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Tém tat. Bai bao nay nghién cttu vé bai toan dinh tuyén da diém (multicast) cho mang cAm bién
khong day nhiem vu tuan hoan (DC-WSN). Dic diém ciia loai mang cdm bién khong day nay 1a cac
nit cam bién hoat dong tuan hoan theo chu ky va khong bat budc phai hoat dong lién tuc. Bai toan
nay da dudc chiing minh thuoc 16p NP-khé. Ching to6i dé xuat mot gidi thuat heuristic va mot giai
thuat di truyén dé giai bai toan trén. Céc giai thuat dé xuit dude thit nghiem trén bén dang do thi
mang cam bién va dudc so sanh két qua véi gidi thuat TCS 1a gidi thuat t6t nhat hién nay. Két qua
tht nghiém cho thiy cac gidi thuat dé xuit dua ra 15i giai tét hon giai thuat TCS vé mait t6i vu ning
lugng.

T khéa. Mang cam bién khong day, multicast, t6i thidu nang luong, gidi thuat heuristic, giai thuat
di truyén.

Abstract. We study the Minimum-Energy Multicasting problem in Duty-Cycled Wireless Sensor
Networks (DC-WSN). In DC-WSN, nodes can switch between active and dormant states to save
energy. This problem has proved to be NP-hard. This paper proposes a heuristic algorithm and a
genetic algorithm for solving this problem. We compare the proposed algorithms with TCS - the best
known algorithm - by means of simulation on four typical WSN topologies. Experimental results show
that our algorithms significantly outperform TCS in terms of minimizing the energy cost.

Keywords. Wireless sensor networks, multicast, minimum-energy, heuristic, genetic algorithm.

1. GIOI THIEU

Hién nay, mang cam bién khong day dang dugc sit dung rong rai trong theo déi moi trudng,
giam sat do6i tuong, canh bio nguy co chdy riung,... Mang cam bién khong day gom mot tap
cac nit cam bién ndm phan tan trén mot khu vuc, hop téc véi nhau qua mang dé thuc hién
nhigm vu. Céc nit cAm bién thuong nhéd véi nguon nang lugng gidi han (thuong dung pin),
vi vay ching khé hoat dong lién tuc trong thoi gian dai. Do d6, van dé tiét kiem nang lugng
hoat dong ciia mang cadm bién rat duge quan tam trong nhitng nam gan day.

Mot phuong phap tiét kiem nang lugng cho mang cam bién khong day 1a cho cac nit hoat
dong tuan hoan qua cac chu ky. Trong titng chu k¥, mbi nit cé thé luan chuyén gitta hai trang
thai hoat dong va tam nghi. Lich luan chuyén trang théi 1a doc lap déi véi ting nat. T day,
ta s& goi tén mo hinh mang nay 1a mo6 hinh mang cdm bién khong day nhiém vu tuan hoan
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(DC-WSN: Duty-Cycled Wireless Sensor Networks). Nho viéc luan chuyén trang thai hoat
dong ma mo6 hinh DC-WSN da duge ching minh 13 hiéu qua vé mit nang luong va dang duge
ap dung rat nhiéu trong thyc té |10} (11} 12} [13].

Truyen dit lieu da diém (multicast) 1a qua trinh truyén dit lidu tit mot nit nguon dén mot
tap cac nat dich. Multicast duge thuc hién thuong xuyén trong hoat dong ciia mang, do do
thiét ké mot giao thiic multicast hiéu qua vé mit nang luong cho mang cam bién khong day 1
rat can thiét. Bai toan nay (MEM: Minimum-Energy Multicasting) da dugc chiing minh thuoc
16p NP-kho va thuong duge gidi quyét bang thuat toan xap xi dé xuat trong |14, |15, |16, 17].
Tuy nhién cac phuong phéap trén chi 4p dung cho cac mang ma cac nat ludn hoat dong. Céc
nghién citu vé bai toan MEM trong DC-WSN duge dua ra trong [3, [6]. Céc tac gia trong [6]
dé xuat cac thuat toan toi wu gidi quyét bai toan MEM trong DC-WSN thu hep véi cac khe
thoi gian hoat dong ctia mdi nut 1a lién tuc, tuy nhién do phic tap clia cdc thuat todn nay
déu 1a ham mi theo s6 lugng cac nut dich. Han va céac tac gia khac [3] da dé xuat giai thuat
TCS dé giai quyét bai toan MEM trén mang DC-WSN téng quat. Giai thuat nay xay dung
mot do thi md rong dya vao do thi mang ban dau va lich hoat dong ctia cac nit, sau dé tim
cay Steiner nhé nhat trén do thi mé rong va cudi cing anh xa cay Steiner tim duge thanh 1oi
giai cho bai toan. Theo cic tac gia, hien tai TCS la gidi thuat xap xi tot nhat cho bai toan
MEM trong DC-WSN. Tuy nhién, chat Iugng 13i gidi cia giai thuat nay ciing phu thuoc nhiéu
vao do tot ciia cay Steiner tim dugc trén do thi md rong.

Dé khic phuc cac nhuge diém trén, ching toi dé xuat mot giai thuat heuristic (HMEM)
va mot giai thuat di truyéen (GAMEM) nham mang lai 161 gidi ¢6 mtic nang lugng tieu thu tot
hon cho bai toan MEM trén DC-WSN so vdi cac phuong phap trude. Cac gidi thuat dé xuat
duge thit nghieém trén bon bo dit ligu tuong ty trong [3] va dugde so sanh véi giai thuat TCS.
Két qua thit nghiém cho thay cic gidi thuat dé xuat déu mang lai 16i gidi tot hon so véi TCS
xét vé mat toi wu nang lugng. Gidi thuat HMEM c6 thoi gian tinh toan ngan nhat khi so vé6i
TCS va GAMEM.

Phan tiép theo ctia bai béo duge t6 chitc nhu sau. Phan 2 trinh bay bai toAn MEM trén
mo6 hinh DC-WSN. Phan 3 va 4 lan lugt dé xuét gidi thuat heuristic HMEM va gii thuat di
truyen GAMEM. Phan 5 trinh bay vé cac bo dit lieu thit nghiem va két qua thit nghiém ctia
cac giai thuat. Két luan vé bai bao va cac huéng phét trién sé duge trinh bay ¢ phan 6.

2. MO HINH BAI TOAN

Phan nay tém t&t mo hinh bai toan MEM trong mang DC-WSN da duge dé cap trong [3].

2.1. M5 hinh mang cam bién khéng day nhiém vu tuan hoan

Mot mang cam bién khong day duge biéu dién bsi mot do thi vo huéng, khong trong sd
G = (V,E), trong d6 V la tap cac nat, E la tap lién két gitta cdc nat. Cac nit trong V' phan
bé trén mit phang va ton tai lien két gitta hai nat néu ching nim trong pham vi truyén tin
ctia nhau. Nang lugng ban dau clia cic niut duge gia thiét 1a nhu nhau. Trong mang DC-WSN,
cac nut déu hoat dong tuan hoan qua cac chu ky, mdi chu ky duge chia thanh K khe thoi gian
nhu nhau. Dé tiét kiem nang luong, trong timg chu ky mdi nit w € V chi hoat dong trong
cac khe thoi gian thuoce tap I'(u) € { 1,2, ..., K} (T'(u) # 0,Vu € V). Gia thiét mdi niat u déu
c6 thé thitc giac dé truyen tin tai bat cit khe thoi gian ndo nhung chi nhan dudc tin trong cac
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khe thoi gian thuoce I'(u).

2.2. Multicast trén mang cam bién khong day nhiém vu tuan hoan

Cho mot tap cac niat terminal M C V,
trong qué trinh thyc hién multicast cac goi
dit lieu duge gt tit niat nguon s € M dén tat
cd cac nat thuoe M\{s}. V6i T' la mot cay
con bat ki cia do thi G = (V, E), ta ki hiéu
N(T) va E(T) lan lugt 1a tap cac dinh va tap
cac canh cua T. Trong trucng hop T 1a cay
c6 goc, c6 them cac ki hieu:

- nl(T) la tap cac nat khong phéi la la
(non-leaf) cua cay T.

- child(u,T) 1a tap cac nut con cia nit
u trén cay T.

Cay T dugc goi la cay multicast cia G Hinh 1: Mang cadm bién khong day nhiém vu
néu né la cay con goc s clia G, dong thoi moi  tuan hoan G = (V, E) va mot cay multicast.
nit terminal trong M déu thuoc 7. Hinh 1
mo td mot do thi mang DC-WSN véi tap cdc nit terminal M = {1,5,6,7} dugc boi vang
trong d6 dinh nguon s = 1. Tap cac khe thai gian hoat dong duge ghi bén canh mdi nut w.
Mot cay multicast v6i cac canh duge boi dam duge chi ra trong Hinh 1.

23@)———(B) 25 ‘

Dinh nghia 2.1 (Hitting set [3, |7]) Cho ho tap C' = {41, Ag,..., A}, tap F C A1 U
Ay U ... U A, dugc goi 1a hitting set ctia C néu trong F chita it nhat mot phan ti clia mdi
tap con c6 trong C, nghia 1a F'N A; # 0,Vi = 1,n. Hitting set ¢6 s6 lugng phan ti it nhat
dugce goi 1a minimum hitting set ctia C va duge ky hieu la M HS (C)

Dinh nghia 2.2 (Lich truyén kha thi [3]) V6i mot cay multicast T ciia G, mot ham
B : nl(T) — 282K} quge goi 1a lich truyén kha thi (goi t&t 1a lich truyén) ciia T néu véi
Vu € nl(T') thi B(u) 1a hitting set ctia ho tap {I'(v)|v € child(u,T)}.

Goi es va e, lan lugt 14 ning luong truyen va niang lugng nhan mot goi tin clia mdi nit
thuoc V (es, e, > 0). Nang lugng tiéu ton trong mot phién multicast gom hai thanh phan: niang
lugng truyen tin v nang lugng nhan tin. T dinh nghia 2, tong nang lugng truyén tin clia
mot phién multicast theo mot lich truyén B trén mot cay multicast T bang: > |B(u)|.es.

Yuenl(T)

Ngoai ra, moi niit trén cay T ngoai trit nit ngudn s déu duge nhan tin, nén nang lugng truyen
tin trong mdi phién multicast chi phu thuoc vao s6 lugng nit trén cay va bang: (|N(T)|—1).e,.
Bai todn dinh tuyén multicast trén mang cdm bién khong day nhiém vy tuan hoan (MEM
DC-WSN) [3]:
Cho mang cam bién khong day nhiém vu tuan hoan G = (V, E), tap cac nit terminal
M C V va nit nguon Bai toan yéu cau tim mot bo gom mot cay multicast Tpye clia G va mot
lich truyén B,y trén cay nay sao cho tong nang lugng tiéu tén trong mdi phién multicast:

I(Top, Bopt) = > |Bope(t)]-es + (IN(Top)| — 1), 12 nhd nhit.
Vuenl(Topt)

'Quy wdc: véi C =0 thi MHS(C) = 0.
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D6i v6i cay multicast 7' ¢6 cac canh boi dam trong Hinh 1, ¢6 thé 1ay vi du mot lich truyén
By cho cay: Bi(1) = {2,3}, B1(2) = {3,5}, B1(3) = {4}. V6i e; = 100, e, = 15, néu sit dung
lich truyén Bj, tong ning lugng tieu tén trong mot phien multicast sé 1a: 5.100 + 5.15 = 575.
Ciing véi cay T nay, néu ap dung lich truyén By : Bo(1) = {1}, B2(2) = {2}, B2(3) = {4}
thi tong ning lugng tieu tén trong mdi phien multicast 1a: 3.100 4+ 5.15 = 375. Cay multicast
T va lich truyén By nay 1a mot 161 giai t6i wu cho mdi phién multicast tit ntat 1 dén cac nut
terminal khac.

3. GIAI THUAT HEURISTIC GIAI BAI TOAN MEM DC-WSN

Trong phan nay ching t6i dé xuat giai thuat heuristic HMEM nham gidi quyét bai toan
MEM DC-WSN. Bén canh do6, chiing to6i dé xuat mot phuong phap tim kiém dia phuong gitp
nang cao chat lugng 16i gidi cho bai toan MEM DC-WSN. Phuong phap nay duge ap dung
sau khi giai thuat HMEM dua ra 1oi gidi cho bai toan MEM DC-WSN.

3.1. Giai thuat heuristic HMEM

Giai thuat HMEM gom hai budc: Budc 1,
tim mot cay multicast T c6 goc s trén do thi
G. Budc 2, tim mot lich truyen kha thi tren
cay tim dudc § bude trude. Dé thue hien bude
1, gidi thuat HMEM xay dung titng phan cay
T bang cach lan luot tim duong di ngan nhat
ti cac nit terminal vé ntt nguon s trén do
thi G’ ¢6 huéng va c6 trong s6 phu thude vao
thanh phan cay 7 hién tai. Trong buéc 2, Hinh 2: Trong s6 canh ctia do thi G' = (V' E').
gidi thuat HMEM tim Minimum Hitting Set (i) Truong hgp j khong thude cay hién tai. (ii)
(MHS) dé thu duge lich truyen kha thi. Chi Trudng hgp j thudc cay hién tai. Cac dinh vy,
tiét vé giai thuat (Algorithm 1) dugc trinh wa,. .., vj & cic nut con cla j trong cay hien
bay sau day: tai

Budc 1 (dong 1-9): Dong 1 khéi tao cay
T ban dau chi gom dinh nguon s. Dong 2-4 thyc hién tim dudng di ngan nhat tit mdéi dinh
terminal w € M\{s} dén thanh phan cay T hién tai, qua trinh tim dudng di ngin nhat
nay duge thyc hién trén do thi c¢6 huéng, c6 trong s6 G’ = (V/, E'), trong d6 V' = V va
E' = E\E(T). Trong s6 mdi canh (i,5) € E’ ¢c6 ¥ nghia la phan nang lugng tiéu ton them khi
b6 sung canh (j,4) vao thanh phan cay multicast hién tai (vi qui trinh thuc hién tim dutng
di ngan nhat dude xuat phat tit v dén s, nén trong s6 canh dude dinh huéng theo chiéu nguge
lai). Hinh 2 mo ta cach tinh trong s6 canh (i, j) ctia G'. Cu thé:

(i) V6i j ¢ N(T), viec bo sung canh (j,4) sé tang thém nang lugng truyén tin tit nat j va
ning lugng nhan tin ctia ntt i nén trong s6 canh w(i, j) = es + e,

(i) V6i j € N(T), viec bd sung canh (j,4) sé tang thém nang lugng nhan tin clia nit
i, ning lugng truyen tin c6 ting them hay khong phu thuoc vao viéc: néu bo sung thém i
lam con ctia j thi s6 lugt truyen tin ciia j (chinh 1a lyc lugng ciia ¢6 tang hay khong. Goi
C1 = {T'(v)Jv € child(j,T)}; Co = {T'(v)|v € child(j,T)} U{ (i)} . Trong s6 canh w(s, j)
trong truong hop nay duge gan bang: (|[MHS(Cy)| — |[MHS(Ch)]) €5 + ey

Dong 5-8 bd sung céc dinh va canh thudc duong di ngan nhat tim dude vao cay hién tai.

Cr={T(v1). T(V2),... T(VE)}
Co={T(v), T(v2),.... (Vk), T(0)}

Ww(i)=(MHS(C) - MHS(C1)|).e e,




HEURISTIC AND GENETIC ALGORITHMS FOR SOLVING MINIMUM-ENERGY 257

Bude 2 (dong 10-12): Dua ra lich truyén cho cay multicast T béng cach tim minimum
hitting set. Tim minimum hitting set 1a bai toan thudc 16p NP-kho va da dugc ching minh 1a
tuong duong véi bai toan phii tap (set cover problem) [5, |7, |18], nén chiing t6i sit dung thuat
toan tham lam dugc trinh bay trong [5] dé thuc hien.

Algorithm 1: HMEM(G = (V,E), T(-)M,s)

Input: D6 thi G=(V,E); tép cac dinh terminal M va nut ngudn s
Tap céac khe thoi gian hoat ddéng I'(-) clia céc nuat thuéc V

Output: Cay multicast T va lich truyén B

begin

1. T+ ({ s}y ,0

2. for each wue€ M\{s}

3. Xay dung dé thi cé huéng G = (V,E\E(T)), trong sbé céac
canh cta db thi G’ di duoc chi ra trong hai trudong hop
(1) va (ii) & trén

4. Tim P, 1la dudong di ngdn nhit tu dinh w dén mdét dinh v €
N(T)

5. for each (i,j) € P,

6. B(T) « B(T) U{(j,))

: N(T) « N(T) U} 0 {3}

8. end for

9. end for

10. for each uenl(T)

11. B(u) <~ MHS({T'(v)|v € child(u,T)})

12. end for
13. return (7T,B)
end

Do phtc tap ciia thuat toan HMEM

Trong gidi thuat HMEM, viéc tim dudng di ngan nhat tit mdi dinh terminal u dén cay hién
tai c6 thé thyc hién bang gidi thuat Dijkstra véi cau triic Fibonacci heap [8], thao téc nay c6
do phiic tap O(|V].log |[V'| + |E|). Vi vay do phiic tap clia qué trinh tim dudng di cho tat ca
cac dinh terminal 1a O(|M|.(|V|.log |V| + |E|)). Néu coi do dai chu ky lam viec K ctia moi
nit 1a hiang s6 thi thao tac xay dung do thi G’ 6 mdi bude lap khong vugt qua O(|V| + | El),
thao tac tim lich truyén B cho cac nut khong vugt qua O(]V|]). Tom lai do phitc tap ctia thuat
toan HMEM 1a O(|M|.(|V|.1og |V | + |E|)).

3.2. Nang cao chat ludng 15i giai bang phudng phap tim kiém dia phuong

Chiing t6i dé xuat phuong phap tim kiém dia phuong dé nang cao chat lugng 15i giai cho
HMEM. T mot cay 10i gidi, ta sé tién hanh t6i wu cuc bo cho cic cay con ciia né. Néu tim
duge cay con méi c6 lich truyen tét hon lich truyén ctia cay con ban dau thi né sé duge dua
vao cay 1oi giai hien tai. Cu thé, gid st (T, B) 1a mot bo gdom cay 16i gidi va lich truyén. Lan
lugt xét cac dinh 4 ctia cay T', goi T; 1a cay con goc i ctia T' (T; bao gom tat ci cac dinh va
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canh thuoc cic duong di trén T' xuat phat tir 4 va di xudng cac nat 14); B; 1a lich truyén cta
cac nat (khong phai 1a 1a) thuoc cay T;; M; 1a tap nhing dinh terminal c6 trén cay 7;. Ta ap
dung chinh gidi thuat HMEM dé tim mot cay con T; va mot lich truyén B; mdéi cho bai toan
MEM DC-WSN tit niit nguon i dén cac dinh terminal thuoc M;. Néu ning lugng multicast
lich truyén B; nhé hon theo lich truyén B; thi cay T; va lich truyén B; sé dude thay thé bang
cay T; va lich truyen B;.

D6 phiic tap ciia thuat toan tim kiém dia phuong

Giai thuat tim kiém dia phuong st dung thuat toan HMEM dé tim cay 16i gidi va lich
truyén mdi cho cac cay con goc i. Do phiic tap ctia thuat toAn HMEM da duge phan tich &
tren 1a O(|M|.(|V|.log |V |+]E])). S6 luong dinh ctia cay T khong vugt qua |V|, nén qua trinh
tim kiém dia phuong duge thyc hien trén O(]V]) cay con. Vi vay do phiic tap ctia thuat toan
tim kiém dia phuong dé xuat 1a O(|V].|M|.(|V|.log|V'| + | E|)).

4. GIAI THUAT DI TRUYEN GIAI BAI TOAN MEM DC-WSN

Trong phan nay ching toi dé xuat gidi thuat di truyéen GAMEM nhim mang lai 161 giai
t6t hon cho bai toan MEM DC-WSN. Giai thuat heuristic HMEM trinh bay trong phan 3 sé
dugce st dung trong qué trinh xay dung cic phép toan lai ghép va dot bién cho GAMEM.

4.1. Ma hoéa nhiém sic thé

M&i nhiém sic thé x biéu dién 15i gidi cho bai toan duge xac dinh béi cap (x.T, x.B).
Trong d6 =.T = {(u1,v1), (u2,v2),..., (Un,vn)}, ((ui,v;) € E(T),Vi = 1,n) la tap cac canh
ctia cay multicast T; z.B = {(a1,b1), (a2, b2), ..., (am,bm)} biéu dién cho lich truyén B cia
cay T, trong d6 moi (a;, b;) € x.B chi ra rang nit a; clia cay T sé truyen tin trong khe thoi
gian b;.

4.2. Ham thich nghi

Do thich nghi ctia mdi nhiém sic thé phu thuoc vao do t6t clia 15i giai ma né bidu dién.
V6i nhiém sic thé x biéu dién cho cay multicast 7' va lich truyén B, nang lugng tiéu thu cho
moi phién multicast da duge dinh nghia 1a II(7, B). Khi d6 ta dinh nghia ham thich nghi cia

nhiém sic thé z la: F(z) = ﬁ. Cay va lich truyén duge biéu dién bsi nhidm sic thé cé

do thich nghi cao nhat duge chon lam 15i gidi cudi ciing cho bai toan.

4.3. Khdéi tao quan thé

Nhim dam bao sit da dang, khi khéi tao quan thé ban dau mdi nhiém sic thé sé biéu dién
cho mot 16 gidi “ngdu nhién”. Ching chi can théa man cac diéu kién rang buoc ctia bai toin
(theo dinh nghia cay multicast va lich truyén kha thi) ma chua can xét dén viec t6i vu ning
luong. Viéec khéi tao dude thie hien nhu trong Algorithm 2. Cay multicast T ctia nhiém sic
thé duge tao ra bing cach gan trong s6 ngau nhién cho cic canh ctia do thi (dong 3-6) rdi sau
d6 tim cay duong di ngan nhat tit s dén cac dinh terminal (dong 7, 8). Lich truyén B trén cay
T dugc xay dyng bing cach v6i mdi nit chuyén tiép u ctia T, lan lugt xét cac nit con v clia
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u dé lay ngau nhién ra mot khe thoi gian thuoce T'(v) (dong 9-15). Lich truyén B(u) ctia nit

u chinh 1a tap cac khe thoi gian da dugc lay ra ngdu nhién. Viéec khéi tao nhiém sic thé bang
thi tuc INITTAL-CHROMO ¢6 do phic tap O(|V|.log|V| + |E|).

Algorithm 2: INITIAL-CHROMO(G = (V,E),I'(-),M,s)

Input: pé thi G=(V,E); tap cic dinh terminal M va nat ngudn s
Tap céc khe thoi gian hoat déng I'(-) cia céc nut thuéc V

Output : Nhiém séc thé z biéu dién mdt 10i gidi cha bai toan

Begin

1. V' «V

2. E +FE

3. for each (u,v) € E'

4. w(u, v) < random_weight()

5. end for

6. G =(V' E)

7. Tim dudng di ngdn nhit tu dinh s dén céc dinh terminal trén &6 thi G’

8. T 1a cay duong di ngdn nhit gbc s tim duoc & budc 7

9. for each we€nl(T)

10. B(u) «+ 0

11. for each v € child(u,T)

12. b+ Mot khe thdi gian ngdu nhién trong tap I'(v)

13. B(u) + B(u)U { b}

14. end for

15. end for

16. Cho z.T biéu dién tép céc canh cta cay T

17. Cho z.B biéu dién lich truyén B tim duocc & dong 9-15

18. return z= (z.T,2.B)

End

4.4. Lai ghép

Phép toan lai ghép giita hai nhiém sic thé = va y dugce thue hién nhu sau (Algorithm 3):
Két hop hai cay multicast duge biéu dién bdi z va y dé tao thanh do thi G’ = (V’/, E’) (dong
1-5), d6i v6i mdi dinh v ctia G’ ta lay cic khe thdi gian ma tai d6 né c6 thé nhan duge goi
tin tit nit cha dé dua vao tap cac khe thdi gian hoat dong méi I'(v) (dong 6-10). Sau dé ta
tién hanh tim 16i gidi mdi trén do thi G’. Bai bao dé xuat hai kiéu lai ghép: “lai ghép ngau
nhién” va “lai ghép heuristic’. Lai ghép ngau nhién stt dung chinh th tuc khéi tao nhiém sic
thé néu trén dé tao ra nhidm sic thé con z; (dong 11). Lai ghép heuristic stt dung chinh thuat
toan heuristic HMEM dé tao ra nhiém sic thé con zo (dong 12, 13). Cac cay duge biéu dién
bdi cac nhiém sic thé con z; va zp déu la cay multicast goc s ctia do thi G, nén ciing déu
l& cay multicast cia G. Do phiic tap ctia phép toan lai ghép 1la O(|M|.|V|.log|V'|). Phép toan
nay duge ap dung véi xéac suat P.. Hai nhiém sic thé con z; va 2y sé thay thé cha me chiing
trong cac thé he tiép theo.

Algorithm 3: Crossover (z,y)

Input: Hai nhiém sic thé cha me z, y

Output: Hai nhié&m sdc thé con 21, 2

begin

1. 1z biéu dién cay multicast T} va lich truyén B

2. 1y biéu dién cady multicast T va lich truyén By
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V!« N(Tl) U N(Tg)
B« E(Tl) U E(Tg)
G =(V',F)
for each v e V'\{s}
u1 la nut cha cla v trén cay T
ue la nUt cha cla v trén cay Th
9. I(v) « T'(v) N (B1(u1) U Ba(uz))
10. end for
11. 21 < INITIAL-CHROMO(G' = (V',E'),I", M,s)
12. (T",B’') + BMEM(G' = (V',E"),T'M, s)
13. Cho 2z bi&u dién cady multicast T’ va lich truyén B’
tim duoc & budc 12
14. return zi, =29
end

O ~J o U b W

4.5. Dot bién

Phép toan dot bién dugc ap dung véi xac suat P,. Nhiém sic thé x duge dot bién bang
cach théem ngdu nhién mot s6 dinh va cac canh ké ctia céc dinh dé vao cay 1oi giai duge biéu
dién béi z (Algorithm 4, dong 9-16), sau d6 tién hanh tim 10i gidi méi trén do thi thu duge
bang chinh gidi thuat HMEM (dong 17). Xac suat them dinh va cac canh ké phu thuoc vao
tham s6 Ps. Do phiic tap ctia phép toan dot bién la O(|M|.(|V|.log|V| + |E|)).

Algorithm 4: Mutation(z, Ps)

Input : Nhiém sdc thé z cdn ducc ddét bién
Tham sb P, 1a xdc suidt d€ thém mdét dinh va cac canh ké
Output: Nhiém sdc thé z sau dét bién

begin

1. 2z biéu dién cay multicast T va lich truyén B
2. V'« N(T)

3. E' + E(T)

1. =V, E)

5. for each v e V'\{s}

6. u 1la nut cha cua v trén cay T

7. I (v) + T'(v) N B(u)

8. end for

9. for each veV

10. r « random_number(0, 1)

11. if (r <Py

12. V'« V' n{v}

13. E’' + E'Nn{céc canh k& cua dinh v trénG}
14. I (v) « T'(v)

15. end if

16. end for

17. (I",B') «+ aMEM(G' = (V' E"),T', M, s)

18. Cho z biéu dién cay multicast T’ va lich truyén B’
19. return z

end
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5. KET QUA THU NGHIEM VA NHAN XET

Giai thuat heuristic HMEM (két hop v6i tim kiém dia phuong) va giai thuat di truyén
GAMEM dugc thit nghiem trén bon bo dit lieu va duge so sanh véi giai thuat TCS [3]. Trong
qué trinh cai dit thit nghiem, cac tac gid bai viét [3] sit dung gidi thuat trong [4] dé tim cay
Steiner nén TCS c¢6 do phitc tap O(|M|-|V|?). Céc chuong trinh dudc cai dit tren C++ (GCC
4.4.1) va thyc hién trén may PC CPU Core i3 3.06Hz, 2GB RAM.

5.1. Xay dung cac bd di liéu

Céc bo dit lieu thit nghiem duge sinh theo phuong phap c6 trong bai viét |3] nhu sau.
D6 thi mang cam bién gdm N nut, vi tri duge sinh ngau nhién trong mat phing 1000 m x
1000 m. Pham vi truyén tin ctia mdi ntt ¢6 ban kinh 300 m. Thong thuong ning lugng truyén
tin 16n hon nhiéu so v6i nang lugng nhan tin, nén khong mat tinh téng quat ta lay e, = 100
va e, = 15 (don vi nang lugng). Chu ky ctia mdi nat ¢6 K = 20 khe thoi gian, trong d6 moi
nit sé chon ngiu nhién mot vai khe thoi gian hoat dong. Ti lé s6 khe thoi gian hoat dong va
s6 cac nat terminal thay déi theo ting bo dit lieu.

Bo dit licu 1, 2, 3 véi lan lugt [V| = 100,200,300 nit. S6 lugng khe thoi gian hoat dong
trong mot chu ky lam viéc clia moéi nit trén ba bo dit lieu nay 1a ¢6 dinh, chiém 25% trén
tong s6 K = 20 khe thoi gian. S6 lugng cac nit terminal trén tong sb6 cac nit thay doi trong
khoéng 5-100% (v6i bude nhay 5%), ting véi 20 test trén mdi bo dit lieu. Ung véi méi test dit
ligu, sau khi xac dinh duge s6 lugng (dua theo ti 1¢ phan tram), cdc niat terminal sé duge lya
chon ngau nhién tir tap dinh V. Bo dit ligu 4 vé6i |[V| = 200 nit. S6 lugng cac nit terminal 1a
¢ dinh, chiém 50% tong s6 nit toan mang. S6 céc khe thoi gian hoat dong trén tong s6 K
= 20 khe thai gian trong mdi chu k¥ lam viéc ctia méi nit thay doi trong khoang 5-60% (vdi
bude nhay 5%), tng véi 12 test dit ligu.

5.2. Cac tham sb va ciu hinh th& nghiém

Giai thuat heuristic HMEM dugc két hgp v6i phuong phap tim kiém dia phuong da néu
dé dua ra 10i giai cho bai toan. Giai thuat di truyen GAMEM sit dung 200 thé hé quan thé,
mdi quan thé bao gom 200 ca thé va sit dung cac tham s xac suat: P, = 0.2; P,, = 0.05;
P, = 0.3. Trong moi test thit nghiém, gidi thuat di truyén do c6 tinh chat ngau nhién nén
duge tién hanh chay 50 1an va lay két qua trung binh.

5.3. Két qua thi nghiém

Céc giadi thuat duge danh gia theo céc tiéu chuan: tong ning lugng tiéu tén trong mot
phién multicast, do tré truyén tin va thoi gian chay chuong trin Hinh 3(a)-(d) cho biét tong
ning lugng tieu ton trong mdi phien multicast clia cac giai thuat TCS, HMEM va tong nang
lugng tieu tom tinh trung binh trong 50 lugt chay ctia giai thuat GAMEM, cuing v6i khodng
tin cay 95%. Cac gia tri trong hinh (theo truc tung) dugc tinh dya theo cong thiic tinh tong
nang lugng tiéu ton trong mdi phién multicast da duge trinh bay ¢ phan 2.2. V6i muc dich

2Trong bai viét 3], cac tac gia da coi nang lugng nhan tin 13 khong dang ké nén chi xét dén tdng sb luct
truyén tin cia cic nit trong mot phién multicast. Tuy nhién, dé git cho bai toan téng quat ching toi xét ca
nang lugng nhan tin.
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chi so sanh tuwong quan vé do tot ciia cic gidi thuat, ching toi khong sit dung dén don vi tinh
nang lugng cu thé. Mai gid tri trén truc hoanh-tng v6i mai test dit lieu ctia hinh 3(a)-(c) cho
biét ti 1&6 phan tram céc nit terminal so véi tong s6 |V| nit va ciia hinh 3(d) cho biét ti lé
phan tram céc khe thoi gian hoat dong so v6i K khe thoi gian ctia mdéi ntit. Dita vao cic hinh
3(a)-(d) c6 thé thay rang, giai thuat GAMEM va giai thuat HMEM c6 higu qua t6t hon so
v6i gidi thuat TCS vé mit t6i wu nang lugng, dic biet 1a gidi thuat GAMEM cho 16i gidi c6
nang luong tiéu ton nhé nhat trén hau hét cac test ctia bo dit lieu 1-4.

X 1000 —+—TCS —=—HNMEM -eooveee GAMEM X 1000 —+—TCS —=—HMEM -eooeeeee GAMEM
5 8
4.5 S 7
g 4 *%#é‘iz g 6 /#{(‘4‘
% 3.5 /\/--r—(f:. % 5 W
E 2 - = E /_/A_/
® 25 s @ 4 :
5 2 P A= & il
w 12 /x/" W g AV
w1 = oo -
Z o5 ZzZ 1%
0 0
5 15 25 35 45 55 65 75 85 95 5 15 25 35 45 55 65 75 85 95
Ti 1& phan trdm s terminal Ti I& phan trdm s terminal
(a) (b)
X 1000 —+—TCS —=—HMEM - GAMEM | x1000 —+—TCS —=— HMEM  --eooeoe GAMEM
12 9
B 10 @ 3 N
o g o =0
e Pl E RN
2 5 = T
c 7 £ 4 ==
3 a = 3
z2 2 p’ Z 3
0 0
5 15 25 35 45 55 65 75 85 95 5 40 15 20 25 30 35 40 45 50 55 60
Ti 1& phan trdm s terminal S& khe thdi gian hoat déng (%)
(c) (d)

Hinh 3: Ning lugng multicast clia cdc giai thuat trén boén bo dit lieu. (a) Bo dit lieu 1,
V| = 100. (b) Bo dit licu 2, [V| = 200. (c) Bo dit licu 3, |V| = 300. (d) Bo d licu 4,
V| = 200.

Két qua thit nghiem ctia cc giai thuat duge giai thich nhu sau. Giai thuat TCS khong
tién hanh tim 10i gidi tryc tiép trén do thi géc ma dya trén do thi mé rong . Do thi nay c6
cau tric dac biét, cac dinh ctia né6 bao gom céac dinh goc trén do thi G cling véi cac dinh vé
tinh dudc tao them. Trong d6, mdi dinh vé tinh biéu dién tuong tng mot luot truyén trong
mot khe thoi gian nao dé clia mot dinh trén do thi goc. Sau khi xay dyng do thi md rong,
giai thuat TCS tién hanh lya chon mot tap cac nit vé tinh C (biang mot gidi thuat tham lam)
sao cho mdi dinh terminal déu ké v6i it nhat mot dinh trong C. Sau d6 giai thuat tién hanh
tim mot cay Steiner nhé nhat bao phi cac nit ctia C va tit cay Steiner ndy anh xa ra 10i giai
cho bai toan. Vi vay do t6t ciia TCS phu thuoc nhiéu vao bude Iya chon cac dinh cho tap C
va do tot ctia giai thuat tim cay Steiner duge 4p dung (gidi thuat trong ) Viéc lya chon
tap C (theo tiéu chi lya chon cia phuong phap tham lam c6 trong ) dugce tién hanh riéng
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ré va ¢ dinh tit trude sau d6 mdéi tim cay Steiner dan téi viec cay Steiner thu dude c6 trong
s6 16n trong nhiéu truong hgp. Két qua thit nghiém cho thiy chat lugng 10i gidi xét vé mit
t6i wu nang lugng ciia TCS con thap so vé6i cac thuat toan dé xuat. Giai thuat HMEM triec
tiép dua ra cay 10i gidi cho bai toan sau qua trinh tim duong di ngan nhat trén do thi G’. Do
thi nay dudce xay dung dua trén cau trac do thi mang ban dau va diéu kién rang budc vé cac
khe thoi gian hoat dong clia cic nut. Ngoai ra, HMEM dugc nang cao chat lugng 16i gidi bang
phuong phap tim kiém dia phuong dé xuat nén cho két qua tot. Gidi thuat GAMEM c6 cac
phép todn di truyén hidu qua, trong s6 d6 c6 phép toan lai ghép (cu thé 1a lai ghép heuristic)
va, phép toan dot bién dudc ap dung gidi thuat HMEM trong qua trinh xay dung. Ly do nay
khién cho gidi thuat GAMEM c6 két qua tot hon gidi thuat HMEM vé mit t6i wu nang luong
trong hau hét cic test dit lieu.

Hinh 3(a)-(c) con cho thiy khi s6 lugng cdc terminal tang thi ning lugng multicast clia
cac giai thuat ciing ting. Diéu nay la hién nhién vi khi d6 s6 luong nit trong cay 1oi gidi ciing
tang theo, dan t6i nang lugng ding dé truyén va nhan tin trén cay nay ciing tang. Hinh 3(d)
cho thay, trong bo dit litu 4 gidi thuat TCS kém hieu qua ddi véi cac test co ti 16 s6 khe thoi
gian hoat dong thap (dudi 30%). Bén canh do, khi ti l¢ s6 khe thoi gian hoat dong tang thi
nang lugng multicast clia cac giai thuat giam. Diéu do6 la do khi ti 1é sé khe thoi gian hoat
dong clia cic nut tang lén thi kha nang nhiéu nat c6 chung khe thoi gian hoat dong ciing
tang, dan t4i viec cac nit chuyén tiép ctia cay multicast 161 giai chi can truyén tin tai mot sd
it khe thoi gian 1a da c6 thé truyén tin dugc t6i tat ca cac nit con ciia n6, dan téi nang lugng
multicast c¢6 xu huéng gidm xudng.

So sdnh cdc gidi thudt vé do tré.

Do tré truyen tin dude dinh nghia 1a khoang e TCS —=— HMEM - GAMEM

thoi gian tinh ti khi nit gbc s bat dau gt :Es X
g6l tin dén khi moi nat terminal déu nhan /' \
i oai 3z fes I o £E300 n
duge goi tin do (tinh theo don vi s0 khe thoi ¢ _ 7\ SN
gian). Dé tinh duge do tré cho mot phien '5200 / \ / /\
multicast ta phai 4p dung mot lich truyén «@,., / /\\i \ / / T_\
khong c¢6 xung dot nham tranh truong hop  Qa00 | & % ¥ TRt
xung dot co thé xay ra giita cac lugt truyen 50 ¥ T
o s s a2 PR =
tai cing mot thoi diem. Thuyc té, bai toan o
cuc tiéu héa do tré multicast trén mang cam 19 1735 33 41 49 57 65
#Test it liéu

bién khong day 1a bai toan NP-kho, tham chi
d6i v6i mang cam bién khong day ma cac nit
luon hoat dong. Trong nghién cttu nay, ching
toi ap dung mo hinh lich truyén collision-free
trong [3] dé tinh do tré truyén tin va so sanh
cac gidi thuat. Hinh 4 dua ra do tré truyéen
tin trén cay multicast ciia cac giai thuat trén cac test dit lieu. Cac test dit lieu duge danh chi
s6 tit 1-72 (1an lugt theo cac bo dit lieu 1-4). Gi4 tri trén truc hoanh cho biét chi s6 clia cic
test dit lieu. Gia tri theo truc tung duge tinh theo don vi s6 khe thoi gian. Déi véi gidi thuat
GAMEM, trén mdi test dit liéu, do tré truyén tin dugc tinh trung binh trén 50 cay 1oi gidi
(ctia 50 lugt chay) cting véi khodng tin cay 95%. Thay rang, giai thuat HMEM ting bude thuc
hién qué trinh tim duong di ngdn nhat trén do thi G’ dé tao ra cay multicast. Trong khi do,
gidi thuat TCS xay dung cay multicast bang cach sit dung cay Steiner tim dugc trén do thi

Hinh 4: Do tré truyen tin trén cay multicast
clia cac giai thuat (tinh theo don vi s6 khe thoi
gian).
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mé rong, vi thé khoang cach tit nit goc s dén cac nit terminal trén cay multicast cia HMEM
thuong nhoé hon so véi TCS. Diéu nay dan téi do tré truyen tin cia HMEM nhé hon TCS.
Giai thuat GAMEM c6 stt dung phuong phap tim duong di ngan nhét ctia gidi thuat HMEM
trong mot s6 phép toan di truyen, nén hai gidi thuat nay c6 do tré truyen tin gan nhu tuong
duong.

Bang 1 cho biét thoi gian chay trung binh
trén moi test ctia cac bo dit licu 1-4 ciia cic | Bp di lieu | TCS | HMEM | GAMEM
gidi thuat. Dé thay thoi gian tinh toan clia cac 108.95 | 59.15 2662.92
giai thuat phu thuoc vao kich thuée mang (s6 42225 | 271.05 | 13459.57
lugng nat). Giai thuat TCS tién hanh tim 1oi 868.25 | 526.55 | 35211.17
gidi dya trén do thi md rong, do thi nay c6 s6 394.08 | 179.50 | 11109.78
dinh 16n hon nhiéu so véi do thi géc ban dau
nén co6 thoi gian tinh 16n hon giai thuat HMEM. Béng 1: Thoi gian tinh trung binh cta céc
Giai thuat GAMEM c6 thoi gian tinh 16n nhat giai thuat trén mdi test ctia bon bo dit lieu
trong ba gidi thuat do diic diém ctia giai thuat (don vi millisecond).
di truyén can phai thyc hién cac phép toan di
truyen trén nhiéu nhiém sic thé va qua nhiéu thé hé quan thé, tuy nhién thsi gian tinh nay
van ¢ miic chap nhan duge (trung binh ¢d 35 s ddi v6i bo dit lieu c6 s6 lugng dinh 16n nhat).

=W N

5.4. Nhan xét vé kha nang trién khai

Giai thuat GAMEM doi héi thong tin toan cuc va tinh todn tap trung nén phu hgp véi
nhiing phién multicast dién ra thudng xuyén véi tap terminal va nit nguon xac dinh trudc.
Khi d6 can c¢6 mot nit tap trung (thuong la tram gbc) dé thu thap thong tin trong mang,
tinh toan ra cay multicast va lich truyén trude 16i truyén thong tin nay cho cac ntut cdm bién
dé 4p dung cho nhiing phién truyén multicast nay.

V6i cach tiép can phan tan cho nhiing yéu cau multicast dén ngau nhién, gidi thuat TCS c6
do phiic tap tinh todn 1a O(|D| - |V]) v6i D la dudng kinh ctia d6 thi mang cAm bién, do phic
tap vé s6 lugng goi tin trao doi 1a O(|M|.|V]) [3]. Do phiic tap ctia gidi thuat HMEM chii yéu
phu thuoc vao qué trinh tim |M| duong di ngan nhat trén do thi G’ (dong 2-9 ctia Algorithm
1). Gia st st dung gidi thuat phan tan trong [19] dé tim dudng di ngan nhat va gia st pham
vi truyén tin ctia cac nit 1a hing s6 thi HMEM sé c6 do phtic tap tinh toan 1a O(|M|.|V|1T9)
va do phitc tap vé s6 lugng goi tin trao doi 1a O(|M|.|E|1*¢), trong d6 e = O(l)/{*/log V.

6. KET LUAN VA HUGNG PHAT TRIEN

Bai bdo nay dé xuat mot giai thuat heuristic (HMEM) va mot gidi thuat di truyén (GA-
MEM) nhim gidi quyét bai toan dinh tuyén da diém trén mang cdm bién khong day nhiem
v tuan hoan véi muyc tiéu tiét kiém nang luong truyén va nhan dit lieu. Céac giai thuat de
xuat duge danh gia trén bon bo dit lisu va duge so sanh két qua véi giai thuat TCS. Két qua
thit nghiem cho thay hai gidi thuat dé xuat mang lai 10i giai tot hon giai thuat TCS vé mit
t61 uu nang lugng va do tré truyen tin. Trong thoi gian t6i, ching toi sé phat trién thém cac
giai phap cho bai toan nay trong viéc t6i thiéu héa do tré véi cac rang budc tranh xung dot.
Ngoai ra, chiing toi s¢ mé rong mo hinh dé gidi quyét bai toan multicast v6i do tin cay cao
cho céc trudng hgp céc nit cam bién hoat dong thiéu 6n dinh.
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