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1. Introduction

The problemof amultiobjective Tlow in anetwork (MNF) is formulated as fol lows:
LetanetworkG={N, A, T}begiven,whereN={1, 2, ..., n}isthesetof itsnodes,
the node I=s being a source and the node n=t — a sink of the flow fand A={(1, J):
i, j eN}isasetofmarcs. The function fdefinedon thesetAiscalledaflovinGand
F={f,;: (i, J) €A}. Eachof thearcs (i, j)<Aisassignedkinnumber parametersa,;,
I €l , called“prices”. Aflow is searched for under these conditions satisfying the

conditios (O)-(@).
(€)) MNF : minA () =X a,/'f;;
) D<A
TRINAMD =X a)F, ;
D<A
(¢24) max v
under the constraints (3) and (4) defining the set Fof the feasible solutions
(€) > f, - f {Vrrlf oy
—>F. =90,1fizs,t,
jeN Y jele -v, ifiFt.
@ 0<f,<c,, (i, i) eA

The parameter c,; isthe upper bound of the flowvalue along thearc (i, j) €A.

The objective functions (1) are mutual ly excluding inthe general case, which
means that there does not exista flovwhichminimizes all the functions simultaneously,
suchacase is trivial and rtisnotfurther discussed.

Usual ly the approaches of multiobjective programing require solvingof a
sequence (or of one) of the single objective problemswith additional criteria. The
matrixof constraintshonever isof specificstructure, as it isforthe floas innetworks,
thenthisstructure isviolatedand thedirect application of the efficient flovmethods
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isinpossible.

The paper describes three adaptations of simplexmethods real izing the separate
support and alteration of the bases of the flowand additional constraintsand thus
allowing the use of the advantages of the structure of the flovconstraints matrix.

The assunption that the rank of the matrix| alj1| of the objective functionsisof
dimension kxm is k, where k <m-n+3 is common for the algorithms described.

2.1. Let thescalarizing problembe definedas fol loas:
SIMNF: max 2 g,

cel,

A +2,= A(F),
€,20,
TfeF, f*cF.
It isappropriate toapply inthis case the adaptation of the decompositionmethod
of Dantzig-\Wol T, whichconsists of the fol loving:
F i1s represented as a convex combination of g in number extremal points
, R, ..., . Theycanbedefined solving the probllem:
min Zau_lfij ;atfeF.
(. 0)eA

under the constraints

Thenf=> A" Fi;> A1=1.
icl
q
The main programof the problem iswritten inthe form:
GMNF: max X €,

ielk
under the constraints:
() 2 (XaPFEDAM+e =A(F),pel, .
let, G,pJeA” PP )
©® >a=1.

GMNF is a linear programming problemwith k rows and a rank, equal tokalso.
The number of the problem columns is equal to the number of the extremal points of
the set Fwhich could be very large. The modified simplexmethod is applied to solve
i't. The estimation of each out-of-basis column of the problem is done solving the
optimization singlecriterion problemfor minimal flow inthe network:

a*=min X (X-m )T,
(7) @, J)eA Ielq
feF,
wherern, , l e l,,are Lagrangemultipliers, correspondingtothe rons (5).-
Let o beal agrangemultiplier corresponding tothe rov (6) - ITitissatisfied that
a*<o then replacement is accanplished in the basis and the iterationdescribed is
repeated, otherwise th nondominated solutionwhich is searched for, isfound.

2.2. Incasenomaximal ity of theflow isrequired, i.e., thecriterion(2) isnot included,
is isgppropriate tosolve scalarizing problemsbui Itonthe basis of theglobal crirterion
method.

Let S2VNF be a problem for minimization of the distance upto any reference
point:
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S2MNF: min o
under the constraints
A (D) -o/l/w,<A™*, i€l ;
feF,
Yw,=1, ©,>0, a>0.
The numbers w, areveighting coefficients reflecting tre priorityof thecriteria

A®.-

The additional arcs (s, t) and (t, s) are constructed in the network G, forwhich
c.=c M, Misasufficiently large number. The network obtained is denoted by G*=
{N, A*, T} where | A*| = m+2. The problem S2UNF takes the form:

S2MNF - min f_,
under the constraints
JeN jell\l
f 10,
0<f,;<c;., @, ) €A,
Xalf, T <A, lel.
@G.DeA
It isproved in [3] that the basis solution of such a problem corresponds to the
covering treeof thegraph {N, A*}, the nurber of thearcsbeingn-1, pluskarcs, which
form together with the arcs of this tree independent cycles c,, pel,.- Thecyclesare
independent inthis sense that each one of themcontains at least onearc, notbelonging
to theremainingcycles. Thevalue
Gp (AI) :z Sij aijl £l
@.)ec,
isdefined for eachcycle, wheree,; =1 or-1dependingon thiswhether thearc (i, j) is
director inversewith respect toan apriori selected directionof movementalong the
ode

>f, - Xf, =0,

-It is proved that the rank of the matrix o, ADlLlel,pel_ . isk.
The setof constraints of problem S2VNF is assigned the set of constraints
o, (A) T, +c,(A) T, +... +o (A) T° <A* ,
®
o, (A) T +o,(A) Fo,+... +o (A) TO <A* .

where T°, isaflowalong the correspondingcycle;, .

For eachbasis solution of the problemthe arcs (s, ©) ad (t, s) are included into
thebasis and the optimal ity conditions are checked by the systemof constraints (7) , and
iftheyarenot satisfiedaneighbouringbasis solution isdefined.

2_3. Thescalarizing flowproblem S3WNF defined by the method of e—constraints, looks
lie

S3MNF: min Ap(f)

A<, , 1el, izp;
feF.
The rankof the constraintsmatrix (9) isk-1. Not limiting the considerationsarea,
p =k is assumed.
The probllem for an optimal flovunder additional 1inear constraints of the flow
along the network arcs is investigated in[4]. It is proved that itsbasis solution

under the constraints
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corresponds to a covering tree plus k-1 arcs more, formingwith the treearcs k-1
oriented pathsand cycles, denotedbelowas i, pel, ;- Theestimation of eachout-
of-basisarc (r, g) isrealized, omputlngﬁ\eprloecfmepamorqzcle which it forms
together withthebesis treearcs. Incasethisprice isdenotedby A(, ) it isfoundwith
the help of the formula

Al =20, A1)

1el

k-1

where
AI(M za_l
rq) (ﬁeu.q
and},, Il _, ,arelagrange resolvingnultipliers forthe respective basissolutionof
the problem
minA, ()
under the constraints
M) T +AQ) T+ A ) T <
«©“o«o
Q) i M) T AR ) < -
3. Conclusion

The first of the methods descr ibed Finds anon-dominated solution of the problemset
asa linear convex carbination of solutions of single dbjective flowproblems. Inthe
thirdmethod increase of the flow isappl ied along paths formed by the arcs correspond-
ing to the basis solution and it can be categorized as ananal og of the method of the
minimal paths in the single objective flow problem. The second one of the methods
propased changes the flowvalong the cycles, created by the basis solutionarcsand has
also itsanalog inthesingledbjectivecase.
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MeTombl OnipenelieHM A Helle TEPMVHUPOBAHHEIX PElleHUN
IUIA MyJIb TUKPUTEPUAJIEHOM CETEBOM [IOTOKOBON 3aaul

Mapmuana IDxejiaToBa

MHCTUTY'T MHYOPMALIMOHHEIX TexXHOoJI0Twi, 1113 Codrmsa

(PesoMme)

ViccnenyeTcs 3anada MyJlb TUKPUTEPMAJIEHOT'O CETEBOT'O [TIOTOKA . [[pelICTaBRIIeHE
TPM METOHa OIPEelesIEHM S HETOMYHMPOBAHHEIX PEIEHWM 3anaun. [[epBEIT M3 HUX
COOTBETCTBYET INEKOMIIO3ULIMOHHOMY MeTony JaHunra—Bonsda . BTopoi 1 TpeTit
ABJIANTCS ClIeluMdrKalMaMy IEPBUUYHOTO CUMIJIEKC—METOZa M COOTBETCTBYIOT
[IOTOKOBBEIM METOJIAM HET'@ TUBHBIX LIMKJIOB U MYHYMAJILHOW Ty THU .
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