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MANAGEMENT SCIENCES AND OPERATIONS RESEARCH (600)

CONTRIBUTED PROGRAM ]E!h‘!L!E;]['[:

CPATH
TITLE: CRITICAL PATH EVALUATION 36171
DESCRIPTION: This program will compute CPATH and print a summary of earliest and latest

event times and actual and maximum activity times, and indicate which are
on the critical path.

INSTRUCTIONS: Self-explanatory
The user has the option to enter data from the teletype as it becomes
necessary, or to enter it internally with data-statements. If entered
internally, use the following format:

9900 DATA # of events, list of ID numbers of events

9901 DATA # of activities, list of (for each activity) the ID #

of the event preceding it, the ID # of the event
succeeding it, and the time necessary to complete it.

To change bounds, alter dim-statement 9012 and delete input checks for
75 and 150.

SPECIAL
CONSIDERATIONS: The program will handle up to 75 events and 150 activities.

At least one activity is necessary.

For each activity, the predecessor event must have a lower ID # than the
successor event.

ACKNOWLEDGEMENTS:
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RUN

CPATH

* CRITICAL PATH x*

DO YOU WISH TO ENTER DATA FROM THE TELETYPE AS IT BECOMES NECESSARY.,
OR TO ENTER IT INTERNALLY WITH 'DATA'-STATEMENTS? (ENTER °T' FOR
TELETYPE, 'D®' OTHERWISE)?T -

HOW MANY EVENTS DO YOU HAVE?6

ENTER THE 1D NUMBER OF THE FIRST EVENT?1
THE 1D NUMBER OF THE NEXT EVENT?2
NEXT?3

NEXT?4

NEXT?5

NEXT?6

HOW MANY ACTIVITIES DO YOU HAVE?7

FOR THE FIRST ACTIVITY, ENTER THE NUMBER OF THE EVENT PRECEEDING IT.
THE NUMBER OF THE EVENT SUCCEEDING IT», AND THE TIME OF THE ACTIVITY.
71,5251

FOR THE NEXT ACTIVITY?2,5,]

NEXT?S5,6,1

NEXT?1,6,5

NEXT?1,3,1

NEXT?3,4,1

NEXT?4,6,1

24 e 3k 3 3 e e 0 o o 3 3 ok o e sk 3 e ok ok ke e e ok ok ok o o 3k ok o 3 ok e e e ook ke sk 3 s ke e ok ok ok ok ok ok 3K K K ok ok K ok K Kok K

*k%x EVENT TIMES ***

EVENT EARLIEST TIME LATEST TIME
1 o "] CRITICAL PATH
2 1 3
3 1 3
4 2 4
S 2 4
6 S S CRITICAL PATH

*%% ACTIVITY TIMES *%x

PREDECESSOR SUCCESSOR ACTUAL TIME MAXIMUM TIME

CRITICAL PATH

B W= (N -
oL WOOUN
—— b Ul b e
WWWwULwww

2 e e o e o o e ok ok e ke o ok o sk 3 ok e o o ok ok 3 oK e e e 3 ok o 3k Rk ok ok oK ok o ok Ak ek oK ok K ok o ok K oK ok ok ok ok Rk

DO YOU HAVE ANOTHER PROBLEM? (°Y' FOR YES, °'N' FOR NO)?N

DONE



TITLE:

DESCRIPTION:

INSTRUCTIONS:

SPECIAL
CONSIDERATIONS:

ACKNOWLEDGEMENTS:

MANAGEMENT SCIENCES AND- OPERATIONS RESEARCH (600)

CONTRIBUTED PROGRAM BASIC

DECSN
TOP MANAGEMENT DECISION GAME 36065

This program furnishes the simulated business conditions and the mechanics
for operating a business game for any number from 10 to 60 participants.

The participants form into teams representing ficticious companies and

make decisions on price, promotion, preduction, capacity, research, incen-
tives, and training in a one product market. The program provides a set

of interrelated market and internal conditions that approximate real con-
ditions, even including some random perturbation. The team decisions are
converted into results fast enough so the results can be given back to the
teams during the same class period, enabling the teams to make up to three
sets of decisions during a two or three hour period. This quick feedback of
results has been found to have excellent educational reinforcing characteris-
tics.(See "ECONOMIC BACKGROUND" for further discussion.) An income state-
ment for each team is printed out. The program recalculates sales units
when the combination of production cost and beginning inventory are too

low to meet sales units as generated by the first part of the program,

Each income statement is completely formated to 7 significant digits and
each income statement is printed on an 11 inch sheet of paper.

Data is put into lines 351 to 372. Line 370 is for beginning inventory for
each team. This is to be entered in order as to team number. Line 371 is
for training expense and it is to be entered the same as line 370. Line
372 is for units available for sale. This figure is from form IV line 3
and this also is to be entered the same as 1ine 370 and line 371.

Line 370, at the start of the game, is 310000 for all teams. Line 372, at
the start of the game, is 96000 for all teams. These lines are also
printed in the new data printout block. Line 372, in the new data block,
will only be ending inventory from the previous period and the beginning
inventory for the next period less the new production for that period.

Because of line 371 there is no need to enter for training in the Data
block. The (6) is automatically entered in the Data block.

The first time incentive is instituted it will be understated in the in-
come statement and it should be corrected manually. Incentive coding is to
be entered as:

10 = either skilled or unskilled labor

20 = both skilled and unskilled labor

30 = semiskilled labor only

40 = semiskilled and one other type of labor
50 = all three types of labor

None

Professor Joseph Nordstrom
Bowling Green University
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ECONOMIC BACKGROUND

This game gives the participant practice in making top level management decisions under time pressure.

The decisions to be made call for attention to the inter-dependencies among the various decision areas,

in other words, to the need for integrated policy thinking. Through the use of a Hewlett-Packard table

top computer {Model 2114A with an 8K word memory) which can be brought right into the classroom, the re-
sults of participant decisions can be made available to them in a very short time after the decisions are
made. In fact, during a two hour class period, the participants can play two or three periods of the game,
getting their results back each period only minutes after turning in their decisions. Finally, the simu-
lated business situation programmed into the computer is considerably more complicated than would be pos-
sible for a paper and pencil game with the same turn-around speed. A1l the calculations described below
are performed as automatic functions of the computer program.

As is the case in the market place, some carry-over exists in this game from period to period. For ex-
ample, the promotion contracted for in one period will also affect sales in the following periods. The
same is true of expenditures for Research and Training.

This game, departing from the practices present in most similar games, makes the participant teams com-
pute their own accounting statements. The computer printout does not supply these figures. The parti-
cipants are thus forced to consider accounting relationships more than otherwise. Experience has shown
that this feature is a valuable part of this game.

The participant should develop a sense of the market as he plays. He should attempt to "psych-out" the
demand relationships as functions of his decisions. It is to his interest, therefore, to adopt somewhat
more extreme strategies in this game than would be safe under real business conditions. In this way, he
can learn without cost, and in a short time, lessons that might cost much more, both in time and money

in the real market. It is worth pointing out especially here the role of strategy in business as opposed
to decision. The participant will learn little from a policy of changing decision rationale frequently.
He will learn much more from the results of having made a series of decisions according to a certain
rationale that he wishes to test, i.e., a strategy. This is true in real Tife and is true in this game.

Market Demand

In general, demand is a function of price and promotion; the higher the promotion or the lower the price,
the higher will be the demand.* The participant must be concerned not only with demand relations, how-
ever, but also with production costs at various levels of capacity. Inventory costs also must be con-
sidered. These factors can be controlled to some degree by attention to investment in training, in-
centive and research activities, but the final results will be dependent on all these elements acting
together. Finally, there are forces acting on demand that are outside the control of the participants,
i.e., the general market trends. The game starts off with a growth trend for a few periods to invite
attention to necessary increases in capacity. Then there is a market decline for a few periods, inviting
attention to inventory costs and overextended production capability. Finally, there is another rise in
demand. The result affords an excellent opportunity for the participant to practice forecasting talents.

*With price the demand relationship is continuous. With promotion, however, the demand rises with pro-
motion expense up to a maximum of $1,000,000 expense per period, whereupon the promotion effect saturates
and no further increase in demand results from increased promotional outlay.
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The market trend is given to the game by the following relationship:
F2=1+.2p - .036P% + .0019P°

where P is the number of the period being played.
The relation of demand to price and promotion is given by the following:

Fl =

where P is the price and S is the promotion expense. In the case of total demand, mean price and pro-
motion figures are used. In the case of team demand, the team's price and promotion figures are used.

For the total demand, the relation is:
D=NxFl x F2 x 60,000

where N is the number of teams. F1 gives the effects of price and promotion, and F2 gives the effect of
the general market trend. The base demand is seen to be 60,000 units per team.

In addition to the factors mentioned above, there is a random perturbation of demand figures, so that a
team's demand will not conform precisely to the functions noted above. This perturbation produces up to
ten percent variation from the defined functions and can be thought of as the result of extraneous market
conditions.

The Production Decision

The production cost is constant in any given period up to a production level which is 5000 units less
than full capacity. Above this point, there is a per unit increase of 70 percent for production cost.
For the participant this will result in gradually increasing average costs as he approaches and exceeds
capacity. It might be noted that the participant may assume that he cannot produce above capacity. This
is an erroneous assumption. Production in excess of capacity can be justified theoretically on the basis
of creating a night shift, or farming some of the work out, etc.

The Capacity Decision

The capacity decision is made three periods in advance of the availability of the facilities contracted
for. The facilities are not paid for until they are ready. The payment results in a reduction of the
cash, but does not result in a commensurate reduction of profits in the period in which the facilities
become available. The reduction in profits comes about through a steady state increase in administrative
or overhead costs, so that, on a period by period basis, the cost is amortized. The amount of return on
investment for money put into increased plant capacity will be favorable if this extra capacity is used,
but it will just be extra expense if not used.

The Research Decision

Because it has been found advisable in this game for all teams to consider that they are selling the same
product, research in product design is not appropriate. Therefore, it is assumed that research input is
for the purpose of improving the process and that success in research will result in lower production
costs. The research expenditures create a probability of breakthrough, the more expenditure the more
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the probability. Only one breakthrough is possible in any one period and it lowers the production costs
by 1.5 percent for every period from the point of breakthrough on. New breakthroughs increase the cost
saving by the same factor. Obviously, the more production that is scheduled, the larger will be the re-
sulting saving. The assignment of probabilities of breakthrough results from a random number simulation
in the program. The characteristics of this probability function are such that a steady $80,000 per per-
jod investment in inventory yields the best return on investment.

The Incentive Decision

It is assumed that trying to apply a wage incentive to either the skilled or unskilled classifications
will result in no improvement at all, due to the practical difficulties involved. However, applying a
wage incentive program for the semi-skilled workers will result in some substantial improvement. The
improvement will take the form of increase in apparent capacity, so that, when a team is producing at or
above stated capacity, the production costs will be less, enough so that a satisfactory return on invest-
ment (in the incentive plan) occurs. It is assumed that unit production costs will not be affected, be-
cause the form of the incentive is such that labor will get as much per unit of production under incentive
as before. Therefore, savings will result from a reduction in the costs of above capacity production,

in the manner stated.

The Training Decision

The training decision assumes that there will be a lower production cost associated with increased train-
ing expense. The effect of this training input, however, will attenuate over time so that the effect
will be far less two or three periods hence than it is directly after instituting the program.

In Summary

The carry over of effects (Research, Training, etc.) occurs thru the continual updating of the last (data
statement) matrix in the printout, as mentioned in the Instructions for the Referee. It is important
either to carry out this updating thru entering the new data by hand from the last matrix or by entering
it by tape in the manner described.

It should be noted that this game was developed for 12 periods of play. If the instructor plays many more
periods, it would be advisable to move from [P = 12] back to [P = 5, P = 6, etc.]. If this is not done,
the instructor will find the market tendency rising at a rate without bound.

In general, there is no existing equity relationship in the case, because there is no fixed asset item
nor is long term indebtedness or equity mentioned. Some instructors using the game may wish to add these
figures, making it possible to develop balance sheet relationships and financial ratios which are not
possible under present conditions. This will be easy to accomplish.
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INSTRUCTIONS FOR THE REFEREE

The referee should first make sure that the Basic compiler is in the computer (Hewlett-Packard Model 2114A,
8K memory) and operative. He should then read in the game tape. After initializing the game program
according to INSTRUCTIONS FOR INITIALIZING, the game will be ready to play.

The participants in the game should be divided into teams, jdeally no fewer than three, nor more than

seven participants in each team. It is best when there are at least three teams and the computer program
will not handle more than eight teams. Each team should be encouraged to select a chairman (or president),
an accountant, and appoint members to represent the marketing, personnel, and production functions.

The referee should then make sure that each team has an official team booklet, with copies of Forms I
through IV arranged in a set for three years (four periods each year). The official set should have init-
jal data (as per copy attached to this set of instructions) entered on the forms. This should include

data regarding production, capacity, inventory value, administrative cost, and cash balance. Each member
of each team should have a set of PLAYERS' INSTRUCTIONS, a copy of Chart I showing the past twenty-four
periods of sales experience for his team, and.copies of Forms I through IV that he can use for calculations.
It is advisable to make this material available for study sometime before initiating play of the game.

The referee should then explain the philosophy of the game, pointing out that it is up to the teams to
find out how the market reacts to their decisions and explaining the decisions to be made in the play for
the first period on Form I. It is wise at this point to discuss the basic nature of the game, the fact
that the teams are interdependent, the fact that market response will be dependent on the team decisions,
to some degree, but that the market response will also be determined by general economic trends and by
some random variation. Also, it can be pointed out that one quarter's decisions will affect results not
only for that quarter, but for future quarters as well,

.

Receiving the Decisions

Upon receiving the booklets (with decisions) from the teams, the referee should verify the calculations
and the entries, making sure that enough"lead time is given for decisions regarding new production and
capability. He should check profit calculations and should assure himself that each team has entered
the cost of negative cash balance, if the team incurred some.

Entering Data

The referee then types the decisions into the computer program as data. (See INSTRUCTIONS FOR ENTERING
DATA,) Decisions as to price, promotiom, production, capacity, research, and incentives are typed into
memory locations from 351 to 358 (as needed), team one's decisions being typed into 351, team two's into
352, etc. In the event that some team other than team one is the first to turn in its decisions, that
team's decisions can be entered as soon as the form arrives. For example, if team four is the first to
turn in its decisions, the decisions can be entered into memory location 354. Decisions as to training
are entered into memory locations 361 through 368 (as needed) in the same way that data was entered in
the 351-358 block. The referee should check the means for entering training data carefully before pro-
ceeding. It should be noted that the data for incentive wages and for training must be coded before
entry.



DECSN, page 6

For incentive wages, the questions involve only whether the team has paid the full cost of the incentive
plan and whether the plan is for the semi-skilled workers or not. A plan for another group of workers
produces no effect at all. A plan, fully paid for, for semi-skilled workers, increases plant capacity,
thereby causing Tess production expense when the plant is working near or above capacity. In coding the
plan, the number entered should be 30 or more if the plan is for semi-skilled workers and less than 30 if
the plan is for one of the other two classes of employees, or if there is no plan.

As for training, the number entered is a function of the number of periods since a training program was
installed. In the first period, whether or not a training program was installed, this number will be (0).
This is because the results of the training program are not apparent in the period for which it is in-
stalled. In the next period, if a training program was installed in the first period, the number should
be (6). One period after the introduction of an additional new training program, six should be added to
the number which appears as the last item of data in subject team's line in the last matrix printed out
from the previous period (the matrix characterized as data statements). The data for the present period
should be corrected by this increase. Note that, in entering such data, the whole data Tine must be
entered, even though most of the data is as it was. For example, if team 4 had initiated a training pro-
gram last period, and this period's data line had been "364 DATA 70,1,12,525,80,3.235", it should be re-
entered as "364 DATA 70,1,12,525,80,9.235".

Running the Program

First, the "ON" button for the tape punch should be pressed and the "HERE IS" button should also be
pressed. This will avoid any residual punching on the tape. Now, press the "OFF" button on the tape
punch. At this point, after making sure that the program is initialized and all new data is fed in,
type "RUN" and press the carriage return button. This should cause three matrices to be printed out
along with two pieces of summary information. At the end of the second piece of summary information,
"Total Promotion, $XXX", there will be a pause of one second. During this second, press the "ON"
button of the tape punch. Al1 the new data for data block 361 through 36n will be typed out and punched
onto the tape (n depending on the number of teams). At the end of this series of data statements there
will be another pause of one second. At this point press the "OFF" button. This will insure that only
the data statements are present on the tape. The computer will then type "READY". After this has
happened, press the "ON" button again and press "HERE IS". This will give you some blank tape at the
end of the data. Then press the "OFF" button. Immediately then put this piece of tape in the tape
reader and read in the new data. The computer is now initialized for the next period of play. The
first matrix printed out will simply show the team decisions for the referee's verification.

The referee should then insert the "sales" figures (in units), the "Prod Cost" figures (in dollars),
and the "Admin Cost" figures (in dollars) from the second matrix in the appropriate places on the team
forms. The last column, "unit cost", will be useful in the final game analysis. He can then hand the
official booklets back to the teams. During the second play of the game, the teams will need assist-
ance in completing the forms especially the Income Statement. It is probably appropriate to explain
the forms to the participants as a group, going down through the necessary calculations.
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Summarizing Results

After each period is decided, the referee should post on the blackboard: 1) the prices charged by each
team last period; 2) a combined sales total for all teams; 3) the total amount charged by all teams
for promotion. After each four periods post the year's profit for each team. Each period represents

three months.

At the end of each four periods (i.e., each year) the referee will calculate a total profit for each

team for the year. He will charge the team an income tax payable in the following period of play. This
income tax will be 50% of the total profit calculated. This figure will be entered on Form II on line 15,
labeled "Tax". The team must treat this as an expense in said period.

Upon completing the game for any one day's play, the referee should retain all official team booklets,
allowing the participants to keep their calculation sheets. He should also read out the present stage
of the game onto tape. This he does by first typing "PLIST" on the teletype, waiting a second and then
pressing the "ON" button for the tape punch. The tape will be furnished with blank leader and follower
in the process and can be used to initiate play of the game for the next period. Only the new decision
data and the new period number will have to be. furnished.

Game Analysis

Upon completion of all the plays of the game, the referee should post records of the performances of all
teams. A suitable form for such a presentation is embodied in Chart II with a series of trend lines for
each team depicting various criteria useful in analyzing the game experience. The teams should be en-
couraged to analyze their own experiences for the benefit of the other teams in the analysis session.
The referee can comment as he feels appropriate. The data for the presentation can be found in the
official team booklets and in the printouts from the computer.

Note: (1) It may be useful at times to experiment with the game in order to determine how the total
demand function behaves. For such purpose, the experimenter may wish to print out only a selected
portion of the total printout. He can eliminate printing Matrix A for example, simply by one instruc-
tion, "9 G0 TO 17". Similarly he can eliminate printing the second matrix by typing "285 GO TO 330".
The last (data statement) matrix can be omitted by typing "379 GO TO 400". When these matrices are
again desired, simply type "9" then return, "285" then return, and "379" then return.

Note: (2) A copy of the referee's data sheet is included at the conclusion. It is useful to enter
team decision data on this sheet before entering the data into the computer. In this way errors in
entering data can be avoided. Further, information on this sheet will be useful in the final game
analysis.

INSTRUCTIONS FOR INITIALIZING GAME

1. The letter "N" represents the number of teams in the game. In order to set up the program for a
given play of the game, this number will have to be inserted in the following manner:

Type "4 LET N = (the number of teams)"
For example, if the number of teams is to be 5, the instruction is:

"4 LET N = 5"
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2. Next, the period of play must be inserted. Assuming that this is the first period, this is done as
follows:

Type "5 LET P = 1"
For the third period of play it would be:
"5 LET P = 3"

This instruction will give a market trend to the demand function throughout the game. As originally
set up, this trend will call for rising total demand (all other things being equal) during the initial
four periods. The demand will then level off and drop until the ninth period. The demand will then
level off and rise again.*

3. The tape is set up initially for eight teams. For this reason, data will have to be omitted for any
teams above the actual number playing. This will have to be done in two different data blocks, 351
to 358 and 361 to 368. The omissions should be from the higher numbers in each case to the lower
numbers. For example, if the actual number of teams is 5, simply type the following numbers, press-
ing "return" after each number:

356, 357, 358, 366, 367, 368

4. The data representing cumulative effects of past decisions are already entered in the initial tape.
These entries won't have to be changed for the first period's play.

The game is now ready for the first period.

*If the instructor contemplates playing many more than twelve periods, it would be wise to move from
period 12 to period 5 and then to period 6, etc. Using period numbers much higher than 12 will introduce
demands that will probably be too high for practical purposes.
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PLAYER INSTRUCTIONS
(To be given to all players)

You are a member of a closely knit management team that is competing directly with several companies for
a share of an industrial market. A1l of the companies are selling a product that is technically similar.
Price and promotional effort are the key elements affecting volume. Profits result from a careful assess-
ment of market demand, competitor's activities, and sound production and expense planning and control.

As in any business, a number of forms must be used to communicate your decisions and to report the com-
pany's position. Each period you must determine the: (1) product price, (2) promotion expenditure,

(3) amount to be spent on plant expansion, (4) volume of raw material to be placed into production,

(5) amount of research investment, (6) amount of expenditure for an incentive program, and (7) amount
of investment in a training program. These decisions will be fed into a computer simulation representing
a real market situation, and the results will be given back by the referee. Your team's results will be
determined by (1) your decisions, (2) your competitors' decisions, and (3) the market conditions
(affected by some trend indices). Additionally, there will be some random variation.

Selling Price (Line 1)

A11 other things being equal, the higher your promotion outlay, the more units of your product the market
will absorb and the lower the price the more units of your product the market will absorb. However, the
number of units sold by your firm will depend on the price and promotion outlays set by your firm in re-
lationship to competitor's actions. There will be cyclical, seasonal and random influence in total market
demand, as well as influence from the average price charged by all competitors and the total amount they
spend on promotion. Orders must be filled from currently available merchandise; and inventory deficiency
results in lost sales.

Selling prices can only be changed in one dollar increments with a maximum variation of two dollars per
unit from one period to the next. Assume that the Tast price charged was $30.00 per unit and your com-
pany sold 59,000 units.

Over the past several years each competitor has maintained an equal share of the market. Chart I portrays

your company's sales volume over the last twenty-four periods. Your marketing research staff has reported
that they expect the upward trend to continue.

Promotion Budget (Line 2)

This is the amount spent for advertising and personal sales effort. The budgeted amount cannot be altered
more than $100,000 from one period to the next, and changes made in $50,000 steps. Your promotion budget
last period was $450,000. The effect of promotional effort is somewhat cumulative. That is, there will
be some effect on sales in later periods due to this period's promotion.
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Production (Line 3)

During any period you may begin the ordering and production cycle for any number of raw materials units.
The complete cycle requires two periods: one period for the raw materials to arrive after they have
been ordered and one period to change the inputs into finished goods. Therefore, if a stock of finished
inventory is needed for sale during period five for example, the raw material order must be placed no
later than the beginning of the third period. Therefore, the production decision must be made for the
third period.

Two periods ago, 60,000 units of raw material were ordered. They can be sold during this first game
period. Last period, 65,000 units were ordered and will be saleable during period II. If you wish to
have additional inventory available for sale during the third period, enter the desired quantity now on
line three, period III.

There is a 10% inventory carrying charge each period. This charge is based on cost value of the ending
inventory. Your ending inventory last period was 41,000 units, valued at $310,000. Thus the carrying
charge would have been $31,000 last period.

Your manufacturing cost is about $10 per unit when production is near plant capacity. Above capacity
production Teads to overtime rates and other charges; if your plant operates much under its full poten-
tial, the $700,000 fixed charges will raise the unit costs. However, this should not be construed as
forbidding you to produce above capacity.

Plant Capacity Additions (Lines 4, 5, and 6)

Initially, your plant has a 75,000 unit per period capacity. Every $60,000 spent for expansion will in-
crease the plant's capacity 1,000 units. An expansion program initiated during one period is not com-
pleted until three periods have passed. Payments are not made for plant additions until the new space
is available for use.

Your plant will have a 77,000 unit capacity during Period III. If you believe more capacity will be

needed during the fourth period, this expansion program must be started now in the first period. Enter
this decision on lines 7, 8, and 9 in the space provided under Period IV.

Research and Development (Line 7)

An investment may be made for research and development during any period. The more money that is put

into research, the greater the probability of a breakthrough. For any investment made there is a period
of delay due to the time needed for research before any results are realized. If a breakthrough does
occur, the advantages will be realized through a reduction in total production cost for each period after
the research investment repays itself. Repetitive breakthroughs are possible if research investments

are repeated. The same total amount invested over time as a steady state input will give a greater possi-
bility of breakthrough than if it is invested all in one period. That is, crash research programs, while
effective, are more expensive than regular research investment. Investments in research must be made in
multiples of $20,000. There is an investment maximum of $160,000 per period.
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Incentive Wage Program (Line 8)

An incentive program may be installed for all levels of the production force: unskilled, semi-skilled,
and skilled. Any one, all, or a combination of these segments may be put on incentive during any period.
The costs of the program include an initial cost for determining each job's productivity measurement, for
establishing evaluation methods, and for making accounting adjustments. This cost is $50,000 for any or
all groups of workers able to be put on incentive. There will also be a steady-state cost of $10,000 per
period for each skill level on incentive. This is needed to maintain the control, evaluation, and account-
ing procedures. The advantage of this program's establishment is that it may substitute for additions to
the plant capacity. The increased production advantage of the program discontinues if the payments cease.
As 60% of the work force is semi-skilled, the benefits of this group being put on incentive would be
evidenced soonest -- during the period in which introduced. If this program is introduced, enter the
amount of incentive expenditure on Line 4 of Form I. The total unit production, including increments
added by incentives, will be taken into account when the computer calculates the production cost.

Training Program (Line 9)

It has been determined that the introduction and use of an extensive training program for production workers
will result in lower total production costs whether production is at full capacity or not. If it is de-
cided to begin this program, the expense will be one investment of $30,000. This expense will include the
cost of instructors and educational material. It will take a period before the details of the program's
setup are complete and the instructors are trained. Then there will be a reduction in production costs.

The amount of total production cost reduction will exist from time to first effect, in decreasing amount
from period to period.

Negative Cash Balance

At the end of every period in which your cash balance is negative, you will be charged an extra 5% of the
amount by which it is negative. Make your calculations on scratch paper first to see if you will have a
negative cash balance. Then add this cost if so. This is the cost of borrowing money to cover debts.
Income Tax

At the end of each four periods (1 year) the referee will calculate an income tax to be paid in the follow-

ing period. It will be entered in Form II, line 45 and also in the space provided.

Completing the Income Statement

Step 1: The unit sales will be entered in Form I1I, line one, by the judge. Multiply the unit sales
figure by the price charges by the company this period. Enter the dollar sales volume on
line two.

Step 2: Line three, Beginning Inventory, is the same as line six, Ending Inventory, from the previous
period.

Step 3: Line four, Production Cost, is entered on Form II by the judge.
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Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

Step 10:
Step 11:

Step 12:
Step 13:
Step 14:

Line five, Merchandise Available for Sale, is the sum of lines three and four.

Multiply the Unit Sales, line one, by the average unit cost (Form IV, line six) and enter the
product on Tine seven as the Cost of Goods Sold. Form IV is provided as a worksheet to aid
in calculating the number of units of ending inventory and also the average unit cost.

Subtract 1ine 7, Cost of Goods Sold, from line 5, Merchandise Available for Sale, and enter on
Tine 6, Ending Inventory.

Subtract line 7, Cost of Goods Sold, from line 2, Sales, and enter the difference on line 8,
Gross Margin.

Enter the Promotion Expense on line 9, from Form I, line 2.

Enter the Research Expense on line 12 from Form I, line 7.

Enter the Incentive Cost on line 10, from Form I, line 8.

Enter the Training Expense on line 11 from Form I, line 9.

Inventory Carrying Charge, 1ine 13, is 10% of line 6, Ending Inventory.

The Overhead is provided by the judge. It is a function of capacity.

Add lines 9 through 15 and subtract the total from 1ine 8. Enter the difference on line 16.

Negative Cash Balance

Step 1:

Step 2:

Complete the Cash Available Statement - Form III. The "cash end this period" is the result of
subtracting the sum of 1ines 4 and 5 from the sum of lines 1, 2, and 3.

If there is a negative cash balance at the end of the period, enter 5% of that figure as a
penalty on the Income Statement, Form II, line 15. Reduce the Net Income (or increase the
Net Loss) for the company for every period that there is a negative cash balance on Form IIT.

Average Unit Cost (Form IV, Line 6)

Calculate the average unit cost by dividing the value of total merchandise for sale (Form II, line 5) by
the number of units available for sale (Form IV, line 30). This figure should be entered on 1ine 6 of

Form IV.
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JUDGE'S FORM

Class Date

Number of Teams Judge

Location Designation Team # Price Prom. Prod. Cap. Research Incentive

DATA

DATA
DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA
DATA

DATA

DATA
DATA
DATA
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Class Management 460 (B)

JUDGE'S FORM

Date

2/18/70

Number of Teams

5

Judge

Nordstrom

Location

Designation

Team #

Price

Prom.

Prod.

Cap.

Research

Incentive

351

DATA

30

500

65

75

100

30

352

DATA

30

850

100

80

160

20

353

DATA

3

500

55

75

30

10

354

DATA

S o jlw N

29

650

90

80

10

0

355

DATA

26

500

65

75

80

30

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA
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FORM I MANAGEMENT DECISIONS

Year

Selling Price

Promotion Budget
Production, Units

Plant Cap. Add'ns, Units
Plant Cap. Add'ns, $
Cum. Cap. Add'ns, $
Research Inv't, $
Incentive Prog. Exp., $

Training Prog. Inv't, $

Sales, Units

Sales, $

Begin, Inv'y, $
Production Cost, $
Mdse. Av. for Sale, §
Ending Inv'y, $

Cost of Goods Sold, $
Gross Margin, $
Promotion Exp., $
Incentive Cost, $
Training Exp., $
Research Exp., $

Inv'y Carrying Charge, $
Overhead, $

Cash Shortage Charge, $

Net Income (loss), $

FORM IT INCOME STATEMENT

Year's
Profit

Income
Tax

Net After
Tax
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Company X

10.

12.
13.
14.
15.
16.

Selling Price

Promotion Budget
Production, Units

Plant Cap. Add'ns, Units
Plant Cap. Add'ns, $
Cum. Cap. Add'ns, $
Research Inv't, $
Incentive Prog. Exp., $

Training Prog. Inv't, $

Sales, Units

Sales, §

Begin. Inv'y, $
Production Cost, §
Mdse. Av. for Sale, $
Ending Inv'y, $

Cost of Goods Sold, $
Gross Margin, $
Promotion Exp., $
Incentive Cost, $
Training Exp., $
Research Exp., $

Inv'y Carrying Charge, $
Overhead, $

Cash Shortage Charge, $

Net Income (loss), $

FORM I MANAGEMENT DECISIONS
Year 197X
I I II1 IV
60,000 65,000
2,000
120,000
75,000 75,000 77,000
FORM II INCOME STATEMENT
310,000
Year's
Profit
Income
Tax
Net After
Tax
700,000
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Cash, End of Last Per.
Inv'y End Last Period

Net Income This Period

Paid for Add'l Plant Cap.

Inv'y End This Period
Cash End This Period

Beginning Inv'y

Units This Period

Total Units for Sale
Unit Sales, This Per.
Ending Inv'y, Units

Av. Unit Cost (II5/IV3)

FORM ITI CASH AVAILABLE

I II

ITI

v
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FORM IV INVENTORY WORKSHEET
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o (3, Ead w
. . . .

Cash, End of Last Per.
Inv'y End Last Period

Net Income This Period

Paid for Add'l Plant Cap.

Inv'y End This Period
Cash End This Period

Beginning Inv'y

Units This Period

Total Units for Sale
Unit Sales, This Per.
Ending Inv'y, Units

Av. Unit Cost (II5/IV3)

FORM IIT CASH AVAILABLE

I IT I11 IV
660,000
310,000
120,000

FORM IV INVENTORY WORKSHEET

31,000

60,000

91,000
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Historical Unit Sales Record for Company
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TEAM

1. Inventory

CHART IT FINAL ANALYSIS SHEET

A B c D F
& OFF / $2, 350 000 %
450 450 450 450 450

450
300 300 300 300 300
150 150 150 150\/ 150\\/\150
0 0 0 0

1100 1100
900 900
700 700
500~/ VU 500

1200 1200

1000 1000
800 $8 40 800

600

4000 4000

2000 2000

(2000) 2000)
1000 1000
SOOJ\/\/SOO)
(1000) 1000)

38 38 38 38
3 34 34 %
2. Price 30 30 f\L\_ 30 3ow3o 30
zs\/R,\ 26 26V N % 26\/—\-— 26
1100 1100 1100 1100
900 900 900 900
3. Promotion 700 /—/ 700 700 700
500 500 500 /"J_ 500
1200 1200 1200 1200
1000 1000 1000 /\jooo
4. Prod. Cost 800 $7.40 800 $8.20 800 $8.90 800 $8.10
(final unit cost*)600 600 600_// 600
4000 4000 4000 4000
2000 /"zooo //\/\%ooo zooo
5. Cash 0
(2000) (2000) (2000) (2000)
1000 1000 1000 1000
500 500
/\/\f\ 0
6. Profits (500) 500) (500) (500)
(1000) (1000) (1000) (1000)

] saanen P ssasean P s2es623 0 (537,190)

- $4,759,641

0c 3bed ‘NSD3Q
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RUN
RUN

DECSN

No. PRICE PROMOTION PRODUCTION CAPACITY RESEARCH INCENTIVE
1 30 500 65 75 109 30

2 30 850 100 80 130 20

3 31 500 55 75 30 10

4 29 650 90 80 10 [}

5 30 500 65 15 8@ 30

6 30 559 9@ 8@ 100 30

7 28 450 70 88 50 20

8 27 780 90 86 60 10
TEAM NO. SALES PROD COST ADMIN COST UNIT COST
1 90011 .1 640 .25 700 9.85

2 105377 1354.37 73S 13.5438
3 81906.7 550 700 10

4 94503.2 1185 735 12.2778
S 82772.2 650 700 18

6 89066.8 954 .465 735 10.6052
7 86677.1 700 735 10

8 107639, 987 .95S5 711 180.9773
TOTAL POTENTIAL SALES, 737953, UNITS
TOTAL PROMOTION, $ 4700

361 DATA SS » <985 ,» @ , 7686 ., 75 > @

362 DATA 98 s 985 » @ » 735 ., 88 s 0

363 DATA 55 s 1 s 36 » 768 , 15 » 8

364 DATA 78 s 1 s 12 » 7135 ., 88 , @

365 DATA 55 PR | s 96 » 768 , 15 » B

366 DATA 60 s +98S » 0 s 735 , 8@ » @

367 DATA 58 » 1 s 66 s 735 ., 88 » 0

368 DATA 75 s «985 » @ » 177 » 86 s @

DONE



TITLE:

DESCRIPTION:

INSTRUCTIONS:

SPECIAL
CONSIDERATIONS:

ACKNOWLEDGEMENTS:

MANAGEMENT SCIENCES AND OPERATIONS RESEARCH (600)
CONTRIBUTED PROGRAM BASIC

DYNPRO
DYNAMIC PROGRAMMING MODEL 36067

DYNPRO solves, by a standard algorithm, a somewhat general-purpose
dynamic programming model. The solution is imbedded in the inlet
state.

Before running, be certain that the dimension in line 9398 are at least
as large as one more than the number of values in the state variable,
e.g., if there are 20 values in the state variable, 9398 must be at least
as large as: DIM F(21,4), G(21,4).

The user must also supply his own functions for the routines that are
unique to his application. These routines, and their locations are
described within the DYNPRO 1isting between Tines 9012 and 9068.
Variable definitions are provided between Tines 9070 and 9104, and
between 9180 and 9218. Function definitions are provided between
1ines 9112 and 9176.

The user may also need to add or delete lines from the input data
routine to meet his application. This routine is from line 9468 to 9496.

DYNPRO is 1imited to one state variable.
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RUN

GET-SDYNPRO

9398 DIM F(12,4),6C12, 4
RUN

DYNPRO

* DYNAMIC PROGRAMMING MODEL =
HOW MANY VALUES ARE THERE IN THE STATE VARIABLE?11
IF DIM-STATEMENT HAS NOT BEEN ADJUSTED TO F(LAST INPUT+1,4)s ETCe.s
THEN STOP PROGRAM AND DO SO NOW.
HOW MANY STAGES ARE THERE?4
WHAT IS THE SALES PRICE?3S
AND WHAT IS THE COST?30
AND THE FLOW RATE OF FEED?1.9%
L hhtttttdanadad il I L EIII IS DL ST I LTI I P P T TPy

INLET STATE OPT ALLOCATION MAX RETURN OPT OUTLET

cescovcecscaa coecvecncncsccnnas cocaccncaas cecccsccne=

STAGE NUMBER: 4

8 «116812 16+ 6441 416221
«79 115858 16.2115 «415005
78 «116399 1S.7805 + 412956
77 «115732 15.351 s411469
«76 «113686 14.9231 +410787
7S «111871 1404966 489947
«T74 «112788 14.8723 * 487328
«73 109856 13+6493 * 487239
72 109878 13.2286 * 405239
T + 108563 12.8095 * 403973
7 «18759S 12.3925 » 402469
STAGE NUMBER: 3

b 9.65217E-02 8035339 +383733
«39 9.59289E-02 T7.96508 383468
58 9.25583E-02 T.58021 «382725
57 «9%27352 T.19929 «37987

56 8.98409C-02 6.82194 378721
'3 1) 8.88957E~-082 6. 44888 376367
54 8.62193E-02 687971 «374928
53 8.355161E-82 Se 71571 «372263
o352 8.32651E-82 S. 35618 «378397
51 8.27526E-02 S. 00202 367436
3] 7.93429E-02 4. 635316 «36683

STAGE NUMBER: 2

o4 S¢37667E-02 157986 « 338041
«39 Se 14664L-82 132999 335257

«38 046873 109452 « 332367



«37
«36
¢35
e 34
«33
32
31
3

STAGE NUMBER: 1
2

19
18
17
o16
15
ol4
13
12
11

o1

SRR EEEEREEEREAESE R EEEREERREREREEREAREERERERRREEEEEEREREEERERE SR EEREREE

DONE

4. 35539E~-02
4. 995S48E-82
3.29919E-082
2.91687E-02
24 46202E-02
1. 66858E-02
011286

1.97483E-03

9.87229E-03
3.33882E-03
9+ 75868E-83
3.17376E-03
8.93324E-803
2.83702E-83
T7.82094E-03
1.15506E-02
3.61285E-03
9.97365E-083

3¢13576E-83

+87569

« 674725

« 493731
«3366
*204355
«101871
3.207S3E-02

122468E-03

-e226361
~eB877742
-«229798
=7.50537E-82
-e211652
-6.720083E-02
-+ 185064
~¢273163
~8+55038E-02
-+236801
=T7.48497E-082
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«328432
«32426

«321743
«316921
«312039
«30852S
«30294

«298848

«19867
189573
« 178799
«169616
«158927
¢ 149659
+ 139056
* 128603
e119564
« 108811

9.96338E-082



TITLE:

DESCRIPTION:

SPECIAL
CONSIDERATIONS:

ACKNOWLEDGEMENTS:

MANAGEMENT SCIENCES AND OPERATIONS RESEARCH (600)

CONTRIBUTED PROGRAM BASIC

GCPATH
CRITICAL PATH ANALYSIS 36504

Each project has several characteristics that are essential for analysis
by the Critical Path Method:

(1) The project consists of a well-defined collection of jobs (or
activities) which, when completed, mark the end of the project.

(2) The jobs may be started and stopped independently of each other,
within a given sequence. (This requirement eliminates continuous-
flow process activities, such as oil refining, where "jobs" or
operation§ necessarily follow one after another with essentially
no slack.

(3) The jobs are ordered - that is, they must be performed in technol-
ogical sequence. (For example, the foundation of a house must be
constructed before the walls are erected.)

First of all, each jab necessary for the completion of a project is listed
with a unique identifying symbol (such as a letter or number), the time
required to complete the job, and its immediate prerequisite jobs. For
convenience in graphing, and as a check on certain kinds of data errors,
the jobs may be arranged in “technological order," which means that no job
appears on the list until all of its predecessors have been listed. Tech-
nological ordering is impossible if a cycle error exists in the job data
(e.g., job a precedes b, b precedes c, and c precedes a).

Then each job is drawn on the graph as a circle, with its identifying symbol
and time appearing within the circle. Sequence relationships are indicated
by arrows connecting each circle (job) with its immediate successors, with
the arrows pointing to the latter. For convenience, all circles with no
predecessors are connected to a circle marked "Start"; likewise, all circles
with no successors are connected to a circle marked "Finish." (The "Start"
and "Finish" circles may be considered pseudo jobs of zero time length.)

Typically, the graph then depicts a number of different "arrow paths" from
Start to Finish. The time required to traverse each path is the sum of the
times associated with all jobs on the path. The critical path (or paths) is
the longest path (in time) from Start to Finish; it indicates the minimum
time necessary to complete the entire project.

This critical path analysis is described by Levy, Thompson and Wiest in

"The ABC's of the Critical Path Method" (Harvard Business Review, September-
October, 1963). This dogumentation contains excerpts from the article; per-
mission to reprint has been granted by the publishers.

Graduate School of Business
Stanford University
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INSTRUCTIONS:

The problem description is entered in a set of data statements beginning with Tine 1000. A problem
consists of a number of jobs. Each job requires a specified amount of time to complete. Some jobs
cannot be started until one or more of the other jobs have been completed. If job a must be completed
before job b is begun, we say that a is a predecessor of b.
Each job must be assigned an identifying job number. There are no restrictions on these numbers
except that no two jobs may be assigned the same number. Each job can be described in a data
statement. The required information follows:

Job number

Completion time

Predecessor jobs (if any)

-1
For example:

1002 DATA 10, 30, 1, 15, -1

This describes job number 10, which requires 30 days to complete and cannot be started until jobs
number 1 and 15 have both been completed.

Jobs may be described in any order.

After entering data statements, RUN the program. The job characteristics will be repeated, followed
by the earliest completion time for the entire project. Then the program will print the earliest
and latest starting and finishing times for each job, consistent with the earliest completion time
for the entire project. Jobs on the "critical path" will also be indicated.
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RUN

RUN
GCPATH

HAVE YOU ENTERED YOUR DATA ALREADY?NO
ENTER THE PROJECT DESCRIPTION IN DATA STATEMENTS
BEGINNING WITH LINE 1020
FOR EACH JOB, GIVE THE FOLLOVING DATA --
JOB NUMBER
TIME REQUIRED TO COMPLETE
PREDECESSOR JOBS (IF ANY)
-1

JOBS MAY BE ENTERED IN ANY ORDER

AFTER ENTERING YOUR DATA STATEMENTS, RE-RUN THE PROGRAM

DONE

1800 DATA 1,18,-1
1081 DATA 10,30,1,15,-1
1802 DATA 8,208,10,30,~1
1883 DT+-ATA 30,40,25,~-1
1804 DATA 25,20,1,15,-1
1805 DATA 15,208,~1

RUN
GCPATH

HAVE YOU ENTERED YOUR DATA ALREADY?YES
JOB TIME PREDECESSORS

1 18

1@ 30 1 15
8 20 10 30
3@ 48 25

25 20 1 15
15 20

EARLIEST COMPLETION TIME FOR THE ENTIRE PROJECT = 100

EARLIEST LATEST
JOB START FINISH START FINISH

1 @ 10 10 20
10 20 s@ 50 80
15 [} 20 "} 20 *%% CRITICAL **x*
8 80 100 80 100 *%% CRITICAL *%x%
3@ 40 80 40 80 *%k%x CRITICAL *x*x*
25 20 40 20 40 *%% CRITICAL *x%x*x

DONE



TITLE:

DESCRIPTION:

INSTRUCTIONS:

SPECIAL
CONSIDERATIONS:

ACKNOWLEDGEMENTS:

MANAGEMENT SCIENCES AND OPERATIONS RESEARCH (600)

CONTRIBUTED PROGRAM ]E;MI‘LSE;][':;

GCPM1
CRITICAL PATH ANALYSIS 36505

The BASIC program GCPM1 can be used to perform a critical path analysis
on any complex project which is capable of being represented as a network
of individual tasks. As a practical matter, the number of jobs in the
network should not exceed 45.

The program assumes the user can provide the following information:

1. The number of jobs in the project (including a dummy terminal job
which takes no time to complete but which cannot be started until all
other jobs are completed);

2. For each job, a 1ist of jobs which are its immediate successors (fol-
Towing jobs) and the time required on the job until each succeeding
job can be started.

See Page 2

Example Problem:

The critical path analysis of the network on Page 3 is provided as a sample
run. A single critical path is found with a minimum time to completion of
33 units. Then the completion time for a branch (6,8) which is not on the
critical path is reduced from 3 units to one unit. Since the reduction is
by an amount less than the slack time for job 6, no change in the critical
path occurs. Finally, jobs on the critical path are "crashed" or made to
require less time. This has the effect of reducing the time to project
completion.

Graduate School of Business
Stanford University
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INSTRUCTIONS

It is important that the user understand the diagramming conventions which are assumed
by this program. Figure 1 provides an example of a statement of tasks and the corres-
ponding CPM network. The network is an activity-node diagram. That is, each node rep-
resents a different job. Job 11 is the dummy terminal node mentioned above. Note that
the program permits a succeeding job to start before its predecessor is "finished."

For example, job 3 has as successors both jobs 5 and 6. Job 5 cannot start until six
time units of work have been completed on job 3; job 6, however, can begin once five
units of work have been completed on job 3. If, for a particular problem, every job
must "finish" before a successor starts, all branch times emanating from an individual
node will be equal.

Problem information is input on DATA statements starting with line 8000. The network
must be drawn and jobs numbered in such a way that for every job, any and all succeeding
jobs have a higher job number. The first job in the network should be given the job num-
ber of one (1). An error message would be printed if, for example, job number 3 were
listed as a successor of job number 4.

Once program execution is commenced by a RUN command, the program will output:

1. The earliest possible time each job can be started;

2. The latest possible time each job can be started and still complete the project
(network) in the minimum amount of time;

The minimum time in which the project can be completed;
A 1ist of all jobs which are on the project's critical path(s); and
One critical path through the network.
There is frequently more than a single critical path. When this occurs, all jobs with

zero slack are printed but only a single path is traced. The user is left to trace the
remaining paths.

Once this information is printed the user is given the opportunity to study the effect of
changes in job times (although no jobs may be removed from or added to the original network).
If the query

HOW MANY LINKS OF THE NETWORK DO YOU WISH TO CHANGE?

is answered with a zero, '0', execution will terminate. A response of any other number
less than the total number of jobs in the network will produce the reply

FOR EACH LINK TYPE: FIRST JOB, SECOND JOB, TIME INVOLVED.

A response of 2,3,5 would mean that job 2 must now be worked on for five time units before
job 3 can commence. This user input overrides information supplied in the original data
statement.

Data Input

Input is through DATA statements starting with line 8000. The first line is
8000 DATA N

where N is the number of jobs, including the dummy terminal job, in the network. The
second line of input is (numbering lines by 10)

8010 DATA S1, 1s1, 1T1, 182, 172, ..., MS1, MT}
where

S1 = the number of successor jobs to job 1;
1S1 = the number of the "first" successor to job 1;
1T1 = the time to be worked on job 1 before the "first" successor, 1S1, can be started;
MS1 = the number of the "last" successor to job 1; and
MT1 = the time required to be worked on job 1 before the "last" successor, MS1, can be
started.

A11 following lines should 1ist jobs 2, 3, ...., N and the appropriate successors and branch
working times.
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Time Required Before

Job Immediate Successors Beginning Successor Job
1 3 10
2 3 6

4 5
3 5 6
6 5
7 2
8 5
9 7
6 8 3
10 1
7 10 6
8 10 8
9 11 5
10 11 4
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RUN

80908 DATA 11

8218 DATA 1,3,18
8020 DATA 2,356,455
8038 DATA 2,5,6,6,5
8040 DATA 1,7,2
8050 DATA 2,8,5,9,7
8068 DATA 2,8,3,10.,1
8078 DATA 1,10,6
8088 DATA 1.,10,8
8898 DATA 1,11,5
81088 DATA 1,11,4

RUN
GCPMI1

EVENT NUMBER EARLIEST START LATEST START SLACK TIME

1 [ "] ")
2 "] 4 4
3 10 10 )
4 5 21 16
S 16 16 ("]
6 1S 18 3
7 7 23 16
8 21 21 [
9 23 28 S
10 29 29 o
i1 33 33 2

THE TIME TO PROJECT COMPLETION IS: 33
THE JOBS ON THE CRITICAL PATH ARE:

1 >3 > 5 > 8 > 10 > 11
ONE CRITICAL PATH THROUGH THE NETWORK IS:
1 > 3 > 5 > 8 > 10 > 11

HOW MANY LINKS OF THE NETWORK DO YOU WISH TO CHANGE?
71

FOR EACH LINK TYPE:FIRST JOB,SECOND JOB,TIME INVOLVED.
?76,8,1

EVENT NUMBER EARLIEST START LATEST START SLACK TIME

1 ") 2 "]
2 ") 4 4
3 10 10 "]
4 5 21 16
5 16 16 "]
6 15 208 5
7 7 23 16
8 21 21 "]
9 23 28 5
10 29 29 )
11 33 33 ]

THE TIME TO PROJECT COMPLETION IS: 33
THE JOBS ON THE CRITICAL PATH ARE:
1 > 3 > 5 > 8 > 10 > 11
ONE CRITICAL PATH THROUGH THE NETWORK IS:
1 > 3 > 5 > 8 > 10 > 11



HOW MANY LINKS OF THE NETWORK DO YOU WISH TO CHANGE?
72

FOR EACH LINK TYPE:FIRST JOB,SECOND JOB,TIME INVOLVED.
?21,3,7

?5,8,3

EVENT NUMBER EARLIEST START LATEST START SLACK TIME

1 ] ') ")
2 ] 1 1
3 7 7 (")
4 5 16 11
5 13 13 @
6 12 15 3
7 7 18 11
8 16 16 2
9 20 23 3
19 24 24 ")
11 28 28 4

THE TIME TO PROJECT COMPLETION IS: 28
THE JOBS ON THE CRITICAL PATH ARES

1 >3 >S5 > 8 > 10 > 11
ONE CRITICAL PATH THROUGH THE NETWORK IS:
1 >3 >S5 > 8 > 10 > 11

HOW MANY LINKS OF THE NETWORK DO YOU WISH TO CHANGE?
70

DONE

GCPM1, Page 5



TITLE:

DESCRIPTION:

INSTRUCTIONS:

ACKNOWLEDGEMENTS:

MANAGEMENT SCIENCES AND OPERATIONS RESEARCH (600)
CONTRIBUTED PROGRAM BASIC

GINTLP
LINEAR PROGRAMMING - VARIABLES RESTRICTED TO VALUES OF ONE 36512

OR ZERO

This program will solve linear programming problems in which all variables
are restricted to values of either zero or one. An objective function of
the form:

C]X] + c2X2 + ...+ cNXN

will be minimized subject to a series of M constraints, each of the form:

nv

89Ky FagKy oLl 4 as Xy 2 B; (for i =1, ... , M)

And, of course:

Xj =0,1 (for 3 =1,2, ... , N)

Input can be via DATA statements or the terminal. If data statements are
used, they should be entered beginning at Tine 9000, in the following
order:

20

< =40

number of constraints (M) <

number of variables  (N)

for each constraint:
coefficient for variable 1 (ai])
coefficient for variable 2 (aiz)

coefficient for last variable (aiN)
right-hand side (Bi)
coefficients for objective function (c],cz, e s cN)

Graduate School of Business
Stanford University
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RUN

RUN
GINTLP

PLEASE

INDICATE INPUT SOURCE -~
*T* FOR TERMINAL

'D*' FOR DATA STATEMENTS

SOURCE =--?T

NUMBER OF CONSTRAINTS =--?3
NUMBER OF VARIABLES =~-?5

COEFFICIENTS FOR CONSTRAINT |

VARIABLE |
VARIABLE 2
VARIABLE 3
VARIABLE 4
VARIABLE 5
RIGHT-HAND SIDE

71
?7-3
?5
?1
-4
72

COEFFICIENTS FOR CONSTRAINT 2

VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
RIGHT-HAND SIDE

b Wi

00 00w e

-2
26
?7-3
?7-2
?2
70

COEFFICIENTS FOR CONSTRAINT 3

VARIABLE 1
VARIABLE 2
VARIABLE 3
VARIABLE 4
VARIABLE 5
RIGHT-HAND SIDE

20
?-1
7?2
?-1
?7-1
?1

COEFFICIENTS FOR OBJECTIVE FUNCTION -~

VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE

AWK -

ANSWERS ¢
VARIABLE
1 "]
2 1
3 1
4 ]
S ]

MINIMUM VALUE OF THE OBJECTIVE FUNCTION =

DONE

VALUE

?5
77
210
73
?1

17



MANAGEMENT SCIENCES AND OPERATIONS RESEARCH (600)

CONTRIBUTED PROGRAM BASIC

GLP
TITLE: LINEAR PROGRAMMING 36516
DESCRIPTION: This program will solve a standard linear programming problem of modest

size. Up to 28 constraints may be used, and up to 45 variables. Cases
in which the number of variables plus the number of constraints exceeds
40 may, however, prove too large.

INSTRUCTIONS: The problem description must be entered in data statements beginning with
1ine 2000. For each non-zero coefficient in a constraint, the following
information is required:

Constraint number, variable number, coefficient

For each coefficient in the objective function, the following information
is required:

"0BJ," variable number, coefficient

For each constraint, the following information is entered:

a) If the value must be less than or equal to the right-hand-side
value:

constraint number, "<=", right-hand-side value

b) If the value must be equal to the right-hand-side value:
constraint number, "=", right-hand-side value

c) If]the value must be greater than or equal to the right-hand-side
value:

constraint number, ">=", right-hand-side value

Each group of three items must be entered in order (as described), but
groups may be entered in any order.

After entering the data statements, RUN the program. It will ask you if
you want to MAXIMIZE or MINIMIZE the value of the objective function.
Then it will request the number of variables and the number of constraints.

The output includes information on the optimal value of the objective
function, the values of the variables in the solution, the constraints that
were binding (and their shadow-prices), and the constraints that were slack
(and the amounts by which they were slack). Most of the information is
self-explanatory. The major exception is the set of shadow-prices. Roughly,
a shadow-price indicates the amount by which the objective function would
change if the constraint in question were changed by one unit. This provides
some information concerning the desirability of changing constraints and
shows how sensitive the results are to the particular assumptions employed.

ACKNOWLEDGEMENTS: Graduate School of Business
Stanford University
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RUN

20006 DATA 1.,1.,2
2001 DATA 1,2,3
2802 DATA 2,1.,5
2083 DATA 2,2,4
20084 DATA "0BJ™,1,388
208S DATA "0BJ",2,360
2006 DATA 1,%<=",10080
2087 DATA 2,"<=",2080

RUN
GLP

DO YOU WANT TO MAXIMIZE OR MINIMIZE?MAXIMIZE
NUMBER OF VARIABLES?2
NUMBER OF CONSTRAINTS?2

SOLUTION

VALUE OF THE OBJECTIVE = 137143,

VARIABLES

VARIABLE VALUE

2 142.857
1 285.714

BINDING CONSTRAINTS

CONSTRAINT SHADOW-PRICE

1 85.7143
2 25.7143

SLACK CONSTRAINTS

CONSTRAINT SLACK



TITLE:

DESCRIPTION:

INSTRUCTIONS:

ACKNOWLEDGEMENTS:

MANAGEMENT SCIENCES AND OPERATIONS RESEARCH (600)
CONTRIBUTED PROGRAM BASIC

GLPSA1
LINEAR PROGRAMMING TWO-PHASE SIMPLEX METHOD 36517

This program solves a linear programming problem via the two-phase simplex
method and permits the user to perform sensitivity and parametric analyses
on the right-hand side and cost coefficients. The program does not provide
the opportunity for post-optimality analysis of the technological co-
efficients. The data for the problem matrix is provided in a series of

DATA statements while user prompts after the program start determine the
nature of the problem (maximization or minimization, number of variables

and constraints, and the direction of constraint inequalities). The program
will solve a problem having 28 or fewer constraints and for which the sum
of variables, all constraints and surplus variables (> inequalities) is less
than or equal to 69.

See Page 2

Graduate School of Business
Stanford University
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INSTRUCTIONS:

Input of the Problem Matrix

The program will solve problems organized in either of the following two forms:

N
minimize I C. X,
j=1 J ]
N
subject to ji1 a5 X5 < by , i1=1,2, ,» L
N
(1) R L+, L+E
J=1
N
-E i Xj > bi , 1 = L+E+1, ... , L+E+G
j=1
X3 >0 i=1,2, s N
or
N
maximize z Cij XJ
j=1
N
subject to j£1a1j Xj 5-bi s i=1,2, ..., L
N
(2) .faijxj =b; i=L+1, ..., L+
j=1
N
-E aij XJ 3-bi . i = L+E+1, ... , L+E+G
J=1
X. 0 j = 1,2, .. s N
3 2 J
where
N = the number of primal variables in the original probiem,
L = the number of constraints with a < inequality,
E = the number of contraints which hold with equality, and

G = the number of constraints with a > inequality.

Note that regardless of whether the problem requires maximization or minimization, the problem contraint
matrix is organized with the Type I (<) inequalities first, equalities second, and Type II (>) inequalities
last. This problem organization also requires that all bj be greater than or equal to zero. In the

event a given b, is negative, the corresponding constraint can be multiplied by -1 and the inequality

reversed to conform with the program requirements.
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INSTRUCTIONS: (continued)

Input of the Problem Matrix {continued)

The DATA statements used to input the problem matrix should be numbered consecutively,
starting with statement number 5000. The largest allowable statement number is 9998.
The ajj elements should be entered first, constraint row by contraint row. Then the

cj coe%ficients should be entered, followed by the right-hand side or bj elements. The
resulting 1ist of data statements should appear as follows:

5000 DATA as a]Z, s Ay

5010 DATA 321, Apns  wee s Aoy
DATA Aqrs B> e o Ay
DATA c], c2, e cn
DATA b], b2, cee s bm

Running the Program

After all DATA statements are entered, type the statement
RUN
to commence execution. The program will then respond with
TYPE: '1' FOR MAXIMIZATION OR '-1' FOR MINIMIZATION.

Enter the appropriate answer and then press the carriage return so that execution can
continue.

The next prompt will be
TYPE: THE NUMBER OF CONSTRAINTS, NUMBER OF VARIABLES.

To answer this query enter the total number of constraints (M = L + E + G) and the
number of problem variables (N); these two numbers should be separated by a comma.
Once the carriage has been returned after this entry, a final query will be printed.

TYPE: NUMBER OF LESS THAN, EQUAL, GREATER THAN CONSTRAINTS.

To answer this prompt enter the values of L, E, and G, all separated by commas, and
return the carriage.

The program will then respond with a Tist of original problem variable numbers

(YOUR VARIABLES = 1, 2, ..., N), the numbers of all slack or surplus variables added
to the inequality constraints, and the numbers of all artificial variables added so
that an initial feasible solutton can be found. The program then proceeds to solve
the problem. If no feasible solution can be found for the original problem, the
following message will be printed.

THE PROBLEM HAS NO FEASIBLE SOLUTION;

execution is then terminated. If a feasible solution exists but an optimal solution
cannot be found due to the absence of a convex feasible region, the message

THE SOLUTION IS UNBOUNDED
will be printed and execution terminated.
If an optimal solution is located, the optimal values of the primal variables, dual

variables, and the objective function are printed. The zero values of all non-basic
primal and dual variables are not printed.
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INSTRUCTIONS: (continued)

Right-Hand Side Ranging

Once the optimal solution is printed, the opportunity to do sensitivity analysis on this solution
is announced by the message:

NOW YOU CAN DO SENSITIVITY ANALYSIS ON THE RIGHT HAND SIDE.
For any set, I, of right side bi elements, the associated constraints

N

jf]aijxj < bs (for i in 1)

can be changed to

N

La,.X. <o, + 8o
j=1 ij 73 i

{(The < constraint is used for illustration) The program then finds the upper and lower bounds on
8. These bounds indicate the amount by which each of the b, (i in the set I) can be increased or
decreased so that the current optimal basis remains feasibld. This basis is no longer feasible
when one of the basic variables becomes negative. The basic variables which goes to zero when®

reaches its upper and lower bounds are also identified by the program.

To perform the analysis the program asks

HOW MANY CAPACITIES DO YOU WISH TO CHANGE?
A response of @ sends the program to another section where sensitivity analysis of the cost coef-
ficients is performed. Right-hand side ranging can be performed on from one to M constraints.
The next query,

WHICH CAPACITIES DO YOU WISH TO CHANGE?
requires a specification of the index numbers (i = 1,2, ..., M) of the b, to be included in a
ranging analysis. If the number of a constraint is entered more than once, the & added to b, will

be multiplied by the number of times the constraint is entered. For example, if the first chnstraint
is entered twice, the result will be

N
La,. X, <b +2¢
j=1 1373 1
Thus, in determining a bound on 8, b1 will increase twice as fast as the bi of a constraint which is

entered only once.

The program repeatedly offers the opportunity to perform righthand side analyses until a zero
response is given to the original query.

Cost Coefficient Ranging

The opportunity to perform a ranging analysis on the Cj coefficients is announced by
YOU MAY NOW DO SENSITIVITY ANALYSIS ON THE COST FACTORS.

For a selected set of variables, J, in the original objective function

=

[
JJ

[ae]

3=1
is changed to

N
I c,X,+erX..
=1 373 j

That is, each selected coefficient c. becomes c. + 6. The program then determines the upper and
lower bounds on @ such that the original optimai solution remains optimal. This determines the
amount by which each c, in the set J can be increased or decreased without changing anything but
the objective functiondvaiue of the optimal solution.
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INSTRUCTIONS: (continued)
The program queries used to perform this analysis are
HOW MANY COSTS DO YOU WISH TO CHANGE?
and
WHICH COSTS DO YOU WISH TO CHANGE?
Entries are provided in the same manner as for right-side ranging. Entry of a variable
index number more than a single time has the same effect on the rate of that variable's

increase and decrease as is the case in the right side analysis.

A zero response to the initial cost change query sends program control to sections to
perform parametrix analysis of right-hand side and cost coefficients.

Parametric Analysis -- Right-Hand Side

The opportunity to perform a complete parametric analysis of one or more right-hand
side elements, bi’ is announced by

YOU MAY NOW DO PARAMETRIC ANALYSIS ON THE RIGHT HAND SIDE.

Recall that after slack and surplus variables were added, the original problem had
constraints of the form

N
za
3=

X b, i=1, ..., M

ijty i
Parametric analysis allows us to select a set, I, of b, elements and change them to
bi + 6. Then @ is increased, or decreased (an option hot explicitly available or
needed in right side ranging), up to the point where a basis change occurs. The
new optimal solution is printed at this point, and 6 is allowed to continue in its
change in value over several optimal bases until the solution is no longer bounded
or until the problem becomes infeasible.

The program will ask
HOW MANY CAPACITIES DO YOU WISH TO CHANGE?

A zero response stops execution. As with previous queries, if analysis is to be
done, enter the number of constraints to be used. The inquiry

WHICH CAPACITIES DO YOU WISH TO CHANGE?

is answered with the numbers of the constraints being analyzed. If the direction
of change desired is a decrease in b,, i.e., b, - 6, precede the constraint number
with a minus sign. Entering a consthaint's nuiber more than once causes the rate
of change for 6 to be increased by a multiple of the times a number is entered.

Once the response to the above question is entered, the analysis will be performed
and printed. There are then four possible options open to the program user:

1. A parametric analysis can be performed on the same constraints
as were considere@_in the previous analysis but the direction
of change in the bi will be reversed. The starting point for
this analysis will be the final optimal solution reached in the
preceding parametric analysis, not the original optimal basis and
original right hand side.

2. A parametric analysis may be performed on a new set of capacities
using as a starting point the basis and right hand side reached
at the conclusion of the previous parametric analysis.

3. A parametric analysis can be performed on a new set of capacities
using the original right side and optimal basis. (This requires
a resolving of the problem.)

4. Execution can be terminated.
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INSTRUCTIQNS: (continued)
To select an option, the following prompt should be answered.

TYPE: A '1' TO REVERSE THE PREVIOUS PARAMETRIC ANALYSIS, A '2' TO START ANOTHER
PARAMETRIC ANALYSIS FROM THIS POINT, OR A '3' TO DO ANOTHER PARAMETRIC
ANALYSIS ON THE ORIGINAL CAPACITIES. TYPE A '0' TO QUIT.

A response of zero stops execution. A 1 answer performs the reversed an ] :
‘ alysis and return
above prompt; a 2 or a 3 response will produce the prompts y s with the

YOU MAY NOW DO PARAMETRIC ANALYSIS ON THE RIGHT HAND
Vo e CRaNGes AND SIDE HOW MANY CAPACITIES DO

Respond in the same form as the previous such query and the analysis will be f
will be to the four-option point in the program. Y perforned. - Return

RUN

500808 DATA 4,9,7,18
5218 DT-ATA 1,1,3.,40
5028 DATA 4000.,60089
5838 DATA 12,28,18.,40
RUN

GLPSAl

TYPE: '1' FOR MAXIMIZATION, OR *~-1° FOR MINIMIZATION. ?1
TYPE: THE NUMBER OF CONSTRAINTS, NUMBER OF VARIABLES. ?2,4
TYPE: NUMBER OF LESS THAN, EQUAL,GREATER THAN CONSTRAINTS. ?2.+,90,0

YOUR VARIABLES | THROUGH 4
SLACK VARIABLES 5 THROUGH 6
ANSWERS
PRIMAL VARIABLES:
VARIABLE VALUE
1 666667
4 133.333
DUAL VARIABLES:
VARIABLE VALUE
1 2.93333
2 «266667

VALUE OF OBJECTIVE FUNCTION 13333.3

YOU CAN NOW DO SENSITIVITY ANALYSIS ON THE RIGHT HAND SIDE.

HOW MANY CAPACITIES DO YOU WISH TO CHANGE? 1
WHICH CAPACITIES DO YOU WISH TO CHANGE? 1

THE BOUND ON THE DECREASE IS 2508. AT WHICH POINT VARIABLE 1
GOES TO ZERO.
THE BOUND ON THE INCREASE 1S 200080 AT WHICH POINT VARIABLE 4

GOES TO ZERO.

HOW MANY CAPACITIES DO YOU WISH TO CHANGE?0@

YOU MAY NOW DO SENSITIVITY ANALYSIS ON THE COST FACTORS.

HOW MANY COSTS DO YOU WISH TO CHANGE?2
WHICH COSTS DO YOU WISH TO CHANGE?2,3
THE BOUND ON THE INCREASE IS 3.33333
AT THIS POINT VARIABLE 3 CAN ENTER THE BASIS.VARIABLE 1
WILL LEAVE THE BASIS.
THE DECREASE 1S NOT BOUNDED.

HOW MANY COSTS DO YOU WISH TO CHANGE?8

YOU CAN NOW DO PARAMETRIC ANALYSIS ON THE RIGHT HAND SIDE.



HOW MANY CAPACITIES DO YOU WISH TO CHANGE?1

WHICH CAPACITIES DO YOU WISH TO CHANGE?!

THE NEXT BOUND ON THE CHANGE IS 20000 « VARIABLE 4
WILL GO TO ZERO.VARIABLE 2 WILL ENTER THE BASIS.

THE NEW OPTIMAL SOLUTION 1S3

ANSVERS 3

PRIMAL VARIABLES:

VARIABLE VALUE
1 6000
2 [’/

DUAL VARIABLES:

VARIABLE VALUE
1 1.6
2 S.6

VALUE OF OBJECTIVE FUNCTION 72008,

THE NEXT BOUND ON THE CHANGE IS 30008. « VARIABLE
WILL GO TO ZERO.VARIABLE S WILL ENTER THE BASIS.
THE NEW OPTIMAL SOLUTION 1S:

ANSWERS 3

PRIMAL VARIABLES:

VARIABLE VALUE
2 608028 .
5 ")

DUAL VARIABLES:

VARIABLE VALUE
1 2
2 20.

VALUE OF OBJECTIVE FUNCTION 120008 .

THERE 1S NO FURTHER BOUND ON THE CHANGE.

TYPE: A '1' TO REVERSE THE PREVIOUS PARAMETRIC ANALYSIS,
A'2' TO START ANOTHER PARAMETRIC ANALYSIS AT THIS POINT,

OR A '3' TO DO ANOTHER PARAMETRIC ANALYSIS ON THE
ORIGINAL CAPACITIES. TYPE A '@¢°* TO QUIT.
20

DONE

GLPSA1, Page 7



TITLE:

DESCRIPTION:

INSTRUCTIONS:

ACKNOWLEDGEMENTS:

MANAGEMENT SCIENCES AND OPERATIONS RESEARCH (600)

CONTRIBUTED PROGRAM BASIC

GNETFL
NETWORK FLOW DETERMINATION (MAX/MIN) 36529

This program finds the minimum-cost feasible flow through a network. The
network is made up of nodes and arcs. Each arc runs from one node to
another, and can handle flows within a specified range. Each unit of flow
along a given arc has an associated cost. Finally, the total flow into a
node must equal the total flow out of the node. Given the description of
such a network, the program will find a set of flows that meets all the re-
quirements at either minimum or maximum total cost.

Each node is assigned an arbitrary number between 1 and 99. The network is
described by giving the following information for each arc:

From node number

To node number

Cost per unit of flow

Upper bound (maximum flow)

Lower bound (minimum flow)

For example:
1000 DATA 20,30,3,10,40

This describes an arc from node 20 to node 30; each unit of flow along the
arc adds 3 units to total cost; and the flow must be between 10 and 40 units
inclusive.

A11 numbers must be integers (whole numbers).

Data should be entered in data statements, beginning with 1ine 1000.
The program has been modified to allow maximization. If this option is
specified, all cost figures are multipled by -1 before processing begins,

and the total cost figure is multiplied by -1 prior to output. Node prices
(the values of the dual variables) are not altered prior to output.

Graduate School of Business
Stanford University
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RUN

12860 DATA 20,30.,8,28.,20
1061 DATA 21,308,0,25,25
1602 DATA 22,30,0,30,30
1083 DATA 23,30,0,15,15
18684 DATA 30,1,0,100.0
100S DATA 1,10,8,15,0
1086 DATA 1,11,0,30.,0
1887 DATA 1,12,8,15.,0
1088 DATA 1,13,0,40,0
1609 DATA 10,20,4,100,0
1016 DATA 10.,21,5,100,0
1011 DATA 10,22,8,100,0
1012 DT~ATA 10,23,20,1008.,0
1813 DATA 11,28,22,100,0
1614 DATA 11,21,20,100,80
1815 DATA 11,22,14,100,0
1816 DATA 11,23,4,100,0
1817 DATA 12,20,,+3,1080.,0
1018 DATA 12,21,12,100,0
1819 DATA 12,22,5,1080,0
1820 DATA 12,23,17,100,90
1621 DATA 13,20,8,100,0
1022 DATA 13,21,14,100,0
1623 DATA 13,22,6,100,8
1024 DATA 13,23,29,100,0
RUN

GNETFL

ARCS

FROM TO COST UPPER LOVER

-—-- -——-- mmme ewem- - - -

20 30 e 28 20
21 38 " 25 25
22 30 0 30 30
23 39 -] 15 15
30 1 ] 108

1 10 ] 15

1 11 ") 30

1 12 "] 15

1 13 ") 48

10 20 4 100

10 21 S 108

10 22 8 180

11 20 22 100
11 21 20 100

11 22 14 100
11 23 4 100
12 20 3 100
12 21 12 108
12 22 5 100
12 23 17 160
13 20 8 100
13 21 14 108
13 22 6 108

13 23 29 109

DO YOU WANT TO MAXIMIZE OR MINIMIZE?MINIMIZE



SOLUTION

FROM TO FLOW
28 3@ 20
21 30 2s
22 30 30
23 38 15

30 1 90
l 10 15
I 11 20
1 12 15
1 13 48
18 28 e
10 21 15
10 22 e
10 23 8
11 20 %]
11 21 S
11 22 "]
11 23 15
12 28 15
12 21 2
12 22 ]
12 23 ]
13 20 S
13 21 S
13 22 308
13 23 4

NON-ZERO NODE PRICES

NODE PRICE

18 15
12 11
13 6

20 14
21 20
22 12
23 4

MINIMUM TOTAL COST =

GNETFL, Page 3



MANAGEMENT SCIENCES AND OPERATIONS RESEARCH (600)

CONTRIBUTED PROGRAM BASIC

GSSS
TITLE: SMALL SYSTEMS SIMULATOR 36552
DESCRIPTION: GSSS (Small Systems Simulator) allows the user to simulate the behavior

of certain types of systems. Almost anything can move through a simulated
system. The term item is used in GSSS to denote such an entity. Each
item is created, moved through the system, then destroyed.

INSTRUCTIONS: See Page 2

ACKNOWLEDGEMENTS: Graduate School of Business
Stanford University
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INSTRUCTIONS:

The system to be simulated is described by a set of blocks. Each must be given a number between
1 and 49. There are six different kinds of blocks.

The CREATE block creates items at various intervals. Associated with a create block is a mean

time and a spread. If the spread is positive, the time between creations is drawn randomly from

a rectangular distribution of values between (mean - spread) and (mean + spread). If the spread

is negative, the time between creations is drawn randomly from a normal distribution with the
specified mean and a standard deviation equal to the absolute value of the spread. In either case,
values below zero are considered to equal zero when drawn. After creation, an item is moved to

the next block associated with the CREATE block.

The BRANCH block routes an item to one of two next-blocks, depending on the value of a random
number drawn from a rectangular distribution between zero and one. Associated with the BRANCH
js a probability. If the random number is smaller than this value, the item is routed to next-
block-A. Otherwise, it is routed to next-block-B.

The ADVANCE block simulates any activity that requires time. The actual time is drawn randomly,

based on the mean and spread associated with the block. If the spread is positive, a rectangular
distribution is used, otherwise a normal distribution is used. Procedures are the same as those

used for a CREATE block.

Most simulations involve facilities of limited capacity. GSSS allows the use of up to 49 facilities,
numbered 1 to 49. Each facility has a capacity (if none is given, the capacity is assumed to equal 1).

The number of items in a facility at any time must be less than or equal to its capacity. If a
facility is full, no item will be allowed to enter it until another leaves.

The ENTER block represents the act of entering a facility if it is available (not full), waiting
up to some maximum time Timit if it is not available, and going elsewhere if the maximum waiting
time is exceeded. A facility number is associated with the ENTER block. If it js available, the
jtem will enter it and go to next-block-A. If the facility is not available, the item will remain
in the ENTER block. When the facility becomes available, the item will then enter it and go on

to next-block-A. However, if the delay exceeds the maximum waiting time associated with the ENTER
block, the item will not enter the facility, and will instead go on to next-block-B.

Once in a facility, an item remains until it passes through a LEAVE block.

When an item has passed through the simulated system it has served its purpose. Since only 100
items can be in the entire system at any one time, it is essential to route them to a DESTROY
block when they are no longer needed.

A diagramatic representation of a simple system is shown on the following page. The number of
each block is shown immediately above it.

The description of the system to be simulated should be entered in DATA statements beginning with
line 9000. For example:

9000 DATA 1, "CREATE", 5, 2, 2

This describes block number 1 -- a CREATE block with a mean time of 5 and a spread of 2. The final
“2" indicates the number of the next block.

The formats are:
biock number, "CREATE", mean, spread, next block
block number, "DESTROY"
block number, "BRANCH", probability, Next-block-A, Next-block-B
block number, "ENTER", facility, wait time, Next-block-A, Next-block-B
block number, "LEAVE", facility, next block
block number, "ADVANCE", mean, spread, next block
The capacity of a facility is given in one line. For example:
9014 DATA 1, "FACILITY", 2

This indicates that facility 1 has a capacity of 2 items.
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INSTRUCTIONS: (continued)

;| & M B[ W

ADVANCE | | ENTER |ADVANCE | | LEAVE CESTRO
1 6+3 |ffac. 1 || 3+1 |=>| fac. 1| —>
wait 10

| BRANCH

@ e 5 M 02

ADVANCE_) ENTER ADVANCE LEAVE
15 +5 fac. 1 7+2 fac. 1
wait 15 ‘

4

‘g

Only one more piece of information is required: the number of items to be moved through the system
during the simulation. This is also given in one line. For example:

9015 DATA 50, "ITEMS"

This indicates that 50 items are to be moved through the system during the simulation.
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RUN

9080
9001
9082
9063
90084
9005
90606
9687
9008
9809
95018
9011
sa12
9813
9914
9015
RUN

GSSS

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

1,"CREATE",5,2,2
2,"BRANCH",.3,3.,4
3,"ADVANCE",6,3,5
4,"ADVANCE",15,5,6
5,"ENTER",1,10,7,13
6,"ENTER"™,1,15,8,14
7,"ADVANCE",3,1,9
8,"ADVANCE",7.,2,18
9,"LEAVE", 1,11
10,"LEAVE",1,12
11,"DESTROY"”
12,"DESTROY"™
13,"DESTROY"™
14,"“DESTROY"
1,"FACILITY",2

S@," ITEMS”

SYSTEM DESCRIPTION

1 CREATE S 2 2
2 BRANCH 3 3 4
3 ADVANCE 6 3 S
4 ADVANCE 15 5 6
S ENTER 1 18 7 13
6 ENTER 1 15 8 14
7 ADVANCE 3 1 9
8 ADVANCE 7 2 18
9 LEAVE 1 11
10 LEAVE 1 12
i1 DESTROY
12 DESTROY
13 DESTROY
14 DESTROY
1 FACILITY 2
50 ITEMS
SIMULATION RESULTS
BLOCK # ¢# ENTERED # LEFT
1 S4
2 54 S4
3 14 14
4 49 36
S 14 14
6 36 36
7 14 14
8 36 36
9 14 14
10 36 36
11 14
12 36
13 )
14 ")
CURRENT # OF
FACILITY # CAPACITY OCCUPANTS
1 2 "]

SIMULATED TIME = 271.843

- - = - - - - - - - -

DONE

# REMAINING

- -----e

e ran

AVERAGE # OF
O0CCUPANTS

1.12186



TITLE:

DESCRIPTION:

INSTRUCTIONS:

ACKNOWLEDGEMENTS:

MANAGEMENT SCIENCES AND OPERATIONS RESEARCH (600)

CONTRIBUTED PROG R/\Nl:li‘l‘!L!E;]['[:

: GVOTE
COMMITTEE CHOICE ANALYSIS 36550

This program uses simulation to estimate the probability that a committee
of M members will have transitive preferences among N mutually exclusive
alternatives when using majority votes in pairwise comparisons. Each mem-
ber is assumed to have transitive preferences. This is accomplished by
drawing random numbers to represent the "score" assigned to each alterna-
tive, then assuming that each member always votes for the member of a

pair with the Targest "score." Each pair is subjected to vote using the
set of scores drawn for the trial, then the votes are analyzed to deter-
mine whether or not they are transitive.

The procedure used to check transitivity of committee choices is as follows.
First, matrix V is filled in with the results of the vote. V (row, column)

= the excess of the votes in favor of the row over the column. Values along
the diagonal are set to zero; those below the diagonal simply equal -1 times
the corresponding element above (i.e., Vj; = -Vjj). Next, the numbers are
changed to: (-1) if negative, (+1) if positive and the row sums calculated.
The sum for a row is the value of (number of inferior alternatives - number
of superior alternatives). Let C; represent the sum for row (alternative) i.
Then the alternatives rank (Rj) is simply:

N+l ¢
Ri ="~ -3

Since the committee is assumed to have an odd number of members, no one of
whom is indifferent between any two alternatives, if the committee's pre-
ferences are transitive, no two alternatives will have the same rank. Thus
no two will have the same value of Cj. To check for transitivity then, one
merely checks to see if any two values of Ci are the same.

The program allows the user to specify the committee size, the number of al-
ternatives to be considered, and the number of trials to be run.

Graduate School of Business
Stanford University



GVOTE, Page 2

RUN

RUN
GVOTE

DO YOU WANT INSTRUCTIONS?YES
THIS PROGRAM SIMULATES THE VOTING OF A COMMITTEE
EACH MEMBER IS ASSUMED TO HAVE TRANSITIVE PREFERENCES
AMONG A NUMBER OF ALTERNATIVES, ONE OF WHICH
1S TO BE CHOSEN BY MAJORITY VOTE
THE NUMBER OF COMMITTEE MEMBERS SHOULD BE ODD. SO
THERE ARE NO TIES. THUS , GIVEN TWO ALTERNATIVES,
THE COMMITTEE WILL ALWAYS °‘PREFER' ONE OVER THE OTHER
YOU MAY CHOOSE THE NUMBER OF ALTERNATIVES AND THE
NUMBER OF MEMBERS
YOU MAY ALSO CHOOSE THE NUMBER OF ‘TRIALS®
YOU MAY THINK OF EACH TRIAL AS A DIFFERENT COMMITTEE
VOTING ON THE SAME SET OF ALTERNATIVES.
ALTERNATIVELY, YOU MAY THINK OF EACH TRIAL AS THE
SAME COMMITTEE VOTING ON A DIFFERENT SET OF
ALTERNATIVES.
FOR EACH TRIAL, THE PROGRAM WILL DETERMINE IF THE
COMMITTEE'S °'PREFERENCES®' ARE TRANSITIVE.
IF SO -- A *T* VILL BE PRINTED
IF NOT -- A 'x' WILL BE PRINTED
AT THE END, THE PERCENT OF THE TRIALS IN WHICH THE
COMMITTEE'S PREFERENCES WERE TRANSITIVE WILL BE PRINTED

HOW MANY ALTERNATIVES (<=28)75

HOW MANY MEMBERS (<=188)?3

HOW MANY TRIALS?100

AT TTHT * kT kT TTRT TR T*TTTTTATTTTTTTTAT T T T*T*TxT*TTTTTTTTTTx*TTTTT***TTTT
TTT**TTHT*T*TTTTTTT*TT*TTTTx*

PERCENT TRANSITIVE = 78

DONE
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