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A Model-based Rate Separation Algorithm
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ABSTRACT

IEEE 802.11 PHY and MAC layer provide multiple channels and data rates. To improve the performance
of IEEE 802.11 multi-radio ad hoc networks, it is required to utilize available channels and data rates
efficiently. However, in IEEE 802.11 multi-rate networks, the rate anomaly (RA) problem occurs that the
network performance is severely degraded as low-rate links affect high-rate links. Hence, in this paper, we
propose a model-based rate separation (MRS) algorithm that uses multiple channels to separate different data
rate links so that the RA problem is mitigated. MRS algorithm utilizes an existing throughput model that
estimates the throughput of IEEE 802.11 single-hop networks to separate low-rate links and high-rate links.
Through simulations, we demonstrate that the MRS algorithm shows improved network performance compared

with existing algorithms in multi-radio ad hoc networks.
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1: Link_Sampling_Algorithm () {

2:  sample_link = sample_int = curr_sample_idx = curr_nic = null;

3:  Set the status of all links to “unassigned”;

4 Sort every link in based on data rates in descending order;

5 sample_int = No. of links / No. of NICs;

* Sample a link at the position of each sample interval *

while (curr_sample_idx < No. of links) {
sample_link = the link in curr_sample_idx of sorted link list;
Assign sample_link to the base link of curr_nic;
Set the status of sample_link to “assigned”:
curr_sample_idx += sample_interval;
curr_nic++;

W — O 0 Ko

715 Has ek 71E a2t | das g9
(assigned)” A2 A= 7, g NICe ts] 5
gk TJr’“-“‘* Ll i

e R e L R s e = E"]]%E]'. ks
rE= 27H—4 NICE 7L 9lx, & 87He] ==
(x1-x6)7} ExgtaL 7 gk o714 27]] NIC2
Z47F A1) 25 ARRIch A5l 6709 Hae 7
28] dlolE] HolEe| ule} W o2 AH=
o}l 2e]a, S 7R 3 (=6/2)°] Elv} EEA
5 Gl A HA Fa2g x15E SRS 5
ssl=t], 8= x1+= NIC19] 7|& 12&4&1 NIC1o]
seEleh 1 the AlZe] Frle] gl 23 xdl
NIC 29] 7|& g=Z24 NIC2¢| a4xc}t 71 o8
AME e 79ly] B3 x7L glonF g3 AZ
‘j/al a—l—ﬁﬁﬁ %‘JEJ—KJD]T

GIOIE 301E e Rt

|x1|x2|x3|x4|x5|x6|

X7 X4
NIC 1 (ch1) NIC2 (ch2)

13 3. "= AER oA

43 M= =8 gl

MRS °]'_'J_LE]Z‘/] R H']x}H D}-ﬁ]b }\-] 23-_6] L:r_p]é][ﬂ
3} v} AellA Awsk= LE (Link Efflclency)% A}
3k WA, A 54 RS AR EE g o]
s 34 =S [EEE 802.11 7[8F A& & A2 Al
VI EYZE] oS AFs] SAIE Markov Al

= vlEe R AR o] Ae A R ol 2R
B 7S 7Pl 2 e fAl]le] A

www.dbpia.co.kr



T HE 2L of =2 M ES A9 HE] AL o83 md sk Ho|E 23 gyl

9] 9lox IEEE 802.11 NICS ¥ 71X g,
st 253 dlole] Zd|9lS 7L Qlrk k=5
A5 uf A3k dlole] Hlo]Ee ue} 1E3kE
t}k & OF jol] &3 ruE oy o|E nE A
she =25 Fe8 dbgtl o714, ie 1, 2, -+, RO
3, RE 7183F dole] deolE sl4=x] IEEE
802.11a¢ll4+= 8|t} ©]2]gt IEEE 802.117]4F Al&-
F AF A vESZY AA AHEE (92 o
Zepel,

R
S=>(S,xr), o)
i=1

A7NA, Si= 2F 19 Ak AEeld) (v] A}
AlgE AR =i 2y o] A% mEle =3l

4ohe == (52 93) i E dHeR she
gerolek 5, A kelxe) A= F A A vlES]

0] AA A#]E (S o Ze] 23 = ok
k k k k
S =f(n/,ny,....,ny), )]

o714, nf= A kellA] dlole] HolE & ALE
She 9=t Aoleh webd, vESze) KAe) AN
o] AHE 7 7399 AHA VIENZ A2 E (Swow)
2 olehs} o] FAT 4 slek

Smtal = Z Sk' (3)

k=1

4.4 LE (Link Efficiency) HIEZ]

£ Aol|A= MRSUE |52 7 #A] ©AellA] AL
4% LE (Link Efficiency) WE2S Alwj®cl =
2, 718 45 A Al 78 4@)= =S A, B, C, D
7F S F UEH A Aol EA13th 2= A= BellAl
Ad1elA 54aMbps HIE AMEEIA AEsla, ==
CE 28 A 19014] 6Mbps FA2S AMg-llA] A5t
o} ¥bdel| 78 4(b)E= == AV} BollA A 19414
54Mbps & F-5 AHS-slA] AEslan, == C vhE A
d 204 6Mbps® 5 ARESA] AEIc) o] 7 7
5 AR ul, 19 4(a)ol4= RAEAIZE HAS)
o] 54Mbps¥ 32| A5l F43] Hold Zle|A|qk, 1
2l 4(b)ollA+= 54Mbps =} 6Mbps H=T7} A&

. 54Mbps .
e ch1 @
6Mbps

(a) (b)

T2 4. LE A9 $18 ¢4

o S ARESlER B30 dole] #lo]Ee nv]
g3l Aso] depd Aelrh olw, Ao 34
(fairness) & AW T7] 4(a)9] 7357 F ZH 4(b)2]
ZHo)l FAde] "Hoizlokar Aefsof gt o]=
Bt 2 dlole] Ho|EE ARETE w2 Aes
7FAek 317] witelch o] & Hkdsl| $18 nE A
= A kel B=ell dis) LE (BYE Aolskdnt.

K _ Sk
Ei—%- “

w3l U ES = EAlsle JaE0] 459 3
A (P& Hk3E7] 918l LES Jain®] 3594 lulAlo
o o} o] =-gslsirh.

ol o gi) o

A7, N & 28] Agolel. 541 5)elA]
250) LES] 5340] Dold4E Rk N 7
A7, Wl =5l LES) 4o Holds
= Fygke 16 794lch

4.5 MRS ¢12|F (THl2) - Blo|E 2%

2 A4 MRSYE7E]|&2] F WA whAlql #o
E 23} oA o] s Awlglcl MRSY 2] &2 A »
Nz Aes M7, "F3Y Bs TB88E
5}7] 918l LF (Link throughput and Fairness) ™
= T7MTIHA S gk

—

=

=
[

EA

-

oot

[
U o

LF =S8, -F,. ©)

714, Swus AE F HE HolE vES =2 A
-5 Aeks] A1) wliol] RATAIS Hkedgich =
3k, Py 3359 LES o948 whaddhe). oeha,
LFHEE] k& S7M171E 22 RATAIE $3l3ts)
Al HEH =] A5S Fola, widt YaEe] A

www.dbpia.co.kr



241843 =74] 1101 Vol.36 No.l

A E 2. HOlE B duE

1: Rate_Separating_Algorithm () {

2 curr_If =new_If = 0; max_If nic = null;

3 for each “unassigned” link j do { /* Channel assignments *
* Find an interface with the highest LF value *

4: for each interface k do {
s5: curr_If = get_1f (); /* Compute the current LF value *
6: Move the current link j to interface & temporarily;
7: new_If = get_If (); /* Compute the new LF value */
8: if (curr_If < new_lIf) then /* Check the LF value gain *
9: max_If nic=/k;
10 Remove the current link j from interface &;
11: }
12: Assign link j to NIC(max_If nic);
13: 3}
14:}
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