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Abstract

A unreliable network system results in unsatisfied performance. A performance
criterion of a network is throughput and availability. One of the most compelling
technological advances of this decade has been the advent of deploying wireless
networks of heterogeneous smart sensor nodes for complex information gathering
tasks. The advancement and popularization of wireless communication technologies
make more efficiency to network devices with wireless technology than with wired
technology. Recently, the research of wireless sensor network has been drawing
much attentions.
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In this paper, We evaluate throughput and availability of wireless sensor network,
which have hierarchical structure based on clustering and estimate the maximum
hroughput, average throughput and availability of the network considering several
link failure patterns likely to happen at a cluster consisted of sensor nodes. Also
increasing a number of sensor nodes in a cluster, We analysis the average
throughput and availability of the network.

Key words : throughput, availability
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2.2 Threshold sensitive Energy Efficient sensor Network protocol(TEEN)
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Operaﬁonal 4 X(t)
State ¢
LT
2 4
Down state 5 .
. o, Time
M .. . .
uP © UP . UP = ‘ UP
D —— e e & SR
DOWN DOWN DOWN
< T rl-.. T :f T -¢[<

<18 4> JEYm 1% gl Fr7ids

@ notation
A, 2RE, (=1, .., M)
U, 2ZFHNX 9 up time
D, i 2B ZHNAM Y repair time
T up—down cycle time

T, cycle time § M3 N2 (minU)

® up time, [T,

HU]= f;(,zie_u)dt:/& "l=~[1T<A= ZM:)& ,.)

® cycle time, E[ 7]

HTl=A""+(a ‘I)JZIMlp,- =A;-HDJ, j=1,....M
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A -
HT)="ZHD]="3, j=1,.... M

(D steady—state probability

p;=lmPIX()=7 =E[TE T1=0; py, j=1,..., M

1>0=1/(1+ f}pj)

=1

Average Throughput(AT)

AT= El throughput during one cycle

El cycle time]

[0+ Z o 1+ Erheo )= £ 0o,

@ Availability (AV)

Ay —-Eluptime during one cvcle]
El cycle time]

M
= Z}ol(k) ~J(B) - b,

](k)=(1, HE A F5} Aol A goﬁgxg]%‘g% ;g_;r_]
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4.1 notation

v(p HESNZ 1Y =gy
v¥pH Hd UIEH A throughput
gfh =E= ol HZe] AF vetd &&

f4p EE pPIA =E 2 S5l qujast B 3E,

=S p =5 o1 el b 2le 28

p(p == E ARsg
4.2 Maximal Throughput

v (B=[max(a,(R), ..., a ()] ! =a;k!
ANA, q(B=e Blulp, i=1,....1

1
e(R=g;(A+ ]Z:lej(k) fiR, i=1,...,1

=g H+FT(R -k =1-FR) ' -gTh
Ak=min{v(k), v*(k)}

4.3 71&=4

A ;=1/year, E[D)=2/365 years (1=0,1,2,3,4,5)

i, j=1,.... M)

9= 0.968, p1=pr=P3s=ps=ps=p¢=07=05s=P¢=0.0053

g (h=(0.25, 0.25, 0.25, 0.25)

H 1(/?):0.4, u z(k)=0.5, ol 3(/3):0.6, H 4(k)=0.7, B 5(k)=0.8, Hn e(k)=0.9

v(B=v=0.% (£=0,1,2,3,4,5,6,7,8,9)
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4.4 Throughput ¥ Availability &7}

4.4.1 4xT ZYAH

Cluster

€] 3
S : Sink
1, 2 : Sensor Node
3, 4 : Cluster Head

<28 5> FA AA HEYT g Z(UxE ZFHAEH)

O YEAA7E ¢H2HE 0)

rO
oM.
o
&

e1(0)=—i -I-—é“(ez(O)-i-eg(O))



e2(0)=J4“ +74L e1(0)+—é e3(0)+-31“ e,(0)

es 0=+ e 0+ e®++ e,

e0)= 1 (eq0)+e5 (0)

61(0)’_—64 (O), 82(0)=e3(0)’

e (0)=e4(0)=7/16, ex0)=e;(0)=9/16

e 7(0)= (7/16, 9/16, 9/16, 7/16)

v *(0) = [ max (1.0978, 1.125, 0.9375, 0.625)] ~1=0.8889

@ YEHAT} 19 ZHY F$(b)

e T(1)=(4/21,5/21, 7/21, 5/21).

@ MEHAZ} 29 FHA B (0)

e 1(2)=(5/21,4/21, 5/21, 7/21).

@ MEHAZL 39 FHYA A (D)

e T(3)=(1/2,1/2,1/2,1/2),

® WEHAT} 49 FHA F$(e)

e T(4)=(4/21,5/21,5/21,7/21).

® YEAZ7 59 e A5 (D

e 7(5)=(5/21,4/21,7/21,5/21).

@ Average Throughput(AT)

v *(1)= [ max (0.4762, 0.4762, 0.5556, 0.3401)] "' =1.8

v *(2)=[max (0.5952, 0.381, 0.3968, 0.4762)] ~1=1.68

v *(3)=[max(1.25, 1, 0.8333, 0.7143)] ~1=0.8

v *(4)=[max (0.4762, 0.4762, 0.3968, 0.4762)] ~1=2.1

v *(5)= [ max (0.5952, 0.381, 0.5556, 0.3401)] ~!=1.68

AT=0.95(p o+ pi+ 024D ,+55) +(0.85 « ps) =0.9443
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Availability (AV)

IR ={1, k=0,1,2,3,4,5},

wh={ 404y

AV=p,+p 1t D+ 04+ 05=0.9892

<E 1> x& Au2g(pel o8 133 =HE () Maximal Throughput
ﬂz‘;éﬂ* (,;=0.4) | (;=05) | (,=06) | (u=0.7 | Throughput
a(Pn a(k) as(k a,(k v (R
0 1.0938 1.125 0.9375 0.625 0.8889
1 0.4762 0.4762 0.5556 0.3401 1.8
2 0.5952 0.381 0.3968 0.4762 1.68
3 1.25 1 0.8333 0.7143 0.8
4 0.4762 0.14762 0.3968 0.4762 2.1
) 0.5952 0.381 0.5556 0.3401 1.68
2.2
o ] n
© 2.0 A
g- 1-8 E .\\ //
=) ] /T “u
3 16 <
= 1.4]
g 1.2
s 1.0+—+ -
= " \\ /
0.8- ¥
0 1 2 3 4 5

<19 7> ¥3a31#F 8¥ Maximal Throughput

Link Failure Type(i)




442 5x & ¥4 H

1, 2, 3 : Sensor Node
4, 5 Cluster Head

<2¥ 8> F4 A VEY3a JfZ(5x:E ZEAH)

<1% 9 HIAxH FEE VMEYT 89X Grs ZHAH)
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O YEHAZZ HHYHO0)A B%(a)

=T +3 e 0+ e

e2(0)=‘31“ +-é e4(0)+-18‘ e<(0)

e;0)= +-é‘ e4(0)+-é* e<(0)

N SN

e 0)= +—31‘ e1(0)+-31~ ez(0)+-31* e3(0)+-%‘ e<(0)

esO=+7 10+ e0+ 5 s+ e,0)

e1(0)=e2(0)=e3(0), 84(O)=65(0)
e (0)=e,(0)=¢;3(00=9/23, ¢,(0)=e5(0)=14/23

e T(0)=(9/23, 9/23, 9/23, 14/23, 14/23)
v *(0)=[max (0.9783, 0.7826, 0.6522, 0.8689, 7609)] ~!=1.0222

@ YEHZZL 19 ZHA B¢ (b)
e T(1)=(0.34375,7/16,7/16,0.75, 9/16)
v *(1)=[max (0.8594, 0.875, 0.7292, 1.0714, 0.7031)] ~'=0.9333

Q@ VMEHAZZ 29 AEA B5(0)
e T(2)=(0.34375,7/16,7/16, 9/16, 0.75)
v *(2)=[ max (0.8594, 0.875, 0.7292, 0.8036, 0.9375)] ~!=1.0667

@ YEAAZL 39 FHA FF(d)
e 7(3)=(1/16, 0.34375,7/16, 0.75, 9/16)
v *(3)=[max (1.0938, 0.6875, 0.7292, 1.0714, 0.7031)] ~1=0.9143



® MELA7} 49 HEA H+(e)
e T(4)=(7/16, 0.34375, 7/16, 9/16, 0.75)
v *(4)=[ max (1.0938, 0.6875, 0.7292, 0.8036, 0.9375)] ~1=0.9143

® MEHA7}L 59 A B¢
e 1(5)=(7/16, 7/16, 0.34375, 0.75, 9/16)
v *(5)=[max (1.0938, 0.875, 0.5729, 1.0714, 0.7031)] ~!=0.9143

@ vMEAAT} 69 FHA FF(2)
e (6)=(7/16, 7/16, 0.34375, 9/16, 0.75)

v *(6)= [ max (1.0938, 0.875, 0.5729, 0.8036, 0.9375)] ~1=0.9143
YEFZ 79 e 35 (h)

e 1(1)=(16/37, 16/37, 16/37, 21/317, 21/37)
v *(7)= [ max (1.0811, 0.8649, 0.7207, 0.8108, 0.7095)] ~1=0.925

@ Average Throughput(AT)

N

g 2

AT=0.95(po+p5)+(0.87 - p)+0.85(p3+ D4t D5+ pg) +(0.86 - p7) =0.9518

@ Availability (AV)

Ik ={1, £#=0,1,2,3,4,5,6,7}

JCR) ={0’ b le;_g%}

AV=p,+1,=0.9733

o
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4.4.3 6= E7AFH

1, 2, 3, 4 : Sensor Node
56

<719 10> A

Cluster Head

A EYA adZ(6xt FHAH)

<E 2> 5T MHAE (P BE 72384 () Maximal Throughput
oy rE x= 2 = xTE 4 e 5 Maximal
- () (4;=0.4) | (p=0.5) | (y=0.6) | (;=0.7) | (;=0.8) | Throughput
1
a,(k) a(k) as(k) a,k as(R) v*(R)
0 0.9783 0.7826 0.6522 0.8696 0.7609 1.0222
1 0.8594 0.875 0.7292 1.0714 0.7031 0.9333
2 0.8594 0.875 0.7292 0.8036 0.9375 1.0667
3 1.0938 0.6875 0.7292 1.0714 0.7031 0.9143
4 1.0938 0.6875 0.7292 0.8036 0.9375 0.9143
5 1.0938 0.875 0.5729 1.0714 0.7031 0.9143
6 1.0938 0.875 0.5729 0.8036 0.9375 0.9143
7 1.0811 0.8649 0.7207 0.8108 0.7095 0.925
1.083
% 1.06
Z 1.044 AR
a2 73
£ 1.023= —
= ] A / \
© 1.007 i 7
= 3 /
- 0.984 N
-‘-‘: E \\ !/ \
£ 0.96 3 \\ /’ ‘«\
%X 0.947 \
= E = \
0.92 3 L . e
0-90 : T T L T T Ll
0 1 2 3 4 6 7
Link Failure Type(i)
1% 9> ¥33% £33 Maximal Throughput




<2% 11> Hax%d 349 VEYa adZ (6t ZFAHE)

O MELA7 RO B+ (@

el(O)z—gf +_1]6 85(0)+—]%— €g
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62(0)=_gf +_1]5 65(0)‘*‘_1]5 85(0)

es0)=F+3b e5(0)+ es(0)

84(O)=‘31‘ +_1]6 85(0)+—1]6 86<0)

es(0)= ;} e1(0)+-31“ e2(0)+74L e3(0)+—31‘ e4(0)+—1]5 e4(0)

A

4 +
esO=f + 1 0+ e+ o0+ e O+55 50
e (0)=e,(0)=e3(0)=¢,(0), es(0)=e4(0)
e1(0)=92(0)=e3(0)=e4(0)=11/31, 85(0)=86(O)=20/31

e T(0)= (11/31, 11/31, 11/31, 11/31, 20/31, 20/31)
v *(0)= [ max (0.8871, 0.7097, 0.5914, 0.5069, 0.8065, 0.7168)] ! =1.1273

@ WEAZZL 19 e % (b)
e T(1)=(0.31522, 9/23, 9/23, 9/23, 0.65217, 14/23)
v *(1)= [ max (0.7881, 0.7826, 0.6522, 0.559, 0.8152, 0.6763)] ~'=1.2267

Q@ HMEHAZZL 29 HHA FF(0)
e T(2)=(0.31522, 9/23, 9/23, 9/23, 9/23, 14/23, 0.65217)
v *(2)= [ max (0.7881, 0.7826, 0.6522, 0.559, 0.7609, 0.7246)] ~*=1.269

@ JEHZ7 39 AHA A
e 7(3)=(9/23, 0.31522, 9/23, 9/23, 0.65217, 14/23)
v *(3)=[ max (0.9783, 0.6304, 0.6522, 0.559, 0.8152, 0.6763)] ~1=1.0222

® MEYA} 49 A 5 (e)

e 7(4)=(9/23, 0.31522, 9/23, 9/23, 14/23, 0.65217)
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v *(4) = [ max (0.9783, 0.6304, 0.6522, 0.559, 0.7609, 0.7246)] ~*=1.0222

® WEYJAZF 59 AHIA A5
e 7(5)=(9/23, 9/23, 0.31522, 9/23, 0.65217, 9/23)
v *(5)= [ max (0.9783, 0.7826, 0.5254, 0.559, 0.8152, 0.6763)] ~1=1.0222

@ HELA 69 A A (g)
e T(6)=(9/23, 9/23, 0.31522, 9/23, 14/23, 0.65217)

v *(6) = [ max (0.9783, 0.7826, 0.5254, 0.559, 0.7609, 0.7246)] ~'=1.0222
MIEQZZE 79 ZEd 45(h)

e T(7)=(9/23, 9/23, 9/23, 0.31522, 0.65217, 14/23)
v *(7)= [ max (0.9783, 0.7826, 0.6522, 0.4503, 0.8152, 0.6763)] ~!=1.0222

@ HEHZZ 89 A B0
e (8)=(9/23, 9/23, 9/23, 0.31522, 14/23, 0.65217)
v *(8)= [ max (0.9783, 0.7826, 0.6522, 0.4503, 0.7609, 0.7246)] ~*=1.0222

© YMEHA=A7 99 AEd -G
e 7(9)= (5/13, 5/13, 5/13, 5/13, 8/13, 8/13)
v *(9)= [ max (0.9615, 0.7692, 0.641, 0.5495, 0.7692, 0.6838)] ~'=1.04

@ Average Throughput(AT)

AT=0.95(pog+21+02)+0.86(ps+ D4+ s+ pt Dt 05 +(0.88+ pg) =0.96171

@ Availability (AV)
Kk ={1, £=0,1,2,3,4,5,6,7,8,9)

KR =[o, k =3.i.’5%6=.9i§i%}
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<E 3> kB AMul2a&(pol u

EHAEHFPE 7o R Sl FA A YENAS Throughput I Availability H7}

€ 128 (i) Maximal Throughput

Link Failure Type(i)

<2¥ 12> Haxad {38 Maximal Throughput

- == xrE 2 == =t 4 =5 =6 Maximal
1722.)0 EH ( u=0.4) ( 1,1=O.5) ( p=0.6) ( u—0.7) ( p=0.8) ( u=0.9) Throughput

]

a® | ax® | as® | a® | as® | ag® V(A
0 0.8871 { 0.7097 | 0.5914 | 0.5069 | 0.8065 | 0.7168 1.1273
1 0.7881 | 0.7826 | 0.6522 | 0.559 0.8152 | 0.6763 1.2267
2 0.7881 | 0.7826 | 0.6522 0.559 0.7609 | 0.7246 1.269
3 0.9783 | 0.6304 | 0.6522 | 0.559 0.8152 | 0.6763 1.0222
4 0.9783 | 0.6304 | 0.6522 0.559 0.7609 | 0.7246 1.0222
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