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This paper presents a methodology for the analysis of a hybrid switching system. Hybrid
switching enables both circult-and packet-switched services to be provided in the same
communication network. The proposed hybrid protocol is based on an asynchronous dynamic
TDM technique. The formulae for the average queue length for the stream traffic and the
average queue length and delay for the bursty traffic are computed. These formulae can be
applied to study alternative system operations under specific real assumptions for per-

formance analysis purposes.

1. INTRODUCTION

The needs of large cnterprises and the "office
automation'" forsee the intergration of very dif-
ferent communications in one network [1:[ The
required services within such a network could be
of the stream type (e.g. with the constraint of
the real time) such as moving video, high reso-
lution graphics, volce and interactive data and
of the bursty type (e.g. with the constraint of
loss of data) such as CAD and CAM, scientific
computation, data bases etc. The proliferation
of such services has emerged the LANs which
actually digitally allocate the resources re-
quired by the network users acting as a digital
switch where the switching functions are per-
vasively distributed throughout the network
which has the required "intelligence" to do it
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Recent advances in computing technology enable
communication networks to provide sophisticated
switching techniques which allow better utili-
zation of transmission facilities. The needs of
the application environment of the multiservice
LAN indicate that the stream traffic except voilce
will be the most critical part of the total
traffic in such a LAN. The merger of these
traffics has necessitated extensive investiga-—
tions into hybrid switching systems which enable
simultaneous circuit and packet switching. The
hybrid switching technique has numerous advan-
tages which are discussed in many papers [}],

REREAE

The hybrid link is a digital multiplex structure
which enables dynamic sharing of the channel
bandwidth between circuit-switched and packed-
switched modes of operation. The channel is
sychronously clocked and thereby partitioned
into frames of fixed duration; each frame is
further decomposed into time slots. The slot
size 1s chosen in accordance with the data rate
requirements of the circuit-switched services.
The frame is partitioned into two distinct re-
gions, the circuit and the packet region, and
the boundary is movable so we have dynamic
sharing of the channel bandwidth.

The services provided by such a hybrid protocol
are summarized in table 1 where the basic cha-
racteristics of each service,required for the
analysis of the protocol are included. The fol-
lowing sections include the formulation of the
system for the analysis purposes and the metho-
dology and the general formulae for the mean
queue length for stream and packet data and the
average delay for the packet data are presented.

2., HYBRID PROTOCOL DESCRIPTION

The hybrid protocol structure is shown in Fig.l.
This hybrid protocol is described in general in

Frame = § l Framesjei—
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Fig.1: The hybrid protocol structure.

rZi] and here is presented the form that has
been already implemented for a speed of 1LOMb/s
as it is presented in [7] The activity on the
digital channel is organized in contiguous pe-
riodic frames in the time domain; each frame
being constituted by two regions, the first
devoted to circuit-switched traffic and the
second devoted to packet-switched traffic.

The beginning of a frame is marked by a Start-
of-Frame (SF) flag, which has a duration of
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three bytes. The two regions are divided by the
Region-Boundary (RB) flag which position can
vary dynamically following the instantaneous
circuit bandwidth demand and it also has a dura-
tion, of three bytes. The frame duration T, pur-
sues a trade-off between the memory required for
circuit communication and the network delay on
one hand, and the node processing capacity on
the other. The former two items involve a frame
duration as small as possible, the latter re-—
quires higher frame duration.

The system capacity devoted to the circuit-
switched trafficishandled in such a way that
each information flow is provided with a slot
having a length proportional to the service bit-
rate, also each slot carries only user infor-
mation and no overhead. Every frame includes one
and only one Circuit Region whereas may include
a variable (integer or not) number of Packet
Rounds. The worst case i1s a frame with the cir-
cult region only and the RB flag. As a-conse-—
quence an explicit Start-of-Packet—-Round (SR)
flag is used which is also three bytes long.
Therefore, i1f a round cannot be completed during
a single frame, it must be resumed in the suc-—
cessive frame starting from the exact point at
which it was 1nterrupted.

The nodes of the network are numbered in accor-
dance with their physical position on the bus;
node number 1 is the farthest one; each node
knows its position number and the permitted
maximum number (N) of nodes and it:access the bus
in ordered sequence according to the above nu-
meration. The T +time is fixed and includes both
the time required for the node to sense its
right of access and the time required to access
the channel. Each node in both frame regions de-
notes the end of 1its activity by the End-of-
Activity (EA) flag which is also three bytes
long. Therefore if the channel speed is C P/s
the duration of the frame delimeters TD is:

TD :2_014 sec.

3. SYSTEM FORMULATION

According to the table 1, the users deliver mes-—
sages to a node with a Poisson distribution of
arrivals, with the exception of the videocon-
ference service. It is therefore reasonable to
assume that each node appears to the hybrid
channel as a sum of Poisson arrivals or as a
Poisson arrival source with an arrival ratethe
sum of the individual arrival rates(?i].The Ber-
nouli distribution of the videoconference mes-
sage arrivals as a special case of the binomial
distribution fullfils the required condition
[?] ,[g] in order to be considered as a Pois-—
son distribution. From Table 1 the arrival rate
p for the Bernoullil distribution is p<<1 there-
fore it can be a Poisson distribution of the
form:
-pt (pt)"
P (t)=e P AREL (1
k k!

THIGH-
!SFEED
‘DATA

TABLE 1:The services provided by the LAN.
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The holding time of the messages from the users
is shown from table 1 to follow an exponential
distribution except for the high resolution
graphics., Since high resolution graphics re-
quire a high throughout in practice they are
serviced by an individual node of the network.
Therefore for the rest of the nodes we can as-
sume that they appear to the hybrid protocol as
sources of messages with a holding time of the
exponential form with parameter X -In the pre-
sented analysis, we consider that"each message
from the node is constituted from data units,

where a data unit
of data units per
distribution with
average length of
average number of

is one byte, and the number
message follows a geometrical
parameter P.. Therefore the
a message 15 1=1/A, and the
data units in a message is

D=1/P3. The duration of a data unit is Tg =%and
therefore holds that

(2)

The holding time for the high resolution graphics is
a constant distribution therefore is constitu-
ted of a constant number of user data units ¢.
The node that provides the high resolution gra-
phics service appears to the hybrid channel as
a source with Poisson arrivals of messages, and
each message has a constant distribution of the
number of data units with parameter m=32&,

The following section presents the analysis of
the circult and packet regions separately based
on the above formulation,

4, HYBRID PROTOCOL ANALYSIS

In this section it will be presented the calcu-
lation for the average queue of each node for
the circuit and packet regions. Following the
formula for the calculation of the average du-
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ration of the circult and packet reglons could
be given and their relation to the frame du-
ration Te. Finally a formula for the average de-
lay of tne packets will be given under the as-—
sumption of non-blocking for the circuit-switch-
e¢d data (see Appendix).

1

4.1, The circult region

An incoming circult-switched message, which ar-
rives at an arbitrary instant during a frame, is
buffered in a "gating' queue until the start of
the next frame; therefore each node delivers to
the channel during the circuit-region of the
current frame the messages gated during the
previous frame, Therefore we imbed a Markov
chain at the end of each frame considering de-
parture epochs. Then if A(Z,Tf) is the z-trans-
form of the r.v. of data units in the (o,Tf)and
M(z) is the z-transform of the r.v. of number
of data units in a message, we have, assuming
that a steady state solution exists, that the
generating function of the distribution of the
number of messages in the queue is EEQJ:

)A(Z) (3)

= f
1, " s (1)

for Polsson sources with parameter A and geome-—
trical distribution of data units with parameter
P and

_ Am(m+1)—Tf(Xm)2
q,=T

27 °f 2(1—fom)

for Poisson sources with parameter A and con-,
stant distribution of data units with parameter

m.Therefore in the steady state assuming that we have

n, nodes with videoconference, n, nodes with
high resolution graphics and n nodes with the
other categories of circuit-switched messages
we have that the average number of data units
of the circuit region, including the required
protocol delimeters and also assuming that every
node has messages to deliver 1s given by:

nq Il3
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1t
3
I'M
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i=1 2= ;)

where n1+n2+n3=N the total number of nodes.

L.2. The packet region

An incoming packet—switched message, which ar-
rives at an arbitrary instant during a frame is
buffered in a node-queue until the node gains
access to the packet region of the current
frame, then each node delivers one packet. When
each node has delivered one packet a round is
formed and a new round begins following the same
procedure. The number of data units per packet
is d, therefore the packet length is Pr,=dTq. We
consider an M/M/1 model for the gueues in the
packet region, then in the steady-state solu-
tion we assume that each node has at least one
packet per round to deliver to the channel. This
assumption implies that AZp where X is the pa-
rameter for the Poisson arrival process and u
is the parameter for the exponential service
time for a network node during the packet re—
gion. The duration of a round under these as-
sumption is given by Ty=NPy where N is the num-
ber of the network nodes.

During the packet region of a frame the evolu-
tion of rounds depends on the relation of:

1) The duration of the circuit region (the av-
eragelengt}Lkis calculated through Eq.6 and
the channel rate).

2) The round duration Tg.

3) The duration of the frame Tg.

Then we can distinguish two major procedures
for the evolution of rounds. In the case where
the duration of the packet region is greater
than the duration of a round, the arbitrary
round under consideration can be completed in-
side the current frame with a probability Py or
it is going to be completed inside the next
frame with probability 1-P;. Therefore in this
case we have two different time intervals dur-
ing which new messages are arriving. In the
second case, where the duration of the packet
region is less than the duration of a round,
the round will be completed after k frames.
Under this formulation we can imbed a Markov
chain at the end of each round considering de-
parture epochs. Therefore for the J frame where
the i+1 round evolvesone can have for the v node:

“Uln . )+a (7)

Oy, 141 " Ny v,1’ Tv,i+1
where ny j+q is the number of messages in the v
node at the end of the i+1 round, ny i 1s the
number of messages in the v node at the end of
the 1 round and gv,i—1 is the average number of
arrived messages during the i+1 round. After
some mathematical manipulations we have for N
identical nodes that the generating function of
the distribution of the number of messages in
the queueof anetwork node is:

(1-0)(1-2>% (2)
P (z2) s ¥ (8)

where p=2A/u.
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If X is the average duration of the circuit re-
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gion, where X ‘
T
- TRl R
X —qSTd+(N+1)Ta+(N+2)TD - - (11)
(Tg is the maximum access time for a network ( R -1) T_+X
node), then the average duration Y of the packet | TR ‘ R
region is: -
Y= Tf—X TR+X )
P, = —~ (12)
Therefore for: . _-X
- ( T—' -1 )TR+X
1) TR < Te-X: following Fig.2 then, if the i+1 R
round is completed during the J frame we
have that £, (z) takes the form then using eq.(9),{10),(11) and (12) we get:
TR ’
o ¥ n
n - ~7) - =
Yy (2) - [ M1=2) /g, Ay lz) PWAVW(Z>+P2AV2(Z) (13)
0
T
R T, I
| Te-X
R=n-1 C=m R=n ¢« ¢ o C=m+k+1 =n R=n+1 C=m+k+2 R=n+1
- 5 T ol
F———- X ————444—— Y -—ol - £ l
o Te—]
The average Circuit Region length Tf: The Frame duration

The average Packet Region length
Circuit Region

O =<

Fig.2: The packet round evolution, for TRf$f_i'

: The average Packet Round length
Packet Round

, exp[—[(T—z)H/gTR]ﬂ

1/u-a(1-2) 2

o
A (z
Vi

and if the i+1 round is not completed during
the j frame:

Te+Tp-Y
ng(z) = e_kt(1—z)e_t/udt
o (10)
exp[— ]:(1—Z)+1/LZ[(TR+)_(J—1
Ayplz) = 1/u-A(1-z)

The probability P. to have arrivals during the
i+1 round according to eq.(9) is given by equa-
tion (11) and the probability P, to have ar-
rivals during the i+1 round accordingto eq.(10)
is given by equation (12), where |[_ is de-
noting the integer part. -

(see also Appendix).

2) Tgp> Tp-X: following Fig.3 the time required

for i+1 round to be completed is given by:

© = KT XHT,

but T, = Tp-7(K+1)
g
and K+1 = | —]|l then
v
T |
t = 2 X+Tp (1
Te=X

and in this case we obtain:
t
o t(1-2) -
AV(Z) = J e At Z>e t/udt =

o

L)
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Fig.3: The packet round evolution, for TR3>Tf—§.
TR s for both circuit and packet-switched traffic
> - -z )+ —— X+T_J |- . -
CXp [ [A(1-2) T/QI(T 3 TR_} using a real scenario for the users that are
_ T — (15) serviced from each node of the network.

1/u-r{1-z)

5. DIBCUSSION OF THE ANALYSIS

From the formulae extracted in equations (8),
(13),(15) we can calculate the average number

of data units in the queue of a network node for
the packet-switched traffic which can be derived
using the equations for the M/M/1 queue analysis
of [j@] Using also Little’s formula we can
calculate the total delay for the packets of
cach network node (see Appendix).

From the analysis of the services provided
through the use of this class of hybrid protocols
(see Table 1) we notice that the dominant services
as far as throughput is concerned are the
circuit switched ones. Fromthe description of
the hybrid protocol we alsonotice that the per-
formance of the protocol strongly depends on
the optimum choise of the frame duration Te¢
with respect to the required throughput and the
requirement of bounded delays for the packet-
switched services. Therefore the derived
formulas are the method for the analysis of the
hybrid protocol performance especially when it
1s taken into account the required buffers for
the packet traffic and the "gating'" buffers for
the circuit traffic. Therefore numerical re-
sults can be obtalned,when the parameter values
are used, either by analytical methods or by the
use of simulation techniques. Important results
also can be derived for the required service
time and mechanism and also for the required
transfer or access speeds of this mechanism to
the carrier,

A further very important step under considera-
tion is the formulation of the Poisson arrivals

APPENDIX

The average queue length for the packet region
is given, using eq.(8), by [jQJ

2(1-p) K1 (1)+K"(1)
n o=—Y = v v (16)

2 D-K11)]

From eq.(9),(10) we obtain for TRé;Tf—i the
first and second derivatives for AV(Z) at z=1:

T T
v, R R
=2 A . Dy
Av1(1) u (u 1) -expl U )-1 (17)
and
T T
,\/” R R
AV (1)=x2 [(T— 2+1]-exp(— T)+2 (18)
T_+T_-Y
v f "R
A¢2(1)=Au2 ( ; -1)-
T +T_-Y
exp( f R )-1 (19)
n
and
T +T -
N _ by R
Ay (= | = 2417,
T_+T_-Y
exp(~ ——1—)+2 (20)
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From eq.(15) we obtain for Tg> Te-X the first
and second derivatives for X (z) at z=1:

T
=) 5,
(1) =xp? Q_:Z____Tr__._ 1)
T
R —
—\| X+T
[~Y] R

.expl- _—_——WI————)_] (21)

J+2 (22)

The mean delay is obtained by the Pollaczek-—
Khinchin formula D@
)

(_1=T (23)
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