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Abstract. Resources and fuzziness influence in a crucial way critical path parameters such 

as length and configuration. An algorithm establishing the order and range of the analysis by 

changing the activity duration time values, resulting from the fuzziness range in each node, 

will be formulated to investigate this influence. The research strategy selection has an es- 

sential influence upon the results, their range and quality and their reliability. The obtained 

results, applying the canons of engineering backwards, can be used to regulate the fuzziness 

range thereby controlling the course and length of the critical path. 

1. Principles used in investigations of activity diagrams 

as an element of the analytic procedures algorithmization 

A full file of sets of the individual activities duration time has to be used to cre-

ate the full picture of all possible configurations of the critical path. Different data 

for the concrete set, created with the use of time increments (time slices), result 

from the time fuzziness. 
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Fig. 1. An example of the set of activity duration fuzzy times 

An analysis of the activity network has a discrete character and does not allow 

the precise determination of the duration time set parameters for which the change 

of critical path configuration occurs. The analysis in the example from Figure 1 

includes the variation of sets, i.e. V = il1 ⋅ il2 ⋅ il3 ⋅ il4 ⋅ il5 = 6 ⋅ 3 ⋅ 3 ⋅ 5 ⋅ 4 = 1080. 

On one hand, the lack of continuity makes it impossible to catch the sore points 

exactly (points of the critical path configuration change), on the other hand, it is 

not necessary to analyse all cases characterized by the variation algorithm. The 

spots of the critical path „trajectory” change are the nodes to which more than one 

directed edge is reaching (Fig. 2). 
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Fig. 2. Activity network with four sore nodes: C2, C4, C5, C6 

 

ili - data quantity results from quantification 

il1 = 6, il2 = 3, il3 = 3, il4 = 5, il5 = 4 
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Node C2 is reached from C1 or C3, C4 from C1 or C3, C5 from C1, C2 or C4, 

C6 from C3 or C5. The shape of critical path will mark out C1-C3-C4-C5-C6 

points if the following deterministic data are assumed: C1-C2 = 9 (time unit - t. u.), 

C1-C3 = 6, C1-C4 = 4, C1-C5 = 2, C2-C5 = 2, C3-C4 = 5, C3-C6 = 11, C4 = C5 = 

= 1, C5-C6 = 7. The length of critical path amounts to 19 t. u. (the heavy line in 

Figure 2). However, if the activity described by C3-C6 nodes will grow longer for 

example up to 22 t. u., as a result of the fuzziness, then the critical path changes its 

shape and will be determined by C1-C3-C6 nodes and its length amounts to 28 t. u. 

The longest way to the individual forks (sore points) in the classical algorithm is 

determined, from the last one which is a target node. It is as assumed that carrying 

out the analysis to the last point to which more then one edge reaches is only sen-

sible. This phase of the algorithm allows the determination of the critical path 

length as well as the so-called earliest start and end activity. Certainly, the change 

of activity duration time changes the critical path configuration, which results from 

a non-deterministic (uncertain) knowledge to this point, i.e. from the time data 

fuzziness. The classical algorithm of the critical path search is considered below (it 

is written in the source code - Algorithm 1). Both the data and the results are 

shown in the form of the table a[i,j], where i represents the activity number, and j 

represents successively: - start node, - end node, - activity duration time, - the ear-

liest moment of activity start, - the earliest moment of activity end, - the latest 

moment of activity start, - the latest moment of activity end, - time reserve. 

readln(f,n); 

for i:=1 to n do 

for j:=1 to 8 do a[i,j]:=0; 

for i:=1 to n do 

begin 

for j:=1 to 3 do 

read(f,a[i,j]); readln(f) 

end; 

i:=1;l:=1;b[i]:=a[1,1]; 

qq:for k:=1 to n do 

begin 

if a[k,1]=b[i] then a[k,6]:=a[k,3]+a[k,4] else goto q; 

for j:=1 to n do 

if a[j,1]=a[k,2] then 

if a[k,6]>a[j,4] then begin 

a[j,4]:=a[k,6];a[j,6]:=a[j,3]+a[j,4] end; 

for m:=1 to l do 

if a[k,2]=b[m] then goto q;l:=l+1;b[l]:=a[k,2]; 

q:end; 

if i<l then begin i:=i+1; goto qq end; 

max:=a[n,6];m:=n; 
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for i:=n-1 downto 1 do 

if max<a[i,6] then begin max:=a[i,6];m:=i end; 

for i:=1 to n do 

if a[i,2]=a[m,2] then begin 

a[i,7]:=a[m,6];a[i,5]:=a[i,7]-a[i,3] end; 

l:=1;i:=1;b[i]:=a[m,2]; 

t:for k:=n downto 1 do 

begin 

if a[k,2]=b[i] then 

begin 

a[k,5]:=a[k,7]-a[k,3]; 

for j:=n downto 1 do 

if a[j,2]=a[k,1] then 

if (((a[j,7]>a[k,5]) then 

begin a[j,7]:=a[k,5];a[j,5]:=a[j,7]-a[j,3];end; 

for m :=1 to l do 

if a[k,1]=b[m] then goto tt;l:=l+1;b[l]:=a[k,1] 

end; 

tt:end; 

if i<l then begin i:=i+1;goto t end; 

for i:=1 to n do a[i,8]:=a[i,7]-a[i,6]; 

for k:=1 to n do 

for j:=1 to n do 

if ((a[j,1]=a[k,2]) and (a[k,7]>a[j,5])) then 

begin a[k,7]:=a[j,5]; a[k,5]:=a[k,7]-a[k,3];end; 

for i:=1 to n do a[i,8]:=a[i,7]-a[i,6]; 

for i:=1 to n do 

begin 

for j:=1 to 8 do write(g,a[i,j]:3,' ');writeln(g); 

end;close(g); 

Algorithm 1. Analyse algorithm of activity diagram and critical path creation (ACP) 

The correction of the earliest time of the successive activity start is realized 

in this algorithm (column 4 of the results matrix, i.e. a[j,4]) - after each search 

for a  longer path to the sore node. This is realized by the program statements set 

in which the time to reach the given node by the addition of a successive edge 

(activity) is compared to the hitherto existing maximal value of this time. These 

statements are marked off by bold print. Algorithm 1 can be used to carry out the 

analysis and search out the parameters for which the change of critical path shape 

in uncertain knowledge circumstances occurs concerning the activities duration 

time which are related by means of conjunctional and disjunctional connections on 

the activity diagram [9]. A research organization diagram, shown in Algorithm 2 

(Fig. 3), can be used to carry out the analysis in the full range of activity duration 

time fuzziness. Algorithm 1 will be used here as a procedure of the critical path 

 



An Investigation into the Influence of Activity Duration Time Fuzziness … 169

Algorithm 1 

(ACP(ij)) 

shape and length registration for each activity duration time set. The results of the 

procedure operation will be placed in tables (Table 1 shows an example of the 

obtained results). 

Table 1 

A1 A2 A3 A4 A5 A6 A7 A8 

  1   2   9   0   1    9    10   1  

  1   3   6   0   0    6     6   0  

  1   4   4   0   7    4    11   7  

  1   5   2   0  10    2    12  10  

  2   5   2   9  10   11    12   1  

  3   4   5   6   6   11    11   0  

  3   6  11   6   8   17    19   2  

  4   5   1  11  11   12    12   0  

  5   6   7  12  12   19    19   0  

 

 
 

                    Analysis organization -1 

 

 
                             i1=tp1(∆1)tk1                        stop 

 

 

                                        i2=tp2(∆2)tk2 

 

 

 
 

                                                  in=tpn(∆n)tkn 

 

 
 

Fig. 3. Analysis organization diagram and registration of critical path parameters, 

where: tp, tk - start and end of fuzziness (Algorithm 2) 

Algorithm 2 (Fig. 3) is a representation of the research organization method, 

which consists in the systematic search. Thus, it is not effective, because the num-

ber of possible paths is maximal equal to the forks product of all nodes and the sets 

of activity network parameters is equal to the product of the number of digitised 
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ij = tpj 
Algorithm 1 

(ACP (ij)) 

values of the all activities duration time (il1 ⋅ il2 ⋅ ... ⋅ iln) (Fig. 1). The computa-

tional (or temporal) complexity is proportional to this product. 

Another assumption of the research organization may be an initial selection of all 

possible paths and then an examination of each of them by means of a digitisation 

of activity duration times which are part of a given path taking into consideration 

reserves resulting from conjunction connections [9]. The computational complex-

ity of this algorithm reduces itself insignificantly in relation to Algorithm 2 

(Fig. 3) (statistically: maximum twice). 

The next variant of the activity diagram research organization is the most effective.  

It consists in an investigation of the influence of the duration time fuzziness of 

individual activities on the critical path configuration by minimal values of remai- 

ning activities (Fig. 4). Thanks to this, it is easier to appoint turning point moments 

in which a change of the critical path „track” occurs. 
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Fig. 4. Analysis organization diagram based on an investigation of the influence 

of the duration time fuzziness of individual activities on the critical 

path shape (Algorithm 3) 

The analysis organization diagram is useful in the situation when the variation 

of the activity duration times does not exceed a dozen or so percent and this pre- 

sents an essential limitation and disadvantage of this model. Its crucial advantage 

is the small computational complexity, which is proportional, not to the product 

but to the sum of the number of digitalized values of the individual activities dura-

tion times (il1 + il2 + ... + iln). 

As an example, the change of configuration and critical path length can be disclo-

sed for the input data presented in Table 2. It is shown by way of an example in 

selected tables 3, 4, 5 and 6. 
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Table 2. Input data concerning duration time and fuzziness of the activities determined by 

edges (column 1-> node 1; column 2-> node 2) 

 

 

 

 

 

 

 

 

 

 

 
                                                                                 fuzziness upper limit 
                                                                                         fuzziness lower limit 

Tables 3, 4, 5 and 6. Exemplifying results describing the critical path configuration for 

different data from the range of activity duration time fuzziness (based on the 

diagram in Figure 2) 

  1   2   9   0   1   9  10   1  

  1   3   6   0   0   6   6   0  

  1   4   4   0   7   4  11   7  

  1   5   2   0  10   2  12  10  

  2   5   2   9  10  11  12   1  

  3   4   5   6   6  11  11   0  

  3   6  11   6   8  17  19   2  

  4   5   1  11  11  12  12   0  

  5   6   7  12  12  19  19   0  

 
  1   2  14   0   1  14  15   1  

  1   3   8   0   0   8   8   0  

  1   4   8   0   9   8  17   9  

  1   5   4   0  17   4  21  17  

  2   5   6  14  15  20  21   1  

  3   4   9   8   8  17  17   0  

  3   6  14   8  18  22  32  10  

  4   5   4  17  17  21  21   0  

  5   6  11  21  21  32  32   0  

 
 

9    

1 2 9 14 

1 3 6 8 

1 4 4 8 

1 5 2 4 

2 5 2 6 

3 4 5 9 

3 6 11 14 

4 5 1 4 

5 6 7 11 

edges number 

Critical path configuration 

1 – 3 – 4 – 5 – 5 - 6 
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  1   2  11   0   0  11  11   0  

  1   3   6   0   1   6   7   1  

  1   4   4   0   8   4  12   8  

  1   5   2   0  11   2  13  11  

  2   5   2  11  11  13  13   0  

  3   4   5   6   7  11  12   1  

  3   6  11   6   9  17  20   3  

  4   5   1  11  12  12  13   1  

  5   6   7  13  13  20  20   0  

 
  1   2  14   0   0  14  14   0  

  1   3   6   0   4   6  10   4  

  1   4   4   0  11   4  15  11  

  1   5   2   0  14   2  16  14  

  2   5   2  14  14  16  16   0  

  3   4   5   6  10  11  15   4  

  3   6  11   6  12  17  23   6  

  4   5   1  11  15  12  16   4  

  5   6   7  16  16  23  23   0  

 
Other values of the duration time fuzziness lead to other configurations of the 

critical path; it can be path 1-3-6 (as shown in Figure 2). The conducted research 

can be used to optimisation level according to reserves and critical path length 

minimization criteria. An organization improvement and its costs decrease will be 

facilitated when both criteria are taken into consideration. 

2. Scheduling optimisation in uncertain knowledge conditions 

concerning activity duration times 

The minimization of the critical path length for a set of duration time fuzzy 

values consists in the selection of the activity set with the shortest periods of 

realization: 

SETmin = {min(tp1),min(tp2),...,min(tpn)} 

The minimization of time reserves may be variously interpreted. Its implemen-

tation can be treated as intentional procedure or devoid of purpose.  In the second 

case, these reserves can be effectively used for the realization of other tasks, for 

example, with a preparatory or protective character. The fuzziness of the activity 

duration time can be used for a time reserves decrease, if they can be treated as 

Critical path configuration 

1 – 2 – 5 - 6 
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negative. Of course, the selection of which activities might be „lengthened” for the 

time reserves decrease depends on the undertaking organizer. 

3. Conclusions 

1. Fuzzy information to the point of an activity duration time make the activity 
connections system more flexible and allows the optimisation of the undertaking 

realization which is made up of conjunctional and disjunctional connections 

of these activities. 

2. The problem of the algorithmization of the activity diagrams investigation with 
fuzzy time data remains open. The main task is to obtain all possible configura-

tions of the critical path for the full data set.  

3. One of the more effective algorithms is based on the investigation of the indi-
vidual activities interaction (in the range of time fuzziness) with simultaneous 

preservation of duration time minimal values for remaining activities. It increa-

ses the correction probability of the critical path but does not secure the full 

review of time specifications. 

4. The optimisation of undertaking realization organization treated as the activities 
set with the specific conjunctional and disjunctional connections is the combi- 

nation of critical path length minimization and efficiency maximization of utili-

zation of time reserves. 
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