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Abstract: Interference among wireless signals hinders the concurrent transmission of signals and reduces the throughput of wireless
networks. Link scheduling is an effective way to improve throughput and decrease transmission delay of wireless networks as the signal-to-
interference-plus-noise ratio (SINR) model can accurately describe the inherent characteristics of wireless signal propagation and truly
reflect the interference among wireless signals. Therefore, this study proposes an online distributed link scheduling (OLD_LS) algorithm in
the dynamic wireless networks with the constant approximation factor of the SINR model. Specifically, online means that nodes can join
and leave wireless networks at any time, and this arbitrary behavior of nodes reflects the dynamic characteristics of wireless networks. The
OLD_LS algorithm partitions the network region into hexagons to localize the global interference of the SINR model. In addition, a leader

election (LE) subroutine in dynamic networks is designed in this study. It is shown that as long as the dynamic rate of nodes is less than
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1/e, LE can elect a leader with a high probability in the time complexity of O(logn+logR), where & is a constant satisfying
£<5(1-2'"22)/6, with « being the path loss exponent, n the number of senders, and R the longest link length. To the best of our
knowledge, the algorithm proposed in this study is the first OLD_LS algorithm for dynamic wireless networks.

Key words: dynamic wireless networks; signal to interference plus noise ratio (SINR); link scheduling; distributed algorithm; leader

election
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&% 1. Leader election (LE) (executed by the sender u).

Init: state(u ) = Active;
for 7 rounds do
if state(u ) = Active then
u transmits a probe message with probability p;
u receives and decodes messages with the SIC;
if u receives one or more probe messages from the same hexagon then
state(u ) = Silence;
endif
endif
endfor
if state(u ) = Active then
state(u ) = Leader;
endif

P2 NORIEW] LE 23 T 505 Lh s ME et £ — /MU . LE 5005 BUR T, (RS 0 i FEEN R 2 2%, LE 1)
HARZ AR NI DL R i AT AR, BATHIE 9508 1 IARZ NIB b, R 5]
FRURISE BE AR 3 Hr A8 5 I AN NI A K.

N TAEW] LE AR LUR iR IE £ DT E, T EOENI DI dR: —R AR R RS A S R A
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CINDRLOE RS a7 W SR s N Y e (e R/ Wi =R
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5| H 3).
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VAT A S € Gry S, HIRHEREIIAN 1 2 BRI AN T 25+ 2). Fo, s = (e(1 - 21-1%)[80) 7,
It B, A H BRI RAF s RS A B IS,) > |G,-|/(2s+5)2 CORJEIE AL AR p I e >0, W
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R AL p RIEGI N B, LAS, W B 17 s 2 IMEER L — 1S gk # BRT a5 I,
p=ci/@cma), €1 = 1/(2‘”2ﬁ) , Cmax = 80/(1 —21‘”/2). Z Uk, FTCAEW G 1 g <eny, V; PR PR R
R s, A EGE 2 007 mUB TGS, S, (R BG4 1074 s USRS SO R BATY A BTLL, v, 1 2650
S3 I R DAMEZE 1 — eVl il ok R . o, 6184 = 6|V

G 5 AR RN 7S TG HR R 01T A R AT LE BE e 4B 18, T IS —FRRe R IE o (Wil 4 FToR).

4 —FERRRAE DL

ABBE 1y A way [ AT 28 P = 2BNR® REHRI L, W eGSR I PSRN EL, E AL u AL Dh 253
P(uy) F1P,(up) . AR, Po(uz) > Py(uy) . PIE, u ANBE LIRS wy A RN R, AE BENE AL wy I ORI B
SR, w By FESDANF R SILTE, wp A5 u 565 TE. B u B2 20wy BRI JEL. W RAMIEH] SIC HR, u 6
TR 0 AL PRI S, 0w JCVE R AR AR sl BTEL, RS SIC BOR, w B e wy AIE RN &, th
Ty 5 u FEAD A RINILIEH, wy A5 u SEGHFIE. JTLL, u 20y (KIERDN S, 1T P AL aey O TR R S

o [ IR kAN R, FEIR P (uy), ..., Puu) W2 Pu(uy) > Pu(uz) > ... > Po(ug) = PeR™ . 3XFE, u n) LAY
WRERNE S Pu(uw)), BHABGE S B VEME R, WR w5 u AT R — NI, A4 w28 R AR R 05, FREFERER,
u NG BRSNS 5. AW, RS IE TAEAE S FIER, R KRG 5. XA AR SHT, B
Bl A2 ARTEER AL B BME SR SINR 21N AN REAd S 4 1k

¥ FRAHT, LE R E 40 2 504 e DUR SR b B — M5 2

TRV AE— AN T 258 )30 FD G5 R ANR, RN 484 Fh G50 00— AN AR IR TR R I R AR 4K, (R AR IXAN S8 T R A
A RV BT s AN A

EX N SELLHE A VIO MV, i=0,1,...,|logR|, SME R 4, re T, TFUMEGHINNLTE 11
TR SRS, nl(0) = VIO, Al(n) = V0] 15 BB AR 358 SN
1= max {lnf’(r+ 1)—ﬁf’(t)|/ﬁ,}~'(f)},
t€T heH,i[ 0, logR] ]

o, H RR NI

r BREF T g BT AIE IR B L, O<r <1, n=(r+p/(L—p)A+ ) <1, FH0<p<1. |
g (D) RO g AR ¢ B ITH KT s RS e SRR I st M8 510 =0, sty =¢, sh=24,..., K, ¢ = [mgrzp].
T st; Z A gi FEIRITE BT s 80 H R AR, M st TRV ERTY SUIIEH 9D, TR ry £, W) g FEAEHE ¢ 50 (05 BRTS 4500
B
n, 1< st
[rag1 ()], t>st; °

=0, sto=0. Bl go BT AU H AR 1 B IEIRD. Mi> 0, g KL gy ZBINY ARUAEIR £ B FF IR
ACBTEL, Mt > s, qii—1) = 15g.0) < pgi(i).

SI38 2. WK g KAEEE t 500 g () <, 4 q(< i) = Z';q,(j) <q@)-p/(1-p).

Vt>0:q,(i)={
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[l

LB A (i — 1) < pgi(i), FITLA:
qi(<i)= Z; 4() = @ili=D+qi=2)+...+q(1) +(0) = () +p* +...+p") < g,(D) - p/(1 = p).

THE W, AR —NMRERIAS ¢, IR TT 4R g RN R EZ A ¢.() 1, Wl ny < q,()  ARREXANRR R 1 1R AE
KAZ, B W AFAEU R LA Bh&AT A,

(1) 3475 RO BRI R B B N 9 4% 5

(2) 715 RUBE IR e 2 T 245

(3) 719 25 PR Ay 5 280 A R PR R I 28 A R BR

LT BT N R g BIR/NBER T RER A AR, 5B AN gt () TE A B S

Gi+10) = qi(0) - ra—q,(0) - p/(1 = p) = g1 +1(D—q,(D) - p/(1 = p). 3)

A (3) XU, WY <i, 0y <q() I H i <@ (), WALESR 1+ 1A n; < g1 (D).

2 AR O — DB EL, Fe BN Y B R

BI38 3. BB FEANEBL, FFAI BT 0 g RESE 1 (12 0) B L i < q,() , MALEXAB B4 R g, FELUH 5L
MERIE L 1y < G (D).

A G, B MRIMPATERE. Ko n; <q()), j<i, illng <q(<i). H51H 2, ng <q.0)-p/(1-p) . #
i G () 1R LA :

. G (D) i
)= < .
MO ol =p) < npl—p)
= St b ] S A o NN p 4 1+4
SIS, R BEEE > G (O, SIS 1303 BB e ML, 181 2 < Cone

JFFHA<1/e. :
P n;
5121 R, AN ry PSR A O EERT i, IXAN AR 1 — e FTLL, iy < (n—p/(1=p))n; =
Gr1(D).
AN BUR A B X max (27/(5(1 = ), 27} = ©(1), Hir:

ne < < en;.

= qre1 (D) _ 4]
g ra—p/(1-p)’
1 r 1—]‘2 l—i’z

WA n: = a D) [ R 22 kg @=2mml/(1-2) ¢ - < = .
B2 Gyt D IRy 2 S Tam®  2qm0)

FRH— 3R 2 B (union bound), 1E4E g; KM 1F n; > o () IR 22 2

logR-1 logR-1 logR-1
1 1- I 1

1- ry 1- r ¢ i 1- r2 1 1 1
: : < E = E < —_—< -
= 20m® 2 A am@ 2 it (1’2) 2 a1 2

i= 5]

JITEA, FEIXANBY B A RN g JEG IR s A H D T g () AR R D2 1/2.

EEE 1. W S BhEEE A < 1/ e, LE HiEZIL O(logn +log R) ¢ )i LA R ME R IEFE— AT 4

AR AERRANEY B, RAEEE t 560 n < (), IBA M+ 1EELLJE 220 DU BRI 2 1y < g () - ARFE V)R
St (Chernoff bound), LE 7%k 485t O(logn + log R) #8 )5 LIMER 1 — e~ EFE— AN T34
34 i H

7 1000 x 1000 [¥] 1F 7 JE DX 3 rp AL 2 200 451045 B, B BEsR KRR E N 1, KM KR E R 30,

pe _ 1/a
a=3,ﬁ=10,N=—70dB,c=3,M=[%(2"+ 3:‘50(“ L, @ ))) A 1 = 015, AR
( )

+
c—1 a-2 a-1
0 eyt s H R AT — RO AR BERE 1K 15%. 15 2 LA p RILEMTY S, 10 p WEAEE /N, BT DU B0 45 R B LR
WK, A SCBATFET 300 %, ARG HUSAT G R T IME. BUVER p JEH /D, 5w 4 F 18 B RE S LRI, BT fr
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BIEN T BERANSOR BN R, FBOW RGEHEIE R R B EOR. S35k, B 1 KW, LE DIBER 1 — e i —
AT PrEL, BROENY LB I, TR B DL R e B AU IR, 5y T, 2ROR N R R
I, AR TR S A% H B, HCT R SIC BOR AT BLIRN N A% 22 A4S T-HRA5 5, BRI R0 Ak s
A SR s A PR Y A, N IB SR P T e R, A SR IR ) PR P . IR 5 AL, R R H
£ 10-20 AN, LE S AU 8 P 2L I R BEAAT & — S0 Bt 2R A TAR, 24 800 sl — & AR
17 BE 5 15 SR PRI 1) PA 326 H 4

3000 =
—— TE4R
e —11692+1432x(logn+logR)
2 500 prrmemam s - —17769+2133x%(logn+logR)
2 000
=
#1500
1000

500

0 i 1 1 1 1 1 1 1 1 1 1 1 1 1
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
K5 AU IER RN A R

4 SEREHEERRI

4.1 EEHLA

AR Pl 2k 0 A SUBE M B 59, fRIFK OLD_LS (online distributed link scheduling), LI TDMA Jj 503k,
7. 15, ORI IR 1K Ky uR BIIESIAE, IR/ 1. 20 3 40's, AT E ISR BB A IE /S I B R4 5 AN,
BEHE 1= (u,v) ENTIE R, 2 B RIEN 5w £E b AR R w WU AN ST EAHAS 30 52k 1, WIRIE u £
i T NS TE . R B (N G 5 5 7S IU TR I G 5 AH TR G5 A TR R 7S 2 78w (9 361 R R IF $UT OLD_LS
SEVE. W R R AT s AR R AT B, W A IR R A BTG BRI (A etive); AW, %75 RS R ARTE IR
(indctive). Hi'5 M a FITHERAT sIAT LE 5% $AT LE JG, 950 a BSOS 4 7T LUK 6 B, RIZSE %
B, LE SLVEHATI RS T 46, 9154 H— 50 M R IEN 8. &3 T+1 5 R e S EmHhg = o i IR,
TS5 1. 5005 OLD LS RIS a4y 2 s,

&% 2. Online distributed link scheduling (OLD_LS) (performed by the sender u ).

Init: a=1;
while true do
ifu has a message to transmit then
state(u ) = Active;
else
state(u ) = inActive;
endif
if state(u ) = inActive or u’s label is not a then
uwaits T + ] rounds;

else




i

!

#
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u executes the LE algorithm;
if state(u# ) = Leader then
u sends a message to its receiver with power Py = ¢BNR® . That is, / = (u,v) is scheduled;
state(u ) = inActive;
else
u waits one round;
state(u ) = Active;
endif
endif
a=(amod3)+1;

endwhile

4.2 EZESH

a _ 1/a
T DI u:(f’%[zn@fg )Q(Z_;+a‘_’ 1)]] LOLD_LS $AIEI SINR AFF74E. B, 115 = (u,v)

B, MR R AERS(E SINR T-IRL A N IR AR 20 B

EBA: AR e, BB w i NI A T IRE T R, NI A 1995 00 1, W 6 Fros. Br g s 0 1 7814
JEH I RIENT FAAT LE 50, SN R R 205N F RILH R, w2 /NI 4 s #, Bl = (u,v)
SR P PR B

Bl6 gn'soh 1RSI A R AT 2 i FER AT RURE I B

BN T A 1 NI i 2 AT — R BE R B R, IR S STE B 4 b, APIRFRGEAE 4 I JE L BL A b
DIANRSEE, 5 1R 6 MNILIE, 1K 6 AN/NLIEHHIAGEN i v L 2D 0E (u—DR . 55 h JZH 6h N NIL
B 24 h JEAREN, XL NI R R IE T s S E’JEE%?Q“%(@(%—Z)#—Z)R/Z s b THON, XN BT
[R5 105 v 135 5 %80 2 (V2702 = 36h+ 13— 2) R[ 2. Ay V3(3h—2) < V2Th =36h+13 , i A5 h J2 Nl
PRI v BB A A (VBGBh-2)u—2)R[2.

PTEL, 9wy Z 2 KT

6Pr % 6hP; OPr (o, 47 (o=l a |} 1
s (@—DR)“+;((«/§<3h_z)ﬂ—z)ze/z)" w [2 iE ﬁ)"( )]

95 v ) SINR B2
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Pr/d*(u,v
SINR(®v) = N/T((v)) >B.

EIE 3. OLD LS HUTALEL 2 4L

AEBA: OLD_LS /N B0k 3 2K, Ik R — N B P s i 45 2R 1. A1 BT E— A NUE R,
OLD_LS — W FURBE b A i — 4o i . AR B S U0 VA FE 52—k AT AR BE b R 1) x SR G, o EL3se DT BE S AN T 2
SRR BE 1K /N IA T P B E . BT LA, OLD_LS FEAL LA 3x. /NIUTE b LKL uR , h o AT P ARG 1) d K
PRI 2uR + R = Qu+ DR . AR RE B I IS H— 4624 1. BT B, 4 SR S5 DR R 5 ARy v B R 5 % 6 &2 SINR &4
WGA:

Pr/1e .5
N+ xP7/(2u+1)R)*
2
W x < % T A LR R T K, 17 5510 T 8 S 3 K0 T D e B, ST 3 T
5 ZERIE

AT FE A W 26 P LT SINR A A7 22 70 A X BE 22 1), 508 1 3 A sl 5B, BT A0 N P9 45
BT £ R niFe 3l 3 14T 0 2% DRI 93 S N IL T KT EEIX 3 Fhah SRR HLM A 5 O — P sh 2580, By
R 2%, (AL T B BE SR Bt T HL, 4 2% DI 73 1) 75 95 AT LAAT 24 g ke SINR B v 4 Joy T4 45 i
YA R RN MR, A SCREVE T Bh AR 46 P K 00T A A A S0k, SRR IL T R (R R BT s ST PR AT 40
RS, LU £ U &, XL T LR N [ JE O U A8 R ARSI R T K61 /K32
AT, A 2% 1S W A PR BEAR (1 A8 PO B Bt U S SR (R S . 52 b, 5 (A R AN B2 MO 52 80 25 B A B 2R A 1 S
F R, BATIAK I TAR KA e S22 3 25 W 2% (B 4 2 1)
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