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Mobile Agent Tracking Technology over Opportunistic Network

Abstract

Transmitting data on an opportunistic network is much more difficult than that on a
general network. The communication capability of an opportunistic network can be
greatly enhanced via mobile agent functionality. A mobile agent platform demands a
search mechanism to locate and control its agents. In this thesis, we investigate the
adoption of mobile agent to opportunistic networks using "CenWits" system as
reference model. In CenWits system, each hiker carries a GPS enabled sensor node
to collect and exchange movement statistics with its fellow hikers using a short range
wireless links. Since mobile agents will be attached to the sensor nodes that hikers
carry with, mobile agents can hop from one host to another only when two hosts
(hikers) meet together such that their mobility is restrained by the moving behavior of
hikers. The little difference in walking speed and the uneven distribution of hikers
make the hopping of mobile agents extremely slow and opportunistic. As a
consequence, the search of mobile agents is slow and inefficient crippling agility of
urgent agent functionality. Therefore, we propose to construct a control network
using high speed network for search agents to travel in high speed. Under different
objectives and constraints, we propose several control point placement models.  After
proving them to be NP-Complete, we propose few efficient heuristic algorithms to
solve the placement problem. We also propose a simple search algorithm for search

agents to search target agents quickly by using a control network.
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FEI FPREBA T o HY ) RURBHANIE A KA R A - ffE
(interpreter) » f 7 4& < T Fic @A o

4 B ke At 4 (inherent survivability) @ ¥ 5 78 A3 A Y F A L
AR 3 R otk i A5 B FAp ot client/server 4 L # ehiFE S o § - B
LA - R F A PR TR AEAT BB RS FIE R e

L#FRERG hiEar ek 262 55F 3k g client/server 78 034 17 9%

-—\

Foo TR TS AR GRS o F 2 TR A R AR AR
33 Web + oo

T4 #m* = ik & (representation of a disconnected user) @ 34 % % & * JF’{

FWEFHE - B AFESFH A BT A AT - B I L3
Rk FL w1 T, IEZ AR FHRMAYEF i IR FLIE &

=

FIrE N Fe I A RR Y FHARS P R A BRI R ke (T
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A R R LR M LR AP o
® i tiEE (ease of development) @ % + & T ALBL T LA FTPIRE Y iR

C RS S O

\\L
)
-
|
'3\‘
&?:‘a

9“’:" E!}—s'\,—\.}:r]% ﬁ“?—* E
4R g B Ft > T4 F AL (pipelining) 3R 7 Fe AE A ek 22 4

AP g FIRE > TR T L& s iF o

123 {7 IR

N

Fd I A BT R * FeDEIRE > T OURETILL RIS > ¢ 7 TR R

?‘@/@‘%#iﬂﬂb’ 13-’—[24]6:“ 'ia‘iﬂ‘@r‘]j\v"-’ﬂgﬁiﬁi@— *3/2}.@?6 >
A - B xS eniE g > 2R g client/server 2 ¢ HE TUA] g a0 2

FOURE R RRETANGEEE TR G NEE NI A Dt 18- 3P [34, 45,
50] -

1. 2+ 74+ (Electronic commerce) : & * ¥ 2 w7 iNJL A ZRpEf R & L
BB ERETR s S A ARRPE BT 0 R R Y K RIEF R
TTH £ 0T

2. $cE8g 7 (Software distribution) :

P BB R A TR R 0 B P X R e R ® { Al T A
o R A R 2 H o TRRAMBTRRA > kg TEHZT K
VR TS TRt
3. F ik % (Information retrieval) :
%“%@%ﬁ%ﬁgﬁﬁﬁﬁwﬁi’avgﬁﬁﬁ@gAﬁﬁﬁ,%
R SRR LAY FTREOTR FHARA ¢ A i T
FE - @RI TFOTR T RBR RS RERSIIE @ 2 AT

TR K
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4. i sg 1@ (System administration) :

FRREAT s e XA e B I F Ry bl

A

BN H W AR k(T OV AR A PR A L IR TehF I e
W > TR R ERRRGFREFASRFIELE LT
LA SRR A NE s SR S R R ok SR

5. g ¢ ™ (Network management) :

BEATE RS TR B EIVE R PR bl R

4B Rt (Active Network) © » P78 A A kB ~ BiE T
FEJEAE > X KRR ARG P BRI B o A EE T
TREPFAEL AP AR WG R e 0T o

6. p=% > (Network security) :

;jz_;*l: N Fya ,by; »3, L m?\;%

/H'

/\
il
ks
-
=}
>~
34
[
kX
I
&~
[}
.LC\}
ﬂ
i
ol
i
ks

R4 ARt B0 T A A BB QR P Rl g 0 B ALK
fRmAzs S BV AE o Bt B e R WRPEALFR fERAES

PIA T % B S BB AR NE R 40 B 550 Kk (E 4 e iF o

e

HE K R ok

=~

“:tﬁv

B e A g > @ 7 TR IR A ] * 2 e
BE TR A 0 B e 450 A4S TR k5 (Real Time System) o1 iFiiAz k s
(workflow system) %5 » B2 7 H B* o d i o
13 B FH SIEA N R

e R L h i o ApRGTBRERT { SR A 3T
R i LB R R > ARk 0 FHEY BRDEY RGN E T
Pag o T AP E Y A NI B 6 R o RS 6 R o Y

ﬁpé_ii g?f—’rﬁ’][’@;’ﬂ' o ]’jﬂJ-&pZ‘TIJ'ﬂ' f;f,;p;;g_/\.iggﬁﬁ_‘fg FE I Ao, st d c‘ﬁi
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P AR AR R e BRI R IT AR R
A T2 388 L A ) Z b Byt kA TR NI A B TR
Pk ,?fu},%’i”ﬁ HiEs gn 0 1T 5’J§§}§ B AR R
@ RI{FEFELEAARPIINFHTLE > L AFAREE LA AT
ol oS 3T R SR E BB Gde D RA YT A X (S E g Eng &
ArTRE R AT Bk EAR S LY Az k Fo T I A RIS Aeer g Ao
Bl RAdntd o B 5V ALF Y - BHREE L o
® IHWN:FEBELEFREARERF S T UABERLEA L SF A

HP A e R T - BE LS R
131 8¢ Rt eniTH AT FiE

Fds NI A S 6 R h i B P AT o

@ LLNBHESEE) ETRFEAREE oM FHRYE, FREF, 248
Lk

O T REFESIELFT SR e

® T A iPpEEE TR R4 L o T

O FHUINEL BB NGEEE TR - BRSERZ B o
132 FHEBAT Sgn g g R

BEAR BT H (NI A HEE TS 6 e o R RF S PR RE 2 F e

43t Fd RI A A B v E - 2 \’mNQ{ﬁ%#?ﬁ4 BIVIER b oanak iy B
ERBR AT FET FP > FRL R AFE S HEFH R ad S AT RS

FA > PR R F® A B2 LR (blde kALE ) PP AR IR
LR e BE O AAE 2R FE R T > 2 RS B o
fFd I AT 5 (B4e @ Aglets [23] ~ Concordia [44] ~ MASIF [33] ~ MOA [35] -
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Mole [3] ~ Voyager [13] ~ PMADE [36]% )&~ i 15 f>" % 3Lt ango k> & 5 A& -~ 2
£ INELRCINE BN P ANERUR T SR IR rHAE I I ST L AR Pk D 1)
FEFG KRR AR DR R B ATOER Sy FESE S R TR0

WAz S P EARY BTAW LI b (NI A gAY 1T L AR

-

)

A)’?/ﬁlfﬂzvﬁ‘ ﬁi"; l/}ljf’]‘)f@lﬁl_ﬁ'%fé?f °
EFRFE R A hipdBd g Ao 3 AR A A (Agent administrator)

AL AREFRIEA FE Y PRGBS R AR H

AT PN IR A Frgl a0 B F R T S

® Statusinquiry : MIZ AR A A 0 * ok A ANIR A vE- gEhuEE ~ KR
2P e S8R T AR ARG S R RAEE B Pk AT R

FECCHEFOOHAFEFER AR Z PR FRE P FEEETR

® Stop: ¥ ik EZiE e

® Suspend : 7 iz § W H FEE o

® Resume : PRAR 2. @ A3 T ENIE R o

® Update assignment : 4 /% H s F7ix 7% o

® Change its itinerary @ x5 N I2 L ik ef) § B AL -

® Kill: %;gﬂfljwﬁga‘*&@xfﬂ_&&ﬂf{ﬁw

P E i) FIHBH] 0 B A nFERE R > T E A e 45 3 A an 4

GriEd RILA b R ABIE BRRAEHS AR S A

14 #%h BREH

R IR R BT o § R HBIOF G A L PR 2 PR 1

d
{
o
s
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JE B2 RRDA P RREL 2 AN T LY BE LR

RINTE =S T |
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52%
WBMET AP

L] KB AR RIEA S RAE AR SR RER A A HEAES R

R I S

Poav e frd s ARG NI A S R 440 [40] o

® Unnecessary communication overhead : % #cei® WAL FERILA L ATA
i A O BARGHAFEEIF I IR R FHATAEERLSE ¢
BEFIACEDEE {ATIL 0 W R L E

® Location database server bottleneck : A R & i ¢ s & F FH NIE A H B F|FT

HEEPE i P BRE Rl e B IR E L FREL K - B

EELATERE A TEL TR T o oy R LATRL S FIRIRED
BTG R T M LRI 2 AL

® High location update and search cost : p* #7%F & & 1 & 45 74 ¥ ot L #cd >

Aol s BiEpEg o R R BIOR S TN PP o f (TR AL AE T
FopriiRE s 2P (AT LS SRR E oy 2§ AR
Aﬁﬁﬁﬁﬁﬁﬁ@’?ﬂi%ﬁaﬁiéﬁ*#%iﬂiﬁﬁégﬁiﬁ

* oo



Flpt o - B RF R A EHEEF] > BE T AR T NI A i R

3E LA o
211 4 PR FH AR 2 3

BT IR A ST Y o 20 e SR AR A % 0 B G ehif
B 23 %% v b4 o Database logging protocol (DL) - Path proxy (PP) - Blackboard -
Shadow ~ SPC ~ Optimal location update scheme ~ Movement Based Location Management
(MBLM) ~ Scalable Hash-Based Mobile Agent Location Mechanism ~ Blind Search -
Intelligent Search & > 12 2% i B Wl fy i i B fA R A eniei o

& DL[1,39]¢ »i¢ * - @42 ®IRE (home host> & F % location database server)
K F R TR bR T AL A AT kB AT A
PRWFFLATAR gL Ew homehost 34 1 RIZA chix ¥ > T8 B {riidoF o
fIm 4 i TR 3 home-based fhiTiE o AL TEE P L F1A T - BHTFIRE
P E R R EY FE NI A o B e E BATI R o AR G M e E
S FLIE 0 M eh o (A8 (NI A EdE home host B FE o X MR B B AR PR B { 3T
FEFRAXAIESCFIAMERER AP REGF T E o AR A R
TR gt RIZ A R et o w2 BT S RS o MOA fr Aglet
FEHANIEA L RT ;ﬂ,;rs{ié LA s S

wPP[1,39]¢ » g * dpre il » § FHAEARPHI - BEEE £ &P
BT THT - B P e S s B 3 A e FIFIRFRE R T G EF
PRI AP Bl (T8 NI A A ah @ BR s S EER T E DB BRI R
HIC o Ra 0 FREBADBERCREFE T&Y g - Bips Lo AR

Vel EARD T DL ITE ALY HEE X AT AR 0 BPAT RIE A hB R R D

£ K ° Mole {- Voyager % {7 (3L 4 K MARE i % O HO > R gt LA e
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AL o

gmmmmeNWMMﬂﬂ’%ﬁ§~ﬁ;¢¢gﬁ,§£@$%?§¢jag
FRAAIETN FERARAEA BBREA L TR LD gﬁj’azgﬁ
Tof it o P g RIS L > R R RITR DT E NI A B DA s B T
BRE o B R R P TEF o

% Shadow protocol [2]® > &% & 7 DLA-PP & f&i%/% » {c PP 7 fp end_> (7

k@A g A& B TTL (timetolive) PR 4 & 4p i chshadow { #7p & P wvehi=® > @
7 EE A~ B hop LU AT- o ET USRS SN S LA A B R

% SPC protocol [10]¢ - » £.% & 7 DL{cPP & f %2 » & d0F (7é 3T A pF >
FREEFRT i Bip SO A iRk -

& Optimal location update and search algorithm [26-27]7 - % (&~ A & & d
Bagpr J {A- A CEFAHYP dBEFEAEFPEE 7EYHRE S ZED

& MBLM [4]# » #-12 SPC % £A# » l%ﬁ“d $ * — % optimal location update and
search algorithm [27] K #0F 7 & (A3 A > 2 (RIB X = 8 L A7 4 e g o

i+ Scalable Hash-Based Mobile Agent Location Mechanism [22] ¢ - {1 % — f@4x £ &
information agents (IAgents) sk ifI@ A » R F ad - FREA Dz T @ B
wl Agent #T s f R I A o Pl RS iE - BRes Bk § e E A A
Pro ARG )t (IR A D 2 iR A R A F b IR A lAgent > AR
¢ 2 & 4# 5\ (centralized) i¥/% o

% Blind Search[28]® - # 14| * Basic Binary Search (BBS) Algorithm % #& i7 #
RIE A 35k > FAARR S R ahiFd AR A 2 BRRT 0 H Y oo A A
EBEE R o P PIOERFEZ AFENARY > § AR ARICEY BehE g F R~

© N E B Pl AWMEH o FRIALHE o £ R BT IR bR ITHOE D

RIA o pliF2peE ~ 35 F ¥ BHBERRE T &S
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BERIE A 2 BT | iR T o pLeh ,r 20 f2ABBSFE VAR
(78 I 4 ik B x4 Extended Binary Search (EBS) Algorithm » f5d #F i - =
PG NEE SR ARFHFSAF

% Intelligent Search[28-29] ¢ - # 214 * Intelligent Binary Search (IBS) Algorithm

KHF FH RILA > jE TR S v T R S B (¢TI 6 S

GELZOER) b s BREALS EBALAERALBRIRERTY TPRBERT

HY JREFEREIFRHE > dopt - K ?;‘gﬂ L IDPRIFPER > R FHR P A EE chiT d
RILA A chiz ¥ - @ 2h) P AOF o o TR CAOF chtlic e T E NI A B R
EEY ® ¥ iR o H3F 2xd 4% 3t Blind Search» & 2 0 d 3R AL e drenF AL
3 g * Blind Search ¥ iy F g 4F % % o

212 BERBEIIEFEFH AT IR

PR A IR o 0 B £ <E L VR BRRE R o L 1 B T I A et
A YRR B R BGE AR e MRRT o P T R PRSI R

P EF S A E AR ’,}_#ﬁg“&&%d , ;:,_‘\g? LT SRR F] 2 FER o

O L EREY AR REA FANBHNEEL nd HBe N TR

B | R T i R B IR R g B S R s
LSRR ITET SR TN RCSTIR

1|

wE
b

b

o F‘%"ﬁﬁg}{: ﬂ\p/rﬁf“}im}}’i‘l"}’p;b%i(fﬁﬁv])“w,(m'ﬁii%?ﬁ

-~
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\fmF’
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o

FARH KA S F AR N e B FRT SRR R ALY

22 TLr#FLER LR, A
T2 3EF L F ks (CenWits System) ([17-18, 48] 5 - B L R Y3 R E BB R B T 47
,:‘. kLo A &P Jf—rm ’K;a‘ffi T {L&X,{w B m% “,—A,‘ﬂ‘ " # j“f"ﬁ%”]/(g?fﬂﬁ??f}iiﬁigg_
e ASEE R KT EHGEE AR RO B LA GR 2 fRR RS B
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Bl ot JBd PPl SHCFEIRPRL I A ENEEFAE > P ot R

EENTLRFOE > R NBLOFLERY o MR T §F LIRS - Lt
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T2 387 LF ks %1 TR LR RS B T RS E AR R FIp
2 A TRE LT AH S LSRR w2 £ b
o P H AR T A g Bt IR 2 B 0 ook AP M O E i) Bk
R LR B Bnis TR N A Lo FR AREFR R
BEAA I o FRSBE2 2 X2 3 &4 A PREFEL Ty 44
PARE RN
ERFRSFIP 0 2 R A B RS  mART N DBE ¢ XD RE RS
Py P A PRESREA DN 4 o o T F TREA BIITEE PR 0 T ok
5% Fe e A58 s 2R3 (None Line of Sight, NLOS) » @ % £ 2 £_{%f§ ¥ chE

4% (Line of Sight, LOS) » & RAELF s § SBZHY ~ LB ~ AEDF 8> @

A4 S FRIEAE o BN R R R o F P R TR RS BN g ?;Fﬁ
AR R SRR AL ) R F]E B BN T R AR R A g
A A A FHAL f42T B
B WF AT s AR RS AR S50 ARG AR Y RER
Hep RAPE D ek BAFRFTEANNRESEF AR > R @D
2 ; BT LT H o

fo YR AL Aot F R A eh® AR EZAREHT] 50 RSP AT L2 Y
= ’4

L P FLA «LJJ e ﬁx%ﬁ":’ﬁﬁ %ﬂ/f?hp/(‘jt'J ”]{’;"} % s ;}Fﬁaiﬁi Wrﬁ- ‘L'.—,J A l;’g‘z} ﬁﬁ g %‘};ﬁ-‘ﬁ)’é
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20



FA o B AT E U L LEE R AR B kB~ EESE

FRITE TR TGl oo RiEdlY o LIRS E Sk o

B S RRFLERF - BYTORE LV AL ] RSN e F R (P § CPU-

B S BRAEEE A
R g TPFd GPS R ip| B85 L iz i ’1321%@ R B Rl ) Y
e o

B FEFLEALEP AR B R e B §p B R 2 SR

¥ d Zighee fBEE R ARIEBHT K T AR L H S JF B Y ATEE 3 chRk T

B A Y LEELARENELFE LT AR E AR AR g (R
BOR) P AT BTG AR MBS BY hFH (f B R e RSk 2
O AEEE LR R Bk a) o J g f PO A G Ry
Ul BCIN NEL 2ok 1 R
fors b (AR o d Y B LE AT AR AT U L
B e G E R 0 ¥R AL S Apg e p § men s F 0 AT SUsc e

#EOTH AT E  BREEHU] 0 012 Zighee fh R 1ES

ek

kit v Zighee ‘EREA R M@ E P X LR B3 0 RE T L @ iEanp
gho pLeb o d At F R % Zighee ‘@i i gL T X AR o i.ggzglfv L E g AL
AR G Nk TR 3G By Y A > A f e @ B 2R Zigbee @%]&E'
e LA NEATE @R B &Y T HME 4 i+ IEEE 802,11 &

RMUEMABTET =L FERY AR
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B R TR R 2 EF

g Rt > REFHAEARN F R FTAFIRAEH SILA 2 JOF ]

B R AT A s g R TR ST L HAF 0 AT RS PR

TR LT RS R e A e E B LR - B
%3 GPS =il e[ A% A LR K ke ? AT A H &8 (mobile node, MN) | -

PEBERE A LESBRERY 0 B EE TR £ BREEAT kol

R ool N FEH NI N LR chir R S s B TR S g
(¥ LE) THBITE FHARAAT ALY - BERSREHT T - B 6 H
BB L A N LB FAERELR A A A

AT i NI A A MR L E WY F I A ARG 6 0 (T A

4o® 3.1 977 0 7 o dpdl e E: (Control Network) ernfi-in™ » 5 B ch 7 % 4
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~
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o

RREAR S - X D 3 F LA AR PRIRE o IRRIE

VRS BLapr i R TP g e
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SPEA 0 RV HEFE NI X i e 0 R B (TR NIE X P E T o
31 #FIRRME
Bk el % 5 e B RER (4o 0 Internet) o A E A1 gt gk (A7 23] 3G ~ 4G
B AN g2 o AT % 3G~ 4G E k siid ) =2 #-4gk (Control Point, CP) - 2

= Fr 48 (Control Network) » 3§ 7 &5 32 4 A frd| 82 [ Poig 45 8 0| A1 a0 & chid

m‘z

A G Sy dlE o R F e B L ERTIEA Y (FEEE) o gER e
L EDEE S HEg A Reang LR AR i R IZ A T ApEd o B THEHF T4 o
4o@] 32977 0 BR P i KRS - X 08 mA LB e R Rt
M REAgd ¢ FH B FE SRR > RDIE P g o Tt FEEIRTIRR
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A Control Point (CP
. Mobile node

SOURCE
4_. DEST,.

Bl 3.2 @ % mdl i kg os (7 6 (IR A chgbE o

3.2 17 | R R e F Rk
BFOOIFIRRG  AP T B RGN A 2 JOF ] R P A6 R
R

122 @& Basic Binary Search (BBS) Algorithm [28] = &1 » & iT /i 4840 o
i

1o A% B cdF w a2 o PSP ERBITEH S A AR o blde
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FIBE R PR T IR A b # T S w2 7] > £ )% Basic Binary Search (BBS)

Algorithm » j& ¢ BF s 4| BER 404y » F R T d I A o b m GaB et id)

2. PIIBFRTEERLA SRl o B RIPE Y iFs R EIFY
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A o
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P BT (e S BEArle 2.2 TiEZ A B S E R E B gl > F
B &g g {1 h A BT R {rd AP RPN D E SR A pal e

v TF SN e B8R 3% BY B3R (Control Point Selection Problem, CPSP) » #-% & 4r @
B AR TRT 0 PUER F iF E A8k 0 RS B i e R

TR R RR DR LR R RS THFFH AL A ATE R T
PR & APl R RFPILES T2 E IR IR T RS FEF B GRE A
BT 82 B ePpEdr 0 FM 0 AP R T - BF R 45 1R—MC_distance » k& TR

- BiEFH SR T BT B2 [ eniEdE o

("N

Rm o kR - MC _distance 3% #_5 P &3 #c (objective function) § # & & F - e
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TR NI AR PRI & Bk AR FERF R R F AR S
B R BT R R FF G EE RBIE S ik g
'}Li%;]% Jf”f"’l)“ —4L’I‘Jﬁ¥}g g{”ﬁi"ﬁ 9 o

R
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BT FRT /T 0 U EFT R RS IR R P RER R
R B T AT o

. R EE B e 2 FACET F TR e

e PR A A ipdlEirE E hE RS ER BN E o

Bt AP o AP R TR R el BT e R EI AR F ORE
Tl B e R P AR E o pd < IR F 08 S BE2 SR E 0 Ay

FoBoA VB BRI RIET] TS B € o
341 H Bind B B

TSR FI B EH R A — B < 2 (CPSP-Flow) ehiic§ #5-7) -

Givenagraph G=(V,E), where
e V= {vl,...,vn} is the set of possible nodes for building control points,
® E :{eij ‘vi,vj eV} is the set of edges (trail segments) between v; and v;,

e W= {vvi |vi eV} is the set of the cost (required resources) of building a control point
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on v,

® Cisthe available resources,
® T={t,..,t,} isthesetof hiking trails, each of which is a path, a sequence of nodes,

used for hiking, and

® F-= { i [te eT} is the set of the number of hikers per time unit passing the trail,

the Control Point Selection Problem is to find the set of nodes S <V , such that

maximize > > f,x;,

eV et

subject to

D> wx <C,where x =

ieV

1 ifv,eS,
0 otherwise .
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A Control Point (CP)

/\ Candidate CP
B Mobile node

Bl 3.3 Bt Bin BRAT > T i EaE B R .

L ARt T e A i Rl R RS R R L T T R ERAF T TR

U7 i S 40F 4 B R A L S R

35 IHAIBEEEN L — * % F S HT
A PR A BE 0 A Y 2Rt R X R EFHT) 0 AP 0 A T

ABRE

2. IpHImER R A c FLAPF LS I PR BB Dl a0

2 3 B GEmE TEAE BB E RS o

A G SR R N g R R 0 doB] 3447 o

30



A Control Point (CP)

/\ Candidate CP
B Mobile node

e d *> Graph ¢ node f-edge #7i = » X G o fRTPEE 0 T EZIE S B R

Rl A 0 K AR A A A o A e T R B AT

© U M R TR FALEE Y TR L.
© WD S RdlEauE R o R F DT R FRL -

o PR B Vgl EkArik F e edges #ic o

s

BBl Y 0 AP ER T AR TRIS Y R el BT G R E AR P RE
rdlgbz Beedge E R EARE 0 WA g L edge £ AR - IR 0 sk gk

ik E epedges fic 0 TR R A E VAR BRI BT E TR o
351 &4 i&E F i F #)

ML P BLE B R 3 — B X 3 3 % (CPSP-Coverage) n#ic® #-) o

Givenagraph G=(V,E), where

e V= {vl,...,vn} is the set of possible nodes for building control points,
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° E:{eij ‘vi,vj ev}is the set of edges(trail segments) between v, and v,,

® W={w| eV} isthe set of the cost of building a control point on v,

® C is the available resources,

® T={t,..,t,} isthesetof hiking trails, each of which is a path, a sequence of nodes,

used for hiking, and
® F={f;eV.t eT}| isapassing_trail matrix, where

. t, iftrail t, pass nodev; ,
“lo otherwise,

the Control Point Decision Problem is to find S <V , such that
maximize ||_J{e; %} .
subject to

U{fe-x}=T and D wx <C,where x =

ieV

1 ifveS,
0 otherwise .

bk WA Y o fadF dnode i 2F § @ trail koo & J{f %) Rl

7T AT ALAE ¢ dhnode oAl dE ehtraill 2 B 0 @ U{eij 'Xi}‘ Al 7 “73 4%3& ¢ node
“riTenedge 2o Moo ® A 3 B £4F hedge -

352 B4 &EFHI crak gk

PR R - BE R E AR P E S TH - 1% edge chE }i‘%’"— L DIERK
AR A Y R E R R R R o dot T o R R

(blde @ 2] PFEAR) > ArfriEmi B (B4 @ 30 A 4B AR) “Tek endpd|Bhlicd 4p e > R
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36 FLAIBEERFIH B L AciiinE FHT
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3 WWE TR e
o UF|C im0 FRE DA R ERD -

o PR Bk i FrdlEkern E oedges s E E o
AELEAELSERE AN 2 APL TR - BEE SN o7 oo

P(M):{Zsij ‘eij S M}

Be o SAhqme et fG 2 ERMEE HiklE g~ - A AERMEF >

B

FP(M)™ 5 e & MY R RENE R fer 4 TS R SR BA ki

B EodEs s T OEE R E (profit) o
3.6.1 B 4cfEidE & il g W7

SITT A PR R — < 4o fid F 0 (CPSP-Utility) i Ho4) -

Givenagraph G=(V,E), where
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V ={v,...,v,} isthe set of possible nodes for building control points,
E :{eij ‘vi,vj ev} is the set of edges(trail segments) between v, and v,

S= {sij ‘vi WV ev} is the weight of the edge between v, and v, represents the edge

length and the probability of mountain incident occurred.

W ={w|v, eV} is the set of the cost of building a control point on v,

C is the available resources,

T ={t,...,t,} isthe setof hiking trails, each of which is a path, a sequence of nodes,
used for hiking, and

F={f;]veV.,t eT} isa passing_trail matrix, where

. t. iftrail t, pass nodev, ,
“0 otherwise,

the Control Point Decision Problem is to find S =V , such that

maximize P(U{eij-xij}) :
subject to

U{fa-x}=T and > wx <C,where x =

ieV

1 ifv,eS,
0 otherwise .
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PREL 587 E 2

k

Gip— F ¢ 0 AP B BRE R AT g R R O] S Bk E E SRR

K47 0 T AFEM e BHCA Y 5 NP-complete A* 4818 » & w445 < @ F 5404

Box Ao m E S VAR R E o KRR B E R A

41 BEEFHEIAZFEALIT

TSR A B E R A S BT s B @ E A AR A 4T 0 1Y
#Mies BHECA T 5 NP-complete FF 3% o

411 RELFSr—E+ G #3)

MUTF AP RIE P e BEE R 4R — B & AL on £ #0735 0-1 knapsack problem -

Definition of the 0-1 knapsack problem[9] :

In the following, we have n kinds of items, 1 through n. Each kind of item j
has a non-negative value p; and a non-negative weight w;. The maximum weight that
we can carry in the knapsack is W . Mathematically the 0-1 knapsack problem is as
follows.

maximize zn: p;X;

=

subject to znlexj W, X €{0,1}
j=1
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BT R A Bt IR Bk R A T A R AT

maximize Y > f,x;,

ieV iety
subjectto > wx <C, where x =
ievV
2o Y f R4 #rd 5B node ik FRT Y B R F LR B2 oo d

iet,

©avddo £ f 5 p o BIF d-maximize DY f x ## 5 maximize D px o £

iet, ieV ety ieV

1 ifv,eS,
0 otherwise .

5 b WX SC, X% e {01 AU 5 A A P T v Frp BT R AT At R T

ieV
v i it 5 0-1 knapsack problem -

R o> d 3t 0-1knapsack problem p & & 3 2F S AR B 2T Y > A 7 ¥ K
FEREE TN AP A R AR ERNE A SR A
i 0 i -

412 REAFT—B*EEFHT
TR B ] BT PR R BE— B S b E S H0A) & NP-complete B 3E o

To show that CPSP-Coverage is NP-complete we must demonstrate two things: (1) that

CPSP-Coverage is in NP; and (2) that every language A in NP is polynomial time

reducible to CPSP-Coverage. To do the second we show that a known NP-complete

problem, hitting set problem[21], is polynomial time reducible to CPSP-Coverage.

Definition of the Hitting Set Problem (HSP) [21] :

Assume that a ground set S and a collection C ofsubsets {C,, C,, C,,...C,}
are given, where C. isasubset of S and a positive integer k $|S| . The hitting set

problem is to find if there is some subset S'<S with |S'| <k such that (Ci NS ) =
36



forall i=12,..,n. Inotherwords, S' hits (intersects) every subset in C.
Forexample, S={1,2,3,4}and C={{1, 2, 3}, {4}}. The hitting-set for S and
C consists of {1, 4}, {2, 4}, {3, 4}, {1, 2, 4}, {1, 3,4}, {2, 3,4}y and {1, 2, 3, 4} if k=4.

If k=2, the hitting-set contains {1, 4}, {2, 4} and {3, 4}.

The following is the proof that the problem CPSP-Coverage is NP-complete :

(1) CPSP-Coverage is in NP:

We first show that CPSP-Coverage € NP, suppose we are given a graph G =(V,E)
and two integer k and c. Thereisacollection T of subsets {t,t,,....t,} given,

where t; isasubsetof V. And thereisan integercost w, forall ieV. The

certificate we choose is the Control Point Set V'V itself. The verification algorithm

affirms that ZWi < ¢, and then it checks that V' contains at least one element from each
eV’

subsetin T. Itmeansthat (tV')=Q forall i=12,...,m. Atlast it checks that, for

each edge (u,v) eE,that ueV' or veV', and ‘U(uv)‘ =k . The verification can be

performed straightforwardly in polynomial time.

(2) CPSP-Coverage is NP-hard:

To prove that CPSP-Coverage is NP-hard, we show that HSP is polynomial time
reducible to CPSP-Coverage. To do this reduction, look at the definitions of the two
problems, and determine how to construct CPSP-Coverage from HSP.

Let U, S, C beaninstance of HSP. We construct the corresponding instances of
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CPSP-Coverage as follows. We form the graph G =(V, E), where Ez{(i,j):i,jeS'},
andwedefine C inU =T in G, S"in'S = V' in V,and cost function
. 0 ifieS'", . . . .
c(i)= _ The instance of CPSP-Coverage is then (G, T,0), which is easily
1 otherwise .

formed in polynomial time.
We now show that a ground set S has a hitting set if and only if graph G hasa

Control Point Set of cost at most 0. Suppose that a ground set S has a hitting set S'.

Eachnodein S' hascostOand | J(i,j)|=E. And (C/NS")=@ in U, thus

(tNV')=D in G. Conversely, suppose that graph G has a Control Point Set V' of
cost at most 0.~ Since each cost of the node in V_is 0 or 1, the total cost of the hitting set

S' is exactly 0 and node on the hitting set must have cost 0. And (ti v ) 0 in G,

thus (C;NS")#@ in U. Therefore, S' contains only nodes in V. We conclude that
S' isahitting setin S.

0o PR Vi BRE R R A — S i3 F S H0E] 5 NP-complete B AE o st
-t fseng & B - BECEF IR E 2 K35 - B sub-optimal solution > 12 f# 4t
RATL > & afs i enF sk o fedk RO BT A PR e st e
42 fRia kg Bk

d ** CPSP-Flow # % #-73] ¢ 3 3% % 3= e 0-1 knapsack problem z_ f#/&-= &g & 2 ¥

oo At R & 0 AP g ) CPSP-Coverage 2 CPSP-Utility #c% #i03) enf2 = &7
BiE e L AR S 0 A0 § 414 CPSP-Flow o 8 - )14 S5 3.4.2 itk o

FAOCAPIEIRSBTR ip 1% > % & sub-optimal solution £ optimal solution

Wiz gy o 3327 A e g & MC distance 3 TR - B A SRR T BiTen
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Prd sz B PREAE o RA o d A - ifedge b B mApE hiTE & 8L A 6

28 BT B R - TP K B2 (SRR 0 A PURRR (e

iFedge + > JLEA 2w LG - B TH S8 kit MC_distance 4p B cem e dp iR i

T3 o T4 41 L rHIBE AL (CPSP) g MRty R 2k o

% A1 HHIBE R R AL (CPSP) =it 4 1 -

Name

Definition

number of covered flows

WAE F A1 BEerat 3 node #rid E ehin £ #icz o o

number of covered edges

AAE G A1 B8Ee#r 3 node #ridk F i edge ik o

total weight of covered edges

F 7 ARIE 5 ¥4 Bher 3 node il E chedge R E 2

e

mean_MC_distance

E- B Fd & BRI T BT | Bl T agEYE > 2 §E
g Tedge#ic | 21 > B2 5 977 (d & ghen

MC_distance 2. %, v/ 7 & & BLend #ic g o

max_MC_distance

- A e LT U BT A Bh 2 B S FEAE (edge

#c) > W Terg (36 & gha MC_distance 2 # + {8 | o

mean_weighted MC_distance

¥ b it e mean_MC_distance 4p 0 {aiEZE2 T edge
#E2 Ao, &7 0 @ 2tedge #k o & K Ttrail k=g en

edge 2 fE€ % 5 1,°

max_weighted MC_distance

¥ bt g max_MC_distance 4p o JaE#E 2 [ edge 18
£ 2 4o 47 0 @ ztedge #ico & Kk T trail % =3 s edge

zZfEw &1l

Y
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BEAR A AP TR D h3 B4 BEE 8 B AR B3] ¢ > sub-optimal solution

B 4.1 #7575 MC_distance 4p B 3= 4p 1%+ » 7 # € &>+ optimal solution #7 & » i

EX

B A F uAgptehs Fl o 73 hoptimal solution &_4- ¥+ optimization objective @ 3 - 2

4 objective function # £_MC_distance p¥ » &4k ek % i};? T e

Fiz

L

R

o oh o MC_distance Ap £ 10 A k4 2 % > AR E 0 ¥ L% A B+
Ak 3T R ] PRODERL > sk B2 (S e b2 B % ¢ 0 $30 k MC_distance 4p B
Fhiptkh L A 3 FiEL gl g i) HEE -

4.2.1 CPSP-Flow f%/4 = %

4o 4.1.1 #rif » CPSP-Flow 5 0-1 knapsack problem » g=# 41 * 1= 30-1 knapsack

problem 2 jF &2 k RfFo AP VR 412 F L REREZEBEERESH R & 3L

It £ 4% trail - 2 {AVA, ..., ), I} 18 & node °
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Bt :A.AB.C,D.D

RAA
W™

B:: ccEFRGE

7] t, :H.H.G,LT

t, 1 B,B,E,F, 17

AR T RSB F B R R PR ALY s e

2 B8 (4B 42)e B BP0 AL g 2F 6E trail -

FodlEhd AT chfic @ A B N & H cost 2 flow o
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- Given available resources = 6
Bf 1, ALAB.C.D,D’ (Flow=1)
& ¢, 'B.B.E.FLY (Flow=5)

B ::C.C.E.EG.G' (Flow=5)

t, H.H.G.LT  (Flow=1)

® 4.2 : CPSP-Flow #-73] - sub-optimal 2. # ] —4~ 4574 & o

4o @ 4.3 > CPSP-Flow 4] * 0-1 knapsack problem = sub-optimal solution #7:% ! e
AR A{E F} & F RN E S 20 (& A ain B B0 2 35) 0 ¥ &2 optimal
solution *r FA4p e o #d iHut AE D e dlgh & £ #3841 g mean_MC_distance -

max_MC_distance » ¢ £ optimal solution *7#4p & -

42



- Given available resources = 6

B 4 ALAB.C.D.D' (Flow=1)
&l ¢, :B'.B,E,F. 1.7 (Flow=35)

5

B :: C.CEFREGG (Flow=5)

V] ¢, -H.H.GLT (Flow=1)
0-1 knapsack’s solution : {E, F} Optimal solution : {E, F}
total consumed cost =6 total consumed cost =6
number of covered flows =20 number of covered flows =20
mean_ MC distance = 1.72 mean_MC distance=1.72
max_MC_distance=3 max_MC_distance=3

B 4.3 : CPSP-Flow #i=3]—sub-optimal solution vs. optimal solution -

d gL ¥ 4o 0 CPSP-Flow ¥ it Ry 2heni W i A B ¥ A - ®i > @ A
BRI E AT AR (W6 R E R LA FRD) 0 B B AR

BB AR SR (F0E) AT 0 d 03 3 EEEIRROT e XF & RE

[t

R 4 RARKEE REAS ] I TR ARG RZARKET] -

43



4.2.2 CPSP-Coverage f%/-* %

% 7 35 CPSP-Coverage 7 sub-optimal solution » #% ife 4% 21— [ pagd ;N iF 5 72 > ¥t o

7~

& = % Node Potential First (NPF) ;% & ;% » = 4 4.2 #7534 NPF /% & % ¢ #ri&* 3

ZEP S N NI
# 4.2 : Node Potential First (NPF) ;& & /2. %% -
Notation Definition
edge_degree node #7ift 3| edge =7 degree #c -
node_weight node 4% 5 418> #rF - “acost o
selected_edge degree # st node ® 0§ AiE edge  ALIEPE~ o A 4B 5 0

unselected_edge_degree edge_degree — selected_edge degree’ % 7+ :£ #% #* node #1 it

3 4e e53 covered edge #x e

node_potential node_potential=(unselected_edge degree/node_weight) > % 7+

# node #7 ¢ cover edges s34 o

trail_hit_count node } #1id i s unmark trail # o

PR E et E R 4o T
® A7iF hikiE 482 node_weight 3.f- > 7 ¥ 42§ available resources -
® i :A:E ¥ node_potential ~ trail_hit_count &% + > @ node_weight & $. -]
ehig E 542 o
T B 4.4 % Node Potential First (NPF) ;& & /2 2. 3@ (742 » AP LEH
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node_potential ~ trail_hit_count ehi& & < » @ node_weight & | ehiz £ 48 > & 7
50 PR E AT eotrailb AP e B SREHE - B g 481 > { A7 node_potential
trail_hit_count ¢hi& » 72 Fx F1iE (0T — B iEE F2 )8R & E FlATepedges £ trails o 4

P Kore T AL E B E ATk E Fleedge #icE b s Ao E DA PiE 0k F AT trall

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
node_potential, trail _hit_count in descending order, and smallest value of node_weight in
ascending order.
Updating the value of node_potential and trail_hit_count of every node by marking

covered trails.

¥

Bl 4.4 : Node Potential First (NPF) ;& & /% 2 18 (¥ 4% o

T A 421 2 BB (B 4.1) 26 f38 NPFFHE 2 @ ivinde (B
45- 8 4.11)c B 45 5S4 4R A 0 @ AFEER IR TR T B E R S A

node_weight -
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- Given available resources = 6
B f, - ALA.B.C.D,D’
8 i, -B’,B,E,F.JY

B ::C.C.E.FGG

/) t, -H.H.G.LT

Rl 4.5 : CPSP-Coverage #i-3] 4 sub-optimal 2. #= ] —4=4e 7k f& o

4o 4.6 777 0 A% - #3EE ¢ 2L #-node_potential (1st) ~ trail_hit_count(1st)
< I/ £ 5 m node_weightd -] 3 < £ 5> 2 {5 2 i K-if L 3E # node_potential (1st)
trail_hit_count(1st) # *~ - @ node_weight # ] enigiE 8L » R i AP andrdlgh » ot b
"BGERjAp ik Flpt o APEE- B TUBRLF - B4R T A

g #7 node_potential £7 trail _hit_count =hi&E {8 » & » T — $HtE o
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t, :B,B,E,;F 1Y
B::C.CERGG Given available resources = 6

b, H.H G.LT candidate ListV = {A, B, .... I}

—---mm--m:--
3

edge degree 3 3 1 |
node_weight 3 2 3 3 3 3 2 1 1 3
node_potential(lst) /3 3/2 1 /300 L | 320 1 | 1/3
trail_hit_count(1st) 1 D 2 1 9 2 2 1 1 1
node_potential 2nd) () 0 25308 B1/3 8 2738 ] 32 1 1 1/3
trail_hit count(2nd) () 0 ] 0 1 I 2 1 1 0

B 4.6 : CPSP-Coverage fi- %] 4 sub-optimal solution— % — #&- fifs > 35 B 2 42k -

A AR (B A7) ¥ (B 48) ¥z ik (B 49) -8 ° > #a
LEE GH i dlgk Bfs % 7 # (B 4.10) 325 ¢ > d >t available resources

g A EHE P E B R E % NPR G
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t, *BYB,EFIT
Remain available resources = 4

candidate ListV = {A, C-J}

B::c.CEFRGG

node_weight 3 7
node_potential 2nd) () 0 2/ N173 58 F2 /388 Bl 32 i1 1 1/3
trail_hit_count(2nd) () 0 1 0 1 1 9) 1 1 0
node_potential 3rd) () 0 23013218300 213 |0 0 0 1/3
trail_hit_count(3rd) () 0 0 0 0 0 0 0 0 0

B] 4.7 : CPSP-Coverage #-7] & sub-optimal solution— % = #- #2is » 352 G % 248
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BY ¢, :B.B,E,F,JY

WY

Remain available resources = 2

candidate ListV = {H, I}

B ::c.cEFRGCE

node_weight 3 2 2 1 |
node_potential 3rd) () 0 2[3\[1/3 (213 123 0 0 0 1/3
trail_hit count(3rd) () 0 0 0 0 0 0 0 0 0
node_potential(4th) () 0 2/3 (13 \[2/3 |12/3 O 0 0 173
trail_hit_count(4th) 0 0 0 0 0 0 0 0 0 0

B 4.8 : CPSP-Coverage %] # sub-optimal solution— % = #t $t5 » F H 5 3248 o
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BY ¢, :B.B,E,F,JY

WY

B ::c.cEFRGCE

Remain available resources = 1

candidate ListV = {I}

node weight

node_potential (4th)
trail_hit count(4th)
node potential (5th)

trail_hit count(5th)

3 2 2 1 1

0 0 23 |[L/3 (23 1230 0 0 0 1/3
0 0 0 0 0 0 0 0 0 0
0 0 2/300 RIS F2/308 82 358 £ () 0 0 173
0 0 0 0 0 0 0 0 0 0

B 4.9 : CPSP-Coverage i3] 4 sub-optimal solution— % = @&+t 23 » 3F | 5 42k o

B ¢, :B.B.ERLY

B ::C.CEFRGC

W t, -H.H.G.LT

Remain available resources =0

candidate ListV = empty

node weight
node_potential (5th)

trail_hit count(5th)

0 0 2130 P13 21500 12308 R0 0 0 173
0 0 0 0 0 0 0 0 0 0

B] 4.10 : CPSP-Coverage #-7| F sub-optimal solution— % 7 #5'" & fs » A F iz @ 8k o
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d B 4.11 ¥ & > CPSP-Coverage 4] * NPF ;& & ;2 4-1¥ ¢ sub-optimal solution »
number of covered edges % 14 - optimal solution > ;& # 1 i# edge>  mean_MC_distance
Al <>+ optimal solution #7 4 » % 7 T - B (T8 & B3| v BT ey 182 T IS4 o 1t
optimal solution #7 4:& & i1 0.02 % edge “edg » 4+ “F > max_MC_distance ¥? optimal

solution #r F4p e

- Given available resources = 6

BN & :A.AB.C.D,D
[ ¢ :B.B.E,FJY

bS]

B ::Cc.C.EFG.@

V) t, - H.H.G.LT

SESSSRI R
SEFIIIRERRIEERRNY oo
SRR () R

2 AN

Our solution : {B, G, H, I} Optimal solution : {B, F, H}
total consumed cost = 6 total consumed cost = 6
number of covered edges = 14 number of covered edges = 15

mean_MC _distance = 1.56 mean_MC _distance = 1.58
max MC distance =3 max MC distance =3

B 4.11 : CPSP-Coverage 7] —sub-optimal solution vs. optimal solution -
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4.2.3 CPSP-Utility jz/-* %

73

Gt R E o AP NPRFE 2 (B 44) vz f£5 NPFUFE 2 > %z

N~

CPSP-Utility #* 48 - NPF-U 22 NPF =% £ # >t node_potential 3+ ¥ :x 3
"unselected_edge_weight /node_weight |
KU A 42,1 2. ks (R 4.1) 5 6o f28 NPF-U jf ¥ 2 gud ez (R
412 - ) 4.18)- B 4.12 5 A= 4ok o B iFE iRk 3 AHE T hlic @ % £ node_weight -

M 7edge t &om chdicE P % edge weight -

- Given available resources = 6
Bt ALAB.C.D,D
3 ¢, : B".B,E,F. 1.7

B ::C.C.EFGG

7/ t, ‘H.H.GLT

B 4.12 : CPSP-Utility #-7] & sub-optimal solution—#= 45 i °
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4o@ 4.13 %77 0 % - #tE ¢ L d4-node_potential (1st) ~ trail_hit_count(1st)
d ~ 3 A > @ node_weight d -] T <~ 5 > 2 {5 > % ik L E 3% node_potential

(1st) ~ trail_hit_count(1st) # + > @ node_weight & |- eiE iE 2L > ks 2 i a4 gk

s

FiEH BRE % - BIFI8 0 ¥ A { #7 node_potential ¥ trail_hit_count i {8 5 &

-~

T

B ¢, :B.B.ERLY
Given available resources = 6

candidate ListV = {A. B, .... J}

B¢ :C.CEERGC

V)t H.HGLT

edge weight 9 1
node_weight 3 2 3 3 3 3 2 1 1 3
node potential(1st) ~ 5/3 5 53 (/3 3 g3 13 1 3 2/3
trail_hit count(lst) 1 2 2 1 9) 2 2 1 1 1
node_potential(2nd) () 0 [ 173 |12 83 3 1 3 2/3
trail_hit count(2nd) () 0 1 0 ] I 2 | 1 0

B 4.13 : CPSP-Utility 7] & sub-optimal solution— % — #5\* $ifs » F B % #2418k o

LE A%t (B 414) F= 8 (B 415 Sk (R 4.16) 3287

B WER G H- i dler 56 A% T8 (B 4.17) 225 ° > d * available
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resources ¢ * & o A FHF E P FE ML IR T2 L NPFUFE 2 o

B8t A.AB.C.D.D

t “BLUB, BRI
Remain available resources = 4

candidate ListV = {A, C-J}

B::ccEFRGC

V) t, H.H.GLI

node_weight 3 5) 3 2
node_potential 2nd) () 0 1 1/3 |2 8/3 3 1 3 213
trail_hit_count(2nd) () 0 1 0 1 1 2 1 1 0
node_potential 3rd) () 0 1 1512 2 0 0 0 2/3
trail_hit_count(3rd) () 0 0 0 0 0 0 0 0 0

B 4.14 : CPSP-Utility #-2] 4 sub-optimal solution— % = #5+- #fs » iF G 2 #2418 -
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B ¢, :B.B.ERLY
Remain available resources = 2

B ::c.cERGCE ) )
candidate ListV = {H, I}

7 t, - H.H.G,LT

node weight 3 2 3 2 1 1
node_potential 3rd) () 0 1 173 |2 2 0 0 0 2/3
trail_hit_count(3rd) () 0 0 0 0 0 0 0 0 0
node_potential (4th) () 0 1 1/30 |2 2 0 0 0 2/3
trail_hit_count(4th) 0 0 0 0 0 0 0 0 0 0

B 4.15 : CPSP-Utility 2] 4 sub-optimal solution— % = #% - $2.5 » ¥ H 5 #2248k
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8% ¢, :B.B.E,F LY
Remain available resources = 1
B ::c.cERGCE
candidate ListV = {I}

) t, - H.H.G.LT

node weight 3 2 3 2 1 1
node_potential(4th) () 0 1 173 |2 2 0 0 0 2/3
trail_hit_count(4th) 0 0 0 0 0 0 0 0 0 0
node_potential (5th) () 0 1 1/30 |2 2 0 0 0 2/3
trail_hit_count(5th) () 0 0 0 0 0 0 0 0 0

B 4.16 : CPSP-Utility ##-3] 4 sub-optimal solution— % = #5t #27s » & | 2 #5248

B ¢, :B.B.ERLY
Remain available resources = 0
B ::c.cERGCE
candidate ListV = empty

Wt :H.HGLY

/7

node weight

node_potential (5th) () 0 1 17388 E2 2 0 0 0 2/3
trail_hit count(5th) 0 0 0 0 0 0 0 0 0 0

B 4.17 : CPSP-Utility #-7] & sub-optimal solution— % 7 #;'* #&fs » 2 F iz @ Bk o
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4 B 4.18 ¥ & » CPSP-Utility 41 * NPF-U j& & ;2 {8 ¢ sub-optimal solution » 2
ic il E ity edge # £ e 5 24 > i3t optimal solution # % 5 1% edge_weight > @
mean_weighted MC_distance F| % ** optimal solution #7 4 0.03 & edge_weight  p* ¢t >

max_weighted_MC_distance £2 optimal solution #734p ¢ °

- Given available resources = 6

B ¢ - A.A.B.C.D,D
[ ¢, :B’.B,E,F,J.Y

o)

B ::C.C.EFGC

t4 :H’?He G,I, r

Our solution : {B, G, H, I} Optimal solution : {B, F, I}

total consumed cost = 6 total consumed cost = 6

total weight of covered edges = 24 total weight of covered edges = 29
mean_weighted MC distance = 2.81 mean_weighted MC distance =2.78
max_weighted MC distanc =7 max_weighted MC distance =7

B 4.18 : CPSP-Utility #-3]—sub-optimal solution vs. optimal solution -
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DAL &

o)
H
T

T R ¢ RSN PR I B E R R BRI R B B R % TR 7 R A
TP F T IR A 2 s o
51 -] 3B 8 T
d > CPSP-Coverage 2 CPSP-Utility & = NP-complete £* & » F]pb > % i d-u w1 #
422 ¢ 423 #7 1 e NPF 22 NPF-U ke sViw B2 K 8=t 2> F 444427 o
2 AL1TPl2 Rt REHEARE R NAEWIRE F R dfRL B ot
fo AR o FIEREEALR AT RR S 0 R &S s 3R AR o
511 R%BRFEK T
AP sgs A 4 5 Graph o 28K T 4T

*  The total number of candidate control points = 20 -

*  The total number of trails =8 -

» Available resources = 12 -

*  The cost of each candidate control point =1~5 -

*  The edge_weight between candidate control point =1~5 -
512 %2520+

T @B 5.1 5.2 5 CPSP-Coverage 19 2% % » & w| 7] 31 NPF j# & ;# 7 optimal
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solution # 4= & & number of covered edges ~ mean_MC_distance » £2 optimal solution #+

FeAprt o @ d 2t max_MC_distance 2 optimal solution #7 % 4p e > 7 121 Bl & 7] ) o

CPSP-Coverage
51
50
(2]
g 49
2 48
3 47
g 46
8 45
5 44
8 43
42
41
Graph 1 Graph 2 Graph 3 Graph 4 Graph 5
= NPF 48 46 44 44 50
= Optimal 48 46 44 45 50

Bl 5.1 : CPSP-Coverage—NPF vs. Optimal solution (no. of covered edges) -

1.66
1.64
1.62

1.6
1.58
1.56
1.54
1.52

15
1.48
1.46

mean_MC_distance

CPSP-Coverage

Graph 1

Graph 2

Graph 3

Graph 4

Graph 5

= NPF

1.55

1.55

1.65

1.62

1.53

= Optimal

1.55

1.55

1.65

1.6

1.53
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Bl 5.2 : CPSP-Coverage—NPF vs. Optimal solution (mean_MC_distance) -




d B 51+ & Graph 4 ¢ NPF ;% & ;2 #7 fcrnumber of covered edges +* optimal
solution > 1 i# edge » =& %15 NPF /& & /2 € if 2L ¥ 4% node_potential ~ trail_hit_count
g iEE A8 R ;IHME 0-1 knapsack problem » i&4% @ % iy %38 978 3| eh

profit £ B » Flpt » &k

T 7} ¢ i = NPF ;% & /2 < number of covered edges »x ¢
%>+ optimal solution -
d B 527 &> & Graph4 ? NPF# & ;2 #7 < mean_MC_distance +* optimal

solution % 0.02 # edge > i&H_d % &t Graph # - optimal solution #7i% &g iE 34 2k

At trail bt et Gl NPF IR 3 72 “rE e R 17 8 0 5 F 5 35 FIEEHL 7 §° & Bhi
e dlgh > Flpt o AR Fof ¢ ¢ = optimal solution #7 7 mean_MC_distance
2 it NPF 8 32 o
T B 5.3 B 5.4 5 CPSP-Utility c78 &% - 4 %] 11 NPF-U ;& & iz ¥ optimal
solution #+ .4 1¥ &1 total weight of covered edges ~ mean_weighted MC_distance - @ d %

max_weighted MC_distance ¥ optimal solution #+F%4p F > # % 12 Bl 4 7] 41 -

CPSP-Utility
140
3
8 120
3 100
3
§ 80
5 60
S 40
(5]
= 20
©
=) 0
Graph 1 Graph 2 Graph 3 Graph 4 Graph 5
® NPF-U 124 93 103 109 129
= Optimal 124 93 107 109 130
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Bl 5.3 : CPSP-Utility—NPF-U vs. Optimal solution (total weight of covered edges) -




CPSP-Utility
o 4
% 3.5
£ 3
@) 2.5
2| 2
3
£ 15
(=]
‘© 1
§|
< 05
35
g 0
Graph 1 Graph 2 Graph 3 Graph 4 Graph 5
= NPF-U 3.41 2.92 3.48 3.55 3.33
= Optimal 3.41 2.92 3.53 3.55 3.31

Bl 5.4 : CPSP-Utility—NPF-U vs. Optimal solution (mean_weighted_MC_distance) -

d B 5.3 ¥ &> & Graph 3~Graph 5 # »NPF-U ji & ;2 #r ¢ total weight of covered
edges 4 %]+ optimal solution *> 4 & -~ 1 i# edge_weight > & F]F F B] 5.1 #7if » i&»
275 NPR-U s & & | b sl or 3 o

@ d B 547 4> & Graph3 ¢ >NPF-U ;i & i# 7 & mean_weighted_MC_distance
v optimal solution % 0.05 i edge_weight » i&8_d 3> & gt Graph ® > NPF-U /i & ;2 #1
¥ iz E gL A9t trail b o2 3Rent g optimal solution #7iE ik B F 0 et e
mean_weighted MC _distance »z 3 % ** optimal solution - * 2. » A Graph5 # » NPF-U
B R e i B 9T trail b 913 eh= B optimal solution 4p e 0 Fod g
Graph # edge_weight 72 8 = » NPF-U ;% & /# %7 mean_weighted_MC_distance »x 3
iz 43t optimal solution -

57 447 B 5.1-B 54 ¢ NPF-NPF-U st &2 g Ffai B R APt 41
SrEdp it R0 A4 T BBATIER AR (B 25 %) TLERAeT
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® Error in covered edge : ( number of covered edges (optimal) - number of covered
edges (heuristic)) / number of covered edges (optimal) -

® Error in total weight of covered edges : (total weight of covered edges (optimal) -
total weight of covered edges (heuristic)) / total weight of covered edges (optimal) -

® Error in mean_MC_distance : (mean_MC_distance (heuristic) - mean_MC_distance
(optimal)) / mean_MC_distance (optimal) -

® Error in max_MC_distance : (max_MC_distance (heuristic) - max_MC_distance
(optimal)) / max_MC_distance (optimal) -

® Error in mean_weighted MC_distance : (mean_weighted MC_distance (heuristic) -
mean_weighted MC_distance (optimal) ) / mean_weighted MC_distance (optimal) -

® Error in max_weighted MC_distance : (max _weighted MC_distance (heuristic) -

max _weighted_MC_distance (optimal) ) / max _weighted MC_distance (optimal) -

d B 558 5612 % 5.1 : CPSP-Coverage—NPF vs. Optimal solution (Error)- #
s> NPF j% & /2 #7 % 2_ number of covered edges > £ % +* optimal solution -> 1 7 edge -
14>+ optimal solution #7 4 2.22% > mean_MC_distance #7 $p|# % +* optimal solution %
0.02 i# edge - & ** optimal solution #+.4 1.25% - ¢t * » max_MC_distance ¥ optimal

solution *t % 4p & o

62



CPSP-Coverage
25
2.22%
g 2
S
k5
- 15
(3]
o
=
3 1
£
S
e
5 05
0.00 0.00 0.00 0.00
0
Graphl Graph2 Graph3 Graph4 Graph5

Bl 5.5 : CPSP-Coverage—NPF vs. Optimal solution (Error in covered edges) °

CPSP-Coverage

14
1.25%

1.2

(%)

0.8

0.6

0.4

Error in mean MC distance

0.2

0.00 0.00 0.00 0.00

Graphl Graph2 Graph3 Graph4 Graph5

Bl 5.6 : CPSP-Coverage—NPF vs. Optimal solution (Error in mean_MC_distance) -
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# 5.1 : CPSP-Coverage—NPF vs. Optimal solution (Error) -

CPSP-Coverage

Graphl | Graph2 | Graph3 Graph4 Graph5

Difference =1
no. of covered edges 0 0 0 0
Error = 2.22%

Difference = 0.02
mean_MC_distance 0 0 0 0
Error = 1.25%

max_MC_distance 0 0 0 0 0

d B 5.7 B 5.8 7% £ 5.2 ¥ 4 NPF-U ;7 & ;2 »r %2 total weight of covered
edges » H #7i% F hedge # £ £ 7 v optimal solution > 4 - k@ - H
mean_weighted_MC_distance P 7 ¥ ¢ i&*> optimal solution *7 & » =& %] 5 &
CPSP-Utility #-3] # > optimization objective #_total weight of covered edges > @ 2
mean_weighted MC_distance - #* ¢+ > max_weighted_MC_distance £ optimal solution #+

Fip ke o
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CPSP-Utility

=
o

3.74%

0.77%
0.00 0.00 0.00 -_

Graphl Graph2 Graph3 Graph4 Graph5

Error in total weight of covered edges
(%)
O P N W b O O N 00 ©

Bl 5.7 : CPSP-Utility—NPF-U vs. Optimal solution (Error in total weight of covered

edges) °

CPSP-Utility

R 1
S 0.60 %
(3]
e 05
8
@
=} 0.00 0.00 0.00
O 0
§| Graphl Graph2 Graph4 Graph5
©
£ -05
=
[<3]
>
= -1
3
1S
e
= -15
=§ -1.42%
S
L

-2

Bl 5.8 : CPSP-Utility—NPF-U vs. Optimal solution (Error in

mean_weighted_MC_distance) -
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# 5.2 : CPSP-Utility—NPF-U vs. Optimal solution (Error) -

CPSP-Utility
Graphl | Graph2 Graph3 Graph4 Graph5

Difference in =4 Difference =1
total weight of covered edges 0 0 0

Error =3.74% Error = 0.77%

Difference = -0.05 Difference = 0.02
mean_weighted_MC distance | 0 0 0

Error =-1.42% Error = 0.6%
max_weighted_MC_distance 0 0 0 0 0
52 * AR AR 3T

S

MEAE A 4 & F R iR A7 B Graph < ] e

w7 > 0-1 knapsack problem

T 7R B 0 22 NPESNPF-U jx & 72 2- 2% » ¥ & #7 node sensitivity ~ trail sensitivity

Prig & enB 58 o d 2t optimal solution 7 % fufF o Fr A g H L R o

LA St

average number of covered edges
average total weight of covered edges
average mean_MC_distance

average mean_weighted MC_distance
average max_MC_distance

average max_weighted MC_distance
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5.2.1 R % %B 48k Z—sensitivity to the no. of nodes
AR LB SEEHIF Y 2 PR #10~100 & < [ 7 e Graph & S A 4 50
B Graph » & 10T 54 fRe=fp Hooxiv ¢

*  The total number of candidate control points = 10~100 -

*  The total number of trails = 8 -

* Available resources = 12 -

*  The cost of each candidate control point =1~5 -

*  The edge_weight between candidate control point =1~5 -

*  The flow of each trail =1~10 -
5.2.2 9 5% .% % & & 7 —sensitivity to the no. of nodes

d B 5.9 ¥ o 5 F iFiE 4] Bk 4o o NPF J & 2 ¢ average number of covered edges
rek B > NPF-U %% 2 =2 » 0-1 knapsack -z Vi@ 525 o d B 510 7
“EF 1EE 4l gk endd 4o 0 NPF-U J & 72 <0 average total weight of covered edges »x 3 s«
% » NPF /% & ;2 =t 2_ » 0-1 knapsack sz 7% % & 2 B 1% o

d B 5.11 - B 512 ¥ 4v 0 Mg F 03 E 4 8L 40 0 NPFJF & 2 s average
mean_MC _distance - average mean weighted MC distance »< 3% # & » NPF-U /% & ;2 =
2_» 0-1 knapsack sz 7% % B % B o & node sensitivity T o S PR F o B F A T
VU AR BR e T 0 T R BT 45 ) TF ) iEE AR

d B 5.13 B 5.14 ¥ &> M F iF i 4 803 4o it & & average max_MC_distance ~
average max_weighted_MC_distance »z 5 # i< 553 0-1 knapsack gz 3% i & 2 » § 1% br
2 NPF ~ NPF-U i 5 i § % g 4217 -

R HEAPT o FepyprLRifal®s ££4pF NPF-U dia g
P B o pgaEikie * CPSP-Utility B3] ki = 34 e ie > W R T3 RS (7
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AhE LR o FRT L ER EATR I o B A R E R B T g
CPSP-Coverage -3 f) € b+ cE % > F1 5 NPF 7 & 2 7 1) eh average
mean_MC_distance - average mean_weighted MC_distance »x ¥ & % -

4 5.3 L Eoy NFE 3 (sensitivity to the no. of nodes) s mfic B 2 4% o

100

B 0-1 knapsack
ENPF
ONPF-U

Avg. number of covered edges

10 20 30 40 50 60 70 80 90 100

No. of candidate control points

B 5.9 fx@F ;% 523 =% (Avg. number of covered edges)

(sensitivity to the no. of nodes) -
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Avg. total weight of covered edges

300

250 -

200 -

150 m0-1 knapsack
B NPF

100 -
ONPF-U

50

10 20 30 40 50 60 70 80 90 100

No. of candidate control points

B 5.10 : fow N iw B 2= (Avg. total weight of covered edges)

(sensitivity to the no. of nodes) -

MC_distance

Avg. mean

2.5
2 L
15 - -
B 0-1 knapsack
1 B NPF
ONPF-U
0.5 - -
0 . Ll

10 20 30 40 50 60 70 80 90 100

No. of candidate control points

B 5.11 : fog Vx5 2= (Avg. mean_MC_distance)

(sensitivity to the no. of nodes) -
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3

c

8 5 -

[%2)

.-EI

@)

b

_GI

2

5 m0-1 knapsack
%I B NPF

g BNPF-U
[<5]

S

8b

>

<

10 20 30 40 50 60 70 80 90 100

No. of candidate control points

B 5.12 @ fo ;N x B 2 3= (Avg. mean_weighted MC_distance)

(sensitivity to the no. of nodes) -

5
2 .
c
I B
(%]
"EI L
O
=3 m0-1 knapsack
g mNPF
3‘3 | ONPRU

10 20 30 40 50 60 70 80 90 100

No. of candidate control points

B 5.13: fx% N F 8 2% (Avg. max_MC_distance)

(sensitivity to the no. of nodes) -
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16

8 14
e
S
2 12
I
O
S 10 -
I
B 5.
% ®0-1 knapsack
2 6 B NPF
I
X 4 B NPF-U
S
0 -

10 20 30 40 50 60 70 80 90 100

No. of candidate control points

B 5.14 : pow N iw B 2 =% (Avg. max_weighted MC_distance)

(sensitivity to the no. of nodes) -
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4 5.3 : po@ N E 2R (sensitivity to the no. of nodes) °

No. of nodes 10 20 30 40 50 60 70 80 90 | 100
Avg. number of covered edges
0-1 knapsack 329 |44.44|53.12 | 60.7 |67.48 | 71.42 | 79.14 | 80.64 | 85.98 | 91.36
NPF 33.72 | 46.34 | 54.92 | 63.14 | 70.48 | 75.02 | 82.72 | 84.18 | 89.1 |95.18
NPF-U 33.72 |1 45.94 | 54.42 | 62.7 |69.56 | 73.86 | 81.46 | 82.76 | 87.92 | 93.8
Avg. total weight of covered edges
0-1 knapsack 67.22 | 101.9 |127.16|148.56/169.44|184.34(205.08(208.24|225.56|242.48
NPF 70.18 | 107.4 |133.14|156.46|177.62|193.82| 216.5 {219.34|235.48|253.12
NPF-U 70.98 | 109.7 |136.22|160.86|182.86| 199.6 (222.14| 225.1 (241.34| 259.2
Avg. mean_MC_distance
0-1 knapsack 1.3 | 155 | 1.7 | 182 | 191 | 199 | 204 | 21 | 215 | 2.17
NPF 131 | 155 | 169 | 1.8 | 1.88 | 1.95 2 207 | 212 | 2.13
NPF-U 132 | 155 | 1.7 | 181 | 189 | 1.97 | 201 | 208 | 2.12 | 2.14
Avg. mean_weighted MC_distance
0-1 knapsack 25 | 334 | 382 | 416 | 438 | 465 | 476 | 493 | 501 | 511
NPF 249 | 329 | 3.76 | 4.09 | 429 | 454 | 469 | 4.88 | 495 | 5.04
NPF-U 249 | 33 | 3.79 | 412 | 434 | 46 | 473 | 493 5 5.1
Avg. max_MC_distance
0-1 knapsack 244 | 318 | 3.7 | 406 | 416 | 424 | 43 45 | 448 | 4.52
NPF 22 | 312 | 35 | 398 | 408 | 414 | 418 | 442 | 432 | 45
NPF-U 216 | 3.08 | 354 | 4.04 | 4.04 | 424 | 424 | 442 | 436 | 45
Avg. max_weighted MC_distance
0-1 knapsack 6.86 | 9.14 | 10.5 |11.66 | 11.84 | 12.06 | 12.84 | 13.56 | 13 |13.64
NPF 6.6 | 892 | 104 |11.14 |11.44 | 11.92 | 12.66 | 13.52 | 12.96 | 13.72
NPF-U 6.52 | 8.74 | 10.6 |11.26 |11.36 | 12 |12.56 |13.42|12.98 |13.64
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5.2.3 4§ 5% % B e BK T —sensitivity to the no. of trails
AR EREBEZE LRBESESFEEORE H4~40 F ~ ) 2 e Graph & S22
50 & Graph » & r17F Fl3g Hi= Hoazag -

*  The total number of candidate control points = 10 -

*  The total number of trails = 4~40 -

*  Available resources = 12 -

*  The cost of each candidate control point =1~5 -

*  The edge_weight between candidate control point =1~5 -

*  The flow of each trail =1~10 -
5.2.4 % 5% %% & & 47 —sensitivity to the no. of trails

d B 5.15 ¥ & Mg F F LB S Boend e 0-1 knapsack £xzF N iE B 2 e average number

of covered edges »< 5 » ¢ i& 22 NPF ~ NPF-U j# & 2 4237 - o [§] 5.16 ¥ 4v > "¢ ¥

o

L T e 4o 0 NPF-U J & 72 &9 average total weight of covered edges x5 #< % > NPF
i 2 21 0-1 knapsack sEz s sV w82 2 o

d B 5.17 ¥ & S F F LB S Bcend 4o 0 0-1 knapsack erfcsf 54 R B 2 chaverage
mean_MC_distance »= % # B » NPF ;& & ;2 =t 2.  NPF-U ;7 & ;2 & - d ] 5.18 ¥ 5v >
v 3 B Vi B # o7 i 0 average mean_weighted_MC_distance ¢ & * # i » & {2

T g £ B o o trail sensitivity T o S 3R F AL E_F A R LB EH 400 0

pas

315
AN
3

22 BB R1E <8 SN iﬁﬁ FlAF enig i B gk o

d Bl 5.19 B 520 ¥ & SEF F LR SBCOH 4 0 18 3 BACE IR R 2 TR IE D
average max_MC_distance ~ average max_weighted_MC_distance ¢ & % B i = ﬁ
BTG AR

PP AP T A SRR R BB NE & pE > NPF-U g o f
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FefaE gk ig * CPSP-Utility #-3] k2 2 dr 18 - MR ST RIS 7 400%
LR FNF LSRR AT B o @ § A L R B NE & 47 ~ 4 g pF  CPSP-Flow
HA) P E_ i g 0 F1H ) ehaverage mean. MC_distance »x 3 & § 0 @ ¥+3% average
mean_weighted_MC_distance P &_% & L/ 5 3| 12 0 b pF o> = BHRCA| A IR AL
% o

4 5.4 % Fop N ow B 2% (sensitivity to the no. of trails) s:¥ m B 18 2o dk o

120

100 -

B (-1 knapsack
B NPF
B NPF-U

Avg. number of covered edges

4 8 12 16 20 24 28 32 36 40

No. of trails

B 5.15: fo ;N ow B 2= (Avg. number of covered edges)

(sensitivity to the no. of trails) -
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200
180 -
160 -
140 -
120 -
100
80
60
40
20

B 0-1 knapsack
B NPF
-  ONPF-U

Avg. total weight of covered edges

4 8 12 16 20 24 28 32 36 40

No. of trails

B 5.16 : fow ;N iw B 2= (Avg. total weight of covered edges)

(sensitivity to the no. of trails) -

1.38

1.36 -

1.34 -

1.32 -

MC distance

B 0-1 knapsack
B NPF
1.28 - ONPF-U

1.3 -+

Avg. mean

1.26 - L

1.24 - -
4 8 12 16 20 24 28 32 36 40

No. of trails

B 5.17 : fx3 7§ 8 2% (Avg. mean_MC_distance)

(sensitivity to the no. of trails) -
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w
o

8

c

3

[%2)

'-al

@)

=

_ol

2

5 -1 knapsack
% ®NPF

g BNPF-U
()

S

H

4 8 12 16 20 24 28 32 36 40

No. of trails

B 5.18 : fow ;N ow B2 =% (Avg. mean_weighted MC_distance)

(sensitivity to the no. of trails) -

3.5

2.5 A

x_MC_distance
N

B 0-1 knapsack
ENPF
BNPF-U

1.5 -

Avg. ma
[35Y

0.5 A -

4 8 12 16 20 24 28 32 36 40

No. of trails

B 5.19 : fx3 N F 8 2% (Avg. max_MC_distance)

(sensitivity to the no. of trails) -

76




MC_distance

Avg. max_weighted

m0-1 knapsack
ENPF
ONPF-U

4 8 12 16 20 24 28 32 36 40

No. of trails

B 5.20 : fow N iw B 2= (Avg. max_weighted MC_distance)

(sensitivity to the no. of trails) -
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4 5.4 po@ NiF B 2R (sensitivity to the no. of trails) o

No. of trails 4 8 12 16 20 24 28 32 36 40
Avg. number of covered edges

0-1 knapsack | 18.74| 32.9 | 45.56 | 57.44 | 67.16 | 78.06 | 87.16 | 97.3 |106.22| 114.2

NPF 19.7 | 33.98 | 46.48 | 57.84 | 67.48 | 78.28 | 87.42 | 97.36 |106.28|114.26

NPF-U 19.62 | 33.9 | 46.2 |57.74 | 67.3 | 78.18 | 87.18 | 97.3 | 106.2 |114.16
Avg. total weight of covered edges

0-1 knapsack | 39.14 | 66.06 | 87.98 |107.62|121.34|138.42|148.58|165.36|175.62|182.02

NPF 42.3 | 69.8 | 91.12 |108.78|121.88(139.64{150.16| 165.5 |{175.68|181.98

NPF-U 42.58 | 70.38 | 92.14 {110.62{124.06/141.38|151.86(167.32({177.66|183.88

Avg. mean_MC_distance

0-1 knapsack 136 | 132 | 132|131 (133 | 13 | 131|129 | 13 1.3

NPF 134 | 133 | 133 | 133 | 134 | 131 | 133 | 1.3 | 131 | 13

NPF-U 134 | 133|134 | 132 |13 | 131|133 | 1.3 | 131 | 131
Avg. mean_weighted MC_distance

0-1 knapsack 286 | 252 | 238 | 227 | 223 | 217 | 212 | 2.08 | 2.04 | 1.99

NPF 275 | 249 | 238 | 229 | 224 | 218 | 213 | 208 | 2.05 | 1.99

NPF-U 277 | 25 | 239|229 | 225 | 219 | 214 | 208 | 2.05 2

Avg. max_MC_distance

0-1 knapsack 288 | 232 | 2.1 | 2.02 2 2 2 2 2 2

NPF 242 | 214 | 21 2 2 2 2 2 2 2

NPF-U 24 | 212 | 2.06 2 2 2 2 2 2 2
Avg. max_weighted MC_distance

0-1 knapsack 8.18 | 6.76 | 6.24 | 6.12 6 6.02 | 6.02 6 6.02 6

NPF 6.98 | 6.42 | 6.2 | 6.06 6 6.02 | 6.02 6 6.02 6

NPF-U 7.06 | 6.42 | 6.14 | 6.14 6 6.02 | 6.02 6 6 6
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