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CONCEPTUALIZATION OF FLUID FLOWSOF LOGISTIFICATED
PROCESSES

AKOS GUBAN'-RICHARD KASA?

Abstract: The amelioration of dysfunctional processes camjproached by several points of view.
On the one hand customers’ perceptions are analpsedr researches and on the other hand we
perform the research from the view of the analysfeBowing documents, resources, information,
data — which called fluids — which also lead togess amelioration. Our goal during this research
project is to modelling real service processesufothe detection of flowing elements (fluids) et
process flow and building a fluid-process flow. §héquires the comparison and the determination of
the fluid-coordination and the development of “flaligtance” concept. Using these definitions it will
be possible to classify and thus to determine ¢a¢ processes of the system. In this paper only the
framework of real process design is given.

Keywords: logistification, fluid, fluid flow, weak similarit, strong similarity, general similarity,
clustering.

1. Introduction

It is clearly justified in technical logistic litature that well-defined technical-mathematical
models can be made to logistical and supply chaotgsses. The same unfortunately
cannot be said of the service processes as themarh more stochastic. Most important
characteristics of logistics processes that mdténfarmation, resources, human resources,
data, documents, etc. flow occurs through them threde flows can be observed and
analysed and in many cases even organized intoegses depending on the various
elements. In this sense even a service procesdbeaonsidered as a kind of logistic
process if the flown elements of the system arerdehed. Thus it is not sure, that a
service system requires different process analgmshod than a logistic system. Our
investigations are led by this consideration ineortb create a “techno-mathematical”
model to analyse and reorganize dysfunctional semprocesses.

Logistification is a previously shown [2, 3] buséseprocess amelioration [2] method.
The analysis of fluid flow offers a very particulapportunity for analysing system of
processes. In this recent paper we would like &sgmt the similarity of flow processes in
the fluid-flow system analysis. This requires tlmnparison and the determination of the
fluid-coordination and the development of “flow-dince” concept. Using these definitions
it will be possible to classify and thus to detarenthe real processes of the system. A brief
summary of the necessary preliminaries to this papgresented in the next section.

2. Resear ch background

In term of flow the fluid-flow can be divided intavo groups: it can be either nodal flow or
continuous flow. In case of nodal flow the fluiditisformation is visible/measureable and
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have affect only on process nodes, while in caseootinuous flow the effect of fluid
transformation can be realized and measured apaimi of the process. In terms of our
investigation — as we are about to carry out sitraaof service processes — nodal flows
will be important and give an overview of this kiatiflow.

Let d € D be a fluid (wherd is a finite set), and Id®, be the process & initial time
of fluid analysis (observation) which or whose ihfrwolves the fluid and be the initial
type of the fluidT,.

Then(d, 1, ty) € Po(c;) marking means that the observeliifiuid has arrived ta@; node
of Py process dt, point in time notably i type.

The flow of this fluid can be described [a; tj] period of time with the following
sequence:

FATiw) e ] =

1)
((Cigjo3 Tos Wo3 ts03 t00); (Ciyjy T1s Wi tst5 o1 )i v (i s T Win st Eo1)),
where
(Cim; tys tol): l=1,..,m+1
means that the fluid entered into thg;, naide certain process withand 7; status and

with the type’sw andw,; weight value. The outgoing fluid hastype andw; weigh. The
other two parameters represents the time of nottg and exit time, wherg, <t, € [tg
t] as well ag, <tg.1. Obviously in sequence

C(F) ={c )

a certain node may appear several times, howeeesédljuence of nodes is finite. Thus
|C(F)| refers to the number of nodes in theisage.

At this point the similarity of flows must be dedid. The uncovering of real service
processes is started by the analysis of the previaystem. That is the pre-condition
analysis. Every systems in its basic model is dieelé and partly or fully described by its
basic processes.

This context is used as a basis in analysing andeffiog of the system. To uncover
real processes of the system fluid-flows must h@oerd as shown on Figure 1.

iojo’ Cij1r 3 Cimjm

Figure 1. Fluid flow in processes

3. Similarity of fluid flows

A brief explanation is given here for the deterrtimra of similarities of fluid flows. At
initial stage of the examination of similaritiesetAuid weights and types are disregarded.
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The fluid weights and types may have role in cfassion, if when only those nodes are
examined which are involved in fluid flow and theeresting is which nodes are involved
in the fluid flow as the path of the fluid flow &t as a baseline.

The first method is a more permissive approachawesfocusing during the similarity
analysis only on how each processes’ nodes relatesther process’s nodes. For
demonstration consider two fluid flow in the sanezipd of time (disregarded to type and
weigh parameters at this time):

Fl(d) =F1(d)[ts;tf] ((Cl()]()'ts()' 00) (Clljl'tslr 01) (Clmljml tsml;toml)) and

Fo(d) = F ()] = ((Cughos tro t0)s (Ctyreys tras bpa )i s (Clmzka; trmy; tpmz))

Let C(Fl) - <Clofi 11]1: lmlj ) andé(FZ) = (Clojko; Cllk1; "';Clmzkm2> be nOde
sequences of two flows.
Let C(Fy) = (Ciyjyi €115 - Cikys Cigjys €21, Clhys - 5 Cimg ybe an extended sequence of
C(F;) Wherecis; ... Ciiys Co15 « Cokys wovs Gyt +oe € mkm are nodes andky; ..;ky,, EN .
In such case whed(F;)  subsequence is fully incatpd byC(F,) ,thanC(F,) is
an extended subsequence 6f(F,): (F1)p2
(Notation: F; = F, means, that is a subsequence B; and F; = F, means, thag
is an extended subsequencé-9f This is illustrated in Figure 2.
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Figure 2. Extended subsequence

Two sequences are callédveakly similar, if and only if when the ratio dfe length of
their maximum extended subsequenced is0 i.e. F is a subsequent ¢f; andF, at the
same time,

(IC(F)FZI |CF)g|
|C(FR)| " |CFD|

where & € ]0;1] represents the similarity of the two semes. (NotatiorF; ~ sF,.) The
similarity measure of two sequence®;sf

5 = max (IC"(F)F2| RGO

for all mutually extended subsequences) =46

for all mutually extended subsequences).

In Figure 3: 6§ = (33) 3 nds 6
gure max ;75 7 a =11

Let ¢, € C(F,) and ¢, c C(F,) subsequences of our sequeth@s,two sequences
called dstrictly similar if and only if when

( ICl 1G]
|ICFD|"|CF|

for all subsequences) >4



30 Akos Guban—Richard Kasa

Figure 3. Weakly similar sequences

In such case, the mutual containment of the maxsoblksequences of a sequence is
assumed. (Notatior; = 5F,.) The similarity measure of these two sequences is

5= ( Il 1G]
= max = T =
|CFD|"|CFD|

for all subsequences)

Figure 4. Strictly similar sequences
Additional sequence similarities also can be intemt. Maximal ordinal node

matching is called generalized similarity, i. ee #xtension is used for both sequences. This
reasoning is shown in Figure 5.
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Figure 5. Generalized similarity
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Both flows of Figure 5 have sequen¢e3; 6; 8; 11; 13) in this order. The measure of
similarity should be appropriately defined by thaio of the shorter sequences, i.e. as
Figure 5. showsd (F;F2)=0,5 (Notation:F; = 55F>.)

In such case, whelR;;F, has no common nodes, then the measure of theilasityiis
0(F1;F,)=0 and can be concluded as they are not similar.

These similarities are satisfying some importamtrabteristics:
1. The self-similarity measure of a sequence (inralt¢ above defined cases)

Fi1~1Fq; Fi=sFy Fy = 5F.

Consequently all three relation is reflexiveds ]0;1] value, thus:

F1~sF1 Fi=sFy; F1 = 5F1.

2. All three similarities are symmetric, thus:

if Fl "'5F2, thean ~6F1;
if Fl :5F2, thean :5F1;
if F, = 5F2, thean = gFl.

It follows the maximization of the definition in éhfirst two cases and from the
reference to the minimal sequence in the third.case

3. If FFEF, or F,cF, s satisfied, then:
Fi1~:F2 Fi=;F; Fy = ;Fo.

4. Let§;8,€]0;1];6, <6,
if F]_ "'51 F2, thenF]_ ~52F2;

if Fl 251 Fz, thenFl 252 Fz,
if Fi = 3, F,, thenFl = 52F2.
Unfortunately transitivity is not satisfied. Foraarple let
C(F1) =(1;2;3;4;5;6) C(F,) =(1;2;3;4) C(F3) = (3;4;5;6)

Fi=2F, Fi=2F3 pyt Fi=1F;
3 3 2

This is a problem because direct classificatiorm e measure of similarity is not
possible.

4. Classification and similarity of flows

If and when the types and weights of flowing fluidghe process flow are disregarded then
flows can be classified by their measure of sintijarAs it was mentioned above
unfortunately, the similarity is not equivalencéat®mn as transitivity is not satisfied, thus it
is not suitable directly of classification — butdtnot necessarily important. For example, if
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we take the above mentioned example, the threeepses can be brought to a group
without any aversion.

1. Hierarchical clustering: This method offers the df@nthat known centroids are
not needed during the iteration which is desirailerespect to fluid flow
classification. However out of clustering methodtsratio only single linkage and
complete linkage methods could be applied, as othethods assume such
distances relative to derivative value which weog interpreted so far and even
not possible without some particular excessivedorc

2. Non-hierarchical clustering: For this method we ldoneed to know the number
of core processes and to identify the establisteedres of classes. It would be
easier to apply than a hierarchical clustering, ibutill requires a constrained
solution.

3. Heuristic solution: Due to its advantages a heigrisblution will be used, but a
centre selection method will be requisite.

5. Weighted fluid flows

In this section of the paper the previously outlirroblem is approached from another
point of view. A well-defined system of weights ftre fluids and fluid flows will be
introduced. It is also not easy to construct a \geligned system of weights as the fluids
have different types, relevance and importanceeaed their quantity is different.

C2; T3 Wa €10: T10: W10

Figure 6. Weights of fluid flows

Lett = T be the type of a fluid, let ¢ be a node, thisdlmay appear, and lgtbe the
quantity of this fluid appeared @ Thus w: (z;¢;q) » R U {0} function is the weight
of the fluid going out of node. (Note: The specific definition of the value oktkveight
relies both on the perception of the process/serviger and on the certain system and
service. It will be defined during a simulation.)

Let F(d;t; W)[ts;tf]
= ((Ciojoi To; Wo; tso; too)i (Ci1j1; T1; Wy bs1s tol)i s (CimjmiTmintsli tol))

according to (1), wherew, = w (rl; cijp (T tol)) 1=0;.;m.
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Thus W(F)=w+ Z w; is called the weight of the fluid flow.

i=0

After that the generous steps of building the diassion 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 &berohine the nodes.

3. Determination of the fluids in the system. If tocamy is detected consider
disregarding the less important ones or integra¢entinto relevant fluids. (This
step requires a lot of attention, and must be edmut with the help of experts.)
Determination of the fluid flows, and the dynamiaakignation to nodes.
Determination of the node sequences in the regufliins.

. Examination of the fluid transformations in everypde (if there is any
transformation in a certain node). Thus the typed guantities of the outgoing
fluids are derived. (And these will be the paramsetd the fluid entering into the
next node of the sequence.)

7. Formation of the nodes-leaving weights of the fuidThe rules of weight

formation should be determined prior to the modgllj

8. Determination of fluid weights.

9. Evaluation of the initial centroids of the fluidustters.

a) Arrangement of the fluid flows in descending ordecording to their weights
b) Adjustment ofP(F) to O for each process.
c) Let =0 and definé\ step-intervals and thd maximum number of processes
(M < number of fluid flows)!
d) Take the first stream to the list!
i. Let (N(F)=0) (flow counter)
ii. Take the first not equal process from the list
1. If its similarity to F is < J ( d away from each other), thé(F) will be
incremented.
2. Take the next process to be compared
iii. After surpassing the last flow, we need to movéootine next activity.
iv. If N(F)> M — 1, then the flow must be marked B§) = 1. (That means
that it hadvl — 1 neighbours ird distance.
v. Move forward to the next process to be examined.
e) If we do not go beyond the last process shouldepeated.
f) Examine how many flows satisB(F) = 1.
g) Ifitis less thar, then:
i. oshall be increased by the value dfstep-intervald:= 0 + 4
ii. Go back to step d.
Otherwise:
ii.  Examine if there is so many flows, which are mutually distance to
each other.
1. If there is no M pieces, then
a)d=0+4
b) Go back to step d.

oo s
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2. Otherwise:
a) Select thos@M pieces out of them, which have the greatest weight
b) Let ¢(| ¢| > M) be this list
10.** Any additional flows are assigned to the cendrfiows of the list. **
11.The assignment is made on the basis of similafiRyocedure is not detailed here,
as it is a current task of the LOST in Services Bltig Working Group.)

6. Summary

In this paper the determination of the similariggdee of fluid-flows have been presented.
The significance of this issue lies in the creatidrreal processes via the designation of
similarity and weights of fluids. The exploratiofi @entroids is performed by a heuristic
method, whose procedures have been defined. liresgfurther studies to determine the
effectiveness and sensitivity of the centroid s@dec Further analysis should be
implemented to decide whether the centroids haweig distance from each other and
whether they have enough number of similar flowfteAa proper refinement of the
method it is necessary to build a procedure fofflthe assignment to centroids, which will
be based on the Shopping Basket Theory (DemetroMiga, Guban [4]). This procedure
will form the basis of other fields of our researshch as service user segmentation.
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