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Thuit toan tim kiem TABU giai bai toan cay
khung ve1 chi phi dinh tuyén nhé nhat

TABU Search Algorithm for Solving Minimum Routing C ost Spanning
Tree Problem

Abstract Minimum Routing Cost Spanning Tree
is one of spanning tree optimization

(MRCST)

Phan Tan Quéc va Nguyén biec Nghia

C(T)= ) d(u,v) (1)

problems having several applications in network Bai toan MRCST yéudw tim mot cay khung i

design. In general cases, the problem is proveNRs
(Non-deterministic Polynomial) - hard. This paper,
proposes an algorithm for solving MRCST problem
based on the schema of TABU search algorlthm
Experimental results show that our proposa?
algorithm is better than Wong algorithm, man
population-based meta-heuristics like Max-Min Ant

System (MMAS),

outperforms recently proposed Artificial Bee Colon
algorithm (ABC) both in terms of solution qualitg a

well as running time.

l.  GIOI THI EU BAI TOAN

Muc nay phéat u bai toan MRCST va Ko sat
mot b thuat toan gii bai toAn MRCSTduoc dé xut
trong nhing rim gan day.
1. Phét biéu bai toan

Pinh nghia 1.Chi phidinh tuyn [4]

Cho G = (V,Ew) la 6 thi v hrong lién théng co
trong $ (chi phi) khéng am trénanh; trongdé V la
tap gdm n dinh, E 14 ip gdm m canh, w(e) 1a trong $
cia anhe; wi e 0 E. Gia sr T la mjt cay khung ga
G. Ta @i chi phidinh tuyén (routing cost) ¢a mt
cap dinh (u,v) trénT, ky hiéu lad(u,v), 1a Hng chi phi
cia cac anh trénduong di ndi dinh u véi dinh v trén
cayT. Chi phidinh tuyén caa T, ky hi¢u la C(T), dugc
xac dinh la tng cac chi phitinh tuyén giira mpi cap
dinh thwc cayT, tac la:

Genetic  Algorithm  (GA) and

chi phi dinh tuyn nhd nhit trong $ tit ca cac cay
hung @ia G. Bai toan nay théc I6p NP-kho [4].
Xay dyng cay khung &i chi phi dinh tuyn nhd
hat ciing trong dwong Wi viéc xay drng cay khung
sao chodo dai trung binh dgia mpi cdp dinh la nlo
nhit. Bai toan nay cé y ngh tng ding quan tsng
trong viéc thi¢t ké mang; ching han trong véc xay

y

dung cac k théng mang; dic biét 1a & cac mng ngang
ang khi cac nat c6 xac auruyén tin vado vu tién 1a
nhe nhau (& xuit xir vatung ding aia bai toan cé th
xem trong céac taidu [4,7]).
Viéc tinh chi phidinh tuyén caa mdt cay khung cé
n dinh trc tiép theodinh ngha 1 doi hoi thoi gian
O(n®). Tuy nhién, trén ¢ s khai ném "tai dinh tuyén"
("routing load")¢ dinh ngha 2; cbng trinh [4}ia cH
ra cach tinh chi phfinh tuyén cia mt cay khung i
d6 phuc tap tuyén tinh.
Pinh nghia 2. Tdi dinh tuyn [4]
Cho cay khund véi tap canh E(T). Néu loai khoi
T mdt canh e thi T s dugc tach thanh hai cay conig
& T, va T, véi tap dinh trong ttng 12 V(T,) va V(Ty).
Tai dinh tuyén cia anh e duoc dinh ngha lal(T,e) =
2 xEV(TY) | xDV(To) .
Khi d6 cong thirc (1) la trong duwong wi cong thic
(2) sauday:
C(T)= > I(T,e)xw(e)

&IE(T)

(@)
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Bai toan MRCST khin nho thi c6 ti¢ giai dung Thi nhdt |a thuit toan thay th canh x6a @nh
bang thuit toan nhanh an [3]; két qua giai ding nay trudc roi chén enh sau(viét tit 1a REPRI) [15]: Tr
dugc sr dung dé danh gid cac cachép cin xdp xi, cay khungT tim duoc king thuit todn Wong; 4n luot
heuristic, meta-heuristics cho bai toan MRCST. duyét tirng anh e thuse T, voi mdi e thi duyét hét moi
.2. Khio sét cac thdt toan giai MRCST canh thipc E-T dé tim anh & sao choT—e+€' a tot
nhat, neu T—e+€ tot hon T thi thay T bang T-ete€’;
thuat todn drng réu trong ndt 1an duyét moi canh
thuoc T ma \an khong tim ratuoc canh nao thac E-
T dé cai thien T.

The hai la thit toan thay th canh chén anh treéc
roi x6a @nh sau(viét tit 1A REPIR) [15]: Tr cay
khung T tim dugc bing thuit toan Wong, 4n luot
duygt tirng anh e thuyc tap E-T va thay vadadr, khi doé
trong T s xuat hign chu trinh; tim gnh du nhit trong
chu trinh n&ydé loai di va cip nhit T néu thuduoc két
qua tot hon; thuat toan drng réu trong ndt 1an duyét
hét moi canh trongE-T ma \in khéng timdwoc canh
nao trongT thay radé cai thien T.

The bala dra vao s d6 thuit toan Local Srearch-
LS [8]: Tur mét giai phap hén tai duoc chon AT, thuat
toan LS & tim mbt giai phap lan én T cua T, néu T
t6t hon T thi T s& tro thanh gii phap hén tai. Quéa
trinh nay § ding khi thuit toan kp dén mot sb 1an xac
dinh treée; réu 1oi giai tot nhat hién tai khéng duoc
cai thién qua nét sb budc lip xacdinh thi § tién hanh
x&0 ton 1oi giai hién @i bang cach thay th mot sb
canh aia cay khung ing mdt sb canh ndiu nhién fp
1€ khac.

c. Céc thuit todn meta-heuristic

a. CAc thujt toan xip xi

Thiz nhdt 1a thuit toan Wongduoc dé xuat boi
Richard Wong vaoam 1980, that toan Wong cdan
ti ¢ 2 (ngha la chi phi éa cay khung tindugc khbéng
vuot qué 2 dn chi phi @a cay khungd uwu) vado
phac tap 1a O(nm + n* log n). Thuat todn Wong &
dung khai ném cayduongdi ngin nhit (Shortest Path
Tree — SPT) [1,4]; caguong di ngin nhit c6 dic tai
dinh r 14 cay duoc hop thanh ¢ cacduong di ngin
nhat bit dau tr dinh r dén tit ca cacdinh con 4i coa
d6 thi. Y twong aia thuit toan Wong la tim cac SPT
XUit phéat fr cacdinh aia d6 thi, saudé chon ra nét
SPT c6 chi phi thp nhit — day chinh Ia &t qua caa
thuat toan Wong.

Thi hai 1a thuat toan Adddugc dé xuit boi Vic
Grout vao #im 2005 [5,7], calo phic tap 1a O(n log
n). Thuit toan Add b qua tong $ caa cac anh va
ldy bac aia cacdinh lamdiéu kién tién quyt dé xay
dung cay khung. Thit toan Adddugc ar dung ddi véi
dd thi ddng nhit vadd thi gan ddng nhit (1a laai d6 thi
ma tong $ cac anh khac nhau khéndang K - trong
bai bao nay&goi chung lado thi dong nit).

Thi ba la thuit toan Campostuoc dé xuit boi
nhom tac gi Rui Campos va Manuel Ricardo vaam
2008;day |a thit toan »ip xi 2 va c6do phic tap 1a
O(m + nlog n) [7].

b. Céc thuit toan heuristic

Mot sb thuat toAn meta-heuristicadg quin thé da
dugc 4p ding cho bai toan MRCST nhthuit todn di
truyén [6,16], that toan Ry kién [12], cac that toan
bdy ong [13,17]. CAc tHil toan meta-heuristicadg
quin thé mit nhiéu thoi gian tim kém hon so Wi cac
meta-heuristic ghg don céa tlt nhung kha ning khai
phéa vung khong gian énla cé tré tt hon.

Y tuéng chung aa cac thét toan heuristic cho bai
toan MRCST la &t dau tr mot cAy khung &i ting
budc cii thién dan dé thu duoc mot cay khungdt hon:;
cay khung bardiu c6 tt la cayduong di ngin nhit
tim dugc hing thuit toan Wong hac 14 cay khung
dugc sinh ndu nhién.G day chang tdi trinh bayos
lwgc ba thidt toan heuristic kha Bil qua trong nhitng
nam gin day.

Bai bao naydé xuit mot husng tiép cin moi; dugc
phat trén dya trén & dd cua thuit toan tim kém
TABU dé giai bai toAn MRCST. Thit toan tim kém
TABU thuoc dang meta-heuristic ahg don ca tk
[2,9]; ngoai y trong tim kém TABU co ban, thuft
toan condé xut viéc khai thac cac chim luoc b sung
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dic thu @a thuit todn tim kém TABU vao bai toan
MRCST.

ll. THUAT TOAN TiM KI EM TABU
I.1. Y twéng chung dia thuat toan tim kiém TABU

Tu mot 16i giai bandau, tim kém TABU <3 lap di
lap lai qua trinh tim Kém nhim cai thién dan 1oi giai
t6t nhat hign co (ta 8 goi tit 14 ky luc) cia bai toan.
Tai mdi budc lap, thuit toan § duyét trong ndt mién
lan d@n (ding co6 tié 1a toan 16 1an d@n) aia bi giai
hién tai dé chon ra bi giai tot nht, 1oi giai nay € thay
thé cho bi giai hién tai ¢ budc lip ké tiép. Mdi 1oi giai
trong lan @n aia loi giai hién tai duoc goi 1a mot 1an
can (neighborhood)t@ loi giai hién tai. Qua trinh tac
dong lén bi giai hién tai d bién n6 thanh rt 1an én
cia Ivi giai hién ti duoc goi 1a mot busc chuyn
(move).

Piém khac bét cin ban caa tim kiém TABU so \bi
cac that toan tim kém dia phrong khac chng han
LS 1a ti mdi budc lip; dé tranh vic duyt tro lai
nhitng Wi giai da trng duoc khao sat, tim kim TABU
sir dung Mot danh sackdé leu trir mot sb bude chuyén

4T V-1, $ 10 (30), thang 12/2013

11.2. M gt 6 khai ni¢m lién quan tim kiém TABU

Tao loi gidi bandau

Loi giai bandau cé tit duoc khoi tao bing mbt
heuristicdon gidn haic phrong phap ngu nhién.

Chon mién lan ain

Tuy thuse vao khéng gian tim &n cia bai toan
ma c6 cac cach dic chon mién lan @n phu fp.
Thuong thi hai cach e saudugc ar dung: Thiz nhat
la xét toan B lan dén aia loi giai hién tai va tr dé
chon ra bi giai tot nhat; cach nay & khong héu qua
khi s5 luong 1an @n cia i giai 1a da 16n. The hai la
xét Mot tap con lan &n ngiu nhién a@a i giai hién tai
(trong bai b4do nay chung téirdung cach tir hai
nay).

Chon lan ain

Néu burdc chuyn 5t nhat trong mén 1an én co
thé cai thién dugc ky luc thi it nhién lrge chuyén do
s& dugc chon, ngroc lai thi bugc chuyn d6 $ duoc
chon Vi x&c st p ndodé, réu sau phép thxac sit
ma hréc chuyn nay win khéngduoc chon thi $
chuyén sang thrc hién budc lap tiép theo i 101 giai

da tng dugc Sr dung, gi la danh sach TABU; danh hién tai dugc giir nguyén.

séach nay?sch,'ra mit s bude chuyén wira dugc thyc

Tiéu chin mongdoi

hién trong ndt s budc lap ngay tnde do, cac lxae Mot vAn dé c6 thé xay ra la mt buc chuyn di
chuyén rim trong danh sach TABlduoc i 1a cac dang b cim nhang né ki c6 khi ning i thién ky luc:
budc chuyen TABU. Cac hxéc chu;en nay § bi M g 46 ¢é tranh b s6t cac bic chuyén tt nay, thit
sir dung ki chimg nao n6 con am trong danh sach {n4n fim kém TABU dua ra khai rém tieu chuin
TABU. Mdi buoc chuyen TABU s ram trong danh mongdoi (aspiration criteria). Tiéu ctin mongdoi
sach TABP trong khang thyi giant budc lap, saudo, thuong dugc 4p ding 1a: Nbu mot budc chuyén TABU
budc chu;ép nay € dugc loai khéi danh sach TABU .4 i cai thién duoc ky luc thi hroc chuygn nay \in
va no co th lai duoc ar dyng. $ t vira neuduot Qi 4yo¢ chyn va né § duoc loai khoi danh sach TABU.
la gia ti TABU tenure @a huéc chuyn. Gid ti t co
thé ¢b dinh cho fit ca cac e chuyn haic ding co
thé 1a mot sd ngiu nhiénduoc chpn cho fing hréc
chuyén.

Hiéu qua cia thifit toan tim kém TABU phy thusc
vao cac yu t6 nhr: CAch thic tao loi giai ban dau,
céach ttirc lya cton mién 1an d@n aia i giai hién tai,
tiéu chudin mongdoi cu thé, cac chén lugc bd sung @ Muc dich aia viéc da chng héa la hong dén
thé, chidu dai danh sach TABU, giaitTABU tenure nhiing mén khong gian tim Km moi. Co the thuc
[3,14].

Chién luoc o sung

Nham nang cao ¢ lugng tim kém, thut toan tim
kiém TABU dua ra hai chin lwoc tim kiém b sung
la: chén lwgc da caing hoéa va ckin legc ting arong
hoa.

* ba dang hoa &i giai (diversifying)
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hién viéc da cang héa &i giai bang cach cho x4aodn
ngau nhién ndt sb phan tir caa i giai.

* Tang arong hoa éi giai (intensifying)

Muc dich aia viéc ting arong hoa ladp trung tim
kiém sau bn ¢ nhitng viing khéng gian tim &n cé
trién vong chra loi giai tét. Co the thuc hién viéc ting
cuong héa bi giai bang cach la: Mu sau mt sb budc
lap nhit dinh ma K luc vin khéngduoc i thién; khi
d6 qua trinh tim Km TABU 5 duoc khoi dong lai
v6i 101 giai bandau chinh 14 &i giai tng Wi ky luc.
11.3. So’ db thuét toan tim kiém Tabu co ban
«  Khoi tao Ioi giai bandau S,; S=S5; shest=s;

« tabulist=0; // danh sach TABU chaibg ring
while (diéu kién dirng chra thsa)

« M=0;//Mlatdp cac lréc chuyn

«  V6i s’ O Ng (Ia mién lan @in cia s):

- p=move(s, s);

- if (p O tabulish M =M 0O p;

- if (p O tabulistvap thoa tiéu chén mongdoi)

M=M0Onp;
«  Chon huée chuyn p 6t nhat trong Gp M.
- Tao st tir burdc chuyn p aia gidi phap s;
- S=St;
- if (St tot hon shes) sbest=s't;
*  Cdp nhit tabulist;
* Thyc hign da dang hoéa bi gidi;
* Thyc hién tang arong hoa bi gidi;
end while
return sbest;

. THU AT TOAN TIM KI EM TABU GI Al BAI
TOAN MRCST

Truge hét ta € trinh bay ndt s van dé lién quan
khi 4p ding thuit toan tim kém TABU giai bai toan
MRCST (ta @i thuat toan nay la TABU-MRCST).
[11.1. M& héa cay khung

Trong thdit todn nay chdng téiusdung phrong
phap ma hdaahg anhdé ma hoa cay khung: M cay
khung dugc ma héa thanh & chwi gdom n-1 &

4T V-1, $ 10 (30), thang 12/2013

nguyén, trongté mbi s6 nguyén la chsb canh aia do
thi c6 tham gia vao cay khung (casnb aia db thi
dugc danh $ tir 1 dén m).
[11.2. Chi phi dinh tuyén cia cay khung
Chi phidinh tuyén cia cay khung duogc tinh theo
thuat toan trong cong trinh [4]ud trén 4i dinh tuyén;
ham tinh chi phiwa cay khungrl dat la routingcost
(M.
111.3. T ao loi giai ban diu
Thuat toan d@ia chung t6i 8 dung thuit toan Wong
dé tao 1oi giai bandau. Thuit toan Wong & dung khai
niém cayduong di ngin nhit xuat phat fr dinhi trén
do thi G, ky hiéu 1aSPTG,i) [4].
DPoan ma g dé tao 1o giai bandau boi thuat toan
Wongdugc mo & nhr sau:
initsolution(G,n,m)
I/ Khai tao loi giai bandau
{ TbestSPTG,1)
for (i=2..n)
{
T=SPTG,);
if (routingcost(T)< routingcost(Tbest))
Tbhest=T ;
}

return Tbest;

}
lll.4. Tim t ap cay khung lan d@n cia cay khungT

Goi T la tip con ndu nhién cac asnh aia T, Voi
mdi canhe 0 T, ta @i U la mdt tap con @a tp cac
canh co tk¢ thay ti¢ e khi loai e khoi T. Xét mbi canhf
0 U, goi p la brde chuyén khi thaye bsi f; néu p O
tabulistthi dua p vaoM, ngroc lai néu p O tabulistva
p thoa tiéu chdn mongdoi - 14 p cai thién dugc ky luc
- thi duap vaoM.

DPoan ma gi dé tim ép cac rdc chuyén M sinh ra
tur loi giai T dwoc mo & nhu sau:

neighborsefT,M)

/IM 1a tp cac Ixdc chuyén sinh rair loi giai T

{

bit T 1a tip con ndu nhién @aT;
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for (mdi canhe JT)

{
Dit U & éip con ndu nhién @a tip canh c6 tié
thay tré e;
for (mdi canhf 7U)
{
p=movegy);
if (p O tabulistyM =M O p;
else
if (p cai thign duwoc ky luc)
M=M 0 p;
}
}
}

[1I.5. Tim b wéc chuyén tét nhat trong tap M

bestmovér,M)
/I Tir M, tim huée chuyén p tot nhat
{
MiNncost= o;
for (mdi buéc chuyén p, O M)
{
bat T' sinh boi T quap;;
if (routingcost(T’) < mincost)
{
mincost=routingcos(T’);
P=P1;
}
}

returnp;

}
[11.6. C 4p nhat danh sach TABU

updatetabulist(p)
/I Cap nhit tabutenure xéa @nh khéng b cim va
thémp vaotabulist
{
for (mdi buéc chuyén g O tabulist)
{
-Giam tabutenurecia g (canh laai ra khoi cay
va anh thém vao cay)éu tabutenure> 0;
-Loai g néu tabutenureciaq déu hing 0;

}

4T V-1, $ 10 (30), thang 12/2013

tabulist=tabulistO p;

Gan gia tr tabutenurecho hai thanh pgim caap va
giéi han lai tabulistnéu danh sachwuot quado dai
tabulist;

}
[11.7. Chi én lwgc tim kiém bé sung

Tang arong hoa i giai bing cach kbi tao lai
danh sach céc & va @i lai ham TABU SEARCH
véi cay khung Bt dau lai 1a Thest

intensify(Thesj;

Pa cing hoa bi giai T bing cach cho x&o dn k
canh aia T d&é hy wong qué trinh tim Kim tiép theo c6
ky luc tot hon.

diversify(Tk)
{
for i=1.k

X6a anh e trong T, tim ngiu nhién nét canh €
hop I¢ dé thay vaoT;
}
Cubi cuing, that toan TABU-MRCSTduoc mé & nhu
sau:

TABU-MRCST ()

{

To=initsolution(G,n,m;

T=To,

Thest=Ty;

while (diéu kién dirng chra thsa)

{
M=[1,
neighborse(T,M);
p=bestmovér,M);
Pit T sinh tr T qua lréc chuyén p;
if ((routingcos(T’) < routingcos(T)) hoac (T
thoa xac sht dugc chon py))

{
T=T;
updatetabulis{p);
if (routingcos{T) < routingcos(Thes})
Thest=T,;
}
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Sauk, lan lip ma k luc khdngduoc i thién thi
thuc hién da chng héadiversify(Tbestk), sauk, 1an da
dang hoa thi thrc hién tang arongintensifyThesy};

}

Ta c6 tit danh gia thi gian tinh @a mot lan lap
cuia thuit toan TABU-MRCST nh sau: Ham
neighborsetcé thyi gian tinh n?), hambestmovesd
thoi gian tinh O(n), ham updatetabulistcéd thyi gian
tinh O(1). Vay, mdt lan lip aia thuit toan TABU-
MRCST doi hoi thoi gianO(n?).

IV. KET QUA THUC NGHIEM
IV.1. Hé théng thwc nghiém

Thuat toan TABU-MRCSTdugc caidat trén ngbn
ngit C++ s dung trinh bién ch CFREE 5 va dy
trén may tinh &u hinh 4GB RAM, CPU INTEL
2.20GHz.

Két qua thuc nghém TABU-MRCST dugc so sanh
vl Wong va i cac thidt toan meta-heuristicadg
quin thé nhe MMAS [12], GA [16], ABC [13].

Trong thrc nghém TABU-MRCST, ching t6idé
ngh gid ti cia cac tham & la: tabulisE100,
tabutenuren/10, $ lugng anh trong §p T 1an/4, $
lwong anh trong &p U la 5, x4c sht p; dé chon budc
chuyén p khi p khéng @i thién duoc ky luc 12 0.75, &
canh ¢n x&o tbn da chng hoa lak=4, va k,=5*n,
k,=4. Thuit toan TABU-MRCST cho tic hign 10 kn
chay va i lan cho thrc hién 2500 vongap.

IV.2. Xay dung cac [ dir liéu thuwc nghiém

Theo chdng t6i U qui cha thuit toan gii bai
toan MRCST c6 thphu thudc vao haidic treng quan
trong aia dr liéu la: du trdc @ia d6 thi va tong $
trén cac enh aia do thi. Lién quandén trong 9,
chdng t6ida sinh cadd thi véi trong $ trén cac enh
la sai khac nhaush haic sai khac nhau @hhaoac
trong $ cac anh 1a nhr nhau. Lién quadén ciu tric
d6 thi, ching tdi sinh cac # d6 thi: 46 thi day du (46
thi day) vadd thi cé cac enh duoc phan b déu/khéng
déu giira cacdinh (@6 thi thua), d6 thi tdng quat (ngiu
nhién \é trong $ va du trdc anh).

4T V-1, $ 10 (30), thang 12/2013

a. Do thi tong quat

Truéc hét xay drng ndiu nhién nét cay khungT
gom n dinh van - 1 canh, saud6 lan leot thém ndu
nhiénm — (n — 1) canh hop 1é khac; tong $ cac anh
cia do thi 1a & nguyén n@u nhién trongdoan [1..
max_weight

b. o thi dong nhit

Viéc sinh ngu nhién caadd thi ddng nhit duoc
thyc hién tuong tir nhua ddi voi truong hyp do thi tong
quét; diém khac bt duy nhit 1a trong $ cac anh
duogc sinh plai thoa mandiéu kién ddng nhit haic gin
dong nHit: dat A = randomk), maxcost =
randomfnax_weight)+ A + 1; khi d6 maxcost+
random(2A+1) — A la trong $ canh; cac tong $ nay
8 sai khactt — (k- 1) dén (k — 1). Khi giam k thi tinh
dong nhit ciado thi s& tang.

c. Do thi c6 cac enh dirpc phan I8 déu

Do thi c6 cac enh duoc phan b déu gira cacdinh
la d6 thi ma kic aia cacdinh Ia trong duong nhau
haic chénhéch 1a nib, khéngdang K.

Truéc hét sinh ngu nhién cay khung cé n-1
canh ma ndi canh c6 caadinh ©i da la c 2 @on
gian laduong i n dinh); saud6 chén thémm-(n-1)
canh ndiu nhién khac vad@ ¢ dugc dd thi G. Canh
(uv) dugc chén vads néu bic aia cacdinh u,v (tinh
trén T) < [2nVn], trong $ cac anh aia db thi [a &
nguyén ndu nhién trongtoan [1, max_weight

d. Pé thi c6 cac enh dirpc phan Is khdngdéu

Trudc hét tao mot cay khungrl ngdu nhiéndi quan
dinh: T dugc tao c6k cum hinh sao (cacaoh c6 chung
dinh mdt dinh), mdi cum c6 nk-2 anh va
n-k*(n/k-1) dinh con &i s& tao thanh am hinh sao
cudi cuing, i k cum nay hi véi nhaudé tao thanh mt
cay khung. Véc sinh thémm—(n-1) canh con &i dugc
thuc hign nhr déi véi db thi tong quat.

e. Do thi day du

D6 thi 6 n dinh ¢6 $ canh lam = (n - 1)*n/2,
trong $ cac anh aia dd thi 1a $ nguyén ngu nhién
trongdoan [1, max_weight

-10 -
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Cac I dir lieu thyc nghém dugc phat sinh ngu  Bang 1. So sanh TABU-MRCST &i céc thit toan
nhién theadé xuit tir cac bai bao [8,12,17]ovhai & Wong, MMAS, GA, ABC trén & thdng test 1

thong test: H thng test 1 c6 96 test (trordp c6 18
test @a cac tac @i khac throng sr dung ¢ trang
WEB?) va ¢ thong test 2 c6 75 test.gthéng test 1
cac d6 thi duoc sinh c6 & dinh trong khang [20,
100], $ canh trong khéng [50, 1200] va tmg $ cac
canh trong khang [1, 250]. K thong test 2 cadd thi
dugc gitt nguyén 8 dinh va $ canh nhr d6i voi hé
thong test 1; riéngau tric dia do thi dugc sinh ndi
ngau nhién, va ing $ cac anh dugc cho ngu nhién
khoang [1,100].

Cac W dit lieu (INPUT/OUTPUT)duoc hru trix chi
tiét tai cAc trang WEB WEB.
IV.3. Panh gia két qua thuc nghiém

a. Chi phidinh tuyn

Két qua thuc nghém TABU-MRCST choitng loai
d6 thi ang Wi ting thuit toan da duoc trinh bay chi
tiét tai trang WEB vaduoc tong hyp lai trong Bang 1.

Noi dung dia Bang 1 cho bit 5 luong (SL) b test
cho Kt qua tét hon (<) haic king nhau (=) hac kém
hon (>) khi so sanh ttit toAn TABU-MRCST i cac
thuat toan Wong, MMAS, GA, ABCitong thyi ciing
cho bét phin trim (%) trong tng. Bang 1 c6 so sanh
riéng cho irng dang dd thi va Hng hyp cho fit ca cac

TABU | Wong MMAS GA ABC
(96test)SL| % |SL| % [SL % |SL %
Dang caadd thi tong quét (36 test)
< 34| 94.4/21| 58.3] 1| 2.8 1| 28
= 2| 5.6/15| 41.7|35| 97.2| 35| 97.2
> 0l 0.0/ 0| 0.0/ 0] 0.0 0f 0.0
Dang caado thi dong nhit (15 test)
< 15| 100.0| 15| 100.0] 5| 33.3] 3| 20.0
= 0| 0.0/ 0| 0.0/10| 66.7]12| 80.0
> 0l 0.0/ 0| 0.0/ 0] 0.0f 0f 0.0
Dang caadd thi ¢ cac enh dwoc phan b déu (15 test
< 14| 93.3/10| 66.7) 1| 6.7 1| 6.7
= 1| 6.7 5| 33.3/14| 93.3| 14 93.3
> 0| 0.0/ 0| 0.0/ 0] 0.0f 0of 0.0
Dang céado thi c6 cac enhduoc phan b khongdeéu (15 test
< 14| 93.3| 8| 53.3] 0| 0.0/ 0f 0.0
= 1| 6.7 7| 46.7| 15|/ 100.0 15| 100.0
> 0l 0.0/ 0| 0.0/ 0] 0.0 0f 0.0
Dang cacdo thi day du (15 test)
< 15| 100.0| 10| 66.7/ 0| 0.0/ Of 0.0
= 0| 0.0] 5| 33.3/15|100.0 15| 100.0
> 0| 0.0/ 0| 0.0/ 0] 0.0l 0of 0.0
Téng hyp cho cac ang do thi (96 test)
< 92| 95.8/64| 66.7| 7| 7.3 5| 5.2
= 4| 4.2/ 32| 33.3/89| 92.7/91| 94.8
> 0l 0.0/ 0| 0.0/ 0] 0.0f 0of 0.0

Bang 2. So sdnh TABU-MRCST &i cac thdt toan

dang do thi ¢4 dé cap. Bang 1 cho thy voi hau hét cac Wong, MMAS, GA, ABC trén Bithong test 2.

bo test thi that toan TABU-MRCST cho & qua tot
hon hin céc that toan Wong, MMAS, GA va ABC
(voi ban caidat caa chang t6i). Chi phétinh tuyén
trong cac bng duoc ghi king ¥ gia ti tinh theo cong
thirc (2).

Va khi thpec nghém céac that todn trén @i hé
thong test 2 ta thdugc két qua nhr ¢ Bang 2.
Thuat toan TABU-MRCST c6 & qua tt hon han cac
thuat toan Add va Campos [15]. Khith nghém cac
thuat toan REPIR [15], REPRI [15], HCS (timékn
leo ddi) [5] va LS [8] wi cac I théng test 1, 2 ta thu
duoc két qua nhr ¢ Bang 3.

TABU Wong MMAS GA ABC

(75test) | SL| % | SL| % | SU %| SL %
< 68| 90.7| 46| 61.3 4 5.3 12{0
= 7 9.3| 28| 37.3 71 947 6b 880
> 0 0.0| 1| 1.3} o0 0.0 Q 0.0

Bang 3. So sanh TABU-MRCST &i cac thdt toan
heuristic trén cacédthdng test 1 va 2.

TABU REPIR| REPRI| HCS LS

(A71test) SL| % | SL w| S 94 S[L %
< 34199 41 |24.4 35[205 10 5.8
= 137(80.1/ 130(76.0[ 136(79.5/ 161|94.2
> 0 [00] o 00 o] 00000
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(két qua cac thdt toan REPIR, REPRI, MMAS, GA [7]
dugc ching toi ép nhat tét hon két qua da dang trong
cac bai bao [12,15,16]).

b. So sanh thi gian thyc hién cac thyt toan

Thoi gian trung binh thc hiégn mdi test theo cac
thuat toan Wong, MMAS, GA, ABC, TABU-MRCST
lan lrot 14 0.00 giay, 92.7 giay, 15.8 gidy, 175.4 giay,
3.7 giay. 9

(8]

V. KET LUAN

Bai baoda dé xuat thuat toan TABU-MRCSTdugc
phét trén dya trén & do thuat toan tim kém TABU dé
giai bai toAn MRCST. Thit toan TABU-MRCSTda
dugc caidat va thr nghiém trén hai & théng testduoc
sinh ndu nhién wi 171 b test. K&t qua thuc nghiém
cho thiy thuat todn TABU-MRCST cho dit luong bi
giai cao lon céc that todn nlr Wong, MMAS, GA,
ABC. Viéc tiép tuc phat trén thuit todn cho di giai
cia bai toan MRCST i chit luong cao bn 1a vin dé
ma chang t6i & giai quyét trong nhing nghién ¢u
tiép theo.
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