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Tém tit: Ciy Steiner nhd nhét (Steiner Minimum Tree-SMT) 12 bai todn t6i vu t8 hop c6 nhiéu ing dung quan trong

trong khoa hoc va ky thuat. Pay 1a bai toan thudc 16p NP-hard. Trudc diy di c6 nhiéu cong trinh nghién ciu theo cic

huéng tiép can khac nhau dua ra cic thuat todn dé€ giai bai toan SMT. Bai bdo ndy dé xuét thuat toan Hill climbing search

d€ giai bai toan Cay Steiner nhd nhit, trong d6 dé xuét cich thifc tim kiém l4an cin tit dinh va cach thifc két hop tim kiém

lan can tit dinh v6i tim kiém 1an can ngiu nhién d€ giai quyét bai todn Cay Steiner nhé nhat. Két qua thuc nghiém véi

hé théng dif liéu thuc nghiém chuin cho thiy thuit todn dé xuit clia chiing t6i cho 18i giai véi chét lugng tot hon so véi

mot s6 thudt todn heuristic hién biét trén mot s6 bo di licu.

T khéa: thudt todn tim kiém leo doi, Cady Steiner nho nhdt, thudt todn heuristic, thudt todn metaheuristic, ldn cdn tdt

dinh, ldn cdn ngdu nhién, t6i uu cuc bo.
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Hill Climbing Search Algorithm For Solving Steiner Minimum Tree Problem
Steiner Minimum Tree (SMT) is a complex optimization problem that has many important applications in science and

technology. This is a NP-hard problem. In the past, there were many research projects based on different approaches
offering algorithms to solve SMT problems. This paper proposes a Hill climbing search algorithm to solve the SMT
problem; which suggests how to search nearby and how to combine with random nearby searches to solve local
optimization problems. Experimental results with the standard experimental data system show that our proposed
algorithm offers better quality solution than some existing heuristic algorithms on some data sets.

Keywords:

Hill climbing search algorithm, Steiner minimum tree problem, heuristic algorithm, metaheuristic algorithm, neighboring
deterministic, random nearby, local optimization.

I. GIOI THIEU

Gia st ching ta can xdy dung mot hé thdng giao
thong ndi mot sd dia diém trong khu do thi. Vin dé
dit ra 1a phai thiét ké sao cho hé théng giao thong d6
c6 do dai ngan nhit nhim giam kinh phi xay dung.
Yéu cau cia bai todn cho phép thém vao mot s6 dia
diém trung gian d€ giam thiéu tdng chiéu dai hé thong
cin xiy dung. Pay 12 bai todn c6 thé van dung kién
thic bai todn Cay Steiner nhd nhét dé giai.

Bai todn Cay Steiner nhd nhit hién dugc nghién ctiu
& mot sd dang sau: Bai toan thi nhét 1a bai toan Cay

Steiner nhd nhét v6i khoang cach Euclide [11], 27, 28]
Bai toan thii hai 1a bai toan Cay Steiner nhd nhét
v6i khoang cach chit nhat [11]. Bai toan thi ba la
Cay Steiner nhé nhét v6i khodng cach dudc cho ngiu
nhién [4]. Pay la gi6i han nghién ciiu vé bai todn Cay
Steiner nhd nhét ctia chiing toi trong bai bo nay [28].

Muc nay trinh bay mot sé dinh nghia va kha niing
ting dung ctia bai todn Cay Steiner nhd nhét.

A. Mét s6 dinh nghia
Dinh nghia 1: Cay Steiner [4]



Cho G = (V(G), E(G)) 1a mot don dd thi vo huéng
lién thong va c6 trong sb khong am trén canh, V(G)
1a tap gdm n dinh, E(G) 1a tap gdbm m canh, w(e) la
trong sb clia canh e véi e € E(G). Cho L C V(G), cay
T di qua tt ca cic dinh trong tap L, tic véi L € V(T)
dugc goi la Cay Steiner cua L.

Tap L dudc goi la tap terminal, cac dinh thudc tap
L dugc goi la dinh terminal.

binh thudc cdy T ma khong thudc tdp L dugc goi
12 dinh Steiner cta cay T dbi véi tap L.

Dinh nghia 2: Chi phi Cay Steiner [4]]

Cho T = (V(T), E(T)) 1a mot Cay Steiner ctia dd
thi G. Chi phi cta cay T, ky hiéu 1a C(T), la tong
trong sd clia cdc canh thudc cay 7, tic 1a ta c6 C(T) =
2ieck(T) W(e).

Pinh nghia 3: Cay Steiner nhd nhat [4]

Cho dd thi G dudc md ta nhu trén, bai todn tim Cay
Steiner c¢6 chi phi nhd nhéit dudc goi 1a bai toan Cay
Steiner nhé nhét (Steiner Minimum Tree problem -
SMT) hoiic dudc goi ngin gon la bai toan Cay Steiner
(Steiner Tree problem).

SMT Ia bai toan tdi wu t& hop ciia ly thuyét do
thi. Trong trudng hop téng quat, SMT da dugc ching
minh thudc 16p NP-hard [4, [13]].

Khéc véi bai toan cdy khung nhd nhéit (Minimum
Spanning Trees Problem) - d6 la bai toan don gian.
Cay Steiner la cdy di qua tit c4 cac dinh thudc tap
terminal L va c6 thé thém mot s6 dinh khac nita thudc
tap V(G) chi khong nhét thiét phai di qua tat ci cic
dinh cta do thi.

D€ ngin gon, trong bai bdo nay tit do thi s& dudc
hiéu 1a don do thi, vo huéng, lién thong va cé trong
s6 khong am trén canh.

Dinh nghia 4: /-ldn cdn cta Cay Steiner T

Cho db thi G va T 1a mot Cay Steiner ctia G. Ta
g0i I-ldn cdn cla Cay Steiner T la tap tit ca cac Cay
Steiner ctia do thi G sai khic v6i T diing mdt canh.
Néu 7’ 1a mot Cay Steiner thudc I-ldn cdn cia T thi
tandi T va T’ la 1-Ildn cdn v6i nhau.

Trong mot sb trudng hop ching ta con st dung
nhiing 1an can rdng hon so véi I-ldn cdn. Khai ni€ém
k-ldn cén duéi day 12 mé rong truc tiép ctia khai niém
1-ldn cdn.

Pinh nghia 5: k-ldn cdn cia Cay Steiner T

Cho d6 thi G va T 1a mot Cay Steiner ctia né. Ta
g0i k-ldn cdn clia Cay Steiner T 1a tap tét ca cac Cay

Tap 2020, S6 1, Thing 6

Steiner ctia d6 thi G sai khac véi T khong qua k canh.
Néu 7’ 1a mot Cay Steiner thudc k-Idn cdn cta T thi
tandi T va T’ 1a k-Idn cdn v6i nhau.

Dinh nghia 6: Lan cén tAt dinh va lan can ngiu
nhién

Néu cac Cay Steiner trong lan cin dugc xic dinh
khong phu thudc vao yéu té ngiu nhién thi ta néi vé
lan can tat dinh, con néu ngudc lai, ta néi vé 1an cin
ngau nhién.

B. Ung dung cia bai toan Ciy Steiner nhé nhat

Bai toan SMT c6 thé dugc tim thdy trong céc
ing dung quan trong nhu: Bai todn thiét ké mang
truyén thong, bai todn thiét ké VLSI (Very Large Scale
Integrated), c4c bai toan lién quan dén hé théng mang
v6i chi phi nho nhat [3] 4] [12] [17, B1].

Pong gop chinh cia chiing t6i trong bai bao nay
la da dé& xuit cach thdc tim kiém 1an can méi d€ gidi
bai toan Cay Steiner nhé nhit dong thdi cai dit thuc
nghiém thuat todn trén hé théng du liéu thuc nghiém
chuén.

1. KHAO SAT MOT SO THUAT TOAN GIAT
BAI TOAN CAY STEINER NHO NHAT

Hién tai, c6 nhiéu huéng tiép can gidi bai toan Cay
Steiner nhd nhit nhu cdc thuit toan rit gon do thi,
cac thut toan tim 16i gidi ding, cdc thut toan tim
16i gidi gan diing can ti 1&, cdc thuat todn heuristic va
cac thuit toan metaheuristic.

A. Céc thuét toan rit gon do thi

Mot sb nghién cifu trinh bay cac ky thuit nhim
giam thiéu kich thuéc ctia dd thi. Chang han cong
trinh cda Jeffrey H.Kingston va Nicholas Paul Shep-
pard [10], cong trinh cta Thorsten Koch Alexander
Martin [26], C. C. Ribeiro, M.C. Souza [J3]....

Y tuéng chung ciia cdc thuit toan rit gon do thi 1a
nhim gia ting cic dinh cho tap terminal va loai bd
cc dinh ctia do thi ma né chic chan khong thudc vé
Cay Steiner nhd nhit can tim. Chit luong cic thuat
toan giai bai toan SMT phu thudc vao do 16n ctia hé
s6 n — |L|. Do vay, muc dich ctia céc thuit toan rit
gon do thi 12 lam gidm thiéu t&i da hé s6 n — |L|.

Céc thuat toan rit gon do thi ciing dudc xem la
budc tién xit ly dif liéu quan trong trong viéc giai bai
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toan SMT. Huéng tiép can nay 1a rit can thiét khi
tiép can bai todn SMT bang cic thuit todn tim 15i
giai dung [16].

B. Cac thuit toan tim loi giai dung

Céc nghién ctu tim 16i giai ding cho bai toan SMT
nhu thuét toan quy hoach dong cia Dreyfus va Wagner
[33]], thuat toan dua trén phép ndi long Lagrange cia
Beasley [9]], cac thuit toan nhanh cin cita Koch va
Martin [26], Xinhui Wang [15} [30].. ..

Uu diém ctia huéng tiép can nay 1a tim dudc 10i
giai chinh xdc, nhudc diém cla hudng tiép cin nay
la chi giai dudc cac bai toan c6 kich thuéc nhd; nén
kha ndng ung dung cua ching khong cao. Viéc giai
ding bai toan SMT thuyc sy 1a mot thach thic trong
ly thuyét t6i wu t& hop.

Hudng tiép can nay la co s quan trong c6 thé dudc
st dung d€ danh gid chit luong 15i giai cla cac thuat
toan giai gan ding khac khi gidi bai todn SMT.

C. Ciac thuit toan gan ding can ti 18

Thuat to4n gan ding can ti 1& o nghia 13 15i giai
tim dudc gan ding mot can ti 1& a so véi 10i gidi toi
uu.

Uu diém clia thut todn gan ding can ti 18 1a c6 su
ddm bio vé mit toan hoc theo nghia cén ti 1& trén,
nhudc di€m cua thuét todn dang nay la cin ti 1& tim
dugc trong thuc té thudng 12 kém hon nhiéu so véi
chét lugng 15i gidi tim dudc bdi nhidu thuat toan gan
ding khac dua trén thuc nghiém.

Thuét toan MST-Steiner cia Bang Ye Wu va Kun-
Mao Chao c6 cén ti 1&€ 2 [4], thuat toan Zelikovsky-
Steiner c6 can ti 1& 11/6 [4]. Can ti 1& t6t nhat tim
dudc hién tai cho bai toan SMT la 1.39 [6] (18], 24].

D. Cac thuat toan heuristic

Thuat toan heuristic chi ra nhiing kinh nghiém riéng
biét d€ tim kiém 10i gidi cho mot bai todn tbi uu cu
thé. Thuat todn heuristic thuong tim dudc 19i gidi c6
thé chip nhan dugc trong thdi gian cho phép nhung
khong chiac d6 1a 10i gidi chinh xdc. Cac thudt toan
heuristic ciing khong chic hiéu qui trén moi loai dit
liéu d6i véi mot bai toan cu thé.

Céc thuat todn heuristic dién hinh cho bai toan SMT
nhu: SPT [21]], PD Steiner [21] (bai bao nay sé goi tat

la PD), SPH [5], Heu [26]], Distance network heuristic
cta Kou, Markowsky va Berman [34]].

Uu diém cta céac thuat toan heuristic 1a thoi gian
chay nhanh hon nhiéu so véi cdc thuit todn meta-
heuristic. Gidi phap nay thutng dugc lua chon vé6i
cac do thi cé kich thudc 16n [11] 20, 2], 25].

E. Cac thuat toan metaheuristic

Thuit toan metaheuristic st dung nhiéu heuristic
két hop véi cac ky thuat phu trg nham khai pha khong
gian tim kiém, metaheuristic thuoc 16p cic thuit toan
tim kiém t6i vu.

Hién di c6 nhiéu cong trinh s dung thuit toan
metaheuristic gidi bai toan SMT. Chang han nhu thuat
toan local search st dung cdc chién lugc tim kiém
lan cén node-based neighborhood [19], path-based
neighborhood [19], thuat todn local search [7], thuat
toan tim kiém lan can bién d&i [23]], thuat toan di
truyén [2], thuat toan tabu search [3]], thuat toan di
truyén song song [14]], thuat toan bees [22],...

Tit nhitng huéng tiép can trén, bai bdo nay d& xuit
mot thuét todn metaheuristic dang cd thé. Cu thé la
thuat toan Hill climbing search d€ gidi bai toan SMT.
Cich tiép can nay c6 thé giai dugc cic bai toan SMT
c6 kich thuéc 16n, cé chit lugng t6t hon so véi cic
hudng tiép can heuristic, cdc thuit todn gan ding cin
ti 1& va c6 thai gian chay nhanh hon so véi cac thuat
toan metaheuristic dang quan thé [32].

I11. THUZ&T TOAN HILL CLIMBING SEARCH
A Y tuéng thuit toan hill climbing search

Thuat toan Hill climbing search 1a mot trong nhiing
ky thuat dung d€ tim kiém tbi vu cuc bd cho mot bai
toan t6i wu [1I.

Thuat toan Hill climbing search 1a mot trong nhiing
giai phap dé gidi bai todn tdi uu, dic biét 1a dang bai
toan uu tién vé thdi gian tinh nhu bai toan dang thiét
ke.

B. S¢ db tong quat thuat toan Hill climbing
search

Thuat toan Hill climbing search lién tuc thuc hién
viéc di chuyén tit mot 10i gidi S dén mot 15i giai méi
S’ trong mot ciu tric 1an cin xdc dinh truc theo so
dd sau:



Budc 1: Khéi tao. Chon 15i giai xuit phat S, tinh
gia tri ham muc tiéu F(S).

Budc 2: Sinh 1an cin. Chon tip 14n cdn N(S) va
tim 16i giai S’ trong tap lan cén nay véi gia tri ham
muc tiéu F(S’).

Butéc 3: Test chap nhan. Kiém tra xem c6 chip nhan
di chuyén tit S sang S”. Néu chip nhan thi thay S bang
S’; trai lai gitt nguyén S la 16i giai hién tai.

Budc 4: Test diéu kién ding. Néu diéu kién ding
thda man thi két thiic thuat todn va dua ra 15i gidi tot
nhét tim duogc; trdi lai quay lai budc 2.

C. Giai quyét vin dé tbi wu hoéa cuc bd

Van dé 16n nhit ma thuat toan Hill climbing search
gip phai 12 né dé rai vao bay tbi uu cuc by, dé 1a lic
chiing ta leo 1én mot dinh ma chiing ta khong thé tim
dugc mdt 1an cin nao tt hon dugc nita nhung dinh
nay lai khong phai 1a dinh cao nhit.

D€ gidi quyét van dé nay, khi leo dén mot dinh t6i
uu cuc bo, d€ tim dudc 15i giai tét hon nifa ta c6 thé
lip lai thuat toan Hill climbing search v6i nhiéu diém
xuat phat khac nhau dudc chon ngiu nhién va luu lai
két qui t6t nhat & mdi 1an Lip. Néu s6 1an lip dd 16n
thi ta c6 thé tim dén dugc dinh t6i uu toan cuc, tuy
nhién véi nhiing bai toan ma khong gian tim kiém
16n; thi viéc tim dugc 10i gidi tdi wu toan cuc 13 mot
thach thac 16n [11 [29].

Dé giai quyét van dé tdi uu cuc bd, trong bai bdo
nay ching to6i dé xuat viéc két hop thuat toan Hill
climbing search véi chién ludc tim kiém 1an cin ngiu
nhién d€ hy vong nang cao chit lugng 15i gidi ctia
thuit toan.

IV. THUAT TOAN HILL CLIMBING SEARCH
GIAI BAI TOAN CAY STEINER NHO NHAT

A. Y tuédng thut toan

Cho db thi vo hudng lién thong cé trong sb G. Bat
dau tir Cay Steiner T ctia G dudgc khdi tao ngiu nhién,
chén lan luot ting canh ¢ € E(G) — E(T) vao Cay
Steiner 7. Néu Cay Steiner 7 khong chia chu trinh thi
canh e khong can dugc xem xét; néu E(T) U e chiia
mot chu trinh thi tim mot canh e’ trén chu trinh nay
sao cho viéc loai n6 din dén Cay Steiner T’ c6 chi
phi nhé nhét. Tiép theo, néu C(7’) < C(T) thi thay
T bang T’. Thuit toan dimg néu trong mot lan duyét
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qua tt ca cdc canh e € E(G) — E(T) ma khong cii
thién dugc chi phi cua Cay Steiner T.

Chung t6i dat tén thuat toan Hill climbing search
giai bai toan SMT la HCSMT.

B. So do thuat toan HCSMT
C. Mét s6 ban luin thém
a) Vén dé tao 1oi gidi ngdu nhién ban ddu

Ciing luu y rang Cay Steiner ban diu dugc khdi tao
ngau nhién thong qua hai giai doan nhu sau (dong 3
cua thuit toan HCSMT):

Bit dau tir cdy chi gdm mot dinh nao d6 ctia dd thi,
tiép theo, thuat todn s& thuc hién n — 1 budc lip véi n
la s6 dinh ciia dd thi dang xét. G mdi budc ldp, trong
s6 cdc dinh chua dugc chon dé tham gia vao cdy, ta
chon mét dinh ké véi it nhat mot dinh nam trong cay
dang dugc xdy dung ma khong quan tim dén trong
s6 ctia canh. Pinh dudc chon va canh ndi né véi dinh
clia ciy dang dudc xay dung sé dudc bd sung vao cay;
thudt toan nay st dung y tudng cda thuit toan Prim.

Duyét cac dinh treo u € T, néu u ¢ L thi x6a canh
chua dinh u khéi E(T), x6a dinh u trong V(T) va cip
nhét bac cta dinh ké vé6i dinh u trong T. Lip lai budc
nay dén khi 7 khong con su thay ddi nao nita; budc
nay goi la buéc xda cac canh du thua.

b) Vin dé tim kiém ldn cdn

Thao tac tim chu trinh trong Cay Steiner 7 sau khi
chén thém mot canh e dudc tién hanh nhu sau: Khi
chén canh e = (u,v) vao T, duyét Cay Steiner T theo
chiéu sau bat dau tr u, luu vét trén dudng di bang
mang p (dinh truéc cia mot dinh trong phép duyét).
Tiép theo, bat dau tir dinh v, truy vét theo mang p
dén khi gip u thi két thic, cdc canh trén dudng truy
vét chinh 12 c4c canh trong chu trinh can tim.

Thuat toan HCSMT ngoai viéc 16i gidi ban dau
dudc khéi tao ngiu nhién thi cdc Cay Steiner 1an cin
tim dudc trong qua trinh tim kiém 1a kiéu I-ldn cdn
tat dinh. Hiéu qua cta thuit toan HCSMT c6 thé dudc
cai thién khi ta thay doi thi tu cdc canh dugc duyét
trong tap E(G) — E(T); nghia la ta s€ duyét tap canh
nay theo mot hodn vi dugc sinh ngau nhién chi khong
theo mot thi tu c¢b dinh & tit ca cic 1an duyét.

c) Vin dé két hop véi tim kiém ngdu nhién

Thuat todin HCSMT chd yéu st dung tinh ting
cuong, thé hién qua cic chién lugc tim kiém Cay
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Thuat toan 1: Thuit toin HCSMT

Pau vao: Db thi G = (V(G), E(G))
Pau ra : Cay Steiner c6 chi phi nhd nhit tim
dugc
1 stop = false;
2 d = 0; //d 1a s6 lan ting cudng
3 T 1a Cay Steiner dudc khdi tao ngiu nhién;
4 Tpes: = T; //luu lai Cay Steiner tot nhat trude khi
thuc hién chién lugc da dang héa;
s while (d < N){ // N 1a sb 1an lip dinh trudc

6 stop = true;

7 S=E-E(T);

8 for (véi mbi canh e € S){

9 min = +o0;

10 if (canh e co 2 dinh (u,v) € T){

11 F=TUe;

12 Xéac dinh chu trinh Cycle trong F chia
e,

13 for (vdi méi canh e’ € Cycle)

14 if (C(F—e¢’) < min){

15 min=C(F - ¢');

16 Ghi nhan T’ = F — ¢’;

17 }

18 if (min < C(T)){

19 T=T

20 stop = false;

21 }

22 }

23 }

24 if (stop){

25 d++; //ting s bién dém ting cudng

26 if (C(T) < C(Tb\est)) Tpes: =T,

27 while (Thoa diéu kién da dang hoa){

28 Loai bé mot sb canh ngiu nhién ciia
Cay Steiner dang xét;

29 Chon ngau nhién mot s6 canh trong
céc canh con lai ctia dd thi G cho
dén khi cay T lién thong trd lai (diéu
kién canh thém vao la: Phai c6 dinh
thuéc T méi dudc thém vao dé tranh
trudng hop thém vio qud nhiéu lan
nhung 7 khong lién thong trd lai). Su
dung dinh nghia k-ldn cdn & trén;

30 Néu thém qua nhiéu 1an ma khong
lam cho 7 lién thong trg lai, thi tiép
tuc da dang hoda lai véi cac canh
khac;

31 }

32 }

33}

34 return Tpeg;;

Steiner 1an can. Tinh da dang dugc st dung vao cac

thoi diém sau: thi nhét 13 khi khéi tao 15i gidi ban
dau, thi hai 1a thay d6i thi tu duyét clia cic canh
trong tap canh dng vién (nhu da dé cip G doan trén),
thit ba khi viéc tim kiém 1an cin khong cai thién qua
mot s6 1an Lip thi tién hanh chon ngiu nhién mot sb
canh ctia cdy dé bat dau trd lai viéc tim kiém lan can.

V. THUC NGHIEM VA DANH GIA

Phan nay ching tdi md ta chi tiét viéc thuc nghiém
thuat toan HCSMT do chiing t6i dé xuit; dong thoi
dua ra mot sd so sanh, danh gid vé cic két qua dat
dugc.

A. Du liéu thuc nghiém

Pé thuc nghiém cic thuidt todn lién quan,
ching t6i st dung 60 bo di liéu 1a cac do thi
thua trong hé théng dif liéu thuc nghiém chuin
dung cho bai toan Cay Steiner tai dia chi URL
http://people.brunel.ac.uk/~mastjjb/jeb/orlib/steininfo
html[8]. Trong d6 nhém steinc ¢6 20 dd thi, nhém
steind c¢6 20 do6 thi, nhém steine c6 20 do thi (cac dd
thi nay c6 tap |L| tbi da 1250 dinh).

B. Méi truong thuc nghiém

Thuit toan HCSMT dudc ching ti cai dit bing
ngon nglt C++ st dung méi truong DEV C++ 5.9.2;
dugc thuc nghiém trén mot may chii 40, Hé diéu hanh
Windows server 2008 R2 Enterprise 64bit, Intel(R)
Xeon (R) CPU E5-2660 @ 2.20 GHz, RAM 4GB.

C. Két qua thuc nghiém va danh gia

Két qua thuc nghiém cla cdc thuit todn dudc ghi
nhan & cac Bang LILIIL. Céc bang nay cé céu triic
nhu sau: COt dau tién (Test) 1a tén cdc bd di lidu
trong hé thong dit liéu thuc nghiém, s6 dinh (n),
s6 canh (m) cda tliing do thi, cdc cot tiép theo ghi
nhan gid tri chi phi Cay Steiner 1an lugt tng véi hai
thuat toan hueristic: Heu [26]], PD [21]]. Hai thuat
toan metahueristic: VNS [23]], TS [3] va thuat toan
HCSMT.

Bo tham sb dugc xac dinh nhu sau qua thuc nghiém:
S6 lan chay mdi bd dit liéu 1a 30, sd lan ting cudng
12 50; s& canh loai bd ngiu nhién clia mdi lan ting
cuong la 0.05%x|E(T)|.
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) Bang II
KET QUA THUC NGHIEM THUAT
TOAN TREN NHOM PO THI STEIND

HC
SMT

Test n m Heu | PD | VNS| TS

HC
SMT

Test n m Heu | PD | VNS| TS

steincl.txt | 500| 625 85 85 85 85 85

steindl.txt | 1000| 1250 | 106 | 107 | 106 | 106 | 106

steinc2.txt | 500| 625 144 | 144 | 144 | 144 | 144

steind2.txt | 1000| 1250 | 220 | 228 | 220 | 220 | 220

steinc3.txt | 500| 625 755 | 762 | 754 | 754 | 754

steind3.txt | 1000| 1250 | 1570| 1771| 1565| 1567| 1565

steinc4.txt | 500| 625 1080| 1085| 1079| 1079| 1080

steind4.txt | 1000| 1250 | 1936| 2174| 1935| 1935| 1936

steincS.txt | 500| 625 1579 1583 | 1579 1579| 1579

steind5.txt | 1000| 1250 | 3252| 3511| 3250| 3250| 3250

steinc6.txt | 500| 1000 | 55 55 55 55 55

steind6.txt | 1000| 2000 | 70 70 67 70 67

steinc7.txt | 500| 1000 | 102 | 102 | 102 | 102 | 102

steind7.txt | 1000 2000 | 103 | 111 | 103 | 103 | 103

steinc8.txt | 500| 1000 | 510 | 516 | 509 | 509 | 509

steind8.txt | 1000| 2000 | 1092| 1287| 1073| 1078| 1073

steinc9.txt | 500| 1000 | 715 | 718 | 707 | 707 | 707

steind9.txt | 1000| 2000 | 1462| 1773 | 1448| 1450| 1448

steinc10.txt| 500| 1000 | 1093| 1107| 1093| 1093 | 1093

steind10.txt | 1000| 2000 | 2113| 2550| 2111| 2112} 2113

steincl1.txt| 500| 2500 | 32 34 33 32 32

steind11.txt | 1000| 5000 | 29 29 29 30 29

steincl2.txt| 500| 2500 | 46 48 46 46 46

steind12.txt | 1000| 5000 | 42 44 42 42 42

steincl3.txt| 500| 2500 | 262 | 268 | 258 | 258 | 258

steind13.txt | 1000| 5000 | 510 | 643 | 502 | 502 | 507

steincl4.txt| 500| 2500 | 324 | 332 | 323 | 324 | 324

steind14.txt | 1000| 5000 | 675 | 851 | 671 | 667 | 674

steincl5.txt| 500| 2500 | 557 | 562 | 556 | 556 | 557

steind15.txt | 1000| 5000 | 1120| 1437| 1116| 1117| 1118

steincl6.txt| 500| 12500| 11 12 11 11 11

steind16.txt | 1000| 25000 13 13 13 13 13

steincl7.txt| 500| 12500 19 20 18 18 18

steind17.txt | 1000| 25000 23 25 23 23 23

steinc18.txt| 500| 12500| 120 | 123 | 115 | 117 | 115

steind18.txt | 1000| 25000| 238 | 301 | 228 | 230 | 231

steinc19.txt| 500| 12500 150 | 159 | 148 | 148 | 149

steind19.txt | 1000| 25000| 325 | 424 | 318 | 315 | 321

steinc20.txt| 500| 12500| 268 | 268 | 268 | 267 | 268

steind20.txt | 1000| 25000| 539 | 691 | 538 | 538 | 539

D. Pinh gia két qua thuc nghiém

Muc nay nhim so sanh chét lugng 16 giai clia thuat
toan HCSMT v6i hai thuit toan heuristic: Heu [26],
PD [21] va hai thuat todn metaheuristic: VNS [23]],
TS [5]. Noi dung ctia Bang IV,V,VLVII cho biét s6
lugng (SL) va ti 1& phan trim (%) tuong dng véi s6
lugng bo dit lidu cho chét lugng 10i giai tét hon (ghi
nhin bdi ky hiéu "<") hodc cho chét luong 15i gidi
bing nhau (ghi nhan bdi ky hiéu "=") hoic cho chét
lugng 16i gidi kém hon (ghi nhan bdi ky hiéu ">") khi
so sanh thuit toan HCSMT véi cac thuat toan: Heu
[26], PD [21], VNS [23] va TS [5l.

Vé6i 20 bd dir liéu nhém steine, thudt toan HCSMT
cho chét lugng 15 giai (t6t hon, bang, kém hon) thuat
toan Heu [26] (35,0%, 65,0%, 0,0%). Két qué so sanh
thuat toan HCSMT véi thuat toan Heu [26] trén cac
nhém dit liéu steind, steine cling da dugc thé hién chi

tiét 6 Bang IV.

Tuong tu, két qua so sanh thuat toan HCSMT vdéi
thuat toan PD [21]] trén cdc nhom di liéu steinc,
steind, steine cling di dudc thé hién chi tiét & Bang
V.

Két qua so sanh thuat toan HCSMT véi thuit todn
VNS [23] trén cac nhém dit liéu steinc, steind, steine
cling da dugc thé hién chi tiét 6 Bang VL

Panh gia chung trén toan bd 60 bd di li€u, thuit
toan HCSMT cho chét lugng 15i gidi (t6t hon, bing,
kém hon) thuit toan Heu [26] (46,7%, 51,7%, 1,6%).
Thuét toan HCSMT cho chét luong 18i gidi (t6t hon,
bing, kém hon) thuét toan PD [21]] (78,4%, 21,6%,
0,0%). Thuat toan HCSMT cho chét lugng 15i gii (tot
hon, bang, kém hon) thuét toan VNS [23]] (1,7%, 70%,
28,3%). Thuit toan HCSMT cho chit lugng 15i giai
(t6t hon, bang, kém hon) thuat toan TS [5] (26,7%,
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) Bang III
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) Bang IV
SO SANH CHAT LUONG LOI GIAI CUA THUAT
TOAN HCSMT VvOI THUAT TOAN HEU

HC
SMT

Test n m Heu | PD | VNS| TS

steinel.txt | 2500| 3125 | 111 | 111 | 111 | 111 | 111

steine2.txt | 2500| 3125 | 214 | 214 | 214 | 216 | 214

steine3.txt | 2500| 3125 | 4052| 4570| 4015| 4018 | 4015

steine4.txt | 2500| 3125 | 5114| 5675| 5101| 5105| 5101

steineS.txt | 2500| 3125 | 8130| 8976| 8128 | 8128 | 8130

steine6.txt | 2500| 5000 | 73 73 73 73 73

steine7.txt | 2500| 5000 | 149 | 150 | 145 | 149 | 145

Nhém dé | HCSMT<Heu | HCSMT=Heu | HCSMT>Heu
thi SLi % [SLi % |sLi %
steinc 70035% | 131 6% |01 0%
steind | 10 1 50% | 100 50% | 01 0%
steine Hoss% | 8 1 40% | 11 5%
Téng cong: | 28 1 467% | 31 1 517% | 1 | 16%
Bang V

SO SANH CHAT LUQNG LOI GIAI CUA
THUAT TOAN HCSMT vG1 THUAT TOAN PD

steine8.txt | 2500| 5000 | 2686| 3254 | 2648 | 2649 | 2648 Nhém dd HCSMT<PD | HCSMT=PD | HCSMT>PD
steine9.txt | 2500| 5000 | 3656| 4474| 3608| 3605| 3608 thi SL] % SL] % SL] %
steine10.txt| 2500| 5000 | 5614| 6847| 5600| 5602| 5600 steinc 15 w 75% 5 w 25% | 0 w 0%
steinel 1.txt| 2500| 12500 34 | 34 | 34 | 34 | 34 steind 18 ‘ 90% 2 ‘ 10% | 0 ‘ 0%
steinel2.txt| 2500| 12500| 68 | 68 | 67 | 68 | 68 steine 4. 70% | 6 30% | 0 0%
steinel3.txt| 2500| 12500| 1312] 1704| 1292| 1299 1312 Tong cong: | 47 | 784% | 13 | 21.6% | 0 | 0%

steinel4.txt| 2500| 12500 1752| 2304| 1735| 1740| 1735

steinel5.txt| 2500| 12500| 2792 | 3626| 2784 | 2784 | 2799

steinel6.txt| 2500| 62500 15 15 15 15 15

steinel7.txt| 2500| 62500 26 27 25 25 25

steinel8.txt| 2500| 62500| 608 | 804 | 583 | 595 | 594

steinel9.txt| 2500| 62500| 788 | 1059| 768 | 778 | 768

steine20.txt| 2500| 62500| 1349| 1753| 1342 1352| 1342

46,6%, 26,7%).

Thai gian tinh trung binh cua thuit toan HCSMT
trén cic do thi ing vdi nhém dif liéu steinc 1a 2,54
gidy. Tuong tu v6i nhom do thi steind 1a 16,78 giy,
v6i nhém do thi steine 1a 214,81 gidy. Thai gian chay
chuong trinh ngoai viéc phu thudc vao do phuc tap
thai gian tinh cta thudt toan, con phu thudc vao moi
truong thuc nghiém, ky thuat 1ap trinh, ciu tric di
liéu chon cai dit, cdc bo tham sd,. .. va thong thudng,
thdi gian chay cda thudt toan heuristic nhanh hon thuat
toan metaheuristic. Tuy viy, thoi gian chay cta thuat
toan HCSMT nhu trén ciing cho ching ta thong tin
tham khdo can thiét vé& thuat toan nay.

Két qua so sanh thuat toan HCSMT véi thuit todn
TS [5)] trén cac nhom dit liéu steinc, steind, steine

ciing da dudc thé hién chi tiét 3 Bang VII.

VI. KET LUAN

Bai bdo nay dé xuét thuat toan HCSMT dang thuat
todn Hill climbing search dé gidi bai toan Ciy Steiner
nhd nhit. Péng gép clia chiing tdi trong bai bdo nay
la da d& xuit cach thdc tim kiém 1an can két hop véi
tim kiém 1an c4n ngiu nhién nang cao chit lugng ctia
thuat toan. Ching t6i da thuc nghiém thuit todn dé
xuét trén hé théng gom 60 bo dit liéu thuc nghiém
chuin. Két qué thuc nghiém cho thiy ring thuat todn
nay cho chit lugng 15i giai tét hon hodc bang hai thuét
toan dang heuristic va cho chét luong 10i gidi tt hon,
bing, kém hon hai thuét todan dang metaheuristic t6t
hién biét trén mot s6 bo dif liéu thuc nghiém chuin.
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