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Abstract

The flourishing of wireless sensor network (WSN) has become the focus of both academic
and industrial nowadays with the rapid development of CPS (Cyber-Physical System). However,

sensor nodes' constrained resources, especial limited energy budget is still a bottle-neck

blocking in the application of large-scale WSN. And how to reduce the consumption of sensors'
precious energy resources through sensor data aggregation and offset or avoid the uneven
energy depletion problem to extend the lifetime and promote the application of WSN in large-
scale scenarios is a hot topic currently in the research of WSN.

It has been found in related work that although many existing data aggregation and energy
optimization techniques can prolong the network lifetime to some extent, problems of low
energy efficiency, uneven energy depletion among area near the sink node in large-scale
homogeneous WSN are still challenging us. Besides, the impact of different data aggregation
ratios on network topology, even energy consumption and energy efficiency has not been
considered carefully. However, it has been concluded that clustering and multi-hop are
comparable effective strategies to improve network scalability and energy efficiency by
optimizing network structure and data aggregation among different nodes and have been
adopted as the basic techniques of this thesis. And to address these problems for a given large-
scale homogeneous WSN, the main contributions of this thesis lie in the following several
aspects.

Firstly, based on clustering techniques, a theoretical model has been given to fully analyzing
the effect of network topology, inter-cluster multi-hop relay distance, cluster sizes distribution
and data aggregation ratio on the energy efficiency. An effective unit-based network topology
prototype has been adopted and verified to qualify these parameters. Cluster heads in each unit
with no communication with each another has the same hop number and experienced the same
hops to the sink node. And the inter-cluster hop number has been found by optimizing the total
energy consumption of all clusters in a round. Meanwhile, cluster number and sizes have been
obtained to achieve even energy depletion among different areas of the network. Besides, the
effects of different data aggregation ratios on the cluster size distribution and network energy
consumption have been given.

Secondly, the performance of the data aggregation and energy consumption strategy in this

thesis has been simulated with adopting other existing but effective techniques, such as cluster



heads rotation, dynamic clustering and dynamic routing strategies etc to further improve the
energy efficiency among all nodes in the whole network. Extensive simulations have been
conducted and the results demonstrated our model is very energy saving, scalable and robust
compared with UCR in terms of lifetime for large-scale homogeneous WSN. What's more, it
has been simulated that different data aggregation ratios play a great role on even energy
depletion and energy efficiency.

Finally, different rectangle-based sub-network topologies and a much more general deployed
scenario are discussed. It has verified the network prototypes adopted in this thesis and provides

a helpful guide for the practical deployment in large-scale homogeneous WSN scenarios.

Key words: Large-scale WSN, Energy consumption optimization, Multi-hop clustering

techniques , Data aggregation
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Mg & CA PG AT R Sl A B S REFEIL AL SR, Bt AR i, R 5
PWAMHER TARREAT 1 05 BRI REXS Ll o s Bodm, FRH 1 A SR H AR AL 5 Bl A
Ay AN E N EESM T AE R E W

ENVS AL S

B T ARSI BT IO S, 6 E A M R TAR BT SUBUIREEAT R4S, 1
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B ASCHIRIE I H AR AN 3 EEHT I A 2

5B G TR T O AR I W 2 B A P RERE AN AL 17 R B E E B T R
F X BT A PRSI S S AR S, 39 O BE TR T A%
SR I 2% o B N B s A B AR LA SRS, TP R S L rh L AR AEAE A A2
H L 51 A SO T T SR

COEN X3 PUP NI s A (e Sad RS e s P e DO NS (TR (N S S DS SN
IIAT S A SR M X 2 R AL RS RERE R R IR BEAT 0, SRR g BE R DL 3R
KT R RE R, [RINE, SRAR &1 I A % Sk B ADRAIE 4 W P A el 7 Sk FE e 22
fiir. sehbh, BE—BEE T 7R 4 A5 SR R RE BN 2855 RS A i 26 A2 B A0
DA S B i b Sk B o0 A DL B R 2% REFE A48 1R 52 1

S5 VY B AR I G 2 AR S AR e A P S REFE AL SRS AT TR, RS A O
AR B A 2 B2 i 7% . B A BK i DL R A% Sk R B B SRS SR Wit 1 0 B P
COCA(Constructing Unequal Clustering Architecture)t/3i, F£%} COCA #i5 UCR X
FE P 25 25 i JE 30 X248 74 e 6 % B e DA 4 X R 00 it 5 R I 2% e 81 P 30 ) R i) <52
J7 AT ELA5 IR AT 1 0 EE A3 #

B ILUE SRR 1A SR B HE A K e AR DA SR R A AR T B R T
TR 0 &A1 1o 1 41 S 284 7 QR 5 B A B AR A S R R S o b ) 828 1 35 S 9 |
GUEERASHIE Jih g

G RER 73 A T AR FEETAR, 7o 1A SO H 2% b o3 A BEAT REFE AR
WS IR A FIAE , I AR T BB BEAT T R



T ETHIRAIER LG RARM MR L Y

A B E AR HE SR AR 5 20 T SR BT FUBCR AT 7 SRR, R
APPSR F R A S 82 07 3, A 70 AU LR Bt (k5 4, i s
BLI T ZELEIAN R, VAEN ) CAT (1038 T R AR TC e el 19X 2% m FR 2 P (R A Ak PR 5
REFEPLALREMS , M R af R AR SS LRAFAE AN AL, IF DAL S| H A SCRIRIE T T 5

2.1 ETEEEH
FERCHEWCEE S ME T T, 0F T AL G ()T T X 4% 32 B B A B A . SPIN 287 (Sensor

Protocols for Information via Negotiation) , Directed Diffusion 297 253 .

Directed Diffusion ¥h30& LB A ORI, ARG HAREE, HAEHRILET
i (sink node) R FAE IR B K, ARG AR I RUBGEIARRL A, B F A
Y, R THIER RN, B 0 8 e S O S TT R AR AR BT, D i
SEARAZ BRI AOBE FE 1), SRR ST R B R, AR EH R A R ER ke R A
BRI R, W 3 Fom . ERERAERE AR, 1 AR AR SR A S AN Y 5. P
WRERERT Z MR . 2R 2 NG R E L 2 PRk .

i H&7R, Directed Diffusion Pr-F-IFERE R A omniscient multicast HMMH] 60%; LA
BAE o, ATEE RUEAHLE], AN R RS SIER G TR (H2, PR
BT R RERIKEN 1, AE G BAESEIEE RN, T BT i 44 6 SRR L
53 BT S H AR B o

1
“ ,,' Cin
1

(a) Interest propagation (b) Initial gradients set up (c) Data delivery along reinforced path

K 3 Directed Diffusion [ B ¥R LR
2.2 BEFoREH

AR BRI AR AL T AL E 0 2 A% B s 100 2% 10 it AL B 5 REAE 1) 1 222 S b
WL AT 255 U T
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2.2.1 LEACH 148

LEACH""""32(Low Energy Adaptive Clustering Hierarchy) 2 &% -4/ Hi #% 25 /4 i UM,
TEEN 533! (Threshold sensitive Energy Efficient sensor Network protocol), UCS 34! (Unequal
Clustering Size)55 Bl i (¥ 43 L A AR E A 45 T LEACH (173 SN .

LEACH & /M T Jr) A% Sk BE AT % Skl 1) ) 45 RERER A O V0, b ) i PO
i s LSS B R A @ AR 1S S S M g oA AT R A R e . i HL, PR BCRELT
HARA AR, A 1A i B Rk 1 A KD

FE LEACH P FLRAL a2 ey, BT X 215 R IR A T HLRE AT PR, g
E SR N A A et SO %€/ OE - ST T S St b= S N U i A T O T S )5
st LATEL 7 PR R 1 58 S YR DAORAIE Y 2% A 080 1) ikl 3%

LEACIH Wil (Fig 47 i FEA5 R 43 i 2 40, RS AL A% S S B B (R A5 A TR T U B )
ARG E B BBt Mg Sk At 22 2 0 (B B, i HLAB Sk S 3 2 Jm i i A R e i B
N T L AN, T P BB L RS M SR AR 2

\—JI__!IA

o

Set-up Steady-state
< >l —
Cluster formed Slot for node i o Slot for node i
gl Time
i-th round

B 4 LEACH WlPuTiRE

BT R AR T
1. BRKIEEHI) B

TERI R BB B, BRI T 10— A4 e Ot F2 15 O AR K9 A
SR G IR L SR E AR AS A F CSMAMAC Pt #7645 0 45 o e A5 TR 319 05 o,
TSt AR AR LR A R B

T(n)—{m Jomed

0 otherwise

XH P RAREMBERAEREANMEI SR E W, R HATRREE, G REREN
1/P %& B A YOR N T RIS

B BOERUE, BN AERSRT mOE TR T E TR Rk
2. EREHITE L AR B



LR RYUE BT ENEL G, XA CSMA (Code-Division Multiple Access,
73 2 8% 2 ) MAC BI-SCSt t RIAR N, B3Rk E0R ON I 75 SR 9 55, T R S 4
3. B BHEICHR I B

YRR 5, #kIET TDMA(Time-Division Multiple Access, i 73 £ 2% 52 )
WU 25 775 A s 03755 e 880 I 2 7 P9 A 71 0 TIC — A i 880 P P T 38 o5 U i 27 ) 7
SR AR P B TR B
4. BB

RS R TN TDMA R BEALHI A 2 2 Ja, ARk B 7 B AE B O 7 T Y I 1)
BN AR 45 P& B Sk, 7RI BN AR FRARIRIRZS LA/ BEFE . LEACH (R fy
(T p e O R R RO, 5 2 T RIS TR0 P A5 B AL s BT B I sk o 7
SheBe 32 58 I AT 1 D31 R R B8 5 SR F — S 11 500 A B SRR P AT i % 1 A IR T 4
RNEAME SR, 1XE LEACH — 5 U2 M B (Steady-state) .

PALE3AEf#2 LEACH PRHAT — BRI FEATAE, B—RHdT5em)a, HUEITIh
NReHAT, AR IR L A TR

LEACH & — 5820 A 200 AT EE 4 R bl B P, i BT AT #hil
ANTEATEFNE MG . Tl 505 15 LS M 2% BT 15 AR B b 1
AWK HIRERE, LUEFAS I BURIERE K K m, I T8 I 2% 1) A i Je 91

Direct transmission 7§ % 7™ A2 5 B il 078 X S8R5 R S840 TS, 11 MTE (Minimum-
transmission-energy)%¥ 7 = A= B B FE il T X 35k 1) S SEAE T I R . SCik [31] 04T T
PSR IR 2% L BERE, DRSS AT — & N 1) JE AR SR AR AE TG 1 R H 2% AN ] I 1) B 7 4
a1, P2 BR AL REFE S SR B H o B IR 28 11 R B 2 TR R O 2R K L Y
KISRERE, GBI, ST — i R R R A T s B H . 58— 1T A
BeJa— AN BB T 125 510 5 Direct transmission. MTE HEAT 7 HL#. ARAE PRI
BEXTEL AT %A, 5 Direct transmission. MTE (Minimum-transmission-energy)ixX £6 1% 45 [ 4
PSR EE, LEACH T8 i85 ReFE AR St 1 8 fif. MIZE 88—/ BB oA B
Ja AN S ABE TN A HE Direct transmission. MTE A1 Static Clustering BHY /3 5 K T
8 fiF 3 £

LEACH fBsg i 45 rh i Sk R — 2 (0 [ 48 S35 R 7k A Pl A ) 800 0 R 5 ile— > Hidis
B9, M4, LEACH MK BIELSG RAG—Bk, AE T MU I 2% B .
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2.2.2 HEED i

HEED 535 (Hybrid Energy-Efficient Distributed clustering) ¥ i 5T 1M &, i
(75 8 — B G AR & R s MR, MR T LR b B R0 o 2% B
FRIAY, T EL G S AR B R A AT 5 R AN R R IR B2 A5 S R e v B Bk 5 4
— AT REUE B . AR R E AR

FITA (75 S5 R R A I, EA M R AR RE, A AR IR B W) 4k e B A0 BB B R 4% Bt
JICEFE AT AL BE AR ME RE AN R IR B B8 ), ET SR B S AN RE AN e e . Rk
(T A TR AR AR B AN 5 AT T AN T 0 R B AR Sk (1T 38 /)
REFEACU 1 2 X AMRP(Average minimum reachability power). #£ HEED WM R4 A
IFid T, AN B RSR IR

E.‘ ssrdual
PC<H — C residua

mar

C BRI E LRSI E D, Frwgn TS SRTRIR AR, BT
MRV RE R . BT RN AR R Sk AR R IR R, HERME Pepy 1.
ANEEUITA ik sk i G /N AMRP (5 05 o8k, ARG AT SE T — K A
CHIMER B R min(2 + Poy, 1), EA SRR EHAT B EIFTE 1077 S3R3 B S8 ik

HEED %A % EEREERYN, 5 gen-LEACH WMl IEREHEAT T EL#. gen-LEACH
B TSk A BE LI B T SO e AR TRIE TS, 1 HEED P30 %Sk e B 25 18
B 7 f/ N B IEAE AU A5 15 SR B 2 AT ARG, 10 HSARAR /N T gen-LEACH il .

2.2.3 UCR ¥

UCR "3? (Unequal Cluster-based Routing) WS FF#F 5t IR, BT A5 040,
XA KA FA ST W . P T i #R2 R R, B MR R ERE, BAH
[ FRIT 46 Fe B A0 R B R4 RE ) (CBLFE PTR B A% m REFEVE REAI B K AR AmBR 1), &A1
WA —AHME—1) ID. FrA B75 sURe a8 BEAT PRI RO AR T/, 28 U — M B
I DXV R o B B N2 il — B S AN B sh Itk pe . W4 B it
FERARE, T HL A0 SR A B R TE R AT IR TR RS 2 AE S R g it B Bk
FIA—AT R HREE R . UCR W5 A S50 #6715 Be 5/ i ——EEUC(Energy-Efficient
Unequal Clustering) A1 - 347 & 5 AR5 A BE BB RH A0 7% ) i EH P AL R o
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EEUC 2 AMHANME T mEE, Wil LEACH —FER L RS, %
K8 BCEE T R H A5 B AR AR 5 AR BE SR ) . R BISE g ARl T I AT EE R
Kt
Aoz — d(s;, BS)

Arnar — in

XH ¢t 0~1 ZIAM—NHEREL RoETUE XINRKTEF AL, dypwer dpin 7099
RN M2 ) S S Bkl i KA/ NBE S, d(s;, BS) RoR T s, SRUHIEE. 1
S SE S A B A 2 el ) B U/ IN TR/ DS DT 8 2R sl AU AR A DN, (45 8 2 v
T %Sk 15 S i AL BRI BEAE D . P TR IR Bt A e ) e B

A% PSR G5 RS T R VB AR A A A S R R e & .

HiF UCR [RS8 1 % N IR I R B A A s, A A Rt 22 g 1 22 B 2%
)RR IR B T 2% A A e 3

R,j = (1 —C )RU

2.2.4 SCA MY

SCA "3 (Structuralized Clustering Algorithm) P i3 i 78 (AL IR 85 2% oh,  BSEA IY
25T 2 RA T HLRE R A PR, W2 A — AN B B E I SR (0 s, T HL R a7 25
[P 24 5 0 2B DX el o WAL S — 5 T AR P ORUASE (14 0 448 K2l 4 s A /N [ )
SR X BEAS 00 DX 3 P 3845 R T e, A P BT AT % T e A s i e v SV B
W, ARG AN 9 P AR Sk 22 TR 28 3ot 22 9k pl ozt B0 TRl SR AR

M LSRR E 2 5, M TR RIS AR 25, R e . kIR,
FREEER TG G S 0T s (RS VAR AT AS [5] 7 I A 7 Sk 2 ) PR B30 A i T LA B B

PR TR SRR . 28 Fh 415 I 4 REAE 2 [B] 6 RS T AR ALY . g
DURBCRERE, 1AM BT Bk a2, 58 B0 Hr B R 44 1) s R B
AT MEH Z X ER (SBHE 5, MBI EETFMEEZXR (S0
B 6D, ANEF M X3 [ i ek AR (S D,

m—i)na+n m —1+ 1)na S
ECH‘ = [( ) }QUEEI&:(: + %C]U (Ee[e(: + ed ) + T(_’{(]EDA

& Ci C;

m

Ecntota(m) = ZC;ECH%'

i=1
m—1 m+1 S,
= {( 9 9 a(Eele'c + E'mp(a) ) + EDA}N(]U

a+ 1)Ee:'tfc: +
K, e, Ecmm il N1 M N B EE FIRAEER R REFE L, s BN N 25 4
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XI5 I BT RIXIE  Ecmioram VITH TRIXERLEFERE (RESHBEIES % 0K
1),

5 :

- $=10,000m?

7 4k #-$=30,000m? .

(@]

o —¥—5=50,000m?>

2. ~8=70,000m? |

S *5=90,000m?

©

o

< 2[3\

S |\

S 1l L

8 T\i D—&,xznn; R

'9 O% A D — - ’*H
2 4 6 8 10 12

Number of units in the network
Bl 5 SMELRSFRREMRNE TR E Z KRR

PIUSCEIL SE B AT g b . SR EE AN S FERE C R I C &R, REEE — N9 sSE
TR 7319 R AR T PR AN [ £ 190 2% A iy ) ST AN DM SIS AT — R R 0 e PR 28 A3 (A1
BB VAASF T 5 AN F] 5 X A S 15 S B A 1 AT UCR WhSGHEAT TR EL, (615 12%
REFELLIX AN I 2 KB RE T /DL TEISET, ik — 2B 1B 1 028 1) A i JE 3

B, SCA Wil & & e R MG — MBI E A, REMRA Lk
i A R R )8

12 - . n

10+ y

Optimal unit number
»
a]

1 2 3 4 5 6 7 8 9 10
Network size (1O4m2)

B 6 MEEHEMRIHTMEE Z KRR

13



25

T ~0--5=10,000m?
RN 4 -5=30,000m?
20 N ~¥5=50,000m? |
n Se ~ 0 -5=70,000m?
“n S ¥ $=90,000m?

Cluster number

\%\

10 12

Unit Id

B 7 ARETRXRABRRELE B e

2.3 BETHESEH

BEF BEOIR 45 K9 9 B P i E PEGSIS 3¢ (Power-Efficient GAthering in Sensor
Information Systems)<5 .

PEGSIS BsCiff 781 W0 25 v, sl 2 [ 7 7 FELIZE 125 4 Ja 2% IO 45 1950 8 X 3, BT 11
PR IEES T R R T RS R A BRI, BT 17 sURNTE 4 (915 .. PEGSIS #hitg—A
BT HRIRE I, R, BTA I RORI SO R T B — S s /N B
TEAME IR U 5B — AN O ATIAS , U m BV R8s - PEGSIS
WABRBE A R UK 4B 15 mURIUA S RO B Al & ie— A RN I 5 A s e 1
— AN JE T B

5 LEACH #HEL, PEGSIS Phillf5e R — A0 fl R ATIE,E, 2B T
5 RESEEAE T R LEACH sl by s ik AN I 2 K, PEGSIS #h il A4
TR AL AR R B AR A B AR A, X R O AL i e RE A
LEACH /NM3%: PEGSIS Wil 5 HEub 58 1) E BT S A 2 I B8 LEACH /5

EQ
(e —(D——(D—(=)
B.S.*

& 8 PEGSIS MY MLEFEH
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AL 70 B I 2R HR B X I, A PL 1%,20%,50%, 100% 175 S AE T A MR 28 A iy &
HBASE BT, PEGSIS 7135 LEACH WhisUAHLL, EfeikmE 7 1~3 1%,

2.4 BTG

T BOIREE % i 05 R A 0 PEDAP 7' (Power Efficient Data gathering and
Aggregation Protocol) , TTDD "3’ (Two-Tier Data Dissemination)%%. PEDAP H¥ f#) 3% H
P A A3 A8 4 I 1) BEFE S5/ AN SS) ST R B W 2% (1) AR A L . PEDAP B iSCHiF 72 19 9
e, RN AU M R B BRI PR, SR A SRR P N i ak B — A [ S )
T 71 s S 2 (R AL T EL R A BRI 5 1), WM B0 n /N RN ke RO R Rl
— KN k AL

PEDAP W, 15 SR A LEACH B3 s AR R BB A8, i =19 A i s
fohr B I, T EL s TG RN AT RURFRAME B, BT RURRE B B R
EN TS . B P ARYE Prim s /NE SR R AR, BRI REN O(n?), HIJEES
FIT TR N IR SR, IXRE, BN S T B U REAE AN R 0 A ST ) 4%
1 BEFESLIZ I /NT LEACH F1 PEGSIS PR35 pi (1) B

PEDAP #p L& PiA509%:: PEDAP 1 PEDAP-PA. PEDAP 531 H b A ik /b %
A IR 255 (1 B FE SR ASE 73 00 44 A= oy Jo) AR DUIE K o« TETHERE Prim fe/N A2 BSOS % BRI, 3K 1Y)
BUE AT T R B REREARA o BT U2 TR 28 — AN SUE T, IS BTV eI R =
ey MITHERTT SRR GEEH T Nk, T PEDAP SiLE A 5 18 A MK REFELY
fi717] /%, PEDAP-PA(Power Efficient Data gathering and Aggregation Protocol- Power
Aware). /& 7E PEDAP S:fifi BT T 2tk 7ETH Prim S/ i % drisE, 795717 s 2 (1]
¥ BEFERUE BOA

C‘ B QATECJCC + ATEmﬂpd‘?j
Si —

€;
. kEelr’.r, + J?‘0'JE{]-mpd?b

€;

e RN T AR MR AR R (0 < e < ),

e
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Kl 9 PEDAP Mhill & #EG R

IXANH R R B SR B S B A RN B0 55/ A BSOS o1 sUR
EHHE (AT R A AT AR I N B A R R, BTS2 B B AR D . IXRE, Y
MST BEPAT —E R ECZ 5, M4 RERENS TE MM . PEDAP-PARL /A TH I
TG AN RSB T R, (R T AR — AN R BB TN (A

ISP A B Y 0 i AT o 4 5028 Xt oo AR 2 350 28 [X 328 1 3 77 #8 EL G AR A 1
YEfE, SLEACHAHLL, MZ8A4:dn IR 1 4~201%, SPEGSISMHILIRS 1365, Xk
i P 28350 2 X Iz e, PEDAP-PALL PEGSISHE— AN BT [ 2B T 415,
PEDAPLUPEGSISHI f Joi — A1 RUAE T [ I8 11,2548 ARl AT 0 2% 2 DX 3 )
Hulisf, PEDAP-PALL PEDAPZE— i AL TEIN A RE K | 2%, PEDAPHFIPEDAP-PA
SHLLL LEACH, PEGSISH G — M1 RUSE TN [AIZE K 7215 . [Rlith, 2R —
AN SAE TR R 52 U, PEDAP-PARLERENS UG i I 1R s 4 4% R Fl e Je — A9
RUIFET R 58 XM 26 A= iy JE BT, PEDAPFIPEDAP-PARIEHR RE B U I e . 4
JEuh AL T 208 X T BT SR AR L4 1A 1 e 1T LEACHFIPEGSIS B AN
. PEDAPHRSCETRH, 4797 miWIARRE SRS, 35— AN S SE T (] 3G N £2.5
5o IR AR R N EE, UEIEATE W 2537 SR EE e E e, ATl
SR FH 43 A1 20 S /N AE RO BV
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3000
— direct
—— leach
pedap
pegasis
2500 —— pedap-pa
s B W — R T —
e s T
2000 e
.X =
‘X
& /_./
t -
3 )(
£ 1500
© e
£
[=
1000 -
500+ s
0 .. | | | | | | | | | |
0 10 20 30 40 50 60 70 80 90 100
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B 10 P& A HISETIR 1 (100%100m? IR, BT B X 48 308 X 350)
5000
—— direct ¥
—— leach |
4500 pedap |
pegasis |
—<— pedap-pa |
4000 |
II.
3500 /,
__3000F .-
wn / I
2 ‘,-" |
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2 2500t ﬁ_./
B o o o e o e o e N
g /.\_x,.\—x-'\ P /
S
2000+ A
1500
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0 | | | | | | | |
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Number of Node Deaths

B 11 P R BFETIR R (100%100m2 P2, FEuk kb T PN 48 35 2 X 45, 4 35)

2.5 FEG

ARSCGEE W VAT, Ok BT K B B B AR AL B S RERE SRS BT AT
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ISR SIE AT o KRR 4, R VP SRR & UL I
P(Protocols): FR P EUEE ) 44 17
Ins(Intra-network data sending pattern ): %7254 b WX 4% o 2 K 2 ) 50 A ik i, 1
TR AL AR E— ML, xFRR RS S BIRRIEZ A,
Inf(Intra- network data fusion pattern ):3& 7~ H 4% 715 o N AP A A0,  13RR i1 a1
W H T B R 2 AR AR RS AL, xe RO TR RO T BRI
2 RUCR SR AR AL & 2 AL
Intf(Inter- network data fusion pattern ): &7~ £ 14 {0 46 v i 2 5 2 () e il S A,
1(fused to 1 packet and accumulated transfer): Z&7~¥ Hh L &5 folg Hh G 2 R BURE R A
F— AN T ELASAE H S AR O Rl & J5 1 — AL, I+ ROR PR AU R R
() 540 R P — AN B A % 22 B BRI B8 s xRN TR I 2 mON TR T e TRV
& AT B A SMEHE UL Rl & R I 2 A, xR i gl Sl iy
s IAVECHE R B 22 A B AR i e i R n B A & 5 1 2 s
H(Heterogeneous): &7~ P24 15 sU2 75 4 7 M 14, Y 27~ A2 5 A4 (1, N 2[R A 1)
Hn(Hop-number): R/NZ5 A0 N4t 4 i 2 IR i 1 77, 13RoR Bk s, B
AT PR R A L, mBRZBEMLS, Bl 2 A S — B — B L i s
TSR R
Tp(topology): FK/RMLEFFN, Hp(plane)T T M5 451, 1(chain) : KR
HEIRIIZGEEH, c(cluster) B/RFEIRK LR, t(tree): FAHRIR W45 45 1)
T(Lifetime): F/nM2Adn I, 15878 DS — AN 45 AR T RF RN [A] 2 S 2% A i ]
W1, xRN T B s A0S SR T RE ST ) SO A L, n% s DAREFRLE
191 45 50 A7 175 BRAE LRI 8] 58 UM A= i i3, ndom ARG — A4 RUE LB A i 4G
RBET R ) UM% 2E A A, o(others): oAt F T 5 U8 A= i 1) 7 X T 2
WEEEMERE R, . 1 VEIRES E— BN R N2 AR BB, 2 Rk —E
B B S AR 2 S
2.5.1 FERRSES SR

TCL AL AR 25 IRE RE LA 5 B8 A HE SR g v, 78 25 R AR A 2R Bl it e 7
[, SRS, fDirected Diffusion¥EHp i,  HH T EE B BT A0z iy X« #
7R, AE AR g, T L 4 R N SRR A A . SR
%%, WILEACH, SCA, UCR, HEED, UCS, PEGSIS, PEDAP%:, JE¥ SZHMALHsH
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HOR T R A X TR, WnPEGSISSEFIMEIR 1) W 2% 0,  UTPEDAP%4%,
M TR TR SRR SEE R S R 4 PR AR i 5 S, A& & R g A T
JEVE, Mi2r %R 2 SALGER) T NS ANBEIR . BRARAIZEIAL I ZSATLE, 73755 1) A
2, HIXJUATT RS

F 1 ZRHEEHRES

p ins Inf Intf H Hn T Tp
Directed Diffusion - — — N 1 0 p
LEACH 1 1 — N 1 0 c
uCs 1 1 1+x+ N 2 I, "% |c
HEED 1 1 1 N m I, n, ofc
UCR 1 1 1 N m I, n c
SCA 1 n x+ N m 1, "% |c
PEGSIS 1 1 1 N I, m |1, n% |l
PEDAP 1 1 1x N m I, n t

1) BT A A B AR A Sz S AR T PR SR A AR A, 75 P9 R B P 3 b 3
A LK R0 BT 5 A i 25 B, AT DR KUl A D 258 R B 4 A, KRk b I 2%
S REETH RS

2) 1 B A R fi S AT DK R el ol A B PR B o, S o B A5 5 A AN AH
P AT 4 SR AR ) AT FE A

3) 1M HLor 1% e B 48 AT DL/ 5 AR 3T ERSEE  REH ORI S
s BT R TR ) RE L S AT AR, ek R AR ST USCER A% A R R T st SR A K
M, IXRE R BRSO 6 h (0 5 2 v, 6 T e A

AN, R AT R BEAILEE B B R R o AR A A A4S I 45 L mT 7 e R A fgk
P
2.5.2 PRS2 HEREN

TE W L5 B0 R SRR T T, F TR IR 1 il B RS EE 2 R PR, BBk
LM VANLEACHS:, W W& &/ NI 2%, T 2Bk M4 Hrill, WSCA,
UCR, HEED, UCS%, HAREA RMBINLE, (HEGIC R s () X UK R A E e
AN AR TR
2.5.3 MEHIERLE

TE M SRR A 7T, (B Mg s, Hii k25, WiDirected
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Diffusion® 0,  H 2 W IR R TUR B, a5t 28 i i,
LEACH, SCA, UCR, HEED, UCS, PEGSIS, PEDAP%, % KHUK HhiE1y iR 4
B 1) BE R G o — AN B A B O AN X 26K G — B Rl LU EAT RS 1 07 3K
2.5.4 45if

FERUE R AT T, B R AR U B i e OB e, BEAT ELBORUS S5 9F & 8L, A2
ZERIM I T LA IR A W 28 BdiE ik, JCHRE KRR I S5 M AL 2 B 28, R BLIAE K
2 B SRR B B R IR RES AL — e RE SR L SEA X 2% 1) 2 i el 30, (LR A R A [
P4 T HIRERE A B AE — € R PR, HE7E 2 Bk AR S BRI 8 s X 0 7079 id
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A I 2 I 2% 1 ) A% e B RS BB AT RS RO f B ZE IR b, SRARHE 1] f A
HIBEL CRISR AR T W H ) DAORIEAE — 4% BT A 0 3 B ik 7 U R B RE
NG SEARC P 2% 1R A i
» WRIEHFE (10), (11), (12)FI(14), A5, E—5E, FM ¢ P a7 58
(@) = Enalesd) + Fra(asi) + Funl)

[(m — i)a + 1]ngy (m — i+ 1)nago NS o ngo

= Ee ec Ee ec Cmp\— ) 7Ee ec
- Jee + - [Eetee + € p(m)]Jrc1 I
(15)
BETT H 5 R AT DAAS 380 4 W Pl 5 Sk O L AR BE D9 -
Echotalla,m) = Z cilcm;
=1
m—1 m+1 A28 .
= {(‘r” 5 a+ l)EeIe?r: + m :— {l[Eelec + e-mp(?)z] + EDA}NQU (16)

X258 AR NS TR S, X ER T FR AT HUE A i vl A, AR IR A — AN et
B WK o325 B AT A 2 AR Sk R S FE R B/ o BN RIS R LE N AR e K
go e CENR, FRAMEXK:

m—1 m+1 AS
g(a, ?Tl) = ( a—+ I)Ee.'m? + 5 a'[Ee.'e(? + E?np(?)z] + EDA

N T AT BNE 2 M 75k B BERE /NI B EE R AR (B R 2, BATTx Bk TR 1Bk A m
BEAT SR AR 3 AT 45:
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dgla,m) 1 1 EmpAtS? (m + 1)ae,,,A*S?
) _ ‘E(- .. Za E‘g e mp . : mp
aom g el + ‘2”( tee m? ) m? (17)

é@%ﬁl s BATR I BAE — /& BRI IE SO 2 %255 CRRE MR

m

NEREA LS X, a2, ZERARIERA:
R R e L
Meyoot = GEE[EC
Fm;,)\ 52
[66,mpA1S2(18 + \/3°4E’ Ty

+

‘%

B 8)

R AT AL 8 S B A O R BRI BSOS, 575 4 B TR0 R S A
A SRR BR O I. ole, BT DL H 6

it 20 T ETEANOKIE SRS BRI, L FTA 7
5. BNIE, FMARISRENENHTRS, FRGLKEN |, Wk 14 FiF,
TSRS RO FUEBATRET 4, WRASMEEEN S, KA
HMRTHIRERN 4, WA VA HLTE LR IR B8 45 K14 R A AE B AR AR T O e 2
Sk A5 BRI R T B R o,

1, 0< 8 <2
My = L s\ | (19)

el others.

UEBA - AR BATRE— I TR0 S A KRR 2 B 73 7R JE Lo AR AR I 8 R G v
AMFEFEFXIR, B 14 Fs, WA S =mi?. BT RERSETS RN S 510
FEMZEFRE DI, MR 1, JATH d = A\ = 1.088, Hit:

S/\2
m = L ].

B4, él?l’][ﬂi () ECH e AN BEAE R TEOR S5 BEFE LI R BN €npd?s FERIN
YRR A R BRI 26 A, BIRTEEET do: d > doom € 27, PIEAT,

S\
7

Fﬁ%[b—ézjjj E 4% DRAUE A TP AR <051 190 8] ) Sk RS 388 A5 10 9 DX 3] o0 B0 b 5

BRI, S <omt, B0 < S <[5 m, =1. Hit, ##2 W7,

UEBSEEE .

TR R KA, RIS 1 MAR A1), m,. BATERN (2], [,
RIEHER 2, PTLSRIRRORIELIE] 14 s BRI 2 Bk o i T 2R R AR I 2%, T A %

m < |
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S 0 AR A5 N T L 2 5 P40 7 0 1 92 Sl 32 T 99 5635 52 3 6 A 0 6 1
ek T X R

Miopt = min{ Moot s Mt = [ Moot

Bk, FRAT4 AR 2 B

TH 2. X TFETFERRIAIES B TR RIS, FZ R 13
5. ENEE, MEUAREMEFBTRE, FREAKHN |, W8 14 For,
FRRBABEASEEROTOESATFRET 4, MENSHEEEN S, BRIk
MCPIIRERA 4, WA RAER S A BB — 5, T Mk M BRI 2B
BARBBRT RIS E m,,, OB FRIARIHE:

1, 0< 8 <[22
Mopt = { B 5 (20)

| 700t | others.

X8 m,, SEMBSG—BIERE TR, me. € Z1.

SHF 0< S < [207] MR, MRS TMECE 1, RPN, X aHAIE
TRERAAL Y LEACH VTR A R 48 B 80 v, Sk BV A A — B ) AL S s
X IENETE, AR 48 RS RS2 e 1) s A0 10 7 1) Bk 25 sl 7 M B80T A =X (20) 1H 545
EZ|R

3.4 KRR % bk To 2k % R AT P44t 3 Sk RE FE 1) 187 SR

FE AT, BADRES] 73T 14 Prosf R 2 B o2 a4k, fe
DRAE I 75 2k S RE M B /08 10 LA TR R <081 19X 18] £ 7% Sk E 0% 315 11 - 9 DX 35 B 19
DR R A% () B A T o X . fEBGEERE |, FEACTH, RETAEWT:

HAE, WA E 14 Fros e s s m A SR 7 PR Sk BERE R i REAE Y 2% it
17

Fk, FATERL @A, 5T EAA RO B 7 0 XN RSk L S
G AN [ 94 ] B DI 8 7 Sk 7 AT DL GRAEATE 2 9 S AR &0 1 I ) (R 7 Sk REFER AT . IXRE,
SE T AE— A RS 22 B 70 7R 1 JC AR AR M 2 T, FEMZ8 A dn R — R L, BIE R
T R AN [R] X 5k P 7 RS ey 23 A1 ADRAIE 4= 0 N BT 18 Sk 5 BE AR e/ R I PR 455 22
7+ AT SE A B 0 2% 18 2 i o 3 o

e, BATHERA I SR AL (7 W ) A Sk ROST ) o A it b, B 20 A AN ) F A0 il
B LS AN TF] 7 X A A Sk o A1 BB I 28 BEAB ST (105
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3.4.1 B IRLRERMERME RS

FEA/NT R, AT 14 Fros P 48 Fr A P S AR AT 5 N 7%k BE MBS 1T REFE Y
FAEBEAT M 9 1 REGEEAS WK H I IR 7 A B RERR I, P4 TP A B
AR R AR B ORI IR FF T . TRk W 2% rh R B AR RE T s B A 2%
REAEIIMT, & e N ORIE S M A P i Sk I BEAE It (T, BATSESRIBIEE M
NHRE T RS BERE T REAB R 25 1, AT DRIE 4= W A B A 1k REAR I . I Rac 1
I EEH D o, S TARBEIERE L o, W ZEORIEALE P AESRET 7% k 1P
BJREFEIIMTRERE, 13-

Ecw(a) = Ecph,_,(a),Vi € {2,...m}Nie€ Z". (21)

XH, Eon, (M Ecy,_, (o) 72985 B X 0 M7k 7 -1 B9k RE
FEHHL

0%, mTAES R, FEKBIRERE A EZIZT KT A R R, TS
15 Sk 2 1) B BEAE T B8 1 X e R AR B B2 X 28 U REAE AN Y L T AN BE 56 45 PR IE 42 A
FTE 5 RREREY &) .

3.4.2 ML S e RN

AN FEEEXN TR 14 Fros iR 2 Bk 0 1 o B AL R AR N 2%, 7R 2% 4 fi
JIAM —%0 B, O T IR B4 A A Sk REAE I, AN RIS X A A Sk B o0 AT i 2
T A PR o TR SRR A D9 4% 1 B AR AN [ B 08 I PR D 5 S 80K 2 T 8% 7 Sk R
GIAT G, RE R T AN ) R RS RS LS AN [R] 7 09 P 42 Sk A DA% X 2% R AR 2504687 FR) S 0

WRAE BN TR, A T A 2 AN (R B A Sk R RE AT, TN R A
AR R A, X TARMEIRRA L o RIETE 2D, BIAF:

Eecw (a) = Ecy,(a) = ... = Ecn,,_, (@) = Ecp,,(a)

P 14 Fros BRI 2 Bk A A I 2, FRAT I8 I SR A AN [F] B it A4S X N 1
AR SRB I AT R ORUEAS [F] 5P X I % Sk me #6251, BIETS Ecp,_ (o) — Ecp,(a) &
No JEIETTFE (15), W LA BIAH ST PR E T ) DX Sk 2 (8] ST 35 e R SRR A

N
AFEcp(a,¢iq,¢;) = Ecg,_(a) — Ecy,(a) = fla,¢;i_q, cé)gqu 22)

XH
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fla,eir.c)

m—i+1 m—i A2S .
== - g 2E€ ec mp\~— 2
( Cicq C; Jal2 Eetee & €amp m /] (23)

1 1 A\2S

+ ( - _)[Q(Edec + E.mp(_)?) + En[cc -+ EDA}
Ci—1 [ m

MW, TR RS 2k A VSR BT 1 R DA, 7% Sk P 38 RERE
HHOK, B AFEcy(a.cizi.¢) >0, NI fla, iy, ¢) > 0o R MR, 248
AN [ Bk R B I DX 3k N 7 (RSP 3 e AR R B e (i s, B

min{ Ay (a.ci 1. e)} = 0, fer1.e0) = 0 (24)

PR, BB RS sl Bz 1Y 1 W XS N R Sk N TS sk b e e i, e 1
P P PR A Sk 1T A PT AR S5 2007 R (23) A (24) SRR VA THRAS A

FEASCH, FATTRA] LEACH Hp i SR e g Sk B i 7 VARt B3 BV 3R s iz Y
T XN B . T B RS AR 1 DX e AT 225 B — Bk Hidhs
R LEACH 2V i AR (19), I8 12 X458 Py 758 Sk 1 Rt A4 SRR B O 2% DX 5 Py 11 75k
o, KT, 7[5

\/T € fs l’ 1 j\’r € fs o) 5
Cm = = 2\ 5. ¢
2em\ e, d2 A2V 278\ €, 2

3.43 MEERT . BB S L S aeFetaE

A BN 0 b, FRATTRT DR AR B A7 17 Sk Je R i /) 4 i D10 776 ) Bk A - PR [X 3
HRTIE T, 32330 T AT R AR AR Pk ) P #5218 1 35 B FE 47 3R 38 M AT — I
N IR B H RIA . FESLIEA b, FRATHE—25 e ST, IRl A A Ak LR
FESC /NI R RE A8 9 A A 100 - 25 R FE G 3R A I, 359 SR A0 30 S ) b 4 1 X Y
FAE ST 43 AT T IS 2 1) IR DA B AN [ B 50 a5 L 6 A [ 9 A e Sk 3809017 LA B I 45
REREIMATIORL I . A B DL iR

SEHE 3. WTFETFERRMOKIEZ B ETR AL REMLE, MRS RE T
MRERIESTEF X, AT SBENL. S BEENME S, MEHTA£RER
EBIERIEE — N HEE BB LICR BN HE XS — MR R, mE
14 firn. EMEEMANNE—RE, TREBREF M XN A LSRR R
KB BRI R G — IR R A T A, B S5 EHE B 5% T X P I 3
JRIEH. B4, BATE:

D) ATES “HE KR BREMETEBELRRFESE, TRBEE T M X
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LB BVC R W R B B YR T 4 B A% Hh LR A

2) N TFAEMEREREL, FE 1) VIR%L, TEHERMEHER, AT ERR
(BB H 7 Y 17 % 3k RE R348 P 7% K B H iR %

VER: X T Wi 14 PR B8 g 5, AR dr IR —%0, Tk “ B0
DI 7, TR B AW BT A AR Sk B BERE I, AT R 9 A AT (R BT I P 19 7 Sk 5 2
F(24). Bx

A2S

E] = 2Ep_.im: + Em;)(W)Q (26)
A%S .
EQ — Ef’l’er’ + e?np(?)z (27)
Es = FEeee + Epa (28)
¥ (26), QDMQRHYKRATFE 2415 -
. (1.(E1 + Eg) + Eg (.
cim(e) = [[1 a(m —i)Es + E:3ﬂ(“t(u')l (29)

M, HEEIC (25) A1 (29) FATATEAS 2], D9 A R Bsemi 7 o DX 3 Py i T 1 2 i
MR /N AR — T I IR EH -

— 2V F
cila)=[1+ WQ—%}C,J,,,.V?' e {L,....m}.

aBy + By (30)

A (30) FIAN, A [l k Al X DXCIa 7 B) -~ 2 REFE AR A o/, AR —
TP )% Sk A E B B Rl B Az Sk B B R 2 T Bk AR 2 (RIS %%
SLFTERF M X33k ID A5, id:

a(m — p)Ey 31)
(LEQ + Eg .

XH, o XH, 0<a<DHEEMNG KNI AEET, 2 ARMNBEETM ID H
Vpe{l...m}Ape Z, Yae (0.1

B, BATVH T4 E B R R EERL G T, ik 31 4 R T %k 1 BERE I,
G AN [ B ) 1 A DX 38 P D Sk BT I 2 R PR BROR AR R IR A5 B A 7 ST
A X H(a. p) RKT 0 IR ERT 1S

OH(a,p)  aky
au B>+ E;

HT By, B, By 402 EI%0, FM, % < 00 TEL AN R BRI 2 LU S A(as 1)
i

Ha,p) =1+

ya € (0,1, Ve {1,...,m}. (32)

FEFLIX 8] P X T AN [R] A BRSO R T, o — 7™ H 18 326 ik R o DALk, BRATTRT DAAS R
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IE B4 W T HESK R REFEII AT IS, AS[EIBRE )1 N IR 2S5 1 1D 2 [A] 52 A
ZEPER R T H, AT G RS (1 H A 4 9 [ B 2, kb R Ek T
XIS R (EETHE 30) HEMETMID o M m HIRZE 1D, gk
HHMZ, mH 2 4 B E i H b RT DS, SCER[8]SCA Hhil R 2 COCA
AR A N o = 0.1 I H— MR

VR, AT R AW AN [ B B0 i BT AR [0 I P Sk B 0 A1 DA % I 2% B FE 223165
SR, B 16 A 17 I EoR T S AR S N =400 A1 N = 8008, AEEHE
Rl LR it 1) 4 I BT A 15 Sk 1) B A 50267 P 4 XA [] k0 10— I X 3k Py ) 7 =k B0 4
. WEIRATELE M, ST AE R AL, BEE e W 51 R f Eh
BRI, P PR RS BB R B 1 B 38, Ty XS T A [ ) 4 RASR A [ ) BHis 5
WK R — B 1 AR A LN, BT sk . M o =0 I, 3k
(AR — SR H R A, XA

lim H(a,p) = 1.

a—0+

BIFERARIRGS N, BRI G Ty O I, WRIEIBCH RN R8s, A RBEECT RN
IRk REAE B AL, A AN TRIE 5 I PAY F S B ORAs AN AR il B DRAIE BEFE S 1T

180 C
L --or-a=0.0
SN o=
16 o A N \\s\ a 0'2 i
h o —-O-a=0.4
\s \\
N --0-- g =
148 . . a=0.6]
e O --O0-g =
NNNNN o TN a=0.38
~~~~~~~~ < --0-a=1.0
12} = S

Cluster Heads Number
H
()

~o-
8l
6
4l
Al i
1 2

Unit ID (N = 400 nodes, m = 6 hops)
Bl 16 AFI¥EERLA LR Bk o Pl
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--o-a=0.0
357, ~0-a=0.2|

o —-o-a=0.4

B = R --O- g =

300, o o-a=0.6|]

“oo @ -o-a=0.8

LB o

~ o g ~-o-a=1.0

25 ~ S L - = VI

=
a1

Cluster Heads Number
= S

a1

Unit ID (N = 800 nodes, m = 12 hops)
B 17 ARSEERLE H Ak R
IR, FESEBRR I, BE A EEANRTRERL O, WAFAE— AR 5. A, AR
Ban 177 208 CBE RS EE R A B Rl B 22D RO ARAIE B SR T R iz S AR
AT P R A 7 Sk T B R e 2 D i) A — A s L RT DU I 2 Bk A BT B
R BT
a*n > cp(a)
WL (30) M on= 2], FATA:
N Eya? + [N Es — mey, By — me,, (m — i) E|a — me,, Fs > 0
A TR 2 bR B Rl & He e SO B RS EEI T A min o, I8 AAESERR R
()& F R R A ARG RN mina <a < 1.
G, FRATVHE FEAS R B0 b G LU TR Bk RS ) SR I S B2 . X H (a. 1)
KTHIEMELL o KnFHTH:

OH(a,p)  (m— p)Ey By
da (aFy+ E3)?’

MAZBRBOC R TT LR H, i 2 A A% Sk S e FE /N SRAH 48 9 AR TR~ 3 i
FEA I, BRB A P % Sk 0 B AR R R A B B DR N, AR A1
8 101785t 5 0008 Rl 75 L 388 K T 4 D 2%

EH B,

i 18 MK 19 7 Afitid 7 HaMETT s N =400 M N =800 I, AF K

Va € (0,1), € {1,...,m}.
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Fa R A BN BV IR R (0 — B AS T I N Sk R s . RTBUE Y, SR
Al B LA/, Bt R BEORE BN 1 R N Sk SR AR A S e LU AOR, S it il o bR
RIS, SRR R . T H B A HAE — 8 /N A AR, ki By — N
B, FERHUR NS R R AU A A AL SR R B BRI, HOS RO 45
(N=800) 1l AL BRI 2o X PRD, ORS00 2% 5 22 200 4% i 14 Bt ik
%, 04 U Rl A bR AR A OB

(2]
T

ol
3]
T

4.5

3.5+

2.5

Cluster Heads Number Increments In One Unit

1.5

r r r r
0 0.2 0.4 0.6 0.8 1
Data Aggregation Ratio (N=400)

B 18 HfEmha o BT B EE W B HIEN (N=400)

12

Cluster Heads Number Increments In One Unit
o]
T

r r r I
0 0.2 0.4 0.6 0.8 1
Data Aggregation Ratio (N=800)
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A 19 BEERA L EANFRAZELEESERNEM (N=800)
3.5 EEING

AR BT KRR L A% T A X 2% (O RERE IR, B X s dhdh . kB H . Bt
B AF R R 4 BERE I DR A AT AR 04T, 3R B T S DIE ) 0 45 R A5 LA DRAIEAE X 28 28 i o
U100 — e B A R N T AT e Sk AR RE By SRAS 17851 W PN 4B R e e O Sk B LA
DRALE 22 W T A 758 S M B /N PR [ IR A T A 08 19X ] ) S £ — % L T RE RE S 14
e, BE— 2B B M 1 RIS A2 (8 AT Sk A BEAR B N R AR <1 W PN 7% 125 i
FEDVB BN, BV IR R A R B i1 W P A5 RS A B L A2 R A S AN ]
A R 15 B AN [R] 5 X P 7 Sk B A DAL R 45 BEAE R 18T ) B2
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FOE RETERMRES

R B 2 R B = B P ST R TG e A AR i AL PR 5 e AR A A PR AR R AT R
T RARBATR LA 3. Horpr, 4.1 A TR 6B KRG RS HIE D R
AT NG AR N (45 B COCA(Constructing Unequal Clustering Architecture) i3
L HXF LM UCR PRMUSHBE, 4.2 TN TBRIAR 07 S BEit, 4.3 15l
AR T W0 28 7 Sk F HE RS 8 J I DA B X COCA P05 UCR P AE AN [R] K A RR 28
o 2% (1 A A R IR PR REREAT T XL S 00T, 4.4 T 52 T COCA 5 UCR SN 4811
A B R FH 28 DA KA (5] P 50 Rl BoK Do 28 1 R B ) FH 32 (R 520
4.1 (FETFENARGSHEE
411 (FEFE

ARSI H F i3 T Debian GNU/Linux 524¢, R HIZ i) NS2 7 52, H] TCL

(Tool Command Language) FHIATE =14 Y o {45 FKH MatLab #ET 45150
412 RGSHRE

iR RGNS HEE FEQFE LT =AJ5 1

1) BERESE T RRER I AR SN E . ORI SR I IR e R, TBORAR AR
B, MRRRME, AR REE SRR b

2) TLRALIBA MBI SR B WA Ay AT, 048 9 % A o J B 2 1 3L,
1l 52 X 288 A= i LA ) — e (1) 0 S, Pl Sk B AR RO 1 FE A 00 7 S W E 4R 4, B dE 25 T AR
IR B AL E, FETE, PSKIEME, ORGSR s E A S S E s
AL RN B E

3) MMM HORE : AHE COCA Bl UCR Pl S Bk &

Hrr, FRERGEHTH A S E I E 7 WK 5 MK 6.

4.1.3 COCA thil S8R E

FRATH SEMEAH RS20 2 COCA B, Herb i) BE B AL AR ) £ AL ADAH DG I B IR 4.1.2
NTAHE . ST BUHR S H, MR 5 = 5 T L T AR R B A0 31 5 REAR L A 2
AR RS B BB T TR, ALHE AN (7 00 25 RS XT L P s DG P 7 ) Bk e [X gk 2 B H e
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RN HIIETT I § W X3 K, AN 5 MRS o A, il B AR 7,

R S5 RGBREMXRSHRE

SRR ZHUE
R IR T RV bR R 2.0
R B IRE do 87.0m
AR IS T RURIE i B 2 Ui LV B RS R 50 nJ/bit
HUZ TS HERE € ud® R ¢ € o 10pJ/bit/m>,

€mp 0.0013pJ/bit/m*

ARG REFE Ena 50 nJ/bit/signal
ARG o 0.2,0.4,0.6,0.8

R 6 ELAERSMAEISHIRE

REENEEINES Y P28 58— A5 FAE TANR 0  RAE T X

94 2% 2L iy J& 391 ) — %€ round L A AR R R e S R e AR RN AR
PEICHR, ela] i b S S e R B

15 B AR e A A R 38 AT 3 S

AN B LB )Y B Data KR 500Bytes
AN B Sk s ) E B A HDR 75K | 25Bytes

WA 2% BB TAL S S =3.0%10"m>~8 =1.2%10°m?
T EEE p 1 node/100m?
AR IS 1T A B B K351 o A BE L R BRI

£ 7 COCA thilZEKE

Mg (A | kbl | IET7 TR Bk Sk B CBE BV R R IR oz
M2 A0 TN X i K i)

300 4 86.602540 3,4,5.,6

400 6 81.649658 3,4,5,6,7,8

500 7 84.515426 3,4,5,6,7,8,9

600 9 81.649658 3,4,5,6,7,8,9,10,11

700 10 83.666003 3,4,5,6,7,8,9,10,11,12

800 12 81.649658 3,4,5,6,7,8,9,10,11,12,13,14

900 13 83.205029 3,4,5,6,7,8,9,10,11,12,13,14,15

1000 15 81.649658 3,4,5,6,7,8,9,10,11,12,13,14,15,16,17

1100 16 82.915620 3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18

1200 18 81.649658 3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20

4.1.4 UCR il B #i&E
BT RER B RER, B2 B 75 02415 2% M4 P UCR il '3 tb &
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iLff) HEED B3 % B St — DI s B bR R . IRm M Em i, Hik, A0k
HEH UCR P BUVE N FRATRIRS LML, SR AT 07 A R AR A 3 dr . X EL, AMEOCHR
UCR W3 rh % Sk i 32 O B8 4= B il 5 il — ML, FRATTSEAU RO VR 9 AR 300 EE ) UCR
P, A R FER A Bk SR o SR R R S L a0 #EHATRELS . UCR )
W
[ RE S AR A X A AR W B ) 4.1.2 /NTiARIE], PhildteEssix B 8.
# 8 UCRWUSHKRE

SRR S0
S T R IR R SL MR T 0.2
kAR ERIER ¢ 0.3
i itk i R F 112 Ry D) fRIEF=A R RL S COCA —FE %
2) FEXIA] [L, 1] 08
H AR A IR RS E & 2
HICRW S EEEEFRRE TD MAX | 200m

4.2 BB SRR T

TEX T, FRATRAZMSCER [14] 1 SCA st (12K B e v J5 B B v AT 2%
H o 72 KRR 22 16 0 22 A% SR 0 10 D TR AL I 2% o, S BEAE 97 80z izt K Bl 7 19 R REAE
FEREFEIR 2 MG R, (E50 = B0 T AU A B S REAE LA SRS (0 BEAE A e, 3R
T ZEF RS R REARHEAT 70 BT o AR 1738 18 25 52 i ST A e B IR 28 LA B i 1) A% i 2 2 25 1R
B, AEAN B T A B R (8RB A @ i S AE AR 7 MR 2 S 8, M
T DRALE 9 25 PR A% IR BB e A B 6 A i 28V JE00 ) A TR, 251 A P 1 o] )
(I BERE SE NI
4.2.1 MEZRB IR HEL

RAH B AR AL W A 2R AT AR B, ST 2 B R AU T R A

FERITURHTBL, IR m 8 Jalal A R R 2 A i 0 O, i3 = s @ i i
15 20 B9 N RAE 4= M 15k 5 BERE B/ B PN 28 BRI e AR ) KAL) 1 19X 1) 23 RS DA K
AR 4 99 7% Sk R RE ST I AR R 3 T LA C = {epe oo cr}e BRUS, 14
P4 P A [T R 80 5 X XA T 1 S e B o FE X 28 R ZE ) B R T BRI aR I B, P 1=k
TR R AR BERAEBEHLIN, Rk LB BEAL T HARA Y R TR 55 R 2 0 D ik
IR . HNKIBAT—ERrBUa, AT BT SRR B J1 R R T A, RSk B
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RS IR R BE R i v AR A A RS A R B R T s BT Rk, iR Sk
A RO I A AE T — AT I8 o 0 S5 PR A Sk i R 1 o RV SR 1 S TE R 2%
IBTAE AR BLIR 2 3 o AR IR 1 R BN R R R B 25, B T 2Bk
RS T AR A
422 FRRABEEN, REWTREEAYRELE

MR ST, ST BRI ST, SR 5 1 W Y BT A 15 A TAL AR 1 A 1 7
REEE . AR R A B AL S PR B SR R Sk, AR G W A Sk R ST AR S5 A LA SRR
PRI AR S Rl & A 2
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