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Abstract

When stricken by a large-scale disaster, the efficiency of disaster response operation is
very critical to life saving. We propose to build a contingency cellular network to
support emergency communication in large scale natural disasters by connecting
disconnected base stations. This paper addresses the deployment scheduling problem.
The advance of mobile communication technologies has brought great convenience to
users. Cellular phone becomes the first communication tool most people would use in
emergency. However, cellular networks were usually crashed due to earthquake,
typhoons or other natural disasters due to power outage or backhaul broken.
Unfortunately, the efficiency of communication system is a critical factor to the
success of disaster response operation such as resource allocation as well as
coordination of rescue and relief operations. We designed a contingency cellular
network (CCN) by connecting physically intact but service-disrupted base stations
together with wireless links. As the disaster area's transport system may be paralyzed,
the construction of CCN may have to rely on air transportation such as helicopter or
even airdrop. Since the transportation capacity may be very limited, scheduling of
CCN deployment order according to the demand of disaster operation becomes an
important issue. We model the CCN Deployment Scheduling Problem into a
combinatorics optimization problem aiming to maximize disaster operation efficiency.
The problem is proven NP Hard. Thus, we design an efficient heuristic algorithm to

solve the problem when it is needed in urgent.
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UTRAN(UMTS Terrestrial Radio Access Network) & % i# RNS (Radio Network
Sub-system)=# % =& » & & RNS ¢ 32— & RNC £ # #c i 4pid < Node B » RNC 27

Node B z_ /¥ & * lub interface 4pi& - + — i RNC i%:% lu-PS interface ¥ -

SGSN 2 F¥4pid » 1% IU-CS interface ¥ — & MSC 4pig -
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RNC(Radio Network Controller) : j& 41 % 52 34 B §_3G it ah— B M 4EIR
A o v # i Mobility Management ~ v v i@ ~ 4k 12 {or fe 4] 0 LAY
TEL FIY B R R SR R R SRR T R R SR
W@k > RNC #3 fofndl ¥ #F# BN 13 Node B chig T Tk > 175
service access point # PR3x4 Core Network » % & 3| Core Network 2 v €11

Bis e o 0 LA 3 - 5 RNC + 4] 50~300 - Base Station -

Node B : 7 &_Base Station » § §# WCDMA i stifag o » 6§ lub & ¢
frRNC T » A BAST Uur ALk o it B - A% g

S AS A UBLIRAE o B & S A £ BRI S e T i B R

2.1.2 ~ ¥5u e g2 (Core Network)

CNd CS 24 PSid B-FHREZ LRIFAEL I EXF 33057

2
2,

X

o

7 MSC/VLR ~ GMSC ~ HLR ~ SGSN ~ GGSN 7 i#384:

HLR(Home Location Register) : &~ &% = FHLE > 3 * 2 il & T4l o

40 SIM e+ 55~ L5 B et 2 s Bldod Sl B F C SHMBE o

VLR(Visitor Location Register) : i 5 * = ek f§ T o

MSC(Mobile Switching Center) : f # B.d cnE § Wi fr®iz » 112 B 8 JRI*

(R 3k 0 B2 o i ko) -

SGSN(Serving GPRS Support Node) : § # #icdy ¢ = Mobility Management ~
Bed R~ R BB FIL s LRl B

GMSC(Gateway MSC) : # & CS domain ift 35 3] F i i e 345 -

GGSN (Gateway GPRS Support Node) : 3% & PS domain it 3 3] ¢F % % g2 a0

AP o
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2.1.3~ 3G PR AT

Before 3GPP release 5 : % 3GPP Release 5[29] 2 ## :523G Z 47 » * = £ 4 & L
ghdpePIPi=E - %5:E Node Bass| RNC 2 » RNC ¢ * g & e IP &%
2 ehdt @ A ko 3 ¥ ¢r SGSN i lu-ps 15 T g &0 22 18 SGSN ¢ £ * Gn/Gp
F5 2 s GGSN s 4 » ¢ Fé.“-,*i%’?if‘u{Tunnel v — % F] GGSN {8 » 4 g #-R A

% 4 s ehdt o (34515 % ) Internet > 4o 7 o

4 D%D T

NodeB Radio Network 3G SGSN
Controller (RNC)

IP IP
PDCP PDCP | GTP-U GTP-U | GTP-U GTP-U
RLC RLC | UDP UDP | UDP UDP
e — MAC {_IP_ P P P
Protocol B i (e pia it (N
AAL2 AAL2 | AALG AALS 2 2
WCDMA | |WCDMA | AT\ ATM | ATM ATM L1 L1
Radio Radio

B 7 ~ 3GPP Release 5 #H;é
3GPP R5 to R7: #7:13GPP R5 ¥| R7 % # [29]#F f§ 7 4 ¥ c17% %> % £ £ HSDPA
#% “,ﬁ% 7 Drift RNC =~ 2 » ¥ ® 4 Drift RNC e i # ) Node B F & » £ & §_i% iz
SGSN:z& RNC ¥ 2 & 4% GGSN ## * Tunnel i& 42> 4- ] 8> &+ HSPA+: R A& >

X # RNC 738 4 # 50 # 3] Node B *+ & -
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e Se—

Node B Serving RNC 3G SGSN
IP P
PDCP PDCP | GTP-U GTP-U
RLC RLC UbP UDP
MAC MAC
IP P
MAC-HS | MAC-HS
L2 L2
WCDMA || WCDMA | L1 L1

B 8 -~ 3GPP Release 7 %t Jf#

22 B AWM L BN

2.2.1 ~ & (Walkie-Talkie)

- RBEEFOERRTF R H R 222 & 474 2 Amateur Radio > &

FARROISMARE > BRR R G - R H T R HRES L (2 L)L)

(AT

o
NI
E)
IS
s
i
“J

P AR W

=3
=
)
I
i3

y ¥ Ki?f_é/;}’%%h
—v\ F%F'& I% *

=3
e
o
=3
z‘;

o RRAFAPR o TR FRN TR CEHD LR BTT AR

o AR RRIHEIEZ FK (Bl 2
o XX BVRIIEE B (%%B%ﬁﬁée\ LR St L e X

TAEEYR™T)
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o A B

222~ ¥4m T (Amateur Radio)

BOGTRAHT &0 25 F W T2 e FRe] > RIZZ L ERRT BTG
@ S Wi BB TR R R RATA ) E R B RRS  d E
TREE RS HF CERE ) PR BT F HER  REFERT

BRI - R A R T e A S ERE g hi
A gn > #- Amateur Radio ¥ i??%ipm FEE R hBELG D RATE RPN T

ng

Wi

R EHS DGR BT T A PRABLN L RRAE GRS

%
3
5

A
e B i 2T LRI BRI R FEFRR

2 S T4 i [13] -
223~ AR

s 2 SUEIICE RT3 S CUE TR UL R LA SRS o 8 R R

FI* A lEh (FE Y MRy R AT AT S BA S BT X2 Tl
ﬁ%°ﬁ¢%%ﬁﬁ MR R - BH AT Y ko d MNBREMGUAR

HRR TEAREIFEN I RIEREIT T Ll o E T ek SRR
TAL R 3 rBcdy 8 & R 5L[16,30] -

R AT U FE TR R A 5 L (Geostationary, GEO) ~ ® it

i /% (Medium Earth orbit, MEO){r i< #:g f# % (Low Earth orbit, LEO) - Ir 3 & &

=

FIF-F 522 P REFLTAFRS-FIAF 2L Min
FHEETABARZ-PFILAFL LB -FREANRHFLEFFR S F B I H
BB S S ERERKASER o MAR (VAR R R

CHER) P BERAE I FLITLFREAARY LA LEIFL TR FL
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W2 % o P F ¥ 3FdEh ki P Mg wh 0 ¢ sk isg (MEO:
Medium-Earth Orbit)ie# 5000~15000km » % B8 4¢ % 3+ 2] (Odyssey) T £_i& *
¥ puE Rk M TR L (LEO: Low-Earth Orbit)ie# 500~1500km 1% B -

Motorola i 3 ekt ] (Iridium) £ * 3 ok g ik 234 3] o

Fo sk REES P RE e R W MFEHR ~ X B IRE L] i R
FECBWFES A IR RIBAN L F BUAR I PR
~ B

BIEALEE R o B AP U BRE G B NiE g

2.2.4 ~ B #3031 % 3 (Trunking radio)

d B AT AR LILEBF EA, S kY & - B SR A R g 5
- B Y Mk B2 ’Qﬁ_i;lﬁfu,‘_@%*“}"i‘”’ TR i B
FEREAREREL IR B L A RMT L AIRE R ~HIpE o
FERFETe cBAL B REREENA[B]] T2 EL P A HREY
FleE Tk s thE - BT MBS N 2 BRI E o B
AR B K SRR RE N H 8L AR LS 1T 4 g A

Project 25[1]% 2 g TETRA[2] & & i 3 & 503 F 5 4 % TDMA pe &> L jie o

o Project 25 [1] : APCO(Association of Public-safety Communications Officials-
international)*+ 1989 & i é 3 41(f§ L P25) 2 4] 27 4p B 52 X 3% i PRA%
fr& fuf 3 d@4p F 4 (Multi-Vendor Interoperability) > 12 #4554 & 2 £ %
ORI EIRF R 342 R0 P25 & & £ 3% @ s g (Analog/Digital) &2
ORIt o 200 B Y F PR RHCH S R U E P #

® Ol AHN 0 B R F R ¢ MR ES

o TETRA (Terrestrial Trunking Radio) [2]* #C Trans-European Trunking Radio -
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5% %86 & m 7 (Professional Mobile Radio, PMR) fo # + 4t % %
(walkie-talkie ) 45 » &02%0 P25 % B 3k 0 2 £ % > g1 MARl 2543

2 mBE LRSS e £ % 2> (Public Safety) ¥z B 41 iz 73 7 F2 iz

A R SRS RS BRE R D IR SRR T R
FAE A R iAo r P25 7 — k3 5 TETRA F 4t E#ci;V Y %8 280
;E o

225~ #d 8 A & (Cell on Wheels)

BENAR L p#{— By ool BT T LI Hcnd ;kl o
S7SERTR A S }%@I"’Iﬂji%@@]imw F R R EE FRREELA

AR S A A il R R S - & T o e

R T PO T S P SR A Ry LT
;}'3}‘1&.’*'—[*’1’&_‘7\ %&E f'k::‘;;‘g 'ﬁ_"_—yxi )’?4 ml /Q—r ’)@éxé‘
ﬁiﬁf{ﬂff‘?%iﬂmﬁﬁf P2 - EBRERAFEAETAAZ A

A EGRFERBE I PHREF L TP TR R AR BN LR B

(s

AR T S R BIR A B F R R AT RS B
Fo PR WUk > P BT ASEANG 18 5 ¢ 0

315~ 8 o BE AR S[3]
226~ FHLR B (MANET)
Ad hoc 8 - f8i1F 7 RAFH K L F OB R > d 25 BT RERE

AR AT E T RS FRBEET TR T LS A - BRER

Ad Hoc it? » 53 BHEFRE AR PR R[EFFPF - v F7 L HE

£

Ao LA d WHBERG AL AREFFT U Aok A BAPERGE AR & 273
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Ao FRUEUFC PR EROBEFRAE LEF A L FR[526] - v 1T EFH

° RITHIGEL T EEG VRER S~ AR
° B EFLPRAG AT L AERET M Eg

o FHAL R THERREBH SR NF D

ALy RN - B AR LA R hERT Egg*#u»*‘;g)gn]_gg_&%
FE® PP PTG B KSR RS P2PNet Wity %

Internet ~ 52 § PR 5§ o7 T 4 4 & il U B ¢ (A7) ¢

P2Pnet & PR § seiepe o B anPr h > el k&2 @31;]}%] aer - B zilg

B PRARR  en® AR o ram S P2Pnet #1f i o AT R A 2Rk ¢ > P2Pnet
B FBIIT 213 TAE® TR ¢ 7 WIMAX > Mesh Network 22 VANET % >
1 € 41 (opportunistic network) et s 3= & B b chP2Pnet B & & 5 - B3
ol o AV ERT 0 PR E B BT M4t B HEFIH BIT S B AEpE

BRELT VAL EE o TRELH LB ST LR
22.7~ B3 BEELRA L AP HMA Y

o Autonomous Networked Robots for the Establishment of Wireless
Communication in Uncertain Emergency Response Scenarios [26] = ] * p 21 #
B B A X R fodcip? w4 - B wireless ad hoc network i FiE 3 B £
A R RURTR I 8 ol - BAF BWEALEFFOLINAS
ERBPEREAL AT IR B PRI A SRR AT ER D
SERGENED BRI R S e S i C R SE B R )4
4 = gH(minimum spanning tree)#| ¥ - B:tiEiF L 2 o F %K
FEZREWEAE PR S o AREEFEPEA KRBT D

Es 30
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Autonomous Community Construction Technology for Timely Transmitting
Emergency Information[28] : # k& 3t #% - ® Autonomous Community

Construction Technology f& * %% 5 pFc L4 mﬁf‘ %2 4 - Wireless Sensor

Network # ¢ #t/e & FREAEY > BE R FE L g gix g
DAL E R VR T T T,w%5'~'3**a b BT P

¢ w2 REDULTF o A 2 3 0 autonomous community construction
technology 41 * Autonomous Decentralized System (ADS)& i &+ s kit p #
Yo B o~ HIToiE (T s L B F g kE X AR LR PR gﬁaf%;%
LB AH 2R &d Omnet BB 22 A Kb
autonomous community construction technology # ¢ % 1% pr % § & A4 B

BRGNP LB

An Integrated Communication-Computing Solution in Emergency Management
[B] : o ¥ THBER - B rechiil3 6 LR E2- BF L
i eh R FAE 3 4 B2 (heterogeneous meshed communication system) £ 4% %
T mﬂf%ﬁﬁ‘—%?ﬁ—i Foo R0 REG REEFRNT - BEFERRE
* & (application level) -4 52 & (network level) s & » 15 & multiple parallel
modules (ParMods) % & Bk(node)® #4p < 3 # ot % 3 (e.g. network latencies) >
B K (application level) ¥+ & 3|2 & S 2L EH & 3 6 F & chlp

B o

Computational Public Safety in Emergency Management Communications [22] :
hRE P f%%/wffr TEARBERPELAAER AREL AT F TV LR -
f propagation delay, packet delivery ratio f=transmission rates % & ﬁi%l ol

”ﬁﬁi&é%?ﬁﬂﬁ&lﬁfﬁ%oﬁﬁﬁ?%&ﬁé%iﬁgw%

Wi-Fi > 5387 2% f%‘ﬁ?‘.‘lﬁ By EIEATE 2T Wi-Fi 29 5 gk g =il



?‘FTL ,’}_‘{ i‘; I M- fj“._sgq% H H i@ %]1? ‘fr’?a ]';f]:”ﬁ ]&-r" ‘H s lfié_

Ad Hoc Communications for Emergency Conditions [5] = i 4 417 f* 4 =
H

* 1

P eERiEedaRfiord ko Hiu id - 8R4 » L PR

21

F gl - B ad hoc e kBT

_Lg-

z7 ¥

120 & & P& BLR > BES A S hafdpl > B d M SR i i

IR LT VARl 3 R R L AR s

Taiwan Earthquake Event Report, Risk Management Solutions [8] : ~ % i & #£
+161999 # 9 7 21 5o e v 4 ahf J(chi-chi)« = & > 1TF 1% 5w
SRR PRSP T B E Raa MBS ¢ 3 R i s AR
SR R Y BT GRS A G e AR e R RS T
EFEWIVPL I ER T A FuEELR NI T A LY EreR
HMEIERER rF LR

%
LSRN - B TR ERFIN2RFPHAF OB TP SR 5 T

fm?]fﬂ’ﬁfﬁ‘iiﬁ%ﬁi% CRAT U TAEAN T e E BB ITFRLYE
WEERE AP BRI ENTR DL OBE ERLY AL S
PR SEAT EPER O AZIE 1000 B RsRE T L UARR

S B e T BB EFTHEENEEAR BaiREG Ap g L anfles o

Improving Disaster Management [27] : 1
- R Ly AHZARKFESTHER A A SN F e Sl S S 1

TREBY AR EF Y T e F BRI TA f G R
IR T AR S ﬂp.la*‘ WA BB AR LRI A B Al 3
T OERIL G MBS T 0 T SRR AN T BE s d AR o 8

FEREN- 2 A B A AR TR L s
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MRP MG e A FRE RS EE S

4«}
=
=E
=
e
i
Nhid

I RS lEl= ol BV GF - 30

o ADisaster Information System by Ballooned Wireless Adhoc Network [25]
Bl B ARG CLEEA 2 PREURE LY TR o - B R
TR RS AT BIF* EF REEF % 40m~80m) g ¢ 2 2 - B T pE
SRE 7 3¢ e BL(adhoc network) 2 it & @R o s AR S SN D B 4 SR
5 - FALFIRE(WIDIS)E «hnefeipid » 2135 5477 7 o ch it ki
(Wide area Disaster information Network » WDN) 2 #F #@di &k » m 2 ¥ - &

T_:'/Q /"(‘ “i‘ °
2.2.8 ~ iF&

Kd 3¢ v g 7?{“7K7f§af.uﬁ?%,ff-?f‘u?’5 TR AR ER fn

Wakie-Tailie %3 > it 3 % (bldr: 2R E A& RIP L7 LRl AL Ko

e g SRR 2 3 mxﬁ@%%ﬁﬂ%iﬁﬁ%%’ﬂw#ﬁﬁa}ﬁﬁ
Bl AR A RE A B A RABLNARE Sagulng Ko m it E kin
TR N EE LR RS R TR RS- BATTRRE DL B

P R ARG T B R RIER L ORAR G A RPN S FE A
Eo ¢ PO FA AT RRF L AT L PREAFEL TR H- B

BT PG E 2 RERRA TR R AN T kTR AT I AR A

~

PR ARG RHmEE N - BRELFEEF WS SRR
ENHREE I T RO REE SRR AP REE WR s
VOIP 0 5 » § BEHLAZIE 26m prate dg « R4 o g2 R F G ookl F
SR AT F e B R F L AP N CON oA KN A

Bew L F e B AR RPN FRBREY S oo
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| Eipip é%x? RERRR | B | B LR | Gk RE
&+ A PR BER | REE | FET FVH | & b A
& iR | #i B
Walkie- RIS ] WEE | ZHE | B ¢ &
Talkie mE | FY
Amateur ? THEA % 6 FEE 4 ? &
Radio L T R
FEEE | B S % i % % 4 =
A
BHEEm| 3 fH H(F ¥ 5 | FHE % G ¢
& B ERTR g3
L)
Boo | B i E (7 + o L % ® % ¢
o4 ERC )
L)
MANET N RERE | B 5 ? B i
FR T
L]
CCN & | ™ v EEEY % % % % v
R e

23 B E AR A% (CCN)

2.3.1~ & Su7E #

AL T 7 [17,18,32) 5 L < NS BT A 52 MR A > L FBETE &

PRSI R @D WRGE TR NI 2 RAE ARECS SRERE

BRRe(VEAVRRIRKRLP COREFHRTEST) BN ZHFT W
EAGTLERE B S AR E R AR SR A A A S E )
PRREAKAMPET S I P REPCRRL B s RA S
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WERE o RIS o

e &85 5 3¢ (7 8 g (Contingency Cellular Network) 7= & 2% e 3% 412 4] % =

-3
¢
Bl
ks
Tfm
J;T

B B S A S B B R R h B A R

LL v
HERMEF R AF B Ra RE T Ay SR @3RN A 535
o it 3 5 (Connected station) @ 7 it R A X > BB o ERES )G RDT
¥ovEFREIRA AR LGRS o
o # 2 g(Isolated station) © A X4 0 2 F] 5 LR F AL 1S o e ptag ALY
$7 0 E R EIRIEZAB 5 o
A FERMS GAPAA AP D2 RNV UEEERG NPl T AP dE
AL BAGEER AR S 3 SR RS W2 S AR ST e s o d
WM L PF AR R  TT B ER R SARI| SRR 226G 5 BSC
% MSC(Mobile Switching Center) 3G = RNC(Radio Network Controller)2 MSC -~
SGSN > A S Fd i P 2 7 245 4 (signaling) £ 7 4L (data)#z &7
BPRFE > Flpt CCN 7 & % 2 fA & g s> N [22]8 X ¢ Ui cnF e e

MoApd o RS2 B¢ A BTAR AR R 0 R - B 2 AT R

232 Kt ® pris

BUTADPRFEA KDDL T F A BRI ADELFAR G
B BpFFEon L R EAWMKFAEIIEZ ALY - FFE > & RAERKE
ﬁﬁm%ﬁ&i@%?F@ﬁ4%¢fﬁ5wﬁ%’ﬁﬁ¢ﬁﬁiﬁé%iﬁ%
oy REeFi Ak gRUFEL LD Eﬁiﬁﬁ"*é SRR IR et
CCN /B E 20 ki St pt Prag 3 IR ig il i FREAADH G R R EPAF

BVRITF PR P LR o fd 3 KM R KK o REERER e

TEOPREEHBRAF AR Lo fhEr L ERBTED PG AR 2
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PR RO L R S

usability

time
B 9-CCN ¢ * pris

2.3.3~ & SLiBA

o EREFY R ABEAAR S AFERS AT BFLFIR X TR 2 H
BB eRP T ERREY A FHEFR S AR EY RS T
B 2N Rt LR RT T ER FAFIF RS B RT
i 4% o

o EPFZFANF OAFEHATTFE R CFNIFHRCEERMER
PERA IR ALTFIR NRGRY Ry LT RS -

o AR SR BRFP 0 EFIE U TF EREA FIER R Y
B8 UF o R SR SR

o HFNRA(REBR)EERIE > VU I ARIES TR o

234~ k¥

CCN2 2 g & b Srphefprhk g > Tpe £ TREBHR | BB

RpdctE > 2T g4 gz

FEBRER T

¢ % 2E 4 CCN -
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o Power Module : ¢ % %5 X T g4 » A#HZXEIEH  BZHELE
AP CERTTOTIROBARAR SHFEF DR L - B S F* R
T - Tl R R AHINET S ASAR 0 o e 2000 &
A A Ak Y 3300 BT A R 5P 4 70%7.%{?1;; T4 ga g

GEE SRS RS & ECH DS RER A~

o Inter-Cell Communication Module (ICC Module) : 352 5 5 7 & 22 3 5
APl W RHEEH S RS A > H P RS i R
ICC Module » v % & 3 & Rl s 4 (540 @ WiMax ~ WiFi) » & g & 38 5

AP ARt R 4 B SR SR R AR -

o Satellite Communications Module © % L 3K & > 4o% L H P LG RS
RIZEAI* A R KD 2 - Bl o 2t ek X R o ff 5 0 32l
o xiFeai s ST BE TS S EE L WL S Bk 5 b
BE TS RPERLIRE S X FE I AR L RPN S d g
ooMe— B f BB E G CCON o & fiF S BB f ¥ fuds e CCON et

*x

AR KR g BB R AR S R e e

<

o Emulated Controller Module (EC Module) : § # &2 ~ &5 ~ #E F
F3 2 558 ICC Module 2 28 S Apdi & > d P e k4l é 7 FAREER
JEo~ Ay SRR A ] ~ i v~ 354 ~ Admission control ... & & & i 3
SEFG R LRAL RS R AR A R R B G o 3

d R T AR BB 4 2 5ES -

235 £ & R A

PREEREE AT A 0 do i~ g7 s Intranet 224~ p B bR

TRHM G AF SEERRA T I R-ACHFIZT AL IS NN
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WP ABRE A drGSM2G fr 3G F A AL AN » L RRFTE o 4
TG T S Ao ER USRI AFFBRp o F B R
Fnd Ao IFHTRIE FOT R N R TR E R S Rk T
¥

B RATRE P A RAL R g R WA LA

RAT- Rk s Ao LTE @ B g » G skt eny & 0 S hptE M

B U F Ak fedhive Bt A A0 SN et U T LA e g A A

HAE L ASEEATS S S AR H R RT O i e Nk e S
SN ARHEERE Y > 2 TR KA AT G i 2 T Fonip il (Fend &

FoF e > 34 CCN P iaF M2 ¥ i o

o FAFIHBEENTTZ AP AR P 0 NS N TRt AE S ik
.
P

KTRPE > T 2 W B BT E A 2 A B 2 g T

o thRsS R e S ] g HiR e (Blde 0 EC Module) %

P AT o MK R AR A F LRI AR S B MER

o
c
\

RTEr 03 i B Faf EFEEI LRSH WF LTS

P (T PO B HE R AR
4 CCN § s PR é4p B R AL 4T

° FUMRRFEARI L P RRE-F DA R 0 B2 F R B R

FHWE S R N o R IR R R TR B R R R RO

"\

EfRRE HCORERIRATIA] AR FELL UEL AR R f
RAR el R o h R vk F T E et S e a2 AR
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TR oAk R A R R CARA[10,28] 1 B ¥ o il FEE A A A
WAL I R R Y F oo [T A VTR T R EER L D

HBREIVELRERIEEfcafF e afE T o

BRI T L F P AT Ak 0 Fpt CON s 7 AL & fLE
v A ARR] o E R R ERA AR 0 CON e R Ao R SRR g
EEERAEER  doiv LR pE e iR T A% CON ffe i 55+

I s

TR E 0 T LR R R 2 &Pt o

PR LR CRERDBP TR FEER S L EBT]

<

RS FHEPARY SARENE DB BEEE R BAY VRIS

i H R [T AL feo R E AR 54 e R Al U R B A o

ME ko WLARAL o

Intranet 24 @ &I T E R MERT o 5 IR F A e BER

s 1l

—

ST RO HEPEFTRRE TR T PR - A
Boo PRI I 2 et o WRPTF DU F 7 U EP IV 5T

b Flag ok ertpag o @ CCN St ¢k vl s ok 5 5 'Y o EBHE L AR

B S e 1O R A A R P T 6 T A R B ALY
FETARESSE R E SRS IEE RN & S

TR o A R2ZFF §F FaipRaniznis i o Flet 52 = Intranet «h
A ERBR - AY ST P B B R RATHE RS T A

TGk B AR BT X RpR A HT N o bldeo ML 58 118 TV sk A
& A (Walkie-Talkie) o #4c % 4 B 2 B enEd 123 %75 &+ e o
B SAGES CONBRRIEY Rt chfk¥ 5o # % EC Module frfk ¥
A 2 Mo Tt gt Rk @ F R MBS DA s LA
WL T AR ST RRE TR AR RRAN SR RRE L
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AL #7455 cECModule i ¥ & { #7215 £ HF {7 £ 94

E o IR AR T BH o REEGAR - Bt 2 gt o TR

=]
%ﬂ
F
=
=
o
(=
T
W
—
et
H\
il

£ L% F i IR Té’%i%v%?f%ﬁa%ﬁ

PR ERER

R EERIFERAIR oo rdleniTr 42 0 - g kTR B 5 IR
Fro RS FREE O MR AAETE DX REAIAE  REFLEN
BORFRT L BARY cXFUFE ST PFOMgE BELA SRFET A
AT B R 0 e AT ORGE K LA AR N B Pl i ik 0

FAAafET R 0 22005 EPFEGEF B RFEE o RS RS A

-

ME=F i RA Bigid Nk Sk s B A (s

BEERM I A ERT FRPFREFTEALAATL D BAFTEL

‘EE%KE'J & FTE T e R lF'ffJ{lefﬁ,]‘(l IE‘*{ Fopbohy X Ei éﬁ;ﬁ_zﬁﬁ
FirEgpar % R B A DT MR o ”Kﬁ‘l?ﬁfﬁv?ﬁ &

FE PR A WA TR E R AR ROEFEEE {F R
FRARSIEE 0 B R A EE R P R LR RR

%\‘o

pd g frs e s o Fa R ARG k4 EC Module fr g 5ig
SRR E R IRIE T E Y S HERT UL S PR R o d AR

iz} 2 7 il A 5 MESEAva AR 52 B nT BT T A RG] E

T

2% 4% EC Module fra s &K » WX LR %GB 2L "BV L gt q*,é
FMRARP O FRETFAPRZ oV e SR p RS- B
W CON - fae 5 - PRRFenfc 1 (P2 fe b ST - B IR RS R - #F

Yo B Dl enT -7 Seid & - FEEC CCN ez e
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2.4~ #4210 EE

2.4.1 ~ it

BPREEY A0S E N R 3 AHAE P L ARG D YT Y
Rt AR IPETE] o R IE AR AT RE T & KT E @
JRETR ~ RpEF > TP DARM AT L RARE B e % Fog R 2

(Heuristic Algorithm) » 2 #p %2 ¢ Poig f B h G f24p £ 7 R 0= Ff# -

PARRIMT 5BF A N 21 RASR L BT RO T A E KT
(Single-Operation)# 4212 2 % ¥ 4 i+ (Multiple-Operation)# 42 1 % » # 4 ¥4 424,
EE - 1B B FRETLT A S LR FRAEREE - 1 2
SHB LT ITA VT R A A P Benlic® 1R 1 e R A i kRS kR

- E SRR DA A WA
B e ER AR Fp? R PB B 2 B A 5

o H - % % 4z(Single-Machine Scheduling) : & - B 1 fF2k > @ 1 iFzbd B}
— M E

o T {7 % % e (Parallel-Machine Scheduling) @ & - 1 iFxk > w1 fFxk?
ARE- MR B WET U REAILY A IR, P - B
FOLAE R IR R IR o

SEHITRABII R EAITOREAEI B A S

o jnARA|EE AR A 47 (Flow-Shop Scheduling Problem) : 32 e 150 B 4R A
ke, TE - BT TS RERE T - o

o 1 ;%42 B 52 (Job-Shop Scheduling Problem) @ & 1 ;% #t42 ¢ » & - B ¢
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Sl (T R AT e
o BV 47 R 42 (Open-Shop Scheduling Problem) @ B 2x 38 g fg ¥ g7 22 % 1 50
PAFEPR I AR PR S I P EERRER T

2.4.2 ~ Hrzfz;x (Exact Algorithm)

€ Bl B A 0 B S R A E O S R E AR A g h R
Byt TP EE AP LB TG RFENRY R F R Y
W idja Bt it BAHF ReniiE o B E FT A AR kAR F RSP
BFRIEY o A E FT ABR A PR X o PR F AfRz

FFB {E—" °
& & B} *x (Branch and Bound)

AR Uk PAET AR RE S A UAA BT B R kot BRAEA 2L )
RAL(S B) 0 5 A A 40dp g - ] IR RS A RES

BodfR oo LG PG ERE 0 Ladok ERY L@ R R

RS S S Ul lﬁﬁ:{:m—:r__r_ﬁ&xﬁ dﬁjﬁ—'?’—l_‘iﬁig"ﬂ’l—-&%ﬂ”“r};m ﬁ';:’
*‘F;K% AR enfR Pl b WGBS v i fR2IFE- H U] AR Z 4

BT $BET i AE- BRRFIH AT G L vt BEE T
(B BFHAT ARG - 3 B EL SRR Ao A EAF T FE
FEFEEEF R R o o AR ST RORA T VAR U e T (TR R

B3 BEARLR- H AL o2 RO CHE BHERE Y o 2 gl

o
=
W
Eiad

ENRAIBEDR VT AR S p ol Fi8- H 2 S {odPRu a8 &8

HUEEHIIE o BB E K Y KB A KLY R A b S DA B R

s

¥ it f2 % [ (solution space)iEE o frR P kw2 HPERAF A F A B2



CRRN R R SR (R s N S ER Y-

1 XL IfEL PSR F R -
2. 5 & B RB(Branching rule) » jE% AAL U4 ena-BLY 535 - B & 8L >

%

Ji l";"_ll'b Er.l__‘!;.m—f——]! }é_l v Au\:: i& 'I}%?Eﬁa:%‘;\!:'o

3. PEE - BATA N R E G [TE .
4 E e B A TR TR o CE Sy B S NS E

# {54312 (Dynamic Programming)

kS
=

EARE R AR B R RS S B RRBERRE N e B s R

~=y

BELT Y 3RS Bhen(E o B AR B)E 2 Lok o WL REE &) B AE ot = R R 0
B ARRT U REER R A RRER) 2L R UET - o 2 R

AP FIA A R LR T

TR N BAZ AL BEREE ORI BL R AT Bob dfERD kth- %
LAy Ak BEH - BOPFGE F R A R R AR L R
TaE - EATEA o £ Rig- WA EY nBAF e E L) B MRR
AN B AR GRS T U EE R GREIA R AR - B

FooRE- BhEEEI2E L o AR ORAES TR LR R R

28 2 ) I8 ;Fm : \\‘: “;_/- ?—'_] ‘{\-lr _;‘LLP:// : \\‘: >
o BB REFHEL LA KAl o B g gyl et R ik i e 3 o
T RS A B R W S T BB v e g L

B i o
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o
e

DL A FFEATR BRI TR ARG a BB v s Bk
A o e 3L & T]};;}kﬁ:‘ﬁ&{@i B - BrERE- H?‘“{ﬁ R

243~ 13k N x B 2 (Meta-heuristics)

R bt T E R SR E R RS K A R R AR E G

?Iﬂa*%‘ﬁ-ﬁ’»'iﬁ*m'k 1/_%—.},3’* R PEEZER A g? kil &i&mﬁd: o T OB fZh

»L

RLRALE »fed S0 F R % JRBOF ST T T R R T

Fo- BV &8

3

WAPERPN N ER(EXIRBEFTLEA-K) e P o F LA ATE 2T
B ‘J*’FT b “?\E e+ /éi‘-ElT v d - lﬂ‘ﬁvﬁpﬁmiﬁ 1%& ’ ,&ft ;{rﬂﬁ'” P % ;ﬁ,ﬁ;
£ gt fizsg 7 @ 20 Hill-Climbing Algorithm ~ Taboo Search ~ Simulated Annealing. ..

~

oW G- eV - LRI WP E I B RER e E R

S

frefas M e - wend o SEGL Rl o # L BATRDE - Bk
#(p3l) > Fet B 31 Bf2 > Genetic Algorithm ~ Particle Swarm Optimization £
Ant Colony Optimization... % & f*riz- - Ep F FE 3R L -HE...ZTB
Bho fe AR fEA F R ACHERT 0 R b R B E 2 245 2
BfEoa SRk o dot e pHe T F S 28R R e 4

FE’:F'& B Ty ﬁ?{ﬁ. E

Fp s arg@iw kit

o Hill-Climbing Algorithm : ¥ $} #8:T8LiE (71t > ¥ 7 L2Fw S &R R L ™ b
Bbo B R E D (de ) R )R L (Bt R
L)A EEped

o Taboo Search Algorithm : £ 3% 75 AT gL H ¢ Sda - B2 (78— H iy
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%o LR E T RIRIBEE kB REEA )N B BE - BEL

FlE R FEHE > TEBRERDGH BN HIEE o

o Simulated Annealing : ¥3#i9 Vi e R L FE F b Bl Y SRR DI HE
B REANFEEZF €KL DT I iR e it § fdF % B IR

Bp ARG R BCRRIT U B A F M e g el

@ o

(R Rtk a i R SR

3

She
4y

o Genetic Algorithm: fes= 43R ez A b > 53 2 R o B 3 17 RO 27f
<

o

R R > A R R 2 $9F 5

o Particle Swarm Optimization Algorithm: §]* #-% & ¥ jL a cik € {7 5 #7474
HE S K/t TR e A PR s ;ﬁd FHT s ivEd i

B G B B SBNPTT N E AT E R LB N S8 B o
o Ant Colony Optimization Algorithm : #-7 $58k }L 8 (7 5 dug 8 /2 - iSkF IR
G EE LB § AR AREFRDF R Rl BRI AR S 2

BEGY A BB ERFEFREFOIRFRALLANRILL 7o T4

=0
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“7\]’;

R E RIS A LY T
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W bks JEIZELITE KR M A Y R T A R B

Hill-Climbing Algorithm (HC)

Hp ' 0F  Hp 33827 AfH - i HFR R R85 d 2NF
BT HMITEET YR P A AF R BERA D 2 HE 0 B EFRLFEE (%
ThFar AIEEE Fla A BT 2BEREEPT 0 o H R I HED & T4
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—

o FHVRBE e {Bf G REE PREfFEDO v HE- ]
H Aot K BiEF o B FliE- S Fru WOIR R fRR G o
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Taboo Search (TS)

Hop & S ia0F o {097 MR EF TR I ERE Y BT BRFE- H D
fRe it o 30 LR ETRIBBRE DL INEBfED A X HTR - LiFE - B

Barld IR e gt o GRZ LR AR LR E(RERN)T 2 T LA

o

RS S s S LR RE BE L 8 S S

BRSO foig fedt A o AR IWHF T Nws S Bledk F[12]

o MRiTF (neighborhood search): H&H g e~k il 2k o
-

B RUER RS RS F R A R F - BRI - BE &

b

= ﬁ’!?i%" ¢ ﬁ'ﬁﬁ%ﬁ’!}’j}iﬁﬁi T 5 &7 rﬂﬁ’q: ° IE;;'&\T'%‘TmﬁﬁF lﬁ’ B o gk i

~=y

(I

FoRIMATIZY AP W AEIE 2 UTF RS IE TR LIRS

o % z H(taboo list) : #E L H F* ki IF Y E P4 R pan
Rl R - BUFIR L Ao RE R LV E L FHAASRIGF BB
B

R N Ll CEL R SR A BT AT T

S
gos
e
=
hrS
&k
=
|
W

o f#Z 4Lp|(aspiration rule) : * %M“%— AR 2 &

’\':"J'Z#U,ﬁ:f.i'ﬁ‘fl% W 4e Rfg e B f@s | » 2% LH P ahds iF o
o izt i% {* (stopping criterion) @ * k¥ b g HF niE 2 o - fF F Plige
TEE R iR HOF > BEF K PFRL2 B RARFE T L BKfE o
Simulated Annealing (SA)
Hop g i0d > 5 - AR EE P A TR K8 VAR - BAPib E R
B2 AGEEREES N - BA AR ARG R R A S o ok 3T
Bty D RRIARIER D F R U - T AR > BB g RN R
SR NER RSN RS LT RS TSRS R SRR W Ve
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Rifufe F+ 2 e 0 ¥ G HHE R Sl - R o
2 HITATIR LT AL B L B ER] 4o % AR R R

PIARIES > BRI R Sl £ FHRBER -

Genetic Algorithm (GA)

PRGEPIEF CHRER Y A SRR R B AL b 4 S gy
HEEL O BEH S BA R rR AR TREEATE LATRL A T
SR JRR AL P RS (R P R R R RS T - % A H enfRid i B
FIA S FIt R DT B -7 ST L o IR AT YRR AR o 02
BAOR DAY A Rar bR WAL R R A L F RS oA

[6,21] -

iRt (7 (C W] - MR F LTS B A SRR A £ A A A E
PR R Y Ao AR B RE Y R R - X - KR
e RiT 2 b EfE > B BT 42T = B A A8 @ 5 5 (genetic operator)
i #% (selection) ~ = = (crossover) ~ % B (mutation) - if & & 3 3 (¥ L Sg s
Y B B BB A ] A g e

o iE#%¥(selection) : KGFAEfRY EH R R PR T iRdp A d - B w0
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RS NARTIRRAMET P RERE S N oA hE i e R hfRil
@I‘J—""‘ AV

° R (crossover) : xR Hipde s B A BRSNS B UFHRL L 2L
AT i AR g 1T o

o % B (mutation) : RfEe PR LFEIEIEH B P AR -~ F il
WHEHEAA S L BT 2B AN )Y FRE Y LR ek

Bfifcare 2 ~RFBE2VRNTEEGEIE P DNIRES ARG o
Particle Swarm Optimization (PSO)

FRSGESE > RS SR AR EEL b g F AT A g EEL S
Bi‘"f TR R Aoy e g L oL S 8o %‘ﬁr_’ HHAEF DL
EE g B e ST RO ol S8 Bk R NbAT b ARG R G

AR 13

R B E g3 - B R FHERGZEFE LI B BUDT - B

FoF - S w0 B indo i L 88 Bp R FR A Sk
BfE A E L P BERELGM BRI EF BT ¥ ABOR S ARG &

BRI TR S BT L T R P> B 3 12[9,14] -

FRAF B RAER G 2 BN - PR F 2 B AT AT R s 3 T
FEkF ALBIFRERGROEE A ANBE DA RF - B Y Ak

TR S A R P T Y L L e TR i

Vig = w * Viq + ¢4 * Rand * (pjq — Xjq) + C, * Rand * (pgd de) ............... (1)
« Vig ! # - Particle &% d 22 & & > i: Particle 2. %%.-d: &g
« w : Inertia Weight

N BN kI

Rand : /%01 1 éptdc
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* Pig : * - Particle 3] p % 5 2F > ek R R
* Pga - ¥T7 Particle 3| p wv 5 1b > TR E i =

* Xiq - * — Particle p % 2_#7 &
Ant Colony Optimization (ACO)
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P AT H BRI RS BB S P o FETRRY R TR PR LA

R B A RIE R T - RP AR ARG EEF R AT R
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G CONpFd »r 20 8 B4 na 21t ffEy " 7§

EX

;@(?f,u BAR e )EE- Pl F S HEINEE > 7 22 CON i3
#E R Fla 74 34 £ 42 (deployment scheduling) 728 48 o T4 i i 230 5 JRIZ B
FAOE AL blhek LPEALR - 12 G el S AR (R 10). % % 0 %k
PRPLE SRR E RIL(A Y S S R) 0 R R R TG
TR NI A e W HTRORE o O F (¥ AR RS H )T P

pend B2 e Pl FTRRR E AR SavkE on B4 - AK Lo ke
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B oo A ER CON chipf ez o e ags > a2 £- Bibkisl > L@
# 454 (Forwarding Tree) > Flpt B4R PR3V H fy it 5 0 g "YU N 4
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321~ A %F &

¥ - BINE SRR A e~ CON AL f Pty F L HIRAIAFERIP A | eh
FRBEH S FoonE (profit) > - BHEDTEL T EFHHFEF o LT
s R F NG FF ERF TR JORES BHTHE LA L BE L

FATR RO 2 S - R T AR L6 7 i e E S

#(Profit function) o d % &% ® enfiinid § o BRI H e B A

U4

9_1{?_& ﬁj

SR A E Sl TP B AR ok F S liee i A ¥ - B E R 9T} RAL
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S
PATT)

e dg A R BB e T B R R

3.2.2 ~ B L4y i

%4 - R CON BA& 3 h SR AT 4 T SRS 0 5 0 B
G Bh(vy) 0 i-1 EARS (o) v ey 1N R H Bhvy, vienga s o s B AL A2 ar 0 o 0
PRREHCA Y AT W ERATR AR R NG - R TN i At S BT R
R PR RATHCA - PR R - 21 Fleie 2 CON &L

B FREEI-ERFFEG e fueFEH CON AT kb Bd
fel iF e e de Sk HOROR R BT -

BRI TR Pl LR R AR AT

o Schedule : CCN &Lk SLZ 8 A e
o EEBLI AP LA MNEEHEE N5
o fEi#ip# (Forwarding Tree):CCN & 30 i su¥ ¢ B & &8k Jpfdsm -

o TFE BRI A A A 2 CON BAE N F AR RIS 5P g (7 )
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ER O FFER U FES IO SR P PR 5 - gt H R
DR )ERR S TR BRI A 2 TR E e
R AR -
Given a forwarding tree, T(V,E) , where
V = {v;| i=1,...,n} is the set of survival base stations.
Vo IS the root node that has an external link(ig % 2)
E = {ejjlvi,v; €V ,ej; isthe link of (v;,v;) }
« R={rj|i=l,...,n,r; € Z*},t; is the construction time of isolated station v;.
« n={n|(n(1),..,n(0),i=1,..,n}, © isa CCN construction schedule.
*ct = ke il i=1,..,n,t €Z7}
P={p;(t)|i=1,...,n,t € Z*}, p;(t) is the profit of v;, if node v; is constructed
at time t.
S = {sk|sx is a permutation of v;, i=I,...,n, k=1,...,n!} is the set of CCN
construction schedules.
q(sk) is the total profit of schedule sy
« The CCN deployment scheduling problem is to find s, € S, such that q(sy) is

maximized

+ Given forwarding a tree, T(V,E) , where
V = {v;| i=1,...,n} is the set of survival base stations
v, IS the root node that has an external link(i# % 2)
E = {eijlvi,vj EV ,e;; is the link of (v;,v;) }
R ={rj|i=1,...,n, r; € Z*},t; is the construction time of isolated station v;.
n = {n'|(n(1), ...,n(Q)),i = 1,..,n}, = a CCN construction schedule.

t ={ked Tr@ol i=1,..,n,t €Z7}
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P={p;(V)]i=1,...n,t € Z*}, p.(t) is the profit of v;, if node v; is constructed
at time t.

ne Z*:the number of CCN construction working team

S={s|sx is a permutation of v;, i=1,...,n, k=1,...,n!} is the set of CCN
construction schedules.

q(sy) is the total profit of schedule s,

The CCN deployment scheduling problem is to find s, € S, such that q(sy) is

maximized

33~ AR A

fip— &9 o st H 45 £ 47 1Y 38 (Single machine scheduling problem){e i & i
e g2 2 42 1Y 38 (CCN deployment scheduling problem) wff 38 4 47 > T 2E P g & 3L

'fHL l‘ﬁ"ﬁ%#k A2 R {E f‘—; — NP-Hard i %E °
Single machine scheduling problem (SMS) :

The non-preemptive single machine scheduling problems is as follows. A set J of n
jobs has to be scheduled on a single machine. Each job i € J requires uninterrupted
processing for a period of length p. and weight w;, where p. ~ w; is positive integer.
Let (P, W) denote the set of (p,, w;). And the machine can handle no more than one
job at a time. The goal is to find a schedule (i.e. permutation z: N -> {1,..., n}) such
that the sum ie;(w, * Ci(m)), where Ci(n) is the time at which job i completes in

the given schedule m, is minimized.
CCN Deployment Scheduling problem (CCN-DS) :

The non-preemptive CCN deployment scheduling problem is as follows. A set N of n

nodes organized in a tree structure has to be fixed by work teams. A parent node must
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be fixed before its child nodes. Each node i € N requires uninterrupted deployment
processing for a period of length r; € R and weight w; € W, where r; ~ w; is
positive integer. And the work team can handle no more than one job at a time. The
goal is to find a schedule such that the sum ¥;;c;(w./ Ci(n)), where C;(n) is the time

at which node i completes in the given schedule =, is maximized.
CCN-DSisin NP :

We first show that CCN-DS € NP. Assuming that we are given a forwarding tree
T(V,E), as well as a schedule, we can use a double loop to verify that a parent node
must be fixed before its child nodes in T. The verification algorithm can affirm the

schedule is a valid CCN-DS schedule within O(n?) time.
CCN-DS is NP-Hard :

We now prove that CCN-DS problem can be reduced to SMS problem
straightforwardly. Given an instance A:[J,PW] in SMS, we can find an instance
B:[N,L,W,E,n] in CCN-DS such that an optimal solution m, for B is also an optimal
solution for A. Let N=J, L=P, W’=W, E={e,,oi[Vioot,Vi €V}, N(work teams)=1. The
verification can be performed in polynomial time. Let total weighted completion time
of SMS for = is T.W.C(n), total weighted profit of CCN-DS for = is TW.P(xn). We

prove 3 Lemmas first :

Lemma 1: Any valid schedule m, for B(CCN-DS) is a valid solution for A(SMS).
Proof: Any permutation of J is valid schedule for A, and =, is a permutation of
N, which is J. Therefore =, is a valid solution for A. Q.E.D.

Lemma 2: Any valid schedule =, for Ais also a valid schedule for B.
Proof: A valid schedule =, for Ais a permutation of J. Since each node in B can

directly connect to the root of B, therefore any permutation of N, which is J, is a
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valid schedule of B. Thus =, is also a valid schedule for B. Q.E.D.
Lemma 3: If TW.C(xn,) < T.W.C(n,) then T.W.P(x,) > T.W.P(x)
Proof: If Yic;(w; * C;(m, ))<Xie;(W; * C;(m, )), by Equal Division Theorem ,we

can get Yien(wi/Ci(m, ))> Xien(w;/Ci(m, ). Q.E.D.

Next, We prove by contradiction that an optimal solution m, to B must be an
optimal solution to A. By Lemma 1, we know =, is also a valid schedule for A,
whose total weight completion time is T.W.C(m,). Assume m, is not an optimal
schedule for A, there must be another schedule =,, whose total weight completion
time TW.C(x,) is smaller than T.W.C(n,,). By Lemma 2, m, is also a valid schedule
for B, whose total profit is TW.P(x,). By Lemma 3, we can obtain T.W.P(x,) is bigger
than TW.P(m,). This contradicts to the fact that =, is an optimal solution for B.

Therefore, m, must be an optimal solution for A. Q.E.D.

34~ g AR E 2

341~ mE R

CCN 2442 5 — NP Hard R 3E > st pF &8 > UR B A Fphse
cHcE P B2 VIR - R ER T AHBI RN - B
Bl FENFEET AEREF PR - BRI EEHCON S 4z 1 (1)
B FHNFE R EED - B4R Q%S - BAKER > Rt F
BB EAEA IR c 2R AREHS I afE o Bl 11 77 o - BAR
e 4] 05 2 5 < & 2h(Parent node) 2 42 "8 B Z & 33 & 2:(Child node) » 4 Fx %

p )

™

B V2 TRAT FEFT FRAEL AL S34 1 A FIF o

T

B FHNFEEP T EYREN DB E e T AL ER RN
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&gk L Profit S F RN E SR ow R F B A SRS m AR

A

PAERET - BARBASEF FRFE Y BRI Ee hF S8 L
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CCN-DS #— ff £ i i i i# (i 98 i3 8 4 MP¥ > 5 38 § 82 77 & profit 3 2
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% RT EEE A ST 2 Profit ¢ Profit(A)=1+(7+2)*0.9+(10+3+20+15)*0.8 -

B 12 ~ 4cH# profit 3+ & 7 & B

EHERETRE SR L2 profit BB hE RS FT - B4 AR 50 2 E 13
% &) p A oschedule 3 [A, B] » i&:E & 8 : C=20, D=5, E=12 » 2\ {9 #-3% 3% i3 5 (2

P 4e B 3F i profit g« < 9 C 4v » schedule # ¥ | &7 schedule [A, B, C] - % #773 #%

(K2

o3~ schedule 8 » % - A B FHIFE 22K -

Bl 13~ i3 :E & 87 & B

BB L RO SR - BRI R £ S H B
o F oBAET B4 profit B FEFFEE N - Bk SRAEE >
B 5 YA 4 schedule 38 1733 B - #3193 { 224 CCON 4z > #t

423 §2timh 5 o

CCN-DS ;% ¥ i+ inde

o % - FF CCN-DS &% ¥ 2 ¥ 2 Greedy Algorithm % 3+

47
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Bl

Bl 14~ % - r# £ CCN-DS i & ;2 ¢ Greedy Algorithm 3£ 3+

$-PE CCN-DS g HiwE 2

y

-

~

[ Greedy;# &% ]

[ 5 Hschedule ]

|

[ = Etotal profit

Bl 15+ % - F# £ CCN-DS ¢ # % 23

NiEET
L
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o % =Pk CCN-DSE#E 2
it

STEEHB5priority score ]

—
=t

RS EN A ETRE P A (K
DI R RARAE e A5G

B E TN
HERUE - HERGSRERIER

s & Hrschedule profit

B 16 ~ % = F£E CCN-DS /7 & ;2 2% 2+

CCN-DS i ¥ i m##5 (Pseudo Code)

Algorithm(CCN_TreeData){
if(countTreeLevel < considnerTreeLevel){
if(LevelDecreasesWeight < 1){
initialSchedule = FirstPhase(TreeData, countTreeLevel,
LevelDecreasesWeight);

¥

finalSchedule = SecondPhase(initialSchedule);

FirstPhase (TreeData, countTreeLevel, LevelDecreases){
while(NodelsLegal && AllLegalNode!=null){
maxProfitNode = the maximum ProfitNode;
initialSchedule.add(maxProfitNode);
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countProfit(AllLegalNode){
if(nodeLevel < countTreeLevel && nodeLevelWeight > 0){
nodeProfit = profit(node,time) + profit(childrenNode,
time)*childrenNodeLevelWeight;

profit(node, time){
profit = nodeMathFunction(time);

SecondPhase (initialSchedule){
start with the lowest priority node;
while(the current node is not updated){

if(exists lower priority node preceding current node in the current
Schedule){

update current schedule(move current node forward to the place
preceding the highest among lower priority nodes) ;

343 ~ CCN-DS i# & i # 61

AR L7 PR 24 fE CCN-DS i i i2 » * A kRBlZ - R KL 252 B
e B17 5- Bhokih » Bkl s Arik> 22 B-C-D-E~F-~G
LA L LM PFRFELE B U E Sl 2 profity 3 &85 BACo IR
profit » %] 5 21.9~15.6- ¢ * CCN-DS % &/ & 7|p¥ ¥ 2w (] 24)P¥ » Schedule
Z[AB,E,Cl B E&8 D-F-~G: 3 profit & %5 8-2-4>FED % -

e

1. PR E- > pa Schedule:[A] > iz:% &g :[B,C] > 4-®& 17
Profit(B)=10+(5+8)*0.9=21.7 - Profit(C)=3+(10+4)*0.9=15.6 > :£[B] - 4

18
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*

B=10 C=3

D=5 F=10 =
B 17~ PR BE- 2 % E

C=15.6

G=4
B 18- PFRFBE- 2 iFiE & BEE S

2. PpFREEL- > p o Schedule:[A,B]: &g :C~-D~E> 4§ 19

Profit(C)=4+(6+4)*0.9=13 » Profit(D)=7 - Profit(E)=15 » £ [E] * 4= 20

D=7 E=15 G=4
Bl 19~ PR EL - 2 3iE HoEL

G=4
Bl 20 PERFEE- 2 i3 SELE S

3. gz > pa Scheduling : [A, B, E] iz &% : [C-~D]: 4@ 21

Profit(C)=3+(4+4)*0.9=11.2 » Profit(D)=9 - :£[C] - +cMH 22
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%] 21 ~ Eﬁﬁ&%‘i&ﬁ?é’aﬁ,%

Bl 22 - pFfPeh- 2 x5 S 8L EH
4., PEEEw > p % Scheduling:[A,B,E,C] > izE &8 :[D-F~G] - 4§ 23

Profit(D)=8 - Profit(F)=2 - Profit(G)=4 » :Z[D] - 4-& 24

B 23~ FFRFEEw 2 iFiE &0 8L

Bl 24~ PERFBLw 2 13:E §2hiE 4%
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?5&'" ija% I% TR Lﬁa’fﬁ—%ib"/?ﬂ‘zi‘%“‘ "«l—?,%}ﬂ’j’é—_'?,‘;ﬁ\tﬁ %fﬁ'?,%?i%\ﬁ
ks 5 e 107114 1% 100 B 0 f 7 B 5 B s 14 P e b il

20k BT R E A B R

411~ RE&ERE

A JAVA &%t 0 eh CON-DS 55 B 2 9 > #-§ dic A 2 0 Instance i& {73+
IR SR & RN F R g JURE i Hi 3 JUSE S R Wi
5 CCN-DS i ¥ i% % I IRE iF £ 7 2 2500 > T LT /G 0or AR

o 2 E ! Intel(R) Xeon(R) CPU X3440 @ 2.53GHz =

o =IRft8 : 4.00GB

° ko k) c 64 ~ MSWin7

o |IDE(Integrated Development Environment) : Eclipse
412~ %% :}F, i3

d R EEGED PREHAL F R R AN TR AT R
JF g v A1 (Normalization) » 4e 2 3¢ 2 #77 » £ & 3% Z (Deviations from optimum
solution > # = Deviation) °

o WA= (BEE-FEEIE) (B IR E IR, (2)

2~ # R AE Sl

LAY D2 FeRF ALY AN SRR AR HATIRAR R TR ik E 0 @
RO E SRS F R R RO (- B E RO E LR
) EF PR A R E AR AR PRI A P T AR
I S nd g H n:“_é_ﬁf‘%ﬂfﬁ, ERAY NtV A ER S g S

Sl FIL AP R 2 BEE A KRR R A P KR s
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FRE ST T R BT R

421~ F Ry Bk

SIEELN AT GRS R RS 3

o X tInitial Profit » 4= 4p>3% &

o P:Turningpoint» % - & % - FFERE B i oA 58

o S1: First deterioration rate (slope 1) » % — FEir»c i & i &

o S2 : Second deterioration rate (slope 2) » % = FFfre i & i F

422~ Kk F ST

o fruwrrzik S¥ci-d) - (Profit Function 1) > 4@ 25 0 #-A B _§ K2 SR
15 PF AP AZ 38 Turning point P2 ¢ 3 Eimdr g A4 > & 2 4% & Turning
point 2 % FRE_EHFAP I Fe A E R BRIV BF L B L Fe gui s oY
Pldri: TR BREBE CRFE AR F L e EEFE A PFRG N
et gy ER *ié(ﬁiﬁfﬁﬁﬂég#ﬂﬁ%“,ﬁi BRI L H h) o

profit

A
profit =x whenT > P

profit=0 whenP >T

) time
P

disasters time T

Bl 25~ frg g @A - (Profit function 1)

o FT W F S#HoA) = (Profit Function 2) > 4] 26 0 i3 B A REE R Wk

P B &pj%“ﬁ%%ﬂ*ﬁri“f % > 421 Turning point (540§ & 72 /| pF)pF
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WHFRRLFRET R ARG AT ERR SRR T A A g

profit = x+P*s1 when P>T
profit =0 when T>P

slope=s1

slope=s2

time

disasters time

B 26 ~ fr e d S#ci-A| = (Profit function 2)

-

o FrirxF SEcticd) = (Profit Function 3): 48] 27 A& #5-3] % 2 Profit Function

20 AW x4 B i Tuming point 2 155 HiEtk € > L §EF R

profit = x+P*s1+(T-P)*s2 when T>P
profit = x+T*s1l when P>T

slope=s1

slope=s2

) P time
disasters time

P
B 27 ~ e d S#cid] = (Profit function 3)

uf

423~ BLER T

FoREAEZER Y DIBEAEE 0 B3 H L IR O E Sl doa st 3

57

Priority score=Initial Profit*Turning point score*Slopel*Slope2*Model score......

° Initial Profit @ 4= 4238 S fc W e o

3)

o Turning point score : 4% i Turning point {& endw {4 5 i {ﬁﬁ? » B Turning
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point P& FF A% 3 e = 5 0 JFAR B AR S0IE 0 FIPL LS R ehip A g o
o Slopel ~ Slope2 : fx ¢ 2x g it & o

o Modelscore: # e w2y Bt & 7 A3 S gt it N

I
,%ﬁ

y G B RIRE N T A g O E SRS A Bk
i

FIEER T ESTIL S NoE - FNE LI W F FETREE E LS N

ol
ek

o

o MIBAESEEB R AT 88 DE A EA > 0t dFde > B T & {8 priority
schedule % & ] < (D,E,A,C,B) » #g >+ select sort » £ %] A3t d »+ 2 Av priority <
T RSN B ST o FITERARLTH ek 4K T

S0 Bl R § - RHE IR o PR AT S At £ R (L) T A B Y

-4

oo AIMAEVER A F L e RRATE N 2 SBEL2(F AR)TT AR - A
71 Schedule °

% 4~ % = F# < CCN-DS schedule 3 #

Step Schedule Priority
1 (A,B,C,D,E) (3,1,2,5,4)
2 (A,C,B,D,E) (3,2,1,5,4)
3 (A,C,B,D,E) (3,2,1,5,4)
4 (A,C,E,B,D) (3,2,4,1,5)
5 (EA,C,B,D) (4,3,2,1,5)
6 | ...

7 (D,E,A,C,B) (5,4,3,2,1)
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43~ R =& 54k

# 5 ~ Parameters and Ranges for Test Instances

Parameters Range of values
Simulation Time 200 hr

Initial Profit Uniform(30, 100)
Turning point Uniform (0, 168)
Slopel Uniform (0, 0.5)
Slope2 Uniform (0, 0.5)

Restoration Time Uniform (5, 15) hr

Forwarding Tree Size | 10~11-~12 13~ 14~ 100

44~ B S5

AGRRT LTRSS 441l 53 AAA G L% - 2% g% 0@ 45

)

& % % & ~ 37 o Initial Solution £_CCN-DS % - F# L g # g &2 ¥ ehf2 > & Final

Solution R E_% = F# Eef2 - Performance Range % B« i3 f327 & £ 22 £ §E o

441~ R B%-

2678910 3 F 5 - (EH L7 2 P - %> 24 CCN 1 v B ¥ 5
Denfiseg sk d G BETUFR > ANA X067 52 FERFE 2T A2 TE
- REFHFE NS DEF AR DB e B D RPERE 2 e R

EERMETEOAEE HRFIVN L DAY SHEH o 2V EEL

BANT BB BREE PN AR ERT T TR TR E B R



B £ VAR o % - FFECCCN-DS fH w2 T34 8 5 312% @ % = FF &L
W R T s U F] 202% T 39 A B o
% 6 F%- BRFEEFA0BAK -
Optimum |  Worst Performance Initial Final .
Instance ) i ) i Deviation (%)
solution | solution range solution | solution
1 628.72 | 602.02 26.7 615.92 618.02 40
2 550.98 | 507.48 43.5 530.08 538.48 28.7
3 559.49 | 494.69 64.8 544.45 544.45 23.2
4 639.28 | 570.18 69.1 607.28 617.88 30.9
5 719.69 | 630.65 89.04 704.79 712.89 7.6
6 595.439 | 562.14 33.299 578.24 592.64 8.4
7 632.73 | 569.25 63.48 598.63 602.13 48.2
8 568.56 | 510.36 58.2 549.16 549.16 33.3
9 751.219 | 690.53 60.689 740.73 746.93 7
10 505.91 | 422.02 83.89 476.83 484.13 25.9
Average 25.3

Algorithm solution / Optimum solution

0.95 -

0.9 -

0.85 -

0.8 -

5 6 7
Instance

H Worst solution
M Initial solution

™ Final solution
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2T FH-BFRFEEFLAL BAS &)

Optimum |  Worst Performance Initial Final .
Instance ) i ) i Deviation (%)
solution | solution range solution | solution
1 623.22 | 592.82 30.4 609.42 613.02 335
2 693.32 | 642.92 50.4 688.92 691.02 4.5
3 729.57 | 621.67 107.9 707.77 709.27 18.8
4 723.519 | 651.069 72.45 687.62 692.42 42.9
5 634.1 583.65 50.45 606.5 619.3 29.3
6 536.91 | 486.61 50.3 513.11 526.39 20.9
7 609.199 | 498.58 110.619 584.5 599.4 8.8
8 715.16 | 643.92 71.24 699.56 709.56 7.8
9 537.55 | 488.25 49.3 515.45 518.05 39.5
10 504.39 | 437.389 67.001 481.29 484.59 29.5
Average 23.5

Algorithm solution / Optimum solution

0.95 -

0.85 -

0.8 -

5 6 7
Instance

H Worst solution
M Initial solution

™ Final solution

B 29 7% %
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8 FH-BEREFEEFL12BAY )

Optimum |  Worst Performance Initial Final .
Instance ) i ) i Deviation (%)

solution | solution range solution | solution
1 681.5 568.3 113.2 658 665.8 13.8
2 676.17 | 577.51 98.66 626.11 665.07 11.2
3 788.07 | 668.72 119.35 751.87 777.07 9.2
4 734.209 | 606.659 127.55 719.06 719.06 11.8
5 727.18 | 624.959 102.221 698.62 703.62 23
6 659.52 | 481.389 178.131 633.64 633.64 145
7 510.19 | 433.82 76.37 485.7 499.2 14.3
8 666.99 | 574.18 92.81 642.89 651.29 16.9
9 735.129 | 535.48 199.649 687.13 688.93 23.1
10 654.51 | 553.74 100.77 611.06 635.31 19.0

Average 15.7

Algorithm solution / Optimum solution

0.95

0.9

0.85

0.8

0.75

0.7

0.65

Instance

M Worst solution
M Initial solution

™ Final solution

Bl 30 F5%k- $xFyz (12 Bh
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2 9-F%-BRFE2FL(ABBAL &)

Optimum |  Worst Performance Initial Final .
Instance ) i ) i Deviation (%)

solution | solution range solution | solution
1 820.019 | 650.56 169.459 799.22 799.22 12.2
2 713.92 | 474.67 239.25 593.6 621.32 38.7
3 848.26 | 678.35 169.91 811.95 811.95 21.3
4 746.58 | 640.34 106.24 699.88 726.28 19.1
5 867.34 | 677.869 189.471 818.05 839.34 14.7
6 725.699 | 539.89 185.809 686.2 704.2 115
7 666.66 | 526.57 140.09 639.02 643.12 16.8
8 750.29 | 681.889 68.401 724.79 724.79 37.2
9 770.739 | 701.68 69.059 716.68 756.03 21.2
10 851.79 | 656.79 195 818.19 818.19 17.2

Average 21

Algorithm solution / Optimum solution

0.95

0.9

0.85

0.8

0.75

0.7

0.65

0.6

Instance

B Worst solution
M Initial solution

™ Final solution

Bl 31~ F5%- $%Fy2 (13 B4
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% 10~ F%- SR FE2FA(14 BAX

-y

v
Optimum |  Worst Performance Initial Final .
Instance ) i ) i Deviation (%)
solution | solution range solution | solution
1 831.67 | 588.54 243.13 797.57 811.57 8.2
2 794.94 | 606.04 188.9 738.04 745.44 26.2
3 743.04 | 570.489 172.551 715.34 715.34 16
4 821.569 | 693.77 127.799 780.96 805.87 12.2
Average 15.7
1
s
5 095
a
E 09
£
é"io.ss
- M Worst solution
-§ 08 M Initial solution
>
§ 0.75 i Final solution
3
£ 07
S
< 0.65
3 4

Instance

Bl 32 Fsk- $FmE2 aa(l4BAS -
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Algorithm solution / Optimum solution

0.95
0.9 -
0.85 - H Worst solution

M Initial solution
0.8 -

M Final solution
0.75 -
0.7 -

14

10
Number of base station

B 33~ F % 7 F A S BHEOTE T I500 L iR

442~ B =

£ 1112131415 2 F %= (EHem: ST A F » S CON 1 (F i
Boh DR A BE R T UF RS K- LU A R R SR

ReafigTio 2 3 - BB AF & 2MBF L RA DA 2 Apot 7 %

\\ N

— B $ TP CCN-DS 2 g 5 eed » e FRE T30 X g
Foh- R oMERREZEN Y -RERAFE r vt e2 Y%k Ak EFR
PoodcR e Honiv s BT EARE o % - FFELCCN-DS f M7 ¥ 2 5
A5 345% F o FFEFE R T 231% 0 R F K- o F ko ehT

o X % 5 3% -
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2 11-F%- 5 FE2EL(A0BAE 5

Optimum |  Worst Performance | Initial Final .
Instance ) i ) .| Deviation (%)
solution | solution range solution | solution
1 633.3 609.38 23.92 621.69 | 623.15 42.4
2 556.26 | 515.819 40.441 527.84 | 546.64 23.7
3 565.75 | 511.489 54.261 537.74 | 552.03 25.2
4 630.37 | 558.91 71.46 580.05 | 616.94 18.7
5 719.02 | 642.62 76.4 706.46 | 711.76 9.5
6 595.18 | 570.93 24.25 583.44 588 29.6
7 619.47 | 470.78 148.69 582.76 | 586.29 22.3
8 580.4 527.61 52.79 561.71 | 561.71 35.4
9 767.42 | 705.029 62.391 757.9 | 763.79 5.8
10 513.16 | 440.92 72.24 493.69 | 497.59 21.5
Average 23.4

Algorithm solution / Optimum solution

0.95 -

0.9 -

0.85 -

0.8 -

0.75 ~

0.7 4

0.65 -

5 6 7
Instance

B Worst solution
M Initial solution

™ Final solution

B 34~ F%k=- $%ahiEaa(l0BA» 5
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2 L2 FHR-SFFAEZFLAU BAS -

Optimum |  Worst Performance | Initial Final .
Instance ) i ) .| Deviation (%)

solution | solution range solution | solution
1 623.079 | 588.21 34.869 610.27 | 614.68 24
2 702.189 649 53.189 697.58 | 699.23 55
3 734.73 | 597.76 136.97 703.78 | 716.24 13.4
4 719.229 | 659.12 60.109 685.37 | 694.8 40.6
5 638.16 575.5 62.66 612.03 | 619.53 29.7
6 537.66 | 483.539 54.121 512.6 | 523.15 26.8
7 599.62 | 489.12 110.5 558.07 | 583.24 14.8
8 716.3 643.82 72.48 696.85 | 709.91 8.8
9 538.35 | 493.63 44.72 517.26 | 519.94 41.1
10 503.17 | 454.63 48.54 494.17 | 4955 15.8

Average 22

Algorithm solution / Optimum solution

0.95 -

0.9 -

0.85 -

0.8 -

0.75 -

5 6 7
Instance

B Worst solution
M Initial solution

™ Final solution

Bl 35~ F%k=- S5 A2 aa (1l BAK -
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F 13~ F% - BRFEEFLA(12BAF 5

Optimum | Worst Performance | Initial Final .
Instance ) i ) .| Deviation (%)

solution | solution range solution | solution
1 681.92 | 504.93 176.99 611.6 | 660.14 12.3
2 669.93 | 577.84 92.09 621.7 | 628.53 44.9
3 800.98 | 677.749 123.231 762.87 | 792.65 6.7
4 759.369 | 696.79 62.579 736.94 | 737.43 35
5 738.52 | 651.809 86.711 709.49 | 712.89 29.5
6 647.39 | 469.92 177.47 619.71 | 640.35 3.9
7 524.219 | 470.339 53.88 498.09 | 507.67 30.7
8 664.089 | 572.73 91.359 637.79 | 644.6 21.3
9 729.64 | 571.46 158.18 706.38 | 706.38 14.7
10 682.26 | 575.04 107.22 622.8 | 630.59 48.1

Average 24.7

Algorithm solution / Optimum solution

0.95 -

0.85 -

0.8 -

0.75 -

0.7 4

5 6 7
Instance

B Worst solution
M Initial solution

™ Final solution

Bl 36 7%= 2% F822an(12BAs 5
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F 14 9% - %% FBEFA(I3BAF S

Optimum |  Worst Performance | Initial Final .
Instance ) i ) .| Deviation (%)
solution | solution range solution | solution
1 805.21 | 636.27 168.94 753.21 | 765.72 23.3
2 730.51 | 475.04 255.47 647.57 | 647.57 324
3 84291 | 678.25 164.66 816.73 | 820.16 13.8
4 756.48 689.9 66.58 731.23 | 741.98 21.7
5 879.19 | 678.84 200.35 824.82 | 862.58 8.2
6 738.93 613.5 125.43 714.33 | 725.39 10.7
7 675.599 | 536.61 138.989 638.06 | 644.37 22.4
8 756.13 | 699.24 56.89 735.78 | 735.78 35.7
9 774.3 707.63 66.67 719.53 | 761.07 19.8
10 870.699 | 746.969 123.73 832.97 | 840.27 24.5
Average 21.3

Algorithm solution / Optimum solution

0.95

0.9

0.85

0.8

0.75

0.7

0.65

0.6

Instance

B Worst solution
M Initial solution

™ Final solution

B 37 F%k=- $%FhiEna(13BA» S5
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F 15 9% - B%FEEFLA(14BAF S

Optimum |  Worst Performance | Initial Final .
Instance ) i ) .| Deviation (%)
solution | solution range solution | solution
1 852.26 | 621.97 230.29 784.81 | 785.29 29
2 793.68 581.2 212.48 726.49 | 726.49 31.6
3 751.38 | 606.419 144,961 724.96 | 724.96 18.2
4 826.109 | 680.07 146.039 776.87 | 799.97 17.8
Average 24.2
1
s
5 095
a
E 09
£
é"io.ss
- M Worst solution
-§ 08 M Initial solution
>
§ 0.75 i Final solution
3
£ 07
S
< 0.65
3 4

Instance

Bl 38~ Fk- SRFEZ e (14 BHAF -
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Algorithm solution / Optimum solution

0.95

0.9 -

0.85 - m Worst solution
M Initial solution

0.8 -
™ Final solution

0.75 -

0.7 -

10 14

Number of base station

B 39 F %= 7 F A 5 BHEOTE T I500 1L iR

443~ R 5% =

£16+17-18+19~20 5 F o= (EHf 292 SEE A F o CON 1 iria

¥

Bei SR o R AT UFIRCCN-DS - I f HwE 2 A mT A

/\‘
%

AR 33% o F SN D R e e N - R F A E
REREEAR SRR BEA G ER T E S T35 5 382% - ¥ C A K
2 fR e R SRR e X R P AT R AR A T 5 24.8%
BIREE R 22 TOFALFRETHR- 2R R CETRRFS CRFY e

a0 B R RE o M Spcs N B (heuristic) it % ot o
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F 16 F%=B%FEEFL(A0BAF

Optimum |  Worst Performance | Initial Final .
Instance ) i ) .| Deviation (%)

solution | solution range solution | solution
1 645.48 | 590.79 54.69 636.97 | 637.92 13.8
2 570.64 | 553.93 16.71 560.82 | 569.68 5.7
3 594.209 | 564.189 30.02 573.15 | 591.44 9.2
4 698.639 | 652.6 46.039 670.8 | 670.8 60.4
5 715.17 664.9 50.27 669.52 | 692.34 45.4
6 616.42 603.5 12.92 613.02 | 613.94 19.1
7 651.09 | 591.01 60.08 630.87 | 631.11 33.2
8 596.48 | 569.68 26.8 588.67 | 588.67 29.1
9 797.7 747.24 50.46 759.35 | 759.35 76
10 531.85 | 504.01 27.84 530.78 | 530.78 3.8

Average 29.6

Algorithm solution / Optimum solution

Instance

B Worst solution
M Initial solution

™ Final solution

B 40~ %= %

71
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F 17T~ 9% =% 782 FL(A BAE 5

Optimum |  Worst Performance | Initial Final .
Instance ) i ) .| Deviation (%)

solution | solution range solution | solution
1 653.03 | 631.12 21.91 644.72 | 648.44 20.9
2 684.069 | 672.67 11.399 682.96 | 682.96 9.7
3 699.89 | 649.76 50.13 679.91 | 687.21 25.2
4 74797 | 728.11 19.86 741.2 | 747.09 4.4
5 678.28 | 649.35 28.93 667.78 | 671.93 21.9
6 572.73 | 548.36 24.37 564.11 | 567.73 20.5
7 627.64 | 561.64 66 570.73 | 613.06 22
8 744.219 | 678.86 65.359 693.02 | 740.84 5.1
9 568.8 545.11 23.69 559.68 | 560.25 36
10 554.57 | 528.06 26.51 552.29 | 552.29 8.6

Average 17.4

Algorithm solution / Optimum solution

Instance

H Worst solution
M Initial solution

™ Final solution

B 4l F%=%
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Optimum |  Worst Performance | Initial Final .
Instance ) i ) .| Deviation (%)
solution | solution range solution | solution
1 727.349 | 675.05 52.299 696.27 | 710.32 325
2 703.36 | 660.69 42.67 694.29 | 696.18 16.8
3 774.95 | 726.109 48.841 763.58 | 765.06 20.2
4 793.18 | 758.07 35.11 779.34 | 781.14 34.2
5 778.06 | 741.35 36.71 760.11 | 764.65 36.5
6 689.19 | 661.199 27.991 679.02 | 683.18 21.4
7 579.68 | 555.02 24.66 573.3 | 574.29 21.8
8 676.62 | 639.25 37.37 664.79 | 664.85 31.4
9 775.11 | 737.97 37.14 764.08 | 764.08 29.6
10 685.329 | 651.219 34.11 667.33 | 677.44 23.1
Average 26.8

Algorithm solution / Optimum solution

2 3 4

5 6 7
Instance

|
|
|
|
|
|
|
|
|
|
|
|
|
8

O

10

M Worst solution
M Initial solution

™ Final solution
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Optimum |  Worst Performance | Initial Final .
Instance ) i ) .| Deviation (%)
solution | solution range solution | solution
1 878.079 | 828.99 49.089 864.58 | 864.58 27.4
2 725.569 | 677.15 48.419 713.76 | 713.76 24.3
3 858.13 | 825.62 32,51 840.02 | 844.42 42.1
4 804.979 | 770.21 34.769 792.66 | 798.96 17.3
5 889.869 | 832.449 57.42 886.16 | 886.16 6.4
6 805.68 | 767.349 38.331 793.21 | 797.77 20.6
7 737.75 | 692.71 45.04 710.03 | 714.02 52.6
8 780.319 | 751.43 28.889 7773 | 777.3 10.4
9 796.17 | 753.42 42.75 773.42 | 785.58 24.7
10 921.78 | 871.77 50.01 910.24 | 912.16 19.2
Average 24.5

Algorithm solution / Optimum solution

Instance

H Worst solution
M Initial solution

™ Final solution

B 43~ %= %
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Optimum |  Worst Performance | Initial Final .
Instance ) i ) .| Deviation (%)
solution | solution range solution | solution
1 868.17 | 806.45 61.72 856.12 | 857.29 17.6
2 865.41 | 804.439 60.971 836.96 | 842.86 36.9
3 801.15 | 723.399 77.751 790.25 | 790.25 14
4 908.82 | 858.13 50.69 879.38 | 891.58 34

Average 25.6
1
s
3
g 0.95
]
2 B Worst solution
2 M Initial solution
2 09
2 i Final solution
3
£
§
< 0.85 -
3 4

Instance

Bl 44~ F k= FFmE2»an (14 BAE D)
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0.99
0.98
0.97
0.96
0.95
0.94 -
0.93 -
0.92 -
0.91 -
0.9 -

W Worst solution

M Initial solution

Worst solution

Algorithm solution / Optimum solution

10 11 12 13

14
Number of base station

B 45 F 5= 7 I A 5 BHEOTE 2 T o5 L iR

444~ F BT ¢ X RER D)

PR EFTFHR- PIFHRZFBE ORI F % A o K TS 1000 &
AP BB AR CHEEF U P E R G ROET S LR

e e SR E R 6 LY 10 R0 kR LR LS BR R
(Pseudo optimum solution) £ & & £ #%(Pseudo worst solution) » 2% i * B3 £ k™
feacF (2358 4) gt kA 47 CCN-DS i 2 fe* 2RHCE bIFF ey o § % - 3|
PRz BRBEE AP F R T EH T80 d £ 217 43 CCN-DS
B R A B2 PR St AR I B iE fF

o MR =(GFE AR A Ef2)/ (max(E & iR x Y 2 fR) - & F f7)...(4)

F 20 S REF RS FFEZFA(100 B A 5

Pseudo | Pseudo . i Average
) Performance Initial Final |,
optimum/| worst i _ | improvement
) ] range solution | solution
solution | solution (%)
Experiment 1| 4126.2 | 2797.8 1328.4 4611.7 | 4681.2 29.47
Experiment 2| 4097.7 | 2680.6 1417.1 4521 | 4569.2 23.07
Experiment 3| 5502.6 | 4850.9 651.7 5667.9 | 5708.8 21.82
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22

Number of |Experiment 1|Experiment 2|Experiment 3|  Average
base station (%) (%) (%) Deviation (%)
10 37.28 40.8 46.47 41.51
11 34.94 34.24 40.49 36.55
12 28.13 35.53 36.86 33.50
13 32.76 33.92 33.03 33.23
14 22.99 28.21 34.57 28.59
Average
i 31.22 34.54 38.28
Deviation (%)
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Number of |Experiment 1|Experiment 2|Experiment 3|  Average

base station (%) (%) (%) Deviation (%)
10 25.36 23.45 29.61 26.14
11 23.59 22.09 17.48 21.05
12 15.72 24.75 26.81 22.42
13 21.04 21.31 24.56 22.30
14 15.7 24.2 25.66 21.85

Average
. 20.282 23.16 24.824
Deviation (%)
2 FHREFFEVRE M BRS R L

Number of |Experiment 1|Experiment 2|Experiment 3|  Average

base station (%) (%) (%) Deviation (%)
10 11.92 17.35 16.86 15.37
11 11.35 12.15 23.01 15.50
12 12.41 10.78 10.05 11.08
13 11.72 12.61 8.47 10.93
14 7.29 4.01 8.91 6.73

Average
. 10.93 11.38 13.46
Deviation (%)
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