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ABETRACT

A computer program designed to help the planner in analyzing PERT
networks iz described. The program, written in FORTRAN IV, is short and
easy to use. Inputs are minimal and ne lengthy set of control codes or eards
are needed, The use of the program is demonstrated by means of an exam-
ple preblem for a National Forest timber sale. A source listing of the
program, the input instructions, output from the example problem, and an
explanation of the output tables are presented in the report.
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other methods of planning and contral
However, it is an extremely valuable pmmnmg
tnol that has seen a wide variety of uses: plant
expansion or location, new product develop-
ment, advertising, marketing, road construe.
tion, bridge and dam building, preparation of
bids, and many others.

Although PERT is not widely used in foresiry
and lorest products industries, some uses of it
have been explored. Ramsing (1966, 1967) ii-
lustrated a practical use of CPM in the construe-
tion of logging roads. Mater (1967) found that
PERT was useful in reducing the costs of saw-
mill modernization. And Davis (1968) explained
how PERT could be applied to resource manage-
ment, using a slash burn on a Douglas-fir clear-
cut as an emmpie There are other llustrations,
but in general, PERT hasn’t heen as widely
accepted in the management of natural
resources as perhaps it should. For example,
PERT could be valuable in planning timber
sales or coordinating the many individual
studies associated with a complex research
problem.

I think one of the reasons why the use of
PERT has been limited is that although it was
designed to simplify planning, when it is applicd
to o real-world situation, the result is usually a

rather large network that may cause the user to
thmw up his hands. This is because what appear
to be rather simple secondary computations
the fextbook bhecome quite tedious with the
larger problems. Unfertunately, the PERT
application may end there without the user's
receiving the full benefit of a complete network
analygis,

It was to avold this outenme that, when faced
with a rather large network for a rescarch
nrogram dealing with forest residues, T wrote
the computer program deseribed on the follow-
ing pages. The program, written in FORTRAN
IV, is short and has few input requirements.
There are no restrictions on the number of ac-
tivities leading to or from an event, and the only
limitation in the present version is that the
network ean have no more than 500 activities.
This could be easily expunded by changing only
two statements in the program. I hope the
program 1s simple enough to be used for even
the very large and compiicated networks.

Unlike most canned programs that may
available for PERT analvses, the program
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learning a new averem, Having & souree deck
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Although certain aspeets of PERT are ex-
plained here, this is not intended bhe &
thoroagh treatment of the technique. Readers
not familiar with PERT will probably want to
consult another Iﬁ,‘f'(*l‘f‘;’n.f' such as Fvarts’ in-
troductory text {19643
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APERT NMETWORK
FOR A NATIONAL FOREST
TIMBER SALE

The easiest wuy o demonstrate how one
would prepare the necessary information 1o use
the ecomputer progrars to analyze a PERT
network is to follow through an example, 8o
with apologies to the National Forest system
for making their joh appear much pasier t h;m it
veally iz, let's consider the events and aetivities
feading to the award of atimber sale (.nmmwt !c»
months (60 weeks) from now (fig. 23 Although
the exsmple is oversimplifiod and excludes sale
administration and posthareest activities, it
should suffice Tor ilustrating the use of the
Drogrin,

Fvents, unless otherwise noted, signify the
completinon of a particular part of the overall
project. Activities are things that must be ac-
complished in order for the events to oecur,

The numbers in each event are simply sequen-
{ial vode numbers Lo permut vasy identification
of and references to :i ;mrzn sar event. Numbers
along each aetivity line are thne estimates (in
weekst for completing that activity: the first
number being the most epiumistic, the second
the most likely, and the third the pessimistic.
Activitios are dentified by the numbers of both
their suecessor ansd predecessar events.

Yo now if we take t?,w activity times, plus the
scheduled completion time of 60 weeks, we have

all the information needed to analvze the
network and dJdetermine the:
e [xpected time o complete cach event

e Farliest expertod time o complete cach event



Figure 2.~ A simplitied PERT nefwork for awarding s Mations! Forest
Timber Sale Conlract.
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Latest allowable time to complete oy N oeven

if the timber sale contract is to he gy el o

the scheduled time

e Hlack times {or each activity

e Uritical path—that path through
that will require the most time

® Pr(}habﬂ% - of having all
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the metwork

af the CVenis coans
pleted so that the sale contract can be gurd
e within ‘§w time allotted.

PROGRAWM INPUTS

in general

Card Type 1.—A title, composcd of any
alphanumeric characters, punched in columps
- R0,

Cord Type 2 —The scheduled completion timu
for the project, if one has been determined, |
columns 1- 5 (format is F5. 1), and the time units
involved (days, weeks, months, ete)) punched in
columns & - 13, If for some reason the project
has no specified completion time, columns 1 -
should be left blank; the program will assign a
scheduled completion time equal 1o the earliest
expected time 1o complete the last event.

Card Type 3. -~The aelivity cards, OUne card iz
required {or ecach activity (each Yconnecting”
line tn the network), sfarting with e fost coont
in the m’twwk On each activity card, we must
wlentify the activity by using the event
numbers that suceced and precede the activity

Celumns 1 - 0. (Format 15) - the suecessor

event identification sumber (must be a

numerical code),

Columns 1 1- 15 (Kormat 15~ the predecossor

event identification number (must be g

mmwriv'{l caded,

Then the time estimates for the activity must
be punched on the card as follows:

Columns 21 - 25, (Format ¥5.1) - TO -

timistic tine estimate.

Columuos 21 - 35 (Format Fb-1

most likely Lime estimate.

Columns 41 - 45, (Format ¥a.11 -

pessimistic time estimate.

Activity cards should he prepared sequential.
Iv in reverse order (starting with the last eventh
This means that the Hsting of suecrssor cvent
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Figure 4.—Qutput rom the timber sale conlract example.
PERT NETMORK AMALYSIS

EXAAMPLE PROBLEM {(NATIONAL FORESY TIMBER SALES

SUCCESSOR PREDECESSOR

EVERT EVENT 10 T ™ TE EEY LAT SLACK
— SR — (HEEKS oo e o o o e o

180 1760 8.0 0.6 1.0 0.2 59,1 60,0 0.9
170 160 4.0 4.0 $.0 4.0 58,9 59,8 5.9
160 150 1.0 1.0 2.0 1.2 56,9 55,8 0.9
156 110 1.0 2.0 5.0 2.2 b8.2 54,6 16,4
15¢ 130 5.0 0.0 8.0 0.0 85,8 54,6 8,6
156 140 8.0 0.0 De0 0.8 53,7 56.6 0.9
160 120 1.0 4.0 8.0 6.2 53,7 56,6 0.9
136 100 2.0 4.0 o0 6.3 45.8 S4.6 8.8
120 160 4.0 8.0 12.6 8.0 89,5 50,4 0.9
11e 20 1.0 1.0 1.0 1.0 38.0 52,6 16,4
100 98 3.0 PO 8a0 4,5 41,5 82,4 0.9
ag 70 8.0 De0 0.0 0.0 37.90 37,9 0.9
o0 50 1.0 2.0 6.0 2.5 37.0 37,9 0.9
80 60 10 240 2.0 1.8 34,5 35,4 0.9
70 66 2.0 4.0 8.0 8.3 37,0 7.9 0.9
60 50 3.0 4,0 8.0 4.5 32,7 33.6 9.9
S0 30 0.0 8.0 3.0 6.0 8.5 29.1 20.8
59 80 0.0 0.0 0a0 8,0 28.2 29.1 9.9
LY 25 16.0 26,0 32.0 24,0 £8.2 2%.1 6.9
30 20 2.0 “e0 8.0 8.3 8.5 29.1 20.6
20 10 3.0 4.0 6.0 62 4,2 5.1 0'9

PERT NETWORK ANALYSIS

EXaMPLE PROBLEM (NATIONAL FOREST TIMEER SalE)

CRITICAL PATH ACTIVITIES

SUCCESSOR PREDECESSOR

EVENT EVENT T e ng
186 170 0.9 1.0 1.0
170 160 4o 0 %, 0 0.0
160 150 1.0 2.0 1.0
158 140 0.0 0.0 8.0
1890 120 ka0 R.0 49,0
120 100 beld 12.0 54,0
100 90 3.0 8.0 25,0

90 76 09 6.0 0.0
28 80 1.0 6.0 25.0
80 60 1.0 2.0 1.0
70 50 2a0 8,0 6.0
&4 S0 3.0 B.0 25.0
50 40 0.0 0.0 0.0
40 20 6.0 2.0 25640
&0 io 3.0 6.0 90

STARDARD NORMAL DEVIATE = Go263

[+



BET {(successor) = EET (predecessor)
+ TE (activity}
Por those events that have more than
one activity arrow leading to them,
more than one EET is caleulated. When
this happens, the program selects the
largest one and uses it in suceeeding
caleulations.
latest allowable time, This is the time
by which an event must be achieved if
the project is to he completed on
schedule. LAT for any event is
caleulated by subtracting from the
scheduled length of the projects, the
length of the longest path backward
from the end of the network to the
event in question:
LAT (predecessor) = LAT (successor) -
TE (activity) For events that have two
or more succeeding activities, more
than one LAT is caleulated. When this
happens, the program selects and uses
the smallest one.
SLACK = The latest allowable time minus the
earliest expected time. The slack of
a particular path is the difference
between the time scheduled for the
entire project and that needed for
the path. All events that lie on the
same path in the network have iden-
tical slack times. The eritical path,
starting with the first event and
ending with the last, consists of
those activities having the identical
slack figure which has the smallest
algebraic value.

The second table displays information about
those activities that make up the eritical path.
DS is simply the difference between TP and TO,
squared. The standard normal deviate is
calculated with the following formula:

LAT =

SLACK*
SND =~
v/ 3DS/36

Where: SND = the standard normal deviate
SLACK* = the slack time for a single
activity on the eritical path

By using the computed standard normal
deviate in conjunction with a table showing the
cumulative standard normal distribution, it is

possible to estimate the probability of com-
pleting a project on schedule. This approach
compares that part of the area under the normal
curve . .. represents the time allowed by the
schedule to the total area under the curve. For
our example problem, the standard normal
deviate of 0.243 indicates that the probability of
awarding the timber sale coptract by the
scheduled time is 0.60.

Often, after the first analysis of a PERT
network, management may feel that the
probability of completing the project on time is
too low. Typically, the first response would be to
reexamine activities, since the scheduled com-
pletion time will normally be fixed. PERT, by
identifying the eritical path, directs attention
where it will do the most good. If it is possible
to shorten the time for some activities by adding
or reassigning personne!, working overtime, or
by some other means, it will be most beneficial
to do so on the critical path.

DISCUSSION

PERT is a proven aid to the complex planning
process; yet it does require many repetitious
calculations for the larger networks. However,
the computer program that has been described
makes short work of thig tiresome aspect.

To demonstrate how easy it is to use the
program, a rather large network (not shown)
consisting of 100 events and 150 activities was
analyzed. Transfer of information from network
to coding forms required 45 minutes and
keypunching (including verification) required
another 25 minutes. The problem was processed
{eompiled and executed) in 1.45 seconds on an
IBM 370 eomputer at a cost of $0.44. Thus a
problem that would cause us to wave a white
flag at the thought of hand calculations was ef-
ficiently solved in slightly over 1 hour at a very
low cost.

The PERT network and its analysis should be
thought of as a dynamic planning aid, and not a
static point in the planning process. Une of the
advantages in having a computer program hand-
y is that if we should need to reexamine a
network in light of some new information, we
can do so gquite readily. Actually this is fre-
quently done (or should be) with PERT
networks because very often when networks are
drawn, someone on the stalf may spot over-
sights or decide ton many events have been used,



or that initial time estimates are inaccurate, or
that activity arrows are improperly placed.
Also, after the passage of time, it Is usually ad-
visable to update the network and analyzne it
apain—to see what effects completed activities
have on the overall project. With the computer
program, any number of changes or proposed
amendments can be evaluated in a very short
time—usually by changing only a few cards in
the data deck.
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APPENDIX

Source Listing of the Computer Program {or
PERT Analyses

Dyt b PRECISION TE o TTEeGTTE o TL 65T e SLACK SMINeSCT
DIVENSINN ISI5001iR{500) e TEL(SLO} e TTE (B00) eGTTE(SO0) o T
ISTLISON) SLACH (50N TITLE(20)oT0(SG0) «TM{S00) TR IS00) ot
DATE TETYEGTTFeTLeSTLeS5LACK/ZI000%0,000/eN/07/65D8/0,.0,
REBDIS500) (TITLELUD oJZ]1 o200 ST {UNITS(Ulouz]eld!
00 FOWRLTIPOAG/FS | s2He2483)
DO 10 1=165%00
REBDISS10) ISCIYoIPCIoTO(I o TM{T)eTR(L}
510 FORMABT(ISeSAe]%e3{BReFS.11))
IFIIS(IY.EQG.0) GO TO 20
Moo
IFITUCI) eEQa0a0r TOL(I)=TMIL)
IFATP LI EQQ,08 TR{T)aTM(I)
TE(II=(TO(I)+(4.00%TMIIIIeTP{I}I/G.0
YE(I =TE{R) e} 0.0
IR=VE LI}
REM=TEL(I}-(FLOAT (IR}
IF(REM,GE 0.5} IR=IRe]
10 TECI)={FLOAT(IR}I}/1Q.0
70 I=WN
30 K=18S{I)
L=iR(I}
TTE(LI=TECI ) «GTTE (L)
IFCIS(TEQiS5(Io1s} GO TO 40
GTTE(RY=TYE(L}
GO TO 50
40 IF(TTE(I)LTL,6TTE(K)) 60 TO 50
GTTE(KI=TTE(L)
50 I=[=~]
IFtI6T.0) 60 TO 3¢
IF(SCT.6T-0.0) GO TO 60
SCT=GYTE(K)
60 DO 90 I=]enN
K=IS(I)
L=IP(I}
IF(I-GT-1) GO 10O 70
TLIK)=SCT
70 TLUY=TLIK)=TE(]}
IF(STLI{LY «FGsDo0) GO TO B0
IFITL(L) oLToSTL(LY Y GO TO 80
TLLY=STL (L)
GO T0 90
80 STL(LY=TL (L)
60 SLACK(I)=TLIK}~-TTEL(I)
WRITE(6.600) (TITLE(JDQJ=i9202o(UNITS(J)¢d=1v2}

600 FORMAT (1H19e36Xe21HPERT NETWORK ANABLYSIS/A/12Re20R47/4/71 K,
iR PREQECESSOR/EX95HEVENT@7XvSHEVEN706X¢EHTOGQKOEH?MQQX‘
ZEeqx93HEETG8K93HLAF;7%95”5LACK!/25Xv31(IH-)91H(92A301H1

|



00 100 I=l.W
R=151{1}

180 WRITE (646103 IS(IoIPLIIoTOII}sTHMII) o TPII) o TECII o TTELTI s TL K &

&30

110

1SLacK(n

FORMAT (1M olXelSeTAeISedNsT{FE. 105K
SMIN=SLACK(])

00 110 I=2.W

IF(SLACK (D) L T.SMIN) SHIN=SLACK(I)
CONT INUE

WRITE (646200 (TITLE(JIvJd=1.20)

620 FORMAT (1ML o362 HPERT NETWORK AMALYSIS//12K«2084///71K+26HCRITICAL

120
630

640

130
650
140
660

DO 120 I=l.N

IF{SLACK (I} .NE.SMIN} GO TO 120
DS=4TP(LI~TOU(L) Y ea?

$0S=5D5+DS

WRITE (696300 IS{INoIP(I)eTOUIVTP(I) DS

CONY INUE

FORMAT (IHO 1IN IS e TR oIS e4 K3 (FEaleBX))
IF(SDS.EQ.0.0) GO YO 130

K=IS(1)

E=(SCT~GTTE (K} /7 {SQ@RT(SDS/ 36,00

WRITE(6:640! S

FORMAT (1H0 26HSTANDARD WNORMAL DEVIATE = «F7.3)
GO YO 140

URITE (6:650)

FORMAT (1H0«3I6HSTANDARD MORMAL DEVIATE IS UNDEFINED)
HRITE (6660}

FORMAT (1M1}

SToP
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