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Heuristic Algorithms For Clustered Steiner Minimum Tree Problem
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o F Bl 3 A R E (clustered Steiner tree
problem #§ #& CluSteiner) £ #1732 3 #f#* 3% (Steiner
tree) =% A5 §_d £ 28— (Bang Ye Wu)3& 4! 37 R
3Z[4] - B -] #ra R A (Steiner minimum tree
problem # % SMT)-E_Steiner tree problem 3244 & ;£
My d- BAED o SMT £ %- BHHE AR
(simple undirected graph) G = (V, E, ¢)fr 3 F2 &
& (required vertex set)R € V » B fé enig & » #ri
#H(Steiner tree) ¢ £ — % G -+ Bl(subgraph) » &+
Bl & % #73 required vertices ¥ &+ B & 5 il
(connected) #7 & i & (acyclic) > & &+ B #7 5 &
(edge) t 7= % (cost)4r fhAz k & H E b o SMT ¢
AR &F,L shNP-hard 42 P » 7 © £ At § %
B 48 % (Social Network) + % i@ 2 # ¥
(Communication Control)4g 3 [3]+ 7 # % » B 7F (%
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2ETRE J g &5 2 1F #r5  fH(Euclidean Steiner
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AR P fd4] o 2§ it CluSteiner P 48 » -
metric graph G = (V,E,c):# 7 required vertex set R
g partition R = {R;, Ry, ...,Ry}» AT A ¢ z Rjeh

174

%] Steinertree J keng % Zd KB 742
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Bl 1-1. Minimum CluSteiner -+ . &

Problem : Clustered Steiner Tree problem (CluSteiner)
Instance : A metric graphG = (V, E, ¢), and a
partition R = {R;| 1 <i <Kk} ofR.

Goal : Find a minimum-cost clustered Steiner tree
for R.

A ig p LB e)(B 1.1) 0 Bk S - metric
graph G - # # required vertexset R; = {1, 2, 3,
4} R, ={6, 7, 8 9}~ Ry ={11, 12, 13, 14} >
KRG ET A AR T 0 285 required
vertex » v 2k % Steiner 2 > B} #77 ¥ & cost &,
fed b > @ B¢ @ﬁ@%#@ﬁﬂﬁﬁ%{local
tree -

APRFTE > (U VETRUuEE Y2 B
# o mcu v)# 7B b ehcost e

Definition 3. &5 -  edge (u, v)# % Intra edge

#57u, vET,: % F — edge(u, v)#i¥ Interedge #
TU€ET, VET,, a#b-

Definition 4. Intracost % intraedge }+ v cost ; Inter
cost % inter edge } & cost -

BAri - BHIG > APH- Bi#(uv)EG W
contraction > # 77 * — B ATengE W kB~ % B U frBt
Vo @ A S BE U frBE v oApid chgk o >R FIRTEE
wo A G (u, V)] Rk E T G E (U, v) R
contraction -

Triplez 2884 > 2 z|=3> % i z=
{fu, y, w} > 4o 2 4 B G+ o0 triple #
contraction > 2t i £ 7 5 G'[z] = G'[(w, Y]y, w)]»

g{i—giﬂ % =& contraction > G'[Ry, Ry ..., Ry ] % 7
+#G’

N
¥ Mgk LR Pl EEE & R~ B contract -

¥
Definition 5. Intra triple 3 = B gLeng & » ¥ 5=
R B - B LRI z={y y,
w}ou, vy, wE€T,; Inter triple /= B gL 33
o czgsm > 4 ﬁ&{z={u, Yy, W} U ET, u€T,,
weT, a#b#*c
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dmst(U) U % 88 & 0 &7 $8:3 & U g MST

W E A

Heuristic Algorithm1 Intra_First_algorithm

Input: metric graph G(V, E, ¢) ~
partition R = {R;, R,, ...

Output: Clustered Sterner tree T
(1)Call Intra-triple function;
(2)Call Inter-triple function;
(3)Construct k Trees for R = {R},

MST algorithm;

for jfrom1ltokdo

H U contract(R));

end for

Construct a Clustered Steiner Tree T for H by

MST algorithm;

Ry}

., Ri} by

LR RE: mﬁ%l > (input) = metric graph G & #
- 1 partition R-#5 4! (output) % heuristic algorithms
@y d e Clustered Sterner tree T - i&iF & 2 4 &
PEA A Z 304 0 5 - 384 ¢ A5 da fgec i local
tree p $%{= % (intra cost): Steiner vertex » ¥ #-3%
Steiner vertex *x .z & & require vertex set A= & >
A 24 ATehrequire vertexset Rf 5 % = 384 £ A fl4k
1 Steiner vertices 4245 3| it 53 :x & local trees 2.
- 7 (inter cost) » I #-i¢ #x L 3% inter cost
Steiner vertices *xiegL& L H ; $ = WA L@ * @
B 38435 A Ec s d cost ¢ Steiner vertices i i
Clustered Steiner Tree T -

AR (1) 5 R - A SRS RS E
ERER B A R e g (7 BN S L WA -
FEN - R g i Fe i R A2 eh(B) A (D)
By VR MST B iz ki trees» 2 53 i
k'i# tree & contraction » ¥ r1 5 i£de S tree HF=
- BE BFis k BEAcAH > 2 t5% MST %%
= ¥+ Hi ¢ Clustered Steiner Tree T o

Algorithm 1 Intra-triple

Input: metric graph G(V, E, ¢) ~
partition R = {R;, R,, ..
Output: new partition R’

. R}




The 31st Workshop on Combinatorial Mathematics and Computation Theory

DR « @,
for j from 1 to k do
Wj =@, jfrom1tok
end for
(2)forevery z={u, y, w}, zcR;,
jfrom 1tokdo
Find Steiner vertex v which minimizes

Lsez¢(v, s);

s_v(z) =v;
C(Z) = Zsez C(U, S);
end for

(3)while there isa z can make win > 0 do
(i)find z which s_v(z) # @, and maximizes
win = mst(R;) — mst(R;[z]) — c(2);
(if)if win < 0 then continue;

end if
else insert (R;, s_v(z));
mst(R;) « mst(R;[z]);
go to step 2;
end else
end while;
(4for jfrom1to k do
R =Rj;
R'UR;
end for

Al & L gt e iT s WE- B
BLE & > % f3%ds Plaw s intra cost ¢ Steiner
vertex » R' & _— B < partition » * %2z 370 required
vertex set R o #23 c1(2) &_& $+5 — B R4 triple
e &P 1T 0 s_v(z)ie4kvR B Steiner vertex 4pig &
4 &b cost s c(z)iedripid & 4 skt cost o A7 3%
(I)E - BaELw B> LR RT S 2FE ()LD

— i triple> &2 - & Steiner vertex i 5 i £ intra cost
BB § 0 H%TA intracost ;N 4T

win = mst(R;) — mst(R;[z]) — c(2)

mst(R;)E_4t3% cluster * MST & & 2 & & chig »
mst(R;[z]) £_%t 3% cluster 2 & triple 7 £ i

contraction & * MST & & ; (ii)4e% 25 & 4 9
triple » 43w @] > 2 £ 230 triples 3% & = > % 7

Bg o P B2 ek fm Steiner vertex *z IR » ¥

* mst(R;[z]) % + T - Bmst(R;) > B & WE'J% B
(2) 4 £ #745 Frentriplese 42 5% e(4) £ 4 4 R' A
CER

Algorithm 2 Inter-triple

Input: metric graph G(V, E, ¢) ~
partition R = {Ry, Ry, ...
Output: vertex set H
(1)H <« 0, Y« 0;
(2)for R;, ifrom1tokdo
Y U contract(R;);
end for

’ Rk}

Y U contract(H);

forevery z={u, y, w}; zcY do
Find Steiner vertex v which minimizes
ZSEZ C(U, S),U e H;

s.v(z) =v;
C(Z) = Zsez c(v,s);
end for

(3)while there isa z can make win > 0 do
(hfind z which v(z) # 0,
and maximizes win = mst(R[R,, ...,
mst(R[Ry, ..., Ry, z]) — c(2);
(in)if win < 0 then continue
end if
else insert (H, s_v(z));
mst(R[Rq, ..., Ry]) «
mst(R[Ry, ..., Ry, z]);
go to step 2;
end else
end while

Re]) —

A2 (1) EA et B T HE - BRERE &0
*xic s & intracost 7 Steinervertex> Y » £ - B
B & & >3 ¥required vertex set R; & contraction &
$frm% he kY ALE = B L e VRN R

o #23¢ en(2) & L ¥E B required vertex sets
R H % contraction #&3x &. Y & &£42 » 2_ (& Hig 8k
$ & endr g triple e dd T sv(z) A sér
Steiner vertex - 5 ¥t i Steiner vertex 4p it ¢ & 2 B
s cost 1 c(z)iedkApid t5 & 2 B b ehcost o AN e

(3) #-Bartw @ A RTHA 2 ()L
— % triple- ¥z — i Steiner vertex &t #3 i 4% intel cost

g5 0 T RE NS X ¥ intel cost & 5V

win = mst(R[Ry, ..., Ri]) — mst(R[Ry, ..., Ry, z]) — ¢(2)

mst(R[Ry, ...,Ri]) = ¥t partition RAZ 3975 R; i
contraction » ¥ 12 8 ff= & B cluster 42 7 vertex ‘¢
g - B % MST w52 5 i mst(R[Ry, -,
Ry, z]) 5 = #77 required vertex “,fﬁak 2LiS > B
¥t triple z #7:E $|en= B cluster % & contraction ;
(ii)4- % 2 3 4 4 e triple » 5@ B > 2 7| 230
triples 354 & = > ¥ 7 # 4 - 4 82 2 fie §f b Steiner
vertex *x 3 H#2 > E¥ * mst(R[Ry, ..., Ry, z]D% ™
~ Bmst(R[Ry, ..., Ry]) » £ = 425 en(2) 4 &
#7485 Frentriples o

Heuristic Algorithm 2 Inter_First_algorithm

Input: metric graph G(V, E, ¢) ~

partition R = {R4, Ry, ...
Output: Clustered Sterner tree T
Call Inter-triple function;
Call Intra-triple function;
Construct k Trees for R' = {R}, RS, ...,
MST algorithm;
for j from 1 to k do

Hu contract(R]f);

’ Rk}

K} by
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end for
Construct a Clustered Steiner Tree T for H by
MST algorithm;

% = 1 Heuristic Algorithm ¥2 + — 1 Heuristic
Algorithm fx if > £ w] &3 b 5% 5 2 L i Inter-
triple function » % Intra-triple function » & 2 3 &_
£ 74 g A re L 4, inter cost ¢ Steiner vertex > s
#17 ¢ Steiner vertex 4 $4iF it s L 4, intra cost ¢
Steiner vertex o B € K iEA H 2 R FIEAF G 0 K
4o & Steiner vertices i f ¥ < % #c i 4 intra cost
22 % inter cost e73E o iE 4t Steiner vertex i & B35
* gz LR costy Fl A B oG FE R B2
K A e VT cost { 4F o

Heuristic Algorithm 3 Mixed_algorithm

Input: metric graph G(V, E, ¢) ~
partition R = {R;, R,,...,Ry}

Output: Construct a Clustered Steiner Tree T
DR « @& He0, Y0

for j from 1 to k do

W, =0

end for

(2)forevery z ={u,y,w}, z C
R;j,jfrom 1tokdo

Find Steiner vertex v which minimizes
Ysezc(v, s),v & H,;
s.v(z) =v;
c(z) = Ysezc(v,5);
class(z) = intra;
end for
(3)for R;, ifrom1tokdo
Y U contract(R;);
end for
Y U contract(H);
forevery z={u, y, w};, zcY do
Find Steiner vertex v which minimizes
ZSEZC(U' S) v e H!
sv(iz)=v
C(Z) = Zsez C(U, S);
class(z) = inter;
end for
(4)while there isa z can make win > 0 do
find z which s_v(z) # @, and maximizes
if class(z) == intra then
win = mst(R;) — mst(R;[z]) — c(2);
end if
if class(z) == inter then
win = mst(R[Ry, ..., Ri]) —
mst(R[R, ..., Ry, z]) — c(2);

end if
if win <0 then continue
end if
else
if class(z) == intra then
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insert (R;, s_v(z));
mst(Rj) « mst(Rj[z]);
go to step 2;
end if
if class(z) == inter then
insert (H, s_v(z));
mst(R[Rq, ..., Ry]) «
mst(R[R4, ..., Ry, 2]) ;
go to step 2;
end if
end else
end while
(5)for j from 1 to k do
Rj = R;;
R'UR};
end for
Construct k Trees for R’ = {R7, ...,
MST algorithm;
for jfrom1ltokdo
H U contract(R));
end for
Construct a Clustered Steiner Tree T for H by
MST algorithm;

K} by
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#. 71 iz triple & tinter s 42.5% e0(4) § 1% 3T g v
At E 2 kPR se L £ 5 ok Steiner
vertex A 2 2N H(B)E_ ik fs B 0T Fo
Steiner vertex 4 = ek % 5 & * MST Jx & /2 =
Construct a Clustered Steiner Tree T

R AR BFE 2O RFERER
O(VSlogV X |S])» F1 5 2 im & L35 triples » i Y
AReR 50(V3) &F ¢ 15 B triple 2 # MST &
B AP R % Kruskal’s algorithm » P ¥ 4F 32 &
% O(ElogE)m %] % B E_completegraph: #r2 E &
V2 7 #0(V2IogV) » adh e B 248 & =%
EP~— i Steinervertex & » v b FIDR § £ -
= > #rr B Z & %k b Steiner vertex # £ |S| 0 B {8
#0(V5logV x |S|).
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HE AR g 7&{@ Steiner vertex i
B 2[G| — [R| X |Ry|sni % o A S|4 7
Steiner vertex =i #ic o

3.3 G w2 MST of MST 5 % < [5]ies
Plenz BIThOF B2 B2 anieiz 5 1 AHE
— 1® required vertex set Ry MST j# & i » L 454
-2 Fhmafaicost ¥ 4 A4 cycle 3 & ¥
MST #di kenid 82 5 — 32 fF B g e e cost 4p
Yoo § BaREE 2k % o 5w 5 2 Intra First 5 &
4 4 e % — B heuristic algorithm » L 3E Steiner
vertex 33 i 4 B % «hintra triple 2 4 fe:z & intra
cost & £ %z inter cost - ;& & ;* inter First %
™3 J % = B heuristic algorithm > 22 % - B
heuristic algorithm #p & » £ * inter triple 2 ¥ & -
& 5% Mixed 3 % & 23 intra triple 4- inter triple
it '8 T e cost 3 4 fie Steiner vertex o

d % 4-1 5] 4-8> v —g, 41 MST of MST
B R RPET (e e F AP D s BECE T
B R enfEy v MSTOfMST 45> @ v 11 g
3] Cost * & Intra First < Mixed < Inter First o 2% i@
FE7R]4eT > 34 i Steiner vertex & fie cfaik g A% A i
SriE Peenz a3 B ocosto it g T B $ TL/’} fie i
%A@ % Intra First &2 Mixed 5 & 2 & fie chp
[ A enz BERR A E s B T cost
2 1] Pl fdF e % o @ Inter First (8 3] @ 1 F >
7 i A% 5 4 pe 3 inter triple ¢ Steiner kit f
intra triple #2.4% 5 4 £ % chcost > e el A 3| inter
triple » ¥ 3% 3448 cost # X 7R A-4F o @ IntraFirst €
o Mixed 4% — ko 2% P 3 p| £ %] & Steiner vertex 4
Fe 3| inter triple {2 %8 cost ¥ #ot A Fe ¥l intra
triple i 82 e { > 0 ¥ & IntraFirst +* Mixed
¥F o

A
i

RPERF 2 G AP F w5 3 Inter First < Intra
First < Mixed » fi&= B &5 /242 > fTEFF it A
frr 35 triplez &2 A MST 38 & > & =2 § Steiner vertex
o fe i 4o triplez & = 3R & £ 373 35 #712 Mixed
= BiFE Ay triple x#cmE o 2 F
Steiner vertex 4 4 fie 31 intratriple 2t inter triple i< >
¥RE 45 ATehintratriple {e inter triple> g1+ 2. Intra
First &2 Inter First 38 = & & 3745 4 4 fe 31 4p § s
triple - Inter First p= & € v+ IntraFirst i & ‘& » 34
R F] 5 ) inter cost «HpE ¥ 1L e o
Peik 45 716 > #5 =2 intra cost ¢ Steiner vertex @
- R R O RE

BTEAAPR VR FEPEFF DS E
2 kg Steiner vertex  foeh @ B8 vk 41
4-2 ¢1 4-3:% 5 4-6 &1 4-9 » £ 4-2 5 Steiner vertex
B#cs: % 41en2 B FEEYL 28 % 435
Steinervertex B #Hc s £ 422 Bo@FR L 3’
£ kg H e St - Benpfiz 0 £ 4-9 0 Steiner
vertex B#cs % 462 BFRRMHL 2> 7
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FI o FRPB APl BFRP RS 4 45
R 5 4202 1 s BRAFL 1T B 5 4 480
Ril5 4-6 015 & » PPN 5 5% - HFNPFH
RIS chB B i d 412 44384 4-6
4-85 % 4-4 c1|R|% 4-1en 15 EFRF L H5E;
% 48 |R|5 462 FERGL5R .

BRI EF:E ST o g iR @
AN AERE- iR & 538 IUECE SRV R S
AP eF E R FER L LB NS e
% o

F 410 LFE A -
|GI=70 |R|=4 |R;|=5 |S|=50
Algorithm Cost Time[s]
MST of MST 3578.9 0.0022
Intra First 3491.2 0.0128
Inter First 3505.3 0.0123
Mixed 3493.9 0.0195
F4-2. LRV RC
|GI=120 |R|=4 |R;|=5 |S|=100
Algorithm Cost Time[s]
MST of MST 3582.4 0.0028
Intra First 3476.2 0.0294
Inter First 3487.0 0.0249
Mixed 3486.8 0.0408
%43 LiFE =
|G|=220 |R|=4 |R;|=5 |S|=200
Algorithm Cost Time[s]
MST of MST 3892.3 0.0054
Intra First 3793.5 0.0895
Inter First 3794.5 0.0858
Mixed 3793.1 0.1348
4 4-4 LFEE VR
|G|=130 |R|=6 |R;|=5 |S|=100
Algorithm Cost Time[s]
MST of MST 5315.3 0.0040
Intra First 5140.5 0.0636
Inter First 5142.7 0.0545
Mixed 5142.8 0.1082
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F 4-5. & FEE R

|GI=140 |R|=4 |R;|=10 [S|=100
Algorithm Cost Time[s]
MST of MST 6736.1 0.0029
Intra First 6607.3 0.4911
Inter First 6612.0 0.4318
Mixed 6609.2 0.5671
# 4-6. LR R
|G|=150 |R|=5 |R;|=20 |S|=50
Algorithm Cost Time[s]
MST of MST 15947.3 0.0045
Intra First 15753.8 7.7923
Inter First 15779.5 6.7280
Mixed 15768.1 8.3539
F A7 EFEEV RS
|G|=200 |R|=5 |R;|=30 |S|=50
Algorithm Cost Time[s]
MST of MST 22977.8 0.0063
Intra First 22804.2 48.4818
Inter First 22833.1 44.6723
Mixed 22810.3 55.9430
% 4-8. L FE E A
|G|=250 |R|=10 |R;|=20 |S|=50
Algorithm Cost Time[s]
MST of MST 32630.6 0.0127
Intra First 32281.5 38.9017
Inter First 32326.1 32.3780
Mixed 32317.6 39.5898
4 4-9. LB
|GI=200 |R|=5 |R;|=20 |S|=100
Algorithm Cost Time[s]
MST of MST 16261.9 0.0066
Intra First 15995.1 14.4875
Inter First 16022.1 13.8246
Mixed 15999.6 16.5298
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