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TOm tdt: Bai todn tim dwong di lién mién véi rang bugc mién duy nhat trén ndt mang
(IDPC-NDU) la mét trong nhing bai toan toi wu mang méi dwoc quan tdm nghién cizu gan
ddy. Méc di di c¢é cdc nghién ciru sir dung thugdt toan tién héa (EA) dé gidi bai toan IDPC-
NDU, tuy nhién hién chwa c6 nhiéu nghién ciru vé két hop giga thudt todn EA va thugdt toan
tim kiém cuc bg. Vi vdy nghién cizu ndy mo ta cach két hop giira thudt toan EA va tim kiém
bién doi 1an can (VNS). Trong do, VNS dwoc sir dung doi Véi ca thé tot nhat cia méi thé hé.
Pé &p dung diroc VNS vao gidi bai toan IDPC-NDU, nghién ciru ciing mé ta phwong phdp
biéu dién loi gidi bai toan IDPC-NDU duéi dang biéu dién hoan vi. Thudt todn dé xudt duwoc
danh gid trén céc tap dir lieu véi 53 bg di liéu khac nhau. Két qua thic nghiém cho thdy
thudt fodn dé xudt tét hon thudt toan so sanh trén 39 bg di liéu.
_ Tir khoa: Thudt toén tién héa, thugt toan tim kiém bién doi 1an cdn, tim dwong di lién
mien vadi rang bugc mién duy nhat.

1. MO PAU IDPC-EDU) - vé6i rang budc trén tap canh;
Ngay nay, su phét trién nhanh chong cua Inter-Domain Path Computation under Node-

mang Internet va nhu clu két ndi dan t6i su defined Domain Uniqueness Constraint (ky
hinh thanh cac hé théng mang ngay cang 16n hi¢u la IDPC-NDU) - véi rér}g bl}C)C trén tap
hon. Cac hé théng mang 16n thuong dugc dinh. Mac du céc tac gia da dé xuat thuat toan
chia thanh nhidu mién nhé, khi d6 céc mang  1p trinh dong dé tim 10 giai bai toan IDPC-
duoc goi 1a mang da mién [1]. Trong lich sir DU [2], nhung d0,|DPC'DU la bai toan NP-
hinh thanh, cdc mang da mién ban dau dugc Khoé nén hudéng tié}) can nay khong phu hop
phat trién dé dam bao yéu ciu vé kha ning khi cac b dir liéu dau vao c6 kich thudce 16n.

m¢ rong va tinh bao mat [1]. Tuy nhién hién Do do, céc nghién, clru g:c‘in day da su
nay, bén canh cic yéu cu trén, viéc xac dung céc thudt todn xap xi dé giai bai todn
dinh dugc cac thuat toan dinh tuyén hiéu IDPC-DU nhu: Trong nghién ciru [3], tac
qua trong mang da mién 13 mot trong cac gia da dé xuat thuat todn tién hoa thich nghi
thach thicc nhan dwgc nhiéu su quan tam d’fl nhénqt(‘) v61 phuong phap mé hoa 101 giai
nghién ctru. Gan day, tac gia L. Maggi va  bang bicu dién hodn vi. Nghién ciru da phat
cac ddng nghiép [5] da phat biéu mo hinh huy duogc céc, thé manh cua thuat toan tién
hoéa mot trong céc thach thirc trén thanh bai hoa fia nhan t6 va PthO’ng phap ma hoa hoan
toan tim duong di ngin nhat giita hai nat  vi d¢ nang cao chat lugng 16i gidi tim duoc.
trong mang lién mién (Inter-Domain Path Trong nghién curu [4], cac tac gia ‘cﬁng mo
Computation under Domain Uniqueness  ta viéc ép dung thuat toan di truyén (Two-
constraint - IDPC-DU) [2]. Tuy theo rang  level Genetic Algorithm, ky hi¢u 1a PGA)
budc v& mién duy nhat dugc x4c dinh trén  dua trén phuong phap ma hoéa thir ty wu tién.
tap canh hay trén tap dinh ma bai toan Mot trong cac uu diém cua thuat toan PGA
IDPC-DU ¢6 hai bién thé 1a: Inter-Domain 14 c6 thé sir dung céc toan tir tién hoa ding
Path Computation under Edge-defined  cho ma hoa hoan vi nén dé dang cai dat. Tuy
Domain Uniqueness Constraint (ky hiéu la ~ nhién, 161 gidi tim dugc boi thudt toan PGA
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chua tét do phuong phap ma hoa 1oi giai
trong PGA chu trong vao viéc dap tng cac
rang budc cua bai toan IDPC-NDU. Téac gia
D4 Tuin Anh va cac dong nghiép [5] dd mo
ta cach 4p dung thuat toan di truyén (two-
level strategy based on evolutionary
algorithm, ky hiéu 1a TLGA) dé giai bai toan
IDPC-NDU. Trong thuat toan TLGA, cac tac
gia dd dé xuit phuong phap ma hoa 10i giai
hai mrc ciing nhu cac toan tir tién hoa dua
trén phuong phap ma hoa nay. Tuy nhién,
do thoéng tin dugc luu trir & hai mirc nén yéu
cau by nhé luu trir nhiu va céc toan tir lai
ghép, dot bién cling phtrc tap hon. Mac du
viéc ap dung cac thuat toan EA da gitp cai
thién chat luong 1oi giai bai toan IDPC-
NDU tim dugc nhung do céc thuat toan nay
van str dung phuong phap khoi tao quan thé
ngiu nhién nén chit lugng quan thé ban dau
chua cao, tr d6 anh hudng t6i chat luong
két qua cudi cing.

Mac du da co cac nghién clru st dung
thuét toan tién hoa giai bai toan IDPC-NDU,
tuy nhién, theo hiéu biét ctia nhom tac gia,
hién chua c6 nghién ctru nao két hop giira
thuat toan tién hoa va thuét toan tim kiém
cuc by trén mot quén thé. Cho nén nghién
ctru nay thr nghiém huéng két gitta thuat
toan EA va thuat toan VNS. Pong gop chinh
clia nghién ciru gom:

- Xay dung cach két hop giira thuat toan
EA va thuét toan VNS str dung mot quan thé
[6].

- Xay dung hudéng str dung thut toan
VNS vao giai bai toan IDPC-NDU.

Céc phan tiép theo cta nghién ctru gém:
Phan 2 trinh bay vé dinh nghia bai toan
IDPC-NDU va céc khai ni€m lién quan; Chi
tiét vé& thuat toan dé xuédt dugc mo ta trong
Phén 3; Cac két qua thyc nghiém ciing nhu
céc so sanh, phan tich vé hiéu qua thuat toan
dé xuit dugc trinh bay trong Phan 4; Cubi
cung, Phan 5 trinh bay cac két qua chinh cua
nghién ctru ciing nhu huéng phat trién tiép
theo ctia nghién ctru trong thoi gian toi.
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2. PHAT BIEU BAI TOAN

Goi G = (V, E, w, D) 1a da d6 thi co
huéng, cé trong sb. Trong d6, cac tip cac
dinh (nat), tap cac canh va ma tran trong sé
canh cua dd thi G duoc lan luot ky hiéu la
V, E va w. Tap dinh V duogc phan hoach
thanh k tap con (mdi tap con goi la mot
mién) d6i mot khong giao nhau D =
{D,D?, ...,D¥}.

Pinh nghia 1 (mién duy nhét trén tip
dinh [2]). Puong dip = (py,py, ..., p;} trén
dd thi G duoc goi 1a thoa man rang budc
mién duy nhat trén tap dinh néu duong di p
di ra mot mién thi khong di vao lai mién do
nita. Tuc 13, néu p; € D¢ va p;,, € D thi
pi+j € DLV =2,d €{1,..,k}.

Pinh nghia 2 (bai todn IDPC-NDU [2],
[7]). Cho truée hai dinh s, t €V (lan lugt goi
la dinh ngué)n va dinh dich), muc ti€u cua
bai toan IDPC-NDU la tim duong di p tir s
tGi t trén d6 thi G c6 chi phi nho nhat, sao
cho dudng di p thoa man diéu kién rang
budc vé mién duy nhat trén tap dinh. Hay
noi cach khac, bai toan IDPC-NDU dugc
dinh nghia nhu sau:

Pau - DPa do thi co hudng, co trong s6
vao: G = (V,E,w,D).
- Tap dinh V dugc phén hoach
thanh k mién D = {D',D?, ..., D¥},
D'nD/ =9vVije{l,.. kb
- Pinh nguén s € V, dinh dich t
ev.
Pau  Duong dip = (p1, Py .. P1} VO
ra:  p; = svap, = t thoa man diéu
kién mién duy nhat trén tap dinh.
Ham =1
muc  f(p) = Z w(pi, pir1) — min
tieu: =

=
Hinh 1 minh hoa dinh nghia bai toan IDPC-
NDU véi do thi dau vao gébm 6 mién (mdi
mau cua dinh twong ung voi mot mién) va’7
dinh. Hinh 1(a) minh hoa d6 thi dau vao voi
cac sd ghi trén mdi canh la trong sO cua
canh d6; dinh s 1 dinh ngudn; dinh t 1a dinh
dich. Hinh 1(b) minh hoa duong di d; = (5,
1, 5, t) 1a mdt 1oi giai hop 1€ vdi chi phi
f(d1)=33. buong di d; = (s, 1, 2, 4, 5, 1)
trong Hinh 1(c) la 161 giai khong hop 1€ do
vi pham rang budc vé& mién duy nhét: khi di



ra mién mau vang tai nat 1 nhung vao lai
mién nay tai niit 4. Loi giai tdi uu cta dd thi
dau vao nhu trong Hinh 1(a) 1a duong di ds
= (s, 4, 5, t) véi chi phi f(d3)=21 (xem Hinh

1(d)).

3. THUAT TOAN PE XUAT

dung 161 giai bai toan IDPC-NDU tir hoan vi
ctia ca thé do, sau d6 méi tinh chi phi cua 1oi
giai va gia tri thich nghi cia ca thé (dong
1énh 4-7 va 14-17).

Thuat toan VNS dugc 4p dung chi cho
mot ca thé tot nhit cta thé hé hién tai.
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Hinh 1. Vi du Vé dinh nghia bai todn IDPC-NDU la dé6 thj ¢6 6 mién va 7 dinh

Phan nay mo ta thut toan dé xuat (ky
hi¢u P-MEM) dya trén viéc ap dung thuat
toan EA va thuat toan VNS dé giai bai toan
IDPC-NDU.

3.1. Lugc d thuit toan

Do 101 giai ctua bai toan IDPC-NDU co
thé duoc tao ra tir thr tu ctia cac mién nén
nghién ctru nay ma hoa moéi 16i giai cia bai
toan IDPC-NDU bang mot hoan vi ciia cac
mién. Do d6, dé danh gia mdi c4 thé, thuat
toan
P-MEM sé& phai tao d6 thi G’ (goi 1a do thi
toan cuc) dua trén thong tin tr hoan vi cua
cac mién ma ca thé d6 bicu dién va dd thi
dau vao G, sau d6 ap dung thut toan tim
dugce di ngan nhit tir dinh ngudn téi dinh
dich dé tinh chi phi cta 10i giai.

Cac budce chinh cua thuat toan P-MEM
dwoc mo ta bang ma gia trong[0Po mdi 10
giai cua bai toan IDPC-NDU dugc ma hoa
bang hoan vi clia cac mién nén cac toan tir
cua thuat toan P-MEM chi xtr 1y trén céac
hoan vi ndy va dé tinh gia tri thich nghi cta
mdi ca thé, thuat toan P-MEM phai xdy
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3.2. Phuwong phap ma hoa 101 giai
Néu d6 thi dau vao c6 s6 mién Ng thi mdi
ca thé 1a mot hoan vi cua tap {1,..., Ng}.

1121451613
@
1 2 4 5 0 3
(b)

Hinh 2. Vi du vé phiong phép ma héa 16i gidi

@ninh hoa vi du vé phuong phap ma hoa
101 giai dugc st dung trong thuat toan
P-MEM véi d6 thi ddu vao nhu trong Hinh
1(a). Gia st cac mién c6 mau “Xanh 14 cay,
Vang, Tim, H&ng, Cam, Xanh nuéc bién”
duoc gan nhan lan lwot 1a: 1, 2, 3,4, 5 va 6.
Hinh 2(a) minh hoa mdt ca thé véi do uu
tién cac mién la 2-5-3-1-4-6. Hinh 2(b)
minh hoa dudng di qua cac mién twong tng



voi thir tw cac mién cuia ca thé trong Hinh @/é @én lugt minh hoa toan tir lai ghép
2(a). OX va toan tir d6t bién SM cho ca thé c6 do

3.3. Phuong phap khéi tao quin thé dai bang 6.

Do mdi 1oi giai cua bai toan IDPC-NDU
duoc ma hoa boi moét hoan vi ciia cac cum
nén thuat todn P-MEM su dung phuong
phap tao ngau nhién mot hoan vi cia mot
tap hop dé tao ca thé trong quan thé ban dau.

Input: Da dd thi ¢6 hudng, c¢b trong s6 G = (V. E,w,D);
Tap dinh V' duge phan hoach thanh k& mién D = {Dy, Da,..., Di};
Dinh nguén s € V; Dinh dich t € V;
Output: Loi giai ciia bai toan IDPC-NDU;
1 begin

2 P; « Khdéi tao ngau nhién N ca theé:

3 foreach cd thé ind; € Py do

4 Tao do thi Gi‘mlj tit cac thé ind;.

5 Tao 101 gial s; cia bai toan IDPC-NDU béng cach ap dung thuat toan Dijkstra cho dd

thi G _’ZMJ_ dé tim duge di ngdn nhat tir dinh ngudn s t6i dinh dich ¢.;
6 Tinh chi phi cta 161 giai s;;
T Tinh gia tri thich nghi ctia ca thé tnd; dita trén chi phi loi giai s;;
t+ 0
while diéu kién ding chua théa méan do

10 Oy + 0

11 P! + Tournament Selection(F;) > Chon céc ca thé cha me;

12 O, < Thuc hién lai ghép va dot bién (P);

13 foreach cd thé c; € Op do

14 Tao dd thi Gi.-, tit cac thé cj.

15 Tao 1oi gial s’! ctia bai toan IDPC-NDU béang cach 4p dung thuat toan Dijkstra cho

dd thi (}f_.j dé tim dude di ngdn nhét tit dinh ngudn s t6i dinh dich ¢.;

16 Tinh chi phi cua 151 giai s"r

17 Tinh gia tri thich nghi ctia ¢; diga trén chi phi ciia s'f > Xem phén 3.5
18 b < Ca thé t6t nhit trong tap ca thé con Oy;

19 b+ VNS(b);
20 Thay thé b bang ca thé b trong tap Oy:
21 R« O, UP;:
22 P,1 < Chon N ca thé tot nhat trong tap Ry
23 t+—t+1;
24 return Loi giai ciia t6t nhit clia bai toan IDPC-NDU

Hinh 3. Luroc do cdc buéc chinh cua thugt toan P-MEM gidi bai toan IDPC-NDU

Chamel |33

3.4. Toan tir lai ghép va dot bién

4]
Cl1a111el|l 4|5‘6 2

Do su dung phuong phdp ma hdéa nén
thuat toan P-MEM c6 thé sit dung cac toan
tir tién hoa cho biéu dién hoan vi. Thuat toan
P-MEM sir dung toan tu lai ghép thu tu Conl [ 1]

(Order Crossover - OX) [8] va toan tir dot
bién ddi vi tri (Swaping Mutation - SM) [8].

3 2 3
Con 2 n 2

Hinh 4. Minh hoa phép lai ghép OX
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Hinh 5. Minh hoa phép dét bién SM
3.5. Panh gia ca thé

Do mdi ca thé trong thuat toan P-MEM la
mot hodn vi cua tp cdc mién nén d¢ danh
gia ca thé ind can thyc hién:

- Buée 1: Xac dinh tht ty cia cac mién
dua theo thr tu ctia cac gen trén ca thé ind.

- Bwéc 2: Tao d6 thi c6 huéng G’ dua
trén do thi dau vao G va thr ty cac mién
trong Bude 1 nhu sau:

+ Téap dinh cua G’ trung véi tap dinh cta
G.

+ Canh lién mién bao gém cac canh ndi
mién ind; téi mién indj+; hodc tir mién indy
t&éi mién indy.

+ Canh trong m01 mién cia G’ tring voi
canh trong mdi mién cia G.

- Bwoe 3: Xay dung 101 giai sol cua bai
toan IDPC-NDU tur ca thé ind.

- Buéc 4: Ap dung thut toan Dijkstra
[9], [10] dé tim duogc di ngin nhit tir dinh
nguon to1 dinh dich. Do dai duong di ngan

nhit tim dugc chinh 1a chi phi cia ca thé
ind.

(b) Loi giai bai toan IDPC-NDU
Hinh 6. Minh hoa phirong phap danh gid ca thé
trong thudt toan P-MEM
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Hinh 6 minh hga phuong phap danh gia
c4 thé s dung trong thuit toan P-MEM.
Hinh 6(a) minh hoa dd thi G’ duge tao voi
d6 thi dau vao nhu trong Hinh 1 va ca thé
ind nhu trong[0Hinh 6(b) minh hoa 10i giai
bai todn IDPC-NDU tim dugc sau khi ap
dung thuat toan Dijkstra tim duong di ngin
nhat tir dinh s t&i dinh t trén dd thi trong
Hinh 6(a).

3.6. Thuét toan tim kiém bién d6i lan cin

Nghién clru nay su dung thuat toan tim
kiém cuc b 1a thudt toan bién doi lan cén
[6] v6i cau tric 1an can l1a 2-opt [6], [14],
[12]. Cac budc chinh cua thudt toan tim
kiém bién ddi 1an can dugc trinh bay trong@
4. KET QUA THUC NGHIEM
4.1. Dir liéu thuce nghiém va tiéu chi danh gia

Nghién ctru chon hai tap dit li¢u (c6 tén
l1a Type 1, Type 2) dugc st dung trong céc
nghién ctru trude, dé danh gia hiéu qua cua
thuat toan P-MEM. M&i tap Type 1 va Type
2 lai duoc chia thanh cac tap dir liéu nhé
hon Type 1 Small, Type 1 Large, Type 2
Small va Type 2 Large). Bang mo ta thong
tin vé tap dir liéu sir dung dé danh gia thuat
toan P-MEM.

Bang 1. Bang md ta thong tin vé tap dir liéu sir
dung dé danh gia thuit toan P-MEM

Tap dir liéu S6 S6 Sdcanh Sd&bd
dinh mién dir liéu
Type 1 Nhénhat 427 7 14927
Il , 16
small - gnnhat 2002 30 178026
Typel Nhénhit 2102 12 164811
9
Large | snnhat 7352 42 1461349
Type 2 Nho nhét 52 6 204
Small . 20
L&nnhat 1902 32 137407
Type2 Nhonhat 2002 17 128021 g
Large |¢nnhit 2902 32 229375

Thong tin tom tit vé cac tp dir liéu nay
dugc mo ta trong Bang 1. Cac bo dir lidu
thuc nghiém duoc luu trir tai [13].

Chat lugng 10i giai tim duoc cia cac
thuat toan dugc danh giad theo cac tiéu chi:
gia tri tdt nhat tim duogc trong cac lan thuc
hién (BF), gia tri trung binh cong (Avg) va
d6 1éch tiéu chuan (Std).



Input: - Da dé thi c6 iéng. c¢6 trong s6 G = (V, E.w, D):

- Dinh ngudn s
- Ca thé o

- Céc mitc ctia mot lan can Nj, [ =1,2, ...

Output: Ca thé z*;

c V: Dinh dich t € V;

] [TRC(-I ( Zma‘r = l)

1 begin
2 t+ 0
3 repeat
4 [+ 1:
5 repeat
6 Tao diém 2’ ngau nhién tir lan can mic k caa ;
7 2" « Ap dung tim kiém cuc bo véi 2’ 1a diém bat dau;
8 if 2" tot hon = then
9 T+ X7
10 L [+ 1;
11 else
12 | L1+ 1
13 until [ = Lz
14 until dicu kién dimg dude théa man:

return z;

Hinh 7. Cdc buéc chinh cua thudt toan tim kiém bién doi 1an cgn VNS

4.2. Mbi truong tién hanh thuc nghiém va
tham s6 thue nghiém

Dé danh gia thuat toan P- MEM, cac tac
gia so sanh 101 g1a1 tim dugc bang thuat toan
P-MEM voi 161 glal tim dugc bdi mot trong
cac thuat toan tién hdéa moi duge nghlen ciru
trong, cong bd [3] (ky hieu dMFEA) va két
qué ti wu (ky hiéu Opt).

Cac tham s6 thuc nghlem cua thuat toan
P-MEM gdm: kich thudc quan thé: 100; ti 1¢
dot bién: 0,05; ti 1€ lai ghep: 0,9; thuat toan
s& dimg khi dat s 1an danh gia 1a 50.000.

Tac gia str dung ngdn ngit 1ap trinh C# dé
cai dat thut toan P-MEM. Thyc nghiém
dugc tién hanh trén may tinh c6 c4u hinh 1a
CPU: Intel Xeon E5620, RAM: 8GB. May
tinh st dung h¢ diéu hanh MS Windows 10
Home (64 bit). Thuat toan P-MEM dugc
thuc nghiém 30 1an trén mdi bo dir liéu.

4.3. Két qua thue nghiém

@/é @rinh bay két qua so sanh ciia thuat
todn P-MEM v¢i cac thuat toan dMFEA va
két qua to1 vu. Trong do, tén cac bo dir licu

chi hién thi phan cubi, phin dau
“idpc_ndu_ duoc bo di dé tiet kiém khong
gian bang.
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Bang 2. Bang so sanh loi giai caa P-MEM,
dMFEA va két qua téi wu trén tap dir liéu Type 1.

Bo dit liéy dMFEA P-MEM Opt
j j BF Avg BF Avg
1002_12 82252 140 140 8 138 8
1002_22 36564 350 382 30 37,0 18
1192 19 37744 40,0 534 40 51,0 18
1202 22 65521 22,0 220 22 221 16
= 1256_21 44446 43,0 545 42 485 26
S 1322 22 48821 44,0 457 44 447 26
< 1506 9 130556 110 166 11 126 11
< 1514 16 78292 330 334 33 331 21
g 1514.30_78351 30,0 348 30 317 21
2 1602 22 60574 46,0 517 46 489 24
= 1682_23 67612 46,0 742 46 611 24
2 1730 20 88509 39,0 419 39 414 24
2002 22 178026 24,0 240 24 240 16
427 7 14927 80 82 8 80 8
704_15 16990 31,0 332 31 31,3 21
842 23 31617 220 220 22 221 16
2102 23 164811 27,0 27,0 27 27,1 18
‘© 2402 22 260967 24,0 24,1 24 240 16
S 2494 12 276620 230 23,0 23 230 16
::;2502_22_229601 290 301 29 295 18
< 2522_20 171940 41,0 413 41 416 18
§2715_22_592246 130 130 13 130 8
= 2918 29 293109 30,0 30,2 30 30,6 21
J 3161 15339881 30,0 30,0 30 300 21
3602_32 406192 350 49,8 35 456 21




Bang 3. Bang so sanh o1 giai cia P-MEM,
dMFEA va két qua t6i wu trén tap dir liéu Type 2.

U dMFEA P-MEM

B dir liéu BE Avg BF Avg Opt
1002_32_60942 190 22,8 19 24,8 13
102_10 834 7,0 80 7 70 7
1102_17_56280 250 27,0 25 26,2 14
1202_18 68002 240 24,7 24 257 15
1302_22_78953 250 278 26 264 17
1402_24 92365 240 288 24 270 16
= 1502_27_104878 270 33,2 27 30,7 16
g 152 14 1869 160 160 8 155 8
%1602_14_96765 320 329 17 30,7 17
< 1702_18_110993 20,0 244 20 298 20
B 1802_21 123666 33,0 43,7 33 363 21
é 1902_27_137407 30,0 479 30 358 21
5 202_22_2341 200 324 20 266 9
4 252_11_3513 11,0 11,0 11 175 11
302_12 4930 110 246 11 163 11
352_17 6667 260 304 13 295 13
402_22 8220 260 323 26 294 13
452_32_10406 220 306 22 29,0 13
502_12 10949 11,0 272 11 182 7
52_6_204 6,0 60 6 60 6
< 2002_17_128021 37,0 430 37 41,4 16
%“2102_19_141155 36,0 375 36 370 20
= 2202_22_153764 36,0 383 36 374 21
§ 2302_27 169859 42,0 62,8 42 565 22
8 2402_29 186438 37,0 557 38 51,9 23
—E 2502_32 201852 34,0 75,7 34 592 25
j§ 2602_19 185818 41,0 54,8 42 484 21
M 2802 30 215589 59,0 83,4 50 80,6 25

Bén canh d6, trong hai bang nay, tai moi
dong cua thuat toan AMFEA va P-MEM, loi
giai co gia tri tdt hon thut toan con lai duoc
in nghiéng; 10i giai c6 gia tri bang gi tri tdi
vu dugc in ddm & cot gia tri tdi wu.

Két qua cia cac thuat toan tai cac bang
trén cho thdy thuat toan P-MEM tét hon
thuat toan dMFEA trén 39 trong tong s 53
truong hop. Piac biét, thuat toan P-MEM t6t
hon dMFEA trén tit ca bo dit liéu thudc tap
Type 2 large. Thuat toan dMFEA chi tot hon
thuat todn P-MEM trén 9 b6 dit ligu. Cu thé
hon:

- Thuat toan P-MEM c¢6 két qua tréi hon
thuat toan dMFEA trén 14 trong tong s 16
bd dir li€u thudc Type 1 small. Trong khi chi
tdt hon 4 trén téng s6 9 bo dir lidu thuodc
Type 2 large.

- Thuat toan P-MEM c¢6 két qua tréi hon
thuat toan dMFEA trén 14 trong tong s 20
bo dir li¢u thudc Type 2 small.
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Thuat toan P-MEM c6 11 truong hop tim
duoc 101 giai co gia tri toi wu. Cac 10 giai c¢6
gia tri t8i wu thudc céc bd dit liéu c6 sd mién
nhé va déu thudc cac bo dir liéu thudc tap
Type 1 small va Type 2 small. Piéu d6 c6
nghia la P-MEM hi¢u qua hon véi cac by dir
lidu c6 s6 mién bé. Nguyén nhan cua két qua
nay 1a do P-MEM m3 hoa mdi ca thé 13 mot
hoén vi caa sb mién.

5. KET LUAN

Bai toan IDPC-NDU 1a mét trong nhitng
bai toan méi duge nghién ciru trong tdi wu
mang da mién. Bai todan IDPC-NDU c6
nhidu ung dung trong ca nghién ciu ly
thuyét va tng dung thuc tién. Nghién ctru
nay mo ta cach két hop gitra thuat toan EA
va thuat toan VNS dé giai bai toan IDPC-
NDU, trong d6 st dung thuat toan VNS vao
gidi bai toan IDPC-NDU. Két qua thuc
nghiém da budce dau chi ra tinh hiéu qua cua
huéng két hop giira hai thuat toan.

Trong thoi gian t6i, cac tac gia s& tiép tuc
cai thién hiéu qua cua viéc két hop giira
thuat toan EA va thuat toan tim kiém cuc bd
khac.

Loi cam on

Nghién ctru nay dugc tai trg boi Bo Gido
duc va bPao tao trong dé tai ma so: B2021-
TTB-01.
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A COMBINATION OF EVOLUTIONARY ALGORITHM AND VARIABLE
NEIGHBOURHOOD SEA RCH FOR INTER-DOMAIN PATH COMPUTATION WITH A
NODE-DEFINED DOMAIN UNIQUENESS CONSTRAINT

Pham Dinh Thanh, Nguyen Duy Hieu, Dang Thi Van Chi, Phan Trung Kien
Tay Bac University

Abstract: There has recently been an increasing interest in conducting a research on the inter-
domain path computation under node-defined domain uniqueness constraint (IDPC-NDU).
Although there have been some studies using evolutionary algorithm (EA) to solve the IDPC-NDU
problem, there are a few studies on the combination of EA and a local search algorithm.
Therefore, this study was carried out to describes a combination of EA and variable neighbourhood
search (VNS). In order to apply the VNS to solve the IDPC-NDU, the study also provided a
description of a solution encoding method for the IDPC-NDU based on the permutation
representation. The proposed algorithm was evaluated on the datasets with 53 different instances.
The findings showed that the proposed algorithm is better than the counterparts in 39 cases.

Keywords: Evolutionary algorithm, variable neighbourhood search, inter-domain path
computation under node-defined domain uniqueness constraints.
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