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PART IV - NOTES Ol THIS PROGRAM
A. Node HNumbe

In many previous programs of this sort the jobs had to be numbered
so that the head of an arrow (J) wes elways greater than the tail (I) of
that arrow. In addition input cards had to be in J sequence within I
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 restrictioms.

As long s none of the restrictions of Part II are violated, I and J
may be any three digit mumbers. However, the restrictions on maximm project
size are in terms of the highest numbered node and not in terms of the
total mumber of nodes, so it is sametimes necessary to use the smallest
mmbers availsble for I and J. There 1s also a slight speed advantage
in putting the jobs in approximately the same order as the previous
restriction required.

B. Program Capacity

For a 20,000 digit core memory machine, the sum of the number of
the highest manbered node and the number of jobs mmust be 1672 or less.
For 40,000 digits of storage this restriction is 3672 and for 60,000
digits it is 56T2. The highest possible mmbered node is 999. For
20,000 digits the maximm nuiber of jobs may be less than 1400 far the
reason stated in Part VI - C.

C._Machirie Requirements
11620 Deta Processing System
1622 Card Read Punch
No other special features
1623 Additional Core Memory is optional.
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PART V - INPUT
The input to this program contains three types of data cards. Type
1l and 2 cards may e arranged in any desired order. 3ee Appendix A for

sample problem input.

Iype 1 - Heading or description cards

These are identified by some character in column 1, otﬁer than a

blank or numeric digit. The remainder of the card may be punched with
any information desired. The identifying character in column 1 may
be different for each type 1 card.

Type 2 = Job description cards

There is one of these for every job in the project. Blanks in
numeric fields are taken as zeros, except that a zero I fie}d must bE_;»
punched zero in the umits position (colum 3). .

Columns

1-3 Tail of the job arrow - I

4.6 Head of the job arrow - J

7- 10  Time guration of the job - D (I,J)

11 - 15 Cost of the job

16 - 50 Description of the job and miscellanecous data
51 - 80 Not used - may contain anything

Iype 3 - End of the project

This 1s the last card in the input deck and should be blank.
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PART VI - OPERATING INSTRUCTIONS
A. _Progrem Deck
The SPS listing of this program is in Appendix C. The condensed
program deck (listing in Appendix D) consists of TO cards numbered
00 through €9 in colums 79-80. Colwm 1 of card mumber 62 contains

s digit signifying the core memory size of the computer being used.

2 20,000 Positions

% 40,000 Positions
[ 60,000 Positions
B.__Procedure
PARITY Switch - STOP
0 FIOW Switch - STOP
1/0 Switch - STOP
Program  Svitches - not used
Load Program Deck - Depress RESET, place progrem deck in resd hopper,

depress IOAD. To read final program card, depress READER START. Computer
Mmtsﬁbenmislmded.
mum:x-mmmwnmmmer,mummmm
computer START. To read the final data card, depress READER START.
chuberdoeaemamlnuuﬂeitherhﬂtswmnmnsm.
Data Pass II - If no errors were discovered, place date deck in read
hopperam,bluﬁxmnmhhmep. Press READER START, PUSCH START,
mﬂcmuutermv. To read the final data card, depress READER START.
C. Mes! 8 4

Error 1 - Availsble storage has been exceeded. The mmber of the
highest mmbered axrrow plus the mumber of jobs is greater than 1672

(£or 20,000 positions of starage). Typevriter- primts I,J,D, COST for

o . is

10.
the last ,job and halts. To work the next project press START.

Error 2 - More than one "last" node (a node which is not the tail
of some arrow) has been found. Typewriter prints the mmbers of all but
the first "last” mode found and halts. To f£ind the first "last” node
type out locations 3247-49. To work the next project INSERT 16 01095 00016

L9 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 the mumbers of all but the
first "first" node found and halts. To find the first "first" node type
out location 3244-46. To work the next project INSERT 16 01095 00016

49 00402, RELEASE, START. G

Error I - 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 priubs
1,J,D, COST for the first job where the error may be detected. (i.e. The
earliest start for this job exceeds the sum of all job times.) This job
need not be on the loop itsel?, but may be on a chain of jobs which pasges
through one of the nodes on the loop. To work the next project press START.

There is a very remote possibility that a type 1 error could go
undetected as such. During data pass I a temporary table is set up in
Locations §000 ~ 6001 to be used to £ind "first” end "last” nodes. If
1400 jobs or nm'e are read, this tsble may be destroyed. This will cause

. several type 2 and 3 error messager however.
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PART VII - OUTPUT
A deck of cards similar to the passII data deck is produced. The
type 1 output cards are unchanged. The type 2 output cards are identical
to imput 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 - 0 Latest finish date
-7 Total float time

76 - 80 Free float time

» Contains # if this is a

critical job
There are no type 3 cards in the output deck. The last output
card 18 a type 1 card containing project cost and completion date. By
letting the first column of the output cards be & printer format comtrol,
any desired listing may be developed.

17

PART VIII - SUGGESTIONS

A Additional or Special Output

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 prepare several
reports- on one project, it is possible to make several second passes.
Prepare a transfer card with 49 01798 0000 in colums 1 - 12, and place
it on top of the pass 2 deck. Press RESET and LOAD to execute ancther
second pass.

B Least Cost Estimating

Repeated applications of this program will give an idea of how project
completion time varies with cost. First schedhle the project with noz;nl
Job time and normal costs, then campress the schedule along the critical path,
vhich shortens the over-all 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 autcmatically by
means of a specilalized parametric linear programming algorithm. In either
case a series of project durations are obtained as a function of direct
Job costs. By cambining these with the indirect costs for overhead,
penalties, etc., the least cost may be estimated.
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S — — APPENDIX A = SAMPLE PRORLEM [MNPUT
SAMPLE PROBLEM = FIGURE 1
- SCHEDULE REPLACEMENT OF A PIPE LINE
T T T YT D COST  DESCRIPTION OF JNRS ES EF LS LF TF FF
1 2 10 LEAD TIme
- 1 5 28_ .. TIME AVAILABLE
2 2 2 200 MEASURE AND SKETCH
L2201 25 MAKE ASSIGNMENTS B i
20 2
L o 3 4 1 100 DEVELOP MATERIAL LIST
4 5
o & & 2 300 ERECT SCAFFOLD
4 7T 30 8%0 PRNCURF PIPF
4 R 48 2n0_ PROCURE VALVES . . o . —— e — - . -
8 & 1 1NN NDFACTIVATFE LINF
e & R . } B e
& 9 6 400 REMOVE OLD PIPF ’
7 9 51200 PRFFAR SFCTIONS _ _
8 11771 160 'PLACE VALVFS i -
9 10 6 800 PLACE NEw PIPE o o
10 11 2 100 WELD PIPF —_—
- 11 12 1 100 FIT yp _ e . —
11 12 4 300 INSULATE -
. 12 113 . e o
12 14 1 50 PRFSSURFE TEST
12 14 1 100 RFEMOVE SCAFFOLD - -
. 14 15 1 100 CLEAN UP o
. 1 15 60 ._. PROMISED COMPLETION e e I
‘a; S .\ -
B N ; TEST PROBLEM = SEF FIGURE 2~ N . _
3 ] ] )
: =1 _J D COST DESCRIPTION OF JOBS __ ES _EF LS LF. _TF_ FF_ I
: -
1. 2 1
"1 3 9
9 a4 & e . _
} 2 5 7
i 2 4 5 o e e e U
: K 8 8
A !
=5 ‘ N B
s
= 48 - :
3
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ARPENNDIX e SAMIZLE =030 Quilrul

SAWPLF DRORLEM = FIGURE 1.

/6.

- SCHFDULE REPLACFMFNT OF A PIPE LINE
-1 J D COST DESCRIPTION OF JUORS ) ES EF LS LF TF FF
1 2 10 LEAD TIME : . 10 10 #
— 1 5 28 TIME AVAILABLE : 2%8 16 44 16
2 3 2 300 MEASURE AND SKETCH 10 12 |10 12 *
220 1 25 MAKE ASSIGNMENTS . 12 11 11 12 1 e e e
o 3 11 11 12 17 1 1
— R 3 4 1 100 DEVELOP MATERIAL LI1IST 12 13 12 12 * .
4 5 12 12 44 &4 31 15
- & 6 -2 300 ERECT SCAFFOLD 13 15 43 45 30 14
4 7 30 850 PROCURE PIPE 13 43 16 46 3
4_ 8 45 300 PROCURE VALVES | o 13 58 13 S8 % ..
5 6 1 100 DEACTIVATE LINE 28 29 44 45 16
— e & R . . 29 29 58 58 29 ...29
6 9 6 400 REMOVE OLD PIPE 29 35 45 51 16 13
_ T .9 5 1200 PREFAB SECTIONS 43 48 46 51 '3
8 11 1 100 PLACE VALVES 58 59 58 59 *
Q 10 & 800 PIACE NFW PIPF e B 5S4 . S51 .. 51 I W . _
10 11 2 100 WELDH PIPF 54 56 57 59 3 3
. _ 11 12 1 100 FIT 4P - ... 59 _ 60 _ 62 63 3
11 12 4 300 INSULATF 59 63 59 63 *
e 12 12 — D - 1 ¢ 60__ .63 __63 3 3 -
: 12 14 1 50 PRFSSURF TEST 60 61 63 64 3 3
12 14 1100 _ REMOVE SCAFFOLD e 63 64 63 __ 64 _ %
14 18 1 100 CLEAN UP v 64 65 64 65 %
115 60 .. . PROMISED COMPLETION ... .. &0 5 65 __.85% ... _ . _.
= PROJECT COST 5225 PROJECT COMPLETION 65
- TEST PROBLEM = SEF FIGURE 2
- A
-1 J D COST DESCRIPTION OF JOBS ES EF LS LF TF FF
- .
T 2 3 3 2 5 2
R, 1.3 9 9 * -
2 3 & 3 7 5 9 2 2
_ 25 e i — .3, 1013 20. .10 .10
3 4 S 9 14 9 14 w
4 S . _ 14 .20 ._14 20 * e e e e
e PROJECT COST PROJECT COMPLETION - 20
6 ~ .
’5
4
. O O o
- - S e 750 . i -
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