23 ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2013,24(Suppl.(1)):125-133 http://www.jos.org.cn
O [ b2 I8 ARAF T ST RSP A Tel/Fax: +86-10-62562563

BT W 4% AL Y B BRI N GEsE ey
% %, % W, ZEH ELAH, Zi7

(WAL TR % LA, BRIy PG 710129)
JBRAE#: 5K i, E-mail: yanzhang@mail.nwpu.edu.cn

i B EALERBENAT LEERATRE L 5 LM Bug i, EREW RGBT ARR SR LE] S 3k
W 2 a4 230 BRI T MG AL 6 F AR TR T A R A S AR IR T 69 A ZKAD 4 &9 A A % 3 2 s
VERE B AT AR AR — A T 0 ) Ao ) 45 3n AR e R AE AT AR AL AR P 42 6 B T B A AKA T RAEAE
9B B 3t WBUME B8 09 B o AR R AT 42 R 5 LT M 444 A 49 F 4 A2 M) Rateless Deluge 8915 A4k RiA 2| T H4564
—HAECFH R BT IR EE 023%4E4),BE T REARSATRE 69 2 S ERBTT A TRLHRLE
AR ARG MBS MA T MA K Ao AR T8 KN X 2 RS BEAER A M 25 35 6 i ) 2 B H A 3
(LML ZBEZDSZE R BIKR),MERIEE M TP EARELRMERMXXAZACTT nxn (9RBE R 0
M 3~10,F 4 n 6938 K & REAEH T 338 KRB A 50%), 7 B B 2466938 K 20 SARAEH Prsg (R 338 k& A
6.9%); T & K 3 hn it 445 A8 2 T A B TRERA 11.2%).

KR AR R BN T RN VA 4, W 4464t

toac g RS A sk, Sk B 2R AR B A 1 R I T I 1 A S Y R g R D U R R S R R 2 4 ,2013,24
(Suppl.(1)):125—-133. http://www.jos.org.cn/1000-9825/13014.htm

B35 A% Zhang Y, Zhang Y, Li JW, Xia XJ, Li SN. Analytical energy model of coding-based reprogramming protocols in
wireless sensor networks. Ruan Jian Xue Bao/Journal of Software, 2013,24(Suppl.(1)):125-133 (in Chinese). http://www.jos.org.
cn/1000-9825/13014.htm

Analytical Energy Model of Coding-Based Reprogramming Protocols in Wireless Sensor
Networks

ZHANG Yan, ZHANG Yu, LIJun-Wei, XIA Xian-Jin, LI Shi-Ning

(School of Computer Science and Technology, Northwestern Polytechnical University, Xi’an 710129, China)
Corresponding author: ZHANG Yan, E-mail: yanzhang@mail.nwpu.edu.cn

Abstract:  As application requirements evolve, the software on sensor nodes needs to be updated, or patched to fix errors to all the nodes
of the entire networks. Recently, coding-based reprogramming protocols are proposed to provide efficient code dissemination in
environments with high packet loss rate. Methods in analyzing the performance of these protocols, however, need further study. This
paper presents an analytical model for energy cost based on time of dissemination and network topology. In this model, page pipelining
and communication range between nodes are taken into accounts. Results from extensive simulations of a representative coding-based
reprogramming protocol called Rateless Deluge coincide with the performance predicted by this model (the average relative error of
single-node energy consumption is about 0.23%), thus validating the approach. These analytical results show that network density,
network size and the number of packets per page all have significant impact on energy cost of the whole network. Particularly, a decrease
in density of the network harms the energy performance (the energy consumption and network density is synthesized to be quadratic

function). The energy cost of reprogramming the network is linear with the size of network (for the NxN grid network, the average growth

« HEETUH: H R BHE KL T 4 (20122X03005007); B 7h 44 B S8 BE 2 5L 42 (2013JQ8041); 74 b T bk K 2% 5 filt F 90 3 45
(JC20110268)
WeRR I ) 2013-05-02; 5 Rl [7): 2013-08-22
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rate is 50% when n change from 3 to 10) while the energy consumption of single node increases (the average growth rate is 6.9%). The
energy cost is inverse with the page size of code image (the average rate of reduce is 11.2%).

Key words: wireless sensor network; reprogramming protocol; analytical model; energy cost; network topology
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