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ABSTRACT

This paper is on the enhancement of our heuristics for GOSST problem that could apply to the design of
communication networks offering graduated services. This problem known as one of NP-Hard problems finds a
network topology meeting the G-Condition with minimum construction cost. In our prior research, we proposed
two heuristics. We suggest methods of selecting G-Node and disconnections for Global or Local locating
heuristic in this research. The ameliorated Local locating heuristic retrenches 17% more network construction cost

saving ratio and the reformed Global locating heuristic does 14% more than our primitives.
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diff = addedEdgeSum - deletedEdgeSum
3. Select G making diff be least and restore G,
tSteiner, e; and e,. Promote temporary
Steiner point tSteiner to candidate Steiner
point.
[1] If diff is negative,
= New Steiner point(s)is(are) created on
the subpath(afterNode(start),beforeNode
(end))
= The capacity of Steiner point(s)is the
value of min(cap(start), cap(end))
[2] Else,
= The candidate Steiner point becomes a
real Steiner point
= The capacity of Steiner pointis the val-
ue of min(cap(start), cap(end)).
= Edge e; and e, are deleted.
" edge(start, tSteiner), edge(G, tSteiner)
and edge(end, tSteiner) are created.
step 3 Else Termination.

3.2 X|H9H vix| =t

step 1 Check G-Condition for all paths of a network.
step 2 If a path (start, end) violates G-Condition on
subpart of the path (fparent, bparent),

1. The Candidate G-node G is one of the nodes
on the subpath(afterNode(start), befor-
eNode(end)). For each G,

[1] With G, fparent and bparent, temporary
Steiner point tSteiner is created.

[2] Calculate Steiner length addedEdgeSum as

follows;
addedEdgeSum=len(start,tSteiner)
+len(G, tSteiner)t+/en(end, tSteiner)
= Calculate length sum of deleted edge
deletedEdgeSum with choosing two
edges such as one edge e, from sub-
path(start, G) and the other edge e,
from subpath(G, end) as follows;
deletedEdgeSum=len(e1)+len(e2)
[3] Find two edges e; and e, making dele-
tedEdgeSum be most.

2. Calculate diff using the edges e; and e,.
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stepl  Check G-Condition for all paths of a network.
step2 If a path (start, end) violates G-Condition on
subpart of the path (fparent, bparent),

1. The Candidate G-node G is one of the no-
des on the subpath(afterNode(fparent), befor-
eNode(bparent)). For each G,

[1] With G, fparent and bparent, temporary
Steiner point tSteiner is created.
[2] Calculate Steiner length addedEdgeSum
as follows;
addedEdgeSum=len(fparent, tSteiner)
+len(G, tSteiner)+/en(bparent, tSteiner)
= Calculate each length sum of deleted
edge deletedEdgeSum with choosing
two edges such as one edge e, from
subpath(fparent,G) and the other edge
e, from subpath(G,bparent) as follows;
deletedEdgeSum=len(e,)+len(e,)
[3] Find two edges e; and e, making dele-
tedEdgeSumbe most.
2. Calculate diff using the edges e; and e,.
diff = addedEdgeSum — deletedEdgeSum
3.Select G making diff be least and restore
G, tSteiner, e; and e, Promote temporary
Steiner point tSteiner to candidate Steiner
point.
[1] If diff is positive,
= New Steiner point(s) is(are) created on
the subpath(afterNode(fparent), befor-
eNode(bparent)).
= The capacity of Steiner point(s) is the
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value of min(cap(start), cap(end)).
[2] Else,
The candidate Steiner point becomes a
real Steiner point.

The capacity of Steiner point is the
value of min(cap(start), cap(end)).

edge e; and e, are deleted.
edge(fparent, tSteiner), edge(G,tSteiner)
and edge(bparent, tSteiner) are created.

step3 Else Termination.

end(5)

start(4)

G,(5)= Candidate G-Node 1

S, S,0ll CHoti A S 2 E ol 4 BRE T AEL

start—- Gy -G, - G; —

G5~G,
Ul ¥l & start~G, It G,~end

(A) G2 £ G-NodeZ 2tF50f HEHE R T A

G,(3)

S$:(4)

1
= Candidate G-Node 1

(B) X BIM SHEOI2 B2

Gy(3)

end(5)

start(4)

G4(5)
= Candidate G-Node 1

C)F Bl SEeHo F2

G,3)

end(5)

start(4)

= S,(4
G,(5) 1(4)
= Candidate G-Node 1

(D) Ml BITf SHEOIZo| A

start(4)

Gy(5)
= Candidate G-Node 1

g

GEELEE-EEREE

G,(3) = Candidate G-Node 2

end(5)

S,0l CHol A 2 HEtS] 6 BRE ZTAIE.
S, X s start~G, It G,~G,
S HME start~G, 1t G;~G,
Al 8l start~G, 1t G,~end
start— G; - G, - G3— G4 - end =R 1~G, 1t G,~G,
CHe Bl S G,~G, I G,~G,
oA ¥l= G~G, It G,~end

(F)G,E =2 G-NodeZ 2510 HEHAZ B ZA

end(5)

start(4)
case 1.2, (5)

S,0ll CHOHAl 2 BEtol 6 H2E T ALE
S, X B start~G, Tt G~G,
S Y& start~G, It G,~end
H S G~G, I G,~G,
Wl BIl= G,~G, I G,~end
THA BUIS G,~G, It G4~G,
oA BIHE G,~G, ot G,~end

start — Gy - G, - G — G, - end

F & G-NodeZ 2tF5t0{ HEHZ B3R XA

(G) G,

L

G,(4) = Candidate G-Node 4
SO0l HoH M HZ E ol 4 BRE ZALEL

G,~end
G,~end

(H)G,E T2 G-NodeZ 2Fot{ SHEHZ B XA

a8 6. A AGA x| Fe)2=e] G-Node ¥ w4 Ale)

G(3) = Candidate G-Node 1

end(5)

start(4)

fparent(5)

s
S,0ll CHol HZ2 2o 2 BRE RALE.
X M foarent~G, Bt G,~G,

fparent - G, — G, — bparent
S Y = fparent~G, )t G,~bparent

(A)G,2 22 G-NodeZ 2t06t0{ EHZ R A

G,(3) Candidate G-Node1

end(5)

start(4)

fparent(5)

(B) X Bl RO A

573

www.dbpia.co.kr



541 83]=4] °07-9 Vol. 32 No. 9

G,(3) = candidate G-Node 1

end(5)

SV G,(2)= Candidate G-Node 2

start(4)

foarent(5) S,(4)

bparent(4)

S _ -
. S,0ll CHal 12 HEto| 2 HRE ZALE
A M= fparent~G, 1t G,~bparent

fodrent - Gy~ G, ~bparent - oy G,~G, ﬁ}Lsz)pa,ient

(D) G,Z 22 G-NodeR® 2t33510{ SHEHZ A2 Al

a2l 7. A A9A wiH Fe]2"e] G-Node 4 4 A9

B QATE g AR xe EHYld k=
& ke g s Hd) 9FE ) 2 ko) F
g ol Fd oA Mpls 55 4 2= &
Fel= HudeAe] 91, 7 ko] 84 AMus
o 2 9F Arolrh Aged ASH BHd k=
o] 4= 25, 50, 75, 1000]3 7zt 2] 9]A]= 3

AollA FES sFslA] o FRilR AAE

o
7t wro] Zbgdk Ho) A4 = 3,57, 9 &
2 Fakelg A"t Zb xev) 3 g ks 5
= A 84 Mul~ 559 =)= 3,5, 7, 9
3 7F B 14E o] 7R 4 vkl
3t 84 Aulx 5EE &
315l G-Nodes} wHd Aol gk |22
1S A3 GOSST Frel~EEql 724l
A Feleg3 A 4 AYA FeaEs
$2le] old GOSST Fel=dgal Az)s-
A A" FEjaEd A= 4 A9A FeaE,
Jelz B ARl AEZQ G-MSTS} vlwskdth
U2 G-MSTE, A WA 2ele]x|oa A= 24
AA EE o] &dlx] G-Conditiong "EA|7]7]
ola]l Fe3t xrto] He|gaks WAA7 EfE
FollA 7P FEH8e] A2 B e vEYA
olck. $2le] FHe] o)A ?rﬂli'a%i} A2
e Fre]zElEel Hal 22k 64

slo] 1 4%l vES= %Hlﬁ Hlﬁ«l A7} Bl
&, 18|a A Aty ZRIES] E A4

ﬁ
éHﬂ
o X,
2
L]
ji
£
%
S

)
O
o

£
_&

LA U D S AU
o 12 @ AL

2
2

574

o] AlElS 183 GHz Z2AA9} 17]7} @
2gh A5 AFE A Adsida ZF feiaE
Microsoft2] Visual C++2 F-8l3}5ich
a3 82 7+ GOSST FelxEel 64 A3
gt A UESA B]EF G-MSTe g H]
A7 vl&2] wslel] gk Aolch & =FellA Al
k= A A A wiA FE B> G-MSTel| o
3 10.3%2] VE= 750]8-2] diks Bl Al
Hla)] o]de] Azl x| wix| Fe|2~Ee 8.8%2] H]
% 7S Holrk o)A Al A wiA] frelxd

39%.4 u]_& A7re- Bxqt WA=l Ar] A
£ G-MSTel Wl 10.1%2] T5H]4
9 éizj% 034 o]71- e G-MSTell digh 72 H]
4 AzEe] del Al A A wix] FejagS>
oA Fe|xHel vlsl 17%] M-S 2o, A A
2] Ao WA FEaE2 14%9] NS Urﬁ}%lﬂ‘r.

I 9w 7+ A frejzEel e, Elvd =

o] 2] Wisle] wE G-MSTel wh3t 74 H]g‘-’h
HskE el glok AYGA wix] &
= A9A wiA] FElag mE oA fre|agedlA
e AzeEE Hal Erd LC«] FollA A F
g|2ge AgEe] JH 2 eSS Bl Ol
A

TSRS

fo oﬁ ,L

P oo 2

Feageln ¥e AIEE R el
o A Felsel] A e

Hellx] 875 2ol EQIE f8] Ao]7} o]
A Frelasel waf A5 o 5 slck 5, A9

Frela=e] 2efel
ZE 7F & o 2AlERE ik

2 A= GOSST FAIE 918 o3| felx
o) e ISP ST el B Aol
GOSST A= 2Eloly] ZlEgl= 2o k=
=2 3718k, G-Conditions rEspaAA] A T

www.dbpia.co.kr



8/ GOSST EAe) U At WAt A WA Folsgel ARG AT GNodest AN AT A

HERI HUIS X HE A2HS

i A

39000 10.5%

38000

10.0%

37000

36000

35000

34000

33000

32000 8.0%

EEEEEEE EEEREEEK]

o] 7 [—— RNy . G-MST(ZE &)

—a—oj o] APl e ok o] A

28l 8. =Sz a4 Azkil gl va

236% - -
N XA H 2AxXH Falage
H& HH8yn L HME

-06%

BProposed Dist_Local Saving

Ratio
75 643% DPrevious Dist_Lobal Saving
Ratio
13.0% 340% _
TN Mo XY FalaE o
Jrom N S FIER:EE=XC[ni-UPPEE=)

BProposed Dist_Gocal Saving
N s Ratio
@EPrevious Dist_Gobal Saving
75 -03% Ratio

BEA N

TR0 10. BT 2l EQUE A Y BEAA) Hl

Zn)gog Bud =2 nF AZsis vEYZ
5 zh= Zlofrk Algksl whg-s- wkddk Al GOSST
FrelEe FAAAY] 83 Holellde] FAIE
Ash=d 2829 4 oS Zlolvk B =i
Az ~elol] ZE wlx] FElagy x|
2elely ZlE wlx] Fe]~=el H3ll, G-Node2}
AA== 28 Adsh= 39S Agksisick o4t
gl ~Elo|u] EelEL] ZHAAS $13], G-Node2] Al
e o9 Fesi} Alokd WS JleE RE F
X G-Nodeoll W3l Zt QA zefolu] ZAEE A
Adslar olF o83l 7 4

G-NodeZ #HZE G-NodeE A&3h= 7ot} wAE
= A7 Ae w3k 293k mE o 7153k
AES ARl 7 wjgdzte] 2 qdz j

=2 =2

[‘

o

iy [

ghel olde] frejzEel wmis A A wiA]
GOSST F#2~EL vEYzm F=u]89 17%%
WA 4 e Al A9 =] GOSST Frelx
g2 14%5 27 & slsdek 2oy 2QlES]
ol s, HdA wiA] GOSST Fre|BlelA= o
T+ 327004 B 2028, A9H ulx] GOSSTel
A= 247094 19702 ZHAslsich

g ur} g QAP Feshe PHSE 4 nE
o QARSe] digk 4] W wge] @ Aol), ma
o5 Felrge A8W 4 i WUAAIe]

O
[o}
e
Mo

o
kS
()
A,
N
N
==
()
o
e
ko
o
o

(1) D.Z. Du and FK. Hwang, “An Approach for
Providing Lower Bounds; Solution of
Gilbert-Pollak Conjecture on Steiner Ratio’,
Proceedings of IEEE 31sy FOCS, pp.76-85,
1990

(2) G.L. Xue, GH. Lin and D.Z. Du, ‘Grade of
Service Steiner Minimum Trees in Euclidean
Plane’, Algorithmica, Vol.31, pp.479-500, 2001

(3) 1. Kim and I. Kim, “Approximation Ratio 2 for
the Minimum Number of Steiner Points’,
Journal of KISS, pp.387-396, 2003

(4) J. Kim, M. Cardei, I. Cardei and X. Jia, ‘A
Polynomial Time Approximation Scheme for
the Grade of Service Steiner Minimum Tree
Problem’, Algorithmica, Vol.42, pp.109-120,
2005

575

www.dbpia.co.kr



4R

Al8F3] =52 *07-9 Vol. 32 No. 9

(5]

(10)

(11]

(12]

(13)

576

S. Arora,
Schemes for

“Polynomial Time Approximation
Euclidean TSP and Other
Proceeding of 37th IEEE
Symposium on Foundations of Computer
Science, pp.2-12, 1996.

EJ. Cockayne and D.E. Hewgrill,

Computation of Steiner Minimal Trees in the

Geometric Problems’,

“Exact

Plane’, Information Processing Letters, Vol.22,
pp.151-156, 1986

E.J. Cockayne and D.E. Hewgrill,
Computation of Plane Steiner Minimal Tree’,
Algorithmica, Vol.7, pp.219-229, 1992

FK. Hwang, “A Primer of the Euclidean Steiner
problem”, Anmnals of Operations Research,
Vol.33, pp.73-84, 1991

FK. Hwang, D.S. Richards and P. Winter, “The
Steiner Tree Problem’, Annals of Discrete
Mathematics, Vol.53, North-Holland, 1992
M.J. Smith and B. Toppur, “Euclidean Steiner

“Improved

Minimal Trees, Minimum Energy Configurations
and the Embedding Problem of Weighted Graph
in E3", Discrete Applied Mathematics, Vol.71,
pp.187-215, 1997

P. Winter, "An Algorithm for the Steiner

Problem in the Euclidean Plane’, Networks,
Vol.15, pp.323-345, 1985
I. Kim, C. Kim and S.H. Hosseini, ‘A Heuristic

Using GOSST with 2 Connecting Strategies for
Minimum Construction Cost of Network,
International Journal of Computer Science and
Network Security, Vol.6, No.12, pp.60-72, 2006
A. Balakrishnan, T.L.
Mirchandani,

Nagnanti, P.
“Modeling and Heuristic Worst
Case Performance Analysis of the Two Level
Network  Design Problem’, Management
Science, Vol.40, pp.846-867, 1994

(14]) C. Duin and A. Volgenant, "The Multi-weighted
Steiner Tree Problem’, Annals of Operations
Research, Vol.33, pp.451-469, 1991

(15) G.H. Lin and G.L. Xue, “Steiner Tree Problem
with Minimum Number of Steiner Points &
Bounded Edge-length”, Information Processing
Letters, pp.53-57, 1999

(16) IR. Current, C.S. Revelle and J.L. Cohon, "The
Hierarchical Network Design Problem

European Journal of Operational Research,

Vol.27, pp.57-66, 1986

Z 2l ¥ (Inbum Kim) A3
1989 24 A-gostal AH5FElF
g} 24

1991 29 A& stal 755l

/_;} : SEERL

- 1991~1995%d -4l -
“ suE ey

: 1996\ A~& A 7] Eo)s}k HFE] Al

o s
<Al Eol> FSFE| 0], V| ELZ, dlo]elHlo] 2~
2! T 2 (Chae-kak Kim) A3
A

19814 24 &
g
1985 24 oAA|e &k Ak eist
A ARARELE (F5AD
2002+ 249 TN FA5EF
B CEie)
1985%~19944d LGHA}, AW A

=

FE 25
1996 A~3 A 7 £ st AFE] AlG

<ol shsel g, Alzsuek AlH US4

www.dbpia.co.kr



	GOSST 문제에 대한 전역적 배치와 지역적 배치 휴리스틱의 개선을 위한 G- Node와 단절에 관한 연구
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 연구 배경
	Ⅲ. 제안 방법
	Ⅳ. 실험을 통한 제안하는 방법의 고찰
	Ⅴ. 결론
	참고문헌


