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AI3STHACT-------

A computer communication protocol has been set up for data
transfer among a group ofmicro6omputers connected in a
Token Ring Local Area Network. Using several defined control

,..

characters, the network provides some modifications with

respect to the existing network protocols. The network

provides the facilities of sharing of costly computer
resources like harddisks, printers, different softwares

which may not be attached to all the computers of the
net.\wrk. One of the main ideas behind the development of the
'net,~orl{ to use hardware eJ.ements as minimum a~ pcissi,ble and

thereby to reduce the cost 'of implementation. The charac-

teristics of the 6ontrol token of the network have been
modified with respect to the existing protocols to limit the.
hardware supports and at the same time to restore the normal
speed of processing'of local functions of a computer. The
implemented softwa~e provides communication facilities like

i.nterracti.ve com~unication, file send, file receive and

remote printing. Hinds are given at the end to carry out fu-
t,'re work in this area which will ,.JtimatelY expand the net-
work facilities.
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1.1
1-1

Computer Communication and Local Area

The exchange of information between computers for the

purpose, of cooperative action is generally referred to as
computer communication.

A simple model .of communication is represented in
Figuretl by a block diagram.

INPUT TRAilS TRI\tol!; R.Et:e.R OUTPUT
DEV.I(:E HITTeR HlSSIOH 'lEI<. IlE.V)t.E

R MEb)UI1

PART'1
01\ USE

SOURCE S'iSTEM

J\._----V I \~---- V
DESTII"IATION S'1ST£M

Fir,. 1.1 A sim;Jle m.del .f communication

In computer communication the source and destination
systems may consist of computers,
data processing devices.

terminals and/or other

In its most simple f6rm, computer communication maYJ
take place between two computers that are connected by some
form of point-to-point transmission medium. But" it is im-
practical to directly connect all the computers when the
number of computer~ increases and when the computers are
very far apart. The solution to this probiem is to attach
each computer t,o a communication netH.ork. When two or more
comput,cl'S H.r(:~i ntercOllnected .i. n th is way v ia a co~munica tion
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tile set;of computers is referred to as a computer
neth'orl{ .

When a group of computers situated within a limited
geographical area are interconnected for interchange of in-
formation among the computers or other networks a local area
network is formed. It can ~erve variety of devices a~d sup~
ports minis, mainframes, terminals and other peripherals .

• .A local area network can exploit the distributed com-
putational facili~ies and thereby redubes the computational
cost. The data transfer rates on this network are high
enough to satisfy most requirements and provide.wide band
data transmission capability at low cost.

1.2 Importance of Computer Networking

Interlinking of computers is a very powerful process for
i.nformation flow from one device to another. USer'g from
different points- on the network can ~asily transfer
information. Besides transformation of files and other up-
dated information does not require. external processing of
the computers .

It is not expec~ed that every user will be able to in-
cltide all the computer facilities (like printer, hard disk,
a large number of costly softwares etc.) with his computer
system. When the user is connected to a local area network,

i I
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resources of different working stations can be shared
through this network; This reduces the cost of purchasing
different computer resouces for all user's and eliminates
the need of physical transformation of devices from one
location to another.

A local area network can provide the facilities of shar-
ing databa~e inventory files by two or more users at dif~
f~rent geographical locations. This feat~re reduces the cost
of buying softwares for each individual station.

1.3 Objective of the Research Work

A completely separate wide area network for exclusive use
of digital data transmission is neither justifiable nor vi-
able in the present context of Bangladesh. But sharing rif
costly computer resources by establishing a communication
link among a group of computers is essential for our
country. Thus a suitable low cost technology must be used
for computer data communication. Token ring local area net-
work is one of the most popular method to bring the computer
resources located within a limited geographical area under a
network. As a result, a token ring local area network will
be developed by keeping the use of costly hardware elements
as minimum as possible.
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1.4 Expected Result of the Research Work

The proposed system is 'expected to be Ring Network. The
system will have adaplibility towards ,extension of the net-
work" and the costs will be simply additive on the excess
elements involved. The medium access technique will be based
on possession of a control token. In the proposed network, a
collections of microcomputers will be allowed to intercom-
municate through a series of point-to~point coaxial cables
with dedicated operations.

The communication process will be interrupt driven. As a
result, normal ,processing at either end wil~ not be
obstructed. An user will geti~terractive communication,
file transfer, remote printing and other network facilities
from the, proposed system.
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2:1 Introduction

The user of a lone computer can access only the resources
associated' with his computer. The user's scope of' exchange
of computer information for the purpose of cooperation is
restricted unless a computer communication is established by
connecting all those computers. Thus the exchange of infor-
mation among computers is referred to as computer communica-
tion and the system on to which all the computers are con-
nected to establish a computer communication is referred to
as Computer Network. It is obvious that the interconnection
is affected by the network system that allows the computers
to exchange information to support the user's requirements.
The basic function performed by a network is to provide a
path by which a user can access services or connect with
other users. Intelligent and meaningful communication,
however, requires the exchange of information in an orderly
manner using a well defined and structured set of rules and
conventions. 'What is communicated, 'how it i.scommunicated,
and when it is communicated must conform to those mutually
acceptable rules and conventions. These sets of rules and
conventions are called protocols.

2.2 Classification

Computer networks are characterized according to their
use of available band width, geographical extension of the
network elements, the way in which those elements are at-
tached to the network. Among those, geographical extension,
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1), Supports data communication among the participating

devices located within a span of 2 to 5 kilometers.

2) Supports data transmission at relatively high speed (1
to '20 Megabyte).

3) Provides the flexibility to attach new devices to the
network without much difficulties.

4) Provides the flexibility to interconnect with other
networks.

5 ) Should include features that faciliate network
maintenance, diagnostics and services.

6) Uses packet switching techniques for communi~ation.

7) Uses twisted pair
medium or uses coaxial
speed transmission medium.

as an inexpensive transmission
cable or optical fiber as an high

9) Uses either bus, tree or ring topology.

10), Provides baseband as well as broadband transmission
techniques.
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of the network elements is the most widely used basis on
which computer networks, are usually characterized. When an
interconnection is made such that the communicating devices
dispersed over tens of hundreds of ki)ometers, it ts
referred to as Wide Area Network (WAN) or a Long Haul Net-
work (LHN). A network is an MAN (Metropolitan Area Network)
if it serves users who are spread over several buildings in
close proximity In an urban environment covering tens of
kilometers. On the other hand a Local Area Network (LAN)
covers atmost a diameter of several kilometers and is typi-
cally confined to a single building or a set of closely
situated buildings such as a university campus.

Local Area Networks support minis, mainframes, terminals
and other peripherals. In many cases these networks can
carry voice and graphics information in addition to data.
The LAN is probably the best -choice when a variety of
devices and a mix of traffic types are involved.

2.3 Characteristics of Local Area Network

A Local Area Network is a group of interconnected,com-
puters situated within a l~mited geographical area for the
interchange of information among the computers and between
remote hosts or other networks by sharing some transmission
facilities. The' transmission
transmission media, ne~w~rk

facilities may include the
interfaces and communication-

protocols.
LAN "

Followings are the characteristics of a typical
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2.4 LAN Architecture

Topology
The manners in which the devices participat-

ing ~n the network are interconnected for information inter-
change is referred to as topology. How easily a local area
network may be implemented depends to a large extend on its
topology. The basic topologies used in LANs'are

1) Star Topology
2) Ring Topology
3) Bus Topology

Star Topology

l:EKTRAL HUB

OIliER
~1'l~i.HORK ELEMENlS

OR-bEV} c'ES
Fig. 2.1 Star. rapahgy : All device.' ara connected to a

central hub

•

In a star topology there is a central hub
which is connected ~o all the devices by point-to-point
links. The central hub contains a switch to be shared by. all
devices.

Twisted pair is usually used to link the stations to the
.central swi tch.

, ,
..

i
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'Ring Topology

OF DATA

INTERFACE

Fig.: 2.1 Ring Topology:Host computers are connected to 'aring

The ring topology consists of a closed
loop. Data circulates around the ring uniderectionally. On a
series of point-to-point links. There,is no need of routing
decisions. A station wishing to transmit waits for its next
turn and then sends data out on to the ring in the form of
packet. The packet contain source and destination address
fields as well as data. As the packet circulate~, the des-
tination station copies the data into a local buffer. A dis-
tributed control protocol is used to determine the .sequence
in which communicatio~ continues. Since multiple devices
share the ring, control is needed to determine at what time
which device can insert packets.

",'
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Bus Topology .

fi~. 2.3 Bu. T.p.l.~y I All otati.no are c.nnected t. 0

cemmon bue

The bus topology uses multipoint transmission medium
i.e. all nodes of the network. are directly tied to a single
transmission medium. Because all devices share a common
medium, only a pair of devices on a bus can 90mmunicate at a
ti~e, But unlike the ring topology, the pair of devices can
communicate directly without disturbing the remaining
devices. Transmitted messages flow away from the originating
node in both directions. .A distributed medium access
protocol is used to determine which station may transmit
next. The bus topology requires no routing decision.
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Tree Topology

Fi!_ 2.4 Tree Tepele!y : ,Statien. ferm • tree

The tree topology is a generalization of the bus
topology. The transmission medium is branched to accommodate

(.-<-

the devices participating in the network. Tree and Bus
topology typically use coaxial cables or twisted pair.

Multiple Bus

Fi!. 2.5 Multiple Bu. Statien. are cennected te twe bu.e~

Instead of a single common bus the topol-
ogy uses two separate bus as transmission medium. One bus .is
used to transmit data in left direction and the other is
used for the reverse case.
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2.5 Topology Design

Topology of the interconnection of a Local Area Network
plays an important role to determine

i) The cost of implementation
ii) The performance of the network

iii) Intricated technology involved
iv) Reliability of the network
v) Degree of robustness of the network

vi) Simplicity of the software involved
vii) Extent of the flexibility of the network.

Adopting anyone of the above topologies or its improved
version is based on the need to fulfill the particular
requirement of a'certain environment. Topology design is
therefore, a critical phase of network synthesis partly be-
cau'se of routing, flow control and similar other behaviours
of the network. The locations of nodes and connection of the
links in a topology design determine the transit time
through the network. Again for reliable and security
considerations, some networks may be required to provide
more than distinct path for each node pair.

The first step of topology design is to obtain a, feasible
network topology. The next step is to optimize the network
topology with regard to the environment where the network
would' be established. Topology design approach is depicted
in the figure

, '

"
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BEGIN

GENERATE A
NETWORK TOPOLOGY

IS NETWORK
FEASIBLE

INITIALIZE
COUNTER TO TRACK

OPTINIZATION

YES

CAN NETWORK NO
TOPOLOGY BE IMPROVED

YES

NEW NETWORK
TOPOLOGY FEASIBLE

EXIT WITH
PREVIOUS
NETWORK.

N

YES

OBJECTIVE
FUNCTION
ACHIEVED

Y EXIT WITH
NEW NETWORK
TOPOLOGY

Fig. 2.6 Flew diagram ef tepelegy de.ign
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2.6 SWITCHING PRINCIPLES

There are different techniques of data transfer in com-
mun.ication networks. A communication network may be'
categorized on the basis of architecture and techniques used
to transfer data. The following types,are in common use:

1. Switched communication network
a) Circuit-switched network
b) Message-switched network
c) Packet-switched network

2. Broadcast communication network
a) Packet radio network
b) Satellite network
c) Local area network

A circuit switched network transmits a message by providing
a complete path of transmission links from the message
originating node to the destination node. This path is set
up by a special signaling message sent by the originating
node to the destination node., A response to this signaling
message from the destination node informs the originating
node to proceed with data transmission. This data is trans-
mitted progressively over all the channel in the path with
no intermediate store-and-forward delays. The entire fixed-
delay path is allocated to this transmission, until the
sender releases this path.

•
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A message-switched network transmits, a message among the
nodes by moving the message through various transmission
links and message buffers. A message is stored and then
transmitted 'to the next node along the message path. A mes-
sage transmission ,from a node does not start until a b~ffer
at the next node on the ro~te has been allocated for it. The
path or the route for message transmission may be fixed, or
it may be determined dynamically as the message progresses
toward its destination node.

A packet-switched network differs from a message-switched
network in that long messages are first decomposed into
fixed-size segments called packets. These packets indepen-
dently traverse the network until they reach the desired
node, where they are reassembled into the corresponding
message. Thus, many packets of the same message may in
transmission simultaneously, thereby providing an important
advantage of ~acket switching: pipelining effect. Packets
belonging to a particular message are held in the memory
buffers of a destination node until all the packets required
to assemble the entire message have arrived. Thus, besides
the store-and-forward buffers, nodes in the packet-switching
networks also require reassembly buffers. A packet-switched
network handles the stream of packets in two ways: datagram
and virtual circuits. In datagram approach, each packet is
treated independently, just as each message is treated inde-
pendently in message-switched network. The packets of a par-
ticular message with same destination address do not all
follow the same route. ,This is also possible that the pack-

.'
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ets will be delivered at different sequence from the one in
which they were sent. In the virtual circuit approach, a
logical connection is established before any packets, are
sent. Once the connection has established two stations of
the network may exchange data over the logical or virtual
circuit that has been established. Each packet contains a
virtual circuit identifier as well as data. Each node on the
preestablished route knows where to.direct such packets.

Two similar types of broadcast networks are packet radio and
satellite networks. In both cases, stations transmit and
receive via antenna, all stations share the same channel or
radio frequency. In packet.radio network, all stations are
within transmission range of each other, and broadcast
directly from one station to other stations. In a satellite
network, data are not transferred directly from transmitter
to receiver but are relayed via satellite. Each station
transmits to the satellite the satellite repeats the
transmission an it is received by'multiple stations.

A local network is a communication network confined to a
small area. In a bus local network, all stations are con-
nected to a common bus in a multipoint configuration. A
transmission by any station propagates along the leng~h of
the medium, in hoth directions and can be received by all
other stations. A ring local area network consists of a
closed loop, with each station attached to a simple repeat-
ing element. A transmission from any station circulates
around the ring past all other stations, and can be received
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by each station as it goes, by.

2.7 Transmission Media

It is the lowest level of computer networking and
provides the physical connection between the devices and the
network. The widely used media in LANs are

i) Twisted P~ir
ii) Coaxial Cable

iii) Optical Fiber

Twisted ,pair wiring is the most cornman communications
transmis~ion,medium and is typically used for low speed'data
communication. The advantage of twisted pair over the other
two media is its lower cost.

Coaxial cable provides higher performance requirements.
It provides higher throughput and can support a larger num-
ber of devices'and can span greater distances ,than twisted
pair.

Optical fiber cable is even of greater capacity than
coaxial cable and is being introduced in LAN potentially. It
has been, however, little used so far due to cost and tech-
nical limitations. Optical fiber cable is immune to electri-
cal interference and thus provides excellent security and
reliability.
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2.8 Access Protocols

The access protocols defines a set of
formal rules and conventions to be obeyed by the com-
municating devices to ensure a smooth information
interchange. One of the main tasks of the access protocols
'isto provide a means for resolving contention when multiple
devices want access simultaneously to the same tra~smission
medium. Besides, access protocols may provides priority to a
particular devices if required and may also limit transmis-

~ sion to a particular device at a time.

LANs of bus/tree topolo~y usually present the following
two access protocols :

i) CSMA/CD
ii) Token Bus

CSMA/CD : The most commonly used access protocol tech-
nique .for bus/tree topologies is Carrier Sense Multiple
Access with Collision' Detection (CSMA/CD). This is also
referred to as Listen While Talk (LWT). In this technique
all stations have independent access to the medium. Any sta-
tion wishing to transmit some thing must at first listen or
sense the .carrier to see if the channel is idle. If the
channel. is sensed busy, the station must wait till the
medium becomes free.

Once transmission from a station starts, a certain amount
of time elapses to reach the data to the destination
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station. If no other station starts transmission within this
short period of time interval following the start of the

.1 ...

transmission, the transmission succeeds. If on the other
hand, any other station starts transmission. being unaware of
the fact that another station has already started transmit-
ting packet that has not yet been removed from the medium,
the transmissions are said to collide. The CSMAjCD protocol,
however, detects any such collision. When a collision
occurs, all stations which are involved in this mismatch,
cease transmission immediately and wait for a certain amount
of time determined from a predefined statistical
calculation.

, '. ,
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Token Ring

To avoid any transmission collision the use
of token passing techniques is quite old and still very
popular especially for ring technique. This Voken ring tech-
nique is based on the use of a small token packet that cir-
culates around the ring. The idle token is sequentially
passed from one active Ring Interface Dnit (RID) to another
in the ring. A station wishing to transmit data waits until
it detects afre~ token passes by. The station then changes
the token to a busy one and sends the entire packet with
proper destination address. As the packet passes the dif-
ferent active RIDs one by one, each RID checks if the. des-
tination addres& in the packet matches with its own address.
If the destination address does not. match with its own
address then the RID sends this packet to the next RID on
the ring. On the other hand if the destination address
matches then th~ entire packet is copied by the RID and
passes this packet to the next RID so that ultimately it
reaches the transmitting RID as an acknowledgment. 'The
packet on the ring thus makes a round trip 'and is purged by
the transmitting station. The transmitting station then in-
serts a new free token on the ring.
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c 'A'WANTS TO TRANSMIT
AND LOOKS FOR
FREE TOKEN

A
'C' COPIES DATA
ADDRESS~D TO IT

SENDER 'A' GENERATES
FREE TOKEN UPON
RECEIPT OF PHYSICAL
TRANSMISSION HEADER

Fig,I.8 I Packet transfer in ii Token"Ring network
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Token Bus
In this access protocol the manner in which

the stations are attached to the transmission medium is same
as bus topology. But the stations form a logical ring with
respect .to the sequence of receiving the token on the ring.
That means the stations are assigned positions in an orderly
sequence with the last member of the sequence follo~ed by
.the first. The physical ordering of the. stations on the bus
is irrelevant and independent of the logical ring.

Upon receiving a token, a station is granted of the
medium for a specified time. This station may transmit one
or more packets and may poll stations and receive responses.
When the stations transmission is finished, or the allowed
time has elapsed, it passes the token on the next station in
logical sequence. The new station has now the right to begin
transmission.

,- - - - - -- ~-
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Open System LAN

A network has hardware and
software to support communication between or among the
computers. Communications hardware is reasonably standard.
But when communication is desired among heterogeneous
devices, the software development effort is really difficult•
in its true sense. Again a one at-a-time special purpose ap~
proach' to communication software development is too costly
to be acceptable. The solution of this problem is to adopt
and implement a common set of conventions. The International
Organization for Standardization (ISO) developed the Open
System Interconnection Reference Model (OSI-RM) which is a
framework for defining standards for linking heterogeneous

•Computers.

The Reference Model of Open System Interconnection
provides a common basis for the coordination of standards
development for the purpose of system interconnection. It,
however, allows existing standards to be placed into
perspective with in the overall Reference Model. The 081
Refence Model consists of a hierarchy of seven layers.

This model provides a frame work that allows for data
communication standards to be developed in an orderly and
comprehensive manner. It eliminates the trouble of data com-
munication
formats.

among different devices of different data
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LEVEL-7 APPLICATION PROTOCOL
User level and Application Dependent
Services and Procedures

LEVEL-6 PRESENTATION PROTOCOL
Data Formats, Codes and representation
Transformation and Encryption

--------------------------------------------------------~---
LEVEL-5 SESSION PROTOCOL

Control of Dialog Between Processes, Segmenting,
Buffering, Abnormal recovery

LEVEL-4 TRANSPORTATION PROTOCOL
End-To-End Control, Packet or Message
Assembly/Disassembly, Priority etc.

LEVEL-3 NETWORK PROTOCOL
Network Management, Block or Packet
Structure, Message Format

LEVEL-2 DATA LINK PROTOCOL
Data flow Initialization, Control, Termination
Error Recovery

LEVEL-l PHYSICAL PROTOCOL
Facility- Electrical, Functional,
Mechanical Interface

Fig. 2.10 Seven Layer.,.f OSI (RM)

/
/
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1. Physical Layer: The physical layer is concerned with the
transmission of sequence of bits. It does not look a~ the
structure of sequence of new bits. It is also concerned
with electrical, .echanical functional and procedural
characteristics to access the physical transmission medium.
Example : RS232C

2. Data Link Layer: This layer is concerned for the reli-
able- transfer of inform-ation across the physical lillk. It
provides the means to activate, maintain and deactivate the
link. Data link protocols usually include some means of er-
-ror detection, flow control and synchronization.

Example of standards at his layer is HDLC.

3. Network Layer: It provides the upper layers with inde-
pendence from the data transmission and switching tech-
nologies used to connect systems, i.e. this layer provides
transparency of data transfer between transport entities.
The network service is responsible for establishing, main-
taining and terminating connection across the intervening
communications facilities.

Example X.25 Layer 3 sI_H"dalod.0

4. Transport Layer: -The service 6f the layer is to provide
a reliable mechanism for the exchange of data between
processes in different systems. It supports end-to-end
recovery, flow control and transparency of data transfer be-
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tween end points. This layer may employ either virtual cir-
cuit or datagram switching tecniques to support reliable
communication.

5, Session Layer: The session layer is responsible for the
management of di~logue between appl~cations. The session
layer provides two application processes a means to estab-
lish and use a connection which is referred to as session.

6. Presentation Layer: The presentation layer is concerned
.with data representation. It eliminates the differences in
format and data representation. Thus it provides indepen-
dence to the application processes from differen6es in
syntax.

7. Application layer.: This layer is responsible for. the
access of the application processes to the OSI environment.
A variety of application specific protocols are provided
here which might include services to facilitate file
transfer, information retrieval, text editing etc.

The advantage of OSI approach is that it solves the
heterogeneous computer communication. problems. Two systems
can communicate effectively if they implement the same set
of communicatio~ functions into the same set of layers and
if peer layers share a common protocol.
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3.1 Topology Selection

The ring topology is generally feasible when a
LAN designer wants to keep the network implementation
process simple and economic. The ring type LAN is the primer
but it is very popular among network designers. The exten-
sion of the network is possible' in ring system and the
required costs for such extension is simply additive on the
excess elements involved.

3.2 Network Interface

A typic~l token ring LAN interface mainly requires

,

1) A packet processing unit (8088; 8086, Z80 etc.) It
processes data packets coming from the preceding station and
it sends necessary information in a packet form to the next
station of the loop. The packet processing unit on the in-
terface relives the central processing unit of the host com-
puter from processing the packets.

2) A transmitter-receiver unit = This unit receives data
pack~ts from the preceding interface and interrupts the
packet p~ocessing unit of its own -interface board t~ process
the packet. The transmit-receiver unit also transmit the
data packets to the next iriterface.

3) A memory unit: This memory unit consists of two parts.
One part (ROM) holds the program for the interface and the

,-,

,, .



3-2

other part (RAM) acts as a buffer memory.

In the proposed token ring network there will be no separate
interface between the network and the host computer. The
above elements are available with the system unit of a
computer. The RS232C will be used as a node within the
network. The processor of the host computer will perform
major tasks which are performed by interface processor in a
conventional token ring network. Now if a small token is
made to circulate constantly around the ring, then the
processors of all the computers of the network will' remain
busy just to make a route for the token. And this type of
involvement of the processors of the computers will ensure
wastage of more time with the decrease of the number of the
computers within the network. As a result, processing of lo-
cal functions of a computer will be delayed. The problem is.
solved by holding the control token with a station instead
of allowing the token to circulate around the loop. Which
station will hold the control token is determined by the
medium access rules and these are stated in section 3.4.

3.3 Networking Techniques

A communication network is a shared resource. It provides
the sharing of transmission facilities among a group of
stations, which reduces the cost incurred by any pair o£
'stations.
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The topology of the proposed network does not allow in

its true sense any dedicated communication path between two
station. There is no need to establish a station-to-station
circuit connection and then transmit data and consequently
disconnect the connection. Instead the data to be trans-
mitted are at first processed to form one or more packets.
Each packet contains the source and destination addresses.
The station with free token then sends the first packet to
the next station within the loop. The adjacent station
receives this packet and process the packet to determine the
address mentioned in the packet. If the destination address
as mentioned in the packet matches with the address of this

transmitting station down the loop. Otherwise it will just
it will send an acknowledgment to thereceiving station,

pass the packet to the next station within loop. If the ad-
dressee as mentioned in the packet is not active within the
loop, the process of token passing to the next station con-
tinues until the packet reaches the original transmitting
station.

Thus data transmitted by one station on the proposed net-
work is received not only by the destination station, but
also by the other stations in between the source and des-
tination stations.
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3.4 Medium Access Control. Techniques

The network will use a common transmission medium
for the communication between'an~ two stations. There must
be some access control technique so that only one station
can successfully transmit on the shared medium at a time. In
a centralized network, a controller is designed to determine
which station will access on the network. This scheme
however, has the disadvantages of a single point failure and
high propagation delay. In the proposed network all the sta-
tions collectively perform a medium access control function
to determine who will access on the network.

In the proposed token ring the small token will not cir-
culate constantly around the ring when all the stations are
idle. Instead, a free control token will be in the posses-
sion of the station which has transmitted most recently. Any
other station wishing to communicate with another station
must send an interrupt to th~ down stream station asking the
free token. If the station at the down stream holds the free
token, it will send the token to the calling station through
the other down stream stations. The free token like any
other packet will always travel on the ring in a partictilar
direction (clockwise or anticlockwise). This constraints of
the proposed network limits the'speed of the data transfer
on the network. On the other hand the unidircetional. travel-
ing of the packet minimizes the number of wires in the
cables and thereby reduces the cost of the cables for con-
necting two consequtive stations through RS232C.

,',

\
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Token Asking

If a station with no control token receives a request for
control token from its previous station, it will then pass
the request to the next station in the loop. The processes
of passing the request of the original calling station will
continue until the token is found. If the calling station
can identify that the token is not available on the network,
it will then generate a new free token and then it will
start communication.

Token Generation

There are two cases when the network will be required to
generate a new token.

Case I : All the computers of a network are turned off.
If an user of the network turns on his computer and then
loads the network software, there will be no token on the
network. This is because the software does not generate a
token when it is simply loaded into the memory of the
computer. Similarly when a second user turns on the computer
&' loads the software there will be still no token. The first
user will be able to recognize this failure by identifying
interrupt for token request which was originally generated
by him and again comes to him after passing through the dif-
ferent computers of the network. In this case the network
software remaining resident in the computer memory of user #
1 will generate a new token and will permit him/her to com-

\
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municate with the user # 2.

Case II Some cases may arise when the existing token
will be lost. If a computer, which was processing the token,
is shut d~wn, or rebooted, then the existing token will be
lost. Besides, if the token possessing co~puterfails to
recognize the interrupt for token request from a computer up
stream, a new token will still then be generated. ~his lat~r
case however will bring another uneasy situation of dupli-
cate token within a network.
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A

DIRECTION OF' DATA

Fig:3.2 No station'has 'yet transmitted any data after turn
on. Hence no control token on the netwJtk system.

Station B wants to start transmiss.ion.Fig,3.3

C A

It sends-
the interrupt "B wants control token"to the sta-
tion C. Station C has no control token. As a
result C passes the interrupt "B wants control
token" to D. Since no station has control token
hence the interrupt " B wants control token" ul-
timately comes back B .. B then generates a token
assuming that there is no control token on the
network 'system.
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B

CONTROL TOKEN
IT IS FREE

A

Fig.3.4 Control is in B's possession. And it is a free
token ."

B

C

D

CONTROL TOKEN
IT IS BUSY

A

E
" (

Fig.3.5 B has already stared transmission. B still pOB
sesses the control token, it is now busy token.



c

3-]0
B

A

Fig.3.6 A wants to transmit. So it sends the interrupt "A
wants the control token" to B. But B rejects the
request as the token is now at busy state.

8

c A

Fig,l.~ has completed transmission. Now B possesses the
free token. The token will remain with B until no
other station wants the token.
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8

A

c
:i::1>

D

8

E

A

Fig,3.8 After a few seconds A again sends the interrupt. B
then send the control token to A via station C, D
and E.

B

c

Fig.3.9 Now A is transmitting data to a station of this
network .

•
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Avoiding Duplicate' Token

Node Design Concept

It,has been stated that the network does not require any
special interface between each computer and the network
ring. Instead, the processing unit of'the system of each
computer and an asynchronous communication adapter, are used
to handle the hardware side of communication processes. The
main elements bf a probable node are a processing unit (like
Intel 8088/8086 or Z80), an asynchronous receiver-
transmitter(e.g. Intel 8250), an interrupt controller (e.g.
Intel. 8259'), an EIA driver (e.g. 75150), an EIA receiver
(e.g. 75154), etc. The block diagram in Fig. depicts the
probable node design concept.
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4.1 Functions of the Network

The network software is responsible for establishing an ef-
fective .and meaningfull communication link between two

,~,

users. When two computers are engaged in a communication
work (like file transmission), the other computers of the
network involves in that process for success full communica-
tion between the two users. For this following functions are
included in the network software :

1) Frame Control
2 ) Error Control
3 ) Screen Control
4 ) Abnormality Recovery
5 ) Initialization Control
6) Sender Identification
7) Receiver Identification

1) Frame Control: Two types of frames are used in the net-
work communications. One is referred to as Text Frame and
the other is the Control Frame. Text frames are used to
transmit or receive messages or contents of a file whereas
control frames are used to carry requests and acknow-
ledgments for the smooth transmission of a message or a
file. The requests and acknowledgments of a control
may be

a) Request to create a file
b) Request to open a file for read

frame
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The size of the control frame is fixed and it is of

r\, ,
l. .

II-byte long. The size of the t~xt frame is, however,
flexible with an upper limit of 267. First nine bytes are
used as header and the last 2 bytes are ~sed for 16-bit CRe.
The remaining 256 bytes maybe used for the transmission of
text.

2) Error Control It provides CRC check of each packet.
The inI'.ut of the Error Control routine are the.contents of
registers SI and BX. The content of SI points the data
packet and that of BX indicat~s the number of bytes in the
packet. The Error Control routine outputs a 16 bit CRC. in
the BX register. However, if the received packet contains
any error, then the content of BX will be zero instead of
the 16 bit CRC.

3) Screen Control: The network software changes the com-
puter screen in two instances.

i) If an user wants to start communication with any other
station, then a new screen with a network menu replaces the
user's screen. After completion of the co~munication the
user's original screen, however,. comes back~

ii) If an user receives any message from any other user of
the network, the user's screen at receiver is replaced by a
new screen showing the received message. The user, however,
can go back to his original screen by simply pressing any
key of his 'keyboard.
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c) Request to send a file
d) Request to send control token
e) Acknowledgment of a successful packet reception
f) Acknowledgment of reception of data with error etc.

The structure of the text frame is ~hown below

5 S S c E S S R D D

Y C> 0 0 E" A AE U c:: E
N H Q N -r to '" -r Tc

.T 0 A .A

1 2. 5 7 9 10 I' L AS,T 2

D F
A C
T S,.

Fi~. 4.1 Text frame otructure

1st byte
2nd byte
3'rd byte
4th &

5th byte
6th byte
7th byte
8th byte
9th 'byte
10th byte to
3rd last byte:

Last 2 bytes

Synchronization byte, SYN
Start of header for text frame, SOH
Sequence number of pack~t, SEQ

Number of character in the packet
End of Text Marker, EOT
Code for Screen display / File write, SCN
Sender's address, SEND
Receiver's address, REC

Text to be transmitted, Data
( Maximum 256 byte

16 bit CRC ..
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The structure of the Control frame is given below

$ t T C r E 5 R F" F"

Y N Y
0 R Ii: e: e- N NU F"

N Q R N C.P N W
T D I

1 5 9 10 I' l-AST":l.

2 F
E c.
R S
0

1st byte
2nd byte :.
3rd byte
4th and
5th byte
6th byte
7th byte
8th byte
9th byte
10th byte to
last 4th byte
3rd last byte
last 2 bytes

Synchronization, SYN
Enquary, ENQ
Type of Enquary, TYP

Count of Characters in packet, COUNT
File Read or File Write marker, FR/FW
Error code if any, ERR
Sender's address, SEND
Receiver's address, REC

File name
ASCIIZ for file name, ZERO
16 bit CRC

After receiving a packet, the network software checks
the ENQ byte to determine the type of frame.
then' it is a text frame and if ENQ = 5,

If ENQ = 1,
it Is ;,.control

frame. Contents of DATA of the text frame is displayed on
the screen if SCN = 1. On the other hand the contents of
DATA of the text frame are written on a file if dCN is equat



4) Initialization Control It deals with setting up the
required ICs to their respective mode of operations. Com-
munication port is' initialized with the following
parameters.

Baud rate
Parity
No. of Stop bit
No. of data bit

9600
No. Parity
1

8

Besides it enables the modem status interrupts for 8250 in-
terrupt signal and also enables IRQ4 by programming 8259
Interrupt Masking Register.

4;2 Modes of Operation

There are three modes of operation in the network.

Idle Mode When no computer is engaged in communication
through the network, then the mode is called idle mode. In
idle mode the control token does not circulate round the
ring. Instead, the control token remains with the computer
which has used the token most recently for communication.

Transmit Mode : The network software provides two types of
transmit mode - enquary transmit mode and text transmit
mode. In enquary transmit mode, a station can interrupt the
next station to pass a request or an acknowledgment. In this
mode, the station does not require the control token to be
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with itself. As for an example when a statton successfully
receive a message from another station, it then send an ac-
knowledgment to the message transmitting station.

On the other hand, in text transmit mode either message
or content of a file or a request to send a file is trans-
mitted from a station. For this the station which initiated
th~ communication must have the control token. Sending mes-
sage by an user from station A to station B is an example of
test transmitting mode.

Receive Mode : There is no clear cut distiction between an
Idle mode and a Receive mode. When a computer receives an
interrupt from the preceding station it goes to receive mode
and tries to receive a packet from that station. After a
packet is received, the 16-bit CRC is checked by the network
software. If the packet is found to be error free, the con-
tent of the packet" is processed for subsequent action. On
the other hand a negative acknowledgment is send if any er-
ror is found in the packet by checking the CRC bits;

The received packet may be either a cqntrol frame or a
text frame. Both of these frames are served by a routine
called Command Processor. The content of text frame is dis-
played on the screen if the 7th byte of the frame, SCN = O.
Otherwise the content is written onto an already created
file. If SCN is not equal to 0 and EOT = 17H then after
writing the content of the frame on to the file; the network
close the file and goes back to Idle mode.



4.3 Asynchronous Communication Adapter

IBM Asynchronous 'Communication Adapters or 'equivalents are
used for the network. Each computer of the network must have
such an adapter. Two jumper models of the adapter are used
to select RS-232C operatIon and to select the primary
address
below.

for the adapter. The primary addresses are listed

,,

,. ,

I/O Decode (Hex)
Primary Adapter

3F8

3F8

3F9

3FA

3FB

3FC

3FD
3FE

Register Selected

TX Buffer
RX Buffer
Interrupt Enable
Register
Interrupt ldenti-
fication Register
Line Control
Register
Modem Control
Register
Line Status
Modem Status
Register

" ,
DLAB State

DLAB = O(WRITE)
DLAB = O(READ)

------------------------------------------------------------



Adress
Bus

.>

Data Bus

Address
Decode

Chip
Select
---->

)

4-K

Interrupt

<

Oscillator
1.8432 M Hz

EIA
Receivers

>

A A

8250

Asyn.
Communications

Element

Current loop

>

EIA
Drivers

<

25- P-in D-Shell
.Connector

F1g. 4.3 Brock c1ia~,r.m of aoynchronflU' cflmmunicat1fln adapter
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The heart of the adapter is a INS8250 LSI Chip or
equivalent. Main features of the adapter are :

* It adds and removes start bits, stop bits and parity
bits.

* Programmable baud rate generator allows operation from
50 baud to 9600 baud.

* 5, 6, 7 or 8 bit character with I, 1-1/2 or 2 stop
bits.

* A prioritized interrupt system controls transmit,
receive, error, line status and.data set interrupts.

'* Full double buffering eliminates need for precise
synchronization.

* Modem control functions
rier detect :

eTR, RTS, DSR, DTR, RI, car

The figure on the next page shows that block diagram of
the adapter.
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Invalid Levels

+ 15 Vdc ----------------------------------

On Function
+ 3 Vdc

o Vdc

3 Vdc

Invalid Levels

Off Functions
- 15 Vdc

Binary State

Binary (0)

Binary (1)

Invalid Levels

Signal Condition

Spacing

.Marking

Interface Control
Function

On

Off
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lnterruj:>t

One interrupt line is provided by the adapter to the system.
This interrupt is lkQ4 for the primary adapter. To allow the
communication card to send int~rrupts to the system, bit 3

of the modem control register mllst be set to 1 (high). At
this. point, any interrupts allowed by the interrupt enable
register (lER) will cause an interrupt. The instructions to
set Modem Control Register's 3rd bit to are

~l()V DX,

~10V AI.,

OUT. OX,

4.4 Data Link Control

3FCH
ORH
AL

t1. esLahl LsllCS da'ta I inl, !J{~th'(:~en tHO computers, maintains

the a] rc'ady established rJ;, ta link IIntil the com"pletj on of

data t.1';'IISI'(-,~I' alld rf~ll~asr~s L!l(~ dat.a 1 illl~ \-JIII~tl /Iat.a L"llllsf'ot'-

mation tal{(~s place slJ(~cessf"\lJly. Th"is data .Linl, .control does

Lhe las\;;: ()r prugr';-llllllii rIg Lh,e f'llllllllllnjc,-ltjon i-Jdapter" and jnter-

l'IIPI. contr'o1..1er, Int(~l HLfiq or' (~quivaJent. It supervises the

forllLat i,", of 1"":I,,,tsand checks any error wi thin the packet.

Following are the important functions which are included
in data li~k control to provid a means to establish, m.ain-
tain and release data links between two computers.
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Transmitting Station Ready

When a computer is ready to transmit a packet, the DTR pin
of 8250 is made low. The OTR output signal set to an active
low by programming bit 0 10TH) of the Modem Control Register
(MCR) to a high level. This is done as

MOV
MOV
MOV

OX,
AL,
OX,

3FCH
01

AL

Loading address of MeR

Writing 'J 'to DTR bit of MSH

The DTR pin of H~5U of the transmitting station is connected.
to the OSR pi.n of 825U of the receiving station through ErA
driver and receiver as shown on the next page.

The low output signal of the ])'1'11 of 'I'ran.smitting Station
interrupts the receiving station and informs that the trans-
mitLirig stH.Lion i.s rf-~ad'y to send Ii packet.

- ,
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Transmitter Holding Register Empty (THRE)

,
Line Status Register (LSR) provides Status information to

th~ processor concerning data transfer. Bit 5 of'LSR is THRE
indicator. This bit indicates that the 8250 is ready to ac-
cept a new character for transmission. The following is for
checking LSR.

THRE MOY DX, 3FDH Load address of LSR
IN AL, DX
AND 20H Check bit 5 of LSR
J2 THRE

Loading Transmitter ~olding Register (THR)

The Transmitter Holding Register contains the character
to be transmitted'eerially. The address of THR for primary
adapter is 3F8H.
lows :'

The program segment to load THR is as fol-

( AL contains the character to be transmitted)

MOY DX, 3F8H
out DX, AL

Loading address of THR
Loading THR with the
required character.
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Testing of the Character Arrival

Whenever a complete i~coming character is received and
transferred into the receiver buffer reg~ster, the bit 0 ,of
Line Status Register (LSR) is set to 1. The program segment
for testing of L8R for character arrival is given bellow :

D1i Mav DX, 3FlJII
"

Loading address of LSR
IN AL, ox
SHR AL,

JNC DR

AL, 1 Check whether character
arrives

Unloading Receiver Buffer Register (RBR)

The Receiver Buffer Register contains the received
character. If bit 0 of LSR is found to be 1 in the previous
test, then the following program segment used for unloading
the RBR.

Mav DX,
IN AL,

3FBH
OX

Loading the address of RBR
Unloading the character
from RBR

Mav lSI], AL Store the received
character into input buffer.

( 81 contains the offset of input buffer.
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4.5 Function Documentation

Flowcharts of the algorithms of the important functions
of the network software appear on the following pages .

•



N INTERRUPT ROUTINE
ALREADY LOADED ?

Y

INITIALIZE

CLEAR INTERRUPTS

LOAD INTERRUPT

PRINT
PROGRAM ALREADY

RESIDENT

TERMINATE

LOAD KEYBOARD INTERRUPT ROUTINE

ENABLE MODEM STATUS BIT OF IER

ENABLE 825U INTERRUPT SIGNAL

KEEP STAY RESIDENT
THE RgUTINE

TERMINATE

Fig 0" 4.5 Flow diagram of Loading routine
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Y CHARACTER N
AVAILABLE ?

Y IS IT N

SAVE ALL
REGISTER CONTENTS

REMOVE ALT-S
FROM KEYBOARD

SWITCH TO THE
NETWORK SCREEN

DISPLAY MENU

BACK TO THE
COMMAND

INPUT FROM KEYBOARD (USER'S CHOICE)

CALL USER'S SERVICE

SWITCH BACK TO USER SCREEN

RE-STORE REGISTER CONTENTS

Fig. 4.6 Flow diagram of Keyboard Interrupt routine
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CALCULATE FCS OF THE PACKET

APPEND.FCS TO THE PACKET

ACTIVATE DTR & DEACTIVAN OUT2

WAIT FOR RECEIVER READY

Y

GET CHARACTER

TRANSITTER HOLDING
REGISTER (THR) EMPTY

Y

N

TIME OVER ? N

ALL CHARACTERS
LOADED TO THR

DEACTIVATE DTR &
ACTIVATE OUT2

DISPLAY
ERROR MESSAGE

Fig. 4.7 Flow diagram of Transmitting routine
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DISPLAY
MESSAGE PROMT

CALL BUFFERED
KEYBOARD ENTRY

SET SCREEN DISPLAY
ATTRIBUTE IN PACKET

SET EOT ATTRIBUTE

CALL
TRANSMITTING

ROUTINE

Fig. 4.8 Flow diagram of Message Send routine
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DISPLAY
LOCAL FILE NAME

PROMT

GET
LOCAL FILE NAME

OPEN LOCAL FILE
IWg READ

SAVE FILE HANDLE

DISPLAY
REMOTE FILE NAME

PROMT

GET
REMOTE FILE NAME_

SEND THE FILE NAME
TO THE REMOTE STAT ON

-RETURN

Fig. 4.9 Flow diagram of Send File Request routine
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DISPl.AY
REMOTE FIl.E NAME

PROMT

GET
REMOTE FIl.E NAME

SEND THE FIl.E NAME
TO THE REMOTE STATION

Fig. 4.10 Flow diagram of Get File Request routine
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SET INTERRUPTS

SAVE THE CONTENTS OF REGISTERS

YES

YES

CHECK MODEM STATUS
IS DSR= 1 ?

RECEIVE PACKET

CHECK CRC OF PACKET
ANY ERROR '?

NO

NO

CALL
COMMAND PROCESSOR

CLEAR 8250 INTERRUPT PENDING

RESTORE THE CONTENTS
OF REGISTERS

RETURN

SEND NEGATIVE
ACKNOWLEDGMENT

Fig. 4.11 Flow diagram of Communication Interrupt routine



PERIOD

OVER ?

INITIALIZE
CHARACTER-COUNT TO ZERO

GET LINE STATUS

GET RECEIVED
CHARACTER

INCREMENT
CHARACTER COUNT

YES GET MODEM STATUS
IS DSR=l ?

NO

DISPLAY
ERROR

MESSAGE

WAIT FOR LAST CHARACTER

RETURN

Fig~ 4.12 Flow diagram of Receive routine



LOAD
FILE HANDLE

WRITE THE
CONTENT OF
PACKET INTO

N

y

CLOSE
FILE

THE FILE

PACKET

REQUEST
TO SEND NEXT

PACKET

CLOSE FILE

Fig. 1•• 14 Flow diagram of
End of Text routine

Fig. 1•• 13 Flow diagram of
File Write routine



YES NO

N IS IT FOR
SCHEEN DISPLAY

IS IT A TEX1' FRAME

N

CONTROL FRAME

y

. FI;' CALL NETWORK SCHEEN

DISPLAY THE
CONTENT OF
PACKET

SWITCH BACK
TO USER SCREEN

HETUHN
N

N

N IS IT EOT Y

ACK

FILE TRANSFER
N

IS IT FOR
HEMOTE ERHOR

I
J EOT

r!i
Y

N RE<~UEST
FILE N

IS IT NEGA'fIVE Y

~

PAC](ET TRANSMITTED
MORE THAN FIVE TIMES

N

DISPLAY
ERROR
MESSAGE

RETURN

TRANSMIT THE PACKET AGAIN

Fig. 4.15 Flow di&gram of Command Processor routine

,
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GET FILE DISPLAY
HANDLE PROMT FOR

LQCAL FILE NAME
READ THE
255 NO. OF GET LOCAL

CHARACTER FORM FILE NAME
THE FILE &

TRANSMiT CREATE FILE
& SAVE FILE HANDLE

YES EOF NO.

SEND REQUEST
FOR FILE

Fig. 4.16 Flow diagram of

File Acknowledge routine

Fig.4.17Flow diagram of

File Name getting

routine



READ

OPEN FILE

IS IT FOR
READ OR WRITE

NONE

1-211

WRITE

CREATE FILE

FOR READ

YES

N

SAVE

ERROR ? Y

DISPLAY
ERROR

SAVE
FILE HANDLE

REQUEST TO
CREATE FILE

FILE HANDLE

SEND REQUEST
FOR FILE

MESSAGE

Fig. 4.18 Flow diagram of File Transfer routine
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basecl on many

f'letW()rl< undet-. 11B3VV load at-e otten qiVer1 specj,81 'j'rnportance.

tt)8 rrlar'IV i'ac\.:r)t-'.:;, \/',)1-1"1(:::1-1 irlt- LUI2nC8~, tI1r:.':! eff).clency of a

var-iable

Lengt.h " wIle thee,' P.i Ll'T/bac k 1.t)'=1 is use.d or- not, wtlether- the
~)t.()toco] is pi.peli,I'led ()r stop-and-wait, whether- the line IS

5.2 0na]ysi~ l)f tIle Pr-btocoi

1t is as'C,urlledthat
tllsre ar'8 I~ active ~:tations ]11 the networ-k and eacl, station
1,_"'7"
, " to tt 3nsrllt a packet. IhlS allows to
develop an expres~ion tor- maXlrllum achlevable thr-oUqhput. The
toLloftJi.ng nataLIOtl;-) I;-Jlll be:! used fej,

c .. Cllanne '] Cap."'c1tv 1.n bpo",
(:.'j .. Numbet- of- bIts 1.n I\cknot,18dqrne nt
I) = ~,!I,.jf"llh2 t- of bi.ts In Teyt f t-amB

PE Probability of a bit in Err-or

analysis of the

I = lnter,-upt set-vIce tItlleand propagatiOtl delay
Pl._- Pr-ot)abil1tv that an AG~(nowledqnlent frame or a Text
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PT = Probab1l1ty that a text frame is da~aged'or lost in a

node
Po = Probability that an Ackno~ledgment frame is damaged or

lost in a node.
I~ = ~lean nunlber of retransmlsslon of text frame
1 = T1meout interval
U = Channel Utilization

It is assumed that the send~r beg~ns to send a frame. ,

at time O.

Case I: Without cons1dering the effects of errors.

Since the capac1ty of the channel is C bps, then the
t1me taken to send a frame is (D+H)/C.

As the interrupt service time and propagation delay
1S I, the last bit arrives at the 2nd computer at (D+H)/C+I.

The last b1t arrives at the 2- and 3-node apart sta-
t10ns at 2*{(D+H)/C + I) and 3*{ID+H)/C + I} respectively.

It the destinat10n station is n-node apart from the
transmitting station then the last bit arrives at the
receiver at time n*{(D+H)/C + I).

After rece1ving the text frame, the rece1ver will
send the acknowledgment. Slnce there are N number of active
stations on the network and since the bit-tlow on the net-



5-3work lobp IS unidirectional hence ~he time at which the
transmitter receIves the last bit of acknowledgment is
n*{(D+H)/C + I} + (N-n)*{A/C+I>

The band wIdth occupied by this frame is C multiplied

by the time taken or

C * [n*C(D+HI/C + I) + (N-n)*{A/C + I)]

= (D+H)*n + (N-n)*A + N*I~C

The number of bits actually transferred is D.
channel efficIency, U=D/[CD+H')*n+(N-n)*A+N*IfC]

So the

Average Channel UtilizatIon: Since there are N number of
active stations wi,th equal priority and since the bit-flow

on the network loop is unidirectional, hence the distance

b~tween the sender and receIver may be taken on average as

N/2.

Hence on average the last bit arrIves at the receiver
at time O.5*N*{(D+H)/C + I) and the time at which the trans-

mitter receives the last bit of acknowledgment is

O.5*N*[{CD+H)/C + I} + {A/C + I}].

So, Average Channel utilization

u.v = D/[O.5*N*ID+H + A + 2*I*C)].



1...1;< \1 :: U/ [ U . :J t,I'J t, ( I H H + A ,.\

-- :2 /11-'1* ( l v:c '1-1/ I) l I-

Ca;:~E!J1: Con:::;ider'.Jnq the Lt-ansrni;:-~'~.lon el-l~Ot~'S.

If the frarne IS damaqed or Jost . the sender will time

Thus an un-

suc~e~sful trinsrnissiorl uses D+H+C*l bits worth of transmis-
:;-;:ir:)!"l capacj tv. Ii' the 1I\88n nurrlb(-Jr"'of' tt-ansrnj::;=:;ions pet- flame

IS R. ther, the-total capacIty used for the R bad frames and

one good tt~arne J,S

R*ID+H+C*TI + IUtH)"n + (N-n)*A + N*l

r-)frame iS3uccr"o'stull If t)Otil tile text trame and the

r-eceived. The

/:Jt-opa.l:'li 1) tv of

SUfll.lar'lv tlH'.::'

success tor a text tr-arl18 is (1- PT)n.
PI-Ob.3b i1 i tv of ,=,Uf.;ceC;s"" 1"01- an ackol.'-JledgeOlent

1"I-arne is (l-'PA )(t-l-n>_-

Hence the probability at total success is (l-PT )11 * (1-

PA ) ('1,\- t"I ) "

And the probability ot tal1ure,
n )

TI18 probability of that exactly k attemps are needed is

So tile 8xbected number of transmission per
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IS 1/ ( L'~L) and an e><pected nUfllbet~ of r-etr'ansrnl';3sions.

P " L/(J"L)

HS!leS Channel Utlll,zatj.on

U = o/l (L/(l-L)I~(D+H+C~r) + (U+H)~n + (N-n)~A + NkI J

,,,,I',e,'el = '"* < ( lHH ) / C+I I

nVB1-aCJ8 Channel Utl.ll;~;:lt.1.01~ 1n thl~',. ca=:.8 n becomes N/2.

H(~nC(3 the pI-aba,,,] Ity of 'failure, .. L. = 1-( I-PT )1'/2 * (1-

p" )i-l/2. ~3ince (.'=H i~::. u~',ed in the pt-otocol and ttle pr-obabil-

itv that a bit is in err-oro.]6 PE. SO we obtairl

1_ = 1-( I-PI;: )N:.t'(,H'''U)/Z:t( l-PE )t(;t;H/2

= 1-(1-P[)N*(2H+D)/2

and U.v - D/I{L/(1-L)}*IO+H+G'1)+O.5~N~(I)+H+A+2~I~C)

:3ince a 5',erial CB1-d is lJsed fc)r C()lflnlullication between two
lIod:~s (i ..-'::;. (:;hanneL cap;:IC.lt:y', C i~::) 1ovJ) al1d tt"l8 tirflt3 needed

for t~le intert-lJpt set-vice j,s In the t-ange .of 'millsecond, ,we
can iqnol-e the terms containin'g the pr-oduct of C and I. Now

t~le above expreSS1()tl beCOrllE!S

Ue '.' = l/ I. (, L./ ( l- t, ) : ~ ( 1+HI 0) + U. 'c,".I.I' ( l +~'" 11/ D) J

1IF? '"oj JOI;-Jltl-:l'S ,?It'e the (~wap~):l c.31

va:lue:=; ..

,'epl-entation of dilfel-ent
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Number of active station s. N

0= 64-byte packet: +=256-bjle packet: I:>. =1024- byte packet
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6.1 CONCLUSIONS

The token ring local area network has been developed
to provide information interchange among a group of
microcomputers by using minimum hardware elements. The func-
tion of the interface of a computer to the network is'sup-
ported by the asynchronous communication adapter or
equivalent. This adapter is very much popular and .may be
even found to b~ fabricated on the mother board of the sys-
tem unit of a microcomputer.

There is no need to load the communication software every
time a user wishes to begin communication. The communication
software is kept stay resident in the memory after the com-
puter is booted. The loading module of the communication
software does not allow multiple.copies of the softwares in
the memory as stay resident. It thus prevents the blocking
of spaces in the memory by the stay resident programs. Com-
munication starts by interrupting ~he current processing of
the computer and the halted processing is restored at .the
end of communication. The baud rate, parity bit, number of
start and stop bits can be changed by modifying the loading
module slightly. The network software provides two screens-
one is for user's normal local functions and the other is
for the network functions.

The use of asynchronous communication adapter and the
processor of the system as'an interface to the token ring
local area network reduces the cost of the hardware



However, any type of communication between any two
computers of the network requires the involvement of all the
active computers. Thus, with the increase of the number of
the microcomputers in the network, the performance. of the
normal processing of each computer will deteriorate. This
kind of drawback is not, however, uncommon in other avail-
able contemporary network systems.

The main objective of the research was to develop a
low cost network for digital data transmission among a group
of computers within a limited geographical area. Now it can
be stated that though the network software does.not provide
all the sophisticated. features which are otherwise avail-
able in many contemporary systems, this network still has
its own distinction for its low implementation cost, minimu~
extra hardware requirement, easy maintenance and simple pro-
cedure of installation and operation.

6.2 FUTURE SCOPE OF WORK

The networking technique may be the basis of implementation
of other desirable network facilities like remote logging,
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interfacing with other network. A modem or a serial card may
be used to interface the network with other networks.

Besides, the maximum length of packet size may be varie~ to
determine its effect on the loop utilization and on the
speed of data transfer on the network. Study of Mean trans-
m~ssion tim~, Mean waiting time, the maximum radius of ring
loop may be ?ther areas of future work.



:***************************************A*l***********************************
NETWORK S(WTWAftE
,This softl,f::ll'P. t-li I toad the itlLpl'nq)L 1"(lIJLlnr

into the computer l1lelJl()t~.v and SLI1,\' resjdellt unt.i

a reboot.
'I'hesoftware has two parts:

Ll TransJIl,iL l{oIJL.i.ne,

ii) Receive Routi.ne

:*****************************************************************************

PIWC I'AI<
CS: CODE,])S: CODE, S8: LODE, b;j: 1;0])1':

,J~ll' LOAD
1)\, iJAAAAIl

ENDY

CODE
NAIN
ASSlJ~1E

FLAG
~JAIN

8 EU~IENT 'CODE'

.\ \ I ( ~;

FAil,

I '<TI::llllliI'T

:!1HI'I\"I. !'\(I"i-:T

:( I:)! i\' I.I,JI? f?l:( I. \';.1( 1.I(I?fJf?

:\i'!!lIF:8S OF Wili
: INPUT "1':'111:\1 '-;T \1'118

liS, ,\\

:\ I J • :2 (J H

ux

: ;jET I:<TEIWLI'j' 1'1",\1;

:SAVE In:(;Jc.TE!'!S

ex
ux
8 1

IJI

Dc;

I'.S

:)UII, AI.

]) X , :1F I:: II

"\L.l1\

,\1 .• ~o" ;'1'1-..'-:,'1 I.rl!, l)~;i-: __

IBO :'J!,:+:I/III':L :NO I'll','

:~ i ,(d'!' SET 1Nlllq, Ii

I:,
Ai,IJ
,I I.

~IOV
I NT

PJlOC
STJ
l'U;j H
PI;;jH

P\.'S II
PUSH
PUSII

l?\ JS II

FliSH
I,' !is H

~IO\

~JU\

~IO\'

UUT

I NTit

,I I. 11\1 : i I: Elill i'IlI", iJlS!'I, \\ 1',!iII Wil;,

>1() \
(' ,\ I, I,

() II

ICS :( 111'( i, (II( II!' 111'( 1'1\'1'1) I'\LKET

IBO:
UIi: I ."IP

, '//

S\ "[',

«Ii

11) ;()I ....:.. ~

!'L,I:,IIII'II+:-:

01,1

f \, hOIII! 1''111 INRIJFH+:J
('\ , t ; ~



17:

IBI :
16:

OKI :

HI :

SUB
~IOV
eM!'
,J i,
CMP
.INZ
~IOV

ADD
MOl'
~1OV

ADD
~1Ov
INC
LO()P

~10V
CALL
.• IMP

JMP
MOl'
ADD
MOl'
MOl'
ADD
MOl'
INC
LOOP
MOl'
CAIJL
,IMP

~IOV
~IOV
~JOV

CALI,
~IOV
IN
POI'
POP
1_",,:'
I" '

liX. WOII.D' 1''1'11. LNBUFlI.t:~,-:: 1\-"

BX,2
AX,O
BYTE 1''1'11 INBUFIH1,1
16
BYTE PTII. INBUFRtl,5
10
SI, OFFSE1' INBUFlI.t"

SI, AX
DL, ['SI I
S I, OI,'FSE'I' CFIIM1Et2
SI,AX

IS 11 ,01.
AX
. 17
SI, OFFSET CFRMIE
TRN
10
II
Sl, OFFSET INBlJFRt2
SI,AX
01., [SIJ
SI, OFFSE'f OUTBUFII.t2
SI,AX
ISIl,DL
AX
Hi
SI, OFFSET OUTBUFII
TRN
10
DL, INBUFIH7
SI, OFFSE'I' DESTN
ISIl,DL
COMPRCS : CALL com!.' I.'IIOCESSU,
DX,3FEH ; ADDII. " ..ISH
AI., DX .In:AD J ',' ,() r~LEi\1I H25()' INT PENDING
I-:S
I)S

Dl
SI

IJ ,\

,\X

i :

I NTH.

1'0 I-'
lJOP
PO!.)

I"
SIJB

i\IOV

INT
,HII'

EN IJ I'

I\ I., AI,
D II , :J
Ii 0 II

J 0

: HETUIIN TO FOl?EfJIIOUND JOB.

: 01(t:1



AL, J C'

AL, '0'

EXIT

AL, 'S'
FJLESENlJ

;SWl 'I'CIITO SCJlEEN 1

;SET DATA SEGMENT f{EU

;REMOVE ALT-S FHOM KBD BUFR

:NO CHAH
;YES, THEN IS 1;1' AL'I'-8

;NU, 'I'llEN IJO AS lISEI( WANTS
;CiAVE f{EG1STElIS

:ENI\IILE INTEf{UPT
;SAVE USER COMMANl)
;Cln:Cli lF CIIAI( AVAl !'ABLE

F]LESENIJ-3
AI., 'N'
SENLJ~ISG

SJH
AL,ODFH
AI., 'Q'

EXIT

SJ,OFF81~1 ADPRMT
ex, 1',
1)\,102H'
SOH ;display ADDRESS prompt
SJ,pFFSET LJESTN
DH,2
SOH ;LNPU1' DA1'A Ff{OM KHD
S"], OFF8 ET O\JTBUFJ{
LJL, DESTN
[SJ+8j,DL
SJ, OFF8E'I' CFRAME
ISJ+8],LJL
DL, ADDII
IS1+7j,DL
Sl,OFFSE1' OUTHUFR
IS1+7J,DL

A\
;\ li"t -I

OBH
NOCIIH J
A\, J FOOH
NOCHf{J
OS
ES
S1

IJl

OX
CX
HX
AH,AH
OBH
AX,CS
DS,AX
AI"OAAH
SCf{NJ

liBIJCHI\ I'IIU('
S'I'I
PUSII
~l(J V
1WI"
,/ !.

em'
,j N!.

KC~: PUSII
PlISH
~'lIS,I1
PUSH
PUSH
PUSH
PUSH
sUB
LNT
MOV
MOV
~IOV
CALL

MOV
MOV
~IOV
JNT
~10V
~IOV
INT

~IOV
MOV
MOV
~Iov
MOV
MOV
~10V
~IOV
MOV

INT
AND
C~IP
,J 7.

CMP
JZ
CMP
,J!.
CMP
JZ
C~IP
,JNZ



~IOV

MOl

tNT
,I MI'

NOelllil: ,I~'II)
SENDMSU: '~IOV

~IOV

~IOV

INT
MOV

~JOV

INT
SUB
MOV
MOV

~lOV

ADD
MOV

AL,l<:
DH,4
tiUH
EXIT
NUCIlIi.
SI,OFFSET MESS ;INIJUFR-IU
CX, ] U

DX,IU'.'1I
tiUIi ;display me~sage prompt
SI,OFFSET OUTIJUFIi+!J ;7
DH,2
tiUH ;lNpU'f DA'fA FROM KBD
AX,AX. .
Sf,OFFSET OUTIJUFR
WORD pTR ISI+3],AX
WORD pTR [SI+5],OU17H
HX,~ ;7
Sl,OFFSET OUTHUFR
TRN ;AND THEN TRANSMIT IT
CHSCR ;SWITCH BACK TO USER'S SCREEN
BX ;IiESTORE HEUJSTEHS
CX
DX
IJl

EXIT:
EXIT9:

NOCHII.:

nn 1 :

CALL
CALL
POP
POP
POP
POP
POP
POP
POP
POP
CMP

J7.
INT
lliET
INT
IiET
JMp

81
ES
DS
AX
AH,l
FILESENIJ-8
UBl!

UBl!
<:
FILEUET

;G liT BACI( TO US EH' S COMMAND

A-4

FILESENIJ:
CMp
JNZ
NOV
MOV
~lOV
INT
~IOV
~10V
INT
DEC

DEC
~IOV
MOV
INC

BYTE PTH 1'STAT+1,U ;Cl!ECK FOR Cl!NL BUSY
BUSY
Sf,OFFSET SLOC ;~ISG+71
CX,29 ;1
DX,102H
nUH
SI,OFFSET CFHAME+32 ;<:;HEAIJ NAME OF FILE TO SEND
Dl!,2
tiUH
fiX

BX
SI, OFFSET CFHAME+32
BYTE PTR ISl+BX],U
BX



;01'EN FILE FOR READING

SI, OFFSET CFRi).~IE+9
BYTE 1'TR [SI+BX],O
BX
SI,OFFSET CFRAME
BYTE P'I'R[SI+2J,IIH
BY'fE PTR [SI+5j,UIH
BY'fE 1'1'1<T81'AT+4,1 ;SEND F1LE a1'CaDE
BX,9 ; 7
TRN
EXIT9
81,OFFSET ~SG-14 ;DIS1'LAY CHNL BUSY MSa.
CX,14
I)X,10ZH
6UH
EXIT
DH,3
60H
EXIT

BUSY:

ERR:

~10V

~10V

INT
,J C
~IOV
MOV

~IOV
~IOV
INT
MOV

MOV
INT
DEC'
DEC
MOV
MOV

INC
MOV

~IOV
~IOV
MOV

ADD
CALL
J~I1'
~IOV

MOV

~IOV
INT
JM1'
MOV

INT
JMP

DX , S L

AX, :JDUUIl
~11l
ERR
WORD 1''I'RHANDLE,AX
SI,OFFSE'I' SREM
CX,Z9
DX,IUZH
oUH
SI,aFFSE'f CFRAME+9
DH,~
oOIl
BX
BX

;SAVE HANDLE
;MSG+9~
;8

;o;I<EAD I<EMOTE DEV/FILE NAME

FILEGET: CMP BYTE 1''1'1<TSTAT+l,U
JNZ BUSY
MOV SI,OFFSET GRE~I ;INBUFR-65
~IOV CX,Z9 ; 7
MOV DX,IUZH
INT 60H
MOV SI,OFFSET CFHAME+9 ;6
MOV DH,Z
INT oOH
DEC BX
DEC BX
MOV SI, OFFSET CFRAME+'I
~lav BYTE P'I'RIS 1+ BX I ,U
INC BX
~10V SI,OFFSET CFRA~IE
~10V BYTE PTR ISI+Zj,llH
NOV BYTE PTR 18L+5J,U
ADD BX,9 ; 7 .-"",



KBDCHK

C;!lI~L
,JNP
ENDP,

THN
EXIT9

,\-6

;////////////////////////////////////////////(////////III/I;
SUBROUTINE FOR l'RANSMI'rTTNG D!I'!'APACKET

Input S[ = Pointer to packet
EX = # of bytes to transmit

Output None
;\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\;

TRN

'1''1'9:

'1'1 :

PROC

PUSH
MOV
MOV
MOV
INT
POP

NOV
INC
INC
PUSH
PUSH
~IOV

CALL
NOV
POP
POP

~10V
'AND
LOOP
MOV
MOV
OUT
MOV
MOV
IN
AND

,I Nl.

NEAR

SI
SI,OFFSET
CX,5
DX,102H
60H
SI

!lX,BX
AX
AX
AX
SI
l S 1+3 J ,AX
FCS
lSI] ,EX
SI
EX

CX, 1000
AL,20H
'1''1'9

DX,3FCH
AI." I
DX,AL
CX,4800
DX,3FEH
AL,DX
AL,20H

'1'2

PTRN

;EYTE COUNT IN AX
;!lDD 2 1'0 BYTE COUNT FOR FCS

;SAVE EYTE COUN
;SAVE POINTER ,TO PACKET
;BYTE COUNT IN PACKET
;CAL(;ULATE FCS FOR THE PACKET
;APPEND FCS TO THE PACKET
;RESTOltE POINTEH
;GET BYTE COUNT

;ADDRESS OF MCR
;ACTIV!lTE DTR & DE!lCTIVATE OUT2

;ADDRESS OF ~lSR
;GET MODEM S'rATUS.
;ISOLATE DTR BIT
;WAIT UNTIL DSlt = I

LOOP, '1'1
'1'2:

ttA:

, NOV

mov
dec
cmp
jz
MOV

IN

CX,BX
bx,fiOOO
bx
bx ,0
t5
OX, 3'1'))11

AL,OX
: AIWIHlSS OJI' L!:II!

:UET LINE STATUS



:1;IIEI;liFI)li'1'1111,E~IPTY
;'1'2+2 ;NO THEN WAI1'

'1'4:

'1'5:

TRN

SCRNI

ANIl
,1nZ
,imp
MUV
~IUV

LNC
OUT
1,001-'
MOV

MOV

LN
AND
.JZ
LOOP
~IOV
MOV
OUT
RET
ENDP

PIWC
PUSH
PUSH
PUSH

1\/,,2011
t t:J
tt4
IJX,:lF811
AL,ISI]
SI
OX,AL
'1'2+2
CX,5UUO
IJX,:JFIlH
AL,LJX
AL,40H
'1'5

'1'4
LJX,3FCII
AL,8
LJX,AL

NEAR
AX
CX
IJI

;AIJIJRr:SS OF T/IR
;UET NEXT CHARACTER
;INCREMENT POINTER
;LOAU THH

;100 UIVE TIME FOR THE LAST CHAR

;UET LINE STATUS
;CHECK TxSR EMPTY
;YES THEN '1'4
;ELSE WAIT
;AOIJHESS OF MCH
;IJEACTIVATE DTR & ACTIVATE OUTZ

;RETUHN 1'0 CALLEH

A-(

D2:

Dl :

SCRNI

~IOV
CMP
.J Z
~10V
MOV

INT
MOV
MOV

MOV
~10V
ADD
MOV
~IOV
MOV
S'I'OS

INC
LOOP
POP
POP
POP

RET

ENUP

NOV

~lOV
~10V

BX,U
AL,OAAH
112
BX,51
AX,5UtH
tUH
AX,OB900H
ES,AX
01,384U
SI,OFFSE1' MSG+20
SI,BX
CX,51
AII,14H ;UISPLAY MENU
AL, [ S IJ
WORIJ I'TR ES: [IJL I
SI
IJI
DJ
ex
AX

AX,UB90UH
I~H, AX

IJl,3840



C1 :

CIISCR

MOV
~JOV

~IOV
~10V
STOS
.l.NC
l,OOP
INT
MOV
lNT
HET
ENOP

S1,OFFSET
CX,51
AII,OACB
AL,ISII
\ValiD PHI

S.I.

Cl
I) III
AX,500B
lOB

.-\- H

;OISPLAY 'PRESS ANY KEY TO RESUME'

ES: II)] J

;\VAI1'FUll ANY KEY PllESS
;8\V.I.'rCIIBACK 'ru USEH SCREEN

;lieturn

;11111111111111111111111111111111111111111111111111111I;
SUBROUTINE FUR EVALUATING CRC OF DATA PACKET

Input : BX no. of data bytes
8.1.: pointer to packet.

Out.put: llX : 11) - bi t CIiC

;\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\;
FCS PROC NEAR

CRGO: _

CRC1 :

GRCG:

FCS

PUSH ex
PUSII DX
SUll OX,OX

MOV AL,[SI]
INC SI
~IOV ex,s
MOV AII,AL
XOR AII,OL
AND DL,OFjlH
SHII AL,l
SIIR. AII,l
,JNC CRCG
XOI~ IlX,400211
O!l DX,l
!lOR DX,l
LOOP eRCl
DEC llX
;J NZ CRCO
MOV llX,OX
POP DX
POP ex
RET
I':NIJP

;INITIALIZE CRC TO ZERO

;GET NEXT DATA BYTE
;INCREMENT POINTER
;INIT.l.ALIZE lIlT COUNT

ACKNLG PROC NEAR

MOV SI,OFFSET CFRAME
MOV [S1+2],AL
~I()V AII,BYTE PTR INBUFR+2
MOV [SJ+5],AII



ACJ(N1,(;

NOV
~10V
~IOV
~10V
~IOV

CALL
RET
I,:NDP

DL,ADDH
I.SJ+7I,DL
DL, DESTN
I S I +!:ll ,DL
I3X,!J
TRN

; fj

A-Y

;1111111111111111111111111111111111111111111111111111111111;
CO~l~lAND !-'IWCESSOR

;\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\;

SCRNI
SI,OFFSET INBUFR+9 ;7
DX, 10EH
oOf!
ALtO
ACKNLU

BYTE PTR INBUFR+5,17f! ;IS IT LAST BLOCK
FW-l
CIISCH ;YES TIIEN SW ITCII BACK TO USER, SCRN

cmlPHCS PHOC
INT

C~IP
JNZ
MOV
SUB
CMP
JNZ

CALL
MOV
MOV
INT
MOV
CALL

C~lP
JNZ
CALL
RET

NEAR
6013

BYTE PTR INHlJFH+l, 1
CF ;NO THEN GO
CX,WORD PTR INBUFR+3
CX, 11 ; Y
BYTE p'rH INBUFR+6,U
F~v

;IS 1'1'SOH'?
CHECK FOH ENQ
;BYTE COUNT IN CX

;PACKET FOR SCREEN DISPLAY

;fw:

FW:

mov
mov
int

~IOV
CNP
JNZ
MOV
NOV
~IOV
INT
,TC

si,offsetinbufr+7
dx,lUch
60h

DL,INBUFR+7
DL,DESTN
FW.:HET
BX,WORD P'fR HANDLE+2 ;FILE WRITE
DX,OFFSET INBUFR+9;7
AII,4UII
2113
DC4

MOV AL,o
CALL
CNP
.J NZ

NOV
~IOV
"INT
CALL

ACKNL'G
BYTE PTH INBUFR+5,1711
DC2-1
BX,WORD PTR HANDLE+2
AH,:.JEH
2113
CIISCH



HYTE P'1'HT8TAT+2 ;INCREMENT NAKCOUNT
HY1'E P'1'R'1'8TA'1'+2,5;MORE THAN 5 NAKS ?
EO'1'
UX,WOllU p'rllOU1'UUFR+3
J;lX
BX
TIW

FW RET: RET

DC2: NOV
~IOV
~JOV
INT
~IOV

DC4: ~10V
INT
CALL
RET

DC3: 'NOV
OH
'JNZ
CALL
JC
MOV
MOV
CALL
RET

CF: CMP
JNZ
MOV
CMP
JZ
C~IP
JZ
C~lP
JZ
C~I1'>
JZ
C~IP
JZ
C~IP
JNZ

INC
cm)
JZ
MOV
DEC
DEC
CALL
HE'1'

EOT: ~IOV
MOV
INT
CMP
,J Z
~10V
MOV

SI,OFFSET CFRANE+ti2
CX,14
DX,IU211
6DH
AL,BY'I'E p'rR INBUFR+5
DII,3
tiUH
CHSCR

AL,BYTE PTR INBUFR+ti
AL,AL
FACK-6
GFN
DC4
WORD PTR HANDLE+2,AX
AL,6
ACKNLG

BYTE PTH INBUFR+1,5
CF-I
AL, B'YTE PTR INBUFR+2
AL,4 ;18 1'1'EOT .,
EO'1'
AL,6 ;18 1'1'ACK
FACK
AL,llH ;18 IT DCI
FACK-3
AL,12H ;lS IT DC~
DC2
AL,l3H, 'IS IT DC3-,
DC3
AL,15H ;lS IT NAK
EOT

AL,12
DII,4
tiUH
BYTE PTR T8TAT+1,1
CF8
ax, WOIW PTR IIANDLE
AIl,3EH

;IS IT ENQ

\ - I Il



SCRN1
DX,OFFSET INBUFR+9 ;6
AL,BYTE PTH INBUFR+5
AL,AL ;IS IT OPEN FILE FOR READ
OFR
AL,l ;IS IT OPEN FOR WRITE
CF9
AH,3CH
CX,20H
21H

CF8:

FACK:

SF:

CF1U:

CF9:

CF20:

DC1 :

INT
NOV
MOV
RET
,JNP
JNP
CMP
JNZ
NOV
MOV
CNP
JNZ
MOV
CMP
JNZ
MOV
~IOV
MOV
MOV
INT
JC
MOV
~IOV
CNP
JNE
MOV
MOV
MOV
MOV
.MOV
MOV
~lOV
ADD
CALL
MOV
RET
MOV
MOV
JMP
CALL
RET
CALL
MOV
MOV'
OR
JZ
CNP
JNZ
NOV

MOV
INT

21H
BYTE PTR TS1'AT+1,U
BYTE PTR TSTAT,O

SF
DC1
BYTE PTR TSTAT,l
CF9
BYTE PTR TSTAT+2,0
BYTE PTR TSTAT,O
BYTE PTR TSTAT+3, 1
CF20 ;9
DL,INBUFR+7
DL,DESTN
CF9
BX,WORD PTR HANDLE
AH,3FH
CX,255
DX,OFFSET OUTBUFR+9
21H
FERR
SI,OFFSET OUTBUFR
BYTE PTR [SI+6],01
AX,255
CF9+1
BYTE PTR TSTAT+3,1
BYTE PTR [SI+5],1
BX,AX
DL,ADDR
ISI+7],DL
DL, DESTN
[S1+8] ,DL
BX,9 .;7
TRN
BYTE PTR TSTAT,l

BYTE PTR TSTAT+3,0
BYTE PTR [SI+5],17H
CF10
CHSCR

;RESET NAKCOUNT
;RESE'I'NAK COUNT
;MORE PACKETS TO SEND?
;NO, THEN RETURN

;7

;SET MORE FLAG
;SET WRITE CODE

;RESET MORE FLAG
;SET EOTB FLAG

J\ -1 1



FEkR \-IL

WORIlPTR HANIlLE+2,AX ;file write handle
SI,OFFSET CFIl.MIE
BYTE PTII ISI+!)1,1
DII.Ei\IlY
AH,AL
AL,12H
SI,OFFSET CFIl.A~IE
[S1+2] ,AI,
ISI+5.1 ,All
DL,ADDIl.
IS[+7j,DL
DL,DESTN
[81+8.1 ,IJL
BYTE PTR [Sl+SJ,~ ;EHROR IN CHI
BX,9 ; 7
TRN

;BY'I'ECOUNT; 7

,le

~IOV
~lOI'
~IOV
,J ~lP

FERR: . NOV
~10V
~10V
MOV
~IOV
~10V
MOV
~IOV
~10V
MOV
~10V
CALL
RET

OFR: MOV
INT
JC
~IO<V
MOV.
~1()V
MOV
MOl'

DREAIlY: ~I()V.
~IOV
MOV
W)V
MOV
~JOV
MOV
W)V
CALL
RET

COMPRCS ENIlP
GFN PROC

MOV
MOV
~lOV
INT
~IOV
~10V
INT
IlEC
IlEC
MOV
INC
MOV
MOV

AX,:lDOOH
21H
FEHR
WORD PTR HANDLE,AX
Sl,OFFSET CFRA~IE
BYTE PTH [SI+Si,O
BYTE PTR TSTAT+3,1
BYTE PTR TSTAT,l
.AX,lllI311 ;IlC:J& CHI
[Sl+2j,AL
[Sl+5j,AfI
DL,AIlDR
I.SJ+.7],DL
DL, DESTN
ISI+B],IlL
BX,9
TRN

NEAR
SI,OFFSET GLOC
CX,29
DX,102H
60H
Sl,OFESE'I' CFlli\NE+32
IlH,2
SOli

.BX
BX
BYTE PTR [BX+Sl],O
BX
IlX,Sl
AH,:lCH

;file read handle

;SET MORE FLAG'
;SET TRN STATUS FLAG

;lNBUFR-:lB
;H



'0'
'REMOTE ADDRESS
10 DUP (7)

NEAR
AX,AX
DS,AX
ES,AX

'INTR '
'TRN
'SCRN '
'CHSC '
,FCS
.'ACK
'COMP ,

PLEASE WAIT.

#,COUNT(16),CH #,OPCODE

name>: ~
name>: '
name>:'
name> : I

;INPUT BUFFER
;SYN,SOH
;HEADER :SEQ
;TEXT.
;SYN,ENQ

;TRANSMITTER STATUS
;CHANNEL STATUS
;NAK COUNT
;MORE FLAG
;OPN. CODE

'CHANNEL BUSY' ,13,10
'RECEIVER NOT READY' ,13,10
'M=Message G=GetFile S=SendFile C=ClearScreen '
'Q=Quit'
'FILE TRANSFORMATION IS GOING ON.
'SEND FILE <local file
'TO <re~ote file/device
'GET FILE <remote file
'TO <local file/devic~
'MESSAGE :
267 DUP (7)
22,1
5 DUP (7)
25B DUP (7)
22,5
30 DUP (7)
30 DUP ('?)

'REMOTE ERROR: '
'PRESS ANY KEY TO RESUME
'RECEIVER:
'INVALID RECEINVER. TRY AGAIN'
'ADDRESSEE ABSENT

o
o
o
o
o
o
o
7

CX,2U'/I
21H

.MOV
INT
RET

GFN END!"

TSTAT DB
DB
DB
DB
DB

HANDLE DW
DW
DW
DB

MSG DB
DB
DB
DB

• SLOC DB
SREM DB
GREM DB
GLOC DB
MESS DB
INBUFR DB
OUTBUFR DB

DB
DB

CFRAME DB
DB
DB
DB

PMT2 DB
RECEIVE DB
INVAL DB
PMT3 DB
ADDR DB
ADPRMT DB
DESTN DB

PIN'I'R DB
PTRN DB
PSCRNI DB'
PCHSCR DB
PFCS DB
PACK DB
PCOMP DB

LOAD PROC
SUB
~lOV
MOV



~IOV
MOV

CMP
JZ

'81,3011
AX,OFFSET INTR
[SI] , AX
1.2

"\-14

AX,CS
DS,AX
DX,OFFSET 1.2 - 31
AH,0911
2111
AII,4CII
2111

DX,OFFSET LOAD .
AX,310311
2111
'PROGRAM IS ALREADY RESIDENT' ,7,13,10,'$'
AX, [S 1+2]

DS ,.AX
SI,OFFSET FLAG
WORD PTR [SI],OAAAAII
1.1

;SAVE SEGMENT OF SERVICE ROUTINE

INTR
;SAVE OFFSET OF SERVICE ROUTINE

SIGNAL

;INl TIALIZE

KBDCIIK

;ADDR OF IER

;ADDR. OF MCR
;ENABLE 8250 INTR.
;READ 8259 IMR
.;ENABLE IRQ4

AX,UOE311
DX,OUOOH
1411

AX,OFFSET
SI,58H
[SI],AX
AX,CS
[S I+2 J , AX
AL,8
DX,3F9H
DX,AL
AL,0811
DX,3FCH
DX,AL
AL,2111
AL;OEFII
21H,AL

81,48
AX,OFFSET
[SI] , AX
AX,CS
[81+2] ,AX
SI,5811
DI,2CII
,CX,4'

MOV
MOV
INT
CLI
MOV
MOV
~JOV

MOV
~JOV
MOV
MOV
MOV
REP MOVSB
MOV
MOV
MOV
MOV
MOV
MOV
MOV'
OUT
MOV
MOV
OUT
IN
AND
OUT
STI
~JOV

~10V
[NT
DB
MOV
MOV
MOV
CMP
JNZ
STI
MOV
MOV
MOV
MOV
INT
MOV
INT
ENDP

1.1:

1.2:

LOAD



CODE
MAIN
ASSUME

FLAG
MAIN

SEGMENT PUBLIC 'CODE'
l'HOC FAR

CS:CODE,DS:CODE,SS:CODE,ES:CODE
JMP LOAD
DW OA25DH
ENDl'

11-1

;11111111111111111111111111111111111111111111111111111;
INT 60H FUNCTION DISPATCHER PROCEDURE

INPUT DH = FUNCTION NO.
o = Get a character from kbd.
1 = Display string
2 = Buffered keyboard entry
3 = Display error message
4 = Display character

;\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\;

DISTB

DC:

GC:

DISTB

PROC I"AR
STI
OR DH,DH
JZ GC .;GET CHAU
DEC DH
JZ GC+3 ;DISPLAY STRING
DEC DH
JZ GC+6 ;BUFFERED KEYBOAUD
DEC DH
JZ GC+9 ;ERROR MESSAGE
DEC DH
JZ DC ;DISPLAY CHARACTER
IRET
CALL DISPCHAR
IRET
JMP NEAR PTR KBD
JMP NEAR PTR DISP
JMP NEAR PTR BUFKBD
JMP NEAR PTR DISPERR
ENDP

INPUT
"

;111111111111111111111111111111111111111111111111111111111;
PROCEDURE DISPLAY CHARACTER

AH = Attribute
AL = Character to display

OUTPUT None
;\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\;

DISPCHAR PROC
PUSH
PUSH
PUSH
PUSH
CMP

NEAR
AX
EX
CX
DX
AL,l3 ;IS IT CR "?



,1NZ DCl 1:!-2
MOV AH,3
MOV BH,l
[NT IOH
SUB DL,DL
JMP DC6

DC1: CMP AL,lO ;IS IT LF ?
JNZ DC2
MOV AH,3
MOV BH,l
INT lOB
INC DH
C~IP DH,23
JA DC7
JMP DC6

DC2: CMP AL,8 ;IS IT BKSPC ?
JNZ DC3
MOV BH,l
MOV AH,3
INT 10H
OR DL,UL
JZ DC6
DEC DL
JMP DC6

DC3 : CMP AL,12 ;IS IT FF .,
JNZ DC4
MOV. AX,600H
MOV DX,174FH
SUB CX,CX
MOV BH,7
INT 10H
SUB DX,DX
JMP DC6

DC4 : MOV BL,AB
MOV AH,9
MOV BH ,I
MOV CX,l
[NT lOH
~IOV AH,3
MOV BH,l
INT lOB
INC DL
CMP DL,80 ;END OF LINE REACHED ?
JNA UC6

DC5 : INC DH
SUB DL,DL
CMP DH,23 ;END OF PAGE REACHED?
JA DC7

DC6 : MOV AB,2
MOV BB, I
[NT lOB



DCB: POP
POP
POP
POP
RET

DC7: MOV
MOV
SUB
MOV
INT
JMP

DISPCHAR ENDP

IJX
CX
BX
AX

AX,601H
DX,174FH
CX,CX
BH,7
10H
DCB

;SCROLL ONE LINE
;LOWER RIGHT CORNER
;UPPER LEFT CORNER
;FILL WITH BLANK

B-3

;1111111111111111111111111111111111111111111111111111111111;
PROCEDURE DISPLAY STRING

INPUT : SI = Pointer to ~tring
CX = # of characters to display
DL = Display Attribute

OUTPUT: None
;\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\;

DISP
DO:

DISP

PROC
MOV
MOV
CALL
INC
LOOP
IRET
ENDP

FAR
AL,[SI]
AH,DL
DISPCHAR
SI
DO

INPUT
OUTPUT

;IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII!IIIIIIIIIIIIIIII1111;
READ A CHARACTER FROM KEYBOARD
None
AH = Scan code
AL = Character code

;\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\;.

KBD

Kl:

KBD

PROC
STl
~IOV
INT
JZ
SUB
INT
IRET
ENDP

FAR

AII,l
OBII
Kl
AH,AH
OBII

;CHECK KHD STATUS

;WAIT UNTIL KEY PRESSED
;GET KEY PRESSED

Input
Output

;11111111111111111111111111111111111111111111111111///;
BUFFERED KEYBOARD ENTRY
SI = Pointer to buffer
BX = No. of characters entered

.,-.



;\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\; B-4

BUFKBD PROC FAR
STI
SUB BX,BX ;INITIALIZE CHAR COUNT

BKO: INT 61H ;READA CHAR FROM KBD
MOV -AH,3 ;VIDEO ATTRIBUTE IN AH
CALL DISPCHAR. ;DISPLAY THE CHAR
CMP AL,13 ;IS ~'l'CR
JZ BK2
CMP AL,8 ;18 IT .BKSPC ?
JZ BKI
MOV lSI+BX] ,AL ;STORE THE CHAR
INC BX ;INCREMENT CHAR COUNT
CMP BX,254
JA _ BK2
JMP BKO ;GO GET NEXT CHAR

BKI : OR BX,BX ;IS BX = 0 ?
JZ BKO ;YES THEN IGNORE BKSPC
DEC BX ;DECREMENT CHAR COUNT
JMP BKO

BK2 : MOV WORD PTR lSI+BX] ,ODOAH
MOV AL,OAH
CALL DISPCHAR
INC BX
INC BX
lRET

BUFKBD ENDP

;\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\;
DISPLAY ERROR MESSAGE

INPUT: AL = ERROR CODE
;/////////////////////////////////////////////////////;

DISPERR FROC NEAR
PUSH DS
MOV CX,CS
MOV DS,ex
MOV- BL,19
MUL BL
MOV SI,OFFSET MSG
ADD SI,AX
MOV CX,19
MOV DX,IU4H
INT 60H
MOV SI,OFFSET MSG-2
MOV CX,2
MOV DH,1
INT 60H
POP jj i5

:1,IRE'!'



.
"

D]SPERlt ENDP

;//////////////////////////////////////////////1//////III/I;
PROCEDUHE 1'0 RECEIVE PACKET FIWM COMMN. CHANNEL
Input : SI = Pointer to buffer
Output: BX = U if error

= no. of data bytes received otherwise
;\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\;

B-5

REC PROC

PUSH
MOV
MOV
MOV
INT
POP

FAH

SI
SI,OFFSET PHEC
CX,5
DX,I02H
60H
SI

RI:

R2:

H:J:

REC

SUB
MOV
MOV
OUT
CALL
OR
JNZ

SUB
JMP

MOV
IN
~IOV
INC
INC
MOV
IN
AND
JNZ

CALL
OR
JZ
MOV
IN
MOV
INC

MOV
. ~10V

OUT
IRE'!'
.ENDP

BX,BX
DX,3FCH
AL,I
DX,AL
DATARDY
CX,CX
R2
BX,BX
R3

DX,3F8H
AL,DX
LSI],AL
SI
BX
DX,3FEH
AL,DX
AL,20H
'RI

DATAHDY
CX,CX
H3
DX,3F8H
AL,DX
LSll,AL
BX

DX,3FCH
AL,8
DX,AL

;INTIALI~E CHAR COUNT TO 0
;ADDRESS OF MCR
;ACTIVATE DTR & DEACTIVATE OUT2

;WAIT FOR RBRFULL
;CHECK FOR DEVICE TIMEOUT
;NO THEN GO GET CHAR
;SET ERROR FLAG
;RETURN

;ADDRESS OFRBR
;GET RECEIVED CHAR. IN AL
;STORE CHAR, IN BUFFER
;INCREMENT POINTER
;INCREMENT CHAR. COUNT
;ADDRESS OF MSR
;GET MODEM STATUS
;TEST FOR DSR = I
;YES, THEN GET NEXT CHAR.

;WAIT FOR LAST CHAR

;ADDRESS OF MCR
;DECTIVATE DTR & ACTIVATE OUT2



DA'I'ARDY PROC
NOV

DRI: MOV
IN
SHR

DRZ:
DA'I'ARDY

.Je
LOOP
RET
ENDP

NEAR
CX,IZUUU
DX,3FDH
AL,DX
AL,I
DRZ
DRI

;SE'I'TRY COUNT FOR DATA READY
;AIlIlRESSOF LSR
;UE'I'LINE STATUS
;DA'I'AREADY BIT IN CF
;UO AND READ CHAR IF DR=1

B-6

DB
MSG DB

DB
DB
DB
DB
DB
DB

PREC DB

LOAD PROC
SUB
~IOV
MOV
MOV
MOV
CMP
JZ

L1: CLI
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
~lOV
STI
MOV
MOV
INT

MSGI DB
LZ: MOV

MOV
MOV

10,13
'DEVICE TIMEOUT
'INVALID FUNCTION
'FILE NOT FOUND
'PATH NOT FOUND
'TOO MANY OPEN FILES'
'ACCESS DENIED
'INVALID HANDLE
'REC

NEAR
AX,AX
DS,AX
ES,AX
SI,180H
AX,OFFSE'I'DISTB
[SI ),AX
LZ

SI,I8UH
AX,OFFSET DISTB
[SI],AX ;SAVE OFFSET OF DISTB ROUTINE
AX,CS
[SI+Zl,AX ;SAVE SEGMENT OF DISP ROUTINE
[SI+6] ,AX
[SI+IO],AX
AX,OFFSET KBD
lSI +4] ,AX
AX,OFFSET REC
[SI+8] ,AX

DX,OFFSET LOAD
AX,31U3H
ZlH
'PROGRAM IS ALREADY RESIDENT',7,I3,IO,'$'
AX, [SI + 2]

DS,AX
SI,OFFSET FLAG



LOAD

CODE

eMP
JNZ
STl
MOV

MOV
MOV

MOV
lNT
MOV
lNT
ENDP
ENDS
END

WORD PTR [SI],OA25DH
L1

AX,CS
DS,AX
OX,OFFSET MSG1
AH,9
21H
AH,4CH
21H

B-7



Tanenbaum. A.S.
Inc .• 1981.

REFERENCES

'Computer Network'. Prentice Hall

2. K. C. E. Gee: Introduction to Local Area Computer
Networks. John Wiley & Sons. NY. 1983.

3. Murshed. Mainuddin Md. Kamrul: 'Design of a Star Type
Local Area Network (LAN) Interface Utilizing The Exit-
ing Telecommunication System in BUET Campus'. M. Sc.
Engg. (Computer) Thesis, BUET.

4. Welch. Samuel: 'Signalling in Telecommunications
Networks' .• Peter Peregrinus Ltd .• 1979.

5. Chorafas. Dimitries N. 'Data Communications for
Distributed Information Systems'. Petrocelli Books,
Inc., .1980.

6. Rahman, Hakikur 'Design and Implementation of a TOKEN

Ring .Local Area Network Interface', M.E. Thesis,
American University. of Beirut, 1983.

7. Postel. Jonathan B. 'Internework Protocol
Approaches' .IEE Local Area Network Interface', M.E.
Thesis, April 1980.

.1 :

j,



!l . Zimmetmann. Huoert 'OSI Reference Model- The ISO

Model Of Architecture for Open Systems

Interconnections' .IEEE Transactions on Communications,

Vol. COM-28, No.~, April 19!10.

9. Utter, Donald F., 'Writting Requirements for Inter

faces between Computers' , lEE Transctions on

Communications,' Vol. 'COM-3D. No.6, June 1982.

,
10. Darithine. Andr'e A.S. 'Protocol Representation with

Finite-State Models', IEEE Transactions on

Communication, Vol. No.4, April 1980.

11. Intel Corporation 'Component Data Catalog'.

12. Stallings, W.
Communication' .

'Computer Networks and Data

\
!'


	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118

