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Markov chains theory and' simula-
tion sented' BY associating
a Îi the quantities ofraw
mat ment of a given Pro-
ãuction plan are established. The pr9! lem described is also tackled -through
Itr" tro-ãt"ial simulation method ïtrictr pfoves advantageous as the num-
ber of outfits increases.

1. Introduetion

be approached in their whole
This õômplexity is due to the
r of variables and. to the time

ameters
In this paper, we sha1l refer to the appl

to the analysis of the ind.ustrial production
character. The described application concerns
in try.

work [1], we find- the first ideas about the
est in the'industrial processes using the Markov
chains.

* A paper presented at the Colloquy on Constructive Theory of Irunctions, Septembet.
6-12, 1973, Cluj, Romania.
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2. The Malkov ehain assoeiated with production in a petroehemical,process

In the industrial processes and. especially in the petrochemical processes,
the raw rnaterials and semi-products und.ergo a number of processings
on various installations. The materials processed on an installation I i
are directed towards the next installations Ii according to an established,
technological succession or, they can be d.irected. towards the delivery
points if the processings are completed.

Consider an installatton Io (fig. 1) receiving semi-products from in-
stallations In,, Io^, ..., Ioþ.

1-.

Q. p,,

ai, Qi,Þ2 a i,Þr F1

t.¡.rO

Fig. 1

Resulting from the processing are several semi-products which are directed.
towards the installations or delivery points Ig,, Iø", ..., Iro.

We shall denote by Q,n the quantity of the semi-prod.uct which is
directedfrominstallationl,tôinstallalionl¡ (i ={9t, þr, ..., po}). Generally,

(2) i Qnn,t-.f Q,uo
h-l È:1

due to the loss in outfits,
'lo secute, however the balance of inputs and, outputs we introduce

a fictitious installation Iuo*, o, a fictitious delivery point which receives
a cluantity of semi-product equal to :

(3) Q,,oo*r: Ë Qnn,,-fg,,u*,*
h:r À:l

* Itor the sums in relations (2) ancl (3) to have sense, it is necessary that beforehancl,
all quantities 0;r. be expre ssed in Lhe samé measure units,

, 'Ihis, becarise some se mi-p¡oducts may be iu a gasesous state (consequently erpresseil in
volume units) or in a liquid stãte (consequently expTessed, us o.n"ì, in wêight inits) or solicl.



The fictitious installatioo" {uo*, can be consid.ered. as absorbing sta-
tes if the losses are irretrievable ôr when the retrieval is mad.e for being
dispat_ched to an installation which is not part of the system
, -The 

processing installations will represent the transition states for the
Markov chain.

The be characterized with the aid of atransition another, of the frr- tfj,ìfr"rã
Ç wi]f b5 abilities between the òíócessinsinstallatio transition probabilitiei f;;;^;;
installation to the delivery points, 1 the u'it matrix' expressing ilre ractthat once delivered a product no longer returns to theìysteml

The matrix of the total processiñg flows is given by

N:(1 -Q)-,:((n¡¡)).
rn other words, ø¿, represents the total quantity of semi-prod.uct

arriving,at point /i geneiate{ by " material unidfrom point In.At the same time, the elements of the matrix

B: NR : (I - ?)-'n : (þn¡)

represent the total quantity which is delivered. rn other words. å,:; rêDre-
sents the qua_ntity which is sold at the delivery point I¡ of 

'thä ,Ë-ì-prod.ucts resulting from installation Iu.
r,et x be a vector whose eleme Lts represent the input quantities intoinstallations ,Ð,., It represents the initial p-t"titity 

""ãåi foì,r t¡e asso"ia-
ted Markov chain.

Pglotç bv Y the sales (the quantities arriving at the sale points).
The following relation takes piace ^

(6) Y:x(r-Q)-'n.
:,-1 Resulti'g thereof .is -that_the input quantities being give' one canlnÌer_the quantities which will arrive atlhe pale pointsl

Reciprocally, resulting f¡om relation (6) is that'
(7) x: yR-1(r _ Q),

AN APPLICATION
B9

which means to establish the corresponding inputs of a given deliverypoint.

.. fn relation (7) matrix R, in
thus it has no inï"ts" Ii-r. Forit is considered that from each insta delivery point, an infinit
a fictitious -delivery 

point.
. fn this way, mat?ix Rlrom zero, only on the dia

5

B8

(4)

I. M. STANCU-MINASÌAN and M. D. STOICA

" "" # :n Íi'"t"Ï3,Ï::î *îf ntlf 
"'å,i 

t 
fr' ",xi;tå¿' " 

1 ti n g f r o m i n st al l ati o n 1,

4

the percentage from a unit of semi_is directed towards installation 1^ariables. Pj.

an of selection of rapports

a i,þ j
q

to
¡,9 

n

tn"1"Ít:u,u'ln!3"" 
å:"i:H"tf: :"ïiåîtion 

probabilitv rro'r I, to r 
u

and 
o(1t'Br<l

(5) fþ,,u-:t.
Þ:1 fr

nro"åltt 
permits us to associate a finite Markov chain to the production

cessing installations (real or fictitious)
If 1t is a delivery point, it means that the products abandon the

líiiïr,ir"åfJ,?"iå?,jl;.^rfììri ,"i',ä"t-i" ir,i" 
"íJ""äï absorbing state

ff I represents a. fictitious delivery- point (irretrievable or retricvable
i:ï:ì" tiå,, 

å." ",n"r i nst alr Jã"- -àïtií¿"' liã';'i ";î ;îi":" st ate d above
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4. Simulatiug by the Monte-carlo rnethod the technological flow in a
pctrochcmieal installation

ln applying the Markov chains, the volume of calculations is propor-
tional to the square of the number of installations. To reduce the ìrolitme
of calculations in case of a big number of installations (the order of hund-
reds) the numerical simulation method can be used in'which the volume
of calculations generally has a growing linear tendency in relation to the
nunrber o{ installations.

we sha1l illustrate the numerical sirnulation method. by considering
the electrolysis process of solution NaCl from rvhich various semi-productã
are resulting (hydrochloric acid, hydrogen, etc.) which are among the
11 semiproducts necessary for obtaining the r.inyl polychloride.

. The elementary scheme of ,the process of obtaining the hydrochloric
acid is given in fig. 2.

'l'he transition probabilities p¿7 deduced according to relation (4)
were q,ritten on the arces of the graph.

A particle is considered. which enters ,,the brine purifying" installation.
to ,,electrolysis" with a 0.95 proba-
ability. 'W'e generate a rand-om num-

outine of SSP*. If Nl is comprised
rected towards,,electrolysis". Other-

r,et us admi 
s "residue"'

random
nurnbcrN, e [0i eparticleis directed torïar é (O.ZO ;
0.571 the particle etc.

Ihe described method is repeated until we come to an absorption
point after which the cycle ís reiumed.

I)ue to the recirculations it is possible that the same particle should.
pass several times through an installation.

'l'he number of outputs N, is registered at each delivery point 1i. This
permits for each simulation cycle -of rank N to estimat" th" dólirr".yprobability:

rylv NJ
?¡ :-

rr_ l'or.examp.1e, in a concrete case analysed after l0 simulation cycles,the particle arrived ten times at t]he delivéry point ,,residue", seveo.íi-"éat the delivery point ,,lye" and only ônc" at tLe deliíery poiát ,,chlorine,,,

* scientific sub¡outine package (prograrrr cleck t-o¡ ilre lIlM 360 cornp'ter)
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