ALGORITHMS AND DATA STRUCTURES FOR CONSTRUCTION OF
THE VECTOR OF VARIATION OF CO-FLOW FOR A DUAL
GENERALIZED NON-HOMOGENEOUS NETWORK FLOW

PROGRAMMING PROBLEM
L. A Pilipchuk, T. S. Vishnevetskaskaya., I. K. Zhurak

Belarusian State University, Department of Applied Mathematics and Computer Science
4, Nezalezhnosti Ave., Minsk, 220030, Belarus

e-mail: pilipchuk{@bsu.by, t.vish{@mail.ru, izhurak@gmail com

Abstract: In this paper we introduce the algorithm for
construction of a vector of variation of co-flow which is
used in a dual method for solving nor-homogenious gene-
ralized network flow programming probiem. The algo-
rithm is based on decomposition of the system and the
network characteristics of the support. We provide information
about data structures which can be used for the algorithm im-
plementation and allow having linear computational complexity
for the algorithm.
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Let us consider the dual non-homogenious network flow
prograrmming problems with an interconnection of arc flows
[2]. Let §S=\,U } be a finite oriented connecied network,

where I is the set of nodes and I/ is the set of arcs,
Ugix,{ll<x,|Ujcw). We also introduce a con-

nected network S* = {(’(,fjk }, I' = I,(yf* c U/, each
comesponding to some flow type (product) k e K,[K| <.
Lt K()=lfkeK:iel*) K@, j)=
={keK:(i,j)" EU“}J (i, jyel. The elements of

iefl,

every network have the following characteristics:
d, = (d;.k € K,(i, j)} is the vector of capasities of the

w () eU, Kiij) =kek,j):Gnel}};

d;’ is the overall capasity of the arc (i, j) e U/, U, c U,

Uy— a given set, Zx;Sdg, (1,))el,
kekyli )

Kot /) = K DAK G ) [KG () > 1

let us detemmne iIncrement of the potentials

Mt =(aul il A, p=1g,A8, (i, el

k€ K, where q is a number of additional constraints which
provide an interconnection of arc flows [2]. Similar to [2] we
introduce the support for generalized rmulti network.

Consider the following linear system;

I
A8} = Auf - piAut + Y Arar, =0, (O
p=l

(i, N eUNUL ke K\K,,
(i, ) e U\, j,)" UU ke Ky;

{
A&; = aufu - y,fAufn + Zl’i‘p LA, =
p=l

Tofa

signa, ecin (iﬂ,jo)EU;;

—A¢, +signa, ecmn (iy, j,y e Uy ke K

i
K ALk ko, k & _
ASS = Auf —pfAut + Y AFAr, = =AE,,
p=1
(1,_}') € U‘ \(IOJ.}O)
where (fo,jo)k - an arc not satisfying the optimum crite-

rion [2]; p.'; ~ coefficients of arc flow transformation. Let

us introduce the algorithm for solving the system (1} based on
decomposition of variables. Let us compute the vector

@=(Ar,, p= fj; A, (1, )) e U™}, components of

which satisfy the next system:
D'g = fsign(a). (2)
The right-hand side f = (f,.t = m) has the forn::
(8%, (5P s o) <L
andarc (iy, j,)* —adirectarc,
=8, 1 )" €L, o
and arc (i, j,)' —areverse arc

‘0, lf (‘fua.}'.u)JE EL:c:

Let us define matrix

D=(A",p=1gq,

Hr,p) =L1U, ), where matrix D has the size



g |Upg | and consists of determinants

Ao = S8, (r.p). where (5,0) €US\UL,
(1)) alt,
U¥ - the support of the network §* =(J*,U*), ke K

for systems of the special form [1].
In case of non-singularity of the matrix D, we find the

single-valued unknown  variables of the vector
p=(Ar,, p=115; AL, (,)eU’):
Q= (Arp’ P= D.; Aé:grs (i’j) < U‘):
4)

p=(D')" Bsign(a).

We obtain the system of » equations with # unknowns
concerning to the components of variation vector of the po-
tentials Au' for every fixed k € K. We solve the system

(1) in consideration of its sparseness using the network cha-
racteristics of the support [3]. At first, we compute unknown
components of the vector Au’ for every fixed k€ K for
the cyclic arcs. Next, we move, using basic operations for
collections of root trees [4], from the vertexes of the cycle to
hanging vertexes that correspond to support. For fixed
k € K we find the solution for each system with the com-

putational complexity for worst-case - ((n), where

n={i*| . the number of vertexes of the network
St = (1% UY).
Let us introduce data structures that we use for solving the
system (1):

s i) —reverse list of veriexes of dynastic round [4];

«  p[i] - the list of the parents for each vertex;

»  dfi] - the list of directions for arcs that are inciuded
1o the support U f ;

= g[i] - the list of vertexes of the cyclic arcs according
to fixed direction starting from the arbitrary vertex
of the cycle,

At first, we build the solution for the unknowns corres-
ponding to the vertexes of the cycle. Consider that we have
already computed the components of the vector .

Algorithm for solving the system (1) for unknown compo-
nents of the vector Au*, for fixed & € K , corresponding to
the vertexes of the cycle:

1) Put X, =0 for the unknown Au:l”;

2) Starting from the vertex g[1} and moving to the
last vertex of the list g[i], find the value of the
unknown Au’ém from the equation correspond-
ing to the are (g[i], gli+1]) if the direction of the

arcs (g[i], g[i+1]) and the fixed direction of the
eycle round are equal, and the arc (g[i+1], g{i]) if

the directions are unequal. At the last step, wef
build

the new value x, for the unknown du:m;

3) Caleulate the discrepancy W, according to they
formulay, = x; ~ X, 7
4) Put nf, =], Moving according to the rules des

ing in 2), find the new value X, for the un-J
knownAu:m. According to 3) find y; '

5) Compute x =—¥o__ which s the real ve
W~ ¥,

of the component Au:m;

6) According to the rules describing in 2), find thefll

real values for components of the vector Ay™

corresponding to the vertexes of the cycle. .

Thus, we build the values for componenis of the vecinlll
Au comresponding to the vertexes of the cycle with the com:

putational complexity ((3#n) where 1 - the number of ves

texes of the cycle. Now we substitute the {found component
to the system (1). Remaining unknowns of the vector Au'
for fixed k€ K, conceming to the veriexes for the arcs o

the support U (hat belong (o collections of root trees we

find according 10 the following algorithm.
Starting from the every vertex g[i] of the cycle and moving
according to the list t[i], find the real values A“r‘(n’ Contimg

until we solve all equations for the components correspond:
ing 10 root tree ares.
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