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(54) Evaluating quality of service in an ATM multiplexing apparatus

(67) A method and apparatus for evaluation of the Quality of Service (QOS) in an ATM multiplexing apparatus
in which a probability transition matrix S, is formulated that expresses a multiplexing process which can
include nested threshold priority control or classified priority control. A state equation using the matrix S; is
solved using upper and lower bounds of the probability distribution of a call arrival count a; in an average time
series, to calculate a probability distribution of a call length in a buffer. From this calculated call length
probability distribution is evaluated the QOS on a priority class basis. Based on the QOS evaluation,
optimisation of call admission control and priority control is accomplished.
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METHOD AND APPARATUS FOR EVALUATING AND CONTROLLIXNG
AN ATM MULTIPLEXING APPARATUS

The present invention relates to a method and
apparatus for evaluating the quality of service (QOS) in
an ATM multiplexing apparatus in which priority control
by buffer reservation (nested threshold) or priority
control using a classified priority control scheme
(quality control with multiple queues) is performed, and
for controlling call admissions and optimizing the
priority control on the basis of the evaluation.

Demand for broader-band and larger-capacity
communications services has urged the development of the
broadband aspects of integrated services digital network
(B-ISDN), and asynchronous transfer mode (ATM) has been
drawing attention as the switching/transmission system
for B-ISDN. To use transmission channels efficiently and
transmit large volumes of information economically and
safely, the development of an efficient multiplexing
transmission system is essential. The present invention

is devised to meet such needs.

A variety of priority control schemes have been
proposed for effectively multiplexing cells with
different QOS requests in ATM multiplexing apparatus.

In a priority control scheme called preemptive
resume priority, a single common buffer is used, and when
high-priority and low-priority cells are stored in the
buffer, the high-priority cells always have precedence
for transmission (D. Bertsekas, R. G. Gallager, "Data

Networks," Prentice-Hall, 1987).
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In a priority control scheme called push-out
priority control, a single common buffer is used, and
when the buffer is full of high-priority and low-priority
cells, if a high-priority cell arrives, a low-priority
cell in the buffer is discarded. That is, when the
buffer overflows, cells are discarded in the order of
ascending priority, the lowest priority cell first.

In a priority control scheme called nested
threshold, a common buffer is used in which a plurality
of threshold values are provided corresponding to a
plurality of priority classes, and when the cell length
in the buffer has exceeded a certain threshold, any
arriving cell having a priority lower than that is
discarded and is not stored in the buffer (K. Baba, et
al., "On Multiplexing Effect for Bursty Traffic with
Priorities Using Layered Modeling Approach in ATM
Networks," Trans. IEICE, J76-B-I, pp. 219-230, Mar. 1991,
and U.S.P. No. 4,953,157).

In a classified priority control scheme
(quality control with multiple queues), a plurality of
buffers are provided, one for each priority class, and
higher priority cells are transmitted at higher
priorities. In this control scheme, cell discard occurs
in each buffer independently of the other cells. (Y.
Takagi, et al., "Cell Transfer Quality Control in an ATM
Network," Trans. IEICE, J74-B-I, pp. 180-189, Mar. 1989)

On the other hand, the present inventor
proposed, in PCT/JP 93/01243, a technique for evaluating
the QOS on the safe side within a practical time by using
the characteristic values of incoming traffic, based on
the study on the upper and lower bounds for a three-
dimensional probability distribution with cell arrival
count a., cell arrival rate r,, and cell count (cell

length) g, within a buffer in a unit time as random

variables. By applying this technique to a set of call
sources having a priority higher than a predetermined
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priority level, the technique is extended to enable the
QOS to be evaluated on the safe side within a practical
time from the characteristic values of incoming traffic
for a case where priority control is performed by
preemptive resume priority for cell transmission and by
push-out control for cell discard.

However, with regard to the buffer reservation
scheme and the classified priority control scheme, no
relationships between parameters defining the input end
and the probability distributions of the cell length in
the buffer are given in the above references dealing with
the other control schemes; therefore, appropriate
criteria for the amount of traffic for each priority
class that satisfies the desired QOS are not provided, or
if a method is available that can calculate the amount,
the amount of calculation is so large that practical
evaluation is difficult, and further, there is no
guarantee that the evaluation can be made on the safe
side.

Furthermore, it is desirable that each
threshold value in the nested threshold scheme and the
size of each buffer in the classified priority control
scheme be designed properly to match the distribution of
priority classes in actual traffic and be made variable
in dynamic fashion with subsequent variations in the
traffic characteristics. However, methods of
implementing such techniques are not shown in the above

references.

An object of the present invention is to provide a
method and apparatus for evaluating the QOS, after
multiplexing, on the safe side within a practical time
from the characteristic values of incoming traffic in an
ATM multiplexing apparatus in which priority control by
nested threshold or by a classified priority control
scheme is performed.

Another object of the present invention is to



10

15

20

25

30

35

- 4 -

provide a method and apparatus for controlling call
admission on the basis of the above evaluation.

A further object of the present invention is to
provide a method and apparatus for optimizing the buffer
design, on the basis of the above evaluation, to match
the distribution of priority classes in actual traffic.

According to the present invention, there is
provided a method of evaluating the Q0S in an ATM
multiplexing apparatus in which priority control is
performed, comprising the steps of:

a) storing data concerning upper and lower bounds
of a probability distribution of the number of arrivals
for each of a plurality of values of an arrival rate;

b) determining upper and lower bounds of a
probability distribution of the arrival rate in a call
admitted state that is to be evaluated;

c) for each of a plurality of appearance values of
the arrival rate, determining by reference to the data
stored in step a) the upper and lower bounds of the
probability distribution of the number of arrivals
occurring along upper and lower bounds of an average time
series averaged over possible time series from an average
arrival rate to the appearance value;

d) calculating upper and lower bounds of a
probability distribution of a cell length corresponding
to each of said plurality of appearance values of the
arrival rate by solving a state equation formulating a
cell multiplexing process including the priority control
by substituting into said state equation the upper and
lower bounds of the probability distribution of the
number of arrivals determined in step c);

e) calculating upper and lower limit values of Q0s
parameters for each of said plurality of appearance
values of the arrival rate by using the upper and lower
bounds of the cell length probability distribution
calculated in step d); and

£) evaluating the QOS by taking a weighted average
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of the results calculated in step e) by using the upper
and lower bounds of the arrival rate probability
distribution determined in step b).

According to the present invention, there is also
provided a method of controlling call admission in an ATM
multiplexing apparatus in which priority control is
performed, comprising the steps of:

a) storing data concerning the upper and lower
bounds of a probability distribution of the number of
arrivals for each of a plurality of values of an arrival
rate;

b) determining upper and lower bounds of a
probability distribution of the arrival rate in a call
admitted state that is to be evaluated;

c) for each of a plurality of appearance values of
the arrival rate, determining by reference to the data
stored in step a) the upper and lower bounds of the
probability distribution of the number of arrivals
occurring along upper and lower bounds of an average time
series averaged over possible time series from an average
arrival rate to the appearance value;

d) calculating upper and lower bounds of a
probability distribution of a cell length corresponding
to each of said plurality of appearance values of the
arrival rate by solving a state equation formulating a
cell multiplexing process, including priority control by
substituting, into said state equation of the upper and
lower bounds of the probability distribution of the
number of arrivals determined in step c);

e) calculating upper and lower limit values of QOS
parameters for each of said plurality of appearance
values of the arrival rate by using the upper and lower
bounds of the cell length probability distribution
calculated in step d);

£) evaluating the QOS by taking a weighted average
of the results calculated in step e) by using the upper

and lower bounds of the arrival rate probability
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distribution determined in step b); and

g) judging whether to admit or reject a call on
the basis of said evaluated QOS. '

According to the present invention, there is also
provided a method of optimizing priority control in an
ATM multiplexing apparatus in which priority control is
performed, comprising the steps of:

a) storing data concerning upper and lower bounds
of a probability distribution of the number of arrivals
for each of a plurality of values of an arrival rate;

b) determining upper and lower bounds of a
probability distribution of the arrival rate in a call
admitted state that is to be evaluated;

c) for each of a plurality of appearance values of
the arrival rate, determining by reference to the data
stored in step a) the upper and lower bounds of the
probability distribution of the number of arrivals
occurring along upper and lower bounds of an average time
series averaged over possible time series from an average
arrival rate to the appearance value;

d) calculating upper and lower bounds of a
probability distribution of a cell length corresponding
to each of said plurality of appearance values of the
arrival rate by solving a state equation formulating a
cell multiplexing process including priority control by
substituting into said state equation the upper and lower
bounds of the probability distribution of the number of
arrivals determined in step c);

e) calculating upper and lower limit values of QOS
parameters for each of said plurality of appearance
values of the arrival rate by using the upper and lower
bounds of the cell length probability distribution
calculated in step d);

£) evaluating the QOS by taking a weighted average
of the results calculated in step e) by using the upper
and lower bounds of the arrival rate probability

distribution determined in step bj); and
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g) optimizing the priority control on the basis of
said evaluated QOS.

According to the present invention, there is also
provided an apparatus, for evaluating the QO0S in an ATM
multiplexing apparatus in which priority control is
performed, comprising:

storing means for storing data concerning upper
and lower bounds of a probability distribution of the
number of arrivals for each of a plurality of values of
an arrival rate;

first determining means for determining upper
and lower bounds of a probability distribution of the
arrival rate in a call admitted state that is to be
evaluated;

second determining means for determining, for
each of a plurality of appearance values of the arrival
rate by reference to the data stored in said storing
means, the upper and lower bounds of the probability
distribution of the number of arrivals occurring along
upper and lower bounds of an average time series averaged
over possible time series from an average arrival rate to
the appearance value;

first calculating means for calculating upper
and lower bounds of a probability distribution of a cell
length corresponding to each of said plurality of
appearance values of the arrival rate by solving a state
equation formulating a cell multiplexing process,
including priority control, by substituting into said
state equation the upper and lower bounds of the
probability distribution of the number of arrivals
determined by said second determining means;

second calculating means for calculating upper
and lower limit values of QOS parameters for each of said
plurality of appearance values of the arrival rate by
using the upper and lower bounds of the cell length
probability distribution calculated by said first

calculating means; and



10

15

20

25

30

35

- 8 -

evaluating means for evaluating the QOS by
taking a weighted average of the results calculated by
said second calculating means by using the upper and
lower bounds of the arrival rate probability distribution
determined by said first determining means.

According to the present invention, there is also
provided an apparatus for controlling call admission in
an ATM multiplexing apparatus, in which priority control
is performed, comprising:

storing means for storing data concerning upper
and lower bounds of a probability distribution of the
number of arrivals for each of a plurality of values of
an arrival rate;

first determining means for determining upper
and lower bounds of a probability distribution of arrival
rate in a call admitted state that is to be evaluated:

second determining means for determining, for
each of a plurality of appearance values of the arrival
rate by reference to the data stored in said storing
means, the upper and lower bounds of the probability
distribution of the number of arrivals occurring along
upper and lower bounds of an average time series averaged
over possible time series from an average arrival rate to
the appearance value;

first calculating means for calculating upper
and lower bounds of a probability distribution of a cell
length corresponding to each of said plurality of
appearance values of the arrival rate by solving a state
equation formulating a cell multiplexing process,
including priority control, by substituting into said
state equation the upper and lower bounds of the
probability distribution of the number of arrivals
determined by said second determining means;

second calculating means for calculating upper
and lower limit values of QOS parameters for each of said
plurality of appearance values of the arrival rate by
using the upper and lower bounds of the cell length
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probability distribution calculated by first calculating
means;

evaluating means for evaluating the QOS by
taking a weighted average of the results calculated by
said second calculating means by using the upper and
lower bounds of the arrival rate probability distribution
determined by said first determining means; and

judging means for judging whether to admit or
reject a call on the basis of said evaluated QOS.

According to the present invention, there is also

provided an apparatus for optimizing priority control in
an ATM multiplexing apparatus in which priority control
is performed, comprising:

storing means for storing data concerning upper
and lower bounds of a probability distribution of the
number of arrivals for each of a plurality of values of
an arrival rate;

first determining means for determining upper
and lower bounds of a probability distribution of arrival
rate in a call admitted state that is to be evaluated;

second determining means for determining, for
each of a plurality of appearance values of the arrival
rate by reference to the data stored in said storing
means, the upper and lower bounds of the probability
distribution of the number of arrivals occurring along
upper and lower bounds of an average time series averaged
over possible time series from an average arrival rate to
the appearance value;

first calculating means for calculating upper
and lower bounds of a probability distribution of a cell
length corresponding to each of said plurality of
appearance values of the arrival rate by solving a state
equation formulating a cell multiplexing process
including the priority control by substituting into said
state equation the upper and lower bounds of the
probability distribution of the number of arrivals

determined by said second determining means;
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second calculating means for calculating upper
and lower limit values of QOS parameters for each of said
plurality of appearance values of the arrival rate by
using the upper and lower bounds of the cell length
probability distribution calculated by the first
calculating means;

evaluating means for evaiuating the QOS by
taking a weighted average of the results calculated by
said second calculating means by using the upper and
lower bounds of the arrival rate probability distribution
determined by said first determining means; and

optimizing means for optimizing the priority

control on the basis of said evaluated QOS.

Figure 1 is a diagram showing the basic
configuration of a system in which the present invention
is embodied;

Figure 2 shows a diagram showing a buffer
configuration in a classified priority control scheme;

Figure 3 is a flowchart for call admission control
according to the present invention;

Figure 4 is a flowchart for a buffer amount
optimization process according to the present invention;

Figure 5 is a diagram showing a buffer construction
employed in a nested threshold priority control scheme;
and

Figure 6 is a flowchart for a threshold value

optimization process according to the present invention.

Figure 1 shows the basic configuration of a system
in which the present invention is embodied. In the
figure, the numeral 10 designates a subscriber line,
whose peak rate, average rate, and peak duration are
monitored and controlled by a usage parameter control
(UPC) apparatus not shown. Of the subscriber lines in
the figure, the terminal engaged in communication using a

call class corresponding to high-priority traffic is
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designated as PO, the terminal engaged in communication
using a call class corresponding to medium-priority
traffic as Pl, and the terminal engaged in communication
using a call class corresponding to low-priority traffic
as P2. MUX 12 is a multiplexer, and Controller 14 is a
part responsible for control of the multiplexer, the MUX
12 and Controller 14 together constituting the present
invention. The output of the MUX 12 is coupled to
Highway 16, and multiplexed cells are output on the
Highway 16.

Figure 2 shows the configuration of buffers provided
one for each priority class according to a classified
priority control scheme. The buffer configuration shown
corresponds to the buffer configuration in the MUX 12 in
Figure 1. In Figure 2, cells arriving at input IN are
stored in respective FIFO buffers Q0 to Q2 according to
the priorities PO to P2 assigned to the cells. If the
corresponding buffer is full, any arriving cell is
discarded. 1In the figure, PO has the highest priority,
Pl the second highest priority, and P2 the lowest
priority. 1In the figure, three priority classes are
described, but the same description applies for cases
where other numbers of priority classes are provided.

In the classified priority control scheme, the
probability distribution of the cell count (cell length)
in a buffer of a certain priority class (hereinafter
called the cell length distribution) is dependent on the
cell length distribution in the buffer of a higher
priority. Here, let the priority class currently under
attention be denoted as k. The condition for a cell to
be output from a buffer of class k is:

(1) there is a cell in the buffer of class k, or a
cell of class k arrives at time t, and

(2) no cells are output having a higher priority (=
0, 1, ..., k-1) than class k.

The above condition can be expressed mathematically

as follows. Let the cell length distribution in the
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buffer of priority k at time t be denoted as qgm(x), and
the probability distribution of the number of cell
(m(x)' If v,

representing the number of cells (0 or 1) output from the

arrivals as a. is a random variable
buffer of priority k at time t, then its discrete
probability density function is glven by
ve (1) = (1 - a(0)g”(0)) e (Hv“’(on (1)
Here, the first term corresponds to condition (1), and
the second term to condition (2). From the above
expression, it can be seen that the cell length
distribution of priority k is dependent only on the cell
length distribution of a higher priority. From the
normalization condition of probability, the following
expression holds.
(M(O) + v(m(l) =1 (2)

Hence, the cell length in the buffer of priority k at
time t+1 is given by

qﬁfm - min(L““nﬁx(O,é}m + aJ” _ m)) (3)
where L is the buffer length of the call class
corresponding to priority k. Using a transition
probability matrix, Expression (3) is rewritten

des1 = SQ. (4)
where vectors q.,; and q, of magnitude L™+1, are discrete
probability distributions representing the cell length
distributions in the buffer, and S, is a probability

transition matrix of size (Ifw+l) be (Lm)

+1), whose
elements are calculated from probability distributions

k’(x) and vJ“(x) using Expression (3). For simplicity
of notation, the superscript (k) denoting the priority
class is omitted hereinafter. Using the column vectors,
the matrix S is expressed as

Sc = [S5¢S;...5.] (3)

Then, by definition, each vector s; is a discrete
probability distribution in which the sum of the elements
is unity, and when the number of input call sources to

the ATM multiplexing apparatus is n, if L 2 n + i, then
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[0 )
6 |
a:.(0)ve(1) <i-1
a:(0)v:(0) + a:(1)ve(1)

Si= .ag(s)m(o)’*‘aft(x'%' l)v‘(;) (6)

a;(n)w:(0) <n
0

o /
and if L < n + i, then

/0 )
0 .
e(0)e(1) <l
s = | @:(0)we(0) + as(L)ue(1) (7)

;L:(I)U:(O) + a4(z + 1)ve(1)

;zg(L — i+ 2)v(0) + Trar-is1 a(z)

Here, by applying the technique described in the
aforementioned PCT/JP 93/01243, the upper and lower limit
values of QOS are evaluated for each priority class in
accordance with the following steps.

i) Normal distributions or Poisson distributions
that can define the upper and lower bounds for the
probability distribution of the arrival count a, at each
appearance value of the arrival rate r, are determined by
numerical calculation.

ii) Normal distributions that can define the upper
and lower bounds for the probability distribution of the

arrival rate r. are determined on the basis of the peak
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rate, average rate, and dedree of multiplexing of each
call source in the call admitted state to be evaluated.

iii) For each of the appearance vclues of a
plurality of arrival rates, a time series of matrix S,
(more strictly upper bound S, and lower bound S, of matrix
S.) for the time series that can define the upper and
lower bounds of the average time series averaged over
possible time series {r.} from the average arrival rate
to the appearance value, are calculated using the result
of step i), and then, by solving the state equation (4)
using the calculated result, the cell length distribution
is determined for each appearance value of the arrival
rate r,.

iv) Using the result of step iii), the upper and
lower limit values of QOS parameters are calculated for
each appearance value of the arrival rate r., and then by
using the result of step ii), their weighted average
values are obtained, to evaluate the QOS parameters such
as cell loss rate, delay time, etc.

In step iii), the upper bound S, for S. is calculated
from the upper bound ayx) of a.(x) and the lower bound
V.(x) of v (x) from Expression (3). Similarly, the lower
bound S. for S, is calculated from the lower bound a.(x)
of a.(x) and the upper bound v (x) of v (x) from
Expression (3).

From Expression (1), the lower bound v.(x) for the
cell transmission probability is calculated recursively
by using the upper and lower bounds of a.(x), g.(X), and
v.(x) in the order of descending priority for a given
arrival rate r.. These can be expressed mathematically
as follows. As in Expression (5), using the column
vector the upper bound S, of the matrix S, is written

8. = (S8, ... 5] (8)
Note that each column vector in (8) provides the upper

bound for the corresponding column vector in (5) and that
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the discrete probability distributions in Expressions (6)
and (7) are obtained by the convolution of a.(x) and V(-

x). Then, if L 2 n+i, the upper bound vector is

0
a:(0)ve(1) <i-1
@(0)ve(0) + @(1)ve(1)

R
I

Tx(e)u(0) + Tz + (1)

ai(n)(0) <n+i
0

\ 0 ]
and if L < n+i

(o \
0
a(0)z(1) <i-1

5= | 3(0)2(0) + T(L)ny(1)

@(z)ve(0) + @z 4 1)w(1)

T(L -+ 2)we(0) + Tlop iy Ti(2)

Likewise, for the lower bound, if L 2 n+i, then
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[ o
0
a:(0)we(1)

a,(0)7(0) + ao(1)w(1)

:g(z)v?(o) + ay(z + 1)7E(L)

;_ls(n)i'?(ﬂ)
0

o

and if L < n+i, then

(0 -
0
a:(0)7(1)

a£(0)77(0) + a(1)7(1)

e #JH0) + ez + 1)

\ (L i 4 2970 + Do s 04(2) /

<i-1

<n+1

<i-1

The upper and lower bounds for the cell transmission

probability v.(x) are calculated recursively in the order

30 of descending priority, as follows.

WHa) =

W) =

Similarly,

1-4{(1)

—_ k-1
(1 -t (0)g M (0)) - (If +(0))
=0

(3)
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k-1
+21) = (- a0 - ([T %0 (10)
1=0

w20 = 1-200)

The details and validity of the above technique, as
well as the amount of calculation involved, are described
in the previous application PCT/JP 93/01243.

The technique of the present application evaluates
the QOS for each priority class k in the order of
descending priority by using the matrix SJM defined by
Expressions (5) to (7) in this application instead of the
matrix M defined by Expression (3) in the previous
application. Furthermore, as disclosed in the
specification of the previous application, if each QOS
parameter is precalculated for all possible combinations
of average arrival rate r;and slope k of the time series
of the upper and lower bounds, taken at prescribed
intervals, and the results are prestored as a table, the
calculation time can be further reduced.

Figure 3 is a flowchart illustrating a call
admission control process according to the present
invention. When there is a call admission request from a
caller (step 1000), the QOS is evaluated for the call
classes of the currently established connections plus the
requested connection in the order of descending priority
by applying the above technique (step 1002). Next, it is
determined whether the QOS of each priority class
satisfies the required value (step 1004); if the reguired
value is satisfied, the requested call is admitted, and
if not, the call is rejected.

In the classified priority control scheme, since the
Q0S of each priority class depends on the buffer amount
L™ assigned to it, the call loss rate of each priority
class also depends on L™, From the viewpoint of
fairness of service, large differences in call loss rate
among priority classes are not desirable. According to
the above technique, the QO0S of a priority class after

changing the assigned buffer amount L can be predicted
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by calculation. Accordingly, by dynamically changing the
buffer amount based on the prediction, variations in call
loss rate among priority classes can be suppressed to
optimize the buffer amount allocation. Figure 4 is a
flowchart illustrating a buffer amount optimization
process according to the present invention. First, the
call loss rate of each prioxrity class is measured at
fixed time intervals to find class M with the largest
call loss rate and class m with the smallest call loss
rate (step 1100). The current buffer amount for class M
with the largest call loss rate is designated as Ly, and
that for class m with the smallest call loss rate as I,
(step 1102). Initial value dL, is substituted for the
amount of change dL (step 1104), and using this dL, new
buffer amounts L‘y and L’, are calculated (step 1106).
For class m for which the buffer amount is to be reduced,
the QOS is evaluated using the new buffer amount L’
(step 1108), and if the required value is satisfied
(step 1110), then the buffer amount is actually changed
(step 1112). 1If the required value is not satisfied, the
amount of change dL is multiplied by r (0 < r < 1) to
update dL (step 1113); if the updated dL is not 0, the
process returns to step 1106 to repeat the evaluation
operation. If the updated dL becomes equal to 0, the
buffer amount change is rendered unsuccessful. The
initial amount of change dL, is, for example, calculated
as

dL, = min(L™/2,L"™/2)
The coefficient r used to update the amount of change dL
is a constant defined as 0 < r < 1, and the value of r
allows a trade-off between the amount of calculation
required to find the changed buffer amount for use and
the optimality of the amount of change.

Figure 5 shows the construction of a single common
buffer according to a nested threshold scheme. This
buffer is a FIFO buffer, and the hatched portion is the
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portion of the buffer in which cells waiting for
transmission are stored. The symbol W indicates the
boundary between the portion of the buffer filled with
cells and the vacant portion thereof, and is hereinafter
called the water level. Cells arrive from the left, and
the cells stored in the buffer are output to the right in
the order in which they arrived. 1In the figure, 8,, 8,,
and 6, are threshold values used for priority control; in
the example shown, three threshold values are provided
corresponding to three-level priority control. According
to the nested threshold scheme, when the water level is
at 08, or lower, cells of all priority classes PO, Pl, P2
are admitted into the buffer; when the water level is
between 6, and 6,, cells of priority classes PO and Pl
are admitted; and when the water level is at 6, or
higher, only cells of priority class P0 are admitted and
cells of other classes are discarded.
The following describes the cell length distribution
in a buffer.for safe-side evaluation of the Q0S in a
multiplexing apparatus that employs the nested threshold
priority control scheme. In the nested threshold scheme,
the variation of the cell length distribution depends on
the current water level, i.e., the cell length in the
buffer. When the water level is high, the discard rate
of low-priority cells is high and the water level
increases slowly.
Suppose that there are P+1 priority classes (0, 1,

P) and P+1 corresponding threshold values (6, = L, 8,

;) in the buffer, where L is the buffer size. When
the cell length is between thresholds 6, and 6,,;, cells
whose priority p is lower than k (p > k) are discarded,
while cells with priority of k or higher (p = k) are
accepted for storage in the buffer. Denoting the cell
length at time t as g, and that at time t+1 as d..,, when
8, > g. =2 6,,, the above is given by

Qeer = min(L,max(0,q. + La’ - 1)) (11)
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(p)

where a, " is the random variable representing the number

of cells arriving from a call with a class of priority p.
Using a transition probability matrix, as in Expression
(4), the change of its probability distribution can be
expressed as

Qe = Side (12)
Using the column vectors, the matrix S, can be written as
the same as Expression (5). A specific representation of
the column vectors will be obtained as follows. When the
probability distribution corresponding to the random

® js5 expressed as a,'”’(x), the probability

(p)

variable a,

distribution corresponding to the sum bJM = Tpsk@c 1S
given by
btm’(x) - atw’*at“)*...at“J(x) (13)

where * denotes the convolution of the probability
distribution. At this time, when the number of input
call sources to the ATM mulﬁiplexing apparatus is n, if L

2 n+i, column vector S; of S, is

o0y | <i-1
o)1)
: < Oy
=) (14)
: < 8

As can be seen, the superscripts on the vector elements
change between threshold values 6; (i = 0, 1, ... P).

If I < n+i, then
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[0 )

0

57 (0) <i-1
87 (1)

= | < br (15)
(=)

< 6i

\ g:L—:'-H bgo)(z)

Here, using Expression (13), the upper bound B (x)

for bJH x) is calculated from the upper bound of the

15 PP

arrival count distribution in each priority class, and
using the results, the upper bounds for the vectors (14)

and (15) can be obtained. That is, if L 2 n+i, then

(o)

0
870y | <i-1
b(1)
< Ors1
Si=| g (16)
5()
: < 8

o0n) | <nti
0

and if L < n+i, then
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o7 (0) <i-1
(1)

5= < B (17)
8 ()

- . <6k

\ 2:“=L_i+1z§3(3) /

By solving théreQuation of Expression (12) for the
upper and lower bounds of the average time series, the
upper and lower bounds of the cell length distribution
g(x) in the buffer can be obtained, using which the QOS
of each priority class is evaluated. For example, for
calls of priority class k, cells are discarded when the
cell length in the buffer is 6, or greater; therefore,
when the probability distribution of the number of
arrivals of class k is denoted as afm, the expected
value N* of the number of lost cells is calculated as

N = % 0% - (Brl)}ea. Mg (x)

When N is divided by the expected value of the number
of cell arrivals of priority class k, i.e., the average
arrival rate rJH, then the cell loss rate R‘™ is
obtained. It is clear that the upper limit value is
obtained from the probability distribution of upper
bounds, and the lower limit value from the probability
distribution of lower bounds.

In a multiplexing apparatus performing priority
control by the nested threshold scheme, call admission
control can be performed, using a procedure similar to
the one illustrated in Figure 3, by predicting the QOS
for each priority class expected when the reguested call
is admitted.

In the nested threshold scheme, since the Q0S of
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each priority class depends on the threshold value O,
the call loss rate of each priority class also depends on
8,. Therefore, using the above technique for predicting
the QOS when the threshold value 6, is changed, the
threshold value 8 can be optimized by changing the
threshold value 6, within a range that does not degrade
the QOS. Figure 6 is a flowchart illustrating a
threshold value optimization process according to the
present invention. First, the call loss rate of each
priority class is measured at fixed time intervals, to
search for two adjacent priority classes k and k+1 having
the greatest difference in call loss between them (step
1200). The call loss rate of class k is compared with
that of class k+1 (step 1202); if the call loss rate of
class k is larger, dB is set to a positive initial value
(step 1204), and if the call loss rate of class k+1 is
larger, d6 is set to a negative initial value (step
1206). Using the thus set df, a new threshold value 6°
is calculated from the threshold value 8 (step 1208), and
the QOS with the new threshold value 6' is evaluated

(step 1210). 1If the evaluated QOS satisfies the required
value (step 1212), the threshold value 6 is actually
changed to 6’ (step 1214). 1If the required value is not

satisfied, the amount of change df is multiplied by r (0
< r <1) to update the value of df (step 1216), and if the
updated d6 is not 0 (step 1218), the process returns to
step 1208 to repeat the evaluation operation. If the
updated d6 becomes equal to 0, the threshold value change
is rendered unsuccessful.

The initial value d6 for the amount of threshold
value change, when df > 0, is set as

dB = (6. — By43)/2
When d6 < 0, it is set as

df = (B, - 6,)/2
The coefficient r used to update the amount of change df

is a constant defined as 0 < r < 1, and the value of r
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allows a trade-off between the amount of calculation
required to find the changed buffer amount for use and
the optimality of the amount of change.

The present invention can be implemented using a
microcomputer of known configuration comprising an
ordinary microprocessor, nonvolatile memory (ROM), random
access memory (RAM), and an input/output interface. 1In
the above embodiment, the data are stored in a
nonvolatile memory, but in a configuration having a disk
drive, data may be stored on a disk. As a processor,
instead of using a general-purpose microprocessor, a
special processor suitable for execution of the above
algorithm or a dedicated processor capable of performing
floating-point calculations at high speed may be used in
combination. Furthermore, instead of adding an
independent function for the execution of the above
algorithm to the multiplexing apparatus or internetwork
bridge apparatus as in the above-described configuration,
the function as provided in the present embodiment may be
implemented using part of an existing control function
provided in the ATM multiplexing apparatus or
internetwork bridge apparatus or by using a general-
purpose workstation.
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CLAIMS:
1. A method of evaluating the QO0S in an ATM

multiplexing apparatus in which priority control is
performed, including the steps of:

a) storing data concerning upper and lower bounds of
the probability distribution of the number of arrivals
for each of a plurality of values of an arrival rate;
b) determining upper and lower bounds of the
probability distribution of the arrival rate in a call
admitted state that is to be evaluated;

Cc) for each of a plurality of appearance values of
the arrival rate, determining by reference to the data
stored in step a) the upper and lower bounds of the
probability distribution of the number of arrivals
occurring along upper and lower bounds of an average
time series averaged over possible time series from an
average arrival rate to the appearance value;

a) calculating upper and lower bounds of the
probability distribution of a call length corresponding
to each of said plurality of appearance values of the
arrival rate by solving a state equation formulating a
call multiplexing process including the priority
control by substituting into said state equation the
upper and lower bounds of the probability distribution
of the number of arrivals determined in step c);

e) calculating upper and lower limit values of QOS
parameters for each of said plurality of appearance
values of the arrival rate by using the upper and lower
bounds of the call length probability distribution
calculated in step d); and

£) evaluating the QOS by taking a weighted average of
the results calculated in step e) by using the upper
and lower bounds of the arrival rate probability
distribution determined in step b).

2. A method according to claim 1, in which

the priority control is classified priority
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control having a plurality of buffers for storing calls
on a priority class basis,

steps b) to f) are performed on a set of calls
belonging to each priority class, and

said state equation includes the contribution of a
probability distribution of the number of calls output
from a buffer of a priority class higher than the
priority class under consideration.
3. A method according to claim 2, in which the
probability distribution of the number of output calils
is calculated recursively from a probability
distribution of the number of output calls in a
priority class higher than the priority class under
consideration.
4. A method according to claim 1, in which

the priority control is nested threshold priority
control having a single buffer with a plurality of
threshold values corresponding to a plurality of
priority classes, and

said state equation formulates the call
multiplexing process including said nested threshold
priority control.
5. A method according to any preceding claim and
further including the step of judging whether to admit
or reject a call on the basis of the evaluated QOS.
6. A method according to any one of claims 1 to 4 and
including the further step of optimising the priority
control on the basis of said evaluated QOS.
7. A method according to claim 6 when appendant to
claim 2 or 3 in which the priority control is optimised
by changing the lengths of the buffers.
8. A method according to claim 6 when appendant to
claim 4 in which the priority control is optimised by
changing the wvalues of the thresholds.
9. A method of evaluating the Q0S in an ATM

multiplexing apparatus substantially as described
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herein with reference to any of the accompanying
Figures 1 to 6.
10. An apparatus for evaluating the QOS in an ATM
multiplexing apparatus in which priority control is
performed, including:

storing means for storing data concerning upper
and lower bounds of the probability distribution of the
number of arrivals for each of a plurality of values of
an arrival rate;

first determining means for determining upper and
lower bounds of the probability distribution of the
arrival rate in a call admitted state that is to be
evaluated;

second determining means for determining, for each
of a plurality of appearance values of the arrival rate
by reference to the data stored in said storing means,
the upper and lower bounds of the probability
distribution of the number of arrivals occurring along
upper and lower bounds of an average time series
averaged over possible time series from an average
arrival rate to the appearance value;

first calculating means for calculating upper and
lower bounds of the probability distribution of a call
length corresponding to each of said plurality of
appearance values of the arrival rate by solving a
state equation formulating a call multiplexing process
including the priority control by substituting into
said state equation the upper and lower bounds of the
probability distribution of the number of arrivals
determined by said second determining means:

second calculating means for calculating upper and
lower limit values of QOS parameters for each of said
plurality of appearance values of the arrival rate by
using the upper and lower bounds of the call length
probability distribution calculated by said first

calculating means; and
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evaluating means for evaluating the QOS by taking
a weighted average of the results calculated by said
second calculating means by using the upper and lower
bounds of the arrival rate probability distribution
determined by said first determining means.
11. An apparatus according to claim 10, in which

the priority control is classified priority
control having a plurality of buffers for storing calls
on a priority class basis,

the evaluating means is adapted to evaluate the
Q0S for a set of calls belonging to each priority
class, and

the first calculating means is adapted to solve
said state equation with the contribution of a
probability distribution of the number of calls output
from a buffer of a priority class higher than the
priority class under consideration.
12. An apparatus according to claim 11, adapted to
calculate recursively the probability distribution of
the number of output calls from a probability
distribution of the number of output calls in a
priority class higher than the priority class under
consideration.
13. An apparatus according to claim 10, in which

the priority control is nested threshold priority
control having a single buffer with a plurality of
threshold values corresponding to a plurality of
priority classes, and

said state equation formulates the cell
multiplexing process including said nested threshold
priority control.
14. An apparatus according to any one of claims 10 to
13 and further including judging means for judging
whether to admit or reject a call on the basis of the
evaluated QO0S.
15. An apparatus according to any one of claims 10 to
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13 and further including optimising means for
optimising the priority control on the basis of the
evaluated QOS.

16. An apparatus according to claim 15 when appendant
to claim 11 or 12 in which the optimising means is
adapted to optimise the priority control by changing
the lengths of the buffers.

17. An apparatus according to claim 15, when appendant
to claim 13 in which the optimising means is adapted to
optimise the priority control by changing the values of
the thresholds.

18. An apparatus for evaluating the QO0S in an ATM
multiplexing apparatus substantially as described
herein with reference to any of the accompanying

Figures 1 to 6.



Patents Act 1977 Y7 Appiication numoer

Examiner’s report to the Comptroller under Section 17 GB 9419466.9

(The Search report)

Relevant Technical Fields Search Examiner
Mr S J L Rees

(i) UK Cl (Ed.N) H4K (KTK)

(ii) Int CI (Ed.) HO4L (12/56), H04Q (11/04) Date of completion of Scarch
10 January 1995

Databases (see below) Documents considered relevant
(i) UK Patent Office collections of GB, EP, WO and US patent following a search in respect of
specifications. Claims :-

1-18

(ii) ONLINE DATABASES : WPI

Categories of documents

X: Document indicating lack of novelty or of inventive step. P: Document published on or after the declared priority date
but before the filing date of the present application.

Y: Document indicating lack of inventive step if combined with
one or more other documents of the same category. E: Patent document published on or after, but with priority daic
earlier than, the filing date of the present application.

Al Document indicating technological background and/or state
of the art. &: Member of the same patent family; corresponding document.
Category Identity of document and relevant passages Relevant to
claim(s)
AE US 5280483 A (FUJITSU) whole document 1,10
AE WPI Abstract Accession No: 94-303352/37 and WO 94/21068 1,10

(FUJITSU) 15.09.94 (see abstract)

Databases: The UK Patent Office database comprises classified collections of GB, EP, WO and US patent specifications as outlined periodically in the Official Journal
(Patents). The on-line databases considered for search are also listed periodically in the Official Journal (Patents).

T4 - 15944 Page 1 of 1



