£ 000 http://www.cqvip.com]

HEVRE 2006Vol. 33Ne. 5

— M 3h B A MR &N Th 2 i i il

MEF FHELE FWHL FAE
(FERERAAFHENHAZESHAR 48230027 (HEBHEHEFSEE) A 230027)
B E BHEARNE AR FLROBH T EIARNERAENS, RS TY LI EEM B E, BmPikr
HM—ARBHEAMARLGREZ—, AABHEATERRINEA L, C KA ASEIBDALERNSEB B L S
B4k, ARt T —Fréfeh R X o) £ 8B dy———HPARP(Hybrid Power-Aware Routing Protocol) , s A 3, 4 5. &9 46
TR e L AT R, AT SM SR EAHE RO NG LML, AHRERKTREAS RET RS
Ao ¥,

X8R HBHH4ER, RAEXIERG, NEF, 54 F

A Hybrid Power-Aware Routing Protocol for Mobile Ad Hoc Network
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Abstract A Mobile Ad hoc Network (MANET) consists of mobile hosts that can peer-ta-peer communicate with other
mobile hosts through the multi-hopping routing, Efficient energy consumption is an important key for supporting the
wireless mobile applications, This paper proposes a HPARP: Hybrid Power-Aware Routing Protocol for MANET,
which considers both energy conservation and the topology of local scope. The simulation results verify that this

scheme performs better than MMBCR in terms of the lifetime of MANET as well as throughput,
Keywords Mobile ad hoc network, Hybrid power-aware routing, Network lifetime, Throughput

1 5|

#3308 41 (MANET — Mobile Ad Hoc Network)™ &
—HERRRMOBSTROFLTRNFHNEILE LA TR
ThEks PDA ) H M B LM%, RA T EW R B E %
Bl  BI4E R TN ShAR RIS (IR B ShA N S HRAR .Y
H—RfrAa it SR, E8sAANWRANHY
B MR KRB E, T RTRER R RERR T
BEME, XESNRE—-ERS HANTRNREZ—.

W3h B ARt i B EESE IR ELL, B
B TREM RIS i AR i 5 tnE , AR KA P4 ik
BAB/MEMEIER N BiR. BEhBs AEME PR HE
B RA RSO, 57 LA T AR RARAE A B e il
BH—-/EEMNE. Laura Feeney ZE3C[6]H (Bl B
ZREF, ERAFREFETLAF IR, B T B
RHOAAUAF RIS BREAEERN . ETHREAHRK
RZhaREE B thil 09 B B AR RIERIER & — 2 Fek R RTHR
T, RATBHIE R M Har. AEHE R MNEFMRIRE
B BGE R RUT —~E AR (D AR RE AR
THHE 5 (2) T - H b R P48 & 5 R O BE BTN #E GO I A
354 40 ) P DUAF RO 4% R e AE SR AB X s . BRTIR 9 Th
B M FEA MTPR™ ,MBCR™® , MMBCR® , CMMB-
CR® ,MRPC{ . CMRPCM®) \MDR™™ #1 CMDR('"™ %4, 7

REhRBEHMNF, FHRUNERETREREZREC
A TEFE A AE BORVE R B 12 5 AT HE (4150 MTPR), F 2 L
R4 o &35 A O A% BB R 1k B 2 5 4% 4R () tn MBCR.,
MMBCR) , A K B [FI RS %5 B R 48 R &1 | R R R B it
RWE AR EFERR R A B2 K AT (41 0 MRPC.CMR-
PC,MDR,CMDR,CMMBCR),

B AT RREE UL L SR B AR SR B, R R W
T RERHARERR., F3CRE T — MRS TR &
il——HPARP ( Hybrid Power-Aware Routing Protocol),
HPARP L\ MMBCR 48l F F % & Bl 415 37 5 88T )
REREBMRERTEF WHIMF R BRDFER /D
. REGRTHERLERES, HPARP WM EFEMAE
HEHEBENRE, AHEYRARERITR.

2 BREXERSH

2.1 HER

EA HThEREE ML B AR h B F AR P IR T AER
EX,BREFERAEE. AR F LA RN FBIERM
B 3R EME R EH A B R BAER AL B

HFEREN B PR B EMBOLNT R, BHR
BLE B , B 8] 45 SARYE B © cache(R7F) PR FEHIBE e SR [
& RREQ(Route Request) 8, E RSt B A A R R ALK
B, WA LR WA SHERA - KBAMTRD

MRE WHSA, EEFTEAMGREMEAGERE TRIF, TR EAFT TRSHE EWL LA, R
FHEHFREEWER DU ML SR TS0 BRI RO (IR % B E4E, ERFRT TR, MR G NE

Al

¢ 43 »


http://www.cqvip.com

HiBse  TR%H RREQAL, %453 A i RREQ 3, # i
BB cache BUEBIBH A D B th ABD, {8 RMH T BA A
5 KB R OB 1 ACD, JE R .5 A B RIS T
EREANTR,

Y BRRART M S M P B3E . 7
R SR BEA , RUAH MR I SO 2ot RO
PeE BB R M B T R, W 1) B, — LB R
SRV 2/ B 0¥ & D KB SABD, 2 SABD A K4 H
B Tl — O B B AR S P B 45 5 B R HRRE IR,
BB B, S5 S B E W K D 2 WS
R BB B AR MR BS ot B0, 100 B WK DA T WS
S KAB TSR N 1(b B,

& ©
O-@ Q@
o® P
(a) (b)

1 iR EE

2.2 EEEiRE '

HPARP £ MMBCR(Min-Max Battery Cost Routing)
R, R & BESRE W A BAT R R ERE RS
BEF IR IME B EFE IR/ S .

# HPARP #, 1 KB PR BB cache: —F1 R
Link Cache, FI3iC ¢k BENEHMEHT SHEREE RS
{58« & Bk Link Cache HyE T KM T & W A A M (T )
HHE hello 1. RHERRKE & BRI INEI, B ER
GRIB RIS, . — ML 2 58 3. B —#F R Path Cache,
FTEF kBB RIMIBEBER

HPARP & B b 2| Fi M 48 R 3 B BB B 15 B FdA
IME BB RS, LA SE i i o 4R R SR b AL, HEEX
[Sjmﬁﬁ&—‘%ﬂi Ta=NosMisM2> '“vndsﬁ'zp:no ok %l
Hong AEWE, IBaOATE n BT AR,
LOXH R n B BRNER. X fi(O=1/c(),EX
R(r)zm)éfi(t)ﬁ%mﬁm@ﬁ,Eﬁ'ﬁﬁﬁ:ﬂ”ﬁﬂi ro WR %

1¢=R(ro>=r;rexirx3R(rj>,EnP r RFTERER HKES.

2.3 WEHiR

HPARP BB FREO: —BREHT SRR S
Bk BESRE; — R B SAERT R LB EZS. FH
W RREN RN EBESE MNERN Y HELETEANY
MBS, B HPARP &4 S E £7F Link Cache
HEFBSENBHBHERT. HENWAAEET A L
BRSRIE Z 50 IG5 s PT LAZE $2 B 2 B9 Path Cache (L& 7F
TEMBAYNE L BIREZIMIH ENBEHER . HE
ABERIZEMN NS, WEY B EEREZ AR,
HERAFERIMHBESE .,

HPARP F¥ &4 Link Cache, Path Cache Pifb B FIES
HAM. BHEFHENER. TEEHN A Link Cache,Path
Cache RYZR S FIBE th Z B By 2 72

Link Cache BE Y : B A R (T #) & i hello
&, hello @HICR T RET GHBERIER ZEIER Y £ Bk,
BN 3 R I B M hello BB BT £ Bk MEHE

o 44 »

ET OO http://www.cavip.cof]

3. VWAEKRIFG kL BSER hello )5, 185 HPARP %
BEsERE, FIH hello AP IERWERFRITHACE L BISE
WENBERS,FFEH B C K Link Cache, X#, &V &AH
56 T PRI —HC K Link Cache, BAZKT8 £ BE4RSE S &
WEHEREEMBHER.

Path Cache By#237 . R A5 DSR B LK FM . MW EE
34~ RREQ LAY, ¥IMF R KT A BTN £ BELUS, ER
T4 RREQ FHI BB B, F I ZBHFEFALCH
Path Cache; 445 (KB = £ BELAS Y S RBR R J5 » W% BE R
WInZE 8 2/ Path Cache,

Bssi ZH . HPARP J& TR K fiEF RWIHELE S
EpmEE., REFWEHEZAHTES L BN &
HERHHBHEAATET BB . H—HAS
TEHEIMYRDEARFHN, WA SEHAEKRACDHK Link
Cache, HEWADEVHSHEBSE. MYESELETI
A DRSS HPARP BRI HIBE; W R DARY A
S B & BEARE , IS A S k45 A 2 B 2 49 Path Cache, DUII$R
BZEW A DKBEH . # Path Cache BE ZEW &S D KB H W
HSHEAE-ITRbZIIH. ¥ S&#—1 RREQ
1, BWPZ RREQENSET A EEEAHRECH Link
Cache; EWR DREW EBIBE, MiZPBR RE25 T3
A DKAFS HPARP B RIS BE b, BB BV ARAT R
SiE [8l—4~ RREP(Route Reply)4d, 3:# Link Cache s 5|3
M DREEHM B RREP &, XKW R SHEBTHEHAD
MBSt . HVADARRRMEY S L BEE, N ZPFY
B AHEZER E O K Path Cache, i 2% 5 O 8 ID S0 3%
RREQ ¥, M ECKME #Z RREQE. EEZRATH
T A DRIBER.

B b 4 dr MR SRR R B 1 B , HPARP R B A 6] 4 B
EAES IRRE . IR R RO B B — I L M R R R
REFHBEE Z AR, 5B 00 o a6 B 2 A4 R 3 W &
BB WY AR BEN RAEFNEhZ AR, &
BB FTEY S & BEB BT BB b 4 H S, Y B
—A B S H BB, WA &L BV E# 5 © 8 Link Cache 1
Path Cache, 040 & S S 6L BE RO BE i M cache Wi R .

3 XRERRRSTH

3.1 RSN R IR R

LRR A NS BB G B3R 80 800m X
800m; MAC 2R A 802. 11 i3 H KB m XL ,; 1
G RAEEI =4 20 X, WRBEA N CBR, R =45
T, BTEKEN S22 FY. BHHE R K Random way-
point FZE IR, BN RERAEE 55 )5, MR RN
BEMLEE 1 B B SRS 7E TS BE T BB 1N (O~ Via ) B AL
HE--TEE, R EEEE B E TG M. Bk
EEERE Ss, REHE LR XM T —1 B eiksh.

T P& HPARP th hello £ )" #& B8 (T #) X W48 44
SRR, B MR T T=1s §1 T=3s B HPARP,

AR (DNEEGTTE XA TEAENEGRT, A
PIFRNHEE W RER R R ZIKnHE . (2
R En BE X RERE MBS RT, A B R B8R
R B, OWMBIMERE L AL ENEGRT .~
AR AR AT R B B R R IE B T 250 i B


http://www.cqvip.com

8. B AL EE IR A (B R o B0 B 4E5R

RIVES SEE. B FEHAHE, % MMBCR #
HPARP i#47 T L WAT I,

32 YAEREARGR

FEHHEE A — AR, &R Ry
20~T70; 5 KB/ ABSHHFE N 10m/s,

TRERE 2~0ORW, EHEN B E M, 7R %
Far g ok B | 55 B o 4 23R 7 @, MMBCR, HPARP
(3s)#1 HPARPUs) W BE#R A A RIBE N TR, BT 33
Y HRE IR RbRE 24, HPARP 16 P44 4, Mg F o B #RE
¥ MMBCR. HPARP #¥ S kb G W T BB E KK £
BB ERMERER IREE T ABRFNERFEERLR, BA
R A M A, BRAOMESFMEST HPARPH
FgEL R, HHE HPARP B i 4575505 , 5EBRRET, 1T 88
£ B AR AT SR R ER TS . X 3 HPARP #9353
SR AR RREAR. FMEREGRT ., hello f1)" 1%
JA# T=3s i, HPARP R BB T T=1s B}, XEHE
HA R EBKT hello )8 R AR, M40 & A= REHE A0 AR
RoWK, NTIFRIE T R4 PERE,

3.3 ¥EABHHAESREER

ENAEEAFX —ARBTRY, FHRNT 88N
40, FEBABEEE N 0~40m/s., LTRERE 5~ HE
B, ABsEE A RS R T . HPARP . MMBCR p#:fE2 5
5HEEEARNEF -, LB 0 MEERBEE—A
WM& E, A RS R R E  HPARP [t MMBCR EiE
ETFVHEER BIMBOREGR, LHE hello G718
A T=1s 8¢,

400 B %

=y
—Cm

360 | HPARP (3%5)

| —A—HPARP (18)

300

%

® 250 P

-4
200 |

150

loo 'l ;. 'l L
20 25 30 35 40 46 50 55 60 65 70
¥

B2 WREERRGRT M%HFR

R Ent i
20000

~——MMBCR
—B—HPARP (3%)
~A—HPARP (1)

16000 4
14000 F
* 12000 |
¥ 10000 b
£ 8000 |
6000
4000
2000

0

20 26 30 35 40 45 50 55 60 66 70
BAME

- B3 FTREEARGRTMEFLE

£ 000 http://www.cqvip.com|

35 3 B8 SFA E IR
14 e MMBCR
12 —B—HPARP (3%)
Fé)l“’ i —A— HPARP (175)
Lot
Bl
Y
®,|
, M
0 e
20 25 30 35 40 45 50 55 60 65 70
HREE

B4 PREEARGRT R HER

400 iz —
~——MWMBCR
350 F —— HPARP (3%$)
w0 L |—A—pare 1)
&
E
200
150 F
100 — —
0 5 10 15 2 25 30 35 40
W RS EHEE (v/s)

S5 WABEERRGRT RSESFA

20000 ~HEEuR
18000 | w—t— WMBCR
16000 | —B— HPARP (3%})
14000 | ~—A—HPARP (1)
QIZOOO L
1 10000,
£
6000
4000 |
2000 b
0 L . ; e
0 5 0 15 2 % 30 3/ 40
TEB R [@/s)

B6 FHBIHEEARGRT MEALE

5 PR F BIRER
14 F ——4— MMBCR
12 F —E— HPARP (3%})
ol —A— HPARP (1)

SREDRFHER

R )
lll

i A ' -l j E— 1

0 5 10 15 20 25 30 35 40
FRBEHEE (w/s)

7 WRBHEEARGRT R IER

B FLBEHT-HFHBARNNERG—
(FHETIR)

045.


http://www.cqvip.com

——MmcTLP| P .
gol|—O—MeTH | T
e MNP i
55 o ‘ T I e g
-
" 38 50
R : ;
- i -
o Z .
TR T TE TR TR R T
A 4% 9 8, (Erlang)

B4 ARHBERT IPEHE LR HLEE

~—4—=MCTLP :
120 | =@=MinTH |-
= MNLP

FeAcEERE

5 i i i HE i i i
%0 55 60 85 H ] 75 80 85 [ ] 5 100

‘ FI45 5148 Extang)
5 ARGRT WDMEHEE E & 8B KSR

MCTLP & & & #4 fE £ T MinlLP 1 MinTH B H A&
MCTLP &6 BEAUH R okt WDM 4y 28 2 5 < 6% B BY IR A0
IPEHEFRF RN 0ETHEAZE, WHERERT IP
ZHEM WDM YRR IX W RS2 B LB KR .
% TP v % FEHFE R R A P 2182 L ik i pt, MCTLP 3%
R TR Z S 1P % W, TR T 6 RE 89 T F A
R, Y P FEEERTELE WDM YRS H, RAE
IP ZH8 B WDM Sty s ger & B il i B XA R K
Vi bR HE R e, MCTLP fRIE T 1P Mk %3 5 FE 80
WDM StYrH R B K B iU B A B /. MCTLP 7EB i

£ 000 http://www.cqvip.com|

R0 1P Wy S SR A 2 B BT AR AL R RARE T2 88
BB LI 5 S Btk T RRAE T P4 FHEE R ,

#Hit ARG —ME/MEE R SN IP over
WDM Y5 ) 3 7245 B e AR ALAR Y, 35 03T T 4 3B R Y
ELBERBEEH L MCTLP, MCTLP & %58 1P 2
WRFTHEM WDM B R KRR ME TR, 0
HERERY  LWE 1P BH 2R WDM 932, MCTLP
R B A A B R AR S TE 5 89 TP ol 55 R0, AT 41 9 4% 9 FHL
ERHERBIEBNE.

£ X W

1 Wei] Y. Advances in the Management and Control of Optical In-
ternet, IEEE Journal on Selected Areas in Communications,
2002, 20 (4):768~785

2 Zang H, Jue J, Mukherjee B. A Review of Routing and Wave-
length Assignment Approaches for Wavelength-Routed Optical
WDM Networks, Optical Networks Magazine, 2000,1 (1):47~
60

3 Modiano E, Lin P, Traffic grooming in WDM networks. IEEE
Communications Magazine, 2001, 39 (7).:124~-129

4 Zhu KeYao, Mukherjee B. Traffic Grooming in an Optical WDM
Mesh Network. IEEE Journal on Selected Areas in Communica-
tions, 2002,20 (1).:122~~133

5 Cinkler T, Marx D. Heuristic Algorithms for Joint Configuration
of the Optical and Electrical Layer in Multi-Hop Wavelength Rou-
ting Networks. IEEE INFOCOM, Tel-Aviv, Israel, March 2000

6 ZhuH Y, Zang H, Zhu K Y, et al. A Novel Generic Graph
Model for Traffic Grooming in Heterogeneous WDM Mesh Net-
works. IEEE/ACM Transactions on Networking, 2003,11 (2);
285~-299

7 ChenC. A New Model for Optimal Routing and Wavelength As-
signment in Wavelength Division Multiplexed Optical Networks.
IEEE INFOCOM, San Francisco, April 1996

8 Kodialam M, Lakshman T V. Integrated dynamic IP and wave-
length routing in IP over WDM networks. IEEE INFOCOM, An-
chorage, Alaska, April 2001

9 W, ME, W BTREARERFOENBG KRR
. TG TR R AR, 2003, 30 (4):463~468

(4% 45 R)

HPARP., HPARP 3f k Bk4R /& V7 s A RE B A0 $ME Bt 4T
Yok, LAY MRARBEE O, AR T MG R, 1R
TRgE i, BhFEEEMKMNRE. TRERRYA,
HPARP & hello /&AM (T #) B2 i W4 tE B A X
BEZ—. BKN BABESTHE . BENEHRBE
W EARPNEATRAE.ISNEHR. AXLAKB
HPARP ¥4 % 8 hello 1 B0 BB, Eilfi— 5
B, v R IRE R KR TRE R /MK B ZHAE hello €
BB A, ZE B/ IMEBE B I R TR SRR 48 R IR R B K
HEME B A ARIE FR—ATE, LR R &N R,

 JE A

1 Internet Engineering Task Force. Manet working group charter.
http://www. ietf. org/html. charters/ manet-charter. html

2 Perkins C E, Bhagwat P, Highly Dynamic Destination-Sequenced
Distance-Vector Routing (DSDV) for Mobile Computers. Com-
puter Communications Review, 1994, 234~244

3 Park VD, Corson M S. A Highly Adaptive Distributed Routing
Algorithm for Mobile Wireless Networks, Proceedings of INFO-
COM ’97, April 1997

4 Johnson DB, Maltz D A, Hu Y C, et al. Dynamic Source Rou-
ting in Ad-Hoc Wireless Networks. IETF Internet Draft, draft-
ietf-manet-dse-07. txt, February 2002 (Work in Progress)

5 Perkins C E, Royer E M, Ad Hoc On Demand Distance Vector
(AODV) Routing. IETF Internet Draft, draft-ietf-manet-aodv-
11, txt, June 2002 (Work in Progress)

6 Feeney L, Nilsson M, Investigating the Energy Consumption of a
Wireless Network Interface in an Ad Hoc Networking Environ-
ment. In;Proc. of IEEE INFOCOM, Anchorage, AK, 2001

7 Scott K, Bambos N, Routing and channel assignment for low
power transmission in PCS, ICUPC ’96, Cambridge, MA, 1996

8 Singh S, Woo M, Raghavendra C S, Power-aware routing in mo-
bile ad hoc network. In; Proc. ACM/IEEE Int Conf. on Mobile
computing and networking, October 1998. 181~190

9 Toh C-K. Maximum Battery Life Routing to Support Ubiquitous
Mobile Computing in Wireless Ad Hoc Networks, IEEE Commu-
nications Magazine, June 2001, 138~147

10 Misra A, Banerjee S. MRPC. Maximizing network lifetime for
reliable routing in wireless environments, In; WCNC, 2002. 800
~806

11 Kim D, Garcia-Luna-Aceves J J, Obraczka K, et al. Power-aware
routing based on energy drain rate for mobile ad hoc networks. In.
Proc. of Computer Communication and Networks, 2002. 565~
569

12 http://www. isi, edu/nsnam/ns/index, htm]

L) 73 .


http://www.cqvip.com

