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Cross Network Topology Design for Contingency Cellular
Network

Abstract

When stricken by a large-scale disaster, the efficiency of disaster response
operation is very critical to life saving. However, communication systems, such as
cellular networks, usually crashed due to various causes that make coordination
extremely difficult for many disorganized disaster response workers. Unfortunately,
rapid deployment of many existing emergency communication systems relies on a
good transportation system, which is usually not available in a catastrophic natural

disaster.

We analyze 7-ability for emergency communication systems and propose a
Contingency Cellular Network (CCN) by connecting disconnected base stations
together with wireless links and contingency recovery packages. CCN can support
existing mobile phone users with limited capability. Such a system can support a large
number of voluntary workers in the early hours of a catastrophic natural disaster, thus

save many lives.

This thesis addresses the design of forwarding topology using multiple operator’s
base stations aiming to maximize the efficiency of disaster response. We take the
degree of emergency degree of the damage, population of each stricken as the priority
measure as well as the amount of emergency recovery resources as the constraint to
determine the topology. We model the CCN Cross Network Topology Design problem

into a K-Maximum Spanning Tree Problem aiming to maximize disaster operation



efficiency. The problem is proven to be NP Hard. We also design some efficient

heuristic algorithms to solve the problem when it is needed in urgent.
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*  user friendly
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Sustainability | . recovery
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NEFE R R FIRE Y > VR ST R

DA IECETRE Y G e § 0 R e e R 2

® L »xeni #3 # (Long Standing Time of Terminals) @ & & ¢ 93

SRk F Y e S REGOE WA S P RIER S 8

PHF TR F LB ST LLHY LHHARE AT
R RHRE FRER oL ERS Lo LR G R S E LA
o RSN R R A LA PER BT R R i
2T AR TG E R R G A 23 3B e TR

BIRREFLT it * 23T 3B )FLiE RPREFTUR o
ﬂﬁb’ﬁf%gbléwﬁfg‘ﬁam&vﬂl ‘% ﬁl’ oy 1012JB$mf§q+
%@’E%Fﬁﬁi‘u?—”“ﬁ"‘@d fr%mi’("‘;,ﬁj\

® e (Mobility): CHP R E > - Bl s A - F IR

i)

oo T EAR AL R LR BABENL LT LEBEE . AL

L eRgRHEFT L

(3) ¥ %+ 74 (Practicability) : %= v L T A ks g A A
AR &g o F AR Y i S T RAENER ST Flhe
ERENTZAGR MBFEEIEE S A EHERE KRG F T
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e

(E3KA 7 FIE R 9788 A) 10 g @ »RF) e

‘&\
fﬁﬂ

® KB F A (Low Development Cost) @ v A= ¥ eid 20 % SLR &L
MR EEFHom @ BEEM LA gy La Fr o F

R F RO AR PR LAFIRTREL AR IR H

.~\

Boo Bt kLB F A AR RERAh g B R Y LR gl
AAT A FHEF - BEE L E o
® M EBREK & (Easy Acquisition of Equipment): d i F 2 %
WP ARk 0 AT R AR SR RPN R IIERE N LR o B
PR TR SRR LT Rt oL g R
ETR 2 LR AIME B AEE N S A PR AR
PR 0 I TG R R TS B RARE R A 2 A
7 o
® ik R i (Construct Rapidly and Easily) : < 7 —‘ﬁ G S K B
AT o XA FARS B FETARE o HET L 24 P
NE909% > %25 3% 48/ pFz2 A '8 3 50% 0 49 % 72 ) pF 5 £ 20
9% > Az T2} PEIS > B FAD 5% O HKL F A A B
B GAER AR 2 BERI S T L AR

SRT R G R AR EA ARy TP RAER RS

Ba BB MEE LRI 4 hT Ko

(4) f§a4 (Capacity) : LHRP PN F RELFHEARPRA TR GFT &

LR RGO e IR 0 B RSB KR P IR GE
BLTpl0R HA2XRAIEANEL6R AR LRI ST
P80 B o d BT A Rl R KB R o R

W f A R R K PR 2 o RO B R ot < B il i

(g
N

'?:]Z)f@;lui 7‘}%2)‘ %(i;ﬁrﬁgﬁjﬁg)oﬂl—b )%EI\)\F
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BRE G g RS R i 4 o R E il R g S R
%o

(5) #FH 1 (Sustainability) @ 5 cid MR 2 BB E ¥ F FEX I HKE
A RIERLE P ETEEE 15X 0 4 2a AT G RR

FI A AR - Bha BRI v BRUNER - B -

TTEA AR FE

® ¥ il (Reliability): A F kv 2 T &7 ok ® k senv 14
S FAR R e W7o

® P kiR (Fast Recovery) ! A R AL T LB N7 1A > &

PRFEP %718 > RivdE s 2 B i3 22 T 0 F % BEIRGE o

|4

(6) ¥ @4 (Adaptability): & B P £ SR A R BAE M R
EFETVAFE TS > a3 VPFTIRT 0 HEXTHRUNIRIS > L
AFRDE FREBEROCF -AF AT 28 p & AREFF
Fm T e

(7) @& (Operability)::& @ ~ 438 ~ # mfe/@E i L 5 OAM # it -
® OAM Functions : § &M EEF 5 7 P R FH4FHEPF > OAM %

ﬁﬁy%¢ﬁﬂ@ﬂ\#%#%*R@@ﬁ°0Nﬂﬁﬁﬁi${
T RB G L R iy T B AR~ R

AP SRR ETRE CRIFEIEE LA
116~ B&EApmiph

AT BRI G R AT D N o R
l. AR FARY P RELN G A
. ZFEE R R PREIR AZE AR DTFEA
I, RKEBFII R B REE N FRFTEE RS R
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V. %3

Se%

B2 F I LHRARL Mo 3 % Sl UK B SRR
V., SR aRTIEIB D UFA BT NR G L B

VI. ¥z

Se%
5&

FHBE D UTHEA RS ENKE B E a4

g

VIL & - I gt d s b el i &

VI #3583l R - REE N s ek i aFddaigs &
12+ BALAREH A

P Lkl ik sy & AE s (Walkie-Talkie) ~ ¥ 4 & 4 % (Amateur

iTE

-~

3

radio) ~ 7 & fF % i 3~ B ¥ 2k Je(Trunking radio) ~ # &3 A 5 % -
k7 3F 83 Bk * MANET (Mobile Ad Hoc Network) [4,12,43]# 4 &5 & i 31

[ ';‘ 4 E L A 7z
»u © ‘E':Eu: Fegh 5 b 3 - B a e ’)"H‘

Fel i 73 X E PR PR R P LU ik B R T
TRFAFE M - AT G S ERA

BHEA AL G AP RA G (e s B S s  BEEY.E)
M RE B2 RERI SR A E i SR B AR TR
FIe* KA BRI R R R -

HENAS SIRPET LAREE R L YRGS AL I&i;‘%?f,
AN O R S R S

Amateur radio P &5 fLen ¥R AT > R RAFFNE > TR TE FRP TR
FATEH S Loa s Tl F%wmeﬁxﬁ’%%%&ﬁﬁ*°

MANET Bl £.2 4 58k f o § ol cnidf @ atbie > 3 F &  SUk A
WA 4o & MANET gt v #rf S @7 g » AB > R EL 87 - B
GEAPR TV O BHEPRERTAMN L T2 FBRFLEEEA o

Walkie-Talkie f| 22 + i #r3% S48 s &3 3 % S RN 3 AR
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Ml EREVELBFRY 2 ZEAGE. S LS FFRFT O

=
e
o

B EACELIR L 0 BTG T o
FHARFORELN S AT HF A SAAF S FRAPERST N

A LR TREA TS R CEAT R o REEEF- R Fp AP

FNT A FFEALRI S - AL 1 MANET &3k suf 5 P2PNet
LJ‘——TJ;Q‘ “‘:E‘J?47szﬁpy\: 11[‘ ;‘l&ﬁ_ﬁi‘%ﬁﬁ&ﬁllg”ﬁﬁj?&paf %

i 5 9 MANET #:#t Walkie-Talkie i& (&g w2 > H xWigf i £
TEXRAT Y%B"H’ PR LR AT @ Ty B R o R - FARER L
#5343 4 g5 (Contingency Cellular Network » CCN) > 411 # 35«7 f53d 3 % b
PR A3 T4 A s anikE 5o Wi-F S EARg T pdsm o 2
G- BT B RDIEF SR o B L A E I 2T 2 TP

R o AeBl 4 Ahe WL A AH#H(CCN)FHEFAY -

Core
--'JL f._ Metwark
é.,\ iner
Generator
B] 4 ~ CCN g
13+ % %4
A2 EL X2 F o 5 - FAERFN3GC THREZE f?gfrﬂ W L ik

Foo RZFHEP AP MEFNIC FHAARRRSEHE- BREELA LR

B
FALAPR N ERRIEER 2 D BAT R L SRR R R

PR RN EFI AN EFEIE 5T R R ;%gﬂ F B RFEA P AT
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F = & fFd i A 3G (3rd-generation) - & 4p % i By @@?] =3 NP (R TR
T o 3G FpiTic S fe pr G iE B (L) R Behp(R S 200 ~ TR R) o A4
Mo B 3k BB @ B PRIE o A E - RGN FE R ke % - 1 (20)
PR HE - &Aoo p i F B R i cnE 8 s B 2. GSM
CDMA Z #ci= A %3\ £ 4 > 3G = % §_ - sl 22 Internet 3 7 4448 @rﬁ?lé &
FFT— N FEe i % Seo A & d UTRAN (UMTS Terrestrial Radio Access Network)
£ CN (Core Network) s 384 2 =[48] > 4r®] 5> H ¥ » UTRAN * % 2 #75 &
Radio 4p B chat it > @ CN RIAGL (7§30 3 % S chr g 33 3 o8 v o 4 i 22

ook R B e B S o

USIM || | | Node By | hucs |
L N RNG F+——— 1 3G ﬁ GMSC F—
i : \: Tu-C ;WSC-'I.\{L 7 |
Cul | | [Node B ?.\:?/g@ -S> /D
L Iub |fur | | ~ iGs  JHLR|
ME i - Node B_ | i Iu—}’S\é i G‘F \Ge
N RNC [T Tups | PG SGSN G, GGSN %E-
i Node B! i : External
_____________ U E I oo~ Networks
UTRAN Core Network

Bl 5 ~ System Architecture of 3GPP Release 99
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211~ W * FHER A BEY EAE >+ (UTRAN)

UTRAN (UMTS Terrestrial Radio Access Network)d % B RNS (Radio Network
Sub-system)# . » & 3 RNS # 32— & RNC 2 # # i 4pid 5 Node B » RNC ¢
Node Bz i * lub /i & fpi»* — T RNC 1% 18 lu-PS 4 & #2 - B SGSN #p:ig -
T 3% lu-CS /i & &2 — 1 MSC 4p [17] -
¢ RNC (Radio Network Controller) : & %t g3 4] B §_3G 4§ - 3 B 4230
v 4% & Mobility management ~ =¥ ¥ g2 ~ ghdh F T for e ] LA
RN ELAR @@?J? SR E R PR riR it a RMRERT R E R
Mg LAk 27 RNC al;‘;ﬂf'l%l‘g%%]?\ “t3 Node B cha RT Fih > ¢ 3%
B ASTHE hdp fe o~ wje & I 17 5 Service access point & - fRix % Core
Network[17] - ™ & # @ = > — & RNC = 5#2+41] 50~300 A s+ 2 o
e NodeB: { s 5 (Basestation)  fic a3 X M2 @ ATHE » B EEZR
TP FH -WEIub e {f-RNC T > 4 & g2 UE (User Equipment)
B UU 4o 0 R Fakeo i § OB 3 8 USRS 2 USRS

iﬁ" 4 #’é’i—kﬁﬁ f; Ju‘ff"&’f"t? f; Ju‘—’f"#ﬁj ﬁﬁ 35 23 [33] °
212~ % g (Core Network)

¥ s 4 jz (Core Network)~ 5 CS-CN (Circuit Switched Core Network)4= PS-CN

(Packet Switched Core Network) > ¢ CS % #4% -PSE.d B ~ FTHEZ LR iR

A A BEE FWETEHEY o2 27 HLR ~ MSC/VLR ~ GMSC ~ SGSN -~

GGSN 1 @3ns  [33]

e HLR (Home Location Register) : & #& i~ % o4 % > 8- A A% = FTHE >
g PR A FA > 4o SIM et B s LB E ot SRR (Gldog B
BEoLFREPR) 7hEF g £ o Service profile 37555 HLR - £ 3
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EAE RS L
* MSC (Mobile Switching Center) : 78 & 35 2 #48 > f § 7§ FIRIEFH P (7

B E S g LA e e gl o

A

® VLR (Visitor Location Register) © 3 & = % a4 % - i ¥ * B MSC 287 p

EHN VIR N FrABAERBFTPN AERE AR T i0E
= B w At i=® % - Service profile... & o

e GMSC (Gateway MSC) : /i v {7 % 25 2 1% > 3% & CS domain i 4% 3] *
PSTN (Public Switched Telephone Network) ¢ # ¢ PLMN (Public Land Mobile
Network) 12 3 4% o

®  SGSN (Serving GPRS Support Node): f 7 #icdz 2+ ¢ <-2Mobility management
Bed 3~ g3 p L QM P I e el I G e

e GGSN (Gateway GPRS Support Node) : #& i PS domain & 4% 3] #F J e & el

Ei
213~ 3G PREAREZ

Before 3GPP release 5 : # 3GPP Release 5 [48]2 ## 113G 7 4T » * = S & &
gL #penIPi=® » %5 Node Big4s] RNC 1 > RNC ¢ * g & 1 IP %
“endte 34k > 7 ¥ &2 SGSN i Iu-PS @4 > k{8 SGSN ¢ £ * Gn/Gp
ik ¥ GGSN s » ¢ @ﬂ?%&{Tunnel »— E I GGSN 144 » 4 g - A*

4 indt i fark 445 5] Internet > 4] 6 ¢

£ Q-

NodeB Radic Network 3G SGSN
Controller (RNC)

L P
PDCP PDCP | GTPU GTPU | GTPU GTP-U
RLC RLC uoP uDP uoP uoe
R mac e e e P
AALZ AALD AALS AALS | 1 iz iz
WCDMA | (WODMA | aTpg ATM ATIA AT L1 L1
Radio Radio

B 6 ~ 3GPP Release 5 iﬁﬁ
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3GPPR5to R7 : #7:73GPP RS 3| R7 W= [48] » 4 f§ 7 g5 - 7 L AL
HSDPA # “,ﬁc‘. 7 Drift RNC ~ ¢ » & ¥ - Drift RNC 77 it 45 3] Node B » £ & &_
i2 22 SGSN > :®# RNC ¥ 12 & # 2 GGSN & * Tunnel i 4 > 4] 7 » & HSPA+

-

gk Ak o X B-RNC 38 2 # s # 3] NodeB + m o

e [
T S

IS SGSH SESMN

Mode B Serving RMNC

] 3
PDCP || PDCF [GTP-U [aTP-u |
_ RLE || RLC uoP | vor |

Mac rac
| ! P P
MAC-HS | MAC-HS
|k L2 L2
L1

VW O, VAT DM A, L1

B 7 ~ 3GPP Release 7 2% ﬁé

)

22~ RBEHELA M

o kiuid® pFis

AUNTAPRFUEA AR N LT HF A0 @R R KT APELTNAR FE

FRF G E - BRALR AT AL RO EGF AL | R

TROFREEHBA R A L5 A

Rl SUPRFE > SEF R oA o
2 W G Renie® S BT EE P AR S BRRA  oB] 8 47T o

usability

R EEAAE %

Regular cell
phone system

> time

B 8~ A ksiier priy

I~ F

AL LA SRFE R T R ARSI BB R .
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221~ 7 BHRLA B TR

L RN T H[5758] 5 MR BaEE R 6 IR Uik R K
&??%%ﬁ#km?’ﬁ%ﬁiaaﬁﬁﬁ&gr&%@mggﬁﬁpﬁ%\
AH PR LE 6 A M BRI e ARG s TS R

SR MR REd 2 Mo 34 42 s %3
Axdz EUENT & B HEas 24 AL HHEAGE AR I F AR

G UE Rk R SGEUR K TR ORI ) F AT
moGH T G KBRS BT

IR S S TR T

B R g R B
222~ maAgys (Walkie-Talkie)

£ R (13 4 Walkie-Talkie) - AL #F e 2 AT TF B % A H_ED
ISMARSE > PR 5 g - R % FV LRHRFH AL (F L) [27] - &SRS

3R GEE AR 5 R e BT T R i

& kg
B 77 iRy @t

|
=

Mol ~ERiE e VLA

B TP ARTETEERR?
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iy

AR RSHES R F (bl S AN A RRY o KT T/14 2
AR | W 240/1052 L g S > =« o SR

TEBEEY A (%%Eﬁﬁ‘%ﬁ\ LA Rl gl o X =8
Md o pEEY R £ 0L Fisap

EE Il W

223~ ¥4z M7 (Amateur radio)

F AR MR [10,18] - i 4+ "e(Ham radio) > 22 & SUHSEASAR 02 0 & 1T 3 AORESER
FoH RIEL E:‘@ﬁé'ﬂ?i@fﬁ%%féﬁl SR BB T EABELEHA
PP EERES B WERPTRARER S R F TR B PR R
FHLHEF el RPARTRAE GREAGEMN - BRY Fo a2

Flt el EREEF R AR .

FF AU T @
T2 RN TR CEH S LB BT ERR SR

& BN 4 G
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224~ F#1Fk i (Satellite mobile phone)

1990 # R #cB @ * 2L o 5k T 1 20 % Sui 3R 1 Bde GSM ehiE s
“= —Motorola =4k 2+ 3] (Iridium) ~ 1S-95 e fF & sx —Qualcomm &0 > Zf i
(Clobalstar) » 2 & #% =35 5 ™1 % K@ F 7oL ﬁ'aa] PRF%[50] °

O MUBRERER O AWM ELI TR FRFELEEINS FRY YRR

10,000~20,000km 53¢ #if f#F & $5 e 750~2,000km i i R4 i 30 6 5 o 7k
ﬁup TR AR S0 - T o P M R AR - R NS 6B A

MU A BT - BRI 100 A4 d N HEE BRI LY 2 LR RS

—

AP AT RS- BE ROBEE A R R FH R YR RS

PERYAGHE o FEB R N0 é%*%aﬁ/’%i T RS A

FE R A ERE T LT T AR AR R R TR - A
ES o) N LA ENEREEIEFRG > bk e LV FHi i .?fuﬁﬂﬂﬁﬁ%lflll\ ’
BLRT R ABESFREAR A AR FERRROESFLEA LS

4ogi st $14e 2 703 [31,50] -

33 (Iridium) 48335 ¢ 2 11 Bk g T o »66 32k cn7d ik
W ks o BAE(EE E 689 2T o (R W L gk gt il 2 o 3E(F22 2001 # 3 ¢
#EFE - @ E - T4 GPS (Global Positioning System)Pris » 4 * A4 5 1 %
&S 3 s QPSK 3 ® ik o

233 (Globalstar) : >7fid B4 @ 2000 # 5 % » 5 - ¢ 7 6 B {

Ny
o
e
&

FEe o ABREEhE hER RN Lo 2TRU BAEFLE L 450 o 7

ﬁg
=3

B EZEM o FIEFER ~ BE - T~ GPS {r paging FR7: 0 & * 2% 5 1 H
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o Eu
B REG A R
B 7SRRI SR
IR I

IR S XTI AN AT E L e

225~ & ¥ g2 % % (Trunking radio)

d B H g AT AR KSR BE B AR f Y B - ,@;ﬁﬁ?{%ﬁggéﬁ
- BASBY kP AL FEN A R BE N LR R NS T g
FEREARERELGIIIRGE G J U ARTEAIRE R ~EpE A
BEFHE el I BAS B R RBFENA[BL] H TR P L BE
TArE =AY gk - B MBS ARk RS RNL ¥
¥R RMALR S > F TR R blde# e Project 25[2] 1 2 g
TETRA[L B A s diod 302 &£ 4R 2% - AL RDAKT g F o
Flt o AR R FLE B L LB

Project 25 : APCO (Association of Public-safety Communications
Officials-international)*+ 1989 # fa: ci3-4|(f§ £ P25) > 41 %7 4p b 152 K 3% &
JRARILE L R 3 a4p F At 4 (Multi-vendor interoperability) » 12 f45 3 % & 2 £
T RN EE R 34 % > P25 B & 4 3245 [#ci= (analog/digital) 2. ¢
A B 2t 200 R PR ] AR 2 RO PR BpEA L
POt o BRI W R B MR PR o
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TETRA (Terrestrial Trunking Radio): = # Trans-European Trunking Radio
5 & E£#9 & M7 (Professional Mobile Radio  PMR) e i v 4oz % (Walkie-Talkie)
e Bp 0 P25 R B N oL X 2 AN ERE Rl ARTEARE

oo £ % > (Public safety) & Mgt iz i2 3 fz f2i> XA Y EX 4 B

—‘.S

LAY RS 313?]5:]_?} PRIZArHIE A SLE M T W AMPRGFE ~ Tl ;i o & P25 7
- HH 2 L TETRA R g NP @l 24\ o
® ifu

BT RRE R P

" EEEER
e
o

] ;ﬁ.ﬁﬁ&—g—qﬁ 2
m b EYRT g

B BN XA

FTRN

IR RS AT R

i

B P LR E B2 R Aok SRR 3 S EET XE
226~ # &4+ 5 (Cell on wheels)

BE R LF B ,T}‘q\—— BB g 2 k5 B DI nd i\l oo pE
R FRAILRI- OB R RES B FY EE R RS b

e s P AR B R e T e

v

SIEE S S G R B S

7 -~

wE

P EF F

/é‘é’%)ii’%fi N E +* \L/EI?RI%

®
"’infi‘fr':é‘_—’:?g; L% 4 R T M & i 2
2 - e & #

FELs FM s AL SEHIARLT R

B F ARSI BEEL M DFES N2 - Yo BT L AR T A AR bR

FARGE RRBEIPEEF L S FRREIL SAANE LR B
AR ARLT P AR fEIE A B A BT F R T RS SRR KR
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-rx\q.

e &

$4 1L 5~ B30F 8 AN AR 5o RO BRRORAS & BB BT

R4 18 5~ ¢

F_*

HAE - FREELH o wEloak o p Y FLR

B A T EE R R AR A B EEE LR
227~ FHEERL;RE (MANET)

Ad hoc 8- fi2F § AR A S L BB f R 0 ) L] BRE R RRA
VR T AT RS FRERY T RG> P SR SRS - BRE A

Ad hoc it? » 53 BHEFRE AR PR RFEFFPNF T FT UE &

=

Aol Ed A BERF AL AREFFT U Ao BAPFERIE AR R B FER

o AR ¢ e AR R[1243] - v G T R

o EILHIETEL:TH H LY TR M RR
¢ FREFIRRATERRGLS L LEPET SR

AP AR P o - B P2Pnet 1% FEESC LA R T AT
24~ MANET T oo £ f1% VoIP Heg &Lk suo fL 5 P2Pnet
[22,28,29,30] > ¥ ™ &iXx 7 if 4% Internet ~ ;2§ FIRF O RT L & Bfr‘ & il e
FaEe [27] -

P2Pnet i & 1§ seie it s iR G > G B R B A L B~ - B 23 "
BapRFr R g 0 A K o iz P2Pnet A1 E i o B WA ik ¢ o P2Pnet
B FBIIT 13 TAER hF R 0 & £ WIMAX - Mesh network £ VANET % >
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f

¥ € 4 B (Opportunistic network) crk jis-¢ = & B jh > 1 P2Pnet £ & = % -
T AR At EIRT o RS EL BV At B IETH BT ehE L e

%@F\g,‘;??‘{ﬁﬁ%%?lﬁ llﬁﬁ":“‘é‘zl‘??z{wﬂ};m 4,%&’—:‘%_7;’;}0

o L §

—%

[3,22,26,28,29,30,39,40]

BB AT IR ENAORLARRY B LG AR 2L e - VAR
A BEIU I L] TRt B2 B 0 A (TR LS B g
Bt BT A A A6 T3 0 - L P2Pnet ki E - wng Eaopid w g

LTRSS = E AT P 2 Wi-Fi g 2 ESERCE > 82518 Multi-hop i

B TR P RRACA R DL T RRE e B R g 2 R

B 7R ‘-“fcffii—fﬁ?—i%?f%"iﬁf‘ Petto 2T B - BRI TN

® il
u @?ﬁ%ﬁi%éﬁﬁ SR iR S S A RN A
B 2 ESH e VoIP 2§ skiediieie 3 F R
B Y AFE%ME TASRAS Y ERHTR TSI AR

228~ 2 BAER JHPHAT

® Autonomous Networked Robots for the Establishment of Wireless
Communication in Uncertain Emergency Response Scenarios [43] : & § i & ¥

T AL I p AMEA AL FPZE 2 Wireless ad hoc network » &

W
o

7 f&‘&;;{rﬂﬁ}g@gmoi’v—gﬂ&i AFFH A FELF FTUHERALAIGUTS
FEEEA L lfgﬂ B 4 = #H(Minimum spanning tree);& & ;* & it
BRI E R B PR B AL BEROERY 5 - AR E 2R £
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FPHROMRG R APF QR R AR R i
Autonomous Community Construction Technology for Timely Transmitting
Emergency Information [46] : ~ & i & 3533 Wireless sensor network % ¢ 3 3
4 pEengp B * > P A Wireless sensor network © AR iZ ¥ 3t & ¥ LA
“ (EMS) o o 3 — dprphgdi3 % & ER Lot Y Nap s ¥ 7
FERIFmEEFRE DLRRT > Ft o (T4 F I 4]% Autonomous
Decentralized System (ADS):h~ 3% & % % @i e 4 - fL 5 Autonomous
Community Construction Technology - & & & d #+ v (£ 1% 11 e
EAYEE AL RETERL
An Integrated Communication-Computing Solution in Emergency Management
[6]: %;;nl?ﬁ"?ﬁiﬂ"*“T%]‘i,‘t«fr;ﬁﬁﬁgﬂ IRy i S S LA
T 5 ki3 d Multiple Parallel -7 % & & e 3 & (Network layer)feie 5 i *+ &
(Application layer) » &7 ¢ & cn&BEF 2 kg H s BRSSO A KEH
Bl fenie B FEHZR AT HFAP 22 - BRPUOE TULAER
(Heterogeneous meshed communication system)

Computational Public Safety in Emergency Management Communications[37] :

@
H

Al B RAEFE LAY LA P2 H)"IF—“‘FJ"*’J AR

PR NS F o F A H R F T T bldheo GRS 0 HHe @IS o

/

@@?]5%‘ o £ WIMAX ~ Xbee ~ &7 f= Wi-Fi Z R 8 & 7RI T’rﬁ IR
Wi-Fi 20 3 & § ol ¢ PRI > R Dl 5 {ois F §° R0
[N Xy

Ad Hoc Communications for Emergency Conditions [12]: * & i & £33 & ¢ %

LR N TEH R NI FERN P EL S8 D FE WI-R n NE
% Adhoc 4 fe it (T o BRI ZEHE ¢ FE R el d RO A B N5
g IR 120 B & ch& B TR T E 2 Ao R Apf o & ?f%'ﬁ"?‘ﬁi"f ’
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W U ZE K EFEHL T Ad hoc Je R i iR * o
Taiwan Earthquake Event Report, Risk Management Solutions [10]: & & 2 & #£

351099 # 9 0 21 P A SApen- BAH A B B(chich)< ¥ B iF

TR RS R RE SEE L R RO P S & R TR
PR AT S 5 B TS Y S AR 2 Eor A

TELREYFETERT RN uER o AP E =V 44D 5 a4 en
PR S 0 B0 A R i oM i g A o

Improving Disaster Management [44]: & & & & #5320 Feait 4, @3R3 54

'Fﬂ\numﬁ {m%.u@ (’\j’]i"LE&{ '#Ef:‘ﬁ“’ﬁ’# {d mlﬁzﬁ,i\'
ARADCAPEFTALBEDT R TS FHPHILT - R AT R

Fo U 2 W ITEBRBHENL o hopt - Ko FRIFAF T RE D
B LA Rfod g2 Foorelay B3 p oo o
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2.3.1~ Hrzjzi2 (Exact Algorithm)
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e Ely -Hig 2L CCNFT» @ 7407 5 & m&f;#ﬁ? s ERM o BT L
“rif e CCNFT #8/% » R AR R 2 42 &t 73] ¢ *24] 7 CCNFT g
B O e T

Given agraph,G =(V,E,E"),B,K, P, where

V= {vi|i =O,L...,n} is the set of nodes (& 4 5 22342 5 #),v, isthe root node that
has an external link(:# % ), degree of v, < 6,

E= {eij ‘vi WV ev} is the set of candidate links to be selected to construct wireless

connections,
E'= {e'ij ‘vi,vj ev} is the set of mutually exclusive links, if e; =1, v, and v; are
mutually exclusive,

BeZ" isthe maximum depth of CCN Forwarding Tree ,

K eZ" is the total number of available resources (CRP) ,
P = {pi|pi eZ",i=0,1, n} is the set of profits associated with nodes.

CCNTD-DBME problem is to find a CCN Forwarding Tree T, where

T(V; E;) < G(V,E),v, is theroot of T, such that the total profit %,.cy,.(P;) is
maximized , subject to V;|=K, the depth of T(V; E;) <B and e;; must not exist

if v, ,v; €V

452~ p EFERI % #3(DCME K-MaxST)

FUFLFR T SR ORER I G T i f FRF L RORE RS DS R R 2 RA
Foogteb > @ CONFT ehgitiE b U Jid 031 % F4095 7 b imp 72
WAl F g2 ? 3 RAEGE ORFUD FI A PR pRFRST

TR ke g bR AT -
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Given agraph,G =(V,E,E"),K,P,W ,where

= {vi|i =O,L...,n} is the set of nodes (i 4 5 2235 = 5 3#),V, isthe root node that
has an external link(:# % ), degree of v, < 6,
E= {eij ‘vi WV ev} is the set of candidate links to be selected to construct wireless
connections,
E'= {e'ij ‘vi,vj ev} is the set of mutually exclusive links, if e; =1, v, and v; are

mutually exclusive,

K eZ" is the total number of available resources (CRP) ,

W = {wij ‘vi WV ev} is the weight of the edge between v; and v, representing the
quality entropy of the edge, the lower the entropy is, the better the quality is,

P= {pi|pi eZ",i=0,1, n} is the set of profits associated with nodes.

With respect to a CCN Forwarding Tree, we define L to be the path from v, to v,,

C, =ZeUELk w;;. CCNTD-DCME problem is to find a CCN Forwarding Tree T, where

T(V; E;) = G(V,E),V, is theroot of T, such that the total profit Y., ey, (%) is
maximized , subjectto V;|=K and e';; mustnotexistif v, ,v; € V.
453~ p EiF AR #3](DC K-MaxST)

PRl E R EFERES FEAEN AR - RENNER I BLEIRE

RPN ARG LR ORE
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fenfke Lo FR A R EFOAR Sand g
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Given agraph,G = (V,E), K, P, W, g(k) , where

V= {vi|i =O,L...,n} is the set of nodes (i & - 235 = 5 %¥),v, is the root node that
has an external link(i# % 5 ), degreeof v. < 6,

E= {eij ‘vi WV ev} is the set of candidate links to be selected to construct wireless

connections ,

K eZ" is the total number of available resources (CRP) ,
W = {wij ‘vi,vj ev} is the weight of the edge between v; and v, representing the
quality entropy of the edge, the lower the entropy is, the better the quality is,

P = {pi|pi eZ",i=0,1, n} is the set of profits associated with nodes,

M = {mi|mi eZi=1, n} is the set of mutually exclusive groups, the nodes in
the same group are mutually exclusive,

g(k) is the profit attenuation function of the k-th node which is selected in the same
1

—.,kEez".

Jk

With respect to a CCN Forwarding Tree, we define L, to be the path from v, to v,,

service area (mutually exclusive group), for example, g(k)=

CkzzeijELk w;j. CCNTD-DC problem is to find a CCN Forwarding Tree T, where
T(V; E;) = G(V,E),vV, is theroot of T, such that the total profit Y., ey, (%) -g(k)

i

is maximized , subjectto M |=K.
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4.6.1 ~ CCN Topology Design — Depth Bounded Mutually Exclusive

- wEZSE

C Beginning )

ether the number of node N
of CCN FT < the number of EC
Module

v

Whether the depth of
CCNFT< B

Is there any
node thatcan be
connected?

Calculate profit for each node

v

Choose the node with highest profit

- Whetherthe node violate
Choose the node with the mutually exclusive
second best profit constraint?

i Connectthenodeto CCNFT |

€] 24 ~ CCNTD-DBME % & ;% ;= 42 [§]
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pseudo code CCNTD-DEME *
CCNTD-DBME(G,p,v. K B)
SetT={} /*the set of edges™/
SetU={r} /*theset of vertexes, r is the root of the tree ™/
while size of U< K do
letv be a highest profit node adjacent to Usuch that
v € F{G)-U, u € Uanddepth of the Tree =B
if v is not violated the mutually exclusive constraint
addvio U
add link(u,vito T
deletev from V-U
end if
end while

B 25 ~ CCNTD-DBME # & i#

- wEEE
Afr— i H ehit]F kp CCNTD-DBME % & i - 4o® 26 “777 » B¢
5 20BH ArEREELR S (CRP)BHES 5> 75 & Bt i gL

A1 3 10 2 F » fHFEAH 5 30 mstEr AR S22 Bt sk ko

BRI A o

V= {VOs Vi, Vo, V3, Vg Vs Vg, V7, Vg, Vo, Vig,

Vi, Viz, Vig Vg Vs, Vie Vig Vig Vfg}

I={}
U= {r}
«#of resource (K).: 5 Vis o

*B (bound):3

~

Bl 26 ~ CCNTD-DBME i & i §

,IJ
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CRP -

B 27 ~ CCNTD-DBME i ¥ i # 2% -
o] 28 AT 0 B VARASEDE G EE L Vo Vs Vo FlG Ve s = F 2P R

RoE Bt e 5o FIUHHE ve ek CRP -

® 28 - CCNTD-DBME i & i # 27 =
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4Bl 29 Tor 0 BV S Ve ARARNE F IR E 8BS Vs Vs~ Ve fovig FlE Vig B

H 2 ¥ HRTE Bk gk o R P vig e B CRP -

Vig

® 29 - CCNTD-DBME i & i # 27 =

4o 30 #79F 0 BTV~ Vg~ Vg AP AR JE FIE &8RS Vg~ Vs~ V7~ Vig Vg 0 BE

[N
[ S¥)

Y

R Vie

K20 FCRRE B R G RS 30 FI R A R

e

wrrg A izvypeE CRP

B 30 ~ CCNTD-DBME i & i # St u
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Vg = —— . ”
(]
v @ \\ I’, ! 6

Viz

® 31~ CCNTD-DBME i & i # 2% 1
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4.6.2 ~ CCN Topology Design — Depth Controlled Mutually Exclusive

RN A

Whether the number of nodes
of CCN FT < the number of EC

Module
Y

Whether the depth of
CCNFT< B

Is there any
node thatcan be
connected?

Calculate (profit/weight) for each node

v

Choose the node with highest (profit/weight)

Choose the node with
second best (profit/weight)

Whether the node violate
the mutually exclusive
constraint?

I Connectthe nodeto CCNFT I

B 32 - CCNTD-DCME ;% & ; /=438

end for

end for
end while

pseundo code CCNITD-DCME -
CCNTD-DCME (G,p,vy, K, W)

Set 5= {vg} /™ the set of vertexes, vy is the root of the tree */
SetT={} [*the set of edges in G ™/

Set P = infinity /* the set of initial profit */

Set W = infinity /* the weight of the edge fromv, tov; */

Set C = infinity /* the (profittweight) of the node™/

while size of S < Kdo

fori=1ton

Wi] =Tlvy, ]
Cli] = PLi]/w1i]

fori=1ton-1
choose avertex win V-5 such that C[w] is largest

CTw] = max( Clw], P{w]/ (W[u] +T[u, w]) )

if w is not vielated the mutually exclusive constraint
addwto§
add link(v,w) to T
delete w from V-5

end if

@ 33 - CCNTD-DCME 7 & ;#
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A et - B H b3 kP CCNTD-DCME % & /2 » 4c®) 34 #77 » B¢
£3 20B% APERKEESHR S (CRP)BHE 5B 1) & Bt e F L
EA 1D 10 2/ > AW SR Benf L4 BE 0 R AR L2 ey
(quality entropy) » B 357 AR 52 BRI hehT B G B2 AR
dooo B E B AR CRP ehfhi S pF o Bdhs B AR [ 974 38 B ens Bhic fEoc §
(weighted profitof node) s % & » H3+ 5 = X 5 ¢ (_) .

# of resource (K): 5
Node weight: 1~10
Edge weight: 1~5

B 34 - CCNTD-DCME i & i # b
4B 3547 F 0 F]E Vi Vofrvaie s Bk S22 R G AT MR EH Y
- BAS SR FLER R SR Lo = FnE B g s 4 N 5 1052

10.2/5 ~ 10/3 » F]pt $iE & Bhiv 2T E B~ gk S vifie ® CRP -

B 35 - CCNTD-DCME i & i % 2 -
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4] 36 4T 0 $ VAR AR NS F E BB D Va o Vs o Ve 0 @ 2 F S B fEonE

B G 6.214 ~ 614 ~ 8/4 5 FpLPEiE G BLAcfE AT E B~ ik Lovgfie® CRP o

s = . Root

B 36 ~ CCNTD-DCME 5 & i # 2% =

s

4o 37 AT 0 BV s Ve ARAREN S 2 1FE & BEG Vg s Vs S V7 o Vig 0 @ Vgt Vs Vg
'frvlgm—%‘ﬁﬂéﬁ,@éﬁ%ﬁﬁi}éﬁglﬁ 6.2/4 ~ 6/4 ~ 219 4= 716 > F] & V4;€E—‘I§i“ &

Bhiv s F Bk enfhes 5 F]PPeiE vy fie B CRP o

@ 37 - CCNTD-DCME % & ;= % 25 =
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4o 38 AT 0 BV s Vg Ve ARAREN S 2 1FE & BEG Vi frvig o @ vy e vig s B

B E A B 5 20940 T/60 F1G vig & B H 2 ¥ S BRI E b X DA Lo T
ptPeiE vigfic i CRP -

) 38 - CCNTD-DCME /7 & /% # F#w

4o 39 #TF 0 BTV~ Vg~ Vg~ Vg AR AR NS 2 EE S BES Ve Vg @ Ve Vg i

G BEAe T E A B 5 20940 7217 0 F15 Vig 5 B %i“’ G ELA B AT E Bk A B

S0 F P vighe s CRPo ehi2fp e Blce ol 22 Flpl g Rd o @
»cF 5 389 CCNFTER 4 4-

® 39 - CCNTD-DCME i & i2 # 3¢ 1
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4.6.3 ~ CCN Topology Design — Depth Controlled

- RN

( Beginning )

Whether the number o
nodes of CCN FT < the
number of EC Module

Is there any
node thatcan be
connected?

Calculate (profit/weight) for each node

| Choose the node with highest (profit/weight) |

4

Connect to the node, and multiply a profit attenuation
function g(k) to other nodes in the same service area

B 40 - CCNTD-DC % & ;* ;n 42.8)

pseudo code CCNTD-DC

CONTD-DC(G,p, v, K)

Set§ = fvy} /* the set of vertexes , vy is the root of the tree ¥/
SetT={} /*the set of edges in G ¥/

Set P = nyfomity /* the set of initial profit *'

Set W = infinity /* the weight of the edge _from vy to v; %/

Set C = imfinity /* the (prafitweight) of the node®/

while size of S=K do
fori=Iton

Wi =T[vy if
Chij=(PL]/W[A])
end for
Jori=1ton-I
Clw] =max( Clwl. Plw]/ (W] +1Tw, w]) )
choose a vertex w in V-5 such that C[w] is largest
add wito §
add limkiv, w)to T
delete w from -8
Jorj=l1lton-2
if b andw are in the same service area
Cibj=C[b] « g(®) /* gik)= is the profit attenuation function of the k-th node in the same service area */
end if’
and for
end for
end while

B 41 ~ CCNTD-DC ;% & ;*

78



- WEEF

Al Rl - B H 0k S+ kP CCNTD-DC i & i » 4ol 42 #7177 » (a)
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FOEB R EREE A 1L 10 2 FF 0 FIEET D et R - RIBREP 2
Ay Lo FE AR AP ERRE REBR e (CRP)HAS P8 ik
BRI AR S adri et U g 54 8 5 (D) ERE AR DE F FE &
BLE Vi~ Vo~ Vafrve o FlE vzémigiﬂ profit B« gk 5 > Fpt PeiE vp fie B
CRP i #qr vy e PR T 48 e &0 BE vy 3 10 5k F R S0 lie((K)=1/2) » 388 4 A 3 2 i
RV N - JRIF RS 0 M PE V2 S8 E {3 h 55 (C)E R E B Vo A BReD
EFESEL VicVafrvae F15 va s = F 27 profit b« chiks oo Bt prag
Vi fie B CRP i #-fo vy o PR T 388 ché0 BE Vg 3 1ok 5 YRR S0 Bic(g(K)=1/2) » 8 4 A
PSR O - BB PP Va2 e lkE (et E 4 (d)ERSEf v
TRHREN G 2 iFE &85 Vifovse FIG v A 2 @ profit & & sk oo Bl

Fvifed CRP. &2 e Bl fed =& > FIRt @iz %4 o

B 42 ~ CCNTD-DC i & i # i
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® total profit of CCN FT: /% & i 2 # 2 CCNFT #7} & ZheviF Sdcs o lh o
® depthof CCNFT : j# % 2. CCNFT #7157 chfiF R B -

® weighted profit : ;% & 2 2 2 2 CCNFT #7% & Zhen& Bhic fE sy 2 40l o
® service coverage (PRixi& E &) @ i % 2 2 4 2. coverage of CCN FT -

total profit of CCN FT
total profit of all groups "~ "'

® profit coverage (#< & ;& # ) : profit coverage =

-(3)

542~ 5% & T
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»

O Z_ Gl
25-F&m- W RFERT
Graph Size
FRR A Number of nodes Number of edges K B N
1(a) 10 20 5 2~4 2
1(b) 20 40 10 3~5 2
1(c) 30 60 15 4~6 2

CE WAL 20 BRI B g R L AR EREE S
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fu
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® 5 1(a) : 10 nodes graphs » K=5» N=2
#R 43 7 1 sy CONTD-DC 7 & @4t s oc ¥ > AAHRA 5 2 40 3 52
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PREEFE LA ZRBOFEFETNE (TR 0P R) RN D
BLpHcR S PE S TR AR BEFH R

hAHE et 0 F1h CCNTD-DBME 3 & &d A 23k @A s o438 4
CCNFT e A §ih F % ;@ CCNTD-DCME R ¢ p #3 BIRR s F ¥
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7CCNFT 7 ¢ <% o 4o F] 45> % 12 54 4c 2% & (weighted profit) & 3= &5 pF >
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$215P¥ + 4o 46 » CCNTD-DC #f 418 ¢ CCN FT # s £ 5 pIm A [ 20 8 v

- X 5

= F
4o @] 47> F 1 F ok F 5 (profit coverage) & 3% Ryp P> & f Bk b2 @ o

CCNTD-DC #18 3| chok ¥ i ¥ & ke -

50
45

B CCNTD-DBME(B=2)

B CCNTD-DBME(B=3)

[}
I

B CCNTD-DBME(B=4)

Total profit
] Fad L
=

1

W CCHNTD-DCME

=
LA

B CCNTD-DC gik)=1/vk)
W CCNTD-DC gik)=1/k]

=
w0
I

mOPT

Bl 43~ 9 5% 1(a) : B F i

[=)]

(%3]

M CCNTD-DBME(B=2)

b
|

M CCNTD-DBME(B=3)

M CCNTD-DBME(B=4)

Depth of CCN FT
[¥x]
|

W CCNTD-DCME

=]

W CCNTD-DC{g(k)=1/vk)
m CCNTD-DC{g(k)=1/k)
mOPT

Test case

B 44 ~ 7 % 1(a) : CCNFT iF & +* &
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M CCNTD-DBME(B=2)

M CCNTD-DBME(B=3)

M CCNTD-DBME(B=4)
B CCNTD-DCME

Weighted profit

W CCNTD-DC{g(k)=1/vk)
m CCNTD-DC{g(k)=1/k)
mOPT

Test case

B 45« 7 % 1(a) | A te s i

120
100
£ B CCNTD-DEME|B=2)
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Eu B CCNTD-DBME(B=3)
E 60 B CCNTD-DBME|B=4)
Fi B CCNTD-DCME
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g B CCNTD-DC{g(k)=1/vk)
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mOPT
0
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& W CCNTD-DCME
g 40
& W CCNTD-DC glk)=1/vk)
20 m CCNTD-DC{glk)=1/k)
mOPT
0

Test case

B 47~ 9% 1(2) © o5 i@ E %L i
® =% 1(b) : 20 nodes graphs » K=10 » N=2
J$ B 48 ¥ 11 1 > CCNTD-DC # jE B i+ e 2c 5 » albEAR 5 3404 012

#]iE % 2.7 » CCNTD-DBME i & ;# & % #cehib|+ ¢ > JE@ eniise g [ 30 H
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fn

F o @ RARFE IS 5 1S 0 Rk b7 Bl e o E BB CCNTD-DCME -
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KRB 49 ¥ R d s hf BicehZx |2 ¢ > CCNTD-DCME 2 CCNTD-DC #+

F B CCNFT 7 & % iF o 4o 50 3 2 4c 2 5 (weighted profit) 5 3% & iz 44

PFo & % Beenk b2 ® > CCNTD-DC #77 31| e84 f 52 & # 47 - 82 2R CCNTD-DC

VOE R i > w2 CCN FT enfRj%& F & (service coverage) i & 37
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20 - m CCNTD-DC{g(k)=1/Vk)
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Depth of CCN FT
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B CCNTD-DCME
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=
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Test case

B 49 ~ 7 % 1(b) : CCN FT /# & +* #&

86




Weighted profit

S
(]

(%)
=

fat
[=]

=
[}

Test case

M CCNTD-DBME{B=3)
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M CCNTD-DBME(B=5)

Profit coverage (%)

B CCNTD-DCME
W CCNTD-DC{g(k)=1/vk)

m CCNTD-DC{g(k)=1/k)

Test case

B 52 95 1(0) : »c % i F it
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'p#ﬂ*ﬂf‘* 4[] 56 » CCNTD-DC # £ ¢ CCN FT H pR33a& 3 F PP & /| >

e 3

x

.:_F]"

v
4o @) 57> % 1 rc F ik F 5 (profit coverage) & =05 Ryp P B f Sk b2 ¢ o

Vil

CCNTD-DC #18 | thwc ¥ 58 ¥ & ks o
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120

100

[}
[

B CCNTD-DBME(B=4)
B CCNTD-DBME(B=5)

M CCNTD-DBME|B=6)

Total profit
[=)]
=]

=
=]

B CCNTD-DCME
W CCNTD-DC{glk)=1/vk)

[
[=]

m CCNTD-DCg(k)=1/k)

s

PTE IR

B153~ 45 1(c) - &

-~

|

[=)]

Ln

M CCNTD-DBME(B=4)

b

M CCNTD-DBME(B=5)

B CCNTD-DBME(B=6)

Dpth of CCN FT
[¥8]

W CCNTD-DCME

]

W CCNTD-DC{g(k)=1/vk)

=

m CCNTD-DC{g(k)=1/k)

[

B 54 9 5% 1(c) : CCNFT iE A+
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Weighted profit

Test case

M CCNTD-DBME{B=4)

M CCNTD-DBME(B=5)

B CCNTD-DBME{B=6)

B CCNTD-DCME

B CCNTD-DC(g(k)=1/vk)

m CCNTD-DCg(k)=1/k)

B 55« 7 5% 1(C) | Aok E i

120

100

B0

&0

40

Service coverage (34)

20

M CCNTD-DBME(B=4)

M CCNTD-DBME(B=5)

B CCNTD-DBME(B=6)

B CCNTD-DCME

m CCNTD-DC(g(k)=1/vk)

m CCNTD-DC{g(k)=1/k)

90

156~ 5 1(C) : PRAMEE F LR




M CCNTD-DBME(B=4)
M CCNTD-DBME(B=5)
M CCNTD-DBME(B=6)

i
[ ]

W CCNTD-DCME

Profit coverage (%)
(=]
o

W CCNTD-DC{g(k)=1/vk)

P2
[ ]

m CCNTD-DC{g(k)=1/k)

B 57~ @ 5% 1(C) | % il E 5L
RE&=- D ARERE

AT g AL 3 ML B P KA AL DB B R R b 28
| -3 CCNTD-DBME - CCNTD-DCME % CCNTD-DC 7 & i2 i {738 & » 12t
Bz R B 5 o @ e CCNFT 2 48c ¥ ~ CCNFT /R R ~ 4 2% & (weighted

A

Profit) ~ PR7%;3 F 3 (service coverage) # »z z ;& # & (profit coverage) -
551~ #*Ripth

DN E BRI L I M PSR T 2 L'w#ﬁﬁ‘-kf" EATEE
® profitgape : @ BiF 22 25 L7 &+

. profit(algorithm1)— profit(algorithmz2)
rofitgape = ————————————— 4
p gap profit(algorithm2) ( )

® depthgape : & BiF & 2 x4
depth gape = depth of algorithm1 — depth of algorithm2...................... .. (5)

® weighted profit gape : & B /# 5 /2 2. B 4cfEscfd L7 A1t

. . weighted profit(algorithm1)— weighted profit(algorithm2)
weigh rofi =
€18 ted profit gape weighted profit(algorithm?2) (6)
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® service coverage gape : & BiF K F 2 JRAFEHFF L A0
service coverage gape = service coverage of algorithml — service coverage of
AlgONIE M . . (7)
® profit coverage gape : @ B B iE 2 s F ik EF A E A
profit coverage gape = profit coverage of algorithml — profit coverage of

AlGONIE M . . e (8)

552 R 5% $&E T

4y

ABFFHRACWUEH I NE A 0BT REEFHROEE  APBEIEF- R

L ik S BEE 25 B 0 TR F bR B 25%hAk e 5 5 P

%
=

k> CCNFT 4752 » a3 9% KiE: B+~ ] a1/4°B 5 fHFEz
FINZ AAple PRI R 2 &8 (F - RIF R 2 SBHA L U2eF A4 3585
FIrrgEP e A2 R - §B2 O F O FIA TR KU RFEE BELIET L
W FAL L)k S lA AN 1T 102 E e 1 5 B KokE 10 & A
FRE CFIMESHAN LIS 2PN H A HEFES BRAK A B Sl
% 6 Z P

%\‘ 6‘?5@—: :?5553:(%1?&'{

Graph Size

- .

TRE A Number of nodes Number of edges K B N
2(a) 100 500 25 5~7 2~5
2(b) 500 1000 125 8~10 2~5

553~ FH%uL%k

® 7 5% 2(a) : 100 node graphs » K=25 > B=5~7 » N=2~5
40 9~12 5 £yt 50 BEEHs % 57 » CCNTD-DCME ¥ CCNTD-DBME (B=7):?
profit gape # ~ & 5 10.16> T &3% % &% ¢ » CCNTD-DCME #7187 3] el sz 5 1t

CCNTD-DBME (B=7) % 10.16 - profit gape 4, T 3518 5 -1.56 » T A it it sE s &
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¢ » CCNTD-DCME #71¥ 3| enid 2>z 5 v+ CCNTD-DBME (B=7)L 35> 1.56 ; @
" AHFE R depth gape L% R ¥ % 3 » CCNTD-DCME ¥ CCNTD-DBME (B=7)¢»
depth gape 34, 32E % -1.02 » ¥ pig5g %k )¢ > CCNTD-DCME A 2 2 #t/F
1. CCNTD-DBME(B=7)< 5> 1.02 ¢

F #¢_weighted profit gape % ¥ % 3. CCNTD-DCME *#+{¥ 3| &1 weighted
profit +* CCNTD-DBME(B=7)-X 5 % 8.56 ; j&_service coverage gape BL% ¥ % L
CCNTD-DCME *#+1¥ 3| eia service coverage +* CCNTD-DBME(B=7)L 5 % 1.04 ;
7 _profit coverage gape g% ¥ % 3. CCNTD-DCME *#7 % 3| &7 profit coverage +*
CCNTD-DBME(B=7)Z 2> 2

F7~95%20): FkE%(-)

42 %% 2(a) : 100 Node Graphs, K=25
Case | CCNTD-DBME(B=5 CCNTD-DBME(B=6 CCNTD-DBME(B=7)
No. [ P [D] W | S|PC[ P D] W | S |PC] P |D] W J[S[PC
1 [ 187.60 |5|84.38] 67 |88] 196.20 | 6 |86.21 | 70 |93/ 197.00 | 6 | 87.26 73|93
2 | 160.28 |563.57 | 71 |77] 17051 | 6| 64.39 | 75 |82|176.67 | 7 | 66.78 |78|85
3 | 227.89 |5]43.30] 68 [89] 233.94 | 6|54.30 | 75 |92 238.66 | 7 | 56.75 78|94
4 [ 163.40 |5|50.56 | 69 |84 178.40 |6]52.97 | 72 |91]182.70| 7 | 55.23 |75/94
5 | 212.21|5]57.86| 72 |88] 223.54 |6 | 64.31 | 75 |93|232.40| 7 | 65.81 [75|97
6 | 168.00 |5]78.00] 67 [79] 172.90 |6|78.63 | 70 [82]179.90| 7 | 79.23 73|85
7 1196.09 |5]60.34] 69 [86] 204.67 | 6 |65.88 | 72 90| 219.36 | 7 | 67.97 [75|97
8 | 218.37 |5]82.78| 76 |90] 227.54 | 6 | 84.52 | 80 |94 235.00 | 7 | 86.48 [83]97
9 | 228.99 |5|84.72| 67 |86] 236.99 | 6| 75.21 | 70 |89 245.15 | 7 | 78.36 |73]93
10 [ 217.83[5]95.63| 71 [88] 228.28 |5 |98.12 | 75 |92 231.14 | 6 | 99.63 78|93
11 | 245.60 | 5]98.23| 71 |90| 259.69 | 6 |100.76] 75 |95| 264.68 | 7 |103.45|78|97
12 | 255.98 | 5]104.88] 69 [93] 257.18 |6 |105.90] 72 [93]262.77 | 7 |106.04|75|95
13 | 202.63 | 5|100.34] 67 |83] 212.84 |6 [109.62| 70 |87|223.74| 7 |111.96]73|91
14 | 166.80 | 5]68.72| 72 66| 170.35 | 6 | 70.36 | 75 |67 178.03| 7 | 72.36 |75|70
15 [ 169.73 | 5] 78.62| 69 | 75| 172.23 |6 |80.62 | 72 |76]180.32 | 7 | 86.23 |75|80
16 | 206.25 | 5]103.35] 68 83| 222.35 | 6 |106.96] 75 |90 232.26 | 7 |112.37|78|94
17 | 203.90 |5]83.95| 71 |87] 207.12 | 5| 87.44 | 75 |88]215.36 | 6 | 89.62 |78]92
18 [ 197.10 | 5]90.23| 67 |87] 200.10 | 6| 92.33 | 70 [89]205.70 | 7 | 94.88 [73[91
19 [ 221.90 |5]93.87] 67 |88] 223.94 | 6| 95.52 | 70 [89]230.60 | 7 | 98.63 73|91
20 | 193.82 [5[106.01] 71 [82] 194.49 | 6 [108.98] 75 |83 207.53 | 7 |109.50|78]88
21 | 166.70 | 580.40 | 68 [84] 170.40 | 6 |83.52 | 75 |86]178.00 | 7 | 86.48 [78]90
22 | 192.66 |5|88.54| 69 |86] 205.05 |6 |90.18 | 72 [91]209.22 | 7 | 93.22 75|93
23 | 173.79 |5|67.37| 72 [80] 179.25 |6 | 69.94 | 75 |83 186.39 | 6 | 72.77 |75|86
24 | 204.39 [5]90.81] 67 |87] 211.53 | 6]93.85 | 70 |90 215.29 | 7 | 95.54 [73]92
25 | 168.26 |5 29.24 | 69 |75| 176.43 |6 39.17 | 72 |79|181.52 | 7 | 41.35 |75/81
26 | 172.80 |5 73.90| 76 |73] 178.80 | 6| 75.93 | 80 |75|182.80| 7 | 78.93 [83[77
27 | 229.78 |5 77.11] 69 |87] 238.47 | 5|81.82 | 72 |91]239.02| 6 | 83.65 [75]91
28 | 204.82 |585.16 | 68 [84] 211.50 | 6 | 84.04 | 75 |86]227.55| 7 | 86.75 78|93
29 | 211.05 |5 [102.70] 71 |86] 221.82 |6 |103.62| 75 |90 229.86 | 7 |105.75|78[93
30 | 269.45 |5 127.94] 67 |93] 272.56 | 6 |132.54] 70 |94 277.65 | 7 |138.54]73]95
31 | 153.00 |5]79.78 | 69 |79] 155.30 | 6 |81.26 | 72 |80| 159.60 | 7 | 83.33 [75|82
32 | 209.17 |5]72.68] 76 [89] 211.59 | 6|69.97 | 80 [90|221.68 | 7 | 71.33 |83]94
33 | 228.27 | 5|53.32| 67 |90] 236.74 | 6 | 56.01 | 70 |94|242.38| 6 | 57.34 73|96
34 | 191.29 |5]63.12| 71 [81] 194.22 |6]69.09 | 75 |82|213.79| 7 | 72.36 [78]91
35 | 226.59 | 5] 75.41] 68 |88] 237.63 | 6] 78.36 | 75 |92 241.37 | 7 | 82.48 |78]94

[(e]
w



36 |169.70 |5]66.47 | 69 |80| 179.10 | 6|68.62 | 72 |84|186.60| 7 | 73.32 |75|88
37 | 219.36 |5|70.21| 72 |82| 228.26 | 6| 72.52 | 75 |86]233.10| 7 | 73.68 |75|88
38 |195.39 |5|87.39| 67 |84 199.77 | 6|88.08 | 70 |86|214.75| 7 | 92.22 |73|93
39 |221.21 |5]159.97| 69 |87| 226.21 | 6 |162.34| 72 |89|235.21 | 7 |166.97|75|92
40 | 232.25[5|74.80| 76 |90| 239.69 | 6| 78.03 | 80 |93|243.69 | 7 | 82.87 |83|95
41 |174.52 |5|85.30| 67 |84] 183.40 |6 |87.52 | 70 |88|189.40| 7 | 88.50 |73|91
42 | 223.73 |5|113.75] 71 |92] 231.86 |5 |116.52] 75 |96|236.37 | 6 [121.54|78|98
43 1219.88 |5|82.79 | 68 |93| 224.88 | 6| 84.52 | 75 |95|231.88 | 7 | 86.25 |78|98
44 | 218.58 |5|72.28 | 69 |85] 223.81 |6|74.32 | 72 |87|231.54| 7 | 76.36 |75/90
45 1176.06 [5]52.50| 72 |82] 188.97 |6|58.32 | 75 |87|191.55| 7 | 62.33 |75|89
46 | 151.00 |5)|62.80| 67 |76] 155.60 |6 |64.25| 70 |78|172.10| 7 | 68.52 |73|86
47 121055 |5)87.21| 69 |89] 219.39 |6|88.65| 72 |93|219.39 | 7 | 92.52 |75|93
48 | 177.37 |[5|79.48 | 67 |72| 180.67 |5|83.14| 70 |74|182.52| 6 | 85.21 |73|74
49 |158.62 [5|74.01|72 |76]167.41 |6|76.03| 75 |80|177.95| 7 | 80.25 |75|86
50 |184.3015[63.34 |69 |91| 189.60 |6]66.23 | 72 {94|196.60| 7 | 71.58 |75|97

P: Profit ~ D: Depth ~ W: Weighted Profit ~ S:

Service Coverage ~ PC: Profit Coverage

%8B 2a): FHREE()

4 % 2(a) : 100 Node Graphs, K=25

Case CCNTD-DCME CCNTD-DC(g(K)=1// K) | _CCNTD-DC(g(K)=1/k)

No. [ P [D] W [SIPC| P |[D] W |[G[PC| P [D] W [S|PC
1 [192.006 |93.20 | 74 |91|211.50| 4 |111.96] 52 |100]208.50 5 | 107.46 |63] 98
2 |178.60 |5 |83.32 | 80 |85|198.69] 4 | 96.38 | 50 | 95 [200.70| 5 | 98.40 |53| 96
3 | 235.46 | 6 | 64.33 | 79 |92|234.21| 5 |111.55| 53 | 92 [242.17| 4 | 121.52 |59] 95
4 [172.206 |59.21 | 77 |88]193.30| 3 |120.00] 51 | 99 [204.60 | 4 | 110.81 |54/105
5 |217.90|6 | 74.92 | 77 |91|225.46| 4 |102.08] 54 | 94 | 223.57 | 4 | 98.07 |53| 93
6 |179.60 | 5|90.06 | 74 |85|207.90| 3 |114.89] 47 | 98 [209.90| 5 | 95.10 |49] 99
7 | 206.36 | 6| 70.19 | 73 |91|237.06| 4 |122.05| 48 |104]236.45 | 5 | 109.24 [51|104
8 |220.97 | 6|99.13 | 84 |91|258.48| 4 |127.26] 46 |107|247.03 | 4 | 107.41 |47/102
9 |224.26|6|83.21| 75 |85|253.37| 4 |148.64] 53 | 96 | 252.35 | 4 | 129.91 |51] 95
10 |216.93 | 6 |103.14| 80 |87|217.10] 3 |128.73| 52 | 88 |213.91| 4 | 128.73 |53| 86
11 |253.98 | 6 |110.83] 79 |93|256.57] 4 |128.36] 43 | 94 [262.13| 5 | 118.52 |48| 96
12 | 242.47]5 |112.44] 77 |88|253.29] 4 |117.65| 41 |92 |261.15| 5 | 103.72 |43] 95
13 | 235.72 | 6 |124.64] 75 |96|256.90| 5 |126.43] 43 |105/257.93 | 5 | 113.55 |44]105
14 [ 177.80 6| 79.71 | 76 |70|197.20] 4 | 84.65 | 48 | 78 |207.50| 4 | 97.27 |51] 82
15 |175.64 |6 | 94.19 | 75 | 78|197.34| 4 | 98.17 | 44 | 87 |207.68| 4 | 103.20 |45] 92
16 |218.70 | 6 |106.95| 78 |88|242.17| 4 |116.57| 48 | 98 |236.67 | 5 | 106.26 |49] 95
17 |210.20]6 | 97.94 | 78 |89|227.40] 4 |113.68| 41 | 97 | 229.34| 5 | 100.17 |43] 98
18 |206.40 | 6 | 94.79 | 74 |91|216.60| 4 |103.95] 45 | 96 [214.70| 4 | 95.90 |47] 95
19 |225.81 6| 99.42 | 75 |89|246.26] 4 |123.46] 43 | 97 |239.67 | 4 | 113.18 |41] 95
20 | 228.61 |5 |113.98] 80 |97]212.31| 3 |126.42| 45 | 90 | 214.97 | 4 | 117.94 [47] 91
21 |180.70 | 6| 97.35 | 79 |91[194.10] 4 | 98.80 | 44 | 98 [188.90 5 | 89.56 |46] 95
22 |213.78 | 6 | 94.14 | 75 |95|218.83| 4 |104.94 47 | 97 | 214.62 | 5 | 100.51 |49] 95
23 | 182.41|6 | 80.39 | 75 |84]192.26] 5 | 92.69 | 46 | 89 |188.97 | 5 | 94.33 |47| 87
24 | 218.44 | 6| 99.83 | 74 |93]233.95| 4 [120.38] 51 |100|220.41 | 5 | 110.54 |47| 94
25 |176.23 | 6 | 43.32 | 76 | 79|187.31| 4 | 88.54 | 45 | 84 |179.59| 5 | 86.24 |42| 81
26 |180.70 | 6 | 88.60 | 83 | 76]221.30| 5 |120.71] 53 | 93 [206.50 | 4 | 105.52 |49| 87
27 235,51 | 5 |100.80] 75 |90]251.98] 4 |131.30] 51 | 96 | 248.89 | 4 | 129.75 |53] 95
28 | 218.54 | 6 |102.39] 79 |89]237.97| 4 |134.59] 45 | 97 |232.05| 4 | 128.51 |43] 95
29 |228.28 | 6 |112.62| 78 |93]232.84] 4 |135.37| 48 | 95 | 241.65| 5 | 132.67 |51] 98
30 |278.05| 6 |148.08] 73 |96(283.10] 4 |151.23| 51 | 97 |288.08| 5 | 140.21 |48| 99
31 |162.40|6 | 86.06 | 76 |84]186.60| 5 | 94.45 | 47 | 96 |184.30| 5 | 88.62 |45| 95
32 |218.83 | 6 | 87.59 | 83 |93]222.51| 5 |112.51] 45 | 95 |225.15| 3 | 106.48 |47| 96
33 [231.99 |6 | 67.95 | 75 |92(239.81] 4 |115.02| 43 | 95 |245.83 | 4 | 109.97 |45] 97
34 |208.18 |5 |89.10 | 78 |88]213.37| 4 | 92.76 | 51 | 90 [209.84 | 3 | 90.85 |49] 89
35 |239.53 | 6 | 86.51 | 79 |93|247.68| 4 |122.77] 50 | 96 | 242.99 | 4 | 124.92 |50| 94
36 |178.40| 6 | 77.93 | 75 |84]203.70| 5 | 83.96 | 56 | 96 |195.50| 5 | 80.22 |54] 92
37 |226.13|6 | 85.76 | 76 |85|245.62| 5 |122.37| 51 | 92 |243.74| 4 | 114.73 |52] 92
38 |212.21| 6 |107.35] 73 |91]227.25| 5 |115.56] 54 | 98 |210.55| 5 | 101.50 |52| 91
39 [232.76 | 6 |166.97] 76 |91|248.43] 5 |170.52| 51 | 97 |242.28| 5 | 165.48 |49] 95
40 |239.83 | 6 | 76.55 | 84 [93(253.17| 5 |115.43] 46 | 99 | 246.01| 5 | 125.83 |48 96
41 |182.80 |5 |95.53 | 73 [88]196.20] 5 | 98.97 | 49 | 94 |191.60| 5 | 97.56 |51 92
42 |229.86 | 6 |120.30] 80 [95(239.74| 5 [127.17] 46 | 99 | 238.10| 3 | 123.28 |49] 98

94




43 ]227.27|5(100.77| 78 |96 |241.36| 4 |128.16| 51 |102]|239.53 | 5 | 117.98 |53|101
44 1226.85|6 | 94.33 | 79 [88]249.68| 4 [126.99| 48 | 97 [245.46 | 5 | 117.25 |49| 95
45 1182.73|6|70.38 | 77 |85]205.62| 5 | 87.29 | 53 | 95[208.47 | 4 | 76.83 |51| 97
46 1182.10|5[72.35|79 |91]185.70[ 5 |85.72 | 43 | 93|187.10| 5 | 73.65 |51| 94
47 1212.05]6 |102.03] 76 [90|219.58| 4 |112.63| 48 |93 [216.76| 4 | 99.62 |46|92
48 1200.38 | 6 |87.35| 76 [82]212.84|5|97.08 | 43 |87 [215.87 |5 | 94.14 |46/ 88
49 [179.75|6[80.87 | 75 |86|186.61| 5 |99.83 | 46 |90 [182.41|5 | 85.51 |48| 88
50 |195.60 | 6 | 65.27 | 75 |97|205.90| 5 | 92.03 | 47 [102/209.50 | 4 | 86.33 |51|104
P: Profit ~ D: Depth ~ W: Weighted Profit ~ S: Service Coverage ~ PC: Profit Coverage

100 P52 HokE  BHEE AR E ()

Profit Gape Depth Gape Weighted Profit Gape

Min | Max | Avg. | Min | Max | Avg. | Min Max Avg.
CCNTD-DCME

VS -5.28 | 2060 | 559 | O 1 0.82 | -1.78 | 48.57 | 17.06
CCNTD-DBME(B=5)
CCNTD-DCME

VS -5.72 | 1754 | 1.95 -1 1 -0.08 | -1.90 29.40 | 12.40
CCNTD-DBME(B=6)
CCNTD-DCME

VS -8.52 | 10.16 | -1.56 | -2 0 |-1.02| -882 | 24.77 | 8.65
CCNTD-DBME(B=7)

% 10~ F 5% 2() : B3 E > BHRE B4 E v (D)

Profit Gape Depth Gape Weighted Profit Gape
Min | Max | Avg. | Min | Max | Avg. | Min Max | Avg.
CCNTD-DC(g(k)=1/,/ k)
VS -7.13 | 2247 | 722 | -3 0 |-154 | 1.44 | 104.39 | 26.42
CCNTD-DCME
CCNTD-DC(g(k)=1/k)
VS -5.97 | 18.82 | 6.57 | -3 0 |-134| -89 | 99.08 | 19.45
CCNTD-DCME

% 11~ 9 5% 2(a) © B0 FE ~ BhRE Wi re v ) (2)

Profit Gape Depth Gape Weighted Profit Gape
Min | Max | Avg. | Min | Max | Avg. | Min Max | Avg.
CCNTD-DC(g(k)=1// k)
VS -6.07 | 21.06 | 548 | -4 -1 |-256| 213 | 117.27 | 37.39
CCNTD-DBME(B=7)
CCNTD-DC(g(k)=1/k)
VS -7.45 | 18.27 | 4.86 -4 -1 | -2.36 | -5.44 | 114.13 | 29.79
CCNTD-DBME(B=7)
%012~ 9 5% 2(a) ¢ PRAMEE F 2 Fm E S0 (=)

Service Coverage Gape Profit Coverage Gape
Min Max Avg. Min Max Avg.
CCNTD-DCME
VS 3 12 7 -5 15 5
CCNTD-DBME(B=5)
CCNTD-DCME
VS 0 9 3.68 -8 9 -2
CCNTD-DBME(B=6)
CCNTD-DCME
VS -2 6 1.04 -8 9 -2
CCNTD-DBME(B=7)
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13~ 9% 2(a) : PRIM:E F s F mE F (D)

Service Coverage Gape Profit Coverage Gape
Min Max Avg. Min Max Avg.
CCNTD-DC(g(k)=1/,/ k)
VS -38 -19 -28.04 -7 17 6
CCNTD-DCME
CCNTD-DC(g(k)=1/k)
VS -36 -10 -26.92 -6 17 6
CCNTD-DCME
.14~ F 5% 2(@) : PRIF&E F e i E S (2)
Service Coverage Gape Profit Coverage Gape
Min Max Avg. Min Max Avg.
CCNTD-DC(g(k)=1//k)
VS -38 -19 -28 -5 16 5
CCNTD-DBME(B=7)
CCNTD-DC(g(k)=1/k)
VS -36 -10 -26.92 -7 14 4
CCNTD-DBME(B=7)

® 7 5 2(b) : 500 node graphs » K=125 - B=8~10 » N=2~5
4r# 1821 %)t 50 BAE# % ¢ » CCNTD-DC (g(k)=1/y/ k)2 CCNTD-DCME
soprofitgape &~ & 5 14.9 F A% 6% ¢ » CCNTD-DC (g(k)=1/y/ k) #1 & 7|
it sz ¢ CCNTD-DCME % 14.9 - profit gape =hi, T 35 5 6.07 > T higit 4
¥ % 6 ¢ » CCNTD-DC (g(K)=1/,/ K)#7 {8 3| chit, 52 5 »* CCNTD-DCME & #5 %
6.07 ; @ j< 472 depth gape gL 2 » CCNTD-DC (g(k)=1/y/ k)22 CCNTD-DCME
1 depth gape 8, T 39 % -1.12 » T hizesg % )¢ » CCNTD-DC (g(k)=1/y/ k)
A 4 2 fFiFe CCNTD-DCME E 325 1.12

# 1€ _weighted profit gape g2 7 3 3 CCNTD-DC (g(k)=1/y/ k) #7185 &
weighted profit ** CCNTD-DCME & 5 % 25.18 ; j¥_service coverage gape L& v
% 3. CCNTD-DC (g(k)=1/,/ k)*71# 7] er2service coverage ** CCNTD-DCME * 5"
30 ; s&_profit coverage gape g% ¥ % 3. CCNTD-DC (g(k)=1/,/ k) #7 & 3| & profit

coverage +* CCNTD-DCME L35 % 5 -
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215~ % 20): FHREE(-)

4 5% 2(b) : 500 Node Graphs, K=125

Case | CCNTD-DBME(B=8) CCNTD-DBME(B=9) | CCNTD-DBME(B=10)
No. | P |D| W | S|PC[] P Dl W |SIPC| P D] W |S|PC
1 |878.30|8]265.63] 79 |78|911.00 |9|268.32|81[81| 930.80 |10[270.33|82|82
2 ]1095.74| 8 | 304.08 | 86 |85]1113.43|9|312.85|87|871123.70/10/316.15/87|87
3 | 762.50 | 8 |224.67 | 90 | 75| 788.10 |9]228.52|91|78| 793.20 [10|232.60(91| 78
4 1984.13 8 ]270.63 | 86 |88]994.84 |9|277.25/87|89|1001.56|10]282.45|87|89
5 ]1079.98] 8 | 263.72 | 84 |96 ]1088.89|9|268.52|85/97|1102.06/10|275.84|85|98
6 ]1063.09| 8 | 332.29 | 90 |97|1068.75|9|338.47|90/97|1079.75/10|345.25|92| 98
7 1853.80|7|311.03| 84 |80|864.10 |8]|316.15/85/81| 848.50 | 9 |318.47|85|79
8 1954.00 | 8 |338.83 | 81 |87]1016.16|9|342.26/82|93|1022.87|10|346.85(82|93
9 ]969.51 | 8|334.23 | 85 |86|1026.46/9|338.15/87/911035.00/10|342.17|87|92
10 [1011.03| 8 | 347.55 | 83 [94]1024.57|9|354.85|83|95 [1030.23]|10|364.51|84|96
11 [839.10 |8 |267.85| 85 |93]852.80 |9|272.64|87|95| 878.20 |10/281.15(87|97
12 85291 |8 |303.27 | 81 {84]915.77 |9|309.47]82|90| 930.39 |10{321.12]82]92
13 [859.47 | 8|288.96 | 83 [89]900.64 |9|282.18]82|93| 937.07 [10/280.73(83|97
14 |838.50 | 8 | 250.61 | 86 |94|843.10 |9|253.77|87|95| 845.40 |10|258.15(88|95
15 |881.08 | 8 |330.22 | 73 [81]908.89 |9|328.15/73|84 | 919.20 |10|331.54|74|84
16 |986.39 | 7|209.81 | 87 |92]1006.39/8|211.25|88|94 |1015.81| 9 |213.85|88|95
17 [1076.45| 8 | 323.42 | 88 [90]1069.99|9 |324.95/89/89 |1087.59]10/336.42|90|91
18 [809.70 | 8 | 290.64 | 81 [83]829.10 |9|299.52|81|85 | 835.90 |10|304.14(83|85
19 |923.24 |8 |367.28 | 81 |90] 971.27 |9|372.52/81|95| 976.69 |10/384.25(81|95
20 |792.50 |8 [261.27 | 82 80| 805.80 |9(268.40(83|81 | 816.00 [10]272.61|84|82
21 |833.08|8[241.59 | 85 [83]835.90 |9|243.58(86|83 | 841.80 [10]245.21|87|84
22 |1028.51| 8 | 349.26 | 81 [94]1043.58|9[351.25|82|95 |1056.65|10|358.51|82| 96
23 |1070.16] 8 | 328.52 | 85 [95]1091.10|9[338.89(85]97[1096.10({10{341.41|87|98
24 1889.20 | 8 |266.40 | 86 [95] 901.20 |9[269.42|87|96 | 914.70 |10|272.51|87|98
25 |1058.06| 8 | 290.50 | 87 [96]1066.02|9(291.52|88|97 [1071.92|10|292.06|89|98
26 |1116.67| 8 | 335.58 | 85 [94]1134.58|9(339.84|86|96 |1151.08|10|342.75|87|97
27 |785.00 | 8 247.45| 86 [91]812.90 |9(248.88/86|94 | 836.20 [10/251.52(86|97
28 1990.08 | 8 |294.50 | 86 [91]1004.33|9(296.78|87|93|1032.8810/298.41|87|95
29 |1104.71|8[301.45| 89 [93]1116.80/9(303.87|90]94 [1123.34({10/309.12|91|95
30 |1083.88] 8 [ 370.09 | 80 [95]1092.78|9|368.62|81]95|1111.8910{372.85|81|97
31 |955.60 |7 [402.38 | 92 93] 962.59 |8|403.48]92]93 | 967.05 | 9 [422.74]|93|94
32 |811.60 |8 [231.62 | 86 89| 822.00 |9(228.25[87|90| 829.10 [10|227.62|87|91
33 |993.07 |8 [282.71 | 87 |[81]1023.81|9(288.41|87|83|1045.07|10/291.45|88| 85
34 1946.80 | 8 [ 240.26 | 87 [81]949.97 |9|243.52|88|81 | 983.46 [10]247.15|89|84
35 |966.93 |8 |254.18 | 85 [92]1008.49|9(259.08|87|96 |1018.27|10(261.79(87|97
36 |970.82 | 8 [349.64 | 86 [89]982.33 |9(350.13(88/90| 991.62 [10/353.87|88|90
37 |809.90 | 8 |205.85 | 92 | 78] 812.60 |9|206.09]92| 78| 815.30 [10]205.19(93| 78
38 1970.92 |8 [324.76 | 92 [83]1003.23|9|325.09]92|85[1026.14(10|326.68|93| 87
39 |930.45|8[211.08 | 85 [86]939.43 |9|218.89|85|86 | 944.33 |10|223.15|86|87
40 |825.80 | 8[314.85| 87 |83|831.80|9|316.44|88|84| 838.40 |10|325.83|88|84
41 ]936.91 | 8354.29 | 83 |94|947.30 |9|358.14|84(95| 958.34 |10[362.41|85| 96
42 |1062.61| 8 [328.96 | 88 |91|1105.37|9(329.07|88{94|1128.53|10|331.14|88| 96
43 |973.09 | 8 394.64 | 87 [93|991.41 |9[398.69|87|95|1004.38|10/402.19|88| 96
44 1924.41|7[361.72 |90 |86 939.32 |8]371.62|92|88| 949.07 | 9 |[373.90/91]|89
45 1809.30 | 8[179.46 | 88 |81|841.70 |9]181.90/89(84 | 829.70 |10[183.64/90| 83
46 |997.48 | 8 [267.62 | 87 |89|1009.71]9|268.13|89(90{1029.07|10[272.34|89|92
47 1924.36 | 8 [329.46 | 86 |93 928.53 |9|331.81]|87|93| 945.53 |10[336.17|88| 95
48 |836.10 |8 270.75| 80 |77 839.10 |9]272.36|82| 77| 842.60 |10[287.51|83| 78
49 |907.35|8[336.55| 87 |84|912.34 |9]338.14(88(84 | 922.58 |10[341.77|89|85
50 |791.80]8[270.54 | 87 [81]812.10 |9|276.5588]83 | 821.90 [10]281.49|88|84
P: Profit ~ D: Depth ~ W: Weighted Profit ~ S: Service Coverage - PC: Profit Coverage
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2167 2b): FHER(2)

4 5% 2(b) : 500 Node Graphs, K=125

Case CCNTD-DCME CCNTD-DC(g(k)=1/y/ k) | CCNTD-DC(g(k)=1/k)
No. P |ID| W |SIPCf P D] W S |PC P Dl W |S|PC
1 1924.00 |8|284.14|81|82| 1028.8 | 7| 402.99 | 55 | 91 |1009.40| 7 |388.12|63| 89
2 |1098.95|7|311.68|88|85|1187.61|7| 382.42 | 55 | 92 |1160.50| 6 |377.33|56| 90
3 |784.10|7|251.25|91|78| 899.5 |7| 328.12 | 65 | 89 | 863.30 | 7 |290.96/67| 85
4 1996.83 |18]283.92|87|89|1013.98|6| 397.56 | 59 | 90 |1022.76| 6 |347.75|62| 91
5 |1081.70|9]297.54|86]96]1123.25|7| 391.68 | 58 |100|1115.50| 7 |357.36|57| 99
6 ]1051.32|7|343.71|91|96|1064.43|6| 396.15 | 61 | 97 |1103.25| 5 |377.56|66|100
7 1893.30|7(324.58|87|84| 1005.3 | 7| 343.46 | 61 | 94 | 945.90 | 7 |306.11|64| 89
8 [1019.68|7|362.48|82/93|1032.25|6| 400.42 | 53 | 94 |1047.51| 7 |381.29|57| 95
9 |1075.69|8|348.09|87/96(1097.35/6| 393.85 | 58 | 98 |1108.05| 6 |399.16|57| 99
10 |1037.53|7|371.89|83|97|1062.08|6| 430.03 | 56 | 99 |1071.08| 5 |373.49|57|100
11 |848.00 |7]275.16/88|94| 968.3 |6| 327.47 | 56 |107| 939.80 | 7 |331.77|65|104
12 | 877.84 |7]321.91|82|87]952.61 | 7| 403.59 | 55 | 94 | 986.57 | 6 |386.92|55| 97
13 | 878.13 |18]294.83|84|91| 964.28 | 7| 351.63 | 57 |100| 950.14 | 6 |293.84|56| 98
14 |844.70|7]268.08/88|95| 951.5 |6] 334.51 | 61 |107| 934.08 | 6 |283.75|61]|105
15 | 995.15 | 7|355.38|74]91|1010.66| 7| 399.04 | 46 | 93 |1016.73| 6 |364.44|50| 93
16 [994.81 |7]232.72|88|93]1021.57|5| 373.44 | 58 | 95 |1032.31| 5 |357.90/56| 96
17 ]1076.38|8|353.48/90|90|1107.72|5| 446.97 | 58 | 93 |1114.58| 5 |401.93|55| 93
18 | 831.50|7/301.45/82|85| 908.3 |7| 374.31 | 56 | 93 | 913.00 | 6 |323.32|54| 93
19 | 975.78 | 7|378.63|83|95|1058.18| 6| 454.95 | 55 |103]1090.30] 6 |357.76|53|106
20 | 814.40 |6|274.23|84/82| 844.8 |6| 337.28 | 54 | 85 | 838.60 | 5 |288.25|58| 84
21 |838.50 |7|259.27|87|83| 890.8 | 7| 366.69 | 60 | 88 | 902.00 | 6 |322.79|57| 89
22 ]1032.84|7|361.13|82|94|1058.47|5| 402.89 | 55 | 96 |1023.56| 7 |345.72|56| 93
23 ]1081.21|7|331.43|87|96|1098.92|5| 455.69 | 53 | 98 |1101.26| 6 |386.66|58| 98
24 1896.30 |8|276.65[87|96| 972.5 | 7] 369.18 | 61 [104| 960.60 | 5 |318.03|59/102
25 [1027.88|7|336.56(89|94|1025.85|5| 404.69 | 62 | 94 | 992.20 | 7 |387.70|60| 90
26 [1139.33|7(350.69/88|96| 1164.6 |6]| 415.25 | 56 | 98 |1171.25| 6 |393.34|58| 99
27 | 817.40 |8]259.71|87|95| 869.3 |5| 320.15 | 56 |101| 857.60 | 7 |309.65|59| 99
28 1996.66 |7|313.18(89|92|1039.05|6| 340.47 | 57 | 96 |1042.21| 7 |332.06|60| 96
29 [1119.74/7|308.95/90/94 |1130.72|5| 441.68 | 58 | 95 |1127.90| 6 |366.95|59| 95
30 |1086.96/6|382.48|82|95|1146.33|7| 442.17 | 50 |100|1135.23| 7 |392.51|52| 99
31 [ 943.89 |7]428.93]93|91|1012.46/6| 526.36 | 56 | 98 |1021.03| 6 |390.51|59| 99
32 [838.90 |7|251.92/88|92| 849.5 |5| 310.50 | 58 | 93 | 857.70 | 6 |271.01|60| 94
33 [1002.92|7|299.73|88|81 |1063.37|6 | 410.65 | 60 | 86 |1074.12| 5 |384.70|58| 87
34 ]1956.27 |7]261.10/90|82]1058.38|6| 413.17 | 59 | 91 |1026.68| 6 |341.94|61| 88
35 |1006.13|6(301.44/88|96| 1085.8 |5| 330.18 | 61 |103]1053.99| 6 |316.13|57]|100
36 | 962.00 |7|366.58(89/88| 993.28 |5| 398.66 | 56 | 91 |1009.61| 7 |403.51|59| 92
37 [840.40 |7|231.04]/94/81| 855.4 |6|377.90 | 62 | 82 | 859.00 | 7 |348.17|64| 83
38 |1004.60|8|338.54/95|85|1038.35|6| 416.28 | 61 | 88 |1042.48| 6 |378.23|63| 89
39 1982.51 |7]239.33]88/90] 993.15 |6] 365.27 | 58 | 91 |1038.06| 5 |354.52|60| 95
40 | 821.20 |8/342.16|89/83| 898 |5]| 305.14 |60 | 90 | 874.10 | 5 |302.53|57| 88
41 1927.69 |7/367.25(86]/93] 990.26 |5| 412.52 | 59 | 99 | 982.38 | 6 |396.00|57| 99
42 11081.57|7|347.72|91/92]1160.23|7| 420.17 | 59 | 99 |1152.90| 6 [372.50|59| 98
43 1975.86 |6]413.30{89|93[1032.18|6 | 442.16 | 56 | 99 [1079.92| 6 |434.16|57|103
44 1921.76 |7/390.57]|92|86]1014.94|6| 405.83 | 60 | 95 |1009.73| 5 |415.23|59| 94
45 1810.20 |7]197.69|90/81| 920.3 |6]| 376.88 | 60 | 92 | 913.70 | 5 |355.78|64| 92
46 |999.53 |7|277.27|89/89|1053.07|6| 379.95 | 55 | 94 |1047.53| 7 |336.61|59| 93
47 1923.27 |6|347.56(88/93| 984.91 |5| 412.25 | 59 | 99 | 964.74 | 6 [393.10|58| 97
48 |839.50 |7|287.16|82| 78| 907.8 |5]| 375.34 | 54 | 84 | 890.80 | 7 |357.14|56| 82
49 1903.06 |7|354.22|89|84 1037.58|6| 350.38 | 57 | 96 | 994.67 | 5 |329.12|59| 92
50 |837.90 |7]290.44/89|86| 857.1 |7] 336.58 | 56 | 88 | 832.40 | 6 |312.75|59| 85

P: Profit ~ D: Depth ~ W: Weighted Profit ~ S: Service Coverage - PC: Profit Coverage
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%

17 ~ 5 =% 2(b) :

_\

‘W

C MR e e E ()
Profit Gape Depth Gape Weighted Profit Gape
Min | Max | Avg. | Min | Max | Avg. | Min Max Avg.
CCNTD-DCME
VS -2.85 [ 1295| 2.01 | -2 1 |-088| 089 | 1859 | 6.55
CCNTD-DBME(B=8)
CCNTD-DCME
VS -4.14 | 949 | -0.04 | -3 0 |-188| -22 16.35 | 5.37
CCNTD-DBME(B=9)
CCNTD-DCME
VS -6.29 | 8.26 | -1.21 | -4 -1 | -288 | -292 | 1524 | 381
CCNTD-DBME(B=10)
%18~ 5% 2(b) 1 Bk E S BERE RS E L R(D)
Profit Gape Depth Gape Weighted Profit Gape
Min | Max | Avg. | Min | Max | Avg. Min Max | Avg.
CCNTD-DC(g(k)=1/,/ k)
VS -0.2 | 149 | 6.07 | -3 1 |-112 | -10.82 | 90.64 | 25.18
CCNTD-DCME
CCNTD-DC(g(k)=1/k)
VS -3.47 | 12.77 | 558 | -3 1 |-1.06 | -1158 | 79.97 | 1454
CCNTD-DCME
%19~ 3% 2(0)  HoE ~ RS AR E 1 R(Z)
Profit Gape Depth Gape Weighted Profit Gape
Min | Max | Avg. | Min | Max | Avg. | Min Max | Avg.
CCNTD-DC(g(k)=1// k)
VS -43 | 1848 | 476 | -5 -3 -4 -6.35 | 105.23 | 30.09
CCNTD-DBME(B=10)
CCNTD-DC(g(k)=1/k)
VS -7.44 | 1163 | 428 | -5 -3 | -394 | -7.62 | 93.74 | 19.09
CCNTD-DBME(B=10)
%20~ 3 5 2b) | RIS E F o F i E F o (- )
Service Coverage Gape Profit Coverage Gape
Min Max Avg. Min Max Avg.
CCNTD-DCME
VS 0 3 2 -2 10 2
CCNTD-DBME(B=8)
CCNTD-DCME
VS 0 3 1 -3 7 0
CCNTD-DBME(B=9)
CCNTD-DCME
VS -1 3 0 -6 7 -1
CCNTD-DBME(B=10)
.21~ 73 2(0b) : PRA¥ R EF s i E F (D)
Service Coverage Gape Profit Coverage Gape
Min Max Avg. Min Max Avg.
CCNTD-DC(g(k)=1// k)
VS -37 -26 -30 0 13 5
CCNTD-DCME
CCNTD-DC(g(k)=1/k)
VS -35 -18 -29 -4 11 5
CCNTD-DCME
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422~ 5% 2b) : PRArEFE F e F @ E S ik(2)

Service Coverage Gape Profit Coverage Gape
Min Max Avg. Min Max Avg.
CCNTD-DC(g(k)=1/,/ k)
VS -37 -24 -29 -4 15 4
CCNTD-DBME(B=10)
CCNTD-DC(g(k)=1/k)
VS -35 -19 -28 -8 11 4
CCNTD-DBME(B=10)

56 REBE

CCNTD-DBME & & i2 % & '5d 4 53k 21 & 44973 & 21 e CCN Forwarding
Tree e R > #&* F % ; @ CCNTD-DCME jf & i+ #73+ & 419 CCN Forwarding
Tree SiF A ¢ p &3 E#HE > #a5 § * - CCNTD-DCME %2 CCNTD-DC #7B~
B CCN FT T3optFEfcy » dopt — k> T AREPFER 3 F 587 5 2
FOCH MR M4t A F o HRR @@ G % o B CCON Hepar it
LB E S RAP T B L CCN Forwarding Tree /7 & i “7i¢ = g2 8 > B
e E & * DBME K-MaxST #-73] & #i= CCNTD-DBME /i & i » ¥ JE {7 #a§ i,
»% 7 (total profit) 2 4% 4c 8 3%  (weighted profit) ; iz 5 CCN Forwarding Tree %
B R R Flig § e o B3R * DCME K-MaxST #-74] 1 45 i. CCNTD-DCME /7 &
o VP EERFE TS T By o
EREZELZDRP(TEIERIUAFZE D F) FLEEES S8 S A
P oopE o g% CCNTD-DC g 8% » 7 EF R~ sy ~ B s 2 ot o
s 7 o E % (profit coverage); e % 12 CCN FT PR i%;& ¥ & (service coverage) = £
& J’—lpa‘ﬂ%ﬂﬂf » B3k * CCNTD-DCME ;7 & /2 » ¥ BT~ RF& E F o
G FT AR RGP PR ZMFE2EFEY LA R

E KRB FE SR R R E RS T oo
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R N

-%:{;

BARER»

3>

FAARTFAPE LAEAG S B L FAPENRE £ T2 PP N

N

ARV T ERE LI FF AL b L URF il R AHAKSPFF TN T A

~E\

LA F T RN 1 T A LM kA dET > TR R
AT S S RFICEOTRR - A% g bR FRRRIFERD Bk

4:13 ][‘ J vbléq* o

HT

APRAFERTHEH A REREZHEFE YRR OAE SR
koE - B RRE (T 6 SRR AL 5 & B K 5Y 7 654 3 e B2 (Contingency
Cellular Network > CCN) » A ¢ Eps 4 BF > F] § feenghds S w2 B 453 F S8
Beo 3518 5 E R RO Nl b o R ] R R B R R S 0
P E A

Ra o d LT ATRRE A ARE LA PRRT A AREE - 232

o

PHEGFHIA AR SV RZEJEES - BT ¥ 5 CCN> ok B L & RO 7
sk o o EqlE A CON ihfs ¢ ~ hgdif4e - NP At fg B pr 2 A ¥ O fE'ﬁ‘i‘f
AR 0 2 530 CON ARk S & i i RA13] g RSP AT E
St e (R UL ) f i iRk CON BB AR R R AL - A
)2 e dr R IR B2 7 L T CON e e B dp ¥ o

CCN i % B 47 B° 4548 1 >> K-Minimum Spanning Tree Problem » 2% if¢ 2 2
A NP-Hard RPAZ > @ F L #24 RPP AT RLT @ 7 3352348
PR R S el FIM AP A E A R = B g SR
CCNTD-DBME ~ CCNTD-DCME ~ CCNTD-DC » 12 i 18 3] - B ApIT > e i3 f#
5 g AR RG] - CCNTD-DBME j# 3 2 ff 8 3 5 F{eBtiR U A7 kG
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R T o3 A K Y e ot F 0 CCN FT; CCNTD-DCME % & 2 &% % CCN
FT % » % & weighted profit » 2 & 7 CCNTD-DBME % & ;2 #7472 1l 48 » HHE
W R F G ATFEA ] ERE & &R AR o o b - CCNTD-DBME i &
E T RS AL gl et 8 1140 CCN Forwarding Tree g & > #i 3 §
* ; @ CCNTD-DCME ;# & i# #3*- & 1 ¢ CCN Forwarding Tree 5E & B € p #
VEHREE O i F * ; CCNTD-DC 7 & /% %ﬁd s YRR S AT R - PRI R B
NS B A S anfr U E KWL TR AR SR R - RS TR
e h T Em o

ARy F A g rtie 2 2 B Bl 3 AR m%;mz:ﬁ]& ~ Multi-path
SRR o vt G dE CON el T o SV g 3F JSRALR & LR R

v

mipERP RIS R FRESTE 5 CON AT »ipdlick ~ &2

ek

Intranet 12 % 2k 2- 33 S22 CRP X A /i io » 3 F CCN i kLt H L %
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K-Minimum Spanning Tree (K-MST) :

The K-Minimum Spanning Tree problem is as follow. Given an undirected graph,
G(V,E) with non-negative edge costs and an integer K, the K-Minimum Spanning Tree

(K-MST) of G is a tree of minimum cost that spans exactly K vertices of G.
K-Maximum Spanning Tree (K-MaxST) :

Given an graph, G(V,E) , K-Maximum Spanning Tree (K-MaxST) problem is to find a

maximum total profit spanning tree whose number of nodes is an integer K.
CCN Topology Design - Depth Bounded Mutually Exclusive (CCNTD-DBME) :

CCN Topology Design-Depth Bounded Mutually Exclusive problem is to find a
K-MaxST of maximum total profit in a graph, and those nodes of K-MaxST are not
mutually exclusive and the depth of K-MaxST is no more than an integer D.

As a decision problem, we ask simply whether a mutually exclusive concerned

and depth bounded K-spanning tree of a given total profit P exists in the graph.
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(A) CCNTD-DBME isin NP :

Suppose we are given a graph G(V,E,E), and an instance P of profit, and an instance D
of tree depth. The certificate we choose is CCNTD-DBME K-MaxST < G(V,E,E)
itself. The verification algorithm affirms that the total profit of CCNTD-DBME
K-MaxST =P, and then it checks, whether the tree depth < D and all nodes in
CCNTD-DBME K-MaxST are not mutually exclusive. This verification can be

performed straightforwardly in polynomial time.
(B) CCNTD-DBME is NP-Hardness :

We now prove that CCNTD-DBME problem can be reduced to K-MaxST problem
straightforwardly. Given an instance X:[G(V,E),PK] in K-MaxST problem, we can
find an instance Y:[G’(V’E’E),P’K’D] in CCNTD-DBME problem such that an
optimal solution a, for Y is also an optimal solution for X. Let V'=V, E’=E, P =P,
K=K, D=K and E ={ }.The verification can be performed in polynomial time. Denote
the total profit of a solution a for X and Y to be py(a) and py(a), respectively. Because
P’=P, we can easily prove py(a) and py(a) are equal. For simplicity, both py(a) and
py(a) are denoted as p(a).

First, we prove ay is a valid solution for X. Since D=K and E ={ }, if we simply
find a K-MaxST for graph G without any constraint. First, the depth D of the
K-MaxST is always between 1 and (K-1), that is 1< D <K-1, which is always
smaller than the depth bound constraint K. Secondly, there is no mutually exclusive
constraint such that any solution of K-MaxST is a valid solution of CCNTD-DBME.

Conversely, suppose the G’ has a DBME K-MaxST whose depth bound
constraint D=K and £ ={ }. The K-MaxST with bounded depth D=K and E={ } must

be a valid K-MaxST in G, for a similar argument, we can prove that solution ay of Y
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must be a valid solution for X.

Next, we prove that an optimal solution ay for Y is also an optimal solution for X
by contradiction. As we have proved, a, is also a valid solution for X, whose total
profit is p(ay). Assume a, is not an optimal solution for X, there must be another
solution a,, whose total profit p(ay) is greater than p(ay). And any valid a is also a
valid solution for Y, whose total profit is p(ax), which is greater than p(ay). This
contradicts to the assumption that ay is an optimal solution for Y. As a result, a, must
be an optimal solution for X. The reduction of CCNTD-DBME to K-MaxST problem

is done. The proof of NP-hardness of CCNTD-DBME is straightforward. Q.E.D.
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