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In the Carrier Sense Multiple Access with Collision
Detection (CSMA/CD) Scheme, the ready station avoids collis-
ions by listening to the carrier due to another user's tran-
saission. However, collisions still happen due to the
factor of propagation delay. These collisions introduce a
l;ﬁitation on system throughput eveﬁ with the introduction
of backoff algorithms.

In this work,\a new protocel is designed to eliminate
.collisions by intfoducing the ideas of parallelism and pre-
scheduling/in order to enhance the system utilization. In
this new protocol, it is proposed that the channel content-
ion period coincides with the previous packet transmission.

In this thesis, we provide the new collision free prot-
ocol and prove that it is correct and collision free. We
also analyse this protocol énd obtain the average utilizat-
ion factor and packet"ﬁelay for a network operating under
such a protocol. Finally, we establish the validity of our

[

theoretical results through simulation.
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CHAPTER 1

Introduction

1.1 Multiprocessors and Local Area Networks

In recent-years, the trendiof research has been the
quest for higher speed, greater computation power, pet er
performance and more‘reliable computers at a lower cost.
This may>be possfbie—by aggregating several low cost micro-
processors for a single application. Séveral architgctufes
have been implemented or proposed. Principally these archi-
tectures are either. tightly couﬂ’bd multiprocessor systems
with an MIMD or SIMD structure, or loosely coupled computer
networks. The following is a short introduction té multi-

processor systems &nd computer networks.

1.1.1 Multiprocessor Systems o

The principal characterisstics of a multiprocessor system
is the abilit& of each processor to share memory with some or
all the other processors in the configuration. The sharihé
capability is provided through an interconnection network ,
between the processors and the memory modules, which logically
looks like Fig. 1.1. The function of the switch is to provide

;)
a logical link between any processor and any memofy module.

Tﬂere are four design deg&sions in selecting the archi-
tecture bf an interconnéction network. First, it is the
operation mode of the network communicstion which can be
classified into three categories : synchronous, asynchronous
“or a combination of the two. Synchronous communication is the

one where the information paths are established synchronously

while asynchronous communication is required for multipro-

’ d
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cessing in which connection requested are issued dynamically.
Second, the control strategy, which can be either distributed or
centralized. This is to control the setting of the switching
elements ahd interconnection links by the individual

switching element or a centralized controller. The third

item 1s the switching methodology which consists o% two major
switching strategies : circuit switching and packet switching.
In circuit switching, a communication path is physically
established from a source to a desfination ( e.g. procerssor
to a memory ). On the other hand, in packet switching, there
is no direct electrical path between source and destinataion.
Instead, the data is put i1n & packet and routed through the
interconnection network. Generally, circuit switching is
suitable for large data transmissions while packet switching
is more efficient for short data messages. Eventually, the
network topology is a key factor in deciding the system archi-
tecture. Network topoloagy is characterised by the pattern of
the interconnection among the nodes (i.e. switching points

and edges representing the communication links) of the network.
The differences i1n the interconnections may result in differ-
ences in the system architecture.-

In most of the multiprocessor systems, there exist delays
in the average memory access time due to contention. Some
sugges£ed solutions are to introduce cache memory or local
memory for each processor. Note that in the centralized switch-
ing multiprocessor system, the number of interconnections is

determined when the switch is designed. However, more extensi-

bility and better reliability can be provided in the distri-
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buted switching multiprocessors. In such a scheme, a processor
can access ité local storage directly, but access to non-local
storage must be routed through its swaitch.

A. Tightly Coupled System

A tightly coupled multiprocessor system is a system where

processors have access to a common memory. This common memory

.provides a very fast data transfer medium as well as making

it possible to share a comhon code.

The SIMD multiprocessor model (e.g. array processors),
consists of several processors and parallel memory modules
which operate synchronously under one control unit; such a
model handles single 1nstruct15n streams operating on multiple
data streams. Examples are the Illiac IV [6] and Staran [4].
Another type of multiprocessors can handle multiple instruc-
tions and multiple data stream and hence is called a MIND
multiprocessor system. Existing systems with such an archi-
tecture are HEP (26], C.mmp {33], Cmf [27,28], data flow

processor [8], and flow model processor [28].

B. Loosely Coupled System

Unlike the tightly coupled systems, the loosely coupled

systems are those where processors communicate with nonlocal
memories via i1nput-output circuits. Thus the transfer of
information requires input and output operations. The communi-
cation media are slower and may require a number of interme-
diate processes. However, the interconnection medium is more
Y
flexible, and generally the physical distance is greater than

that of the tightly coupled systems. The interconnection

medium coupling the system could be either parallel or serial.
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The Local Area Network is one kind of loosely coﬁpled system
extended in a limited geographical area. Local Area Networks
will be discussed in the next section.

"

1.1.2 Local Area Networks ,

A Local Area Network ( LAN ) is a communication network
that provides for the interconnection of a variety of data
communicating Qevices within a small areé. A distinction
between LANs and multiprocessor system is the degree of coup-
ling ( refer Section 1.1 ). Besides, most LANs use packet
switching in communication.

The nature of a Local Area Network falls somewhege between
a multiprocessor system and a long-haul data network. The

classification of these multiple processor systems is governed

by tﬁeir physical size. It is given in Table 1.1 [29].

TABLE 1

INTER NODE

DISTANCE
0.' m s Circuit Board Data flow machine
1 m . System Multiprocessor
10 m Room N
100 m Building - Local network ~
1 km Campus
10 km City Long haul network
100 km Country
1000km ‘ Continent Interconnection of
10,000 km Planet long haul networks

The key technical characteristics of a local area network
\
depends on the transmission medium, topology and the channel

access protocol.
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Presently, most LANs employ bit-serial transmission over
either twisted pair or coaxial cable ( see Figure 1.2). Due
to the simplicity and low interfacing cost, many LANs use
baseband signaling. On the other hand, several commercial
LANs: use CATV broadband cable as the transmission medium be-
cause of its broad bandwidth that can support simultaneous

transmission of data, voice and video {7]. 1In the future,

one promising candidate for the local-area transmission medium

is the optical fibre which can achieve a very high transmission

rates in the order of Gigabits/sec (109'bps ).

Network topology ( as was defined in Section 1.1.1 ) is
again characterised by the pattern of the'interconnection
among the various nodes ( a controller is used to access the
network ) of the network. There are three popular topolo-
gies tﬁat are used in LANs ( see Fig. 1.3 ). The star (18]
topology is the most commonly used network architecture which
has a central node for the control of its operation. The
ring ( or loop ) [3,23] topology connects its nodes in a
clésed network and circulates messages in one direction.
These messages are amplified and repeated at each node EEEX/
pass through. The bus [22] topology is a long bus ( a wire
or several wires } that runs through each node and allgws
nodes to be added or removed without impairing the network.
The trend in network topology seems to be the bus and lgop
and their variants ( trees, double loops, etc. ).

The determination of a transmission by a particular noée

is governed by a set of rules of procedure and formal inter-

face format called protocol.: The protocols that multiplex

/
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\

node accesses to the shared communication channel are called
the channel access protocols ( CAPs {. Most of the existing
CAPs can be categorized in the following : fixed ( or dedicated
assignment ), random assignmeqt ( or contention ), and demand
assignment protocols ( refer Fig. 1.4) . #

In thais work, the main concern is put on the random
assignment protocols.:

1.2 Random Assignment ( or Contention ) Protocols

In random assignment protocols, there is no strict orde-
ring of the stations contending for access to the channel.

In the random access technique, a station is free to broadcast
messages at a time determined by itself without any coordi-
nat{ii—ii;h the other stations. Systems with a common channel
shared among several stations wili lead to conflicts. These
systems areicalled contention systgms.

ALOHA [1] is a simple protocol where stations transﬁit
regardless of* the state of the channel. Collisions occur due
to the overlap of two or more packets. The Carrier Sense
Multiple Access ( CSMA )} {16,17,19,31] protocol tries to
reduce the potential from Eollisions by incorporating a listen-
before-transmit feature. In this protocol, a station listens
for a transmission ( senses a carrier) and decides whether to
transmit or wait corrésponding to the state of the channel,
being either idle or occupied. Collisions may still happen
due to propagation delays and the lack of coordination between

the stations.

The third kind of protocol is the Carrier Sense Multi- —~ —~—o

ple Access with Collision Detection ( CSMA/CD ) [31,32) which
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employs a listen-while-transmitting feature. This permits
transmitting nodes to detect collisions while they are trans-
mitting and to abort the transmission once a collision is
detected. This improves the bandwidth due to the fact that
that collisions are terminated as soon as they are discovered,
and reduces the delay caused by collisions. However, the ‘
CSMA/CD cannot eliminate collision completely due to the
existence of a finite signal propagation delay.

We can therefore see that the basic characteristics of
CSMAland CSMA/CD require that each ready statlon‘sense the
chan;el prior to transmission. A station will never trans-
mit when 1t senses the éhannel busy. Tobagi and Kleinrock
described two such protocols known as p-persistent and non-
persistent CSMA [16]. The protocol we adopt in this work is
a variant of the 1-persistent CSMA/CD (which 1s a particular
case of p-persistent) i1n which a ready station senses the

channel and performs the following procedure.

1-persitent CSYA/CD

1. 1If the channel is sensed 1dle, the station initiates
transmission of the packet with propability one. As
long as no collision 1s detected, transmission of the
packet proceeds. If a collision i1s detected, transmission

is aborted and the station re-schedules the transmission

of the packet to some later time and repeats the algorithm.

2. If the channel 1s sensed busy, the station persists in
sensing the channel until 1t becomes idle, and only
then 1t transmits the message. The station transmits

the message with probability one, hence the name 1-per-

-
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.

sistent.

1.3 Scope of the Thesis

Our focal point of this thesis 1s to develop an effi-
cient protocol for the H-Network. The H-Network is a part of
the Homogeneous Multiprocessor System [10,12] which is shown '
Fig 2.1, The Homogeneous Multiérocessor 1s a tightly coupled
MIMD architecture that is composed of two parts, namely the
Homogeneous Multiprocessor proper and the H-Network. The Homo-
geneous Multiprocessor proper is designed for problems that
can be modeled by a set of parallel processes operating inde-
pendently of each other. These processes may reguire occa-
sional exchange of information or control with their immediate
neighbours. These applications included i1mage processing
through relaxation [34], digatal filtering [2], and neural
netwarks [9].- The principal role of the H-Network 1s to aid
the communication between the Homogeneous Multiprocessor and
its environment. It will carry user and file traffic 1in
cooperation with front end and back end processors. Moreover,
the network enables distant processors to communicate directly
without the intervention of intermediate processors. The H-
Network is a baseband local area network with a structure which
resembles that of the Ethernet [22]. The original protocol
followed here is the 1-persistent CSMA/CD. However, by having
seperate pathways for data transmission, network acgquisition
and collision detection, and with the fact that the total
physical length is of the order of 10 m, a high data rate

(~7 M bytes/sec } 1s accomplished.
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In order to achieve a better system performance, we
introduce the back-off algorithms on the existing protocol.
This further reduces the potential for collisi;n.- However,
this is not the most efficient way to increase the bandwidth
or to reduge the packet delay because collisions impose the
limitations on the system éérformance. Thus, the urge for a
collision-free protocol 1s reéuired .

The principal goal of the thesis is to propose a new
collision-free p;otocol for the H-Network. In this work,
we will prove that the new protocol guarantees no collisions
and we will also investigate its performance improvement
over the original CSMA/CD with backoff. The improvement will
be studied by comparing the performance of the coriginal
protocol to that of the new one based on the system through-
put and delay analysis. The original protocol was designea
by Kehayas [15]) and analysed by Dimopoulos and Wong [14].

In Ch;pter 2, we present the structure ;; the Homoge-
neous Multiprocessors System. This includes the architecture
of the multiprocessor proper and the H-Network. In addition,
we will anal}se the performance of the original protocol of
the H-Network. Thg protocol 1s further simulated through
PAWS [5] for comparison. We also present the performance
study of CSMA/CD with backoff algori£hm on the H-Network by
using the same technigue.

In Chapter 3, we present the design of the new
collision-free protocol. The‘perforhance analysis of this
new protocol is done in Chapter 4. Also, a simulation results

of this new protocol are given. This is done by means of
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Fiﬁaliy, a detailed compafﬁson*of the new collision-

free protocol and thg,CSMA/CD'Bxitocols with and without

backoff, is presented in Chappei 5.
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CHAPTER 2

The H-Network Architecture and Protocol

2.1 The Homogeneous Multipfdcessor System Overview )

The Homogépgous Mulfiprocéssor system is composed of
two major parté; namely the H—Network {11] and the Hémoge—
" neous Multiprocessbr proper [10,12], these are shown Sn
Fig. 2.1.

The Homogeneous Multiprocessor proper is a tightly w

14

coupled MIMD structure which consists of k processing ele-

o

\
ments. Each processing element consists of a processor, &
)

. memory module‘and a local bus. In between every two proces-
sing elements, there is a switch called the interbus switch
which, when closed, will connect twolneighboring local buses
in order to form an "extended bus" to provide a communication
pathwéy to facilitate the interprocessor éommunipation. Asso-
ciated Qi;h each one of the switches, there exists ; switch
controller whidh will control'thb swich distribﬁtively. The
algorithm giQen in [10] ensures that the operation of the
switches}are deadlock “free and mutually exclusive.

The H-Network is a high §peed distributed packet’ switch-
ing'local computer network. It is an additional high speed
data paéhway'that facilitates user interaction, control, and
file transfer to and from the Homogeneous Multiprocessor as
well as information exchange between distant processors. The
H-Network is a baseband local area network with a structure
resembling that pf the‘Etherne£ [22]. 'By employing parallel

pathways for the data transmission, network acquisition and

collision - detection, we aEF able to enhance the system
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14

throughput and achieve a higher data rate (~ 7 Mbytes/sec) as

compared with those of the classical architectures.

In this chapter, we will concéntrate on the structure of

the H-Network and its protocol. As for the Homogeneous Mul-

tiprocessor, references (10,12,14] give a very detailed

‘description on the architecture.and the performance analy-

sis of the multiprocessor systenmn.

2.2 Structure of the H-Network !

The H-Network consists of four pathways together with

Network Stations {(called the H-Stations) that interface the

network to each processor of the Homogeneous Multiprocessor

[§

proper. These pathways are the H-Bus, the Access Line (AL),
!

the 1ID li%e plus the Timing and Control. These are shown in

Fig.
(a)

(b)

2.2.
The H-Bus - this is the high speed data channel which

consists of 16 data lines in the present implementation.

Data packets are tramsmitted over the H-Bus to facilit%te

the station-to-station data communication. !

The Access Line (AL) - this is a single contention line

which is used by the H-stations during the network

acqui'sition phase to ensure the mastership of the .

network. The AL can be in one of two logical states,
either free or occupied tha% reflect the condition of
the H-Network. A station will read and set the AL via

a fast Test and Set (T & S) module within a window of

g
vulnerability, a (less thar 100ns). This short delay

~’

will upgrade the system utilization by providing a higher

probabili%y of success in gaining the mastership of the

“
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network.

(c) The ID line - this is used foF collision detection
purposes. Each station in the network has its unique
identification code which will be emitted over the ID
line by the traCsmitting station.

(d) Timing and Control - this group of lines make possible

the actual transmission and the packet acquistion

through the H-Bus.

‘Each H-station (refer to Fig. 2.2) interfaces with
the H-Bus via the input and output buffers. Thegse Dbuffers
are fast FIFO's (128 x 16 bits/word) that are used as teme—
rary s;orage to capture an incoming packet and to hold an
out-going packet until the station controller achieves
mastership- of the network. Note that the maximun length of
the packet (right now is 128 words) can beiincreased by
expanding the capacaty Qf the buffers.,

2.3 . Protocols of the H-Network

The H-Network pro£ocol is composed of two layers, namely
the lower layer protocol and the higher layer protocol. The
lower laver is the actual transmission that provides éwstat}on—
to-station packet delivery to support the higher layer protocol.
The details can be found in reference [15].

The higher layer protocol is the one that is of major
importance because it decides the synchronization of the
stations and directs the physical transmission. Throughout
this work, the emphasis will be on the design of the higher

layer prdtocol only.
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The H-Network protocol 1is diviéed into four phases:
network acquisition, packet transmission, collision detection
and re-transmission. When a station.is ready, i.e. it has a
packet to transmit, it has'to gain the mastership of the net-
work before 1t starts transmitting. The network acquisition
is carried out by the H-station (through the T&S module)
which follows a CSMA protbcol on the AL. The H-station, upon
a request for the mastership of the network, will continuously
sense the AL. Once the AL is sensed idle, the H-station sets
the AL busy and it proceéds to transmit tbe packet and enters
the transmission phase. Simultaneously with the start of the
packet transmission, the collision detection is initiated.
The transmitting station releases its unique identification
code to the ID line and at the same time, it listens back the
code to test for collisionséf A collision will occur when
two or more stations sense the‘AL free and begin transmitting
simultaneously. In such case, a collision will be sensed and
the transmission will be aborted immediatelf. At the end of
the transmission, the transmitting station will reset the AL
from busy to id%e again. In case of collision, the colliding
station (having terminated the packet transmission) also
resets the AL to free. Then it will either repeat the net-
work acqu%sition for retransmission immediately’, or it will
execute a backoff algeorithm (depending on the protocol with
or without backoff). The performance of the network under

both protocols will be analysed in Section 2.4.
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2.4. Performance Analysis of the H-Network CSMA/CD with

and without Backof% Protocols

The criteria on the performance meagure of a local
area network are the sysfem throughput (the average utili-
zation factor) and the averagé delay (response time). The
average utilization factor is defined as the average percen-
tage of time that the network is successful transmitting.

The response time, which is defined as message transmission
delay from the time the packet arrives at the transmitting
station, to the time 1t is successfully received at the des-
tination station. ?hesg two parameters depend on the system
aré%itecture as well as the protocol being used.

In this section, we will give a performance evalua-
tion on the H-Network. The work is divided into three parts.
First, we present a worst case analytical study on the CSMA/CD
protdcol of the H-Network by following Dimopoulos' [14] and
Tobagi's [16) papers. Secondly, we give a simglation on the
performance of the H-Network through PAWS [5]. Finally, we
will give the performance evaluation of the CSMA/CD protocol
with backoff algorithms £X using the same simulation technique.

2.4.1. A worst case study on CSMA/CD on H-Network

In the following analysis, we assume that there are N
stations in the system and all these stations are ready to
transmit all the time. Before we proceed any further, we
would like to give a few definitions. First, the window of
vulnerability, a, is defined as the maximum interval of time
during which two or more stations may sense the network as

idle. Second, the arrival time of a station is defined as

¥
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the time at which a station regquests the mastership of

the H-Network. This is the time when the station is
ready (i.e. it has a packet to transmit ). Third, the
transmission peried ( TP ), T , 1s defined as the time
interval required for a packet to be transmitted. Next, the
collision detection interval, 6 jis defined as the time
interval’ needed for the detection of a collision and the
abortion of the current transmission. And the period of
'latency, T, is defined as the constant finite period of time
elapsing between successive attempts of a station to gain
mastership of the H-Network. Finally, the retransmission
interval di; i= 0,71, .c00e ,k; is defined as the time period,
a station must wait after it éollides in the current busy
({transmission or collision ) period and 1t has participated
in 1 collisions since its last successful transmission. In
particular, in the case that no backoff is used, we have

k=0 and do = 0.

The interval of time seperating two consecutive regene-
rative points is known as a cycle. Hence we can see that ‘the
network alternates between the idle period and busy periocd
which constitute a cycle (refer to Fig 2.3). When a busy
period ends, all the stations attempt to get the mastership
of .the network exactly once within the latency period T.
Because the H-Network follows the CSMA/CD protocol, the next
busy period will be a transmission period (TP) oniy when the
first arriving station is at least one window of vulnerability

(or network end-to-end propagation delay), a ahead of the
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- Second requesthg station; otherw1se a collision Wlll occur.
" The network aCQUISltlon, packet transm1551on and collision

- detectlon ¢ycles are also outllned in Fig 2.3.

The average system utilization factor is defined as

‘follaws ) . ' .
U
S = — —
’ I + B
wheré U is the average successful transmission period, ‘T is

the average idle period and B is the average busy period.

Pollowing reference (14}, we® derived a simple expression for
b3

the'&orst case analysis of the utilization factor. Given N
stations competlng for mastership of the network and assume

that the requesting time of a station is uniformly dlstrlbuted

-

in the latency interval [O,T], the average utilization period

is given as

N :
ﬁ(T;a) ‘ ,
S = . (2.1)

R+t ( 2) + 6(1- ( ) )

where R 1is the delay interval that the H-Network is sensed
idle at a particular time and a transmission is initiated R
seconds éfter. Here we simplify the problem by assuming
‘R = 0. .
Since we have considered that there are always N
stations aétive all the time in the H-Network, by applying

.

Little's result [20], the average packet delay (response
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time) is a function of N which 1s given as

hence, 1in this case we .have

— N+l ﬂz
D= 5 U ' (2.2)

In Kleinrock and Tobagi's paper [16], a Poisson“distri-
butioﬁ was used in agalysing the performaﬁée of the CSMA/CD |
ﬁprotocol_ With the system parameters in the‘H—Networfs, we can
apply their result and model 1t as a Poisson process with ’,

parameter G = N / T . Henceé the system utilization factor

1s given as

‘ e-(N/T)a
=N/TYa,p (1o N/ T)2) oo/

(2.3)

/)]
(]

‘a+ 1t e

L

A \plot of the avérage utilization factor is given“ in
Fig 2.4. The plot includes the resdlts from Equation 2.1
"(i.e. uniform distributed) a Poisson distribution from Equa-
tion 2.3, and a simulated result run by PAWS. The corres-
ponding simﬁlation model is given in the ne;t section. 1In

addition, a plot of the average packet delay is also presented

in Fig 2.5.
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’hﬁeasily translated from the IPG to a PAWS simulation model.
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v

2.4.2 Performance Evaluation of H-Network CSMA/CD Protocol

i

Through Simulation . R . w

In the following, a performance evaluation on the H-

?

Network CSMA/CD (with no backoff) protocol is modeled by using
PAWS [5]. A gompafison"of the analytical and simulated results’
.i; provided.
The H—Nethrkgprotocpl is, firstly modeled by Iﬂformation
Processing Gréphs (IPG) [5,25] which‘isaa pié£orial construct
for modelling information procesging systems. More expf&citly, | ,
*the IPG is used to describe pic?orially the information flow
as well as to specify the‘procéssing to be done at specific
work stations. -

These work stations, including, central 'processors and

controllers, are called nodes in the IPG. The model is then

&« ©

*

The correspondihg IPG model is shown in Fig 2.6 and the PAWS
simulation program is attached in Appendix a.” The following

i% g brief description on the IPG model of the H-Network
. ‘

Protocol.
Packets .are generated at source node MSQURCE from time

to time. These packets will be processed at SETUP1 to fill

°

.up the gqueues at all STATION [I]. The purpose is to simulate

“

the situation that all stations will have packets ready to

transmit all the time. The ready time stdmp is. marked ‘af

’

node RDYTIME. The channel contention is simulated by nodes
CNTRL1 and CNTRL2 while node WINDOW is to delay the packets

for a period equivalent to a window of vulnerability. The de-

<
% -
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cision whether a packet is successfully transmitted is aeter—
mined at CNTRLZ which will détect if there are more than one
arrivals within the window of vulnerability. The nodes FREEZE
" and OPEN work in a complementary action. The FREEZE node will
stop the packets flgwing into node CNTRL1; this represeﬁts the
CSMA/CD when a ready sFation arriyes at an idlé network, the
channel will be‘sensed busy after a propagation delay. On
the othér hand, when a busy period‘ends, éhe channel will be
freed and it will be available for contention. This action
is simulated by node OPEN. ’ b
The colliding packets and the transmitted packet will
be sunk in the node MSINK. ' The statistics are collected at
node MEASURE ahd'hepce the utilizatiqn factor can be evaluated.
In the PAWS program, a very detail descripfion on the

function(s) of each node is given in Appendix A.

4.3 Performaﬁbe Evaluation on H-Network. CSMA/CD with

-Backoff algorithm

In both CSMA/CD with and without backoff protocols, if
the previous busy period was a successful transmission, then

all the N stations in the network will compete for the network

at the end of the period. However, these two protocols can
be distinguished when a collision occurs. In the case of

CSMA/CD with no backoff; the collided stations are not pena-

v

lised and are allowed to compete immediately when the collision

detection terminates. On the other hand, in the CSMA/CD with

o

backoff, tgﬁ colliaed stations will‘have to wait a retransmis-

N - ,
sion interval di (as it was defined in Section 2.3) before

pérticipating in the channel contention. The other non collided
e . .
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stations will attempt to acquire the‘netwofk'when'the‘busy
period ends.

The performance evaluation 1is again mo@eled by 'IPG}f
(see Fig 2.7) and simulated py.PAWS (réfer fo AppéndixAB); In“
reference [13], a detail ahalysis is givgﬁ_én the CSMA/CD
with backoff on the H-Network. L h
| The‘IPQ model in the backoff case is similar to thét«of
the no backéff situation excepf that the collided packets'
will flow into the nodes BACKGEN ang‘BACKWAIT instead of the
node MSINK. The corresponding retra;smission delay interQél

d, is set at-node BACKGEN and the collided packet has to
wait/di~ seconds at node ~BACKWAIT.

In the simulatﬁon.program, we use three types of
backoff algorithms, namely the linear, the quadratic, and
the combination of quadrétlc and-i;nearf The correspondihg
average utilization factors are qalcdlated and the results

are given in Fig 2.8 to Fig 2.10.

2.5 Discussion

As shown in Fig 2.4, the theoretical results are clbsev
to the results wusing Poisson Assumption. A further
validation is made by the PAWS saimulation. The theoretical
results show that the system utilization drops abruptly with
the increase of the number of stations. Iﬁ other words,. ‘
there are many collisions when the traffic becomes heavy.
This imposes the limitation on the system throughpué which is
caused by the collaisions.

Fig 2.8 to 2.10 show that the system throuhput improves
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with the introduction of backoff algorithms. However, this
imgr;vementois not véry'éffective especially when the traffic
is ‘heavy, ;.e. the packet interarrival interval is small. Ambnga'
three backoff schemes, thé guadratic backoff is the most

effective.
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CHAPTER 3

An Introduction to a New Collision Free Protocol

3.[ Design Objective

In this chapter, we will present a new protocoi for the
H-Network. As we have seen, in the Carrier Sense Multiple
Access with Collision Detection (CSMA/CD) scheme, the ready
station avoids collisions by listening to the carrier due to
another user's transmission. However, collisions still happen
due to the finite signal propagation delay. It is because it
takes at most one end-~to-end propagation delay, a, for the
transmitted packet to reach all devices. A collaision may
occur if another transmission is initiated before the current
one is sensed, and it then will take at most an additional
‘propagation delay before interference reaches all devic%s.
These collisions introduce a limitation on system throughput
even with the introduction of backoff algorithms. The results
were shown in Chapter 2.

In ofder to enhance the system perfofmance, the ideas
of parallelism and pre-scheduling are introduced. A simple
method is to have the channel contention period undergo
while .a transmission is taking place. The contention period
is the time 1nterval during which a ready station competes
with the other ready stations to gain the mastership of the
. channel (H-Bus). The period begins when a ready station
arrives on an idle network, or when the previous contention
period has finished (but nobody has acquired the mastership

of the network for the next TP}).
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However, these two activities, channel contention and
transmission, have to occur without ihterference from eadh
other; otherwise errors may arise in transmission ané channel
contention. This is quite easily implemented in the struc-

-
ture of the H-Network 'as it employs a parallel data-highway
for data transmission and a seperate control line (the AL) for
channel contention. The functions of these lines and the
network architecture has been given in Chaéter 2. The sys-
tem utilizations factor of the network may achieve its maximum
only when collisions are eliminated. Thus a new CAP (Channel
Access Protocol) will be introduced to govern the activities
in the network so that no collisions will appear even in heavy
traffic. The main pranciple of the protocol is given in the

‘next section.

3.2 The Pebble Pool Paradiam

Suppose there 1s a resource {(the channel) shared among a

number 6f users. Only one user can utilize the resource at
any one time. Ever}one has one pebble at hand. This pebble
is the token (key) whaich allows the user to acquire the
resource, There 1s a pool which is public for everybody to
put their pebbles in. Whenever anyone wants to use the
resource, he has to check the pool fairst. If there are any
pebbles inside it (1.e. somebody else 1s trying to acquire
or has already acguired the resource), he 1s blocked (or
backlogged), thus, he has to reschedule and try again at
some later taime. If the pool is empty, a user will perform

the following actions: wait for a period of time; place his

pebble in the pool, wait for a second period of time and re-
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check the pool again.. . Thg first waiting period 1is to
provide an interval of time for all the other attemptiné
users to enter the competitaion. The second waiting period
is of vital importance. After this second waiting interval,
the number of 'pebbles inside the pool will represent the,
actual ndmber of attempting users. This is useful when a
user rechecks the poocl. If he finds that there is only one
pebble (his own pebble) left inside £he pool, 1t means that
he is the only contending user, thus he will g;in the
mastérship of the resource for the next period. As a conse-
guence, this user will start using the resource immediatelyf
after( the current resource uti1lization period has finished.
Otherwise, 1f there are more than one pebbles in the pool,
he waits for a third period of time, takes back his pebble
and tries aéaln later on. The purpose of the third waitang
period 1is to slow down the frequency of the acquisition of
other attemtfng users. This 1s gspecially useful when the
_traffic 1s heavy.

In the case that a user succeeds in gaininé the
mastership of the resource, he will retrieve his pebble from
the ©pool as soon as he starts using the resource. At that
time, the other users (no longer backlogged) will repeat the

. same procedure and compete for the resource for the next

utilization period.

* In the actual situation, there may be a small delay from
the time he finds that he is the one with the pebble in
the pool to Lne time he starts using the resource.
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In ﬂhe H-Network, the single resource H-Bus is shared
by all stations. This channel can only be accessed by one
station at a time. Placing the pebble in the pool corresponds
to the TEST-AND-SET actions on the AL which controls the mas-
tership of the network by a single station. Here there is a
slight hardware modification on the AL. We introduce an
analogue signal on AL such that this signal reflects the total
number of pebbles in the pocl. These modifications will be
given in Appendix C,.

The new protocol guarantees that no two stations wall
overiap in.their transmission. This will be analysed in
Chapter 4. In addition, the transmission perio& and
contention periods proceed in parallel. At the end of a
contention period, at most one station has acquired the
network. Thus collisions are eliminated and in cases that
the total contention period is less than a transmission
period, idle periods are also eliminated with a corresponding
increase to the network utilization factor. Again, this will
be discussed in Chapter 4.

3.3 Structure of the New Protocol

The New Collision Free protocol can be divided into
four phases; namely the decaision phase, the transmission
phase, the ready-wait phase and the backlog phase. In
Section 3.2, we have described the main idea of the protocol.
In the following section we will give the detailed activities
of the protocol of the H-Network. |

Whén a station 1s ready (i.e. it has a packet to transmit),

- it has to gain the mastership of the channel (H-Bus) before

\
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it starts trénsmitting. Firstly, it‘Ehecks whether the ngf—
work is in the ﬁidst éf a contention period bynsgnsing the AL.
If the AL is sensed busy, this indicates that one or more
stations are currently contending for the channel and thus it
is bIockgd. It has to reschedule and retry at some later
time. If the AL is sensed idle, then n6 one is coﬁtending
the network and therefore the station is free to start its
own cpntention‘period. Thus, it waits for an interval of
time and then deposits its pebbie by setting the AL to busy.
Thi; will definitely block any other fore-coming ready sta-
tions after at most an additiénal propagation delay, a.
Aféerwards, this statioﬂ has tobwait for a second periodmof
fimezbefore it re-checks the AL . At that moment, if $ore
than one station are still contending for the bus, this
station fails to get the mastérsh}p of the H-Bus ; it then
resets the TEST-AND-SET signal on the AL (i.e. withdraws
its pebble) after it has waited a third period of 'time.

&

Thén this station repeats the attempt to gain mastership of

Ehe network some time later. *

However, if the station is the only one left contending
for the channel, it will gain mastership of the network during

the next transmission interval. For this to happen, the chan-

- nel (H-Bus) must be freed from the current transmission. The

successful station will therefore wait until there are no

N

pl

t

* Another contention period may have started less than a
network propagation interval before,but due to Propagation
delays this information has not reached the current
station yet.
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more transmissions on the bus before it will transmit its

‘own packet. Simulténeously with the start of transmissfon,.

*

" it releases the AL by resetting the TEST-AND-SET signal. The

purpose is to let the other statjons compete for the channel

(H-Bus) in the next transmission period (TP).

A}

‘We see therefore™that a station ready to transmit goes
. ]

’

through the following four phases :

(1) the decision phase:vduriﬁg which it dééides whether
it will be allowed.to transmit during the next |
transmission period or be baéklogged;

(2) the transmission phase: . duringrwhich.dne success-

.+ ful station transmits; .

(3) the ready-wait phase: a user has acguired thé"
channel for the next TP and it will start its i

j .transmission (i.e. enter the transmission phase)
when the current transmission is terminated;

(4) the backlog phase;? whicH it'is.entered from #thé
decision phase in case that the contending station

t .
did not acqguire the channel. for the next trans-

t
]

mission peried.

%

These four.phases are shown in Figure 3.1.

Note that the detection of the pebble pool and the

n

deposition of the pebble in the pool are the only activi-

ties involving on the AL. One hardware impleméntat@on ;é to
hqve:a detection schene on the AL . This line is common to
all stations. It is tied‘t; an open collector buffer énd,‘
all the TEST & SET controllers in each station (refer
Chaptef 2). The amount 6f'qurrent that sinks into the buffer

. u
o

n
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.being set on the AL . Therefore we can détect the number of

‘pool paradigm). Note that the deposition of t

-'44 - b

will be proportional to the number of TEST & SET signals

—-—

contending stations by sensing tpe value of the current.

v .

. , L
© There are three thresholds on this sigial that correspond to

three important states of the network : (

-

(1) there is'no contending stations
p .

(2) there is only one contending station; and.

L

(3) there are more than one contending stations:.

In Fiéure - 3.2, we give the detailed pictorial ‘descrip-

pebblé in

tion on the gctivities inside the decision pha;z/(the pebble

!

the pool is the activity involving the'seting.and sensing of
o T . . .

the AL. The proposed hardware implementation modifications

‘are given in Appendix C.
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c - BACKLOG.
‘)\.
‘ tésting the pebble pool
. .
r — ‘
pebble pool ' . pebble pool
'empfy . _ not empty
’ )
wait for a period . ' go to backlog phase
put a pebble
<:~\\\‘** wait for a second
»  period of time
testing the pebble pool
‘ | ' ] 1
numbetr of pebble/] o number of pebble=}
go to ‘ wait for a ﬁartiCular
ready-wait °* | period of time
phase -

withdraw pebble and go

¢ ’ T to the backlog phase

Figure 3.2 ‘Diagram showing the activities in the
: jecisi l £ )
. j . .
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CHAPTER 4

Performance Analysis on the New Protocol

4.1 Introducgion

In this Chapter, our major objective is to evaluate the
aJerage utilization factor in order to investigate ﬁhe effe-
ctiveness of the new protocol. To simplify the problem, we
introduce some notations §nd definitions in Section 4.2.

The study will utilize the definition of the average

utilization factor given as

- ’

7}
I+B

which was described in Chapter 2.

v In Section 4.2, we also present the relationship betw-
‘een the first waiting period (wl) and second waiting period
(wz) such that the"protocol will be free from colligion.

The corresponding proof is given in Secdtion 4.3.

Befo;e we calculate the average utilization factor, the
probability of successful transmission has to be determined.
Section 4.4 gives Fhe conditiong for successful transpission
while the calculations are done in Section 4.5.

Due to the structure of the network protocol, the tran-
smission period is fixed but the length of the contention
period is variable. This variable length depends on the
number of arrivals of ready stations within the first-waiting
period (wl) after the first station has checked and found

that the pebble pool (AL) is empty.

-~
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All ready statiéns will continuously compete for the
channel until there is one station which has acquirei the
mas£ership of the network in the next TP (we call this a
successful contention). A successful (unsuccessful) conten-
tion period is the conteqtion period after which one (none)
of the ready stations has gained the mastership of the
channef.

The total contention period is the total time -interval
elapsed from the moment the first contention period started
to the moment that a sué;essful contenticn has been accompl-
ished, i.e. it is the sum of all the unsuccessful contention

periods plus the final successful contention period (refer
to Fig. 4.1). ' :

If it happens that the total contention period is lon-
ger than the transmission period, then this will result in
the existence of idle periods even with a continuous heavy
traffic. Since there are no collisions, the busy period
will be tbe transmission period itself, thus the existence
of the idle period will affect the system utilization factor

directly. The details will be given in Section 4.5.

4.2 Notations and Definitions

Let wi be the first waiting period, i.e. the interval

1

.t . .
elapsed from the moment the i h-contendlng station detects
that the pool is empty to the moment it deposits its pebble

in the pool. Denote by wi the second waiting interval

2

which corresponds to the time interval elapsed from the

moment the ith station places its pebble into the pool to
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. Transmissi

on Period “ Idle Period

Total Contention Period

F - Unsucessful Contention Period
S - Sucessful Contention Period

Fig. 4.1 Relationship between Total Contention

Period, Transmission Period and Idle Period
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the moment it rechecks the pool. Finally, denote by wi the

3
th

time interval elapsed from the moment the i station tests

the pool to the moment it retrieves its pebble in case it
failed to obtain mastership of the network.

Let us assume that at time to the channel is idle and

that only one station Sy is ready at this instant. Fig. 4.2
shows the timing diagram of the activities of this station.

tO is the ready time, i.e. the time at which the station has
/ .

T

a packet to transmit. wOl and w02 will be the two waiting
times.

« {Clearly, the station SO sets the AL at time t = tO +

wOl' Due to the propagation delay, a, all the other ready
stations will sense the AL as being set the latest at time

t =t + W + a. Let us call this instant t

0 01 Thus

BLOCK’

=ty + wOl + a which depends on the value of tye In

other words, if a station SO senses the AL idle at time to,

then all the other stations will definitely be blocked after

an interval of (W_ . +a). Suppose there is another station

01

Sl becoming ready at time instant t where tlis between to

and tBLOCK , Sl will still sense the AL idle at this moment

(remember that the AL becomes set at t = ). Again S

tBLOCK

will put its pebble at t = ty + wll' Thus, in order for a

1

station to make sure that all the other contending stations

put their pebbles in the pool (before anyone starts checking

Y

the pool), each station has to wait for a period of time.

This is the waiting period wi for i = 0,1,...,N-1. We

2 ’
will determine now the minimum value of wi

2 which will

~-

~ o
e e

. -
RO cc- St
- " -

—

p
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ensure all the stations that sensed the AL as being idle,
had enough time to set this line busy (put their pebbles).

Consider the limiting case where S, is the first ready

0

station at time t, and S, is the last ready station at time

taLock T bt where 6t » 0. All the other ready stations will
be backlogged as they will recognize AL as being set for all

times t > ty +t Wy, toa. Station SO puts. its pebble in the

pool exactly at t = to w01 while Si will put its own at t

=t; + W, All the stations in the network realize that S,

has put its pebble in the pool at t = t. + wi + a (due to

1 1

the propagation delay, a, over the transmission medium).

Also station S. will examine the pebble pool at time t =t

0] 0

+ WOl + w02 in order to determine whether it is allowed to

transmit or not. For SO to detect the existence of Si's

pebble in the pool, Si has to place its pebble in the pool

at least a network propagation delay before SO checks it.
Hence we have
’(\

. . . R
thime at which SO examined time at which S.l put

the pebble pool for transmission its pebble plus a

network propagation

delay
or tO + wOl + w02 b tl + wll + a
i.e. - ., +
i.e to + wOl + w02 > tO + ”01 + a 8t + wll a

since 6t + 0, we have

w02 > wil + 2a
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wil, in general, is different for different stations, hence

is

the limiting value for w02

W > 2a + max (W for i = 0,1,..,N-1 (4.1)

1

02 il}
where N is the number of stations in the network.
In order to simplify our calculations, we assume that

wi2 is the same for all stations, therefore we have

W, =W, > 2a + max {W,

i2 2 ll} for i = 0,1,...,N-1

Recall that our major objective is to eliminate collision so
that the system utilization and throughpit of the H-Network
/

will improve. |

x
In the next section we provide a proof of the

correctness of the proposed protocol, i.e. a proof that our

protocol provides for at most one station to be the master

of the network at any  particular time.

4.3 Proof of Correctness of the Transmission Protocol

" The major objective in this section is to prove that
the proposed protocol is collision free. The proof is by
means of contradiction.

Let us assume that there are two or more stations
transmitting at the same time, in other words, these
stations have followed the protocol suggested and all of
them begame masters of the network at the same time. This

situation can only happen when two or more stations detect

the presence of only their own pebble in the pool.

-

P

e e —
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In short, these stations have gone through the

fo;lowihg sequences:

1. they are ready and have entered the decision phase
after having examined the pebble pool;

. 2. finished waiting for wil' then put their pebbles
in the pool;

3. examined the pebble pool again after having
finished waiting for a period &12 and each one of
them found only one pebble in the pool:

4. these stations enter the ready-wait phase and wait
for the next transmission period. ‘

Assume that there are two, ready station this analysis

can be extended to N, where N >-2. So is the first ready

station with ready time being'to, waiting times bﬁing‘wOl

and W2 respectively. Let Sl be the other station with ty.
wll and w2 representing the ready time, and the waiting
times.

As ‘from Chapter 3, S1 will be able to place its pebble
provided that it senses the AL before this line is set by

s Otherwise S, will be blocked and it will go to the

0’ 1
backlogged phase (refer Fig. 4.3). Thus we have

t1'< tO + WO1 + a : (4.2)

1

then station S1 places its pebble in the pool‘at time

t =t, + W

1 11

B

However, S, will only notice this event after another period
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W, < W . + 2a. However, W, » max {W,
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3

o senses the pebble o

were not able to

of propagatién delay. As it happens, S

pool at time t = t_ + W,, + W,. If 5

o” "or T "2° 0

detect the pebble placed by Sl then the folloying‘must

happen ' | ©
time for 8§, to , time for s, '
sense the pebble pool - to put, - < a
. beforeitrgnsmission pébble

.
R

i.e. (4 + Wop t wz) - (tl‘+ yll) < a

or (wo1 - wll) ttg t Wy, <t +a
. ' .

and from equation (4.2), we obtain

(w01-- wll) +_t0 + w2 < tl + a < (t01+ w01 + a) + a
. . ' '
ice. Wy = W, +t, f W, < (to * Wy, a) + a . e
i.e. w2 f wll + 2a , s (4.3) ..

hence (4.3) is a necessary condition for stations So and Sl’ p

ll}«+ 2a > wll + 2a, a

_to collide, i./e. a czriision will happen provided that

2~ 11 2

\ 1

contradiction because of: (4.3).
From the analysis above, we can conclude that the
éuggestéd protocol eliminates collision.

v

4.4 Conditions for Successful Transmission

In this section, we will find the possible conditions
necessary for a station to gain mastership of the network

after one tontention period. For simplicity, let w01= wll=m

a
\
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i

Wy-1,1

transmission is W

= W1 andiﬁhe waiting time before testing for
5 for all-stations. There are two

situations that a station. may successfully occupy the

A3

channel: -
l. this station is the only ready station that wants

,the éhannel for.a certain péribd pf time, or

2. this station™Sompetes with othér réad& stétion; and
under some conditions'it succeeds in getting the
channel- for the next transmission period.

. -These situations and conditions will b discussed in
details below. ‘For the first case, if.the chaﬁnel.is idle,
upon thelafri;él of one rgady station, the channel Qill
aefinitely be 6ccupied by fhis sFafion'in the next TP'
(Transmissién Period) prov?ded thaE.there are no ar;ivals'
dufiﬁg the- next (wl+a) seconds. Tﬁe corresponding ' R

:‘probébiiity will Pé.calculated'in Section 4.5. ,For the
nsecona situation, there are more than One ready stations

competing for the next TP. The brofoéol allows all the

5, ” N N . e ,
non-blocked competing- stations to place their pebbles in the

. pool unless they are' blocked. The station that finds out

that there is only one pebble left (clearly the last

o

arriving. station), will succeed in getting the next TP. This

a

is possible since all the %&iling stations have withdrawn
their bebble'from the poolu' We will consider a two station .

competing situation first; and then we will discuss the

.

-

general case inwolving morge stations.

Figure 4.4 shows the timing diagram of these two

<

3



<

¥

S uoTje3ls pue

om :;@aumumauxo ‘wmﬁufﬁuum uotT3uajuUOD a3yy bHuymoys AeIbeTp butwil b°p bTg” .

’ .- e : - -
| : 7 S -
P 5 ’ “u . . ,
~ ' - - ) ’ g 5 ‘ ’ ) -
\ B .
. Yo .o 100d - > T ’ N mm
. - 8y3 uy arqqad s3t s3nd 3 . ». S -
~ 'S UOTIBIS YOTym 3e Bury, . »
n - ° ) -, T,
t . -
B x - . v ; . i o h °
. ) ¥oore,” | ©.0y - . . ,
. mx Nz Ty | ) A
Tood ay3 woay arqgad i A - ' e ..
¢ s37 sasariyax.lg/ ¢ ) ’ 05 )
UoT3Ie3S YOTym 3B 2wty . . -
1ood ay3z s)yoayoax om . - .
UOT3IEIS Y2Tym 3B BWT3 : .. o
i < - . . . %.. n
. . ~ { .
, . . ’
. e n!‘ x -
. -~ ‘ . - -, . .
) -. - o ' F
i ~ - ) ” . ¥



Wy,

\

-

-i58 - .
LI . N 7

0

is the second ready statlon at t

D 1
Station S0 puts its

stations. S, is the f1§\: ready station at time t, and S

1’

+

0 e wl whi!%~statioh S1 puts

'Station S0 will recheck the

v

Pebble in the pool‘a:/tbﬁe t = f

its owri at time t = ; + W

1 1"
f .
pool at tlye t o=ty * wl + wz.

realize "that there is more than one pebble in the pool, and

e

At thatymoment)} it will

as a consequence, S, will take *back its pgbble after an

0
lnterval of tlme w3 ~However, due to the propagatlon delay,
station S, will on}y_know that station S, has taken back its
pebble after a time t = ?3 + a where t' = ty +<wl + wz + w3f

If station S, senses the peol (testing for transmission)
.
before time t ="t' + a, it ,_will notice that there is more

> i ! * L
than on& pebble insiQe the pooyg. . Naturally station s1 fails
to get the next TP, (it waits foRj a time perlod W3, takes
NN
back its pebble and flnally switches to the backlog state.

In order for statxon S, to acquire the channel, we have the

1
following cgndlt;on- Ty . e
timeé at which station S, time at which station"so
tests the pool‘ } > has withdrawn its pebble
_for transmissidn from the pool plus a ]
network propagatlon delay
~ M . 4/ , | . »
or £y +MW; + W, L, > “tl+a .
. - . ‘ ’
lege LWy oWy 1 2ty FW W, H Wy A
. o . ,
i.e. tl -ty - w3 -a > 0 . - : (4.{2_

. \ - .
Also, for station §, to be able to put the pebble in the

Y

RS
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"

pool, it must become ready before it is blocked (at time

tBLOCK)' Hence - (‘
‘ : !
tg €t ¢ ty+ W +a . (4.5)
‘ | ' %
' From condition (4.4) and (4.5), we have the following
to+w3+a<t1<‘to+wl+a', (4.6)

In other words, the arrival time of station S: must, be at -

1
least at a time i\’nterval (W3+a) after. the ready time of
~ ,

station Sy but not exceed the blocking time of station SO"
Al
\

Also, expression (4.6) implies that wl > w3 is a 'necessary

condition for the station Sl to gain the mastersHip of the

.
o

bus.
Consider now the case of more than two arrivals. Let

a

station Si be-the last arriving station while sation si—l is
O’is the first ready station

which.governs the blocking time taLocK * There ik an arbitr-

ary number k (k = 0,‘ 1, 2,.‘..,' N-2) fready stations between

. . v ) .
the ready times of station SO and station Si-l (refer to

the last but one. Station §

-

Pigure 4.%). These stations are ‘not important because onl
g , Y

0 . . . . . - s
the last arriving station is given the possibility to be
successful “in acquiring the channel.:
' '

Clearly‘equation {({4.6) can be applied here. In_ order

for the last station S, g: get the mastership of the

i i-1 3

arrival times for station-Si and Si-l respectively. 1In

channel, t, - t._, > W, + a'where t, and t, , are the

" short, "th last bBut one station has to be at least in. an

t . .
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" two station competing case that we have analyzed 'earlier.
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interval (W,+a) seconds ahead of the last arriving station
in order to leave enough ‘time for the last ready station to
gain the mastership of the channel. Figuﬂe 4.5 shows the
timing diagram of the -situation. |
Note that the las? but one station Sﬁ_i

the first ready station SO itself. This ﬂs exactly like the

may be actually

Y]
4.5 Probability of Success in getting the . next TP and the
1

Determination of Existence of Idle Periods

‘:In this section, we will determine the probability of

}
getting a successful next TP (the corresponding conditions

»
have been analysed in Section 4.4). Fuﬁ@hermore, we will
determine whether there exist any idle periods. The final

goal is to calculate the average systém utilization factor

which was defined in Chapter 2 as follows:

Vs

i

where U is the average successful transmission period, I is

ﬁhe avdrage idle period and B is the average busy period.

We assu&e that there 1s always a constant finite period
of time elapsing between successive attempts of a station te,
gain mastership of the channel (H-BUS). We denote this
period of latency Sy T. Assume also that theﬁe are always N
L . .
competing ready stations in the network. Thus the

N |
probability distribution of attempting the trial (to gain

- s
the mastership of the channél) is continuous and uniformly
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distributed in [0,T]. We adopt one more notation below in
order to clarify our calculation. Denote by Pk(tz-tl) the

probability that there are k arrivals, k=0, 1, 2,...,N-1 in

an interval [tl, t2], where £ t2 € [0,T] and t, » tl;
i.e. ’ - .
P, (t -t

x (s 1) = P_r [k arrivals in the time interval
t=to-t,: t),t €00, T], t, > ¢, ]

vhere

X =0, 1, 2,..., N-1 ‘

Let us consider the first case where only one station
becomes ready on an idle channel. Denote by't0 the arriQaI
time of station SO: recall that wl, Wz‘are the time
intervals that elapse bétween the sensing of the AL to the
setting of AL. and from this instant to the instance of
re-sensihg of the AL respectively. The probability that
station Sy gains the mastership 'of the neétwork (this is éhe
first successful condition that was described in Section
4.4) is given as:

4
P = Pr [success in gaining the mastegship of the

network after a contention period)

dPsl(t) = Pr [exactly one arrival at t, € [t,t+dt]

and no arrivals in the interval

[t, t+W, +al; t € [0,T]] .
- N-1 .
ap_, (t) = IEO Py—o(W *a)Py_,(dt); yhere I is the ,

ID number* of t%e successful station-

* Each station in the nFtwork has its own ID number for
communication purposes. ’ .

o



where

‘ ‘o if x ¢ 0
H(x)

L}

X if.x > 0 \
Therefore the probability of success in getting the
mastership of the network aftér the first contention period
is the sum of all the probabilities of success in getting
the mastership of the network with t e [0,T]. Thus the
probability o©f getting a successful next TP {in the first

situation) is given as:

T at T-t-W -a N1
P, = JO N(,-f—-) { H{ T }; )
T-W,-a

=8 _ 1 dt (T-t-W -a)N !

N 1
T 0

T-W, -a N

= (‘_T——) (4.7,

Similarly, in the second case, where two or more stations

compete for the channel, dehote by tq

first station arrives. Denote by t, and t.

the time at which the

l,the timeg at

which the last and the last but one station arrive. tO'
ti-l are random variables that are uniformly distributed
in interval [0,T] where T is the latency period (as was

defined earlier). Fig. 4.6 shows the timing diagrams of

s

.these stations.
The probability of success in getting the mastership of

the network af<ter one contention period (station SO through

\

S, 1 fail in getting the netywork, section 4.4 gives the
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’ b
details, while station Si will get the mastership of the

network for the next TP) can be given.as:

~5 P = Pr (the last arriving station, Si succeeds in

acquiring the network -for next TP after one

contention period ]
However, the calculation <can be further divided into two

cases: é

a) 0« ty ¢ T f wl - a

dpsz(i,t)=§Pr %exactly 1 arrival at ty € (g,g+dr)’

a9

exactly 1 arrival at ti (t, t+dt);

no arrivals at [r+ 4gf, t—w3—a] and

noc arrivals at [t+dt, tBLOCK];
toock > B2 & +.dg + w3 +ai tooek”
§ + W +aandt€ [0,T]) £ € [O,T—wl—a]}
N-1
LR (AR )Ry o (Wata) e Py _o(ty gog~t-dt)
I=0 5 (dt)]
k=1 "
where 1 is the ID number of the successful
station
4
= ! . L et
(§) (P _ (@g)ep, _(Wy+a)P, o (tp o L -tidt)
N . * % >
Py (dt)} ‘ (4.8)

Before we proceed any further, let us examine the range
of values for ti. The successful station Si must not be
blocked by SO; thusgfits érrival time ti must be less than

tBLOCK' l1.e. A

3

**We assume that the transmitting station also competes for
the network mastership for the ngext TP, thus & uniform ,
distribution of N stations is attained.
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ti < tBLOCK or ti < to + wl + a; also it must satisfy

condition (4.6) (refer to section 4.4) to get the mastership

of the network, i.e. ti - ti-l > w3 + a. Therefore, for
t._1~ty. the bounds of t with' respect to t, are t, + W, +\
y ¢ ti < t0+ wl + a = tBLOCK' Hence, refer to Fig. 4.6,

with to€ (g, £+dz ], t € [t, t+dt]: dt, dr + 0, and

rewriting egution 4.8, we have

dP_,(dt) =N {P,_,(d2)-P, _,(W,+a)-P ( ~-t-dt)

k=0 ‘*BLOCK

-szl(dt)}

" As shown in Fig. 4.6, there are no arrivals in three

intervals: [0,£], [t-W,-a,t] and [t+dt, ] for a

3 tBLOCK

"successful contention period to occur. Since there are N

(

stations competing for the channel, S0 and Si are the key

Ll
stations in the contention. Therefore if there are X (where

:

x=0, 1, 2,..., N=2) arrivals in the interval [f+dEf, t-W3-a]
then there must be (N-x-2) arrivals in the interval

1Y
[tBLOCK . T1. Q.bvxlous ly,

@, (8) =

X .
BLOCK N-2 . t-W_-a-f

NEE) | w03 5 (N 2
E+i3+a k=0

e
ar. , BLOCK N-2  glgy, tWzmasE T

N
=(5) () (N-1) ( )
T/'T Ig+w3+a , xzo (N-2-X) 1kl T

ot e—r—————————————r . e
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C t e . K .
=<§)(%§.)(u-i)uzz T | ?LOCK<—~—t W3Ta ‘) ’
k=0 §+w3+a \
N-k-2
T-t
Clpocry g,
3
. xH1

N(N-1) N-2 - t-w3-a-§

) N2 T : t
7 (T_)(N_z),K£01$;:§:§713?T(E?T)('_~fﬁf_7-)~

N-k-2 *BLOCK
(- “sLock,
T g
- . 5+w3+a
teLocK = ;+wlfa, and therefore
k+1
w5 (a2 ) §i(§£)N§2 T (g+wl+a-w3-a-g)
82 T T 'gop (B-2-KJT(k+171 T
e
N-k-2
(T‘tBLocx). .
T
) k+1 N-k=2
_ gl‘gé)Ntz T (wl-w3) (T'tBLOCK)
T T Ly N=2IT(&+ 101 T T )

Hence in the case of two or more ready stations competing

" for the network and with 0 <« tq <. T~ wl - a, the probability

of success in gettin@\iie mastership of the network is the
sum of all the probabilities with time stamp for the first
arriving station to-e [g; £ + dz], where £ € [0,T].

Thus we have,




468j;

v agEn
‘ - . . » T . ‘ N-k=-2
. =fT w1 §l(§£9N§2 S {H(T‘tBLOCK)Y
o0 T 'T 'Ly (N-2-k)I{k+I]1 T.
wl_w3k+l ’.'
c(' ) F
N T i
. - . kel
T (N=2-x)I(x+1)1' T
, k=0 . X
C N-k~2
T-W,-a . T-t
1 BLOCK,
* f’O ' {H(_.—-—Tﬁ_)" as
- k+1
= El Ngz : e} (wl-w3)'
TL Lo N=2=xJT(k+D)1' T
: N-k-2
) jT—wl_a(T_tBLOCK) C a
0 T . B
N2 -w, Kt
=§_l_ 5 (l )
T L, TN- 2-k)1(k+1)1 T
T-W.-a - T-{-W,-a ka-z .
P | 1 :
¢ JO ' (" T )‘ di IS
. 0
, k+1 - N-k-1
Nt No2 1. (wl'wa) (T )(T‘E‘wl'a)
T gog (N=2-k)!{kx+l)1" T N-k-1 T
: T-W,-a
=k + 1 X

Let 2



K=20 +

o~

‘therefore ‘
K=N-2 -+

Hence we rewrite the expression

— N1 2
Ps2 = T~ 111 N=27 %7 (W1W3) (T-W wa)
N-1
1 Ny Los N-%
=== 7 (U)(W,-W,) (T-W, -a)
N ogiy &3 178
N
=Llo07 rw-a)N
T 2=0
Ly s g N NN
" = N {(T-W,-a+W, -W,) "= (T-W, a) (W, -W;)"]
1 N N ANy
= F { (T-W,-a)" = (T-W, -a) _(w1‘w3).}

N-%

3ot VR fmotg o\ N N
W -W,) ST Wi-a) - (W oW,) }

°
’

for further details, a derivation is given in Appendix D.

b) ?.- wl - a < tO < T

.

aP (g, t) = 1Pr {exactly 'l arrival at tg € (¢,E+dE);
' _exactly.l arrival at %i € (t,t+dt);

no arrivals at (f+dE, £4W3—a) and

T> > +d +W
N g

-a, T]} *kh

£ € £T-w1

Let us now determine the range of values for t

3V-;- a; t € [o,T];

0 and ti' Fig.

- 4.7 shows the situation for this case. Similarly, station .

-

-***Actually we should take care that there will be no
arrivals after S;, i.e:. no arrivals in [T,t0+wt+a]. Based on

. our assumption on the uniform distribution in

0,T], there

are N arrivals only. If we slide the latency period, there

should not be any arrivals in [t
T4T, (i.e. [T,ty+ wl+a] inclusive

violate our assumption.

[

j

+to*T]), where t;<T. and W;+a

; otherwise this will

o —

e ey b
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. §;~ ist. be arriving’ (Wj+a) seconds\after Sy There is no - -

. L] Coa - - ’

f - \
arrjval after S hence there must be (N-2) ai'rivals in
' ’ « & ,
-~ [ t, +w3-a.] (whlch is labeled as v J.n\Flg 4. 7) Thus w:.tr .

O&e [g, ;+d;] and ts € [t, t+dt](1 thdn t\ e [g; + wj " a, TJ L ‘ .
and & /@,[T - wl - &, T= tvjé - al, 'thc'er‘efore'
» . ’ ‘N—z -
‘e _ap GE T vy dt ! -
aP',(¢) ="N(z%)(N-1) | ) (&) 7
. s2 ' OT . :{,Qﬂ3+a T . T : e .

v d / t-Wa-a—E
R / T . |
R g S e N- D
. =SSR (3 )(N o) (2
| 1 . .| EHWo4a .
. ' ¢ M A
T-W,-a-g ’ 2 v
=&y 30" ; e
T - . « ] -
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‘of success in-joining the mast;rship of the tetwork after

“ ) i

-2, o

" <The qunts in. the first case as described earIﬁé{,ié’this

section and the second case just described above are mutua-~ "~

¢ .

iLy exclusive. Therefore, we can find 'the total probability
; ) ;o

one .contention period &s the 'sum’ of probabilities of the two
- ¢

§ .

events. . : - : . .
. - (] F
l.€. PS\= Psl + P 2 + PSZ .
! N( \ [P § J

SN v . T=Wy 1 ‘

e = )+ {{T-W,-a) = (T-W._-a) = (W,-W_) |

\ T rop « o
. W AW N . \

+ (j‘_ ’ " =
-w .-a ) . s . l : . ’ ’ ‘.
l T ~ )

e/prbbability of failure of aJy station 1£\€a1n1ng the

m stershlp of the chafnel after the contentlon perlod will.

o

be_ . QQ “‘.” ' ‘ n “ .

. R . e . e
' P

P_ = Pr [no station ga'ins the mastership of the bus.
- . + ' e
after the contentidn period] .4 , -

\ SR e

. . ) . , \ .

e A . ' ‘ .
" In section 4.1, we have pointed out that-an idle period
4 ’ . s

may exist ff‘the‘total contention period igfflonger than the

transmlsSLOn period. Our protocol assume ackets of fixed
’ »
length (~ 128 bytes), at a consti!l ‘data rate (~ 7M bytes/—

sec); thus the transm1551on perlod is assumed to be const—.”

»

v ant and symbollzed by <- (~ 30 psec) As the contentlon fo;

the mastership of the network for the next'TP 1nvolves ohly

K
“
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the AL while the actual transmission takes plaee on ﬁhé high

. speed H*BUS, these two events proceed concurrenb&y{ if it
happens that the physical transm1551on has finished, yet
theni‘is no station succeeding in gaining the mastership of
the network, then the ﬁ—BUg will be idle;until‘one station
gets control(/; it.’ Fig. 4.8 showeﬂthe.timing.diagram for
this situation. -

Suppose a ready station has gained the networ master-

13
- . 3

. . N , 3
ship and it has entered the ready-wait state. Once the:
transmitting station.has finished the transmission, this
* ready- and-walting station w1ll acquire the H-BUS 1mmed1at-

ely. ,Then it lel commence its trafsmission (this is the

v

period Ty as shown in Fig. 4.8), and at the same time, it
will release the AL. This' is to let -the remaining stations

compete for the mastership of the networR fé; the next TP on
S .
- the AL.  However, if there are many consecutive unsuccessful

¢

contentions and the total contention period is longer than
the transmission period, there willnbe a time interval duri-
ng which all the stations will be cempeting for the network

and né epe w1ll be transmitting, an idle‘pEriod occurs.

Note that once a, successful contention perlod ex1sts, then

'

contentions are stopped until the next transmission has:ieen
1n1tiated (and the AL will be released by the transmitt

g

station). We proceed now ‘to calculate the average length of

* the idle period. oo .
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¢

An idle period occurs when the length of the total
contention period is longer than that of the transmission

period& the iength,of the idle period then is given as the

difference of the total contention period mjnus the transmi-- .

ssion period. . A total contention consists of (n-1) consec-

utive unsuccessful cpontention periods followed by one succe-

-ssful contention. The length of a contention period is a

random variable which depends on the arrival of a ready
' . '

station. Denote by x,, i =1, 2,..., n<l1 the length of the

‘

ith unsuccessful contention period, and by ylthé length of

the last successful contention period. Denote by C the

w

length of the total contention period

ice. C =’total‘unsucceg§fnl + the successful .
contention per%od contention period
n-1

The probability of existence of the idle period is given as

3P = Pr [an idle period exist]

= Pr [the total contention > the transmission]
period period .

= P(C > ) (/

=‘P(n=l)P(y>1|n=l)+P(nF2)P(xi+y>1)In;Z) .

tooont P(n;k)P(xl+x2+....+foy>t‘n=k)'

B n- : .
1 P(n=k)P( § xi+y>1‘n=k) where B + o (4.10)
K=1 i=1 -

1

9



@

obviously,

-7

v

n-1

P(] x; +y> t|n=k) < 1 ana

i=1

o

k=1
. \i_ k-l
Since P(h=k) = Pf PS
1l
P_ ) =1; B+ & ;
s l—Pf 5‘
hence ,

P = P(C;Qi <1

6 -

’

: B
P=P(C>n1)< ] P(n=k); B

\
~ B <

and P, , P_< I then | P(n=k) =

k=1

Since xi's and y are determined by the arrival ;time of a

station, they are defined
. o= W, + +.

X5 . t +'wl w2

y =-t+W o+,

by

W3U

+ a

!

/, '

where t-is the arrival tié% of the re y station, and wl,

w;, w3 as well as a are constants.

t 1

he arrival time, t, of
1 3

the station is a random variable which is uniformly

distributed in [0,T]; where T is the period of latency.

IS

Thus . there exist a global maximum value of X; (when t = T)

and also a global minimum value of Xy (when t = 0) where

© Xpgn S WY W5 4y
K ' )
xmax = T + Wl + w2

~

+ a

I3

+ W, + a

3

A

Similarly,.the random variable y attains its minimum and

maximum at

Ynin wl + w2
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We can see that the d[;tribution of y and xi's differ by a
Y -

constant (w3 + a). Let us assume the occurrence of the

followigg special case: each of the total contention

periods attains their maximum (i.e. x__~ and y ), then the
max - max

n%mber of contention periods such that an idle period just
Bxists will be “the minimpm.

: _ ] .
In other words, there should be a particular value of n

(]

(the number of contention periods), denoted ‘as noin such

that if n < noin then there will be no idle period. .

Now with the transmission period, 1, n_. can be easily
. w min

determined by »
.T—y ' x [y ’
- max 4
noin = [—;————] +1 ) (4.11)
pRx - .
f .

where [g] is the largest integer that is less than or equal
to thé value of g. Rewriting equation (4.10), we have

. B k-1
Pr [an idle period exist]= | P(n=k)P{ ] xi+y>tin§k)
k=1 i=1
with B » = ’

&

From the analisis aSove, obviously ,

k-1
° P('z X, +y> r|n=k) =0 fork < mn .
i=1 g
Hence we cah deduce the following '
. B k=1"
Pr [an idle period exist]= |  P(n=k)P( I'xi+y>1|n=k)
‘ ) k=nmin i=1

(4.12)
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&‘m ’ . i
Consider the ekXpression in eguation (4.12), P(n=k) is the
probalbility that k contention periods occured. This is
quite easy to find as we have already found the probability
of one contention périod.. Besides, the event that a second
unsuccessful contention period is independent of the previ=<

“ous contention periods. So P(n=k), the probability that

there are (k-1) unsuccessful contentions followed by a succ-

k-1
£

Ps where Pf and Ps are the probabilities of an unsuccessful

essful one, is a geometrical distribution with P(n=k)=P

and ‘successful peripod respectively.

n-l l .
#yg For P( ) xi+y > 1ln=k), we have the following: xi's
) i=1
. . . . e
?nd y are continuous rqndom variables with xi [xmin' xmax]
€ ‘ i
and y [Ypin’ ymax]' Yet they are independent because the

length of a contention interval is independent of the length

of the previous contention period(s). Now with

i t + Wl + W2 + W3 + a

>
]

y tH W, W,

where t is a uniformly distributed random variable in
the interval [0,T] °
the expected mean and variance of x; and y are (refer to

Appendix E for details).

_ _T ’
n; =Elx;J =3+ W +W,+W,+a

*



- 79 - v

& T
”y=E[y]=§+w1:w2
. . . (4.13)
0;2‘= 02‘ =-.'I_‘3° ' ‘ ' e s
y X5 12 :
By means of the Central Limit Theorem [4.24] with € °
, n-1 - : 5
z =) X, +y, then its mean n and variance ¢“ are given by
i=1 . "
N ) n-1
n=ng ot oL *‘nn_l+ny=znl+ny
v T l—l -
: n-1 \
2.4 2 2 2 2 _ 2 2 :
g .= ol,+ 02 + e + cn—l + g = _Z 01 + o
i=] . .
and its density cna be '‘approximatel by L
. 2 2
f(Z) - 1 e (Z T)) /20 .
o/2n )
when n increases. ) ‘
.For the expression,
n-1 . .
P(] x,+y> 1 ‘n=k),
. 1 \
i=1 . -
. 1 -
we can find the corresponding probability by
'\;:T*\p-’l [} , - . .
. P( V. x, +y > 1|n=k) = [~ f(z) d=z - i
i=17 -} K ‘
BT ' . : 2, 2 ..
. - J‘” l__ e‘(z"'ﬂ) /20 dz , (
. ST Y7 - .
cooN - ' ' (4.14)

-

'a

e e - IR L L IE T
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when n is sufficiently large.
"In the following, .et us assume that n is sufficiently

large such that the Central Limit Theorem can be apblied.

.Therefore, -using equation (4.13)

_n=1
n= ] mn, +n . '
) i=1 Y ,
='(n-1) ny oty . i
. ]
- T . . ' _ -
= nlg H ) (1) (6 + a) (4.15) ‘
. n-1
' 02 = E ’ c? + 02
. i=1 7 L
2 .
nT .
v . . , 4.16)

.

hence with equation (4.14), we have

L 4 =]

.Pr [an idle period exists] b

P

Q.

® n
I . Pin=k)P( .

k=n_., i
min

1

X, +y> 1|n=k)

It &=

1

® V27, 2 .
=7 LRl ) A T e (Emn)T/207 4y
L« f s =1
k—nmin oY 2n
- .
+P_) erfc (==1) S (4417)
o : Y20

) k-1
=z 1 (P
n .
Comln

where erfc (a) =

v
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'

For the average idle Meriod, we proceed with the

following analysisi Given that there are n=k contention

conditional expectation which is given as

1 JE[Iln=i]

k

f: (z-1) P(C=z’1|n=k) dz
1 e—(z-n)z/ZG?
ov 21 4 ‘

dz

-

f: (z-1)
.

. 2,2
. ) e‘(T 1) (20 + 1ot
Y

~

T Y20

f? et at

~ where erfc(x) = x

2
/n

periods that occured, the average idle period is a

5= erfc (liﬂ)

(4.18)

The détails are given in Appendix F. The average idle

!
period is given as

. I =©E[1)
T = E[E[1|n=k]] ‘
] = E[Ik] L ']
=,kz P(n=k) - I
“=Dmin
_ v k-1 . -
= kg Pe P I,
Nnin
\ . *

(4.19)
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'Thus thg average idle period is an‘infinite sum of.series;
if‘£here exist an upper bound such thatutﬁis bound is
 finite, then the averaée idle period exiéts ané-cdnvérgeg.
The following is to fiAd the existence of such a bound,

Now . 4

2 - ‘ .
le-t I < 1; ‘for -= < tv & 1 o .

and . . o .
o

% erfc(t) ¢ 1; for == < y ¢ =

hence by using equation (4.18) we have,
. ,

2 2
1, = o o (T-m)%/2¢% | n;t erfc (ZZD)
7 2n ‘ ' V26 ‘
< ——tn - | °
Y21 .
Now from (4.15) and (4.16) ‘
= JK T ' ‘
B, \mT+(§+w1+wz+w3+a)k R
_ ' . 4
(W, + a) _
. ~ I
2 \ i

o

for k » 1, k“ » kx or k » vk and thus

B, « X+ T ow, +w +w, +a)x
k e 2 1 2 3
Y 24n - . .
- (W3 + ?)

" < Ci{k - c2} | : 4
wheére the constants Ci and C2 depénd on T, wl,wz,w3 and a.
Hence,

IK < B ¢ ¢ {k - c,) for some constants C,, C,
from (4.19) therefore, ' ' _ S o ' .

”.'r
. " ¢
- -0 i\\
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i

P

® ) ' .
L k-1, .
< _z P, sP_eC {k - c |
k=n_. \ .
“'min X o
+ i R R lu
3. k-1, 5 _ k=l
< 1 o[k P Ve Po-oy P TeR ]
k=n_, N
‘mln ’
. : '{
ce T e 2 K co.p T
=C) 1. (PPggps (Pg)}-CiCpepy 1 P
k=n_ . £ E k=n_.,
. w.mln min
¢ n ."1—1
”z“ Pf m}n
= C,P d Ky
s yun . ap. P ) - CCGPy —7T -3
. Y min YU f . £
2 . .
n . -1
. ) .p_ min.,
d  k : £
=CP_ = ( § P.)-C,C,P -
rs B8P ', L Uf T1v2's, T - B
min '
. ' min ’
P n_._ =1
= o £ ~c.c.p. M™n
C1Ps 3P, (I-P CrCoPs
f _ f 4
lV"miln‘—l . “min
- cp (nmihPf.. (1-Pg) + Py - cocp
1's . 2 R
(1 ."Pf)
=A (P_.); where A. is a function of P
p £ : £
~*ITc<na for k » 1
Fe
o
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. for Pf aifferent from one, the functlon A (P ) 1s real and

finite. Now 51nce the number of contentlans is at least R

one, then obv1ously I is bounded and thus.we can conclude

that the\averagé idie period exists and converges. The

following is to calculate the average- 1dle period by using

the system parameters. . . - ¢

L4
In "our ex1sting system, we assume a .transmission period
° . -

T = 30 ps, litency period T = lus, the propagation delay a

100ns and-probability of a successful'contentionAperiod,

which was given in\gggéﬁion {4.9) and rewyritten again, e
» b \\\\\ a' ' N » *
{ - . e
T-W, N ™~
P, = (—5—) , where N is thé-total number of - :

stations in the System .

ol

o N
v & ’ a

Obviously, the oﬁb{mal probability of a successful

. . 4 RN
.

contention péfiod is when w3=o . Prom equation (4.1;7\WE\\\

° I
' have i ‘ ‘ s )
] co R . M,‘k f . ‘ .
W2 ? 2a +AW1' )
let Wl = a, ‘ : ‘ ) \\
hence w2 > 2a + Wl = 3a
let "W, = 3a o ) B .
_ thus, using equéfion (4.13) ' ‘
i * T = - " L4 f ‘- .
. xmi‘n Wl + W2 + W3 + a :500 ns ‘ . ‘ R
. : o
; > Xrax = T + W, o+ w2 + W3 + a = 1500 ns
. ’ v I
. ymin = wl + w2 . = 400 ns L | .
= + + = 1400 ns - . ' .
ymax T Wl w3 \ ni_* . . 2

-
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i Lt . o / ~
R [
4 ¢ . ol <

.} . ’ . “\
1‘3) l.r"neams of equation {(4.11), Jwe: have

i - ’ 0/
« n _ﬂ’ ‘f Ymax] + 1 ) . \\ ‘ . R
min « X A \
. max

X = 20 : L
Since N in = 20 it is large enough for us to\employ the

1

, 4
- N ‘W Central Limit Theorem,.therefore from equations (4415) and

(ﬁ.lﬁ), we have . ' Q

n = n(% + w1 + wz) + (n—l)(w3'+ a)

.= n=-20.1

e

- 0_
12

v -

Using equations (4.18) and (4.19), the average idle 1 period
can be evaluated. ‘

Now the system utilization factor is given by

ci

§=_ - ' ) f
1 B

+

where e

is the average successful transmission period:

Y

-1

is the average idle period:
.and ‘B is the average busy period.
Since there are no collision periods, the average husy

4

period eguals the average transmission period. Thus




Wi
(]

U =1 (30us); hence

- . ﬂa ( [} . . ‘
— \ (4.20)

I1+0

wi
n

By using (4:18), (4.19) and (4.20) the corresponding system
utilization factor is calculateé. This is done by means of
the computer program attached }n Appendix F. 1In Fig. 4.9, a
plot of the 3?erage system utilization factor together with .
the simulated results are d&yen. Fig. 4.10 shows the
average delay response of the New P;otocol. The siﬁulation

4

model of this new prézocol is run by PAWS again. The

-

description of the IPG model is given in the next section.

4.6 Performance Evaluation on Collision Free Protocol

through Simulation ’

In this section, a performance evaluation on the New
Collision Free Protocol is again modeled by using PAWS. The
simulated *results are compared with the théoretical ones
obtained in Section 4.5. Due to the current limitation on
PAWS, only up to twenty stations could be simulated. 1In
order to verify the theoretical results,a second set of
parameters using a = 200 ns, T = lus, W = 200 ns, W, = 600

1 2

n; and w3 = 0 ns is also run.

Fig. 4.11 shows the IPG model of' the New Collision Free
Protocol. Packets are generated at source node MSOURCE in
order to fill up the queue at all Stations [IJ.

The node WAITGEN generates the random arrival time of

the packet from a particular station. The nodes Wl and

W2 represent the waiting times. On the other hand, WINDOWl

i
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s .
and WINDOW2 are equivalent-to the’ network propagation delay.

Nodes SENSEl and SENSEZ age used-for testing the pebble pool

3

“while SETAL1l and SETAL2 “are to close the BACKLOG gate and to
lay the,pébhie in the pool respectively. The node WITHDRAW
is to simulate the unsuccessful stations at which their

- pebbles are retrieved., After then these packets will go to

the”gate BACKLOG. e T

On the other hand, the successful %acket will éo to
gate DELTAT and wait for the éurrent transmission, which
occurs at node XMIT, to be transmitted. When a transmission
finishes, the gate of DELTAT will be open, the packet that
has been waiting will leave this node aﬁd close the gate

<
right aw‘y. The purpose lg,to avoid’ two packet overlappxng.

Before this successful packet starts transmltting, it will
retrieve the pebble at node WITHDRAWZe; A new contention is

triggered by opening the gate at’ node BAOKLOG whlch is cont-

'\l H

‘rolled at node BOPEN2. Another node BOPEﬁl also controls

R J
the gate BACKLOG. Thls is when no station wins the content-
tt ¥,

‘!' on
NI

ions. all the packets will be waltind ‘at; nodeaBACkLOG until

"w’
the last unsuccessful station opens the gate and starts
another new contention. The;node IS?R 13 to flush the pack-
ets that are left at the node BUS so tha£ there arée always N
stations competing in any conteqfion: . The corresﬂznding

PAWS simulation program is given in Apbendix G.

S



4.70 Discussion

As we can see from Fig. 4.9, the theoretical results
agree closely with.the simulated ones. This reflects the

validity ‘of the collision Free'Protocol. The system
* .

utilization factor is relatively constant1rt one and dtarts
cutoff at N=30. This shows the new collision Free Protocol’

improves a great extent in the system utilization factor

t

when compared to the results obtained in Chapter 2. ‘"More

discussions will be found in Chapter 5. |
aéimilarly, we can see the,dglay'response Es much better

in this new pr6t0c01 than the old schemes. 1In Fig. 4.10,

the plot shows that the deiay time gets ségnific;nt when

b

N=30. : . r A

4
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CHAPTER 5

i

Summary and Discussion @

In this thesis, we have introduced a New éollision-?ree

Protocol in which has a contention period coincides with the

previous packet transmission. We have also proved that this
protocol is” capable of filtering out colklisions. A detailed
analysis is done to evaluate. the corresponding system

utilization factor -and the results were shown in Fig. 4.9
v ‘ N

- and Fig. 4.10. 1In addition, two sets of parameters were -

calgulated and further verified by using the PAWS simulation
packag%f

Moreover, a hardware implementation is proposed for tﬂe
H-Network to utilize 'such p Collision Free Protocol. In the
future, our intention is to build the network and verify
the protocol. Presently, the theoretical results ;ie
promising and they have -shown a tremendous improvement over
the standard CSMA/CD. The system utilization factors as
Qell as the delay responses of the original H-Netowrk
CSMA/CD protocol (Fig. 2.4, Fig. 2.5) and the new Collision
Free Protocol (Fig. 4.9, Fig. 4.10) are re-plotted in Fig.
5.1 and Fig. 5.2 for comparison.

Obviously, in Fig. 5.1, the average utilization of the
New Collision Free Protocol is far better off than the old
prgtocol.

In the Collision Free Protocol, the utilization factor

maintains a relatively high efficeincy (~ 100%) up to 30

r |
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. stations. . Afterwards, it drops gradually as the existerice

of the idle period become more probable. On. the other'hand,'

the oldibrotocol expefiencgs many coll%sions when the
traffic starts getging heavy . (when N > 5), and the system
utilization falls exponentially du;lto collisions.

Also, the new protocol has a much smaller packet delay

as compared to the old protocol.

To conclude, we developed an effective network conteﬁt- :

Q

ion protocol and prow}'idéd the link level and transport level

for the H-Network.'

g B o r o gt . @ - i

“
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'PROGRAM OBUECTIVE
[]

H This simulation program is to model the original protocol of
'the H-Network without backof¢ algorithms.

,!The number of stations simulated is N=10. However,

!the number of stations, e.g. -
IN=3, N=15,..etc, do not differ by much. These will be pointed
tout in this program. ,

!

!

'DESCRIPTION

'

! Packets are generated at source node MSOURCE with an inter-
‘arrival time lamder (i.e MEAN in the program). These packets
!will be processed at SETUP1 to fill up the competing stations-
!STATIONCI]., At node RDYTIME, a time stamp is' marked on the
'!packet ready time. The channel contention is controlled by
!nodes CNTRLI and CNTRLZ2. Node WINDOW. is modeled to be the
'window of vulnerability (or propagaion delay).

l -
! Nodes FREEZE ‘and OPEN work in a complementary action.

!The FREEZE node will stop the packets flowing into node CNTRLI
'this represents the CSMA/CD when a ready station arrives at

'‘an idle network, the channel will be occupied after at most a
'network' propagation delay. On the other hand, when a busy

‘!period ends, the channel will be freed and it will be available
!for contention again. This is done at node OPEN.

)

! The transmitted packets will be sunk into node MSINK and also
'for the collided packets .

!

DECLARE
_INTEGER TEMP. K, GWAIT, GLENGTH, COUNT, CRASH, INDEX;
REAL RTEMP, EXTIME, DT1, DT2,.RTT1, RTT2, MEAN;

NODES MSOURCE
‘ SETUP1
GSHUT
GOPEN
EXSINK
' STATION
BUS o | :
WINDOW , ‘ T
DELTAT : : ~
CNTRL1
CNTRL2
WAITGEN ’ I
RDY'i INE
INIT

. I3 P
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FREEZE u
COLLIDE
XMI7
MEASURE
OPEN N
INTR
EXITNODE
MSINK
i
4
CATEGORIES MESSAGE; .
TOKENS TOK; 1used to limit the packet to be sent
!is one per station '
TOPOLOGY ‘
MSOURCE SETUP1 {MESSAGE, ALL) 1.0;
SETUP1 EXSINK . (MESSAGE, 300) 1.0
- SETUP1 CSHUT {MESSAGE, 301> 1.0:
SETUP1 GCOPEN (MESSAGE, 302) 1.0; .
GSHUT EXSINK (MESSAGE, ALL) "1.0:
QOPEN EXSINK {MESSAGE, ALL> 1.0
SETUP1 STATIONCLILTI] (MESSAGE.ALL ) 1.0
STATION RDYTIME {MESSAGE. ALL) 1.0:
RDYTIME WAITGEN ({MESSACE, ALL> 1.0;
WAITCEN BUS {MESSAGE., ALL > 1.0
BUS DELTAT (MESSAQE. 100} 1.0;
BUS CNTRL1. {MESSAGE, ALL> 1.0;
, CNTRL1 WINDOW {MESSAGE, 200! 1.0
DELTATY WAITGEN { MESSAGE, 100> 1.0:
WINDOW 'FREEZE {MESSAGE. 200) 1.0;
FREEZE CNTRLZ2 { MESSAGE. 200) 1.0:
CNTRL2 COLLIDE {MESSACQE. ALL) 1.0;
COLLIDE XMIT {MESSAGE, 202) 1.0;
XMIT MEASURE ( MESSAGE., 202> 1.0;
COLLIDE MEASURE {MESSAGE. 200> 1.0; .
COLLIDE MEASURE {MESSACE. 100 1.0:
MEASURE OPEN {MESSAGE. 100) 1.0;
MEASURE INTR {MESSAGE, ALL) 1.0
INTR INIT {MESSAGE, ALL) 1.0
INIT OPEN {MESSAGE ALL) 1.0: ,
QOPEN EXITNODE (MESSAGE. ALL? 1.0i
EXITNODE MSINK {MESSAGE, ALL)> 1.0;
DEF INE
MBOURCE

¢t this is the source for the messages.
! rate (lamda) of a packet is constant which is MEAN.

TYPE

SOURCE

The inter—~arrival

[y

E-AN
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REQUEST (MESSAGE, 1) CONSTANT (MEAN);

i

SETUP1
! here we generate the packets to all .the STATIONCiJ by
! assigning the phase to a random number. Th% range of

this number is from 1..N (In this case, N=10)., We also

! have LRI[2) := packet generation time
TYPE COMPUTE
REQUEST (ALL.ALL)

COTOIF 4 eBL71
LETEG @BL[71] TRUE
LETEQ TPHASE 301 w , ;
e0T0 3 ]
LABEL 4
LETEQ TPHASE 300
LETEG K , 0
LABEL 1 . . .
ADD K K 1 '
eT GBL101] K 10 '#asns
COTOIF 2 eBL101]
LETEQ GLENQTH QLLSTATIONLK], HESSAOEJ
EG GBL9] GLENGTH 10
QOTOIF 1 GBL91]
LETEQ TPHASE K
€070 3
LABEL 2
COTOIF 3 GBL81
LETEG ©BI8] TRUE
LETEQ TPHASE 302
LETEQ@ ©GRC7] TIME
LABEL 3

LETEQ LIC11] TPHASE

i

STATI

rER cu B rem rwy tEm cam sum

ON DIMENSION 10

here the STATIONCLil is of dimension N representing the
contending stations. The number of packets transmitted
is one per station., This is limited by the TOK of each
station. In each station, the packet transmission is by

means of the FCFS queveing dicipline(@D). However, since uo'

use the INTERRUPT node feature, the interrupted packets
will leave STATIONLi] and feed back to STATIONCi) in a
random order. Thus. here we use the PRIORITY SKIP for GD
and LRILZ] (the gen. time) to preserve them in a FCFS manner.

TYPE ALLOCATE -

QUANTITY 1 TOK

QD PRIORITY SKIP

REQUEST (ALL.ALL) LRI2] CONSTANT (1) TOK;

v

< LR Lk R
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BUS -
! the packets have the time :tamp\{o access the H-BUS in LR[11],
! which is uniformly distributed in [0, T1, where T is the
! period of latency. This time is genherated at WAITGEN. -

TYPE SERVICE
QUANTITY 1 \
QD DELAY |
REQUEST (MESSAGE, ALL ) CONSTANT (LR[11); ;
I A
WINDOW
! this is to simulate the network propagation dolau. Xn our
! system, a=0.1 ms or 100 us. :
TYPE SERVICE
QUANTITY 1
@D DELAY
REQUEST (MESSAGE, ALL } CONSTANT (O.1);
DELTAT ’ .
! to give a very small delay time, delta ¢t --) O so that ‘there

' is a presedence for initialization of parameters in INIT before
! the transaction pass to WAITGEN. .

TYPE SERVICE
QUANTITY 1

QD DELAY
REQUEST (HESSAOE.IOO) CONSTANT (0. 00001); ,
!

COLLIDE
! this is to smulate the collision dotection 1ntorva1.

TYPE SERVICE
GUANTITY 1 B

GD DELAY
REQUEST (MESSACE. ALL ) CONSTANT (9.9);

L3

XMIT

! this is to let the packet delay for the oquivalcnt tinu

! interval as that for transmission. .
TYPE SERVICE . : )
QUANTITY 1§ i . Ll

QD DELAY
REQUEST (MESSEAGE, 202) CONSTANT (20.0):

CNTRLI .
! this node works with node CNTRL2 to ch-ck For colliuion or

E e s et e 0= 6t % N
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successful transmission. Packets pass this node will update
the global counter COUNT which will be checked at CNTRL2. I¢
the COUNT = {1, that means there is only one packet arrived ‘
within its window of vulnerability; otherwise i# COUNT ) 1, \
! we have a collision.

TYPE COMPUTE © .

REQUEST (ALL,ALL)

ADD GOUNT COUNT 1

! S

CNTRL2
! originally the phase of the packets i's 200 which correspods to
! colliding transactions. After checking that the COUNT is 1,
! the transaction is marked with phase 202 - successful trans-
! mission. The colliiding packets will increment the number ot
! collisons for backoff purposes. '
TYPE COMPUTE
REGQUEST (ALL,ALL)

eT GB(12] OUNT 1
QOTOIF * 1§ GBL121]
LETEG TPHASE - 202
LABEL 1 .
ADD LIC2] LI{2] 1 ‘update collision count
LETEQG ¢BL[22]1] FALSE .
COTOIF 3 GBl{231]
LETEG ®BL231 TRUE
LABEL 2 )
LETEQ QWAIT GL[BUS, MESSAGE )
ADD ¢1022] QWAIT COUNT
EQ . @BL55] GI[22]2 10 Lauae <
GOTOIF 3 GBLS51] .
ADD CICSS] CI[53] 1
LABEL 3
i &
RDYTIME

' this is to mark the ready time of the transaction
TYPE COMPUTE :
REGUEST (ALL,ALL)

LETEG - LRL3] TIME .

LETEG LIC2] 1 !initialise collision count

H : :
WAITGEN

! this is to generate the random time for access the bus in the
W period of latency T, it also keep track the id of transactions
! compete for the bus. The purpose is that these unsccessful
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4
e B

! ¢transactions will be interrupted by the transaction(s) that
! enters the INTR node

TYPE COMPUTE

REQUEST (ALL. ALL)

LETEQ@ - TPHASE 200 .
LETEQ LRI11] UNIFORM(O., 0, 1.0) ‘ Cop
LETEG GILINDEX] TID ST
ADD INDEX INDEX 1
H

INIT ’

this is to initialise the counter INDEX back to value together
with the corresponding TRANS-id GIL1] to QIL10] to 0Oi the )
counter INDEX is to keep track how many transaction has entered
the competition for bus access. Their trans-id is stored in
the global array.

s

TYPE ' COMPUTE
REQUEST (ALL, ALL)
LETEQ  INDEX 1 , s
LETEQ K 1
LABEL 1
LETEQ  GILK] )
EQ ¢BL981 K 2
COTOIF 2 eBC98] .
ADD ., K K 1
¢OT0 1
LABEL 2
i
MEASURE

TYPE COMPUTE
REQUEST (ALL.ALL)

LETEG  COUNT (o} )
NEQ oBI[11] TPHASE 202
GOTOIF 1 GBL1] . {
ADD ¢lrael elras) 1
@070 2 <
LABEL 1 !
eOT0IF 2 ©BL22]
LETEG CBI221] TRUE ‘ tavoid repeated calculate
AD QIl29] cIL29] 1. 'colliding period
LABﬁz,z R
i ’ ‘
° -
INTR

! this node is to interrput those transactions waiting
!. in nodes BUS, WINDOW, COLLIDE, to simulate the collision
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! event. Those involve in collision will endup with same
¢t #inish time and for those which are not will go back to
! WAITOEN again. :
TYPE INTERRUPT
REQUEST (MESSAOE, ALL ) TRANS: QI[11 100
TRANS: QIfL2] 100
TRANS: QI[31 100
TRANS: QIC4] 100
TRANS: ¢IC5]1 100
Y TRANS: CIL6] 100
TRANS: QIL73 100
TRANS: GI[B1 100
TRANS: QI[L93 100
TRANS: GIL10] 100 .
TRANS: GIf11] 100
TRANS: ¢I[123 100
TRANS: GI[131 100
TRANS: CIC141 100
TRANS: QIL 153 100
TRANS: GI[161 100 -
TRANS: GIL171 100
\ TRANS: QIL183 100
TRANS: QI[193 100
TRANS: GIL201 100
i

FREEZE
! this is to freeze the packets from flowing into BUS so that
! they will not interfere the bus activities once the window
! of vulnerability is over.

TYPE SET
REQUEST (MESSAGE, ALL ) STATIONLALL] 0.0
BUS 0.0
DPEN ’
! this is to resume the contention once the busy period is
! over.
TYPE SET '
REQUEST ( MESSACE, ALL ) STATIONIALL] 1.0
BUS 1.0 ;
MSINK
! this is the sink of all the transmitted packets.
TYPE SINK; '
OSHUT .
TYPE SET ‘ T

4 ——— s—— SR T
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END:;

. REGQUEST (MESSAGE,ALL ) STATIONLALL] 0.0

COPEN \
TYPE SET

. REQUEST (MESSAGE, ALL > STATIONC ALI.&.J 1.0i

EXSINK
TYPE SINKi

EXITNODE
' this is to return the token TOK back to

the issuving station.

! so that the next packet in this station can compete for

! transmission.
TYPE RELEASE

REQUEST (MESSAGE. ALL > ALL TOK STATIONCLIL111;
- \

STATISTICS REPORT
" this is to collect statistics.
RESPOMSE SETUP1 MEASURE
QL STATIONCALL) .

’

RUN

! initialize the parameters and run with different
! arrival time (lamda) - MEAN.
LETEG MEAN 1.0
"LABEL 1
LETE@ COUNT O
LETE@ ~ INDEX 1
RESET
@0 10000.0 100.0
PRINT €I1[29] .
PRINT @l[281
DUMP
EXIT
’

‘end of simulated program

interw

‘o
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APPENDIX B

PAWS SIMULATION PROGRAM OF THE H-NETWORK PROTOCOL

WITH BACKOFF ALGORITHMS ~
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'PROGRAM OBJUECTIVE

!

! This simulation program is to model the original

!protocol of the H-Network with backoff algorithms,

!In this program. the backoff algorithms is the

'combination of the quadratic and linear, and the _
'number of stations simulated s N=10. However, ‘ -
‘the other two backoff algorithms, quadratic

'and linear., are similar to this one. Moreover,

'the number of stations, e.g. N=5,N=15,..etc, do not.

'differ by much. These will be po:nted

Yaut in thxs pvogram. ;

I

' ;

'DESCRIPTION
i

~

-

K Packets are generated at source node MSOURCE

'with an inter arrival time lamder (i.e MEAN.in‘ program).
!These packets will be processed at SETUP1 to £ill '
'up the competing stations STATIONLI]. At node

'RD¥TIME, a time stamp is marked on the

!packet ready time. The channel contention is

!controlled by nodes CNTRL1 and CNTRL2. Node WINDOW

'!is modeled to be the window of vulnerability

!(or propagaion delay).

) .

! Nodes FREEZE and OPEN work in a complementary

! action. The FREEZE node will stop the packets . -
'flowing into node CNTRLI ’
!this represents the CSMA/CD when a ready station arrives at

‘an idle network, the channel will be occupied aftér at most a
!network propagation delay. On the other hand, when a busy
!period ends, the channel will be freed and it will be available
!for contention again. Thxs is donc at node OPEN.

!

! The transmitted packets will be sunk into node MSINK while
'the collided packets will be executing a backo#f delay. .The
‘delay is generated at node BACKGEN and exercised at node
'BACKWAIT. : )

. DECLARE
INTEGER TEMP, K.GNAIT-GLENCTH»CDUNT.CRASH;INDEX.
— REAL RTEMP, EXTIME, DT1. DT2,RTTH, RTT2.H§AN.

NODES MSOURCE
BETUP1
STATION ‘ .
BUS b
WINDOW ‘ C J




_EXITNODE

DEL TAT ’ .
CNTRL1 R |
CNTRL2 . ’
WAITGEN ~\\\ -
RDYTIME : j
INIT '
BACKGEN ‘ ¢
BACKWAIT vl -
? FREE ZE
COLLIDE y
- XMIT ' s
" .MEASURE.
OPEN R .
INTR z : .
EXITNODE
MSINK .
i ‘ -
<
CATEGORIES MESSAGE; . -
- TOKENS TOK; " tused to limit the packet to be sont =
- . "!tis one per station .
TOPOLOGY , . ”
MSOURCE  SETUP1 (MESSAGE, ALL) 1.0; .
SETUP1 STATIONILIC111 (MESSAGE,ALL)> 1.0;7 o <t
STATION RDYTIME (MESSAGE, ALL ) 1.0; ¢ sl
RDYTIME  WAITGEN (MESSAGE, ALL ) 1.0;
WAITGEN BUS" (MESSAGE, ALL )} 1.0; .
BUS DELTAT (MESSAGE, 100} 1.0;
BUS CNTRL1 (MESSAGE, ALL )} 1.0; .
CNTRL1 WINDOW ‘ (MESSAGE, 200) 1.0;
DELTAT ° WAITGEN ¢(MESSAGE, 100) 1.0;
WINDOW FREEZE (MESSAGE, 200) 1.0;
FREEZE CNTRL2 (MESSAGE, 200> 1.0; .
CNTRL2 COLLIDE (MESSAGE, ALL Y 1.0;-
COLLIDE  XMIT (MESSAGE. 202) 1.0; o
XMIT MEASURE {MESSAGE, 202) 1.0;
COLLIDE = MEASURE " {MESSAGE, 200) 1.0; .
COLLIDE MEASURE (MESSAGE, 100> 1.0; 0
MEASURE  OPEN (MESSAGE, 100) 1.0;" :
MEASURE ~ INTR (MESSAGE, ALL ) 1.0;
INTR - INIT (MESSAGE, ALL ) 1.0;
INIT OPEN (MESSAGE, ALL ) 1.0;
OPEN EXITNODE (MESSACE, 202) 1.0;
OPEN BACKGEN (MESSAGE, ALL) 1.0; " '
BACKGEN  BACKWAIT ({MESSAGE, ALL" 1.0;
BACKWAIT WAITGEN W MESSAGE,'ALL ) 1.0;
‘MSINK (MESSAGE. ALL )} 1.0;



-

‘ - 112 -

- DEFINE
MSDOURCE N
! this is the source for the messages. The inter—arrival _
! rate (lamda) of a packet is constant which is MEAN.
TYPE SOURCE
REQUEST (MESSAGE, 1) CONSTANT (MEAN);

SETUP1
! here we generate the packets to all the STATIONLil by

! assigning the phase to a random number. The range of

! this number is from 1..N (In this case, N=10). We also

! have LRI[2] := packet generation time

TYPE COMPUTE

REQUEST (ALL,ALL)»

LETEQ LR{21] TIME ‘
*ﬁ LETEQ RTEMP UNIFORM(1.0, 10.999999) !depending on N

LETEQ TPHASE FIX(RTEMP)

LETEG }1[1] TPHASE ‘

STATIDN DIMENSION 10
here the STATIONIiIi] is of dimension N reprosentxng the

- contending stations. The number of packets transmitted
is one per station. This is limited by the TQK of each
station. In each station. the packet transmidsion is by

means of the FCFS quevueing dicipline(@D). However, since we
use the INTERRUPT node feature, the interrupted packets

will leave STATION[Cil and feed back to STATIONLi) in a
random order. Thus, here we use the PRIORITY SKIP for QD

! and LR[2] (the gen. time) to prgserve them in a FCFS manner.
TYPE ALLOCATE

QUANTITY 1 TOK

GD PRIORITY SKIP .

REQUEST (ALL,ALL ) LRE2] CONSTANT (1) TOK:

tms sem rEm tem tEm tEm s cem

\ i - . \
BUS
! the packets have the time stamp to access the H-BUS in LRL[11],
! which is unifaormly distributed in [Q,T1, where T is the
! period of latency. This time is generated at WAITGEN.

TYPE SERVICE
QUANTITY i

QD DELAY
REQUEST (MESSAGE., ALL > CONSTANT (LR{11);

WINDOW
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! this is to simulate the network propagatxon delnq. In our
! system, a=0.1 ms or 100 us. - T
TYPE SERVICE :

QUANTITY 1

GD DELAY | :
REQUEST (MESSAGE,ALL) CONSTANT (0.1);

+

DELTAT |
to give a very small delay time, delta t ——) O o

! $0 that there
! is a presedence for 1h1t1a112at10n of parameters
, .

in INIT before
! the transaction pass to WAITGEN. ,
TYPE SERVICE ‘
QUANTITY 1 T . ‘ .
. .

QD DELAY
REQUEST (MESSAGE, 100) CONSTANT (0.00001)3 .

]

v COLLIDE
! this is to smulate the coll;sion detoction intorval.

TYPE SERVICE N
QUANTITY 1 ' - ot

QD DELAY . .
REQUEST {MESSAGE., ALL) CONSTANT (9.9); °

<

XMIT )
! this is to let the packet delaq for the oqu;valnnt ﬁ:me

! interval as that for trensmission.

TYPE SERVICE
GQUANTITY 1

QD DELAY
REQUEST (MESSAGE,202) CONSTANT(20.0);

BACKWAIT . |
! this is to exocute the backo## algor1thm. The waiting time

! is generated at BACKGEN and kept in LRL11. .

TYPE SERVICE !
QUANTITY 1 .

QD DELAY .
REQUEST ( MESSAGE, ALL ) CONSTANT (LRC11); ‘

CNTRLI
! this node works with node CNTRL2 to check for collision or

& \ ! successful transmission. Packets pass this node will updatn
T ! the global counter COUNT which will be checked at CNTRL2. I¥

o
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* the COUNT = 1, that means there is only one packet arrived
! within its window of vulnerability;, otherwise i# COUNT ) 1,
! we have a collision.

TYPE COMPUTE

REQUEST <ALL, ALL)

ADD COUNT COUNT 1

s
’

CNTRL2
! originally the phase of the packets is 200 which correspods to

"' colliding transactions. After checking that the COUNT is 1,
-+ ! the transaction is marked with phase 202 - successful trans-

! mission. The colliding packets will increment the number of

-! collisons for backoff purposes.

TYPE COMPUTE

REQUEST (ALL.,ALL?

CT CBL12] COUNT 1 .
GOTOIF 1 GBL 121 . ‘ )
LETEQ, TPHASE 202

LABEL 1
ADD G/ LIC21] LIC2] i ‘update collision count
LETE @BL22)] FALSE

LABEL 3
i

-RDYTIME

! this is to mark the readq time of the transaction

TYPE COMPUTE
REQUEST (ALL, ALL)

LETEG LRL3] TIME . .
LETEQ LIC2] 1 ' !initialise collision count
HAITGEN

this is to generate the random time
: for access the bus in the
! period of latency T; it also keep
1 track the id of transactions that
! compete for the bus. The purpose is that these unsccessful
! transactions will be interrupted by the transaction(s) thlt
! enters the INTR node
TYPE COMPUTE

REQUEST (ALL,ALL) %
LETEQG TPHASE ¢ 200 .
LETEG LRC13] UNIFORM(O. O, 1.0)

LETEQ CILINDEX1 TID
ADD INDEX INDEX ° by

¢
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INIT ,
! this is to initialise the counter

! INDEX back to value together

! with the corresponding TRANS-id

' @IL1] ¢to GIC10] to O; the

! counter INDEX is to keep track how many
! transaction has entered:

! the competition for bus access.

! Their trans-id is stored in o
! the glabal array.

TYPE COMPUTE ~

REQUEST (ALL,ALL)>

) LETEG _ INDEX 1

LETEG K 1

LABEL 1 A
LETEQ GICKJ o .
EG . ©BL98] K 21
GOTOIF 2 GBL981
ADD K K 1
@0TO 1

LABEL 2
]

BACKGEN

! this is the node to :mplcmont the backoff algorithm,
. ! the existing method is by means of the quadratic backoff;
" we can also use the linear as well as the combination

! of the two.
TYPE COMPUTE
REQUEST (ALL,ALL)

LETEQ' CRASH 1

LETEQ = LRI[1) 0.0%
,LABEL 1 -

MUL LRLC11 CLRI1Y 2.0

EQ GBL201 CRASH  LIf2)

_QOTOIF 3 . @BL201]

ADD CRASH CRASH 1

eoTo 1
LABEL 3

H

S

MEABURE ' °

TYPE COMPUTE ‘ Lo S

REQUEST (ALL.ALL) . .
LETEQ COUNT .0

Iback uff algor.

ILIC21 as counter
!for :olliding freq.:

'i¢ it is Finish

quit; else
lkeep multiplqing

.

° va -



NEG
QOTOIF
ADD
LETEQ
8uUB
8UB
ADD
ADD
MUL
MUL
ADD
ADD
eOTO
LABEL 1
COTOIF
LETEQ
ADD
LABEL 2

<« INTR

! this node is to interrput those transactions waiting

! in nodes BUS, to simulate the collision
! svent.

|

! WAITGEN again.

eBL11

1

CIL281]
EXTIME
DT1
DT2
GRL31
CRLS1]
RTT1

+ RTT2

GRC41]
GRI6]
2

2
eBl22]
QI(29]

-l16-

TPHASE
@BL13
cIC28]
TIME
EXTIME
EXTIME
GRL3]
GRLS51

DT1
DT2

GRC41]
OR[61]

CBL22]
TRUE

CIC29]

WINDOW,

COLL IDE,

202

LRT2]

LR[SJf

DT1
DT2
DT1
DT2
RTT1
RTT2

'record EXTIME
‘calculate mean

'and var. |

‘avoid repeated calculate

1 ‘colliding period

¢ -

Those inveolve in collision will endup with same
finish time and for those which are not will go back to °

TYPE INTERRUPT
REQUEST (MESSAGE., ALL > TRANS: OIIIJ

TRANS: QIL[21
TRANS: QIL3]
TRANS: GI1C41]
TRANS: GILS5]
TRANS: QILé1]
TRANS: GIL71]
TRANS: G183
FRANS: GI1(91]
TRANS: QI[101]
TRANS: GI[11]
TRANS: QIL12]
TRANS: GIL13]
TRANS: GIC14]
TRANS: @I1LC13]
TRANS:QIL16]
TRANS: GI[17]
TRANS: GIL 18]
TRANS:. QIC19]

TRANS: 610207

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

‘7
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FREEZE
! this is to freeze the packets from flowing into BUS so that
I" they will not interfere the bus activities once the window
! of vulnerability is over.

TYPE SET .
REGUEST {MESSAGE., ALL) STATION[ALL] 0.0
BUS 0.0 : ’
OPEN . - |
! this is to resume the contention once the busy period is
! aver.
TYPE SET
REQUEST (HESSAOE.ALL) STATIONCALL] 1.0
BUS 1.0
MSINK
’ ! this is the sink of all the transmittod packots.
TYPE SINK. .
EXITNODE

! this is to roturn the token TOK back to the issuing station
! g0 that the next packet iQ this station can compete for
! transmission.

. TYPE RELEASE .
REQUEST (MESSAGE. ALL Y- ALL TOK STATIONLLIC1]);

N

ETATISTICS REPORT
! this is to collect statistics.
RESPONSE SETUP1 MEASURE
QL STATIONCALL]
i

RUN o : .
! initialize the parameters and run with different inter— -
! arrival time (lamda) - MEAN. ’ '
. LETEQ MEAN 15.0 ’
LABEL 1
LETEG COUNT O
LETEG INDEX 1

LETEG K 1 | :
LABEL 3 - C

LETEG OICK1 0 : .

EQ . GBL981 K 30 _— : . T S ,
' @OTOJIF 2 GBL98] - E . \ AR S

.
e, -

S
Faits




y ) ' " - : ST
: ADD K K 1 : S
f eota 3 . : '
- LABEL 2 '
" RESET
¢0 5000.0 100.0
i PRINT QIL291] ,
A PRINT QI(28] '
P ADD MEAN. MEAN. 5.0 .
o LEQ ©B{100] MEAN 100.0
COTOIF 1 GBL1001]
DuMP
EXIT
]
END; ‘end of simulated program
A \' )
|
|
5 1
%
|
i
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APPENDIX C

HARDWARE MODIFICATION OF THE ACCESS LINE TO ENABLE

THE PEBBLE POOL PARADIGM

%«
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i —————

,three 1mportant states of the network: .

| - 120 - 3
e
The detectioh of the pebble pool and the deposinionhof
the pebble into the pool are the actual actiyitiee involvell
on the AL (Access Line). . P }} .
One hardware 1mp1ementetlon is to have a detectzon q ’ .’f

seheme on the AL. This line. is- common to all stations. Iﬁ

is tied to an open collector bgffer and éll the‘TEST & SET

controllers in each station (as shown in Fig. C-1) The .
amount of current that sinks into the buffer will be )
inversely proportional‘to the number of TEST & SET sxgha s

belng set on the AL. Therefore we can detect the number of

contending statlons by sensing the value of the currernt.

There are three thresholds on. this. signal that torrespond to

}) there is no attempting stations; , ot .

2) there-is only one contending:station; and o

. 3) there‘are more .than, one contending stations.

o

i

, % [
) . .

o 04 4
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Now with

W, + W, + a ' ". L

X =r 2 3 ‘

¢

. where t is a random variable uniformly distributkd in the

“

interval [0,T] and W, . WQ, W, and.a are constants.

hence

e

is a constant’
.1

_where C1

T co -
—§‘+W1+W2+W3+a

/\ v, ' o
o_- =‘E[x2] - Ez[x]

Xy ) . - ‘e

' 2 2.
= E[(t + cl) ] -E7[t + cl]

2
1

= B[t + 2c)t + C
LY

b- (ELe] + e L

= B[t?] + 2¢, ECt] + clg' ‘ L

2

2 ‘ .
- E°[t] - 2cl E[t] - cl .

M .
9

.= E [t%] - E%[t] : .
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APPENDIX G

\

NUMERICAL PROGRAM TO CALCULATE THE AVERAGE IDLE PERIOD

AND THE AVERAGE UTILIZATION FACTOR OF THE NEW

CbLLI SION-FREE PROTOCOL

-
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222

. a
PROGRAM SYS(INPUT ,OUTPUT, TAPESsINPUT, TAPEG=OUTPUT)
DOUBLE PRECISION TEL,T,XMEAN,YMEAN,PS PF RMEAN SIGMA P1.S
DOUBLE PRECISION PSUM,EBDD,.E,TEMP1, TEMP2,P1,P2,PI RIK . TTSQ

PROGRAM TO CALCULATE THE AVERAGE UT!LIKZATION FACTOR OF THE NEW
COLLISION FREE PROTOCOL . 3

! [-MEAN = SUMMATION(PFes(K-1)*PSe¢IK) FOR I=NMIN,INFINITY

AND ,
S-MEAN = U-MEAN / (U=-MEAN + [~MEAN)
S-MEAN IS THE SYSTEM UTIL, FACTOR, R
U-MEAN IS TEL
T=1.0 . - .
TEL=20.0 . o
As0,2 . '
wWizA . -
wW2=2. 004w} ' . . . '
w3=0 : ’

AMAXZT+Wiew2ewlea . . .
YMAX=T+W1+w2 ’ .
NMINZINT((TEL-YMAKX)/XMAX )+ ;
XMEANZ=T /2. sW1i+W2+W3+A

YMEANZ=T /2 oWiew2 )

S1G5Q=T/712, . . .

P1=3.141592654 . ,
WRITE(6,2)

FORMA'T (') -

WRITE(6,19) NMIN, K XMEAN, YMEAN .

FORMAT (VM ,///, NMINZ" [ I3,2X,°MEANS X, Vv :*,2(F7.4,2X))

READ (S.,*) MULT ‘
EBDD=1 _0E-50 .

WRITE(6,10)
FORMAT(!H ,T10, INPUT # OF STATIONS AND STEP",
. "(NFIRST NLAST NSTEP)')

READ(S.*) NFIRST _NLAST NSTEP

CALCULATION OF THE AVERAGE IOLE PERIOD

" AND SYSTEM UTIL. FACTOR FOR NS

DO 250 NS=NFIRST NLAST NSTEP
IF (NS.EQ.0) GOTO 250
CALL FUNCT(NS.T A.PS)

PF=1 ., 0-PS
WRITE(6,222) NS,PS n
"FORMAT(1H ,///T10,'# OF STATIONS= ° 14,2X,'PS= ' F25,23)

«

PSUM=0.
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199

23

§ ey e

YEMP120, T
TEMP2=0 .
E=1 . E+15
KOUNT =0
DO 200 K=NMIN, 10000000
P1=PFee(K-1)*PS
AMEAN=FLOAT(K=1) *XMEAN+VMEAN
SIGMA=SQRT(FLOAT(K)*SIGSQ)

‘ TT=(1,0/SQRT(2.0))*(TEL-RMEAN)}/SIGMA

TTSQ=DBLE(TTTT)
CHECK THE VALUE EXP(-TTS5Q)

[F (TTSQ.LE.540,.0)THEN

P2=(1,0/SQRT(2.0°P1) ) *SIGMA*DEXP(~1.0°TTSQ)
ELSE "
. P2=0.0
ENDIF

PA=( 1. 0/2.0)*(RMEAN-TEL ) *ERFC(TT)
RIK=P2+P]

PSUM=P1¢RIK+PSUM

TEMP2=P1*RIK + TEMP2

FIND THE FINITE OIFFERENCES AFTER 200 TERMS

KOUNT =KQUNT+1

IF (KOUNT.EQ.200) THEN
KOUNT=0,

IF(PSUM.LE.O0.0) GOTO 199
IF(((TEMP2/PSUM) .LT.1.0E-50).0R.

(TEMP2.LE.V.0E-100))GOTO 230
CONTINUE

Ex(TEMP2-TEMP 1) *FLOAT(MULT)
WRITE (6,231)E

FORMAT(IH ,T10,°** E (INSIDE IF) **" £20.10)
E=DABS(E)

TEMPI=TEMP2
TEMP2=0,
ENDIF

CHECK THE TERM SuUM FOR CONVERGENCE

[F (€.LY.EBDD) GOTO 230
CONTINUE

CONTINUE

WRITE(H,233) R

FURMAT( 1ty ,TV0,'# OF TERMS 1S °, 110)

WRITE(6,21 PSUM

FORMAT( 1M, T10, THE AVERAGE IODLE PERIOD =°,G25.15)

S=TEL/(TEL + PSUM)
WRITE (6,213) S

LR .

~

T LI
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o
213 FORMAT(IH ./T10,°THE S¥S. UTIL. FACTOR IS *.F25.23)
c : , .
250  CONTINUE
c , : / :
: STOP : .
] END :
7
Y L d
SUBROUTINE FUNCT(NS.T.A,PS) l \
\ SOBLUNINRRBNERAIININIINRE0000300004800040080BP0840CerOLPIRIIGELITSOERIOIILY )

. SUBROUTINE FUNCT(NS,T.A,.PS) . C
. INPUTS : NS - # OF STATIONS, T - PERIOD OF LATENCY .
. A - PROPAGATION DELAY .
. OUTPUT : PS - PROPABILITY OF A SUCESS CONTENTION .
BOR0300080003C000 0300000000000 00TORERININERNERIIOIENEOPTItETIOIOGUIOEETRSS

DOUBLE PRECISION PS T,FF,v
c
C.... PROGRAM TO CALCULATE THE PROBABILITY OF A SUCESSFUL
c CONTENTLON PERIOD
L
. ACTUALLY THE PROBABILITY OF SUCCESS IS ((T-W3-A)/T)**nS
. HOWEVER, IN OUR CASE w3=0. '
. ,

PS=((T~A)/T)s*NS
C -

. . RETURN .
END

ey
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* DECLARE

!

INTEGER TEMP, KK:NS:K:ONAIT:QLENQTH:CDUNT.CRASH.INDEX:

REAL

RTEMP, EXTIME, DT1, DT2, RTT1, RTT2, MEAN:;

NODES MSOQURCE
SETUP i
@SHUT
GOPEN

STATION

BUS

RDYTIME
WAITGEN
BACKLOG'
SENSE1

Wi

HINDO“!

e SETAL1

W2

SETALZ

SENSEZ2
WINDOW2
WITHDRAW]
BOPEN1

INTR

DELTAT
DFREEZE -
WITHDRAW2
BOPEN2 -

XMIT

DOPEN
MEASURE
EXITNODE

MSINK

H

CATEQGORIES MESSACE;:

TOKENS

TOPOLDGY

SR

SETUP

TUP
/?.m

STATION

//// SETUP

TOK;

' 'is ono per. station

SETUP (MESSAGE, ALL )

MSINK © ( MESSAGE, 300)

OSHUT ( MESSAGE, 301 )

COPEN { MESSACE, 302

MSINK ( MESSACE, 301 ),

MSINK ( MESSACE, 302)
STATIONCLIC13] < MESSAGE, ALL) 1.0s
RDYTIME ( MESSAGE, ALL )

'used to limit the packut to be

1.0;
1.0;
1.0;
1.0;
1.0;
1.0;

1.0;

sent .



RDYTIME
WAITGEN
BUS

BUS
SENSE1
SENSE1

W1

SETAL1
BACKLDG
WINDOW1
SETAL2
W2
SENSE2
SENSE2
WINDOW2
WITHDRAW1
WITHDRAW1
INTR ‘
BOPEN1
BACKLOG
DELTAT
DFREEZE
WITHDRAWZ2
INTR
BOPENZ
EXITNODE
XMIT
MEASURE
DOPEN

H

DEF INE

MSOURCE

WAITGEN
BUS
SENSE 1
BACKLOG
W1 .
BACKLOG
SETALL
WINDOW]1
WAITCEN
SETAL2

T W2

SENSEZ
DELTAT
WINDOWZ2
WITHDRAW1
BACKLOQ
INTR
BOPEN1
WAITGEN
WAITGEN
DFREEZE
WITHDRAWZ
INTR
BOPEN2
EXITNODE
XMIT
MEASURE
DOPEN
MSINK

[}

{ MESSAGE, ALL )
({ MESSAGE, 200)
{ MESSAGE, 200)

{ MESSAQE, 100)

{ MESSAGE, 202)
{ MESSAGE, 200)
{ MESSAGE, 202)
{ MESSAGE, 202)
{ MESSAGE, ALL)
¢ MESSAGE, 202)
( MESSAGE, 202)
{ MESSAGE, 202)
{ MESSAGE, 202)
( MESSAGE, 200)
{ MESSACE, 200)
{ MESSAGE, 200)
¢ MESSAGE, 201)
( MESSAGE, 201)
( MESSAGE, ALL )
¢ MESSAGE, ALL )
{ MESSAGE, 202)
¢ MESSAGE, 202)
( MESSAGE, 202)
( MESSAGE, 202)
( MESSAGE, 202)
¢ MESSAGE, 202)
( MESSAGE, 202)
( MESSAGE, 202)
( MESSAGE, 202)

1.0;
1. 0;
1.0;
1.0;
1.0;
1.0:
1.0;
1.0;
1.0;
1.0;
1.0;
1.0;
1.0;
1. 0;
1.0;
1.0;
1.0;
1.0;
1.0;
1. 0;
1.0;
1.0:;
1.0;
1. 0;

1.0; -

1.0;
1.0;
1.0;
1.0;

! this is the source for the messages.
! rate (lamda) of a packet is constant
TYPE SOURCE
REGQUEST (MESSAGE, 1) CONSTANT (MEAN);

SETUP

"~ The inter-arrival

which is MEAN.

! here we generate the packets to all the STATIONLi] by

! assigning -the phase to a random number.,
! this number is from 1..N (In this case,
:= packet generation time

! have

‘TYPE COMPUTE

LRL2]

N=10),

The range of
We also

REGQUEST (ALL, ALL) -
TIME {

LETEG  LR[2] ,
GOTOIF &4 eBL71 lclose the gate
LETEGQ - ©BL71 - TRUE

v
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TPHASE 301
. eoTa .3 . - .
LABEL -4
LETEQ- TPHASE 300 '!let the packet goes
LETEQ K o] !to the stations that require
LABEL 1 ' ' .
ADD K K 1 'check all the stations
eT - GBL[6] K NS !from 1 to N, in this case N=5
GOTOIF 2 GBL41 -
LETEQ QLENGTH AQLLSTATIONLK], MESSAGE]
EQG GBL?] GLENGTH 15 ‘'see if all stations each
COTOIF 1 GBL91 'filled up with 10 packets ’
LETEG TPHASE K 'before simulation
¢0T0 "3 : !
LABEL 2
COTOIF 3 GBL[81] 'open gate and start the
LETEQG GBL81] TRUE 'simulation
LETEQ TPHASE 302 )
LETEQG GRL71] TIME 'mark the starting time
' TRACE ° §
LABEL 3
LETEG LIC1] TPHASE _
_ {LETEQ RTEMP UNIFORM(1.0, 10, 999999) '!depending on N
'LETEQ TPHASE FIX(RTEMP)
'LETEG LLIC11] TPHASE
F
GSHUT

;

! this is to close the gate to set up the queuves of packet
! in each STATIONCLi) before start the simulation

TYPE SET -
REQUEST (MESSAGE., ALL ) STATIONCALLI 0.0;
GOPEN '
! this‘'is to open the gato when the set up is ready
TYPE SET

REQUEST ( MESSAGE,ALL ) STATIONCALL) 1.0;

. —~

STATION DIMENSION 10

' here the STATIONCi) is o? dimension N roprosonting the
contending stations. The number of packets transmitted
is one .per station. This is limited by the TOK of each
station. In each station: the packet transmission is by
means of the FCFS queueing dicipline(@D). However, since we
use the INTERRUPT node feature, the interrupted packets
will leave STATIONCil and feed back to STATIONLi]) in a
random order. Thus, here we use the PRIORITY SKIP for QD
and LRL2] (the gen. time) to preserve them in a FCFS manner..

sem s tem cmm tem tan s tom
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TYPE ALLOCATE

QUANTITY 1 TOK

GD PRIORITY SKIP

REQUEST (ALL, ALL) LRL2] CONSTANT (1) TOK;
, R

(\

BUS .

! the packets have the time stamp to atcess the H-BUS in LR[1]§

! which is uniformly distributed in [0, T]l, where T is the

! period of latency. Thxs time is generated at WAITGEN. / ~ j

TYPE SERVICE

QUANTITY 1

QD DELAY

REQUEST (MESSAGE, ALL ) CONSTANT (LRL11]);

RDYTIME /,//"”\
.-‘”\\M;:‘:_;

! this is to mark the ready time of the transaction
* " TYPE COMPUTE
REGQUEST (ALL, ALL)
LETEQG LRC31] TIME . " o

i

uAIT'bEN
this is to generate the random time for access the bus 1n the

! period of latency T, it also keep track the id of transactions
! that compete for the bus. The purpose .is that these unsccessful
! transactions will be interrupted by the transactxon(s) that

.} enters the INTR node

TYPE COMPUTE

REQUEST (ALL. ALL)

LETEQ TPHASE 200 _

LETEQ LRC11] UNIFORM(0.0,1.0) K

ADD o KK KK 1 -

LEG. GBL[791 KK 21 - '

COTOIF . GBL791

ADD GIL791. GIL79] 1 : " : -
LABEL 1 / -

LETEQ CILKK] TID

LETEQ LIC2] KK 'keep the vector index

ADD CIL29] CIL29] 1 'update participation count

TRACE 1

; s
BACKLOGC .

- "V this is the backlogged state that when the’ contending station
! senses the AL before laying the pebble or the station has,
! failed in competing for the channel. .

v
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TYPE SERVICE

-QUANTITY 1

QD DELAY

REQUEST (MESSAGE, ALL') CONSTANT (0.0000000I):

SENSE1
! this is when the 'station senses the AL before enter for.
! contending for the channel .
‘TYPE COMPUTE
REQUEST (HESSAGE.200>

LETEG TEMP LIC2] . C !
LETEG GILTEMP] 0 ’ 'avoid being interrupted
NEQ GBL10] COUNT * 0 'if pebble pool empty
GOTOIF i ‘° GBL101 'No, backlog S
LETEQ TPHASE - 202 . !Yes, keep going :

LABEL 1

\}‘M _— ) g, TR ";"‘!"’M,ﬂ'—‘q** i v

W1 ‘
! the first waiting interval Wl _is equal to the
! prapagation delay, a ° .
TYPE SERVICE . . ", - .
QUANTITY 1 oo
QD DELAY
REQUEST (MESSAGE, 202 ) CONSTANT (0.1); o

o

WINDOW1 i co T
! the window of vulnerability L
TYPE SERVICE
QUANTITY 1 _° .

QD DELAY
REQUEST (MESSAGE, 202-) CONSTANT (0.1);

SETAL1
! to lay the pebble in the pool
TYPE SET
REQUEST (HEgSAGE.QOQ) BACKLOG 0.0;

SETALZ2
)
TYPE COMPUTE" .

REQUEST (MESSAGE, 202) “ -
ADD COUNT COUNT 1 .

i

e e e e e D
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W2 ‘ .
! second waiting period (2a+max{Will)) is 0.3, however
! the window of vulnerability is simulated at node WINDOW
! therefore the waiting period ig 0.3 - 0.1 = 0.2
TYPE SERVICE '
Q‘GUANTITY 1
QD DELAY
a REQUEST (MESSAGE. 202 ) CONSTANT (0.2);
SENSE2 -
! frecheck the pool again for transmission .
TYPE COMPUTE . -
REQUEST (MESSAGE, 202)
EQ 6BL11] COUNT 1 'if number of pebbles = |}
GOTOIF 1 GBL111] 'Yes, go for transmission
LETEQ TPHASE 200 'else backlog
6070 2
LABEL 1 | .
ADD ¢ICS1) GICS1], 1 !check transmitted packets
LETEQ TEMP LIC2] -
LETEQ GICTEMP1] 0 -
. LABEL 2 o o 'when flushing the BUS
WINDOWZ2 :
! when the station Paxls to get the mastersh1p of the network
!'it retrieve its pebble. Then only after a network pro—
! pagation delay, the other stations realise 'its
! pebble retrieval.
TYPE SERVICE .
QUANTITY 1 ‘ ’
QD DELAY
REQUEST (HESSAGE.QOO) CONSTANT (0. 1);
NITHDRAwl )
’ ! withdraw pebble o a
V¥  TYPE COMPUTE .
REQUEST (MESSAGE, 200 ) ’
- 8UB * COUNT . COUNT 1 7 . !'retrieve pebble
NEG GBL131] COUNT . ©O 'if nobady gets
COTOIF 1 GBr131] !channel
. LETEQ TPHASE 201 'open BACKLOG gate
ADD . GILCD2] GCIC32 1 'update count
LETEQ KK [o 'vreset interrupt index
LABEL N \ :

.
-
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. BOPEN1
TYPE SET

REQUEST ( MESSAGE, 201)

ANTR

TYPE JINTERRUPT

REQUEST (MESSAGE, ALL ) TRANS:
TRANS:
TRANS:
.TRANS:
TRANS:
TRANS:
TRANS:
TRANS:
TRANS:
TRANS:
TRANS:
TRANS:
TRANS:
TRANS:
TRANS:
TRANS:
TRANS:
TRANS:
TRANS:
TRANS:

" TRANS:

DELTAT

! small delay
TYPE SERVICE

QUANTITY
QD DELAY

1
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BACKLOG 1.0

A

GIC11 100
GIC2] 100
GIL31 100
GIC4] 100
@ILS] 100
GIL&] 100
CIL7] 1Q0 ‘
¢IL81 100
GIL?1 100

cI1C10]
GIC11]
eIr121
e1C£137
01C14]
0IC15]
QIC161
e1C171]
eI1[18]
eI1L19]
€1[201
e1r211

\

100
100
100
100
100 .
100
100
100

100

100
100

0

REGQUEST ( MESSAGE., 202> CONSTANT (0. 000001);

DFREEZE
TYPE SET

REQUEST ( MESSAGE, 202} DELTAT 0. 0;

WITHDRAW2

4

N ~

! the traﬁ;mitting station will withdraw its pebble (the pool
! " should be empty again) so that all the station can compete
! for the channel in the next ‘TP.
TYPE COMPUTE
REQUEST (MESSAGE, 202

suB
suB

COUNT
CIL29]

COUNT
CIL2?]

'avoid repeat count

100 - ‘ - b

]
\
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EQ
COTOIF
ADD
LABEL 1
LETEQ

L

BOPEN2
'

, TYPE SET

REQUEST (MESSAGE, 202) BACKLOG 1.0

XMIT
TYPE SER

CBL12]
1
eI[991]

-

KK

VICE

GQUANTITY 1

' QD DELAY

- 142 -

COUNT
eBl121]
eI[99]

0

'pebble pool empty
'!if not, report error
'update error count

‘reset INTR index

REQUEST (MESSAGE, 202 ) CONSTANT (29.999999);

C ™ poren

TYPE SET

REQUEST (MESSAGE, 202) DELTAT 1.0;

MEASURE

! to collect the statistics and to check whether thoré is

! always NS number of stations competing at any time

TYPE COMPUTE
REQUEST (ALL,ALL)

LETEQ
LETEQ
LETEG
LETEQ
LETEQ
LETEQ
LETEQ
LETEQ
LETEQ
LETEQ
LABEL 1
\ADD
ADD
L
SOTOIF
LETEQ
EG
COTOIF
ADD

GIC1]
CIC2]
¢IC3]
CI[4]
CILS]
CIL61
CIL71]
el(8]
INDEX
cIL29]

INDEX
eIL29]
CBL13]
1
KK
GBL141
2
CIL301]

QL [BUS, MESSACE]

GLIW1, MESSAGE]

GLLWINDOW1, MESSAGE] o

GLLW2, MESSACE]

GL [BACKLOG. MESSAGE1
QLTWINDOWR, MESSAGE]
GLLDELTAT, MESSAGE]

GLICXMIT, MESSAGE]

o
o a

INDEX
ClC29]
INDEX
CBC13]
o -

CIL29]
CBL14]
eIC301

1 'find the total packets
GILINDEX]
B N

‘should be in withdraw2
NS

‘‘perform testing
1 ‘!'update error count
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LABEL 2 ' 4 -
ADD GI[281 .  QI[28] 1 'ypdate # of xmit period -
; : -od

EXITNODE o
! this is to return the token TOK back to the issuing station
! so that the next packet in this station can compete for
! transmission.
TYPE RELEASE ‘ . 4
REGQUEST (MESSAGE. ALL ) ALL TOK STATIONCLIC11];

MSINK ‘
!“gink of all packets
TYPE SINK :

’ ‘ »

STATISTICS REPORT
! this is to collect statistics.
RESPONSE SETUP MEASURE
GL STATIONCALL]

-

RUN K
! initialize the paremeters and run with different inter-
! arrival time (lamda) -~ MEAN. i
LETEGQ MEAN 2.0
LETEQ NS 10 :

fnxue don‘t forget to change dimension STATION
'#4%% don’t forget to change queue length SETUP
LETEQ COUNT O '
RESET
¢0 5000.0 100.0
PRINT GRL7] ! start time
PRINT QILC28] ! % of X-mission periods
PRINT @IL303] . ! error count for # stations contending
PRINT QI(99] ! srror count for empty pebbdle pool
DUMP L
EXIT
;

A Y
END; ‘!end of simulated program

-



