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1. INTRODUCTION

This report reflects the work done during the second year of
the three year project on "Control, Synchronization and Fault-
Tolerant Operations in Variable Topology Multicomputer
Systems;; The first year has been reported in [1]. -The
overall purpose of the research work has been to investigate
the architecture of a network of low cost computers (mini- or
microcomputers) linked with serial communication paths which
can be reconfigured according to the needs of each computation.
This led to a novel architecture named Variable Topology

Multicomputer, or VTM for short, developed by a previous

-

three year US European Office Grant‘[Z], (31.

The construction of parallel computer structures where
relatively large numbers of computers, reaching two or three
digit size has become feasible due to the advances in LSI
technology which led to very low cost microprocessors,
memories, and ancilliary circuits. Minicomputers have already
introduced some degree of de-centralization in real time
systems where it has become possible to place a computational
resource nearer to the point where such a requirement exists.
Such loosely linked computer networks are particularly
attractive where the computational task is spatially distri-
buted and has to be performed in real time. Microcomputers
have accelerated this tendency to a greater extent by offering

the designer remarkably flexible, powerful and low cost




components. Microelectronics industry has produced more
powerful circuits such as 16-bit processors and 32-bit
processors currently being introduced. On the high perfor-
mance side, the US Defence Department project is an effort to
achieve very high performance microprocessors [4]. Thus the
technology limitations for a microcon uter as a point computing
resource is yet to be reached. The availability of high
performance yet low cost microprocessors is making the use of
aggregates of such components as a tightly coupled structure
more and more attractive. The software support available for
more powerful microprocessors has also greatly improved; in
addition to having high level language compilers e.g. Fortran
and Pascal, sophisticated operating systems such as Unix are
available for these machines. This provides a much richer

environment for developing multi-microprocessor systems [5].

Another significant development has been the emergence of
Local Area Networks (LAN's). These provide an interconnection
medium for relatively large numbers of computers (mainly mini
or micro). The contention bus scheme of Ethernet [6], the
circulating token structure of the Cambridge Ring [7] and
token passing ring [8] are some of the well known approaches.
These are fixed topology architectures yet they offer fairly
standardised interconnection media, very different from the
store-forward scheme used for long-haul networks. However the
standardisation is not being extended to the communication

protocol level which goes beyond the link level protocols.




Many of the underlying control and synchronization problems
are receiving greater attention, some due to LANs, others
due to the greater use of distributed computing [9].
Distributed Operating Systems are of much interest as are
the higher level language constructs for synchronisation and
control, for example the rendezvous concept of the Ada
language is designed to achieve synchronization between

cooperating tasks.

These developments had fundamental implications in system
design. Rather than sharing one powerful central machine,
individual processes are identified and allocated to separate
smaller machines for execution. Novel computer structures
have emerged for implementing real time systems where the
computational resources are distributed and interacting
according to the requirements imposed by a particular
application. Currently there exists an unprecedented range of
components to be able to tailor a system such that computa-
tional power of required dosage is applied to points where
data acquisition and processing functions are required. The
current state of system technology, however, is not
sufficiently developed to provide a designer with well
integrated hardware, software and communication tools to
build such networks as distributed computer systems. Given
the complexity of many distributed ccmputer systems, there
exist very few design tools, if any, to understand and

evaluate many of the options and performance under varying




operating conditions of the system prior to implementation
and commissioning. Often, evaluation is done subsequent

to installation as an afterthought, more for dealing with
bottlenecks rather than to ensure that the system functions

within well prescribed target specifications.

During 1979-81, a distributed computing simulation package
called MICROSS was designed and developed, by Dr. Bozyigit

and myself, supported by a Science and Engineering Research

Council research grant.ffhe details of this package are
introduced in this report., This system enables a designer

to enter the specifications of a multi-processor system in
terms of topology, transmission line and processor character-
istics in an interactive manner. Following a simulation
phase the reporting is done by plotting performance figures
such as delay times, throughput, etc.. Thus MICROSS is a
powerful package to evaluate various architectural approaches
and topologies graphically in an interactive manner. MICROSS
facilities are now offered as a service to various research
groups and laboratories who would like to test the design
options that they may have in distributed systems. MICROSS
is seen as an important tool to evaluate a given architecture

against a given application requirement.

In this report, Section 1 presents an introduction to the
MICROSS modelling and sumulation package. Sections 2
describes MICROSS in a more detailed manner, in particular

the way a distributed computer system is specified for




modelling purposes. Section 4 introduces the graphical

aids provided by MICROSS. Chapter 5 presents the outcome of
a number of experiments carried out by H. English to evaluate
the influence of interconnection topology on performance.
This is done by taking two sets of network sizes: the first
set contains 9 node configurations and the second set
contains 16 node configurations. Clearly, facilities are
here to study other network sizes and topologies. Section 6

is the conclusions.




2. MICROSS SYSTEM OVERVIEW

2.1 Modelling of Distributed Computer Systems

There have been numerous studies towards modelling DCS. The
great majority, however, have been based on theoretical
approaches which require mathematical understanding of the
model in relation to the particular system under study. The
designers of DCS, as well as those in other fields, are not
necessarily in command of the mathematics involved. This gap
can normally be filled by specialists who are able to
formulate a particular model and present the results to the
others involved. This technique, apart from the cost and the

time factors involved, presents practical difficulties.

A considerable proportion of modelling studies is based on
digital simulation techniques. Especially with high availabi-
lity of computer power this has become a widespread practice.
However, there is not any efficient formal approach despite the
availability of some general purpose simulation languages or
packets (GPSS, SIMULA, GASP, etc.). Here again, practice has

been the development of dedicated simulation systems.

2.2 MICROSS approach of modelling of DCS

Development of MICROSS* is based on an attempt to formalize

* MICROSS' name was originally used as an abbreviation of
multi-MICROprocessor based System Simulation




the interaction of basic components at functional level.

The use of MICROSS, it is hoped, will shorten the design
cycle by reducing the modelling effort involved in the
design of a distributed computer system. The foreseen

advantages of MICROSS are as follows:

1. A designer can incorporate his system into
MICROSS readily since the terminology used
agrees with DCS terminology which he is

also accustomed to.

2. MICROSS is interactive. The user is guided
through the definition of his system

components.,

3. Interactive reporting facility provides easy
examination and evaluation of a particular

configuration.

4. Embedded standard networking alternatives i.e.
protocols and routing provide alternative

design options.

5. The graphics aid is provided at three levels.
Definition of the system can be aided graphi-
cally. State of simulation can be graphically
displayed at predetermined points in time
using incremental simulation times. The

graphical presentation of the results provides




for speedy decision making.

6. The adaptability of MICROSS regarding the
computer installation, is high, the non-graphic
MICROSS source package 1is coded in FORTRAN
language which provides wide portability. The
graphical MICROSS uses GINOF graphics package,
a PLOT10 version will soon be implemented which

will broaden the implementation area further.

7. In view of contemporary widespread implementation
and use of distributed computer systems,
geographically dispersed as well as local computer
networks, MICROSS can be used as an educational
tool to provide appreciation of DCS and give

insight into their characteristics.

2.3 Functional components of a DCS

2.3.1 Wwhat is a function?

The definition of a function depends on the level with which
the function is associated. For example, at one extreme a DCS
consists of two main functional components, nodes which under-
take application as well as switching tasks, and communication
lines which have certain capacity of transmission. At the

other extreme, there is circuit and/or instruction level of




functional decomposition which provides extensive details

and many more options.

The highest level may be considered too crude, due to the
availability of various alternative arrangements of a node
made possible with the advances in LSI technology. The lowest
leovel, on the other hand, contains too many redundant details
which can casily distract the purpose of simulation, and may

even make it unmanageable or impossible.

This study towards generalization of DCS modelling, has
assumed an intermediate level where redundant details are
excluded but enough means of control can be given to the
designer over the hardware and software arrangements of each

ncde involved in this system.

2.3.2 MICROSS functional comporents and specification

considerations

A node in a DCS consists of two main components (Figure 2.1):
1. Host side

2. Communication side as shown in Figure 2.1

The host side has functions associated to the application and
communication side. The communication side, on the other hand,
performs switching tasks which route messages towards their

ultimate destination. Thus the hardware specifications that
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are related to the two components would be speed and memory

with which the host and the communication node perform their
functions. These speeds in MICROSS are given in kilo (1000)
instructions per second. This relates to the size of soft-

ware involved in carrying out specific tasks involved. The

memory size is not a factor of high importance but it should
be sufficient for the allocation of the software and the

information in transit.

The local interface between the host and the local communi-
cation processors is specified by the protocol employed and
the transmission speed of the interface circuitry. [The
transmission media in the communication subsystem is often
connected to the communication mechanism (or protocol)

between the communication nodes., ]

The interface transmission timing is modelled as

where a is a fixed value per unit information, b is a
coefficient, and ¢ is the number of units of data to be
transmitted. The units depend on interpretation if, say, 1
is in bits and b is in mega bits per second, then a and t

are in microseconds.




3. MICROSS system details

3.1 Simulation technique

The simulation of DCS, obviously involves concurrent execution
of various components on a single processor i.e. a mainframe
computer environment. It is, therefore, important how the
global time is advanced regarding discernible functional units
such as host, communication processors, I1/0 ports, and

communication links.

MICROSS employs an event based discrete simulation technique.
This technique involves the ordering of the events, which are
referred to as transaction (TX in short), in time and in

precedence.

An event in the system can appear in one of the five states:

1. scheduled: waiting to take place

2. active: taking place

3. suspended (or blocked): waiting for the requested
facility to become free

4, pre-empted: prevented by-a higher priority TX

5. dormant: TX completes its life through the system

and terminates for good.

Figure 3.1 shows the transition of TX states.
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Figure 3.1 TRANSACTION STATES
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The states 1 and 2 have the common characteristic, scheduled
to wait for a certain duration of time before competing for
next facility. The state 1, however, until the involved TX
enters the system for the first time, takes place outside of

the system with no effect on the system at all.

A TX enters a blocked state if the facility it is competing
for is busy. A blocked TX resumes competing upon each
transition. The state 4 has not yet been implemented in
MICROSS, although provisions are made to include it. The
state 5 is obvious. The transactions, be it confiol or

data, come to an end at a particular host or communication

node. This state is referred to as TX termination state later

in the simulation and reporting parts.

The facilities involved regarding the simulation model are

host computers and communication processors, and the transmission

medium with host-to-communication subsystem interface and

communication-to-communication processor connection.

3.2 Basic MICROSS software system

In view of the general modelling aspects mentioned in the
previous parts the presentation in this part covers basic
descriptions of main compontents of the MICROSS software

system.
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MICROSS is organized in the form of three loosely tied

submodels and two utilities:

1. Definition
2. Simulation
3. Reporting

4. Restart

5. System snapshot.

The interface between all five is monitored under the control

of a small MONITOR.

These main constructs are also transparent to the user.
While he is guided interactively through the MICROSS system
he will know the submodel in charge of the current action,
by the prompt carrying the name of the submodel. Each model
has well defined interface with the monitor. There is no
control from one to another unless it comes through the

monitor.

In this secton basic tasks undertaken by each submodel are

introduced at a higher level. Further details are included

in the User Manuatl.

3.2.1 Control of MICROSS submodels: MONITOR

The MONITOR routine shows all the global data structures with
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control over user and other submodels of MICROSS. Figure 3.2
shows the system flowchart of MONITOR. With the interactive
control the user can switch between the submodels as many
times as found necessary until a convincing architecture is
achieved, judged by the analysis of the performance results

of each alternative.

MONITOR satisfies the need of clear user interface with
MICROSS. The MONITOR is the only path to enter a subsystem

and also the only path to exit the system properly.

3.2.2 System definition and initialisation

This section provides all the data necessary for the simulation
regarding the capabilities of the hardware components such as
host computers and communication subsystem, and applicaton such
as patterns of external message send requests generated at the
hosts. The upper limits are put for modelling constructs such
as scheduling lists, and queuing buffers at host and communi-
caton subsystem. The options regarding the communication
protocols and routine techniques are also specified in this

section.

The data structures used to implement simulation constructs
and also statistics on the facilities are initiated in this
system, as well. The system data can be grouped into four

classes:
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A. Topology Definition

Providing he stays within limits imposed by the system,
a user can either select his topology from a range of
'regular' and 'standard' topologies or define an
irregular network using either interactive graphical
input or by means of a connection table. An option
available to interactive users is to construct their

network with a geographical map as background.

After definition the topology information can be

stored in a data file for future use.

B. Hardware Data

- Speed of local processor: kilo instructions/sec.

- Speed of Communication processor: kilo instructions/sec.

- Speed of local transmission medium: kilo bits/sec.

- Speed of the lines between communication nodes:
kilo bits/sec.

- Local memory at the host for communication software
only: kilo bytes

- Communication memory at the communication processor:
kilo bytes.

- Output gqueue lengths in terms of number of messages.

The processor speeds are used to simulate the seizure




duration of the processors given a task requiring a
certain number of instructions. Memory size, on the
other hand, is checked for the sufficient buffer space
and is not a critical factor with the low cost factor
involved. The lines delay the transactions by an

amount proportional to their (TX's) lenauath,

C. Routing Data
- The routing technique: snce decided upon, 1s applied
system-wide. As far as a user 1s concerned, it can

be parameterized for certain well known routing
techniques which will be embedded. 1In the current
MICROSS system, two variations of fixed routing have
already been implemented. The flooding as well as an

adaptive routing technique is being implemented.

- Communication protocols: these are also parameterized.
Each protocol is simulated by a fixed delay time
depending on the complexity involved. The protocols
covered are hop-to-hop HDLC protocol, BISYNCH, X25
and a simple handshake. User defined protocols can
be incorporated with minor changes, as long as the

store~and-forward asvect of the DCS is obeyed.
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D. Application Data

- Application data is modelled in terms of the frequency {
of external message input at each node and a traffic !
matrix indicating the traffic flow requirements between «{
node pairs. The former is presented in terms of %
message inter arrival times and the probability
distribution function. The latter is presented in !
terms of a probability matrix. Optionally, actual
traffic can be used to feed to the simulated system.

This approach is most helpful in testing the model

against an existing counterpart.

The traffic can also be grouped into a number of

priority classes.

At various points throughout the definition phase the user is
given the opportunity to store his specific data on files.

This aids in the construction of more exact system models.

3.2.3 Simulation Subsystem
MICROSS simulation concept

The simulation subsystem utilizes every structure defined and/or
reset in the definition subsystem. The software modularity is
attempted by functional partitioning so that easy access by the

user is possible. There are two disjoint but closely related




sets of functions at higher level. The event (TX) scheduling
in time and priority, activation of a particular TX at a point
in time {(current time), advancement of global time as well as
updating the status of the facilities at that instant of
current time are alil carried out in one of these disjoint sets
of subroutines (using FORTRAN language terminology). The other
set of subroutines handles the facility seizure upon activation
of a particular TX. The seizure can take place because of one

of the following functions:

1. Arrival of an external TX at the host computer.

2. Local transmission attempt between the host and
the local communication node.

3. Receipt of local external messages at the

communication node.

4. Receipt of remote traffic at the communication
node.
5. Data transmission requests between two

communication nodes.

6. Scheduling the amount of external traffic.

The model provides a degree of interaction between some of
the functions. For example, data transmission request at one

side of a pair triggers the other side for reception.

The last item, i.e. 6, does not involve seizure of a
facility. The pattern of scheduling at a node depends on the

application data parameters fed in during system initialization.




b handled at the host right away unless the host is free.

The first five functions may require queuing at one facility
and dequeuing at the other depending on the success of action
that has taken place, and also the protocols involved. For
example if the protocol chosen is an HDLC utilizing hop-to-hop
with piggy-back acknowledgement then an arriving message is
queued as so0o0,;i as transmission is complete. Its copy in the
sending node is not removed from the queue unless its receipt

Arrival of A message is scheduled but is not guaranteed to t

is acknowledged.

The acknowledgement, gqueuing and dequeuing operations are
performed during the receive action of the host and/or the ) |

communication node.

Timing of each operation is necessary to affect the seizure
duration of the facility in question. The smallest time
increment corresponds to shortest independent process
(function). For example, an attempt to transmit by a sender
may be aborted because of the busy state of the receiver.
However, this attempt itself is an executable process and is
timed according to the number of instructions and speed of
the processor performing it. Thus the attempted TX is

rescheduled to be ready for re-attempt at a later time.

Figure 2.1 shows two nodes as they are simulated by MICROSS,

which appears as a network of queues. The host contains one

Jna, - 1 -------dl--------l




output queue leading to the local communication node via a
link. Communication node possesses m queues leading to m
other communication nodes and another queue leading to the

local host part.
The details of the data structure used to represent the

facilities are summarized in the next section.

MICROSS basic data structure

The MICROSS data structure can be grouped into four main

classes which are closely interlinked:

1. Physical components.

2. Status of physical components.
3. Application traffic and routing.
4, Book-keeping constructs.

Figure 3,3 displays the presentation of the physical
components and the related statistics , for all except
queues the specification data and status data are given in
a simple array type data structure. Queue representation
requires higher sophistication. The representation of an
output queue is a linked list structure. The status
data is kept in a separate array. For modularity reasons
each queue is also associated on a separate data area to

store the actual messages.

The index of a message in the data area is kept in the right
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queue. Therefore no search is necessary for retrieval.

Further data structures are added depending on the protocols
employed. For example, for HDLC protocol, utilizing piggy-
back window mechanism for acknowledgement another structure

is employed to record the relevant data for each queue.

The application data structure consists of an nxn traffic
matrix where each entry Tij indicates the proportion of the

traffic sourced at i and destined for j.

The routing constructs depend on the specific technique
implemented. For fixed touting technique an nxn routing
matrix (R) where Rij indicates next node after i on the
path to j is the main structure. As support constructs, we
have connection table (ICONT) where each row is a set of
adjacent nodes of the corresponding node, and weight table
W where each Wij indicates the minimum distance between

node i and j in terms of weight associated to each link on

the path (i,3).

Two main book-keeping data constructs (LISTX, IACTX) are
employed to hold the list of scheduled but inactive
transactions, and corresponding active transactions.

The TXs pingpong between these two lists until terminated,
after which they are removed from either of the lists and

also from the system altogether.
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Bnoth of these constructs are represented by linked lists
in which TXs are in time and priority order. The TX

information carried in these lists are:~-

1. Source id of the TX

2. destination id

3. TX id

4. time the TX is scheduled at
5. the action to take place next
6. priority

7. link area

8. output queue id

9. current node id.

The TXs are added or removed from the link lists using the

avail (garbage collection) lists.

The data structure allows the gathering of statistics on the
utilization of the system as well as the individual physical

and logical constructs.

3.2.4 Reporting Subsystem

Reporting is naturally referred to only after the completion
of simulation for a non-zero increment of time. Once it is
entered the level of reporting details is chosen by the user.
The small flow diagram in Figure 3.4 shows the reporting

options available in MICROSS.
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A short report displays the main system description data

as well as the results concerning the throughput and average
delay time experienced. Figure 3.5 presents such a report
for a 16 node cross-connected regular and homogeneous DCS.
In Figure 3.5, each row of connection tables shows the set

of adjacent nodes.

The long report option gives details of External Input, Node
Content, Delivered, Received and Unacknowledged Messages,
Response Times and Utilisation of Host and Communication
Processors, Output Queues and Communication Links separately.
A full set of reports for the 16 node system is given in

Figure 3.6.

The graphics report produces four graphs showing

1. Response Time statistics

2. Nodal Statistics
3. Utilisation Statistics
4. Output Queue Status.

Examples (again for the 16 node system) are given in

Figure 3.7 (a-d).

Notice that the Output Queue Status report is essentially
identical to the System Snapshot option in MONITOR: in both
cases an arrow represents a link in the direction shown and
vertical bars behind the arrow represent messages in the

relevant output queue.

i Rt ———————l
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