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PREFACE

PERT Programming Methods for ProJect Appralsal--A Computer Program

has been developed to assist project analysts and students whq 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 enrolied iIn 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 writ+ten
In FORTRAN IV and are designed to run on +he CDC 6500 facillty at Michi-
gran State University although they can easlily 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 guldance of a number of indi-
viduals and organizations. Flnancial 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-
natlonal Development (Contract AlD/csd-2975). Encouragement and advice
on the manuscript were glven by Drs. George E. Rossmlller, Lawrence LIbby
and Michael Abkin. Mrs. Ellen Vander Lugt and Ms. Edi+h Nosow provided
advice and assistance In the preparation of the final manuscript for

printing.

Martin Hanratty
East Lansing, 1975






Infroduc?lon

The Program Evaluation and Review Technlque (PERT) 1Is a method of
planning, replahnleg, and evaluating project implementation. The tech-
nique provides project administrators and planners with Information
which can be used to monltor and adjust a planned or ongolng project.
The technique Is helpful In insuring the attainment of project goals
within a minimum t+ime period. The technique was developed during the
late 50's at the Navy's Special Projects Offlce 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. |t founc I+s first application In the development of the
Polaris misslle, where it was used to coordinate over 3,000 different
project actlvities. The use of the technique resulted In the comple;
tlon of the project over two years earlier than originally anticipated.

Since Its Inception PERT has undergone continucus development.

Its application to a wide variety of projects, both public and private,
has attested to Its usefulness as a management tool. The technique
~rrovldes a number of positive beneflts to the project analyst:

I+ I+ 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 requlre remedlal action can be de-
ecfed, and the effect of trade-offs among time, resources, and per=-
ormance can be defermlned.

2. The fechnlque requlres the consfrucflon of a nefwork dlagram,

where each proJec+ even+ ls deplcted and Its relaf!onshlp to all



efherS'Is expressed. The development of such a dlagram provides a
standardized pfocedure wherebynfhe;rlsk.of overlooking essential pro-
Ject componen+s Is mlnimlzed. |

:543-13; The fechnlque makes if posslbte to organlze exls*lng data
wlnfe a more meanlngful form for Immediate managerlal action. PERT
ﬂdleflngulshes befween those critical activities on which loss of time
vmusf be avolded or on which extra effort and expense Is Justified and
fhese activities where latitude exists with respect to completion
time. Such Information allows project administrators to manage by
'excepflon, fhus avolding the use of time and 1hought on components
which are non-essentlal to project completion.

4. The technique allows project management to simulate the effects
of alTerhaflve declsions under consideration and to study thelr effects
upon project deadlines prior to Implementation.

5. The feehnlque 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 In conductling further project evaluation. By defining when
the varilous actlivities and events occur In +ime, the technique pin-
points when the project's costs and benefits wlT| occur. This Informa=-
%ien becomes extremely Important when a cost-benefit analysis is to be
'carrled out by the project admlnlsfraflve s+aff.

o The followlng manual Is broken down ln+o +wo components. The
'fIrsf explalns the PERT fechnlque, with speclflc reference to the con-
struction of the all-Important network dlagram; provides hints on how

| fe sollclt reliable time estimates for proJect activities; and presents

the techniques used In calculating Internal +lme estimates necessary In



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 sectlons have been written for the reader with |ittle or no
prior knowledge of elther PERT or computer techniques. A simplifled
example dealing with the steps needed In §e++lng up an administrative
unlt for a crop breeding project Is used throughout the manual to
highlight the Individual calculatlons 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 exp lanation
Is necessary.

Based on research conducted by the Korean Agricultural Sector
Slmulation Project and Michigan State Unlversity, the Republic of
Korea (ROK) and the U.S. Agency for International Development (USAID)
In 1973, successfully negotlated a five milllon dollar bllateral 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 in culti-
vating and processing these new varieties. The agreement |isted a
number of specific areas of interest; the Improvement of existing
S+balns of rice, soybeans, wheat, barley, potatoes and forage crops
;6 that they will be more productive, less susceptable to dlsease and
faster maturing; the development of new or modified machlinery sulfabré

for the production and processing of +he new varletles; and the
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,fage of the speciflc characteristics of the new varleties and machinery
would propagate modern concepts ofﬁland use and conservation. The

- Incorporation of these goals into a manageable research design was
-accomp | Ished by subdividing the project into a number of research

~unlts. These Included rice, soybean, wheat-barley, potatoe-and multi-
ple cropping research teams, a machinery development unl+t, a seed
foundation and extention component and an administrative unit+. The
administrative unit used throughout the manual is a simplifled version
Inltlated to oversee and coordinate the activities of the various

1/

proJect units |1sted above.~

l/A complete description of the project can be found In "Korean-Ald
Crop Improvement Loan Project," published by the Ministry of Agricul*ure
and Forestry, Seoul, Korea, In August of 1973. A critical path analysis
of the project was completed In September of 1974. Coples of the anaiy-
sis entitled "PERT-~Analysis--Korean Crop Breeding Project," can be ob-
talned from the Korean Agricultural Sector Simulation Study Team, Depart-
ment of Agricultural Economics, Michigan State Unlversity.



Network Concepts and Techniques

The Definltion of Project Goals and Qbjectives

The flrst step taken by the analyst in developing a nefWofk dIa-
gram Is the designatlon of project goals and object!ves. Preclslon
here In articulating these goals Is extremely important for two reasons.
First, fallure to account for all of the goals In developing the dla-
gram will render the completed diagram worthless and Invalidate the
results of the analysis. Second, the more precise an analyst can be
In artlculating these goals early In the analyslis the easier I+ will
be to specify project events and activities at a later date. If we
examlne our simplifled exemple, we find that the major goal Is to set
up a functioning administrative unit. Further refinement of this goal
Is accomplished by listing the specific functions which the unit would
be required to accomplish. For example, the unlt would be expected to
(1) select and hire the appropriate staff for both t+he administrative
unit and the necessary research teams (l.e., I+ is assumed that the
actual fleld research would be done by a number of teams, each possi-
bly devoted to the development of a speclfic 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 gulding and evaluating

the overall| scope of the project.

The Breakdown of Project Goals Into Events and Actlvities

Having completed a |Isting of project goals, the analyst Is ready
to broak down each goal Into I1ts component activities and events. An

H  activity Is deffned as a tIme-consuming operation, such as "the hiring



of a prcf;J_egar;‘dl‘rec*fr?’z‘sﬁ!sﬁ:"b’*i“ézé:;,vi’?fﬁge;gé"i"é&”f‘r:}i‘g{i of f“iibjeqfr‘ staff." An event,
on the other hand, Is an Instantaneous polnf:Inﬁtlmpjrgprgsgnqugffhe
uﬁfmﬁiﬁﬁl?ﬂl?f,qng acffvffyvand the readlness'¥6“bggfﬁ éuhéﬁhéﬁélh>éach
gyépt jb’The network, with the exceptlion of the first and last, mqu be
Jgré§gdgd and féllowed by at least one other event. If, for example,
.jh§v§palys+ were to take the functlons outlined above which were required
of[fheadmlnlsfraflvq unlit and break them down In+o +helr component acti-
vitles, a list such as that presented in Table | might be generated.

‘Table |. A Breakdown of Actlvities Necessary to Accomplish
the Stated Functions of the Administrative Unit

e Predessor Successor
Goal Activity Activity (ies) Activity (Tes)
| A. Selectlon of a Project
Director —— B
! B. Selection of an
Administrative Officer A C, D, E, G
2. C. Organization of a Project 1/
Steering Committee B (Dummy )~
& 3 D. Organization of the Project
Administration and Hirlng
of Office Staff B G
l.. E. Recrultment of Research Team
Leaders B F
2 F. Formation of a Research
, Steerling Commlttee E H
I G. Selection of the Project
. Research Staff B, D H
I & 3 H. Designation of Research Teams G, F ———
;Nl/

~"Dummy* actlvities will be discussed below:



~ An astute reader will notice that each of the activitles In Table |

"has been placed In sequential order, §far+lngﬁwl+h'+he first, to occur
In time, and'procéedlng to the last. This step is Important, since It

- facllitates the physical construction of the ne+work‘dlagfam; A further
ald In the construction of the dlagram Is the designation of predecessor
and successor actlvities. Such activitles are those which Immediately
precede and follow the activity under exam!natlon. For example, the
designation of research teams (activity H) cannot occur before the selec-
tlon and hiring of the research staff nor before the designation of a
research steering committee (actlivitles G and F). However, since It Is
the last activity in the sequence, I+ has no successor activlty, as

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

Sollclting 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 specl-
flc crop, groupings would correspond to the events assoclated with each
of the research teams and those assoclated with the administrative unl+
lfself. Time estimates would then be sollcited from experts having
knowledge of the structure and time requlrements for each group, That
Is, t+ime estimates would be solicited from a speclalist having flrst-
hand khowledge of the organlzational and time requlrements needed fb set
ﬁfdbéén‘admlnlsfrafIVe unit and from speclallsts haviig knowlédge concern~

,ﬁﬂﬁéf#hé'developmenf of each speclflc crop.



By, subd]v]dlng, the total, project. Into. components,.the, analyst Is

j#ﬁ;ledihgfg recognizable frame pfﬂreferencq;fpr%eachxgﬁfiheispecya]ls+s

E';gpgulfgd,‘ Each specjallsj, whgn,in*erviéwed,\should be asked, to pro-

., Vide the following Information:

CREIAS KT

v

(1) to check over the Ilst of activities generated by.the analyst

..,and_fo add or delete any which he feels are not appropriate,

. (2)  to arrange the resulting |ist of activitles In sequential

e

‘;orqer, and

(3) to provide estimates of the three .completion times. required
for each activity to run the analysls.

The analyst may find some difficulty in soliciting time estimates

- from experts where the project contalns activities which have rather

diverse time estimates. Experts tend to be hesitant In providing spe-
clflc time estimates for activities which have highly dlvergén+ cohple-
t+ion +imes. For example, a speclalist mlgh+ be hard-pressedﬂfo provide
estimates for actlvitles such as breeding of a new crop variety, which
‘might take anywhere from one to seven years. In such cases the spe-
clalist should be assured that the estimates are at best educated
‘guesses.

~ Oncethe |1st of actlvitles, thelr segUencé, and thelr appropriate
time estimates have been collected by +he analyst, he lérfééd9b¥ofgégln
constructing the network diagram. 'Tﬁeipﬁdéé&a#ég“?dﬁyuhaerfaéfﬁbwﬁhls

"step In the analysis are outlined below.

The Construction of the Network Diagram . .

- The transformation of the Information In.Table): %o a.netowrk:dla=.

gram Is done through the use of an.arrgw*dlﬁgraﬁ?ﬁ¥§ﬁ§5faﬂﬁ‘ﬁéfﬁﬁﬁfSﬁi



plctorial representation of the activities and events which take place
In a project. Events are deplcted by blocks or circles and are connect-
ed by arrows whlch represenT fhe acflvlfles necessary to achleve +he
evenfs. Arrows move In the dlrecflon of- flme flow, wlth the head of
fheoarrow attached to those events which Immedlately follow the activi-
1y ond‘fhe tall of the arrow attached to those events which immediately
precede +he,oo+lvlfy. For example, If activity G were dlagramed I+

should have the followlng arrangement:

3

A 4

The contlnuation of +hls process for all activities In the project gen-
erates a network diagram. There are a few rules which should be observed
when constructing the dlagram:
I« All activitles entering a node must have identical successors.
L2. ;A[l actlvitles leaving the node must have Identical predecessors
WBJS A‘ﬁ%do must describe the complete relationships between enter-
fhg)and Ieavlog activities.
i  4:h,Each activity must be unlauelv defined bv at least two senarata

nodes.

5. No'activity can start t11| all preceding activitlies have been

complefed.

4

Ry .‘.‘_l!’_; L
‘ .

{All eVenfs, or nodes, except *he first and the’ last, must have

‘a+ Ieas+ one acflvlfy en+erlng and one actlvity leaving them. |
If +he acflvlfies In Table | were transformed uslng the rules and

fhe procedures ou+llned above, they would look Ilke the followlng dla-

_gram:



10

The next sfep ln prepar!ng a complefed network dlagram Is to num-
ber the evenT nodes. Thls ls done usIng +he following rule: nodes are
numbered In such a way +ha+ a lower number never has to be preceded by

:da*hlgher number. .This rule, when applled to our example of an adminis-

ajratlvg_un[f,@genérqte§,fheifleowlng network of acflvffles and events:

~ACTIVITIES

- EVENTS

When examlnlng the nefwork, the reader will notice that. the.line
whlch connecfs events 4. and 5 ls, unllke fhe ofhers,‘a doffed llne. This
lndlcafes ;that the activity. whlch connecfs +he even*s 1s,.a dummy actlivi-
ry . Before proceeding, some explanaflon concernlng fhe use of dummy

:ctly!fles Is necessary.



. The-Definltlon-and -Use of Dummy Activities

...~ -In.order to give unique designation to each activityzand+each node,
.1t Is offten 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
untl! a certaln event occurs, even though the two are not directly re-
lated. An example of Its usefulness can be seen If we imagine two acti-
vitles, C and D, each having the same predecessor and successor events
and each belng carrled out simultaneously. I+ might be logical to in-

clude them In the network diagram |ike this:

(o

O

But the above form Is wrong because 11 violates the rule that each
activity must be uniquely defined by two nodes. In order to comply

with this rule, the dlagram would be reconstructed to look something |ike

Another use of the dummy would be the case In which activity C Is
dependent upon the completion of the two activitlies, A and B; and acti-
vity D Is dependent only upon the completion of B. Such a situation

would glive rise to a dlagram such as:
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ﬁSughfaarepnesépfaT]on1lSilﬂiénﬁéﬁfgﬁéﬂéyéﬁt;élﬁcéﬁlﬁjwéﬁléféﬁgcff§}fy D
“@stdependent+on: both actlvi+ies Biand CiiThe'correct way of ipresenting
the relationshlp requlres “the:ise iof “a’dimry activity ahdiould idok

ﬁsomefhlng$llkedfhfs:%ﬁ

Time Estimates

™

‘ Iy R . — o .
é}ﬁhefhafureﬂof~large-scale, one-time;projects, -especially research

" eg #
g %

and developmeﬁ%”b?bjecfs,_mgkes‘f[mé\e;¥fma+es of activities highly un-
.uﬁéen*aln;:-ln‘order to account for this uncertalnty, the PERT technique
assumes that its acffvl+y time estimates are probability distributions.
- In:so doing 1+ assumes the critical path to be a probablilistic critical
path, with the schedules fbr all of the activities In the network re-~
f'ecﬁLEQ.*UQ upcgrfglnfy of each activity time. By obtalning three
esflm;Tes of fhewflme needed to comﬁlefe each acflvlfy; the time to
~ accomplish any glven task In the network Is expressed In terms of |ikeli-
. hood-rather than poslitive assurance. Llkellhood, In turn, can be ex~
~pressed. In terms of statistical probablilty and distribution curves.
The three different t+Ime estimates sought by the analyst are:
I. The 9pTImls+lc time, designated Td,’ls the shortest possible

:f}Me In which the activity may be completed 1f all goes well. The esti-
-mate s based on the assumption that the activity would have no more

than one chance In 100 of belng complefedfln less than this +'me.


http:dependent'.6n

13

2. The most llkely time, designated T, Is the ?lm@,gstjﬁé+é that

would be made 1f only one were required. It Is also the time that would
occur most often if the activity were repeafed under exactly the same
condltlons many times; or it Is the one that would be given most often
¥ many quallflied people were asked.

3. The pessimistic time, designated Tp, Is the longest Time that

an activity would take under adverse conditions. This time estimate Is
based on the assumption that 1t would not be exceeded any more than
once In a hundred occaslons.

The three time estimates should be based on calendar time (days,
weeks, or months, Including hollidays) rather than upon work days. Once
col lected They should noT be changed unless there is a correspondlng
change In work content, resource avallabllity, 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 1s the calculation of estimated mean times for each activity
In the network. The computational algorithm used In determining this
mean time (Te) reduces the three time estimates Into a single welghted
average estimate, the mean of a beta distribution. Graphically the dis-
+ribution and assoclated +ime estimates would resemble that present In
Figdre l.

T hs Qf*h all such presentation, a number of fundamental assumptions

ek

svedy ettt 0 ‘
q?;ompany:l+s‘uge. By assuming a beta distribution when determining
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Activity Performance Times

expacted mean times, the analyst assumes that If the activity were re-
peated a large number of times, the resulting completion times would be
normally distributed. Such distribution would have only one peak, with
+he times assoclated with the pessimistic or optimistic estimates having
{1++le chance of beling realized (I in 100). These assumptions collec-
tively form the basls of the computational algorithm used to determine
the expected mean time for an activity. Thls algorithm takes the form:

_ To + 4TI + TP

e 6

T

}‘The assumptions assoclated with the acceptance of a beta distribution
w”-and t+he low probabllity given to the realization of pessimistic and opti-
hlsflc t+ime estimates Is built Into the formula by the selection of
Vwelghfs used to combine To' Tl’ and Tp. The parameter Te’ which Is gen=-
erated by the algorl?hm,Als Interpreted as the time perlod within which
there Is a 50% chance of completing a given activity., Time estimates

~ assoclated wlth our example In weeks are presented in Table 2 below.


http:normal.ly

Table 2. Time Estimates (In Weeks) Used In Computing the
Critlcal Path for the Korean Project

Preceding Succeeding T T

Activity Event Event o _| -_rg T_e_
Selection of Project Director | 2 3 7 10 6.8
Selection of Adminlstrative
Officer 2 3 2 3 6 3.3
Organization of Project
Steering Commlttee 3 4 I3 5 3.0
Organlzation of
Administrative Unt+ 3 5 I 2 3 2.0
Recrultment of Research
Team Leaders 3 6 3 7 10 6.8
Selection of Project
Research Staff 3 7 4 9 |5 9,2
Dummy Activity 4 5 0 0 0 0.0
Selectlion of Project
Research Staff 5 7 4 9 |5 9.2
Formation of Research
Steering Committee 6 8 I 3 5 3.0
Designation of Research Teams 7 | 2.0
Designation of Research Teams 8 9 2 3 2.0

The values for Tp, Tl’ To, and Te are added to the network diagram,

as Illustrated below.

Calculated Te
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- Jhe second,step- In, determining, the. al.path 1s the calculation
of~an“éxpécf;ai+i6;i'6r“TE. *Or*éédh'éVen+*1h"+ﬁe‘nefwork. Tg repre-
sents the expected time of completlon of an event measured from the
Eégfﬁnlné of the project. I+ Is calculated by accumulating the Te's

for fhe activitles preceding the event. Sums of the mean times are
Ealeulafed for all poscible paths leading to the event, with the largest

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

of these calculations are presented below.

Calculated T

E

The Te for connectling events | and 2 is 6.8 weeks. Since the TE for
event | Is zero (l.e., it is the first event In the project) the TE for
event 2 Is 6.8 weeks. Simllarly, the Te for the activity bounded by

events 2 and 3 Is 3.3 weeks. Thls added to 6.8 (the T. for event 2),

E
gives 10.1 weeks (the Tg for event 3.)

If an event has more than one actlivity path leadlng to It, the
TE,for each separate path Is calculated and the largest TE is selected
to fébresenf the event. For example, event 5 has two actlvity paths

which lead to 1t, one through events 3 and 4 and one directly from 3.



If we add up the Te for the flrst 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 flrst 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 (+he 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 glven event is that point In time after which occurrence of the
event (l.e. completion of assocliated actlvities) will cause delays In
the TE of successor events and an extenslon of the project. 1+ 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 glven 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 TE. He then moves along the
various paths between a given event and the object event, subtracting
the actlvity mean times from the succeeding event's latest allowable
time. |f more than one path leads Into an event, the smallest TL ob-
talned from each of the paths Is chosen. For example, to datermine the
varlous TL's in 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. Thils results In a TL for event 7 equal to 22,3,

The calculation of a T, for event 3 is complicated by the fact that
there are four possible paths leading to the event. Each will glve Its

' 'oWn corresponding T, for event 3. The T_ of the activity whlch connects
L e
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“wigvents. 3 and 4 f1813,0:1 This Subtracted (fron13,J (e T; ‘for “svérit 4)
;,v.fgi ves: 1014 The-T, .for the-actlvity connecting events 3 and“5 $%2.0.
:“Thls:subtracted from 13.|: (+he TL~for'even+?5):QIVe5“Fl.ﬂ.‘VSTmeéf
~I'Inkages ‘ex]st between events 3 and 6 and events 3 and 7. ‘The 'use of

.+ «the-above procedure results In the calcutlation of“+wo«neW’TL'5'de

event 3:corresponding to each of these pafhs} 'The’TL“fbr the path
connecting events 3 and 6 Is 12.5, while that for +he path connecting
events 3 and 7 Is 13.1. " The T~ for event 3, which ‘I1s the smallest of
these four flgures, Is 10.].« TL's for each event In the network are
presenied below:

“'Caleulated T

L
T, =13.1
‘:2"T =13.1

The development of estimates of expected and latest allowable +Imes
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 Is eastly determined by subtracting the mean ex-
pected time estimate from the latest allowable time estimate for each

. actlvity. An examination of the preceding network diagram above Indicates


http:from'13.lF

that there Is no slack for events |, 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 assoclated with them of 2.3 weeks. This
Indicates that the completion of the activitlies connecting both of
these events could. be postponed up to 2.3 weeks without delayling the
completlon of the project.

A large amount of positive slack assoclated with an activity Indi-
cates the possibl ity of resource reallocation. As slack time approaches
zero for any activity, the Ilkellhood 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 actlvities connecting events 3 and 6 and events 6 &nd
8 could be reallocated to aztlvities connecting events 3 and 5, 5 and

7, or 7 and 9.

Calculating the Critical Pafh

The preceding four computations are Instrumental In the determina~
tion of the critical path. As Indlcated above, the amount of slack asso-
clated with an activity determines its degree of criticalness. By group-
Ing actlivitles according to thelr amount of slack, several paths can be
defined through a glven project, each with a varying degree of critical=-
ness., brlflcalness In-thls context Is measured In fqrms of negative,
zero, or'p6§f¥i§é.slack; Positive slack Indicates an ahead-of-schedule

condlflon;“Whlle negative slack Indicates a behind~schedule conditlon and
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‘zeroslack indicates an oﬁds&heabfé“ébﬁdi*ioﬁ“ﬁf?h3815F03557T1$§55f .5.
‘Negative ‘slack occurs when “the fotal achiVity méan e aléng’a path
|s grea+er~+han the time-avallablé to meet proJect requirementst “Such
'8 sltuation may occur when ~‘project completion dates are defined exo-
genously or-when the T.'s are’ updated during the project to reflect ac-
tual delays and thelr effect on future event completion times., -~

The path which has the least slack of those assoclated with a pro-
Ject Is considered the critical path. By construction it Is the path
‘In “the ‘network which requlires the greatest amount of time to complete.
‘|+-1s found by totallng the slack times assoclated with all possibie
paths through a network and selecting the path which has zero slack.
Using such procedures, It Is posslible to encounter projects that will
have mulflplevcrlflcal paths. Designation of an event to the critical
path ‘Indlcates that fallure to accomp!ish the event by Its expected
completion date will mean a delay In the completion of the project by
an equal amount of +lme.

Using our example, four possible paths are discernable. These

are: the path which runs through events |, 2, 3, 4, 5, 7, 9; the path
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" fhroligh events I, 2, 3; 5, 7, 9; ¥%§a+hlﬁd‘ﬁé¥h through events 1, 2, 3,
7, 9;"and the fourth through 1, 2, 3, 6, 8, 9. "Tﬁe“é'la*ék‘;?oﬁ'pé}ﬂis
~one through four 1s respectlively 0.0, 0.0, 0.0, 4.9. Choosling the path
or paths having iero slack Indicates that the ¢ritical path for the
Korean proJect falls along a line which encompasses events |, 2, 3, 4,
5, 7, and 9. Delay In the completion of actlivities 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 In the preceding examples become Increas!ng-
ly tedlous as the project network becomes larger and larger. However,
the greater the degree of projJect 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 cosfg which re-
sult from Its use, a number of computer programs using the PERT aigori+hm
have been devised. Prior to using the programs out!ined below the pro-
Ject analyst must develop a |lsting of proJect activities using the
methods presented on pages flve through seven, llst the activity In
sequentlal order using the six rules presented on page 9 and soliclt
optimlstic, llkely and pessimistic times estimates tor each actlivity.

The followlng programs have been designed to accept thls Information,
fé:proceed through the four computational steps presented above, to
v“détermlne the critical path of a given project, and to generate a calen-
AAr‘whlch Is used to provide dates for each of the project events and

_activities.
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The prograns , CRIT,and CRITCALENDAR . are designed;to, deternine
;hgkpﬁfttéajipafhfofxa gl?en_projécf‘an@hfqﬁgeﬁ§5§j§3a;ga]éndar which
‘9?n;b9;“$°d'T° provide dates for each_of:fhé;proJeCj,aCTletjes.‘ The4
p;ograms:wlll be presented In order of,fhe]rldsegE the‘Crlflpal;Pa+h
aniendar program,(CRITCALENDAR),flrst,,followedwpyqfhe,Crl#]calyﬁafh"

Aqajxs[s program (CRIT).

The Critical Path Calendar (CRITCALENDAR)

CRITCALENDAR Is designed to generate a calendar rangiﬁgrffémjone
to twenty-four years in length. The calendar Is stored on a disk stor-
ggg.ynl? and Is called each time the Critical Path program Is run. Each
yplf In the calendar contains numbers speclfying a glven day, month, and
year and a cumulative Index number representing the number of work days
Zfrgm the beginning of the project to the date stored in the calendar
unit. The Index Is generated by adding up all the days from the begln-
ning of the project to the date In question, and then excluding non-

working days, such as Sundays and holidays.

Input Data for CRITCALENDAR

Three types of data are required to actlivate +hé CRITCALENDAR rou-
tine. These are: (I) the dates on which fhe calendar Is to bégin and
1ts length, (2) the dates of holldays which will occur in +he4calendar,
and (3) the days which are to be consldered as non-work days. Input
data needed to set up the calendar for the administrative unit example
"appears In Appendix |. These parameters are Inputted Into the program

“In the following manner:


http:followed.by

\DATA.CARD" |
~ OLUMN
5.9,

1014,
15-19.

26-24

DATA CARDS 2
to N+|

COLUMN
-5

6~10

SI=15
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. STARTING DATES | AND- LENGTH. OF CALENDAR -
'%CONfENTS3f

. The flrst day of the project. This may be any Integer
~from | to 31. There are two restrictions on the cholce

of starting days. First, I+ must be a valld day In the
month; for example, you cannot speclfy 3| If the pro-
Ject Is to 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, If the work week runs from
Monday to Friday, then the number entered for the day
must be a Monday.

The flrst month of the project. This may be any Inte-
ger from | to 12.

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

This number Indlcates the length of the calendar. I+
may be any Integer from | to 24 and must be estimated
by the analyst. If the estimate Is too small, the pro-
gram will abort prematurely, with an error message spe-
clifying that the calendar length Is too sho't. To
Increase the calendar length, Increase the value In
columns 20 through 24.

DATES TO BE SPECIFIED AS HOLIDAYS (N = Number of Holl-
day Data Cards)

CONTENTS

The day of the hollday. This may be any -Inteqer from
I to 31.

The honfh of the hollday. This may be any Integer from
l 'fO '2- : :

The year of the hoilday. If the hollday recurs on the
same day each year, such as Christmas, then a-100 Is
entered. This wll| automatically specify the day and
month for each year that the calendar Is generated as
a holiday. |f the holiday Is non-recurring, such as
Thanksgiving, Individual cards containing the day,
month, and year must be prepared. The program is de-
slgned to accept up to 150 Individual hollday cards.
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“NOTE: "+ Data ‘cards for each hollday should'be prepared
and arranged In sequentlal order. |1 Is Important to
Insert a blank card immedlately after the last holiday
data card. Fallure to do so will result In a premature
‘abortion of the program, with the error message "END OF
.FILE ENCOUNTERED," a

"DATA CARD-N#2 - DESIGNATION OF NON-WORKDAYS. - -
coLum CONTENTS |

-3 ¥ the seventh day of the workweek Is a non-workday,
place a | In column 3 and 0's In columns 6 and 9, For
.example, |f the workweek begins on a Monday and Sunday
is to be considered a non-workday, enter | In column 3.

4-6 - ‘I'f the sixth day of the workweek Is a non-workday,

o place a | in column 6. |f both Saturday and Sunday are
non-work days, a | should be placed In columns 3 and 6
~-and a zero In column 9.

7-9° ‘I'f the flfth day of the workweek Is a non-workday, a |
e Is entered In column 9.

NOTE: Any combination of non-workdays can be specified.

For example, Friday and Sunday may be speclfied by
placing I's In columns 3 and 9, with a zero In column 6.

The Critical Path Program (CRIT)

CCRIT Is designed to generate estimates of slack time for each event
“In-a glven project, to divide and print events into éc+lvl+les with high
and low slack times, to determline the events on the critical path, and
,fo}equafe varlous event s%ar+lng and completion times with actual calen-
dar dates. The Input data needed to analyze the administrative unl+
£proJec*'éppears In Appendix |. The program is designed to accept Input
~défa‘ln'+he form of weeks or days. If new events are added to the pro-
:jecf, the prbgram Wlii accept the new events, Incorporate them Into the
Véalculaflons, and generate a new data deck contalning the changes. This |
up~-date featura ar1evla+es the need for the analyst to renumber all the

events In the orlgipal data deck before running the new version. The
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program has been -designed to accept projects whlch contaln up ‘to 250

evenfs, wlfh a maxlmum of 600 connecting acflvlfles.

Input Data for CRIT

Four types of Input information are required to activate CRIT.
These Include: () 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 in the project; and (4)
data which activate the UPDATE subroutine, 1f needed. Input data should

be presented In the follow!ng manner:

DATA CARD | SYSTEM PARAMETERS
COLUMN CONTENTS
5 - If +Ime estimates are In days, 0 Is entered. If In

weeks, a | Is entered.

9-10 This Is a declislon parameter which separates events
with high and low slack. For example, If the time es-
timates are In days and 20 Is entered In columns 9 and
10, then avery event with slack less than 20 days wil|l
be consldered as having minimum slack, while events
equal to or greater than 20 days wlll be considered as
having maximum slack. The value of the varlable 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 ftems as the
project name, date of the run, the analyst's name, and
SO on.

DATA CARDS 3 ACTIVITY DESCRIPTION AND TIME ESTIMATES (M = Number of
to M2 Project Activities)
COLUMN CONTENTS

1=3 : The number of the event preceding the actlvity belng
described. This may be an Integer from | +to 249.
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;;A&SR; ‘The..number_of the event followling ithe activity-being
R descr!bed. This may be an lnfeger from 2 fo 249.

7=13 ’The mosf opflmlsflc Tlme estimate (T ). Thls may be any
Integer from | to 1,000 and must be éntered as a two-
place decimal; i.e., 1.00.

147215 ¢, The most llkely time estimate (T,). This may be an In-
teger from | to 1,000 and must be entered as a two-
place decimal.

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

30~78. The description of the activity. For easy recognltion,
the activity names should be simllar to +the event names
whlch they are describing.

NOTE: Data cards must be made up for each of the acti-
vitles In *he retwork. They should be arranged In se-
quentlal order. It Is important to insert a blank card
following the last activity data card. Fallure 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
o As previously mentioned the CRIT program contalns a feature which
8l lows the analyst to break down the existing network into inore detalled
componenfs. The data cards which activate thls subroutine fall Into
categories: those that describe the new activitles and those which sct
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 In the orlginal data deck Immedlately following the activity
which Is belng subdivided. The data cards describing the system para-
meters which actlvate the subroutine are placed after +he original data
deck.

The suvruurine is gesignea To accepT up tTo Twenfy changes a+ any one
+lme. Inpuf da?a for the subrouflne should be prepared In the followlng

manner'



DATA' CARDS |
to M

DATA CARD M+|

" COLUMN
6-7

DATA CARD M+2
COLUMN
5-7

8-10

=13,
etc.

DATA CARDS M+3
THROUGH K+3

COLUMN
2-4
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N§w<ACTIVI ESCRIPT#?NS AND TIME ESTIMATES (M = number

of new project activities)

Data cards describing the new activities are prepared

followlng the same form used In preparing the original
ctivity description data cards. A card Is prepared for
ach new activity and placed In the origlnal data deck

tollowing the actlvity belng subdlvided.

THE NUMBER OF NEW ACTIVITIES

CONTENTS

This parameter sets the number of new actlvities which
are belng added to the network. The parameter may take
on any Integer value from | to 20.

LOCATION OF NEW ACTIVITIES
CONTENTS

This Is the number of the activity at which the first
change will occur. The number is taken from the first
column of Table |, 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.

This Is the number of the activity at which the second
change wil| occur.

The remainder of the data card Is broken up into three-
space flelds to accommodate the remaining changes. |f
there are no additional changes, the fields should be
left blank. The number of fields usad should correspond
with the number of new activity description cards enter-
ed on card 2.

NEW SUCCESSOR EVENT NUMBERS (K = Number of New Successor
Event Numbers)

CONTENTS

This Is the new successor event number for the flrst new
activity. This Is the event number followling the new
actlvity. 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 In sequential
order.
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The Control Cards and Data Deck Structure for CRITCALENDAR and CRIT

A number of different runé may be required to complete the analysls
j‘of a given project. [|f there are no errors In the Input data and the
‘calendar length Is sufficlent, only one run will be necessary. Thls
Inltlal run will both generéfe the calendar and perform the anlaysls

of the data. The control cards and deck sfrucfure are those uséd for
the Michigan State University computer Insti|lation 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.
CATAL@G, MEHCRBI, CRIT.
MEHCLB! .
CATALEG, TAPE |, CRITCALENDAR.
REWIND, TAPE 1.
MEHCRBI .
The data deck for the calendar
7
8
The data deck for the critical path program
678
‘9

Two errors may occur on thls Initlal run. |f an error Is made when
typing the time estimates on +he activity data cards, an error message
épeclfylng the Input card where the error occurred wil | appear In the
output. |f this occurs, correct the error and re-enter the data deck
using the followling control cards:

PNC :
YOUR NAME, CM120000, RG2, TI50, JC$50.

PW =
ATTACH, TAPE |, CRITCALENDAR.
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ATTACH, MEHCRBI, CRIT,
MEHCRIT.
7

8
Corrected data deck for the critlcal path program
6
7

8y

If the calendar length Is too short to accommodate the project, an addi-
tional message may occur speclfying that the calendar fleld length Is

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

the variable entered In columns 20 through 24 on data card | In the calen-
dar data deck. The analyst should make sure that any addi+ional hol 1 day
cards for non-recurring holldays are Incorporated Into the data deck at
thls time. The program will automatically include the aidl+ional recur-
ring holidays and additional non-workdays. Once these correctlons have
been made, the new data deck may be rerun using the followlng control
cards:

PNC
YOUR NAME, CMI10000, RG2, T150, JC950.
PW =
ATTACH, TAPE |, CRITCALENDAR.
ATTACH, MEHCLBI, DATING.
ATTACH, MEHCRBI, CRIT,
PURGE, TAPE |.
RETURN, TAPE |,
MEHCLBI .
CATAL@G, TAPE I, CRITCALENDAR.
REWIND, TAFE |,
MEHCRBI .
789
The corrected calendar data deck
7
89
The orlginal critical path data deck
678
79
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1 ¥ for any reason additlional 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 requlired:

PNC
YOUR NAME, CMI1000, RG2, TI50, JC950.
PW =
ATTACH, TAPE 1, 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.
678
9

Output from the Critical Path Program

The critical path program generates flve tables. Examples of each
appear In Appendix 2. Table | presents the number of each actlvity, ac-
tivity predecessor and successor events, the original time estimates and
actlvity description, and the calculated expected time for each activity.
Table 2 lists the project's events, the slack time for each event, and
the earllest and latest completion dates for each event. The date asso-
clated with the largest value appearing In the column labeled "Latest
Time": Is the date the project will be completed. Tables 3 and 4 Iist the
events with respect to minimum and maximum float +imes. These tables
are useful In determining how resources used In activities with high
float times can be reallocated to activities with I1ttle or no float
time. Table 5 |ists all activities In the project, with thelr respective

earllesf and latest completion dates. In addition, activitles 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

Is the completion date of the project.
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PROGRAM:

CARD

CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD

CARD

CARD

— VOOV BEWN

- O

INPUT FORMAT FOR CRITCALENDAR AND CRIT

CRITCALENDAR

COLUMN
5-9

7

COLUMN
-5

I
5
6

24
25

COLUMN
I-72

BLANK

COLUMN
-3

COLUMN
10-14

COLUMN
6-10

COLUMN
4-6

COLUMN
15-19

1974

COLUMN
=15

-100
-100
-100
-100
-100
-100
-100
-100
-100
-100

COLUMN
7-9

0

COLUMN
20-24



PROGRAM: CRIT

COLUMN COLUMN
5 9-10

CARDI o0 20
CARD 2 ADMINISTRATIVE PROJECT--EXAMPL
COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN

-3 4-6 7-13 14-21 22-27 30~-78

CARD 3 l 2 3.00 7.00 10.00 SELECTION OF PROJECT DIRECTOR
CARD 4 2 3 2.00 3.00 6.00 SELECTION OF ADMINISTRATIVE OFFICER
CARD 5 3 4 1.00 3.00 5.00 ORGANIZATION OF PROJECT STEERING COMMITTEE
CARD 6 3 5 .00 2.00 3.00 ORGANIZATION OF ADMINISTRATIVE UNIT
CARD 7 3 6 3.00 7.00 10.00 RECRUITMENT OF RESEARCH TEAM LEADERS
CARD 8 3 7 4.00 9.00 15.00 SELECTION Of PROJECT RESEARCH STAFF
CARD 9 4 5 0.00 6.00 0.00 DUMMY ACTIVITY
CARD 10 5 7 4.00 9.00 15.00 SELECTION OF PROJECT RESEARCH STAFF
CARD 11 6 8 1.00 3.00 5.00 FORMATION OF RESEARCH STEERING COMMITTEE
CARD 12 7 9 1.00 2.00 3.00 DESIGNATION OF RESEARCH TEAMS
CARD 13 8 9 1.00 2.00 3.00 DESIGNATION OF RESEARCH TEAMS

COLUMN

1-72

CARD 14 BLANK
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TABLE ONE

NO, ACTIVITY DISCRIPTION
1 SELECTION OF PROJECT DIRECTOR
2 SELECTION ©F ADMINISTRATIVE OFFICER
3 ORGANIZATIUN OF PROJECT STEERING COMM,
4 ORGANIZATIO: OF ADMINISTRAT IVE UNIT
5 RECUITHENT OF RESEARCH TEAM LEADERS
6 SELECTION OF PROJECT RESEARCH STAFF
7 DUMMY ACTIVITY
8 "ELFCTION OF PROJECT RESEARCH STAFF
9 ORMATION OF RESEARCH STEERING COMM,
10 DESIGNATION OF RESEARCH TEAMS
11 DESIGNATION OF RESEARCH TEAMS
TABLE THO LIST OF FLOAT TIME BY AQOTIVITY
. - EARLIESY TIME ;i LATEST TIME
EVENT . (IN HEEKS OR DAYS) "DATE (IN WEEXS OR DAYS)
L «00 Te 14974 200
2 .83 12~ 31974 683
3 10,47 15« 4=1974 1017
4 13,17 14= 5-1974 13.147
] 13,17 1h= 85-10974 13.17
6 17.00 20 6-1974 19,33
7 2233 Lhe 8-1974 22433
8 20,00 22~ 7=19T% 22,33
9 2Le33 b= 9-1974 24033

INFUT OATA AND EXPECTED TIMES FOR EACH ACTIVITY

PRED
1

BN OB

'
12~
15=
1he
14=
16+
14
b=

o

e T0 T TP
2 3.00 7.00 10.00
3 2.00 3,00 6,00
* 1.00 3,00 5090
5 100 200 3.00
6 3.00 7.00 10,00
4 4,00 9.00 15,00
5 A0 «00 000
b4 4,00 9.00 15,03
L] 1.00 3,00 5,00
9 1,00 2000 3,00
3 1,00 200 3.00
. FLOAT TIME
DATE - CIN NEEKS OR UAYS)
1- 1974 -¢00
3= 49T7H o 00
1974 «00
5= 1974 ' 00
5« 1974 «00
T-1976 2433
8- 4974 00
8- 1974 2.33
9 197% 000

EXPECTED TIME .

6,83
J.33
J.00
2430
6,83
9,17

«00
9.17
3,00
2400
2.00



R R A - ' S . s . I
Vlll’ 7§l§S 5137 OF ACTIVITIES WITH MINIMUM FLOAT TIMES

EALLTEST TINE

e . LATEST TIME FLOAT TIME
EVENT  (IN WEEKS OR DAYS) DATE  (IN WEEKS OR DAYS) DAYE-  (IN WEEKS OR DAYS)
S ) 17,00 20- 61974 19433 16= 71974 2,33

-8 20,90 22e Te197 22433 16e 81974 2,33

P

TABLE FOUR  LIST OF ACTIVITIES WITH WAXINUM FLOAT TIMES

CARLIEST TIME: ~* CT i LATEST.TIME FLOAT TIME
EVENT - (IN WEEKS OR OAYS) ~  DATE.  (IN WEEKS OR DAYS) DATE (IN_HEEKS OR 0.
o . o 4 B ,“N,;,!d .. SN

La-Y te 0l X o0t . 0=0+ 0 °
FY Ca & v
e e

YTHERE ARC NO ACTIVITIES WITW FLOAT TINES GRATER THAN TEDGE

TABLE FIve LISTING OF THE ACTUAL AND MAXINUM COMPLETION TIMES FOR EACH ACTIVITY
. AND THE DESICNATION OF ACTIVITIES ON THE CRIVICAL PATH

' ‘ ACTUAL TINE MAXINUM TINE
PREDECESSOR SUCCESSOR ACTIVITY DISCPIPTION (IN WEEKS OR DAYS) OATE (IN HEEKS OF DAYS)

1 2 SELECTION OF PROJECT DIRECTOR 6,83 1.2~ 31974 6,83

L 3 SELECTION OF AUMINISTRAYIVE OFFICER 3,33 15+ 4=197% 3,33

3 § ORGANIZATION OF PROJEST STEERING COMM, 3,00 1he 521974 3,00

3 s ORGANIZATION OF ADMINISYRATIVE UNIY 2400 14= 5=1974 3.00

3 6 PECUITMENT OF RESEARCH TEAM LEADERS 6,81 20 6-197% 9,17

3 ? SELECTION OF PROJECT RESEARCH SYAFF 9,17 Lo 8=1974 1217

§ s OUNMY ACTIVITY «00 14 5=1974 '00

$ ? SELECTION OF PROJECY RESEAPCH STAFF 9,17 Lue 8~1974 9,17,

6 8 FORMATION OFf RESEARCH STEERING OOMH, : 3.00 22« 73974 5,33

z : DESIGNATION OF RESEARCH TEAMS : 2000 he 9=1974 2:00

DECIGNATION OF RESEARCH TEANS . 2.00 4o 9-1974 e 33

OATE

12~
15~
1he
14-
16~
14e
14~
1he=
Lh-

Lo

4o

3-197%
4=1974
51974
$e1974
T-1974
B8-197h
851974
8-1974
8-1974%
9-1974
Gei9Th

cP
ceP

ce
cP

ce
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