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TOM TAT

Bai todn cay khung phan cum duong di ngdn nhat duge ing dung nhiéu trong toi wu hé thong tudi tieu

nong nghiép, hé thong cip mang va mang ludi phan phéi hang héa, dich vu. Do bai todn cay khung phan

cum duong di ngdn nhat thuoc Iop bai todn NP-Khé nén cdic hudng tiép can gan day thuong st dung cdc

thudt todn zdp =i dé tim 1oi gidi, trong do, hudng tiép cin st dung két hop gida thuat todn tién héa da

nhan té va thudt todn tham lam ngdu nhién tim dudc két qud téi wu trén nhiéu bo du lieu. Tuy nhién,

todn i dot bién trong hwdng tiép can nday van con han ché khi luon cé dinh so lan thay thé canh mdi trén

cd thé. DE khdc phuc han ché trén, nghién ciu dé zudt todn ti& dot bién cé khd nang thay doi sé lan thay

thé canh mdi trén cd thé trong moéi lan thuc hién, cing nhu ¢é khd nang thay thé nhiéu canh mdi trén

cd thé. Dé chitng minh hiéu qud cia dé zudt, nghién ciu da tién hanh thuc nghiem cdc thuat todn trén

nhiéu bo dit lieu khdc nhau. Két qud thuc nghiém déa chi ra tinh hiéu qud cia todn ti dugc dé wudt.

T khéa: Thudt todn tién héa da nhan t6, cay khung phan cum duong di ngdn nhdt, t6i wu to hop.

1. Gidi thiéu

Bai toan tim cay khung c6 chi phi
nhé nhat (Minimal-Cost Spanning Tree -
MCST) trén do thi c6 trong s6 1a mot trong
cac bai toan noi tiéng trong linh vic téi wu
roi rac cling nhu trong khoa hoc may tinh.
Bai toan MCST duge tng dung trong nhiéu
linh vire thye té nhu: t6i wu hé thong truyen
thong, t6i wu he thong giao van, v.v. [16].

Trong nhiéu tng dung mang, nhim dam
bao tinh hi¢u qua va bao mat, cac thiét bi
dau cudi c¢6 thé duge chia vao cdc nhém sao
cho viéc két ndi gitta cac thiét bi dau cudi
trong cuing mot nhom c6 tinh “cuc bo”. Khi
do, viec dam béo lien két gitta cac thiét bi
dau cudi, tuong ting v6i viec can phai tim
cay khung ctia do thi con vdi cac dinh thuoc
cing mot nhéom. V6i nhiing yéu cau thuyc
tien d6, mot 16p cac bai toan cay khung,
trong do6 tap dinh dugc phan chia thanh
cac tap con da dugce quan tam nghién ciu.
Trong do6, bai toan cay phan cum ducng
di ngan nhat (Clustered Shortest-Path Tree
Problem - CluSPT) [5] 1a bai toan c6 vai tro

quan trong trong thuc tién va nhan dugc
nhiéu sy quan tam nghién citu.

Do CluSPT thudc 16p bai toan NP-Kho [5]
nén cac hudng tiép can thuong st dung cac
thuat toan xap xi. Trong nhitng ndm gan
day, cac thuat toan c6 y tudng bat nguon ti
tu nhien dude sit dung rong rai dé giai céc
bai toan c6 mitc do phi tuyén cao hodc cac
bai toan t6i wu rat kho [19]. Trong céac thuat
toan lay y tudng tit qua trinh t6i wu hoa
trong tu nhién, thuat toan tién héa da nhan
t6 (Multi-Factorial Evolutionary Algorithm
- MFEA) la mot trong cac thuat toan duge
quan tam nghién citu nhiéu trong thoi gian
gan day [6]. Do thuat toan MFEA dugc ké
thita cac vu diem clia qua trinh trao doi tri
thite tiem an (implicit knowledge transfer)
gitta cdc bai toan nén qua trinh tim kiém 1oi
giai cia thuat toan MFEA dugc cai thién
ve ca toc do va chat lugng so véi 1oi gidi
tim dugc khi sit dung thuat toan tién hoa
(Evolutionary Algorithm - EA) co béan.

Trong cac nghién ctu vé ap dung thuat
toan MFEA dé giai bai toan CluSPT,
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nghién cttu két hgp gitta thuat toan MFEA
va thuat todn tham lam ngau nhién (Ran-
domized Greedy Algorithm - RGA) (ky hiéu
la G-MFEA) tim dugc 16i giai troi hon céac
thuat toan khac, véi mot s6 bo dit licu thuat
toan G-MFEA tim dugc 16i giai t6i uu. Tuy
nhién, do két hop véi thuat toan RGA nén
sau mot sd thé he, do da dang quan thé
¢6 xu huéng giam nhanh. Bén canh do, khi
s6 lugng cum ctia do thi dau vao 16n, toan
t1t dot bién luon thire hien mot lan thay thé
canh clia ca thé nén kha nang khai thac (ez-
ploitation) khong gian tim kiém ctia thuat
toan G-MFEA bi han ché.

Do d6, nghién citu nay mudn cai thién hieu
qua cua thuat toan G-MFEA thong qua cai
tién toan tit dot bién. Toan t1 dot bién dugc
cai tién c6 kha nang tao ra nhicu si thay
ddi tren ca thé thong qua kha niang thay
thé nhiéu lan canh ctia ca thé va s6 lan thay
méi canh trén cé thé ciing duge thay doi
linh hoat trong mdi lan thyc hién dot bién.

Cac phan con lai ctia nghién ctu duge t6
chitc nhu sau: phan 2 trinh bay veé phat
bi¢u bai toan va cac khai niem lien quan;
phan 3 trinh bay vé cac nghién ctu lién
quan; phan 4 gi6i thieu vé toan tit dot bién
cai tién; phan 5 phan tich két qua thuc
nghiém ctia thuat toan dé xuat; phan két
luan cta nghién ciu duge trinh bay trong
phan 6.

2. Phat biéu bai toan

Cho G = (V, E,w) la mot don do thi vo
huéng, lien thong, c6 trong s6 canh khong
am; trong d6 V va F lan lugt 1a tap dinh
va tap canh ctia do thi; w 1a ma tran trong
s6 canh ctia do thi. Cho trudc tap cac dinh
S C V, ky hieu G[S] 14 do6 thi con cia G
duge cam sinh béi tap S; T[S] 1a do thi con
ciia cay khung T ctia do thi G dugc cam
sinh bdi tap S.

Dinh nghia 2.1 (Phan hoach cia tap
dinh ctia do thi [7]). Cho G = (V,E,w)
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la mot don do thi vo hudng, lién thong,
cac canh cé trong so khong am. Tap C =
{C1,Cy, ..., Ch} dugc goi la phan hoach cia
V néu CyUCyU...UC, =V va C;NC;j =
0,Vi,j € [1,h],i# 7.
Dinh nghia 2.2 (D6 thi phan cum). Cho
G = (V, E, w) la mot don do thi vo
huéng, lien thong, cdc canh cé trong so
khong am. Néu ton tai tap phan hoach C =
{C1,Cy,...,Ch} cia V thy G duge goi la do
thi phan cum, tip Cy,Cs,...,Cy dugc goi
la cdc cum (cluster) ciia do thi. Do thi phan
cum cua G vdi tap phan hoach C duogc ky
hiéu la G = (V, E, w, C).
Dinh nghia 2.3 (D6 thi G-Graph). Cho
G =(V, E, w, C) la mot do thi phan cum.
G-Graph la do thi duge suy ra tiw do thi G
trong dé moi dinh cia G-Graph tuong ing
vdi mot cum trong do thi G, gitia hai dinh
cta do thi G-Graph c6 canh noi khi cé it
nhat mot canh noi gitta cac dinh cia cdc
cum tuong ting trong do thi G.
Dinh nghia 2.4 (Chi phi dinh tuyén gitta
hai dinh [5]). Cho G = (V,E,w) la mat
don do thi vo hudng, lién thong, cdc canh
c6 trong so khong am. Chi phi dinh tuyén
gitta hai dinh u,v € V trén cay khung T (ki
hiéu dr(u,v)) cia do thi G dugc tinh bang
chi phi dwong di noi gidta hai dinh doé trén
cay khung T'.
Bai toan CluSPT dugc phat biéu nhu
sau [5]:
Cho do thi phan cum G = (V, E,w, C) véi
C={C,Cs,...,Cy} va dinh nguon s € V.
Muc tiéu cua bai todn CluSPT la tim mot
cay khung T ctia do thi G sao cho:
e V6i m6i cum C;(i = 1,...,h), do thi
T[C;] 1a mot do thi lien thong.

e Tong chi phi dinh tuyén giita dinh nguoén
s va cac dinh con lai trén cay khung T’
14 nhoé nhat, hay néi cach khac:

f(Tr) = Z dr(s,v) — min  (2.1)

veV(T)



3. Cac nghién ctu lién quan

Cac bai toan lien quan dén tap dinh dugc
phan vao cac cum da duge biét dén tit nhitng
nam 70 ctia thé ky trude [8]. Ngay nay, xuat
phat tit yéu cau can t6i uu hé thong mang,
bai toan cay phan cum nhan dude nhicu sy
quan tam trong cong dong cac nha nghién
ciu [4, 17].

Tac gia Y.S. Myung va nhém nghién
ctiu [9] da nghién ciu bai toan cay khung
nhoé nhét tong quat (Generalized Minimum
Spanning Tree Problem - GMSTP) véi cac
dinh dugce chia vao cac nhom. Loi giai cua
bai toan GMSTP la cay c6 chi phi nhé nhat
va mdi nhom chi chita mot dinh duy nhét.
Trong nghién cttu nay, sau khi ching minh
GMSTP la bai toan thuoc 16p NP-Kho, cac
tac gid da dé xuat hai mo hinh quy hoach
nguyén tuyén tinh va so sinh ching trong
viéc giai mo hinh néi long quy hoach nguyén
khi 4p dung vao bai toan GMSTP. Két qua
thitc nghiém cho thay khodng cach gitta can
trén va can dudi tang khi s6 lugng nhom va
s6 dinh trong méi nhém tang.

Mot trong cac bai toan cay phan cum khac
nhan dugde nhiéu sy quan tam 13 bai toan cay
Steiner phan cum (Clustered Steiner Tree
Problem - CluSteinerTP) [18]. Bai toan
CluSteinerTP ciing chia cac dinh vao céc
cum, bai toan cay Steiner (Steiner tree prob-
lem - STP) la CluSteinerTP néu céc cum
khong c¢6 phan tit chung [17]. Trong [18],
dira trén két qua thyc nghiém, cac tac gia
cling da chi ra rang néu ti lé Steiner thuoc
khodng (3, 4) thi két qua 1a tot nhat va tu
do6 deé xuat mot thuat toan gan ding gia bai
toan CluSteinerTP bing cach chuyén CluS-
teinerTP vé bai toan cay Steiner.

Mot bién thé khac cia bai toan cay phan
cum, bai toan cay khung phan cum cé chi
phi dinh tuyén nhé nhat (Minimum Rout-
ing Cost Clustered Tree Problem - CluM-
RCT) [7]. Trong nghién citu ctia minh cac
tac gid da chi ra rang bai toan CluMRCT

thuoc 16p NP-Kh6 néu bai toan c6 it nhat
hai cum. Céc tac gia ciing da dé xuat mot
thuat toan xap xi can ti le 2 dé
toan CluMRCT bang cach tao do
hai mic duya trén cay khung R-star va dua

giai bai
thi gom

trén hai diac trung cta cay khung R-star.

Téac gia D’Emidio va cac cong su [5] da
nghién citu mot dang khéac cua bai toan cay
khung phan cum, bai toan CluSPT. Tac gia
ciing da dé xuat thuat toan xap xi (ky hieu
la AAL) dé gidi bai toan CluSPT. Thuat
toan AAL chia bai toan CluSPT thanh 2
bai todn con va tim Ioi gidi mdi bai toan
con trong moi giai doan khac nhau, trong
do, thuat toan Prim [11] duge st dung dé
tim 101 giai clia cd bai todn con thi nhat
(1a cay khung nhé nhat ctia do thi ndi giita
cdc cum) va 1oi giai bai toan con thit 2 (la
cay khung nhé nhat ctia do thi con trong
mdi cum). Chat lugng 101 gidi tim duge bang
thuat toan AAL con han ché do thuat toan
AAL c6 ging cuc tiéu tong trong s6 ciia cay
khung ctia cdc do thi con ma khong xem xét
t6i khoang cach tit cac dinh t6i dinh nguon.

Gan day, mot so6 thuat toan da dugc de
xuat dé gidi bai toan CluSPT nhu: thuat
toan tham lam, thuat toan tién hoa, thuat
toan tién hoa da nhan t6, v.v.. Trong nghién
ctiu [3], cac tac gia da dé xudt ap dung
thuat toan MFEA (ky hieu la E-MFEA) véi
cac toan tit tién hoa mdi dé gidi bai toan
CluSPT. Y tudng chinh clia céc toan ti tién
héa duge de xuat 1a xay dung cay khung cho
do thi con nho nhat trude tién, sau d6 lan
lugt tao cay khung cho cac do thi con 16n
hon dya trén céc cay khung ctia cac do thi
bé hon.

Trong nghién ciu [15], céc tac gid da st
dung cac thé manh ctia ma Cayley [10] dé
ma hoa 10i gidi va dé xuat cc toan ti tién
hoa giai bai toan CluSPT. Co ché hoat dong
clla cac toan tit tién hoa duge xay dung dua
trén y tudng clia cic toan tit tién hoa st
dung méa héa nhi phan va ma héa hoéan vi [1].
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Trong nghién cttu [2], céc tac gia dé xuat
thuat toan (ky hieu 1a N-EA) dya trén két
hop gitta thuat toan EA va thuat toan Di-
jkstra. Trong cach tiép can nay, bai toan
CluSPT dugc phan rda thanh hai bai toan
con: bai toan thit nhat sé xac dinh cay khung
noi gitta cic cum; bai todn thi hai sé tim
cay khung t6t nhat trong mdi cum. Mic
du thuat toan N-EA giap giam hao phi tai
nguyén ciing nhu thoi gian thyc hién, tuy
nhién, thuat toan N-EA van con mot s6 han
ché nhu: méi cum chi ndi véi cac cum khac
thong qua mot s6 dinh nén 10i giai tim duge
c6 thé chua to6i wu.

Trong nghién cttu [13], cac tac gia da de
xuat thuat toan xap xi (ky hicu la HB-
RGA) dé gidi bai toan CluSPT. Thuat toin
HB-RGA két hop gitta RGA va thuat toan
Dijkstra. Trong thuat toan HB-RGA, cay
duong di ngan nhat ctia mdi cum dude xay
duyng thong qua st dung thuat toan Dijk-
stra, trong khi, cdc canh noi gitta giita cac
cum dude xay dung bdi thuat toan RGA. Uu
diém chinh ctia thuat toan HB-RGA 1a kha
nang khai thac khong gian tim kiém dé tao
ra 161 gidi tot hon tir 1oi giadi ban dau. Tuy
nhién, thuat toan HB-RGA c6 thé bi roi vao
bay cuc bo khi s6 chiéu ctia bai toan tang
do thuat toan dua trén chién luge tham lam
thuong cé kha nang khai pha (exploration)
khong gian tim kiém khong tot.

Trong nghién cttu [14], cac tac gia de xuat
thuat toan dya trén thuat toan MFEA (ky
hieu 13 G-MFEA) gom c6 hai tac vu: nhiém
vu cta tac vu tht nhat 1a xac dinh 1oi
giai hop 1é cua bai toan CluSPT, trong khi
nhiém vu ctia tac vu thit hai 1a cai thien chat
luong 10i gidi tim duge trong tac vu thit nhat
thong qua co ché trao doi vat chat di truyen
tiém an (implicit genetic transfer) giita cac
tac vu. Tac vu thi hai sé tim 101 gidi tot
nhat dya trén toi wu cic canh noi gitta cac
cum cua moi 161 gidi bai toan CluSPT tim
duge & tac vu thit nhat.
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Mac du thuat toan G-MFEA tim duge 161
gidi gan 10i gidi toi uu, tuy nhieén, khi s
luong cum ciia do thi dau vao 1én, toan ti
dot bién trong thuat toan G-MFEA chua
gitip cai thién nhieu chat luong 10i giai tim
duge nén nghién cttu nay sé cai tién toan ti
dot bién trong thuat toan G-MFEA.

4. Thuat toan dé xuat

Do toan ti dot bién trong thuat toan G-
MFEA (ky hiéu 1a OMO) chi thay ddi mot
canh n6i gifta cac cum, cac dinh nén khi s6
luong cum va s6 lugng dinh ciia do thi dau
vao tang, toan t1t dot bién cang c6 xu huéng
tao it su thay doi hon déi véi ca thé. Ben
canh do, toan tt OMO luén thiuc hién mot
sit thay doi trén ca thé nén khi s6 lugng cum
va s6 lugng dinh ctia do thi dau vao thay doi,
toan tit OMO c6 thé khong hieu qua.

Tt cac phan tich trén, nghién ctu dé xuat
toan ti dot bién méi (ky hieu la IMO) si
dung trong thuat toan G-MFEA. Y tudng
chinh ctia toan t& IMO 1a ¢6 thé thuc hien
thay doi nhiéu hon mot canh ndi giita céc
cum trén cé thé va sé canh ndi gitta cac cum
bi thay d6i trong méi lan thuc hién dot bién
khong c6 dinh.

Cac buée cua toan ti dot bién dé xuat
dugce trinh bay trong thuat toan bén dudi,
trong d6, tham s6 numMutation sé xac dinh
s6 lan t6i da thyc hién dot bién, hay noi
cach khac, numMutation 13 s6 t6i da canh
noi gitta cac cum ctia ca thé ¢ thé bi thay
déi. Ben canh d6, khac véi thuat toan cua
toan tt OMO, thuat toan cai tién sé thuec
hién thay ddi ngau nhien r lan (dong lénh
3) canh ndi gitta cdc cum.

Vi du vé cac bude chinh ciia toan ti IMO
dugec minh hoa trong hinh 1. Xét do thi
dau vao duge minh hoa nhu trong hinh 1a).
D6 thi G-Graph dude xay dung tit do thi
dau vao duge minh hoa trong hinh 1b), ca
thé trong khong gian khong gian tim kiém
chung (Unified Search Space - USS) dugc
minh hoa trong hinh 1c). Gia st IMO chi



Thuat toan: Toan tit dot bién trong thuat toin G-MFEA

Input: D6 thi phan cum G = (V, E,w,C); Ca thé cha me I = (ES,IE, LR);

S6 lan dot bién t6i da numMutation;
Output: Ca thé con [* = (ES*, [E*, LR*);

1 begin
2 Tao dd thi G-Graph G’ = (V' E') tit do thi G;
3 r < S6 ngau nhién trong nita doan [0, numMutation) > S6 1an thay thé canh méi;
4 for ii < 1 to r do
5 e = (vi, U;) + Chon ngau nhién mot canh tir tap E'\ES;
6 ES* + ES;
7 Thém canh €’ vio E* dé tao thanh chu trinh;
8 Xéc dinh chu trinh A trong E*;
9 Chon ngau nhién canh e* = (v),,,v},) € A sao cho e* # ¢€’;
10 Xo6a canh e* tut tap E*;
/* Cap nhat dinh gbc cuc b va canh nbi gifta cac dinh clia céc cum */
11 u = (up, up) < Chon ngdu nhién tit tap £ mot canh néi gitta dinh u, € C; va dinh u, € Cj;
/* Cap nhat thudc tinh IE cla ci thd con déi véi canh bi xéa */
12 IE*[m][n] + null;
13 IE*[n][m] + null;
/* C8p nhat thudc tinh IE cla cé thd con déi véi canh méi thém */
14 IE*[i][j] < un;
15 TE*[4][i] < up;
/* Cap nhat dinh gbc cuc bs cla cic cum C,, va C, */
16 if (dinh goc cuc bo ctia cum Cy(t = m,n) thudc canh bi zéa e*) va (dinh goc cuc by ciia

cum C; khong con canh nao noi téi mot cum khdc) then

17 ‘ LR*[t] +- Chon ngiu nhién tit cum C; mot dinh ¢6 canh ndi véi mot cum khac;

18 return (ES*, IE*, LR*);

thie hién mot lan thay thé
hinh 1d) 1a ca thé con nhan duge sau khi
thém canh mdéi (C;, Cy) vao ca thé dé tao
thanh chu trinh (C}, Cy, Cy, Cy); con (Cy,
Cy) la canh duge x6a bé tu chu trinh (Cf,
Cy, Cy, Cy) dé tao thanh ca thé méi. Trong
budce tiép theo, toan tit dot bién sé cap nhat
cac thuoc tinh IE va LR ciia ¢4 thé con méi
tao ra trong budc thit nhat. Do canh (4, 10)
duoc chon dé néi gitta hai cum C; vi Cy nén

canh mdéi va

tap IE* clia ca thé con dude cap nhat nhu
trong hinh 1f). Sau khi x6a canh (14, 17)
no6i gitta hai cum Cy, va C4 6 trong budc thit
nhat, dinh 17 trong cum 4 khong thuoc bat
¢t canh nao ndi cum 4 t6i cac cum khéc. Do
d6, mot dinh khéc c6 canh ndi ra cum khéc
duge chon lam dinh gbc ctia cum 4. Trong
cum 4 chi ¢6 duy nhat dinh 15 théa méan
diéu kién nén dinh nay duge lam dinh goc
cta cum. Hinh 1g) minh hoa 16i giai bai toan
CIuSPT duge xay duyng tit cac thé con méi.

Hinh 1h) va hinh 1i) minh hoa truoéng hop
toan tt IMO thyc hién thém mot lan thay
thé canh, trong d6, hinh 1h) minh hoa ca
thé nhan dugc sau khi théem canh méi (Cs,
C4) vao dé tao thanh chu trinh (Cy, C3, Oy,
C1); hinh 1i) minh hoa ca thé sau khi x6a
canh (C7, Cy) khéi chu trinh (Cy, Cs, Cy,
C1). Khi d6, do thi trong hinh 1i) chinh 1a
do thi G-Graph ctia c& thé dau ra ctia toan
tit IMO.

5. Két qua va danh gia
5.1. D liéu thuc nghiém

Do tinh da dang vé kiéu dit lieu va nhan
duge danh gia cao tit nhiéu nha nghién ctu
khi gidi cac bai toan trén do thi phan cum
nén tap di lieu MOM-Lib [8] dugc chon
dé xay dung tap dit lieu danh gia bai toan
CluSPT (goi tat 1a CluSPT-Lib).

Do dau vao ctia bai toan CluSPT can

them thong tin vé dinh nguon nén méi bo

97



s}e

r2

e [1]0[<]17]

G C
® [ [2[4 o
Cs / C ... C; ) G,
* Il [] e
Cluster eC, @C, [15]17] ] @C,
a) b) c) d)
Cluster I Cluster 2
¢ LRe ¢ ¢
Noe, ™ LR N N
C; / G ol | [ ] C, / G / C,
e HEEE ORI {
COlen ... Cluster 4 @C, @®C,
e) f) g) h) i)

Hinh 1: Vi du minh hoa cdc budc cia todn ti& dot bién

du liéu trong tap MOM-Lib dugc chon ngau
nhién mot dinh lam dinh nguon. Thong tin
vé cac bo dit lieu duge luu tai [12].

Do ¢6 t6i 248 bo dit lieu thuoc 6 tap da
licu (c6 tén la Type 1, ..., Type 6) nén
nghién cttu chi tién hanh thyce nghiem véi
cac bo di lieu thuoc tap dit lieu nho.

5.2. Tiéu chi danh gia

Nghién citu tap trung phan tich cac tiéu
chi chat lugng 161 gidi tim dugc ciia cac thuat
toan theo gia tri trung binh cdng chi phi cua
ham muc tieu (Avg) va gid tri tot nhat tim
duge trong céac lan thyc hién (BF).

5.3. Moi trudng, tham s6 thuc nghiém

Dé danh gia hieu qua ciia toan tit IMO,
nghién ctu tién hanh hai nhém thire nghiem
chinh:

e Nghién cttu phan tich hiéu qua cta céc
thuat toan MFEA trong nghién ctu [14]
khi khong st dung (ky hiéu la G-MFEA
va khi stt dung toan tit dot bién cai tién
IMO (ky hieu IG-MFEA).

e Nghién cttu phan tich anh hudng cia
mot s6 tham s6 cia do thi dau vao t6i

hi¢u qua ciia thuat toan dé xuat.
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V6i moi bo du liéu, thuat toan duge thuc
nghiem 30 lan trén may tinh cai dat he
dieu hanh Microsoft Windows 10 véi cau
hinh: CPU - Intel Xeon E5620, RAM - 8GB.
Thuat toan HB-RGA dugce thuc nghiém véi
cac tham s6 v = 50, thuat toan tién héa da
nhan t6 dugc thic nghiém véi tham s6: s6
lan danh gia 1a 50000 lan; kich thuéc quan
thé P = 100; ti le lai ghép p. = 0,3; xac
suat ghép cap ngau nhien rmp = 0,5; s
lan dot bién t6i da numMutation = 2.

5.4. Két qua thuc nghiém
a) Phan tich hiéu qua ctia thuat toan
stt dung toan ti dé xuat

Cac bang 1, 2 va 3 trinh bay két qua so
sanh gitta hai thuat toan G-MFEA va IG-
MFEA. Trong cac bang nay, tai moi dong,
gia tri tuong tng véi 161 giai tot hon sé duge
in nghiéng va c6 mau dé.

Két qué tai cac bang 1, 2 va 3 cho thay
thuat toan IG-MFEA tim dugc 101 giai tot
hon thuat toan G-MFEA trén da s bo dit
lieu. D6i véi mdi tap dit lieu, sd bo dit lieu
ma thuat toan IG-MFEA c6 két qua tot hon
thuat toan G-MFEA ciing nhi¢u hon s6 bo



dit lieu ma thuat toan G-MFEA c¢6 két qua
tot hon thuat toan IG-MFEA. Tuy nhién,
két qua so sanh giita hai thuat toan trén
cac tap dit lieu van c6 diém khac nhau, cu
thé:

e Tap dit lieu Type 1: thuat toan IG-
MFEA t6t hon trén 19 bo di lieu, trong
khi thuat toan G-MFEA t6t hon trén 3
bo dit lieu.

e Déi v6i tap dit lieu Type 5, két qua so
sanh gitta hai thuat toan chénh léch it
hon so véi tap dit lieu Type 1 va Type 6
khi thuat toan IG-MFEA t6t hon trén
8 bo dit liéu, trong khi thuat toan G-
MFEA t6t hon trén 4 bo dit lieu.

e Tap dit lieu Type 6: thuat toan IG-
MFEA t6t hon trén 22 bo dit lieu, trong
khi thuat toan G-MFEA t6t hon trén 2
bo dit lieu.

b) Phan tich &nh hudng ctia tham s6
t6i toan tir dé xuat

Do ca thé trong thuat toan G-MFEA [14]
ma hoéa cay khung ndi gitta cic cum ctia do
thi dau vao nén nghién ctu phan tich su
anh hudéng clia s6 cum ciia do thi dau vao
t6i két qua so sanh ctia thuat toan G-MFEA
va IG-MFEA.

Hinh 2 minh hoa mdi quan hé gitta két qua
so sanh clia cac thuat toan va s6 cum cia
do thi dau vao. Trong cac hinh nay, ky hieu
“>>7 (“<<”) nghiala“t6t hon” (“kém hon”).
Vi duy, “G-MFEA >> IG-MFEA” nghia la
thuat toan G-MFEA tim dugc 1i giai tot
hon thuat toan IG-MFEA.

Két qua so sanh gitta hai thuat toan trong
hinh 2a) va hinh 2c) c6 diém tuong dong
khi thuat toan IG-MFEA tim dugc loi giai
t6t hon thuat toan G-MFEA khi s6 cum
16n hon 10 (Type 1), 16n hon hodc bang 16
(Type 6). Dbi vé6i tap Type 1, thuat toan G-
MFEA troi hon thuat todn IG-MFEA trong
ba truong hgp c¢é sé6 cum bang 10; hai thuat
toan tim dugc ciing két qua trén cac bo dit
licu c6 s6 cum bang 5. Déi t6i tap Type 6,

Bang 1: Két qua thuc nghiém ctia cac thuat
toan trén bo di liéu thudc Type 1

IG-MFEA G-MFEA
Bo dit lieu BF Avg BF Avg
10berlin52  43724,1 43729,9 437241 /372/,1
10eil51 1713,2 17134 17132 17132
10eil76 2203,3  2203,9 2203,3 22053
10kroB100 140522,2 140528,6 140551,2 140597,9
10pr76 522213,8 522249,7 522213,8 522340,4
10rat99 7520,2 7523 7520,2 7524
10st70 3095,2  3095.3  3095,2  3095,7
15berlin52  26314,2 265438 26315,5 26351,7
15eil51 1306,4 1308,  1306,8  1309,1
15€il76 2909,1 29103 2909,1 2913,1
15pr76 704615,8 705555.3 705226,1 706505,5
15st70 4120,2 4125,  4126,7  4135,5
25€il101 4687,6  4710,6  4700,4 47279
25kroA100 147405,7 148533,1 148767,9 149708,1
25lin105 98092,1 99174,2 98941,4 100585,3
25rat99 6861,3 69%1,8 6930,9 7022,3
50eil101 3942.,6 4173 4034,7  4178,1
50kroA100 167267,2 1752355 173113,3 179506,1
50kroB100 145095,6 155633,5 149465,6 157831,1
50lin105  149623,0 155169,8 151901,5 154680,7
50rat99 8468,7  8811,1  8728,0  9002,1
Sberlin52  22746,4 22746,4 22746,4 227464
5eil51 1769,4 1769,4 17694 1769,4
5€il76 2630,8  2630,8 2630,8 2630,8
5pr76 585008,0 585008 585008,0 585008
5st70 4520,1  4520,1  4520,1  4520,1
75linl105  167241,2 177585,7 169739,8 177610,8

thuat toan G-MFEA khong t6t hon thuat
toan G-MFEA trén cac bo dit liéu ¢6 s6 cum
nho hon 12.

Két qua so sanh gitta hai thuat toan trong
hinh 2b) khac véi két qua so sanh trong hai
hinh 2a) va 2c) khi thuat toan IG-MFEA
chiém wu thé hon so véi thuat toan G-
MFEA trén cac bo dit lieu ¢6 sé6 cum nhod
hon 10.

6. Két luan

Mic du thuat todn G-MFEA tim dugc
16i gidi t6i wu trong nhiéu truong hop, tuy
nhién toan tit dot bién st dung trong thuat
toan nay van con mot so6 han ché. Nghién
cltu nay tap trung vao mo ta cai tién cia
toan tit dot bién trong thuat toan G-MFEA.
Toan tit dot bién duge dé xuat ¢ thé thuc
hién nhiéu lan su thay doi trén trén cé thé
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Hinh 2: Biéu do phan tin cia

ciing nhu khong ¢6 dinh s6 1an tac dong len
ca thé. Két qua thuc nghiem trén cac tap
dit lieu khac nhau cho thay, thuat toan tién
héa da nhan t6 st dung toan tit dot bién cai
tién tim duge két qua tot hon thuat toan
tién hoa da nhan t6 khi sit dung toan tit dot
bién ban dau trén da s6 bo dit lieu thuoc tat
ca cac tap dit lieu duge thuc nghiém. Trong
thoi gian t6i, nhom tac gid sé tiép tuc thi
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két qud so sanh cdc thudt todn va sé cum

cia do thi.

nghiém cac truong hop ciia toan tit dot bién
duge dé xuat, ciing nhu phan tich sau them
sy anh hudng clia cac tham s6 tdi hieu qua
clia toan tit dudce dé xuat.
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IMPROVED MUTATION OPERATOR FOR MULTIFACTORIAL
EVOLUTIONARY ALGORITHM TO SOLVE THE CLUSTERED
SHORTEST-PATH TREE PROBLEM

Pham Dinh Thanh
Tay Bac University

ABSTRACT

Clustered Shortest-Path Tree Problem (CluSPT) has a wide range of applications in network design,
agricultural irrigation and product distribution. Because the CluSPT problem is NP-hard, approximate
approaches often use to solve the CluSPT problem in which an approach based on a combination between
multifactorial evolution algorithm and randomized greedy algorithm can reach the optimal solution on
instances. However, the mutation operator in the approach has a restriction when the number of new edge
substitutions is constant. To overcome the limitation, this study proposed a mutation operator which is
capable of changing the number of new edge replacements in each execution, as well as the ability to replace
many new edges of the individual. To prove the effectiveness of the proposed operator, the algorithm is
conducted on various types of instances. FExperimental results have shown the efficiency of the proposed
operator.

Keywords: Multifactorial evolution algorithm, Clustered shortest-path tree problem, Combinatorial
optimization.
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