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Tom tat

Binh tuyén la van dé chinh trong mang Di déng tity bién (DPTB). Do ddc tinh di déng ciia
cde niit trong mang DPTB, viéc thiét ké cac giao thire dinh tuyén hiéu qua nham giam tré, dam
bdo chat lwong dich vu ciing nhu tiét kiém nang lwong la mét van dé théach thire déi véi cac
nha nghién cieu. Trong bai bdo nay, ching téi dé xudt mot thudt toan dinh tuyén tiét kiém ning
liwong, diea trén ky thudt mé rong vong tim kiém dé giam toi da viéc phat chuyén tiép cdc goi tin
quang bd tim dwong khéng can thiét. Két qua thiee nghiém cho thdy, nang lwong toan hé thong
dwoc tiét kiém dang ké so véi cdc giao thire truyén thong trong cac mang cé kich thuée Ion.
Tir khéa: DPTB, Routing Protocol, AODV.

AERS - An Energy - Efficient Routing Algorithm for Ad-hoc Mobile Networks
M.A. Dao Manh Linh, M.A. Vi Hoai Nam, Dr. Vu Khanh Quy
Hung Yen University of Technology and Education
Corresponding author: daomanhlinh@utehy.edu.vn
Abstract
Routing is the key issue that coins mobile ad-hoc network. Researchers are challenged by the
free-to-move characteristics of the nodes in the mobile ad-hoc network with the aim to design
the routing protocols that help minimize route acquisition delay, ensure service quality and save
energy consumption. This paper proposes an energy efficient routing algorithm on the base of
expanding ring search to minimize forwarding unnecessary route-tracking marketing data for
other nodes. Findings revealed from experimental studies the remarkable saving amount of
energy by compared with those consumed by traditional protocol in large-sized network.
Keywords: Ad-hoc network, routing Protocol, AODV.

1. Giéi thiéu

Mang DDTB 13 mét tip hop cac thiét
bi di dong c6 kha nang tu thiét lap cac
thong s6 dé két ndi, trao ddi dir liéu mot
cach hiéu qua ma khéng dua vao cac tram
co s0. Mdc du bi gidi han trong kha nang
va nang luc, cac mang DPDTB da ching
minh duoc vu diém vuot troi trong viéc

truyén thong tin lién lac véi co s¢ ha tang
linh hoat, ching hira hen mot dong goép
quan trong vao sy phat trién twong lai cua
Internet nhu trinh bay trong Hinh 1 [1].
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Hinh 1. M5 hinh kién trac mang Di dong tuy bién (DDTB)

Dinh tuyén 1a vin d& chinh trong
mang DPTB, do kién trac mang co6 tinh
dong manh va phan tan. Trong nhiing
niam qua, da c6 nhiéu nghién ctru vé van
dé nay [2-6], tuy nhién, cac nghién ctru
dé xuat thuong chi ap dung cho mot hé
théng hoic kién trac cu thé, do vay, thiét
ké cac giao thirc dinh tuyén dé nang cao
hiéu ning ludn 14 van dé cap thiét.

Trong mang DDPTB, céc giao thic
dinh tuyén c6 thé dwoc phan 16p theo
phuong thirc dinh tuyén hodc theo kién
truc mang. Dya theo kién trtic mang, cac
giao thirc dugc phan thanh dinh tuyén
phang, dinh tuyén phan cap va dinh tuyén
dua vao vi tri dia ly. Dya theo phuong
thirc, cac giao thurc dugc phan thanh dinh
tuyén cha dong va dinh tuyén theo yéu
cau. Nghién ctru [7] cho thdy, trong mang
DDTB, cic giao thirc dinh tuyén theo yéu
cau tiét kiém nang luong va phu hop véi
moi truong mang hon cac giao thic dinh
tuyén chu dong. Hai giao thtrc dinh tuyén
theo yéu cau tiéu biéu la AODV va DSR
dugc IETF d¢ xuét ap dung cho mang
DDTB. Pé tim dudng di tir nit ngudn dén
nut dich trong mang DDTB, cac giao thuc
dinh tuyén theo yéu cau sir dung k¥ thuat

mo rong vong tim kiém ERS (Expanding
Ring Search) [8; 9], trong d6, nut ngudn
phat g6i tin quang b4 RREQ dén cac vong
tim kiém ngay cang 16n hon néu chua tim
dugc duong di dén nht dich. Qua trinh
nay co thé gay tiéu hao nhiéu ning luong
ctia hé thdng.

Trong nghién ctru ndy, ching toi dé
xuit mot k¥ thuat diéu khién phat goi tin
quang ba RREQ, cai tién tir ki thuat ERS
nham muc dich tiét kiém nang lugng toan
hé théng.

CAu trac bai cao duge bd tri nhu sau,
trong phan 2, chiing t6i trinh bay k¥ thuat
mo rong vong tim kiém, phan 3, mo ta
thuét toan dé xuét, phﬁn 4, ching t6i1 thuc
hién phan tich hi€u qua nang lugng cia
thuat toan dé xuat va phan 5 1a két luan.
2. Phan tich ky thuit mé rfng vong
tim kiém

bé ngan chan viéc khong can thiét
gui quang ba goi tin RREQ ra toan mang
trong qua trinh tim dudng, cac giao thirc
dinh tuyén theo yéu cau trong mang
DDTB nhu AODV hay DSR sur dung k¥
thuat mé rong vong tim kiém ERS. Trong
phan nay, ching t6i di sdu phan tich k¥
thuat ERS.
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Tai tién trinh x4c dinh tuyén dudng
tir nguon dén dich, nat ngudn phat quang
ba goi tin RREQ dén cac nat trung gian,
nat trung gian c6 nhiém vu chuyén tiép
g6i tin dén cac nut 1an can khac cho dén
khi tim dwoc mot tuyén duong dén nut
dich. Pé han ché viéc giri quang ba géi tin
tim duong RREQ ra toan mang mot cach
khong can thiét, cac giao thuc dinh tuyén
theo yéu cau sir dung ky thuat ERS. Hinh
2 thé hién tién trinh tim kiém tuyén dudng
thong qua k¥ thuat ERS.
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Hinh 2. K§¥ thuat mé rong vong tim kiém
ERS dya trén TTL (a) (b)

Trong Hinh 2, ntit ngudn S sir dung ky
thuat ERS truyén quang béa géi tin RREQ
dé tim tuyén duong dén nut dich D. Tai
vong tim kiém dau tién, S c6 5 nat 1an can

v6i s6 chang 1a 1, g6i RREQ dugce giri dén
5 nat nay, sau mot khoang thoi gian RTT,
do S khong nhan dugc thong tin vé tuyén
duong, S thuc hién giri quang ba lai goi
tin RREQ véi s6 chiang tang 1én 1 don vi.
Luc nay, cac nlt trong vong 1 nhéan dugc
g6i tin RREQ sé tiép tuc glri quang ba
dén vong tim kiém thar 2. Tai vong tim
kiém thir 2, N 12 nat c6 thong tin vé tuyén
dudng dén nut dich. Do d6, N guri dinh
danh goi tin RREP vé nut ngudn S. Tién
trinh truyén dit lidu giita nat nguodn S va
nut dich D bét dau duoc thiét 1ap.

Trong k¥ thuat nay, nat ngudn khoi
tao gia tri thoi gian bat dau (TTL) va thoi
gian hét han nhan goi tin RREP (RTT)
trong phdn mao dau ciia goi tin RREQ.
Néu qué thoi han RTT ma khong c6 tuyén
duong nao duoc tim thdy, nat ngudn sé
giri quang ba lai goi tin RREQ dén vong
tron tim kiém 16n hon bang cach ting gia
tri TTL. Tién trinh tang TTL duoc lap lai
cho dén khi TTL vuon téi mot ngudng
nhit dinh tic RREQ dugc quang bé ra
toan b mang.

Thi tuc kham pha tuyén dudng sé
duogc 1ap lai cho dén khi g6i RREQ dugc
giri dén toan bo cac niit trong mang hodc
cho dén khi nat nguén nhan duoc tuyén
dudng can tim. Viéc thuc hién tién trinh
tim kiém bang cach thay d6i thong s6 TTL
dé mo rong vong tron tim kiém bat dau tir
nat nguodn co thé gay ra trinh trang qua tai
va tiéu thy nhiéu tai nguyén hé thong, dic
biét trong cac mang co kich thudc 16n.

3. M ta luge dd dé xuét

Nham cai thién muc tiéu thu nang
lwong bang cach cai tién co ché giri goi tin
quang ba RREQ tir ERS. Thay vi st dung
6 tudn tu TTL, lugc dd cua chung toi
(duoc dat tén 1a AERS) sit dung mdt goi
tin diéu khién két thuc tién trinh (END) va
mot gia tri ) chang H.

Tién trinh kham pha tuyén duong cua
AERS tuong ty nhu ERS, mot diém khac,
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v6i mdi vong tim kiém tiép theo, AERS
khong thuc hién thu tuc gui lai cac goéi tin
quang ba tir nt ngudn S ma tién trinh gui
quang ba RREQ duoc khoi tao tai cac nlt
trung gian. Mdi nit trung gian s& dong
vai tro nhu mot nut nguén S va thuc hién
cong viéc quang ba dén vong tim kiém
tiép theo.
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Hinh 3. K¥ thuat mo rong vong tim kiém

dé xut (AERS) (a) (b)

Trong Hinh 3, nat ngudn quang ba
mot g6i tin RREQ bao gém th()ng tin vé
s6 chang H, co gia tri khoi tao bang 1. Cac
nat lan cén nam trong vong dau tién s&
nhan duogc goi tin RREQ véi H=1 va vong
tim kiém dau tién duoc thiét lap. Néu
khong c6 tuyén duong nao duge tim thay,
sau mot khoang thoi gian cho T, cac nut
trén vong 1 tiép tuc thuc hién viéc quang
ba g6i RREQ véi chi s6 chiang H ting lén
(H=2), vong tim kiém tiép tuc dugc mo
rong nhu ky thuat ERS. Thoi gian chd T
duoc xac dinh nhu sau:

T=2 x Hoptime (D

Trong d6, Hoptime: 1a khoang thoi
gian goi tin dugc guri trong mot chang.

Vong tim thir 2 duoc thiét lap sau
khi khong c6 tuyén duong nao tra vé sau
khoang thoi gian T. Nut N, thudc vong
tim kiém ther 2, c6 tuyén dudng dén nut
dich. Do vay, nut N gui dinh danh goi tin
RREP vé nut nguon

Khi ngudn S nhan duoc goi tin RREP
thong bao mot tuyén duong di duoc tim
thay, vi vay, tién trinh quang ba RREQ phai
duoc dung lai. S thuc hién phat quang ba
go6i tin END theo ky thudt ERS dua trén
TTL dén tt ca cac nut cung ching véi goi
tin tra vé g6i RREP dau tién.

Trong AERS, dé giéi han viéc phat
quang ba goi tin RREQ trong truong hop
khong c6 tuyén duong nao dugce tim thiy,
nat ngudn chén thém mat thong tin hanh
trinh 16n nhat (H,__) vao trong phan mao
dau goi tin RREQ. "Khi mot nut trung gian
nhan duogc goi tin RREQ, nat nay thuc
hiénsosanhgiatriHvaH__, néu H>H
2061 tin RREQ ngay 1ap tirc bi loai bo.

4. Panh gia hiéu qua tiét kiém ning lwong
4.1. Phén tich higu qud tiét kiém néing liwong

Dbi v6i ky thuat AERS, ning lugng
tiéu thu trong sudt qua trinh kham pha
tuyén dudng co thé dugc xem 13 tong
nang luong ti€u thu cua ba trang thai:

(1) Tim kiém nat c6 thong tin vé
tuyén duong, ky hiéu la AERSE neryl>

(2). Gul dinh danh goi tin RREP vé
nat ngudn, ky hiéu 1a AERSE eryz, )

(3). Gui goi tin yéu cau ket thic
tién trinh tim duwong END, ky hiéu la
AERS, .

Vi ky thuat ERS, nang lugng tiéu
thu trong subt qua trinh kham pha tuyén
duong c6 thé dwoc xem la téng ning
lugng ti€u thu cta hai trang thai:

(). Tim kiém nat c6 thong tin vé
tuyén dudng, ky hiéu 1a ERSE nery1>

(2). Gul dinh danh goi tin RREP vé
nat ngudn, ky hiéu 1a ERS

Ky hi¢u:

H la s0 chang tir nut nguén dén nat dich;

Enery2”
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n la sb nit tai vong tim kiém tha i (i=1,
2 . H-1).

G1a thiét, phan nang luong tiéu thu
trén moi nut khi giri goi tin quang ba hoic
dinh danh nhu RREQ, RREP va END tiéu
thu mdt mirc nang lugng nhu nhau, goi la
1 don vi nang luong, ky hiéu la 1 BV. Ro
rang, tién trinh trd g6i tin RREP dén nut
ngudn 13 nhu nhau trong ca hai ky thuat,
do do6, muc tiéu thu ndng lugng trong
trang thai (2) ddi v6i ca hai k¥ thuat 1a

nhu nhau va dugc tinh theo cong thirc sau:
ERSEan—AERSEMQ—n’,xHr (2) ’
Trong d6, n_la s6 nut c6 chira tuyén
dudng dén nit ngudn tai vong tim kiém
thu r.
Tai trang thai (1), muc ti€u thu nang

lugng dugc tinh nhu bang sau:

ERS AERS
Vong Nang lugng ti€u thu Vong Ning lugng tiéu thu
0 1 0 1
1 1+n, 1 n,
2 1+n +n, 2 5
H-1 I+n+n,+..+n, H-1 n,.
R rang, chiing ta c6 thé thiét 1ap cong _—
thirc toan hoc cho mirc tiéu thy trong trang et 8 ’
thai 1 cua hai ky thuat trén nhu sau: \EHs Es
ERSpueryy = He + X0 T0m (3 o= d4 R Nllam = "
BERSymarn = L+ X070 1y [4)

Trong do, n, 1a sd nat c6 chira tuy,én
duong dén nut dich tai vong tim kiém
thtr j.

Tai trang thai 3, cua ky thuat AERS,
nat ngudn s& quang ba goi tin END dén
toan by mang vadi diéu kién sb chang nhd
hon H_r theo phuong thuc ERS dua trén
TTL, do vay, cong thuc ti€u thy nang
luong dugc xac dinh nhu sau:

-"’-IEHHL-'.-m--_-.-J 1+ Ez-l L (31

Theo do, nang luong ti€u thu trong
sudt qua trinh kham pha tuyén dudng cia
mdi ky thudt dugc xac dinh theo cong
thirc sau:

Cong thuce (8) dai dién cho muc nang
luong tiét kiém trong tién trinh thuc hién
tim kiém mot con duong khi sir dung k¥
thuat AERS.

R4 rang, cong thuc (8) cho thdy, mot
mang DDTB véi s6 nat va sb chang thap
s€ khong ¢6 hiéu qua trong viée tiét kiém
nang luong (E ;.,,<0) ddng nghia véi
viéc nén su dung k¥ thuat ERS, nguoc
lai, khi s chang va sb nat mang tang cao
(Eié an0) thi k¥ thuat AERS cho hiéu
qua tiet kiém nang lugng mot cach ro rét.
4.2. Kich ban mé phong

Pé thidy rd mdi quan hé giita mirc
ning luong tiét kiém dugc; sé nit trén
mdi vong (mat do nut) va sé ching (kich
thudc ctia mang), chung t6i st dung phan
mém MATLAB phién ban 8.5 dé biéu
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dién m6 phong cong thire (8) trén do thi 3D.
Trong do: truc X thé hién sb nut;
truc Y thé hién sb chang;
tryc Z thé hién murc nang luong
tiét kiém duoc.

Cong thuc (8) cho thiy, véi mot mang
nho c6 sd nit it s& cho ETlet iem =05 dé lam
1 diéu nay, chiing t6i v& mot mit cit E=0
(mau vang nhat) dé loai bo cac dlem co
E <0. Két qua mé phong duogc thé

Tiét kiém

hién trong Hinh 4.

Hinh 4. Mbi quan hé giita mat do
va kich thudc mang véi mirc nang lugng
tiét kiém khi sir dung k¥ thuat AERS

Két qua mo6 phong trong Hinh 4 cho
thay, cac mang DDTB ¢6 s chiang H>7
va S6 nat mang >100 s& cho két qua;

it sigm >0, dong thot ET ikiem tANE Nhanh
khi s0 chang va so nit ciia mang tang.

Tai liéu tham khao

RO rang, E .. cua hé théng ti 1€
thuan véi kich thudc va mat dé ctia mang.
Hi¢u qua nang lugng tang nhanh khi
mang c6 kich thudc 16n va mat do phan
b day dic.

5. Két luan

Trong bai bao nay, chung t6i dé xuat
mot ky thuat cai tién co ché phat géi
tin quang ba RREQ trong tién trinh tim
duong di tir nGt ngudn dén nut dich cua
mang DDTB. Co ché dé xuit caa chung
t61 ddc biét ¢6 hiéu qua trong cac mang co
kich thudc 16n va mat d6 nat day dac. Dé
lam 1o hiéu qua cua viéc tiét kiém nang
luong, ching t6i thuc hién mot mé phong
trén MATLAB. Két qua mé phong cho
thay, hiéu qua tiét kiém nang lugng boi ki
thuat dé xuét ciia chung toi phu hop véi
cac mang DDTB ¢6 kich thudc (s6 ching
H>7 va s6 nut mang >100)

Tuy nhién, van dé danh gia hiéu ning
vé thoi gian tré, thong luong va ti 1¢ phan
phdi goi tin khi dinh tuyén dua trén k¥
thuat dé& xudt chua dugc ching toi xem
x€t trong nghién ctru nay. Trong thoi gian
tiép theo, chung t6i s& tap trung vao viéc
dé xuat cac giao thuc dinh tuyén cai thién
hiéu ning cho mang DDTB thé hé méi.
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