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Efficient Buffer Sharing in Shared Memory ATM
Systems With Space Priority Traffic

Rajarshi Roy and Shivendra S. Panw@&enior Member, IEEE

Abstract—In this letter we study the problem of the optimal 1 Br 1 Bm 1 1
design of buffer management policies within the class giushout 2& <
and expellingpolicies for a shared memory asynchronous transfer /—> ﬁ) —> .
mode (ATM) switch or demultiplexer fed by traffic containing two By -
different space priorities. A numerical study of the optimal policies E%Tfne;)rary Main Buffer

for small buffer sizes is used to help design heuristics applicable to
large buffer sizes. Simulation studies for large buffer systems are
then presented.

Index Terms—ATM, buffer management, Markov decision
theory, sample path technigues, shared memory switch.

Fig. 1. The system model.

multiplexer model. The objective is to minimize the long run
average weighted cost that is incurred from the lost cells. De-
pending on the available control we have over the dropping
I. INTRODUCTION of cells from the temporary or main buffer and the placement
cAf cells in the main buffer, we distinguish two classes of poli-
Siigs.pushoutandexpelling which are defined in later sections.
e main contribution of this paper is to show thatempelling

policy helps to increase the admissible load region compared to

OST of the asynchronous transfer mode (ATM) swit

architectures that have been proposed in the literat
use some buffering to queue cells whose service has been
layed due to contention for resources within the switch. The | >t
cation of these buffers and the buffer management policy affePigShoutpolicies. _ _ o
the switch performance [6]. Some buffer management is necesd N€re has been a considerable amount of prior work in this
sary to ensure that an output-queued shared-memory switct2Ei2 [1]-[5]. Our contribution differs from previous work in that

demultiplexer, both of which have multiple output ports eaClﬁfocuses on multiport devices, packets with priorities and con-

with its own queue, does not perform poorly when some of tifiders broad policy classes.
output queues get overloaded.

Let us describe the system model and the two different classes
of buffer management schemes we will consider. The sharedrhe class opushoutpoliciesGp is defined by the following
memory switch (Fig. 1) is modeled by a multiserver queue wittules: 1) a cell can be expelled from the main buffer only by
a bounded buffer. The entire buffer is partitioned into two partanother cell in the temporary buffer when the main buffer is full;
the main buffer of sizeB,, and the temporary buffer of size2) a cell from the temporary buffer can be discarded only if the
Br. Time is slotted and the transmission of a cell takes omgain buffer is full; and 3) a cell can never be dropped if there is
time slot. During one time slot at most; cells may arrive to room for it in the main buffer.
the system and they are placed in the temporary buffer. The celfThe priority of a class is reflected by the cd%t andC; that
loss priority (CLP) bit indicates whether an ATM cell is of highis incurred by the dropping of a cell of high and low priority,
or low priority. A cost is incurred for each cell that is droppedespectively. We want to find out the policy amongst the class
from the system. The cost is higher for the high priority cellf pushoutpoliciesG» so that
Once the cells are accepted to the main buffer, first-in—first-out

(FIFO) order is to be maintained within each of the Iogica% - O, - Dy () + Cr - Dy(£) | any initial state —
output queues, because cells in the same logical queue may beé- ;( n D)+ Co-Dit)) [ any *

Il. PusHoUT POLICIES

€

long to the same virtual circuit. For the same reason, in a switch 00

model reordering of cells is allowed when they are transferred < EWZ(Z(C’L - Dy ()+C; - Dy()) | any initial state:a:)
from the temporary buffer to the main buffer but not in the de- —0

Vry € Gp.
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Buffer=1000; Avg. burst size=40; % of high =75%

be allocated to a particular logical queue after the drop/pushout
decision at a particular slot time in the main buffer is strictly less
than the number of cells it had in the entire system just before
the decision epoch i.e., att— a given number of cells are to be LA
dropped/pushed out from each logical queue. Then the rules to 5
be followed are as follows. 1) Append the cells that are in the
temporary buffer and belong to logical queuto the end of the
main buffer in the allocated position, high priority cells first (if
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Loss probability of low priority
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switch model) or in FIFO order (if demultiplexer model). 2) If &‘*Expime%g&ua ; L
the buffers allocated to logical queuén the main buffer is full, "X Eigzﬂmg;ﬁgg % \
and there are cells of that logical queue in the temporary buffer, T, Béziiﬁﬁiﬂ’g’i:% .
push out the low-priority cells starting from those closest to the Discarding,1=100 o
head of that logical queue. 3) If only high priority cells remain Loadeo.85.Disarding -
in a queue, discard all the remaining cells of that logical queue Load=0.9.Expel anq Shtecoeu
which are in the temporary buffer. This entire procedure defines 001 Lﬁ;ggzgg;giggf ggg gggggggzggg S
the squeeze-outlass of policiesp, . 1607 1e-06 1e05 00001 0001 001 01 1
The proof of optimality of the squeeze-out class is not given Loss probability of high priority

here due to space restrictions [8]. Note that we defined the op- o o
timal pushout policy structure but not the number of buffer pd9- 2-  High priority loss versus low priority loss.
sitions allocated to each logical queue for a given system state.

In our simulation study we have ax® switch with a
[Il. EXPELLING POLICIES shared 1000-cell buffer with each input line connected to a
two-stage on-off source, with geometrically distributed on and

The class oéxpellingpoliciesGE has as members all policies . ! .
petingp b periods. Each burst is destined to one of the outputs. The

that append the new cells from the temporary buffer and do n . .
reorder them, i.e., FIFO service order must be maintained. THE period can be Zero but each bu'rst' contains ‘.”l.t Igast one cell.
class of policies is allowed to drop cells from the main buffe ells were marked high or low priority probabilistically. For
even when it is not full. We have proved that the optimal policg e squeeze-out SCh_e”.‘e we use ‘squeeze-out the cell from the
within the classzF belongs to a subset of that clag§®. The dY€ue with a low priority cell that exceeded its threshold the
class¥@ is defined as the following. 1) Cells from each Iogica‘nost policy. As we are yet to f|gu_re out a way to opt!mally
queue are moved from the temporary buffer to the portion qf&gn the thresholds for each logical queue we use identical

the main buffer allocated for it in that slot, either high prioritQ resholds and our pollcy_ coincides _W'?h ‘squ’eezg-out the cell
fﬁom the longest queue with a low priority cell’ policy.

cells first, or in the FIFO order, depending whether it is a switc Wi | heurist li i h logical

model or a demultiplexer model, respectively. If they do not fit " iappylanl euns |gtexpe|| qu bo 'f[?]/ O?\ ea(;: fot%lcal ql_Jeule

then low priority cells are expelled starting from those close‘éihIC EXpEls low priority celis rom the head of the logica
ues when the number of high priority cells of that queue

to the head of the queue. 2a) If the cell at the head of the quélﬂae ded a threshold. W bl hi q f .
is of high priority then it is served. 2b) If the cell at the head gfxceeded a threshold. We are able to achieve orders of magni-

the queue is of low priority then either that cell is served or atlvd? w;ulz)rovemeqt '? the h'%h priority I(\)AS/S p(lerformance %t ;Ee
the low priority cells from the head of the queue until the higﬁOS ot low priority 10Ss performance. We also compared the

priority cell closest to the head of the queue are expelled aRSrforma”C? of bIockmg_ or discarding policies as well. Here,
that high priority cell is served once a cell is accepted it is always served. We set a threshold

The proof of optimality is not given here due to space rég)r total number of cells acceptable for each logical queue. The

strictions [8]. In this case, we have defined the optimal polic}presmld on the number of cells in each logical queue is kept

with the exception of: 1) the buffer allocation for each logica onstant at 400 for the experiments in Fig. 2. Also, for each log-

queue for each state and 2) the decision of when to serve W‘l%l queue, yve_set another s_maller thres_hold beyond_ which ar
head-of-line low priority cell or high priority cell. riving low priority cells are discarded. This threshold is varied

to achieve different loss performance. In Fig. 2 the letter ‘T’ be-
side the word “Expelling” indicates the expelling threshold and
the same beside the word “Discarding” indicates the low pri-
In our numerical study we consider a two-ported sharextity cell blocking threshold in a discarding policy.
memory switch. The logical queues are fed by a Bernoulli The merit of the expelling policy over the squeeze-out policy
arrival process. In [7] we reported that loss probability calculés the fact that the performance of low priority traffic can be
tions using value iteration [10]. We showed that the expellingaded off for the performance of high priority traffic. For ex-
policy does allow us to improve the performance of the highmple, assume a required maximum high priority los$0of®
priority class compared to pushout policies at the cost ahd low priority loss of).7 x 10~2. Under a squeeze-out policy
some degradation in the performance of the low priority clader a buffer-size of 1000, an average burst length of 40, a load of
Motivated by that we next present the performance of theB8eB0 and with 75% of the total traffic of high priority, we do not
policies for a &8 shared memory switch with large buffersachieve the required loss performance for the high priority cell
driven by on—off traffic. but the low priority loss performance is achieved. If we want to

IV. SIMULATION STUDY FOR A LARGE SYSTEM



164 IEEE COMMUNICATIONS LETTERS, VOL. 6, NO. 4, APRIL 2002

Buffer/expelling threshold=10;%of high mix=75% Buffer=1000; Load=0.8; Average Burst Size=70.0
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Fig. 3. Buffer size versus maximum admissible load. Fig. 4. Loss variation with traffic mix.
restrict ourselves to the this type of policy we have to increase
the buffer size. Alternatively, we can use the expelling policy to V. CONCLUSION
achieve our goal. This is demonstrated in Fig. 2. This figure also ) ) )
shows that discarding (blocking) type of policies perform much !N this letter we present some properties of the optimum
worse in general. Apart from that, the policy of changing theUshoutand expellingpolicies. Our future goal is to develop
low priority discarding threshold for the purpose of achievinBeu”St'Cs for finding the various thrgsholdsi Earlier numgncal
varying loss requirements is not as flexible as the application'&sults for small buffer sizes and i.i.d. arrival process input
the expelling policy. Fig. 2 also demonstrates that in the low loflicated that theexpelling policy can improve the high
probability region the improvement due to the expelling polic§riority loss performance at the cost of low priority loss
is greater. Here, for the purpose of generating simulation datdXfformancethus allowing for more flexibility in meeting the
a reasonable amount of time, we did not explore a more typi&ﬂ” Io;s constraints. Similar resplts are .obtamed from the
loss probability region (e.g., for which probability of loss forsimulation study for larger buffer sizes in this letter.
high priority traffic is less than 16 and probability of loss for
low priority traffic is 10-%). But we conjecture from the trend
shown by the curves close to that region, which is the proposed REFERENCES
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