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It is well known that if usage parameter
control /network parameter control (UPC/
NPC) functions are used together with a
cell loss priority control scheme in ATM
networks, the measurement phasing prob-
lem can occur. This makes it difficult for
a network provider to define and commit
the cell loss ratio as a QoS parameter.
To solve the problem, we propose a
new UPC/NPC algorithm. By using the
proposed UPC/NPC algorithm, we can
define the cell loss ratios for CLP = 0 and
CLP = 0+1 cell streams without the measure-
ment phasing problem under any conditions.
We analyzed the performance of the proposed
UPC/NPC algorithm. Using a discrete time
model for the UPC/NPC architecture with
a discrete-time semi-Markov process (DSMP)
input model, we obtained the cell discarding
probabilities of CLP =0 and CLP = 0+1 cell
streams and showed that more CLP =0 cells
are accepted compared to what was proposed
in ITU-T.
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I. INTRODUCTION

In ATM networks, the UPC/NPC func-
tion is a set of algorithms taken by the net-
work to monitor and control a traffic con-
tract in terms of input traffic at the user
network interface or the network node in-
terface. The cell loss ratio, which is one of
the QoS parameters specified by the user in
a traffic contract, may depend on the mech-
anism implemented in the UPC/NPC. If
two UPC/NPC algorithms are not equiva-
lent with respect to cell discarding/tagging
for a given traffic configuration, a common
understanding about legality between the
user and the network operator does not ex-
ist. For example, cell discarding/tagging
in the UPC/NPC may be caused by excess
traffic transmitted by the user to the net-
work or by a malfunction of the UPC/NPC.

To solve this legality problem, the con-
cept of cell conformance was developed, and
the peak cell rate reference algorithm was-
defined for the peak cell rate conformance
test by ITU-T [1].

reference algorithm is a virtual schedul-

The peak cell rate

ing algorithm or a continuous state leaky
bucket algorithm as shown in the flowchart
of Fig. 1 in the annex to ITU Recommenda-
tion 1.371. The two algorithms are equiva-
lent in the sense that, for a given cell arrival
pattern, they determine the same cells in
conformance. The peak cell rate reference
algorithm was generalized to a generic cell

rate reference algorithm to include other
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Fig. 1. Virtual scheduling algorithm for cell confor-

mance test.

traffic parameters such as the sustainable
cell rate and the burst tolerance within the
ATM Forum [2]. The primary goal of the
conformance test is to compute the number
of cells which are non-conforming with re-
spect to the traffic characteristics specified
in the traffic contract for a connection. The
number of non-conforming cells is used to
calculate the cell loss ratio.

The ITU-T introduced the cell loss
priority (CLP) bit in the ATM cell
header to discriminate between high prior-
ity (CLP =0) and low priority (CLP =1)
cells. This bit can be used for cell loss pri-
ority control schemes for efficient resource
The CLP bit allows

for two cell loss ratio objectives in a given

management [3]-[4].

ATM connection. This is done by means
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of a set of traffic parameters associated
with the CLP = 0 cell substream and a
set of traffic parameters associated with the
CLP = 0+1 cell stream [1].! Therefore, in
a traffic contract, the user can declare the
peak cell rates (PCRs) and the cell loss ra-
tios for each CLP =0 cell substream and
the aggregate CLP = 0+1 cell stream. A
CLP =0 cell is considered to be conformed
by the UPC/NPC if it conforms both to
the CLP = 0 conformance test performed
on a CLP =0 cell substream and to the
CLP = 0+1 conformance test performed on
a CLP = 041 aggregate cell stream. A
CLP =1 cell does not undergo the CLP =0
conformance test. A CLP =1 cell is con-
sidered to be conformed by the UPC/NPC
only if it conforms to the CLP =041 con-
formance test performed on the CLP =0+1
cell stream. When two conformance tests
are done for CLP = 0 cells, the two tests are
coordinated in such a way that the states
of the conformance tests are updated if and
only if a cell conforms to both tests. The
long-term ratio of ATM cells conforming to
both tests to all transmitted cells can be
used to characterize the commitment of the

network regarding the delivered cell loss ra-

11f a cell loss priority scheme is used as a resource
management scheme, the value of CLP bit in the
ATM cell header may be 1 or 0 by the significance
of the cell. A CLP = 0+1 cell is either a CLP =0
cell or a CLP =0 cell. Therefore, a CLP = 0+1 cell
stream is the aggregation of CLP = 0 cell substream

and CLP =1 cell substream in a connection.
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tio of the cell stream.?

When a fraction of user cells is non-
conforming to the CLP = 041 cell confor-
mance test, the measurement phasing prob-
lem can occur [5]-[7]. The problem arises
when two identical conformance test algo-
rithms which started at two different in-
stants give different long-term ratios of non-
conforming cells. This makes it difficult for
a network to commit the cell loss ratio of
an ATM cell stream.

Following the introduction, in Section
II, we present the definition of cell con-
formance and the relationship between cell
conformance and the UPC/NPC function.
In Section III, We discuss problems in the
definition of a cell loss ratio when the
measurement phasing problem occurs. In
Section IV, we propose a QoS guaranteed
UPC/NPC algorithm. By using the algo-
rithm, we show that we can define the cell
loss ratio without the measurement phasing
problem when the cell loss priority control
scheme is used and some cells violate the
traffic contract. In Section V, we analyze
the proposed UPC/NPC algorithm. Using
a discrete time model for the UPC/NPC
architecture with a discrete semi-Markov
process input model, we obtain the cell
discarding probabilities of CLP = 0 and

>The long-term ratio means that the number of
observed cells is large enough (supposedly infinite),
so that the ratio of conforming cells to transmitted
cells is independent of the initial conditions and the

starting time of conformance testing algorithm.
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CLP =0+ 1 cell streams and show that-
more CLP =0 cells are accepted compared
to what was proposed in ITU-T. Finally,

we make conclusion in Section VI.

Il. CELL CONFORMANCE AND
UPC/NPC FUNCTION

Traffic parameters which may be sub-
ject to control are those included in the
source traffic descriptor. Whether all these
parameters or a subset are subject to con-
troldepends on CAC and UPC/NPC func-
tions. But the peak cell rate (PCR) has to
be controlled for all types of connections.
The definition of PCR is given in ITU-T
Recommendation 1.371 [1] and ATM Forum
specification [2].

In ATM networks, the UPC/NPC func-
tions are based on cell conformance, and its
basic building block is the generic cell rate
reference algorithm (GCRA) [2]. The de-
scription of the GCRA as a virtual schedul-
ing algorithm (VSA) is depicted in Fig. 1.
The GCRA(I, L) with two parameters,
namely the threshold limit L and the size
of increment I, maintains a state variable
TAT (theoretical arrival time) of an ATM
cell. The TAT is updated upon the cell ar-
rival as follows. It is incremented by I upon
a cell arrival if it does not exceed a given
threshold, L. Otherwise it is left unchanged.

Conformance of the PCR is based on the
virtual scheduling algorithm, VSA(T,T),
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where T is the peak emission interval (i.e.,
the inverse of PCR) and 7 is the cell delay
variation tolerance. The cell delay varia-
tion tolerance of a particular connection at
the public user network interface represents
a bound of cell clumping phenomenon at
the interface due to the slotted nature of
the ATM, the physical layer overhead, and
the ATM layer functions performed within
the customer premises network before the
public user network interface. The virtual
scheduling algorithm is used to provide a
formal definition of conformance to a traf-
fic contract in an operational manner.

In the case of CLP =0 and CLP =0+1
traffic contract, the basic conformance
testing blocks are VSA(Tp,7) and
VSA(Tyi1,70+1) performed on CLP = 0
and CLP = 0+1 cell streams, respectively.
The VSA(Ty,m) test is performed first
on the CLP = 0 cell substream. If the
tagging option is not used by a network
operator, CLP = 0 cells non-conforming
to the VSA(Tpy,m) test are discarded. If
the tagging option is used, those cells are
converted to CLP =1 cells and merged
with the CLP =1 cell substream before
the CLP = 0+1 traffic flow enters the
VSA(Thi1,70+1) test. In this case, tagged
cells are considered to be CLP =1 cells.
Since cell sequence integrity is maintained
on any ATM connection, the UPC/NPC
including its optional tagging action must
operate as a single server using the first-in

first-out service discipline for each ATM
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Fig. 2. Possible actions of the UPC/NPC function.

connection.

A CLP = 0 cell is considered to
be conformed to the traffic contract by
the UPC/NPC function if it passes the
VSA(Ty,79) and VSA(Ty41,7041) tests. A
CLP =1 cell is considered to be conformed
only if it passes the VSA(Ty41,7041) test.
Possible actions of the UPC/NPC depend-

ing on the cell conformance test is shown in
Fig. 2.

Although the traffic conformance at the
user network interface is defined by the con-
formance definition based on the virtual
scheduling algorithm, the network provider
may use any UPC/NPC as long as the op-
eration of UPC/NPC does not violate the
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QoS objectives of connections. The confor-
mance definition should not be interpreted
as the UPC/NPC algorithm.

I1l. MEASUREMENT PHASING
PROBLEM AND QOS
COMMITMENT

1. Measurement Phasing Problem

When a cell loss priority control scheme
is used by an ATM connection, and some
cells do not conform to the V.SA(Ty11,70+1)
test, the UPC/NPC function performed
on the aggregated cell flow may dis-
card CLP = 0 cells which conform to the
VSA(Ty,m) test. In this case, the measure-
ment phasing problem can occur due to the
cell-by-cell definition of conformance. Some
examples of the measurement phasing prob-
lem are shown in [5], [6], [8].

It is shown that there is no measure-
ment phasing problem when the cell loss
priority control scheme is not used [8]. The
reason for the occurrence of measurement
phasing problem is due to the interaction
between the V.SA(Ty,m) control and the
VSA(Thi1,70+1) control. Guillemin et al.
showed that if these two controls are inde-
pendent of each other, and if the time struc-
ture of the cell stream seen by the second
control is not altered by the first control,
then no measurement phasing problem can

occur [7]. In this case, it is equivalent to
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the case of a cell conformance test without

the cell loss priority control scheme.

2. Definition of QoS Commitment for the
Cell Loss Ratio

For a traffic contract in the ATM net-
work, the user specifies traffic parameters
and an ATM layer QoS that is requested
for connection. If the user transmits only
conforming cells, the network commitment
applies to all user cells and the cell loss ra-
tio (CLR) is defined as

N
CLR=, (1)

where N and N, denote the numbers of
transmitted cells and lost cells, respectively.
However, some cells may not conform to the
traffic parameters that are negotiated. In
this case, it is necessary to re-define net-

work commitments.

We define C'LR,. as the ratio of the num-
ber of cells which are lost by the network in
excess of non-conforming cells to the num-
ber of cells which conforms to conformance
tests. When only a PCR is specified, the
network commitment concerning the cell
loss ratio is defined in Appendix 1 of 1.356
[9]. It is given by

ST NN (2)

where N,. denotes the number of non-
conforming cells. The value of CLR, is re-
lated directly to the way the network meets
the negotiated cell loss performance. The
quantity (N — N,.) is at most equal to the

amount of negotiated traffic, and max(0,
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N, — N,.) represents the amount of cells
which are lost by the network in excess of
non-conforming cells.

The definition of CLR, in (2) reduces
to that of CLR in (1) if all cells conform to
the traffic contract. The equation (2) may
be represented by

mazx(0,CLR— NCCR)

CLR,= TNCOR )

where NCCR = N,,./N denotes the ratio of
non-conforming cells to transmitted cells.
With this definition, one does not have the
measurement phasing problem when only a
PCR is specified, since the long-term ratio
of non-conforming cells is not dependent on
the starting conditions of the conformance
testing procedures when the cell loss prior-
ity control scheme is not used. It was for-
mally shown that there is no measurement
phasing problem when the cell loss priority
control scheme is not used [8].

The definition given in (3) is not appli-
cable to connections whose contract spec-
ifies the PCR of CLP =0 cells and the
PCR of aggregate CLP = 0+1 cells. For
CLP =0 cells, the NCCR in (3) should be
interpreted as the ratio of CLP =0 cells
that are non-conforming to either one of
the VSA(Toy, ) and VSA(To41,70+1) tests.
However, the NCCR does not have a long-
term characteristic for the CLP = 0 cell
substream due to the measurement phas-
ing problem, and it is not possible to use
(3) to define a modified cell loss ratio for

CLP =0 cells. Therefore, it is necessary
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to define the cell loss ratio when PCRs for
CLP =0 and CLP = 0+1 cell streams are
specified.

IV. THE QOS GUARANTEED
UPC/NPC ALGORITHM FOR
CELL LOSS RATIO

1. QoS Guaranteed UPC/NPC
Algorithm

The relationship between the cell con-
formance tests and the number of admit-
ted cells by the UPC/NPC is shown in
Fig. 3. In this figure, the user trans-
mits CLP =0 and CLP =1 cells. Let
N, A and B be a set of all transmitted
CLP = 0+1 cells, that of CLP =0 cells and
CLP =1 cells, respectively. Also, let A;
and A, be a set of CLP = 0 cells conform-
ing to the V.SA(Ty, 7)) test and that of non-
conforming to the test, respectively. All
CLP =0 cells undergo the V.SA(Tp, ) test
first.

If the tagging option is not used by the
network, the CLP = 0 cells non-conforming
to the V.SA(Ty, 7)) test, which are in Ay,
are discarded. If the tagging option is used,
those cells are converted to CLP =1 cells
and merged with the CLP =1 cells be-
fore the CLP = 041 traffic flow enters the
VSA(Thi1,7041) test. We show the problem
in the definition of cell loss ratio of CLP =0
cells when the tagging option is not used.
After the VSA(Tyt1,7041) test, the set of
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CLP =0 cells conforming to the traffic con-
tract is named As, and the set of CLP =1
cells B;. Therefore, the set of conforming

CLP = 0+1 cells is A3U B;. The following
relations are satisfied in Fig. 3:

N=AUB, ANB=¢, A=A UA,,
ANAs=¢, B=B,UBy, B,NBy=6,
A D A3

An important factor for the UPC/NPC
function is the number of non-conforming
cells needed to compute cell loss ratios. To
protect the network and to guarantee the
requested QoS of the user, it is desirable
that the total number of CLP = 041 cells
admitted by the UPC/NPC function is the
same as the number of CLP = 0+1 cells con-
forming to the traffic contract (i.e., A3U B
in Fig. 3). The amount of CLP =0 cells
admitted by the ideal UPC/NPC function
(i.e., A3) can be changed from 0 to the
number of CLP =0 cells conforming to the
VSA(Ty,m) test (i.e., A1) depending on the
measurement starting point. Therefore, it
is impossible to define the cell loss ratio of
CLP = 0 cells in the long-term ratio if we
use the ideal UPC/NPC function.

The conformance definition does not im-
ply any particular implementation of the
UPC/NPC function. The ideal UPC/NPC
function which is strictly based on cell con-
formance may suffer from the measurement
phasing problem, when the cell loss prior-
ity control scheme is used. In order for a
UPC/NPC function not to suffer from the
problem, two control functions for CLP =0
and CLP =041 cell streams must be inde-

pendent of each other, and the cell stream
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Fig. 3. Relationship between conforming cells and
the number of admitted cells.

seen by the CLP = 0 control should not be
altered by the CLP = 0+1 control.

In general, the CLP = 0 traffic is im-
portant compared to the CLP =1 traffic,
because the user must rely on the trans-
port of this substream even when the net-
work is congested, and the network provider
must allocate resources to provide the ne-
gotiated QoS for this substream. In or-
der to solve the measurement phasing prob-
lem, and to admit the maximum number
of CLP =0 cells, we devised a QoS guar-
anteed UPC/NPC algorithm that admits
the number of CLP = 0 cells conforming
to the V.SA(Ty,m) test independent of the
VSA(Toi1,7041) test.

The UPC/NPC algorithm is shown
For the UPC/NPC mecha-

nism, a counter is introduced to indicate

in Fig. 4.

the number of CLP = 0 cells conforming
to the VSA(Tp,m) test but not to the
VSA(Thi1,70+1) test. The counter value is
initialized to zero. The UPC/NPC proce-
dure is as follows. The V.SA(Tp,m) test is
performed first on the CLP = 0 cell sub-
stream. If the tagging option is not used by
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a network, CLP = 0 cells non-conforming to
the V.SA(Ty,m) test are discarded. If the
tagging option is used, those cells are con-
verted to CLP =1 cells and merged with a
CLP =1 cell stream before the CLP = 0+1
traffic flow enters the V.SA(Th1,70+1) test.

The CLP = 0 cells conforming to
the V.SA(Ty,m) test are merged with a
CLP =1 cell stream, and undergo the
VSA(To+1,7041) test. When a cell fails in
the V.SA(Tp11,704+1) conformance test, the
CLP bit is checked. If the CLP bit is 1,
the cell is discarded; but if it is 0, the cell
is admitted. Because it has already passed
the V.SA(Ty, ) test, we guarantee its ad-
mittance into the network. For the admit-

tance of this CLP = 0 cell, the counter value

must be increased by one to indicate one
more admittance of CLP = 0+1 cell based
on the VSA(Ty1,70+1) test. This counter
value is used to discard CLP =1 cells con-
forming to the V.SA(Ty11,70+1) test in order
to adjust the total number of CLP = 0+1
cells admitted by the UPC/NPC function
to that of CLP = 041 cells conforming to
the traffic contract. Therefore, the admit-
tance of CLP =1 cells which have passed
the VSA(Thi1,70+1) test depends on the
counter value. If the counter value is zero,
it is admitted by the UPC/NPC. But, if
the counter value is not zero, the cell with
CLP =1 is discarded. By discarding the
CLP =1 cell, the counter value is decreased

by one.



As a consequence, the CLP = 0 cells
conforming to the VSA(Ty,m) test are
admitted by the UPC/NPC independent
of the VSA(Tyi1,70+1) test.
the amount of CLP = 0 cells admitted
by the UPC/NPC algorithm is A; in
Fig. 3. But, in order to adjust the total
amount of CLP = 0+1 cells admitted by the
UPC/NPC function to that of CLP = 0+1
cells conforming to the traffic contract, the
QoS guaranteed UPC/NPC algorithm dis-

cards the same amount of CLP =1 cells

Therefore

conforming to the VSA(Thi1,7011) test.
The amount of discarded CLP =1 cells is
given by (A4; — A3) in Fig. 3. As aresult, the
amount of CLP =1 cells admitted by the
UPC/NPC algorithm is [B; — (A1 — A3)].
The total amount of CLP = 0+1 cells ad-
mitted by the UPC/NPC is A; + [B; —
(A — A3)] = A3 U By, which is the same
amount of CLP = 0+1 cells admitted by the
ideal UPC/NPC. Note that as T} is not less
than Ty, in a traffic contract, the amount
of (A3UBy) is not less than that of A;.
Therefore, the amount of [B; — (A; — A3)]
is always not less than zero.

In this QoS guaranteed UPC/NPC al-
gorithm, the difference in the numbers of
admitted CLP = 0 cells depending on the
starting point is bound by [7y/Ty], where
[x] represents the integer part of x. There-
fore, the maximum value of the counter is
[10/T0], and the network can guarantee the
cell loss ratios of CLP =0 and CLP = 0+1

cell streams in the long-term ratio without

the measurement phasing problem while ad-
mitting the maximum number of CLP =0
cells.

In the conformance test algorithm, the
peak emission interval T' and the cell de-
lay variation tolerance 7 values are always
processed together. Therefore, they should
have the same representations in terms of
the coding scheme used. To avoid the mea-
surement phasing problem, it is necessary
that the ratio of the number of cells de-
tected as non-conforming to the number
of cells observed by the UPC/NPC should
be an invariant quantity irrespective of the
CLP bit in the long-term ratio [8]. The
number depends only on 7 which quanti-
fies cell clumping on the cell stream. The
cell delay variation tolerance 7 has to be
equal to or larger than T to cope with the

measurement phasing problem [10].

2. Definitions of the Cell Loss Ratio

If we wuse the QoS guaranteed
UPC/NPC algorithm, we can define
the cell loss ratio of CLP =0 cell sub-
stream and the CLP = 041 cell stream
when some cells are non-conforming to
the CLP = 041 conformance test. For the
definitions of cell loss ratios, we use the
following definitions:

N = Number of transmitted CLP = 0+1
cells

Ny = Number of transmitted CLP = 0 cells

Nio) = Number of lost CLP =0 cells

Nio4+1) = Number of lost CLP = 0+1 cells
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N0y = Number of CLP = 0 cells not con-
forming to V.SA(Ty,m)
Nueo+1) = Number of CLP = 0+1 cells not
conforming to VSA(Ty11,70+1)

Using these definitions, we can define

cell loss ratios as follows.

i) When a tagging option is not used, we

have

~ max(0, Nyo) — Noe(o))

CLR(0) = T )
CLR.(04+1) =
maz (0, Nyo11) = Noe(o) = Nnc(0+1)) %)
N — Nye0) = Noco+1) .

ii) When a tagging option is used, we have

max(O,Nl 0 7NncO )
CLRA0) = — == (9

max(O, M(0+1) - Nrw(0+1))

CLR,(0+1) = NN (7)

The quantity Ny — Ny is at most
equal to the amount of the negotiated
CLP = 0 traffic which conforms to the
VSA(Ty,m) test, and max(0, Nyg) —Nne0))
represents the amount of CLP = 0 cells
which are lost by the network in excess
of cells non-conforming to the V.SA(Tp, m)
test. The cell loss ratio for the CLP =0
cell substream, CLR.(0) is not dependent
on the VSA(Ty1,7041) test. It is depen-
dent only on the result of the V.SA(Tp,m)
test.

Also, the quantity (N — Ny —
Nye(o41)) 1s at most equal to the amount
of the negotiated CLP = 041 traffic, and
max(0, Nyos1) = Nuco) — Nuc(o1)) TepTe-
sents the amount of CLP = 0+1 cells which
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are lost by the network in excess of cells
non-conforming to the VSA(Ty, 1) test
or to the VSA(Thi1,7941) test. The cell
loss ratio for the CLP = 0+1 cell stream,
CLR.(0+1) is dependent on the result of
the V.SA(Ty, ) and VSA(Th1,7911) tests.
The definitions of CLRc of (4), (5), (6),
and (7) become the same as that for the
cell loss ratio of (1) if all cells conform to

the traffic contract.

V. PERFORMANCE ANALYSIS
OF THE PROPOSED
UPC/NPC FUNCTION

1. System Model and State Analysis

In the previous Section, we showed the
effectiveness of the proposed UPC/NPC al-
gorithm for periodic input traffic flows. In
this Section, we analyze the proposed QoS
guaranteed UPC/NPC function for aperi-
odic input traffic flows. The first analysis
of the UPC/NPC function with GCRA was
carried out by Hubner [11] using the un-
finished work approach [12]. Htubner de-
termined the exact cell discarding proba-
bility of the GCRA performed on a traf-
fic flow of single CLP class, modeling the
CBR cell stream by a discrete-time renewal
process with a general distribution. Do
has developed a discrete-time model for the
UPC/NPC function with dual GCRA for
two priority traffic flows, which was pro-
posed by ITU-T Recommendation 1.371
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[13]. We analyze the proposed algorithm
in the discrete-time domain by extending
the analysis method proposed by Do [13].
The input cell stream is modeled by a
discrete-time semi-Markov process (DSMP)
[14] with two states representing two prior-
ities by the CLP bit in an ATM cell. Based
on the analysis, the cell discarding proba-
bilities are obtained and numerical results
are presented.

Table 1. Determination of x,y,a in the case of
CLP =0 cell arrival without cell tagging op-

tion.
X, €Ry X, €Ly
Conforming, Non-conforming
_ passed at Py, discarded
Y, € Ron =T, =0
y="Ton y=0
a=0 a=0
Non-conforming | Non-conforming
at Pyi1 at By & Pyyq,
Y, € Loy but passed discarded
z =1 =0
y=0 y=0
a=1 a=0

The input process considered is a DSMP
(defined as {(S,,T,);n € INy}), where I N
is the set of non-negative integer, and

e S, denotes a cell loss priority repre-

sented by the CLP value in the ATM

cell header, and takes a value in the
state space
E={0, 1}.

e T, denotes the arrival instant of cell n.
Let A,.1 denote the interarrival time be-
tween cell n and n+ 1, then the DSMP has
two following properties:
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e Markov property:
Pr{S, 1 =
t|Sm...7507Tm...7T0}
=Pr{Su 1 =74, An1 =1t|S, =1}

e Time homogeneity:

Pr{S,+1 =174, A1 =1t|S, =i}
=Pr{S1=j, Ay =t|Sy=1i}

We derive an iterative algorithm to de-

ja An+1 =

termine the distributions of the state vari-
ables of the UPC/NPC function, and the
exact cell discarding probability. Consider-
ing ATM environments, we discretize time
into slots of cell duration length. The fol-
lowing notations are used for analysis.

e X(t): discrete random variable repre-
senting the number of slots until a new
cell is expected to arrive at the Py test,

o X 2 X(t) just before the arrival instant
of cell n,

e Xt X(t) just after the arrival instant
of cell n,

e Y (t): discrete random variable repre-
senting the number of slots until a new
cell is expected to arrive at the Fyi;
test,

o Y ~: Y(t) just before the arrival instant
of cell n,

e Y *: Y(t) just after the arrival instant
of cell n,

e C(t): the value of the counter in the
proposed UPC/NPC function,

o C: C(t) just before the arrival instance
of cell n at the Py, test,

o (i1 C(t) just after the arrival instance
of cell n at the Py, test,
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o Z(t) = (X(),Y(1)):
discrete random variables satisfying
X(t) €10,To + 70}, and Y(t) € [0, Tos1 +

two dimensional

U 0+1]-

Table 2. Determination of x,y,a in the case of
CLP = 0 cell arrival with cell tagging op-
tion.

X, €Ry X, €Ly
Cell tagged at Py
i) when C,, =0, passed
Conforming, z=0
passed y="Toi1
Y, € Ro =T a=0
y="Ton ii) when C,, #0,
a=0 discarded
z=0
y=Ton
a=-—1
Non-conforming Cell tagged at Py
at Ppy1 and
but passed discarded at Py,
Yn7€L0+1 I:T[) xr=0
y=0 y=0
a=1 a=0

By definitions, X, ;, Y, ., are given by

n

Y

L

Y

L

L7+1 = mam(X: 7A’7L+1’ O)’ (8)
"l = maz(Y," — Anp1, 0). 9)

Moreover, X;7, V' and C;| are determined

by X, , Y, , and Z, in the following way:

X=X, +x, (10)
Y, =Y, +y, (11)
CrH=C, +a, (12)

where z, y, and « depend on the value
of X,,, Y, , C,, and the value of the CLP
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bit of an arriving cell. The relationship is
shown in Table 1, 2 and 3. For simplicity,
we define the following set of ranges.

Table 3. Determination of x,y,« in the case of CLP =

cell arrival.

X, € Ry X, €Ly
Conforming Conforming
i) when C,,=0, i) when C,=0,
passed passed
=0 =0
y="Ton y="Ton
Y, € Ry a=0 a=0
ii) when C), #0, | ii) when C,, #0,
discarded discarded
=0 =0
y="Ton y="Ton
a=-—1 a=-—1
Non-conforming | Non-conforming
at Pyy1, at Pyy1,
discarded discarded
Y, €Lon x=0 =0
y=0 y=0
a=0 a=0

Ry =10, i}, Lo=[n+1, To+m),
0, T0+T0} (13)

[

[
Roy1 =0, 1o11], Lo+t =[1041+1, Tos1 +7041],
Eor1 = [0, Tos1 +7041] (14)
W =10, [ro/To]+1] (15)

The aim of the state analysis is to derive
the iterative equation for

Pr{Sni1=1j, Ly = (e, f), Gr?+1 =n}, (16)

which adequately describes the state of the
UPC/NPC function at arrival instants. The
equation (16) can be written as follows:

Pr{5n+1 =17, Z7;+1 = (€’f>7 Cg—&-l = n}

=3 >3 Y Pr{Sun =4, Zin = (e.f),

meW keEyleEy =0
Ci—&-l =n, S,=1i, Z, =(k,1), C, :m}

n



264 Yongjin Kim et al. ETRI Journal, volume 20, number 3, September 1998

- Z Z Z ZPT{SMLI _]7 n+1 - (6 f) rH»l —’I’L‘S =1, Z_ (kJ), Cn_ :m}

mGVVk‘EEo]GEOH i=0

< Pr{S, =1, Z, = (k,1),C;; =m)}. (17)
In order to derive the equation for
Pr{Sun =3, Z, 1= (e.f), Copy=nlSy =i, Z, = (k1), C; =m},
we write
Pri{Sn1=15,2,11 = (e.f),C = nlSy =i, Z, = (k,1),C, =m}

—P’I’{ n+1 - 6 f)?cr;»l :n‘SThLl :JaSn :ZaZn_ = (k7l)70; :m}
xPr{Sp+1=j|S, =1,Z, = (k,1),C, =m}. (18)

? n n

Since the input process does not depend on the internal state Z(t) and C(¢) of the function,
we can write

Pr{S,1=j|S,=1,Z, = (k,1),C, =m}= Pr{S,s1 =3j|S,=i}. (19)

Let’s define p;; = Pr{S,1 =j|S, =i}, and Byj(k,l,m)={Sp+1 =, =1,Z, = (k,1),C, =
m}. Then

PT{SHH =72y = (e f)v 7:+1 :n‘Sn =i,2, = (k,l),c; :m}
= Pr{ZnH = (e, f),C, el = n|B,j(k:7l,m)} *Dij- (20)

Now the equations for Pr{Z, , = (e, f),C, ; = n|Bi(k,l,m)} can be derived:

Pri{Z, ., = (e f),C.1 = nlBij(k,l,m)}

PriX—A, 1 =¢Y, = f,CF =n|B;(k,l,m)}, e>0& f>0
_ Pri{X;f—A,1=¢Y, <A,1,CF =n|Bjj(k,l,m)}, e>0& f=0 (1)
PriX} <A,,Y, — A= f,CF =n|Bjj(k,l,m)}, e=0& f>0
PriX;F <A,11.Y, <Au,CF =n|Bij(k,l,m)}, e=0& f=0.
By using (10)—(12), one can derive
Pr{z, ., =(e.[f),Cpy =nlBij(k,l,m)}
Prid, =X, +z—e=Y, +y—f,Cf =C, +a=n|By(k,l,m)}, e>0& f>0
_ PriA, =X, +z—e>Y, +y,CF =C, +a=n|B;(k,l,m)}, e>0& f=0 22)
PriX, +z <A, =Y, +y—f,C} =n|Bjj(k,l,m)}, e=0& f>0
PriX, 42z <A, =Y, +y<A,.1,Cf =n|B;k,l,m)}, e=0& f=0
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Pr{iA,=k+z—e=1l+y—f,CH=m+a=n|B;k,l,m)}, e>0& f>0
Pr{A, i =k+z—e>14+y,CF =m+a=n|B;(k,l,m)}, e>0& f=0 (23)
Prik+z <A, =1l+y—f,C: =n|B;(k,l,m)}, e=0& f>0
P?“{k'+1' < An+17l+y < 14n+lyc"rlL = TL‘BU(]C,Z,T)’L)}, e=0& f =0.
By letting f;; = Pr{A,+1 =t|Sp+1 =J,5, =1}, we can obtain
Pr{Zy,, = (e.£),Coy = By (L, m))
dk+x—e—l—y+f)-6(m+a—n)-fij(k+x—e), e>0& f>0
wk+zrz—e—l—y)-6(m+a—n)-fij(k+x—e), e>0& f=0 (24)
uwl+y—f—k—x)-d(m+a—n)- fi(I+y—f), e=0& f>0
(Z;}imam(k+m,l+y) fLJ (t)> : 6(m+ «@ _n> e=0& f = 07
where
1 ift>0
u(t) = (25)
0 otherwise
1 ift=0
o(t) = (26)
0 otherwise.
By putting (24) into (20), the iterative equation for (16) can be obtained.
Finally, the equilibrium distribution may be written as
Pr{S=4272 =(ef),C=n}= JLIEICPT{S;+1 =5,Z 0 =(ef),C, i =n}. (27)

2. Cell Discarding Probability

In order to determine the cell discarding probabilities with respect to CLP =0 and
CLP = 041 cells, we define the following measures.

P;(0) = Pr{Cell discarded|CLP =0 cell arrives}
P;(0+1) = Pr{Cell discarded|CLP =0+1 cell arrives}

The performance measures can be obtained after some algebraic manipulation.
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i) No cell tagging case
. P’I‘{S:O,X7 >7‘0}

Fa(0) = Pr{S =0}
- D e DkeLy 2leEon Pr{S§=0,Z2" = (k,1),C~ =m} (28)
N Pr{S=0}
Py(0+1) = Pr{S=0,X">7}+Pr{S=1Y >1u}+Pr{S=1Y" <794,C” >0}
= > > Pr{s=0,Z2 =(k1),C =m}
meW keLyleEy
+ 33 N Pr{s=1.2 =(k1),C" =m}
meW keE, el
+ Y YN Pr{S=1,2" =(k1),C" =m}. (29)
meW,m#0 keEy l€ Ry
ii) Cell tagging case
. PT{S: 0,X™ > 7'0}
Fil0) =5 5=
_ Domew 2okely 2ieky, Pr{S=0,Z27 = (k,1),C™ =m} (30)

Pr{S=0}
Py0+1) = Pr{S=0,X">7,Y >111}+Pr{S=0,X">7,Y <71911,C” >0}
b PHS =LY <m3,C >0} 4+ Pr{S=1Y" >}

= > > Pr{s=0,72 =(k1),C" =m}

meW k€ Ly €Ly

+ Y YD Pr{5=0,2" =(k1),C" =m}

meWm#0keLyl€Ry 1

+ > > > Pr{S=1Z2 =(k1),C" =m}

meW,m#0keEy l€Ry1

+ 3 3> Pr{S=12" =(k1),C" =m}. (31)
meW keFy €Ly
These Pr{S =0} and Pr{S =1} are obtained as follows. Let p; be the stationary probability
when the input DSMP process is in the state i: p; = Pr{S =1i}. Let 7 denote the vector
[po, p1], and the state transition matrix be P = [pj;]. Then, the 7 can be determined from
po+p1 =1 and 7-P = 7 equations where

P1o
077 =+ P10 — Poo 32
1 _
p=— PO (33)

~ 1+pio—Dpwo
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3. Numerical Results and Discussion

For a numerical example, the discrete-
time Markov arrival process (DMAP) is
used as an input process. The DMAP is
a special case of the DSMP. It is a stochas-
tic process which is based on an irreducible
The state

space comprises of two states (i.e., 0 and 1)

discrete-time Markov chain.

in the context of this analysis. If the process
is in state 7 at slot k, it moves to state j at
slot (k+1) with probability p;; = ¢;; +dj,
where ¢;; is defined as the probability that
the transition from state ¢ to state j occurs
without an arrival, and d;; is the probabil-
ity that the same transition occurs with an
arrival. Therefore, the DMAP process is
defined by two matrices C and D, where
C = [¢jj] and D = [d;;]. The transition ma-
trix of the underlying Markov chainis P =C
+ D, and we have Z;ZO(CU‘ +d;;) =1, for
all 4. For the analysis and simulation, we
use the same input parameters as those de-
fined by Do [13]:

03 055
C= : (34)
0.6 0.35
0.1 005
D= (35)
0.024  0.026

In this case, we obtain the following proba-
bilities: py = 0.509804, p; = 0.490196. The
mean interarrival time of cells is 9.902913
slots, and the mean interarrival time of two
consecutive CLP =0 cells equals 19.615385
slots.
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Fig. 5. Cell discarding probability versus 193 Ty =
10, 79 =30, and Ty = 8 with tagging option.

From Fig. 5 to Fig. 8, we present a
cell discarding probability (CDP) versus the
value of 7,1 with different parameter val-
ues. In Fig. 5, we compare the QoS guar-
anteed UPC/NPC with the UPC/NPC de-
fined by ITU-T for CDPs, where the pa-
rameter values are Ty = 10, 7p = 30, and
Th+1 =8 in a cell slot time with tagging op-
tion. The CDP of CLP =0 cell stream in
the UPC/NPC defined by ITU-T decreases
as the value of 79,1 increases because the
dependency of CLP =0 cells on Fy,; test
decreases, and converges to the value of
0.0466. However, the probability remains
constant at the value of 0.0466 because it is
independent of Fy,; text in the QoS guaran-
teed UPC/NPC. We consider a tagged cell
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Fig. 6. Cell discarding probability versus 1y 3 1o =
10, 70 = 30, and 7o+ = 5 with tagging option.

which becomes a CLLP =1 cell and is lost in
the case of CLP =0 cell stream. Compared
to Fig. 5, the parameter value of Tp;; in
Fig. 6 is changed to Tp;1 = 5, which means
the PCR of CLP = 0+1 cell stream is in-
creased. When the PCR is increased, the
CDP of a CLP =0 cell stream in the QoS
guaranteed UPC/NPC is not changed but
the value converges more rapidly to the con-
stant value of 0.0466 in the UPC/NPC de-
fined by ITU-T. The CDPs of CLP = 0+1
cell streams decrease fast as the value of
Toy1 increases. As the value of 741 becomes
very large, the CDPs of CLP =0+1 cell
streams converge to zero because all tagged
cells pass Py test as CLP =1 cells. The
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Fig. 7. Cell discarding probability versus 793 Ty =
10, 7 = 30, and Tp4+1 = 5 with tagging option.

CDPs of CLP = 041 cell streams in both
UPC/NPC functions are the same.

In Fig. 7, the same parameter values to
Fig. 6 are used but the tagging option is
not used. In the case, the cell discarding
probabilities of CLP = 0 cell stream is the
same as the values of Fig. 6. While the
values converge to zero when the tagging
option is used, the values of CLP = 0+1
cell streams converge to 0.029 because of
the cell discarding of CLP =0 cells. Com-
pared to Fig. 7, the parameter value of Ty,
in Fig. 8 is changed to Tp1; = 8. In that
case, the CDPs of CLP = 0 cell stream is
the same as the values in Fig. 7 in the QoS
guaranteed UPC/NPC, but the values are
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Fig. 8. Cell discarding probability versus 1y 3 1o =
10, 0 = 30, and Tp4; = 8 without tagging op-

tion.

relatively large in the UPC/NPC defined by
ITU-T, and converges to the constant value
more slowly. Compared to Fig. 5, where the
same parameter values are used with the
tagging option, the CDPs of CLP = 0+1 cell
stream are relatively large in Fig. 8.

In all cases, the CDP of a CLP =0 cell
stream in the QoS guaranteed UPC/NPC
remains constant with the value of 0.0466
independent of values of 75,1 because it is
independent of the Py, test. The CDP of a
CLP = 0 cell stream in the UPC/NPC de-
fined by ITU-T is always larger than the
constant value, and converges to the con-

stant value as the value of 7,1 converges
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to infinity. Also, if the same parameters
and the same tagging option are used, the
CDPs of CLP = 041 cell streams in both
UPC/NPC are the same.

The simulation was event driven. The
criterion for stopping the simulation is that
the width of the 95% confidence interval
should be less than 1% of the estimated cell
loss probability.

VI. CONCLUSION

In this paper, we have proposed a QoS
guaranteed UPC/NPC algorithm to com-
mit the cell loss ratio of CLP =0 and
CLP = 0+1 cell streams without the mea-
surement phasing problem when a cell loss
priority scheme is used. By using the
UPC/NPC algorithm, we can define the cell
loss ratios for CLP =0 and CLP = 0+1
cell streams when non-conforming cells ex-
ist. We can also guarantee the cell loss ra-
tios while admitting the maximum number
of CLP =0 cells. As the CLP = 0 traffic
is more important than the CLP =1 traf-
fic, the admittance of the maximum num-
ber of CLP =0 cells in a given number
of CLP = 041 cells is another advantage.
Nevertheless, one disadvantage of using the
QoS guaranteed UPC/NPC algorithm is
that the admitted cell pattern can be more
bursty compared to the cell pattern admit-
ted by the ideal UPC/NPC function based
on the cell conformance test. In practice,

however, the traffic flows sent across ATM
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links controlled by UPC/NPC can some-
times be shaped using a leaky bucket al-
gorithm. In this case the disadvantage can
be resolved.

By using the QoS guaranteed
UPC/NPC algorithm, the network may
admit more CLP = 0 cells in the transient
state compared to the ideal UPC/NPC
function. The difference of the numbers
of admitted CLP = 0 cells depending on
the starting point is bound by [r/Tp],
where [x] represents the integer part of x.
The disadvantage would be some waste
of resources. But this possible waste of
resources is the price to pay to support
a cell loss priority control scheme and to
admit the maximum number of CLP =0

cells.
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