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A MULTITYPE CONCENTRATOR LOCATION PROBLEM
WITH A CHOICE OF TERMINAL COVERAGES

CHOONG Y. LEE, Kelce School of Business, Pittsburg State University, Pittsburg, KS 66762, U.8.A.

ABSTRACT

In recent years we have witnessed remurkable progress in the development of
the topological design of computer communication networks. One of the
important aspects of the topological design of computer communication
networks is:the concentrator locition problem. When system reliability and
availability are critical in computer communication networks, it may be
desirable to assign additional concentrators as backups to a terminal. The
extended version of the multitype concentrator location problem is considered
in whick various terminal coverages are allowed to improve reliability and
availability with a choice of concentrator type. This problem is a complex
combinatorial problem that belongs to the difficult class of NP-complete
problems where the computation of an optimal solution is_still a challenging
task. A decomposition-based algorithm is proposed. Computational results are
quite satisfactory and encouraging and show this algorithm to be both efficient
and effective.

) INTRODUCTION

The concentrator Location problems in computer communication networks have
attracted a substantial amount of research attention during the last decade [1,2,
6,14,26,28,31,33,36,39,40]. A typical system is often characterized by a three-
level hierarchy - terminals, "conceatrators”, and one CPU or central site. It
is assumed that the terminal locations ars known and that the CPU location is
also known, It is also assemed that the cost of connecting a terminal to a
concentrator, and the cost of concentrators are known. The concentrator
location problem -is the problem of determining the number and location of
concentrators ‘and allocating terminals among these concentrators without
violating capacities of concentrators while at the same time keeping costs at a
minimum. These concentrators can represent "office control units", which
serve to provide common- buffering and message handling for terminals at a
site.

In this paper, the extended vefsion of the classical concentrator lacation
problem is considered in which various terminal coverages are allowed to
improve reliability and availability with a choice of concentrator type. This is

- called a multitype concéntrator location problem with a choice of terminal
coverages. The analysis will be confined to a two-stage system (i.e., three-
level hierarchy) - ome central site, "concentrators”, and terminals. This
preblem invelves a network system with a choice of various types of
concentrators and a choice of varidus terminal coverages. This model allows
one to select a specific type of concentrator from among several standardized
types. Each concéntrator type offers u different capacity with different fixed
set-up.costs. Each términal has one or more concentrators assigned to it. In
the classical version of the problem, where each terminal is assigned to a single
concentrator site, 2 link (line) is set up from each termisal to each concentrator,
and the latter in tumn is connecied to the cenfral site. Under this scheme a
terminal can be cut off from the network it one or more of the following events
occur: the link from 4 terminal to its concentrator fails, the concentrator itself
fails, or the link from the concentrator to the central site fails. When system
reliability and availability are crucial in computer communication networks | it
may be desirable to assign additional concentrators to a terminal. In such a
network ecach terminal / will be assigned to £; (L, = 1 and integer)
concentrators, creating L, disjoint paths to the central site and thereby
substantially decreasing the probability that a terminal is not connected to the
central site. The choice of the value for L, for terminal { depend on how
critical it is that terminal 7 be connected to the central site. Typically a higher
valus of L; would indicate that the terminal is deemed more critical than &
terminal with a lower value.

LITERATURE REVIEW

The concentrator location problem is a well-known facility location problem of
both theoretical and practical interest [1,2,4,6,7,10,12-14,17,18,26-29,31,33.
36,39,40].  Virtually all of these models are (mixed) integer lincar
programming problems. The result is a complex combinatorial model which
belongs to the class of NP-complete problems [11]. Most of the algorithms
developed in the past have been based on either branch-and-bound techniques
with or without Lagrangean relaxatica [12,17,28,29,31,39] or heuristic
approaches [2,6,27,33,36,40].

Recently, several applications of Benders decomposition to computer
communication network problems have been proposed [12,15,23]. Benders
decomposition methods, or primal decomposition methods, exploit only the
primal structure of the problem. However, it has been observed that many
(mixed) integer programming problems have both easy-to-solve primal and dusl
subproblems. This motivates the development of ah algorithm based on cross
decomposition. Cross decomposition allows one to exploit both structures of
the primal and dual subproblems simultaneously.

The cross decomposition scheme has been successfully applied to many
combinatorial optimization problems during the last decade. The use of cross
decompdsition was first suggested by Van Roy [37]. The successful application
of this decomposition to the facility location problem by Van Roy [38] led to
its use in a number of problems. Various location problems [16,
20,21,22,24,38,41], a véhicls routing problein [32], and a distributed computer
system design problem [23] are only 2 few of the problems to which cross
decomposition has been applied.

MODEL DESCRIPTION

The multitype concentrator location problem with varicus terminal coverages
is a concentrator location problem with a choice of concentrator types and
terminal coverages. The number of terminals and their locations are assumed
to be known, User demand requirsments and terminal coverages are also
assumed to be given. The potential concentrator locations and the capacity of
each concentrator ars also known. Each terminal can be connected to any one
of the concentrators for its primary coverage, to any other concentrator for its

- secondary coverage, and so on. The problem is to determine for every

potential concentrator location, whether to open a coaceatrator or not, and in
case a concentrator is open, which terminals will have it as their primary
concentrator, which ones will have it-as their secondary conceitrator, and so
on, without violating capacities of concentrators at 2 minimum cost.

The following notation will be used in the model:

= index set of terminal locations; f € 1,

= index set of potential concentrator locations; j e J,

= index set-of standardized concentrator types; k ¢ K,

index set of the number of concentrators to be assigned to
terminal i; l e L,

cost of assigning terminal { to the concentrator at § as the Ith
_concentrator,

cost of operating a unit of condentrator capacity at

site f, ’

amgunt of concentrator capacity required to support
terminal { if the concentrator at site § is designed as

the %th concentrator for that terminal 7,

fixed cost of lovdting @ cokiteiittator type k at site f,
maximum capacity of the concentrator type & at site j,

1 if j is the {th concentrator site for terminal /,

[ Bl

I~
I

0 otherwise,
i if a concentrator typs k is located at site j,

0 otherwise,

The problem can be described more specifically as follows: Given a set of
terminals i € I, select a subset of possible conceatrator sites f e J, where the
capacity of a concentrator type k at node j, by, can be chosen from among {by:
k ¢ K}, and assign terminals to these concentrators with various terminal
coverages allowed so as to minimize the cost of locating concentrators and
assigning terminals. Terminals can also be assigned directly to the central site,
which can be considered as a distinguished concentrator. Each terminal is
assigned to at least one concentrators depending on the required coverage. The
mathematical formulation is presented as follows: .

Min  ELE ¢;X;, + LLE aXi + EL £, Y, 1
il v ijlmiahl il ijk jk [¢))

ST. EXy =1 viel,vlel, @
] .
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LY, =1 Vel 3
FIE aXy £ E by Yy viel h
Linear configusation constraints on Y's [&))]
Xg = 01 Yiel,wiel wlel, )
Y, = 0 viel vkeK 2!

The first component of the objective function represents the cost af the
assignments of terminals to concentrators, The second component capiures
operating costs that are directly related to the size of the concentrator requirsd
to serve terminals, and the third component is & fixed set-up cost of establishing
concentrators; it is assumed to be independent of the cancentralor size. For the
sake of generality, the above model presents concentrator requirements for each
terminal as a; implying that the capacity consumption for the {th assipnment for
terminal 7 may be dependent on the concentrator the terminal is assizned to.
The ay, parameters which express the capacity demand for the various "backup®
concentrators could be estimated as a function of the probability of failure of
the links from terminal / to concentrators, the probability of failure of the
concentrators themselves, the probability of failure of the link from the
concentrator to the central site, and alsc of the durations of these fajlures.

Constraint set (2) ensures that each terminal is assigned I, concentrators.
Constraint set (3) assures that at most one type be selecled for each
concentrator site j. Constraint set (4) ensures that the total capucity required
by all terminals assigned to each concentrator does not exceed its capacity,
Linear configuration constraint set (5) can be used to impose d variety of
requirements. Constraint sets (6) and (7) enforces the intsgrality conditions on
the decision variables,

For convenience, the linear configuration constraint set (5) is ignored from now
on. Consequently, the model can be rewritten as the following problem P:
P

Moo,y FFF oo + EEF mayXy + FE Y, (8
5.T. JE X =1 viel, vleli (9
E Y =1 Vjel (10}
IEagu-EbuY, <0 vjel {1

DECOMPOSITION OF THE PROBLEM
As mentioned earlier the model presented in the previous section belongs to the
class of NP-complete problems [11]). Development of an effective solution
algorithm for this model depends on being able to exploit its special structure.

Resource-directive decomposition (Primnal or Benders decomposition)

The primal subprablem, denoted Ly SPy, is obtained by fixing in the problem
P the variables Y, to either 0 or 1:

8P,

Yins,y FFF o * manXy =

5T. ;: Xy =1 viel,vlel, (13)
Ez gXy < E biY, Vel (14)

For this problem several efficient solution methods exist [3,5,35]. To
datermine the values Y, to be used in SPy, the Benders master problem MP,
must be solved:

ME,
yiz, s
ST. W- JJ:E (fe- DYy = FEd VIeTy (16)
jE Yy, =1 Vel {17

where Ty, is the index set of all dual feasible basic solutions (4, i) of 8Py and
#y and p; correspond to the constraint sets (9) and (11). The constraints indexed
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by 1 ¢ Ty, are called Benders or primal cuts,
Price-directive decomposition (Dual decomposition or Lagrangean relaxation)

The generalized upper hownd constraint set (9) and the concentralor location
constraint set (10) represent the dua] structure which can be explaited, for
insfance, via a Lagrangesn reluxation |9] with respect to the capacity constraint
sel (113, In other words, the dual subproblem, denoted SD,, ts obtained by
fixing in the problem P the dual variable ; corresponding to the constraint set

an:

S
E:I\g[:i‘?=0‘l IE]EIE (ey + may + Xy + FE (ty - ,uih“}\"JL (18)
S.T. ;E Xip = 1 Viel vlel, 19)
‘x'dl = E Yy Wiel, ¥Wiel, wlel, (20
LY, £ Viel @1
ff bYy = FJEF ay 22)

Note that the generalized upper bound constraint set (20), which requires that
no terminals be assigned to the closed nodes {i.e. nodes without concentrators),
is added. This constraint set (20) is redundant to the problam P, but this
additional constraint set feads to a tighter formulation which resuits in a more
successful application of the Lagrangean relaxation.  Also, the surrogate
constraint set (22) is included in the dual subproblem, 3D,. This surrogale
constraint set {22) enforces the solution of the dual subprob[em SD,, to meet
the feasibility condition that the total capacity requu-ed by all 1crm.mals should
not exceed the total capacity of concentrators in the system.

The dual subproblem, SD,,, takes the form of an ordinery uncapacitated facility
location problem if the swrrogate constraint set (22) is not included.
Erlenkotter’s dual-based solution method (8] is known to be & most powerful
technique. Now associating the dual variables vy, wy, and = with the constraint
sets (19), (20), and (22) respectively, and by letting

wy = max { 0, v, - {c; + may + pa IJl)}
the following condensed dual of the linear programming relaxation of §D,,
DSD,, can be obtained:;

”

bsp;
Max EF o+ (EE;J T (23)
i i
ST. IRwy = fi-byr viel,vke K 4
by unrestricted in sign viel, vlel, {25)
Tz (26)

where £, = f, - uby, for ¥j e and vk € K. Once 7 is given, the abave dual
problem, DSD}‘, can be reduced to a condensed dusl of a relaxed linear
program of an ordinary uncapacitated facility [ocation problem for which the
dual-based selution method is directly applicable. Therefore, the solution
method consists of two phases: the first phase determines the value of 7 which
satisfies the surrogate constraint set (22), and the second phase applies the dual-
based method with the given w. The first phase is similar to a binary-type
search of Van Roy [38], which is based on the property, due to ths constraint
set (24), that the number of concentrators increases as 7 increases. Once T is
obtained from the first phase, the size of the resulting uncapucitated facility
location problem is substantially reduced to & facility location problem with the
fixed 1dCl11t)' capacity by the following transformation: If mijn {f,} < 0 for
some j, then Y, is fixed to 1 where h = arg mjn {f]k} Otherwise, set f

min {f; - kar} for all j and eliminate row k ¢ ¥‘K \k* } for each j from the
constraint set (24) where k' = arg "’1? {Fy - by} for each j. :

The price p; can be determined by the solution of a dual master problem,

or Lagrangean master problem, MD,:

MD,
Max 8 2
neh 27

S.T. 5- F (ERagXieL by = TEE (e +mag)Xy, + IF Y5

ik

vie Ty, (28)
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where T, is the index set of feasihle solutions (X, Y) of SD,. The

constraints t e Ty, ars called dual cuts,
CROSS DECOMPOSITION

{n the previous section two subproblems with spesial structures were derived.
Price-dirsctive decomposition (Lagrangean or Dantzig-Wolfe decomposition)
creates a subproblem that takes advantage of the special strusture of the
ordinary uncapacitated facility location problem. Resource-directive
decomposition (Benders decomposition) exploits another special structure of the
generalized assignment problem. The difficult parts of both cases are the
solutions to the master problems. However, as Van Roy [37] shows, the primal
subproblem SPy and the dual subproblem 8D, are relaxed master problems for
each other. Although the subproblems 5Py, and 8D, are master problems for
each other, it does not follow that the problem P can be solved just by
alternating between both subproblems. ' For example, the algorithm would never
be able to terminate if the Lagrangsan relaxation has a nonzero duality gap, and
as in the simplsx method cycling may oceur if no precautions are taken {sven
if the Lagrangean relaxation has no duality gap). Therefore convergence tests
" are needed. Convergence tests in the proposed solution algorithm below
prevent the algorithm from cycling, and from solving the primal muster
. problem at each iteration.

Solution Procedure

A cruss decompcsition—based algorithm for a multitype concentrator Iocation
problem with a choice uf various terminal coverages is now given in summary
form;

Step 1) Initialization. Get initial values of the dual variables, u®.

. Betk=0. .

Step 2) Set k = k+1, solve the dual subproblem, SD,, with the given dual
variables, ™", The primal solution achieved is X™ and Y™, and the
optimal ohjective function value will give a lower bound on the
objective function ‘value of problem P. Perform an optimality test: if
‘the upper and the lower bounds cn the cb_]ectwe functicn are close
enough, then stop: the latest saved sclution is close enough to the
optimum to be regarded as optimal; if not, continue,

Step 3) Perform convergence test 1: test whether Y™ can lead to a better

‘ soluticn in the Beénders subproble.m That is, if
}31% (fi - o) Yy + FF oz VY

where V, denotes the current best (or incumbent) upper bound, then go
ta step 4; it not, go to step 6. )

Step 4) Solve Benders subproblem, SPy ;, with the given primal solution, Y®.
The primal solution is a feasible solution, and will be saved as a
candidate for the optimum of the master problem. The objective
function value is conssquently an upper bound for the final optimal
objective function valus. The dual solution achieved is %, Perform

the optimality test as above.
Step 5) Perform convergence test 2: check whether x™ can lead to a better
solution in the dual subproblem. . That is, if
E (SZ:ELE,IXIj1 -L bjk&"“);‘aJ + EEE (S + 10 Xy, -+ JEE BYL =V,
where Vy denotes the current best {or incumbent) lower bound, then
‘g0 to step 2; if not, go to step 6. . . .
Step 6) Solve one of the master problems. If convergence test [ fails, the
pnmal master problem, MP,, is solved. It will give a primal solution,
Y™, that satisties convergence test 1, and also a lower bound on the
objective function valus. Perform the optimality test. Go to step 4.
_If convergence ‘test 2 ta:ls the, dual master problem MDy is solved.
Tt will give a dual soluhon ,u“" that satistiss convergence test 2, and
" also an upper bound on the objer.twe function value. The primal
solution is primal feasible’ and is savedl. Perform the optimality test.
‘Go to step 2. ' )

COMPUTATIONAL RESULTS .

The proposed algorithm was coded in FORTRAN-77 and experiments were
performed ustng an 1BM 309 Model 200 E. The main constituents of the
program are the tollowing four subroutines: (1) an efficient procédure for
solving the generalized assignment subproblem [351, (2) a dual-based procedure
for the Lagrangean subproblem, which is obtained by slightly moditying that
of Van Roy [38), {3) a revised simplex method for the dual master problem,
and (4) an implicit enumeration method for the primal master problem.
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In vrder to evaluate the performance of the algorithm, a set of computational
experiments were performed.  The data used in these experiments were
generated to conform o the primary, secondary, tertiary, ete. The parameters
L, were randomly selected with equal probability for all the integers between
| and cither 2, 3, or 5. The primary capacity réguirernent i, was drawn from
a uniform distribution between 10 and 20. The other capacity requirements a;;,
Hys Byq 800 g5, iF needed, were fixed at 0.30, 0.20, 0.10, and 0.05 times the
value of a, respectively. Fixed cost, fi, were randomly generated via a
uniform distribution on the interval (1000, 10000], and variable costs, both ¢y
and my, were also randomly generated via a uniform distribution on the interval
{50, 500], and [5, 10], respectively. The maximum capacity of concentrator,
by, was set by 100%(k -+ 1) for the type k.

Table | displays summarized information for a set of test problems by
comparing the CPU execution times, in seconds, neaded to solve problems
optimally by ‘the proposed cross decomposition algorithm (CD), by the
embedded Benders decomposition algorithm (BEN) [20], and by the branch-
and-bound algorithm (B&R) [34] on an IBM 3090 Modsl 200E. Unfortunately,
no published compuitational resulis for the probled: P are available for purposes
of comparison. However, it can be concluded that the performance.of the
proposed algofithm is quite satisfactory and encouraging considering the CPU
times with the embedded Benders decomposition algorithm. = Benders
decomposition algorithm is generally known as one of the most efficient and
powerful method for the class of large-scale (mixed) integer programming
problems in facility focation problem [19,20,25,30].

Table 1
Summarized Comparisons of Optimal CPU times
No [T /[T K[/ L] CD BEN B&B
1 20 35 1.24 120 6.38
2 20 5 2 2 1.60 242  8.06
3 0 5 3 2 2,37 292 1153
4 20 5 3 3 192 290 12.11
5 30 05 2 1 2.43  2.63 1151
@ 30 5 2 2 2.68  3.09 15.17
7 305 3 2 2.61  3.42  20.12
8 0 5 3 3 2,95  3.74 .22.38
9 40 5 2 1 344 509 27.25
10 0 5 2 2 3.27  4.44 25.86
1 40 5 3 2 3.8¢  5.96 130.05
12 0 5 3 3 3.62 521 26.39
13 40 10 3 2 539 8.4 42.63
14 40 10 3 3 675 1019 5352
is 40 10 5 13 6.81 11.33 51.61
16 4 10 5 5 793 1259  64.47
17 50 5 2 1 6.61 1095 $7.13
18 50 5 2 2 7.37 1246 6572
19 50 5 3 2 8.24 15.87 63.15
20 5005 3 3 7.68 15.31 6170
21 50 10 3 2 9.13  15.86 77.81
22 50 10 3 3 8.87 17.19 70.54
23 50 10 5 3 8.49  14.93 8232
24 50 10 5 5 9.77 16.60 89.71
25 50 20 3 2 12.57 2431 11553
26 50 20 3 3 13.84 2148 121.47
27 50 20 5 3 13.05  25.57 112.63
28 50 2 5 5 13.68  25.12 129.24
29 75 10 3 2 2296 4577 183.86
30 75 10 3 3 24.18. 4035 >>
31 75 10 5 3 2841 4861 >>
12 75 105 .5 2719 5087 >3
33 75 20 3 2 27.83 4345 >
34 75 20 3 3 30.66 52.57. >>
35 75 20 5 3 33.79 5418 >>
36 75 20 5 5 3725 5847 >>
37 100 10 3 1 56.37 08.16 >>
38 100 10 3 2 _59.12 11585 >>
39 00 10 5 1 5436 97.67 >>
40 100 10 5 2 62.49 12330  >>

> > indicates CPU time exceeds 200 seconds..

No = problem number.
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/3K L) = number of terminals/aumber of potential concentrator
) locations/mumber of concentralor types/oumber of
terminal coverage al termina! i.
CD = CPU time nesded by the proposed cross decomposition algorithm (in
seconds).
BEN = CPU time needed by the embedded Benders algorithm {in seconds},
B&B = CPU time needed by the branch-and-bound algorithm (in seconds).

The CPU time needed to solve the problems of this size by the proposed
algorithm js less than 63 seconds. Thus, the algorithim solves problems of
practical sizes in a reasonable amount of time. From Table 1, it is apparent
that the CPU time using the proposed algorithm is substantially less than that
by the embedded Benders decomposition alporithm and by the branch-and-
bound algorithm. 1t can be concluded that the performance of the proposed
algorithm is quite satisfaclory and encouraging considering the comparison of
CPU times with the above related alternatives allheugh no other published
computational results for problem P are available.

For all the problems solved, tight lower and upper hounds were obtained with
a small gap in just a few iterations of the proposad algorithm. Consequently,
for large size problems, a truncated algorithm can be used as a heuristic that
produces not only a feasibie solution, but also a confidence interval to measure
the quality of the solution. Table 2 supports the truncated algorithm as an
effective heuristic algorithm. In Table 2 the results for problems with up to
200 terminals and 30 potential concentrator locations are displayed. A total of
320 problems were solved {I0 problems for each dimension). They were
arranged into groups of 10 where all problams in a group were generated with
the same structure in order to achieve a reasonalile level of confidence about
the performance of the procedure on that problem structure. When the gap
between upper and lower bounds obtained from both subproblems remains
persistent zfter a certain number of iterations, the proposed algorithm is
truncated. This truncated algorithm is called the CD heuristic. For each group
of problems the minimum, mean, and maximom gap values are reported. The
average CPU times are also reported. The accuracy measure of percentage gap
between the best primal and the best dual bound obtained when the algorithm
is truncated, ie., [(UR - LB)/JB] X 100 % , is also given to represent the
effectiveness of the heuristic. The gap between the best primal feasible solution
value (upper bornd) and the best dual feasiblz solution value {lower bound) is
used to judge the quality of fhe algorithm, The average number of concentra-
tors opened are also reported. These results indicate that the truncated
algorithm is effective in solving large size problems, with mean gaps less than
3% which is reasonably acceptable.

Table 2

Summarized Performance of the Proposed Algorithm

Problem Size  Percentage gap between Mean CPU Average no. of

the upper and the lower  time concenlrators

bound (in seconds)  opened
{I]/[J]4|K]/|L|  Min. Mean Max.

10010 3 3 0.17 138 2.53 31.4% 6.2

5 0.12 1.87 3.62 39.74 7.8

53 029 179 3.66 56.38 8.3

5 0.32  1.85 4,10 63.27 8.4

10020 3 3 0.38 148 263 55.35 11.8

5 0.22 087 273 68.62 14.7

5 3 039 099 266 79.83 16.2

5 0.44 2,17 3.33 81.78 18.1

15016 3 3 013 0.76 1.29 54.31 5.3

5 0.04 1.22 347 60.74 6.1

5 3 0,72 209 4.32 69,87 &.8

5 053 142 375 75.26 7.5

15020 3 3 1.23 L.e4  2.76 73.49 11.0

5 1.45  2.65 3.73 81.506 13.2

5 3 053 139 3.8l 88.32 13.9

5 095 114 244 101.48 16.6

15030 3 3 0.86 270 5.87 128.53 17.2

5 0.65 1.99 436 159,66 22.1

513 Q.77 229 478 188.71 20.4

5 0.84 258 2.83 204.24 24.8

20010 3 3 0.64 1.80 3.31 98.76 5.2

5 0.71 220 3.55 114.37 5.9
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5 13 h75 189 39 129.58 6.5

5 0.83 303  4.49 143,76 7.4

20020 3 3 [.80 2.34 5.89 139.42 10.5
5 0.83 1.03 2,49 156.75 12.7

53 0.62 216 2.8 179.22 2.6

3 0.63 2.05 385 198.48 14.3

20030 3 3 072 2.02 547 215.73 17.5
5 037  1.79 3.1 271,85 22.4

5 3 0.48 1.01 3.83 285.16 23.3

5 071 205 475 325.39 25.7

CONCLUSION

A multitype capacitated concentrator location problem with a choice of various
terminal coverages can be formulated as an integer linear programming
problem. The cross decomposition method can be applied to solve this problem
because both the primal and dual subproblems are relatively easy to solve, and
both subproblems quickly converge. Computational results clearly support the
notion that the proposed decomposition-based algorithm is u very effective
method of finding hoth an aptimal and a near-optimal solution. It outperforms,
in the execution time, the (embedded) Benders decomposition algorithm by very
large margins. Thess results oceur hecause the cross decomposition algorithm
maintains a special structure in both the pritmal and dual subproblems and
exploits these special structures. The algorithm solves prablems of practical
sizes in acceptable times, Therefore, the implementation of this algorithm
provides flexible means to model concentrator location problems in computer
communication networks.
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