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UNCERTAIN GRAPH AS THE MODEL
OF BRANCHING TECHNOLOGICAL PROCESS

Annotation

This paper discusses methods of modeling of branching technological processes (B TP)
under uncertainty based on uncertain graphs. Simulation of BTP involves the formation of the
graph and its modification in case of restructuring of BTP. This formalization takes the form
of operations on uncertain graph. To use undefined graph as the model of BTP in decision
support system (DSS) the concept of transition uncertainty fiunction between states and transi-
tion risk'uncertainty functions is introduced: Model of BTP as uncertain graph in combina-
tion with certain operations on graphs and operator method of uncertainties conversion is
described as convenient basis for creating DSS in management systems of BTP.

Key words: branching technological process, uncertain graph, decision-
making, decision support system, risk uncertainty function.

L Introduction

The important problem of industry development as of today is relevant quality control
mprovement of complex technological processes and objects. The complexity of modem
manufacturing systems, which include branching technological processes, in many cases
leads to uncertainty in management decisions. Therefore it is necessary to develop method-
ologies, models, information technology, and decision support systems (DSS) providing op-
portunity to take the necessary decisions in complex technological processes management [3].

Recently researchersfocus on complex technological processes with many rami-
fications, including irregular and complex processes and which structure is being
changed during the process [4]. For such processes it is necessary to generate sto-
chastic graphs with a vast number of vertices. In general, the model of branching
technological process is a random graph where the rule of mutual allocation of edges
and vertices is set by probability distribution.

Today four basic approaches to the modeling of complex technological proc-
esses are formulated: Poisson random graphs and generalized random graphs;
Markov random graphs and walk model for «Count Count» with probabilities that are
proportional to the desired properties; a model of «small-worldy and its generaliza-
tions; evolutionary model of the grid of Barabash and Albert, Price's model [5]. The
first three approaches involve the generation of random graphs with a known number
of vertices and the set of probabilistic properties.

However, the needs of automation ‘of branching technological processes in a
possible equipment and technology upgrade leading to process restructuring, and de-
termination of the end points and sequence of operations based on the results of both
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hardware control with random errors, and peer review of type, require im-
provement approaches to modeling of BTP. Such approaches should be targeted for

use in automated human-machine control systems of BTP.
II.  Purpose

The purpose of the article is to improve the modeling ‘method: of branching
technological processes under uncertainty based on uncertain graphs.

III. Results

process consists of individual technological operations

Branching technological !
haracter. It is represented as directed graph, an example

and preferably has a discrete ¢

is shown in Fig. 1. g s, )
The vertices of the graph represent certain state of BTP, transitions — the imple-

mentation process of decision to BTP implementation, subgraph that corresponds to
the «past» — the actual previous implementation of BTP, subgraph that corresponds to

the «future» — performance forecast of BTP.

Executed part of the proc- Future
ess — past

Fig.1. General view of BTP graph :

The actual implementation of the process;

Options for the future implementation of the process;
The process that maytake place in other decisions.
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Let name the graph G[S,4], where § — the set of vertices (states of BTP), 4 —
the set of connections between them. Let’s choose to study a description of the set 4
with the adjacency matrix.

Each transition between states is related to the cost ¢y and time of its implemen-
tation ty, where i — number of top original condition; ; — number of vertices of the
next state. Each state is characterized by a vector of parameters X' i» and the corre-
sponding effect / losses g

The transition between operations is carried out by deciding so at the end of the
operation. Since decisions are made under incomplete information about the parame-
ters of BTP and conditions of its implementation, then decisions themselves and BTP

Seéquence are not fully defined.
Let’s characterize definitions and terms of BTP by uncertainty function B, that

generalizes the probability distribution density of stochastic data and function of
fuzzy data [6]. Similarly certain multi-step BTP management strategy is characterized

by a general average effect / losses (risk):
ifo )
Ry = Zl[ fejm,58(e;0, Hejoiy - fa,8a; )dq,-:f. ¢
=10 -0

Additive form (1) allows access to the recursive‘ definition of BTP as the addi-

tion new vertices and edges to the graph (2):
' t=1y;

G(S,D,t+At)"=G(s,D,t)u{s:D:v(s’,s)}, )
=t+At, t<y,,

where S — the set of possible states at time t (at time t, this set contains one element
So — real state); D — set of processes of solutions implementing for BTP managing .

BTP modeling involves the graph formation and its modification in case of BTP re-
structuring. The formalization of this takes the form of operations on uncertain graph:

1. Finding the initial state ro00r [G] =58p: {EY (€, Sy =)

2. Finding the final state terminal [G] = Sy: {EV( S0, =23

3. Operation of alternatives removal G, =(S§, 4\ {a,})

4. Operation of state removal G, (¥, E, )=G,E)\ Go( 0}V {er €0, })
i

5. Operation of subprocesses union G, =G UG, =S, US,, 4, U A4,)
6. Operation of alternative input G, = (V, EU{e}), ne a= (S,.8,).
7. Operation of intermediate state input G, = (§ s, ANu,vIO[u, k] Ulk, vD

=
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8. Operation of subprocesses supplement G\ G, = (Sus,4u4)

9. States aggregation S, S, i

G, =G\S,\S, US, u([Sg,S LAf S, S, DV (S, S, ],VH:B[S,,,S"])

10. Operation of state bifurcation (splitting)

G, =S\S,uS{u S A\E[E,8, 1\VIS,, EIUVIE, S, ]uV[S({’,é]u[S’,S”])

11. Operation of subprocesses connection

G =G, TG, =Gl UV3, Ey WE;, U{E(v),v,): vy €W,v; € VZ})

In the process of BTP graph formation and finding optimal way of its passmg

the risk (1) is assessed in recursive form

R; =R, +[I¢f—l,iﬂ(ci—l,i )dci"l’i = Iq,-ﬂ(q,')d%} g
0 ' o .

The uncertainty of the graph G[S,4] is based on two components:
— the uncertainty of the conversion options, which assumes the risk (1);
— the uncertainty as to the choice of making transitions between operations, re-
sulting in uncertainty values at risk.
We estimate the probability of the decision-making to move to the next operation.
In operator form uncertainty function of risk:

BR;)= 0 B(R, )8 1,)8@). @

where @ — conversion operator of uncertainty function, which follows from the
definition of the expression

B¥)=0"[5(x)] : ®)
or in expanded form
B)=0"[B(x,x,,.x, )], i =1k,

where Y — the vector of states (outputs) of system with dimension &; X — the vec-

tor of input actions with dimension m; (D( D the vector of transform operators of
generalized uncertainty functions (GF) with dimension k; # — order of operators.
Operators of model (5) are implemented using integral transforms

AR B Yot e

pl)= 1 1 o
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where n = E] n,; — order of operator (multiplicity of integration); ¢[~] — core of

conversion;

- correlation matrix.

Operatlons with umbrella function are defined — unary, binary operations, com-
parison operations of uncertain data and aggravation.

‘ The result of unary operations o' on wncertain data x; € B, is uncertain data for
3!, B(x))dx, = B{ B(x,)dx,, (6)
moreover By B, B, cB, B:Vx; - x, =ol(x1 ):

B,() =B, (x). N, »)]=T B (x)ot. e, ™

where is core ¢(x, y) =46 [} - N(x)] — Dirac delta function.
Integral-differential operation

By() =0™pyx) = J Bx(xn - mP )™ (x, y.0)dx,, (8

9™ (x,y,0) = ,f “,F'i:l ﬂx( (1))

-0 - i=1

xﬁ[y—(l—-a)mg,l)—a > xpo (t=it) gl t):ldxl cedxy_ s
i=1

(2)
where n=entf[t/At]; a = —(zn_yl*, g(t) — pulse transient response;
DY ¥ gl
(i+1)At 3
go(idt) =—  [g(t)d, At - sampling interval.
it

The result of binary operations o® on uncertain data x, < B i x, € B, isun-
certain data x3 € Bj, for which

Iﬂ(X3)dX3 = I fﬂ(.r,,xz)dxldxz, X (9)
By By By

81w
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moreover BICB, BzCB, B3CB, B;:Vxl,xz —)fxg =X107X.

B0)=T T BB G55 Mxdn, (10)

where i
+0 D& —— p
o x09)= I@*N(ﬁ»(a{f—’nxz\%(xl ‘”’(,\51))‘\[1""}’1.)(2 (xz —mﬁ{,)——m%}l:
Y X

my — first initial moment X}; m,, — first initial moment X5; D, — second central
moment X}; D;, — second central moment X»; rx; x, — second mixed normalized cen-
tral moment X; and X, v .

The ratio of equation: uncertain data x, y are considered equal if By = fy.

The ratio of inequality: for uncertain data X> Yif Z=X -Y and

+0 0
[Brdz> [Byaz (11)
0 -0

The uncertain data x ' is exacerbation of uncertain data x if:

1. X, =X, where X — domain of definition of GF;

2. M, = M,, where M~ mode of GF;

3.3 [a,b]: My €[ab]; Vxe(a,h) -y (0)fx(x); k=ax=8)—fy()=F.

More complex transformations are defined by decomposition fo consider three

types of transformations. i .
The vector of BTP parameters X can be determined by iterative procedure:

while X-X;>&do { Vi : X:=Xo*4,*W': Xp: =X, (12)

where 4; — row vector of the matrix A; W — operator of acceptance and imple-
mentation of solutions. 2

The elements of the set 4 with already defined structure take values {a; =
(0/1)}. In an uncertain graph let’s describe the relationship between subsystems using
GF in the interval [0,1]. Let’s name

BA)={ay}

BOO=(A(x)) :

Then in the operator form (12) can be written

while A X-X,)> ¢ do

{(Vi: fX):= (D" W)} [P [RX), BA)]]; BXo):= BX)} 13)

«32~
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To use an undefined graph G[S,4] as a model of BTP in the decision support
system let’s add its matrix M, [,BA(a,.‘ ; )j. M, IﬁR () J, where f,- function of the tran-

sition uncertainty between states, B — function of the uncertainty of risk transfer.

For the elements of the matrix M the following condition is true: t/7 - ZfRay = 1.
Then, in case of independent decisions in individual states and additivity of loss
function the uncertainty of BTP implementation is:

B=M".

BTP Model as uncertain graph is implethentcd in «TP Modeling» software of in-
formation technology for decision making of BTP management.

IV.  Conclusions

BTP Model as uncertain graph in combination with certain operations on graphs
and operator method of uncertainties conversion is a convenient basis for creating
DSS in BTP management systems.
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