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(Two Techniques and a Method for Large Nonlinear Multicommodity
Network Flow Problems )
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Abstract

We present a sparse-block-matrix
technique based method for solving
nonlinear multicommodity network flow
problems with large commodities. Our
method combines a well-known projected
quasi-Newton (PQN) method
dual projected pseudo quasi-Newton
(DPPQN) method, which solves the dual

and a
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problem of the quadratic subproblems
induced in the PQN method. In the
framework of PQN method, there is a
sparse block-two-element matrix
property residing in the dual quadratic
subproblem, and the dual function can be
formulated as a scaled projection problem.
To exploit these two characteristics, we
propose: a sparse-block-matrix technique
and an n-iteration scaled projection
to further

computational efficiency of DPPQN

technique enhance the
method, especially in the case of large
commodities. We demonstrate the
efficiency of the DPPQN method
embedded with the two new techniques
by ccmparing with a previously
developed efficient algorithm. Test results
show that the

outperforms the previously developed

proposed method

method in the case of large commodities.

Keywords: Nonlinear multicommodit
network flow, sparse matrix

technique, projection, dual
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Nonlinear multicommodity network
flow problem (NMNFP) with capacity
constraints is a recurring network flow
problem and has important applications in
transportation networks, communication
distribution
systems, and routing in VLSI design.

networks,  multiproduct

This problem is formulated when one
send several different
commodities from their origins to their

wishes to

destinations along the arcs of a
capacitated network with a nonlinear
convex objective function formed by the
sum of all arc costs, because the
commodities interact when they flow on
the same limited-capacity arcs. NMNFPs
studied

operations researchers, system theoretists

has been extensively by
and engineers, computer scientists, and
others because of their wide applicability.

NMNFPs are typical
programming problems, and the NMNFP
solution techniques mostly originate from

convex

nonlinear programming algorithms that
are specialized to exploit the linear

constraint  structure with  various
approaches such as the feasible direction
approach, linear approximation

algorithms, the equilibration approach
reduced gradient method, dual-relaxation
method, projected Newton method,
truncated  quadratic = programming
algorithms. Recently, a computationally

very efficient method that combines

projected Jacobi (PJ) method with a dual
projected pseudo quasi-Newton (DPPQN) ‘
method to take advantage of the special
structure of the inequality constraints and
network sparsity was developed in [1].
This method, abbreviated ~as PIDQN
method, has achieved a dramatic speed-
up ratio for more than several hundred
times faster than a typical method for
NMNFPs as shown in [1].
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Considering a trend that the number
of commodities in networks is increasing,
the purdose of this paper is to deal with
NMNEFPs with large commodities.

Tc reserve the advantages of the
PJDQN method,
follow its framework to exploit the

our approach will

special structure of inequality constraints
of NMNFPs; however, we will use a
projected quasi-Newton (PQN) method
to replace the PJ method to improve the
convergence rate. The dual problem of
the quadratic subproblem induced in the
PQN method possesses a sparse block-
two-element matrix property, which is
especialiy eminent in NMNFPs with large
and has
exploited in any existing method. In fact,

commodities never been
it is this property that motivates us to
develop the proposed sparse-block-
matrix technique to further enhance the
computational efficiency of the DPPQN
method to solve the dual problem in the
case of arge commodities. Furthermore,

due to using the PQN method instead of



the PJ method, a scaled projection
problem rather than a projection problem
[1] is induced in the DPPQN method. To
deal with this scaled projection problem,
we propose an n-iteration scaled
projection technique [2].

Thus, the contribution of this project
is we propose two new techniques which
can be embedded in the DPPQN method
to incorporate with a PQN method for
solving NMNFPs with large commodities

efficiently.
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Table I. Comparison of out method with
the PJDQN method for solving NMNFPs
on the 6 x 6 network

No. of] Our method PJDON method  [Speed-
Commo [Objective |CPU times|Objective |CPU  times|up
dities  |values (t1)seconds [values (t2)seconds [ratio

3 1.378 | 0.59 | 1.378 | 0.55 10.93

6 ]:.193 1096 |3.193 ] 1.07 |1.15

9 15629 | 134 [ 5629 | 1.66 |1.24

12 [7.123 | 1.56 | 7.123 | 2.37 [1.52

15 1037 | 781 {9.037 | 3.00 |1.66

18 |11.861| 252 [11.861{ 5.12 [2.03

Table 1. Comparison of our method with
the PJDQN method for solving NMNFPs
onthe 7 x 7 network

No. of] Our method PJDON method  |Speed-
Commo |Obsective |CPU times|Objective  |CPU timesjup
dities  |values (te): ds |values (t2)seconds |ratio

3 113771092 | 1337 | 0.77 |0.84

6 [2.89% | 1.26 | 2.896 | 1.63 |1.29

9 [4544 ] 166 | 4544 | 281 |1.69

12 5955 [ 2.15 | 5955 | 3.93 [1.83

15 17457 ) 292 { 7.457 | 5.80 199

18 [9.004 | 3.27 [ 9.004 | 7.75 12.37

Table II. Comparison of our method with
the PJDQN method for solving NMNFPs
on the 8x8 network

No. off _Ourmethod PIDON method  |Speed-
Commo |Objsctive  [CPU times|Objective  [CPU  times|up
dities  fvalues (t1)seconds |values (t2)seconds jratio

3 1377 | 142 | 1377 | 1.14 |0.80

6 [2812 | 228 | 2.812 | 3.01 |[1.58

9 14156 | 1.90 [ 4156 | 3.84 |1.68

12 15757 | 3.17 { 5757 | 6.19 |[1.95

15 | 7347 | 422 | 7374 | 8.88 [2.10

18 18972 | 6.09 | 8972 | 14.48 |2.37

Table II. Comparison of our method with
the PJDIQN method for solving NMNFPs
onthe 9x9 network

No. of] Our method PIDQN method  {Speed-
Commo |Objective [CPU times|Objective  JCPU  times|up
dities  |values (t1)seconds {values (t2)seconds [ratio

3 1376 | 205 | 1.376 | 1.95 [0.95

6 12945 | 284 | 2945 ] 3.92 |1.38

9 14595 ] 3.15 | 4595 | 457 |1.45

12 15929 | 483 [ 5929 | 890 |1.84

15 17.356 | 593 | 7.356 | 14.93 |{2.52

18 | 8681 | 74 | 8681 | 21.17 [2.86
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