£43%F F 128 23 S A W 2017 4 12
Vol.43  No. 12 Computer Engineering December 2017

- BHEBRSEEEA - X EHE 1000-3428 (2017) 12011505 STHRAREED: A HE S %S TP31L

EXMETEEMNS BRETENNHAZERFEZE
SR, T
(bR Bz Be, )7 I 510520)

B DA Rk A R A AR PR BT N A7 AR B A R A IR Oy M e e A R 4 01 2 1 s ) TR B A
— B TIN5 Y RE T A I R A R o R TSN At e IR 4 1Y A o A N ) 5% BT 2 AR AR % o gk v 4 BA B
T HEAT S U, 5 e A= 2 T 30 2o 0 A £ o A S ) Rk R AR O 2 5 4 2 RO 1 0 S M A B s S
Sk MR SEUG SRR WY IR A AN [ (R R BT RE S R £ B RO MSCSICHOR i HL R 45 2 A0 RO 3% I 45 50 ff R
(82 IR, FL AT Bt A E P S PR L

KB : L5 s A 2 P 255 5 BABR BEE 5 A FR 1Y 5 Tt

H3C 5| AR B, TR R AR N HoA NS A FRA Y RE D Il A I Ak [T ] RN T AR, 2017,
43(12) :115-119.

FE 5 AR :QIU Zemin, WAN Zhiping. Congestion Control Algorithm with Prediction and Self-regulation Ability
Under Complex Network[ J]. Computer Engineering ,2017 ,43(12) :115-119.

Congestion Control Algorithm with Prediction and Self-regulation Ability
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[ Abstract] Existing congestion control algorithm still exists the problem of packet loss rate is too large in the complex
network environment. In response to this phenomenon, through studying the problem of network congestion control, this
paper proposes a congestion control algorithm , which has the ability of prediction and self-regulation. It uses fuzzy neural
network controllers to predict the congestion in the network. According to the queue length in buffer for real-time
predictioin. Before the congestion is about to occur, it uses transmission rate of the control input to suppress. It dynamicly
adjusts the transmission rate combined with variables like increment parameters and decrement parameters. Experimental
results show that, this algorithm can be maintained better convergence effect at different signal-to-noise ratio. And its
network packet loss rate is not affected by the exchange rate of the network. It has good stability and fidelity.

[ Key words] network congestion ;neural network ; queue length ; self-regulation ; prediction

DOI:10.3969/j. issn. 1000-3428.2017.12. 022

T A 228 0 2% 4 A R4 19 1 R 2 ) 5 RE Sl A
BT IR TR WL 45 B A AT B R L A T
B RE S5 U AT S UM BLES 4, A& AT H 43
o I 5 A S VR B AT B B O iR DR AE AN [ B2

0 ik

B WA B AR B H 5 R LI 45 1 91 2
7] AT R R 3t R W) 1 D P AR B R A 3

B — b R R A R A A AT AN BE 15 S M BT 1 I 4%
AOHRZE . DRI, T AR SR AR 4 1 B T 2 0 2E B0 i o
BEUE b OB UL i) D 25 T ) 1 4 o Rk
ToX 6B AR 8 i IR ) K A BB R AT O P, B
T 24 1 0 o i R U R A
B ok s ) T ) B AT S 1
25 R A RE i T ZE A S8R, A e R S A Y I 4
FEAE 2 H BB S 1, 2 1T 3 A8 I 5% 1) 3 25 AN R E o

o 2R Y 190 2% rp DR 45 19 4 B BB AL ROR L E
2 o0 4% 5 1) 2 s o 0k T S B 4% 4 2 Al
B RAGH PR

AR SCTEAGM 1t 22 0 2% 1) S iy 8 I 4% 1 4 26
P B0 4 o 3 — b A A B Y RE D P12
PR S0k o MR 22 0 45 m ) BA B JE Xt I 4% AT
I ZE PO, S I 3t S A5 15 PR O 00 He e AR AT
h SEBR R 25 Y 3 L T, e A, T A ) 2% Y 3k 4 2

PEE B BRIF AL (1983 —) , 4o, TRRIN A8 Lo, FE00F D il hy S A T 4% o 2 O 29 OO A2 4 5 O 0 9, OO LA L

5 5 B #8:2016-05-10 f&[E] B #§:2016-12-13

E-mail ;254434193 @ qq. com



116 i &

T # 2017 4612 A 15 H

HEORN 328 U 2 B0 A R i Bl AN R Y Rk R
1 HESW

T 2 90 285 42 R W 2R B 1R R T L
SO IE AR I S g B R R RS
ks LR
I A
=
e

%4 514k
H1 M&EafSEHELXE

i WL AT U B 25 0 BRI P 4% ) A e
5 ORI B OE G R, — T 46 78 M 4% 11 304
ANEYTEOLR , HE 0 2 A B g o EL S B OR
Wiln ko HRI2 0 EIE A SR, P45 it i
SRAL B ) 265 D A 8 T T I G5 R A
AR/ BN 4 S EE R B e R 2% ik i R
TR A R IEBR Z O E R IX, A RS B R
], PRz A0 281X, T B X 2 i, U Bk 2 A 2
AR X o

TE ¥ 2% v Sy 1 i R FR BE 3t ) 9 2% 5 O, 2R
RE A RE 19 28 1) 1) 25 42 il 7 L 3k 19 91 280K 5 DX (BRI A
5 B A ZIE K0 AR A B 3R AR 18 AR AR S A 0] AR
ZONBARIRAS o BUI R 2R S P I TE B s ZE 3L
B ARG B BB G o, w ERE
B S 1A T SR R 0 2% R AT 24 T BRI

2 HEMNZHREDN

MR B AR p 42 ) 2% ( Fuzzy Neural Network,
ENN) (5086 5 a5, A8 SO0 Hie 17 43 )2 40 i, KEo#
W% 5y H 4 2 BRI BT R

D12 A Z . %2 T3 BMNE A
F5, IR e O AR B, R AE 5L B
52 2GS SRR B

net, = x, ,net, = x, (1)

)2 )E  RERBGTR)Z . ZIZEA T RN
Fe—DRIE B, B HICICHTT, 55 1 )2 M iEEN
HA 1,

outy, =, :exp[ —7( n6t[6_/\ik) ]

i=1,2:k=1,2,-.7 (2)
Hodr A 0 SR T R B G L8, i B SR TR R B e
BB 2%

33 R GAITRRE. KRS 2 2155
RS EATIC G IR TR R B2 4 %
2
nej. =[out,,j=1,2,---,49
i=1

out? =net_‘; (3)

4)% 4 R HERE R 2 %2 i R &
45

net, = ioutﬁw;'
. | . net,

out' =p" =—

g,loutf.

v, wi S AT AR 2R 80, me b AR L U K

R SEBRAN W 27 T 5 D0 AR BRI U, X SR Jm e K
AR 55 A R B AT h 5 o

VML RESE b3 bR BN

= [ Qu(k+1) —q(k+ 1) T} (4)

SR d R B A 4B IR 46 Y A AR 8, B A% 7
XA 2 B0 S BE T 1) AT 1 R IR R

oJ
(5)
ow

J

wi(k+1) =w;(k) —n(k)

Horpr m JE"E B
o) _ o] 9q(k) aq”
aw; aq(k)  ag”  ow;

J

=—[Qnef—q(k+1)]aqa(7qk>. 4:Jutj’. )

gloutj
Hrr ag(k)/ag” FIFF5 ¥ sgn(aq(k)/aq” ) E4T
U T A, 8, 02 L2 > vk il A7 oK B,
HIrhy .
)\;k(k"'l) :)\[k(k) _ﬂ(k>

oJ
I i
o] (7)
Sy (k+1) =68,(k) _n(k)g

ik

AR DL o B30 A7 A0 4 B, RE A8 PO L 3t X
SR eR B 2 ORI AR Bt AT B Ik, BE T A
Xt R GES BN AL AL HEAT R I

3 EEHIRREE

4 LR P 22 I 2% 1 BOH R L AR SO i
A FNN 45 4l 25 %0 & — 4> R 22 21 35 19 3 28 17 1
W IR A T wh X R R BB A5 L B i A
BUOLT 2 A BIEL A i B, ZIRDERE, TSI 9 265 o 2 75
e A28 o — HL0I A 90 28 0 2 0 AR, A5 g
U5 B 5t U v [ B AR I A S ) 4 A S
il KW AT AL PR 2 AN AT AR B

RS R v X R/IME N O, I [a] (] F{E A T,
NAT . ~T, WZIE 2R BT T, - T, =
T(i=12,,n;neN), AIIEE G HEFA C,q,.,



FHAa43E FH 12 W

Jp T, 0 AT K , DU AT 45 B R
Qi+]:min(max(qi+)\i+l_c)’Q> (8)
AR (8) 24 max(q, + A,,, — C) B, 17 2% o

X %, 3F B0 e BRI A
A, T LLGE i FNN g4 F000 45 31, ¢, A7 DA i

W 2 4% FE 05 K455 TR o, SR AT 5 (8 ) 4 1)

Goor GBI BE g, VF S 30 2 42 50 506 Wi (10, M TG 221

L 7 R T

4 HWEFN
S S R A A 0 A R A TR 2 I 4

B
’;;k+1:F[’y}(”ykflj (9)

oy, R 2 R Ty v, R R

26 O A AL F L+ ] o S o 2 190 4% R B
3 14 5% F Elman 3 75 3% U7 9 4% , %T 28 w28 v A

Bl JEE A T S 2 I 4 1 e A e 2 M AT

2 AN 20 BB K B AR AL vy T —

it 220 A ) K B 4 A A iy, o
(o P2 OB 32 R — Bf 220 5 52 B (8 10 352 22 7

Ji A A B AT R O Rl 28 00 2% 30k AT 91 5, 24 R B A

W1 kI 0 R B A kR
Vo = W (0)5,(K) =T, (K) (10)

/H\:EFI,XI-(IQ =f(j§1 Wchb/ (k) xg (k) + igl Wihbj(k)yknq
=T,y (k) ,N N EJZ 1 I8 x, (k) =x(k 1), 1
W W W, WA Z ZRUZE SRt 2RE BZEE
i H 2 R B, Ay A 23900 R B2 B G A A )2
JUHYBIELLAC + ) s BB A(x) =1/1(1 —e ™)

AR E RISR A E(D) = (i =500,
N AR S B E 2 A

1

IS e, 3 R < S P s LA TIN5 ) R T RE ) A T E i R Sk 117
Wi, = W, (k=1) nhnawhoj(k_l)

=Wy, (k=1) +my, + (v, =70 » x(k=1)
JE(K)
“Taw, (k-1)
:Wih,,(k_l> +77ih(')’k_'),;k)
. Whoj(k_l)  f'(sum h,-) Y-
dE(K)
(")Wchhj(k—])

:Wchhf(k_l) +77ch(7k_3?k)

Wy (k= 1)f"(sum h))x, (k=1)
dE(K)

" gny (k=1)

:Ahj(k_l) /I (')’k _';’\k)

W, (k= 1)f"(sum h)

Wihif(k) :Wihij(k_l)
Wch,-j(k) :Wchhj<k_1) ~ Nen
)\hj(k) :)\hj(k_l)

N N
Hrfr sum 7, :E,}Wchh’_(k -D)x, (k-1) + _;Wm”(k -

Dy, =2, (k=1) ;00 My M5 00 0 235 AUE S
BIE B IEHE (- ) R fC - ) R EL

5 PERREKE

2RI ) I 2% 75 T O Bl I G I B 2 B ORE
AP ZEE S By BE o SR F B3R pR RO R Gt A7 B,
HIASE W45 e JE I U e 42 7 A A S 19 A
AR S BL M 2 XTI E BRI K Ao Hoh 45 5 i Y
o W
1

T /23ﬂ +T0min(1,3 /%)p(1+32p2)

Forp T it (8] 2 80, T, O 8 I A9 I (81D, N D 0 2%
50U £, B Al 35 5y

B(a,B) =

TW+Tomin(l,3W)P(l+32P2)

1T A5 1) 28 AN R A IR 00 T, o ek B 23
BB T, 55 0

B(a,B) S — (11)

r o)

R 190 4% B A 3R I (] 22 St e O 290 5% 5 1) BA 8T
FERfE B AL P, IR SUEE B Lo 19 HE A 45 15 1] (1]
N tqy - tq; VN A 3R B ) 2%
g, - (1, +q,)

Bk
Horpy F0 8 s 1+ 1 F LRI SR B DL D Y ) 2%
FYIE IR SN, B o PSR B Lo 17 T8, 3K

T,,,-T,=t,, + (12)

T,,,-T,

n[:T:'+_Ti 1 (13)

TSR 2 20 (13) IR A A A Tt 24 o 3 (14) 3k
JHAV 0 I8 38t 288 0 TP MR A HEA T R o

gio=(n; +1) xq,-m, xq,_, (14)

I TR — i 2 B A S g, SR —
N 220 B4R Y ik A R BRI 4 TRy e G AR i H A A
T R 4 J 1) B 21 o

6 TEXBSERSN

M SCRR 16 ] 53k S A SCR A AT W B8R
AL HL, [A] oK 2% 21 52 56 v P O S O RS B R R




118 i & T # 2017 412 A 15 H
S 2 P 3308 47 H e, o0 B0 WE 0 0 0 T 47 4 3 045 [ —
oo, S5 D A4 2% O 15 G L7 B4 1D 5 B 2K O os | s L
ff 5 S, i 2L T 45 MU U A2 6 Matlab 2014a i i 17 030 f
Bl 30T o T2 S AR ST EUR A 0 24 2 ol

§0ﬁ—
0.10
0.05 [
0.00 |
_0'05 1 1 1 1 1 1 1 1 1 J
0 2 4 6 8§ 10 12 14 16 18 20
{51 [t/dB
B4 FEERIETHERRRESE
09 r
os .. — AR
B2 MEHELSEN o -- - XHRIL61573%
TR RGO NS2 [ G P30 T R S 4 L LU
T 0.5
G5 25 B K/ 10 Mb/s, SESR S 10 ms, i 5% o
F ] 9 - 19 OHR /D 400 Byte , 2 ol X 9 BA 91 03[
K BF >l 200 packet, JEE K J&F 2k 100 packet, 02
- . s 1F
1 bR B S iy . . . .
T K U0 KO U SR, A SO BB B 0 Comw T

[6] 2y 400 s 1) 19 28 B b AT 20080 I 25, i 52 P KBl 5
AR SCRR AR S A5 JIr A 1) T30 B 48 20 A M 4 X L, BB
JE 1 10 ms iF &3 Xt EL A& 3 BoR o

— SRR
- - - - T

0 100 200 300 200
BURER /s
B3 SCBRE T Ae T AR 50 X b i 2%

Hi B 3 AT LA B, R0 2% 4 7000 B4 5 52 B B dE
SEARDRRF— B0 X AR G0 RO E AT SRR Gl X HE
S BRI A RO R, 6 UE T AR SCERE s Y B T

KOG 2 4GB AOR I S B

DR PR S AR Y A R 2 14 8 AR
Bt Ay S, R E S AR UEL O 30, FF X B 4 By
(E, SL B 25 R A1 4 S Fros o il M SEAE AN
[ £ W LT A9 3R AR 18 22 5 1R AL R 500 10 % L AT DA
B A SO LA L SCHR [ 16 ] 50k FLA A 10 3 iR
22 5URAS R B AR 1RO it 4 iR 28 DR 5 AR STk (16 ]
FEAE BT J5 5 11 ELA SO S Se kA7 W 830, TR (5 1R 1
O 11 dB I FE AW SOIR S, i SCHR [ 16 ] 3095 W A
ZAEAFWREL DY 15 dB WA R BE A SRS .

BS AEEEEIE THIRGEX

K3 BRI

R 3ok A DT 4 T 4% ) R Hl A e s R a3 i) SR
AR 2 R AT R 2% Y 2 A R SR, HdE i A
K6 PR

8_
,L — ARSCEE
- - - - CHR[16]43%:
6_
g 5r
¥ 4L
34
W3
2_
1_
0 10 20 30 40 50 60 70 80 90 100

B3l 2 2 S B
B 6 HEEGEI LMK

T WEE P 6 AT LR ], 7R W 4% 52 4 8 R L
NI AR SCEE R T I ) 2% 25 A0 R 5 SOk [ 16 ] 53k
FEACH TR 5 (H 2 ) 45 52 4 R gk B B 4y B 40 A
W, 5% AR B 2 BB W R . AMER L, A
SCRE I Z AL 3 I AR BE I 2% 5 14 A W 5 i a2
W o, 2 A0 S AR R K B 400 Bl 90 A I T
fk /D A RO B IR T AR SCH Y IR EROCR 5 AR
TEE

SEOE 4 BERE A R XT HSER

T kA0 T TR B 0 R O,
PEATHRR S, RN T R



434 W12 I, 0 R A A P2 T B TN 8 R YRR ) Y A ZE Ak 119
1.0 Capacities Using Optimized Time-lagged Feedforward
Neural Network [ J |. Journal of Network and Computer
081 Applications ,2015,56 (1) :1-18.

% 06| ISR [4] GUO Chao,ZHOU Xianwei, LIN Fuhong, et al. Novel
g . I Congestion Window Control Scheme Based on
% gl it Differential Game Model over Space Information
# K Networks[ J]. Journal of Computational and Theoretical

02 _ch:%ﬁﬁa{f Nanoscience,2015,12(9) :2885-2890.
[5] LOUSSIFI H,NOURI K,BRAIEK N B. A New Efficient
0‘00 1|0 210 310 4-0 5'0 610 7]0 8'0 910 12)0 Hybrid Intelligent Method for Nonlinear Dynamical
B /s Systems Identification: The Wavelet Kernel Fuzzy Neural
7 EiE AR Network [ J ]. Communications in Nonlinear Science and

TEAR AT 58 5 B 0L T, BEBEHL T B 43R Oy

x(n+1)=0.5(n) +10 x0.5 x&(n)
Horp,e(n) 2 0 ~ 1 57504 Y BEALEL

AL W] LA B, AR R 25 1T, A OO0t
I 1 ol T 3 B R 1 T 5 o P AR, B B Y
it IR 00 il 2 2 AR R A8 SCHR [ 16 ] S B,
SRR TE S 1 B AR 5 I OO b A B AR
BT .

7 HRIE

AT — B A B3R RE 1 i ) 2% 4T 2
P Sk o IR T A A i I R i R 2% A
B B 5 R Pl 25 0 4 F IR 2% B 2E 9 AT T, R
FH A T 10 45 1) i A kAR AT 2 R 4R
125 4 BRI 3 Dok 2 30 A5 A e N R R AT S
10 3l 25 R, LA S B 45 4 1 JE 0 4 A B
KA. 55 25 R R WL, % 57k B8 6 4R 13 A1 HE 3
Bk [ 16 ] 55 3 B d 1y WAC SIORICR A5 s PR AP R L B
B A RO B (9 DL T AR IR AT A T 2E B
AUERH B G, O AR D8R — 22 B B A

2 Z Wk

WEI Chia-Hung, CHENG Ray-Guang, LIN You-Shin.
Analysis of Slotted-access-based Channel Access Control
Protocol for LTE-Advanced Networks [ J].
Personal Communications,2015,85(1) :9-27.
AN Ying, LUO Xi, LIU Yao. A Congestion Control
Scheme Based on Probabilistic Packet Acceptance and

Wireless

Drop in Delay-tolerant Networks [ J]. Concurrency and
Computation Practice & Experience,2015,27(13) :3429-
3445.

KARAMI A. ACCPndn; Adaptive Congestion Control
Protocol

in Named Data Networking by Learning

[6]

[10]

[11]

[12]

[13]

[14]

[15]

Numerical Simulation,2016,32(10) :10-30.
XIBE NG . BT IEAC 2 I Pl & 0 2% 1) TL 2 19
2% QoS PEm M [T]. R KRFEHM(BRBIFERD ,
2013,53(4) :556-561.
SINGH J,BARABANOV N. Stability of Discrete Time
Recurrent Neural Networks and Nonlinear Optimization
Problems [ J]. Official Journal of International Neural
Network Society,2016,74(3) :58-72.
BERE, 2 J1,8 F. HE T Additive-multiplicative
BRIl 22 W) ATM ) 28 1 ZE i) [T . 4340 5 e 3R,
2004,19(6) :651-654.
T HR W, VR R, 5F R T RO 2 M 2% 1 F
SheH WP ZE B [T]. i B LR A%, 2006,33 (10) -
37-40.
e 2% , R ARG . ik T 4 2 42 1) 1 T6 £k ) 2% die R AL
BERRT] . AL TR ,2016,42(5) :130-133.
WAI Rong-Jong,LIN Yeou-Fu,LIU Yao-Kai. Design of
Adaptive Fuzzy-Neural-Network Control for a Single-
stage Boost Inverter [ J]. IEEE Transactions on Power
Electronics,2015,30(12) .7282-7298.
GOODARZI R,MOKHTARZADE M, ZOEJ M. A Robust
Fuzzy Neural Network Model for Soil Lead Estimation
from Spectral Features[J]. Remote Sensing,2015,7(7) :
8416-8435.
CHISCI L, PECORELLA T, FANTACCI R. Dynamic
Bandwidth Allocation in GEO Satellite Networks: A
Predictive Control Approach [ J ]. Control Engineering
Practice ,2006,14(9) :1057-1067.
RENE, EAR A, B4R AL. P2 P4 3 R IE T 4 26 4
WEEMRLT]. R LR 5 78K ,2004,26 (6) :
792-795.
CHO H C, FADALI S M, LEE H. Adaptive Neural
Queue Management for TCP Networks[ J]. Computers &
Electrical Engineering,2008,34(6) :447-469.
ZHANG Huixiang,ZHOU Hairui, CHEN Chunlei, et al.
Fast Fairness Convergence Through Fair Rate Estimation
in Variable-structure Congestion Control Protocol [ J].
Computer Communications,2015,70(3) :54-67.

i iR AE



