336

IEICE TRANS. COMMUN,, VOL. E78-B, NO. 3 MARCH 1995

PAPER

Traffic Contract Parameters and CAC Guaranteeing
Cell-Loss Ratio in ATM Networks

SUMMARY  Connection Admission Control (CAC) is a key
part of traffic control and still leaves several challenging problems
peculiar to ATM networks. One of these problems is how to as-
sign sufficient bandwidth for any cell arrival process that satisfies
the source traffic descriptor values specified by negotiation be-
tween the network and a user at the connection setup. Because the
source traffic descriptor cannot describe the actual source traffic
characteristics completely, it has already been studied extensively
that how to estimate sufficient bandwidth under the assumption
that the actual traffic parameter values in the source traffic de-
scriptor are equal to the negotiated values. This paper extends
the studies in the literature to how to estimate sufficient band-
width only assuming that the actual values satisfy the negotiated
values, that is the actual values is less than or equal to the ne-
gotiated values. We show the sufficient condition for negotiated
source traffic descriptors ensuring that the cell-loss ratio calcu-
lated from the negotiated values is always the upper-bound of
the actual cell-loss ratio. Using this condition, we propose a
CAC that can guarantee cell-loss ratio objective so far as a user
satisfies the source traffic descriptor values.

key words: ATM, CAC, cell-loss ratio, nonparametric approach

1. Introduction

The Asynchronous Transfer Mode (ATM) is a key
technology for Broadband Integrated Services Digital
Networks (B-ISDN)[1]. ATM networks must support
many kinds of traffic accompanied by a variety of ser-
vices and they must guarantee the quality of service
(QoS). Traffic control is therefore a key technology to
attain such requirements. Connection Admission Con-
trol (CAC) is a particularly important control method
and it is an issue peculiar to ATM networks.

The principle of CAC is as follows: At the time
of connection setup, a user specifies the QoS require-
ments and the anticipated traffic characteristics by using
a source traffic descriptor. A network bases the assign-
ment of resources for the connection on the source traf-
fic descriptor values and the QoS requirements, and the
connection is rejected if there are not enough network
resources available. In this paper, we assume that the
source traffic descriptor consists of the peak cell rate
and the average cell rate. If the connection is admitted
by CAC, the network monitors the peak cell rate and
the average cell rate of the connection to check whether
they are less than or equal to the negotiated one.
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CAC still leaves several challenging problems for
ATM networks. One of them is how to assign suffi-
cient bandwidth for any cell arrival processes that sat-
isfy the source traffic descriptor values. These values
are specified by negotiation between the network and
users at the time of connection setup, but the actual
source traffic values are usually less than those negoti-
ated because a user is required to satisfy the some traffic
descriptor. Therefore, there are two aspects to solving
this bandwidth-assignment problem:

(i) how to estimate sufficient for any cell arrival pro-
cess bandwidth under the assumption that the ne-
gotiated values are equal to the actual values; and

(ii) how to estimate sufficient bandwidth without as-
suming that the negotiated and actual values are
equal.

All the CAC algorithms in previous works[2]-[5] im-
plicitly assume that the negotiated values and the actual
values are the same. Therefore, under the assumption,
the works give the sufficient bandwidth for any cell ar-
rival process, that is, they give the solutions for the
above problem (i). In general, the assumption is not
always correct. So here we need to consider the second
aspect (the above problem (ii)) and its integration with
one of these CAC algorithms.

We can show that the second aspect is essential by
using the following simple example. To begin with, we
assume the following for virtual paths (VPs) to simplify
the discussion. There are one or more VPs accommo-
dated in a transmission link and a VP (connection) con-
sists of VP links (Fig. 1) [2]. Each VP link is assumed to

- VC connection -
User User
Terminal VC switch VC switch Terminal

o] {ol—8\
- -VC link - B - enemrn s VC Jink-+orm-msmreeeveasassanas - -V C link -
-t VP connect: -
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ot VP link:--pw - VP link------w—tt--VP link --pw-

® Endpoint O Connecting point

Fig. 1 Hierarchical relationship in the ATM layer.
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Fig. 2 Example of virtual channels (VCs).

have a rigid boundary through VP shaping[2], in other
words, it is guaranteed that each VP link is assigned a
fixed bandwidth. That is, we assume no statistical mul-
tiplexing among VP links. As a result, we can assume
that each VP (connection) has a fixed bandwidth.

Consider a VP whose output buffer size is finite
and whose bandwidth is 50 Mbps. There are two vir-
tual channels (VCs) in this VP: one has a negotiated
peak bit-rate of 100 Mbps and a negotiated average bit-
rate of 10 Mbps (Fig. 2); the other has a negotiated peak
bit-rate of 50 Mbps and a negotiated average bit-rate of
50Mbps (that is, the CBR VC). When the burst is very
long, the overall cell-loss ratio of the VP is at most 1/6
when the negotiated values are identical to the actual
value. But if the first VC has an actual peak bit-rate of
90 Mbps and an actual average bit-rate of 10 Mbps, and
the second VC has an actual peak bit-rate of 40 Mbps
and an actual average bit-rate of 40 Mbps, the over-
all cell-loss ratio of the VP is 8/45 (>1/6). Similar
problem is also occurred in the cell-loss ratio of indi-
vidual connection. The cell-loss ratio of the second
VC using the negotiated or actual cell rates is 1/15
or 8/117 (>1/15), respectively. Therefore, evaluating
the upper-bound cell-loss ratio by using the negotiated
values therefore does not always give the actual upper-
bound.

This is because that cell-loss ratio is ratio of the
number of lost cells to the number of incoming cells,
and both of the numerator and the denominator de-
crease when the number of incoming cells decrease. So
we do not know the cell-loss ratio increase or decrease
when the number of incoming cells decrease.

This implies that QoS objective cannot be satisfied
because of the insufficient bandwidth if you do not take
account of the fact that the negotiated values are not
same as the actual values.

This paper shows the sufficient condition on the
negotiated source traffic descriptors that guarantees that
the cell-loss ratio evaluated using negotiated values is al-
ways the upper-bound of the actual cell-loss ratio. This
paper also combines aspects (i) and (ii) and proposes a
CAC that includes this condition.

2. CAC Using a Nonparametric Approach

For simplification, we assume that a VP consists of VCs
that have the same cell-loss ratio objective and have sim-
ilar (but not the same, in general) traffic characteristics.
We define the cell-loss ratio of a VP as the cell-loss ra-
tio for all the cells belonging to all the VCs in the VP.
We assume CAC decision is performed using the cell-
loss ratio of the VP for simple CAC calculation. If we
adopt CAC decision using the cell-loss ratio of indi-
vidual VCs, it needs heavy calculation because we must
re-calculate the cell-loss ratio of all individual VCs at
the time of connection setup. In addition, it also cannot
avoid the problem shown in Introduction.

A nonparametric approach[2] to CAC has been
proposed for assigning bandwidth for any cell stream
under the condition that the specified values of a source
traffic descriptor are identical to the actual values. The
decisions of this CAC are based on the upper bound of
the cell-loss ratio derived from the source traffic descrip-
tors without assuming a particular parametric model
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for the cell arrival process. This paper assumes this
CAC and extends it to guarantee the bandwidth is large
enough for any cell stream whose specified values of a
source traffic descriptor are greater than or equal to the
actual values; that is, for any cell stream conforming to
the specification of a source traffic descriptor.

The non-parametric approach can be described as
follows. Time is divided into fixed-length slots and a
single slot corresponds to the transmission time of an
ATM cell. The slot length is defined as L/C, where L
is the cell length and C is the capacity of the VP. The
cell-loss ratio By of the VP can be upper-bounded by
using the probability p(k) of k cells arriving during a
fixed interval equal to « slots:

Bowy < 2268~ " p(k)

S ) M
where
>0
@ ={ %0

When the output buffer size is K, we choose v = K +1
[6]. Regardless of the cell arrival process model, (1) is
valid if a stationary distribution {p(k),k =0,1,...} ex-
ists. We consider n VCs in the VP and denote a set of
VCs

N, ={1,2,...,n}.

Knowing the probability {p;(k),k = 0,1,...}(i =
1,...,n) of the number of cells arriving from each VC
during an interval of v slots and using the fact that

p(k) = [Tien, pi(k), we get

Bcell g B(_ph -y Py 'Y)

Dkl =17 1% pilk)
iEN,,
>k kHieN: pi(k)

where, H* represents convolution and, for example,
ITisi2 pi(k) = 37_gp1(i)p2(k — j). But because it
is difficult to know p;(k), we use ; (k) instead of p;(k).
For the i-th VC, ¢;(k) is derived from the true maximum
number of cells arriving during the fixed time period ~
(MNA) and the true average number of arriving cells
during the fixed time period v (ANA). Let R; be the
MNA, A; be the ANA, and define ¢;(k) as

il

wi(k) = ¢ A;/R; k= R;,
0 otherwise.

Using ¢;(k), (i =1,...,n), we can get the upper-bound
cell-loss formula [2],

Beew < B(w1, 925+, 0n;7)
Youlk = AT TT* @i(k)
1EN,

2k 1T wi(k)

1EN,
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We cannot get the true MNA and ANA at the con-
nection setup, but we can use the specified MNA and
ANA. Assume, for the i-th VC, that the traffic descrip-
tors specified by the user when the connection is set up
are given as peak cell rate B; and average cell rate A;.
We can provide the MNA R; and the ANA Zl values
based on the negotiated traffic descriptors as

Ry = [yLR;/C], A; =~LA;/C, (2)

where [z] represents the smallest integer greater than or
equal to .

We assume that there are no cell delay variations
(CDV). Equations similar to (2) are, however, applica-
ble when there is CDV [7], and the following discussion
is valid then. So to simplify the explanation, we do not
treat CDV in this paper.

We define the following quantity:

o ~ Zk[k—v]fHN*gi(k)
B(61,02,...,0n:7) = e n .3
( K Yook T170:(k) &

1€EN,

where, for the i-th VC,

_ 1~ A,/R; k=0,
0:(k) = A/ R; k=R,
0 otherwise.

The relationships between the - true MNA R; and ANA
A; and the negotiated MNA R; and ANA A, are

1< R, <R
0< A; <A

3. Bandwidth Assignment Model

The CAC function needs to decide, at the connec-
tion setup and according to traffic descriptors, whether
the request for establishing a connection should be ac-
cepted. In practice, however, the difference between ac-
tual traffic characteristics and the traffic characteristics
described by a source traffic descriptor prevent us from
reaching a correct decision (see the example given in
the Introduction). Based on the CAC using the non-
parametric approach, the problem is described as

Bcell g B(gl,gz, . .,en;’}/),

if R, # ]?El or A; # ﬁi. There are two causes of this
problem: one is the difference between the actual MNA
and the negotiated MN A, and the other is the difference
between the actual ANA and the negotiated ANA. We
can remove the first cause by using the result shown in
Ref.[6]. We define

1- ai/n k= 0,
Oi(kyriya) =< aifr; k=r,
0 otherwise.
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The function B(64, ...,
tion of r;. Therefore,
B(Gl(Rl, (1,1), QQ(RQ, a2>, ey QH(Rn, an); "}/)
é B(gl(Rl) a’l)a 92(R25 aZ)) AR GH(RTH an)a 7)

f..;7y) is then an increasing func-

In particular, when a; = A; for all i,
Been §B(91(§17A1)~--79n(§mAn);7)- (4)

In other words, the use of the negotiated MNA as _the
actual MNA provides the largest evaluation of cell-loss
ratio for any ANA. The remainder of this paper can
therefore focus on the later factor — that is the differ-
ence between the actual ANA and the negotiated ANA
under the assumption that the true MNA is the negoti-
ated one — in order to find a way of assigning band-
width large enough for any cell stream conforming to
the descriptors. _

Hereafter we redefine 0;(k;a;) = 6;(k;R;, a;).
Therefore 6; (k) = 6;(k; 4;).

4. Relations between the Negotiated ANA and Cell-
Loss Ratio

Consider a set S of VCs. When SC N, we define the
set function B,(S) on N, as follows:

B,(S) = B(qf,qagw-.,q;i;v)
Yolk =TT 6i(k)

k €S

— = S ?é @;

SokII* 6i(k)
k i€S

B’Y((b) = 07

where we define
PR k) otherwise.
We also define
(1 k=0,
1(k) = { 0 otherwise.

Lemma 1: If we assume that {f(k),k =0,1,...} is an
arbitrary probability distribution such that f(k) # 1(k),
then

B(£,6:(A:);) < max { B(£,857), B, i)}
and if f(k) = 1(k),

Proof
See Appendix A.1.
Theorem 1: There is a set S( S N,,) such that

B(61(A1),02(Az), - - On(An); 7) = By(S).
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allA, =0.
:L’ -
! _ ANA of VC-2
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Z1
ANA of VC-1 @ Candidate points that B is maximized.

Fig. 3 Example of the point that B is maximized.

Proof
See Appendix A.2.

The physical meaning of this theorem can be seen
by considering Bi@l, ...,0,;7), which is a function of
A;, under fixed R;. The range of this variable A; is
(0, A;] and forms an n-dimensional rectangular domain.
Therefore Theorem1 shows that the function is max-
imized at the end-points of the range or at a certain
vertex of the rectangular domain, except one in which
all A; are zero (Fig. 3).

5. Conditions for Specifying Traffic Contract Pa-
rameters

In this section, we show the sufficient condition provid-
ing the semi-order relation on set N,,. Theorem1 con-
cludes that B(f;(k;a;);v) can be maximized at a; = 0
or A;, and this relation enables us to avoid searching
the 2™ — 1 end-points of A;s for those that maximize the
function B(01,60s,...,0,;v). Thus, we can easily and
naturally evaluate the cell-loss ratio.

First, we define the set functions F.,(S) and A(S)
on N,,. When SCN,,,

* o~
Fo(8) =) I] o),
k=~ieS
AS) =D A
i€8
The function F,,(S) means the probability that the num-
ber of cells arriving within an interval of « slots is
greater than or equal to . And the function A(S) is
the average number of cells arriving within an interval
of v slots.
Lemma 2: For any SCN,, and

Vi € Np\5S,
we have

718) = (52) (5,509 - 5:(5)
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< F 7 (S).

Proof
See AppendixB.1.
This shows that the set function F,(S) is nonin-

creasing with respect to .
Lemma 3: If there is S (S N,,) such that

B,(S) < F,(9),

then for any ¢ € IN,, we have
B,(S) < B,(S).

where
St=su{il

Proof

See Appendix B.2.

Theorem 2: If at least n — 1 VCs in N, satisfy the
inequality

= =7, &)

then, in terms of two sets of VCs
51,53 C Ny,
we have
81 C 82 = B,(S1) < By(S2). (6)

Proof
See Appendix B.3.

According to Theorems1 and 2, if the negotiated
parameters specified by users of, at least, n — 1 VCs sat-
isfy condition (5), then we have the following equality:

n

Sréal% - (5) 7( )

Combined this with inequality (4), we have

B(p1, 92,5 9n;7)
< B(Ol(Al)’02(A2)a s >‘9n(An);'7)
§ B(§1,§27. .. 7§na7)

Therefore it is guaranteed that the cell-loss ratio evalu-
ated from the negotiated MNA and ANA is the upper-
bound of the actual cell-loss ratio. That is,

Bceéi g B(gla 527 e 07177)

6. CAC Guaranteeing Cell-Loss Ratio

Here we describe a CAC that includes condition (5).
We assume that n VCs have already been accepted in
the VP. At the new VC setup, if for at least n VCs in-
cluding the new VC, the negotiated MNA and ANA
satisfy condition (5), we evaluate cell-loss ratio of VP

IEICE TRANS. COMMUN,, VOL. E78-B, NO. 3 MARCH 1995

by using (3) and decide whether to accept or reject based
on that calculated (3) is less than the cell-loss ratio ob-
jective. Otherwise, if there are m VCs (m < n+1) which
do not satisfy condition (5), we take the following new
negotiated ANA A; for the m VCs:
2
i=" (7)
Y
For the m VCs, we use A; substituted for Ai. Then for
n VCs of all VCs,jcondition (5) is satisfied. We also use
(3) to evaluate the cell-loss ratio of VP from the new
negotiated parameters and decide whether to accept or
reject.
Note that the new A; calculated by using (7) is
greater than A;. Therefore we give the VC extra band-
width.

7. Numerical Example

Figure 4 shows examples of behavior of cell-loss ratio
with respect to actual ANA of a VC. Case A in Fig. 4
means the cell-loss ratio evaluated using (3) does not
upper-bound the actual cell-loss ratio of the VP. In oth-
erwise, case B has no such problem. Here we give an
example of case A which gives more realistic than that
given in the Introduction. We assume that the capacity
of the VP is 156 Mbps, that the output buffer size is 127
cell places, and that there are two types of VCs in the
VP. The negotiated values for type-1 VCs are a peak bit
rate of 1.5Mbps and an average bit rate of 0.3 Mbps.
The negotiated values for type-2 VCs are a peak bit
rate of 95.0Mbps and an average bit rate of 0.6 Mbps.
Type-1 VCs satisfy (5), but type-2 VCs do not.

If there are 100 type-1 VCs and 2 type-2 VCs in the
VP and if the actual average bit rate of type-1 VCs is less
than the negotiated bit-rate, the evaluated cell-loss ratio
is not the upper-bound of the actual cell-loss ratio of
the VP. Figure 5 shows that under these conditions the
actual cell-loss ratio is greater than that evaluated from
the negotiated values, but smaller than that evaluated
by using (7).

Cell-loss ratio

Negotiated ANA

.
-

Actual ANA of certain VC

Fig. 4 Behavior of cell-loss ratio.



AIDA and SAITO: TRAFFIC CONTRACT PARAMETERS AND CAC GUARANTEEING CELL-LOSS RATIO IN ATM NETWORKS

gu?
= . I
= Evaluation using our modification.
2
=}
=
°
&)

1035 \ o

Actual cell-loss ratio.
10 4
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103 .

0.1 1 10 100 %
(Actual ANA)/(Negotiated ANA)

Fig. 5 Relationship between cell-loss ratio and actual ANA
(type-1 VCs).

8. Conclusions

We derived the sufficient condition under which the cell-
loss ratio derived, using the nonparametric approach,
from the negotiated MNA and ANA is guaranteed to
be the upper-bound of the actual cell-loss ratio of the
VP. Because this condition can be imposed on an in-
dividual VC, a CAC that satisfies this condition can
be developed by simply converting the negotiated traffic
descriptors into the traffic parameters for the CAC.
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Appendix A: Proof of Theorem 1

A.1: Proof of lemma 1

The partial derivative B(f,0;(A;);y) with respect to A;
18

OB(f,0;(A:);v)
0A;

_ ! Ef iR
= & 1 A)? [ﬁi ;{[k TR
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ey P — Z[k—w(k)],

k

where Ey = 3 4o k f(k). We conclude that the sign of
8B(f,0:(Ai);v)/0A; is independent of A;. Therefore,
we have
B(f,0:(A:);7)
< { B(f,057) OB(f,0:(A:);v)/04; 20,

If f(k) = 1(k), then

9B(f,6:A)im) _ 0 [Ri—ol" _ ¢
HA; T 0A R,
and
B(f,0:(A:);v) = B(f,05;7)- 0

A.2: Proof of theorem 1

We define
f1(k) = [02(A2) x 03(Az) % - -+ % 0,(An)](K),

where binomial operator « represents convolution. Next
we can define

fz(k) = [QI *'93(A3) *oek en(An)](k)

filk) = [qu - x g1 %0ip1(Aigr) x -+
% 0n(An)](K)

fu(k) = @ xg2x -+ % gn—1](k)

by using the following relation
[fir1 * 01 (Air)] (k) = [fi * a] (k),

where
b = { Gik)  OB(f,6:(4))/0A 2 0,
(k) 9B 0:(4:)/04; <0
Using Lemmal and (A- 1), we have

B(01(A1), ..., 0.(An))
= B(f1,01(A1))
< B(f1,q1) = B(f2,02(42))

(A-1)

< B(fn—l,‘]n—l) = B(fn: gn(An))
< B(.fn;qn) = B(fh, ce 7Qn)7

(g1 xqa*--- * ¢n] (k) # 1(k).
We conclude that there is SC Ny, such that

B(el(Al)a s 7971(An>) é B(q17~ . 7%1) = B’Y(S)
O
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Appendix B: Proof of Theorem 2

B.1: Proof of lemma 2

We have
B (S)—B,(S)
_ 15 Z{k v+ Rt }Hé‘(k
k j€s
5| S50
k=~ j€S
v—1
+ > (k—y+Ry) H@ }
k=y—R, jes
R;
_mﬂ(s),
and

B.2: Proof of lemma 3

Ifi €S, then S = S* and we have

B,(S) = B’Y(S+)'
IfietS,wehave

B,(s*) = e

k JES+

s /R’>< () —&(5))}.

Therefore B, (ST) =
(%) (B, 705~ B,(5)) 2 B,(5).

From the assumption in Lemma3 and from Lemma?,
we can show that

(2) (5,59 - B:(9) 2 705) 2 5(5).

B,(S) is equivalent to

IEICE TRANS. COMMUN., VOL. E78-B, NO. 3 MARCH 1995

B.3: Proof of theorem 2

We define
T =5\i

in terms of S EN,, 7€ 85. Consider the sufficient con-
dition that if

B(S7) £ Fo(57),

then its relation is conserved in terms of S. That is,
B,(S) < 7,(S).

Using Lemma?2, we have

() ~ B,(5)

A(S™) A _ _
A B+ F B (678, (5)

&

2% (% - a5 (f%gi<s—> - (5)).

Therefore

A(S) = R; (A-2)

is the sufficient condition for F. ( ) = B,(S). Next
we choose j; € S (I = 1,...,s — 1) for arbitrary
SCN, (5] =s) as follows:

R;, 2R, 2 2Ry, (A-3)

and, forl=1,2,...,5—1,
R2
Ajl

In addition, we define S;  C S as follows:

Sm EE&
Sh = {j1}7
sz = {j17j2}7

Sj = Sjm Y {Jm}

S;, =8.
In terms of S;,, we have
By (Ss0) = Fy(Sjo)-
If for some S;  (m < s —2),
By (Sjm) £ F5(S,0),

and
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m+1

Z Rj <,
=1
then we ecasily have

B’V(Sjm+1) = F’Y(Sjm-f-l)'
On the other hand, if

m+1

Z Ejt g Y
=1

from the relations (A- 4) and (A- 3), we have

m-+1 N m+1 g 1 m-+1 _
D Bis) Fys=—7> A
=1 =1 RJZ ij+l =1

Using condition (A- 5), we have

R, <> A
=1
Because this satisfies condition (A-2) we have
B’Y(Sjerl) < f’Y(Sjm-H)'
Therefore, for0 <1< s —1,
Bw(sjz) < ]:'y(sjz)»
and we conclude that for arbitrary S C N,

B,(Sj,) £ B(S;,) < - < B,(8)

(A-5)

holds and that for arbitrary S1, S2 € N,,, inequality (6)
holds.
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