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Abstract

In this paper, we address the minimum-power single-source multicast problem with sectored antennas
(MPSSMSA). MPSSMSA is an NP-complete problem. An optimal mixed integer linear programming
(MILP) formulation based on the direct power consumption model has been proposed to generate the
optimal solution for MPSSMSA. However, MILP is also NP-complete itself. Therefore, the execution
time of the optimal MILP formulation becomes very long when the number of nodes in a wireless
network is large. Thus, the value of the optimal MILP formulation is limited. Three methods which can
speed up the execution of an optimal MILP formulation have been developed recently. They are (1) using
the incremental power consumption model, (2) using additional inequalities, and (3) using preprocessing
techniques. In this paper, we attempt to adopt two of them to design a fast and optimal MILP formulation
and an efficient preprocessing technique for MPSSMSA. Computer simulations show that our new
optimal MILP formulation based on the incremental power consumption model can reduce execution time
significantly. In addition, our proposed preprocessing technique can further reduce the execution time of

our new optimal MILP formulation.

Keywords: Linear Programming, Minimum-Power Multicast/Broadcast, Optimal Solution, Sectored

Antenna, Wireless Network



1% 3

MEFAPHNARHENDT R ERM I > aRRR(F ZHAPRITEARE BB RRE)LITE X
CARRARR P A POEREAER g F o A RRR DL R BRI ANV R AREL - B IR
g e 4] o @ 7 UREPRERE S KGR (7 20 e B TR 5 [MuMa04] o

v

THETANTE- A BARNPRIFLAP DERRI AT SRR 2 T 303 5
AGFERFR 2L AN TR A 274 FER A L8 A [MiBa02] [MuMa04]- § & — 2 eh

TAHEGPZAPRAERPRARPER P RER XY 57 A P EI AR RREDFEWE T2 Filife

SRYEE o F]Pi2dr P § 2k AREHEEFE AR T B A2 T E R S AR

F_k

RRPROFERY Y > F - FNAY 3 R P2 T BELEIBH AP TG
R bldr s SR G R PRGEE - 30 FIREeRPUEAGF KT E RS F ARy F D ARt
AR 2 L FE S 340 M $Ei¥ B 42 DMEAO3] [GuYa05] [WaGu03] - ¥ - % /& (single-source) 2. %
FHMEER A S G kIR 5 AA#H (source-based) 2. 1 ¥Eix B [ DMEAO3 ][CaHEO02] » #4pd X
- FXAPRTRIM FPFBEL S BE T A2 NG A P AP R E AR
dhfo] R4 2 H - KR § 38 K32 (The minimum power single-source multicast problem > f§ £ =
MPSSM £ 42 ) [CaHE02] - MPSSM F* 48 % — i NP-complete £ 48[CaHE02] -

- Rk o f24 MPSSM R REen= E T A LA <A (D) E S e X Mk R MPSSM
i* 32[CaHEO02] [DMEAO3] > (2)* 3 = & £ % & Kk % ;- MPSSM F 3£[DMEA04] [GuYa06] - 5 7j =
RAE G 2 o e ® [DMEAO4] o 575 % 8537 (g 2w X & 55 AR 5 d%F A%

-

¥

.

M §F RS ER PRI WINEOO] - 93 - AR § ot R B 5 R R



#%ﬁ*—‘jaﬁg&’ 1" g P\':'Bé’:#%-’r{f'ljifl k/&%%&»@}iﬁ”??} j‘g Ef\—%;‘i{i%i’él’uj' ,5'\,_ f@;] ?'J‘;’hl’g

B e R MET MR TP R A SR F LT E R f?&ﬁ%}?;‘; Ao A e e & gk
GBI B AR AR A BN BT BRI AAHY Y o A PR R R Y
XM B T A 22 H - KR § $E 9% B 48 (The minimum power single-source multicast problem
with sectored antennas > f§ #- = MPSSMSA [ 3%) [DMEAO4] - F] & % %7, Repdk B 5 3607 F >
MPSSMSA B 35 = % MPSSM R 4% » 712 MPSSMSA & 4% 5 MPSSM A 4% 1 general case » %]t
MPSSMSA F¥ 32 7~ 5 NP-complete i 4% °

s3] (Linear Programming) & B &0 38 * $ 2 B L2 BB 23] 2 2 > MR EF 5 * 30
it B AZ[HILI86] » R R4 LR/RMPRAOFE TR F AL R (Bl 1) BRY > SRR
Mgz Bl CTAAPM PR VT 0 UL Rt o £ FMIEARR G P A < e K
tl4e CPLEX[CPLEX] > ¥ #:/¢ % » 7 & & * ¥ AL E BAF R efe N/ T {17 SR A ke dy it
frfjrmaper b 2 AP b G RN ER Y B DT TR g E RS ARy P b
FLARHEY APRIFEFF R I g R4 22 ¢ 27 5 %4 %R 2 [DMEAO3]
[MoGa05] -

%~ B AL P E_F$Le NP-complete B AL pF(i]4c » MPSSMSA I &1) » & 45 © chif o2 f#id
FEABRL BT FEDiEE o Ra AP Zcr 2 25 28T 0RO T2 SR & iR
2 b fRET RTR A PR RG T ROE DL PR BT - BT (T £ FH A
2_ . & fE e lower bound > 3548 1%/ c94F e d_lower bound 3 ¥ W B i RV HE 5 P P RiF o e
lower bound &5 (v BRGROIEE) #% X PEAPHITNEIER o 7 B & <1 lower

bound 5 — &k > H_{AFELBF o



&[DMEAOA]iZjosm > 42 IeH M E 42T 4 #0530 5 A7 © &4 - BR & Flsi i) (Mixed
Integer Linear Programming: MILP) formulation % ¥ MPSSMSA R 48 2_ & if f# - d ** MPSSMSA
R %% £_7) ¥t 5 NP-complete F* 4% » #7121 ¥ ¢ optimal LP formulations %_— % optimal MILP
formulations - #73§ MILP formulation n—\:}ﬂ formulation ¥ e1E - - FHNEA L & F 5 FHcH
Hepn#cy 1L TR E AR TaHRdH? » 527 3 428 » - &% optimal MILP formulation
- PR AT RE R - B R A2 B & {30 MILP formulation - /1 & - optimal — 3 & 45 ¢* formulation
FOREEN A2 A i3 0 A 24t formulation & E BB i o g E oo |

d > MILP * £ § — i NP-complete I 38[GaJo79] » F|}* % & MR h& B8P ¥ 5 P
B optimal MILP formulation 2. # {7 p¥ fF -8 {8 2% £ > % % & B optimal MILP formulation 2_ § *
BEG2EF G Lo Z /&7 1 * k4 the minimum power symmetric connectivity problem (the MPSC
problem) 2_ optimal MILP formulation 2_ 34 {7 i& & e 77 ¢ 5403 11 X [MoGa05] [MoGDO05]: (1) *%
FRTEOTE R A A bldedr * i A HEH(2) B A ATELF] 5N (3) A28 AT ehpreprocessing
$#77 o [MoGa05]2. F S Bcypbfr % @ B8P 2 20 %o &% 2 37 4 485352 MPSC R 35
optimal MILP formulation / % F¥ 986.41 CRRE YRR T 4 A H P o 2 optimal MILP
formulation 34 7 PFRF I{ "% 5 31.59 F) o F VR T 4 AR HEN Ao b R4 5N pF > B optimal MILP
formulation ed4 (T AF L % 5 17.62 #) o £ & § AT preprocessing HITAL L 4 > BF> H optimal MILP
formulation s34 7 FFF { " | W 4.14 F) o g B E eI AR 1 35 = AETTET 4o - optimal MILP
formulation 2_ §4 (7i & 2 F ke o F]Pt Ah 2 KSE Rl o2 A7 0 AR & MPSSMSA R
38 b U 37K U - B fRcl-i# 20 optimal MILP formulation s 2 i 4% <~ MPSSMSA B 48 #7ac F 18

Bk MR o ORISR RS A P A i T 4 RS L A @2 MPSSMSA R AT



optimal MILP formulation z_ #4 {7 i& A& /x 7 ‘* [DMEAO4] ¥ 2. 17 8 & 7 4 <N 5 A #H 2
MPSSMSA ¥ 3g <1 optimal MILP formulation PB-{% % o { 8- H > A K30 - B 5 »xed
preprocessing #¥7 > F % % % & 7 i3 preprocessing $£FTF 5 Av PP U SRR T 4 42 BN
% FA# 2. MPSSMSA F® 4% 7 optimal MILP formulation 2_ 3% {7 & & o
Ay PBAER AT DA & A PRAEA R A4 G ERT Y Al
AR AR & AR AT RT A PN T2 MPSSMSA RPN A o A
o At AR T 4 N T 22 MPSSMSA RAEE E o AR T & A PR Licd

HATA 7 bR 4 0T 2 MPSSMSA B 42 7 optimal MILP formulations % - & #-kf 77 24

nﬁ-

PR bR ER o F - S5 AR HT NER -

T4 RS

21 &% 4 F#EES

1245 [MoGa05] #7it > P wv/l?c‘»* P BT R BT A A (T E T 4 e
Bost) 23 A fE e ANPRAE Y - ARG E 4T 4 A BV [WINEOO] o B/ SUERAL 5§ KR E
2Lz Fokldt e pEo R SOEBET LR T B TR e ¢ A H B X AE E e BN
2973 RIATH BT BATI| KRS BT R E DT > S AF R AR SRS (wireless
multicast advantage) [WiNEOO] &k cnip 407 riphps g s it K2 s T4 5 - R a s
HgpHorg B R ARGV BT AR

EAP RS REP PP ERT YA B A - B AN PR A
BV, ViV £t kR s Y, m'ﬁﬁ%]%"%]l‘\ BT Py A SRV RS 2V 'F@%]F’i; a2tV

MREHEROTS cRBRARIFREE > FRRLBV RRAFT R HE B P DL BVLY,Vy



P B SR BT

- B& R R A

e VA LRI A

22 BH 7 i B AR

RS BT A ST
FEH T S W25
BV ViV o B Gy =Py —

e 4 (C) 5t FEV R E RV g8 2

(plal) ’ 'iﬂ v ai, =
' : arg max,, q Py |

jil;'i\. P i ui\g‘ 4 ;}J'%;ﬁ;:;

Vjavksvm Bé? ’

;T - R OR A

minimize Z GiYij » w2

(i.j)eE

ALY &0

4

B eife g enid

’J‘?_,’l

. H R
Dy » # i 4 e

= Pigum = MaX{Py, P> Py b o = 38 % » 2

e 7 4

T\

KT R FRRABV, ERIH- BT
it ? 65 Pigkm = Cij * Cik + Cin
2 optimal MILP formulation

S Bo AgEc § RERY D

4 #2855 [MoGa05] »
RA 8| SRR - kiR

IR E LSV EPRSRV

(P < Py /\(/Z{V| eV s.t.py =Py AV, > V)
V(P = Pj /\(/Z(V| eV s.t.py =Py AV >V, >V,))

ERGAE

°—-B:)I‘L€ﬁ_‘§i”]_f_!—_

Ay AT

2_ optimal MILP formulation z_ P #& 3 #cid ¥ ¥ 44 % = minimize Z i )3 P

v;eV

R 2 5 615 ki

# Vv m@ﬁh?z%}p\ 5% A
WA S PE AT T & 3
T4 () w2 &Y, ;quz%hvaij T T

if py =min, _, {Py}

J} otherwise

Flit e FIH @ p g $

l’fu 7 ﬂ %i"
P s ficid F 7oA R S

AorzErld e gViE o Yy s 1o



T AN
3. EET A AN T2 MPSSMSA F A eha &

AP BERAE- BRARAPRS > P - BRASBSIHARPR HFLAR PGB E

PR o hipBRARR T > ERERET gd AU S8 (F THRIESE) 2R 53 A
i SR Edi o AP EREhRAPRIF LD

ﬂWﬁﬁi—%ﬁﬁﬁﬁﬁAﬁﬁ%%@’i SABRYI AR EEE - BES AR
SELE I N SRS SRR T MAE R L 360°/ A o AR 5753 M AE ERS E T L v
BAEE T E L - BB ST MOE BTN A BB ERR > X 5T M
e H_100% > #HSOEE > AR HRARL AL RERNIRTAL o Tk o Aph
5753 Rendf (TR 4w BEE gD BT o

AR G R RACE IR 4 AP R I S AT L h o S SR )

LR ALK R R o T A S ARREAT 4 R B T ki

N

%

BER- BREAEHRGV,E) IV FEREE Y T BB L E L SBF LA NsE NS L

~

FERBEHLET FEHEE o F- BEHEITABLTAR X MPPIH LR LI TILO=360/A o £
P .

G ELv hE A B R T4 ALY, = Maximize {pij ‘(a+1)0>¢\|j 2a0} » H ¢ Pij Zdi? x
SRRV B D& B T 4 dij LB DI By RS PR o AIRB A A gl B

2te v oz

hwe AP ERa=2 4 5 SBV B B R %L o FE Ry RT S R



A EE o AP ALT N T E AT S AN T 59 MPSSMSA B 47 5 [DMEA04]

#%-BF 4 RESE >FIGV,EP) P hﬁmeﬂ’$ﬁ$%&%N’—%%%$%%’
-~ p &% Do - Bt e 5 BT (VLELP) o kiR foerg B E B R

E':{(vi,vj)|(vi,vj)eTs} Rl a2 ’V’:{vi |El(vi,vj)e E’or(vj,vi)e E'} AT ¢ 2 §gen

A-1
2. 2 L= 2 g % 3 N - v o) 22 Y' v
oo RERSPRLQTS AR G Z, La = ] °
V.eV ' a=0
Sector 1 Sector 0
Sector 2
Sector 3
7
—————————— "
Bl 3. 535X M s 4 0
EAP IR 3 R BN E AR P REEE o B B, v
Vg Ve SV sV B o FIS e Ry 2V AR - BRAFREP TSR BTV, 2 TR

¢ x A BV TIRTE 2 ALY, SV~ BV TR e ALY, oV FRERERT O VoV, 2 R E

Bl o £ x A- B A%E e Bio(v.v)eEX 4k S Mt o Blx; =1 F A

TS
R0
F}.
T
=3
'S

9



X; =0 fne(v,a) & &EV,2Z $aBIAT NERGEINEDSEL L 2TH 3 APT

mne(v,,0)={v,.v,}, ne(ve,1)={v,.v.} > ne(v,,2)={v,,v,} > ne(v,,3)={v,| - &2v 2 a5

Yi.= m?x{ P;iX;; ‘vj € ne(vi,a)} 3.4)

4. EH T 4 P EEN T 2 MPSSMSA B 3102 &

LR - BRAFEGV.E)V 5 EMER 4 BBE L0 E L H B2 0 ARk L o

~

EBEEF ALOEE > F - BEBT ABRYIM T RPEIER IO T2O=360/A - 4

FEVPFABIML T YA LY =D ¢ 0 B Gy=py Py B E By BE PRy O

o

ORISR AR CE S R Y S ﬂ“&%wmﬁﬁ4dﬁéZY

o B

AP ERR 0 AP A T N R RER T A P AEHS T O MPSSMSA B D %R - B

42 2 FG(V.EC) » C h«wwkE}’$%$%ﬁﬁw

v - B RIREEEY, 0 - B P E
Do 45di- 4 % 5 3EMT(VLELC) » kil fhv frord B ché gk :{yu |( )ETS} L

ansp et £V ={y 13(Vi) e Bor (v, ) e BT, ¢ 4 shennd £ it @ RARRL BT i 4

Sk o 4 A 2. Z) CiYij 28 -

B4 BT7 - B %7 % s T4 40 pyj = dg

P~ 4 @ ghy; BT S By DR 4
3600 J

) B S dij A& By I & BV g SRR 0 5 ?fﬂﬁ‘l,,hv fraﬂ—&»v 2 AT i

RSP SR A

10



Sector 1 Sector 0

Sector 2

Sector 3

B4 o B5na%&afsd 4 £

# oI

EAPUERS F G R Pk o RO A - Bd T BB S, OV, OV, VEV,
Sl MR o BV R RRE R v fov, Ep chE Bk s it £or B - T4t B
AT ARBEDY - BEGNFTREPLNTA EHFT R APRE - BEI DR X RS
10 B %258 & - B2 Rt & 236° 4o@ 6577 o
FEd W62 %X APTUMF S S E T blde o d ST E B, B E TR $IE By,
G v n o e e | P[] 410 e
A * 575 MSA L TR A AR P; =410 " 5 P = E 2{3}241 o F {4 0 I\

TART S N RE B, PP Y fov, - bl T4 G e 4R oW 8 frE

11



(FeEz235)

BIS. - 5 1 &g

B6 %4 3536°2

[530] 53,

10 B 5% 25X &

,2

. Y02:Y03\ 01 T

, , [_S__] 53[16()1] 161

Yoy )= 41,

i

Y, Y,
O Jmn e

52‘] 6 ."r' [477 1

12

L P Y

48 [544] 35

YY

‘ @Yw ---------------- @



[ 477 ] 47

B @7 5% Mhb | T4 4 b 5

5. MPSSMSA F¥ 322 Optimal MILP Formulations

&% 5.1 ] &2 %4 %2 [DMEAO4] “F # 9 2. MPSSMSA K 3L - f optimal MILP
formulation > ¢t formulation #4345 8 & T 4 A2 B0 ~ PR E RIZE BRI H D ke T

1145 d1 MPSSMSA R AEehd % o &% 52 ] & ddp - B ER T 4 AN L A2
optimal MILP formulation » F $% » v ¥ 2% %45 1) MPSSMSA F 38 e F 2 > 27 Fehd_» T eh
HAER T - BRERS
513 &7 4 #8505 A2# 2 MPSSMSA P 42 ¢ optimal MILP formulation

hip- fHEA PG S- BUERT Y BN S A#2 MPSSMSA B 4E optimal MILP
formulation = % i v 5 MILPO1-for-MPSSMSA - MILP0O1-for-MPSSMSA & d [DMEA04]*74% 1! -
FO Li”f# MILPO1-for-MPSSMSA > — £ 4p b s fics 407 2 T & o
D] : B e B -
Yia PEEBVZEABIRT LR ATA o

Yi,a : ;{"%Vllgafﬁ;%%‘le/ﬁ%Lﬁj?’} °

13



1 E,Zgz"}qng % - '13‘ 7oL &*TEE'J%%V]F%’ Ef*,ii‘%!«vi AR & YA DT 4 o
Xj t— B Al Fai(V.y)) T a2 SARERE 0 x5 10 B RIX 50
fij e (V,,VJ) SR
ne(vi,a) : ¥V, 2 $aB R X AT NERGEFEOFE2 F L o
A it ez % 0 MILPO1-for-MPSSMSA # 2 4 77 40

Minimize:

Z Yia (5.1)

Subject to:

> fy=|D| (5.2)
(vs.v; )eE
3 =0 (5.3)
(vi.vs)eE
fi— > fi=LVvveD (5.4)
(vj Vi )eE (vi Vi )eE
> fi— D fi=0,wv,eV\{yjuD (5.5)
(vj Vi )eE (vi Vi )eE
D|x; — f;20,V(v,,v;) € E (5.6)
- P;X; 20,Vv; € ne(v a) : Vae{o,---,A—l},vVi eV (5.7)
Y 2Y,, 20,Vae{0, -, A-1f,vy, eV (5.8)
f;20,¥(v,v,)eE (5.9)
e{0,1},V(v,.v,) eE (5.10)

FINGDEF KRS B RS FEN S NFBSEE VNG R AT TR

r‘ﬁ)-% Lg;‘}' j\/)ﬁcl;{_”é:' Kqﬂd’- \‘(5 4)2‘\ /— T;F" '[% E] mﬂ“«ém/u » /u 7 /)\g\“i il »|/ —E_ gg%/\ 10’3‘3&‘];\(5.5)

\F‘b

Z\Wli“ﬁ‘;aﬂ—ém/n )‘/H—E'_i‘. —"4;’/:"‘__% f\! \‘(56)2\/ IE;‘:F J" ‘l}éé‘l- Fm/

gl E

14



P e B FUHI N5 E T E BV hE a B R RNT 4 PR B FAAR BN E BT E

=)

BEBAF AT VNGB E A SR AST A R EL A FR R GCYA TR
P fy 4 - (51002 7 BB, P -
5.2 v T 4 i S H05 5 A# 2. MPSSMSA B 4% optimal MILP formulation

Bl AP N - BEH T 4 RN 5 A# 2 MPSSMSA A 4Z¢h optimal MILP

‘F_*

formulation : MILP02-for-MPSSMSA © & 7 & {f MILP02-for-MPSSMSA f T - &2 PR Bk

b5 2\ ffﬁ’%g %)\ ¥y - ﬂﬂ;%;ﬁiy” ofﬁ-ﬁreﬁfa%[:.vl’ﬁ ig% E—f’]?‘ 37y @ﬁ?ﬁ—'fr? E'J:{”f«'@\l}'vj , E"J yij —1

F Ry; =0 > MILPO2-for-MPSSMSA ¥ 1 % 77 40T

Minimize:
Subject to:

>, fq=ID| (5.12)
(vs.v; )eE

> f,=0 (5.13)
(vi.vs)eE

> fi- > fi=LvveD (5.14)
(vjvi)eE (vi.vj)eE

fi— > f;=0,vv,eV\{v}uD (5.15)

(vjvi)eE (vi.vj)eE
Dly; — f; 20,¥(v,v,) €E (5.16)
Y. 2V, YV, € ne(v;,a),vae {0,---,A—1},Vvi eV (5.17)
f;20,¥(v,v,)eE (5.18)
i e{O,l},v(vi,vj)e E (5.19)

FINGATE T L E By, % QB 5T MRY > dok BV BEE - BT I E By,

15



pliE e l"‘L%!“«-J:-V iﬁ.’ﬁ'v ki 13 K'“l!:}';q_‘i;(ij F*;fii—]—é F158(5.12)F) 2458 (5.16) 7 % £ 2. R,

AL GDIWIRGOME « LR GASR WK CMF > WK (519)% 7 ey,

T- @A AR - B o IR T o v ,r/‘tiiwxlfﬁﬁ‘gﬁﬁ%@ﬂ Ty

ot s MILP02-for-MPSSMSA ¢ e #iclic P if ¥ Ak + < ¥ 80> 2 % > MILP02-for-MPSSMSA

FHELIT R R T e o A A 5 MPSSMSA R AT - BECH SR H 2 ¢ heu o £ & B EeH
SR INT A cost(heu) o AR E R - AR (vov)) F B0 5 HBHEE - 3

FhHTZ & 4 ) 42 B &= 3 cost(heu) o PSP l!iiﬂ%—@{l%( . J) B AR pa&xg;*])\ B ¢ ﬂjf

5
SLESEE T RS T

Pi
) (heu) & = » PIjjE S gy ~ B2 # IR 485 (vv))

Preprocessing(6.1) : E4r? & 5%

WAP LR T kP A e s EJE Bk Preprocessing(6.1) o 2 i gk * BUEELC TR B 2 R

FRFNFEERLZB T H- BAFNDIHA Vv, oV, oV oy, oV, R EF N fE2 cost &

COSt(heU)Z[%—‘+|V%—‘+{%—‘:41+6+53:100 BV -G o KRBT APy, b

1601
v, e 4 % R [——l =161 (AP EEH o iniE4RE - %5142 B &t cost(heu) e

fB 0 FI AT R @ SRR Y PR (v,,Y,) o dost 0§ MILPO2-for-MPSSMSA

.

e

MAEPE v BT LIRS > B 0 v T R T R

IR = L Y- Pt
foid— AP TR KR et (1) P D R E R 4 T S A

1+ 3

16



MILPO02-for-MPSSMSA » (2) % =3 fJ2 s ez iv (Preprocessing(6.1)+MILP02-for-MPSSMSA) » (3)
© Grel B R R 4 AR B A#H 2 MILPOL-for-MPSSMSA erstiy o 3P amtit 323 P 5 cpu
HERE o

T et BRERE

AP KR E 5 B A 7 "o(Intel Pentium 4 2 Ghz 2 756 MB DDR SDRAM )e 2% i crgic k8 2% %
%= ILOG CPLEX 6.5 £ % # #[CPLEX] -

AP PR R ER G C(DARPROSTIED TRETWA L DT PP L T - B
100mx100m &% 5 B R« (2)- F4as(V,V,) @R 4 s dy o dy Lsar (Vv )L & -
(3) 80% Tyt & BL(F ¢ 7 KRG B)RARNEWE T L P h& Bho LA L NP R E R R R
S ELEcP > R it = B4 optimal MILP formulation 2_ 34 {7 pF Y o
TR B

- B AP HCE S R (6000 £ 7 AZE 600 F ) o A1 AP E U dvE
Preprocessing+MILP02-for-MPSSMSA 334, {7 p# fF p7 &g 142+ ¥ ¢k & & formulation 3% 7 PFF R o it
BEMNTEARPEROG IR 2 ARLELT B M= B formulations 2. R TRER AR A G F oo v F
G BLECP 3 4o pF oo b = B formulations 2. 4 7 PFRF 2. £ BB (] \} ﬁ’cN} % oo Gldrd S ELEP A LT B
B¥ » MILPO1-for-MPSSMSA 2_ 3% {7 B¥ f % 203.21 #j» @ MILP02-for-MPSSMSA 2_ #, {7 ¥ ¥ % 37.85

AR ERRETY:

1\3

FH I > 4 B 3 cost(heu) sda R i&-fr}t%'ﬂff » % % preprocessing(6.1)

+MILPO2-for-MPSSMSA ¥ & 20.58 ) °

b2 B R A PR R 4 N S A # 2 MPSSMSA A A b

MILP02-for-MPSSMSA 2 # {7i¢ & 7£ 3 1* [DMEAO4]# 2 71 % £ 4 i/ 424 5 A # 2 MPSSMSA

17



F¥ 48 11 MILPO1-for-MPSSMSA E-i% % o L i&—- = > NP ahpreprocessing H ¥ g g ¥ 1L £ 4o -

4 ipe e MILPO2-for-MPSSMSA 2 34 7 & o

# 1. # F MPSSMSA F 48 2_ optimal MILP formulations z_ 3% {7 & &

Number of Nodes

Different Optimal o " VIELO | V=15 | V=20 | V=25 | [VI=30
Execution time(s)

MPSSMSA formulations
MILPO1-for-MPSSMSA 0.20 2.68 70.57 | 203.21 | 600 T
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Preprocessing (6.1)+
0.05 0.19 335 | 20.58 94.03

MILPO2-for-MPSSMSA

ik we ® o AP dh4oi @ * optimal MILP formulation % f# MPSSMSA F¥ 4% - B2 7% < }I%
¥ @ =5 — 1 optimal MILP formulation 4% 3% ! % f# MPSSMSA R 4% > fe § & AR+ 5 K a2
pF > b formulation 2 4 TP § RE 2N £ > FP v R B EL I o - K Y o
A YRR T 4 B0 kG MPSSMSA R AE3K 3 - B optimal MILP formulation » § "% fic#t 5 %

BE 7 49 44>% MILPO1-for-MPSSMSA > 2t 7% ¢ MILPO2-for-MPSSMSA ¥ 12 & 4 + £ chdf (7 i o i

5,

- o F R FE A P H T preprocessing(6.1) K E-T 4 G fL ek gualik 3 “ﬁ% PE o RSN T &

18



54
[CaHE02]

[CPLEX]
[DMEAO03]

[DMEA04]

[GaJo79]

[GoWi02]

[GuYa05]

[GuYa06]

[HiLi86]
[MiBa02]

[MoGa05]

[MoGDO5]

[MuMa04]

[WaGu03]

[WiNEOO]

M. Cagalj, J.P. Hubaux, and C. Enz, “Minimum Energy Broadcast in All-Wireless
Networks: NP-Completeness and Distribution Issues,” Proc. of the 8th ACM International
Conference on Mobile Computing and Networking (Mobicom 2002), September 2002.
http://www.cplex.com

A K. Das, R.J. Marks, M.A. El-Sharkawi, P. Arabshahi, and A. Gray, “Minimum Power
Broadcast Trees for Wireless Networks: Integer Programming Formulations,” Proc. of
IEEE INFOCOM 2003, vol. 2, 2003, pp. 1001-1010.

A K. Das, R.J. Marks, M.A. El-Sharkawi, P. Arabshahi, and A. Gray, “Optimization
Methods for Minimum Power Multicasting in Wireless Networks with Sectored
Antennas,” Proc. of IEEE Wireless Communications and Networking Conference, March
2004, pp. 1299-1304.

M.R. Garey and D.S. Johnson, Computers and Intractability: A Guide to the Theory of
NP-Completeness, Freeman, New York, 1979.

A.J. Goldsmith and S.B. Wicker, “Design Challenges for Energy-Constrained Ad Hoc
Wireless Networks,” IEEE Wireless Communications, vol. 9, no. 4, 2002, pp. 8-27.
S. Guo and O. Yang, “Formulation of optimal tree construction for maximum lifetime
multicasting in wireless ad-hoc networks with adaptive antennas,” IEEE International
Conference on Communications, vol. 5, pp. 3370-3374, May 2005./

S. Guo and O. Yang, “Minimum-energy multicast in wireless ad hoc networks with
adaptive antennas: milp formulations and heuristic algorithms,” IEEE Transactions on
Mobile Computing, vol. 5, no.4, pp. 333-346, 2006.

F. S. Hillier and G. J. Lieberman, Introduction to operations research, Copyright 1986
in Taiwan, Republic of China by Holden-Day, Inc.

A. Misra and S. Banerjee, “MRPC: maximizing network lifetime for reliable routing in
wireless environments,” WCNC2002, pp. 800-806, March 2002.

R. Montemanni and L.M. Gambardella, “Exact Algorithms for the Minimum Power
Symmetric Connectivity Pproblem in Wireless Networks,” Computers and Operations
Research, vol. 32, no.11, November 2005, pp. 2891-2904.

R. Montemanni, L.M. Gambardella, and A.K. Das, “The Minimum Power Broadcast
Problem in Wireless Networks: A Simulated Annealing Approach,” Proc. of IEEE Wireless
Communications and Networking Conference, New Orleans, U.S.A., March 2005.

C. S. R. Murthy and B. S. Manoj, Ad Hoc Wireless Networks: Architectures and
Protocols, Prentice Hall, 2004.

B. Wang and S. K. S. Gupta, “G-REMIT: an algorithm for building energy efficient
multicast trees in wireless ad hoc networks,” Second IEEE International Symposium on
Network Computing and Applications, pp. 265-272, April 2003.

J.E. Wieselthier, G.D. Nguyen, and A. Ephremides, “On the Construction of
Energy-Efficient Broadcast and Multicast Trees in Wireless Networks,” Proc. of 19th IEEE
INFOCOM, 2000, pp. 585-594.

19



