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

Date Program No. ________________ _ ---------
Program Name: __________________________________________________________ __ 

1. Does the abstract adequately describe what the program is and what 
it does? 
Comment:-_____________ :--___________ _ 

2~ Does the program do what the aootract says? 
Comment "-----------------------------------------------

3. Is the description clear, understandable, and adequate? 
Comment':.-_____________________________ _ 

4. Are the Operating Instructions understandable and in sufficient detail ? 
Comment 

:-~--------------------------~--~~~~~-Are the Sense Switch options adequately described (li applicable)? 
Are the mnemonic labels identliied or sufficiently understandable? 
Comment "------------------------------------------

5. Does the source program compile satisfactorily (if applicable)? 
Comment:-_______________________________ _ 

6. Does the object program run satisfactorily? 
Comment, _____________________________ _ 

7. Number of test cases run . Are any restrictions as to data, 
size, range, etc. covered adequately in description? 
Comment, ____________________________ _ 

8. Does the Program meet the minimal standards of COMMON? 
. Comment:-__________________________ _ 

9. Were all necessary parts of the program received? 
Comment ------------------------------------------------

Yes __ No 

Yes No 

Yes __ No 

Yes No --' 
Yes No 
Yes __ No 

Yes __ No 

Yes __ No 

Yes No __ 

Yes No 

Yes No· 

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

Please return to: 

Mr. Richard L. Pratt 
Data Corporation 
7500 Old Xenia Pike 
Dayton, Ohio 45432 

Your Name 
Company 

Address 

Users Group Code __________ _ 

THIS REVIEW FORM IS PART OF THE COMMON ORGANIZATION'S PROGRAM REVIEW ANI) 
EVALUATION PROCEDURE. NONMEMBERS ARE CORDIALLY INVITED TO PARTICIPATE 
IN THill EVALUATION. 
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Of Least Cost Estimating And Scheduling 
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June, 1962 

Mod1fications or revisions to this program, as they occur, 
wUl be announced in the appropriate Catalog of Proqrams 
for IBM Data Processing Systems. When such an armounce­
ment occurs, users should order a complete new program 
from the Program Information Department. 
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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 Progrcun 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 
progrcun will run on basic paper tape or card systems. 

This progrcun 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. 
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PARr 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) 

(2) 

(3) 

(4) 

(5) 

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. 

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. 

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. 

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

Dummy jobs (denoted by dotted l~ne 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 presented thus far allow descriptions of the technological sequence 
of jobs wit~ii~ C1. proJect. ACtually. this plannil'lg sho\.i.ld 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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(1) 

(8) 

(9) 

o 

In order to later calculate start ami finish dates foz each job, 
the first job is usua¥eaignated as lead time. 
ex. Job (I, ~.lOl states that the project may begin on the lOth 
day of a particular calendar (or lOth hour of a clock). That 
is the first actual jobs (2,3, Z) and (2,3,1) may begin on the 
lOth 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 elapsed time. 
ex. Restraint (4,7,30) means that the pipe will be delivered 
30 days after the' cOTnpletion of job (3,4). 
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PA_,-T H1 - ~Rl'fICAL 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. 

J 

N 

D (I,J) 

TI (N) 

TJ (N) 

ES 

EF 

L5 

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 T1 (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 minimwn 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) Place the planning results in a 'table like Table lAo 

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

5 
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(3) 

(4) 

(5) 

(6) 

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

TI (l) ~ TI (1) + D (I, l) = 0 + 3 =~= TI (l) 

T I (3) ~ T I (1) + D (1, 3) = 0 + 9 =@ = TI (3) 

TI (3) ~ TI (l) ,. D (l, 3) = 3 + 4 = 7 

TI (5) ~ TI (l) + D (l, 5) = 3 + 7 = 10 

TI (4) ~ TI (3) + D (3,4) = 9 + 5 = 0 = TI (4) 

TI (5) l TI (4) + D (4,5) :: 14 + 6 =@:: TI (5) 

The TI value for the last node will be the minimum completion 
time for the project. 
ex. A = TI (Last Node) = TI (5) = lO 

Compute TJ (N) values by setting TJ (Last Node) = )... and 
generating possible values of TJ (1) = TJ (J) - D (1, J). 
The smallest such value of TJ (1) is the correct value for a 
given node. 
ex. TJ (Last Node) = )... = TJ (5) = lO 

TJ (4) 1 TJ (5) - D (4,5) = ZO - 6 = 14, etc. 

With Table l complete, Table I B can be constructed by use 
of the following relationships. 
ex. For job (I, l) 

ES = TI (I) :: TI (1) :: 0 

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

LF = TJ (J) :: TJ (l) = 5 

LS = LF - D (I, J) = 5 - 3 = l 

TF = LS - ES = l - 0 = Z 

FF :: TI (n' - EF = TI (l) - EF = 3 - 3 = 0 
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-!'he longt:!st chaln 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 cOYIlpletion 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. 
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PART IV - NOTES ON THIS PROGRAM 

Node Numbering 

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 (ij 
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 restrictions. 

As long as none of the restrictions of Part n 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. 

B. Program Capacity 

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. . 

c. Machine Req'.lirements 

1620 Data Processing System 

1622 Card Read Punch or 1621 Paper Tape Reader 

1623 Additional Core Memory is optional 

No special features 

9 



PAR T V - INPUT 

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

Type I - Heading or description cards 

These are identified by some character in column I, other than a blank or 
nwneric digit. The remainder of the card may be punched with any infor­
:n03.:"':'_~ desired. The identifying ch2.r2.cter ir.. column 1 :nay be different 
for each type 1 card. These may be any length up to 80 characters long 
for tape records. 

Type Z - Job description cards 

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

Columns 

1 - 4 
5 - 8 
9 - 12 

13 - 17 
18 - 50 
51 - 80 

Tail of the job arrow - I (1999 or less) 
Head of the job arrow - J (1999 or Ie as) 
Time duration of the job - D (I, J) 
Cost of the job 
Description of the job and miscellaneous data 
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. 
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PAR T VI - OPERATING INSTRUCTIONS 

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 co1wnns 79 - 80. The program tape was formed by 
putting these cards on tape with a slightly different load routine. 

Console Settings 

PARITY Switch STOP 

o FLOW Switch STOP 

I/O Switch STOP 

Program Switch I ON Typed Output 

OFF Card Output 

Program Switch 2 ON Tape Input 

OFF Card Input 

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 final 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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D. Tape p~dure 

I 
'0" 

'Q 

,l~~ 
rrors were disco~red' ready data tape in 

riter to a clean sheet. and press START. 
's report and halts. Press TART to work next 

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 INSERT 
1601327 0001649 00402, RELEASE, START. 

Error 3 - More than one "first" node (a node which is not tr.c 
head of some arrow) has been found. Typewriter prints 3 
fields - the previous "first" node. the "last" node, and the 
last Ufirst" node discovered - and halts. To work the next 
project INSERT 16 013Z7 000164900402, RELEASE, START. 

Error 4 - A loop has been found in the arrow diagram. For 
example a aeries of jobs (1,2), (2,3), and (3,1) would be a 
loop. Typewriter prints I, J, and D for the fir.t job where 
the error may be detect~d. (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 
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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. 
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PAR T VU - 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. 

Columna 

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 
column of the output cards be a printer format control. any desired listing 
may be developed. 

With program switch Ion. this same information is typed out. 

14 
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PART VIII - SUGGESTIONS 

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 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.long 
the critical path. which shortens the overall project time at the:~xpense 
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. 
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LISTING eF SAMPLE DATA FOR CRITICAL PATH SCHEDULING 

1 2 3 4 5 6 1 8 
121456t .. 123456tl. 123456789 123456789 123456189 123456789 1234567.9 123456789 

SCHEDUlE REPLACEMeNT OF A PIPE LINE FIGURE 

oJ D COST DESCRIPTION UF JOBS ES EF LS LF TF FF 

1 2 10 LEAD TIME 
I 5 21 TIME AVAILABLE 
1 l' 60 DESIRED COMPLETION 
2 3 1 25 ASSEMBLE CRfWS 
2 3 2 300 MEASURE ~ND SKfTCH 
3 4 1 100 DEVELOP MATERIAL lIST 
4 5 
4 6 l 300 ERlCT SC.lffPLr 
4 1 30 8S0 PROCURE PIPE ,. 8 45 300 PRflCURE VAlvrs 
5 6 1 100 DfACTlVATE UNf 
6 8 
6 19 6 400 REMOVE OLD PI PF 
7 19 5 1200 PRfFA& SfCTlONS 

• 11 1 100 PLACE Val YES 
19 20 6 800 PLACE NEk PI PE 
20 11 2 100 WHO PIPi-
11 12 1 100 F I J l,P 
II 13 4 300 INSULATE 
12 13 
12 14 1 50 PRESSl:RE TEST 
13 14 1 100 RH:OVF SCAFfOLD 
14 15 1 100 CLEAN UP 

:)Att"LE f'Ai;;:i.! M - F I'~UP.l 2 

J o COST DE~CRIPTICN ~F JOBS ES EF LS LF Tf Ff 

1 2 3 
1 3 oJ 
2 3 It 
:: j 7 
3 ,. 5 
4 5 6 

1 ? 1 4 '5 f. ~ I. 

12~456789 1234~b'89 12~4567H I 123~5s7~9 123456789 1234567a9 12145~78q ll~~Sti~~ 

"! 
I w 

~) (
~\ 

.J 

SCHEDULE REPLACEMENT OF A PIPE LINE - FIGURE 1 

J D COST DESCRIPTION Of JOBS ES EF LS IF TF FF 

I 2 10 LFAD TIME 10 10 • 
1 5 28 TIM!:: AVAILABLE 28 16 44 16 
1 15 60 DE~IRED COMPLETION 60 5 65 5 5 
2 1 1 25 ASSEMBLE CREWS 10 11 11 12 1 1 
2 3 2 300 MFASUR~ AND S~ETCH 10 12 10 12 • 
3 It 1 100 O[V~LOP MATEP.IAL LIST 12 13 12 13 • 
It 5 13 13 44 44 31 15 
4 6 2 300 EUCT SCAffOLD 13 15 43 45 30 14 
4 7 10 850 P;~()CURE PIP'= 13 4) 16 46 3 
4 B 4~ 300 PRrC'JRE V~LV£'S 13 58 13 58 • 
5 6 100 C'ACTJV.\T~ LINE 28 29 44 45 16 
6 B 29 29 51 51 29 z. 
6 19 6 /tOO RO:OV( (II [) PIPE' 29 35 45 51 16 13 ., 19 5 12ilO PKf .'At! SfCTlC~S 4'1 48 46 51 3 
a 11 1 100 Pl/,CE VALVES 5" 59 58 59 • 

19 20 6 800 PLACf NfW PI";: 48 54 51 51 ~ 
20 11 2 100 WFLO PIP[ 54 56 51 ~: 3 1 
11 12 1 100 FIT UP 59 60 62 3 
11 13 4 100 INSULATE 59 63 59 63 • 
12 13 60 60 63 63 ,; ~ 
12 H 50 P·l£.S~lJRE TE~T 60 61 63 64 3 3 
13 14 100 Rf"'(lVF StAFFrLD 63 64 63 64 • 14 15 100 CLEAN UP 64 65 64 65 • 

PROJECT COST '>225 PROJECT COMPLETION 65 

SAMPLE PROBLEM - flGURl 2 

J o CCST DO:: SC It I PTI ON IJF JOBS ES EF lS LF TF fF 

1 2 :3 3 2 5 2 
1 3 9 9 9 • 
2 3 4 3 '1 5 9 2 'I 
2 5 7 3 10 13 20 10 10 
J ,. 5 9 14 9 14 • 
4 5 6 14 20 14 20 • 
PROJECT COST PROJECT COMPLETION 20 
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SAH'LE 'ROILE" - FIGURE 2 1600010000003600000003 
J D COST DESCRI'TION OF JOIS ES EF LS LF TF FF SWITCH 1 ON FOR TY~ED OUT~UT 

SWITCH 2 ON IF USING TA~E INPUT 
1 2 3 3 2 5 2 SAM~LE ~ROILEM FIGURE 2 
1 3 9 9 9 * 
2 3 4 3 7 5 9 2 2 J D COST DESCRI~TION OF JOIS ES EF LS LF TF FF 

2 5 7 3 10 13 20 10 10 
3 4 5 9 14 9 14 * 1 2 3 3 7 10 7 
~ 5 6 1~ 20 14 20 * 1 3 9 9 3 12 3 

2 3 4 10 14 8 12 
,.ROJECT COST ~ROJECT COMPLETION 20 2 5 7 10 17 37 44 27 It 

3 4 5 12 17 8 13 
4 5 6 13 19 38 44 25 

49038641600010000003600000003 
SWITCH 1 ON FOR Ty,.EO OUT~UT 
SWITCH 2 ON IF USING TAPE IN,.UT 

SCHEDUlE RE,.LACEMENT OF A ~I"E LINE FIGURE 

J o COST DESCRIPTION OF JOIS ES EF LS LF TF FF 

2 10 LEAD TIME 10 10 * 
5 28 TIME AVAILAILE 28 16 ~~ 16 

1 15 60 DESIRED COM~LETION 60 5 6S S 5 
2 3 1 25 ASSEMILE CREWS 10 11 11 12 1 1 
2 3 2 300 MEASURE AND SKETCH 10 12 10 12 * 
3 4 1 100 DEVELO~ MATERIAL LIST 12 13 12 13 * 
4 5 13 13 44 44 31 15 
4 6 2 300 ERECT SCAFFOLD 13 15 ~3 .. S 30 ," 
4 7 30 850 ,.ROCURE ~I"E 13 43 16 ft6 3 
4 8 45 300 ~ROCURE VAlVES 13 58 13 58 * 5 6 1 100 DEACT I VATE 1I NE 28 29 44 45 16 
6 8 29 29 58 58 29 29 
6 19 6 400 REMOVE OLD 1'1,.[ 29 35 45 51 16 13 
7 19 5 1200 ~REFAI SECTIONS 43 48 46 51 3 
8 11 1 100 PLACE VAlVES sa 59 58 59 * 19 20 6 800 JlLACE NEW ~ I PE 48 ~ 51 57 3 

20 11 2 100 WELD ,.IPE 54 56 57 59 3 3 
11 12 1 100 FIT u,. 59 60 62 63 3 
11 13 4 300 INSULATE 59 63 59 63 * 12 13 60 60 63 63 3 3 
12 14 50 ~RESSURE TEST 60 61 63 64 3 3 
13 14 100 REMOVE SCAFFOLD 63 6~ 63 64 * 14 15 100 CLEAN UP 64 65 64 65 * I _ 

f 
PROJECT COST 5225 65 z,"'" ! 'ROJECT COMPLETION 

z,' 

c Q " 



P fli" '1 

o 

o 

:~Y:]==I:~~~~=lm~~!~~ffi~QO'91l0~ I t.2!iiJ(;(; 11 "OaOOf'O~'OOOI'9'()('-¢ (lO. N •• "OOOOOOOH02'OOll.Ooi742~OOMll(lO(: lI490('~ ~ (r.OO'~N\OO . 
Cf(( TI CAl .f\.f-ti S< .... £f)"'~ iNt- foR PRuJtC. hZ Ott 

00020* 
00030* 

PLANNED BY THI: ARROW DIAGRAMMINCo TECHNIQUEl 
Z . 

-~.= Ooot.-
. RAY 'h_----~:, ... " :3'fit~'" 

00070* 
00080* 
00090* 
G0100' 
00\10· 
("Jt:to" 
7'::130' 

INPUT PATA - ANY NUM£jE~ UF TYf-'1: 1 AN·) rVf't. c <.ARO", 'N~Il';!17 
It,AY 8£ INTt.kSPfI(StlJ A'IV IN ANV Ot{D~I(. THt:·SI.c:. 

.. .._.AAf ... Fo.ll_O~D 8Y;A TYP~'*J CAI'D.Z . .... .. 
le HJ.AQI·'· .~, .. ~.'''I: ~11M1A'riR-IN ~"UJlli4 . ..!Milal NOI,I...· 

";';:%"'r:::H .... 011 ~"'4;.. fiC.-@IMA1HDCJi.I,,: :.. ;.·.tt~' (,Ito Tl'ft <-AIlI) ~Y ~~T"'''.Y1I1t,.,,~J. _ .' .. 
(!. JOB' DESCR I PTORS - ONE foOt{ t::V~RV JO~ I N THE PROJECT. Z 

;'~l ~U. COLUMNS LEADIN~ ZERu. ARt:: NuT NECI:~SARV.Z 
001 ~Q. 
O:'l HJ· 
e0170* 
OOU:lI 
00190' 

.t~.r; .~;KUl.:: !6.~:. 
O\.IAl~J~ Oft Tir " .. ;~.:)t . 
()fr ··'"E JOIl ," 
IPTION OFHHE Joe, MIS'C DATAL 

00200' 
00210' 
00220· 
00230* 
002.0* 
00250' 
00260* 
OQ270* 
01110- . 

51-80 NOT USED - MAY*CONTAIN ANYTHINGZ 

.~:J ::~: .:-=::=:~:i:.::=. 
IN COLUMNS 51-80 OF*tyPE 2 CARDS. A TYPE lZ 
CARD IS PUNCHED WITH-PROJECT TIME AND COST.l 

1 . . . Ttit TVP~' CARD lS HOT l'UHCHlDtJ._ 

• ,~-=at.: ~e:: 
00402 
00lt02 1.6. ,0043.2 -316, 
00414- U·IOitU 000-1 
001tZ6 ';' •. 10000 00000 
00lt3l*~2 ~7"1 
00450 41,; 00414 '6-1200 
00462 22 03790 01790 
004 74 ~ 22 .o}791 03798 
00lt8lJ . 16 UI1I 0-000 
00498 16 0,.'0 0-000 

01040* 
01050 

1130 JOBS 
01140 
01110 

1160 
01170 
01180 

Z 
DORG 
TFM 
AM 
CF 
cflt 
8NE 

402Z 

:!~tr~tdP 
2 "iff 

.-•• T ...... · 
JOBSt. 12Z 
TCOST,TCOSTZ 
"'OST.M05Il 
115.0 •• ; .. 

01190 ~ 
1200 Tr:N 

01210 TI'14 1.0.ll 

OO~10 17 03394 000-0 
00522 44 00942 03392 
00~34 11 1)-3830 0-001 
00546 . n·"OHII 000-0 
00~~I'e47'O 01116 
00570 21 0~'ge 03'11 

01240* 1 

00587 16 00636 -3863 
OO~94 16 0~48 -~863 
00606 21 ~636 03723 
00618 at 00648 03727 
oo.JO .'. U 00000 00000 
00642 '. sa '0000 00000 

02010 READl I:!TM 
02020 BNF 
020)0 AM 
02040 I'M 
G2110 A 
02120 A 

2122 TF'" 
Zl24 TFM 
2130 A 
21100 A 

02 UO FLAGI J S' 
021.0 S, 
02170-

006!j1t 24 03723 03818 021110 
00666 ~! 120690 01100 02190 
00678 '1"3818 03721 02200 

C 
BNH 

'F 

READ.OelO. READ AND STORt: IJDIKal 
AVAIL,READ-2 .. FLAG 1 AND J .. ODUZ 
K.ltn 
T .... O.101· . 
tC:Qtt.cont.·~ ." .... ~;:' 
FL AG I J&6. fJC.'l i 
FLAG I JC.18, T Jt.2001l 
FL AG I J~. L1.L . 
'LA.IJfl .. 

~ a:~ 
1.111" •• · 
*C.24,. , 
1116,IZ 

FIND HI"HEST NODE ANOl 
DETERMINE STORAGE AVAILAIHLITYl 

00691'-1.4 03727 03ea 02210'-' 
00702 47 00726 0111)0 02220 
00n4 26 01818 1')1727 02210 
00726 101 007106 03724 2240 

··-c-
8NH 
TF 
80 

~~" .. "---""------------"-.' 
*60242 
aIG."z. 
·'20.J-lZ 
-t-20Z 
*-31 

00738 49 00758 00000 2250 
00746 2260 
007 .. 6 3Z 03727 00000 2270 

·00'51 43 00778 03720 2280 
00110 49 00790 00000 2290 
00778 2300 
00718 3Z 01721 00000 2110 
00790 32 OH21 00000 2HO 
00802 12 03725 00000 02330 
00814 26 03724 03723 21 .. 0 
00.26 2~ 03732 037'7 23'0 
(08)8 26 O1)87~ 03847 2360 
00850 22 008 7 2 ~38'0 2'70 
00862 25 038'-1 ?O';'OO 238('1 SAvE 
00814 26 009C4 OO.H 2400 
00886 12 00904 OOOJO 2410 
00898 31 00000 03722 2420 
00910 26 00929 00871 2430 
0092 Z 25 00000 03841 21040 
00934 49 0051~ 00000 2450 
00941 2460 
00942 16 0"40 -3863 03010 AvAIL 
00954 21 03839 03818 03020 
00966 21 03839 'n83') 03010 
00978 Z4 03tl40 O"~"l 0'304n 
00990 46 JZ55' Oll;S 030!j0 
01002 16 03840 -5874 03051 
0101. 21 038 .. 0 Olil18 3052 
01026 21 03819 n3130 0]053 
01018 24 03840 03847 lO!!1t 
01050 46 02714 0110C 3055 

03060-
03070-
03080* 
0'090* 

8 
DORG 
SF 
10 
8 
OORG 
SF 
SF 
SF ., 
10 
TF 
~ 

TO 
TF 
SM 
TA 
TF 
TO 
8 
00R6 
TFM 
A 

Z 

JZ 
*,ao.I.-N 
-UOZ ' 
--3Z 
IZ 
1-2Z 
J-21 
I"loll 
D" 1 • RlCNRttl 
*(,35, S 1 ZEZ 
*('22,I(.Z 
FlAG1 
*UO .SAVECrl U 
·,11.10.102 
.0-91 
*C.18 , SA VEe. 11 Z 
.FLAI,IZ 
AEADIZ 
*-Jl 
UST.TJ&lZ 
TEST-108IGZ 
TEST-1.KI 
H:ST,SIZFZ 
[ARORll 
TfST.~20Ul 
T(5T ..... 
nSf.,... 
TEST.SUEZ 
FRROR5Z 

FIND STARtiNG A~ fNDING NODESl 
CHi:c.K FOR MeaE THAN ONE Of EACHl 

1 
01062 26 03835 03830 03095 TF 
01074 16 03822 0-000 3100 TFM 

KLAST,KZ 
FIRST,O,81lZ 
LAST,O.SllZ 01086 16 03826 0-00',) 

010" 26 031130 ouu 
Oll10 16 01181 -'86~ 
8U2.1 16 01191 -51" 
01134 21 01181 01810 
01146 21 0119' O!810 
011~' 26 01281 0119~ 
01\,.. ._ •• 01Z10 ocoeo 
01'" ... 01226 0000(; 
01~ 12 0"30 OO-~l 
~1206 47 01326 01'00 

1218 49 01110 00000 

,a~:l.4 0.'122 0-'0,) 
. 12 . 1 02t90 01200 
. '2 . '. (lSI" e..,o 

262 49 01l91t 00000 
'270 

3110 TFM 
OH20 TF 

:H21 T'M 
JlU TF'" 
3110 A 
3140 A 
3150 TF 

01160 nFLAG INF 
OU10 1M' 
0'1'0 OUT IN 
0)190 8N 
0!200 f 
03210 t..OAG 
O~UO AL'HA eM 
nuo .... 
.... 0 T' 
OU~o II 
03260 DOAG 
Olt019 

K.IIGZ 
CKFLAGtll. T J611 
CKFL"'.UIJOOlZ 
CKFLAG'11.KZ 
CKFLAG&23.Kl 
OMEG~1.~,CKFLAG623Z 
OMI' •. 

:':~'::L -" 
T I CALCZ 
CKI'LAG-60Z 
*-3Z 
,.t",t,iln· 
:~,:. 
oull 
*-)l 

27~l";OU:4~~~:~0 
. '. ;' -~'---"""""'''"-~---''---=''''''------''''''' 



.'.: !·' ... .,. .... ·8k".t-.;f. :'.~~1f:::~f 
01318 49 01194 0"000 01.0!50 . - .--- B - . -. oun 
01326 04060 OORG *-3Z 

_Q407~ Z 
-,~UOt 

-~;~.,...*. 

01326 16 01356 -~8~:r~-~~~' TlCALC TF"'Z 
01338 16 01380 -3862 04120 TFM 

q,~.~_O.:: il-:ii~i~-~it&~~ . g:iH tF~ 
:, ·U·:~~:·;.,-,.· '.~r:;,-
01398 12 03818 00-01' 04170 SM 
01410 46 01350 01300 04180 BNN 

014 .. 2~. ,16 0.3.83 .. ". O . . ;,09.Q ... . Q ... ~.'U .. t .. .9.9 .. _.T1LOOP .1F. "'. 
014st'-3! D'.~ ·0,· D..... c)' 
OlMi>~ 1·10.,tI 0 '-. .'"1-10 •. 
ontl>i.t17·02'U· 'MaiO J: ... 
01470 16 OlS05 -3857 04230 TFM 
01412 21 01504 03723 04240 A-
01~ 6~90 040!50 . Tf' •... ~ 
01. 1- ....... ,.,i." .. , : 
01 6.. _ ~'f;ln ,.,. 
015 ';'21.6"'''''' OliOl. A 
01542 26 0377"1 C5030 TF 
01554 24 03777 05040 C 
015~~ .H 0 0'0'0 BL 
Ol'.M ..... ;;;'¥, .. l."i' a.* .... ' ...• ACKI C 
01 ""'f;' ~T'- ·HtfF· .. , ,NE 
0160f:~ &1. ~ ... , 8HF 
01614 49 01422 0~090 B 
01622 05100 DORG 
01622 .24 03798 0384') 05110 ONI C 
01U4 , it7 -~ •• , Oll~O QI120 BNH 
0161t6 -.... '"". "U57 Of< 130 TFI'4 
016·.. II -Oi6tj '·II.3117 0'140 A 
01670 26 00000 03840 ()~150 TF 
01682 32 03841 Ol~')I)O (J5160 SF 
01694 49 01;78 0000e "170 B 
01702 OU., OOAG 

n'lIO- 1 

TI 
TIJtTESTZ 
OtU~_ 
It ,. 
T" 
TI LOOPZ 
*-3Z 
MOS T I T.£$ T Z 
ERRORit" 
.u~.m .. 
*&1hoJI-,:'! 
,TESTZ 
FlAGZ 
BACKIL.-~. 
*-11 

05190* COMPUTE LA TE5 T START 1 NG T IME5 - T JIJOZ 

01702 
01714 
01726 
01738 
01750 
C 176? 
,:1774 
:1786 
01798 
CiSlO 
'J1827 
01834 
: 1846 
(:185A 
01810 

01882 
01SC)4 
01906 
01918 
01930 
:11942 
01954 
01962 
01c)62· 
01974 
01986 
01998 
0201C 
02018 

02018 
02030 
02042 
02054 
C2066 
041078 
02090 
02102 
02114 
02126 
J2138 
':)2150 
1)2162 
02174 
02186 
02198 
02210 
02222 
02234 
02246 
1'!2na 
02210 
02282 
02294 
02306 
02111 
02"0 
02142 
on54 
02:366 
02378 
02390 
02402 
02414 
01426 
02438 
02446 

02446 
02458 
02470 

16 01737 
21 01736 
26 037112 
16 01768 
21 01767 
26 00000 
26 03830 
3~ 03841 
17 02712 
160U45 
21 011144 
26 03840 
22 03840 
16 0189' 
21 01892 

26 03782 
24 0'3782 
46 01962 
12 03830 
47 017911 
44 02018 
169 01774 

It. 01992 
21 ('11991 
26 00001) 
32 03641 
49 111918 

05200* Z 
-:;957 0~210 TJCALC TFM 
Q3826 05220 A 
00'M4., 0~?'30 TIf 
-310-2 otl4a TI'M 
OU26 0'2t0 A 
031<42 05260 TF 
03d3; 06010 T JlOOP TF 
00000 06020 CF 
000-0 06030 8TM -'''l 06040 TIf,. 
0.117 0'010 A 
1)0")00 06060 TF 
0'" 1 06070 S 
-3~62 0608') TFM 
OY'23 06090 A 

OOCOO 06100 TF 
0?840 06110 C 
01100 06120 8H 
0-001 0'.>1 ~o FlACI(J SM 
o Il00 06140 8NI 
OHj41 0!)150 IjNF 
00000 06160 8 

0~170 DORG 
-3862 06110 ONJ TFM 
0:;771 0(:190 ~ 

r,3840 06200 T F 
00000 062(;5 SF 
01)000 06210 8 

06220 DORG 
06230* l 

*&35,TII 
*f,22,~ASTZ 

LAM •. *I. - : 
*ul -
,LAMDAZ 
K,KLASTZ 
FlAGl. 

GU:!-'f 1.0. Z *, •. -uz- -1 
TESTZ -
TEST ,DZ 
*&35,TJl 
*U2.n· 

T.ill.-~ ---
TJI.T~ 
ONJZ 
I( .I,IIZ 
T JLOOPf,24I 
OuTPuT,FLAuL 
T JlOOPZ 
*-3Z 
*"30.T JZ 
*& 17,1 Z 
.TESTZ 
FLAGZ 
8ACKJZ 
*-)Z 

06240' CALCULATE AND PUNCH STAI<T. 
06250' l 

48 1111' 11111 07010 OuTPUT ~ Il11101lllll 
17 03394 OOO-J 0707.0 REA02 8T'" READ.-1.l0Z 
44 02446 113392 07')30 8NF EOJ. REAO-2Z 
33 03842 00000 07125 CF CRITZ 
17 03058 COO-O ')713(1 £'T'" TNS,O,10l 
16 0211'3 -3857 071t.0 TF'" '&35.TII 
21 02112 03723 07170 A '&22.IZ 
26 0371t 7 OeOO(\ 07180 TF TIIZ 
16 02149 -1857 07190 TFM '&H,TIZ 
21 021411 03727 07200 A '&22,JZ 
26 03777 O~)vOQ 07210 TF T I Jl 
It. 0218., -3d62 07220 TFM *&3~,TJl 

21 02184 03727 07230 A '&22,Jl 
26 037t2 00000 07Z40 TI' T JJI 
26 0:3752 03747 01250 TIf EF, T I I Z 
21 0:3752 onu 0'1260 A I',OZ 
26 037S7 03762 08010 TF LS,TJJZ 
22 03757 1)3131 08020 S LS .OL 
26 03767 03757 0'030 TF TF.L Sl 
22 03767 03747 01040 S 11'. T I IZ 
ItT 02212 ~~O" 08050 r~l ·U4Z 
32 0"42 C/ !hi 01060 ~F CRITZ 
26 1)'77' 03717 0~070 TF FF.TIJI 
22 03772 0:3752 01080 S FF ,EFZ 
16 03852 -0201 08090 TFM 5 TR I P ,RECORO& 100l 
17 03200 -nit' 01100 IT'" !OIT.TII-4Z 
17 03201) -nit' OIUO IT'" IOIT.[F-41. 
17 03200 -HU 0'11.0 8TM EOI 1.L5-4Z 
17 03200 - 375! Oll130 STM ED 1 T ,T JJ-4Z 
17 03200 -:!763 08140 STM EOIT.TF-41 
17 03200 -3768 08150 !lTM EDIT.FF-4Z 
44 024116 o.14a 01160 IN' *U4,CRITZ 
16 00249 Ol)OJlt 01110 TfM ftECOftO'l"" 14. 10Z 
34 00000 Oc/ltl OUIiO WRITE1 un Z 
39 00101 (J0100 0lU5 WAlY RECOROZ 
49 02031) 0(1)00 08190 8 READ2Z 

08200 DORG *-3~ 
0'010- Z 

F INISH"AIII.· 

u,a.e PUlliCH TO.,. CO~T ANO (OHIl"ET IUN TIMEZ 
010- Z RECORD-~i;1 ITlE-lZ 31 00100 0?5~8 09040 EOJ TR 

16 03852 -0137 090'0 TFM STR I P ,RECOAOf.36Z 
17 03200 -Fe 3 !)9060 8TM EDlr.T •. 

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

o 

o 

f'LvJ.f i 1~1ESZ 

o 



t *** itt ·f 
(,iMN My "II" e Uf 

c 

• 

02550 15 03713 00001 

.;!I'~,.; .~; .; ~.'~ _~"I11'! ...... t'! 
02590 
02590· 
0160~ 

.0,,1,_ 
OMt, om. 
02650 
02658 
02658 
OJ.7G 
02611 
02694 
02706 
02714 
02714 
02726 
02718 
02750 
02762 
02770 

02771 
02772 
02784 
02796 
02801 
02820 
02en 
028 .... 
02856 
02868 
02880 
02892 
02904 
02916 
02928 
0294(1 
02952 
02960 
02960 
02972 
02984 
02996 
03008 

03020 
03028 
03028 
03040 
030~2 

03056 

03057 
C 3058 
03070 
03082 
0309 .. 
')3106 
0'118 
(., 1 30 
03142 
03154 
03166 
03118 
0]190 
O·H9 .. 

0]198 
0'200 
03112 
03224 
03236 
03248 
0'260 
03212 
OJ2I. 
03296 
03'304 
03304 
03316 
03'321 
Q!l3.0 
033S2 
03364 
0.3316 
033111 
0"92 

03393 
0"'4 
OJ406 
054" 
03430 
03442 

~' ,O? .. ~~ 

15 03713 00003 
16 oJ}n OQOM~ 
14 00t00 00,01 
Sf (lifOl Q.1UOO 't_n 00100 
49 01194 00000 

15 13 OOOQ4 
~. ~ tOl~l 

Ji;:'" ·"euo" 
u~·.. 8i100 
49 02530 00000 

15 03713 00005 
.)4 00(10, 00102 
n <"lilt OftlOO 
,. 01l1!! 00100 
49 02530 00000 

0"02 
26 02807 
22 021106 
25 038", 
26 02126 
Z5 nooo(l 
26 02U7 
12 02867 
31 03721 
26 02&86 
25 00000 
26 0'131 
26 0]727 
44 02960 
33 03723 
15 OH2" 
49 02972 

03847 
03tl30 
00000 
02107 
01131 
02.01 
-0010 
00000 
02601 
0'142 
0'31110 
01726 
03723 
00000 
n()OOJ 
'l0000 

15 0]120 00000 
33 03721 00000 
44 03028 03721 
33 03127 ')0000 
l!i 03724 1l000J 

49 03040 ':-0000 

15 03724 00000 
3~ 03125 1)()OO'l 
"2 00000 :)0:)00 

00002 
Ib 0308A - H20 
16 03093 -0101 
25 00000 G OOCO 
11 0~093 00'l-2 
11 0308f, :)on-l 
1 .. 0'08~ -37~7 
41 'l3082 1\12:10 
32 03120 00000 
32 03724 00000 
12 03728 00000 
32 03732 00000 
"2 00000 00000 

OOOO~ 
32 0384. 00000 
26 03213 03}99 
26 03290 038'2 
26 0'3127 03199 
26 03334 03852 
44 !>H04 OUltl 
43 03104 00000 
16 00000 000-0 
49 OH40 00000 

33 03841 00000 
2' on., 00000 
l' 00000 OOOltO 
11 Onff 000-1 
11 03852 000-2 
2b ODI7 03199 
44 03212 00000 
42 ooooe 1)0000 

00002 

liSE, 
2. 00115 OJI1. 
U 0'522 OlZOO 

09230 
09240 ERROR, 

g;n~-~6U 
09iU 
ot ... 
09254 &, OUTZ 
09260 OORG *-]Z 

i:i~ fR!l.QR~ ~-. 
"100'0 WilY ."'; 
100!2 ...,.- c 

10040 8 GOIACKf-
10050 OORG *-]Z 
100bO ERRORS TOM 
100H rau It'(!D 
lotn Wtn 
10". wtn:: 
1007b B G08ACKZ 
10080 OORG *-3Z 
11010* Z 
11020. 5U8ROUftit! TO GET 
11030*' 1 , ..•. 
11040 os 'KLk 
11050 GETIJD TF *&3~.SIZEZ 
1l0bO S *&22.KZ 
11010 DAGIT TO. CRITL, 
11011 Tit·, ""tPGlT"".J 
11072 ra' ."~l . 
11073 T" ~".U"UGn6Ul 
11074 SM *'23.10l 
11015 TR 0-10l 
1107t. TF *UI,pAGI Hj.llZ 
11077 TO .ctaht 
11071 'O, O.O-ll 
11079 '" J.J-ll 
11080 8NF ., ...... Z 
11081 CF IZ 
11082 TOM 1-3tlrllZ 
11013 IS *uoz 
11014 OOllG *-;n 
lIon 10M f-loO.lU 
11086 Cf 1-2Z 
11081 SNF *,. .. 4.JZ 
11088 CF JZ 
11089 TOM J-'.ltlll 

11090 
11091 
11092 
11093 
11094 
11110 
11120· 
I1UO· 
11040* 
III ~O· 
l11t.0 
11170 T N5 
11180 
11190 
IUOO 
11210 
1122e 
11230 
11240 
11241 
11242 
11243 
11250 

i~~lOZ'- -. 
OORG -IZ 
TOM .1-3.0.112 
CF J-2Z 
B8 Z 
DORG --7Z 

1 
SUtlllOUTIHE TO TRAH$HR /IIUNfItIC 5TRIPl 
fOR INPUT FIELDa I. J. Dt ANO C05TZ* 

Z 
D5 2l 
TFM .&)0.1-3l 
T'M *UJtlllfCOAOZ 
TO 1 
AM 
AM 
CM 
BNf 
5' 
SF 
5F 
5F 
r~ 

*-hZ.lOl 
*-1I1t 1 tl OZ 
*-30.COST(,lZ 
.-48Z 
'-3Z 
J-Jl 
()-JZ 
COST-"Z 

Z 
L-ORG "-7Z 

1 
~U.ItOUTIHE TO TRAN5FER NUMrlt" FILLl 
AIIP IQ,IMI/IIATE LfADING lElt051 

112bO 
12010* 
12020* 
12030· 
12040· 
120~0* 
12060* 
12070 
120.0 EDIT 
12090 
12100 
12110 
12120 
12130 
121ltO 

~IGH ORDER ADDRESS OF NUMERIC 15 IN-EOfT-1l 
HIGH OAOER AOORBS OF ALPHAMERIC IS*IN STRIPl 

12110 LERO 
12160 
12170 
12180 DIGIT 
12190 
12100 
UUO 
12220 
12230 
12240 
uno 
U .. O 
10'" 
12311-
12320* 
UHO 
In.O HAO • 12390 

Z 
OS 
SF 
TF 
TF 
TF 
TF 
8NF 
80 
TF .. 
8 
OORe.; 
CF 
TO ,,1It 
AM 
AM 
TF 
&NF 
If 

U 
F~GZ 
Z_O-l.EDIT-U 
ZERO(,6.STRIPl 
01 GI T&23.EOIT-ll 
OIGITC,30.STRIPZ 
OJ Gi"'LAGZ 
OI4ill 
o.a Ol 
01GIT&36Z 
*-3Z 
FL~~ 
!!lUll 
',~.Z 
fDll·hl.l01 
STRIP.2tl0l 
*f,ZltEOIT-1Z 

H2l 

DOR~ ~,o i 
~ t Lfi_ ~ ;;. 

REAO ROUTINE. 
1 

TITLE (ARbS MAY Sf f~tE~SPERSEO wfT~ JOijSl 

C 
8E fltDl 

~'\-"'1~"~~ 
12400 
11.ftOl C~ '5582S"HU 

a, 
-+::~~~::-;;~., ~- ,... .. ~ -~ ~~.~~ -

• '4 .,,''''', ",a/. A , ,La, eM l.rO'0.0.101 



,00101 o.n, 
03619 

0)701 

0372~ 
03727 
03731 
on36 
onn 
03742 
03747 
03752 
03757 
03762 
03767 
03772 
03777 
03782 
03190 

03798 

03814 

03818 
03822 
03826 
03830 
03831 

03835 
03840 
03841 
03842 
03847 
03852 
03U7 
01162 

03864 
03876 

03818 
03900 
03912 
03924 
03936 
03948 
03960 
03972 
03984 
03996 
04008 
04020 
040H 
0401t1t 
0"0" 
04068 
0408r. 
01t092 
04104 
04116 
04128 
04139' 

04141 

01t199 

O'Hlb4 

.,'~"BJ'GOOOO .2 Ci"'~OOOOO 

'124U 
12460 
U'+1Q "' 
12'80 !:NQ 
1"'0 
12i"-
13010* 
1.020* 

t", 

nOOIO 
0004f.O 

00041 

OItOlO, 

31 
45 

11 
26 
49 
11 
49 
34 
39 
31t 
39 
48 
46 
46 
31 
31 
31 

00005 
OOOOlt 
OOOQ' 
oo~Gt 
00011)-;, 
OOI)O~ 
00005 
00005 
00005 
0000. 

0000' 

00016 

00004 
00004 
00004 
00004 
00001 

00004 
0000. 
00001 
00001 
000C5 
00005 
000C5 
0000' 

JQ999 
03924 

03870 
03cJ47 
03948 
031370 
0'864 
0001)0 
04141 
00000 
04199 
0.0001) 
"4::>80 
04068 
02 .. 14 
OZ'06 
031t90 

15 03403 
31 COI00 
32 00100 
1t9 00402 
41 12'34' 
39 ·00101 

001)01 

00:l29 

000J2 

00399 
00000 

-0010 
03170 
00000 
1(0110') 
no,'ol~ 

0(11(12 
OOlOO 
001C2 
OO.OC 
t)O'H)t) 

(021)0 
001(1) 
04116 
04116 
04116 
')01)05 
I) 3'S)8 
00)0') 
000(10 
67119C 
O~,r.O 

13060 DAC 
130600057~9a5Vt~~;i 
110600000000000 
U070 U 
U070MU959 
13080 I OS 
13090 J OS 
U100 D ,DS, 
UII0 COST , 05 
13111 REC~K DC 
UlllZ 
13112 LAMOA OS 
13120 TIl OS 
U130 EF DS 
ll140 LS OS 
nllo TJJ D5 
13160 T' ,_1)5 
13170 FF OS 
13180 T IJ rs 
13190 T JI t-s 
13200 TCOST OC 
lUOOOOOOOOOOZ 
11210 MOST DC 
1321000000000Z 

4Z 
4Z 

13211 Z16 DC 16.0Z 
132110000000000000000Z 
U220 810 05 4Z -
IJ230 , IRST OS 4Z 
13240 LAST OS 4l 
132!10 I( OS 4Z 
132!11 DC l.ta •• l 
13251Z 

OS 
05 
OS 
OS 
DS 
OS 
Os 
OS 

Z 

.. 2 
51 
U 
1Z 

5l 
5Z 
U" 
!Ii, 

6680 
fdOo 

7200 

0603'Pn037910 

0603791037990 

0603799038150 

0603831038320 
U260 nAST 
1"010 TUT 
14020 FLAG 
14030 CRIT 
14040 S 12E 
14046 STRIP 
l~O!lO T I 
16060 T J 
14061-
14062-
140b3-

FINO MEMORy SIZE AND CONYERT FOR CARDS IF NEEOEOZ 
Z JO 

14070 MEMORy TR 19999_0399,2Z 
14080 8NR -& ... toz 

1 .. 090 
14100 
14110 
14120 
141 JO 
14131 
14132 
11t 133 
1"134 
14135 
Ilt140 
14150 
14160 
14170 
14180 
14190 
14200 
14210 
14220 
14230 CDoul 
14240 
14750 
IIt2501 

AM 
TF 
B 
AM 
B 
ROY 
."ATY 
rCTY 
_ATV 
H 

BO 
BC I 
TR 
TR 
TA 
TO'" 
TR 
~F 

8 
NOP 
wACO 
DC 

... 11-;101 -­
SI1£."30Z 
-'Itl 
ME"'ORY&6.20000Z 
ME"'ORYZ 

Z 
MUjlZ 
z 

"'fSSll 
Z 

_& 72Z 
*&48Z 
wR I TEl,COOUT Z 
Wit ITE2 .c;oouu 
w,,1 TU.COOUTl 
READ&9.!lZ 
RECORD-l.T I TLE-IZ 
RECORO-IZ 
JOISZ'" 
lHU-tf/1890l 
ItI(ORO' 
l.ta,COOuT(,231 

14251 ",ESSI DAC 29.SWITCH 1 0/01 FOH TYPED OUTPuT,l 
142 !l102 6b4'i6 34 1 .... 00 7 1.O!l6.~04u.nOOU6115 7 .. 5 It .. 00 566" UZ 
142515764630Z • 
1"2!12 MESS2 CAC 'h~ITCH 2 ON IF U.lf~G TAPE INPUTtl 
1425<i02611 .. <t1l34l480072005b!))004"460061t1l"49!15 .. 70011341574!1Z 
142!120049!1!15764630Z 

0604139041400 

06041400.1900 
06041900'41980 

0604198042480 
06042 .. 8042620 

14260 DEND "'f"'ORYZ 
14UO ~60000000'004',OOOOOZ 08000"001150 
,.001 OOOu !l00 3600 11200100)6U8Z .... 00100 J6WO 11600100)6000to0050000000000 

10203040002040601000,06090110040801161 005001 !llOa0060ZlIlIt2Ot)Z ° 
70"1128~001l0614U }00Y081 7t63000000COOOI0607080900J,2141611lU 1811242720242Z 0 
822 36 35 20 1!1 ';0451t0j6 324844 55 324 9465360411465462754"'362 7180 12 3456 789123456Z 0 
711'10" 34)0 7"..,OJ jlt56 7890JJ..4!16 711'10JJ..L 5" 7890JKLMb .,.90JJ..I .... H18VOJII.~MNU890JKL"'NZ. 0 
1480000000000 .. '0 3 .... onO~U.NOPI,lZ L ,1,10,..000 ,.1II'0000000000M9000itOOOOOOoo 

" 

o 

o 

362 

898-

'C\, 
f' 



o 

o 
. --.. - .... 

o 

Oli6i!1 
220319003H02203 
44()(;9 1.2 03 3<J211038jOOOOO 
16001) 36::; :116 31600b4!!05116 
3-l00000~'IJOOO Z4Q3 n303fl 
''007200:'OU~~a3111'Oi7l 
320372"1t'O(;0043007f1l0;J7 
3203 7<:3~'liOJO, 2,)3 721 
2bOOIl130 JII4 7 2 ~UC97Z0311 ,~OC~ 50 38,/tl 01)00102'flUCI9 
310.00000 ~ 72 2260Q ~21~nr.1I7 ~" 
UO)h003t1b321036 
160311ItOO!i8i42 1038"0 
26038n0383!l160382 
16011930586,,2101111 

~:~~~~~g~g~g!~~~~jO(!'J~'~'~~l~'~'~'~'~'~~'!O!'I'~'O~'1i'~'i~~~~!~;;!t!!~r,:~~::=E!ti~II~e!! 440119,.0001)014038i6 
160UU038!i711 0131100 
11013l0000J01"03b 180000 14611 
11038300000117U2712000001bOI 21u1 4000000Z00101446 0 0021 
2103840037 j 1160 I!>' jO.HI' 121 01 ,5,03727 ibU377700000240H7703840Z00101S060 15660 0022 
4 7016220130024U3 tUOO jd :;,4 70 144601200440 1 70203841490142200000l0Q101 ~6.9 .U~O. OQ~~". ~ 
2403 7980;}8404 702b'80 11 0016016 u,o»ua 10167503 721260000003iltf,,)Z00101,t.WtJUqo.n 
3203841 00()0049l' 15 7f100000Z .4uoi.t1fil .. o oon 
16011H0111572101 7 j60lii/6ii:b0374i/C)O00016017"0:U6221D17670~'2U,OCUofg"11~O 00il6 
26000000,742;.160311 jOOJII3,3 ';0;841 00000 1702772000001fl0184503862Z00 1017620 18220 0027 
2101c1440j 7 <: 7l60'~tl4000000220384003 731160 18930j86221 0189203 723Z001018220 18820 0028 
26037112 00000t403 711~03tl4046019620 1100 12038300000147017980 1200Z001018820 191020 002~ 
44020180~8414"'0177400000Z UOI019"Hn660 0030 
1'019920Jl6221019\/1037;nnoooeoo~QJ"100000"90191100000Z001o.u .... a.no.OO." . 
it'1111l11111170B'I40000J44024"6033"'3U3ll"2000()0~ 70)OUOOOOOZ~OiiJQ.at91<!'1 •• 91N ' 
160~ 1l30311!> 721V2 11,,03 7 ~ 32bO j 74 7uOOOO IbU21490j857210Z1480, 7211001020 78021380 0033 
26037771)000016021 II ~O ,HI6n 10" 1114031 27,,603762000002603 7 !>20~ 74 7100102138021980 00310 
21037520:n j 1~60:l1' 7031b, a03 7, 703131 ,,60j 7b 70:n!> 72203 76 70j 74 HOO 1021911022580 OO~,> 
4702282 0120032U 384 200000260 377 203 77 7 2 203 7 7203152 aon 520020 1Z00102 ZH02J laO OO)t 
170)2000)74 3170)2u003 T4117012000nn 17U320003 n8170)20003 763Z0010231,023 710 OO)f 
170320003 768440241403t!421600249000.J4340000000 1023900 10100 100ZOOl023 78024380 00" 
490203000000Z -102438024500 0039 
3100100035 38160311 ~"OO 1 HI 7032000378 316038!>2002 2 71 7032 OOOj 738Z001024lt60250bO 0040 
34000000010239001010010048 Z22U222U4900402 OOOOOl 00102506025540 00lt1 
U0371100<lOI .. 9u2H600000Z 00102"00257.0 0042 
U03713000024902b0200000l 00102!n00259ltO 00.3 
1503 713000031bO 13.: 1000M8340000000102 391.1 3 70 100 100jIl03111900100Z00102!!90026500 00 .... 
490119400000Z -102650026620 0045 
lS03 71300004]4VOUvlJOO I U2 3'1U 3 70 1 VO 1 CO j8V j U 000 I 00109025 3000000Z0010265802 7180 0046 
150 3 7l30UOO~ 34UOO",,00 1 Ol3YC:; 70 1 UO 100 ]81UIII ,001004902; 3000000l0010271lt02.7740 0047 
26028070;,8" 72 2028060)11302 ~O 381oi/0~.' . 602.260210 7ZS0000003 73 7Z0010217Z0211320 0048 
260286 70280 71202U 7000 1031 03 7 21 0~26U211602 .07UOOOOO0314t2100102IU028920 0049 
26037310373026037 I. 7017 2 .... 40l9bOO] "', 33U3 72100000 150) 7 200000Jl00102.t202'UO OOSO 
49029720000CZ 00102952029640 0051 
1 ;03720v00003303 7,100000"40302 t!v37 2 7 3JU 3 727000001,03 7240000JlOO 1029b0030200 0052 
4903040UOOO<ll 0-10~020030320 00;3 
150372401l000''037250000010200000UOOOOZ 0010l02.0J06.0 0054 
160JO .. U 3 7 ~ 0 IbOJ09300 1 0 12 500000(J0000 1 11130930000211 030"0000 lZ0010.30'-l0 31110 005' 
140l01l0.l '7 J 7470 )01120 l,tOOJilOJ 7l000000Jl~ J 72 .. 00000:.203 7210001l0Z00 1031 ilon 180" 0056 
3203H2000004,OllJvvOOOliUL 00103178032020 00~7 ,.~ 
34!OJ1I41 uvUvV,,1 v 3.: II j~ H y~<: t>u, 2~VO~8 ~2 ~bv ~3nOj 19901bOH 340JII'llOO 1032000 )2600 OUS8 , ' 
440Bv4v ~841"::'v)~\'/400lJvu 1 buOOU(" UOU(;U4"'"d34000liOOl 0010j2600lj080 00,9 
33038101 000u02,0 H ,90000U 1f1000001JOOPO 11U319900001110385200002Z00 103304033640 0.60 

26033870319944v3214!00000420000000000i 001033640 3ltOOO 0061 
3700101 OOlOO 14UO 1 uI000P0460n1401 JOO4!40011 !)Ollll .... 60).Z 20 1 'OOZ0010U,.01U4.0 0062 
1400101 OOOOOlobv 3~J401 ~00410033940H\/H''uOOOOOO 1023900 10 100 100l0010l45ltO]') 140 0,063 
4903394000001 -10351403!'>260 0-064 
330H920000042000vuOOOOOl 001035220H460 0065 
1(.000(,,0, 7~Y~I>~ 14!)4 jb ~OV" j~bbd) JOOOOOOOOOOOOOOOOOOOOL 10 10~5 3110 H880 006b 

1 10103588036180 0067 
00; 7~<J;b514~43b jOU .. J')b~4~ HH56;; .. 9565;\,/00000000000z. 101036110)6680 0068 

I 10103668037000 0069 
"I;~9;~~!';'J007000000l 10103700037200 0070 
1 10103737037380 0071 

101037830381;0 0072 
z 101038)1038320 0073 
3lJ';'J99,'0 J'J<J4503941400000 1103870000 1 02b0384 70)870"90)91080000010010316"0)9240 0074 
11038 h'I(U000490 3864000003400000001 (, 2 3904141 00 1003ltOOOOOOO 1 02100 1039240398ltO 007, 
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