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Abstract

This thesis describes the development of a source simulator which

generates parallel streams of packet traffic for a real time hardware

testbed system which is used for experiments, studies, and evalua-

tions relating to the Asynchronous Transfer Mode (ATM) networks.

The ATM is a new form of switching and transmission for the broad-

band Integrated Services Digital Network (ISDN). The deveiopment

includes both hardware design and software design to complete the

source emulator board. This source board which operates unde¡ the

control of a system control computer, is to generate parallel packet

streams in several ways to simulate packet video sources.

In chapter 1, we give an introduction of the testbed project. Chap-

ter 2 describes the design requirements of the testbed and the source

generator. The hardware and software designs ofthe source generator

are described in chapter 3 and chapter 4 respectively. Chapter 5 gives

how to download a program to the microcontroller. In chapter 6 we

give the test and debug of the source board. Conclusions on the use

and future developments are given in chapter 7.

By testing the hardware and software of the source board, we give

the performance evaluation of the source generator. A number of

programs are developed for these tests.
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Chapter 1

Introduction

The source generator, as a major part of the testbed system, is developed

in this project. In the first chapter vÍe would like to introduce the background

of the testbed system. At first, we will give a brief discussion of the genesis

of the testbed project [1], an overview of the testbed system, then an outline

of the source section and a brief description of the source models.

1-.L Why do we develop the testbed?

The Integrated Services Digital Network(ISDN) is a concept of worldwide in-

terest, offering the prospect of new voice and data services, which are based
of

on the availabilitynhigh speed digital transport [2]. Asynchronous Transfer

Mode (ATM) is a new form of switching and transmission which has been
*h¿

oroposed tåe for broadband ISDN telecommunications. ATM networks are¡¡^
expected to find wide use for their inherent flexibility, service independence,

and high performance [3]. This concept involves digitization and packetiza-

tion of the different services, and transmission and switching at very high

throughputs and low delays. While the ATM has been selected by CCITT
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standards committees for implementation of the broadband ISDN, a number

of outstanding problems remain to be solved. These involve the selection

of hardware structures for high speed switching and buffering of packets,

and protocols and algorithms for control of congestion and routing within

the network. The performance of the network is critically dependent on a

correct selection of these aspects. Since many of the control structures will

be implemented in hardware, an unsuitable selection may result in a poorly

performing or excessively expensive network which will be very difficult to

change. This results in a peculiar problem with regarding to the effective

study of suitable hardware and protocol structures. Conventional simulation

is likely to encounter problems due to the very high speed and large amount

of packet traffic to be simulated. For example, performance of a proposed

call acceptance algorithm for a network may need to be studied over a pe-

riod of hours in real time, while the actual traffic in the network will have

a throughput of million of packets per second. Also there are many issues

such as packet loss rates, packet transmission delays, and other effects of

congestion which need to be studied in order to find suitable algorithms for

acceptance of new calls into the network.

Because of these problems, we are building a real time hardware testbed

for the studies of the performance of suitable structures for the ATM net-

works, and of algorithms for congestion control at all levels.

L.2 The testbed system

The experiments to be performed on the testbed are characterized by the

need for a high speed of simulation. The testbed provides common simulation

elements such source generation, event capture and time measurement, and

2



some specialized components for the system under test. The testbed consists

of a packet source generator section and a measurement section as shown in

Figure 1.1 (from [1]). The source generator section consists of:

(1) A control computer. This is responsible for initialization and pa-

rameter modification of the elementary sources, and overall control of the

experiment including startup, completion, and high level simulation of parts

of the packet generation model. The Ironics IV-1602 single board computer

based on the Motorola 68010 microprocessor is selected for this purpose.

(2) A source group. This consists of elementary source generators and

possibly some real sources. Their outputs are mixed in the multiplexer to

produce a final output stream.

(3) A shared bus to the statistical multiplexer. This allows the sources

to transfer their generated packets to the multiplexer.

(4) A statistical multiplexer which combines the packets into a single

combined stream. The output of the multiplexer is limited to the maximum

rate of an elementary source. Thus it is possible to use a single elementary

source, or a multiplexed stream of sources each operating at a lower rate,

but in combination operating at a maximum rate.

(5) A serial output for certain network experiments.

The measurement section [4] is connected to the experiment to measure

event time and to count events. It consists of:

(1) Event capture. This is used to capture the packet arrival time and

the packet header from a packet stream. It may also include event counters.

All the data is passed to the datalogger computer for processing and logging.

(2) A datalogger computer. This stores and processes the data from the

event capture boards.

3
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L.3 The source generator section

In an ATM network, the traffic arises from the combining of traffic from a

large number of sources using difierent network services in different ways.

These services include voice, video, image, interactive computer, database

access, file transfer and other more specialized services. These services will

be digitized and packetized. Each of these services has its own peculiar

characteristics and requirements. In the case of interactive video, a service

considered to dominate a future network, the packets are transferred in fixed

period video frames using variable length encoding technologies. Each frame

thus has a variable number of packets. As shown in Figure L.2, the source

section will generate traffic for simulating the ATM traffic. In order to gen-

erate traffi.c with realistic characteristics, we need a number of elementary

source generators. Each of these elements is only required to generate one

type of packet stream. The external control computer controls the source

elements by switching sources on or off, and modifying the characteristics of

each source element by changing some parameters. The generators feed their

outputs to a statistical multiplexer which superposes the outputs to produce

a final output stream.

1.4 The software models

Two important characteristics of the new services of the ATM networks are

the natural bit rate and burstiness of the information [2]. The natural bit

rate for each service is the rate at which the information would be processed

if delays due to communication were not present. This is the rate that would

be desired from an ideal communication system if cost were not an issue. In
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1-2>1OMb/sVide0
1-51Mb/sConference
1-1010Kb/s-1Mb/slmaoe
>10<1OKb/sTe le m etry
1-101Mb/s+Bulk Data
>101 Kb/s- 1 00Kb/slnteractive Data
2-34Kb/s-64Kb/sVoice

BurstinessNatural RateService

Table 1.1: Service characteristics

determining the natural bit rate of an encoded signal such as voice or video,

we must take into account advances in signal processing that allows econom-

ically feasible compression coding to lower the bit rate needed. Burstiness is

the ratio of the peak bandwidth needed carry information at the natural rate,

to the long term average bandwidth actually used. Burstiness is generally

greater than 1 because the information source is not continuous, or does not

maintain its peak bit rate over the duration of a call. Rough estimates of the

values of these parameters for some current and future services are given in

Table 1.1 (taken from [2]). Traffic models are developed based on the char-

acteristics of service bit rate and burstiness. For example, voice will consist

of packets transmitted at bit rates from a Kbls to 64 Kb/s and burstiness at

2-3. Video will consist of variable length bursts at fixed frame intervals with

peak bit rate greater than 10 Mb/s and burstiness 1-2. Other services may

also be simulated based on their bit rate and burstiness characteristics.

Among these source elements, the packet video source is the most impor-

tant and complicated one. The video traffic is expected to become a major

component on the broadband ISDN. Applications such as video conference,

video telephone, and entertainment video are expected to become more and

I
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more popular on public and private networks. As such we have concentrated

on modeling video sources, currently under investigation is a source genera-

tor for encoded packet video, based on the model proposed by Maglaris [5].

In his model, video frames are transmitted using variable length encoding

techniques. A more detailed discussion about modeling of the video source

is given in Chapter 4.

1-.5 Elementary source generator

The elementary source generator may be designed in a number of ways de-

pending on the type of traffic to be simulated. A model of a traffi.c source

may consist of layers of models [1], each of which may modify the parameters

of the model layer below. We consider here a three layer model consisting

of a high speed packet generator at the lowest layer, an intermediate layer

which modifies the rate of packet generation, and a high level layer which

turns the sources on or off.

At the lowest layer, because of limitation of the hardware structure, the

packet generation may be done only in two \Mays. For "softtt traffic, the frame

model may be devised to specify a packet rate for generation of randomly

distributed packets, which allows the packets to be spread over the whole

frame interval. For bursty traffic, the frame model may specify a packet

count for generation of packets in a single burst at the start of a frame. In

here the frames are relevant to a video source. For other sources, the frames

can be ignored. Otherwise the frames are a restriction on the type of traffic,

for example, bursts can only be integral number of frames long.

The intermediate layer modifies the rate of packet generation. This is

done by using a microcontroller which generates a rate parameter updated

8



once per frame period to modify the rate of packet generation. This allows

the simulation to be quite flexible, and as a result quite comprehensive models

may be incorporated.

The highest layer is implemented by a external control computer which

performs call simulation by switching the sources on or off, and setting simple

parameters to modify the characteristics of each elementary source.

This 'three level' source model is quite flexible, allowing a number of

models to be programmed simply by changing the on-board software. Each

model has its particular characteristics, for example, a voice call will consist

of packets transmitted at fixed time intervals, and switched on and off by

a high level call or a burst model. An encoded video will consist of vari-

able length bursts at fixed frame intervals, with correlations over long time

periods. Basic models such as pure random, Markov modulated, switched

Poisson, interactive computer, file transfer are also possible to be simulated.

The sources can be implemented using a single hardware platform, and a set

of application software. The only restriction for source simulations is that the

basic changes in the packet generation rates will be limited by the "frame"

rate, which itself is limited by the program cycle time of the microcontroller.

If the frame rate is made variable, then a larger class of traffic models may

be simulated [1].

I
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Chapter 2

The Simulation Requirernents

2.L The experiment requirements

The testbed system is being developed to perform experiments and evalua-

tions relating to ATM networks. This requires the testbed to provide com-

mon simulation elements and specialized components to build up the network

structures for each experiment [1]. Following is an outline of some common

elements needed for the experiments.

(1) The first experiment involves the study of the nature of traffic in an

ATM network to assist in the creation of suitable traffic models. The traffic

arises from the mixing and combining of traffic from a large number of sources

using different networks in different ways. In order to generate traffic with

realistic characteristics, we need to understand the nature of the individual

traffi.c streams; that is, how each network user would use the services in

terms of access rate, holding time, and proportion of different services. This

requires the development of models for the sources, simulation of sources,

and combination into a mixed stream. The system will measure the charac-

10



teristics of the combined packet streams to establish suitable models for the

combination of the individual streams. These experiments require a number

of elementary source generators and a multiplexer.

(2) The second experiment aims to identify the behaviour of networks and

switch components under different types of traffic, which may come from a

combination of sources as described above. This requires simple traffic mod-

els which have the overall characteristics of real traffic. These traffic models

should have specific parameters which identify the important characteristics

of the traffic. The number of these parameters must be minimal so that the

performance of networks and switches may be meaningf"lly characterized

and compared. This type of experiment may require a number of parallel

streams of traffic. Other studies include the study of burstiness of the net-

work performance to parameters of the traffic, and the effect of traffic loading

on real connections through a network.

(3) The third experiment involves the implementation and study of long

term congestion control based on call acceptance decisions using measured

packet loss rates in network components, notably buffers. This requires pro-

vision of hardware for analysis of measured packet loss rates or buffer lengths,

and an algorithm processor for implementation of the actual algorithm.

2.2 The source generator requirements

As a section of the testbed, the source section design must be subject to the

experiment requirements. One important requirement of the experiments is

to study high speed traffic networks. This requires that the source generator

can generate high speed traffic. But when the speed is over 100 Mbii/s, the

difficulty of generation will dramatically increase when the speed increases.

11



The problem of speed may be tackled by generating "virtual packets". If

$¡e only use the packet header which can contain all information required for

the simulation to represent the entire packet, this will dramatically reduce the

speed of the simulation. To further reduce the speed of the source simulator,

the header may be transmitted in parallel form instead serial form within

the testbed or the system under test. This would reduce the entire packet

transmission time to only one clock cycle per packet.

2.2.L The packet requirements

The sources in the testbed would generate "virtual packets" to simulate traf-

fic of the ATM networks. The simulation requires that packets are trans-

mitted as fixed length entities in time slots called cells, which is the basic

transmission mode proposed for the ATM networks.

The length of packet header which contains all control information for

an individual packet, depends on the requirements of the experiments. We

considered that a 16 bit packet header would be sufficient to provide all

control for simulations. One 8 bit field is control information relating to

characteristics of the experiments; namely a 5 bit destination address (for

switch experiments) and a 3 bit class number. The other 8 bit field is the

packet identifier which consists of. a 4 bit source identifier and a 4 bit packet

sequence number. This is needed for the measurement section to follow the

progress of a packet through an experimental system. The full real packet

would consist of 64 octets or 5I2 bits (CCITT recommends 53 octets or 424

bits), but in the simulation the source generator will only generate a 16 bit

header to represent an entire real packet. This will reduce the speed of the

simulation to allow simulation of very high speed traffic. If a serializer is

used to generate real packets from these headers, then a dummy information

L2



field would be added.

2.2.2 The speed requirements

In ATM networks, the maximum speed of packet transmission for a single

user, is expected to be about 130 Mbit/second to about 160 Mbit/s. If a

real packet contains 512 bits (CCITT recommends 424 bits) for example,

transmitted serially at 160 Mbit/s, this is equivalent to transmitting about

312 thousand packets per second. The source generator only generates a

16 bit header to represent an entire packet, and the header is transferred

in 16 bit parallel form within the testbed and the system under test. Thus

the generator requires only one clock cycle time to transmit one equivalent

packet. To simulate a source with an effective bit rate of 160 Mbit/s, the

source generator requires only a 372 KHz clock rate.

13



Chapter 3

Hardware Architecture

3.1- Overview of the design

In this chapter, we will describe the hardware design of a general source gen-

erator. Before starting the description, we would like give a brief discussion

about how the source generator will operate in the testbed. As illustrated in

Figure 3.1, the source generator will interface with the control computer and

the statistical multiplexer. The control computer via the VMEbus performs

the highest layer control to the source generator. The source generator will

output packets to the multiplexer via the packet interface which consists of

4 control lines and 16 packet parallel output lines. These four control lines

will determine the packet interface operation. A detailed description will be

given in a later section titled 'Interfaces'.

The proposed architecture for the elementary source generator is shown

in Figure 3.2. It consists of five major blocks. Each block performs its own

specialized functions. Following paragraph will give a short description of

each block function.

I4



4 control lines

16 packet output lines

Figure 3.1: The source generator
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Figure 3.2: Layout of the source generator
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(1). The microcontroller. This generates one parameter called the rate

parameter which determines the rate of packet generation. It can communi-

cate with the external control computer to allow the software in the micro-

controller to be modified.

(2). The random number generator. This is a high speed pseudo random

number generator. It outputs 16 consecutive bits to form two independent

8-bit random numbers in every 16 clock cycles. This consists of a feedback

shift register sequence which takes the form of a maximal length sequence

shift register. Maximal length sequences are known for a variety of shift

register lengths. For our purpose) the sequence should have a cycle time of

the order of a few months. Therefore, a 47-bit shift register sequence which

gives a cycle time of 81 days with a 5 lrlHz clock is selected for this generator.

(3) The packet generator. This decides whether a packet is to be gen-

erated or not in a cell cycle, and does so at specified rates or probabilities.

The rate of packet generation is determined by the rate parameter which is

generated by the microcontroller. There are two generation modes which are

comparator mode and counter mode which can be selected by the control

bits. In the comparator mode, the "soft" traffic is generated, in which the

packets are spread over the whole frame interval. In the counter mode, the

bursty traffic is generated, in which the packet is generated in a single burst

at the start of a frame.

(a). The parameter generator. This generates parameters for the 16 bit

packet header parameter. These are 8 bit control information and 8 bit iden-

tification information. The control bits may determine whether the packet

control information is provided by the external computer or generated inter-

nally. Typically these will be either fixed with a given class and destination,

or according to a random choice in the destination or class or both. The iden-
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tification information will only be generated internally. Each source board is

allocated a 4 bit fixed source identification, and the packet identification con-

sists of a 4 bit packet sequence number obtained by counting the generated

packets.

(5). Interfaces. These are the computer interface and the packet inter-

face. The control computer can access each source generator via a VMEbus.

The address location of the board will be placed in the top 64K of the 68000

memory space, referred as the short VMEbus address space. Each board

contains four short addresses so that the external control computer can com-

municate directly with the four registers on the board. The packet interface

is a single output interface which consists of a 16 bit parallel packet output

port and 4 control lines. It will be used to output packets to the statistical

multiplexer.

The circuit diagram is given in APPENDIX 3.1. The following sections

describe the detailed design of this source generator.

3.2 The rnicrocontroller

In order to provide a flexible general purpose source simulator, a microcon-

troller that can be reprogrammed is used. Because the characteristics of

the traffic depend on the rate of packet generation, this microcontroller is

required to generate a corresponding rate parameter. For our purpose, u¡e

have selected the MC68HC1LA8 microcontroller [6].

18



3.2.L Features

The MC68HC11A8 is a high density CMOS microcontroller unit which con-

tains highly sophisticated on-chip peripheral capabilities. This high speed

and low porù/er microcontroller has a nominal bus speed of.2 }lfEz, and the

fully staiic design allows operation at frequencies down to dc. Refer to the

block diagram in Figure 3.3 (from [6]) for the hardware features. The list

below are some features which are relevant to the source generator.

7. 5L2 Bytes of EEPROM.

2. 256 Bytes of Static RAM.

3. Enhanced NRZ Serial Communications Interface(SCl). This port will

be used to download the code to the EEPROM.

4. B Bits Output Port(port B). This is used as parallel output port. The

rate parameter is output from this port.

5. 8 Bits Input/Output Port(PC). This is configured as parallel input

port. The control computer transfers data via this port to modify the

program operation.

This microcontroller has adequate capabilities to meet the design require-

ments for this source board.

3.2.2 Functional Aspects of the Microcontroller

The function of the microcontroller is to control the packet generation. In

order to achieve this aim, the microcontroller will generate a rate parameter

which is produced by the program contained in its EEPROM.

19
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Port B is a strobed output port with the STRB line as the output strobe

for the rate parameter. Port C which is configured as a parallel input port

with the STRA line as the edge-detecting latch command input, is used to

accept data from the control computer.

The block diagram is shown in Figure 3.4. The control computer commu-

nicates with the microcontroller via the VMEbus. It can write data to the

port C to modify the program operation, and read the rate parameter from

the port B.

The FRAME PULSE* which is from the frame clock section (to be de-

scribed later) is passed to the XIRQ* pin to request an interrupt. The

interrupt service program will then write the rate parameter to the port B.

This will cause the rate parameter to be updated every frame cycle.

The operating mode

MC68HC11A8 microcontroller has four operating modes available: single-

chip operating mode, expanded multiplexed operating mode, special boot-

strap operating mode, and special test operating mode. Refer to Table 3.1

(from [6]), two dedicated pins (MODA and MODB) are used to select one of

these modes. During reset, MODA and MODB are used to select one of the

four operating modes.

The special bootstrap mode is the most suitable for our purpose. The

single chip mode requires internal mask programmed ROM to be set, while

the expanded mode requires external memory and I/O ports, also the test

mode is primarily for main production at time of manufacture.

The special bootstrap mode is a very versatile operating mode since there

are essentially no limitations on the program that can be loaded into the
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Figure 3.4: The microcontroller connection (App 3.1 Sh. 4)
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Special Test10

Special Bootstrap00

Expanded Multiplexed11

Single Chip01

Mode SelectedMODAMODB

Table 3.1: Operating modes versus MODA and MODB (fLom [6])

internal RAM or EEPROM. The boot loader program is contained in a 792-

byte on-chip bootstrap ROM which appears as internal memory space at

locations $8F40-8BFFF. The boot loader program will use the serial com-

munication interface(Scl) to read a 256 byte program into on-chip RAM at

locations $0000-$00.F.F. After the character for address $00¡'¡' is received,

control is automatically passed to that program at location $0000.

In special bootstrap operating mode the interrupt vectors are directed to

RAM as shorvn in Table 3.2 (from [6]). This allows use of interrupts by way

of a jump table. For example, to use the IRQ interrupt, a jnmp instruction

would be placed in RAM at locations $00.8.8, $00.8¡', $00,F 0. When an IRQ

is encountered, the vector (which is in the boot loader ROM program) will

direct program control to location $00,ÐE in RAM which in turn contains a

JUMP instruction to the interrupt service routine in the EEPROM.

If we tie the receiver to the transmitter (with an external pull-up resistor),

then following a reset, the program will jn*p directly to the beginning of

EEPROM rather than to the boot ROM. If the program has already been

downloaded to EEPROM, then the microcontroller would begin executing

that program.
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ResetBF4O
(Boot)

Clock MonitorOOFD

COP FailOOFA

lllegal Opcode00F7

SWI00F4

XIRO00F1

tROOOEE

Real Time lnterruPtOOEB

Timer lnput CaPture 100E8

Timer lnput Capture 200E5

Timer lnput CaPture 300E2

Timer Output ComPare 1OODF

Timer Output ComPare 200Dc

Timer Output ComPare 30009

Timer Output ComPare 400D6

Timer Output ComPare 50003

Timer Overflow0000

Pulse Accumulator Overflow00cD

Pulse Accumulator lnPut Edge00cA

SPI00c7

scr00c4

VectorAddress

Table 3.2: Bootstrap mode interrupt vectors (from [6])
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Ports conffguration

In the bootstrap operating mode, port C can be used as a general purpose

input or output port under direct control of its data direction register, while

port B is a fixed direction output port. In our design, port B and port

C are configured as output port and input port, respectively. The parallel

ports B, C have two operation modes available which can be selected by the

parallel I/O control register. One is simple strobed mode, and the other is

full handshake mode.

In our design, port C is configured as the simple strobed input protocol

with the STRA line as an edge-sensitive latch command input which can be

configured. The control computer can transfer data into the microprocessor

via port C. When the external computer writes data to the microprocessor,

it drives the STRA line. The active edge on the STRA line will request an

IRQ interrupt. The IRQ interrupt program will be designed to read the data

from the port C and store it. This process enables the control computer to

modify the program in the EEPROM of the microcontroller. The timing for

the control computer writing data to the port C is given in Figure 3.5. The

STRA is configured active LOW going edge. The control computer drives

the STRA* LOW when the data to be written to the microcontroller is valid

in the port C. The STRA* falling edge will request a IRQ interrupt, and the

IRQ interrupt program will cause the port C to be read.

Port B is also configured to operate in the simple strobed mode. In this

mode, the STRB line is a strobe output which is pulsed for two microcon-

troller clock (E clock) periods each time there is a write to port B. This

pulse is configured active LOW. The port B output timing is given in Fig-

ure 3.5. When the XIRQT pin is activated, the XIRQ interrupt program will

cause the calculated rate parameter to be output to the port B. The STRB*

t
t
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is pulsed LOW when the new data is available in the port B. The STRB*

falling edge will drive the XIRQ* signal HIGH to remove the interrupt. The

tpBs is the delay time between nelv data valid to the STRB* falling edge.

This is a maximurn of.225 ns when the E clock is 2 MHz [6].

3.3 Clock and the frame pulse

The maximum rate of packet generation depends on the generator clock rate.

In order to simulate high speed networks, this requires the clock frequency

to be as high as possible. As a balance between the requirements of the

simulation and the restriction of TTL ICs operation frequency, we select 5

MHz as the generator clock frequency. A SMHz crystal oscillator is used to

generate this clock.
(us)

One 74LS191.up counter is used to generated the RANDOM ENABLE*
^and COMPARATOR LATCH signals. The clock is passed to the CLK input

pin of the counter. The Q¡ and RCO pins of the counter will output COM-

PARATOR LATCH and RANDOM ENABLE* signals respectively. The

COMPARATOR LATCH is passed to the packet generator as a latch sig-

nal. The RANDOM ENABLE* has one sixteenth clock frequency, which

wiil be used as a random number latch signal. The block diagram is given

in Figure 3.6, and timing is in Figure 3.7.

A frame signal is required for the simulated video frame generation. As
(ur)

shown in Figure 3.6, the CMOS MM5368 is employed to generate a 60 Hz(ü{r) 
^square u/ave. A 74LS191 is used as divide-by-two divider, which gives a30Hz

t
I

;

square v¡ave. The 30 Hz square wave is provided to clock pulse input pin of a

D Flip-Flop. At the rising edge of the 30 Hz square \ry'ave, the Q is set HIGH

and the Q* output is set LOW. The Q* signal is passed to the XIRQ* pin

þ

:.1
rlt
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of the microcontroller to request an XIRQ interrupt. The interrupt service

program will then write the rate parameter to the port B and will output

a LO'W active strobe pulse STRB* to the STRB pin. This pulse is used to

clear the D Flip-Flop. Thus the Q is cleared to LOW, and it will remain

LO\ / until the next rising edge of the 30 Hz square wave. The Q output is

used as a frame pulse. The STRB* signal therefore has the same period as

the frame puise.

The timing is shown in Figure 3.7. The source generator clock frequency

is 5MHz. The frame pulse frequency is 30 Hz.

3.4 The random number generator

3.4.I General

Two 8-bit random numbers are required for packet generation in every cell

cycle. One is used as random packet header parameter, and the other is

provided to the packet generator for the magnitude comparison. This gives

rise to a need to develop a high speed, long period random number generator.

For this purpose, a 47 stage binary maximal length sequence pseudo ran-

dom number generator [7] was developed. This has a period of.247 - 1 clock

cycles. The generator outputs in parallel two 8-bit random numbers from

L6 consecutive bits in the generator sequence. During operation, a clock cy-

cle causes a single shift of the shift register. To avoid correlations between

consecutive random numbers, the entire 16 bit number is shifted out before

sampling the next. Therefore each new random number will require 16 clock

cycles. Thus a cell cycle is equivalent to 16 clock cycles. If the generator is

clocked at 5MHz, random numbers will be generated out every 3.2 microsec-

i
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Figure 3.7: The clock and the frame pulse timing
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onds. The generator will have a period of about 81 days, which is quite

adequate for most simulations.

'We use an initialization sequence to avoid correlations between different

source boards. This will be described in detail later under a separate heading.

This operation mode is called the initialization mode.

The random number generator block diagram is given in Figure 3.8. The

generator consists of the shifi register stages, two EOR gates, an inverter and

a multiplexer. The multiplexer is used to select either the normal sequence

or the initialization sequence as the generation sequence.

3.4.2 The mathematical model

This generator is built according to the sequence (from [7]),

Xn: (Xn-tn * X*-az) mod 2 (3.1)

where n ) 47. Xo, ..., Xa7 a;re arbitrary bits not all zero.

The sequence is developed from the additive generator [7] defined by

Xn: (X*-t + X"-*) mod 2 (3.2)

The subscript pairs (l,k) which give maximal length sequences (period 2u -I)
are listed for ,b ( 100 in the reference [7]. For our generator, the pair (74147)

is used to generate random numbers. Therefore, this generator has a period

of 2a7 - L clock cycles. The pair (13,31) is selected for the initialization.

3.4.3 Initialization

The multiplexer is used to select the random number generator operation

modes. The operation mode is selected by the external computer via a con-

trol bit called the INITIALIZATION* bit. When this bit is low, initialization
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Figure 3.8: The random number generator (App 3.1 Sh. 1)



mode is selected. The multiplexer selects source A (14,24) as its output.

This results in a shorter sequence wiih 31-bii length and the feedback path

which consists of an inverter and an EOR gate are formed. This initializa-

tion generator will have a period length 231 - 1, whichwill have a period of

about 7 minutes at 5 MHz clock. The initialization process is started and

terminated by the external control computer, which selects a different (ran-

dom) time to run the generator in each card. This ensures that there are

no correlations between random numbers in different generator cards at the

start of an experiment. An inverter in the initialization path ensures that

zero state (all stages are zero) is not achieved at the end of the initialization

process.

3.4.4 Normal operation

If the INITIALIZATION* bit is set high, the normal operation mode is

selected. The multiplexer presents source B(18,2B) to its output to form

the 47-bit sequence. The 47th and 14th stages are provided to the EOR

input, while ihe EOR output is passed to the 1st stage. This forms the

normal mode feedback path. In normal operation mode, the generator is a

47 bit maximal length sequence pseudo random number generator.

In order to latch a stable output, the delay of transition must be taken

into account. Figure 3.9 is the timing diagram concerning random number

latch operation. The generator stages consist of six 8-bit shift registers with

serial data entry and an output from each of the eight stages. For each LO\M

to HIGH transition on the clock, the stages transfer one bit to the right

synchronously. This will have a maximum delay ú" - 32ns [8]. Therefore

after 32ns of the clock LOW to HIGH transition, the register stage outputs

are stable. Supposing the clock frequency is 5MHz, tpr will be 100ns. If the
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Figure 3.9: Random number latch timing

number is latched at the clock LOW going edge, the outputs will be stable.

Because the RANDOM ENABLE* is used to latch the random number, thus

the random numbers are latched in a stable state.

3.4.5 The hardware design

The full random number generator circuit diagram is given Appendix 3.1, sheet 1.

The control signal INITIALIZATION* determines the operation mode of

the generator which is controlled by the external computer. The signal has

meaning "0" for the initialization operation mode t'1" for the normal opera-

tion mode. During the normal operation the random number generator uses

an EOR gate in the feedback path (see Fig 3.8) which combines the outputs

of the 14th and 47th stages. The result is fedback into the serial input of

t

STABLE DATASTABLE DATA
|1
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the shift register. When in the initialization mode, the feedback path and

sequence are modified. An EOR gate and an INVERTER are used in the

feedback path to combine the output of the 29th and 47th stages. The re-

sults is fedback into the serial input of the 17th stage. Because the 17th stage

now acts as the first stage, the initialization generator is a 31 stage additive

generator. The former 29th and 47th stages act as the 13th and 3lth stage.

The feedback result also is provided to the serial input of the first 16 stages

to initialize these stages only.

Six 74LS164 shift ,"gi.t"tulrå'ål"O to form the 47 stage sequence. The

first two registers are configured for 16-bit shift sequence. During the initial-

ization, they only store bits from the 31 bit generator. The last two registers

only 15 stages are used. The middle two registers are used as a L6 bit shift

stages whose parallel outputs are latched

16 clock cycles. A 74LS8

as a 16 bit random number every
q,+)
arê used as an EOR gate and an

^

(urg) (
6 and a74LS04

,\

INVERTER respectively in the feedback path. During the normal operation,

only the EOR is used. In the initialization mode, both the EOR gate and

the INVERTER are used. A 74LS15fui1J,rr"¿ as a multiplexer to select the
^operation mode. The INITIALIZATION* signal is connected to its common

select input to select either the initialization feedback path or the normal

mode feedback path.

Because of the TTL IC propagation delay, the generator can only operate

up to a limited clock frequency. The shift registers have a clock to output

delay which is typically 21 ns and a maximum of 32 ns (taken from [8]). The

propagation delay of the multiplexer and the EOR gate are, respectively,

typically 9ns and 20 ns, and a maximum of. t4 ns and 30 ns (from [8]).

Therefore, the total delay is typically 44 ns and a maximum of 82 ns. This

generator thus should have a minimum upper operation frequency of.I2MHz,
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and a typical upper operation frequency of 22 MHz.

3.5 The traffic generation

As mentioned in chapter 2, the source generator is required to generate packet

streams to simulate different types of traffic. In order to make simulation

more flexible, the generator was developed to generate packets randomly

either based on a probability parameter or on a count of packets in a frame.

The generator block diagram (Figure 3.2) shows two generation machines

called the packet generator and the parameter generator which determine

the traffic generation. The packet generator will decide whether or not the

source generator produces a packet in a time slot (cell), and the parameter

generator will generate the packet header parameter for each packet.

3.5.1 Packet generation

It was decided that packets would be simulated as fixed length entities which

are transmitted in time slots. This is basic to the asynchronous transfer

mode.

Each generated packet is assumed to come from one of a number of specific

sources. These packets may be related to each other in their final destina-

tion, and their specific requirements such as priority, packet loss tolerance or

packet delay tolerance. The generator must provide these characteristics in

each packet header.

For the simulation work which we envisage, it is considered that a 16-bit

packet header will be able to contain all packet specific information which the

simulation needs. Therefore, the source generator will only generate 16-bit
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packet headers rather than whole packets. The lower 8-bit of the header is

control information relating to particulars of experiments. This is split into

a 5-bit field (called destination address) and 3-bit field (called class number).

The upper 8 bits is an identifier to enable packets to be distinguished as

separate entities for the measurement of delay. This identifier consists of a

4-bit source identifier and 4-bit packet sequence number. The packet header

structure is shown in Figure 3.10. Wherever a packet is transmitted serially,

it shall be transmitted least significant bit first, so the destination address

always is transmitted first.

3.5.2 The packet generator

As mentioned earlier, the packet generator will decide whether a packet is to

be generated or not, and does so at specified rates or probabilities. In the

simulated traffic, each frame has a variable number of packets. As shown

in Figure 3.11, the packet generation can be done in two ways by using the

comparator and counter. When using the comparator, the frame model is

devised to specify a packet probability for generation of randomly distributed

packets. In this generation mode, the packets are spread over the whole frame

interval. When using the counter, the frame model specifies a packet count

for generation of packets in a single burst at start of each frame. The typical

distribution of packets in a frame of these two types of generation is shown

in Figure 3.12.

The packet generator is required to generate the same number of packets

in a frame in the counter mode as in the comparator mode when using the

same rate parameter value. In the counter operation mode, when a frame

starting, the generator produces continuously the packets. One packet is

generated every cell cycle, and the counter is decreased until the number held
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Figure 3.11: The packet generator (App 3.1 Sh. 2)
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Figure 3.12: The packet distribution in the comparator and counter modes

in the counter becomes zero. Then the generation is stopped. The number

of packets in a frame is determined by ihe 8 bit rate parameter K(") loaded

into the counter. In the comparator mode, the comparator compares the

random number latched from the random number generator with the rate

parameter I{("). This determines whether to generate a packet in a cell.

The user can select the operation mode by the external control computer.

lt I I II
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The cornparator mode

In this mode, the number of packets generated in a frame depends on the

rate parameter -Il(n). The I{(") is generated by the microcontroller using

the software model. Both the rate parameter I{(") and the random number

consist of unsigned 8-bit values. Refer to Figure 3.11, when the multiplexer

selects the output of the comparator as its output, the packet generator is

operating in the comparator mode. The comparator compares the /((n) value

with the current random number. If the K(") is greater than the random

number, then a packet is generated in this cell. Otherwise there is no packet

in this cell. When /((n) is 255, every cell contains a packet except the cell

in which the random number is 255, while if K(n) is zero, no cell contains a

packet.
(urÎ, utG)

The two 74L5374 Octal D-type Flip-Flops are employed to latch the ran-

dom number and the rate parameter I{(n) from the random number gen-

erator and the microcontroller. At the RANDOM ENABLE* falling edge,

the 8-bit random number is latched and then output to the comparator.

The /l(n) is latched into the comparator at the STRB* falling edge. Thus in

each frame only one rate parameter value is available for the comparison. The

comparator performs a magnitude comparison between the random number

and the I{(n). If the I{(") is greater than the random number, the com-
(ut'tl

parator 74lS687nwill output a low-active signal which is passed to an input

pin of the muitiplexer. On the rising edge of the COMPARATOR LATCH,

this active signal is latched to the output of the multiplexer as the PACKET

ENABLE* which will cause one packet to be generated. For a frame clock

of 30 Hz, the average number of packets in the nth frame is

P (n) : (I{ (n) I 256XFl 16X 1 /30) (3.3)
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where F is the clock frequency.

The counter mode

When the multiplexer selects the output of the counter, the packet gener-

ator is operating in the counter mode. The counter diagram is shown in

Figure 3.13. In order to generate the same number of packets as in the com-

parator mode, a divide-by-forty counter is required to modify the number of

packets in a frame. Two ICs 74l,SlntiiÌ.d tntSné'i,tiich are used as divide-

^r\by-eight and divide-by-five counters, respectively, form this divide-by-forty

divider (the reason for selecting a divide-by-forty divider will be given in

Chapter 4 ). Two 74LS191 lC[i,ll¿il?fally connected to form an 8-bit down
,r

counter (refer to the circuit diagram Appendix 3.1). This counter loads the

K(") every frame cycle. The cell cycle signal (RANDOM ENABLE*) is ap-

plied to the divider input. The divider output is applied to the clock pulse

input of the counter.

While the number in the 8-bit counter is not zero,, the PACKET EN-

ABLE* signal is active. The source generator will therefore generate one

packet every cell cycle. When the counter receives a pulse (active HIGH go-

ing edge) from the divider, the number in the 8-bit counter decreases by one

until the number becoming zero, it turns the PACKET ENABLE* inactive.

Then the generator stop generating packets, and at same time it makes the

counter disable counting and the number in the counter remains at zero. Un-

til the next STRB* active, it loads the number K(n*l) and starts generating

packets for next frame. The number of packets in nth frame is

P(n):40*K(n) (3.4)
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Timing

In the comparator mode, the multiplexer selects the comparator output.

The COMPARATOR LATCH signal, which is from the clock section, is

provided to the clock pin of the multiplexer. The comparator compares

the latched 8-bit random number with the rate parameter K(n). If the

K(") is greater than the random number, the comparator produces a LOW

output which is provided to an input of the multiplexer. This LOW signal

is latched to the multiplexer output ( PACKET ENABLE*) on rising edge

of the COMPARATOR LATCH. The NOR gate combines the PACKET

ENABLE* and RANDOM ENABLE* to produce the active PACKET OUT

signal. The upper in Figure 3.14 is the comparator mode timing diagram.

In the counter mode, the multiplexer selects the counter output. 'When

a frame starts, the counter loads the rate parameter K("). The counter

produces LO\M output when the number in the counter register is not zero.

This signal is passed to the PACKET ENABLE*. One active PACKET OUT

therefore is produced every active RANDOM ENABLE* pulse. When the

number in the counter register falls to zero, the counter drives the PACKET

ENABLE* high inactive, and thus the packet generation is stopped. The

counter mode timing is given in Figure 3.14.

3.5.3 The parameter generator.

The source parameter generator determines the packet header to be used for

each generated packet. It may have different specifications for each different

packet. This would allow the nature of the simulated traffic to be defined in

a flexible way.

As shown in Figure 3.15, the parameter generator will generate a 16 bit
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packet header which includes 8 bits of control information and 8 bits of iden-

tification information. The control information consists of a 5 bit destination

address and a 3 bit class parameter. The identification information includes

a 4 bit packet ID and a 4 bit source ID.

The generator has been designed to provide two types of control informa-

tion. This can be either fixed with a given class and destination, or randomly

allocated in the destination or class field or both. The fixed class and des-

tination parameters will come via the VMEbus from the control computer,

while the random class and destination parameters will use an 8-bit random

number from the random number generator.

The 5-bit fixed address and 5-bit random address are passed to a multi-

plexer. The 3-bit fixed class and 3-bit random class are similarly passed to a

different multiplexer. The external control computer via the VME bus deter-

mines the multiplexer selection of random or fixed address field, and random

or fixed class field. The FIXED ADDRESS ENABLE* signal is provided to
(uzg, a¿t)

the multiplexer 74lS157ncommon select input. When it is LO\M, the output

is the fixed address. If it is HIGH, the output is the random address. The

FIXED CLASS ENABLE* is provided to the second multiplexe(rlï3)."t""t

either fixed or random class. When this signal is LOW the multiplexer will

output the fixed class. If it is HIGH, the multiplexer will output random

class. The random class and destination are updated every cell cycle. The

fixed address and class can only be changed by the control computer.

The switch DIP-4 is used as the source ID generator. Every source gener-

ator element will have its o\Mn source ID. Because DIP-4 is used as the source

ID, there are 16 possible source IDs which can be selected. This would allow

up to sixteen elementary source generators to operate at same time in any

experiment which tracks individual cells.

46



RANDOM ENABLE-

FIXED CLASS ENABLE-

PPSO-

4-BIT SOURCE ID

Ft\G

8-BIT RANDOM NUMBER

VME BUS

8-BIT FIXED PARAMETER

PARA LATCH

FIXED ADD
ENABLE-

t--
c0

I

lo

t--
c0

I

a)

:{
rùl

'1j

cJ)
ct)f
O
l-
q
(f)

o
F
TU
Y
C)

ù
F
o

It

¡

PACKET OUTPUT INTERFACE

Figure 3.15: The parameter generator (App 3.1 Sh. B)

*

16 BIT PACKET HEADER PARAMETER

DIP-4

MULTIPLEXERMULTIPLEXER4-BIT COUNTER
CLK

(n
c/)
tu
Eoo
F
c0

I
LO

Þ
õ

I

ll)

t-
G)

I

c'.)

CLK

8.BIT LATCH

CLK

8-BIT LATCH

t

47



i

(uzz)
The 4 bit binary counter 74LS191^is employed to generate the packet ID.

The PPSO* signal is provided io its clock pulse input (PPSO* is the packet

present strobe output signal from the packet output interface. Detailed dis-

cussion will be given a later chapter titled 'Interfaces'.). One active PPSO*

is output every time the generator transmits a packet. Subsequent packets

therefore have different packet ID modulo 16.

3.6 fnterfaces

The elementary source generator contains two major interfaces. One is the

control computer interface, the other is the packet interface. The control

computer interfaces with the source generator to perform its control. The

generator board interfaces with the multiplexer to output the packets.

3.6.1 The control computer interface.

Each of source generators will operate under the system control. The gen-

erator elements are addressed by the computer, and the address location of

each card is placed in the top 64K of the 68000 memory space referred as

a short address space with range $^F^F0000-$FFF^F FF of the VMEbus ad-

dress. Each generator board is allocated four addresses so that the control

computer can communicate directly with the four registers on the board.

These four addresses are decoded using the lower 3 bits (403,402,401) of

address by the decoder. The address bits 407,406,405,404 are determined

by means of a 4DIL switch which also is used as the source identifier. This

allows up to 16 generators to be addressed separately by the control com-

puter.

:.{
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þ
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DSO* and DS1* select the data to be transferred and, on a write transfer,

strobe the transferred data. DSO* low means that the byte which would

be addressed with 400 set high (the odd byte) is to be found on data lines

D00 through D07. Likewise, DS1* low means that the byte which would be

addressed with 400 set low (the even byte) is to be found on data lines D08

through D15 [9].

The computer interface diagram is given in Figure 3.16. the VMEbus

option D8 [9] is selected, which specifies a SLAVE will read or write only 8

bits at a time on D00-D07. Option D8 also specifies that a MASTER will be

capable of reading or writing via all 16 data lines D00-D15, but only eight

in any one transfer. We select to use the date lines D00-D07, which will use

DS0* only. Therefore the addresses for these locations are odd bytes in the

short address space SFFFFXY of the VME bus where Y is the on-board

register offset (odd byte only), and X is selectable by the 4DIL switch.
f¿g iS |¿/s

The control computer will transfer data to the four bleeles of the generator

board. They are:

1. The control register. The control computer transfers 5 control bits

to this register. These bits are:

1. SOURCE ENABLE* bit for switching the source generator on or off.

2. INITIALIZATION* bit to select either iniiialization or normal opera-

tion mode of the random number generator.

3. FIXED CLASS ENABLE* bit to select a fixed class or random class

as the packet class parameter.

4. FIXED ADD ENABLE* bit to select the packet address parameter

from a fixed or random basis.
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Figure 3.17: The control register

5. COMP*/COUNTER bit to select the comparator or counter mode of

the packet generator.

The control bits in the control register are shown in Figure 3.17.

2. The parameter register. The control computer transfers 8 param-

eter bits to this register which consists of a 5 bit packet destination address

parameter and a 3 bit ciass parameter.

3. The microcontroller port C. The control computer writes 8 bit

data to the port C for communication with the program.

4. The microcontroller port B. The control computer can read asyn-

chronously the 8 bit rate parameter I{(n) from port B.

Figure 3.18 gives the computer interface timing diagram. AS*, D0*,

and W*/R are address strobe, data strobe and write/read control signal

respectively from the VMEbus.

The byte write cycle is as follow:
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Receive address, receive AS* driven to low. Data is presented on data

lines D00-D07. Then receive WRITE* low, receive DS0* driven to low. If
the address is valid for this board, latch data from lines D00-D07 and store

it in the selected register. Then drive DTACI{* to low to acknowledge data

transfer. Then receive AS* and DSO* driven to high, release DTACK*. A

write cycle is completed.

The byte read cycle is as follow:

Receive address, receive AS* driven to low. If the address is valid for

this board then generate device selected. Then receive WRITE* high, re-

ceive DS0* driven to low, latch data and present it on lines D00-D07, drive

DTACK* to low. After the master read data, the board receives AS* and

DSO* driven to high, release D00-D07, release DTACK*, finish read cycle.

The connector for the interface on the back edge for each card is a 96-

pin DIN connector. The Figure 3.19 identifies the VMEbus connector pin

assignments (from [9]).

3.6.2 The packet interface

The interface with the statistical multiplexer is a single output interface. The

bus lines include 16 data lines to output the packet header and 4 control lines.

There are two operation modes for the packet interface which are standalone

operation mode and bus operation mode, which can be selected externally.

The standalone operation mode is appreciated if only one source generator

is used. If there are a number of source generators are used simultaneously,

the bus operation mode will be used in conjunction with a multiplexer. The

control bits have different functions in each mode. The packet output in-

terface diagram is given in Figure 3.20. The following paragraph will give a
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detailed description.

Standalone operation

There are three control lines in the standalone operation mode. They are: the

MODE input line, the PACKET PRESENT STROBE OUTPUT* (PPSO*)

line and the ACKNOWLEDGE INPUT* (AI*) line. The MODE line is

used to select operation mode of the interface. When this line is HIGH, the

interface is in the standalone operation mode.

The SOURCE ENABLE* signal which is from the control register is to

switch the source generator on or off. When this signal is 1, it makes PPSO*

inactive. Thus the packet output buffers are high impedance and no packets

can be output. The source generator is in an off state. If the signal is 0, the

generator is in an on state, and packets can be transferred.

When the packet generator is ready to generate a packet in a given time

slot, an active PACKET OUT signal is generated, and passed to the clock in-

put pin of the D Flip-Flop. On its rising edge, the PACKET OUTI* (Q* pirt

of D Flip-Flop) is set low. The PACKET OUTI* is gated by the OUTPUT

ENABLE*. In standalone mode, MODE:1, the OUTPUT ENABLE* signal

is active, enabling the PACKET OUT* to be transferred to the PACKET

STROBE* line. An active PACI{ET STROBE* will enable the packet out-

put buffer which presents a packet to Q00-Q15. After a short dela¡ the

PACKET STROBE* is presented to the PPSO* line to inform the receiv-

ing system that a packet is ready to be taken. After receiving the packet,

the external system drives ACKNOWLEDGE INPUT* low. This will set

PACKET OUTI+ high. This signal then drives PPSO* high impedance. A

packet transfer cycle is completed, and one packet is output. The standalone

operation timing diagram is given in Figure 3.21.
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Bus operation mode

If the MODE is "0", the interface is in the bus operation mode. In this mode,

the testbed allows up to 16 elementary source generators to be used simul-

taneously. The source group is able to generate packet streams to simulate

traffic in a flexible way. The other three control lines are SYNCHRONIZA-

TION INPUT* (SI*) line, TIME SLOT CLOCK INPUT* (TS*) line and

PACKET PRESENT STROBE OUTPUT* (PPSO*) line.

Referring to Figure 3.20, the SI* signal is to synchronize all source gener-

ators. The TS* is used to select each board time slot. Both SI* and TS* are

from the external system. The PPSO* is used to inform the external system

that a packet is ready to be received.

The TS* is provided to the clock input of a 4-bit counter. The output

of the counter is provided to input pins A0-43 of a 4 bit comparator. The

4-bit source identification is provide to the other input pins 80-83 of this

comparator. If two numbers are equal, the comparator will drive ENABLE

high. The ENABLE then drives the OUTPUT ENABLE* low active. Thus

the PACKET OUTI* is presented to the PACI{ET STROBE* line , and

then to the PPSO* line.

At a minimum, one time slot should contain 16 clock cycles because up

to 16 source generators may be used simultaneously. The source ID will be

numbered from 0 to 15. We assume the first source board has ID 0, the

second source board has ID 1, and so on, with the sixteenth source board

having ID 15. The first TS* pulse will activate first source board, and the

nth clock will activate the nth source board.

A generator can at most generate only one packet in a time slot. If a
packet is generated, the packet generator will output an active pulse called
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PACKET OUT. This is passed to the clock input of the D Flip-Flop, on its

positive-going edge, setting Q* of the D Flip-Flop low (PACKET OUTI*)

which is gated by the OUTPUT ENABLE* signal. \Mhen the counter number

is equal to the source ID, the comparator drives ENABLE high. This then

drives the OUTPUT ENABLE* low active. This causes the PACKET OUT*

to be presented to the PACKET STROBE* line which enables the packet

buffer to pass the packet header on Q00-Q15. Then the PACKET STROBE*

is passed to the PPSO* line to inform the external system.

At same time, the ENABLE high also drives another D Flip-Flop. This

makes its output Q drives the CLR* low. The CLR* iow clears the first D

Flip-Flop to drive the PACKET OUTI* high. Thus this makes the PACKET

STROBE* high, and then PPSO* high inactive to terminate the packet

output. A packet output cycle is completed.

If ii is not a board time slot, the ENABLE is low. This will drive the

OUTPUT ENABLE* high, making the PACKET STROBE* high inactive

and the PPSO* high impedance.

The bus operation timing diagram is given Figure 3.22.

The connector

All interconnections between the source generator elements are required to

be compatible. The card edge connector is 40-pin IDC connector in which

the 20 signal lines are interspersed with ground lines. The assignment of

pins is given in Figure 3.23 (from [1]). The 4 control bits are strobe and

status bits which are all active LOW. The MODE input bit is used to signal

variations in the operation mode of the interface. For the bus operation

mode, allocations of the control lines are:
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Pin 34: MODE input 0, bus operation.

Pin 36: SYNCHRONIZATION INPUT*.

Pin 38: PACKET PRESENT STROBE OUTPUT*.

Pin 40: TIME SLOT* clock input.

For standalone operation, the assignments of the control lines are com-

patible with those the output of the multiplexer:

Pin 34: MODE input 1, standalone operation.

Pin 36:

Pin 38: PACKET PRESENT STROBE OUTPUT*.

Pin 40: ACKNOWLEDGE INPUT*.

3.7 The control route

The source generator elements will operate under supervision of the con-

trol computer. This will control the call level processes, operation mode

changes, and possibly some parameter changes during calls. In order to de-

scribe how the control computer controls each source generator operation,

a control route is outlined in Figure 3.24. The external control computer

writes the control bits to the control register via the VMEbus. These bits

are SOURCE ENABLE* bit, INITIALIZATION* bit, FIXED CLASS EN-

ABLE* bit, FIXED ADD ENABLE* bit and COMP*/COUNTER bit.

The SOURCE ENABLE* is provided to the packet output interface for

enabling the PPSO* signal. If the SOURCE ENABLE* is inactive, the

PPSO* will be high impedance. This source generator is in the off state.
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The control computer uses this bit to switch on or off each of the generator

boards.

The INITIALIZATION* bit is provided to the random number generator

to select the operation mode of the random number generator. When this

bit is LOW, the generator will operate in initialization mode. The shift

register feedback path is modified so that the generator register sequences

are randomised. When this bit is HIGH, the generator will operate in normal

operation mode. Two 8-bit random numbers are brought out every cell cycle.

The FIXED CLASS ENABLE* and the FIXED ADD ENABLE* bits are

used to select the packet header class and address parameter. These bits are

provided to the parameter generator which contains packet specific (fixed

or random) destination address as well as packet class parameter. When

the FIXED CLASS ENABLE* is LOW, the parameter generator selects the

three bit class parameter given by the control computer. If this bit is HIGH,

the parameter generator outputs the random class which is a 3 bit random

number from the random number generator. If the FIXED ADD ENABLE*

is LOW, the parameter generator selects the five bit address parameter from

the control computer. \Mhen the FIXED ADD ENABLE* is HIGH, the

random address is selected as the packet header address parameter.

The COMP*/COUNTER bit is provided to the packet generator to select

the comparator or counter operation mode. When this bit is LOW, the

comparator operation mode is selected. If this bit is HIGH,the counter mode

is selected.

When the packet generator decides to output a packet in a cell, it will

produce an active PACKET OUTPUT signal. The PACKET OUT is pro-

vided to the packet output interface to cause one packet to be output in this

cell.
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3.8 The data transfer route

This section shall describe how the source generator transfers internal data.

The data transfer route diagram is given in Figure 3.25.

The externai control computer transfers data to the generator board via

the VMEbus. The control computer can directly transfer data to four reg-

isters on the board. These blocks are the control register, the parameter

generator, port C and port B of the microcontroiler.

The control register stores the control bits which control the generator

operation. The fixed address and class parameter are stored in the parameter

register. The control computer may write a 8-bit data to the port C of the

microcontroller to modify the program stored in its EEPROM. The control

computer also may read the rate parameter from the port B.

The random number generator brings out two 8-bit random numbers in

every cell cycle. One is provided to the packet generator for the magnitude

comparison. The other is provided to the parameter generator to be used as

the random class and address of a packet header.

The microcontroller generates the rate parameter by executing the pro-

gram in its EEPROM. The 8 bit rate parameter is output to port B and is

updated every frame cycle. This parameter is provided to the packet gener-

ator to determine the rate of the packet generation.

The parameter generator generates a 16-bit packet header parameter.

These are 8 bit packet control information and 8 bit packet identification.

The control information includes 5 bit destination address and 3 bit packei

priority class parameter. The 8 bit fixed class and address parameter is stored

in the parameter register, and 8 bit random class and address parameter is

stored in another register. We can choose to use fixed or random parameters
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as a packet header address and/or class parameter. The packet identification

information is a 4-bit source ID and a 4-bit packet ID which will be generated

internally by the parameter generator. The parameter generator provides the

16 bit packet header to the packet output buffer. On the PACKET OUT

rising edge, the packet header parameter is latched into the output buffer.
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Chapter 4

Software

4.L fntroduction

To study the nature of traffic in an ATM network, the testbed requires a

number of source generation machines to generate a mixture of different

traffic types. In order to generate traffic with realistic characteristics, we need

to understand the nature of the individual traffic streams; that is, how each

network user is using the services in terms of access rate, holding time, and

proportion of different services. This requires source models to be developed

for individual sources.

In this chapter, the model for encoded packet video based on model pro-

posed by Maglaris et al [5], is developed. The program for this model also

is developed using fixed point arithmetic. The packet video source may be

simulated using the source generator hardware and this program. The source

generator hardware may also allow a wide range of other models to be used.
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4.L.L Packet video model

In the next few decades, interactive video will become an increasingly im-

portant component of media communications because of increasing user de-

mand for this service, and rapid advances in compression coding algorithms

and VLSI technology [10]. An ATM environment can provide a high de-

gree of flexibility in video communication, taking advantages of the inherent

burstiness of video information. Variable rate transmission can be achieved

in ATM networks. The following advantages are expected from variable rate

transmission video signals: (1) reduction of delay; (2) constant video quality;

(3) user control of video quality [10].

There are a large number of recent publications on variable rate video

models. Among these models, Maglaris' model which was described in his

published paper [5] is the best one for the hardware simulation. In his model,

the information bit rate À(ú) depends on the compression algorithm and the

nature of the video scene. For a scene without abrupt movement such as the

head of a person in a videophone, the bit rate was found experimentally to

have a bell-shaped probability density, and to exhibit significant correlations

over an interval of several frames. In Maglaris' model, the instantaneous bit

rate is given in bits/pixel. There are 250,000 pixels per frame and 30 frames

per second for the particular experimental setup used.

The bit rate for Maglaris' model in bits/pixel (averaged for each frame)

is shown in figure 4.1 (from [5]). It shows 300 frames (10 seconds) of the test

sequence. We assume it to be a continuous-time function since the frame

period is very smali compared to our time scale. The average value u over

all 300 frames and the standard deviation d were found to be u - 0.52

bits/pixel and ø : 0.23 bits/pixel. The maximum value of the bit rate was

1.41 bits/pixel and minimum 0.08 bits/pixel. Figure 4.2 (from [5]) shows a
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Figure 4.1: Coding bit rate

histogram of the values for the bit rate, an indication of the bell-like shape

of its probability density function. The bit rate must be positive.

The autocovariance C(r) : EiÀ(¿))(¿ + r)) - u2 of the sequence was

evaluated and is shown in Figure 4.3 (from [5]) as a function of eiiher time

(r) or fr-ame (n) difference. The dotted line corresponds to an exponential fit

of the form C(r) : o2e-o', with a : 3.9s-1. This is accurate up to n : I0,
except that C(1) is slightly larger than C(t). The mismatch for n > 10 is

less meaningfui.

Supposing the bii rate is a continuous-state, discrete time stochastic pro-

cess. Let À(n) represent the bit rate of signal source during the nth frame.

A first order for À(n) has an exponential C(r). It is autoregressive Markov

process generated by the recursion relation [5]:

À(n): aÀ(n- 1)+óto(n)
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Figure 4.2: Bit rate histogram

where to(n) is a sequence of independent Gaussian random variables, and

¿ and ó are constants. Assume that tl(n) has a mean 7 and variance 1.

Further, assume that lal < 1 ; thus, the process achieves steady state with

large n. We can derivate expressions for the steady state average E(,b) and

discrete autocovariance C (n):

E(k) : br /(L - a)

C(n)::*"" n)0

(4.2)

(4.3)

There is a reasonable match between experimental data and the autoregres-

sive model. Maglaris obtains:

E(k) - 0.52bits/pía (4.4)

c (n) :0.0536(e-0'13)"(bits lpirel)2 (4.5)

The discrete autocovariance C(n) is obtained from the experimental fit Clrl :
0.0536e-3'n' by sampling at nf r : 30 frames/s. Compare equations with

measured data gives:

¿ : 0.8781i ó : 0.1108 ; ? : 0.ó72

7T



cti

04

n (lroñ.sl
r(r I

r5

Figure 4.3: Autocovariance function

We use the equation )(n) - aÀ(n-I)+bw(n¡ with parameters a - 0.8781,

ô : 0.1108, T :0.572 to generate the bit rate for the video source simulator.

4.2 Programming

The MC68HC11A8 is an advanced 8-bit microcontroller. A program can be

loaded into its internal EEPROM to generate the rate parameter À(f) accord-

ing to the video source model given earlier. Because the microcontroller only

has 8-bit parallel output ports, the maximrun range of the output number is

limited to a range from 0 to 255. Because of these requirements, we have to

develop thê model equation 4.7 to a more suitable form.

¡oto

72



4.2.L Gaussian random variables

For generating Gaussian random variables, uniform random variables must

be generated first. Currently there are a lot of models to generate random

variables. As the video model requires a long period and high speed random

number, we select an additive generator as the random variables generator

which is defined bV [7]

Xn: (X^-z¿ * X"-¡s) mod rn, n ) 55 (4.6)

where rn is even, and Xs,...,X55 are arbitrary integers not all even. The

constants 24 ar.d 55 in this definition were chosen to have the property that

the least significant bits will have a period of length 2!(ztu - 1) for some /,
0 < f ( e, when Tn : 2e. The sequence Xn thus has a period of at least

255 - 7. At first glance this equation may not seem to be well suited to

machine implementation, but in fact there is a very efficient way to generate

the sequence using a cyclic list. Since it does not require any multiplication,

the generator is very fast. The algorithm is given as follows [7]:

Memory cells Y[1], Yl2l,YL3),..., y[55] are initially set to val-

ues X5a,Xsz,...Xo,t respectively. j is initially equal to 24 and fr is

55. Successive performances of this algorithm will produce the

numbers XssrXsar... as output.

1. Set Y[k]: (Y[k] +YUD mod rn, and outpur Y[k].

2. Deqease j and ,t by 1. If j :0, set j : 55. If lc :0, set

fr :55.

If we select m - 256, then in 6811 assembler, I'[,b] - (f[e] +YUl) modrn

becomes Y[k]+Yþ] (clear overflow) + Y[kl. This means that the algorithm

does not require any multiplications.
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Now we can obtain a reliable random sequence. The standard Gausstan

variables can be generated using this random sequence and the algorithm is

given as [11]
12

t:ÐR;-6 (4.7)

where sequence [r?;] are ,."d.;;umber between 0 to 1. If we use the

random sequence [X,] of integer 0 to 255, then.B¡ -+ 11255 *X;, and the

algorithm becomes: 
12

z:(11255*Dx)-6 (4.8)
d=1

If we set t¿ - Z + 0.572, we should obtain Gaussian random variables t¿

with mean 0.572 and variance 1 [11]. The resulting equation is:

12

w(n) :71255 * txr - 5.428
i=1

Y:250000*30*À15L2
assuming 250000 pixeis (bits) per frame.

4.2.2 The source model algorithm

By combining (4.1) and (4.9), the algorithm for generating bit rate is ob-

tained: 
z

)(n) : ò,(n - 1) + b(11255 *. ! X¡ - 5.428) (4.10)
i=1

where I is between 0 and I.4I, a is about 0.8781, ö is about 0.1108. If each

packet contains 512 bits and the frame rate is 30 frames per second, the

source simulator will generateY packets in one second. I'is given by

(4.e)

(4.11)

The comparator mode

Each elementary source generator has two operation modes to generate the

packets. One is the comparator mode which generates packets at random,
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and the other is the counter mode which counts the number held in a counter

register to determine packet generation. In the comparator mode, the packet

generation is based on a fixed probabilitg which is the rate parameter. This

rate parameter is generated by the microcontroller, and is latched into the

probability threshold register. An 8-bit comparator compares the rate pa-

rameter value with the current random number and then decides whether a

packet should be generated during a cell cycle. If the rate parameter value

is greater than the random number, a packet will be generated, otherwise,

no packet is generated in this cycle. Define I{ to be the rate parameter: a

binary integer in the range of 0 to 255. F is defined as the source generator

clock frequency. The packet generation rate Y is:

Y:(I{1256)*(F/16) (4.12)

Its unit is packets per second. Using (4.11) and (a.12) we get

(K1256) + (FlI6): 250000 * 30 t 
^1572

(4.13)

5L2'r K * F
À (4.14)

(4.15)

250000 *.30 *, 256 * 16

Thus,

Then, combining (4.10) and (4.15) we obtain

ffi : "ffi# + be 1256 *f *, - 5.428) (4.16)

Multiplying both sides of (4.15) by Q3a375 * 256)lF gives

K(n) : aK(n- 1) + u'#- Ëx - u234375 
* 2516 * 5'428 (4.r7)

Where, ¿ is about 0.8781, ó is about 0.1108. If .F is 1MHz, the (a.17) becomes:

K("): 0.8781 * I{(n - 1) + 0.00519375 * D X¿ - 7.2770688 (4.18)
t2

tÐ

i=1



To ensure that the microcontroller works in real time, we choose to

use fixed point arithmetic. If we multiply (4.18) by 200 then the number

0.00519375 will become integer. Thus the equation becomes:

t2
200K(n):!75.62* K(n - 1) + 1.03875* tX, -1443.41376 (4.19)

i=1

The fractional parts of the numbers here still have a significance in the final

result. We get:

t2
200 K (n) : ( 1 76 - 0.38) *, /((n - 1 ) + ( 1 + 0.03875) * D X, - 7443.4L37 6 (4.20)

i=I

200 K (n) : 77 6 * K (n - 1 ) * 1 * ! X i -1L443.4 1 3 76 + 0. 3 8*. /{( n ) - 0. 0 38 75 * t Xi l
i=1
(4.21)

t2 t2

l'=1

Because the [X,] is a random sequence of integer 0 to 255, the average

Dl3,X; is 12*.(25512):1530. Using (4.15), when.F is 5 MHz the average

/( is 0.52 +234375*2561F : 6.24. Thus 1443.47375 + 0.38 * K(n) - 0.03875 *

Dl?rX¿ is about 7443.41375 + 0.38 * 6.24 - 0.03875 * 1530 : 1386. Define

A - 776, B : !, C : 1386, the algorithm in integer form is:

t2

2001{(n): AK(n-1)+ B*DX¿-C (4.22)
d=1

If /f(rz) > 255, set /((n) :255i if /{(rz) ( 0, set I{(n):0. By modifying

parameters A, B,C , the rate parameter K(n) may be changed to allow sim-

ulating different video sources. The ,4., B, may be single precision in range

of 0 to 255, and C may be double precision between 0 to 32768. The ex-

ternal computer can write A, B, C to the microcontroller to modify the rate

parameter generation.

Using (4.12) we obtain the number of packets in the nth frame as

P(n) : lrc@) * FllQ56 + 16 * 30) (4.23)

to



The program for the rate parameter generation is given in Appendix 4.1,

which is written in Motorola 6811 assembler language. The procedure is:

1. Sei the interrupt vectors; the XIRQ vector is directed to K(n) output

interrupt service routine ,and the IRQ vector is directed to the interrupt

service routine which reads A, B and C from port C.

2. Generate a random initial value for 55 memory cells which will store

55 random variables. Set the initial value for some parameters.

3. Generate uniform random variables X;. Muliiplying random variables

with parameter B, and get B *l!!rX¿.

4. We define the memory RATE to hold K("). Calculate AI{(n - 1) +

B *D!3, X¿ - C , then divide this value by 200, if the result is less than

0, set RATE is 0; if the result is greater than 255, set RATE is 255; if

the result is between 0 and 255, test the remainder. If the remainder is

less than 100, save the result to the RATE. If the remainder is greater

or equal to 100, add 1 to the result then save to RATE.

5. Interrupt service routines. If an XIRQ interrupt occurs, write the

RATE to port B. One rate parameter .Il(n) is output. If an IRQ inter-

rupt occurs, read data from the port C and save to the memory holding

the parameLer A, this will replace the parameter A, then change IRQ

vector to make next IRQ jn*p to the routine which is to change the

parameter B. Then change IRQ vector again to make next IRQ inter-

rupt to replace the parameter C. After changing C, recovers the IRQ

vector.
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The counter rnode

The source generator also may operate in the counter mode. In this mode,

the rate parameter I{(") is latched in the counter register at start of each

frame cycle. The source generator generates one packet in every cell cycle

while the number in the counter register is not zero. For every N packets

which are generated, the number in the register is decreased by one. When

the number in the register becomes zero, the source stops generating the

packets in this frame. When next frame starts, the new rate parameter is

latched into the register for next frame packet generation. Thus the number

of packets in a frame is:

P(n): (/f(n) *.rr) (4.24)

where K(") is the rate parameter.

The counter mode and comparator mode are two different modes, which

are developed to allow the packet generation more flexible. For the same

value of K(n), the same number of packets should be generated on average

in a frame. Using (4.23) and (4.2\, we obtain:

lK(") * Fl/(256* 16 * 30) : [/r(n) * N] (4.25)

Hence,

N : FlQ56 * 16 * 30) (4.26)

where l¡ is the generator clock frequency, and the frame rate is 30 frames per

second. In view of. (4.26), N is determined by .t' and the frame rate. For a

clock rate .t' : 5 MHz and the frame rate of 30 Hz, N is about 40.
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Chapter 5

Program Download

5. 1- f ntroduction

In chapter 4 the video source model was developed, and the program, written

in 6811 assembler language was described. In this chapter rve will describe

how the program can be downloaded to the microcontroller. This involves

development of a circuit and use of available software for download. The

circuit is used to put the program into ihe MC68HC11A8. The download

block diagram is given in Figure 5.1. This consists of five parts:

1. The microcontroller; the program will be dorvnloaded to its EEPROM.

2. An IBM compatible PC; this uses available software to assemble 6811

assembler program to Motorola Sl-record code, and download these

code to the microcontroller.

3. ICLzSzlevel translator [12]; this links the external RS-232 communi-

cation port and the TTL microcontroller interface.
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Figure 5.1: The download block digram

4. Reset circuit; this is a low voltage inhibit circuit which is required to

protect against EEPROM corruption when circuit po"¡¡er is removed

and applied.

5. Crystal Driver; this circuit controls the microcontroller internal clock

generator circuitry.

The circuit diagram is shown in APPENDIX 5.1. The following paragraphs

provide a further description of this circuitry.

tr
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5.2 Program download support circuit

5.2.L Intersil ICL232 RS-232 to TTL Level Converter

A PC is used to download the 'S1'formatted object file to the microcontroller.

Because there are different signal voltage levels between the PC RS-232 com-

munication port and the microcontroller TTL serial communication port, we

use the level translator device ICL232 for interfacing. The circuit diagram is

shown in figure 5.2 (from [12]). The ICL232 has three sections, a dual trans-

mitter, a dual receiver and a *5 v and t 10 v dual charge pump voltage

converter. The transmitter converts an TTL input level into a * 9 v RS-232

output. The receiver converts an RS-232 input to a *5 v TTL output level.

*

r.{
rl,f

::
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Figure 5.3: The reset circuitry

5.2.2 The reset circuitry

The figure 5.3 shows the reset circuitry (from [6]), which is a low voltage

inhibit circuit. Since there is the EEPROM on chip, it is very important

to control reset during power transitions. If the reset iine is not held low

while Vcc is below its minimum operating level, the EEPROM contents

could be corrupted. Corruption occurs due to improper instruction execution

when there is insufficient voltage to execute instructions correctly. Both the

EEPROM memories and the EEPROM based CONFIG register are subject

to this potential problem. This reset circuit which holds reset low whenever

Vcc is below its minimum operating level is required to protect against the

EEPROM corruption.

5.2.3 The crystal driver

The crystal driver circuit is given in Figure 5.4 (taken.from [6]). The pins,

XTAL and EXTAL, provide.the interface for a crystal to control the micro-

s-ao54HN

:.i[{
,l:

l
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EXTAL
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Figure 5.4: Crystal driver

processor internal clocli generator circuitry. The frequency applied to these

pins is four times higher than the desired the microcontroller operation clock

E. We select the crystal frequency to be 8 MHz giving an E clock frequency

of.2 MHz.

5.2.4 The MC68HC11A8 microcontroller

We have given a detailed description of the microcontroller in chapter 3. In

the foilowing paragraphs, rve will describe some features of the microcon-

troller relating to the program download.

The program to generate the raie parameter is downloaded to the EEP-

ROM of the microcontroller. In the MC68HC11A8 there are 5I2 bytes of

EEPROM located at $.8600 through 8BTFF. The erased state of an EEP-

ROM byte is $.F,F. Programming changes ones to zeros. If any byte in a
location needs to be changed from a zero to a one, the byte must be erased

in a separate operation before it is reprogrammed. An S-bit register PPROG

is used to control the programming and erasure of the EEPROM. Another

register BPROT prevents inadvertent writes to the CONFIG register and to

the EEPROM.

For download in the special bootstrap operating mode, a boot loader

I

:t
'I.l

þ
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program is contained in a t92 byte bootstrap ROM. This ROM is enabled

only if the microcontroller is reset in the special bootstrap operating mode.

The boot loader program will use the SCI port to read a 256 byte program

into RAM.

5.3 The software in the host computer

The program download software are available in the host computer which

contains two sections:

(1) The IBM PC 6800/01/04/05/09171 cross assemblers [13] (public domain).

The cross assemblers are used to assemble the source program file and create

an 'S1' formatted object file.

The assembler is named asll.exe. Command line arguments specify the

filename to the assembler.

The 'S1'formatted object file is placed on the file 'm.out', the listing and

error messages are written to the standard output. If you wish to save the

listing, redirect it to another file using the DOS '>' sign followed by the file

name. For example:

as11 source > listing

(2) rd6811.

The 'S1' formatted object file can be downloaded to the EEPROM of the

microcontroller using the public domain program ld6811.exe which was

written by Dr. K.W Sarkies. After connecting the RS-232C cable between

the host computer and the download circuit board, we load and run 1d6811.

The monitor will display the message:

The MC68HC11 EEPROM Program Loader and Con-

ì
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ffguratiorr Program. By K.\V Sarkies, L7/L2/L99O.

The MC68HC11 must be in special bootstrap mode,

and the serial port connected to the PC port 1.

1. Load a bootstrap prograrn to RAM and execute.

2. Load a program to EEPROM.

3. Read signiffcant register.

4. Put into terminal mode.

C. Toggle to alternate Comms. port(l or 2).

Q. Quit.

Enter Selection:

We enter selection "2" , ther the monitor prompts:

Ensure that the MC68HC11 is now reset, and in bootstrap mode,

press any key to continue.

At this stage a 6811 program is written to the microcontroller. If the circuit

connection is correct, the monitor will show:

Successful download, Enter filename:

Now we can enter the 'S1' formatted object file 'm.out'. The code will be

downloaded to the EEPROM while it is echoed to the screen. For further

information, please refer the document file ld6811.doc written by Dr. K.W

Sarkies.

In summar¡ there are two stages to download the program to the EEP-

ROM of the MC68HC11A8 microcontroller.

Stage one: use asll.exe to assembler the program. This will create an

'S1'formatted object file m.out.

Stage two: use ld6811.exe to download the 'S1'formatted object file to

the EEPROM of the microcontroller.
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Chapter 6

The Source Generator Debug

and Test

6.1- General

As a component of the testbed system, the source generator will operate

under supervision of a system controller. This control machine will allow each

source to be controlled in a limited way to simulate the higher level switching

processes which occur in multiservice networks. Because of the possible heavy

load on such a controller, all but the highest levels of the source model are

controlled within the elementary source. This controller therefore is only

required to control the call level processes, and some parameter changes

during calls.

Ironics IV-1602 single board VMEbus computer[l4] based on the 68010

was selected to act as this controller. The IV-1602 has sufficient resources

to allow it to be a system controller. It also can interface via RS-232 with a

foreign host and a terminal. The terminal is the basic tool for hardware and
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soft\Mare debugging and testing.

Figure 6.1 shows the connection diagram for the source generator debug-

ging and testing. Here we will describe a outline of IV-1602, the on-board

IMON68 monitor, and the 68010 instruction set. Then we give a detailed

description for the test of the source generator.

6.2 The IV-L6O2 computer

The Ironics IV-1602 is an MC68010 based microprocessor board designed

specifically to function as a high-performance, single-board computer and

VMEbus system controller. The available VMEbus system controller func-

tions include a single levei arbiter, the capability to drive the system reset

and system clock lines, and the ability to handle the interrupt acknowledge

daisy-chain. The IV-1602 can be configured to run in slot one of the system

as the system controiler, or it can be configured to run in any slot of a system

which already has a system controiler. In the testbed, it is configured to run

as a system controller.

Figure 6.2 is the IV-1602 VMEbus single board computer (from [1a]). Its

block diagram is given in Figure 6.3 (from [14]).

The following are some major features of IV-1602:

o User input/output hardware; the IV-1602 provides a full range of in-

put/output hardware. A Small Computer System Interface(SCSI) port

is operated via the NCR 5380, allowing high-speed connection to floppy,

windchest, and tape drives. Two channels of asynchronous serial com-

munications are driven by the SCN68681 Dual Asynchronous

Receiver/Transmitter(DuART). The DUART signals can drive data
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Figure 6.1: The debug and test block diagram
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Figure 6.2: The IV-1602 VMEbus single board computer
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communication equipment (DCE) and data terminal equipment(DTE)

versions of RS-232,P"5-422, MIL-188, or current loop line protocols.

o VMEbus interface; the bus interface and interrupt processing circuitry

of the IV-1602 is comprised of the lronics optimized implementation

of the standard Signetics VMEbus chip set. This includes a Bus Con-

troller, an fnterrupt Generator, an Interrupt Handler, and control and

decode logic contained in programmable logic devices.

o Microprocessor; the processor on the IV-1602 is the MC68010; a 76132-

bit microprocessor that is fully compatible with the MC68000 family.

It provides virtual memory support and have enhanced instruction ex-

ecution timing. It is available at either 10 or I2.5 MHz. It provides 57

instruction types.

o Optional Floating Point Unit and Memory Management Units;

o Local memory, dual-ported; the IV-1602 provides 5l2K bytes of dy-

namic random access memory (DRAM), all of which is accessible to

the local processor or from the VMEbus.

o Large EPROM space; the IV-1602 contains up to 256K' bytes of erasable

programmable read-only memory (EPROM).

o System addressing via Global Memory Mup; the IV-1602 is capable of

addressing any 416 or A24 board in a VMEbus system.

¡ On-board debug monitor;

o Rapid Strobe Deassertion and Mailbox Interrupts;

For further information of IV-1602, see IV-1602 VMEbus Single Boaril

Computer User's Manual.
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6.3 IMON-68 debng monitor

The IV-1602 contains on-board ROM which includes the IMON-68 monitor

program[15]. The monitor uses the memory below $002000 for its workspace.

All program will therefore only use memory above $002000.

6.3.1 Command line formats

The following is the standard input form for the IMON debug monitor com-

mand lines:

IMON(I602) v4.O ) (command> [<parameters>] [;<options>]

The first field is the prompt generated by the monitor. The second field

is the command mnemonic. The third field contains parameters separated

by spaces and can be either an expression or an address. The fourth field

contains an option field.

6.3.2 IMON68 standard monitor corrtmand set

The monitor program provides a self-contained programming and environ-

ment. It interacts with the user through pre-defined commands that entered

via the terminal. The commands fall into four general categories:

1. Commands which allow the user to display and modify memory.

2. Commands which allow the user to display or modify the various in-

ternal registers of the MC68010.

3. Commands which allow the user to execute a program under various

levels of control.
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4. Commands which control access to the various input/output resources

on the board.

Table 6-1 (from [15]) is a summary of the monitor commands.

6.4 Instruction set summary

The IV-1602 single board computer is a 68010 microprocessor based micro-

computer. The MC68010 is fully compatible with the M68000 family. It

provides 57 instruction types[16], which form a set of tools that include all

the machine functions to perform the operations. The complete range of in-

struction capabiiities combined wiih ihe flexible addressing modes provide a

very fl.exible base for program development. For detailed information about

instruction set, see the reference [16].

6.5 Software

The control computer programs are developed to perform some basic tasks,

such as to control the source board operation, modify the characteristics

of the generated streams, and obtain feedback information for modifying

the packet generation. These programs are all written in Motorola 68000

assembler language. They are:

1. wrabc: write A,B,C into the microprocessor;

2. wrcontrol: write the control parameter to the control register of the

source board;
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(a res s dres s > <wor
BI (addressl) (address2)
BM (addressl) (address2)
BR (address)
BS (addrressl) (address2)

[mask] [; <oPtion) ]
BT (addressl) (address2)
BU
DC (exPression)
DF

o Y v o c
Mem o E v b I o k n t I d. I z e
Memory block move
Breakpo int set

Memory block search
Memory block test
Executes bootstraP
Data conversion
Display formatted

registers
DuaI-port memorY test
Dump memory**
Go d irect
Go
Go
Go until breakPoint
Help !

Load* *
Memory disPIaY
l"temory modifY
I'femory modify
Breakpoint remove
Reset printer attach
Printer attach
I/O configuration
Display offset

reg isters
RS + SW combination
Remote console

reconfiguration
Remote go request
Remoter/IocaI console

swi tch
Transparent mode
Tr ace
Tr ace
Temporary breakPoint

tr ace
Verify **
Display register (1)
set register (I)

t
(address3)

(data)

DP (addressl) [(count)]
DU (addressl) (address2) [(text..>]
cD [<address) ]
c [(address) ]
cO [(address) ]
GT (breakPoint address)
HE
LO [;<options)] [=text]
MD (addressl) [(count)] [; <oPtions)]
1,1 (addressl) [;(oPtions)]
MM (addressl) [; (oPtions) ]
NOBR [(address) (address>...]
NOPA
PA
Io In]
OF

OS
RS

SG
SW

TMIE] [<exit character)]
T [ (count) ]
TR IC ] [ (count) ]
TT [ (breakpo int address) ]

VE [=text]
.Rn
. Rn (data>

omma sct onpt

Table 6.1: Generic monitor command descriptions
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3. wrparameter: write the packet header parameter to the parameter

register of the source board;

4. rdrate: read the rate parameter from the source board;

A complete listing of these programs is given in Appendix 6.1. The IV-1602

computer memory map is given in Table 6.2 (from [15]), which is used often

when programming.

The program wrabc will write A,B,C (Maglaris'video model parameters,

see Chapter 4 for detail) to the EEPROM of the microcontroller to change the

video model parameters. This will modify the characteristics of the source

model to allow the source board to generate traffic in a flexible way. The

procedure is as follows:

o Step 1. Display the information and instructions

o Step 2. Read the decimal data 'A'from user.

e Step 3. Convert the ASCII encoded decimal data to the hex

o Step 4. Write to the microcontroller.

r Step 5. Read the decimal data'B'from user, repeat Step 3,4to write
rBr.

o Step 6. Read the decimal data 'C' from user, repeat Step 3,, 4lo write

'C', then end.

The program wrcontrol will write the decimal control number (single

precision from 0 to 255) to the control register (a byte) of the source board.

The following is the write procedure:
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TABLE 1. fV-1602 Standard memory map and VO base add¡esses

Table 6.2: The IV-1602 memory maP

bus: IV-I602 local

bus: IV-1602 locat

devices: onboard DRAM

size: lMb (option)

size: 512Kb (std)

end: OFFFFF

end: O7FFFF

base: 000000

bus: VME

devices: A24 Dl6
slze: 14.8Mb

end: EFFFFF

base: 080000

bus: IV-1602 locat

devices: onboa¡d EPROM
slze: 128Kb

end: F1FFFF

base: F00000

bus: VlvfE

devices: A24 Dl6
size: l92Kb

end: F4FFFF

base: F20000

bus: IV-1602 local

devices: MMU 0 (option)
slze: 64Kb

end: FSFFFF

base: F50000

bus: IV-1602 local

devices: MMU 1 (option)
sLze: 64Kb

end: F6FFFF

base: F60000

bus: IV-1602 local

devices: Local VO
srze: 64Kb

end: F/FFff

base: F70000

bus: \lÌvfE

devices: A24 Dl6
srze: 320Kb

end: FEFFFF

base: FA'0000

bus: VME

devices: 416 D16
size: 64Kb

end: FFFFFF

base: FF0000

Add¡essed SpaceAddress Ranse & Size
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o Step 1. Display the information and instructions

o Step 2. Read the decimal control number from user

o Step 3. Convert the ASCII encoded decimal to the hex.

r Step 4. Write to the control register

The program wrparameter will write the decimal parameter number

to the parameter register (a byte). The number will be used as the packet

header parameter. The program is same as r\¡rcontrol except Step 4. Here,

Step 4 is: write the packet header byte to the parameter register.

The program rdrate will read the rate parameter values which appear

at port B of the microcontroller, then save and display these values. This

data may be used to analyse packet generation for purpose of modifying

the characteristic of the generated streams or for testing. As the reads are

asynchronous, a value is displayed only when a change is detected. The read

procedure is:

o Step 1. Display the program title information.

o Step 2. Read the 8-bit rate parameter from the source board.

o Step 3. Display the hex rate parameter on the monitor.

o Step 4. Save the hex rate parameter to the memory at address $(006000)+.

o Step 5. Read the rate parameter again.

o Step 6. Compare the current rate parameter with the earlier one.

r Step 6. If equal, go to step 5; otherwise, go to step 2.

o Step 7. Continue until 20,000 data read, then end.
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6.6 Debugging and testing

6.6.1- fnterfaces

As illustrated in Figure 6.1, the IV-1602 interfaces with the source generator,

the terminal and the foreign host. The interface to the source board is the

VMEbus interface. This uses the VMEbus Backplane Connector JflPl.
The interfaces to the terminal and the VAX computer are the RS-232-C

interfaces, which are available on the Backplane Connector J2lP2. Two 25-

pin D-connectors are required for connections. Two MC1488 drivers and two

MC1489 receivers [17] are used to drive signals between devices. Figure 6.4

shows the interconnections made between the devices.

6.6.2 Program download

The 68000 assembler called asrn6Sk is available on the VAX computer. The

asm68k assembler uses standard mnemonics and generates assembled code

in the form of S-records. S-records are the standard form for transferring

data to the IV-1602 computer. The procedure to assemble and download a

program to the IV-1602 is therefore as follows:

augeanTo asm68k ftlename

augean Vo < CTR,L A >
IMON (1602) v4.O > LO;X-cat filename.hex

The X flag used on the download command enables the transfer to be visible

on the screen.

Error diagnostics from the assembler appears in the listing file just be-

fore the line containing the error. Error messages are meant to be self-
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explanatory. Only if no errors occur, the output code is passed to file-

name.hex. The procedure mentioned above, will cause the program to be

downloaded to the IV-1602. For example, to download wrabc, the procedure

is as follows:

augean 7o asm68k wrabc

augean Vo < CfnL A >
Imon (1602) v4.o ) LO;X-cat wrabc.hex

After this process, the program wrabc has been downloaded to the IV-1602

- 6.6.3 Debug

The program which have been downloaded to IV-1602 arc wrabc with start

address $004000, wrcontrol with start address $004300, wrparameter with

start address $004600, and rdrate with start address $005000. The address

006000 to \\AELF' are used to store the rate parameter values. The GO

command causes the target program to execute. Run the wrabc, the monitor

appears message as follows:

Imon (1602) v4.0 ) GO $004000

This program is to write A, B, C to the microcontroller

of the source board, please input a decimal nurnber:

fnput A (0-255):

L76
'Write to the microcontroller is completed.

fnput B (0-255):

1

'Write to the microcontroller is completed.
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À,

fnput C (0-32768):

1386
'Write to the microcontroller is completed - write C low

byte is completed.

Write C high byte is completed.
'Write A,B, and C to the microcontroller is completed.

where 776,1,1386 are entered by user. The program in the EEPROM of the

microcontroller will read these numbers to replace its existin g A,, B , C .

How can we test whether the program wrabc correctly writes ArBrC

to the microprocessor? One solution is to make a small change to the 6811

program to write the rate parameter to the output pori B. To do this, we

change the XIRQ interrupt routine to write parameters A,8,, and C con-

secutively to the port B. First run the program wrabc to write A,B,C to

the microcontroller, then run the program rdrate. The monitor will display

A, B, C which had been written to the microcontroller.

Run the program wrcontrol, the monitor will display message as follows:

fmon (1602) v4.o > co $oo43oo

This program is to write the control number to the

control register of the source board, please input

decimal number.

Control number (0-255):

40

Write to the control register is completed.

The program will convert the decimal number to an 8-bii binary number,

then write to the control register. 40 is equal to binary number 00101000.

:

+

'I
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By testing the logic level of outputs of the control register, \Me can determtne

whether the control number has been transferred correctly to the control

register. The control number is used to select the operating modes. Table 6.3

provides the control numbers to be used to control the source generator

board.

Run the program v/rparameter, the monitor will display message as

follows:

rmon (1602) v4.0 ) GO $004600

This program is to write the packet header pararneter

to the parameter register of the source board, please

input decimal number.

Packet header parameter (O-ZS5):

255

Write to the parameter register is completed.

The program will convert this decimal number to an 8-bit binary number,

then write to the parameter register. By testing the output pins of the

parameter register, We can determine whether the packet header parameter

has been written correctly to the parameter register. 255 is equal to binary

number 11111111. So the parameter rvritten is 11111111. The lower 5 bits

are the fixed packet destination address parameter, and the upper 3 bits are

the fixed packet class parameter.

Run the program rdrate, the monitor will display 20,000 rate parameter

numbers.

fmon (1602) v4.o > GO $005ooo

This program is to read the rate parameter from the

source board, 20r0OO numbers are:

I

:'l
,u
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RANDOII ADDRESS, RANDOII CLASS, COUNTER IlODE15

RANDOII ADDRESS, RANDOX CLASS, COXPARATOR IlODE14

FIXED ADDRESS, RANDOII CLASS, COUNTER IlODEl3

FIXED ADDRESS, RANDOII CLASS, COIIPARATOR IlODE12

RANDOX ADDRESS, FIXED CLASS, COUNTER IlODE11

RANDOIl ADDRTSS, FIXED CLASS, COIIPARATOR IlODE10

FIXED ADDRESS, FIXED CLASS, COUNTER IlODE9

NORI1AL OPERATIONS ( BeIow)

FIXED ADDRESS, FIXED CLASS, COIIPARATOR IlODT

SOURCE DISABLEl6

INITIALIZATION0

OPERATINO MODES
CONTROL
NUIl B ER

.t
,tl

Table 6.3: Operating modes versus control number
þ
I
I

I

þ
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( nurnbers appear on the monitor)

Read is completed.

This program will read a set of consecutive rate parameter values from the

port B of the microcontroller, while saving them in memory cells at start

address $006000. Using these data, \¡/e can analyze the performance of the

source, and then select suitable model parameter ArB,,C.

By doing the tests, the programs wrabc, wrcontrol, wrparameter and

rdrate all have very well performance.

The following commands are often used when debugging: DC: data con-

- version; DF: display formatted registers; GO: execute program; HE: help;

LO; load; MD: memory display; MM: memory modify. For detail, see IMON68

debug monitor tr,ser's guide.

6.7 Test

To evaluate the performance of the packet video source software, we need

obtain the mean and standard deviation of the packet generation bit rate, as

well as the bit rate histogram and autocovariance function.

\Me also need test the correlation between the rate of packet generation

and the rate parameter to evaluate the performance of the source generator

hardware.

rl
rIf

þ
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6.7.L The software test

The programs for the test

After the 6811 program RATE given in Chapter 4 for the rate parameter

generation has been downloaded to the MC68HC11A8 microcontroller, we

can read the rate parameter values by running the program rdrate. The

program rdrate will display the 20,000 rate parameter values on the mon-

itor while saving to the memory locations from $006000 to $00,481.F. The

command DU2 can be used to output S records of memory from $006000 to

$00,4.,81F to the VAX computer in a file called fread.

\Me develop the program hexdata.p, convert.p, autocov.p which are

all written in Pascal (written by Linh Nguyen, modified by Z. Tan) to process

the S-record data file fread and then to obtain the bit rate histogram and

autocovariance function.

These programs are given in Appendix 6.2. The program hexdata.p will

convert S-record data in file fread to the hex data, and then save to file

hexdata. The program procedure is:

o Step 1. Display the information.

o Step 2. Reset input file fread and output file hexdata.

r Step 3. Get the S-record data from fread.

r Step 4. Convert the S-record data to the hex data, then put to the file

hexdata while displaying the hex data.

The program convert.p will convert the hex date in the file hexdata to

the decimal data, and then save to the file data. The program procedure is:

t
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o Step 1. Display the information.

o Step 2. Get the hex data from the file hexdata. If the data is a hex

number, put ihe daia to an array, otherwise ignore.

o Step 3. Convert the hex number in the array to the decimal number.

o Step 4. Display the converted numbers and write them to the file data.

The program autocov.p will use the decimal rate parameter in the file

data to obtain the bit rate histogram and autocovariance function. At first

we should convert the rate parameter to the bit rate parameter, then draw

the bit rate histogram frequency curve and the autocovariance function curve.

When the generator clock frequency is 5 MHz, we get by using equation 4.15:

5000000 1\-/ ---)*K),-'+I{ 16.1)^ - trt4g75a256) - ¡Ll\ - L2-'- \-'-l

where À is the bit rate, and 1( is the rate parameter. The program procedure

IS

o Step 1. Display the information.

o Step 2. Get the rate parameter from the file data.

o Step 3. Display the data number obtained from the data.

o Step 4. Call the function average to obtain the MEAN of the bit rate.

o Step 5. Call the function standdev to obtain the STANDARD DEVI-

ATION of the bit rate.

o Step 6. Call the procedure histogram to obtain the bit rate histogram.

o Step 7. Call the procedure autocovar to obtain the autocovariance

function of the bit rate.
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The function average is to calculate the mean of the rate parameter,

and then convert to the mean of the bit rate. The function standdev is to

calculate the standard deviation of the rate parameter, and then convert to

the mean of the bit rate.

The procedure histogram is at first to calculate the frequency distri-

bution of the rate parameter, and then change the scale to get the bit rate

histogram. The procedure autocovar is to calculate the autocovariancefunc-

tion of the rate parameter, and the change scale to get the autocovariance

function curve of the bit rate.

test procedure

The test diagram is given in Figure 6.1. At first we need log in the VAX

computer, and make file hexdata and data. The test operation procedure

is:

augean To cat > fread

ctrl A

fmon (r0Oz): GO $005000 (execute the program rdrate)

Imon (rooz): DUz 6000 AEIF

Imon (1602): TM

ctrl C

augean % pix hexdata.p

augean % pix convert.p

augean To p. autocov.p

augean To a.out ) result

707



The simulation results will be saved in the file result. In the test, 20,000

rate parameter values are sampled, and the MEAN and STANDARD DE-

VIATION of the bit rate were found to be 0.51 and 0.22 for the values of A,

B, C which matched those the Maglaris' model. Compare with the Maglaris'

model where the MEAN and STANDARD DEVIATION are 0.52 and 0.23

respectively, the simulation results are quite well.

The bit rate histogram is shown in Figure 6.5, where the dotted line

is the test result and the solid line is Maglaris' model bit rate histogram

(from [5]). The bit rate density function in the simulation is also not exactly

symmetric around its average u like in the Maglaris'bit rate histogram. Some

slight deviation of the test is partly due to the conversion of Maglaris' model

equation 4.1 into the program equation 4.22 where fixed point arithmetic is

used. The truncation results in a slight change of ¿ and ó.

The test autocovariance function is given in Figure 6.6. The solid line is

the autocovariance function of Maglaris' model (from [5]). The dotted line

is the simulation autocovariance function, which is quite well matched to

Maglaris'model, except that the measured value C1"¡ i. a little smaller than

Maglaris'model C(r), for example, where the simulation C(0) : 0.049 and

the model C(0) : 0.0536 (8% different). It is due to we make the change of a

and ó when the model equation 4.1 was converted into the program equation

4.22. There B :1.03875 was changed to B : 1, and A - 775.62 was changed

to A :176. Because Maglaris proposed his model using C(n) : ho" (from

[5]), the smaller ó will cause C(n) to be smaller. Roughly, we made B about

4% smaller and A about 0.2Tobigger. The change of B therefore effects C(")

more than A. This causes the simulation autocovariance function Cç"¡ t"
be smaller than Maglaris' model autocovariance function C(").
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Figure 6.5: The bit rate histogram

6.7.2 The packet generation test

To evaluate the performance of the generator hardware, we need to test the

line relation between the rate of packet generation and the rate parameter.

According to the equations 4.72 and 3.4, the rate of packet generation in

theory is:

Y : I( * FlQ56 * 16) in the comparator mode.

Y :40 * K *.¡l in the counter mode.

where Y is the rate of packet generation in packeis/second,,t'is the source

generator clock frequency, If is the rate parameter, and ¡3 is the frame clock

frequency. In the test, lve choose .t' : 5 MHz and J? : 30 Hz. Thus the rate

of packet generation is I' : 1220.7 x ^K packets/second in the comparator

mode, or Y - 1200 * .I( packets/second in the counter mode.

In the source board, the PACKET OUT signal is used to drive packet

output. One PACKET OUT will cause one packet to be generated. There-

fore, in the test we use a counter to count PACI(ET OUT to obtain the
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Figure 6.6: The bit rate autocovariance function

rate of packet generation. The test instrument layout is given in Figure 6.7.

The counter is HEWLETT.PACKARD 5245L Electronic Counter, and the

generator is WAVETEK 50 MHz Pulse Generator. We set the generator to

output 5 \[Hz TTL pulses, and the counter to operate in frequency mode

with time base in 10s. The display number on the counter u'ill be average

rate of packet generation in 10 second sampling period. Because the frame

rate is 30 frames per second and tire rate of packet generation may be up to

312 thousand packets per second, 10 second period is long enough to obtain

an accurate average value.

If /( is variable, it is very difficult to test the rate Y. \4¡e therefore mod-

ified the 6811 program RATE to output a constant K rather than variable
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K. To do this, we change ihe XIRQ interrupt routine to write the constant

parameter L to the port B. The A now is regarded as a constant I{. The

program wrabc $ras run to change the .4 value, and the program wrcontrol
r,'\¡as run to change the generator operation mode to either the comparator

mode or the counter mode. The test procedure is:

1. Set up the test instruments as in Figure6.7, and assure the program

which is to output parameter'A'has been downloaded to the micro-

controller.

2. Set th.e counter to operate in the frequency mode with time base in

10s, and set the pulse generator to output 5 MHz square lfi/aves.

3. Run the program wrcontrol to set the board to operate in the com-

parator mode.

4. Run the program wrabc to change the parameter A. If we write A :
1(, the display number in the counter will be the average rate of packet

generation in 10 seconds for the given .If.

5. After changing the value of. K, and rvhen the number in the counter

was stable, then three consecutive values were read from the counter.

The average value is the measured rate of packet generation. We tested

the rate of packet generation for K equal to 0, 1, 2, 3, 41 5, 6, 7, 8, 9,

10, 11, 12, 13, 14, r5, 20, 30, 50, 100, 150, 200, 255.

6. The program wrcontrol was run to set the board to operate in the

counter mode. The steps 4 and 5 were repeated to obtain the average

rate of packet generation in the counter mode.
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In Maglaris' packet video model, most of the -I( values fell in the range

of 0 to 15. We therefore took a large number of samples with .[f between 0

to 15.

The rate of packet generation in the comparator mode is shown in Fig-

ure 6.8 as a function of the rate parameter 1(. The dots are the simulation

test values, and the line corresponds to the Y : 7220.7 * K. The error bars

are too small to show in the figure. For instance, when K : L0, the test

result is 72234 packets/s and the theoretical result is 7220.7 * 10 : 72207

packets/s. The error bar is about 03%.

The rate of packet generation in the counter mode is given in Figure 6.9.

The dots are our test values, and the line corresponds to the P : 1200 * K.

The simulation result is again agree well with the theoretical result. \Mhen

K : 70, for example, the test rate is 12045 packets/s and the theoretical

result is 1200 *. 10 : 12000 packets/s, which has an error bar about 0.4%.

Thus the error bars are too small to show in the figure.
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Chapter 7

Conclusrons

7.1 General

This dissertation covers the complete design of the source generator board,

which simulates the video packet source generator based on the Maglaris'

packet video model. This includes both the hardware design and the software

development.

The source generator operates at 5 MHz frequency. This limits the rate

of the packet generation to 312500 packets per second or 10416 packets per

frame. This rate is enough to simulate the Maglaris'video model which has

a maximum rate of 20654 packets per seconds. The Maglaris' video model

simulates video frames which are transmitted using variable length encoding

techniques. Thus each frame has a variable number of packets. The frame

frequency is 30 I'Iz.

This source generator generates 16-bit packet headers in parallel which

contain only the information needed for determining the nature of the pack-

ets generated. This includes packet class parameter, destination address pa-
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rameters, packet identification and packet source identification. The packet

generation can be done in two ways: the comparator mode or the counter

mode. When using the comparator mode, the frame model is devised to

specify a probability for generation of randomly distributed packets. Thus

the packets are spread over the whole frame interval. When using the counter

mode, the frame model specifies a packet count for generation of packets in

a single burst at start of each frame.

The source generator operates under the testbed system control. The ex-

ternal control computer performs some controls by writing the control num-

ber to the control register, writing the packet header parameter number to

the packet parameter register, and writing the parameters to the microcon-

troller to replace the software model parameter A, B, C to modify the rate of

packet generation. This allows the source generator to generate packet traf-

fic in a flexible way. The control computer also can read the rate parameter

from the source board for use in analyses of the software model performance.

By testing the performance of the Maglaris' software model and the source

board hardware, we determined that this generator had adequate perfor-

mance to simulate the Maglaris'video packet model.

7.2 Future work

The source generator hardware may be used as a general purpose traffic

generator hardware platform. By changing the model software in the mi-

crocontroller, the source generator may be used to simulate different type

of sources, such as voice, image, interactive computer, database access and

some specific sources.

To simulate very high speed traffic, it may be necessary to change the
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source board internal clock. This source generator has an estimated upper

operation frequency of.22 MHz (untested). This would allow us to simulate

a source with a maximum rate of packet generation of L,375,000 packets per

second (22, 000,000/16 - I, 375,000).

By changing the frame clock, we can obtain different frame models ac-

cording to the requirements of the simulation. We may also use the internal

counters in the MC68HC11A8 to update the rate parameter .K rather than

use the frame pulse. Thus a larger class of traffic models may be simulated.
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U148

A1
A2
BI
82
c1
c2
D1
o2

P

o

oooooooo7654321 O
u17
74LS6A4

u15
74Ls374

B
c
D

4.7k

U23A
74LSOA

4-7k

u16
74Ls374

B

Ro(1 )
Ro(2)
Re(1)
Re(2)

ul9
74LS1 91

ula
74LS t 91

I
I

¡¡¡
a¡

--

lltl
¡tt ¡

¡¡¡¡

FR SH4

40

TO SHs
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Æum9nl Numær

SHEEI3 : Bt

THE PARAMETER GENERAIOR
Trll€

THE SOURCE GÊNERATOR

TO P INTERFACE

IO P INTERFACE

1

1

1

4

'tA
1B
2A
2B
3A
3B
4A
4B

ÑB
G

'tA
'tB
2A
2S
3A
3A
4A
4B

Ã/B

1A
'tB
2A
28
3A
3A

4B

ÃÆ
G

DO
Dl
D2
D3
Br
D5
Dr6
07

oo
DI
D2
D3
D4
D5
D6
D7

oc

B
c
D

DO
D1
o2
D3
o4
D5
o6
D7

CLK

oo
D1
o2
D3
D4
D5
o6
D7

FR SHI

FR SHI

FR St{4

FR 5l.16

FR SH4

FR Sl.t4

FR SHs

FR Sl*ì

FR SHs

tt25--u32

FR St{2

FR 5}{6



B

Þtze RÉ'uæumenl Numb€r
SHEET4: 82

MICROCONTROLLER AND CONTROL
Till€

THE SOURCE GENERATOR

TO SH3

TO SHI
TO SH,I

TO SH3
sH3
sH2

TO
TO

TO SH1,SH2

FR SH6

FR SH6

FR SH6

FR VMEBUS

FR 5T{6

R-4.7K
R 4.7K

TO VMEBUS

TO SÈ€

lAl tYl'1A2 1Y2'tA3 1Y3'tA4 1Y4
241 2Y12A2 2Y2
243 2Y32/{4 2Y4

1G
2G

s-4054

#

oo
D1
02
D3
D4
D5
D6
07

DO
D1
o2
D3
o4
D5
D6
D7

oc

o
1
2
3 41

u36

MCGaHCIlAS

1Y11Al
1FC.
tA3
1Á.4
2A1
2A2
2Â'3
2A4

'tG
2G

IIT
I-lc|r-Ét
--faI-I:I

¡¡
T
I
I¡

l¡¡

lilt

u33-U37

FR SHt



B
@um€nt Numoer

SHEETs:81
Ht'

THE PACKET INTERFACE
Tt o

THE SOURCE GENERATOR

lY1
1Y2

1Ar
142
1A3
144
241
2ÞC.
2A'3
244

IG
2G

Dh

c
L

U44A

Bc
D

AO
A1
PC.
A3
BO
B1
g2
B3
A<B
A-B
A>B

Dh

c
L

U¡l4B

4-7k

4.7k

741574

FR P INTERFACE

FR SHs

TOS}{I

FR SH2

4.7k

TO P INTERFACE
u41

74L574
4.7k

u3a-u44

u41 0
74LSO4

4-7k



FR SHl

FR VMEBUS

s
srze

SHEET6:82
HE\

VMEBUS INTEFìFACE
Tnle

THE SOURCE GENERATOR

Y1141
'142.
143
'tA4
241
242
2A3
244

ABC

!¡

F

R l o-4-7k

R9-4.7K

TO SH1,3,4

TO SH4

TO SH4

TO SH3

TO SH4

TO VMEBUS

REAO' : FFFFOI
MIC W: FFFFO3
PARA LATCH:FFFFOS
CONTROLL TCH:FFFFoT

u46
74LSr 3A

AO-1

u45-U50

u47
74LSA5

7425

7407u49
74LS30

4-7k

AI.L R.4.7K
sw2
sw olP-4

TO SH3,SH4
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********************************************************rk******rt*****
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

VIDEO SOURCE STMULÀTOR PER MAGI,ARIS

For the MC68HC11 microcontroller chip.

This program is to generator 8 bit rate parameter K(n)
according to the Maglaris videophon model for encorded
single source videophone traffic.

Port B is the output port. Port C is the input port.

References are to the Motorola technical data MC68HC11xx.

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

Parameter A is single precision 0-255.
Parameter B is single precision 0-255.
Parameter C is double precision 0-32768.

*tk
*************t(****************************************rk**************
* BY ZHIJTE TAN 1990. CLEANED UP BY DR. K. SARKTES ].990 *
*******************rk*************************rk***********************
* EouArES *
*********************************************************************
* Memory map address *
R.AM EQU $0000 START OF 256 BYTE RAM
REGS EQU 91OOO START OF 64 BYTE REGISTER BLOCK
EEPROM EQU $8600 START OF 51-2 BYTE EEPROM
BOOT EQU 98F40 START OF SPECTAL BOOT ROM
* Register assignments *

OUTPUTB
PORTCL
PORTC
PORTCON

RÄTE
ALEAST
BLEAST
CMOST
CI,EAST

EQU
EQU
EQU
EQU

EQU
EOU
EQU
EQU
EQU

EQU
EQU
EQU
E0u
EQU
EQU
EQU
E0u
EQU
EQU
EQU
EQU
EQU

REGS+SO4
REGS+$05
REGS+903
REGS+$02

R¡,M+92 0
RÀM+$22
RAM+$23
RÀM+s24
RÀM+925

FTNAL
MODEL
MODEL
MODEL
I'{ODEL

OUlPUl PORT B FOR THE RATE PÀRAMETER
INPUT ALTERNATE LATCHED PORT C
INPUT PORT C

PORT C I/O CONTROL REGISTER

VALUE OF K(n) FOR OUIPUT
PARAMETER A
PÀRAMETER B
PARÂMETER C HIGH BYTE
PAR.ê,METER C LOW BYTE

t
I

GSUMH
GSUML
xsH
XSL
YSH
YSL
RÀTEH
R.ATEL
GCOUNT
R.EMDERH

REMDERL
R,ARRÀY
STACK

RÀM+$26
RAM+927
RAM+$28
R.AM+92 9

RÀM+92A
RÀM+$28
RÀM+s2C
RÀM+s2D
RÀM+$30
R-AM+s32
RAM+s33
R.AM+94 0
RAM+SAO

SUM OF THE RANDOM NUMBER HIGH BYTE
SUM OF THE RANDOM NUIVTBER LOW BYTE
TEMPORÀRY STORE FOR TX REG HIGH BYTE
IEI'ÍPORARY STORE FOR IX REG LOW BYTE
TEMPORARY STORE FOR IY REG HIGH BYTE
TEMPORÀRY STORE FOR IY REG LOW BYTE
TEMPOR.ARY STORE FOR THE RATE HTGH BYTE
TEMPORÀRY STORE FOR THE RÀTE LOVü BYTE
GAUSSIAN SUMMATION COUNTER VALUE
REMAINDER HIGH BYTE
REMAI}ÍDER LOW BYTE
RANDOM NUMBER ÀRRÀY 55 VALUES
TOP OF STACK

þ

:.ù
r[f



r.'¡
r.J

************'k***********************************************)k*******
* PROGR.AM START *
**********tk*********************************************************

oRc s8600
LDAA #$80 SEl S BIT,
TAP CLEAR X,I BIT TO ENABLE TNTERRUPT

:k*******************)t********************************rr*******)k******
* INITIALISE THE RÀNDOM NUI'{BER *
* ARRÀY OF 55 NUI4BERS NOT ALL EVEN *
* FOR THE MASTERSON ÀLGORITHM *
***********************rr(********************************************

LDX #0055 LENGTH OF ÀRRÀY TO FTLL
LDAÀ #16 TNITIAL SEED

LOOP ÀDDA #]-91 SEED VALUE
STAA RÀRRÀY,X STORE TN ARRÀY AT INDEXED LOCATTON
DEX NEX ARRÀY LOCATION
BNE LOOP

************************************************************r(tk******
* SET INTERRUPT VECTOR *
**
********************************************************************
* IRQ INÎERRUPT TO REPLACE DEFAULT A,B,C. *
* THE VECTOR STÀRTS s8720 *
******************************************************tt****'k********

IDAA #$78
STAÃ SOOEE
LDAÀ #SB7
slAA 90oEF
LDAA #$20
STAA $OOFO

************************rk****************tk***********r(******:k*******
* XIRQ INTERRUPT FOR OUTPUT THE RÀTE PÀRAMETER K(N), *
* THE VECTOR STARTS SBTOO********************************************************************

I,DA.A *$7E
STAA $OOFI
LDÀÀ #SB7
STAA SOOF2
LDAA #SOO
STAÀ SOOF3

********************************************************************
**
* SEl INITIAL VALUE *
********************************************************************

LDA.A
STAA
LDAÀ
STAA
LDAA
STAA
LDAÀ
STAA
LDÀÀ

#L7 6
ALEAST
#01
BLEAST
# 90s
CMOST
#964
CLEAST
#$40

SET DEFAULT A= 176

SET DEFAULT B= 1

I

l

SET DEFÀULT C- 1386



:.
ru

,ì

STAA PORTCON SET SIMPLE STROBE HANDSHAKE OPERÀTION
LDAA #6
STAÀ RÀTE SET INTTTAL K(N)
LDA.A #12
ST.AA GCOUNT SET COUNTER #12
LDX *0055
STX XSH SET INITTAL TX STORE #55
LDY #0024
STY YSH SET INTTTAL IY STORE #24

***************************************************¡k****************
* MATN PROGRÀI-,I *
********************************************************************
* GENER.ATE B*(X{1}+..+X{12}) *
********************************************************************
RESÎART CLR GSUMH

INITTASE GAUSSTAN SUM :O
SET STACK POINÎER
CLEAR I BIT
LOAD IX FROI'{ IX STORE
LOAD IY FROM IY STORE
LD Y[55]
GET (Yt55l +Y124) | )MODULO 256
SÀVE TO YI55]

b*x{i)
SUM=SUM+b*X{ i }

sroRE suM To s32 t"rosrr 933 LEAST
IX -1

MAIN2
IF ZERO RESET IX TO TOP OF ARRAY
IY -1

IF ZERO RESET IY TO TOP OF ARRAY

RANDOM NUMBER
MÀIN3

TIMES TO GET
IX STORE
IY STORE

LD COUNÎER #12

M.ATN]-

BUFFl

CLR GSUML
LDS #STACK
CLI
LDX XSH
LDY YSH
LDAB RÀRRAY,X
ADDB R.A,RRAY,Y
STAB Rå,RRÀY, X
LDÀÀ BLEÀST
MUL
ADDD GSUMH
STD GST'I'IH
DEX
BNE MÀIN2
LDX #0055
DEY
BNE MAIN3
LDY #0055
DEC GCOUNT
BNE MAIN1
STX XSH
STY YSH
LDAA #12
STAÀ GCOUNT

COUNTER -1
REPEAT 12
SAVE IX TO
sÀvE rY To

I LDÀÀ ALEAST
LDAB RATE
MUL
ADDD GSUMH

SUBD CMOST
BPL BUFFl
CLRB
STAB R.ATE

JMP RESTART

LDX #0200
IDTV
STD REMDERH
STX R.ATEH

LDA
LD K (N)
A*K (n)
A*K(n)+ B* (X{1}+. .+X{12} )

À*K(n)+ B* (X{1}+..+X(12)) -C

IF <0 THEN SET K (n) =0

LOÀD rX 200
[A*K (n) +B* (x{ 1 } +. . +xlL2l I -C'J / 200
SAVE RENAINDER
SAVE RESULT TO THE TEMPOR¡,RY R.ATE REG

I
t

I



LDÀA RATEH
TSTA
BEO BUFF2
LDÀB #$FF
BRÄ BUFF4

CHECK UPPER BYTE
SHOULD BE O

rF >0 oVERFLOW, OUTPUT 255

REÞÍATNDER - 1OO

IF REMÃ,INDER <100, PUT RESULT TO R.A,TE

fF REMATNDER ): 100r RÀTE +1

SAVE AS K(n+1)
WAIT FOR TNTERRUPT TO OUTPUT NEXT K(N)
REPEAT

CLEARS THE STROBE FLAG

LOAD FROM THE PORT C

REPLÀCE DEFAULT A

SET NEXT IRQ INTERRUPT VECTOR

CLEARS THE STROBE FLAG

LOAD FROM THR PORT C

REPLACE C LOW BYTE DEFAULT

SET NEXT INTERRUPT VECTOR

BUFF2

BUFF3
BUFF4

LDAA
SUBA
BMT
INC
LDAB
STAB
WAI
,JMP

REMDERL
#l_00
BUFF3
RÀTEL
R.ATEL
R.ATE

********************************************************************
* XTRQ INTERRUPT ROUTINE : OUTPUT K (n) *
***************************************************************)k****

oRG s8700
LDAÀ R.ATE

STÀÀ OUTPUTB
RTI

********************************************************************
* IRQ INTERRUPT ROUTINE: MODIFY PARÀMETER A'B'C *
* THTS ROUTINE WORKS THROUGH SERVAI, STATES TO REÀD *
* DATA TO REPLACE DEFAULT A,B,C
******************************J<**********'k**************************

oRG $8720
LDAA PORTCON
LDAÀ PORTCL
LDAÀ PORTC
STAÀ ALEAST
LDAA #$40
STAÀ $FO
RTI

oRG s8740
LDÀ.A PORTCON
LDA.A, PORTCL
LDAA PORTC
STAÀ, BLEAST
LDAÀ #S60
STAA $FO
RTT

CLEARS THE STROBE FLAG

LOAD FRO¡4 THE PORT C

REPLACE DEFÀULT B

SET NEXT TRQ INTERRUPT VECTOR

RESTART

oRG $8760
LDAA PORTCON
LDAÀ PORTCL
LDÀ.A, PORTC
STAA CLEAST
LDAA #S80
STÀÀ $FO
RTT



I

I

I

I

I

ì

oRG 98780
LDAå, PORTCON
LDA.A PORTCI,
LDAA PORTC
STAA CMOST
LDAÀ #$20
STAA $FO
RTT

CLEARS THE STROBE FLAG

LOAD FROM THR PORT C
REPLÀCE C HIGH BYTE DEFAULT

COMPLETE WRTTE,
SET ORTGINAL TNTERRUPT VECTOR

*********************rr******************************************}t***
*END*
********************************************************************
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**rdrate**

*********************************************************************
*
*
*
*
*
*
*
*
*

micread

mk:

movea
movea
jsr
clr. l
clr. Ì
movea. l
jsr
movea
jst
jsr

move. b
move.b
move. b
1sr. 1
js.
move.b
jsr
move.b
jsr
add. l
cmp. I
beq
add. I

#$2ffe, sp
#con1, a0
write
d7
d6
#96000,a3
micread
#con2, a0
write
monitor

rnicportb, d0
d0, d3
d0, (a3) +
#4, d0
!drnum
d3, d0
vtrnum
#$20, do
wri
#1, d6
#20 , d6
rten
#1rd7

This program is to read the packet rate parameter from
the output B of Èhe microcontroller of the source board.

20r000 rate parameter values wiII be read, the values will
be saved to $6000--$AE1F and be written to the monitor.

The values are hex numbers from S00 to Sff.

*
*
*
*
*
*
*
*
*Read address is the VMEbus address 9ffff01

*************tk*******************************************************

* EOUATES *
****************************¡k********************¡k*******************

org $5000

siolbase egu. l $f7c001
sio2base egu. l $f7c011
sstat egu 2
sdata equ 6
*status register bit difiniÈions*
rxrbit equ 0

txrbit equ 2
monitor equ.I $f00014
micportb egu.l 9ffff01

**r(**********¡k******************************************************:k*
* PROGR.â,M START *
**********************************************************************
mainl:

**********************************************************************
* SUBROUTINE: REÀD RÀTE PAR.AMETER FROM THE SOURCE BOARD *
**********************************************************************

*set up stack point*

*write start information *
*c1ear counter d7*

*read the rate parameter *
*g.et string*
*display information*
*to monitor*

*read 8 bit rate parameter*

*save number to $6000+ *

*wrt high 4 bits to monitor*

*wrt low 4 bits to monitor*

* write a space*



micrdloop:

T,¡TJ.:

wrloop:

con2 2

end

lea
move. b
btst.
beq
move. b
rts

#20000,d7
micrdend
micportb, d0
d0, d3
micrdloop
nr-icread

siolbase, a0
sstat (a0) rd1
#txrbit, d1
wrloop
d0, sdata (a0 )

cmp. I
beq
move.
cmp.b
beq
bra

b

*until 20000 values are read*

* read next and save to d2*
* compare with last one*
*wait until different data*
*read again*

*]oad base port address*
*move status to d1*
*test status*
*wait until ready*
*write character*

micrdend: cIr. l- d7
rts * end read*

,(**tk*************************)k***************************************

* SUBROUTINE: WRITE HEX RATE PÀRAMETER TO MONITOR *
*******************************************rr*************************
r¡¡rnum: and.l #$0f , d0 *mask out high bits*

cmp.b #$0a,d0
blt hexch
add.b #7,d0

hexch: add.b #$30rd0
jsr wri *write one number*
rts

*********************************************************************
* SUBROUTINE: WRIIE TO MONITOR *
*********************************************rr***********************
write: move.I a1r-(sp) *push a1*

movea a0, a1
wsloop: move.b (a1)+rd0 *get string *

beq wend *IF 0 then end*
jsr wri *write character to monitor*
bra wslooP * and ag'ain*

wend: movea.I (sp)+ral *pull alrthen return *
rts

****************************************************)k****************
* !ùrite character to monito¡ *
**************************************************************¡k******

rten: move.b #$0ard0
clr. l- d6
jsr wri
move.b #$Odrd0
jsr wri
bra mk

*r(******************************************************************
* INFOR¡{ÀTION AND TNSTRUCTIONS *
********************************************************************
conl: $0a'$9¿r'This program is to read the '

'rate parameter from 'tthe source board, 20r000 numbers t
'are: ' , Ç0ar 90d, $0
90a, $9¿r'Read is completed.', $0a, S0d, S0

b
b
b
b
b

dc
dc
dc
dc
dc



** wrabc **

**************************************************************rk******
* this program is to write ÀrBrC into the microprocessor to *
* modify the model parameter. *
**
* Parameter À, B are single precision 0-255t C is double *
* precision 0-32768. *
* Write the parameters to the VMEbus address $ffffO3
**
* Must write 0 first for the test, then A, B, C. *
)k J<

* References are to the Motorol-a 16-bit nr-icroprocessor userts *
* manual and Iv-I602 VMEbus single board computer usert s manual. *
*********************************************************************
* EQUATES *
**********Jr***********rk****rk************rk****************************

org s004000

siolbase equ.l $f7c001
sio2base egu.l $f7c011
sstat equ 2
sdata equ 6
*status register bit difinitions*
rxrbit equ 0

txrbit equ 2
monitor equ.l SfO0014
micportc egu.Ì SffffO3
***t(******************************************************r(****t(*****
* M.ATN PROGRÀM *
******************************************************¡k**************

mainl: movea
movea
lsr
jst
jsr

#92ffe, sp
#con1, a0
write
read
rnicwrite
#con2, a0
write
read
micwrite
#con3, a0
write
read
micwrite
#con4, a0
write

movea
Jsrjsr
lsr
movea
lsrjs.
jsr
movea
Jsr

jsr
movea
Jsrjsr

micwrtc
#con5, a0
write
monitor

*set up stack pointer*

*display instructions: input A*
*get 0 from user*
*write A to microcontroller*

*display information 'input B' *
*get B from user *
*write A to the nr-icroprocessor*

*display 'input C' *
,tget C*
*write C low byte to the nuic *

*display 'write C low*
*byte is completed. *
*write C high byte to the mic*

*display information*
*to monitor*

*********************************************************************
SUBROUTINE: WRITE TO MICROCONTROLLER *

**¡k************¡k****************************¡k****************rr*******
mícwrite: move.w d1rd3 *move d1 to d3*



d1, d4
#900ff, d3
d3rmicportc
#con6, a0
write

*return*

micwrtc: and.f #$ff00rd4 *make hige byte*
lsr.w #8,d4 *Iogical right shift*
move.b d4rmicportc *writ,e to microcontroller*
movea #con7ra0 *write to monitor*
jsr write
rts *return*

*************'k******tk************************************************

* SUBROUTINE: WRITE TO MONITOR *
**********************************************************rr**********
write: move.l a1r-(sp) *push a1*

movea a0, a1
wsloop: move. b (a1) +, d0 *g'et string*

beq wend *if 0 then end*
jsr wri *write character to monitor*
bra wslooP * and again*

wend: movea.I (sp)+ral *pull alrthen return *
rts

* write character to monitor*

wri: l-ea siolbasera0 *load base port address*
wrloop: move.b sstat(a0)rd1 *move staÈus to d1*

btst #txrbitrdl *test status*
beq wrloop *wait until ready*
move.b d0r sdata (a0) *write character*
rts

**************¡k******************************************************
* READ FROM USER AND CO}N/ERT DECIMAL NUMBER TO HEX NUMBER *
*********************************************************************

move. w
and. L
move. b
movea
jsr
rts

*move d1 to d4*
*make lowest byte*
*writ,e to rricrocontroller*
* write information to monitor*

*cIear*

*Ioad base port, address*
*push a1*
*load address*
*Load status to d0*
*test status*
*wait untiÌ ready*
*get character then put to d0*
*test whether 'carriage returnt*
*yesr end read*
*echo to screen*
*convert ASCIf decimal to decimal*
*moverhighest number put in 6(at¡*
*Iowest number put in (at) *

read:

rdloop:

clr. w

clr. w

clr. w

cIr. w

cl-r. w

lea
move. l
lea
move.b
btst
,beg
move. b
cmp.b
beq
jst
andi . w

mOve. Ì"t

move . st

move. rv

move. w

s004s00
$004s02
$004s04
$004s06
9004s08
siolbase, a0
a1, - (sp)
$004500, al
sstat (a0) ,d0
# rxrbit, d0
rdloop
sdata (a0) rd0
#$od, do
rdend
wri
#9ooof,do
4(a1)r6(al)
2 (aLl, 4 (a1)

(a1) r 2 (a1)
d0, (a1)



**********************r(**********************************************
* CONVERT DECTIÍAL TO HEX *
****************************************************************rk****

rdend:

bra

jsr
movea. I
rts

move. w

1s1. w

lsl.w
add
add
move
lsl.
lsl.
add
add
move. v¡

rts

rdloop

convert
(sp) +, a1

6 (a1) , d0
6 (a1)
#3, d0
6 (a1) ,d0
4 (a1) , d0
d0, dl
#1, d1
#3, d0
d1, d0
2 (a1),d0
d0rdl
#1, d1
#3, d0
d1, d0
(al),d0
d0, dl

*l_ooP *

*to convert
*pulJ- al*
*return, end

subroutine*

read*

*Ioad highest number to d0*
*logical shift left*
*logical shift teft 3 bits*
*add and put to d0*
*add*
*move d0 to dl-*
*Iogicar shift left d1*
*logical shift left d0*
*add*
*add*
*move d0 to dl*
*logica1 shift left d1*
*logical shift left 3 bíts*
*add*
*add*
* put hex number to d1*
*return*

convert: move
Isl.
IsI.
add.
add.

.w
w

Ir¡

w
w

.w
w

w

******************************************************tt*****)t**)k****
* INFORMATION *
*************)k**************r(***************************************
conl: dc.b 90arg9¿r'This program is to ¡¡rite '

dc.b 'ArBrC to the rnicrocontroller of the source t
dc.b tboard, please input a decimal number: t
dc.b gOa, $Odr,Input A (0 t.o 2551 z, ,50a, S0d, $0

con2: dc.b $0a, g9¿r'rnput B (0 to 2551 z ', $0a, $Odr 0

con3: dc.b $0a, $9¿,'Input C (0 to 32768) :', $0a, $0d,0
con4: dc.b ' --write C low byte is completed.'rS}a, $Odr0
con5: dc.b $Oar$0dr'Write ArB, and C to the '

dc.b 'microcontrol-ler is completed.'r 90ar 9Odr 0

con6: dc.b 90a, $Odr'Write to the raicrocontrol-ler '
dc.b 'is completed ,

conT: dc.b $0a, $9¿r'write C hiqh byte is completed.'r 0

end



**wrcontro]**

*********************************************************************
* This program is to write the control number to the controf *
* register of the source board. *
**
* The control number ís a single precision 0-255. The program *
* wiII convert the decimal number to 8-bit binary number, then *
* write to the control register. The control numbers refer *
* to Tabl-e 5.2 . *
**
* Write the control number to the VMEbus address $ffff07
**
* Address $4500--S4520 is reserved. *
********************************************************r(************
* EQUATES *
*rk*************¡k*****t(***********************************************

org $004300

siolbase egu. I $f7c001-
sio2base egu.1 $f7c011
sstat equ 2
sdata equ 6
*status register bit difinitions*
rxrbit equ 0

txrbit equ 2
monitor equ. I Sf00014
contreg equ. I Sffff0T

******************************************************t(***************
* PROGRå,M START *
**********************************************************************
mainl movea

movea
jsr
jsr
jsr
movea
jsr
jsr

#92ffe' sp
#conl, a0
write
read
conwrite
#con2, a0
write
monitor

*set up sLack point*

*disptay information *
*get control bits from user*
*write control bits *
*get string*
*display information*
*to monitor*

*****************¡k******:t*********************************************
* SUBROUTINE: WRITE TO IHE CONTROL REGISTER OF lHE BOARD *
*****:k******************************rt**********rk**********************

conwrite: move.w dlrd3
and.l #$00ffrd3 *mask out high bits*
move.b d3rcontreg *wrt to the control register*
rts *return*

**********************************************************************
* SUBROUTINE: WRITE TO MONITOR *
**********************************************************************
write: move.I a1, - (sp) *push a1*

movea a0, a1
wsloop: move.b (a1)+rd0 *get string*

' beq wend *IF 0 then end*
jsr wri *write character to monitor*
bra wslooP * and again*



r¡rend: movea.l- (sp)+ral
rts

************************************
* write character to monito¡ rk

************************************
wri: Iea siolbase, a0
wrloop: move.b sstat (a0) ,d1

btst #txrbit,dl
beq wrloop
move.b d0rsdata(a0)
rts

*pull alrthen return *

****************************************************************)k******
* READ FROM USER AND CONVERT DECII'TAL NUMBER TO HEX NI]I"IBER *
***********************************************************************
read:

*Ioad base port address*
'tmove statug to dl*
*test status*
*wait until ready*
*write character*

*clear*

*load base port address*
*push al*
*Ioad address*
*load status to d0*
*test status*
*wait until ready*
*get character then put to d0*
*test whether 'carriage returnt *
*yes, end read*
*echo to screen*
*convert ASCII decimal to decimal*
*moverhighest number put in 6(at)*
*Iowest number put in (al) *

*Ioop *

rdloop:

clr. w

clr. w

clr. w

cIr. w

clr. w

l-ea
move. l
lea
move. b
btst
beq
move, b
cmp.b
beq
jst
andi. w

move. w
move. hr

move . r{
move. rt
bra

move.9t
1s1.w
lsl.w
add.w
add.w
move, w

l-sI. w

IsI. w

add
add
mOVe.I^I
Isl.w
lsl.w

s004s00
$004s02
$004s04
$004s06
$004s08
siolbase, a0
a1, - ( sp)
$004500, a1
sstat (a0) , d0
#rxrbit, d0
rdloop
sdata (a0) ,d0
#$0d, d0
rdend
wrí
#sooof,do
4 (a1) ,6 (a1)
2(a]-lr4(al)
(a1) ,2 (a1)
d0, (a1)
rdloop

rdend: jsr converÈ *to convert subroutine*
movea.l (sp)+ral *pull a1*
rts *returnrend read*

*********************************************************************
* CONVERT DECIMÀL TO HEX *
***************tk************************lt****************************

*Ioad highest nu¡nber to d0*
*logicaf shift left*
*logical shift left 3 bits*
*add and put to d0*
*add*
*move d0 to d1*
*togical shift left dl*
*Iogical shift left d0*
*add*
*add*
*move d0 to dl*
*logical shift feft dl*
*Iogical shift left 3 bits*

convert: 6 (a1) , d0
6 (a1)
*3, d0
6 (a1) , d0
4 (al),d0
d0, d1
#1, d1
#3, d0
d1, d0
2 (al),d0
d0, d1
#1, dl
#3, do



i

I

I

I

I

r

I

add d1'd0 *add*
add (a1),d0 *add*
move.w d0rd1 * put hex number to d1*
rts *return*

*****************************************************************rk**
* JNFORI'ÍATTON *
**********)k*********************************************************

conl:

corv2 2

end

dc
dc
dc
dc
dc
dc
dc
dc

b
b
b
b
b
b
b
b

$0a'$0dr'This program ís to write 'tthe control nu¡nber to the control t
t regisLer of the source board, please t
'input decimal number.', 90a, g0d
'Control number (0--255) :'
$0a, $9¿,96
$0ar$9¿r'write to the control register '
'is completed.', $0a, $Odr 0



*
*
*
*
*
*
*
*
*
*
+

*
*

**wrparameter**

*********************r(*rt********************************************
* This program is to write the packet header parameter to

the parameter register of the source board.

The parameter number is singJ-e procisíon 0-255. The program
will convert decimal parameter number to 8-bit binary number, *
then write to the parameter register. The lower 5 bits are *
the packet header destination address, and upper 3 bits are *
packet cLass parameter. *

Write the parameter to the Vl'fEbus address Sffff05

Chapter3. 4. 3 parameterReference for the parameter is to
g'enerator.

* Address 9004500--$004520 is reserved. *
********************************************************************
* EQUÀTES *
**************************************rk*****************************

org $4600

siolbase egu. I $f7c001
sio2base egu. I $f7c011
sstat equ 2
sdata equ 6
*status register bit difinitions*
rxrbit egu 0
txrbit equ 2
monitor equ. l $f00014
parareg egu. l Sffff05

*****************************************tk**************:k***********

* PROGRÀM START *
*******************************************:k********rk***************

mainl: movea S$2ffersp *set up stack point*
movea #con1, a0
jsr write *display information *
jsr read *gret control bits fr user*
jsr parawrite *write parameter byte *
movea #con2rao *get string,*
jsr write *display information*
jsr monitor *to monitor*

********************************************************************
* SUBROUTTNE: WRIÎE IO THE CONTROL REGTSTER OF THE BOARD *
********************************************************************
parawrite: and.I #$00ffrd1 *mask out high bits*- move.b dlrparareg *write to para regÍster*

rts *return*
************************************lk********************************

* SUBROUTTNE: WRITE TO MONITOR *
*********************************************************************
write: move.I a1r-(sp) *push al*

movea a0, al
wsloop: move.b (a1) +rd0 *get string*

beq wend *if 0 then end*

*
*
*
*

*
*
*
*
*
*



js. wri
bra wsloop

wend: movea. I (sp) *, a1
rts

*************************************
* write character to monito¡ *
* *** ***** ***r(****** ********** ******* *
wrí: Iea siolbase, a0
wrloop: move.b sstat (a0) rd1

btst #txrbit,dl
beg wrloop
move.b d0, sdata (a0)
rts

************tk*************************:k******************************

* READ FROM USER AND CONVERT DECIMÀL NUMBER TO HEX NUMBER *
******************)k********************************t(rk****************

*write char to monitor*
* and again*
*puII alrthen return *

*Ioad base port address*
*move status to d1*
*test status*
*wait until ready*
*wríte character*

*clear*

*Ioad base port address*
*push a1*
*load address*
*load status to d0*
*test status*
*wait until ready*
*get character then put to d0*
*test whether t carriage return'*
*yes, end read*
*echo to screen*
*convert ASCIf decimal to decimal*
*moverhighest number put in 6(a1)'t
*l-owest number put in (at)*

t(IOOp *

*Ioad highest number to d0*
*logical shift left*
*Iogical shift, left 3 bits*
*add and put to d0*
*add*
*move d0 to d1*
*logical shift left dl*
*Iogical shift Ieft d0*
*add*
*add*
*move d0 to dl*

read:

rdloop:

clr. w
clr. w

c1r. w
clr. w

c1r. w
lea
move. I
Iea
move. b
btst
beg
move. b
cmp. b
beq
jsr
andi. w

move. w
move. w
move. !v
move. w
bra

s004500
s004s02
$004s04
$004s06
s004s08
siolbase, a0
a1, - (sp)
9004500, a1
sstat (a0),d0
#rxrbit, d0
rdloop
sdata (a0) ,d0
#$od, d0
rdend
wri
#$000f,d0
4 (a1),6 (a1)
2 (a1) ,4 (a1)
(a1) , 2 (aL)
d0, (al)
rdloop

rdend: jsr convert *to convert subroutine*
movea.l (sp)+ra1 *pulI a1*
rts *returnrend read*

****************************************************r(****************
* CONVERT DECTMAL TO HEX *
*********************************************r(***********************
convert: mOve. r"¡

lsl.w
lsl. w

add. w
add.w

6 (al) , d0
6 (a1)
#3, d0
6 (a1) , d0
4 (a1),d0
d0rdl
#1rd1
#3,d0
d1, d0
2 (al),d0
d0, d1

move
IsI.
lsl-.
add
add

. l¡V

l.l
w

move - w



lsl.w #1rd1 *Iogical shift l-eft d1*
Isl.w #3,d0 *logical shift left 3 bits*
add d1'd0 *add*
add (a1) rdO *add*
move.r,r d0rd1 * put hex number to dl*
rta *ret,urn*

************¡t*******************************************************
* INFORI,ÍATTON *
********************************************************************
conl: $0a'$0d"This program is to write '

'the packet header parameter to the '
'parameter register of the source boardr'tplease input a decimal number:tr90ar$0d
'Packet header paramet.er(0--255) i' r S0ar90d, 90
$Oar$9¿r'write to the parameter register '
'is completed.' ,90a, $0d,0

con2:

end

b
b
b
b
b
b
b

dc
dc
dc
dc
dc
dc
dc



Í
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*
*
*
*

(*
(*
(*
(*

This program wiII get S-record data from the file
'fread', and remove all- unwanted element.s. The remain
data will- be hex number, and be placed to the output
file thexdatat and output to the monitor.

(* By Linh Nguyen. Cleaned up by Zhijie Tan 1991 *)

program getdatafromfread(input¿ output, hexdata, fread),-
var fread¡hexdata:text;

c:array[1..100] of char;
ch: char,'
í, int : integer,.

begin

writeln(tThis program is to convert S record data contained inr);
writeln('file fread to hex data, these data is displayed while');
writeln(' saved to file hexdata.');
writeln(tThe hex rate parameter values are:t) i
reset (hexdata) ; rewrite (hexdata) ,.

reset (fread),'

while not eof (fread) do
begin

i .:1 .

while not eoln(fread) do
begin

read (fread, ch) ;
c Iil :=ch;
i : =i+1,'

end;
int : =i-3;
readl-n (f read) ;

(* get chars fr tfreadt*)

(* next l-ine*)

if ( (c t1l:' S' ) and (c121:' 1' ¡, then
begin

for i::9 to int do (*cleans unwanted eLements*)
write(hexdata,clil ) ; (* write to 'hexdata'*)wríteln (hexdata) ,.

for i::9 to int do
write (c til ) ;
writel-n,.

end;
end;

(* write to the monitor*)

end

f
I

:l
tl,t

!



* This program wiIJ- get hex numbers from thexdatatto
* convert to decimal numbers, and then put to the
* output file 'data', while the data is output to
* the monitor.

*)
*)
*)
*)

ì

(* By Linh Nguyen. CJ-eaned by zhijie Tan 1991.

hexdata, data) ,'

*)

program hextodec (input, output,
const hexval=l6;
var hexdata, data: text;
hexarray:arrayl1. . 801 of char,.
hexno:arrayLL..21 of char;
no, yes, countl, count2 : integer,.
hexchar: char;
hexerror: bool-eani
decno: integer,'

function convert (hexch:char) :integ'er,. (*convert hex char to dec*)
begin

case hexch of
,0r rrlr rr2r r,3r r,4r rr5r r,6r rr7r r,gr r,g, -.

convert::ord (hexch) -ord ( , 0, ) ;,Ar rrBr rrCr rrDr rtE, rtEt 2

convert::ord (hexch) -ord (, At ) +10;
' a' r'b' r' c' r' d' r' e' r' f' z

convert : :ord (hexch) -ord ( t a, ) *10,.
end;

end,'
(*convert hex number to decimal number*)

function power (x, a: integer) : integer,.
var countl : integer,.

product: integer,.
begin

Product ::1,'
for countl::l to a do

product ¡:product*x;
power: =product,.

endi

(* Main program *)
begin

write(tThis program converts hexadecimal numbers, ),.
writeln(tto decímal numbers., ) ;
write('The input file is hexdata and the resultant'),.
writeln ('output file is data.') ;
wríteln('please wait. .....');
resèt (hexdata) ,.

reset (data) ,. rewrite (data) ,.

(* Check whether hex char error *)

hexerror: :false;
while (not eof(hexdata)) and (not hexerror) do

begin

:.8
riJ

þ



no:=0i
while (not eoln (hexdata) ) and (not. hexerror) do

begin
no::no*1;
read (hexdata, hexchar) i
if not (hexchar in L,a, r'bt t'c'r'd'r'e',tft rrAt rrBr rrCr rrDr rrEr rrFr rt0t rtLr rr2r,
t 3, , , 4' , ' 5' , ' 6' , ' 7 ' , ' g' , ' g' J I then
hexerror::truei
hexarray Ino] : =hexchar,.

end;
readln (hexdata) ;

(*If not error, convert hex number to decimal number. *)

if not hexerror then
for count2::l Eo no do
begin

if odd(count2) then yes::1 else yesz:2¡
hexno [yes] ::hexarray [count2] ,'

if yes=2 then
begin

decno::0;
for countl:=yes downto 1 do
decno: :decno*po$rer (hexval, yes-countl )

*convert (hexno lcountl] ) ;
write (decno: 4) ;
writeln (data, decno) ,.

end;
end

(* If error, terminal the program. *)

else wríteln(tlt is not, a correct hexadecimal form...'l;
writeln;

end;
end



(* This program is to get the MEAN and STANDARD DEVIATTON
(* of the bit rate, and the bit rate histogram as well as
(* the autocovariance function. The decimal rate parameter
(* will be obtained from the file 'data'.
(* written by Mr Linh Nguyen, modified by Z. Tan

program correlation(input, output, data),.
const n=100000; {arbitrary large number}

h:20; h1=40;
interval=1,.

var data:text;
K: array [1 . . n] of integ,er;
C:array[0. .n] of real,'
scale:array[1..h1 j of integer,.
N, i, j: integer;
mean, sd: rea1,.
hist:arrayt1. .hl of integer,.

(* This function is to obtain the MEAN of the bit rate *)
f unction average : real,'

var sum, aver: reaI,.
countl : integer,.

begin
sum: =0;
for countl::l to N do

sum: =sum+K Icountl ] ,.

aver:=sum/N,' (* the mean of the rate parameter*)
average::aver/I-2; (* The mean of the bit rate*)

end;

(* the function is to obtain the STANDARD DEVfATION
of the bit rate *)
function standdev:real,.

var stddev, squaresum: reali
countl : integer,.

begin
squaresum::0;
for countl:=1 to N do

squaresum: =squaresum+sqr (K Icountl ] -12*mean) ;
stddev:= sqrt (squaresum/ (N-1) );
standdev:= stddev/12;

(*The standard deviation of the bit rate*)
end;

(* this procedure is to obtain the bit rate histogram *)
procedure histogram;

var x, m:integer;
scale : real i

begin
' for x::1 to h do

begin
acafe;= (x_11 /L2;
write(scale:]-z2l; (*scale bit rate in bits/pixel*)

*)
*)
*)
*)

*)



write (, l, I ;
for m::1 to histlxldo

write(r ,l;
write ('*') ;
writeln,'

end;
end;

(* This procedure is to obtain autocovariance function *)
(* of the bit rate *)

procedure autocovar;
var k: integer,'

countl : integ'er;
productsum: reaI,.
{ c: rea1,' }

begin
writern (, The CoRRELATToN of the data . . . . .' ) ¡
writeln,'
for k:=0 to hl- do

begin
productsum::0;
for countl::1 to N-k do

productsum: :productsum+ (KIcount]-l ) * (K Icountl+k] ) ;
C [k] : = (productsu¡n/ (¡¡-k) ) /sqr (12) -sqr (mean) ,'

(* autocov of the bit rate*)
write (rcLr rk:!rr)- r, Clkl :1:3),. writeln

end;
writeln ('Scale normalised to the standard deviation . . .' I ;
writeln,-
write ( ' 0.0 'l ;
write (C [ 0 ] : 1 : 3 ) ;
writeLn,'
writeln ('+--------+------ ------+'l ;
for k::0 to hl do scale[k]:=trunc(40,t (Ctkl /Ct0l ) );
for k::0 to h1 do

begin
if scale Ik] <0 then

begin
write (, *t : (10*scaIe tkl ) ) ;
write (, l, : -scale tkl ) ;

end;
if scale [k] >0 then

begin
write (t I t :10) ,. write (t *, : scale [k] ) ;

, end;' if scatetkl=O then
wriÈe (t *t :10) ;
writ.eIn,.

end;
end;

(rr Main Program

begin
reset (data) ;

*)



N::O;
for i::l- to h do histlil::0;
while not eof (data) do

{storing contents of result onto the array 'lamda'}
begin

N: -N*1;
readln (data, j) ,'

KIN] ¡:j;
hist [trunc (K[N] /interval) +11 :=

hist Itrunc (KlN] /intervat) +11 +1;
endi

writel-n ('Total number, N, of data is: t , N) i writeLn,'

mean::averagiei
writeln ('The MEAN of the data is: ' ,mean =5:2 r' .' I i
writeln,'

sd: =standdevi
writeln('The STANDARD DEVTATTON is:' rsd: 5:2,t .t | ;
writ,el-n,.

writeln ('The HrsroGR.AM of the data. . . .'l ;
writeln,'
for i:=1 to h do

hist. Ii] ::round(140't (hist til /l¡) ) ;
histogram;

autocovari
end




