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PART IV - NOI'ES O1i THIS PROGlWol 

A. Node llumbering 

In III8D;.T previous programs of this sort the jobs had. to be nU.'llbered 

so that the head of an arrow (J) "W&S e.b~s greater than the tail (I) of 

that arrow. In addition input cards had to be in J sequence ,rlthin 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 restrictions. 

As laDS as none or the restrictions of Part n are violated, I and J 

may be a1V" three digit numbers. However, the restrictions on max1mum project 

size are in terms of the highest numbered node and not in terms or the 

total. number of nodes, so it is scaet1mes necessar,y to use the smallest 

numbers ava:1l.able 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 or the number of 

the highest numbered node and the nUDber or Jobs must be 1672 or less. 

FClr 40,000 digits or storage this restricticm is 3672 and for 60,000 

digits it is 5672. The bigbest possible DIIIi>ered noae is 999. For 

20,000 digits the max:llIaa mmiber of Jobs may be less than 1400 for the 

reason stated in Part VI - C. 

C. Machiiie Regu1rements 

1620 Data Process1Qg S¥stem 

1622 Card Bead Punch 

110 other special features 

1623 Additional Core Memory is optional. 
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PART V - INPUl' 

The input to this program contains three types of data cards. Type 

1 and 2 cards may be arranged in a.I\Y desired order. See Appendix A for 

sample problem input. 

TYpe 1 - Heading or description cards 

~se are identified by some character in column 1, other than a 

blank or numeric <tigit. The remainder of the card ma.v be plDlched with 

a.I\Y information desired. The identif'ying character in column 1 ma;y 

be dif'ferent for each type 1 card. 

type 2
0

- 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 field must b~o 

punched zero in the 1.mi ts position (column 3). 0 

~ 

1 - 3 

4 - 6 

Tail. c£ the job arrow - I 

Head or the job arrow - J 

T - 10 Time duration of the job - D (I,J) 

11 - 15 Cost of the job 

16 - 50 Description of the job and miscellaneous data 

51 - 80 Not used - mt1¥ contain aD¥thing 

b 3 - EDd of the pro.lect 

This is the last card in the input deck and should be blank. 
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PARr VI - OPERATTIlG INSTRUCTIONS 

A. Pl'O@'!! Deck 

!III SPS 118t1Jtg of this program is in Appendix C. The condensed 

progre cleek (Uat1Ds in AppeDdi.x D) consists of 70 cards numbered 

00 through 69 in colUIIIDS 79-80. Column 1 of card number 62 contains 

a digit s1gn:l.f'yiJlg the core memol")" size of the computer being used. 

"2 20,000 Posi tiona 

1;: 40,000 Positions 

b 60,000 Positions 

B. Procedure 

PABITI Switch STOP 

o FUM Switch STOP 

I/O Switch STOP 

PJ:csNa Switches DOt used 

9· 

Load f!'S!II! Deck - DePft8S RESBT, place prqp."Ia deck in read bopper, 

depress LOAD. To read final prcgram c81"d, dePftss REA1lBR ~. CCIIIpUter 

~ halts wheJ1 p1"08:l'8 is loaded. 

Data Pus I - Place 4ata declt in read hopper, press B1WJER S'1'ARf aDd 

cCllplter ST.AB!f. To re. the tiDal c1ata ca:rd, aeprees mwa S'.I!ARr. 

CClIIIP1Iter does errar ~1s aDd either halts ar pr.lDta aD errar _sease· 

Data Pass II - If DO eJ'l'Ql'S WN cUecovezed, place data declt in l'ead 

hopper aDd .blaDk c8Z'ds in paDCb bCJ.ppe~. Press BEAlBR fJlA'Br, IUICH STABT, 

and cClll,Vllter S'l!ART. To read the final cJata ca:rd, depress RBADBR STAJiI!. 

C. Error Me8",S !1!4 Actl. 

!!:!::2!:.J: - AvaUable starase bas been e2lOeeded. Tbe number of the 

highest JMII)ered arrow plus the number of jObs is greater than 1612 

(for 20,000 positions of storage). TJpewriter' priJrts I,J,D.COsT for 

o J 5 o 

10. 

the last .Job and halts. To work the next project press START. 

~ - f.fore than one "last" node (8 node which is not the tail 

of sc;xne arrow) bas been found. Typevr1ter prints the numbers of all but 

the first "last" node found and halts. To find the first "last" node 

type out locations 3247-49. To vork the next project INSERT 16 01095 00016 

49 00402, RELEASE, START. 

Error 3 - M:>re than one "first" node (a node which is not the head of 

same arrow) has been found. Typevriter prints the numbers of all but the 

first "first" node found and halts. To find the first "first" node type 

out location 3244-146. To work the next project INSERT 16 01095 00016 

49 00402, REIEASE, START. 

~ - 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. 'l'Jpewr1ter prlit,ts 

I,J,D, COST for the first job where the error IIIIq" be detected. (i.e. '!'he 

earliest start far this Job exceeds the sum. of all JOb times.) This Job 

Deed DOt be on the loop itself', but DI8l' be on a chain of Jobs which PIUUIes 

tbrougb ODe of the nodes on the loop. To work the next project press START. 

There 1s a vel")" remote possibility that a type 1 error could go 

UDdetected as such. During data pass I a temporary table is set up in 

locat1oaa Itooo - 6oOJ. to be used to find "first" aDd "last" nodes. If 

lltoo Jobs ar IIIQl'e &1.'e read, this table IIIIq" be destroyed. This will cause 

several. tJpe2 aDd 3 error messager however. 

,~ 
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PART VII - ot1l'Pt11' 

A deck ot cards s1a1l.ar to the pass II data deck is produced. The 

type 1 output carda are uncbaDged. The tn>e 2 output cards are identi cal 

to iDput in columna 1 - 50, and eonta1n the following calcul.ated 

quant1ties in columna 51 - 80. 

Co1U111D8 

51 - 55 Earliest start date 

56-60 Earliest t1n1sb date 

61 - 65 Lt.test start date 

66-70 Lt.test tin1sb date 

11-15 Total tloat time 

16 - SO Free tloat time 

15 CaDta1na * it this is a 

er1t1cal job 

There are no tJpe 3 carda in the output deck. Tbe last output 

11. 

card 18 a tJpe 1 card COIlta1n1D& project cost and C<IIIp1etlon date. By 

letting the first coJJ.D ot the output card8 bea pr1nter tomat control, 

8D;Y desired llsting ., be deYel.oped. 

J 7 
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PART VIII - SUGGESTIONS 

Add! tlonal or S1>ecie.l. Output 

12. 

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

you do not wish to include d.uDIIv jobs in the printed report, aD1t them 

trom the data deck in the second data pass. If you wish to prepare several 

reports- on ODe project, it is possible to make several second passes. 

Prepare a transter card with 49 01'T98 0000 in coltDllDs 1 - 32, and place 

it on top ot the pass 2 deck. Press RESET and LOAD to execute another 

second pass. 

B Least Cost Estimating 

Repeated applications of this program will give an idea ot how project 

cc.p1etion time varies with cost. First schedule the project with nonlal. 

job time and normal. costs, then caapress the schedule along the er1t1cBJ. path, 

vh1ch abortens the over-all project time at the expense ot inCreasingSODle 

Job costs. Running the schedule aga1n will show the new project time and 

cost and the new critical. path. It the assumpt10n is made that cost ot 

a Job varies 1iDear~ with completion time between the llmits of normal. 

job tiJle and crash time, this estimating IIIBiY' be done autaaat1~ by 

- of a specialized parametric linear progr&Dlll1ng algorithm. In either 

case a series of project durations are obtained as a f'unction ot direct 

Job costa. By caaibin1ng these with the indirect costs tor overhead, 

penalties, etc., the least cost B8¥ be estimated. 

18 
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APPENDIX A - SAMPLE ;:>RO~LEi""l Flr'UT 

SAMPLE PROBLEM - FIGURE 1 

~CHEOl.lLE REPL·ACEMENT OF APi PE '- I NE 

-----_._--. ---'-:;:'f':j '-'0 COSTDESCRtPTTON (JF' J()RC\ 

1 ~ 10 
1 , ~B._. 
2 'It 2 300 

____ . ___ .. ..2-2£t 1 25 
~o ~ 

LEAl) TIM~ 
rJME AVAILARLE 
MEASURE AND SKETCH 
MA!..f.-ASS l.§ti~ENr.s. __ .. 

_. ______ J __ 4 .. t_.l.00 DEVELOP MATFQJ AL LIST 
4 5 
4 6 , 300 ERECT S(AF~OLn 
4 7 ~o ~50 p~on'~~ PI PF 

_________ ...-..::I4~A _.!..L~!!.Q_~R.~CU~E VALVf-~. 

5 6 , Inn nFArTJVATF LJNF 
. _____ . ___ . _____ .6.... __ ~ ___ .. __ _ _ .. __ . 

6 9 6 400 REMOVE OLD PIPE 
1 9 5 1200 PRFFAR SECTIONS ·----··e ff·--} . ·f06 "PLACt VALVFS---' . 

o 
15: 

E5 EF ·LS LF TF FF 

-_._--_. -------- ---.. -

9 10 6 800 PLACE NEW PIPE ----------:-10-=-. -1:;-l=----.:2~-:1~t)~O~··WEU,_ PIPF'--'-" ._-_.- ... _--_ .. ---...... _-. __ ._-_.- .. ---. ----- ------------- -------_._._---
11 1'- 1 100 FIT UP 

-------~1.;-1· 1~ 4 -- 300--"INSU[ATt 

.,' . ______ ---'1 .... 2...........,,1:...=:~_ __. _______ ... _ .. ____ . ______________ . 
I? 14 1 50 PRES~URE TE~T 

-- -- ---------- --- --- -~ "--"-

1, 14 1 J GO RFMOVF SCAFFOLD ..... __ . __ _ 

.. t 
, t 

14 15 1 100 CLf6N UP . 
. -4-______ -:-__ 1--..1.5_~ ___ ._ p'ROM l SfP .C.P~P L ET t ON ._._ .. _ ...... ,,_ 

~------------------------------------------------------. 

,~_._. -+ ________ t.E.5..'L PROBLEM -SEE fIGURE L __ ~ __ _ 
. .. 

I 
i I J "COST DESCRIPTION OF JOBS 
...,... 

1 , ~ 

., 1 , 9 

2. ~ " 
251 
.~ 4 5 
456 

.----_._---

E§. EF.J .. S 

----------.....,r-----------.,--------------------~-

. J 6 ..... 

'5 

._"--. _. --' .-------. ----_._---------

L 4.A ....., 
2 J 

LF__ " IE_ ff .. 

-----_._ .... __ ._.-_. __ . . ._--- --- --.----- "-----

\') 
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I~ PPF''.Ji) I X - S!.'o~~Lf.: .: .. :_13L::·,' (\.) I ,..·u r 

SA~PL~ ~~OPLf~ - FIGURE 1 

5CHFDULE REPLACFMFNT OF A PIPE LINE ... 
-1 J o COST DESCRIPTION OF JO~S ES EF LS LF TF FF 

1 2 10 LEAD TIt-1E 10 10 * 
1 '" 28 T [ME AVA ILARLE is 16 44 16 
2 3 2 30U ~lEASURE AND SK'ETCH 10 12 .10 12 * 
2 20 _...L.._-.z~ .. MAKE ASSIGNMENTS 10 11 11 12.. 1 

20 3 11 11 1;:: 17 1 1 
3 4 1 100 DEVELOP MATFRIAL LIST 12 13 12 13 * 
4 5 1 3 I? 44 44 3 ~. 
4 6 2. 300 ERECT SCAFFOLD 13 15 43 45 ~O 
,. 7 30 850 PROCURE PIPE 13 43 16 46 3 

15 
lit 

. .!L-.8_ .. !t'-... ~OO __ .PROCURE. V~~~~.S. . 13 58 13 5B~~ .. _. _. __ ._.,,_ .• __ .. __ ..... 
5 6 1 100 DEACTIVATE LINE 28 29 44 45 16 
6 .. ~._. ...... . 29 29 58 58 22 29 
6 9 f:. 400 REMOVE OLD PIPE 29' 35 45 51 16 13 
7 .~. 5 1700 PREFAB SECT IONS 43 48 46 51 3 
8 11· 1 100 PLACE VALVES 58 59 58 59 * 
() 10 6 ~QQ PI ACE NEW Pl.I?..E. __ ... _ ... _. _ .. ___ . ____ .[+8 54 .-.5L .. o 5.1 _3.. .. _._ .. _. __ . _______ . __ ...... . 

10 11 , Ino wFLn PIP~ 54 56 57 59 3 3 
11 12 1 100 F J T liP . 52.._ .60...._ 62 63 3 .. _ . ___ . _ 
11 ! ~ 4 ~Ot) I"'SlILATF 59 63 59 63 * 

_ .......... __ .. ____ ._. ___ 12.~ __ ._. __ ..... ________ ._ ........ _. -__ ._ . __ - ._ ._ ... __ ...6..~6.0. __ .U. __ ~_...3.... ~...;I.3 __ _ 
12 14 1 1)0 PRF.5SURF T~~T 60 61 63 64 3 3 

_________ ....11=-';;......11 ..... 4 ____ 1_1 .... 0__..° _REMOVE 5CAFFOLQ ____ .. _ .... _. __ ll- __ ~L_._~~ ._...2!L_ .... -!-. 
14 1~ 1 100 CLEAN UP 64 65 64 65 * 

__ . _______ .1..1.5. ... ~Q.._. PROMlSED COMPLfTU)1'I! .. . .... 60 5 65 ____ 5.. ______ 1..... ___ .. __ 
- P~OJECT COST 5225 PROJECT COMPLETION 65 

--- ... ----- -.. _._---_. -" .. -

----------------------------------_._--------_._---_ .. --_._._ .... 

TEST PRORLEM - SEF FIGURE 2 
• ---------_._._-------_. - .. -.- ' .. - .. --- ... -.---- .. -~ .~------- .. --. -.-
-I J o COST DESCRIPTION OF JOBS - 1 2 ~ 

1 ,. 9 
2 , 4 

ES EF LS LF TF FF 

3 2 5 2 
2.._ ____ . __ .... 2._ _2:. __ ... __ ._._ .. _ .... 

3 759 2 2 
. ___ £_5_ .. _.1 ___ . ___ .. __ . __ ._. . ..... . _ ... 3. 1.<L._. 13 . Zo.. ~lQ ..... l_Q. .. _ .. _ . 

9 14 9 14 * . ~ 4 5 
451> 

.. PR()j~CT COST 
. ___________ . __ . __ J..!.-.... 29_ .. _ .14 ..... 20 __ ... 2_ .. __ . ___ ... _._ ..... __ .... ___ .. _._ .. 

PROJECT COMPLETION . 20 
6 ~ 

"'''-'''-' ....... -----_. -------

------_ .. __ .. - -. -.' 
3---'-"~-

._----

o 
"n 

.~.~.~ .. ----..... -2 
~/.- 2 
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'~, 

-----------------.--- . 

t' 

l/,p~ndiX 

if' * 
.:,r! 1C" 

J:' )C' 

'+0 .,.. 
~o .. 
60 * 
70 "* 
8r· "* 
~v ... 

l (.'C' ~ 

i lO 11-

lCO .,.. 

13(, .... 

1'+0 * 
,50 .. 

-'ibO .. 
1 -70 11-

1.00 #I: 
1~O * 
20(1 .. 
~.i.(I it-

--Z~O· .. 

c P,oa"~·' 

o 

/ . /. ,-r::.,­,:;7'#13 - ..;; r-~ 17. 

c. ..... I ... ''': ;\. '- r-. ~ I ~ - ':"':"1~: ...... ' ___ L- i I .. ...... ' -,." "., ....., __ • ~ 

-'-&.4 ....... ~ __ ' ~)y ir-:._. ;"""_""'~I" I ..... po-."; ...... ,,LJ L 

--<,.;.y ..... ->"'VCo...c 101- 1 ...J·(-JI~··'..::> ~l..:.,..)LAI""(l..n j ....... -.,i i IVI .. £' 

.J.JLy 16. i9o.Z 
z 

J";""VI "':'M.t~ - ~I'",y ."v,",::-ER ..... r I r;=::' J ~''''v I fr-_ C ~ .-;.~~. ~. 1 I .... r·' /_ 

MAf r,::.. 1·"'·i="I""('~~_'~..:Jt:l) ~ .... l.) -t'" ;.~,.,~ O~:~ w.. i r',_ ,',I.:.... / 

""~::. r'vL...L·....,1!'f:": •. J C";" M • r r-Jt- .J \ ~r<L).L 

l. :-11;:4(j l,'"u _ .... I'"<u.::. - '-,r.:. Cn .... R .. ~ i"":.... \..-vLvi •• N 1 M'-J.J: NOT L. 

c. 

~c.. c,:-A;~" Vr"Il ..... \...h'I::..,' 4 i...... I"r".-: .~. 1"''''"',1 '~i...i!,:,r-«~. 

vF fMc:.. _""'!""'(I....I 1'1"",( l..Vi""'j~"1·'" ~i'lolYi·;-"II",·.j:.L 

.J~d Oc..~Ckl""lvl'"<-> - U'''~ .. ..,,, ~_~;:.""'( .Jv,""\ i' r",-:. ~"...;";:":,-"j.Z 

CUL..V'·I;"~ 

I-J 
'+-6 . 

7-iO 
11- iii 
16-~ _ 
~1-80 

L..tIlOI'~G L;:'~US A.:..c:.:. ,'J...;, '''·~L~ .... -,''K(.L 

TAIL. u_FIt:"E _~_u~. Ao-(~_~.N .--:..I<..· 
~EAO vF TM~ .J~o A~~v~ - .JL 

r I"'E Du~A T I VI" vF TI-tE JUF>. - DL 
----~--...... ----.... --.. ----.~,,--.---. 
C0~T \.IF rHE .JuBZ 
vC~Co_(l~1 luN Uf rH~ .JUO + ~1~C ~ATAZ 
:~\.JT - ,J;E"o - -"'~~ CU.'",-,.q." A· .. y'Hjl",->L ------.--.... ---- - .. 

- I ,"jAy ~~ Go-(~ATf'''' ur< ~~~.s.:, ~~A'" .JZ 

..J. E,\iD ~F t-''"''~·.;·ECT·--·Cu.:.U';;-;-... S .-j A~f"-;LI~"~".L 

~JO • Z 
240 * OuTPuT CAo-(O~ - SAm~ A.::. INt-'0T NITH TH~ CALC0LAT~~ ~CH~~0L.cZ 
c:J(; * IN C .... LU,·" ... S ::>l-DO UF TYu!".: C CA~[).s. A T(P;:" 1..::: 

~ , __ -""' 

~bO .--- CA;..cU- IS ,..:lVi~CrlC:J 'NlfH t-'>.(u.JECT riMe. "';"v Lu:::,r.-z--------------··--·----·-··-·· 
270 .. THe. i"Yf:-t. J CA~O I~ Nul ,",u,,,CH>:::U.L 

1010 * Z ------------

10Z0 * READ AND ;;)(Ot-(E .JUB 11\jFOft'"lA J 10""Z 
1 0::;0 * FIND HIGH=.:;' T '''u.~la=.~t:.0 ,\j~Dt.L. -.----.--.• -'.' 

·1040 * ~ 

00402 10S0 DORG 402Z 
C0402 16 00432 -3999 
00414 11 004 .32 000-1 

1130 ~08S TFM *+30.39f9.. INITIALIZATIONZ 
~~---~-1140 AM *+18.1.10L 

004Z6 33 00000 ~OOOO 11~0 CF Z 
n0438 14 004~~ -6001 1160 CM *-6.60012 
00450 47 00414 01200 1170 8N~ ~08S+1ZZ 

a046Z 22 0'3232 0~3~ lien S TCOST.TCOSTZ 
00474 22 03e40 0324 0 

• ~04a6 16 OJ~43 00-00 
11~o ~ ~OST.~OSTZ 
1200- TF·M----8-I~G~.0~.~9~Z~~-------------------

•• ~049~ 16 u32~3 0-000 1210 fFM K.0.6Z 
It 00510 32 00100 00000 1220 SF RECORD-1Z 
17 1240 * Z 
16 (,)O;j.:!Z 17 O~d;,O 000-0 2010 READ1 BTM READ_0,10. ~EAD-AND STO~E I~D('<)Z-' 
~ 00534 44 00794 0~648 ~020 8NF AVAIL.REAO-2 •• ~LAG I AND J NODESZ 
,.. 00:;)40 11 o..;,~:;).",· 0-001 2030 A" k. 1 • az 
13 005::)6 17 02::>:59 000-0 . 2040' elM T"S.O.lOZ 
n 00::)70 26 DObOO O~270 ~O~O TF *+30.SIZEZ 
II 00582 22 00::)99 03253 2060 S *+17.KZ . I. 00594 26 00000 0~173 ·zc76---·----, ~T-F----.~O~z~~=------------------------
• 00606 32 03167 00.000 ZOdO SF ..)--cZ 
• ~n61S 3$ 03170 oooo~ 2~9n SF D~3Z 
'1 00630 :sa 03174 00000 2102 SF COST-4-4 

~ ~ ----..• -. --~ .. ---~----~-~-~2~1~~~~~~~~~~~-· - ... _-_._ .. _--- ... _-- . - - _.. .._ .... _---_._ .. 
. . 
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