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Performance Analysis of Shared Buffer ATM Switching
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A novel approach is presented for performanec analysis of shared buffer ATM

Abstract ;

switching. It provides a new means 10 solve problems in more complex queueing system. It is s ac-

curate algorithm by employing an one-step transition probability matrix of the Markov chain. Ex-

actitude and effectiveness are verified by computer simulation.
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On Some Key Technologies of ATM Switching’ -

Liu Zengji(N# ), Yang Xinhui,Zhou Daigi. Qiu Zhiliang
(National Key Laboratory on ISN,
Xi' dian University, Xi'an 710071, P. R. China)

Abstract
In this paper, the functions and the architecture of an ATM exchange are summarized.
The switching fabrics, the line interface module and the control module are discussed in de-
tail. An ATM switching system that adopts the scheme described in this paper has been de-

veloped.

Key words; ATM. Switching fabric, Bus type SF, Qutput buffer

1. Introduction

Asynchronous transfer mode (ATM) is
a new system of multiplexing and switch-
ing, which is defined as the object transfer
mode of the broadband integrated services
digital network (B-ISDN). As the way of
multiplexing, ATM is a kind of the statisti-
cal time division multiplexing and the chan-
nels are not distinguished by the location of
time slots, but by the label of time slots.
The length of a time slot is 53 bytes, the
length of a cell. As far as the switching is
concerned, ATM is a fast packet switching
scheme in which the store-and-forward of
packets is realized by hardware and the ba-
sic unit of transferred message is a fixed
length of minipacket—cell. The way of con-
nection oriented is also used in ATM. This
connection is not a physical as in circuit
switching system but a virtual like that in
the packet switching system.

Being convenient in management, the
virtual circuits of ATM are divided into two

levels: virtual channel (VC) and virtual -

path (VP), here a VP is a bundle of VCs.
Correspondingly, there are VP and VC con-
nections.

The first step of the B-ISDN is the im-
plementation of the VC switching and the
VP cross connection. The principle of VC
switching is also suitable for VP cross-con-
nection and VP switching. In the paper, the
functions and the architecture of ATM

switching are presented; the key technology
of realizing the switching fabrics, the line
interface module and the control module of
the ATM switches are discussed; and the
plan of upgrading the version in future is
described.

2. Functions and Architecture of the ATM
Switches

According to the reference model of the
protocol of B-ISDN shown in Fig. 1, the
ATM switches as the equipment of net-
work-node should finish the following func-
tions ;

(1) functions of physical layer and
ATM layer et the network side;

(2) functions of the ATM adaptation
layer (AAL) on the control plane,

(3) higher layer functions on the con-
trol plane;

(4)traffic controls including connection
admission control (CAC), usage parameter
control (UPC), flow control (FC), and pri-
ority control(PC);

(5)unctions of the management plane,
including perfsrmance management, config-
uration management, fault management,
accounting management and security man-
agement.

The basic architecture of ATM switch-
ing is shown in Fig. 2, It can be divided into
switching fabric (SF), line interface (LI),
control module (CM) and operation admin-
istration maintenance (OAM)} module. The

Y& A { High Technology Letters ) V;l.Z,No. 2, December 1996
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functions of the modules are described as
below .

SF: transferring cells from any input
port to the assiged output port;

LI: performing the functions of the
physical layer and the ATM layer at the
network side;

CM: performing the functions of the -

control plane at the network side (mainly
performing the transmission and processing
of the signalling),

OAM: performing the functions of
OAM of the network.

control plane uMT plane :?E
bigher layer | higher Layer :E .
ATM adapt Layer ::: t
ATM layer b
physical layer

Fig.1 B-ISDN prntocol reference modsl

N .
LI | ]
™ tj OAM

Fig. 2 Structure of ATM switch

3. The Switching Fabric

The ATM SF consists of the transmis-
sion medium and the cell buffers between
inputs and outputs. According to the types
of the transmission medium, the SF could
be classified into space division type, shared
buffer type, and broadcast (bus) type. Ac-
cording to the location of the buffers, the
SF could be classified into input buffer

type, output buffer type, and mixed type.
The switching fabric implemented and de-
scribed in this paper is the bus type with
output buffer.

3. 1 The principle of bus type SF with out-
put buffer

As shown in Fig. 3(a), a 4X 4 unit of
SF has four buses (on each of which 8 bit
data in parallel), 4 input ports, 4 output
ports, and 4 extended ports. Each output
buffer consists of 5 FIFO.

The cells that come from each bus are
written into relevant FIFOs respectively ac-
cording to the routing mark —— the value
of Tag. The cells belonging to the same
output buffer are read out from the relevant
FIFOs in proper order by polling. The rules
of polling are as follows; If FIFO'is idle,
jump over and examine the state of the next
FIFO, otherwise read one cell from it, then
to the next FIFO, anrd this is carried on
cyclically. The polling is implemented by
hardware so that the transition time could
be ignored.

The 8X8 ATM SF can be composed of
four 4X 4 SF units, as shown in Fig. 3(b).
In the same way the 16 x 16 ATM SF could
also be made up.

3. 2 The realization of bus type SF with out-

put buffer

For 4X 4 fabric, each output buffer is
constituted by 5 FIFO chips, and the capac-
ity of each chip is 2k X 8 bits to store 37
cells at most. In order to make the cell loss
rate less than 107° under the conditions of
random traffic and utilization of 0. 9, the ca-
pacity of output buffer at each port must be
more than 23 cells (one cell has 53 bytes).
Obviously, the buffer capacity is enough.
For burst traffic, some measures to control
the traffic must be added (see section 5. 3).

The input and output data of each FI-
FO are 8 bits in parallel. If the bit rate on
each line is 155. 52 Mbps, the rate of ac-
cessing FIFO is 155. 52X 1/8=19. 44 Mb/
s, that is, the access period is about Slns,
no difficulty to reach. One FPGA chip has
been used to.realize the writing/reading
control circuit of one output buffer.
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Fig. 3 Bus type ATM SF

(8)4 X4 ATM unit

4. Line Interface

The functions at the network side that
would be finished by the line interface (L.I)
of the ATM switches are as follows,

(1) functions of physical layer, includ-
ing O/E and E/O converting, assembly and
disassembly of STM-1 frame, cell delimit-
ing, error control of the cell header (CH),
idle cell deleting and inserting, etc. ;

(2) functions of ATM layer, such as
the processing of CH, identifying of VPI
and VCI, registering of CLP, forming of
Tag and translating the values of VPI and
VCI. etc.

For realizing the VC switching, the
first thing is to identify the value of (VPI+

VCI) in the input cell header, then to take

out the corresponding new value of (VPI+
VCD to be transformed and the value of
Tag from the routing table in every input
port, and then to change the value of (VPI
+VCD) in the cell header.

The format of routing table is designed
as in Fig. 4. In the table, the first column is
the values of (VPI+ VCI) in input cells,
the second column is the corresponding val-
ues of (VPI4+VCD) in output cells, and the
third is the value of Tag. The table is real-
ized by using a double-port RAM as the
hardware. The input (VPI+VCI) is the ad-
dress of the RAM. The transformed value

(b)8x8 ATM SF

of (VPI+VCI) and Tag are stored contents
that have been written in the control mod-
ule by the processor. For permanent and se-
mi-permanent connection, these stored con-
tents are determined by the management en-
tity. For switching connection, they are de-
cided by the result of signalling processing
in the pericd of establishing a call connec-
tion.

(VPI+VCD) [{VPI+ VCT),
input output Tis
permanesnt
0 connection
semi-
005H 005H permanent
connection
) .

Fig.4 Routing Table of VC Switching
5. Control Module

A main job of the control module (CM)
is to perform the functions of control plane
of the protocol of B-ISDN. At present, it
should implement at least the call/connec-
tion control, the management and assign-
ment of VP/VC and the resource of band-
width.
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The functions of control are realized by
the signalling system involving UNI sig-
nalling and NNI signalling.

5.1 The ATM layer of signalling system

As a signalling point, the ATM switch

will complete the functions of physical lay-.

er, ATM layer, AAL layer and higher lay-
ers of the signalling system. The physical
layer and the ATM layer are common with
respect to the signalling and user informa-
tion, bu: the signalling and the user infor-
mation ere transferred by different VCs.
Tae VC for transfer signalling is celled
SVC. When the signalling end points are in
point-i0-point configuration, the VC of VCI
=5 is fixed as the special SVC, but in
point-to-multipoint configuration, the SVC
consists of point-to-point signalling VC
(PVC) and selective broadcast signalling
VC (SVC). They are established by ths
Metasignalling that is transferred in 2 spe-
cial VC(MSVC). In every VP, the VC of
VCI = 1 is arranged as MSVC. The
Metasignalling is used to establish, main-
tain, and release the connection of SVC. I:s
end point is the management entity of ATM
layer. The related protocol may refer to the
recommendation Q. 1420.

Higher layer

Q. 290
i AAL-SAP
S5CF i Q. SAAL?
SSCS
Sscop v Q. SAALI
c s

SAR ¥ 136356

ey s

ATM layer

Fig.5 SAAL

5.2 Signalling AAL

For signalling ATM adaptation layer
(SAAL), the AAL type 5 (AALS) is
adopted. As in Fig. 5, this layer is subdivid-

ed into segmentation and reassemble (SAR)
sublayer and convergence sublayer (CS).
The CS is further subdivided into common
part CS (CPCS) and services specified CS
(SSCS). The SSCS could be divided into
the service specific connection oriented pro-
tocol (SSCOP) that will support the sig-
nalling transmission and the service specific
coordination function (SSCF). The specifi-
cations of the SSCOP and the SSCF conform
to recommendation Q. 2110 and Q. 2130,
and the specifications of CPCS+SAR com-
ply with recommendation I. 363 § 6.

5. 3 Signalling higher layer

The following services are supported
by the signalling higher layer.

(1) The call connection control ; to es-
tablish, maintain and release the VCC
which is used to transfer user’ s informa-
tion, selection or assignment of VPI/VCI
during establishing the connection;

(2) Management of resources: tg en-
sure the rational use and assignment about
the resources of VP/VC and resources of
bandwidth.

5. 3. 1 Signaliing message and information
element

To implement the basic call connection
control of the B-ISDN, the following mes-
sage types have been chosen;

(1) Call establishing messages; SET-
UP, CALL PROCeeding, ALERTing,
CONNect, CONNect ACKnowledge;

(2)Call release messages; REL ease,
RELease COMplete;

(3)Other messages; STATUS, STA-
TUS ENQuiry.

The common information elements con-
tained in every message are protocol identi-
fier, call reference, message type and mes-
sage length.

Some variable-length information ele-
ments could be contained in a message such
as; parameter of AAL, peak rate of ATM
user cells, connection identifier (VPCI,
VCCI), called party number, called party
subaddress. calling party number, calling
party subaddress, broadband bearer capa
bility, lowerlayer information of broad-
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band, higher layer information of broad-
band, causes, etc. Some of above informa-
tion elernents are mandatory, and some of
them are optional. The format and code of
each message and information element
should comply with the recommendation of
Q. 2931.

5. 3. 2 The procedure of the call/connection
control
The procedure that the messages are
transferred between higher layer entities in
every period of call connection control under
normal conditions is shown in Fig. 6.

; , called
call network
- - party
SETUP ’a SETUP
CALL PROC . CALL PROC
" CONNECT ___.— ESTAB-
NN ; LISH
CU__ECT CONN ACK
CONN ACK
A — : A _
i \ } MADE
N ” - 7 TAIN
RELEASE . o RELEASE '
TT——
RELEASE RELEAS } RELEASE
—COPLETE - COMPLETE

Fig. 6 Call/connection control procedure
6. Conclusion

The first phase (the implementation of
the B-ISDN) is successful. The basic work

in this period is to realize the VC switching.
the VP cross connection, the bandwidth as-
signment according to peak cell rate, the
point to point connection, and the QQOS
without different classes, and to support
the transparent transmission of circuit emo-
tion digital information with constant bit
rate and the data services with connection
oriented and connectionless, and a few sup-
plement services.

The next phase will realize the assign-
ment of the bandwidth according to peak
cell rate and average cell rate, the point-to-
multipoint connection, the QOS with multi-
ple classes, the function of OAM, and to
provide the video service with variable bit
rate and the multimedia service.

The hardware of the ATM switch
could be suitable for the needs in the next

. phase. The enhancement of network func-

tions and services will be supported by up-
grading the software version continuously.
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