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Wolfram Mathematica as an environment for

solving concave network transportation problems
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Abstract

In this work, we consider a transportation problem on a network
with concave cost functions and constrained flows on arcs and
expose an approach to its solving via Wolfram language algorithm
implementation in Wolfram Mathematica System. Our original
results are compared with results obtained by applying built-in
Wolfram Language functions on a family of test problems.
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1 Introduction

The concept of transport network may be used to model various economic
processes to obtain minimal cost programs for commodity transportation
from sources to destinations knowing the available quantities and demands.

We describe the problem of network transportation for which the
guantities of commodity transported through each arc is constrained both
from above and bottom, and the costs of transportation associated with arcs
are defined by linear-concave functions on arc flows.

2 Problem formulation
Let us consider the network transportation problem described by the graph:
=W,E),|[V|=n,|E| =m.

A real function of production and consumption g =V — R is defined on
the finite set of its vertices V. Linear-concave cost functions ¢, (x,) are
defined for each arc flows.

We need to determine such a flow x* that minimizes nonlinear
objective function F(x) = Y..cr @ (X,).
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2.1 Standard network

The quantity p(v,) of commodity available for the source v, coincides
with the required demand p(v;) of destination v, in commodity units.
It is required to solve the nonlinear optimization problem:
F(x") = minF(x),
where X is a set of admissible flows on  described by the following
system:
—p(v) V=79
x@- Y x@=1 0 V/wv)
e€ET (1) e€E- (V) p(v), V=1
with both non-negativity constraints and constraints on the transportation
capacities of arcs [(e) < x(e) < u(e), forall e € E.

2.2 Network with one source and several destinations

The quantity p(v,) of commodity available for the source v, coincides
with the required demand Y.,ey, p(v) for the destinations V; in commodity
units.
We need to solve the nonlinear optimization problem:
F(x™) = minF(x),

where X is a set of admissible flows on  described by the following

system:
~ ), v=v
x(e) — Z x(e) = VEV:
e€eEt(v) e€E~(v) 0, V/Vt\{vo}

p(v)' vE Vt
with both non-negativity constraints and constraints on the transportation
capacities of arcs [(e) < x(e) < u(e), foralle € E.
2.3 Network with several sources and destinations

The quantity Y,ey,p(v) of commodity available for the sources V;
coincides with the required demand ¢y, p(v) for the destinations V; in
commodity units.
We need to solve the nonlinear optimization problem:
F(x*) = minyey F(x),
where X is a set of admissible flows on G described by the following
system:
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(—Zp(v), vEV,

VEV:

x@©- Y x@={ 0 V/Vi\{u}

eeE*(v) e€EE~(v) Z p(U), vEV,
k VEV,
with both non-negativity constraints and constraints on the transportation
capacities of arcs [(e) < x(e) < u(e), foralle € E.

3 An algorithm and Wolfram Mathematica program

An original approach to solving the above problems is considered. It may
be exposed briefly by the means of the Wolfram language:

: 5
OV' — errs b »°
o, falzgl ) g folxel ﬁa-n’w[m]
o es el w
eq. flx] . e3, falxa]
A= In:idenceMatrix[ er K 9 ] i
4. fa]xa] es. falxg]
&, fal¥a]
A
©

{n, m} = Dimensions@A;

b = Table[{@, @}, n]; b[1, 1] = -1@; b[n, 1] = 1e;
X = Array[x, m] ;

1=91,1,1,1,1,1,1,1, 1,1, 1);

u = {12, 12, 14, 14, 14, 14, 12, 14, 12, 14, 14}
lu = Table[ {1[i]l, u[il}, {i, m}1;

¥=1{1,1,2,2,2,2,1, 2,1, 2, 2};
6=1{1,1,2,2,2,2,1, 2,1, 2, 2};

w51 x x = 8[[7]
flj_Integer, x_] := {YE[J']] 651 x> 6[51
e True
fli, x1/x x>@
fd[j_Integer, x_] i= {7[[;!‘]] x=9
e True

X1 = X8 = Values@FindInstance[{A.X = b[All, 1], X = @}, X] [1];
F@ = Sum[f[j, Xe[j11, {3, 1, m}];
1= -

i=0;
While[Not[ (Z1> F@) || (Z1 = FB&& X0 = X1)1,
Xe = X1; F@ = Sum[f[j, Xe[j11, {i, 1, m}1;
< = Table[fd[], Xe[j1], {i, 1, m}];
X1 = LinearProgramming[c, A, b, 1ul; 21 = Sum[<[§] X131, {3, 1, m}1;
Print[++i];
1
X1
Sum[¥[3, X1[301, (3, 1, m}]
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The above code is exposed for a particular example. But it may be used in
the same manner to solve any problem.

4 Conclusion

A series of tests were provided on different test problems to verify
efficiency of the approach and program. Our original results have been
compared with results obtained by applying built-in Wolfram Language
functions on a family of test problems. The approach, algorithm and
program proved to be more efficient than built-in Wolfram Mathematica
System functions which use numerical algorithms. Our approach, algorithm
and program give a more fast execution and solving time than built-in
Wolfram Mathematica symbolic functions and methods.
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