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PREFACE
 

PERT Programming Methods for Project Appraisal--A Computer Program
 

has been developed to assist project analysts and students who wish to
 

use critical path analysis as a planning tool 
in project scheduling and
 

evaluation. The manual Is an outgrowth of a workshop project prepared
 

by the author while enrolled In
a graduate seminar In development plan

ning and agricultural sector analysis In Spring 
1974 at Michigan State
 

University. 
The computer programs appearing in the manual are written
 

In FORTRAN IV and are designed to run on the CDC 6500 facility at Michi

gran State University although they can easily be adapted to other com

puter installations.
 

The development of the manual and computer programs could not have
 

been done without the generous support and guidance of a number of Indi

viduals and organizations. Financial 
and logistical services were
 

provided by the Michigan State University Agricultural Sector Analysis
 

and Simulation Projects under a contract with the U.S. Agency for Inter

national Development (Contract AID/csd-2975). Encouragement and advico
 

on the manuscript were given by Drs. George E. Rossmiller, Lawrence Libby
 

and Michael Ahkin. Mrs. Ellen Vander Lugt and Ms. 
Edith Nosow provided
 

advice and assistance In the preparation of the final manuscript for
 

printing.
 

Martin Hanratty
 
East Lansing, 1975
 





Introduction
 

The Program Evaluation and Review Technique (PERT) Is a method of
 

planning, replanning, and evaluating project Implementation. The tech

nique provides project administrators and planners with Information
 

which can be used to monitor and adjust a planned or ongoing project.
 

The technique is helpful In insuring the attainment of project goals
 

within a minimum time period. The technique was developed during the
 

late 50's at the Navy's Special Projects Office by a team studying the
 

application of statistical and mathematical methods to the planning,
 

evaluation, and control of the research and development of new defense
 

systems. It found Its first application in the development of the
 

Polaris missile, where it was used to coordinate over 3,000 different
 

project activities. The use of the technique resulted In the comple

tion of the project over two years earlier than originally anticipated.
 

Since Its Inception PERT has undergone continuous development.
 

Its application to a wide variety of projects, both public and private,
 

has attested to its usefulness as a management tool. The technique
 

-rovides a number of positive benefits to the project analyst:
 

I. It forces the analyst to develop a detailed outline of the
 

roject which might otherwise be done poorly or not at all. Through
 

ts use, areas of the project which require remdlal action can be de

ected, and the effect of trade-offs among time, resources, and per

ormance can be determined.
 

2. The technique requires the construction of a network diagram,
 

where each project event is depicted and Its relationship to all
 



others Is expressed. The development of such a diagram provides a
 

standardized procedure whereby the.:risk of overlooking essential pro

ject components Is minimized.
 

3. The technique makes It possible to organize existing data
 

into a more meaningful form for Immediate managerial action. PERT
 

distinguishes between those critical activities on which loss of time
 

must be avoided or on which extra effort and expense Is justified and
 

those activities where latitude exists with respect to completion
 

time. Such information allows project administrators to manage by
 

exception, thus avoiding the use of time and ihought on components
 

which are non-essential to project completion.
 

4. The technique allows project management to simulate the effects
 

of alternative decisions under consideration and to study their effects
 

upon project deadlines prior to Implementation.
 

5. The technique Is such that the larger and more complex the
 

project, the greater will be the benefits derived from Its use.
 

6. The technique provides valuable information which assists
 

management Inconducting further project evaluation. By defining when
 

the various activities and events occur In time, the technique pin

points when the project's costs and benefits will occur. This Informa

tIon becomes extremely Important when a cost-benefit analysis Is to be
 

carried out by the project administrative staff.
 

The following manual Is broken down into two components. The
 

first explatils the PERT technique, with specific reference to the con

struction of the all-important network diagram; provides hints on how
 

to solicit reliable time estimates for project activities; and presents
 

the techniques used In calculating Internal time estimates necessary in
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determining a project's critical path. The second section sets forth a
 

step-by-step procedure for using the computer program CRIT to carry out
 

calculations explained In section one.
 

Both sections have been written for the reader with little or no
 

prior knowledge of eliher PERT or computer techniques. A simplified
 

example dealing with the steps needed Insetting up an administrative
 

unit for a crop breeding project isused throughout the manual to
 

highlight the Individual calculations needed. The example has been
 

extracted from an ongoing crop breeding program presently being con

ducted through the cooperative efforts of the Korean Ministry of Agri

culture and Forestry and the U.S. Agency for International Development.
 

To acquaint the reader with the example which is only one of a
 

number of units Initiated to carryout the project, a brief explanation
 

Is necessary.
 

Based on research conducted by the Korean Agricultural Sector
 

Simulation Project and Michigan State University, the Republic of
 

Korea (ROK) and the U.S. Agency for International Development (USAID)
 

In 1973, successfully negotiated a five million dollar bilateral 
loan
 

agreement. 
The purpose of the loan is to assist in the breeding of
 

new and Improved varieties of major commercial crops being grown in
 

Korea and to develop new techniques and machinery to be used inculti

vating and processing these new varieties. The agreement listed a
 

number of specific areas of Interest; the Improvement of existing
 

strains of rice, soybeans, wheat, barley, potatoes and forage crops
 

so that they will be more productive, less susceptable to disease and
 

faster maturing; the development of new or modified machinery suitable
 

for the production and processing of the new varieties; and the
 



6deve Iopment of mu It p e 6roppc Ing techn lques which whileakng advan

,tage of the specific characteristics of the new varieties and machinery
 

would propagate modern concepts of' land use and conservatlon. The
 

Incorporation of these goals Into a manageable research design was
 

accompllshed by subdividing the project into a number of research
 

units. These Included rice, soybean, wheat-barley, potatoe-and'multi

pie cropping research teams, a machinery development unit, a'seed
 

foundation and extention component and an administrative unit. The
 

administrative unit used throughout the manual Is a simplified erslon
 

Initiated to oversee and coordinate the activities of the various
 

project units listed above.-/
 

I-/A complete description of the project can be found In "Korean-Aid
 
Crop Improvement Loan Project," published by the Ministry of Agricul-ure
 
and Forestry, Seoul, Korea, inAugust of 1973. A critical path analysis

of the project was completed inSeptember of 1974. Copies of the analy
sis entitled "PERT--Analysis--Korean Crop Breeding Project," can be ob
tained from the Korean Agricultural Sector Simulation Study Team, Depart
ment of Agricultural Economics, Michigan State University.
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Network Concepts and Techniques
 

The Definition of Project Goals and Objectives
 

The first step taken by the analyst In developing a network dia

gram Is the designaflon of project goals and objectives. Precision
 

here In articulating these goals Isextremely Important for two reasons.
 

First, failure to account for all of the goals in developing the dia

gram will render the completed diagram worthless and invalidate the
 

results of the analysis. Second, the more precise an analyst can be
 

In articulating these goals early in the analysis the easier Itwill
 

be to specify project events and activities at a later date. Ifwe
 

examine our simplifled example, we find that the major goal Isto set
 

up a functioning administrative unit. Further refinement of this goal
 

Isaccomplished by listing the specific functions which the unit would
 

be required to accomplish. For example, the unit would be expected to
 

(I)select and hire the appropriate staff for both the administrative
 

unit and the necessary research teams (i.e., it Isassumed that the
 

actual field research would be done by a number of teams, each possi

bly devoted to the development of a specific crop), (2)coordinate
 

the project both Internally with respect to the research teams and
 

externally with respect to the efforts of complementary agencies, and
 

(3)generate an administrative unit capable of guiding and evaluating
 

the overall scope of the project.
 

The Breakdown of Project Goals Into Events and Activities
 

Having completed a listing of project goals, the analyst Is ready
 

to broak down each goal Into Its component activities and events. An
 

activity Is defined as a time-consuming operation, such as "the hiring
 



of a projectc 
 g pojec, staff." An event,
 

on the other hand, isan instantaneous point In lime representing the
 

completion of one activity and the readiness to begin a new one. 
 Each
 

event Inthe network, with the exception of the first and last, must be
 

preceded 	and followed by at least one other event. 
 If,for example,
 

the analyst were to take the functions outlined above which were required
 

of the administrative unit and break them down Into their component acti

vitles, a list such as that presented In Table I might be generated.
 

Table I. A Breakdown of Activities Necessary to Accomplish

the Stated Functions of the Administrative Unit
 

Predessor Successor

Goal 	 Activity Activity (les) Activity (Tes)
 

I A. 	Selection of a Project

Director 
 B
 

I B. 	Selection of an
 
Administrative Officer 
 A C, D, E, G
 

2 C. Organization of a Project
 
Steering Committee B (Dummy)

& 3 D. Organization of the Project
 
Administration and Hiring

of Office Staff 
 B 	 G
 

I- E. Recruitment of Research Team
 
Leaders 
 B 	 F
 

2 F. 	Formation of a Research
 
Steering Committee E 
 H
 

I G. Selection of the Project

Research 	Staff Bo D 	 H 

I& 3 H. Designation of Research Teams 
 G, F 

'!Dummyactlvltles will be dlscussed below.
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An astute reader wIll 
 notice that each of the actiVitles inTable I
 

has been placed Insequential order, starting with the first, to occur
 

Intime, and proceeding to the last. This step Is Important, since It
 

facilitates the physical construction of the network diagram. A further
 

aid Inthe construction of the diagram Is the designation of predecessor
 

and successor activities. Such activities are those which Immediately
 

precede and follow he activity under examination. For example, the
 

designation of research teams (activity H) 
cannot occur before the selec

tion and hiring of the research staff nor before the designation of a
 

research steering committee (activities G and F). However, since it is
 

the last activity in the sequence, It has no successor activity, as
 

Indicated by the blank space In the column "Successor Activity (les)."
 

Soliciting Time Estimates
 

After breaking down the project Into component events, the analyst
 

should arrange the events Into general groups corresponding to the
 

areas for which time estimates will be solicited. For example, If the
 

administrative unit were being Initiated to oversee the activities of
 

a number of research teams, each devoted to the development of a speci

fic crop, groupings would correspond to the events associated with each
 

of the research teams and those associated with the administrative unit
 

Itself. Time estimates would then be solicited from experts having
 

knowledge of the structure and time requirements for each group. That
 

Is,time estimates would be solicited from a specialist having first

hand knowledge of the organizational and time requirements needed to set
 

up-anadministrative unit and from specialists havl.g knowledge concern

'{tng"the development of each specific crop.'
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By subdl dIng,the 1toTa
proJect into components, ,heianalyst I s
 

,,provlding,a recognizable frame of reference for each of the specialists
 

consulted. Each specialist, when interviewed, should be ,askedto pro

,,vjide the followlng information:
 

(I) to check over the list of, activities generated by. the analyst
 

and to add or delete any which he feels are not appropriate,
 

S,(2) to arrange the resulting Ilst of activitles In sequential
 

order, and
 

(3) to provide estimates of the three completion times required
 

for each activity to run the ana|1VsIs.
 

The analyst may find some difficulty In soliciting time estimates
 

from experts where the project contains activities which have rather
 

diverse time estimates. Experts tend to be hesitant In providing spe

cific time estimates for activities which have highly divergent comple

tion times. For example, a specialist might be hard-pressed to provide
 

estimates for activities such as breeding of a new crop variety, which
 

might take anywhere from one to seven years. In such cases the spe

cialist should be assured that the estimates are at best educated
 

guesses.
 

Oncethe list of activities, their sequence, and their appropriate
 

time estimates have been collected by the analyst , he is ready to bIegin
 

constructing'the network diagram. The procedures for undertaking this
 

step In the analysis are outlined below.
 

The Construction of the Network Diagram 

The transformation of the Information In.7able, 1.,-to a',netowrkdia

gram Is done through the use of an arrow d a ram. SuchadOagrpm Is i 
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pictorial representation of the activities and events which take place
 

In a project. Events are depicted by blocks or circles and are connect

ed by,arrowswhich represent the activities necessary to achieve the
 

.events. Arrows move In the direction of time flow, with the head of
 

the arrow attached to those events which immediately follow the activi

ty and the tail of the arrow attached to those events which immediately
 

precede the activity. For example, If activity G were diagramed It
 

should have the following arrangement:
 

The continuation of this process for all activities In the project gen

erates a network diagram. 
There are a few rules which should be observed
 

when constructing the diagram:
 

I. All activities entering a node must have identical 
successors.
 

2. All activities leaving the node must have 
Identical predecessors
 

3. A node must describe the complete relationships between enter-


Ing and leaving activities.
 

4.,,,,Each activity must be uniauelv defined bv at 
least two snaratA
 

nodes.
 

5. No-activity can start till all preceding activities have been
 

completed.
 

'6. 'All 
events, or nodes, except the first and th6last, must have 

'a+ least one activity entering and one activity leaving them. 

If the activities in Table I were transformed using the rules and 

the procedures outlined above, they would look like the following dia

grfam. 
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F'
 

The next step Inpreparing a completed network diagram Isto num

ber the event nodes. This Is"done using the following rule: nodes are
 

numbered in such a 
way that a lower number never has to be preceded by
 

a higher number. This rule, when applied to our example of an adminis

t,,rative unit,.,generates the fol lowing network of activities and events:
 

ACTIVITIES
 

EVENTS 

.. .
 

When examining the network, the reader will notice that the .line
 

whi'ch connects events 4 and 5 Is,- unlike theothers,,a dotted-line. This
 

Indicates that the act Ivity, wh Ich connects the events 
Isa dummy actIvi

ty,. Before proceeding, some exp.lanation concernlng.th0 use of dummy
 

)ctivlties Is necessary.
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The.,Deflnltlon.,and-Use of Dummy Activities
 

.n,,order to give unique designation to each actIvltyandeach node,
 

..It is often necessary to resort to the use of dummy activities. *A
 

dummy activity Is so named because it requires neither time nor money.
 

The true value of it Is that It shows that an activity cannot start
 

until a certain event occurs, even though the two are not directly re

lated. An example of Its usefulness can be seen if we imagine two acti

vities, C and D, each having the same predecessor and successor events
 

and each being carried out simultaneously. It might be logical to in

clude them In the network diagram like this:
 

But the above form Is wrong because It violates the rule that each
 

activity must be uniquely defined by two nodes. In order to comply
 

with this rule, the diagram would be reconstructed to look something like
 

Another use of the dummy would be the case In which activity C Is
 

dependent upon the completion of the two activities, A and B; and acti

vity D Is dependent only upon the completion of B. Such a situation
 

would give rise to a diagram such as:
 



12
 

"Such a representation Isiln er r;r,.
however+,s nceitidepc.s.act(.'ity D
 

as, dependent'.6n- both actlvitfes !Band Cm.I The corrdtwway 'of presentIng
 

the.reliatlonship requires ,"the:use ;of adUmmy actlvity and wouI:d look
 

Time Estimates
 

-The A'ature7of, large-scale, one-time projects., _especial ly research 

and development projects, makes time estimates of activities highly un

certain.: In-order to account for this uncertainty, the PERT technique 

asgumes-that Its activity time estimates are probability distributions. 

inso doingit assumes the critical path to be a probabilistic critical 

path, with the schedules for all of the activities Inthe network re

flecting the uncertainty of each activity time. By obtaining three 

estimates of the time needed to complete each activity, the time to
 

accomplish any given task Inthe network Isexpressed Interms of likeli

hood rather than positive assurance. Likelihood, Inturn, can be ex

pressed interms of statistical probablity and distribution curves.
 

The three different time estimates sought by the analyst are:
 

1. The opimirstic time, designated T, isthe shortest possible
 

tim Inwhich the activity may be completed If all goes well. The esti

mate Is based on the assumption that the activity would have no more
 

than one chance in100nof being completed in less than this t'me.
 

http:dependent'.6n
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2. The most likely time, designated TI, is the tImeoestimate that
 

would be made Ifonly one were required. It Is also the time that would
 

occur most often If the activity were repeated under exactly the same
 

conditions many times; or it is the one that would be given most often
 

Ifmany qualified people were asked.
 

3. The pessimistic time, designated Tp, Isthe longest time that
 

an activity would take under adverse conditions. This time estimate Is
 

based on the assumption that Itwould not be exceeded any more than
 

once Ina hundred occasions.
 

The three time estimates should be based on calendar time (days,
 

weeks, or months, Including holidays) rather than upon work days. Once
 

collected they should not be changed unless there Isa corresponding
 

change In work content, resource availability, or more knowledge, which
 

would Improve estimates or alter the network.
 

PERT Computations
 

Using these three time estimates, the PERT technique follows a num

ber of computational steps which generate the numerical parameters used
 

In determining the critical path. Four basic steps are required.
 

First Isthe calculation of estimated mean times for each activity
 

Inthe network. The computational algorithm used In determining this
 

mean time (T ) reduces the three time estimates into a single weighted
 

average estimate, the mean of a beta distribution. Graphically the dis

tribution and associated time estimates would resemble that present in
 

Figure I.
 

As with all such presentation, a number of fundamental assumptions
 

accompany Its use. By assuming a beta distribution when determining
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=:ESTIMHATES'.'- .: : : .. ........ : ~ 
. !I,,,.... ! I . TI T 

!FREQUENCY I II I 

e ELAPSED TIME
 

Figure I. Theoretical Frequency Distribution of
 
Activity Performance Times
 

expected mean times, the analyst assumes that if the activity were re

peated a large number of times, the resulting completion times would be
 

normal.ly distributed. Such distribution would have only one peak, with
 

the times associated with the pessimistic or optimistic estimates having
 

little chance of being realized (I In 100). These assumptions collec

tively form the basis of the computational algorithm used to determine
 

the expected mean time for an activity. This algorithm takes the form:
 

T + 4TI + T
 Te = 
e 6
 

The assumptions associated with the acceptance of a beta distribution 

and the low probability given to the realization of pessimistic and opti

mistic time estimates Is built Into the formula by the selection of 

weights used to combine TO , T I, and T . The parameter Te, which Is gen

erated by the algorithm, is Interpreted as the time period within which 

there Is a 50% chance of completing a given activity. Time estimates 

associated with our example In weeks are presented In Table 2 below. 

http:normal.ly
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Table 2. Time Estimates (in Weeks) Used In Computing the
 
Crltlcal Path for the Korean Project
 

Preceding Succeeding T T, T T 
Activity Event Event T I p Te 

Selection of Project Director I 2 3 7 10 6.8 

Selection of Administrative 
Officer 2 3 2 3 6 3.3 

Organization of Project
Steering Committee 3 4 I 3 5 3.0 

Organization of 
Administrative Unit 3 5 I 2 3 2.0 

Recrullment of Research 
Team Leaders 3 6 3 7 10 6.8 
Selection of Project 
Research Staff 3 7 4 9 15 9.2 
Dummy Activity 4 5 0 0 0 0.0 

Selection of Project 
Research Staff 5 7 4 9 15 9.2 
Formation of Research 
Steering Committee 6 8 I 3 5 3.0 
Designation of Research Teams 7 9 I 2 3 2.0 
Designation of Research Teams 8 9 I 2 3 2.0 

The values for Tp, Ti, 
T , and Te are added to the network diagram,
 

as Illustrated below.
 

Calculated T
 

T=0.0
 

3-- -- -2-3 4-9-15 1-2-3
 

Tre=6.8 Te=3.3 T=2. Te=9.2
 

)' -9-15 "
 
T =9.2
 

1-3-5
 

Te=3.O
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The .second, step In deter,)Ining the crItlcaI path Is the, calculatlon 
'T E of an expected time ; 'or , for each event' l-the network. TE repre

sents the expected time of completion of an event measured from the
 

beginning of the project. It is calculated by accumulating the Te IS
 

for the activities preceding the event. Sums of the mean times are
 

calculated for all possible paths leading to the event, with the largest
 

being selected as the expected time for the given event. The results
 

of these calculations are presented below.
 

Calculated TE
 

.. TE=13.1 

Si lte f act vit b e 2
e . . i e e 
eet3 i 8 3 e . T a 

ee
 

egie f0. wes TE 3.)the for 


Th o oncigevents I weeks.addt6.(2 is 6.8 Sincethe TE for2,
and 


anevent has. oneaTvt pthe adit , thunedb
 wes. mor ltanly it 

gives 10.1I weeks (the TE for event 3.)
 

..If an event has more than one activity path leading to It, the
 

TE for each separate path is calculated and the largest TE Is selected
 

to represent the event. For example, event 5 has two activity paths
 

which lead to It,one through events 3 and 4 and one directly from 3.
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If we add up the Te for the first path, we have 10.1 
(the TE for event
 

3) plus 3.0 (the Te for the activity connecting events 3 and 4) plus
 

0.0 (the Te for the dummy activity), which equal a TE for event 5 of
 

12.1. Since the TE attributed to the first path exceeds that of the
 

second, It Is assigned to event 5. From the figure it Is evident that
 

the completion of the project will take 24.3 weeks (the TE of event 9).
 

The third step In the computations is the determination of the
 

latest allowable time, or TL, for each event In the network. 
The TL
 

for a given event Is that point In time after which occurrence of the
 

event (i.e. completion of associated activities) will cause delays In
 

the TE of successor events and an extension of the project. It Is the
 

latest allowable completion date for preceding activities and the latest
 

allowable starting date for the most critical succeeding activities.
 

The TL for a given event Is calculated by the mirror of the proce

dure used to calculate the TE. The analyst begins at the last event In
 

the network where the TL Is equal to the T 
 He then moves along the
 

various paths between a given event and the object event, subtracting
 

the activity mean times from the succeeding event's latest allowable
 

time. Ifmore than one path 
leads Into an event, the smallest TL ob

tained from each of the paths is chosen. For example, to d3termlne the
 

various TL'SIn the administrative system, the TL for event 9 is set to
 

equal Its TE, 24.3. To determine the TL for event 7, the Te for the ac

tivity connecting events 7 and 9, 2.0, Is subtracted from the TL for
 

event 9. This results In a TL for event 7 equal to 22.3.
 

The calculation of a TL for event 3 Is complicated by the fact that
 

there are four possible paths leading to the event. Each will give Its
 

'owncorresponding TL for event 3. The Te of the activity which connects
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.-events 3'and,,4 li)3 This ubtracfedd from'13.lF (-tIebTL f r Vent 4) 

1gves'.01 JTheTTfor .he act ivIty"'connecting eve6+s' 3and' isi2.O. 

This subtracted from 13. I (the TL for 'event,5) givesll.,;. ',,Similar 

4 linkages exist between events 3 and 6 and events 3 and 7. 'The 'usIe of
 

the above procedure results In the calculation of two new TL's for
 

event 3 corresponding to each of these paths. The 'TL for the path'
 

connecting events 3 and 6 Is 12.5, while that for the path connecting
 

events 3 and 7 is 13.1. The TL for event 3, which isWthe smallest of
 

these four figures, Is I0.. TL's for each event Inthe network are
 

presenied below:
 

Calculated TL
 

TL=I3.I
 
TE= 13.1
 

. ITe=0.0
 

9.
5 e 
.TL=I3. 22I T=24.3T 

TL=O.O T =6.8 TL= I. =13. T2 T-=2 3 
TE=O.O TE=6.8 TE=10.1 E= 

6o T3.0 
TL=1 9.3 e TL=22.3
 
TE= 16.9 TE=19.9
 

The development of estimates of expected and latest allowable times
 

for each activity allows the analyst to proceed to the fourth step in
 

the calculations, the development of slack time estimates, or Ts, for
 

each event. Slack time Iseasily determined by subtracting the mean ex

pected time estimate from the latest allowable timb estimate for each
 

activity. An examination of the preceding network diagram above Indicates
 

http:from'13.lF
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that there Is no slack for events I, 2, 3, 4, 5, 7, and 9. Events such
 

as these, which are characterized by zero slack, are called critical
 

events, since any delay In activities between them could result in an
 

increase In the expected completion time for the whole project. Events
 

6 and 9 both have slack time associated with them of 2.3 weeks. This
 

Indicates that the completion of the activities connecting both of
 

these events could, be postponed up to 2.3 weeks without delaying the
 

completion of the project.
 

A large amount of positive slack associated with an activity Indi

cates the possibility of resource reallocation. As slack time approaches
 

zero for any activity, the likelihood of that activity becoming a poten

tial trouble spot Increases. Where both conditions appear In the same
 

project, trade-offs of resources between activities of high slack to
 

those of low slack are advisable. In our administrative example, re

sources devoted to activities connecting events 3 and 6 and events 6 bnd
 

8 could be reallocated to activities connecting events 3 and 5, 5 and
 

7, or 7 and 9.
 

Calculating the Critical Path
 

The preceding four computations are Instrumental In the determina

tion of the critical path. As Indicated above, the amount of slack asso

ciated with an activity determines Its degree of criticalness. By group-


Ing activities according to their amount of slack, several paths can be
 

defined through a given project, each with a varying degree of critical

ness. Criticalness In-this context Is measured In terms of negative,
 

zero, or positive slack. Positive slack Indicates an ahead-of-schedule
 

condition, while negative slack indicates a behind-schedule condition and
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zkrb'slack 'Indicates an on-schedule ndi"on , wth 'a,rob'abIty of .5. 

'NegatIve slack occurswhen the totai actIvi' me,tmhIial In a p~th 

Is greater 'than the tIme -available to meet project requiremen+&. ""Such
 

'asituation may occur when project completion'dates are defi'ned'exo

genously or-when the TE's are updated during the project to refledt ac

tual delays and their effect on future event completion times."
 

The path which has the least slack of those associated wlth a pro

ject Is considered the critical path. By construction it Is the path
 

In the network which requires the greatest amount of time to complete.
 

'It-is found by totaling the slack times associated with all possible
 

paths through a network and selecting the path which has zero slack.
 

Using such procedures, It Is possible to encounter projects that will
 

have multiple critical paths. Designation of an event to the critical
 

path indicates that failure to accomplish the event by its expected
 

completion date will mean a delay In the completion of the project by
 

an equal amount of time.
 

Using our example, four possible paths are discernable. These
 

are: the path which runs through events I, 2, 3, 4, 5, 7, 9; the path
 

r0.0 T =0.0 T=0.0 Ts=0.0 T =0.0
 

Ts=2i3 T =2.3
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fhrough events I, 2, 3; 5, 7, 9; t6 third path thtrough events I, 2, 3, 

7, 9J'and the fourth +hrough I,2, 3, 6, 8, 9. Thesilack for'paths 

one fhlough four Is respectively 0.0, 0.0, 0.0, 4.9. Choosing the path
 

or paths having zero slack Indicates that the critical path for the
 

Korean project falls along a line which encompasses events I, 2, 3, 4,
 

5, 7, and 9. Delay inthe completion of activities which connect
 

these critical events will cause a delay In the completion of the pro

ject Itself.
 

Computer Programs for PERT Analysis
 

The procedures outlined Inthe preceding examples become Increasing

ly tedious as the project network becomes larger and larger. However,
 

the greater the degree of project complexity the more valuable the role
 

PERT can play In project management. To take advantage of the benefits
 

which PERT has to offer and to avoid the computational costs which re

sult from Its use, a number of computer programs using the PERT algorithm
 

have been devised. Prior to using the programs outlined below the pro

ject analyst must develop a listing of project activities using the
 

methods presented on pages five through seven, list the activity In
 

sequential order using the six rules presented on page 9 and solicit
 

optimistic, likely and pessimistic times estimates for each activity.
 

The following programs have been designed to accept this Information,
 

to proceed through the four computational steps presented above, to
 

determine the critical path of a given project, and to generate a calen

dar which Isused to provide dates for each of the project events and
 

activities.
 



The prigrams. CRIT and CRITCALENDAR, are desIgned to determine
 

the criticalpath of a glven project and to.generalea calendar which
 

can beused to provide dates for each of the,proJect.activit.les. The
 

programs will be presented inorder of their use:, the Critical Path
 

Calendar program (CRITCALENDAR).first, followed.by the Critica, Path
 

Analysis program (CRIT).
 

The Critical Path Calendar (CRITCALENDAR)
 

CRITCALENDAR Isdesigned to generate a calendar ranging from one
 

to twenty-four years In length. The calendar Isstored on a disk stor

age unit and Iscalled each time the Critical Path program Is run. Each
 

unit Inthe calendar contains numbers specifying a given day, month, and
 

year and a cumulative Index number representing the number of work days
 

from the beginning of the project to the date stored Inthe calendar
 

unit. The Index Is generated by adding up all the days from the begin

ning of the project to the date inquestion, and then excluding non

working days, such as Sundays and holidays.
 

Input Data for CRITCALENDAR
 

Three types of data are required to activate the CRITCALENDAR rou

tine. These are: (I)the dates on which the calendar is to begin and
 

Its length, (2)the dates of holidays which will occur in the calendar,
 

and (3)the days which are to be considered as non-work days. Input
 

data needed to set up the calendar for the administrative unit example
 

appears InAppendix I. These parameters are Inputted Into the program
 

Inthe following manner:
 

http:followed.by


*DATA..CARD- I -STARTING DATESiANDLENGTH OF CALENDAR
 

'OLUMN 	 ",CONTENTS: "
 

5-9 
 The first day of the project. This may be any Integer

from I to 31. There are two restrictions on the choice
 
of starting days. First, It must be a valid day Inthe
 
month; for example, you cannot specify 31 ifthe pro
ject isto begin In February, since the month has only

28 days; and, second, the day must be the first day of
 
the work week. That is, Ifthe work week runs from
 
Monday to Friday, then the number entered for the day
 
must be a Monday.
 

I0-14. 	 The first month of the project. This may be any Inte
ger from I to 12.
 

15-19 	 The first year of the project. This may be any Inte
ger, such as 1973, 1980, etc.
 

20-24 	 This number Indicates the length of the calendar. It
 
may be any Integer from I to 24 and must be estimated
 
by the analyst. If the estimate Istoo small, the pro
gram will abort prematurely, with an error message spe
cifying that the calendar length Istoo sho"t. To
 
Increase the calendar length, Increase the value In
 
columns 20 through 24.
 

DATA CARDS 2 DATES TO BE SPECIFIED AS HOLIDAYS (N - Number of Holil

to N+I 	 day Data Cards)
 

COLUMN 	 CONTENTS
 

-5 	 The day of the holiday. This may be any Inteaerfrom
 
I to 31.
 

6-10 	 The month of the holiday. This may be any Integer from
 
I to 12.
 

,Il-15 	 The year of the holiday. Ifthe holiday recurs on the
 
same day each year, such as Christmas, then a-IO0 Is
 
entered. This will automatically specify the day and
 
month for each year that the calendar Isgenerated as
 
a holiday. Ifthe holiday Is non-recurring, such as
 
Thanksgiving, 	individual cards containing the day,
 
month, and year 	must be prepared. The program Is de
signed to accept up to 150 Individual holiday cards.
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'NOTE:- Data cards for each holiday should!beprepared
 
and arranged In sequential order. It Is Important to
 

Ihsert a blank card Immediately after the last holiday
 
data card. Failure to do so will result ina premature

abortion of the program, with the error message "END OF
 
FILE ENCOUNTERED."
 

DATA CARD N+2 DESIGNATION OF NON-WORKDAYS. 

:COLUMP CONTENTS 

Ifthe seventh day of the workweek Isa non-workday, 
place a I incolumn 3 and O's incolumns 6 and 9. For 
,example, Ifthe workweek begins on a Monday and Sunday 
Isto be considered a non-workday, enter I Incolumn 3. 

4-6. lf the sixth day of the workweek isa non-workday, 

place a I incolumn 6. Ifboth Saturday and Sunday are 
non-work days, a I should be placed Incolumns 3 and 6 
and a zero Incolumn 9. 

7-9- Ifthe fifth day of the workweek Is a non-workday, a I 
Is entered In column 9. 

NOTE: Any combination of non-workdays can be specified. 
For example, Friday and Sunday may be specified by 
placing I's In columns 3 and 9, with a zero In column 6. 

The Critical Path Program (CRIT)
 

CRIT Isdesigned to generate estimates of 'slacktime for each event
 

In a given project, to divide and print events Into activities with high
 

and low slack times, to determine the events on the critical path, and
 

to equate various event starting and completion timos with actual calen

dar dates. The Input data needed to analyze the administrative unit
 

project appears InAppendix I. The program is designed to accept Input
 

,data Inthe form of weeks or days. If new events are added to the pro

.ject, the program will accept the new events, Incorporate them Into the
 

calculations, and generate a new data deck containing the changes. This
 

up-date featurq alfleviates the need for the analyst to renumber all the
 

events In the original data deck before running the new version. The
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program has been designed to accept projects which contain up'to 250
 

events, with a maximum of 600 connecting activities.
 

Input Data for CRIT
 

Four types of Input information are required to activate CRIT.
 

These Include: (I)parameters specifying the type of data Inputted; that
 

is,days or weeks; (2)the parameter separating events of high and low
 

float times; (3)data describing each activity inthe project; and (4)
 

data which activate the UPDATE subroutine, If needed. Input data should
 

be presented In the following manner:
 

DATA CARD I SYSTEM PARAMETERS
 

COLUMN CONTENTS
 

5 	 Iftime estimates are indays, 0 Isentered. If In 
weeks, a I isentered. 

9-10 This Is a decision parameter which separates events
 
with high and low slack. For example, if the time es
timates are Indays and 20 Is entered Incolumns 9 and
 
10, then every event with slack less than 20 days will
 
be considered as having minimum slack, while events
 
equal to or greater than 20 days will be considered as
 
having maximum slack. The value of the variable must
 
be estimated by the analyst.
 

DATA CARD 2 PROJECT TITLE CARD
 

'OLUMN CONTENTS
 

1-70 
 The title of the project from one up to seventy char
acters In length. This may include such Items as the
 
project name, date of the run, the analyst's name, and
 
so on.
 

DATA CARDS 3 ACTIVITY DESCRIPTION AND TIME ESTIMATES (Ma Number of
 

to M+2 Project Activities)
 

COLUMN CONTENTS
 

1-3 
 The number of the event preceding the activity belng
 
described. This may be an Integer from I to 2401
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4-6 
 *The number of the event followlngithe activlty.being
 
described. This may be an Integer from 2 to 249.
 

7-13 
 The most optimistic time estimate (T0 ). This may be any

Integer from I to 1,000 and must be entered as a two
place decimal; I.e., 1.00.
 

The most likely time estimate (TI). This may be an In
teger from I to 1,000 and must be entered as a two
place decimal.
 

22-27. 	 The most pessimistic time estimate (T ). This may be
 
any Integer from I to 1,000 and must Be entered as a
 
two-place decimal.
 

30-78 	 The description of the activity. For easy recognition,
 
the activity names should be similar to the event names
 
which they are describing.
 

NOTE: Data cards must be made up for each of the acti'
 vities in he network. They should be arranged In se
quential order. It Is important to insert a blank card
 
following the last activity datd card. Failure to do so
 
will result in a premature abortion of the program, with
 
the error message, "END OF FILE ENCOUNTERED."
 

Input Data for 	the UPDATE Subroutine
 

As previously mentioned the CRIT program contains a feature which
 

allows the analyst to break down the existing network Into more detailed
 

components. 
The data cards which activate this subroutine fall Into
 

categories: those that describe the new activities and those which sot
 

the parameters for the subroutine. In the process of breaking down +he
 

network, the analyst Is actually subdividing existing activities Into
 

two or more components. Data cards describing these new activities
 

are placed Inthe original data deck Immediately following the activity
 

which Is being subdivided. The data cards describing the system para

meters which activate the subroutine are placed after the oriqinal data
 

deck.
 

The *UIUUTine 5 s aesignea TO accept up to twenty changes at any one
 

tim. 1input, data for the subroutine-should be prepared In the following
 

manner:
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DATA CARDS 	I NEW ACTIVITY DESCR1PTIONS AND TIME-ESTIMATES (M- number
 
to M o new project activities)
 

Data cards describing the new activities are prepared
 
following the same form used In preparing the original

:tivIty description data cards. A card Isprepared for
 
Bch new activity and placed inthe original data deck
 

Tollowing the activity being subdivided.
 

DATA CARD M+I THE NUMBER OF NEW ACTIVITIES
 

"COLUMN CONTENTS
 

6-7 
 This parameter sets the number of new activities which
 
are being added to the network. The parameter may take
 
on any Integer value from I to 20.
 

DATA CARD M+2 LOCATION OF NEW ACTIVITIES
 

COLUMN CONTENTS
 

5-7 	 This Isthe number of the activity at which the first
 
change will occur. The number istaken from the first
 
column of Table I,generated by the last run of the pro
gram. If,for example, the new activity falls between
 
activities 7 and 8, the Integer 7 is entered.
 

8-10 	 This Isthe number of the activity at which the second
 
change will occur.
 

11-13, The remainder of the data card is broken up Into three
etc. 	 space fields to accommodate the remaining changes. If
 

there are no additional changes, the fields should be
 
left blank. The number of fields used should correspond

with the number of new activity description cards enter
ed on card 2.
 

DATA CARDS 	M+3 NEW SUCCESSOR EVENT NUMBERS (K= Number of New Successor
 

THROUGH K+3 Event Numbers)
 

COLUMN CONTENTS
 

2-4 	 This Isthe new successor event number for the first new
 
activity. This Isthe event number following the new
 
activity. One successor event Is allowed per card up to
 
20 cards. The entry may be any Integer from 2 to 250.
 
If more than one successor event is entered (i.e., more
 
than one new activity), the cards must be Insequential
 
order.
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The Control Cards and Data Deck Structure for CRITCALENDAR and CRIT
 

A number of different runs may be required to complete the analysis
 

of a given project. Ifthere are no errors 
Irthe Input data and the
 

calendar length Issufficient, only one run will be necessary. 
This
 

Initial 
run will both generate the calendar and perform the anlaysis
 

of the data. 
 The control cards and deck structure are those used for
 

the Michigan State University computer Instillation as of the date of
 

this publication. They are as follows:
 

PNC CARD
 
YOUR NAME, CM 120000, RG2, T150, JC950, MTI.
 
PW = 
APLIB, TT4040, *MEHCLBI, *MEHCRBI.
 
CATALOG, MEHCLBI, DATING.
 
CATALOG, MEHCRBI, CRIT.
 
MEHCLBI.
 
CATALOG, TAPE I,CRITCALENDAR.
 
REWIND, TAPE I.
 
MEHCRBI.
 

The data deck for the calendar
 
789
 

The data deck for the critical path program

6789 

Two errors may occur on this Initial run, If an error Ismade when
 

typing the time estimates on the activity data cards, an error message
 

specifying the Input card where the error occurred will appear inthe
 

output. 
 Ifthis occurs, correct the error and re-enter the data deck
 

using the following control cards:
 

PNC
 
YOUR NAME, CMI20000, RG2, T150, JC950.
 
PW =
 
ATTACH, TAPE I,CRITCALENDAR.
 



29
 

ATTACH, MEHCRBI, CRIT.
 
MEHCRIT.
 

Corrected data deck for the critical path program
 
6789
 

If the calendar length Istoo short to accommodate the project, an addi

tional message may occur specifying that the calendar field length Is
 

too small. In this case the analyst will have to Increase the size of
 

the variable entered incolumns 20 through 24 on data card 
I In the calen

dar data deck. The analyst should make sure that any additional holiday
 

cards for non-recurring holidays are Incorporated Into the data deck at
 

this time. The program will automatically Include the aJdltional recur

ring holidays and additional non-workdays. Once these corrections have
 

been made, the new data deck may be rerun using the following control
 

cards:
 

PNC
 
YOUR NAME, CMIIO000, RG2, T150, JC950.
 
PW= 
ATTACH, TAPE I,CRITCALENDAR.
 
ATTACH, MEHCLBI, DATING.
 
ATTACH, MEHCRBI, CRIT.
 
PURGE, TAPE I.
 
RETURN, TAPE I.
 
MEHCLBI.
 
CATALOG, TAPE I,CRITCALENDAR.
 
REWIND, TAPE I.
 
MEHCRBI.
 

The corrected calendar data deck
 

The original critical path data deck
 
67
 
89
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If for any reason additional runs are required of a program that has run
 

correctly--such as enlarging the number of activities In the project--the
 

following control cards and deck structure will be required:
 

PNC
 
YOUR NAME, CMIIO00, RG2, T150, JC950.
 
PW W
 
ATTACH, TAPE I,CRITCALENDAR.
 
ATTACH, MEHCRBI, CRIT. 
MEHCRBI
 
789
 

The data for the calendar
 
7

89 
The corrected data deck for the critical path program,
 
Including the new activity data cards and the appropriate
 
data cards for the up-dated subroutine.
 
6789
 

Output from the Critical Path Program
 

The critical path program generates five tables. Examples of each
 

appear InAppendix 2. Table I presents the number of each activity, ac

tivity predecessor and successor events, the original time estimates and
 

activity description, and the calculated expected time for each activity.
 

Table 2 lists the project's events, the slack time for each event, and
 

the earliest and latest completion dates for each event. The date asso

clated with the largest value appearing Inthe column labeled "Latest
 

Time": Is the date the project will be completed. Tables 3 and 4 list the
 

events with respect to minimum and maximum float times. These tables
 

are useful In determining how resources used in activities with high
 

float times can be reallocated to activities with little or no float
 

time. Table 5 lists all activities Inthe project, with their, respective
 

earliest and latest completion dates. Inaddition, activities having a
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CP designation at the far right of the table are those which are on the
 

critical path. The date associated with the last of these activities
 

Isthe completion date of the project.
 



APPENDIX I
 



INPUT FORMAT FOR CRITCALENDAR AND CRIT
 

PROGRAM: CR ITCALENDAR
 

COLUMN COLUMN COLUMN COLUMN 
5-9 10-14 15-19 20-24
 

CARD I 7 1 1974 

COLUMN COLUMN COLUMN
 
1-5 6-10 11-15 

CARD 2 I 3 -100 
CARD 3 5 4 -100 
CARD 4 6 6 -100 
CARD 5 17 7 -100 
CARD 6 15 8 -1O0 
CARD 7 20 9 -1O0 
CARD 8 3 10 -100
 
CARD 9 9 10 -100
 
CARD 10 24 10 -100
 
CARD iI 25 12 -100
 

COLUMN
 
1-72
 

CARD 12 BLANK 

COLUMN COLUMN COLUMN 
1-3 4-6 7-9
 

CARD 13 0
 



PROGRAM: 


CARD 1 


CARD 2 


CARD 3 

CARD 4 

CARD 5 

CARD 6 

CARD 7 

CARD 8 

CARD 9 

CARD 10 

CARD II 

CARD 12 

CARD 13 


CARD 14 


CRIT
 

COLUMN COLUMN 
5 9-10 

0 20 

ADMINISTRATIVE PROJECT--EXAMPL!
 

COLUMN 


1-3 


I 

2 

3 

3 

3 

3 

4 

5 

6 

7 

8 


COLUMN
 
1-72
 

BLANK
 

COLUMN 


4-6 


2 

3 

4 

5 

6 

7 

5 

7 

8 

9 

9 


COLUMN 


7-13 


3.00 

2.00 

1.00 

1.00 

3.00 

4.00 

0.00 

4.00 

1.00 

1.00 

1.00 


COLUMN 


14-21 


7.00 

3.00 

3.00 

2.00 

7.00 

9.00 

0.00 

9.00 

3.00 

2.00 

2.00 


COLUMN 


22-27 


10.00 

6.00 

5.00 

3.00 

10.00 

15.00 

0.00 

15.00 

5.00 

3.00 

3.00 


COLUMN
 

30-78
 

SELECTION OF PROJECT DIRECTOR
 
SELECTION OF ADMINISTRATIVE OFFICER
 
ORGANIZATION OF PROJECT STEERING COMMITTEE
 
ORGANIZATION OF ADMINISTRATIVE UNIT
 
RECRUITMENT OF RESEARCH TEAM LEADERS
 
SELECTION OF PROJECT RESEARCH STAFF
 
DUMMY ACTIVITY
 
SELECTION OF PROJECT RESEARCH STAFF
 
FORMATION OF RESEARCH STEERING COMMITTEE
 
DESIGNATION OF RESEARCH TEAMS
 
DESIGNATION OF RESEARCH TEAMS
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TABLE ONE INPUt DATA AND EXPECTED TIMES FOR EACH ACTIVITY
 

NO. 
 ACTIVITY DISCRIPTION PREO SUC TO TL TP 
 EXPECTED TIME
 
I SELECTION OF PROJECT DIRECTOR 
 1 2 3.00 7.00 10.00 6.83
2 SELECTION OF ADMINISTRATIVE OFFICER 
 2 3 200 3.00 6.00 3.33
3 ORGANIZATION OF PROJECT STEERING COMM. 
 3 4 0O0 3.00 5.00 3.00
4 ORGANlZATIO. OF ADMINISTRATIVE UNIT 
 3 5 1.00 2.00 3.00 2.30
5 RECUIT"ENT OF RESEAPCH TEAM LEADERS 
 3 6 3.00 T00 10.00 6.63
6 SELECTION OF PROJECT RESEARCH STAFF 
 3 7 4.00 9.00 15.00
7 DUMMY ACTIVITY . 9017 

.oo .00 .00 *00
8 'ELFCTION OF PROJECT RESEARCH STAFF 
 9 7 4,00 9.00 15.03' 9.179 ORMATION OF RESEARCH STEERING COM. 
 6 S 1.00 3.00 500 3.00
10 DESIGNAITON OF RESEARCH TEAMS 
 7 9 1.00 2.00 3*00 2.uo
11 DESIGNATION OF RESEARCH TEAMS 
 8 9 1.00 2.00 3.00 2.00
 

TABLE TWO 
 LIST OF FLOAT TIME BY ACTIVITY
 

EARLIEST TIME 
 LATEST TIME 
 FLOAT TINE
EVENT (IN WEEKS OR DAYS) DgATE (IN WEEKS OR DAYS) DATE 
 (IN WEEKS OR DAYS)
 
1 000 7- 1-1974 
 0- 1-1974 a0
2 6*83 12- 3-1974 
 6.63 12- 3-1974 S00
3 10.17 LS- 4-t974 
 10017 1s- 4-1974 00
 
4 13.17 14- 5-1974 13017 14- S-1974 .00
5 13.17 14- 5-1974 13.7 14- 5-1974 
 .00
6 17.00 20- 6-1974 
 19.33 16- T-1974 2.33
7 22.33 14- 8-1974 22.33 14- -1974 .00
a 20.00 22- 7-1974 22.33 14- 8-1974 2.33
9 2433 4- 9-1974 24.3 4- 9-1974 .00
 



TAL 9'THREEI 	 IST Of ACTIVITIES WITH'MtIMUH FLOAT TIMES 

EAWLIEST TIME LATEST TIME 	 FLOAT TIME
 
EVENT (IN WEEKS OR DAYS), DATE IIN WEEKS OR DAYS) DAYE IuN WEEKS OR OATS)
 

6 10.00 20- 6-L974 19.33 16- 7-1974 .33
 
* la.so 22- -1974 E2.33 14- 0-1974 , 2.33 

TABLE FOUR LIST OF ACTIVITIES WITHMAXIMUM FLOAT TIMES
 

FLOAT TIME
 
EVENT (IN WEEKSOR OAYS 

" 
DATE I1N.WEEKS DR OAMS) DATE (IN WEEKS ORO
 

ARILIEST TIWE + LATESO TIME 


0.04
o ;"Jo - . -- KX G.O o-0. 

THERE ARE NO ACTIVITIES WtTW FLOAT TIMES GRATEm THAN lEDOE
 

TAILS FIVE 	 LISTING OF THE ACTUAL AND MAXIMUM COMPLETION TIMES FOR EACH ACTIVITY
 
AND THE OESICNATION OF ACTIVITIES ON THE CRITICAL PATH
 

MAXIMUM TIME
 
I1W WEEKS OR DAYS) DATE (IN WEEKS OP OAYS) DATE


ACTUAL TIME 

PREDECESSOR SUCCESSOR ACTIVITY DISCPIPTION 


6683 12- 3.19?4 6,83 12- 3-197 CP 

2 3 CLECTION OF ADHINISTRATIVE OFFICER 3.33 19- 4-1974 3.33 IS- 4-1974 CP1 	 2 SELECTION OF PROJECT DIRECTOR 


1o- 5-1974 3.00 1#&-5-1974 CP
3 4 CRGNIZATION OF PROJECT STEERING COMM. 3.00 

3 s ORGANIZATION OF ADMINISTRATIVE UNIT 2000 
 14- s-L974 3.00 li- 9-1974
 

603 20- 6-19' 9.17 16- 7-1974
3 6 FECUITMENT OF RESEARCH TEAM LEAOERS 

y SELECTION OF PROJECT RESEARCH STAFF 	 9.17 1'- 0-1974 12.17 14- 8-19?47 


-00 14- 5-L97 ,000 1i- 5-1974 CP4 	 S OUMMY ACTIVITY 

7 SELECTION OF PROJECT RESEARCH STAFF 
 9.1? ifi- 8-1974 9,17. 14- 6-1974 CP 

6 a FOPATION OF ItESEARCH STEEPING COMM. 3.00 22- 7-19?4 0.33 14- 5.19?4 

7 g DESIGNATION OF RESEARCH TEAMS 2.00 4- 9-197 2.00 4. 9-1974 CP 

# 9 DEftGNATION OF RESEARCH TEAMS 2000 4- 9-1974 4,33 4- 9-19' 
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PROGRAM DATING(INPUTOUTPUTTAPE6=INPUT TAP i=OUTPUTqTAPEt) 	 2
DIMENSION 	IrATE(30,41?31),IHD(350),IHM(350),IHY(350) MEHCALMEHCAL 3
 

COMMON IDAT=,IHO, IHVI HY 	 tEH AL
 
PROGRAM OATING-IS DESIGNED TO GENEPATE A CALANOER TO BECUSE M H AL
 
IN CONNECTION WITH HE CRITICAL PATH PROGRAM C. T, THE LANDER M H AL
 

C WHEN COMPLETED IS STORED ON A PCRMINENT FILE UNOrR THE NAME CRIT MEHCAL 7
 
C CALANDER 

C 

C THE VAPIABLES tjSrD TN THE FPOSPA4 ARE AS POLLOWS--
C IDATE = THE CIALANDrR ARRAY 
C IYEARI = TH; BEGINNTNG YEAF OP THE CALAN3ER 
C IENnYR = THj cnfING YrPP OF THE CALANDOP 
C ILGTH = THE LENGTH OF THE CALANDER I YEARS 
C IMONTHt= THE REGINNING MONTH OF THF CALANDEP

TDAY1 = THE IEGINNING DAY OF THE GALANDER 
IENDAY = THE LAST DAY OF THE MONTH 

C L = THE NUME'P OF DAYS IN THE CALANIER 
C IHOL = FLAG O:SIGNATINrG HOLIDAYS AND NON-WORKDAYS IN THE 
C IDAYCNT= THE NUMBER OF WORKDAYS IN THE CALANOER 
C IHD = THE IAY OF A HOLIDAY 

IHM = THE MONTH OF A HOLIDAY 
IHY = THE YEAR OF A HOLIDAY 

C 

MEHCAL 8
 
MEHCAL 9
 
MEHCAL 10 
MEHCAL 11 
MEHCAL 12 
MEHCAL 13 
MEHCAL 14 
MEHCAL 15 
MEHCAL 16 
MEHCAL 17 
MEHOAL 1.8 

CALANDER 	MEHCAL 19 
MEHCAL 20 
MEHCAL 21 
MEHCAL 22 
MEHCAL 23 
MEHCAL 24 

ALL CALANOEP DATES WHICH APE INPUTED INTO THE PROGRAP MUST BE IN A MEHCAL 25
 
NUMERICAL DAY, MONTH, Y AP FOR'lAT*THE BEGINNING DATE OF THE PROJECT HCAL 26
 

C MUST FALL ON THE FIPRT PAY OF .HE WORK W7K. MEHCAL 27
 
MEHCAL 26
 
MEHCAL 29
 

C READ POOJECT STARTING CATES A4P INITIALIZE ARRAY! MEHCAL 30
 
MEHCAL 31
C 

READ(60 1) IDAYlII4ONTHlITYFAPItILGTH 	 MEHCAL 32 
£ FORMAT(Y94I5) MEHCAL 33 

IXDAYt=IXDAY2=IXDAY3=IXDAY4=IXDAY5=InAYI MEHCAL 34
 
IXIXM1iXMON2=IXMON3=TXIP'ONL IXMOJ5=IMJTHI 
 MEHCAL 35
 
IENOYR=IY[ ARI+ (ILGTH-1) 

DO 2 IY=IYEAPI TENlYF 

1=(IY-IYEARI) 1 

DO 3 J=IXMONI,12 

IENDAY=31 

IF(J9EQ.2) IENDAY=IENOAY-3 

IF(J*TO*4.0 .J.EQ.6.0 ..Jo 

DO 4 K=IXDAYI IENOA" 
IDATE(IJK)=

4 	CONTINUE 

IXDAYt=i 


3 CONTINUE 

IXMONI=i 


2 CONTINUE 

C 

C GENERATE OATC BR:AY 

C 


L=O 

DO 5 IY=IYEARI IENOYF 

I=(IY-IYEARI)+f 

DO 6 J=IXMON2,12 

INDAY=3i 

IF(JEO.2) TENOAY=IENOAY-3 


MEHCAL 36
 
MEHCAL 37
 
MEHCAL 30
 
MEHCAL 31
 
MEHEAL 40
 
MEHCAL 42
 

Q~gOR.J, q, i1)IENOAY=IENDAY-1 MEHCAL 42
 
MEHCAL 43
 
MEHCAL 44
 
MEHCAL 45
 
MEHCAL 46
 
MEHCAL 47
 
MEHCAL 48
 
MEHCAL 49
 
MEHCAL 50
 
MEHCAL 51
 
MEHCAL
 
MEHCAL
 
M HCAL 51
 
MEHCAL 55
 
MHOAL
 

HCAL
 
M HCAL 58
 

IF(J.EQ.4.OR.J.EQ.6.OR.J.E).9.OR.J.Et l))IENOAYSIENOAY-1 MEHCAL 59
 
DO 7 K=IXDAY2,IENDAY MEHCAL 60
 

MEHCAL 61
 
IOATE(I JtK)=SHIFT(KgI)•OF. InATE(I JK) MEHCAL 62
 
L=L.1 


IDATE(IJK)=SHIFT(Jf).OR. IDATE(I ,JK) 	 MEHCAL 63
 
MEHCAL 64
IDATE(IJK)=SHIFT(IY 10) .O.IOATE(I JK) 


IDATE(I,J,K)=THIFT(L 3 5).Oe. IOATE(IJpK) MEHCAL 65
 
MEHCAL 66
T CONTINUE 

MEHCAL 67
IXDAY2=i 

MEHCAL 68
6 CONTINUE 


IXMONZ=1 
 MEHAL
 
MH AL
5 	CONTINUE 


CADD HOLIDAYS TO THE CALANDEP APRAY 	 MH8HAL J 
C MH AL 71
 

00 8 N= 
 MCAL
 
REAM(0 IHO(N),IHM(N),IHY(N) 
 MEHCAL 75
 

MEHCAL 76
29 FORMAT(4X3I5)
I(iHY (N)-IYEAR1) 4 MEHAL 

IF(IHY(N),EO,-1OO) GO TO 9 MHCAL 
IF(IHD(N).EO.,) GO TO 27 MIHCAL 79 
IDATE(IIHM(N),IHD(N))=IOATS(ItIHM(N),IHOI(N))bObR.61 HCAL 80 
GO TO 8 M HCAL 81
 

9 00 10fN= IYEARivIENOYR MEHCAL 82
 

http:IDATE(IIHM(N),IHD(N))=IOATS(ItIHM(N),IHOI(N))bObR.61
http:IF(IHD(N).EO
http:IDATE(IJK)=SHIFT(Jf).OR
http:OR.J.EQ.6.OR.J.E).9.OR.J.Et


I= (NN-IYEARi) i MEHCAL 83
 
IDATE( IIHM(N) IHO(N))=IDATE( I'IHM(N) IHJI(N)) o0UiI MEHCAL 84
 

0g ONTINU.. MEHCAL 85
 
8 CONTINUE MEHCAL 86
 

27 	CONTINUE MEHCAL 87
 
MEHCAL 88
 

ADD WEEKEND NON-WOPl0OAYS TO THE CALANOER ARRAY MEHCAL 89
 
MEHCAL 90
 

READ(0i1) IOAYOFIIOAYOF?_Ir)AYOF3 MEHCAL 91
 
11 FORMAT(X 313) MEHCAL 92
 

DO 1.IY=TIEAR, TENOYR MEH AL 93
 
.(±Y-IYEAPt)+ MEHCAL 94
 

00 13 J=IXMON3,12 MEHCAL 95
 
IENDAY=31 MEHCAL 96
 
IF(J,.0,2) TEDIOY=IENDAY-3 MEHCAL 97
 
IF(J.EO.4.0R. J.:).6.P.J.Er).9ORJ,.,i 1)IENAY=IENDAY-i MEHCAL 98
 
DO 14 K:IXDAY3 1ENO.Y MEHCAL 99
 
L=SHIFT (ICA TE (I J 9K ) -. (*NOT., MASK(46) 	 ia
3F),AfjD 	 MEHCAL 

L1=L/707 HEHCAL 101
 
IF(LiE0,L) GO TO 2P MEHCAL 102
 
GO TO 14 MEHCAL 103
 

28 IF(IOAYOFl.:,!0) GO TO 15 MEHCAL JOL
 
IOATE(IJK)=IDAT[(I JK). ,1 MEHCAL 105
 

15 IF(IOAYOF,EM.,) GO TO 1E MEHCAL 106
 
IF(KEO,1) GO TO 35 MEHCAL 107
IDATE (ItJ, K-t) =TnAT (."IJ K-i) ,OP, i MEHCAL i aP. 
GO TO 16 MEHCAL 109 

35 	IF(JEO.I) GO T030 ME HCAL 110
 
Jl=J-t MEHCAL lii
 
1IENDAY-31 	 MEHCAL 112
 
IF(Ji.EO.s) IlENDAY=II .HDAY-3 	 N H8AL 113
 
IF(JI.EOi.onO, itEQ*.OpoJioEQoq OR.|I 1) IIENDAY=IIENDAY-i MEHCAL 114
 
IDATE(I JtiITIFNNAY) 1fATF (IJ1,TIENiOY, OR, i MEHCAL 115
 
GO TO IC. MEHCAL lIt,
 

30 I11=-i HEHCAL 117
IDATE (T1 12 31) =0TOA (II~lt 31),OR, I MEHOAL !Is
 
16 IF(IDAYOF.30.0) GO TO t MEHCAL i9
 

IF(KEO*.) GO TO 31 MEHCAL 120
 
IF(K.Ea,2) GO TO 32 HEHCAL 121
 
IOATE(IJpK-2)=ITATF(IJK-'?),OR.i MEHCAL 122
 
GO TO 14 MEHCAL 123
 

31 IF(JEO.I) GO TO 33 MEHCAL 124
 
Jt=J-i MEHCAL £25
 
IIENDAY=31 MH AL 126 
IF(JIEO.?) IT.ENDAY=IIENDAY-3 MEHCAL 127 
IF(JIEQ,40Fo.Jl.Eo.6,OR.Ji.EQ~q,OR,J1,EQi) IIENOAY=IIENOAY-i 128IDATE( [J1 lIr NOAY- 11=IDAT'(T IPJIIEN(IAY-I), OP, I 	 MEHCALMEHCAL 129

0 TO 	 MEHCAL 130
 

33 t=I-t 	 MEHCA 1.31
 

IOATE(112 3)=IOATHIpi,2,30.ORs1 	 MEHCAL 132
 
32 	IF(J.EQ,t) U TO 34 MEHCAL 133
 

MEH8AL 134
 
f Y=31 M H AL 135
 

IF(JL.EC,2) ITENDAY=IIEtlDAV-3 MEHCAL 136
 
IF(Ji6JEQv4,.w.Jlo Y6) 9.op.Ji.EQoii) IIENAYIIENDAY-i 	 137
IOpDTE 	 MEHCAL 

IOATE(EJ1 ,rI ,NOAY)=IATE,(TJ,EN AY)AORoN 	 138
, 	 MEHCAL 

GO TO 1 MEHCAL 139
 

34 It=I-1 MEHCAL t40
 
IOATE(I1, 2,3)=IDATr (Iit12,i).OR.1 	 EHCAL 141
 

I4 CONTINUE 	 HEHSAL 142
 
IXDAY.I1 	 MEHCAL 143
 

13 	CONTINUE MEHCAL 144
 
SXMON3=1 MEHEAL l4E
 

12 CONTIIUE MEH AL 14
 
MEHCAL 147
 

GENERATE INOrX OF WORK lAYS 	 MEHCAL 148
 
MEHCAL 149
 

IDAYCNT=0 MEHGAL 150
 
00 1TIY=IYEARt IENOYU! ME HAL 151
 
1=(IY-IYFARI).! MEHCAL 152
 
00 18 J=IXMON4,12 ME HCAL 153
 
I-NDAY=31 MEHCAL 154
 
IF(J.E0,2) IENDOYzIENOAY-3 MEHCAL 15F
 
IF(JEO,4.ORJEn,6,nRJE1..oRJE lii)IENOAYXIENOAY-i MEH AL 156
 
rl K=IXOAY J DAY 	 P
NT IMSI§ I ),AND, I0ATE(IIJ9K|I@NEs0) GO TO 20 HH ALAL 1;7a
 

6NOT. (MASKt) 8

IOAYCNT=IDAYCNT+i MCAL 159
 

20 IDATE(I J,K)=SHIFT(InAYCN2),ORIDATE(IJK) QEHCAL

19 CONTINUE HCAL £63
 
LS CONTINUE HCAL 163
 

http:IXDAY.I1
http:t12,i).OR
http:IF(J.EO.4.0R


IXMcN4i MHCAL 164 
17CONTINUE MEHCAL 165 

WRITE THE DAY I',O1NT MCNTH, A0JD YEAR INPOIMATION IN THE H1L 
C CALANDFR ARRAY TO TAPE to1.CA 168
 

0O 21IY=IYErAR19IFNDY; MEHCAL 169
 
I= (IY-IYEAR1) +1 MFHSAL 00
 
00O ?2 J=IXMON~ti2 M1.HLAL 171
 
IENDAY=31 MENCAL 172
 
IF(JFC02) TEtNUAY=IENDAY-3 MEHCAL 173
 
IF(J.E-O.4. JQ6.~J, 91R*olli)IENOAY=IFNDAY-1 MEHCAL 174.
 
00 23 K=IX08YF IEND~.Y MEHCAL 175
 
InAYCNT=S.HIFT(f0ATE1IJ K)i-21h*AND.(.NOToMASK(46)) ?IEHCAL 176
 
IYEAR=SHIFT(IflATE(IJ K 0,Nos,*AKb) MEHCAL 177
 
IMONTH=SHIFT(IDATE( KJ 1)AN1O:(,NnT,ASK(f69)) MENCAL 178
 
TDAY=SHIFT(IDATF(I#JKf,-1) A Oo( NTP1ASK(55)) MEHCAL 180
 
Ii=IOAY MHA ~ 
JI IMONTH P4EHCAL 181
 
KI=IYEAP HkCL 182
 
WRITE(192t) IfAYCNTIij1,'~i MEHCAL 183.
 

26 FOP.MAT(?.I5) MHA 8
 
23 CONTINUE MEHCAL 185
 

IXOAYilMHCL 

22 CONTINUE: ECL It
 

IXMON5=1 MEHCAL 188
 
21 CONTINUE MEHCAL ls8
 

IDA Y C NT =99999 MHlCAL 190
 
wPITE(192S) IW)AYflNT MEHCAL il
 

25 FRAT(I) M HCAL 12
 
END MEHCAL 193
 

http:FOP.MAT(?.I5


10

20

30

40

50

60

70

80

C PROGRAM CRIT :S OrSIGNED TO DETERMINE THF. CRITICAL ACTIVITY PATH MEHCRIT 2
C REQUIRED TO COMPLETE A GIVEN P:OJ-T, THE RcIT PROGRAP IS BEING USED MEHCRIT 3C TO DETErMINE THF CRITICAL PATH OF A CPOD TIPROVEMENT LOAN PROJECT IN MEHORIT '4 

SKOREA. JEJ 

C PROGRAM NAME--KORE'AN CROP IMP'OVEMENT AI0 LOAN DROJECT 	 MEHCRIT 7
MEHCRIT 
 8PROGRAM CPIT (INPUT OUTPUT TAPE6)=INPUT TAP-1 TAPE61=OUTPUT PUNCH) MEHCRIT 9
 

OIMFNSION N(250) :6(250) L(?O) P(6001 S(660), T(600), R1600) MEHCRIT
ILAG(250)9 TO(r,01, L(60 TPOY5D), CD(400), KL(600) A(600 5)vIT MEHCRIT It
2(600),IIT(6q0),JT(600) 6KT(,f) I0(690) I10(600) JO(606 ) KD(6 6 0) MEHCRIT 12
3O(60 IE600),IJF6 O0) ,TKE (00), TL(600) IJL(600),IKL(600) IL( MEHCRIT 13
4600) IF 600) ALA( (2O) 4AE(2TO) 'IN (50),JI (250)',JJE( 50),JKE( 50)y MEHCRIT 14 
5AL(250) JILC r0) ,JJL (2-0) ,J<L(250) MEHCRIT
DIMENSION ALPHA(10) MEHCRIT 16 
COMMON N, NI MEHCRIT 17 
REAL M L LAG 
 MEHCRIT 18
 
INTFGE4 , Sp P, C:o MEHCRIT 19 
DATA ALAG(1)/-I./ MEHCRIT

C REMAPK -- N(I) IS TH NUM6Ft OF EVENT I MEHCRIT 21
C REMARK -- F(I) IS THE EVrNT PPi:C7EDING ACTIVITY I MEHCPIT 22
C REMA7K -- S(I) IS THF EVENT SUC, EEDING ACTIVITY I MEHCRIT 23 
C PEMARK - F(T) S THE NUMPEP, OF THE I;tTH-RANKED ACTIVITY HEHCRIT 24

REMAPK -" ECI)IS THE FARLI-ST TTME FOc EVENT T MEHCRIT 29,
RE4APK L(T) IS TH LATEST TIME OR 7VENT I MEHCRIT 26 

C REMAFK -- C IS THE MINIMUM TIM- TO CtOMr LETE THI rPOJECT MEHCRIT 27C REMARK -- T(I) IS TH FFFFCTIV- TIME TO COMPL-TE. ACTIVITY I. MEHCRIT 28 
C REMARK -- TP(I) IS THE PESSI-ISTIC TlM TO COqFLET- ACTIVITY I. MEHCRIT 29
C REMARK -- TL(I) IS THE LIKFL- TIME To COMPLETE ACTIVITY I. MEHCRIT
C PEMAPK -- TO(I) TS THE OPTIMIqTIC rIME TO COlPLETF ACTIVITY Ie MEHCRIT 31
C FEMAPK -- LAG(T) IS THF FLOAT TInIE ASSOCIA7E.- wITH EVENT I MEHCRIT 32
C REMARK -- NI IS THE NU'MA;. OF zV-'.NTS MEHCPIT 3,3C REMARK -- N2 I TH- NUWIEF OF ACTIVITIF% MEHCRIT 34
C REMAFK -- N, -. THE t'UrllP OF V'VENTS ON" THE r' .ITICAL PATH MEHCPII 35

FEMAPK -- [(I) IS THF LATFIT COMPL;.TION TIH- FrC ACTIVITY I MEHCRIT IF 
FEMAPK -- ID() IS TP: LATFST lOMLETION TIM:' FO ACTIVITY I IN MEHCRIT 37 

C OAYS MEHCRIT 38-REMARK -- IT (I) 	 IS THE --FF;" TIV TIM? TO COM4L;TE THE ACTIVITY I MEHCRIT 39 
IN OAS MEHCRIT

REMARK -- IIT(1) IS THE DAY ASSOCIATZn WITN THr- -ACLIEST MEHCRIT 41 
COMPLETION TIHE FOP ACTIVITY I MEHCRIT 42

REMARK -- JT(I) IS THE MONTH ASSOCIATED WIh T HC rARLIEST MEHCRIT 43 
CO9PLETION OF ACTIVITY I MEHCRIT 44

REMARK -- KT(I) IS IHE YEA- ASSOCIATED WITH THr EARLIEST MEHCRIT 1,c 
COMPLETION TIME FOP ACTIVITY I MEHCRIT 46 

C REMARK -- ItO(I) IS THE DAY ASSOCIATED 4ITH THt MAXIMUM MEHCRIT 47 
C COMPLETION TIME FOP. ACTIVITY I MEHCRIT 48
C REMARK -- JO(I) IS THE MONTH ASSOCIATED WITH THE MAXIMUM MEHCRIT 49 
C COMPLETION TIM,7 FOR ACTIVITY I MEHCRIT 
C REMARK -- KD() IS THE YEAF ASSOCIAT--l WITH TH MAXIMUM MEHCRIT 51 

COMPLFTION TIM. rOR ACTIVITY I MEHC.IT 52
MEHCRIT 53 

MI = 60 	 MEHCRIT 5LMO = 61 
 MEHCRIT 55
LL=690 	 MEHCRIT 55
M=20M 	 H R
READ(;N 	 H RIT
 
READ(I 65) Ir.ATA UDGE MEHCRIT 58 
READ (MI 66) ALPHA MEHCRIT 59"
 WRITE (Mb 6 ) 	 MEHCRIT 
WRITE(0fOq8) ALPHA 	 MEHCRIT 
 61
 

MEHCRIT 62
 
INITIALI.E ARRAYS MEHCRIT 63
MEHCRIT r , 
00 2 I=IMM 	 MEHCRIT b!IKL(I)=O MEHCRIT 66
 
IJL(I)=O MEHCRIT 67
 
ILIf = 0  

MEHCRIT 68

RE = 
 MEHCRIT 69
IJE (I)=0 	 MEHCRITIIE(I)=O 	 MEHCRIT 71
 

N(I)= 0
E( )= 0, 	 MEHCRITMEHCR'T 7374 
L(I) = o. MEHCP.IT 7ELAG(I) 0. 	 MEHCRIT 76
KL(I) 0 	 MEHCRIT 77

ALAG(I)=0 MEHCRIT 78
MIIa: MEHCRIT 79
AII =0 MEHCR IT
J E(I)O 	 MEHCRIT 81 
JJE(I)u0 	 MEHCRIT 82
 

http:MEHCP.IT


AL(I)--O 

JIL(I)=o

JJL (1I =0 

JKL( =0 


2 CP(I) = 0 

00 3 I=iLL 

KT(I)=0

,JT(I)=O 

ItT(I)-O

KD(I)=O

JO(I)=O

IID(I)=O

P(I) 2 0 

S(I) = 0 

TO,) O.
T( )==O. 

TL(I) = 0, 

3 TP(T) = 0. 


JFLG = 0 

C 

C READ CTIVITIS
C 


00 4 I I LL 

READ (MI,) 

N2=I-I 


P(I), S(I), lO(I), TL(I), TP(I), 


IF(P(I)-0) 4o'94 

4 CONTINUF 

5 CONTINUE 


CALL UPDATE (N2tPSMINEWNU,MO) 


(A(IJ)vJcl,5) 


C 
C CALCULATF FVN" LIST 

Nt=O 

00 9 I 
00 6 J 

1, N2 
"I Ni 

6 
IF (P(I)
CONTINUE 

N(J)) 

NI = NI+l 

7 
N(NI) = P(I) 
00 8 J= IN1 

8 
IF (ST1) .Eh)N(J))
CONTINUE 
Nt = N1+1
N(Ni) = S(I) 

9 COITINUE 
C 

GO TO 


GO TO 9 


C CALCULAT . LXECTEO TIME 

IF (JFLG-1) 1210,12 


10 00 11 JT-I N2 
it T(J) = TO(J

12 00 13 JJ =1, N2 
13 T(JJ) = (TO(JJ)+4TL(JJ)+TP(JJ))/6 

C
§ PRINT ACTIVITIrS INPUT AND EXPECTED TIM.S FOR rACH ACTIVITY 


WRITEWRITE (MO,6')(MO,70)

WRITE (MOtM) 


WRITE (MO,72)

KKK=O 

0 16 1 = 1, N2 
IF(KKKLT.50) GO TO I14 

KKK=0 

WRITE(mO 67) 

WRITE (Mb70)

WRJTE (MO,71)

W;IT (MO 7?)


14 I (TO(I).LET'.(I)ANOTLII).LE.TP(I)) GO TO If 

WRIT(HO,73) 

WRITE(MO74 ) I 

WRITE (MO,67)

STOP
 

15 WRITE (MO,!'5) I, (A(IpJ)tJviv5)p P(I), S(I}t TO(I)t TL(I), TP(I),

KKKvKKK+t
IT(I) 


16 CONTINUE 
 0MEHCRIT

C PANK ACTIVITIES ON ASCENOING PRTEOECESSOR NUNT 


00 17 I * I, '42 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

HEHCRIT 

MEHCRIT 

MEHVRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHERT
M
MHRIT 


MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT
MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

SMEHCRfT
MEHCRIT 


MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MHCRIT 

MEHCR T
EHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 
MEHCRIT 


MEHCR IT 

M HCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

HEHCR.IT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHR IT 

MEHCRIT 

MEHYRIT 
MAY1575
H HCRIT 
MEHCRIT 

MEHCRIT 

MHCRfT 

M HCRIT 

MEHCRIT 

MEHCRIT 

MFHCRIT 

MEHCRIT 


MEHCRIT 

M H R T
MEHCRIT 


MEHCRIT 

MHCRIT 

M H R 

EHRT 


83
 
8
 
85
 
86
 
87
 
88
 
89
 
90
 
91
 
92
 
93
 
&
 
95
 
96
 
3
%8
 

99
 
100
 
101
 
102
 
103
10'.
 

105
 
106
 
107
 
109
 
109
 
110
 
111
 
112
 
113
 
t11
115
 
116
 
117
 
118
 
19
 
120
 
121
 
122
 
123
 
12'
 
126
127
 
127
 
128
 
129 
131
 

132
 
133
 
134
 
135
 
136
 
137
 
138
 
139
 
140
 
141
 
142

143 
14I
 
1
 

146
 
147
 
148

149 
150 
151
 
152
 
154
 
153
 

156
 
11 7
 

159
160
163
 
I
 
163
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17 R(I) = I MEHCRIT 16'
N9 = N2 
 MEHCRIT 165
18 N= 9-1 
 MEHCRIT 166
O 20 1 = 1, N9 
 MH .RIT 167
 

19 

20 

C 

00 0KP R(I)
KPi F (.)
IF (P(K (K-1))(20,20,19
RI = P(I)
R(I) = P(I+t)
R(I+l) = -i 
N8 r I 
CONTINU, 
IF (N8-1) 21,t8,21 

FIND EAV.LY CV.NT TIMES 

=itN9MEHC RIT 
MEHCRIT 
MEHCRIT 
MEH RIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 

16f,
169 
170 
17j 
172 
173 
17" 
17F 
176 
177 
178 
179 

21 

22 

23 
CC 
C 

24 

25 

26 

27 

DO 23 I = to N2 
KP = R()
N3 = P(KF)
CALL TNT (N39 K)
It K 
KP P(Q)
N3=S(Kr)
CALL TNT(N3 K)
12 = K 
KP = i(I) 
M = E(I1)+T(KF)
IF (E(12)-M) 2?23t?3 
KP P(I)
E(12) = E(Ii)+T(KP)
CONTINUE 

RANK ACTIVITIeS IN OrsCmNtIHG 

00 24 1 , K'2 
R(I) I 
N9 = N2 
N9 c N9-1 
N8 = 0 
DO 27 1 = 1, N9 
KP P(I)
KPI F(I+t)
IF (S(KP)-S(KPi)) 2E#27t27 
RI = R(I)
PMI) = P(I+i) 
R(I+I) = r1 
N8 = I 
CONTINUE 
IF (N8-1) 2Ro?5,28 

O-,lKR OF SUCCCSSOR 

MEHCPIT
NEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
ME HCRI T 
MEHCRI' 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT
MEHCRIT
MEHCRIT 
MEHCRIT 
M HCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 

180 
181 
182 
183 
184 
185 
186 
187 
186 
189 
190 
191 
192 
193 
194 
195 
196
197198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
20P 
209 
210 
211 
212 
213 

FIND LATE. £V='NT TIMES MEHCRITMEHCRIT 215215~ 

28 

29 

30 

31 

DO 30 1 = 1, N2 
KP =RI)
N3 = S KP)
CALL INT (N3, K)
It K 
KP R(I)
N3 C PLKP)
CALL INT (NI, K)
12 = K 
KP = R)
H = L(I1)*T(KP)
IF (L(12)-M) 29,30930 
KP = P(I)L(12) = L(It)-T(KP)
CONTINUE 
KP = R(1)
N3 S(KP)
CALL INT (N3, K) 

= E(K)
00 31 = l, Ni 
( C-L() 

MEHCRITMEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT
MEHCRIT 
MEHCRIT 
MEHCRITMEHCRITMEHCRIT 
MEHCSIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 
MEHCRIT 

216217 
218 
219 
220 
221 
222 
223. 
224 
225 
226
227 
228 
229230231 
232 
233 
233 
235 
23E 
237 

32 

CALCULATE FLOAl (LAG) 
FL0A (LAGI00 32 I 1 1 N1 

LAG(I) = L()-E()
IF(IOATAeEQ, ) GO T-O 
00 33 It,N1 

34 

MEHCRITMEHCRIT 
CR TMEHGRITMEHCRIT 

MEHCRIT 
MEHCRIT 
MEHCRIT 

2368239 
239241241 

242 
243 
244 



IL(I)=IFIX(L(I)T) 
 HEHCRIT 21.5
IE(I)=IFIX(F(I)-7) 	 MEHCRIT 246
 
33 	 CONTINUE MEHCRIT 247
 

GO TO 36 MEHCRIT 247
 
34. 	 DO 35 I=i,Ni. MEHCRIT 249
IL(I:=IFIX(L(I)} 
 MEHCRIT 250
IE(IIIFIW(M1) MEHCRIT 250 
35 CONTINUE MEHCRIT 252 
36 PEAD(1976) IDAYCNTIigJXK1 MEHCRIT 253
IKE(U)=IKL(1)=Kl
lJ(l)=IJL(1)=Jl 	 MEHCRIT 254
 

(1)=IIL( 1)=Tt 	 ESJ ;M H R T 2 6
 
ICNT=0 
 MEHCRIT
37 READ(l 76) TnAYCNT Ii J1 	 257
 
FoIDAYCNT.EQ. q99g, GO TOKi r6 	 MEHCRIT 258
MEHCRIT 259
 
IDACNT.EQ.ICNT) GO TO 37 
 MEHCRIT 260
DO 39 I=2941 
 MEHCRIT 261
38 	 CONTINUE 
 MEHCRIT
IF(IDAYCNToEQ, IF(I)) GO TO 40 	 262
 

MEHCRIT 263
IF(IOAYCNT.EQILQI)) GO TO 41 
 MEHCRIT 26.
39 	 CONTINUE 
 HEHCRIT 265
GO TO 37

40 IKE(I)=KI 	 MEHCRIT 266


HEHCRIT 267

IJE(I)=J1 
 MEHCRIT 268
IIE(I)=Ii 
 MEHCRIT 269
IF(IE(I).EO.IL(I)) GO TO 1 
 MEHCRIT 270
ICNT=IDAYCNT 
 MEHCRIT 271
I=I+l 
 HEHCRIT 272
GO TO 38 
 MEHCRIT 273
41 	 IKL(I)=Ki 
 MEHCRIT 274
 
JL(I)=J1
IL(I)=I1 
 MEHCRITM HCRIT 2752 6
 
IF(I.EQNi) GO TO '2 
 MEHCRIT 2 7
ICNT=DAYCNT
I=I~i 
 27e
MEHCRITMEHCRIT 279
 
GO TO 35 
 MEHCRIT 270
42 	 CONTINUE 
 MEHCRIT 281
 

I 
REWIND 1 MEHCRIT 282
 

MEHCRIT 283
PRINT EVENT TI4ES 
 MEHCRIT 284
MEHCRIT 
 285
WRITE (MO 67)

WRITE(MOvt7) 	 MEHCRIT 286


MEHCRIT 287
WRITE(MO671) 
 MEHCRIT 288
WRITE (M073) 
 MEHCRIT 289
WRITE(MOtfg) 
 MEHCRIT 290
KKK=O 
 HHERff 231
00 44. I =.N1

IF(KKK.LT,5 )GO TO 43 	 M H Ri 2'2


MAY1374 1
KKK=9 
 MEHCRIT 294
WRITE (MO 67) 
 HEHCRIT 295
 
WRT H(O 71) 	 MEHCRIT 296
M HCRIT 297
 
WRITE (Mb 78) 
 MEHCRIT 298
WRITE(MOf9) 
 MEHCRIT 299
43 	 WRITE(MO,8O) N(I),E(I),IIE(I),IJE(I),IKE(I),L(I),IIL(I),IJL(I),IKL 
MEHCRIT 300
2(I)qLAG(I) 
 MEHCRIT 301
KKK=KKK+i 
 MEHCRIT 302
44 	 CONTINUE 
 MEHCRIT 304
MEHHCRIT 303
 

C PRINT MINIMUM FLOAT TIMES 
 MEHCRIT 305
C 
 HEHCRIT 306
WRITECMO,67) 	 IHC R IJ 
 307
WRITE(MO:81) 
 M H Ri 308
WRITE(MO 7t)

WRITE(MO,78) 	 MHCRIT 309
MEHCRIT 310
WRITE(MOC79) 
 MEHCRIT 311
J=i 
 M HCRIT 312
KKK=O 
 MEHCRIr 313
ALAG(1)=-I 
 MAY1575 2
00 47, 1-1 N' 
 MEHCRIT 314
IF(LAGfILT.IEOGE) GO TO 45 
 MEHCRIT 315
ALAG(J)=LAG(I) 
 MEHCRIT 316
IN(J)=N(I) 
 MJHCRIT 317
AE(JI=E() 
 MEHCRIT 318
JIE(J)=IE(I) 
 MEHCRI T 319
JJE(J)=IJE(I) 
 HEHCRIT 320
JKE(J)=IKE(I) 
 HEHCRIT 321
 

H CRIT 321
J( )=LJJ(IIJLII) 
 MEHCRIT 324
 

http:FoIDAYCNT.EQ


JKL(J)=IKL(I) MEHCRIT 325
 
JUJ 47EHCRIT 326
 

4GTO 4 tEHCRIT 327
 
EHCR 329
 

KKK=O 

WRITE(MO,67) MEHCRIT 330
 
WRITE(M 4) 4HRiT 331
(P8

W E(MO71) 	 H RLT 332

WIRITE(1O,78) MEHCRIT 333
 
WRITE(MO79) MEHCRIT 334
 

'.6 IF(LAG(IWLT.1) GO TO 47 HEHCRIT 335
WRITE(NO.B0) N(T)PE(I)PITE(1)PIJE(I)PIKE(I)PL(I)PIIL(1)OIJL(I)o MEH8RfT 336
 
21 L(I)vLAG(1) MEHCR T 337
 
KKK=KKK+i MEHCRIT 338


47 CONTINUE MEHCRIT 339
 
C MEHCRIT 340
 
C PRINT MA-XIMUM FLOAT TIMES HEHCRIT 341
 
C HEHCRIT 342
 

WR TEID967) 	 MEHCRIT 343
 
WR TE(MOq2) 	 MEHCRIT 345
 
WRITE(MO97t) 	 MEHCRI 345
 
WRITE(MO,78) 	 MEHCRIT 346
 
WRITE(I 0,79) 	 MEHCRIT 347 
IF(ALAG(1)*EO.-1) GO TO 89 	 MHCRIT 348
 
KKK=O 

JJHEHCRIT 

00 49 I- J 

IF(KKK.LT.f)

KKK=O 

WRITE(POp67)

WRITE(VO,82)

WRII (MO,71)

WRITE(MO,78)

WRITE(MO,79) 


M HCRIT 349
 
350
 

MEHCRIT 351 
GO TO 48 MAY1374 4 

MEHCRIT 353
 
MEHCRIT 354
 
MEHCRIT 355
 
MEHCRIT 356
 
MEHCRIT 357
 
MEHCRIT 358
 

48 WRITE(MO80) IN(I),AE4r),JIE(i),JJE(Ir)JKE(I),AL(I) JIL(I),JJL(I)t M HCRIT 359
 
2JKL(I) AG(I) MEHCRIT 360

KKK=KKk+i 	 MEHCRIT 361
 

49 	 CONTINUE MEHCRIT 362
 
GO TO O0
 

89 	 WRITE 90)MEHRT 363

C 	 MEHCRIT 364
 
C 	 DERIVE THE CRITICAL PATH MEHCRIT 365
 
C 

1O0 	 K=1 


00 51 I= iv NI 

IF (A9S(LAG(I))-*00O0)


50 	 LAG(I) 0 0 

CP(K) = N()
KL(K) = L(I)
N4 	 K 

K =K+ 

s1 CONTINUE 
N5 = N4-i 
00 54 I = 1, N5 
1 = 1+1

D0 54 J =-Ili N 

IF (KL()-KL J)) 54:52:53 	 MEHCRIT 380
 

MEHCRIT 366
 
MAV1374 6
 
NEHCRIT 368
 

50,s5ss, 	 MEHCRIT 369
 
MEHCRIT 370
 
MEHCRIT 371
 
MEHCRIT 372
 
MEHCRIT 373
 
MEHCRIT 374
 
HEHCRIT 375
 
M HCRIT 376
 
NEHCRIT 377
 

REHERJT378

HEHCR T 379
 

52 	 IF (CP(I)-CP(J)) 54,54,53 MEHCRIT 381
 
53 	 ITEMP = KL(I)' MEHCRIT 382 

JTEMP = CP(I) 	 HEHCRIT 383
 
KL(It = KL(J) MEHCRIT 384 
CP(I) = CP(J) MFHCRIT 385
KL(J) = ITEMP 	 MEHCRIT 386
 
CP(J) = JTE4P 	 MEHCRIT 387
 

94 	 CONTINUE MEHCRIT 388
 
00 55 I=1,N2 IEHCRIT 389
 
N3=P(1) 	 MEHCRIT 390

CALL INT(N3,K) M HCRIT 391
 
Il=K M HCRIT 392
 
N3=S(I) MEHCRIT 393
 

ALLINT(N3,K) HEHCRIT 394
 
2=K MEHCRIT 395

O(I)=L(I2)-E(Il) MEHCRIT 396
 

55 CONTINUE MEHSRIT 397
 
GO TOI 57 MEHORIT 398
 

56 	 WRITE(MO,,7I) I HCRIT 399 
WRITE (MO83) MHCRIT 400 
WRITE-(MO.67) MEHCRIT 401 
REWIND I MEHCRIT 402 
10 MEHCRIT 403 
GO TO(57,57,57)I 	 MEHCRIT 404
 

http:WRITE-(MO.67
http:WRITE(NO.B0


1 STOP 

57 CONTINUE 

PI 	 T 


0,PRINT ACTIVITY TIMES 


WRITE (HO 67)

WRITE(MO 84)

WRITE (MO1,7)

WRITE (HO,85)

WRITE (MO86)

KKK=O 

DO 6t I=tvN2 

IF(KKK.LT.50) GO TO 58 

KKK=O 

WRITE (MO,67)

WRITE(MO9 84)

WR1TE(MOv71)

WRITE(MO185)

WRITE(MO E6)


58 DO 91 J.NI 

IF(S(I).E .N(J))


91 CONTINUE 

93 JJI=IIE(J)


JJ2=IJE (J)

JJ3=IKE (J)

KKI=IIL(J) 

KK=J(J)

KK3=IKL (J) 


GO TO 93 


IF(ABS(T(I)-O(I))-,00001) 60 559359 

59 WRITE(MO987) P(I),S(I),(A(IJ)oJ t
 

2JJ~tD(i) KK1,KK? KK3
KKK=KKK l 


GO TO 61 


63 CONTINUE 

64 WRITE (MO 67)

65 FORMAT(215)

66 FORMAT(10 97)

67 FOPMAT(IH16//) 


S FORMAT (i4H~PROGPAM CPIT

FORMAT(2 13 3F72.xIT 


70 FORMAT(* TAILr ONE 

21TY*)


71 FORMAT(1HO)

72 FORMAT(1"0 NO. 


2 PRED SUC TO 


MEHCRIT 405
 
MEHCRIT 406
 
MJHCRIT 407
 
HEHCRIT 408
 
HEHCRIT 409

HEHCRIT 410
 
MEHCRIT 411
 
MEHCRIT 412
 
MEHCRIT 413
 
MEHCRIT 414
 
M HCRIT 415
 
ME HCRIT 416
 
MAY1374 7
 
MEHCRIT 418
 
MEHCRIT 419
 
MEHERII 420
 
MEHCRIT 421
 
MEHCRIT 422
 
MEHCRIT 423
 
MEHERIT 424
 
M HR T 425
 
MEHCRIT 426
 
MEHCRIT 427
 
MEHCRIT 428
 
MEHCRIT 429
 
MEHCRIT 430
 
MEHCRIT 431
 
MEHCRIT 432
 
MEHCRIT 433


v5),T(I)?JJ±,JJ2, 	 MEHCRIT 434
 
MkHGRIMEHCRIT 43E
43
 

MEHCRIT 437
60 WRITE(MO,88) (I),S(I),(A(IJ),JalpS),T(I)PJJIPJJ2f 	 MEHCRIT 438
2JJ3tD(I),KKlKK2,KK3 
 MEHCRIT 439
 
KKK=KKK l 
 MEHCRIT 440
61 CONTINUE 
 MEHCRIT 441
IF(I-NEWNUM) 62,6264 
 MEHCRIT 442
62 PUNCH 66, ALPHA 
 MEHCRIT 443
DO 63 I=I N2 
 MEHCRIT
PUNCH 69,P(I),S(I),TO(I)pTL(I) TP(I)pTP(1)(A(riJ)j1ts) 	

444
 
MEHCRIT 445
 
MEHCRIT 446 
MEHCRIT 447 
MEHCRIT 448 
MEHCRIT 449 
MEHCRIT 450 

910A7,//) MkH8RfT 451) M H RT 4g2
NUT DATA AND EXPECTr.O TIM.S FOR EACH ACTIV 	MEHCRIT 4 3
 

MEHCRIT 454
 
MAY1575 3


ACTIVITY OISCPIPTION 	 MEHCRIT 456
TL TP EXPECTED TIME*,/) MEHCRIT 457
 

IETION TIMES FOR EACH ACTIVITY*/,i5Xt,
2VITIES ON THE CRITICAL PATH*)
65 FORMAT (IHO*
65 F (ACTUAL TIME 

86 FORMAT(* PREDECESSOR SUCCESSOR 

2N (IN WEEKS OR DAYS) DATE 


0,7 FOMAT (1H4 XI, I3vqt,6Xp4Al 0tAS, F9.2 

2 '* 4 


73 FORMAT(//,* FRROR IN THE ACTIVITY TIME ESTIMATES*) 	 HEHCRIT
74 FORMAT(//, ERRORS APPEAR IN THE* 14, 	TH EVENT*) 
458
 

MEHCRIT 459
75 FORMAT(IH,13,3X4AI0,A8,2T7,FB,2,2F72,BXF8.2) MEHCRIT 460

76 FORMAT (41S) 
 MEHCRIT 461
77 FORMAT(* TA9LE TWO LIST OF FLOAT TIME BY ACTIVITY#) 	 MEHCRIT 462
78 FORMAT(IHO' EARLIEST TIME 
 LATEST TIME MEHCRIT 463


2 FLOAT TIM" ) MEHCRIT 464
79 FORMAT(4 EVENT (IN WEEKS OP DAYS) DATE (IN WEEKS OR DAYS) MEHCR IT 465
2 DAT_ (IN WEEKS OP nAYS)'./) MEHCRIT 46680 FORMAT(1H ,14,5X,F1O,2,lOX,12,*-,,I ,-, IL,3XvFI0,2,0XI2qf-,I2 MEHCRIT 
 467
2j,-, 1I4,3X Fi.2"
1	 MEHCRI T 468
81 FORMAT(& TABLE THREE LIST 	Or ACTIVITIES WITH MINIMUM FLOAT TIMES MEHCRIT 469
2') 
 MEHCRIT 470
82 FORMAT(* TA9LF FOUR LIST OF ACTIVITIES WITH MAXIMUM FLOAT TIMES* MEHCRIT 471
2) 
 M HCRIT 472
83 FORMAT(# ERROR--THE NUMBER OF 
WORKING DAYS IN THE PROJECT 	EXCEEDS MEHCRIT 473
+THE /,' LENGTH OF THE CALANDER. REFFR TO THE MANUAL FOR INSTRUCTI MEHCRIT 474+ONS:'/,' ON HOW TO INCREASE ITS 	LENGTH*) MEHCRIT 47584 FORMAT (' TABLE FIVE LISTING OF THE ACTUAL AND MAXIMUM COMPL MEHCRIT 476
 

AND THF OESIGNATION OF ACTI 	MEHCRIT 477
 
MEHCRII 478
MFHFRjT 473
MAXIMUM TIME*) MEHCR T 48
 

ACTIVITY DISCRIPTIO MEHCRII 481
 
(IN WEEKS OR DAYS) DAT MEHCRIT 482
 

7,XprIZ**, i2,*-* t 4tFl3.2 M
 
MXIHCR-,1T 485
 

http:IF(KKK.LT.50


88 FORMAT(IH,4XT3,9Xtl316X 4AiOA8,F9.2 7XtI2, 5'1 pI2*-,I4vFi392
21 H-S2.-li.HCP)


90 FORMAT(//,r THERE A&E NO ACTIVITIES WITH FLOAT TIMES GRATER THAN 

2 ISGE* 

EN 


a 

SUBROUTINE INT 


SUBPOUTINE INT (N39 K)
COMMON NA Hl 


DIMENSION N(250) 


8 FIND INTERNAL NUMBER ,K, OF FVENT N3s 
C 

DO 1 J = 1, Ni 

K J 

IF (N(K)-N3) 1,2,1 

CONTINUE 

PRINT 31 N3 

STqP

2 RETURN 

3 FORMAT (///,19H NO EVENT NUMBER ,3)


END 


SUBROUTINE UPOATN 

SUBROUTINE UPDATE (N~tP6SiMItN9WNUHiMO) 


INTEGER IoPrEP(50) S2 65| P 60),S]600)
0 


READ NEW EVENT DATA 


READ(MI.t ) NEWNUM 

FORMAT(4X 13)

IF(EOF(MI.NE.0) GO TO 8 

READ(MI2 ) (TOPDER(J),J=1,NEWNUM)


2 FORMAT(4X2013)
DO 3 J=1NEWNUM 
I=IOROER(J)
RED(Mlt4 ) ! '(I,


FRMAT( (X 


3 CONTINUE 

C 


RENUMBER PPECE.DING AND SUCCEEDING EVENT NUMBERS 


DO 5 J1,[NEWNUM

KKK=IORDEF( J)

KK=IORDER(J)

P(KK) =S2(KKK) 

KK=KK i 

O0 6 M=KKxN2 

IF(P(M)oLT.(KK-i)) GO TO 6
P(M)=P(M)+ 

6 CONTINUE 
00 7 K4=19N2 

IF(S(K4).LT.S2(KKK) GO TC 

F(K.. OE.KKK) GO TO 7 "HRT 


l(K')=S (K4)+)

7 CONTINUE 


ONTINUE 

60 V4TINUE 

RETURN 

END0 


MEHCRIT 

MEHCRIT 

MEHCRIT 

H HRIT 


H R T 

EHCRIT

EHCRIT 

.EHCRIT
MEHCRIT 


MEHCRfT 

MEHCRIT 

MEHCR T 

MEHCRIT 

MEHCRIT 

M HCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 
MEHCRIT 

MEHCRIT 

MEHJRjT

MEHCRIT 

MEHCR T 

NEHCRIT
MEHCRIT 


MFH8RJT
MEHCR T 


MEHCRIT 

MEH8RIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 

MEHCRIT 
MEHCRIT 
MEHCRIT 

MEHCRITMEHERIT 

MEC
 

NEHCRIT 

HEHCRIT 

MEHCRIT 

MEHCRIT

MEHCRIT 

MEHCRIT 

MEH+R1T 

M HCRIT 
MEHCRIT 

MEHCRIT 

MEHCRITM1EHCRJT 
MEHCRIT 

MEHCRIT 


HER 


MEHCRIT 

HEHCRIT 

MEHRff, 

MH RI f 

M H RiT 


HECRIT 


486
 
487
 
486
 
489
 
490
 
4ql

4T2
 

495
495
 

496
 
497
 
498
 
499
 
500
 
501
 
502
 
503
 
504
 
505
 
506
 
507
 
508
 
509
 
511
 
512512
 

513
5t4g
 

515
 
516
 
517
 
518
 
519
 
520
 
521
 
522
 
523
2
 

526
 
527
 
528
 
529

530
 
531
 
532
 
533 
534
 
535
 
534
53?
 
538
 
539
 
540
 
541
 
542
 
543
 
54
 
1
 
46
 

547 


