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Article abstract

In all-optical networks, several communications can be transmitted through the
same fiber link provided that they use different wavelengths. The MINIMUM
ALL-OPTICAL ROUTING problem (given a list of pairs of nodes standing for as
many point to point communication requests, assign to each request a route
along with a wavelength so as to minimize the overall number of assigned
wavelengths) has been paid a lot of attention and is known to be N P-hard. Rings,
trees and meshes have thus been investigated as specific networks, but leading to
just as many N P-hard problems.

This paper investigates 1-turn routings in meshes (paths are allowed one turn
only). We first show the MINIMUM LOAD 1-TURN ROUTING problem to be N
P-hard but 2-APX (more generally, the MINIMUM LOAD k-CHOICES ROUTING
problem is N P-hard but k-APX), then that the MINIMUM 1-TURN PATHS
COLOURING problem is 4-APX (more generally, any d-segmentable routing of
load L in a hypermesh of dimension d can be coloured with 2d(L—1)+1 colours at
most). >From there, we prove the MINIMUM ALL-OPTICAL 1-TURN ROUTING
problem to be APX.
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Approximable 1-Turn Routing Problems in All-Optical Mesh N etworks

Guillaume Bagan, Olivier Cogis and Jéréme Palaysi

LIRMM Laboratoire d'Informatique, de Robotique et de Microélecique de Montpellier 161 rue ADA, 34392 Montpellier
Cedex 5 - France

Abstract

In all-optical networks, several communications can besraitted through the same fiber link provided that they use
different wavelengths. The MINIMUM ALL-OPTICAL ROUTING®@Hkdem (given a list of pairs of nodes standing for as
many point to point communication requests, assign to eaghest a route along with a wavelength so as to minimize
the overall number of assigned wavelengths) has been paitiaf httention and is known to b¥P-hard. Rings, trees
and meshes have thus been investigated as specific netiwatksading to just as many/ P—hard problems.

This paper investigates 1-turn routings in meshes (patlesadiowed one turn only). We first show the MINIMUM
LOAD 1-TURN ROUTING problem to h&P-hard but 2-APX (more generally, the MINIMUM LOABCHOICES
ROUTING problem is\V‘P-hard butk-APX), then that the MINIMUM 1-TURN PATHS COLOURING probiem-APX
(more generally, anyi-segmentable routing of loaHl in a hypermesh of dimensiahcan be coloured witld(L —1)+1
colours at most). >From there, we prove the MINIMUM ALL-OBAL 1-TURN ROUTING problem to be APX.

Key words: minimum load routing, minimum path colouring, all-opticgaetworks, mesh, 1-turn routing, approximation
algorithms.

1. Introduction colour in such a way that no two paths using a common
edge bear the same colour, thas is turn the routing into

In optical networks, links are optical fibers. Wave- anall-opticall routing.
length Division Multiplexing (WDM) is a technique Given a communication instance, two natural op-
(see for instance [1]) that proposes to take advantage oftimization problems arise: find an all-optical routing
the huge optical fiber bandwidth by allocating a unique Which minimizes the overall number of colours assigned
frequency to each communication. Several communi- to paths, namely theinimum all-optical routing prob-
cations can simultaneously use the same fiber as longlém, and find an all-optical routing which minimizes
as their wavelengths are different, while no expensive the number of paths having to traverse a common edge,
wavelength conversion is needed when traversing nodes.namely theminimum load routing problem? . See fig-
ure 1 for an example. The minimum number of dis-
tinct colours is clearly an upper bound to the minimum
achievable load but the difference cannot be bounded by
a constant in general [3,4]. Note that if network nodes
are converters, that is if any path can change its colour
at any node, the minimum all-optical routing problem

In this context, networks are callel-optical net-
works They can be viewed as graphs awdnmunica-
tion requests as pairs of nodes. We catbmmunica-
tion instance any graph together with a family of com-
munication requests (a pair of nodes may appear more
than once in the family). Given some communication - .
. . . i reduces to the minimum load routing problem.
instance, thall-optical routing problem is then formu- : . . )
lated as: to each communication request assign some !t IS known that there is n@loglog /)"~ approxi-
path connecting its two nodes, that is findoating for mation for the unirected congestion minimization prob-

olylogn H
this instance, and to each of these paths, assign som em gnlessNP C ZPTIM_E(”p ! g_ _)’ where} is
the size of the graph andis any positive constant [5]

Email: Guillaume Bagan, [ghagan@info.unicaen.fr], Olivier ~(while, in the directed case, there is ntbg(log(n))-
Cogis [cogis@lirmm.fr], Jérdme Palaysi [palaysi@lirm.f approximation algorithm for this problem unless

! Present address: GREYC (Groupe de REcherche en Infor-
matique, Image, Automatique et Instrumentation de Caen) 2 This problem is can be formulated as an integer multicom-
Esplanade de la Paix, B.P. 5186, 14032 Caen Cedex - Francemodity flow problem (see for instance [2]).
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This paper is devoted to tradl-optical 1-turn rout-
ing problem, the restriction of the all-optical routing
problem in non directed meshes where routings are to
be made of paths which are allowed one change of di-
rection at most. These paths, which we @allirn paths
(see figure 2), are commonly used in meshes, see for
example [21,22].

It turns out that even so restricted, the minimum
all-optical 1-turn routing problem isv"’P-hard Actu-
ally, this result must have been known (for instance a
proof can be derived from [23] where communication
instances on rings are mapped on meshes), though it
seems not to have been published as such. None the
less, we provide a genuine proof and then prove the
minimum all-optical 1-turn routing problem to &P X
by providing an 8APXalgorithm (the best performance
guarantee with a constant ratio known to us up till now)
which follows straightforwardly from combiningPX
results for each of the two following steps, whdrés
some communication instance:
e step 1: compute some 1-turn routifyfor I
e step 2: assign colours to the pathsfdfo make it an

all-optical routing

Connecting these two steps, routing loads play a cen-
tral role. First, given some positive integerwhen each
request of a communication instance to the all-optical
problem is giverk paths from which its connecting path
NP C D— TIME(nCUosloglos(m))) [6]). The must be chosen, the minimum load routing problem
minimum all-optical routing problem isvP—hard in becomes theninimum load k-choices routing prob-
general, whether graphs are directed [7] or not [8,9,7]. |em. We show this problem to b&P—hardbutk-APX,
Moreover, restricted to directed graphs, the problem is from which follows that the minimum load 1-turn rout-
known to beNo-APX[10, corollary 3.1.5] (for more  ing problem is 2-APX. Then, we show that given the
about approximation theory see [11]). Focussing on paths of a routing of load,, one can colour these paths
specific network topologies, namely when networks into an all-optical routing using no more thadd — 3
are linear, rings, stars, spiders and trees of rings, makescolours (actually, this stems from a more general result
these problems range from polynomial A6P—hard, dealing with so-called direction segmentable routings
whetherAPXor not, these results sometimes depending in meshes of dimensiasintroduced in the appropriate
heavily on whether the graph is directed or not [12—17]. section), which leads to the 8-approximation algorithm
A more detailed summary can be found in [18]. mentioned above.

Meshesare networks with a grid pattern (nodes are ~ The sequel is organized as follows.
organized in rows and columns). A mesh with 6 rows e Section 2 is devoted to load routing problems, where
and 7 columns is shown in figure 2. Indeed, when the minimum load 1-turn routing problem is proved
all-optical networks are concerned, meshes have been to be 2APX
considered as real competitive solutions among cur- e Section 3 is devoted to the minimum path colouring

6 reque

oy
(©

Fig. 1. Figure (a) shows a communication instafic&igure
(b) and (c) show all-optical routing2, and R. resp. which
are solutions tal. R. is a minimum all-optical routing for
1, but R, is not (R, resp.R., makes use of 6 colours, resp.
5). On the other handR; is a minimum load routing fol
while R, is not (R, makes every link support 4 colourg,
makes linkzy support 5 colours).

Fig. 2. A mesh with 6 rows and 7 columns. Every path but
one is a 1-turn path (i.e. granted one change of direction at
most).

rent metropolitan topologies [10,19,20]. Restricted to
meshes, the minimum all-optical routing problem is
still A“P—hard [8]. To our knowledge, it is not known
whether it iSAPX (at least, if it isd-—APX then one must
haved > 2 [8]), and the best result is @oly(Inln N)
approximation algorithm on meshes®ix N nodes[9].

problem ind-dimensional meshes when restricted to
some special paths, yielding the minimum 1-turn path
colouring problem to be APX

e Section 4 is devoted to the all-optical 1-turn routing
problem, where the minimum all-optical 1-turn rout-
ing problem is then proved to beAPX



We conclude in section 5.

2. Load 1-turn routing problems

Given two positive integeré andk, the L-load k-
choices routing problem is the decision problem de-
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fined as follows:

instance: a communication instanceand to each re-
questr = {a, b} in I, the assignment of at most
paths joininga andb in the I network

question: is there a routing of load. for I such that
each request from [ is satisfied by a path assigned
tor ?
and we call accordingly the derived minimization

problem theminimum load k-choicesrouting problem.

2.1. The L-load 1-turn
completeness

routing problem ANP-

It turns out that thd.-load 1-turn routing problem is
in P when L = 1 and otherwise\P—complete Our
proofs refer to the celebrated SATISFIABILITY prob-
lem whose restriction as $ATis N'P—complete(for
instance, see [24, p. 39, p. 48]) while itsSATrestric-
tion is in P (for instance, see [25, p. 185]).

211.L=1

A straightforward reduction of the 1-load 2-choices
routing problem to 2SATyields the following:
Proposition 1 The 1-load 2-choices routing problem is
inP.

Proof: We reduce the 1-load 2-choices routing problem
to 2-SAT

AssumeR = {r;|1 < i < n} is the set of requests of
some instancé of a 1-load 2-choices routing problem
such thatP} and P} are the two paths assigned to the
requestr; for 1 < i < n. Using R as a set of boolean
variables, we defin€’ as the set of 2-clauses which, in
turn, are defined for each pdit, j} with 1 < i,j <mn,
according to three possible events:
e {-7;,—r;} whenP} and P/ share a common edge
e {r;,r;} whenPi and P} share a common edge
e {-r;,r;} when P} and P] share a common edge

Flg 3. LetC = {Cl, Cz, Cg, C4} with Ci = {:El,mg, ﬁIE:;},

Co = A{z1,23,~wa}, C3 = {x2,-x3,—24} and

Cy4 = {—x1,~x2,x4}. Figure (a) shows the communication
instancel associated withC' and figure (b) shows a 2—-load
1-turn routing solution td/. In figure (a) each “horizontal”
(resp. “vertical”) rectangle bears the two possible 1-paths
satisfying the communication request associated with dne o
the variablese, 2, zs and x4 (resp. to one of the literals
of clauses’:, Cs, C3 andCy, with vertical rectangles being
grouped according to the clause to which the literal thegdsta
for belongs). “Blocking requests” are depicted with dotted
lines.

from the fact that the set of clauséscan be computed
in polynomial time.

Noticing that there are at most two possible 1-turn
paths joining any two vertices in a mesh, the following
straightforwardly stems from proposition 1:

Corollary 2 The 1-load 1-turn routing problem is iR.

212.L>2
Theorem 3 TheL-load 1-turn routing problem ig/P—
complete forL > 2.

Proof: We reduce 3SATto the L-load 1-turn routing
problem. We assume = 2 (the proofis easily extended
for L > 2 by solely adding a convenient number of so-
called "blocking requests" as defined below).

Clearly the problem is ifWP. Using a reduction
of 3-SAT, we prove it to beN"P—completeLet C be
some instance of BATwith C = {¢1,c¢a,...cn}, @
set of 3-clauses over the set of boolean varialles
{@1, 22, ...vp }. L€t M[(21) % (2m+1)) DE the mesh whose
rows are numbered from 0 tn and whose columns
are numbered from O t&m + 1. Finally, let I be the
instance of the 2-load 1-turn routing problem defined

One can check that there is a solution to the 1-load as follows:

2-choices routing problem instance if and only if there
is a solution to the 2SATproblem instance associated

e to each variable;, we assign the request= {(2i—
1,0), (2i,2m + 1)}

with C' (for instance, one can associate assigning the e to each positive literal € ¢;, with I = x;, we assign

value true tor; with choosing pathP}). We conclude

the request; ; = {(0,25—1), (24, 25) } together with
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a so-called "blocking requestlk; ; = {(2¢,25 —
1), (24,27)}

e to each negative literal € ¢;, with [ = —z;, we
assign the request ; = {(0,2j — 1), (2i — 1,2j)}
together with a so-called "blocking requestt; ; =
{(20 — 1,25 — 1),(2i — 1,25)}

Then one can check that there is some truth assign-

ment satisfying”' if and only if there is a 2-load 1-turn

routing solution to/. We conclude by considering that
the instancd of L-load 1-turn routing problem associ-

ated withC' can be computed in polynomial time.

2.2. The minimum load 1-turn routing problem ap-
proximation

Clearly, theorem 3 yields the following:

Corollary 4 The minimum load 1-turn routing problem

is N'P—hard.

also, since restricting paths in a mesh to be 1-turn
paths turns routing problems into 2-choices routing

problems:
Corollary 5 The minimum loadk-choices routing
problem isAP—hard.

We now show this problem to be APX.
Theorem 6 The minimum loa&-choices routing prob-
lem isk-APX.

For every edgee of the networkG, let w(e) =

Y eer(p) Ty let mp denote the optimal value of,
J
and Ietwih be the optimal value ofr when relaxing,
forall 7,7,1 < i <n,1 < j <k, integer condition
z € {0,1} to real conditionz’ € [0,1]. Obviously
e < WIT\I'

For alli,j,1 < i < n,1 < j < k;, assumer’ to
be the value oﬁc;- in an optimal solution to the relaxed
linear programming problem and define :

bi 1if az» = maxi<p<k; al,
J 0 otherwise

(for a giveni, 1 < i < n, if more than oneb§ is equal
to 1, set all of them but one at 0).

i 1 . l ith
Now, asmaxi<;<k; a;- > e Iettlng Wi;\lgom ™ de-

note the load associated with thi ), <i<, 1< <k, SO-
lution yields the following :

algorithm * %
N PR OPR
N ™ R
We conclude by noting that the size of the linear pro-

gramming instance is polynomially related to the size
of the minimum loadk—choices routing instance.

Remark 7 One can show that the approximation anal-

Proof: The scheme of the proof is: define the problem ysis in the theorem above is tight [18].

as an integer linear programming problem, relax the

Restricting agairk—choices routings to 1-turn rout-

integer constraint, then round straightforwardly a real ings in meshes, theorem 6 yields the following.

optimal solution. Details are as follows.
Let I be some instance of the minimum load
choices routing problem. L&t = {r; }1<i<» be the set

of requests frond. To each request is associated a set
P; = {pi,p, ...,p}, } of k; feasible paths in the network

G, with k; < k. Selecting paﬂp;ﬁ to join end-nodes
of requestr; if and only if :c§ = 1 yields a one-to-one
mapping between routing solutions foand solutions

to the integer linear programming instance defined as:

ahe{0,1} foralli,j,1<i<n,1<j<k

ki
> ah=1foralli,1<i<n
j=1
z> Y forevery edge of the networkG
e€E(p})

objective: minimizez

Corollary 8 The minimum load 1-turn routing problem
is 2-APX.

The 2 approximation factor expressed in corollary 8
might be improved upon, but, applying the gap tech-
nigue (see [26] for instance) to theorem 3 with= 2
yields:

Corollary 9 If the minimum load 1-turn routing prob-
lem isd—APX for some constawt thend > 3/2.

3. The 1-turn paths colouring problem

Given some routing? solution to a given communi-
cation instancd, the conflict graph induced byR is
the graphGG whose nodes are the paths®f with two
paths being adjacent i&@ when they have at least one
edge in common.

Let d be an integer such that> 2 and letny, ns,

.. nq be non-negative integers. L&, xn,x...xny]
denote the hypermesh where, with< i, jr < ny for
all k € [1,d], nodesx = (i1, ...ig) andy = (j1,..-Jd)
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are adjacent iffi, = j, for all k& € [1,d] but one, say
k*, for which|ig- — ji«| = 1, the edgery being called
an edge of directionk*. A mesh of dimensiond is a
graph M isomorphic to such @/, xn,x...xn,), @and,
for k € [1,d], Ex(M) denotes the set of edges bf
which are of directiork.

Let P be a path in some hypermesh of dimension
d. If for all ¢ € [1,d] the setE;(G) N E(P) induces a
pathinM, thenP is said to be airection-segmentable
path. A routing in a hypermesh whose every path
is direction-segmentable is direction-segmentable
routing.
Lemma 10 If G is the conflict graph of some direction-
segmentable routing on a hypermesh of dimensidn
thenE(G) < d(L — 1)(n — £) wheren is the number

2
of vertices ofG and L is the load ofR.

Proof: Foreveryi € [1,d], letG; be the subgraph a¥
induced by conflicts which occur along directibanly,
and letL; be the maximum load on edges Bf(G).
ThenG; is an interval graph therefore a chordal graph
and therefore has a perfect elimination ordering[27,
pages 6 and 50]. It follows from there that the number
of edges of5; is less or equal tg, (k) = (k—1)(n—%)
wheren is the number of vertices af/; and k is the
maximum size of a clique. On the other haig, be-

ing an interval graph, any clique of maximum size in
G; is of size L;. Thus|E(G;)| < (L; — 1)(n — £2).
As f, (k) is a non-decreasing function whér< n and
asL; < Lforall i € [1,d], it follows that|E(G;)| <

(L —1)(n — %). One concludes the proof considering

that| E(G)| = X1 | Ei(G)].

Lemma 11 If G is the conflict graph of a direction-
segmentable routing on a hypermesh of dimensidn
one of the nodes af is of degree at mostd(L — 1),
whereL is the load ofR.

Proof: The average node degreetis 22(9) where
n is the number of vertices aff. One can conclude
from lemma 10.

Theorem 12 Any direction-segmentable routing in a
hypermesh of dimensiahican be coloured in polyno-
mial time using at mos2d(L — 1) + 1 colours, where
L is the routing load.

Proof: By induction on the numbenr of paths in the
routing R. The result is straightforward i, = 1. As
colouring the routing is equivalent to colouring the
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nodes of its conflict graph, let > 1 and letG be the
conflict graph induced byR. From lemma 11, some
nodep in G is of degree2d(L — 1) at most. LetR’ be
the routing obtained fronkk by suppressing the path
p, G’ be the conflict graph induced b, and L’ be
the load ofR’. By the induction hypothesig;’ can be
coloured using2d(L’ — 1) + 1 colours at most, thus
2d(L — 1) + 1 colours at most. Considering the degree
of p yields the result.

As an interesting special case, theorem 12 yields:
Corollary 13 Any 1-turn routing in a mesh can be
coloured in polynomial time using at most, — 3
colours, whereL is the routing load.

4. The all-optical 1-turn routing problem

Given some positive intege, let the k-all-optical
1-turn routing problem be the decision problem de-
fined as follows: given some communication instance
in a mesh, is there an all-optical 1-turn routing for this
instance which usek colours at most?

Theorem 14 For any k > 2, the k-all-optical 1-turn
routing problem is\“P—complete.

Proof: We take advantage of the proof of theorem 3
and we assumé = 2 (as for theorem 3, the proof is
easily extended té > 2). LetC be some instance of 3—
SATand let! be the communication instance associated
with C' in the proof of theorem 3. One can check that
1 can be satisfied using 2 colours if and only if there is
a 2-load 1-turn routing which satisfids that is, as in
the proof of theorem 3, if and only i’ is satisfiable.
Which leads to the conclusion.

Given a communication instandeand a 1-turn rout-
ing .S for this instance, letr(S), resp.w(S), denote
the load, resp. the number of colours, usedshysimi-
larly, letw(I), respw(I), denote the load of a minimum
load 1-turn routing forl, resp. the number of colours
used by a minimum all-optical 1-turn routing fér As
mentioned before, one hass) < w(S), and therefore
m(I) < w(I) as well.

Theorem 15 The minimum all-optical 1-turn routing
problem is 8—APX.

Proof: Let I be some communication instance whose
network is a mesh, lef be a routing for/ computed by

a 2-approximation minimum load 1-turn routing algo-
rithm whose existence is asserted by theorem 8, and let
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¢(S) be the number of colours used by a path colour- [4]
ing algorithm using at most x = (S) colours, whose
existence is asserted by theorem 13.
We then have(S) <4 x 7(S) <4 x 2xx(I), and
)

we conclude with the general inequality!) < w(I [5]

5. Conclusion

In general, the minimum all-optical routing problem [6]
and the minimum load routing problem are batfP—
hard, and it is not known whether they a®PX or
not, while the minimum path colouring problem is both
NP-hard and no-APX. Restricting these problems to
meshes does not change their complexity status. In this
paper, we restricted these three problems to 1-turn rout-
ings in meshes.

Regarding load routing problems, we proved fhe
load 1-turn routing problem to be i® whenL =1
and otherwisgv"P—completeand we provided a 2-APX
algorithm to solve the associated minimizing problem.

Regarding the minimum 1-turn path colouring prob-
lem, we proved it to bet-approximable, wherd. is
the load of the path family, which is an improvement
over several previous results known to us (namely,
8-approximation algorithms [28,22,29,21]). This re-
sult stems from a result expressed fdimension-
segmentable patia meshes of dimension d

Regarding the minimum all-optical 1-turn routing

[7]

(8]

[9]
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Matthew Andrews and Lisa Zhang. Hardness of the
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think the constant asserted in the 8-APX result (see the-
orem 15) can be improved upon.

Last, it is worth noting that, not surprisingly, some
results can be extended from meshes to tori.

References

[1] Bruno Beauquier, Jean-Claude Bermond, Luisa Gargano,
Pavol Hell, Stéphane Pérennes, and Ugo Vaccaro. Graph
problems arising from wavelength-routing in all-optical
networks. InProceedings of 2nd IEEE Workshop on
Optics and Computer SciencBeneva, Switzerland, apr
1997. IEEE Press. part of IPPS'97.

[2] Alexander Schrijver. Combinatorial Optimization
volume C ofAlgorithms and CombinatoricsSpringer,
2003.

[3] Alok Aggarwal, Amotz Bar-Noy, Don Coppersmith,
Rajiv Ramaswami, Baruch Schieber, and Sudan Madhu.
Efficient routing and scheduling algorithms for optical
networks. In ACM-SIAM, editorProceedings of the 5th
Annual ACM-SIAM Symposium on Discrete Algorithms
pages 412-423, Arlington, Virginia, USA, jan 1994.

[16] Gordon Wilfong and Peter Winkler.

[17] Christos Kaklamanis and Pino Persiano.
wavelength routing on directed fiber trees. Uacture

path coloring and call schedulin@heoretical Computer
Science 255:33-50, 2001.

[13] Prabhakar Raghavan and Eli Upfal. Efficient routing in

all-optical networks. InProceedings of the 26th ACM
symposium on Theory of Computing (STOC,9Hges
134-143. ACM Press, may 1994.

[14] Milena Mihail, Christos Kaklamanis, and Satish Rao.

Efficient access to optical bandwidth - wavelength
routing on directed fiber trees, rings, and trees of rings.
In Proceedings of 36th IEEE Annual Symposium on
Foundations of Computer Science (FOCS;9ppges
548-557. IEEE Press, oct 1995.

[15] Thomas Erlebach. Scheduling Connections in Fast

Networks PhD thesis, Technische Universit?t Minchen,
1999.

Ring routing
and wavelength translation. I#nnual ACM-SIAM
Symposium on Discrete Algorithmgolume 9, pages
333-341. ACM-SIAM, 1998.

Efficient

Notes in Computer Sciencelume 146, pages 444-473.
Springer Verlag, 1996.



Guillaume Bagan, et al. — Algorithmic Operations Researah4(2009) 95-101

[18] Guillaume Bagan, Olivier Cogis, and Jérdbme Palaysi.
Approximable all-optical routing problems in all-optical
mesh networks (revisited). Technical report, LIRMM,
Univ. Montpellier 2, CNRS, 161 rue Ada, 34 392
Montpellier Cedex 5, may 2007. wurl : http://hal-
lirmm.ccsd.cnrs.fr/lirmm-00150160.

[19] Thierry Chich. Optimisation du routage par déflexion
dans les réseaux de télécommunications métropolitains
PhD thesis, Ecole Normale Sup?rieure de Lyon, dec
1997.

[20] Heiko Schroder, Ondrej Sykora, and Imrich Vrt'o.
Optical all-to-all communication for some product
graphs. InProceedings of the 24th Seminar on Current
Trends in Theory and Practice of Informatjck997.

[21] Sandeep N. Bhatt, Gianfranco Bilardi, Geppino Pucci,
Abhiram Ranade, Arnold L. Rosenberg, and Eric J.
Schwabe. On bufferless routing of variable length
messages in leveled networks. Transactions on
Computers 45(6):714—-729, june 1996.

[22] Jérbme Palaysi. Approximability of paths coloring
problem in mesh and torus networks. Broceedings
of the Second Colloquium on Mathematics and
Computer Science: Algorithms, Trees, Combinatorics

Received 26-07-2007; revised 19-12-2008; accepted 09-01-
2009

101

and Probabilities pages 213-222, University of
Versailles-St-Quentin (France), sep 2002.

[23] Thomas Erlebach and Klaus Jansen. Call scheduling in
trees, rings and meshes. Unpublished report, presumably
long version to "Call Scheduling in Trees, Rings and
Meshes" in Proceedings of the 30th Hawaii International
Conference on System Sciences (HICSS-30), IEEE
Computer Society Press, pages 221-222, 1997.

[24] M. R. Garey and D. S. Johnson.Computers and
Intractability A Guide to the Theory of NP-
CompletenessFreeman, 1979.

[25] Christos H. PapadimitriouComputational Complexity
Addison-Wesley Publishing Company, 1994.

[26] J. K. Lenstra and D. B. ShmoysScheduling Theory
and its Applicationschapter 1 Computing Near-Optimal
Schedules. John Wiley and Sons, 1995.

[27] Andreas Brandst?dt, Van Bang Le, and Jeremy P.
Spinrad. Graph classesSIAM, 1999.

[28] Mustapha Kchikech and Olivier Togni. Paths coloring
algorithms in mesh networks. In C.S. Calude et al.,
editor, DMTCS 2003 pages 193-202, 2003.

[29] T. Erlebach and K. Jansen. Conversion of coloring
algorithms into maximum weight independent set
algorithms in communication networks. In Carleton
Scientific, editorARACNE 2000pages 135-146, 2000.



