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Dynamic Deployment for Programs in
Wireless Sensor Networks

SHUNICHIRO SUENAGA, 12 NOBUKAZU YOsHIOKA 113
and SHINICHI HONIDENT3:14

Wireless Sensor Networks (WSN) are wireless networks consisting of a high
number of spatially distributed nodes that monitor physical conditions. Most
WSNs so far have been designed with a very specific application in mind. How-
ever, it has become desirable and necessary these days to support the operation
of multiple applications simultaneously in a single sensor network. One aspect
of executing multiple applications in a WSN is to deploy them dynamically -
an issue that has already been addressed in prior work. These existing solu-

tions suffer from two problems however that keep them from being practical
for deploying applications that consist of multiple distributed program compo-
nents. For one, they lack a proper architecture to coordinate redeployment,
and furthermore they offer no practical process to deploy multiple program
components. We address these issues by proposing an architecture that gives
program component deployment specific roles and by incorporating a generative
approach for the dynamic deployment process of such components.
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Fig.1 Assumed environment.
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Table 1 Architecture.
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Fig.2 Dynamic deployment of multiple programs.
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Table 2 Development tools.
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Fig.3 Middleware.
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Table 3 Programming.
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Table 4 Common envirornment among items of evaluation.
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Table 5 Evaluation of the architecture.
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gboooboooooboobooobooobooooooooooooobooooobooboooo
Slave-SO0000000D00 Master 0000000000000 DOO00DOOODODOO O
O00000000O0O00oO00O00D A200000000000000000O0O00O00O0OO
2000000000000000e6000000006000000000O
00 (a)d Master 00000000 Master 0000000000000 0O0ODOOOOO
00000005.0%08.3%018.3%0000000000000000000 MasterO O
goboooobooooboo
Dl:l(b)[l(c)[lDDDDDDDDl:l[l[lDDDDDDDDDDDDDDD*2DDDDDDD
0000000000 000pooooo0o0o0oooogooon Slave-SO 400 Slave-M
010000000000000000000000000000000000080.0%0
54.9%019.0%00000000000000-KILLOO0OOOOO0O0OOO0O0OOOOO
00 SleweO00ODO00D0OO0O0D0OD0ODOO0DOODDOODY.9%068.6%052.4%00000
00000000000 oU00oUOo0o0o0oO0UoKILLOOODOOO 100%0000
00000o00oo0o0oooooo0ooo0oUo LcAoDODOooooooooooo
goboooooooooo
4.3 OU0OO0OO0OOO0OOOOOOOO0ODOO
O0000Aglla0D0OO0O003000000000000000000000O0O0OOO

*1 Slave-SO00000000O000O byteDOO byteDOOOOOODOOOODOOOOOOOOOOOOODO
000000000000D0000 Slave-SO0D00000 20byte 0000000000000 60Kbyted
0oooooo 0.03%0000

x2 000000Slewe0 00000000000 20000000000000 1000000000000
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Table 6 Evaluation of drawbacks.

gooooooooo 5 feet 8 feet 10 feet
Master 000000 5.0% 8.3% 18.3%
ooo-ooooo 80.0% 54.9% 19.0%
ooo-0gooo 100% 100% 100%
O000-KILLOOD 90.9% 68.6% 52.4%
O00-KILLOOD 100% 100% 100%

0000000000000000000000000000 400000000 100
00000015000000000000000030000000000000000
000000000000000
e 100000000000000O0
e 300000000000000000000O0DO00OO
Agilla000000000000000000073bytel 45 byte 45 byte**0 00 00
000000Slave-SOMO 10000003000000000000 Master0O000
000 60byte D000 Slave-SO0M 0000000 12byte 1000
000000700 800000 700000000000 1000*00000000
000 800000000000 2000*0000000000000000000Agila
000000300000000000 10000000000000000000000
000000000000000 30000000000000000000000000
000000000 Master 0000000000 Slave20000 1000000000
0000000000000000000000400000000000 3000000
0000000000000000
070000000000001000000000000000000000010 feet
0 Lossy 00000000000 66.7%00000000Agilla00000040.0%000

*x3 Agilla 0000000000000 O0O0ODOOOOOOOOOOO0OO0OOOOODOOODOOOOODOODOO

x4 10000000000000000000000 2000000000000000DO0O0O0OD 100000
JoooooD 2000000000 100000 Slave-SOOO0O Slave-SO Slave-M OO 0000 100
000 Slave-MOO0O00O SlaeweDOOOOOO

x5 100000000000000200000000000 2000000000000000000O0O0O 10
Jooooooooo 3000000000 100000 Slave-SOO000O Slave-S 0O Slave-M OO0 OO0
0100000 Slave-MOOO0O0O SlaoweOOOOOOO

x6 00000000000 Slaewe0J00000D00O0D0O0ODOOOODO SlawveO0ODOD0ODOODOOOOODOOOD
gooooooooboobooog
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Table 7 Dynamic deployment (1hop).

goooo 5 feet 8 feet 10 feet
Agilla-000000D0 3.46 3.00 2.66
Agilla-000 80.0% 60.0% 40.0%
Jooo-00o0oooo 4.00 3.73 3.60
oooo-ooo 100% 80.0% 66.7%

08 DOOOO0OO0O0O0ODOOOOO20000
Table 8 Dynamic deployment (2 hop).

ooooo 5 feet 8 feet 10 feet
Agilla-000000DO 2.86 2.06 1.20
Agilla—00 0 53.3% 26.7% 13.3%
oopoo-ooooood 4.00 3.40 3.20
goooo-000 100% 73.3% 60.0%

O0oo0OD0OO000O0O0000 3600 266000000000000000000 b5feet
0 Lossy UODD0OD0O0OD0O0O0OD0D 100%0000000000000000Agilla000O
00 80.0%0 000000

gspboooobooobooooboobooob 20000000bDbOO0oDObOObbOOoODO
00010feet 0 Lossy 000000000 60.0%000000000Aglla0d00000
13.3%0000000000000032001.2000000000000000000
5feet 0 Lossy IO O ODOOOOOODO 100%0000000000000000 Agilla
00000 533%000000000000000000000000000 AgillanO
gobobodooooooooobooooboooooo

44 0O0O0OO0OOOOOO

00000 MasterDO0DODOD0O Slewve 000000000 000000 MasterDOODO
goboboboooooooobooocoooobooobooooobooooOooboOobOoOooooboo
obooooooooooboboooooobooo

00000000000 oo00o0ooO00o0o0oooUoo0Oog IToStertD 0O O
ooooobooOo0O0o0oooobO0oO0obOO0o0ooOO0O0bOoD0O0T-End0000D0O00OB00OD
040000000Aglla0 0000000000000 0O0O00OOO0O 4000 Agilla
0000000000000000000 Slewe0 000000 1000000
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Fig.4 Sequence for dynamic deployment.

090 5feetD8feet0 10feet 00 D000 DOODOIDOOOD A10 1000 1000 LCA
0000000000000 00000000 1500000*00900000 2000
oooood
00 10000000000000000000000000bfeetd8feettO OO OO
000000000000 203000 AgillaD0OO0OOOOOOOOOOOO
00 20000000000000000000000008feet0 10feetti 000000

x1 0000000000000 000C0000000 1000000000000 Master O 92 bytel Slave-SO
20 byte Slave-MUO 31 byte[lJ Agilla 00000 139byte0 0000000 45byte 000000000
02030000000 Master 0 60 bytel Slave-SO 12 bytel Slave-M0O 12 bytellJ Agilla 0 0000
73byted 0ODOO0O0OOO 45byte OO0
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09 OOoooooono

Table 9 Average time for dynamic deployment.

0oooo oo 5 feet 8 feet 10 feet
1 Agilla 3.78(sec) 4.47(sec) 7.94(sec)
1 oooo 4.33(sec) 11.51(sec) | 21.19(sec)
2 Agilla 1.35(sec) 1.50(sec) 1.76(sec)
2 oooo 1.07(sec) 2.28(sec) 3.48(sec)
3 Agilla 1.40(sec) 1.83(sec) 2.15(sec)
3 oooo 1.32(sec) 2.62(sec) 4.01(sec)
150
£ 100 ——
J,; —— Agilla
S —=—REFX
< 50 ‘//
0
1 2 3 4 5
Ry T

05 000000000O00O0S5(feetD
Fig.5 Packet count between dynamic deployment (5 feet).

150

100 /

—e— Agilla

= REFE

IR

50 T

1 2 ] 4 5
Ry TH
06 0D000OO0O0O0OOOOOOS8feetn
Fig.6 Packet count between dynamic deployment (8 feet).

00000000000 10000Agllla0000 20030000000
0000000000000 000000000000000 AgilaD0OOO0OOOO

O0000000o0o0oooO s00 600 7000000000 LCAODDOOOOOO

000000000000 AgilaD000O000O0O0OODOOODOOOOOOOOOOOO
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—— Agilla
—=—REFX

T
07 0000000000000 feetO
Fig.7 Packet count between dynamic deployment (10 feet).

010 0000000 O0OO0O0OO0O0O00O0000
Table 10 Average packet count on a node which has max traffic.

oo 5 feet 8 feet 10 feet
Agilla 10.0 10.6 14.1
gooo 17.9 21.3 22.2

00*00000000000000 500 600 70000000000000 AgillaO
0000000000 30000000000000000 LCAO 1000005000
goooooboooooboooobooooobooboooboooooooobooooboobo s0bb0O0o
g4000000000000DDODODODOODOOOODOODOOOOOOOOODODOOOO
OOo0CoOoO0O0O000O00000oooOooOoDOO00O0ooooOAgillag0nooOoO
goobooooooooobooooooobobooooooooooboooooooDo
goooooooboooooooooboooooooobobooooooo oo e 70
0000000Agilla000000000D0O0O0OO00O0OO0OO0O0OO0OO0O0O0O0O0O0O0O

00000 Master00DOO0OO0O0D00OO Slaewe0D 000000000000 O0OOOOO
gobodooooboooboobo woboboobobooobbooboooobbobooobooOoobooa
000000000000 00000 20000000 1000000000 AgillaOO
ooobooobobooooooooooobooOo0o0o 20000000000 OC0OOODOO
goboooooon

*1 000000 Master O 163 byted Slave-SO Slave-M 0 45byte 000 Agilla 000000 73 byted O
goo000 45byte 0000
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5. O g

5.1 OOOOO0Oo

gooooooooooooooo

O01 SleweOOOOOOOO

002 00 SleweOODOOOOOOO

ud3 toooooood

b4 0OOOOOOOCOOO

gobooooooooboobooobooobooooo

00 10000000000000000000000000000 AgilaODOODOOO
OD0O00000000000000000000000000000000D00O00O0 Master
000000000000 00000Slawed O MasterDO0O0O0O0D0OD00OO0O0OO0O00O0O
gobobooOooooooooooooooobooooooobooboooooobooooooboo
000 Slave-SOO000000OOCDOQO Slave-MO Master 0000000000000
O00OMasterD0ODOOO0ODOOOOOOO0ODOOOODOOOODDOOOOOODODOOOOOO
gooooooo

00 200000000000 S8lewe000000000000O0O0O0O0OOOODOOO
OOo0O0o00O0000 SleweDOOOOOOOOODODOOOOOOO SlaweOODODODOO
oooo0OOoo0oOoooooooO0g SleweDOOOOOOOOOOOOODOODDODOO
OO000000opooooDoOoO0oO0 100 SlweQOODOOOOOODOO SleweOODODOO
00000000000 000000000Slaed 0000000000 0O0ODO

00 3000000000000000 66.3Kbyte d00*0MOTE 000 128 Kbyte
0000000000000 00000000000 60KbyteD LCADOODOOOOO
000oo0o0o0o0oo0o0oooooooo0oooUD LcAODODOoooooooo
O0o00ooo0o0ooooo0LCcAODO0O0OOOOO0OoOoOOooOoOOooooooo
0000000000000 0000000000000000 A2000 Master*0
giloooooooooool1ooooooboooouoooboooooboobo10oOooDooboo
O0000000000000 Masterd Slave-SOMOOOODOO0OOOOO 203 byte O

*1 Agilla 000000000000 O00 57.9Kbyte 0000
*2 92 byte
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00*000000000 A200000000000000 MaesterDOOODOODOOO
000000000 30000000000000*00000000000000000
O 10feetD3mO0 000000000 3000000000000000000O0QOODODOO
00000*®00000000000000 Masterld Slawe 0000000000000
gboboobooboooooobobobobobgooboo

004000000 AgillaO WSNOOODOOOOOOOOOOODODODOOOOOOOO
gboobooobooboooboboooboobooboobooboobobboobooo
gpooog

0000000000000 O0O0U00OMaesterDO0OOOOOOO0OOOOO LCAD
000O0O000ODOOo0ob0oOOoUOOoObO420000000000C0O0ODOOOOO MasterO
0000000000000 000000000000000000000000 AgillaO
gpooogo

5.2 OJO00O0ODOODOODOOOODOOO

00000 MasterO Sleve0 0000000000000 0OODOOOOAgla00O0O0O
0000000000000 0000000Agilla0 LCAODOOOOOOOOOOOOO
0000000000000000 T-CodeSize_PO T_CodeSize. ADD DO OOOOOOO
0000o00DoOg A4D000

T_CodeSize_P = Master_Process + 6 + (N + 1) x Slave_CodeSize (2)
T_CodeSize_A = Master_Process + (N — 1) * (Slave_CodeSize + 56) (3)

0000 (2)0(3) 0000 Master-ProcessU Slave_CodeSize 0 MasterD 0O 0 O OSlave O
O00000ONODOODOOOOO0OO0OOD 8O 900000 0AgllaDOODOOOOO
000000000000 000000 8000Master_Process] 30 bytel Slave_CodeSize
O 100byte 00O Slave 0000000 Master 00000000 O0OOOOODODODOOO
000000000000 000 9000 Master_Process 0 50 byte Slave_CodeSize O
30byte 00O Slave 0000000 Master 100000000 O0ODOOOOOOODOOO
O000000U0000O0OAglllaO00D0OO0O0O0OO0D0O0OOOOOOOODOOOOODODOOO
0000800 90 MaesterDO0DODODOOUOODODODOODOOODODO 830 9000 Slave

*3 203=92+4%20+31:Master:92 bytel Slave-S:20 byteOd Slave-M:31 byte

*4 296 = 60*1000/203

x5 0000000000000 00000000000000O0DOODODODOO000000000000000TinyOS
00000000000000Agillal DelugeDOOO0O000O
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1000

800

/ —— BETE
” il —=—Agila
400 Agilla!)—% —

= —*— 1REF EMaster

I—FBE (byte)

200

0

2 3 4 5

Slave¥- #7095 L% (fE)
08 ODO0OOO0OODOODOODO 1
Fig.8 Total code size of deployed programs 1.
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Fig.9 Total code size of deployed programs 2.

O000000oooo00ooooooo0oCcOo00o0ooooooooon AgllaO
Oo00o0oQoOoOopopoOooSwed00O0OO0OO0OO0OOODODOOODODODODOODODDODODODOO
000000000000 AgilaDOOOOOOOO

0800000Slae0 000000DO0O 2000000 300000000 LCADDO
OO0000MMMasterOO0ODODOODO 236byte00000000O0000O00O00O0 74byte O
OUO0OoOoOle2byte0 0000000 OOOOG0KDbytedO 0.27%0 00000000
O00000000000oooooooo0ooooonuoO SlweODODOOOOOO
0000000000000 00000000000000 Masterd Slawve0OO0O0OOO
goboooooooo

5.3 OOOOOO

oobooo440000000C00O00O0DOCOODOOOOODOO DOODOODOO

0000000000000 000000 Time P Agillall Time_ ADDOOOOODO
0000000000000 40000000 WO(G)ULO0O0D NODOODOUODOOO
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0o*o

N-1
Time P = MAX < T_Kill;, T_Master_Mig + Z TSlaveDeplogﬁ) (4)

1
i=1 i=1
N-1

1

Z T _Notify; + TLeaderMig) ,

=

N—
Time A = MAX ((

MAX 1<ien—1 <Z T _Notify; + T _Programs_Mig; + TNotz'fyArn))

j=1
(5)
4400000000000000000000000
00100000000000000000000000005feetD8feett 00000
000000000000 203000 Agila000000000000000
00 20000000000000000000000008feet010feettd000000
D0D00D00000 10000Agilla0000 20030000000
00 1000000NOODDDODO0000000000000Slave 0000
0000000000 Slwe 0000000000000 (400 20000 20
0N ' T_Slave_Deploy, 00 00 0000000000000 0000000000DO
0ooo
002000000NO0DD00O0000D00000000Slave0000 MasterO
000000000000000000000000000000 (4)0020000 20
00000000000000000000Agilla000000 (50000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000
000000000000000000 Agilla0000000003000000 90
000000000 1010feet0 00000000000000000000000000
00000000000000000000000000000000000000200
00000000000000000 1010feet000 2000000000000000

*x1 0 (4)000000000000000000000 Master0ODOO0OOOSlave00000000000 (5)
O000000Agilla00000000000000000O000O000O000O000O0000Agilla000O
gooooO0oOoo0ooboooOoO0o0o000oooooo0oo
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00000 0.025%* 000000000000000

ooDO0000ooo0o00ooo00ooO0o0ooo0o0ooooooooDOdAgilla
O00wSNOOOOOOooooooooooooooooooooooooooooo
0000000000 Agilla0 0000000000000 0O000O0O0O Slave D Master
goooobooooooooobooooobooboOooooobooboooooooooobobooObo
OoooooooooOooco0ooooooooooOoOoboob0oOo0oooooDOO0O0n Master
O000000000000000000 SleweODO0O0O0OO0DO0OO0OO0OODOOOOOOO
OOWSNOOOOOOOOOO Agila00O0O0OO0O00O0O00O0OOOO0OOOOOOOOO
gooad

54 O0O0OO0OOOOOCOOOO

000000 LCAODOODOOOODODO0OOOO Slwe-SOODODODOODODOOOOOOO
gboooooooooooboooooooobooooooooooobooooOooboooDo
goooooooooooooooooooobooooobooooooooooooDboonoo
goboooooboooooooboooooboboo

0000000000000 0000000oOoO0ODO PDAOOOOOOOODOOODO
Oo0O0000ooooO0O0ooOoOooopoooSlwe-MOO0OOOOOOOOQOODODODOO
g0bOo0o0oboo0oobDOMester D00 0OO0O0DOOOO0OOOOODOOODOOODDO
0000000000 000000000000 Master 0000000000 Masterd
goooooooooooobooooboboooooboooobooooobobooooooDobDo
ooo

O00Slawe-MODO0OO000000O00OO00DO0OO00O0021 000000000000
0000000000000 0000000D000000Slawe-SOO0O00O0OO0O0ODOOO
O0000O0Master 0000000000000 Slawve-MOO0O0O00O0O00O0OOOO
O0000000000000 Slave-M 00 Masterd Slave-SO0 000000000000
Master 00 000000000000 0O00O0O0O Slave-MO Master 000000000
00000000000 o0o0oo0oo0oooo0oooooo0oOnon Slave-MO
0000000000000 0000000000000o00Slwe-MOODOOOO0OOO
O000oooowsSNOOOooOooooooooooooooooooooooog

%1 100(21.19%2)/2(24*60*60)
*2 Slave-M 00D000000000000000000000000000000000000000O00O0
00000000000
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gooobobooooooooooboooobooooooOoooOoooooboobOoOooooDon
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6. 0 O00O0O0

WSNOOOOOOOOOOOOOOO0OO0O000000000000000000000
000000 OAgilla®0 ActorNet 190 SensorWare 19 0000 Agilla 000000
0000000000000000000000000000000000ActorNet 00O
actor 000 0 WSNOODODOOOOOOOOOODOOOOOOOOOOOOO0O0O
000000000000 000000000000000000000000 measure
actor 00 0000000000000 000O0O0O0O0O0O00O00O0000000000
0000000000000 O00000OOSensorWare 00 Agilla 0 ActorNet 00O OO
MOTEOOOOOOOOOOOPAQIONOOONONDOOONONDOOONONONONOOOOOOO
00000000000000000

WSNODOOOOOOOOOOOOODO0OOO00000000000000000000
000000 Deluge® 0 Mate '® 0 FireCracker ¥ 00O O Deluge 0000000000
0000000 IDO00000000000000000NN0OO0ON0N0OO0Noooon
O00O0OO0OO0OOROMOOOOOOOOOOOOOOOOOODOOOOOOOOOOOO
00000000000000000000000000000000000000000
000000000000 0000000000000000000 100000000
0000000000000000000000000O0Mate00Agillad000000
0000000000000 0000000000000000000000000000
O000000Deluge 0000000000000 OOOOOOODO 10000000
0000000000000000000000000000000000000000
000000000000000000FireCracker!® 0000000000O000O0O
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Fig. 10 Deployment patterns.
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O Slawe-MO0O000000000000O0O0O0O0OODODOOODOOOOOOCOCOOO
A2 OJOO0OOOO

// Master Code —--——-—-———=-———=————--
//00000000000000000O00000O00

BEGIN pushn ido
pusht LOCATION
pushc 2
pushc RXN1
regrxn
//000000000IDO000O0DOOOO0O0O0OO0
pushn rfi
pushc 1
pushc RXN2
regrxn
//0000
IDLE gooooooooooooooa
pushc IDLE
Jjumps
//00000000000C0COOOO0O0O0O00
RXN1 pop
setvar 0
pushc IDO
endrxn
//0000000
ID0 killslave O //Slave 0 OO
getvar 0
gsmove 10 //000000000O
pushc IDLE
Jjumps
//0000000000s1ave-s0O IDOOOODOOOO
RXN2 pushc RFI
endrxn
//Slave-M O 0000
RFI pushn gob
pushc 1
slavemloc
rout
pushc IDLE
Jjumps
// Slave-S Code ——————————————————————
startslaves
//ID00000000000O0O0O0
pushn rfi
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pushc 1
masterloc
rout
//000000000
SENSE pushc 16
sleep
pushc TEMPERATURE
sense
pushc THRESHOLD
cgt
rjupmc EME
pushc SENSE
Jjumps
//000000
EME gboboboboooooooo
endslaves
// Slave-M Code ———-—=——=——=—=—————————
startslavem
//000000000
BEGM pushn gob
pushc 1
pushcl CLN
regrxn
//Master 00000000000
WAIT wait
/000000000
CLN masterloc
setvar O
pushcl CCC
endrxn
/000000000000
CccC pushloc 1 1
smove
pushn loc
getvar 0
pushc 2
out
endslavem

A.3 0000 ISA
011000000000 ISA0OOO
A4 0O00O0O0OOOOOOOOO

00000 Master 0000000 Master-CodeSizedd Agilla 0000000000

O Leader_CodeSizeD OO 000 (6)0(7) 0000000
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011 0000 ISA
Table 11 Extended instruction set architecture.

ISA oo

gsmove Master 0000000000 OMaster 000
gooooopoooooboooooooo
oo

gwmove Master 0000000000 OOMaster O
goooooooooboooobooooobooo
goood

killslave Master 0 ID 00000 Slave 000000

masterloc Master 000000000 000O Master 00O
gooooooom

slavemloc Slave-M 00 O0000000DOO Slave-M O
goooooooom

startslaves Master 00000 Slave-SO00000000O0

endslaves Master 00000 Slave-SO0O0000O000OO

startslavem Master 00000 Slave-M 000000000

endslavem Master 00000 Slave-M 000000000

gettime goo0ooooo IDO0OO0OOOoooooo
goom

spawnslaves Slave-S 000000000000

spawnslavem Slave-M 000000000 OOO

Master_CodeSize = Master_Process+ SlaveS_CodeSize+ SlaveM _CodeSize + 6 (6)
Leader_CodeSize = Leader_Process + 22 x (N — 1) (7)
0 (6) 0000 Master_Process 0 Master 000 00000000 DO SlaveS-CodeSizel
SlaveM_CodeSize O O Slave-SO Slave-M D00 0000600000000 ISAODODOO
oo*ooooo (7)) 0000 Leader-Process0 0000000000 0OOOOONDOO
gbobobo2000b00b0b0b0obobobooobooboboobOobo
0000000000000 DO000U0000UObAgilla0D00OO0OO00OOOOOOODOO
00 T.CodeSize_P0 T_CodeSize . AD D0 DOOD00 (8)0(9) 0000000
T_CodeSize_P = Master_CodeSize+(N — 2)*SlaveS_CodeSize+ SlaveM _CodeSize
(8)
T_CodeSize_A = Leader_CodeSize + (N — 1) * Programs_CodeSize 9)
0O (9) 0000 Programs-CodeSize 0000000000000 OUOOOOOO

*x1 Slave 0000 Slave OO
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000000000 Slave-SO Slave-M 0000000000000 DO SlaveS-CodeSizel
SlaveM_CodeSize 0 Slave_CodeSize DO O OO0Agilla00000D0DOO SleveO OODO
OO0O000o0b0OCb0O0O034byteD0D0OO0O0OO0OOOOODOOOOOOODOOOOOOO
O00000Aglla0 0000000 SleweDOOOOODDOOOOOO (8O DOOOO
0 (10)0(11) 0000000
T_CodeSize_P = Master_CodeSize + (N — 1) * Slave_CodeSize (10)
T_CodeSize_A = Leader_CodeSize + (N — 1) % (Slave_CodeSize + 34) (11)
0 (6)0(7) 0000 Master-ProcessO Leader_Process D0 0000000000000
O (7) 0000 Leder_Process 0 Master_Process00 00000 (6)0(7) 00 (10)0(11)
00000000 (2)0(3)052000000000
(00200 3031000)
(00200100 7 000)

ooboooooooo

1997 0000000000000O0O00001999 000000000
gobooooooooboobz2010@moooooboOObO00Oooooo
goboooOooOoOoRrRFIDODODOOOOOOOOOOOODOOOODOOO
goooooogoo

o0 oobooooo

19710001993 000000000000 000000O1998000
goboboobooooooooooooooooooooooboboooboo
gmobooooboobooz202b0b00bo0oooooooooooogn
goboboobodoooooooobooboOooobooooboobooOooooobooo
goboooooooobooooooa

goboooooboooo

9 oboooooooooooooocoooooo@moooooon
000000000000000020040000000000000A0
gbooooooobooobOooooooOoobo2e010c0b0O0O0b0OOOODO
goboboooooooobooobooooooboz2o02bo 50020030 100
0 UCLOOOO Imperial College 0000002005 00000 600
goooobooooooooboOoboooooooboooomseooooooooooon
gobooooobooooooooboooooooobOOooOooOoobooobOboOooOooboOoooDooboo
IEEEDACM 00000000000 000O00000O000000O000O0O000O
oooooooo
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