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1. Introduction

CCITT Recommendations X.25 [ 1] has been selected
by some telecommunication organizations as one of
their packet switching network user interfaces,
e.g., Datapac (Canada), DDX (Japan), Telemet (Usa),
Transpac (France), KDD (Japan). However due to im=

plementer's individual interpretatiouns and additiouns,
:the X.25 recommendations are somewhat moving. The

main differeaces have been listed in f2].

First we discuss the main characteristics of X.25
Recommendations and then we detail a possible
interpretation. In this context, we develop a ma-
thematical model to study a method that allows a
number of users (sharing the resource of a node)
greater than the theoretical number.

2. The X.25 Recommendations [3].

X.25 specifies the protocols or rules for exchang-
ing information between similar levels in the Data

Terminal Equipment (DTE) and Data Circuit - terminat-

ing Equipment (DCE) as shown in Figure 1.

These levels have been identified in the X.25 Re=
commendations. Each level accepts information from
a higher level and adds a header and possibly a
trailer before passing the information across the
interface presented by the next lower level.

- level 1 - Physical interface. This specifies the
electrical and physical characteristics of the
interface to the leased or switched line into
the network and how to establish and control
these connections.

- level 2 - Link access procedure (LAP). This spe-
cifies a datalink control procedure for convert-=
ing the error-pronme physical circuit into a rela-
tively error-free link. It is based on the high
level data link control (HDLC) defined by the
International Standards Organmization (ISO).

- level 3 - packet level. This is the highest level.
Tt specifies how information is structured into
packets. Level 3 provides the facilities for es-
tablishing virtual circuits which are bidirectiom
al associations between a pair of DTEs over which
packets are exchanged.
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Figure | : The X.25 protocol

In this paper we are interested mainly in the level
3 and particularly in the use of virtual circuits.

The packet level of X.25 performs an asynchronous
time division multiplexing function to transform
the single logical channel provided by level 2 into
a number of logical channels. The logical channels
are used to provide bidirectional associations bet-
ween two end DTEs as shown in Figure 2.



Figure 2 : A virtual circuit

These associations are known as virtual circuits.
The difference between a virtual circuit (VC) and a
physical one is the following : a bandwidth is allo-
cated only when packets are being transferred. A
virtual circuit has to be set up by an exchange of
packets before informaticns transfer can take place.

X.25 Recommendations does not specify how the con-
trol information carried by the packets should be
interpreted. This could depend on how level 3 is im-
plemented : either to perform end~to—end control or
to perform local control across the DTE/DCE inter-
face.

X.25 Recommendations level 3 provide a window flow
mechanism for flow control, i.e., preventing conges—
tion by limiting the number of packets accepted by
the network. An independent window-flow control is
used either for each logical channel across the
interface or for each virtual circuit with the
end~to-end possibility. The window size w is the
number of unacknowledged packets that a "end" can
have outstanding at any time. It is a constant
number chosen by the network at subscription time
or at call set up time.

The X.25 Recommendation merely defines the techni-
que of accessing the network but allows some free-
dom in the choice of the intermal switching stra-
tegy within the network.

The service may be based on different switching
technologies, for example datagram switching (see
Datapac network) or virtual line switching (see

"Transpac network).

3. Overallocation in virtual line switching network

In this paper we are interested in the end-to-end
control through virtual circuits. In this case,
adaptative routing is used to select a path at

call set~up time; thereafter fixed routing is used,
i.e., data packets of a particular end-to-end vir-
tual circuit follow a fixed path., The set-up packet
should reserve some resources when going across a
node. In particular, the call set-up packet speci-
fias the window size w and stores up an equal number
of buffers in each node it goes through. So, the
maximum number of VCs a node can accept is determined
by the sum of their window sizes. It is clear that
this scheme is the main drawback of the virtual line

switching technique : an important part of the resour=

ces are idle. On the other hand, the main advantage
is that there is no overflow, since a packet trans—

mizted by a host finds a buffer at eache node. OYer-
allocation consists in allocating more virtual cir=
cuits in a node so that the sum of the window sizes
exceeds the number of buffers. The aim is obviously
to increase the utilization of buffers with the
constraints that the overflow probability remains
very small.

With this overallocation scheme, the virtual line
switching technique takes benefits from the virtual
circuit method (no overflow) and from datagram me=
thod (throughput and resource utilization). In the
following section, we develop a mathematical model
to predict the maximum overallocation with a fixed
probability of overflow. We consider two cases,
first when virtual circuits are saturated, then
when virtual circuits are used only a fractiom of
the time.

4, The mathematical modelling of the saturated case.

For the sake of simplicity we assume that the mean
size of a packet corresponds to the size of one
buffer. Let M be the number of buffers available at
each output line of a node. We assume all the
switching nodes are identical. The problem under
study is to find the maximum possible overallocation
of buffers that a switching node can support with
an overflow probability less than a fixed value €.
First let K; be the mean number of nodes a packet
has to go through to reach its remote destination
terminal equipment (DTE), given that it goes

through node i. If the routing is able to balance
the load such that each node supports approximati=
vely the same traffic, we may model virtual circuits
using node i as a Ki tandem queueing network

(Figure 3), In the sequel we remove subscript i

such that Kj = K. Notice that we study only node i,
and the other nodes of the tandem queueing network
represents the interferences due to packets travel-
ling along all the other paths. The arrival process
to node i is very close to a Poisson process in the
physical system since this process is the superpo-
sition of a number of arbitrary processes. In our
model the arrival process is also close to a Poisson
process. So, our model conserves the mean of the
arrival process to the node i and the arrival dis-
tribution is very well approximated. Notice also
that acknowledgements are piggy-backed in return
packets and do not increase the traffic,

Let an elementary virtual circuit (EVC) be a cir-
cuit whose window size is equal to !. We assume
there are only EVCs in the network : from the
throughput point of view a virtual circuit with
window w is equivalent to w EVCs.

Thus, in the model shown in Figure 3, without over-
allocation, only M EVCs may be set up. Our problem
is to determine the largest number m of EVCs that
the network can support so that the overflow pro-
bability is less than €.

Let us assume that the queue lengths are not limit-
ed and let us compute the probability to have more
than M packets in station i, It is well known that
this approximate method yields accurate results if
all the overflow probabilities are small. We are
going to examine the worst case : we assume there
is always one packet ready to be transmitted by

the host. Due to this saturation condition the ori-
ginal model can be transformed into the closed
queueing network shown in Figure 4. This closed
network contains m packets (or m EVCs). This number
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will be called the overallocation.

Figure 3 3 A first modelling of virtuwal circuits
station 1 station K; '
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Figure 4;@ A closed queueing network

As we assume identical stations, with exponential-
ly distributed service times of parameter y, if nj
is the number of customers at statiom j, the stea-
dy state joint queue size distribution is [4].
_ P( -} = b r£1 (J—)ni
nl""’nk) ~ G(m) ° el %

where (Xl""’xﬁ) is a solution of the equations

X, = X, 1<jsK
(S I ]
v X=X
Obviously one may chose Xi=1 (1 £i <K and

1
P(nl,...,nﬁ) = aTay .

If S(m,ﬁi) is the set of possible states of the
system we have :
m )

where n = (nl,...,ni) and Card[X] denotes the cardi-
nality of set X.
The probability of having more than M packets in

station i is [4] :
G(m=M=-1
P(nl,nz,...,ni) = -35157-2 ,

M

G(m)

L _ P(ny,eeesng)
ne S(m,K) ! %

Card [S(m,K)] =(

R+m=1

P(ng>M) = I
ne S(m,K)

a .2
nd n; M o2

- m(m=1)... (m=M)
(K+m=1) s 4+ (R+m=1-M)

The maximum value of m for which P(n; > M) < € is

provided by the solution of the equation :

m .. (m-M)

(R+m=1) .+« (K¥m-1-M)

= €

This equation has K solutions. Notice that the
largest of these solutions has to be taken. Notice
also, that the solution grows nearly linearly with
m, This could be explained by the following argu-
ment which gives a good approximation of the over=
allocation :
P(ni > M) = (m=M) ... (m-M+K:2) -c

(m+1) (m+2) ... (m+K-1)

<=> (m-M) “ee (m"M"'K'Z) = g(m+] ) (m+2) . (m. i‘l)

The right side could be approximated by :

(m=M-1 +%)K-] s(m+l_2§)K-1

~

For the largest solution we obtain :

m=M=1 + E;'

~

k-l (m+§)

m = [M+l-§

€/ ®D - &y

We show in Figure 5 the overallocation as a function
of K and M, obtained by a simple numerical program
from the general equation.
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Figure 5 : Overallocation versus the number

of available buffers.

To characterize the system more completely, we
have to compute two other performance criteria :

the throughput and the response time. The through-
put o is obtained as follows :
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"From the first section the probability of overflow
when there are i EVCs in the network of figure 4
is

i (i-M)
(K+i=1) o4« (K+i-1-M)

e(i) = i>M

The prcbability of overflow can be written as :

N
p= I pe(d
i=M+]
1 . .
.S o@D (m-irne (=87 T
ey QD) L(RFL=1) s (R¥i-1-M)

As p is increasing with m', it is easy by an algorx
rithmic method to obtain the value of m' correspond-
ing to p=c. Some results and conclusions are given
in the next section.

6. Conclusion and practical consideration

We show in Figure 7 the maximum overallocatiom
versus the available number of buffers for a pro-
bability of overflow_of .00!. The curves obtained
for different 8 and K are almost linear except

with very small number of buffers. Note again that
the overallocation is very dependent on the mean
length of the virtual circuits. But even with small
K, overallocation is allowed as soon as the virtual
circuits are poorly used.
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Figure 7 : The overallogagion versus the available
number of buffers,

Figure 8 shows the overallocation versus the occu-
pancy of virtual circuits for K and m in their prac-
tical range. Note that the values of the overallo-
cation obtained with 8=1 are these computed in the
saturated case (section 4).

Let us take an example to exhibit the effect of
overallocation on throughput when € is small.

With 8 stations, 20 buffers per output line, occu~
pancy of VC 0.3, one can allocate 100 EVC at each
node. Without overallocation, the equivalent num~
ber of saturated EVC is 6 and the observed through-
put (from figure 6) will be close to 0.45, With the
mechanism we describe in the previous section, the
system supports 33 saturated EVC on the average and
reaches a throughput of 0.82,

Now it remains to investigate the implementation of
this mechanism. The first problem is the computa-
tion of K for each node of a given network. This
value depends on the topology and on the end-to-end
traffics . With fixed routing the problem is rather
simple but if an adaptive routing policy is used,

-5 -

the only possibility is to have in each station an
estimator of K., The estimate must be updated each
time a virtual cirsuit is set up or removed in the
station.

the overzllocation
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Figure 8 : The overallocation versus the occupancy
of virtual circuits.

Figure 8 can be used to implement the dynamic comn™
trol if the system supplies an estimator of 6 (as

in Transpac) Let us assume that, at time t, a sta-
tion receives a call set.up. Using the two estimates
and the curves, one can decide if it is possible to
accept the new VC or not. Note that, if the estimate
of 8 increases or the estimate of K decreases, the
system must release some virtual circuits to avoid
high probability of buffer overflew, Obviously
switched virtual circuits are to be released first.

If 6 is small, a slight increment of 0 requires a
large reduction in overallocation. So to exploit the
whole overallocation, it is necessary to make sure
of the quality of the estimator,

In this paper we have shown that a dynamic overallo-
cation mechanism can cure the drawback of resource
underutilization which is often-.objected to in the
VC computer network even if the activity of each VC
is small,

Packet switching networks are now a reallty. Two
levels of facilities have been proposed : virtual
circuit and datagram. The properties of the two
facilities have been largely reviewed. The question
is : what to choose datagram or virtual circuits ?

Due to the decreasing price of memory, virtual cir-
cuit service is going to become a very suitable tech-
nique. However we have seen that it is necessary to
implement an overallocation mechanism since virtual
circuits are badly used.

Tha daecagram flow control mechanism which is known
to be a complex problem is replaced by the no less
complex overallocation mechanism
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