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l. On tTime planning with "PERTY

Stochastic models of network technics are also based on a
network. It shows the flow of the overall process and its single
partial processes. In principle this network will be prepared
in the same way as 1t was laready discussed when treating the
critical path method. Thus the same aspects are essentially
valid for the flow planning. But there some differences exist
in time planning.

The method PERT (PERT (Program Evaluation and Review
Technique) is based on a stochastic model. The various quantities
used are not unambigiuosly determined - as, e.g. in C.P.M.- but
the activity time, the dates of events - except the beginning
of the total project -, the duration time of the whole process
reflected in the network and with that the finisgh date of the
total plan are interpreted stochastically. They are based on
the assumption that the activity time cannot only be represented
as a time value as in the determinated model, but as a dis-
tribution of probabilities. That results in the impossibility
of determining the dates unambiguously. There cannot be deter-
mined, e-.g. 3 the finish date of that activity will be on July
15th, There can only be stated: the finish date of that activity
will be expected with a certain percentage of probability in
the time from ... until ...

If the network was prepared for a project to be treated ac-
cording to PERT, it is possible to being with time planning on
this basis. Primarily its task is the investigation of the total
time of realizing the total project. It 1s based on time
estimates for each activity. The estimates have to be done by a
specialilst being able to evaluate the corresponding partial pro-
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cess as well as pessSiolig. Thueld must ve estimated:
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a(i, §) = optimistic time of A(i, J)
n(i, j) = most likely time of A(i, J)

b(i, i) pessimistic time of A(i, 3)

The time being necessary, if this partial process flows
better than normally to be expected and if no disturbances or
difficulties occur, is meant as an optimistic time of an activity.
The most likely time corresponds to that estimate which comes
nearest to the actual duration of this activity. The pessimistic
time is that time which can be expected to occur, if considera-
ble disturbances and difficulties appear in carrying out the
activity referred to. Later the three values estimated for each
activity should be changed only, if the expenditurdof.work, or
the number of employeimanpower, or the quantity and (or) quality
of the means of work was changed.

A fourth value of time is derived from these three, and
that is the so-called expected duration time; i.e. that value
of time which probably would be obtained as an average duration
time of.this activity, if often repeated. The duration time is
calculated as a weighted mean value of the three estimated time
values, and that is

te(i, j) = expected duration time of A(L,]J)

il

a+ 4m + b
6

The following example characterizes the values mentioneds



Table 1
G| EGH) a(t; ) | m@d, 9 | &, §) | veld, J)
0 i 5 10 15 10
1 2 8 10 12 10
2 3 5 10 12 9,5
5 * 8 10 15 10,5

The distributions corresponding to the values in table 1
are represented in Fig. 1 to 4.
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Fig. 1. Distribution of activity (0,1)
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Fig. 3%, Distribution of activity (2,3)
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Figo. 4, Disgtribution of activity (3,4)

The estimates of time are somewhat doubtful. The variance or
the mean square deviation is a measure of this uncertainty. As
a rule the uncertainty connected with an activity and the
distribution corresponding to it is the greater, the farther
the values for optimistic and for the pessimistic time lie
apart, that is to say, the greater the range of a distribution
ise. The vqriance of the expected duration time corresponds to
that range of distribution® For that is vlids

e = variance of the expected duration time for
t(i,49) the activity time of A(i,J)

z(%(igs) s a(igj>)21

5
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To illustrate the vaeriance it is agsumed that two time estimates
were made for one and the same activity.

Table 2

estimator | a(i, 3) | m(i, ) | b, )
"y 4 8 12

The variance is for the estimation of

y
bt g (”“’*)— 1,77

t(lsa)

Bd (1- )7‘ =0,12
L 3) 6

The substantially smaller range of distribution of B corresponds
to the lower variance. A, however, has & greater range of dis-
tribution and consequently a greater variance, too. Estimator B
felt surer about the matter than A did. On principle is valid:
the greater the variance of the expected duration time of an
activity, the more uncertain the time estimate, and vice versa.

Now the earliest date of the start of each event has to be cal-
culated by adding the te(i,j) for the proceding activitiese
Subsequently the lates?® possible date of the tall of the events
has to be calculated. The corresponding mean values, agalin
resulting from the mean values te (i,3), are btaken as basis of
these dates. Then there must be determined, which events and
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which activities are on the critical path. On principle the same
method 1s used as it was explained with the critical path method.
The following example informs on small deviationse

2. An example of time planning with PERT

To illustrate the example which shall represent a section taken

from the scheduling of a research work cons isting of different
S

partial processes, there are still introduced a% first:

fTa(i,j) = mean earliest stars date of the activity (i,3),
stochastic variable

§Te(i,j) = mean latest finish date of the activity (i,3),
stochastic variable

Cjz = variance - square deviation - of fTa(i,j)
fra(i, J)

ng = variance - sguare deviation - of sTe(di,j)
sTe(i,3)

TR(4i) = mean total floats of the event (i) - stochastic

variable =, where fTa(i,j) - sTe(i,j) = TR(i) -

end event index j -3 This floab may assume three
shapes due to the fact that quantities distributed
according to their probabilities exist:

positive float - resources of manpower and (or)
means of work are avallable;an anticipated

finishing of the activity closed by this event may be
expected; negative float -~ manpower and (or) means cf
work are not adequabe. Delated finishing of +the
activity closed by this event may be expected,

fleat = O manpower and (or) means of work are just

ddequate. A ucrmal finisning in time may be expected.



TF(i,3) mean total float of activity A(i,j) - stochastic

1

variable -, where
eTe(i,j) - £Ta(i,j) - te(i,d) = TF(L,J)
Tv(J) g

iven temporal fixed value of the tail event (J) -
also called milestene

1
L

H = probabllity in %.
¢@(X) ~ Mgble value of the normalized normal distribution

The following activity oriented quantities have been determined
for the examplel :

Table 3
B(1) | B(D) | e, | wid | v | et
U\lqj
0 1 e 5 6 5925 O, 44
1 2 1 2 4 2,18 0,25
1 4 2 3 4 3,00 0,11
e 2 e 2 7 4,83 0,69
3 5 7 8 9 8,00 0,11
4 5 3 5 10 5,50 | 1,32

i) e¢p. Gerold Ridisch: On the application of PERT-network medels.
The telecommunication expert, No, 1/1967, p. 6. (Gerold Radish:
Zur Anwendung von PERT-Netzwerkmodellen. Der Frenmelderpraktiker
Heft 1/1967, S. 6)
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The network shows the dependences represented in Fig. 5:

Fig. 5. Network cf a PERT - example

On the basis of these initial values, the network matrix can be
compiled and calculated - as an principle had already been ex-
Plained when discussing the C.P.M. Here;, howevery it must be
noted that the variance has to be considered when estimating
the stochastic variables. In the cells of the matrix, the lower
one of the two values means the mean activity duration te(i,j)
and the upper value the variance of activity duration _2

(1,30
Table 4
B o | 1 2 | 3 4 |5  |£Ta(i,i) |¢°
E(i) ) £7a(i, )
0 5433
0, il | 0,00 0,00
2,16 00 3,33 0,44
. \ 0,25 8103 ” ’
2 4,83 2449 0,69
0,69
8;00 [10, 32 1,38
d 0,111’ :
4 12550 54,55 0,55
1,32
5 16438 1450
dTe(i,3) 0,00 | 2,23 15,49 10,32| 12,82 13:52‘““\\\\\\
dgme(igj) | 1,49 | 1,05 | 0,80, 0,11] 1,32|0,00
sTe (i,3)-
FTa(i. 3 0 0 0 o | 6,49 o
P 50% | 50% | 50%| 50%| 0,014 50%
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From table 4, the critical events may be reade Thus in this case
+he debermination of the critical activities is possible, Too.
As, however , ste(i,d) and fTa(i,j) are quantities distributed
according to probability and lying within an interval, the dif-
ference between the two values may also become = ok

5
It aecessary additicnally to indicate with which probabillity the
latest finish date is smaller than the earliest finish date.

Tables of normal distributions may be used to determine these
probabilities. These tables show the values of tThe distribution
function @(X) o

If two or more critical paths run through the network in a
largef case than this example, the oritical activities must be
determined by calculation. That® ig done after the aspects already
explained when discussing the critical path me thode An activity
will then be critical, if

fha(i,j) + te(i,Jd) 2 Sﬁe(i?a,

The method PERT offers the possibility %o determine the proba-
bility with which the total process or certain partilal processes
will be finished at a fixed given date. But only very important
events within the network are fixede. A finish date is assigned
to them. This date is marked by the introduced symbol Tv(J).

It is an imporbtant help for each person who has to take
decisions, when she has the possibi ity of evaluating the proba-
bility of obsérving given dates. The example explained in the
following shows a method.
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The probability shall be tested with which the time for the total
process is only 18 units of time. In this case Tv(j)=18. Here
the value of x is determinded by the following formula:

= (i) - fPa(i,§) _ _18 - 18,32
mﬂ\/fz . a
Cnga(i,j) 1,49
: 9-9-2 5 --0927,
1,22

With this calculated value, the table of the distribution func—
tion Cp (x) - normalized normal distribution - is consulted. Tt
can be expected with a probability of P=~40% corresponding to
the table value that the total process is already finished after
18 units of time.

The example shows that time planning after PERT makes possibles

- The &vents and the activities on the critical rath
become evident,

~ Total floats of events may be determined and, if the
occasion arises, subdivided floats of activities may also
be found as it is possible with the critical path method,

- It becomes possible to ascertain the probability of
observing the given dates by determining x. That is
especially relevant to very important intermediate dates
and the finish date fixed in advance-

Fige. 6 shows the flow diagram of the stage of the first planning
with the help of PERT.T

1) cp. Schreiter/Stempell/Frotscher:Critical Path and PERT.
Methods of Planning of processes dependent on time. Verlag

Die Wirtschaft, Beriin 1965,ps ©le (kritischer Weg und PERT,
Methoden zur Planning zeitabhi@ngiger Prozesse)
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Fag b Flow diagram

of PERT
(f?fdj .5+tﬁgej &ar

( Tewtial fixation of actlvities )e—a—————-()

(:Gonetruction of graphic flow dlagram (network)g)

Coding of activities on the basis of
graphic flow diagram

.

A o

Estimating of the three times LA
m(i,3), b(i,J) by the respective
collective of collaborators

Calculation of the activity oriented
quantities te(i;J) andc52 -
te(isd)

Transferring of the values of te(i, ) |
and .2 +to the network matrix
Ote (i)

%
Caiculation of the event oriented.
quantities Pesli.8), Cjz ) sTe(i, )
frali, i)

¥

Calculation of the mean total floats
sTe(i,j)-fTa(i,j) and determining of the
neritical path”

Calculation of the probabilities T
k')

Comparison of the caleculated dates with
the projected onese. Will the calculated plan ez,
be accepted ?

&

Revision of the activities not accepted, —
creation of converient pre-conditions

A
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3. On correction of plan and on regular check of plan

~As a rule the first plan will seldom meet all requirements in
regard to the intentions on date of the responsible management,
The first stage of planning will have to be completed by further
similar planning stages, if it is necessary to change the number
of man power or means of work used respe of activities on the
critical path, in order to be able to estimate a shorter time
for them+ Thus a similar revision mist be done as already ex-
plained when discussing the critical path method,

If the time period of 18,32 units of time in the example mentioned
above was not acceptable by the management, the activities on

the critical path would have %o be proved with regard to their
duration time. For that, however, the corresponding material
pre-conditions for the reduction of one orp another activity must
be created. After that the values of time must be re-estimated and
Tthen the proceeding is as represented in Fig. 6.

The activity time must be shortened or re-estimated respe. cnly
corresponding to the manpower or means of work additionally used.
There should be considered that a shortening of activity time
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is generally combined with an increase in cost., Moreover a new
critical path may develop with a very radical shortening, eventua-
11y showing that part of the additional expenditure is not at all
necessary for the asctivity concerned. Therefore it would be bet-
ter Lo carry through one more stage of planning (calculating for
network) than very much to increase cost by & considerable addi-
tional use of powers and means. A possibility of compensation is
also in reducing powers and means for slack activities with floats.

When checking the plan it is further important to increase
the probability that a given date falls within a certain interval
or that a range of distribution is decreased and thus the relia-
bility and probability resp. of a given date is increased, When
checking in order to reduce the variances, the effects must De
thought over, in order to eliminate uneconomical measures from the
very beginning. Computers are widely used, in order To decrease
routine calculating work.

Moreover the electronic computation offers the possibility
theoretically to play through the flow of the project before the
beginning of realization. On that occasion various possible dis-
turbances may be assumed and the flows resulting from this can Dbe
simulated. After a certain number of simulated flows, already
substantiated conclusions can be obtained in order further to pre—
pare and carry through the projects

E.g. the calculation could result when planning the time
of development of a new technological proceeding:
a) 2.5 years with normal use of manpower and normal disturbances
b) 2.2 years with normal use of manpower and almost undisturbed
flow
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¢} 1.3 years with increased use of manpower and normsal distur.

4, L1 year with increased use of manpower and almost ungistare-
bed flow

&
cause an ircressed uss of manpoewer and sn

-

L0W cexnot be obvained 4u each cass,

i
veriants r.l} to c.)p D

almost undizturhed £

If an acceptable plan has been obtained sfter
checks, its realization can be started. Then +the

must be checked abt certain time intervals (z.g. of ona o= TWO W

[1

eks). These checks are the basic requirement of adjusting

Lol o

rifects of inexact time estimates as far as possibles
¢ked which activities were finished and which is *he slbvation of
the current partial tasks, i.e., whether there gtill exigts pon-

Tormity with the dates plamnned. In case of delays of dztes, mes-
sures are taken and the program of the to%al project wiish tre chas
ged dates i1s recalculated by the computer, There can te seen b
Ghe solution, whether eventually the critical path was
which start and finish dates of the still uncompleted activities
and which floats of following partial sections are changing., 4c-

tivities and events not being on the critical path ti11 then may
have become critical, That, too becomes obvious durizg the rg..
calaulation. Thus useful data are received, in order to be able
newly to dispcse according to the changed situation and neverw
theless to keep the planned finish date,

In the case of the check of plan it must ke considsred
for the Qominal-actual-comparisons that they are stoshsstin JUEI~

Fltles and CONSEQUEnT.Ly Tac Quies can CLLy be gKepT within certain

e+

o,
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intervals. Generally only such activities must be adjusted which
negatively affect the realization of the total process.

The essential steps of the check\of plan and of the slid —
ing planning become obvious from Fig. 71’ Tt is a supplementation

of Fig. 6.

(ﬁFixing of the checking dates )

Kzlg 2, PR S
lg

Carrying through of the checks of
+the date K=1; Analysis of written
reports

l K + 1:=%>z<:‘

Nominal-actual-comparison. Is
it necessary to make the plan

more precise and to recalculate
it on the basis of nominal-actual
differences

!

Investigation of the reasons for
tc great nominal-actual-differ—
ances

Anmed influence on TeaSONS, mak-
ing the flow of plan more pre=~"
cise in regard to network and
activity time

-

()

Fig. 7. Flow diagram of PERT (Stage of plan checking and sliding
planning\
1) cpe 10bid., pe 03
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4o On spplication of methods of network technics

The critical path method having been primarily developed
for the realization of bProduction tasks in due time, the method
FERT explained here in first line aimed at a good co-cperation of
many enterprises, or inst titutions, or research workers, ato,

e¢specially in cconnection with the simultaneous sgolution of deve—
lopmen® and producticn tasks for a project,

In the G. D. R, in first line the stochastic medel of
network technics was applied %o

- planning of research and cornstruction works

- planning of projecting wor rke, which did not have determins.-
tion time values

s planning of new technalogies, flow and time of which 4id
not have exact criteria, toco.

- Co-operation of numerous ent erprises to fulfil one impor-
tant task of plan

o preparations for the use of new technical equipment with
new working operat loms, loter alia also when using elenw
tronic datz processing machines,

o organization of works of panagement, planning, and admini-
stratlon,i.z.complicated projects of investment.

Though here are given some generally valid indi ications, it
has always tc be considered when applying methods of network tech-

nics, that every project involves specific pretlema, These pro-
blems generally require an individual examination,

The following conditions have to be met, in crder to be
able %o apply the methods of network technics ¢
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i the total process has to be subdivided into exactly To be
defined partlal proccsses

- time of each partial process has to be known or suitable to
be eshimated on the basis of data of experience

- it must be established for every partial process, which other
partial processes have to be finished at its beginning and
which must follow 1t. :

Mostly — on principle €. 8. in projects of investment - as
2 rule no more initial data are wanted than had been required for
the planning of such projects till now. The single partial tasks,
the activities, have already been registered in lists. Thus 1t
is easily possible to arrange them from the first as it is requir-
ed by the forms of the computilng centre.

On the basis of the data and with the help of a checking pro-
gram the collaborators of the computing centre are able to change
critical activities already during calculation. That requires '
seside the input data also the network and the activity cards in
the computing centre. The compubter calculates the critical path
and all the other egsential data. Computers with printing of
tables deliver these data as & piock of numbers, Check of net-
works and of results can also be underteken by the computing cen-—
tre, if desired Dby the customer.

Generally it can be said that the processing of such plannings
of time by the methods of network technics using electronic data
processing machines will be economié%’if the project involves
about a 100 or more sctivities, But the opinions of the various
authors differ very muliL i this poinv. ‘Ihe data range from 50
to 200 activitiese
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A further condition not resulting from the critical path
medel or modern computation is the co-ordination of flow and time
Llenning as well as of material planning with flow and time plan-

Zmw = gemr gz

ning - if necessary with a broad participation of the workers of
the lndustrial plants concerned., Otherwise the results of +time
piamning could be made dubious.

The conventional planning methods of the flow of work and
time for that kind of projects dealt with here, e.g. the block
ilagram, in some cases require less expenditure than the methods
of network technics. These, howev ver, offer the essential advantage
of actuelly finding the criticsl path and of being able quickly to
show arbitrarily many variants by variable dates of time for the

normal end the minimal time of realization (if necessary the lat-
Ser subdivided in stages). If difficulties in keeping the dates
¢oour during the flcwg in short time a new founded solution can be
determined on the basis of the critical path. That is impossible
0y the conventlonal planning methods of the flow of work and time.

Therefore the methods of network technics have to be preferred,

Thus these methods and the use of modern computation contri-
bute to improve the quality of management and moreover to srrive at
2 sclenvific plant management., Therefore the endeavours must be
ailmed at a mulbi-purpese appliance of these methods,

2« On further development of the methods of network technics

In recent years the further development of methods of network
fechnics mainly proceeded in three directions:
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(1) Involving of calculations of optimization, especially on
the basis of cost

(2) BEstablishing of decisive networks by including alternative
events

(3) Simultaneous planning of the use of manpower and means of

works

Here only some statements on the possibility noted in 3.
shall follow,.

While one project in esch case is planned by the methods
explained here, the so-called RAMPS-method (Resource Allocation
and Multi-Project--Scheduling - distribution of capacities of ex-
penditure and planning of multi-projects) serves simultaneously
o calculate several parallel projects, where the same manpower

and means of work ars used.

In case an advantageous use of the available manpower 1s
aimed at, the flow of time is planned in "mendays" under the fol-

lowing aspects s

- number of manpower to carry out a certain task during a
normal flow

- number of manpower in an accelerated flow

- minimal number of manpower Lo carry out the task concerned.
The separatiocn into normal, maximal, and minimal quantities

is approximatély given by ite.
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- Works, where disturbances are not Permissible (pﬂanning of
of & so-called fine for interruptions)
- total and reely available float (high estimation of those

partial tasks, the duration of which cannot be prolonged
without lengthening the ¢ritical path ang thus endangering
the finish date)

- shifting of work (at first those Works are carried out which
are followed by numerous others)

- continuity of work (works already taken Up are preferred)

- number of works ready for taking them up (they are estimated

works can be taken up)
- break in work (all means of work available are preferred)

lowing the authority mentioned in literature) that the answer to
the following question can be determined on the basis of the feqd
data : which work has to be done by which working team; on which
day of a bProduction period, with how many workers, machines, and
material? The computer delivers a list for each Category of work
showing which manpower has to do which work on which Project at
which time., A Summarizing Survey 1s printed at the end of the
list. For every working day it contains statements on the used
nanpower, the still available, or the labour additionally to be
brovided,

S

1) cp. Budil, W.: "Raypsw, Industrial Organization, 32 (1963)
No. 9 p. 311 ("RAmPS™, Industrielle Organisation)
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The methods mentioned leads to approximately optimal solu-:
tions under the point of view of the use of manpower and mesns of
works as well as cost. Such a prograi, nowever, requires the use

of a large date processing machine.

I want to conclude my explanations by these final remarks
which were intended to give you & 1ittle insight into the future
application of methods of network technicsS. I thank you for your

attention and for your kindly reception.



