1620 GENERAL PROGRAM LIBRARY Miss Less

10.3.011-C

y

y

y

N

N

MANIOTES
NOLO

y

NV
DR. JOHN

PUTER
UR
C

y

y

N

4

/

y

N

A
AM

y/

'

4

4

N

N

/

N

/

4

N

pa

y/

y

/

N

y

y/

N

y

N

N

N




COMMON USERS GROUP PROGRAM REVIEW AND EVALUATION
(fill out in typewriter, ink or pencil)

Program No. Date

Progra.m Name:

1. Does the abstract adequately describe what the program is and what Yes No
it does?
Comment

2. Does the program do what the abstract says? Yes No
Comment

3. Is the description clear, understandable, and adequate? Yes No
Comment

4, Are the Operating Instructions understandable and in sufficient detail? Yes  No
Comment
Are the Sense Switch options adequately described (if applicable) ? Yes  No
Are the mnemonic labels identified or sufficiently understandable ? Yes No
Comment

5. Does the source program compile satisfactorily (if applicable)? Yes No
Comment

8. Does the object program run satisfactorily? Yes No
Comment

7. Number of test cases run . Are any restrictions as to data,
size, range, etc. covered adequately in description? Yes No
Comment

8. Does the Program meet the minimal standards of COMMON? Yes No
‘Comment

9. Were all necessary parts of the program received? Yes No:
Comment

10. Please list on the back any suggestions to improve the usefulness of the program.
These will be passed onto the author for his consideration.

Please return to: Your Name
Company
Mr, Richard L. Pratt
Data Corporation Address
7500 Old Xenia Pike
Dayton, Ohio 45432 Users Group Code

THIS REVIEW FORM IS PART OF THE COMMON ORGANIZATION'S PROGRAM REVIEW AND

EVALUATION PROCEDURE, NONMEMBERS ARE CORDIALLY INVITED TO PARTICIPATE
IN THIS EVALUATION,

11/1/65
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PART I - INTRODUCTION

Least Cost Estimating and Scheduling (LESS) refers to a management science
technique ior analyzing certain business projects. The three phases of this
analysis are (1) planning, (2) scheduling, and (3) determining project cost

to completion time relationships. The first two phases, termed here as
MISS LESS and commonly called arrow diagram planning and critical path
scheduling, are also the basis of many similar business management
methods such as the Program Evaluation and Review Technique (PERT).

This report states the rules for constructing an arrow diagram, and describes
an IBM 1620 program for scheduling. There are no restrictions on numbering
of jobs (except all numbers are less than 2000) or on the order of input. For
a 20K computer, the sum of jobs and nodes may be as high as 1614. The
program will run on basic paper tape or card systems.

This program should be considered a major revision of program file 10. 3. 002
for the 1620 paper tape system and a minor revision of program file number
10.3.003 for the 1620 card system. For paper tape systems, this program
introduces the use of random node numbering with variable storage of jobs
and nodes. For both systems the input format has been made compatible,

the maximum node number has been increased to 1999 and typed output is
available.

PART II - ARROW DIAGRAM PLANNING

Fundamental to the technique being described is a graphical representation of
any project by an arrow diagram which defines all jobs in the project and the
order in which they must be done. Figure 1 is such a diagram, which repre-
sents the sequence of jobs necessary to replace a pipe line. This diagram will
be used to illustrate several facts concerning arrow diagramming.

(1) Every job is represented by an arrow, and denoted by the numbers
at the tail and head of the arrow. This set of numbers need not
be unique.

ex. Job (12,14) is a pressure test.

(2) Jobs whose heads bear the same number as the tail of a given
job must immediately preceed the given job.
ex. Job (11,12) preceeds job (12,14). That is (12, 14) cannot
be started until (11,12) is finished.

(3) Jobs whose tails bear the same number as the head of a given
job must immediately succeed the given job.
ex. Job (14,15) succeeds job (12, 14) and may not be started
until (12, 14) and (13, 14) are finished.

(4) Jobs whose tails bear the same number may be done concurrently.
ex. Jobs (11,12) and (11,13) may be done concurrently.

(5) Dummy jobs (denoted by dotted line arrows) are inserted to
complete the logic of an arrow diagram.
ex. Dummy (6, 8) shows that the jobs immediately preceeding
job (8,11) have heads numbered 6 as well as 8. That is jobs
(5,6), (4,6), and (4, 8) preceed job (8, 11).

The rules preseuted thus far allow descriptions of the technological sequence
of jobs witkii: a project. Actually, this planrirg should include a time esti-
mate of each diagrammed job. A few additional rules will now be given that
allow the injection of the time element.

(6) Every job has an estimated elapsed time associated with it.
In the case of dummy jobs, this time is zero. This time may
be used along with arrow head and tail to denote a job.
ex. The time estimated to complete the pressure test (12,14,1)
is one day.
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In order to later calculate start and finish dates for each job,
the first job is us lesignated as lead time.

ex. Job (1,2,10) states that the project may begin on the 10th
day of a particular calendar (or 10th hour of a clock). That

is the first actual jobs (2, 3,2) and (2, 3, 1) may begin on the
10th day.

Time restraints on the execution of certain jobs may be described
by the use of arrows with associated times.

ex. Restraint (1,5,28) means that the old pipe line must not

be deactivated until the 28th day.

Material delivery restraints do not always have to be tied to the
calendar as in (8), but may be in elxpsed time.

ex. Restraint (4, 7, 30) means that the pipe will be delivered

30 days after the completion of job (3,4).

PALT 10 - CRITICAL PATH SCHEDULING

The fact that scheduling has not yet been mentioned is a unique advantage of this
technique - planning and scheduling are recognized as two separate functions.
After completing the arrow diagram and estimating the duration of each job,

a schedule (in the form of a detailed time table ) is easily obtained by a few
simple calculations. The following nomenclature is used.

I
J
N
D (L,J)

TI (N)
TJ (N)
ES

EF

LF

TF

FF

A

Tail of a job, dummy, or restraint arrow.
Head of a job, dummy, or restraint arrow.
A Node. Either the head or tail of an arrow.
Estimated elapsed time for job (I,J).

The earliest time that a job whose tail is N may start
and assure minimum project completion time.

The latest time that a job whose head is N may finish
and assure minimum project completion time.

Earliest start time. Same as TI (N)

Earliest finish time.

Latest start time.

Latest finish time. Same as TJ (N)

Total float time. The length of time that the start of a job
may be delayed without changing the minimum project

completion time.

Free float time. The length of time that the start of a job
may be delayed without changing ES for another job.

Minimum project completion time.

The following steps are followed to calculate a time table for the project
diagrammed in Figure 2.

(1)
2)

Place the planning results in a table like Table 1A,

Set up a row in Table 2 for each node in the diagram.



(3) Compute the TI (N) value in Table 2 by first setting
F}zzre 2 TI (First Node) = 0 and then generating possible values
of TI(J) = TI(I) + D (I, J). The largest such value of
TI (J) is the correct value for a given node.
ex. TI(1) =

TI(2) 2TI(1) +D (1,2) =0 + 3 =0)= T1 (2)
TI(3)2TI)+D(1,3)=0+9=0@=TI(3)

TI(3) 2TI(2)+D (2,3)=3+4=1

7wble. /A TRble. /8 ?
TI(5) 2TI(2) +D (2,5) =3+ 7=10
| T | J ES|EF| LS| LF|TF\FF , '
T1(4) 2T1(3)+D (3,4 =9+5 == TI (4
/11213 olalalslz]o TI(5) 2 TI(4) + D (4,5) = 14 + 6 =29 = TI (5)
‘ (4) The TI value for the last node will be the minimum completion
/ 3 9 o o ? olo | ¥ time for the project.
ex. A = TI(Last Node) = TI(5) = 20
2 3 4' 3 7 5 ? 2’ 2 (5) Compute TJ (N) values by setting TJ (Last Node) = )\ and
generating possible values of TJ (I) = TJ (J) - D(LJ).
2 A 7 3 sol/3 20| /0| /0 The smallest such value of TJ (I) is the correct value for a
given node. N
‘ ex. TJ (Last Node) = = TJ (5) = 20
| 3|4 |5 gl 2|74 oo |¥* TJI (4) £ TJ (5) - D (4,5) = 20 - 6 = 14, etc.
S1 6 po) o - (6) With Table.2 complete, Table 1 B can be constructed by use
4 /#1% /4 20 e * of the following relationships.

ex. For job (1,2)
7wb/e. 2 : ES=TI()=TI(1)=0

EF=ES+D(,J)=0+3=3

o OX ‘ LF =TJ (J) =TI (2) =5
LS=LF -D(LJ)=5-3=2

3 X5 TF:LSF-ES=2—0=2
q Y C] ‘ FF=TI{J)y-EF=TI(2) -EF=3-3=0

)6{20 20 b

~

N N W N
N
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The longest chain of jobs through a project is termed the "critical path."
The jobs along this path have zero total float times and are marked by an
asterisk in Table 1 B. Any delay in the starting or completion of these

jobs will delay completion of the project by a like amount of time. On the
other hand some of the jobs are floaters and may be delayed a limited amount
without effecting the project completion date.

PART IV - NOTES ON THIS PROGRAM

Node Numberin,

In many previous programs of this sort the jobs had to be numbered
so that the head of an arrow (J) was always greater than the tail (I)
of that arrow. In addition input cards had to be in J sequence within
1 sequence with no missing I values. These restrictions allowed
checking arrow diagram logic by a sequence check of I values and a
test of I against J. In this program another method is used for
checking logic that removes these restrictions.

As long as none of the restrictions of Part II are violated, I and J
may be any four digit numbers less than 2000, However, the restric-
tions on maximum project size are in terms of the highest numbered
node and not in terms of the total number of nodes, so it is some-
times necessary to use the smallest numbers available for I and J.
There is also a slight speed advantage in putting the jobs in approxi-
mately the same order as the previous restrictions required.

Program CaEcit!

For a 20,000 digit core memory machine, the sum of the number of
the highest numbered node and the number of jobs must be 1614 or
less. For 40,000 digits of storage this restriction is 3614 and for
60, 000 digits it is 5614. The highest possible numbered node is
1999.

Mackine Requirements

1620 Data Processing System
1622 Card Read Punch or 1621 Paper Tape Reader
1623 Additional Core Memory is optional

No special features




PART V - INPUT

The input to this program contains three types of data cards or card images
on paper tape. Type 1 and 2 cards may be arranged in any desired order.
See Appendix A for sample problem input.

Type 1 - Heading or description cards

These are identified by some character in column 1, other than a blank or
numeric digit. The remainder of the card may be punched with any infor-
Mmali.. desired. The identifying cheracter in column I may be different
for each type L card. These may be any length up to 80 characters long
for tape records.

Type 2 - Job description cards

There is one of these for every job in the project. Blanks in numeric fields
are taken as zeros. Tape records must be at least 50 characters long, but
not over 80 characters.

Columns
1 - 4 Tail of the job arrow - I (1999 or less)
5-.8 Head of the job arrow - J (1999 or less)
9 -12 Time duration of the job - D (I, J)
13 - 17 Cost of the job
18 - 50 Description of the job and miscellaneous data
51 - 80 Not used - may contain anything

Type 3 - End of the project

This is the last card in the input deck and should be blank. Tape record
should be at least 8 characters long.

10

PART VI - OPERATING INSTRUCTIONS

A. Program Deck

The SPS listing of this program is in Appendix C. The condensed pro-
gram deck (listing in Appendix D) consists of 90 cards numbered 00
through 89 in columns 79 - 80. The program tape was formed by
putting these cards on tape with a slightly different load routine.

B. Console Settings

PARITY Switch - STOP
O FLOW Switch - STOP
1/0 Switch - STOP
Program Switch 1 - ON Typed Output
- OFF Card Output
Program Switch 2 - "~ ON Tape Input
- OFF Card Input

C. Card Procedure

Load Program Deck - Depress RESET, place program deck in
read hopper, depress LOAD. To read final program card,
depress READER START. Computer then halts when program
is loaded. -

Data Pass I - Place data deck in read hopper, press READER
START and computer START. To read the finai data card,
depress READER START. Computer reads jobs, does error
analysis, and either halts or prints an error message and halts.

Data Pass II - If no errors were discovered, place data deck

in read hopper and blank cards in punch hopper. Press READER
START, PUNCH START, and computer START. To read the
final data card, depress READER START.

11
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E. Error Messages and Actions

Error 1 - Available storage has been exceeded. The number

of the highest numbered arrow plus the number of jobs is greater
than 1614 (for 20,000 positions of storage). Typewriter prints
four fields - the highest numbered node, 2 four digit fields with
no meaning, and the number of jobs - and halts. To work the
next project remove remainder of data from reader and press
START.

Error 2 - More than one ''last'" node (a node which is not the
tail of some arrow) has been found. Typewriter prints 3 fields -
the "first' node, the previous ''last' node, and the last "'last"
node discovered - and halts. To work the next project INSER‘I‘
16 01327 00016 49 00402, RELEASE, START.

Error 3 - More than one "first'" node (a node which is not the
head of some arrow) has been found. Typewriter prints 3
fields - the previous "first' node, the "last' node, and the
last "first'" node discovered - and halts. To work the next
project INSERT 16 01327 00016 49 00402, RELEASE, START,

Error 4 - A loop has been found in the arrow diagram. For
example a series of jobs (1,2), (2,3), and (3,1) would be a
loop. Typewriter prints 1,J, and D for the first job where

the error may be detected. (i.e. The earliest start fot this
job exceeds the sum of all job times.) This job need not be

on the loop itself, but may be on a chain of jobs which passes
through one of the nodes on the loop. To work the next project
press START.

12

Error 5 - Available storage has been exceeded. The storing of jobs has

destroyed the temporary table used to find "first" and ''last' nodes.

Typewriter prints 4 fields - the highest numbered node, 2 four digit
fields with no meaning, and the number of jobs - and halts. To work
the next project remove remainder of data from reader and press
START.

13




PART VI - OUTPUT

With program switch 1 off, a deck of cards similar to the pass II data deck is
produced. The type 1 output cards are unchanged. The type 2 output cards
are identical to input in columns 1 - 50, and contain the following calculated
quantities in columns 51 - 80.

Columns

51 - 55 Earliest start date

56 - 60 Earliest finish date

61 - 65 ‘ Latest start date

66 - 70 Latest finish date

71 - 75 Total float time

76 - 80 Free float time

75 Contains * if this is a critical job

There are no type 3 cards in the output deck. The last output card is a type
1 card containing project cost and completion date. By letting the first
colurnn of the output cards be a printer format control, any desired listing
may be developed.

With program switch 1 on, this same information is typed out.

14

PART VIII - SUGGESTIONS

Additional or Special Qutput

The second pass of data controls the amount of output. For example

if you do not wish to include dummy jobs in the printed report, omit
them from the data deck in the second data pass. If you wish to pre-
pare several reports on one project, it is possible to make several
second passes. Prepare a transfer card with 49 02030 0000 in columns
1 - 12, and place it on top of the pass 2 deck. Press RESET and
LOAD to execute another second pass.

Least Cost Estimating

Repeated applications of this program will give an idea of how project
completion time varies with cost. First schedule the project with
normal job time and normal costs, then compress the schedule along
the critical path, which shortens the overall project time at the‘expense
of increasing some job costs. Running the schedule again will show the
new project time and cost and the new critical path. If the assumption
is made that cost of a job varies linearly with completion time between
the limits of normal job time and crash time, this estimating may be
done automatically by means of a specialized parametric linear pro-
gramming algorithm. In either case a series of project durations are
obtained as a function of direct job costs. By combining these with

the indirect costs for overhead, penalties, etc., the least cost may be
estimated.

15
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LISTING OF SAMPLE DATA FOR CRITICAL PATH SCHEDULING

3

6

1 2 4 5 7 8
123856709 123456789 123456789 123456789 123456789 123456789 123456789 123456789

SCHEDULE REPLACEMENT OF A PIPE LINE

DESCRIPTION UF JOBS

LEAD TIRE

TINE AVAILABLE
DESIRED COMPLETION
ASSEMBLE CREWS
MEASURE AND SKETCH
DEVELOP MATERIAL LIST

ERLCT SCAFFOLT
PRUCURE PIPE

PRNCURE VALVES
DEACTIVATE LINE

REMOVE CLD PIPE
PREFAE SECTIONS
PLACE VALVES
PLACE NEw PIPE
WELD PIPEH

FI11 uP

INSULATE

PRESSURE TESY
RENOVE SCAFFOLD
CLEAN UP

.- SAHMPLE TRi:i. M - FINUPE 2

] D cost
1 2 10
1 5 28
1 15 60
2 3 1 25
2 3 2 300
3 4 1 100
4 5
4 [ 2 300
4 T 30 850
4 8 45 300
5 6 1 100
[} 8
6 19 6 400
7 19 5 1200
8 11 1 100
19 20 6 800
20 11 2 100
11 12 1 100
11 13 4 300
12 13
12 14 50
13 14 1 100
14 15 1 100
- 1 J D COs7
1 2 3
1 3 9
2 3 4
< 5 7
3 4 5
4 5 [

1

123456783 123456189-12345678? 123455729 123456789 123456739 1232455789

UESCRIPTION CF JOBS

3 4

= FIGURE 1

€S

ES

5

EF

EF

3

LS

LS

LF

LF

L d

TF

TF

1239458603

FF

FF

¥

t

[ |

1 J
1 2
1 5
1 15
2 3
2 3
3 4
4 5
4 [}
4 7
4 8
s [
6 8
6 19
7 19
3 11
19 20
20 11
11 12
11 13
12 13
12 14
13 14
14 15

SCHEDULE REPLACEMENTY OF A PIPE LINE

0 Caosv

10

28

60
1 25
2 300
1 100
2 300

30 850

45 300
1 100
6 400
5 1200
1 100
6 800
2 100
1 100
4 300
1 S0
1 100
1 100

PROJECT COSTY

I J
1 2
1 3
2 3
2 5
3 4
4 5
PROJECT

DESCRIPTION OF JOBS

LFAD TIME

TIME AVAILABLE
DESIRED CONPLETION
ASSEMBLE CREWS
MEASURE AND SKEYCH
DCVTLOP MATERIAL LIST

ERECT SCAFFOLD
PROUCURE PIPS

PROCURE VALVES
CrACTIVATT LINE

REFOVE O1D PIPE
PRt -AB SECTICNS
PLACE VALVES
PLACE NFW PIvC
WELD PIPL

FI1T uP

INSULATE

PUELSSURE TEST
RYMOVFE SCAFFCLD
CLEAN UP

5225

SAMPLE PROBLEM - FIGURL 2

D Cosv

VNP O W

CosT

D”SCRIPTION OF J4NBS

FIGURE 1

ES EF

10

28

60
10 11
10 12
12 13
13 13
13 15
13 43
13 58
28 29
29 29
29 35
3 48
58 59
48 54
54 56
59 &0
59 63
60 60
60 61
63 &4
64 65

PROJECT COMPLETION

ES EF

3

9
3 7
3 10
9 14
14 20

PROJECT COMPLETION

11

LS

13

14

LF
10

65
12
12
13

45

58
45
58
51
51
59
57

63
63
64
65

&5

LF

20
14
20

20

-
"

s Ld [ -
PFWL EVWW NI WS OO ‘uhgh-. =N e

TF

e s ONSEN

FF

-0

15
14

29
13

L 4
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SAMPLE PROBLEM - FIGURE 2

16000 100000036000g0003" .
LF T FF SWITCH 1t ON FOR TYPED OUTPU
! J D COST DESCRIPTION OF JOBS ES EF LS F SWITCH 1 OK FOR Ty T Ut
1 2 3 3 2 5 2 SAMPLE PROBLEM FIGURE 2
1 3 9 9 9
2 3 4 3 7 5 9 2 2 | J D COST DESCRIPTION OF JOBS ES EF
2 5 7 3 10 13 20 110 10 ,
3 bk 5 2 1k 2 T : ; g ;
1 20 1 20 *
roser ] 5 o
P 20 2 5 7 0
PROJECT COST PROJECT COMPLETION 2 51 o 17
L 5 6 13 19

49¢ 3864 16000 1000000 360000000 3
SWITCH | ON FOR TYPED OUTPUT
SWITCH 2 ON IF USING TAPE INPUT

SCHEDULE REPLACEMENT OF A PIPE LINE FIGURE 1
| J D COST DESCRIPTION OF JOBS ES EF
1 2 10 LEAD TIME 10
1 5 28 TIME AVAILABLE 28
‘ 1 15 60 DESIRED COMPLETION 60
i 2 3 1 25 ASSEMBLE CREWS 10 11
2 3 2 300 MEASURE AND SKETCH 10 12
3 4 1 100 DEVELOP MATERIAL LIST 12 13
L s 13 13 44
L 6 2 300 ERECT SCAFFOLD 13 15
4 7 30 BS0 PROCURE PIPE 13 43
4 8 45 300 PROCURE VALVES 13 58
§ 6 1 100 DEACTIVATE LINE 28 29
6 8 29 29
6 19 6 40O REMOVE OLD PIPE 29 35
7 19 5 1200 PREFAB SECTIONS 43 L8
8 11 1 100 PLACE VALVES 58 59
19 20 6 800 PLACE NEW PIPE 48 Sk
20 11 2 100 WELD PIPE Sk 56
11 12 1 100 FIT uP 59 60
11 13 4 300 INSULATE 59 63
12 13 60 60
12 th 50 PRESSURE TEST 60 61
13 14 1 100 REMOVE SCAFFOLD 63 6
W 15 1 100 CLEAN UP 64 65
[ -
z’,,, | - PROJECT COST 5225 PROJECT COMPLETION
|
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40110‘
GLlede
C01704
80149+
00190+
00200%
00210¢
00220%
90230+
00240%
00250
00260%
0Q270%

oac~asoeoeooatti:6oo 14002742500000000:114940%1

- RAY Nt“ A

aoseuu<,“zsuuc1*00600:360000002‘9605 ooa&
4 Z00GR0000
CAL PATH SCHEDQUL ING FUR PRUJECTSZ
PLANNED BY THE ARROW DIAGRAMMING TECHNIQUEZ
z

lNPUT DATA - ANY NUMBtR UF TYpek x AND TYPE 2 CARDS wnl-w?
1AY BE INTLRSPERSEL ANV IN ANY ORDEKR. rHtsL
LLONED BY, A TYPE®3 CARD.2 -

1. ne CHARACTER®1N. COLUMN 4 Wust NOLL
Ei sun: OR MAUMERIC.  THE REMAINDERE
OF THE CARD MAY CONTALN MNYTHINGZ

PR S - ONE FOR EVERY JOB IN-THE PROJECT,

COLUMNS LEADING ZERUS ARt NUT NECESSARY 2 .

; OF THE JODQ&? -

08T of xns JOBt
DESCRIPTION OF#THE JOB & MISCT DATAZ

| 3247 .
18-50

51-80  NOT USED - MAY#CONTAIN ANYTHINGZ
- x MAY BE GREATER OR LESS THAN J
END uﬁt—t NS 1-ARARE B ANK

AANE A% feut wiTi THE Sascibaliin

IN COLUMNS 51-80 OF#TYPE 2 CARDSe A TYPE 12
CARD 1S PUNCHED WI1TH®PROJECT TIME AND COST.Z
Tn& 1YPE 3 CARD s NQT QUNCHSD,L.

00402 DORG 4022
00402 16 00432 -386Z 1130 JOBS  TFM  #630sTJ0
00414  ¥1-G0%32 000-1 01140 AM 518,10 40F"
00426 : 3§ Y0000 00000 01130 cF z
004385, 2 -7882 1160 (<
00450 &7 00414 ©1200 01170 8NE JoBS&122
00462 22 03790 03790 01180 £ TCOSTLTCOSTZ
00474 _ 22 03798 03798 01190 s MOSTsMOSTZ
00486 16 03018 0-000 1200 TFM  B1Ge0eE
00498 1§ 03830 0-000 01210 TPM  Ks0482
. 01240% H . L
00510 17 03394 000-0 02010 READ1 BTM READsOs10 READ AND STORE [JO%KDZ
00522 44 00942 03392 02020 BNF  AVAILWREAD-2+» FLAG 1| AND J NODESZ
00534 11 @830 0-001 02030 AM Kele82 .
00346 ~13-03038 000-0 02040 BYM  TN$+0430L- ey :
00358 1 64790 03736 062110 A r:o.&; .
00570 21 03798 03731 02120 A nONY 2 .
00582 16 00636 -3863 2122 TEM  FLAGIJ664+TJ612
00594 16 00pe8 ~5863 2124 TFM FLAGIJ618+7J620012
00606 21 00636 03723 2130 A FLAGIJ6612
00618 21 00648 03727 2140 A FLAG 1S ]
00630 . $2 00000 00000 02130 FLAGIJ SF H ¢4
0de42 . 32 00000 00000 02160 sF b [ AR
02170% 4
00654 24 03723 03818 02180 C [sBIGes - FIND HIGHESYT NODE ANDZ 1"‘
00666 47 00690 01100 02190 BNH  #624440 DETERMINE STORAGE AVAILABILITYZ
00678 z,ﬁnu 03723 02200 T 816,12
Ry LN - S e s e e e mm——ae -
66698 24 03727 03616 02210 v M
00702 47 00726 01170 02220 BNH spae
00714 26 03818 03727 02230 ¥ BIGeJZ
00726 43 00746 03726 2240 80 #6200J-32
00738 49 00758 00000 2250 8 4202
00746 2260 DORG #-32
00746 32 03727 00000 2270 SF 9
00786 43 00778 03720 2280 80 5200182
00770 49 00790 00000 2290 8 %202
00778 2300 DORG  #-32
00778 32 03723 00000 2310 SF 1z
00790 32 03721 00000 2320 SF 1-22
00802 32 0372% 00000 02330 SF J-2l
00814 26 03724 03723 2340 r 161012 .
00826 25 03732 03737 2350 10 061 yRECMRXZ
00838 26 0N877 03847 2360 ¥ *635,512E2
00850 22 C0872 53830 2370 s 85224K2
00862 25 03841 20000 2380 SAVE 10 FLAGZ
00874 26 009C4 00873 2400 1 #§30,5AVEGL1Z
00886 12 00904 000J0 2410 M 5184104102
00898 31 00000 03722 2420 ] 0-92
00910 26 00928 00873 26430 1F ®5184SAVELLLZ
00922 25 00000 03861 2440 ) WFLAGZ
00934 49 00512 NDOO0OD 2450 8 READ12
00942 2660 DORG ®-32
00942 16 03840 ~-3863 03010 AVAIL TFM  TEST,TJ612
00954 21 03839 03818 03020 A TEST-1+8162
00966 21 03839 03837 03030 A TEST-14K2
00978 24 03840 03347 03040 4 TEST+S12€2
00990 46 2557 C117C 03050 BM ERROR12
01002 16 03840 -5874 03051 TEM  TEST L462012Z
01014 21 036840 03818 3052 A TEST
01026 21 03839 n3830 03052 A TEST
01038 24 03845 N3847 3054 [4 TEST»SI2E2Z
01050 66 02714 0110C  305% BH FRRORSZ
C3060¢ 2
03070¢ FIND STARYING AND ENDING NODESZ
03080% CHECK FOR MORE THAN ONE OF EACHZ
03090# 2
01062 26 03835 03830 03095 TF KLAST K2
01074 16 03822 0-000 3100 TFM  FIRST,048112
01086 16 03826 0-000 3110 TFM  LAST,0+8112
01098 26 03830 03018 03120 TF K+8362
01110 16 01181 -3863 3121 TPM  CKFLAGRLLLTJ612
16 01193 -5063 3122 TFM CKFL 9273620012
01134 2) 01181 03830 3130 A CKFLAG6119K2
01146 21 01193 02830 3140 A CKFLAGE234K2Z
01156 26 01281 01192 3150 TF OMEngligCKFLAGLZSZ
01179 44 01270 0CO00 03160 CKFLAG ONF  OWEQ)
0 #4 01226 C000C 03170 ONF ALP
21 12 03830 00-G1 03180 OUT ™ Kl
71206 47 01326 01300 03190 BN TICALCZ
1218 49 01110 006000 02200 3 CKFLAG=60Z
12 03210 UQRG  #=3Z
12 36 03822 0-007 03340 ALPHA (M FINST2006132
12 T 02990 01200 033 W ¢ N
' 2 6 03822 63830 03R40 " F1 - o
262 49 0119400000 032%0 8 oute 0’
270 03260 DORG  #-32 ?
270 44 04010 OMEGA BNF

44 01194_00900




g E 1T
01318 49 0119
01326

03723
00!

01881 GATEY:
03777 00000
03777 03840

2 01300

1IOF
01422
837:8
D208
08818 +3357
ﬂll!g”13727
00000

03841
01578

16
21
28
16
21
26
26
33
17
16
21
26
22
16
21

01737 -3857
01736 Q3826
03742 0

01768
01767
00000
03830
03841
02772
018453
01844
03840
03840
01891
01892

03826
03742
23483%
00003
000-0
~3862
08727
n0n00
LERAD]
“3362
03723

03782 00¢00
03782 02840
01962 C1100
03830 0-001
01798 01200
02018 02841
0177« 00000

26
24
6
12
o7
46
49

16
21
26
32
49

01992 -13862
01991 03723
00000 3840
03841 00200
01918 00000

52018
02030
029242
02054
€2066
02078
02090
02102
02114
02126
Jzl3e
q21%0
u2162
0217
02186
02198
02210
02222
02234
02246
02258
02270
02282
02294
02306
02318
02330
02362
023%4
02366
02378
02390
02402
02414
02626
02438
024486

48
17
b6
33
17
16
21
26
16
21
26
16
21
26
26
21
26
22
26
22
47
32
26
22
16
17
17
17
17
17
17
4h
16
34
39
“9

1111 11111
03394 000-J
02446 03392
03842 00002
03058 CO0~0
02113 -2857
02112 03723
03747 06000
02149 -3887
02148 03727
03777 09000
02185 ~3862
02184 03727
03762 00000
03752 03747
03752 03731
03757 03762
03787 nN3731
03767 03757
03767 03747
02282 03200
03842 (0080
n3712 03777
03772 03752
03852 ~0201
03200 =3743
03200 ~37408
03200 -37%3
03200 -37%¢
03200 -2763
03200 ~3768
Q2414 03842
00249 000J&
00000 00102
00101 09100
02039 00000

02446
024658
02470

3]
16
17

00100 02528
03852 -0137
03200 -37¢3

-3862

0 .T1LOOP

ONI

05210 TJUCALC
05220
05230
08240
05290
05260
06010
06020
06030
06040
08080
06060
06070
06089
06090

TJLOOP

06100
06110
06120
05120
06140
05150
06160
08170
06180
06150
06200
06265
06210
06220
06230
062460¢
06250+
07010 OUTPUT
07020 READ2
07930
07125
27130
07160
c7170
07180
07190
07200
07210
07220
07230
07240
072%0
07260
08010
08020
09030
08040
08050
08060
0é070
08080
08090
08100
08110
08120
06130
08140
08150
08160
os170
04160
08185
08190
08200
09010#
9204

[{odd
09040 EOJ
09050
09060

BACKY

WRITEL

1]
TICALC
T

DORG
14

SF

8

DORG
4

TFM
A
TF
TEM
A

TF
TF
CF
BT™
TFM
A
TF
s
TFM

TF
SF

8
DORG
2

CALCULATE AND PUNCH STAKT, FINISHs#AN.:
Z

M
BTM
BNF
CF
RTM
TFM
A
TF
TFM
A
TF
1FM
A
TF
TF
A
TF
s
TF
s
N2
SF
TF
s
TFM
oM
OTM
BTM
BTM
BTM
BTM
ONF
TFm
RCTY
WATY

8
DORG

T1J2
TIJsTESTZ

ouTZ
»-32

BIGs1992
TICALCE242
K90s8

73

3 1
*635,712
*622412

TILO0PZ
#-32
MOST Y TESTZ
ERRORGE"
*630:342
617 JE
»TESTZ
FLAG2
BACKIZ
*=37

COMPUTE LATEST STARTING TIMES - TJu%JoZ
4

*635.712
#6220 AST2

LAMDAR,.
o8 30ubds:
%17

+LAMDAZ
KsKLASTZ

TESTZ
TESTHD2Z
635,142
22,12

Kels82.
TJLOOPE 242
QUTPUT s FLAGZ
TJLOOPZ
*-32
*630,TJ2
*G17,12
WTESTZ
FLAGZ
BACKJZ
*~32

Iite11122
READ»~15102
E0JIREAD=22
CRIT2
TNS+00102
6354712
*622+12
Tz
*635,T12
2622492
Tia2
*635,TJ2
*6220J2
TJJz
EFsT1IZ
[ 1.4]:24
LS»TUU2Z
LSeDL
TFoLSZ
TFeTLIZ
5262
CRIYZ
FFeT1J2Z
FFeEF2
STRIPWRECORDG1002
E0IToT11-02
E0ITEF=42
EDIToLS~02
EDITsTIu=42
EDITsTF=4Z
EDIToFF-42
#5249CRIT2
RECORDG 1480249102
1

RECORDZ
READ22
=37

2
PUNCH TOTALE COST AND COMBLETION TIMEZ
2 ?

R
TFM
BTM

= E
RECORD=1+TITLE-12Z
STRIPRECORDEISZ
EQITyT

FLUAT TIMESZ

3




C

02771
02772
02784
02796
02808
02820
02832
02844
02856
02868
02860
02892
02904
02916
02928
02940
029%2
02960
02960
02972
02984
02996
03008

03020
03028
03028
03040
03052
030%6

03057
Cc30%8
03070
03082
03094
13106
03118
(3139
03142
03154
03166
03178
03190
3194

03198
03200
03212
03224
03236
03248
03260
03272
03284
03296
03304
03304
03316
03328
03340
03352
03364
023376
03388
03392

03393
03394
03406
03418
03430
03442

.. 0388

ANARL

3900101 00100
48 22222 22222
2-2900!

15 03713 00001

49 0212600000 . g0

15 91713 000032 |

2 ﬂiiﬂz onded

15 03713 00003
16 01327 o00M8
34 00000 00§02
19 03191 08300
38 G351% 00100
49 01194 00000

15 193113 00004
R0 Qo102
i!!l! 40300
- ¢3138 80100
49 02530 00000

15 03713 00005
34 00008 00102
39 03781 onto00
38 03815 00100
49 02530 00000

00002
26 02807 03847
22 02806 03830
25 03842 00000
26 02826 02007
25 N0000 03737
26 02467 02807
12 02867 -0010
31 03721 00000
26 02686 02807
25 QG000 03842
26 03731 03730
26 03727 03726
46 02960 03723
33 03723 00000
15 03720 nOONJ
49 02572 n00900

15 03720 00000
33 03721 00000
44 03028 03727
33 03727 50000
15 03724 N0204

49 03040 00000

1% 03724 00000
33 03725 2000N
42 006000 00200

00002
16 03088 -13720
16 03093 -0101
2% 00000 G0OCO
11 03093 009=2
11 03088 900-1
14 03088 -13727
47 N3082 n1200
32 03720 00000
32 03724 00000
32 03728 00000
32 03732 00000
42 0000¢ 00000

00008
32 0384) 00000
26 03283 03199
26 03290 03852
26 03327 03199
26 0333 03852
46 03304 036841
3 03304 00Q00
16 00000 000-0
49 03340 00000

33 03841 Q0000
2% 03339 00000
18 00000 000PQ
11 03199 000-1
11 03852 000~2
26 02387 03199
44 03212 00000
42 00008 00000

[ve Y v -
264 00115 03814

46 03922 01200

PO

09118 . WATY RECORDZ
09120 GOBACK M 22222+222203

1
09170+ 1
09180 ERRORY DM ERG12,12

% s :

09230 DORS #-32

09240 ERRORI TOM  ERG12432
09250 ERRD : YL
(44

330
Ll

09254

09260
10010

ERRQR4 DM
10020

10030
10032 Wity iE
10040 [) GOBACKZ
10050 DORG  #-32
10060 ERRORS .
10070 ERLS
10872 1Y
10074 Y ;
10076 8 GOBACKZ
10080 DORG  #-32
11010+ 2
11020 susnou!!iz TO GET 1JWEKe PROM STORAGEZ
11030¢+ :
11040 DS IS -
11080 GETIJD TF *638,51262
11060 S *5229K2
11070 DAGIT TQ. . CRITZ .
11071 TR eELGBRGITELIT
11672 e REcmiK:
11073 TFTag384DAGIT6112
11074 SM #£234102
11078 TR D-102
11076 TF -&xa»ggexvoxzz
11077 T +CREY
11070 vE Ds0=12
11079 \E Jed=11
11080 BNF *Lbby ]2
11081 CF 12
11082 TOM  [-3s1,112
11083 L] #5202 - :
11084 DORG #-32 5
1{0:9 Ton  1-3:0012
11088 4 1-22
11087 BNF 266k J2 "g
11088 CF JZ
11089 TOM  J-341112
11000 ® o Wp202
11091 DORG =92
11092 TOM  Je3,0,112
11093 CF J-21
11094 B8 2
11110 DORG  ®~72
11120 z
11130¢ SUBROUTINE TO TRANSFER MUMERIC STRIPZ
11040 FOR INPUT FIELDS Iy J» Do AND COSTZ®
11150 z
11160 oS 22
11170 TNS TFM *630,1~32
11180 TEM  #§23,RECORDZ
11190 10 r
11200 AM #-1+2,102
11210 AM #=~10s1+102
1122¢ (4] *-30+C0STEL2
11230 BNE =482
11240 SF 1-32
11241 SF J-32
11262 SF o-32
11243 SF COST-w2Z
11250 r8 2
11260 LORG ¢-72
12010% z
12020 SUBROUTINE TO TRANSFER NUMERIC FILLZ
12030% AND 84, IMINATE LEADING 2EROSZ
120408 HIGH ORDER ADORESS OF NUMERIC 1S IN#EDIT-12
12050 HIGH ORDER ADDRESS OF ALPMAMERIC IS#IN STRIPZ
12060 z
12070 DS 52
12080 EDIT  SF Fi
12090 ¢ 28R0-1,EDIT~12
12100 1F ZEROG6+STRIPZ
12110 1F DIGITE234EDIT-12
12120 TF DIGITE30+STRIP2
12130 BNF  DIGER.FLAGZ
12140 a0 DIGH2Z
12130 2ERO  TFM  0,0@@82
12160 8 DIGIT6362
12170 DORG  ®-3Z
12180 DIGIT (; FLAG{ A
12190 T g : :
12200 TFM - :%azloz s
12210 MM EDRT=1510102 e
12220 AM  STRIP,2+102
12230 T #623,ED1T~12
12240 BNF Lre122
lll!o %
aaoo_ ; = R ; .
nwe - i
123,1. READ ROUTINEs TITLE CARDS WAV BE TRTERSPERSED unrn Jossz
12320# 7
12230
12360 READ
10 e
12390 RECORDG 16,2162

12400 [.L113
12401 B it




¥ % = : - S
WATY  RECQRDZ , : -

= 2 = 00d SEMET 'R
03502 39 00101 00100 12455
8;;;“ 49 0339 00700 12460
.03822 . 12670 .
D332 12480 END

12490

12800

130)0¢

2 33592 00000
42 06po H0000
e

z

13020+ AREA AND STORAGE DEFINITIONSZ

L L3030 2 -
00101 00080 - $3040 RECORD DAS

03539 00040 g 0 TIHE DAL
. : 080K 6

) '130500000000000 NN 0
03619 00041 - 13060 DAC  4ly PROJECT COMPLETION 0192
13060005799569145436300435684575345634956550000000000002 0603618036680

. 130600000000000 37000
0370} 00010, .
. 7200
03723 00004
03727 00004
03731 00294
03736 - ! 13110 COST | .
03737 %% 13111 RECMRK DC om0
. e 131112 Q60T TRITIED
03762 13112 LAMDA DS
03747 13120 TI! DS
03752 13130 EF ps
03787 13140 LS DS
03762 )y 131850 TJJ [13
03767 00008 13160 TF DS
03772 00008 13170 FF [
03777 00005 13180 TiJ rs
03782 00008 13190 1J1 vs .
03790 00008 13200 TCOST DC : .
13200000000002 0603783037910
03798 00008 13210 MOST  DC
13210000000002 0603791037990
03814 00016 13211 216 oc 16402
1321100000000000000002 0603799038150
03818 00004 13220 810 0s [T
03822 00004 13230 FIRST S 2
03826 00006 13240 LAST DS %3
03830 00004 13250 « DS 4z
03831 00001 13251 DC 118442
132512 0603831038320
0383% 00004 13260 KLAST DS LY
03840 00008 16010 TEST DS 52
03841 00001 14020 FLAG DS 12
038642 00001 14030 CRIT DS 12
03847 000C% 164040 SIZE DS 114
03852 00005 14046 STRIP DS 5z
03887 000CS 14080 11 DS 8T
03862 00008 14060 TU DS st
18001¢

z -
FIND MEMORY SIZE AND CONVERT FOR CARDS IF NEEDEDZ

16062¢
16063+ 2 90

03864 31 J9999 00399 14070 MEMORY TR 19999,399,22

03876 &5 03924 00000 14080 BNR 048902

03888 1) 03870 -0010 14090 AM

03900 26 03447 03870 14100 TF

03912 49 03948 00000 14110 8 5362

03924 11 03870 K0ONOY 14120 AM MEMORYE 6+ 200002

03936 49 03864 N000C 14130 8 MEMORYZ

03948 34 00000 00102 14131 RCTY 2

03960 39 0414} 00100 14132 wATY wMESHB12

03972 34 00000 001C2 14133 Fery 2

03964 39 04199 00.0C 16134 wATY MESS2Z

03996 48 00007 00709 164135 W z

04008 46 74380 00200 14140 BC2 #6722

06020 46 04068 00100 14150 BC1 #6482

04032 31 024l 06116 14160 TR WRITEL.COOUTZ

0604s 31 02506 04116 14170 TR WRITE2,CDOUTL

04056 31 03490 04116 164180 R wRITESHCOOUTZ

04068 15 03403 20905 14190 TOM  READL9+52

04080 31 €0100 03338 16200 TR RECORD~1+T1TLE-12

04092 32 00100 0003 16210 sF RECORD~12Z

04104 49 00402 00000 14220 B JoBSZ

06116 41 12345 6789C 14230 COUUT NOP 123680678902

04128 3900101 004CO 14240 WACD  RECO!

064139 00701 - 14250 4 1+84CO0UTE232
142302 0604139041400

04141 20929 14251 MESS1 DAC  29+SWITCH 1 ON FOR TYPED OUTPUTE@Z
14251026649634348007100568M0665659006368574546005664632 0604140041900
1425187646302 : 0604190041980

064199 00032 16292 MESS2 DAC  32+SyI1TCH 2 ON |F USING TAPE INPUTEZ
1425202664%634348007200565500494600646¢49354700634157452 0604196042480
16252006955%7646302 0606268042620

03866 14260 DEND MEMORY2
164260 L6000000050049000002

0800094001150

1020306000204060800030609031004080216100500151020060218142002 0
7041128200606162230090817263000000C00080607080900L21416181518112627202422 0
822363520353065640363268645532494653606484654627%44536271801234567891234%6Z 0
789023456 76Y0J34567890IR486THI0IKLE6TBIOIKLMOTEFOIALMNTBYOJRLMNUBIOIKLMNE O

36001000U50036001720080036002440050036V0316009003600060005

M80000000000490386400%0IKLMNOPUL L1900 19M9 900036 sz
896+
. \».
3 ; ;

Akl o




16004220386211004326 3370 10 1
22037900A79022037960379816030180000016038300000011033960000010010066
auﬁu9h263392110365000001l1030580000021031900’73621037900373l100100522005020 0004

.16005363*sea160064605&6331006§§9271221OOQ,AQ}IZISZQO 0909091'

32000000000024637230361 84700690011002003014037232402

47007200: Lcu:eusu1.0;7115309Tﬁﬁ!iﬁis!¢°075'0ﬂ

3203727C00004300778027204900 THAOGRARL =
32037:3 uo:eJ372100000320372500000260372k0372325037320373710010077000039 0009
2600&A3038&72£0L3720383025038#100000260090600373120090“°°°J°Z°°100.33000900 oolo
3100000037222600928004 9005,

180384003863210383903

(16038400587421038400% : .

26038350383016038220 151038 (™ 0
160119305869210]1610383021011930303026012910119366012100000010010!12101 820 0015
4401226000001203830000014701326013004901110000002 00101162012300 0016
1403822000004702590012002603822038204991194000002

4401194000001403826000004Y828 b 1820490149

160138603857 1¢ 0136003943 E6GCORSC0006 110 16

1101380000J01:036180000) 460135001 uztuzv;ouooaulsvStixooo -
11038300000117027720000016015050385 210150603125260386000000100101566019060
210384003731160155303857210155203727260377700000240377703840200101506015660
47016220130024U38300355547014460120044017020384149014220000020Q10] gk %go
2403798038404702628011001601676038572101675037272600000038402Q010
320384100C0049u1578000002 00101 682017060
160173703857210173603826260374200000160176803862210176703826200101102€1 7420
260000003742260383003635330284100000170277200000160184503862200101762018220
210184403747260384000000220384003731160189303862210189203723200101822018820
260378200000240376203840460196201100120383000001470179801200200101882019420
4402018038414901774000002 00!019616106&0
16019920386221019910372326 Q3841 .xoxuooooozooxni)tilag
48111111111117033940000J44026460379¥93035420000017030580000020019201 8040766 .9
16021130385721021140372326037470000016V214903857210216803727200102078021380
260377700000160215503862210215403727260376200000260375205747200102138021980
210375203731260375703762220375703731260376703757220376705747£00102198022580
470228201200320384200000260377203777220377203752160385200201200102258023180
170320003743170320003748170320003753170320003758170320003763200102310023780
1703200037684402614038421600249000J43400000001023900101001002001023 78024380
4902930000002 -102438024500
310010003538160385200137170320003783160385200227170320003738200102446025060
340000000102390010100100482222¢22222490040200000Z 00102506025540
1503713000014902726000002 00102550025740
1503713000024902602000004 00102570025940
15027130000316013¢7000M8340000000302390370100100380381900100200102590026500
4901194000002 -102650026620
1503713000043400000L001023%U3701001C038U472000100490253000000200102658027180
15037130000534000U60010239C37010010038U381500100490253000000200102714027740
26028070384 722028060383025038420 602826028072500000037372001027720268320
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