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Abstract: Queue management is an important means o improve the perfomance of a netvork and awoid network
congestion At present, passive queue managanent daminates the queue managament field Recently active queue
managament (AQM ) has been getting more and more attention, alongwith the randam early detection (RED) al-
oritm, the first proposed AQM algoritm.  In order © analyze a systan made up of clients and a gatevay, a strict
mathamatical model was developed to describe the systan. A kind of RED controllerwith fast generalized prediction
control was included t analyze congestion control The systam'’s architecture and identification are discussed in de-
tail A seriesof smulationswere made, showing that fuzzy generalized predictive control (FGPC) is feasible in
gueue management and effective in controlling queue length, awiding netwvork congestion, and reducing round trip
delay.

Keywords intelligent predictive control; neiwork congestion control; active queue managament, netwwork smula
tor; RED algoritm

Intemet

: 2007-10-08
: (60774088) ;
(107024).

. Email: chenzg@nankai edu cn



. 314

[1]

TCP
(2] . TCP
, . TCP
Internet

, Internet ,

(incipient congestion). ,

TCP

[3]

(passive queue managament, FQM ). QM

(intemet en-
gineering tak force, IETF)
(active queue managament, AQW) '

) . Clark
(generalized predictive control,
GFC) ,

, [5]' , [6]
(fast generalized predictive
oontol, FGFC) , GFC ,
, . [6] FGRC
(FG
PC-RBED ). FGRC-RED
1 RBED
RED!"! AQM ,
TCP ,RED
b l
1
~ lma
|
Min_th Max_th
q‘«l\’C
1

Fig 1 The relation betveen average queue

length and packet loss ratio

RED 2 " Ghin Chnax-
, RED Chve 2
CGeS Chin ;
Owve < Chax » P, P ;

qnaxs chve!



- 315-

4
RBED
. RED
1) Ph =p R =p K =0,Ly =0,
1) RED S =0,Q A
TCP 2) k =N, (N-1), ,1,
(P ) =0, (P, A K,.B).
2) RED
L A 13-
3) RED l q(P, -0 AA)} .
,a =P, (0) /A (0), (Kk-vak-l; Pe 1,
K, +0B
RED Le.1; Re1, Se1) :(p+(|Zkan; FTkva; R, S,
AQM AQM lq'lKk.1 Pe.s Rk.j
RED RED Qi Loi S
FRED ARED AQM [B VHK“ 5 j
y BJlaoo Lo sl
BLUE RBED
lKk.l Pe.1 Rki
2 (FGPC) Qs Lies Sed
[6] [q@@-vok) BP -YL. BR -vj
YK Q. YP #BL, YR #BS
B =Q (0)/ JK (0) +Q; (0),Y =K, (0)/
A(z")y(k) =B(z )u(k-1) +&(z7) A. 2 (0) v (0).
(1)
-1 1 “Na 1 3) = (SW, - Loe) /Qo.
A(z7) =1+az + +a,z ; B(z7) = 4 Weu. B 2).
1+blz'1+ +Q,bz'N“,A =1-7" Lzt
cu(k-1) Ly (K) 3 FGPC-RBED
£ (K 31 FGPC-RBED
(1) A (2)
GPC
N M-1 FGRC
J = Z [p(y - wy) ]2 + 'Z QA y)* (2) (o0} FGRC
‘M , Wi t+k 2
p A z*  Qr
D iophantine , FGPC el » Chve
GR: O(N n), :p
GPC w= () A



. 316 3
ocounts
w
O, [FGPC-RED TCP ,{ 2) D D
P& p | AbERE e q ’ ’
0.03 0.06
iz Ll ‘i N
| o [ 3 p RED
4)
2 FGPC-RED
. 5) n 1
Fig 2 FGPC-RED contmol system
32 FGPCRBED
FGPC-RBED n
’ 1) . a(n);
o (t). n, n
(n) (n) 2 ® Ghe ()
T(n . gq(n n
3) (4) (5)
FGPC-RBED
UDP
4) FGPC p(n)
2 3
5) n p(n)
(3)
[11] . EGPC-RED 6) Ge (N)  p(n), n+1
) Qq p
, FGPC-RED
upp
o (1) p
O (Y
Ge (N) =(1-B)awe(n-1) +Ba(n). (3)
o (1)
B
o (1) 01ls
p,
Qr:
NN Qr
N +K
n+N +1 , 8., B B
PP s !
8., =6 )
T T T R e e B 0002
[y(n+N +1) -® 6], N
PN¢ N+lq) :l—+1 PN
R N A a— 5
i " ¢:‘—+1PN¢N+1 +1 ( ) 1
[11]. (21
ttn) : NS NS

1) n

(Ddefense Advanced Re-



- 317-

search Projects A gency, DARPA) ,  Berkelay
(netvork smulator).
FGPC-RED

QT! ’
RED )

3 (dumbbell)

3
Fig 3 The smulation netvork topology

3 : n n » Ny 1)

(capacity) 45Mbps 5ms,

( ) FGPC-RED.
1000 , o () 100ms
Qr 400, B Qo002
41 TCP
TCP
FGPC-RED
4 FGPC-RED 100 400

FGPC-RED

QT ’ y 400
100

800
700
600
500

S 400
300
200
100

20 20 60 80 100
t/s

(a) 100 TCP

800
700D
600
500f
400t
300}
200}
100}

0 20 20 60 80 100
t/s

(b) 400 TCP
4 Q; 400 ,100 400 TCP

Fig 4 The queue length when Q; is 400 and TCP link is

100 and 400
FGPC-RED

400 , Qr 200 600

1000
900
800
700
600
500
400
300
200
100

20 40 60 80 100

(aQ; 200

000
900
800
700
> 600
500}
400}
300}
200}
100}
0 30 40 60 80 100
t/s

(bQr 600
5 400 TCP ,Qr 200
600
Fig 5 The queue length when TCP link is400,
and Q; is200 and 600



- 318- 3

5 , FGPC-RED
, TCP 4 3 TCP
) , FGPC-RED
, 45Mbps 15Mbps
4 2 TCP UDP 75Mbps, . 400
, TCP HTTP (7) ,
UDP . ,
’ ) 1000
3, 400 TCP , 900
800
UbDP . , 400 700
600
UDP UbDP , > 500
400
UDP 10s0Q; 200 600 300
200
6 100
UDP : 0 20 40 60 80 100
500 bit, 50 Kbps
(a) 15Mbps
1 000
900 1000
800 900
700 800
o 000 700
500 600
400 500
300 400
200 300
100 200
0 20 40 , 60 80 100 100
t/s 0
20 40 60 80 100
t/s
(8Q; 200
1 000 (b) 75Mbps
900 7 400 , 15Mbps
800
700 75Mbps
> 288 Fig 7 The queue length when nodes is400 and
400 the link capacity is15Mbpsand 75Mbps
300
200t
100} 4 4
0
20 40 o 60 80 100 FGPC-RED
(b)Q; 600 ’
6 400 Q; 200 600 FGPCRED RED
H RE:) y 1
Fig 6 The queue length when link is400 and 2
Q, 5200 and 600 FGPC-RED :

6 FGPC-RED



- 319-

1 GPC-RED

Tablel The performance of GPC-RED algor ithm
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65 294
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Q 087 44

2 RED

Table2 The performance of RED algor ithm
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The 3rd International Symposium on Intelligence Com putation

and Applications ( | SICA 2008)
(1'SICA 2008)

The 3rd Intemational Symposium on Intelligence Camputation and Applications ( ISICA 2008) will be held on December 19 - 21,
2008 inWuhan , China Folloving the successul ISICA 2005 and ISICA 2007 gonored by the China University of Geosciences
(QUG), one proceedingsof ISICA 2007 published by Soringer has been indexed by El and ISTP, and the other proceedings of ISICA
2007 published by Press of China University of Geosciences has been indexed by ISTR

Topics
The emphasisof ISICA 2008 will be on the development of theories and methodologies in the field of computational intelligence and

their gpplications It covers all topics in intelligent canputation, including, but not limited to:

- Ewolutionary computation - Ewlutionary datamining

- Neural netvorks - Ewlutionary leaming systens

- Fuzzy systans - Ewolutionary multi - objective and dynamic optimization

- Ant colony optimization - Molecular & quantum computing

- Representations & operators

- Artificial life

- Bioinfomatics & bioengineering - Real - world goplications

- Cambinatorial & numerical optimization - Theory of intelligent computation
Important Due Dates

Pgper Submission: July 15, 2008
Decision Notification: September 1, 2008
Camera - Ready Submission: September 15, 2008

W ebsite: http: //isica cug edu cn
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