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Tom tat

Trong nhitng ndm gén day, mang cam bién khéng déy ngay cang duoc dat biét quan tam, nghién ctu va
tng dung manh mé trong nhiéu linh vuc. Mot vén dé cia mang cam bién la sw han ché vé tai nguyen va
nang lugng hoat dong nén dé& han ché réat nhiéu tiém ndng (g dung cda né. Téi wu héa mang cam bién la
mét I6p bai toén rat da dang va phong phu, trong dé I4p lich cho mang cdm bién goép phan quan trong gidp
tiét kiém néng luong va tang thoi gian hoat dong cta  ‘mang trong cac tng dung thuc tién. Tuy nhién, viéc t6i
wu héa Idp lich cho mang cam bién Ia mét bai toén rét phirc tap véi nhiéu rang budc, khé dé gla/ quyét bang
phuong phép gidi tich. Bai bao nay dé cap dén mot phuong phép st dung thuét toéan di truyén (GA) dé tim
ra gidi phap toi wu lich trinh mang. Viéc tinh toén gia tri ham muc tiéu, déanh gia va lwa chon duwa trén kha
néng thich nghi két hop cac phép toan lai ghép va dét bién nham tién héa cac ca thé trong quén thé qua céc
thé hé theo huéng téi wu. Nghién ciru da dwa ra duoc mé hinh bai toén tbi wu lich trinh theo thuéat toan di
truyén va thuc hién duoc mét sé mé phdng cho lich trinh t6i wu mang cdm bién va dung lwong pin ctia céc
nat véi lich trinh téi wu.

T khéa: Mang cam bién, t&i wu héa lich trinh, thuat toan di truyén, tiét kiém nang luong.
Abstract

In recent years, wireless sensor networks (WSN) have been particularly interested, studied and applied very
strongly. A sensor network is generally limited in resources and energy, which greatly restrict its applicability.
Sensor network optimization in practice is a very diverse with a wide range of applications, whereas sensor
network scheduling is important in lowering energy consumption and maximizing network lifetime. However,
optimization of sensor network schedule is a very complex problem with many constraints that is not trivial to
solve by analytical methods. This paper discusses a heuristical approach using a genetic algorithm to find an
optimal solution for network scheduling. The evaluation of fitness function, as well as selection with
crossover and mutation operations help to evolve individuals in the population through generations in an
optimal direction. The modeling of a genetic algorithm for the schedule optimization is presented, and
simulation results with the optained optimal schedule are given.
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1. Giéi thiéu

Trong nhiing nam gén ddy, mang cam bién
khong day duoc quan tdm, nghién ctru va ing dung
rdt manh mé trong nhiéu linh vyc nhu giam sat moi
truong [1], stc khoé, kiém soat san xuét cong nghiép,
nong nghiép, nang lugng [2], giao thong, an ninh,
quén sy va trong cac Umg dung dan dyng. Nho nhiing
vu diém nhu khong cén day cép ngudn va day tin
hi¢u, tinh mém déo linh hoat, kha ning tiiy bién cao,
d& trién khai trén dién rong va trong cac méi truong
phtc tap, mang lai hiéu qua cao vé kinh té nén mang
cam bién khong day ngay cang dugc ung dung rong
rii. Tuy nhién, mot vin dé 16n duoc quan tam ddi voi
mang cam bién khong day la nang luong cung cap
cho cac nut cam bién rat han ché nén can phai cé cac
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giai phap nham tiét kiém ning luong, kéo dai tudi tho
va nang cao hi¢u nang mang.

Nghién ciru, phat trlen va ung dung mang cam
bién trong thue té co rt nhidu muc tiéu. Nhiéu bai
toan tbi wu hoa cho mang cam bién cin thuc hién nhu
t6i uu hoéa nang lugng tidu thy, tdi wu hoa ving phu
song, t6i wu hoa két ndi mang, toi da hoa thoi gian
hoat dong cua mang, v.v... Cac tiéu chi trong mdi
muc tiéu tdi wu hoa cling dugc xac dinh khac nhau, vi
du trong ti da hoa thoi gian hoat dong thi tiéu chi vé
thoi gian hoat dong ciing dugc xac dinh khac nhau, c6
thé mang dugc coi 1a hoat dong khi chi can mot vai
nut con hoat dong, hoac khi pham vi bao phu cia nd
trén mot ngudng cho trude, hodc bao phu duoc nhing
khu vyc quy dinh [3]. Thuc té, mang cam blen
thuong khong ddng nhat, cac cam bién da dang vé
chung loai, s6 lwong nut cam bién 16n, khong gian
trién khai mang rong, dia hinh va méi truong phirc
tap, nén lap lich hoat dong cho mang cam bién 1a mot



JST: Engineering and Technology for Sustainable Development
Volume 31, Issue 2, April 2021, 029-034

giai phap dugc str dung phd bién trong viéc thuc hién
cac muc tiéu t6i uu héa cho mang. Lap lich t8i wu cho
mang cam bién phu thudc vao muc tiéu can t6i wu hoa
va cac rang budc cia mang. Pay 1a bai toan tdi wu
hoéa t6 hop da muyc tiéu véi nhidu rang budc phirc tap
rit kho dé giai quyét bang cac thuat toan ti wu xéac
dinh hay phuong phap tich phan. Bai bao nay dé cap
tdi cach tlep can van dé nay bang cach su dung thuét
toan di truyén (GA) nhu mét co ché tim kiém chung
cho giai phap t6i wu tong thé cho mang cam bién.

2. Bai to4n t6i wu lich trinh cho mang cim bién

Do tinh chit da dang va phuc tap vé yéu ciu cua
céc bai toan ung dung mang cam bién, nén bai toan
t6i wu lich cho mang cam bién ciing rat da dang va
phirc tap. Cac co ché 1ap lich c6 thé cung muc tiéu tbi
vu nhung cac diéu kién rang budc khac nhau thi co
ché 1ap lich ciing khac nhau. Nhin chung, cac muc
tiéu t6i uru hoa trong mang cam bién thuong di cing
v6i hai van @& chinh 1a tdng hop dit liéu va tiét kiém
nang lugng cho mang. Vi vay, viéc lap lich tdi wu cho
mang sé& dua trén su két hop giita co ché hoat dong tai
mdi nut cam bién voi cac trang thai hoat dong nhu
ngu, do ludng, truyén thong va co ché hoat dong
chung cua toan mang dé thyc hién muc tiéu toi wu
hoa bai toan cu thé. Tuy nhién, trong khi tat ca cac
chién luge déu c6 mot muc tiéu thiét ké chung dé tbi
da hoa tudi tho mang, thi cic co ché dé thuc hién van
dé nay cing da dang nhu cac ky thuat dugc sir dung
trong trién khai mang cam bién do cac gia dinh khac
nhau dwoc xem xét trong bdi canh cua cac tmg dung
khac nhau [4]. Do d6, cic co ché c¢6 thé duoc phan
loai theo nhiéu cach: tinh va dong, tap trung va phén
tan, hop tac dwa trén giao tiép va it giao tiép, phan
cép va khong phan cip, v.v.

Vi du, v6i co ché 1ap lich trong mang khong
phan cip, cac nat cam bién co vai trd mang nhu nhau.
Céc nat cam bién s& ty quang ba thong tin ban than
nhu vi tri, mirc nang luong, thoi gian da lam viée lién
tuc cting nhu thdm do, giao tiép voi cac nit 1an can de
dua ra cac yéu cu ddi véi cac niit lan can hodc quyet
dinh hanh dong cta ban than nhu tiép tuc ngu dé tiét
kiém ning lugng hay thirc ddy lam viéc dé dam bao
churc nang, nhiém vy va muc tiéu cia mang. Hién co
nhiéu co ché lap lich trong mang khong phéan cép
dugc cac nghién ciu dé xuét va ap dung, nhu co ché
1ap lich t6i da hoa vé tudi tho mang cam bién véi cac
van dé han ché vé thoi lugng cua pin va pham vi cam
nhan [5]; 1ap lich theo co ché ving phu séng dwoc hd
tro, dya trén viéc mdi nit trong mang tu dong va dinh
ky dua ra quyét dinh bat hay tit bang cach sir dung
thong tin phu séng cta cac nut 1an can, mot nut quyét
dinh tit n6 khi phat hién ra ring cdc nut lan can co
thé gitp n6d giam sat toan bo khu vuc hoat dong cua
no [6]. Bén canh do, co ché 1ap lich cho mang cam
bién phén cap cing tuong ty nhu co ché lap lich
khong phén cép, co nhidu co ché 1ap lich khac nhau
da dugc cic nhom nghién ciru dé xuat va phat trién,
chang han nhu céc co ché 1ap lich trong mang phan
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C'Qip dya trén cum. Céc niit cam bién trong mang duoc
t6 chirc thanh cac cum, trong d6 ¢ trudng cum dong
vai tro lién lac v6i cac cam bién trong cum cia n6 10i
sau d6 lién lac véi cac trudng cum khéac va tram goc,
con cac nut trong cum c6 thé hoat dong hodc ngu tuy
thudc vao tinh can thiét cu thé tai mot thoi diém. Nhu
vay, cac truong cum s€ c6 nhiéu trach nhiém hon va
tiéu ton nhiéu nang luong hon, dan dén cac cum
truong s& ¢ thé hét nang lugng va ngimg hoat dong
trude nhét anh huong chung toan mang. Dé tranh tinh
trang nay, cac thuat toan 1ap lich s€ chia hoat dong
ctia mang thanh cac chu ky, mdi chu ky s& lya chon
ngau nhién truong cum [7], nhu vay tat cac cac cam
bién déu c6 xac suat tro thanh truoéng cum ¢ chu ky
tiép theo. Hon nira, so luong truong cum cling phai
dugc xem x¢t trong van dé phan cum, néu sé lugng
truong cum nhiéu qua muc can thiét trong mang thi
cing gdy lang phi nang luong cia mang vi vy trong
thuat toan thiét lap lich hoat dong cho mang can phal
xem xét viée xac dinh s lugng cum truong can thiét.
Lap lich co thé dya trén viéc giam sat ning luong
trong tirng cum bdi cum trudng [8], cac nut trong
cum s& duge trudng cum giam sat va diéu khién viéc
ngu va thie tily thude theo mire ning luong tuong dbi
cua nd trong cum vi du mirc nang lugng cang it thi
dugc nga cang nhiéu, truong cum giam sat cling duoc
lua chon lai & mdi dau chu ky hoat ddng cia mang.

Nhu vay, bai toan t6i wu hoa 1ap lich cho mang
cam bién c6 ban chat thoi gian biéu 1a roi rac, viéc
tim kiém giai phap t6i wu bang phwong phap phén
tich la khong phu hop. Bai bao nay hudng t6i cach
tiép can van dé nay bang cach sir dung cac thuat toan
di truyén (GA) [8], duara co ché tim kiém chung cho
giai phap t6i wu hoéa mang cam bién.

3. Thuat toan di truyén cho bai toan tdi wu lich
trinh mang cam bién

3.1. Tong quan thudt todn di truyén

Theo hoc thuyét Charles Darwin vé tién hoa ctia
cac loai, trong tu nhién, mét quﬁn thé bao gém cac ca
thé sinh sdng va canh tranh nhau vé ngudn tai nguyén
séng nhu thirc an, noi ¢ va céc ca thé con canh tranh
nhau trong vin d& sinh san va duy tri noi glong
Nhitng cé the ¢6 nang lyc cao s€ c6 kha nang song sot
cao va c6 sb luong con céi 16n hon, cac cé thé yeu
hon s& c6 it con cai tham chi khong c6 con. Cac the
hé sau s€ dugc thura huong, két hop va phat trién
nhitng dic diém t6t tur bb me nén con cai s& co ning
lyc cao hon b6 me rat nhiéu. Day chinh la cach ma
céc loai tién hoa dé thich nghi véi méi truong sdng.

Thuét toan di truyén bat chude tw nhién véi cac
nguyén 1y tién hoa nhu di truyén, chon loc tu nhién,
lai ghep va dot bién dé tim ra giai phap toi wu téng
thé cho mot van dé, dic biét trong céac bai toan lién
quan dén van d& tim kiém hodc tdi vu héa. GA hoat
dong voi mot tap hop cac ca thé, mdi ca thé dai dién
mot giai phap kha thi cho van dé nhat dinh va c6 mot
gia tri tiy thudc vao muc do giai quyét van dé do.
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Nhirng c4 thé co tinh phi hop cao s& duoc lya chon
va lai v6i nhau dé tao ra thé méi c6 nang luc t5t hon
b6 me. GA thudng duogc tmg dung cho nhiitng bai tdi
vu nhu: 1ap ké hoach [10], vén tai [11], tim duong
[12], chuong trinh tro choi, didu khién thich nghi,...
Do nhiing uu diém vuot troi, thuat toan di truyén
ngdy cang dwoc phat trién va tng dung manh mé
trong thuc t&. GA di dugc st dung trong tdi wu hoa
cho mang cam bién, mot bai toan rat phd bién va
quan trong la tdi wu co ché 1ap lich thyc hién cac myc
tiéu tdi wu hoa trong mang cam bién.

Viéc thuc hién mdt thuat toan di truyén dién
hinh ¢6 thé dugc biéu dién bang luu d6 dugc mo ta
trong Hinh 1. Khi khéi tao, mot quén thé tao dugce tao
ngau nhién. Sy ngau nhién hoa nay c6 thé hoan toan
déng nhét hodc d6i khi dua trén mot ca thé hat giéng
dugc nguoi dung cung cap nhu mot dau vao cia thuat
toan.

Khéi tao quan thé
ban dau

A 4
Tinh gid tri ham
thich nghi

Didu kién ding ?

A\ 4
Lua chon WNhi,ém ;ség the .
* cua ca thé tot nhat
Lai ghép
v — \ 4
Dot bién

Hinh 1. Luu d6 thuat toan di truyén.

. Tu Hinh I, co thé thay giai thuat di truyén bao
gom cac budc co ban sau:

e Bat dau: nhan cac tham sb cho thuat toan.

e Khoi tgo: sinh ngiu nhién mot quan thé gém n
cé thé.

e Thich nghi: tinh toan gia tri ham thich nghi cho
tir ca thé trong toan quan thé.

e Pdnh gid: kiém tra diéu kién két thuc giai thuat.
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o Tao qudn thé méi: néu diéu kién cham dut
khong dugc thoa mén, qua trinh s& tiép tuc bang
cach tao ra thé hé méi theo hudng chét luong
ciia n6 duoc cai thién so véi thé hé bd me. Bude
nay con dugc goi la sinh san va dat dugc béng
cach thyc hién ba phép toan: lya chon, lai ghép
va dot bién trén quﬁn thé hién tai.

Lwa chon hai c4 thé bd me tir quan thé cii theo
d6 thich nghi cua chung, ca thé c6 do thich nghi
cang cao thi cang ¢6 nhiéu kha ning dwoc chon.

Lai ghép hai cé thé bo me d€ tao ra mot ca thé
mai véi mot xac sudt lai ghép dugc chon.

Pot bién nham muc dich bién d6i ngau nhién
mot phan gen cua ca thé maéi voi mot xac suat
d6t bién duoc chon.

e Két thiic: néu diéu kién dung dugc thoa méan thi
thuat toan két thuc va tra vé 10i giai tot nhat
trong quan thé hién tai.

Tuy nhién, thir ty cia cac budc trén nay c6 thé
khac nhau hodc thdm chi ching c6 thé dwoc két hop
theo cac cach khac nhau trong mot sb bién thé cua
thuat toan dé c6 sy linh hoat hon trong viéc trién khai.

3.2. Téi wu lich trinh mang cim bién véi thudt todn
di truyén

V6i cac bai toan t6i wu hoa, didu quan trong
nhit 13 ham muc tiéu, c6 thé dwoc biéu dién chung
béng mot ham toan hoc nhiéu bién 4nh xa cac phﬁn tr
ttr mién du vao X thanh s thyc:

f(x):X>R (D)
trong d6 x € X 1a vecto bién. Thong thudng, X 1a tap
con cua cac phan tur trong R” théa méan cac rang bugc.
Doi voi bai toan cuc ti€u, mot nghiém xo 1a mot phan
trma f(x,)<f(x) véimoix e X.

Ddi voi bai toan tdi wu lich mang cam bién, géc
15i vn dé 1a 1ap lich t6i wu cho ting nut mang vai cac
rang budc lién quan dé duoc lich trinh tbi wu cho toan
mang. M3di nht cam bién s& hoat dong o cac ché do
khac nhau nhu ngi, chd, do luong, truyén thong,...
Trong bai toan nay, tap hgp cac ché do cua nut i duoc
biéu thi 1a M. Khi d6, mot lich trinh cta nat i dugc
xac dinh boi mot chudi:

S Em

J |j:1“s >

2

trong d6 s 1a d6 dai ctua chudi hay sb lan thay ddi
trang thai cta nut, m’; € M’ 1a ché d6 dugc sir dung &
trang thai thtr j cua nat i. Lich trinh ctia toan mang S
s& 1a su két hop cuia cac lich trinh cia moi nut trong
mang gom 7 nit. Chu ¥ rang cc cac nit ¢6 cung thoi
gian bt dau 1a 7y = 0 va cung thoi diém két thuc cho
mot lich trinh 1a 7.

S={S"} ... 3)
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Trong nghién ctru nay, nhiém sic thé ma hoa
lich trinh mang S dugc dinh nghia nhu sau:

1 1 1
C=[m,m,,...m,
2 2 2
m,my,...,m;,
n n n
m,my,...,m. . “)

S gen ciia mdi nut 13 s va cia toan mang la
(nxs). Gia st quan thé c¢6 p ca thé, khi d6 7Cl,—; ,
biéu thi lich trinh cta ca thé ¢ trong quin thé lich
trinh mang, va 9C’ nhu thé hién trén Hinh 2, 1a biéu
thi doan gen trong ?C twong ung lich trinh cua ntt i
trong lich trinh mang ¢. Twong tu, tit ca cac bién phu
thugc ca thé khac ciing tudn theo quy udc ky hiéu
ndy, vi dy, ¢m| 1a trang thai j coa nat i cia ca thé ¢.

Lich trinh cua nit i duge biéu dién nhu sau:

IC=[1m,9mi, ..., m’ 1. 5)

Theo d6, lich trinh cia mang gébm » nut 9C sé
duoc biéu dién nhu sau:

=[eC!, 1C2,...., 9C"]. (6)

in
|1 | |1 |
“mMo “t, Wl gt

Hinh 2. Biéu dién lich trinh hoat dong cua mdt nut.
4. Kich ban va két qua mé phéng

Trong khudn khé bai bao nay, mot kich ban thir
nghiém thuat toan di truyén cho 16p bai toan tdi wu
lich trinh mang v&i muc tiéu cu thé 1a téi da héa sb
gia tri do thong s6 moi trudng, véi rang budc 1a tudi
tho ctia niit va dam bao thoi gian gitra hai 1an do lién
tiép khong 16n hon Az cho trude. Dbi voi mdi nit
cam bién, cin phai biét trudc cac thong sé vé ning
hmng tiéu thy cta nit nhu dung lugng 16n nhat cia
pin, téc do sac pin, nang luong tiu thy cua timg ché
d6 1am viéc. Thuc té, cac nit cam bién co thé co
nhiéu ché do 1am viéc nhu ngu, cho, do luong va
truyén thong,... Tuy nhién, trong bai toan nay rang
budc 1a téi da tudi tho mang nén van dé nang lugng
tiéu thu dugc dic biét quan tdm. Vi vay trong kich
ban nay, dé don gian, moi nut s& dugc xem xét voi 2
ché do 1a ché do 1a ngu M- tiéu thu nang luong & muc
thép va ché do hoat dong M+ ti€u thu nang luong &
mirc cao. Nhu vy M' = {M-, M+}. Gia su thoi gian
toan lich trinh dugc chia thanh cac khoang bing nhau
va mdi khoang 1a 7, khi d6 7xs=T.

Kich ban thu nghlem V01 mang gbm 3 nat cam
bién. Dé don gian, gia sir rang cac nut c6 céu hinh
twong tuy nhau va chi c6 sy khac biét vé dung lugng
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t6i da ctia pin. Nhom da phat trié_n va thuc nghiém 3
nat cam bién do nhiét do va do 4m khong khi trong
qua trinh nghién ctru [13], va cac tham sb co ban cia
cac nut trong mang thuc nghiém dugc dua ra nhu
trong Bang 1. Cac mdé phong duge thyc hién bang
nén tang md phong da dwgc nhom nghién ciru phat
trién va gi6i thiéu cu thé hon trong [14].

Béang 1. Tham s6 cac nut mang cua kich ban

Tham s6 Nat 1 Nat2 Nuat3
Dung luong pin t6i da (mAh) 3500 5250 7000
Téc d sac pin (W) 08 08 08
Mirc tiéu thu & ché do ngu (W) 0.05 0.05 0.05
Mtc tiéu thu nang luwong trung
binh & ché do chd (W) 017 017 0.17
Muc tiéu thu nang lugng trung
binh & ché d6 do ludng (W) 0.22 022 022
Murc ti€u thu trung binh & mot lan
truyén thong (W) 13.27 1327 13.27
At (phut) 5 5 5
T (ngay) 3 3 3

Ngoai ra, trong kich ban moé phong, vi tri, toa do
ctia nut trong khong gian ciing can dwoc quan tim va
x4c dinh cu thé vi n6 lién quan dén van dé thu nang
luong. DPé tdi da hoda s 1an do thuc hién duogc cla
mang, dong thoi dam bao cac yéu té vé nang lugng
va thoi gian hoat dong, ham muc ti€u dugc sir dung 1a
mot ham gém 4 thanh phén:

OP=0,+D,+D, +D,, @)

trong d6, @, 1a thanh phan tuong tmg véi s6 lan do
can t6i da hoa, @, 1 thanh phan gitp han ché cac
khoang thoi giaq dai mé’khéng c6 phép dg nao dugc
thuc hién, @, dé han ché viéc cac nat bi hét pin trude
khi két thiic kich ban chay, va @, dé han ché viéc muc
pin cudi chu ky mé phong nhé hon khi bit dau. Cu thé,

®, =-k,n, (®)

o, = ikﬂm,. +k,AT], Q)
=

®, =k, (T~T)+k, (T-T) (10)

ol

trong d6 7 1a sb lan do thuc hién dugc; Az, 1a thoi
gian giira hai lan do lién tiép; 7 1a thoi diém nit bi hét
pin, hodc bang 7" néu khong hét; L va L, 1a cac mirc
pin khi bat dau va két thac chu ky; va &, , k,,, k.,

ky , ky,, k,,, k,, 1a cac h¢ sb véi gia tri hang. Cac

ham béc hai str dung cho @, , nhim gitp thuat toan

T2 > L1>



JST:

Engineering and Technology for Sustainable Development

Volume 31, Issue 2, April 2021, 029-034

10°

0 10 20 a0 40 50 60 70 80 % 100

Node 1 schedule
L

Node 2 schedule

Node 3 schedule
O : i

Time (h)

Hinh 5. Lich trinh mang t6i wu.

hoi tu nhanh hon. Gié trj cac tham s chinh cua thuat
toan GA dugc cho trong Bang 2.

Béng 2. Tham s cua giai thuat di truyén

Tham sb Gia tri
Kich thudc quén thé 100
Ti 1€ lya chon 20%
Ti 18 lai 50%
Ti 1& dot bién 40%

Vi cac tham sb da dinh cho céc nut cia mang
va GA thuc thi sau 100 thé hé, két qua nhan dugc gia
tri thich nghi tot nhét 1a 3,57 x 10*. Qué trinh hoi tu
duoc chi ra trén Hinh 3, thé hién gia tri ham muyc tiéu
clia c4 thé tot nhat trong timg thé hé. Lich trinh mang
t6i wu cudi cting duoc hién thi trong Hinh 5.

Theo lich trinh t6i wu thu dwgc, pham vi thoi
gian hoat dong trong mot ngay cho ba nut riéng 1¢ 1a
39,6%, 38,5% va 40,5%, nhung sy Kkét hop cta chung
tao ra mirc d§ bao phu 91,7% thoi gian trong ngay.
Phén trim dung luong pin cta cic nit khi duge mo
phong vdi lich trinh nay dugc dua ra trong Hinh 4 va
s6 phép do da thuc hién cia ting nit va toan mang
dugc dua ra trong Hinh 6. Khi két thic mé phong,
cac nuat thyc hién cac phép do 312, 315 va 325 riéng
1¢, v6i tong cong 13 952.
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Hinh 4. Dung lugng pin cac nut vai lich trinh t6i wu.
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Hinh 6. Sb phép do thuc hién dugc theo thoi gian.

5. Két luén

Trong nghién ciru nay, nhom tac gia da thuc
hién tim hiéu, phén tich va xac dinh viéc t6i wu héa
lich trinh 1am viéc cho mang cam bién 14 bai toan rét
quan trong lién quan dén van d& nang lugng, tudi tho
va hiéu nang mang. Theo huéng tiép can ung dung
thuat toan di truyén cho bai toan tdi wu héa lich trinh
mang cam bién. Nghién ciru dwa ra mé hinh hoa toan
hoc bai toan t6i ru lich trinh theo thuat toan di truyén.
Két qua chay mo phong véi kich ban thir nghiém cho
thy giai thuat di truyén rat hiéu qua trong viéc tim ra
giai phap t6i wu lich trinh mang cam bién.
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