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ABSTRACT

In this paper, we propose an architecture of the asynchronous shared-bus type switch with priority and fairness

schemes. The switch architecture is an input and output queueing system, and the priority scheme is implemented

in both input and output queues. We analyze packet delay of both input and output queues. In the analysis, we

consider the stations with asymmetric arrival rates. Although we make some approximations in the analysis, the

numerical results show good agreements with the simulation results.

I. Introduction

It is anticipated that future communication services
will be provided largely via packet switching networks
i1]. For this reason, many switching architectures for
packet networks have been developed[2, 3]. One of the
simplest structures for high-speed packet switching is
the shared-bus type switch architecture.

In this paper, we propose an asynchronous shared-
bus type switch architecture with priority and fairness
schemes. The switch architecture is an input-and-out-
put queueing system.

In this paper, we also analyze the delay perform-
ance of the switch architecture we propose. Although
there are two or more priority levels in the switch, the
delay in each priority level can be investigated through
one queueing model. We consider the stations with
asymmetric arrival rates. In the analysis of input qu-

eueing delay, the concept of conditional cycle time[4]
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is used.
[I. Switch Structure and Operation

An NXN asynchronous shared-bus type switch is
constructed with N stations, a start pulse generator
(SPG) and a high-speed bus as shown in Fig. 1. In a
station, there are a bus controller(BC), an address fil-
ter(AF), a transmitter(TX), input queues and output
queues. Entering packets to a switch input are stored
in one of the input queues according to their priority
levels. The data rate of an output link is 7 and the
data rate of the bus is 7 (normally #5>m). All the
bus controllers are connected wired-ANDed to the
bus. Thus the bus has the AND value of all the bits
transmitted from the bus controllers. When a bus
controller has no packets to transmit, it transmits con-
tiguous ‘I’s on the bus. The bus controllers are also
connected wired ANDed to the active line.

A bus controller informs the SPG through the ac-
tive line of whether the bus controller is transmitting
data on the bus or not. The low value of the active

line means that the bus is occupied by a station. The
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Fig. 1 N XN shared-bus type switch structure.
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Fig. 2 Packet format.
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high value of the line means that the bus is idle. There
is another control line in the switch, that is, the start
line. The SPG sends start pulses through the start line
to the bus controllers, which signals that the bus con-
trollers may start packet transmission.

The packet format is shown in Fig. 2. The desti-
nation address field does not have the pattern ‘111 ...
I'. Thus we have N <2"—1. Since the priority field is
k bits, there can be K =2* priority levels in the switch.
Here, the PRI value of ‘000...0° means the highest
priority level. The bus controller has K internal
variables, F; (0<7< K—1). F; is used for fair access
to the bus in the z-th priority level.

A. Bus Controller( BC) :a bus controller does its op-

eration according to the following procedure. Initially,
the active line output(A) is set to high.

i )The bus controller sends contiguous ‘I's on the
bus and waits until a start pulse comes through
the start line. When a start pulse comes, £ is set
to zero and go o step (ii).

ii ) The bus controller reads the header of the head-
of-line(HOL) packet in the highest priority in-
put queue which is not empty and fill the F field
of the header with the internal variable F; for
the queue’s priority level. If there are no packets
in the input queues, the bus controller lets 2= 1.
‘h=1" means that the bus controller does not
send a packet on the bus at this time.

i) If =0, the bus controller transmits the header
on the bus. If not, the bus controller sends con-
tiguous ‘l’s on the bus.rln both cases, the bus
controller monitors the bus.

iv)If, during transmitting the header, the bit value
transmitted and the monitored bit value are not
the same, the bus controller stops transmitting
the header and sets £=1, which means that the
bus controller loses in contention. However, the
bus controller goes on monitoring the bus.

v ) After monitoring the bus during the header dur-
ation, the bus controller sets p to the monitored

priority field value and sets f to the monitored
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fairness bit value. And the bus controller sets F;
(<p) to zero. If f is 1, the bus controller also
sets F Lo zero. This procedure is for the fair ac-
cess scheme.

vi)If k=1, then go to step { i ). If not, the bus con-
troller sets A low and transmits the data field of
the packet associated with the header. During
the transmission of the packet data field, the
bus controller does not monitor the bus.

vii) After the successful transmission of the packet,
the bus controller sets F» to ‘1" and A high.
Then go to step (1 ).

B. Start pulse generator(SPG):an SPG operates as

follows.

i )The SPG monitors the active line and waits un-
til the active line becomes high. When the active
line becomes high, then go to step (ii).

ii ) The SPG generates a start pulse on the start line
and monitors the bus.

ii) If consecutive M bits of ‘1’s are detected on the
bus during the header duration, then go to step
(ii). If not, go to step (iv).

iv) The SPG waits until the active line becomes low.
Low active line means that a transmission of a
packet data field is going on. Go to step (i ).

C. Address filter(AF): when a start pulse comes thr-
ough the start line, it begins to monitor the bus. If the
destination address field which is received from the
bus 1s the same as the address of the station, 1t rece-
ives the packet and stores it in one of the output
queues according to its priority level.

D. Transmitter(T X): a transmitter sends to the out-
put link the HOL packet of the highest priority out-

put queue which is not empty.

. Queueing Model and Delay Analysis

In this paper, we consider the switch with two pri-
ority levels. However, the delay analysis which follows
can be applied to the case of more than two priority

levels. Since we assume two priorily levels, there are
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high-priority packets and low-priority packets in the
switch. We assume that all stations have the arrivals
of high-priority packets and low-priority packets in-
dependently, according to Poisson distribution pro-
cesses. The packet length distribution is arbitrary and
all stations have the same packet length distribution
for each priority level. We consider the stations with
asymmetric arrival rates. The destination addresses of
input queues are independent and uniformly distri-
buted among all the output ports. We assume that the
bus data rate »% is H times of the output link data
rate »u, that is m, = H-m,;. The symbols to be used

are defined as follows.

N Number of stations.

Xin, kightow), i Arrival rate to the high(low)-priority in-
put queue of the i-th station.

Xin, hightlow) Total arrival rate to the high(low)-priority

input queues of the switch.

Aout, highttow, i Arrival rate to the high(low)-priority out-

put queue of the i-th station.

Qin, highllow) Random variable(r.v.) representing high
(low)-priority packet service time for the
bus.

Gout, highttowy  R.v. Tepresenting high(low)-priority pac-
ket service time for output links.

Pbus, ightiow)  Bus utilization by all high(low)-priority

packets.
Poutlink, highttowy Ulilization of an output link by high(low)-

priority packels.
We note that the following relations hold:

N
Ain, highttowy = 2, Ain, hightow), i > Pous, kightlow)

=1

= Ain, kighttow)* Gin, hightlow) - ) 8]

Since the output addresses of input queues are uni-
formly distributed among all the outputs, we have the

following relation.

Ain, hightlow)
Aout, highllow), § = N
Ain, hightlow)
Poutlink, kighllow) = _—I—V—— * Qout, high(low) (2)

Since the M bit header is not transmitted at output

links and m, = H-my, we have

Cout, high= H (@in, righ— M), Gout, tow=H (@i, 1w — M).
3
Let us assume that the tagged packet belongs to the

N-th queue without the loss of generality.

3.1 Packet Delay in Input Queues

A. Queueing Model

Our analyses of high-priority packet delay and low-
priority packet delay will be done through one queu-
eing model which will be called the reference system.

In this system there are two priority classes. The
number of high-priority queues is N, and the arrival
distributions of the high-priority queues are assumed
to be Poisson. The number of low-priority queues is
only one, and the arrival distribution is arbitrary.
Both the high-priority and low-priority queues are
assumed to have an infinite waiting room. Each high-
priority queue in normal-level contends for bus access
and is selected in random. If one high-priority queue
succeeds in bus access and in a transmission of a
packet, normal-level is changed into lower-level. Only
high-priority queues in normal-level can contend for
bus access. Lower-level returns back to normal-level
when there are no non-empty high-priority queues in
normal-level. The low-priority packets can be trans-
mitted on the bus only when there are no packets in
the high-priority queues.

The high-priorily packet length is represented by a
r.v. b, and the arrival rate of the ¢-th high-priority
queue is A;. The utilization of the bus by the packets
of the i-th high-priority queue only is then p; = A, E(b)
where E(-) denotes expectation. And p is the total
utilization by all high-priority queue packets. The

low-priority packet length is represented by a r.v. by..
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Fig. 3 Queueing model for the reference system.

Here we analyze the queucing delay of high-priority
packets. In our analysis, we divide a high-priority
queue into two parts, a first-in-first-out(FIFO) queue
and a transmission buffer. The transmission buffer is
an extension of the FIFO queue, and only one packet
is permitted to enter the transmission buffer. In a
high-priority queue the packet at the head of the
FIFO queue will enter the transmission buffer when it
is empty. This packet in the transmission buffer will
be in contention for bus access. Accordingly, the queue-
ing delay of high-priority queues consists of two delay
factors. One is the delay from which a packet suffers
in the FIFO queue (this delay will be referred to the
pure queueing delay), and the other is the delay from
which a packet suffers in the transmission buffer (this
delay will be called the contention delay).

The pure queueing delay is expressed as a r.v. w,
and the contention delay is expressed as a r.v. ¥. The
total queueing delay, represented by a r.v. 4, is the
sum of the pure queueing delay and the contention
delay. That is, d=w +y. w and ¥ are assumed to be
independent. Therefore, we have D*(s)=W*(s)Y*(s)
where D*(s), W*(s) and Y*(s) are, respectively, the
Laplace transforms (LT) of probability density funct-
ions (pdf) of d, w and ¥.

B. Distribution of Pure Queueing Delay

We now define a cycle as a time interval of a busy
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period during which the high-priority packets of nor-
mal-level are served continuously. Therefore, at most
one packet from a high-priority queue can be served
in each cycle. Let us define the N-th conditional cycle
as the cycle which includes the service of the N-th
high-priority queue packet. Since at most one packet
can be sent from a high-priority queue in each cycle,
the tagged packet of the N-th high-priority queue
moves one position forward in the queue after each
cycle.

The N-th conditional cycle is divided into two
cases. One is made when a packet arrives at the N-th
high-priority queue and finds that the queue is empty
in normal-level. In this case, we let a r.v. ¢ be the in-
terval between the arrival time of the packet and the
end time of the cycle. The other case is made when a
packet arrives at the N-th high-priority queue and
finds that the queue is not empty or empty in lower-
level. In this case, we let a r.v. ¢ be the cycle time
which includes the service of the packet.

We apply a modified M/G/1 queueing model to the
analysis of the pure queueing delay of the N-th high-
priority queue. In the modified M/G/1 queueing mo-
del, the packet service time is ¢, but the service time
of a packetl which arrives at the empty queue is ¢o. In
the modified M/G/1 queueing model, let §z be the
number of packels in the queue left behind by j-th

packet transmission. Then we have

B gi—1+v qgi>0
qi+1=| _ -
4 g; =0,

(4)
where ¥ and  are r.v.’s representing the number of
packets arriving during packet service time. Let V(2
and Vo(z) be the Z-transforms of the r.v.’s # and o,
respectively. Then from [5], we have

V(2)=C*(v—An2), Vol2) = Co*(Av—An 2) (5)
where C*(s) and Co*(s) are, respectively, the LT’s of ¢,

Co.
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From (4) and (5), we can obtain a relation between
0; +1(2) and QAz) which are the Z-transforms of §; +1
and ;, respectively. Considering the limiting case and
defining that ¢ = lim §; and Q(z) =lim 0,(2), we have

2Co*An—An2)—C*(An—2An 2)
2—C*An—An2)

Q(z)=Plg=0] ()

Let a r.v. g be the system time of a packet in the
modified M/G/1 queueing model and let G*(s) be the
LT of g. Since the number of packets in the queue
left behind by packet transmissions has the same dis-
tribution as the number of packets arriving during the

system time g, we have from [5]

Ay —5) Co*(8) —An C*(s)
AN—S—AnC*s)

G*(s)=Plg=0] N
Since g is the sum of the pure queueing delay w, and
the packet service time of the modified M/G/1 queue-
ing model, we have g=w +P[g=0]-co +(1 —P[g=
0))-¢. Thus, W*(s) is given by

G*(s)
Plg=0]-Co*(s) +(1 = Plg=0])-C*s)

W*(s)= ®

(i ) Distribution of c¢:let a; be the probability that
the service of a packet of the 7-th high-priority queue
(#N) is included in the time c¢. The mean value of ¢

can be expressed as
N-1

Eo)=E®)+ Y. aEb). ()]
i=|

Approximating a; by AE(c), we have Elc) =—-—E—KL.
1~p+pxn

Note that &; should be equal to or less than 1 so that
it may be interpreted as a probability. Assuming that
all r.v.’s of (9) are independent, we can obtain the LT

of the pdf of ¢ as
N-1

C(9)=B%s) [ (aiB*s) +(1 —a)) (10)
i=t

where B*(s) is the LT of b.

(ii) Distribution of co:there are three cases when a
packet arrives at the empty N-th high-priority queue
in normal-level. The first is the case that the bus is oc-
cupied by a low-priority packet. The probability of the
case is go1 and the cycle time is denoted as a r.v. ¢q.
The second is the case that the bus is occupied by a
high-priority packet from another queue. The prob-
ability of the case is o2 and the cycle time is denoted
as a r.v. ¢o;. The last is the case that the bus is free.
The probability of the case is go3 and the cycle time is

denoted as a r.v. co3. Thus we have

Plg=0]=qo +g02 +qo3,

Qo1 Cor*(s) +qo2 Coz*(S) +qo3 Co3*(s)

Co*s) = Plg=0]

1)

where Coi*(s), Co2*(s) and Cos*(s) are, respectively, the
LT’s of cai, o2 and cos.

(iii) Definition and distribution of b,:b, is a r.v. re-
presenting the low-priority packet service time during
which one or more packets arrive at the N-th high-
priority queue. Let Py, () and Ps(t) be the pdf’s of b,
and b, respectively. Also, let B,*(s) and B/*(s) rep-
resent the LT’s of bL and b, , respectively. When the
service of a low-priority packet starts, there are no
packets present in the high-priority queues. While the
low-priority packet is being served, a high-priority
packet may or may not arrive. The probability that
one or more packets arrive at the N-th high-priority
queue during the service of a low-priority packet
should be proportional to the value of (1 —e ™) as
well as to the relative occurrence of such durations|5].
Thus, we may write P,() = K(1 —e~*!) Py (), where
K is a proportionality constant. The constant K can be
evaluated so as to properly normalize the pdf Ps,(f).
Then, we have

1 —e ™

Py (t) = T80 Py(8)

= v BL(s) = Bi*s +an)

B*(s)= 1 =B 0w (12)
817
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(iv) Distribution of ¢, : the cycle time ¢oy is made when
a packet arrives at the empty N-th high-priority queue
during a low-priority packel service. The low-priority
packet service time is represented as the r.v. SL. We
use the concept of conditional cycle time for obtain-
ing the distribution of co. Let 8: be the probability
that the service of a packet of the z-th high-priority
queue(i # N) is included in the time ¢oi. We assume

that the mean value of ¢g is expressed as
~ N1
Elco) = E(by) +E®) + 1 8 EOb). (13)
i=1

Approximating 8; by A;iE(co), we have Elco)=

b b
M—z . Note that 8; should be equal to or less
1—p+pn
than 1 so that it may be interpreted as a probability.
Assuming that all r.v.’s in (13) are independent, we

can obtain the LT of cq as
N—1
Co™(s)=Bs) B%s) I1 (8:B%) +(1-4)).  (14)

(v ) Definition and distribution of v(x, A):leta rv. v
(x, A) be the residual time of the duration which is
denoted as a r.v. x, at the first Poisson arrival with
rate A(see Fig. 4). In the definition of »(x, A), we ex-
clude the case that there are no arrivals. Thus we
have »(x, A)>0. From [5], we can obtain P, n{t)
and R*(x, A, s), which are respectively the pdf and LT

of r(x, A), as

first arrival with rate X

rix, X)

Fig. 4 Definition of »(x, ).
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Pus n(®)= —l——%)_ j‘jo e M P.(t)dt and (15)

R 5)= A Q) -X©)], (16

=X A)(s—21)
where P.(f) and X*(s) are respectively the pdf and LT
of x.

(vi) Distribution of coy:the cycle time ¢o; is made
when a packet arrives at the empty N-th high-priority
queue during the service of a high-priority packet

from another queue. Let a r.v.f be ¢ —b. We also as-
S~ C*
sume that the LT of /', F*(s) is given by % . Since

it can be considered that the packet which makes the
cycle ¢oy arrives in the interval off, we can get ¢y ap-
proximately as cp = r(f, Ax) +b. Thus, we have Coals)
=R/, kv, $) BXS).

(vii) Distribution of co3:the cycle time cg3 is made
when a packet arrives at the empty N-th high-priority
queue and finds the bus idle. Since the arrival time of
the packet is a starting point of an N-th conditional
cycle, we can approximate co: by ¢. Thus, we have cos
=c¢ and Cg3(8) =C*(s).

(viii) Value of probability qe,:the values of the proba-
bilities go1 and go3 are given later. The cycle ¢, begins
when a packet arrives at the empty N-th high-priority
queue during the service of a high-priority packet
from another queuc. Since the packet on the bus is
from onc of the high-priority queues except the N-th
high-priority queue, go; is approximated by p —pn.

C. Distribution of Contention Delay

The contention delay from which packets arriving
at the non-empty N-th high-priority queue or at the
empty N-th high-priority queue in lower-level suffer is
denoted as a r.v v. And the probability of having that
case is 1 —P[g=0). The contention delay from which
packets arriving at the empty N-th high-priority queue
in normal-level suffer is denoted as a r.v v5. And the
probability of having that case is P[g¢=0]. There are

three cases when a packet arrives at the empty N-th
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high-priority queue in normal-level. The first is the
case that the bus is occupied by a low-priority packet.
The probability of the case is go1 and the contention
delay of the N-th high-priority queue packet in the
case is denoted as vy). The second is the case that the
bus is occupied by a high-priority packet from another
queue. The probability of the case is go; and the con-
tention delay of the N-th high-priority queue packet
in the case is denoted as vy,. The last is the case that
the bus is free. The probability of the case is go3 and
the contention delay of the N-th high-priority queue
packet in the case is denoted as v3. Let V*(s), V*(s),
Vur*(s), Vox*(s) and Vos*(s) be the LT’s of v, vo, v, Vo2

and o3, respectively. Then we have

Y*(s)=(1—Plg=0D-V*s) +Plg=0]-Vo'(s), and (17)

Qo1 Voi'(s) +qo2-V 02"(s) +qo3-Vos'(s)

Plg=0] (18)

Vo'(s)=

(i ) Distribution of v:in the cycle time ¢, the prob-
ability that a packet from the i-th high-priority queue
(#N) is served is ;. Thus the probability that there

do not exist any packets except the packet from the
N—-I

N-th high-priority queue in the cycle is H (1~a). In

7=1
that case, v becomes zero. The probability that only a
packet from the i-th high-priority queue is served with
the packet from the N-th high-priority queue in the

N—1

1
cycleis @+ ] (1—a;). In that case, v becomes 5
Feli#i

1
0 +~2- b. In this way, we can get V*(s) as

. _ 1 [} . I N-) _11"‘(3‘(5))"‘
V(S)—h.y::o th_::O h,v;:o 1’1:11 }’;,i m 1—B*s) (19)

where Vi, =h;a; +(1 —h;)(1 —a;) and m= 3} h; +1.

F=1

(ii ) Distribution of ve::a packet which arrives at the
empty N-th high-priority queue during the low-pri-
ority packet service on the bus has to wait for bus ac-

cess until the low-priority packet service finishes. The

residual time of the low-priority packet service is
represented as 7(b., Ax). At the end of the low-pri-
ority packet service, the probability that the i-th
high-priority queue(f #N) is not empty is given by
1-B.*%). In obtaining the distribution of vy, we
neglect the high-priority packet arrivals after the end
of the low-priority packet service, for simplicity of
analysis. The packet from the N-th high-priority
queue contends for bus access with the packets from
the other non-empty high-priority queues. Let us de-
fine s, as dx, = A1 - B*(x) +(1 —h;) EL'(lj). By the
similar procedure for obtaining V'*(s), we have

| N-|

Vo'(S)=Rb, Av, 8) - 3 3 - %

=0 k=0 hn-1=0 5=1

1 1= (B
S, m -8 (20)

N—1
where m=3_ h; +1.

J=1

(iii) Distribution of vo,:the packet, which arrives at
the empty N-th high-priority queue in normal-level
and finds a high-priority packet from another queue
is served on the bus, has to wait for bus access until
the end of the current high-priority packet service.
The residual time of the high-priority packet service is
represented as 7(b, Ax). We let ¢, be the end time of

the packet service. Thus, at the time ¢,, the packet of

the N-th high-priority queue begins to contend for
bus access with the packets of the other high-priority
queues. We let £ be the start time of the last packet ser-
vice in the cycle to which they belong. We can get the
time interval f=¢,—¢, approximately and it is given
by f1=2(f, An)—7r(b, Ax). We let £, be the start time
of the N-th high-priority queue packet service. We as-
sume that £ is uniformly distributed on f;. We let f>
be the interval of f.—£,. We let P.,(t) and P/ (¢) be the
pdf’s of f1 and /3, respectively. We also let F*(s) and
F>'(s) be the LT’s of f; and f>, respectively. Fi(s) can
R, Ax, 8)

be given by Fi(S) = 2w )

. Since f; is uniformly
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o o Pt
distributed on f;, we have P/,(t):I -% dx and
t

1
Fz(S)—————s js Fi(s))ds,. Therefore, we have vy =
5 =0

7(b, An) +/f> and ¥ 5:(s) = R*(b, A, $)- F3(s).

(iv) Distribution of vo3: when the bus is idle, a packet
which arrives at an empty high-priority queue in nor-
mal-level is served immediately. Thus, we have vp3=0
and Vop(s)=1.

D. Analysis of High Priority Packet Delay

For the analysis of high-priority packets in the asyn-
chronous switch, we use the results of the analysis of
the reference system. We consider all low-priority
packet queues in the asynchronous swilch as a single
queue with the arrival rate Ain im. Considering a
high-priority packet in the switch as a high-priority
packet in the reference system and a low-priority
packet in the switch as a low-priorily packet in the
reference system, the switch system is similar to the

reference system. We have the following relations:

b= ain high, BL=Gin tow, Ai=Nin, high.i, and
N
p=2 LE®) @n
i=t

During a low-priority packet service time, &, a packet
may or may not arrive at the N-th high-priority queue.
The probability that one or more packets arrive at
the N-th high-priority queue during the low-priority
packet service time is 1 — B;*(Ay). The average num-

ber of such low-priority packets in unit time is given

Ain, tow (

by Ain, 101 — BL*(Ax)). Thus we have go = 1—

B.*(A)). Since the cycle cg3 begins when the bus is
idle, the probability gos is given by Go3 =1 — pbus. righ

— Pbus, low -

E. Anaiysis of Low Priority Packet Delay
For the analysis of low-priority packets in the asyn-
chronous switch, we use the results of the analysis of

the reference system. We consider all high-priority
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queues in the asynchronous switch as a single queue
with the arrival rate Ain, migr and the service time dis-
tribution @i, sign. When a low-priority packet gets
service, there is no high-priority packet present in the
switch. While it is being served, high-priority packets
may arrive. Before the next low-priority packet is
served or until the bus is idle, those arriving high-pri-
ority packets and their successors must be served. The
service time of a low-priority packet ahead of the one
wailing in the low-priority queue consists of @in, tow
and the time required to get the switch system free of
high-priority packets. This time interval will be called
the blocking time. Denoting the LT of the distri-
bution of blocking time h as H*(s), we have from the

renewal theory|5]
H S)= A" in t0lS + Ain, nigh — Min, high T*(S)) (22)

where T*(5)= A'in high(S +Xin, kigh — Xin. high T(s)), and
Ain, kigh(8), A'in, touls) are the LT’s of @in, high, Gin, tow,
respectively. Then, k can be equivalently considered
as the service time of a low-priority packet. Consider-
ing a low-priority packet in the switch as a high-pri-
ority packet with an equivalent service time of h in
the reference system, this switch system is similar to
the reference system. Hence, we have the following

relations

BYS)= H*(S), Ai=2Xin tow.i» and p= il MED). (23)
b, is effectively the busy period of the high-priority
packets generated only when the bus is idle. Then,
from the renewal theory[5], we find Bi(s)= A" nigals +
Xin. high — Ain, hign B1{5)). The cycle ¢y can be generated
when a packet arrives at the N-th low-priority queue
of the switch during &,. Since the average number of
occurrences of bL in unit time is Ain, nigh{l — pous. high
— pbus. 1ow), the average number of cycle ¢ in unit
time is given by Ain kighll — pbus, high— Pbus, 1ow)(1 — B,*

Ain, high

(). Thus we have goi= (1 = Péus, high = Phus, low)
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(1 — B *(An)). Since the cycle co3 begins when the bus
is idle, the probability gos is given by go3 =1 = pus, high

= Pbus, low -

IV. Simutlation Results and Discussion

In this section, we compare numerical results with
simulation results for the mean packet delay of the
asynchronous switch. Figs. 5 through 8 show the com-
parisons of the mean packet delay of input queues of
the N-th station, in the case of asymmetric systems
where Ain, high, v =2 * Xin, high, i AN Xin, tow, ¥ = 2 * Xin, low, i
for1<i<N-1.

In these figures, it is seen that the numerica! resuits
have good agreement with the simulation results for
low-to-medium values of peus, nign for the high-priority
packet delay and peus, nigh +Pbus, 1w for the low-pri-
ority packet delay. The high-priority packet always

2000 — T T T T T T

1800 E
1600 — -~ : analysis 1
—————— : simulation

1400 |- :

1200 4

/ Poushigh =0.6
1000 |- _-® 1

Mean packet delay (bits)

800 |- E
Ppuspigh =04

600 - p
Phus pigh =03
o Pbus pigh =02

400 - 82257 0 Ppuspign =01 ]

200} v .

Total bus utilization

Fig. 5 Mean packet delay in the N-th high priority input
queue : N =7, H =6, geometric packet data field leng-
th with mean 424, Xin, high N = 2Xin, high, i for 1 i<
N-=I,M=8 n=3 and k=1.
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7200 1+ ]
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& 48001 ’ ]
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Fig. 6 Mean packet delay in the N-th low priority input
queue: N =7, H =6, geometric packet data field leng-
th with mean 424, Ain, fow, ¥ = 2hin, low, i fOr 1 <1<
N-1,M=8 n=3 and k=1,
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Fig. 7 Mean packet delay in the N-th high priority input
queue: N =15, H= 14, fixed packet data field length
with mean 1024, Ain, high, ¥ = 2Xin, hign, i for 1 <1<
N-1,M=10,n=4,and k=1,
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Fig. 8 Mean packet delay in the N-th low priority input
queue: N =15, H =14, fixed packet data field length
with mean 1024, Ain tow, v = 2Xin, tow, i fOr 1 <i< N—1,
M=10,n=4, and k=1.

has non-preemptive priority over to the low-priority
packet in the switch. Therefore, the high-priority
packet will receive service before any waiting low-pri-
ority packet even though it might arrive later. Conse-
quently, when the utilization of the high-priority
packet is fixed, the high-priority packet delay incre-
ases slightly although the total bus utilization tends to
be unity. It can be said from the figures that the
low-priority packet utilization has little effect on the

high-priority packet delay.

V. Conclusions

In this paper, we proposed an architecture of an
asynchronous shared-bus type switch with priority
and fairness schemes. The switch architecture is an in-
put and output queueing system, and the priority
scheme is implemented in both input and output
queues.

We analyzed the packet delay of both input and

822

output queues. We considered only a two-priority sys-.
tem. However, the analysis can easily be extended to
a system with more than two priority levels. We made
some approximations in the analyses. However, the
numerical results show good agreements with the

simulation results.
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