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Application/Transport/Routing/Diffusion

Tx_pkt Handle_pkt_done
MAC layer Proposed
MAC
Tx_pkt Free_processing_buffer
CRC check
_ Byte spooling/buffering PHY_RADIO
Physical layer : , -
Y Y Encoding/decoding CODEC_MANCHESTER

Byte_received
Tx_byte Tx_byte_done

Radio control
Carrier sense RADIO_CONTROL
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Network /application layer

Initialization Neighbors management
command result_t —
MACControl.init(); void update_neighbList();

Timer management

task void geneTimerFire()

\_\

Active/sleep synchronization

void setMySched(MACSyncPkt* packet,
uint16_t refTime);

checkMySched();

void update_schedTab_neighbList();

void globalScheduleChange(uint8_t schedId);

State management

void sleep(char manner);
void wakeup();

Packet transmission

void tryToSend();

void tryToResend(uint8_t delay);
void txSyncTimerFire();

void sendSYNC();

void sendTR();

void sendSA();

void sendDATA();

void sendACK();

void startBcast();

Packet reception

void handleTR(void* packet);
void handleSA(void* packet);
void* handleDATA(void* packet);
void handleACK(void* packet);

void handleSYNC(void* packet);

|_|

Adaptive control in slot reservation period

txMsgDone();

event void* PhyComm.rxPktDone(void* packet, char

error)

Physical layer

g331bboougoobooogon
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Len= 82

acket from 51 to 52 134:01:56.92

pkttype= 81

slottime= 2514

numsendTR= 10262

numsendSA= 978

numrecvSA= 7352

numrecvACK= 62066

numrecvDATA= 363

sendslot[0]= 14

sendslot[1]= 1

sendslot[2]= 45

sendslot[3]= 14

sendslot[4]= 11

txTime= 5412785 1.163697 134:01:56.92

rxTime= 808652 0.173852 134:01:56.92
idleTime= 23859995 5.129671 134:01:56.92
sleepTime= 435055487 93.532778 134:01:56.92
clockTime= 465136923 100.000000 134:01:56.92
numcycle= 50121
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Key=5 NodeID=5
/—>

NodelD=120 NodeID=10 NodelD=12 odeID=10
/ eyl1

Key=110 NodeID=20

Circular Circular
ID Space ID Space
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"Key 50 is /
Key=40 At Node60" NodelD=40
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Key=70 Key=65
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Successor: node with next highest ID Correct if successors are correct
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R’Eelay Pe=er 1 Relay Peer 2
@D"Peer 1" connects with (@ “Relay Peer 1" transmits @ When "Peer 2" @)“Peer 2" connects with
“Relay Peer” regularly,  the message from "Peer 1 “ connects "Relay Peer 2",  “Relay Peer 2 “ regularly,
and confirms the presence o "Relay Peer 2" "Relay Peer 2" transmits  and confirms the presence
of the message. the message. of the message.
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resource subject
camera traffic
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) manufacturer model
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manufacturer model
resource resource
AConpany AModel camera camera
manufacturer model
AConpany AModel

O 510INSOD0O0D00O0O0

91



Os00pPpbbgoooooobbobooboobon

0000000 AVTree0 000000000 ODODODODOO (intent) 100000000
000000000000 bOOo0oOooooDOo0oIPOO0OOOOODODOO name-record
gudddddouduooduooouobuouo s UUUUUU g
goboboobobboggbobbobbbooooooboobbobooubbbboboooon
guoouobbobooosioooooobbbooobobbbooooobbobbuo
000000000000 name-specifier 000000 OO OO name-specifier 0 O O O
O0root 00O0OD0OODOOODOOOODOODODOONO name-record00 00000
OO00000 name-record 0000000000 O0OOOOOOODOOOOODODOOO
O00D00000000000000DD0O0000 late-bindingOD OOOOOOOOO
name-specifier J name-record 0 00000000000 0ODOO0OOOOOODOOOOO
guoodooooo
gogbobbobbdoooooobobbobbogbbobbouoooobboooon
gobobbotbdooouobboobobtboouobooooubbbbbbouoon
goodd
TwineOOOOODOOOOOOChordOODOOOOODOOOODOOOOOOOOODOO
goboboobboboodooobboobotbdoodbodoouobbooouoog
gobobobbbbuobduguuoooobuobbbobbbbooooobboobobobo
goboboobobboggbobbobotbdooguoboobbooubbbbobuoooon
guoogbboobouoguoobbobobbbbtbdoodooooboobuobbobooog
gogoboobooboobooobooboboobbobobooobboboNOUObDon
O0000000000000O0DoooDooO0goleg(N)DODODODODDODODOOOO
ot bbbbooooouuuuouobbobbbbbbbobbn
gobbobbotbddoouooooobobbuotbooooubbbbbbouoon
goobobooodoobobboooooooobbo INRODDOoooooboon
go0oINROOOOOooooon
bbb obbbbooobbobbubuooouobbuoboooon
guoodgbboogbgbbobobobtbbotbduddoooouooobbobobboboooa
gobobbobtbdodoooobbodoooooobbobboobbuoboooon
gobboboobbobbodgooooubobbuobooooubbbobbboouoon
gooooboobooobbbboooooouououobooobooooo
IrisNet(Internet-scale Resource-Intensive Sensor Network Service)[20] 0000000
goboboobbogbobobbobotbooobobobbboooooooobbbobboon

92



Os00pPpbbgoooooobbobooboobon

<USRegion id="NE">
<state id="PA">
<city id="Pittsburgh">
<neighborhood id="0Oakland">
<block id="block3">
<parkingSpace>
<available>yes</available>
</parkingSpace>
</block>
</neighborhood>
<neighborhood id="Shadyside">
<block id="block1l">
<parkingSpace>
<available>no</available>
</parkingSpace>
<block id="block2">
gooobog

gsllbobbuogogbbuoooobbobod

PA

Pittsburgh

Oakland Shadyside

@
blockl  plock2 block3 blockl

gs1l20000000000
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— nhode

O Internal node
PO P1 @ Leaf node

[JNon-internal node
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/
/
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O 513 PHTOOODOO0O

gboooboogbogobooboooboobbooboooboobobobooan
gbgoboogbooboooboobuoobboobuoobbougbboooan
gbogboogbogbboobooboobooobooboboooobooboban
gooo

oboooopHTODOODOODOODOODOODODOODLOODOD
U
goboooog

googbobogogbbougbboboogbbuooobuooobbooooboon2d
0000000000000 100020000000000000000 (24000
000000200000 (olo,100)00000000C 20000000000000
oboooogogolooo 100020000000 bo0obOobOoooobOobDnO KO
ooooooboooboboPHTODD KO OobOooooooooooboooobooooobo
oboboboooooboobobobobooboboobHATODODOODLObObLOOOn

95



Os00pPpbbgoooooobbobooboobon

Node A
(Internal node) Node with the longest

< common prefi>§ of two
pieces of location
information

Q "\ Destination leaf node

End user
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Query

(Step 2) Destination leaf node

Q Query

/ J Node with the longest
/ (Step 3) |:_| common prefix of two
pieces of location

/Q-Jéh \A information
(Step 1)

Node B
(Non-internal node)
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Leaf iginal leaf

Data with-=2a" "% Original leaf node

prefix X Data with Data with
prefix “X0” prefix “X1”

New leaf node
Data update

(a) Exceeding of (b) Load balancing
data update threthold

Data update
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Parent node

O

Query
Leaf node Leaf node Replica pf leaf
node
Data update Data update

(a) Exceeding of

query access threthold (b) Load balancing
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Pointer of leaf node 1
Label P01110101

Pointer of leaf node 1 Range (x3,y3)-(x4,y4)

Label P01110100 IP Address XXX, XXX, XXX, XXX
Range (x1,y1)-(x2,y2)
IP Address XXX, XXX, XXX, XXX Node deployed of

pointers

Shortcut

uer
query 1.Deploy pointer

1.Deploy pointer Parent] node

2.Inform parent node which
tree-level node was
deployed of the pointer

Leaf node 1 Leaf node 2
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/ , Update Query Data or
Query ) + |Pata provider overhead |overhead |metadata
@// Node 1 U1 Q1 Meta
< Node 2 U2 Q2 Data
‘ “~_ | Node 3 U3 Q3 Meta
 }
K “Data
Metadata _-" . Number of Data or
Q 9\ Data item data generation Leaf node meta data
\
Data provider Data 1 N1 Node A Data
\ Data 2 N2 Node B Data
\
\| Data3 N3 Node C Data

gs19000u0gaobooad

gbgobooguogboboobbobbuoobbooboobboobobooboban
gboggbboguoboboobboobuoobbboobboobuooboboboan
gbogbuodgbboobboobobboooboobooboobooobooboban
gobobboobobboobboobbuoobobooobobooobooboboan
guogdboobobobbobbbobbbbbbbbbbooooooooooooo
goo

OO00O0oOoDOobDOobDbDOos1900b0b0boboboobOob0obDOnO leaf node
gbggbobboobbooboboobbooobbobbooboogbooboan
OO00O00o0o0000o01gooboboobooo0boboboobooboboooodleat
node 0000000000 DOODOODOODOODODODODOOOODOOOOODOOOOO
OO00O0D0Oleatnode0 00000 0O0OO0OO0ODOO0ODOOODOOOOOOODOODODO
gbobbbouooogbobooooobbboooobobbboooobbboooon
gbobobobouogobbbouooobbobboooobboooon

leaf node 00O 0O0O0OO0O0ODOOO0OOOO0ODOODOOOOOODOOODOODOOOO

103



Os00pPpbbgoooooobbobooboobon

gbobuodggobbodgbbouoobbuoobobuoooboooooboooobogan
gboboogbbuodgbboogbbodobbuobbuoo1bgobobbooboan
gbobouogbbbooobbuligoobouobbuooobboooboooboon
gbooolobobooobogobobbuoobbboobboobobobboobon
guogdobbobobbbobbbbbobbbbboouooouoouooooooon
gogobbobooboobooboooboooboooboooboobobogan
gbogobboogoboooboobboboboooboobboooobooboban
gbogobbogbboogbooboobobobbodgbboobbobooboban
gboobobbogoobuoobobooobooboobboooboobooboban
gbgobobbogboobuoobboooboboobooobooobooboban
gbgoboogbogboboobbooboooogbooboogbooboan
gobooo

54 0UOUOOO

0000000000000 0000000000000000 p2psim[55|0000
O00000000DHTOOOOOOOO Chord49]000000O100x10000000
goboboogbboboooobobob oobbbbooooobbboobobbbooan
gbgoboogbogboooboobuoobbooobbobbuoobboooboan
gobobooboobooogaoscoobbbobbobob ooobboougooooonn
gbogogbboogbodoolxooiooobogbbd oxiogooooooboad
goboboooggsouggn

gobobooogbobobbooooobobooobbob ooobbuoooobobbod
guogdboooooobobobbbobbobbbbobobobooooooooon
gbobouogbobogib ooosbboououooboobbogbboobboonoon
gbobouogbboogoouogbboboboobobbbboobboobbobbooogd
glgobooogsogglogoobbbuoooobbobbooooobobobbodoogl
gobobog3cobboggbbbuoobbbooooobbbooobbbooon
gbobobboooobbbouooobbbbooooboboooooostbuooonobn

gbogobooobobboobbobboobbooboboobogbboobad
0000000000000 000o0 200000000 (0000 e=100000000
gooo

104



Os00pPpbbgoooooobbobooboobon

(@) —_
<] o
admmmT

o
o)

©
~

Without load balancing

/ |

©
fop)

P
R
%
%
L
- 3
!

©
o
|

O
~
[

N

©
w

With load balancing .

©
N

Number of data updates (/sec/node)
o

o
o
1
1
1
—a
L}
]
[ ]
L]
1
1
1
[ ]
1
a
n
-]
[ ]
n
[ ]
1
]
n
L]
L]
n
[ ]
1
»
-
1
L
n
]
L]
]
[ ]
1
L]
n
1
1

o
N
o
o

400 600 800 1000
Node ranks

gs200000000bo0o0aoobo

5.4.1 UO00OO0OOOOOOO0OOOOO0OO0OO0

gs2000000bb0oooboooboogbbugbbodobbod 100000
gbobobobuooogbobboboooobbbbuoouooobbboooobooon
gbogoboogbooboooboobuoobbboobbobbuoobboooan
gobobobobooos2bboobbobbbuboooobobbboboouaoon
gbogbbobooboobbuogbbuogbboobuoguooobooooboan
OO00O000000O0booboobooobOUleaftnode0 00 0O0O0O0O0ODOODODODO
OO000000b0O0O0b01dbD leatnode0 00 000OO00ODOOODOOOODODODO
gbobobooogobobouoooobon

5.4.2 0UJU00OO0OODODOOOOOOOOOOO0

gs210gougoogbboobobobbuodgboouobooboobbonodag
s21ugubooggbboogbbodboobobbuoobbuogbbogoooboabn

105



Os00pPpbbgoooooobbobooboobon

®
o

~
o
|

o
o
|

o
o

w
o
|

N
o
|

—
o
I

0.0 %=

Number of control messages for data updates( % 107)
N
(@)
[

I I I I *

T |

Without registration history s ]

"x"'

"*'é —

With registration history i
4 ’ \ -
d ; i 1 !

0.02 0.04 0.06 0.08 0.10

Data generation rate (/sec/node)

gs2100000000bbobo00gbbbooooobbboooon

gobobooggoboooooboo

5.4.3 UU00OO0OOOOOOO0OOOOOOO0

O5200000000000000000000O0O00OO00O0O0O0OO!leafnodedd
goboboogbobogilcobbuogoobbooooobbbooobbbooon
gbooboogbogboggs2ugboggbooboaoboobooboogan
gbogboogbooboooboobuooobboobbobbuoobbooooboan

gooobog

54.4 UU00O0OOOOOOO0OODOOOOOOO

Ugs230000000000 1ox1000000bb0bogobobooobbobod
obooobooboobuoobboobooDb woxloobbbgo 1400000100
gbobobbobboooooooobobbbbooooooobobbobs2sgdogn

106



Os00pPpbbgoooooobbobooboobon

o o0 & o ©
o o o o O
| | | |

=~
(@)
!

Without load balancing

\/ |

w
o

Number of query receptions (/sec/node)

2.0 -
With load balancing
1.0 / -
0.0L———————Tu=messeem mesmnnns .
0 200 400 600 800 1000
Node ranks

052000000 leaftnode0000000OO0OO0OODOO

gbobouogbbboobboooobbbooobbuoobboobbobooooboan
gbooboogbogobbooboooboobobooboboobooobooboban
gbogoboogboobbuoobboobbooboobbobooobooboban
gbobuogobuguooooobboboobobobbbooboboooboooboboon
gbobouogboobodgboobobbuooboboooboobboobboobogan
gbobobobobbooooooogobboobos2tbugbobbbobbuoouooon
gboggboogbogbboobobobuoobbodbooboooboobobad
gobobooggoobod

5.4.5 UU0O0OO0OOOOOOOO0OOOOOOO0

0s240000000000000DLO0ODODOODOODbODObDOODbOODD
gobo.0lxo0lDboobbobouoobbuogbbuoobbogboobooobogd
gbooobobodbd 1ooxioognboOsisuogoog200bboagboligbodn

107



Os00pPpbbgoooooobbobooboobon

©
o

S O
o o (@] o
T T T T
Ay
.

>
o
T

With pointer deployment and
query history

w
o

™
o

—_
o

0.00 0.02 0.04 0.06 0.08 0.10
Query generation rate (/sec/node)

o
o

Number of control messages for data searches( x 1P )

052300000000000000000000000000((MO0O000O0=10x10)

OO00000 leatnode00000D0O0ODOOODOOS1000002000000000
OO0O0OO00O0oO0O0Oleafnode0 00 0D0O0OOOO0OOOODOODOODODODODODOODO
gobobouogoobobooooboboo

5.4.6 UU00OO0OO0ODODOOOOOOOOOOO

gs200b0bgbobougbboooolbooboouoobuooboogoboobboad
gbooboobogboboobbboobuoobboobbuoboobbooboan
gboggboogboguoboobbooboooboobboboobooboban
gboggbboogbobobobobboooboobbobbooobooboboan
gbogobbogbooobuooboboooboobobbooobooobooboban
gboggoudgbbooobuobbogboobobbobooobooobooboban
gobooo

gs200bbgbobouogbbooolboobuoouoobuooboodgobobbad
OO00O0000o0ooooboobbOobooboooboboobooDbDdleatnode OO0
gbogogbobbogboboobboobuoobboobboooobobooboban

108



Os00pPpbbgoooooobbobooboobon

—
>~

—_
N
I

Y
o
I

®
o
|

o
o
|

=~
o
|

N
o
T

0.0 ] ] ] ]
0.00 0.02 0.04 0.06 0.08 0.10

Query generation rate (/sec/node)

Number of control messages for data searches( x 106)

0 524 0000000000000 000O00O0O0O0O0OO00O0 (0000000
=0.01x0.01)

OO0O0O000000oOoo0bOleafnode0 00 0O00O0O0OOODOOOOOODODOODO
gboobboobbodgbboboobbobbobooobbboobbooboan
gboobobboooboobbuogbbuoobobooboobooobooboban
gooboogd
Os2rbgoboobobobbooobooobooboooboboboboobooon
gbogobbogbobooboooboooboobboobboooboobobogn
gbgobobboogoobobboobbooobboboooboobboobogn
gbobougbbuougoobobbuobbobuooobooobooobbbooon
gbobouogboogoouobogobobbbooobooobgboobooobodan
gbgobbogbobooobbuogbbuogbboboobooobooobooan
gboogbodgbuoobboooboobooboboobuogbbobboboboad
gbobooooboogboboobbooobboobboooboooboogboogan
gboboboooobobuoooobbobboooobboooobobod

109



Os00pPpbbgoooooobbobooboobon

9.0 T T T T
8.0 -

70 F

6.0 -

50k Data only

4.0 |
3.0
20

Data and metadata |

10k I\/Ietadata\only (Proposed method)

o e 0 | . etttk el et et e et et e s e &

Number of total control messages ( % 108)

0.0
0.00 0.02 0.04 0.06 0.08 0.10

Data generation rate (/sec/(data item))

gs20000000b0bbooobbbodooan

)

o

o
¢!

90 I~ 'o' —
8.0
7.0

6.0

50 I~ *

Data and metadata

4.0 (Proposed method) |

3.0 -

2.0

1.0

OO | |
0.00 0.02 0.04 0.06 0.08 0.10

Query generation rate (/sec/node)

Number of total control messages (x 108

gs2000000000bb0o00bobbbooogn

110



Os00pPpbbgoooooobbobooboobon

)
—
N
o

x 108

(
—_
©
(@)

T

o
o
T

6.0

40
Metadata f Data and metadata

(Proposed method)
2.0F A i

0.0./ ] ] ] ]
0.00 0.02 0.04 0.06 0.08 0.10

Query generation rate (/sec/node)

Number of total control messages

Os27r0boboooooboooooboobboobobobooboboooobooo
goboboooggno

5.5 UJUooon

gboobooboobbobobob p2pO0booboobbo0obbOObbOOOD
guogdboogoooobobbobbobbbobobobbbboboboboooooooon
guogdoobbobooobobouobdoguguoouououooooooooooo
gbdogoboobboobbobbuoobobooobooobooobbboogan
gbooboogbogboobboboboboooboobobooobooboban
gboboboooobboooobbobbooooboboooobbbouoooboo

gbogobogobobboobbobboobboobboboboobbobobad
obogoooooodg bHTOLOODOUOOLDOOODLODOoODOObDbOOoObOODATO
gboggbboobooboobbuobobbuoobbodoboobooobooboan
gboggboogboboooboobboobobbodboobooobooboban
guogdboobobobbbobbbbbbbbbbbodouooooooooooo
gbooobooboobooboboobooboobooboobooobopPHTODO
goboopolOPlOIODOOO0OOOOOOOODHTOOODOOOOOOOOLOOOOOO

111



Os00pPpbbgoooooobbobooboobon

gbogboogbobuooboobobboobbobbooboagbooboan
gboboubgobbooobboobbuooboboooboobbobooooboan
gobbbouooogbobooooobbbooogbobbboooobbobboooan
gbogogbobboogbboobbobbuoobbooboboboobbooboban
gboboogogobobogbgbbooobbooooobbognooobooobogan
O0000000Ohash(®0’x O000000OD0ODOOOCOOOOO0OOOOO”)000O
gbogobobbooboboboogbbobuoobooboooboobbooboban
gbooboogbogoboobooobobuoobooboboaobooboad
gboobboogobbuooboogboobobbobbooboogbooboban
gbogoboogbobooboboobbuogbbobbooboagbooboan
gboboboooobbouoooobbboooan

112



el OO

113



ey

6.1 UUOoooognd

gboggboboogbooobobboobbobboboooboobbooan
gbgobbogbobououoobboobuoobboobboooboobboogan
gboboubogobobbogboagbouabbboobboooobboobogan
goooubbboobboobbobbuoobbuooboboooboobbooboan
gboboboogooboooobobobboooon

sugugbbouoogbbuoobbuoooobbuoooobooooobboooon
gbobobobooogogboobooooobbbuoooooobbboooobobobogd
gbobouogbbboboobobooobbooobbboobuoobbboooboon
gboggbbobooboobbobboooboobboobobooobooboban
gboboboooogbobbouoooobbobooodgobod

4A000000000bOobooobobobobbobobobboobobooboboboog
gbodbuodgbbooboobbuogbboobuoobbooboboooboobban
gboggboogoboobboobooobobboobboobbobboobobad
gboboboooobbouoooobobbooan

o000 P2POOU0ODOOODOOOOOOODOODOOODOODLDOOLODOOODOOLO
gboogoboogbogoboobboooboobboouooboouobooboban
obooboooobooboob p2pbobbobbOobbOoboobOoonDg
goboooog

6.2 UJUUOOOOoond

guoodoobobobobbobbbobbobobbbbobobobooogogod
guogdoogobobobbobobooboobobobuooouodoooooooon
gbbuogbbuoobbuoobbooooobooboooouobobooboan
gboougodgbboobuoobbooobooboobooboooboobban
gboobobbogoooboobboobbuoobbogbobboboobogan
gbobobbuoooogoboboboooobooooobobbooooboboobboboooan
gbgoboogbogboooboobuoobboobuoobbuooobboooban
gbogboogbogbbooboooboouoboobboobooooboban
gbooboogbooboooboobuooboboobbobbuoobboooan
gbobobbuooogbobooooobbboooobbbboooobboboooan

114



ey

gbogogboogbogbbooboobobbuooboobboobobobobobad
gobobobouooobbbuoooobbobboooaboo

gbgbogboobboboboooboobbobboobobobobbobbad
gbogobbogboogbboboobuoobuoobboogbooogbooobogn
guogdbogbobobbbobbobbobobobobuooguoouooooooon
gboogobboobboobuooboboooboobboobobooobooboban
gbobbbooooogbobobooooobobbuoooooobbbooooboboboad
gbgoboogbogbbooboobbobuobodgbbobboobobooboban
goboboogoobod

115



HEN

Ooon

1]
2]

3]

[10]

[11]

[12]

SMART DUST, http://robotics.eecs.berkeley.edu/ pister/SmartDust/

OO0 7"0000000o0ob0cobooo"o0obobooobOon 2002-7-15 no.8260 O
O BPODO

Estrin, D., Govindan, R., Heidemann,J.S., and Kumar, S.: “Next century challenges:
Scalable coordination in sensor networks 7, Proc. of ACM MOBICOM’99, pp.263—
270, Aug.1999.

Hill, J. and Culler, D. “A wireless embedded sensor architecture for systemlevel.

optimization”, UC Berkeley Technical Report, 2002.

I. F. Akyildiz, W. Su, Y. Sankarasubramaniarm, and E. Cayirci, “A survey on sensor

networks 7, IEEE Communications Magazine, vol. 40, no. 4, pp. 102-104, 2002.

Pister, K. S. J.: “Smart Dust - Hardware limits to wireless sensor networks, ” Proc.

of IEEE Distributed Computiong Systems, Keynote Address, May 2003.

UCLA (University of California, Los Angeles) CENS (Center for Embedded Net-

worked Sensing), http://www.cens.ucla.edu/

Gregory T. Huang, ”Casting the Wireless Sensor Net”, MIT Technology Review,
July/Aug. 2003.

Ian F. Akyildiz, Weilian Su, Yogesh Sankarasubramaniam, Erdal Cayirci, ” A Survey
on sensor Networks”, IEEE Communications Magazine,pp.102-114, Aug 2002.

S. Meguerdichian, S. Slijepcevic, V. Karayan, M. Potkonjak,” Localized Algorithms
In Wireless Ad-Hoc Networks: Location Discovery And Sensor Exposure ”, Proc of
ACM MobiHoc, pp.106-116, Oct. 2001.

B.Karp and H.T Kung, "GPSR: Greedy Perimeter Stateless Routing for Wireless
Networks”, Proc of ACM/ITEEE MOBICOM’00, pp.243-254, Aug. 2000.

Seapahn Meguerdichian, Farinaz Koushanfar, Miodrag Potkonjak, Mani B. Srivas-
tava, ”Coverage Problems in Wireless Ad-hoc Sensor Networks”, Proc of INFO-
COM’01, pp.1380-1387, April 2001.

116



HEN

[13]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

A. Howard, M.J. Mataric and G.S. Sukhatme, ”An Incremental Self-Deployment
Algorithm for Mobile Sensor Networks”, Autonomous Robots, Special Issue on In-
telligent Embedded Systems, pp.113-126, Sept. 2002.

Sylvia Ratnasamy, Brad Karp, Scott Shenker, Deborah Estrin, Ramesh Govindan,
Li Yin, Fang Yu, " Data-Centric Storage in Sensornets with GHT, a Geographic Hash
Table”, Proc of ACM Mobile Networks and Applications (MONET), pp.427-442 Aug,.
2003.

Sylvia Ratnasamy, Brad Karp, Li Yin, Fang Yu, Deborah Estrin, Ramesh Govin-
dan, Scott Shenke, "GHT: A Geographic Hash Table for Data-Centric Storage”, In
First ACM International Workshop on Wireless Sensor Networks and Applications
(WSNA) 2002.

Chalermek Intanagonwiwat, Ramesh Govindan, Deborah Estrin,” Directed Diffusion:

A Scalable and Robust Communication Paradigm for Sensor Networks”, Proc of
MobiCOM’00, pp.56-67, Aug. 2000.

Deborah Estrin, Akbar Sayeed, Mani Srivastava, ”Wireless Sensor Networks”, Mo-
bicom 2002 Tutorial.

S. Tilak, N. Abu-Ghazaleh, and W. Heinzelman, “A Taxonomy of Wireless Micro-
Sensor Network Models,” Mobile Computing and Communications Review, vol.6,
no.2, pp.28-36, April 2002.

W. Heinzelman, A. Chandrakasan, and H. Balakrishnan, “Energy-Efficient Commu-
nication Protocol for Wireless Microsensor Networks,” Proc. the Hawaii Conference
on System Sciences (HICSS), pp.3005-3014, Jan. 2000.

Phillip B. Gibbons, Brad Karp, Yan Ke, Suman Nath, Srinivasan Seshan , "Iris-
Net:An Architecture for a Worldwide Sensor Web”, IEEE Pervasive Computing,
pp-22-33, Oct.-Dec. 2003.

CENS Research Project, Urban Sensing, http://research.cens.ucla.edu/
projects/2006/Systems/Urban_Sensing/

MIT SENSEable City Laboratory, http://senseable.mit.edu/

117



HEN

[23]
[24]
[25]

[26]

[27]

28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Meteor project, http://www.caip.rutgers.edu/TASSL/Projects/Meteor/
Live E!, http://www.live-e.org/
Google Maps, http://maps.google.com/

J. Mischke, B. Stiller, ” A Methoddlogy for the Design of Distributed Search in P2P
Middleware 7, IEEE Network, Vol.18, pp.30-37, Jan./Feb. 2004.

D. Estrin, D. Culler, K. Pister, and G. Sukhatme, “Connecting the Physical World
with Pervasive Networks,” IEEE Pervasive Computing, vol.1, no.1, pp.59-69, Jan.-
March 2002.

W.Ye, J. Heidemann, and D. Estrin, “An Energy-Efficient MAC Protocol for Wireless
Sensor Networks,” Proc. IEEE INFOCOM, vol.21, no.1, pp.1567-1576, June 2002.

W. Ye, J. Heidemann, and D. Estrin, “Medium Access Control with Coordinated
Adaptive Sleeping for Wireless Sensor Networks,” ACM/IEEE Transactions on Net-
working, 12 (3 ), pp.493-506, June 2004.

T. van Dam and K. Langendoen, “An Adaptive Energy-Efficient MAC Protocol for
Wireless Sensor Networks,” Proc. ACM SenSys, pp.171-180, Nov. 2003.

P. Lin, C. Qiao, and X. Wang, “Medium access control with a dynamic duty cycle
for sensor networks,” Proc. IEEE WCNC, vol.3, pp.1534-1539, March 2004.

J.Polastre, J.Hill, and D.Culler, “Versatile Low Power Media Access for Wireless
Sensor Networks,” Proc. ACM SenSys, pp.95-107, Nov. 2004.

V. Rajendran, K. Obraczka, and J.J. Garcia-Luna-Aceves, “Energy-Efficient,
Collision-Free Medium Access Control for Wireless Sensor Networks,” Proc. ACM

SenSys, pp.181-192, Nov. 2003.

S.S.Kulkarni and M.Arumugan, “TDMA service for sensor networks,” Proc. IEEE
ICDCSW, pp.604-609, March 2004.

L. van Hoesel and P. Havinga, “A Lightweight Medium Access Protocol (LMAC) for
Wireless Sensor Networks: Reducing Preamble Transmissions and Transceiver State
Switches,” Proc. INSS, pp.205-208, June 2004.

118



HEN

[36]

[46]

[47]

G. Zhou, T. He, J. A. Stankovic, and T. F. Abdelzaher,“RID: Radio Interfer-
ence Detection in Wireless Sensor Networks,” Proc. IEEE INFOCOM, pp.891-
901,vol.2,March 2005.

G. Zhou, T. He, S. Krishnamurthy, and J. A. Stankovic, “Impact of Radio Irregularity
on Wireless Sensor Networks,” Proc. ACM MobiSys, pp.125-138, June 2004.

Y. Li, W. Ye and J. Heidemann, “Energy and Latency Control in Low Duty Cycle
MAC Protocols,” Proc. IEEE WCNC, pp.676-682, vol.2 March 2005.

The Network Simulator - ns-2, http://www.isi.edu/nsnam/ns/
RF Monolithics Inc., http://www.rfm.com/, ASH Tranceiver TR1000 Data Sheet.

MICA2 Mote Datasheet, http://www.xbow.com/Products/Product_pdf_files/
Wireless_pdf/6020-0042-04_A_MICA2.pdf

TinyOS Community Forum, http://www.tinyos.net/

Wei Ye, John Heidemann and Deborah Estrin, “A Flexible and Reliable Radio Com-
munication Stack on Motes,” Technical Report ISI-TR-565, USC Information Sci-
ences Institute, Sept. 2002.

Ajit Warrier, Jeongki Min and Injong Rhee, “Z-MAC: a Hybrid MAC for Wireless
Sensor Networks”, Proc of ACM SenSys’05, pp.90-101, Nov 2005.

A. El-Hoiydi and J. -D. Decotignie, “WiseMAC: An Ultra Low Power MAC Protocol
for the Downlink of Infrastructure Wireless Sensor Networks ”, IEEE Symposium on
Computers and Communication (ISCC), pp.244-251, June 2004.

M. Maroti, B. Kusy, G. Simon and A. Ledeczi, “The Flooding Time Synchronization
Protocol 7, Proc of ACM SenSys, pp.39-49, Nov. 2004.

H. Balakrishnan, M.F. Kaashoek, D. Karger, R. Morris, I. Stoica, ”Looking Up Data
in P2P Systems”, Communications of the ACM, Vol. 46, No. 2, pp.43-48, Feb 2003,

119



HEN

[48]

[49]

[50]

[51]

[52]

Sylvia Ratnasamy, Paul Francis, Mark Handley, Richard Karp, Scott Shenker, ”A
Scalable Content-Addressable Network”, Proc. of ACM SIGCOMM’010 pp.161-1720
Aug. 2001.

[.Stoica, R.Morris, D.Karger, M.F. Kaashoek, and H. Balakrishnan, “Chord: A Scal-
able Peer-to-peer Lookup Service for Internet Applications,” Proc. of SIGCOMM’01,
pp-149-160, Aug. 2001.

Project JXTA, http://www. jxta.org/

Malena Balazinska, Hari Balakrishnan, David Karger, "INS/Twine: A Scalable Peer-
to-Peer Architecture for Intentional Resource Discovery”, Proc of International Con-

ference on Pervasive Computing (Pervasive) 2002, pp.195-210, Aug. 2002.

S.Ramabhadran, J.M.Hellerstein, S.Ratnasamy, and S.Shenker, “Prefix Hash Tree:
An Indexing Data Structure over Distributed Hash Tables,” IRB Technical Report,
2004.

Y. Chawathe, S. Ramabhadran, S. Ratnasamy, A. LaMarca, J. Hellerstein, and S.
Shenker, “Case Study in Building Layered DHT Applications,” Proc. of ACM SIG-
COMM’05, pp.97-108, Aug. 2005.

OpenDHT, http://opendht.org/

p2psim, a simulator for peer-to-peer protocol, http://pdos.csail.mit.edu/

p2psim/

120



HEN

OO000o0

0

HRENN

0
lo0oo00o0oooo0oo0o“Co0ooo0o0oooooooooooooooo
0000000000000 000O00o0O00O0”00n0 BOVol.J90-BO No.10 pp.25-360
0

[2]Masatoshi Sekine, Shojiro Takeuchi, and Kaoru Sezaki “An Energy-efficient Medium
Access Control Protocol with Adaptive Slot Reservation for Sensor Networks, ” | Elec-
tronics & Communications in Japan: Part 1 (to appear) ([1]0O0000).

0

B0O00oooO0oOoo“P2PO000OOOOOOO0OOOOOOOOOOOOOOO (O
0)0”000 BOOOOOOOO

0

0

Oooad

0

[4]Masatoshi Sekine, Kaoru Sezaki, “Hierarchical Aggregation of Distributed Data for
Sensor Networks[(” Proc. of IEEE TENCON 2004 (Chiang Mai, Thailand), Vol.2, pp.545-
548, Nov. 2004

[5]Masatoshi Sekine, Shinji Nakamura, and Kaoru Sezaki, “An Energy-Efficient Protocol
for Active/Sleep Schedule Synchronization in Wireless Sensor Networks(0” Proc. of Asia-
Pacific Conference on Communications (APCC) 2006 (Busan, Korea), Aug. 2006.

[6]Masatoshi Sekine, Shojiro Takeuchi, and Kaoru Sezaki, “An Energy-Efficient MAC
Protocol with Lightweight and Adaptive Scheduling for Wireless Sensor Networks,” Proc.
of IEEE Radio and Wireless Symposium (RWS) 2007 (Long Beach, CA, USA), pp.161-
164, Jan. 2007.

121



HEN

0o
0
[MO00 O0O0O0O0 OO0o“c00pooOoOooOoooOoOoOoOooooooooooooro
O0000NS2003-1110 IN2003-770 pp.27-320 0O O O O Sept. 20030
0
g0ooco0oo0ooooooo“wbo0U0oooU0oooooooooooooo
MACOODOODOO” DO OO OONS2004-650 RCS2004-1010 pp.73-760 0 O O O July 20040
0
Qoooo0000ooo0o0oo“Co0000MACOOOOODODOOOOOOOOO
000000007 00000NS2005-20 pp.7-100 0000 O O O May 20050
0
[10]Xinfa Wei, Masatoshi Sekine, and Kaoru Sezaki, “A Peer-to-Peer System for Internet-
Scale Location-Based Service,” 0 O O O O IN2005-3000 pp.7-120 O O O July 20050
0
1000000000000 o000o0o0oooooooooooooooooo
00000000000 00000NS2005-2110pp.2132160 00000000000
0000 (00)0March 20060
0
(120 0000oooo“P2PO000O00OOOOOOOOOOOOOOOOOODOODOO
O0000000000’0000000000000000000O0March2007 (DO0O0O)O
0
0
Oooad
0
(Bjo00o0o0ooo0o“co0o0ooo0o0oooooooooon’oooog B-7-7110
0000 Sept. 20030
0
(4000000000000 000“C 00000000 ooooooooooooo
00000000 00000B-7490 000 O March 20040
0
(0000000000 ooooo“MACOODOOOOOOOOOOOOOOOooOO
00000000000 00000A-21-180 0O 0O O March 20050

122



HEN

0

6000000000000 000“00000000o0oooooonO MACODOOO
00000”00000 A-21-60 00 0 Sept. 20050

0
lI70oooooooo“P2PO000O0OOOOODOOOOOOOOOOOOODOODOO
OO0O07”00000B-7-380 00 O Sept. 20060

U
(8ooooooooo“P2PO000O00OOOOODOOOOOOOOOOOOODOODOO
O0000”00000B-7-470 0000 March 2007 (0 OO0 )O

123



HEN

gbogobogobobbuoobbougbooboooboobogbboobad
gbbuodggobboobboobuobbuoobbooobbboobbooboan
gbobobooogoboooong
gbogbooobooobobooboooboooboouoboooooban
gboboogboboubogobogoogboooobobobobboobbobodad
gobobbuooobbbouooobbobbodooobbouooobboboaon
gbogboogobogoboobbooboobobooboboboo3sbobbad
gbodbuogbboogboboobbobooboooboobboouoobooboban
guogdooooooobobbobboboooboboobobobouooooooon
obooboboobo40b0bobobobooboboboooobooboboobooobg
gobobooboobobobobobbbobobobbbbbobobobbboobobodd
guooobbouodgbbogbboobboobbbboobboobbobboonobn
gboooogo
gobbboogooboboooobbbooooobbboooobbboooan
gbobouogbbboobuogbboobbboobb.booouooobboooboan
gbobudgboobooobogobooobbouooobouoobooboooogan
gobouobbobouogbbgbbbodooobbboboooboooboooobod
gbobobbuooogbobooooobbboooobbbboooobbboooan
gbbuodgboogboooooobobbobobboobbobooobooobogan
goood
gbooobboboobodbuoobooboobuogbbobobboboobagod

124




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


