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A Max-Min Ant Colony Optimization for Undirected Steiner
Tree Problem in Graphs
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® Abstract m

The undirected Steiner tree problem in graphs is known to be NP-hard. The objective of this problem is to find
a shortest tree containing a subset of nodes, catled terminal nodes. This paper proposes a method hased on a
two-step procedure to solve this problem efficiently. In the first step, graph reduction rules eliminate useless nodes
and edges which do not contribute to make an optimal solution. In the second step, a max-min ant colony optimization
combined with Prim’s algorithm is developed to solve the reduced problem. The proposed algorithm is tested in
the sets of standard test problems. The results show that the algorithm efficiently presents very correct solutions
to the benchmark problems.
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Procedure GPM &321Z(V', E')

input SOL ; wi3|nlt} A= 2gloly] E]e) 3k

input BS ; A7 AAE 2elo|y EEF 7 £
2 2Elely Egle g

nput r ; ARAH, reT

input TM ; AZAR R ANed £ ARE A

input n ; HEE AN HL3F S AYE] HF
Ll g

input m ; 2L o] FPHE 4

+xGraph Reduction TA] *x

Call Graph Reduction Procedure(V’, E’)
New graph D(V, E) ; graph reduction ©4|9 4
Hz e e o

#xMMACO TA**

Call 27)3} 4
graph D(V, E) ; BE o7 27] H=2E 3k(05)
o] Fojg TyY=
™ < { },
54 ARE FA 4942 EFFAE rg -
TM < TMU{r},j=1
for k=1tomdo
Call MR EAHRA
if G+k1 < |TD
then, 54 AFE A 7w TEHA gL
EAAA r& 93 Y
TM < TM U {r}
else, TM <—{ },
54 ARE FAA Q92 EAFA ¢
TM < TMU{r},j=1
end-if
for i =1tondo
Call A4 #4A
SOL < AA AR 93} A 2oy EF
9 &
if i =1, then BS < SOL
if (BS > SOL) then
BS < SOL
end-if
end-for
Call FIZE 73AAA4(BS)
Call #HZH2E 4
end-for
end-procedure
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Procedure 27|38}
NewGraph D = (V, E)
7 s 27 HBEY %= 05)
Ty WA (zoy) o) A2ES &
v ﬂd 29 F (= VD

forx=1tox=v
fory=1ltoy=v
if {z, y)EE, then 7
end-if
end-for
end~for
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procedure A4
input M ; MNEE AHPES FJg

input £ ; AEd dXEY FAg
input r s NAAE reT
input v, ; AR xoll HF AHE9] A

input CAN ; @4 Ado] 7Hed AHES] A%

M « {r}

F < NULL

q < RAN ; (0, DAlo]9] @Y

CAN <« {y:ye N\ Mz eM(z,y) EE\F)}
dountil (T € M)

¢ < RAN

if q = gy,
then select a node y using deterministic rule in
CAN
y € argmax {ky . (T(:r, ‘,/))“(';7(1_) y))”:

cEMyEN\M(z.y)=SE\F}
else select a node v using roulette wheel
selection rule in CAN
Ey s (o) + (ney)?

Py = 3
i Z Z ky * (T(my))l! : (77(.::,1/)) ’
TEMyE M

’

zEM yEN\M, (z,y)€E\F
end if
M — M U{y}
F <« FU{(z, v}
end-do
end-procedure

), 71E2 AR, A 2008)e) 399 27 o

T, ol 3 olAe] dojs} =&Y
of ofefell FoR A (Dol efste] FH<

)
i
H
>
)
it
L O}Ju
i)
::I,
:01:1’
oft
2
2
rir
N
N
3

* y Sargmax {ky : (7—(7641))u (n(z‘y))ﬂ :

seEMyeN \Mzyee\rF} Q)

A oA K SA EHY AR AR
oIt} o] Ao} 753 MMACO®) 8 44317
o4 gaeiFe] 54 BPL AR Hes
A Eshe,

zefold BAGIA 4e A8 1 4 (DR
ohet ckdlel 4 @ ol gHtd, 4 @t A
el A 27h RS Heeks At 4
A Y 492 F o FWAAFE 489S Bk
ofH o] dslAirk: FEHOZ ARHE
$4 40D JoT AT T, AzE ARG
F7H btk A2 g =0.1) %S AYAAA,
Wk o] ol <019, A (D ol §stn 234
sow oldlel A DT olg et



£ A%

e

k,l/ ) (T(z i} “ : <F?(1 y) )j

p(;:,g,) =

’ } ) ’
Vo '7
e uwzx/ Tl rog)

TEMyEN M (2, y)EE\F (2)

323 AZE zke] g4l

7139 ACO &ate]F(AA, e, 2008)0] 4]
= w3 St A Sel 2EE oA S e
g FolFErh offl olfts ACO datlEol
& Hol & S gE ndEown e
s sk AE olre g9s spAT Foh
B Fk ol #4 F, slE AAdsta ¥
FoFE AAE nd (e 103] AR) ¢

F2 Sl AP A9 Wz
S SVRIAFA thg n3l F< o] T HEE
Fe e A AY 2L E 1ol Ay
T g o & 8lE RYdR] RatE g9 g
S gk ey oy @ ACO gaElse &
A el E3EAE REE o1 B2 &Y
T ERAOR ST n3] T YA AT

2 37t AGegAgGE A 7

CRAR KR e R n i hel
AN $5 gl Aol rkStudetzle
Hoos, 2000).
tA MMACO olA9] slz& 7AAe dg9 i
70 AE2gs Aekd ?

R
7] wel =

(4

4

o
o}‘.r

ol
g o

22

:‘

>

n(=10)3) S YAE 5ol

>,
o XY Fio

N
-

0 elA o
e Uellr] HAREdS FodFo2ZN 71E ACO
gdagjFe] 7ML e FAE & AGER iz
= Ae

B E EolEth MMACOI N E 2]
()& AHgshe] RS So5a 4 (HE o
£3lo] HREIGS IO £ FHF).

Tleptnew) = Toalol) X T ) o) s
(I j) <FE \F[,H”, (3)
Tleattrea) = Togtorn ToX1=7, r/)((vh/])’

(2, )y EF,, ) 4

Max-Min Ant Colony Optimization

R

A 33 A @ pen@E Hze S
£58 AR FE 2K ]r.

Procedure #22 734
NewGraph D = (V, E)
Fun s Kﬂ"i 2 o &8 dxE HY
E 5 Fy., o J'OW @ dAEY H3
v 2WEA A F AFY A= V]
Ty + DB A A (2, gy A=
Tl e Wk T oolA] (x, ) ¢ WEE S
wlne (E=# ¢ and Fy,,, = ¢)do
For (x = 1 to v}
(v eF)

Tlr glineny Pold) ™ P X Tl lold) 1 s Bl 43 3
Fl R 'F’*%‘% M
E <« FE- {(1 y )}
Else ({x, ¥) € Fin)
T ltoed Tttt + 05 1= T i) 5 Fpan
&% A A9 NzEYE 97
Floeat < Floary ™ {(z, y2}
End-if
End-for
end-while

end-procedure

MMACOSIA] Zehs S8 & 0=, )%
1= 7, 4018l F2ksl] £A421717] $J3) Thea) 2
& Hoz YT WHAL 4 G k= A
@) 4 @ B AsE AZE g v

Tinin lfI <Tmln’
f(I'} Lf Tmm =rs Tnan® (5)
Than 1f T2 Tan

3.24 8% AAE(Convergence Test)
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A (6)9l A CF(convergence factor)zte] 0.0019] gzl AEloly BAZ 98 ax AA
stolAut 090901 o WE AAGFOlT WAL B A3 AYd Prim FaelE3 MMACOS A5
£ A9 H2EFS 278} AT g Ed A7) GPM 12| ZL C/CrH+ERIAN| 2 THE
A AABEE Btk AL FAHe2 FE A ojzon, Pentium IV 34 GHz, RAM 1GB#7%°
At o219 HZE gho] 0ol 1o 2H = A A H2E Yok GPM &g Ee] 3% JrtE
< S, SA5ko] Beasley(1984)9) A9 Bol ANE ¥
wsk ~elo|y Eg 18709 benchmark 417} A
325 T2 5908, ol A5 T3 Singh et al.(2004)
o] AL A& A3 A HE Iy vy o gugZ7 vz Bl T3 Beasley?
A RE deFdags Bz A8 05 2ARE O gE 29 ANsR
7t #E€5E B2 dE AY 5 9] diEd F <¥ 1>~<¥E 2>¥ USTPel thgt GPM ¢351e]
2 g 7 FEo] A Atk 2% FA9 27 Zo A3}E Yehha vk <& 1>oX A A
of g} F& 34 WolAA Hut e Ao A 4.2 Beasley7t A4 3 Set BS] £A| o]Foln F

(® 1) ¢12|E T8 T} Z2K(Set B)

o5 Original problem Reduced probiem GPM Sing}l GPA Best Gap Time
i | e | I | Wl | B | IT et al's Known (sec)
b0l 50 63 9 1 0 1 82 82 82 82 0 0
b2 50 63 13 1 0 1 83 83 83 83 0 0
b03 50 63 3] 13 15 1 138 138 138 138 0 0.02
b4 50 100 9 20 3 8 59 59 59 59 0 0.04
b5 50 100 13 12 15 10 61 61 61 61 0 0.01
b6 50 100 25 3H 52 23 122 - 122 122 - 0.13
bO7 » A 13 8 9 7 111 - 111 111 - 0.01
b08 (G 94 19 19 24 14 104 104 104 104 0 0.03
b9 (6 A 38 17 21 15 220 220 220 220 0 0.03
bl10 (s 150 13 46 % 13 86 86 86 36 0 027
bll 75 150 19 53 107 19 &8 8 8 8 0 034
bl12 (5 150 3 55 8 31 174 - 174 174 - 027
bl3 100 125 17 3 51 13 165 165 165 165 0 0.09
bl4 100 125 3] 39 59 20 235 235 235 236 0 0.15
bl5 100 125 50 3 43 30 318 318 318 318 0 0.10
bl6 100 200 17 72 149 17 127 132 130 127 5 061
bl7 100 200 25 58 106 22 131 - 131 131 - 0.33
bl8 100 200 50 61 97 41 218 223 219 218 5 0.38
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Bhut Qloh o ol CF @t 718} 31571 v
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Z5el Wi AQAITRS YERITL

GPM Zugjse A8 4944 g3t 22 9
FolE s ol 88w 7HE £ 8 HltKa=
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A7 HAse T AE AU E ¢ F 3
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rOl

3 Singh et al. @ A9, A Q008)¢] 2
:em v 8kl W, XE benchmark F-#1Eo)A
FUsAY v} 78S 4 9tk Singh et al.
o Azbol W £+ e+ of F 3t
E H2AgE" 249 HAHHE ATt Prim
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8 A He Aeson 1 org H2 o
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=l ZiE el o7 2 4 stk
Wf Beasley7t AA18F Set Co] H-A)
IBH'& M ¢igEe] s Ans B 4F 9l
=3 75_401]"1 o] HlAEQ BE BA0A V&
} %}EV S #3} A EAT) gaelEe]
15 sidshod A8HE AE ANEoR Set
] Hg| #A 27)7F solde g ZUHE%E
g, A4 A R AR F 2re 5% 4319

ez W7 A3 2(Set C)

o Original problem Reduced problem M Best Gap | CF T}”}e
vi | e vl | el | T Known (sec)
c01 500 625 5 142 266 5 &b s 0 2 250
c02 500 625 10 128 236 8 144 144 0 3 635
03 500 625 8 120 223 37 754 754 0 3 955
c4 500 65 | 15 % 175 » 1079 1079 0 3 66.04
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