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ABSTRACT

Minimum routing cost spanning tree problem - MRCST is a graph
optimization problem that has many applications in network
communication design and bioinformatics. The MRCST problem is proved
to be NP-hard. Most graphs in practical are sparse graphs while the most
effective algorithm solving MRCST on sparse graph is not really effective -
especially with sparse graphs in large size. This paper proposes a new
algorithm called HCST to solve the MRCST problem for sparse graphs.
The experimental results in sparse graphs taken from the experimental
data system benchmark for optimal spanning tree problems show that the
quality of HCST algorithm is equal or better than that of the best
algorithms known to solve MRCST in time comparison. This is also the
first publication which presents theexperimental results from solving
MRCST for 20 large size sparse graphs instances.

TOM TAT

Bai todn cdy khung véi chi phi dinh tuyén nho nhat (Minimum Routing
Cost Spanning Tree - MRCST) la bai todn t6i wu do thi cé nhiéu iing dung
trong linh viee thiét ké mang truyén théng va trong tin sinh hoc, day la bai
todn thuc 16p NP-hard. Hau hét cac do thi gap trong thiee té vmg dung la
do thi thira, trong khi cdc thudt todn hiéu qua nhdt hién biét gidi bai todn
MRCST trén do thi thua chua thuc sy hiéu qua - nhat la véi cac do thi
thua co kich thudc lon. Bai bao nay dé xuat mot thudt toan moi voi tén goi
HCST dé gidi bai toan MRCST trong truwong hop do thi thua. Két qud thuc
nghiém trén cdac dé thi thua trong hé th(fng dit liéu thuc nghiém chudn cho
thay thudt toan HCST cho chdt hrong 161 gidi twong dwong hodc tét hon va
véi thoi gian tinh nhanh hon khi so véi cdc thudt todn tot nhat hién biét.
Bai bdo nay ciing la céng trinh dau tién cong bo két qua thwc nghiém gidi
bai todn MRCST cho 20 bé dit liéu la cdc do thi thua cé kich thurde lom.

1 GIOI THIEU
1.1 Mg{t s6 dinh nghia

Cho G = (V, E) 1a mot d6 thi vo hudng, lién
thong, c¢6 trong s6 khong am trén canh; trong do ¥
1a tap gdm n dinh, E 1a tdp gdbm m canh, w(e) 1a
trong sb cua canh e, e € E (trong s6 trén canh e
dugc hiéu nhu chi phi dinh tuyén ciia canh e).

Dinh nghia 1 (Chi phi dinh tuyén giita mét cip
dinh [4]). Cho T la mdt cay khung cia G, ta goi chi
phi dinh tuyén (routing cost) cia mét cip dinh (u,v)
trén 7, ky hiéu 1a dr(u,v), 1 tdng chi phi dinh tuyén
ctia cac canh trén dudng di don ndi dinh u véi dinh
v trén cay T.

Dinh nghia 2 (Chi phi dinh tuyén ciia mét cdy
khung [4]). Cho T la m¢t cay khung cua G, chi phi
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dinh tuyén cua T, ky hiéu la C(7), 1a tong chi phi
dinh tuyén gitta moi cdp dinh thudc cay T, tirc la:

C(T)y= > di(u,v). (1)
u,velV(T)

Bai toan dit ra 14 trong s tat ca cac ciy khung
clia d6 thi G can tim cay khung c6 chi phi dinh
tuyén nho nhit. Bai toan nay duoc dat tén la bai
toan cdy khung véi chi phi dinh tuyén nho nhat
(Minimum Routing Cost Spanning Tree-MRCST).
Bai toan MRCST da dugc chiing minh thudc 16p
bai toan NP-hard [4].

Trén co s& khai niém tai dinh tuyén (routing
load), cong trinh [4] da chi ra cach tinh chi phi dinh
tuyén ciia mot cay khung véi d6 phirc tap tuyén
tinh bang cach sir dung cau triic cdy c6 gdc.

Pinh nghia 3 (Tdi dinh tuyen mot canh cua cdy
khung [4]) Cho T 1a mét cdy khung cia dd thi G.
Néu loai khoi cdy 7 mot canh e thi T s& duoc tach
ra thanh hai cay con 7; va 75 voi hai tap dinh tuong
ung ky hiéu la W(T1) va W(T»). Ta goi tai dinh
tuyén ciia canh e, ky hidu 1a I(Te), la gia tr
21 nm)I=< [ nm)l.

Tir dinh nghia, dé thdy tai dinh tuyén cta canh
e chinh 13 bang s6 lwong duong di trén cay T co
chira canh e.

Dinh ly sau cho ta cach tinh chi phi dinh
tuyén cua cay khung thong qua tai dinh tuyén cua
cac canh.

Pinh ly. Cho T'1a mot cay khung cua G, ta c6:

D)= Y UT,e)xwne) ©)

ecE(T)

va chi phi dinh tuyén cua cdy khung T c6 thé
tinh dugc trong thoi gian O(n) [4].

C6 thé tim thiy cac Ung dung cua bai toan
MRCST trong linh vyc thiét ké mang truyén thong
va trong tin sinh hoc [4,7,11,12].

1.2 Cac nghién ciru lién quan

Hién da c6 hon hai muoi cong trinh giai bai
toan MRCST duoc dé xuét theo cac hudng tiép can
giai dung, giai gin ding cin ti 18, heuristic va
metaheuristic.

Céc thuat toan giai dung phat trién dya trén
phuong phap nhanh can két hop phwong phép sinh
cOt duoc dé xudt boi Matteo Fischetti, Giuseppe
Lancia, Paolo Serafini vao nim 2002 [6]; tiép can
hudng nay chi c6 thé giai dugc cac bai toan MRCST
c6 khong qua 30 dinh va do d6 tinh ung dung thuc
tién cia n6 khong cao.

62

S6 chuyén dé: Cong nghé Thong tin (2015): 61-68

Mot thuét toan gén ding can ti 1€ a nghia 1a
trong trudng hop xau nhét thi 1oi giai tim duoc cua
thuat toan d6 ciing khong té hon « lan so véi 10
giai tdi wu; tuy nhién cac can ti 1¢ tim dugc cua
nhiu thuat toan dé& xuit trong thuc té thuong la
kém hon rat nhiéu so voi chét lugng 1oi giai tim
dugc boi nhidu thuat toan gan dung khac dua trén
thuc nghiém [3,4] — dién hinh theo hudng nay la
thuét toan WONG véi cén ti 1€ 2 va cé dd phirc tap
thoi gian tinh O(nm + n* log n) [4]; day la thudt
toan dinh tuyén mang chay 6n dinh trén moi loai
dir li¢u va da duogc sir dung trong thuc té ung dung
[4,11].

Céc thuat toan heuristic ¢6 chat luong 1oi giai
chép nhan duoc véi mot loai dit lidu cu thé nao do
cua bai toan; chéng han nhu thuat toan ADD dugc
dé xuat boi Vic Grout vao nam 2005 [12] vé6i do
phtrc tap O(n log n) va chi trong ddi hiéu qua vai
cac d0 thi dong nhat c6 kich thude nho [9], thuat
toan CAMPOS dugc dé xuét bai Rui Campos va
Manuel Ricardo vao nam 2008 [11] véi do phic
tap O(m + n log n) va chi hiéu qua dbi véi cac dd
thi ddy du euclid [9]; ca hai heuristic nay déu
khong hiéu qua dbi v6i cac do thi thua vé chat
lugng 101 giai [9]; tuy nhién day la hai thuét toan
nhanh nhdt hién nay trong viéc giai bai toan
MRCST; didu nay c6 ¥ nghia quan trong; dac biét
1a trong cic mang vién thong di dong, noi ma cau
trac cua cac mang thudng xuyén thay do6i va can
phai c6 mot co ché hidu qua dé tim MRCST méi
trong thoi gian nhanh nhat mic du co thé chap
nhan mot muic chi phi nhiéu hon.

Céc thudt todn metaheuristic giai bai toan
MRCST d3 dugc dé xuét nhu cac thudt toan di
truyén ESCGA [5], BCGA [5], cac thuat toan tim
kiém dia phuong SHC [5], PBLS [1], REPRI [8],
REPIR [8], TABU [10], cac thuat toan ong PABC
[2], ABC+LS [2], BEE [9].... Hién tai, cac tiép can
giai bai toan MRCST theo hudng metaheuristic 1a
hiéu qua nhéat [9]; tuy nhién cac thuat toan trén chi
hiéu qua dbi véi loai dd thi day du euclid va do thi
ngiu nhién co kich thudc nho (tit ca cac thuc
nghiém d3 cong bd hién nay véi do thi day du déu
khong qua 300 dinh); cac metaheuristic gan day
nhét nhu PABC, ABC+LS, BEE khong hiéu qua ve
thoi gian tinh va ca chét lugng 101 giai ddi véi cac
dd thi thua — nhat 1a véi cdc dd thi thua c6 kich
thude 16n.

Trong s6 cac thuat toan da khao sat trén, chi c6
cac thuat toz:ln WONG, SHC, PBLS, REPRI, REPIR
1a kha thi do6i vdi cac do thi thua co kich thudce 16n
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(kha thi vé thoi gian chay). Tiép theo, chung toi s&
trinh bay ngan gon y tudng cua cac thudt toan nay.

Thudt toan WONG: Tim tt ca cac cy duong di
ngan nhét (Shortest Path Tree - SPT) [4] ¢6 gbc lan
luot tai cac dinh cua db thi, sau d¢ chon ra trong )
ching mot cay duong di ngan nhét co chi phi dinh
tuyén nho nhat [4].

Thuat toan SHC: Trué6ce hét khoi tao mot cay
khung loi giai ngau nhién; sau do tung budc cai
thién dan chét luong 16 gial. O mdi budc liap, SHC
sinh ra mot hodc mot sb 1o giai 1an can va sau dé
chon mot 10i giai tot nhat trong sb d6 dé lam 10i
giai hién tai cho budc lap ké tiép. Viée tim kiém
lan can T” cua cay khung T duoc thyc hién nhu
sau: Loai ngau nhién mot canh e thudc 7, sau do
tim canh e’ tot nhét tir tip canh E — T dé thay thé
cho e (trong ky hi¢u £ — T, E 1a tdp canh cta dd thi
G, con T la tap canh cua cay khung 7. Ky hi¢u G -
T ciing dwoc hiéu tuong tw). Mot lan ldp cua thuat
toan SHC ddi hoi thoi gian tinh O(mn). Thuit toan
SHC 4n dinh sé budc 1ap 1a 10000n. Vay SHC doi
hoi thoi gian tinh ¢& 100007 x mn = 10000mn? d6i
véi mdi bo dit lidu [5].

Thudt todn PBLS: Diém khac biét duy nhét cua
thuét toan PBLS so véi thuat toan SHC 1a PBLS c6
st dung chién lugc da dang hoa 101 giai - theo
nghia 14 thay mot sé canh cua cdy khung bang mot
s6 canh ngiu nhién khac. Thuét toan PBLS 4n dinh
sO budc lap 1a 50000 va khi chét lugng 101 giai
khong dugc cai thién sau 2n budc 1ap thi tién hanh
da dang hoa 101 giai. Mot lan lap cua thuat toan
PBLS doi hoi thoi gian tinh O(mn). Vay PBLS doi
hoi thoi gian tinh ¢& 50000 x mn = 50000mn ddi
véi mdi bo dit lidu [1].

Thudt toan REPRI: Bt dau tir mot cay khung 7'
dugc khoi tao b?lng Kkét qua cua thuat toan WONG.
Chién luoc tim kiém lan can: Loai lan luot ting
canh e € T, v6i mdi canh e nhu vay, tim mot canh
e’e E— T sao cho T"= (T —{e}) W{e’} co chi phi
dinh tuyén nhé nhat. Néu C(T ) < ((T) thi thay T
bang 7~ (thay canh e trong T bang canh e’ trong E
— 7). Thuét toan dimg néu trong mot 1an duyét qua
tat ca cac canh e € T ma khong tim dugc canh ¢’
dé cai thién chi phi dinh tuyén cua cay khung 7 [8].

Thudt todn REPIR: Bit dau tir mot cay khung T
dugc khoi tao bang cdy khung nho nhét theo thuat
toan KRUSKAL hodc thuat toan PRIM. Chién lugc
tim kiém 1an c4n: Chén lan luot tung canh e € E-T
vao cay khung 7, khi d6 T U {e} s€ chira mot chu
trinh, tim mét canh e’ trén chu trinh nay sao cho
viéc loai n6 dan dén cay khung 7" c6 chi phi dinh
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tuyén 14 nho nhat. Néu C(7") < C(T) thi thay T bang
T' (hoan ddi canh e trong G — T v6i canh e’ trong
7). Thuat toan dimng néu trong mot 1an duyét qua
tAt ca cac canh e € G — T'ma khong cai thién duoc
chi phi dinh tuyén cua cay khung 7'[8].

1.3 Vin dé ton tai cin gidi quyét

Tét ca cac thudt toan di khao sat trén déu c6
chung cach lam 1a khi can thay thé mot canh nao
d6 thi phai duyét qua tap tat ca cic canh ung vién
dé tim ra canh tot nhét; chinh diéu nay lam cho cac
thuat toan trén khong kha thi vé thoi gian khi s6
canh cia d6 thi la du 16n.

Bai bio nay d& xuit mot thuat toan HCST
dang tim kiém leo doi giai bai toan MRCST. Dé
xuat nay ludn cho chat lugng 1o gidi tot hon hodc
trong dwong voi cac thuat toan tot nhit hién biét
giai bai toan MRCST trén cac dd thi thua. D& xuat
nay thuc sy co ¥ nghia dbi voi cac dd thi thwa co
kich thudc 16n.

2 PE XUAT THUAT TOAN HCST GIAI
BAI TOAN MRCST TRONG TRUONG HQP
PO THI THUA

Thuat toan dé xudt HCST dua vao chién luoc
tim kiém l4n cén nhu da dugc dé cép trong REPIR
[8]; HCST dugc bd sung mot sb6 chién lugc mai
nham ting chat lwgng 10i giai va lam cho thuat toan
kha thi khi lam viéc voi cac dd thi thua co kich
thudc 16n.

2.1 Tao loi giai ban diu bang thuit toan
twa PRIM

Khac véi thuat toan REPIR cho khoi tao cay
khung ban dau bang thuat toan tim cay khung nho
nhét ctia dd thi theo thuat toan KRUSKAL hodc
thuat toan PRIM; HCST cho khdi tao cdy khung
ngiu nhién bang thuét toan fra PRIM: Bit dau tir
cay chi gém mot dinh nao d6 cua dd thi, tiép theo,
thudt toan s& thuc hién n-1 budc lap. O mdi bude
lap, trong s6 cac dinh chua dugc chon dé tham gia
vao cdy, ta chon mot dinh ké v6i it nhat mot dinh
nam trong cdy dang duoc xay dung ma khong quan
tam den trong sO cua canh. Pinh dugc chon va
canh n6i né véi dinh cua ciy dang dugc xay dung
s& duoc bo sung vao ciy [9].

2.2 Chién Irge tim kiém 1an can

HCST thuc hién chién luge tim kiém lan can
nhu da trinh bay trong thuat toan REPIR [8)].

2.3 Giéi han kich thuéc tip canh ing vién

Trong cic gido trinh vé 1y thuyét dd thi va cdu
tric dir liéu, néu mot do thi cd so lugng canh 16n
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hon 5 14n sb lwong dinh thi c¢6 thé xem d6 1a d6 thi
day. Vi cac dd thi day thi HCST lam viéc nhu sau:
Thay vi duyét tit ca cac canh tng vién dé tim ra
mot canh tot nhat thi HCST chi can duyét trong
mot tip con (t6i da 57 canh) ngdu nhién gém céc
canh dugc chon tir tdp canh ung vién. Trong khi
do, trude day, thuat toan REPIR 1am viéc kém hi¢u
qué dbi véi cac do thi day co nhiéu dinh.
2.4 Ting tinh ngiu nhién cho thuit toan

Hiéu qua cua thuat toan HCST cé thé duoc cai
thién khi ta thay ddi tht tu cac canh duge duyét
trong tap £ — T; nghia la ta s€ duyé¢t tdp canh nay
theo mot hoan vi dugc sinh ngau nhién chir khong
theo mot thir ty ¢b dinh & tat ca cac lan duyét (nhu
thuat toan REPIR).

2.5 Cho thye hién thuét toan nhiéu lan trén
mdi bd dir liéu

Thuat toan REPIR thuc hién mdt lan duy nhat
d6i voi mdi bo dir liéu (do 10i giai khoi tao cua
REPIR khong co tinh ngiu nhién nén viéc chay
nhiéu 1an s& khong c6 tac dung). Thuat toan HCST
cho thue hién nhiéu 1an déi véi mdi bd dir lidu.

2.6 So do thuét toan HCST

Thuat toan REPIR [8] chi néu ngin gon ¥ tuong
chién lugc tim kiém 1an can va khong phan tich d6
phuc tap tinh todn cta thudt todn. Trong bai bao
nay ching t6i da trinh bay chi tiét ndi dung thuat
toan HCST va phan tich d phuc tap tinh todn cta
thuat todn HCST mot cach chi tiét.

HCST (V.E)
Dau vao: Db thi G=(V, E)

Piu ra: Cay khung c6 chi phi dinh tuyén nho nhat
tim duoc
stop=false;

o =

T la cay khung dugc khdi tao ngau nhién bang
thuat toan twa PRIM,

3. while (!stop){

4 stop=true;

5 S=E-T,

6. for (voi mdi canh e € S ){
7 min= +oo;

8 F=T v {e};// F c6 mjt chu trinh
9

Xac dinh chu trinh Cycle trong F' chita canh e;

10. for (voi mdi canh e’ e Cycle)
11. if (C(F - {e’}) <min){
12. min=C(F — {e"});
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13. Ghinhan 7'=F — {e’};
14. }

15. if (min < C(1)){

16. =T,

17. stop=false;

18. } // end if dong 15

19. }//end for dong 6
20. } // end while dong 3
21. return T;

2.7 Danh gia d¢ phirc tap cia HCST

Do phuc tap mét lan lap cua thuat toan HCST
duogc danh gia boi thoi gian tinh hai vong lap for
16ng nhau & dong 6 va 10. Cau lénh if dong 11 ¢
do phirc tap O(n), vong lap for 6 dong 10 chira cau
lénh if trén 1ap O(n) lan; do d6 c6 d6 phuc tap 1a
O(n?). Thao tac tim cac canh trong chu trinh &
dong 9 c6 do phuc tap O(n). Vong lap for ¢ dong 6
lap m-(n-1) lan. Do d6 vong for nay c6 d6 phirc tap
la O(n?). Goi k 1a gia tri 16n nhat ma vong lip
while ¢ dong 3 co thé thuc hién, thi do phuc tap
mot 1an 13p cta thuét toan HSCT 1a O(kn’m).

Trong khi cac thuat toan SHC, PBLS dua ra )
lan lap lan luot 1a 10000 n%m va 50000 nm dé dat
dugc két qua nhu cong bd (dd duogc khao sat &
trén); thi thuat toan HCST véi cach thie tim lan
can dd néu co gia tri k kha nho. Vi do thi thua;
chang han 1a 1000 dinh, qua théng ké trén cac thuc
nghiém ciia chiing t6i thi gi4 tri & toi da chi bang
10. Thoi gian tinh cua cac thuat toan HCST nhanh
hon so v&i nhiéu thuat toan metaheuristic khac, dac
biét 1a khi 1am viéc v6i cac do thi thwa co kich
thudc 16n.

3 THU'C NGHIEM VA PANH GIA

Chung toi tién hanh thuc nghiém thudt toan
HCST va so sanh chét lwong 10i giai va thoi gian
tinh ctia HCST véi cac thuat toan tot nhat hién biét
giai bai toan MRCST trong truong hop dd thi thwa
nhu WONG, CAMPOS, SHC, PBLS.

Do hién tai chua c6 mot cong trinh nao cong bd
chat lugng 10i giai d6i voi cac do thi thua co kich
thude 16n, nén ching t6i da cai dat lai cac thuat
toan WONG, SHC, PBLS trén cung mdi truong
thuc nghiém vai thuat toan HCST. Dé kiém tra chat
luong cac chuong trinh do ching toi cai dat, ching
t6i da d6i sanh output tir cac chuong trinh do ching
t6i cai dat voi output ciia cic cong trinh khac ddi
v6i cac do thi day du euclid va db thi ddy di ngau
nhién. Riéng thuat toan CAMPOS ching t6i dugc
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cung cip chuong trinh ngudn boi tac gia cong trinh
[11].

3.1 Hg thong dir liéu thyc nghi¢m

Trong bai bao nay, chung t6i s dung ’téng
cong 20 bo dir liéu la cgic do thi thua duogc lay tir
webﬂsite luu trt h€ thong dir ligu thuc Qghiém
chuan cho cac bai toan cdy khung toi uu:
http://people.brunel.ac.uk/~mastjjb/jeb/orlib/files.

Bang 1 mo ta thong tin vé cac bo dir lidu
thuc nghiém: Tén tap tin luu trlr cac bo dir
ligu, so thur tu bo test trong moi tép tin; so0 dinh
va s0 canh cua d6 thi twong tng.

Béng 1: Thong tin cac bd dir liéu thwe nghiém

Tap tin S6 thw tw n m
steinc.txt 11-15 500 2500
steind.txt 11-15 1000 5000
steine.txt 11-15 2500 12500
steine.txt 16-20 2500 62500

3.2 Ma@éi truong thue nghiém

Thuét toan HCST dugc cai dit bang ngdn ngit
C™ str dung méi truong DEV C 5.0, CPU Pentium
® Dual-Core, E6500, 2.93 GHz, RAM 2048 MB,
hé diéu hanh Windows 7 Professional 32 bit.

3.3 Tham s thuc nghiém

Thuat toan HCST thyc hién 120 1an doi voi mbi
bo dit lidu loai steinc, steind; 60 1an dbi véi mdi bd

Bang 2: Két qua thwce nghiém cac thuat toin WONG,
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dit ligu loai steinel 1-steinel5 va 30 1dn ddi véi mdi
bo dir liéu loai steinel6-steine20. Vi mdi bo dir
lidu steinel6..steine20, tham sb kich thude cua tap
canh g vién dugc chon la N =5r; day chinh la
ngudng phan biét do thi thua va do thi day. Cac
tham s nay dugc lya chon dya trén két qua chay
thuc nghiém véi mot s6 bo dir lidu duge trich chon
tir cac bo dir liéu thyc nghiém chuén.

Céc thuat toan SHC, PBLS st dung bd tham s6
duoc d& nghi tir cac cong trinh [1,5]; chi riéng tham
s6 s6 lan Igp tim kiém lan can trong thuat toan
SHC dugc chang t6i dé nghi 1a 100000 (do s6 lan
thuc hién viéc tim kiém lan can ma tac gia cong
trinh [5] dé nghi 12 quéa 16n: 10000n%m). Hai thuat
toan WONG, CAMPOS dugc cho thuc hién mot lan
duy nhit.

3.4 Két qua thwe nghiém va danh gia

3.4.1 Chat heong loi gidi

Két qua thuc nghiém cia cac thudt toan
WONG, CAMPOS, SHC, PBLS, HCST trén 20 b6
dir lidu db thi thua dwoc ghi nhan chi tiét & Bang 2
va Bang 3; trong d6 cac thuit toan WONG va
CAMPOS ghi nhan cac gia tri chi phi dinh tuyén va
thoi gian thuc hién twong tng (Best, Time); cac
thuat toan SHC, PBLS, HCST ghi nhén chi phi dinh
tuyén tdt nhat, thoi gian trung binh mét lan chay,
chi phi dinh tuyén trung binh va d¢ léch chuan sau
céc 1an chay mdi bo dir liéu (Best, Time, Mean,
SD).

CAMPOS, SHC trén d6 thi thwra

WONG CAMPOS

SHC

Test Best Time Best Time

Best Time Mean SD

steinc-11 1704347 0.328 1717399  0.002
steinc-12 1780241 0.359 1867361  0.002
steinc-13 1755973 0.297 1828029  0.002
steinc-14 1698543 0.329 1822326  0.002
steinc-15 1720180  0.304 1844404  0.002
steind-11 7952947 1.359 8305895  0.005
steind-12 7838330 1.422 8591643  0.005
steind-13 7594958 1.391 8854375  0.005
steind-14 7669320 1.375 7653716  0.005
steind-15 7408711 1.399 8948301  0.005
steine-11 56146228 8.845 56896282 0.021
steine-12 55866042 8.766 62387839 0.021
steine-13 55924075 8.828 65221501 0.021
steine-14 55806878 8.876 57372344 0.020
steine-15 53970547 8.748 61006740 0.020
steine-16 24799865 10.703 25907752  0.031
steine-17 24520680 10.469 27478296  0.030
steine-18 24624612 10.860 26910649 0.030
steine-19 24905297  10.750 27127729  0.030
steine-20 24928266  10.453 26920558  0.030

1686517 64.3  1724650.5 50840.7
1757608 63.6  1818089.6 68275.7
1737046 69.6 1741048.3 4280.4
1686765 65.1 1746846.4 77025.7
1705026 65.6 1786204.3 75980.3
7893906 149.6  8321488.5 404702.2
7754894 151.6  7915906.4 184314.9
7544222 152.8  7726898.5 320037.3
7623099 148.7  7972443.7 247386.4
7375307 149.8  7666580.4 316608.6
55836577  456.2 58189380.3  1768421.5
55529655 458.2 58067574.3  2249273.6
55444595 467.5 58246409.5  1940857.9
55472368 526.7 57865660.6  2240762.2
53645750  460.7 57237681.6  2635969.4
25194136 2024.5 25976539.6 558738.1
24926161 1965.7 25511900.7 381470.7
24792320 2051.3 25589496.0 600738.5
24507129  2010.8 25963992.3 855882.6
24712530  1960.8 25667553.9 779055.9
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Bing 3: Két qua thue nghiém cac thuit toan PBLS, HCST trén db thi thua

Test PBLS HCST
Best  Time Mean SD Best Time Mean SD
steinc-11 1686517 32.7 1717990.9 366963 1686517 4.5 1720235.2 391814
steinc-12 1757608 322 1825533.1 65953.5 1757608 4.1 1829371.2  71099.0
steinc-13 1737046 34.8 1741192.5 64973 1737046 5.3 1741543.8 9020.2
steinc-14 1686765 335 1738269.9 676972 1686765 4.0 1734371.0  69878.6
steinc-15 1705026 333 1786707.6 651902 1705026 4.8 1804119.7  75948.4
steind-11 7893905 753 8366693.7  369261.8 7893905 259  8216646.1 324215.0
steind-12 7754894 77.0  8007221.1  268238.6 7754894 26.6  7938324.0 2384124
steind-13 7544222 773  7856117.0  378010.3 7544222 284 779428777 359951.4
steind-14 7623099 76.3  8003156.4  253849.1 7623099 229  7953101.4 220923.8
steind-15 7375307 757 77637179 3603554 7375307 254  7731268.7 374296.1
steine-11 55836577  232.5 59055464.3 2097113.0 55836577 211.2 57893046.9 1769743.3
steine-12 55538602  233.6  59071697.0 2459137.7 55529655 236.5 57495152.2 2369165.1
steine-13 55464606 237.4  58776296.1 2129813.8 55444595 288.3 57211399.0 1669583.5
steine-14 55472368 2299 59409258.3 2923580.4 55472368 211.0 57668606.6 2226082.7
steine-15 53670509 2319 57905340.9 2720464.5 53645750 221.9 56897370.5 2498028.3
steine-16 24700731 1003.0 25995852.2  804225.6 24685730 715.3 26008465.7 676451.7
steine-17 24793249  999.9  25791919.1  734408.8 24429309 811.1 25485799.1 586067.4
steine-18 24878203 1005.5 26042029.3  601822.0 24548694 821.1 25761859.1 836149.5
steine-19 25351609 1059.6 26046522.1  396944.0 24532631 757.7 255894379 635616.4
steine-20 25064031  996.1  26120580.8  601714.9 24625014 843.6 25623622.4 704946.4
Tir két qua thye nghiém trén, c6 thé danh gid vé So sanh chit lrong cac thust toan tén cac b A Iy
chat lwong 10i giai cua thuat toan HCST so véi cac 1900000
thuat toan WONG, CAMPOS, SHC, PBLS. 1850000 CAMPOS
Thuat toan HCST cho chat luong 1o giai tot ; wone
hon céc thuat todn WONG, CAMPOS trén 100% bd 1;00000 o T s
dir héu 1.550000 Tt o
Thuat toan HCST cho chat lugng 10i giai tot wonG camPOS sHo PBLS ——e - HOST

hon thuat toan SHC trén 25% bo dir lidu, bang
thuat toan SHC trén 70% b dir liéu va kém hon
thuat toan SHC trén 5% b0 dir liéu.

Thuat todn HCST cho chét lwong 1oi giai tot
hon thuat toan PBLS trén 40% b dir li¢u va bang
thudt toan PBLS trén 60% bo dir lidu.

Céc thuat toan SHC, PBLS, HCS cho chat
lugng 101 giai trung binh nhin chung la kém hon
thuat toan WONG. Thudt toan WONG c6 chat
lwong 10 giai tot hon thuat toan CAMPOS.

Tiép theo ching t6i s& so sanh chat luong 15
giai cua thuat toan HCST va cac thuét toan da khao
sat trén qua mot sd hinh v&; trong d6 chi phi dinh
tuyén dem so sanh 1a chi phi dinh tuyén t6t nhét.

Céc thuat toan SHC, PBLS, HCST cho chét
luong 161 giai nhu nhau trén cac do thi steinc.
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Hinh 1: Chit lwong 10i giai ciia cac thuit toan
qua cac bo dir li¢u steinc
Céc thuat toan PBLS, HCST cho chét lugng 16i
giai bang nhau trén cac bo dir liéu steind va ciing
cho chét lugng tot hon thuét toan SHC trén mot bo
dir ligu.

So sanh chét lwong cac thudt toan trén cac bd div lidu

steind
9200000
CAMPOS
8700000
8200000
§-ooo WOM
7700000 HesT - WONG 1
F e
ig
7200000
steind-11 steind-12 steind-13 steind-14 steind-15
WONG CAMPOS SHC PELS --e - HCST

Hinh 2: Chét lrong 10i giai ciia cac thuit toan
qua cac bj dir liéu steind
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Cac thuét toan SHC, HCST cho chat luong
16i giai bang nhau trén cic bd dir liéu
steinel1..steinel5 va cing cho chat luong tot hon
thuit toan PBLS trén ba bo dir liéu.

So sanh chat lwe'ng cdc thuat todn trén cac bd div ligu
steine 11-steine 15

66000000

CAMPOS
64000000
62000000
60000000
58000000
56000000 L TEE TETTTTTIT &
54000000 HCST “tiiig
52000000
steine-11 steine-12 steine-12 steine-14 steine-15
- WO NG CAMPOS SHC PBLS --®& - HCST

Hinh 3: Chit lwong 10i giai ciia cac thudt toan
qua cac b dit liéu steinell..steinel5

Thuat toan HCST cho chit lwong 10i giai tot
hon thudt toan SHC trén bbn bd dir lidu thude
steinel6..steine20 va kém hon trén mdt bo dir liéu
con lai; thuat toan HCST ludn ludn cho 1oi giai ¢
chét luong tdt hon thuat toan PBLS trén cac bo dit
liéu steinel6..steine20.

So sanh chét lworng cac thudt todn trén cac béd diy lidu
steine 16__steine 20

28000000
27500000 CAMPOS
27000000
26500000
26000000
25500000 s PELS
25000000 & s
24500000 L g WOMNG 8- otiaan o-----====8
24000000 HCST
Steine-16  Steine-17  Steine-18  Steine-19  Steine-20
* - WONG CAMPOS SHC PELS -- e - HCST

Hinh 4: Chit lwong 10i giai ciia cac thudt toan
qua cac bo dir liéu steinel6..steine20

3.4.2 Thoi gian tinh

Thoi gian tinh dugc ghi nhén la thoi gian trung
binh cua cac lan chay. Tu két qua thyc nghiém cua
Bang 2 va Bang 3 chi ra rang:

Thuat toan HCST c¢6 thoi gian tinh khong qua
7.6% thoi gian tinh cta thuat toan SHC dbi voi cac
dd thi 500 dinh, khong qua 18.6% dbi véi cac dd
thi 1000 dinh, khong qua 43.0% ddi v6i cac do thi
2500 dinh steinel6..steine20 va khong qua 61.7%
ddi v6i cac dd thi 2500 dinh steinel 1..steinel5.

Thuét toan HCST c6 thoi gian tinh khong qua
15.2% thoi gian tinh cua thuat toan PBLS dbi voi
cac dd thi 500 dinh, khong qua 36.7% dbi vai cac
dd thi 1000 dinh, khong qua 84.7% ddi véi cac dd
thi 2500 dinh steinel6..steine20, va co thoi gian
tinh tuong dwong dbi véi cac dd thi 2500 dinh
steinell..steinel5.

S6 chuyén dé: Cong nghé Thong tin (2015): 61-68

Tiép theo chung t6i s& so sanh thoi gian tinh

cua thuat toan HCST vé6i cac thuat toan da khao sat
trén qua mdt sO hinh vé.

So sanh théigian thue hién cac thuat todn trén cac bé dir ligu

steinc
20
70
SHG
60
50
40
30 PBLS
20
e HCST -
®-HCST-- - - @ - —memm - R -e
0 T ScaWPOS
steinc-11 steinc-12 steinc-13 steinc-14 steinc-15
®— WONG --e- CAMPOS --e - SHC PBLS --e- HCST

Hinh 5: Thoi gian tinh cia cic thuit todn qua
cac bg dir liéu steinc

So sanh théi gian thwe hién cac thudt todn trén cac bd di lidu

steind
180
160 SHC
140
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100
a0 PBLS
60
40
20 *-HCST e ettt etedeteT TN SRSy )
0 °- R E PP R oo CAMPOS
i steind-13 steind-14 steind-15
. SHC PBLS --®-- HCST

Hinh 6: Thoi gian tinh ctia cac thuit toan qua
cac bg dir liéu steind

So sanh théi gian thwc hién cac thudt toan trén cac bd dir ligu
steine11_steine15

600
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SHC
400
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PBLS -
200 * - L ]
100
0 o -WONE: ] L L SCAMPOS
steine-11 steine-12 steine-13 steine-14 steine-15
o - WONG CAMPOS SHC PBLS e - HCST

Hinh 7: Thoi gian tinh cia cac thuat toan qua
cac by dir liéu steinel1.. steinel5

So sdnh thdigian thwe hién céc thudt todn trén cdc bd diF lidu
steine16__steine20

2000 SHC
1500
1000 PBLS
®-HesT - RARRRRRREERES 4 ©
500
0 & -WONG 9 » * & CAMPOS
Steine-16 Stenel7 Stenel18 Stenel19 Stene-20
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Hinh 8: Thoi gian tinh ctia cac thuit toan qua
cac by dir liéu steinel6..steine20
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Chung t6i c6 tao website dé trao doi véi
cong dong nghién ciru bai toan MRCST tai dia chi
https://sites.google.com/site/mrcsttest; website nay
gidi thi€u cac cong trinh nghién ctru lién quan
dén bai toan MRCST, hé thong dit liéu thyc nghiém
chuin va két qua thuc nghiém lién quan dén
bai bao nay:https://sites.google.com/site/mrcsttest/
home/experimental-results.

4 KET LUAN

Bai bao di khao sat cac thuat toan tét nhat hién
biét giai bai toan MRCST trong truong hop do thi
thwa va qua d6 dé xuat mot thuat toan méi hidu qua
dé giai bai toan MRCST trong truong hop do thi
thua. Bai bao nay ciing 1a cong trinh dau tién cong
bd két qua thyc nghiém giai bai toan MRCST trén
cac d thi thua c6 kich thudc 16n.

LOI CAM TA

Tac gia xin trén trong cam on thay giao Nguyén
Pbuc Nghia, B mén Khoa hoc may tinh, Vién
Cong nghé Thong tin va Truyén thong, Truong Dai
hoc Bach khoa Ha Noi da giup t6i hoan chinh mét
s6 ¥ twong dé viét bai bao nay.
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