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Abstract; The APRCA (Adaptive Proportional Rate Control Algorithm) and APRCA?2 are explicit rate based congestion

control algorithm which indicates congestion by the change of queue length. Some researchers have concluded they have better

performance than EPRCA. But in this paper, we show that these protocols are unstable in some conditions.
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1 Introduction

In ATM networks, the ABR ( Available Bit Rate)
service!" has been defined for supporting best effort ap-
plications. There are many proposed congestion control
protocols for Available Bit Rate (ABR) service for ATM
networks. Among them, the EPRCA (Enhanced Propor-
tional Rate Control Algorithm) and APRCA2!? are the
451 Some research work has

better

improvements of EPRCA!
concluded APRCA has
EPRCAD!.

In APRCA, congestion in the switch is detected by

performance  than

evaluating the change of queue length in a fixed time in-
terval rather than by comparing queue length with a
threshold value used in EPRCA. If the queue length in-
creases in N cell times, the switch is expected to fall into
congestion. This modification improves the responsive-

ness to congestion and therefore can reduce the maxim-

um queue length. It also improves the fairness among
connections. But in this paper we will show APRCA is
unstable in some conditions.
2 Background on APRCA

The detail of APRCA protocol is provided in [2].
3 System assumption

In order to analyze the stability of APRCA, we
consider a network consisting of one switch and /V trans-
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Fig. 1 Network model with 4 single switch

mission links as shown in Fig. 1. Each transmission link

i has an available capacity C; cells for the ABR traffics.
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The set of VCs passing through link i is {1,2,--+, N,},
denoted as N(i)* * , where N, is the number of all con-
nections which traverse link ;. The switch has, for each
of its outgoing links, a buffer for storing cells waiting to
be transmitted. Let (), denote the number of cells
buffered for transmission on link i. The switch has a
congestion controller associated with each transmission
link. For simplicity, we will use R as a short form for
MACR, E as a short form for ER, and A as a short form
for ACR in the rest of the paper. In this paper, we take
into account a traffic scenario with N, identical ABR
sources, i.e.,all of the N; connections, which share a
common transmission link, have the same values of
MCR (Minimum Cell Rate), PCR (Peak Cell Rate),
ICR (Initial Cell Rate), and they are in phase during
their whole lifetime. We further assume that RTT
(Round Trip Time) is negligible. In fact, it can be a
good approximation in a LAN (Local Area Network )
environment .

In this paper, we assume that priority is given to
the RM cells. If we give no priority to the RM cells,
RM cells will queued up together with the data cells'’’ .
This assumption simplifies the analysis.

The system is described by a set of discrete-time
dynamic equations which are similar to [6]. In [6], it
assumed that two consecutive discrete time instants are
given by 7', during each T units of time, at all sources
that, there is exactly one reception of one backward RM
cell, and that exactly one transmission of a forward RM
cell, and furthermore, during each T units of time,
there is exactly one reception of a forward RM cell from
each VC and exactly one reception of one backward RM
cell from each active VC at each link. The implication
of the above assumptions of [6] is that the delay for
each RM cell traversing the network is uniformly bound-
ed. In this paper, we assume that there exists an infinite
sequence of increasing discrete-time instants, {¢g, ¢, ¢y,
“*,ty_1,t, 1. During each time interval [ ¢,_;,¢,), k
= 1,2,---, at each source, there is exactly one recep-
tion of one backward RM cell, and exactly one transmis-

sion of a forward RM cell. Furthermore, during each
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time interval [ ¢, y,2;),k = 1,2,--, there is exactly
one reception of a forward RM cell from each VC and
exactly one reception of one backward RM cell from
each active VC at each link.

Our main concern is with the receptions transmis-
sions of the same type of RM cells (either backward or
forward) at a source, or at a link, and the change of
queue length. Our assumption will exhibit the essentials
of our stability analysis.

3.1 System equations

In this section, we will present the system equa-
tions. From the system equations, we can get the overall
dynamics of the entire network. Then according to the
dynamics of the entire network, we can derive what we
need (such as the evolution of quese length etc.) to
analysis the stability of APRCA.

First, we will focus on link i.

Let Q;(t;,1) denote the average number of cells in
link i is buffer during the time period [t;,1,,), the
buffer equation for link i can be described by the follow-
ing difference equations, which are similar to [6]:

Qi(tier) = max{ Q;(5) + Ny + A;(1y) - ¢;,01,
(D)
where A;(¢;) denotes the average ACR during the time
period [ ¢, t;,,). We consider two traffic sources. Un-
der the persistent source assumption”, we get:
ACy) = E(), (2)
E;(1,) is the feedback explicit cell rate contained in. the
feedback RM cell during the time period [ t;, ¢, ).

Let R;(t,) denote the MACR at link i at the begin-
ning of the period [ #;, #,,1). Let R;(#,) be the newly
computed MACR right after the computation of MACR
resulting from the arrival of the RM cell during the time
period [ ¢, ). In this paper, we take into account a
traffic scenario with /N, identical ABR sources, i.e., all
of the V; connections, which share a common transmis-
sion link, have the same values of MCR (Minimum Cell
Rate), PCR (Peak Cell Rate), ICR (Initial Cell Rate)
and they are in phase during their whole lifetime. Ac-
cording to the outline of APRCA, it replaces its MACR
by (1 - @) x MACR + o x ACR under some conditions

* Persistent (and greedy) sources are the sources which always have cells waiting to be sent and each source transmits data cells at the rate of its maximum
allowed cell rates, and every source does not continuously decrease its ACR while waiting for the returning RM cells.
*% The number of active VCs is assumed to be constant during the congestion resolution time.
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as follows:

ﬁi(%) =
{(1—01) * Ri(ty) + a - A;(1,), if condition 1,
R(t), otherwise,

(3)

where condition 1 is that link ¢ is noncongested or link i
is congested and A;(#,) < R;(t,). From equation (3)
and the definition of R(1,) as follows:

Ri(t) < (1=a) R(t,) +a- A(y). (4)

Consider the case where a congested link i receives
a backward RM cell from a destination. Let R;(t,) de-
note the latest MACR stored in the switch for link ; right
before the backward RM cell arrives from the destination
during the time period [ ¢, #;,,). The feedback explicit
cell rate £ will be updated according to:
DPF « Ri(1,),
R (8,
E (&),
where E (1) is the explicit rate carried in the backward
RM cell during time period [ ¢;, £;,,) arriving at link .

Condition 2 is the situation where link i is very con-

if condition 2,
E(t,) = if condition 3, (5)

otherwise,

gested and
A;(t,) > DPF « R,(1,)
and
DPF - R;(1t,) < E;(t).
Condition 3 is the situation where link i is congested
and
A () > Ri(ty)
and
R:(1) < E(1).
Note that from equation (10), if link i is very congest-
ed, we have
E(n) < DPF + Ri(4,). (6)
On the other hand, if link i is congested, E;(t,) <
R ().
4 Stability analysis
In the usual stability analysis, one can consider the
stability of the equilibrium points. However, the system
is highly oscillatory and there exist no such points.
Therefore, we consider the queue length in the switch in-
stead and adopt queue length threshold as [6] to analyse
the stability of APRCA.
When studying the stability of APRCA in the fol-

lowing, we assume that the network is undisturbed. That
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means the following events will not occur:

1) a new VC is admitted to the network;

2) a VC terminates its existence;

3) a VC changes its maximal data rate;

4) The available bandwidth at a link decreases or
increases.

We will partition the queue into two regions accord-
ing to one threshold: DQT ( Fast Down Queue Thresh-
old) . The two regions are as follows:

Region C (Congested) : DQT > Q,;

Region SC (Severely Congested): Q; = DQT.

Definition The network is said to be unstable if
the following statement is true; Suppose the network is
undisturbed, if under persistent traffic sources there exists
a link permanently oscillate around DQT.

Lemma 1 Under persistent source assumption, if
Q; is in region SC or the congestion controller detects the
increase of queue length during [ t;,25,1), Ri(t;,1) <
R; ()5 if there exists 4;(#,) < R;(#,), then R;(¢,,,)
< Ri(1).

Lemma 2 Under persistent source assumption, if
Q; is in region SC during [ t;9, t;0,1) , there exists ¢, >
tyo» such that DQT > Q,(¢,), i.e. Q; is in region C.

Lemma 3 Under persistent source assumption, if
Q; is in region C during [ #49, t0,,) , then there exists ¢;
> 0, such that Q; will enter into region SC.

Theorem 1 Under persistent source assumption,
APRCA is unstable.

The proofs of the lemmas and theorem are omitted
due to limited pages.

Fig.2 is the simulation result.
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(Continued on page 891)
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characteristics; adaptation and learning. It can handle
some nonlinear, slow time-varying, and stochastic dis-
turbed process control problem, and can obtain good
control performance. The proposed control scheme can

also be applied to complex process control.
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(Continued from page 885)

Stability analysis of APRCA2: The intelligent
marking capability of APRCA was incorporated into
EPRCA and a new scheme called APRCA2 was pro-
duced. APRCA2 solves the problem of source-bottle-
neck. The other parts of APRCA2 is the same as
APRCA. So from the proof of instability of APRCA,

we can see APRCA?2 is unstable too.

5 Conclusion

In the present work, the stability of APRCA and
APRCA2 were studied. From the analysis of APRCA
and APRCA2, we found they are unstable in some con-
ditions. This is the first paper that has made the discov-
ery and we hope it will give useful advice in practical

engineering .
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