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Tém tit - Cay Steiner nho nhat 13 bai toan tdi wu do thi
¢6 nhidu tmg dung quan trong trong khoa hoc va ky thuat.
Day 14 bai toan thudc 16p NP-hard. Hién da c6 nhidu hudng
tiép can giai bai toan cly Steiner nho nhat nhu cac thuat
toan tim 10i giai diing, cac thuat toan tim 1oi giai gan dung
can ti 1€, cac thudt toan heuristic, cac thudt todn
metaheuristic...; trong d6, cac chién lugc tim kiém 1an can
cO vai tro quyét dinh ddi voi viée cai thién chét luong 101
giai cua cac thuat toan metaheuristic. Trong bai b&o nay,
chung toi dé xuat hai chién lugc tim kiém 1an can va chung
t6i st dung céc chién lugc tim kiém I4n can nay trong ngir
canh cia thuat toan tim kiém 1an can bién d6i dé giai bai
todn cdy Steiner nho nhit. Két qua thuc nghiém voi hé
thdng dir lidu thuc nghiém chuan cho thiy ring thuat toan
dé xudt ctia chung toi cho 15 giai v6i chit luong tét hon so
véi mot sb thudt toan heuristic va mot sd thuat toan
metaheuristic hién biét trén mot s6 bo dir liéu.

Tiw khéa - Steiner minimal tree, neighbor search,
variable neighborhood search algorithm, metaheuristic
algorithm, sparse graph.

I. GIOI THIEU

A. Mot s6 dinh nghia

Muc nay trinh bay mot s dinh nghia va tinh chat cin
ban lién quan dén bai toan cdy Steiner nhé nhit.

Dinh nghia 1. Cay Steiner [3]

Cho G = (V(G), E(G)) 1a mot don dd thi vo hudng lién
thong va c6 trong sé khong 4m trén canh, V(G) 1a tap gdm
n dinh, E(G) 1a tap gdm m canh, w(e) 1a trong sb ciia canh
e véie € E(G). Cho L < V(G), cly T di qua tét ca cac dinh
trong tap L, tirc véi L < V(T) duoc goi 1a cay Steiner ctia L.
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Tap L duoc goi 1a tap terminal, cac dinh thudc tap L duoc
goi la dinh terminal. Binh thudc cay T ma khong thudc tap
L dugc goi la dinh Steiner cua cay T d6i vai tap L.

binh nghia 2. Chi phi cy Steiner [3]

Cho T = (V(T), E(T)) 1a mét cay Steiner cua d thi G. Chi
phi ctia cay T, ky hiéu 1a C(T), 1a tong trong sd cua cac canh
thudc cay T, tirec C(T) = Xeer(m W(E).

Dinh nghia 3. Cay Steiner nhé nhdt [3]

Cho dd thi G dwge mo ta nhu trén, bai toan tim cay
Steiner c6 chi phi nho nhat duge goi 1a bai toan cay Steiner
nho nhat (Steiner Minimal Trees Problem - SMT) hoac
dugc goi ngin gon 1a bai toan cay Steiner (Steiner Trees
Problem).

SMT 1a bai toan tdi wu dd thi. Trong truong hop tong
quat, SMT da dugc chiing minh thudéc 16p NP-hard
[3,20,36].

Khic v6i bai toan cdy khung nho nhat (Minimum
Spanning Trees Problem - MST); cay Steiner 1a cay di qua
tat ca cac dinh thudc tap terminal L va co thé c6 thém mot
s6 dinh khac nita thudc tap V(G) chtr khong nhat thiét phai
di qua tat ca cac dinh V(G) cua d6 thi nhu dbi v6i bai toan
MST.

Dé ngén gon, trong bai bao nay tir do thi s& duoc hiéu 1a
don dd thi, vo hudng, lién thong, co6 trong $6 khong am trén
canh.

B. Ung dung cua bai toan cay Steiner nhs nhat

Bai toan SMT c6 thé dwoc tim thdy trong cac (mg dung
quan trong nhu:

Bai toan thiét ké mang truyén thong: Cho mot mang méay
tinh duoc biéu dién bai mot dd thi vo husng G = (V, E, f),
mot tap con T cac dinh cua V dwoc goi 1a nhom truyén
thdng va mot diém s duoc goi la mot méy ngudn. Bai toan
yéu cau tim mot topology ndi tat ca cac may trong nhom
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truyén thdng T U s sao cho tong s6 cac kénh ndi (trong mot
s6 truong hop c6 thé la tong do dai cac kénh ndi) can su
dung la nho nhat ma van thoa mén céc rang bugc cua mang
nhu tdc d6 duong truyén, dung lugng bang thong, ...

Bai toan thiét ké hé thong mang cuc bo: Xét mot hé
thdng mang cuc bd c6 day truyén thong trong mot cao bc.
B0 khung vi tri cac diém phéat méi cho WLAN c¢o thé tan
dung hé théng LAN san c6, nhung khong nhét thiét phai
thuc hién twong tu. Gia sir da biét tap cac diém phat duoc
nbi v6i nhau qua LAN va chi phi dé két ndi mot diém phat
dén mot diém két ndi dinh nghia boi kij.

Trong truong hop nay, tap V gom tit ca cac diém phat
va moi diém két nbi dén hé théng LAN sin ¢6. Vi chi ¢o
céc diém phat mai giao tiép v6i nhau nén S chi gom nhiing
diém phat va H 1a mot @6 thi day du. Chi phi két ndi giira
hai diém két ndi i, j € V\'S dugc dinh nghia 1a kij=0. Ung
dung dugc biét dén nhur 14 bai toan Cay Steiner ¢ chi phi
nho nhét. Tap con U c V dugc goi 1a tap cac dinh cudi
(terminal) lién théng véi nhau, trong khi s6 dinh con lai V
\ U dugc xem nhu la céc tai trung tdm (hub) giap giam chi
phi két ndi.

Bai toan thiét ké VLSI (Very Large Scale Integrated):
Trong thiét ké vat Iy ctia vi mach VLSI, pha di diy bao
gdm viée xac dinh so d6 ndi day cho cac diém cua timg
khéi hay timg cong trén chip. Mot mang trén chip 1a tap
hop céc diém can phai ndi v6i nhau, thuong bao gom mot
diém ngudn va nhiéu diém dich. Trong viéc di day, so do
két ndi dugc dic ta cho mot sb lugng 16n cac mang. Két
ndi thuong duge thyc hién trén mot mang ciung lic. Mdi
phuong an két ndi cho mot mang don 1a mét Cay Steiner
phii cac diém ndi.

Nhiéu yéu cau tdi vu dat ra cho viéc ndi mang phu thugc
vao chirc ning cua timg mang. Viée thiét ké VLSI, cac
dudng ndi chi 1a dwdng ngang doc trén bang mach. Bai toan
t6i wu chiéu dai day ndi duoc dua vé mot bién thé cua bai
toan Cay Steiner.

Céc bai toan lién quan dén hé thong mang véi chi phi
nho nhét [1,3,17,39,19]:

C. Mgt sé nghién cizu lién quan bai toan SMT

Bai todn SMT da thu hat dugc sy quan tim nghién ctiru
ctia nhiéu nha khoa hoc trén thé gi6i trong hang chuc nim
qua[6,7,9,10,11,12,13,23,25,41].

Hién tai, c6 nhiéu huéng tiép cén giai bai toan ciy
Steiner nho nhét nhu cac thudt toan rat gon dd thi, cac thuat
toan tim 101 giai dung, cac thuat toan tim 16 giai gin dung
can ti 1€, cac thuat toan heuristic, cac thudt toan
metaheuristic.

1) Céc thudt toan rut gen dé thi

Mot sb nghién ctru trinh bay cac k¥ thuat nhdm giam
thiéu kich thuéc ctia d6 thi. Chang han cong trinh cua
Jeffrey H.Kingston va Nicholas Paul Sheppard [16], cong
trinh ctia Thorsten Koch Alexander Martin [31], C. C.
Ribeiro, M.C. Souza [5]....

Y tudng chung cua cac thuat toan rit gon do thi 1a nham
gia tang céc dinh cho tap terminal va loai bd cac dinh cta
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dd thi ma né chic chin khong thudc vé cay Steiner nho
nhit can tim. Chét lugng cac thuat toan giai bai toan SMT
phu thudc vao d6 16n cua hé s6 n — |L|. Do vay, muc dich
clia cac thuét toan rat gon do thi 1a 1am giam thiéu t6i da hé
sdn—[L].

Céc thuat toan rat gon do thi ciing dugc xem la budc
tién xur ly dir liéu quan trong trong viéc giai bai toan SMT.
Huéng tiép can nay 1a rat can thiét khi tiép can bai toan
SMT bang cac thuat toan tim 1o giai ding.

2) CAc thudt toén tim loi gidi diing

Céc nghién cuu tim 101 giai dung cho bai todn SMT nhu
thudt toan quy hoach dong ctia Dreyfus va Wagner [27],
thudt toan dua trén phép ndi long lagrange cua Beasley
[15], cac thudt toan nhanh can cia Koch va Martin [31],
Xinhui Wang [21,38]....

Uu diém cua hudng tiép can nay 1a tim duoc 101 giai
chinh xé4c, nhugc diém cua hudng tiép can nay 1a chi giai
dugc cac bai toan co kich thudc nhd; nén kha nang Gng
dung cua ching khong cao. Viéc giai ding bai toan SMT
thuc sy 1a mot thach thirc trong 1y thuyét ti wu t6 hop.

Huéng tiép can nay 1a co s& quan trong c6 thé dugc st
dung dé danh gia chat luong 151 giai cua cac thuat toan giai
gan dung khac khi giai bai toan SMT.

3) Céc thudt todn gdn ding cdn ti ¢

Thuét toan gan dung cén ti 1& o nghia 1a 10i giai tim

Uu diém cua thuat toan gﬁn ding cén ti 1€ 1a co6 su dam
bao vé mit toan hoc theo nghia cén ti 1€ trén, nhugc diém
cua thuat toan dang nay la cén ti 1€ tim dugc trong thuc té
thuong 1a kém hon nhiéu so v6i chét luong 10 giai tim
duoc boi nhiéu thuat toan gﬁn dang khac dua trén thuc
nghiém.

Thuat toan MST-Steiner ciia Bang Ye Wu va Kun-Mao
Chao ¢6 can ti 1€ 2 [3], thuét toan Zelikovsky-Steiner c6
can ti 18 11/6 [3]. Can ti 18 tot nhat tim duoc hién tai cho
bai toan SMT la 1.39 [4,24,30].

4) Cac thugt toan heuristic

Thuaét toan heuristic chi nhiing kinh nghi¢m riéng biét
dé tim kiém 10i giai cho mot bai toan tdi wu cu thé. Thuat
toan heuristic thuong tim dugc 10i giai co thé chp nhén
dugc trong thoi gian cho phép nhung khong chac d6 14 16i
giai chinh x4c. Céac thuat toan heuristic cling khong chéc
hidu qué trén moi loai dir lidu ddi voi mot bai toan cu thé.

Cac thuat toan heuristic dién hinh cho bai toan SMT nhu:
SPT [32], PD Steiner [32] (bai bao nay s& goi tit 1a PD),
SPH [5], Heu [31], Distance network heuristic ctia Kou,
Markowsky va Berman [18].

Uu diém cla cac thuat toan heuristic 1a thoi gian chay
nhanh hon nhiéu so véi cac thuit toan metaheuristic. Giai
phap nay thuong dugc lua chon vai cac dd thi ¢6 kich thude
16n [17,32,29,26].
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5) Céc thudt toan metaheuristic

Thuét toan metaheuristic st dung nhiéu heuristic két
hop vai cac ki thuat phy tro nhdm khai pha khong gian tim
kiém, metaheuristic thudc 16p cac thuat toan tim kiém t6i
uu [40].

Hién dd c6 nhiéu cong trinh st dung thudt toan
metaheuristic giai bai toan SMT. Chéng han nhu thuat toan
local search str dung céc chién lugc tim kiém 1an can Node-
Based Neighborhood [28], Path-Based Neighborhood [28],
thuat toan Local Search [8], thuat toan tim kiém véi lan can
bién d6i [35], thuat toan di truyén [2], thuat toan Tabu
Search [5], thuat toan di truyén song song [20],...

Dong gop chinh cua ching toi trong bai bao nay 1a da
dé xuét hai chién luoc tim kiém Ian can méi dé giai bai toan
cay Steiner nho nhat.

Il. KHAO SAT MOT SO CHIEN LUQC TIM KIEM
LAN CAN GIAI BAI TOAN CAY STEINER NHO
NHAT

A. Chién lugc Chén canh - Xéa canh

Cho db thi vo hudng lién thong c6 trong sb G. Bat dau
tir cay Steiner T cua G dugc khoi tao ngiu nhién, chén lan
luot timg canh e e E(G) — E(T) vao cy Steiner T. Néu cay
Steiner T khong chira chu trinh thi canh e khong can dwoc
xem xét; néu E(T) U {e} chira chu trinh thi tim mot canh e’
trén chu trinh nay sao cho viéc loai n6 dan dén cay Steiner
T ¢6 chi phi 1a nho nhét. Tiép theo, néu C(T') < C(T) thi
thay T bang T ".

Thao tac tim chu trinh trong cay Steiner T sau khi chén
thém mot canh e dugc tién hanh nhu sau: Khi chén canh e
= (u, v) vao T, duyét cdy Steiner T theo chiéu sau bit dau
tir u, luu vét trén duong di bang mang p (dinh trude cua
mot dinh trong phép duyét). Tiép theo, bit dau tir dinh v,
truy vét theo mang p dén khi gip u thi két thuc, cac canh
trén duong truy vét chinh 1a céc canh trong chu trinh can
tim [34].

B. Chién luoc tim |an cdn tét hon

Thi tuc tim kiém 14n c4n bit dau tir cay Steiner T duoc
tién hanh nhu sau: Loai ngau nhién khoi T mét canh e, chon
ngiu nhién canh e’ tir tap E — E(T), néu tap canh E(T) — {e}
U {e’} cho ta cay Steiner T' ¢6 chi phi tét hon T thi ghi nhan
cay Steiner nay. Thu tuc trén s& duoc 1p lai k 1an ddi vé6i
cay Steiner T, trong s cac cdy Steiner dugc ghi nhan chon
ra T* 1a cay Steiner tot nhét, néu cay Steiner T c6 chi phi
t6t hon T" thi dat T = T*[33].

C. Chién luwoc tim lan cdn ngau nhién tot hon

Tim kiém ngau nhién cho cay Steiner T duoc tién hanh
tuong ty nhu tim kiém 1an can nhung khong quan tim dén
chi phi trén canh: Loai ngau nhién canh e trong T, tim ngau
nhién mot canh €’ tir tdp E — E(T) sao cho E(T) — {e} v {e’}
cho ta cay Steiner T' (khong quan tim dén viéc T’ ¢6 tot
hon T hay khong). Cap nhat T = T’ va lap lai k 1an thao tac
trén [33].
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D. Chién lwoc tim lan cdn Node-base

Cho céy Steiner T. Xét mot dinh ngau nhién u € Tma
khong thudc tap dinh terminal L. X6a dinh u va cac canh
lién quan dén dinh u trong T; khi d6 T duoc phan rd thanh
nhiéu thanh phan lién thong; goi ddy 1a d6 thi H. Lan luot
bd sung cac canh theo thir tu trong s ting dan cua G - H
vao dd thi H cho dén khi H 1a mot cdy. X6a céc canh du
thira trong H dé H tr¢ thanh mot cay Steiner 7. Néu cay 7”
¢6 chi phi tét hon T thi cap nhat T bé“mg T’; nguoc lai hoac
la khéng tao dugc cdy T gitt nguyén [28].

E. Chién lwoc tim lan cdn Path-based

Mot key-node 1a mot dinh ctia cay Steiner voi bac it nhét
1a3.

Mot key-path 1a mot dudng di voi tit ca cac dinh trung
gian (khong 1a dinh terminal) déu c6 béc 1a 2 va hai dinh
dau cudi cua duong di d6 hoac thudc tap terminal hodc la
dinh key-nodes.

Viéc tim key-path ngiu nhién dugc thuc hién nhu sau:
Chon ngau nhién mdt canh trong T; néu hai dinh dau cudi
6 bac 2 va la dinh Steiner thi thém canh tiép theo ké cua
dinh d6 cho dén khi 2 dinh dau cubi khong phai bac 2 va
khong phai Steiner thi ding lai, va kiém tra duong dén d6
c¢6 phai key-path khdng. Néu trong lac thyc hién khong
thdéa man thi dung.

T 1a mot cay Steiner. Gia sir p mot key- path ngau nhién
trén T; tién hanh loai bo p; khi d6 T duoc tach thanh hai
thanh phan lién thong T1 va Ta;

Chon canh ngdn nhat co thé ndi hai thanh phan lién
théng T1 va T, vdi nhau; gia sir khi d6 ta dugce cdy méi la
T.

Néu cay 7’ c6 chi phi t6t hon T thi cap nhat T bang 7
ngugc lai thi gitt nguyén T [28].

I1l. PEXUAT MQT SO CHIEN LUQC TIM KIEM
LAN CAN CHO CAY STEINER

A. Chién hroc tim kiém 1an cgn tham lam (NS1)

Cho cay Steiner T. Loai ngiu nhién khéi T mot canh e,
chon ngau nhién canh e’ tir tap E - E(T), nhung canh e’
thém vao cay T thi ta ldy ngdu nhién tir tap nhiing canh ké
véi tap dinh cta cay T trong tap E — E(T) trén tiéu chi la chi
phi cang nho thi ti 1€ chon cang cao. Sau khi loai canh e va
thém canh e’ ta dugc cay Steiner 7~ ¢6 chi phi nho hon thi
ghinhian 7= T". Lap lai k lan thu tuc nay, ta dugc cay T cd
chi phi t6t nhét.

Mai gia cta chién luge tim kiém NS1 co thé duoc viét
nhu sau :

Algorithm: NS1

Input: Cay Steiner T ban dau, k 1a s6 1an lap.

Output: Cay Steiner T.

1: Khoi tao tap canh x6a e_del tir tdp canh cua cay T:

e_del = E(T);

2: Khai tao tap canh thém e_add tir tap E — E(T) va cac

canh nay k& véi tap dinh cua cay T:
e_add = adjacentEdges (E — E(T));
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3: Sip xép cac canh trong e_add theo thir tu ting dan
cua trong sb canh;

4:for(i=1;i<=k;i++){

5: Chon canh x6a e = randomChoice(e_del);

6: Chon canh thém e’ = priorityChoice(e_add);

7: Hai canh dugc chon e, e’ thoa mén trong sb canh e 16n
hon trong sb e’ (e > e’);

8: Sau khi loai canh e va thém canh e’ ta dugc cay
Steiner T’;

9: if (isSteinerTree(T”) && reduceTreeValue(T’) <
reduceTreeValue(T)) {

10: T=T

11: Céap nhap lai hai tap canh e_del, e_add;

12:}

13:}

14: Output T;

B. Chién luwoc tim kiém 1an cdn c6 x&c xudt (NS2)

Cho cay Steiner T, mdi canh e thudc T duge gan cho mot
xéc suit chon p(e); néu trong sb ctia canh e cang bé thi xac
xudt chon p(e) cang cao. Loai ngau nhién khoi T mot canh
e, e 1a canh duoc chon ngiu nhiéu véi viéc vu tién chon
canh c6 chi phi 16n (chi phi canh cang 16n thi ti I¢ chon
cang cao). Sau d6 tim ngau nhién mot canh e’ tir tap E —
E(T), véi e’ 1a canh chon ngau nhiéu véi viéc uu tién chon
canh c6 chi phi nho (chi phi canh cang nho thi ti 1¢ chon
cang cao) sao cho E(T) — {e} U {e’} cho ta cay Steiner T’
¢6 chi phi tot hon T thi ghi nhan ciy Steiner ndy 7 = 7.
Lip lai k 1an thu tuc nay, ta thu duoc cdy T c6 chi phi tot
nhét.

Mai gia ctia chién luge tim kiém NS2 co thé duoc viét
nhu sau :

Algorithm: NS2

Input: Cay Steiner T ban dau, k 1a s6 lan l3p.

Output: Cay Steiner T;

1: Khoi tao tap canh x6a e_del tir tdp canh cia cay T:

e_del = E(T);

2: Khoi tao tap canh thém e_add tur tap E — E(T) va cac

canh nay k& vi tap dinh cua cay T:
e_add = adjacentEdges (E — E(T));

3: Sép xép céc canh trong e_add theo thir ty ting dan
cua trong ) canh;

4: Sip xép cac canh trong e_del theo thtr tu giam dan
cua trong $6 canh;

5:for (i=1;i<=k;i++){

6: Chon canh x6a e = priorityChoice(e_del) va e khong
la canh treo;

7: chon canh thém e’ =
chira 2 dinh thudc T;

8: Sau khi loai canh e va thém canh e’ ta dugc cay
Steiner T’;
9: if (isSteinerTree(T’) && reduceTreeValue(T’) <
reduceTreeValue(T)) {

priorityChoice(e_add) va e’

10: T=T7
11: Cap nhap lai hai tdp canh e_del, e_add;
12: }
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13:}
14: Output T,

Trong do:

- Ham adjacentEdges() tra vé tap canh ké v6i tap dinh T
tir tap canh dau vao.

- Ham randomChoice() dung dé chon ngau nhién mot
canh tir tap canh déu vao.

- Ham isSteinerTree() dung dé kiém tra c6 phai 1a cay
Steiner hay khong

- Ham reduceTreeValue() dung d¢ tinh chi phi ciia ciy
sau khi da loai bo nhitng canh du thura (canh treo chira dinh
treo khong thudc tap terminal)

- Ham priorityChoice() ding dé chon wu tién mot canh
tur tap canh dau vao.

C. Thudt toan tim kiém 1an cdn bién doi

Van dé 16n nhat ma cac thuat toan metaheuristic gap pha1
1a n6 dé roi vao bay t6i wru cuc bo. Pé giai quyét van dé
nay, chiing t6i dé xut viéc két hop thuat toan tim kiém lan
can bién d6i voi mot s6 chién luge tim kiém 1an can dé hy
vong nang cao chat lugng 10 giai cua thuat toan [37]

Y tuéng cua thuat toan tim kiém lan can bién doi

(Variable Neighborhood Search - VNS) la thuc hién lan
luot tirng chién lugc tim kiém 1an can, hét chién lugc tim
kiém 1an can nay dén chién lugc tim kiém Ian can khac;
trong qua trinh thuc hién thuat toan VNS, ta luén ghi nhan
loi giai tét nhat (ky luc),
Khi thuc hién mot chién Iuoc tim kiém 1an can, néu tim
duoc ki luc mai thi ta quay tré lai thuc hién thuat toan VNS
tir du. Nguoc lai, ta chuyén sang chién luoc tim kiém lan
can tiép theo; qua trinh dwoc tiép tuc cho dén khi thuc hién
hét tat ca cac chién lugc tim kiém 1an can ma 1oi giai tot
nhét khong duoc cai thién [22].

M4 gia cua thuit toan VNS co ban c6 thé viét nhu sau:
- Goi S la toan b (hoic mot phan) caa khong gian 10i giai
cua bai toan;

- Khai tao ngau nhién giai phap s thuoc S;

- Goi LSy, LS,, ..., LSk la c4c thuat toan tim lan can cua bai
toan dang xét;

while (diéu kién dirng chua dugc thoa)

{

for (i=1;i<=k;i++)

+ Goi s’ 1a 1an can cua s voi s’ dugc tim thay bang LS;;

+ Néu s~ tot hon s thi break; // thoat khoi vong lap for;

}

}
- s |4 loi giai tim dwoc cha bai toén;

Trong d6, diéu kién dirng c6 thé sir dung la: Khi thuc
hién hét tat ca cac chién luoc tim kiém 1an can ma loi giai
t6t nhat khong duoc cai thién.

D. So do thugt toan VNS gidi bai toan SMT
T la cay Steiner ngiu nhién;
while (diéu kién dimg chua thoa) {

- Lan luot thue hién cac chién luoc tim kiém 14n can
NS1, NS2 trén;
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- Trong qua trinh thyc hién cac chién lugc tim kiém
lan can trén, ta ghi nhan 1oi giai tot nhét;

- Khi thue hién mot chién lugc tim kiém 1an can, néu
tim dugc ki luc méi thi ta quay trd lai thuc hién
thuat toan VNS tir dau (sau vong lip while);
nguoc lai, ta chuyén sang chién luoc tim kiém lan
can tiép theo;

- Thuat toan VNS két thiic khi diéu kién dimg duoc
thoa; diéu kién dung duogc chung t6i lya chon
trong thuat toan nay 10*n véi n 1a sé dinh cta d6
thi.

P _y

Tra ve 1oi giai tot nhat tim dugc;

M4 gia cua thuat todan VNS-NS c6 thé duoc viét nhu
sau :
Algorithm: VNS-NS
Input: T 1a cdy Steiner ngau nhién, k 12 s6 1an lap cho mdi
chién lugc tim kiém 1an cén, k_vns 1a s6 lan lap cho thuat
toan VNS-NS.
Output: Cay Steiner T;

1: T 1a cay Steiner ngau nhién;

2: loop = 0;

3: while (loop < k_vns) {

4: NS1(k);

5: if (T dugc cai thién) {
6: loop = 0;

7. continue;

8: }

9: NS2(k);

10: if (T dugc cai thién) {
11: loop =0;

12: continue;

13: }

14: loop++;

15: }

16: Output T;

IV. THUC NGHIEM VA PANH GIA

Phan nay, chiing t6i mo ta viéc thyc nghiém hai chién
Iugc 1an cén do chung t6i dé xuét trén v6i hai metaheuristic
don gian 1a thuét toan tim kiém 1an cén (local search) va
thuét toan tim kiém 14n can bién ddi (VNS); dong thoi dua
ra mot sb danh gia vé cac két qua dat dugc.

A. Dir liéu thuc nghiém

Dé thyc nghiém cac thuat toan lién quan, chung toi st
dung 30 bo dir liéu gdbm 15 d thi nhom steinc va 15 db thi
nhom steind trong hé théng dir lidu thuc nghiém chuan
dung cho bai toan cay Steiner tai dia chi URL:

http://people.brunel.ac.uk/~mastjjb/jeb/orlib/steininfo.h
tml [14].

B. MGéi truong thuc nghiém

Thuat toan VNS-NS duogc ching t6i cai dit bang ngon
ngtt C++ su dung méi truong DEV C++ 5.9.2; dugc thuc
nghiém trén mot may chu ao Hé diéu hanh Windows server
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2008 R2 Enterprise, 64bit, Intel(R) Xeon (R) CPU E5-
2660 @ 2.20 GHz, RAM 4GB.

C. Két quda thuc nghiém va danh gid

Théng tin dir liéu thyc nghiém [14] dugc ghi nhan &
Bang 1 va Bang 2 ¢6 cau tric nhu sau: Cot dau tién (Test)
1a tén cac bo dit lidu trong hé thong dit liéu thyc nghiém;
s6 dinh (n), s6 canh (M) va sb dinh thudc tap terminal (|L|)
ctia timg dd thi.

Bang 1. Thong tin vé cac do thi nhom steinc

Test n m IL|
steincl.txt 500 625 5
steinc2.txt 500 625 10
steinc3.txt 500 625 83
steinc4.txt 500 625 125
steinch.txt 500 625 250
steinc6.txt 500 1000 5
steinc7.txt 500 1000 10
steinc8.txt 500 1000 83
steinc9.txt 500 1000 125

steinc10.txt 500 1000 250
steincll.txt 500 2500 5
steinc12.txt 500 2500 10
steinc13.txt 500 2500 83
steinc14.txt 500 2500 125
steinc15.txt 500 2500 250

Bang 2. Thong tin vé cac do thi nhom steind

Test n m |L|
steind1.txt 1000 1250 5
steind2.txt 1000 1250 10
steind3.txt 1000 1250 167
steind4.txt 1000 1250 250
steind5.txt 1000 1250 500
steind6.txt 1000 2000 5
steind7.txt 1000 2000 10
steind8.txt 1000 2000 167
steind9.txt 1000 2000 250

steind10.txt 1000 2000 500
steind11.txt 1000 5000 5
steind12.txt 1000 5000 10
steind13.txt 1000 5000 167
steind14.txt 1000 5000 250
steind15.txt 1000 5000 500

Két qua thyc nghiém cua thuét toan dugc ghi nhan &
Bang 3 va Bang 4.

Bang 3 ghi két qua thyc hién cua timg thuat toan MST
[3], SPH [31], TS[31], NB[28], PB[28] va cot tiép theo ghi
nhén gié tri chi phi cdy Steiner tuong tng véi chién luoc
tim kiém 1an can NS1, NS2 trong ngilt canh thudt toan tim
kiém 1an can bién d6i dugc dit tén 1a VNS-NS.
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Bang 3. Két qua thuc nghiém trén nhém db thi steinc

Test MST|SPH | TS | NB | PB V,L\'s
steincl.txt 88 105 85 85 85 85
steinc2.txt | 144 | 165 | 144 | 144 | 144 | 144
steinc3.txt | 779 | 776 | 754 | 754 | 754 | 754
steinc4.txt | 1114 | 1092 | 1079 | 1079 | 1079 | 1079
steinc5.txt | 1599 | 1593 | 1579 | 1579 | 1579 | 1579
steinc6.txt 60 70 55 55 55 55
steinc7.txt | 115 | 113 | 102 | 102 | 103 | 102
steinc8.txt | 531 | 527 | 509 | 509 | 509 | 509
steincO.txt | 728 | 723 | 707 | 707 | 707 | 707

steinc10.txt | 1117 | 1109 | 1093 | 1093 | 1093 | 1093
steinc11.txt 37 42 32 32 33 32
steinc12.txt 49 55 46 46 46 46
steincl3.txt | 274 | 272 | 258 | 258 | 258 | 258
steincl4.txt | 337 | 335 | 324 | 323 | 323 | 323
steinc15.txt | 571 | 563 | 556 | 556 | 556 | 556

Bang 4. Két qua thyc nghiém trén nhém db thi steind

Test MST|SPH | TS | NB | PB VNNSS
steindl.txt | 107 | 109 | 106 | 106 | 106 106
steind2.txt 237 243 220 220 220 220
steind3.txt | 1636 | 1606 | 1567 | 1565 | 1565 | 1565
steind4.txt | 2012 | 1975 | 1935 | 1935 | 1935 | 1936
steind5.txt | 3310 | 3286 | 3250 | 3250 | 3254 | 3252
steind6.txt 74 85 70 68 70 67
steind7.txt 105 105 103 103 103 103
steind8.txt | 1138 | 1106 | 1078 | 1072 | 1077 | 1073
steind9.txt | 1540 | 1504 | 1450 | 1448 | 1449 | 1448

steind10.txt | 2163 | 2148 | 2112 | 2110 | 2111 | 2113
steind11.txt 31 38 30 29 29 29
steind12.txt 43 49 42 42 42 42
steind13.txt 531 523 502 501 502 502
steind14.txt | 702 | 699 | 667 | 669 | 667 671
steind15.txt | 1151 | 1137 | 1117 | 1117 | 1120 | 1117

D. BPdnh gid két qua thuc nghiém

Muc nay nhdm so sanh chit luvong 101 giai ctia thuat toan
VNS-NS véi cac thuat toan heuristic: MST [3], SPH [31],
TS [31] va hai thuat toan local search NB [28], PB [28].

Két qua c6 dugc do thyc nghiém thuat toan vai sé lan
lap k = (n*m)/2 (n 1a s6 dinh, m 1a s6 canh) cho mdi chién
luge tim kiém 1an can NS1, NS2 va diéu kién dé thuat toan
VNS-NS két thuc 1a sau k_vns = 10*n 1an lap ma két qua
cua cay Steiner khong duogc cai thién (khong tim dugc ky
luc mai thi dung lai).

Vi 30 bo dir liéu nhom steinc va steind, thuit toan
VNS-NS cho chat lwong 10 gii (t6t hon, bang, kém hon)
so v6i cac thuit toan MST [3], SPH [31], TS [31], NB
[28], PB [28] lan luot 1a: (96.7%, 3.3%, 0.0%), (100%,
0.0%, 0.0%), (20%, 66.7%, 13.3%), (3.3%, 76.7%,
20.0%), (23.3%, 66.7%, 10.0%).
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Trong bai bao nay, ching tdi da dé xuat hai chién lugc
tim kiém 1an can méi va ap dung ching trong thuét toan
tim kiém 1an c4n bién d6i dé giai bai toan cdy Steiner nho
nhit. Chung t6i da thye nghiém thuat toan dé xuat nay voi
30 bo dir lidu 1a cac do thi trong hé thng dir liéu thyuc
nghiém chuan. Két qua thuc nghiém cho thiy rang cac
chién luoc tim kiém 1an can nay 1a hiéu qua va c6 thé sir
dung trong cac thuit toan metaheuristic khac nhdm ning
cao chat luong 10i giai cho bai toan cay Steiner nho nhat.
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PROPOSE SOME NEIGHBORHOOD SEARCH
STRATEGIES FOR THE STEINER MINIMUM
TREE PROBLEM

Abstract: Steiner Minimum Tree (SMT) is a graph
theory optimization problem that has many important
applications in science and technology. This is a NP-hard
problem. Many approaches have been developed to solve
the Steiner Minimum Tree such as algorithms for finding
exact solutions, Approximation Algorithms, algorithms
heuristic algorithms, metaheuristic algorithms. In which,
neighborhood search strategies are decisive for improving
the quality solution of metaheuristic algorithms. In this
paper, we propose two neighborhood search strategies for
the Steiner Minimum Tree problem, and we use these
neighborhood search strategies in the context of a variable
neighbor search algorithm. Experimental results with the
standard experimental data system show that our proposed
algorithm offers better quality solution than some existing
heuristic algorithms and metaheuristic algorithms on some
data sets.
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