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Abstract: The amelioration of dysfunctional processes can be approached by several points 

of view. On the one hand customers’ perceptions are analysed in our researches and on the 
other hand we perform the research from the view of the analyses of flowing documents, 

resources, information, data - which called fluids - which also lead to process amelioration. 

Our goal during this research project is to modelling real service processes through the 

detection of flowing elements (fluids) in the process flow and building a fluid-process flow. 

This requires the comparison and the determination of the fluid-coordination and the 

development of “flow-distance” concept. Using these definitions it will be possible to 

classify and thus to determine the real processes of the system. In this paper only the 

framework of real process design is given. 
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1. Introduction 
 
Logistification is a previously shown (Ákos Gubán & Kása, 2013; Kása & Gubán, 2013) 

business process amelioration (Á. Gubán & Kása, 2013) method. The analysis of fluid flow 

offers a very particular opportunity for analysing system of processes. In this recent paper 

we would like to present the similarity of flow processes in the fluid-flow system analysis. 

This requires the comparison and the determination of the fluid-coordination and the 

development of “flow-distance” concept. Using these definitions it will be possible to 
classify and thus to determine the real processes of the system. A brief summary of the 

necessary preliminaries to this paper is presented in the next section.  

 

2. Research background  
 

In term of flow the fluid-flow can be divided into two groups: it can be either nodal flow or 

continuous flow. In case of nodal flow the fluid transformation is visible/measureable and 

have affect only on process nodes, while in case of continuous flow the effect of fluid 

transformation can be realized and measured at any point of the process. In terms of our 
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investigation – as we are about to carry out simulation of service processes – nodal flows 

will be important and give an overview of this kind of flow.  

Let d∈D be a fluid (where D is a finite set), and let    be the process at    initial time of 

fluid analysis (observation) which or whose input involves the fluid and be the initial type 

of the fluid   .  

Then          ∈        marking means that the observed (d) fluid has arrived to 

   node of    process at    point in time notably in    type.  

The flow of this fluid can be described at         period of time with the following 

sequence:  

                

                                                     
               , (1) 

where                           means that the fluid entered into the       node of a 

certain process with   and      status and with the type’s   and       weight value. The 

outgoing fluid has    type and    weigh. The other two parameters represents the time of 

node entry and exit time, whhere        ∈         as well as          . Obviously in 

sequence                           
  a certain node may appear several times, however 

the sequence of nodes is finite. Thus         refers to the number of nodes in the sequence.  

At this point the similarity of flows must be defined. The uncovering of real service 

processes is started by the analysis of the previous system. That is the pre-condition 

analysis. Every systems in its basic model is predefined and partly or fully described by its 

basic processes.  

This context is used as a basis in analysing and modelling of the system. To uncover real 

processes of the system fluid-flows must be explored as shown on figure 1.  

 

 
Figure 1: Fluid flow in processes 

 

3. Similarity of fluid flows  
 

A brief explanation is given here for the determination of similarities of fluid flows. At 

initial stage of the examination of similarities the fluid weights and types are disregarded. 

The fluid weights and types may have role in classification, if when only those nodes are 

examined which are involved in fluid flow and the interesting is which nodes are involved 

in the fluid flow as the path of the fluid flow is set as a baseline.  

The first method is a more permissive approach: we are focusing during the similarity 

analysis only on how each processes’ nodes relates to other process’s nodes. For 
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demonstration consider two fluid flow in the same period of time (disregarded to type and 

weigh parameters at this time):  

                                                              
     

     
   and 

                                                              
     

     
   .  

Let                              
  and                               

  be node 

sequences of two flows.  

In such case when every nodes of the        node sequence is incorporated by        node 

sequence than        is a subsequence of       :      
  

. 

Let                                                  
  be an extended sequence of 

       where                           
        

 are nodes and            
∈  .  

In such case when        subsequence is fully incorporated by       , than        is an 

extended subsequence of       :     
 

  
. (Notation:       means, that    is a subsequence 

of   ; and       means, that    is an extended subsequence of   .) This is illustrated in 

figure 2.  

 
Figure 2: Extended subsequence 

 

Two sequences are called   weakly similar, if and only if when the ratio of the length of 

their maximum extended subsequences is     i.e. F is a subsequent of    and    at the 

same time,     
         

        
 
         

        
                                          , where 

 ∈       represents the similarity of the two sequences. (Notation:          The 

similarity measure of two sequences is  , if  

      
         

        
 
         

        
                                           

In figure 3:       
 

 
 
 

  
  

 

 
; and   

 

  
. 
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Figure 3: Weakly similar sequences 

 

Let           and           subsequences of ous sequences, than two sequences 

called   strictly similar if and only if when     
    

        
 

    

        
                        . 

In such case, the mutual containment of the maximal subsequences of a sequence is 

assumed. (Notation:       .) The similarity measure of these two sequences is   

    
    

        
 

    

        
                      .  

 

 
Figure 4: Strictly similar sequences 
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Additional sequence similarities also can be introduced. Maximal ordinal node matching is 

called generalized similarity, i.e. the extension is used for both sequences. This reasoning is 
shown in figure 5. 

  

 
Figure 5: Generalized similarity  

 

Both flows of figure 5 have sequence               in this order. The measure of 

similarity should be appropriately defined by the ratio of the shorter sequences, i.e. as 

figure 5 shows:               (Notation:         .) 

In such case, when       has no common nodes, then the measure of their similarity is 

           and can be concluded as they are not similar.  
These similarities are satisfying some important characteristics: 

 

1. The self-similarity measure of a sequence (in all three above defined cases)   

                       

Consequently all three relation is reflexive by  ∈       value, thus: 

                       
2. All three similarities are symmetric, thus: 

if       , then       ; 

if       , then       ; 

if       , then       . 

It follows the maximization of the definition in the first two cases and from the 

reference to the minimal sequence in the third case.  

3. If       or       is satisfied, then:  

                       
 

4. Let      ∈             

if      
  , then      

  ; 

if      
  , then      

  ; 

if      
  , then      

  . 

Unfortunately transitivity is not satisfied. For example let        
             ;                 ;                 .     

 
  ;     

 
  ; but 

    

 
    This is a problem because direct classification with the measure of 

similarity is not possible.  
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4. Classification and similarity of flows 
 

If and when the types and weights of flowing fluids in the process flow are disregarded then 
flows can be classified by their measure of similarity. As it was mentioned above 

unfortunately, the similarity is not equivalence relation as transitivity is not satisfied, thus it 

is not suitable directly of classification - but it is not necessarily important. For example, if 

we take the above mentioned example, the three processes can be brought to a group 

without any aversion.  

 

1. Hierarchical clustering: This method offers the benefit that known centroids are 

not needed during the iteration which is desirable in respect to fluid flow 

classification. However out of clustering methods ab initio only single linkage and 

complete linkage methods could be applied, as other methods assume such 

distances relative to derivative value which were not interpreted so far and even 

not possible without some particular excessive force.  
2. Non-hierarchical clustering: For this method we would need to know the number 

of core processes and to identify the established centres of classes. It would be 

easier to apply than a hierarchical clustering, but it still requires a constrained 

solution.  

3. Heuristic solution: Due to its advantages a heuristic solution will be used, but a 

centre selection method will be requisite.  

 

5. Weighted fluid flows 
 

In this section of the paper the previously outlined problem is approached from another 

point of view. A well-defined system of weights for the fluids and fluid flows will be 

introduced. It is also not easy to construct a well-designed system of weights as the fluids 
have different types, relevance and importance and even their quantity is different.  

Let  ∈   be the type of a fluid, let   be a node, this fluid may appear, and let   be the 

quantity of this fluid appeared on  . Thus                  function is the weight of 

the fluid going out of node  . (Note: The specific definition of the value of the weight relies 

both on the perception of the process/service user and on the certain system and service. It 

will be defined during a simulation.)  

Let 

                

                                                     
                according to 

(1), where                                   

Thus           
 
    is called the weight of the fluid flow.  

 

 

 



7                                                                    Ákos Gubán, Richárd Kása 

 
Figure 6: Weights of fluid flows 

 

After that the generous steps of building the classification method is presented, which will 

be the basis of the heuristic methodology:  
 

1. ** Definition of fluid-flow nodes ** 

2. Location of the known processes of the system and determine the nodes. 

3. Determination of the fluids in the system. If too many is detected consider 

disregarding the less important ones or integrate them into relevant fluids. (This 

step requires a lot of attention, and must be carried out with the help of experts.) 

4. Determination of the fluid flows, and the dynamical assignation to nodes. 

5. Determination of the node sequences in the resulting flows.  

6. Examination of the fluid transformations in every node (if there is any 

transformation in a certain node). Thus the types and quantities of the outgoing 

fluids are derived. (And these will be the parameters of the fluid entering into the 

next node of the sequence.) 
7. Formation of the nodes-leaving weights of the fluids. (The rules of weight 

formation should be determined prior to the modelling.) 

8. Determination of fluid weights. 

9. Evaluation of the initial centroids of the fluid clusters.  

a. Arrangement of the fluid flows in descending order according to their 

weights 

b. Adjustment of      to 0 for each process. 

c. Let     and define   step-intervals and the M maximum number of 

processes                          ! 
d. Take the first stream to the list! 

i. Let (        (flow counter) 

ii. Take the first not equal process from the list 

1. If its similarity to F  is    (  away from each other), 

then      will be incremented. 

2. Take the next process to be compared 

iii. After surpassing the last flow, we need to move on to the next 

activity. 

iv. If         , then the flow must be marked as       . 

(That means that it has     neighbours in   distance.  
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v. Move forward to the next process to be examined.  

e. If we do not go beyond the last process should be repeated. 

f. Examine how many flows satisfy        

g. If it is less than M, then: 

i.   shall be increased by the value of   step-interval:       

ii. Go back to step d.  

Otherwise: 

iii.  Examine if there is so many M flows, which are mutually   

distance to each other.  

1. If there is no M pieces, then 

a.       
b. Go back to step d.  

2. Otherwise:  

a. Select those M pieces out of them, which have 

the greatest weights 

b. Let   (      be this list  

10. ** Any additional flows are assigned to the centroid flows of the list. ** 

11. The assignment is made on the basis of similarity. (Procedure is not detailed here, 

as it is a current task of the LOST in Services Modelling Working Group.) 

 

6. Summary 
 

In this paper the determination of the similarity degree of fluid-flows have been presented. 
The significance of this issue lies in the creation of real processes via the designation of 

similarity and weights of fluids. The exploration of centroids is performed by a heuristic 

method, whose procedures have been defined. It requires further studies to determine the 

effectiveness and sensitivity of the centroid selection. Further analysis should be 

implemented to decide whether the centroids have enough distance from each other and 

whether they have enough number of similar flows. After a proper refinement of the 

method it is necessary to build a procedure for the flow assignment to centroids, which will 

be based on the Shopping Basket Theory (HIVATKOZÁS Hua, XXXX). This procedure 

will form the basis of other fields of our research, such as service user segmentation.  
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