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There are two congestion control methods in rela-
tively common use at the present. One is the control
based on flow rate, in which an original sends data
package at a given flow rate, then a data package-oc-
curred rate is accommodated by the feedback informa-
tion from network. The other is the window control, in
which a terminal commands the original send data at a
given wide window, the width is adjusted by the feed-
back information. The congestion control method based
on flow rate, owing to being simple and easy to realize,
is being more and more prevalently applied in high
speed network such as ATM etc. , and has arisen many
researchers’ interest. Moreover, an important factor
that has to be considered is the problem on delay and
multi-delays in the design of the feedback controller
based on flow rate for network congestion control,
which has been discussed in several papers recent
years. However one of the mostly used methods is H
robust control. For example, a flow rate controller

which is designed based on H_ theory is used to solve

2010 429 H 6 H k| %% H A2 L4 T H (30971689 ) ¥t By
SE—AEE R A (1956—) , 53, VIR K400 1 S 1l 2= B4
o BFFCTr o] AR B S N, R TR, i o T R AL g,
SR, Tl A Bk,

the problem on a multi-delays with time-varying uncer-
tainty in multi-original single-bottleneck network''’.
The output flow rate information in bottleneck is made
use to improve H_ feedback controller which is de-
signed by making use of the error information of expec-
ted queue length. The improvement has enhanced the
running speed and minished the tracking error'’.
Based on the above literatures, this paper will propose
a simple and applicable method, to design a robust H,
congestion feedback controller of the multi-original sin-
gle-bottleneck network, to prevent congestion, maxi-

mize the efficiency of the network, and also to realize

robust stabilization so that time-delay influence will be

demolished.

1 Problem Description

A multi-original single-bottleneck network conges-
tion feedback control system is shown in fig. 1.

Where, ¢(t) =0 denotes the actual length of the
data buffer queue of bottleneck node, ¢, (¢) >0 is the
expected maximum length of the data buffer queue, is
the data output rate adjusted by congestion control
feedback system from each original ; r,(¢-7,) is the da-

ta input rate of each original on bottleneck node; 7,

i
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Fig. 1 A network congestion control feedback system

stands for the uncertain time-delay of each original ,

satisfying 0<7,(t) <7,; c(t) is the data output rate

of bottleneck node. The dynamic model of this system

can be expressed ast .

p(1) = ;ri(t—ri) - (1) (1)

Lemma 1™ ; Given plant P (s), controller K (s),
weighted function W, (s) with additive uncertainty, P =
Py(1+W,) , norm uncertainty , A(s) ,A(s) e BH.,.
(1) For additive uncertainty of any plant, the
necessary and sufficient condition for system’s robust
stabilization is that: (Dthere is a controller K which
makes the feedback control system shown in fig. 2 be

stable for any A(s) e BH .
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Fig.2  Control system with additive uncertainty

@ (1 +KPy) 'KW, |, <1,i. e.,(I+KP,) ™"
KW,eBH, ;

(2) For multiplicative uncertainty, the necessary
and sufficient condition for system’s robust stabilization
is that: (Dthere is a controller K which makes the feed-
back control system shown in fig. 3 be stable for any A
(s) eBH,.

@ [I(1+P,K) 'PKW, [, < 1, i
P,K) 'IPOKWq eBH .

Lemma 2: let P = N,D;' =N,D;' € RL_ and

e., (I +

4?» K(s)

Fig.3 Control system with multiplicative uncertainty

Ny 1V, 1
[ ] = [ ]W, further more, if P=ND~" e RH_ and
D, D,
right relatively prime factorable, then D ™' € RH , and
can take W=D"".

Therefore, the above feedback system’s P, can be

relatively prime factored as P, = ND ", the set for K to

U+DW
V_NW;NU+DV_1}, where U,V,W

stabilize P, is {
are all stable, regular, real rational function.

2 The H_ Feedback Controller Design for
Congestion Control
Considering the principia of every original fairness

('set the number of originals is n), set r;(t) is deter-

mined by following control law;
(1) = kye(t) + he() (2)
n

where e(1) =qge(t) —q(t), then a feedback sys-

tem block is shown as fig. 4.

Fig. 4 Block chart of feedback system

In fig. 4, P(s) stands for the delay point, is a
multi-input single-output system ( MISO), its transfer
function is P(s) =[e ™ ,---,e"™]; K,(s) and K,
(s) stand for the feedback controllers, there are sin-
gle-input multi-output systems, their transfer functions

are
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K.(s) = [Ky(s), K, 1"

s ten

and
K.(s) = [Ki(s), K, (s)]"
respectively;R(s) = [ R} (s),+-,R (s)]" is the

controlled output rate of originals.

Suppose G(s) = ;

6(s)
Go(s)

e -1 1< [ W,(jow) |, where W, (jow) =
(W,(jw), W, (jw)], and for YoeR, 0=7,(t)

=7, we have

-+,1] then

1‘[‘6_715_1‘7

(3)

If the network-congestion-consid-

(W, (jw) [ = e

Theorem 1

ered uncertain delay system is enabled robust stabiliza-
tion, at the same time, the network reaches its maxi-

mum utilizing efficiency, and controller K, (s) appears

0 polar, then, performance index
y 'W.D(V-NW)
<1 must be satisfied. Where,
W.N(U + DW) 5
N(s),D(s) are the relatively prime factorization of G,
(s),i.e. ,N(s)D " (s) =G,(s) ,and D(s) =——,N
st+to
(s) = L [1,--+,1],a is any scalar larger then 0; U
s+ta
() =1, 1] ", V(s) =1, N(s)U(s) +D(s)V
n

(s) =1;W(s) is a stable, regular and real rational
function; W, (s) is the sensitive weighted function.

Proof: Being perceived, the theorem is involved
with an optimal problem on mixed sensitivity familiar to
engineering applications.

From lemma 1, the above mentioned uncertain
delay system can be robust stabilized, if and only if the
nominal system of G,(s) can be stabilized, and satis-
fies performance index'®’ .

IW,(5) Gy (s)K,(s) (1 + Go(s)K, ()7, =1
(4)

From lemma 2, the nominal system can be robust

stabilized, if and only if it satisfies
K.(s) = (U(s) +D(s)W(s)(V(s) = N(s)W(s)))"
(5)
Furthermore derivative to e(¢) , we get

“) == YKl =) =T Keelt =1) +e(1)

(6)
That is

1 © s
1 = K TS
E(S) ~ n ; L‘l('s)e

C(s)

. (7)
s + ZKﬂ(s)e”"’S

For guaranteeing that the steady error of ¢ (t)
is 0,

tracking ¢, (t) from above formula, we

have ZKC,(O) = n and EKH.(O) — o ; in view of
= =i

the every original fairness, take K,(0) =1; and know-

ing that K, (s) has a polar s =0, therefore from egua.

(5) we know V(0) =N(0)W(0), i.e.,W(0) =<

(1,17 set W(s) =2[1,--,1]1"F(s), then
n

there is F(0) =1 obviously, thus

NERE A
K(‘(S) = ; W [1,"',1J (8)
S+«

From fig. 4, we can know

E(s) =4q,((1 + GU(S>K0(S>)_1 +
(- _%Go(sﬂq.(s)cu)u 6K ()

s
(9)
In order to make the network attain a maximum

efficiency, ||E(s) |, should be small as soon as possi-
ble, can let L—L(;O(s)l(n(s) =0, i.e., sz-<s)
s n =

= n. From the every original fairness, can take K,
(s) =1. Therefore, for guaranteeing net-utilizing effi-
ciency, following H_ performance index needs to satis-
fy with[ 7] :

Iy "W () (1 + G()K () ™D, =1 (10)
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Where y >0 is the H_ performance index chosen.
In order for making controller K, (s) present polar
0, and in the mean time, for guaranteeing that £ (s)

has a larger attenuation in low frequency band, take W,
1 .. T

(s) =—. Synthesizing performance indices eguas. (4)
s

and (10), we have
W,(5)Gy(s)K,(s) (1 +Gy(s)K,(s))" -
y W () (1 + Gy ($)K,(s)) ™ -

(11)
Making use of egua. (5), we get
y WD) (V(s) = N(s)W(s))
W.(s)N(s) (U(s) +D(s)W(s))

The theorem is proved.

(12)

o

Note: Formular egua. (12) can be further trans-

formed as

W,(s) ﬁ(l S aF(s))

o <1 (13)

vy W.(s) ﬁ(l +- faF(s))

Adopting the frequency domain training method,
we can yield F (s) from egua. (13); thereby get a

congestion-controlling Hoe feedback controller.
3 Computing Example

Set the bottleneck node output rate of a conges-
tion-controlling system be ¢ (¢) =1 000 + 100sin
(0.1¢) , t=0; the expected length of buffer queue is
q,(t) =100; the maximum delay of the system is 7, =
0.1; H, performance index is took as y =1.

Then, it is known that |e™* -1| <

0.21jw _
0. o +1]° Yw € R. Thus can choose W, (s) =
0.21s . - .
0 1s+11° and choose weighted sensitivity function
1 1
W.(s) ==, G,(s) :?[l,m,l]. From the every o-
s

riginal fairness, only need to research one of those

originals” H_ controllers K,,(s). Thus yield:

o

_ Ls4 -1 —¢(s)
Kei(s> = & 1+¢(8)-

Where,

sS(0.1s + 1) (s +2.11)
(0.21s +0.7s* + 1. 17s + 1) (s = 2.11)"

p(s) =

4 Conclusion

The design problem on the robust Hee feedback
controller of the congestion-controlling for multi-origi-
nal single-bottleneck network has been studied in this
paper. A network-congestion-control system has been
dynamically modeled, then the congestion-controlling
H_ feedback controller has been designed, and the
performance requirement to the controller has been an-
alyzed. The paper has proved that the H_ feedback
controller of congestion control get the goal of preven-
ting congestion and maximizing the efficiency of net-
work application by adopting frequency domain design
method. The method can realize avoiding network-con-
gestion and maximizing the network-utilizing efficien-
cy. From the computing process in the example demon-
strated, the method proposed has shown its simplicity
and applicability.
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Strengthen Severe Corrosion Structure by CFRP-bonded

LI Yue-chen, LI Xiu-jun'
( School of Water Resource and Hydropower, Wuhan University, Wuhan 430072 ,P. R. China;
Wuhan Teahon Reinforcement Technology co. , Ltd'. , Wuhan 430070, P. R. China)

[ Abstract] A salt factory workshop was used in severe corrosion environment for ages, structure damaged seri-
ously, was unsafe very much, must be reinforced. Based on analysis and demonstration, determined that to rein-
force and antisepsis the workshop by comprehensive measures of mainly CFRP-bonded. The principal points of de-
sign and construction are introduced. After construction, the workshop has been in operation more than 4 years, and
it shows that reinforcing effect is good.

[ Key words] severe corrosion strengthen CFRP-bonded patch antisepsis
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A Flow Rate Controller Design for Network Congestion
Based on H_ Feedback Control

QU Bai-da, XU Wei, XU Bao-guo
(Jiangnan University, Wuxi 214122 ,P. R. China)

[ Abstract]  For solving a problem on network congestion control in modern high-speed communication networks,
frequency domain design method is adopted, to transform uncertain time-delay system into multiplicative uncertainty
system with unmodeled dynamic boundary. According to the requirement of the robust stabilization and performance
index of system, the feedback controller design problem on robust H, congestion control of the high-speed commu-
nication networks which based on flow rate control was converted into the common engineering application problem
on mixed-sensitivity, then worked out the desirable H_ controller by the analytic method. The H_ feedback control-
ler of congestion control can get the goals of preventing congestion and maximizing the efficiency of network applica-
tion by adopting frequency domain design method. The method is demonstrated be simple in use and applicable by
an example.

[ Key words]  flow rate H_, feedback controller network congestion robust stabilization



