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Abstract

This paper describes a realtime connection admission control scheme for supporting multiple service
categories, including ABR with non-zero MCR, in ATM networks. The scheme is based on fwo featured
technologies. One is a realtime cell-loss ratio evaluation algorithm for VBR. The other is a realtime
evaluation of available bandwidth for ABR. The most remarkable characteristics of this control scheme
are that it terminates within a fow milliscconds and that its time is independent of the nnmber of VCs.

1 Introduction

Since Asynchronons Transfer Mode (A'T'M) networks support many types of traffic generated by a
variety of applications, they must be able to guarantec Quality of Service (QoS) for these types of traffic.
QoS control schemes should support the individnal service categories that are available through the
A'TM networks. Since, in general, the quality of a Virtual Channel (VC) is affeeted by other VCUs in
the same and in other service categories, tratfic control should support multiple service categories. A
Conneetion Admission Control (CAC) that supports multiple service categories is particularly important
for gnarantecing (3oS.

In the CAC model described in this paper, the user specifies QoS requirements and anticipated traffic
characteristics at the time a VO is set up by using a source traffic descriptor (Fig. 1). the CAC sections
of cach Virtual Path (VI) determine whether the network resources for the VO are sufficient based on
the QoS requirements and traffic descriptors. If there are not enough network resources available, the
VC is rejected.

CAC should satisfy the following three requirements:

o Tt should be fast enough to make realtime decisions.
o It should supportt A'T'M multiple service categories.
o It should be simple enough to reduce network cost.

The cost of CAC based on ohservations of the actual number of cells arriving becomes higher than that
of CAC networks that are based only on traffic contract parameters, e.g., GCRA parameters [1]. This
paper, thus, focuses on a CAC scheme based only on GCRA parameters. There is a realtime CAC
proposed in previous work [6], which is suitable for an environment in which multiple service categorics
are available. It is hased on a realtime cell-loss ratio (CLR) evalnation algorithm, and it can support
Constant Bit Rate (CBR), both realtime and non-realtime Variable Bit Rate (VBR), Available Bit Rate
(ABR), and Unspecified Bit Rate (UBR) [2]. The most remarkable characteristics of this scheme are that
it terminates within a few milliseconds and is independent of the number of VCs.

However, in [6], ABR is restricted such that the Minimum Cell Rate (MCR) must be zero. This is
okay when ABR services arc first introdnced. However, in the second stage of ABR services, demand for
MCRs will increase bevond zero. This is hecanse user demands such as realtime services on data networks
are currently increasing, so protocols such as ST-Il [11] and RSV P [8] should support a strcam type of
traffic. Therefore, a realtime CAC scheme including ABR with a non-zero MCR becomes important.

We consider a model in which ABR shaves bandwidth with the higher priority classes (i.e., CBR,
VBRs). ABR uses the portion of the bandwidth that is not used by the high-priority classes. Therefore,
it is important to decide whether MCR can be guaranteed or not. In this paper, the unused portion of
the bandwidth is evalnated by using the Allan variance of link utilization, and we propose a new realtime
(!AC scheme which is able to support multiple service categories including ABR. with non-zero MCR.

T'his paper is organized as follows: In Section 2, we define the termmnology and hriefly review the
realtime CLR evaluation scheme used in this paper. Realtime CLR evalnation for each service category
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Figure 1: Configuration of CAC sections.

Table 1. Notations.

Y* ] Set of CBR VCs.

Y1 Set of Realtime VBR, VCs.

¥ 1 Set of Non-Realtime VBR Vs.

Y7 Set of ABR VCs.

P; | Peak Cell Rate (PCR) of the i VC.

S; | Sustainable Cell Rate (SCR) of the ¢'" (VBR) VC.
B; | Burst Tolevance (BT) of the i'* (VBR) VC.

M; | Minimum Cell Rate (MCR) of the i*" (ABR) VC.

1s explained in Section 3. In Section 4, we briefly review the rcaltime evaluation of available bandwidth for
ABR. Section 5 gives a framework of the realtime CAC scheme that supports multiple service categories
including ABR with non-zero MCR.. Finally, in Section 6, we show the efficiency of this scheme through
numerical examples. The accuracy of QoS evaluation and the short processing time of the proposed CAC
are discussed.

2 Background

2.1 Terminology

Each transmission link can accommodate one or more VPs. Fach VI is assumed to have a rigid
houndary, or in other words, each VI is assigned a fixed bandwidth. The transmission link may be used
as one VP. Each VC acconunodated in the VP is assigned to one of several service categories.

In this paper, we divided time into fixed-length slots, cach of which corresponds to an ATM cell’s
transmission time. The slot length is defined as L/, where I is the cell length [bits] and C is the
capacity of the VP [bps]. We adopt the slot length as a unit of time.

Each VC in the VP 1s indexed by 4. Some important notations, used in this paper, are listed in
Table 1. Here, Burst Tolerance (B'1') B; is calculated from Maximum Burst Size (MBS) [1].

2.2 Realtime CLR Evaluation Algorithm for VBR

Our CLR evaluation algorithm used in this paper is based on Saito’s CLR-evaluation formula using the
nonparametric approach [10]. It is known that Saito’s formula gives the upper bound for CLR. Although
Saito’s formula requires convolution, our CLR evaluation algorithm does not, and gives a sufficiently
accurate approximation of Saito’s formula to achieve realtime CLR evaluation.

For VBR Vs, let us define the following three parameters:
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Co(M) = Y Si(Fi = 5i) (B — 250, (3)

where ¥ denotes the set of VBR Vs accommodated in a V. In addition, we define
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where
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: 5
Fn = CoHn(U =Y, (6)
Gy = 4C3Hy(1—Hy)(N+1), (7)

and N (> 4) is the number of iterations determined from the target termination time for the calculation.
From C3 and Cp, we define D as
D = max(Cs, (). (8)

Thus, we obtain CLR evaluation B in the form

N—1

! R ; . (A RYK+E
B(E. )= exp (—A/R K — A4+ b))t 9
(51 = - exp =4/ )f\;o(\ T (9)
where )
i D 5 .
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R A= LA, (10)
and Ny
A= ——— K =JA], (11)

R

where [2] denotes the minimum integer greater than or equal to 2. In a normal case, i.c., single priority
class, we set

I'= 1. (12)

In the CLR evaluation formula (9), however, it is necessary to calculate the factorial. This can be done
by nsing Stirling’s law, ‘ ‘

logm! ~ (m+ 1/2)logm — m+ (1/2)log 27. {13)

Formula (9) gives a sufficiently accurate upper bound for CLR within constant time independent of
the number of VCs [3].

3 CLR Evaluation for Individual VBR Category

3.1 Transmission Discipline of Cell Buffers

To support multiple service categories, it is necessary to choose a transmission discipline at the
output cell buffer in ATM SW. For casy implementation, we chose a simple transmission discipline. This
discipline shonld support the five service categories: CBR, realtime VBR (rtVBR), non-rcaltime VBR.
(nrtVBR), ABR, and UBR.

Let ug consider an example transmission discipline based on an example of architecture for cell buffers.
We assign a cell buffer to cach service category (Fig. 2). Cell buffers are separated logically, so cach buffer
does not need to have deterministic capacity; that is, it is possible to use a common memory buffer for
all service categories. However, we assuime that the only ABR buffer has deterministic capacity.

Each buffer has a priovity class for transmitting cells which corresponds to its service category. Cells
in one buffer can be transmitted only when there are no cells waiting in a higher priority buffer. CBR
has the highest priority, followed by rtVBR, nrtVBR, ABR, and UBR. This type of priority control is
casy to implement.

In addition, we assume the judgment criterion for limiting the ABR cell rate to MCR is the nmber of
cells waiting in the ABR buffer. We call this criterion the congestion detection point. [ in Fig. 2 denotes
the capacity of the buffer between the congestion detection point and the fully occupied point. In fact, {
is diminished corresponding to control delay [4, 5].
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Figure 2: Cell buffers in SW.

3.2 CLR Evaluation for rtVBR

This section explains realtime CLR evaluation for rtVBR. The concept behind the CLR evaluation
for 1tVBR is simple: since CBR is the only service category that has a higher priority than rtVBR, we
only need to consider CBR. and rtVBR cells. CBR cells have the highest priority and occupy constant
bandwidth. Therefore, rtVBR cells are accommodated into the bandwidth not used by CBR.

To evaluate the CLR for rt VBR using the CLR evaluation algorithm mentioned in the previous section,
we set the parameters as follows: ('), Cs, and 'y are calculated with respect to only rtVBR. This means
we choose

=3 (14)
in (1)=(3). In addition,
I'=1-C1(3). (15)
Consequently, with (14) and (15), we can obtain the upper bound CLR for rtVBR, B, as
B, = B(¥", 1 - (X)), (16)

by using (9).
3.3 CLR Evaluation for nrtVBR

This section explains realtime CLR evaluation for nrtVBR. Since CBR and rtVBR have higher prior-
itics than nrtVBR, it 1s necessary to take CBR, rtVBR, and nrtVBR, cells into account. CBR. cells have
the highest priority and occupy constant bandwidth, while 1t VBR cells have priority over the rest of the
bandwidth. The remaining bandwidth that is not used hy CBR and rt VBR can be used by nrtVBR cells.
Unlike 1t VBR, the remaining bandwidth available to nrtVBR is not a constant bandwidth. Therefore,
our technique is to first calculate the CLR for the combined cell low of rtVBR and nrtVBR. Then all
the lost cells are regarded as belonging to nrt VBR, and CLR. is isolated for only nrtVBR. VCs from the
mixed CLR.

To evaluate the CLR for nrtVBR using the CLR. evaluation algorithm, we set parameters as follows:
4, Cs, and Cs are calculated with respect to rtVBR and nrtVBR. This means we choose

S =¥ us, (17)

in {1)-(3). In addition,

P=1-0C(X9. (18)
With (17) and (18), B in (9) gives the upper bound CLR for the combined cell flow of 1t VBR. and nrtVBR
VCs. In order to isolate the nrtVBR’s CLR, we regard all the lost cells to be in nrtVBR VCs. Then, we
can obtain the CLR for nrtVBR, B,, as

_ o) (Ev U E”)

By = —— B(XruX™ - Ci(¥Y), 19
(jl (E”‘ ) ( 1 ( )) ( )

by using (9).
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4 Evaluation of Available Bandwidth for ABR and Allan Variance

Here, we adopt the transmission discipline shown in See. 3.1. Then, cclls of the ABR class at the
multiplexor in the ATM-SW are only transmitted when there are no cells of high-priority (CBR, VBRs)
clagges. This section presents a method of estimating the bandwidth that is um]qo(] by the high-priority
V(s and is therefore available for ABR. [4] using a notion of Allan variance [7, 9].
4.1 Allan Variance of Available Bandwidth for ABR

In order to evalnate the worst case for ABR, we consider limited source traffic patterns of high-priority
traffic, CBR and VBRs. We assume that the traffic characteristics of the VBR VCs comply with the
GCRA specified by the ATM Forum {1]. We regard the case of a CBR VC as a special VBR VC, in which
the peak rate is equal to the average rate, and the CBR VCs also comply with the GCRA. For the 7
high-priority VO, we consider traftic patterns which satisfy the following three conditions [4]:

¢ Actual maximum cell rate is PCR, 7%,
e Actual average cell rate is SCR, 5;, and
e For arbitrary time g, the maximum length of a burst at the PCR is always included in ¢ > ¢,.

We call the traffic patterns ceiling patterns, and define the set of all ceiling patterns as ;.
For a ceiling pattern ¢ € &;, we define the average utilization of the transmission link caused by the

i high-priority VC, and observed during successive time [0, 1), to be X;(¢,¢). Allan variance [4] of the
link utilization with respect to the i V(' is defined as

o (t) == sup E[(Xi(t,¢) — 5:)7) (20)
<ES;
From [4] ) in axvmptohc regions t < 1 and ¢ 3> | can be evaluated by using only GCRA parameters
of the 4P hlgh priority VC, and for ¢t > |,
o) =007, (21)

Next, we consider Allan variance of the link utilization ¢*(#) with respect to all aggregated high-
priority V(s accommodated in the VP. From [4] and [5], asymptotic behaviors of ¢*(¢} are derived as
follows: In the case of asymptotic region t € 1,

S = S (- ), <, (22)
where ¥ = S7UY" U Y™, Here, we define 7= C (X" (1 = C(E"). In the case of asymptotic region
> 1,

al(t) < evt?, > 1, (23)
where =3 corgun @i and
ap = infl{ &l of (1)t < &) (24)

Hereafter, we assume, for the worst casc, that (23) is an equality, and

o PR S+ DY :
6=q > <w——-—” - ) (25)

. " i 2
LIS

4.2 Evaluation of Available Bandwidth for ABR

When we know the queuc length of the ABR buffer shown in Fig. 2 at time £ = 0 and all ABR VCs
are limited to MCRs, we conwlm the variance, V(7), of the quene length at slot ¢ = 77 V(0) = 0 when
t = 0, and using the Allan variance, V(1) is denoted as

: EFPR o
Vi(t) = o () 1~. (26)
After congestion is detected, the rate control mechanism limits the cell transmission rate of the j*
ABR VC to \I( ‘R Mj. At this point, we set time £ = 0. Consider the state in which the ABR buffer
overtiows and cell loxs occurs. We call this heavy congestion. Here, we define two time points as follows.
One is T4 sueh that the minmmum time in w hich heavy congestion occurs. Since heavy congestion does

not. occur hefore I+ 1 ABR cells arrive, Ty 1s defined as

[+ 1 .
Ty = ——\ 27
0 Y (27)
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where M = 3" q. Mj. The other time point is T defined as

1= Ve /P (28)

"This means V' (¥) has an upper bound f(z‘) such that

Sy ) Bt 0<t <y,
Vit) = { o Tt < o (29)

as shown in [4].
We introduce coordinate ¢ on the ABR buffer and assume that the number of cells in the ABR buffer
takes a continuous value. We assign ¢ = 0 at the edge of the ABR buffer (fully occupied point) and

g = —/ at the point far from [ from the edge of the ABR huffer (Fig. 2).

Using the Fokker-Planck equation, we estimate tho probability that heavy Congmtion will occur in
spite of the fact that the cell transmission rate of all ABR VCs are limited to MCRs. The probability
that the quene length of the ABR buffer is in the interval [q,q + dg) at time ¢ is P\p](‘\s(‘(l as I’(q,1) dq.

We choose the initial state as P(q,0) = 6(q+ 1), where §(+) is the Dirac & function. P(q,1) should satisfy
the following Fokker-Planck equation:

9 p 1) D Aty 4 - B(q,1) b P(q.0) 30)

At = 5 — o Alyg, P 24 UR q,t} b

ot g YT g / (
where A(q, 1) = —(1 — M — (M), B(gq,t) = 23t when t <17, B(q,t) = 0 when ¢ > 7. Note that the
diffusion coefficient B(q¢.1) depends on ¢ an(] causes very fast diffusion in ¢t € [0,7}) due to the burstiness
of the high-priority traffic.

For taking into account the houndary conditions corresponding to the capacity of the ABR buffer,
we use the method of images. We adopt the boundary conditions such that P(0,¢) = 0 and ¢ = 0 is the
absorbing point. Then, let /3,.(¢.t) be the solution of Eq. {30) under the boundary conditions. In order
to approximate F,.(q, 1‘), we introduce the generalized linear Fokker-Planck equation

H a 19> 9

0 :,
a_f(b)((/*(/\f)_ {*%})—;‘4((177‘)‘% 2()1 0 )H(lll )}Q((I\q\{)) (51)

where y is a supplementary parameter. When the initial condition is @ (¢, 1.0) = ¢™¥8(q + {1) and the
houndary condition Q% (Loc,y,#) = 0, then the solution to {(31) is

Qt(q,y.1) = et Palg. 1), (32)
and QV(q,y,1) — Polg,t) (y — 0), where Py(g,t) is a solution of (30) with the boundary condition
Po(doo,t) = 0. Py(gq,t) is a normal distribution. On the other hand, when the initial condition is
Q@ (q,9,0) = —e7Y6(q — 1), then the solution to (31) is

Q (0, 9.1) = QN (¢, —u.1). (33)

Therefore, it can be said that Q@ (¢, y, ) is a mirror image of Q*(q y. 1) with respect to the point ¢ = 0.
Using these solutions; we approximate the solution of (30) with the boundary conditions, A..(q,1), for
0 <t <y as

Poclat) = [@Y g0 )+ Q (09,1 ,_, A=)

SR N N (gl A exp (gl A h—g) (34)
- Irgt 2312 ; 2518 ' ’ |

where, A(-) is the Heaviside step function. In addition, in T < ¢,
Poclg,t) = Poo(g — A = 1), T)). (35)

Consequently, the plobnhlln‘v Plogs, which is the probability of cell loss occurring in spite of the fact that
the cell rate of each ABR VO accommodated in a VI is limited to MCR, is denoted as

— . .\ 2 .
Poss = 1 lfgi}% (/ }1).?(([7f) (lq
00 _
= 2/ Polq,T), ' (36)
0
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where T' = max(Ty, 7).

Next, let a quality standard be P, which is the probahility of cell loss occurring in spite of the fact
that the cell rate of each ABR VC accommodated i a VP is limited to MCR. We determine whether
the available bandwidth is sufficient or not, by examining if the evaluated probability Pss is smaller or
greater than P. We define £p, corresponding to the quality standard P as

9 o L2 .
P = \/j/ exp (_q_> dy. (37)
T S 2

By transforming Py(q,t) to a standard normal distribution, we have the following procedure: When
Ty > 1, there 1s enough bandwidth for ABR if

I>7 [ﬂ‘/‘l tp— {1 =M -y (‘S"))] ~ (38)
When 77 < Ty, there is enough bandwidth for ABR if

My Y2 — (1= M = (BM))
I =y ()

I >

Otherwise, there is not enough handwidth for ABR.

5 CAC for Multiple Service Categories
‘I'his section explains the whole framework of realtime CAC for multiple service categories and each
CAC algorithm corresponding to service category based on realtime QoS evaluations.

5.1 Framework

CAC scctions, corresponding to VP, maintain the information of the scrvice category and traffic
descriptors of VCs already connected through the VP. Figure 3 illustrates the framework of a CAC
section for supporting multiple service categories. At the time the VC is set up, the CAC section,
corresponding to VPs on the potential route, obtains mformation, from the new VC, on the service
category and traffic descriptor. Fach CAC scction checks the service category of the new VO and assigns
it to a CAC algonthm corresponding to its service category (Fig. 3).

The CAC algorithm determines whether the new VC should he accepted or rejected, based on QoS
evaluations. The VC is accepted if and only if all CAC sections on the route can accept the VC, otherwise
the VC is rejected. 'The user 1s notified of the result.

The CAC decision-making process in each CAC algorithm is explained in the sections helow.

5.2 CAC Algorithm for ABR

In the case where the new VC required to be set up is in ABR, the CAC algorithm for ABR. only
calculates whether there is enongh bandwidth for ABR or not, by using (38) or (39) shown in Section 4.2.
If there is enough bandwidth for ABR, the new VU is aceepted. Otherwise, the VO is rejected (Fig. 4).
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Figure 4: Realtime CAC algorithm for cach scrvice category.

5.3 CAC Algorithm for nrtVBR

In the case where the new VO required to be set up is in nrtVBR, the CAC algorithm for nrtVBR
calculates hoth the CLR evaluation for nrtVBR and the available bandwidth for ABR. as shown in
Sections 3.3 and 4.2, This 18 because the VC intluences not only nrtVBR V(s but also ABR Vs, Fven
if the new V(' has a higher priority than ABR VCs with respect to cell transmission, the new VO must
not violate the QoS of ABR Vs that are already set up.

if evaluated CLR for nrtVBR is smaller than or equal to the standard C'LR and there is enough
bandwidth for ABR, the new VC is accepted. Otherwise, the V(i is rejected (Fig. 4).

5.4 CAC Algorithm for rtVBR

I the VO reqmired to be set up is in rtVBR, the CAC algorithm for rtVBR. calculates the CLR
evaluations for rtVBR and mrtVBR, and the available bandwidth for ABR, as shown in Scctions 3.2, 3.3
and 4.2. The rcason for this 1s the same as in the nrtVBR casc.

It the evaluated CLRs for vt VBR and for nrtVBR are smaller than or cqual to the standard CLRs
for rtVBR and nrtVBR, respectively, and there is enough bandwidth for ABR, the new V( is accepted.
Otherwise, the Vs rejected (Fig. 4).

5.5 CAC Algorithm for CBR

When the new VO is in CBR. the CAC algorithm for CBR calculates the CLR evaluations for rt VBR
and nrtVBR, and the available bandwidth for ABR, as shown m Sections 3.2, 3.3 and 4.2. In addition,
the CAC algorithm checks the total bandwidth oceupied by CBR.

If the total bandwidth occupied by CBR VUs including the new V(& is smaller than or cqual to the
capacity of VI, the CAC algorithm caleulates the CLR evaluations for vtVBR and nrtVBR, and the
available bandwidth for ABR. Otherwise, the new VCis rejected. Next, if the evalnated CLRs for vt VBR
and for nrt VBR are smaller than or equal to the standard CLRs for rtVBR and nrtVBR, respectively,
and there is enough bandwidth for ABR, the new VC is accepted. Otherwise, the V(' is also rejected
(Fig. 4).
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Figure 5: Accuracy of CLR evaluation formula.

6 Numerical Examples

'T'his section examines both the accuracy of our evaluations and the processing time for the proposed
CAC.

First, we examine the accuracy of CLR evaluation formula (9) by compminﬂ' with the real nppm~
bound of CLR. Consider two types of traflic, type-1 and type-2. Type-1 has PCR of 10 Mbps and SCR
of 0.5 Mbps, type-2 has PCR of 1.5 Mbhps and SCR of 0.2 Mbps. We choose a VP capacity of 150 Mhps
and an output buffer size of 100 cell places. Figure 5 shows the CLR. evalnation using {9) and the real
upper bound for CLR when only PCR and SCR are available. The ratio of SCRs of type-1 to type-2 is
8:2, 5:5, and 2:8. Number of iterations is set to be N = 10. Formula (8) gives an accurate evaluation
over a broad range without the need for convolution caleulation.

Next, we investigate the accuracy of the available bandwidth for ABR by simulation results. The
capacity of the V1> 1s 150 Mbps. Therce are 10 VBR Vs and they are mutually independent. All of them
have the same traffic descriptors, and their PCR and SCR are 50 Mbps and 5 Mbps, respectively. A cell-
buffer for high-priority VCs has infinite cell places. 7 in an ABR cell-huffer is 50 cell places. Simulation
resnults are given under the following two conditions: There are 10 or 20 ABR VCs and their MCRs are
1.5 Mbps. Therefore, total MCR. ig 15 Mhps or 30 Mbps, respectively.

Figure 6 shows the probability .. that heavy (‘ongmtion oceurs under congestion conditions with
respect to BT of VBR VCs. Figure 6 (a) denotes the case of 10 ABR VCs and (b) denotes the case of 20
ABR Vs, Notice that the probability .. is not CLR. The estimation is practical and accurate in the
nse of CAC applications.

We assume that the call processor in SW is model 68040 with a floating-point co-processor, and ifs
processing rate 15 15 Mips. In the CAC process, the CLR evaluation algorithm requires a truncation
paramcter N in (9). 'I'his refers to a truncation of smmmation to the first & terms, and is closely related
to the time for CAC decision and the accuracy of CLR evalnation. In applying the CLR evaluation
algorithm to CAC, 1t gives sufficient accuracy when N > 10 [3]. Table 2 shows the time for the CAC
deeision with mxpoct fo the new CBR, rtVBR, nrtV BR. and ABR V(s. These caleulation times are
independent. of the number of VCs. 1t is achieved by using both a realtime CLR evaluation algorithm [3]
and an available bandwidth evaluation for ABR [4. 5]. The results show that the CAC process terminates
within a few milliseconds, and realtime CAC for multiple service categories can be achieved using the
proposed CAC.

7 Conclusion

In this paper, we proposed a CAC scheme that features two technologics: a realtime CLR evaluation
algorithm and an evaluation of available bandwidth for ABR. Since neither technology requires convolu-
tion calculations, the time necessary for CAC decision is short and in(lmwnd(nt of the number of V(s
accommodated in the VP. Morcover, the framework of the proposed CAC can support multiple service
categories inclnding ABR with non-zero MCR. "T'hercfore, we can achieve realtime CAC for multiple
service categories by using these Qos evaluation technologies.
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Table 2: Calculation time for CAC decision

[1feration times N [ 10720 T30 [ 40 [ 50 }

CBR (msec) | IH [ 1.8 ] 23|25 238
rtVBR {msec) [ 1.5 [ 1.8 | 23 | 25 [ 2.8
nwrtVBR (msee) [ JO | TT ] 13 [ 1.4 [ 1.2
ABR (mscc) |03 ]03 103 [03]03
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