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Resource Delivery Path Dependent Deployment Scheduling 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, cellular networks were usually crashed in earthquake,
typhoons or other natural disasters due to power outage or backhaul breakage. Unfortunately,
the efficiency of communication system is a critical factor to the success of disaster response
operation. We designed a contingency cellular network (CCN) by connecting physically intact
but service-disrupted base stations together with wireless links. Since the transportation
capacity may be very limited, scheduling of CCN deployment order according to the demand
of disaster operation and traveling time between base stations becomes an important issue. We
propose two optimization models: CCN Deployment Scheduling Antecessor Constrained
Problem (CCNDS-AC) and CCN Deployment Scheduling Unconstrained Problem
(CCNDS-UC), aiming to maximize the efficiency of disaster response operation. Both
problems are proven to be NP Hard. We also designed two rapid heuristic algorithms,
DS-ASG and DS-UCB to solve the problems respectively when it is needed in urgent.

Finally, we evaluated the proposed algorithms against optimal solutions (in small cases only)
as well as genetic algorithm by simulation. The experimental results show that DS-UCB
outperforms all other algorithms. In small scale cases, the profit obtained by DS-UCB is only
0.9% smaller than what the optimum solution can get. In large scale cases, as compared to
the pseudo optimum solution, which is the best solution among 100,000 solutions, DS-UCB
outperforms pseudo optimum solutions in profit by 16.7%, and in traveling time by 19.4%,

both in average.
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Country Event Date Scale Damage
Taiwan | 921 Chi-Chi Earthquake | 1999/09/21 |~ eMter Dead : 2,415
q Scale Injured : 11,306
Category 5
USA | Katrina Hurricane 2005/08/23 gory Dead : 1,836
SSHS
. . 8.0 Richter Dead : 69,227
China | Sichuan Earthquake 2008/05/12 i
Scale Injured : 374,176
Ital L'Aquila Earthquake 2009/04/06 6.3 Richter Dead © 297
Y . q Scale Injured : 1,500
>2
_ S00mMM - pead - 681
Taiwan | 88 Flood 2009/08/08 | Rainfall within 2 .
Injured : 33
days
Haiti Haiti Port-au-Prince 2010/01/12 7.0 Richter Dead : 316,000
Earthquake Scale Injured : 300,000
8.8 Richter
Chile | 2010 Chile Earthquake 2010/02/27 Scale Dead : 800
China | Yushu Earthquake 2010/04/14 | L RICNter Dead © 2,698
a Scale Injured : 12,135
2011 Christchurch 6.3 Richter Dead : 185
NZ 2011/02/22 :
Earthquake Scale Injured : 2,000
Japan 2011 Tokyo Earthquake S011/03/11 9.0 Richter Dead : 16,079
P and Tsunami Scale Missing : 3,499
Turke 2011 Van Earthquake 2011/10/23 7.3 Richter Dead - 644
y a Scale Injured : 4,412
. Category 3 Dead : 117
USA | Hurricane Sandy 2012/10/29 .
SSHS > $71 billion USD loss
2013 Sistan and 7.8 Richter Dead : 35
Iran 2013/4/16 i
Baluchestan earthquake Scale Injured : 117
i 2013 Lushan 7.0 Richter Dead : 213
China 2013/4/20 :
Earthquake Scale Injured : 11,460
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THRELLFTHRE - N Ak > B i o iicd 3300 Ak 0 P ER R ETILA
P53 1800 & - H ¢ 550 A B X 2 {8 mE IR EE o 2 0 A Mg £ 72 0]
PER o & TEH TR R A FBAR L RBFITE KL A RN T SRR
PF > WRAEFR P AL ER T RF AR E T2 FPBR AN AT S 2 U
MWoadee 2 2 X FHOAREHEIITER LEE [&‘]mﬁf‘ s FEMA (Federal
Emergency Management Agency) # = # ¥t > %*m@ 2011 & - BiER £ §F W F £ v‘;‘ﬁk;ﬁ
R W ¢ R AETRETT R 2 A 2011 Ehp AR RLRE A v - B FE R

PEEE RZBFRHE R 2 A RAIH-F o L e AT RLT

HA b AREIEHE 2 B ARG 74 "é“?}?}’]@‘;ﬁ LeriE3i 0 AR AR 4 A F

1.1.4 ~ % A & 3 enge g pFag
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¥ & 72 | P AP (Golden 72 Hours) | o EFEEL NS 5 JE N o F g
SEFCEEPEYS o WX F P R F G B2 RS GHERETE 0 R T EMINE
FEER L BT E o R AU 24 )P ERETESFT B E 90% 5 T
{5 25~36 | PFRF EFT 0 305 F 4R 5 50%~60% ; f s 36~T2 ] PR ST 0 3RS F
F120%~30% ; AT 72 -] PFiSJEdT 0 F A FRIFIT 5%~10% > = F1 A R A G s
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115~ BEinp2 g 2 PrRE TR
d 3R EE R LR REE MR G H I F I PREEART Ko ki
PR ol cnR B iE 22 T 0 BAE M AR R - i AR 2R o

Rfp AP ol b oz A H PDREL R} SREZR G f L@ 4R 2 fodk ik
%%ﬁﬁﬂﬁﬂ°&&%ﬁ%?%ﬂﬁﬁ%ﬁ%ﬁ&ﬁiT’éﬁ@%ﬁﬂ}&ﬁgﬁ
TRHAS S B rdodk 1297 o FA PR P BREHRY FF R A FHET FH
P A T Ao R R R R Y hE R

2 12 - pEiapdy gk

®  User friendly

Popularit
P y ® Sufficient amount of terminals
® Task original communication services
. ® Adequate quality of service
Usability .. .
® | ong standing time of terminals
® Mobility
® Low development cost
Practicability ® Easy acquisition of equipment

® Construct rapidly and easily

- . ® Sufficient number of concurrency users
apaci .
pactty ® Resist the burst of call request

® Reliability

Sustainability
® Fast recovery

Adaptability ®  Self-adjustment

Operability B OAM functions




EETARF £
. ¥ % {2 (Popularity) = d *vak b B 0 F S ¥ LA kS BldeiEk AR
ey

JORE R BRRG I o & f e U

SBirE A RT AP TRELEFARIRT R > FREEAMAT LATTERER
T AR A Ve FNRF ARBEARF DT EF AL - BRAEER L SNGD
ERFR-HZEG - t@nRH ()72 AR MPHTERLTRY F o
¥ % p(Usability) @ d 50 G R efRag i 2T 0 R S L ORIL AT R
i NG R TR Y AR SRR A il 3R
P T2V A BEHE I OE NIRRT LAF i S o gk B i
WP BN £ - % 0 @AM BT o
B i el 3 PRA%(Task Oriented Communication Services) @ # 2 7 @4 q
FE PRI (POTS) #3848 #505¢ (walkie-talkie) fr# e id 2 #555¢ (Agency) s7PR %o
Flo RELERI T FEIEF LR DR B AR IR T Sy B
TR B IR A AR LA T ER S P R RS RE
Tk SUfE A F BRSSO e T B P 2 B e o o gt fh s B
FRlEBRE VR F IR 2R ETBRA R - G RF R
PFLIRPE AR A L FL > P e BRAPFL e
IR %‘fa? RIEEAR IR RAR YRk E- BApPFL
B i} § eni 5 PRAE(Adequate Quality of Service): ft i 1 (T H Kt B T B B
iReE W TR B P 0 U AF e ’Fﬁ’"‘;‘)\g\- PR BT S-S E - AP SLE gV P s

J‘ o

P o R A e a0 ko2

~‘q\

B L oken¥ #3% # (Long Standing Time of Terminals) : & % @ «hga 4 ER¥ ¥ ¢



FE-RBEEFT R FERAP- ERINBEIAARRFET > APEFRA
L3RRS DERLT > LT ROFERET TG A 921 3B
BRAADITREF LT A 2T 3B FLIE R PFRLEFLUT FP
dodir it EPRER MR E o fET 0 10-12 o B & X R
TP - X e R

# 8 p(Mobility) : SR ® chig * % » — Bl 5 A%+ - Bl¥ T BB TP Kl

)

KAECFEERBASBEL - 50 LEBFE - BEL FAR Y RARPERME
AR o d BRI S el Ak R E R T R ke Bt AT

ETEEE S S T I

IESTET RS

3 R

7 1 (Practicability) : F "% +¥ A EpEE N 500 DR A Ay g & hF Ko

FAR L Renf 2 R TRAL A PR OY Tl e TR P LT = X HFEL 0 K@

CERE

a

2

N

EaA S Ry KA FEPE (L3R A 7 R FIERY 8t g

EEE LT )

% B4 = A (Low Development Cost) : vt 42 it F enid 20 % So R B et 7 K

H R

w

Al m @ BEER AL EHAFr 0 FRIFR) o AK
ZHFRFTREL M PR T F B FIP LB 2 AR Bk o
MEERY LREFTTUHARFLIFARF AT BEE L E o

5 3 EP- e 3K % (Easy Acquisition of Equipment): d 3% i F 20 R T R Bk o
BT R R EE A UK o EAPA TR LR RIER
EoFpt %kt e EREE Mol o AP 2 d LR PIE N R E

M ks APRFRES RN RER S I G R

st:
;
G
-ﬁ

AR 9 e
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W F4i¢ & $-i# (Easy and Rapid Construction) : = 7] S F B BT o
XFEARS RO FREFAER o FEF 24P £.90% 0 2251 48 ] P2
B8 3 50% > 493 72 PR #1209 > 4238 72 /) FFis > 352 315% - &
THICL Fed o BREL A AARE ‘}i\_gjﬁ_oﬁb o B EHEA S T A B
B I AT R FRI 2R EL A hpizg o TP AT F RS
FEREEEERA L DT R
4. f i 4 (Capacity) : X B p Gl F REEF R LR A T FF LR 8
FAEF RIS iy M E R AH . XEFEPMUFEEZIFSNLI0OR MR
CHRAZIFENEI6R AR I XHAZTFDHE0RB d P L H
THR IR o BEE R [l R Y EY 2 o R o R
BAvdt 2 Rl FEE O L FREL AR BAEEICAM DL FI o &
HARREE T EF PES R RN 4 0 AR R R SRR -
5. #% 3 (Sustainability) : %4 g R 2 AT F Z PR 2D 2 4 > 1 921
PRAV P ETEHEFIEX > A 2a RET T REE T RSEARR - HiD
SRR T AR - BPERY o T A B AR M FE

B Fi4 (Reliability): 2 F A#F7 27 > 27 &3 d v 10 @4

_%‘(1,/
& e

<+
R
—
o

B Poik kR (Fast Recovery): B & AR A% 5 428 v LR > AIRFEP ¥718 -

et d 2 P enid g = 2 3 0 AR BRI o

6. ¥ # £ (Adaptability) : T ® ¥ X U RAALSCER  BREEN ANBEF VAL

oA

et o BTG UNDFRT > FAREUFENIRD FLEAAFT RS FREPE
AR oA RT LABA B MEF TR T
7. ®iE |+ (Operability): &4 ~ & ~ g 2fciad# i fL s OAM # iy -
FREL A RERTL 2P R FEE R OAM & JF 284 & 445
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VI BXATHE CH A BHF L ARAE B a4

VIL EREF 1% 2 Bdd )l sl A5

VI (@@t R i ik aFagains B

2 BEEL ARG
W oF LAk A AU (Walkie-Talkie) ~ % 4% & % % (Amateur radio) ~

B fFrh i3~ B3k A (Trunking radio) ~ & 38h S % c aiTE k3 F 57508
# & * MANET (Mobile Ad Hoc Network) [4][11][38]: #f /& & i 3t i ko i kAR S
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EEZRARBHIBFE ARG O FELEMBRASHEATRY > FIGE Y X
RS REZERS BOMBRG -

ﬁ@ﬁ%%Sﬁﬁﬁﬁﬁiﬁ@%iﬂwi’#ﬁﬁﬁiﬁ%T%ﬁ@mﬁg s\
LAUJECR Sﬁ%rﬁﬁ{i‘_ﬁ%") o

Amateur radio | £ iF fLehE g T 0 N RAR TR 0 TRITE RN TR I g
LA TER LG RESR T RHEEHFC D HF LAY g2 Ed
Fboooa i FEGd BEVRA B o

MANET RIE2 5 5@k~ p e~ f B enTif SR 7 F 8 F SAAH G2
FoEMANET g @ #15 RBP4 8RB R ELEEY - BERApR T
EHLE R RTLRM 2 PR ERTHELFEES Y o

Walkie-Talkie R F i@k SR EE M 587 - > R E > & E2HWH ] -
TEIE - VELEFRY -2 2L LGFE i’ﬁxé%m?ﬁW%’&&$W?%%
ERERE L o BTG F ki o

FHARGAREL N 3 AT HFA AT FRA AR RN L
FTo TR BF CEATEY 5 EF TR P - GRS FPEAPRN A
FfRAC R % - fE5 1% MANET Jeddz ks fLs P2PNet» f+ 4] x 22k 3
FL2ZA W TRABIEL XA FEFEAJ P G HT ek F S E o MANET #2

# Walkie-Talkie & (7 @33 il 2 >

38 p

Nhud

GRBRLITERR T jes Bott o B

BAHT BT EXR Y o § - FE A 5 7 #ad 3 e (Contingency Cellular

-

Network > CCN) > 1% G enfidid 3 s 5d Ak 23 £ 4 s pa 4 cngkys o

7 Wi-Fi % & A E - BIRRERE S B RSIHr SR H g
SARSEEE 2V TP LR AR 140 A T A AAH(CCN) L AT
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Bl 1.4~ CCN 3§

A AR B FALMEANIC AR EREED DK LBEL R f R B
ZREP AR LT 36G FH BeokEi- BRALR LR Fe R AR A%

Hdend RE RGBT PR E o DA REE R AT RN RS
P ]

A EFEE - FT AR FRERFEAG RN 2T AR AR5
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2% -HEMAEY

21~ %= & Fd il AR

§ 2 & {78538 30 4 3G (3rd-generation) » &4 & i fichk @4 ik K 5 7 6030 e 3G
AT S PR R ()2 Bdp(R 202 - PRl s)e APk kg ik
BIRis o 45 - RUG)H A AR R R A RE S - RQ6) R E o i o B hopE
B~ P33R iy oS B B 2. GSM ~ CDMA S i3 %582 48> 3G
£ 5§ d- M2 Internet & % 448 @@?lg Lapt—- RiFdE k1 & d UTRAN
(UMTS Terrestrial Radio Access Network)£: CN (Core Network) = 8 4 % = [42]> 4- @] 2.1 >
# ¥ > UTRAN * *t g2 #75 22 Radio 4p B e0%* v > @ CN Pl (7§53 30 % SLp e

TR e s e B 0 g S R

USIM
| 3G GMSC ‘_".
‘Cu E g
EGS ~ HLR
ME ol
3G SGSN G| GGSN TE
i External
- . Networks

Core Network

B 2.1 ~ System Architecture of 3GPP Release 99
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211~ * FHd A 3k g% (UTRAN)

UTRAN (UMTS Terrestrial Radio Access Network)d % i RNS (Radio Network Sub-system)

i > & B RNS # 45— % RNC 2 H #c i3 4p ¢ - Node B » RNC £ Node B 2 ¥ i¢ *

lub 4 % 4pid > % — B RNC 538 lu-PS /4 & 22— B SGSN 4pi » ¥ £ Iu-CS /i 5 & -

® MSC #pi -

B RNC (Radio Network Controller) : & 2 52 34| B §_3G i - B EIRAL o T
& i Mobility management ~ #¥ v g2 ~ g4 F e fe 4] > LR (R L F IR b
Bt Bp R SUE S P RR RSUERT RN Z gaGE S  § T RNC
EAEEREER T Node B eh@ T Fif ¢ 3 R AT chfp e~ w e 32
i % Service access point # & PR 7% % Core Network - 12 5% ma = > — 5 RNC + X472
#1 50~300 f: A ¥ 5 o

B Node B : & _ji [~ (Basestation) > fe# ja# * 2 2 RTHY » HEaNT g
o lub 4% frRNC 3 i > 2 & g2 22 UE (User Equipment) & Uu 4 & 7
WA H G B R LR L RS B R A G R
SHIE G BLehdp 3 3k B a0 [29] -

2.1.2 ~ ¥ g2 (Core Network)

¥« 4 2 (Core Network)4 % CS-CN (Circuit Switched Core Network){= PS-CN (Packet

Switched Core Network) » ¢ CS w44 -PSE.d £~ FTHEZ L RiIFRES > 2 EXHF

FEWTEWE Y > & 27 HLR ~ MSC/VLR ~ GMSC ~ SGSN ~ GGSN 7 B3t 4

B  HLR (Home Location Register) : & #& i~ % 4% > £ - K A% 2 FHRE > Fig
* ool AT 4o SIM ek BE s S Aer SR R(blhed Bl LE B

B%) e 7% F 73 % b Service profile 384535 > HLR » & 3| & #3425 1L -

B MSC (Mobile Switching Center) : & T E 24 > f Fr P ERBFPN FHE 2
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s B g T A b e g2 o

B VLR (Visitor Location Register) : 3+ Z =¥ ;a4 % - A ¥ 5 B MSC#%% p = &/
VLR Med g FE RS EHERBFP DEHE B TR 40 2 p i
% % ~ Service profile... & -

B  GMSC (Gateway MSC) : /¢ {7 % 3% 2 ## > 3 = CS domain i 4& 3| ¢t J; PSTN
(Public Switched Telephone Network) s« # = PLMN (Public Land Mobile Network)=»
THAS -

B SGSN (Serving GPRS Support Node) : § # #53t¢ 7 Mobility management ~ i d
LIRS Rl DA AR A EE

B GGSN (Gateway GPRS Support Node): # & PS domain f 3% 3] *F F 52 a0 3% 4% o

213~3G ®RT AT

Before 3GPP release 5 : % 3GPP Release 5 [42]z # ¢91 3G % Jf#T A E R
peenIP =¥ >i%iE Node B3I RNC {5 »RNC ¢ * p 2 e IP % = ehdt e 3f KA
Kk o ¥ ¥ 22 SGSN i lu-PS & » 2815 SGSN ¢ £ * Gn/Gp 4 & £ GGSN if 4 » ¢
@gﬁﬁﬁgmmm,—ng&xNrm;’ﬂg%ﬁiwaiﬁwﬁﬁéﬁ%ﬁ%ﬁfj
Internet > 4] 2.2 -

3GPP R5t0 R7 : #7:13GPP R5 | R7 sx 2 [42] » #F f§ 7 et enZE ) 4 §_HSDPA #
"f 7 Drift RNC =~ i » ¥ ® #- Drift RNC &+ it # 7] Node B> £ %k ¥_i2 :x SGSN> £ RNC
¥ U B £ GGSN & * Tunnel it 48 » 4@ 2.3 ° & HSPA+ K & » * #-RNC 3R A 5

ic 7% 3| Node B *+ & -
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NodeB Radio Network 3G SGSN GGSN
Controller (RNC)
P IP
PDCP PDCP | GTP-U GTP-U | GTP-U GTP-U
RLC RLC UDP UDP UDP UDP
MG - MAC {_IP P P P
Protocol | [ [ e T
AAL2 AAL2 | AALS AALS L2 L2
WCDMA | |WCDMA | AT\ ATM | ATM ATM L1 L1
Radio Radio
B 2.2 ~ 3GPP Release 5 2t ﬁé
@ """""""""""" lu-ps
O |
W '
Node B Serving RNC 3G SGSN GGSN
IP P
PDCP || PDCP |GTP-U GTP-U
RLC RLC | UDP UDP
MAC || MAC
IP IP
MAC-HS | MAC-HS
L2 L2
WCDMA |[weDMA | L1 L1
Rl 2.3 ~ 3GPP Release 7 7
v 4,
it r i
R RN IER RO R S SR S R R S A
FEE - BRALN AT AL PBREEGHE LA R ATE S URS
S EF 1 AN A :l-%—g EH AR R ’ﬁ ERER TR Tl W A 2Lk BLeniT
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usability

BEEAE %

Regular cell
phone system

B 24~ LN
A L1S #riF g eng £ ARSI AL

221~ % 3T 4
* B PN 2T 4 [51][52] A B AL g4k %

> time

CELTEH pE

20 % Siehig * o

RENITHnh Wi 2ae 3 sl

TEEFEF AT RBMEARTEF S > NFLIEL R A
FoB LB 6k TR e E e 2 s TR S kG S Bt - Fh 4R
B S EY %%# Bed 2 T4 4 G4 SuP mAxds bt

WK E 0 FE e FCIE w k 8k ,T iy o

B igEL

SR E AR SR ok ® RS
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® JNAAiBEF FEEEEST T
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2.2.2 ~ g ¥ (Walkie-Talkie)

& S (1 42 Walkie-Talkie) §.- f6< # e AT foF B> @ * LB ISM 4
FoRERAG - R AT UAER R L(EB) (28] mAHAET F GEE
PR FPRES P ARKABPITTRFULE -

B iREL

Biz o b -
@ THATUETEAEFRR* o

O TR BEIPNTRAGEHS P KB TR

® LG ERFME blhel SEAENARIY o R 714 X R

T 240/1052 £ m A 0 L S SR

T

® %}_@ﬁéﬁ?i@—jﬁ‘éfﬁ%,%%ﬁﬂ 55;7 ,g%ﬂ Jf;?\é_:@p?jrgpxgglfi;hpa
PRy Ry A HE YR S 2.

® it BphAmmA o

223~ ¥4g AT (Amateur radio)
¥4 m ST [9][19] - B A% sx(Ham radio) - £ & SUEE AR 02 0 2 3 R RGE o B
RIL G EEMT TR S BB PR EN BIFA ] T W

o fed MERATRXFARACFF ENE ] YR E;%ﬁ%‘:ﬁ’%ﬁﬁﬁﬂf@ﬁ» ’

RERMTEA GEAEES R FL F R P S L ERE R

~m)

e RPN

B REL
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O TR BEIN TR EH S L H BT A BRI RN L L
1 o
LIS T
@ 2K in) EARMTEADNVIY HO o
8

o T3 Iﬁ/ﬁ-’ g.ﬂg{ E > R )gf_ﬁ?’ 1’_‘?_#7&”}3 j[*!{‘ﬁ@;j’y& ﬁgtif%?’l) , l/}lj-ﬁr': PN /\71(

LT RS- RERRMRT SRR

® [(FHA4 4o

2.2.4 ~ (¥ f#F % @ W (Satellite mobile phone)
1990 & B @ * 2L fFh T mh @k Kk D o blde GSM hfFk
s<—NMotorola =43+ 3] (Iridium) ~ 1S-95 hiE & sx—Qualcomm 1 2 7 i (Globalstar) » 2
BREFEF NI MGES ?a‘ﬂ@;ﬁi&]ﬂiﬁ[44] °

B ERUEBARFRF > BLUFERI T FRFLEIAS IR LER AR
10,000~20,000km =¥ #uig 5 35 e 750~2,000km s rif k3 30 % S o fFh iﬁ»fg»\l
BB B DRl S - AT o P ME AR - P56 B Mk
Flak- RO 5 100 A4 d W FEEBHNALY A RH BRI LRE ALT R
i 2 i - BF Aapdia ki EFH R YRR %

3
BHB DT FEEHF O FRAEF T ES O RAFHEL AL ERR T T

RS R TR - R LR GRS R e
S S SR S A Y s L e L
FHRFR DFES L LR 5 dodii $1ie 2 5k [27][44] -

G4 (Iridium) g3 415 ¢ § 11 B ik BUE 2 6 > 66 47 Pk enie B 7 31
Ho AIEHE £ 689 2T o RV ML o 3F(E 2001 &£ 30 5 B EED B

£ ~ 49 GPS (Global Positioning System)fRis » 45 * S 45 5 1 & & A pr § 1 HjiFz
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QPSK 34 % BLji
i (Globalstar): 2 ki B 44 E>02000&8 5 %> 5 - ¢ Z 6B #uig T o o
ABRTHFL chiF b fFR 20 A %o 2IR U TH L £ 450 27 0 EE B EEE N o B

BEF - B E ~ FH - GPS e paging PRi% > & * A5 § 1 Bpe{e QPSK 3 % i o

R T EANE R S F Py

225~ & ¥ E¥i 1 % 3 (Trunking radio)

d AWk RARTAR GRESE RN G Y B - BESGKE YRGS

PR bRk P A FANd AR AR NE S FESOS Y P REDR

SAREE I E R 2 JUBRTUEUAGE ] s at  BL AP iR

Ao B B EFENA[46] TR A P AR EREY o d IR kY hE - B

M ME i R chie R PR AR 0 % 2 e RIRARR B 0 ¥ ¥ SN iR

R bl4e t F R Project 25[1] 02 2 AR TETRARIB & kbt o d 307 & ¥4

AR - BARRNA IR gig® o Flpt > AR RY HLF - WAL LW -
Project 25 : APCO (Association of Public-safety Communications Officials-international)

%0 1989 # Jads et FI(F A P25) > A1 20 AP BRI R AR B PRAXILE E R I AP F A 4
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(Multi-vendor interoperability) > » £FH 3| & 2 £ % 224 IR 7 2 242 %o
P25 % # L %47+ /i (analog/digital) 2. # k34050 > A ] > 200 B @ ¥ o BN ] ARAC
PO OPTR CURIE R B B SRS 0 BRI W R B Ml O o

TETRA (Terrestrial Trunking Radio) : = # Trans-European Trunking Radio » % %
¥ # # & 5 T (Professional Mobile Radio - PMR){r i {< 3 % (Walkie-Talkie) . 4= » % i
WP AEMPRFF N OLL 2AMERLERT L g RNTERE % R P EAE S-S
(Public safety) 2 B4 th iz 74 F oz 2= % 5 3 B3R« R ISBMEE R0 R
T8 A MLEMT W MPRGEE X i ks P25 7 - fhir > 5 TETRA ¥ & i
P MR EESG
m REL:

©® T MEERZEL M- o

® LIHFEFA -

® FELEVHRAERY

O protEEEr A AL LE - EAL LM -

® TFIHHF ELEFIAEZIHR  AF M Mk 2 EEET LFH

226~ ## 44 5 (Cell on wheels)

Ho Ry LFgw %“u%’; BF Ak S B TR nd {1 L i
B RRRLRGF B A AREE B B P R a0 RRIMF LRI FRE R
Bl R o S M- PR AT S o

dNBENRR CERREAL-EYFE AR P FRIRRA F R
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227~ FHEL N #E (MANET)

Adhoc i & - f8i2F § RAHFK G L FIHH R -d EF BRTHERL I HET
BT D A E B e oo i ipat S EEHE A - R & Adhoc R
FABHBERE LRSI RBEFRFANFE TP LRI L B ER D
AAREFFFT U As BAERE SR E LR FE P Y ¢ BSR4
F R[11][38] © v F 14T 4FEL

B ORISR TG EEEY TR AR .

N

FRER 2 FRACERRGALE > L AT RPR BB S
AP AT L P o - B P2Pnets 1 AR A B ehE A TR g
MANET ge 552 1% VOIP HiFd e &3 30 4 oo 4 5 P2Pnet [18][24][25][26] »

TR B4 Inteet ~ i F PR F SFRT AR R & Sl TRE 23] ¢
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P2Pnet iz & i sue it 2 B SPEE o BB 2 BER g 2 B e~ - B L5 T RELRGE
Koy oehe Ak > i P2Pnet g il o A 2 RELR ¢ o P2Pnet #-¢ B
T ko ¢ 7 WIMAX > Mesh network &2 VANET % - % ¢ % i (Opportunistic
network) s - € 4= & B b= e P2Pnet & & 5 — B 3 i chfe s o A FRT o RR
GE2 BV kAt BRI A BT AERFFRE T Y Gl g o M E T
T 17 4 A7 H) mﬂf? iz o [3][18][21][24][25][26][35][36]

BB AT IFEINS DA RRY > A AR 2 e - AV AN Kk
W LA R MDA o R A BT o AT FRREI O BRI 0 BT
AR FE P - B P2Pnet kS - bk Rl X ETEITA M =2
FF 3PN E e Wi-Fi enid A ped e > 82554 Multi-hop #4 > &t L 3 a6g i \olIP

KA R i

mRE
® THRTAFMIMHXAPALTIRGREPH RSP - SH 2L -
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Taboo Search (TS)
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Simulated Annealing (SA)
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Genetic Algorithm (GA)
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Aehp RSB (r R P IR)F N k=T - o A RS EEFBAARGS  F
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® < (crossover) : R Hipie QR RAE IS Mf];ﬁ HE A 4 R

o

o (v -
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Particle Swarm Optimization (PSO)
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« Vgt % - Particle 2% d 2z i & - i Particle 2 %%.-d: &g
« w : Inertia Weight
CC NG B B AT FERMEERE
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* Pga 77 Particle IIp o 5 2 > ArdiIRehEc iR 2R
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Ant Colony Optimization (ACO)
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Given a forwarding tree T(V, E), D, P, S where
« V={yli=1,2,..,n} isthe set of survival base stations and isolated base stations.
* v, isthe root node that has an external link (survival base station).
e E= {eij|el-j is the link of (vi, vj) and v;, v; € V}
e D= {dij|dl-j is the traveling time of (vi, v]-) and v;, v; € V}

o S ={s|sy isapermutationof V, k =1,...,n!} isthe set of CCN construction schedules.

* C= {Ci(sk)

« P={p®]|i=1,..,n tez}, p(t)isthe profit of v;, if node v; is constructed at time

c;(sy) is the time at which node v; has be repaired in the schedule sk}
andv; €V,s, €S

t, t =c;(sx) and s, € S.
* The CCN deployment scheduling antecessor constrained problem is to find s, € S, such
that Y., pi(t) = Xy, Pi(ci(5k)) is maximized.

* Subjectto v; must be constructed before v;, if v; is the antecessor of v;.

4.4.2 ~ CCNDS-UC

CCNDS-AC = 7 jéag i o g » ¥ ° ﬁxlﬁ\ %F,?é&«l’ﬁi@fﬁ_i g T g EaRaE
HERARERY BFRETEA 0 TF LI PFFERKOTE DI o 4oR 45 45T o
Schedule 1 5 7 A5 < &8 d 7 43% (Headquarter) A & 31 > @ 754 1 5
BRRE S o pixREHE BEE {i-f R 9 BPFRF S 4 > @ Schedule2 pld 3
TR I8(Headquarter) shE B0V - A iR oS B R A BRI EHRF G 4B
RS A TS '—qu‘ ’Fﬁ%{ﬁﬁ# A-~B ¥ E> CCNDS-AC e 244ric® 7 { %
EEFER S R T E L TR R PR OTE © Flt A e ) CCNDS-UC
FEAveed a2 BAEA EE L A ande R E o BRI Gl R SRS 4?%%7]%1‘
MR UFEE S ER - BT R~
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Survival Base Station,

Survival Base Stati Of]

-

Schedule 1: A— B—E Schedule 2: E-> B— A

Bl 4.5 # 5] 1 CCNDS-AC 3] 7 it i = 2 k%

CCNDS-UC B 3T H-345 it4oT

Given a forwarding tree T(V, E), D, P, S where
« V={yli=0,1,2,..,n} isthe set of survival base stations and isolated base stations.
» v, isthe root node that has an external link (survival base station).
* v, isthe CCN headquarter
e E= {eij|el-j is the link of (vi, vj) and v;, v; € V}
D ={d;j|d;; is the traveling time of (v;, v;) and v;, v; € V}

o S ={s|s, isapermutationof V, k =1,...,n!} isthe set of CCN construction schedules.

c;(sy) is the time at which node v; has be repaired in the schedule sk}
andv; €V,s;, €S

* C= {Ci(sk)

« P={p®]|i=1,..,n tez}, p(©)isthe profit of v;, if node v; is constructed at time
t, t =c;(sx) and s, € S.

* The CCN deployment scheduling antecessor constrained problem is to find s, € S, such
that Y., pi(t) = Xy, Pi(ci(5)) is maximized.

2 F k2 F

68




AS5~3RR &7
fiz- & ¢ o A4 Single machine scheduling problem (SMS) 4= CCN Deployment
Scheduling Antecessor Constrained (CCNDS-AC) #ff 424 47 » ¥z P CCNDS-AC = -

NP-Hard F* g -

4.5.1 ~ Single Machine Scheduling Problem (SMS)
The non-preemptive single machine scheduling problem is as follows. Given a set J of n
independent jobs that has to be scheduled on a single machine. Each job j; € J contains
uninterrupted processing time u; € U and weight w; € W, where u; and w; are positive
integers. The single machine can handle only one job at a time.

To find a schedule s; such that Y7 ,(w; * C;(sx)) is minimized, where s, is a
permutation of all jobs (k = 1,2,3,...,n!), C;(s;) is the time at which job j; completes in

the given schedule sy,.

45.2 ~ CCNDS-AC
The non-preemptive CCNDS-AC problem is as follow. Given a forwarding tree T(V,E) that
has n nodes, the tree structure has to be repaired by a work team. Each antecessor node should
be repaired before it’s child node. Each node v; € V' requires uninterrupted delivery time
d;; € D and profit p;(t) € P, where t, d;; and p;(t) are positive integers. The work
team can handle only one job at a time.

To find a schedule s, € S such that the sum Y, p;(t) = X, pi(c;(sx)) is maximized,

ci(sy) isthe time at which node v; has be repaired in the given schedule s,.

453~ CCNDS-AC# E4en

CCNDS-AC isin NP :
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We first show that CCNDS-AC € 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
CCNDS-AC schedule within O(n?) time.
CCNDS-AC is NP-Hard :

We now prove that CCNDS-AC problem can be reduced to SMS problem
straightforwardly. Given an instance A:[J, U, W] in SMS, we can find an instance B:[V, E, D,
P] in CCNDS-AC such that an optimal solution s, for B is also an optimal solution for A.
Let V=1, E={er0tilVroot Vi EV}, D=U, P=W. The verification can be performed in
polynomial time. Let total weighted completion time of SMS for s, is T.W.C(s), total
weighted profit of CCNDS-AC for s, is T.W.P(s;). We prove 3 Lemmas first :

Lemma 1: Any valid schedule s; for B(CCNDS-AC) is a valid solution for A(SMS).
Proof: Any permutation of J is valid schedule for A, and s, is a permutation of V, which
is J. Therefore sj, is a valid solution for A. Q.E.D.
Lemma 2: Any valid schedule s, for Aisalso a valid schedule for B.
Proof: A valid schedule s, for A is a permutation of J. Since each node in B can directly
connect to the root of B, therefore any permutation of V, which is J, is a valid schedule of
B. Thus s, isalso a valid schedule for B. Q.E.D.
Lemma 3: If TW.C(sg41) < TW.C(sk;) then TW.P(sk1)) > T.W.P(sk2))
Proof: If X;c;(w; * Ci(sk1)) < Xiej(w; * Ci(sk2)), by Equal Division Theorem, we can
get Xy, pi(ci(Sk1)) > X, Pi(ci(sk2))- Q.E.D.
Next, we prove by contradiction that an optimal solution s,, to B must be an optimal
solution to A. By Lemma 1, we know s;, is also a valid schedule for A, whose total weight

completion time is T.W.C(sy5). Assume sy, is not an optimal schedule for A, there must be
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another schedule sy, whose total weight completion time T.W.C(sy,) is smaller than
T.W.C(sy,). By Lemma 2, s, isalso a valid schedule for B, whose total profit is TW.P(s4).
By Lemma 3, we can obtain T.W.P(sy,) is bigger than T.W.P(sy,). This contradicts to the fact
that s, is an optimal solution for B. Therefore, s;, must be an optimal solution for A.

Q.E.D.

46~ 7 B i

CCNDS-AC £ CCNDS-UC *# % NP-Hard ' 48 > e x Fli fc e g > Bl Ap S 9
FoAARRRAA FERAY B OBG ) RELUXED P - b fE
Flpt 20 5 s BRARCRRG ) R g R R oV R RN Y D - BT

B 360 CON 22 ff4 42 -

4.6.1 ~ DS-ACG %% %

Deployment Scheduling Antecessor Constrained Greedy Algorithm (DS-ACG) & 4%+ % - &
R 3E#4) CCNDS-AC #73k t- i & i2 » CCNDS-AC % — B 4p 4 P Fge' 4] i5 i > &
FEHE CONpH Fd K @Bz B2 fm T d 2 NS CONZE R A R 2 8 K-
AB S gy 2 % ELY CCN PRIFFZ L HT Nt P o 4 Frifjli{é F S 8hipd § pForg =
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B DS-ACG i§ ¥ i in42.H

Input CCN Topology,
Traveling Time, Profit

Survival BS as the initial node, add to Candidate List (CL)

v

Choose the node with largest (profit/time) from CL

The chosen node delete from CL
add to Scheduling List (SL)

Update total profit and total time

v

All the neighbors of the choose node add to CL

e

Yes

Output Scheduling SL,
total profit and total time

/

End

Update profit of node which are in CL

B 4.6 - DS-ACG ;# & % /m 428
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DS-ACG Pseudo code:
Input CCN Topology, Traveling Time, Profit
SL=null /*the Scheduling List*/
CL={} /*the Set of Candidate nodes*/
CL.add(Survival BS);
while (size of CL !'=0) do
for each node in CL do
calculate the node § profit and time
if (profit/time) >(maxProfit/maxTime)
maxProfit = profit
maxTime = time
maxPtofitNode =node

end if
end for
SL=SL+ maxPtofitNode [*update Scheduling List*/
totalProfit=totalProfit+maxProfit [*update total Profit*/
total Time=totalTime+maxTime [*update total Time*/

CL.remove(maxPtofitNode)
for each node in maxPtofitNode 5 childList do
CL.add(node)
end for
end while

B 4.7 -~ ;% & ;2 DS-ACG 2 Pseudo Code

B DS-ACG i# ¥ i § 6

Bt APy - B s 3P DS-ACG IR B 2 0 4eBl 48 4w 0 BlP ¢ § 2 % 3R
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D E~Fo= B&EBFLBH » FRALCONY Ay sy DB hEias BN
KA S B a2 B ap PR > TR S A > At 10T = & ahdk 2 Traveling Time
KA S RUOREFFREZLIEY £ 2R ERDEAFNEFRFF 42 L 4

PR BT SN AT i
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4.6.2 ~ DS-UCB % & i#
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#-7) CCNDS-UC #7382 > %442 2 WP EH R %F;g&iﬁi@ﬁﬁv‘%ﬂ CREEE |
- B A g E R R LR gt 3 AT o d A At BPATHCA] AP
CCNDS-AC ~ { Zaffe > pH@HR* fHFH 2> v a8 a2 IR ODFERK
WorFRZIHRFE S ERATER2 R FRL RN R § AR o S
i# B % ¥ ¥ pe Backtracking %41 -

% CCN Bk Iptt ~ PR = A % JT 2% F S 4740 0% l—*%l i » DS-UCB 13454~ 4 i%
BRLIERACURINE AT DR TR DR de m PR FRF D B L
HRATIG HXOTE TR D FRORETE M r BN AR o g
oo R AFHIER TERBECHET S A DTG REFRURE T 2 8 F

WA BT XTE B Y 0 PIRR S g M PR o L X HETR T BT R
PERURE 0 FTFRIE RS - B DR @B » I RARY 0 B TP B & RO T
FEOUE A sk o 345 00 B Az ik (7 Backtracking sk B s 0 4 R et gAY
H %3l 3-hop 14 gk = BhAe » B R PEAR (S A BOEE { X dt o E o I Aprt R A
X AR E PR APEAR S e~ LAY o K m S B e AP (S - B A gE
= & Backtracking ##]>iF 7 % w420 L X FA5 PP w2 f#;g‘t.&fafﬁﬁ& = A 8L
AR FT R E 2 2% E ] CCN e adry &g 481240 5 18 - DS-UCB
- T AT B2 B B AR g R B MR T e B - BRSNS {
S EE R TR o T i % i A2 [B] ~ Pseudo code % i ¥ & § b

# P DS-UCB ;% & %

77



B DS-UCB gk iz 42K

—>| Update total profit |

Input CCN Topology,
Traveling Time, Profit ‘
* | | Backtracking(SL, total profit, total time) | |
Choose the node with shortest time to Headquarter, |
as the initial node J
| Update profit of node which are not in SL |<—
—>| The chosen node add to Scheduling List(SL) | ‘
‘ | Choose the node with shortest time |
| Update total time | J
| The chosen node add to SL |
Has the survival B:
been repaired?
No
—| Choose the parent node

t

| Calculate total time

Find the antecessor of the choose node,
which with profit, as the survival BS

Output Scheduling SL,
total profit and total time

End

B 4.14 - DS-UCB ;% & ;* ;47 ]

Backtracking

Input SL, total profit and total time

¥

| Check node in the SL have other child. (SL[i=1]) |

Yes
No
Yes

| Generate possible scheduling (limit) |

¥

| Choose the scheduling with largest (profit/time) |

¥

| Update SL ~ total profit and total time |

¥

-I Check the next element in SL[i=i+1] |<—

Compare the SL and [initial node—end node] choose the
largest (profit/time) and update total profit total time

Return SL, total profit and total time

End

Bl 4.15 -~ DS-UCB 2. Backtracking %17 #7.B8]
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DS-UCB Pseudo code:
Input CCN Topology, Traveling Time, Profit
SL=null [*the Scheduling List*/
CL={} [*the Set of Candidate nodes*/
startNode=the closest node of Headquarter
while(SL.length!=node Number of CCN topology) do
SL.add(startNode)
if(startNode don t have profit) do
[*initial path from start node to SBS*/
while(startNode don t have profit) do
temp_Sch.add(parentNode)
startNode=parentNode
end while
backtrack_Sch=Backtrack(temp_Sch);
max_Sch=temp_Sch
if profit(temp_Sch) <profit(backtrack_Sch) do
max_Sch=backtrack Sch

end if
totalProfit=totalProfit+ profit(max_Sch) /*update total Profit*/
total Time=totalTime+ time(max_Sch) [*update total Time*/

SL.add(max_Sch)
startNode =last node of SL

else
totalProfit=totalProfit+ profit(startNode) /*update total Profit*/
total Time=totalTime+ time(startNode) [*update total Time*/
end if
startNode=the closest node of startNode
end while

Backtrack(temp_Sch) do
Check temp_Sch neighbor and generate finite schedules
Compare schedules ’total profit
Choose the schedule with largest total profit as the backtrack_Sch
return backtrack_Sch

end Backtrack

B 4.16 ~ DS-UCB ;% & ;# Pseudo Code

W DS-UCB i ¥ i §# &

A~ B H g GIR M DS-UCB i 8% o d 0 st g B AR Bt 1

B PR AR FT U E PR A Bt > AT CON fphkipE 2 E /g8 2 2. 877 o
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FRALZRRE FRERES AL JOEFPFRRARETFREZ 4B 417 #77 » B ¥
CCN ik drtt > £ 3 A~NB~C-D-E~F-G-H» ~B&8F L4 > 25~ 4 CCN
F % 537 (CCN Headquarter)#7 &= % > § 48 5 CCN g s4d's -

Survival BS

Schedule = Null

Total Profit=0

Total Time=0

CCN
Headquarter

® 4.17 ~ DS-UCB i# & i # &

4oB 418 71 > EH AT CON KL @ Meh& B E 7L 18 c EBL S 352 8Ly & T %
A% BPRTE > T & profit v 2 o

Sur\'vl BS

Schedule = E

Total Profit=0

Total Time=0

* CCN

Headquarter

B 4.18 - DS-UCB i & i # 28 -
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4oB 4.19 #7o1 > d & BEE LG profity Flpt AR & EEB AT @ BERR AN Bha
FernE o P AR SR AR J g A g S E 5 oprofit s F]pt B I - B4

W inpt e E->B—>A - 42 E 3] & 8L profit 5 ik -

Schedule = E—=B—A
Total Profit =P,

Total Time =T,

CCN
Headquarter

® 4.19 - DS-UCB i & i # 28 =

4o B 4.20 #7on o gt o5 38 5 Backtrack » 1395+ — o FTiE dhde da i Ag E>B—>A 0 BARIT

§BES dooh e de R AR A 4 F U R AR bW 421 §14.220 < hd NFBLE £ 32T

WA o WA PR R E PR T K g R R R -

® 4.20 - DS-UCB i & i #% 21 =
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Survival BS

Schedule = E—=G—B—A

G m Total Profit = P,

Total Time =T,

CCN
Headquarter

Schedule = E-=G—D—B—A
Total Profit = P3

Total Time =T3

CCN
Headquarter

B 4.22 ~ DS-UCB i# & i # 3¢ = (¥ 424° & 2)

d izt Backtrack 2 2 9 fLe iR det e o 3 4p vt Rt SRR R E 2 AP
B P NE A EE S S U E R > T IR o
1% Backtrack i > fe BT 8 £3 profit snE B AL T — B PiE 2 50 )

AEH B R IT e M AR FI T il g AR k- LT - 8RR K (R profit
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PRAR LT M@

&

B C-D-GH¥VRIFLE IR FITHE By
BPEERY > 4o 4.23 SF o

Survival BS

Schedule = E-B—A—C
Total Profit = P1+ profit(C)

Total Time =T+ time (A, C)

CCN
Headquarter

Bl 4.23 ~ DS-UCB i & iz # e (Kim-)

IR DT - SRR R B ERAE > U BlA T 0 B4 HF ¢ &2 E @ profit > 4o )

424> ot H 2 g8 EAFH IS I HF=E > AR S BEAEE I &8 profit

T ¥ 34 {7 Backtrack « £ 4 - 1 HFw o B B S B ARG O o

Backtrack(H—C)

CCN
* Headquarter

B 4.24 ~DS-UCB i & i2 ) 2w (R =)
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4.6.3 ~ Genetic Algorithm

h373 %87 3 A LE LS FE R B 2 (Meta-heuristics) 0 # ¢ e § 70 ATEE
% (Genetic Algorithm) - Genetic Algorithm 223 k p E | < 2 it /el > F AR 7 b7

wieh AL Bt wihb o d 2 R AR RS R R e Wi Ar

fl* = BA NG B3 0 E 3 (selection) ~ % & (crossover) ~ % B (mutation) » #-ig 2 e

Flg 28 @74 > pEOEIEHLALRE > - Ao RauF it D LR RRR ST

= & { ¥ 7% % - Genetic Algorithm E_p = & 4% Traveling Salesman Problem (TSP) ® #

FALRH ch3 k2 - 0 ATFNRB R T ERR Y A4 AR SRR FE T aha

PR 0 @ A2 gk 0 eR STHEL] CCNDS-UC 406 _CCN 4p 4 @ o — i fe %o ¥ B+
ez B 420 3 . CCNDS-AC % 5| CCN 4p# ¢ Ay 2R 3 M hehE 4 B4R R
B2 TSP A3 LW L or A amd s s A S AR Lo BRI PR

B S H 2 T A A o Tt A 2 2 2% Genetic Algorithm sk Flig v 4! & 374
CCNDS-UC pt F* %8 » & A 2% ® &2 DS-UCB 4p 7 +* i -
B Genetic Algorithm ;% & ;% /i 42 [B]

[ T/

| Generate k scheduling lists (k-SL) randomly from V |

[Reproduction])

Choose k/2 scheduling lists which
have the bigger profit from k-SL

lists replace the other k/2 scheduling
No lists which have the smaller profit

->| Calculate total profit and total time of k-SL | r Copy those bigger profit scheduling

Whether the group has evolved
over X generations?

'

[ Crossover]
Using Partially Matched Crossover(PMC).
Crossover points are selected at random and
PMX proceeds by position wise exchanges

Yes

Output Scheduling which have the largest profit,
total profit, total time l

[ Mutation]
The mutation point and mutation value

(E_nd) are selected at random
]

B 4.25 ~ Genetic Algorithm ;% & /% /i 42 [B]
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Genetic Algorithm Pseudo code:
Input CCN Topology, Traveling Time, Profit
SL=null [*put the Scheduling Lists*/
Temp_SL=null
n=V.length()
while (SL.length<k) do
temp_list=generate a scheduling list which is length n from V
SL.add(temp_list)
end while
while (generation<X) do
for each scheduling_list in SL do
Caculate the total _profit of scheduling_list
Caculate the total_time of scheduling_list
end for
Choose scheduling list which have the bigger profit from SL I* selection */
Delete the other scheduling list which have the smaller profit from SL
for each scheduling_list in SL do [*reproduction*/
temp_list= scheduling_list
Temp_SL.add(temp_list)

end for

SL.add(Temp_SL)

for each scheduling_list in SL do [*crossover>/
PMC(scheduling_list_a, scheduling_list_b)

end for

for each scheduling_list in SL do [*mutation*/

rp=math.random()*n
rv=math.random()*n
if scheduling_list[rp]!=rv
exchange(scheduling_list[rp],rv)

end if

end for

generation=generation+1

end while

B 4.26 - ;% & ;% Genetic Algorithm 2 Pseudo Code

B Genetic Algorithm i & i & &

i - B H e B3P Genetic Algorithm j# & 2 » d vt w2 AR B AR T
H- S REAPF nftiony ~BeES A2 CON AGRIpH » 7 £ ¥ € 2 A 28 B g
# (selection) ~ = = (crossover) ~ % £ (mutation) » #-E L HA F ¢ 2 ¥R BT 2 > o dF e

fEASTA RS B FEATIRN R FREES A R EFFLLEAR

85




oo Flt fpt 2 F Fp B Genetic Algorithm ¢ AL F]GE i o B e 38 17 E o

Aol 427> % - HBE ST S8~ T CON BRI ? chfh st & Tgeng & A
BAC D E~F-d gl mgias K mipslod  gsles & p #ET7F

FICCON E R ARE S > 0 T 5 4o dpchR 4 8 -

Survival Base Station

Schedulingl ([D|B|A|C|E|F
Scheduling2 |A|B|E|D|C|F

| SchedulingK |E|B|D|A|C|F] |

V={A, B, C,D, E, F}

B 4.27 ~ Genetic Algorithm j% & i % 3¢ -

FoAZ o - B & TR ET] - R RS A o Bt % B9 CON Ak
FEABE Y AR T E R A E Kedippfe & p ototal profit 2 total time -

4B 4.28 #1m 0 % 2 maRiE PR oret B0 ke total profit £37 -
ﬂﬂﬂﬂ“

abl 7 6 13
12 % 10 6 5

s Forwarding Topology

= wm mm m Traveling Time

~— Profit

S Y T T R . R T )
D N N W W W W W

I

!

=
N

®
e

| Scheduling2 | A| B| E| D[ | F| i
Scheduling 2 :
A—B—-E—-D—C—>F
Total Time :
2+243+5+2=14
Total Profit :
12+10+7+2+14+5=37

| e —- —- o

BB B BN NN WA B O OO N NN B W

o R 2 NN NN
[ R N S S

W 4.28 - Genetic Algorithm i & i % 2

I
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BZh A d N E 2 e K e fe o total profitﬂ,;fightﬁ %k gt 4 F2 K e total
profit 7 4p b # > EE o - A~ 2. — #&§ htotal profit =5 T ko %&5’\#&-% P hF hig 4
MY Tk o BAMEIPLI IR > B 4297 > Bt F T 1 K/2 % total profit #
F ok e

Total Profit Selection

Scheduling 1 | D|B[A[c[E[F|m) 30 (@)
Scheduling2 [A|B|E|D|C|F (=) 37 O
K : ,
SchedulingK |E|B| D[ A|c|F|™> 10 X
Selection

Total Profit
=) 30
= 37

Scheduling1 |D|B| A
Scheduling2 | A|B|E|D|C

O
tm
|

5|

K/2

Scheduling K/2 |C|B|A|D|F|E|->3z

Bl 4.29 ~ Genetic Algorithm i ¥ i # 2% =

w4300 Hr HIAY = HHEEE AT T A F - I B 2

e fzd K2 2ik4p 7l K &

Scheduling 1 D|B|A|[C|E|F
Scheduling 2 A|B|E[D|C|F

K/,
Scheduling K/2 C|B|A|D|F
SchedulingK/2+1 | D|B|A|c|E|F Reproduction
Scheduling K/2+2 |A|B|E|D|C|F

Ky

2

| schedulingk || B[ A|D|F|E

Bl 4.30 ~ Genetic Algorithm 7 & ;2 % Sk e
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FIHI 50 AL DL DfE > Rl ¢ EE SRR R (7 L R (crossover) (e
o dr@l 431477 » § 3 WP REFE IR BITE . FHZEEPBAL - BERI

NATR-A A R _’rﬁéﬁ:}ﬂﬁi&%’_ » Bl ¥ e+ Ri=b» F]pt Schedulingl =% 5 E &
e+ C> @ Scheduling2 =% 5¢nC & @3~ E> iz CCNZfpzat L 2 €42
HedFid o F]p #-Scheduling 1 ¢ & k&g 2 C e ¥ 4 :2 < E» #-Scheduling2 ¥ /&

fehig 3 Eehind 3eed Cor 23 2R i (% o

Ri=5 l—l
1 234 56
Parent Scheduling 1 DIB|A|C|E|F
Scheduling 2 A|B|E|D|C|F

L1
1234 56

heduli +

Child SchedulingK/2+1 [D|B[A|E|[C|F
Scheduling K/2+2 | A|B|C|D|E|F

.

W 4.31 ~ Genetic Algorithm ;% ¥ i% # 2 1

%2 AR % (mutation)  EWA LA BERP A A FREDEE CRVELRE L
Beniz g F15 2 7 EAF O A TALE LH - SR ke SRR
JoB 4320 =B 5hiE L Er B 1hiE s D SR EH IS 8 1@ E

AimE 5enE s Do

1234 56
Before | Schedulingl | D|B|A|C|E|F|
RP=5 Mutation

RV=1
123456
After |Schedulingl  |E|B|A|c|D|F|

[

B 4.32 ~ Genetic Algorithm ;i & i % 2%
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N
i

P AT E A HIE B AT X & FEE A B L o 0 L Genetic

4.6.4 ~ % B i P A7 £ B & 5 (Time Complexity)

A - HERLFEZOFEFAFIAE o4k 415 DS-G -~ DS-ACG %2 DS-UCB H p#F /&
AR T 5P A Genetic Algorithm P st 3 2k Flif i+ S fie X % 4=z i fe e
BKehEH] o § A S BEEIF ATt XS FRFR S A 8084 Genetic

s —

Algorithm RB~fidF enfiz 5 B G 28 d J 4 02 RO Brirg 7 a0 enfd— - 78R

f

A E SRR PR LB T A B ATRR 5 0(D LI gE e

Fo41- EWEAPERRA

Algorithm Genetic Optimal
DS-UCB DS-ACG DS-G
Node Size Algorithm Solution
Time Complexity on® o(n? 0(n?) O(K *X *n) o(n!)

89



51~ 5% P eh

347 ¥ CCNDS-AC # CCNDS-UC g & i B* 38 03] #r4% &) 2 /7 & /2 DS-ACG ¢ DS-UCB
Tk Pl o R MR T4 R R AT 1 TR AR AL X R A2 7 B 2 Genetic
Algorithm #7418 th1j2 3 4p1¢ > Genetic Algorithm £ — 46 2% ¥ & it (A2 ehig B % -
F1* = B A& ~ i @ & 3 (genetic operator) : i # (selection) ~ % * (crossover) -~ % £ (mutation)
AT fE 0 - A - it o Bk 4 E R AR HETHE 2 R R RO
A FIARREZ AT R B O B SR G RO L R Fl AR T
RREH A Y X B A 6 0 3= DS-ACG 2 DS-UCB j# & j2 ciociy » A BB A4 4R
7 &

g B o] RB0F BT 22 Genetic Algorithm 2 ~ B it f22 £ §F o

5.2~ R &R
Al r g A 4 A F CON 4 » T A W AT %2 < REF HRiEF
DS-ACG -~ DS-UCB % [15]#74% ! e & 2 DS-G ~ Genetic Algorithm %2 % 4 288 > 12

B~ CCN it B iz -

521~ RHR%HR
4] * Java F i¥ DS-ACG ~ DS-UCB ~ DS-G - Genetic Algorithm % % 4 ;2 gt B 48,7 &
B KR A RHRE O U E AW E R A BIREE R T 2 kil o 8

* g P A A do & 5L AT e
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# 5.1~ % "odi A R AE

% Xusg T Windows 7, 32bit
e Intel(R) Core(TM)2 Duo CPU E6550 @ 2.33GHz 1.87GHz

R 2.00 GB
R S5 2o Eclipse JAVA

5.2.2 ~ & ¢ 2 F Sl
A¥ L fﬁﬁanjﬁFgﬁyéWM%aﬁﬁ"%H*ii%%ﬂﬁﬁiﬁﬁﬁﬁiﬁég’

BATRATE S & A St O E R E R A B s Mg AR AR - R

o FURE SR T M MG F TR S B 7&%@1% R TN A
B REPER MO A KO Sl F A 2224 00 = BARBET]

RSP R R HORE MBI T R ERCE =T 5

SRSt Vs R A T2 X

o

P : Initial Profit » 4= 454 & 225 o

o

T : Turning point > $7 ¢ 2% 5 & 1* & i 4 2

o

S; : First deterioration rate » % — FEE Fc o E B F (&%) o

o

S, : Second deterioration rate » % = FFEd Lok F B F (A F) o
B Solchod) -
4o 5.1 97T 0 IR L - B AR Tt E o a3 S CON friE

BRI R LR S R RSN (R T) BN 07 ] ER

o

,I., o
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Profit Slope = {sy, s}

. ( P ift<T
$;=0 Profit(t) = { 0 ,otherwise
P . .
E i $=0
=—>Time
T

Bl 5.1 ft»xd @t - (Profit function 1)

B e s Sl S
W 5.2 47 0 FOIOTE s RS PR QP T K LB

GRS EREET A AARE T2 R R g Ay e TR

dy

B IR I DRRE ALY FCIORE R o

Profit Slope = {s1,82} * |s1| > 5, =0

P+s +t ,ift<T

Profit(t) = { 0 ,otherwise

E $5=0
'=—>Time
T

Bl 5.2 frv gz s S#fcficd] = (Profit function 2)

B E Sl =

Yol 5.3 Mgt E SHAA S AW AN 2 R Y LE I T RT 2R
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Profit
A

A g RNEFPER A T T L R o

Slope = {sy,82} * |sz| > [s4] >0

Profit(t) = {

Profit(t) > 0

B 5.3 fr Wi S#HA = (Profit function 3)

53~ &% P RHERH

531 A% 2k

Al HPCPEF R P Genetic Algorithm #-2 4 4 ‘e g ﬁ“ﬁ:}iﬁ 2 ¥ g it 100 =t iE 7 gk o

% 52~ F - P RHET &SR T
Parameters Range of values
Initial Profit Uniform(30, 100)

Traveling Time

Uniform (0.5, 10) hr

Forwarding Tree Size

8-~9~10~11~12

Slope S;

Uniform (-1, 0)

Slope S,

Uniform (-1, 0)

Turning Point

Uniform (50, 80) hr

Genetic Algorithm(K, X)

(K, X)=(4, 100)

93
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P+s;*TH+s,*(t—T) ,ift=>T

P Time




532~ 3Rt
FoGEUNT 2R FEe o & 4
B Total Profit : /x5 ;2 i34p & 8Lz & T HEE»TF 2 4e ko
W Total Time : 4k = = BB CCN 4p# 15 » #1i-f Q2SR REFR
® Original Deviation @ 22 & F f " 30 F 2. 34 » do o 78 2 9957 o

.. .. Algorithm solution
Original Deviation = 1 — T (2

Optimal solution

® Normalize Deviation : o ** 7 Sk 6|2 d FLEEWP AL > BT %R T2 2 4p
B o TRt R B A iE say & R S5aE A1 (Normalization) » 4o 2 38 3 #151 ©

Optimal solution — Algorithm solution

Normalize Deviation = - , e 3)
Optimal solution - Worst solution

533~ R% %%

% 5314 5122 B 5431B 5335 FHk- )R FTHRDFTHRES T —ﬂ 41 DS-UCB
4 ¥ ¢ 22 F Original Deviation T32% 0.9% = + » ¥ DS-UCB %4t Xt 4p % 81T
Optimal solution » & 47 ¢ P DS-UCB 7 f 2 s j% & ;> P &7 :g 17 Optimal solution » + =
ixd 1 DS-G o i3t DS-ACG » | RpF % ¢ > DS-UCB % 4¢ i 2% § v% 253t Genetic
Algorithm #7187 enit L 2 & > & £ jET % B & > 7 2 Genetic Algorithm /&% 7 # B4 -
® DS-UCB % B RAZT-F PR e oe g bR dp M % % 514 7 £ 4% 7 CCNDS-AC
i emgreh 3 i %N 4 0 DS-UCB d AT & gLk L 5 g enfiin T o i B er R diaad gy

PAZ o P WG ORURE L MO SRR IFT TR FE LR

it o
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%\* 53‘ '?:%E"

DRFCORE R R R LA R B RAS 5)

Total Profit Original Deviation of Profit Normalize Deviation of Profit
Case

Opt. | DS-UCB | DS-ACG | DS-G | Worst | GA || DS-UCB | DS-ACG | DS-G GA || DS-UCB | DS-ACG | Ds-G GA

1 478.2 4745 4355 202.2 | 166.5 | 470.3 0.8% 8.9% 57.7% | 1.7% 1.2% 13.7% 88.6% | 2.6%
2 537.9 532.8 509.5 186.8 | 106.0 | 526.8 0.9% 5.3% 65.3% | 2.1% 1.2% 6.6% 81.3% | 2.6%
3 515.1 509.2 466.0 1915 158.4 507.2 1.2% 9.5% 62.8% | 1.5% 1.7% 13.8% 90.7% | 2.2%
4 499.5 499.1 465.2 2545 | 173.7 | 495.2 0.1% 6.9% 49.1% | 0.9% 0.1% 10.5% 75.2% | 1.3%
5 503.1 501.7 460.0 187.8 | 158.8 | 4935 0.3% 8.6% 62.7% | 1.9% 0.4% 12.5% 91.6% | 2.8%
6 522.2 520.4 476.8 1853 | 127.8 | 516.7 0.3% 8.7% 645% | 1.1% 0.5% 11.5% 85.4% | 1.4%
7 549.8 5473 478.8 229.3 | 189.4 | 542.6 0.4% 12.9% 58.3% | 1.3% 0.7% 19.7% 88.9% | 2.0%
8 509.4 508.0 475.0 172.8 138.1 505.1 0.3% 6.8% 66.1% | 0.8% 0.4% 9.3% 90.6% | 1.2%
9 541.0 539.7 4355 1723 | 136.3 | 536.5 0.2% 19.5% 68.1% | 0.8% 0.3% 26.1% 91.1% | 1.1%
10 4459 4445 373.2 244.2 169.4 | 4420 0.3% 16.3% 452% | 0.9% 0.5% 26.3% 73.0% | 1.4%
Average | 510.2 507.7 457.6 202.7 | 1524 | 503.6 0.5% 10.3% 60.0% | 1.3% 0.7% 15.0% 85.6% | 1.9%

Opt.=Optimal Solution. GA=Genetic Algorithm.

Total Profit
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Test Case

m Optimal solution
=DS-UCB

B Genetic Algorithm
@ DS-ACG

=DS-G

B 5.4 -~ % %- : Total Profit (8 nodes)
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=DS-UCB
@ DS-ACG

@DS-G
= Genetic Algorithm

o T Y
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Test Case

: Original Deviation of Profit (8nodes)

B 55 % %-
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=
=
—
=
o
>
n O <
O O )
2 < 0B
v 0 o [5)
8 Aaad
H B B @&
| ™
™ ™ " " T ™ ‘www
S S S N S N NN N N N N A
e ™ ™ " e ™ J’.’ﬂww
™ ™ ™ ™ ™ " e e ™
| | | o
S X ¥ X2 X X2 R X2 X =X
o o o o o o o o o o
» [ee] N~ © L <t (9] N —

114044 10 UOIRIASQ 9ZI[RWION

Test Case

: Normalize Deviation of Profit (8 nodes)

B 567 %-
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+ . U VIRRI] o1 by > ¥ 1y 2 H [
% 54 7%k RRKUFFFTHREFEFLA VR BBAE D)
Total Time (hr) Original Deviation of Time Normalize Deviation of Time
Case
Opt. | DS-UCB | DS-ACG | DS-G | Worst | GA || DS-UCB | DS-ACG DS-G GA DS-UCB | DS-ACG DS-G GA
1 205 20.8 248 90.9 59.1 19.7 1.6% 21.1% 3433% | 4.1% 0.9% 11.2% 182.1% | 2.2%
2 19.8 20.2 235 97.2 54.7 21.0 1.7% 18.5% 390.0% | 5.9% 1.0% 10.5% 221.7% | 3.3%
3 220 19.7 26.7 111.6 56.1 20.3 10.6% 21.2% 407.4% 7.6% 6.8% 13.7% 262.7% | 4.9%
4 213 20.0 258 87.7 57.8 20.3 6.3% 21.1% 311.2% 4.7% 3.7% 12.3% 182.0% | 2.7%
5 20.2 19.2 25.7 109.5 54.6 21.7 5.0% 27.3% 442.8% 7.4% 2.9% 16.0% 259.5% | 4.4%
6 203 18.7 257 108.0 58.4 20.7 8.2% 26.2% 431.4% | 1.6% 4.4% 14.0% 230.6% | 0.9%
7 205 17.2 243 96.0 58.5 20.7 16.3% 18.7% 368.2% | 0.8% 8.8% 10.1% 198.6% | 0.4%
8 215 20.8 26.8 120.6 55.5 19.7 3.1% 24.8% 460.9% | 8.5% 2.0% 15.7% 291.3% | 5.4%
9 20.0 20.7 27.0 112.9 56.7 213 3.3% 35.0% 464.6% | 6.7% 1.8% 19.1% 253.3% | 3.6%
10 19.0 173 272 90.2 57.8 213 8.8% 43.0% 375.0% | 12.3% 4.3% 21.0% 183.6% | 6.0%
Average | 20.5 195 25.8 102.5 56.9 20.7 6.5% 25.7% 3995% | 0.7% 3.6% 14.4% 226.5% | 0.4%
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% 55~ FH- I RROEFHREFEFL R OBAK L)
Total Profit Original Deviation of Profit Normalize Deviation of Profit
Case
Opt. | DS-UCB | DS-ACG | DS-G | Worst | GA || DS-UCB | DS-ACG | DS-G GA DS-UCB | DS-ACG | DS-G GA
1 598.6 593.4 5473 468.0 | 263.4 | 582.3 0.9% 8.6% 21.8% | 2.7% 1.6% 15.3% 39.0% | 4.9%
2 567.0 559.9 531.7 4303 | 257.7 | 547.2 1.3% 6.2% 24.1% | 3.5% 2.3% 11.4% 44.2% | 6.4%
3 573.0 569.4 542.5 432.3 269.8 554.3 0.6% 5.3% 24.5% 3.3% 1.2% 10.1% 46.4% 6.2%
4 572.5 559.5 495.3 460.3 253.9 514.6 2.3% 13.5% 19.6% | 10.1% 4.1% 24.2% 35.2% | 18.2%
5 563.0 556.7 504.5 426.8 244.1 545.5 1.1% 10.4% 24.2% 3.1% 2.0% 18.3% 42.7% 5.5%
6 584.7 580.6 541.0 393.8 | 277.0 | 572.0 0.7% 7.5% 326% | 2.2% 1.3% 14.2% 62.0% | 4.1%
7 618.3 613.5 579.7 469.2 | 2311 | 6083 0.8% 6.2% 241% | 1.6% 1.2% 10.0% 385% | 2.6%
8 583.7 579.7 538.3 4543 | 250.0 | 567.2 0.7% 7.8% 222% | 2.8% 1.2% 13.6% 38.8% | 5.0%
9 627.3 622.8 5745 4403 | 3029 | 612.1 0.7% 8.4% 29.8% | 2.4% 1.4% 16.3% 57.6% | 4.7%
10 553.2 547.0 524.0 419.8 | 202.7 | 541.9 1.1% 5.3% 24.1% | 2.0% 1.8% 8.3% 381% | 3.2%
Average || 584.1 578.2 537.9 4395 | 2553 | 564.5 1.0% 7.9% 24.7% | 3.4% 1.8% 14.2% 442% | 6.1%
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# 56 -F&H - QAR AFFIREFEFI VR O BAF &)
Total Time (hr) Original Deviation of Time Normalize Deviation of Time
Case

Opt. | DS-UCB | DS-ACG | DS-G | Worst | GA || DS-UCB | DS-ACG DS-G GA DS-UCB | DS-ACG DS-G GA

1 212 218 26.7 53.7 39.3 20.7 3.1% 26.0% 153.5% | 2.4% 3.7% 30.3% 178.9% | 2.8%
2 193 203 257 50.5 39.7 225 5.2% 32.8% 161.2% | 16.4% 4.9% 31.1% 153.3% | 15.6%
3 17.2 18.2 24.8 58.0 40.0 222 5.8% 44.7% 237.9% | 29.1% 4.4% 33.6% 178.8% | 21.9%
4 20.0 24.2 322 55.2 39.3 213 20.8% 60.8% 175.8% 6.7% 21.6% 62.9% 181.9% 6.9%
5 18.3 225 28.3 57.8 40.3 233 22.7% 54.5% 2155% | 27.3% 18.9% 45.5% 179.5% | 22.7%
6 20.2 19.8 255 712 41.0 227 1.7% 26.4% 252.9% | 12.4% 1.6% 25.6% 244.8% | 12.0%
7 19.7 205 245 53.8 39.0 235 4.2% 24.6% 173.7% | 19.5% 4.3% 25.0% 176.7% | 19.8%
8 21.2 20.2 28.2 55.7 387 227 4.7% 33.1% 163.0% | 7.1% 5.7% 40.0% 197.1% | 8.6%
9 183 217 26.8 62.2 40.0 20.8 18.2% 46.4% 239.1% | 13.6% 15.4% 39.2% 202.3% | 11.5%
10 20.2 235 255 56.8 39.3 227 16.5% 26.4% 181.8% | 12.4% 17.4% 27.8% 191.3% | 13.0%
Average | 19.6 213 26.8 575 39.7 222 10.3% 37.6% 195.4% | 13.7% 9.8% 36.1% 188.5% | 13.3%
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% 5.7~ F % -

DR

K E R REFEFTL P (10 B AK 2)

Total Profit

Original Deviation of Profit

Normalize Deviation of Profit

Case

Opt. | DS-UCB | DS-ACG | DS-G | Worst | GA || DS-UCB | DS-ACG | DS-G GA || DS-UCB | DS-ACG | DsS-G GA

1 724.1 711.7 617.2 4158 | 217.8 | 6804 1.7% 14.8% 42.6% | 6.0% 2.5% 21.1% 60.9% | 8.6%

2 5335 526.7 520.7 319.7 | 186.7 | 5235 1.3% 2.4% 40.1% | 1.9% 2.0% 3.7% 61.7% | 2.9%

3 565.0 559.6 538.3 361.0 | 252.1 | 555.0 0.9% 4.7% 36.1% | 1.8% 1.7% 8.5% 65.2% | 3.2%

4 589.1 584.4 546.5 348.8 258.6 577.5 0.8% 7.2% 40.8% | 2.0% 1.4% 12.9% 72.7% | 3.5%
5 615.0 607.7 526.3 338.3 210.4 596.1 1.2% 14.4% 45.0% | 3.1% 1.8% 21.9% 68.4% | 4.7%
6 662.4 659.2 588.7 3418 | 199.0 | 643.2 0.5% 11.1% 48.4% | 2.9% 0.7% 15.9% 69.2% | 4.1%
7 666.4 659.6 611.2 371.0 | 2251 | 658.0 1.0% 8.3% 443% | 1.3% 1.5% 12.5% 66.9% | 1.9%
8 641.0 636.0 568.2 393.2 | 2852 | 6112 0.8% 11.4% 387% | 4.7% 1.4% 20.5% 69.7% | 8.4%
9 681.9 676.0 617.5 398.3 | 3145 | 6753 0.9% 9.4% 41.6% | 1.0% 1.6% 17.5% 772% | 1.8%
10 617.7 610.8 548.7 351.7 | 2430 | 6088 1.1% 11.2% 43.1% | 1.4% 1.8% 18.4% 71.0% | 2.4%
Average | 629.6 623.2 568.3 3640 | 239.2 | 6129 1.0% 9.5% 42.1% | 2.6% 1.6% 15.3% 68.3% | 4.1%

Opt.=Optimal Solution. GA=Genetic Algorithm.
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7 58~ F&%k- T RAK

CPER R SR R S (10 B A )

Total Time (hr) Original Deviation of Time Normalize Deviation of Time
Case
Opt. | DS-UCB | DS-ACG | DS-G | Worst | GA || DS-UCB | DS-ACG DS-G GA DS-UCB | DS-ACG DS-G GA
1 178 225 323 87.2 46.0 243 26.2% 81.3% 388.8% | 36.4% 16.6% 51.5% 246.2% | 23.1%
2 18.7 222 245 87.8 47.0 237 18.8% 31.3% 3705% | 26.8% 12.4% 20.6% 244.1% | 17.6%
3 18.0 21.0 255 81.7 47.3 25.0 16.7% 41.7% 353.7% | 38.9% 10.2% 25.6% 217.0% | 23.9%
4 17.7 20.2 24.8 84.0 46.3 242 14.2% 40.6% 375.5% | 36.8% 8.7% 25.0% 231.4% | 22.7%
5 18.5 20.3 30.7 85.2 46.3 233 9.9% 65.8% 360.4% | 26.1% 6.6% 43.7% 239.5% | 17.4%
6 16.3 19.7 285 93.8 453 253 20.4% 74.5% 4745% | 55.1% 11.5% 42.0% 267.2% | 31.0%
7 185 213 25.2 80.8 47.0 232 15.3% 36.0% 336.9% | 25.2% 9.9% 23.4% 218.7% | 16.4%
8 18.3 19.8 24.0 723 46.7 24.0 8.2% 30.9% 294.5% | 30.9% 5.3% 20.0% 190.6% | 20.0%
9 16.5 20.2 26.7 4.7 477 233 22.2% 61.6% 352.5% | 41.4% 11.8% 32.6% 186.6% | 21.9%
10 18.7 18.0 28.0 827 47.0 242 3.6% 50.0% 342.9% | 29.5% 2.4% 32.9% 225.9% | 19.4%
Average | 17.9 205 27.0 83.0 46.7 24.1 15.5% 51.4% 365.0% | 34.4% 9.5% 31.7% 226.7% | 21.4%

Opt.=Optimal Solution. GA=Genetic Algorithm.
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. 59~ FE- BN EFFTHREFEELI R (LLBAE D)
Total Profit Original Deviation of Profit Normalize Deviation of Profit
Case

Opt. | DS-UCB | DS-ACG | DS-G | Worst | GA || DS-UCB | DS-ACG | DS-G GA || DS-UCB | DS-ACG DS-G GA

1 616.8 614.1 545.3 321.3 | 1615 | 589.2 0.4% 11.6% 47.9% | 4.5% 0.6% 15.7% 64.9% | 6.1%
2 669.0 666.2 626.2 326.2 | 239.6 | 645.8 0.4% 6.4% 51.2% | 3.5% 0.7% 10.0% 79.8% | 5.4%
3 699.4 688.3 649.5 318.0 322.6 669.5 1.6% 7.1% 545% | 4.3% 2.9% 13.2% 101.2% | 7.9%
4 649.2 637.9 570.3 308.5 137.0 620.9 1.7% 12.1% 525% | 4.4% 2.2% 15.4% 66.5% 5.5%
5 705.2 696.7 650.5 367.8 210.5 696.2 1.2% 7.8% 478% | 1.3% 1.7% 11.1% 68.2% 1.8%
6 615.6 610.1 565.8 3005 | 2235 | 591.3 0.9% 8.1% 51.2% | 3.9% 1.4% 12.7% 80.4% | 6.2%
7 689.0 682.8 650.8 308.0 | 247.1 | 665.8 0.9% 5.5% 55.3% | 3.4% 1.4% 8.6% 86.2% | 5.3%
8 751.3 743.7 652.5 3832 | 2241 | 7331 1.0% 13.2% 49.0% | 2.4% 1.4% 18.7% 69.8% | 3.5%
9 729.0 7234 681.3 3335 | 2064 | 7109 0.8% 6.5% 542% | 2.5% 1.1% 9.1% 75.7% | 3.5%
10 766.4 758.5 730.8 319.7 | 2126 | 745.2 1.0% 4.6% 58.3% | 2.8% 1.4% 6.4% 80.7% | 3.8%
Average | 689.1 682.2 632.3 328.7 | 2185 | 666.8 1.0% 8.3% 52.2% | 3.3% 1.5% 12.1% 773% | 4.9%
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20510 F-  RECCHERIBE SRR (11 BAK 5)

Total Time (hr) Original Deviation of Time Normalize Deviation of Time
Case
Opt. | DS-UCB | DS-ACG | DS-G | Worst | GA || DS-UCB | DS-ACG DS-G GA DS-UCB | DS-ACG DS-G GA
1 23.0 237 28.0 94.3 54.7 242 2.9% 21.7% 310.1% | 5.1% 2.1% 15.8% 2253% | 3.7%
2 185 19.5 25.0 107.7 54.3 272 5.4% 35.1% 482.0% | 46.8% 2.8% 18.1% 248.8% | 24.2%
3 21.2 26.2 24.2 119.2 54.3 25.2 23.6% 14.2% 463.0% | 18.9% 15.1% 9.0% 295.5% | 12.1%
4 175 233 26.5 104.2 54.3 242 33.3% 51.4% 495.2% | 38.1% 15.8% 24.4% 235.3% | 18.1%
5 21.2 233 24.3 100.5 54.0 245 10.2% 15.0% 374.8% | 15.7% 6.6% 9.6% 241.6% | 10.2%
6 20.0 237 27.0 1213 54.0 257 18.3% 35.0% 506.7% | 28.3% 10.8% 20.6% 298.0% | 16.7%
7 19.5 218 22.8 116.3 54.0 27.0 12.0% 17.1% 496.6% | 38.5% 6.8% 9.7% 280.7% | 21.7%
8 18.0 223 21.7 101.2 547 247 24.1% 53.7% 462.0% | 37.0% 11.8% 26.4% 226.8% | 18.2%
9 20.8 203 25.8 115.5 54.3 248 2.4% 24.0% 454.4% | 19.2% 1.5% 14.9% 282.6% | 11.9%
10 19.0 220 23.0 110.8 54.3 25.0 15.8% 21.1% 483.3% | 31.6% 8.5% 11.3% 259.9% | 17.0%
Average | 19.9 226 254 109.1 54.3 252 14.8% 28.8% 452.8% | 27.0% 8.2% 16.0% 259.5% | 15.6%
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# 511~ FB- BN REFFTHREFEELI R (12 B AR D)

Total Profit Original Deviation of Profit Normalize Deviation of Profit
Case
Opt. | DS-UCB | DS-ACG | DS-G | Worst | GA || DS-UCB | Ds-ACG | Ds-G | GA || Ds-UCB | DS-ACG | Ds-G | GA
1 696.7 | 6950 6422 | 3042 | 2183 | 6755 | 0.2% 7.8% | 56.3% | 3.0% || 0.3% 114% | 821% | 4.4%
2 7191 | 7161 6875 | 3750 | 2403 | 7066 || 0.4% 44% | 478% | 1.7% || 0.6% 6.6% | 71.9% | 2.6%
3 7913 | 7838 6813 | 5478 | 2767 | 7735 || 1.0% 13.9% | 30.8% | 2.3% || 1.5% 214% | 47.3% | 35%
4 7136 | 7039 6370 | 3897 | 2229 | 687.3 || 1.4% 10.7% | 45.4% | 3.7% || 2.0% 15.6% | 66.0% | 5.4%
5 7563 | 749.9 6350 | 4658 | 1942 | 7355 || 0.8% 160% | 38.4% | 28% || 1.1% 216% | 51.7% | 3.7%
6 7946 | 779.7 7113 | 3933 | 2850 | 766.9 || 1.9% 105% | 505% | 35% || 2.9% 16.3% | 78.7% | 5.4%
7 7029 | 697.4 6275 | 3817 | 2296 | 667.6 || 0.8% 10.7% | 45.7% | 5.0% || 1.2% 159% | 67.9% | 7.5%
8 7581 | 7527 6683 | 4055 | 2397 | 7332 | 0.7% 11.8% | 465% | 3.3% || 1.0% 17.3% | 68.0% | 4.8%
9 7511 | 7208 7148 | 5088 | 2089 | 7130 || 4.0% 48% | 323% | 51% || 5.6% 6.7% | 447% | 7.0%
10 6924 | 687.2 617.3 | 3765 | 1450 | 671.7 || 0.8% 10.8% | 456% | 3.0% || 1.0% 13.7% | 57.7% | 3.8%
Average | 7376 | 7286 6622 | 4148 | 2261 | 7131 | 1.2% 102% | 439% | 33% || 1.7% 14.7% | 636% | 4.8%
Opt.=Optimal Solution. GA=Genetic Algorithm.
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+

512~ F% - P WP XFEFFRGFEFLI VR L2BAF 2)

~
Total Time (hr) Original Deviation of Time Normalize Deviation of Time
Case
Opt. | DS-UCB | DS-ACG | DS-G | Worst | GA || DS-UCB | DS-ACG DS-G GA DS-UCB | DS-ACG DS-G GA
1 18.8 20.0 258 113.2 60.3 243 6.2% 37.2% 500.9% | 29.2% 2.8% 16.9% 2273% | 13.3%
2 193 220 235 107.0 60.0 238 13.8% 21.6% 453.4% | 23.3% 6.6% 10.2% 2156% | 11.1%
3 22.3 238 29.7 67.2 60.7 235 6.7% 32.8% 200.7% 5.2% 3.9% 19.1% 117.0% 3.0%
4 225 248 318 97.8 61.0 247 10.4% 41.5% 334.8% 9.6% 6.1% 24.2% 195.7% 5.6%
5 26.3 26.7 33.8 78.7 60.3 248 1.3% 28.5% 198.7% 5.7% 1.0% 22.1% 153.9% 4.4%
6 19.7 223 29.7 106.7 60.3 227 13.6% 50.8% 442.4% | 15.3% 6.6% 24.6% 213.9% | 7.4%
7 193 19.3 32.0 96.8 59.7 25.0 0.0% 65.5% 400.9% | 29.3% 0.0% 31.4% 192.1% | 14.0%
8 193 20.2 30.7 87.7 60.0 242 4.3% 58.6% 353.4% | 25.0% 2.0% 27.9% 168.0% | 11.9%
9 19.8 20.8 26.3 795 60.7 218 5.0% 32.8% 300.8% | 10.1% 2.4% 15.9% 146.1% | 4.9%
10 19.8 222 28.7 101.3 59.0 228 11.8% 44.5% 410.9% | 15.1% 6.0% 22.6% 208.1% | 7.7%
Average | 20.7 222 29.2 93.6 60.2 238 7.3% 41.4% 359.7% | 14.6% 3.8% 21.5% 183.8% | 7.7%
Opt.=Optimal Solution. GA=Genetic Algorithm.
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5.A~BB- A%

541~ R % ¥k
# 513~ Pk A AREF & SAEK T
Parameters Range of values
Initial Profit Uniform(30, 120)
Traveling Time Uniform (0.5, 10) hr

Forwarding Tree Size | 50

Slope S; Uniform (-1, 0)
Slope S; Uniform (-1, 0)
Turning Point Uniform (50, 100) hr

Genetic Algorithm(K, X) | (K, X)=(8, 100000)

542~ 3wtk
PP AP RETAREE 2Tk ed e DBHE S R R LERR
MBI ER > Fltiea g 1000 F B AEY ok 227 B X f3 0 7 5 2 i f2(pseudo
optimal solution) £z & & X % (pseudo worst solution) » % =iz DS-UCB -~ DS-ACG ~ DS-G
% Genetic Algorithm A = 409 5% 7 22 B U B B 3T L’ - Genetic Algorithm #-
At Bl pfe s ? gt 10 g X EF VR FREF U T R pIREFER
B Total Profit : ;7 &/ i34 & 22§ T EFsTE 2 ek o
W Total Time : i4g = & 5B CCN g {2 » #17oF SRR -

® Original Deviation (Error) @ 22 i3 f# " #8305 2. 384 > 4o 38 4 9757 o

Algorithm solution

Original Deviation (Error) = 1 — Pseudo optimal solution """+ 4)

® Normalize Deviation (Error) : d **f Sk 0| Ed jr@gP A2 » FZF % 7
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23 A BE o F) 2 B oar B ek & JF i 0 21 (Normalization) s 4o 2 58 5 9 5n o

Pseudo optimal solution — Algorithm solution

Normalize Deviation (Error) =

543 A% E%

Pseudo optimal solution - Pseudo worst solution

ARHCF &Y 0d & 5142 W 5347 5 1 DS-UCB e fe v P A pt @

{

>

EENSE

DS-ACG # DS-G Fl3 § 2 ffefks 5% 4 & ~ % 5| 4 & shmodel 4] » & 95 % &

ZHFIH S BIT U E AR & > @ Genetic Algorithm e $¢ ¢ sz 7

-

B )

A

e ? ?fr?:'z > DS-UCB » fe % L4 % ¢ - Genetic Algorithm # &t T3R80~ 2317 &

7

)

REATFE T AW L S e A 8¢ %R DS-UCB 4 Fls RHH < 0 FHIC

b
5
e
N

[ E o ARAT & ghaE Az - & 2 d Backtracking 4 e Hog Bk AR a0 3

B R R v B B r B g Lok F % ) 5352 F 5.36 7

4 1 DS-UCB

77 Original Deviation (Error) of Profit &2 Normalize Deviation (Error) of Profit & %

DS-ACG~DS-G £ Genetic Algorithm» &g 3L #1 DS-UCB i & i eh3s ~ 44345 & 5.15 -

Bl 5.37 {c®] 538 M 4c P A I > DS-UCB #t { & 4 1 5 pk i -

%0514 F o HACUORE TR B (50 B AR 5

Total Profit Original Deviation (Error) of Profit Normalize Deviation (Error) of Profit
Case

Opt. DS-UCB | DS-ACG | DS-G | Worst GA DS-UCB | DS-ACG DS-G GA DS-UCB | DS-ACG DS-G GA
1 1935.6 2599.4 1322.8 303.0 434 795.6 -34.3% 31.7% 84.3% | 58.9% || -35.1% 32.4% 86.3% | 60.2%
2 2030.6 2493.6 1576.7 400.8 428 764.1 -22.8% 22.4% 80.3% | 62.4% -23.3% 22.8% 82.0% | 63.7%
3 2021.1 2250.4 1571.8 293.3 7.1 916.0 -11.3% 22.2% 85.5% | 54.7% -11.4% 22.3% 85.8% | 54.9%
4 2179.0 2290.3 1747.7 286.7 17.1 895.5 -5.1% 19.8% 86.8% | 58.9% -5.1% 20.0% 87.5% | 59.4%
5 2071.8 2386.1 1623.2 354.3 38.6 704.2 -15.2% 21.7% 82.9% | 66.0% || -15.5% 22.1% 84.5% | 67.3%
6 1924.3 2108.1 1586.2 3145 26.8 1145.8 -9.6% 17.6% 83.7% | 40.5% -9.7% 17.8% 84.8% | 41.0%
7 2057.7 2203.0 1451.5 308.3 37.7 1096.4 -7.1% 29.5% 85.0% | 46.7% -7.2% 30.0% 86.6% | 47.6%
8 1719.9 2018.4 1296.5 220.8 8.7 1216.6 -17.4% 24.6% 87.2% | 29.3% -17.4% 24.7% 87.6% | 29.4%
9 2092.6 2734.7 1837.2 516.2 18.9 762.0 -30.7% 12.2% 75.3% | 63.6% || -31.0% 12.3% 76.0% | 64.2%
10 2099.9 2378.3 1836.5 389.0 34.2 1089.7 -13.3% 12.5% 81.5% | 48.1% -13.5% 12.8% 82.8% | 48.9%
Average | 2013.2 2346.2 1585.0 338.7 275 938.6 -16.7% 21.4% 83.2% | 52.9% -16.9% 21.7% 84.4% | 53.7%

Opt.=Optimal Solution. GA=Genetic Algorithm.
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B 5.36 ~ ¥ % = : Normalize Deviation (Error) of Profit (50 nodes)
+ N 11 . by 2p M Y 2 [
% 515 F - I GRUHERIRL S LR B0 BAR )
Total Time (hr) Original Deviation of Time Normalize Deviation of Time
Case
Opt. DS-UCB | DS-ACG | DS-G | Worst GA DS-UCB | DS-ACG DS-G GA DS-UCB | DS-ACG DS-G GA
1 155.3 108.3 167.2 651.3 2025 285.0 30.3% -7.6% -319.3% | -83.5% -99.6% 25.1% 1051.6% | 274.9%
2 158.3 128.0 168.3 6125 203.7 264.3 19.2% -6.3% -286.8% | -66.9% -66.9% 22.1% 1001.8% | 233.8%
3 156.8 130.8 163.0 676.5 214.3 268.3 16.6% -3.9% -331.3% | -71.1% -45.2% 10.7% 903.8% 193.9%
4 154.7 128.2 140.7 628.7 195.8 268.7 17.1% 9.1% -306.5% | -73.7% -64.4% -34.0% 1151.4% 276.9%
5 159.0 120.5 145.7 627.2 2075 264.3 24.2% 8.4% -294.4% | -66.2% -79.4% -27.5% 965.3% 217.2%
6 160.2 132.7 155.7 672.3 213.7 262.3 17.2% 2.8% -319.8% | -63.8% -51.4% -8.4% 957.3% 191.0%
7 156.7 142.2 177.3 622.5 208.8 270.8 9.3% -13.2% -297.3% | -72.9% -27.8% 39.6% 893.0% 218.8%
8 159.2 1315 178.3 736.7 207.3 261.5 17.4% -12.0% -362.8% | -64.3% -57.4% 39.8% 1199.0% | 212.5%
9 155.2 115.8 136.0 399.3 2075 273.7 25.3% 12.4% -157.4% | -76.4% -75.2% -36.6% 466.6% 226.4%
10 157.7 129.8 152.2 532.8 206.2 255.7 17.7% 3.5% -237.9% | -62.2% -57.4% -11.3% 773.5% 202.1%
Average | 157.3 126.8 158.4 616.0 206.7 2675 19.4% -0.7% -291.4% | -70.1% -62.5% 1.9% 936.3% 224.8%

Opt.=Optimal Solution. GA=Genetic Algorithm.
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Algorithm Genetic Optimal
Node Size pS-UCE PS-ACE PS¢ Algorithm Solution
8 0.15 0.13 0.14 0.16 0.45
9 0.17 0.15 0.14 0.15 1.96
10 0.14 0.13 0.12 0.14 15.01
11 0.13 0.12 0.12 0.14 167.19
12 0.12 0.10 0.10 0.15 1599.29
50 0.22 0.21 0.36 3972 9402.25
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