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Abstract: A spectrum allocation algorithm based on user allocation and load is proposed which includes two parts: User allocation
sub-algorithm and spectrum allocation sub-algorithm. Based on the theory of cluster partitioning, an user allocation sub-algorithm is
designed. This makes the users associate the same access point with similar signal noise ratios; therefore, this alleviates the popular
near-far problem of wireless access network. Then, based on the user allocation results, a spectrum allocation sub-algorithm is designed
for optimizing the spectrum allocation according to the load of each access point and the mean value of signal noise ratios of its associated
users. The proposed algorithm is realizable, and has polynomial computation complexity and proportional fairness. The trace-driven
simulations show that the system throughput is improved efficiently and the length of packet buffer is decreased profoundly by the
proposed algorithm.
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Fig.1 Comparison of spectrum allocation algorithm
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Fig.2 Data flow chart of algorithm
K2 SEHEERE
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P RARKI SNR 72 57, IR U, B 5 0T 0, 0 A R0 IR il A2 FEAIG SNR 22 5 AT R]— AP IR P BT AH
UTIG SNR.FE T FE AR AR SCHR H — Bl 3 T 210 P 43 W S92, SR 42 90 v 190 3R 230 40 v 07 o 2 )
oy BH N ) AP R Rl — AP [ R BRI B AR AR R R S AR D A E
{SNR, c}acacec, WA AP a BEHLIEHE— 1 /' ¢(SNRy ¢>SNRumin, BT F 24 20055 2 IR 45 ) AR A W1 1) S 2
L, RIBEAE Al — AP I 1Y AR O 8 B A0 A P JUDAR 4 A1 3 28 SR v o PR R LS CR T 30 B s £
RHNWT, A SCR AT SNR R385 75 25 A D4y b I 32 B8 850) B SR B 45 A, 70 00K e ATT 23 e 4 55 LB ARMBLIR) 2R 2K 4R ) 1
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R FEIS PO AN TR AL AR A VAR 1 B T ik WA 1.

H % 1. User allocation sub-algorithm.

Input: {SNRa c}aca cecs

Output: U={u(a)}aca, #={tta}acn-

1. Initialize 1,=0, u(a)={}, u’(a)={3}, for all acA; //u'(a) is a temporary variable

2. Cim=C;

3. Foreach APainA;

4, Randomly select user c in C, such that SNR, :>SNRp,;  //construct initial cluster

5 Set 1,=SNR, ¢, U'(a)=u’(a)+c, and C=C—c;

6. End For;

7. Initialize B,=0, for all acA,;
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8. While (u=p) [lif clusters do not change, then quit the loop
9. Pa=1ts, for all acA,;
10.  While (C={})

11. For user c in C, find AP a in A, such that SNR, ;>SNR i, and minimizing ||SNR, c—z4||;
12. u’(a)=u’'(a)+c, and C=C-c;

13. Ha=(SNR, c+1)/|U'(@)];  //recompute new cluster center

14.  End While;

15, C=Cini;

16. u(a)=u’'(a), u'(a)={}, for all acA;

17. End While;

18. Return U={u(a)}aca and p={sta}aca;

B2 e P SR SR vk A SR ) 2R 28 e P I B e, T A [ SR SIS ) B R R e R AR
AT SNR 2 AN E AR (W 240 Ah, SNR 5 1 7 ik 5 R AT 45 58 4 1 46 1 b9 96 31 DRt 38 SR e
TR AT 5 T S Bn 7 S 1SR FH BENL AR R R0 00, 388 5 47 B R AR A R W ek (7] — AP TR H P 2R 26
SO BRI SRR O TR A SR L
312 BuEsE A

HE LT AR P 4 TR U={u(@)Yaca 3962 FH P ORI H UOGIBE— A AP [ 451, R m] LAV BR 365 2.2 T T id
I R ASE 2 1) 24 TR 4% A4 (5) R SR 4% 141 (6), H A AR A i B2 1T AR ol — A A0 43 T ) . i e A — o) 8, S
Bt T — Pl G 3RS TR AR 7 TIC 7 50 AR SR AR BA A BE{ G cFacacec THH A AP IS ORI, 5 B AT 1T
TAEDAA R, e AT 2 BN 25 B R AP SR UL S L SCIB 7 A SNR AP g 38 35, 35 4708 K HL e fHL 5,
W43 B A 3 A B TR A A i gk A 3 N Bl B, U A R B R 18 A B T4 A P SNR APk fg;
T T 8 8K B (AR AP IC S8 (5 S5 3 — 0 FRAR A ' SNR G R 28 P8 B < 7™ 2B F1UTHT 5% 5 T 55T 7 48/
Hop R AP, B D8 A7 T8 W) 25 36 A Y18 % | B TR A% A FH 280 30 AR 13 -7, 3R AT 1500w B Ak ik B (A (L))
[t AP BRREN@) = 0% Y., 0 Gae + Ha L O ST FH LLF- i G800 SNR A3 53 C 1) 52 0.

23 BRI 2 S5, H AR LA R AR NP ) 8, AS B B SRR A b, FRA T AT o) i T AR R — 20 gy
fif B4 38 1 35 2 T {SNRap}acabea KA LG 4G (AL AP HEAT (518 40 B, 1 B AP Z RN F41: 58 2 3%
IIRRYE AP A ORI B o VR AE A5 (WA 58 4, UL AT ROR I R Gk i 20 3 1 2P 4R 18 4 1, vl L
THBR T Z9 A4 AE(2), -2 1 THT 7 B3k 1R 240 3R 4% 14 (B) R4 TR 4% 44(6), FR AT H A AR Ak 1) gk AT 3 5, JL s Ak il
RUTF:

FIND{w(a)},c

MAXNUM (w) = ZA(Q X seu(ayYac + Ha) x log(w(@)) (7
st > w(a) <bw (8)

acA
w(a)>0, foracA 9)

M ERPEAAR B AT DL 2 R 55 A (8) R B S5 A1 (9) A2 2 1P 24 9K T I v bR 0025 o™, R 400, DT, AT AR TS A7
JE KA, FIR AR ) S — AN R T 0y ff e b 1) L, AR B9 R - Frank-Wolfe 7 i8I e 1ok BAT 2k 14
SRETET (™ R R i 0. 4 S5V 1 T 8 4 5 5 IS SR G 4 TBC T BVE IR VR AE D R IR 0 B 2.

&% 2. Spectrum allocation sub-algorithm.

Input: U={u(a)}aca{bactacaceciti={ttataca SNR_AP={SNR p}acapca SNR={SNR; c}aca cec

Output: F={(fiop(@),foor(a), W(@)) }aca-

1. Construct AP interference map | based on SNR_AP={SNR; p}acabec;

2. Sort nodes by the descending order of degree of each node in I, represented by array Nodes[];
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chn=1; //color number;
For i=1 to sizeof(Nodes[])
Assign to Nodes[i] the smallest available color j (j<=chn) not used by the neighbor nodes of Nodes[i];
If (need a fresh color)
chn=chn+1;
i=i-1; //recolor;
End If;
10. End For;
11. Divide the W(fiop, foor,bW) into chn channels evenly, i.e., w(1)=w(2)=...=w(chn);
12. W =(w(1),w(2),...,w(chn));
13. While (true)
14.  Solve the linear programming VNUM (W) "W s.t. w(i)>0 for i=1 to chn;

© o N oo~

15.  Get the optimal solution wy;

16.  If [VNUM(Weyr) ' (WoprWeur)| < &

17. Break;

18. End If;

19.  Solve the following problem, min NUM(Wgyr+6x(Wopr—Weyr)) S.t. 0<< <1,

20.  Get the optimal step size 6,

21, Wy =Weyrt O (Wop—Weyr);

22. End while;

23. Sort array W by the ascending order; //thinner channel, lower frequency;

24. four=foots

25. For i=1 to chn

26.  foor(1)=feur, frop(i)=Foor(i)+Wopt(i);

27, assign (fiop(i),foor(i),Wopt(i)) to channel i;

28, four=fiop(i);

29. End For;

SEE 1 AT~58 10 A7 R T4 s B2 ) S0k BT AR 8 (L A0 T30 AP 43 FC AN A (0 F A5 18 58
11 AT W IR LB Bolks vl I P 1) 7 TC B -5 1858 12 47~58 22 AT 2 XS A4k il (22 20(7)) i SR A, 28
22 A7~ 27 AT IR A 45 R e JROBE: 56 FE2 /N, AR AR e A4 UCHKe m] Bt % 4 E 39 %17 18
3.2 BEIEIIE

A B S R S AT 8 3 A IR B G {SNRy cYacacec M IRIURI ] T G IHCHE il 1) S
BLAE{SNR, Yacacec HIFRINIT T, AT SR IEEE 802.22 F#ERTe i) 45 1841 #eiit sR R )20 WLk 1 5, 25 1 ol 5ot
AP [ T P R IEAR TE U183 SR AE W) A L R o 5 ) 2 9] 45 30 7] — 22 SE TR IR 38 L R EAT A Y Y
Il ) 230 B, LU 3 B A AR K BE ML % AP 3% beacon 4R 3C, 75 Fl 7 i S L AT S Wr 245 #5312 11 SNR; i
Jii 5 F P I E R O AR S A ACK 4R SCHKE SNR 41 [ 45 1l 4 70 P S IR il Uy T, 5 B I b o 8 ol 4
AT LLCREHT P R IBE B € AP 24 75 S BEAT HI P SCIRR I 2 45 7 e o AP A I8 B v A DR IG5 A 4S5 Pl
FIPERIRAR )G, 5 AP SR I, I fid e 5 B A5 T8 F 00 5 F, P2 1) 2 5 2 58— AP 3R I8 {55 T 41 40 i B4 S, 3%
R AP MG LT P A TE A R R OC; B JE HT  WC 38 ME — AR {5 T R AR SO, B R HE A 0k AP.
33 BHERENH

S0 1R R 2 — Tl A A ) R AL 52 6 1 T 4 SR 28 5 1%, 48 | CIAN T 43 BC B (AL AP R AEAH R AP TR
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() FH P EL A 857 0 SNIR AFBLRE 090 12— Fhise Sy U700 308 06 B0k A 1 3 25 SR A v L 3 AR LA 7 22
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Fig.4 Statistical information of daily traffic
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