Write an instruction to
read from Tape Unit #3
to position 0300, with

word marks. 191. | | |

192. Write a control instruc-
tion to backspace Tape

Unit #6. 192. | [

193. Write a control instruc-
tion to rewind Tape Unit

A 193. [ ] I

19L. Write a control instruc-
tion to rewind and unload

Tape Unit #5. 194. | |
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UNIT VIII

Lesson 34

NOTES AND ANSWERS

Mnemonic |A-Address

B-Address

190.| M C W % U 2

0300

191.]LCcA | %

U 3 |o3oo|a]

192.|] cu  [gue | |B]
193.]cu | sus | [r]
9. cu | 2us [v]

156

The MCW instruction is
normally used for
readinge.

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 L-reel file:

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

Tape Unit #2 - Read 2nd reel and A4th reel

Tape Unit #3 - Write lst reel and 3rd reel

Tape Unit #4 - Write 2nd reel and L4th reel

1BM140I

TAPE
] UNIT
#4

When Reel #1 is finished on Tape Unit #l, 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

;ame can be done with the output tapes on Tape Units #3 and
Lo
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EXAMPLE:

Lesson 35
(cont'd)

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

Set up a special
Start with 02 in

two-digit register in storage.
the register.

Mne-

Label |monic |A-Address| B-Address|d

READ | MCW [%U1 INPUT R
B ERROR L
B EOR K
B PROG

ERROR| CU %U1 B
MCW |%Ul INPUT
B HALT L
B PROG

HALT H HALT

EOR CU %UL U
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

Register

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:

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-
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.

FLOP.
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{cont'd)

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.

(a)
(b)

198, Write a control instruction to skip
and erase 33 inches of tape on Tape 198,
Unit 1. |
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Lesson 35

NOTES AND ANSWERS

195, 1 Only the (n) part of the A-
address needs to be modified.

196. 2 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~
MONIC A d

198, |CU |(4U1 |E
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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 SUB-ROUTINE
abel =
WRITE) | ewter Flow Chart

-

4

SET ERROR
COUNTER
T0 3

A

WRITE A
RECORD ON

%un "WRITE" ERROR ROUTINE

BACKSPACE SUBTRACT
ONE Ear ONE FROM

ERROR 7 RECORD ERROR COUNTER

“E0R" ROUTINE

SKIP-ERASE
FORWARD

WRITE
TAPE MARK

y

WRITE
RECORD COUNT
THEN SET IT

TO ZERO

Y

ADD I TO WRITE
OUTPUT TWO TAPE
RECORD COUNT MARKS

Y

Y REWIND
AND

r_______I

—_——————m— e

EXIT UNLOAD

FLIP—-FLOP
TAPE UNITS

Y

WRITE
LABEL ON
NEWTAPE

(LABEL =WEXIT)

| I
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WRITE SUB-ROUTINE

CODING
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SET ERROR
COUNTER
T0 3

[

READ SUB-ROUTINE
Flow Chart

(Label =

READ)

Y

READ A
RECORD FROM
TAPE %Un

ADD |
TO RECORD
COUNT

(LABEL = REXIT)

BACKSPACE
ONE
RECORD

SUBTRACT
= ONE FROM
ERROR COUNTER

——————

|
|
|
|
|
.

ERROR
HALT

S

"EOR" ROUTINE

[ e st e e s s et e — ———r—e——————1

READ
RECORD COUNT
FROM TAPE

RECORD
COUNTS =1

REWIND
AND UNLOAD
TAPE

IS
PROCESSING
FINISHED?

S ——

FLIP-FLOP
TAPES

!

WRITE
TAPE -MARK
ON QUTPUT

READ
LABEL FROM
NEW TAPE

]

WRITE
RECORD COUNT
ON OUTPUT

[

WRITE 2
TAPE: MARKS
ON OUTPUT

)

REWIND
AND UNLOAD
OUTPUT
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UNIT VIII

CODING

READ SUB-ROUTINE
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UNIT VIII QUIZ

199.

[XIXI*IX-IXIXALXL*IXIXlxliLlLXIXle*l-Xlﬂ

501 519

(a) How many tape records will this
make?

(b) Which storage positions will
cause IRG?

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

Op A B d
LCA|{%U1|0501 W

(a) How many word-separators will be
placed on tape?

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

201. Write the two instructions
that should immediately follow
a Read instruction.

202. Show an instruction to write
on Tape Unit 6 (without W/M's)
from storage location 1260.

203, Tape Unit 1 (mentioned in
Problem 200) is now to be read
into storage into loc. 50l.
Write the instruction that will
do this.
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199.

200.

(a)

(b)

201.

Op

202.

Op

203.

Op




199.

200.

201.

202.

203 .

(a)

ANSWERS

2

(b)__512, 519

UNIT VIII QUIZ

(a)

(b)_501, 504, 509,

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.

l. Branch if Read Error

2. Branch if End-of-Reel

The Move instruction writes
without placing word-separa-

tors on tape.

513, 518

Op A B d
B RERR L
B REOR K
Op A B d
MCW|%4U6 (1260w
Op A B d
LCA|9U1 |0501|R

The tape contains word-
separators, therefore the

Load instruction is used to
convert them to W/M's in
storage.
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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
(cont'd)

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 printed 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/M's, 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. Any one
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 38

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:

ABCDEFGHIJKLMN@PQRSTUVWXYZ
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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(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.

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 ;he 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 ECR
indicators.

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

program by a branch instruction or by a calling seguence.
A calling sequence 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+3  EXIT
B SUBRT

ADCON DCW  ADCON+L
XXX xxxxx}

Continue program after sub-

XXX XXXXX routine

SUBRT XXX XXXXX
Sub-routine
XXX XXXXX

EXIT B 0000

The MOVE instruction moves the address of the next instruc-
tion in sequence to the final branch of the sub-routine.
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UNIT IX Lesson 39
QUICK REFERENCE
of All Instructions Covered in the Text
Refer Op | Mne- Descriptive
to Pg.|[Code|monic | A B|d Title
I.W/M, MOVE and LOAD OPERATIONS:
25 / | cs | xxx Clear Storage
25 / | CS | XXX [XXX | | Clear Storage and Branch
17 » | SW | XXX |XXX | [Set W/M (one or both ad-
dresses)
25 X | CW | XXX |XXX Clear W/M (one or both ad-
dresses)
17 M | MCW | XXX |XXX Move
L1 L [ LCA | XXX |XXX Load
L1 Z MCS | XXX [XXX Move & Suppress Zeros
L1 D | MN | XXX|XXX Move Numeric {only)
L1 Y | MZ | XXX |XXX Move Zone (only)
II.ARITHMETIC OPERATIONS:
58 Al A XXX | XXX Add (one or both addresses)
63 S| S XXX | XXX Subtract (one or both add.)
127 @| M XXX | XXX Multiply
131 % | D XXX | XXX Divide
58 ? | Z2A | XXX|XXX Zero and Add
63 '] Z8 | XXX|XXX Zero & Subtract (one or
both addresses)
III.LOGICAL OPERATIONS:
L5 C c XXX | XXX Compare
L6 B| B XXX Unconditional Branch
L6 B| B XXX [XXX |X | Branch if d-Char. Equal
L6 B| B XXX X | Test d-Char. and Branch
L7 v BWZ | XXX |XXX |X| Test for Zone or W/M and
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(cont'd)
Refer Op | Mne- Descriptive
to Pg.[Code|monic | A Bid 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 e XXX Define Constant
97 DS | XXX Define Symbol
97 ORG Origin
97 CTL Control
98 END End

V.INPUT/OUTPUT 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 L | P Punch a Card

21 L | P XXX Punch and Branch
111 3 | WR |(XXX) Write & Read (Br. if A-add)
111 5 RP [(XXX) Read & Punch (Br. if A-add)
111 6 | WP |(XXX) Write & Punch (Branch if A-

address)
112 7 | WRP[(XXX) Write, Read, Punch (Branch

if A-address)
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(cont'q)
Refer Op | Mne- Descriptive
to Pg.|Code|monic | A B|d Title
VI.MAGNETIC TAPE OPERATIONS:

149 M MCW | AUX|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 |4ux B | Backspace Record

153 U | cu |gux 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 1100 0] 100 8] ‘ |

205, A |1,00 58] 2,00 1] | |

206. A |llo|0| |;lll6|616| l [ I l

207. S l;oooal [_1_000K| L“ I
1 1 1 1 1

208, S |; 111 AI [tiaacel | ]

209. S |;1 11 c| lLaaaal |, |

210. ZA gz’z I;|3|3|3-3I [ 1 11 I

Resultant

A-Field

211. S |_Q 111 Ml No B-Field || l

212,  ZA |1 11 D] No B-Field || |

213. 28 |o,2,11 u] No B-Field | |

-

76 ’
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(cont'd)

21L. After executing the following two steps,

Mnemonic A B d A-Field
ABSTG55

MN 00260156 o021 026

M Z 0023|0158 B-Field
SIJK26
154 159

show the contents of the resultant B-field:

215, After executing the following two steps,

Mnemonic A B d A-Field
|; 222 1| Hold
C HOLDIARE A
B 0750 / B-Field
l222 2| Area

where will the program go for its next instruction?

Answer: .

216. After executing the following step,

Mnemonic A B d B-Field
B |suBR|OO7 2{H HOLD
o7l 074

where will the program go for its next instruction?

Answer: .

217. After executing the following instruction,

Mnemonic A B d A-Field
0002
MCS 0029|0551 026 029
B-~-Field
0102214

546 551
show the contents of the resultant B-field:

————

546 551
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(cont'd)

218.|Instr.
Addr. |Op A B d

901|N|0991
905 | M[{0987/09001

987 | B|0221
991 ¢

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

219. Write the instructions to accomplish the following
actions:

Add to Op A B d
521-524  807-811
526-529  812-815
530-533  816-819
535-538  820-823

220. Set up a constant, labelled CONST, in the following
format: TOTbCOSTbb$b,bbb.bbd

Count | Label Op A 24
221, Label Op A B d
C S 0080 (a)READ + 8 refers

to:
S W 0310|0325
(b)READ - 7 refers
R E A D|R : to:

BWZ|STKINI|OOOLIK[(c)READ + 16 refers

to:
C CONS1 0003 [::]
(d)READ - 11 refers

B STOP / to: [::]

178



UNIT IX Lesson 39

(cont'd)

222, Using the constant set up in Problem 220 and data
field as follows: 12760 AI

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

NS I Y S N O N T N O N N N e Ny O T |
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 A B d

R
LCAHOLD|ARE

179



UNIT IX Lesson 39

225,

226.

227.

228,

(cont'd)

Tape has been written with the following instruction:

Op A B d

LCA|%9U6[|1200{W

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

Op A B d

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

Op A B d

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

Op A B d A-Field
‘g 233 L|

C |0027(0290 023 527

B|[STOP U B-Field
|g 233 c|
286 290

where will the program go for its next instruction?

Answer: o

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

Op A B d A-Field
| 222 2|
c |0027|0290 023 oz7
B [sTOP T B-Field
02222
286 290

where will the program go for its next instruction?

Answer: .
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ANSWERS TO QUIZ PROBLEMS

Lesson 39
(cont'd)

204, |2 00 B (Pg. 58) |=217.|01 2] (Pg. 41)
l._l_l_l_’ e 5
205. [; 00 Kl (Pg. 58) |218.]9 0 1|B[9 9 1] (Pg. 69)
206.]; 176 6] (Pg. 58) | 219.[op A B d
A 05380823
207.|g000M| (Pg. 63) A|0533
A
208.|gooos| (Pg. 63) A|lO524
(Pg. 79)
209.|gooox| (Pg. 63)
: ) 220.
210.]0 0 2 2 B Pg. 5
l—‘—'—'—'—'—J Ct | Label [Op | A
_ 19 | CONST | DCW |* TOT&COST&&S$
211./0 0000 (Pg. 63) T R
Ly (Pg' 93)
35 q2
212.]0,1 /11 D| (Pg. 58)
221. (a) K
213./]011 1D (Pg. 63)
(b)
21L.|]S I N K S 6| (Pg. 41)
154 159 (c)
215._location 750 (Pg. 46 (d)
(Pg. 103)

216. next instruction in sequence
(Pg. L46)
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UNIT IX Lesson 39
{cont'd)
ANSWERS TO QUIZ cont'd
222. (a)| op A d
M C W | CONST 0239
MCE|OL4L25/0239
W (Pg. 115)
(b)
Print Area: ., T OT ,COST , $1,,2,76,.,0k
220 230 240
223. [Ct Label Op A B d
O8|PROD|DCW |[x*
01K S5 DCW [*
LCA[COST PROD- 5
M QTY PROD
A X5 PROD
MZ PROD PROD-1 (Pg. 127)
224. |Op A B d
cC T
L (Pg. 119)
225.[ op A B d
LCA%U6 (1200 |R (Pg. 149)
226. |op A B d
B WERR L
B|WEOR K (Pg. 150)
227, S TOP (B=4) {Pg. 46)
228, Next instruction in sequence (B <<A). (Pg. 46)
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UNIT X

Lesson 4O

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 destination, 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 Nr. of Digits
Stock Number 10
Item Name 20
Price 6
Shipping Weight (each item) L
Warehouse Location 2
Quantity in Stock 8
Quantity on Back-order 8



UNIT X Lesson 4O
(cont'd)

Data Field (cont'd) Nr, of Digits
Branch Number-4 digits Once for

each 150
Total Ordered-6 digits branch

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

Data Field Card Columns
Branch Number 1- 4
Stock Number 5-14
Item Name 15-34
Quantity 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 1ll-punch)

L. Back-Order Card: When stock is not available a card is
punched exactly like the order card except for an 1l1-
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, " L-13 Stock Number

Line 12, " 16-35 Item Name

Line 12, " L2-43 Warehouse Location
Line 12, " L8-56 Quantity (bb,bbb)
Line 12, " 60-61 Total Wt. (b,bbb)
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UNIT X Lesson 4O
(cont'd)

4 10 13 16 20 35 ° 39 4243 51 56 60 64
ISEEERES AR NN RS SRR RARRA AR SRR NN RN RN RN R O
i (BRANCH —
- NO.) -
LINE S XXXX XXX XXXXXXXXXXXXXXXX (BRANCH NAME ) 1
s XXX =————————XX (BRANCH STRET ADDRESS) 1
7r XXX ———————— XX (BRANCH CITY) b
12F  xxXXXXXXAX  XAX XX —m—————— XX XX XX, XXX X, XXX -
' (SToCK NO) ITEM NAME ) (W'HSE (QUANTITY) (WEIGHT) -
o LOC'N.) -

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 Card Columns
Customer Number 1- 4
Stock Number 5-1L4
Quantity Shipped 15-20
Price Each 21-26
Total Price 27-35
Blanks 36-39
Date LO0-46
Day (01-31}) Col. 4O-41
Month (Jan,Feb,etc.) L2-LL
Year (62,63,64,etc.) L5-46

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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NOTICE

ORDER
FROM
BRANCH

PUNCHED
RECEIPT

PUNCHED
BRANCH ORDER

BACK-ORDER
FROM PREVIOUS
PROCESSING

V

SORT BY:
I. STK. NO.
2. CUSTOMER NO.

DECK OF

SORTED
TRANSACTIONS

MATCH CARD
TO INVENTORY
LEDGER RECORD

WITH SAME
STOCK NUMBER

REJECT
NO-MATCH
CARD

MATCH ITEM
NAME TO
INVENTORY

RECORD

DO
NAMES
MATCH?

SUBTRACT
ORDER QUAN.
FROM LEDGER

BALANCE

BACK -
ORDER =
ORDER?

NEW
BALANCE
NEGATIVE?

A

SUBTRACT
BACK-ORDER
FROM
ORIGINAL
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PUNCH BACK-

ORDER FOR PRINT A
AMOUNT SHOWN PICKING TICKET
AS NEGATIVE FOR QUANT.

TO SHIP
I
PUNCH AN
ORDER

RECORD CARD




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).

Each record will use approximately 1 inch of tape, with
an IRG of 3/k 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
output. He decides to put back-orders in Stacker #L;
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
1ll-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
Y"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.

Custc
Nr. Branch Name Street Address Branch City
L char | 20 characters 20 characters 20 characters

Starting at memory address 0501 to 1460 he will read in
a table of addresses for 15 branches, each entry 6L
characters long. These must be punched in 15 cards
(Col. 1-63) and read-in before the data cards are read.

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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UNIT X Lesson 41

7.

9.

10.

(conttd)
Data Field Card Columns
Day of Month 1-2
Month (3 char. abbreviation) 3-5
Year (last 2 digits) 6-7

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.

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

A tape label will be required and he chooses a simple
form of header label: et
ate

INVENTORYbLEDGERb1bOFblbb DDMMYY

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.

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 Input Card Area 0501-1460 Tables of Names and

0101-0180 Output Card Area Addresses
0201-0300 Print Area 1501-1708 Tape Read Area
0301-036L4 Work Area for 1500 Reserved for "Last
Table Data Card" Indicator
2000 Start Program (ORG)

The computer used has 4000 memory positions, the COMPARE
option, and the MULTIPLY-DIVIDE feature.
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UNIT X Lesson 42

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 = Constant of 15

CON1 = " "1

CONZER = " " 00000000
etc.

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.

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

MCW|* +011|REXIT [|+003

B READ
B * + 001

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. The last card of the DATA deck will be punched with END
in columns 1-3. When this card is detected, move an A
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.

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

7 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.

8. 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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1/010

CLEAR
STORAGE FROM
0000-1429

+ 1/160

SET W/M
IN 00Ol FOR
CARDS

+ 1/170

READ
THE DATE
CARD

+ 1/180

MOVE DATE
WITH W/M
TO LABEL

+ 1/190

SET COUNTER
(CTRTAB)
TO 15

2/010

READ
A TABLE
CARD

+ 2/9020

(v)
MOVE CARD
DATA WITH
W/M TO TABLE

v 2/030

SUBTRACT
| FROM
COUNTER

DOES
COUNTER

HOUSEKEEPING

2/060

2/080

SET W/M's
FOR DATA
CARDS

* 2/100

READ
FIRST DATA
CARD

* 2/li0

REWIND
THE INPUT
AND OUTPUT
TAPES

+ 2/130

READ THE
INPUT
LABEL

+ 2/140

COMPARE FIRST
16 CHAR.OF
INPUT LABEL
WITH CONSTANT

ADD 64
TO MOVE
ADDRESS

2/150

bo YES

THE LABELS
MATCH ?

NO

2/160
HALT
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(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

READ
THE FIRST
TAPE
RECORD



UNIT X

MAIN PROCESSING

3/080

COMPARE CARD
STK.NO WITH
TAPE STK.NO

CMP. ITEM
NAME IN CD
WITH
MASTER

0o
ITEM NAMES
MATCH?

TEST INPUT
CARD FOR
BACK-ORDER

SUBTRACT
CARD QUANT.
FROM TAPE

O0-H

1
NEW BAL.
MINUS?

WRITE
TAPE RECORD
ON % U2

3/170

SUBTRACT
BACKORDER
QUANTITY FROM
TAPE B/O QUANT

A

READ
TAPE RECORD
FROM%UI

Lesson 42

SUBROUT,

TO UPDATE
BRANCH
TOTAL

SET UP A
COUNTER
WITH 15

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

SUBTRACT
| FROM
COUNTER

ADD 84 TO
COMPARE AND
MOVE ADDRESS

(cont'd)

7/010 7/020 7/050 7/060 7/080
MOVE QUANTITY MOVE
[ eura PUNCH ADD B/0
et e e e I =
LS PUNCH COLUMN | TAPE B/0
2/170 t
7/090
7/100 /
READ
A CARD SUBROUT SET TAPE
TO UPDATE O/H BAL.
BRANCH TOT TO ZERO
YES :
7/140
SUBTRACT
8/0 FROM
INPUT QUAN
NO
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Lesson 42
(cont'd)

193

UNIT X
4/10 5/030 5/160 6/110
MOVE TABLE CLEAR RESTORE NO
ENTRY TO r> }r)- THE MODIFIED
WORK AREA PRINT AREA ADDRESSES \
YES
* 4/120 + 5/040 ¢ 5/180 6/130
SET wW/M's SKIP TO MOVE MOVE INDIC.
FOR TABLE LINE 12 DATA FIELDS TO SHoW
DATA (CHANNEL No.2) TO PUNCH AREA LAST CARD
9 4/140 + 5/050 + 6/020
MOVE BR. MOVE STK. NO, MOVE
NUMBER AND
ITEM NAME & QUANTITY TO
NAME TO WAREHOUSE TO WORK AREA
PRINT AREA PRINT LINE
WRITE
4/160 5/080 6/030 TAPE RECORD
MOVE EDIT MULTIPLY ON % U2
PRINT CONSTANT FOR BY PRICE AND
A LINE QUANTITY TO PRODUCT TO
PRINT LINE CARD
READ
j 4/170 + 5/050 ; 6/060 TAPE RECORD
FROM% U1
CLEAR EDIT MOVE
DATE TO
PRINT AREA QUANTITY CARD
‘ 4/180 1 5/100 ; 6/070
Move CONSTANT FOR PUNCH A
STREET ADDR. WEIGHT TO CARD AND
TO PRINT AREA PRINT LINE READ A CARD
{ 4/190 * 5/110 + 6/080
PRINT EDIT CLEAR
A LINE WEIGHT PUNCH AREA
{ 4/200 “' 5/120 ‘P 6/090
CLEAR PRINT RESTORE
WORK AREA
PRINT AREA A LINE TO ALL ZEROS
j 5/010 V 5/130
MOVE SKIP
CITY TO
PRINT AREA TO NEXT PAGE
{ 5/020 V 5/140 6/100
CLEAR TABLE COMPARE
PRINT WORK AREA FIRST 3 DIGITS 3
A LINE AND PRINT > OF INPUT TO
AREA END




UNIT X Lesson 42
(cont'd)

Special QUANUP Sub-routine

8/070

SET
COUNTER TO
15

Yy 8/080

v)

COMPARE
BR. NUMBER

8/160 8/170

(v

! ADD RESTORE

| INPUT QUANTITY | COMPARE AND
TO BR. RECORD ADD ADDRESSES

SUBTRACT
1 FROM
COUNTER

ADD
TO MODIFY
o 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, 1lhLk

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
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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, 1L4, 153

Label, 89, 145

Line,

Load point, 145, 153
Logical decisions, 45
Loop, 78, 102, 112, 171
Low density, 1i4
Low-order position, 3, 4

Machine coding, B

Magnetic core, 35

Magnetic core storage, 35
Magnetic tape, 1lLi4

Memory, 1

Memory positions, 2

Memory print, 170

Mnemonic, 85

Multiple instructions, 111, 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
Rounding, 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, lhk, 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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Mnemonic Codes (complete course) . .

ILLUSTRATIONS

IBM 1401 Computer CompleX « o o o o o
Read, Punch and Print Areas « « « « &
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Storage Position in Memory e« « « «
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(A) OPERAND (8) OPERAND Page 1
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';4|° 1 1 L 1 C‘S= 1 1 ] 1 ! : : 1 1 1 L 1 L E : 1 1 L1 1 J . 1 1 1 L 1 1 1 1 11
1 [}
,8,0 L L1 C.S: U S S T W : Ll TN TR TR WY SR B N WU ¥ [N R (S SR S WU TR TS N S SN N S S |
l}
neof | L. |5 000l - N SR S.E.T. W.M F.OR, .C.AR D
b 1
', 7,0 - M R, , PN TR TR NN SO N B S T S S B : by R.E,AD, DA, T.E. ,C,AARD ,
| I
e,0f Lo nealoooz v b [ L ABRL =000 S.T. \DATE: TNy L ABEL
) 1 I i
1,9,0 1 vy 1ZVAY C,ON 1 5 i L1 C. TR TA/By+ + , S, E. T, C,T\R, ,T,0y 1,5 |
2,0,0 L R " 1 : el : : T e : : e PRI SR ST SN S S ST SR S ST ORI SO T
I [ [
T ' T | [T R SN SO N A N S | I SN SN TR DU N S T N SR AU SN [N U N T S NG U TR P
| [ [
I 1 [T PR RS SR TN TN TR A N | T SN NN SO TR S R TN T DR U S WU U RN T TR NG TN SN N N |
] [ [
[ 1 Lt | T SR TR TR T A B T I SR Y TR SN NN R N TR S WA SR TN S TN NN SN SUUU TR S G N |
I | | [} [}
P L oy 1 FURT TS S NS NN NN N S PR TS T N TN N NN SR PR S S T S S AN DN SUNS DU TR TR S S 1
I [ ||
! 1 L1 L1 T S T SR T N N O | PN TR TR SN TR A FO SO TR S N SN S S SN T WA WU S T S S 1
1 [ I
1l 1 L 1 Il P | RN TR S S | TR | Lt TR DR SN TR N M | 1 [IRN (N N NN W TS SN SN SUNN SN WA SN SH S |
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(A) OPERAND

(B) OPERAND

LINE |COUNT LABEL OPERATION ADORESS NIETEE ADDRESS 4] omam. g-d COMMENTS

3 5|6 718 1314 16|17 23 ADJ. 27|28 34 ADJ. 38{ 39|40 55

0,10 ELD%&B&; b e b, 1....531. R.E.A.D. ,T.A.B.L.E, ,C.AR DS

0,2,0 AP § Ao\ Ne X o - PR B 0,56, L 1 0, S, T.0.R,E, ,I.N, ,T,A.B,L.E, ,

9,3,0 e v ls tlcoNy Ly, C.T.RTABI 1 , , susB, ,F,ROM, ,C,TR , , ,

0,4,0 c o o lerle TR AB C.O.NZ.ERI + , ¢C.T.R, \E.QU,AL, ,2ERDO ,

0,50 e o B lTABEND I, . o, bt 4 .| IsitTF, .80, EN,D, ,0,F, ,T.,AB

0,6,0 c A oo N6 L b, B.L.D T.ABI+:0,07 IF, N.,0,T, M.0.D, ,ADDR

0,70 .o . . iRt !BLDTAR I ., N R.E.P.EAT: (C.Y.CLoFy © o

1}

0,8,0 gmm&&mn&ﬂ 0001 . &, 0.0,05 4, 1 1 4 S.E.T. WM, ,F.0.R: .C.AR DS]

°|9|° 11 1 1 1 S-wJ 01011151 1 : i 1 1 01013 5x 1 : : 1 1 1 ! 1 1 1 1 1 I 1 1 1 ) 1 Il 1

t,9,0 R S SR Y R, i PR SR S : : [ N S T S| : : PR R EAD, 41,87, DHA T A 2CHD

Lo NPT o001 /20 i P T A R coovv oty L IRIREWIND, INPWT .

1

(2,0 e mﬁ %ma.l:i.l v o v vt vy | RIREMWTIND LINPUT . .,

13,0 e MW B UL R 1,501, . + 4+ , , | RREAD, JI.N.PU.T, .L.AB.EL

14,0 R o Obuliby o bt . LL&ELE{OJJ CHE.CK) L ABEL. « . .

15,0 AR - PO A £ P I o W) b vwvv il sleo. AHEAD IF LEQ.UL

', 6,0 Lo H, i [ R R T : : 1 PR S ! : : L i1 Ff, NOT,-HAL, T, .,  ,

17,0 e MWL ABEL 12100 1,526 1 1 U.P.D.A.T.E, L.ABMETL .

1,80 MW B2 1,500 0 0 1, P .T. L.ABEL., 0N, .Q.I.T
1 ] 1

', 9,0 NI SR S C,8) 1,7,.0.8, | : : Lt PR TR TS N S N U T c.L.FE AR, .T.A.PE, AIR:E A

2,0, 0 e e b T N e

21110 1 1 1 1 1 Cls: 1 1 H 1 1 : : 1 1 1 1 1 1 1 : : 1 1 | 1 L 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 L i 1 1 : 1 1 4 1 1 : : 1 1 1 1 1 1 1 : : 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
] [ [

1 R R B R L1 TR SN T T T N S S | S T T S S B S NN [ SRS S NN T R UK VR U TR S SR SR SR
1 ] 1 1 1

PR S S SN S W S S M SN S TR SO SN SH N SN U S U SR N NN N S | IS S T SR S TR U SN SN SR S SR SR S 1
] ] ] I I

PR T S S S S 11 TR SN S W SR N S SR | PR VRN SR SO N N N T U N N N NN S SRS NS NN SN SU SR S SR 1
] ] I I 1

1 T S S 1 11 T S W N W B | L1 A S VR DR S S | Lo S U S T NN SN SN W SR SN SH NN SR S |
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(A) OPERAND (B) OPERAND Page 3

LINE COUNT LABEL QPERATION ADDRESS + (Toﬁf' g ADDRESS + c;::'R g‘d COMMENTS
3 5(6 7]|8 13|14 17 23 27|28 34 38|39|40 55
0 1,0 o o dsw sy, 0 s, L b S.E.T. W.M.S, .F.0,R, .T.AP.E
0,2,0 e e lsaw 153,10 b 1,537, 04, RECORDS, , + 4+ o v 1 1 .
0,3,0 T F- 1 B B T A P R R 1543, v 4, T
0,4,0 P ¥ 10" i B VL T P R 1559, . &+, e
0,50 e Imclwlx . iHOD, RE. X I T !+10,03 S.E.T. R,E,AD, EXI,T, .,
0,6,0 v v BV IREAD 0, A N N B.R,A.N.C,H, .T.0, ,R.E/AD, ,
0,70 e B IMATN b, R N N R.E.T.U.R.N. A.D.D:R.E.S:S .
0,80 MALN . JC {1,520 1t 0.0 1k o 0y C.OMP, ,S.T.0.C.K: N.R:S:
0.9,0 c v Bt |WRTLTA L, vttt luleaR.D, WS /N. T.S. (H.I.GuH
o0 P 5 VO U I o Mo A B N slc.A.R.D, ./ N, \E\Q, T .APE
Lo T T e T B N.O., MAT.CH.=S.T.0P, . .
2,0 et loo3ib o d o, 1,530, ¢+ 4 o, coMP, I, T,EM NAME, ,
13,0 T §: N R I e W) R S R SM.A.T.C Hy=.G.O, AHEAD, |
a0 T | A A B S A S N.O. MAF.CH-=.STOP, . ,
5,0 T b : AL E R i oM} 0.00,1, . & i, , KIS, I,N,P.U,T, BACK, -8,
Le.0 e Bt lsuBQTY L, T I.,F, N.0,7 G,0O, ,AH,EAD,
7,0 T L N 0.4,5.8 1 SWB, v v
18,0 e o Bt lsuBQTY L T B
18,0 SUBQTY|S 1 10040 , i ' | 1.5500 « 1 . S.U.B, ,C,AR,D, QUAN , ,
2,00 .., . IBwzlBAckd |1 1,550, .+ | , . K|II,S, N,E.W, B,AL, MINU,S
2.1.0 .. . . |BWZIREADA 0040, , | 1t klI,s, .c.,D, A, R,ECEIPT,?
2.2.0 e o dmclwl® o THOL QU.E X I T+ 0.0.3 S.E.T. .S.R, JEX, I, T, . . . ,
2.3.0 ceo Bt leuAaNTE L T I A B.R. .TO, .SU,B.=,R0UT ,
2.4.,0 v o B PRINT G T B R.E.T.U.R,N, ,A,D,D,R,ES,S, ,

1 1 1 1 1 1 1 i : 1 1 H 1 1 : || I 1 1 1 1 1 1 : : 1 1 1 1 | 1 1 i 1 111 1 1 1 1 1

L i i 1 L L 4 1 : i L i 1 1 : : 1 ] 1 1 1 1 1 : : 1 1 | i 1 3 1 1 1 1 1 1 1 L 1 1




€oze

(A) OPERAND (8) OPERAND Page .
LINE LABEL OPERATION + o + o COMMENTS
ADDRESS = z ADDRESS = z
3 5 4 16|17 23 27128 34 38 40 55
0,1.0 PR LN R C.T.R.T, AR I S.E.T. .C,ToR. .T.Q, 1.5, .
]
0,20 L C.y 10,004 , 1 i 0,504y . 1 1 C.OMP, .B,R, ,NR,-.T,ABL,E
1
0,3, - B, ! |RTND . 1 1 AR 0X.-.N.R., .I.S, MA.T.C.H,
0,40 - S, ) |CONDY i C.T.R.T.AB: ! sumB, 1, ,F,R,0M, .C.T.R, ,
1 [
05,0 s C., |CCTRTAB | C.ON.Z ER! | COUNTER, ,EQ, ,Z,ERQO0,?
0,6,0 L B, , |ERRTAB | N 1F, Z,ER,0-,ERROR, , ,
0,70 L Ay [CON6 L, | PR.INT i+0 M.0.D.I,F,Y, .C,O.M,P.A.RE, ,
08,0 - A, 4 |CONG6 L, |1 F,I,ND , i#0 M.O.DIF,Y, MOV,E. . . . ,
0,9,0 C B, |PRINT |+ e CONTINUE, S,EARCH
Lli’lo IRI T[ Hl : 1 1 1 1 1 : : 1 1 1 1 1 : : EA&LRIOIRI-IHIAILITI 1 1 Il 1 1
'
10 F.I N D M CiW 05 60 L E | 0.3.6. 4 4 1 1 M.0 V.E, ,E.N,T.R.Y, ,T.0, ,W,A
12,0 L S.WL 10,301, 1 . 0.3.0.5, , 1+ | s E.T, WMS, FOR, ,WORK
1,3,0 L S, W |0,3,2,5 , i . 0,3,4,5, , | 1 AREA, FOR, ,TABLE ,
1,40 L M.ClW|0,3. 00k o 1 0.2.1.3, , | 1 MOV.E, ,BR, .NR, T,0, ,P,R
] i
15,0 R MCiwl0.3. 2,4, o 11 0.2.3.9, . 1 1 MOV.E, ,BE, .NAME , , ,
'|510 1 1 Wl E 1 1 1 1 1 i E Il 1 1 1 1 : : PIRlIxN]Tl lAl \LIIINLEI 1 1 1
17,0 L €Sy 102,99 . i1 T cL.EAR, ,P.RIN/T, AREA
| |
',8,0 Y MlCI:W Qi3 b by 1t 1 0,23,9, | : MO V,E, ,BJ/R, LAJDLDARLEJSISI
1,90 L1 W, L4 : : F SR Nt : : PRINT, A LINE , ,
2,00 _— c.S 10,299 i A CLEAR, PRINT AREA
1 1 1 1 1 : 1 1 1 1 1 : : 1 1 1 1 L : : 1 H [l 1 1 1 1 1 1 1 1 1 1 1 1
] I ] 1 I
1t 1 TR W (VRN RS WURNS TR N S B | T S S SRS GO B | IS S S S T SRR SN S SN VRN S SR SH S 1
t (] [
L [ PR N SN SRS W T GO S N | S S S S SO N | TSR T TR T WA SN WA SR NS WS SN S SN S |
] | i 1 i
T L 1 PR SR T N W S | IRETINEN S S L B | PSS R R WY NS SRS SN SN SN SN S S SR 1
] I 1 1 I
[ L 1t [ TR R MR W B | P VR R SN U N | TSRS TN TR S WA WS SR SN SRS SN N S R S
I | 1 1 |
(1 L TS S I N SN SR S S N | S SN SR S S | TS N RS S T SN S S SN NN NS SH N N |




Page 5

COMMENTS

55

C I,TY,
L.I,NE,

IB|RI

MO, V.E,

|A|

PR,INT,

PR, T . NyT, AR EA

C.,.L,E,AR,

L INE, 1,2,

ITIOI

N AME,

INIRI

SLT K,

M.O.V.E,

J,T,EM,

M .O,V,E,

ILlolC

W, AR E,H,S.E,

M.0,V,E,
S E.T,

C,0,N, S, T,

E,D,I,T,

IQIUIAINIT!IITIYI
EWDVTL T

E.D.I.T.
S E.T,

C,0ON,S' T, ,

W.E,.I,G.H,T,

] 1 1

E.D.I.T,

1
PG E

!

L, I,N.E,
NLEGXL T

A,
ITIOI

PRINT,

1

leAl

T,A,B,L,E,
P.R.IN,T,

c L .EAR,

(AR, E,A

C.L.E.A.R,

1
1

1
1

T,ABLE,
IMIO]V[EI L
N,R,~,C, AR, D,

R E.S.T.0,R,E,

R.ES,T,O,RE,
MJOIV]EI

IBIRI

LC AR D

T.0,

Q U ANT,Y,

2|S K.I,P,

1S XK. I.P,

o
<
° 3
‘anNl g
. N
el 444414444444 444334 4 i
2 S O O O O O O O e e O A O i
=38 IR O N O N e O R O O O e s O -
&
o B - - - - - - - - - - - - — - - - — - 4 —
a B
m
~— $ 1 - - - - . - - - - - = - . . - = - - -4 -
w | Oy YWY O O -3 = o & - O
m A ]l ] AN A T ] ] 1H =D A o ]
o o o o ] o o 25 N [ g
sl o 1 19 o ool g9 d ol = o ol o
an R
o 1411334144131 41 4444 i
AJ
2 R A O A Y B S N Y N Y U O Y Y DU B _
A LT S O T (N V(O T T T T O T O _
m = o
= TT7T 117171 1< 14 17771771189 7 7 7 7
2 v J 4111114141314 4 44 i
o |4 fo) Ol ol o =] & ] J - <| < 3§ O] O
3 . . . - . o . . M o - o - - - n - - - . o
g |9 N Ao o = Ne) =z 2| o| H| -4
Y . . - o . - . - - . . - . . . - - - - . -
oy o N N A O Al vy [ag O] O O «y O
O] 10 1A A A e | 1ol 10 I O | I 7
R : = = =2 A & === ==
s B EREREERERE R RERER
o O Bt B M M B Bt it Bt s N Bt B e B B Bt Bd d |
3 s=E=EojolEEEEHEE=Eo0 oEsEE ==
"
3 4414444444444 44441 i
-] - . = . . - . - - - - - - - - - . o - . .
-1
-
J1 1411111111111 111117 N
- ~
2
z 1414141144144 44444 44444 i
S o
“l ol of o ol o] of o] o] o| o| o o] o| ©o| of o] o] o o] ©
w 0 B B B B B Bt Bt B B ER A IR I I e T e |
.NI.. - ~f m| ] 0] 0] o o »| ©f =| 8| W[ ¢ 0| © ~| @] @ ©
" © 0| nvl 01 O| o (-] (<] 01 Il - - ||. - |l I| II Il Il 2I ]
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(A) OPERAND

(B) OPERAND

Page 6

LINE  |COUNT LABEL OPERATION ADDRESS +| cHaRr. g ADDRESS +] cmar. 2 COMMENTS

3 5|6 7|8 13]14 16|17 23 AbJ. 27)28 34 ADd. 38 40 55

0, 1,0 e o o Imctwlise 01,26, .+ 1, PRICE, EACH, « » o . .

0,20 L., IMCiW1,53,6, 14, MP, Y WA 1-1007 PUT, PR, IN ,WORK, ,A

043 o 1 1 Il 1 Rl M|P!Y 01 O. lh 0! I : : 1 1 MIPIYIWIA] : : 1 1 MIILLLJTIIIPILLYI 1 1 11 1 1 L

0,4,0 e lsw MP Y WA -l00 A N S E.T. WM, .F.O.R, ,P.R.0.D

b MCIWMPYWA 1, 0,1,35 , \ 1t , MoOVE, ,PROD, ,7,0 ,CD

0,6,0 e . . ., |MCWLABEL i-00 01,46 , \ 1 , , MOV.E, ,DATE, ,T,0, ,C,D,

0,7,0 C o L RPE L A S PUNCH, .CD. .AND, ,R.D,

0,8,0 . . lcst lotgo b4 T R ¢cLEAR, .PUNCH ARE,

0,90 .. ., |LCIA[MPYCON | MPYWA ! R.ES.TORE, WORK AR

1,0,0 ENDA . |c ! |cONEND I, 0,003, |\ , C.H.E.C.K, .C,D, ,F,OR, ,END

]

10 A §: N A E L1400, R B B IF. END-=SKIP: + « 1 .

1,20 N B, | MAIN.EI.. N N T IF, NOT, REPEAT , |

N L ClWwlCiONA .+ & . 1,500, . 1 i, M.O.V.E., J.N.D. T:0. .R.D:

14,0 WRITX, [MCIW* , , , , 1401, WEXILT '+003| | WRJITE, R,EC,ORD , , ,

Ilslo 1L 1 1 1 Bl } WIRII|T‘EI : : 1 1 1 1 1 1 1 : : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

(6,0 @ v By |RREADX 1 1 , AT N ey

17,0 READX |MCW* . ., . 1401 REXT.T i+10.0.3 R.E.AD. R.ECORD, . . . ,

] 1

1,8,0 llllLBll}RJElAIDII:'JI |1|1||:|1 P R ST S TS WA T SN VRN VN S SR S S

9,0 L o By WwRTTIX A T R.EP.EA,T, ,UNCTIL, EOF

2I°I° L t 1 1 1 1 : 1 i 1 1 1 : : 1 L 1 1 1 1 i} : : | N 1 L il Ie "l 1 L le— 1 1
i [ [

[ TR S NS SN U NN S (NN S SR SR SR N NN SN B S | [ IS S SRS SUNS VSO NUIUL N B | I S U U WA W SN NN SR TR SR N R SR |
| I I I [}

(Ut PURE SRS ST W S AT SR W GUUNE SN SUN S U VU A N S PR GRS WA DN NN S R | PN GRS G SN G U UNN S SN S SHN S UUN SR 1
1 ! 1 ] ]

L PR SR TR SO TR (NS TN N [N TR TN S SHN NN S S S [T WS W SN W U N N PN R R TN WA WS S S S SN S SN SR S |
1 1 1 1 1

P I | 1 U S VR WY N SN N T PR T TS SN R N N S ISP T S S S TN VAN S SN T SR SR S N 1
[} | I I !

JE R | I | 11 L) 1 1 | | 1 1 1 1 R | ! 1 1 1 1 i 1 1 L { [ B L1 2
[} | I I 1

| PR WA TS T SN E TNNY NN AN N SR S S SO N Y G | IS NS SO MR N R SN S TSR NS SR TN WA SN S SN T SR SN S S SR |
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(4) OPERAND (8) OPERAND Page 7
LINE |COUNT LABEL OPERATION ADDRESS Wq’ CHAR. 2 ADORESS +| cHaR. gd COMMENTS
3 s{e 7{s 13)14 16{17 23 ADJ. 27128 34 AD. 38)/39/40 55
0,10 BACK® |28 I .550 . 1 RN SE.T, 2,U,AN, T,0, ,PLU,S
0,2,0 b MCW[0,0, 30k i, O L3 b o 0 b, 40N@.Jmmmm.mmnm
0,3|° 1 1 1 S| MLC!w 1 1 1 1 1 : : 1 . 1 1 1 1 1 : : 1 1 Tlol ]olUl'TlPIUlTI J OIRI 1 1
9,4,0 L1 1 1oL Mjcllw 1 1 1 1 1 ‘ : 1 L 1 1 1 1 il : : t 1 BIAICIKI—IOIRIDIEIR] 11 1 ] 1
0,8,0 PR ['A%: 1 Lo Y P Y5 MU A R T R p U, T, By-,Z0N,E, ON, ,1,
0,6,0 AR | U I T R N B R PUNCH, BACK,- @ ,CD,
07,0 b dsst b NP R R S E.L. .S.T.A.CK.E.R. N.R. 14
08,0 PR V VU S o T O U NP A R 1,558 , 1 1, ADD, QUAN, B./.8
0,9,0 e v o |78 |CONZER L, 1,550 , & 1, sET, $/H, T.0, Z,ER,O,
10,0 N Mmmm....:ﬁaL QUEXL T+ 00 GO, T0, SUB.-ROUT, ,
! 1 ! I° 1 1 1 1 1 BI : ol Ul Al Nl U| P: l 1 1] 1 1 1 1 1 : I 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1
1,2,0 s v B4 ISUBTIN 1, A R R E,T.URN, ADDRESS, ,
!
13,0 SULB. TN, IS 4 |01 hiO o 1, 00l O o i SUB, Bi/.@#., F.ROM, ,I,N,P
1,4,0 Ce e 10040 i CONZER | . | SEE, I,F, QUAN=72ER,0
15,0 b o o B! R.EADA L, C e 4w . i1, | SIF, S0,-READ, NEXT,
1,6,0 br v o B PRINT L, R N R IF, NOT, ORDER, , , ,
i [}
1,7,0 R.EA DA R P S T B :' | [ R W B E : [ EAD, NEX,T, CARD, ,
1,8,0 PR S T B : ENDA : L1 [SU D S R | : Lol GO, BALK:  + « v 1+ 4
'Islo 1 1 1 i 1 1 : 1 L 1 1 1 1' { 1 1 1 1 L I 1 : : i 1 | 1 I} 1 1 1 1 1 1 1 1 1 1 1
t [ [
2,0, 0 O T S B [ P S S TR SO A S R P R DU R S N N S P S SO TS T S TR SR S Y —
[} [ [
L1 [ S S T W | 11 [ N N SN S N NS S| T TR S TR N B | 11 TN S NN (N TN SN NN NN FNNURNS TN S N NN N |
| [ [
1 It 11 1 1y L1 X 11 [ | | 11 L Lt 1t ] ! 1 1 L 1 FI Il 1 Il 11 L1 1
t 1 I I i
1 1 1 L 1 1 1 1 1 1 1 1 1 1 t ! 1 1 1 1 1 1 1 ] ‘41 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
[} [ [
1 1 1 1 1 1 1 1 1 1 1 1 1 1 ' ] 1 1 1 A1 Y 1 ! 1} 1 1 I 1 1 1 1 1 1 1 1 1 1 i 1 1
] I ] ) [}
11 TR T N | L [ | [ R TR U SN NN N B S | T T N WU U B | L1 TR T W | T S WO S| L1 3
1 [ [
L1 P T N T | L1 [ S TV W T S S G | O T R SN N B | PR TN N S N SR S TR NN TR SN S R N |
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(A) OPERAND (B) OPERAND Page 8
LINE |COUNT LABEL OPERATION ADDRESS 4] cHar. E ADDRESS +] o T d COMMENTS
5|6 7{8 13]14 16|17 23 ADJ. 27 (28 34 ADJ. 38|139]40 55
oio] L WRITA McCw=® ., ., 1#0211 |WEXIT !+00.3 w.R.I.T.E, R.E.CO,R.D, . . ,
2ol o By IWRILTE i, S T N vy
1
0,3,0 o TR R S S| Bu! WRITA |+:011L5 I S S N | : : L1 ST S SRS NN TS TR N SN SR SN SUN G S S |
0,40 o M,ciw B :+io.1,1 REXT.T r+0.0.3 R.E.A.D: NEXTe 4 o 0 0 1
0,%5,90 L PR T B B R|E|A1ﬂ11:|11 ||x'|::41' YD ST ST N YN NN SN SN AN SN S N SN N |
oe0) | B b IMATN 0, A N 6.0, BACK:, 1 0oy
o7 0| , |QUANUP|Z A |CONISE &, C.T.R. T, A B i L S .E.T.-U,P, .C.OUNT.ER, .,
oe,of |, 0, jC, 110,00k , t 1}, 1,56,2, , 1 i, cCOMPARE, ,BR, NR, ., ,
ol | ., ., B , |QFIND | i v vt 4, | SIF, EQUAL-FO0UND ,
oo | s b lcoNL L d o, C.T.R. T, ABL | , | syB, 1, FR,OM,, .C TR, ,
]
(N e Je Ve TR TAB G C.ONZER: | ) COUNT,ER, EQ, Z,ER,O,
2ol b B ! lQERROR E L v v vyt |8l F, S0 ERROR, . . .
1
3,0 A U VR Koo 10\ o T A QUILAN (WP 4+0,1.3 M.0.D.T.F.¥: .C.O.MP.ARE: .
sl o oAt leoNo b, Q.F.I.ND, 1+0.0.6 MODIF,YY, ADD, \ , , ,
|
seol Lo e b lewanpHo o b R.FE.P.FE.AT, .L.O0P , o o .
8,0 . |QF TN, D A ; 00 L0 11, 1.56.8 . 1 1 , UP.DATE, QUAN . , , ,
I |
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