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Nowadays, the rapid development of networks in size and complexity
in architecture leads to the optimization of network routing becoming
more and more important. The Inter-Domain Path Computation under
Node defined Domain Uniqueness Constraint (IDPC-DU) has much
attention from communication research. IDPC-DU is NP-Hard so
approximation approaches are suitable to solve this problem for
instances having large dimensionality. Multifactorial evolutionary
algorithm (MFEA) is an effective approach to deal with the various
types of problems. This paper proposed an approach based on an
algorithm based on an Adaptive Multifactorial Evolutionary
Algorithm (dMFEA-II) for solving IDPC-DU under node defined
domain uniqueness constraint. The encoding and evaluating methods
based on the permutation representation are also introduced. The
proposed algorithm is evaluated on the two types of instances. The
experimental results point out the effectiveness of the proposed
algorithm in comparing with existing algorithms.
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Ngay nay, cling véi sy phat trién nhanh chéng cua cac mang thong
tin v& ca kich thudc va do phirc tap, van dé téi wu chi phi dinh tuyén
trong mang ngay cang trd nén cap thiét. Bai toan tim dudng di lién
mién véi rang budc mién duy nhat (IDPC-DU) 1a mét trong céc bai
toan t6i wu chi phi dinh tuyén nhan duoc nhidu sy quan tam cua cac
nha nghién ctru. Do IDPC-DU thudc 16p bai toan NP-Khoé nén hudng
tiép can gan dung dwoc danh gia 1a phi hop khi kich thuéc dir ligu
dau vao Ién. Trong cac thuat todn gan dung, thuét toan tién hoa da
nhan t6 (MFEA) la mét trong nhitng thuat toan hiéu qua dé giai nhiéu
I6p bai toan khac nhau. Nghién ctru nay dé xuat ap dung thuat toén
tién hoa da nhén td thich nghi (AIMFEA-II) vao giai bai toan IDPC-
DU véi rang budc dwoc xét trén cac nit mang. Nghién ctru ciing dé
Xuit phuong phap ma hoa va danh gia ca thé dua trén biéu dién héa
vi. Thuat toan dé xuét duoc danh gia trén hai tap dir liéu khac nhau.
Két qua thuc nghiém da cho thiy tinh hiéu qua cua thuat toan dé xuat
S0 Vi cac thuat toan da co.
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1. Gigi thiéu

Trong ky nguyén cong nghé phét trién nhanh chong nhu hién nay, rat nhiéu thiét bi can duoc
két ndi voi cac dich vy hoic cac thiét bi khac thong qua cac hé théng mang. Do d6 s& dan ti hinh
thanh céac hé théng mang vo cing 16n, ciing nhu cac thach thirc trong viéc xay dung phuong thirc
két ndi hiéu qua gitra cac thiét bj.

Tru6c céc thach thire do, cac hé théng mang lon thudng duoc chia nho thanh cac mién (multi-
domains - mang da mién) [1]. Viéc chia nho nay nham giai quyet cac van dé lién quan t6i kha
nang mo rong va dam bao tlnh bao mat [2]. Poi véi mang da mién, viéc xac dinh lién két giira
cac nt mang trong mdi mién duoc thyc hién boi mot phan tir xac dinh duong lién két (Path
Computation Element - PCE) [3]. Dé trao d6i thdng tin gitra cac mién, cac phan tar PCE phai lién
két v6i nhau theo mét kién tric nhat dinh. Trong nghién ctu [4], tac gia Lorenzo Maggi va céc
cong sy da gidi thiéu bai toan tim dwoc di ngan nhat giira hai ndt trong mang lién mién (goi 1a bai
toan Inter-Domain Path Computation under Domain Uniqueness constraint - IDPC-DU). Trong
bai toan IDPC-DU mang lién mién can thoa mén rang budc vé mién (mdi mién duoc di qua nhiéu
nhét 13 mot 1an). C6 hai bién thé cua bai toan IDPC-DU: bién thé thir nhit rang budc mién trén
tap canh (goi la bai todn Inter-Domain Path Computation under Edge-defined Domain
Uniqueness Constraint - IDPC-EDU); bién thé thar hai 13 rang buéc mién trén dinh (goi 1a bai toan
Inter-Domain Path Computation under Node-defined Domain Uniqueness Constraint - IDPC-NDU).
Ca hai bién thé cuia bai toan IDPC-DU déu dugc chiing minh Ia thudc 16p bai toan NP-Kh6 [4]. Ciing
trong nghién cau nay, céc tac gia ciling gidi thi¢u thuat toan lap trinh d6ng dé giéi bai toan IDPC-DU
v6i do phic tap tinh toan la O(|V|22/P1[D[2) vsi V] Ia s6 nit va D] 1a sé mién. Do d¢ phirc tap cao
nén thuat toan lap trinh dong khé hi¢u qua trong thuc té V6i cac mang co s6 mién 16n. Do do, viéc lua
chon hudng tiép can giai xap xi dé tim loi giai “du tot” 1a can thiét.

Trong nhimg nam gan day, cac thuat toan tién hda 1a mot trong cac nhom thuat toan nhan
duogc nhiéu sy quan tdm nghién ciru [5]. Thuat toan tién hoa duoc danh gia 1a phi hop dé giai
nhiéu bai toan phuc tap hoac phi tuyén ngay ca dbi voi nhiéu bai toan duge danh gia 1a kho giai
khi sir dung mot sé thuat toan téi wu khac [6].

Thuit toan tién hoa da nhan t6 (MFEA) dé xuat lan ddu nim 2016 va 1a luoc d6 méi trong tinh
toan tién hda [7]. So véi thuat toan tién hoa co ban, thuat toan tién hoa da nhiém wu diém vé kha
nang c6 thé giai déng thoi nhiéu tac vu va qua trinh tim kiém loi giai dwoc cai thién vé ca toe do
va chat lugng [7]. Nam 2019, tac gia Kavitesh Kumar Bali va cong su [7] dé xuét cai tién cua
thuat toan MFEA (ky hiéu MFEA-II) dua trén khai thac diém tuong dong gitra cac tac vy. Nghién
clru cling da chi ra hiéu qua cua thuat toan MFEA-II ddi voi cac ham benchmark lién tyc. Nam
2020, tac gia Eneko Osaba [8] dé xuat thuat toan MFEA-I1 &p dung cho céc bai toan téi uu té hop
(ky hiéu dMFEA-1). Két qua thuc nghiém di chi ra hiéu qua cua thuat toan dMFEA-I1 khi giai
bai toan ngudi du lich va bai toan dinh tuyén xe véi rang budc sirc chia.

V6i cac vu diém nhu trén, d3 c6 mot 6 tac gia nghién ciu sir dung cac thuat ton tién hoa va
thuat toan tién hoa da nhan t vao giai bai toan IDPC-NDU. Trong nghién ciru [9], tac gia dé xuat
thuat todn hai muc dya trén thuat toan tién hoa (ky hiéu 1a TLGA). Do can phai luu trix va giai ma
thong tin ciia ca hai mirc nén ma hoa duoc sir dung trong thuat toan TLGA tuong ddi phirc tap va
t5n bo nha dé Tuu trit, kéo theo cac toén tir tién duoc dé xuit ciing twong ddi phuc tap, anh hudng
t6i hiéu qua cua thuat toan. Tac gia DS Tuan Anh va cc cong su [10] ciing dé xuat thuat toan &p
dung thuat toan di truyén (ky hiéu 1a PGA) dua trén viéc chia bai toan ban dau thanh hai bai toan
con. Mic du chit lwong loi giai da dugc cai thién so véi thuat toan TLGA nhung do st dung ma
hoa dya trén do uu tién va tap trung vao tao ra loi giai hop 1& nén cd thé dan téi chit luong 10i
giai c6 thé khong duoc cai thién.

Pé sir dung cac wu diém cua thuat toan dMFEA-II [8] va khic phuc mot s han ché trén,
nghién cau ndy dé& xuat ap dung thuat toan dMFEA-II dé giai bai toan IDPC-NDU. Péng gop
chinh cua thuat toan dé xuat la:
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- P& xuat cach ma hoa 1oi giai bai toan IDPC-DU dua trén biéu dién hoén vi.

- Pé xuat thuat toan dua trén sy két hop gitra thuat toan dMFEA-I1 va thuit toan Dijkstra.

- Thuat toan dé xuét str dung dugc cac toan tir tién hda c6 sin nén dé cai dat.

- Phan tich hiéu qua cua thuat toan d& xuat trén céc tap dit liéu khac nhau.

Céc phan con lai cua nghién ciru dugc t6 chirc nhu sau: phan 2 trinh bay phat biéu bai toan
IDPC-NDU va cé4c khéi niém lién quan; phan 3 trinh bay vé thuat toan d& xuat; phan 4 trinh bay
cac két qua thuc nghiém va danh gia thuat toan; phan két luan caa nghién ctru duoc trinh bay
trong phan 5.

2. Phat biéu bai toan

Xét da do thi ¢ hudng, ¢o trong s6 G = (V, E,w, C), véi V, E va w lan luot |4 tap cac nit, tap
cac canh va ma tran trong s6 canh caa d6 thi G; tap cac dinh V duoc phan hoach thanh K cum
(cluster) d6i mot khong giao nhau (mdi cum twong duwong véi mot mién cua mang) C =
{c1,C?, ...,C"}. Goi hai nit s, t € V lan luot goi 1a cac nt ngudn va dich; Muc tiéu caa bai toan
IDPC-NDU la tim duong di ¢6 chi phi nho nhat p tir nit ngudn s téi nat dich t sao cho p thoa mén
rang budc vé mién duy nhat ddi véi dinh (dwong di p di qua m&i mién nhiéu nhat mét lan). Bai
toan IDPC-NDU duoc phét biéu dudi chi tiét nhu sau:

- Pa d thi c6 huéng, co trong s6 G = (V, E,w, C).

- Tap dinh V dugc phan hoach thanh H mién ¢ = {C1,C?, ..., C"},
Piu vao: cinc/ =@vi,je{l,.., H}.

- Mot nit nguon s € V.

- Mot nut dichte V.,

Pau ra: Puong dip = (py, Py, - P} VOip, =sVa p; =t.

Puong di p di ra khoi mot mién thi khéng duoc di vao lai mién d6 nira.

Rang bugc: Nghia la néu p; € CYvapy,, & C4thip,; €C%LVj>2, defl,.. H}.

-1
Ham myc tieu:  £(p) = > w(ps pess) — min

i=1

(b)
Hinh 1. Minh hoa vé dinh nghia bai toan IDPC-NDU Véi (a) do thi ddu vao, (b) loi gidi hop 1¢, (c) loi
giai khdng hop lé

Hinh 1 Error! Reference source not found.minh hoa phat biéu bai toan IDPC-NDU, trong
d6 Hinh 1(a) minh hoa d6 thi dau vao véi 7 dinh va 6 mién (mdi mau ciia mot dinh tuong @ng véi
mot mién), cac s ghi bén canh mdi canh 14 trong sb cua canh dé6. Hinh 1(b) minh hoa duong di
p1=(s, 4, 2, 3, 5, t) 1a mét loi giai hop 1€ cua bai todn IDPC-NDU véi chi phi f(py) = 36. Hinh 1(c)
minh hoa duong di p2=(s, 1, 2, 3, 5, t) khdng phai la 101 giai hop I¢ cua bai toan IDPC-NDU do vi
pham rang bugc vé mién duy nhat khi di ra mién mau vang tai nat 1 nhung vao lai mién nay tai
nat 5.

3. Thuat toan dé xuit
Phan nay trinh bay vé &p dung thuat toan dé xuét (ky hiéu P-dMFEA) vao giai IDPC-NDU.
3.1. So' do thugt toan
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Do loi giai cua bai toan IDPC-NDU c6 thé duoc xay dyng théng qua thir ty caa cac mién nén
mdi 1oi giai bai toan IDPC-NDU chi can m4 hoa théng qua thir tu cua cac mién. Do d6, khi can
danh gia ca the, thuat toan IDPC-NDU phai thyuc hién giai ma ca thé sau d6 méi tién hanh xay
dung d6 thi G’ va ap dung thuat toan tim duong di ngan nhét tir dinh nguon téi dinh dich. Cac
budc chinh cua thuat todn P-dMFEA duoc minh hoa dudi dang ma gia trong Hinh 2.

Input: D& thi G; = (Vi, B, w,, C5), 1 € {1,...,K}; Dinh ngudn s; € V;; Dinh dich t; € V;;
Output: Cac 1ai gidi ciia bai toan IDPC-NDU;

1 begin
2 t+ 0
3 P, + Khéi tao ngiu nhién N ca thé trong khéng gian USS;
4 foreach cd thé ind; € P, do
5 Géan ngau nhién chi sé k¥ nang phit hop nhéat (skill factor) 7; cho ca thé;
6 Xay dung 16i giai s; ctia bai toan IDPC-NDU duwa trén ind; va > Xem muc
3.4 va 3.5;
7 Tinh chi phi déi v6i méi tac vu (factorial cost) ctia 151 gidi s; > Xem muc 3.5;
8 Tinh xép hang déi vé6i méi tac vu (factorial rank), gia tri thich nghi v& huéng
(scalar fitness) cita cd thé ind;;
2 end
10 while diéu kién ding chwa théa man do
11 P/ «+— Tournament Selection(F}) > Chon céc ca thé cha me;
12 ()¢ + Thuc hién lai ghép va dot bién (F/) > Xem muc 3.3;
13 foreach cd thé c; € Op do
14 Xay dung 16i giai 53— ciia bai toan IDPC-NDU dwa trén c; va chi s6 k¥ nang
phit hop nhat ciia cj;
15 Tinh chi phi déi véi mdi tac vu cla c; dira trén chi phi caa 3;- > Xem muc 3.5
16 end
17 R; +— Oy U P
18 Cap nhat xép hang ddi v6i mdi tac vy, gia tri thich nghi vé huéng valichi s6 k¥
nang phit hop nhit ciia cic ca thé trong tap Ry;
19 Fii1 + Chon N ca thé tét nhat trong tap FRy;
20 t+—t+1;
21 end
22 return Cac 181 gidi clia t6t nhit clia cic tac vu;
23 end

Hinh 2. Luoc do thudt todn dé xuat P-dMFEA
3.2. Ma hoa loi giai
Trong thuat toép P-dMFEA, mai loi giai cua bai toégn IDPC-NDU dugc ma hda bai thi tu cua
cac cum. Do d6, néu do thi dau vao c6 m cum thi ca thé ciia mot tac vu trong thuat toan P-MFEA
la mét hoan vi caa tap {1, 2,..., m}.
Cum I~ Cum2
~. . @ "\_

5

 Cum4 131412

(@) (b)
Hinh 3. Minh hoa vé ma héa cé thé trong P-dMFEA véi (a) Do thi dau vao, (b) Cé thé
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Hinh 3 minh hoa cach ma hoa cé thé cua bai toan IDPC-NDU cua thuat toan P-dMFEA, trong
d6 Hinh 3(a) minh hoa d6 thi dau vao, gia st thtr ty cc cum 1a: cum 1 — cum 2 — cum 4 — cum 3
thi thuat toan P-dMFE s& ma hoa thanh cé thé c6 dang twong tu nhu Hinh 3(b).

Do sir dung ma héa hoan vi [11], [12] d& m& hoa thi tu cac cum nén thuat toan P-dMFEA st
dung cach ma hoa hoan vi ¢é ma hoa ca thé trong khong gian tim kiém chung (Unified Search
Space - USS). Tic I3, gia st Dy 12 s6 cum ciia do thj dau vao cua tac vu thir k, khi d6 chiéu dai
cua cé thé trong khdng gian USS 12 Dy g5 = Maxyeq,..,xyDr-

[1[s]2]3]4]6] DHEn [Ls[2]3[4]6]
(@ (b) (©)

Hinh 4. Minh hoa vé mé& héa ca thé trong khong gian USS v4i (a) cé thé trong khdng gian USS, (b) ca
thé cua tac vu thir nhat Ty, (c) cé thé cua tac vu thir hai T

Hinh 4 minh hoa vé biéu dién cé thé trong khong gian USS sir dung trong thuat toan P-
dMFEA gidi hai tac vu 6 s6 cum lan luot 1a 4 (t&c vu Tl)‘vé 6 (tac vu To). Hinhﬁ 4(a) minh hoa
mot ca the trong khong gian USS, Hinh 4(b) va Hinh 4(c) lan luot minh hoa ca thé cua hai tac vu
duoc xay dung tir ¢a thé trong Hinh 4(a).

3.3. Toan ti lai ghép va dpt bién

Thuat toan P-dMFEA st dung toan tir lai ghép lién tac vu (inter-task crossover) la Dynamic
Order Crossover (dOX) [8]; toan tu lai ghép trong tac vu (intra-task crossover) la Order
Crossover (OX) [6]. Toan tur dot bién 1a dot bien 2-opt [8].

3.4. Toan ti gigi ma

D¢ tim c4 the indx cua tac vu T tir ca thé induss trong khdng gian USS, thuét toan P-dMFEA
s€ duyét va gitr lai cac gen cua ca the trong khong gian USS c6 gia tri nho hon bang so chieu D
cua tac vu Ty, sau d6 sap Xép cac gen dugc gitr lai theo ding thir tu d€ dugc ca thé cua tac vu Tx.

Ca thé trong USS Ca thé tac vu Tk

D=5
1[s[a]s]a]e] == [1]s[2]3]4]e] —[1]2]5]4]
l_’ Dyss =6 ‘—| l—*Dk—-l-—'

Hinh 5. Minh hoa vé toan ti gigi ma trong thugt toan P-dMFEA

Hinh 5 minh hoa toan tir giai ma trong thuat todn P-dMFEA véi cé thé trong khong gian USS
c6 sb chiéu 1a 6, ca thé cua tc vu can giai ma cd sb chiéu 12 4. Do hai gen c6 gia tri 5 va 6 cua ca
thé trong khong gian USS 16n hon 4 nén cac gen nay khong duoc chon. Sau khi sip xép lai vi tri
céc gen, ta dugc ca thé cua tac vu can tim tng véi ¢ thé trong khong gian USS nhu Hinh 5.

3.5. Ddnh gid cd thé

Do mdi cé thé ind; trong tac vu Ty trong thuat toan P-dMFEA 1a mét tha tu cua cac cum cho
nén dé tim loi giai cua tac vu Ty img voi ca thé ind; = (ind},ind?, ..., ind; USS), ta can phai tim
duong di ngdn nhét tir dinh ngudn t6i dinh dich theo dung thir ty cum trén indi. Voi méi do thi
dau vao Gk va cé thé ind;, thuat toan P-dMFEA thyc hién danh gia ca thé théng qua ba budc:

- Bude 1: Xac dinh thi ty cac mién tir théng tin cua cé thé ind.

- Budc 2: Xay dung do thi c6 hudng, cd trong s Gj, tir d6 thi dau vao Gk va thir ty cac mién
dugc xac dinh & budc 1 bang cach:

+ PSi vai canh lién cum: Vi chi gii lai canh co huéng tir mién ind/ sang mién ind/**(j =

1,..., Dyss — 1) Va tir mién ind, USS sang mién ind;.
+ Doi véi canh trong mdi cum: Giir lai tat ca cac canh trong cum.
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- Budc 3: Ap dung thuat toan Dijkstra dé tim duong di tir ndt nguon téi nit dich trén do thi Gj,.

Cym 1 Cum 2 Bang 1. TOm tat thng tin vé cac bg di liéu thuc nghiém
' (9 Type S6 nGt | S6 mién | S6 canh | Sb bd dir liéu
Type 1 | Minimum 427 7 14927 16
Small | Maximum 2002 30 | 178026
Type 1 | Minimum 2102 12 | 164811 9
Large | Maximum 7352 42 | 1461349
Type 2 | Minimum 52 6 204 20
Small | Maximum 1902 32 | 137407
Type 2 | Minimum 2002 17 | 128021 8
Large | Maximum 2902 32 | 229375

Hinh 6. Minh hoa vé cach xay
dung do thi G},

Hinh 6 minh hoa d6 thi G;, duoc xay dung tir d6 thi ddu vao trong Hinh 3(a) va ca thé trong
Hinh 3(b). Do thir ty cac cum la cum 3 = cum 4 nén canh (17, 7) nguoc hudng vai thir ty ndy sé
bi x6a bo; canh (5, 15) va (6,16) cung hudng véi thir tu s€ dugc giir lai.

4. Két qua thuc nghigm
4.1. Di# liéu thuc nghiém va tiéu chi danh gia

Dé danh gia hiéu qua caa thuat toan dé xuat, chaing tdi chon céc bo dir liéu thudc 2 tap (co tén
la Type 1, Type 2) khac nhau, mai tap duoc phan lam hai nhém: nhdm cac bo dir liéu nho (bao
gom cac dd thi 6 s nit trong khodng tir 50 t&i 2000 va nhdm cac bo dit ligu lon (cac dd thi c6
s6 nut 1én hon 2000). Bang tém tat thong tin vé cac bo dir liéu thuc nghiém str dung trong nghién
ctru nay dugc trinh bay trong Bang 1 va dugc luu trir tai [13].

Nghién ctu tap trung phan tich céc tiéu chi chat luong loi giai tim dwoc cua cac thuat toan
theo gi4 tri trung binh cong (Avg) chi phi caa ham muc tiéu, gia tri tét nhat tim dwoc trong cac
lan thyc hién (BF) va do léch tiéu chuan (Std).

4.2. Méi trwong va tham sé thuc nghiém

Dé danh gia hiéu qua cua thuat toan dé xuat, nghién ciu tién hanh phan tich hiéu qua cua cac

thuat toan P-dMFEA so sanh vai thuat toan TLGA [9] va két qua tdi uu.

Thuat toan P-dMFEA st dung mot s6 tham s thuc nghiém twong tw thiét 1ap cia thuat toan
dMFEA-II [8], chi tiét cAc tham so dwgc tdm tat trong Bang 2.

Bang 2. Bang tom tdt cac tham sé thuc nghiém thugt toan P-dMFEA

Tham s6 Gia tri Tham sb Gi tri
S6 lan danh gia 50.000 Aine/Daec 0,99/0,99
Kich thudc quan thé 100 Phép lai ghép lién tac vu doX

Ti I lai ghép 0,95 Phép lai ghép trong tac vu OX

Ti 1 dot bién 0,05 Phép dot bién 2-opt

Véi mdi bo dir liéu, thuat toan dugc thuc nghiém 30 lan trén may tinh cai dat hé diéu hanh
Microsoft Windows 10 vai cau hinh: CPU - Intel Xeon E5620, RAM - 8GB. M4 ngudn cua thuat
toan dé xuat dugc cai dit bang ngon ngix 1ap trinh C#.

Thuat toan tim dudng di ngan nhat duoc st dung trong P-dMFEA 1a thuat toan Dijkstra [14].

4.3. Két qud therc nghiém

Két qua so sanh giira hai thuat toan P-dMFEA va TLGA dugc trinh bay trong Bang 3 va Bang
4. Trong hai bang nay, tai moi dong, gia tri twong (ng véi 16i gidi tot hon duoc in nghiéng va co
mau do; gié tri bang gié tri t6i uvu dugc in dam. Bang 3 va Bang 4 cho thay thuat toan P-dMFEA
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c6 két qua tét hon thuat toan két qua cua thuat toan TLGA trong da s cac truong hop. Dac biét,
thuat toan P-AMFEA tim dwoc 10i giai tdi wu tai cac bo dir liéu idpc_ndu_252 11 3513 va
idpc_ndu_52_6_204. Chi tiét két qua so sanh hai thuat toan nhu sau:

- Tap dir liéu Type 1: Thuat toan P-dMFEA c6 két qua tot hon thuat toan TLGA dbi voi 22/24
b6 di liéu. Thuat toan P-dMFEA kém hon thuidt toan TLGA trén bd dir liéu
idpc_ndu_1514 30 78351. Hai thuat todan c6 két qua bing nhau trén hai bo dir lidu
idpc_ndu_842 23 31617 vaidpc_ndu_2102 23 164811.

- Tap dix liéu Type 2: Thuat todn P-dMFEA c6 két qua t6t hon thuat todn TLGA trén tat ca cac
bo dir ligu.

5. Két luan

Thuat toan tién hoa da nhan t6 1a mét trong nhiing bién thé méi nhat cua thuat toén tién héa.
Nghién ctru nay de XUt &p dung thuat toan tién hoa da nhan t thich nghi vao giai bai toan Tim
duong di lién mién véi rang bugc mién duy nhat trén nit mang. Nghién ciru ciing trinh bay cac dé
XUat V& phuong phap ma hoa va danh gia ca thé. Dé danh gia hiéu qua cua thuat toan dé xuat,
nghién ctru so sanh thuat toan dé xuat véi thuat toan di truyén hai mac (TLGA) va két qua tbi vu
trén 52 bo di liéu thudc hai tap khac nhau. Két qua thuc nghiém cho thay thuét toan dé xuat cho
két qua tot hon thuét toan TLGA trong da s6 cac truong hop va tim duoc két qua tdi wu trén mot
s6 bo dir liéu. Bé cai thién chat lugng 101 giai, trong thoi gian tai, tc gia s& nghién ciu ap dung
thuat toan bién doi 1an can vao ma hoa ca thé dwoc dé xuat trong nghién ciru nay.

Bang 3. Két qua thuc nghiém cuia cac thugt toan trén bg di lidu thuge Type 1.

Instances TLGA P-dMFEA Opt
BF Avg Std BF Avg Std

idpc_ndu_1002_12 82252 14 142 05 14 140 0,0 8
idpc_ndu_1002_22_36564 42 420 0,0 35 382 33 18
idpc_ndu_1192_19 37744 63 63,0 0,0 40 534 71 18
idpc_ndu_1202_22_65521 22 225 09 22 220 00 16
idpc_ndu_1256 21 44446 77 97,1 40 43 545 104 26

o idpc_ndu_1322 22 48821 48 48,0 0,0 44 457 20 26
"2 idpc_ndu_1506_9_130556 19 200 15 11 166 37 11
~§ idpc_ndu_1514_16_78292 37 50,3 2,6 33 334 05 21
< idpc_ndu_1514_30_78351 30 300 00 30 348 93 21
S idpc_ndu_1602_22 60574 52 101,8 139 46 51,7 115 24
“ idpc_ndu_1682_23_67612 78 780 00 46 742 97 24
idpc_ndu_1730_20_88509 42 420 0,0 39 419 05 24
idpc_ndu_2002_22_178026 24 247 4,0 24 240 0,0 16
idpc_ndu_427_7_14927 13 130 0,0 8 82 09 8
idpc_ndu_704_15_16990 34 72,6 131 31 332 15 21
idpc_ndu_842_23 31617 22 220 00 22 220 00 16
idpc_ndu_2102_23 164811 27 270 0.2 27 270 02 18
idpc_ndu_2402_22_260967 24 254 50 24 241 03 16

£ idpc_ndu_2494_12_ 276620 26 308 59 23 230 00 16
g idpc_ndu_2502_22_229601 35 36,2 27 29 301 16 18
2 idpc_ndu_2522_20_171940 77 773 15 41 413 08 18
5 idpc_ndu_2715_22_ 592246 13 139 08 13 130 0,0 8
2 idpc_ndu_2918 29 293109 30 315 20 30 30,2 08 21
idpc_ndu_3161_15_339881 30 41,7 119 30 30,0 0,0 21
idpc_ndu_3602_32_406192 71 783 54 35 498 113 21
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Bang 4. Két qua thuc nghiém cua cac thugt toan trén bg dir lidu thuge Type 2

Instances TLGA P-dMFEA Opt
BF Avg  Std BF Avg Std
idpc_ndu_1002_32_60942 19 371 35 19 228 63 13
idpc_ndu_102_10_834 19 269 59 7 80 31 7
idpc_ndu_1102_17 56280 49 579 27 25 27,0 17 14
idpc_ndu_1202_18 68002 31 349 07 24 247 15 15
idpc_ndu_1302_22_ 78953 45 632 68 25 278 51 17
idpc_ndu_1402_24 92365 41 80,3 95 24 288 6,1 16
idpc_ndu_1502_27 104878 30 570 94 27 332 68 16
o Idpc_ndu_152_14 1869 16 348 123 16 16,0 0,0 8
'S idpc_ndu_1602_14 96765 46 80,9 10,0 32 329 05 17
~§ idpc_ndu_1702_18 110993 40 40,0 0,0 20 244 6,1 20
i idpc_ndu_1802_21 123666 68 70,9 06 33 43,7 118 21
5 idpc_ndu_1902_27_137407 73 1011 81 30 47,9 140 21
idpc_ndu_202_22_ 2341 27 31,3 10,3 20 324 99 9
idpc_ndu_252 11 3513 24 414 99 11 11,0 0,0 11
idpc_ndu_302_12_4930 42 459 07 11 246 58 11
idpc_ndu_352_17_6667 36 469 11,3 26 304 13 13
idpc_ndu_402_22_8220 32 511 243 26 323 84 13
idpc_ndu_452_32_10406 22 86,7 32,9 22 30,6 19,7 13
idpc_ndu_502_12 10949 29 545 12,0 11 272 55 7
idpc_ndu_52_6_204 6 16,3 11,2 6 60 00 6
idpc_ndu_2002_17_ 128021 78 780 00 37 430 6,3 16
idpc_ndu_2102_19 141155 9% 1076 35 36 375 31 20
§ idpc_ndu_2202_22 153764 44 888 141 36 383 17 21
~§ idpc_ndu_2302_27 169859 76 1053 6,7 42 628 15 22
< idpc_ndu_2402_29 186438 124 136,1 3,0 37 557 51 23
E idpc_ndu_2502_32 201852 67 1247 132 34 757 61 25
idpc_ndu_2602_19 185818 93 930 00 41 548 6,8 21
idpc_ndu_2802_30_215589 79 1544 2272 59 834 0,0 25
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