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ABSTRACT

In order to resolve the energy efficiency in wireless sensor networks, a multihop transmission technique is
utilized. However, multihop transmission in wireless sensor networks (WSN) has pros and cons. It reduces total
energy consumption, while it may cause a severe decrease in network lifetime. To solve this problem, we
suggest the so called strike and bargaining algorithm (SBA). The routing path is determined by wages of nodes.
Each node negotiates its wage with their neighbor nodes and determine a reasonable value to reach a optimally

balanced point. By analysis and simulations, we show SBA can achieve a near optimal solution.
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Fig. 1. Illustrations of the strike and bargaining algorithm
(SBA). If an employee j declares strike, an employer i
starts the bargaining process. If the bargaining breaks down,
the employer i transmits packets directly (the upper figure).
Otherwise, the employee j receives and relays packets again
(the lower figure).
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Table 1. Strike and bargaining algorithm (SBA)

Algorithm: Strike and Bargaining Algorithm
(SBA)
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gi:gi_fji
gjzgj"‘fji
fij =0

Bargaining (W W QJ,F)
it W,> W;+ Cj;
p= min(giaﬂj)

9. =9i— P
9;=9;tp
fiy=TFite
While g; > 0
if minjef*(m+ qj)< minjer(f/[/}— Oﬂ)
I/Vizminjeﬁ(Wj-i- Qj+e)

j = argminjeﬁ(Wj+ Cy;+e)
Bargaining( Wi W, C”,FZ])

else
W;=min,_, (W= C;+e¢)
j* = argmanEI (W Cj +e)
strike (T, We,C. Fl—f)

= He)] dis] A5 sk = (12194
o] oA Aol wet dE 7%\1]—5" zA3}
oz YEYT glo]x ely] AXS A A
Ak = (1364 =ETF WHIR
o ) vEZ Slelx el &9
3 S a8l 2ol

UEL =T 2lo|xZ e}g] SHoll4] AP Xl =
eSS aple] Aol efuix]eke] Y 2R uj=
tE ro] e dyle] HE = S AR
Aa7} glrh olglst SARS waAl A T8
(employer)$} 3-8l (employee) Ato]9] 253} &

(e 2y ok

[e]
&

v ru
QL_

sal

»

]
v =2

32,
o

Sh

>~

1187

www.dbpia.co.kr



g EA18E3]3=14] *12-12 Vol.37B No.12

A 185 2kle] ds tal A1717] $lsl
7-89lS w83k 1ol Sdshs wages AlHgh
212 I8l A TR wages Wil 1ol

. H
oz olelAm wlNEE 3y Bl shie] T

28] Al AHEA7= Aoltl = strike
and bargaining &372]% (SBA)E Alokgk} 7 x
== 2Rl Ak o9} el dolgle Tl 5
Az vl e R Aple] agele] Fx| wgFvt o
A5 AR} Ak olyR|eke] AAY Uy B
ko] 1S o] sl IS ule ARl )
wage Aol W ZEbA| HIoh o] wf 318l k=

= 712 38 AkS HAvlEtan w8 S
Yool ke AL Ak W Aol iAo
o] FREA} AL el azlo] el 9l wele
Ao 2 wage 877F U] ulitel 25 U] B
weol wgAGE douy xHS drk oldt

o

ZRAAE T3 A9 wages TH k=
sl #HFH o2 I3t wageo] A
SBA7} HEY= go|x el FHAE EA
parallel and distributed &t ¥} o2 3|4 &
o= ek w3t kg Ao Al B
< 53 SBAZ} A9 Aol ZAT F oS
Hyck

i,

oXl,

U rﬂ

aw
o

Mg o
g

=

4
o ¢ ¥ afu fr

o
—

X
d
m

SBA7} V| EY = glo]= El]]
S bdo R Halrh M Aol SBAL] A5S
AZ37] Sl3 chekst el AlEEeldE Al
shodck v R IV AollA] w=o] ARS WH

o

II. Strike and Bargaining 21215

2

Al (APYZFA] AE5 dllof gl Azls S
F 77 slek dhas A APE AE3)
olx o} dhh= w89lE wgsix 2kl
< 28slelAl Adsta a-8<le] APoll A
olch A WA wprle A s}
7] wjitell e A AL vl
. 3RAIRE APZFA] A7 ZH|AA|
% B|go] ZTlH =k 7 WA W

Plol g wee 29 5 e Al 28

wage s A|Faljof gkl 185 k= = F
i & 2Rale] wle-S Hast & 5 gle A
< WS AEght) o3l Z=2AM~E bargaining
ofgfi &tk 8l == g WA
bargaining processE &3 H= thE 84l
g Fr gl oflE o] 18]l == =
= koAl 2Rl el dolle HBlE
T8 ode AdsE ¥ % olrh

xE 7} 2= jE 283ckar 7HEkRk Azt
Aol wet = o] Ak euR|= FolEal wvE
Hz ol Holle A A S7sAl ek =
= j= A1 wageol Bl UF w2 o
koL Az Flo HEAow ke o] I3l
dHlo] = Z& AH3IL wage IAS S]]
olefgt IS strike olgfn FErh k= 57}
strike 2 41913 = i+= bargaining ZZA|AE
oA AR 2= = k= 59| bargaining 3

RAAE B3l = 5o 2] EolE 5 9l

o
i
)

rlo

N

oZ
L

=

»y

)
2
T
)
O-
=

fr all o e

>
ol
=

D)
e o
{

m
2

=

i)
fo & N

]_

["Eu
i,
v

e 1>
N

N
X2

A

=

X
filo

u

thy b k= = wages 94 F =
= Ale]e] Aok A|&EIh sARF ErlsSichal
s = jofe] ARkE Fr|Fla wage &

F71o] A= w ofE 184l k=5 A ok
o]# strike ¥} bargaining IAE°| 2] o] =
=53 AR o]fA|aL o]’k A ZEA~
E strike and bargaining dE]Felzl Sk
3

i

o

Figure 1< strike and bargaining d32]&o] ©
Al A== sl e skar gl
SBACIA 71 F838F 32 YA wageS
Al otk k= 7} strikeS A1S IS
AET T v k5 59 wageS 7Fsdt g 7

A7 225 Aol gk ST wage A3k

=)
ol B ot

e

g

e A% offl MER wE o] 975 we

=]

=
=g]x] ¢t} gEEE kT o] 0¥ r}g9)
F71e]

-

www.dbpia.co.kr



=i/ duA 82 A A WEHNZE 918 Strike and Bargaining 258 7]

W,=min,. {W;+C;+ef D

gl Aol ' == 9 389l FHTO|W
Cye = e x= j7ix] A9k o 483
o5 H|-go]] e+ perturbation margin®|t}. o]}
= AR k= 5o BAHe 2o agTENE
gt w2 wages W= Zlolth siX|uF zRi19]
wage 877} U F 7% 2R1e] a8 AerE 2
AE A oS 47} qlrh 2R kT 9] wage
ST thee] 2o W o] 7x|uk ZHAA]

o}

Wi=minc, (W= C;tef @

§ Aol S e el w85 Aol o

AR AFUEe] 2 el 185 F SE 9

minier{ W, — O+

(3) FAellA mkeF A WA F7le] Ad=Eivhd
= jE ZRY RS k= jolAdl Adsla
wage WS g3l vbHel| 7 WA 27le] A=

o] Trhd rE = kT 5o RS Ak A

< FTA3IAL wage WS 873k % 12 SBA

2.2. 2to|=EtQ] Hchst 2|

A=l el &= t=0,1,2,... 5 asAk e
o &t tell k= € Vi Al ouX Ej(t)E
7HAAL QIek eErk ZRIAL Gl 2] Ake] elulA]
k& E(0)olck B weld  HeE 43
E(0)=12 712 3} f,(t)e =9 &2t ¢
o x= el jE ZE2: w7 SAjelet Pe}
P& sl siRle] k= geld] jE A% u)
Feg A o) 2wl ey PR e ke
w] 2agh 5}§] swlegele)

el HEHF Qe 2= T Ak el
HAI7E 00] Hl= re=rh AR wizix]e] A7k )
51z 2ol dilolekn Aejake W=sl= el
2 eele 2] SdaE 7 s o
MRS #HAs) sk ZlERE opRt k= ZE oy
A Aol Eol= A= F83kk o5 913l energy
elastic parameter 5 ©]83l] v} -2 A
3t wAlE s Rk

minfij(t)'ZVEl— (t)_x @
s.t.

PIFORFFOREI0) )
4ZV(Pijfij(t> + Prfji,(t)>+ Et)=E(t—1),

©)

A71A (1) = = 7} ekl Z2t toll A
of k= 7 FAlelrh. APE A|eldF RE k=9
*sz(t)“\f‘ oo];/lloh:}'. ‘%03_‘5‘], L‘”E‘?’Jﬂ ‘/Hoﬂ 9‘)\% E

A7) Aotk Feprle ze 54 d5 @7}
ouizlel] me} drh} Fej=x S AsjErl <
= 5o 27} 04 7%z ellyx] kel =
7F Aoy EA] 7] witel A7k Auve 2k
ARE Walx] ek ¥R o7 ARA
reo] ouA] MRS FolE Wb ope}
o] U= F¥S o]FA Hrk

EAG @)= (6) T2l 8l vl 7ol A
2] 4 9lrk

12
=
ke

N

E;t(t)iw = {El t—1)— E (PI]fLJ(t)+P7‘fJ7 (t))}im

JjEV

Taylor series X705 &3ll, 91 A& vt #2o]

AN 5= Slek

www.dbpia.co.kr



g EA18E3]3=14] *12-12 Vol.37B No.12

:Ei(t—1)*~’+
E(t—1)" “E( (t)+P.f;; 1))+
PE(-1)"" Z{E(Pufu( JHELO)) -
JEV

wie} thest o] Fhgaker

E({t—1) >xZ(PUfU t)+P.f;:(t) ®

eV

E(t)” "= ohe} o] 24} & 4 itk

E(t—1)"+zE{t—1)" 12( RORYAMO))
O J

©)
4 OF olgdte] EAgS Et) " wE

E(t) "= SAsA =9 $ele thodt e w]

§ Hzsh BAE WE 5 9l
ming E MIEG@E—1)""+
zE VvieVv T

l

221

1€ V]E VEZ t)x

Z Z Cj zy(t

<PLJf1]( t)+ P.f (t))

iEViEV
(10)
s.t (5) and (7)
1714 ulg A O
B S P R E
E(t)T+1 E(t)T+1

j
2 #7] %18l Lagragian relaxation WS- AR83t
v} 1o s|= <= Lagragian 3=

an

Wi we=

Lagragian 3~ (11)& ZA3}sb7] ¢
ches} el

12] Lagragian multipliere]ch
6]— f ij ( )1‘_—_}

1190

E() ( ijfij(t)+Prfji(t>)

. 0 G+ W,— W, =0

i) = S

i (t) C;+ W, — W, <0
(12)

ool thgt Lagragian dual = vl #tk

max ¢( W) =max L(f , W)

(13)

el dval AE E7] flE el dEA
Lagragian multiplierss G171 A3telx el
g FeA HXsE Adske wAdd
Gauss-Seidal [15] HHS ARESHCY.

W, =argmax,, - @ Wy W s Wy e W)

S q(VVl,...,I/I/;_l,a Wi ’VVIVl) =
Wl tisll piecewise concave g<o]7]| wiitel o]
P50 71e7le W7k el F A 221 F s
Rl I e B

W,=W,+Cy i,j€V (15)
W,=W,—Cy i,jEV (16)
ol2{gt ¥QlEZE break pointz}il F-2t} A3}
= WE Addsp] $l8l 72 break pointTicl 7]E

715 A=3k} break pointE A wjwic 7]€7]
= A 25 "ok 71 AR S5t
=& break pointZ} Ao W7} =A =l a2

L U

*T j+ ARA1®] Lagragian multiplier W, &
Aol miEst wf 7] F7iA e

& b
s

W, =min[min,_ +{ W, + G, + ¢},
min,c ,{ W;— Cji + €}
)

AN ITer I e A fL1) < Fy(),
fi(#)> 02 == jo AHFPelct (17) A SBA
dvElEe]  wage ZAAMNH ) T3

www.dbpia.co.kr



R oA 584

FA A AEYZE $8 Strike and Bargaining 2H-8 719

Residual energies El{tl

5 10 15 20 25 30 35 40 45
time slots £

Fig. 2. Residual energies as a function of time slot ¢

(x=20)

Perturbation margin el &3] W= A&t A
3} FQIECA e-FHAH3} FIIER s Fck
2 [15]¢] Proposition 3.9 (pp. 219)°] wl== 9]
-Jl-/\,] ‘,4;(—1§], FOlER
A =3, convex FHAH3F A9 strong
duality A2lel ok} wlg 43 A4 (10) 9]
A3} EEE 2HS = glrh

SBA A5 As3b] S8 tele vt 22>
FHgellA AlEHleldS Asgsisink k= el j AF
ole] A7} d;;olaL path-loss “=7F ad o el
Al 4w 2P, =0.840.2d);  Ibit <}
P. =1 Jpit o]cf' B XEHo| el = ae 4
2 yAge) 7F ko HEx gl ofufx] B2 500
Jo]aL  perturbation margin €< 0.0001 = 3}tk

Fig. 24+ UYE$HZ =]z €9 energy
elastic parameter ol tal] drh oFskS HE=X]
HolFrh UEYZ gkl 20702 == (AP %3h
7} &4 sla wgt A AEL 7 sEe] Fle] o
uvlR|ofelct wkzk A Hade wf elql &3t F Zhed
AA7F Aot H= 2= CuAE FAS A
olct. =0 (Fig. 2) & "= ®& 5 (10)°]
o] Aot A globieh ez o
ANA] ke Azl dE FA ek o
Al 2R #Haob He wEke R ehede] AA
HA "l 22 ¢ld] APTH | e =9 ¢y

Residual energies Ei{tl

Time slot t

Fig. 3. Residual energies as a function of time slot ¢

(x=T)

350

w
=]
=]

Residual energies E,(th
ra 1
=] &
[=] [=]

150

100

50

5 10 15 20 25 30 35 40 45 50 55 ao
time slots t

Fig. 4. Residual energies as a function of time slot %

(x = 50)

A7F FEER W] Fo] 2ol eklel] e A
gelgt 4= gl a7t S7BA =¥ u83=) Ak
ofofl 2| & 1343}7] rﬂHOﬂ ‘j/}"l“E] Ax A el
Uz 1S
o] zloeufx] ofo] HA Hl Rl 19 33
45 S3 FHal & F 9k aFd=
x=>50 (Fig. 4 4 v vEY= o] Elglo]
r=7 4 u Hr} go|zelsle] v FolA|A ok
3elA w8 243t tAlE 24 (8)o] Adxg}
= 7F okl wRESith Atz v ARAl
HH oflUAI7F F308] HololSel® Esta 241
®)°] WEIHA| o= A AR slen a2
&l A ey} A oUR|7} HLellx B s}
3 Helelg Al slFA =k 22 s ZA

1191

www.dbpia.co.kr



The network lifetime (sec)

o
S

-
o

i == = Optimal lifetime

© i i i i i i i i i
o 2 4 6 & 10 12 14 16 18 20
Energy elasticity parameter x

Fig. B. The network lifetime as a function of energy
elastic parameter T

Ef= vlo]x elgle] Aolx|Al Hrt (Fig. 4). Fig.
L o7h WG W M=) FT el egle]
oA WaleA] welFw gk aelxe BE %
QB 100719 A= ofE EZ=x]9| Ftglelr)
Fig. 5ell4] BZo] x7} 78} AXAl HW 2ol
eilo] 254 Zhaishs As B 5 ok #A9
r UESHF Ale]z, HEx Al oux] #F 5 o
2 712 Sl o8l AR} 2 =i 2A9
zoll sl AAs= A2 E2FeA] d=rh diAl
o AlEde|AdelM =z TR 2AE i
Fig. 64 vlES= o]z ejle] S (¢)
olaf oA Wtz Aell el B Sk 2t
FlEE= a2 53 AME o 100719 EEZEX]
o] gagroleh Si(t) & 2 ot u) el &stel
Hufjol sk 7l 2Rjel7] wiitel] S (1) WES
3 2oz elglel] T8 43S 71AA ¥k SBA
ol Ass A3 ¥ gelz ekl vlaE: s
SBA?| zlo]xz EljlE AL zlo]Z Eljlew A
T3} Al7]2 ©]5 normalized lifetimeo]2} A2]3}d
t}.  SBA?| AeS Wrkl] $lE w3 vg 3
% (10) = 7FX]2L shortest path routing= A!3JsH
9] =& wlaE ek "R APE Al9ldH
S, (t)7} 12 5U& u} shortest path routing3}
SBA®| Aol FUdgE o  olck o v|&-
AAsE #Als BE 2ee] 5(8)7F 19 Al
shortest path routing & ZH= AL} A3 #]7]
mrole}l. SRt Si(t)7F Sl F ael=

K

i)

[ | =@=sBA (20 nodes)

The normalized lifetime

02| | == SBA (80 nodes) [ [ S R S
H -~ N

= @= Shortest path routing (20 nodes) ! N

= ll= Shortest path routing (60 nodes) |: : : e

i
1 15 2 25 3 s 4 45 5 55 6

Fig. 6. The normalized lifetime as a function of Sl(t)

rlole] zpol7t Z718S B 4= 3t} shortest path
routing> S (¢) 5 a=slx] dar w]go] FHis}
e ARE APgl o] vkl SBAE EE
o] S(t)7} WE=]E feasible region StollA]
Ashel 2hod ARE A9l

Fig. 6°4E »= *x}ﬂ SBAel| oH 333
m 2= Aol WM E S dkar olvk == St
7} o)A D42 normalized lifetimee] A4 =
o7 = AS el 4 lrk o]= 2ol el F
)3} FA|= parallel and distributed 3+ He|2 =

A1 Aol E S welAls) s o
$-o] 47} &A1 =|ar ©|E parallel and
distributed & HAo® 2= Flell=
A7} EAEHA =k o= <le) A 9] glo]zZ el
o] AL o7}t HAH AXL Fl & 5 9
3}A|ut shortest path routmg*]— HlaE s uf A

o AE &

A o7 Ae zlel7t AA e = 5 3
V. Z2 8

B =rolAs edux] 584 2o A=2E 2
= A& parallel and distributed &+ A2 3
A & 4 )= strike and bargaining L2]ES Al
Abefoleh. Fehz A s} wde] = Aole)
A= 280 8]l Afele] e WA} nlsk
s 2k wkef shie] r=r) 01‘[15} P A
syahd thE k== 1o ASSke dles sl ®
t}. $2]+= strike and bargaining Ll Z% &3l

o

1| a8t arg<le] WAE 7 AlK viES

www.dbpia.co.kr



=/ A 284 A

Al

pus

A MBS =5 $|3t Strike and Bargaining 2H$-8 79

[1]

(2]

(3]

[4]

[5]

(6]

[7]

[8]

g Fc). o8] We| strike?} bargaining =

=
g 5 gl Ao Adge weA D $9

23 A} vlEY L] ol Elgle )

e A9 BARE 243 ARdelde o

d

w2 3hte] access point (AP)7} 9L

7doll dshARE ohFaL Slek sEx|RE o2 719

EAaks AR Ago] FPslek

References

J. Yick, B. Mukherjee and D. Ghosal,
“Wireless sensor network survey”, Elsevier
Computer Networks, vol. 52, no. 12, pp.
2292-2330, Aug, 2008.

I. Dietrich and F. Dressler, “On the lifetime
of wireless sensor networks,” ACM Trans.
Sensor Networks, vol. 5, no. 11 Feb, 2009.
J. Monks, J.-P. Ebert, W.-M. W. Hwu and
A. Wolisz,

improvement potential of power control in

“Energy saving and capacity

multi-hop  wireless networks,”  Computer
Networks, vol. 41, no. 3, pp. 313-330, Feb,
2003.

Q. Gao, K. J. Blow, D. J. Holding, I. W.
Marchall and X. H. Peng,

adjustment  for

“Radio range

energy efficient wireless
sensor networks,” Ad Hoc Networks, vol. 4,
no. 1, pp. 75-82, Jan, 2006.

Z. Shelby, C. P.-Raez, H. Karvonen and J.
Haapola, “Energy Optimization in Multihop
Wireless Embedded and Sensor Networks,”
Int. J. Wireless Inform. Networks, vol. 12,
no. 1, pp.11-21, Jan, 2005.

C. K. Toh, “Maximum battery life routing
to support ubiquitous mobile computing in
wireless ad hoc networks,” IEEE Commun.
Mag., vol. 39, no. 6, pp. 138-147, Jun.
2001.

R. Jantti and S. L. Kim “Joint data rate
and  power allocation  for lifetime
maximization in interference limited ad hoc
networks,” IEEE Trans. Wireless Commun.,
vol. 5, no. 5, pp. 1086-1094, May 2006.

Y. Chen and Q. Zhao, “On the lifetime of

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

wireless sensor networks,” IEEE Commun.
Lett., vol. 11, pp. 976-978, Nov.
2005.

R. Madan and S. Lall, “Distributed
algorithms for maximum lifetime routing in
IEEE Trans.
Commun., vol. 5, no. 8§, pp.
2185-2193, Aug. 2006.

J.-H. Chang and L. Tassiulas, “Maximum

9, no.

wireless sensor networks,”

Wireless

life routing in wireless sensor networks,”
IEEE/ACM Trans. Networking, vol. 12, no.
4, pp. 609-619, Aug. 2004.

M. Marta and M. Cardei, “Improved sensor
network lifetime with multiple mobile
sinks,” and Mobile
Computing, vol. 5, no. 5, pp. 542-555, Oct,
2009.

C. Song, M. Liu, J. Cao, Y. Zheng, H.

Gong and G. Chen, “Maximizing network

Elsevier  Pervasive

lifetime based on transmission range

networks,”
32, no.

adjustment in wireless sensor
Elsevier Computer Commun., vol.
11, pp. 1316-1325, Jul. 2009.

Y. Yang, M. 1. Fonoage and M. Cardei,
“Improving lifetime with mobile wireless
sensor  networks,” Elsevier =~ Computer
Commun., vol. 33, no. 4, pp. 409-419, Mar,
2010.

J. H. Jung, “A study on energy efficient
routing wireless
networks,” Master thesis, Dept. EEE, Yonsei
Univ., Seoul, Korea, Feb. 2010.

D. P. Bertsekas and J. N. Tsitsiklis, Parallel
and Distributed Computation:
Methods, Athena Scientific, 1997.
Texas Instruments, “2.4 GHz IEEE 802.15.4
| ZigBee-ready

http://www.ti.com/lit/ds/symlink/cc2420.pdf

algorithms  for sensor

Numerical

RF Transceiver,” from

www.dbpia.co.kr



FEA 3] =EA] *12-12 Vol.37B No.12

1 5 2 (Seung-Woo Ko)
" 20061 29 AAdE #17]1A

Al Fshal

2007 84 AAHEkw 7]
AlgEh gk AL

2007 9 ~&A] AAMHE
P R P S R o e )

<A o> Information

theory, wireless multihop network, radio

resource management, mobility control

A Tl = (Jin Hong Jeong)

2008+ 29 At A7)
Azey bl

201041 29 At A7)
At g

20101 3~ A=}
AR Al

<F]Hol> Radio resource

management, mobility control, wireless sensor

network, robotic network

2 M & (Seong-Lyun Kim)

1994 84 KAIST Z3Pat
1994:3~19981 ETRI °©]5-%
A7l st A9 Q-
199811 ~20001 245l KTH
Dept. Signal, Sensor &

System Ful>
200011 ~20041d ICU Zu<p

s
2004~ &R A A7 AT P,
ERs

<yl HEol>  Wireless multihop networks, radio
resource  management, information theory,

robotic network, economics of wireless systems

1194

www.dbpia.co.kr



	에너지 효율적 무선 센서 네트워크를 위한 Strike and Bargaining 라우팅 기법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. Strike and Bargaining 알고리즘
	Ⅲ. 실험 결과
	Ⅳ. 결론
	References


