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Tém tit: Cay Steiner nho nhét (Steiner Minimal Tree -
SMT) 14 bai toan t6i wu t& hop c6 nhidu tng dung quan
trong trong khoa hoc va ky thuat; day 1a bai toan thudc 16p
NP-hard. Trong hang chuc nim qua, da c6 nhidu bai bao
khoa hoc cong bé cach giai bai toan SMT. Trong bai bao
nay, ching toi dé xuit mot thuat todn mai dya trén so do
thuat toan bees co ban dé giai bai toan SMT. Ching t6i da
cai dit va thuc nghiém thuat toan d& xuét trén 38 bo dit liéu
trong hé théng dit liéu thuc nghiém chuin; két qua thuc
nghiém cho thiy thuét toan d& xuét cho loi giai véi chét
lwong t6t hon mot sb thuat toan heuristic va metaheuristic
hién biét trén mot sé bo dit lieu.

T khoa: Steiner minimal tree, bees algorihms,
metaheuristic  algorithms,  sparse  graphs.  heuristic
algorihms.

l. MODAU

A. Cdc dinh nghia

Muc nay trinh bay mét s6 dinh nghia va tinh chat
cin ban lién quan dén bai toan cay Steiner nho nhat.

DPinh nghia 1. Cy Steiner [1]

Cho G = (V(G), E(G)) 1a mot don dd thi vé huéng
lién thdng va c6 trong so6 khdng &m trén canh; trong do
V(G) la tap gém n dinh, E(G) la tap gom m canh, w(e)
la trong sé cua canh e, e e E(G). Cho L la tap con cac
dinh cua V(G), cay T di qua tat ca cac dinh trong L
duoc goi la cay Steiner cua L.

Tap L duoc goi la tap terminal, cac dinh thudc tap
L duoc goi la cac dinh terminal, cac dinh thugc cdy T
ma khong thudc tap L duoc goi la cac dinh Steiner.
Khac veéi cac bai toan cay khung, cay Steiner chi can
di qua tat ca cac dinh thugc tap terminal L va c6 thé
thém mot s6 dinh khéac nira thugc tap V(G).

DPinh nghia 2. Chi phi cay Steiner [1]

Cho T = (V(T) E(T)) 1a mot cay Steiner cla do
thi G, chi ph| cua cay T, ky hiéu la C(T), la tong trong
s6 cua cac canh thu00 cay T, tac la C(T) =

ZeeE(T) w(e).
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Pinh nghia 3. Cdy Steiner nhé nhat [1]

Cho db thi G dugc mo ta nhu trén, bai toan tim cay
Steiner 6 chi phi nho nhét dwoc goi 1a bai toan cay
Steiner nho nhat (Steiner Minimal Trees problem —
SMT).

SMT la bai toan t01 uu t6 hop trén Iy thuyét do thi.
Trong truong hop téng quat, SMT da dwoc chung
minh la bai toan thugc 16p bai toan NP-hard [1, 9] Cé
hai truong hop dic biét d6i vai bai toan SMT c6 thé
giai duoc bang thoi gian da thirc; do 1a khi L=V(G) va
khi |L|=2 (L] 1a ky hiéu sb luong dinh cua tap Y): Khi
L=V thi bai toan SMT c6 thé giai bang céc thuat toan
tim cdy khung nho nhét; ching han nhu cac thuat toan
Prim, Kruskal; khi |L|=2 thi bai toan SMT c6 thé glal
duoc bang céc thuat toan tim duong di ngén nhét giira
hai dinh; chang han thuat todn Dijkstra.

~Dé ngin gon, trong bai bdo nay tir @ thi s& duoc
hiéu 1a don d6 thi, vo6 hudng, lién théng, co6 trong s6
khdng am.
B. Ung dung cua bai toan SMT
Bai toan SMT c6 thé duoc tim thy trong c4c ung
dung quan trong trong cic linh vuc khoa hoc va ky
thuat; ching han nhu bai toan thiét ké mang truyén
thong, bai toan dinh tuyen trong VLSI, cac bai toan

lién quan dén thiét ké hé théng mang vai chi phi nho
nhat [1],..

C. Mgt sé nghién cizu lién quan bai todn SMT
Bai todn SMT da thu hat dugc sy quan tdm nghién
ctu cua nhiéu nha khoa hoc trén thé gioi trong hang

chuc nam qua [5,13,16]. Hi¢n tai da c6 nhiéu thuat
toan giai bai toan SMT dugc dé xuét;

Hudng thir nhadt 1a cac thuat toan tim 1oi giai dung.
Ching han thuat toan quy hoach dong, thuat toan dia
trén phép néi long Lagrange, thuat toan nhanh can,..

Hudéng thir hai la cac thuat todn heuristic. Ihuat
toan heuristic chi nhitng kinh nghi¢m riéng bi¢t dé tim
kicm loi giai cho mot bai toan toi wu cu thé. Thuat
toan heuristic thuong tim duogc 161 giai ¢6 thé chap
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nhan dugc trong thoi gian cho phép nhu’ng khong chac
d6 1a 1oi giai t6t nhat. Uu diém cua c4c thuat todn
heuristic 1a cho thoi gian chay nhanh.

Hudng thir ba la cic thuat toan metaheuristic.
Thuat toan metaheuristic sir dung nhiéu heuristic két
hcp v6i cac ky thuat phu tro nham khai pha khong
gian tim klem metaheuristic thuoc Iop céc thuét todn
tim kiém tdi wu.

Trong cac hudng tiép can trén, cac thuat toan dang
heuristic va metaheuristic dang dugc quan tdm nhiéu
nhat [6,7,8,12].

D. Thudt toan Bees co bdn

Cac thuat toan md phong theo qua trinh tim kiém
thirc 4n cua loai ong da dugc biét dén trong céc cong
trinh ctia cdc nhdm tac gia Dusan Teodorovic (2010)
[4], D.T. Pham (2005) [3], Xin-She Yang (2010)
[15],..

Céc thuat toan Bees st dung dong thoi ba Chlen
lwgc tim kiém sau: tim kiém 1an cdn, tim klem ngau
nhién va tim kiém sdu hon ¢ nhing ving tiém nang.
Céac thuét toan Bees dugc danh gia la thich hop dé gidi
cac bai toan t6i wu t6 hop khé so voi nhiéu
metaheuristic phd bién truéc d6 [11,15].

So db thudt todn Bees co ban

1. Khoi tao quan thé ban dau véi N cé thé ong;
cac ca thé nay duoc tao ngiu nhién hoac bang mot
heuristic dac thu tuy theo bai toan.

2. Panh gia do thich nghi cho mdi ca thé cua
quan thé.

3. while (dleu kién ditng chua thoa) {

4. Trong N ca thé ong, chon ngiu nhién ra p ca
thé dq thuc hién tim kiém 1an can (p < N). Trong s6 p
ca the duoc chon nay chon ra h ca thé co do thich
nghi cao nhat (phan bo céc thé vao ba nhém khac
nhau dé thyc hién viéc tim kiém).

5. Cu thém nep ong dé thuc hién viéc tim kiém
1an can cho h cé thé tot nhit trén va nsp ong dé thyc
hién viéc tim kiém lan can cho p — h ca thé dugc chon
con lai. Banh gid d6 thich nghi cho cac ca thé vira
dugc bd sung (nsp < nep, nsp va nep la cac s6 nguyén
duong, thuc hién viéc tim kiém lan can).

6. Sau khi thuc hién tim kiém lan can, mol ca thé
(g6c) co thé sinh thém mét hodc mot s6 lan can.
Trong s6 cé thé goc va céc ca thé 1an can cua nd (co
thé goi la mot viing cac ca thé) chon ra mot ca thé c6
do thich nghi cao nhét dai dién cho ving cé& thé d6 &
1an tién hoa tiép theo.

7. Mai ca thé trong s6 N — p ca thé khong duoc
chon s& duoc thay the bang mét ca the ngau nhién
(thuc hién viéc tim kiém ngiu nhién). Danh gid do
thich nghi cho cac cé thé dugc bd sung

8. }
9. return ca thé tot nhat trong quan thé ¢ thé hé
cudi cung;

Thuét toén bees co ban trén sir dung cac tham so
sau: N 1a sb luong ca thé ong duoc khoi tao; p la so
luong ca thé duge chon trong sd N ca the h 1a s6
lwong cé thé co chat luong tot nhét trong sé p cé thé
duogc chon p—hlash luong ca thé duoc chon con lal
N-p 1a sb 1u'0ng cé thé khong dugc chon; nep la s6
lugng ong cur dén h ca thé tot nhat; nsp la sé lugng
ong ctr dén p—h ca thé duoc chon con lai.
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Il. THUAT TOAN BEES GIAI BAI TOAN

STEINER MINIMAL TREES

Phén nay trinh bay chi tiét cac bude cia thut toan
bees giai bai toan SMT; chlng t0i goi thuat toan nay
12 Bees-Steiner.

A. Tao quan thé ban dau

Thuét toan Bees-Steiner tao quan thé 161 giai ban
dau theo ¥ tuong ciia thudt toan Prim: Bit dau tir mot
dinh nao d6 thugc tap terminal L, tiép theo trong moi
bude lap, trong s cac dinh chua dugc chon dé tham
gia vao cay, ta chon mot dinh ké véi it nhat mot dinh
nam trong cay Qang dugc xay dung ma khong quan
tim dén trong s0 cua canh. Pinh dugc chon va canh
n6i n6 véi dinh cta cay dang dugc xay du’ng s€ dugc
bd sung vao cdy; thuat toan dimng khi tit ca cac dinh
thudc tap terminal L déu da dugc chon. Chlng tdi goi
thudt toan nay la LikePrim.

LikePrim (V,E)
})au vao: Do thi G= (V(G),E(G))
Piura: Cay Steiner ngau nhién T=(V(T),E(T))
Chon ngéu nhién dinh u e L;
V(T) ={u};
E(M = 9;
while (L & V(T)) {
Chon ngau nhién dinh v e V(G) - V(T) sao
cho v c6 ké v6i mot dinh z € V(T);
V(T) =V(T) u{v}
E(M) =EM v {v. )}

return cdy Steiner T;

A

©oo~No

Uu diém cua thuat toan LikePrim so véi céc
heuristic khac trong viéc tao 10 giai ban dau 1a su da
dang céac canh trong cay Steiner dugc hinh thanh.
Chét lwong cta quin thé ban dau duoc tao boi thuat
todn LikePrim du khong t6t bang cach sir dung céac
heuristic dac thu cta bai toan SMT chang han nhu &p
dung céc thuit toan tim duong di ngan nhat nhu
Dllkstra hodc Floyd; tuy nhién sau qua trinh tién hoa,
quan thé ban dau dwoc khoi tao bang thuat toan
LikePrim s& cho chat luong 101 giai t6t hon.

Tiép theo, ta xdy dung thuat toan tao quan thé ban
dAu cho bai toan SMT nhur sau:

IthopuIatlon (V,E)
})au vao: Db thi G= -(V(G), E(G))

Piura: Quan thé P gom N cay Steiner
T1,Taseees Ty cia do thi G
1. P=g;

2. fori=1.N{

3. T = LikePrim (V,E) ;
4. P=PuU{T}
5.
6

return P;

Xoa cac canh du thira

Véi cach tao cay Steiner nhu trén; thi trong céac
cay Steiner ¢6 thé c6 mot sb canh du thira. V&i mbi
cay Steiner T, duyét cac dinh treo u € T, néu u ¢ L thi
x0a canh chira dinh u khéi E(T), x6a dinh u trong
V(T) va cép nhat bac cua dinh k& véi dinh u trong T.
Liap lai budc nay dén khi T khong con thay doi.
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Do thich nghi cua mdi ca thé cay Steiner dugc
tinh theo dinh nghia 2 trén.

B. Piéu kién dirng cua thudt toan Bees-Steiner

Thuat toan Bees-Steiner sir dung diéu kién dimg
sau: Loi giai tot nhét tim duoc (ky luc) cua bai toan
khong dugc cai thién sau mot so lan lap dinh trudce
(thuong 1a mot ham theo kich ¢& cua dit liéu diu vao).

C. Phan nhém céc ca thé

Quan thé P ¢6 N ca thé, sap xép cac ca thé trong
quan thé P theo chleu tang dan theo chi phi cua céc ca
thé. Sau khi sap xep, ta phan bb cic ca thé vao ba
nhom: Nhom 1 gom h ca thé tot nhat nhom 2 gom p-
h ca thé t6t tiép theo va nhoém 3 gdm N-p c4 thé con
lai.

Ham sép xép quan thé va phan bd cac ca thé vao
cé&c nhom dugce dat tén 1a SortPopulation(P,N,h,p).
. Thudt toan sau déy cho phép phan nhoém cac ca
the.
SortPopulation(P,N,h,p)
Piu vao: Quan thé P gdom N Cay T1, Toreeny Ty
cla do thi G. Cac tham s6 h,p.

Piu ra: Xep cac ca the trong P vao ba nhom.
1. Sép xép céc ca thé cua quan thé theo chi phi

tang dan;

2. Xép h c4 thé dau tién T, T,,..., Tn Va0 nhém
1 ‘

3. Xép p-h ca thé tiép theo Ty, Thez,e.., Tp VAO
nhom 2; i

4. Xeép N-p ca the con lai Tpia, Tpigyen., Tn VA0

nhém 3;

D. Tim cay Steiner 1an cdn

Thu tyc tim kiém 1an cén bat dau tur cay Steiner T
dugc tién hanh nhu sau: Loai ngau nhién khoi T mot
canh e, chon ngu nhién canh e’ tir tip E — E(T), néu
tap canh E(T) — {e} u {e’} cho ta cay Steiner T' c6
chi phi t6t hon T thi ghi nhan cay Steiner nay. Thu tuc
trén s& dugc 1dp lai k lan dbi voi cay Stemer T trong
sO cac cay Steiner duoc ghi nhan chon ra T la cay
Stemer t6t nhat, neu cay Steiner T ¢6 chi phi t6t hon
T  thi dat T = T". Nhu vAy quin thé P duoc cap nhat
sau khi thuc hién xong thu tuc tim kiém 1an can. Ham
tim kiém l4n c4n vira mé ta dwoc dat tén la
NeighSearch(T,k).

Thuat toan sau ddy cho phép tim kiém cay Steiner
lan can.

NeighSearch(T, k)

Cay Steiner T=(V(T),E(T)) va s6
nguyén duorng k

Pau vao:

Diu ra: Thay the cay Steiner T bdi cay Steiner
t6t nhat trong sé k cay Steiner ldn cdn
dugc tao ngau nhién.

1. T=T; /T Ia cay Steiner tdt nhét trong lan

can I/l cuacay T

2. fori=1..k{

3. Loai ngau nhién mot canh e € E(T);

4, Chon ngiu nhién canh e’ e E — E(T);

5 if (T"=(V, E(T)—{e} v {e’}) lacay

Steiner) va (C(T’) < C(T))

6. T=T;
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}

| C(T) < C(T)

= P—{T}{T};// thay cy Steiner T boi cay
/Il Steiner T trong quin thé

7.
8.
9

P;
E. Tim cay Steiner ngau nhién

Tim kiém ngdu nhién cho cay Steiner T duoc tién
hanh twong ty nhu tim kiém lan can nhung khong
quan tdm dén chi | phi trén canh: Loai ngau nhién canh
e trong T, tim ngau nhién mét canh e’ tir tap E — E(T)
sao cho E(T) — {e} v {e’} cho ta cay Steiner T'

(khong quan tim dén viéc T co t6t hon T hay khdng).
Cap nhat T=T’ va lap lai k 1an thao tAc trén.

_Thuat toan sau ddy cho phép tim kiém céy Steiner
ngau nhién.

Randsearch(T,k)

Cay Steiner T =(V(T),E(T)) cta dd thi
G, k 1a s0 canh can thay thé ngau

Pau vao:

nhién.
Paura: Cay Steiner T sau khi da cho thay thé k

canh ngau nhién

for i=1.. k{

2. Loai ngiu nhién canh e € T;

3. Tim ngiu nhién canh e’ € E(G) —

T{e}u{e’} 1a mot cay Steiner;

4, T=T{epAe’};

5 }

6. returnT;

=

E(T) thoa

F. So do thugdt toan Bees-Steiner

Thuét toan Bees-Steiner trudc hét tao quan thé ban
dau P, sau d6 1a 13p lai cac thao tac: Sép X€p cdc ca
thé thudc quan the P va phan bd cic ca the vao cac
nhom; m01 c4 thé thuoc nhom 1 cho tim kiém lan cén
kq 1§m mdi ¢4 thé thudc nhom 2 cho tim kiém lan can
k, 1an. Trong mdi budc lip, quan thé P di dwoc cap
nhit thong qua cac thao tac tim kiém lan cén va tim
kiém nglu nhién. Khi thudt toan ding, c4 thé t6t nhét
tim dugc trong qua trinh thyc hién thuat toan duoc
cong bo lam 161 gidi can tim.

Thuat toan Bees-Steiner dugc moé ta nhu sau:

Bees-Steiner (V,E)

Do thi G= (V(G) E(G))
Cay Steiner c6 chi phi nho nhét tim
dugc T e . ., .

1. InitPopulation(V,E,N); // Tao quan thé P gom
cac cay Steiner Ty Top Ty

Pau vao:
Pau ra:

2. while (diéu kién dirng chua théa) {
3. SortPopulation(P,N,h,p);

4, Cap nhat Tpegt = Ty;

5. fori=1l..h

6. NeighSearch(T;, ky);

7. fori=h +1..p

8. NeighSearch(T;, k»);

9. fori=p+l1..N

10. RandSearch(T;, k3);

11. }

12. Cap nhat & thé Tpes;
13. return Tpeg;

lIl. THYPC NGHIEM VA DANH GIA
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Phan nay chl'mg t6i tién hanh thyc nghiém thuat
toan Bees-Steiner giai bai toan SMT trong tmong hop
d6 thi thua va dua ra mot sd phén tich danh gia vé két
qua dat dugc. Chung t6i so sanh thuét toan Bees-
Steiner v6i hai heuristic giai bai toan SMT gdm
heuristic MST-Steiner ctia Bang Ye Wu va Kun-Mao
Chao [1] va thudt todn heuristic dya vao cay duong di
ngén nhat (Shortest Path Tree-SPT) [1] va hai thuat
toan metaheuristic giai bai toan SMT gom thuét toan
di truyen song song (PGA-Steiner) [10] va thuat toan
tim kiém tabu (Tabu-Steiner) [2].

A. Dir liéu thuc nghiém

Do hau hét cac dd thi gip trong thuc té ing dung
1a db thi thua, nén ching t6i str dung 38 bo dit ligu do
thi thua trong hé thong dir ligu thuc nghiém chuén
cho bai toan cay Steiner: URL
http://people.brunel.ac.uk/~mastjjb/jeb/orlib/steininfo.
html [14]. Théng tin chi tiét vé 38 b dir liéu nay
duogc trinh bay ¢ bang I; trong do6 cac cot lan luot ghi
cac thong tin vé tén tap tin (Test) trong hé thong dir
lidu thuc nghiém chudn, sé dinh (n), sé canh (m) va sb
dinh thudc tap terminal (y) cta timg dd thi.

Bang I. Théng tin vé céc bo di¥ liéu thuc nghiém

Test n m |y Test n m y

steinbl1.txt 50 | 63 | 9 |steincl.txt |500 625 5

steinb2.txt 50 | 63 |13 |steinc2.txt |500 625 | 10

steinb3.txt 50 | 63 |25 |steinc3.txt | 500 625 | 83

steinb4.txt 50 {100 | 9 |steincd.txt |500 625 [125

steinb5.txt 50 {100 |13 |steinc5.txt |500 625 | 250

steinb6.txt 50 |100 |25 |steinc6.txt |500 | 1000 5

steinb7.txt 75 | 94 |13 |steinc7.txt |500 | 1000 | 10

steinb8.txt 75 | 94 |19 |steinc8.txt |500 | 1000 | 83

steinb9.txt 75 | 94 |38 |steinc9.txt |500 | 1000 |125

steinb10.txt | 75 |150 |13 |steincl0.txt |500 | 1000 |250

steinb1l.txt | 75 |150 |19 |steincll.txt |500 | 2500 5

steinb12.txt | 75 |150 |38 |steincl2.txt |500 | 2500 | 10

steinb13.txt (100 |125 |17 |steincl3.txt |500 | 2500 | 83

steinbl4.txt (100 |125 |25 |steincl4.txt |500 | 2500 |125

steinb15.txt {100 |125 |50 |steincl5.txt [500 | 2500 |250

steinb16.txt {100 |200 |17 |steincl6.txt |500 |12500 5

steinbl17.txt {100 |200 |25 |steincl7.txt 500 |[12500 | 10

steinb18.txt {100 |200 |50 |steincl8.txt 500 |[12500 | 83

steinc19.txt | 500 |12500 |125

Steinc20.txt | 500 |12500 |250

B. Moéi truong thuc nghiém

Céc thuat toan duoc viét Ngon ngit C++ sir dung
moi truorng DEV C++ 5.9.2; dugc thuc nghiém trén
mot may chu do Hé didu hanh Windows server 2008
R2 Enterprise, 64bit, Intel(R) Xeon (R) CPU E5-2660
0 @ 2.20 GHz, RAM 4GB.

C. Két qua thuc nghiém va danh gid

1) Tham sé thuc nghiém
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Qua thuc nghi¢m, thuat toan Bees-Steiner str dung
b6 tham sé sau: S6 budc lap Imax = 300, N = 75, h =
0.35 x N, p = 0.85 x N, ky= 0.50 x n, k,=0.25 x n,
k3=0.01 x n. Thuat toan Bees-Steiner cho thuc hién 30
1an cho mdi bo dit liéu.

2) Chdt luong loi giai

Két qua thyc nghlem ctia cac thuat todn dugc gh1
nhan & bang 11 va bang I11. Két qua thuc nghiém cua
cac thuit toan PGA-Steiner va Tabu-Steiner duoc
chung t6i ghi nhan lai tor cac cong trinh da cong bo
lien quan; con két qua cua cac thuat toan MST-
Steiner, SPT-Steiner, Bees-Steiner la do chung t6i cai
dat; voi m01 do thi, ket qua cua thuat toan Bees-
Steiner 1a két qua t6t nhat (c6 chi phi nho nhat) sau 30
lan chay.

Bang Il. Két qua thurc nghiém thuat toan trén céc bo
dir liéu thudéc nhém steinb

Test MST- SPT- PGA- Bees-
Steiner |  Steiner Steiner Steiner

steinbl.txt 82 82 82 82
steinb2.txt 90 84 83 83
steinb3.txt 140 147 138 138
steinb4.txt 64 59 59 59
steinb5.txt 64 62 61 61
steinb6.txt 128 134 122 122
steinb7.txt 111 111 111 111
steinb8.txt 104 113 104 104
steinb9.txt 222 222 220 220
steinb10.txt 98 90 86 86
steinbl1l.txt 91 93 88 88
steinb12.txt 174 192 174 174
steinb13.txt 175 172 165 165
steinbl14.txt 237 253 235 235
steinb15.txt 323 335 318 318
steinb16.txt 137 138 127 127
steinb17.txt 134 139 131 132
steinb18.txt 222 250 218 219

Véi cac do thi steinb 50 dinh: Chat lugng 101 gidi
(t6t hon; tuong duong; kém hon) cta thudt toan Bees-
Steiner so v6i cic thudt toan MST-Steiner, SPT-
Steiner, PGA-Steiner lan luot 1a (5/6; 1/6; 0/6), (4/6;
216; 0/6), (0/6; 6/6; 0/6) bo dir liu.

Vi cac do thi steinb 75 dinh: Chat luong 1o gidi
cua thudt toan Bees-Steiner so v&i cac thuat toan
MST-Steiner, SPT-Steiner, PGA-Steiner lan lugt la
(3/6; 3/6; 0/6), (5/6; 1/6; 0/6), (0/6; 6/6;0/6) bo dit liéu.

Véi cic do thi steinb 100 dinh: Chat luong loi giai
cua thuat toan Bees-Steiner so voi cac thuat toan
MST-Steiner, SPT-Steiner, PGA-Steiner lan luot 1a
(6/6; 0/6; 0/6), (6/6; 0/6; 0/6), (0/6; 4/6; 2/6) bo dix
liéu.
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Bang lll. Két qua thurc nghiém thuét toén trén cac bo

dir liéu thuéc nhom steinc

MST- SPT- Tabu- PGA- Bees-

Test Steiner | Steiner | Steiner | Steiner | Steiner

steincl.txt 88 86 85 85 85

steinc2.txt 144 158 144 144 144

steinc3.txt 779 843 755 754 754

steinc4.txt 1114 1193 1081 1079 1079

steinch.txt 1599 1706 1579 1579 1579

steinc6.txt 60 56 55 55 55

steinc7.txt 115 103 102 102 102

steinc8.txt 531 597 509 509 509

steinc9.txt 728 865 708 707 707

steinc10.txt 1117 1327 1093 1093 1094

steincll.txt 37 32 32 32 32

steincl12.txt 49 46 46 46 46

steinc13.txt 274 322 258 258 260

steinc14.txt 337 417 324 323 324

steinc15.txt 571 703 556 556 556

steinc16.txt 13 12 11 11 11

steinc17.txt 19 19 18 18 18

steinc18.txt 125 146 117 113 116

steinc19.txt 158 195 149 146 149

steinc20.txt 269 339 267 267 267

Vi cac dé thi steinc 500 dinh, 625 canh: Chét
lugng loi giai cua thuat todn Bees-Steiner so véi céac
thuat todn MST-Steiner, SPT-Steiner, Tabu-Steiner,
PGA-Steiner lan luot 1a (4/5; 1/5; 0/5), (5/5; 0/5; 0/5),
(2/5; 3/5; 0/5), (0/5; 5/5; 0/5) bo dit ligu.

Vi cic do thi steinc 500 dinh, 1000 cgnh: Chat
lugng loi giai cua thuat todn Bees-Steiner so vai cac
thuat toan MST-Steiner, SPT-Steiner, Tabu-Steiner,
PGA-Steiner lan luot la (5/5; 0/5; 0/5), (5/5; 0/5; 0/5),
(1/5; 3/5;1/5), (0/5; 4/5; 1/5) bo dix lidu.

Vi cdc dé thi steinc 500 dinh, 2500 canh: Chét
lugng loi giai cua thudt toan Bees-Steiner so vai cac
thuat toAn MST-Steiner, SPT-Steiner, Tabu-Steiner,
PGA-Steiner lan luot 1a (5/5; 0/5; 0/5), (3/5; 2/5; 0/5),
(0/5; 4/5; 1/5), (0/5; 3/5; 2/5) bo dix liéu.

Véi cdc do thi steinc 500 dinh, 12500 canh: Chat
lugng loi giai cua thuat todn Bees-Steiner so vagi cac
thuat toan MST-Steiner, SPT-Steiner, Tabu-Steiner,
PGA-Steiner lan luot l1a (5/5; 0/5; 0/5), (5/5; 0/5; 0/5),
(1/5; 4/5; 0/5), (0/5; 3/5; 2/5) bo dix liéu.

IV. KET LUAN

Trong bai bdo nay chung t6i da d& xuét thuat toan
Bees-Steiner giai bai todn cay Steiner nho nhit dua
trén so dd cua thudt toan bees co ban. Két qua thuc
nghiém trén 38 by dir li¢u 1a cic do thi thua trong hé
thong dit liéu thyc nghiém chuan cho thiy thuat toan
Bees-Steiner cho 101 giai chit lugng tot hon thut toan
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MST-Steiner 86.8% va cho chit luong tuong duong
13.2% bo dir liéu; cho 101 gidi co chat luong tot hon
thuat toan SPT-Steiner 86.8% va chét lugng tuong
duong 13.2%; cho 10i giai c6 chat lugng tét hon thuat
toan Tabu-Steiner 20.0%, twong duong 70.0% va kém
hon 10%; cho 10i giai c6 chat lugng tot hon thuat toan
PGA-Steiner 0.0%, tuong duong 81.6% va kém hon
18.4%.
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BEES ALGORITHM FOR SOLVING STEINER
MINIMAL TREE PROBLEM IN SPARSE
GRAPHS

Abstract: Steiner Minimal Tree (SMT) is a
combinatorial optimization problem that has many
important applications in science and engineering; this is
the problem of class NP-hard. In this paper, we propose a
new algorithm based on the basic bees algorithm to solve
the SMT problem. We have been experimented the
algorithm proposed on 38 sets of data in the standard
experimental benchmark instances. Experimental results
show that the algorithm proposed for solutions with better
well-known  heuristic  algorithms and  metaheuristic
algorithms on instances.
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