Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



A Logic-level Simulation of the

ATMSWITCH

A thesis presented in partial fulfilment of the requirements for the degree
of Master of Science in Computer Science at Massey University

Bo Yan

1998



Abstract

ATM networks are intended to provide a "one-size-fits-all" solution to a variety of
data communication needs, tfrom low speed, delay-insensitive to high-speed, delay-
intolerant. The basic ATM protocol certainly delivers traffic within this broad range,
but it does not address the quality of service requirements associated with the various
type of traffic.

The ATMSWITCH is designed to use two ditferent mechanisms to provide the
quality of service for the various type of traffic. It treats the cells according to their
connected virtual channel type and services them as predefined scheme.

The ATMSWITCH architecture is a shared-memory and output buffer strategy
switch. The switch has been designed much of bufter location and identitication can
occur in parallel with the 12ns read/write cycle time required to butfer the cell data.
The problem is essentially one of design circuitry so that buffer location and
identification are as short as possible.

The present project has therelore been intended to measure the number of clock
cycles required to perform the buffer maintenance activities, and to determine whether
the logic speed required to fit this number of clock cycles into the 12ns window is
feasible using current technology. The simulated result and timing analysis shows that
10 clock cycles are required during 12ns bufter read and write time, and a reasonable
clock speed is 1.2ns per clock cycle.
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Chapter 1

Introduction

In the past, separate telecommunications networks have been specially designed for
different services. For instance, the public switched telephone network has been
developed for conversational speech: data networks for computer communications; and
broadcast networks for television. While these networks are very capable of supporting
their intended services, they are generally not well suited for other services that are
inherently different in such network requirements as bandwidth, holding times, end-to-
end delays, and error rates.

The idea of a single ubiquitous network providing all services in an integrated manner
has existed for some time. In a sense, this notion was suggested by AT&T s first
president, Theodore Vail, in his vision ol “one policy, one system, universal service”
[Boettinger, 1983], and it has been recently restated [Mayo, 1985]. Implementation has
been hindered by the lack of the necessary technology and public demand from
multimedia applications, which involve the processing and exchange of information in
the various media of text, audio, and images. In addition, research in high-speed
switching, fibre optics, and new protocols have demonstrated the technical feasibility of
integrated services networks.

Research in the past few years has led to the concept of ATM as a possible means to
realising an integrated services network. The ATM will represent a dramatic change in
the evolution of the public switched telephone network. It combines characteristics of
both conventional packet switching and circuit switching. Not only does ATM imply a
major change in the network facilities, but for the first time, the network will be designed
to provide much more than POTS (Plain Old Telephone Services).

In order to explain how the ATM approach combines both circuit and packet switching
techniques to provide all services in an integrated manner. I will first introduce public
telephone network and packet-switched data networks. The second part of this chapter
will introduces ISDN (Integrated Services Digital Network) and ATM based public
switched network that derived from ISDN and promote to B-ISDN. The later part of this
chapter will introduce ATMSWITCH that was simulated in this research project.



1.1. Circuit Switching

In traditional analogue circuit switching, a call is set up on the basis that it receives a path
(from source to destination) that is its “property” for the duration of the call. Le. the
whole of the bandwidth of the circuit is available to the calling parties for the whole of
the call. In a digital circuit-switched system, the whole bit-rate of the line is assigned 1o a

call for only a single time slot per [rame. This is called time division multiplexing.
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Figure 1.1: An example of time division, position, multiplexing

During the time period of a frame. the transmitting party will generate a tixed number of
bits of digital data (for example, cight bits to represent the level of an analogue telephony
signal) and these bits will be grouped together in the time slot assigned in every frame for
the duration of the call, to that call (Figure 1.1). So the time slot is identified by its
position in the frame. hence use of the name “position multiplexing™, although this term

is not used as much as time division multiplexing.

When a connection is set up, a route is found through the network and that route remains
tixed for the duration of the connection. The route will probably traverse a number of
switching nodes and require the use of a similar number of transmission links to provide
a circuit from source to destination. The time slot position used by a call is likely to be
different on each link. The switches which interconnect the transmission links perform
the time slot interchange (as well as the space switching) necessary o provide the
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“through-connection™ (e.g. link M. time slot 2 switches to link N, time slot 6 in Figure
1.2).

Link M
e O [ 1 6|7 )
Time
e —
TIME SLOT
INTERCHANGE

Link N

Figure 1.2 Time slot interchange

In digital circuit switched telephone networks, frames have a repetition rate of §000
frames per second (and so a duration ol 125 ps), and as there are always eight bits (one
byte) per time slot. cach channel has a bit-ratc of 64 Kbit/s. With N time slots in each
trame, the bit-rate of the line i1s Nx64 Kbit/s. In practice, extra time slots or bits are added
for control and synchronisation functions. So for example, the widely used 30 channel
system has two extra time slots, giving a total of 32 time slots, and thus a bit-rate of
(30+2)x64 = 2048 Khit/s.

The time division multiplexing concept can be applied recursively by considering a 24 or
30 channel system as a single “channel™, cach frame of which occupies one time slot per
frame of a higher order multiplexing system. This is the underlying principle in the SDH
(Synchronous Digital Hierarchy). and an introduction to SDH can be found in [Griftiths,
1992].

The main performance issue for the user ot a circuit switched network is whether, when a
call is requested, there is a circuit available to the required destination. Once a circuit is
established, the user has available a constant bit-rate with a fixed end-to-end delay. There
is no error detection or correction provided by the network on the circuit — that is the
responsibility of the terminals at either end, if it is required. Nor is there any per circuit
overhead -- the whole hit-rate of the circuit is available for user information.

1.2. Packet switching



To see how ATM has evolved trom both circuit switched and packet switched networks,
it is helpful to consider a “generic” packet switching network. Le. one intended to
represent the main characteristics ol packet switching, rather than any particular packet
switching system.

Instead of being organized into eight-bit time slots which repeat at regular intervals, data
in a packet switched network is organized into packets comprising many bytes of user
data (bytes are also known as octets, in order to divorce them from any association with
an eight-bit coding scheme). Packets can vary in size depending on how much data there
is to send, usually up to some predetermined limit (for example, 4096 octets). Each
packet is then sent trom switching node to switching node as group ol contiguous bits
tully occupying the link bit-rate for the duration of the packet. If there is no packet to
send, then nothing is sent on the link. When a packet is ready, and the link is idle, then
the packet can be sent immediately. If the link is busy (another packet is currently being
transmitted), then the packet must wait in a buffer until the previous one has completed

transmission (Figure 1.3).
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Figure 1.3: An example of Packet Switching

Each packet has a label to identily it as belonging to a particular communication (The
word “‘communication” has the same notion as the word “call” in the circuit switching.
The “communication™ is usually used in the data communication term.). Thus packets
from different sources and to different destinations can be multiplexed over the same link
by being transmitted one after the other. This is also called label multiplexing [Pitts,



1996]. The label is used at each node to select an outgoing link, routing the packet across
the network. The outgoing link sclected may be predetermined at the set-up of the
connection, or it may be varied according to traffic conditions (e.g. take the least busy
route). The former method ensures that packets arrive in the order in which they were
sent, whereas the latter method requires the destination to be able to resequence out-of-
order packets (in the event that the delays on alternative routes are difterent).

Whichever routing method is used. the packets destined for a particular link must be
queued in the node prior to transmission. It is this queuing which introduces variable
delay to the packets. A system of acknowledgment ensures that corrupted packets are not
lost but are retransmitted. This 1s done on a link-by-link basis, rather than end-to-end, and
contributes further to the variation in delay. There is quite a significant per packet
overhead required for the error control and acknowledgment mechanisms, in addition to
the label. This overhead reduces the effective bit-rate available for the transter of user
information. The packet plus link overhead is often (contusingly) called a “frame”. Note
that it is not the same as a frame in circuit swilching.

A simple packet-switched network may continue to accept packets without assessing
whether it can cope with the extra trallic or not. Thus it appears to be non-blocking, in
contrast to a circuit switched network which rejects (blocks) a connection request if there
is no circuit available, The effect of this non-blocking operation is that packets
experience greater and greater delay across the network, as the load on the network
increases. As the load approaches the network capacity, the node buffers become full,
and further incoming packets cannot be stored. This triggers retransmission of those
packets which only worsens the sitwation by increasing the load: the successtul

throughput of packets decreases significantly.

In order to maintain throughput, congestion control techniques, particularly flow control,
are used. Their aim is to limit the rate at which sources offer packets to the network. The
flow control can be exercised on a link-by-link, or end-to-end basis. Thus a connection
cannot be guaranteed any particular bit-rate: it 1s allowed to send packets to the network
as and when it needs to, but il the network is congested then the network exerts control
by restricting this rate of flow.

The main performance issucs for a user of a packet switched network are the delay
experienced on any connection and the throughput. The network operator aims to
maximize throughput and limit the delay. even in the presence of congestion. Once a
connection is established. the user is able to send information on demand. The network



provides error control through re-transmission of packets on a link-by-link basis.
Capacity is not dedicated to the connection, but shared on a dynamic basis with other
connections. The capacity available to the user is reduced by the per packet overheads
required for label multiplexing, flow and error control.

1.3. Statistical Multiplexing and The Jitter Problem

Packet switching is also called statistical multiplexing. ATM is actually based upon a
statistical multiplexing technique called cell relay switching [Clark. 1996]. Statistical
multiplexing is a means of multiplying the eflective capacity of a transmission line or
network. by taking advantage of variations in traffic intensity associated with different
calls.

For example, when speech connections are statistically multiplexed, the silent periods can
be suppressed and not sent over the line. Meanwhile the words from other conversations
can be carried in the gaps.

The major benetit of statistical multiplexing is that the useful carrying capacity of the line
1s maximized by avoiding the unnecessary transmission of redundant information (i.e.
pauses). The first practical realizations ol statistical multiplexing were data networking
protocols. In particular, statistical multiplexing forms the basis of data packet switching.
It is the principle upon which IBM’s SNA (systems network architecture) and ITU-T s
X.25 recommendation are hased. As such. statistical multiplexing is widely in use within
computer data networks.

Today’s public voice networks. in contrast to data networks, have not used statistical
multiplexing. Instead. voice and telephone networks have historically been based upon
circuit switching, the allocation ol a path across the network on a fully dedicated point-
to-point basis for the duration of the call. The strength of circuit switching is the
guaranteed throughput and delay performance of the resulting connection. This is critical
in order that acceptable voice quality can be achieved (in the subjective opinion of
telephone users). A telephone call connected in a circuit-switched manner is like an
empty pipe between two telephone users. Whatever one speaker says into the pipe comes
out at the other end in an identical format -- but only one pair of callers can use the pipe
during any particular call.
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Historically, telephone networks have not used statistical multiplexing techniques
because of the problem of achieving acceptable speech quality. There were attempts to
‘packet switch’ voice across data networks, but the problem was that individual words or
parts of words take different times to propagate through a packet network, so that the
listener hears a rather broken form ol the original signal. The effect is caused by a
phenomenon called jitter. The more jitter (variable propagation delay) experienced by a
telephone connection, the worse the perceived quality of the connection.

Jitter in data networks is relatively unimportant. So long as the average delay is not great,
computer users do not notice whether some typed characters appear imperceptibly faster
or slower than others. As a result, telephone systems have remained circuit switch based,
because of the quality problems. The consequence has been the evolution of two entirely
separate networking worlds -- voice and data. Transmission lines cannot easily and
efficiently be shared between voice and data, and dynamic allocation of bandwidth -- one
instant to voice, the next moment to data -- has not been possible.

1.4. ISDN and ATM

A number of attempts have been made to develop technologies capable of handling
equally well both voice and data over the same network. The two most noteworthy
technologies in this category arc ISDN (integrated services digital network) and, now,
ATM (Asynchronous Transler Mode).

ISDN is a technology based upon circuit switching within digital telephone networks.
The digital nature of the network is exploited for the use of data transmission. And to
make integrated data and voice carriage possible, the signaling within the network
(between the exchanges in the network and from the calling handset to the first exchange)
is very advanced -- far superior to the simple pulsing technique used in order analogue
telephone networks. Unfortunately, ISDN as a data wansport medium is limited in its

efficiency and flexibility due o its circuit switched nature.

While ISDN will revamp customer expectations of telephone services (with new features
like caller identification before answer and ring back when free), ISDN in its basic form
(narrowband ISDN) is unlikely to form the basis of advanced integrated voice and data
networks.



In contrast, because ATM (which is a form of so-called broadband ISDN or B-ISDN) has
evolved from the statistical multiplexing technique inherent in packet switched data
networks, it is likely to have more success as an integrated voice, data and video transport
medium. The developers of ATM have simply concentrated on improving the packet
switching technique to limit the jitter on speech, video and other delay sensitive
applications. The resulting technique is called cell relay switching, or simply cell relay

[Clark, 1996].

1.5. The Problems to be Solved by Cell Relay

The normal statistical multiplexing ol data connections is carried out by packet
switching. Packets ol data are created by each of the sources, and interleaved as

appropriate by the statistical multiplexor, as illustrated in Figure 1.4:

Separate Transmission Re-sorted arrival
Source Circuit Lines Signals
Source A —p
Source B Statistical "B c Demulti B
Multiplexor [ @. plexor
Source C @ it c
Ove_rheadliﬂfc} = M—

X 100%
®

Figure 1.4: Statistical multiplexing headers and overhead

The interleaving is usually carried out on a simple FIFO queue basis (first in -- first out).
Packets received from the sending sources are stored at the back ol the queue.
Meanwhile, packets at the front ol the queue are being transmitted along the link.

A typical data packet contains between 1 and 256 characters (between 8 and 2048 bits),
and the line speed is typically 9600 bit/s. The propagation delay at a time when two
sources try to send simultancously (due to the extra waiting time) may therefore be up to
200 ms (2048/9600 s) longer than when there is no simultaneous transmission. In other
words, there may be up to 200 ms of jitter. This is unacceptable for speech transmission.
But before discussing how cell relay circumvents this problem, we should cover one



other important aspect of statistical multiplexing -- an aspect which constrains the
maximum achievable line usage elficiency.

In order to allow the demultiplexor to sort out the various packets belonging to the
different logical connections. and forward them to the correct destinations (A to A, B to
B, C to C etc.) there needs to be a label attached to each packet to say to which logical
connection (i.e. telephone conversation or data communications session) it belongs. This
label 1s contained in the header, which is an addition to the front of the packet and has a
function like the envelope of a letter. The header (Figure 1.4) 1s crucial to the technique
of statistical multiplexing, but has the disadvantage that 1t adds to the information which
must be carried by the transmission line between multiplexor and demultiplexor. At the
demultiplexor, the header is removed so it does not disturb the receiver, but meanwhile 1t
has generated an overhead load for the transmission line. It is thus impossible using
statistical multiplexing techniques to archive 100 per cent loading of a transmission line
with raw user information. Some of the capacity has to be given up to carry the overhead.

The major challenges for ATM developers have therefore been to minimize the jitter
experienced by speech. video, and other delay-sensitive applications  while
simultaneously optimizing line efficiency by minimizing network overhead. As we shall

see, these demands contend with one another.

1.6. The Technique of Cell Relay

Cell relay is a form ol statistical multiplexing similar in many ways to packet switching,
except that the packets are instead called cells. Each ol the cells is ol a fixed rather than a
variable size.

The tixed cell size defined by ATM standards is 48 octets (bytes) plus a 5 octets header

(Le. 53 octets in all -- see Figure 1.5). The transmission line speeds currently foreseen to

be used are either 155, 622 or 1200 Mbit/s. We can theretfore immediately draw certain

conclusions about ATM performance:

e the overhead is at lcast 5 hytes in 53 bytes, i.¢. > 9 per cent;

e the duration of a cell is at most 53 x 8 hits/155 Mbit/s = 2.74us. (0.260us at 1200
Mbit/s).

9



48 octets (byte) information field or cell payload

Figure 1.5: ATM 53-byte cell format

Since the cell duration is relatively short, provided a priority scheme is applied to allow
cells from delay-sensitive signal sources (e¢.g. speech, video, etc.) to have access to the
next cell slot, then the jitter (variation in signal propagation delay) can be kept very low -
- not zero as is possible with circuit switching, but at least low enough to give a
subjectively acceptable quality for telephone listeners or video watchers. Jitter-insensitive
tratfic sources (e.g. data communication channels) can be made to wait for the allocation

of the next free or low priority slot.

Although the cell size and priority scheme can solve the jitter problem in principle. the
jitter still could occur when the cell pass the not well-designed switch. So the architecture
of an ATM switch is also a key to ensure the quality of time sensitive channel
transmission.

1.7. ATM Switch

The cell header carries information sufficient to allow the ATM network to determine to
which connection (and thus to which destination port and end-user) cach cell should be
delivered. We could draw a comparison with a postal service and imagine each of the
cells to be a letter with 48 characters of information contained in an envelope on which a
S-digit postcode appears. You simply drop your letters (cells) in the right order and they
come out in the same order at the other end, though maybe slightly jittered in time. Just
as a postal service has numerous vans, lorries and personnel to carry ditferent letters over
different stretches, and sorting offices to direct the letters along their individual paths, so
an ATM network can comprise a mesh of transmission links and switches to direct
individual cells by inspecting the address contained in the header (Figure 1.6).



ATM Network
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Figure 1.6: Switching in an ATM network

The ATM “switch™ acts in much the same way as a postal sorter. On its incoming side 1s
a FIFO bufter, like a pile of letters. At the [ront of the buffer (like the top letter in the
pile) is the cell which has been waiting longest 1o be switched. New cells arriving are
added to the back of the buffer. The switching process involves looking at each cell in
turn, and determining from the address held in the header which outgoing line should be
taken. The cell is then added to the FIFO output buffer which is queuing cells waiting to

be transmitted on this line. The cell then proceeds to the next exchange.

ATM will provide flexibility in bandwidth allocation and will allow a network to carry
heterogeneous services ranging [rom narrowband to wideband services requiring real
time. However, the challenge is to build fast ATM switches able to match the high speeds
of the input links and the high performance requirements imposed.

In 1990, Tobagi described a large number of switching architectures [Tobagi, 1990]. All
the approaches point to the need of a very high speed hardware switch because of the
high transter rates involved: on the other hand, due to the statistical multiplexing,
buftering is also required in order to avoid cell loss whenever there are multiple input
cells arriving simultancously on dilferent input ports and destined for the same output.
Only one cell at a time can he transmitted over an output link: the rest must be
temporarily stored in a buffer for later transmission,

An attractive ATM architecture 1s using shared memory [Hluchyj, 1988] to implement

output buftering and therefore to attain the best throughput /delay/cell loss performance.
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In shared-memory type switches that operate without blocking, all input and output ports
have access to a shared-memory module able to write up to N incoming cells and to read
out N outgoing cells in a switching time cycle, so that, as in output-buffered switches,
throughput is not reduced by output port contention, and an optimal throughput/delay
performance is achieved. But in this architecture, we still need to consider how to design
the buffer scheme. how to make jitter low enough when the voice or video cells pass
through the switch.

1.8. ATMSWITCH Architecture

ATM networks are intended w provide a "one-size-fits-all” solution to a variety of data
communication needs, from low speed. delay-insensitive to high-speed, delay-intolerant.
The basic ATM protocol certainly delivers traffic within this broad range, but it does not
address the quality of service requirements associated with the various type of traffic. In
particular, its statistical multiplexing nature is inherently antagonistic towards constant-
delay traffic such as real-time video.

The ATMSWITCH is proposed by Lyons et al in (1996, 1997). The ATMSWITCH uses
two different mechanisms to provide the quality of service for the various type of traffic.
It treats the cells according to their connected virtual channel type and service them as
predefined scheme. The ATMSWITCH ensures that the jitter can be minimized when the
CBR/VBR channel’s cell transmission in the ATM network.

The ATMSWITCH architecture is a shared-memory and output buffer strategy switch.
On the size the limitations of this type of switch come [rom the memory control logic
(which must be able to handle N incoming and N outgoing cells in each time slot). and
the memory bandwidth that must be at lcast the sum of the bandwidths of the incoming
and the outgoing lines. The memory bandwidth depends on the word length, which in
turn is limited to the cell size (53 octets = 424b). Theretore, for a given memory cycle
time (or memory access time) the number of links N is defined by the following relation
(for single ported memories):

B celllength(b)
2 x eveletime X linkspeed(Dh [ s)

Thus a switch incorporating [2ns memory can theoretically support up to 14 1.2 Ghps
links. However, this theoretical result does not allow for the other operations which the



switch must perform cach time a cell is served - circuit identification, insertion into the
buffer, and subsequent extraction from the butfer and assembly into a new cell. Because
the bufter structures are comparatively complex in the ATMSWITCH architecture, these
operations may consume a significant amount of time. It is therefore important to pack
them into the minimum amount ol time so that the maximum possible throughput can be
achieved. The architecture of the ATMSWITCH has been designed so that much of this
administrative business can occur in parallel with the 12ns read/write cycle time required
to bufter the cell data. The problem is essentially one of design circuitry so that buffer
location and identilication and cell assembly are as short as possible and so that the time
required for channel identification + buller insertion is no greater than 12ns, and so that
the time required for buffer extraction and cell assembly is no greater than 12ns. This is
illustrated in Figure 1.7.

12ns 12ns
Write Cycle Read Cycle cache memory timing
Write Operations | Read Operations switch timing
<> +>
preparation preparation
for write for read

Figure 1.7: Cache Mcemory and Switch Timing

The buffer location and identification. and cell assembly operations are minimal
complexity - they can be completed in a single clock cycle. Maintenance of the bufters,
on the other hand. is quite complex and it was therefore important to minimize the
amount of time involved.

The present project has thercfore been intended to measure the number of clock cycles
required to perform the buller maintenance activities, and to determine whether the logic
speed required to fit this number of clock cycles into the 12ns window is teasible using
current technology.

Previous work on the ATMSWITCH has focused on a high-level aspects of the

architecture. A detailed logic-level design was not available at the start of this project,
and consequently, a large part ol the project was the construction of a VHDL (Very High

13



Speed Integrated Circuit Hardware Description Language) definition of the circuit, so
that the number of clock cycles involved could be accurately determined.

An interesting spin-ott from the project has been the design of an improved architecture
using interleaved memory, which has the potential to improve the speed of the switch still
further.



Chapter 2

ATM Protocol Stack

2.1. ATM Concept [Pitts, 1996]

In ATM, asynchronous does not refer to physical transmission, which will in fact be
synchronous in B-ISDN (e.g., SONET/SDH). Asynchronous refers tc the manner in
which bandwidth is allocated among connections and users. Bandwidth is divided into
time slots of fixed length. These time slots are allocated for user information as needed
and therefore do not have predetermined temporal positions (within a periodic frame, for
example). Instead of identified with explicit prefix labels. Transfer mode is a term
intended to signify that it is a multiplexing and switching technique.

The ATM concept is defined by a number of principles:

e All information is carried in the form of fixed-length data units called cells, which
consists of a herder and an information field (sometimes called payload).

e ATM is connection-oriented, and cells in the same virtual connection maintain their
sequential order.

e Traffic sources may generate cells as needed-i.e., without predetermined temporal
positions-and therefore cells have explicit labels (a field in the header) for connection
identification.

e The main function of the cell header is identification of cells belonging to the same
virtual connection.

e The identifier labels have only local significance (they are not explicit address) and
are translated at each switch.

e The information fields are carried transparently; for instance, no error control is
performed on the information fields.

e Cell streams are asynchronous time-division multiplexed.

As a multiplexing technique, ATM is potentially capable of more efficient utilization of
transmission facilities compared to synchronous TDM. In synchronous TDM, a periodic
frame consisting of short time slots (usually byte size) is defined on a transmission link,
and connections sharing the link are reserved fixed time slot positions in each frame. It is
apparent that bandwidth will be wasted if the traffic is burst and contains idle periods.



This inefficiency can be prevented in asynchronous TDM where time slots are allotted to
connections as needed. However, a prefix label is needed for each time slot to identify the
connection, As a consequence, the time slots are larger than bytes so that the labels
consume a smaller fraction of the total bandwidth. Also. processing is required for each
time slot, and buffering is required to resolve contention. ATM is an example of this
labeled asynchronous TDM technique in that identifier labels in the cell header have only
local, and not end-to-end, significance. As a multiplexing technique, ATM is motivated
by the potential for efficient utilization.

As a switching technique compared to STM (or multirate circuit switching), the main
advantage of ATM is that it avoids the necessity of peak rate allocation as STM. Another
difference is that ATM involves network processing of cells, whereas STM carries traffic
transparently through the network. This is a disadvantage in terms of processing burden
but allows greater network control over routing, error control, flow control, copying, and
priorities. Considering priorities, for example, each cell can be assigned delay and loss
priorities. By means of priorities, the network can exercise control over the preferential
treatment of one traffic class relative to another class at the levels of virtual connections
or individual cells. Thus, as a switching technique, ATM may be motivated by the
capability for granular and flexible control of network traffic.

There are basically two undesirable consequences of the asynchronous nature of ATM.
Since network resources are not reserved, congestion is possible when an excessive
amount of traffic contends for limited buffer resources. making it necessary to lose cells.
Another consequence is variable cell delays through the network caused mainly by
random queuing delays at each switch and multiplexer. Hence the concept of QoS
(Quality of Service), means that B-ISDN will provide multiple QoS classes of virtual
connections to support a range of traffic types with different QoS requirements. Support
of multiple traffic classes and protection of their QoS, which simultaneously maximising
statistical sharing and utilization of network resources, is the most difficult challenge in
the implementation of ATM.

2.2. The Protocol Reference Model

Just as the OSI layered protocol model describes communication between two computers
over a network, according to the B-ISDN reference model, [Prycker, 1993], the ATM
protocol model describes how two end systems communicate via ATM switches. As
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shown in Figure 2.1 the key layers that need explanation are the ATM Adaptation, ATM,
and Physical layers.

Management plang ======~-=

Control plane User plane

Higher layers Higher layers

ATM adaptation layer
ATM layer

Plane
Management

Physical layer

Layer
Management

Figure 2.1 The ATM protocol reference model

The ATM Adaptation layer (AAL). A user transmits a data packet designed for another
user. The ATM adaptation layer provides services to the higher layers that support classes
of service for transported data. It major concern, through, is the segmentation and
reassembly of data. It takes this data and splits it up to multiple 48-byte cells.

The ATM layer. The ATM layer is responsible for providing the appropriate routing
information for cells in the form of VPI/VCI values, which are part of the control
information found in a cell’s five-byte header. The VPI/VCI values (local to a specific
switch) ensure that the cell will exit the correct switch output port. The ATM layer is also
responsible for ensuring that cells are ordered (stay in the correct order). This layer
passes control over the cells to the physical layer at a switch’s output port.

The physical layer. The physical layer is primarily responsible for transmitting and
receiving data. Then it groups these cells in payload envelopes, adds routing information,
and transmits them. The process is reversed at the other end of the network when the
destination node begins the process of translating the cells back into data.

The part of the layered architecture used for end-to-end or user-to-user data transfer is
known as U plane (User plane). The control plane defines higher-level protocols used to
support ATM signaling, and the M plane (Management plane) provides control of an
ATM node and consists of two parts: plane management and layer management. The
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plane management function manages all other planes and the layer management function
is responsible for managing each ol the ATM layers.

2.2.1. The physical Layer

The physical layer defines the physical interfaces and traming protocols associated with
ATM. This layer is segmented into two sublayers: the TC (Transmission Convergence)
sublayer and the PMD (Physical Medium Dependent) sublayer. The reason for sublayers
in this ATM architecture is to decouple the transmission from the physical medium to
permit a variety of physical media.

The TC concerns itself with adaptation o the transmission system, defined as the
reception of cells from the ATM layer and their packaging into appropriate format for
transmission over the PMD. The TC also handles cell delineation is the extraction of cells
from the bit stream received [rom the PMD. The function of cell-rate decoupling is to
insert/suppress idle cells to or from the payload in order to provide a continuous flow of
cells. Finally, the TC generate and verifies the HEC (Header Error Check). It calculates
the HEC from the bits received and checks it against the HEC value of the received cell.
If there’s a match on consecutive cells, then the TC assumes correct cell boundaries. It
there’s no match for many successive cells, the TC knows that the correct cell delineation
1sn’t yet found.

2.2.2. The ATM Layer and ATM cells

The ATM layer performs four basic functions. It multiplexes and demultiplexes cells of
different connections. Multiplexing refers 1o the process of talking several different data
streams and consolidating them into a lasi-flow data stream. At the other end of the
communication path, demultiplexing reverses the process and directs the data back to its
appropriate data stream and towards its ultimate destination. These connections are
identified by their VCI (Virtual Channel Identifier) and VPI (Virtual Path Identifier)
values. The ATM layer also translates VCI and /or VPI values at the switches or cross
connections, if required. It's responsible for extracting/inserting the header before or after
the cell is delivered to or from the ATM adaptation layer. Finally, this layer implements a
tlow control mechanism at the UNT (Uscer-Network Interface) by using the GFC (General
Flow Control) bits of the header.

2.2.3. The ATM Cell Header
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According to the paper [Schatt, 1993], the ATM cell header fields is shown in Figure 2.2
The tfour-bit GFC fiels is used only across the UNI to control traffic flow and prevent
overload conditions. This fields 1sn’t defined across the NNI (Network-Network
Interface), and the corresponding bits are used for an expanded VPI field.

Across the UNI

Generic flow control Generic flow control 1

Virtual path identifier Virtual channel identifier 2
Virtual channel identifier 3  Bytes

Virtual channel identifier | Payload type indicator Cell loss priority 4

Header error control 5

Across the NNI

Virtual path identifier 1

Virtual path identifier Virtual channel identifier 2
Virtual channel identifier 3  Bytes

Virtual channel identifier | Payload type indicator Cell loss priority 4

Header error control 5

Figure 2.2: ATM cell header formats across the UNT and NNI

Two of the fields in the cell header will be discussed here. The virtual path identifier field
is used to identify virtual paths. Consisting of cight bits across the UNI and 12 bits across
the NNI, the field isn’t defined by cither the CCITT or ATM Forums. The virtual channel
identifier field is 16 bits long. End devices assign a value to the VPI and VCI tields when
requesting a connection to an end system,

The PTI (Payload Type Identification) ficld consists ol three bits and is used to identify
the payload type carried in the cell, as well as to identify control procedures. The ATM
Forum designates the setting of one hit to indicate congestion, a second bit tor network
management, and a third bit to indicate an error condition.

The CLP (Cell Loss Priority) ficld is a single bit that indicates a cell’s loss of priority.
This bit is set to | when a cell can be discarded due to congestion; if a switch experiences
congestion, it will drop cells with this bit set. This results in giving priority to certain

types of cells carrying certain types ol traffic, such as video in congested networks.
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The HEC (Header Error Check) is an eight-bit cyclic redundancy code that’s calculated
over all fields in the ATM header. This type of error checking can is very important in
ATM operations because an error in the VPI/VCI could corrupt the data flow of their
circuits.

2.2.4. General ATM operation

ATM requires that a connection be made between two end points before information can
be exchanged. An end point on a network sends a signal across the UNI to the network
requesting a connection to another point. The network sends this request to its destination
point, where it’s interpreted. If this node accepts the request for a connection, a virtual
channel is established across the network. Two end or switching points can be lined via a
virtual channel link. The VPI and VCI fields of the ATM cell header contain the routing
information that’s required.

Figure 2.3 illustrates how this process works. End point A requests connection to point B.
The ATM network assigns value P to the VCI of A, and value Q to point B. Node A will
use P for outgoing information, and B will use Q for incoming information. Lookup
tables are set up throughout the network. The same process is followed for the reverse
direction. The first switching node that receives a cell from A will consult its lookup table
to find out where the cell should be switched to and what value the outgoing VCI should
be assigned to. This process is repeated until it arrives at B.

A

Virtual channel connection

Y

VCI/NPI =D VCI/VPI = E VCI/VPI = M VCI/VPI = P
A B
Switching Look-up table
e VCI/VPlin | D
Portin E
Port out M

Figure 2.3: An ATM virtual channel connection.
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How does the ATM layer function when the ATM node is an end system? The AAL layer
provides it with information. When the ATM layer exchanges a cell stream with the
physical layer, it inserts this information as well as the required parameters in the header
fields, including the crucial VPI/VCI values. If it has no information to transmit, it fills
the information field with idle cells. The ATM layer is also responsible for controlling
the quality of service for each circuit, a value that’s negotiated when circuits are
established. Among the parameters that are negotiated are the peak and average data
rates, the acceptable delay, and the loss rate.

The ATM layer’s operation is even less complicated for a switch. The ATM layer under
this circumstance receives an ATM cell on one port and uses the VPI/VCI value to
determine to which port to forward the cell. It then forwards the cell to the appropriate
port, changes the VPI/VCI to reflect the cell's routing. and transmits the cell to the
physical layer of that port.

2.2.5. The Four Classes of ATM Traffic
A major advantage of ATM network is its ability to handle a variety of different types of
traffic. According to the paper [Schatt, 1993]. current specifications define four different

classes of traffic listed in Table 2.1.

Table 2.1 Classes of ATM Traffic

Class of service Old class of Description
Service
CBR Class A Constant bit rate (CBR), connection-oriented,

synchronous traffic(uncompressed voice or
video); supports peak cell rate traffic

VBR-RT Class B Variable bit rate (VBR) real-time, connection-
oriented, synchronous traffic(live video
transmissions); supports peak cell-rate traffic,
sustained cell-rate traffic, and maximum burst-
size traffic

VBR-NRT Class B Variable bit rate non-real-time traffic (video
playback, multimedia); supports peak cell-rate
traffic, sustained cell-rate traffic, and maximum

burst-size traffic
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ABR Class C Variable hit rate,  connection-oriented,
asynchronous traftfic (wide area X.25, frame
relay over ATM); supports peak cell-rate traffic
and maximum burst-size traffic

UBR Class D Connectionless packet data (Lan traffic, wide
arca SMDS traffic, etc.)

Under CBR, a network application establishes a CBR connection and negotiates what’s
known as a PCR (Peak Cell Rate). the maximum data rate the connection will support
without losing data. Traffic is then transmitted at that rate. The ideal type of traffic for
CBR service is real-time voice and video traffic since both require constant data streams
and cannot tolerate lost data.

VBR (Variable Bit Rate) service requires negotiation not only for the PCR but also the
SCR (Sustained Cell Rate), which refers to the average throughput rate the application is
permitted. Part of the VBR ncgotiation actually consists of determining how long
transmission will stay at the PCR rate (known as the burst tolerance). In other words,
under VBR the traffic can soar as the average rate hy dropping tratfic flow to a lower rate
tfor the time needed to achieve the SCR. VBR users have a guaranteed quality of service
regarding cell loss and bandwidth availability as long as the tratfic meets the criteria
negotiated.

ABR (Available Bit Rate) addresses many of the concerns that have troubled network
managers about VBR and provides rchable delivery of burst traffic. It uses excess
bandwidth and network management algorithms to evaluate network congestion and
eliminate cell loss. ABR provides a guaranteed quality of service concerning bandwidth
availability and cell loss. It does not guarantee against cell delay, so non-real time LAN
applications are ideal for ABR.

UBR (Unspecified Bit Rate) lends new meaning to the term service. It has no specified
bit rate and no quality-of-service guarantees. In fact, the only assurance is that UBR will
make its best effort to deliver cells. There’s no flow control, so it traffic becomes very
heavy then cells will be lost once bulters are lull. Think of this service as what you'd
expect when you send a letter to someone in China. It might get there, but then again it
might not.
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2.3. ATM Networking

According to the paper [Pitts, 1996], an ATM network may be considered a collection of
ATM network clements (switches, crossconnects, multiplexers, concentrators)
interconnected by transmission facilitics which together provide the information transport
functions of the ATM layer and physical layer. In addition, the ATM network supports
the relevant call control and network management functions.

2.3.1. ATM-Layer Cell Transport

The primary responsibility of an ATM nctwork is the cell transport functions of the ATM
layer. The ATM layer receives 48-bytes data units tfrom the AAL or ATM-Layer
management. These are encapsulated with header information into cells. The ATM layer
provides end-to-end sequential connection-oriented transport of the cells according to the
protocol information in their headers. The transport of user cells with an agreed quality of
service and throughput is often called the ATM bearer service. The handling of cells
containing network information depends on the particular cell type and its function.

The transport of cells in the ATM layer involves:
e Cell encapsulation and decapsulation:
e Insertion and extraction of idle (unassigned) cells:
o Cell header processing (including VPI/VCI translation);
e Cell forwarding (routing and buffering);
¢ Multiplexing and concentration:

e Generic flow control at the UNIL
2.3.2. Virtual Channels and Virtual Paths

Let’s take a more detailed look at the cell header. The label consists of two components:
the virtual channel identifier and the virtual path identifier. These identitiers do not have
end-to-end (user-to-user) significance: they identify a particular virtual channel or virtual
path on the link over which the cell is being transmitted. When the cell arrives at the next
node, the VCI and the VPI are used to look up in the routing table to which outgoing port
the cell should be switched and what new VCI and VPI values the cell should have. The
routing table values are established at the set-up of a connection, and remain constant for
the duration of the connection. so the cells always take the same route through the
network, and the “cell sequence integrity™ of the connection is maintained.

(]
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But surely only one label is necded to achieve this cell routing mechanism, and that
would also make the routing tables simpler: so why have two types of identifier? The
reason is for the flexibility gained in handling connections. The basic equivalent to a
circuit switched or packet switched connection in ATM is the virtual channel links, i.e. it
groups a number of VC links in parallel. This idea enables direct “logical™ routes to be
established between two switching nodes that are not connected by a direct physical link.

In setting up a VCC (Virtual Channcl Connection), the cross-connect is effectively
invisible; it does not need to know about VCIs and is therefore not involved in the
process. If there was only one type ol identifier in the ATM cell header, then either direct
physical links would be needed hetween each pair of switching nodes to create a mesh
network, or another switching node would be required at the hub of the star network. This
hub switching node would then have to be involved in every connection set-up on the
network.

Thus the VP concept brings significant benefits by enabling flexible logical network
structures to be created to suit the needs of the expected traffic flows. It is also much
simpler to change the logical network structure than the physical structure. This can be
done to reflect, tor example, time-ol-day changes in demand to difterent destinations.

In some respects the VP/VC concepts are rather similar to having a two level time
division multiplexing hierarchy in a circuit switched network. It has extra advantages in
that it is not bound by any particular framing structure, and so the capacity used by the
VPs and VCs can he allocated in a very llexible manner.

2.3.3. Multiplexors, Switches and Cross-Connects

Nodes in a network handling ATM cells have to merge traffic streams from difterent
sources and route them to different destinations via switch paths and transmission links.
This process involves the temporary storage ol cells in finite sized buffers, the actual
pattern of cell arrivals causing queues o grow and diminish in size. This is similar in
principle to queuing in packet switched networks, although the speed of operation is
significantly higher (typically 155.52. 622 Mbit/s in ATM compared with 64kbits/s for
packet-switched networks).

A major ditference, however, is the lact that there is no link-by-link acknowledgment and

error control on the whole cell. The cell header is protected by an eight bit HEC field.
This is used to correct single-bit errors. and detect and discard cells with multiple errors.
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But there is no protection for the information field and no provision for cell
retransmission over the link -- if this is required it must be performed end-to-end by the
terminals.

Thus the main job of multiplexors, switches and cross-connects is provide temporary
storage for cells in transit, and routing to the correct output port.

2.3.4. Controlling the Connections

I have mentioned that one of the main problems in packet switching is the large variation
in delay suffered by packets. ATM also queues cells in nodes across the network,
introducing variable delays. How can this be wolerated if an ATM network is supposed to
cater for all types of telecommunication — both interactive and non-interactive? Voice
services, for example. cannot tolerate large and variable delays, along with rate reduction
if the network is congested.

To establish connections (whether virtual paths or virtual channels), ATM operates in a
similar way to circuit switching. Upon receiving a connection request, the network has to
access whether or not it can handle the connection. in addition to what has already been
accepted on the network. This process is rather more complicated than for circuit
switching, because some ol the connection requests will be from variable bit-rate
services. Consequently, the instantancous bit-rate required by such services will be
varying in a random manner over time. as indeed will be the capacity available because
some of the existing connections will also he VBR! So if a request arrives for a time
varying amount ol capacity, and the capacity available is also varying with time, it is no

longer a trivial problem to determine whether the connection should be accepted.

In practice such a system will work in the following way: the user declares values for
some parameters which describe the tralfic behaviour of the requested connection, as
well as the loss and delay performance required; the network will then use these tratfic
and performance values to come to an accept/reject decision and inform the user. If the
connection is accepted, the network has to ensure that the connection corresponds to the
declared traffic values. This whole process is aimed at preventing congestion in the
network and ensuring that perlormance requirements of each connection are met.

The traffic and performance values agreed by the user and the network form a traffic
contract. The mechanism which makes the accept/reject decision is called CAC
(Connection Admission Control), and this resides in the switching nodes in an ATM



network. A mechanism is also necessary Lo ensure subscriber compliance with the traffic
contract, i.e. the user should not exceed the peak (or mean, or whatever) cell rate that was
agreed for the connection. This mechanism is called UPC (Usage Parameter Control) and
is situated on entry to the network. If the user does exceed the traffic contract, then the
UPC mechanism takes action to protect the network from the effects of this excess, e.g.
discarding some of the cells from the non-compliant connection.

CAC and UPC are the two most important tralfic control mechanisms in ATM. In order
to design algorithms for these mechanisms, we need to understand the characteristics of
ATM traffic sources, and the effects these sources have when they are multiplexed
through bufters in the network, in terms ol the delay and loss suffered by cells. How we
design the algorithm is very closely related o how large we make the buffers, and
whether and priority mechanisms are proposed. Buffer dimensioning and priority
mechanisms depend on how we intend to handle the different services and their
performance requirements.

2.3.5. ATM Switching

In general ATM switching systems are network elements that support the cell transport,
connection control, and management functions of ATM networks as above. While
standards specify the ATM-layer and physical layer functions of ATM networks, they do
not specify their implementation at the switch level. Theretfore. the ATM switch
architecture is a challenge for switch rescarcher to integrate the complexity ATM
network functions and broadband traffic services on an ATM switch. In next chapter,
several typical types of ATM switch architecture will be discussed in detail.



Chapter 3

ATM Switch Architecture Overview

A large number of switching architectures has been proposed, [Tobagi, 1990], [Ahmadi,
1989], [Awdeh, 1993], [Jacob, 1993]. [Listanti, 1989], [Newman, 1990]. All the
approaches point to the need of a very high speed hardware switch because of the high
transfer rates involved: on the other hand, due to the statistical multiplexing, buftering is
also required in order to avoid cell loss whenever there are multiple input cells arriving
simultaneously on different input ports and destined for the same output. Only one cell at
a time can be transmitted over an output link: the rest must be temporarily stored in a
buftfer for later transmission.

In this chapter, the architecture ol various approaches to ATM switch design will be
introduced, including ATMSWITCH (ATM Switch With Integrated Trigger and
Chandelier Hardware) architecture [Lyons. 1997]. which is the subject of this thesis. The
chandelier is a dynamic data structure implemented in hardware, which butfers cells for
UBR and ABR channels. The Trigger is a scheduling mechanism which shares some of
the chandelier data structures, and provides for the regular forwarding of cells belonging
to CBR and VBR channels.

3.1. ATM Switch Definition and Functionality

According to the paper [Tobagi, 1990]. An ATM switch is a box with N inputs and N
outputs which routes the cells arriving on its inputs to their requested outputs. For
simplicity in presentation, we hegin with the assumption that all lines have the same
transmission capacity, all cells are of the same size, and that the arrival times of cell at
the various input lines are time-synchronized. We thus consider the time axis to be slotted
with the slot size equal to the transmission time of a cell on a line, and consider the
operation of the switch 0 be synchronous. We also assume for now that each cell is
destined for a single output port. However, there is no coordination among arriving cells
as far as their destination requests are concerned. and thus more than one cell arriving in
the same slot may be destined to the same output. Such an event is referred to as output
conflict. Due to output conflicts, buffering of cells within the switch must be provided.



Thus an ATM switch is a box which provides two [unctions: routing (or, equivalently,
switching) and buffering.

Tobagi describes an ideal switch as one which is work-conserving, “An ideal switch is
one of that can route all cells from their input lines to their requested output lines without
loss and with minimum transit delay possible, while preserving the order in which they
have arrived to the switch™. This description seems sufficient at first glance, but it is a
little naive. In particular, 1t fails to take into account the particular requirements of CBR
channels, which should not be given automatic access to any available time-slot if it
becomes available when there arc no cells queued tor other channels. It this were to
occur, the ultimate destination of the CBR channel could be overrun with cells.
Accordingly, the idea switch should be work-conserving (i.e., at any slot t, if there is at
least one cell which had arrived at the switch and which is destined to output port j, then
such a cell must he transmitted out on output line j). The switch should also have
sufficient butfering capacity that the buffer size is sufficiently large to reduce the
probability of cell loss to less than some acceptable ratio. ie. 10-8. (Note that, for a work-
conserving switch, if cells arriving in cach slot present no output conflicts, then virtually
no buffering would he required.)

“While the functionality required of an ATM switch is practically the same as that
required of packet switches used traditionally in computer networks, the challenge here is
to design switches that meet the speeds required.” The definition about functionality of
switch 18 given by Chen [Chen, 1995]. The functionality required is practically the same
as for computer is 10 miss an important point about the constant time-relationship which
must be maintained between the devices at the ends of the network connection in many
data transfer situations. The required switch function must provide various transmission
scheme regarding the time required for different type of cells.

Several architectural designs have emerged in the recent years. These may be classified
into three categories; namely: the shared-memory type, the shared-medium type, and the
space-division type. Each of these categories presents features and attributes of its own.
In all three cases. however, the technology used in implementing the switch places
certain limitations on the size of the switch and line speeds: thus to build large switches,
many modules are interconnected in a multistage contiguration, which provides multiple
paths from the inputs to the outputs, thus offering the concurrency required to handle the
large size.

An important factor affecting the performance of an ATM switch is the traffic pattern
according to which cells arrive at its inputs. The traffic pattern is determined by (1) the



process which describes the arrival of cells at the inputs of the switch, and (2) the
destination request distribution for arriving cells. The simplest traffic pattern of interest is
one whereby the process describing the arrival of cells at an input lines is a Bernouilli
process with parameter p, independent from all other input lines, and whereby the
requested output port lor a cell is unitormly chosen among all output ports, independently
for all arriving cells. Such a waltic pattern is referred to as the independent uniform
traffic pattern. Other tratfic patterns may actually arise which exhibit dependencies in the
cell arrival processes as well as in the distribution ol output ports requested. For example,
cells may arrival at an input line in the form of bursts of random lengths, with all cells in
a burst destined to the same output port. The tralfic pattern in this case is defined in terms
of the distributions of burst lengths, of the gap between consecutive bursts, and of the
requested output port for each burst traffic pattern. Yet another example of a dependent
traffic pattern may be tound in applications that produce cells at regular intervals.

Besides the basic switching operation that is performed by a switch, two other functions
are required. The first is multicast operation. Depending on the application being
serviced, it may be necessary for a cell originating at a source node in the network to be
destined to more than one destination. This could be accomplished by creating multiple
copies of the cell at the source node, cach destined to one of the desired destinations, and
routing the copies independently. Alternatively, multicast routing may be achieved by
requiring the switches in the network to have the capability to replicate a packet at
several of their output ports, according to information provided for that purpose, thus
reaching the multiple destination from a single cell originating at the source. This mode
of operation results in lower tratlic throughput the network but at the expense of higher
complexity in switch design. The sccond function that may be required of a switch is the
priority function. It consists of the ability to differentiate among cells according to
priority information provided in them. and o give preferential treatment to higher priority
cells. Multicast and priority functions are achieved in the various architectures by various
means.

In order to describe more detailed ATM switch architecture, I give following descriptions
that will be used in rest of the thesis.
3.2. Performance Measure

The performance ol an ATM switch is usually evaluated based on three measures:
throughput, delay, and cell loss probability. Throughput (TP) is defined as the average



number of cells which are successlully delivered by the switch per time slot per input
line. Maximum throughput (TP,,.x) is the value of TP under maximum-load conditions.
While TP,.x 1 an important performance measure, it will not be directly felt by network
users. On the other hand. the end-to-end delay, which includes the delay of individual
switching nodes, will be experienced by network users. The reason is that users are only
sensitive with time related signals. such as voice and video signal. Switch delay (D) is
defined as the average time (in time slots) a cell spends from the time it arrives at an
input port, till the ume it is successfully delivered on its requested output line. D includes
the time spent in any input, internal. and/or output buffers. Cell loss probability (Pjes) 1S
defined as the fraction of cells lost within the switch. Cell loss might occur as a result of
blocking and/or buller overflows. Because cell re-transmission takes place on an end-to-
end basis in ATM networks, and because of the high speeds involved in these networks,
Pioe 18 considered as very important performance measure.

3.3. Traffic Model

Here. we refer to the waffic as scen by the input ports of the switch. According to the
paper [Awdeh, 1994]. the traffic model is described by two random process. The first is
the process that governs the arrival of cells in cach time slot. The second process
describes the distribution ports. It is clear that input traffic can follow an infinite number
of models. In the following, we describe three of the most frequently used traffic models
for the performance evaluation o ATM switches.

Uniform traffic

In this model, cells arrive at the input ports of the switch according to independent and
identically distributed Bernoulli processes, each with parameter p (O<p<I). In other
words, at an input port in a given time slot, a cell arrives with probability p. and there is
no arriving cell with probability 7-p. Thus, p represents the input load or the arrival rate
to each input port of the switch. An incoming cell chooses its destination uniformly
among all N output ports, and independently from all other requests; i.e., it chooses a
particular output port with probability //N. This traftic model is sometimes referred to as
the independent uniform traffic model [Tobagi, 1990], or simply the random trattic
model. Asserting the assumption ol uniformity for real-life situations may lead o
optimistic evaluation ol performance measures. However, a large number of studies on
the performance evaluation of ATM switches assume uniform traffic. The main reasons
behind this trend are as follows:
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e This assumption makes the analytical evaluation of the switch more tractable,
specially if the switch is of the bhlocking type and/or employs a complex butfering
strategy.

e A distribution/randomization network can be used at the front end of the switch to
randomize incoming traffic.

e It was observed that the traffic arriving at the switching nodes is less burst than the
traffic arriving at user access nodes, due to the inherent smoothing that takes place
when burst cell streams are queued and then released at a given rate (the link services
rate) to the network [Friesen, 1993]. Furthermore, it was shown that subsequent
stages of switching cause the tralTic to become even less burst [Descloux, 1991],

making the uniform traflic assumption closer to reality.
Burst traffic

Future B-ISDN is expected to support virtually all existing and emerging services
including voice, video and data. Strong correlation may exist among cells originating
from the same source. giving rise to burst trallic. A burst source generates cells at a peak
or a near-peak rate for very short duration, and remains almost inactive in between.
Several models have been proposed 1o deseribe such burst sources [Bae, 1991]. One
popular and simplc model is the On/OIT model, where the source aliernates between a
busy (also called on. active. or silent) period. The probability that the active period lasts
for a duration of 7 time slots is given hy B(i) = a(l-a)™'. i 2 1; it is assumed that a burst
contains at least one time slot.

Hot-spot traffic

Hot-spot traffic refers 1o a situation where many input ports prefer to communicate with
one output port (the hot-spot). This kind of traffic may arise in many real-lite application
[Yoon, 1988]. It occurs, lor example. when many callers compete to call a popular
location in a telephone network. Another example s a local area network consisting of
many diskless computer systems and a single file server. In the model introduced in
[Pfister, 1985]. a single hot-spot of higher access rate is superimposed on a background
of uniform traftic. The cell arrival process is the same as tor the uniform tratfic case. If
we let 4 be the fraction of cells directed at the hot-spot, then p, the arrival rate to an input
port, can be expressed as p = ph+p(/-h). In other words, hp cells are directed at the hot-
spot, and p(I-h) cclls are uniformly distributed over all output ports. Also, the average
number of cells which request the hot-spot per time slotis phAN + p(1-h).



3.4. Buffering Strategies

Due to the statistical nature of the traffic, buffering in any packet switch is unavoidable.
This is true because even with an output-non-blocking switch (which can clear all
incoming cells to the output side of the switch before a new time slot begins), two or
more cells may address the same output port within the same time slot. In such a
situation, given the assumption that input and output lines operate at the same speed, each
output line can serve only one cell per time slot: other cells must be buffered. This is
called output butfering since the buffers will be physically located at the output side of
the switch.

With a switch that is able to deliver a maximum of one cell to each output port in any
given time slot, output buffering is not needed. In such switches, butfers can be placed at
the input ports (called input bulfering). within the switching fabric at possible points of
contention (called input-internal bulfering). On the other hand, if the switch can deliver
more than one cell (but not all possible cells) to ¢ach output port simultaneously, then it
also needs output buffering. In this section, we review and compare two extreme
strategies of external buftering, namely, input buffering and output buffering.

3.4.1. Output Buffering

Here. we assume an output-nonblocking switch (Fig. 3.1) where all arriving cells in a
given time slot are cleared to the output side (i.e.. are switched) before the beginning of
the next time slot, even if all N inputs have cells destined to the same output port. This
can be achieved by, for example, speeding up any switching fabric by a factor of N.
However, only one cell can be served by an output line in each time slot and other cells
with the same output request have to buflered, if space 1s available. The system is stable,

since the average utilization ol an output line 1s the same as that ot an input line.
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Figure 3.1: A gencric nonblocking output buffering switch



The average queueing delay O when N = e and B,,,, = o< is the same as that of an M/D/1
queue [Eckberg, 1988]:

P
(= ; 0=p<l
2(1-p)

3.4.2. Input buffering

In an input buffering switch (Fig. 3.2), an arriving cell enters a first-in first-out (FIFO)
buffer located at its port of entry, if space is available. In each time slot, the switch
resolves contentions prior to switching. If all head-of-line (HOL) cells are destined to
distinct output ports, then all of them are admitted and switched to their desired output
lines. However, if K HOL cells (1 < K < N) are destined to a particular output port, only
one cell is chosen, according to some selection policy, to be switched and other cells wait
to participate in the next time slot selection process.

Input i contention ATM Output
Lines :  resolution SWITCH | !  Lines

N—> JT]] — — N

Figure 3.2: A generic input buffering switch

Several selection policies (also called contention resolution mechanisms or HOL
arbitration resolution mechanisms or HOL arbitration schemes) have been proposed. It
should be emphasized here that while the selection policy among contending HOL cells

can be non-FIFO, the service discipline within each input buffer is still assumed to be
FIFO.

The following equation [Hui, 1987] describes the relationship between the average
queuing delay Q and the arrival rate p (for N = oo, Bj, = oo, and random selection):

_ 2-p)1-p)
(2-V2-p)2+~2-p)

0 ~1; 0 p<2-42;
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The throughput is given by the following equation:

N
TP=1-(3-£] . 0<p<I;
N

3.5. ATM Switch Architecture

Tobagi has described a number of architectures which have been proposed for ATM
switches [Tobagi. 1990]. All the approaches point to the need for very high speed
hardware in the switch because of the high transfer rates involved. The architectures may
be classified into three categories: the shared-memory type. the shared-medium type and
the space-division type. In the following section I will introduce each of them.

3.5.1. Shared-Memory ATM Switches

Shared-memory ATM switch is actually a great conceptual resemblance that they bear to
traditional packet switches used in conventional wide-area computer networks. and to
synchronous time division switches based on the time-slot interchange mechanism used
in circuit switched networks. The switch consists of a single dual-ported memory shared
by all input and output lines. Cells arriving on all input lines are multiplexed into a single
stream which is fed to the common memory for storage; internally to the memory, cells
are organized into separate output queues, one for each output line. Simultaneously, an
output stream of cells is formed by retrieving cells from the output queues sequentially,
one per queue; the output stream is then demultiplexed, and cells are transmitted on the
output lines.

In this type of architecture, two main design constraints must be satisfied. First, the
processing time required to determine where to enqueue the cells and issue the proper
control signals for that purpose should be sufficiently small to keep up with the flow of
incoming cells. That is, there must be a central controller capable of processing
sequentially N incoming cells and selecting N outgoing cells in each slot. The second and
most important design constraint pertains to the shared memory. I focus here on memory
access time and bandwidth requirements. Clearly, the memory bandwidth should be
sufficiently large to accommodate simultaneously all input and output traffic. If N is
number of ports and V is the port speed, then the memory bandwidth must be 2NV. For
example, for a 16-line switch with line speeds of 1.2Gb/s, the memory bandwidth should
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be at least 38.4Gh/s. Given the limitation on memory access speeds, the required memory
bandwidth is achieved by the means of a parallel memory organization.

On the other hand, given that the size of cells is limited, there is a limit on how many
memory banks may be used in parallel, and there is a point at which the memory access
time becomes the bottleneck. In the limit, the memory must be accessed N times per slot
for enqueuing cells, and N times per slot for dequeuing cells. Thus, the size of a
switching module (number of lines and line speeds) is determined by available memory
speeds and achievable processing speeds. Given the line speeds and switch sizes being
contemplated, it is clear that the implementation of such switches must be hardware-
based using LSI (Large-Scale Integrated) circuits, and thus the design problem consists of
identifying and building the various LSI circuits needed. Furthermore, given the high-
speed nature of the required circuitry. it is important to limit the number of chips
involved (and this includes memory chips), so as to keep the board-level design
manageable within the imposed constraints.

3.5.2. Shared-Medium Switches
In shared-medium type switches, all cells arriving on the input lines are synchronously

multiplexed onto a common high-speed medium, typically a parallel bus. of bandwidth
equal to N times the rate of a single input lines (see Figure 3.3).

Time Division Bus

1 ——» S/P | FIFO =P P/S }— 1
Input Output
Lines : Lines

N —1 S/P | FIFO P/S —» N

Figure 3.3: Basic structure ol a shared-bus type architecture

Each output line is connected to the bus via an interface consisting of an address filter
and an output FIFO buffer. Such an interface is capable of receiving all cells transmitted
on the bus. Depending on the cell’s virtual circuit number (or its output address), the

address filter in cach interlace determines whether or not the cell observed on the bus 1s



to be written into the FIFO buffer. Thus. similarly to the shared-memory type, the shared-
medium type switch is based on multiplexing all incoming cells into a single stream, and
then demultiplexing the single stream into individual streams, one for each output line.
The pathes through which all cells flow here is the basically done by the address filters in
the output interfaces. Conceptually. this approach is also similar to the architecture used
in circuit switches based on a TDM bus, with the exception again that here each cell must
processed on the fly to determine where it must be routed, rather than based on
prerecorded information established during the circuit setup phase, and each output
interface must be capahle of receiving cells at the aggregate rate of N cells per slot.

The distinction between this type and the shared-memory type 1s that in this architecture
there is complete partitioning ol the memory among the output queues, and thus the latter
can be organized as FIFOs. An example of such a switch architecture can be found in the
Atom (ATM output buffer modular) switch proposed and being designed by NEC
[Suzuki. 1989].

Similarly to the sharcd-memory architecture, an essential issue in realizing the shared-bus
architecture is how to implement the high-speed bus and bufter memories. all of which
must operate at the aggregate speed of NV, where V is the port speed. The solution to this
problem is also very similar to that introduced for the shared-memory architecture. Given
typical limitations on memory access speeds and LSI chip sizes (gate count and pin
count), the throughput of designed ATM switch is thus determined.

3.5.3. Space-Division Switches

By contrast with the shared-memory and shared-bus architectures, where traftic from all
input lines is multiplexed into a single stream ol bandwidth equal to N tmes the
bandwidth of a single line, in a space-division switch, multiple concurrent paths are
established from the inputs o the outputs, cach with the same data rate as an individual
line. As a result, no memory component in the switching fabric has to run at a speed
higher than 2V, the line speed. Another distinctive feature is that the control of the switch
need not be centralized. but may be distributed throughout the switching fabric.

This type of architecture, however, does present problems of its own. Depending on the
particular internal lfabric used. and the resources available therein to establish the paths, it
may be impossible for all required paths to be set simultaneously. This characteristic,
commonly referred to as internal blocking, limits the throughput of the switch, and thus
becomes a central issuc underlying space-division switches.
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A related issue is buffering. In labrics exhibiting internal blocking, it is not possible o
buffer cells at the outputs, as 1s possible in switches of the shared-memory and shared-
bus type. Instead, buffers must be located at the places where potential conflicts among
paths may occur, or upstream of them. Ultimately, buffers may be placed at the input of
the switch. The placement of buflers has an important effect on the performance of a
space-division switch, as well as on its hardware implementation.

According to the paper [Tobagi, 1990], space-division switches have taken many forms,
The typical space-division switch can be represented by crossbar tabrics, shown Figure
3.4. To best present and discuss the fabrics, it is useful to consider the following simple
abstract model of a switch. The model prescribes that for each input line 1 there 1s a router
(that is, demultiplexor) which routes its cells to N separate bins, numerbeded (1, 1) to (1,
N), one bin for each output port. At the output side, we consider that for each line j there
is a concentrator (multiplexor) which connects all bins (1, j). 1=1, 2, ..., N, to output line j
and which, in cach time slot, sclects one cell, i any, from these output bins for
transmission on output line j. Thus the model switch consists of N routers, N
concentrators, and N buffers. The various [abrics proposed differ by the ways the routers

and concentrators are implemented. and by the locations of the bufters.

4 —

Inputs

Outputs

Figure 3.4: Crosshar switching fabric

The ATM switch architectures described above, all focused on internal structure of
switch for routing a cell [rom input port to the desired output port. None of them consider
any approach to the QoS (Quality of Service) required by different types of data traffic.



The QoS guarantees should be provided in ATM networks by the use of the proper traffic
scheduling algorithms in the ATM switches, [Verma, 1997]. Implementation of the
algorithm must usually be implemented in hardware to satisty the speed requirements.
This part of design should be considered as part of ATM switch architecture. But, none of
above proposed architecture addressed on this problem.

In recently years, several papers have discussed how to provide QoS guarantees in ATM
network by using a scheduling algorithm in the switches, [Bennett, 1996], [Zhang, 1995],
[Stiliadis, 1996], |Georgiadis, 1996]. [Fenwick. 1997]. The main idea of proposed
algorithm is using the traffic schedulers to provide network-level QoS to application by
isolating their traffic from other. A scheduler defined in these papers is regarded as a
queuing system consisting of a server providing service to a set of customers. The
customers queue packets for service, which are chosen by the scheduler for transmission
based on a service discipline defined by the scheduling algorithm. The service discipline
must be designed to meet the desired QoS requirements of individual customers.

Several service disciplines are introduced in these literature for bandwidth allocation and
scheduling in output-bullered switches. These algorithms can be classified based on
several criteria. One classification ol a scheduler is based on the type of guarantees to
individual sessions. but do not provide explicit delay guarantees. In most of these
schedulers. however. the bandwidth guarantee results in an implicit end-to-end delay
guarantee, [Stiliadis. 1996], but the later cannot be controlled independent of the former.
Other schedulers provide independent control of handwidth and delay bounds, but at the
expense of increased complexity. [Georgiadis, 1996]. In the paper. [Verma, 1997], FFQ
(Frame-Based Fair Queuing) and SPFQ (Starting Potential-Based Fair Queuing) is
introduced, but the article just describe a general methodology for the design of
scheduling algorithm.

In next section, the ATMSWITCH architecture will be introduced, [Lyons et. al 1996,
1997]. It addressed on basic ATM service and provided a solution to the problem of
conflicting requirecments of different sorts of data traffic,

3.6. Trigger Mechanism and Chandelier Structure based ATM Switch
Architecture

In this section, a trigger mechanism and chandelier structure based switch architecture
will be introduced. The architecture was proposed by Lyons in 1996. ATM networks are
intended to provide a "one-size-lits-all” solution to a variety of data communication
needs, from low speed, delay-insensitive to high-speed, delay-intolerant. The basic ATM
protocol certainly delivers traffic within this broad range, but it does not address the
quality of service requirements associated with the various type of traffic. In particular,
its statistical multiplexing nature is inherently antagonistic towards constant-delay trattic



such as real-time video. The ATMSWITCH is a shared-bufter type of architecture which
uses two different mechanisms lor selecting cells to output according to their type. The
trigger mechanism solves the jitter problem of CBR/VBR channels, by forwarding cells
from these channels at a constant intervals. The chandelier mechanism allocates
bandwidth to ABR/UBR channels in a more opportunistic manner, consistent with the
conventional ATM approach, but uses a separate queue for each channel, to minimize
interference between high-throughput and short response-time channels. The trigger
mechanism has higher-priority access to the output port than the chandelier, but if a
channel which uses the trigger mechanism has no cell queued for output when it is due to
be triggered, access to the output port reverts to the chandelier. Hence the bursty tratfic
characteristic of VBR channels does not result in wasted bandwidth. The architecture can
be classified as a shared-bulfer type of switch architecture in which 1 already described

on last section. The used buffer strategy is output buffer.
3.6.1. Architecture Description

In 1996, Lyons, McGregor and Moretti proposed an Associative Chandelier structure
[Lyons. 1996] based ATM switch architecture. It can perform almost all functions of
ATM layer, such as routing a cell from input port onto assigned output port., buftering a
cell, and outputting cells in correct serial order. It also allow priority services among
different cell queues. Lyons et al. desciibed a detail circuit level  structure that can
achieve 1.2 Gh ATM transmission speed. The architecture uses a round robin as a
multiplexor to get a cell from selected input port at each time slot. A CAM (Content
Addressable Memory) known as Map Memory was used as a look up table to handle all
information about virtual path/channel. cell input port and output port. channel type, cell
queue information. The cell bulfer is implemented by a fast cache memory which can
read or write a cell within a 12ns time cycle. The cell butfer memory was shared by all
output ports. The design used another component that was called cell queue link to
maintain the cell queue pointer. The novel leature of this structure is chandelier structure.
It put outgoing cell onto a queue belonging to the channel and connected the queue
header as a round robin. During each output time cycle, the output port will remove a cell
trom the first item of the selected queue and put it onto output bufter. This architecture is
very suitable for ABR. UBR classes ol service, but it have jitter problem with CBR and
VBR channels.

In 1997, Lyons proposed adding a new Trigger mechanism [Lyons, 1997] into the
associative chandclier to provide the regular cell-forwarding behaviour necessary for

CBR and VBR channels. The trigger mechanism adds a counter into ATM switch and
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stores an ITV (initial trigger value) and a mask value (the relationship between the mask
value and the bandwidth requirement of the channel is described later) for each channel.
On each output cycle, the counter value is increased and if, masked, it matches a
channel's ITV, then that channel is due for output. It no channel is selected for output by
the trigger, access to the output port defaults to the round robin chandelier.

The trigger mechanism schedules regular output from CBR/VBR channels. So it can
solve the problem of time sensitive channel CBR and VBR transmission within ATM
network.

3.6.2. Associative Chandelier Structure

Lyons, McGregor and Moretti's (1996) hardware Associative Chandelier is a
development of an carlier, software bullering system used in MasseyNet, a packet-
switching LAN (Lyons and McGregor. 1986, 1990). In 1996, Lyons, McGregor and
Moretti proposed the associate chandelier, an updated version for use in ATM systems.
The new version ol chandelier was designed lor implementation in hardware to achieve
the speeds characteristic of ATM nctworks. One of the main teatures of the architecture
was an associative memory or CAM (Content-Addressable Memory) which was used for
matching incoming cells” channel identification information so that the cell could be
buffered in the correct queue. To support this, the associative memory stored the
channel’s input port number and channel number. The channel’s output port number and
channel number are identical for all cells in a particular queue, and the storage
requirement for the system can therclore be minimized by storing them also in the
channel header in the associative memory. This memory therefore contained all the route-
mapping information lor all channcls with links through the switch, and is conseqguently
called Map Memory.

The chandelier comprises two data structures. The first data structure 1s implemented in
Map Memory and a circular list of channel identifiers. Only channels which currently
have data buffered in the switch have an entry in the circular list. When a channel’s
buffer becomes empty. its entry is removed [rom the circular list, but not disposed of
completely. The consequence ol this is that traversal times for the circular list are
minimized - there is not need to deal with channels which do not have data buffered in
the switch. The associative addressing on the other hand allows rapid identification of the
entry corresponding 1o an incoming cell's channel. Thus when new data arrives for that
channel, the entry can quickly be linked into the circular list again.
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The second data structure is a sct of FIFOs, implemented in two interrelated hardware
modules; 12ns cache memory chips contains cell data lields. The links between the FIFO
elements are maintained in a separate, higher speed memory. variously referred to as link
memory and CQLinks (for cell queue links). The link memory must run faster than the
data buffer because, although map memory contains pointers to both the head and the tail
of the FIFO it is still necessary to access this memory more than once when updating the

links.

Each entry in the first data structure. the circular list, points at the FIFO containing cells
buffered for its channel. A round robin server travels around the circular list, visiting each
channel in turn, and outputting one cell from its FIFO during the visit. If the FIFO
becomes empty. the channel’s header entry is removed from the circular hist. Thus only
channels which currently have cells bullered in the switch contribute to the service time
tfor the circular queue. Figure 3.5 shows these two data structures and empty channel
header.

Circular List

) €---- Channel Header

Cell Queue <---Single Cell

Figure 3.5: Two Data Structures of Chandelier

In above picture, a cell arriving Irom an input port will be appended at the end of its
channel's cell queue. At each outgoing slot, the round robin server moves to the next
channel header in the circular list and the cell pointed to by this channel header will be
sent to the output port.
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Since the number of active channels varies, the size of chandelier and hence the service
rate for channels with cells queued in the chandelier, will vary. This will be experienced
as jitter at the destination. So the chandelier structure will suit ABR and UBR channels,
but have problems with CBR/VBR channels, which are not tolerant of jitter. In order to
overcome the jitter problem. Lyons proposed a Trigger Mechanism [Lyons, 1997] that
combines with the associative chandcelier structure to support all class of services of ATM
switch.

3.6.3. Trigger Mechanism

The general idea of the trigger mechanism is to schedule regular output slots for a
CBR/VBR channel. Thus a burst of cells arriving at the switch from an outside source
will be forwarded at regular intervals - which reduces the probability of bufter overrun in
subsequent nodes - and some of the cells in the burst will be buffered in the first node
while they wait lor their scheduled service. Due to all cells of one CBR/VBR channel
pass the switch at a constant time. the delay within these cells almost same. The jitter thus
can be ignored.

The ATM switch should therelore regularly trigger output for a given CBR/VBR
channel, and the trigger frequency must be able to be set according to the agreed
bitrate(the maximum bitrate, in the case of VBR channels) of the channel. So we need a
special device that is able to trigger cach channel in terms of their speed.

As described in Lyons (1997), a regularly incremented counter was proposed to provide a
time base to support this mechanism. Each CBR/VBR channel is associated with a unique
set of equally-spaced values in the counter’s range and will be triggered whenever the
counter value equals one of these trigger values. The spacing between triggers will be
inversely proportional to the channel’s speed. so that high-speed channels will be
triggered frequently, low-speed channels less frequently. Allocating suitable trigger
values in a dynamic environment, where channels of different speeds are being set up and
destroyed. is not completely wrivial. and will be discussed later.

Figure 3.6 shows the counter as a pointer that rotates through a set of values, 0 to 291 (n
1s 4 in this case), shown on the inner ring. Some of the values are trigger values for
particular channels. These are indicated by arrows to the channel header from the sectors
on the outer ring adjacent 1o the wrigger values. Thus the left channel is due to be
triggered, because the counter value is 1. It will also be triggered when the counter value
is 9, and the right channel would be triggered when the counter value is 2, 6, 10, or 14. It



should be emphasized that this is a simplified model showing the functionality of the
trigger mechanism; it is not an accurate representation of its implementation.

Figure 3.6: Counter value and trigger value

If a channel is triggered. but its buffer queue 1s currently empty (as would often be the
case for VBR channels). then access to the output port will default to the ABR/UBR
channels with data butlered in the chandelier. Similarly, if the current counter value is not
a trigger for a CBR/VBR channcl. then output will also be able to come from the
chandelier.

Figure 3.7 shows the trigger mechanism and chandelier structure selecting a cell onto
output port. In this diagram, the counter number is three and it equal to a trigger value of
a CBR/VBR channel. So at this particular time, the outgoing cell will be selected from
this channel. In the next chapter. I will detailed describe how the trigger mechanism can
make CBR/VBR cell stay at switch as constant tme and then is triggered onto output
port.

A N
N k'

Trigger Mechanism Chandelier

Figure 3.7: Trigger Mechanism and Chandelier
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3.6.4. Speed Achievable of Trigger Mechanism and Chandelier Based Switch

In above sections, I introduced some basic ATM switch concepts and reviewed three
typical switch architectures. Lyons ATMSWITCH architecture, incorporating the trigger
and the chandelier was described later in this chapter. According to classification of ATM
switch, the trigger and chandelier structure based switch is shared-memory and output
buffer strategy switch. The limitations of this type of switch on the size come from the
memory control logic (which must be able to handle N incoming and N outgoing cells in
each time slot), and the memory bandwidth that must be at least the sum of the
bandwidths of the incoming and the outgoing lines. The memory bandwidth depends on
the word length, which in turn is limited to the cell size (48 octets = 384b), therefore for a
given memory cycle time (or memory access time) the number of links N must satisfy the
following relation (for single ported memories):

celllength(b)
2 X N X linkspeed(b/ s)

cvcletime = (3.1)

Above equation shows a clear limitation in the maximum achievable size of a shared-
memory type switch.

In ATMSWITCH architecture the cell queues are stored in a separate memory
implemented using 12ns cache memory. We can use the above equation to estimate the
maximum of throughput of switch. For example, if the read and write times for the cell
buffer are 12ns and the speed of the input and output lines is 1.2 Gbps. The memory
could therefore achieve:

Total Throughput = 424/(24%10° ) bps = 17.6667Gbps;
Switch Size = 17.6667Gbps/1.2Gbps = 14 Lines;

The above value is only an expected result. When the switch is working, it's not only
writing cell data into and reading cell data from the buffer memory, but also involved in
many other related circuit operations. If the switch is to achieve the maximum possible
throughput, as calculated above, then all of the other circuitry for maintaining the
chandelier and the trigger must operate within the 12ns memory cycle time. Lyons (1996
and 1997) provided a broad-bruch outline of circuit designs which are capable of
achieving these tasks.
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The task undertaken in this project, and described in this thesis was the development of a
tull logic design for the chandelier and trigger components of the ATMSWITCH, and the
determination of the speed at which this logic would have to run if full use is to be made
of the memory bandwidth.

The next chapter I will describe a basic switch structure which was based on trigger

mechanism and chandelier structure. The related circuit module was also designed and
implemented by using VHDL language.

45



Chapter 4

ATM Switch Structure and Implementation

This chapter will describe the basic structure of ATMSWITCH. The switch is designed at
circuit component level and simulated by using the VHDL language.

4.1 Introduction ATMSWITCH Structure and its Circuit Modules
According to the architecture that was proposed by Lyons [1996, 1997], we described a

switch structure and designed cach circuit module of switch. The following diagram
shows the basic circuit modules of the ATMSWITCH.

- controfler

A
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Figure 4.1: ATMSWITCH Structure

Figure 4.1 shows the main circuit modules of ATMSWITCH. They construct the switch

and each of modules performs a different function and is controlled by the Controller.

The basic functions are:

e Input Port: rcceives cells from input line of switch, the incoming cell wait at the
input port and then is sent to cell memory (cell bufter);

¢ Clock module: used to maintain the internal time control for the switch;



¢ Controller module: outputs control signal to different circuit module according to its
input signal events.

e Map Memory: stores each established channel information and routing information.
It is used to map incoming cell onto predefined cell queue when a cell arrives, and
points to the address of an output cell when cell output is due. The map memory is
actually an associative memory and the chandelier structure was realized in map
memory;

e Cell Memory (Cell Buffer): used to store the data fields of all incoming cells. The
cell memory is a shared bufter structure. It's shared by all output ports;

¢ CQIlinks (Cell Queue Link) memory: used to maintain the cell queue link pointer and
manage cell memory address:

e Input Port Round Robin Server (simply called Input Server): indicates the current
input port number at each incoming cell slot;

e Output Port Robin Server (simply called Output Server): indicate the current
output port number at cach ourgoing cell slot;

e OQOutput Port: receives cells from cell buffer, the cell at the output port is sent to
switch output line:

e Counter module: outputs a regularly increased integer, the value will trigger a
special CBR/VBR channel that matches this value. It's a part of trigger mechanism in
ATMSWITCH.

e D _Bus & Head_bus: the d_bus is the cell payload data bus and it transfers cell
payload data within the switch: the head_bus 1s cell head data bus and it transfers cell
head data within the switch. Both the d_bus and head_bus are shared with switch
modules.

e A _Bus: is cell memory address bus. It provides the cell memory address for cell
reading and writing. The a_bus is shared with the switch modules.

In later subsections. I will describe cach of the above modules in detail. Before this,
however, I will describe the switch's operation at a high level.

4.2 Operation of the ATMSWITCH

ATM switches are in gencral used for routing a cell from an input port to a desired
output port. In Lyons er al's ATMSWITCH. the working procedure can be briefly
divided into two main stages. The lirst stage is accepting a cell from an input port into
the cell buffer; the second one is outputting a cell from the butfer onto the desired output
port.

The Clock module outputs a clock signal to other modules of switch. The high phase of
the clock signal delimits the accepting cell stage. When the clock signal changes from
low to high, the controller initiates cell input. First, it checks the input port Full signal
for the current port to sec whether there are cells at input ports. If its single-cell buffer is
full, the controller begins wransferring the cell payload to the next available location in
cell memory. During the 12ns necessary lor this to oceur,

47



. the channel identification information in the cell header is matched associatively
with the map memory. The matching entry in map memory contains pointers to the
head and tail of the buffer queue for the channel to which the incoming cell
belongs, so that it is also possible 1o ...

. update the CQlinks memory to link the location in cell memory into its channel's
queue.

In order for this second action 0 occur to happen while the (comparatively slow) cell
memory is being loaded, CQlinks (which is logically parallel to cell memory) must run
considerable faster than cell memory. It has been the object of this research project to
determine just how fast CQlinks, map memory. and the controller logic must run in order
tor all the administration to occur while the cell buffer is loading or unloading a payload.

Cell output occurs while the clock signal is low. First, the trigger mechanism checks to
see whether there are any CBR/VBR channels waiting to output a cell. If the trigger
value is true, the cell will be chosen from the trigger mechanism rather than chandelier
structure. If the trigger value 1s false, the cell will be sent from chandelier structure to the
output port. After the cell ranster is initiated. CQlinks and the channel's map memory
entry are updated to reflect the new structure of the buffer queue, and the channel header
is removed from a chandelier il its bulfer queue has become empty. the relative value
will be updated.

In addition to these two main phases, there is also a Setup phase during which the switch
sets up or clears a map memory entry at the establishment or disestablishment of a virtual
channel.

4.3 Clock Module

The clock provides a synchronous timing control for all circuit components of
ATMSWITCH. In designed switch. the clock outputs three signals for other circuit
modules. The first one is the reser signal. When the switch is turned on or in other special
cases in which the switch needs be reset. the signal will be set to high, logic “1°. If the
reset signal was changed to high, all components of the switch will be reset.

Clock
+T—r4+—r+—r<—>
12ns 12ns 12ns 12ns

Clkt L L
Reset |

Figure 4.2: Signals of Clock Module
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The others output signal of clock is ¢/kJ and ¢/k2. Clkl and Clk2, which continuously
output a sequence of alternating logic "1"s and "0"s (see Figure 4.3). In ATMSWITCH,
the clkl cycle was defined as 12ns lor high phase and 12 ns for low phase. The clk2 cycle
was defined as 500 ps for high phase and 500 ps for low phase. When the c¢lk] signal is
high, the controller will change the switch state into the Acceprcell. When the ¢lk] signal
change to low, the controller will change the switch state o the ourgoing cell. The clk2
signal is used to give the timing control for the circuit modules of ATMSWITCH.

4.4 Input Port Module

The input port captures cells arriving via the ATMSWITCH's serial input line and stores
them in a single-cell input buffer. The buller automatically asserts the full signal when a
cell is loaded into it. The full signal will be cleared by the controller after the cell is
moved into the cell memory. In simulatcd ATMSWITCH module, four input ports are
defined to receive cells from input line ol switch. They are Inpur Port 0%, Input Port 1#,
Inpur Port 2#, Inpur Porr 3#. All input ports are designed with same circuitry tunction.
The name Input Port is thus used to represent each input ports.

—»Clk2  Head_bus :t} Channel identification
>

information
—» Reset
— ™ Resetfull D _bus b } Payload
—
—Pp0e
—P-Input line Full —»

Figure 4.3: External Port Diagram of Input Port

The external ports diagram of the simulated input port is shown in Figure 4.3. There are

several ports in input port. The function of each port can be described below:

e Reset Port: receives reser signal from the Clock module. When the reser signal is
high, the Input Port will clear the current cell in the Input Port and reset the full
signal as low.

e CIk2 Port: receives ¢/k2 signal from the Clock module. The ¢/k2 signal gives the
timing control for the input port operations.

e Oe Port: is connected with the en_porr_no signal of input round robin server. At
acceptcell state, il the input port is selected by input server to send its cell to cell
memory, the oe port will receive an identical number which is correspond to its port
number. For example, signal value “00017 is corresponding to input port 1#. If the
input port is enabled. it will put the cell onto d_bus and head_bus .
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e D_Bus Port & Head_bus Port: the d_bus is cell payload data bus and its width is
equal to cell payload data length. The head_bus is cell head data bus and its width is
equal to cell head length. In ATM switch, the cell head is defined as 5 bytes and cell
payload data is 48 bytes. In VHDL simulated ATMSWITCH, the _bus is defined as
8 bits width and head_bus is 28 bits. Both d_bus and head_bus are used to transfer
cells within ATMSWITCH. The bus is shared with switch modules. For simple
reason, the cell payload data bus was called cell data bus and cell head data bus was
called cell head bus. Sometime the cell bus was used to represent both cell data and
cell head bus. The d_bus port of input port is used to send cell data to the cell
memory and the head_bus port is used to send cell head.

e Full Port: outputs full signal. When a cell 1s load into input port, the full signal is
automatically sct to high. After the cell is transterred to cell memory, the full signal is
reset to low.

e Resetfull Port: is connected with reserfull signal of controller. After the cell is
transferred from input port to cell memory, the reserfull signal is set to high. The full
signal is reset 1o low when the high reserfull signal reaches input port.

4.5 Input Round Robin Server Module

The input ports have a round robin server to indicate current input port number and
update current port number on cach accepting state. The input round robin server
indicates which input port is going to send its cell to cell memory at current accepting
cell state. It also outputs a signal 1o enable selected input port to put its cell onto the cell
bus.

Current Input
Port hllode

B —
Figure 4.4: Structure of Input Round Robin Server

When an input port is loaded a cell. the tlag signal full is set as high. The flag will be
reset by the switch controller after the cell has been sent to the cell memory. The full
signal for each input port is represented by full00, fullOl, full02 and full03 in simulated
ATMSWITCH. They represent the full signals of input port trom 0# to input port 3#. All
of the tull signals are checked by the input round robin server, which select one of the
input port to send its cell 1o the cell memory. As Figure 4.4 shown, the Input Round
Robin Server actually maintains a circular list structure for input ports. Each node of list
is identified with a unique input port number. At cach accepting cell state, the server
check the full signal of current input port. It the full signal of current input port is high,
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the server will select this port and output the en_porr_no signal to the port so the cell of
this port can be transferred to the cell memory.

If the full signal of the current input port is low, the server moves forward to next node
and checks the full signal value. It the full signal of checked input port is still low, the
server continue to visit the rest of the nodes in the circular list until either one of the full
signals is high or all of nodes have been visited. So the input server make switch work
efficiency at each acceprcell state. This is why the input round robin server is said to
perform a supersaturated operation mode.

Therefore the operation of input round robin server is not only used to encode the current
input port, but also ensure that the input ports are served efficiently and fairly. That is,
the switch is able to accept everything produced by an input port which is dumping data
into it at full speed, if that is the only loaded port, but if other ports are loaded, their data
will be accepted with a priority equal to that of the “dumping™ port.

Clk1

Clk2 Acceptcell—»
Reset

Fulloo
Fullo1
Fullo2
{ Full03

En_port_no—»

Liid 4yl

Figure 4.5: Input Round Robin Server Port Diagram

The external ports of the simulated input round robin server are shown in Figure 4.5.
There are several defined ports in input round robin server module. Their functions are
described below:

e Full Port: there are our full ports are in input server module. They are from fullO0 1o
SfullO3. Each tull port is connected with the full signal of input port. If the input port is
loaded a cell, the full signal 1s automatically set to high. Input server use these full
ports to check the fir/l signals of input port.

e CIk1 Port: receives clk] signal from Clock module. When the clk1 signal is changed
from the low to high, the input server starts its encoding operation. When the clkl
signal is changed from high to low. the input server stops its operation and wait next
high phase signal is coming.

e CIk2 Port: receives ¢lk2 signal from the Clock module. The ¢/k2 signal gives the
timing control for the input server operations.

* Reset Port: receives reser signal from Clock module. When the reser signal is high,
the input server will back to initialized state.

¢ En_port_no Port: outputs the enable signal to the selected input port to send its cell
to cell memory. For example, il the en_porr_no output the value of “00017, the input



port 1# is enabled: if the en_port_no value is “00107, the input port 2# is enabled.
Each en_porr_no value is corresponding to an identical input port number.

e Acceptcell Port: notifies the controller of switch or other related circuit modules that
the cell is ready to transfer from input port to cell memory. The accepreell signal 1s
set to high after the input server examined the full signals of input port, in which the
input port is not empty.

4.6 Counter Module

The counter outputs a series increased integer number at each counter cycle. The number
compares with the ITV value and mask value at cach ourgoing cell slot. If the value is
matched, one of CBR/VBR channel is triggered and the matching CBR/VBR channel is
due for output, so one of its cells should be sent to the output port. The counter is a part
of our designed trigger mechanism.

Count Value: 101010101010
Count Cycle: I {
I I
| 1
¢ >
i 1 count cycle 1
| i
Output Port: Port 0# Port 1# Port 2% Port 3#
24 ns " 24 ns 24 ns g 24 ns "

Figure 4.6: One counter cycle equal to four clock cycle

In simulated ATMSWITCH, the counter is triggered at each four c¢/k/ cycle. As Figure
4.6 shows, the counter number “10101010107 is checked by all output ports from 0# to
3# in their turn to owurgoing cell. That means the same counter number can be used to
trigger CBR/VBR channels that belong to different output port. It's shared with the
output ports. Two CBR/VBR channcls might have same ITV, Mask and counter number
range it they are not routed at same output port. The reason of the counter cycle was
designed as tour ¢/k/ cycle is due to four output to be used in simulated ATMSWITCH
module. The detail discussion is given at later sections of this chapter.
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Figure 4.7: Counter Port Diagram

The external ports diagram of simulated counter is shown in Figure 4.7. It’s quite simple

circuit module in ATMSWITCH. Each port functions is described at below:

e Reset Port: receives reser signal from Clock module. When the reser signal is high,
the counter backs initial state and begin to count from the zero.

e CIk1 Port: receives ¢/k] signal from the Clock module. It triggers counter to increase
its current output number. The counter is triggered at each four times clk/ cycle.

e Count Port: outputs current counting number to map memory. The number is
regularly increased at each counter cycle.

4.7 Controller Module

The controller consists of a control circuit and a set of control signal to control and adjust
each circuit operations. The switch can thus transfer a cell from the input port into cell
buffer at accepreell state and send a cell from the cell buffer to the output port at the
outgoing state. The operation of controller can he described as these two states.

Acceptcell State

When the controller receives high phase ol ¢/kl signal, the controller begins to work at
accepreell state. First controller waits for accepreell signal event that is from input round
robin server. It the accepreell signal is high, it means the input port is ready to transfer
cell onto data bus, the controller will thus prepare to receive the cell head information
from head_bus. After the input port put the cell head information onto the head_bus, the
controller fetch the data Irom the head_bus and check the cell head information. If the
checked cell head is a normal cell type, the controller set the wrire signal as high so that
the cell memory is enabled to write the cell data from the cell data bus into the cell
memory.

If the incoming cell head was examined as Sctup cell type, it means the incoming cell is
used to establish the new virtual channel. The controller will thus perform a series of
operations for building the new virtual channel. There are two different operations
involved in creating the new channels. One is for building CBR/VBR channels, another
is for building the ABR/UBR channcls. In both cases, the controller set the serupcell
signal as high so the switch start to ereate a new channel at this accepreell state.
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If the incoming cell head was examined as Release cell type, it means the incoming cell
is to release a no longer used channel. The controller will perform related operations to
clear the given virtual channel. In this case, the controller set the releasecell signal as
high so the switch start to remove the virtual channel from the channel information list.

In order to assign a bandwidth 10 the new requested CBR/VBR virtual channel, the
controller maintains several ITV wrees for managing bandwidth of output ports. Each
output port corresponding to an ITV tree. If a setup cell is coming to request a CBR/VBR
channel with a predefined speed and routing destination, the controller check the ITV
tree of referred output port. If requested bandwidth is available in the ITV tree. the
controller builds the new channel and updates the ITV wee. The ITV wuee is part of
trigger mechanism. The details about ITV wee and trigger mechanism is described at the
rest of this chapter. Here we just use the concept of ITV wree to explain the functions of
the controller.

The ITV tree is also updated when a CBR/VBR channel is released from the switch.
When controller has examined the type of incoming cell to be a Release cell type, it will
find the released channel in the ITV wtree and removed it from the tree.

The ITV tree is a special binary tree structure. Each CBR/VBR channel has a node in the
‘tree. The operation ol setup a new channel in the controller is actually linding the most
appropriate position in the tree and adding the new channel node into the position. The
operation of releasing a channel is actually removing a channel node from the tree.

Outgoing Cell State

When the controller receives a low phase ¢flk/ signal from Clock module, it begins to
have ourgoing cell operations. First controller check outgoing and march signal event
The ourgoing signal is from output round robin server. It's set to high means that the
current chandelier bulfer ol output port is not empty. The march signal is from map
memory. IUs set to high means that a CBR/VBR channel is triggered at this owurgoing
state. Whatever the ourgoing or march signal is high, the controller will set the read
signal to high. So the cell memory is enabled 10 read cell trom memory onto the d_bus.
Meanwhile, the map memory output the re-assembly cell head onto the head_bus. The
currently output port letches the cell trom both _bus and head_bus and then send the
cell to the output line of switch.
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Figure 4.8 Controller Ports Diagram

The external ports diagram ol simulated controller is shown in Figure 4.8. Each functions
of controller port is described below:

CIk1 Port: receives ¢/k] signal from Clock module. When the ¢/k/ signal is changed
from the low into high, the controller controls the switch to start working at
accepreell state. When the ¢/k/l signal is changed from high to low, the controller
control the switch hegin to work at ourgoing cell state.

Clk2 Port: reccives ¢/k2 signal [rom the Clock module. The ¢/k2 signal gives the
timing control for the controller operations.

Reset Port: receives reser signal [rom Clock module. When the reser signal is high,
the controller sets each signal as initial state and clear all ITV trees.

Acceptcell Port: the accepreell port is connected with the accepreell signal of input
server. At accepreell state, il the controller get the high phase of accepreell signal, it
will fetch the cell head value from the head_bus and check the type of cell head.
According to the checked cell type. the controller either set the wrire signal as high
for transterring cell from input port to cell memory or set the serupcell signal as high
for establishing a new channel or releasing an old channel.

Outgoing Port: is connected with the ourgoing signal of the output server. At
ourgoing cell state, il the controller receives a high phase of owrgoing signal, the
controller will set the read signal as high. The cell memory is thus enabled to read the
cell.

Match Port: is connected with the march signal of the map memory. At ourgoing cell
state, if the controller receives a high phase of march signal, the controller will set the
read signal as high. The cell memory is thus enabled to read the cell.

Head_bus Port: transfers cell head information within switch. The controller uses
the head_bus port o letch cell head alter it receives the high phase acceprcell signal.
The value of the cell head determines what kind operations the switch will do. It the
cell head is a setup cell, the controller will establish a new channel at switch and the
re-assembly cell head will be sent to the map memory through the head_bus port.
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e Setupcell Port: outputs the serupcell signal to other modules of switch. If the
controller identified the incoming cell is setup cell, the serupcell signal is set high.
The high phase of serupcell signal disable the cell memory writing cell operation and
notify map memory to create a new channel item in the channel information list for
the new channel.

e Releasecell Port: the function of the releasecell port 1s same as setupcell port. The
distinction is that the high releasecell signal releases an old channel item from
channel information list.

e  Write Port: outputs the wrire signal to other modules of switch. It the controller
identified the incoming cell is normal cell, the wrire signal is set to high so that the
cell memory is enabled to write a cell data into memory.

e Read Port: outputs the read signal to other modules of switch. If the controller
receive either the high phase ourgoing or matrch signal, the read signal is set to high
so the cell memory is enabled to read the cell.

e Resetfull Port: outputs the reserfull signal to input port. After the cell is transferred
from input port to cell memory. the reserfull signal is set to high so the tull signal of
input port 1s reset 1o low,

e ITV Port: outputs ITV value to map memory. If the incoming cell is identified as
setup cell, the controller will wravel ITV wee to find an available position for request
CBR/VBR channel bandwidth. After the controller insert the node in the tree, the
controller outputs the ITV value to map memory through this port.

e Mask Port: outputs mask value to map memory. Same as ITV port, it the incoming
cell is identified as setup cell. the controller insert a channel node in the ITV tree.
According 1o the ITV value and given channel bandwidth, the mask value can be
calculated by using predefined algorithm. The mask value is sent o the map memory
through this port.

4.8 Map Memory

Map memory maps incoming cells onto a predefined cell queuve in the accepting cell
state. In the owurgoing state, the map memory use two special mechanisms; trigger
mechanism and chandelier round robin server, to determine which channel is selected to
send its cell onto output port.

Map memory maintains a list of routing information for each established channel. Each
item of the list consists of a channel number, the input port number, output port number
and other related fields. When a cell is coming from one of input port, its channel
number and input port number will be treated as a key and compared with the routing
information list. When the key is identified. the cell will be appended at the pre-assigned
chandelier cell queune. It incoming cell is a Setup cell, the map memory will create a
newly channel item in the information list for the new established virtual channel.

Map memory has a well-defined data structure. The most part of trigger mechanism and

chandelier is implemented by map memory. In the owrgoing state, the trigger mechanism
will check whether there are any CBR/VBR cell waiting for output. If no CBR/VBR cells
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are due to be sent, the chandelier will be used to choose a cell for the output port. The
item of map memory is inserted and removed in terms of creating the new channel and
delete the old channel operations.

In remaining sections, the details about map memory and chandelier will be described.

4.8.1 Structure of a Word in Map Memory

In Figure 4.9, the data structure shows each data fields in map memory. The definition
about each data field is described helow.

associative ! map entry free
matching 28 input circuit id
part of word 4 input port #
28 output circuit id
4 output port #
10 TV
pointer field 10 mask
links entries 1 empty cell queue
in individual 15 cell queue head pointer
chandeliers. | = 15 cell queue tail pointer
a?rdemiri;:c;rfrs ! 16 cell queue length
mapememory > 10 next map entry
entries  / 2 class of service

Figure 4.9: Data storage lields in map memory

e  Map Entry Free: specifics whether the current address in map memory is used or
not. If the ficld is set to “17, this address ol map memory is in use. The *0° means the
address of memory is frec.

e Input Circuit id: represents the Virwal Path Identifier and Virtual Channel
Identifier of the cell header. When a new virtual channel is established, the map
memory will store the VPI/VCI in the input circuit id field of a free word in map
memory.

e Input Port Number: contains the port number of the port through which the cell
arrived at the switch. Channels associated with different ports are not required to
have unique circuit ids (VPI/VCI information), so the channel's port number must be
stored as well as its circuit id if incoming cells are to be unambiguously assigned to
their channels.

e  Output Circuit Id: contains the VPI/VCI information used on the channel's next
hop. When an ourgoing cell is assembled. the values in this field are placed in the
VPI/VCI fields of the cell header.



Output Port Number: the port through which cells belonging to this channel should
be output.

ITV (Initial Trigger Value): A number allocated to the channel by the switch
controller to CBR and VBR channels when they are established. Output from the
channel is scheduled whenever as masked match (see next field) occurs between the
trigger counter and the channel's ITV.

Mask Field: A number delining the relationship between the channel's bandwidth
requirement and the bandwidth of the data communication link. In the extreme case,
it the channel requires 100% of the link bandwidth, the mask value 1s all 1's, and any
counter matches the ITV (irrespective of its value). It the bandwidth requirement is
50% or 25%. then the mask has all 1's except for the bottom 1 or 2 bits respectively,
and thus the counter value will match the ITV once every two or four cycles.

Empty Cell Queue: specifics whether the cell queue is empty or not. Each cell
queue belongs to one cannel.

Cell Queue Head: points the first cell address of cell queue in cell memory. During
the ourgoing cell state. whatever the channel is selected by either the trigger
mechanism or chandelier output server, the cell queue head pointer will give the
address of the first cell in the channel's queue so that the cell will be send to the
output port.

Cell Queue Tail: points the address of the last cell of cell queue in cell memory.
During accepting cell state, the cell is appended at the end ol cell queue. The cell
queue tail pointer 1s used o give the last cell address of cell queue. This avoids the
need to traverse the entire list when inserting a new cell, so that it is easy to
determine when to add a cell header into, or remove it from, a chandelier.

Cell Queue Length: records the length of cell queue.

Next Map Entry: links cell qucue headers together into the circular list that gives
the chandelier its characteristic shape in map memory. All channels that appear on
the same chandelier are routed through the same output port. Each output port
maintains a chandelier that selects a channel and outputs its cell via this output port.
The chandelier structure is designed as a dynamic data structure. It no cell 1s queued
in the channel's cell queue. the channel header will be removed trom chandelier. If a
cell arrives at this channel, the channel header will be added into the chandelier
again.

Class of service: indicates the type of the channel, such as CBR, ABR, VBR or
UBR.

4.8.2 Chandelier Structure

From described above, we know that the next map entry field of data structure 18 used to
link channel entries and form circular lists for each output port in map memory. The
chandelier is dynamic data structure. Figure 4.10 shows the structure of chandelier. In
this diagram, the channel headers which have cells butlered in the cell memory appear in
the circular list. Those channel headers which aren’t linked at the circular list are no any
cell in the cell memory. If the ecmpty queue ficld of channel header is changed trom false
to true, it means the last cell has been removed Irom the cell queue of the channel, the
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channel header will be removed [rom the circular list. If a cell arrives to the channel that
wasn’t linked at the circular hist, the channel header will be 1nserted at the circular list. So
the circular list is dynamic formed by channel headers.

Map Memory

] 4 ----- Channel Header

* === Cell Queue
Cell Memory

Figure 4.10: Chandelier Structure: Channel Header Circular List and Cell Queue

The diagram also shows the cell queue structure of chandelier. The first cell of the cell
queue is pointed by the cell queue head field of channel header. The last cell is pointed
by the cell queue tail field ol channel header. Each time the switch enters the ourgoing
state. the chandelier server will select one of channel from circular list node. At the next
outgoing state. it will advance a pointer round the circular list to choose a cell from the
queue belonging to the next channel in the sequence. The structure of circular list is like
a linked list. Tt needs a pointer that always points current chandelier node. We thus
employ another circuit component. Chandelier Register 0 manage current chandelier
entry tor each output port. Figure 4.11 shows the chandelier register and the chandelier
structure work together for accessing the current channel in map memory.

_ Current Node of

Chandeliers

1| 0000000010 [+evvens T

=

1010101010

= - =

Field, b Field
Chandelier Register

A

Figure 4.11: Chandelicr and Chandelier Register
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In above diagram, the chandelier register have N (where N is the number of output ports

associated with the switch) pieces of field and each of them has three subfields. The

Field i in the diagram indicate the map memory entry of current channel node in ourput

port i's chandelier. The definition ol cach subfield is described below:

e The first subfield is a Boolean. It is set to true if the chandelier has any cells queued
for output; it will be set to lalse il the chandelier buffer is empty. Actually the
chandelier is a dynamic linked system. If there are any cell in the buffer, the
chandelier should be established except CBR/VBR cell.

e The second sublield of chandelier register represents each output port number. This
means the chandelier that belongs to which output port.

e The third subficld is used to store the address in map memory of the current channel
header for that chandelier. This entry will be used for finding current channel
information in map memory. Through accessing the channel header information, the
switch will [ind the first item of the cell queue by using the cell queue head pointer
field value of this channel.  Alter the first cell is output, the channel header
information will he updated. such as queue length, cell queue head pointer and so on.
Al the same time the chandelier register will be updated. Normally the current map
entry field will be overwritten with the address in the current map entry node's next
map entry field.

So the chandelier register always keeps the current chandelier entry for each output port.
It is used to access the current eourgoing cell.

4.8.3 Implementation of Map Memory

From the above description, map memory maintains a routing information record for
each established channel. Each ficld in the record consists of a channel number, input
port number, output port number and other related lields. When a cell 1s coming from
one of input port, its channel number and input port number will be treated as a key and
compared with routing information record. When the key is identified. the cell will be
mapped onto a cell queue that is pointed to by a channel header node of the chandelier
structure. If incoming cell is a Setup cell. the map memory will create a record for the
newly established virtual channel. At the ourgoing state, the ATMSWITCH uses trigger
mechanism and chandelier o determine which cell should be sent onto output port.
Figure 4.12 shows the three major circuit components module that make up the Map
Memory.
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Figure 4.12: Map Memory circuit components module

In above diagram the map memory is divided into three modules. When c¢/kl signal is
high (Accepting cell state), the input circuit id of the incoming cell will be treated as a
key and compared with the channel numbers and input port numbers recorded in all the
associative memory locations of map memory. The module that performs this function is
AMM (Associative Memory Module) module in the diagram. The numerical address of
the location in the memory that matches the incoming cell's identification is used
subsequently to identify its map memory entry. At ourgoing state, the clkl signal goes
low: the counter number is compared with the ITV and mask value in SPAMM (Special
Purpose Associative Memory Module) module. If a channel matches and the cell queue
of the channel isn't empty, its numerical address is returned, and used to access the
location while the output cell is assembled. If no channel matches the counter value, the
trigger signal should be zero. The chandelier register will thus be enabled to output its
current map memory entry and the decoder will select the channel by using given map
memory entry. In the case ol diagram, the selected channel comes from the chandelier.

In the map memory diagram, the three major circuit modules consist of map memory.
The AMM module maps channel id of incoming cell at accepreell state and the SPAMM
module matches counter number with ITV and mask value at ourgoing cell state. The
Data Field module stores remaining information of channel header except AMM and
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SPAMM. The chandelier register Keeps current map memory entry for chandelier. The
Data Field and chandelier register components in map memory are simple circuitry
modules. Below I thus introduce the AMM and SPAMM circuit modules only.

AMM (Associative Memory Module)

According to paper [Lyons. 1996]. the AMW module has been designed and is
represented by circuit notation. It's shown in Figure 4.13.

numberic address
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address
decoder n-hit key
""" l | SAAD
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b2
<
=

‘ encoder

address selected
Figure 4.13: m-word associative memory

In above picture, the n-bit key is channel circuit id and input port number, it compares
with all contents of AMW (Associative Memory Word) simultaneously. The AMW is
contents matched memory word and it's a basic unit to make up of AMM. An AMM is
stored the part of a channel information record. It contains the channel id and input port
number. Each AMW compares with the key at the same time. It one of AMW content is
matched with the key value. the SAA signal for this AMW is changed to high. The
incoming cell is thus mapped 1o this channcl.

SPAMM Circuit Maodule
The SPAMM matches the counter number with ITV and mask value of the map memory.

Like AMM module, the SPAMM is also designed as an associative memory module. The
ITV and mask value of a CBR/VBR channel is stored at an SPAMM-Word in SPAMM.



At each ourgoing state, the counter number compares with all SPAMM-Words at the

same time. If one of match signal of SPAMM-Word is changed to high, the channel is

selected. The basic unit of the SPAMM is shown in Figure 4.13a. It's described by using

circuit notation.,
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Figure 4.14: Single-bit of SPAMM (SPAMM-Unit)

In Figure 4.14, the signal bit value ol ITV, mask and counter are compared. Either mask
value is 17 or ITV value equal to counter value, the output signal match will be *17. N
(ITV width plus mask width) picce of SPAMM-Units consists of a SPAMM-Word. A
SPAMM-Word is described in the following diagram.
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counteri
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Figure 4.15: n-bit SPAMM-Word

The diagram shows that only all output results of SPAMM-Units is *“17, the matrch signal
is high. The high value of march signal means this CBR/VBR channel is matched. The
complete SPAMM module 1s shown in Figure 4.16. This diagram shows the SPAMM is
designed as content memory module. At each ourgoing cell state, all words of SPAMM
compare with the counter number. Il one of spamm signal i1s high, the match signal is
high.



counter

SPAMM_woORp feRammo
SPAMM_WORD [SRamm
SPAMM_WORp pPammn:

match

Figure 4.16: Counter. ITV and Mask matching module: SPAMM

Simulated Module of Map Memory

The external port diagram ol simulated map memory is shown in Figure 4.17. There are
several defined ports in map memory. The definition of each portis described below:
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Mask
Outgoing

LiLdd bl
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Match

>
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Figure 4.17: Map Mcmory Ports Diagram

e CIk1 Port: is connected with the ¢fk/ signal of clock module. When the ¢/kl signal is
changed from the low to high, the map memory starts to accept cell operations.
According to the value ol wrire, serupeell and releasecell signals, the map memory
either maps the incoming ccll channel or creates a new channel or releases an old
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channel in the map memory. It the ¢/k/ signal is changed from the high to low, the
map memory matches the counter number with cach ITV value and mask value of
CBR/VBR channel. If the value is matched, the ourgoing cell is from the matched
channel. If the value is not matched, the ourgoing cell is from the chandelier buffer.
CIk2 Port: receives clk2 signal from the Clock module. The ¢/k2 signal gives the
timing control for the map memory operations.

Reset Port: is connected with the reser signal of controller module. When the reser
signal 1s changed to high, the map memory clears all channel information records in
map memory. The map memory is reset to initial state.

Write Port: is connected with the wrire signal of controller module. At accepreell
state, it the wrire signal is changed from the low to high, the map memory read the
cell head from the head_bus and map the channel number of cell head with the input
circuit id field of the map memory. It the channel is identified, the several fields of
the mapped channel information record could be updated (Note: the detail description
of updating map memory algorithm is introduced at last section of this chapter). If
the channel 1s not matched. the switch will discard the incoming cell.

Setupcell Port: is connected with the serupceell signal of controller. At accepreell
state, if the serupcell signal is changed to high, the map memory will create a new
channel record in the map memory. All parameters For creating the new channel is
created by controller. Tt puts these values onto the head_bus. The map memory read
those data from the head_bus alter it receives the high phase serupceell signal.
Releasecell Port: is connccted with the releasecell signal of controller. At accepreell
state, if the releasecell signal is changed o high, the map memory will release an old
channel record I'rom the map memory.

ITV Port: is connected with the /TV signal of the controller. At accepreell state, if
the new established channel is CBR/VBR channel, the map memory will receive the
ITV value from the ITV port and then store it at the ITV field of new channel header.
Mask Port: 1s connected with the mask signal of controller. Same as ITV port, the
map memory will get the mask value rom the mask port and store it into the mask
field of the newly CBR/VBR channel header.

Outgoing Port: is connccted with the ourgoing signal of the output server. When the
map memory receives the high phase ouargoing signal. it selects a channel from the
chandelier circular list and outputs the cell queue head pointer onto a_bus. The cell
memory uses this address to read the first cell of cell queue.

En_outport_no Port: is connected with the en_outport_no signal of output server.
When the map memory detects the low phase ¢/kl signal, it gets the current output
port number from the en_output_no port and matches the counter number with ITV
and mask value. If the value is matched and the matched CBR/VBR channel is
located at current output port. The channel is triggered and its cell is sent to output
port. The channel is triggered only the channel is routed to the current output.
Head_bus Port: is connected with the cell head bus. At accepreell state, the map
memory read cell head from the head_bus. At outgoing cell state, the map memory
outputs the rc-assembly cell head through this port.

A_bus Port: is connected with the cell address bus. At accepreell state, the map
memory read the incoming cell address from the a_bus to update the cell queue head



and cell queue tail field ol channel header. At ourgoing cell state, the map memory
outputs the cell queue head pointer ol selected channel onto a_bus tor the cell
memory reading cell.

e Match Port: indicates that a CBR/VBR channel is triggered. When the match signal
1s high, the ourgoing cell is taken from the triggered CBR/VBR channel rather than
chandelier buffer.

e Chandeliersize Port: outputs the [irst subficld value of chandelier register. The
output server will use this value and free signal of output port to select an available
chandelier.

4.9 Trigger Mechanism

The trigger mechanism is designed to provide CBR/VBR channel’s cells with the regular
bit rate to pass the ATMSWITCH. The general idea of the trigger mechanism is to
schedule cell output for a particular channel at regular intervals, to maintain a constant
end-to-end delay within the nctwork. Due to all cells of each CBR/VBR channel pass
switch with a regular intervals, the delay for these cells are almost same. The jitter can

thus be ignored.

In last section, the SPAMM circuit module ol map memory was described. The SPAMM
lets the counter number compare with ITV and mask value of CBR/VBR channel. If the
value is matched. a CBR/VBR channel is triggered and the ourgoing cell is taken trom
the matched channel rather than chandelier. I the compared value 1s not matched, the
outgoing cell is taken from chandelier buffer. Figure 4.18 shows the trigger mechanism

and chandelier selecting a channel for ourgoing a cell.

N . LR
N s,
' '

Trigger Mechanism Chandelier

Figure 4.18: Trigger Mechanism and Chandelier Structure
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For each newly established CBR/VBR channel, the controller will assign an ITV value
and mask value. The ITV and mask value are stored in the channel's record in map
memory. The value of ITV and mask are gencrated by a special control algorithm based
on the proportion of total link bandwidth required by the virtual channel. The counter
regularly increments at each counter working cycle. So an output slot for the channel
occurs regularly, and it is triggered and a cell sent output the output port. Thus the trigger
mechanism provides the real-time quality of service required for voice.

4.9.1 Principle of Trigger Mechanism

As described before. the trigger mechanism compares the counter number with the ITV
and mask value of cach channel. I match between the two values occurs, the matched
channel will send its cell onto the output port. The circuit module which implements the
trigger mechanism was introduced carlier in the description of the SPAMM module of
the map memory. However, we have not discussed the reasons why the ITV and a mask
value contain sufficient information to determine whether any arbitrary counter value
should trigger a CBR/VBR channcl: what the relationship is between these three values,
how to assign ITV and mask value for a CBR/VBR channel. In this section the theory
behind the trigger mechanism will be introduced.

The principle of the trigger mechanism is 1o schedule cell output for a particular channel
at regular intervals, o maintain a constant end-to-end delay within the network. The
trigger mechanism uses a regularly incremented counter as the core of its scheduling
algorithm [Lyons, 1997]. Each CBR/VBR channel is associated with a unique set of
equally-spaced values in the counter’s range and will be triggered whenever the counter
value equals one of these wrigger values. The spacing between triggers will be inversely
proportional to the channel’s speed. so the high-speed channels will be triggered
frequently, low-speed channels less frequently. I the channel is riggered. but its butler
queue is currently empty (as would often be case for VBR channels), then access to the
output port will default to the ABR/UBR channel. then output will also be able to come
from the chandelier. Spacing wriggers appropriately for each channel's bandwidth, and
ensuring that triggers for two or more channels do not occur simultaneously is a function

of the switch control software which 1s exccuted at channel establishment time.
The following example shows how a range ol counter values can be assigned to trigger

CBR/VBR channels with particular (and differing) speed requirements. Suppose a switch
currently supports 4 channels, A to D, all destined for output via the same port, where:
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e A is a CBR channel which requires % ol link bandwidth of the output port (Note
the % link bandwidth means the required bandwidth take Y4 of the total bandwidth.
For example. il the total bandwidth is 1.2Ghps, the Y bandwidth will be 300Mbps.
In this example, the channel A will be assigned 300Mbps bandwidth)

e B isa VBR channel which requires a maximum of !4 of link bandwidth (Note the
channel B will be assigned 150Mbps bandwidth, it the total bandwidth is 1.2Gbps.)

e Cisan ABR channel

e DisaUBR channel
If we use a four-bit counter, the total range of the counter is from 0 to 15. Because the A

takes Y of the output port bandwidth. A could be triggered by counter values 0, 4, 8, 12,
0, 4, & 12, ..., "using up” four output slots at cach counter cycle. And B could be
triggered by counter values 1.9, 1. 9, "using up” two output slats, (or 2, 10, 2, 10..... or
3, 11,3, 11....0or 5. 13, 5. 13.... ¢ete). The rest of the output slots will be used to serve

channels C and D, for which the cell queues will be in chandeliers.

Whenever the counter generates a trigger value for channel A or B, these channels will
be given unconditional access o the output port. If the channel has no cell buffered when
this occurs, or il the counter output is not equal to a wrigger value for channel A or B,
then the channels bulTered in the chandelier will be given access to the output port. Table

4.1 is a ime-sequence showing what happens at successive output slots.

Table 4.1: Time-sequence showing output from a triggered node

Count | channel to output Reason
0 A count = ) trigeers output from channel A unconditionally
] B count = | triggers output from channel B unconditionally
2 G Neither A nor B is scheduled for output, and the next entry

in the chandelier’s circuit list which the round robin output

server will reach contains the channel header tor channel

6.

3 D Nceither A nor B is scheduled for output and channel D is
the next entry in the chandelier’s circular list

4 A count = 4 triggers output from channel A unconditionally

5 C Neither A nor B is scheduled for output and channel C is

the nextentry in the chandelier’s circular list
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Neither A nor B is scheduled for output and channel D is
the next entry in the chandelier’s circular list

Neither A nor B is scheduled for output and channel C is
the next entry in the chandelier’s circular list

Count = 8 triggers output from channel A unconditionally

9

count = Y triggers output from channel B unconditionally,
but B is a VBR channel with an empty buffer, so service
defaults to D, the next channel to be reached by the

chandelier’s round robin output server

10

Neither A nor B is scheduled for output and channel C is
the next entry in the chandelier’s circular list. Because the
cell queue of channel C becomes empty after the last cell
has been output, the header of channel C is removed from

the chandelier’s circular list

D

Neither A nor B is scheduled for output and channel D is

the next entry in the chandelier’s circular list

>

Count = 12 triggers output from channel A unconditionally

Neither A nor B is scheduled for output and the header of
channel C has been removed from the chandelier’s circular
list. so channel D is the next entry in the chandelier’s

circular hst

14

Neither A nor B is scheduled for output and channel D is
the next entry in the chandelier’s circular list. Because the
cell queue of channel D hecomes empty after the last cell
has been output, the header of channel C is removed from

the chandelier’s circular list

Idle

Neither A nor B is scheduled for output and the cell
queues ol channel C and D are empty, so no cell is output

at this slot.

And begin to next counter cycle.

From the above description, we know the channel will be triggered by a set of counter

values determined by the relationship between the channel speed and the link's total

bandwidth. Below. T describe this relationship in detail. According to the paper [Lyons,

1997]. we define two data ficlds (ITV. Mask) for cach channel in the map memory.

These will match a regularly spaced set of values in the counter range, which are to be
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used as triggers for the channel. In the following section I will describe how ITV and
mask values are selected for a CBR/VBR channel.

4.9.2 ITV Space and Mask

When a CBR/VBR channel is first established. the controller assigns it an ITV, its Initial
Trigger Value — the lowest counter value which will trigger output from a particular
channel — and a TS, its Trigger Separation, the channel will be allocated /TS of the
output bandwidth and it will subsequently be triggered when the counter has values ITV,
ITV + TS, ITV + 2 TS, and so on. This way ol characterizing the set of trigger values for
a channel - as an initial value and a separation is ol more than academic interest; with the
addition of a suitable mask value, it provides for a fast. low-storage way of determining

whether the current counter value is the trigger for a channel or not.

For the example of last section, channel A has been allocated % of the link bandwidth
(ITV =0, and TS = 4). Therclore the channel will be triggered by counter values of (), 4,
8. 12.... from the counter range, 0..16. If the ITV is 0 and the TS is 1. then output from
the channel will he triggered by counter values of 0, 1, 2, 3, etc. That is, it will be
allocated 100% of the channel bandwidth. Table 4.2 shows the channels A and B from
the example above could be theretore allocated 1TVs and TSs as follows:

Table 4.2 ITV and TS value ol A and B channels

channel bandwidth requirement ITV | TS
A 1/4 ()
B 1/8 | 8

Many other allocations of ITV and TS are possible. How do we find an ITV for the
channel being established? It is not sulTicient lor this ITV simply to differ from any other
ITVs that have previously been allocated. because although the inirial trigger values for
two channels running at different speeds may ditfer, later trigger values could coincide,

which would cause the two channels to be triggered simultaneously. The ITV allocation
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procedure must prevent this from occurring. The requirement can be expressed by the

tollowing inequality, where ITV is the ITV 1o be allocated to a channel (n):

Le. ITVh +pTSy +ITVm +qTSm Y m,p.q
where p =0-(max counter value / TSp) + 1
g =0 - (max counter value / TSm) + 1
m = () - no ol established channels

Finding ITV values that satisfy this inequality is not completely trivial, given that the
Trigger Separations for different channels are not equal, and that channels are being
established and disestablished dynamically.

However, upon examination, it transpires that a simple relationship exists between the set
of existing ITV/TS pairs, and the ITV allocated 1o a new channel with a particular TS. A
channel with a TS of 1 requires 100% of the link bandwidth and has an ITV of (. It such
a channel exists, then no other channels can he allocated bandwidth. However, if such a
channel does not exist. it would be possible to allocate two TS = 2 channels with ITVs of
(O and 1, or four TS =4 channels with ITVs ol (), 2, 1, and 3. According 1o paper [Lyons,
1997]. if we use a binary tree to represent the 1TV space, the solution to this problem 1s
easy to find. As Figure 4.19 shows. cach level in the tree corresponds to a particular TS
and each node corresponds to an ITV value. A channel which requires a new ITV can be
established it. at the level in the wee with the desired TS, there is an unallocated node

with no allocated children or ancestors.

Figure 4.19: ITV spacc represented as a binary tree
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The pattern in Figure 4.19 is fairly casy 1o understand. A channel associated with the
children of a particular node will have a TS which is twice that of the parent. Thus only
half of the trigger values which would he used by a channel associated with the parent
node will be used by either of the children. Hence the root node, which has an Initial
Trigger Value of 0, and a Trigger Separation of 1, to a channel which uses all counter
values, thus using 100% of the link bandwidth. It such a channel has not been
established. two channels, each using hall the link bandwidth could be established. They
would both have a Trigger Separation of 2. Thus one could have an Initial Trigger Value
of 0, and the other could have an Initial Trigger Value of 1, without a trigger concidence
conflict. In general:

ITvV, = 0
]Tv.l'rﬂrhrl'u’mwh ] - ITVH‘ sl
R ITV, .. ® T8

It is not permissible for a channel to be associated with a node which has ancestors or
descendants which are associated with a channel. as the intersection between the
complete set of wrigger values generated by a node’s (ITV, TS) combination and the
complete set of trigger values generated by the (ITV, TS) combination of any of its

offspring is non-empty.

Figure 4.20: Finding an ITV for C alter A and B have been established

At any moment during the operation ol the system, only part of the binary tree will
actually exist. After the establishment of channels A and B trom the example above, only
the part of tree shown using solid lines in Figure 4.20), below, would exist, and the nodes
allocated to channcls A and B would contain the names of those channels. Further
allocations would involve traversing (and adding to) the tree to find an unallocated node
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at the desired level with no allocated ancestors or children. Thus a node C which requires
'/, of the output handwidth (a TS ol 4) would be allocated by adding the dotted-line part
of the tree.

It has previously been explained that a channel, n say, will be triggered by any of the
counter values 1TV, ITVp + TS, ITVy + 2TSp. and so on. There is little time during
the output phase of the switch’s clock cycle to determine whether the current counter
value matches any ol these trigger values. so it would be infeasible to store them all and
search the stored values sequentially for one that matched the current counter output.
Searching them all in parallel, using constant-addressable memory would be technically

teasible, but expensive, because of the size of the resulting CAM.

However, the all the trigger values for a particular channel share a bit-pattern in the low-
order bits, and this bit-pattern occurs in the trigger values for no other channel.
Theretore, if the other, high-order, bits of the counter value are masked, a comparison
between the current counter value and the ITV will suffice to detect any trigger value for
the channel.

We have previously seen that the TSs 1s powers of 2. Thus a channel with a TS of 64 and
an ITV of 12, (001100,) will be triggered when the counter is

12, = (0x2 % 12),,=00 11N,
28, =(1x2+12),=011100,
44, = (2x2°+12),= 101100,
60, = (3x2 +12),= 111100,

In other words. the bottom lour bits of all the trigger values for the channel are identical
to the bottom four bits of the ITV, and furthermore, there are no numbers with the 1100
bit combination in the bottom four bits that are not valid trigger values for the channel. In
general, the trigger values lor an arbitrary channel with a TS of 2° will differ in only their
bottom n bits. Thus, il' we give the mask value as 11 0000, the result of mask value OR
(ITV value EQ' counter value) should be equal to 11 1111, such as:




mask counter ITV result

11 0000 OR (00 1100 EQ 00 1100) = 111111
110000 OR (01 1100 EQ 00 1100) = 11 1111
11 0000 OR (10 1100  EQ 00 1100y = 111111
11 0000 OR (11 1100  EQ 00 1100) = 111111

4.9.3 Implementation of the Trigger Mechanism

In the above sections, the principle of the trigger mechanism and an algorithm for
working out the ITV and mask values are introduced. As we described before, the trigger
operation 1s implemented by using the SPAMM module of the map memory. The
controller maintains an ITV tree for each output port. So an ITV tree represents the full
bandwidth of an output port and the numbers of ITV wrees is same as the output port
numbers. If the switch receives a Setup cell for building a CBR/VBR channel, the
controller checks the ITV wuee of the indicated output port. If the required bandwidth is
available in the ITV wree. the controller establishes this new channel and updates the ITV
tree.

Because each output port has a unique ITV tree, the same ITV and mask values might be
assigned to the different CBR/VBR channels which are not routed to the same output
port.

This might seem likely to cause conflict at the output ports, if two channels were
triggered by the same counter value. Such “conflicts”™ would not, in fact, be a problem,
because output ports supply cells o separate communication lines, and can therefore
operate completely independently. However. output ports are supplied from a single
source, cell memory. In order to give equal service to all the output ports, they are served
by a round robin server (1., time-division-multiplexing). A second counter controls this.
Thus tor a particular channel 0 gain access to its output port during a particular
ourgoing cell state, the output port counter must match the channel’s output port number,
and the trigger mechanism must detect a match between the trigger counter and the
channel’s ITV.

It is apparent that, for an n-port switch the output port counter must increment at n times
the rate of the trigger counter. This is why the counter cycle is defined as four times the
clkl cycle in Section 4.6, as shown in lgure 4.6,

Data Structure of ITV Tree Node

In the above sections, the ITV tree and its structure were introduced. Figure 4.21 shows
the structure of individual nodes in the ITV tree.
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Figure 4.21: ITV Tree and ITV Tree Node Structure

Figure 4.21 shows the ITV wree node consists of five ficlds. They are two pointer fields
and three data lields:

Leftptr: is a pointer that points to the lelt subtree of the current node.

Rightptr: is a pointer that points to the right subtree of the current node.

Channelid: stores the channel id for an established CBR/VBR channel. The same
channel id 1s also stored in the map memory.

isNode: flags the node which is either leal or node type in the ITV wree. The leaf
represents an assigned channel and it won™t have a child. The node doesn’t represent
a channel and it's just a node in the tree. 11 a node is treated as a leal, the value of
isNode 1s false. Otherwise, iU's set to true.

TS: stores the TS value of the node.

ITV: stores the ITV value of the node.

Node B in Figure 4.18 can thus be represented by the following values (Note: in the
simulated ATMSWITCH module. the 1TV, mask and channelid fields are defined to be
10 bits wide.).

NodeB.lefiprr NULL
NodeB.rightprr NULL
NodeB.channelid = 0001000010,

I

NodeB.isNode = false
NodeB.TS =4
NodeB.ITV = H.")HU(}U{HH!):

In the above example, lefiprr and rightprr are of type pointer. They have the value NULL
because the Node B is a leafl in the wee. Channelid and ITV are of type binary and they
contain the channcl number 0007000010, and the ITV value 0000000010, respectively.
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The TS is of type integer and isNode is of type Boolean. The Boolean value FALSE is
assigned to isNode because the node is a leal.

General Algorithm for the Controller

As we described above, the controller maintains one ITV tree for each output port. An
ITV tree represents full bandwidth of an output port. That is, the initial state of the ITV
tree is empty, and the whole bandwidth is available. When a new CBR/VBR channel is
created, the controller searches the ITV tree tor a location which has a Trigger Separation
corresponding to the desired bandwidth and does not already contain a node that has been
allocated to a channel and has no allocated ancestors or children (either of which would
cause simultancous output conllicts). Il such a location exists, a node is created there,
and its fields are loaded with the information about the channel. As previously explained,
the ITV allocated 10 2 CBR/VBR channel is determined by the position of its node in the
ITV wee. and the depth of the node is in turn determined by the channel’s bandwidth
requirement.

When an old CBR/VBR channel is released, the node for this channel is removed trom
the tree. Figure 4.22 shows the ITV wee before, during, and after the life of a %
bandwidth CBR/VBR channel C. The diagram also shows that the intermediate node 1s
created for building a new CBR/VBR channel node. Alter the channel is released. the
intermediate node is removed rom the tree as well.

Figure 4.22: Procedure o Channel C Created and Released

When a Setup cell arrives for a necw CBR/VBR channel, the controller traverses the ITV
tree and finds a location for adding the new channel node. As Figure 4.23 shows a new
CBR/VBR channel. D needs '/, of the total link bandwidth, the controller travels the tree
and finds a location for the channel. The controller first walks the tree in an ordered
manner which is defined in the simulated module.
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In the example. the controller accesses nodes in the order: A-N1-R-B-N2-N4-N3. It does
not traverse to a location helow nodes A and B. because these nodes have been allocated
previously, so their descendants are unavailable. The node C hasn’t be accessed because
the requested bandwidth ('/, of total bandwidth) is greater than can be supplied by a node
at the level of C. The node N1 is the first place that is available for inserting channel D.
When the controller accesses the node N3, it found that the N3 is also an available place
and N3 is more suitable than node N1, hecause the available bandwidth in the node N3 is
more appropriate the required bandwidth. The controller thus add a node as a child of
node N3 for channel D. The doued-line shows the channel D is created in the tree. To
find an appropriate place, the controller traverses the tree and records the current most
suitable node until travel is finished. The recorded node is the place to insert the new
channel node.

Figure 4.23: Insert Channel D in the ITV Tree
The algorithm of controller managing the tree is described below in detail.
Initialise ITV Tree
Create the Tour root nodes for cach output port and each node is initialised as:

root.lefrptr = null:
root.righiptr := null;
root.isNode := true:
root.ITV := 0000000000);
FOOETS 1= 1;

Insert New Channel in the ITV Tree
Get the new channel bandwidth and channel id;
ASSIgn root pointer Lo rootptr:
In_order_travel the tree from the root pointer of tree;
if (current pointer is not null and the tree level is great than request bandwidth)
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recursively in_order_travel the tree from currentNode-> leftptr;
if (current node is not a leal’ node and the node level in the tree is great

than
request bandwidth level)
compare current node with the recorded node
record the node whose level is less than another node;
return to last caller:

recursively in_order_travel the tree from currentNode-> rightptr:
if (current node is not a leat node and the node level in the tree is great

than
request bandwidth level)
compare current node with the recorded node
record the node whose level is less than another node;
return to caller:

}

Get the most suitable node N:

if (the level of node N is just last high level than the request bandwidth level)
create the node for this request channel:

else
create the intermediate node recusively until the node is just high than the
hundwidth level:

Assign the channelid, ITV, TS, lefiptr and rightptr to the new channel node;

The ITV value for the node can he worked out by using following algorithm:

TV, = 0000000000);
ITV, , i = parent ITV value:
ITV, i, = Parent ITV value OR parent TS value:

For example, il parent ITV value is 3, it's on the level 2 and the TS value for this
level is 4, so

ITV =3 = 0000000011,

Teftehiled

ITV, ... = 3 OR 4 = 0000000011 ,+0000000100, = 0000000111,

The mask value lor the node can be worked out by using following algorithm:
Find the TS value that equal to bandwidth:
In terms of TS value. find the level value 1;
lefeshift=PEETEEETTT value ©imes and the result is mask value.
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For example, if bandwidth is 1/8, the TS value is 8. The related level value is 3,

S0
SHITLLLLIO00™ is mask value Tor this channel.

Release the Old Channel from the Tree

Get the channel id N;

Assign root pointer to rootplr:

In_order_travel the tree from the root pointer of tree;
if (current pointer is not null)

if" (the channelid ol current node is equal to N)
exil to in_order_travel;

else
recursively in_order_travel the tree from currentNode-> leftptr;
recursively in_order_travel the tree from currentNode-> rightptr;

Release channel N node rom the tree;

Remove the parent node of channel N il the channel N is only its child;

Remove the parent node il current removed node is only its child until the
condition is not satistied.

4.10 Cell Memory Module

Cells are buffered in cell memory in the ATMSWITCH. When a cell arrives from the
switch’s input port, it will be stored in cell memory until it is selected for output and then
transterred to the output port. The cell bulfer is constructed trom memory chips, so it has
distinct read and write cycles. Each operation cycle of the ATMSWITCH is thus divided
into two states. One involves writing a cell into the buffer and it is called the acceptcell
state. The other involves reading a cell from buffer; it is called outgoing state. The
switch continually alternates between these (two states. This is a characteristic of buffer-
based ATM switch architectures.

In the ATMSWITCH architecture, a complex data structure is used to organize cells so
that the servicing hehaviour they expericnce suits their required Class of Service. Three
modules are used to implement the data structure. They are Map Memory, Cell
Memory and CQlinks (Cell Queue links memory) modules. Earlier, map memory,
which provides the links necessary for implementing the chandelier’s circular list, was
described in detail. In this section we deal only with the cell memory module. The
CQlinks module which supports the cell queue structure of chandelier will be introduced
in next section.
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Figure 4.24 : Ccll Memory Port Diagram

The external ports of the simulated cell memory module are shown in Figure 4.24. The
cell memory has several ports. like normal memory; their functions are described below:

Reset Port: connected o the Clock module. When the reser signal is changed from
low to high. the cell memory is reset and all data stored in it is cleared.

CIk2 Port: reccives ¢/k2 signal from the Clock module. The ¢/k2 signal gives the
timing control for the cell memory operations.

Write Port: connected to the controller. During the acceprceell state, if the wrire signal
1s set to high by controller, the cell data is written into the cell memory.

Read Port: connected to the controller. During the ourgoing cell state. if the read
signal is set to high, the cell memory reads cell data from the memory.

A_bus Port: connected to the address bus in the switch. During the accepreell state,
the address bus provides an available cell memory address for the incoming cell to
store. During the ourgoing cell state. the address bus is provided with a cell memory
address trom which the cell will be read.

D_bus Port: connected to the cell data bus in the switch. During the accepreell state,
the input port outputs its cell onto the D_bus from which it can be written into the
cell memory through the 2_bus port. During the owtgoing cell state, data 1s
transferred from cell memory™s D_bus port via the D_bus to the output port.

Ready Port: outputs the ready signal when the cell memory has finished writing or
reading operations. The ready signal notifies the other related modules that the cell
memory has completed its job.

4.11 Cell Queue Link Module

In last section. the CQlinks module. which is part of the cell queue structure of
chandelier, was mentioned. As described in previous sections, the cells of each channel
are organized into a cell queue which is maintained separately from the queues of cells
associated with other channels. Figure 4.22 shows the channel header which is organized
as a circular list implemented in map memory, and queues of cells, pointed to by the cell
headers. Because the circular list of headers has been described betore, here I just
describe how the cell queue structure is realized by using the CQlinks module.
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Figure 4.25: Channcl Header Circular List and Cell Queue Structure

Figure 4.25 shows that the cell queue 1s implemented as a linked list; the first item of the
queue is pointed to by the channel header. In previous section, cell memory was
described as storing cell data only and no special structure was defined for linking the
cells together into a queue. The purpose of the CQlinks 1s to hold the queue pointers.
CQIinks is actually a separate high-speed memory. running in parallel to cell memory. If
cell memory has a pair ol adjacent cells in a cell queue at addresses m and n, then
location m in CQlinks will contain the value m. The reason that the link addresses are not
stored in cell memory is that in order 1o insert an item into the list, it is necessary to write
that entry, and also the pointer lield of another entry. Doing this using two separale
accesses to call memory would reduce the speed ol insertion operations by 50%.
Deletion operations would also mvolve a similar delay, as data would have to be read
from the cell which was being output, and then its pointer field would have to be updated
to insert it into the list of free cells.

The following description concerns the details of the CQlinks module.

When it is first initialized, CQlinks is a list of free cells. This is shown in Figure 4.26:
each location, of CQlinks stores the next address 1+ 1. So location, of CQlinks contains
1, location, contains 2, and so on. CQlinks is the same size as cell memory. It a cell is
stored at the address, in cell memory, then the link pointer for this cell is stored at the
address, in CQlinks. The address of the head of the list of free cells is stored in a register
called Freecell. When the switch is about to write a cell into the cell memory, the address
where the write operation will occur is given by the Freecell register. Freecell is then
updated to point to the next cell in the list of free cells. For example, the value of current
Freecell register is () in the Figure 4.26. At this time, if’ the switch accepts an incoming
cell, the cell will be stored at the address 0 of cell memory because the cell memory
address is given by Freecell. After the cell memory has written the cell, the value of
Freecell is updated to point at the address contained in the pointer field of location () of
CQIlinks, thatis. I.
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Figure 4.26: Initialized State of Cglinks Memory

After the cell has been written into cell memory. the cell queue head and cell queue tail
pointer (and the header. il the cell is the only one in the queue) fields of the channel
header belonging 1o that queue are updated.

Let’s consider an example to show how the CQlinks manages the cell queue and handles
the available address for cell memory. Suppose three channels, A, B, and C have been
established through the switch. Channel A has 3 cells, A, A,, and A, to be stored in the
cell memory. Channel B has 4 cells. B,. B.. B, and B,, In this example. only the process
of writing cells into memory is considered and CQlinks 1s assumed to start in the
initialised state. We thus get the following results after the switch writes a cell at each
accepreell state.

Write Cell State O: the Freecell value is O, cell memory is empty and CQlinks is 1in
the initialised state:

Write Cell State 1: cell A, is stored at address (0 of cell memory. The Freecell value is
updated to | and address 0 of CQlinks is set to (). Both cell queue head and cell queue
tail pointers in the channel header for channel A are are pointed at the address of the
new cell in cell memory, that is ()

Write Cell State 2: the cell B, is stored at address 1 of cell memory. The Freecell
value is updated to 2 and address 1 ol CQIlinks is set to 0. Both cell queue head and
cell queue tail pointers in the channel header lor channel B are pointed at the address
of the new cell in cell memory. that is 1:

Write Cell State 3: the cell A, is stored at address 2 of cell memory. The Freecell
value is updated to 3 and address 2 of CQIlinks is set to (). Channel A already has a
cell A, stored at the address () of cell memory, so the contents of address () of CQlinks
1s updated to 2 which is the address of cell A, in the cell memory. So address 0 in cell
memory contains the data tor cell A, and address 0 in CQlinks contains 2, a pointer
to the address of the next location containing a cell for circuit a cell memory. At this
time the cell queue tail pointer of channel A is updated to 2, because it always points
to the address ol the last cell in the queue.



e  Write Cell State 4: Same as Write Cell State 3, the cell B2 is stored at address 3 of
cell memory. The Freecell value is updated as to and address 3 of CQlinks is set to (.
The address 1 of CQlinks is updated to 3 and the cell queuve tail of channel B is
updated to 3.

After several write states, the cells that were coming through channel A and B have been
stored in the cell memory and the cell link pointer is stored in the CQlinks memory.
Figure 4.27 shows the result of the CQlinks and cell memory value after Write Cell State
T

[ Channel A Header }-=======--= » 0 5 0 A,
[ Channel B Header f=========~ > 1 3 1 B.
2 4 2 A,
3 5 3 Bs
L_Channel A Tail _ J========== > 4 * 4 A
5 6 5 B
| Channel B Tall  f=—s=mw=ss > 6 : 6 B,
T - 7 8 7
| 8 9 8
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Figure 4.27: CQlinks and Cell Memory Value Atter Write Cell State 7

The above example only considered the writing ol cells into cell memory. When switch
is in the owurgoing cell state. different operations are performed on CQlinks. At each
ourgoing state, the cell memory address from which the ourgoing cell is o be taken will
be given by the cell queue head pointer lield of the channel header in map memory. After
the first cell is removed from the cell queue, the cell queue head is updated by the value
of the tirst cell link pointer which is stored in the CQlinks.

When a cell has been removed rom the cell memory, this cell must be released and
CQlinks also needs 10 be updated. The strategy used here for updating CQlinks is quite
simple. The successor pointer lield for the cell which has just been output are stored at
the same address in CQlinks as the cell data which has just been output, so it is
straightforward to insert the Ireed cell into the [ree list by copying the value of Freecell
into the cell” CQlinks. and copying the value ol the cell’s address into Freecell. The
removed cell address is therelore reused by the next incoming cell. As Figure 4.28
shows, after the cell x has been output from cell memory address 5, the CQlinks address
5 is updated by the value 7 which is the Freecell value. And the Freecell content will be
replaced by the cell x address 5. The next incoming cell will thus be stored at cell
memory address 5.
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Figure 4.28: Updated CQlinks after cell x be transferred from Cell Memory onto Output
Port

Let us consider another example to show how these operations are done during the
outgoing cell state. Let's start at the end of write cell state 7 in the last example. We
assume that three cells for channel C. C,. C.. C, will arnive at the switch during write cell
state 7; the channel B still has cells that need to put into the cell memory and they are B,
B, B. B,. Ateach ourgoing state. a cell will he sent to output port from the cell memory.
We also assume that the channel A. B and C are of equal priority and their cells will be
transferred from cell memory onto output port in order. The example follows the
progress of the system starting at write state 8.

e  Write cell state 8: the cell C, is stored at address 7 of cell memory. The Freecell
value is updated to 8 and address 7 of CQlinks is set to 0. Both cell queue head and
cell queue tail of channel C is assigned the address of cell C, address in cell memory,
that is 7;

e Read cell State 1: It's time for channel A to output a cell. The address of the cell is
given by cell queue head pointer of channel A, it's (). The content of address O in cell
memory, A,. is thus sent 1o the ccll data bus. The cell queue head is assigned the
value in CQlinks address 0. it's 2. The content ol CQlinks address () is updated with
the current Freccell value 8 and the value in Freecell is replaced by the address of
cell A, O

e  Write Cell State 9: cell B, is stored at address 0 of cell memory. The Freecell value is
updated to & and location 0 of CQlinks is set to (. The last cell address for channel B
is changed from 6 to O and the cell queue tail of channel B is set to ().
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e Read cell State 2: It's time for channel B to output a cell. The address of the cell is
given by the cell queue head of channel B, 1U's 1. The content of address 1 in cell
memory, B, is thus sent to the cell data bus. The cell queue head is assigned the value
at CQlinks address 1. it’s 3. The content of CQlinks address 1 is updated with the
current Freecell value 8 and the value in Freecell is replaced by the address of cell
i 1

e Write Cell State 10: cell C, is stored at address 1 of cell memory. The Freecell value
is updated as & and location | of CQlinks is set to (). The last cell address for channel
C of CQIlinks is changed from 7 to | and the cell queue tail of channel C is set to 1.

e Read cell State 3: It's ume lor channel C o outputs a cell. The address of the cell is
given by the cell queue head pointer of channel C., it's 7. The content of address 7 in
cell memory C, is thus sent to cell data bus. The cell queve head is assigned the
content of CQlinks address 7. i's 1. The content of CQlinks address 7 1s updated
with the current Freecell value 8 and the Freecell is replaced by the address of cell C,
[

Figure 4.29 shows the values in CQlinks and cell memory locations () to 8 atter Read
Cell State 3. The diagram also show the headers and tails location of channel A, B and C.

[__Channel B Tail | —

Channel C Header |
& Tail ] emewly e 0 B,
““““ o ) 1 C,
[ Channel A Header }f-====eee-- ) 4 5 A,
Channel B Header [========== >3 5 3 B,
Channel A Tail = f==<======= > 4 . 4 A
5 6 5 B,
6 0 6 B,
e e > 7 8 7
E 8 9 8
i ;
: [T y n-1 n n-1
Freecell n 0 -
CQlinks Memory Cell Memory

Figure 4.29: CQlinks and Cell Memory Value After Read Cell State 3

The cell queues of channel A, B and C after the Read Cell State 3 are shown in Figure
4.30).
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Figure 4.30: Cell Queues of Channel A, B and C after Read Cell State 3

The above description illustrates how CQlinks is used to manage and update cell memory
addresses, to support the operation ol the cell queues used in the chandelier and trigger
mechanisms of the ATMSWITCH.

Clk1
Clk2 i i e
Reset
Write Cg_Map_bus (=P
Read

Lbddod

Ready

Figure 4.31: CQlinks Port diagram

The external ports of the simulated CQlinks module are shown in Figure 4.31. CQlinks
has ports like those in a normal memory that are used to input and output signals for
CQlinks module.

e Reset Port: is driven by the Clock module. When the signal on the Reset port input
changes from low to high, CQIlinks is reset o initalised state.

e CIkl Port: is driven by the Clock module. When the ¢/k/ signal is changed from low
to high, CQlinks outputs an available address for writing an incoming cell into cell
memory.

e Clk2 Port: reccives ¢/k2 signal from the Clock module. The ¢/k2 signal gives the
timing control for the CQlinks opcrations.

e Ready Port: is driven by ccll memory. During the Accepreell state, the high phase of
the ready signal notilies CQlinks that the cell has been written into cell memory.
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During the Ourgoing cell state, a high value on the ready signal notities the CQlinks
that the cell has been read rom the cell memory.

® A_bus Port: outputs an availahle cell memory address for writing coming cell into
cell memory at accepreell state.

4.12 Output Round Robin Server

Like the Input Round Robin Server (simply called the input server), the Output Round
Robin Server is used to indicate the currently available output port and cooperate with
the map memory module to determine which output port is going to output the cell. It
uses a circular list to manage each output port. As Figure 4.32 shows, the nodes on the
circular list represent the output ports. At cach ourgoing state, the output server start to
check whether the current output port is frec or not.

Current Qutput
Port Node

—

Figure 4.32: Structure of Output Round Robin Server

After a cell is sent out from the output port. the flag signal free is set to high. It a cell has
been transferred from the cell memory o the output port. the free signal is set to low. At
each ourgoing state, the output server cheeks the current output number with the free
signal of this port. I the frec signal is high, the output server outputs the current port
number t0 map memory. The current output number is used by the map memory to
examine whether there are any CBR/VBR channels to be triggered for this port.

During the map memory is doing trigger operation, the output server receives the
chandelier information signal which is [rom the chandelier register of map memory, and
checks the chandelier information associated with the current output port. If the
chandelier buffer of the current output port is not empty and the tree signal of this port is
high, the output server outputs the high phase ourgoing signal to the controller. The high
phase ourgoing signal means the chandelier bufler of the current output port is not empty
and the current output port is free.

The external ports ol the simulated output round robin server is shown in Figure 4.33.
Their tunctions can be described below:
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Free Port: there are four free ports are used in output server module, they are from
free00 to trecO3. Each [ree port is connected with the free signal of an output port. It
the output port is empty, the freesignal is set to high. The output server will use those
free ports to check whether the output port is available o receive the cell.

CIk1 Port: the clk1 port receives ¢/k/ signal from the Clock module. When the c/k/
signal changes from high to low, the output server starts its operation. When the clk/
signal changes from low to high, the output server stop its operation and waits tor the
next low phase signal.

CIk2 Port: receives clk2 signal Irom the Clock module. The ¢/k2 signal gives the
timing control for the output server operations.

Reset Port: receives reser signal Irtom the Clock module. When the reser signal is
high, the output server will back to initialised state.

En_outport_no Port: outputs the port number of the current output port. The output
server also uses this port o ¢nable the current output port to receive the cell. For
example, the en_outporr_no “00007 ¢nables the output port 0# 1o receive the cell; the
*“00017 enables output port 1# o receive the cell.

Outgoing Port: notifies the controller that the buffer and the current output port are
ready to transfer the cell.

Chandeliersize Port: is connccted with the chandeliersize signal of map memory.
During the owrgoing state. the output server receives the chandelier register
information from this port. The output server uses this value and fiee signal of the
current output port to check whether it's available for transferring a cell from the
chandelier to output port.

—¥ Reset

—» Clk1
——™ Glk? .
Qutgoing —»
—» Freel0
— Freel1
—¥ Free02
—» Free03

—— Chandeliersize

En_outport_no —»

Figure 4.33: Output Round Robin Server Port Diagram

4.13 Output Port

The output port gets the cell from cell memory and then sends it out of switch. When the
cell has been empticd out of the output bulfer. the signal free is automatically set to true
(high). After a ccll is loaded into the output port from cell memory, the signal free will
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be set to false (low). In the simulated ATMSWITCH module, four output ports are
defined to receive cells from cell memory. They are Output Port #0, Output Port #1,
Output Port #2. Output Port #3. All Output ports have the same circuit. We thus use the
name of the output port to represent all the output ports.

—» Reset

—{ cik2 Free —»
—» o€

—P Head_bus

—P D bus Qutput_ling feip

Figure 4.34: Output Port Module

The external ports of the simulated output port are shown in Figure 4.34. Their functions

are described below:

e Reset Port: receives the reser signal [rom the Clock module. When the reser signal 1s
high, the output port will clear the current cell in the output port and veset the free
signal.

e CIk2 Port: receives ¢fk2 signal from the Clock module. The ¢/k2 signal gives the
timing control for the output port operations.

e OE Port: is driven by the en_outport_no signal ol output round robin server. During
the ourgoing cell state, il a cell is going to be sent o this output port, the OE port will
receive an identical number which corresponds to its port number from the output
server. For example, signal value 00017 corresponds to output port #l. The
identitied output port is thus enabled by the en_ourporr_no signal. If the output port
is enabled. it gets the cell from the cell bus.

e D_Bus Port & Head_bus Port: The d_bus port receives cell data from cell memory
and the head_bus port receives a cell header for re-assembly from map memory.

e Ready Port: notilies the output port that the cell has been sent onto the cell bus so
the output port can download the cell from the cell data bus and cell head bus.

e Free Port: outputs the fiee signal. When a cell 1s loaded into the output port. the
freeport signal is sct o low. Alter the cell has been sent out of output port, the free
signal 1s automatically reset to high.

4.14 Control Algorithm

In the above scctions, the structure of the ATMSWITCH and the simulated circuit
modules were introduced. While the switch is working. the operation of each module is
controlled by controller. In order to give a complete impression of the switch’s working

&9



procedure, we have used a pscudo-code o describe the control algorithm of the four
major components of ATMSWITCH.

According to the paper [Lyons, 1996]. the algorithm is described as four parts. The first part is
Initialize state. which initializes the Map Memory and Cqlinks when the switch is turned on or reset.
The second part i1s Update routing information state, which establishes the new channel if a new
channel connection is required. The third part is Accept incoming cell state. which maps the incoming
cell onto the desired cell queue. The forth part is Send cell out port, which selects a channel from
either trigger mechanism or chandelier to send its cell to the output port. The pseudo-code tor control
algorithm is described below in details,

Pseudo-code for Control algorithm

Initialise memory

free map entry :=(); {variable show current map memory entry. 10-bit width}
free map entries := 1024;  {variable show available map memory quantity, 10-bit
width}

tree cells := 1024; { vartable show available cell memory quantity, 10-bit width}
ee cell &= { variable show current cell memory address, 10-bit width }

for index := 0 to 1023 do
{start with map memory}
map mem|index|.map entry free =T
map mem[index].next map entry :=index + 1;
map mem[index].empty cell queue :=T;
{then set links in the frec queue for the cell queue memory }
cq links[index] ;= index +1:

{now set up the /O port}
for index := 0 to 3 do
chandelier size[index] ;= 0:

Update routing information (Establish the new channel)

if newcct
if free map entries > () then

new map entry :=Iree map entry;
free map entry :=map mem|ree map entry].next map entry:
--free map entries:
map mem|[new map entry|.map entry Iree =P
map mem|[new map entryl.incoming channel id := incoming channel id;
map mem|[new map entryl.incoming port # incoming port #;
map mem|new map entryl.owrgoing channel id := ourgoing channel id;
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map mem|[new map entryl.ourgoing port # = outgoing port #;
map mem[new map entry].empty cell quene  :=T;

map mem[new map entry].cct priority := cct priority;
map mem[new map entry].channel type := channel type;

if the newcect is CBR/UBR channel then
map mem[new map entry].mask : = mask;
map mem[new map entryLITV :=1TV;

else
full map memory :=T;

else {clear channel associated with routc mapping supplied by node administrator}
if map mem<<route mapping>>.map entry frec then
redundant channel clear :=T;
else {first return any queued cells o the ree cell list}
queue length := map mem<<route mapping>>.cell queue length;
while queue length > 0 do
freed cell := map mem<<route mapping >>.cq head;
map mem<<route mapping>>.cq head := ¢q links[treed cell];
cq links[freed cell] := free cell;
free cell := freed cell:
-- queue length;
map mem<<route mapping>>.map entry free := T;
map mem<<route mapping>>.next map entry := free map entry;
tree map entry := encoded map address:
++ free map entries;

Accept incoming cell

cq mem[free cell] := input buller[current I/P port];
output := map mem<<I/P buffer[current I/P port]>>.outgoing port #:

it map mem<<I/P bulfer[current I/P port]>>.channel class := channel type;
map mem<<I/P buffer{current I/P port]>>.empty cell queve := F;
map mem<<I/P buffer|current I/P port]>>.cq head := tree cell;
map mem<<I/P bulfer[current I/P port]>>.¢q tail := free cell;
map mem<<I/P bulter{current /P port]>>.cq length := [;
map mem<<I/P buffer[current I/P port]>>.next map entry := encoded map address;

next free cell := cq links [free cell];
cq links[free cell] := free cell:
free cell := next free cell:
-- free cells:
else
if map mem<<I/P bultfer[current I/P port]>>.empty cell queue
then{we need to initialise a queue for the virtual channel in cell memory }
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if chandelier size[outport] = () then
map mem<<l/P buffer[current I/P port]>>.empty cell queue := F;
map mem<<Il/P bulter[current I/P port]>>.cq head := free cell;
map mem<<I/P buffer[current I/P port]>>.cq tail := tree cell;
map mem<<I/P buffer[current I/P port]>>.cq length := 1;
map mem<<I/P buffer[current I/P port]>>.next map entry

= encoded map address:

last chandelier entry[outport] := encoded map address;

else {link map entry into existing chandelier}
map mem<<l/P buffer[current I/P port]>>.empty cell queue := F;
map mem<<I/P bulter[current I/P port]>>.cq head := free cell;
map mem<<Il/P bulTer[current I/P port]>>.cq tail := tree cell;
map mem<<I/P buffer[curvent I/P port]>>.cq length := 1;
map mem<<Il/P buffer|current I/P port]>>.next map entry
= map mem|last chandelier entry[output].next map entry;
map mem|last chandelier entry [output]].next map entry := encoded map
address:
cell quotafoutport] := map mem [encoded map address].cct priority:
next free cell ;= ¢q links [free cell]:
cq links[ free cell] := ()
frée cell '= next frec celly
-- free cells:
else  {there is already at least one cell queue entry to link into}
it free cells > 0 then
next free cell := ¢q links[free cell]:
¢q hinks|map mem<<I/P buffer[current I/P port]>>.cq tail] := free cell;
cq links|ree cell] =),
current ¢q length := map mem<<I/P butfer[current I/P port]>>.cq length;
map mem<<I/P bulter[current I/P port]>>.cq tail := free cell;
map mem<<I/P bufler[current I/P port]>>.cq length := current ¢q length+1;
map mem<<l/P bufler{current I/P port]>>.next map entry
:= last chandehier entryfoutport];
free cell == next Trsecell;
-- [ree cells:

reset full [current /P port] {do this even it the bufler was full(free cells = 0)}
wait for 12 ns timer:

Send cell out port

current ourgoing port ;= (/P counter value:

it Channel counter value OR map mem<<current outgoing port>>.mask =
map mem<<current ourgoing port>>.1TV OR map mem<<current outgoing port>>.mask then
current O/P port := map mem{encoded map address).output port;
if map mem|encoded map address|.empty cell queue := F then



¢q source := map mem|[encoded map address].cq head;
output buffer[current O/P port] := ¢q mem[cq source];
map mem([encoded map address].empty cell queve :=T;
i free cells = () then
free cell := cq source:
free cells := 1.
else
¢q links[cq source] := free cell:
free cell := cq source:
else
{current O/P port is from Output Port Selector }
current chandelier entry := map mem[last chandelier entry[current O/P port]].nextmapentry;
cq source := map mem|[current chandelier entry].cq head;
output buflfer[current O/P port] := ¢qg mem[cq source]:
start 12ns timer;

{delink cell entry trom cell queuc}
il free cells = 0 then

free cell := ¢q source:

free célls 1= 1;

cq links[eq source] = free cell:
free cell := ¢q source:

new c¢q size := map mem|current chandeher entry].cq size-1
if new cq size = () then
map mem|[current chandelier entry].empty cell queve := T;
map mem|last chandelier entry[current O/P port]].next map entry
‘= map mem|current chandelier entry].next map entry;
-- chandelier size|current O/P port]:
cell quotacurrent O/P port]
= map mem|current chandelier entry].next map entry].cct priority;
else {new cq size > 0: update pointers to ¢q instead of shrinking chandelier}
map mem|[current chandelier entry].cq head := cq links[cq source]:
map mem|[current chandelier entry].cq size ;= new c¢q size:
it cell quotafcurrent O/P port] =1 then
cell quotalcurrent O/P port]
= map mem|map mem|last chandelier entry].next map entry].cct priority;
else
-- cell quotajeurrent O/P port|:
wait for 12 ns timer;
reset empty|current (/P port|



4.15 Summary

The ATMSWITCH architecture consists of several circuit modules. They are controlled
by the controller o accept a cell [rom input port to the cell memory at acceprcell state
and send a cell from the cell memory to the output port at ourgoing cell state. When a
cell is coming from the input port, the map memory maps the cell onto the cell queue.
At each ourgoing cell state, the trigger mechanism and chandelier sclect a channel to
send its cell to the output port. By using the wrigger mechanism, the ATMSWITCH is
capable to solve the jitter problem which is described in former chapters. The complete
circuit modules of ATMSWITCH has been logical designed. The real time running of
ATMSWITCH has been simulated by the constructed VHDL modules.
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Chapter 5

Simulating Result and Performance Analysis

In the last chapter, the ATMSWITCH architecture and its major circuit modules were
described. The ATMSWITCH architecture is an integrated design which incorporates
triggering hardware for CBR/VBR channels and chandelier hardware for ABR/UBR
channel (Note that we use the "ABR/UBR" to represent the ABR and UBR channels
because both of them is related with the chandelier hardware in ATMSWITCH, althrough
the priority of these two kind of channels is different.). In the ATMSWITCH, the
associative chandelier provides round robin services to ABR/UBR channels with cells
buffered in the switch. It maintains a circular list of channel headers and visits them in
succession, removing one cell [rom a channel header’s buffer queue at each visit. The
trigger mechanism runs in parallel with the associative chandelier, but at a higher priority,
to handle CBR/VBR channels. Tt uses a regularly incremented counter to generate a
sequence of integers which act as the raw material of a scheduling service. Each
CBR/VBR channel is allocated a set ol cqually-separated trigger values in the counter’s
range, the separation heing inversely proportional to the channel’s bandwidth. When the
counter’s value equals a channel’s trigger value. output from the channel is triggered,
overriding output from the chandelier. When a CBR/VBR channel is not due for triggering
(or has no cells buffered), cells will be output from any ABR and UBR channels with cells
buffered in the associative chandelier. Thus ABR and UBR channels are serviced

regularly, and there are no “dead™ cycles in which buffered data cannot be transmitted.

The general idea of the trigger mechanism is to schedule cell output for a particular
channel at regular intervals, to maintain a constant end-to-end delay within the network.
Because each switch involved in an end-to-end connection provides a regularly scheduled
forwarding service, which is sufliciently frequent to cope with the maximum expected data
rate for the channel, the total end-to-end delay experienced by individual cells will be
constant. Jitter, which is unacceptable in real-time applications such as video transfer and
telephony, is thus eliminated.

A complete ATMSWITCH simulated module has been constructed in VHDL, based on
the circuit modules described in the last chapter. The result of running the simulated
ATMSWITCH will be described in this chapter. An ideal tratfic pattern is considered as



the resource to send signals to the switch so the ATMSWITCH can be tested. The timing
relationship among switch modules are thus be measured. The performance analysis will
also be described in the rest of this chapter.

5.1 Simulating Result

An ideal traffic pattern is considered to test the designed ATMSWITCH. It is assumed
that cells are arriving at the switch at a constant rate and the service rate is the same as the
line speed. It is also assumed that the load of input lines is same as the load of output line.
That is, there is no bursty data. and no output port overloading. Under these conditions, it
is simple to measure the time required for cach circuit module to route a cell within the
switch. The result presents the timing for all circuit modules of ATMSWITCH. In order to
describe a complete cycle tor all the circuit modules, I will describe their behaviour
through two states. One is the accepting cell state when a cell is transferred from the input
port to the cell memory; another is the ounrgoing cell state when a cell is sent from the cell

memory to the output port.
5.1.1 Accepting Cell

In the ATMSWITCH. the clock circuit module provides a synchronous timing control for
all other circuit components. When the phase of clock output signal ¢/kl goes high, the
controller starts to execute the operations belonging to the accept cell state, and other
related circuit modules also start operations involved in transferring a cell from an input
port to the cell memory. The description below shows the time sequence and operation
time for these module.

Input Round Robin Server

The input round robin server indicates which input port is going to send its cell to the cell
memory. After it selects an input port. it outputs a signal to enable this input port to put its
cell onto the cell bus. While the switch is working, the input server reads full signals from
all input ports (Note: a high voltage on the full signal indicates that a cell is buffered at the
input port). Figure 5.1 shows the simulated result of the input server running. In the
diagram, the Fu/l00 signal represents the tull signal from the Input Port #0, FullO1 is from
Port#1, Full02 is from Port#2, and Full03 is trom Input Port #3. At each acceprcell state,
the input server chooses the current input ports to let its cell transfer to the cell memory in
case the input port is full.
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Figure 5.1: Timing ol Input Server Operation

This diagram shows the timing for the selection ol an input port by the input server. At the
point = 1104 (indicated by the vertical line in the middle of the diagram) the leading edge
of the ¢lkl signal changes o high. The input server outputs a high accepreell signal and
en_port_no signal. The accepreell signal notilies the controller that a cell is waiting in the
mnput port to be sent out. The en_porr_no signal enables the current input port to send its
cell. The values of the two signals were determined by the input server before the clkl]

edge so that they can be output by the input server when the ¢fk/ signal goes high.

At the point = 1104, the en_porr_no signal outputs the value “0001” to enable input port
#1. The diagram also shows that en_porr_no is “00107 after 24 clk2 cycles, so then input
port #2 is selected to supply a cell output. From the diagram, we can see that the input
ports are fairly selected and repeats from #0 1o #3 (Four input ports is designed in the
simulated ATMSWITCH module). The diagram also shows that the accepreell signal and

en_porr_no signal is reset at the low-going edgc ol ¢lk/.
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The results of the simulation show the input server operating simultaneously with other
circuits. The operation which selects the input port occurs before the high-going edge of
clkl. Once the input server receives the ¢/k/ event, it can output its signal immediately. So
the input server doesn’t consume any ol the time nominally available for writing a cell to
the cell buffer.

Input Port

The input port captures cells from the ATMSWITCH’s input line and stores them in the
cell input butfer. The input port automatically asserts the full signal after a cell is loaded.
During each accepreell state. the Input Round Robin Server selects the current input port
by sending its port number to oe port. The current input port is thus enabled to put its cell
onto the cell bus. After this has occurred, the fur/l signal of the input port will be reset by
the controller.

e ek e e e e e e

Figure 5.2 : Timing of Input Port Operation

98



Figure 5.2 is a simulated voltage/time trace showing the signals involved in transferring a
cell from input port #1 onto the cell bus. Before point = [ 104, the port’s full signal is high,
indicating that it contains a cell. At point = 1104, the oe port which is connected with the
en_port_no port of the input server receives the en_port_no signal “0001”, and input port
#1 is output-enabled. After 1 ¢/k] cycle from the point = 1104, input port #1 outputs the
cell data onto the d_bus port and the cell head onto the head_bus port. After 2 clk2
cycles, the controller resets input port #1 by setting the reserfull signal to high. After input
port #1 detects the reserfull event, the full0] signal is reset. When a new cell arrives from
the input line at input port #1, causing the full0] signal to be set. After 12 ¢/k2 cycles, the
en_port_no signal is disabled. so the input port stops outputting its cell data onto the bus.

The results of the simulation shows that the input port #1 took 1 ¢/k2 cycle to output its
cell onto the bus after it’s enabled by the en_port_no signal. So the input port spent 1 ¢lk2
cycle for outputting its data.

Controller

The controller consists of a control circuit and a set of control signals to control and
adjust the operation ol cach circuit module. so the switch can transter cells trom the input

port to cell memory and send cells from the cell memory to the output port.

The accepreell state occurs while the ¢/k/ signal is high. First controller waits for an
acceptcell signal from the input server. When this goes high, the controller fetches the cell
header from head_bus. According to the type of the incoming cell, the controller either
sets the wrire signal to high or serupceell signal or releasecell signal. A high write signal
enables the cell memory to write a1 cell from the cell d_bus into the memory. The high
setupcell signal control the switch to cstablish a new channel and the releasecell signal lets

the switch release an old channel.

Figure 5.3 shows the result of simulating the behaviour of the controller during the
accepreell state, after accepreell and wrire have both been set to high. The clkl signal
goes high at point = 1104ns, alter that the controller waits for an acceprcell signal event.
At the same time, a high accepreell signal comes from the input server, indicating that the
input port has been triggered to send the cell. The controller thus goes to next stage and
atter 1 ¢fk2 cycle from the point = 1104, it fetches the cell header data trom the head_bus
port and starts to check its type. The checking operation has taken 1 ¢/k2 cycle time. In

the case shown in the diagram, the incoming cell is a normal data cell (neither Serup cell
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nor Release cell). The controller thus sets the write signal to high at the beginning of third
clk2 cycle. The high phase of wrire signal enables the cell memory to write the cell data
from d_bus into the memory. At same ¢/k2 cycle, the controller outputs a resetfull signal

to the input port so the input port can reset its full signal.

cller/ciki
fcantroller/clk2 = 8

troller/mapready = 1.
 feantreller/setupeell = @

Figure 5.3: Timing ol Controller Operation

The signal serupcell and releasecell 1s low because the incoming cell is a normal data cell.
After 1 ¢lk2 cycle from the point = 1128, the wrire signal is reset because the ready signal
of the cell memory is changed to high. indicating that cell memory has finished storing the
cell data. The waveform in the diagram shows that the controller took 1 ¢lk2 cycle to
check the cell head type. The elapsed time between the controller receiving the accepreell

signal and outputting the wrire signal. is 2 ¢/k2 cycle.

Map Memory

100



The map memory maps the incoming cell into the channel header that belongs to this cell
in the map memory. According to the channel type. the cell data will be appended either
onto the cell queue of a chandelier buffer (for ABR/UBR channels) or onto an
independent queue (for CBR/VBR channels). During the ourgoing cell state, map memory
uses two special devices, the trigger mechanism and the chandelier, to select a channel
from which a cell will be transferred to the output port.

Map memory maintains routing information for each established channel, comprising the
channel number, the input and output port numbers, and other related fields. When a cell
arrives from one of the input ports, its channel number and input port number will be
treated as a key and compared with the routing information in all the occupied locations in
map memory. The cell data is appended 1o the cell queue associated with the header that

matches the key.

Figure 5.4: Timing of Map Memory Operation

Figure 5.4 shows the output that results from simulating the behaviour of map memory. At

point = 1104, ¢/k/ goes high and thc map memory starts to execute the operations for
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which it is responsible during the accepreell state. After 2 ¢/k2 cycle, the controller asserts
the wrire signal. Map memory gets a cell header from head_bus and compares the
incoming cell’s channel id with channel id ficld of the channel information record. If the
incoming cell matches, map memory will output the channelrype signal and cell gueue rail
pointer of the mapped channel to the CQlinks. The cell gueue tail pointer always points 10
the last cell address of cell queue. It's used by the CQlinks to update the link pointer in the
last cell in the queue for this channel to point to the newly included node. Meanwhile, the
map memory replaces the cell gueue rail pointer with the address of the location in cell
memory in which the data tor the incoming cell is stored. The cell queue length and cell
quewe empty fields of the map memory channel information record for the mapped channel
also need to be updated. When that has been done, map memory outputs the refreshed
chandeliersize value (chandelier register information) to the output server after 4 c/k2
cycles from the point = [104. Tt also outputs the channelrype signal, cell queue rail
pointer value. The map memory require 2 ¢/k2 cycle to map the incoming cell and update
the mapped channel record. Alter that, it outputs the mapready signal to indicate that the
map memory has completed its operations, The next ¢/k] signal event occurs at point =
1128 when the ¢/k7 signal changes from high to low. Map memory thus stops outputting

the channelrype signal. cell gueue rail pointer and chandeliersize value at that point.

The waveform of map memory module shows that the map memory took 2 ¢lk2 cycle to
map incoming cell and update its channel record. It works concurrently with other circuit
modules during the accepreell state, so it doesn’t take extra switch clock cycle to perform
its operations.

CQlinks

CQlinks manages the cell memory space and the queues of cells for the currently
established channels, It's a special purpose memory and makes up one part of the
chandelier structure. When the switch writes a cell into the cell memory, the address is
given by the Freecell register ol CQlinks. Alter the cell is stored at the given address, the
value in the Freecell register will be replaced by the address of the next free location - ie.,
the value in the CQlinks word currently addressed by freecell.

When the CQlinks module detects that the ¢/k7 signal has changed trom low to high, it
outputs an available address onto the a_bus 1o tell cell memory where to store the
incoming cell. After that, CQlinks updates the Freecell register value and cell queue link
pointer for this channel.
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The timing for the CQlinks simulation during the acceprcell state is shown in Figure 5.5.
After CQlinks detects a high-going edge on the clk/ signal, at point = 1104, it puts the cell
memory address “00000000007 onto a_bus after 1 ¢lk2 cycle from the point = 1104. After
2 clk2 cycles, the controller sets the wrire signal to high and the cell memory is thus
enabled to write the incoming cell into address “0000000000” of cell memory. At the
point = 1112, the CQlinks module receives the channelrype signal and the cell queue tail
pointer from the map memory. The CQlinks module uses the cell queue tail pointer to
update the cell queue link pointer and assigns a new value to the Freecell register. At
point = 1128, the CQlinks module complete the operation about updating the cell queue
pointer and assigning the new value to the Freecell. It thus set the cgready signal to high.
At the same point, it receives a high phase ready signal from cell memory. It stops

outputting the cell address to the address bus.

i

Cursor

Figure 5.5: Timing ol CQlinks Operation

The waveform in the CQlinks timing diagram shows that CQlinks spent 1 ¢/k2 cycle to

output the address to the address bus. From the time it receives the cell tail pointer value
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till the time cgready signal was set to high, it took 8 c/k2 cycles to have its updating
operation. Due to the CQlinks works concurrently with other circuits modules, the queue
maintenance operations which it performs do not add to the overall cycle time for the
ATMSWITCH.

Cell Memory

The cell memory module operates as the cell buffer in the ATMSWITCH architecture.
When a cell arrives from the switch’s input port, it's stored in the buffer for a while and
then transterred to the output port. Figure 5.6 shows the output that results from
simulating the behaviour of cell memory. The diagram shows CQIlinks asserting the
address of to be used in the cell memory write operation after 1 clk2 cycle from the point
= 1104. After another | ¢/k2 cycle time, the cell memory receives a wrire signal from the
controller and the 12ns write cycle begins. It writes the data “10010000” from d_bus into

the memory. After it finished the writing operation, the ready signal was set to high.

___/é_'éii nenory/uite
gfggll;méncry!reaQy
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Figure 5.6: Timing of Cell Memory
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Timing Relationship of ATMSWITCH

From above description, it can be seen that the ATMSWITCH takes 12 ¢lk2 cycle o
transter a cell from the input port to the cell memory. 2 ¢/k2 are used to check and locate
the destination address within the butter and 10 ¢/k2 cycles are used to write the cell into
the bufter. The timing relationship among all the signals of the switch circuits is shown in
Figure 5.7.

Module Signal < >

Clock aeg T LI LTI L P d

Input Port a1 =
G4l Bu MMM 0000000100000100001000001001  NNE

d_bus BT 0070000

Input Server

Controller e |
wriie —
resetfull J
Mep Memory S 002000000 S
cg_map_bus  —  wmem——— T —
channeltype I -
chandeliersize SR 0°0000000000000
CQlinks a_bus EECEEE CCCOCC0CTC SRR
cqgready I_
Cell Memory aady i

Figure 5.7: Timing Relationship of ATMSWITCH

In the above diagram, clk, accepreell and en_port_no change from ‘07 to “1” at beginning
of c¢lk2 cycle. It is assumed that the input server has collected a cell from the input line
before the clk2 event. The full signal is alrcady TRUE before the first ¢/k2 cycle point.
Thus the input server is available to check the value of the full signal from the input port
betore first c/k2 cycle.
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At 2" ¢lk2 cycle, the input port is enabled by the en_port_no signal and outputs the cell’s
payload onto d_bus and the cell’s routing information onto head_bus. At the same time,
the cglinks module is triggered by the ¢/k/ signal and outputs an available cell memory
address. The controller reads the cell head from the head _bus and begins to check the type
of the incoming cell.

At 3" ¢lk2 cycle, the controller has finished its checking operation and asserts the wrire
signal. The cell memory is thus enabled by the wrire signal to store the cell data into the
memory. At the same time. the controller asserts the reserfull signal which is delivered to
the selected input port.

While the cell memory module is copying a cell into its storage, the other circuit modules
continue to operate. At 3rd ¢/k2 cycle, the map memory module receives the wrire signal
from the controller. It starts 1o compare the incoming cell channel identification
information with the channel information list in map memory. After it has finished the
mapping operations, at the 5" ¢/k2 cycle, it outputs the channelrype signal and cell queue
rail pointer to the CQlinks module for updating pointers in CQlinks. Meanwhile, the map

memory outputs the updated chandeliersize value to the output server.

At 11" ¢lk2 cycle. the input port receives a new incoming cell from the switch’s input line
and thus the fu/l0] signal of input port #1 1s automatically set to high.

At 12" clk2 cycle, the cell memory completes its cell writing operation and outputs a
ready signal to the switch. The ready signal notifies the related circuit modules that the
cell memory has finished its operation. The input port thus stops outputting the cell onto
the bus and the cglinks module stops outputting its address. At same time, the acceprcell
stage is complete. The accepreell signal, en_port_no signal, wrire signal, and reserfull

signals are reset (o initialise the state ol the switch for the ourgoing cell state.

5.1.2 Outgoing Cell

When the low-going edge ol the ¢/k/ signal occurs, the switch enters the ourgoing state.
Each module of the switch performs some part of the work involved in sending a cell from
the cell memory to the output port. As in the ourgoing state, the timing tor each circuit

module is analyzed below.

Output Round Robin Server
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The Output Round Robin Server indicates the current output port. It incorporates with the
map memory module to determine whether the current output port can get a cell from the
chandelier. The output line operates at a fixed speed. so each output port is assigned an
outgoing cell slot tor transferring cell from the cell memory to its port. During the
assigned owurgoing slot, the output port will not receive a cell if neither a CBR/VBR

channel is triggered nor a cell buffered in chandelier cell queue for the current output.
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Figure 5.8: Timing of Qutput Server

The output server works before owrgoing cell state. It outputs the current output port
when the ¢/k7 signal goes high. During the accepreell state, the map memory outputs the
updated chandeliersize value to the output server at 5" ¢/k2 cycle during accepteell state,
as shown in Figure 5.7. The output server uses this value to check the chandelier buffer of
the current output port at the accepreell state. The result will be output when the clkl
signal changes from high to low. All checking of the output server is completed before the
ourgoing cell state. Thus the current output port signal, en_outport_no, is available to map

memory when the switch state changes from accepreell to outgoing. So map memory

r
<
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starts its trigger operation at the beginning of the ourgoing state. It the counter number
matches the ITV and mask value, map memory asserts the march signal. The ourgoing cell
comes from the triggered channel rather than chandelier circular list. If the march signal is
FALSE and the ourgoing signal is high, a cell is taken from the chandelier bufter rather
than the trigger mechanism.

Figure 5.8 shows the signal waveform generated by the output server. It shows the output
server outputting the current port number at heginning of the clkl cycle. At point = 1104,
the ¢lkl signal goes high, and the current output port signal en_outporr_no value is thus
changed from 0001 (1) to 0010 (2). At beginning of next clkl cycle, the en_outporr_no is
changed trom 0010 (2) to O011(3). After 4 ¢/k2 cycles from the point = 1104, the map
memory outputs the updated chandeliersize value to the output server, and the output
server begins to check the free signal of output port #2 and the information in the
chandelier buffer. It the chandelier buffer of port #2 is not empty and the output port #2 18
tree, the output server will assert the ourgoing signal at the ourgoing state. Figure 5.8
shows that the onrgoing signal is asserted after 1 ¢/k2 cycle from the point = 1128. The

outgoing signal is reset when the ¢/k/ signal goes high.

The timing diagram for the output server shows that it operates concurrently with other
circuit modules. Tt takes 1 ¢/k2 cycle to output the ourgoing signal, but otherwise, the
selection and checking operations which it performs do not add to the overall cycle time
tfor the ATMSWITCH.

Output Port

The output port reccives a cell from the cell memory and transfers it to the output line of
the switch. After it has been output, the output port’s free signal is set to indicate that the
output port 1s free to receive a cell again. After a cell is loaded into the output port, the
free signal is reset to indicate that the output port can’t receive another cell until it has
output the current cell. So the free signal is used by the output server to check whether
the current output is available or not.

Figure 5.9 shows the timing while the output port is running. At point = 1104, the output
server sends the value 0010 to the output ports using the signal en_ourporr_no. Output
port #2 is selected and the owrgoing cell slot 18 assigned to output port #2 at the current
switch working cycle. From the point = 1130, output port wait for the ready signal which

will be from the cell memory. The high phase ready signal means the cell memory has
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finished its reading operation and the cell data is available on the d_bus. Output Port #2 is
thus able to receive the cell data from the d_bus.
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Figure 5.9: Timing for the Output Port

The simulation shows that the output port #2 doesn’t take extra time to get the cell during

the switch’s read and write cycle.
Controller

During the accepreell state, signals from the controller are used to cause the switch
modules to transfer a cell from the input port to the cell memory. During the ourgoing cell
state, signals from the controller are used to cause the switch modules to send a cell from
cell memory to the output port. When the c/k/ signal changes from high to low, the
controller initiates the operations belonging to the ourgoing cell state. It waits for the
ourgoing and march signals. 1t cither of these signals becomes TRUE, the controller

asserts the read signal so that the cell memory is enabled to read a cell from given address.
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Figure 5.10 shows a timing diagram for the controller during the ourgoing state. Clkl goes
low at point = 1128. When the controller detects the low ¢lk1 signal, it checks the march
and outgoing signals. A TRUE march signal means that one of CBR/VBR channel is due
to be triggered and a TRUE owrgoing signal means that the chandelier buffer of the
current output port is not empty. Alter | ¢/k2 cycle from the point = 1128, the controller
receives a TRUE owurgoing signal. Tt thus asserts the read signal after 2 ¢/k2 cycle from the
point = 1128. Cell memory begins to read cell and set the ready signal high after it finished
reading. The read signal is reset to low after the controller receives the high phase ready

signal from cell memory.

Figure 5.10: Timing tor the Controller

Simulation the controller shows that it spends 1 ¢/k2 cycle outputting the read signal when
it receives the ourgoing signal. From the time between the clkl signal going low and the
read signal being sct. the switch spends 2 ¢/k2 cycles on the addressing and re-assembly

cell operations.
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Map Memory

The map memory maps the incoming cell to the cell buffer during the acceprcell state.
During the ourgoing cell state, map memory uses two special devices, the trigger

mechanism and the chandelier to select an output channel

Figure 5.11: Timing for the Controller

Figure 5.11 shows the timing ol map memory while it was running. Because the timing for
the map memory during the accepreell state has been described betore, here we only
introduce the timing for the map memory during the ourgoing cell state. At point = 1128,
the clkl signal goes low and map memory thus start to perform the operations associated
with the ourgoing cell state. Map memory lirst reads the current counter value and current
output port number. It performs a masked comparison between the counter number with

ITV and mask value of cach channel. If the matched channel holds a cell and the port
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through which its cells are output is the current output port, the matched channel is
triggered. The map memory outputs the high phase march signal to the controller. Than
the map memory transters the cell queue head pointer of the triggered channel via a_bus
to the cell memory so that it can read the cell from the triggered channel. It march is false,
or it it is true, but the queue length for the triggered channel is (), no CBR/VBR channel is
triggered, and instead, the map memory checks the ourgoing signal. If the outgoing signal
i1s high. it means the chandelier bufler is occupied. Map memory selects the current
channel from the circular list of the chandelier and outputs the cell queue head pointer of
the selected channel to the a_bus. In this case the cell is transterred from chandelier bufter
rather than trigger mechanism.

In Figure 5.11. the map memory starts the trigger operation at point = 1128. It determines
that no CBR/VBR channel is triggered. The map memory then checks the ourgoing signal.
The high ourgoing signal reaches at the map memory after 1 ¢/k2 cycle from the point =
1128. It means the chandelier buffer ol current output port #2 is not empty. The map
memory thus outputs an address by using the cell queue head pointer of the current
channel header in the circular list. Alter 2 ¢/k2 cycles from the point = 1128, the cell
memory address “00000000107™ is put on a_bus. After the cell queue head pointer is put
onto the address bus, the map memory needs to update the channel header and chandelier
register. First the map memory waits for the new cell head queue pointer which will be
sent by cglinks. After 4 ¢fk2 cycle [rom the point = 1128, the map memory gets the new
head pointer through the c¢g_map_bus port. It replaces the old cell queue head pointer
with the new one and updates the channel header and the chandelier register. When the

ready signal of cell memory is set to high. The map memory stops outputting the address.

The timing simulation for map memory shows that it runs simultaneously with other circuit
modules. It takes 1 ¢/k2 cycle to perform the CBR/VBR matching operation and another 1
clk2 cycle to output the address to the a_bus, so the cell at this address 1s output from the
cell memory. But these 2 ¢/k2 cyele time do not add to the switch read and write time

because they occur while other circuits are active.
Cqlinks

When CQlinks detects a low-going edge on the ¢/k] signal, it begins the ourgoing cell
operation. During the ourgoing cell state, CQlinks releases the word in cell memory which
was occupied by the newly output cell and updates the Freecell register value and cell
queue link pointer.



Figure 5.12 is a timing diagram for the operations pertormed by CQlinks during the
outgoing state. It shows, a low-going edge for the ¢/k/ signal at point = 1128. 2 clk2 cycle
later, CQlinks receives a read signal. It fetches the current cell memory address from
a_bus. The cell which is stored at this address will be removed trom the cell memory.
CQlinks thus releases this space for the cell memory and gets the content of the released
cell memory address in the CQlinks. The content of released address in the CQlinks is the
link pointer of cell queue. It points to the next cell address of cell queue. Because the first
cell of the cell queue has been removed., the link pointer is thus the new cell queue head
address. After 4 c/k2 cycles from the point = 1128, a low voltage on the channelrype
signal triggers CQlinks to send the new cell queue head pointer to the map memory
through the cg_map_bus port. Meanwhile CQlinks updates the current Freecell register

value and link pointer for the newly released address. At point = 1152, Cglinks completed

its maintain operations and thus set the cgready signal to high.

o i o fod i el e e e

Figure 5.12: Timing for the CQlinks



The timing simulation for CQlinks shows that CQIlinks took 8 clk2 cycles to update its link
point Freecell value. It works simultaneously with other circuit modules at outgoing cell

state. It doesn’t lengthen the switch cycle in order to update its values.
Cell Memory

In the ATMSWITCH, It takes 2 ¢/k2 cycles from the low-going edge of the c/k] signal to
the time when the controller outputs a TRUE read signal. That means the switch need 2
clk2 cycles to address the cell memory for reading a cell. The 12ns time for cell memory
reading operation also required.

Figure 5.13: Timing for the CQlinks
Figure 5.13 shows a timing diagram for a simulation of cell memory. It shows a cell

memory address, 00000000107, being generated by map memory at point = 1132, At the

same time the read signal is set. Cell memory is thus enabled to read cell from the given
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address and put the cell data to the ¢_bus. At point = 1152, the cell memory has finished
the reading operation and sets the ready signal to high.

Timing Relationship of ATMSWITCH

As the above descriptions illustrate, the ATMSWITCH takes 10 ¢/k2 cycle to read a cell
from cell memory. 2 ¢/k2 cycles is used to address cell memory. The relative timing for all
the switch circuit signals is shown in Figure 5.14. The signal events that happen during the
outgoing state are copied from the simulation runs for the individual modules which were
described above.
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Output Server
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Controller fail
resetfull
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Cell Memor
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Figure 5.14: Timing Relationship of ATMSWITCH
The diagram shows that the ¢/k2 signal at whole outgoing state. Before 1% ¢/k2 cycle, the

free signal, en_outporr_no signal and counrer value have already been set by their

modules. As described before, the current output port number, en_outport_no signal is set
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by the output server at beginning of each switch working cycle. At the ourgoing cell time,
it’s certainly available for other modules to read. The free signal represents currently
available output ports. It is set to high at any time if the output port is empty. The counter
number is set at beginning of switch working cycle as well. Therefore, the map memory
can read the counter signal and en_outport_no signal at the beginning of the outgoing cell
state.

At beginning of 2" ¢/k2 cycle, the outpul port outputs the owurgoing signal to the
controller and map memory modules. Meanwhile, the map memory outputs the match
signal to the controller. Whatever the march signal or ourgoing signal, if one of them is
set, the controller will set the read signal. In this case, only the owrgoing signal is set, so
the channel is selected from the chandelier rather than trigger mechanism.

At beginning of 3™ ¢/k2 cycle, the controller has finished the checking operation and sets
the read signal. At the same point. the map memory tinishes the channel selection
operation and outputs the cell gueuwe head pointer from the header for the selected
channel to the a_bus. Cell memory is thus enabled by the read signal to read the cell from
the given address. At the same point, the controller also asserts the reserful/l signal and the
map memory outputs the re-assembled cell head onto head _bus.

Other circuit modules are operating while the cell memory is reading the cell. At 3% ¢lk2
cycle, CQlinks receives the read signal and thus begins to update the value in the Freecell
register and release the word in cell memory which contained the cell. At beginning of 4"
clk2 cycle, CQlinks transters the new cell queue head pointer to map memory so map

memory can replace the old cell quene head pointer with the new one.

At 12" ¢lk2 cycle, the cell memory has completed reading operation and puts the data
onto d_bus. At the same time, it outputs the high phase ready signal to notity the related
circuit modules that the cell is ready to pick up. The output port thus tetches the cell from
the d_bus and map memory stops outputting the address. At same point, the switch
ourgoing cell is complete and the ¢/k/ signal is changed from low to high. Other control
signals, such as ourgoing, en_outport_no, resetfull and match are thus reset to their initial
states. The ourgoing state ends and the switch enters the acceprcell state.

5.1.3 Clock Speed and Switch Working Cycle

As described in last two sections, the cell butler is built out of commercially available
cache memory chips with a 12ns reading and writing time. According to the simulated
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result of ATMSWITCH timing, the time between the high-going edge of the clkl signal
and the write signal generated by the controller is 2 ¢//2 cycles. The time between the low-
going edge of the c/k] signal and the read signal generated by the controller is 2 clk2
cycles as well. This means that the switch needs 2 clock cycle to prepare for writing a cell
into the buffer and another 2 clock cycle for reading a cell from the buffer. According to
the simulation result. the clock cycles which is required if the control operations are to fit
into the 12ns memory write or read time has been counted as 10 ¢/k2 cycles. So the clock
speed for the controller will be:

clock speed = 12ns/clock_cvcles_no = 12ns/10 = 1.2ns;

Therefore. the total time of switch for either accepting or outgoing a cell is:

acceprcell_ourgoing = buffer wrire_read + preparation

1]

12ns + 2 cleok eyeles x 1.2ns = 14.4ns:
So the total period ol the write cycle or read cycle will he:
write cycle = read cycle = 14.4ns:

Consequently, the total write and rcad cycle (switch working cycle) is /4.4ns + 14.4ns =
28.8ns, and the clock speed is 1.2ns.

5.2 Cell Memory Size Requirement

Owing to the finitec memory size and the lack of co-ordination among arriving cells as far
as their destination requests are concerned. some cells may not be accepted by the switch
and be lost. The memory size should then be determined so as not to exceed a certain
maximum cell loss rate. The size ol the memory required is a function not only of the size
of the switch N, the offered load p. and the tralfic pattern, but also of the way the memory
18 shared among the various output queues. In this section, we use our simulated result to
analysis how much size of the memory should be designed in ATMSWITCH. Two
different traffic situations are considered 1o analysis required memory size.

5.2.1 Cell Memory Size for Simple Traffic Situation

It is assumed that the cells from input line of switch are arriving at a constant rate equal to
the maximum bit rate supported hy the line. Tt also assumed that the load on the input lines
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is equal to the capacity of the output lines. In this special case, in which there is no burst
data, and no output port overloading the analysis is quite simple. We simulate the
behaviour of the switch t = Ons 1o t = 9783290ns. Because we are interested in the
behaviour of cell memory, and cell memory is controlled by CQlinks, we record the values
of the CQlinks variables during this time. This allows us to determine the used and free
memory space of the cell memory at t = 9783290ns. From the time when the switch is
turned on till t = 9783290ns, a total 407619 cells has passed the switch. Figure 5.15
shows the values of the CQlinks variables during this time.
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Figure 5.15: Simulated Result of CQlinks Variables

In the diagram, cach address ol the CQIlinks value is listed. It shows the memory space
trom O to 1023. The highlight line in the diagram shows the first several values of CQlinks
memory address. We know that the CQIlinks is initialised at switch turned on so that the
the value i+1 is stored at CQlinks[i] for all values of i in the range () to 1023,
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The diagram shows that only the first 2 words of CQlinks are used. The value of the
variable Freecells is, correspondingly, equal to 1022, This result is to be expected because
the switch loading was assumed to be ideal, in which a cell will be transterred tfrom the
input port to the cell memory during the accepreell state and sent out of the switch at
ourgoing cell state. So one cell memory address is used to store incoming cell during the
acceprcell state and another cell memory address is released during the ourgoing state. At
the end of each switch working cycle, the cell memory size is still same as the beginning of
switch working cycle. This is why only two spaces are being used at the time 9783290ns.
In this special case. the number of words in cell memory size could be twice the number of
ports on the switch, and no cells would he lost.

5.2.2 Cell Memory Size for Output Overload

In last section, the required size for ccll memory under ideal (though heavy) trafhic
conditions is measured. In the case, the ATMSWITCH requests only a few words of

memory. Real network traffic patterns are, however, more complex.

In the ATMSWITCH architecture. the input line and output line are designed as fixed
speed. The input server module accesses cach input port fairly and the output server
assigns each output port a time slot periodically as well. If the speed of the source which
send cells to the switch is less than the input line speed, the cells it sends will have no
problem being accepted by the switch. But if many cells from different input ports are
routed to the same output port, the incoming cells must be buffered in cell memory while
they wait for an output slot, But this bursty situation should not last long because the
channel CAC (Connection Admission Control) has ensure that the load of each output
port is not over a load of 100% and the length of bursty data is restricted. Here we give an
example to show what size ol cell memory is required for output port overloading
situation.

Suppose cells that are from two lully loaded nput ports are routed to output port #0. So
the output port #0) has a load ol 200%. Again, we use the results obtained from simulating
the behaviour of the CQlinks module to examine the required memory size.

Figure 5.16 shows the value of the CQlinks variables at the t = 600ns. The values of
Freecells and cqlinklist indicate that only two memory address are used at that moment.
At t = 28500ns, we again print (Figure 5.17) the values of the CQlinks variables. Freecells
is 877. which means that 1024-877=147 memory spaces have been used at the time
28500ns.
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Figure 5.16: Simulated Result of CQlinks Variables at the time 600ns
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Figure 5.17: Simulated Result ol CQlinks Variables at the time 28500ns

In this example. the cell memory needs at least 147 cells to store cells so that no incoming
cells will be lost. Tt seems that the size ol the cell memory depend on given traftic
situation. Therefore, the cell memory size should be detined by using real traffic pattern to

test it and can thus get an appropriate value.

5.3 Throughput

The simulated shows that the ATMSWITCH takes 14.4ns to transfer a cell from input
port to cell memory. 2.4ns time is used to check and locate the address of butfer and 12ns
time is used to write cell into buffer. At ourgoing state, ATMSWITCH takes 2.4ns to
address cell memory and 12ns to read a cell from memory. During each 28.8ns switch
working cycle, the switch can receive a cell from the input line and send a cell out of the
switch. So the throughput for ATMSWITCH can be worked out by using following
equation:



celllength
2x N xlinkspeed(b/ s)

cycle time =

where throughpur = N x linkspeed(b/s);
So the total throughput for the switch is:

throughput = 424/(28.8x10" bps) = 14.7222Gbps
The maximum port number tor ATMSWITCH is:

port number (N) = throughput / linkspeed = 14.7222Gbps / 1.2Gbps = 12

5.4 Map Memory Size

The map memory size will depend on the number of virtual channels that the switch is
required to handle. The ATMSWITCH uses 12 1.2Gbps input ports and output ports. If
all the established channel were 64kbps limited voice and data channels (e.g. ISDN B
channels) and the switch were able 1o create all those channels, then the maximum map
memory size required would be (1.2Gbps/64kpbs) x 12 = 225000 channel unit.

5.5 Summary

In this chapter, the simulated result for ATMSWITCH timing is described. The total write
and read cycle is 28.8ns. 24ns time 1s used lor cell buffer writing and reading. 4.8ns time
is used to prepare buffer writing and reading operations. The clock speed for the
controller is worked out as 1.2ns. The performance analysis for the buffer size, map
memory size and throughput of ATMSWITCH has also heen described.



Chapter 6

Future Work

In shared-buftfer switch architectures, the cell memory is shared by all output ports. This
approach requires the minimum possible amount of buftering and has the most tlexibility
to accommodate traffic dynamics, in the sense that the shared memory can absorb large
bursts directed to any output. Unfortunately, the approach has its disadvantages. As the
cells must be written into and rcad out (rom the memory one at a time, the shared
memory must operate at the total throughput rate. According to the paper [Tobagi, 1990],
it must be capable of reading and writing a cell in every 1/NVs, where N is the number of
ports and Vs is port speed, that is, N times faster than the port speed Vs. As the factor N
limits the ability of this approach to scale up to large sizes and fast imposes a limit on the
product NV, which 1s the total throughput.

In the ATMSWITCH architecture, very fast cache memory with a read and write cycle
time of 12ns is employed for storing cells. A total of 28.8ns time is worked out in last
chapter for each switch working cycle. If the speed of switch port line is designed as
1.2Gbps, the maximum port number for this port speed is thus be determined. In this
case, the number (N) is equal to 12, It's not possible to add more ports in ATMSWITCH
because the memory speed has restricted the total throughput. From other perspective of
view, the ATMSWITCH need very fast cache memory to build the cell buffer. The speed
of memory chips is thus a bottleneck in ATMSWITCH implementation.

To overcome the restriction caused by the memory speed, an alternative multi-bufter
architecture is introduced. The new switch architecture is considered to improve the
performance of ATMSWITCH and it’s not necessary to require very fast memory to
build its cell buffer.

6.1 Multi-Buffer Architecture

In the multi-buffer based switch, cach output port has a separate buffer block and those
buffer blocks receive cells in parallel. During each switch working cycle, as many as N
cells (N is the number of input and output ports) can be written into the buffer blocks
during the accepreell state and as many as N cells can be output from the buffer blocks



during the ourgoing cell state. Because each buffer block is working separately, it is
possible to build large scale switch without memory speed restrictions. In addition, if
multicasting function is designed into a shared bufler switch architecture, it would
increase the complexity of the controller because it need more control signals and
algorithm to achieve it. But in a mult-buffer architecture, it will be easily realised.
Therefore, the multi-buffer switch architecture can improve the total throughput of switch
and reduce the required cell memory speed. Figure 6.1 shows the multi-buffer switch
architecture.
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Figure 6.1: Multi-Buffer ATM architecture

Figure 6.1 shows the architecture of a multi-buffer switch. It is based on the shared-buffer
architecture for the ATMSWICH which was shown in Figure 4.1 in chapter 4, except that
it contains N buffer modules (where N is the number of output ports) instead of 1. Most
of the component modules have been inherited from the shared-buffer architecture to the
new one.

The major distinction between  shared-buffer architecture and the multi-butfer

architecture is that the first only uses one buffer module which is shared by all output
ports. During each working cycle, cell memory reads one cell from the input port and
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sends one cell to the output port. The multi-buffer switch gives each output port a butfer
block and all of the butfers are able to work in parallel. Therefore, the multi-buffer switch
can receive as many as N cells from input port and send as many as N cells to output port
simultaneously.

6.2 General Operation of Multi-Buffer Architecture

In the multi-bufter architecture, the switch still has two states, the accepreell state and the
ourgoing cell state. During the accepreell state, the controller causes the switch to transfer
cells from input ports to cell memory blocks. During the ourgoing cell state, the controller
causes it to transfer cells from the cell memory blocks to the output ports with which they
are associated.

At beginning of cach accepreell state. the controller checks the full signals of each of the
input ports. If current input port is not empty. it signals the head-selector module to
enable the current input port to send 1ts cell header to map memory. Map memory maps
the incoming cell channel id and input port number onto a channel information record in
the map memory. and then map memory outputs the input_port_number and
output_port_number values for the mapped channel to the multi-selector. Each multi-
selector corresponds to a buffer block and an output port, which all share the same unique
id number After map memory outputs the ourpur_port_number signal, the corresponding
multi-selector is triggered. The multi-selector thus enables the indicated input port (by
using the inpur_porr_number signal) 1o send its cell data directly to the butfer block. The
controller checks each full signal of all the input ports at each pre-defined time slot. Map
memory works with the conwoller to map each cell header and output the
input_port_number and ourpur_porr_number signal. 1t only takes a short time to achieve
this job during the accepreell state: the controller and map memory are designed to be
very fast. As in the earlier single-bulfer version of the ATMSWITCH, map memory and
CQIlinks updates their values simultancously while the memory block is writing cells into
the butfer.

Within one accepreell state, the maximum number of cells which switch get in is equal to
switch size, N. It means that all cells in the input port are accepted by the memory blocks.
And it also means that no more than two cells are routed to the same buffer blocks in this
case. At each accepreell state, the minimum number of cells can be counted as one,
suppose all cells of input ports are going to the same output bufter.



At each ourgoing cell state, the controller checks the free signals of each output port. If
the output port is empty, it signals to output selector. At the same time, map memory
gives the current ourgoing cell address to each output port and outputs the re-assembled
cell head onto the head_bus. The current ourgoing cell is selected either from the
CBR/VBR cell queue or chandelier bufler. All memory blocks are able to send the cells
to the output ports at the same time because they all work concurrently.

6.3 Summary

In this chapter, a multi-buffer switch architecture has been brief introduced. Actually, the
new proposed architccture is based on ATMSWITCH architecture. The most modules of
ATMSWITCH switch have been inherited to the multi-buffer switch. The major
distinction between ATMSWITCH architecture and multi-buttfer architecture is that the
ATMSWITCH is a shared buffer structure, but the multi-buffer switch assigns a buffer to
each output port. At a switch working cycle, only one cell can be transferred from the
input port to the output port in ATMSWITCH. But as many as N (input and output ports
size) cells can be transferred from the input ports to the output port in multi-bufter
switch. Therefore, the multi-buffer switch architecture can improve the total throughput

of switch and reduce the required cell memory speed.
The future work for the multi-huffer switch is to design each module in detail. Although

the main structure is proposed, but the functions of each module, and details of circuit
design need to be completed.
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Conclusion

The task undertaken in this project, and described in this thesis was the development of a
full logic design for the chandelier and trigger components ot the ATMSWITCH, and the
determination of the speed at which this logic would have to run if full use is to be made

of the memory bandwidth.

The ftull logic design of ATMSWITCH in this thesis has been completely achieved. The
number of clock cycles required to perform the butler maintenance activities, and the
logic speed required to fit this number of clock cycles into the 12ns memory read and

write cycle has been measured.

The designed ATMSWITCH consists of several circuit modules. Each module performs
well-defined functions during the switch working cycle. Modules are controlled by the
controller to accept an incoming cell from input port to the cell memory and send a cell
from the cell memory to the output port at cach switch working cycle. For a particular
CBR/VBR channel. the trigger mechanism schedules cell output at regular intervals.
Because all cells are forwarded through the network with a constant delay at each node,
the end-to-end delay which they experience 18 constant. The jitter problem can thus be
ignored. Consequently. the ATMSWITCH provides a solution to the problem of

contlicting requirements of different sorts ol data traffic.

The chandelier cooperates with the trigger mechanism and sends the ABR/UBR cells
during no CBR/VBR cells are scheduled output, so the switch works efticiently.

All circuit modules designed in ATMSWITCH were constructed by VHDL definition of
the circuit. And the simulated result of ATMSWITCH timing is shown clearly in the
circuit signal waveform. Therefore, the number of clock cycles required to perform the
buffer maintenance activities has been determined, and clock period required to fit this

number of clock cycles into the 12ns write and read cycle is 1.2ns time.

A multi-butfer switch architecture has  been introduced. The most modules of
ATMSWITCH switch have been inherited to the mulu-buftfer switch. The multi-bufter

switch assigns cach output port a bufler. During a switch working cycle, as many as N (



number of input and output ports) cells can be transferred from the input ports to the
output port. Therefore, the multi-buller switch architecture can improve the total
throughput of switch. Although the main structure of multi-butfer switch is proposed, but
the functions of cach module, and details of circuit design need to be completed.
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Appendix

VHDL Program Listing

1. ATMSWITCH Module-----=======scmmmmmmmee oo 1
1.1. atmpack.vhd
1.2. atmbody.vhd
1.3. atmtest.vhd

2. Cell Memory Module ----=---mmcmmmmmm oo eeee 17
2.1. mempkg.vhd
2.2.  membdy.vhd
2.3. mement.vhd
2.4. memarc.vhd

3. Clock Module--mcmmmmmmmmem e e 21
3.1. clockent.vhd
3.2. clockarc.vhd

4. Controller Module -----=-ammmmmmmmm e 22
4.1. contrpkg.vhd
4.2. contrent.vhd
4.3. contrarc.vhd

5. Counter Module ---=smeemmmmmm oo 33
5.1.  countent.vhd
5.2. countarc.vhd

6. Cqlinks Module -----mmmmmmmmmme e eee 34
6.1. cqlinpkg.vhd
6.2. cqlinbdy.vhd
6.3. cqglinent.vhd
6.4. cqlinarc.vhd

7. Input Port Module ---ccememmmmmmme e 39
7.1. 1nporent.vhd
7.2. inporarc.vhd

8. Input Server Module ==--=-=smemmmm e 42
8.1. 1inserent.vhd
8.2. 1nserarc.vhd

9. Map Memory Module =----sememmmmmmm oo eceeeeee 45
9.1. mappkg.vhd
9.2. mapbdy.vhd



9.3. mapent.vhd
9.4. maparc.vhd

10.Output Port Module =-=--mmmmemmmm e 57
10.1. ouporent.vhd
10.2. ouporarc.vhd

11.Output Server Module -------ccmemmmme e 59
11.1. ouserent.vhd
11.2. ouserarc.vhd
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-- Copyright 1997, Massey University, All Rights Reserved

- File name :

atmpack.vhd

-- Title :  [ATM Package)

- Module :  [The ATM Package]

--  Purpose [Declare the global types and procedures for the ATM switch
e modules)

- Modification History :

- Date Author Revision Comments

- Tur July 10 1997 Bo Yan Revl.0.0 Creation

Library ieee;
Use ieee.std_logic_1164.all;
Use ieee.numeric_std.all;

PACKAGE atm_types is

CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT

unit_delay : Time := 1 ns;
MapSize : integer := 1023;
MapWidth integer := 10;
CellMemSize integer := 1023;
CellMemwWidth : integer := 10;
BufferSize : integer := 15;

subtype
type
function
subtype

subtype

SUBTYPE
TYPE
FUNCTION

SUBTYPE
SUBTYPE

TYPE
SUBTYPE

bit_15 is std_logic_vector(l4 downto 0);

bit_15_array is array(integer range<>) of bit_15;
resolve_bit_15(driver in bit_15_array) return bit_15;
bus_bit_15 is resolve_bit_15 bit_15;

bit_8 is std_logic_vector(7 downto 0};

boolean is(false, true);

cell head_type is std_ulogic_vector (27 DOWNTO 0);

cell head_type_array is array (integer range <>) of cell_head_type;
resolve_cell_head_type(driver in cell_head_type_array)

RETURN cell_head_type;

bus_cell_head_type is resolve_cell_head_type cell_head_type;

oe_type is std_ulogic_vector(3 DOWNTO 0);

buf_full_type is array(0 to BufferSize) of std_ulogic;
portenable_type is std_ulogic_vector(3 DOWNTO 0);
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TYPE

TYPE
TYPE

subtype
subtype

TYPE
TYPE
TYPE

TYPE
TYPE

TYPE

TYPE

chandelier_element_rec 1S

RECORD

size : integer;

lastentry : integer range 0 to MapSize;
END RECORD;

chandelier_type is array(0 to BufferSize) of chandelier_element_rec;
chandelier_size is array(0 to BufferSize) of std_ulogic;

map_entry is integer range 0 to MapSize;
port_type is integer range 0 to BufferSize;

chandelier_head_rec;
chandelier_head_ptr IS ACCESS chandelier_head_rec;
chandelier_head_rec IS
RECORD
entry : integer range 0 to MapSize;
nexthead : chandelier_head_ptr;
END RECORD ;

chandelier_cycle IS array(Natural Range <>) of chandelier_head_rec;
chandelier_blk ptr IS array(0 to 15) of chandelier_head ptr;

mem_element_rec;
mem_element_ptr IS ACCESS mem_element_rec;
mem_element_rec IS
RECORD
addr: bit_vector (15 DOWNTO 0);
data: bit_vector(7 DOWNTO 0);
nxt : mem_element_ptr;
END RECORD ;

mem_blks IS array(Natural Range <>) of mem_element_ptr;

init_file_rec IS
RECORD
addr: STRING(1 TO 6);
data: INTEGER;
END RECORD;

PROCEDURE read_byte (VARIABLE blk_addr : IN integer;
VARIABLE link_addr : IN bit_vector (15 DOWNTO 0);
VARIABLE link_data : OUT bit_vector(7 DOWNTO 0);
VARIABLE memory_block : IN mem_blks);

PROCEDURE program_byte (VARIABLE blk_addr : IN integer;
VARIABLE link_addr IN bit_vector (15 DOWNTO 0);
VARIABLE link_data IN bit_vector(7 DOWNTO 0);

PROCEDURE erase_block (VARIABLE

VARIABLE memory_block : INOUT mem_blks);
blk_addr

: IN integer;
VARIABLE memory_block :

INOUT mem_blks);
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PROCEDURE check_addr (VARIABLE mem_addr : IN std_ulogic_vector
(19 DOWNTO 0);
VARIABLE addr_valid : OUT BOOLEAN) ;
PROCEDURE check_data (VARIABLE mem_data : IN std_ulogic_vector
(7 DOWNTO 0);
VARIABLE data_valid : OUT BOOLEAN) ;
PROCEDURE Int_to_Bits (VARIABLE int :+ IN integer;
VARIABLE bits : OUT std_logic_vector)
-- Declare global functions for the ATM switch modules
FUNCTION Int_to_BitVector (CONSTANT int_data : IN integer;
CONSTANT size : IN natural)
RETURN bit_vector;
FUNCTION BitVector_to_Int (CONSTANT bv_data : IN bit_vector)
RETURN integer;
FUNCTION Bits_to_Int (CONSTANT bits : IN std_logic_vector)
RETURN integer;
FUNCTION Bits_to_Natural (CONSTANT bits : IN std_logic_vector)
RETURN natural;
END atm_types;
-— File name : atmbody.vhd
- Title :  [ATM Package Body]
-= Module :  [The ATM Package Body)
= Purpose :  [Implement the functions and procedures of the ATM switch
-— package])
== Modification History :
s Date Author Revision Comments
--  Tur July 10 1997 Bo Yan Revl.0.0 Creation

FUNCTION resolve_cell_head_type(driver : in cell_head_type_array)
RETURN cell_head_type IS

CONSTANT head : cell_head_type := "0000000000000000000000000000";
VARIABLE result : cell_head_type := head;
BEGIN

for i in driver’'range loop
result := result or driver(i);
end loop;
return result;
END resolve_cell_head_type;
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Procedure read_byte: A search is made through the linked list to find the
link that contains the data for the given address. If found, then that
data is sent out. If not then it is assumed that the location is erased
with data = *“11111111"“,

PROCEDURE read_byte (VARIABLE blk_addr : IN integer;
VARIABLE link_addr : IN bit_vector
(15 DOWNTO 0);
VARIABLE link_data : OUT bit_wvector (7 DOWNTO 0);
VARIABLE memory_block : IN mem_blks)
Is

VARIABLE temp_mem_ptr : mem_element_ptr := memory_block(blk_addr);
BEGIN

IF (memory_block(blk_addr) = NULL) THEN

link_data := "11111111";

ELSE

El

read_loop : WHILE (temp_mem_ptr /= NULL) LOOP
IF (temp_mem_ptr.addr = link_addr) THEN
link_data := temp_mem_ptr.data;
EXIT read_loop;

ELSIF (temp_mem_ptr.nxt /= NULL) THEN
temp_mem_ptr := temp_mem_ptr.nxt;

ELSE
link data := *11111111";
EXIT read_loop;

END IF;

END LOOP read_loop;
ND IF;

END read_byte;

PR

15
VA

VARIABLE exist_data

Procedure program_byte: If the data being programmed is "11111111* then
this procedure does nothing. Else,it reads the array to check if that
location has previously been written to. If the existing data read back
is "11111111" then a new link is created with the current data provided.
Else,an AND operation between the existing data and the current data is
done and the value stored in the location.

OCEDURE program_byte (VARIABLE blk_addr : IN integer;
VARIABLE link_addr : IN bit_wvector (15 DOWNTO 0);
VARIABLE link_data : IN bit_vector (7 DOWNTO 0);
VARIABLE memory_block : INOUT mem_blks)

RIABLE temp_mem_ptr : mem_element_ptr := memory_block(blk_addr);

bit_wvector (7 DOWNTO 0);

BEGIN

IF (link_data /= *11111111*) THEN

read_byte (blk_addr, link_addr, exist_data, memory_block);

IF (exist_data = "11111111") THEN
temp_mem_ptr := NEW mem_element_rec;
temp_mem_ptr.addr link_addr;
temp_mem_ptr.data link_data;
temp_mem_ptr.nxt memory_block (blk_addr);
memory_block(blk_addr) temp_mem_ptr;

W uuu




Listing for Bo Yan 5

ELSE
program_loop : WHILE (temp_mem_ptr /= NULL) LOOP
IF (temp_mem_ptr.addr = link_addr) THEN
temp_mem_ptr.data := temp_mem_ptr.data
AND link_data;
EXIT program_loop;
END IF;
temp_mem_ptr := temp_mem_ptr.nxt;
END LOOP program_loop;
END IF;
END IF;

END program_byte;

-~ Procedure erase_block:The entire linked list associated with the given
-- block address is deallocated one at a time starting from the head of the
-- list.
PROCEDURE erase_block (VARIABLE blk_addr : IN integer;
VARIABLE memory_block : INOUT mem_blks)
IS
VARIABLE temp_mem_ptr : mem_element_ptr := memory_block(blk_addr);
BEGIN
erase_loop : WHILE (memory_block(blk_addr) /= NULL) LOOP
temp_mem_ptr += memory_block(blk_addr);
memory_block (blk_addr) := temp_mem_ptr.nxt;
DEALLOCATE (temp_mem_ptr) ;
END LOOP erase_loop;
END erase_block;

-- Procedure check_addr:The address is checked to see if it is invalid. The

-- boolean addr_valid returns the result. If each of the address bits is

-- anything but a 0 or 1 then addr_valid is set to FALSE.

PROCEDURE check_addr (VARIABLE mem_addr : IN std_ulogic_vector(19 DOWNTO 0);
VARIABLE addr_valid: OUT BOOLEAN)

I8
BEGIN
check_loop : FOR i IN mem_addr’'LEFT DOWNTO mem_addr'RIGHT LOOP

IF (mem_addr(i) /= ‘0’ AND mem_addr(i) /= "1') THEN
addr_valid := FALSE;
RETURN;
END IF;
END LOOP check_loop;
addr_valid := TRUE;
RETURN;

END check_addr;

-- Procedure check_data: The data is checked to see if it is valid. If it is
-- anything but a 0 or 1 then the booclean data_valid is set to FALSE.

Page Page
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PROCEDURE check_data (VARIABLE mem_data : IN std_ulogic_vector(7 DOWNTO 0);
VARIABLE data_valid : OUT BOOLEAN)

18

BEGIN

check_loop : FOR i IN mem_data’LEFT DOWNTO mem_data’RIGHT LOOP

IF (mem_data(i) /= °"0' AND mem_data(i) /= '1') THEN
data_wvalid := FALSE;
RETURN;
END IF;
END LOOP check_loop;
data_valid := TRUE;
RETURN;

END check_data;

-- Function Int_to_BitVector: Convert an integer to bit_vector.

CONSTANT MaxIntBitLength : integer := 32;

FUNCTION Int_to BitVector (CONSTANT int_data : IN integer;
CONSTANT size : IN natural)
RETURN bit_wvector

15

VARIABLE bit_wvalue : bit_vector(size - 1 DOWNTO 0);

VARIABLE temp : integer;

VARIABLE temp_data : integer := int_data;

VARIABLE neg_flag : BOOLEAN := FALSE;

VARIABLE rems : bit_vector((MaxIntBitLength - 1) DOWNTO 0):=
(OTHERS=>'0");

BEGIN

IF (size = 0) THEN
assert FALSE
report "Int_to_BitVector: vector size specified as zero."
severity error;
END 1IF;

FOR i IN 0 TO (MaxIntBitLength - 1) LOOP
EXIT WHEN temp_data <= 0;

temp := temp_data/2;
rems(i) := bit'VAL(temp_data - (temp*2));
temp_data := temp;

END LOOP;

assert (temp_data = 0)
report “Int_to_BitVector: integer too large.®
severity error;

bit_walue := rems(size - 1 DOWNTO 0);
RETURN (bit_value);
END Int_to_BitVector;
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FUNCTION BitVector_teo_Int (CONSTANT bv_data : IN bit_wvector) begin
RETURN integer if bits(bits’left) = ‘1*' then
1S temp := not bits;
VARIABLE size : integer := bv_data’LENGTH; else
VARIABLE data_shift: bit_vector(bv_data’LENGTH - 1 DOWNTO 0) := bv_data; temp := bits;
VARIABLE int_value : integer := 0; end if;
VARIABLE success : BOOLEAN := false; for index in bits'range loop
BEGIN result := result*2 + std_logic‘pos(temp(index)]);
IF (size = 0) THEN end loop;
assert false if bits(bits’left) = “‘1' then
report “BitVector_to_Int: input data vector has size zero." result := (-result) -1;
severity error; end if;
END IF; return result;

end bits_to_int;

convert_loop : LOOP

IF (size >= MaxIntBitLength) THEN
assert false

report "BitVector_to_Int: bitvector is greater than 31 bits."” -=Function that convert std_logic into natural type
severity exxor; . e e e e e e e e e e e S
EXIT convert_loop; function bits_to_natural(bits : in std_logic_vector) return natural is
END IF; variable result : natural :=0;
begin
int_value := bit'POS(data_shift(size - 1)); for index in bits'range loop
result :=result*2 + std_logic’‘pos(bits(index));
FOR i IN (size - 2) DOWNTO 0 LOOP end loop;
int_value := (int_value * 2) + bit'POS({data_shift(i)); return result;
END LOOP; end bits_to_natural;
success := TRUE;
EXIT convert_loop; e e e e e e e e e e e e e e e e e e e
END LOOP convert_loop; --Procedure that convert integer into std_logic type
IF (success=TRUE) THEN procedure int_to bits(int : in integer; bits : out std_logic_vector) is
RETURN (int_value); variable temp : integer;
ELSE variable result : std_logic_vector(bits’'range);
RETURN (0);
END IF; begin
if int < 0 then
END BitVector_to_Int; temp :=-{int+1l};
else
temp :=int;
end if;
FUNCTION resolve_bit_15(driver : in bit_15_array) return bit_15 is for index in bits‘reverse_range loop
constant float_value : bit_15 :="000000000000000"; result(index) :=std_leogic’val(temp rem 2);
variable result : bit_15 :=float_value; temp :=temp/2;
end loop;

if int <0 then

begin
for i in driver’'range loop result :=not result;
result :=result or driver(i); result (bits'lefr) :="1";
end loop; end if;
return result; bits := result;

end resolve_bit_15; end int_to_bits;

END atm_types;

function bits_to_int(bits : in std_logic_vector) return integer is
variable temp std_logic_vector(bits’'range); -= File name : atmtest.vhd

variable result : integer := 0; — Title ¥ [The Test Bench of the ATM Switch Modules |
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- Module :  [The Test Bench Modules] outgoing : in std_ulogic;

-- Purpose : [Declare the global types and procedures for the ATM switch setupcell : out std_ulogic;

=iz modules]) releasecell : out std_ulogic;
———————————————————————————————————————————————————————————————————————————————— itv : out std_ulogic_vector (9 DOWNTO 0);

--  Modification History : mask : out std_ulogic_vector (9 DOWNTO 0);

- Date Author Revision Comments en_port_no : in oe_type;

- Sat March 28 1998 Bo Yan Revl1.0.0 Creation head_bus : inout bus_cell_head_type bus);

——————————————————————————————————————————————————————————————————————————————— end component;

--Test bench circuit of atm controller component MapMemory
- port( read : in std_ulogic;
write : in std_ulogic;
USE work.atm_types.all; clkl & I std_ulogic;
USE work.map_pkg0l.all; match + out std_ulogic;
USE work.mem_pkg.all; reset 1 in std_ulogic;
USE work.cq _link_pkg.all; ready : in std_ulogic;
a_bus : inout bus_cell_mem_addr bus;
Library ieee; head_bus : inout bus_cell_head_type bus;
Use ieee.std_logic_1164.all; outgoing ; in std_ulogic;
Use ieee.numeric_std.all; count : in std_ulogic_vector(9 DOWNTO 0);
ity v in std_ulogic_vector (9 DOWNTO 0);
ENTITY atm_controller_test is mask & I std_ulogic_vector (9 DOWNTO 0);
end atm_controller_test; setupcell : in std_ulogic;
releasecell: in std_ulogic;
ARCHITECTURE structure of atm_controller_test is channeltype: out std_ulogic;
cqg_map_bus : inout bus_cg map_bus bus;
component clock_gen en_port_no : in  oe_type;
port ( clkl : out std_ulegic; en_outport_no : in oe_type;
clk2 : out std_ulogic; chandeliersize : out chandelier_size);
reset : out std_ulogic); end component ;

end component;
component cellmem

component regular_counter port ( clkl : in std_ulogic;
port ( clkl : in std_ulogic; d_bus : inout bus_cell_mem_data bus;
clk2 : in std_ulogic; a_bus : in bus_cell_mem_addr bus;
reset : in std_ulogic; read : in std_ulogic;
count : out std_ulogic_vector(9 DOWNTO 0)); write & iR std_ulogic;
end component; reset : in std_ulogic;
ready : out std_ulogic);
component atm_controller end component;
port ( read : out std_ulogic:
write : out std_ulogic; component inputserver
clkl : in std_ulogic; port ( clkl : in  std_ulogic;
clk2 : in std_ulogic; clk2 : in  std_ulogic;
reset : in std_ulogic; read : in  std_ulogic;
acceptcell : in std_ulogic; write : in  std_ulogic;
outgoing : in std_ulogic; reset : in  std_ulogic;
resetfull : out std_ulogic); acceptcell : out std_ulegic;
end component; en_port_no : out oce_type;
fulloo : in  std_ulogic;
component channel_handler fullol : in  std_ulogic;
port (clkl : in std_ulegic; fulloz2 : in  std_ulogic;
clk2 : in std_ulogic; fullo3s : in  std_ulogic;
read : out std_ulogic; fullod : in  std_ulogic;
write : out std_ulogic; fullos ; in  std_ulogic;
reset : in std_ulogic; full0s ; in  std_ulogic;
match 5 in std_ulogic; fullo? : in  std_ulogic;
resetfull : out std_ulogic; fullos : in  std_uloegic;

acceptcell : in std_ulogic; fullog : in  std_ulogic:
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fulllo : in  std_ulogic;
fullll : in std_ulogic;
fulll2 : in  std _ulogic;
fulll3s : in std_ulogic;
fullld : in std_ulogic;
fullls + in  std_ulogic);

end component;

component input_buffer0l

port ( d_bus 1 out
reset t in
oe : in
ready : in
fullol ¢ out
head_bus out

resetfull : in
setupcell : in
end component;

component input_buffer00

port ( d_bus : out
reset : in
oe © in
ready : in
fulloo : out
head_bus : out
resetfull : in
setupcell : in

end component;

component input_buffer(2

port ( d_bus : out
reset : in
oe 5 ALk
ready : in
fulloz : out
head_bus : out
resetfull : in
setupcell : in

end component;

component input_buffer03

port ( d_bus : out
reset : in
ce +-in
ready : in
fullol : out
head_bus ¢ out
resetfull : in
setupcell : in

end component;

component output_buffer0l
port { oe : in
reset 3 An
ready : in

bus_cell_mem_data bus;
std_ulogic;

oe_type;

std_ulogic;

std_ulogic;
bus_cell_head_type bus;
std_ulogic;
std_ulogic) ;

bus_cell_mem_data bus;
std_ulogic;

oe_type;

std_ulogic;

std_ulogic;
bus_cell_head_type bus;
std_ulogic;
std_ulogic);

bus_cell_mem_data bus;
std_ulogic;

oe_type;

std_ulogic;

std_ulogic;
bus_cell_head_type bus;
std_ulogic;
std_ulogic) ;

bus_cell_mem_data bus;
std_ulogic;

oe_type;

std_ulogic;

std_ulogic;
bus_cell_head_type bus;
std_ulogic;
std_ulogic);

oe_type;
std_ulogic;
std_ulogic;
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d_bus : in

head_bus x in

freeport0l : out
end component;

component output_ buEferOO

port { oe in
reset : in
ready - in
d_bus : in
head_bus : in

freeport00 : out
end component;

component output_buffer02

port { oe T, £
reset : in
ready : in
d_bus : in
head_bus : in

freeport02 : out
end component ;

component output_] buffer03

port ( oe i1n
reset : in
ready : in
d_bus : in
head_bus : in

freeport03 : out
end component;

component output_encoder

port ( clkl : in st
clk2 i in st
read i in st
write 3 i gk
reset L HY 8t
match : in st
outgoing : out st
chandeliersize : in
en_outport_no : ou

freeport00 : in st
freeport0l : in st
freeport02 : in st
freeport03 : in st
freeport04 : in st
freeport0% : in st
freeport06 : in st
freeport07 : in st
freeport08 : in st
freeport09 : in st
freeportl0 : in st
freeportll : in st
freeportl2 : in st
freeportl3 : in st

bus_cell_mem_data bus;
cell_head_type;
std_ulogic );

oe_type;

std_ulogic;
std_ulogic;
bus_cell_mem_data bus;
cell_head_type;
std_ulogic );

oe_type;

std_ulegic;
std_ulogic;
bus_cell_mem_data bus;
cell head_type;
std_ulogic );

oe_type;

std_ulogic;
std_ulogic;
bus_cell_mem_data bus;
cell_head_type;
std_ulogic );

d_ulogic;
d_ulogic;
d_ulogic;
d_ulogic;
d_ulogic;
d_ulogic;
d_ulogic;
chandelier_size;
t oe_type;
d_ulogic;
d_ulogic;
d_ulogic;
d_ulogic;
d_ulogic;
d_ulogic;
d_ulogic;
d_uleogic;
d_ulogic;
d_ulogic;
d_ulogic;
d_ulogic;
d_ulogic;
d_ulogic;
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inbuf £00

inbuffo2

inbuf£03

outbuff0l

outbuff00

outbuff02

outbuff03

reset => reset, resetfull => resetfull,
full0l => full0l, oe => en_port_no,
setupcell => setupcell, ready => ready);

input_buffer00

port map (d_bus => d_bus, head_bus => head_bus,
reset => reset, resetfull => resetfull,
full00 => full00, oe => en_port_no,
setupcell => setupcell, ready => ready);

input_buffer02

port map (d_bus => d_bus, head_bus => head_bus,
reset => reset, resetfull => resetfull,
fullo2 => full02, oe => en_port_no,
setupcell => setupcell, ready => ready);

input_buffer03

port map {(d_bus => d_bus, head_bus => head_bus,
reset => reset, resetfull => resetfull,
full03 => full03, oe => en_port_no,
setupcell => setupcell, ready => ready);

output_buffer0l

port map (oe => en_outport_no, reset => reset, ready => ready,
d_bus => d_bus,
head_bus => head_bus, freeport0l => freeport0l);

output_buffer00

port map (oe => en_outport_no, reset => reset, ready => ready,
d_bus => d_bus,
head_bus => head_bus, freeport00 => freeport00);

output_buffer02

port map (oce => en_outport_no, reset => reset, ready => ready,
d_bus => d_bus,
head_bus => head_bus, freeport02 => freeport02);

output_buffer03

port map (oce => en_outport_no, reset => reset, ready => ready,

output_server

eqglink

d_bus => d_bus,
head_bus => head_bus, freeport03 => freeport03);

output_encoder

port map (clkl => clkl, clk2 => clk2, read => read,
write => write, reset => reset,
outgoing => outgoing, match => match,
chandeliersize => chandeliersize,
en_outport_no => en_outport_no,
freeport00 => freeport00, freeport0l => freeportOl,
freeport02 => freeport02, freeport08 => freeport(8,
freeport03 => freeport03, freeport04 => freeport04,
freeport0S => freeport05, freeportll => freeportll,
freeport06 => freeport06, freeport07 => freeport07,
freeport09 => freeport09, freeportll => freeportl0,
freeportl2 => freeportl2, freeportld => freeportll,
freeportlS => freeportl5, freeportld => freeportld);

cq_link
port map (a_bus => a_bus, read => read, ready => ready,
write => write, reset => reset, clkl => clkl,
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END structure;

cg_map_bus => cg_map_bus, channeltype=>channeltype);
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CONFIGURATION atm_controller behaviour_test of atm_controller_test is

for structure

for clock t
use entity work
generic map
end for;
for counter
use entity work
end for;
for map_memory
use entity work
end for;
for cell_memory :
use entity work
end for;
for controller
use entity work
end for;
for input_server
use entity work
end for;
for inbuffol
use entity work
end for;

for inbuff00
use entity work
end for;

for inbuff02
use entity work
end for;

for inbuff03 %
use entity work
end for;

for outbuff0l
use entity work
end for;

for outbuff0o
use entity work
end for;

for outbuff02
use entity work
end for;

clock_gen
.clock_gen{behaviour)
(Tpw => 12 ns, Tps => 12 ns);

regular_counter
.regular_counter (behaviour) ;

: MapMemory

.MapMemory (behaviour) ;

cellmem
.cellmem(behaviour);

channel_handler
.channel_handler {behaviour) ;

inputserver
.inputserver (behaviour) ;

input_buffer0l
.input_buffer0l (behaviour) ;

input_buffer00
.input_buffer00 (behaviour);

input_buffer02
.input_buffero2 (behaviour) ;

input_buffer03
.input_buffer03 (behaviour);

output_buffer0l
.output_buffer0l (behaviour);

output_buffer00
coutput_buf fer00 (behaviour);

output_buffer02
.output_buffer02 (behaviour);
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for outbuff0l output_buffer03
use entity work.output_buffer03(behaviour);
end for;

for output_server : output_encoder
use entity work.output_encoder (behaviour);

end for;
for cqglink : cq_link
use entity work.cq_link(behaviour);
end for;
end for;

END atm_controller_behaviour_test;

- File name : mempkg.vhd

-- Title [ATM Cell Memory: 1024 x B-bits Cache Static Random Access
fos Memory]

- Module [Package Declaration]

= Purpose [Declare the types and procedures for the Cell Memory module)
- Modification History :

- . Date Author Revision Comments

s Tur August 21 1997 Bo Yan Revl1.0.0 Creation

- Mon Jan 12 1998 Bo Yan Revl1.0.0 Modified

LIBRARY ieee;
USE ieee.std_logic_1164.all;

LIBRARY std;

USE std.standard.all;
USE std.textio.all;

USE work.atm_types.all;

PACKAGE mem_pkg IS

TYPE cell_mem_blks is array(0 to CellMemSize) of std_uleogic_vector

(7 DOWNTO 0);

18
- File name : membdy.vhd
-- Title :  [ATM Cell Memory: 1024 x B-bits Cache Memory]
- Module [Package Body of the Cell Memory]
.- Purpose :  [Implement the procedures which are declared in the Cell

—= Memory Package])

PACKAGE BODY mem_pkg IS

FUNCTION resolve_cell_mem_data(driver
RETURN cell_mem_data IS
CONSTANT data
VARIABLE result : cell_mem_data
BEGIN
for i in driver‘range loop
result := result or driver(i);
end loop;
return result;
END resolve_cell_mem_data;

in cell_mem_data_array)

cell_mem_data := "00000000";
= data;

-- The function resolves the cell memory address from the a_bus (address bus)

FUNCTION resolve_cell_mem_addr (driver
RETURN cell_mem_addr IS5
CONSTANT addr
VARIABLE result : cell mem_addr
BEGIN
for i in driver’range loop
result := result or driver(i);
end loop;
return result;
END resolve_cell_mem_addr;

END mem_pkg;

in cell_mem_addr_array)

cell_mem_addr := “0000000000";
= addr;

SUBTYPE cell _mem_data is std_ulogic_vector(7 DOWNTO 0);
TYPE cell_mem_data_array is array(integer range <>) of cell_mem_data;
FUNCTION resolve_cell_mem_data(driver : in cell _mem _data_array)

RETURN cell_mem_data;
SUBTYPE bus_cell _mem_data is resolve_cell_mem_data cell_mem_data;
SUBTYPE cell_mem_addr is std_ulogic_vector(9 DOWNTO 0);
TYPE cell _mem_addr _array is array(integer range <>) of cell_mem_addr;
FUNCTION resolve_cell_mem_addr (driver : in cell_mem_addr_array)

RETURN cell_mem_addr;
SUBTYPE bus_cell_mem_addr is resolve_cell_mem_addr cell_mem_addr;

END mem_pkg;

-- File name : mement.vhd

=i Title : [ATM Cell Memory: 1024 x B-bits Cache Memory )
-— Module :  [The Cell Memory Entity]

— Purpose :  [Define the entity of the Cell Memory])

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.numeric_std.all;

LIBRARY std;
USE std.textio.all;

USE work.atm_types.all;
USE work.mem_pkg.all;

ENTITY cellmem is
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GENERIC ( Tpd
PORT { clkl
a_bus
d_bus
read
write
reset
ready
END cellmem;
- File name :
- Title
-= Module
- Purpose i

Time := unit_delay);

in std_ulogic;

in bus_cell_mem_addr bus;
inout bus_cell_mem_data bus;
in std_ulogic;

in std_ulegic;

in std_ulogic;
out  std_ulogic);

memarc.vhd

(ATM Cell Memory: 1024 x B8-bits Cache Memory]
[Behaviour Description of the Cell Memory]
[Implement the functions of the cell memory]

USE work.mem_pkg.all;

ARCHITECTURE behaviour OF cellmem IS

BEGIN
PROCESS

VARIABLE cellmem
VARIABLE celladdr

: cell_mem_blks;

VARIABLE celldata :

VARIABLE memaddr

PROCEDURE initialise(VARIABLE memory

VARIABLE i

BEGIN

: cell_mem_addr;

cell_mem_data;
integer range 0 to CellMemSize;

integer := 0;

for i in 0 to CellMemSize loop

memory (i)
end loop;

END initialise;

"00000000";

PROCEDURE add(VARIABLE memory : INOUT cell_mem_blks;

CONSTANT data : IN cell_mem_data;
CONSTANT addr : IN cell_mem_addr) IS
VARIABLE addr_int integer;
BEGIN
addr_int := BitVector_To_Int(To_BitVector (addr));

-- convert the address into integer

if addr_int<0 OR addr_int>CellMemSize then

end

assert false

report "The given address is over scorp of Cell Memory !*

-- check whether the address is over scope

severity error;

1

P

BEGIN

INOUT cell_mem_blks)

memory (addr_int) := data; -- write the
END add;

cell data into cell memory

PROCEDURE remove (VARIABLE memory : INOUT cell_mem_blks;

VARIABLE data : ouT cell_mem_data;
CONSTANT addr : IN cell_mem_addr) IS
VARIABLE addr_int : integer;
BEGIN
addr_int := BitVector_To_Int(To_BitVector(addr));

-= convert

if addr_int<0 OR addr_int>CellMemSize then

the address into integer

-- check whether the address is over scope of cell memory

assert false

report "The given address is over scorp of Cell Memory !'*

severity error;
end if;
data := memory(addr_int);

-- read the cell data from cell memory

END remove;

--check for reset active
wait until reset='0' or reset='1";
if reset='1" then
initialise(cellmem);
ready <= 'Z' after Tpd;
wait until reset='0";
end if;

loop
if reset='0' then
d_bus <= null after Tpd;

-- begin the process

wait until write='1l' or read='1l'; -- Wait for write or read signal
if write='1' then -- write signal is high
ready <= ‘0*; -- reset ready signal
celladdr := a_bus; -- get cell memory address from address bus

celldata := d_bus; --
add(cellmem, celldata, celladdr); -
wait until clkl='0’; -- after 9 times Tpd,
ready <= '1°; --
end if; --
if read='1' then -
ready <= ‘0’; -
celladdr := a_bus; -
remove (cellmem, celldata, celladdr); -
wait until clkl="1";
ready <= '1‘;
d_bus <= celldata; =

get cell data from data bus

write cell data to cell memory
the write operation finished

set ready signal high

end write='1’

read signal is high

reset ready signal

get address from address bus
read the data from cell memory

output data onto data bus
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wait for 1*Tpd; wait for clock_period;
end if; -- end read="1" end process clock_driverl;
else -- reset /='0"'
exit; clock_driver2: process
end if; -- end reset='0"’ begin
end loop; clk2 <='1', '0' after clock_unit;
wait for 2*clock_unit;
END process; end process clock_driver2;
END behaviour; END behaviour;
-= File name : clockent.vhd e File name : contrpkg.vhd
- Title :  [ATM Clock Module] -- Title :  [ATM Controller Module]
--  Module :  [ATM Clock Entity) --  Module : [Package Declaration and body defination]
--  Purpose : [Define the entity of the Clock module] -~  Purpose : [Declare the types and procedures for the Controller)
- Modification History : - Modification History
- Date Author Revision Comments - Date Author Revision Comments
— Tur July 10 1997 Bo Yan Revl.0.0 Creation - Mon July 12 1997 Bo Yan Revl1.0.0 Creation
LIBRARY ieee; LIBRARY ieee;
USE ieee.std_logic_l1164.all; USE ieee.std_logic_l164.all;

USE ieee.numeric_std.all;
LIBRARY std;

LIBRARY std; USE std.standard.all;
USE std.textio.ALL; USE std.textio.all;
USE work.atm_types.all; USE work.atm_types.all;
ENTITY clock_gen is PACKAGE controller_pkg IS
GENERIC (Tpw : Time :=12 ns;
Tps : Time :=12 ns; TYPE boolean IS (false, true);
Tunit : Time :=2 ns); TYPE itv_tree_node;
PORT (clkl : out std_ulogic; TYPE itv_tree_ptr IS ACCESS itv_tree_node;
clk2 : out std_ulogic;
reset : out std_ulogic ); TYPE itv_tree_node IS
END clock_gen; RECORD
channelid : std_ulogic_vector(9 DOWNTO 0);
isnode : boolean;
ts : integer;
————————————————————————————————————————————————————————————————————————————— itv : std_ulogic_vector (9 DOWNTO 0);
-- File name : clockarc.vhd leftptr  : itv_tree_ptr;
oo Title :  [ATM Clock] rightptr : itwv_tree_ ptr;
Lo Module : [Behaviour Description of the Clock] END RECORD;
e Purpose :  [Implement the functions of the clock module]
TYPE itv_tree IS
ARCHITECTURE behaviour of clock_gen is RECORD
constant clock_period : Time := Tpw+Tps; rootptr : itv_tree_ptr;
constant clock_unit : Time := 3*Tunit; END RECORD;
BEGIN TYPE itv_stack IS
reset_driver: RECORD
reset <='1', ‘0’ after 2*clock_period; bottom : integer;
topptr : itv_tree_ptr;
clock_driverl: process END RECORD;
begin

clkl <='1", '0° after Tpw; TYPE itv_tree_blk is array(0 to 40000) of itv_tree_ptr;
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END controller_pkg;
~-- Define the package body of the controller
PACKAGE BODY controller_pkg IS
END controller_pkg;
e File name : contrent.vhd
- Title :  [ATM Controller)
- Module : [The Controller Entity]
- Purpose : [Define the entity of the controller]
LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.numeric_std.all;
LIBRARY std;
USE std.textio.ALL;
USE work.atm_types.all;
USE work.controller_pkg.all;
ENTITY channel_handler IS
GENERIC ( Tpd : Time := unit_delay);
PORT ( elkl ¢ in std_ulogic;
clk2 = in std_ulogic;
read : out std_ulogic;
write : out std_ulogic;
reset : in std_ulogic;
resetfull : out std_ulogic;
acceptcell : in std_ulegic;
outgoing : in std_ulogic;
match : In std_ulogic;
setupcell : out std_ulogic;
releasecell: out std_ulogic;
itv : out std_ulogic_vector (9 DOWNTO 0);
mask P 71 4 std_ulogic_vector (9 DOWNTO 0);
en_port_no : in ce_type;
head_bus : inout bus_cell_head_type bus);
END channel_handler;
= File name : contrarc.vhd
-- Title :  [ATM Controller]
-— Module : [Behaviour Description of the Controller]
- Purpose :  [Implement the functions of the controller]
S Note : [The program is designed to handle four itv trees of outputs])
ARCHITECTURE behaviour of Channel_handler IS
TYPE boolean IS (false, true);
BEGIN -- behaviour of Channel Handler
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PROCESS
-- declare constants and variables
CONSTANT itwvconst : std_ulogic_vector(9 DOWNTO 0) := *0000000000";
CONSTANT itvweak : std_ulogic_vector (9 DOWNTO 0) := “ZZZZZZZZZZ";
CONSTANT channelconst : cell_head _type := "0000000000000000001111111111";
VARIABLE nodeptr0 : itv_tree_ptr; -- declare first itv tree root
VARIABLE nodeptrl : itv_tree_ptr; -- declare second itv tree root
VARIABLE nodeptr2 : itw_tree_ptr; -- declare third itv tree root
VARIABLE nodeptr3 : itv_tree_ptr; -~ declare forth itv tree root
VARIABLE itvtree0 itv_tree; ~=- declare first itv tree
VARIABLE itwvtreel itv_tree; -- declare second itv tree
VARIABLE itvtree2 itv_tree; -- declare third itv tree
VARIABLE itvtreel itv_tree; -- declare forth itv tree
VARIABLE cellhead cell_head_type;
VARIABLE enportno oe_type;
VARIABLE levelvalue std_ulogic_vector (9 DOWNTO 0);
VARIABLE channelid std_ulogic_vector (9 DOWNTO 0);
VARIABLE channelspeed std_ulogic_vector (92 DOWNTO 0);
VARIABLE channeltype std_ulogic_vector(l DOWNTO 0);
VARIABLE channelflag std_ulogic_vector {5 DOWNTO 0);
VARIABLE channelitv : std_ulogic_vector (9 DOWNTO 0);
VARIABLE channelmask : std_ulogic_vector(9 DOWNTO 0);
VARIABLE channelkey cell_head_type;
VARIABLE channeloutid cell _head_type;
VARIABLE speedint integer;
VARIABLE isDone boolean;
VARIABLE isValue boolean;
VARIABLE isChannel boolean;
VARIABLE isRelease boolean;
VARIABLE isReleased : boolean;
VARIABLE portnoint integer := 0; -~ used by getchanneloutid
VARTABLE index integer := 0;

PROCEDURE createnode (VARIABLE ptr r
CONSTANT tempts

VARIABLE temp_ptr

BEGIN

temp_ptr := NEW itv

temp_ptr.leftptr
temp_ptr.rightptr
temp_ptr.isnode
temp_ptr.ts

ptr :=

temp_ptr;

END createnode;

[ T |

itv_tree_ptr;

tree_node;
NULL;
NULL;
true;
2*tempts;

PROCEDURE initialisetree IS

BEGIN

createnode(itvtreel.rootptr, 0);
itvtree0.rootptr.itv

:= itvconst;

INOUT itw_
IiN inte

tree_ptr;
ger) IS

initialise first itv tree
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itvtree(.rootptr.ts := 1;
createnode(itvtreel.rootptr, 0); == initialise second itv tree
itvtreel.rootptr.itv := itvconst;
itvtreel.rootptr.ts := 1;
createnode(itvtree2. rootptr, 0); -- initialise third itv tree
itvtree2.rootptr.itv := itvconst;
itvtree2.rootptr.ts := 1;
createnode({itvtreel.rootptr, 0); -- initialise forth itv tree
itvtreed.rootptr.itv := itvconst;
itvtreed.rootptr.ts := 1;
END initialisetree;
-- this program is used to travel the tree
PROCEDURE inOrderTravel (VARIABLE ptr : INOUT itv_tree_ptr) IS

VARIABLE temp_ptr : itv_tree_ptr;
BEGIN
if ptr/=NULL then
inOrderTravel (ptr.leftptr);

if ptr.ts>tempnodeptr.ts AND ptr.ts<=speedint AND ptr.isnode=true then

tempnodeptr := ptr;
end if;
inOrderTravel (ptr.rightptr);
end if;
END inOrderTravel;

PROCEDURE reBuildTree(VARIABLE temptree : INOUT itv_tree;

CONSTANT channel : IN std_ulogic_vector(9 DOWNTO 0);
VARIABLE tempitv : OUT std_ulogic_vector (9 DOWNTO 0);

VARIABLE isbuild : OUT boolean) IS
VARIABLE temp_ptr : itv_tree_ptr;
VARIABLE temp_ptrl : itv_tree_ptr;
VARIABLE temp_itv : std_ulogic_vector(9 DOWNTO 0);
BEGIN

tempnodeptr := temptree,rootptr; -- initialise tempnodeptr for inOrderTravel

temp_ptrl := temptree.rootptr;
inOrderTravel (temp_ptrl);
temp_ptr := tempnodeptr;

if not (temp_ptr.isnode=true and temp_ptr.ts<speedint) then
assert false
report “The itv tree is not return a correct pointer®
severity error;

end if;

if temp_ptr.isnode=true and temp_ptr.ts<speedint then
createNode (temp_ptrl, temp_ptr.ts);

levelvalue := To_StduLogicVector (Int_To_BitVector(temp _ptr.ts, 10));
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if temp_ptr.leftptr=NULL then
temp_ptrl.itv 1= temp_ptr.itv; -- parent itv and "0
temp_ptr.leftptr := temp_ptrl;
else
temp_ptrl.itv := temp_ptr.itv OR levelvalue;
-— parent itv and ts
temp_ptr.rightptr:= temp_ptrl;
end if;
temp_ptr := temp_ptrl;

while temp_ptr.ts<speedint loop
createNode (temp_ptrl, temp_ptr.ts);
temp_ptrl.itv := temp_ptr.itv; -- parent itv and "0
temp_ptr.leftptr := temp_ptrl;
temp_ptr := temp_ptrl;
end loop;
temp_ptr.channelid := channel;
temp_ptr.isnode := false;

"

value

tempitv := temp_ptr.itv; -- assign current itwv

isbuild := true;

else
isbuild := false;
end if;

END reBuildTree;

PROCEDURE inOrdersearch(VARIABLE ptr : INOUT itv_tree_ptr;
VARIABLE tempptr : OUT itv_tree_ptr;
CONSTANT speed : IN integer) IS
VARIABLE temp_ptr : itv_tree_ptr;
BEGIN

testptrl(j) := ptr;
3 2= §+1;
if ptr/=NULL and ptr.ts<speed then
inOrdersearch(ptr.leftptr, tempptr, speed);
if ptr.isnode=true and ptr.ts<speed then
if ptr.rightptr=NULL then
io:= i+1;
if isValue=true then
tempptr := ptr;
isValue := false;
end if;
return ;
else
inOrdersearch(ptr.rightptr, tempptr, speed);
if ptr.leftptr=NULL then -~ new line need to
if isValue=true then
tempptr := ptr;
isValue := false;
end if;
return;
end if;

test
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end if;
else
return;
end if;
end if;

END inOrdersearch;

PROCEDURE establishTree (VARIABLE temptree: INOUT itv_tree;

CONSTANT channel : IN std_ulogic_vector(9 DOWNTO 0);
CONSTANT speed : IN integer;
VARIABLE tempitv : OUT std_ulogic_vector(9 DOWNTO 0);
VARIABLE isbuild : OUT boolean) IS

VARIABLE temp_ptr : itv_tree_ptr;

VARIABLE temp_ptrl : itv_tree_ptr;

VARIABLE temp_itv : std_ulogic_vector(9 DOWNTO 0);

BEGIN
isValue := true; -- initialise isValue for inOrdersearch
temp_ptrl := temptree.rootptr;

inOrdersearch(temp_ptrl, temp_ptr, speed);

if not (temp_ptr.isnode=true and temp_ptr.ts<speed) then
assert false
report "The itv tree is not return a correct pointer"
severity error;

end if;

if temp_ptr.isnode=true and temp_ptr.ts<speed then
createNode (temp_ptrl, temp_ptr.ts);
levelvalue := To_StduLogicVector(Int_To_BitVector(temp_ptr.ts, 10));
if temp_ptr.leftptr=NULL then
temp_ptrl.itv t= temp_ptr.itv; -— parent itv and "0*
temp_ptr.leftptr := temp_ptrl;
else
temp_ptrl.itv := temp_ptr.itv OR levelvalue;
-- parent itv and ts value

temp_ptr.rightptr:= temp_ptrl;
end if;

temp_ptr := temp_ptrl;
k := k+l;

while temp_ptr.ts<speed loop
createNode(temp_ptrl, temp_ptr.ts);

temp_ptrl.itv 1= temp_ptr.itv; -- parent itv and "0"
temp_ptr.leftptr := temp_ptrl;
temp_ptr := temp_ptrl;
end loop;
temp_ptr.channelid := channel;
temp_ptr.isnode := false;
tempitv := temp_ptr.itwv; -- assign current itv
isbuild := true;

else
isbuild := false;
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end if;

END establishTree;

PROCEDURE setchannelmask (CONSTANT speed : IN std_ulogic_vector(9 DOWNTO 0);
VARIABLE mask : OUT std_ulogic_vector(9 DOWNTO 0))

Is
VARIABLE i : integer := 0;
BEGIN
while i <= 9 loop -- get mask value
if speed(i)='1' then
exit;
else
mask(i) := '0';
end if;
is= 1+ 1;
end loop;
while i <= 9 loop
mask (i) := "1";
i =i 1;
end loop;

END setchannelmask;

PROCEDURE getchanneloutid(VARIABLE channelin : IN cell_head_type;
VARIABLE channelout : OUT cell_head_type) IS

VARIABLE channelvar : cell_head type := "0000001100000000001111111111";
VARIABLE portno : oe_type;
VARIABLE i : integer;
VARIABLE j : integer;

BEGIN
j o= 0;
channelout := channelvar AND channelin;

portno := To_StdULogicVector (Int_To_BitVector (portnoint,4));
-- create output port number

if portnoint=3 then

channelout (10) := ‘0';
channelout (11) := "0°;
channelout (12) := *0';
channelout (13) := '0*;
else
for i in 10 to 13 loop
channelout (i) := portnol(j); -~ assign output port number
J o= 3+l
end loop;
end if;
j = 0;
for i in 14 to 17 loop
channelout (i) := enportno(j); -- assign input port number
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3 =391
end loop;
if portnoint < 3 then
portnoint := portnoint + 1;
else
portnoint := 0;
end if;

END getchanneloutid;

PROCEDURE inOrderSeek (VARIABLE ptr H
CONSTANT channel
18
VARIABLE temp_ptr : itv_tree_ptr;
BEGIN

if ptr/=NULL then
inOrderSeek (ptr.leftptr, channel);
if isChannel=true then
if isReleased=true then

deallocate(ptr.leftptr);

ptr.leftptr := NULL;
isReleased := true;
end if;
end if;

if ptr.isnode=false then
if ptr.channelid=channel then
isChannel := true;
return;
else
return;
end if;
end if;

inOrderSeek(ptr.rightptr, channel);
if isChannel=true then
if isReleased=true then
return;
else
deallocate(ptr.rightptr);
ptr.rightptr := NULL;
isReleased = true;
end if;
end if;

end if;
END inOrderSeek;

-- output port from O# to 3I#

INOUT itv_tree_ptr;
IN std_ulogic_vector (9 DOWNTO 0))

== channel is found

-- current node is leaf

-~ check whether is released channel
-~ find this channel

-- return to last call

-- channel is not given channel

-- continue to seek

-- channel is found

-- end ptr/=NULL
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-- this procedure is used to release a tree

PROCEDURE releasechannel (VARIABLE temptree : INOUT itv_tree;
CONSTANT channel IN std_ulogic_vector (9 DOWNTO 0);

VARIABLE isRelease: OUT boolean)

IS
VARIABLE temp_ptr itv_tree_ptr;

BEGIN
§sChanne1 = false; -- initialise isChannel for inOrderSeek
isReleased := false; -- initialise isReleased for inOrderSeek
cemp_ptr := temptree.rootptr;

inOrderSeek (temp_ptr, channel);
if isChannel=true and isReleased=true then
-- channel has been found and released

isRelease := true;
else

isRelease := false;
end if;

END releasechannel;

BEGIN -- process is begin

--check for reset active

wait until reset='1l' or reset='0‘;

if reset ='1’' then
initialiseTree;
isDone := false;
isRelease := false;
isReleased := false;
setupcell <= ‘0" after Tpd;
releasecell <= ‘0’ after Tpd; -- initialise Itv Tree
head_bus <= null after Tpd;
itv <= itvweak after Tpd;
mask <= itvweak after Tpd;
wait until reset='0‘;
end if;
loop

if reset="0" then
read <= ‘0' after Tpd;
write <= '0' after Tpd;
if clkl ='1"' then
wait until acceptcell='1' or clkl='0';
if acceptcell=’'1’ then
wait for Tpd;
cellhead := head_bus;
enportno := en_port_no;
if cellhead(27 DOWNTO 22)="111111" then -- incoming cell is setup cell
resetfull <= "1’ after Tpd;
setupcell <= "1’ after Tpd;
channelid := cellhead(9 DOWNTO 0);
channelspeed := cellhead(19 DOWNTO 10);
channeltype = cellhead(21 DOWNTO 20);

-- accept cell state

== wait for Tpd time

getchanneloutid(cellhead, channeloutid);
-- get the output port number
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if channeltype="00" OR channeltype="01" then

-- new channnel is CBR/VBR channel

speedint := BitVector_To_Int(To_BitVector (channelspeed));
if speedint=0 then

speedint := 1024;

end if;

if enportno="0000" then

establishTree(itvtree0, channelid, speedint,
channelitv, isDone);
-- find and assign a bandwidth for the new channel

elsif enportno="0001" then

establishTree(itvtreel, channelid, speedint,
channelitv, isDone);
-- find and assign a bandwidth for the new channel

elsif enportno="0010" then

establishTree(itvtree2, channelid, speedint,
channelitv, isDone);
-- find and assign a bandwidth for the new channel

else
establishTree(itvtreeld, channelid, speedint,
channelitv, isDone);
-- find and assign a bandwidth for the new channel
end if;

if isDonestrue then

-- new channel connection is built
setchannelmask (channelspeed, channelmask);

itv <= channelitv after Tpd;

mask <= channelmask after Tpd;

head_bus <= channeloutid after Tpd;

wait until elkl='0";

else -- new channel connection is not built

assert false

report “No enocugh space for the new channel, connection fail
severity NOTE;

wait until clkl='0";

end if;

else

-~ new channel is ABR/UBR channel

itv <= itvweak after Tpd;

-- itv is not used by ABR/UBR channel header

mask <= itvweak after Tpd;

-- mask is not used by ABR/UBR channel header

head_bus <= channeloutid after Tpd:

-- put the new channel information on the head bus

wait until clkl='0";

end if

-- end channel type check

(]

resetfull <= ‘0’ after Tpd;
setupcell <= ‘0‘ after Tpd;
head_bus <= null after Tpd;

itv
mask

<= itvweak after Tpd;
<= itvweak after Tpd;

elsif cellhead(27 DOWNTO 22)="111000" then

-- incoming cell is relese channel type

resetfull <= ‘1’ after Tpd;
releasecell <= '1' after Tpd;
setupcell <= '1' after Tpd;

channelid

cellhead(9 DOWNTO 0);
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releasechannel (itvtree0, channelid, isRelease);
if isRelease=false then

assert false
report “Given channel is not found !'"
severity NOTE;
else
channeloutid(9 DOWNTO 0) := channelid;
channeloutid := channeloutid AND channelconst;
head_bus <= channeloutid after Tpd;
end if;
wait until clkl='0";
resetfull <= '0' after Tpd;
setupcell <= ‘0’ after Tpd;
releasecell <= ‘0' after Tpd;
head_bus <= null after Tpd;
elsif cellhead(27 DOWNTO 22)="111100" then
-- incoming cell is setup cell
resetfull <= "1’ after Tpd;
setupcell <= '1" after Tpd;
channelid = cellhead(9 DOWNTO 0);
channelspeed := cellhead{19 DOWNTO 10);
channeltype := cellhead(21 DOWNTO 20);
getchanneloutid(cellhead, channeloutid);
-- work out the new cell header
speedint := BitVector_To_Int(To_BitVector (channelspeed));

if

if speedint=0 then
speedint := 1024;

end if;

reBuildlree(itvtree0, channelid, channelitv, isDone);
-- insert the new node in the tree

isDone=true then

setchannelmask (channelspeed, channelmask);
-- calculate the mask value of CBR/VER channel

itv <= channelitv after Tpd;

mask <= channelmask after Tpd;

head_bus <= channeloutid after Tpd;

wait until clkl='0‘;

else

assert false

report "No enough space for the new channel, connection fail
severity NOTE;

wait until clkl=‘0";

end if;

resetfull <= 0’

setupcell <= '0’ ;

head_bus <= null after Tpd;

itw <= itvweak after Tpd;

mask <= itvweak after Tpd;
else ) -- incoming cell is normal

write <= ‘1" after Tpd;

read <= '0' after Tpd;

end if;
end if;

resetfull <= ‘1* after Tpd;

wait until clkl='0";

resetfull <= 0’ ;

write <= '0" after Tpd;

-- end cellhead/="111111"
-- end acceptcell='1"

cell
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CONSTANT counter_period : Time :=Tpw;

end if; -- end clkl='0" BEGIN
if elkl='0' then -- outgoing cell state PROCESS
wait until match='1’ or outgoing=‘1’ or clkl="1"; VARIABLE counter_value : std_ulogic_vector (9 DOWNTO 0);
if outgoing='1l' or match='1l’ then VARIABLE counter_temp : integer := 0;
read <= ‘1’ after Tpd; VARIABLE i : integer := 0;
write <= ‘0’ after Tpd; BEGIN
resetfull <= ‘1’ after Tpd; e
wait until clkl='1"; --check for reset active
read <= '0’' after Tpd; -
resetfull <= ‘0’; wait until reset='1' or reset='0‘;
end if; if reset ='1' then
end if; -- end clkl='0’ counter_value := "0000000000"; -- initialise counter value
wait until reset='0‘';
else -- reset/='0" end if;
exit;
end if; -- end reset="0"’ loop -- execute following statement until reset='1’
end loop; -- end loop if reset='0' then
if clkl="1"' then
END process; wait until clkl="0";
END behaviour; end if;
if clkl='0" AND i=0 then -- change count wvalue every four clock cycle
count <= counter_value;
———————————————————————————————————————————————————————————————————————————————— wait until clkl='1";
- File name : countent.vhd if counter_value="1111111111" then
e Title :  [ATM Counter] counter_value := "0000000000";
- Module : [The Counter Entity]) else
== Purpose : [Define the entity of the counter] counter_temp = BitVector_To_Int (To_BitVector(counter_value)) + 1;
-------------------------------------------------------------------------------- counter_value := To_sStdULogicVector
- Modification History : (Int_To_BitVector (counter_temp, 10));
e Date Author Revision Comments end if;
= Tur August 20 1397 Bo Yan Rev1.0.0 Creation else
—————————————————————————————————————————————————————————————————————————————————— wait until clkl='1";
end if;
LIBRARY ieee;
USE ieee.std_logic_1164.all; i = i+1;
USE ieee.numeric_std.all; if i»3 then
i :=0;
LIBRARY std; end if;
USE std.textio.ALL;
else
USE work.atm_types.all; exit;
end if;
ENTITY regular_counter is end loop;
GENERIC (Tpw : Time :=12 ns); END process;
PORT {elkl : in  std_ulogic; END behaviour;
clk2 : in std_ulogic;
reset : in std_ulogic;
count : out std_ulogic_vector(9 DOWNTC 0));
END regqular_COUunter; e e e e e e e e e e e e e
—— File name : cglinpkg.vhd
=z Title : [ATM Cell Queue Link Memory]
= File name : countarc.vhd == Module : [Package Declaration)
-= Title :  [ATM Counter) -= Purpose : [Declare the types and procedures for the CQlink Memory]
k= Module : [Behaviour Description of the counter] e e e e e e i e R
- Purpose :  [Implement the functions of the counter] - Modification History :
i Date Author Revision Comments

ARCHITECTURE behaviour of regular_counter is -- Tur August 21 1997 Bo Yan Rev1.0.0 Creation
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——————————————————————————————————————————————————————————————————————————————————— END resolve cq_map_bus;

LIBRARY ieee;
USE ieee.std_logic_1164.all;

PROCEDURE initialise(VARIABLE cqlinkblk : INOUT cqlink_blks;
VARIABLE freeaddr : INOUT integer) IS

LIBRARY std;
USE std.standard.all;
USE std.textio.all;

VARIABLE index : integer := 0;
USE work.atm_types.all; VARIABLE nextaddr : integer := 0;
BEGIN
PACKAGE cq _link_pkg 1S for index in 0 to CellMemSize loop

if (index/=CellMemSize) then
nextaddr := index+l;

TYPE cqlink_blks IS array(0 to CellMemSize) of integer; cqlinkblk(index) := nextaddr;

else
SUBTYPE cqg_map_bus is std_ulogic_vector(9 DOWNTO 0); cglinkblk{index} = 0;

TYPE cqg_map_bus_array is array(integer range <>) of cq_map_bus; end if;
FUNCTION resolve_cq map_bus(driver : in cg _map_bus_array) end loop;
RETURN cg_map_bus; freeaddr := 0;

SUBTYPE bus_cq map_bus is resolve_cqg map_bus cg_map_bus;
END initialise;

--Ddclare a procedure which initialises the cell memory pointer
PROCEDURE initialise(VARIABLE cglinkblk : INOUT cqlink_blks;

VARIABLE freeaddr : INOUT integer); --Define a procedure that add new pointer into the cqglink memory
--Delare a procedure which adds a new pointer into the cell memory PROCEDURE add (VARIABLE cglinkblk : INOUT cglink_blks;
PROCEDURE add (VARIABLE cqglinkblk : INOUT cglink_blks; VARIABLE freeaddr : INOUT integer) IS
VARIABLE freeaddr : INOUT integer);
VARIABLE index : integer := 0;
--Declare a procedure which removes a pointer from the cell memory BEGIN
PROCEDURE remove (VARIABLE cqlinkblk : INOUT cglink_blks; if (freeaddr < 0) or (freeaddr > CellMemSize) then
VARIABLE freeaddr : INOUT integer); assert false

report “The given address is over scope of Cell Memory !*
severity error;

END cq_link_pkg; end if;
freeaddr := cqlinkblk(index);
END add;
-= File name : cqlinbdy.vhd
B Title : [ATM Cell Queue Link Memory)
--  Module :  [Package Body of Cglink Memoryl e e e e
- Purpose H [Implement the procedure which are declared in cglink package] -~Declare a procedure that remove a pointer from the cglink memory
PACKAGE BODY cg _link_pkg IS PROCEDURE remove (VARIABLE cqglinkblk : INOUT cqlink_blks;
VARIABLE freeaddr : INOUT integer) IS
-- Define a resoluation function for cg_map_bus VARIABLE index : integer := 0;
FUNCTION resolve_cq map_bus(driver : in cq_map_bus_array) BEGIN
RETURN cg _map_bus IS if (freeaddr < 0) or (freeaddr > CellMemSize) then

CONSTANT addr : cg_map_bus := *0000000000"; assert false

VARIABLE result : cg_map_bus := addr; report "The given address is over scope of Cell Memory !'*
BEGIN severity error;

for i in driver’'range loop end if;

result := result or driver(i); cqlinkblk(freeaddr) := freeaddr; -- not correct
end loop; END remove;

return result;
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END cq_link_pkg; variable addr2 : cell_mem_addr := "0000001110";
begin
——————————————————————————————————————————————————————————————————————————————— --check for reset active
- File name : cglinent.vhd =
i Title :  [ATM Cell Queue Link Memory] wait until reset='0"' or reset='1‘;
- Module :  [The Cell Queue Link Entity] if reset='1' then
- Purpose : [Define the entity of the cqglink] initialise(cglinklist, freecell);
a_bus <= null after Tpd;
LIBRARY ieee; wait until reset='0";
USE ieee.std_logic_1164.all; end if;
USE ieee.numeric_std.all;
LIBRARY std; --output cell memory address
USE std.textio.ALL; ==
USE work.atm_types.all; loop
USE work.cq _link_pkg.all; if reset='0' then
USE work.mem_pkg.all; if elkl='1' then -- begin accept cell state
cq_map_bus <= null after Tpd;
ENTITY cqg_link is cqgmemaddr := To_StdULogicVector
GENERIC( Tpd : Time := unit_delay); (Int_To_BitVector(freecell, CellMemWidth));
PORT { read : in std_ulogic; a_bus <= cgmemaddr after Tpd;
write 5 in std_ulogic; -- output address of cell memory that will store cell data
reset v kn std_ulogic; walt until write=‘1l' or clkl=‘0';
clkl i in std_ulogic; -- wait for write or read siginal coming
ready : in std_ulogic;
channeltype: in std_ulogic; if write='1' then
a_bus : inout bus_cell_mem_addr bus; wait until channeltype='0’' OR channeltype=’'1"’;
cq_map_bus : inout bus_cq map_bus bus); celltail := cg_map_bus;
END cq_link; -- read the cell gueue tail from map memory
nextfreecell := cqglinklist(freecell);
-- get the next free address from the cglink
- File name : ecglinarc.vhd if celltail/=cqgmemaddr AND channeltype=‘0’ then
- Title : [ATM Cell Queue Link Memory]) -- cell gqueue of ABR/UBR channel is already existed
- Module :  [Behaviour Description of the Cell Queue Link Memory] lastfreecell := BitVector_To_Int(To_BitVector(celltail));
- Purpose :  [Implement the functions of the cglink]) -- convert the cell gueue tail into integer
cqlinklist(lastfreecell) := freecell;
ARCHITECTURE behaviour of cg_link IS -- append a new cell inte cell queue
end if;
BEGIN
cglinklist (Ereecell) := 0; -~ assign zero for new cell pointer
accept : process freecell := nextfreecell; -- update freecell value
variable cglinklist : cglink_blks;
variable freecell : integer range 0 to CellMemSize; if freecells=1 then
variable freecells : integer range 0 to CellMemSize+l := CellMemSize+l; assert false
variable nextfreecell : integer range 0 to CellMemSize := 0; report “The Cell Memory is full! It had to discard current cell®
variable lastfreecell : integer range 0 to CellMemSize := 0; severity WARNING;
variable cgmemaddr : cell_mem_addr := "0000000000"; else
variable celltail : cell_mem_addr := "0000000000"; freecells := freecells - 1; -- cell memory decrease 1
end if;
~--declare variables that for ocutgoing stage wait until ready='1"'; -- wait until cell memory write data is ready
e a_bus <= null after Tpd;
variable headentry : integer range 0 to CellMemSize; wait until clkl ='0";
variable newheadaddr : integer range 0 to CellMemSize;
variable cellhead : cell_mem_addr “0000000000"; end if; -- end write="1"’

variable addrl : cell_mem_addr = *0000001111%; end if; -~ end clkl="1"
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if elkl='0" then -- begin to outgoing cell state
a_bus <= null;
wait until read='1' or clkl=‘1‘;
if read='1" then
wait until channeltype=‘0’' OR channeltype='1";

cellhead = a_bus;

headentry = BitVector_To_Int (To_BitVector (cellhead));
newheadaddr := cqglinklist(headentry);

cellhead = To_StdULogicVector (Int_To_BitVector (newheadaddr,

CellMemWidth) ) ;

cqg_map_bus <= cellhead after Tpd;
-- output new cell queue head pointer to map memory

--update cqlink
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resetfull : in std_ulogic;

setupcell : in std_ulogic;

ready : in  std_ulogic;

d_bus : out bus_cell_mem_data bus;
head_bus : out bus_cell_head_type bus;
fulloo : out std_ulogic );

END input_buffer00;

= File name : inporarc.vhd

- Title :  [ATM Input Port O# ]

= Module : [Behaviour Description of the input port O#]

- Purpose :  [Implement the functions of the input port 0#]

ARCHITECTURE behaviour of input_buffer00 is

cqlinklist (headentry) := freecell;

-- give new free link for just released memory
freecell = headentry; -- update freecell value.
freecells := freecells + 1; -- cell memory space increase 1

wait until clkl =°1";

BEGIN
PROCESS
constant cbrchannell2 cell_head_type := "0000000000000000100000000100";
constant cbrchannelld cell head_type := *“0000000000000001000000001000";
constant cbrchannell8 cell_head_type := “0000000000000010000000001100";
constant cbrchannel2g cell_head_type := "0000000000000010000000010000";
constant setupcellhead cell _head_type := "1111110000000000000000000000";

end if; -- end read='1"
end if; -- end clkl='0"
else -- reset/='0"
exit;
end if; -- end reset="0"
end loop;

END process accept;
END behaviour;

- File name : inporent.vhd

--  Title :  [ATM Input Port O#: ]

-— Module :  [ATM Input Port O# Entity]

— Purpose [Define the entity of the Input Port 0#]

-= Modification History :

5 Date Author Revision Comments
= Tur August 10 1997 Bo Yan Revl1.0.0 Creation

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.numeric_std.all:

LIBRARY std;
USE std.textio.ALL;

USE work.atm_types.all;
USE work.mem_pkg.all;

ENTITY input_buffer00 is
GENERIC{ Tpd : Time := unit_delay);
PORT ( oe : in oe_type;
reset : in std_ulogic;

cell_head_type := "0000000000000000000000011111";
cell_head_type;

cell_head_type;

constant channelhead
variable channeldata
variable setupcbrhead

variable full_signal : std_ulegic :="1";

variable oe_value : oe_type := "0000";

variable setupdata : cell_mem_data pala s o By e )
variable data : cell_mem_data :="00001111";
variable index : integer := 0;

variable i : integer := 0;

variable casevalue : integer := 0;

begin

--check for reset active
wait until reset='0' or reset='1"’;
if reset='1' then
wait until reset='0’;
fulloo <= *1°;
end if;

--set full signal and output cell from input buffer until reset='1"
loop
if reset='0' then
d_bus <= null after Tpd;
head_bus <= null after Tpd;
wait until oe=oe_value or (resetfull='1' and oce=oe_value) ;
-- wait for priority circuit check full signal

if ce=oe_value then

if i<d4 then -- setup CBR channel
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casevalue := i;
if casevalue=0 then-- setup a CBR channel with 1/2 bandwidth speed
setupcbrhead := setupcellhead OR cbrchannell2;
d_bus <= getupdata after Tpd;
head_bus <= setupcbrhead after Tpd;
elsif casevalue=1 then
-- setup a CBR channel with 1/4 bandwidth speed
setupcbrhead := setupcellhead OR cbrchannelld;
d_bus <= setupdata after Tpd;
head_bus <= setupcbrhead after Tpd;
elsif casevalue=2 then
-- setup a CBR channel with 1/8 bandwidth speed
setupcbrhead := setupcellhead OR cbrchannell8;
d_bus <= setupdata after Tpd;
head_bus <= setupcbrhead after Tpd;
elsif casevalue=3 then
-- setup a CBR channel with 1/8 bandwidth speed

setupcbrhead := setupcellhead OR cbrchannel2$§;
d_bus <= setupdata after Tpd;
head_bus <= setupcbrhead after Tpd;
end if;
else -~ input normal CBR cell

casevalue := i mod 8;

if casevalue=0 OR casevalue=2 OR casevalue=4 OR casevalue=6 then
channeldata := channelhead AND cbrchannell2;
-- set channel id equal to 1/2 bandwidth CBR channel

d_bus <= data after Tpd; ~=- input cell data
head_bus <= channeldata after Tpd; -- input cell head

elsif casevalue=1 OR casevalue=5 then
channeldata := channelhead AND cbrchannelld;
-- set channel id equal to 1/4 bandwidth CBR channel
d_bus <= data after Tpd; -- input cell data
head_bus <= channeldata after Tpd; -- input cell head

elsif casevalue=3 then
channeldata := channelhead AND cbrchannell$§;
-- set channel id equal to 1/8 bandwidth CBR channel
d_bus <= data after Tpd; -- input cell data
head_bus <= channeldata after Tpd; -- input cell head

elsif casevalue=7 then
channeldata := channelhead AND cbrchannel28;

-- set channel id equal to 1/8 bandwidth CBR channel
d_bus <= data after Tpd; -- input cell data
head_bus <= channeldata after Tpd; -- input cell head

end if; -- end casevalue check
if data="11111111" then
data := "00000000";

end if;

data := std_ulogic_vector{unsigned(data) + "00000001");
end if; -- end i<4 check
i=4d 4+ 1

wait until resetfull='1l' or setupcell='1";
full00 <= '0' after Tpd;
if setupcell=‘1l' then
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d_bus <= null after Tpd;
head_bus <= null atter Tpd;
wait for 8*Tpd;
else
wait until ready=‘1’; -— wait cell memory is ready
end if;
full00 <= full_signal;
end if; -- end oe=oce_value
else -- reset/='0"
exit;
end if; -- end reset='0’
end loop;
end process;
END behaviour;
- File name : inserent.vhd
-- Title : [ATM Input Round Robin Server]
-— Module ¢ [The Entity of the input server]
- Purpose : [Define the entity of the input server)
s Medification History :
- Date Author Revision Comments
-- Tur August 20 1997 Bo Yan Revl.0.0 Creation

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.numeric_std.all;

LIBRARY std;
USE std.textio.ALL;

USE work.atm_types.all;

ENTITY inputserver is

GENERIC (Tpd : Time := unit_delay);
PORT | clkl : in  std_ulogic;
clk2 t in std_ulogic;
read : in std_ulogic;
write : in std_ulogic;
reset ¢ in std_ulogic;
fulloo : in  std_ulogic;
fullol + in std_ulogic;
fullo2 :in std_ulogic;
fullo3 :in std_ulogic;
fullod s in std_ulogic;
fullos x in std_ulogic;
fullos : in std_ulogic;
fullo? : in std_ulogic;
fullos i in std_ulogic;
fullog v oAn std_ulogic;
fulllo : in std_ulogic;
fullll : in std_ulogic;
fulll2 v in std_ulogic;
fullll :in std_ulogic;
fullld : in std_ulogic;
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fullls : in std_ulogic;

acceptcell : out std _ulogic;

en_port_no : out oe_type);
END inputserver;

= File name : inserarc.vhd

- Title :  [ATM Input Round Robin Server]

-- Module :  [Behaviour Description of the input server]

s Purpose : [(Implement the functions of input server module]

Architecture behaviour of inputserver is
TYPE boolean is(false, true);
BEGIN
PROCESS
VARIABLE currentport : oe_type;
VARIABLE encoderport : oe_type;
VARIABLE index : integer := 0;
VARIABLE fullvalue : buf_full_type;
VARIABLE inputcell : boolean;

PROCEDURE initialise(fullblks : INOUT buf_full type;
portnumber : INOUT oe_type;
buf ferempty : INOUT boolean) IS
BEGIN
for index in 0 to BufferSize loop
fullblks(index) := *0';
end loop;
portnumber = *0000";
bufferempty := true;

END initialise;

PROCEDURE getfullsignal (fullblks : INOUT buf_full_type) IS
BEGIN

fullblks(0) := fullOO;
fullblks (1) := fullOl;
fullblks(2) fulloz;
fullblks(3) fullo3;
fullblks(4) fullod;
fullblks(5) fullos;
fullblks(6) full06;
fullblks(7) fullo7;
fullblks(8) fullos;
fullblks(9) full09;
fullblks (10) fulllo;
fullblks(11) fullll;
fullblks(12) fulll2;
fullblks(13) fulll3;
fullblks(14) fullld;

fullblks(15) := fulll5;
END getfullsignal;
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PROCEDURE checkfull (fullblks : INOUT buf_full_ type;
currport : IN oe_type;
portnumber : OUT oe_type;
bufferempty : OUT boolean) IS

VARIABLE temp_index : integer;

BEGIN
index := BitVector_to_Int(To_BitVector (currport));
if (index<0) or (index>15) then -- error checking

assert false
report “The input buffer number is out of scope !
severity error;

end if;
if (fullblks(index)='1‘) then -- check current
portnumber := currport;
bufferempty := false; -- current input
return;
end if;
temp_index := index;
index := index +1;
if (index>15) then
index = 03
end if;

while (index /= temp_index) loop

input port

buffer not

full signal

empty

-- check rest of input port full signal
if (fullblks({index)='1') then-- check given input port full signal
portnumber := To_StdULogicVector (Int_To_BitVector(index, 4));
bufferempty := false; -- given input port not empty

return;
end if;
index := index +1;
if (index>15) then
index := 0;
end if;

end loop;

bufferempty := true; -- all of input buffer empty

return;
END checkfull;

begin -~ Process begin

--check for reset active

wait until reset='0' or reset='1l’;

if reset='1' then -- reset state

initialise{fullvalue, currentport, inputcell);
acceptcell <= ‘0’ after Tpd;
wait until reset='0";

end if;

loop
if reset='0' then
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if clkl='1" then
getfullsignal (fullvalue);

checkfull (fullvalue, currentport,

if inputcell=false then
acceptcell <= '1' i
en_port_no <= encoderport ;

wait until eclkl='0";
currentport := encoderport;

if currentport /=*1111" then

read full signal from input buffer

encoderport, inputcell);

Input Buffer not empty
output accept cell signal as true
output encoded input buffer number

currentport :=std_ulogic_vector (unsigned(currentport) + "0001"});

else
currentport :="0000";
end if;
else
acceptcell <= ‘0’ after Tpd;
end if;
end if;

if elkl='0" then
en_pork_no <= “ZZ2ZZ";
acceptcell <= ‘0’;
wait until clkl="1";

end if;

else

exit;

end if;
end loop;

END process;
END behaviour;

output accept cell signal as false
end inputcell check

end write='1’' check
outgoing cell stage

reset /='0'

end reset='0"'
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CONSTANT MapWidth integer :=10;

TYPE map_element_rec IS

-- define the data structure of the channel header

RECORD
entryfree : boolean;
channelidin : cell_head_type;
inputport integer range 0 to BufferSize;
channelidout cell_head_type;
outputport integer range 0 to BufferSize;
emptyqueue boolean;

cellqueuehead : std_ulogic_vector(9 DOWNTO 0);

cellqueuetail std_ulogic_vector (9 DOWNTO 0);
queuelength integer range 0 to CellMemSize;
nextentry integer range 0 to MapSize;
priority std_ulogic_wvector (1 DOWNTO 0);
channeltype std_ulogic_vector (1 DOWNTO 0);

itv : std_ulogic_vector (9 DOWNTO 0);
mask : std_ulogic_vector(9 DOWNTO 0);
END RECORD;

TYPE map_mem_blks IS array(0 to MapSize) of map_element_rec;
--Ddclare a procedure that initialise Map Memory pointer block
PROCEDURE initialise(VARIABLE mapmemblk : INOUT map_mem_blks):;
--Declare a procedure that create a new element of map memory

PROCEDURE create (VARIABLE cell_head : IN cell_head_type);

--Delare a procedure that add new channel into map memory

PROCEDURE add (VARIABLE mapmemblk
VARIABLE cellHead
VARIABLE inputPort
VARIABLE priority

VARIABLE channeltype :

INOUT map_mem_blks;

IN cell_head_type;

IN integer;

IN std_ulogic_vector(l DOWNTO
IN std_ulogic_vector (1l DOWNTO

- File name mappkg . vhd

--  Title [ATM Map Memory]

- Module [Package Declaration]
== Purpose 3

Modification History :
Date
Tur August 21 1997

Author
Bo Yan

Revision
Revl.0_00

[Declare the types and procedures for the Map Memory module]

Comments
Creation

LIBRARY ieee;
USE ieee.std _logic_1164.all;

LIBRARY std;
USE std.standard.all;
USE std.textio.all;

USE work.atm_types.all;

PACKAGE map_pkg0l IS

TYPE Bit_4 is array(0 to 3) of bit;
TYPE mem_type is array(0 to MapSize) of Cell_Head_Type;
TYPE boolean is (false, true);

--Declare a procedure that remove a channel from map memory

PROCEDURE remove (VARIABLE mapmemblk INOUT map_mem_blks;
VARIABLE cellHead : IN cell_head_type;
VARIABLE width : IN integer);

--Declare a procedure that seek given channel in map_memory

FUNCTION seek (CONSTANT mapmemblk IN map_mem_blks;
CONSTANT cell head : IN cell_head_type)
RETURN integer;

--Declare a procedure that check whether map memory is empty
FUNCTION isMapEmpty RETURN boolean;

--Declare a procedure that check whether map memory is full
FUNCTION isMapFull RETURN boolean;

END map_pkg01;
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nee File name : mapbdy0l.vhd
-- Title :  [ATM Map Memory]
--  Module : [Package Body]
- Purpose :  [Implement the procedures which are declared in the map memory
- package]
PACKAGE BODY map_pkg0l IS
--Declare a procedure that initialise Map Memory pointer block
PROCEDURE initialise(VARIABLE mapmemblk : INOUT map_mem_blks) IS
VARIABLE nextentry : integer := 0;
VARIABLE index : integer :=0;
BEGIN
for index in 0 to MapSize loop
mapmemblk (index) .entryfree 1= true;
mapmemblk (index) .emptyqueue := true;
mapmemblk (index) .queuelength := 0;
if (index/=MapSize) then
nextentry := index + 1;
else
nextentry := 0;
end if;
mapmemblk (index) .nextentry 1= nextentry;
end loop;
END initialise;
--Declare a procedure that create a new element of map memory
PROCEDURE create (VARIABLE cell_head : IN cell_head_type) IS
BEGIN
END create;
--pelare a procedure that add new channel into map memory
PROCEDURE add (VARIABLE mapmemblk : INOUT map_mem_blks;
VARIABLE cellHead : IN Cell_Head_Type;
VARIABLE inputPort : IN integer;
VARIABLE priority : IN std_ulogic_vector(l DOWNTO 0);
VARIABLE channeltype : IN std_ulogic_vector(l DOWNTO 0)) IS
VARIABLE index : integer := 0;
VARIABLE full : boolean;
VARIABLE size : integer :=MapWidth;
VARIABLE inport : integer := 0;
VARIABLE outport : integer := 0;

BEGIN
full := isMapFull;
if (full=true) then
assert false
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report “"Map Memory is Full '*
severity error;
end if;
for index in 0 to MapSize loop
if (mapmemblk(index).entryfree = true) then

mapmemblk {index) .channelidin := cellHead;
mapmemblk {index) . inputport ;= inport;
mapmemblk (index) .channelidout := cellHead;
mapmemblk (index) . outputport ;= outport;
mapmemblk (index) . emptyqueue r= true;
mapmemblk (index) .cellqueuehead := *1111111111*%;
mapmemblk({index) .cellqueuetail := *1111111111*%;
mapmemblk {index) . queuelength e
mapmemblk (index) .nextentry e = '
mapmemblk (index) .priority := priority;
mapmemblk (index) .channeltype := channeltype;
end if;
end loop;

END add;

PROCEDURE remove (VARIABLE mapmemblk : INOUT map_mem_blks;
VARIABLE cellHead : IN cell_head_type;
VARIABLE width : IN integer) IS
VARIABLE tempElement : map_element_rec;
VARIABLE index : integer := 0;
BEGIN
index := seek(mapmemblk, cellHead);

if (index=-1} then
assert false
report “Cell channel can't match !'*
severity error;
end if;
mapmemblk (index) .entryfree := true;
END remove;

--Declare a procedure that seek given channel in map_memory
FUNCTION seek (CONSTANT mapmemblk : IN map_mem_blks;
CONSTANT cell_head : IN cell_head_type)
RETURN integer
1S
VARIABLE temp_resultl : cell_head_type;
VARIABLE temp_result2 : cell_head_type;

VARIABLE temp_match : cell _head_type;
VARIABLE addr_index : integer :=0;
BEGIN

for addr_index in 0 to MapSize loop
temp_resultl := mapmemblk(addr_index).channelidin AND cell_head;

temp_result2 := (NOT mapmemblk(addr_index).channelidin)
AND (NOT cell_head);
temp_match := temp_resultl OR temp_result2;
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if temp_match="1111111111111111111111111111" then

return addr_index:
end if;
end loop;
return -1;
END seek;

FUNCTION isMapEmpty RETURN boolean
1S

VARIABLE bool : boolean := true;
BEGIN

return (bool);
END isMapEmpty;

FUNCTION isMapFull RETURN boolean
Is

VARIABLE bool : boolean := false;
BEGIN

return (bool);
END isMapFull;

END map_pkg01;

- File name : mapent.vhd

- Title : |ATM Map Memory)

- Module :  |The Map Memory Entity])

== Purpose : [Define the entity of the map memory]

LIBRARY ieee;
USE ieee.std_logic_l164.all;
USE ieee.numeric_std.all;

LIBRARY std;
USE std.textio.ALL;

USE work.atm_types.all;
USE work.map_pkg01.all;
USE work.mem_pkg.all;

USE work.cqg link_pkg.all;

ENTITY MapMemory IS

GENERIC (Tpd : Time := unit_delay);
PORT( read : in std_ulogic;
write & std_ulogic;
head_bus : inout bus_cell_head_type bus;

clkl : in std_ulogic;
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match : out std_ulogic;
reset : in std_ulogic;
ready : in std_ulogic;
a_bus : inout bus_cell_mem_addr bus;
setupcell : in std_ulogic;
releasecell : in std_ulogic;
itv : in std_ulogic_vector (9 DOWNTO 0);
mask : in std_ulogic_vector (9 DOWNTO 0);
count : in std_ulogic_vector {9 DOWNTO 0);
en_port_no :in oe_type;
en_outport_no : in oe_type;
outgoing : in std_ulogic;
channeltype : out std_ulogic;
chandeliersize : out chandelier_size;
cg_map_bus : inout bus_cg map_bus bus);
END MapMemory;
- File name : maparc.vhd
-= Title : [ATM Map Memory)
- Module : [Behaviour Description]
- Purpose :  [Implement the functions of the map memory module]
-- Modification History :
e Date Author Revision Comments
== Sun July 4 1997 Bo Yan Revl.0.1 Creation
-- Tue Jan 6 1998 Bo Yan Revl.0.4 process added
-- Sat Jan 24 1998 Bo Yan Revl1.0.5 Modified
USE work.map_pkg0l.all;
ARCHITECTURE behaviour of MapMemory is
BEGIN -- begin the behaviour of Map_SPAMM
PROCESS
-- declare variables for map memory module
VARIABLE dvalue : cell _head_type :="0000000000000000000000000000";
--channel number
VARIABLE maplist + map_mem_blks;
VARIABLE outport : integer range 0 to BufferSize;
VARIABLE key : cell_head_type;
VARIABLE mapaddr : integer;
VARIABLE chandelier : chandelier_type;
VARIABLE freecell : integer range 0 to CellMemSize;
VARIABLE celladdr : cell_mem_addr;
VARIABLE celltail : cell_mem_addr;
VARIABLE index : integer := 0;
VARIABLE nextentry : integer := 0;
VARIABLE curroutport : oe_type;
VARIABLE currmapentry : integer range 0 to MapSize;
VARIABLE cellheadaddr : cell _mem_addr;
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VARIABLE newheadaddr : cell_mem_addr;
VARIABLE chandeliersizevalue : chandelier_size;
VARIABLE trigger : std_ulogic := ‘0';

-- initialise chandelier
PROCEDURE initchandelier IS
BEGIN
for index in 0 to BufferSize loop
chandelier({index).size := 0;
chandelier (index) .lastentry :=
chandeliersizevalue(index) :=
end loop;

END initchandelier;

-- matching the counter number with itv and mask value. If the number is
-- matched, the trigger signal was set to ‘1°'

PROCEDURE triggering (CONSTANT maplistl: IN map_mem_blks;
CONSTANT portl : IN integer;
VARIABLE entry : OUT integer;
VARIABLE triggerl: OUT std_ulogic) IS
VARIABLE counter : std_ulogic_vector(9 DOWNTO 0);

VARIABLE temp : std_ulogic_vector(9 DOWNTO 0);
BEGIN
counter := count; -- get counter value from count port

for index in 0 to MapSize loop
if (maplistl(index).channeltype="00" or
maplistl (index) .channeltype="01") AND
(maplistl (index) .outputport=portl) then
temp := NOT (maplistl(index).itv XOR counter);
temp := maplistl(index).mask OR temp;
if temp=*"1111111111* then -- ITV, Mask and counter value was matched

if maplistl(index).emptyqueue=false then
--current cell queue not empty
triggerl := ‘1°‘;

entry := index;
else --current cell queue is empty
triggerl := ‘0';
end if;
return;
end if;
end if;
end loop;
triggerl := *‘0*;
return;

END triggering;
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-- map a coming cell with channel header in map memory

PROCEDURE acceptcell IS

BEGIN
match <= '0' after Tpd;-- output match signal
celladdr := a_bus; -- get cell memory address from address bus
freecell := BitVector_To_Int(To_BitVector(celladdr)};
key := head_bus;
-- get coming cell head(channel number) from input buffer
mapaddr := seek(maplist, key);

map coming cell head({channel number) with map list

if mapaddr<0 or mapaddr>MapSize then
-~ check whether address of map memory is over scope
assert false
report "Map Memory is Full '*
severity error;
end if;

if maplist(mapaddr).channeltype="00" OR maplist (mapaddr).channeltype="01"
then
-- check whether coming cell is CBR/VBR channel
channeltype <= ‘1’ after Tpd;
-- channel type is CBR/VBR channel
maplist (mapaddr) . emptyqueue := false;
-- assign cell empty queue value
maplist (mapaddr) .cellqueuehead := celladdr;
-- assign cell queue head pointer
maplist (mapaddr) .cellqueuetail := celladdr;
-- assign cell queue tail pointer
maplist (mapaddr) .queuelength 1m 1;
-- assign cell queue length
maplist (mapaddr) .nextentry := mapaddr;
-- assign next map entry
celltail := celladdr;
cqg _map_bus <= celltail;
-- output current cell queue tail address to cglink
chandeliersize <= chandeliersizevalue after Tpd;
-- output chandelier value to output server
wait until elkl='0";
cg _map_bus <= null after Tpd;

a_bus <= null after Tpd;
head_bus <= null after Tpd;
return;

else

-- coming cell is ABR/UBR channel type
channeltype <= '0' after Tpd;

-- channel type is ABR/UBR
outport := maplist(mapaddr).outputport;

-- get coming cell output port number

if maplist{mapaddr) .emptyqueue=true then
-- check whether cell queue is empty
if chandelier(outport).size=0 then
-- check whether chandelier of current output port exist
maplist (mapaddr) . emptyqueue := false;
maplist (mapaddr) .cellqueuehead celladdr;
maplist (mapaddr).cellqueuetail := celladdr;
maplist (mapaddr) .queuelength i b




Listing for Bo Yan

Page

Fri Apr 3 10:31:30 1998
a 53

maplist (mapaddr) .nextentry := mapaddr;
chandelier (outport) . lastentry := mapaddr;

Listing for Bo Yan
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VARIABLE channelin
VARIABLE channelout

cell head_type;
cell_head_type;

-- assign current map memory entry as last chandelier BEGIN
wait for Tpd;
chandelier (outport) .size := chandelier (outport) .size+l; newchannel := head_bus;
-- increase chandelier size channeltype := newchannel (21 DOWNTO 20); -- get channel type
chandeliersizevalue(outport) I inportno := newchannel (17 DOWNTO 14); -- get input port number
else -- chandelier of current output port exist inportint BitVector_To_Int(To_BitVector(inportno});

maplist (mapaddr) . emptygueue = false; outportno = newchannel (13 DOWNTO 10); -- get output port number
maplist (mapaddr) .cellqueuehead := celladdr; outportint := BitVector_To_Int(To_BitVector (outportno));
maplist (mapaddr) .cellqueuetail := celladdr; channelin newchannel AND channelconst; -- get input channel id
maplist (mapaddr) .queuelength = 1; channelout := newchannel AND channelconst; -- get output channel id

for index in 0

to MapSize loop

—-— if maplist(index).entryfree=true then
-- insert a cell queue into channdelier of indecated output port maplist(index) .entryfree false; -- sat current map entry
- maplist (index) .channelidin channelin; -- assign input channelid
maplist (mapaddr) .nextentry := maplist(chandelier maplist (index) . inputport inportint; -- assign input port no.
(outport) .lastentry) .nextentry; maplist (index) .channelidout channelout;-- assign output channelid
maplist (chandelier (outport).lastentry).nextentry := mapaddr; maplist (index) .outputport outportint;-- assign output port no.
chandelier (outport) .lastentry := mapaddr; maplist (index) .itv itv; -- assign itv value
maplist (index) .mask mask; -- assign mask value
chandelier (outport) .size := chandelier (outport) .size+l; maplist(index) .queuelength 0;
-- increase chandelier size maplist(index) .nextentry 0;
chandeliersizevalue (outport) = r1y maplist (index) .channeltype channeltype;
end if; -- end check chandelier return;
end if;
celltail := celladdr; end loop;
else -- current cell gueue isn't empty END setupchannel;
celltail := maplist(mapaddr).cellqueuetail;
maplist (mapaddr) .cellqueuetail := celladdr;
maplist (mapaddr) .queuelength := maplist (mapaddr) .queuelength + 1;

end if; -- end check cell gueue

cqg map_bus <= celltail after Tpd;

-- putput the cell queue tail pointer te cglink PROCEDURE releasechannel IS

chandeliersize <= chandeliersizevalue after Tpd; CONSTANT channelconst cell _head _type := *0000000000000000000000000000";
-- putput chandelier value to output server VARIABLE inportno oe_type;
VARIABLE inportint integer;
wait until clkl='0"; VARIABLE outportno oe_type;
cg_map_bus <= null after Tpd; VARIABLE outportint : integer;
a_bus <= null after Tpd; VARIABLE channeltype std_ulogic_vector(l DOWNTO 0);
head_bus <= null after Tpd; VARIABLE newchannel : cell _head_type;
end if; -- end CBR/VBR channel check VARIABLE channelin cell _head_type;
END acceptcell; VARIABLE channelout cell _head_type;
BEGIN
wait for Tpd;
newchannel := head_bus;
——————————————————————————————————————————————————————————— mapaddr := seek(maplist, newchannel);-- seek released channel in map list
-- set the new channel information into the map memory
------------------------------------------------------------- if mapaddr<0 or mapaddr>MapSize then -~ error checking

assert false
report "No Released channel in Map List !'*

PROCEDURE setupchannel IS
severity NOTE;

CONSTANT channelconst cell_head_type := "0000000000000000001111111111";

VARIABLE inportno oe_type; else

VARIABLE inportint integer; maplist (mapaddr).entryfree = true;-- set current map entry empty
VARIABLE outportno : oe_type; maplist (index) .channelidin := channelconst AND channelin;
VARIABLE outportint : integer; -- assign input channel id
VARIABLE channeltype std_ulogic_vector{l DOWNTO 0); maplist {index) .channelidout := channelconst AND channelout;

-- assign output channel id

VARIABLE newchannel cell_head_type;
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-- assign true to empty queue field
maplist (chandelier (outport) .lastentry).nextentry
:= maplist (currmapentry) .nextentry;
-- remove the channel header from chandelier
chandelier (outport).size := chandelier(outport).size -1;
-~ decrease the chandelier size
if chandelier(outport).size=0 then
-- check whether chandelier is empty
chandeliersizevalue (outport) := '0*;
-- assign ‘0’ to current chandelier
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maplist (index).gueuelength 1= 0; chandelier{outport),lastentry := currmapentry;
maplist (index).nextentry zm G -- update chandelier address
end if; end if;
END releasechannel;
wait until elkl="1";
a_bus <= null after Tpd;
head_bus <= null after Tpd;
--output a cell eithehr from trigger mechanism or chandelier END outgoingcell; -- end outgoingcell procedure
PROCEDURE outgoingcell IS begin -- process begin
BEGIN e
--check for reset active
wait for Tpd; -
newheadaddr := cg_map_bus; -- get new cell queue head from cqlink wait until reset='1' or reset='0";
if reset ='1' then
- initialise(maplist); -~ initialise map memory
--update map memory initchandelier; -~ initialise chandelier
- a_bus <= null after Tpd;
head_bus <= null after Tpd;
if currmapentry<0 or currmapentry>MapSize then -~ error checking cg_map_bus <= null after Tpd;
assert false chandeliersize <= "Z222222222222222" after Tpd;
report "Current map entry is over scope!" wait until reset='0"';
severity NOTE; end if;
end if;
loop -~ execute following statement until reset='1"'
if maplist(currmapentry) .queuelength <=0 or if reset='0' then
maplist (currmapentry) . queuelength>MapSize then wait until write='1" or setupcell='l' or releasecell='1' or clkl="0';
-- error checking -- Wait for write or read sinal coming
assert false chandeliersize <= "ZZZZZZZZZZZZ2222" after Tpd;
report “current queuelength is over scope !'" if write='1' then
severity NOTE; acceptcell; -- coming cell is normal cell
end if; end if;
if setupcell='1l' and releasecell='0' then
if maplist(currmapentry) .outputport =0 then -- error checking setupchannel ; -~ coming cell is setup cell
assert false wait until clkl='0‘;
report “current output port is = 0 * end if;
severity NOTE; if setupcell='1l‘' and releasecell='1" then
end if; releasechannel ; -~ coming cell is release cell
wait until clkl='0";
end if;
maplist (currmapentry) .queuelength := maplist(currmapentry).queuelength-1; channeltype <= 'Z' after Tpd; -= initialise channel type
-~ decrease cell queue length
if maplist(currmapentry).queuelength<=0 then-- cell queue is empty if e¢lkl='0' then
maplist (currmapentry) .emptygqueue := true; trigger := '0‘; -- initialise trigger value

chandeliersize <= chandeliersizevalue after Tpd;
cg map_bus <= null after Tpd;

curroutport := en_outport_no; -- get current outport number

if curroutport/="2ZZZZ" then
outport := BitVector_To_Int(To_BitVector(curroutport));
-- convert current outport number into integer
triggering (maplist, outport, currmapentry, trigger);
-- check whether CBR/VBR channel is triggered

end if; end if;
else
maplist {currmapentry) .cellqueuehead := newheadaddr; if trigger='1' then -- the one of CBR/VBR channels was triggered

-~ update new cell head address
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match <= 1" after TRA; e e e e

channeltype <= ‘l'after Tpd; -- Modification History :
-- putput channel type is CBR/VBR channel == Date Author Revision Comments
a_bus <= maplist({currmapentry).cellgueuehead after Tpd; - Tur Oct. 10 1997 Bo Yan Revl.0.0 Creation

-— output cell memory address onto a_bus =00 e e e e e e e eSS e
head_bus <= maplist (currmapentry).channelidout;

-- output re-assembly header of cell LIBRARY ieee;
wait until clkl='1"; USE ieee.std_logic_l164.all;
maplist(currmapentry) .emptyqueue := true; USE ieee.numeric_std.all;
maplist (currmapentry) .queuelength := 0;
match <= ‘0°; LIBRARY std;
a_bus <= null after Tpd; USE std.textio.ALL;
head_bus <= null after Tpd;
trigger := '0°; USE work.atm_types.all;
else -- the channel was selected by chandelier USE work.mem_pkg.all;
match <= '0‘;
wait until outgoing='l' OR clkl='1"; ENTITY output_buffer00 is
GENERIC( Tpd : Time := unit_delay);
if outgoing='1’' then -- outgoing channel was choosed by chandelier PORT ( oe : in  oe_type;
curroutport := en_outport_no; -- get new output port number reset : in  std_ulogic;
outport := BitVector_To_Int(To_BitVector (curroutport)); ready : in  std_ulogic;
currmapentry := maplist(chandelier(outport).lastentry).nextentry; d_bus : in  bus_cell_mem_data bus;
-- get current map memory entry from chandelier head_bus : in cell_head_type;
cellheadaddr := maplist(currmapentry).cellqueuehead; freeport00 : out std_ulogic );
-- get cell address from current channel header END output_buffer00;
a_bus <= cellheadaddr after Tpd;
-- output current cell address
head_bus <= maplist(currmapentry).channelidout after Tpd;
-- putput cell header = e e
wait until read=‘1' or clkl='1'; -- File name : ouporarc.vhd
e Title : [ATM Output Port O0#]
if read='1' then -- cell memory is ready to read cell - Module : [Behaviour Description of the output port 0#]
channeltype <= '0' after Tpd;-- output channel type as ABR/UBR o Purpose :  [Implement the functions of the output port 0# module]
outgoingcell; -- read a cell from cell memory
else -- cell memory is not ready ARCHITECTURE behaviour of output_buffer00 is
a_bus <= null after Tpd;
head_bus <= null after Tpd; BEGIN
end if; -- end read='1' check
else PROCESS
a_bus <= null after Tpd; variable portfree_signal : std_uleogic :='1‘;
head_bus <= null after Tpd; variable oe_value : oe_type := “0000";
end if; -- end outgoing='1" variable data : cell_mem_data;
end if; -- end trigger='1" variable head : cell_head_type;
channeltype <= ‘Z' after Tpd; -- initialise channel type begin
end if; -- end clkl='0"'
else —_—
exit; --check for reset active
end if; -- end reset='0" e
end loop; -~ end loop wait until reset='0’' or reset='1";
if reset='1' then
END process; freeport00 <= portfree_signal;
wait until reset='0";
END behaviour; -- end map memory behaviour description
end if;
- File name : ouporent.vhd --set port free signal and input cell from cell memory buffer
- Title :  [ATM Output Port O# ] —
- Module :  [The Output Port O# Entity) loop

- Purpose : [Define the entity of the output port 0#] if (reset='0') then
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freeport00 <= portfree_signal after Tpd; outgoing : out std_ulogic;
wait until oe=oe_value; -- wait for priority circuit check full signa chandeliersize : in chandelier_size;
1 en_outport_no : out oe_type);
wait until ready='1"‘; END output_encoder;

data := d_bus;
head := head_bus;

Eraepoetll <= YOFEREEEE TPAE 00 e e e e R R R e e e e e e e e e e e e e e e e S S Sl i e
wait for 6*Tpd; - File name : ouserarc.vhd
else -- reset/='0" -= Title :  [ATM Output Round Robin Server)]
exit; --  Module :  [Behaviour Description of the Output Server)
end if; -- end reset='0’ - Purpose % [Implement the functions of the output server]
end loop;
end process; Architecture behaviour of output_encoder is
END behaviour; TYPE boolean is(false, true);
BEGIN
____________________________________________________________________________________ PROCESS
- File name : ouserent.vhd
= Title : [ATM Output Round Robin Server] e e e e e
- Module : [The Output Server Entity) -- declare variables
- Purpose : [Dafine the entity of Ehe output server] =000 e e e e e e e e e e e e e e S e s M e i e e i e i
——————————————————————————————————————————————————————————————————————————————— VARIABLE currentport : oe_type;
- Modification History : VARIABLE encoderport : oe_type;
ve Date Author Revision Comments VARIABLE index : integer := 0;
== Tur Oct. 10 1597 Bo Yan Revl.0.0 Creation VARIABLE freeportvalue : buf_full_type;
-------------------------------------------------------------------------------- VARIABLE chandelier : chandelier_size;
VARIABLE outportfull : boolean;
LIBRARY ieee; VARIABLE outgoingcell : boolean;
USE ieee.std_logic_l164.all;
USE ieee.numeric_std.all;
LIBRARY std; -- This procedure is used to initialise the output round robin server
UBE atd.EexbtiouALLy e e e e e e e e e e e e e e e £ i i et e i o e e e e
PROCEDURE initialise(VARIABLE freeportblks : INOUT buf_full_type;
USE work.atm_types.all; VARIABLE portnumber : INOUT oce_type;
VARIABLE bufferfull : INOUT boolean) IS
ENTITY output_encoder is BEGIN
GENERIC( Tpd : Time := unit_delay); for index in 0 to BufferSize loop
PORT [ clkl : dn std_ulogic; freeportblks(index) := '0';
clk2 : in std_ulogic; end loop;
read : in std_ulogic; portnumber := “0000";
write : in std_ulogic; bufferfull := true;
reset : in std_ulogic; END initialise;
match : in std_ulogic;
freeport00 : in std_ulogic;
freeport0l : in std ulogic; 0 e e e e e e e e e e et et e 2
freeport02 : in std_ulogic; == This procedure is used to receive the free signal from each output port
freeport03 : in std_ulogic; e e e e e
freeport04 : in std_ulogic; PROCEDURE getsignal (VARIABLE freeportblks : INOUT buf_full_ type) IS
freeport05 : in std_ulegic; BEGIN
freeport06 : in std_ulogic; freeportblks (0) = freeport00;
freeport07 : in std_ulogic; freeportblks (1) = freeport0l;
freeport08 : in std_ulogic; freeportblks(2) = freeport02;
freeport09 : in std_ulogic; freeportblks(3) = freeport03;
freeportl0 : in std_ulogic; freeportblks(4) := freeport04;
freeportll : in std_ulogic; freeportblks(5) ;= freeport05;
freeportl2 : in std_ulogic; freeportblks(6) = freeport06;
freeportlld : in std_ulogic; freeportblks(7) = freeport07;
freeportld : in std_ulogic; freeportblks(8) = freeport08;
freeportl5 : in std_ulogic; freeporthlks(9) = freeport09;
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freeportblks(10) := freeportl0; end if;
freeportblks(11) := freeportll;
freeportblks(12) := freeportl2; temp_index := index;
freeportblks(13) := freeportld; index := index + 1;
freeportblks(14) := freeportld; if index>15 then
freeportblks(15) := freeportl5; index := 0;
END getsignal; end if;
while index /= temp_index loop -- check reset of outport free signal
------------------------------------------------------------------------ if freeportblks(index)='1' and chandeliers(index)='1’' then
~- This procedure is used to count the current output port number -- check given input port full signal
------------------------------------------------------------------------ portnumber := To_StdULogicVector (Int_To_BitVector(index, 4));
PROCEDURE getcurrentport (VARIABLE freeportblks : IN buf_full_type; cellready = true; -- cell is waitting for outgoing
VARIABLE currport : IN oe_type; return;
VARIABLE outputfull : OUT boolean) IS end if;
BEGIN index := index +1;
if index>15 then
index := BitVector_to_Int(To_BitVector(currport)); index := 0;
-- convert current output port number end if;
if index<0 or index>15 then -- error checking end loop;
assert false cellready := false; -- all of output buffer full or no cell for this port
return;

report “The input buffer number is out of scope !"

severity error; END checksignal;

end if;
if freeportblks(index)='1' then -~ check current output port 0 e e e e e e e e
outputfull := false; -- current output port is free -- This procedure is used to check whether the current output port is free
else -- The procedure is used here for normal mode
outputfull := true; -- current output port is not free = 000000 s e
end if; PROCEDURE checkchandelier (VARIABLE freeportblks : IN buf_full_type;
VARIABLE chandeliers : IN chandelier_size;
END getcurrentport; VARIABLE currport : IN oe_type;
VARIABLE portnumber : OUT oe_type;
VARIABLE cellready : OUT boolean) IS
_________________________________________________________________________ VARIABLE temp_index : integer;
-~ This procedure is used to check whether the current output port is free BEGIN
-- The procedure is used here for super mode index := BitVector_to_Int(To_BitVector{currport));
------------------------------------------------------------------------ -- convert current output port number
PROCEDURE checksignal (VARIABLE freeportblks : IN buf_full_type; if index<0 or index>15 then -- error checking
VARIABLE chandeliers : IN chandelier size; assert false
VARIABLE currport : IN oe_type; report "The input buffer number is out of scope !'*
VARIABLE portnumber : OUT oe_type; severity error;
VARIABLE cellready : OUT boolean) IS end if;
VARIABLE temp_index : integer;
BEGIN
index := BitVector_to_Int (To_BitVector (currport)); e
-- convert current output port number -- check both current free port signal and chandelier size
if index<0 or index>15 then -- error checking o
assert false if freeportblks({index)='1" AND chandeliers(index)='1‘ then
report *The input buffer number is out of scope '" portnumber := currport;
severity error; cellready = true; -- chandelier have cell for outgoing
end if;
else
-— cel lready := false; ~- chandelier is no cell for outgoing
-- check both current free port signal and chandelier size portnumber := currport;
end if;

if freeportblks(index)='1‘ and chandeliers(index)="'1" then

portnumber := currport;
cellready 1= true; -- cell is waitting for outgoing

return;

END checkchandelier;
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BEGIN -- Process begin

--check for reset active

wait until reset='0’ or reset='1";

if reset='1" then -- reset state
initialise(freeportvalue, currentport, outgoingcell);
outgoing <= ’'Z’ after Tpd;
wait until reset="0';

end if;
loop
if reset='0' then
if clkl=*1‘ then -- accept cell stage
en_outport_no <= "ZZZZ";
getsignal (freeportvalue) ; -- read free signal of output port

getcurrentport (freeportvalue, currentport, outportfull);
-- get currentport number and free signal

if outportfull=false then

en_outport_no <= currentport; -- output current port number
else
en_outport_no <= “ZZZZ";
end if;
wait until clkl='0’;
end if;
if clk1='0‘ then -- outgoing cell stage

chandelier := chandeliersize;
-- get chandelier information from port

checkchandelier (freeportvalue, chandelier, currentport, encoderport,

outgoingcell);
-- check chandelier of current output port

if outgoingcell=true then
outgoing <= ‘1* after Tpd; -- output accept cell signal as true
wait until clkl='1‘;
outgoing <= ‘0' ;

else
outgoing <= '0' after Tpd;
-- output outgoing cell signal as false
wait until clkl="1";
end if; -- end match="1" check

if currentport /="0011" then
currentport :=std_ulogic_vector(unsigned(currentport) + "0001");

else
currentport :="0000";
end if;
end if; -- end clkl='0’ check
else -- reset /='0"’
exit;
end if; -- end reset='0’
end loop;

END process;
END behaviour;






