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Abstract: The limited energy of the node and the restricted communication bandwidths are two important features of ad hoc networks.
The energy of the node is not only a key factor effecting network capacities, but is also a determinant factor in restricting network lifetime.
The limited communication bandwidth makes the network more prone to congestion. Hense, it is particular important to design a joint
optimal congestion control and power control algorithm by providing energy saving in ad hoc networks. First, the study proposes a
network utility maximization problem that provides energy saving, by introducing the cost function of energy consumption to the
objective function of the network utility maximization problem, so the performance of the network can be optimized both in the network
lifetime and network utility. Secondly, by the dual decomposition method and gradient projection method, the case proposes a joint power
control and congestion control algorithm that provides energy saving to solve this problem. In addition, the project analyzes and verifies
the convergence of the proposed algorithm. Finally, simulation results in detail are given to demonstrate the efficiency of the proposed
algorithm. The network adapt the proposed algorithm can significantly reduce the energy consumption and prolong the network lifetime,
while the remaining network throughput basically unchanged.
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Ci(n)=log(»(n)) (38)
(3) AR A ok A It e 3 T U S 8 DA B AN B % 1 2% 2 AR ke X (39) T A I 119 9 ZE R A AN (n+1), IR K A 2E

EiY =SV i SRt P
A4(n+1) {%(n)— Kz[C.(n)— > Xs(n)ﬂ (39)
seS(l)
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(4) 19 HBEEE 15 42 LE p(n) S5 AR 3 =X (40) B8 B B % 1045 18 LE 22 (AL TR oy (n+1):
A+1)=[p(n)-K,(log(7(n))-10g(7,min))]* (40)
(5) MIEMIERBAM) FEREEBEMEaN) FEREH0N). FEERDIE P(n) LB IFE Gy, 2 (41)
SEHTAR B R TR B R A A T A
(A4 (n) + p ()7, (n)
GyR(n)
(6) AR AT S DK mn), LA RASEERR (A0 2E REA(n) . [FE L EEREp (). H

RN A V(P (n) R AR FE G, 1o (42) T Bk B I Th 28 Py(n+1), I 45 4k I 1) Th 2645 8 R I 45 AH 5%
RiP=¢

m,(n) = (41)

R max
P(n +l)—{P,(n)+K [%(nl)axl(n) ,ZG" l(n)—V.'(P.(n))H (42)
* F\,min

Algorithm 2. J55 & 00T 5.
(1) WA s Kb e R IR B T 2 B I 2R A5 B B ZE R AI(n) N e £(s), 2R TE AR 2 X (43) 5 B

NI Hs:
A= 2 A (43)
leL(s)
() VBH R A 1 ST 00 25 () VG SR SR T x(n+1), B
X (n+1) =[U. " (2° ()™ (44)

L bl A2 2 AN 2 s B SV R0 I s s B SR I B A AR D BBt T ATV e St B AR m s D KA
V)RR ZR, N UL 75 B BE I 28 R B (n+1) . {5 W L ZE(ERE p(n+ 1) FIEE G DI R Py(n+1) L AUL KB
RN, LA RS R Sk
2.6 WSS

FRCAR AR SO I X AN SV AT 4 B 7 B 45 AR T S St AR A T A AT S i i Sl R )
A8 1) R0 P LA 4 A8 S g A ot A1 o A, K1 b AT S50 3 T A1 T A ol 41 S 4 ) 0205 P i Sk 40 T R B S s il 4
IS 4

o TR ZE 4 ) oA RSB A SAE S M7 4 B

R0 128 J - s BN A7 A — T £ 1) ) R AR AT I x (AT B Ay S ) A S5 0 A it DR ke, B
FBCR 5 2 FLAT — SO SO o 5 B R B S SRR 10 o A o DA ) 8, T R T S ) — B
7V B B IR K K0 O<K,<2/K, He v K2 %t H A% B8 50 Lipschitz 5 % 2%,

E L 0B AN E b i) 8 AR R E S, H B A R EOR o B 5 20 A E b ) % AR A
1 Lipschitz 5 %¢.

IR A K R AR RS o g

A=Az )" (45)
AT ) D A B ASK T R] DA
V,D=C—Rx(1) (46)
5 S s[RI |15 7 5 g R 84 5 2 A 9 1 sz S i g vl 45 31 5K (47):
IVD(A(n))-VD(A(n+1))|l2<srlIX(A°(n)-X(A(n+1))]|¢ (47)

b |1l RORAEBER FAEK, H pt A p? 43 T2 oo I A 4 A5 B A5 (n) 1 AS(n+1).
B Ab, 5 3P =U!(X™), IT,(p) =U ™ (p), Wy LA
X (27 (M) = X (2° (0 + D) le =< max | ZL(BS™) ||| p* = p° [l (48)
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© HEBEERAET hipd/ www, jos. org. cn



908 Journal of Software #4+3 4% Vol.24, No.4, April 2013

It = 2 [l < 2max(s,) | A(n) — A(n + D) [, (49)
i AAEX (A7)~ A3 (49), 1T LT
I'VD(A() = VD(A(n +1)) [l,=< 2(s¢) x max(sg) max | 7Z(p™) |- | A(n) - A(n + 1) [, (50)
K 16, VD 7 Lipschitz %k
K =2(s5) x 2max(sg) max | 77(ps™) | (51)
PR PH h, M AP K K385 2 0<K <2/K I 3 2E 5 i S92 22 sl O

Ty 2R3 3 A R SR o A i

455 s P 7 170 PR 25 K A o I B 35 B P8 17 95 PR35 A WA S5 T2 A S 0y o o 4 ) 0t A B T
£ B R A 732 50 SR AR RS T i) L D, FIR A KN K. A X8 7 1) 2 D, B 4G Lipschitz 32 2278 )i, B

[IVD2(P1)—-VD2(P2)||<LI[P1—P2||,L>0 (52)

M7 H A B SRS KR/ 15 e<Kp<(2-8)/(L), &0, 54 Th 2 s thl 30 W 8 1. 1 IR D, 1 Hessian %E
B H [ 2 (SO AT FRIG,I8 4 e wh BAT Lipschitz 3 g4 5P,

ERR 2. WUER—ANXT A H AR il E b e B0 % ST 1, B Hessian %EFE H ¥ 1 B 6405 5B iu 4k
I T4 58 H A ) 4 SR A7 7E Lipschitz 48

S BA M )R D, 1) Hessian F B A7 1 7T 2= 41 2 (53) F s

2
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Hy =Y (4 +p A - L_V"(R 53
L} ;( j pJ){ZG]kPk'Fn} Plz ( I) ( )
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H”:Z ( J+P,) il leyi;tl (54)
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(ZijPkJrnlJ
k#j

i1 T Hessian 55 T (A8 B 28 B BA (5L 2R R p. BEIR IR P IBUE YE 1 4 1F 8, BLAEAE
1 BR, A Hessian AP 2 Brye o B, BIE LR oy UE S PSRk Al
I1H L=< VIl H [l H L, (55)
Hrp | H L= m?xZ| Hy LIH L= miaxZ| Hy; |1, #7 7E Lipschitz 3 % L, 2
i ]

2
Ly =max| ¥ 3 LA sy S| AR e
I ey i D> GyP +n, R
(ZijPk-i—nl] k=]
k= j (56)
2
max Z ZM_’_ Z(/’LJ +pj) Gj' _ﬂ1 +2pl _VI'(PI)
I ARy =1 2GR +n, R
{ZijPk-t-n,J k=j
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FRE. 245K Kp B AL LR S N, Th o 2 ik e 8
s<Kp<(2-9)I(L) (57)
Horh g2 (0,2/(1+L7)) X I8] FOAE B 5. b T4 28 R BARIEGE K x AT — B0 e Sk, 010 FH R 52 925 SR A 1 T A 4%
B SICT /N B8 KAk il A0 F 1220 DRt o e s B0k L 3 ZE 5 o SR IR W B R A — Bk O
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Fig.1 A simple network topology
Bl L ] g 44 90 4h

AT ) Ad Hoe 45K H T TDMA BLHIREIT 55 15 8 5. 75 TDMA S5 % 17 5 v K A S AL IS 1) A )
73 B2 A IS B, T T 8 IS 42 B A S 0 7 220 T 4 %A S % . TDMIA 1 7 2% 0 152 07 =0l BRAEVF 22 55 T Ad Hoe
D) 5% BRI 5 ST Ak R, 2 SRR [23]. 75 A A SUAR IR o B — AN [R) 3853 Kl 43 1 4 AN BRLZE SR 1 ANEF B, A B 1
e 5. FERE O WG RS 2 IR VA RER, 2. BERG 6. BERG 10 WO RS 3 AR, A RS 3. HERE 7.
He 11 WO AR 4 NI B R A RERR 4. BERE 8. BERK 12 WU,
32 FEARRIEREST

AL EZEIL MATLAB {5 57 & K50 E AT T £ 19 550925 15 58 R4 MATLAB 2 Attt L R4 H
$Erp ISR AR S AL 1) J8L 15 3 4 R e A AR AR 8 MATLAB MR 2 SC BT 3 HA 16 29 A 20 5T SR AR dee A Ak il
I 5 2T KA (14 JR) S AU AR REAT LA, TR A S 4 Y PR R A SR I P BB AT 23 7.

ik MATLAB $2 At A0 A6 T 5 AR, 4 Hh 3SR SR AR B LA ) A3 3 1 42 Jm) B DU 15 A S L 10 23 A X0
LR I 2 et LAl B LR 1 RIER 2.

Table 1  Objective function difference and source rates difference between

the results of centralized algorithm and distributed algorithm
F 1 AR oA SRS U5 EE 2 % H b e g RS L

i ElAE RIEN X 1R 22 (%)
X1 3.439 2 3.439 419 0.006 368
X2 2.576 6 2.576 644 0.001 698
X3 2.9488 2.948 914 0.003 874
SRS 35.2233 35.458 66 0.668 199
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Table 2 Power difference and SINR difference between the results of centralized algorithm
and the distributed algorithm
Fe 2 B A UR AT A EEVELS 10 T A R A% W L 45 A0 B

B LENIEN PRIEN I 2 2% (%)
ﬂ:ﬁéﬁ? 27 " %7 - P -
S (LM g G354 IS (Gl

1 21371 31.1635 2.142 261 31.238 53 0.241 487 0.240 747
2 22194 31.1635 2.215 443 31.11101 -0.178 29 —0.168 43
3 1 48.064 1 48.059 93 0 —0.008 48
4 2.564 1 31.1635 2.564 062 31.162 04 —0.001 49 —0.004 69
5 1 31.714 8 1 31.663 11 0 -0.162 98
6 1 30.111 4 1 30.158 46 0 0.156 29
7 1 60.756 4 1 60.752 56 0 —0.006 31
8 1 13.152 8 1 13.152 58 0 -0.0017
9 1 43.848 9 1 43.790 45 0 -0.13331
10 1.446 4 19.083 3 1.445 371 19.076 85 -0.071 14 -0.03379
11 1.064 6 19.083 3 1.064 72 19.086 41 0.011 237 0.016 318
12 1.255 7 19.083 3 1.255 76 19.084 29 0.004 764 0.005 197

M 0E A 1 AN 2 SR B AR R SRR S A sUSEA G SR B AT BURCEIL, A SO 8 H 1) 7 A sQ S i At 1
g7 R G sUp 9 H A 45 SR 22 18] R ZE AR /N Rk, T LA — S 4508 0l A SR H 0 0 A SR R OR AR
Ad Hoc [# 25 15 g 2280 s KA T, ) DAAST 3 42 ) e AL A

M A SC TR Y (A 2 4 - T A ) 0 A SUELOROSKR A Ad Hoce 9 2% 71 B8 28 A0 T S KA 1), 7 SR A 1)
R YRR x B AR ek BERR DDA P BERK A C LU ABERK K41 2E R BAR AR A th 2 5y i 1l 2~ 18] 5 i
7 A s R BT AT AR R Wi, HLCSC SR 5 4 e B AR A2 — S50 I B0 7 1) 2 4 1 g Tl 4 ol O R
OSSR T s A ) AL

R 2 MR 3 AR Al 2k LS e A DA D B, 4 SR R AR B 2 400 I, 23 A1 US4 21
45 R Cge s 4R i PR AR ¥ Bl 1 B 4 () D A1 B A B B 1) D 2 v o e K T LA 4 PO 26 AR Mot
LUK, RS BRATTAT BLA > 8 B i 4 5040 AT BLAR BRI 4 1) Zh TR A I8 B i KR D&
HEORBERS 4 MDA LU OCHERS 4 BOACRLEE T A Hoc 1994715 RE L RO SRR AR ) R A A AR R H
V(Py), 1 K 6 2y 2 Bt oK (187 I 4 280 (1 L B R S5 9 FE A (1 22 AL S AV, (Py) B2/ R, R G iR FEOR R BRI 4 1)
TR AR N RAE AL GE 1) W 28 20 B KA TR Dy 1 AN 9 D B B R A B o 0 (R0, 122 R e 2 — LM K
B Dy 2, A I B B B D A S KA AT, A S AT T4 8 16 10 248 250 Y e KA ) L, AT A K M P A1 s 1)
AT FRARTY R, ATk 2 20 e 1 H K.

RS WLEE I 4 T LUK B BE R ) A B A AR T AR 2 A 4 T8, B R IR 0 DR sk ) /) B e A AL X OE
S 30 Y AT R A R e B o0 T AR R/ e B BRI 4 min=13, DX 1P B O B 15 3 1 B, i s R
L o FUAR B A R A A BRSO R 1) e T BE RV FAS B KV (P) R A, G R B 11 7 O F AN 2 B A%
i 3 R TR0, IS 0 8 o B e Dy R AN (ELAN 2 K 0 6 28O S i 2 /s Ad Hoe 9 296715 e 2288 Y e K AR 11 H A bR
2 DR I, 2 B B (10 5 AN S B A i A ) 0 e Rl [ R B R T B S M A i R R
S Ik I i D A A M

T3 A B /I W LU BT 1 i B R B8 £ 8 L PR B /ML, A T2 O 7 R 00 296 P e /D £ B 2 00 T
FIR A1 53 3 (1) /ML AEL I o 296 Hp 2% A e 1) BE SR AT PR, 1 L [0 P 80t 804 2 T80 A A 38 4, DR e ke
THEE 2% 0 IR S A7 AE — A /I W BRI Ay B A51) G A 17 B R T 1 i RO 18,37, 24 g i X 19
ol DA (BN, S0 TE 1009 B0 A 2 A P (0 B DIE AP AT I, AR B 1) 5% 1) P e 2 ORI HIUE 4 19 7, i

RGP 5, B3 AP A1 B BT 3 (0 B v 280 A7 A — N BE RS RO 4 28 2 50 B g 203 O i i 4
(R 2E R B AL S (M BE M 8 [ ZE R EAs DAL X 3 (M BER 12 (M ZE RE A X0 THER 4. BERK 8.
R 12 73 G2 Y A Xq,Xo,Xa IR A B, T AT BRI 28 R 0 AR IR AR T 26 RS 1 Ad Hoe 9471
RE T RG] doe KA IR LA 2 1 4 R AL A
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Fig.2 Trend of source rates x and objective function during execution of distributed algorithm
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Table 3 Effect of energy consumption cost on network performance

T3 AERI FEAXT Y 2% PR RE 152

b= o EN R

RREW — (JOCPPh)  0.00005 0.0005 _ 0.005 0.05 05
X1 34935 34938 34931 34873 34392 20201
% 25649  2.5649 25649 25649 25766  2.9063
Xa 29241 29238 29235 29239 29488  2.9063

MR 89825 89825 89815 89761 89646 87327

P, 8.873 8.8698 22554 22422 21371 12717
P, 102657 102782 23564 23239 22194 13032
Ps 1.870 2 1.671 1 1 1 1
Py 15 15 85257 26861 2.5641 14517
Ps 1.484 5 1.314 3 1 . 1 1
Pe 2.685 2 2.3787 1 il 1 1
X 1.000 6 1 1 A 1 1
Pe 55584 55566  3.1508 it 1 1
Py 12736 12245 1 1 1 1
P10 71825 71576 14254 14223 14464  1.287
Py 34474 34675 1038 10384 1.0646  1.0203
P 69352  6.9318 39411 12476 12557 1

THEER TR 65.576 3 64.85 27.7018 16.9605 16.6873 13.3339
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