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Generation of the system of equations from equational models of standard unit operations used 
for solution of global simulation of a complex system in steady stale is consid ered. The proce
dure is illustrated on a simple example. 

In connection with the global , equationally oriented approach to the simulation 
of complex chemical engineering systems in steady state appears of importance 
the problem of effective method of construction of the set of equations (in general 
of algebraic equations) which form the mathematical model of a complex system. 
The single-purpose construction of the set for each solved problem is suitable for 
systems whose solution is to be repeated many times without making significant 
changes in any equation of the model (this case is e.g. typical for the research phase 
of a process, when verification of the complex effect of process parameters and of their 
changes is concerned etc.). For flexible use of computational programms it is neces
sary to construct the system of equations automatically on basis of equational models 
of standard unit operations-modules which are at the disposal in the computer 
library. We generate the set of equations of a system knowing the coincidence of its 
individual nodes and the form of their model representation by disponibile com

putational modules. 

THEORETICAL 

The basis for the generation of the system of equations as the mathematical model 
of a whole complex system is the determination of a unique correspondence among 
equations/variables of individual modules so that it would be possible-to determine 
output variables of individual equations and control variables of the system when the 
optimization problem is concerned; - to solve uniquely in advance the subsystem 
of linear equations according to their output variables (so - called eliminated 
variables - first level of system decomposition) and to reduce the original system 
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by su bstitution for these variables; to perform the decomposition of the reduced 
system (in general a subsystem of nonlinear equations) and to determine the hierarchy 
and sequence of solution of the subsystems determined in this way; - to secure 
the very solution of individual subsystems of equations in the relation system -
module. 

The main carriers of information on system variables and their mutual relations 
are material streams between the nodes of the system (one of them can represent 
the vicinity of the system). But the material stream is an aggregated concept, individual 
elements of its characteristics are: number of phases, number of individual com
ponents in a phase, pressure, temperature or a characteristics of economic nature etc. 
Each of these characteristics can be a variable of the system , but they are coupled 
with characteristics of chemical,physical or mechanical phenomena within the node
so called internal variables of the module. The basic initial informations on the 
simulated system are concentrated: 

1) in the incidence matrix of nodes P = (Pij); i, j = 1, ... , Nu where Nu is the 
number o f nodes in the sys tem and where pjj = I( *,0), if there exists a material 
stream from the node j to the node j, this stream is denoted by the index I; otherwise 
there holds Pij = 0; 

2) in the matrix of coordination node/module U = (u jj) (i = 1,2; j = 1, .. . , N u), 
where u l.j = m means that to the node j is as a model representant coordinated 
the module m and where U 2 , j = 11, means that to the node j is the module m coordinat
ed in the Il-th rank (by the index of rank n is distinguished the multiple coordination 
of the same module m to several different nodes of the sys tem; differ..ing level of inci
dence of the node affects in the module the basic parameters of its mathematical 
model as the number of equations, number of variables etc.); 

3) in the matrix of streams R = (rjj)(i = I, ... , NT; j = 1, . .. , Ns; NTi s the number 
of informations concerning the stream and Ns is the number of streams in the system; 
out of informations on stream character we are interested first of all in the occurrence 
of individual phases in the stream. where rjj = 1 if the i-th phase appears in the stream 
j, otherwise I'jj = 0; i = 1 solid phase, i = 2 liquid phase, i = 3 gaseous phase ; 
r 4j pressure, rSj temperature (the problem of immiscible liquid for the given node 
can be considered as some of basic combinations of the heterogeneous mixture - e.g. 

lighter liquid as gas etc.) 

When generating the system of equations of the simulated system we proceed 
along individual nodes in the direction of natural growth of their index. After calling 
the corresponding module according to the matrix U the basic parameters of its 
model are determined, i.e.: number of variables Nm ,n, total number of equations 
Lm,n, number of linear equations Mm,n. As any node of the complex system in its 
basic process or organisation function represents (or might be formally adapted 

Collection Czechoslovak Chern. Commun. [Vol. 48] [1983] 



Equationally Oriented Global Simulation of Complex Systems 2307 

so that it would represent) a mixer (several inputs - one output), or splitter (one 
input - several outputs), or flow system (one input - one output), it is possible 
to state general rules for hierarchy of variables of material streams and of internal 
module variables: 

1) hierarchy of streams - input streams in the sequence of indices of nodes as 
their sources, output streams in the sequence of indices of nodes as their receivers; 
2) hierarchy of phases - solid phase, liquid phase, gaseous phase; 3) hierarchy 
of components - sequence of indices of components is fixed and cannot be changed; 
4) internal variables of the module with fixed sequence. 

Otherwise there holds the rule that the mathematical model of a module must 
be, with regards to the number of components and incidences among individual 
nodes of the system, quite general and its dimension can be uniquelly determined 
on informations of matrices P and R. Unlike the phases the presence of all compo
nents in e<lch stream of the system is formally assumed. This has an undisputed 
advantage in generality, the disadvantage of a certain clumsiness at calculation of the 
stream branches in which some components do not appear by definition, can be 
removed by arranging the indices of components into certain separable sequences 
with individual number of components. The assumption is the representation of such 
branches by an independent subset of equations which must result also from the 
following decomposition. Uncomplete sequences of indices of components are not 
hindering the current indexing of equations and variables of the system. Individual 
stream branches will consider only components according to separate index sequences 
which are coordinated to the branches according to the instruction of the special 
node - separator with a purely organisation function. Separable sequence of indices 
of components is thus given by the interval on the set of integers ( ik1 , ik2 ) where k 
is the index of sequence, ikl is the first and ik2 the last index of the sequence and 
i k 2 - ikl + 1 is the number of components in the k-th stream branch. The values 
ikl and i k2 are given in the form of data in the corresponding module with the res
pected numerical rank of coordination to the mentioned organisation nodes - sepa
rators of branches and in the form of given general principles of hierarchy of material 
streams. 

All bonds among equations and variables of individual nodes/modules and the 
whole system (by the node/module bond the representation of the node by a module 
in its certain coordination is understood)are included in the so-called characteristic 
matrices of equations and variables. Fundamentally the correspondence among 
indices of modular equations F(Y) = 0 and system equation J(X) = 0 and modular 
variables Y and system variables X form these matrices. The characteristic matrix 
of equations 1X(5, L) = (C(ki) (k = 1, . . . , N KE, where NKE = 5 is the number of in-
formations on equation and i = 1, . . . , L where L is the total number of equations 
in the system) includes these informations on equation: 1) index of the node in whose 
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module the equation is located; 2) index of equation in the module at the given co

ordination; 3) type of equation - linear (ex =l= 0) of nonlinear (ex = 0); 4) system 

index of the output variable of the equation; 5) index of subsystem to which the equa

tion belongs (only in case of nonlinear equation, i.e. for ex = 0). 

Information 3) for linear equations gives the numerical order of equation (index 

of row) in the matrix of coefficients and the vector of constants. The generation 

of the set of equations itself concern only the informations 1), 2) and 3). Informations 

4) and 5) are the results of the following decomposition of the system. It is obvious 

that the relation euqation-node is for each equation unique. With variables is the 

situation slightly different. When the variables represent a component of internal 

material stream then it must necessarily appear in modules of two and only of two 

different nodes - first as the output and second as the input variable. Only variables 

of external material streams (i .e. of the streams from the vicinity into the node of the 

system and vice versa) and internal variables of the module are variables of one model. 

The characteristic matric of variables fJ(6,N) = (/3kj) (k = 1, ... , NKV where 

N KV = 6 is the number of informations on variable and j = ], ... , N, where N 
is the number of variables of the system) includes these informations on variables: 

1) index of the first node whose stream is represented by the variable or of that whose 

model contains the variable as the internal one; 2) modular index of variable see 

§ 1); 3) index of the second node whose stream is represented by the variable; 4) 

modular index of variable see § 3); 5) type of the variable-iterated (/3 = 0) or control 

one (/3 = 1); 6) index of subsystem to which the variable belongs (different from zero 

only with nonlinear iterated variables). 

In case the variable belongs to an external material stream or it is internal variable 

of a module the informations 3) and 4) in the matrix fJ equal to zero . Information 

5) is either given as data of the module or is together with the information 6) obtained 

at decomposition of the set of equations. 

The scheme of generation of set of equations or (which is the same) the construction 

of characteristic matrices of equations and variables describes the following algorithm. 

DATA: P = (PI.k); k = 1, ... , Nu, 1 = 1, ... ,Nu 

U = (Uw,k); \II = 1,2; k = 1, .. . , Nu 

R = (r w.J; w = 1,2, 3, .. " NT 

(NT is the number of informations on stream, Nc is the number of components , 

Nu number of nodes and Ns number of streams in the system; w = 1 solid phase, 

w = 2 liquid phase, W = 3 gaseous phase) 

0-+ k, N'. I.;, M' 
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Step A. k + I -+ k. If k > Nu, 'continue by Step H. 

1I1,k -+ Ill, 1I2.k -+ 11 . CALL MODULE l11(k, II). 

MODULE 111(k, 11): basing on informations of matrices P, R and quantity Nc 
determine, according to the general scheme of the module, the quantities: 
N Ol

•
n number of variables of the model Lm

, lI total number ofequations of the 
model and M I11

•
n number of linear equations of the model. 

For i = I , .. . , Lm.n, j = 1, ... , M Ol
, II and / = Mm ,n + 1, ... , LI11,II , perform : 

k -+ O:I,L' + i; i -+ 0:2 , L' + i; M' + j -+ 0:3,1.'+); 0 -+ 0:3,L '+ 1;0 -+ / , /, z. 

Step B, / + I -+ I. Jf / > N u, 0 -+ / , continue by Step E, 

lf Plk = 0, return to Step B, 

If I :j= t continue by Step C. 

o -+ 5, Continue by Step D. 

3 

Step C. Nc I (I rw,p", + I i'w ,PII")lp,,, *o -> s. 
w = 1 {I'} { I"< k} :p",, *o 

Step D. I r W, P'k -+ V. 
w = 1 

For all i = 1, ... , vNc and j = t + i perform: 1-+ Yl ,j; 5 + i -> YZ,j; 0/1-+ 
->Y3 ,j (the type of variable is given as data of the module) , 

t + vNc -> / , If z = 0, return to Step B, 

Step E. I + 1 -> / . If 1 > N u, continue by Step F, 

If Pkl = 0, return into Step E. 1 -> z; 

3 

Nc I I I'w ,p",lp" ,* o -+ s ; I rW , PkI -> v. 
w = 1 { I' < k) w = 1 

Return into Step D. 

Step F. If t = Nm ,n, continue by step G, 

For j = t + 1, . ,. , Nm ,n perform: 0 -> YI ,j, 0 -> YZ,j' 0/ ] -> Y3 ,j' 

Note: the auxiliary matrix Y is common for all modules, 

Step G, {t} <-> {j I (f33 ,J = k) n (f34 ,J = j); J = 1, "" N'}; {i} -> {j I j rj {t}} = 
= {i'} <-> i' = 1,2, ... , I1; Nm ,n - II -> Nm,n; k -> ~l,N' + i ' ; i -> f32.N'+i'; 

{i) { i) 

YI,i -> f33,N' + i'; YZ, i -> f34 ,N'+ i'; Y3, i -+ f3S,N' + i ' · 

According to the general prescription of the module the modular occurrence 
matrices (occurrence of modular variables in modular equations), modular matrices 
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of coefficients and vector of constants of linear equations in auxiliary common 
matrices y, /) and vector ware constructed. The basis are the informations of system 
matrices P and R. 

{i} ~ i = 1, ... , Lm,n; {I} ~ I = 1, ... , Mm,n; {j} ~ j = 1, ... , NOl,n. 

J = Z; + i; K = M' + I 

1 ~ J ~ N' + NOl,n I (PI,J = k) n (131+ l,J = j); t = 1 or 3 

Yij -t q IJ (construction of system occurrence matrix Q = (q u»; 
.9 1j -t aKJ(construction of system matric of coefficients of linear equations A = 

= (aKJ»; 
WI -t CK (construction of system vector constants of linear equations 

C = (cK»; 
N' + Nm,n -t N'; Z; + Lm,n -t .e; M' + Mm,n -+ M' . 

Return to Step A, 

Step H. N' -t N (the number of variables of the system set of equations); 
.e -t L( the total number of equations of the system set); 
M' -t M (the number of linear equations of the system set). STOP 

The system set of equations is represented by the characteristic matrices of equa
tions Cl , variables 13, matrix of coefficients of linear equations A and vector of constants 
of linear equations C. The concrete form of nonlinear eqations t~, gi~en in a a general 
form in the corresponding modules. The decomposition of the sy~tem set is based 
on the occurrence matrix Q. ' 

The CALL scheme for the equation fl(X) = 0 is 

I -t (Xl,1 : k -+ Ul,k = m 

UZ,k = 11 

The CALL scheme for the variable XJ is 

J -t Pl,J : k' -+ Ul,k' = m' 

t U2,k' =-~-
resp. X J ~ Yp:,~n' 

P3,J: k" -+ U1,k" = m" 

U 2'k" = n" 

Collection Czechoslovak Chern. Commun. [Vol. 48J [1983J 



Equationally Oriented Global Simulation of Complex Systems 2311 

If the I-th equation of the system set is a linear one its coefficients and constant are 
the elements aal, . ,) and ca l ,. of the matrix A and the vector C. 

EXAMPLE 

Here is considered generation of the set of equations for simulation of a process 
which forms a system with seven technological nodes, twelve material streams and 
three components in three phases. There are 6 modules for the model description 
of the system: homogeneous mixer (m = 1); heterogeneous mixer (m = 2); chemical 
reactor (m = 3); homogeneou s separator (m = 4); heterogeneous separator m = 5; 
vicinity of the system (input of raw material and output of product) (111 = G). 
Modules are coordinated to individual nodes (Nu = 7) in the order 

1234567 

U = I f6 235134 
2 1 I I I I I 2 I 

Illcidence matrix of nodes P and the matrix of streams R have the form 

2 3 4 5 6 7 I 2 3 4 5 6 7 8 9 10 II 

h:1 R = I 
2 111 11 I I 

~ I 
12 

61 
7 1 9 10 II 

General models of considered modules are: 

Homogeneous Mixer (m = 1) 

12 

Model of the homogeneous mixer is formed by balance equations of components 
regardless of phases, so that LI ,n = MI,n = N c· The number of model variables 
is given by the relation N1 ,n = Nc(N~,n + 1), where 

N~ ,n = L 1 ; {i'} +-+ {i I PiI( =1= O} 
Ii'} 

{i} +-+ i = 1, "., N u , k: UI,k = m, U 2 ,k = n 

is the number of input streams into the mixer and Pik is the element of incidence 
matric of nodes P. With regard to the accepted hierarchy of components and streams 
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each equation of the model has a general form 

NSI,n 

FJ ,n(y) I Y(w-I)N c + j - YN c Ns"n + j =0; j = 1, .. . , Nc 
w = I 

The variables with indices 1, , .. , N cN i,n correspond to components of input streams, 
(w - 1) Nc + j is the index of j-th component in w-th input stream and NcNi,n + j 
is the index of j-th component in the output stream. The occurrence matrix of variables 
in equations of the module Q1 ,n(L1 ,n, N 1 ,n) has its general element 

I,n _ {I if I = (w - 1) Nc + j; 
qjl - 0 otherwise 

w = 1, ... , N~,n + 1 ; 

Similarly the matrix of coefficients of linear equations is formed by general elements 

if / = (u - 1) Nc + j ; 
if I = NcN~,n + j; 
otherwise 

1/ = 1, ',., N~ , n 

All elements of the vector of constant cJ,n are equal to zero, 

Homogeneous mixer is a special case of heterogeneous mixer for single-phase 
flows. 

H eterogeneotls Mixer (Ill = 2) 

Model of the heterogeneous mixer is formed by balance equations of components 
in individual phases. Here it is assumed that at mixing of streams mass transfer 
among phases does not take place. The number of equations is L2

,n = M 2
,n = 

3 

= Nc I I'W,Pkk ' where k' is the index of the node into which the output stream from 
w=1 3 

the mixer enters. The total number of module variables is N 2 ,n = Nc I (I I'W,P! ' k + 
w=1 (i '} 

+ I'W .Pkk' ) ; {i'} ...... {i I Pik =l= O}; U} ...... i = 1, .. . , Nu; k: uJ,k = m, U 2 ,k = n 

Construction of equations of the model - the balance of /-th component in j-th 
phase: 

{i'} => {ji '} ...... ji' = 1,2, .. . , N~:~ = II; 
(i'} 

3 

tPo = 0; tP j ! ' = tP j !,_1 + Nc I I'W,P!'k; 
w=l 

3 

j = 1,2, ... , I I'W ,Pkk'; 1= 1, ... ,Nc ; 1'0,0 = 0; aU, I) = U-l)Nc + I; 
w = 1 
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j 

/3h ,(j, I, i') = (<1>jl ' -1 + Nc I r w - 1 ,P, 'k + I) rj,p" k (! *' 0) ; 
w = 1 

N II ,k2 ,n 

F~(j~I)(Y) = I Y {lw(j,I,j ' ) - Y10, 1) = 0 , 
j,, = 1 

The variable with the index /3J, ' (j, I, i') corresponds to the I-th component in the 
j-th phase of the input stream (i ', k), which is thejj'-thinput stream in the numerical 
order. The variable with the index y (j, I) corresponds to the l-th component in the 
j-th phase of the output stream. When constructing the equations of the heterogene
ous mixer model we have to keep in mind lhat the phase is made superior over the 
component, i.e. that the index I takes all its values for the given j continuollsly. Oc
currence matrix of variables in equations Q2 .n(I3 ·11 3, N 2

•
n

) has the generally defined 

element 

2,n _ {I if v = /3j" (j, I, i ')(! *' 0) or v = y (j , I) ; 
q.O,I ),. - 0 otherwise. 

An element of the matrix A2
,n is defined as 

} 

1 
2.11 

a.(j , l),. = -~ 

v = 1, ... , N 2
,n 

if v = /3j" (j, I, i') (! *' 0) ; 
if v = y (j, I) ; 
otherwise. 

All elements of vector c2
,n, i.e. c~('j", l )' have their values equal to zero. 

Reactor (m = 3) 

Model of the reactor of our illustrative example is considered only in a special form 

of a set of nonlinear algebraic equations 
3 

F~ , I1(Y) = 0; i = 1, .. . , Nc 2:>j,Pkk ' ; 

3 

L3
,n = Nc I rj.p"k' ; 

j= I 

M3 ,n = 0; 
3 

j= I 

N 3
,n = Nc I (rj,Pk"k + rj,Pkk') , 

j=l 

where the stream (kif, k) is the input one and (k, k') is the output stream of the reactor. 
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3 

The variable s with indices j = 1, "" Nc L rj ,Pk" k correspond to the components 
)=1 

of the inpu t stream of the reactor and the variables with indices 

3 3 

j = Nc I rj,Pk"k + 1 •.• " Nc I (rj,Pk"k + I'j,Pkk') 
j=1 j= 1 

correspond to the components of its output stream, The occurrence matrix is fully 
occupied by nonzero elements. 

Homogeneous Separator (m = 4) 

Here 

N:,n = I 1 {if} ~ {i I Pkl =F O} ; 
(i'J 

{i} ~ i = 1, .. " Nu ; k: U l ,k = m, U2'k = n 

is the number of output streams from the separator. 

If NJ + i is the index of i-th component in j-th output stream Nc(N:,n + 1) + j is 
the index of separation ratio of the j-th output stream and i is .tbe, index of i-th 
component in the input stream, then the model of the separator is formed by equations 

and 

NS 4.n 

F1,n(y) = L YNc(Ns.,n+ll+) - 1 = 0 
j= I 

i = 1, .. " N c ; j = 1, .. " N: ,n , 

For the elements of the occurrence matrix there holds 

4 n {I if v = Nc(N:· n + 1) + j; 
q I:V = 0 otherwise; 

{

I 
4,n _ 

qU-llNc+ i +I,v - 0 

if v=Nc(N:·n +1)+j or 
v = NJ + i; 
otherwise. 

v = i, or 
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Similarly 

a4 .n _ {01 if v = Nc(Nt ·
n 

+ 1) + j ; 
l,v -

otherwise; 

ci·n = -1. 

Heterogeneous Separator (m = 5) 

The function of heterogeneous separator rests in the separation of some or of all 

phases of the input stream. 
3 

I/> = L rW,Pk ' k 
w=l 

is the number of phases in the input stream (k', k) into the separator; L5
•
n = M 5

•
n = 

= <jJNc; N 5 ,n = 2 <jJNc. Index of variable - component of input stream is (j - 1) . 

. Nc + i. Index of variable - component of output stream is (I/> + j - 1) Nc + i 

j = 1, ... , cP ; i = 1, ... , Nc 

The occurrence matrix Q5.n(V·n, N 5.n) is defined as 

5,n _ {1 if v = w or v = I/>Nc + W 
qwv - 0 otherwise. 

The matrix of coefficients of linear equations AS ,n: 

{ 

1 if v = W' 

a 5
•
n = -1 if v = rfJN + W' w~ C , 

o otherwise. 

The elements of the vector of constants cJ ,n are equal to zero. 

The Vicinit y of the System (m = 6) 

Here are indexed only the components of input and output streams, i.e. input from 
the vicinity and output to the vicinity of the complex system. 

There holds L7 ,n = M 7 ,n = 0 and N 7
,n = rfJN c, where 

3 

rfJ = L (IeW.P1'k + I>w.Pk1") {i'l ~ {i I Pik 9= o} , 
w=1 Ii '} {i "} 

Collection Czechoslovak Chern. Commun . [Vol. 48] [1983] 



2316 Vrba: 

{i"} <-+{ilpki=l=O}; {i}<-+i=I, ... ,Nu ; ul .k=m, u2,Jr.=n). 

The Generation of the System Set of Equations 

z; = M' = N' = 0; k = 0 . 

1 -+ k : Node 1 

ct> : i' = 4, 7; i" = 2, 5 

3 

U 1 ,I = 6 -+ m 

U2,I = 1 -+ n 
--------------------------

L6
, n = 0 (the matrix IX is not considered) 

ct> = Nc I [(rW,P4.1 + I"W,P7,1) + (l"w ,PI, 2 + I"W,PI ,,)] = 5 
w=1 

N 6 ,1 = 3 x 5 = 15 = N6,I 

I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

r = 1 444777222 
2 10 II 12 4 5 6 I 2 3 I 2 

r ~ P = 1 
2 

2 -+ k: Node 2 

tll,2 = 2 -+ m 

U 2 ,2 = 1 -+ n 

3 

000000000000000 

I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

11 III I 1 I 1 
3456789 10 II 12 13 
4777222 2 2 5 

1011 12 4 5 6 1 2 3 5 I 
0 0 0000000 0 0 0 0 

N' + N6,1 = 0 + 15 = 15 -+ N' 

z; = 0 

M' = 0 

3 3 

1 1 -., 

14 15 
5 
2 
0 0 

L2
,1 = M 2

,1 = Nc I r W ,P2,3. = Nc I "w,3 = 3(1 + 1 + 0) = 6 
w=1 .. =1 
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3 

N
2

•
1 = Nc I [(l'w.1 + "w. 5 + ,.".10) + (1'", .3)J = 18 

\\' :; 1 

i = 1, .. . , 6; j 1, ... , 6; {I) = empty set of indices (J!.I = M 2.1) 

I 2 3 4 5 6 

~ = ~ 1-~ ~ ~ ~-;;, 
123456 

123456 10 11 12 13 14 15 16 17 18 

1' = 1 I: 1 II II 
4 4 7 

- -------_. 

2 123456 13 14 15 7 1 4 

000000 0 0 0 0 0 0 0 0 0 0 

k ' < 2 --> 1'1 2 . 1 = 18 - 6 = 12 

k = 2: the second row and second column of matrix P are checked. According to the 

number of stream (k', k) or (k , k') number of phases in the stream is found in the 

matrix R. For k' < 2 (i .e. 1) from the already formed matrix ~ (by comparison of the 

first and third row) the modular indices of the variables of the node 1 are determined. 

Similarly for nodes 4 and 7. E.g. the variables of the stream (4,2) must by indices 

correspond to the variables of the stream (4,1). 

.. . 16 17 18 19 20 21 22 23 24 25 26 27 ... 

' ~ P ~ ~ I 
4 1 
5 I 

y = Q2 . 1 = 1 ! 
21 
21 
4 1 

5 I 
6: 

2 2 

10 11 12 

4 7 

13 14 15 8 

0 0 0 0 0 

23456789 

2 

13 14 15 16 17 18 

3 3 3 3 
I 

0 0 0 

10 11 12 13141516 17 18 

Matrix Q2 .n is constructed in agreement with the prescription according to the in

creasing I within the increasingj: i' = 1, 4,7; ji' = 1,2,3. 
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cl>o = 0 

3 

cI>, = cl>O + NC L r W,p, ,2 = 6 
w=1 

3 3 

cl>2 = cl>l + NC L r W ,P4,2 = 9 ((2, k') = (2,3) , L r W ,P2" = 2) = j = 1, 2 
w::;:l w=l 

3 

cl>3 = cl>2 + Nc L r W , P7 ,2 = 12 ((N~:D = 3) 

Similarly 

w=l 

7 8 9 10 II 12 16 17 18 19 20 21 22 23 24 25 26 27 . .. 

Q = I 

A = I 
2 

4 

78910 1112161718 192021 22 23 24 25 "26 · 27 ... 

-1 

- I 
- I 

- I 
- I 

cT = 1 

!O 0 0 0 0 

N' + Jil2 , l = 15 + 12 = 27 ~ N' 

~ + L2
, l = 0 + 6 = 6 ~ ~ 

M' + M 2
.' = 0 + 6 = 6 ~ M' . 
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3 -> k: Node 3 

1' = I 
2 
3 

U1,3 =3->111 

U 2 ,3 = 1 -> 11 

3 

e,l = Nc I rj,PJ ,. = 9 
j = 1 

3 

N
3

•
1 = Nc '[,(rj ,P2,J + rj,P3.J = 15 

j= 1 

7 8 9 10 II 12 13 14 15 ... 

~I 1- 3 3 3 
I 2 3 4 
000 0 

6 
o o 

6 7 8 9 10 II 12 13 

I l~ 
2 4 4 4 

14 15 16 17 18 1 2 3 4 7 

0 0 0 0 000 0 0 0 0 0 

k' < 3 -> 1'13
, 1 = 15 - 6 = 9 

14 15 

0 

28 29 30 3 1 32 33 34 35 36 ... 

l' -, p = I I 

!I 
10 II 12 13 14 15 
4 4 

I 4 5 6 7 9 

5 i 0 0 0 0 0 0 0 

From the full occupation of matrix Q 3,1 by nonzero elements results 

10 
II 
12 
13 
14 
15 

22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 ... 
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2320 Vrba: 

N' + Fp·1 = 27 + 9 = 36 -> N' 

6 + 9 = 15 -> .£.:1 

6 + 0 = 6 -> M' . 

4 -+ k: Node 4 

y = I 

2 

U 1 •4 = 5 -> 111 

U 2,4 = 1 -+ n 

3 3 

4> = I r W • PJ . 4 = I r w ,4 = 3 
w :::;; 1 w;;:; 1 

L5 •1 = M 5. 1 = 3 x 3 = 9 

N 5
•
1 = 2 x 3 x 3 = 18 

I () 17 18 19 20 21 22 23 24 .. . 

1X = 1 1 444444444 
2123456789 

7 8 9 10 II 12 13 14 15 

I 2 3 10 II 12 13 

3 3 3 I 
7 8 9 10 II 12 13 14 15 2 3 7 
000 0 0 0 0 0 0 0 0 0 0 

k' < 4 -> fil5.1 = 18 - 15 = 3 

37 38 39 

y-+P = I 4 
2 16 17 18 

5 

0 0 0 

15 16 17 18 

4 5 
0 0 __ 9 

2 3 4 6 7 8 9 10 II 12 13 14 15 16 17 18 

y= Q 5, 1 = I 

2 
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2 3 16 17 18 28 29 30 31 32 33 34 35 36 37 38 39 

Q = 16 
17 

18 
19 
20 
2 1 
22 
23 
24 

16 17 18 28 29 30 3 1 32 33 34 35 36 37 38 39 
------~,.--.-.. ------------------~-----

A = ~ 1 I 

10 
II 
12 
13 
14 
15 

5 -+ k: Node 5 

~ I 

~ I 

~ I 

- I 
- I 

7 8 9 10 II 12 13 14 15 

CT = roo<> 0 0 0 0 0 0 

N ' + R5.1 = 36 + 3 = 39 -+ N' 

15 + 9 = 24 -+ L: 

6 + 9 = 15 -+ M' . 

U I ,5 = 1 -+ In 

UZ,5 = 1 -+ 11 

LI , I = M I . I = 3 

i ' = 1, 4, 7 -+ N~ , I = 3 

NJ,I = 3(3 + 1) = 12. 

rx = 1 
2 

25 26 27 " . 
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I 
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2322 

6 ~ k: Node 6 

I 2 3 6 7 9 10 II 12 

Y = 1 111 4 4 6 6 
2 I 2 3 16 17 18 10 11 12 

000 0 0 0 0 0 0 0 0 0 

k' < 5 ~ Jill.l = 12 - 6 = 6 

y ->- P = 1 
2 

40 41 42 43 44 45 

10 11 12 

10 11 12 I 3 

o 000 0 

2345 6 789101112 

13 14 15 37 38 39 40 41 42 43 44 45 

->- Q = 
25

1
1 

26 
27 

13 14 15 37 38 39 40 41 42 43 44 45 

A = 16 r~-I 
17 
18 

-1 
- I 

16 17 18 ... 

C
T

= fOOD 
N' + Jill.l = 39 + 6 = 45 ~ N' 

L + V ·I = 24 + 3 = 27 ~ L 

M' + M I
•
1 = 15 + 3 = 18 ~ M'. 

U 1 .6 = 3 ~ m 

U2.6 = 2 ~ n 

L3
•
2 = 3·1 = 3 

M 3 •2 = 0 

N 3
,2 = 3(1 + 1) = 6 

- 1 

Vrba: 
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3 4 5 6 

5 7 7 7 
10 II 12 1 2 3 

o 0 0 0 0 
~ 

28 29 30 ... 

1 2 
o 0 

P = I 
2 

46 47 4!l 

7 

k' < 6 -> N3.2 = 6 - 3 = 3 1 2 3 
000 

7 -> k: Node 7 

Q = 
28

1 29 
30 

43 44 45 46 47 48 

N' + N3
•
2 = 45 + 3 = 48 -> N' 

r; + L3
•
2 = 27 + 3 = 30 -> r; 

M' + M 3 ,2 = 18 + 0 = 18 -> M' 

U! ,7 = 4 -> m 

U2 ,7 = 1 -> 11 

Nt ' ! = 3 

L4
,! = 3 x 3 + 1 = 10 

M4 ,! = 1 

N 4
,! = (3 + 1)3 + 3 = 15 

31 32 33 34 35 36 37 38 39 40 

~ = I 7 

2 4 6 10 
19 0 0 0 0 0 0 0 

123456 10 II 12 13 14 15 

y = ~ I 6 6 6 I I I 0 0 0 
45645610 II 12 7 0 0 0 

3 I 000000 0 0 0 0 0 0 0 0 0 

k' < 7 -> N4
.! = 15 - 12 = 3 
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y = Q4.1 = 

4 
5 
6 
7 
8 
9 . 

to ! 

49 50 51 

y ->p = I 7 7 7 
2 13 14 15 

0 0 0 
0 0 0 
0 0 0 

123456789 10 II 12 13 14 15 

y - Q = 31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

4 5 6 19 20 21 40 41 42 46 47 48 49 50 51 

I I 

49 50 51 

A = 19 1 1 1 1 

19 

CT = ... [-l 

I I 

I.; + L4
,1 = 30 + 10 = 40 --+ L (k = Nu = 7) 

N' + N4
, 1 = 48 + 3 = 51 --+ N} 

M' + M4
,1 = 18 + 1 = 19 --+ M 

Vrba: 

By application of the first phase of the decomposition algorithm 1 on the occurrence 
matrix Q the output variables of linear equations are determined . 

Index of Eq. i: 12345616171819202122232425262731 
Index of output variable C(4,i: 789 10 11 12 2 3 16 17 18 37 38 39 13 14 1549 

1 2 3 4 5 6 7 8 9 1011 12 13 1415 16 17 18 19 
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Equationally Oriented Global Simulation of Complex Systems 2325 

Let us remind that to the linear equations with the system index i in the matrix Q 
corresponds the index of the subsystem of linear equations i'X 3 •i in the ma trix of coef
ficients A; by a single solution of the linear subsystem the dependences (LSS) are 
obtained: 

XI = X28 

X2 = X 2 9 

X3 = X30 

-'7 -X1 6 + X22 = -'22 - X31 

X8 -X17 + X23 = X23 - X32 

X9 -XJ8 + X 24 = X24 - X33 

XJO = -X19 + .\25 

XII = -X20 + .\26 

X l2 = -X21 + X 27 

X I3 = -X34 - X40 + X 4 3 

X I 4 = -X35 - X41 + X44 

XIS = -X36 - X 42 + X45 

X 16 = X3J 

XI7=X32 

X I 8 = X33 

X37 = X34 

X38 = X35 

. X39 = X36 

-'49 = 1 - XSO - -'51 

By application of the second phase of decomposition algorithm I the following 

scheme of solution of the system of equations is obtained: 

LSS j 37 (34,) 38 (35,) 39 (36), 49 (50,51) - depends only on control 

equation i 7,8,9, 10,11, 12, 13, 14, 15 - i'XS,i = 1 
variables j 16 (31), 17 (32), 18 (33), 19, 20, 21, 28, 29, 30, 31, 32, 33, 34 (control), 

35 (control), 36 (control) - f36,i = 1 

LSS 1 (28),2 (29), 3 (30),7 (22,31),8 (23, 32),9 (24,33),10 (19,25),11 (20,26), 
12 (21,27), 16 (31), 17 (32), 18 (33) 

equation i 35 - i'Xs . = 2 
variables j 19 (kno~n), 46, 50 (control) - f36,i = 2 

equation i 36 - i'Xs,; = 3 
variables j 20 (known), 47, 50 (control) - f36,i = 3 
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2326 Vrba 

equation i 37 - O:S,i = 4 
variables j 21 (known), 48, 50 (control) - f36,j = 4 

equation i 32 - ctS,i = 5 
variables j 4,46 (known), 39 (50 - control, 51 - control) - f36,j = 5 

equation i 33 - O:S,i = 6 
variables j 5,47 (known), 49 (50 - control), 51 - control) - 136,] = 6 

equation i 34 - ctS,i = 7 
variables j 6,48 (known), 49 (50 - control, 51 - control) - f36,j = 7 

equation i 38 - ctS,i = 8 
variables j 40,46 (known), 51 (control) - f36,j = 8 

equation i 39 - ctS,i = 9 
variables j 41,47 (known), 51 (control) - f36,j = 9 

equation i 40 - ctS,i = 10 
variables j 42,48 (known), 51 (control) - f36,j = 10 

equation i 28,29, 30 - ct 5 i = 11 
variables j 43, 44,45,46 (known), 47 (known), 48 (known) - f36,j = 11 

LSS j 13 (34, 40, 43), 14 (35,41,44), 15 (36, 42, 45) 
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