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Metric Case of the Optimum Sum-Requirement

Communication Spanning Tree Problem

to find a spanning tree T' C G,

Output: o .
5 that minimizes the communication cost C(T').

Communication requirement
PY: VXV - Q+

P(u,v) = r(u) +r(v)

c(T) = Zu,ve\/ Y(u, v)dr(u,v).

Time:
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efinition

@ We prove that for every 0 < § < % an optimal k-star,
with k depending on 4, is a 1—i5—approximation of the
G optimal value for m-SROCT.
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Given a graph G and a positive integer k, a k-star of G is a
spanning tree T of G with no more than k internal nodes.

A core T of a k-star T' of GG is a tree resulting by eliminating
n — k leaves from T

Observe, T' = (7,5 = {Su,, .-, Su,. })-

Optimal k-Star

T{2,3,5}]

Sy ={1,4},
=9 S3={7},
S5 = {6}

Time:
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Configuration of k-star

Given a k-star T' = (7,5) a configuration of T is
(1,L = {luy, .- luy }) Where I, = |Sy,]|.

(r=T[{2,3,5}],5 = { S2={1,4},53 = {7}, 5 = {6} })

(r=TH235},L={lb=2l=11l=1})
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Configuration of k-star

Given a k-star T' = (7,5) a configuration of T is
(1,L = {luy, .- luy }) Where I, = |Sy,]|.

(r=T[{2,3,5}],5 = { S2={1,4},53 = {7}, 5 = {6} })

(r=TH235},L={lb=2l=11l=1})

Observe

The number of possibles k-stars is exponential in n, while
the number of possible configuration is O (kK¥n?*~1) (Wu et
al. (1998)).

Time:



A PTAS for the
Metric Case of
the Minimum

Sum-Requirement

Communication

Spanning Tree
Problem

Santiago Valdés

SROCT

efinition

OCT

Optimal k-Star

Conclusions

Optimal k-Star

Obtaining an Optimal k-star

@ For each possible configuration, select an optimal k-star
of that configuration, returning the optimal among
them.

@ The problem of finding an optimal k-star of a given
configuration can be reduced to Uncapacitated
Minimum Cost Flow problem (UMCEF).

Time:
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Reduction to UMCF

o Vor =Vg

° Ecr ={(u,v)lu € Vg_r Av €T}

o w'(u,v) =
Rw(u,v) + ZweVT r(u) (d(1,v,w) + w(u,v)) (I +1) —
2r(u)w(u,v)

o 7'(u) = —1if u € Vg_,, otherwise 7’/ (u) = I,.

Relation between Solutions Costs

C(58") =C(S) - ZuEVT EveVT r(v)d(7,u,v)(l, + 1)
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The optimum k-star for m-SROCT with fixed &£ can be
solve in O(n?**11og?(n)) time.
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d-separators

Given 0 < 0 < % and a spanning tree 1" of GG, a sub-tree S
of T'is a §-n-separator of T if every component B of

T — S, satisfies n(B) < dn. If every component B of T'— S,
satisfies 7(B) < 0R, S is a d-p-separator of T". If both
conditions apply, S is a d-np-separator of 7.

%—n—separator.

Time:
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Given 0 < 0 < % and a spanning tree T of GG, a path P of T’
is a 6-np-path of T'if nY < 0% and pip < 5%.

2 4
0
; - \0 0
ﬁfgtl;crtion to Optimal f i _— —n
r /o\ 23
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Reduction to Optimal k-star

As set Y of internally disjoint §-np-paths is a d-np-spine of a
spanning tree T" of GG if the union of its elements results in a
minimal §-np-separator of 7T'.

ext(Y') denotes the endpoints set of all paths in Y.

Vv vv vv

&)

Time:
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Given 0 < 0 < % a spanning tree T' of G and a d-np-spine
Y of T, there exists a |ext(Y')|-star X of G satisfying
C(X) < 5C(T).

The core of X lies on ext(Y).

Reduction to Optimal
k-star
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Given 0 < 0 < % and a spanning tree T" of GG, there exists a
B d-np-spine Y of T satisfying

Ocficon ext(v)| <3 ([§]" - 11[§] +1).

We obtain Y from two sets Y, and Y, of d-np-paths, where
the union of the elements in Y), results in a J-7-separator of
T and the union of the elements in Y/, results in a

Outline

Reduction to Optimal

Jestar 0-p-separator of T'.
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Theorem 1

There exists a PTAS for m-SROCT, such that a
(1 + 1%(s)—approximation can be found in

672_11[6
0 (nﬁ([ﬂ HLJH)H logQ(n)> time complexity where

1
0<d< 3.
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Consider 0 < § < % and 7™ an optimal solution for
m-SROCT.

@ From Lemma 3, there exists a there exists a d-np-spine
Y of T™ such that |ext(Y)| <3 <[g]2 —11[8] + 1);

e from Lemma 2, there exists a |ext(Y)|-star X such that
C(X) < 5C(T");

@ an optimal |ext(Y)|-star X* satisfies
C(X*) < O(X) £ 550(T*), and by Lemma 1 X* can
be found in O(n2¢*)l+110g2(n)) time.




A PTAS for the
Metric Case of
the Minimum

Sum-Requirement

Communication

Spanning Tree
Problem

Santiago Valdés
Ravelo
Outline

m-SROC'T

Definition

m-SROC'T

Conclusions

Conclusions




A PTAS for the

Metric Caseof COﬂClUSIOnS

Sum-Requirement
Communication
Spanning Tree

Problem Problem Best Result in Lit. Our Approach
Santiago Valdés Ratio Time Complexity Ratio Time Complexity
7 —11
SROCT 2 o (n3) PTAS | O ( )
27 —s Q ,11 Q
MRCT | PTAS | O <n4” 2) PTAS | O (n 5] 3] )
weighted
[¢] 2_5, [¢]
p-MRCT 2 o (n3) PTAS | O 8] 3]
) [€] 2_3, [¢]
p-MRCT 2 o (nd) PTAS | O 8] 8]
Conclusions
14 % -11[§]+
2-MRCT | PTAS ) (n 5 ) PTAS | O

Time:



A PTAS for the o
Metric Case of COﬂClUSIOnS
the Minimum

Sum-Requirement

Communication

Spanning Tree
Problem

ocCT

Oy l

PROCT| [SROCT

PTAS J' J' PTAS l

MRCT Weighted p-MRCT

Conclusions PTAS l PTAS

p»-MRCT
l PTAS

2-MRCT

PTAS

Time:



A PTAS for the o
Metric Case of COﬂClUSIOnS
the Minimum

Sum-Requirement

Communication

Spanning Tree

Problem

¥ v) = ra@re@ +re@re@) | OCT

PTAS WSDOCT O (logn)

rs(V) = rp (V) lm(V) =1

PROCT| [SROCT

PTAS J' l PTAS l

Conclusions MRCT Welghted p—MRCT
PTAS l PTAS
p-MRCT
l PTAS
2-MRCT

PTAS

Time:




A PTAS for the
Metric Case of
the Minimum

Sum-Requirement

Communication

Spanning Tree
Problem

Santiago Valdés

Ravelo

Outline

m-SROC'T

Definition

m-SROC'T
Conclusions

References

References




A PTAS for the
Metric Case of
the Minimum

Sum-Requirement

Communication

Spanning Tree
Problem

Santiago Valdés E

References

References

Hu, T. C. (1974). Optimum Communication Spanning Trees. SIAM J. Comput. (188-195).
Johnson, D. S. and Lenstra, J. K. and Rinnooy Kan, A. H. G. (1978). The Complexity of the Network
Design Problem. Networks. (279-285).

Ahuja, R. K. and Murty, V. V. S. (1987). New lower planes for the network design problem. Networks.
(113-127).

Wu, B. Y. and Lancia, G. and Bafna,V. and Chao, K. M. and Ravi, R. and Tang, C. Y. (1998). A
Polynomial Time Approximation Scheme for Minimum Routing Cost Spanning Trees. SODA. (21-32).

Wu, B. Y. and Chao, K. M. and Tang, C. Y. (2000). Approximation algorithms for some optimum
communication spanning tree problems. Discrete and Applied Mathematics. (245-266).

Wu, B. Y. and Chao, K. M. and Tang, C. Y. (2000). A Polynomial Time Approximation Scheme for
Optimal Product-Requirement Communication Spanning Trees. J. Algorithms. (182-204).

Farley, A. M. and Fragopoulou, P. and Krumme, D. and Proskurowski, A. and Richards, D. (2000).
Multi-Source Spanning Tree Problems. Journal of Interconnection Networks. (61-71).

Wau, B. Y. (2002). A polynomial time approximation scheme for the two-source minimum routing cost
spanning trees. J. Algorithms. (359-378).

Talwar, K. and Fakcharoenphol, J. and Rao, S. (2003). A tight bound on approximating arbitrary metrics
by tree metrics. Proceedings of the 35th Annual ACM Symposium on Theory of Computing. (448-455).



Mo corhe References

the Minimum
Sum-Requirement
Communication
Spanning Tree
Problem

Santiago Valdés E Wu, B. Y. (2004). Approximation algorithms for the optimal p-source communication spanning tree.
Discrete and Applied Mathematics. (31-42).

Rothlauf, F. (2007). Design and applications of metaheuristics. Habilitationsschrift, Universitat Mannheim.

Contreras, |. (2009). Network hub location: models, algorithms and related problems. PhD thesis, De-
partment of Statistics and Operations Research, Technical University of Catalonia, Spain.

Contreras, |. and Ferndndez, E. and Marin, A. (2010). Lagrangean bounds for the optimum communication
spanning tree problem. TOP. (140-157).

References




A PTAS for the
Metric Case of
the Minimum

Sum-Requirement

Communication

Spanning Tree
Problem

Santiago Valdés
Ravelo
Outline

m-SROC'T

Definition Thanks for your attention!
Questions?

PTAS for

m-SROCT

Conclusions

References




	m-SROCT Definition
	Results in Literature
	PTAS for m-SROCT
	Optimal k-Star
	Reduction to Optimal k-star

	Conclusions
	References

	cronominutes: 
	resultado2: 
	hours: 
	minutes: 
	seconds: 
	cronohours: 
	cronominutes: 
	crseconds: 
	day: 
	month: 
	year: 
	button1: 
	button2: 
	separatordate: /
	separatortime: :
	cronobox: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 
	cronominutes: 


