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Fuzzy control method for resolving information congestion
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Abstract: A new method to solve the information congestion in communication network system is proposed by using the
fuzzy control approach. Correlation quantity is analysed in the information transmission of computer communication networks
and a fuzzy controller is proposed for the information transmission of the networks. The simulations analy/c different control
processes about fuzzy controller used in the networks and compare them with the former algorithm. The results demonstrate that
this fuzzy controller has better applicability and stronger robustness.
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1 3|5 (Introduction)
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EITEVLNE RS R KRS AP E
FRFGELEERE TRERMTE . ERBATE, %
Xt 4% FR 3 — SR IR AT R T TR R VR AT RER (LM
A FAER S, M4 B9 HE RERE & PR AR AR IR, S R oL i
HE. HIAMBRENZAFTHOTHAER
TR

X RMF RS > AHRE. (1)
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SUHE B 812001 - 05 - 25; W& Boks H $9:2002 - 06 - 17.
REWH BEKARE RS (60174042) P HHIRA

BIMERE A, Mg RETLLUAR RS
HIERN 5 BRI B 4ME RSB EHRSE
FR,ESHRETR, REERNBEGEE. 48
AR PR, S5 A ME— 7 R BRI
E . BUAEE R BRI R A T L F R

SCHR 1R T — R ERE R BB E T K,
BATA Bk AR A IR . SCk (21308 T 32
FE 1) £ Foh B B B A 1% 4 SR M . SUBR (3 ] 4R HE B9 I i
¥ (leaky bucket algorithm) , {iff 5€ & #9 £ 35 i 15
. SCER[4 ]38 H M JEAR IR (flow specification) 77
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SCER[B]4R H T s B uh i 4y 4 I 38, 76 B ARk
MR EFESR R ZEWER, [ E -5 A R%
—A 0 A (OB AR AR B, BRI A LS
AR EMHEA . SCHER9, 10048 1 HI R 7 L 7% (load
shedding) Jy i, 4 M 1 S 9 E AT A BB B A E
I W IR R I

b T A A A ) B e R R B X A R B
HEsm) . —F A 24 Him B 24 B B3 2 A%
ERLEE 7 RRCEK] 11 )48 1 i RSVP BrY,
B R A R ERIFE. ASOF T8
ERE RGP 8 BE R ERE, ]ET
— A 2FRRR I T 3R, B FTRORT ¥4 ) R A% gl RS
BARGEP(ELFERE.

2 EEHEHEMIZTH % (Fuzzy control
method of congestion) ‘
BiERB T AR EEG A RSP AZEHE N
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2.1 MK FE%HEXES 7 (Correlation quantity anal-

ysis in network system)

TR HERA RS R A S B T AT, R E
MNZEPXER, REERERTIESSIBHEZENN
BRI, LAR) T RIS ] 25 1 .

TE M/M/1 HIAR G BIZ p, HTERIFRATE] ¢
WHIRG SR AR H(BRE) 8 n HEEE, B
ER[12]530, M FERKEHRX W B SBRT,
WMASHE R SMEHE > EE THXER

po=1-p,p, = p"(1-p).

RILERHERE o HFIERGRFRZ L, BHARE R

TRBR. K 1AL o Flp, BHEXR.

R 1 ALER (0,4 o = 0.8 8, BAFILRH
i 2ABE R KT 0.94, R #1040 FE AL
RRT0.91, A 8 EEHEE KT 0.86) bE
p R, S LK, REEBTR LT

HARGE R X S 5MEHEREX RILE S
1,34 FH REFF 2T TR
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Hebt N ARFHRER, py R HAREBFITH O
R (A REHE) .
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Table 1 Relation between the probability of
input packets and network capability

I Po = ps
0.2 0.999999488
0.4 0.999737856
0.6 0.989922304
0.8 0.865782272
0.9 0.612579511

Po — Pw
0.9999999795
0.9999580569
0.996372029%4
0.9141006541
0.6861894039

Po— P2
0.999999999181
0.999993289114
0.998693930598
0.945024418611
0.745813417167

R2PHBARERFRERSMBIERE p X
A VHF C, RRERAERAR/NA n B 18 5L 45 BH 20
BME,C, Mn RFIEFHNE R (FFRIHEBNE
BUEE R -

13K 2 AT AR O T [RRE KV/D B R ER A BE 46 b
o HEE RG] N KK, P45 BH 2 R R IR
X T [FIRER/N R GEZS (6], BEE p KO3 K, 4R FH 28
AIBERIE K. BRI T o > 1 BT MR EBRRE X
(p = 2B HHEMELEO0.S UL L) IR T RGBT
THE, R fE p #EHIZE 1 LA — /DAY E
ZN.

22 RMBNRE o 5EABEENALR

Table 2 Relation between p and the sizes of the buffer

o C4 Cs Clo CZD
0.2 0.0012804 2.05E-06 8.19E-08 8.39E-15
0.4 0.0155189 0.000393 6.29E-05 6.6E-09
0.6 0.0562109 0.006787 0.002427 1.46E-05
0.8 0.1218467 0.038756 0.023493 0.002327

1 0.2 0.111111 0.090909 0.047619
1.5 0.3838863 0.342236 0.337232 0.3334

2 0.5161290 0.500978 0.500244 0.5

2.2 #EH9E $ 8% A9 1E (Construction of fuzzy con-

troller)

FRYE b m AT IS A< SCEN X Bk A B S R £R A8
R PRI (L 1) .

EREMEH ST, REENMBATE (£(10),
p(e)), Ko x(t) RRFE ¢ BRRIB MG S Z X F
BT o (t) RARTE ¢ HRIESREBR R EFE,, 5
BRI RS w ZH EHEE TR (1) €
[0,1], FRFmR « HZIMEMAERR KX XN ELRE
LRSI .Y ¢ = 1 B X UR SR IR B S I AE ] FR
#l, HEE o BB/, FaR{E BB Z#HE L, c = 0T
RGAZ L R m e AR R EAEA(E R .

B A o, BEWIHE L ¢ iS5 R
[0,6],[0,8],[0,6]. #R4& L EAISTHFIE o RIS H 5
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Fig. 1 Fuzzy logical controller model
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Fig. 2 Membership function of parameters

A3 B &

Table 3 Fuzzy rule bases ¢

X

? Z0 PS PM PB
Z0 PB PB PB PM
PS PB PB M PS
PM PB PM PS Z0
PB PM PS Z0 Z0

PVB PS Z0 Z0 Z0

2.3 BT #2 ( Defuzzyfication process)
X TR I R AT RERTH AR R B R
M R BRI E iR
BOXAE M BRI if-then LI :
L. if xyis FY,and ---,and x, is F
then y' is Y'.
PR LIRS y(x) BF5 o RIMRCTE,
y(x) = (E;w,-y,-)/( M),

Hery, BRGHAM LY FrE s m b oM, =
1,2, MRS o GFTHRMLY ERATEA
A GEFTREBUS I T A R R 5L

w; = H#F;(M-)-

(a7 R 8RR R = BT R u =2 Th
EORGTRE, B BRI R AR OE X
P BOR (BB v R PTE i &, #
RIE B HF B H R A N R B A B A1
2.4 EEEZES5rH(Analysis of algorithm complexity )

fERBEENAIRT, -~ MRIENENERR
HEW, A PAZF SN E T B 1R
BB HEA LIE B R H S N B AL
AR ARG R i 4% £ 28 LUF JLA S 4 A -

1) B S BIE AL x, p;

2) Xt x,p B

3) AREETRIALIN I, AT R P, B E o 1Y
WHEHE;

4) FIREAR- KB AW 7 15, oK HI R R 4
A A - Y2 4R ¢ ROME.

eI H B PIT R T, 58 3) Pt El & 2%
B(IFRB)RR, FEE T Sx4R(AE3),
BUR SR if-then ARV H) g, (R UL BE SR I ) 22 55
BRETEE 2N 0(1). AT EiF M RHIRE
AT E R, TEA G T — A3 65 47
2.5 3241447 (Example analyzes)

BRXMBHNS R EASREENN4,EF3D
A FEEFF,REFER 0.5, 8KFRH0.4. A EEH
ERBBFOR(E )T UHSE, « NN EAETF
H6/4, LG 6/4 %3 = 4.5; p AR I BALHET H
872, M 1L)G (8/2) % (0.4/0.5) = 3.2. Xt RiAYE
BRI (3R 3) aT LA A -

if x is PM with grade 0.75 and p is PS with grade
0.4 then ¢ is PM;

if x is PM with grade 0.75 and p is PM with grade
0.6 then c is PS;

if x is PB with grade 0.25 and p is PS with grade
0.4 then ¢ is PS;

if x is PB with grade 0.25 and p is PM with grade
0.6 then ¢ is ZO.

SR P AL S ERUEL 5 0T AR SE 5 AL 00 o AR
{4 4,2,2, 0. A0 B 2 5t X i AL R 55 43 30 4
0.75%0.4=0.3, 0.75%0.6=0.45, 0.25% 0.4 =
0.1, 0.25%0.6=0.15. fS AT @RI A R
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. - 0.3x44+0.45%2+0.1%2+0.15%0 _ 2.3
0.3+0.45+0.1+0.15
Xt R ARSI ¢ BUE(E 2) 4 1/6 * 2.3 =0.383333.
XA RN EE R SR mAGBIRE A
ZHEHE  EHERINWME Ry, = cx A,
3 it &E# {5 E (Computer simulation)
AT PR P R RS TH AL AL
3.1 R EE AR 05 H (Simulation of the fuzzy
controller)
AR5 2RE AR 4R 0 8, 12 MITE L 7 B B 4T
e, AR 3, EERAEAERNH T EWE
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B B HE SO 2% 0 R B A5 B A Y-
BIBCH 4.85,4.95; 1% A HEN4E H25  R GBS 1
Jii % $ A 21.3949,20.2169; REGH BA S IARHE T 2
4524 25.1942,24 .1402,97.4786,104.7239 . Hi Little
EHAT LGRS, X 4 FpE R T P& ERIK
$79.70,8.90,42.7898,40.4339. 6] LLE BN T
Wida i 28 A 28 R Bt B AR E , T 0 4% 1 2%
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Wi

0 50 100

kb/ms
N

ms
(b) EAFHN 12, 2 H RGN 4Lk th 25
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Fig. 3 Comparison of the queue controlled with the queue uncontrolled

3.2 B—ENEEHINRE ZE % (Events out-broken
on a probability in network)

TE W 25 15 5 b A0 SR 28 13 15 i, L B 28 4
EMRBHEE/N FRHELTEEHMEATHAE
BIEERRRIAGE A, F XX P R F AR
EIMET T E.

THGHE TREFFLABER 20% ,10% ,5%
MR B F M KA RERRS LR, RIF R KR Fik
REFEVLBIERD 1.5 REEFHINEREM 1.5
FEEI R GEBA bt 20) 22 (b T 2R W] 4, FR 55 BA 3] 37 24 st
BB AN 5.45,4.98,5.30,5. 25 i A BEIH R AR
KN TS BB 35k B R ARAR T .

3.3 5aTHEE § H % 89tk 8 (Comparing with
the former congestion control method)

TERTEI 32 ) P B4 R0 b, SOk (2 )R STk
(414 B PSR BB SR LA —Foh 0 00 1 ) i A T 15 4y
ATLAVAR TS, A ERE R A LR TH

PRya . SCEk3,8, 9188 ik AT B A SC B
f1, SCEKLS ~ 7142 1 I FBA S B 7% 208 of et 1%
ﬁ FraC B, SCER( 8 4R il i) 4340 R 2l
W R EAG B SEBAY , A SCHR B0 4% i A ok
T REXR G CER(B8 ]I /A R, T A
T EXT XA T REIT L E, (T R A S.
BSsHh, AXPTETERXEHREMEN
20% , Bk FIEH0 2 £E5F0 1.5 5RO . EEAHA
BRE PN EFIEM 2 AR, AS I E 5
3R 6.15,11.96; T T PR A 2 58 % 2 ik R in
L5 WA, A P E R 258 5. 98,
10.71. ZE 1 P RIS O R R EA |1k
MR, G A R4 RN RSB 21k
M2 . AT WD 5 ) O AV R GBS E R Bt
W 1 RN R GBI B RE NS, 2
B B 22 AF 14 il 28 b AT i B9 Bt 20 ARk iR £R AR
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Fig. 4 Simulation of arrival rate increasing 1.5 times
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Fig. 5 Comparison of the fuzzy control method with the method of restrain packets

4 %58 (Conclusion)

ASCHTEAT 5 A P R (B AR
B PSR B A B R R R R R
FHED BRI 28 F IR SIVE R BE AT T 200 it (&
W) b 3, R B AR RIS ) 25 T AR L R 48 (5 56
HEPHEEHENERR BT, EXLEHZE
R 28 A BT RLE N T BoR A BT
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