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GIOI THIEU

Bai toan tim cay khung c6 chi phi nh6 nhat (Minimal-Cost Spanning
Tree - MCST) trén do thi c6 trong s6 1a mot trong cac bai toan noi tiéng
trong linh viic t6i vu roi rac cling nhu trong khoa hoc may tinh. Bai toan
MCST dugc ting dung trong nhiéu linh viye thuyc té nhu t6i wu hé théng
truyén thong, to6i wu hé théng giao van, v.v. Trong nghién ctu, da c6
rat nhiéu bién thé ctia bai toan MCST (khi thay d6i ham muc tiéu hoac
thém cac rang buoc) duge nghieén cttu nhu: bai toan cay khung nho nhat
(minimum spanning trees) [46, 71], cay Steiner nh6 nhat (Steiner minimum
trees) [28, 82], cay duong di ngan nhat (shortest-path trees) [24, 46] va cay
khung v6i chi phi dinh tuyén nh6é nhat (minimum routing cost spanning
trees) [44, 55].

Tuy nhién, trong nhiéu ttng dung mang, nham dadm bao tinh hiéu qua
va bao mat, cac thiét bi dau cudi c6 thé duge chia vao cac nhém sao cho
viec két noi gitta cac thiét bi dau cudi trong ctiing mot nhém cé tinh “cuc
bo”. Khi d6, viec ddm béo lien két gitta cac thiét bi dau cudi, tuong tng
v6i viéc can phai tim cay khung ciia d6 thi con véi cac dinh thudc cling
moOt nhom. Vi dy, trong linh vigc nong nghiép, con nguoi tit rat sém da coé
nhu cau t6i uwu hé thong dan nude tudi tieu tit mot giéng nude t6i cac oc
dao trong sa mac; trong mdi 6¢ ddo lai can téi wu hé théng dan nudc téi
cac vi tri trong cay. Trong linh viic buu chinh, giao van,... cic cong ty c6
nhu cau t6i uwu van chuyén thu tit, hang hoa,... tit trung tam t6i cac tinh,
roi tit cac tinh lai van chuyén téi cac huyén, xa.

Véi nhitng yéu cau thuc tién d6, mot 16p cac bai toan cay khung, trong
do6 tap dinh duge phan chia thanh cac tap con da dugc quan tam nghién
citu. Trong d6, bai toan cay khung phan cum dudng di ngan nhat (Clus-
tered Shortest-path Tree Problem) [22] la bai todn c6 vai trdo quan trong
trong cac tng dung thyc tién vd nhan dudc nhiéu sy quan tam cla céc
nha nghién ciu.

Do bai toan cay khung phan cum duong di ngan nhat 1a bai toan thuodc



16p NP-Kho [21, 22] nén luan an lya chon hudng tiép can giai xap xi, st
dung cac thuat toan meta-heuristic va heuristic. Hién nay, cac thuat toan
thuoc 16p meta-heuristic v heuristic dude st dung dé giai cac bai toan
toi wu rat da dang, ti cidc thuat toin duya trén huéng gidm ctia ham sb
(gradient descent) [47], cho t6i cac thuat toan tién hoa [6-8], hay cac thuat
toan lay § tudng tir t6i uu trong tu nhien [9, 91]. Trong nhiing nam gan
day, cac thuat toan c6 ¥ tudng bat nguon tit tir nhien dugde st dung rong rai
dé giai cac bai toan c6 miic do phi tuyén cao hodc cac bai toan toi wu rat
kho [92]. Trong cac thuat toan lay ¥ tudng tit qua trinh ti wu hoa trong tu
nhién, thuat toan tién hoa (evolutionary algorithm) 1a mot trong cac nhém
thuat toan dudgc quan tam nghién cttu nhiéu nhat va 14 mot trong nhitng
k¥ thuat tinh toan thong minh quan trong nhat hién nay [18, 54, 95].

Cac thuat toan tién hoéa st dung cac khai niém trong sinh hoc va ap
dung vao trong khoa hoc may tinh. Céac thuat toan tién héa duge danh gia
14 phi1t hop dé giai nhiéu bai toan phiic tap hodic phi tuyén ngay cd déi véi
nhiéu bai toan dugc danh gia 1a kho giai khi stt dung mot s6 thuat toan
toi uu trude do.

T6i wu da nhan t6 (multi-factorial optimization) 1a mot mo hinh mdi
clia tién hoa da nhiem vu (evolutionary multi-tasking) [37, 50, 79]. Diém
khac biet dé nhan thay gitta to6i wu da nhan t6 va thuat toan tién hoéa co
ban (classical evolutionary algorithm) d6 1a thuat toan tién hoa co ban chi
tap trung vio gidi mot bai toan toi wu tai mot thoi diem trong khi toi wu
da nhan t6 thuong gidi dong thoi nhiéu bai toan téi wu. Thuat toan tién
hoa da nhan t6 (multi-factorial evolutionary algorithm) 1a nghién citu dau
tien vé két hop gitta t61 wu da nhan t6 v6i thuat toan di truyen [37, 58]. Do
thuat toan tién héa da nhan t6 dudc ké thita cac vu diém cia qua trinh
trao ddi tri thic tiém an (implicit knowledge transfer) gitta cac bai toan
nén qua trinh tim kiém 10i gidi ctia thuat toan tién héa da nhan té dugc
cai thien vé ca toc do va chat lugng so v6i 10i gidi tim duge khi st dung

thuat toan tién héa co ban.



Mic du da dugce ap dung vao giai hieu qua nhiéu 16p bai toan, cling nhu
cac ing dung thuoc nhieu linh vyc khac nhau trong thuc té, tuy nhién,
cac nghién citu ve ing dung thuat toan tién hoa va thuat toan tién hoa da
nhan t6 vao gidi cac bai toan trén do thi, dic biet 1a tim 10i gidi cho bai
toan cay khung phan cum van con han ché. Vi vay, luan 4n nay tap trung
vao viéc xay dung thuat toan tién hoéa va tién héa da nhan td hieu qua
dé giai cac bai toan cay khung phan cum, bao gom tit xay dung cac toan
t1 tién héa mdi nhu lai ghép, dot bién, gidi ma,... cho tdi tim co ché méi
trong viéc két hgp hiéu qua gitta thuat toan tién hoa da nhan t6 vé6i cac

thuat toan khac.

Muc tiéu nghién ctu cta luan an

Muc tiéu nghién citu chinh ctia luan an 1a xay dung cic thuat toan xap
xi dé gidi bai toan cay phan cum dudng di ngan nhat (Clustered Shortest-
Path Tree Problem - CluSPT), trong d6 luan &n tap trung vao hai huéng:
stt dung thuat toan tién héa (chuong 3) va thuat toan tién hoa da nhan t6
(chuong 4).

Cac muc tieu cu thé trong luan an nhu sau:

1. Xay dung cac toan tit tién héa: mac dut da c6 nhiéu nghién ciiu
ve cac toan tit tién hoéa dé giai cac bai toan c6 1oi giai 1a cay khung,
song néu ap dung cic toan ti tién hoa da c6 vao bai toan cay khung
phan cum, cac toan ti nay co thé tao ra 1o giai khong hop 1é. Vi vay,
viéc xay dung cac thuat toan tién hoéa (Evolutionary Algorithm - EA)
dé giai bai toan cay khung phan cum la can thiét, trong dé luan an
chi trong xay dung toan tit tién hoa hieu qua giai bai toan CluSPT.

2. Xay dung toan ti tién héa dic trung cta thuat toan tién
héa da nhan té6 (Multi-Factorial Evolutionary Algorithm -
MFEA): khac véi EA co ban chi tim 16i gidi ctia mot bai toan, thuat
toan MFEA tim 15i gidi dong thoi ctia nhiéu bai toan nén dé ap dung

thuat toan MFEA, trudc tién can xay dung toan ti ma hoéa dé bieu



dién 1oi giai clia cac bai toan vao mot bicu dién chung. Khi danh gié
cé thé trong mdi tac vu, toan ti gidi ma cling can duge dé xuat, dé
tim 161 giai clia ting bai toan tit ca thé trong khong gian tim kiém
chung ( Unified Search Space - USS).

. Két hop thuat toan tién héa da nhan td véi cac thuit toan
xap xi: nghién ctu co ché két hop gitta thuat toan tién hoéa da nhan
t6 v6i mot trong cac thuat toan xap xi nhu: Thuat toan tham lam
ngau nhién (Randomized Greedy Algorithm - RGA), to6i uu bay dan
(Particle Swarm Optimization - PSO),... dua trén co s lua chon cac
uu diém cia timg thuat toan thanh phan, dé cai thien chat luong loi
giai ctia bai toan CluSPT.

. Xay dung thuat toan xap xi: luan 4n huéng t6i xay dung cac thuat
toan xap xi gitp tim kiém nhanh 10i gidi bai toan CluSPT, dé cai dit
va 1a co sé dé so sanh, danh gia cac thuat toan EA va MFEA dugc dé
xuat.

. Nghién citu cac phuong phap danh gia thuat toan: bao gom
xay dung bo dit lieu va cac phuong phap danh gia thuc nghiém mot

cach khach quan, khai quat duge hau hét cac truong hop ctia bai toan.

Phuong phap nghién ctu

Phuong phap nghién ctiu dya trén nghién citu Iy thuyét, phan tich tai

lieu, m6 hinh toan hoc va thuc nghiém dé danh gia cac thuat toan dé

xuat, so sanh véi cac thuat toan da dude nghien ctu da cé dé giai bai toan

CluSPT. Tt do, c6 thé dé xuat huéng tiép can phit hop va hieu qui giai
bai toan CluSPT.

Pham vi nghién citu caa luan an

Luan an tap trung nghién ciu:
e C4c thuat toan heuristic hieu qua trén bai toan do thi.
e Thuat toan di truyen giai bai toan toi wu trén do thi, dic biet cac bai

toan c6 tap dinh dugc chia thanh cac tap nhd hon.



e Thuat toan tién héa da nhan t6 va ap dung gidi cac bai toan toi uu
t haop.
e Phuong phap xay dung cac bo dit liéu, cach danh gid va tién hanh

thue nghiém dé so sanh chinh xac hiéu qua cua cac thuat toan.

Cac dong gop cua luan an

Cac két qua nghién cttu chinh ctia luan an da dude cong bo & cac tap
chi va hoi nghi chuyén nganh. Céac két qua chinh dat dugc ciia luan an c6
¥ nghia khoa hoc bao gom ca hai khia canh 1y thuyét va ng dung.

e Vé ly thuyét:

— Dé xuat thuat toan chinh xac SLA-M giai bai toan CluSPT trén
do thi metric (metric graph).

— Deé xuat thuat toan tham lam ngau nhién két hop véi ¥ tudng cia
thuat toan Dijkstra dé giai bai toan CluSPT. Thuat toan dé xuat
tim dugc 101 gidi trong thoi gian ngan va chat luong 10i giai tot
hon thuat toan da coé truée do.

— Dé xuat hai thuat toan tién héa C-EA va N-EA dé giai bai toan
CluSPT. Déi v6i mdi thuat toan, luan an dé xuat méi toan ti lai
ghép, toan tit dot bién va phuong phap ma hoa 10i gidi. Cac toan
ti tién hoa duge dé xuat con cé thé ap dung cho céac bai toan khac
trong nhém cay khung phan cum. Luan an ciing dé xuat cach cai
dat thuc nghiem tinh ham muc tiéu ctia bai toan CluSPT dé giam
chi phi tinh toan.

— D& xuat thuat toan tién hoa da nhan t6 G-MFEA dé gii bai toan
CluSPT. Thuat toan G-MFEA cho két qua t6t hon cac thuat toan
trong nghién cttu truée day, trong do, mot thuat toan G-MFEA
tim dugc cac 101 gidi toi wu trén nhiéu tap dit lieu khac nhau.

e Vé mit ttng dung: Do bai toan CluSPT c6 nhiéu ting dung trong
thuc tién, nén cac thuat toan dé xuat clia luan an cé thé ap dung truc

tiép vao giai cac bai toan trong thuc té trong ky thuat (t6i uu hoa



mang cap quang, t6i uu héa mang luéi cadp dong truc), trong san xuat
(t6i wu mang ludi van chuyén hang héa tit nha may san xuat tdi cac

kho hang), v.v.

Cau trac cta luan an

Luan 4n gom phan mé dau, nam chuong va phan két luan.

Phan mé dau trinh bay y nghia, tong quan tinh hinh nghién ctu thudc
linh viic luan an quan tam gidi quyét, muc dich nghién citu ctia luan an,
phuong phap nghién cttu, pham vi nghién cttu va cac déng gép cua luan
an.

Chuong 1 trinh bay hai van dé: van dé thi nhat trinh bay kién thic co
ban vé cac thuat toan tién hoéa; van dé thi hai trinh bay vé bai toan
CluSPT: cac khai niem lién quan vé do thi, phéat bicu bai toan, ting
dung cua bai toan.

Chuong 2 trinh bay dé xuat vé thuat toan chinh xac va thuat toan tham
lam ngiu nhién dé giai bai toan CluSPT.

Chuong 3 trinh bay hai thuat toan tién hoa gidi bai toan CluSPT.

Chuong 4 trinh bay thuat toan tién hoa da nhan to giai bai toan CluSPT.

Chuong 5 trinh bay két qua thyc nghiém ctia cic thuat toan dé xuat.



Chuong 1
TONG QUAN

Chuong nay sé trinh bay 1y thuyét co ban vé cac thuat toan tién hoa
bao gom cac khéi niém co ban, cic toan ti tién héa va nguyeén tac co ban
ctia thuat toan tién hoa (Evolutionary Algorithm - EA) va thuat toan tién
hoa da nhan t6 (Multi-Factorial Evolutionary Algorithm - MFEA). Ben
canh do6, cac khai niém co ban vé 1y thuyét do thi, phat bicu bai toan
cay phan cum duong di ngan nhat (Clustered Shortest-Path Tree Problem
- CluSPT) cting nhu cac nghién citu lién quan va tng dung cua bai toén

CluSPT ciing dugce trinh bay trong chuong nay.

1.1. Thuat toan tién hoéa
1.1.1. Téng quan vé thuat toan tién hoéa

Thuat toan EA dugc xay dung bang cach mo phong va st dung cac
khai niém quen thuoc trong sinh hoc va trong tién héa nhu: Quan thé
(population) tién héa bao gom cac ca thé (individual) - dai dién cho nhiing
16 gidi hop lé d6i v6i bai toan [4, 12]. Nhidém sic thé (chromosome) hay bo
gen (genome) bao gom nhiéu gen (genes). M&i gen nay thé hien mot dac
trung ciia ca thé, do c6 thé 1a mot dic trung vé kiéu gen (genotype) hodc
mot dic trung vé kiéu hinh (phenotype).

Thuat toin EA bao gom rat nhiéu mo hinh khac nhau nhu: thuat toan
di truyen, 1ap trinh di truyén, lap trinh tién hoa, chién luge tién hoa... [20].
Vé6i ¥ tudng chii dao 1a st dung mot hodc nhiéu tac dong trén mot quan
thé c6 sin dé bién doi quan thé, nang cao kha ning thich nghi ctia quan
thé [3, 4]. Y tuéng nay dudc thé hien cu thé trong timg mo hinh, theo
nhitng cach dac trung khac nhau ctua tung ki thuat do.

Thuat toan di truyén (Genetic Algorithm - GA) la mot mo hinh clia
thuat toan tién hoa, sit dung cac toan ti di truyeén nhu lai ghép, dot bién,
chon loc, v.v. dé bién doi quan thé ban dau. Thuat toan di truyén dudc
gi6i thieu lan dau vao nam 1975 bdi John Holland [41] va 13 mo6 hinh dau

tien ctia thuat toan tién hoa duge xay dung va st dung [3, 4, 81].
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Thuat toan 1.1: Thuat toan di truyén

Input: Dau vao ctia bai toan tbi uu;
Output: Loi gidi tot nhat tim dugc;
1 begin

2 Khdi tao quan thé ban dau P;

3 | Danh gia ca thé;

4 while chua dat diéu kién ding do
5 Chon cac cap cha me tit P;

6 Ap dung toan tit lai ghép cho cép ca thé cha me va tao ra tap cé thé con O;
7 Ap dung toén tit dot bién len O;
8 Chon loc cac ca thé cho thé he sau tit tap O U P dé tao thanh quan thé P mdi;
9 end

10 return C4 thé tot nhat trong quan thé;

11 end

1.1.2. Ma héa 15i giai trong thuat toan tién héa

Trong thuat toan GA, mdi ca thé sé tuong duong véi mot 1i giai clia bai
toan. Do c¢6 nhiéu phuong phap ma hoéa 10i gidi khac nhau va mdi phuong
phap ma héa déu cé nhitng diém manh va diém yéu riéng nén lya chon
cach ma héa nao sé tity thudc vao timg bai toan cu thé.

Do phuong phap ma hoa 10i gidi khac nhau sé can cac toan ti tién hoéa
khac nhau nén khi Iita chon phuong phap ma héa 10i gidi cling can xem
xét t6i cac toan tit lai ghép, dot bién hoidc phép chon loc sé st dung.
1.1.3. Khéi tao quan thé

Quan thé trong thuat toan GA 1a tap hop nhitng ca thé - 15i giai hop lé
hosic kha thi déi véi bai toan dang dugc xem xét. Viec khéi tao quan thé
ciing véi viee chon loc ca thé cho thé hé tiép theo déng vai tro quan trong
trong viec dam bao céc ca thé trong khong gian tim kiém ciing nhu dau
vao clla cac toan tu tién hoa 1a hop le.

Hién nay, c6 nhiéu phuong phap khéi tao quan thé cho mot thuat toan
GA. Viéc liya chon phuong phap khéi tao nao sé tuy thudc vao bai toan
dang dugc gidi va cach biéu dién (ma hoa) 1i gidi.

1.1.4. Chon loc ca thé cha me
Mot sé phuong phap chon loc cé thé cha me dé tién hanh lai ghép:



a) Chon loc dua theo gia tri thich nghi (fitness based selection)

Chon loc ca thé cha me dua theo gia tri thich nghi thuong gom céc
phuong phap sau: lya chon xén (truncation selection), lya chon theo vong
quay roulette (roulette wheel selection), Iita chon theo kiéu rai (stochastic

universal sampling),v.v.

b) Chon loc ngiu nhién (random selection)

Cac ca thé cha me dudc chon loc hoan toan ngau nhién theo s6 luong
hoiic ti 1é xac dinh sdn. Trong mot s6 bai toan, cé nhitng ca thé cha me
khong phai 13 t6t nhat trong quan thé nhung khi lai ghép véi nhau lai ¢6
thé cho ra nhiing c4 thé con rat tot.

c) Chon loc dua theo thit hang trong quan thé (rank selection)

Doi khi viec chon loc ca thé cha me dua vao do thich nghi gip khé khin
khi ma do thich nghi ctia céc ca thé chénh léch khong nhiéu, dan dén xéc
suat chung duge lya chon gan nhu 14 bang nhau. Khi d6, hieu qua cta
phép lura chon khong khac gi phép lua chon ngdu nhién. Dé tranh tinh
huéng d6, do thich nghi cia ca thé thuong khong dude xét dén ma thay
d6 viec chon loc sé dua vio thit hang ctia ca thé trong quan thé.

Thtt hang thudng duge tinh dya trén gia tri thich nghi déi véi moi
truong. Nhimmg ca thé cé thit hang cao thi duge uwu tién chon loc dé dua
vao sinh san tao thé he tiép theo.

d) Chon loc canh tranh (tournament selection)

Day ciing 1a mot phép lua chon duge st dung nhiéu trong thuat toan
tién hoéa. Trong cach chon nay, s6 nguyén k& > 0 duge xac dinh lam tham
s6 cho phép chon loc giao dau. O méi luot chon, k ca thé duge chon ngau
nhién tit quan thé dang xét. Dua vao do thich nghi, ca thé tot nhat trong

k ca thé nay dugc chon lam ca thé cha me.

1.1.5. Toan tu lai ghép
Trong tu nhién, con ngusi va cac loai dong vat khi sinh ra da mang

nhiing dic diém thita hudng tit cd bé va me. Nhitng dic diem nay la do
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gen clia con dugdc sao chép mot phan tit bd va phan con lai tit me. Tuong tu
nhu vay, phép lai ghép trong thuat toan di truyén cho phép tao ra nhiing
cé thé con tit mot phan clia ca thé cha ghép véi mot phan clia ca thée me.
Cach luya chon phan gen nao dé ghép va ghép nhu thé ndo dude phu thuoc
vao ting bai toan, ting phuong phap tiép can.

1.1.6. Toan t& dot bién

Mac dit lai ghép trong thuat toan tién héa cho phép “tron” cac dac diem
di truyén ciia cac ca thé co sin, tit d6 tao ra mot so6 ca thé thita hudng
duge dac diém tot tit ca thé cha va me. Tuy nhién, phép lai ghép khong
dem lai su da dang va ngudn gen mdi cho quan the.

Trong khi do6, dot bién gidi quyét duge yéu cau nay. Dot bién lam thay
do6i ngdu nhieén mot phan nhé clia ca thé, dam bao cho viéc duy tri va phét
trien tinh da dang ctia ngudn nguyen lieu gen. Xac suat dot bién thuong
duge dat gia tri nho, vi véi mot xac suat dot bién 16n thi thuat toan tién
héa mat di uu thé va trd thanh tim kiém ngiu nhieén.

1.1.7. Chon loc ca thé cho thé hé tiép theo

Chon loc ca thé cho thé he tiép theo (hay con goi 1a chon loc ton tai -
Survivor selection) 1a budc quyét dinh ca thé nao sé bi loai bd, cé thé nao
sé duge giit lai cho quan thé ctia thé heé tiép theo. D& dang c6 thé nhan
thay rang nhitng cé thé c6 do thich nghi cao can dudc giit lai vi nhitng ca
thé nay truyen lai nhitng vat chat di truyén tot cho thé hé sau. Tuy nhién,
viéc chon loc ca thé khong nén chi dimg lai ¢ chon tat ca cac ca thé tét
nhat, ma can xem xét dén viec duy tri va phét trién tinh da dang trong
ngudn nguyeén lieu gen ctia quan thé. C6 hai phuong phép chon loc pho
bién 1a dua vio tudi va dua vao do thich nghi.

a) Chon loc dua vao tudi

Chon loc duya theo tudi (age based selection) khong xem xét dén do
thich nghi clia ca thé ma thay vao dé 1a tuoi hay thoi gian ton tai ciia cé
the. Khi ca thé da trai qua so6 thé hé t6i da dudgc quy dinh, ching sé bi
loai bo khoi quan thé cho du do thich nghi cao hay thap.
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b) Chon loc dua vao gia tri thich nghi

Khac vé6i chon loc dua vao tuoi ca thé, chon loc dya theo gia tri thich
nghi khéng quan tam téi thoi gian ton tai clia ca thé trong quan thé ma
chi hoan toan dua vio gia tri thich nghi. Do dé, nhitng ca thé c6 gia tri
thich nghi cao c6 thé dugc giit lai trong quan thé qua rat nhiéu thé he tién
hoa.

Cac phuong phap chon loc dya vao gia tri thich nghi nhu: chon loc xén,
chon loc theo vong quay roulette, chon loc theo kiéu rai hay chon loc giao

dau.

1.1.8. Diéu kién dimmg ctia thuat toan

Dicu kién ding (termination condition) clia bai toan dugce Iya chon voi
muc dich xac dinh thsi diém 1oi giadi gan nhat vé6i 16i gidi ding duge tim
ra va dung hoa dugc yéu t6 chi phi thoi gian. Dé tim duge thsi diém do,
thong thuong cac diéu kién sau c¢6 thé duge chon lam diéu kien dimg: khi
chat luong 10i giai khong tiép tuc cai thién, sau mot s6 thé hé nhat dinh,
khi ham muc tiéu hodc do thich nghi ciia ca thé dat ngudng nhat dinh,

V.V.

1.2. Thuat toan tién héa da nhan tb

1.2.1. Bai toan tién héa da nhan tb

Trong nhiéu nam qua, cac thuat toan tién héa da ducc 4p dung hieu
qua dé tim 15i giai clia nhiéu dang bai toan thudc nhiéu linh vire khac nhau
trong khoa hoc, k¥ thuat va van trit hoc. Vé co ban, cac bai toin nay cé
thé dugc phan vao hai nhém [37, 38]:

e T6i wu hoa don muc tieu (Single-objective Optimization - SOO) [17,
34]: mdi diém trong khong gian tim kiém sé tuong ting mot gia tri vo
huéng ctia ham muc tiéu.

e T6i uu héa da muc tieu (Multi-Objective Optimization - MOO) [88,
90]: mdi diém trong khong gian tim kiém sé anh xa t6i mot véc to cac

gia tri (vo huéng) cia cdc ham muc tiéu.

11



Tuy nhién, véi sy phét trién manh mé cia linh vice dién toan ddm may
trong thoi gian gan day, cac thuat toan tién hoéa hién c6 toé ra khong hieu
qud khi duge ap dung vao gidi cac bai toan thuoc linh viyc nay, do hau
hét cac thuat toan tién héa dudc thiét ké dé giai mot bai toan trong mot
lan thyc hién, trong khi cac bai toan thuoc linh viye dién toin dam may
thuong can phai dugc giai dong thai [17, 99].

Dé gidi quyét van dé trén, tac gid Abhisek Gupta va cac cong su [37]
da gi6i thieu 16p bai toan méi, duge goi 1a t61 uu héa da nhan t6 (Multi-
Factorial Optimization - MFO). Dac trung quan trong nhat xuat hién
trong MFO nhung chua ting c6 trong cac linh vic tinh toan tién hoa khac
d6 1a bai toan MFO cung cap mot “ving” dé thuc hién gian tiép qua trinh
song song viéc tim kiém 13i gidi dya trén quan thé [36].

Do MFO gidi dong thoi hai hodc nhiéu bai toan téi uu nén tic gia
A. Gupta va cac cong sy nhan dinh réng, cic bai toan t6i wu khac nhau c6
nhung diém tuong dong nhat dinh, va viéc giai bai toan nay cung lic c6
thé gitip bo trg cho giai bai toan khac [94]. Tt d6, cac tac gid dé xuidt mo
hinh MFO ¢6 kha nang tuong ho gitta cac tac vu trong qua trinh thuyc hién

viéc tim kiém tap 10i gidi cho cung lic nhiéu bai toén ti wu hoa [35, 78].

Dinh nghia 1.1 (Bai toan t6i wu héa da nhan t6). Bai todn toi wu héa
da nhan to la bai todn cung lic cuc tiéu héa (hodc cuc dai héa) K ham
fi(2), 20 e &y c R, i € {1,2,...,K}, ky hiéu j{%&f’(x(z)) Trong do:
e 20 € R™ 14 cic bién quyét dinh cia bai todn thi i.
o fi(z®) : Xy = R™ la ham muc tieu ciia bai todn thit i.
e X; la khong gian tim kiém cua bai todn thii i.
Muc tiéu ciia bai todn la tim bp nghiem téi wu (xM*, 2% . 2% sa0

cho vdi moi 107 gidi thanh phan 29 ta c6 fi(z)) < f;(2) V2l € A;.

Do MFO la mot luge do ctia tién hoa da nhiem (Evolutionary Multi-
tasking - EM) [39, 98] néen MFO c¢6 dic diém co ban ctia EM d6 1a kha

nang giai quyét dong thoi hai ho#c nhiéu tac vu téi wu. Cac tac vu nay cé
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thé giéng hay khac nhau & loai bai toan, sé chiéu va cach biéu dién 15i giai
va c6 thé phu thudc hay khong phu thuoc 1an nhau. MFO do dé duge dic
trung béi sir ton tai dong thoi ciia nhiéu khong gian tim kiém vé6i s6 chiéu
va cach biéu dién khac nhau, ciing nhu nhitng ham muc tiéu khac nhau

cho mbi tac vu (bai toan) con.

1.2.2. Co ban vé giai thuat tién héa da nhan tb

Hién nay c6 rat nhiéu nhitng huéng tiép can khac nhau dé giai bai toan
MFO. Mb hinh dau tién cta t6i vu da nhan té déi véi tién hoa da nhiem
duge dé xuat bdi boi tac gia A. Gupta va cac cong su [37] (ky hiéu la
MFEA). Y tuéng chinh ctia thuat toan MFEA nhu sau:

e Tao ra mot khong gian tim kiém duy nhat véi cach biéu dién chung
cho tat ca cac tac vu

e Ap dung céc toan tit ctia thuat toan tién héa nhu khéi tao quan thé,
lai ghép, dot bién len khong gian tim kiém chung dé bién doi quan
the.

e Danh gia mdi 16i giai — c4 thé trong khong gian tim kiém chung thong
qua nhitng tiéu chi thé hién chat lugng clia 15i giai ddi véi timg tac
vu hoiic vai tro ctia 16i gidi déi v6i quan the.

e Dé thuan tién cho viéc danh gia trén ciing nhu dé tim ra 16i gidi cia,
timg tac vu sau khi 4p dung thuat toan MFEA, can c6 cach chuyén
doi giita c4 thé trong khong gian tim kiém chung va 15i gidi cho ting
tac vu.

a) Cac tiéu chi danh gia ca thé

Do dua trén co sé ciia thuat toan EA nén thuat toan MFEA ciing gom
cac buée tuong tu nhu thuat toan EA nhu: mé hoa, khéi tao quan thé,
lai ghép, dot bién, chon loc, nhung 6 mot s6 bude sé c6 them mot s6 dic
trung riéng ciia thuat toin nham thuyc hién nhiém vu t6i wu hai ho#c nhiéu
bai toan c6 tinh chat gidng hodic khac nhau cing mot luc [11, 14, 73, 97].
Thuat toan MFEA giai dong thoi nhiéu bai toan bang cach biéu dién 15i
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giai clia cac bai toan riéng biet d6 vé mot bicu dién trong mot khong gian
tim kiém chung. Tt d6, MFEA thuc hién cac toan ti tién héa & trén bicu
dién chung dé. Gia si, ap dung MFEA dé giai K bai toan t6i tu mot lic.
Dé thuc hieén viéc nay, MFEA dua ra mot s6 tham s6 dic trung tng véi
mdi ca thé, cu thé nhu sau:

e Chi phi déi v6i mdi tac vu (factorial cost): miic do hieu qué cia ca
the khi gidi moi bai toan. Xét tac vu T}, chi phi d6i véi méi tac vu
clia c& thé p; chinh 1 chi phi ctia ca thé p; d6i véi bai toan 7.

e Xép hang do6i v6i mdi tac vu (factorial rank): thi hang dua trén chi
phi déi véi tac vu, khi so sanh v6i tat ca cac ca thé trong quan the
dang xét. Xép hang doéi véi mdi tac vu 7“? clia ca the p; déi véi tac vu
T; duge dinh nghia la th tu cta ca thé p; trong quan thé sau khi da
dugc sdp xép theo thit tu ting hodc giam dan ciia ;.

e Gia tri thich nghi vo hudng (scalar fitness): dugc tinh bang nghich
d4o ctia xép hang t6t nhat (xép hang “cao” nhat) trong céc xép hang
clia c& thé d6 ddi véi cac tac vu.

e Chi s6 ki nang phut hop nhat (skill factor): tic vu ma ca thé c6 xép
hang cao nhat trong tat ci cac tac vu clia bai toan.

b) Chu tric ciia thuat toan tién héa da nhan t6
Cac budc cua thuat toan MFEA duge mo ta trong thuat toan 1.2.
Mot trong cac diém khac biét chinh cia MFEA so v6i GA co ban 1a cho
phép lai ghép cac ca thé clia cac bai toan tbi wu héa khac nhau phu thuoc
theo gid tri x4c suat ghép cdp ngdu nhién (random mating probability).
Bén canh d6, phép lai ghép ngau nhién da nhan t6 nay dem dén mot kha
ning chia sé cac gen tot gitta cac bai toan t6i uu hoéa, cling nhu cling lac

gitp tang toc do hoi tu cua cac bai toan.

1.2.3. Ma héa ca thé
Khong giong nhu thuat toan GA co ban, thuat toan MFEA giai dong

thoi nhiéu bai toan t6i uu, nén can phéi c6 mot khong gian tim kiém chung
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Thuat toan 1.2: Thuat toan tién héa da nhan t6

Input: Dau vao clia cac bai toan t6i uwu;
Output: C4 thé t6t nhat ciia mdi tac vu;

1 begin
2 Khéi tao mot quan thé ngiu nhien P;
3 | Danh gid mdi ca thé ddi véi timg tac vu;
4 Tinh chi s6 ki ning phit hgp nhét ctia mdi ca thé;
5 while chua dat diéu kién diung do
6 Ap dung céc toan tit tién hoéa len quan thé P dé tao ra quan thé con C;
7 Danh gia céac ca thé trong C déi v6i mot sé tac vu nhat dinh;
8 Hop quan thé P v C dé tao thanh quan thé trung gian I;
9 Cap nhat gia tri thich nghi vo huéng va chi s6 ki nang phit hop nhat cla tat
cd moi c4 thé trong I;
10 Lua chon nhiing c4 thé c6 gia tri thich nghi vo huéng cao nhat tit quan thé I
dé tao nén quan thé P mdi;
11 end
12 return C4 thé tot nhat trong quan thé ctia mdi tac vu;
13 end

dé dua khong gian tim kiém ctia titng bai toan vé giai trén khong gian tim
kiém chung d6.

Véi bai toan t6i wu da nhan t6 gom K tac vu va so chiéu clia tac vu thit
i 1a D;, thuat toan MFEA thuong dat sé chiéu ctia 10i gidi trong khong
gian tim kiém chung 1a s6 16n nhat trong s6 cac s6 chiéu clia cac bai toan
thanh phan, nghia 13 Dyuitest = max{D;},—1_ k. Sau khi xac dinh duge
s6 chiéu ctia 10i giai, ma hoéa cé thé trong thuat toan MFEA con tiy thuoc
vao tung bai toan va cac tac vu trong bai toan do.

Sau khi ma héa dugc ca thé trong khong gian tim kiém chung, budc
khéi tao quan thé dugce thuc hien tuong tu nhu thuat toan GA, sau khi
khéi tao duge quan thé thi sé tién hanh tinh chi s6 ki ning phit hop nhat,

gi4 tri thich nghi vo huéng ctia mdi ca thé trong quan thé dé.

1.2.4. Céac toan ti lai ghép va dot bién
Cac toan tit tién hoéa trong thuat toan tién hoéa da nhan t6 st dung
theém co ché ghép doi cung loai (assortative mating) trong qua trinh tao ra

ca thé con [49]. Co ché nay phan dinh ré truong hop nao toan tit lai ghép
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sé xay ra va trudng hop nao khong. Nhitng cip ca thé cha me da dugc
chon ngau nhién sé duge so sanh vé chi s6 ki nang phit hop nhat: néu hai
ca thé cha me c6 cling chi s6 ki nang phit hop nhat (c6 su tuong dong
vé van hoa) thi chiing sé dudc lai ghép véi nhau dé tao ra hai ca thé con.
Céac cap cha me khong c6 cting chi s6 ki nang phit hop nhat thi sé duoc
lai ghép theo mot ti le % xac dinh. Ti lé d6 dudc goi 1a xac suat ghép cap
ngau nhién. Nhitng ca thé cha me khong dugc lai ghép sé dot bién dé tao
ra cac ca thé con.

Cac budc ctia co ché ghép doi cuing loai duge trinh bay trong thuat
toan 1.3 [37].

Thuat toan 1.3: Co ché ghép doi cung loai

Input: Hai ca thé cha me p,, pp;
Output: Hai c4 thé con cq, c;

1 begin

2 Tao mot s6 ngau nhién rand ndm trong khoang (0,1);

3 if (cd thé cha me cing chi so kij nang pha hgp nhat) or (rand < rmp) then
4 ‘ Ca thé cha me p, va py, lai ghép tao ra hai ca thé con ¢, va cp;

5 end

6 else

7 Ca thé cha me p, dot bién tao ra ca thé con cg;

8 Ca thé me pp dot bién tao ra ca thé con cp;

9

end
10 return c,, cp;
11 end

1.2.5. Co ché danh gia c6 chon loc

MBai ca thé trong quan thée MFEA kho c6 thé dem t6i 1oi gidi t6t cho
tat cac tac vu MFEA. Do dé, viec danh gia tat ca cac ca thé cho tat ca
cac tac vu 6 mdi mot thé he sé lang phi tai nguyén tinh toan. Ly tudng
hon ca néu nhu méi ca thé chi duge danh gia cho nhitng tac vu nio ma
chiing c¢6 kha nang giai quyét t6t nhat. Vi vay, thuat toan MFEA stt dung
co ché danh gia c6 chon loc (selective evaluation), dya trén hién tugng
truyen lai dic tinh theo chiéu doc (vertical cultural transmission) trong

sinh hoc [29, 80]. Cu thé, mot ca thé c6 thé bi anh hudng tric tiép béi
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kiéu hinh ctia cha hosic me, thay vi chi thita huéng kiéu gen. Trong thuat
toan MFEA, nguyén li nay dudc thé hién théng qua viéc mé phoéng c6 chon
loc chi s6 k¥ nang phit hop nhat ctia cha ho#ic me:
e D&i v6i cac ca thé con dugce tao ra tit qua trinh lai ghép: mot s ca
the sé duge danh gia dua trén chi s6 ki nang phit hgp nhét ciia ca thé
bd, s6 con lai duge danh gia dua trén chi s6 k§ nang phlt hop nhat
clia c4 theé me. Kha ning dudge danh gia theo ca thé bb va kha ning
duge danh gia theo ca thé me la bang nhau (i 1é 50:50).
e Dd&i v6i cac ca thé con duge tao ra tit qua trinh lai ghép: mot sb ca
the sé dugc danh gia dua trén chi s6 ki nang phit hgp nhat ctia ca thé
bd, s6 con lai duge danh gia dua trén chi s6 k§ nang phit hop nhat
clia ca thé me.
e D61 v6i cac ca thé con dugde tao ra tit qua trinh dot bién: c4 thé con
sé dugc danh gia dua trén chi s6 k§ nang phit hop nhat tir ca thé da
dot bién ra né.
Céac bude clia co ché danh gia c¢6 chon loc dude trinh bay trong thuat
toan 1.4.
1.3. Bai toan cay phan cum dudng di ngan nhat

Phan nay gi6i thiéu tong quan vé CluSPT, cac ting dung ciia bai toan
CluSPT va khao sat cac thuat toan giai bai toan CluSPT.
1.3.1. M6t sé dinh nghia

Cho G = (V, E,w) 1a mot do thi vo hudng, lien thong, ¢ trong s6 canh
khong am; trong d6 V' va E lan luct 1a tap dinh va tap canh ctia do thi;
w 13 ma tran trong s6 canh ctia do thi. Ky hiéu:

e Canh noi gitta dinh u va dinh v ky hiéu 1a e = (u,v) va trong sb clia
canh ky hiéu 1a w(u, v) hodc w(e).

e V(G) va E(G) ky hiéu la tap dinh va tap canh ctia do thi G.

e Cho trudc tap cac dinh S C V| ky hieu G[S] 1a do thi con ctia G dugc
cam sinh bdi tap S. Tuong tw, T[S] 1a do thi con cta cay khung T
dugc cam sinh béi tap S.
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Thuat toan 1.4: Co ché danh gi ca the
Input: Mot ca thé con ¢ dude sinh ra tit hai ca thé cha me (pa va pp) hodc chi mot
c4 thé cha me (p, hodc py) sau bude Ghép doi cuing loai;
Output: Ca thé c sau khi danh gia

1 begin
2 if ¢ duge sinh ra t hai cd thé cha me then
3 Tao mot s6 ngau nhién rand trong khoang (0, 1);
4 if rand < 0.5 then
/* Chi danh giad c¢ theo téc vu 7, (chi sé kj ning phu hdp nhit
clia pg) . */
¢ mo6 phéng theo pg;
end
else
/* Chi danh gid c theo téc vu 7, (chi s6 kj ning phi hop nhit
cha pp) . */
8 ¢ mo6 phdéng theo py;
9 end
10 end
11 else
/* Chi danh gia c¢ theo chi s6 k§ ning phll hgp nhit cla cha me */
12 ¢ mo phoéng theo ca thé cha duy nhat;
13 end
14 Chi phi clia tit ci cic tac vu con lai clia ¢ duge gan mot gia tri rat 1on;
15 return c;
16 end

Dinh nghia 1.2 (Phan hoach ctia tap dinh ctia do thi [53]). Cho G =
(V, E,w) la mot do thi vo hudng, lien thong, cdc canh cé trong s khong
am. Tap C = {C1,Cy,...,Ch} dugc goi la phan hoach cia V néu Cp U
CoU...UC, =V vaC;NC;=0,Vi,j€[l,h],i#].

Hinh 1.1(b) minh hoa mot cach phan hoach ctia tap dinh ctia d6 thi
trong hinh 1.1(a), trong d6 tap dinh V' dugc phan hoach thanh céc tap:
Ci = {1,2,3,4}, Cy = {10,11,12,13,14}, Oy = {5,6,7,8,9}, C} =
(15,16, 17, 18}.

Dinh nghia 1.3 (Chi phi dinh tuyén gitta hai dinh [22]). Cho G =
(V, E,w) la mot do thi vo hudng, lien thong, cdc canh cé trong s khong
am. Chi phi dinh tuyén gitta hai dinh u,v € V trén cay khung T (kij hiéu
dr(u,v)) cia do thi G duge tinh bang chi phi duong di noéi gida hai dinh
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Hinh 1.1: Minh hoa céac dinh nghia vé do thi

do trén cay khung T
Dinh nghia 1.4 (D6 thi phan cum [84]). Cho G = (V, E, w) la do thj

v6 hudng, lien thong, cdc canh cé trong so6 khong am. Néu ton tai tap phan
hoach C = {C1,Cs, ..., Ch} cia V thi G duge goi la do thi phan cum, tdp
C1,Co, ..., Cy dugc goi la cac cum (cluster) ciia do thi. Do thi phan cum
G = (V, E, w) vdi tap phan hoach C dugc kyj hieu loa G = (V, E, w, C).

Hinh 1.1(c) minh hoa do thi phan cum nhan dugc tu do thi trong
hinh 1.1(a), v6i phan hoach C' = {C},C5, C3,Cy} ctia tap dinh V' la:
Cy = {1,2,3,4}, Cy = {10,11,12,13,14}, C5 = {5,6,7,8,9}, Cy, =
{15,16, 17, 18}.

Dinh nghia 1.5 (Cay khung phan cum [53]). Cho do thi cé trong so
canh G = (V, E, w) trong dé cic dinh dugc phan hoach thanh h cum
C = {C,Cy,...,Ch}, mot cay khung T cia G la mot cay khung phan

cum, néu T c6 thé cat thanh h cdy con bang cach xéa di h — 1 canh, sao
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cho moi cay con dé la mot cay khung cia do thi con cia G duge cdm sinh

bdi cac cum Cj,i € [1, h.

Xét do thi phan cum va cay khung lan lugt duge minh hoa trong céc
hinh 1.1(¢), hinh 1.1(d). Do sau khi x6a cac canh (4, 11), (4,15) va (4, 5),
do6 thi nhan dugc trong méi cum déu 1a cay khung nén cay khung trong

hinh 1.1(c) 1a cay khung phan cum.

Dinh nghia 1.6 (Do thi G-Graph). Cho G = (V, E, w) la do thi phan
cum. G-Graph la do thi dudc suy ra ti do thi G trong dé maoi dinh cia
G-Graph tuong ng vdi mot cum trong do thi G, gitta hai dinh cia do thi
G-Graph cé canh noi khi c¢6 it nhat mot canh noi gitia cdc dinh cla cdc

cum tuong ting trong do thi G.

Do thi G — Graph tuong ting véi do thi phan cum trong hinh 1.1(c)
duge minh hoa trong hinh 1.1(e), trong d6 dinh C;(i = 1,...,4) cia do
thi G — Graph tuong ting cum ¢ ctia do thi phan cum. Do khong c6 canh
nao nodi gitta hai dinh ctia cum 1 va cum 3 nén trong do thi G — Graph

khong c6 canh nado noi gitta hai dinh C} va Cs.

Dinh nghia 1.7 (Dinh goc ctia cay khung). Cho do thi cé trong so canh
G = (V, E, w) vdi dinh nguon s € V va tap dinh V dugc phan hoach
thanh h cum C = {C1,Cy,...,Cp}. Néu T la mot cay khung phan cum
ctia do thi G thy T con duogc goi la cay khung cé dinh goc tai s.

Dinh nghia 1.8 (Cay khung toan cuc). Cho G = (V, E, w) la do thj
phan cum va G’ la do thi G-Graph cia do thi G. Khi dé, cay khung ciia
do thi G' duogc goi la cay khung toan cuc (global tree).

Hinh 1.1(f) minh hoa mot cay khung toan cuc ctia do thi G — Graph
trong hinh 1.1(e).

Dinh nghia 1.9 (Cay khung bo phan [53]). Xét cay khung T va mot tap
con cac dinh V* C V(T), cay khung bo phan (local tree) cia tap V* trén
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cay khung T la do thi con T[V*]. Dé dé theo doi, trong lugn dn nay, moi
cay khung bo phan cua cay khung phan cum T la mot cay con cua cay T

duogc cam sinh boi tap dinh trong mot cum.

Dinh nghia 1.10 (Dinh goc ctia cay khung bo phan). Cho G = (V, E, w)
la do thi phan cum va T la cay khung phan cum vdi goc tai dinh r € V.
Vai moi cum Cy(1 < t < h) bat ky, dinh r, € Cy duge goi la goc clia cay
khung bo phan cia cum Cy cia T néuNVu € Cy, w # 1 thy u la con hodc

chau cua dinh ry trén T

Gia st dinh 1 1a dinh gbc ctia cay khung trong hinh 1.1(d), cac dinh 11,
5, 15 1an lugt 1a cac dinh goc ciia cac cay khung bo phan ctia cum 2, 3 va
4.

Dinh nghia 1.11 (Canh lien cum [53]). Cho G = (V, E, w) la do thi
phan cum va T la cay khung phan cum vdi goc tai dinh r cia do thi G. Xét
hai dinh bit ky u,v € V (u € Cy,v € Cj,1 <i,j < h), canh e = (u,v)
dugc goi canh lien cum (inter-cluster edge) néu hai dinh w va v thuoc hai
cum khdc nhau, hay néi cich khdc i # 7. Dé thay, néu dinh u la cha me
ctia dinh v, thi dinh v la goc cia cay khung bo phan cia cum C;, khi dé

dinh u dugc goi la cong (port) cia cum Cj.

Canh lién cum ctia d6 thi phan cum trong hinh 1.1(c) gom: (1, 10), (4,
11), (4, 15), (1, 5), (4,5), v.v.

Dinh nghia 1.12 (D6 thi metric [52, 83]). Do thi metric la mot do thi
day di vdi khodng cach gitta ba dinh bat ky x,y,z € V luon théa man bat
dang thic tam gidc: w(z,y) + w(y, z) > w(w, 2)

1.3.2. Phéat biéu bai toan
C6 nhiéu bai toan cay khung phan cum duge quan tam nghién ctu trong
thoi gian gan day, tuy nhién, luan an di sau nghién citu bai toan CluSPT.
Bai toan CluSPT dugc phat biéu nhu sau [22]:
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Cho mot don do thi vo huéng G = (V, E,w), mot phan hoach C' =
{C,Cy,...,CL} cia V va dinh nguon s € V. Muc tiéu ctia bai toan
CluSPT la tim mot cay khung T ctia do thi G sao cho:

e V6i mdi cum Cj(i = 1,...,h), do thi con T[C;] 1a mot do thi lien

thong.

e Téng chi phi dinh tuyén giita dinh ngudn s va céc dinh con lai trén

cay khung 7T 14 nhoé nhat, hay néi cach khéc:

f(r) = Z dr(s,v) — min (1.1)

veV(T)

Source vertex: 1
Cluster 1

o - 5
, \
A4 %

uster 2

N\ 5 \\\ ’///(
Cluster 3 Cluster

Hinh 1.2: Cay khung phan cum ctia bai toan CluSPT cho do thi gom 4 cum va 15 dinh

Hinh 1.2 minh hoa mdét cay phan cum cta bai toan CluSPT, trong do,
do thi dau vao gom 15 dinh, 4 cum va dinh 1 14 dinh nguodn. Chi phi dinh

tuyén ciia cay khung phan cum la 186.

Cluster 6

Cluster 1 Cluster 2 Cluster 6

—(0— e

Cluster 1 Cluster 2 Cluster 6
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Cluster 4 Cluster 3
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Hinh 1.3: Minh hoa vé 15i gidi khong hop 1é ctia bai toan CluSPT
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Phat bic¢u bai toan cho thay riang, 15i giai s’ ctia bai toan CluSPT la
hop 1é néu théa man dong thoi hai rang buoc: s’ 1a mot cay khung va do
thi con trong méi cum ctia s’ 14 mot do thi lien thong. Diéu d6 cé nghia
rang, c6 hai khi nang dan t6i 10i gidi s’ ctia bai toan CluSPT 1a khong hop
lé:

e Loi gidi s’ khong phai 14 mot cay khung.

e Ton tai mot do thi con trong mot cum ciia 161 gidi s’ 1a do thi khong

lién thong.

Hinh 1.3 minh hoa céc truong hgp khong hgp 1é cua 16i giai bai toan
CluSPT. Hinh 1.3(a) minh hoa d6 thi dau vao (input graph) G véi 6 cum,
18 dinh va dinh 1 1a dinh nguon. Trong hinh 1.3(b), do céc dinh trong cum
thi 2 khong ndi v6i bat ky dinh nao thuoc cum khac, nén 10i giai trong
hinh nay khong phéi 1a 16i gidi hgp lé ctia bai toan CluSPT (do 151 giai
khong phai la cay khung). Trong hinh 1.3(c), do dinh 10 va dinh 11 trong
cum thi 3 khong duge ndi véi nhau, nén vi pham réng buodc vé tinh lien
thong ctia do thi con trong mdi cum. Do d6, 1i gidi trong hinh nay ciing
la 161 giai khong hop 1é.

Khong mat tinh tong quat, gia s rang:

e Dinh nguon s € C;.

e Dinh nguon s 1a gbc cia cay khung phan cum (clustered spanning

tree) T ctia do thi dau vao G. Cum chtta dinh s goi 1a cum goc.

e Cac cay 11,15,...,T} la cay khung bo phan tuong tng véi cac cum
C1,Cy, ..., (Y trén cay khung phan cum 7.

e Cac dinh 1,79, ..., 7, 1an lugt 1a cac goc clia cac cay khung bo phan
T Ty, ... T,

Ménh dé 1.3.1. Néu T la loi gidi toi wu ciia bai todn CluSPT thi cdc
cay Tv, T, ..., Ty, la cdc cay duong di ngan nhat vdi goc tai cdac dinh
1,72, -, T [86].

Meénh dé (1.3.1) cho thay rang, tuong tng v6i moi tap gom tat ca cac
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canh lién cum, ta c6 the tim duge cac canh con lai ctia 161 giai T' bai toan

CluSPT sao cho gia tri ham muc tieu f(7") 1a nhé nhéat.

1.3.3. Ung dung cta bai toan

Bai toan CluSPT xuat hién ti rdt sém trong nhiéu ting dung thuc té
thudc cac linh vie nhu: trong nong nghiép [27], trong vién thong [33, 70],
trong quan sy [30], trong phan phdi hang héa va dich vu [57],v.v.

Mot trong cac ting dung ctia bai toan CluSPT xuat hién sém nhat 1a
ting dung trong linh viic nong nghiép. Ngay tit rat sém, con ngudi da c6
nhu cau can toi vu hé théng dan nudc tit ngudn nudc téi cac dia diém
canh tac. D6i véi he thong dan nude trong sa mac, yéu cau han ché luong
nuéc bi mat trong qua trinh dan nudc duge dit nén hang dau. Hinh 1.4
minh hoa hé thong dan nudc tudi tir nguon nude téi cac canh dong, trong

d6 cac canh dong déng vai tro nhu cac cum.

SRR

LatordLine
e st
E®T ““' Lateral Line,
? . g \f SibManLing. N
2 <
R
< S8\ S
4 \ ‘ - ]
Line-
\

<
LteralLine  Fertigation Unit | | Disinfection Unit | | Drainage Water |

(a) (b)

Hinh 1.4: Ung dung ctia bai toan CluSPT trong nong nghiep (nguodn: Internet)

Bai toan CluSPT con xuat hién nhiéu trong cac tng dung toi uu he

thong thong tin lién lac hay hé théng cap dién nhu minh hoa trong hinh 1.5.

1.3.4. Téng quan tinh hinh nghién citu
Cac bai toan lien quan dén tap dinh duge phan vao cac cum da duge
biét dén tit nhiing nam 70 ctia thé ky trude, mot trong cac bai toan dugc

nghién citu sém nhat 1a bai toan nguoi di du lich phan cum (Clustered
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Hinh 1.5: Ung dung ctia bai toan CluSPT trong t6i wu he théng cap dien va thong tin lien
lac (nguon: Internet)

Traveling Salesman Problem - CluTSP) [5, 40, 56]. Bai toan CluTSP la
mot bién thé clia bai toan t6i wu t6 hop noi tiéng bai toan ngusi di du lich
( Traveling Salesman Problem - TSP) [72, 93, 96]. Ngay nay, xuat phat ti
yéu cau can t6i uu hé thong mang, bai toan cay phan cum (clustered tree
problem) nhan dugc nhiéu sy quan tam trong cong dong cac nha nghien
ciu [13, 23, 84].

Téac gia Y.S. Myung va nhém nghién citu [57] da nghién ctu bai toan
cay khung nhé nhat tong quét (Generalized Minimum Spanning Tree Prob-
lem - GMSTP), 1a bai todn tdng quat clia bai toan cay khung nhé nhat
(Minimum Spanning Tree Problem) [2, 48] véi cac dinh dugce chia vao céc

nhém. Trong d6, 10i gidi ctia bai toAn GMSTP 1a cay c6 chi phi nho nhéat
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va mdi nhém chi chita mot dinh duy nhat. Trong nghién citu nay, sau khi
chting minh GMSTP 14 bai toan thuoc 16p NP-Kho, cac tac gia da dé xuat
hai mo hinh quy hoach nguyén tuyén tinh va so sanh ching trong viéc giai
mo hinh néi léng quy hoach nguyén khi 4p dung vio bai toan GMSTP. Dé
danh gia thuat toan dé xuat, tac gia sit dung hai tap dit lieu: tap di lieu
nhé duge chon tit dit lieu bai toan ngudi du lich téng quat (Generalized
Traveling Salesman Problem - GTSP) [45, 66] v6i s6 dinh nhé hon 100; tap
dit lieu 16n duge tao ngau nhien. Két qua thuc nghiém cho thay khodng
cach gifta can trén va can dudi tang khi s6 luong nhém va s6 dinh trong
moi nhém tang.

Mot trong cac bai toan cay phan cum khac nhan duge nhiéu sy quan
tam la bai toan cay Steiner phan cum (Clustered Steiner Tree Problem -
CluSteinerTP) [86, 87]. Bai toan CluSteinerTP 13 mot bién thé clia bai
toan cay Steiner (Steiner tree problem - STP) [42, 82]. Trong bai toan
CluSteinerTP cac dinh ciing ducc chia vao cac cum, mot bai toan STP
1a mot bai toan CluSteinerTP néu céc cum khong c¢6 phan t1t chung [84].
Trong [86], dua trén két qua thuc nghiem, cac tac gid B. Y. Wu va C.
W. Lin da chi ra rang ti 1¢ Steiner nam trong khoang (3, 4) thi nhiing
két qud tot nhat va tit d6 dé xuat mot thuat toan gan ding cho bai toan
CluSteinerTP. Thuat toan nay chuyén bai toan ban dau vé mot bai toin
cay Steiner sao cho cay Steiner tim dugc khong c6 dinh Steiner nao thudc
vao cdy cuc bo clia cac cum. Thuat toan duge dé xuat c6 do phic tap
O(n xlog(n) + f(n)) trong d6 n la s6 dinh.

Mot bién thé khac ctia bai toan cay phan cum, bai toan cay khung phan
cum c6 chi phi dinh tuyén nh6 nhat (Minimum Routing Cost Clustered Tree
Problem - CluMRCT) [52, 53]. Trong nghién cttu ctia minh céc téc giad da
chi ra rang bai toan CluMRCT thuoc 16p NP-Kho néu bai toan c6 it nhat
hai cum. Cac tac gid cling da dé xuat mot thuat toan xap xi can ti le 2
(2-approximation) dé gidi bai toan CluMRCT bing cach tao dd thi gom

hai mic dua trén cay khung R-star (R-star spanning tree) va dua trén hai
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dac trung cta cay khung R-star: mot cay khung R-star v6i chi phi dinh
tuyén nhé nhat c6 thé duge tao trong O(n?) v6i n 1a s6 dinh ctia bai toan
va ton tai mot cay khung R-star véi chi phi 16n nhat gap hai 1an chi phi
clia 10i gidi toi uu ciia bai toan CluMRCT.

Gan day, tac gia D’Emidio va cac cong sy [21, 22] da nghién ctiu mot
dang khac ctia bai toan cay khung phan cum, bai toan CluSPT. Bai toan
CluSPT xuét hién nhiéu trong cac ting dung can toi uu ve thiét ké mang,
két ndi he thong cap TV va hé thong cap quang.

Céc tac gia da trong nghién citu [15] da dé xuat thuat toan hai mic dya
trén thuat toan GA dé giai bai toan CluSPT. Trong d6, miic thit nhat sé
xac dinh cay khung néi gitta cadc cum con mic thit hai sé tim cay khung
trong cac cum. Mot trong cac déng géop chinh cia nghién ctu 1a da de
xuat st dung mang hai chiéu dé ma héa 10i gidi bai toan CluSPT. Uu
diém ctia cach ma hoéa nay gitp luu duge nhiéu thong tin vé cac canh noi
gitta cac cum nén c6 thé xay dung duge cay khung t6t nhat noi giita cac
cum. Bén canh do cac tac gia ciing dé xuat phuong phap xay dung ca thé,
cic toan tit lai ghép va dot bién dua trén ma héa duce dé xuat. Du két
qua thuc nghiém chi ra tinh hiéu qua cta dé xuat khi so sanh véi thuat
toan GA ducgc dé xuat trude do ap dung vao gidi bai toan CluSPT. Tuy
nhién, thuat toan dé xuat vAn c¢6 han ché khi s6 luong cé thé duge tao khi
khéi tao quan thé va sé phép lai ghép thuc hién trong mdi thé heé rat 16n
(gap 3 lan kich thuée quan thé) nén khi tidu chi so sanh gitta cac thuat
toan 1a s6 1an danh gia thi thuat toan dé xuat chua chic da hieéu qua bang
cac thuat toan da co.

Trong nghién cttu [16], tac gid Ovidiu Cosma va cong sy da de xuat
cai tién thuat toan GA trong nghién cttu [15]: stt dung két hop hai co ché
khéi tao ca thé dua trén ngau nhién va dya trén thuat toan tham lam dé
tao quan thé ban dau. Diém khac biét nita so v6i nghién cttu trude day 1a
thuat toan cai tién sit dung ca phuong phap chon loc ngau nhién va chon

loc ca thé wu ti dé chon loc céa thé cha me thuc hién lai ghép. Thong qua
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phan tich két qua so sanh véi thuat toan GA va thuat toan MFEA dugc

nghién cttu trude do, cac tac gid da chi ra hieu qua clia thuat toan dé xuat.

Cac tac gia trong nghién citu [21, 22] da dé xuat mot thuat todn xap xi
AAL (Approximation Algorithm) dé giai bai toan CluSPT. Y tudéng chinh
clia thuat toan AAL 1a lan lugt tim cay khung nhé nhat cho do thi con
duge cAm sinh tir tap dinh ctia mdi cum va do thi duge nhan duge bang
cach col moi cum 1& mot dinh.

Thuat toan AAL chia bai toan CluSPT thanh 2 bai toan con va tim 16i
giadi moi bai toan con trong mot giai doan khac nhau. Thuat toan AAL st
dung thuat todn Prim [69] dé tim 1oi gidi clia bai toan con thi nhét (1a
cay khung nho nhat ctia do thi ndi gitta cac cum) va 10i gidi bai todn con
thit 2 (1a cay khung nhé nhat ciia do thi con trong méi cum). Chi tiét cac
bude cua that toan AAL nhu sau:

Budc 1: Xac dinh do thi G’ = (V', E'), trong d6 mdi dinh thuoc tap V'
tuong ing v6i mot cum V. Gitta hai dinh ctia do thi G’ ¢6 canh noi
khi va chi khi c¢6 it nhat mot canh ctia do thi G ndi gitta ciac dinh
thuoc hai cum tuwong ting véi hai dinh do.

Buéc 2: Tim cay khung nhé nhat 7" ctia do thi G’ va tim h cay khung
nho6 nhat 71, ..., T) tuong ung cia cac do thi con G[C], ..., G[Cy].

Buéc 3: Tao cay khung ctia do thi G bang cach hgp cic cay khung nhé
nhat 7" va Ti(i = 1,...,h): {U E(T)} U E(T")

Hinh 1.6 minh hoa cac budc cia thuat toan AAL. Hinh 1.6(a) minh
hoa do6 thi dau vao G gom 15 dinh, 4 cum va dinh nguon 1a 1. Hinh 1.6(b)
minh hoa do thi G’ nhan dugce tit do thi G trong bude 1 ctia thuat toan.
Do d6 thi G ¢6 4 cum nén do thi G’ ¢6 4 dinh v}, v}, v}, v}. Do trén do thi
G c6 cac canh noi gitta cum 1 v6i cum 2; cum 1 v6i cum 3; cum 2 v6i cum
4; cum 3 v6i cum 4, nén do thi G’ ¢6 cac canh (v, v}); (v] ,v5); (v, v}) va
(v4, v}). Hinh 1.6(c) minh hoa cay khung nhé nhat ctia do thi G’ dugce tao
ra bdi 4p dung thuat toan Prim [69]. Do thi sau khi thyc hién budc 2 clia
thuat toan AAL duge minh hoa trong hinh 1.6(d) (sau khi d4p dung thuat
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Hinh 1.6: Vi du minh hoa cic budc ctia thuat toan AAL

toan Prim dé tim cay khung nhé nhét ctia do thi con trong mdi cum cta
do thi G). Hinh 1.6(e) minh hoa do thi nhan duge sau khi thyc hién hop
clia cac cay khung trong hinh 1.6(c) va hinh 1.6(d) (budc 3 ciia thuat toan
AAL). Loi gidi cia bai toan CluSPT sau khi ap dung thuat toan AAL cho
d5 thi G c6 chi phi 1 186.

Source vertex: 1
Cluster 1

\
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I

V' RORA Clustel 3 Cluster 4
(a) (b) (c)
Hinh 1.7: Vi du minh hoa han ché ctia thuat toan AAL

Mac du thuat toan AAL c6 wu diem ve thoi gian tinh toan, cau tric
thuat toan don gian,... nhung thuat toan AAL van c6 han ché trong viéc
tim 101 gidi ctia bai toan CluSPT, han ché nay do thuat toan AAL c6 gang
cuc tiéu tong trong s6 clia cay khung clia cac dod thi con ma khong xem
xét t61 khoang cach tit cac dinh téi dinh nguon. Do do, 16i gidi tim dudc
bang thuat toan AAL c6 thé khong t6t. Dé 6 hon vé nhan dinh nay, luan
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an xét vi du trong hinh 1.7 véi do thi dau vao va 1oi gidi tim duge bang
thuat toan AAL nhu trong hinh 1.6. Dé cho dé& theo déi, cay khung ctia
do thi G’ trong hinh 1.6(c) dugc minh hoa lai trong hinh 1.7(a). Néu canh
(v}, v3) (canh nét diit, mau doé trong hinh 1.7(b)) duge thay bang bang
canh (v§, v}), thi khi d6 cay khung trong hinh 1.7(a) c6 gia tri 13 sé& thap
hon cay khung trong hinh 1.7(b) (c6 gia tri 14). Miac du vay, chi phi ctua
16i giai tuong tng vé6i cay khung trong hinh 1.7(b) 1a 154 (hinh 1.7(c)),
thap hon chi phi 186 ctia cay khung trong hinh 1.6(e). Qua vi du trén co6
the thay rang, thuat toan AAL c6 thé tim ra 15i gidi khong t6t. T cac
phan tich trén, tac gid nhan thay rang cac thuat toan trong cac nghién
cttu trude do van chua thiyce sy hieu qué, diac biet chua st dung cac thuat

toan meta-heuristic dé giai bai toan CluSPT.

1.4. Két luan chuong

Chuong nay da trinh bay mot s6 noi dung chinh sau: thi nhat, trinh
bay kién thiic co ban vé thuat toan tién hoa va thuat toan tién héa da nhan
t6. Trong d6, thuat toan tién hoéa va tién héa da nhan t6 dudc nghién citu
chinh trong luan an nay. Tht hai, gi6i thiéu bai toan CluSPT - la bai toan
thuoc 16p bai toan NP-Kho. Thit ba, trinh bay vé ting dung ctia bai toan
CluSPT trong linh vijc mang truyén thong, trong nong nghiép va trong
phan phéi hang hoa, dich vu. Thit tu, gidi thieu mot thuat toan xap xi
giai bai toan CluSPT. Chuong nay ciing gidi thiéu mot sé nghién ctu lien
quan t6i bai toan CluSPT nhu cac nghién cttu vé bai toan CluSteinerTP,
bai toan CluTSP, bai toan CluMRCT.
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Chuong 2

THUAT TOAN XAP Xi GIAI BATI TOAN CAY PHAN
CUM VOI DUONG DI NGAN NHAT

Do c6 uu diém vé thoi gian thuc hién va dé cai dit nén cac thuat toan
xap xi duge sit dung nhiéu trong cic bai toan téi wu trén do thi. Chuong
nay trinh bay vé hai thuat toan xap xi dé giai bai toan CluSPT: thuat
toan diya trén chién luge tim kiém tham lam ngau nhién va thuat toan tim
10i gidi dya trén chién luge hinh sao. Nghién cttu ctia chuong nay da cong
b6 trong cong trinh [I11] va [VI].

2.1. Thuat toan xay dung cay khung hinh sao
Phan nay trinh bay vé thuat toin tim 10i gidi bai toan CluSPT trén
16p do thi day du. Luan an ciing chiing minh rang, déi véi do thi metric

(metric graph) [53], 161 gidi tim duge 1a t6i wu.

2.1.1. Ludc do thuat toan

Mot trong cac huéng tiép can don gian nhat dé dam bao 15i gidi cla
bai toan CluSPT luon hgp lé dé 1a lan luot xay dung cay khung cho cac
cum, sau d6 xay dung cay khung néi gitta cac cum. Tuy nhién, do chi phi
10i gidi ctia bai toan CluSPT dugc tinh dya trén duong di ngan nhat ti
moi dinh t6i dinh nguon, nén viéc xay dung cay khung cho ting cum va
cay khung ndi giita cic cum can dong thoi gan véi viec téi wu chi phi do.

Duya trén cdc nhan xét trén, luan an dé xuat thuat todn xap xi (ky hieu
la SLA) giai bai toan CluSPT thong qua viéc tim céc cay khung c¢6 dang
hinh sao (star-like) gom hai mtc (two-level). Trong cay khung dang hinh
sao, mot dinh déng vai tro 1a dinh trung tam, cac dinh con lai noi véi dinh
nay thong qua cac canh noi gitta hai dinh ho#ic dudng néi gitta hai dinh.
Trong truong hop do thi dang sao c6 ba dinh, do chi ¢6 duy nhat mot dinh
13 dinh trong, nén dinh nay 13 tam cta do thi. Déi vé6i truong hop do thi
dang sao chi c6 mot dinh hodc hai dinh, thi mot dinh bat ky 1a tam cla

do thi.
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Thuat toan SLA tim cay khung phan cum 7' théng qua cac budc nhu
sau:

Buéc 1 (xac dinh cay khung trong cum géc): Gia st dinh ngudn s
thuoc cum Cy. Tim duong di ngan nhat ndi cac dinh trong cum C}
v6i dinh s. Cay khung dang sao cua cum C; duge tao bdi hgp ctia cac
duge di ngan nhat tim dugc.

Buéc 2 (xac dinh cay khung trong cic cum khéng phai cum gbc):
Cay khung bo phan ctia méi cum Cj, (1 < i < h,i # t) 1a mot
cay khung dang sao véi dinh trung tam r; € C; théa man r; =

argmin { f(v)|v € C;} trong do:

f(v) = |Cy| x d(s,v) + Z d(v,u) (2.1)
ueC;
véi |G|, d(x,y) 1an lugt 1a s6 dinh trong cum |C;| va gia tri duong di
ngan nhat noi gitta dinh x va dinh y ctia do thi dau vao G.

Buéc 3 (xac dinh cay khung néi gitta cAc cum): Sau khi xay dung
ducc cay khung bo phan ctia cac cum Cj, canh ndi gitta dinh trung
tam r; va dinh nguon s chinh 14 canh lién cum.

Cong thiic (2.1) tinh chi phi tit cac dinh thuoc cum C; t6i dinh nguon

s khi dinh v 1a gdc cuc bo (local root) cia cum C;. Ham f(v) duge tinh

dua trén chi phi tit dinh nguon s t6i dinh v va chi phi tit dinh v t6i tat ca

cac dinh khac trong cting cum. Do v 1a dinh gbc cuc bo nén tong chi phi

tir dinh nguon s téi cac dinh trong cum C; la:

Z d(s,u) = Z (d(s,v) +d(v,u)) (2.2)

ueC; ueC;

X d(s,v) + Z d(v,u) (2.3)

ueC;
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Thuat toan 2.1: Thuat toan SLA

Input: D6 thi phan cum G = (V, E,w, C); Dinh nguon s;
Output: Mot 1oi gidi ctia bai toan CluSPT: T' = (Vp, Er);

1 begin
2 V< V;
3 Er < 0
4 C + Cum chita dinh nguon s;
/* Xac dinh cay khung trong cum chia dinh ngudn s */
5 foreach dinh v € Cy,v # s do
6 Py < Duong di ngdn nhat ndi s va v trén do thi con G[Cyl;
7 Er < E7 Upy;
8 end
/* X&c dinh cay khung trong cum khéng chia dinh ngudn s */
9 foreach cum C; vdii #t do
10 foreach dinh v € C; do
11 Pu.u < Dudng di ngdn nhat noi v va u(u € C;) trén do thi con G[C;l;
12 dy < Chi phi cia duong di py.y;
13 fo < |Ci| xd(s,v)+ > dy, > Chi phi téi dinh s va cac dinh cling cum;
ueC;
14 end
15 r; = argmin{f(v)|v € C;} > Dinh c6 téng chi phi nhé nhat trong cum;
16 Er <—ETUpri7u,Vu e Ci,u # 1y;
17 end
/* Xac dinh cay khung néi gifta cidc cum */
18 foreach cum Cj,i #n do
19 ‘ Er + EpUe = (s,17) > Thém canh nbi gitta s va dinh 7; vao tap canh;
20 end
21 return (Vp, E7);
22 end

2.1.2. Do phic tap cta thuat toan

s6 dinh ctia cum thit 4. Do chi can xay dung cay hinh sao (néi mot dinh

gbe cuc bo duge chon véi cac dinh con lai) nén do phic tap thyc hién dong

Chi phi xac dinh cay khung trong méi cum la O(|C|)i=1,. 5 v6i |G 1a

57 va 10 — 13 déu la O(|Cy)).

Céac dong lenh 10 — 13 duge thuce hien |C;] 1an trong vong lap for &

dong 10 — 17 nén do phiic tap ctia khéi dong lénh 10 — 17 1a O(|C;[?).

Do céc dong lenh 10 — 17 duge thiyc hién mot lan trong méi cum con

lai nén do phtc tap ctia khéi dong lenh 9 — 17 1a Zizl_.hﬂ-# ;|2

Do d6, do phtc tap thuat toan 1a O(|Cy| + Zi:l..h,i;&t |Ci|?) véi C; 1a
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cum chita dinh nguon.

Néu ding can long hon, do [Cof + 37,1 4 |Cil* < 3o, |Ci* <
(3,1, |CiD? = |V]? nen do phic tap ciia thuat todn SLA ¢6 thé coi la
O(VP).

2.1.3. Thuat toan dang hinh sao trén do thi metric
Phan nay sé nghién ctu bai toan CluSPT trén mot 16p do thi dic biét
- do thi metric. Dya trén cac dac trung ctia do thi metric, luan an chi ra

rang thuat toan SLA sé tim dugc 10i giai toi uu trén 16p do thi nay.

Bo6 dé 2.1.1. Néu cay T la mot loi gidi toi wu ciia bai todn CluSPT trén

do thi metric thi moi cay khung bo phan cia T la mot do thi dang sao.

Chatng minh. Cho truéc mot do thi lien thong G va mot dinh v € G, mot
cay T dugc goi la cay duong di ngan nhat (shortest path tree) c6 goc tai
dinh v néu cay T théa man dieu kien: duong di tit gbc v t6i mdi dinh
u € T ciing chinh duong di ngan nhat tit dinh v t6i dinh u trén do thi G.

Cac nghién cttu trong [74, 89] da chi ra riang: cay duong di ngan nhat
T vé6i gbe v ciia do thi G cling 14 mot cay khung ctia do thi G.

Vi do thi G 1a do6 thi metric nén dudng di ngan nhat noi gitta hai dinh
bat ky u va v trong G ciing chinh 1a canh e = (u, v) nbi gitta hai dinh nay.
Do dé, cay duong di ngan nhat c¢6 goc tai dinh v trong do thi metric sé c6

dang sao vé6i tam la dinh v. ]

Bé dé 2.1.2. Néu cay khung T la mot l0i gidi toi wu cia bai todn CluSPT
trén do thi metric thi moi canh lién cum trong l0i gidi T sé la canh noi

gitia goc ciia mot cay khung bo phan va dinh nguon s cia do thi G.

Chiing minh. Xét cay khung bo phan 7" ctia cay khung 7" véi dinh gbc clia
T’ 13 dinh v. Do mdi duong ndi tit dinh nguon s t6i dinh bat ky thuoc cay
khung 7" déu phai di qua dinh v, nén chi phi duong di ngan nhat tit dinh

nguon s téi cac dinh thuoc cay khung 7" trong gia tri ham muc tiéu cta
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161 giai 1" dugce tinh theo cong thiic:

Z d(u, s) Z d(u,v) + |V (T")] x d(v, s) (2.4)
ueV (1) ueV (T’

Cong thiic (2.4) cho thay, 101 giai T 1 101 giai t6i wu khi va chi khi d(v, s)
13 khoang cach ngan nhat gitta dinh v va dinh nguon s. Do dang xét trén
do thi metric nén duong di ngan nhat ndi gitta hai dinh v va s chinh 1a
canh (v, s). Do d6, canh lien cum noi gitta dinh goc ctia cay khung bo phan
T’ t6i dinh nguon s 14 canh noi gitta dinh v va dinh s. Hay néi cach khac,
modi canh lien cum ctia 161 gidi T sé ndi dinh goc ciia mot cay khung bo

phan vé6i dinh nguon s. []

Tit cdc bo dé (2.1.1) va (2.1.2) suy ra: mot 1di gidi tdi wu clia bai toan
CluSPT trong do thi metric 14 mot cay khung phan cum gom céac dac
trung:

1. Méi cay khung bo phan la mot cay khung dang sao;
2. Mdi canh lién cum 14 mot canh ndi gitta dinh nguon ciia do thi va
dinh tam ctia cay khung bo phan.

Cac lap luan trén chi ra rang, thuat toan SLA c6 thé tim ducgc 16i gidi
t6i wu ctia bai toan CluSPT trong do thi metric. Thuat toan SLA trén do
thi metric (ky hiéu la SLA-M) chi thay khodng cach gitta hai dinh v va u
trong Budc 2 bang trong s6 canh noi gitta hai dinh v va u. Cac budc clia
thuat toan SLA-M nhu sau:

Budc 1: Gia stt dinh nguon s thuoc cum C}, do cay khung bo phan clia
l6i giai T' tai cum C} la mot cay khung dang sao v6i dinh trung tam
la dinh s, nén tit dinh s chi can tim canh néi t6i cac dinh khac thuoc
cum C}.

Buégc 2: Cay khung bo phan ctia mdi cum Cj, (1 < ¢ < h,i # t) 1a
mot cay khung dang sao v6i dinh trung tam r; € C; théoa man r; =
argmin{ f(v)|lv € C;} trong d6 f(v) = |C;| x w(s,v) +Zwvu

ueC;

35



va w(v,u) 1a trong s6 clia canh ndi gitta dinh v va dinh u ctia do thi
dau vao G.
Buéc 3: Sau khi xay dung duge cay khung bo phan cia cac cum Cj, canh
no6i gitta dinh trung tam r; va dinh nguon s chinh 1a canh lién cum.
Hinh 2.1 minh hoa mot 15i gidi t6i wu ciia bai toan CluSPT trén do thi

metric v6i do thi dau vao gom 4 cum, 16 dinh va dinh nguon 14 dinh 1.

_ Cluster1
AT~

Hinh 2.1: Vi du vé 10i gidi ctia bai toan CluSPT trén do thi metric

2.2. Thuat toan tham lam ngau nhién

Phan nay trinh bay thuat toan xap xi duya trén thuat toan tham lam
ngau nhién (Heuristic Based on Randomized Greedy Algorithm - HB-RGA)
giadi bai toan CluSPT. Thuat toan HB-RGA dua trén sy két hop gitta thuat
toan tham lam ngau nhién (Randomized Greedy Algorithm - RGA) [32, 63]
va thuat toan cay duong di ngan nhat (Shortest Path Tree Algorithm -
SPTA) [31, 74], trong do:

e Thuat toan SPTA dugc st dung dé tao cay duong di ngin nhéat

(shortest-path tree) cho moi cum.

e Thuat toan RGA dugc sit dung dé tim céc canh ndi gitta cac cum.

Dé tim canh “t6t nhat” néi gitta mot cum da dude xét va mot cum chua
dugc xét, ing v6i moéi canh e ctia do thi dau vio, thuat toan HB-RGA
dinh nghia thém tham s6 phan thudng dudc tinh theo trong s6 clia canh e

va gia tri clia cay duong di ngan nhat clia cum chua dugce xét. Thuat toan
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HB-RGA sé chon canh ndi gita cac cum theo xac suat duge tinh tir gia tri
phan thudng clia mdi canh.

Trong phan nay, ta dinh nghia:

e Tap @ la tap cac cum chua duge dua vao 10i gidi dang xét. Ban dau,
tap (Q gom tat ca cac cum.

e Khoang cach tit cum gbc t6i cum bat ky 1a tong chi phi ctia dudng di
ngan nhat tit dinh nguon t6i dinh gdc ctia cum dé. Khong mat tinh
tong quat, ta gia st dinh nguon thuoc cum 1. Néu goi dis[i] 1a khoang
cach tit cum gbc t6i cum Ci(7 = 1,..., k) thi tai thoi diém ban dau
dis[1] = 0, dis[i] = +oo, i € {2,...  h}.

e V6i mdi cum Cj, ky hieu d(r;, v) 1a khodng céch tit dinh gbc clia cum
C; t61 dinh v € (.

Luge do thuat toan HB-RGA dugce trinh bay trong thuat toan 2.2.

Trong thuat toan 2.2, phuong thic Find Shortest Path Tree(x) sé

stt dung thuat toan Dijkstra [25, 74] dé tim cay duong di ngan nhat véi
dinh bat dau la dinh x. Phuong thitc CostSPT(x) sé tinh tong chi phi
cac duong di ngan nhat tit dinh gbc  t6i tat ca cac dinh khac thudc ciing

cum vdi dinh z.

2.2.1. Cac budc cua thuat toan HB-RGA
Thuat toan HB-RGA gom cac bude nhu sau:
1. Budc 1: xét cum gbc
e Budc 1.1: tao cay khung duong di ngan nhat ctia cum goc bang
cach a4p dung thuat toan Dijkstra bat dau tit dinh nguon s.
e Budc 1.2: thém cay khung duong di ngdn nhat nhan dugc 6
Budc 1.1. vao 10 gidi clia bai toan CluSPT va danh dau cum goc
la cum dang xét, ky hiéu C..
e Budc 1.3: x6a cum goc khoi tap Q.
2. Buéc 2: v6i moéi cum khac
Sau khi thuc hién cac buée sau, thuat toan HB-RGA sé thém lan lugt

cac cum con lai vao 1oi giai trung gian.
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Thuat toan 2.2: Thuat toan HB-RGA

Input: D6 thi phan cum G = (V, E,w, C); Dinh nguon s;
Output: Mot 1oi gidi ctia bai toan CluSPT: T' = (Vp, Er);

1 begin
2 V< V;
3 Q<+ {1,2,...,h};
4 cur < Chi s6 cia cum chita dinh nguon s > Gan cum dang xét 1a cum chita dinh
nguon;
5 T < Find_Shortest _Path_Tree(s) > Tao cay duong di ngan nhat cho cum goc
v6i dinh bat dau l1a dinh s;
6 dis[cur] =0 > Khoang cach tit cum dang xét Cl,, t6i cum goc;
7 Q + Q\cur;
8 | while Q # () do
9 foreach cum C; vdii € QQ do
10 m <= random(|Cs[, 3, [C)]);
11 foreach canh (u,v), u € Ceyr, v € C; do
12 d[u] + Chi phi ctia duong di ngan nhat trén cay T tit dinh gbc clia
cum Coy, t6i dinh u;
13 CostSPT(v) < Tong chi phi dudng di ngin nhat tit dinh v t6i cac
dinh khéac trong cum Cj;
14 f(u,v) =m x (d[u] + wu,v]) + CostSPT (v);
15 end
16 e = (a,b) < Chon canh phu hgp nhét trong tap {(u,v)|u € Ceyr,v € C;}
véi xac suat p(u,v) = UCON
T XweCupwec FW o)
17 if dis[i] > dis[cur] 4 d[a] + w[a, b] then
18 dis[i] < dis[cur] + d[a] + w]a, b];
19 r; < b;
20 temporaryFEdgeli] < e;
21 end
22 end
23 cur < argmin;eg disil;
24 T < T UtemporaryEdge|cur];
25 T < T U Find_Shortest _Path _Tree(reur);
26 Q + Q\cur;
27 end
28 end

e Bu6c 2.1: tim canh trung gian ndi gitta hai cum

cum C; trong tap @, tim mot canh (u,v) ndéi cum C; v6i cum
dang xét C, bang thuat toan dé xuat duya trén thuat toan RGA
(trinh bay trong phan 2.2.2) (dinh u thuoc cum dang xét C.., dinh
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v thudoc mot trong cac cum C; € Q)

e Budc 2.2: cap nhat khoang cach gitta cum gbc va mdi cum
C;. Goi w(u,v) 1a trong s6 canh ndi gitta hai cum trong Buée 2.1.
Néu dis[c] + d[re, u] + wlu, v] < dis[i] thi khodng cach dis[i] duge
cap nhat theo cong thitc dis[i] = dis|c] + d[r., u] + w[u, v] va dat
T =.

e Budc 2.3:

— Tim cum C; € Q ¢6 gia tri dis[i] nho nhat, sau d6 them cum
nay vao 1oi gidi trung gian véi canh ndi la canh (u, v) duge xac
dinh trong Buéc 2.1.

— Cay khung trong cum C; dugce xay dung bang cach ap dung
thuat toan Dijkstra véi dinh gdc v ctia cum C; dude xac dinh
trong Buéc 2.2.

— Dat cum C; 1a cum dang xét va x6a cum C; khoi tap Q).

e Bué6c 2.4: Néu tap () chua réng thi chuyen t6i Buéc 2.1, ngude
lai thi diing thuat toan.

2.2.2. Thuat toan tham lam ngau nhién tim canh ndi gitta cac
cum

Phan nay trinh bay vé dé xuat ap dung thuat toan RGA vao tinh gia

tri d[i] cia mdi cum C; chua duge dua vao 181 gidi trung gian (céc cum
dang thuoc tap Q).

V6i moi cum chua duge chon C; thude Q:

e Sinh ngau nhién s6 m c6 gia tri trong khoang [«, 3], trong d6 « 1a s6
dinh ctia cum Cj; 5 1a tong s6 dinh clia tat ca cac cum thudce tap Q.
Nghta la [Cj| < m < 3¢ o |C)| voi € la cum thuoc tap @, |Cj] la
s6 dinh thuoc cum thit ;.

e Goi ' = {(u,v)|u € C.,v € C;} la tap tat ca cac canh ndi gitta cum
dang xét C,. va cum C;. Ham f tinh chi phi cac canh (u,v) € E' dugc
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dinh nghia nhu sau:

f:E —R
(u,v) = m x (d[re, u] + wlu, v]) + costSPT (v);

trong d6 costSPT(v) 1a tong chi phi clia cac duong di ngan nhat tir
dinh v t6i tat ca cac dinh khac thuoc cum C;.
e X4c suat canh (u,v) duge chon lam canh néi gitta cum dang xét C,

va cum C; duge tinh theo cong thic:

- f(u,v)?
(1) Z(u’,v’)eE' f(ul7 U/)7

(2.5)

trong d6 v < 0 1a tham s6 dugc st dung dé xac dinh mac do tham
cua thuat toan.

Hinh 2.2 minh hoa cac budc ciia thuat toan HB-RGA, trong dé do thi

dau vao duge minh hoa trong hinh 2.2(a) va dinh nguon la dinh 1.

e Hinh 2.2(b) minh hoa Budc 1 vd Buéce 2.1, trong dé do thi con cua
cum 1 dugc tao ra sau khi két thic Budc 1. Trong Budc 2.1, thuat
toan HB-RGA xem xét cic canh lien cum c6 ndi véi cum dang xét
(cum 1 - dudng bao quanh mau do6) va cac cum 2, cum 3 (dudng bao
14 hinh 6 van nét dut):

— Do ¢6 hai canh néi gitta cum 1 va cum 2 14 canh (1, 10) v canh
(4, 10), nén gia st canh (1, 10) dugc chon 1a canh tam thoi noi
gitta cum 1 va cum 2.

— Do chi c6 mot canh (3, 5) noi gitta cum 1 va cum 3 nén canh nay
dude chon 1a canh tam thoi néi gitta hai cum nay.

e Hinh 2.2(c) minh hoa Buégc 2.3 khi:

— Do khoang cach gitta cum 1 va cum 2 la 5, con gitta cum 1 va cum
31a8 + 3 =11. Nén cum 2 dugc chon la cum dang xét va canh
(1, 10) dugce them vao 161 gidi trung gian.

— Ap dung thuat toan Dijkstra vao tim cay dudng di ngdn nhat ciia
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cum 2 véi dinh bat dau 1a dinh 10. Sau d6 thém cay duong di
ngan nhat tim dugc vao 10i gidi trung gian.

e Hinh 2.2(d) minh hoa Budc 2.1 ctia thuat toan HB-RGA, trong do
cum 2 la cum dang xét. Do canh (13, 6) va canh (13, 15) lan lugt noi
cum 2 v6i cum 3 vi cum 4, nén cac canh nay dudc st dung dé tinh
khodng cach tit cum 3 va cum 4 t6i cum goc.

e Hinh 2.2(e) minh hoa Budc 2.2 ctua thuat toan HB-RGA:

— Cap nhat khoang cach tit cum goc tdi cac cum chua duge dua vao
161 giai trung gian.

— C6 hai canh ndi gitta cum 3 va cac cum da dudge dua vao 161 gidi
tam thoi trong cac bude trude (canh (3, 5)) ndi véi cum 1 va canh
(6, 13) ndi véi cum 2). Do chieu dai dudng di ngan nhat tu dinh
5 t6i dinh nguon 114 3 + 8 = 11 va do dai duong di ngan nhat
tir dinh 6 t6i dinh nguon 1145 + 2 + 4 + 5 = 16, nén canh (3,
5) dugc gitt lai dé danh gia trong buéce tiép theo.

e Céc buée tinh toan trong hinh 2.2(f) tuong tu cac budc da miéu ta
trong hinh 2.2(c), trong dé khodng cach gitta cum 3 va cum goc (bang
11) nho6 hon khoéng cach gitta cum 4 va cum goc (bang 5 + 2 + 4 +
4 = 15), nén cum 3 dugc chon 1a cum dang xét (hinh 6 van mau do).

e Hinh 2.2(g) minh hoa 15i gidi trung gian sau khi canh (13, 15) dugc
chon dé ndi giita cum 2 va cum 4.

e Hinh 2.2(h) minh hoa 16i giai clia bai toan CluSPT tim dugc sau khi

ap dung thuat toan deé xuat.

2.2.3. Do phiic tap cta thuat toan

Dé danh gia do phtc tap cta thuat toan SLA, luan an ky hieu: E;

la tap canh cta do thi con G[Ci]; ng,, = max{|E|}iz1 n; ne,,., =

Do phiic tap vé thoi gian clia viec xay dung cay duong di ngan nhat

dya trén thuat todn Dijkstra trong cum chita dinh nguon (dong 5) la
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Hinh 2.2: Vi du minh hoa cic budc ctia thuat toan HB-RGA

Cluster 3 Cluster 4

C lﬁ;ter 4

Cluster 3 Cluster 3

O(|En| + |Cn|log |Cyl) v6i |Er| va |Cpy| 1an Tuot 1a 86 canh va s6 dinh
cia cum chita dinh nguon s.

Gia st cum dang xét 14 cum C.,,, tién hanh duyét qua cac cum con lai

chua xét. Duyét cum Cj:

e Dong 11: s6 lan lap clia vong foreach & dong 11 biang s6 canh noi
gitta hai cum C; va Cyy, gid st 1a Egyp ;. Trong méi lan lap: chi phi
chit yéu do viéc tinh chi phi dudng di ngan nhat ti dinh v dén cac
dinh trong C; dung thuat toan Dijkstra ¢ dong 13:

O(|E;| + [Ci[log |Ci|) < O(ng,,, + nc,. logne,,.)

e DO phiic tap cua dong 11 — 15 la:

)) < O(|Ceur||Cil(nE,,, + 10, 108 120,,,,))

< O(n%maz (nEmax + ncmax log nCmax))

O(|Ecur7i | (nE + nc

max max

log ne

max max

e Do phiic tap ctia khoi dong lenh 8 — 17:
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N
X

lan.

. h—1)x*h

— Khoi dong lénh 10 — 17 thyc hién Z (h—1t)= (%
t=1.h

— Do phtc tap khoéilenh 8 — 17 1a O(hQn%m[mc (ng,. +nc,. logne, ).

Do phic tap thuat toan HB-RGA 12 O(h*ng,  (ng,...+1¢,.. 10gne,,.,))-
2.3. Danh gia thuat toan

Dé phan tich hiéu qua clia thuat toan HB-RGA va thuat toan SLA-M
luan an da tién hanh:

e Thuyc nghiém thuat toan HB-RGA dugce thuc nghiém trén 141 bo dua
liu thuoc 6 tap do thi metric va 75 bo dit lieu thuoc 3 tap do thi day
dt phi metric. Két qua nhan dudc ciia thuat toan HB-RGA dudc so
sanh vd6i 10i gidi to6i uu va bon thuat toan xap xi khac.

e Stt dung thuat toan SLA-M tim 10i gidi toi uu trén do thi metric va so
sanh 10i gidi tim dude ciia cac thuat toan xap xi duge dé xuat trong
luan an véi 10i gidi toi vu.

Bén canh d6, luan an cing tién hanh phan tich anh hudéng ctia cac tham
s6 ctia bo dit lieu dau vao (s6 cum va s6 dinh ctia do thi dau vao) t6i higu
qua cta thuat toan HB-RGA.

Do két qué nghién cttu trong cong trinh [IT1] da chi ra rang: thuat toin
HB-RGA dat hiéu qué tét khi tham s6 v = 50 nén trong cic thiuc nghiém
cua thuat toan HB-RGA luan an st dung gia tri v = 50.

Dé danh gia cac thuat toan dé xuat dudgc chi tiét, trén nhiéu khia canh
va trén da dang cac tieu chi so sanh, dic biét 1a dé thuc hién céc phan
tich thong ké va phan tich sy 4nh hudng clia cac tham s dit lieu dau vao
t6i hieu qua so sanh gitta nhieu thuat toan. Vi vay, luan an phan tich két
qua cac thuat toan, ciing nhu mo ta thiyc nghiém chi tiét tai chuong 5.
2.4. Két luan chuong

Chuong nay tap trung trinh bay thuat toan ding SLA-M ap dung cho
do thi metric va phuong phap xap xi dua trén thuat toan RGA.

Mac du thuat toan HB-RGA c¢6 nhiéu vwu diem nhu: v tudng va cai dit

don gian, do phtc tap tinh toan khong cao, két qua gan véi két qua toi uu,
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tuy nhién, thuat toan HB-RGA c6 han ché 1a chién lude tim kiém chi phu
hop v6i bai toan CluSPT, khong thé st dung cho cac bai toan khac, ké
cé cac bai toan ma 161 gidi c6 cuing cau truc (chi khac ham muc tiéu) nhu
bai toan CluMRCT [53] va bai toan cay khung phan cum véi chi phi dinh
tuyén lien cum nh6 nhat (Minimum Inter-cluster Routing Cost Clustered
Tree Problem - InterCluMRCT) [85].

Thuat toan SLA-M dugc dé xuat dya trén y tudng xay dung 10i gidi
bang cach xac dinh dinh trung tam cta moéi cum va dinh trung tam ndi
gitta cac cum. Thuat toan SLA-M c6 thé tim dugce 16i giai t6i wu trén do
thi metric. Tuy nhién, thuat toan SLA-M c6 han ché 1a chi ap dung dugc
va ¢6 hiéu qua trén 16p do thi metric.

Két qué t6i wu clia cac bo dit lieu trén do thi metric ¢6 duge ti thuat
toan dung la co s6 gitup luan an danh gia mot cach chinh xéc tinh hiéu
qua clia cac thuat toan xap xi sau nay. Bén canh d6, két qua thuat toan
HB-RGA ciing 1a co sé dé luan an so sanh véi cac thuat toan tién hoa va

tién héa da nhan t6 & phan sau.
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Chuong 3

THUAT TOAN TIEN HOA GIAI BAT TOAN CAY PHAN
CUM VOI DUONG DI NGAN NHAT

Hién nay, mot so6 toan ti tién hoa tim cay khung ctia do thi da duge dé
xuat. Tuy nhién, néu a4p dung cac toan tit tién héa nay dé tim 16i giai bai
toan CluSPT thi c6 thé tao ra 15i giai khong hop 16. Vi vay, chuong nay
trinh bay dé xuat dua trén thuat toan tién hoa dé gidi bai toan CluSPT.
Thuat toan dé xuat luon dam bao 16i gidi tim duge luon hop lé va duge
xay dung duya trén y tuéng phan ra bai toan CluSPT thanh hai bai toan
con, sau d6 ap dung thuat toan tién hoa doi véi ca hai bai toan con hoic
két hop ap dung thuat toan tién hoa giai bai toan con thit nhat va ap dung
thuat toan chinh xac giai bai toan con thi hai.

Thuat toan trinh bay trong chuong nay duge cong bo trong cong trinh
1] va [TV].

3.1. Thuat toan tién héa dua trén ma Cayley

Phan nay trinh bay ap dung thuat toan tién hoéa dé giai bai toan CluSPT
(ky higu la C-EA) dya trén ma hoa cay khung trong moi cum va cay khung
noi gitta cac cum bang ma Cayley.

Dé giai bai toan CluSPT, thuat toan C-EA st dung ludge do ma héa 1oi
giai dua trén hai 16p khac nhau. CA hai 16p nay déu st dung méa Cayley dé
biéu dién céc cay khung ctia méi 16p, tuy nhién vi tri cia cac ma Cayley
biéu dién cac cay khung bo phan duge dit truée ma Cayley biéu dién cay
khung ctia do thi G-Graph. Bén canh d6, phan nay con trinh bay cac toan
t1 tién hoa duge xay dung dua trén cach tiép can hai 16p.

3.1.1. Ludc do6 thuat toan
Trong huéng tiép can nay, moéi bai toan dudc phan ra thanh hai bai
toan con: bai toan thit nhat sé xac dinh cay khung ctia moi cum; bai toan

con thit 2 sé xac dinh cay khung ctia do thi G — Graph.
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Ma gia ctia thuat toan C-EA dudc trinh bay trong thuat toan 3.1. Diém
luu ¥ trong thuat todn nay la dé tinh gia tri thich nghi ctia ca thé ind;
thi bat buodc phai xac dinh trudc tat ci cic cay khung bo phan va cay
khung toan cuc cta loi giai bai toan CluSPT tuong tng s; (xem dong 4 va
dong 16 trong thuat toan 3.1). Sau d6, thuat toan mdi tinh gia tri thich
nghi ctia 101 gidi s; clia bai toan CluSPT. Cudi cung, gia tri thich nghi
fit(ind;) cta ca thé ind; duge tinh thong qua gia tri chi phi clia c4 thé s;
(dong lénh 5 va dong lénh 17 trong thuat toan 3.1) theo cong thiic sau:

fit(ind;) = (3.1)

£(s))

3.1.2. Ma héa ca thé

Mot ca thé trong khong gian tim kiém dugc ma héa thong qua hai giai
doan: giai doan dau sé ma hoéa cay khung trong méi cum, giai doan thit
hai sé ma hoa cay khung noi gitta cac cum.

Dé biéu dién ca cay khung bo phan va cay khung toan cuc, phuong thiic
ma héa sé chuyén mot ca thé (6 dang do thi) vé dudi dang 14 mot chudi
cua cac gen thong qua sit dung thuat toan ma hoéa ctia méa Cayley. Cac cay
khung bo phan va cay khung toan cuc dudc ndi v6i nhau thong qua tap
cac dinh 1a gbc ctia cac cay khung bo phan. Cac thanh phan ctia mot ca
thé sau khi ma héa bang ma Cayley bao gom:

e Cay khung ctia cum thi ¢ duge biéu dién béi mot doan gen thi t,
duge ky hiéu la s;. Gia tri ctia cac gen trong moi doan s; sé thudc
doan [1, |Cyl].

e Cay khung ctia do thi G — Graph dugc bicéu dién bdi mot doan gen
rieng, ky hiéu la G-Seg.

e Cac gen trong doan gen cudi ciing (ky hieu M-Seg) dudc stt dung dé
biéu dién tap cac gbc Lr clia cac cay khung bo phan. Gen tht i clia
doan M-Seg biéu dién mot dinh trong cum thi .

e Cay khung dugc biéu dién bang ma Cayley [59, 60, 62].
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Thuat toan 3.1: Lude do thuat toan C-EA

Input: D6 thi phan cum G = (V, E,w, C); Dinh nguon s;
Output: Loi gidi ctia bai toan CluSPT;

1 begin
/* MB8i c& thé dudc bidu didn 13 mbt ming cla cac dinh va céc cum */
2 Py + Tao ngau nhién N ca thé > Chi tiét trong thuat toan 3.2;
3 foreach cd thé ind; € Py do
4 Tao cay cay khung bo phan va cay khung toan cuc cia 15i gidi bai toan
CluSPT s; tuong tng v6i ca thé ind;;
5 Tinh gia tri thich nghi (fitness) ctia c& thé ind; dua trén chi phi (cost) ciia 15
giai s;;
6 end
7 t + 0;
8 while diéu kién dung chva théa man do
9 Oy + 0
10 while s6_cd_thé con_ dugc_sinh < N do
11 Chon ngau nhién hai ca thé p, va py tit quan thé P;;
12 Lai ghép, dot bién cé& thé p, va p, tao ra hai ca thé con o, va o, > Chi tiét
xem phan 3.1.4 va phan 3.1.5;
13 O < Oy U{04,0p};
14 end
15 foreach cd thé oj € Oy do
16 Tao cay cay khung bo phan va cdy khung toan cuc cia Ioi giai bai toan
CluSPT s tudng ting véi ca thé oj;
17 Tinh gia tri thich nghi clia ca thé o; dua trén chi phi clia 16i gidi 853
18 end
19 Rt — Ot U Pt;
20 P, + Chon N cé thé t6t nhat tit Ry;
21 t+—1t+1;
22 end
23 ind* < ca thé tét nhat tit Py,
24 Tao cay cay khung bo phan va cay khung toan cuc cia 16i gidi bai toan CluSPT
s* tuong tng véi ca thé ind*;
25 return s*;
26 end

cac cay khung nén h doan dau tién sé la cac chudi ma Cayley bicu dién
cac cay khung bo phan tuong ting. Doan thi A 4+ 1 1a ma Cayley ctia cay
khung toan cuc. Doan thit h + 2 13 M-Seg chiia cac dinh goc cua cac cay

Nhu vay, mot nhiém sic thé dugce chia thanh h + 2 doan. Dé thuan tién
cho theo déi, h + 2 doan sé dugc danh danh s6 tit 1 t6i A + 2. Do ma héa
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khung bo phan.

Vi du vé ma héa ca thé trong thuat toan C-EA dugc minh hoa trong
hinh 3.1. Gia stt hinh 3.1(b) minh hoa d6 thi ctia ¢4 thé, khi d6 hinh 3.1(c)
minh hoa ma héa clia do thi trong hinh 3.1(b) clia ca thé dudi dang ma
Priifer Code. C4 thé trong hinh 3.1(c) gom 6 doan trong dé sé dinh trong
cac cum 1, 2, 3 va 4 lan lugt 1a 4, 5, 5, va 4; doan G-Seg gom hai gen c6

gia tri 1a 1 va 3; doan M-Seg gom bdn gen c6 gia tri la 1, 1, 1 va 2.

Cluster I~ Cluster 2 lustel 1 Cluste1 2
000 @ @
s OO
00 e 0O
@ Cluster 4 Cluster 4
(a) Tap dinh ctia d6 thi dau vao (b) Loi giai bai toan CluSPT

Ljry3j2(2(4(j2(1(21|3j1(1|1]2

|Cluster 1| Cluster2 | Cluster3 |Cluster 4 G-Seg I M-Seg |
(c) Ca thé

Hinh 3.1: Vi du vé biéu dién c4 thé trong thuat toan C-EA

Do nhén ctia cac dinh ctia ca thé thuong khong phai la nhan cla céc
dinh trong cac do thi dau vao, nén dé tim lai nhan ciia cac dinh trong céc
cum, thuat toan C-EA dong thoi phai xay duyng ham (goi 1& M-function)
c6 chiic nang anh xa cac dinh thudc mdi cum ciia ca thé téi cac dinh thuoc
cum tuong tng ciia do thi dau vao. Vi dy, xét ca thé nhu trong hinh 3.1(a)
va hinh 3.1(b), ham M-function sé anh xa cac dinh thudc doan thi 2 cia
ca thé nay véi cac dinh thudc cum 2 nhu sau: dinh 1 tuong tng vé6i dinh
10, dinh 2 tuong tng véi dinh 11, dinh 3 tuong tng v6i dinh 12, dinh 4
tuong tng véi dinh 13, dinh 5 tuong tng véi dinh 14. Cac thong tin anh
xa gitta cac dinh ctia ham M-function sé dugc su dung trong phuong thic

danh gia ca the.
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3.1.3. Phuong phap khdéi tao ci thé

Dé tao ra cé thé hgp lé cho mot bai toan, tng véi mdi biéu dién khéc
nhau doi héi can c¢6 mot phuong phap khéi tao tuong ting. Phan nay sé
gi6i thieu phuong phap tao ra ca thé hgp lé ciia bai toan CluSPT, trong
d6 mdi doan clia ca thé tuong tng 1a mot chudi Cayley ngau nhien. Dé
tao ra ca thé hgp lé cho bai toan CluSPT, cay khung clia mdi cum va clia
do thi G — Graph lan luot duge xay dung dua trén tao ngau nhién ma
Cayley. Chi tiét ctia phuong phap tao ngdu nhién ca thé duge minh hoa

trong thuat toan 3.2.
Thuat toan 3.2: Phuong phap khdi tao ca thé trong thuat toan C-EA

Input: Céc do6 thi phan cum G = (V, E,C); Dinh nguon s.
Output: Ca thé Ind.

begin

for i < 1 to h do

S; < Generate Random_ Cayley Code(|Cjl);
Theém chudi S; vao cudi ca thé Ind;

Sn+1 « Generate Random_Cayley Code(h);
Thém chudi Sy 1 vao cudi ca thé Ind;

Sni2 < Select Random_Vertices In_ Clusters();
Thém chudi S, 12 vio cudi ca thé Ind;

10 return Ind,;

1
2
3
4
5 end
6
7
8
9

11 end

Trong thuat toan 3.2, phuong thitc Generate Random__Cayley Code(l)
sé tao ra chudi ma Cayley ngau nhién c¢6 do dai | — 2. Phuong thitc
Select Random_ Vertices In_ Clusters() sé lua chon ngau nhién mot dinh

trong moi cum dé tao canh noi gitta cac cum.

3.1.4. Toan tiwr lai ghép

biém thuan 1oi ctia viéc sit dung ma Cayley dé ma héa 151 gidi trong
thuat toan EA 1a c6 thé sit dung cac toan ti tién hoa da c6 sdn nhu: lai
ghép mot diém cét [8], phép lai ghép PMX [3, 4], v.v. Dé khai thac 1gi thé
nay, thugt toan C-EA st dung lai ghép mot diém cit (one-point crossover

operator) [4]. Phép lai ghép mot diém cit sé lia chon ngdu nhién mot diém

49



trén nhiém sic the, sau do trao doi hai doan gen ctia cac ca thé cha me dé

tao ra hai ca thé con méi.

‘blusterﬂ Cluster 2 | Cluster 3 |C1uster4| G-Seg| M-Seg |
Parent1 | 1 | 1[4 |3 (4|43 |23 2|23 |1|1]|3]|2

Parent2 | 2| 1 | 1 |3 (4|4 |21 (1|3 ]2|1]1[1]2]2

Oftspring1 | 1 [ 1[4 |3 |44 2|11 (32|11 ]1]|2]|2

)
N

Offspring2 | 2 1 1 |1 |3 4[4 [3|2|3]2]2|3|1]1

Hinh 3.2: Vi du vé toan tit lai ghép trong thuat toan C-EA

Hinh 3.2 minh hoa co ché clia toan t lai ghép trong thuat toan C-EA,
trong d6, dudng thang ding mau dé 1a vi tri diém lai ghép. Theo céch
ma héa dugce trinh bay & trén thi cac chudi Cayley cua cac cay khung cay
khung bo phan va ctia cay khung toan cuc lién ké nhau va doan cudi cling
luwu thong tin cac dinh duge st dung dé tao 16i giai thong qua két hop cac
cay khung bo phan va cay khung toan cuc. Phép lai ghép mot diém cit c6
kha nang gitt lai cic dac trung di truyén ctia cha me, tuy nhién tiy vao
vi trf ctia diem lai ghép ma cac dic trung duge di truyén dugce gitt lai sé
khac nhau. Néu vi tri diém lai ghép thuoc vao mot chudi Cayley ma héa
cay khung bo phan thi céc chudi Cayley ctia ca thé con sé khac clia c4 thé
cha me. Néu vi tri diém lai ghép thuoc chudi Cayley ctia cay khung toan
cuc thi ca thé con sé khéac ca thé cha me tai chudi Cayley nay. Con néu vi
tri diém lai ghép thuoc doan M-Seg thi toan tit lai ghép sé tao ra tap cac
diém gbc mdi. Do xéc sudt dé vi trf diém lai ghép thuoc doan gen ciia cay
khung bo phan, cia cay khung toan cuc va ctia doan M-Seg phu thudc vao
chiéu dai ctia doan gen d6 (biang s6 gen clia doan d6), nén xac suat dé ca
thé con c6 cay khung trong mot cum khéac véi ca thé cha me phu thudc
ti 1é chiéu dai ctia doan gen biéu dién cay khung ctia cum d6 va chieu dai
ctia nhiém sic thé; con xac suat dé ca thé con cé cay khung toan cuc khac
v6i cha me sé phu thudc vao ti 1é tong chiéu dai hai doan G-Seg, M-Seg va
chiéu dai ctia nhiém sic the.
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Do l6i gidi ciia bai toan CluSPT duge méa héa thanh céc chudi Cayley

nén phép lai ghép mot diém cit luon tao ra ca thé con hop le.

3.1.5. Toan tit dot bién

Toan tit dot bién thuc hién hai thay déi khac nhau trén ca thé:

e Thay doi dau sé tao ra chudi Cayley mdéi bang cach hoan ddi vi tri

ctia hai gen trén mot doan. Tac dong ctia thay doi nay t6i 101 giai mdi
duge tao thanh phu thuoc nhiéu vao miic do cuc bo (locality) [51, 61]
ctia mé Cayley dugce st dung dé méa héa ca thé. Néu méa Cayley dugc
st dung c6 tinh cuc bo cao thi su hoan doi hai gen sé tao ra ca thé
méi it thay doi so véi ca thé cha me. Ngugc lai, néu ma Cayley co6
tinh cuc bo thap thi su hoan doi sé tao ra cay khung méi c6 nhiéu su
khac biét so véi ca thé cha me.

Thay déi thit hai chi tac dong len doan M-Seg thong qua thay doi cac
gbc clia cay khung bo phan. Néu chi c6 thay doi thi nhat thi ca thé
con tao ra chi khac ca thé me & canh néi trong mot cum hodc canh
noi giita cac cum, khong c6 sit khac nhau gitta cac dinh noi gitta cac
cum. Vi vay, muc dich ctia thay doi nay 1 tao ra ca thé con c6 thé co

dinh néi gitta cdc cum khac nhau.

M3 gia clia toan tit dot bién dugce trinh bay trong thuat toan 3.3.

Thuat toan 3.3: Toan tit dot bién trong thuat toan C-EA

Input: Ca thé I.

Output: Ca thé mdéi I’

begin

2 N « S6 cac doan ciia cé the;

[y

/* Tao thay ddi tran cdy khung trong cum */
Chon ngau nhién mot doan S,,r € [1, N — 2J;
Dé6i vi tri cia hai gen dugce chon ngiu nhién trong doan S,;

W

/* Tao thay ddi trén cay khung nbi gifta céc cum */
v < Chon ngau nhién moét dinh trong doan S,;

Thay thé gen thit r trong doan M-Seg béi dinh v;

return;

® g O «»

end

Xét vi du nhu trong hinh 3.3, gid st cum tht 3 duge chon ngau nhién.
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Gia sit hai gen ctia cum th 3 (hai gen ¢6 gia tri 2 va 3 - céc gen c6 gia tri
dé trong hinh) duge trao ddi. Gen thit 2 cia doan M-Seg (gia tri dang 13
1) dugc thay bang gia tri 3 (gia tri ¢6 mau do trong hinh).

|Cluster1| Cluster 2 | Cluster 3 |Cluster4‘ G-Seg| M-Seg |

L4344 (3(2(3[223|1|1]3]2
{1
ryr|{4/3(4(4(2(3(3[2(23|1|1]3]2
L1
1|43 (4(4(2(3(3[22|3|13]|3]2

Hinh 3.3: Vi du vé toan tit dot bién trong thuat toan C-EA

3.2. Huéng tiép can duya trén giam khong gian tim kiém cuaa
thuat toan tién héa

3.2.1. Cach tiép can

Huéng tiép can dua trén thuat toan EA dé tim kiém 1oi giai hop lé va
c6 chi phi nhé nhat c6 thé ciia bai toan CluSPT. Thong thuong céc huéng
tiép can nay sé tim kiém 10i gidi trén toan bo khong gian 16i gidi ciia bai
toan CluSPT. Do bai toan CluSPT thudc 16p bai toan NP-Kho, nén viéc
tiép can nhu trén dan t6i hao phi tai nguyén tinh toan va thoi gian, dic
bieét khi s6 chiéu ctia do thi dau vao 16n. Vi vay, phan nay sé gi6i thieu
hudng tiép can mdéi (goi 1a N-EA) dya trén viéc phan ra bai toan CluSPT
thanh hai bai toan con nho hon, sau d6 chi ap dung thuat toan EA cho

mot bal toan con.

3.2.2. Phuong phap phan ra bai toan CluSPT

Bai todn CluSPT dugce phan ra thanh hai bai todn con (sub-problem):
bai toan con thit nhat (ky hieu 14 H-Problem) sé tim cac canh ndi gitta cac
cum; bai toan con thit hai (ky hiéu la L-Problem) xac dinh cay khung ctia
do thi con trong mdi cum. Véi cach tiép can nay, cic cay khung ctia do thi
con trong cac cum dugc xac dinh sau khi cay khung néi gitta cum dudge xac

dinh. Hay néi cach khac, thuat toan N-EA giai bai toan H-problem trudéec,
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sau do ung véi 16i giai cia bai toan H-Problem sé tim 16i giai ctia bai toan
L-Problem.
Cluster 1 Ch}/sitgr 2 luster 1

Clq/sﬁtgr 2 l‘lﬁ@er 1 Clq/s}gr 2

b}

Clusier 3
Cluster 4 @ Cluster 4 Cluster 4
(a) (b) (c)

Hinh 3.4: Vi du vé cach phan ra bai toan CluSPT thanh cac bai todn bé hon

Hinh 3.4 minh hoa vi du vé cach tiép dua trén phan ra bai toan CluSPT
thanh hai bai toan con. Trong d6, hinh 3.4(a) la do thi dau vao véi dinh
nguon 1a dinh 1; Hinh 3.4(b) minh hoa do6 thi 1a 16i gidi ctia bai toan H-
Problem; Hinh 3.4(c) minh hoa céc cay khung ctia cac do thi con trong
cac cum.

Sau khi bai toan CluSPT dugc phan ra thanh hai bai toan con, mot
s6 thuat toan nhu thuat todn di truyén hai mtc (two-level genetic algo-
rithm) [26, 64, 67, 68], thuat toan tién hoa bi-level (evolutionary bi-level
optimization) [19, 75],... ¢c6 thé ap dung dé giai cac bai todn con nay. Mic
di cac thuat toan nay sit dung nhiéu chién luge khac nhau dé cai thien
chat lugng 10i gidi tim dudge, ciing nhu gidm hao phi tai nguyén tinh toan
trong khi tim 10i gidi. Tuy nhién, vé ban chat, cdc thuat toan nay van xét
hét tat ca cac truong hop (td hop) co thé clia cAc canh ndi véi cac dinh
nén so6 truong hop phai xét dén van rat 16n. Hon nita, mot s6 huéng tiép
can ma hoéa 10i giai ctia bai toan CluSPT duéi dang mot nhiém sic thé véi
s6 gen bang s6 chiéu ctia do thi dau vao, nén cach ma hoéa nay sé gay lang
phi tai nguyeén.

Dé khic phuc cac han ché trén, thuat toan dudgc dé xuat can cé hai dac
trung quan trong:

1. V6i moi 1oi gidi ctia bai toan H-Problem, thuat toan phai xac dinh
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dugc 101 giai tuong ting cia bai toan L-Problem.
2. Dé xay duyng 15i gidi cia bai toan CluSPT, thuat toan chi can dua
trén cac thong tin ctia 161 giai cua bai toan H-Problem.

Dé théa man dic trung dau tien, déi v6i moi cum, 16i giai cia bai toan
H-Problem can c6 thong tin vé dinh goc ciia cay duong di ngan nhat cla
cum dé6. Béi vi tit cac dinh gbc nay ta co thé sit dung cac thuat toan chinh
xac nhu thuat toan Dijstra [43, 74, 89] dé tao cay duong di ngan nhat cho
bai toan L-Problem. Tit nhan xét trén ta thiy rang, thuat toan chi can
tap trung vao cac canh noi gitta cac dinh cua cac cum. Do do, thuat toan
chi m& hoa cac dinh la cac nat cia cac canh noéi gitta cac cum.

Xét vi du trong hinh 3.4, trong d6 16i giai ciia bai toan H-Problem trong
minh hoa trong hinh 3.4(b). Thuat toan sé luu cic canh ndi gitta cac dinh
1 v6i dinh 10, dinh 10 v6i dinh 17, dinh 17 véi dinh 7. Khi do, cac dinh 1,
10, 17 va 7 sé dudc st dung dé tim cac cay dudng di ngin nhat ciia do thi
con trong cac cum tuong tng chita cdc dinh nay (cum 1, cum 2, cum 4 va
cum 3).

V6i cach tiép can nay, néu mot do thi con G[C}],i € [1, h] chia do thi G
1a do thi lien thong thi cay duong di ngan nhat ctia do thi con G[C;] luon
tim dugce. Hay néi cach khac, néu cac do thi con G[C],i € [1, h] déu la do
thi lien thong thi dieu kién thi 2 ciia 101 gidi clia bai toan CluSPT luon
dugce théa man. Mac dut vay, trong mot s6 truong hgp, do thi cdm sinh bdi
tap cac dinh gbc clia cac cum c6 thé khong lien thong, khi do diéu kien
dau tien ctia 10i giai bai toan CluSPT sé khong duge théa man.

Cac vi du ve 10i giadi hgp 1lé va khong hop lé duge minh hoa trong
hinh 3.5, trong d6 do thi dau vao dugc minh hoa trong hinh 3.4(a). Trong
hinh 3.5(a), do do thi con G[V;] ctia do thi G dugc cam sinh béi tap céc
dinh gbc V; = {4,11,6, 15} clia cdc cum khong lien thong, nén khong thé
xay dung dugc cay khung cho do thi con G[V;]. Do d6, 15i gidi ciia bai toan
CluSPT dugc xay dung tur tap V,. 1a khong hgp 1é bdi vi 1oi giai nay khong
thoa man diéu kién thd nhat ctia 10i giai clia bai toan CluSPT. Loi giai
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ctia bai toan CluSPT dudc xay dung tur tap cac dinh goc V, dudge minh
hoa trong hinh 3.5(b). Hinh 3.5(c) minh hoa do thi con G[V,/] ctia d6 thi
G dugce cam sinh bdi tap cac dinh goc V. = {4,11,5,15} cia cac cum,
Do do6 thi con G[V,-] 1a do thi lién thong, nén luon tim cay khung ctia do
thi G[V,.]. Do d6, c¢6 thé tim dugc 16i gidi hop 1é ctia bai toan CluSPT,
hinh 3.5(d) minh hoa mot trong cac 13i gidi hop lé c¢6 thé duge xay dung
tit tap Vi,

C/lgs}er 1 Clug}er 2 C{l_lrlrsger Clu/sﬁtrer 2 Q{gs@er 1 Clug}el‘ 2 C{l}}qer Clu/sﬁtrer 2

[ v [ v
/ Vo h Vo

Cluster 3.

© /
" Cluster 4 uster

Clus

Cluster 4

Cluster4 . uster 4

(a) (b) (c) (d)

Hinh 3.5: Vi du vé 10i gidi hgp lé va khong hop 1é ddi véi cach tiép can mdéi

Ma gid ctia thuat toan dé xuat dugc trinh bay trong thuat toan 3.4.
Diém dang cht ¥ trong thuat toan 3.4 1a gia tri thich nghi cia ca thé duge
tinh thong qua chi phi ciia 16i gidi ctia bai toan CluSPT (dong 5 va dong 13
trong thuat toan 3.4). Diéu d6 c¢6 nghia rang, dé tinh gia tri thich nghi ctia
c& thé ind;, trude tien, thuat todn 3.4 sé xac dinh va tinh chi phi 15i giai
s; clia bai todn CluSPT tuong ting véi ca thé ind;, sau do, thuat toan 3.4
mdi tinh gia tri thich nghi fit(ind;) ctia ca thé ind; bdi cong thiic duge
xac dinh truée nhu:

f(s5)
3.2.3. Biéu dién ca thé

M&3i nhiém sic thé la mot mang cac dinh, trong d6, phan ti thit ¢ cia
mang 14 mot dinh goc r; clia cum thi 7. Goc clia cum thit ¢ duge st dung
dé xay dung cac canh ndi gitta cum tht ¢ va cac cum khéc.

Dé tim tap canh cia 1i gidi ctia bai toan CluSPT tit tap goc clia céc
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Thuat toan 3.4: Lugc do thuat toin N-EA

Input: D6 thi phan cum G = (V, E,w, C); Dinh nguon s;
Output: Loi gidi ctia bai toan CluSPT;

1 begin
2 Py + Tao ngau nhién N ca thé ciia bai toan H-Problem > M&i c4 thé 1a mot
méang gom cac dinh gbc clia cac cum;
3 foreach cd thé ind; € Py do
4 Xay dung 1oi giai s; ciia bai toan CluSPT dua trén cé thé ind; > Chi tiét
trong thuat toan 3.5;

5 Tinh gid tri thich nghi clia ind; dya trén chi phi clia 16i giai s;;

6 end

7 t <+ 0;

8 while diéu kién diung chua théa man do

9 P/} + Tournament Selection(F;) > Chon céc cé thé cha me;

10 O; + Thuyc hien lai ghép va dot bién(P/) > Chi tiét trong thuat toan 3.7 va

3.8;
11 foreach cd thé ¢; € Oy do
12 Xay dung 1oi giai s; ctia bai toan CluSPT dua trén ca thé ¢; > Chi tiét
trong thuat toan 3.5;

13 Tinh gia tri thich nghi ctia ¢; dua trén chi phi clia 161 gidi s7;

14 end

15 Rt — Ot U Pt;

16 P, 1 < Chon N ca thé t6t nhat tit Ry;

17 t+—t+1;
18 end
19 ind* < ca thé toét nhat tit P;;
20 Xay dung 16i giai s* ciia bai toan CluSPT duya trén ca thé ind* > Chi tiét trong

thuat toan 3.5;

21 return s*;
22 end

cum, luan an dé xuat thuat toan xay dung tap canh cua 10i giai (Construct
Fdge Set of Solution - CESA) dya trén thuat toan Dijkstra [25] va dac
trung cia do thi duge tao tir cay dudng di ngdn nhat (cay duong di ngan
nhét c6 thé ducc xac dinh sau khi thuc hién thuat toén Dijkstra). Cac
bude cia thuat toan CESA duge trinh bay trong thuat toan 3.5.

Do rang dinh gbc cia cum c6 thé khac dinh ngudn s nén déi véi cum
chita dinh nguon s, cay duong di ngan nhat luon duge xac dinh bang cach
ap dung thuat toan Dijkstra v6i dinh bat dau la dinh s (dong 11 trong
thuat toan 3.5).
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Thuat toan 3.5: Xay dung tap canh cia 10i gidi trong thuat toan N-EA
Input: D6 thi phan cum G = (V, E, O);
Dinh nguon s;
Ca thé 1= (7“1,7"2, cee ,Th).
Output: Mot cay 77 = (V', E')

1 begin

2 Vi« V;

3 S {ri,ra,...,mh};

4 Cn + Xac dinh cum chita dinh nguon s;

5 T + Ap dung thuat toan Dijkstra véi dinh bat dau ry, dé tim cay duong di ngin
nhét ctia do thi G[S];

foreach cum C; do

if C; # (), then

8 Tj <+ Ap dung thuat toan Dijkstra v6i dinh bit dau r; dé tim cay duong

di ngdn nhat cta do thi G[C}];

9 end
10 else
11 T, < Ap dung thuat toan Dijkstra véi dinh bt ddu s dé tim cay dudng
di ngdn nhat ctia do thi G[C,];
12 end
13 end
| B« (U B(T) UB(T)
15 return 7’
16 end

Vi du vé thuat toan ma héa 10i gidi CESA duge minh hoa trong hinh 3.6,
trong d6 hinh 3.6(a) minh hoa do thi dau vao G ¢6 6 cum. Do do thi G c6
6 cum nén sd gen ctia nhiém sic thé ciing 1a 6. Hinh 3.6(b) minh hoa mot
cé thé dugce khéi tao ngau nhién, trong dé dinh 3 thuéc cum 1 dude chon
ngau nhién lam dinh nguon, dinh 5 thudc cum 2 dude chon ngau nhién 1a
dinh nguon,... Hinh 3.6(d) minh hoa do6 thi con ctia do thi G dugc cam
sinh béi tap cac dinh 1a cdc gen trén nhiém sic thé trong hinh 3.6(b). Do
d6 thi con (hinh 3.6(d)) ctia do thi G duge cam sinh tit tap céc gen trong
hinh 3.6(b) khong lién thong nén ca thé trong hinh 3.6(b) khong hop le.
Hinh 3.6(c) minh hoa c4 thé khéc clia do thi dau vao G, ca thé nay khéc
ca thé trong hinh 3.6(b) tai gen thit 5, khi dinh 16 dugc thay bang dinh
15. Hinh 3.6(e) minh hoa do thi con ctia do thi G' duge cam sinh bdi tap
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Cluster 6

Cluster 1 Cluster 2 Cluster 6 Cluster 1 Cluster 2

13 ]5]10[8 [16]14] @

(b)
o
Cluster 5 Cluster 4 Cluster 3 ‘ 3 ‘ 5 ‘ 10‘ 8 ‘ 15 ‘ 14‘ Cluster 5 Cluster 4 Cluster 3
(a) (c) (d)

Cluster 6 Cluster 1 Cluster 2 Cluster 6 Cluster 1 Cluster 2 Cluster 6 Cluster 1 Cluster 2

Cluster 5 Cluster 4 Cluster 3 Cluster 5 Cluster 4 Cluster 3 Cluster 5 Cluster 4 Cluster 3
(e) (f) (g)
Hinh 3.6: Vi du minh hoa biéu dién c4 thé trong thuat toan N-EA

dinh 1& cdc gen ctia nhiém sic thé trong hinh 3.6(c). Cay duong di ngan
nhat dugc tao ra tit do thi con trong hinh 3.6(e) sau khi thyc hien dong
lenh 5 ctia thuat toan 3.5 duge minh hoa trong hinh 3.6(f). Hinh 3.6(g)
minh hoa mot 16i giai ciia bai toan CluSPT, 1oi giai nay duge tao tir ca
thé trong hinh 3.6(c) bing cach 4p dung thuat toan 3.5, trong dé cac cay
duong di ngan nhat ciia cac do thi con clia tat ca cac cum dude xac dinh
thong qua ap dung thuat toan Dijkstra vdi cac dinh bat dau lan luot 1a 1,
5,10, 8, 15 va 14.

3.2.4. Phuong phap khéi tao ca thé

Phuong phap khéi tao ca thé trong thuat toan N-EA sé tao ngau nhién
ca thé Ind=(indy, inds, ..., indy), trong d6 ind; 14 gdc clia cum thi 4
(i =1,...,h). Chi tiét phuong phap khdéi tao ca thé nay duge trinh bay
trong thuat toan 3.6.

Hinh 3.7 minh hoa phuong phap khéi tao ca thé cho do thi dau vao
gom 5 cum, trong d6 hinh 3.7(a) minh hoa do thi dau vao G. Hinh 3.7(b)

minh hoa mot 10i gidi trung gian khong hop 1é do dinh gbc clia cum thit
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Thuat toan 3.6: Phuong thic khéi tao ca thé trong thuat toan N-EA

Input: D6 thi phan cum G = (V, E, C)
Output: Mot ca thé Ind = (indy,inds, . .., indy)

1 begin

2 repeat

3 V' 0

4 for : < 1 to h do

5 ind; < Chon ngau nhién mot dinh thudc Cj;
6 V'« V' U {ind;};

7 end

8 | until G/V’] la do thi lién thong;

9 return Ind = (indy,inds, . .., indp)
10 end

3 (dinh 8) khong duge noéi véi bat ky dinh gée nao khac (minh hoa trong
hinh 3.7(d)) nén loi giai trung gian nay sé bi loai bé. Hinh 3.7(e) minh hoa
do thi con ctia do thi G' cam sinh bdi tap cac dinh 1& cac gen ciia nhiém
sac thé trong hinh 3.7(c). Do dd thi con trong hinh 3.7(e) lien thong, nén
ca thé trong hinh 3.7(c) dugc dua vao quan thé.

C/lgsfer 1 ClL}/S}gt 2 C{lgsfer 1

C11}§1er 2

C/l}}is}er 1 Cll/l/Sﬁt‘el‘ 2

[t ]1o] 8 [1s]
(b)

Clusier 3 Clusier 3

&Y "o, @ o
© Cluster 4 S Cluswer 4 S Gl

(a) (c) (d) (e)

Hinh 3.7: Vi du vé phuong phap khéi tao ca thé véi do thi dau vao gdm 4 cum

Nguyen nhan dan t6i cac ca thé trung gian khong hop lé trong thuat
toan 3.6 sé bi loai bd thay vi ¢d ging tim cach khic phuc céc diém khong
hop 1é 1a do: mic dit ¢6 thé c6 cac phuong phap don gian dé khic phuc
cac rang buoc bi vi pham trong do thi day da, tuy nhién déi véi do thi
khong day di cac phuong phap don gidn nay c6 thé khong hieu qua hoic
khong c6 kha nang khac phuc cac rang buodc bi vi pham. Xét vi du trong

hinh 3.7(b), néu chi thay thé gen thit 3 trén nhiém sic thé thi ca thé van
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khong hgp 1é do dinh 18 ctia gen thit 4 van 1a dinh ¢6 1ap. Cho nén ca gen
thi 3 va gen thi 4 phai duge dong thoi thay thé thi méi c6 kha ning tao
ra ca thé hop le. Qua trinh thay thé céc gen nay la khong don gian, dac
biet khi s6 luong cac cum va s6 lugng cac dinh ciia moéi cum ctia do thi

dau vao 16n.

3.2.5. Toan twr lai ghép

Toan t1t lai ghép trong thuat toan N-EA (ky higéu NCX) duge xay dung
dira trén toan tit lai ghép hai diém cét (two-point crossover operator) [4].
Tuy nhién, toan tt NCX van c6 thé tao ra ca thé con khong hop lé do cac
gbc clia cac cum khong dude ndi véi nhau. Khi ¢6 mot ca thé con khong
hop 1é, toan tit NCX sé loai bd ca the do. Chi tiét vé toan t& NCX duge
trinh bay trong thuat toan 3.7.

Thuat toan 3.7: Toan tit lai ghép trong thuat todn N-EA
Input: D6 thi phan cum G = (V, E, O);
C4 thé cha me: P; = (pi1,...,pin),i = 1,2;
Output: Cac ca thé con P = (pf, ... i)t =1,2;

1 begin

2 | PP PLi=12;

3 z1,2 < Chon ngau nhién tit tap {1,...,h};
4 if z1 > 29 then swap(zq,z2) > Hoan doi gia tri clia hai bién ;
5 for j + x1 to =5 do

6 ‘ swap(py;, p3;);

7 end

8 foreach cd thé con PF do

9 if P" la ca thé hop lé then

10 P < Null

11 end

12 end

13 return P’
14 end

Hinh 3.8 minh hoa cac buéc ctia toan tt NCX véi do thi dau vao G
dugc minh hoa trong hinh 3.8(a). Do do thi G' ¢6 6 cum nén nhiém sic thé
c6 6 gen. Hinh 3.8(b) minh hoa céc bude ctia toan tit NCX véi 2 dusng
thang ding mau minh hoa 2 diém lai ghép. Toan tit NCX sé tao ra 2 ca
thé con. Tuy nhién, c4 thé con 1 khong hop 1é do d6 thi con ctia dd thi G
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cdm sinh bdi tap cac dinh {3, 4, 11, 9, 15, 14} clia c4 thé con 1 khong 13
do thi lien théng. Do d6, ca thé con 1 bi loai bé.

C{‘??‘i\(’ Clull C/lfle_l;z Parent 1 [ 3 |5 [10] 8 [15]14]

w Parent2 [ 1] 4[11]9 [18]12]
) =

L [4fufof |

| [seofs] | |
o

Offspring 1 | 3 | 4 [11] 9 [15]14]

Cluster 5  Cluster4  Cluster 3 Offspring 2 | 1| 5[10[ 8 [18]12]

(a) (b)

Hinh 3.8: Vi du vé toan tit lai ghép sit dung trong thuat toan N-EA

3.2.6. Toan ti dot bién
Y tudng chinh ciia toan tit dot bién trong thuat toan N-EA la thay déi

gbc clia mot cum trén nhiém sic thé. Chi tiét ve toan tit dot bién nay duge
trinh bay trong thuat toan 3.8.

Thuat toan 3.8: Toan tit dot bién trong thuat toan N-EA
Input: D6 thi phan cum G = (V, E, C);
Cathé P = (p1,...,pn);
Output: Ca thé méi P* = (p},...,p});

1 begin

2 P« P;

3 Chon ngau nhién mot cum Cj;

4 repeat

5 if tat cd cac dinh trong cum C; da duge zét then
6 ‘ return P;

7 end

8 x < Chon ngau nhién mot dinh tit cum Cj;
9 swap(z, p});

10 until P* 1a cd thé hop le;

11 return P*;

12 end

Hinh 3.9 minh hoa mot vi du vé cac bude ciia toan tit dot bién. Gia sit
do6 thi dau vao gom 6 cum va 18 dinh duge minh hoa trong hinh 3.9(a).
Xét ca thé trong hinh 3.9(b), gia st cum dude chon ngdu nhién 14 cum thi

6 (gen c6 mau nén xam), khi do:
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e Gia st ca thé con trung gian thi nhat dudc tao tit cdc thé cha me
bang cach thay thé dinh 14 bang dinh 13. Do c4 thé trung gian thi

nhat tao dugc l1a ca thé khong hop 1é nén ca thé nay bi loai bo.

e Gia sit ca thé con trung gian tht hai dudce tao bang cach thay thé
dinh 14 bang dinh 12. Do cé thé con tht hai 14 hgp 1é nén ca thé nay

la dau ra clia toan t1t toan tit dot bién mdéi (New mutation Operato -

NMO).

Cluster 6 Cluster 1 Cluster 2

Cluster 5 Cluster 4 Cluster 3
(a)
Hinh 3.9: Vi dy minh hoa toan tit dot bién sit dung trong thuat toin N-EA

3.2.7. Cach danh gia ca thé mdi

Temporary Offspring 1
3] 5]10] 8 [15]13]
A

Individual

|3 ]5]10]8]15]14]

Iy

Temporary Offspring 2
13]5]10]8]1512]

(b)

Luan an giéi thiéu cach tiép can méi trong viéc tinh chi phi ctia 161 giai

bai toan CluSPT. So véi cach tinh theo cong thitc trong ham muc tiéu cua

bai toan CluSPT, cach tinh chi phi méi nay giup gidm hao ton tai nguyen

tinh toan.

Trong dinh nghia bai toan duoc gidi thieu ¢ phan 1.3.2, chi phi ctia 10i
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giai T dudc tinh va bién déi nhu sau:

F(T) = dr(s,u) (3.3)

ueV

= Z Z dr(s,u)

i=1 ueC;

=Y ) (dr(s,ri) + dr(ri,u))

i=1 ueC;

k
— Z (C’i x dp(s,r;) + Z dﬂmu)) (3.4)
i=1 ueC;

Cong thiic (3.4) chi ra rang, chi phi ctia 16i gidi T c6 thé dugc tinh thong
qua cac gia tri cia do dai cac duong di tir dinh nguon t6i dinh gbc clia cac
cum va tit méi dinh gbc clia mot cum t6i cac dinh khac trong cling cum.
Do s6 chiéu ctia do thi con trong mdi cum nhoé hon s6 chiéu ctia do thi
dau vao G, nén do phic tap khi tinh toan chi phi 16i giai bai toan CluSPT
bang cong thiic (3.4) sé nhé hon khi tinh bang cong thie (3.3).

3.3. Danh gia thuat toan

Dé phan tich hiéu qua clia thuat toan C-MFEA va thuat toan N-EA
luan an da tién hanh thuyc nghiem hai thuat toan trén 141 bo dit lieu thuoc
6 tap do thi metric va 75 bo dit lieu thuoc 3 tap do thi day du phi metric.
Két qua nhan dudce ctia thuat toan C-MFEA va thuat toan N-EA dudce so
sanh v6i 101 gidi t6i wu va bon thuat toan xap xi khéac.

Bén canh d6, luan an cling tién hanh phan tich &nh hudng ctia cac tham
s6 ctia bo dit lieu dau vao (s6 cum va s6 dinh ctia do thi dau vao) t6i higu
qué clia thuat toan N-EA khi so sanh véi cac thuat toan dé xuat khac.

Dé danh gia cac thuat toan dé xuat ducc chi tiét, tréen nhiéu khia canh
va tréen da dang cac tieu chi so sanh, diic biét 1a dé thuc hién céc phan
tich thong ke va phan tich sy 4nh hudng ciia cac tham s6 di lieu dau vao

t6i hieu qua so sanh gitta nhiéu thuat toan. Vi vay, luan an phan tich két
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qua cac thuat toan, ciing nhu mo ta thiyc nghieém chi tiét tai chuong 5.

3.4. Két luan chuong

Chuong nay trinh bay hai dé xuat ap dung thuat toan C-EA va N-EA
dé giai bai toan CluSPT.

Do thuat toan C-EA ma hoa cay khung biang ma Cayley va st dung
toan tit tién hoa dé tao cay khung cho ci dd thi trong méi cum va do thi
cac canh ndi gitta cac cum nén chat luong 10i giai clia thuat toan C-EA van
con han ché. Tuy nhién thuat toan C-EA vAn c¢6 nhitng wu diém nhat dinh
nhu: cic toan tit tién hoa c6 ¥ tudng ro rang va dé cai dit; cac toan ti tién
héa c6 thé ap dung cho céc bai toan cé cau tric 1i gidi tuong tu khac nhu
cic bai toan bai toan cay khung phan cum c6 chi phi dinh tuyén nhé nhéat
(Minimum Routing Cost Clustered Tree Problem - CluMRC'T) va bai toan
cay khung phan cum vdi chi phi dinh tuyén lién cum nhd nhat (Minimum
Inter-cluster Routing Cost Clustered Tree Problem - InterCluMRCT).

Dé cai thien chat luong 16i giai tim dugce, luan an dé xudt thuat toan
N-EA. Do thuat toan N-EA sit dung thuat toan Dijkstra dé tim cay khung
trong mdi cum nén thuat toan EA dude st dung dé t6i wu canh nbi giita
cac cum. Bén canh d6, trong thuat toan N-EA con bién déi cong thiic tinh
ham muc tiéu cta loi giai bai toan CluSPT gitp giam chi phi tinh toan khi
cai dat thuyc nghiém. Tuy nhién, thuat toan N-EA van con mot sé han ché
nhu: khi do thi dau vao 14 do thi thua, thuat toan tén nhiéu tai nguyen dé
tim va kiém tra do thi tuong ting v6i mot ca thé cé lien thong hay khong?
Trong 10i giai tim duge bdi thuat toan N-EA mdi cum chi néi véi cum
khac thong qua mot dinh va dinh ndi véi cac cum khac clia mot cum ciing
chinh 13 dinh gbc cay khung tim kiém dugc bang thuat toan Dijkstra. Vi
vay, chat luong 10i gidi clia thuat toan N-EA trong mot s6 truong hop van
chua t6t. Cac toan t1t tién hoa st dung trong thuat toan N-EA chi st dugc
dé giai bai toan CluSPT.
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Chuong 4

THUAT TOAN TIEN HOA DA NHAN TO GIAI BAI
TOAN CAY PHAN CUM VOI PUONG DI NGAN NHAT

Phan nay trinh bay huéng tiép can dua trén thuat toan MFEA dé giai
bai toan CluSPT. Khac vé6i thuat toan EA co ban, dé ap dung thuat toan
MFEA vao gii cac bai toan, ngoai viéc can xac dinh cach ma hoéa 151 giai,
toan tit lai ghép, toan tit dot bién, con can phai xic dinh phuong phap
gidi ma dé chuyén ca thé trong khong gian tim kiém chung ( Unified Search
Space - USS) vé thanh 13i gidi clia tung bai todn trong mdi tac vu. Beén
canh d6, do thuat toAin MFEA can phai ma hoa 161 giai ctia nhiéu bai toan
vao mot ca thé nén cach thitc ma héa 10i giai trong thuat toan MFEA ciing
khac trong thuat toan EA co ban. Ciing do ma hoéa 161 gidi ciia nhicu tac
Vi1 nén cac toan ti lai ghép, dot bién da dugc gi6i thiéu trong thuat toan
EA c6 thé khong st dung dugce trong thuat toan MFEA.

Thuat toan MFEA dugc trinh bay trong chuong nay (ky hiéu la G-
MFEA) gom ¢6 hai tdc vu: nhiém vu ctia tac vu thtt nhat 1a xac dinh 161
giai hgp 1é cua bai toan CluSPT, trong khi nhiém vu cta tac vu thit hai
13 cai thien chat lugng 1oi gidi tim dudc trong tic vu thi nhat thong qua
cd ché trao ddi vat chat di truyén tiém an (implicit genetic transfer) gitta
cac tac vii. Tac vu thit hai sé tim 10i giai tot nhat duya trén t6i uwu cic canh
noi gitta cac cum ciia mdi 101 gidi bai toan CluSPT tim dugce & tac vu thi
nhat.

Céac toan tit tién hoa duge dé xuat trong thuat toan G-MFEA sé tac
dong lén 10i gidi trong hai giai doan: giai doan dau sé bado dam riang ca
thé nhan dugc sé 1a mot cay khung; giai doan sau sé bao dam ring méi do
thi con trong mot cum sé 13 mot cay khung. Véi cach tiép can nay, 1oi gidi
duge tao ra bdi cac toan ti nay luon duge bao dam la loi giai hgp 1é cua
bai toan CluSPT.

Diém khéc biét 16n nhat gitta thuat toan G-MFEA va cic nghién ctiu
khac st dung thuat toan MFEA dé giai bai toan CluSPT, cling nhu céc
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nghién citu vé ap dung thuat toan MFEA khac truée day la: trong cac
nghién cttu trudéc day moi tac vu sé tim 161 gidi ciia mot bai toan khac
nhau (khac nhau vé phét biéu bai toan hozc s6 chiéu ciia dit lisu dau vao).
Trong khi thuat toan G-MFEA sé gidi mot bai toan bang cach chia bai
toan vao hai tac vu: tdc vu thi nhat sé tap trung vao giai bai toan ban
dau, con tac vu thi sé gidi mot bai toan méi duge phan ra (decompose)
tir bai toan ban dau. Thoat nhin sé thay tac vu thit hai dong vai tro giong
nhu céc thuat toan tim kiém cuc bo. Tuy nhién, khac v6i thuat toan tim
kiém cuc bo, qué trinh trao doi vat chat di truyén dugce lién tuc thuc hién
thong qua cac phuong thitc va toan ti tién hoa trong thuat toan G-MFEA.

Thuat toan dudc trinh bay trong chuong nay dudc cong bd trong cong
trinh [V].

4.1. Y tudng dé xuit thuat toan G-MFEA

Thuat toan N-EA dugc trinh bay trong phan 3.2.1 da tim 1oi gidi bai
toan CluSPT bang cach chia bai toan ban dau thanh hai bai toan nhé hon:
H-Problem va L-Problem. Mic du thuat toan N-EA gitap cai thién chat
luong 101 giai tim duge so v6i mot s6 hudng tiép can khac, song huéng tiép
can nay van c6 mot so6 han ché nhu:

e Do mot cum dugde noi véi cac cum khac thong qua chi mot dinh duy
nhat nén trong mot s6 truong hop, 10i gidi tim duge khong tot. Xét vi
du nhu trong hinh 4.1 v6i do thi dau vao gom 4 cum, 18 dinh va dinh
nguon 1a dinh 1 (hinh 4.1(a)). Thuat toan N-EA sé tim dugc 1oi giai
nhu trong hinh 4.1(b). Néu canh (1, 10) ctia 1i giai trong hinh 4.1(b)
duge thay thé bdi canh (4, 10) thi 101 gidi méi nhan duge (nhu trong
hinh 4.1(c)) sé t6t hon 101 giai ban dau.

e Trong truong hop ton tai nhiéu hon mot canh ndi gitta hai cum, thuat
toan N-EA khong tién hanh danh gia cac canh nay dé chon ra canh
t6t nhat.

e Khi do thi dau vao 1a do thi thua (sparse graph), phuong thitc tao
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ngau nhieén ca thé va toan ti lai ghép doi héi mot sé luong 16n tai
nguyen dé tim do thi lien thong.

luster 1 Cluster 2 luster 1

d

Clu/sﬁt_er 2 C/l_l}gter 1 Clu/sﬁt_er 2

Cluster 3 Cluster 3

Cluster 4

Cluster
(a) (b) (c)

Hinh 4.1: Vi du vé céc han ché ciia thuat toan N-EA

luster

Dé khac phuc han ché ciia thuat toan N-EA, thuat toan G-MFEA st
dung ma hoéa 15i giai dya trén biéu dién canh. Méi c4 thé trong thuat toan
G-MFEA sé mot cay khung gom cic thong tin vé lien két giiia cac cum,
thong tin vé cac dinh trong mdi cum c6 canh noi téi cac cum khéac va thong
tin vé dinh gbc ctia mdi cum. Diém ndi bat trong cach ma héa trong thuat
toan G-MFEA 1a mot cum cé thé ndi véi cac cum khac thong qua nhiéu
canh va nhiéu dinh khéac nhau. Cach méa hoéa nay c6 thé gitap cai thien chat
luong 10i gidi duge tao ra, dac biet khi do thi dau vao 1a do thi khong day
du.

Tuy nhién, dé thuc su cai thién chat luong 16i gidi tim dugce, cdch ma
héa mdi nay can phai xac dinh duge canh t6t nhat noi gitta hai cum trong
10i gidi ctia bai toan H-Problem khi ¢6 nhiéu hon mot canh ndi gitta hai
cum nay. Xét vi du v6i do thi dau vao va 10i gidi ciia bai toan H-Problem
lan lugt duge minh hoa trong hinh 4.1(a) va hinh 4.2(a). Hinh 4.2(b) minh
hoa tap canh ndi giita cac cum tuong tng véi do thi dau vao duge minh
hoa trong hinh 4.1(a) va 151 giai bai toan H-Problem dugc minh hoa trong
hinh 4.2(a). Trong hinh 4.2(b), c& hai canh (5, 15) va (7, 17) déu c6 thé
dugc chon lam canh néi gitta cum 3 va cum 4. Do d6, thuat toan HB-

RGA [77] (trinh bay trong phan 2.2) dugdc ap dung dé tim 1di gidi t6t nhat
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cua bai toan CluSPT tur 16i giai ctia bai toan H-Problem.

luster 1  Cluster 2

Cluster 1
B ©0 0
> Cluster 2 /C/l}},ftgr\a\
L) (. !
Cluster 3\. | s
Cluster 4 @ 7 Cluster 4
(a) Loi giai bai toan H-Problem (b) Tap canh nbi gitta cdc cum

Hinh 4.2: Vi du vé han ché ciia biéu dién 15i gidi trong thuat toan N-EA

Tt cac nhan xét trén, thuat toan G-MFEA gom hai tdc vu: mot tac
vu hudéng t61 viec khai pha (exploration) khong gian tim kiém USS thong
qua st dung thuat toan GA dé xay dung 10i giai ctia bai toan H-Problem,
trong khi tdc vu con lai sé st dung thuat toan HB-RGA dé khai thac
(exploitation) khong gian tim kiém USS.

4.2. Ludc do cua thuat toan G-MFEA

Thuat toan G-MFEA ¢6 cac dac trung sau:

e Mdi ca thé trong khong gian USS la mot 16i giai ctia bai toan H-
Problem.

e Thuat toan G-MFEA c¢6 hai tac vu, dau ra ctia ca hai tac vu la 1oi
giai bai toan CluSPT. Cac 1oi gidi nay duge xay dung tit ca thé trong
khong gian USS thong qua hai thuat toan khac nhau:

— Thuat toan thit nhat sé xay dung 16i gidi bai toan CluSPT bang
cach st dung thuat toan Dijkstra dé tim cay khung nhé nhat trong
moi cum.

— Thuat toan thit hai sé xay dung 16i giai bai toan CluSPT tu 16i
giai bai toan H-Problem thong qua sit dung thuat toan HB-RGA.

Thuat toén 4.1 minh hoa céc budc chinh ctia thuat toan G-MFEA. Diém

chta y trong thuat todn 4.1 14 mdi 16i giai cua bai toan CluSPT dugce xay
dung tit mot ca thé trong khong gian USS bang thuat todn dua trén thuat
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Thuat toan 4.1: Lude do thuat toan G-MFEA

Input: D6 thi phan cum G = (V, E, C); Dinh nguon s;
Output: Lai gidi ctia bai toan CluSPT
1 begin
2 t « 0;
3 P, + Khéi tao ngau nhien N ca thé ciia bai toan H-Problem;
4 foreach cd thé ind; € P, do
5 Gén ngau nhien chi s6 ky nang phit hop nhat 7; cho ca thé;
6 Tao 161 giai s; ctia bai toan CluSPT dya trén ind; va 7; > Chi tiét trong thuat
toan 3.5;
7 Tinh chi phi déi v6i mbi tac vu clia c4 thé ind; dya trén chi phi cla 1oi giai s;;
8 Tinh xép hang ddi v6i mdi tac vu, gia tri thich nghi vo huéng ciia ca thé ind;;
9 end
10 while diéu kién dung chua théa man do
11 P} < Tournament Selection(F;) > Chon céc ca thé cha me;
12 Oy + Thuec hién lai ghép va dot bién (P/) > Chi tiét trong thuat toan 3.7 va
3.8;
13 foreach cd thé c; € Oy do
14 Tao 15i giai s;- ctia bai toan CluSPT dya trén ¢; va chi s6 ky nang phit hgp
nhat cta ¢; > Chi tiét trong thuat toan 3.5;
15 Danh gia chi phi d6i v6i méi tac vu ciia ¢; dua trén chi phi clia 15i gidi s;
16 end
17 Ry <+ O U Py
18 Cap nhat xép hang ddi véi mdi tac vu, gia tri thich nghi vo huéng va chi s6
kj nang phit hgp nhat ciia céc ca thé trong tap Ry;
19 P, 1 < Chon N ca thé t6t nhat trong tap Ry;
20 t+—t+1;
21 end
22 return Loi gidi t6t hon ctia bai toan CluSPT trong hai tac vu;
23 end

toan HB-RGA hoac bang thuat toin duya trén thuat toan Dijkstra. Viéc
stt dung thuat toan nao dé xay dung 15i giai phu thudc vao chi sé k§ ning
phit hop nhat clia ca thé. Diém cht § khéac trong thuat toan 4.1 1a chi phi
d6i véi méi tac vu clia ca thé trong khong gian USS dude tinh dua vao
gia tri ham muc tiéu cia 10i giai bai toan CluSPT tuong ting véi chi s6 k¥
nang phtt hgp nhat (tai dong 7 va dong 15 trong thuat toan 4.1). Diéu do

c6 nghia la, dé tinh chi phi d6i véi mdi tdc vu clia mot ca thé ind; (1a 1o

gidi bai toan H-Problem), thuat toan G-MFEA truée tién sé xay dung va
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tinh gia tri ham muc tiéu cta 16i giai bai toan CluSPT s; tuong tng véi
chi s6 ki nang phit hgp nhat 7;, sau dé6 mdéi xac dinh chi phi ddéi v6i mdi
tac vu cta ca thé ind;. Do thuat toan G-MFEA dudc dé xuat theo huéng:
cac ca thé duge tao ra khong vi pham cac rang buoc clia bai toan CluSPT

nén de don gian, luan an tinh:

U] = f(sy) (4.1)

trong d6 f(s;) la ham muc tiéu ctia bai toan CluSPT tinh theo cong
thic (1.1).
Do cd hai tac vu ctia thuat toan G-MFEA déu tra veé 1o gidi ctia bai toan
CluSPT nén 10i giai tot hon sé duge chon lam dau ra ctia thuat toan 4.1.
Phuong phap ma héa trong thuat toan G-MFEA sé ma héa mot ca thé
gdm ba thanh phan: thanh phan dau tien duge st dung dé tao cac canh
noi gitta cac cum, trong khi thanh phan thi hai va thit ba chil yéu duge

stt dung dé xay dung cay khung trong moi cum.

4.3. Biéu dién ca thé

Dé xay dung 16i giai bai toan CluSPT tit 18i giai bai toan H-Problem,
mot ca thé trong khong gian USS can phai luu cac thong tin: thong tin ve
cac canh ndi gitta cadc cum (Iuu vao thudc tinh ES); thong tin vé cac dinh
¢6 canh ndi ra cac dinh thudc cac cum khac (luu vao thudc tinh IE) va
thong tin dinh gbc ctia mdi cum (luu vao thuoc tinh LR). Do d6, cau tric
clla mot ca trong khong gian USS sé gom cac thanh phan:

e Mot tap cac canh ES sé luu thong tin vé tat ci cac canh noi gitta cac
cum vd6i nhau.

e Mot mang hai chiéu IE sé luu cac dinh, cac dinh nay duge duge st
dung dé xac dinh canh ndi gifta hai cum. Nghia 13, gia tri IE[i][j] 1&
mot dinh thude cum ¢ ndi véi cum 7.

e Mot mang LR Iuu cac dinh gbc clia tat cd cac cum.

Hinh 4.3 minh hoa vi du vé ma héa trong thuat toan G-MFEA trong dé
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Hinh 4.3: Vi du vé ma héa 13i gidi trong thuat toan G-MFEA

cum 7 duge ky hiéu la C;. Xét truong hop 16i gidi ctia bai toan H-Problem
nhu trong hinh 4.3(a) thi tap ES cia ca thé trong khong gian USS Ia
ES = {(C1, (3), (Cs, Cy), (Cy, C3)}. Néu cac dinh duge sit dung dé xac
dinh canh noi gitta cdc cum duge minh hoa nhu trong hinh 4.3(b) thi mang
IE sé la IE[1)[2] = 4; IE[2][1] = 10; IE[2][4]=14; IE[4][2]=17; IE[3][4]=5;
IE[4][3]=15. Néu tap dinh gbc ctia cac cum lan lugt 1a {1, 10, 17} thi LR[1]
= 1; LR[2] = 10; LR[3] = 7; LR[4] = 17. Céac thuoc tinh IE va LR trong
vi du nay dugc minh hoa trong hinh 4.3(b).

Gia st moi con tré doi hoi a don vi bo nhé va mdi dinh cia do thi doi
hoi b don vi bo nhé. Véi cach ma hoéa ca thé duge dé xuat, yéu cau bo nhé
can thiét dé thuat toan G-MFEA luu trit mot c4 the la:

e Do tap ES luu thong tin ctia h — 1 canh noi gitta h dinh cta 10i giai
bai toan H-Problem nén khi biéu dién do thi béi ma tran ké doi hoéi
ah + 2b(h — 1) don vi bo nhd.

e Mang hai chiéu IE doi héi bh? don vi bo nhé.

e Mang LR doi hoi bh don vi bd nhé.

Nhu vay, can ah + 2b(h — 1) + bh? + bh = bh? + (3b+ a)h — 2b don vi bo
nhé dé luu trit mot ca thé trong thuat toan G-MFEA.

Diém can luu ¥ trong cach ma hoa nay la dinh gdc ctia mot cum cé the
khac v6i dinh ¢6 canh ndi tit cum nay t6i mot cum khéc.

Dé tao 10i giai bai toan CluSPT tit ca thé trong khong gian USS, thuat
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toan G-MFEA hiéu chinh phuong thitc xay dung tap canh (thuat toan 3.5)
dugc gidi thieu trong phan 3.2.3. Cac budc ciia thuat toin méi nay dugc

trinh bay trong thuat toan 4.2.

Thuat toan 4.2: Phuong phap xay dung canh cho 16i giai bai toan CluSPT tur ca
thé trong khong gian USS
Input: D6 thi phan cum G = (V, E, C); Dinh nguon s;
Ca thé I=(ES, IE, LR)
Output: Cay khung 77 = (V', E')

1 begin
2 Vi A{1,2,...,|V|};
3 E' + 0;
4 foreach canh e = (C;,Cj) € ES do
s | | B« B Ue = (TE[) B
6 end
7 foreach cum C; do
8 T; < St dung thuat toan Dijkstra dé xdc dinh cay dudng di ngan nhat cla
G[C}] véi dinh bt dau LR[j;
9 end
10 | B« (U, BE(T))UE,
11 return 7’
12 end

4.4. Phuong phap khéi tao ca thé
MB3i ca thé trong khong gian USS dugce khéi tao ngiu nhién dua trén
mot trong cac thuat todn tao cay khung ngau nhién duge gidi thiéu trong
nghién citu [71] (ky hiéu chung 1a thuat toan M4CRST). Ca thé dugc khéi
tao ngau nhién thong qua ba bude chinh nhu sau:
1. Tao do6 thi G — Graph G’ = (V’, E’) dya trén do thi dau vao G = (V,
2. Ap dung thuat toan MACRST dé tao cay khung ngiu nhién cho do
thi G’.
3. V6i méi canh (C;, C;) clia do thi G’, tim mot canh ngdu nhién trén
do thi G n6i mot dinh thudc cum C; v6i mot thuoe cum C;.
Chi tiét cac budc ctia phuong thiic khéi tao ca thé duge trinh bay thuat
toan 4.3.
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Thuat toan 4.3: Phuong phap tao c4 thé ngdu nhién trong thuat toan G-MFEA

Input: D6 thi phan cum G = (V, E, C); Dinh nguon s
Output: Ca thé I=(ES, IE, LR)

1 begin
2 | Tao do thi G’ = (V', E’) tit do thi dau vao G;
T" + MACRST(V', E');
/* Xac dinh cic dinh trong mbéi cum cé canh nbi véi cic dinh thudc
cum khéac */
4 | foreach canh e=(vj,v;) € T" do
5 ES +— ESUe;
6 e = (a, B) + Chon ngau nhién canh néi « € C; véi dinh 3 € Cj;
7 IE[i][j] + o
8 IE[j][i] < 8;
9 end
/* Xac dinh gbc clia cac cum */
10 Cyn <+ Xac dinh cum chita dinh nguon s;
11 foreach cum C; do
12 if C; # C,, then
13 ‘ LR[i] + Chon ngau nhién mot dinh thuge cum Cj;
14 end
15 else
16 | LR[i] s
17 end
18 end
19 return /=(ES, IE, LR);
20 end
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4.5. Toan tt lai ghép

Toan ti lai ghép st dung phuong phap tao cdy khung ngau nhién
M4CRST dé tao tap canh cho céc ca thé trong khong gian USS. Tuy
nhién dé xay dyng dudc 15i giai bai toan CluSPT, ca thé trong khong gian
USS phéi Iuu trit thong tin vé dinh goc clia méi cum va cac dinh trong
mdi cum c6 canh noéi ra cum khac, nén cac ca thé con dugde sinh ra sé ké
thita cac thong tin dé tit cac ca thé cha me theo cac quy tic sau:

e Néu mot canh trong cé thé con xuét hién & ca hai ca thé cha me thi
hai thuoc tinh IE, LR ctia ca thé con sé duge chon ngau nhién tit mot
trong hai ca thé cha me.

e Néu mot canh ctia cé thé con ¢é & tréen mot ca thé cha me thi thudc
tinh IE, LR ctia cac thé con dudc ké thira tit ca thé cha me do.

Cac budc cua toan tu lai ghép duge trinh bay trong thuat toan 4.4.

Hinh 4.4 minh hoa cic budc co ban clia toan tit lai ghép, trong d6 do

thi dau vao duge minh hoa trong hinh 4.4(a); hai c4 thé cha me duge minh

hoa trong hinh 4.4(b) va hinh 4.4(c). Gia st tap canh cia ca thé con sau

khi ap dung phuong thiic MACRST (tai dong 3 trong thuat toan 4.4) duge

minh hoa trong hinh 4.4(d). Cac thudc tinh ES, LR ctia cac thé con duge

xac dinh nhu sau:

Déi vé6i thuoc tinh ES: Gia st 16i gidi ctia bai toan CluSPT xay duyng ti
hai c4 thé cha me trong hinh 4.4(b) va hinh 4.4(c) dugc minh hoa lan
lugt trong hinh 4.4(e) va hinh 4.4(f). Xét ca thé con trong hinh 4.4(d),
do chi ¢c6 mot canh (2, 7) néi cum 1 va cum 3 trong ca thé cha me 1
nén ca the con sé ké thita canh nay tit ca thé cha me 1. Tuong tu véi
canh néi cum 2 va cum 4, ca thé con sé ké thita canh (4, 15) tit ca
thé cha me 2. D6i v6i canh néi cum 2 va cum 4, do ca hai ca thé cha
me déu c6 canh ndi gitta hai cum nay (canh (14, 17) cia cha me 1 va
canh (10, 17) clia cha me 2) nén ca thé con sé chon ngau nhién mot
canh tit cac ca thé cha me dé ké thita. Hinh 4.4(g) minh hoa ca thé

con sau khi canh (14, 17) ctia c4 thé cha me 1 duge chon dé ké thira.
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Thuat toan 4.4: Toén tit lai ghép trong thuat toan G-MFEA

Input: D6 thi phan cum G = (V, E, O);
Hai ca thé cha me P; = (ES;, [E;, LR;),i = 1,2;
Output: Ca thé con O = (ES,, IE,, LR,);

1 begin

/* Tim cdy khung ctia &6 thi G-Graph
2 | V'« {vi},_,_, where a vertex v; represents a cluster Cj;
3 T' + M4CRST(V', ES1 U ESs);
4 ES, + 0;
5 foreach canh e=(v,,v;) € 7" do
6 ES, + ES,Ue;
7 if canh e co trong cd hai cd thé P; va P, then
8 Tao ngau nhién s6 rnd nhan gia tri trong khoang (0, 1);
9 if rnd < 0.5 then
10 IE,[m,j] < I Ei[m, jl;
11 if LR,[m] chua dugc gin then
12 | LR,[m] < LRy[ml];
13 end
14 if LR,[j] chua duge gan then
15 | LR,[j] + LRy[jl;
16 end
17 end
18 else
19 IE,[m, j] < [ E3[m,j];
20 if LR,[m| chua dugc gin then
21 | LR,[m] + LRa[m];
22 end
23 if LR,[j] chua dugc gan then
24 | LR,[j] + LRsjl;
25 end
26 end
27 end
28 else
29 if canh e thuoc cd thé P; (i = 1 hodc i = 2) then
30 IE,[m, j| < 1E;[m, jl;
31 if LR,[m] chua dugc gin then
32 | LR,o[m] < LR;[m];
33 end
34 if LR,[j] chua dugc gin then
35 | LR,[j] + LR;[j];
36 end
37 end
38 end
39 end
40 end

41 return [=(ES,,IE,,LR,);
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Pbi véi thudc tinh LR: Cac dinh gbe clia cac cum trong cac thé con
dugce chon tit cac dinh gbe clia cac cum clia mot trong hai ca thé cha
me. Viéc c4 thé con ké thita dinh gdc clia cum tit ca thé cha me nao
phu thudc vao canh chita dinh gbc c6 6 ca hai ca thé cha me hay chi
c6 6 mot ca thé cha me. Gia st dinh gbc ctia cum 1 va cum 2 duge ké
thita tit cha me 1, con cac dinh gdc ctia cum khéac duge ké thita tir cha
me 2. Chi tiét vé cac thuoc tinh IE vi LR ctia ca thé con duge minh
hoa trong hinh 4.4(h). Loi giai bai toan CluSPT dugc tao thanh ti ca
thé con ctia phép lai ghép duge minh hoa trong hinh 4.4(3).
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Hinh 4.4: Vi du minh hoa céac buéc ciia toan tit lai ghép trong thuat toin G-MFEA



4.6. Toan ti dot bién

Ca thé thuc hien dot bién thong qua hai buée: bude dau tien sé tao mot
cay khung méi bing cach thém ngdu nhién mot canh vao ca thé dé tao
thanh chu trinh, sau d6 x6a ngau nhién mot canh tit chu trinh (canh xéa
phéi khac canh vira thém) dé tao thanh mot cay khung mdi. Budce thi hai
sé cap nhat thong tin cac thuoc tinh IE va LR ciia ca thé mdi.

Cac budc clia toan tit dot bién st dung trong thuat toan G-MFEA dugc
trinh bay trong thuat toan 4.5.

Thuat toan 4.5: Toan tit dot bién trong thuat toan G-MFEA
Input: D6 thi phan cum G = (V, E, O);
C4 thé cha me: I = (ES,IE, LR);
Output: Ca thé con I* = (ES*, [E*, LR*);

1 begin

2 Tao do6 thi G’ = (V', E') tt do thi G;

3 e = (v], vg) + Chon ngau nhién mot canh tit tap E'\ES;

4 ES* +— ES;

5 Thém canh e’ vao E* dé tao thanh chu trinh;

6 Xéc dinh chu trinh A trong E*;

7 | Chon ngau nhién canh e* = (v),,v]) € A sao cho e* # ¢';

8 Xba canh e* tu tap E*;

/* Cap nhat dinh gbc cuc bd clia cdc cum va canh nbi gifta cac dinh
clia cdc cum */

9 u = (up,up) < Chon ngau nhién tir tap £ mot canh ndi gitta dinh uj, € C; va

dinh u, € Cj;

/* Cap nhat thudc tinh IE cla ca thé con ddi véi canh bi xéa */
10 TE*[m][n] < null;
11 IE*[n)[m] < null;

/* Ca8p nhit thudc tinh IE cla cé th8 con d6i véi canh m8i thém */

12 TE*[i][j] + up;
13 TE*[5]]i] < up;

/* Cap nhat dinh gbc cuc bd cha cac cum C,, va C, */
14 if (dinh goc cuc bo cia cum Ci(t = m,n) thudc canh bi xéa e*) va (dinh goc cuc
bo cia cum Cy khong con canh nao néi téi mot cum khdc) then
15 LR*[t] + Chon ngau nhién tit cum C; mot dinh ¢6 canh ndi véi mot cum
khac;
16 end
17 return (ES* IE*, LR*);
18 end

Vi du vé cac budc chinh ctia thuat toan 4.5 dugc minh hoa trong
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hinh 4.5. Xét do thi dau vao dugc minh hoa nhu trong hinh 4.5(a). Do
thi G — Graph dudc xay dung tit do thi dau vao duge minh hoa trong
hinh 4.5(b), c4 thé trong khong gian USS dugc minh hoa trong hinh 4.5(c).
Hinh 4.5(d) minh hoa c4 thé con nhan dugc sau khi két thic bude thit nhat
clia toan tit dot bién, trong dé (Cy, Cy) la canh dugc gia stt méi them vao
ca thé dé tao thanh chu trinh (Cy, Cs, Cy, C1); con (Co, Cy) 1a canh duge
x6a bé tit chu trinh (Cy, Cy, Cy, C1) dé tao thanh ca thé méi. Trong budc
th hai, toan t@ dot bién sé cap nhat cac thuoc tinh IE va LR ciia ca thé
con mdi tao ra trong bude thit nhat. Do canh (4, 10) dugc chon dé ndi gitta
hai cum C) va Cy nén tap IE* clia ca thé con dude cap nhat nhu trong
hinh 4.5(f). Sau khi x6a canh (14, 17) ndi gitta hai cum C5 va Cy 6 trong
buée thit nhat, dinh 17 trong cum 4 khong thudc bat ctt canh nao néi cum
4 t6i cac cum khac. Do d6, mot dinh khéac ¢ canh néi ra cum khéc dudc
chon lam dinh gboc clia cum 4. Trong cum 4 chi ¢6 duy nhat dinh 15 thoéa
man diéu kién nén dinh nay dugce lam dinh gbc ciia cum. Hinh 4.5(g) minh

hoa 151 giai bai toan CluSPT dudc xay dung tit cac thé con méi.

4.7. Phuong phap giai ma

Phuong phap giai ma gitp tim 16i giai clia cac tac vu tit cac thé trong

khong gian USS ctia thuat toan G-MFEA gom cac budc:

e Déi véi tac vu thi nhat, 161 giai bai toan CluSPT dudc xay dung tir
cé the trong khong gian USS bing cach st dung cac thudc tinh LR
va IE. Trong d6, tap canh ndi cac dinh ctia hai cum khac nhau dugc
tao dya trén thong in tu tap IE. Trong khi d6 cay khung ctia méi cum
duge tao bang cach ap dung thuat toan Dijkstra véi dinh bat dau la
dinh gbc clia cum.

e Phuong phap giai ma cia tac vu thit hai duge xay dung dya trén thuat
toan HB-RGA. Thuat toan HB-RGA dugc st dung dé tim canh tét
nhat ndi gitta cdc dinh ctia hai cum khac nhau. Tuy nhién, v6i mdi ca

thé khac nhau trong khong gian USS, d6 thi dau vao ciia thuat toan
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Hinh 4.5: Vi du minh hoa cac buéc ctia toan ti dot bién

HB-RGA sit dung trong thuat toan G-MFEA sé khac nhau. V6i moi
ca the IND, dd thi dau vao Gyp ciia thuat toan HB-RGA dudgc tao
tit do thi dau vao G va tap canh ES ctia IND nhu sau:

— Tap dinh ctia do thi G;yp duge giit giong nhu tap dinh ciia do

thi G.

— Cé4c canh trong mdi cum ctia do thi Gy p dudge gitt gidng cac canh

trong cac cum cia do thi G.

— V6i moéi canh ndi gitta hai cum ctlia ca thé Gy p, cac canh noi cac

dinh ctia hai cum trong do thi Gyxp 1a cic canh néi gita hai cum

tuong ting ctia do thi G.

Thuéat toan 4.6 minh hoa cac buéc ciia phuong phap giai ma duge st

dung dung trong thuat toan G-MFEA.

Cac budc chinh ctia phuong phéap giai ma duge minh hoa trong hinh 4.6

v6i dinh nguon 1a dinh 1 va do thi dau vao nhu trong hinh 4.6(a). Gia st,
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Thuat toan 4.6: Phuong phép gidi ma trong thuat toan G-MFEA
Input: D6 thi phan cum G = (V, E, C); Dinh nguon s;
C4 thé trong khong gian USS I = (ES, IE, LR).
Output: Lai giai T(V, E) cta bai toan CluSPT .

=

begin
/* Tao dd thi G’ ti dd thi G x/
Tao do thi G — Graph G' = (V' E’) tut do thi G;
E' <« 0;
V'« V;
O« C;
foreach canh e = (vj,v; € ES do

foreach dinh u € C;, dinh v € C; do

| E' <« E'U(u,v);
end

© o N O s WN

end
foreach canh e € C; do
‘ E' + E' Ue;
end
T + HB-RGA(G'=(V', E’, "), s) > Trinh bay trong phan 2.2;
15 return 7T}

P
B W v = O

16 end

ca thé trong khong gian USS nhu trong hinh 4.6(b), khi doé:

D6i vé6i tac vu thit nhat: Hinh 4.6(c) minh hoa mot phan 15i gidi nhan
dugc tit ca the trong hinh 4.6(b) sau khi 4p dung thuat toan Dijkstra.
Hinh 4.6(d) minh hoa 13i giai bai toan CluSPT dugc tao tit cac thé
trung gian trong hinh 4.6(c) sau khi thém céc canh ndi gitta cac cum,
Cac canh nay dude xay dung dua trén thuoc tinh IE clia ca thé trong
khong gian USS (xem hinh 4.6(b)).

D6i vé6i tac vu thit hai: Hinh 4.6(e) minh hoa d6 thi dau vio clia thuat
toan HB-RGA. Do thi nay dugc tao tir do thi dau vao trong hinh 4.6(a)
va tap canh ctia c4 thé trong hinh 4.6(b). Hinh 4.6(f) minh hoa 15i giai
bai toan CluSPT nhan dugc sau khi ap dung thuat toan HB-RGA cho
do thi dau vao trong hinh 4.6(e).

4.8. Cach tac vu thi hai cai thién chat luong 16i giai
Mobi ca thé trong khong gian USS gdm c6 3 thanh phan: 15i gidi cla
bai toan H-Problem, tap canh IE va tap dinh géc LR. Dé xay dung 15i
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Cluster 4

Cluster 4

(d) Lai giai tao bdi tac vu 1 (e) Dau vao cia HB-RGA (f) Loi giai tao bdi téc vu 2

Hinh 4.6: Vi du minh hoa vé phuong phap giadi ma trong thuat toan G-MFEA

gidi bai toan CluSPT, tac vu thi nhat st dung thong tin ctia ca ba thanh
phan, trong khi tac vu thit hai chi sit dung thong tin vé 10i gidi bai toan
H-Problem.

Hinh 4.7 minh hoa hoat dong ctia tac vu thit hai v6i do thi dau vao nhu
trong hinh 4.7(a) va dinh nguon la dinh 1. Hinh 4.7(b) minh hoa mot ca
thé trong khong gian USS véi nita bén trai 1a 151 giai bai toan H-Problem,
con nua bén phai la cac thudc tinh LR, IE.

Déi véi 161 gidi bai toan CluSPT dugc tao ra bédi tic vu thi nhat, cac
canh ndi gitta cac cum dugc tao ra bdi cic toan tit lai ghép va dot bién,
nén cac canh nay co thé chua phai la cac canh tot nhat. Xét loi giai la
dau ra ctia tac vu thit nhat (trong hinh 4.7(c)) nhan duge sau khi 4p dung
phuong phéap giai ma cho ca thé trong hinh 4.7(b). Trong hinh 4.7(c), canh
(4, 10) noi gitta cum 1 va cum 2 khong phéi 1a canh t6t nhat ndi gitta hai
cum nay do néu thay canh (4, 10) bdi canh (1, 10) thi sé tao ra 1oi giai
mdi t6t hon 101 giai trong hinh 4.7(c).
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Tt cdc nhan xét trén, phuong phap giai méa cua tac vu thit hai sit dung
thuat toan HB-RGA dé xac dinh canh t6t nhat néi gitta cac cum. Dau tién,
phuong phap ma hoa sé xay dung do thi dau vao Grga clia thuat toan
HB-RGA. Do c4 do thi Ggga va dau ra ctia phuong thiic gidi ma ciia tac
vu thit nhat déu duge xay dyng tit ciing mot ca thé trong khong gian USS
nén canh noéi gitta cum C; va cum C; (mot canh hodc nhiéu canh) trong
do thi Graa chi ton tai khi va chi khi hai cum nay duge ndi béi mot canh
duy nhat trong 16i gidi nhan duge tit phuong thitc gidi ma cia tac vu thit
nhat. Diéu dé c6 nghia rang, véi mdi ca the trong khong gian USS, thuat
toan HB-RGA chi téi wu cac canh noéi gitta hai cum khi hai cum dé ciing
ducc néi béi mot canh trong 161 gidi nhan duge tit phuong thic gidi ma
cua tac vu thit nhat.

Xét vi du trong hinh 4.7(d) vé tap cac canh ndi gitta cdc cum nhan duge
tir do thi dau vao trong hinh 4.7(a) va 161 giai bai toan H-Problem trong
Hinh 4.7(b). Hinh 4.7(e) minh hoa d6 thi Grga nhan duge tir do thi dau
vao trong hinh 4.7(a) va 16i giai bai toan H-Problem trong hinh 4.7(b). Khi
so sanh 10i gidi bai toan CluSPT dudc tao ra bdi tdc vu thit nhat trong
hinh 4.7(c) va d6 thi Grga trong hinh 4.7(f) ta c6 thé thay ring néu hai
cum trong 10i gidi bai toan CluSPT dugc tao béi tac vu thit nhat c6 canh
noéi véi nhau thi hai cum dé cling duge ndi véi nhau trong do thi Graa
va ngugc lai. Vi dy, cum 1 vA cum 2 trong hinh 4.7(c) duge néi v6i nhau
béi canh (4, 10), con trong do thi Ggga, hai cum nay duge ndi véi nhau
bdi hai canh (4, 10) va canh (1, 10) (nhu trong hinh 4.7(e)); hoac khong
¢6 canh nao ndi gitta cum 3 vd cum 4 (nhu trong c& hai hinh 4.7(c) va
hinh 4.7(e)).

Do thuat toan HB-RGA st dung chién luge tham lam va vét can nén
canh noi gitta cac cum do thuat toan HB-RGA tim dudce thuong tét hon
canh dugc xay dung bdi phuong thitc gidi ma trong tac vu thit nhat. Xét
vi du véi do thi dau vao ctia thuat toan HB-RGA nhu trong hinh 4.7(e),
khi d6 thuat toan HB-RGA sé tinh chi phi cia cac canh nhu sau:
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Hinh 4.7: Vi du minh hoa cach cai thién chat lugng 10i gidi ctia tdc vu thit hai

e Chi phi clia canh e = (1,10): C, = d[1, 1] + w1, 10] 4+ costSPT(10)
e Chi phi ctia canh ¢’ = (4,10): Co = d[1,4] + w[4, 10] 4 costSPT(10)
trong d6 costSPT(10) la tong chi phi clia duong di ngan nhat tit dinh
10 t6i cac dinh khac trong cum 2; d(1,1) 1a d(1,4) 1an lugt 1a chi phi
di tit dinh 1 t6i dinh 1 va tu dinh 1 t6i dinh 4; w[u, v] 1a chi phi cua
canh ndi gitta dinh u téi dinh v.
Do C. = 045+ costSPT(10) < Co = 44 6 + costSPT(10), nén
canh e = (1, 10) dugc chon dé ndi gitta cum 1 va cum 2.
4.9. Danh gia thuat toan
Dé phan tich hiéu qua ctia thuat toan G-MFEA luan an da tién hanh
thiic nghieém trén 141 bo dit lieu thudc 6 tap do thi metric va 75 bo dit lieu
thuoc 3 tap do thi day du phi metric. Két qua nhan dugc ctia thuat toan
G-MFEA dudc so sanh véi 101 giai toi wu va bon thuat toin xap xi khac.

Bén canh d6, luan an ciing tién hanh phan tich 4nh hudng ciia cac tham
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s6 clia bo dit lieu dau vao (s6 cum va s6 dinh ctia do thi dau vao) t6i hicu
qud clia thuat toan G-MFEA khi so sanh véi céc thuat toan dé xuat khac.

Dé danh gia cac thuat toan dé xuat dudgc chi tiét, trén nhiéu khia canh
va trén da dang cac tiéu chi so sanh, dic biét 1a dé thuc hién céc phan
tich thong ké va phan tich sy 4nh hudng clia cac tham so dit lieu dau vao
t6i hieu qua so sanh gitta nhieu thuat toan. Vi vay, luan an phan tich két

qua cac thuat toan, ciing nhu mo ta thiyc nghiém chi tiét tai chuong 5.

4.10. Két luan chuong

Chuong nay trinh bay dé xuat dya trén sy két hop gitta thuat toan
MFEA va thuat toan HB-RGA dé giai bai toan CluSPT. Khéac véi cac
nghién ctu trudc day vé thuat toan MFEA, thuat toan G-MFEA chi c6
mot bai toan dau vao, tit bai toan d6 thuat toan G-MFEA sé phan ra thanh
hai bai toan con dé giai bang hai tac vu. Trong thuat toan G-MFEA, thuat
toan HB-RGA dong vai tro tuong ty nhu thuat toan tim kiém cuc bo, gitp
cai thien chat luong 10i gidi tim dugde bang tac vu st dung thuat toan EA.
Tuy nhién, khac véi thuat toan tim kiém cuc bo, qua trinh trao doi vat
chat di truyén gitta hai tac vu duge lién tuc thuyc hién thong qua qué trinh
truyen lai dac tinh theo chiéu doc va co ché ghép doi cung loai, cling nhu
cic toan tit tién hoa trong thuat toan G-MFEA.

Thuat toan G-MFEA ¢6 mot s6 diém manh va han ché nhit dinh nhu:

e Diém manbh:

— Thuat toan G-MFEA khai thac dugc cac dic trung ctia thuat toan
MFEA va sit dung tac vu thit hai dong vai tro tuong tu nhu thuat
toan tim kiém cuc bo nén chat luong 10i giai tim duge duge cai
thién.

— Thuat toan cling khac phuc duge ciac han ché ciia cac thuat toan
khac nhu: stt dung duge trén ca do thi thua, gidm chi phi tinh
toan dé xac dinh thanh phan lién thong ctia do thi.

e Han che:
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— Thuat toan G-MFEA st dung ¥ tuéng dua trén thuat toan HB-
RGA nén chi 4p dung dudgc dé giai bai toan CluSPT.

— Do stt dung két hop gitta hai thuat toan MFEA va HB-RGA nén
khé dé cai dat thuc nghiem thuat toan G-MFEA.
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Chuong 5
KET QUA THUC NGHIEM

Chuong nay déanh gia hiéu qua ctia thuat toan HB-RGA (trinh bay trong
chuong 2), thuat toan C-MFEA va N-EA (trinh bay trong chuong 3), thuat
toan G-MFEA (trinh bay trong chuong 4) thong qua phan tich 161 giai tim
dugce clia cac thuat toan trén va so sanh vdéi 10i giai to6i vu tim dude bang
thuat toan SLA-M. Hiéu qua clia cac thuat toan dé xuat dudc danh gia
dua trén két qua phan tich thong ke, phan tich chi tiét v phan tich cac
nhan t6 anh huéng. Trong phan nay, luan an ciing trinh bay phuong phap
tién hanh thuc nghiém nhu: di lieu thue nghiém, tiéu chi danh gia cac
thuat toan, tham s6 va moi truong thiyc nghiém.

5.1. D liéu thuc nghiém va danh gia 16i giai

Do bai toan CluSPT méi duge quan tam nghién citu, nén cac cong trinh
nghién ctu trude day tap trung vao khia canh 1y thuyét, trong doé dac biet
tap trung ching minh bai toan CluSPT la bai toan NP-Kho.

5.1.1. Do thi metric

Trong cac bo dit lieu dé thuc nghiém bai toan do thi ¢é cac dinh dugc
phan cum thi tap da lieu MOM-Lib dugc dé xuat trong cong trinh clia
tac gia M. Mestria va cac cong sy [40, 56] duge stt dung nhiéu. Bo dit ligu
MOM-Lib gom 6 kiéu, mdi kiéu dit lieu dude tao tit mot thuat toan khac
nhau. Dua theo s6 chiéu ciia dit licu, cac dit lieu thuoc tap MOM-Lib dudc
phan thanh hai nhém: cac dit lieu nhé - bao gom cac do thi c6 s6 dinh
trong khoang tir 30 t6i 120 va cac dit lieu 16n - bao gom cac do thi cé sb
dinh 16n hon 262. Mac di ban dau dugce thiét két dé danh gia bai toan
CluTSP, song tap dit lieu MOM-Lib ciing dugc xéac dinh 1a phit hop dé
dénh gia cac bai toan dugc phan cum [56].

Do tinh da dang vé kiéu dit lieu va nhan ducgc danh gia cao tit nhiéu
nha nghién cu nén luan an lua chon tap dit lieu MOM-Lib dé xay dung
tap dit lieu danh gia bai toan CluSPT (goi tat 1a CluSPT-Lib).

86



Do dau vao clia bai toan CluSPT can thém thong tin vé dinh nguon,
cac bo dit lieu trong tap MOM-Lib da dugc diéu chinh dé phit hop véi bai
toan. Cu thé, mot dinh dugc chon ngau nhién trong cic dinh c6 sin dé
lam dinh nguon va thém vao trong moéi bo dit lieu. Thong tin tém tat ve

cac bo dit lieu duge trinh bay trong bang 5.1 va duge luu tai [76].

Bang 5.1: Tém tat thong tin vé cic bo dit lidu do thi metric

S6 bo dit lisu  S6 dinh Sé6 cum

Type 1 small 27 51...105 5...75
Type 1 large 28 262...1397 10...150
Type 2 10 1000 10
Type 3 large 14 300...1000 6...30
Type 4 large 41 200...3000 4...20
Type 5 small 21 30...120 5...10
Type 5 large 40 300...3000 5...200
Type 6 small 37 51...105 4...41
Type 6 large 30 262...1379 9...144

Do ¢6 t6i 248 bo dit lieu thude 6 tap di licu (co tén la Type 1, .., Type
6) nén luan an chi tién hanh thyc nghiém véi cac bo dit lieu thuoc tap dit
lieu nho va tap dit lieu 16n c6 s6 dinh nhé hon 500. Thong tin chi tiét ve
cac bo dit lieu duge st dung dé thuc nghiem danh gia cac dé xuat duge

trinh bay trong cac bang 15 — 18 ctia phan phu luc.

5.1.2. Do thi day dua phi metric

Dé danh gia cac thuat toan dé xut, luan an con st dung cac bo dit lieu
do thi day dua, nhung khong théa man diéu kién bat dang thic tam giac
trong dinh nghia 1.12 vé do thi metric (goi la cdc b dit lieu do thi day di
phi metric). Méi bo dit lieu day du phi metric duge xay dung tit mot bo
dit lieu thuoc CluSPT-Lib bang cach:

e Giit nguyén cac thong tin vé dinh nguon, danh sach cac dinh trong

mol cum.
e Trong s6 cic canh noi hai dinh trong do thi dude sinh ngau nhién trong

doan [1,100] (do dugc sinh ngau nhién nén trong s6 canh e = (u,v)
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c¢6 thé khac trong s6 canh ¢ = (v, u)).
e Tén cac bo dit lieu day du phi metric bat dau bang ky tu “N-" sau d6
14 tén bo dit lieu tuong ting trong CluSPT-Lib. Vi du, bo dit lieu day
du phi metric dugc tao tit bo dit lieu “5Eil51” ¢6 tén la “N-5Eil51”.
Thong tin théem vé cac bo dit lieu day du phi metric duge cap nhat
tai [76].

5.1.3. Tiéu chi danh gia

Chat luong ciia mot thuat toan ducgc danh gia qua chat lugng 10i giai
va thoi gian tinh.

Danh gia do phitic tap cia thuat toan, néi don gian, la danh gia luong
tai nguyén cac loai ma thuat toan doi hoi sit dung. Cé hai loai tai nguyén
quan trong nhat 1a bo nhé va thoi gian, ma hién nay, khi giai quyét nhiéu
van deé tng dung thyc tién quan trong ngudi sit dung quan tam nhiéu hon
dén yéu t6 thoi gian.

Do thuat toan gan ding khong dam bio dua ra 16i gidi toi wu nén can
c6 tieu chi danh gia hiéu qua ctia thuat toan. Hién nay c6 rat nhieu tieu
chi danh hiéu ning cua cac thuat toan, tuy nhién cac tiéu chi lién quan
t6i chat luong 101 gidi ma thuat toan tim dugce va thoi gian thyc hién cia
thuat toan thuong duge st dung dé danh gia céc thuat toan. Do do, luan
an tap trung phan tich cac tiéu chi vé thoi gian thyc hién va chat lugng
101 gidi clia cac thuat toan. Chi tiét vé cac tiéu chi danh gia duge sit dung
trong luan an duge miéu ta trong bang 5.2.

Bang 5.2: Cac tiéu chi danh gia thuat toan

Average (Avg) Trung binh cong gia tri ham muc tiéu ctia cac lan thuc hien.

Best-found (BF)  Gia tri t6t nhat tim dugc trong tat ci cac lan thyc hien.

Time Thai gian thyc hién trung binh ctia thuat toan (don vi tinh: phat).
RPD ti le phan tram chenh léch tuong doi (Relative Percentage Differences
- RPD).

Dé so sanh chat lugng 16i gidi, luan an st dung cong thitc tinh RPD [1,
65] gitta 161 giai tim duge cia cac thuat toan. Ti lé RPD dugce tinh theo
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cong thic: ' .
RDP! = % 100 (5.1)
trong do6 Sf”, 12 10i gidi nhan dudc clia thuat todn a tai lan thuyc hién
thit r d6i véi bo dit lieu ¢; B* 14 161 giai tot nhat clia tat ca cac thuat toan
déi v6i bo dit lieu .
5.1.4. Mbi trudng, tham s6 thuc nghiém

Dé danh gia hieu qua clia cac thuat toan dé xuat, luan an tién hanh hai
nhoém thyc nghiém chinh:

e Trong nhém thuyc nghiém dau tién, luan an phan tich hiéu qua cia
cac thuat toan ma luan an dé xuat véi thuat toan da duge nghién ctiu
tru6c day trén hai phuong dién chat lugng 10i gidi tim dudce va thoi
gian thic hién.

e Trong nhém thiyrc nghiém thi hai, ludn an phan tich anh huéng cua
mot s6 tham s6: s6 dinh ctia do thi dau vao, s6 cum ciia do thi dau
va0,... t61 hidu qua clia cac thuat toan dé xuat, ciing nhu tdi két qua
so sanh gitta cac thuat toan.

V6i mdi bo dit lieu, cac thuat toan duge thyc nghiem 30 lan trén may
tinh cai dat hé diéu hanh Microsoft Windows 8 v6i cau hinh: CPU - Intel
Core i7 (4790M - 3.60GHz), RAM - 16GB. Thuat toan HB-RGA dugc thuc
nghiém v6i cac tham s6 v = 50; cic thuat toan tién héa va tién hoéa da
nhan t6 dugc thiyc nghiém véi tham so6: s6 lan danh gia 1a 5000 lan, kich
thuée quan thé P = 100, ti 1¢ lai ghép p. = 0.5, ti lé dot bién p,, = 0.05,

xac suat ghép cap ngau nhien rmp = 0.5.

5.2. Két qua thuc nghiém

Dé chiing minh hiéu qua clia céc thuat toan dé xuat ciing nhu dé so
sanh gitta cac dé xuat, luan an tién hanh phan tich két qua thuc nghiem
theo ba hinh thiic:

e Phan tich théng ké: do st dung phan tich thong ké dé danh gia

hieu qua clia thuat todn ngay cang pho bién va tré thanh ky thuat
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quan trong trong tinh toan thong minh (computational intelligence).
Vi vay, luan an st dung phan tich théng ké dé phan tich hieu qua ctia
cac de xuat.

e Phan tich chi tiét: luan an so sanh chi tiét két qua tim duge ciia cac
thuat toan dé xuat theo ting bo dit lieu thudc cac thuat toan khac
nhau.

e Phan tich nhan t6 anh huéng: luan an phan tich sy anh hudng

cac dac trung cia dit lieu dau vao t6i hiéu nang clia cac thuat toan.

5.2.1. Do thi metric
a) Phan tich théng ké

Dé chi ra hiéu qua clia cac thuat todn dé xuat dua trén chat luong
161 giai tim duge, luan an st dung thong ké phi tham s6 (Non-parametric
statistic) dé phan tich két qua trong hai budc chinh:

e Budc 1 stt dung mot s6 kiem dinh nhu: Friedman, Aligned Friedman,
Quade,... [10] dé kiém tra sy khac biét gitta két qua ctia cac thuat toan
c6 ¥ nghia thong ké hay khong.

e Budc 2 sé dugce thyc hién néu bude 1 da bac bd duge cac gid thuyét
ve si tuong duong clia két qua nhan dudc tit cac thuat toan. Luan an
stt dung cAc phan tich thong ké hau kiém (Post-hoc statistical) [10] dé
xac dinh chi tiét su khac biet gitta két qua clla ciac thuat toan, cling
nhu xac dinh thuat toan t6t nhat (theo phuong dién chat lugng 1o
giai tim dugc) trong cac thuat toan dé xuat.

Chi tiét két qua tim dude tir cac thuat toan trén cac tap dit lieu duge
trinh trong cac bang 19 — bang 21 (trong phan phuc luc). Dé tién cho theo
doi va danh gia két qua, trong mdi dong ciia cac bang nay, gia tri tuong
ing vé6i 101 giai tot nhat sé duge in nghiéng va ¢6 mau do, con gia tri trung
binh cta 161 gidi tim duge bang gia tri t6i wu sé duge in dam.

Bang 5.3 trinh bay két qua théng ké ciia cac kiem dinh Friedman va

Iman-Davenport. Két qua trong bang cho thay rang cac gia tri Friedman
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Bang 5.3: Bang két qua phan tich kiém dinh Friedman va Iman-Davenport (a=0.05)

Friedman Iman-Davenport

Gia tri Friedman Gia tri X2 Trisép Gia tri Iman-Davenport Gia tri Fp Tri s6 p
478.58 9.49  1.77%10710 816.98 2.39 3.723 % 107231

va Iman-Davenp 16n nhiéu lan so véi cac gia tri t6i han (critical value) va
tri s6 p nhoé hon nhiéu lan so v6i ngudng o = 0.05, dieu d6 cé nghia la c6
su khac biet 6 rang gitta két qua thuc nghiém nhan duge cta cic thuat
toan vdi sai s6 nhé hon 5%. Hay ndéi cach khac su khéc biét gitta két qua

cac thuat toan cé ¥ nghia thong ké véi ngudng o = 0.05.

Béang 5.4: Xép hang trung binh ctia cac thuat toan nhan dugc tit duge danh gia béi cac kiém
dinh Friedman, Friednman Aligned va Quade

Thuat toan Friedman Friednman Aligned Quade

AAL 4.742 576.964 4.641
HB-RGA 1.793 212.121 1.713
N-EA 2.761 215.254 2.772
C-EA 4.257 536.5 4.359
G-MFEA 1.446 211.660 1.514

Bang 5.4 trinh bay gia tri xép hang trung binh ciia cic thuat toan dugc
danh gia bédi cac kiem dinh Friedman, Friednman Aligned va Quade. Két
qua trong bang cung c6 thém nhan dinh vé sy khac nhau vé chat luong
16i gidi tim duge gitta cac thuat toan duge so sanh. Trong bang 5.4, thuat
toan G-MFEA c6 thit hang nhé nhat nén thuat toan G-MFEA dudc chon
lam thuat toan dicu khién (control algorithm) trong céc phan tich théng
ké hau kiém.

Dé so sanh thuat toan G-MFEA véi cac thuat toan khac, luan an su
dung cac phuong thitc nhu Holm, Holland,... Bang 5.5 trinh bay két qua
danh gia cac gia thuyét khi so sanh giita thuat toan dieu khién G-MFEA
vGi cac thuat toan con lai.

Bang 5.6 trinh bay cac gia tri da hiéu chinh cta tri s6 p thu ducgc ti
cac kiém dinh Friedman va Quade déi véi céc so sanh giita thuat toan

G-MFEA va cac thuat toan khac. Trong bang gié tri da hiéu chinh p, ky
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Béng 5.5: Cac tri s6 z va p clia cac kiém dinh Friedman, Quade (G-MFEA la thuat toan diéu
khién)

FRIEDMAN

¢ Thuat toan z P Holm  Holland Rom  Finner Li

4 AAL 17.443  3.887*10°%  0.0125 0.0127 0.0131 0.0127 0.0491
3 C-EA 14.8729  4.9423*10~°0  0.01667 0.0170  0.01667 0.0253 0.0491
2 N-EA 6.9545 3.5369*%107'2  0.025 0.0253 0.025  0.0377 0.0491
1 HB-RGA  1.8331 0.0667 0.05 0.050 0.05 0.050 0.05

QUADE

4 AAL 10.1487 3.3587*102%  0.0125  0.0127  0.0131 0.0127 0.0253
3 C-EA 9.2357  2.5663*10720 0.01667 0.01695 0.01667 0.0253 0.0254
2 N-EA 4.0841  4.4240%10~°  0.025 0.0253 0.025  0.0377 0.0253
1  HB-RGA  0.6464 0.5180 0.05 0.0500 0.05 0.050 0.05

Bang 5.6: Bang gia tri da hiéu chinh ctia tri s6 p clia céc kiém dinh Friedman va Quade
(G-MFEA 1la thuat toan diéu khién)

FRIEDMAN
i Thuat todn Unadjusted p DPBonf PHolm PHoll DLi

1 AAL 3.80%107%  1.55%10°%7 1.55% 10767 0.0 4.17 % 10768
2 C-EA 4.94%107°0  1.98% 1074 148 x10~% 0.0 5.30 * 10~49
3 N-EA 3.54%10712 14110711 7.07%10712  7.07x107'2 3.79x 1012
4 HB-RGA 0.0667 0.267 0.0667 0.0667 0.0667

QUADE

i  Thuat toan Unadjusted p PBonf PHolm PHoll PLi

1 AAL 3361072 1.34%107%  1.34%107% 0.0 6.96 + 10~ 24
2  C-EA 2561072 1.02%107Y  7.699 x 1020 0.0 53210720
3 N-EA 442%107°  1.76%x107%* 884%107° 8848 %107° 9.18%10°°
4 HB-RGA 0.51 2.07 0.518 0.518 0.518

hiéu pponf, PHolm, PHoll, Pri 1an luct 1a gia tri sau khi hiéu chinh cta tri s6
p dbi véi cac phuong thiic Bonferroni-Dunn, Holm, Holland va Li (cach ky
hiéu nay sé dugce st dung cho ca cac bang gia tri da hiéu chinh cta tri s6
p trong phan sau). Trong bang 5.6, cac thuat toan AAL, C-EA va N-EA
(cac thuat toan c6 tén duge in dam) co6 gia tri clia tri s6 p sau khi hi¢u
chinh nhé hon 0.05 nén két qua so sanh gitta cac thuat toan nay véi thuat
toan G-MFEA c6 § nghia thong ké véi nguong o = 0.05. Nghia 1a thuat
toan G-MFEA t6t hon ba thuat toan AAL, C-EA va N-EA & ngudng dudgc
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xem xét a = 0.05.
b) So sanh két qua trong ting tap dit ligu

Phan nay trinh bay cac so sanh chi tiét vé chat lugng 1oi gidi tim dugc
clia cac thuat toan doéi v6i méi bo dit lieu va méi tap di lieu.
Bang 5.7: Bang tom tat s6 lan tim dugc 161 giai tot nhat va s6 lan tim duge 161 giai toi wu
cua cac thuat toan

LOI GIAI TOT NHAT LOI GIAI TOI UU

TaP A AL, HB.RGA N-EA C-EA G-MFEA AAL HB-RGA N-EA C-EA G-MFEA 1BDL
1 Nhé 9 17 8 2

Lén 10 5 15
5 Nho 1 1 91 1 1 10 91

Lén 4 11 15
6 Nho 14 1 99 1 7 36

Lén 6 7 13
3 5 5
4 3 7 4 10
Téng: A7 2 0 95 0 1 5 0 29 141

TBDL: Téng s6 bo dit lieu.

Bang 5.7 trinh bay tém tat vé thong ke s6 lan tim duge 161 gidi téi wu
va s6 lan tim dugc 161 gidi tot nhat clia cac thuat toan. Dé cho dé theo doi
cic 0 tuong ting v6i thuat toan khong tim dugc 10i giai t6i wu hosc khong
c6 1an nao tim duge duge 15i gidi t6t nhat duge dé tréng. Dit lieu trong
bang 5.7 cho thay thuat toin G-MFEA c6 nhiéu nhat s6 lan tim dugc 10i
giai t61 uu (29 1an) va s6 lan tim duge 10i gidi t6t nhat (95 lan); thuat toan
HB-RGA ¢6 s6 lan tim dugc 10i giai tot nhat 16n thi 2 véi 47 lan, tiép sau
d6 dén thuat toan N-EA véi 2 lan tim duoc 10i giai tot nhat; hai thuat
toan AAL va C-EA khong lan nao c6 10i gidi tot nhat hodc tim duge 10i
giai t61 uu. Chi tiét hon vé ti 1é s6 lan tim dugce 1oi gidi t6i vu va s6 lan
tim dugc 10i giai tot nhat so véi tong sé bo dit lieu ctia mdi tap duge minh
hoa trong hinh 5.1.

T bang 5.7 va hinh 5.1 cho thay rang thuat toan G-MFEA tim dugc

10i gidi c6 chat luong troi hon so véi cac thuat toan con lai.
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Hinh 5.1: Ti lé phan tram s6 10i gidi t6i wu va s6 10i gidi t6t nhat tim dude cia cac thuat
toan (NBS: s6 101 gidi t6t nhat tim duge; NOS: 86 10i gidi t6i uu tim dugc)

Két qua trong cac bang 19 — bang 21 cho thay cac thuat toan dé xuat
déu tot hon thuat toan AAL trén da s6 bo dit lieu. Bén canh d6, bang 5.4
cling cho thay chat lugng 10i giai tim ctia cidc thuat toan kém nhat 1a thuat
toan AAL, tiép dén thuat toan C-EA va N-EA. Tuy nhién, gia tri xép hang
trung binh ctia thuat toan N-EA chénh léch dang ké so véi hai thuat toan

AAL va C-EA. Tuong tu, xép hang trung binh clia thuat toan N-EA kém

hon dang ké so véi hai thuat toan G-MFEA va HB-RGA.
Bang 5.8: Bang gia tri trung binh RPD ctia cac thuat toan trén cac tap dit lieu

AAL HB-RGA N-EA C-EA G-MFEA

Type 1 159.70 0.79 3.83 1566.21 3.27
Type 5 156.67 1.40 3.65  86.17 0.48
Type 6 175.93 0.88 4.04 122.78 1.30
Type 3 120.80 2.26 1.42  87.66 0.28
Type 4 285.33 1.13 2.62  229.92 5.18

Dé phan tich sau hon vé chat luong 16i gidi tim duge, luan an so sanh
gia tri RPD ctia cac thuat toan. Gia tri trung binh RPD trén cac tap dit
lieu ciia cac thuat toan dugc trinh bay trong bang 5.8 cho thay gia tri
RPD cua thuat toan AAL 16n hon cac thuat toan khéc trén tat ca cac bo
dit lieu. Dieu d6 c6 nghia rang sai léch trung binh ctia két qua nhan duge

ctia thuat toan AAL so véi gia tri toi wu 16n hon cac thuat toan khac. Hay
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no6i cac khac, thuat toan AAL tim ducgc 10i gidi c6 chat luong kém nhat
trong nam thuat toan dugc so sanh. Dbi v6i cac gidi thuat dé xuat, thuat
toan C-EA c6 gia tri RPD trung binh 16n hon so véi ba thuat toan con
lai, nén loi gidi nhan duge tu thuat toan C-EA thuong kém hon so véi
ba thuat toAn HB-RGA, N-EA va G-MFEA. Gi4a tri RPD cua ba thuat
toan HB-RGA, N-EA va G-MFEA khong chénh léch nhiéu nhu déi véi hai
thuat toan AAL va C-EA. Tuy nhién gia tri RPD trung binh ctia thuat
toan N-EA 16n hon hai thuat toan con lai déi v6i 4/5 tap dit lieu (trix tap
dit lieu Type 4). Diém dang chi ¥ khi so sanh gia tri RPD trung binh ctia
hai thuat toan HB-RGA va G-MFEA 13 cic gia tri nay rat nho ddi vai
mot s6 tap dit lieu nhu 0.28% va 0.48% dbi véi Type 3 va Type 4 (thuat
toan G-MFEA) va 0.79% d6i v6i Type 1 (thuat toan HB-RGA). Diéu do
¢6 nghia la trén cac tap dit liéu nay, thuat toan G-MFEA va thuat toan
HB-RGA tim dugc 15i gidi gan vdéi 1oi giai toi wu. Hinh 5.2 minh hoa truc

quan hon vé so sanh gitta gia tri RPD ctia cac thuat toan.

[ AAL
P HB-RGA
B N-EA
B cEA
2004 M G-mFEA

S

a

o

4

0 -
Typle 1 Typle 3 Typle 4 Typle 5 Typle 6

Tap dir liéu
Hinh 5.2: Gi4 tri trung binh RPD cta cac thuat toan trén cac tap di liéu

Bang 5.9 tém tat so sanh két qua nhan dudce ciia cac thuat toan doi véi

cac bo dit lieu thuoc cac tap. Trong bang toém tit nay, sd lieu tai mdi 6 cho
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giao cua hang thuoc “Type X” ctia thuat toan “A” va cot thudc thuat toan
“B” cho biét s6 luong bo dit lieu thuoc “Type X” ma thuat toan “A” kém
hon thuat toan “B”. Vi dy, 6 trén cung bén trai giao hang thudc Type 1
cua thuat toan AAL va cot thudc thuat toan C-EA c6 gia tri 22. Nghia la:
thuat toan AAL kém hon thuat toan C-EA trén 22 bo dit liéu thudc Type
1. Gia tri trong ngo#c don “(.)” trong mdi 6 cho biét s6 bo dit lieu ma hai
thuat toan tuong tng v6i hang va cot ciia 6 d6 c6 két qua bang nhau. Vi
dy, 6 ¢6 gia tri 39(9) thudc hang ctia tap Type 6 ctia thuat toan AAL va
cot thuoc thuat toan C-EA cho biét hai thuat toan nay tim dudc két qua
bang nhau trén 9 bo dit licu. Céc 6 dé tréng trong bang 5.9 1a tuong ting
vOl cac thuat toan da so sanh trude dé hoac so sanh véi chinh thuat toan
do.

Bang 5.9: Bang tom tat so sanh két qua duta trén sé bo dit lieu clia cac tap dit lieu

C-EA N-EA HB-RGA G-MFEA S6 b dit liéu

Type 1 22 41 41 41 41

Type 5 31 36 36 36 36

AAL Type 6 39(9) 48 48 48 48
Type 3 5 5 5 5 )

Type 4  7(3) 10 10 10 10

Type 1 41 41 41 41

Type 5 36 36 36 36

C-EA Type 6 48 48 48 48
Type 3 5 5 5 )

Type 4 10 10 10 10

Type 1 38 31 41

Type 5 30(1) 35 36

N-EA Type 6 45 44(1) 48
Type 3 0 5 )

Type 4 10 7 10

Type 1 22 41

Type 5 31(1) 36
HB-RGA Type 6 29 48
Type 3 5 )

Type 4 7 10

Két qua trong bang 5.9 cho thay:
e Thuat toAn AAL kém hon ba thuat toan: N-EA, HB-RGA va G-MFEA
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trén tat cd cac bo dit lieu thuoc cac tap. Thuat toan AAL kém hon
thuat toan C-EA trong hau hét cac bo dit lieu thuoc Type 3 — Type
6 va trong phan 16n bo dit lieu thuoc Type 1 (v6i 22/41 bo dit lieu).

e Thuat toan C-EA kém cac thuat toan N-EA, HB-RGA va G-MFEA
trén tat cd cac bo dit lieu thudc cac tap.

e Thuat toan N-EA kém hon thuat toan HB-RGA trén hau hét cac bo
dit lieu thuoc Type 1, Type 5 va Type 6; trén tat ca cac bo di lieu
thuoc Type 4. Tuy nhién, thuat toan N-EA lai t6t hon thuat toan
HB-RGA trén tat ca cac bo dit lieu thuoc Type 3.

e Thuat toan HB-RGA kém hon thuat toan G-MFEA khoang 2/3 s6 bo
dit lieu ctia moi tap. Dac biet déi véi Type 3, thuat toan G-MFEA t6t
hon thuat toan HB-RGA trén tat ca cac bo dit lieu da thuc nghiem.

Qua cac phan tich trén c6 thée thay rang, chat luong 16i giai tim dugc
bdi cac thuat toan xép theo thi tur gidm dan la: G-MFEA — HB-RGA —
N-EA — C-EA — AAL.

c) Cac yéu t6 anh hudng téi hiéu qua ctia thuat toan

Trong phan a) va b) luan an da chi ra: hai thuat toan AAL va C-EA
kém hon ba thuat toan N-EA, HB-RGA va G-MFEA trén tat cd cac bo
dit lieu. Do d6 trong phan nay, luan an sé phan tich sy anh hudng ciia s6
cum va s6 dinh ctia do thi dau véi téi hieu qua ctia ba thuat toan co két
qud tét hon N-EA, HB-RGA va G-MFEA. Ciing do thuat toan G-MFEA
tim dugc 10i gidi c¢6 chat lugng troi hon hai thuat toan N-EA va HB-RGA
nén phan so sanh nay tap trung vao phan tich sy lién hé gitta s6 cum va s6
dinh ctia do thi t6i két qua so sanh gitta thuat toan G-MFEA va hai thuat
toan N-EA va HB-RGA.

Do thuat toan G-MFEA t6t hon t6t hon ¢4 hai thuat toan N-EA va
HB-RGA trén tat ci cac bo dit lieu clia tap Type 3 (6 in nghiéng, mau do
trong bang 5.9) va s6 bo dit lieu ciia tap Type 4 nhé nén luan an chi tap
trung danh gia trén cac bo dit lieu thuoc tap Type 1, Type 5 va Type 6.

Dé xac dinh moéi lien hé gita s6 cum, s6 dinh ctia do thi va két qua
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so sanh gitta cic thuat toan (truong hop khi thuat toan G-MFEA t6t hon
thuat toan N-EA, HB-RGA dugc ky hieu lan lugt 12 On_ga va Ogp_gaa),
v6i méi tap dit lieu, luan 4n phan tich cac biéu do phan tan doi véi s6 cum,
s6 dinh ctia do thi va On_ga, Ogp_rca).

Trong cac biéu do phan tan, ky hieu “A >> B, “A = B”, “A << B”
1an lugt c6 nghia la thuat toan A tim dugc 10i giai tot hon (hinh chdm tron
mau d6) , bang nhau (hinh tam gidc mau xanh 14 cay) va kém hon thuat
toan (hinh vuong mau xanh da troi) B. Vi du, trong hinh 5.3(a), ky hiéu
két qua so sanh tai bo di lieu 5Eil51 1a “G-MFEA >> HB-RGA” nghia
14 tai bo dit lieu nay thuat toan G-MFEA tim dugc 16i giai tot hon thuat
toan HB-RGA.

Hinh 5.3 v& 5.4 minh hoa mdi quan hé gitta s6 cum ctia do thi va két
qué so sanh gitta cac thuat toan N-EA, HB-RGA va G-MFEA. Hinh 5.3(a),
5.3(b) v& 5.3(c) ta thay tat ca cac ky hieu & phia dudi dudng thang nim
ngang thit nhat déu 1a hinh tron. Nghia 1& cac bo dit liéu c6 s6 luong cum
nhé hon 25 (ddi véi Type 1), 20 (d6i véi Type 5), 15 (d6i véi Type 6) thi
thuat toan G-MFEA cho két qua tét hon thuat toan HB-RGA. Céc hinh
trén cling cho thay rang véi cac bo dit lieu c¢6 nhiéu hon 25 cum thi thuat
toan HB-RGA tim dudc 10i gidi t6t hon thuat toin G-MFEA.

Déi véi so sanh gitta thuat toan N-EA va thuat toan G-MFEA, hinh 5.4
cho thay thuat toan N-EA t6t hon thuat toan G-MFEA trong mot so it
bo dit lieu khi s6 cum 16n hon 50 (d6i véi Type 1) va 42 (d6i v6i Type 6).
Hay néi cach khéac, thuat toan G-MFEA c¢6 hiéu qua cao hon dbi véi cac
bo dit lidu c¢6 s6 cum bé.

Hinh 5.5 v& hinh 5.6 minh hoa moi quan hé giita s6 luong dinh cta do
thi va két qua so sanh clia cac thuat toan N-EA, HB-RGA va G-MFEA.

Hinh 5.5(a) va 5.5(b) cho thay cac ky hiéu phia dudi duong thang nam
ngang deé 1a hinh tron. Nghia 1, v6i cac bo dit liéu ¢6 s6 dinh nhé hon 99
(d6i v6i Type 1), 300 (dbi v6i Type 5) thuat toan G-MFEA tim dugc két
qud tot hon thuat toan HB-RGA. Tuy nhién, xu huéng clia tuong quan
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gitta Oyp_rga va sO dinh ctia do thi khong gidbng nhau gitta cac tap dit
licu. Hinh 5.5(c) cho thay xu huéng khong ro rang ciia tuong quan nay.

Xu huéng clia tuong quan gitta trong hinh 5.6 ¢6 diém tuong dong véi
xu huéng trong hinh 5.5 khi thuat toan G-MFEA cho két qua troi hon
thuat toan N-EA khi s6 dinh ctia do thi nhé hon 99 (ddi véi Type 1), 76
(d6i v6i Type 6). Khac v6i hai tap dit lieu tren, ddi véi cac bo dit lieu
thuoc Type 5, thuat toan N-EA khong tot hon thuat toan G-MFEA trong
bat ky bo dit lieu nao.

Céac phan tich trén cho thay thuat toan N-EA va HB-RGA khong hiéu
quad bang thuat toan G-MFEA khi s6 cum hodc s6 dinh ctia do thi dau vao
nho. Nguyén nhan chinh dan téi két qua trén 1a do thuat toan G-MFEA
st dung dong thdoi ca hai tac vu dé tim 18i giai cho mot bo dit lieu nén c¢6
su trao doi thong tin va hd trg 1an nhau gitta cac tac vu trong qué trinh
tim 161 gidi. Bén canh d6, thuat toan G-MFEA két hop dude cac thé manh
clia qua trinh khai pha khong gian tim kiém 10i gidi mdi ciia thuat toan
EA va khai thac khong gian 161 giai da c6 cta thuat toan HB-RGA. Véi
mdbi thé he, tac vu co thuat toan EA gitp tao ra quan thé méi da dang,
sau d6 lua chon céc ca thé tét hon dé tao thanh quan thé cho thé hé sau.
Trong khi, tac vu c6 thuat toan HB-RGA doéng vai tro nhu bude tim kiém
cuc bo. Thuat toan HB-RGA lua chon cé thé tit khong gian USS ctia quan
thé dang xét dé cai thien chat lugng 151 giai.

d) So sanh thai gian thuc hién

Béang 23 — bang 26 trinh bay thdi gian tinh toan (don vi tinh la phut)
clia cac thuat toan de xuat. Dit lieu trong bang cho thay thuat toan N-EA
c6 thoi gian tinh toan thap hon cac thuat toan con lai, trong khi thuat
toan G-MFEA c6 thoi gian tinh to4dn 16n nhat. Thuat toan N-EA c6 thoi
gian thie hien thap 1a do cé thé trong thuat toan nay chi méa héa sé cum
ctia do thi dau vao nén cac toan tit tién hoa thuc hién trén nhiém sic thé
c6 chiéu dai bang s6 luong cum. Do s luong cum nhd hon nhiéu so véi

sO dinh ctia do thi nén thoi gian thyc hién cac toan tit tién hoéa ciia thuat

102



® G-MFEA >> N-EA

N-EA

B G-MFEA << N-EA

=99

S6 dinh

| 2¥vaadog
| zyyaodsz
Zraddol
6et1dog
6epidse
6€v4doL
8LEUI0S
gLeuIse
gLeuloL
082205

08zesT

08ze0)

29zIBog
z9zIbse
zoziboL
soLuIs,
SoLuIoS
soluIse

L 001 Vo0S ..W

oM
| ooLgomoL
L e61ei0s
¢ L eewrisT
> ¢ | e6ri0l
9/4dg
9/118G
9/4dg)
9/118G1
9/4doL
9/11501
043s§
041854
041801
Zgulleag
Zguipeqg)
ZguIpegolL
Llieg
LglisgL
LGlis0 L

4007 A G.MFEA

3001

2004

yuip oS

100

| 0oLgoni0g =

| 001 VOMST «O-

(a) Type 1

® G-MFEA >> N-EA
A G-MFEA

N-EA

B G-MFEA << N-EA

XX 2

L ¥0€-00S!IS
L 80€-00S!S5C
L £0€-00S!10C
L. 90€-005!G 1
L GOE-00S!0}
L G0cC-00¥IS
| 602-00¥15C
L 802-00¥10C
L L02-00¥!G )
L 90¢-00¥'0}
L 80L-00¢€!S
L ¢l l-00¢€lsC
L LLL-00€l02
L OLL-00¢€ISL
L 60L-00¢€!0}
9p-0CHIS
9v-0cliolL
€€-06!9
€€-0610}
[44=vAs]
2e-G/lol
Lc-021L
Lc-0418
L¢-0.101
1¢-g9lL
1¢-G9I5
L¢-golol
Lc-091L
1¢-09!5
L¢-0910L
81-G¥IL
81-G¥IG
81-G¥I0}
L1-0€1L
11-0€18
Z1-0¢€lo}

500 1

400 1

1004

>

@

=]
©

<O

m

(b) Type 5

® G-MFEA >> N-EA
A G-MFEA = N-EA

B G-MFEA << N-EA

=76

S dinh

0000000400

| exe-crraode
| 9xg-zyraodoe
GXg-Zhraodse
£Xg-6£1de
SXp-6€71d0Z
9xe-6epIdg)
£Xe-gLEUII6
1X/-8LEuliey
£X£-08286
1X9-082BZY
GXG-082BST
£Xe-29zI66
GXg-z9elbse
PXp-GOLUIIQL
£XE-L0LII96
9X9-10L1199€
| Sxs-LoLIIeSZ
| 5XG-001801IGE
| 9X5-0018040€
| ZX¥-001 08T
1X9-66IRIZH
GXG-661RIST
£x¢-9/1d6
£X£-9/1196
£xg-9/1dg
X291y
TXz-9LlIeY
GXG-9/11I9G2
SXp-9/11902
9xg-9.4dgL
PXp-9/1199)
GXg-9.4dgL
yXg-9,4dzL
PXE-9/119Z 1
£X2-01189
SXp-0/1802
PXp-0/3591
PXE-0/3821
pXg-gguIaag
€XZ-ZguIliaqg

L GXZ-gsullaqol
£Xe-16lIe6
oXg-Lsliey
GXg-lgliege
SXp-LGlIs0e
PXp-LGle9L
pxe-Lgliegt

400 1

3001
2004

yuip oS

100

(c) Type 6

anh hai thuat toan G-MFEA va N-EA vé6i sb

t qué so s

ké

o

an cua

dd phan t4

2
eu

B
dinh ctia do thi.

Hinh 5.6

103



toan N-EA gidm nhiéu so v6i ma hoa theo tap dinh ctia do thi. Ciing do
thuat toan N-EA Iuu trit chi phi ctia méi cay khung nhé nhat tuong tng
v6i mdi dinh gbc cuc bo trong cac cum dé tranh phai tinh lai nén ciing
lam giam chi phi tinh toan ctia thuat toan N-EA. Thai gian tinh toan cua
thuat toan G-MFEA 16n do bén canh trit thong tin vé cic cum, cac ca thé
trong thuat toan G-MFEA con litu trit thong tin vé cac canh noi giita cic
cum va thong tin vé cac dinh gbc cuc bo nén cac toan tit tién hoa can thoi
gian dé xac dinh cac thuoc tinh nay cho cac ca thé con. Bén canh d6, moi
khi tac vu sit dung thuat toan HB-RGA thuc hién, thuat toan G-MFEA
sé xay dung do thi dau vao cho thuat toan HB-RGA tit ca thé con trong
khong gian USS, sau d6 méi ap dung thuat toan HB-RGA dé tim 15i giai
cua bai todn CluSPT nén chi phi tinh toan ciing sé tang thém.

Thoi gian tinh toan cta ba thuat toan N-EA, HB-RGA va C-EA khac
nhau khong nhiéu, trong d6 thoi gian tinh toan ctia thuat toin C-EA c6
xu huéng nhé hon thuat toan HB-RGA trén cic bo dit lieu ¢6 s6 dinh nhé
hoac c¢6 dinh 16n nhung s6 cum bé. Thoi gian thuc hién ctia thuat toan
HB-RGA c¢6 xu huéng bé hon so véi thuat toan C-EA déi véi cac bo dit

lidu ¢6 s6 dinh va sé cum 16n.

5.2.2. Do thi day du phi metric

Do thuat toan SLA-M khong ap dung dudc v6i do thi phi metric nén
trong phan nay, luan an chi danh gid nam thuat toan AAL, C-EA, N-EA,
HB-RGA va G-MFEA.
a) Phan tich théng ké

Chi tiét két quad tim dudce tit cac thuat toan trén cac tap di lieu ducc
trinh trong céc bang 27 — bang 29 (phan Phu luc). Trong cac bang nay,
gia tri tuong tng voi 101 gidi tét nhat clia mdi dong sé dude in nghiéng,
dam va ¢6 mau do.

Béang 5.10 trinh bay két qua théng ké clia cac kiem dinh Friedman va

Iman-Davenport. Két qua trong bang cho thay rang cac gia tri Friedman
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va Iman-Davenport 16n nhiéu lan so véi cac gia tri t6i han va tri sé6 p nhé
hon nhiéu lan so véi ngudng o = 0.05, diéu do6 cé nghia 13 c6 sy khéic biet
1o rang gitta két qua thyc nghiém nhan dude clia cac thuat toan vdéi sai
s6 nhé hon 5%. Hay néi cach khac sy khac biét gitta két qua cac thuat
toan trén tap dit lieu day di phi metric c6 ¥ nghia thong ké véi ngudng

a = 0.05.
Bang 5.10: Bang két qua kiém dinh Friedman v Iman-Davenport (a=0.05)

Friedman Iman-Davenport

Gia tri Friedman Gia tri X2 Trisép  Gia tri Iman-Davenport Gia tri Fp Tri sb p
268.3920 9.4877 0.385% 10710 628.3538 2.4021  3.028 x 10143

Bang 5.11 trinh bay gia tri xép hang trung binh ctia cac thuat toan duge
danh gia béi cac kiém dinh Friedman, Friednman Aligned va Quade. Két
qua trong bang cling c¢d thém nhan dinh vé sit khac nhau vé chat luong 10i
giai tim dugc gita cac thuat toan duge so sanh. Trong bang 5.11, thuat
toan G-MFEA c¢6 thit hang nhé nhat nén thuat toan G-MFEA c6 hieu

nang tot nhat.

Bang 5.11: Gi4 tri xép hang trung binh clia cac thuat toan nhan duge tir duge danh gia béi
céc kiém dinh Friedman, Friednman Aligned vd Quade

Thuat toan Friedman Friedman Aligned Quade

AAL 5.00 331.400 4.999
HB-RGA 1.820 104.847 1.747
N-EA 2.760 132.080 2.649
C-EA 3.999 269.573 4.000
G-MFEA 1.420 102.099 1.604

Bang 5.12 trinh bay chi tiét hon vé udc luong két qua so sanh déi khang
gitta cac thuat toan. Tat cd cac gia tri tai dong tuong tng vdi thuat toan
G-MFEA déu gia tri duong khi so sanh véi cac thuat toan khac. Dieu do6
c6 nghia 13 thuat toan G-MFEA c¢6 hiéu qua tét nhat. Dong tuong tng véi
thuat toan AAL deéu c6 gia tri am nén thuat toin nay kém hiéu qua nhat.
Bang 5.12 ciing cho thay hiéu qua ctia thuat toan HB-RGA t6t hon hai
thuat toan N-EA va C-EA; thuat toan N-EA cho két qua tét hon thuat
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toan C-EA.

Bang 5.12: Udc lugng dbéi khang gitta cac thuat toan

AAL HB-RGA N-EA C-EA G-MFEA

AAL 0 —8.306%10* —7.831%10* —4.275%10% —8.379 % 10*
HB-RGA | 8.306 % 10* 0 4749 4.031 % 104 —1736.6
N-EA | 7.831 % 10* 4749 0 3.556 % 10* -5486
C-EA | 4.275%x10* —4.031%10* —3.556 % 10* 0 —4.104 % 10*
G-MFEA | 8.379 x 10* 736.6 5486 4.104 % 104 0

Tt cac nhan dinh dua trén két qua trong bang 5.11 va bang 5.12, thuat

toan dieu khién dugc chon 1a thuat toan dieu khién trong céc phan tich

thong ke hau

kiém.

Luan an st dung cac kiém dinh Holm, Holland,... ddnh gia két qua

so sanh giita thuat toan diéu khien G-MFEA véi cac thuat toan khac.

Bang 5.5 trinh bay két qua danh gia cac gia thuyét khi so sanh gitta thuat

toan diéu khién G-MFEA véi cac thuat toan con lai.

Bang 5.13: Bang gia tri da hiéu chinh ctia tri sd p ciia cac kiém dinh Friedman va Quade

(G-MFEA 1la thuat toan diéu khién)

FRIEDMAN
i Thuat toAn Unadjusted p PBonf PHolm PHoll PLi
1 AAL 1.03%x 10743 4.11%107% 4.11%10767 0.0 1.17% 10743
2 C-EA 1.65% 10723  6.59%x 10723 4.94% 1023 0.0 1.87 %1023
3 N-EA 2111077 842%1077 421%1077 421%1077 2.39%x10°7
4 HB-RGA 0.121335 0.4853410 0.121335 0.121335 0.121335

QUADE

i Thuat toan Unadjusted p PBonf PHolm PHoll PLi
1 AAL 6.37x 10716 255%10715 255%10°23 0.0 2.38 %1015
2 C-EA 1.18 %1078  4.72%107% 3.54x 1078 0.0 4.41 %108
3 N-EA 0.012843 0.051373 0.025686 0.025521 0.045748
4 HB-RGA 0.732109 2.928437 0.732109 0.732109 0.732109

Bang 5.13 trinh bay cac gia tri da hiéu chinh ciia tri s6 p thu dudc

tit cac kiém dinh Friedman va Quade déi véi cac so sanh giita thuat toan
G-MFEA v cac thuat toan khac. Két qua trong bang 5.13 cho thay:
e D&i véi kiem dinh Friedman, cac thuat toan AAL, C-EA va N-EA
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hiéu chinh nhé hon 0.05 nén két qua so sanh giiia cdc thuat toan nay
véi thuat toan G-MFEA c6 y nghia thong ké v6i nguéng o = 0.05.
Nghia 13 thuat toan G-MFEA t6t hon ba thuat toan AAL, C-EA va
N-EA & nguong duge xem xét a = 0.05.

e D6i v6i kiem dinh Quade:

— Gia tri sau khi hiéu chinh cac thuat toan AAL va C-EA (céc thuat
toan co6 tén duge in dam) c6 gia tri clia tri s6 p sau khi hiéu chinh
nhoé hon 0.05 nén két qua so sanh giita cac thuat toan nay véi
thuat toan G-MFEA c6 § nghia théong ké véi ngudng o = 0.05.
Hay noéi cach khac AAL va C-EA cho két qua kém hon thuat toan
G-MFEA & ngudng duge xem xét a = 0.05.

— Tri s6 p sau khi hieu chinh ctia thuat toan N-EA déi véi cac kiem
dinh Holm, Holland va Li déu nhoé hon 0.05. Nghia 1a dbi vdéi cac
kiém dinh trén, thuat toan N-EA kém hon thuat toan G-MFEA
d ngudng ducge xem xét a = 0.05. Tri s6 p sau khi hiéu chinh
ddi véi kiém dinh Bonferroni-Dunn (gi4 tri in nghiéng mau dé) 1a
0.051375. Nghia 1a déi v6i phuong thitc Bonferroni-Dunn, két qua
so sanh gitta thuat toan G-MFEA véi thuat toan N-EA khong c6
¥ nghia théng ké 6 ngudng o = 0.05, chi ¢6 ¥ nghia thong ke &
nguong o = 0.1.

b) So sanh két qua trong titng tap dit lieu

Bang tom tat két qua so sanh gitta cac thuat toan doéi véi cac bo dit
lieu day du phi metric duge trinh bay trong bang 5.14. Khic véi két qua
trén bo dit lieu metric, s6 101 gidi ¢6 chi phi bang nhau tim dugc tir cac
thuat toan trén bo dit lieu day da phi metric rat it, chi ¢6 mot truong hop
trén bo dit lieu N-5175-22 thuoc tap Type 5 khi hai thuat toan HB-RGA
va G-MFEA tim dugc 16i gidi ¢6 chi phi bang nhau. Diéu d6 c6 nghia la
hiéu qua cua cac thuat toan c6 sy khac biét ré6 rang hon trén bo dit lieu
day du phi metric.

Két qua trong bang 5.14 ciing cho thay:
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Bang 5.14: Bang tom tit so sanh két qua dua trén s6 bo dit lieu phi metric

C-EA N-EA HB-RGA G-MFEA S6 b dit liéu

Type 1 23 23 23 23 23

AAL Type 5 18 18 18 18 18
Type 6 34 34 34 34 34

Type 1 23 23 23 23

C-EA Type 5 18 18 18 18
Type 6 34 34 34 34

Type 1 20 18 23

N-EA Type 5 18 18 18
Type 6 30 28 34

Type 1 17 23
HB-RGA Type 5 15(1) 18
Type 6 22 34

e Thuat toan AAL kém hon cac thuat toan khac trén tat ca cac bo dit
liéu da thuyc nghiém.

e Thuat toan C-EA kém ba thuat toan N-EA, HB-RGA va G-MFEA
trén tat ca cac bo di lieu.

e Thuat toan N-EA kém hon thuat toan HB-RGA va thuat toan G-
MFEA lan lugt trén 20/23 va 18/23 bo dit lieu ctia tap Type 1, tat
cé cac bo dit lieu cua tap Type 5, 30/34 va 28/34 bo dit lieu cta tap
Type 6.

e Thuat toan HB-RGA kém hon thuat toan G-MFEA trén 17/23 bo dit
lieu ctia tap Type 1, 15/18 bo dit lieu ciia tap Type 5 va 22/34 bo dit
liéu thuoc tap Type 6.

Qua cac phan tich trén c6 thé thay ring, chat luong 1oi gidi tim dudc
bdi cac thuat toan trén cac bo dit lieu day du phi metric sip xép theo thit
tu gidm dan 1a: G-MFEA — HB-RGA — N-EA — C-EA — AAL.

c) Cac yéu t6 anh huéng t6i hiéu qua ciia thuat toan

Két qua phan tich trong cac phan truéc da chi ra thuat toan G-MFEA
c6 hieu qud tot nhat, hai thuat toan AAL va C-EA kém hon ba thuat
toan con lai trén tat cd cac bo dit lieu da thyc nghiém nén luan an chi tap

trung phan tich két qua nhan dugc ciia ba thuat toan G-MFEA, N-EA va
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HB-RGA theo s6 dinh va s6 cum ctia do thi dau vao.

Hinh 5.7 va hinh 5.8 minh hoa méi quan hé gitta két qua so sanh cla
cac thuat toan va s6 cum, s6 dinh ctia do thi dau vao. Trong cic hinh nay,
k¢ hieu “>>" (“<<”) nghia la “t6t hon” (kém hon”); k¢ hicu “&” nghfa
14 “va” hay “dong thoi”. Vi duy, “G-MFEA >> HB-RGA & N-EA” nghia la
thuat toan G-MFEA t6t hon ca hai thuat toan HB-RGA va N-EA.

Biéu do phan tan theo s6 cum ctia do thi trong hinh 5.7(a) cho théy
khi s6 cum nhé hon 10 thi thuat toan G-MFEA t6t hon ca hai thuat toan
HB-RGA va N-EA, ngudc lai thuat toan G-MFEA kém hon ca hai thuat
toan con lai khi s6 cum 16n hon 25. Biéu do ciing cho thay gia tri nho
nhat ctia s6 cum dé thuat toan G-MFEA kém hon mot trong hai thuat
toan N-EA va HB-RGA 1a 10. Trong hinh 5.7(b) chi ¢6 ky hiéu hinh tron
va hinh vuong, diéu d6 ching té rang trén tap dit lieu Type 5, khong c6
truong hop nao thuat toan G-MFEA c6 két qua kém hon thuat toan N-EA.
K&t qué so sanh gitta cac thuat toan trén tap di licu Type 6 (hinh 5.7(c))
c6 nhiéu diém tuong dong véi két qua so sanh tren tap dit lieu Type 1.
Hinh 5.7(c) chi ra rang khi s6 cum nhé hon 9 thuat toan G-MFEA t6t hon
cé hai thuat toan HB-RGA va N-EA; thuat toan HB-RGA (N-EA) ¢6 két
qué tot hon thuat toan G-MFEA chi khi 6 cum 16n hon hogc bang 9 (20);
s6 cum nhd nhét dé thuat toan G-MFEA kém hon ca hai thuat todn con
lai 1 28 (tai bo dit lieu N-28KroA100-4x7).

Két qué so sanh clia cac thuat toan trong hai hinh 5.8(a) va 5.8(b) ¢6
nhiéu diém tuong dong khi s6 dinh ctia d6 thi dau vao nhé hon 70 (d6i véi
Type 1), 45 (d6i v6i Type 5) hosic nam trong khoang 70 — 99 (ddi v6i Type
1), 45 — 75 (d6i v6i Type 5) thi thuat toan G-MFEA t6t hon c& hai thuat
toan HB-RGA va N-EA. Bén canh d6, hinh 5.8(a) cho thay réng thuat
toan HB-RGA chi tim dudc két qua tot hon thuat toan G-MFEA khi s6
dinh khong nhé hon 99, tuong tir doi v6i thuat toan N-EA 1a 70. D6i véi
cac bo dit lieu thuoc tap Type 5, thuat toan HB-RGA chi t6t hon thuat
toan G-MFEA khi s6 dinh khong nhoé hon 45.
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Két qua so sanh gitta cdc thuat toan trong hinh 5.8(c) khong ro rang nhu
hai hinh 5.8(a) va 5.8(b) khi cuing s6 dinh két qué so sanh gitta cac thuat
toan co ca truong hop hop tot hon va khong t6t hon. Tuy nhién hinh 5.8(c)
ciing cho thiy thuat toan N-EA chi t6t hon thuat toan G-MFEA khi s6
dinh ctia do thi khong nhé hon 70 va thuat toan G-MFEA chi kém hon
ca hai thuat toan HB-RGA va N-EA khi s6 dinh ctia do thi 16n hon hosc
bing 99.

5.3. Két luan chuong

Chuong nay trinh bay cac phan tich két qua thuyc nghiém clia cac thuat
toan dugc dé xuat trong luan an va trong cac nghién citu trude day. Cac
phan tich dugc tién hanh duya trén két qua thuc nghiém ciia cac thuat toan
thu dugce tir 215 bo dit lieu thuoc hai dang do thi: metric va day du phi
metric.

V6i mdi dang do thi, cac phan tich duge tién hanh theo ba bude. Dau
tien luan 4n st dung cac phan tich théng ké dé kiém ching ¥ nghia thong
ké clia cac két qua thuc nghiem thu duge va xac dinh thuat toan cé hiéu
qua tot nhat trong cac dé xuat. Duya trén co sd clia két phan tich thong
ke, luan an sé so sanh chi tiét két qua clia cac thuat toan déi véi moi bo
dit lieu thuoc cac tap dit lieu duge lya chon thuc nghiém. Tai buée cudi,
luan 4n phan tich dnh huéng ciia mot s6 thuoc tinh ctia do thi dau vao téi
két qua so sanh gifta cac thuat toan.

Két qua phan tich théng ké trén cd do thi metric va do thi day du
phi metric da chi ra rang sy khac biét gitta két qua clia cac thuat toan 1a
c6 v nghia théng ké. Bén canh do6, két qua phan tich da chi ra réng cac
thuat toan dé xuat déu cho két qua tot hon thuat toan dude cong bo trong
nghién ctiu trude day trén ci hai dang do thi dugc xem xét.

Cac phan tich két qua thuyc nghiém ciing chi ra ring thuat toan G-
MFEA tim dudc 18i gidi tot nhat, trong khi thuat toan C-EA tim duoc
161 gidi kém nhat. Loi giai tim duge bdi thuat toan HB-RGA va N-EA c6

110



chat luong gan nhau, tuy nhién thuat toin HB-RGA c6 xu huéng t6t hon
thuat toan N-EA.

Thong qua phan tich biéu dé phan tan ctia két qua so sanh giita céc
thuat toan va sé dinh, s6 cum ctia do thi dau vao, luan 4n da chi ra su &nh
hudng ciia sd6 cum, so6 dinh ctia do thi dau vao t6i két qua clta cac thuat
toan. Tt d6 c6 thé mot phan du doan két qua nhan dude clia cac thuat

toan theo hai thuoc tinh trén ctia do thi dau vao.
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KET LUAN

Cac dong goép méi

Déi v6i mot bai toan NP-kho nhu bai toan CluSPT, hién tai c6 ba huéng
tiép can chinh dé phat trién thuat toan gidi: 1) huéng tiép can dung, 2)
hudng tiép can heuristic, 3) hudéng tiép can meta-heuristic. Déng gop ctia
luan an 1a dé xuat cic thuat toan gidi bai toan CluSPT theo ci ba huéng
tiép can:

e Déi v6i huéng tiép can dang: luan an dé xuat thuat toan dung dua
trén phuong phap duyét do thi theo chiéu rong va xay dung do thi co
dang hinh sao. Két qua thuc nghiém cho thay, thuat toin dé xuat giai
dugc bai toan CluSPT nhanh véi d6 thi khodng 500 dinh va 50 cum.

e D61 v6i cach tiép can heuristic: thuat toan HB-RGA dua trén thuat
toan tham lam ngiu nhién dugc dé xuat dé gidi bai toan CluSPT.
Thuat toan HB-RGA c6 vu diém vé thai gian thiyc hién nhanh, khong
phu thuoc nhiéu vao s6 luong cum ctia do thi dau vao va chat lugng
161 giai tim dudc c6 tinh “On dinh” cao. Thuat toan HB-RGA phut hgp
khi can tim nhanh 161 giai ctia bai toan CluSPT.

e Ddi v6i hudng tiép can meta-heuristic: luan an dé xuat ba thuat toan
dya trén thuat toan tién hoa (thuat toan C-EA va thuat toan N-EA)
va tién hoa da nhan t6 (thuat toan G-MFEA).

— Thuat toan C-EA sit dung ma hoéa Cayley dé méa hoa 15i gidi nén
c6 uu diém ve thoi gian thuc hién, vé cai diat don gidn va do c6
the st dung céc toan ti tién héa da c6 nén khong can xay dung
thém céic toan ti tién hoa dic trung ctia bai toan CluSPT. Hon
nita, do st dung cac toan ti tién héa khong phai thiét ké rieng
cho bai toan CluSPT nén thuat toan cé thé ap dung dé giai cac
bai toan cay khung phan cum. Thuat toan C-EA phu hop khi can
tim dong thoi 10i gidi bai toan CluSPT va 10i gidi mot bai toan
cay khung phan cum khac.

— Thuat toan N-EA duya trén sy két hgp gitta thuat toan EA va
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thuat toan Dijkstra. Do st dung thuat toan Dijkstra dé tim cay
khung nhé nhat trong cac cum va st dung thuat toan EA dé to6i
uu hoa canh noi gitta cdc cum nén 10i gidi tim duge bang thuat
toan N-EA ducc cai thién nhiéu so véi thuat toan C-EA. Thuat
toan N-EA phit hop khi can tim 161 gidi c6 chat luong t6t trén do
thi day du vdi gidi han thoi gian trung binh.

— Thuat toan G-MFEA dua trén sy két hgp gitta thuat toan MFEA
va thuat toan HB-RGA. Diém déng gép chinh ctia thuat toan G-
MFEA so véi cac nghién cttu da c6 1a dé xuat co ché giup phan
ra bai toan dau vao thanh hai bai toan riéng biét cho hai tac vu
thuc hién. Do mot tac vu giap khai pha khong gian 161 méi, con
mot tac vu gitup khai thac khong gian 16i gidi da c6 nén 11 giai
tim dugc bang thuat toan G-MFEA tiem can véi 10i gidi toi uu.
Thuat toan G-MFEA phu hgp khi can tim 161 gidi ¢6 chat lugng
tot va khong gidi han vé thoi gian.

Két qua thiyc nghiém trén nhiéu bo dit lieu cho thay rang cac dé xuat
trong luan an cho chat luong 10i giai tot hon thuat toan da duge cong bod
truée do.

Han ché: Thuat toan G-MFEA ¢6 do phtc tap vé bo nhé sit dung con
16n.
Huéng phat trién

Trong nhitng nghién cttu tiép theo, luan an sé tiép tuc md rong nghien
cttu vé cac van de:

e Dé xudt cac toan ti tién hoa dé ap dung thuat toan MFEA-II giai bai

toan CluSPT.

e Nghién citu bai toan CluSPT vdi trong sé cac canh ciia do thi dau vao

thay doi theo thoi gian.
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PHU LUC

Bang 15: Thong tin vé cac bo dit lieu do thi metric thuoc Type 3 va Type 4

Tenbodid S6 Sé Sb6 dinh Thd tu Sb dinh

liéu dinh cum trung cum lén trong cum
binh nhét 16n nhat
61300 300 6 50.0 5 73
":j 61350 350 6 58.3 5 80
& 61400 400 6 66.7 5 92
H 61450 450 6 75.0 5 100
61500 500 6 83.3 5 112
4i200a 200 4 50 0 50
4i200h 200 4 50 0 50
4i200x1 200 4 50 0 50
4i200x2 200 4 50 0 50
T 4i2007 200 4 50 0 50
E 4i400a 400 4 100 0 100
4i400h 400 4 100 0 100
4i400x1 400 4 100 0 100
4i400x2 400 4 100 0 100
4i400z 400 4 100 0 100
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0€T

Bang 16: Thong tin vé cac bo dit lieu do thi metric thuoc Type 1

Tén bo dit  S6 Sé Sé Thit tw S6 dinh

liéu dinh cum dinh cum trong
trung I6n cum lén

binh nhét nhét
10berlin52 52 10 5.2 4 11
10eil51 51 10 5.1 0 6
10eil76 76 10 7.6 7 13
.o 10kroB100 100 10 10.0 7 17
= 10pr76 76 10 7.6 0 11
® 10rat99 99 10 9.9 8 13
2 10st70 00 10 7.0 4 11
= 1sberlin52 52 15 3.5 8 10
& 15eil51 51 15 3.4 4 b}
s 15€il76 76 15 5.1 4 9
15pr76 76 15 5.1 12 9
15st70 70 15 4.7 9 8
25ei1101 101 25 4.0 1 7
25kroA100 100 25 4.0 10 7
251in105 105 25 4.2 13 12
25rat99 99 25 4.0 4 7
50eil101 101 50 2.0 13 7
50kroA100 100 50 2.0 35 5
50kroB100 100 50 2.0 2 4
50lin105 105 50 2.1 15 5
50rat99 99 50 2.0 4 4

Tén bs dit  S6 Sé Sé Thi ty S6 dinh

lieu dinh cum dinh cum trong
trung 1én cum lén

binh  nhat nhat
S5berlin52 52 ) 10.4 1 15
Seildl 51 ) 10.2 0 14
5eil76 76 5 15.2 2 17
Spr76 76 5 15.2 4 22
5st70 70 5 14.0 3 19
75lin105 105 75 1.4 45 3
10a280 280 10 28.0 3 36
10gil262 262 10 26.2 3 33
101in318 318 10 31.8 1 40
10pcb442 442 10 44.2 4 54
10pr439 439 10 43.9 0 76
& 254280 280 25 112 9 15
b 25gil262 262 25 10.5 ) 18
E 25lin318 318 25 12.7 5 24
+  25pch442 442 25 17.7 3 32
§ 25pr439 439 25 17.6 9 47
X 50a280 280 50 5.6 2 10
50gil262 262 50 5.2 31 11
50lin318 318 50 6.4 40 13
50pch442 442 50 8.8 43 17
50pr439 439 50 8.8 11 21




Bang 17: Thong tin vé cic bo dit lieu do thi metric thuoc Type 5

1€1

Kich thuéc nhé

Tenbod¥ S6 Sé6  Sb Thtt ty Sé dinh Tenbodi S6 S6  Sb Tht ty Sé dinh
liéu dinh cum dinh cum trong liéu dinh cum dinh cum trong
trung I6n cum lén trung Ién cum lén
binh  nhéat nhét binh  nhat nhét
10i120-46 120 10  12.0 1 17 7i60-21 60 7 8.6 6 13
10i30-17 30 10 3.0 5 5 7i65-21 65 7 9.3 6 14
10i45-18 4510 45 4 6 7i70-21 70 7 100 6 15
10i60-21 60 10 6.0 8 10 10i300-109 300 10  30.0 5 40
10i65-21 65 10 6.5 8 10 10i400-206 400 10 40.0 0 46
10i70-21 70 10 7.0 8 12 10i500-305 500 10 50.0 1 63
10i75-22 7510 7.5 3 12 15i300-110 300 15  20.0 0 28
10i90-33 90 10 9.0 4 12 151400-207 400 15 26.7 13 34
51120-46 1205 240 0 29 & 15500-306 500 15  33.3 2 38
5i30-17 30 5 6.0 4 10 g 20800111 300 20 150 14 23
5i45-18 45 5 9.0 2 12 T 20400208 400 20 200 7 26
5i60-21 60 5 120 4 16 = 20i500-307 500 20  25.0 15 33
5i65-21 65 5 13.0 4 18 5 25i300-112 300 25 120 7 18
5i70-21 70 5 140 4 20 M 95400-200 400 25 16.0 2 25
5i75-22 75 5 150 4 22 25i500-308 500 25  20.0 15 34
5190-33 90 5 180 1 20 5i300-108 300 5 60.0 4 67
7i30-17 30 7 43 6 7 5i400-205 400 5 800 4 85
7i45-18 45 7 6.4 6 11 5i500-304 500 5 100.0 2 105




Bang 18: Thong tin vé cac bo dit lieu do thi metric thuoc Type 6

cEl

Tén bo dit S6 S&6 Sb Thi ty S6 dinh Tenbodd S6 S6 Sb Thi ty S6 dinh

liéu dinh cum dinh cum trong liéu dinh cum dinh cum trong
trung 1én cum lén trung 16n cum lén

binh  nhét nhét binh  nhét nhéat
10berlin52-2x5 52 10 5.2 4 21 4eil51-2x2 51 4 12.8 1 14
12¢il51-3x4 51 12 4.2 1 6 46il76-2x2 76 4 19.0 3 22
126il76-3x4 76 12 6.3 5 4pr76-2x2 76 4 19.0 1 27
12pr76-3x4 76 12 6.3 1 11 6berlin52-2x3 52 6 8.7 2 24
12st70-3x4 70 12 5.8 1 6pr76-2x3 76 6 12.7 1 18
‘2 15pr76-3x5 76 15 5.1 1 11 6st70-2x3 70 6 11.7 1 16
i 16eil51-4x4 51 16 3.2 9 5 8berlin52-2x4 52 8 6.5 2 18
S 16eil76-4x4 76 16 4.8 10 10 9eil101-3x3 101 9 11.2 6 17
S 16lin105-4x4 105 16 6.6 12 18 9eil51-3x3 51 9 5.7 1 8
5 16st70-4x4 70 16 4.4 3 7 9¢il76-3x3 76 9 8.4 5 12
% 18pr76-3x6 76 18 42 1 9 9pr76-3x3 [ 8.4 1 13
20eil51-4x5 51 20 2.5 11 5 18pr439-3x6 439 18 24.4 8 122
20eil76-4x5 76 20 3.8 10 10 20prd39-4x5 439 20 21.9 7 105
20st70-4x5 70 20 3.5 2 6 25a280-5x5 280 25 11.2 10 20
25€il101-5x5 101 25 4.0 16 14 25gil262-5x5 262 25 10.5 7 17
95 eil5 1_5xch s o5 50 13 4 P 25pcb442-5x5 442 25 17.7 19 28
25€il76-5x5 76 25 3.0 13 7 o 36pcb4d2-6x6 442 36 12.3 17 23
25rat99-5x5 99 25 4.0 8 7 S 42a280-6x7 280 42 6.7 8 12
28kroA100-4x7 100 28 3.6 6 7 S 49gil262-7x7 262 49 5.3 3 10
2lin105-2x1 105 2 52.5 0 57 5 49lin318-7x7 318 49 6.5 10 16
30kroB100-5x6 100 30 3.3 4 9 g 9a280-3x3 2809 8l 0 39
35kroB100-5x5 100 35 2.9 4 9 9gil262-3x3 262 9 29.1 1 45
36€il101-6x6 101 36 2.8 25 8 9lin318-3x3 318 9 35.3 2 39
42rat99-6x7 99 42 2.4 0 4 9pch442-3x3 442 9 49.1 3 64
4berlin52-2x2 52 4 13.0 0 23 9pr439-3x3 439 9 48.8 5 139
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Bang 19: Két qua thiyc nghiém ciia cac thuat toan trén bo dit lieu do thi metric thuoec Type 1

AAL  SLA-M HB-RGA N-EA C-EA G-MFEA
Instances Avg Cost BF Avg RPD BF Avg RPD BF Avg RPD BF Avg RPD
10berlin52  82619.1  43724.1  43738.6 43971 0.6 43954.0  44237.6 1.2 50221.7 59277.1 35.6 43724.1 43724.1 0.0
10eil51 4489.1 1713.2 1713.2 1723.2 0.6 1741.5 1770.6 34 1976.4 2492.4 455 17132 1713.2 0.0
10eil76 7220.5 2203.3 2203.3 22084 0.2 2264.5 2315.6 5.1 2653.3 3428 55.6 2203.3  2203.3 0.0
10kroB100 384046.7 140522.2 140635.1 1419514 1.0 143108.6 147539.7 5.0 196536.0 244850.8 74.2 140551.2 140597.9 0.1
10pr76 1042986.0 522213.8 522572.2 525733.1 0.7 531536.7 544954.5 4.4 663067.8 829115 58.8 522213.8 522340./ 0.0
10rat99 22402.3 7520.2 7520.2 7562.1 0.6 7697.8 7899.4 5.0 10689.9 13301.7 76.9 7520.2 7524 0.1
«o 10st70 8057.9 3095.2 3099.5 3131.7 1.2 3098.7 3191.1 3.1 4357.3 5106.6 65.0 3095.2 3095.7 0.0
2 15berlins2 557355 263120 263120 264377 0.5  26463.1 26867.8 2.1 357854 518575 OT.1 263155 269517 0.2
\é 15¢il51 2833.5 1306.4 1306.7 1313.8 0.6 1313.4 1336.5 2.3 2059.3 2692 106.1 1306.8 1309.1 0.2
< 15eil76 8147.0 2909.1 2911.3 2921.8 04 2955.3 3047.8 4.8 3801.3 4965.9 70.7 2909.1 2913.1 0.1
f) 15pr76 1627671.1  704600.6 705017.3 708944.9 0.6 714652.2 728128 3.3 947662.8 1160032 64.6 705226.1 706505.5 0.3
& 15570 10074.1 4120.1 4129.9 4147.3 0.7 4145.8 4230.1 2.7 5215.4 6770.2 64.3 4126.7 4135.5 04
25€il101 12327.8 4679.0 4680.8 46860.1 0.2 4826.6 4885.5 4.4 6998.9 8940.9 91.1 4700.4 47279 1.0
25kroA100 324160.0 147195.0 147239.0 147716.8 0.4 150157.7 153155.6 4.0 262653.6 361542.8 145.6 148767.9 149708.1 1.7
25lin105 211355.4  97944.7  98087.5  98502.9 0.6  98991.8 100615.8 2.7 179859.9 280182.5 186.1 98941.4 100585.3 2.7
25rat99 16747.0 6841.5 6846.3 6867.8 0.4 7056.0 7162.3 4.7 12351.0  18127.8 165.0 6930.9 7022.3 2.6
50eil101 9195.2 3825.3 3827.3 3828.1 0.1 3890.7 3919.7 2.5 9907.4 13339 248.7 4034.7 4178.1 9.2
50kroA100 319270.0 159647.2 159815.2 160029.9 0.2 160547.4 161889.6 1.4 442339.9 648645.6 306.3 173113.3 179506.1 12.4
50kroB100 311384.2 133104.5 133135.4 133325.8 0.2 134077.5 135332.2 1.7 472233.0 5H87388.7 341.3 149465.6 157831.1 18.6
50lin105 273675.6 145829.1 145869.9 145951.8 0.1 146367.1 1471754 0.9 336318.3 490065.3 236.1 151901.5 154680.7 6.1
50rat99 19909.6 8007.4 8010.6 8016.8 0.1 8104.5 81324 1.6  23111.6  32554.7 306.6 8728.0 9002.1 124
5berlin52 48738.1  22746.4  22746.4 23106.9 1.6 22746.4 22938.2 0.8 30894.6 35044.3 54.1  22746.4 22746.4 0.0



VEL

5eil51

4397.7 1769.4 1770.5 17923 1.3 1769.4 17753 0.3 1946.7 2140.4 21.0 17694  1769.4 0.0

10i30-17

5¢il76 6539.8 2630.8 2630.8 26584 1.0 2630.8 2693.1 2.4 3410.7 3757.3 42.8 2630.8  2630.8 0.0
5pr76 1688544.9 585008.0 585008.0 589778.1 0.8 585008.0 591547 1.1 756088.9 829628.1 41.8 585008.0 585008 0.0
5st70 10270.5 4520.1 4520.1 4562.8 0.9 4520.1 45449 0.5 5138.6 5580.7 23.5 4520.1  4520.1 0.0
10a280 98309.2 27925.2 28193.6  28515.8 2.1  28690.9 29664.8 6.2 59713.8  74656.6 167.3  27936.1  28079.4 0.6
10gil262 97124.4  27637.5  27653.6 27788 0.5 29075.0 29568.4 7.0 472229 59201.8 114.2  27637.5  27645.7 0.0
10lin318  1903339.7 809750.0 815294.7 825808.2 2.0 832299.5 841893.2 4.0 1316596.5 1529009 88.8 812744.1 814264.5 0.6
10pcb442 2176527.6 741195.8 745264.4 750362.1 1.2 765561.0 796960.4 7.5 1785678.6 2213061.7 198.6 742112.4 7/2678.9 0.2
10pr439 4850717.0 1904690.2 1917984.5 1930766.4 1.4 1971633.0 2022257.4 6.2 4506278.5 5400779.5 183.6 1907568.9 1911815.5 0.4
= 25a280 102680.6  29902.4  30058.6  30228.5 1.1  31481.2 32020.2 7.1 76157.0 103640.2 246.6 30373.2 30654.1 2.5
%25gil262 81311.5  30325.7 30535.7 30711.1 1.3  31579.5 31949.7 54 57331.1 79015.1 160.6 30695.8  30953.2 2.1
‘g 251in318  1788199.9 584554.0 592166.4 595489 1.9 607029.0 617399.9 5.6 1393249.2 1790655.3 206.3 593017.4 601118.8 2.8
= 25pcb442  2184230.2 740892.6 744734.7 748031.6 1.0 794217.4 805896.7 8.8 1890250.6 2549800.1 244.2 757524.1 762707.5 2.9
<
§ 25pr439 4219473.4 1511168.9 1519322.1 1531976.6 1.4 1585283.0 1612334.7 6.7 4366256.4 6793182.6 349.5 1531948.9 1556475.7 3.0
50a280 108612.2  36266.9  36406.5 36471 0.6 37458.4 37828.6 4.3 112427.8 134884.2 271.9 38596.8  39872.5 9.9
50gil262 75824.3  26523.3  26634.0 206680.8 0.6 27647.5 27836.2 4.9 87390.4 106922.9 303.1  28780.1 30004 13.1
50lin318  1522940.0 688724.6 690743.8 (91897.5 0.5 7T06854.9 713744.5 3.6 1674054.9 2672878.9 288.1 730023.7 748203.2 8.6
50pch442 2826608.2 910478.7 913395.0 91/652.8 0.5 949830.8 954169 4.8 2381861.7 3235893.9 255.4 962101.7 990436 8.8
50pr439 5944214.3 2152986.6 2162274.5 2167715.8 0.7 2213598.5 2232892.2 3.7 5846421.8 8658899.7 302.2 2302262.5 2375177.6 10.3
Bang 20: Két qua thiyc nghiém ciia cdc thuat toan trén bo dit lieu do thi metric thudoc Type 5
AAL SLA-M HB-RGA N-EA C-EA G-MFEA
Instances Avg Cost BF Avg RPD BF Avg RPD  BF Avg  RPD BF Avg  RPD
10i120-46 227078.7 93925.0 94055.2 94596.7 0.7 96168.2 97752.1 4.1 113658.0 139893.8 48.9 93956.9 94034.3 0.1

31380.1 13276.6 13276.6 13289.2 0.1 13276.6 13290 0.1 14179.9 17064.8 28.5 13276.6 13276.6 0.0
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10i45-18 097973 22890.4 23267.6 23344.8 2.0 23227.3 239855 4.8 28489.5 34414.2 50.3 22890.4 22892.2 0.0
10i60-21 89193.4 33694.8 33744.5 35002 3.9 34147v.0 35233.3 4.6 401789 49036 45.5 33694.8 33702.8 0.0
10i65-21  102156.3 37353.1 37386.7 37677 0.9 38318.8 39578.8 6.0 442745 527745 41.3 37353.1 37355.6 0.0
10i70-21  103674.7 38059.5 38543.8 38855 2.1 38816.6 39687.3 4.3 46923.9 57188.7 50.3 38066.7 38187.3 0.3
10i75-22  139170.4 65361.9 654119 65783.1 0.6 65923.2 66485.1 1.7 72954.4 852739 30.5 65362.0 065397.5 0.1
10i190-33  128438.3 51931.2 52091.2 52617.6 1.3 53076.0 54636.2 5.2 61170.3 73027.2 40.6 51943.2 51975.6 0.1
o 5i120-46  150008.8 61451.5 61776.0 62393.2 1.5 61695.7 62620.1 1.9 81884.4 89593.1 45.8 61451.5 61495.3 0.1
f: 5i30-17 48826.7 14399.9 14399.9 14399.9 0.0 14399.9 14399.9 0.0 14747.0 16207.7 12.6 14399.9 14399.9 0.0
‘§ 5145-18 09161.2 14884.3 14884.3 14893 0.1 14884.3 14925.6 0.3 16965.3 19689 32.3 14884.3 14884.3 0.0
< 5i60-21 63252.8 284227 28422.7 28584.2 0.6 284227 28769.6 1.2 33631.3 38772.4 36.4 284227 28422.7 0.0
S 5i65-21 71729.1 30907.8 31244.3 31684.7 2.5 30907.8 312544 1.1 342824 39388.2 274 30907.8 30911.7 0.0
 5i70-21 85093.3 35052.8 35052.8 35384.4 0.9 35052.8 35298.8 0.7 41726.2 46451.9 32.5 35052.8 35052.8 0.0
5i75-22 73544.5 34692.5 34811.1 34993.8 0.9 34692.5 35098.7 1.2 41307.9 488454 40.8 34692.5 84692.5 0.0
5190-33 114467.8 51977.0 52128.9 52916 1.8 51977.0 52533.8 1.1 62868.1 67725 30.3 51977.0 51977.3 0.0
7130-17 48826.7 20438.9 20438.9 20450 0.1 20438.9 20454.2 0.1 21262.1 237745 16.3 20438.9 20438.9 0.0
7i45-18 59161.2 20512.0 20512.0 20973.8 2.3 20512.0 20700.8 0.9 22610.9 28426.5 38.6 20512.0 20512 0.0
7160-21 85486.3 36263.9 36263.9 36339.5 0.2 362954 37780.7 4.2 41411.0 45776.8 26.2 36263.9 36263.9 0.0
7165-21 82949.6 34847.6 34847.6 348819 0.1 35201.2 36136.4 3.7 37632.2 43707.3 254 34847.6 34847.6 0.0
7i70-21 103983.6  39487.6 39757.8 39970.3 1.2 39613.4 40819.5 3.4 43285.3 535975 35.7 39487.6 39491.1 0.0
10i300-109 276642.2 112681.0 113292.8 114274.1 1.4 117421.2 119952.9 6.5 192347.4 240378.6 113.3 112876.2 115017.1 0.3
10i400-206 484586.8 207521.7 209409.3 211253.4 1.8 214604.4 217399 4.8 375263.4 471201.2 127.1 207778.5 2080874 0.3
10i500-305 897388.3 349675.2 352151.4 356961.1 2.1 355952.4 359614.5 2.8 655241.8 710889.6 103.3 350897.4 351929.6 0.6
15i300-110 341743.8 112096.7 114092.2 114531.8 2.2 119922.2 122146.2 9.0 232277.9 295072.3 163.2 1129359 115358.9 1.1
15i400-207 482329.8 164117.8 165565.7 166796.4 1.6 171349.6 175081.7 6.7 372256.9 477146.3 190.7 165328.2 165854.9 1.1
151500-306 914942.4 300734.1 305034.5 306929.7 2.1 310122.7 313184.9 4.1 593109.3 798361.5 165.5 304128.7 504949.4 1.4
20i300-111 376885.7 156347.7 157526.1 158563.7 1.4 163927.8 167104.4 6.9 281039.7 409119 161.7 157371.4 157990.3 1.1
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Kich thuéc 16n

201400-208 584471.5 224012.5 226173.0 226963.7 1.3 231753.3 236373.9 5.5 547322.7 684259.3 205.5 226383.9 227069.5 1.4
201500-307 513104.5 200328.7 203339.4 204679.4 2.2 212306.3 215644.7 7.6 490979.3 612983.1 206.0 202938.5 203910.7 1.8
251300-112 331103.7 116193.6 117661.9 118121.6 1.7 125392.7 127466.5 9.7 292327.6 430266.8 270.3 118310.1 119401.3 2.8

251400-209 738504.4 229913.6 231886.7 233015.6 1.3 241529.0 243994.1 6.1 492799.3 698011.4 203.6 233552.7 236456.6 2.8
251500-308 720399.8 299498.2 300838.0 301906.8 0.8 312805.6 316116.8 5.5 579415.8 888926.7 196.8 302497.1 304046.5 1.5
51300-108  332681.5 177185.9 177698.0 179796.8 1.5 178628.1 180397.2 1.8 249796.7 287635.8 62.3 177185.9 177220.7 0.0
5i400-205 405863.5 209389.8 210229.5 216014.7 3.2 211603.0 213125.6 1.8 328640.3 350401.9 67.3 209488.0 209970.9 0.3
5i500-304 419228.9 182024.0 183130.1 185809.5 2.1 183656.4 185924.4 2.1 347200.1 417651.8 129.4 182206.2 182416.4 0.2

Bang 21: Két qua thuc nghiém clia cac thuat toan trén bo dit lieu do thi metric thuoc Type 6

AAL SLA-M HB-RGA N-EA C-EA G-MFEA
Instances Avg Cost BF Avg  RPD BF Avg RPD  BF Avg  RPD BF Avg  RPD
10berlinb2-2x5  61720.0 27471.4  27472.4 27723.2 0.9 274714 27805.3 1.2 35555.7 43563.2 58.6 27471.40 27473 0.0
12€il51-3x4 4209.1 1699.0 1699.1 1702.3 0.2 1720.1 1762.7 3.7 2265.0 27224 60.2 1699.00 1699.1 0.0
12€il76-3x4 7665.9  2650.8  2650.8  2653.2 0.1 2738.6 2802 5.7  3355.6 42139 59.0  2650.80 2650.8 0.0
12pr76-3x4 1299696.3 600008.6 600597.6 603474.4 0.6 604837.0 621228.6 3.5 811776.4 942316.1 57.1 600430.90 600818.7 0.1
12st70-3x4 10072.3  4106.5  4128.1 41446 0.9 41484 42192 2.7  5101.7  6139.6 49.5  4106.50  4110.1 0.1
15pr76-3x5 1316199.6 524335.2 526596.7 532896.8 1.6 534613.0 544174 3.8 805909.3 1014229.4 93.4 525170.30 526166.2 0.3
16eil51-4x4 3123.2 1301.4 1302.4 1304 0.2 1323.8 1351.1 3.8 2196.0 2834 117.8 1302.70 1305.6 0.3
16€il76-4x4 6625.7  2036.0 20424  2053.8 0.9  2088.1 2163 6.2 3096.0  4205.5 106.6  2040.00 2052.2 0.8
16lin105-4x4  309572.4 125052.2 125052.2 125685.3 0.5 128713.1 130815.3 4.6 164946.6 235828.8 88.6 125052.20 125289.8 0.2
16st70-4x4 8073.9 29326  2939.3  2966.1 1.1 2963.8  3050.4 4.0 51254  6567.4 123.9  2935.40 2949.2 0.6
18pr76-3x6 1809111.1 638164.5 642733.0 646399.1 1.3 641209.6 657524.3 3.0 923120.7 1073384.4 68.2 639723.30 0641700.1 0.6
20eil51-4x5 4836.6  2283.7 = 2284.2  2287.9 0.2 22864  2331.3 21 @ 3256.3 3942 72.6  2288.70 2295.2 0.5
20eil76-4x5 7923.9 23859 23859  2392.6 0.3 24782 = 2520.3 5.6 41284  5377.1 1254  2390.50 2402.2 0.7

20st70-4x5 8574.0 2934.8 2939.4 2945.7 04 2976.9 3032.7 3.3 5569.5 7063.9 140.7 2942.80 2967 1.1
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\é 25eil101-5x5 11580.1 3603.5 3609.1 3622 0.5 3711.7 37809 4.9 6331.0 8213.3 127.9 3649.20 3670.5 1.9
S 25il51-5x5 3697.8 1474.6 1474.6 1476.2 0.1 1483.7 1512 2.5 2711.9 3689.2 150.2 1487.40 1507.3 2.2
fj 25€il76-5x5 7512.2 2193.1 21931 2194.8 0.1 2264.3 23121 54 4146.2 6241.1 184.6 2219.10 22452 24
* 25rat99-5x5 28158.5 11395.8 11400.3 114189 0.2 117541 11869.1 4.2 16441.7 20993.6 84.2 11434.90 114859 0.8
28kroA100-4x7 391859.3 133101.6 134129.0 134532.5 1.1 138682.6 141334.2 6.2 259023.4 339719.8 155.2 136501.10 138342.8 3.9
30kroB100-5x6 435707.1 197934.6 198976.7 199205.7 0.6 201813.7 204967.3 3.6 325726.7 438362.4 121.5 200596.80 202209.8 2.2
35kroB100-5x5 297029.1 129078.7 129122.6 129832.5 0.6 133662.2 137003.4 6.1 242049.9 298633.2 131.4 130935.10 132840.4 2.9
36€il101-6x6 10294.1 3850.7 3850.7 3852.1 0.0 3977.6 4028.6 4.6 8446.8  12391.4 221.8 3929.20 39816 34
42rat99-6x7 19472.0 8902.1 8902.5 8906 0.0 9093.5 9182.7 3.2 20172.8 27860.2 213.0 9187.00 93935 5.5
4berlin52-2x2 70649.9 232879 232879 233959 0.5 23287.9 23287.9 0.0 31829.5 385269 654 23287.90 23287.9 0.0
4eil51-2x2 5187.5 1898.5 1898.5 1915.6 0.9 1898.5 1901.3 0.1 2272.3 2422.7 27.6 1898.50 1898.5 0.0
46il76-2x2 6882.8 2948.7 2948.8 29746 0.9 2948.7 2955.8 0.2 3610.2 4052.6 374 2948.70  2948.7 0.0
4pr76-2x2 1607169.6 442693.0 442693.0 445997.3 0.7 442693.0 446682.1 0.9 638744.6 728555.4 64.6 442693.00 442693 0.0
6berlin52-2x3 80429.4 32128.6 32130.8 32295.7 0.5 32128.6 32354.7 0.7 37246.6 43918.3 36.7 32128.60 32128.6 0.0
6pr76-2x3 1269147.1 648275.7 648884.9 656228.6 1.2 648713.1 659658.8 1.8 728666.8 917852.9 41.6 648275.70 648507.9 0.0
6st70-2x3 8147.4 3476.7 3476.7 3503.5 0.8 3478.2 35253 14 3980.8 5064.2 45.7 3476.70  3476.7 0.0
8berlinb2-2x4 58925.6  26783.2 26854.4 26969.8 0.7 26783.2 27060.4 1.0 33909.9 41646.8 55.5 26783.20 20795.4 0.0
9eil101-3x3 9560.8 3117.6 3135.4 3154.3 1.2 3184.4 32745 5.0 4517.9 0472.3 75.5 3117.60 3120.2 0.1
9eilb1-3x3 4642.4 1907.7 1912.8 1921.3 0.7 1916.0 1963.8 2.9 2323.6 2626.8 37.7 1908.00 1909.9 0.1
9eil76-3x3 6659.6 2937.4 2938.4 2956.6 0.7 2999.4 3057.2 4.1 3551.5 4039.2 37.5 2937.40 2958.6 0.0
9pr76-3x3 1344518.1 553400.6 554995.8 560230.3 1.2 558349.3 567987.4 2.6 720920.1 835295.8 50.9 553685.60 555849.7 0.1
18pr439-3x6  4827227.1 1471788.7 1475993.8 1498114.4 1.8 1525370.2 1553940.8 5.6 5113367.5 6325195.4 329.8 1483618.33 1488675.8 1.1
20pr439-4x5  5384342.3 1978001.3 1993816.3 2008663.3 1.6 2035939.4 2075349.7 4.9 4568690.6 6543749.5 230.8 1993350.75 2000099.7 1.1
25a280-5x5 115284.3  41690.3 42016.8 42150.6 1.1 43408.0 44268.6 6.2 64023.7 104115.3 149.7 42123.08 42388.8 1.7
25gil262-5x5 95797.6 30649.5 30825.3 51079.8 1.4 32172.6 326743 6.6 52965.5 78711.3 156.8 31116.21 313729 24
25pch442-5x5  2210900.7 740883.3 748160.1 752959.6 1.6 786167.2 802854.1 8.4 1970190.2 2542620.4 243.2 752573.88 762391.2 2.9
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;36pcb442—6x6 2765556.9 860978.2 866373.4 869007.5 0.9 899354.2 913260.7 6.1 2019587.8 2453869.6 185.0 887178.15 901697.8 4.7

= 42a280-6x7 115920.5 43896.8 44080.5 44159.4 0.6 45163.4 45660.2 4.0 107127.0 139416.9 217.6  45030.02  46000.9 4.8
491in318-7x7  1466128.7 569746.3 572106.1 57/040.2 0.8 591374.9 595249.9 4.5 2060347.8 2552714.1 348.0 609127.76 633218.4 11.1
9a280-3x3 106871.9  28947.5 29257.3 29497.3 1.9 30443.2 31011.6 7.1 56542.3 71435 146.8  29045.12  29105.0 0.5
9gil262-3x3 71901.7 209359 212489 21453.8 2.5 22158.9 23059.2 10.1 44033.8 55262.4 164.0 20937.79  20993.1 0.3
91in318-3x3 1831854.2 716850.2 720268.4 725327.5 1.2 730038.2 740588.6 3.3 1157786.8 1398630 95.1 718479.40 719450.3 0.4
9pcb442-3x3  3104446.7 760238.3 T763118.7 769413.2 1.2 803179.2 821884.9 8.1 1801603.5 2214981.5 191.4 760484.37 761269.1 0.1
9prd39-3x3 6659610.2 1800753.9 1824280.6 1857520.1 3.2 1820176.1 1881943 4.5 5012090.6 6263084.4 247.8 1803288.19 1809146.2 0.5

Bang 22: Két qua thiyc nghiém ciia cdc thuat toan trén bo dit lieu do thi metric thuoc Type 3 va Type 4
AAL SLA-M HB-RGA N-EA C-EA G-MFEA

Instances Avg Cost BF Avg RPD  BF Avg  RPD BF Avg RPD BF Avg RPD
61300 48578.0 19264.5 19461.1 19836.6 3.0 19358.8 19467 1.1  28521.3 33277 727 19286.3 19320.3 0.3

c; 61350 48897.6 21217.2 21385.6 21713.4 2.3 21472.8 21702.2 2.3 38582.3 45908.2 116.4 21218.5 21261.3 0.2

& 61400 60892.1 29348.2 29513.4 29913.7 1.9 29506.9 29677.7 1.1  46255.5 51863.4 76.7 29389.5 29437.5 0.3

B 61450 72207.6 35681.5 35899.2 36463.5 2.2 35866.3 36124.5 1.2 54943.1 61085.5 71.2 35715.7 35795.9 0.3
61500 79282.6 37510.1 37799.5 382259 1.9 37711.6 380459 1.4 66632.9 75519.8 101.3 37567.6 37631.4 0.3
4i200a 499297.8 97959.6 97959.6 97974.1 0.0 97959.6 102256.3 4.4 297074.5 358378.4 265.8 97959.6 97959.6 0.0
4i200h 344698.6 87675.3 87675.3 88285.1 0.7 87675.3 89628.9 2.2 196688.0 220612 151.6 87675.3 87675.3 0.0
4i200x1 342335.9 123669.7 123811.4 1248259 0.9 123669.7 125782.7 1.7 231913.2 267677 116.4 123669.7 125670.2 0.0
4i200x2 400686.5 114012.3 114059.5 115432 1.2 114012.3 116256.5 2.0 218431.5 255622.3 124.2 114012.3 114012.3 0.0
41200z 399014.8 131683.5 131807.4 133697.8 1.5 131683.5 133873.8 1.7 271353.4 298761.6 126.9 131683.5 131685.2 0.0
4i400a 1169245.8 214115.3 214115.3 214230.5 0.1 217171.4 227530.6 6.3 1048587.2 1244021.3 481.0 214115.3 214115.3 0.0
4i400h 780790.0 256200.5 257054.0 260183.1 1.6 257954.4 260916 1.8 699391.5 786763.8 207.1 256200.5 256291.2 0.0
4i400x1 723488.8 188196.7 188840.1 191145.3 1.6 188786.2 191694.7 1.9 653318.1 716077.9 280.5 199389.3 222805.4 18.4
4i400x2 753930.4 159254.8 159254.8 162685.6 2.2 159254.8 163222.8 2.5 567509.5 663607.5 316.7 176188.2 195580.8 22.8
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Type 4

41400z

687615.8 221423.9 221460.6 2246774

1.5 221460.6 225096.3

1.7 638368.7

728536 229.0 234203.3

244894.6 10.6




ovl

Bang 23: Thoi gian tinh trung binh ctia cdc thuat toan trén bo dit lieu do thi metric thuoc Type 1

Instances HB-RGA N-EA C-EA G-MFEA
10berlin52 0.04 0.02 0.02 0.67
10eil51 0.04 0.02 0.02 0.92
10eil76 0.05 0.02 0.03 1.60
10kroB100 0.06 0.02 0.03 2.35
10pr76 0.04 0.02 0.05 1.67
10rat99 0.05 0.02 0.05 2.35
10st70 0.04 0.02 0.03 1.40
15berlin52 0.03 0.03 0.03 1.07
o 15eil5l 0.03 0.03 0.03 1.00
'g 15€il76 0.04 0.03 0.03 1.62
IS 15pr76 0.04 0.03 0.05 1.63
E 15st70 0.03 0.03 0.05 1.40
; 25ei1101 0.05 0.03 0.08 2.38
= 25kroA100 0.05 0.03 0.08 2.37
= 251in105 0.05 0.03 0.08 2.50
25rat99 0.05 0.03 0.08 2.33
50eil101 0.05 0.07 0.07 3.15
50kroA100 0.05 0.07 0.07 3.13
50kroB100 0.06 0.07 0.07 3.13
50lin105 0.06 0.07 0.07 3.33

Instances HB-RGA N-EA C-EA G-MFEA
50rat99 0.05 0.08 0.03 3.15
Sberlin52 0.03 0.01 0.03 1.02
5eil51 0.03 0.01 0.03 0.95
5eil76 0.05 0.01 0.03 1.83
5pr76 0.06 0.01 0.03 1.82
5st70 0.04 0.01 0.03 1.57
10a280 0.31 0.02 0.43 14.72
10gil262 0.27 0.02 0.43 12.78
101in318 0.37 0.02 0.67 18.55
10pcb442 0.87 0.02 0.67 39.38
10pr439 1.32 0.02 0.83 42.50
5 25a280 0.23 0.03 0.83 11.17
& 25gi1262 0.22 0.03 0.48 11.67
E 251in318 0.31 0.03 0.48 16.65
+  2b5pcbh442 0.54 0.03 0.68 31.28
ﬁ 25pr439 0.89 0.03 0.68 29.62
o 50a280 0.22 0.10 0.38 12.15
50gil262 0.22 0.10 0.30 12.12
501in318 0.31 0.10 0.38 16.80
50pch442 0.57 0.10 0.68 31.00
50pr439 0.93 0.10 0.68 25.13
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Bang 24: Thoi gian tinh trung binh ctia cac thuat toan trén bo dit lieu do thi metric thuoc Type 5

Instances HB-RGA N-EA C-EA G-MFEA Instances HB-RGA N-EA C-EA G-MFEA
10120-46 0.08 002 005 2.77 7i60-21 0.03 002 003 1.13
10i30-17 0.02 002  0.02 0.58 7i65-21 0.04 002 003 1.33
10145-18 0.03 002 005 0.85 7i70-21 0.04 002  0.02 1.50
10i60-21 003 002 0.03 1.20 10i300-109 033 002 068 16.98
10i65-21 0.04  0.02 003 1.32 101400-206 0.60 002  0.68 31.85
10i70-21 0.03 002 005 1.43 10i500-305 099 002  1.07 52.50
10i75-22 0.05 002  0.02 1.67 151300-110 028 002  1.07 15.83
o 10i90-33 0.05 002 005 2.03 151400-207 047 002  0.87 98.27
E 5il20-46 0.1 0.020.07 3.69 & 15i500-306 0.80  0.02  0.87 42.77
g BT 002 001 007 062 g 20i300-111 024 003 052 15.30
:é: 5i45-18 002 001 003 0.88 £ 20i400-208 039 003 052 26.78
z 5i60-21 0.03 001 003 1.18 S 20i500-307 064 003 083 39.17
g sic-21 0.03 001 003 1.40 5 25i300-112 022 005  0.83 14.38
5i70-21 004 001 003 1.57 M 951400-209 038 005 085 93.27
5175-22 005 001 0.0 1.83 25i500-308 0.61 005 085 24.60
5i90-33 0.06 001 005 2.98 5i300-108 0.67 002  0.60 26.78
7i30-17 0.02 002 002 0.57 5i400-205 117 002 083 52.22

7i45-18 0.02 0.02 0.02 0.80 51500-304 2.11 0.02 0.83 90.62
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Bang 25: Thoi gian tinh trung binh clia cac thuat toan trén bo dit lieu do thi metric thuoc Type 6

Instances HB-RGA N-EA C-EA G-MFEA
10berlin52-2x5 0.04  0.02 0.2 0.83
12€il51-3x4 0.03  0.02  0.02 0.93
12¢i176-3x4 0.04  0.02  0.05 1.57
12pr76-3x4 0.05  0.02  0.05 1.65
12st70-3x4 0.03  0.02  0.05 1.43
15pr76-3x5 0.06  0.03 0.5 1.63
16eil51-4x4 0.02  0.03  0.03 1.00
16€il76-4x4 0.04  0.03  0.03 1.67
161in105-4x4 0.06  0.03  0.07 2.40
16st70-4x4 0.03  0.03  0.07 1.45
o 18pr76-3x6 0.04  0.03  0.03 1.68
= 20eil51-4x5 0.03 003  0.03 1.05
g 20eil76-4x5 0.03  0.02  0.05 1.68
2 20st70-4x5 0.03  0.03 0.5 1.47
© 25eil101-5x5 0.05  0.03  0.05 2.50
S 25eilslsxs 0.02  0.03  0.05 1.18
M 9Beil76-5x5 0.03  0.03 0.5 1.73
25rat99-5x5 0.05  0.03  0.05 2.33
28kroA100-4x7 0.05  0.03  0.07 2.38
30kroB100-5x6 0.05  0.03  0.07 2.50
35kroB100-5x5 0.05  0.03  0.07 2.48
36¢il101-6x6 0.04  0.05 007 2.68
42rat99-6x7 0.05  0.07  0.03 2.75
4berlin52-2x2 0.03  0.01 0.3 1.10

Instances HB-RGA N-EA C-MFEA G-Graph
4eil51-2x2 0.03 0.01 0.03 0.97
4eil76-2x2 0.05 0.01 0.03 1.98
4pr76-2x2 0.06 0.01 0.03 2.02
6berlin52-2x3 0.03 0.01 0.03 1.13
6pr76-2x3 0.05 0.01 0.03 1.73
6st70-2x3 0.04 0.01 0.03 1.40
8berlinb2-2x4 0.03 0.02 0.05 0.93
9¢il101-3x3 0.06 0.02 0.05 2.32
9eil51-3x3 0.03 0.02 0.03 0.92
9¢il76-3x3 0.04 0.02 0.03 1.57
9pr76-3x3 0.04 0.02 0.03 1.63
18pr439-3x6 2.19 0.03 0.93 57.18
20prd39-4x5 1.87 0.05 0.93 50.65
\% 25a280-5x5 0.24 0.05 0.37 13.10
“U 25gil262-5x5 0.20 0.05 0.37 11.60
‘g 25pch442-5x5 0.59 0.05 0.62 28.68
= 36pch442-6x6 0.53 0.08 0.93 30.92
§ 42a280-6x7 0.20 0.12 0.93 12.95
& 491in318-7x7 0.28 0.15 0.47 15.55
9a280-3x3 0.36 0.02 0.35 14.55
9gil262-3x3 0.32 0.02 0.35 14.27
91lin318-3x3 0.47 0.02 0.67 20.27
9pcb442-3x3 1.05 0.02 0.65 41.25
9pr439-3x3 2.86 0.03 0.65 56.98




Bang 26: Thai gian tinh trung binh clia cdc thuat toan trén bo dit lieu do thi metric thudc
Type 3 and Type 4

Instances HB-RGA N-EA C-EA G-MFEA

61300 0.55  0.02 047 23.42
6350 0.73 002 047 33.20
& 6400 1.05 002 063 46.60
B 61450 134 002 088 60.45
61500 195 002 088 82.30
4i200a 035 0.0l 022 11.43
4i200h 036 0.0l 017 11.63
4i200x1 035 0.0l 022 11.67
4i200x2 037 0.0l 017 12.03
T 4i2007 0.38 0.0l  0.53 11.57
E 4i400a 253 0.02  0.53 64.53
4i400h 241 0.02 107 62.68
4i400x1 232 0.02 107 36.93
4i400x2 235 002 0.5 64.03
4i4007 222 002  0.65 36.95

143
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Bang 27: Két qua thuyc nghiém ciia cAc thuat toan trén tap do thi day da phi metric thuoc Type 1

AAL HB-RGA N-EA C-EA G-Graph
Instances BF Avg BF Avg Time BF Avg Time BF Avg Time BF Avg Time
N-10BERLIN52 35255 66440 17007 16929 0.12 13304 15649 0.02 29210 39828 0.02 13951 13965 0.98
N-10EIL51 41381 87557 18656 18570 0.10 19162 22047 0.03 29382 36740 0.02 17522 17567 0.95
N-10EIL76 49701 85070 19564 19564 0.20 17543 23723 0.03 47126 58882 0.05 18868 18870 1.67
N-1I0KROB100 77291 122421 29079 28486 0.31 30694 35940 0.03 80493 94388 0.05 26640 26807 2.33
N-10PR76 69447 110928 23404 23382 0.17 24676 29754 0.03 47468 58901 0.05 21909 21920 1.58
N-10RAT99 69749 131756 20292 20797 0.30 33020 36888 0.03 56603 82053 0.05 19770 19798 2.40
N-10ST70 62219 112714 28034 27693 0.16 21451 24857 0.05 47154 61538 0.03 24793 24875 1.65
N-15BERLIN52 37863 87875 17572 17571 0.09 17309 19146 0.05 29497 41852 0.03 16064 16274 1.03
N-15EIL51 44972 77143 16047 16530 0.09 17145 19478 0.07 27471 40349 0.03 15320 15490 1.02
N-15EIL76 67616 125386 28044 28022 0.19 27981 30856 0.07 49741 67972 0.03 25290 25788 1.65
N-15PR76 60959 132344 30914 30914 0.22 27597 30307 0.07 41146 65666 0.03 28902 29750 1.60
N-155T70 71696 120153 25060 24519 0.18 25674 28213 0.07 45162 60863 0.03 22710 23254 1.53
N-25EIL101 132452 222632 36059 36411 0.33 37599 39654 0.15 81399 114062 0.05 35323 35924 2.42
N-25KROA100 105807 176783 34721 34721 0.32 37192 39496 0.17 76610 107555 0.07 34747 35450 2.42
N-25LIN105 91959 170056 32004 32632 0.36 31989 34613 0.17 79759 116983 0.07 31002 31792 2.45
N-25RAT99 103068 170348 34439 34408 0.31 32417 35897 0.17 76073 101082 0.03 33917 34832 2.33
N-50KROA100 92186 181134 28080 28080 0.36 28909 30493 0.37 131755 166475 0.05 36559 38389 2.95
N-50KROB100 118308 211411 31185 31157 0.36 29759 31213 0.33 121347 172312 0.05 38000 41700 3.10
N-50LIN105 98998 189699 26873 26873 0.39 27420 28416 0.25 120302 172680 0.05 34079 38677  3.32
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N-50RAT99 74313 202102 28677 28677 0.36 29013 29611 0.28 135917 185059 0.03 37737 40932 3.13
N-5EIL51 34825 64779 9513 9503 0.12 17192 19925 0.03 20391 29522 0.02 9083 9083 0.98
N-5EIL76 38320 81696 14873 14899 0.22 17794 24890 0.03 43805 57895 0.02 14866 14866 1.82
N-5PR76 37486 79343 15741 15942 0.22 17229 24933 0.03 43445 59806 0.03 15704 15704 1.87
Bang 28: Két qua thuc nghiém clia cac thuat toan trén tap do thi day da phi metric thuoc Type 5
AAL HB-RGA N-EA C-EA G-Graph
Instances BF Avg BF Avg Time BF Avg Time BF Avg Time BF Avg Time
N-10I120-46 93781 153708 28044 26812 0.47 32438 38202 0.03 88322 115577 0.05 23784 23795 2.93
N-10I30-17 15012 32111 7523 7565  0.05 11145 12267 0.03 11797 16838 0.02 7386 7386  0.58
N-10I45-18 29296 59633 13255 13255 0.09 12451 14825 0.03 21648 28931 0.05 13768 13769 0.88
N-10I60-21 53232 84570 17365 17072  0.13 19575 22633 0.03 28909 43449 0.03 16627 16629 1.17
N-10I65-21 68159 108013 22243 20926 0.15 25966 29881 0.05 41256 50290 0.03 18250 18281 1.37
N-10I70-21 61228 101288 25600 25672  0.17 22515 26803 0.05 43554 55795 0.03 23866 24097 1.48
N-10I75-22 56621 114394 18995 18797  0.21 24528 27876 0.03 49562 63323 0.02 17241 17252 1.67
N-10I90-33 63226 116464 22577 22577 0.29 23656 30710 0.03 60524 74269 0.03 22310 22325 2.23
N-5130-17 14636 30857 8221 7773 0.05 11622 12841  0.03 11480 15297  0.05 7686 7686  0.58
N-5145-18 36539 63124 9260 9289 0.09 13709 17369 0.03 17639 22250 0.02 9920 9920  0.87
N-5160-21 39009 63316 15669 15818  0.14 16002 21399 0.03 32206 39760 0.02 14797 14813 1.23
N-5165-21 41371 63281 9904 10301 0.16 17500 21884 0.03 32898 41264 0.03 10051 10051 1.42
N-5170-21 29893 55564 14180 14093 0.20 14144 19644 0.03 36806 51644 0.03 13756 13756 1.60
N-5175-22 35859 70106 16209 16209 0.22 18140 22800 0.03 48841 61194 0.05 16209 16209 1.82
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N-5190-33 56650 79529 18137 16686 0.31 21782 28485 0.03 61868 76702 0.05 15806 15806 @ 2.40

N-7130-17 25254 47815 10746 10754  0.05 9692 11881 0.03 14031 17509 0.02 10417 10417 0.62

N-7145-18 28771 48843 14825 15642  0.09 13783 15665 0.05 20718 29364 0.02 14825 14825 0.85

N-7I70-21 42903 74797 18834 19466 0.18 19636 23150 0.05 45010 53586 0.03 18994 19113 1.52

Bang 29: Két qua thuc nghiém clia cac thuat toan trén tap do thi day da phi metric thuoc Type 6
AAL HB-RGA N-EA C-EA G-Graph

Instances BF Avg  BF Avg Time BF Avg Time BF Avg Time  BF Avg Time
N-10BERLIN52-2X5 27046 67860 14066 14067 0.12 13566 16471 0.03 29210 39828 0.02 13222 13228 1.00
N-12EIL51-3X4 46729 79172 16938 16897 0.12 18839 20586 0.03 25887 38913 0.02 15583 15771 0.95
N-12EIL76-3X4 67314 116362 25160 25161 0.22 26457 30338 0.03 48554 63699 0.03 23652 23758 1.60
N-12PR76-3X4 50460 104763 16836 16836 0.20 22488 24919 0.05 39357 56960 0.03 18075 18099 1.65
N-12ST70-3X4 65602 127531 21451 21336 0.20 29516 31700 0.05 44432 56507 0.03 19938 20257 1.37
N-15PR76-3X5 77022 145160 21335 21122 0.23 26872 30294 0.07 41146 65666 0.03 19708 20531 1.70
N-16EIL51-4X4 59847 93480 15581 15452 0.11 20191 21749 0.07 24681 37461 0.03 15340 15563 1.17
N-16EIL76-4X4 54744 121785 23703 23684 0.22 25366 27458 0.07 47947 59082 0.03 21214 21655 1.82
N-16LIN105-4X4 85885 162854 29109 29263 0.38 36455 38707 0.07 86052 117346 0.05 27257 28130 2.52
N-16ST70-4X4 68142 113161 23953 23953 0.19 23535 26269 0.08 51238 64526 0.05 23663 23881 1.43
N-18PR76-3X6 72725 124643 27899 28691 0.22 26593 29018 0.08 54849 73283 0.03 25361 25947 1.63
N-20EIL51-4X5 42304 89404 19920 19920 0.11 19918 21436 0.12 38194 53057 0.03 19937 20840 1.07
N-20EIL76-4X5 58355 131014 20237 20237 0.23 23788 25882 0.13 57805 72517 0.03 21289 21691 1.68
N-20ST70-4X5 71385 116034 28438 28438 0.19 22647 24986 0.12 61336 72615 0.03 27325 27927 1.55
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N-25EIL101-5X5

N-25EIL51-5X5
N-25EIL76-5X5
N-25RAT99-5X5
N-28 KROA100-4X7
N-30KROB100-5X6

N-35KROB100-5X5
N-36EIL101-6X6
N-42RAT99-6X7
N-4BERLIN52-2X2
N-4EIL51-2X2

N-4EIL76-2X2
N-4PR76-2X2
N-6BERLIN52-2X3
N-6PR76-2X3
N-6ST70-2X3

N-8BERLINb52-2X4
N-9EIL101-3X3
N-9EIL51-3X3
N-9EIL76-3X3

104454

39138
39611
73608
88347
113688

82115
73573
104602
35208
28885

33491
36538
23216
36911
38467

29495
54392
42803
61006

224353

90954
100308
177278
164469
227689

186825
203318
250279
65418
49394

71672
72146
61151
71529
73767

53001
117879
73038
106921

31602

16214
26088
34705
29874
33189

29606
33797
29876

9952
10372

12066
12334
11918
17016
16254

14630
22628
13207
23194

32342

16196
26080
34556

29319
33350

29365
33788
29843
9853
10138

11856
12234
11913
17016
16247

14570
22721
13207

23194

0.30

0.10
0.19
0.29
0.30
0.29

0.31
0.28
0.27
0.09
0.09

0.17
0.19
0.09
0.17
0.15

0.09
0.37
0.10
0.17

35626

18173
20471
37737
30548
29997

32242
30404
32373
11356
11681

15480
16877
10757
15636
17753

14540
26838
18860
24193

39322

19068
22782
39542
32809
32335

36290
32008
34210
16059
14972

21808
21097
14911
20814
22243

17248
31318
20893
28421

0.17

0.13
0.13
0.13
0.13
0.15

0.12
0.18
0.17
0.02
0.02

0.02
0.03
0.03
0.03
0.03

0.03
0.03
0.03
0.03

81399

38055
58212
76073
90585
79468

91986
101698
129336

36899

26532

50587
43748
32407
43188
35087

27703
69805
26325
45532

114062

24778
81423
101082
109969
120532

108683
138413
158201
51619
32143

59587
63615
39830
54589
51390

38394
92816
33705
60840

0.05

0.05
0.03
0.03
0.05
0.05

0.05
0.05
0.03
0.03
0.02

0.02
0.02
0.02
0.03
0.03

0.03
0.03
0.02
0.02

31445

16356
25129
31570
31637
33303

26240
36739
34621
9376
9766

10562
12094
11583
16700
16241

14332
22883
14229
21135

32607

16954
25720
32526
32887
34583

2683/
38820
39066
9376
9766

10562
1209/
11583
16700
16241

14385
22913
14229

21135

247

1.18
1.75
2.35
2.48
2.38

2.43
2.73
2.92
1.12
0.97

1.93
2.03
1.10
1.73
1.45

0.78
1.83
0.68
1.20
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