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On the Critical Path Method (C.P.M.) and its application in
the G.D.R.

1. Problem and matters in principle

Network models and methods are used above all for flow
and time planning of complex processes. In each case the pre-
paration of decision is based upon certain problems of sequence.

On principle always such processes or systems are concern-
ed in which partial processes flow simultaneously or successively.
That means on the one hand that a simultaneous flow of different
partial processes (parallel flow) is given and on the other hand
that partial processes may only begin, 1f proceding ones are cCom-
pleted (flow in series).

Therefore different partial processes united by conditions
for their corresponding arrangement (reciprocal dependency) and
flowing partially successively and simultaneously must be examined
as to the most favourable temporal series according Lo fixed po-
ints of view. The target is to consider the dependencies between
the single partial processes and of the co-operation to determine
the duration of the total process and thus its finishing data or
to observe or to underbid a given date by showing possibilities
of abbreviating the duration and of the most favourable coordina~
tion of partial processes as well as by corresponding controlling
measures connected with 1t

The problem is further to establish whether there are
determinated or stochastic quantities. Depending on this, dif-
ferent methods of network technics must be employed. If deter-
minated gueontitieas are siven (e.g, with most of the building
projects) the deberminated model and the C.P.M. method or an-
other similar method may be used. If this condition is mnob




met and one may work only with quantities distributed according
to probability (e.g. mostly when planning research works) the
stochastic model and among others the PERT method must be used.

The methods of network technics are based upon the theory
of graphs, As a rule a graph consists of a number of points some
of which are combined with each other as pairs by ares (cp. Tthe
following figures).

A network is a graphically represented model of a complex
composed of partial processes dependent on one another the de-
pendency of the partial processes being explained, i.e., their ne-
cessary sequence or their parallel accomplishment and by this the
temporal order of the events belonging to them (start and finishj).

The "decomposition" of the total complex with the aid of
the network makes it possible

- to obtain a qualitative survey of the flow of the total
process,

- to quantitatively fix the expenditure of time and possibly
wanted CapaoitiesﬁOSt 800

- to realize the share of each partial process in the total
project,

- to determine the critical path and by this the critical
partial processes,

- to compute the floats (or buffer times) for the non~criti-
cal partial processes,

- to realize failures in time when accomplishing single par-
tial processes and their influence on the total project
as well 48 L0 Lzke up meShules vl neepluy vle Secvion, and

- if necessary to determine optimal times of accomplishment
the total project considering further factors (minimizing
of cost, continuous use of capacities, continuity in the
produc tion process a.0.)



2, Flow Plaanning

Whan planning the flow of a complex it is necessary tc sub-
divide the Total process into partial activities, e.g. particular
sections of work. On the basis of these small partial sections
flow planning and resulting from it flow time planning are esbab-
lished.,

A moment at which one or several partial activities begin
or end 1s called *Yevent". Such events sre e.,g., the dates for ma-
teriel supply, for the accepbance of technical and similar facili-
ties, for the completion of certain works and sc on. These events
are combined by the partial processes calling for a space of time,
An evant

- suggests a certain point in the flow,
- is start or {inish of a partial process,
- requires neither working-hours nor means of work.

i.ﬁJ-

These partial processes are called "activitiss®™, Here it is
the question of e.g. the accomplishment of works, the production of
parts, the scheduled terms of delivery, the instruction of msnpewer,
the coming to a decision and so on.

An activity
- corresponds %to the completion of a partial process,
- represents a time section (expenditure of time):

- requires manpower and (or) means of work.,

The elements "activity" and "event" may be interpreted in
a different way by the oriented are (arrow) or the node, Corres-
pondingly two mamners oi IépiresSentaticn LIOr networks are distin-
guished, that is event-oriented as well as activity-oriented net-

works, By this it is already expressed that there is a difference



in the allocation of natural numbers to events or activities.

Here only event-oriented networks are discussed. In such
a network each activity is marked as consequence of the event-
orientation by two numbers (one for the start event and one Lap
the end event).

sty ALy
O =)

time t(i,J)

event E(i) event B(J)
Fig. 1

The start point, start event of the network, gets the 0 and
the following events get the natural numbers l, 2, eco; 13 there—
fore 1 is defined as end event of the network, The number of .
events of a total project is n + 1. The events are numobered ac-
cording to the order beginning from the lLower numnber, With this

the condition i € J is combined.

When logically reflecting on the whole flow and when fix-
ing the correlations in the networks it is reasonable to answer
the following questions for each activity :
- Which parbtial processes immediately precede the activity
and must be terminated before its start?
- Which partial processes may flow simultaneously (parallelly)
with the activity?
- Which partial processes must immediately follow the acti-
vity 7



If two or more activities pegin and end with the same events,
a fictive activity, a dumny activity, is inserted for the exact

representation - especially for the time planning which will be
discussed later. t 1s marked by a dashed line (cp. Fig. 3) .

Two activities a and b begin e.g. with the event 5. They
end at the same moment. In this case the end should be marked by
two different events, 4 and 5. Accordingly it is obJjectionable
to represent this flow in the network as follows

Fig. 2

In crder to obtain correct planning documents the following form
of representation must be chosen 3

Fig. 3



In this case x is the fictive activity with the duration
of time O. In any case it should be avoilded by using fictive
activities that parallelly flowing partial processes have start
or end events in common,

Comprehensive objects may be subdivided into partial pro-
jects and by this may be represented more clearly. In such a
case the single partial projects are represented in the main
project by collective activity the single partial processes may
only be seen from the network of the partial project which is
separately designed. Therefore one speaks of a detailed and a

concentrated network,

Instead of the single representation of the activities Db
to £ in Fig, 4 in Pig. 5 the collective activity x is to be found.

Fig. 5



Further it should be emphasized that a tail event at which
several activities are ending has only occurred, if all these ac=-
tivities are terminated. The critical path method shall be ill-
ustrated odow by an example.

First a 1list of all activities is required (table 1.,) I%
1s the question of a rough planning. Only collective activities
are Jjoined in the network. The single activities are logically
arranged - according to their flow., The resulting network is re-
presented in Fig. 6.

Table 1
o T(1,J) WLy d)
E(1) E(3) ACL, D) normal minimal
(weeks) {weeks)
0 i earthworks 10 o
0 2 terms of delivery for
technical facility 48 30
1 2 rough brickwork 22 18
L 3 road approach 18 10
2 5 roof 8 a4
3 4 completion 4 4
5 G outer plants 20 8
4 6 assembly of the tech-
nical facilities 16 10
5 6 aerial works 20 3




Summing up it may be sald to the flow planning that 1t con-
sists of the following important tasks
- establishing the complete list of all partial processess

- determining the dependencies between the partial processes,

it being necessary to determine for every activity which
partial processes must precede, which must follow immedia-
tély,aﬂd which may run parallelly;

- arranging of the partial processes corresponding to the
logic flow, and establishing of a network and, possibly,
additionally of an arranged list considering the assigned
processing algorithm.

3. Time planning

Before explaining the time planning by an example in detail
the following symbols are introduced to this end :

E(1)
ECJ)

Il

start event for an activity
end event for an activity.

il

It should be noted that each event - except the start and
end point of the whole project - must appear at least once as E(i)
and once as BE(J).

0 = start event of the network
n = end event of the network
G = total project, total process with n + 1 events

Ta start date (beginning, start moment) for the total project G

Te -~ finish date (end, final moment) for the total project G

A(i,j)= activity (partial process, section of work) running from
the event E(i) till the event E(J)

t(i,j)= duration of the activity A(i,J)



fTa(i,3) =

sTa(i,J)

i

i

fTe(igj)

i

STe(ig J)

From table 1 th

earliest start date (beginning9 start moment)
for the A(i,J) i.e. eariiest pPossible moment of
the happening of E(i) referred to the start point
of the total project with the start moment O, be-
ing £ Ta(i,3) = max [£7a(iv,1) + t(i’gi,ﬂ )

i

1' running through all line indicess for which in
the matrix the i-th column is occupied (1>it' > 0),

latest start date (beginning, start noment) feor
the A(i,j) 9

sTa(i,3) = sTe(i,]) - (4, 3)

earliest finish date (end moment) of the A4 0 W
tPe(i,d) = £Ta(i,d) + t(1,3)

latest finish date (end moment) for the AL, 30,
l.e. la_test moment of the happening of E(j), re-
ferred to the beginning of the total project at
the moment 0, being

STe(1,9) = min [s0e(j,v) ~ (3,5 ))

J' running through all column indices for which
the j«-;-th line is occupied in the matrix (nZ j's j),
e t(i,J) are transferred to table 2.

Table 2
BT3) T
E(i) 0 1 2 3 4 5 6 Flali,; 3)
0 0 0
1 10
2 22
) 48
4 b2
5 52
6 72
sTe(i,J) 0 22
sTe(i, J)
_fTaCE,j) 0 12 \\\\\w
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| Corresponding to the mentioned formula the earliest possible
dateo f the start of the single adtivities —~£Ta(i,j) - must be cal-
culated.Here 1T sh&uld be taken into account that in each case the
maximum must be inserted. In the example a total duration of 72
weeks appearsSe Starting from this value the latest finish date
sTe(i,j) is determined in & retrograde manner. Subsequently the
difference sTe(i,J) - £Ta(i,j) is to be formed. If follows

sPe(i,j) - £Ta(i,d) = O

this will be equivalent To the fact that the earliest start date
for an activity equals the 1atest finish date of the proceding
loﬁgest activity. Those results for which in the last line re-
sulted O are lying on the critical path. If only one critical
path exists through the network, this will be sufficent to mark
it., In the example 1T touches the following events 3
0-3%3—-4 =5 =06 o This corresponds to a 72 weeks duration of
construction (cp. Fige o Yiu
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critical path or paths (there may be Several), an additional cal-
culation must be made, The critical activities are established
not by graphic Tepresentation but by calculation, In the example
discussed till now This does not occure, however, But as a rule
this is the case, if several critical paths are existing.,

tative criterion used here g quantitative one exists, too, The

ties are critical which lie between two critical events m'but for
O and n. For the quantitative criterion is decisive

TTa(i,3) + 6(i,3) = sTe(i, )
If this condition ig fulfilled, i.e, if there is no float, the
corresponding activity is critical,

the example,
tf(i,3) = total Tloat for A(i,j) = sTe(i,J)-fTa(i,j) - (i, )
ff(i,3) = free float for A(i,j) = fTa(j,d*) - fhe(i,5),
J'>J ana fTa(i,j*) being the earliest start of the
activity following 2P|

1ECL. 00 = 1interferring float T6F &(dy ) = sTa(j,gt) - fTe(i,3),
being JEt»d.
uf(i,3) = independent float for A(i;j) = maX:[fTa(j,j'} -

- sTe(3,3") - 5(1,4)],
being uf(i,j)Z0 ang J® B9,
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gummarizing 1t can be stated that the time planning passes
in following stages:
- Fixing the temporal values for the single activities,
- Calculating dates and data for the events and activities
as well as determining the critical path,
- Establishing the necessary f£loats.

4, Shortening of the time required foT the total project

The 72 weeks time of constructilon is oo longs The edifice
shall be ready within a vear (= 52 weeks)., If the critical path
of a total process has been established, the point is to check
the single concerned activities with their events in the sense if
it is possible TO shorten the provided time by measures of dif-

ferent kind. According To considerations related to operational

economy those variants are chosen requiring, as to the target O
be reached, the jeast expenditure, put have the greatest gfficl~
ency. BY the aid of the initiative of the working people gl o=
ganizational9 technological, technical, and other possibilities

of shortening the total flow must be usedo

For the example it is supposed that after checking the
periods of sctivities (0,3) are shortened by 16 weeks and of (5,6)
by 8 weeks. Thus table % arises., 1%t 1s calculated in the same

manner as table 2.
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“Table 3
iy Bl o 1 2 3 4 5 ¢ £Pa(i, )
L
0 10 32 0
1 22 18 10
= 0 8 32
3 4 20 32
i 0 16 36
5 12 40
6 52

sTe(i,j) | © 10 32 32 36 40 52
sTe(i,J)

In this case several paths are critical. They cannot be exactly

N

determined by means of the critical events to be seen from table
5. Therefore for each activity it must be checked, if

fTa(i, §) + t(1,J) = sTe(i, i),
If this condition is fulfilled, the corresponding activity is
¢ritical,

This checking proves that in the network only two activi-
ties are not critical, they are the activity (1,3) and the dumm:y
activity (4,5). Several critical paths run through the network,
The target, a 52 weeks time of structure, is reached by this
plan.

This time corresponds to the duration of the total DPIO=
dect G. The paths showing this duration are critical paths,
The events and activities lying on these paths are the critical
events and the critical activities resp. All other paths through
the network as well as the other events and activities are con—

sidered as slack paths.
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The efficiency of the critical path method may be increased,
4f the cost of the project is involved. A decision must be taken
guaranteeing not only a favourable temporal flow, but considering
the costy; t00.

When checking optimal cost further data on constant and
variable cost for each activity, separated according to two pos—
sibilities (normal and minimal), should exist as initial data be-
side the already mentioned oneg., Only on this basis 1t 1s possible
to calculate the optimal expenditure of time for minimal cost or
the minimal expenditure of time for increased cost. To solve such
problems essential preparatory work is required to record the cost
and moreover the use of Computers with a considerable capacity is

generally necessary, 100,

Tn order not to extend this paper unduly, this possibility
of considerirg oz cptimizotion when using the 0, P .M, can cnly be

mentioned but not discussed in detail.
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6. On the apyllcatlon of the C, R M. in the G D R

In the G.D.R. the O.PQMD stood the test when planning and
accomplishing numerous tasks, Here some exXamples should be Sug-
gested,

On repairing the wain equipment of bower plants network
Planning has been intreduced with a great success, The general
repairs of four megawatt machines carried 0t by means of network
documents show without exception shortenings of the standstill
times between 20 +o 2% 5,

In the Leuna large-scale chemistry enterprise the repai

of an air decomposition plant took instesd of 150 days as iu wa.

AdA

t1ll now only 126 days because it was possible to plan these works
in a more advantageous manner with the help of a network. In the
Same enterprise networks Ton designing ang realization permit a
gain of another year, the first estination being three years

From the first laboratory test to the veginning of prcdumtiﬁﬁ in
the large-scale plarnt, even an overall gain of time of 50 percent
may be obtained,

Large bu uilding prcjects; e.g, the oil brocessing works at
Schwedt as well as the television tower in Berlin, were Likewise
brepared with the aid of network technics., It stood the +est in
these cases, tco, Forp suzh large-scale projects, however, an elec.
tronic data processing plant is used far The calculation,

The fields of application on which planning with the help of the

C.P.il. proved a particular success are the followﬁng :

- building projects of different kin

- flow of larg: Tepalirs or 1nspect10ns of technical plants
and devi 28,

- techni almorcaﬂlzatloﬁal preparation ot produc tion,
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co-operation of different facilities, £.i, enterprises,
organizational preparation of the use of electronic dats pro-
cessing plants,

organization of large-scale events (sports meetings, den.ons—
trations @.0+)s

coordination of the conferences of the professional comilittees
during congresses, |

numerous other tasks.

The application of the G.P.M. involves economical advaniages
of different kind. I+ enables us

o analyse the NUMerous interrelations between the partial
sections and the 1:miting events of certain extensive and
Gomplica‘ced,processes9 recognizing the critical partial sec-—
tions and by this the crucial points of rationalization and
competiltion, avoiding mistakes in flow planning and contro-
11ing the flows in a suitable manners;

to separate, consequently GO pbuild up, and exactly to motivate
flow and Time pianning, the flow of work being thus estaoslished
in the network and being constant for the calculations bat the
time @&ata may be kept variable, consequently different variants
may be calculated and these data may be used when preparing and
realizing the tasksj

to give a good SUIVEy of the overall PTrocessS; to sghorten the
time for the overall process, TO establish the shortest accep-
table duration, and by this to keep finish dates with & greater
reliability than formerlys;

to set the objects earlier in operation by the rapid completion
or to transfer newly developed facilities into practiceand by
this to realize an additional gain - with large-—scale projects
apounting to millions of marks

to cause an earlier efificiency of improvements of qualitys
mostly to lncrease productivity, and

to ébeyr as a whole, the law of economy of time better than

it.was done before.



