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ABSTRACT

Realization of the economical, reliable,
and efficient ATM interface block becomes
an important key to development of the
ATM switching system when we consider
new issues raised recently. In this paper,
we summarize requirements for the ATM
interface block and present the UNI (User
Network Interface)/NNI (Network Node In-
terface) architecture to meet these require-
ments. We also evaluate the performance
of the multiplexer adopting the various mul-
tiplexing schemes and service disciplines.
For ATM UNI/NNI interface technologies,
we have developed a new policing de-
vice using the priority encoding scheme.
It can reduce the decision time for polic-
ing significantly. We have also designed a
new spacer that can space out the clumped
cell stream almost perfectly. This algo-
rithm guarantees more than 99 % conform-
ance to the negotiated peak cell rate. Fi-
nally, we propose the interface architecture
for accommodation of the ABR (Available
Bit Rate) transfer capability. The proposed
structure that performs virtual source and
virtual destination functions as well as a
switch algorithm can efficiently accommo-
date the ABR service.



230 Hong-Shik Park et al. ETRI Journal, volume 18, number 4, January 1997

I. INTRODUCTION

According to increasing user’s demands

for broadband services such as LAN intercon-

nection service, video conference and video

on demand (VOD) service, diverse broadband

services are being provided through ATM-

based equipments and ATM networks. Espe-

cially, proliferation of the LAN interconnec-

tion service for business users accommodated

in private networks is remarkable. Due to

this trend, even a public ATM switching sys-

tem naturally has various private ATM user-

network interfaces (UNI’s) as well as public

ATM UNI’s. In the implementation view point

of the ATM switching system, it needs to adopt

a more efficient and flexible interface architec-

ture than ever before. This is because it has to

accommodate various kinds of existing termi-

nals which do not comply with the ATM pro-

tocol. Moreover, due to high speed operation

of the switch fabric, most complex functions

such as cell header conversion, addition of a

routing tag, and OAM (Operation And Mainte-

nance) cell processing have to be implemented

in the ATM interface block of the ATM switch-

ing system. Recently, as ITU-T and ATM Fo-

rum have recommended new ATM transfer ca-

pabilities, various ATM layer functions also

need to be implemented in the ATM interface

block [1], [2]. Considering the issues men-

tioned above, implementation of a more eco-

nomical and efficient ATM interface block be-

comes an important key to development of

the public ATM switching system. For ATM

UNI/NNI interface technologies, we have de-

veloped a new policing device using the prior-

ity encoding scheme and a new spacer adopt-

ing the cell departure time control scheme to

resolve output contention.

Organization of the paper is as follows.

In section 2, we summarize requirements for

the ATM interface block focusing on the is-

sues raised recently. We present the UNI/NNI

(Network Node Interface) architecture to meet

these requirements in section 3. We also eval-

uate the performance of the multiplexer adopt-

ing the various multiplexing schemes and ser-

vice disciplines. In section 4, we present core

ATM interface technologies for the UNI/NNI.

We describe our policing device based on the

VSA (Virtual Scheduling Algorithm). It can

reduce the decision time for policing signifi-

cantly using the priority encoding scheme. We

also propose the new spacer that can space

out the clumped cell stream almost perfectly.

This algorithm guarantees more than 99 %

conform- ance to the negotiated peak cell

rate. Finally, we discuss implementation of the

ABR (Available Bit Rate) transfer capability.

The proposed structure that performs virtual

source and virtual destination functions as well

as a switch algorithmcan efficiently accommo-

date the ABR service.

II. REQUIREMENTS FOR
UNI/NNI

We summarize requirements for the physi-
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cal and ATM layer of the ATM UNI/NNI in the

following.

- Type of physical interface

Table 1 shows the types of physical inter-

faces of the ATM UNI recommended by the in-

ternational standard bodies.

Table 1. Physical interfaces of the ATM UNI.

Range ITU-T (public) ATM Forum (private)
-STM-4c -STS-3c

high
-STM-1 -155 Mbits/s multimode fiber,

speed
STP� and UTP�� interface

-E4
-100 Mbits/s multimode fiber

-51.84 Mbit/s -51.84 Mbit/s UTP interface
medium (SB only) -DS3/E3

speed -25.6 Mbit/s -25.6 Mbit/s
(SB only)

low -1.544, -DS1
speed 2.048 Mbit/s

� STP: Shielded Twisted Pair
�� UTP: Unshielded Twisted Pair

Besides the above interfaces, non-ATM

interfaces such as Ethernet LAN, DS3, and

DS1E interfaces need to be considered to ac-

commodate existing terminals and circuit em-

ulation services. As the speed of the interfaces

ranges from a few Mbits/s to several hundreds

of Mbits/s, it is necessary for the ATM inter-

face block to adopt an effective multiplexing

scheme.

In case of NNI, it is desirable to accommo-

date the interfaces which comply with the Syn-

chronous Digital Hierarchy (SDH) as well as

existing interfaces which are used to interface

with the existing networks. The NNI architec-

ture can be affected by the evolutionary strat-

egy of the existing networks. For the virtual

channel ATM switching system, STM-1 and

STM-4 interfaces have been recommended up

to the present.

- Operating speed of a switch fabric

The maximum speed of the interfaces that

the ATM interface block can accommodate is

limited by the operating speed of the switch

fabric. Therefore, the operating speed of the

switch fabric should be increased to at least

2.5 Gbit/s to enlarge diversity of the inter-

face types. We can consider multiple connec-

tion set-up through the switch fabric for high

speed service to overcome limitation of the op-

erating speed of the switch fabric. But, this

scheme may have difficulty in maintaining cell

sequence integrity.

- Evolutionary strategy of the network

The interface structure may differ accord-

ing to the ATMization strategy of existing net-

works. If we adopt the overlay network ap-

proach, interworking via the NNI’s is desir-

able. For the replacement approach, we should

consider interworking through the UNI’s as

well as NNI’s. Here, interworking via UNI

means accommodation of existing terminals

via existing interfaces. In any case the inter-

face structure may differ according to the lo-

cations where we implement the interworking

functions within the network.
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- CDV (Cell Delay Variation) and traffic

shaping

CDV due to cell multiplexing within the

ATM layer, insertion of the overhead in the

physical layer and the slotted nature of the

physical layer effects accurate operation of

traffic control functions such as UPC (Usage

Parameter Control) and CAC (Connection Ad-

mission Control). It also effects queueing per-

formance of the switch fabric. Further, to in-

crease the bandwidth utilization of the CAC,

minimization of the CDV effect is desirable.

As one of the methods to reduce the CDV ef-

fect, we can consider the use of traffic shap-

ing in the switch node. It is required to add

a traffic shaper to the transmitting part of the

NNI interface of the switch node to guarantee

the negotiated traffic parameters between two

adjacent switch nodes. It is well known that

if the worst case traffic due to the CDV oc-

curs, performance of the output-buffer type of

switch fabric severely deteriorates [3]. To im-

prove performance of the switch fabric, we can

also consider the use of a shaper in the ATM

UNI interface block.

- Protection switching [4]

In order to avoid service interruptiondue to

failure or performance degradation of links as

well as switch nodes, protection switching ca-

pabilities are required. These capabilities need

to be in the first place applied to permanent and

semi-permanent VP/VC connections. Protec-

tion switching architecture, switching trigger

mechanism, hitless protection switching, and

resource assignment method, etc. need to be

well defined and prepared.

- ATM transfer capabilities

ITU-T has newly recommended ATM

transfer capabilities such as DBR (Determin-

istic Bit Rate), SBR (Statistical Bit Rate),

ABR (Available Bit Rate), UBR (Unspecified

Bit Rate), and ABT (ATM Block Transfer)

to specify a combination of QoS (Quality

of Service) commitments and ATM traffic

parameters that is suitable for a given set

of applications and that allows for specific

multiplexing schemes at the ATM layer [1].

To support these capabilities, an effective

architecture for the ATM layer should be

considered. Especially cost-effective im-

plementation of the ABR transfer capability

including a switch algorithm, a virtual source

and a virtual destination is very important.

III. INTERFACE ARCHITECTURE

1. ATM UNI Interface Architecture

As the speed of the interfaces ranges from a

few Mbits/s to several hundreds of Mbits/s, the

ATM UNI interface block needs to have a mod-

ular and hierarchical multiplexing structure.

The multiplexing structure mostly depends on

the types of the interfaces and a cell delay due

to queueing at each multiplexing level. A ba-

sic unit of a module is decided by the number

of the links to be accommodated within a PBA
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Fig. 1. Multiplexing structure.

(Printed Board Assembly) and traffic volume

which a processor responsible for controlling

the interface part can handle. If we assume that

the speed of the input/outputlinks of the switch

fabric is 622 Mbits/s, we can consider several

multiplexing structures. These are depicted in

Fig. 1. Method (a) has a unique internal sys-

tem interface and can easily accommodate a

new interface. Expansion of the interface part

is also simple. But it is very difficult to imple-

ment this structure because of limitation on the

physical length of the internal system interface

when the system size becomes large. Method

(b) coincides with an improvement step of the

switch fabric, that is, it can keep step with the

gradual speed-up of the switch network eas-

ily. Method (c) aims to improve the difficulty

in implementation of the internal high-speed

system interface. This method multiplexes the

low-speed interfaces first to interface with the

internal medium-speed system interface. This

approach is easy to accommodate the medium-

speed UNI. Method (d) can easily guarantee

modularity and has merit in implementation.

But, it suffers from many internal system inter-

faces and relatively large amount of cell delay.

Features of each method are compared and

summarized in Table 2.

Fig. 2 shows an example of the ATM UNI

interface block based on method (c). Low-

speed interfaces are multiplexed first because

of ease of implementation when the number of

interfaces to be accommodated becomes large.

For the multiplexing scheme, we can consider

two methods. One method is to use the inter-

rupt with the priority to inform the multiplexer

the arrival of a new cell. The higher priority
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Table 2. Features of each multiplexing structure.

method
item

a b c d

no. of internal system
interface

small normal normal large

implementation very hard normal easy easy
utilization of statistical

multiplexing
good good good good

cell delay small normal normal large
H/W complexity low normal low high

broadcasting easy normal normal hard
concentration bad normal good good

Fig. 2. UNI interface architecture.

is given to the high-speed interface to reduce

the required buffer size. The other is to use a

polling scheme. In this case, additional control

overhead is required to guarantee the fairness

between different interfaces.

Fig. 3 shows the cell loss and cell delay

performance of the multiplexer adopting dif-

Fig. 3. Performance of the multiplexer, (a) cell loss, (b)

mean delay.

ferent multiplexing schemes and service dis-

ciplines. In the simulation, we consider the

multiplexer with 2 high-speed (155M) links, 2

medium-speed (44M) links and 14 low-speed

(2M) links. We assume that all input traf-

fic streams follow Bernoulli processes with

the parameter pi = 0.2, 0.8, 0.8, respectively.

We note that the interrupt scheme has better

cell loss performance than the polling scheme.

Even in the cell delay view point, the interrupt

scheme is better. In case of the interrupt with

priority method, fairness in the cell delay point
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of view is not so good because of its intrinsic

nature. But, cell delay in 2M links is not so

critical if we compare it with the cell transmis-

sion period (212 �s) of 2M links.

For demultiplexing, we can consider two

methods. One is to use broadcasting. The de-

multiplexer broadcasts cells to all interfaces

belonging to it and then each interface filters

the received cells with its own address. The

other scheme is to send cells only to the inter-

face that the demultiplexer wants to send to.

Identification of each interface in the method

where the intermediate multiplexing stages

are used can be done using a dedicated VPI

(Virtual Path Identifier)/VCI (Virtual Channel

Identifier) to each interface or an additional

routing tag. To take system expansion into ac-

count, identification by the VPI/VCI may be

preferred to use of the routing tag, because ex-

pansion of the routing tag seriously effects im-

plementation of the system hardware. On the

other hand, use of the routing tag has a benefit

in realization of the cell copy function. In case

of the multiplexing scheme where the inter-

mediate multiplexing stages are used, the cell

copy function is required to provide multicas-

ting or broadcasting services. For this func-

tion, a bit mapping scheme can be used. In

case of the multicast- ing, each bit in the rout-

ing tag is one-to-one mapped to each interface

to identify the location of the interface. All in-

terfaces whose corresponding bits in the rout-

ing tag are set receive the multicasting cells si-

multaneously and convert the VPI/VCI’s to the

new ones negotiated with the users.

2. ATM NNI Interface Architecture

The same architecture mentioned above

can be adopted for the ATM-NNI. But for

the ATM-NNI, implementation of the Signal-

ing System Number 7 (SS No.7) should be

carefully considered. To accommodate the

SS No. 7, the Message Transfer Part Level 3

(MTP -3) as well as the underlying low layer

ATM protocols are to be realized. The exist-

ing MTP-3 has been modified for the applica-

tion to the ATM network [5]. Messages ex-

changed between signaling points (SP) when

a change-over due to the failure of a signaling

link (SL) occurs, have been changed to XCO

(eXtended Change-over Order) and XCA (eX-

tended Change-over Acknowledgment) mes-

sages. Maximum length of the signaling mes-

sage has also been changed from 273 bytes to

4K bytes. Because a SL uses a VCC (Virtual

Channel Connection) in the ATM-NNI, QoS

requirements on the SL need to be rigorously

guaranteed. For this reason, a semi-permanent

VCC for the SL is preferable. MTP-3 performs

signaling message handling function (SMHF)

and signaling network management function

(SNMF). The SMHF transfers signaling mes-

sages to the proper SL’s or users. The SNMF

controls routing of signaling messages using

predetermined data. It also controls reconfig-

uration of the network in case of the failure

of the SL’s. It is reasonable that the SMHF

is implemented within each ATM-NNI inter-

face part because it requires real-time opera-

tion. Instead, in case of the SNMF, we can



236 Hong-Shik Park et al. ETRI Journal, volume 18, number 4, January 1997

Fig. 4. Block diagram of UNI/NNI interface.

expect efficiency by centralization of it. As

methods for accommodation of SL’s, we can

consider two approaches, that is, centralized

and distributed accommodations. Centralized

approach puts all SL’s into one subsystem

together. This method can use resources effi-

ciently and management of SL’s becomes easy.

But, the amount of internal messages to be ex-

changed becomes large due to separation of

MTP-3 and B-ISUP (B-ISDN User Part). The

distributed approach has benefits in latency

time and expansion of system capacity. Fea-

tures of two approaches are summarized in Ta-

ble 3.

IV. ATM INTERFACE
TECHNOLOGIES

1. UNI/NNI Structure

The UNI/NNI interface block is divided

into three parts; the physical medium conver-

sion part, the transmission convergence part,

and the ATM layer part. The block diagram of

the UNI/NNI module is shown in Fig. 4.

Table 3. Features of two approaches to accommodate

SL’s.

items centralized distributed

OAM of SL’s easy relatively hard

message latency time bad good

expansion of
system capacity limited easy

duplication of
resources small many

In this section, we discuss the core ATM

interface technologies such as UPC/NPC,

spacer and implementation of ABR transfer

capability.
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2. UPC/NPC

To prevent the ATM network from reach-
ing an unacceptable congestion level due to
unexpected traffic variation or due to inten-
tional excess of the negotiated parameters,
UPC/NPC function monitors whether or not
a traffic flow on every VCC conforms to the
negotiated traffic parameters. ITU-T sug-
gests two examples of algorithms, the Virtual
Scheduling Algorithm (VSA) and the Contin-
uous State Leaky Bucket Algorithm [1]. Here,
we give an implementation example of the
UPC/NPC using the VSA.

Fig. 5. Block diagram of the UPC part.

Fig. 5 shows a block diagram of the
UPC/NPC. CCM (Connection Context Mem-
ory) stores four parameters; TAT (Theoretical
Arrival Time), T (peak emission interval), �
(CDVT), and E (expiry bit) required for the
VSA. It also stores the mode of operation for
each connection. It provides four modes of
operation according to the CLP (Cell Loss
Priority) bit and the policing actions (tagging
and discarding). CCM is accessed by the VSA
calculator whenever multiplexed cells arrive
at the device. The TAT value increases steadily
as time passes until it reaches a maximum

value determined by the coding size and
then returns to zero. This procedure makes it
difficult to simply compare TAT+T with t or
tC�. To solve this problem, an expiry process
is used on the TAT of every connection. All
the TAT’s are scanned cyclically and are
declared either ‘valid’ or ‘expired’ depending
on the criterion built in the expiry process
[7]. The VSA calculator performs the VSA
through addition and comparison using TAT,
T, � and t. The VSA calculator processes three
decision parts in the VSA in parallel instead
of sequentially using the priority encoder so
that the time to complete the algorithm can
be reduced to a great extent. If we use a 23M
clock, it takes only about 850 ns to police an
incoming cell.

If we use 24 bits to code the TAT, 22 bits
for T (where, 14 bits are used to represent the
integer part), 12 bits for �, and 24 bits for t, the
peak cell rate Pc is given as

PcD106=2:726.kCm=256/ (1)

for 0�k�214�1; 0�m�28�1;

mCk 6D0:

From (1), we know that the bit rate to
be handled by the device ranges from 9.493
Kbits/s to 39.82 Gbits/s. We can also formulate
the relative variation between two consecutive
values as

1Pc=PD1:0694�10�8 Pc : (2)

This relationship tells us the ATM peak cell
rate granularity. For example, two nearest
values to 100 Mbits/s are 99.79 Mbits/s and
100.16 Mbits/s, and the relative variation is
0.371 %.
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Fig. 6. Snapshot of waveforms.

Fig. 6 shows the snapshot of the master
clock, the cell sync input and the cell sync out-
put signal of a connection that are observed
by an oscilloscope. The channel 1, 3 and 4 in
the figure represent the master clock, the cell
sync input and the cell sync output signal, re-

spectively. The master clock is used by all
signals in the device for synchronization pur-
poses. The cell sync input signal represents the
starting time of the arriving cell at the device.
The cell sync output signal indicates the start-
ing time of the policed cell by the device.
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Fig. 6 (a), (b), (c), and (d) represent the

measured waveforms for four cases where the

negotiated peak cell rate is 155, 155/2, 155/4

and 155/8 Mbits/s. For all cases, the input of

the connection is VBR (Variable Bit Rate) traf-

fic with the peak cell rate of 155 Mbits/s, the

average cell rate of 70 Mbits/s and the CDV

of 5.44 �s. Fig. 6(a) shows that the device

passes all the incoming cells without any cell

dropping since the user sends the cells at the

same rate as the negotiated peak cell rate of 155

Mbits/s. From Fig. 6(b), we see that the device

passes the half of the incoming cells since the

user emits the cells at two times the negotiated

peak cell rate of 155/2 Mbits/s. Fig. 6(c) and

(d) show that the device passes a quarter ((c))

and one eighth ((d)) of the incoming cells since

the negotiated peak cell rate in each figure is

155/4 Mbits/s and 155/8 Mbits/s.

3. Shaper

If the UPC function considers the CDV, the

generation of the worst case traffic (WCT) is

inevitable. The WCT is defined as cell clusters

that are embedded in the traffic flow at the link

transmission speed and can pass a policing de-

vice transparently. This WCT can induce se-

vere degradation in queueing performance of

the ATM network. To increase performance of

the switch fabric, we can consider the use of a

shaper in the ATM UNI interface block. It is

also necessary to add a shaper to the transmit-

ting part of the NNI interface to guarantee the

negotiated traffic parameters between adjacent

switch nodes.

An implementation example of the shaper

based on the linked list mechanism is given in

Fig. 7.

Fig. 7. Structure of the peak rate spacer.

K is determined by

KDmin.ı; max.PIi /C1/; 1� i�N; (3)

where ı denotes maximum value of the CDV,

PIi is the peak interval of the ith connection

and N is the number of VCC’s accommodated

together in the input link. Our shaper can guar-

antee the negotiated peak cell rate almost per-

fectly even though contention of cells in the

output link of the shaper occurs. For detailed

explanation, refer to [8]. If we let ı be a CDV

bound based on the 10�10 quantile of the cell

delay distribution, the maximum cell buffer

size of the shaper is the sum of the total TQ

size and the CSQ size. The total TQ size nT QT
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is given as

nT QT �
NX

iD1

f[ı=.PIi �1/]�[ı=PIi .PIi�1/]g

�
NX

iD1

ı=PIi (4)

�ı;

using the boundary condition for N

0<
NX

iD1

1
PIi

<1: (5)

Maximum CSQ size is given as ı for

a large K. Therefore, the maximum cell

buffer size becomes 2ı. If we use the right

10�10 quantile value of the cell delay dis-

tribution of the M/D/1 queue when the uti-

lization is 0.8 as a ı value, the required

maximum cell buffer size becomes at most

108. Therefore, we can economically im-

plement the shaper used by all connections

multiplexed together within the UNI/NNI link

with the reasonable cell buffer size. Fig. 8

shows the distribution of the cell interarrival

and interdeparture time of the shaper with

heterogeneous CBR sources. We consider 10

multiplexed sources; one CBR source with the

peak interval PI D 5, three CBR sources with

PI D10, and six CBR sources with PI D20.

We find that more than 99 % of departing

cells conform to the negotiated peak interval.

We note that there is no cell which departs the

shaper faster than the negotiated peak cell rate.

Therefore, we can establish a clear bandwidth

allocation strategy and also expect more effi-

cient bandwidth utilization.

Fig. 8. Distributions of the cell interval and interdepar-

ture time for the PI D 20 CBR source in the het-

erogeneous input case. (a) PDF of the cell inter-

arrival time for the PID20 CBR source, (b) The

cell interdeparture time distribution for the PI D
20 CBR source.

4. Implementation of ABR Transfer
Capability

An ABR service is intended for data ap-
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plications that can adopt to time-varying band-

width and tolerable unpredictable end-to-end

cell delays. The ABR traffic has access to

bandwidth only when no CBR/VBR traffic is

waiting for transmission. Thus the ABR traf-

fic is allowed to use bandwidth that would be

unused, increasing the link utilization without

effecting the QoS of CBR/VBR connections.

The end-to-end rate-based control mech-

anism is used for the flow control of the

ABR service to allow much more flexibility in

switch implementation. Here, we give a brief

explanation on the ABR flow control mech-

anism. A source sends a forward RM (Re-

source Management) cell to the network fol-

lowing Nrm data cells with the EFCI (Explicit

Forward Congestion Indication) bit = 0 in a

cell header. A source rate is not changed be-

fore the source receives a backward RM cell.

A switch node calculates an ER (Explicit Rate)

value or sets CI (Congestion Indication) bit of

the RM cell according to network congestion

state. Receiving the forward RM cell, a desti-

nation sends a backward RM cell to the source.

On receiving the backward RM cell, the source

changes or holds the transmission rate by feed-

back information.

An ABR connection may be segmented

into two or more separately controlled ABR

segments. Each ABR control segment is

sourced by a virtual source (VS). A VS as-

sumes the behavior of an ABR source end-

point. Each ABR control segment is termi-

nated by a virtual destination (VD). A VD as-

sumes the behavior of an ABR destination end-

point.

To accommodate the ABR service effi-

ciently, suitable switch algorithm, VS and VD

functions should be implemented. Though

many algorithms such as EFCI, EPRCA (En-

hanced Proportional Rate Control Algorithm),

ERICA (Explicit Rate Indication for Con-

gestion Avoidance), and CAPC2 (Conges-

tion Avoidance using Proportional Control)

[9] have been proposed for the switch algo-

rithm, the performance of the algorithms has

not been proven perfectly yet and they seem to

be suitable for the private switch if we consider

interoperability between ATM transfer capa-

bilities in the public ATM switch. Develop-

ment of switch algorithms suitable for the pub-

lic switch remains for further study. What-

ever we use, there can be many ways to im-

plement the ABR transfer capability. To mini-

mize duplication of functions within the switch

and to simplify control actions related to the

switch algorithm, VS and VD, it is reasonable

that functions for the ABR transfer capability

be implemented in the egress UNI/NNI inter-

face blocks considering the output-buffer type

of ATM switch fabric. In this case, ABR cells

and related RM cells received at the ingress

UNI/NNI interface blocks are transferred to

the switch fabric transparently without any

processing in the ingress UNI/NNI interface

blocks. Fig. 9 shows the block diagram when

the UNI/NNI interface block operates as the

egress for the ABR service.

Cells received from the source via the

switch fabric are queued in the ABR buffer.
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Fig. 9. Block diagram of the UNI/NNI interface for the ABR service.

The ABR buffer usually has some thresholds

for easy congestion control. If the switch node

does not operate as the segment end point, only

the switch algorithm works. In case of the

EFCI switch algorithm, the EFCI bit of the

forward RM (FRM) or backward RM (BRM)

cell is set or reset using the state of the ABR

buffer or the congestion indication information

offered by the switch node congestion con-

trol block. In case of the EPRCA, the MACR

(Mean Allowed Cell Rate) value is recalcu-

lated and, if necessary, ECR (Explicit Cell

Rate) in the FRM cell is updated and also the

ECR value in the BRM cell is updated. The

MUX/scheduler located just before the output

link schedules the departing time of cells giv-

ing higher priority to the CBR or VBR cells

and guaranteeing only the MCR (Minimum

Cell Rate) for the ABR cells. If the switch node

operates as the segment end point, the switch

algorithm is disabled. Instead, VS and VD

functions work. The VD changes the FRM cell

to the BRM cell and updates the EFCI bit using

the ABR buffer state or the congestion infor-

mation from the switch node congestion con-

trol block. The VS updates the CCR (Current

Cell Rate) using the CI and NI (No-Increase)

information and inserts the FRM cells. This

stream is also scheduled with the CBR or VBR

streams by the MUX/scheduler.

V. CONCLUSIONS

In this paper, we summarized requirements

for the ATM interface block and presented the
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UNI/NNI architecture to meet these require-

ments. We compared and evaluated some

alternatives for the multiplexing structure. We

presented our approaches in implementation

of the UPC function and the shaper. By pro-

cessing decision parts in the VSA in parallel,

it takes only 850 ns to police an incoming

cell when we use a 23 Mb/s master clock.

In case of our shaper, more than 99 % of

departing cells conform to the negotiated peak

interval and there is no cell which departs

the shaper faster than the negotiated peak

cell rate. Therefore, we can establish a clear

bandwidth allocation strategy and thus expect

more efficient bandwidth utilization. We also

proposed an interface architecture for ac-

commodation of the ABR transfer capability.

The proposed structure that performs virtual

source and virtual destination functions as

well as a switch algorithm can efficiently

accommodate the ABR service.

Further study is required to evaluate the

performance of the architecture and to find

optimal parameter values for the ABR service.

When we consider the new implementation

issues such as the ABR transfer capability,

cost-effective implementation of the UNI/NNI

interface block becomes the key to realiza-

tion of the economical ATM switching sys-

tem. Moreover, the VLSI design and process-

ing technology is critical to implementation of

the reliable switching system. Further study is

also required in the areas such as the develop-

ment of the ABR switch algorithmand the real-

ization of the protection switching mechanism.
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