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Using Probabilistic Prediction Method in the Search of

Mobile Agents over Opportunistic Network

Abstract

Since transmitting data on an opportunistic network is more difficult than that on
a general network, information exchanging is less efficient. Based on “CenWits”
system, we assume that control point has entirely construed all over the
mountains and a control network has completed altogether; meanwhile, the
mobile agent mechanism has applied in the searching of mobile target nodes.
With mobile agent attached on the equipment of hikers, the target agent moving
constantly along the hiking path grows the difficulties in searching. The failure
in locating the mobile agent possibly not only prolongs the searching time, but
also misses the golden time of life saving, and causes enormously damages
eventually. Therefore, figuring that “improving the efficiency of searching” is a
major issue in opportunistic network, in this thesis we develop a searching
method which enables us to calculate the probability where a mobile target agent
locates in every edge between control points in any arbitrary time
point. Through forecasting the location of the target agent, we can start
searching from the edge with the highest probability, thus enhance the efficiency
of searching. Using “CenWits” system as reference opportunistic network, we
designed two probability models as well as associated search methods. We
conducted a series of experiments to evaluate the accuracy of probabilistic

models and the performance of the proposed search methods. In our experiments,



the error of probability models is no more than 7.59%. Our proposed methods
out perform Basic Binary Search by 44.44 in average. Furthermore, assuming
that there is a discrepancy between the probability assumptions and the real
distribution of the traveling time spent on each edge, we evaluate the
performance degradation too. The experimental results show that under such
circumstance, our Probabilistic Prediction Method can even outperform Basic

Binary Search by approximately 200%.
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LA uéﬁ%lg’“*q‘—'mi/ir;%frﬂ e S R é_féﬁe?]ﬁﬂi@%}i“ FREFGMTuE S > R o TR
hrz @ﬁis?]éﬁi@ﬁv‘ AR h > FIS R S % > L4t (TR B 72 Fh R
BRI @%]ﬁi‘i“ D RO Y BT EE e Ft > AR R
T %,%15;5;@@ g R BEE §aRaY s T BEEHGTTH BT
To BT OEBE @R E 2 R BT OLFREE § TR

4 BEY AR GBS B ArROR



JJ}J‘_;‘#?;}&}H‘EK{;& TEEBERTAFET ~FE O Ra o T L gE R

BEFEY WRE BB % FliEs RaA#FERXRT AT 2L > T EE gl P

el
= »

ex G- TR ROk T o GapfRen Bt BB T 0 = A&~ 8% (deployment)
4L 5 B R BAY B 0 bldot E B4p 5K < & #7873 0 Tier Project[12] » i & e
T 1‘%)}‘&5&2 JRAGTE B F P RS By FooRRW LRI
S0 WF - R ARR

™2 /L Mobile Ad Hoc Network (MANET) &%= 3 &% » ¥ K T & i A#HEXK
(infrastructure) » & A A2k @ YR IFPHM AP T~ L RFEHY > Rd o LR @ o
i BE N T R aE S T R AR R R B 0 VAL € T A BN S Benf fe e
m/s‘?{@ﬁ;%ﬁﬂmm%}: v MR AR R B R T AP AR o P E
Fl* Gahenf bl > WA g RREL R .'rhf?ifﬁs?J#H'J—store-carry-forward WA R
# o ijﬁﬁ‘ziﬁ% WRE >~ CERIERB[13,14] -
1.3 fFH Iz
A} T E I A (mobile agent) FOMAR G - R F AR A MZ BHE o F 0 T8
F A ] AlAES o F R A ch& gk (home node) iF 41T E0 NI A BE 5 N IE A RRif
A - R JE R A& BEY S AT o oA B 2R R AhE g m o home
node ¥ 4 x> v N & @ ¥ H R hi BLig (7 5 =t prEE (multiple hops) #
BB R T B R H T Feniz it ls % B 3] home node -

Fh A Hg . F N3 L Bk (agent technology) - & - # éﬁ‘»}}—?l‘”j} LT %
{76 3L 4 (mobile agent) e fc | i * F npR e £ B0 TR L E AT
I EPEG F R RO T R - A BB RIH e Y - e 83 e o

B REEwBLR Y % o e

3%

o é—ﬁkﬁr’éﬂj ﬁ%'g‘h;‘f”f‘?ﬁvi’kg& s ‘F’;P—Ht\'l l"‘f_s

i e EAAAST T AL > B @ 427 thread ki 2 H B F i o



¥

@ KAp3d

R p A

13.1

o

CRRAERE Y hEFHRIRA S BR T p A ERRE . TR A g2
BRg TR N A Sl T R A L R R
IRISPRAR LS UE S X E il

78 NI A gk

RIAE - BRYFAT - BREASLES o Ff F el R AR L F g

(communication) £ & ¥ (collaboration/cooperation) = 2 ® 5 [ Fé N3L A | 972 § e

$57[15]

B tt (Adaptivity) @ RIZ A L H B Y 4 TR R R
paift (Autonomy) @ RIZA R EE G AFE AP E AP RSO e T oG p
BRI Dy S5 e S
# 1% 7 5 (Collaborative behavior) : *3Z 4 E v M v A3@ A & {74 -
A PRz At BEG
fadmac 4 (Inferential capability) @ 7 4 B & 5 48 % €52 P I (7

2 a5y 3 ’j‘;'ﬁ-»ﬂ}ﬂ—\——lfifﬁ. & A

P
>~
%

|\
[

Frasok T enid 2at 4 (Knowledge-level communication ability)
Bo AEAFER > BFRY A F T b2 S

[Nt (Persona”ty) AV T J‘l,,‘i”ﬁ XNk L*}%ﬁ‘ s Qﬁﬂ’ﬁ GEPE A SRt ]

F gt (Reactivity) @ A1 A E B EH MR PIEE B2 54

#12 (Temporal continuity) : 32 4 B i FdF ¥ (p i - R FF > T iy
59 & PFR cniadE

#H 4 (Mobility) © A2 L B g #3182 w4 > 7 8- BAYHIT Y -

B o



1.32 #F# NI A hipEt

O Th IR A P 0 F AR SIRE P R R 4 ] s B s ek

TR TR AT P A o ok PR R o T BR3P [16]

FOIR E 2 oxg it B s a0 4 4] (Overcoming the limitations of a client
computer) : B b K3 > A RI A FE PRI P FRE > TR LG
FEZEFHFL L RTRYBE 2 B RGFEFBRTREEL G 2%

,

vroas 2 5 s N N o - PV 5 ae A4
T Re PL.FR;"‘; —”:ﬁ%ﬂ‘f’miémﬁi@ N .é&@fa 4~ I“zﬁx ?;’E’_J‘ a8 “é‘L-F'f I

%411 (customization) : f client/server % ¢ > il B § 1 o 4

Foino Fh R A QT RE RS R RR Y R REAI o R R

e

I PIREAN T o B PIREHOAITA AN A - AEEE
(interpreter) » § F4&% £ F il enii@ A o

g4 e kg Sat 4 (inherent survivability) @ F15 78 NI A i F A L
AR SR frk B A5 B0 sodp T client/server 4G { B R ES 0 - BE
B R - R A PR TR ARAEATURFER SR D H s 3
LBEAFRF DEBRT B 2 N7 3k client/server 2 7 e 7k

/ /
b

‘E\

¥ PR ST ARACE SRR 0 F 2 PRI AR A AR
2+ 2 Web F oo

iT5 gt » ik & (representation of a disconnected user) @ R4 % % ¢ * ;gf
WEF BB B AP E R - B IF A AT - BT L3
Trfa kMg 1T ¥ EH B lé?iéﬁ:zﬁmﬁpﬁ%,fg“ léé.ﬁ-eut 1F s %

FALE E A NI AR F S v d R4 M AT Rk ha F
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Ao g R FERL AR LRRTA PR o

® Lty E (ease of development) @ § =~ £ hF M T A ITHRIRE P iR
HEPATROTRL - BT FER > LD ANE 2T F o AR TETA
7 % iR e B » 7 A% g A (pipelining) 3 7 R SE A e IE A

e
BE i GIRE > B TR G iF o

\

133 7RI g ®

Fde NI A BT R Y FehiEahi oV IRET AL IRIE > ¢ 7 TGS S
il EEEHA N AT c BB BRIVKED FH AT AT Y Y
- B redenEdd o 2Ry o client/server Z8 47 e 504~ R o U2
%¢$&§§\$&%@wﬁ%§ouwﬁmﬁmﬁﬁ@g4ﬁ@%@—im
[17-19] -
1. %+ 7 7% (Electronic commerce) : i& * ﬁ LarEd NI A R E S L
R EREFTA DL AARRPEY > RRY FEF -
T H %6 0F o
2. frh8aF = (Software distribution) :
vk e E  FlE o VA

e
BT RS 0 K RETE

B EOHCE A U e H XK
Fhe A RS chir i FE > T4
TR #e R T o

3. F ik k& (Information retrieval) :

R F WG R RS TAOM AT T R &
BEARCRERY LAY FTREATHR  FH R § Ap g B

B BRINTEOTR S P RREELES REES I 1 BT
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4. kg 1 (System administration) :

FE I AT h e f S 3] kP B T T e g I bl

o
et
®

KAk SR el (T BT GRATE A PE 0 2 X 3R (PTG
BB R o U AR E R BRI A PR TR Sk o L4 T
Vi P v ?’ - l g

PR ERETREE Z PR E A RR

5. E.¢ ™ (Network management) :

RRAT ARG P B AE A GRE o bldc B
3 et (Active Network) ¢ > F a5 76 NI A kB d ~ @i 3L
R dTAE 0 TR ERR ARG LGRS o R H A ,

TERFF AL I LA R R e (T e
6. #p% > (Network security) :
BAOEPRLOTALTENEAHAEA > A RBA MR IEFAH
RIE A AR ? Bd o VA A BiEY %‘B&x’;‘gz@:_ﬁ’:}éﬁ[ﬁ’#ﬁrw{ﬁi#&-
fRpARst s BT ERIZA P Fpt o AP ek E PR AR AR

RIS T R RS © P i e )5 R

‘?“?—L

WTE ko (TR G o MR FFOX IFEE > T h NI A hy]* 3 st
BT A R R A4 TR L S (Real Time System) e i®/n 42 % 5t

(workflow system) % k5 » B 7 HR* chd i o

14 F* 7 RI2A *?#g.ﬁtﬁé.

dOT A g RE L A BEniEAY PR BRRERG { S ML AT
FRIE > st LB R AR AIRBRY o FHEY BRGSO ARG T
Yo o Flpt o NP E FRER NI AT g R o R E RN Y

gpg_iggp TR o B4 :ﬂ’#ﬁajegxg/\.igﬁguf‘@egxg/\,hu‘g} é;;-;
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P B AHREAR K@ i S B F LA TAREER .
A T2 g8 DR kA b At kA o FE IR A B T
ORBRR G hE > TR BB N T 5
@ RI{AFELERIARPHYIFNFLE N AFAHREEEA LRER
oL A AT SRR B B blde D R AR AS A BN R LR S
Friept Bt Beh B ALY AR ST I G R R A e L
B Aty o X B ARV - B R L
® RN FREBELEFRIFAMERE T UABENLEI A DF L
Tk A AT - BEAMEL
141 BERRnFHFAELAFIT
(Fhe (NI A T f R chE R PAT o

® GLANBHEAFL I VEAALEY o blde TR EE

iR
&2\
o

142 FHEBRAT Sep g 3 R

BEARBT e (NI A B T8 € e EL Y o R RF S M AR, 3 F FE e o
d A FHREA SRR - L5000 B & %ﬁﬂif'rj&? fo P ARFVIER b oandk e o
AR (AT FEFT FP > FREREAFA R ETH N fg s LT ha
R PR ET M E U EE R (Bldo AAE ) B AR AE
T h A R AT 2R FE R T o 2 R R

AR NI AL S B Al 2T A A B FR R A g 4
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PR R ERIEA ] > RIBE G A ER AR A DR FRE S H e ATiE
BAKr EERE S PR TR REA L B QR RERY BEFEEEF
I A sl T8 B NI A2 43 & A B G gEpER T o

BFRGFE AL ] Lo i A F A (Agent administrator)
TR A RL R REA TS R PREREA SR AR R B g
S A TR

e PRI A fr s R 0 D0 G B K LT S

® Status inquiry : RIZ AR AR B 0 P R A AL A rE- NGB - KR

2P et B2 T SRARP TS L LR BAEE S B D EAT R

SECCHEFOHEFHFERIRE Z PR ORERE P FREET

® Stop: ¥ ikF W EFE

® Suspend : 7% F WA T T L o

® Resume @ PxfR 2 @ 273 (T DT R o

® Update assignment @ 4 /& H 5 37ix f% o

® Change itsitinerary : :2% A2 A f K enff R MARE] -

® Kill: 3@#%1%3‘:’%@52& 2 H iz

b arsdven T4 > A T e e ik > TE A riirf?’ﬁi‘]%"’ﬁﬁ';#lj

é’f‘lf’?@%i‘\:g&J’ r'»}; ;{,ﬁﬁl ‘xﬁ#i-km fr—:r\Iwk ’ 1§;§‘J’—ﬁ3@f4ﬁiﬁq°

ARwmREERIT DR - FEP AF LB E G T AR R E i
S R HIOE (TSI R G fReP R 4 AR ST i e R

A2 PR Ty LT A5, 4 R dler2 2B 524 0 22 4

N w BRI R ] 0 B AR R B AR BT T TR s N
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® LRV CEFHAEAFANPHSGET d WL FEL G TH
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@ Ui e RpA L EuBanEE s VL BERARAEA Sl {38 AR
FRAEE AT A Y R OREE A i TRV R LA o
22 T2 %7 \lrﬁc‘{ﬂk A% WA
¢ IREAR[20] 4 i h e B SRR A E RTRE LA G R AR BE e -

er BREFLAZRABRPORFES - Ra > 2BLFF 5% b Fupe

oS

ki

PR TR e FRE LR AMAZE 2 AL LR AR 0 1955



REFR B Fr ot - BAEF RN FLL AT UL G AR B
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oo E R RLEF A g TAMEFRIFOL A X E-F L EL > P
AR M SRR o
L ZRF L F 3k s (CenWits System) | [4,7,21] 5 - B L B LEHE R T

B AR PR BT FABES LR F BTN LR E T e

4

- H ST s IR 0 RV EHGEE AR RS BN 24 R 2T R R B
R e g B P R S F I RPRE S  F L g e

AEENTLERSF > R FNFESFLFEEY o M SR 3 F LIRS Lo

T REE TR O R LR AT ST AR RS PN 2
'f’éﬁ%?viéi"/lfai\gﬁ 785 E PRI 2 9‘{:};@},%—‘; A4 4 LT
Y EUEY T R N S TR E S i PRI R
BT B AR A TR R A LS LR SRR g S
S R IRREEZ 26X 2 TEE A FREFREELITEF 2 A S S
= A o

ERFAFIN 0 A B RHEAHLE R HRRTANBE §F DR
e A B PRSUL N 4 o BT TR BT R 0 T AL

5% ke AR st o782 8 (None Line of Sight, NLOS) -

3

AR EREE e
@ 3% (Line of Sight, LOS) » & & ELF i ¢ S E AP ~ LF

T

BAE R o @

A5 E R B A R R o F o R R RO TN g 5 R RN R
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A B¢ T pFd GPSRBIEFEFF LAY G A eaid-P el
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B 5 EFLE ALY A gt ey B p e 8RSk
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L | |
Charge Controller (12V) m Wired Network
| [ :

*Max survive time: 48hrs (battery only) ]

R A S L LT R LY B -Periadic self-check status
Flash Disk: 1GB *Auto power-up after power failure

3G Card

Nalsb 5erver Real-time
140112 3. NN infarmation

Nalsb Server BS Info DB elreee

140.112. xx%. XXX R —

Sinica Server

Hiker
information

Hiker DB interface
L

W 2-200% 3% L S G F 208 S i 3)

Raw Data

23 BB R IIRBREF FHRER

g R TR RIE A 2 WF 0 AF RS PRI o & Placement of Control
Network for Mobile Agents over Opportunistic Networks [22] » #& #1024 T2 255 1 FF 3
AE RS b e R BELERE AN - BAe#d g GPS [ AR E o
fi U6 &g (mobile node, MN) j» (78 & 2E ¢ &% L E i Bife? > p e

FEEpa DR e a T R{riT Py LR Ll g .

-

<RI A S A EEE L S TR
(F0F) IAREME FH R AT A Y - ARSI T - B R
BfEed SHRFLEOBEEL A NFLEAAEF LB AR A
o A R EA S AR R ARG 8 REF AR NI 2

FF TR o 4oB) 2-3 #77 0 B A F il E (Control Network) sfFim™ » 3
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231 #r#lenims
BRRALGE A G RREIRB L IOF FH NIL A DFER 0 [22]3% N - B g # I RE G
PEA o KRR IOF A A 0 IR F TR NI PR S o

B3Rl % F B (M4 Internet) > 7 i1 ¥ gt gt (A7 23] 3G~ 4G
RSB R o AV % 3G~ 4G ¥ i sad ) & 2 #2428 (Control Point, CP) » 25
= 4% 8 (Control Network) » & 78 R 32 & A Frd| 8k FF Eoig £ & ) 9100 & ahik
WA w3 gl > PRI R e E LR K (FREE) P o FF e R

L—,%mf‘?é’ﬁin‘iﬁj\m L ”T%%mf—rfrvﬁ«ﬂ&“i#g/ﬁ‘g VB THOE T AR

YoB) 2-4 1 0 B P EE KREEE R - X N5 %A bt hkiR o R
FEHAMA o ¢ FH R S E e > R FE D e o FP o TS E I R
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B BRI A BT TERITR el o P ot P s A KT R g B e B
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ﬁ\ SOURCE ji\ (i /@é---%
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Bl 2-4 1 @& % ol e ke (7 d (IR A iR

FOREOE NI A 2 R R R giT 0 P E R A RGP ey 0 B R K
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EAF o

232 I 4| epecrge®F Rk
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i2 ¢z Basic Binary Search (BBS) Algorithm z &) » & (¥ /i 840 o
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FIBE PR (7 (RIR A ey BT S e 7] > £ )% Basic Binary Search (BBS)
Algorithm » € ¢ BF e | B8EB 4045 > B I FH AT A & 4 k5 S st 04
2o RS 0 BRI
2. PIIEZTEEH AL PR o B RHHFF DF NI 5 EFES
PRI A E T a0 L i (T & BRI RITSE T
A o
¥ {¢ * Basic Binary Search (BBS)Algorithm & = ;X iT 2 3¥F chek > @ 4T -
FAHRLHIEFFLE 2 VR - B B FIERIOFFE 0 R P FRAIEA
SR R I e RO F T4 GE T OREAE P 1R IR A BT T 3 ]
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=
COID im0 R E R P R -

COR R RS F R AL R IR LA R S

PHEAIE T ST AL AT BERE S 4T
PM)={ 2 (zj - f)|eij € M’ t passes ej }
B ozydoane wREGGZERPREGRL) ik 5 SESIRE DA ERE MG
WEY NF BN L oz o f KEH S RAERPAF > wIFPM)S EEEM
Vi REERMREZ Jfo W ERGERE RS E R EFSRTE
(profit) -
3.2 Bt & icipin F I enlF 0T
UL e BEE B R RE— B S 4F & 4o 3 F 5 (CPSP-Utility-Flow) #ic® #03) o
Givenagraph G=(V,E) - where

o V={v

11001

v,} is the set of possible nodes for building control points,
® [- {eij |Vi’V,- ev} is the set of edges (trail segments) between , and v,

® W ={wi v, ev} is the set of the cost (required resources) of building a control point on

V.1

® C isthe available resources,

® T={t,..t

''m

} is the set of hiking trails, each of which is a path, a sequence of nodes,

used for hiking, and

® Q={q, |v, eV t, eT}isa passing_trail matrix,
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1 if trailt, passes nodev,

where =
B {O otherwise,

o 7- {zij |vi,vj eV} is the weight of the edge ej;,

® F ={f |t eT}is the set of hiker flows, which is the number of hikers per time unit

passing a trail,

the CPSP- Utility-Flow Problemis to find scv, to
maximize P(S)

subject to

U {qkj % }=T and > wx <C, where x =

iev

1 ifv,eS,
0 otherwise .

33 faiA ddug sk

PrAIEE S RS S RN EHCR R R E A d [19]ER A BHCA Y &

NP-complete F* %8 > & < 4F & 4c )% F 03]~ I 5 NP-complete i° 38 > 287 7 4 %

Hig ek NP-complete 2 P » F & fodk 41 BEE 48 B RE e sSIR 8 2 0 & ul

B imE SR R AR E S R H e e N FE o AR A Y
BB AAFE R ESF > » Hd - BAFNFE RIS P EERNLE-

d 3B+ B8 (CPSP-Flow)#c% #-3] ¢ 3 3% % = ¢ 0-1 knapsack problem 2

fRA2 ZFEET > ke WD B < E 5 (CPSP-Coverage) ~ B = 4r il & &
*

(CPSP-Utility) 2 # + 4§ & *c i@ ¥ % (CPSP-Utility-Flow) ic £ #-7] chii &=

Bk o
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331 #r#IBE & B HAEE f i
BRI LA BRI # 5 sub-optimal solution £ optimal solution v+ #
hikyp o whHmT P 5 o 5w i MC distance 3 "% - B 78 & 8L T T enir
gLz P EOREHE o ZRA o d A -ifedge b o BE D wApk i & 8L A | H
BiTendrd|Bh BFenfEdEd — ARl 0 St AP Bk Y > Ak [ AF iE edge
roo BES G e 25 - BFH a8 k22 MC distance 4p B ﬁgﬁ;’#ﬁ%sgﬁ%ﬁ o %

3-1 5 #4I2E & AL (CPSP) eofp b= pthz T4 -

Z 31! H42EHE N AL (CPSP) an=fdpik

Name Definition

flow coverage The summation of flow covered by all the nodes which

were selected as control point.

edge coverage The summation of edge covered by all the nodes which

were selected as control point.

weighted edge coverage The summation of weighted edge covered by all the

nodes which were selected as control point.

populated coverage The summation of weighted edge multiplying the flow of

edge while the edge was covered by all the nodes which

were selected as control point.
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mean MC distance

The average distance of all mobile nodes reaching its
nearest control point. The number of edge indicates the
distance, calculated from the summation of all mobile
nodes’ MC distance over the total number of the mobile

nodes.

max MC distance

The longest distance for any arbitrary mobile agent
reaching its nearest control point, i.e., the maximization

of all the mobile nodes’ MC distance.

mean weighted MC distance

Same as the mean MC distance described above, only
that the distance was indicated by the summation of
weighted edge rather than the number of the edge.
Assuming that the weights of all edge in the end of

trails are all one.

max weighted MC distance

Same as the max MC distance described above, only
that the distance was indicated by the summation of
weighted edge rather than the number of the edge.
Assuming that the weights of all edge in the end of

trails are all one.

mean populated MC distance

Same as the mean MC distance described above, only
that the distance was indicated by every edge weight
multiplying the certain edge flow. Assuming that the

weights of all edge in the end of trails are all one.
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3.3.2 CPSP-Coverage #xi& 3" f#4-=* % - NPF2 & ¥ &

% 7 45 CPSP-Coverage =1 sub-optimal solution > [18]4% /- BEcg N iw 8% » & & 5

Node Potential First (NPF) ;% & i2 » ## 5 ¥ Dt jf B 22 scigfap Mgz > b &

% Node Potential First 2 (NPF2) ;% & ;% » % 3-2 #-7]41 & NPF 2 NPF2 ;& ;2 ¢ &

dFleng s HE & e

#3-2:Node Potential First (NPF) 2 Node Potential First 2 (NPF2)

L RER S

Notation Definition
edge degree The edge degree number reached by the nodes.
node cost The cost of the node selected as a control point.

selected edge degree

The summation of edge has been selected with the initial

value being zero.

unselected edge degree

edge degree — selected edge degree

edge potential

The cover edges potential in the certain node.

edge potential = (unselected edge degree/node cost)

trail hit count

The number of unmark trails gone through by the nodes.

trail potential

The cover trails potential in the certain node.

trail potential = (unselected_trail degree/node cost)
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Node Potential First (NPF) & & ;2 2 3 i¥/n4% - 8B 45 # edge potential ~ £ $+i%
trail hit count shiE . + > & - 4p I+ £ £ # node cost -] i E3r 418 > &5 EH -
B iEEd-dleLis o { #7edge potential ~ trail hit count ehiE » 1 Fx E97E T — B iEE
Prdlgkag ik E P FTenedges % trails > @A & Rt Y ria E Flahedge #cE -

A2 A M NPR2 & 2 ek 3 E 8k 4o T

® 7iE i iE 47422 node scost s 0 7 ¥ 4ZiE available resources °
® E-LiEH o (edge potential ) + B (trail potential) & &~ » & &40 £ P4iE

node cost & & | e 5 EiE 4Rk o

Node Potential First 2 (NPF2) & & /2 2 i@ iv/n 42 » iBL3iE# o (edge potential ) + f (trail
potential) & &« en& 2L A FEF-flg B2 a~Bd @3 ﬁ FiEdE 2 HEHpRFL
P4E node 2 cost B | chiEEdr g AL AE T EE - B EE RSk 0 L F7 edge

potential ~ trail potential =& » 1/ Fx & 97E (T — BiEE IR & E T F

4
3
@D
o
Q
D
(72}
W

trails » ¥ 4 & B3t 8 #0d% ¥ 3 ehedge 2 trail &£ o

PR E 2 R EALYE AR P EIEES A RREE AT Ly EE
2 BE G Pl &gk o e ¥ i B iz iE 2k edge potential (hie £ £ % < o trail potential
A R AP B RAGER T B AR A o SRR R S B

K i F PP AEE )& B T B3 Node Potential First 2 (NPF2)si & 2
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Candidate ListV « all nodes

Iterate until Committed Cost >= Available Resources

{
Deleting the node from the candidate ListV with node weight > Remain Resources.
Selecting the node from the candidate ListV with the largest value of

a ( edge potential ) + B( trail potential ) and smallest value of

node cost in ascending order.
Updating the value of edge potential and trail potential of every node by marking

covered trails.

}

B 3-1: Node Potential First 2 (NPF2) ;% & ;* 2_i& (¥in 4%
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% 3-3:NPF ~ NPF2 ;&7 & 2t &

NPF Algorithm NPF2 Improved Algorithm
restriction | The summation of the cost by the nodes selected as the control point,can’t
exceed available resources
1. edge potential maximum 1. a (edge potential ) + P(trail
selection 2. trail hit count maximum potential) maximum
order 3. node cost value minimum 2. node cost value minimum

3.3.3 CPSP-Utility zxig ;8 f#i&-* % - NPF-U2 7 ¥ ;2

F_‘-

L
v

E

>

Wi

4
\nd

36> AP AH[18]3 N e NPF-U i 532 1518 5> & 8 s A
NPF-U

2 7% & i3 » %2 CPSP-Utility F* 4% - NPF-U £ NPF-U2 7% B % 3t ik 34:if iz 3

& 2k T o (unselected edge weight /node cost)+ B (trail potential) | -

‘&

e BB ik & Bk

WA gl e o & 3-4 7] A NPF-U 2 NPF-U2 & 2 ¢ »ri@* F|enddics 2 4 4

c='=‘$

HeA 7| D g NPF 2 NPF2 4dkcin b o
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% 3-4 : Node Potential First U (NPF-U) 2

Node Potential First U2 (NPF-U2):% & ;= % #k %

Notation Definition

selected edge weight In this node, some edges weighted were selected with the

initial value being zero.

unselected edge weight The number of cover edges weighted increased in the result

of selecting the certain node.

Node Potential First-U (NPF-U) /% & ;2 2 i& iT/i42 - B4 :E#H " unselected edge weight
/node cost | ~ trail hit count shE & + » @ node cost & | chiFE 4| gL > ¥ AEF T EH
- B iEiE 4l gkts 0 {37 unselected edge weight /node weight ~ trail hit count eniE
> N NPF-U2 5 5 i ek 3£ 80 40T 8
® “7iE i iE F4 B2 node weight 5, f- > 7 ¥ 423F available resources -
® iE-LiEH o( unselected edge weight /node weight ;) + B(trail potential) &
Box o FEAP £ PE node cost B | e iEE IR
™ ] 3-2 & Node Potential First-U2 (NPF-U2) # & i z_ i (e)n 480 )L i B 2 2 X 3P0 4

E
FNPF2: 2l 87 B i 7 bR E e i 0 o

i\
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Candidate ListV « all nodes

Iterate until Committed Cost >= Available Resources

{
Deleting the node from the candidate ListV with node weight > Remain Resources.
Selecting the node from the candidate ListV with the largest value of

a (unselected edge weight ) + B( trail potential ) and smallest

value of node cost in ascending order.
Updating the value of edge potential and trail potential of every node by marking

covered trails.

}

B 3-2 : Node Potential First-U2 (NPF-U2) i# & % 2 i (¥t 42

% 3-5:NPF-U -~ NPF-U2 % & ;* 1t #

NPF-U algorithm NPF-U2 improved algorithm

restriction | The summation of the cost by the nodes selected as the control point,

can’t exceed available resources

1. unselected edge weight 1. o (unselected edge weight) +
selection maximum B(trail potential)
order 2. trail hit count maximum maximum
3. node cost minimum 2. node cost minimum
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3.3.4 CPSP-Utility-Flow iz~ %- NPF-PF ;% % ;2
P AP 4 A 2 g A e CPSP-Utility-Flow #53] > 3 - g sl im iz - & L5
NPF-PF j# & ;2 » % f2 CPSP-Utility-Flow R 4% st % & /% 1% sc £ % 4% &) NPF-U2 j% &
& AP
" (o (unselected edge weight /node cost ) + ﬂ ( trail potential )) -} ( flow_potential) | &
ES HE 2 S TR

4 3-6:NPF-PF i & i 2 %4

Notation Definition

flow coverage The summation of flow covered by all the nodes which were

selected as control point.

flow potential The summation of flow covered by all the nodes which

were unselected as control point / node cost

% 3-3 5 Node Potential First-PF (NPF-PF) % & ;% 2 i& /i 4%
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Candidate ListV « all nodes

Iterate until Committed Cost >= Available Resources

{
Deleting the node from the candidate ListV with node weight > Remain Resources.

Selecting the node from the candidate ListV with the largest value of

(o (unselected edge weight /node cost ) + B ( trail potential )) - y ( flow_potential)
, and smallest value of node cost in ascending order.
Updating the value of " unselected edge weight /node weight |

and trail potential and flow_potential of every node by marking covered trails.

}

B 3-3 : Node Potential First-PF (NPF-PF) & & i# 2 18 (F/n 42
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=

EEr AR D o T R I A 2 8] 0 JIF frdl R IR X > K 4eid search
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(Egress) Bty o ie {765 & Bhf ik (7RIS S FET R R R R AR (B A0 R 2
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42 KILETE

421 FHHleRTIHF LIPTE

B O AleERE % TF R LAtk i en- B H & 2 5% > Basic Binary

Search (BBS) Algorithm [20] » i B crd0F 7 52 K FH P a8 AP F ¥ ik

MR DT - FRIEFFE 2 0 2 AL R A E A DL EE -

% 4L A

name

Definition

Search agent

To find the target agent under the control network.There could be several
search agents which are managed and delivered by source agents.

Source

Source itself is also an agent which manages search agent, sends out
search agent from Ingress, and records search time spending of search
agent finding target agent.

Egress

An Egress is the closest control point right forward to target agent under
control network, as an exit for search agent to jump out and head-on
approach target agent.

Ingress

Ingress is the entrance for source agent to send out search agent under the
control network, at the starting point of trail where target agent located
under.

Messenger

Messenger is the mobile node which helps search agent to jump out form
Egress to approach target agent.

TR AL AR ALERR Y T AR e
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A Control Point (CP)

IIngressgl_;\ ISourceI ,éi

Bl ALl AT 7o ST A SuPF 2 P L 2k

Bk BPRAEF 3 2 22 B 5 3] B 20 i i Source (H A~ ¥+ & - & mobile node) #-
search agent €t i% trail A= dp24 e 4] & BE(FE 5 Ingress)ix b -+ g 8% > 2+ search agent
FAI A RRAEESE TN P ATIEROP R E S & G e (FE S
Egress) > L@t F w5 L E (iFd & 8) 1 o 5 L EH LS Messenger 5§ ¥ F = & b

TR 0 B EIT YR A kentargetagent i (FIOE Tk S5 I8 TV S B

R

4.2.2 B33
o RARHCA-
AN et LFM AR  AFFAPTEKRARA ALY ,T%w TR AR

prh s AR T F F g LT o AR 1T T BEER B B o

1. B LE - 1523 R eantrail 2 B &
2. i;éf‘ﬁ( TR ) A LR

CRENTE NS IES S CUICE T2 ed Fal T U B W E el TR 13
4. 3K targetagent j- F - FE LA wentrail (74 e Avpt trall P R REATE S A
PR AT L - BT AT F BRI LG PR RS

&_i.id.(independent and identically distributed)jf = = & fF o P85 2 ¥ XK 5
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- B3~ M4 Gamma A T

B 4-2:F REHCF| - FEEL

2
35 ¥ target agent 3 =t Bk o

L e L =
Pe,t : probability of the target agent being located at edge e on time t (1)

® Fe '5\’}'*;" -

FPAfrs Tls S8 LRt kst SF R BRRR S Bl b e T BRI RE R

" F i§g&,1§ IE;J"‘ o

1 Z W% - 154 R Beehtrail + B8
2. g (P dm) Lanbd s L84
3. Lk R HIRE 2 tail A oS IS8 £ 0 BEAE R

4. 3K targetagent i ¥ - £ 3 R Beentrail (7400 given & BB R BRESR S B ol

FoF BARERBFRIE 10 HOUIERRBRAR 4 %
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Bl 4-3:R AT -

B

35 7] target agent e & = b b
AIR REHCA - 5§ BoS e B > R4 - 5 o

. 2
qe,t . probability of the target agent being located at edge e on time t @

4.3 P FIRR Sk

AFTEY BB AF - RE TR ORRERFT & § Gammas fie i I o E

Gammas fef@d 5 - > Gammas i F SR A BR P L F B AL R EF TR P

B SR enf it o BT AR - B TERREE 0 & Sk rIC PR peak § i § #
Bf B E S - B s o AT A BTN S AT AL RA AT

R pERE o Bt AR 2 S BT RS0 SR P RARS

# VEEE ARG S 5 TV S S A AR e

bk e SHTE P UHER LRBITRREHRISE A T b E Y R R



43.1 Gamma 4 gz

Gamma 4 fie - Hugs g U i A& Sl s

Ly

a-1

t ~ Gamma(a, f) :F(a—)ﬂ“

(3)

#¢ Gamma & i ¥ hddica - fE s Ak S-Bik(shape parameter) - BF 5 R 4-#ic(scale
s pe p i

parameter) - o E p.d.f.( % % & SH) RS2 A AER » SBEIH AR WL S

EQ=ap > & Var()=af’ - 5 & & e f () 2 048 R4 DN Bao i 422

v a=1,=20
‘ — a=2p=20
— 4=3B=20

H a=5p3=10

0.4 I"‘, u=91B=O.5

03
02

/
01 [/

|
20

Bl 4-4:Gamma 4 fie s & % & Sdkc
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5200 T(@) B_e3f &l :

(4)

I+ £0 {EP-.@:F a>» FRAE-T 1

ek o2 34 4e(5):

\
g
=%
L«

_(t-a)
t ~ Gamma(c, ) :W(t—a)“‘le g ©)

2 Gamma distribution £ 3 Summation 44
95 A R BPRE _Gamma A fie 0 3 Apih 0 P H pFERY AR S 4p I PR > Gamma A i

B 4o X, & B I(e;,B) »f for i=1,2,.,N(E7F 4k e B ¥ B)>

o~

PIE T 4t e

ixi ~ Gamm iai,ﬂ)
i=1 i=1 (6)

46



432 A - P EBFIRRIEZIPEFRE

FRdle g ¥k

éﬁ-

AR - - LR RE LT 0 X R B B A
FEFNBEA SR SRR ERFTEE- B A G 2 5 Gamma &
o PR R PRESLEA T - B ALRE Y S #%%75?4@&@&%

e

PR RAEE o A - T A s RENP 2.

SR REenFIEL R AP BEGR & BPF R g Gamma 4 i 2 scale parameter 4p e o B
P Gamma A& i v = M ehiE i o § A ME R EOR Gamma A F 0 A B P R
%-¥c(scale parameter) 4p Fe P% - Gamma 4 i B 7§ 4v 2 FF Ar B AT BB T IE

B2 S e Gamma & 1 e

® I:)e,t 233

X, X, » Xy ...» X, :Acontinuous random variable X, , time spent on edge i,

which hasa Gamma distribution with parameter A >0, if fork=1,2,...n

P, . : probability of the target agent being located at edge e on time t.
P, =P(X,>1)

P, =P(X,<t, X+ X,>1)

P, =P(X,+ X,<t, X, + X, + X, >t)

P, 1 =P(X,+ X+ X+ 4Xn-1<t, X+ X, + Xg+..4 X >1)

t=P(X + X+ Xy +..+ X <t)

enot_l... n:

B 45 P 2niE
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HeY S -BISNELFEHBE DA S F Sk

o a1, B
I % dx, n=1
v Ne,) ™
e
t Xn 1Oln71—1e /
l:)en t 3 IO s n-1
1_‘(an—l)ﬂ

X1 X

s 15
e x “e
dx.dx., n=2.n

t pt—X,_1 Xn 1
b T s

o1

"

(")

FRAP, o ApEwe s P agpieE gy -8 - g (PPM-S) -

PPM-S Algorithm {
input: A continuous random variable X, , time spent on edge i, which
has a Gamma distribution with parameter A >0, if fork=1,2, ...n
output: P,

Search BEGIN

Source sends search agent from an Ingress onto Control Network;

Take the C.P. nearest to the edge with highest probability P,

as the Egress;
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If the target agent had visit the C.P. then delete all previous node
out of node list,
Find the edge with highest probabailty in the right;
Else delete all next node out of node list,
Find the edge with highest probaility in the left;
Search agent jump to a mobile node that is heading forward the
target agent Messenger;
If found the target
End Search
Else next loop;

END Search

END PPM-S Algorithm

Bl 4-6:4% 53R R F 7 8 2 -H - B2 (PPM-S)

433 HA - P EBFFRIZZHFFRE
BoA) 2 i * 20 R RNE LRI 0 F BRI Il e Bk Bk A 5 N Bl e g
BEA- R FRBREATIEER Y L - B Gamma 4 v R Sl 8 X IR E

FARN L pRGEAT - BFTRALBRE Y P F O 0 B IS I EF R B 4

HF P AR Agent > 17 3 - N2 P2 5 Bas a8 @8)9) T E A Ooy
AT S0 T o

P,: probability of taget agent walking on path | (8)

0, ¢ : probability of target agent onedge e attimet if it takes path | ©)
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)

B - Bk & BT PERY S Gamma s & 4 @ H scale parameter 4p F o K target

agent »t iz — PERF gLt E - BB W o I HA- B P, o T E A0y o

° qe,t 2.3y

X;» X, X50...» X, 1 Acontinuous random variable X, , time spent on edge i,which
has a Gamma distribution with parameter A >0, if fork =1, 2, ...n
0. . : probability of the target agent being located at edge e on time t

Stepl:

——dx,
INCAY

- B
P =< '[ n an—l —

Xn—l Xn

an -1 Yij a1, B
pt%s X e # x"e
II ‘ol n xdx , n=2.n

d
° D(ey) B T(e,) ™

0

Step2:

O - ; Pr -0 e (10)

B 470 O, 2 dad
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4
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FediQep > A Te R r (o3t B85

-3 £842 (PPM-M) -

PPM-M Algorithm {
input: A continuous random variable X, , time spent on edge i, which

has a Gamma distribution with parameter A > 0, if

for k =1, 2, ...n,and the probability of each branch
output: 0

Search BEGIN

Source sends Search agent from an Ingress onto Control Network;
Take the C.P. nearest to the edge with highest probability J, .

as the Egress;
Find the edge with highest probabailty;
Search agent jump to a mobile node that is heading forward the
target agent Messenger;

If found the target

End Search

Else delete this edge;

Next loop;
END Search

END PPM-M Algorithm

Bl 4-8: I RHEEF F L 2-F £ B (PPM-M)

51




5%
e S
TR 71
AR N R BE R i 0 NI A R AERE P TR S 2
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BARRIZ R ERRHREDLIE > TG BT IRIOF L OF T T o

51 RHER$

F k- A BEE 4R R RE i

% JAVA f- B4 T TR S B BE R R e S R R 0 B
WA 2 Graph &7l e )39 %7 > W REFE 2L 2L 7 239 %

PORIFREE R R & i AR R 2 B ekt o oA R S

32 E ! Pentium(R) Dual-Core CPU E5300 @2.60GHz
=Rt 4.00 GB RAM

o iF¥ %327 A MSWin7SP1

s  RB#%8 : Eclipse
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%051 sk- il BE R N AT S it

Experiment Experiment Profile
1A Small scale evaluation
1B Large scale evaluation: node sensitivity test
1C Large scale evaluation: trail sensitivity test

F % I IRRIEFE 2 i =R
%% MATLAB fi— B A T/t m o SR E Tt 8m ¥ 223 9% %%k
"L A 4 Gamma 2 Normal j* #cie (7 F /& Pl W REFE B I LI ant B e e g
P LIRS FF LR ORE S DR B IIRHOFZ 8 - SRR 2 S Foni AR o
oA RARR S

e Jd2 % ! Pentium(R) Dual-Core CPU E5300 @2.60GHz

+ TRt 400 GBRAM
. T¥ %% 32 MSWin 7 SP1

B %% - MATLAB Simulink

A052: RS B RAER 2 R St

Experiment Experiment Profile
2A Single path evaluation
2A-1 Accuracy test of probabilistic calculation
2A-2 Performance evaluation against Binary search
2A-3 Error tolerance test
(1) Against Normal distribution
(2) Against inaccurate Gamma distribution
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2B Multiple path evaluation

2B-1 Accuracy test of probabilistic calculation
2B-2 Performance evaluation against single path
2B-3 Error tolerance test

(1) Adgainst Normal distribution

(2) Adgainst inaccurate Gamma distribution

52 FHIBHE RN ki =0
5.2.1 -] | R® RE st i1

d +* CPSP-Coverage ~ CPSP-Utility 2 CPSP-Utility-Flow ¥ % NP-complete #° 48 » ]t

AR 5 2 0k 0 NPF2 ~ NPF-U2 22 NPF-PF g 40 B 2 % 19 % 42

22 NPF~NPF-U 2 Bcid 2ot o> A5 L B2 1 hc b a2 »ait £ 8 o FlBo i 2oy

SRR SR RN S P

522 2% IA%E 28K T

AP A 4 5B Graph » S8k w407
*  Total number of candidate control points = 20 -
*  Total number of trails =8 -
*  Available resources = 12 -
»  Deployment cost of candidate control points =1~5 -
*  Edge weight =1~5 -

. Trail flow rate =1~5 -
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523 % IA%%8L047
B 5-1 © 5-3 & CPSP-Coverage % . % » 4 % 7|3 NPF ~ NPF2 ;% & ;= 22 optimal

solution #1 4 {¥ =2 edge coverage ~ mean MCD ~ max MCD - = Jﬁ L 3

140
120 N H
10 wiE N # N\
¥ o N H N N
§E§\E§EE§EEE?
e EN BN HEON #
0 [N 5 % : % : %ff infi
N G N H N E NG N
Graphl Graph2 Graph3 Graph4 Graph5
- NPF 36 78 104 115 125
NPF2 37 78 104 117 126
H Optimal 37 78 104 118 131

B 5-1: CPSP-Coverage—NPF vs. NPF2 vs. Optimal solution

(Edge Coverage)
1.75
1.7 '\
165
AR
2 155w W
s N
éa 15 % —%\ - w\ §: -
1.45 —§ § —% §_§ §_§ -
1.4 — — — —
MN# N#E N E NXN#EN
Graphl Graph2 Graph3 Graph4 Graph5
“ NPF 1.7 1.57 1.48 1.51 1.54
NPF2 1.69 1.57 1.48 1.5 1.53
H Optimal 1.69 1.57 1.48 1.49 1.51

B 5-2 : CPSP-Coverage—NPF vs. NPF2 vs. Optimal solution
(Mean MCD)
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B 5-3 : CPSP-Coverage—NPF vs. NPF2 vs. Optimal solution
(Max MCD )

d B] 5-1 ¥ > & Graph 1 * NPF ;i & ;2 #7 < edge coverage +* NPF2 % optimal
solution 32> — i edge » m NPF2 #r 41! e edge ¥2 optimal solution 4p ¢ - % Graph 4
® »NPF2 +* optimal solution #7 4 edge # > — B edge>NPF p|= * NPF2 > & & edge °
% Graph5 # » NPF2 ¢ optimal > 5 i edge’ m NPF = +* NPF2 ;% & jz *t &edge
- i edge > ¥ 5 4112 NPF2 E 4 ) e 2 %+ edge coverage # g iz - & 15 NPF -

NPF2 & & i ¢ ¥ 3% node potential 2 trail hit count 4c 4 {8 #. % iz E 3412k > 7

BN
[o

P w118 | crprofit B » Flpt o AR R T %&g i# % NPF 2 NPF2 ;% & % thedge
coverage »z ¥ 43+ optimal solution -

d B] 5-2 ¥ v > & Graph 1 * NPF % & ;2 #7 $¢2mean MCD * optimal solution 3
0.01 & edge’ NPF2 % & ;= »7 &2 optimal solution 4 f¢ - % Graph 4 ¢ » NPF +* optimal
solution % 0.02 % edge - NPF2 +* optimal solution % 0.01 7 edge - & Graph5 ¢ > NPF
F B % #r foeghmean MCD + optimal solution % 0.03 i edge> NPF2 ;& & ; #7 1t optimal

solution 3 0.02 # edge - %y Graph ¥ > NPF2 #7:iE enig i Bt NPF #7145 enig 5 2k

56



weery trail b IRt Gl Ap #HRE 0 w2 NPF2 v NPF #7545 FIEESE (7 & & BT eiy
FIEE S Fp o Gt T i*ug A5 NPF2 #7 f&rmean MCD #x 5 it NPF jf & 72 o @
& max MCD = % #dgi2tp e o

B 5-4 ~ B 5-5 5 CPSP-Utility «n§ 2 %% » 4 5|3 NPF-U j# & ;2 22 NPF-U2
7% B % 2 optimal solution #7 4% 1 weighted edge coverage ~ mean weighted MCD >

d 3 max weighted MCD #74pF » #c % Bl & 7] -

400

gi’ 350 T
© ~ I
5 300 N
> . o w
NI BN
g N N E N & N &
g Nt N N F N
Py Y Y Y Y
\ i NeOHH N i

0 Graphl I'.ILGraphZ ‘Graph3 Graph4 Graph5

% NPF-U 79 197 274 297 328

NPF-U2 79 199 274 295 335

H Optimal 79 199 274 299 348

Bl 5-4 : CPSP-Utility—NPF-U vs. NPF-U2 vs. Optimal solution
(Weighted Edge Coverage )
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3.25
N A
8 3.2 _§ mam
3 e _&\ i % i
P NEN:E
: N2 N& NE vs X
2 25 LN H N =N BN HON
2.9 —§ =N BN B \* + § H
285 L\L 4 h HTr \\ = " mu- k nmmy
Graphl Graph2 Graph3 Graph4 Graph
™ NPF-U 3.23 3.17 3.03 3 3.03
NPF-U2 3.23 3.16 3.03 2.99 3.01
H Optimal 3.23 3.16 3.03 2.98 2.99

Bl 5-5: CPSP-Utility—NPF-U vs. NPF-U2 vs. Optimal solution
(Mean Weighted MCD)

d B 5-4 ¥ %> % Graph 2~ Graph 4 2 Graph5 ¢ > NPF-U i# & ;2 #f f¢ weighted
edge coverage ~ %]+t optimal solution > 2 i ~2 i 2 20 i# weighted edge > & F]f *+ >
# A F) 5 NPF-U# & iz endp 4|28 #8497 % R -m & Graph 4 2 Graph5 # »NPF-U2
/A w]it optimal solution > 4 B %2 13 & weighted edge # * NPF-U2 5#% & /% #r$+ i 41 %
gkt NPF-U = weighted edge #2 % 5 154 8 %] 5 NPF-U2 5% & 2k 22 R B eag 4 %
iEiE B> AT trail b e bl NPF-U kg o

@ d B 557 & & Graph2+4-5 ¢ » NPF-U ;% & ;2 #7 4 ¢ mean weighted MCD
vt optimal solution % 0.01-0.02-0.04 & weighted edge’ iz ®_d ** & ¢t Graph # »optimal
solution i ¥ i #7if enig E 418 973 trail + Hmant bl NPF-U “rg ehk @ 3
# #1 Foemmean weighted MCD »x 3¢ 143t optimal solution- 4g ¢ £2> & Graph 5 # NPF-U2
% B 2 o7 Fegrmean weighted MCD ** optimal solution % 0.01 -~ 0.02 i# mean weighted
MCD - J F]l+ NPF - d B 5-6 ¥ ¢ 1 » NPF-U /% & /* 55> mean weighted MCD »xi vg i1

% NPF-U2 -
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B 5-6 - B] 5-7 % CPSP-Utility-Flow #§ 2 2% % -

solution *#t 4% &1 populated edge coverage ~ mean weighted MCD -

7141 NPF-PF % & /% 22 optimal

820

800

780

760

740

Populated Edge Coverage

720

i

prizim

7

7,

7/

W T

!
700 - . AN
Graphl Graph Graph4 Graph5
2 NPF-PF 750 759 774 791 804
H Optimal 753 768 780 802 814

Bl 5-6 : CPSP-Utility-Flow—NPF-PF vs. Optimal solution
(Populated Edge Coverage)

50
45
;2 N N N\
DN Y N N
SINRRNRR
AN N N NN
0 "GlraF;r-\-l- t&raphz ta‘ph3 ta‘pm :\:\a;;\;-
™ NPF-PF 25.58 29.79 30.56 41.15 43.1
O Optimal 20.5 26.78 30.5 36.81 36.68

B] 5-7 : CPSP-Utility-Flow—NPF-PF vs. Optimal solution
(Mean Populated MCD)
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coverage + optimal solution % > 3~9~6+11 2 10 i populated edge > *] % NPF-PF
w82 € BAEH unselected edge weight/node cost 4x 4 trail potential £ 3 + flow
potential #x 3 iz £ 4|8 > 4o 0-1 knapsack problem > &4k s 7 5c iRZE#7H T| ch
profit& % - F]#* NPF-PF & & /# 7 populated edge coverage »< 3 i<+ optimal solution -
»Eppertoanflow 5 1~5> F:8 54 if trail 4p 2 B flow ¥ 50 2_2~10 > 7 Sdgpdp
A uiEipdgthi s -

d B 5-7 ¥ &> & Graph1-2-3~4 2 5 ¢ » NPF-PF ;¥ & ;# #7441 mean populated
MCD ' optimal solution % 5.08 ~ 3.01 ~ 0.06 ~ 4.34 2 6.42 7 populated edge - ¥ mean
populated MCD % 3k * fie BEE F eoflow » F]¢ mean populated MCD #p i3t H s
FhHApELF > TESFEZOA G R - PR A AR T AN EE SR
ENPEREEES LS B

524 * AP RE LA =%
MR A F Graph < o) e T o NPF2 ~ NPF-U2 2 NPF-PF jf & 2 2 »c % »
I 4 1% node sensitivity ~ trail sensitivity #ri¢ = 8% - d *+ optimal solution # % &{¥ -
A H L o

AT ARER e T

® Edge coverage

® \\Meighted edge coverage

® Populated edge coverage

® Mean MCD

® Mean weighted MCD

® Mean populated MCD
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525 #% IBHB 2EK T
AN SRR S BEHEHF Y 2 0P 8 ¥ 10~100 FF % ] # 0 Graph & %E14 4 4 50 B
Graph » & v 7 5 R H oo -
*  Total number of candidate control points = 10~100 -
*  Total number of trails =8 -
*  Available resources = 12 -
»  Deployment cost of candidate control points =1~5 -
*  Edge weight =1~5 -

. Trail flow rate =1~10 -

526 5% IBE%ELH

d B 5-8 7 o S F iF 1E 4 Bherd 4o > NPF2 % & /2 ehedge coverage »x & . % » NPF-U2
22 NPF-PF = 'ﬁ Eipd TR P 3 3 B Mod B]5-9F Ao NEF iFE 54 BEehs 4o - NPF-PF
% & % ¢ populated edge coverage rxF PP EE g At H 8 A ﬁ wE xS o m NPF2
NPF-U2 % 5 2 TRZ %7 % «
d B 5-10 ¥ v » 4F ¥ ghdics 4o 0 NPF-U2 ;% & % ¢ mean weighted MCD »x 3 %
¥ 0 NPF2 i & 2 &t 22 » NPF-PF g 3% i B 2 B 14 o ] NPF-U2 7 & 2 23K 94 3E
41 & % weighted edge coverage » » F]¢* mean weight MCD s L 4p e H i+ & Jﬂ’f aAF e
d Bl S

¥ Ao NEF i iE o4 2heni 40 0 R & & edge coverage ~ mean weighted MCD

» % g 1% e NPF-PF efcgf 38 % & /2 » 7 mean populated MCD PP g 4p e 2 s & B IR
FiEid o HeaBigh2imLER L o
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(Sensitivity of populated edge coverage on the number of nodes)
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527 @5 1CHE 2 &K T

AREHRBRZE LSBT EZORE > H4~40 B~ ) 2 e Graph & 5gH A 4 50
& Graph » & 1 Fldg fRi®ip 2 vy

*  Total number of candidate control points = 100 -

»  Total number of trails = 4~40 -

*  Auvailable resources = 12 -

»  Deployment cost of candidate control points =1~5 -

*  Edge weight =1~5 -

. Trail flow rate =1~10 -

528 R%ICE S8 L7

d B 5-12 ¥ &> M F 5 LR T feensg 4e 0 NPF-PF £ 38 5% & i < edge covereage »x
F o ¢ &rdr NPF2 ~ NPF-U2 /% & /2 4817 > @ edge covereage 4 NPF-U2 x5 4% >
R HLG —‘]57;;1 F % omd B 5137w MEFE LT HEeR] 4 > NPF-PF 7 5 i
e populated edge coverage »c 5 b § > T o P RTAT L BT H U A KwE E o
d Bl 5-14 7 v S F 7 L LS B 4e 0 NPF-U2 7 & 72 & weighted MCD #x
5% > NPF-PF ;% & ;# & » 1= NPF-PF ¥2 NPF2 & —‘ﬁf FAASFLER X Bz B
Fogd 3% 0F B iF 1 47 e mean weighted MCD g #Ew’r o % trail sensitivity & > j&
BV o AF G E LR A o L BES  B(E ﬁ*‘u#ﬁ‘ Tk iz g 5 B e
&[] 5-15 ¥ 4v» NPF-PF H /i & ;2 & mean populated MCD »c 5 § >+ 8 & & 4 » @ NPF2
% NPF-U2 7 # mean populated MCD #<5 £ jE% < -
BHEU I HET o F Y R B REOEES £8P NPF-U2 ol % 5%
FEB o rfaER e+ CPSP-Utility #-73] ki = fr 4Bt » MR T BT 74
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(Sensitivity of weighted edge coverage on the number of trails)
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Bl 5-15: % NPF ;% & ;= 2 »zag ¢ #& (Mean Populated MCD)
(Sensitivity of mean populated MCD on the number of trails)

53 3 TRHR #0816

PERA o HE e RN PFIFRIEFFE I TP AL A R TR IR
Bk ~HOF 20 2 FIRR G FFEFFLR - 5 A FR2PI T EET %

MR ENLRE PR RAEEFE-H - B (PPM-S) ~ S REEFE-F ERE

(PPM-M) ¢ = A& 25 B i veic L B /2R > L& M T =6 4

® Probability Calculation Error (%) @ (F 2% & — > & &) /9 % @& (For = 3%(1),(2) -

® Number of Search Probes: T i53% =t §ic -

® Normalized Search performance : number of edges in the graph / T 3530%F =t #k
(Number of Search Probes ) -

® Performance Deviation (%): @ B#F 2 3F T ficz. L 58 | = » 3F 2 Ti0fx

=X #c o
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® Search Performance Ratio: = 4 &% ;2 T t530% = #ic [ PPM-S T 1535 =t #k
(Number of Search Probes )
@ % 2A % single path evaluation s &+ § 2% 2A-1 P eh 3 320G frde J et B 48 5 By
B R % 2A2 5 A S RRIEFE 2 -8 - RIS (PPM-S)& = A H0F 2 A F Bk =i+
B 2A3H TR N At B s E LR P % F % 2B 5 multiple path evaluation »

F A% 2B-1 P LT R BEERT RN A I EmA G F % 2B-2 5

L
+y

PRAEE 2-F7 £RIC(PPM-M)szis 3%, + 7% 2B-3 HH B3 LA T % -
531 ¥ - B FIERIBERR P %

5311 9% 2A-1%58 28K T

% 5-3: 95 2A-1 %#k

Experimental Parameters Range of values
Number of edges on a path 100
Gamma distribution shape parameter=2 -3 -4+5

scale parameter =2

W 2A-L PG R TR Dt B S AN (DB 0 P S kBB S B R HE
A2 100 i g = - 0E pathy & GER BT F P e S s F BRK 5 - Gamma A i
# ¢ shape 48k T3 234 5 scale $HFTL 20 FP LRETCEPFF DL G
MIARBE L o Kept SR N AT TR DA AW FIERIREIFHE o DA A 2
10000 i# agent 2 H &£ BLECAT IR o F B AL E 0 A ‘ﬁf Ap Ve o T @] 5-16 & 5-19
71 Gamma 4 f# shape %#c: 2~3-4-5 % scale %#%# %_% 2 2 Probability Density
Function B2} > 4 Gamma 4 @ $-#c @500 R > L RHTF FREF LA L FRE
ETTE R pERN A 75
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Probability
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0.14
0.12

0.1
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1 3 5 7 9 11131517 1921 23 2527 29 31 33 35 37 39 41

Random Variable x

Bl 5-16 : Gamma Distribution PDF (shape=2,scale=2)
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Random Variable x

B 5-17 : Gamma Distribution PDF (shape=3,scale=2)
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Probability
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0.02
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Random Variable x

B 5-18 : Gamma Distribution PDF(shape=4,scale=2)
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Random Variable x

Bl 5-19 : Gamma Distribution PDF (shape=5,scale=2)
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Average Error (%)
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B 2A-1 - 214 15 110-200 4 45
e T HnACGERIERET &)

Bl 5-2
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Average Error (%)
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43
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5
45 —
g N
=35
e 3
0
Y 2.5
?QP 2
g) 1.5
< 3
0.5
0
310 320 330 340 350 360 370 380 390 400
Elapsed Time (munites)
B 5-23: ¥ % 2A-1 > 115 {5 310-400 A 48
PEEEFHRETIHHACGERERRE D %)
# 5-4:3 3 2A-1Fp R B rr B B
Elapsed Time(Minutes) | 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100
Probability 245|254 | 2.61|2.71|2.86 | 3.29 | 3.45 | 3.57 | 3.8 | 4.1
Calculation Error (%)
Elapsed Time(Minutes) | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200
Probability 421|434 | 442 | 457 | 462 | 475|479 | 484 | 474 | 465
Calculation Error (%)
Elapsed Time(Minutes) | 210 | 220 | 230 | 240 | 250 | 260 | 270 | 280 | 290 | 300
Probability 453 | 448 | 4.45 | 432 | 4.25 | 4.18 | 4.09 | 4.05 | 3.47 | 3.44
Calculation Error (%)
Elapsed Time(Minutes) | 310 | 320 | 330 | 340 | 350 | 360 | 370 | 380 | 390 | 400
Probability 453|448 | 445|432 | 425|418 | 4.09 | 4.05 | 3.47 | 3.44
Calculation Error (%)
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5.3.2 H - BT 5T RIEF 3 5N TR

5.32.1 @5 2A-2 ¥ 28K T
4 5-5: @ 5% 2A-2 44k

Parameters Range of values
Number of edge on a path 100
Gamma distribution shape parameter=2-~3-4+5

scale parameter =2

B 2A-2 % £ 55 FHcA A PR HE - BRRBEXVEFT KRR BT
TRRIIEE E-H - S (PPM-S) 2 - & & ;2 ch-L 353 % =t #ic (number of search

probes) - p d13F 18 10 &~ 484> 0 & 10 » 4540F (search) - =x > =

3] 400 4~ 48 5 o

# £ # 7 10000 ¥ &

5322 R%2A28%&i4g

J§ T B 5-24 % B 5-28 % 3 41 15 10 3 400 A 4 o s 5 TR H0F 2 -H - /o (PPM-S)
1T ¥a30% = i (number of search probes) 43+ 1.95 3 2.84 > T3a% 2255 o = A

% 2 0T 3540 E L #ic (number of search probes) 4 »+6.09 & 6.87 fF>-T35% 652 -

FI SR RAEF 2 -H - BZ (PPM-S) » B o058 (1) 38 OB F R B PR AR e
F oy target agent # B EE Y o B EEEC WIS RE AR AP EREK F
PEEEY A FENRE O PRI RET S REI A LD PRI RE OREKE S

WFH o PR NI EE v LT Y BB B 4e40F (search) - ¥ TR RAEHE

2 -H - g% (PPM-S) ¥ fiif-ik 1T mobile agent #1 i F > Fpt A L PERF EL b T 3o
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# =X #c (number of search probes) 35 = 2 & 2 © o S FIppH2-H - BT
(PPM-S) £ = » 4% ;2 Performance Deviation . -] 5 55.86%% + % 81.61% - d 7 %
2A-2 V {Bars @ H M FIERIIEE - - BT (PPM-S) dubE snd i - A HE Ty

g oo B FIPRIEFE-H - B (PPM-S) 1 Normalized Search performance %

44.44 -
8
7
2 5 -
§4_ % PPM-S
5]
= 3 A .
g 1 Binary search
€ 2 -
2 N N e N
9 1 - =‘=4=‘=~=\
MRS S S S SRR S
2

10 20 30 40 50 60 70 80 90 100

Time (minutes)

B 5-24: @ 5% 2A-2 > 114 5 10-100 4 45
(FEF 2 roii =0 F %)

oo

~N

)]

(52}

I

PPM-S

w

1 Binary search

=N

Average Number of Search probes

o

110 120 130 140 150 160 170 180 190 200

Time (minutes)

W 5-25: % 2 2A-2 > 4% {5 110-200 A 4
(B & i ocit 7 3 %)
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Average Number of Search probes

v PPM-S

[ Binary search

210 220 230 240 250 260 270 280 290 300
Time (minutes)

Bl 5-26: F 2% 2A-2 > 1@ t& 210-300 4~ 48

(M7 20 377 7 %)

Average Number of Search probes

N PPM-S

7 Binary search

310 320 330 340 350 360 370 380 390 400
Time (minutes)

Bl 5-27: F 2% 2A-2 > d1 {6 310-400 4~ 45

(& 2 »cii 320 9 %)
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% 5-6 F Bk 2A-2 HOF 2 2%a G R

Elapsed Time (Minutes) 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100
PPM-S 1.1211.43]1.51|155|1.64(1.87|1.86| 1.9 |1.97|1.85

Binary Search 6.09(6.1416.17 |6.35|6.39 |6.45|6.56 | 6.67 |6.59 |6.72
Performance Deviation(%) 81.6176.7175.5375.59[74.33[71.01[71.65[71.51[70.11[72.47
Elapsed Time (Minutes) 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200
PPM-S 1.9512.02(2.07|2.12|2.24 |2.29| 2.3 {2.34|2.42|2.35

Binary Search 6.56 (6.87|6.81|6.65|6.57 |6.68 |6.41|6.55|6.49|6.56
Performance Deviation(%) 70.2770.60169.6068.12/65.9165.72/64.1264.27/62.7164.18
Elapsed Time (Minutes) 210 | 220 | 230 | 240 | 250 | 260 | 270 | 280 | 290 | 300
PPM-S 2.38(2.29|2.441251|2.57|2.45|2.53|2.57 |2.62|2.47
Performance Deviation(%) 64.69)64.9862.46/63.2060.2262.99/60.4161.35/61.0162.52
Elapsed Time (Minutes) 310 | 320 | 330 | 340 | 350 | 360 | 370 | 380 | 390 | 400
PPM-S 2.56(2.75]| 2.8 |2.71|2.84|2.68|2.73|2.45|2.43|2.25

Binary Search 6.1 |6.23/6.35(6.46 |6.58(6.41(6.59|6.49(6.76 | 6.6
Performance Deviation(%) 58.0355.86/55.9158.0556.8458.1958.5762.25/64.0565.91
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533 E-RESBFFILARATE

5331 ¥5% 2A-3%8 &K T
% 5-7: 9 5% 2A-3-1 %%

Parameters Range of values
Number of edge on path 100
Gamma distribution (by Calculation) shape parameter=2-~3-4+5

scale parameter =2

Normal distribution (by Experiment) location parameter=2 ~3+~4 -5

scale parameter =2

# 5-8: F 5% 2A-3-2 4-#k

Parameters Range of values
Number of edge on path 100
Gamma distribution (by Calculation) shape parameter=2-~3-~4-+5

scale parameter =2

Gamma distribution (by Calculation) shape parameter=3-~4-5+6

scale parameter =2

P& 2A-3 B L ER AR GBI AN (1) H2 RIS T2 FERREFF L
RERFHR - F L% ERTHEFEEPIAL 100 R+ -ikpath 3+ 5 &
B R F PR i S o i Gamma 4 v 4-#c shape 3 € 5. 2~3 -4 -5 scale %

BA L 20 Mt RS AT RN A AR KT E o @ % 2A-31 B
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#% 0l

%

ok T E BT PR e 5 4 5 Normal 4 i > location %-#ci 2234~

5-scale $#H 5 2,9 % 2A-3-2 BIFE G| S BA T L BB T I FR a3 A 6 5

Gamma 4" f# > shape %%k .4 3-4-5-6scale %8 F 2 5 29 % 2A-3-1 2 2A-3-2

$oik b P B S icp-dicAd 2 10000 B agent 2 H BB EATIERFE o RFMAE 0 230 E

EIAPVRCBFEAHFIFILATR R L5758 F%BE LML p AL REE
bl o ¥ - ERERE bR P LR S TR RIGEE 2 -H - S (PPM-S) 2 -

k30 E E enT 154 E S (number of search probes) » p d1%F 18 10 & Az 0 & 10 &
dbE (search) — =t » & 7] 400 A4 48 5 1 0 F B+ 3 (7 10000 = & -

5332 #%2A3 8 %¥is

F2A-3 3 e F i - 2t @3Ep] mobileagent A1 (s 400 A 4P 0 E

10 ~ 45 FF Iy target agent 2 BLfc F e o SR F LR T S o F Sk 2A-3-1 0 &R

Normal #%-#c location= 2~3-~4~5-scale = 2 j @A 24 «7F % & ¢ g S licdp o e

Gamma p #cg £ ) > Flt AN F R F TR 0 TEH LIRS o ﬂ}u L

7“+

simobile agent ~ % % &3 BEEE Y 0 SN2 FEA R, o FTHE > LERER
TR AR FBH L chpFiE > TN LB s BRA o AR B 4 o § mobile agent
EFPETDE EAT BRSBTS R - T E AT P ot RS

A Q) PR FE AR RATEN DAY B2 FEE d A 59 A F T
32 Error B 5 6.16%% < 5 15.87%- F %% 2A-3-2> iz & Gamma % # shape=3-4 -
5-6>scale = 2§ %A 2 > %% 235 (1) & Gamma 4 i# 2 shape $-#c4p £ 1 pF > 3E R
ff AR o d & 5-10 B A TS Error o 5 2.51% < 5 9.57% o #-2A-1
2A-3-1 &2 2A-3-2 F B 2. T35 Error 73§ 5-40 3 5-43> 7 F | * S F g a5 ()
WA R PRI R B % R B 2A-1 i ry s T35 Error 4.4.84%z2. 0 F B 2A-3-2
=2 T3 Error t9.57%z2 p > F % 2A-3-1 xR & X 0 T 5 Error A 15.87%z2. p o

% Normal distribution & > #&F st dp T 3= > d T £ 5-11 @& I8 10 2
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400 & 4 o B F TERIER E-H - BT (PPM-S) e 153 %F = #ic (number of search
probes) />t 235 3% 373 F » L3355 3.08 =t » = & F 2 0T 324 F =t #ic (number of
search probes) /> 6.04 1 6.84 fFF » L3255 6.47 =t o . & PFRF 8L+ PPM-S eh-L 35405
=z # (number of search probes) 35t = & #F 2 ket o I IERIFE-H - BT
(PPM-S)# = 4 #% ;= Performance Deviation # -] 5 40.83%% + 5 62.67% - # 5 35 B
¥ &x;2-H - g & (PPM-S) en Normalized Search Performance 5 32.47 - Search
Performance Ratio (original) - Search Performance Ratio (Vs. Normal) = 0.8 - %45 %
Gamma distribution T 2_ ks dFE =% 0 d T & 512 tF A 115 10 3 400 A sEp o
¥ X IR EF 2 -H - BT (PPM-S) s 3530 % = #ic (number of search probes) 4 »%
152 3 325 fF » T3a% 2,66 = » = & F & 0T 354 %F = #ic (number of search probes)
432614 3 6.94 F » T35% 6.38 % o $$FIpp4EHFE-H - T (PPM-S)¥ - » %
;# Performance Deviation # -] 7 49.85%% * 5 75.24% - % F fpp|30& 2 -8 - 5
(PPM-S) =7 Normalized Search Performance = 37.59 - Search Performance Ratio (original)
- Search Performance Ratio (Vs. Gamma) = 0.5- #- 2A-1~2A-3-1 ¥2 2A-3-2 § 2 2. Search
Performance Ratio 7[> ] 5-40 3 5-43> ¥ (& &0 * 48 F I RIEH 2 fpot - AR 2

R B 2A-1 b rE > F B 2A-3-2 20 0 R % 2A-3-1 B L 0 @ PPM-S $RIE % b
EEHEFFIARTER TR ERECFFERF ORI LG OEK T FF o 0F >0 7 3

W AHEEY2E .
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0
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% 5-9: 9% 2A-3-1 g Rl B 7 %

Elapsed Time(Minutes) | 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100
Probability 6.16 | 6.28 | 6.34 | 6.44 | 6.57 | 6.67 | 6.71 | 6.85 | 6.9 | 7.12

Calculation Error (%)

Elapsed Time(Minutes) | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200
Probabili
robability 7.28|7.86 | 7.89 | 8.02 | 8.15 | 8.14 | 8.24 | 8.29 | 8.31 | 8.35

Calculation Error (%)

Elapsed Time(Minutes) | 210 | 220 | 230 | 240 | 250 | 260 | 270 | 280 | 290 | 300
Probability 8.54 | 9.24 | 9.58 | 9.92 |10.28| 10.7 |11.52|12.52|13.04|15.61

Calculation Error (%)

Elapsed Time(Minutes) | 310 | 320 | 330 | 340 | 350 | 360 | 370 | 380 | 390 | 400
Probability 15.74|15.87|15.76|14.25|12.34|11.02|10.28| 9.86 | 9.51 | 9.04

Calculation Error (%)
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5-10:% % 2A-3-2 Fp Pl B FE R 7 B

Elapsed Time(Minutes) | 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100
Probability 251 |2.57 | 2.61 | 2.74 | 2.78 | 3.02 | 3.45 | 4.15 | 4.75 | 5.05
Calculation Error (%)
Elapsed Time(Minutes) | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200
Probabili
robability 5.24 |5.39 | 5.51 | 5.61 | 5.85 | 6.13 | 6.27 | 6.58 | 6.75 | 7.02
Calculation Error (%)
Elapsed Time(Minutes) | 210 | 220 | 230 | 240 | 250 | 260 | 270 | 280 | 290 | 300
Probability 7.4 725|735 |7.49| 7.5 | 7.67 | 7.84 | 8.04 | 8.56 | 9.15
Calculation Error (%)
Elapsed Time(Minutes) | 310 | 320 | 330 | 340 | 350 | 360 | 370 | 380 | 390 | 400
Probabilit
ronabiitty 9.21|9.34 | 9.41 |9.57 | 9.53 | 9.47 | 9.5 |9.31|9.28 | 9.19

Calculation Error (%)
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Average Number of Search Probes

% PPM-S

[ Binary search

10 20 30 40 50 60 70 80 90 100
Elapsed Time (minutes)

B 5-32: 9 2% 2A-3-1 > 413 {5 10-100 & 4&
(4537 L B F % > Against Normal distribution)

Average Number of Search Probes

% PPM-S

7 Binary search

110 120 130 140 150 160 170 180 190 200
Elapsed Time (minutes)

B 5-33: 9 2% 2A-3-1 > 213 {5 110-200 4 45
(43:%-% 2 B9 5% » Against Normal distribution)
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Average Number of Search Probes

o = N w H w )} ~ (o]
I I I I I I I

% PPM-S

7 Binary search

210 220 230 240 250 260 270 280 290 300
Elapsed Time (minutes)

B 5-34: 9 % 2A-3-1 > 213 {5 210-300 4~ 45
(4% % 2 B9 % » Against Normal distribution)

Average Number of Search Probes

o = N w S w o)) ~ oo
I I I I I I I

% PPM-S

1 Binary search

310 320 330 340 350 360 370 380 390 400
Elapsed Time (minutes)

B 5-35: 9 2% 2A-3-1 213 5 310-400 4~ 45
(437 2 B9 5% » Against Normal distribution)
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% 5-11: PPM-S 4537 X & 7 % (Against Normal distribution)

Elapsed Time (Minutes) 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100
PPM-S 2.35(2.37| 2.4 |2.43|2.45|2.51|2.52|2.55|2.56|2.61

Binary Search 6.04 (6.246.346.516.38|6.69|6.48| 6.7 |6.25|6.38
Performance Deviation(%) 61.0962.02/62.1562.6761.60/62.48/61.11/61.9459.0459.09
Elapsed Time (Minutes) 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200
PPM-S 2.62(2.63|2.67(2.71|2.82|2.94|2.99|3.02 3.04|3.35

Binary Search 6.78(6.186.82|6.36|6.54 | 6.1 |6.42|6.53|6.39|6.37
Performance Deviation(%) 61.36/57.44/60.8557.3956.8851.8053.4353.7552.4347.41
Elapsed Time (Minutes) 210 | 220 | 230 | 240 | 250 | 260 | 270 | 280 | 290 | 300
PPM-S 3.38(3.4413.463.52|3.56 |3.58 |3.63|3.68 (3.71|3.73

Binary Search 6.84(6.45| 6.4 |6.83|6.34|6.68|6.62|6.68 |6.27 |6.37
Performance Deviation(%) 50.5846.67145.9448.46(43.8546.4145.1744.91140.8341.44
Elapsed Time (Minutes) 310 | 320 | 330 | 340 | 350 | 360 | 370 | 380 | 390 | 400
PPM-S 3.7 |3.69(3.65|3.623.57|3.54|3.31| 3.2 {2.84|2.69

Binary Search 6.3 [6.32/6.39|6.64 |6.85(6.37 |6.286.59 [6.49 |6.74
Performance Deviation(%) 41.2741.6142.8845.4847.8844.4347.2951.4456.24/60.09
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Average Number of Search Probes

7

6 -

5

. \ PPM-S

3 N [ Binary search
=== =\ B\ =\
R

10 20 30 40 50 60 70 80 90 100
Elapsed Time (minutes)

B 5-36: F % 2A-3-2 > 413 {5 10-100 & 4&
(4537 L B9 % > Against inaccurate Gamma distribution)

Average Number of Search Probes

7

6_

5_

4_

3 |  PPM-S
= " ! i I Binary searc

B T e e = e
=R SRS

e e

PRS2SR EEES

110 120 130 140 150 160 170 180 190 200
Elapsed Time (minutes)

B 5-37: 9 % 2A-3-2 > 113 5 110-200 4 45
(4537 L &9 % > Against inaccurate Gamma distribution)
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Average Number of Search Probes

6 -
5

4 -

R = == " PPM-S

. Eaasaaaaa ¥ Binary search
0 — =§§E§

210 220 230 240 250 260 270 280 290 300
Elapsed Time (minutes)

B 5-38: 9@ % 2A-3-2 > 413 {5 210-300 4~ 45
(4537 L B9 % > Against inaccurate Gamma distribution)

Average Number of Search Probes

% PPM-S

7 Binary search

310 320 330 340 350 360 370 380 390 400

Elapsed Time (minutes)

B 5-39: 9 % 2A-3-2 > 413 5 310-400 4~ 45
(4537 L &9 % > Against inaccurate Gamma distribution)
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# 5-12: PPM-S 45 %% X & § % Against inaccurate Gamma distribution)

Elapsed Time (Minutes) 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100
PPM-S 1.52]1.58(1.59|1.65|1.74|1.92|2.03(2.35|2.54 |2.53

Binary Search 6.14 (6.286.53|6.24 |6.29 |6.54 |6.65|6.39 [6.28 |6.94
Performance Deviation(%) 75.24(74.84(75.65[73.56[72.34(70.6469.4763.2259.5563.54
Elapsed Time (Minutes) 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200
PPM-S 2.55(2.57(2.59|2.62|2.65|2.68|2.69|2.74 2.79|2.82
Performance Deviation(%) 59.2059.5358.0258.2858.2758.6457.1057.7855.5754.15
Elapsed Time (Minutes) 210 | 220 | 230 | 240 | 250 | 260 | 270 | 280 | 290 | 300
PPM-S 2.83(2.87| 2.9 (2.92|2.94|2.95|2.93|2.97(2.99|3.02

Binary Search 6.52(6.35| 6.4 |6.376.31|6.29|6.37|6.38 |6.48|6.52
Performance Deviation(%) 56.6054.8054.6954.1653.4153.1054.0053.4553.8653.68
Elapsed Time(Minutes) 310 | 320 | 330 | 340 | 350 | 360 | 370 | 380 | 390 | 400
PPM-S 3.03(3.05|3.04|3.07|3.09|3.12|3.08|3.14 | 3.2 |3.25

Binary Search 6.34(6.37|6.53| 6.4 |6.21|6.08|6.49|6.37 |6.45|6.48
Performance Deviation(%) 52.2152.12553.4552.0350.2448.6852.5450.7150.3949.85
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# 5-13: PPM-S 4535 7% X & 7 % (Search Ratio)

Elapsed Time (Minutes) 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100
2A-2 5.4414.2914.094.10|3.90|3.45|3.53|3.51|3.35|3.63
2A-3-1 2.57(2.63|2.64|2.68|2.60|2.67|2.57|2.63|2.44|2.44
2A-3-2 4.0413.97|4.11|3.78|3.61|3.41(3.28|2.72|2.47 |2.74

Elapsed Time (Minutes) 110 {120 | 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200
2A-2 3.36|3.40|3.29|3.14|2.93|2.92|2.79|2.80|2.68|2.79
2A-3-1 2.59(2.35|2.55(2.35|2.32|2.07|2.15|2.16 |2.10|1.90
2A-3-2 2.45|2.4712.38(2.40|2.40(2.42|2.33|2.37|2.25|2.18

Elapsed Time (Minutes) 210 [ 220 | 230 | 240 | 250 | 260 | 270 | 280 | 290 | 300
2A-2 2.83|2.86|2.66(2.72|2.51|2.70|2.53|2.59 | 2.56 | 2.67
2A-3-1 2.02/1.88|1.85|1.94|1.78|1.87|1.82|1.82|1.69|1.71
2A-3-2 2.30(2.21|2.21|2.18|2.15|2.13|2.17|2.15|2.17 |2.16

Elapsed Time (Minutes) 310 | 320 | 330 | 340 | 350 | 360 | 370 | 380 | 390 | 400
2A-2 2.38(2.27|2.27|2.38|2.32|2.39|2.41|2.65|2.78 |2.93
2A-3-1 1.7011.71|1.75|1.83|1.92(1.80|1.90|2.06 |2.29 |2.51
2A-3-2 2.09(2.09|2.15|2.08|2.01|{1.95|2.11|2.03|2.02|1.99
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534 3 EREBFIIFRIFMRER %

5341 B5% 2B-1%# 28K T

% 5-14:9 2% 2B-1 %4k

Parameters Range of values

Number of paths 70

Number of edge a path 40

Probability of a branch Uniform (0~1)

Gamma distribution shape parameter=2 -3 -4+5
scale parameter =2

Fok 2B-1 P ehi@meiorR gt Bl o (2) it > %R &% LN
A 2 40 i piie - g path - £ 4 70 #£7 e path » & GEELE T B s 5 A G
Bk 5 — Gamma ~ i > 2 ¥ shape %%k 2.5 2~3-4-5-scale $#HFZ 5 2
BAEHPSS L 0~ Bt St r AP TR NI S IR REFTEE o B
#4 2 10000 i agent & # & Bap AT R > RIFETE 0 A T At e
5342 9% 2B-12%824147
% e % 5-13 %ﬂcﬁkﬂiif?“ﬁz » FEEL path ”erl—“"" PERF T a4 s 5 285.18 A 48 0 Bt B
» 344.62 4 &8 0 FIP AP ARRIcOPE R BE S P P R 4 [f] 300 4 4B 0 BTRR 5 10 4 4d
P ARR R R R o

d T B 5-44 % 5-46 T3 (s 10 2 100 » a0 T Error 43 2.8% 3 4.1%
2B a3y QFARC] > EFFERTH A FLEBRE 0 R T AAN P TR R

iz >mobileagent + % F it BE o FRERFAAL P AERBEAFRFLENRLY A7 AR

94




SPPEIE 0 ET L LA R 0 FRA R A o I (2 P 210~300 4 4E 0T a0 £
A2 6.78%3% 7.59%z2 FF » WREFIIEXEEFFEA RS F A K0 0 RF) G VER R
EOCERE AR s LR > < 384 gimobile agent F T Afs B E iR TR
BT -4 2 2 R RS 0 L ] - 5 mobile agent M F PFRY B iE A ETLE 2 BLELH
B ¥ RRFR B 0 R- BT H AR R RO LREDE S o d 258 (2) B
Wi A g @it e L WL EE 0 B T35 Error B 3 2.8%k % 3

7.59% -

4.5

35 —_—

2.5

1.5

Average Error (9%)

0.5

10 20 30 40 50 60 70 80 90 100
Elapsed Time (munites)

B 5-44: § 5% 2B-1- 215 {5 10-100 4 48
GRipIFr R R %)
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Average Error (9)

110 120 130 140 150 160 170 180 190 200

Elapsed Time (munites)

B 5-45: % =% 2B-1 4% {4 110-200 4 45
(GRR & rx 2 )

Average Error (94)

7.8
7.6
7.4
7.2

6.8
6.6
6.4
6.2

— ~C

N

N

210 220 230 240 250 260 270 280 290 300
Elapsed Time (munites)

B 5-46: § 5% 2B-1> 1% {5 210-300 4 48
(FRR R 2
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% 5-15:% 5 2B-1 35 B EFL A

s

=

Elapsed Time (Minutes) | 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100
Probability 28 | 34 342|366 |3.72|3.78|3.84|3.91|3.98] 4.1
Calculation Error (%)
Elapsed Time (Minutes) | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200
Probabili
robability 436 | 4.67 | 529 | 554 |5.78 | 6.14 | 6.23 | 6.41 | 6.84 | 7.2
Calculation Error (%)
Elapsed Time (Minutes) | 210 | 220 | 230 | 240 | 250 | 260 | 270 | 280 | 290 | 300
Probability 736 | 7.4 |7.45|7.59 | 7.54 | 7.39 | 7.24 | 7.05 | 6.81 | 6.78
Calculation Error (%)

5.3.5 % € RIS X IEREF 2 2 2R

5351 9% 2B-2 %k 28K T

% 5-16 @ 9 % 2B-2 4-#k

Parameters Range of values
Number of paths 70
Number of edge a path 40

Probability of a branch

Uniform (0~1)

Gamma distribution

shape parameter=2 -3 -4+5

scale parameter =2
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% 5-15 Sl A 2 RIRE G HF - BRIRBEHEFTR 0 BIER Y

F % 2B-2 it &
FIRRIFERE 2 - § £ BIE(PPM-M) - 3530 % = $ic (number of search probes) » p % {&
3 300 A48 5 ok 0 F S £ #4 {7 10000 w

10 4 4642 » & 10 ~ 4530% (search) — =t » &

-5 £ B JE(PPM-M) 2 4 5 3p Pl & 2 -H -

oo AT SR ) p o TR0 R 4

% 7= (PPM-S)E Normalized Search performance -

5352 &% 2B2Rr%8aL+
275 (PPM-M) en-T 3548 % =% fir(number of search

d 4 5-17 17 4w > % 5 5 P40 F 2 -
probes) 4t 151 3 3.95 FF - F3ppI40F 2- 5 £ 80/ (PPM-M) 2.4 5% (2) 3+ %
NP FRF PR EFLIOF - § PIRS R AP REY L RBR TR R RS
BIFEE2- 5 £8IE (PPM-M) 1T 3534 %F =t #(number of search

% (search) » % %
Normalized Search performance = 13.89 > @ % & fpip|4&% 2 -H -

probes) = 2.88 =% »
j& PPM-S en-T 353 % =t #ic (number of search probes) % 2.25 =t » Normalized Search

PPM-M #& PPM-S % ! 30.55 -

performance = 44.44 >
% 5-17 8 5% 2B-2 485 £ »xa 3% F 5

10 | 20 | 30 | 40 | 50 | 60

70 | 80 | 90 | 100

Elapsed Time (Minutes)

1.51]1.54|1.68|1.87

1.8911.9211.96|2.02|2.05|2.34

3.9113.95|3.84|3.82

PPM-M

PPM-M
Elapsed Time (Minutes) 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200
PPM-M 2.56(2.62| 2.7 [2.89(3.03|3.24(3.35|3.58|3.71|3.88
Elapsed Time (Minutes) 210 | 220 | 230 | 240 | 250 | 260 | 270 | 280 | 290 | 300
3.65(3.59(3.47|3.42|3.28(3.16
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536 SEREHFFILRTE

5.3.6.1 @5 2B-33i 28R Z

# 5-18:7 =% 2B-3-1 %4k

Parameters Range of values
Number of path 70
Number of edge on path 40

Probability of each branch

Uniform (0~1)

Gamma distribution (by Calculation)

shape parameter=2-~3-4-5

scale parameter =2

Normal distribution (by Experiment)

loccation parameter =2 ~3 -4 -5

scale parameter =2

4 5-19:% %% 2B-3-2 %-#

Parameters Range of values
Number of Path 70
Number of edge on path 40

Probability of each branch

Uniform (0~1)

Gamma distribution (by Calculation)

shape parameter =2 ~3-~4+5

scale parameter =2

Gamma distribution (by Calculation)

shape parameter=3-~4-~5-6

scale parameter =2
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B 2B-3 P e maar gt Bl F o 2 HA R RIAGE SEUMEBEEL
WFER TS - FohZBSEEHA S 40 iR e - if path > £ 5 70 7 F path
RBEEHPFL 0L Y ERF ERAT Y FRF O S A~ Gamma 4 iF 4-#kc shape
WA A2-3-4-5scale FHBATE 20 BLHE r AT R DAY AR RE

PHE e f % 2B-3-1 2 2B-3-2350k £ % Syt HeA 2 10000 i agent ® H & g gL

B-10 9 sk 482 p A2 PIRERG] ) $b—- ERRECEFTH T RS IR

#- % £ B (PPM-M) 0T 3530 % = #ic (number of search probes) - p 1% {5 10 4 4842

& 10 & 48405 (search) — = » 2 3] 300 A48 5 oF > F o+ 34 (7 10000 » & -

5362 % 2B-3 %8447

F% 2B-3 3 w gk p— 2t @70 mobile agent A% {4 300 4~ 4ap 0 = 10
A 4% I target agent 7 % BB b e S asE R E L B P ko F Bk 2B-3-1 i pg Normal
%-#c location=2~3-4~5-scale=2 g dicd 2 F Sedicdy - 23N F R ROTORE
mobile agent * $R 4 & ¢ j23ta 3 RLEL > T3S Error fk b 0 o 3V (2)3 A ] - § mobile
agent SE FPFRT M B A BT AW S REAHE Y LFR B R B E ARt 2
LR B o 0 D N(2) PR E i F B AR B B chdb 0 2 B enL EE 0 o
4 5-20 53 > T35 Error & i 5 6.61%% £ 5 19.3% o F % 2B-3-2 5 ix & Gamma %
#c shape=3~4-5-6>scale=2 pt#cA 4 > 37 & 2 7 D e 3RS 2 & Gamma
& i 2 shape % ficip £ L 3giplendf 2 4280 3 ;ﬁ T I9Error i & 4.56%% < % 15.24%-
#-2B-1 ~ 2B-3-1 & 2B-3-2 § B 2. L 3= Error 7|t §] 5-56 & 5-58 » ¥ 7 &vf | * 8 X 3F
BNt Rk R B R R R % 2B-1 i Fy o T 35 Error A 7.59%2 o
A% 2B-3-2 k2. > L5 Error & 15.24%2_ ) F B 2B-3-1 B R & &£ 0 T35 Error &
19.3%z_ p o

% Normal distribution ™ > #&F »xac gL 3% - d T £ 522 R > Mg (e 10 3
100



300 ~4ap o B FIPRIEE -7 L RS (PPM-M) 50T 3530 % = #ic (number of search
probes) 4>t 228 3 475 FF » Ti9% 3.98 = o % F IERHEF 2- 5 £ L (PPM-M)eh
Normalized Search performance % 10.05 > 4p >t 4% & fpip|30 % 2 -8 - /& (PPM-S)+
Normalized Search performance % 32.47 » > 22.42; t 4% 3% Gamma distribution = 2
i dp L TR 0d T A 523 5 N1 10 3 300 A 4Ep o S FFERIIEFE-F ER
= (PPM-M) - 353 % =% e (number of search probes) 4 *t 252 3 4.05 fF - 355
345 =% o F IR PIIFE - F £ 15 (PPM-M)Normalized Search performance 3 11.6 »
APIRGTS FIE R E £ -0 - /5 (PPM-S)&Normalized Search performance % 37.59 »
#ob 25.99 - T [l 5-50 1 B] 5-52 7] ) 2B-2 ~ 2B-3-1 ~ 2B-3-2 L 3540 F = #ic (Number

of Search Probes) -

[ERN
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Average Deviation (%)
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% 5-20:% % 2B-3-1 sp R & rr B 7 B

Elapsed Time (Minutes) | 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100
Probabilit
robability 6.61 | 7.56 | 8.74 | 9.25 | 9.46 | 9.52 | 9.61 | 9.73 | 9.85 |10.05
Calculation Error (%)
Elapsed Time (Minutes) | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200
Probability 12.0612.38|13.56|12.69|13.05(13.81|14.07 |14.26 | 14.59|15.34
Calculation Error (%)
Elapsed Time (Minutes) | 210 | 220 | 230 | 240 | 250 | 260 | 270 | 280 | 290 | 300
Probability 15.51|15.96|16.27| 16.8 |17.14|17.61(18.02|18.21|18.63| 19.3
Calculation Error (%)
4 5-21:% 5% 2B-3-2 iR E AT R P 5%
Elapsed Time (Minutes) | 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100
Probability 456 561|578 563|593 | 6.7 [6.91|7.01|7.25|7.89
Calculation Error (%)
Elapsed Time (Minutes) | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200
Probability 8.32 | 858 [9.27 | 95 | 10.2 |10.67|11.18|12.35(12.48|13.28
Calculation Error (%)
Elapsed Time (Minutes) | 210 | 220 | 230 | 240 | 250 | 260 | 270 | 280 | 290 | 300
Probability 13.44/13.51|13.57(13.68|14.05(14.24| 14.6 |14.99|15.12|15.24
Calculation Error (%)
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4 5-22: PPM-M 45 %% 2 A& 9 2 (Against Normal distribution)

Elapsed Time (Minutes) 10 {20 [ 30 | 40 [ 50 [ 60 [ 70 | 80 | 90 |100
PPM-M 2.28(2.37|2.63(2.78|2.97|2.99|3.06|3.65(3.92|4.15
Elapsed Time (Minutes) 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200
PPM-M 4.4 |458(4.67|4.71|4.75|4.74|4.7314.69| 4.6 |4.43
Elapsed Time (Minutes) 210 | 220 | 230 | 240 | 250 | 260 | 270 | 280 | 290 | 300
PPM-M 4.4 14.36(4.35|4.37|4.28 |4.26 (4.31]4.084.01|3.92
% 5-23: PPM-M 4537 % & 9 % (Against inaccurate Gamma distribution)

Elapsed Time (Minutes) 10 {20 [ 30 | 40 [ 50 [ 60 [ 70 | 80 | 90 |100
PPM-M 2.52|2.64|2.74(2.81(2.92(2.98|2.96|2.87|2.88 |3.01
Elapsed Time (Minutes) 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200
PPM-M 2.98|2.99| 3.1 (3.15(3.35/3.68|3.89| 3.9 |3.95|3.99
Elapsed Time (Minutes) 210 | 220 | 230 | 240 | 250 | 260 | 270 | 280 | 290 | 300
4.0213.99/3.98(3.97(3.99|4.01 {4.05|4.03 4.05 |4.01

PPM-M
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