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GIAlI THUAT DI TRUYEN GIAI BAI TOAN CUC TIEU HOA PQ TRE
GENETIC ALGORITHM FOR SOLVING THE MINIMUM LATENCY PROBLEM

Ban Ha Bang, Nguyén Pirc Nghia
Truong Pai hoc Bach Khoa Ha Noi

TOM TAT

Bai toan cuc tiéu hoa dé tré (Minimum Latency Problem — MLP) — hay con goi la bai toan tho
stra chita luu dong — la mét trong nhing 16p bai toén téi wu té hop ¢é nhiéu ing dung trong thuc té.
Trong trwong hop téng quat, MLP duoc chung minh la bai toan NP—kho. Hién nay, dé co nhiéu thuat
toén gidi gan dung bai toén MLP duoc dé xuét, song chét lwong loi gigi thu dwoc chuwa cao. Bai
béo trinh bay thuét toan phat trién dua trén so dé cua thuét toan di truyén (Genetic Algorithm — GA —
thuat toédn &p dung hiéu qua cho 16p bai toan téi wu té hop) dé giai bai toan MLP. Két qué thuc nghiém
cho théy, thuat todn dé xuét dwa ra duoc |61 gidi véi chét long tét hon so véi céc 16 gidi cla céc thuét
toén gén dung tét nhét hién biét.

ABSTRACT

Minimum Latency Problem (MLP) - also known as traveling repairman problem - is a class of
combinatiorial optimization problems that have many practical applications. In general case,
MLP is proved to be NP-hard. Recently, there are several efficient approximation algorithms for
solving MLP, however the quality of the provided solution is not actually high. This paper presents a
new algorithm based on the scheme of the genetic algorithm for solving MLP. The experimental result
on the proposed algorithm shows that it gives a better solution than the best one of the approximation

algorithms.

I. PAT VAN PE

Bai toan MLP duoc phat biéu dudi dang

dd thi nhu sau: Cho db thi diy du co trong b
K, véi tap dinh V = {1, 2, ..., n} va ma tran
trong s6 khong am d6i xang C = {c;; |i,j=1, 2,
., N}. Gia st P = ug, uy, ..., U, 1a mot duong di
trén K,. Ta goi do tré cua dinh u, (1 < k < n)

k-1

trén duong di P 1a tong p(u,) = ZC(Ui U,
i1

trong d6 c(U;, Uisy) 12 trong s6 ciia canh (Ui, Uisy).

b6 treé cua duong di P dugc dinh nghia nhu la

tong do tre cua tat ca cac dinh trén duong di:

pu,) = ip(uk) :

Bai toan MLP yéu cau tim mot duong di
don bét dau tir mot dinh xuat phat ¢6 dinh u, di
qua tat ca cac dinh con lai cua do thi véi do tré
1a cyc tiéu.

Mot s ang dung cua bai toan (¢ thé
xem chi tiet trong [1, 2]):

- M6t may chu phai phuc vu mot tap cac
yéu cau. Céan tim lich thuc hién cac yéu cau trén
may chi dé sao cho thoi gian cho doi trung
binh ctia mbi yéu ciu 1a cuc tiéu.

- Mot ung dung khac ctia bai toan MLP
1a bai toan cyc tiéu hod thoi gian tim kiém
thong tin trén mang.

Trong mot s6 trudng hop dic biét, bai
toan MLP c6 thé giai dugc trong thoi gian da
thie [3]. Thé nhung trong tinh hudng téng quat
MLP da dugc ching minh 1a thudc 16p NP-kho
[1], nghia la ngoai trr P=NP, khong c6 thuat
toan thoi gian da thirc dé giai no. Vi vay, viéc
xdy dung cac thuat toan gan dang hiéu qua la
cach tiép can ty nhién dé phat trién thuat toan
giai bai toan MLP trong truong hop téng quat.
Blum dua ra thuit toan gan ding véi can ty 18
144 [2], Gemans va Klein Berg giam can nay
xudng con 21.55 [4], Grag tiép tuc giam xudng
con 10.78 [5]. Aaron Archer, Asaf Levin, David
Williamson dua ra thuét toan gan dung véi can
ty Ié 3.01 [6] — 1a can nho nhat hién nay.

Mot 16p thuat toan khac cling duge ap
dung cho bai toan 1a 16p thuat toan heuristic [7].
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L6p thuat toan nay tap trung tim kiém loi giai
cuc tri dia phuong.

Bai bdo nay trinh bay thudt toan phat
trién dia trén so do cua thuat toan di truyén véi
két qua thuc nghiém dat duoc tét hon so véi két
qua dat duoc trong [6] va [7].

Il. GIAI THUAT DI TRUYEN GIAI BAI
TOAN MLP

GA dua trén thuyé‘t Chqn loc tu nhién cua
Darwin dugc Holland dé xuat vao nhiing nam
1970. Hién nay, GA dugc ap dung vao viéc gié‘i
quyét cac bai toan trong nhiéu linh vuc. So d6
chung cua thuét toan c¢6 thé mé ta nhw sau [8]:
Khai tao quan thé ban dau;

LOOP

Lwa chon cac ca thé cha me trong quan thé
bang toan t& Iwa chon;

Lai ghép cac ca thé cha me dwoc chon dé tao
ra cac ca thé con chau bang toan ttr lai ghép;
Dot bién cac ca thé con chau bang toan tir dot
bién;

Loai bd cac ca thé cha me ra khdi quan thé;

B sung céac ca thé con chau vao quan thé;

IF thod man diéu kién dirng THEN exit LOOP;

END LOOP

- Ky thuat ma hoa thuc hién viéc ma hoa cac
ca thé 10i giai cia bai toan. Vi bai toan MLP,
c4 thé duoc biéu didn biang mot danh sach cac
dinh. Ching han, ca thé duong di: 1,3, 4, 2,5
dugc biéu dién bang danh sach P = (1, 3, 4, 2,
5). Uu diém cua ky thuat ma hoa nay la don
gian, dé cai dat cho I6p bai todn MLP.

- Khéi tao quan thé ban dau voi kich thuéc
quan thé 1a k: Chon mét dinh bat ky 1a dinh xuat
phat, ¢6 dinh dinh nay. Sinh ngau nhién k hoan
vi cua n-1 dinh con lai. Mdi hoan vi két hop véi
dinh xuét phat cho ta mot ca thé dudng di.

- Toéan tir lya chon: Chon ngau nhién mot
nhom ca thé 10i giai voi kich thudc nhom
cho trudce (ki hiéu: N). Sau d6, chon ra hai ca
thé co do tré nho nhat lam ca thé cha me. Uu
diém cua toan tur 1a luc lya chon thay déi mot
cach d& dang biang cach thay d6i kich thuéc
nhom. Chang han: Khi gia tri N nho, cac ca thé
c6 do thich nghi thdp s& c6 nhiéu co hoi duoc
lya chon hon khi gia tri N lon.

- Toan tir lai ghép lai ghép hai ca thé cha va
me Voi xac suat lai ghép (ki hiéu: P) cho trudc
dé tao ra ca thé con. Do dinh xuat phat cb dinh
nén toan tir s& lai ghép ca thé cha va me tir n-1
dinh con lai nhu sau: Lua chon ngﬁu nhién mot
s6 Vi tri trong ca thé cha. Sao chép cac dinh &
cac vi tri duoc lya chon trong ca thé cha vao
cac vi tri trong tng trong céa thé con. Cac dinh
ung véi nhiing vi tri khong duoc lya chon trong
c4 thé cha, dugc dién vao nhitng Vi tri con
khuyét tir trdi qua phai trong ca thé con, theo
thi ty ma cac dinh d6 xuat hién trong cé thé
me. Toan tir lai ghép nay giéng voi toan tir lai
ghép dugc trinh bay trong [9]. Toan tir lai ghép
gitip cho GA nang cao dugc chit lwong trung
binh cua cac ca thé 10i giai trong quan thé.

- Toén tir dot bién dot bién ca thé vai xéac suit
dot bién cho trudc (ki hiéu: P,). Toan tir dot
bién gitip cho GA han ché duoc sy hoi tu sém.
Ta xét hai toan tir dot bién. Toan tir dot bién tha
nhit thuc hi¢n vigc dot bién ddi voi c4 thé u =
(Ug, U, ..., up) nhu sau: Chon ngau nhién hai vi
trii, j (1 < i<j<n), sau d6 dot bién u thanh
u* = (U]_, Uz, ..., Uiy Uj+1, Ujro, ..., Up, Uisa, Uieo, ..o,
u;), nghia 1a u* thu duoc tur u bang cach di
chuyén toan bd doan tir vi tri j+1 dén n vao sau
vi tri i. Toan tir dot bién thir hai thuc hién dot
bién c4 thé theo toan tir dot bién thir nhat, sau
do6, ap dung thuat toan tim kiém dia phuong 2-
opt (trong [7]) cho cé thé do6.

- Sau mdi thé hé, cac ca thé cha me bi loai bo
ra khoi quan thé. Trong khi dé, cac ca thé con
chau duoc b sung s& dong vai tro 1a ca thé cha
me & thé hé tiép theo.

- Diéq kién dfrng'thuét toan: Thudt toan s&
dung néu sau 10 the h¢ loi giai tot nhat khong
duogc cai thién.

I11. TINH TOAN THUC NGHIEM
3.1 Dir li¢u thuc nghiém

Dir liéu thuc nghiém dugc ldy tir bo di
lieu TSPLIB95 [10]. Bo dir liéu nay gdm mot
sb file, mdi file chtra toa do cua n diém. Goi
Xmaxs Ymax 12 hoanh do va tung d6 16n nhat;
Xemins Ymin 12 hoanh dd va tung d6 nho nhit cua
cac diém trong mot file, dit Ay = (Xmax - Xmin)/N
va Ay = (Ymax - Ymin)/N. Ta phén cac b dir liéu
trén thanh ba nhom dya trén cac gia tri Ay, A,.
Nhém 1 véi A,, A, nho (A, Ay < 3, cac diém
dugc phan bd g?m nhau), nhém 2 véi A, Ay 16n
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(Ax, Ay =9, cac diém duoc phan bd thua), nhom
3 cac diém duoc phan bd dic biét (chang han,
nhiéu diém cach déu nhau, hoic nam trén mot
duong thang). Péi véi b dir lieu TSPLIBYS,
chiing ta chon ra trong mdi nhom mot bo dir
liéu dai dién dé tién hanh lam thuc nghiém xac
dinh gia tri cta cac tham sé cho thuat toan. Sau
d6, voi gia tri tham sb tim duoc, tién hanh thuc
nghiém véi bo dir liéu TSPLIB95. Do c6 nhiéu
tham sé dau vao, khi tién hanh thuc nghiém xéac
dinh tham sd, chung ta s& thay d6i gia tri cua
mot tham s6 duoc chon va cb dinh cac gid tri
tham sé con lai, tir d6 c6 thé xem xét anh hudng
ctia tham sb dwoc chon dén két qua.

Dit liéu dau vao cua giai thuat 1a n diém
duoc cho bai toa do trén mat phang.

Tham sb cua GA, GAH gdm: k, P, P N
(cac ky hiéu da giai thich & trén).

Chon cac file dir liéu: St70 (nhém 1),
Berlin52 (nhém 2), Pr76 (nhém 3). Ching ta s&
chon céac gia tri tham s6 ma thuit toan cho ra
gia tri f/f* va Af nho nhit, trong d6 f 1a do
tré cua 1oi giai va £* 1a do tré toi wu, f/f* va
Af lan luot 1a trung binh cong va do léch chuan
cua cac f/f* ung véi cac file dir liéu thuc
nghiém. Ky hiéu: GA 1a thuat toan stir dung toan
tir dot bién tha nhat, GAH 1a thuat toan sir dung
toan tir dot bién thir hai va k/n 1a ty s6 gitra k va
n.

3.2 Két qua thuc nghiém

1. Thuc nghiém lira chon gid tri cdc tham sé cho
thudt todn

Thuc nghiém chon P, P,,. Tham sé ¢é dinh: N
= 5, k/n = 20; tham s thay ddi: P, € (0.6, 0.8),
Pn €(0.01, 0.02). Két qua thyc nghiém dugc
dién ta trong hinh 1.

248
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/

Berlin52 st70 P76

Hinh 1. So sdnh két qua |0 gidi véi Pc, Pm khdc nhau

Trén nhin v&, mdi duong gip khuc ng
vai ket qua loi giai voi P, Pp, khac nhau.

Nhan xét: P, = 0.6, P, = 0.02, GA cho ra két
qua loi giai voi f/f* va Afthdp nhat (f /f * =
2.33, Af = 0.00025). Chung ta s& sur dung cac
gia tri tham so nay.

Thuc nghiém chon k. Tham sé ¢6 dinh: N = 5,
P. = 0.6, P, = 0.02; tham s6 thay d6i: k/n = (5,
10, 20, 40). Két qua thyc nghiém dugc cho
trong hinh 2.

Nhan xét: Khi ting k, chat lwong loi giai ciing
tang theo. Tuy nhién, khi k ting dén mot gia tri
du 16n, chat lwong 1oi giai gan nhu khong duoc
cai thién (gia tri f/f* gan nhu khong duoc cai
thién khi tang k 1én tir k/n = 20 dén k/n = 40).
Nhu vay, viéc tang k khong phai lic nao ciing
tang chat lwong loi giai, tham chi con lam ting
thoi gian chay chuong trinh. Vay, chon k/n = 20
la phu hop.

2.55

2.5

2.a5
2.4 e —— Berlins2
S ~ —=— st70
- Pr7e

= 2.3s5 —_——

2.3

2.25

2.2

k/n=5 k/n=10 k/n=20 k/n=40
Hinh 2. So sanh két qud |oi gidi Véi k khdc nhau
“Trén nhin v&, mdi duong gap khuc tng

vai két qua loi giai vai ty so k/n khac nhau.
Thuc nghiém chon N. Tham sé c6 dinh ~~ k/n
=20, P.=0.6, P, = 0.02; tham so t}}ay doi: N =
(5, 10, 15). Hinh 3 trinh bay két qua thyc
nghiém chon N.

2.7

. //- —s— Berlins2
25 —=— 5t70
/ —— P76
24

Hinh 3. So sanh két qud loi gidi voi Ny khdic nhau

“Trén nhin v&, mdi dwong gap khuc @ng
vai ket qua loi giai vai N khac nhau.
th?m xét: N cang 1on, lyc lya ’Ch(,)n cang 16n dan
dén GA cang hoi tu som, ket qua loi giai dat
dugc khong cao. Thyc nghiém cho thay véi N =
5, ket qua loi giai dat duoc tot nhat.
Thuc nghiém so sanh két qua 16i giai cia GAH
va GA (hinh 4). Tham s6 ¢6 dinh: N =5, P, =
0.6, P, =0.02, k/n = 20.
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Hinh 4. So sanh két qua 1oi gidi ciia GA va GAH

Nhan xét: Khi ap dung phép toan dot bién thir
hai, chat luong 10i giai cua GAH duoc cai thién
so v6i GA. Tuy nhién, sy cai thién nay van con
thap (f/f*= 227 so voi f/f*= 233).
Nguyén nhan chu yéu 1a do GAH ciing nhu GA
déu hai tu sém.

2. Thuc nghiém vgi bé dir lieu TSPLIP95
Tién hanh thyc nghiém thuat toan trén bo
dir liéu TSPLIB95 vai cac gia tri tham so tim

2.7 4
2.6

duoc ¢ trong cac thuc nghiém truéc. Thuc
nghiém tién hanh nhu sau: Mdi file chay 5 lan
v6i GA va GAH. Két qua tét nhat ¢ng véi cot
Best, két qua toi nhat tng voi cot Worst, két
qua trung binh 5 1an chay @ng véi cot Aver.
Bang 1 trinh bay cac két qua thuc nghiém. Cac
két qua trong bang 1 dwoc dién ta tryc quan hon
trong cac hinh 5 —9.

Ki hi¢u: Céac ky hiéu sb ¢ truc hoanh
trong cac hinh 5-9 tuong ung véi cac file dit
liéu duoc sip thir ty trong bang 1. AA 1a thuat
toan gén dung cua Archer, Levin, Williamson
[6]. LS 1a thuat toan heuristic 2-opt két hop véi
thuat toan k-lang giéng [7]. Ny 1a s6 thé h¢ duoc
khao sat trong thuat toan.

2.5 4

*
T 244

—@—Worst
—&— Aver

2.3 4

——d—Best

2.2

2.1

Hinh 5. So sdnh két qud loi gidi ciia GA 1ing véi két qud tot nhat, toi nhdt, trung binh

Hinh 6. So sdnh két qud loi gigi ciia GAH 1ing Véi két qua tot nhat, toi nhat, trung binh

250
200
\ ——worst
50 150
2 1 —d—Best
100 Y Y

Hinh 7. So sanh tong s6 heong thé hé cia GA ing véi loi gidi toi nhdt va tot nhat

b4

Hinh 9. So sanh két qud 0i gidi Véi cdc thudt todn khdc nhau
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Nhan xét: Hinh 5, hinh 6 cho thiy su chénh
léch két qua thuc nghiém gitra 10i giai tét nhat,
t6i nhat va trung binh cia GA, GAH la thap.
Didu d6 ching to két qua cua GA, GAH voi cac
bo dir liéu khac nhau c6 do on dinh tuong dbi
cao. Hinh 7, hinh 8 cho thdy GA, GAH hdi tu
kha som dén 16i giai cuc tri dja phuong (t6ng s6
thé hé trong ca hai trudng hop ddi véi bo dir
liéu TSPLIB95 dao dong 6n dinh trong khoang
tir 95 dén 252 thé hé). Két qua thuc nghiém tir
bang 1 ciing cho thay, chat luong loi giai khong
hoan toan phu thudc vao sé luong thé hé (vi du:
Pr76 khi ap dung GA: f/f* = 2.37 véi N, = 120,
trong khi, f/f* = 2.33 véi Ny = 95). Diéu d6 cho
thiy viéc tranh sy hoi tu sém, ning cao chat
luong 10i giai khong chi don thuan 1 ning cao
s6 lwong thé hé. Hinh 9 chimng to két qua thu
duoc boi GA va GAH 1a tét hon so véi AA va
LS. Tuy nhién, chat luong loi giai dat duoc van
thap: Gia tri tot nhat dat duoc baoi GA va GAH

trung binh con 16n hon ¢& 2.37 lan gia tri toi uu.
Nguyén nhén bsi GA, cling nhu GAH héi tu
sém dén cuc tri dia phuong.

IV. KET LUAN

Két qua thuc nghiém dat duoc khi ap
dung thuat toan di truyén giai bai toan MLP
duogc trinh bay trong bai bao tdt hon so vai két
qua dat duogc tur cac thuat toan gﬁn ding tot nhat
hién biét. Co thé thay thuat toan di truyén la
huéng co trién vong dé giai quyét bai toan
MLP. Tuy nhién, két qua thuc nghiém dat duoc
van con thip (gia tri t6t nhat trung binh tim
dugc van con 16n hon ¢& 2.37 gia tri tdi uu).
Diéu d6 cho thdy GA, GAH dé xuat trong bai
nay con hoi tu sém. Viéc khic phuc sy hoi tu
sém va téng quat hoa két qua thuc nghiém dat
dugc dé ning cao chét luong cua loi giai s&
dugc ban dén trong nhimg cong trinh tiép theo.

Bdng 1. So sanh chat lwong 10 gidi ciia cdc thudt todn

GA GAH LS AA
Dt licu Worst Aver Best Worst Aver Best Worst | Aver | Best
fif* | Ng | fif* | fif* | Ny | f/f* | Ng | fif* | fIf* | Nq

(1) Berlin52 | 237 | 104 | 2.35 | 234 |84 | 237 |91 |234 |232]100|3.83 |351 |3.42] 3.36
(2) Eil101 257 | 184 | 255 | 253 | 168 | 251 | 164 | 2.47 | 2.43 | 152 | 3.45 3.42 | 3.39 | 3.17
(3) Eil76 249|120 | 247 | 245|110 | 242 | 179 | 2.39 | 2.36 | 173 | 3.56 | 3.52 | 3.44 | 3.24
(4) Eil51 241|123 | 237 |235|135|236| 110 | 2.34 | 232|114 | 272 | 265 | 3.02 | 3.34
(5) KroA100 | 249 | 184 | 2.45 | 2.43 | 170 | 241 | 165 | 2.36 | 2.34 | 124 | 421 | 4.01 | 3.87 | 3.02
(6) KroA150 | 251 | 154 | 2.48 | 2.45 | 126 | 2.39 | 179 | 2.37 | 2.35 | 214 | 452 | 4.21 | 3.89 | 3.07
(7) KroB100 | 2,564 | 164 | 2.52 | 2.47 | 187 | 2.43 | 135 | 2.38 | 2.36 | 154 | 429 | 3.92 | 3.84 | 2.88
(8) KroB150 | 2,565 | 187 | 2.53 | 2.49 | 186 | 2.42 | 172 | 2.40 | 2.38 | 167 | 425 | 4.14 | 3.98 | 2.89
(9) KroC100 | 2,53 | 165 | 2.52 | 2.50 | 174 | 2.38 | 123 | 2.36 | 2.35 | 142 | 451 | 4.41 | 435 | 2.79
(10) KroD100 | 2,50 | 145 | 2.47 | 2.45 | 174 | 2.39 | 167 | 2.36 | 2.33 | 176 | 4.63 | 4.42 | 4.35 | 3.14
(11) KroE100 | 2,47 | 214 | 2.45 | 2.44 | 221 | 240 | 178 | 2.37 | 2.36 | 184 | 485 | 4.75 | 473 | 3.01
(12) Lin105 257 | 195|253 | 250|225|235|210| 232 |230|210|4.18 |4.05 | 391|284
(13) Pr107 250 | 242 | 247 | 245|202 | 240 | 221 | 2.38 | 2.35 | 214 | 3.68 | 3.56 | 3.21 | 2.40
(14) Pr124 240|214 | 237 | 235|214 | 232|198 | 2.28 | 2.26 | 214 | 4.37 | 4.21 | 4.12 | 3.28
(15) Pr136 248 | 212 | 245 | 244 | 220 | 2.38 | 214 | 2.36 | 2.34 | 213 | 4.68 | 453 | 4.45| 3.01
(16) Pr144 250|214 | 247 | 245|201 | 241|210 | 236 |232| 212|321 |3.17 |3.14| 2.89
(17) Pr76 237 (120|235 | 233 |95 | 230|110 | 227 | 225|121 | 358 |3.46 | 3.34| 297
(18) Rat195 259 | 241 | 257 | 256 | 230 | 250 | 223 | 2.48 | 2.46 | 231 | 3.48 | 3.42 | 3.31 | 2.73
(19) Rat99 256 | 154 | 255 | 254 | 197 | 2.46 | 186 | 2.44 | 2.43 | 186 | 3.65 | 3.48 | 3.27 | 2.89
(20) Rd100 244 | 167 | 243 | 239|195 | 2.35 | 167 | 2.32 | 2.30 | 158 | 4.17 | 4.05 | 3.97 | 2.97
(21) Rd400 246 | 242 | 243 | 241|220 | 2.37 | 212 | 2.34 | 2.32 | 232 | 420 | 4.15 | 4.13 | 3.19
(22) St70 235|117 | 233 | 232|110 | 230 | 134 | 2.26 | 2.25 | 124 | 412 | 4.05 | 4.01 | 2.94
(23) U195 252 | 215|247 | 244|234 | 250 | 221 | 244 | 242|231 | 463 | 4.36 | 4.23 | 2.94
(24) U574 259 | 251 | 256 | 254 | 252 | 2.48 | 241 | 2.46 | 2.44 | 224 | 454 | 451 | 4.48 | 3.10
(25) Ts225 257|210 | 256 | 254 | 217 | 2.48 | 184 | 245 | 2.43 | 185 | 3.96 | 3.79 | 3.54 | 2.86
(26) Vm1084 | 3,20 | 242 | 3.16 | 3.12 | 228 | 3.18 | 235 | 3.13 | 3.10 | 241 | 4.64 | 461 | 458 | 3.66

10
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