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ABSTRACT

A computer simulation of Ethernet was developed to assist network
designers in the planning of Local Area Networks. With the use of the
simulation, the efficiency of a specified network can be evaluated
before the actual construction and installation of expensive physical

components.

The computer program implemented the IEEE 802.3 CSMA/CD access
protocol to simulate network events. A variety of devices including
bridges, repeaters, and terminal servers are available in the design
process. The computer program also allows the designer to specify the
characteristics of each device such as the unigque bandwidth
limitation, the packet size, the number of packets per message, and

any requirement for acknowledgment.

The simulation was tested with actual experimental data and
proved to be reasonably accurate. A special user interface was
developed which enabled non-programmer to easily use the simulation.
Further testing in a large Ethernet environment remains to be done.
The simulation was used to test a number of different designs for the
Ethernet Local Area Network at the Health Sciences Centre. The
results showed that the present network has excessive capacity to

easily support all forseeable future configuration.
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CHAPTER 1

INTRODUCTION




1.1 BACKGROUND

The Health Sciences Centre located in Winnipeg, Canada, 1is the
largest hospital in the Province of Manitoba. The Centre is divided
into 20 distinct buildings with a total area over 260,000 sduare
meters. The Information Services Department of the Health Science
Centre began to develop an Integrated Hospital Information System in
1983, with the objective of providing an efficient and cost-effective

means to exchange patient, clinical and administrative information.

The Integrated Hospital Information System is a computerized
information management system which consists of hardware and software
components. A major hardware component is an advanced local area
network (LAN). The LAN is an Ethernet which provides a data
communication network Tinking all the computers and peripherals
together within the Health Sciences Centre. The inter-connection
between the devices provides a fast and efficient pathway for data

processing operations.

1.2 DEFINITION

Vendors of Ethernet devices indicate that it is capable of
operating efficiently at the specified data rate of 10 Megabits per
second (Mbps). However, a number of reports in the literature have

indicated that the bandwidth can become saturated if there is moderate




activity (Shoch et al, 1982). A major issue of concern for the
communication engineers at the Health Sciences Centre is to be able to
estimate the performance of various network expansions preceeding the
installation and purchase of expensive devices. This is especially

true at this time since the network is only 25 percent complete.

1.3 OBJECTIVE

The objective of this research was to develop a computer aided
design tool to estimate the performance of an arbitrarily specified
Ethernet network. In this way, a cost-effective and efficient network
can be designed and analyzed before the installation and purchase of

network devices.
1.4 SCOPE

The entire thesis is divided into eight chapters. Chapter 2
describes the basic concept of Ethernet. Chapter 3 reviews the recent
literature on Ethernet. Chapter 4 describes the computer aided design
tool developed in this research. Chapter 5 is the validation of the
software, with a specific example of its application given in Chapter
6. A general discussion is provided in Chapter 7. Chapter 8 is the

available references.




CHAPTER 2

ETHERNET (CSMA/CD PROTOCOL)




Carrier Sense Multiple Access with Collision Detection (CSMA/CD)
is a media access method in data communication. This method is used
to control the use of a shared transmission medium. Due to commercial
interest, CSMA/CD protocol was commercialized to become Ethernet.
This chapter s divided into three sections which describe Ethernet or
the CSMA/CD system. First, the background of Ethernet is mentioned.
Then, the definition of an Ethernet is presented. Finally, the
CSMA/CD media access method is described. A concise reference to
Ethernet specifications is available in Appendix A; more detail may be

found in IEEE CSMA/CD (1985).

2.1 BACKGROURND

The Xerox Corporation developed the first CSMA/CD system at the
Palo Alto Research Centre in 1975. It was called Experimental
Ethernet (Boggs and Metcalfe, 1976). Due to the cooperative efforts
of Xerox, Intel, and Digital Equipment Corporation, the Ethernet
Specification was developed in 1980. The most current version of the
Ethernet Specification is version 2.0 (Digital et al, 1982). Appendix
B summarizes the differences between the original Experimental

Ethernet and the current Ethernet Specification.

The Institute of Electrical and Electronics Engineers (IEEE) 802
committee was formed 1in 1980 to establish a common set of standards

for media access technologies (IEEE CSMA/CD, 1985). In 1983, the IEEE




Standards Board approved the CSMA/CD system as IEEE Standard 802.3.
In this thesis, the term CSMA/CD is the general term for this access
method, while the term Ethernet refers to the commercialized CSMA/CD

system based upon the slight modification of IEEE Standard 802.3.

IEEE 802 standards for Local Area Network are closely related to
the International Organization for Standardization (ISO) Open System
Interconnection (0SI) Reference Model. The 0SI Reference Model is a
logical structure for data communication network operations. Layering
is the basic structure used in the 0SI Reference Model. Each layer
consists of a set of rules or protocols for data communication. The
OSI Reference Model is divided into seven layers: 1) Application, 2)
Presentation, 3) Session, 4) Transport, 5) Network, 6) Data Link, and

7) Physical. Figure 2.1 shows the layers for the OSI Reference Model.

Tanenbaum (1981) described the detailed functions for each layer
in the OSI Reference Model. The upper layers (layer 1 to layer 5) are
used for addressing, data transportation, error detection, error
recovery, and user applications. The upper layers are outside of the
scope in this research. The media access techniques are covered by

the lower two layers, Data Link and Physical.

IEEE Standard 802 access methods specify both the dinterface and
protocol for the Physical and Data Link Layers which defined by the

0SI Reference Model. Figure 2.2 shows the relationship between the




station A station B

Application |f-—-—e—eo_ ] Application
Presentation 4----——-—-—-___] Presentation
Session iniutadetalebata et bl - Session
Transport  f---———eo Transport
Network  p-—-cem Network
Data Link  f-—-oeoo o]  Data Link

Physical Physical

Physical Transmission msdia

Figure 2.4 Open Systems Interconnection (0S1)
Reference Modsl.




0SI Reference Model and IEEE Standard 802 access methods.

is considered in this report.

Only 802.3

602.1

2.2

DATA LINK LAYER

- - - - — - s - —

B3| | 8024 | oe5| FPHRICAL LAYER

Figure 2.2 The relationship betwsen OSI Reference model

and IEEE Standard 802.
(from IEEE CSMA/CD, 1985)




2.2 DEFINITION OF AN ETHERNET NETWORK

An Ethernet network is a baseband LAN which interconnects two or
more stations by physical transmission media. The media access method
for Ethernet network is the CSMA/CD technique as described in the ﬁext
section. Figure 2.3 illustrates a simple configuration of an Ethernet
network. Ethernet operates at a transmission rate of 10 Megabits per
second (Mbps) and uses a bus topology in which a set of stations are
physically connected to a common length of coaxial cable through an
interface unit. A station is a computer device which is capable of
processing, transmitting and receiving network information. tEach
station on the Ethernet network is called a node. Each node is
assigned an unique address to specify its Tlocation 1in the network.
Xerox Corporation manages the allocation and distribution of unique
addresses to Ethernet vendors throughout the world. These addresses
248

consists of 6 hex digits providing a total of unique

addresses.

2.2.1 Devices Within An Ethernet Network

An Ethernet network may consist  of repeaters, nodes,
transceivers, terminators, and transmission media. Figure 2.4
illustrates an example of an Ethernet network. This particular
network is composed of five segments of transmission medium connected

by four repeaters. Each node is physically attached to the medium




&~ ~———~—— Bus Toepology - - -—
Node Interface unit

- —
Coaxial cable segment Node Node

Figurs 2.3 Simple Ethernet Configuration.

with interface units. Some devices such as terminals, may require

servers in order to connected to the medium.

The commercially available transmission media for Ethernet are
standard Ethernet coaxial cable, fiber optic cable, thinwire coaxial
cable and transceiver cable. A unit of length for the cable is called
a segment. The Ethernet coaxial segment is terminated at both ends
with terminators. The transceiver cable provides a connection between
a transceiver and a node. The transceiver is an interface device
which s tapped physically on the coaxial cable to provide a
functional interface between the node and the coaxial cable. Two

segments of the coaxial cable can be joined by a Ethernet repeater.

- 10 -




| [
I 0
Segment 1 E | ——{:] Segment 2
] R I
o[- 1o
e~ - T = = T J —a
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somens ([} ]
Segment §
il M
0

Figure 2.4 An example of an Ethernet Network.
(from Franta and Chlamtac, 1981)
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Three types of repeaters are commercially available : the 1local
repeater, the remote repeater, and the multiport repeater. The local
repeater connects two Ethernet coaxial segments. The remote repeater
consists of two local repeaters connected by a fiber optic 1ink
segment. The multiport repeater provides eight ports for connection
of eight thinwire segments and one port for connection of the
transceiver cable. Some of the commercial repeaters are described in
Digital (1986). Figure 2.5 14llustrates the relationship of the
repeater to the 0SI Reference Model. The repeater does not perform
any data 1link functions, it only allows the bits to be transferred
between the Physical Layers of the two nodes. A repeater can connect

media with identical physical layers only.

Application Application

Presentation Msentation
Seseion Sagsion
Transport Transport
Network Network
Data Link HEDeatEP Data Link
Physical Physical fPhysical Fhysical

L ] L]

Figure 2.5 The relationship of the repeater to the
OST Reference model.

- 12 -




2.2.2 Limitations Of An Ethernet Network

Digital signals travel at approximately 0.77 times the speed of
Tight on coaxial cable. Since signals degrade with distance on the
transmission medium, vendors suggest that there are identifiable
distance 1limitations for the Ethernet network (Digital, 1986). For
example, the maximum lengths of an Ethernet coaxial segment, a
thinwire coaxial segment, and a fiber optic Tink segment are 500
meters, 185 meters and 1000 meters respectively. The maximum length

of a transceiver cable is 50 meters.

According to Digital (1986), Ethernet coaxial segments may
contain a maximum of 100 transceivers with a minimum separation of 2.5
meters between transceivers; a thinwire segment may contain a maximum
of 30 transceivers with a minimum separation of 0.5 meter. A standard
Ethernet network has a distance Timitation of 2800 meters between the
furthest two nodes in the network. Figure 2.6 shows the distance
Timitation of an Ethernet network. This network consists of three
Ethernet coaxial segments, one fiber optic 1link segment, two
transceiver cables connected to the transmitting and receiving nodes,

and four transceiver cables connected to two repeaters.
The distance Timitation of Ethernet networks can be modified by
using extended LAN devices to connect two or more Ethernet networks

together.

- 13 -




! 500m coaxial segment
q] ] 500m

T coaxial segment
Interface g

unit repeater _—J
<

50m Node

trans- repeater
ceiver 11
cable ___
> 1 1000m Link
segment

500m coaxial segment

Figure 2.6 The distance 1imitation of an Ethernet network.

2.2.3 Extended LAN Devices

Two or more networks can be connected together with extended
network devices. There are three types of devices to extend a local
area network : bridge, router, and gateway. A bridge operates at the
Tower two layers (data link and physical) of the OSI Reference model.
Figure 2.7 shows the relationship of the bridge to the 0SI layers.
Instead of bits transferred in the physical layer, a bridge allows
information transferred between the data 1ink layer of the two nodes.
Therefore, a bridge can connect two local area networks with same or
different type of physical layers. 1In addition, the bridge is able to

recognize the address of the transmission and determine whether or not

- 14 -




it should be buffered and forwarded from one

network to the other.

Digital (1986) recommends that an extended LAN consist of no more than

seven bridges in series and span a

distance not

exceeding 22,400

meters.
Application Application
Presentation Presentation
Session Sassion
Transport Transport
Network E}[“ ]-ngJEB Network
Data Link Data Link Data Link Data Link
Physical Phyaical Physical Physical
L ] ]

Figure 2.7 The relationship of the bridge to the
OSI model.

A router operates within the lower three

Link, Physical)
router 1is to determine

destination

of the O0SI

node in

if a message

a remote

Reference model.

network.

layers (Network, Data

The function of the
is to be forwarded to the

Figure 2.8 shows the

relationship of the router to the 0SI Reference model.

- 15 -




Application Application
Presentation Presentation
Session Session
Transport F}()LJ{:EB(\ Transport
Netwark Network Network Network
Data Link Data Link Data Link Data Link

Physical Physical Physicsal Physical

Figure 2.8 The relationship of the router to the
0SI Reference model.

A gateway may operate in all layers of the 0SI Reference model.
It allows two networks with different but specified protocols to
communicate with each other. Figure 2.9 shows the relationship of the
gateway to the 0SI Reference model. Detailed discussion of gateways
and routers is external to scope of this thesis; for a detailed
description refer to McNamara (1985), Digital (1982), and Digital
(1986).
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Gateway

Application Application Application Application
Presentation Presentation | Presentation Presentation
Session Session Session Sassion
Transport Transport Transport Transport
Network Network Network Network
Data Link Data Link Data Link Data Link
Physical Physical Physical Physical

]

Figure 2.8 The relationship of the gateway to the
OSI Reference model.
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2.3 CSMA/CD MEDIA ACCESS METHOD

The three basic features of CSMA/CD are Carrier Sense, Multiple
Access, and Collision Detection. Carrier sense
(1isten—before—ta1king) enables a node to detect activity or traffic
on the transmission medium. If there is traffic , the node will
defer, or wait. Multiple access allows all nodes to share a common
bus transmission medium. Figure 2.10a shows‘Carrier Sense Multiple
Access. Figure 2.10b shows the deferral due to Carrier Sense.
Collision 1is defined as two or more simuitaneous1y transmitted
messages overlapping with each other on theé transmission medium,
producing interference. Collision detectionl(1isten—whi1e—ta1king)
provides the ability to detect interference in the transmission,
Figure 2.11a shows Collision Detection. A collision checking interval
is the two way Propagation delay required for the initial bits of a
node's transmission to reach and return from the farthest node on the
medium. Once a transmission is begun and suceessfu11y passes the
collision window, no collision will occur because the carrier sense of
other nodes will recognize the transmission in the medium. This s
referred to as capturing the channel. If a collision occurs during
the collision window, the  transmitting nodes abandon  their
transmissions and remain silent for a random period of time (backoff)
before attempting to retransmit. Figure 2.11b shows the backoff due
to collision. In addition, each colliding node emits a jam signal (a

short series of bits) to ensure that all other nodes have detected the
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Collision (IEEE CSMA/CD, 1985 and Digital, 1982).
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Figure 2.104 Carrier Sense Multiple Access.
collision ~_.~_defep_.__>
~wWindow
i
_.._L...’
1
i
"—“_'{’““"‘_‘::::::::::::::
T 1 =

e —>

Figure 2.10b

Carrier Sense and deferral.
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2.3.1 Architecture And Functions

The relationship of IEEE 802.3 CSMA/CD to the ISO Reference Model
is shown in Figure 2.12. The Data Link Layer of the 0SI Reference
Model is divided into two sublayers: Logical Link Control (LLC) and
Media Access Control (MAC). The Physical Tlayer of the 0SI Reference
Model corresponds to the Physical Signaling 1layer (PLS), the
Attachment Unit Interface (AUI), the Medium Dependent Interface (MDI),
and the Physical Medium Attachment (PMA) in the IEEE 802.3 LAN
standard. CSMA/CD is supported by the Media Access Control sublayer
(the bottom sublayer of the Data Link Layers) and the Physical Layer.

ast IEEE 802 AN

PRESENTATION

SESSION

TRANSPORT

l‘ ‘
.
’ ’
e .
NETWORK ’ ‘
. .
4 .
/ .

DATA UNK

PHYSICAL

Figure 2.12 The relationship of IEFE 802.3 CSMA/CD to
the IS0 Raeference model.

(from IEEE CSMA/CD, 1985)
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Within the MAC sublayer, two interfaces are defined: the
Physical Media Interface and the LLC Sublayer Interface. Figure 2.13
shows the MAC sublayer. The Physical Media Interface provides a path
for bit streams between the PLS and MAC Sublayers. The LLC Sublayer
Interface provides a path to transmit and to receive frames between

the LLC Sublayer and MAC Sublayer,
The two main functions performed 1in the MAC sublayer are:

i) Data encapsulation (transmit and receive)

a) Framing - frame boundary delimitation, and
frame synchronization.

b) Addressing - handling of source and
destination addresses.

c) Error detection - detection of physical medium
transmission errors.

ii) Media access management (collision avoidance)
a) Medium allocation - collision avoidance.

b) Contention resolution - collision handling.
2.3.2 MAC Packet
A frame is defined as a series of transmitted bits grouped
together. It may also be referred to as a packet although the term

packet sometimes refers to the network layer of the O0SI reference
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LLcC
SUBLAYER
———1— ACCESS TO LLC SUBLAYER
TRANSMIT RECEIVE
DATA ENCAPSULATION DATA ENCAPSULATION MAC
\/ i
TRANSMIT MEDIA RECEIVE MEDIA SUBLAYER
ACCESS MANAGEMENT ACCESS MANAGEMENT
——" ACCESS TO PHYSICAL INTERFACE ———
“TRANSMIT RECEIVE PLS
DATA ENCODING DATA ENCODING SUBLAYER

Figure 2.43 Media Access Control Functions

model (Tanenbaum, 1981). Each subgroup of the packet is called a
field. The MAC sublayer packet consists of eight fields: preamble,
start frame delimiter, destination address, source address, length,
LLC Data, pad, and frame check sequence. Each field contains a
different number of bits and serves different functions in the packet.
During transmission, the fields within a packet are transmitted from
the top field (preamble) to the bottom field (frame check sequence).
The bits within a field are transmitted from left to right. Figure
2.14 shows the MAC packet format. The preamble field (64 bits) is
used for packet synchronization. The start frame delimiter field (8
bits 10101011) s used to indicate the beginning of the packet. The

address fields (48 bits each) indicate the address of the receiving

..23_




node and the transmitting node. The length field (16 bits) indicates
the number of octets (8 bits) in the data field. The data field is
the LLC data. The pad field is a series of n octets added to the data
field when the data field is less than the minimum number of bits
required. The Frame Check Sequence field (32 bits) contains a cyclic
redundancy check (CRC) code. The maximum packet size is 1518 bytes;
the minimum packet size is 64 bytes. Further detail describing each

field can be found in IEEE CSMA/CD (1985).

7 OCTETS PERAMBLE FIELD
1 OCTET START FRAME DELIMITER

2 or 6 OCTETS DESTINATION ADDRESS OCTETS WITHIN
PACKET
2 or 6 OCTETS SOURCE ADDRESS FIELD
2 OCTETS LENGTH FIELD FROM TOP TO
BOTTOM -
! LLC DATA FIELD :
[ T e e s T
1 PAD FIALD {
4 OCTETS FRAME CHECK SEQUENCE
Lss | o] ] b7| M8

BITS WITHIN PACKET
TRANSMITTED LEFT-TO-RIGHT

Figure 2.144 MAC packet format .

A message may consist of several packets. Messages with only one
packet are called single-packet messages. Messages with more than one

packet are referred as multi-packet messages. The minimum interpacket
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spacing between two packets in a message is called the interframe gap.
The interframe gap is intended to provide interframe recovery time for
other CSMA/CD sublayers and for the physical medium (IEEE CSMA/CD,
1985). IEEE CSMA/CD (1985) specifies the interframe gap to be 9.6

usec. Figure 2.15 shows a message consisting of three packets.

Interfrane g interframe gap

Packet | |Packet | | Packet

k Message

Figure 2.15 A msssaege consists of three packets.
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2.3.3 CSMA/CD Network Operation

The operations of CSMA/CD are described in this section. The
transmitting node operations, receiving node operations, and collision

recovery are discussed in detail.

2.3.3.1 Transmitting Node Operations

When the LLC sublayer requests transmission of a packet, the
Transmit Data Encapsulation component constructs a MAC packet from the
data supplied by the LLC sublayer. This component checks the
validation of the data from the LLC sublayer, then the packet is

passed to the Transmit Media Access Management component.

Once the Transmit Media Access Management component accepts the
packet from the Transmit Data Encapsulation component, it will attempt
to transmit the packet to the PLS sublayer. The Management component
first monitors the carrier sense signal provided by the PLS sublayer.
If the carrier sense indicates that another transmission has been
allocated the transmission medium, the transmission of the packet will
be deferred. When the medium is clear, the packet begins to transmit
after an interframe gap (9.6 usec). The Management component sends a
serial stream of bits to the PLS interface for transmission. The PLS
generates the electrical signals on the physical medium to represent

the bits of the packet. If the transmission is completed, the MAC
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sublayer will inform the LLC sublayer. The LLC sublayer will then

wait for the next request for transmission from the upper layers.

2.3.3.2 Receiving Node Operations

At each receiving node, the reception procedures are summarized
as following. The arriving packet 1is first detected by the PLS
sublayer. The PLS responds to the packet by synchronizing with the
preamble field of the packet and the PLS turns on the carrier sense
signal. The received packet from the medium is decoded into binary
data. The preamble field, and the start frame delimiter field are
removed by the PLS and the remaining fields of the packet are passed
to the Receive Media Access Management component. The Management
component collects bits from the PLS while the carrier sense signal is
on. When the carrier sense signal is off, the collected bits are
passed to the Receive Data Decapsulation component. The Decapsulation
Ccomponent checks the destination address to decide whether this packet
should be received. Also, the component checks for the validation of
MAC packet. If the packet is valid and the destination address is
recognized, the packet is passed to the LLC sublayer, otherwise, the

packet is discarded.
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2.3.3.3 Collision And Recovery

If two or more nodes detect that the medium is clear within the
collision window, the nodes will begin to transmit and a collision
will occur. The PLS notices the interference (collision) on the
channel, turns on the collision detect signal, and performs recovery
operations. The Transmit Media Access Management component transmits
a Jam signal (4 bytes of arbitrary data) to ensure that all colliding
nodes notice the collision. A1l colliding nodes wait for a brief time
interval (backoff) and attempt to transmit again with the normal
transmission procedures. The backoff procedure of Ethernet is called

Truncated Binary Exponential Backoff Algorithm.

2.3.3.4 Truncated Binary Exponential Backoff Algorithm

Once packets in the physical medium experience a collision, the
sending nodes will backoff and wait a period of time before attempting
retransmission., The period of time for waiting is called
retransmission delay. The scheduling of retransmission is a critical
feature in the performance of Ethernet and 1is controlled by a
truncated binary exponential backoff algorithm. The algorithm
uniformly distributes the probability of retransmission within the

following interval:
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0 <= r < 2%x

where
r = a random integer,
k = minimum(n,10),
n = the number of retransmission attempts.

During each retransmission, a random integer r is generated
between the Tower bound O and the upper bound 2**k. The packet will
wait for a period of time equal to the integer product of r and the
slot time, before retransmission. The slot time is slightly larger
than the round-trip propagation delay of two nodes which are the
maximum allowed distance apart. In IEEE 802.3, slot time is specified
to be 512 bit times. The first transmission attempt proceeds with no
delay because n=k=0 and r=0, and hence the interval is [0,1). The
second and further retransmissions will experience a certain delay
according to the integer number n and the integer number r. If the
number of retransmission attempts is greater than 10, k will remain as
10 and the transmission interval will be [0,1024). The maximum number
of retransmission attempts for each packet is 16. If all sixteen
retransmission attempts fail due to collisions, this event is reported
as a transmission error and the transmission interval 1is vreset to
zero. The protocols of the upper Tayers of the 0SI Reference Model
must recognize this error and decide whether to transmit or neglect
the packet. Stallings (1984b) has indicated that the disadvantage of

the truncated binary exponential backoff algorithm s the last-in,
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first-out phenomena, nodes which have experienced a small number of
collisions will have greater chance of transmitting before nodes that

have experienced a relatively large number of collisions.

2.3.3.5 Persistence

Three different persistent CSMA/CD protocols have been described
in  the 1literature; non-persistent CSMA/CD, 1-persistent CSMA/CD, and
p-persistent CSMA/CD. Ethernet uses I-persistent CSMA/CD protocol
which 1is described 1in Figure 2.16. Stallings (1984b) described the
different persistence of CSMA/CD as follows.

Non-Perustent
Teansmue i1 1dfe

Constant o Varusble Delay / Otherwise, xlay. Try Again
onstant or Va

A

Channet Busy

&+~ Time

[-Persistent: P-Persnstent

Transmit As Soon
As Channel Goes tdic

f Collision. Back Off
and Try Again

Transmit As Soon As Chaane
Geocs dic With Probabiity £

Otherwise. Delay One Stot.
Repeat Provess

Figure 2.46 Oifferent Persistence of CSMA/CD protocols.
(from Stallings, 1984b).
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For a l-persistent CSMA/CD protocol, a node which has a packet
ready for transmission will monitor the physical medium to select one

of the following actions.

i) If there is no transmission on the medium, the node

transmits the packet immediately.

11) Otherwise, the node waits until the medium goes
idle and then transmits the packet. In addition, IEEE
802.3 and Ethernet specifies that the packet should wait

for 9.6 usec before transmission.

ii1) While transmitting, the node continues to perform the
collision detection procedure. If a collision happens, it

will perform the backoff algorithm and repeat step (i).

For the non-persistent protocol, a transmitting node will examine

the medium and take the following actions:
i) If the medium is idle, the node transmits the packet.
11) Otherwise, the node waits a period of time drawn from a
probability distribution (the retransmission delay)
and repeats step (i) until it successfully acquires the

medium,
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iii) While transmitting, the node continues to perform the
collision detection procedure. If a collision occurs, it

will perform the backoff algorithm and repeat step (i).

For p-persistent protocol, a transmitting node will examine ‘the

medium and take the following actions:

i) If the medium is idle, the node transmits the packet
with probability p, and delays one time unit with
probability (1-p). One time unit is equal to the maximum

end-to-end propagation delay.

ii) If the medium is busy, the node will continue to listen

until the channel is idle and repeat step (i).

11i) While transmitting, the node continues to perform the
collision detection procedure. If a collision occurs, it

will perform the backoff algorithm and repeat step (i)."

Since the initial design of Ethernet was assumed an excessive
bandwidth (Shoch et al, 1982), 1-persistent protocol was believed to
be the most efficient protocol. This is because in this protocol, a
packet is scheduled for transmission without delay, as soon as the

channel is idle.
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CHAPTER 3

LITERATURE REVIEW
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3.1 INTRODUCTION

In the CSMA/CD access method, packets are sent, one bit at a
time, onto the physical channel. The messages may experience
collisions which necessitate recovery procedures and cause delay.
Therefore, the term performance refers to the accuracy and efficiency
with which packets are transmitted from the sending nodes to the
receiving nodes. Physical channel utilization, message delay, and
error rates are examples of performance parameters. These parameters
are directly affected by the number of users, the size of the packets,
and the bandwidth of the computer resources. There are two ways to
evaluate the performance of CSMA/CD: real measurement from actual
networks, and theoretical study (analysis and simulation). The aim of
this chapter is to summarize these methods and present a comprehensive
view of results from the available literature. A discussion of the
merits and inadequacies of the published references are discussed at

the end of this chapter.

3.2 METHODS

Measurements from physical networks and theoretical study of
conceptual networks are the two major methods which have been used to
estimate the performance of CSMA/CD networks. Theoretical studies
make use of a model, defined here as a set of conditions and

attributes to represent a physical network.

- 34 -




In the review of the Titerature, there was no reference found
which evaluated the IEEE 802.3 performance. Therefore, this review
only identifies isolated techniques and results which are applicable
and relevant to segments of the current study. The following
subsections describe physical network measurements and theoretical

studies of conceptual networks.

3.2.1 Physical Network Measurements

Real measurements of an operational networklprovide an accurate
indication of performance which can be used to validate theoretical
studies. Actual measurements of network performance are made by
attaching special devices, or monitors, to the network, or by using
monitoring software to record the network activity. This method is
generally more accurate than theory, but it is very difficult to

perform because of the fast and complex nature of network traffic.

Two articles which reported actual measurements of CSMA/CD
networks are Metcalfe and Boggs (1976), and Shoch and Hupp (1980).
Neither references describe their monitoring procedure in detail.
Metcalfe and Boggs (1976) published the first paper to describe the
Experimential Ethernet. A single Ethernet cable, one kilometer long
and operating at 3 Mbps, was used to support 256 users. Shoch, and
Hupp (1980) used Experimental Ethernet cable operating at 3 Mbps.

This Tlatter network spanned approximately 550 meters and connected
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over 120 nodes. Network activity was generated by file transfer
between difference resources. Monitoring software was used to record
the network activity by passive collection, which allowed a monitoring
node to sense and record the network traffic in the cable without
generating any traffic itself. Both papers used Experimental Ethernet
which has not been used since. No detailed experiment measurement of
an Ethernet network conforming to Ethernet Specification Version 2.0

was found in this review.

3.2.2 Theoretical Studies

A theoretical study involves the prediction of network activity,
to derive certain performance results. Theoretical studies can be

further divided into simulation or mathematical techniques.

In this review, the term simulation is applied to a method which
makes use of a computer program, while mathematical techniques refer
to the use of any direct symbolic formulation to derive network
performance results. Both methods were poorly described in the
literature. Also, the lack of any consistency in the methods and the

results made it impossible to generalize individual techniques.
Simulation uses a computer program to construct the network
model, Different values of the variables can be used to represent

different configurations and characteristics of the networks. The
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length of the packets, the Tlength of the cable, and the number of
nodes are the examples of the variables. During program execution,
the step by step iterations of the computer algorithms predict and
represent the events in the network. The events may include network
traffic generation, the backoff scheme, acknowledgment, and so on.
Different simulations reported in the 1literature have emphasized
different parameters for input to the program. When the execution of
the program finished, the numerical results are recorded into a file
as estimates of the network performance. Simulations are often based
upon the Monte Carlo method (Bratley et al, 1983). They have been
written in a variety of Tanguages including C and Fortran and more
recently in specially designed software packages which are based on
Fortran (Dahmen et al, 1984) and C (Konstantas, 1983). Also, the
model may be time or event driven, but the event driven approach has
been more common because of its superior efficiency (Konstantas,

1983).

Queuing theory is the most frequently described mathematical
technique found in this review. Since there is no standard procedure
for the queuing theories, only some elements of queuing theory are
presented. The model for queuing theory analysis can be characterized
by the number of nodes, the amount of buffer space in the node, the
queuing conditions, and the timing conditions. A finite number of
nodes is often assumed. The amount of buffer space for the messages

to queue 1in each node can be either infinite or finite. Within the
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queuing conditions, an infinite number of messages Capable of being
transmitted 1in the shared channel is usually assumed. These messages
first arrive in the transmitting nodes, then are queued (made to wait)
for a turn to transmit. The timing conditions control the arrival and
departure of the transmitted messages. Once the queuing model s
defined, the solution can be derived by direct mathematical analysis.
For further references on queuing theory, refer to Apostolopoulos and

Protonotarios (1986), Tasaka (1986), and Tobagi and Hunt (1979).

3.2.3 Termi nology

Inconsistency in the use of terms in the literature makes it
difficult to compare results. The following terms are defined to

facilitate comparsion:

D : the transmission delay between the time a packet is
ready for transmission from a node, and the start of
the successful transmission. Figure 3.1 shows the

definition of transmission delay.

S : the throughput of the network; the total rate of data

(packets) being successfully transmitted between nodes.

U : the utilization of the network; the fraction of total

channel capacity being used. Since the definition of
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utilization is relevant and confused 1in different
papers, utilization in this review is clarified as

channel capacity being used by uncollided packets only.

0G : the offered load to the network; the total rate of data

(packets) presented to the network for transmission.

packet
] Transmission delay
attempt T TS ~ao successfully
- o .
transmission e Backoff or \;& capture the channel
- Deferral
e

packet
T ime

-

Filgure 3.4 The definition of transmission delay.

For example, if the total data offered to the network is 1.2
Mbps, and the total data successfully transferred between nodes is 1
Mbps, then the offered load 0G is 1.2 Mps, the throughput S is 1.0

Mbps. In this example the utilization U is 0.1, since the total
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capacity (bandwidth) of Ethernet channel is 10 Mbps. The parameter S

is often normalized and interpreted as utilization U in some papers.

Alpha is an important parameter which affects the performance of
the network (Stallings, 1984b). Alpha is defined as the ratio of the
length of the transmission medium (expressed in the equivalent in bits
between two nodes), to the size of the packet in bits. Alpha can be
further expressed as the fraction of one way propagation time to the
equivalent time length of the packet. Typical values of Alpha range

from 0.01 to over 1.0 for 7local area networks (Stallings, 1984b).

Oné way propagation time (in bits)

Alpha = eeeo (1)

size of the packet (in bits)
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3.3 RESULTS

This section summarizes the related performance results found in

the literature.

3.3.1 General Statements

The major results from the Titerature survey are summarized in
Table 3.1a to Table 3.1f. The Tables are d%vided into four columns
which are Author, Method, Protocol, and Related Performance Results.
Under  Method, the different methods are distinguished.  Under
Protocol, any modifications to the CSMA/CD protocol which have been
introduced are indicated. The modifications were mainly 1in the
transmission attempt strategy. Only the major }esu]ts are described

in the Related Performance Results,
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_ZV_

AUTHOR METHOD PROTOCOL RELATED PERFORMANCE RESULTS

Arthurs and Analytical | Modified 1) Modified CSMA/CD offers a shorter mean

Stuck, 1984 CSMA/CD retransmission delay than non-modified CSMA/CD.

Bux, 1981 Analytical | CSMA/CD 1) Inefficient operation if alpha is large.

2) transmission delay increases rapidly for loads
at about 0.6.

Choudhury and| Simulation&| Modified 1) Shorter length packets reduce the channel

Rappaport, 85| analytical CSMA/CD utilization.

Colvin, 1983 | Analytical | CSMA with 1) CSMA with collision avoidance resolves
collision collisions more effectively than CSMA/CD.
avoidance

Dahmen et al,| Simulation CSMA/CD 1) Greater packet sizes can have better

1984 performance with CSMA/CD.

2) Mean waiting time increases exponentially with
the total offer loads.

3) Mean waiting time increases with packet
length.

Haenle and Simulation | No 1) Expected graphs of throughput vs applied load.

Giessler, specified 2) Expected graphs of applied load vs delay.

1978 protocol

TABLE 3.1a : Summary of the literature results




_EV_

AUTHOR METHOD PROTOCOL RELATED PERFORMANCE RESULTS
Heyman, 1986 | Analytical | CSMA/CD 1) If packet size increases, throughput and
average response time will improve.
2) Analytical equations.
Jenq, 1986 Analytical | CSMA/CD 1) Analytical equations for channe] utilization.
2) Small value of alpha can give a better channel
utilization.
Kanakia and | Measurement| Data Link 1) the potential bottleneck occurs at the data
Tobagi, 1986 LLC 1ink layer.
protocol 2) suggest further development on high speed
network interface unit.
Marathe and | Analytical CSMA/CD 1) Transmission delay is often smaller than the
Hawe, 1982 delays in the higher levels.
2) Offered load is directly proportional to the
number of users.
3) Mean waiting time is proportional to number of
users.
4) In heavy load (2000 users), a packet only

experiences one collision on average per
successful transmission.

TABLE 3.1b : Summary of

the literature results




_Vb._

AUTHOR METHOD PROTOCOL RELATED PERFORMANCE RESULTS
Metcalfe and | Measurement CSMA/CD 1) For large packet size (above 4000 bits), the
Boggs, 1976 utilization of the experimental Ethernet stays
well above 95%.
Moura et al, | Simulation | modified 1) The suggested backoff algorithm performed
1979 CSMA/CD better than truncated binary backoff algorithm
in term of delay throughput characteristic.
0'Reilly and | analytical CSMA/CD 1) If the number of stations increases, the
Hammond, simulation throughput will increase up to a saturation
1982 point and remain constant.
Pendse and analytical | modified 1) The effects of channel capture based on
Soueid, 1985 CSMA/CD priority.
Schacham and | analytical | 1 1) The mean retransmission delay strongly
Hunt, 1982 persistent affects the network performance. If the mean
modified _ is too small, more collisions occur.
CSMA/CD 2) Packet length and cable length affect the
the network performance.
Sherman et al| analytical | Non NIL
1978 persistent
CSMA/CD

TABLE 3.1c :

Summary of the literature results




_gb_.

AUTHOR

METHOD PROTOCOL

RELATED PERFORMANCE RESULTS

Shoch et al,
1982

analytical CSMA/CD

1)
2)

3)

4)

Under heavy load, only a short period of time
on the channel is lost due to collisions.,
Channel efficiency depends on the size of the
packets. Larger packet sizes have better
network performance.

When the packet size approaches the collision
interval, network performance degrades to CSMA
without collision detection.

Ethernet has been designed to have excessive
bandwidth. Ethernet network should be run with
a sustained load less than 50% of channel
capacity.

Shoch and
Hupp, 1980

measurement| CSMA/CD

1)

2)
3)
4)

Ethernet is robust. The performance degrades
slowly and recovers well from momentary
overloads.

If Alpha decreases, the network performance
increases.

On average, an individual packet does not
experience many collisions.

-The -transmission error rates are very low

and very few packets are lost.

TABLE 3.1d : Summary

of the literature results
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AUTHOR METHOD PROTOCOL RELATED PERFORMANCE RESULTS
cont: 5) Under normal loads, 99.18% of the total packets
Shoch and successfully transmitted without latency.
Hupp, 1980 0.79% of the total packets were delayed due to
deference. Only 0.03% of the packets involved
in collisions.
6) Ethernet utilization increases with packet
size.
7) Under extreme overload, Ethernet channel is
sti11 stable. The channel utilization remained
above 97%.
Stallings, General CSMA/CD 1) General analytical equations for the
1984 study performance of CSMA/CD.
Takagi and Analytical | Modified 1) Mean delay is exponential with total
Kleinrock, CSMA/CD throughput.
1985 2) Proposed slotted CSMA/CD.
Tasaka, 1986 | Analytical | Modified 1) The performance of bufferd users on
CSMA/CD

slotted nonpersistent CSMA/CD protocol.

TABLE 3.1e :

Summary of the literature results
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AUTHOR METHOD PROTOCOL RELATED PERFORMANCE RESULTS
Tobagi and Analytical | non 1) The throughput delay characteristics of
Hunt, 1979 persistent CSMA/CD are better than CSMA.

CSMA/CD 2) If the collision detect time is fixed, long
packets have better performance in channel
utilization than short packets.

TABLE 3.1f : Summary of the literature results




From Tables 3.1a to 3.1f, the significant results are summarized

as following:

1) If Alpha is small, the high utilization U of the channe]
can be achieved. In order to make Alpha smaller, a
greater packet size (above 4000 bits) is used. This is
because packets are exposed to collisions only during the
collision interval of their transmissions. Once a packet
has been on the physical medium for that length of time,
no collision should occur. This result was reported by
Bux (1981), Choudhury and Rappaport (1985), Dahmen et ai
(1984), Heyman (1986), Shoch et al (1982), and Marathe
and Hawe (1982).

i1) Certain modified CSMA/CD protocols have demonstrated
superior performance to the Standard IEEE 802.3 CSMA/CD
protocol. This result was reported by Arthurs and Stuck

(1984), Colvin (1983), and Pendse and Soueid (1985).

111) Message delays and collisions are infrequent phenomenon
in the network traffic. On average an individual packet
experiences few collisions per successful transmission

(Marathe and Hawe, 1982 s Shoch and Hupp 1980).

iv) During momentarily heavy overload, Ethernet performance




degrades slowly and recovers well. Channel utilization
remained above 97% in extremely heavy offered loads
(Shoch and Hupp, 1980). However, the channel utilization
in this paper included collisions, deferrals, interframe
gap and packet data, and therefdre over-estimated the

network performance.

3.3.2 Performance Equations

It is difficult to compare performance equations among different
references due to the fact that each paper used a different model.
Also, equations derived from queuing theory are complex in nature, and
not applicable in this research. Therefore, only the basic equations
describing the simple case of unmodified CSMA/CD are presented in this

review,

The equations of acquisition probability A, the transmission
delay D, and the throughput S are derived by direct mathematical
techniques which can be found in Stallings (1984b) and Metcalfe and

Boggs (1976). See also section 3.2.3 for definitions.
Acquisition probability A is the probability that only one node
attempts a transmission and successfully acquires the channel. In

this case, real time is considered to be divided into slot time. Each
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slot time 1is one end-to-end round trip propagation time between the
two furthest nodes. Let N be the number of nodes continuously sending
out packets. Assume also that a station attempts to transmit in a
current siot time with probability 1/N, or delays with probability
1-(1/N). Therefore,

>
1}

(N) * (L/N) * ((1 - (1/N)) ** (N-1))
(1= (I/N)) % (N-1)  eevvienenenninia (3)

]

The transmission delay D can be represented in terms of slot
time. The probability of a packet waiting 1 slot time before
acquiring the channel is A*(1-A); the probability for waiting i slots
is  A*((1-A)**q). Therefore, the expected mean value of transmission

delay, E[D] is the geometric distribution of above two probabilities.
EID] = (1-A) / A L (4)

The throughput S can be derived as the ratio of packet

transmission time to the packet transmission time and delay time.

packet transmission time

S = ...(5)

packet transmission time + transmission detay
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In order to simplify Equation (5), Equation (1) is used. Also,
the one way propagation delay is assumed to be half of the slot time,
and the one way propagation delay is always calculated between the
furthest two nodes. Equation (1) can then be expressed as:

(1/72) slot time
Alpha () = —noo— (6)

packet transmission time (bits)

Substituting (6) into (5),

1/2a

1/2a + ((1-A)/A)

I+ 2a* ((1-A)/A)

If the number of stations (N) becomes infinite, the acquisition

robabilit A becomes 1im 1-(1/N *% N-1 = 1/e Therefore,
p y N——)oo((/)) (N-1) /

lim S = eeeecccccacns (8)

N—> 00 1 + 3.44a
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Equations (7) and (8) are commonly referred to the throughput or

utilization of the CSMA/CD protocols.

3.3.3 Graphic Output

Graphic output has been used for both theoretical studies and
real measurements. It is difficult to Compare the graphs from
different papers because each paper uses its own model and parameters.
Therefore, this section only shows the general characteristics of the

graphs from the available papers.
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Figure 3.2 shows the channel utilization U as a function of the
total offered load 0G. As the total offered load increases, the
channel utilization will increase to a maximum level. In the ideal
Case, the maximum utilization is the maximum bandwidth (capacity) of
the physical channel. Also, the maximum utilization is depended on
the packet size and Alpha in a heavily offered load. Shoch and Hupp
(1980) derived this result from their measurements of an experimental
Ethernet. Similar findings have been reported for the theoretical
studies { Heyman, 1986 ; Jeng, 1986). It should be noted that the
simplicity of this result is because there was no loss of bandwidth

due to collisions, deferrals, and interframe gap.

Channel

Utilization Bytes/packet
100%

12({~E6%)

128 {(~68%)

&4 (~83%)
50%
0%

0% 50% 100% 150%

Total Ollered Load

Figure 3.2 The channel utilization as a funetion of
: the total offered load. (from Shoch and
Hupp, 1980).
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Figure 3.3 shows the channel utilization U as a function of the
number of stations. The assumption 1is made that the number of
stations were continuously transmitting messages. As the number of
stations increased, the channel utilization decreased because more
collisions took place and more packets waited for transmission. For
large size packets, the total utilization was only decreased by a
small percentage. For small size packets, the total utilization was
decreased by a large percentage. This result can be found in Shoch

and Hupp (1980) and Metcalfe and Boggs (1976).

QG bytes

4bytes

Pechet Length

L] 2 4 8 16 32 84
Mumber of Hoste

Figure 3.3 The channel utilization as a function of the
number of hosts. (from Shoch and Hupp, 1980).

- 54 -




Figure 3.4 shows the transmission delay D as a function of the
throughput S. If the throughput increases continuously, more
collisions occur, and individual packet experience more delays and
backoffs to achieve successful transmission. From Figure 3.4, in
which transmission delay D is defined as the ratio of mean transfer
time to the mean packet transmission time, D is exponentially
proportional to the throughput S. Packets experienced a large delay
when the throughput was greater than 0.5. Takagi and Kleinrock
(1985), Bux (1981), and Dahmen (1984) reported this result from their

theoretical studies.

Uelay as a function of throughput

Figure 3.4 (from Bux, 1984)

110
100 - v — Bux
) Y A
BO |«

TO e
BO [«
BO { o

40 { e
30|

20 [ oo
0]

0 4 .2 3 .4 .5 6 .7 8 .3 14
Throughput

o B oV N ¢ B

< Q) 0D

Mean Transfer time

Mean Delay =
Mean Packet Transmission time

- 55 -




~Figure 3.5 shows the throughput as a function of Alpha.
Throughput s defined as the total rate of data being transmitted
between nodes (Stallings, 1984b). The throughput was degraded when
Alpha was increased. Thus, a decrease in the packet size can decrease
throughput. This result was reported by Stallings (1984a) and
Stallings (1984b). It is important to notice that this result applies
to single-packet messages, and not necessarily to the throughput of
multiple-packet messages.  Also, Stallings (1984a) and Stallings
(1984b)  did not provide a formal proof of this  result.

Throughput as 3 function of 31pha

Figure 3.5
(from Stallings, 1984b)
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3.4 DISCUSSION

The accuracy and general implications of the 1literature review

are discussed in this section.

3.4.1 Accuracy

Performance results of Ethernet as reported in the literature
were derived from theory or physical measurements. Since both methods
used certain assumptions and limitations to formulate a model, the
performance results are strictly valid only for that particular model.

Different models may have different results.

Some major limiting assumptions expressed by the 1literature
review are:
i) The transmission medium is perfect.
A1l theoretical studies assumed that the transmission
medium s noiseless, the channel interferences are
caused by transmission collisions only. However, in the
physical network, noise can be caused by any transmiss-
ion fault. CRC errors may be generated in this case.
The high reliability of current technology should

reduce this difference to insignificant proportions.
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ii)

ii1)

iv)

Constant packet length or variable packet length.

Since real Ethernet network activity consists of
variable size packets, it is more realistic to use a
variable packet length  in  network performance
estimation. Tobagi and Hunt (1979), and Heyman (1986)
used variable packet length while Bux (1981) and Jeng
(1986) used constant packet length for their studies.
The use of constant packet size should yield accurate
average results, but may produce under-estimates of the
performance when higher than average length packets are

used.

The Ethernet Specification is 10 Mbps for the bit rate.
However, most of the results were derived from
Experimental Ethernet which used 3 Mbps (Moura, 1979;
Shoch and Hupp, 1980; 0'Reilly and Hammond, 1982). Also,
the structure of the MAC packet and backoff algorithm
between the Ethernet Specification and the Experimental
Ethernet are quite different. For example, the preamble
size and the maximum backoff interval. Therefore, the
performance results from the Experimental Ethernet
cannot represent the performance of the  Ethernet

Specification.

The overhead for Ethernet is 26 bytes. Some papers used
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vi)

smaller overhead, such as Shoch and Hupp (1980), and
Bux (1981). If small overhead (less than 26 bytes) is

used, the network performance is over-estimated.

Single-packet messages.

Higher 1levels of software generally use multi-packet
messages. The Ethernet protocol specifies that each
packet be separated by at least one interpacket gap 9.6
usec. The majority of articles used single-packet
messages, including Tasaka (1986) in his theoretical
study. If single-packet messages are used, the
Characteristics of the channel utilization of CSMA/CD
is  incompletely represented. This 1is because each
individual packet in the message may be separately
delayed due to deferrals or collisions; if only
single-packet messages are considered, the chance for
the delay to occur is smaller than the multi-packet

messages.

Ethernet uses 1-persistent CSMA/CD protocol while some
papers used different persistent protocols such as
Tobagi and Hunt (1979), and Tasaka (1986). Different
persistent CSMA/CD protocols have different performance
results. Only the results from I-persistent protocols

were of interest in this report.

- 59 -




vii)

viii)

ix)

Network Size.

Small networks, generally one long single coaxial
segment, were used by all articles. Neither repeaters
nor bridges were wused. Repeaters and bridges are
typically required in any study of practical network

designs.

Constant propagation delay (time).

Most papers assumed that the propagation delay was small
compared to the packet transmission time, and that it
was identical for all source and destination nodes
(Moura et al, 1979; Marathe and Hawe, 1982). In fact,

propagation delay is highly variable.

Real time was divided into slots, but not bit time.

Each slot time was equal to the two way propagation
delay. The transmission can occur at the beginning of
the slot only. This assumption under-estimated the
channel traffic because transmissions can be attemptted

at any bit time in the real situations.

No acknowledgment was required to complete a message
transaction.
This assumption was used by all references and caused an

over-estimation of network performance because
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acknowledgments are small packets which use the channel
bandwidth. This 1is especially true for full duplex
terminal traffic, where total message delay must include

the receipt of an acknowledgment on echo.

xi) Different backoff algorithms.
Ethernet uses truncated binary exponential backoff
algorithm. However, some papers used different backoff
algorithms (Schacham and Hunt, 1982; Choudhury and
Rappaport, 1985). The effect of these different
algorithms on the results is unknown but can be expected

to be significant by virtue of their presence.

In order to make the model tractable, assumptions are
necessary. However, they should be carefully considered because

assumptions may easily make the model unrealistic.

Many papers used modified CSMA/CD protocols instead of using the
Standard IEEE 802.3 CSMA/CD protocol in this review. The modified
CSMA/CD protocols claimed that their performances were better than
Standard IEFE 802.3 CSMA/CD. However, the modified CSMA/CD were only
analytical predictions. Since modified CSMA/CD had not been

implemented in real environment, no measured evidence was provided.
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In general, the published results found during this review were

too restricted and not applicable to the current study.

3.4.2 Observations

There were very few papers which dealt specifically with the IEEE
802.3 CSMA/CD protocol. Among those papers, the majority focused on
theoretical studies rather than physical measurements. This is likely
because physical measurements are more expensive to perform than are
the generation of theoretical results. Also, measurement results are
more difficult to evaluate than theoretical results because of the
complex activity involved 1in the physical network. Two actual
measurements of experimental Ethernet were found in this review. No
measurements based on the Ethernet Specification were found in the

available references.

Since the terminology was inconsistent in the papers, many
authors calculated the channel utilization which included the
collisions and deferrals. This is an extreme over-estimation of the

bandwidth utilization.

The performance of modified CSMA/CD protocols were claimed to be
better than the Standard IEEE 802.3, however, standardization is more
important in practice. In addition, Ethernet is commonly accepted by

most of the vendors. Therefore, the performance of Ethernet is more
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of interest than modified CSMA/CD protocols.

In the theoretical studies, queuing theory and simulations are
used commonly. Simulations can represent a more complicated but
flexible network than queuing theory, because the computer program can
be creative and flexible (Mayne, 1986). However, developing a precise
program to represent the network behaviour correctly and effectively

will require a substantial amount of work.

In summary, no single paper can be used as definitive reference
for this study. Published performance results were dependent upon the
particular conditions of the models. The methods were too limited and
restricted. Nevertheless, the general nature of an Ethernet has been
documented and may serve to explain the results described in

subsequent chapters.
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CHAPTER 4

METHODS

- 64 -




4.1 INTRODUCTION

Simulation is the general method which was used in this research.
Other techniques such as queuing theory and direct mathematical
analysis, as introduced in the previous chapter, were found to be too
limited and restricted. The objective of this research was to
accomodate complicated and realistic networks, such that mathematical
techniques were not appropriate (Bratley et al, 1983; Sauer and

MacNair, 1983).

In this research, the conceptual model was IEEE 802.3 CSMA/CD.
Simulation was used to generate the solution. In addition the
procedures account for multilple networks and certain features
characteristic of higher levels of software, such as multi-packet
messages and device bandwidth which are useful 1in performance
analysis. In this chapter, the technique and computer program of the

simulation are described in detail.

4.2 TECHNIQUE

Simulation made use of an event driven procedure at the bit
level. Time was assumed to be finite and consisted of a sequence of
time slices. The time duration of each time slice was in the range of
1 to 20 seconds. Each time slice was divided into 100 nanosecond bit

times. Events involve any active use of the media, and may occur at
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the start of any bit time. Figure 4.1 shows the definition of time.

attempted
transmission

one non-idle
bit time time

- o

; V ,
LILIIT] “==========l/============3'J [ ---

Master clock ——9

Figure 4.1 Graphic representation of time.

The events encountered in the network  simulation are :
collisions, backoff, delay, attempted transmission, deferral, and
successful transmission. In the simulation, attempted transmissions
are first randomly or specifically distributed in the time slice.
Then, all the network events are resolved according to the position on

the time slice in the manner described in subsequent paragraphs.

- 66 -




The following notations are used in order to present the events

in the time slice:

Ti = the ith attempted transmitted packet of a message.
Mj = the jth attempted transmitted message on the time scale.
Nk = the kth network.
P = the time period used by transmitted packet.
B = the position in the time scale
where the transmission begins.
C = the position in the time scale
where the collision period passed.
E = the position in the time scale
where the transmission ends.

G = the interframe gap which is 9.6 usec.

Thus Nk(Mj(Ti)) refers to the ith attempted transmitted packet

of the jth message in the kth network.

In the algorithm developed in this research, each network has its
own time scale or time clock. Network 1 has time clockl while network
2 has time clock2, and so on. Different time clocks are superimposed
to form a master clock. Figure 4.2a shows an example of two time
clocks, with their superposition on to master clock in Figure 4.2b.

The notation Ni is referred to an event in the dith network.
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N1 = an event in the 4st network.

N2 = an event in the 2nd network.
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Figure 4.2a Time clocks of the multi-network.
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Figure 4.20 Master clock of the multi-network.




For simplicity the algorithm is explained with the aid of a
single network and a message consisting of a single packet. Several

cases are considered to demonstrate the possible range of events.

Case 1: Successful Transmission.

Successful transmission of a packet is shown in Figure 4.3.
Successful transmission is fulfilled if a node attempting to transmit
a single packet at a bit time (position B), with no other packets
positioned within the collision window B-C. The collision window is
calculated for each attempted transmission within the collision
checking interval, which is equal to the maximum two way propagation
time, and is set in IEEE 802.3 to be 512 bit times. Beyond C, carrier
sense will avoid collision. If any attempted transmissions are

positioned between C and E, they will defer.

Deferred transmission occurs when a node attempts to transmit a
packet while the channel is being used by another transmitted packet.
Figure 4.4 shows the definition of deferred transmission. A packet T1
successfully passes the collision interval B1-C. Another packet T2,
attempts to transmit at the position B2. However, as the bandwidth of
the channel was being used by the previously transmitted packet T1, T2

must defer to a further position T2',
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Figure 4.3 Successful transmission of a packet.
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Figure 4.4 [Deferred transmission.
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A collision is caused by several transmissions interfering with
each other. Figure 4.5a and figure 4.5b shows the two cases of

collision.

Case 2: Collision (case a).

In figure 4.5a, two transmissions (T1 and T2) which are on the
same network attempt to transmit at the same bit time (position B).
Tl and T2 collide with each other and produce an interference. In the
simulation, T1 and T2 are moved into a further position in the time
slice by the truncated binary backoff procedure specified by IEEE
802.3 (IEEE CSMA/CD, 1985).

Master clock %

Figure 4.5s Collision (case a)
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Case 3: Collision (case b).

In figure 4.5b, the packet T1 is begun at the position BI1. In
this event, Tl did not pass its collision interval B1-C because
another packet T2 is started and a collision occurs by the
interference of Tl and T2. Both transmitted packets T1 and T2 are
aborted and backed off to positions Bl' and B2', respectively, in the
time scale. If packet T2' is a successful transmission later on in
the time scale, the delay is the time interval between B2 and B2'.
Similarly, if packet T1' is a successful transmission at position B1',

the delay is the time interval between Bl and Bl1'.

Ti Ti .
Backoff
'"*“*; ““““““““““““““““““““ >
T,

2 Backoff 2
————— —-—=
v ;
E===== 1 / ——e
] é i
Bi 82 820 Bi o

Master clock ——>

Figure 4.5b Collision (case b)
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This algorithm is a simplification of actual events in that it
ignores the finite propagation delay between the initiation of a
transmission and the detection of a collision. Over a 500 meter

segment, the worst case delay would be 4.3 microseconds.

To this point, network events for a single network and a message
consisting of a single packet have been illustrated. However, a
message may consist of multiple packets. The network events for a

message which consists of two packets are described as follows.
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Case 4: Successful Transmission - Multiple Packet.

Successful transmission of a single two-packet message is shown
in Figure 4.6. A node attempts to transmit a message M1 which
consists of two packets, Tl and T2. Packets Tl and T2 are queued in
the node, and transmitted one by one according to their position in
the time slice. Transmission of the first packet of the message,
MI(T1), dis attempted at position BI. The second packet of the
message, M1(T2), is attempted at position B2. Both MI(T1) and MI1(T2)
successfully pass their respective collision intervals, B1-Cl and

B2-C2 as the network is idle at these times,

Mg Ty) M, (T

Master clod<———§>

Figure 4.6 Successful trensmission of & message.
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Case 5: Reply Packets.

After the receiving node successfully receives anl the
transmitted packets of a message, an acknowledgment (replied packet)
will be send back from the receiving node to the transmitting node = if
indicated by the transmitting node. The acknowledgment is a single
packet, with a size equal to the length of one packet of the receiving
node. For example, if T1 is assumed to be the last successfully
transmitted packet of the message M and T1 contained a request for
acknowledgment, the packet Tk would be generated at the end of the
transmitted packet T1.

M, (T T
\' °V
. :=:====:===:=====:=’:‘;"= ——
81 E Bk

Master clock ——>

Figure 4.7 Acknowledgment.
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Case 6: Deferred Transmission.

Figure 4.8 demonstrates a deferred transmission. Packet MI1(T1)
is assumed to be successfully transmitted. A second message, M2,
consists of two packets, Tl and T2. During the bit by bit
transmission of the M1(T1), a packet M2(T1) is scheduled at position
B21, within interval C1-El. Because of M1(T1), M2(T1) must defer to
the position B21', which 1is the end of the packet MI(T1). M2(T2),
which belong to the message M2, has to be shifted from B22 to position
B22'. It should noted that the time period between B21 to B22 is made

the same as B21' to B22'.

M) M) M) M) My

:==I========= ..._>
Byg G By Ey By 850 Bop-

Master clock —>

Figure 4.8 Dsferred transmission.
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Case 7: Collision - Multi-Packet.

Figure 4.9 shows a similar situation in Figure 4.5 but with a
Collision in the multi-packet message. The packet MI(T1) is attempted
at position Bll. Another packet M2(T1) is attempted at position B21,
which 1is within the collision interval B11-Cl. M1(T1) and M2(T1)
collide with each other. The backoff procedures randomly move M1(T1)
and M2(Tl) into new positions, Bll' and B21' respectively. Since
M2(T1) is moved, M2(T2) has to be shifted to a new transmitted
position from B22 to B22'. It should be noted that the time interval
between B21 to B22 is the same as B21' to B22'.

MT) My (T,)
e L >
T,) T,)
Ma 1 Backoff Ma 1
“a”; T
Shift
_____ - S E
1
v : A ’
F= L i \l T -
Byg Byy €4 Bon Byye Boo- Byyq-
Master clock ——>

Figure 4.9 Collision for multi-packet messags .
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To this point, the network events of a single network for both
single-packet and multi-packet messages has been described. Multiple
network are also of interest. A multi-network is defined by two or
more single networks connected together by bridges. Figure 4.10 shows
the simplest case of a multi-network. Two single networks, 1 and 2,
are connected by a bridge. Since a bridge is a non-broadcast 1link
device, each network has it own set of independent events. If a
packet s transmitted on network 1, and both the transmitting and the
receiving nodes are on the network 1, this event will not have any
effect on the network 2. Since the bridge recognizes the destination
address of the transmitted packet, it will not forward and broadcast
unless required. However, network events of one network will affect
the activity of the other networks if the transmitting and receiving

nodes are on different networks.

Cases 1 to 7 for the single network apply to the multi-network,
respecting the broadcast nature of the bridge. However, there are two
cases which are unique to a multi-network environment; successful

transmissions on separate networks, and transmission through a bridge.
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Figure 4.40 The configuration of multi-network.
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Case 8 : Successful transmissions on separate networks.

Successful transmission for a message in a multi-network is shown
in figure 4.11. N1(Mj(Ti)) refer to the ith packet of the jth message
in network 1; N2(M1(Tk) refer to the kth packet of the 1th message in
network 2. N1(Mj(Ti)) s attempted at position BIl. N2(M1(Tk) is
attempted at position B2. It would appear that N2(M1(Tk) is
transmitted within the collision interval of N1(Mj(Ti)). In fact, no
collision occurs because N2(M1(Tk)) s on network 2 (using time

clock2) while NI(Mj(Ti) is on network 1 (using time clockl).

“““““““ -
t
: 6
%:::::::f::::?:::::::::::=E ——
81 B2 Cc E
Master clock —>

Figure 4.41 Successful transmission in a multi-network.
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Case 9: Transmission through a Bridge.

A packet may transmit from one network to another network. In
this case, the bridge serves as a path for the packet transfer.
Figure 4.12a, 4.12b, and 4.12c show a packet transmitted from one
network to another network. Packet N1(Mj(Ti)) is forwarded to network
2. N2(M1(Tk)) and N2(Mn(Tm)) are the network events in network 2.
N1(Mj(Ti)) successfully passes its collision interval on its own
network 1. The bridge buffers the packet N1(Mj(Ti)) and attempts to
forward it to network 2 after a specified delay. If N1(Mj(Ti))
arrives on network 2 successfully, it will become N2(Mp(To)) the
transmitted packet 1in network 2. However; if N1(Mj(Ti)) fails to
forward to network 2 due to collision, the bridge will buffer it and
attempt to forward it again. The bridge in effect becomes a second

generator of the packet.

Figure 4.12a, 4.12, and 4.12c can be represented in a master
clock instead of two time clocks. The master clock for a packet which
transmitted from network 1 to network 2 is shown in figure 4.13a and

4.13b.
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Figure 4.42a Transmission on Network 1 attempted
to forward to Network 2.
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Figure 4,120 Transmissions originally in the network 2.

Ny 0y () N, 0 (T, )) Ny 04 (T))

82 83 B8 4 Tims clock 2

Figure 4, 42¢c Transmission from Network 1 received on
on Network 2.
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Figure 4.43a Packet from natwork 4 to network 2
through the bridge.
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Figure 4.43b Packet originally from network 4
on natwork 2.
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In order to specify the route for the messages to pass through a
large multi-network, a multi-network path table is manually entered
into the program. During program execution, the inter-network route
for messages can be identified by utilizing the multi-network path
table. An typical example of the network transmitted path table is

given in Figure 4.19a at the end of this chapter.

In summary, the network events for multi-packet messages in
multiple networks are accounted for in the simulation. During
simulation, all the network events are randomly distributed in the
master clock. Next, all the network events are resolved to the
position on the master clock according to IEEE 802.3 and device
bandwidth Timitations; the network events may defer and delay to a
further position in the clock if necessary. In order to check for the
collisions, node to node distances are used to compute the collision
windows. A1l the statistical network information such as backoff,
deferrals, delays, attempted transmissions, successful transmissions,
collisions are captured. Once the last event in the master clock is

resolved, the simulation is completed.
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4.3 COMPUTER PROGRAM

A computer program was developed based on the technique described
in section 4.2. Different programming languages were compared in
order to choose a suitable one. The flowcharts and modules given in
the following subsections describe the program in detail. A user

guide to the simulation is given in Appendix C.

4.3.1 Selection Of Programming Lanquage And Facilities

The computer facility in Health Sciences Centre is limited to
two super-mini-computers, VAX 8650 and VAX 11/785, and one
micro-computer, Micro-VAX I. These computers are supported by a

Virtual Memory Storage (VMS) operating system.

The programming technigues potentially available were concurrent
programming, common  interprocess event flag programming, and
structured programming. Concurrent Pascal programming was introduced
in IEEE CSMA/CD (1985) to explain the implementation of IEEE 802.3
CSMA/CD access method. However, IEEE CSMA/CD (1985) emphasized that
the program was not intended to be executed by a computer. As well,
concurrent Pascal was not available at the Health Sciences Centre.
Common interprocess event flag programming on the VAX/VMS operating
system was also considered. Interprocess event flags are status

posting bits that can be set or cleared indicating the occurrence of
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an event (Deitel, 1984). If simultaneous execution of several
processes is required, interprocess flags can be used to establish
communication and to synchronize their activity (Digital, 1983).
Thus, each process can represent the activity of a single network.
Network events can be passed from one process (network) to other
process (network) by synchronization of the event flags. In this
research, synchronization of flags was also rejected due to the fact
that timing is difficult to synchronize for complicated network
events. The most reasonable choice was structured programming in
which the whole program was divided into several subroutines and a
mainline subroutine was used to control the execution of the other

subroutines.

The advantages and disadvantages of various computer languages
were compared in order to find the most suitable one for the
requirements of the model. No special-purpose simulation language was
available 1in Health Sciences Centre, such as GPSS, Simscript, and
Simula described by Bratley et al (1983).  The computer languages
available were VAX Basic and VAX Macro assembly. VAX Macro was
rejected because it is a non-structured language, not easy to verify,
and very difficult to control a complex program. Therefore, VAX Basic

was selected.

- 86 -




VAX-11 Basic is a structured and high-level programming language.
It facilitated programming and controlling of the algorithm in section
4.2 and supported all operating system utilities. It also supports

subroutine and procedural structures such as record definition.
4.3.2 Flowcharts
Before writing the detailed dnstructions for the  computer

program, flowcharts were developed. The flowcharts for the network

simulation program are shown in Figure 4.14a to Figure 4.14f.
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START

Define Network configuration and Master clock

B

Set up time slice

Update

Transmission distribution statistics

STOP

D channel Check for

usy? collisions

yes

|Backoff| |Deferred

Success-

fully Backof f

Deferred

Figure 4.14a The flowchart of the computer program.
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START

i) Declare and define the computer variables.
i1) Define the limitation of the networks.

Design the configuration between the networks
and the bridges.

For each network, design the configuration
between the segments and the repeaters.

Allocate and define the physical location for
each node in the networks.

\

Initialize the statistical variables in order
to record the simulation results.

|

Figure 4.14b The flowchart of the computer program.
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A

i

i)

ii)

Define a master clock which consists of
several time slices.

Input the number of time slices, the total
number of network events in each time slice
and so on.

Create a time slice.

For each event, choose the source address
of the sending node, and the destination
address of the receiving node.

For each event, check to see whether or not
it will pass through bridges and repeaters.

Randomly distribute each event in this time
slice.

s

Check the validation of the position in the
time slice for each event due to the I1/0
bandwidth Timitation of the corresponding
source node,

Sort all the events in order of the
position in the time slice.

Figure

l

c

4.14c The flowchart of the computer program.
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Cc
l

The
Yes siﬁﬂ?afgs\Z?ﬁE

exceed or
last event in
the master

STOP

Search for the position of the current event in
the master clock.

\

Identify which time clock (or network) is due.
For example, ith network.

events occur
at this position
and belong to
to the ith
network.

D

[Only one event]

Was the No Collision.
channel fa;:;>———————e» Backoff these
ith netwo;k events.
busy,?

Yes

Move these events at
the present position to
the idle point of the
channel. (i.e. the end
of transmission of the
previous packet.)

Figure 4.14d The flowchart of the computer progranm.

- 9] -




as the No Calculate the
channel for collision
ith networ interval.
b%jx/?

yes

§

fully
passed the

Backoff the

collided
packets

collision

interval
?

Move this event
to the end of the

of the present
transmission on the
ith network.

This event successfully
captured the channel and
transmitted.

Pass
through a
bridge 2

NO

Transmit this event to
next network and it becomes
a future network event.

Figure 4.14e The flowchart of the computer program.
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E

i

i) Update the statistical variables which
represent the performance results.

ii) Sort all the events in the order of
position in the time slice.

Is No
it a
successfully

transmitted

require an No

acknow- PSS

1edgement:/’/’
?

Yes

Generate an acknowlegment at 7
the current position of the
time slice.

Figure 4.14f The flowchart of the computer program.
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The simulation begins with a definition of the variables in an
input data file. This is read by the program in order to construct
the network configuration. The input data specifies the connections
between the networks and the bridges, the connections between the
repeaters and the segments within each network, and the physical

location of each node.

Figure 4.14c is the flow diagram of the timing procedure. A
master clock which consists of several time slices is defined. The
number of bit times is assigned in each time slice. Network events
occur at the beginning of any bit time. Then, the length of the time
slice and the maximum number of network events in the time slice are
assigned. For each network event, the source address (the address of
the sending node) and the destination address (the address of the
receiving node) are assigned from a uniformly random distribution.
Special flags are set by the program for packets which must be
transmitted through bridges or repeaters. The network events are then
distributed randomly in the time slice. Once all the events are set
up for this time slice, each network event is solved in the order of

its position in this time slice.

Figure 4.14d, 4.14e, and 4.14f show the steps to resolve each
event in the time slice. The time limit is first checked to determine
whether the program ends or not. The current event in the time slice

is searched and its source address (source network, source segment,
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source node) is identified. Then, the number of events which belong
to the same source network are found, exactly at the bit time position
of the time slice. If there is only one event 1in this case, the
following steps will continue at step D in figure 4.14e. If there are
more than 2 events, the channel is checked to see whether it is busy
or idle, If the channel is busy, these events will defer to the end
of transmission of the previous packet plus the interframe gap, and
the program will continue to E in figure 4.14f. If the channel is
busy, a collision is assumed to occur, and the backoff procedure is

invoked, and execution is continued at E in figure 4.14f.

At D in figure 4.14e, only one network event has occurred at this
position of the time slice. The channel is checked to determine if it
is idle or busy. If the channel is busy, this event will be deferred
to a farther idle point in the time slice, and execution will continue
at-E in figure 4.14f. Otherwise, the collision checking interval is
examined and the collision window for each event in the checking
interval is calculated. If any events occur inside the collision
window, the colliding packets will backoff and continue at E in figure
4.14f. If all such events pass the respective collision windows, the
channel is captured by this event. It is also determined whether this
event passes the bridge or not. If so, it is placed in next network

and continue at E in figure 4,14f,
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At E in figure 4.14f, the statistics of the network performance
are updated. The remaining events are resorted in the order of the
position in the time slice. If the current message is successful, an
acknowledgment message 1is sent back to the source address if the
transmitted message so requested. If the position of any event
exceeds the present time slice, execution is looped back to B in
figure 4.14c. Otherwise, execution is looped back to C in figure

4.14d.

4.3.3 Subroutines

The computer program was divided into 48 subroutines. A mainline
program 1is used to control the execution of the whole program by
calling the subroutines. Only certain important subroutines are

presented in this section.

A special routine is used to decide the number of transmissions
in the time slice. The number of transmission in the time slice is
determined by an input parameter called "“number of sets of
transmissions". One set of transmissions is equal to the number of
nodes in the network. For example, if the network consists of 100
nodes, one set of transmissions provides 100 messages in the time
slice and these transmissions are randomly assigned source and

destination addresses.
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The input and output capacity routine (I/0 capacity) is executed
after all the events are randomly assigned in the current time slice.
The purpose of this routine is to ensure that the events randomly
distributed 1in the time slice are valid with respect to the bandwidth
Timitation for each node. Therefore, messages which belong to the
same source address should have adequate delays between messages.
Figure 4.15 shows an example of bandwidth limitation for a node. The
bandwidth limitation for Ethernet is 10 Mbps; the bandwidth Tlimitation
for a particular node (node A) 1is for example 100,000 bits per second.
Two packets MI(T) and M2(T), which have the same source address, are

initially attempted at positions Bl and B2 respectively.

e = e e e o e -

Figure 4.45 An example of bendwidth limitation.
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If node A can transmit with a maximum of 100,000 bits 1in one
second (10,000,000 bit times), node A should allow a maximum of X bit

times to be transmitted in B2-Bl bit times, where X 1is given by

Bandwidth of node A * (B2-B1)

10,000,000

100,000 * (B2-B1)

10,000,000

If the size of the message M1 is smaller than X bits, M2 is valid
at B2. Otherwise, M2 is illegally distributed, and is deleted from
the time slice. Initially, the illegal messages were repositioned but

this  required approximately ten times more execution time.

The propagation time (delay) subroutine is used to check whether
an attempted transmission has passed the collision interval or not.
Figure 4.16 shows the definition of checking interval and collision
window on the master clock. Collision interval, as defined here, is
the one way propagation time from the first sending node to next
sending node. The checking interval covers the longest interval
required to detect any collisions or deferrals, and is equal to 512

bit times. If there is any attempted transmission inside the checking
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interval, the collision interval between the current transmission and
the attempted transmission is then found. If the attempted
transmission is outside the collision interval, there is no collision.
Otherwise, the current transmission and the later attempted

transmission collid and the backoff algorithm is invoked.

checking interval

P
]
!
1
[
1
1
!
|
!
!
1
!
!
1
1
1
1
1
1
!
]
1
1
1
]
t
1
!

h\ig

'collision

1 window

1
currknt attempted
transmission transmission

S 4

Figure 4.46 The definition of collision interval
and checking interval.

In the configuration of networks in figure 4.17, node A attempts
to transmit a packet to node B. During the checking interval, node C
attempts to transmit a packet. The program first identifies the
physical location of node A (DA) and then node C (DC). Thus, the
physical distance between node A and node C can be calculated. This

distance can be converted dinto bit time by using the propagation
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velocity of coaxial cable which is 0.77C (C=300,000 km/s) (IEEE
CSMA/CD, 1985). The converted distance plus the delays 1in the
repeater and bridge can be referred to as the collision interval of
node A and node C. If the position of the attempted transmission of
node C is outside the collision interval, there was no collision.
Otherwise, the transmitted packet from node A will collid with the

transmitted packet from node C.

sending node

A

H

1

| |

1

1

1
_____________________ r
repeater 1
LT !
1
DA 1
1
1
i
receiving g Il :
node 1
1
1

i

—1_T 1. {i] :

—————— :> Path of propagation delay
between node A and node C.

Figure 4.47 The path of propagation delay.

The stop condition of the program is tested by a subroutine
called "time limit check". If there is no transmission in the current
time slice, and the current time slice is the last time slice 1in the

master clock, the program normally ends. If there is no transmission
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in the current time slice and the current time slice is not the 1last

time slice in the master clock, a new time slice, and a new set of

transmissions will be generated. The program will continue to resolve

transmissions in a time slice until a normal end.

4.3.4 List Of Assumptions

1)

2)

3)

Bandwidth limitation

If there is any invalid transmission based upon the checking of
I/0 subroutine, the invalid transmission is deleted from the time
slice. In reality, there should not be any invalid transmission if

the I/0 devices are functionally corrected.

Physical Delay in the devices
The physical delays in the devices were not included 1in the
simulation program. The typical example of one way delay for two

transceivers and one repeater is 0.3 usec.

Backoff Position

The position which backoff begins is always at the current position
of the attempted transmission. This ignores the time period due to
the propagation delay. The worst case of this time period for two
nodes at the farther end of a 500m segment is 4.3 usec. The backoff
retransmission interval is a multiple of 51.2 usec which is far

exceeds the worst case value (4.3 usec) of this time period.
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4) The jam signal
The jam signal which described in IEEE 802.3 was not included in this

research. The jam signal s 32 bit times (3200 nsec).

4.3.5 Output Format And Evaluation Procedures

Once the program ends the results are recorded in four files.
The first file, HSC.0UT2, records the configuration of the networks
and the simulation results. The second file, HSC.OUT3, reports the
step by step simulation procedure which can be wused for error
checking. The third file, HSC.OUT4, is the list of all the initial
transmissions 1in the master clock. File HSC.OUT4 can be used when
required to verify that the distribution of transmissions is both rare
and random. The fourth file, HSC.OUTS5, 1is wused to report any
programming errors which occur during the execution. Since files
HSC.OUT3, HSC.0UT4, and HSC.QUTS are used for program validation, only
the file HSC.OUT2 1is of interest in this subsection.

The example of the output file HSC.OUT2 is given in figure 4.19a
to figure 4.19h. This output file is based on the configurations of
the example multi-network in figure 4.18. Two networks, five nodes
and one bridge are included in figure 4.18. L1 to L7 are the physical

locations for each node.
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Node 1

VAX1

{L}LI rj:Lé, /kééﬁﬁV%¢Jf

Nodedi Node2 Node3 Noded

vax2 | luvax| | PRO| | IBM Briage
~I£—JJ——4£——4£ {Lj iy 2
L3 L4 LS LE Node §

L7

Figure 4.18 The network configuration used
to illustrate the output file.

The output file HSC.OUT2 is divided 1into twelve sections.
Section (i) defines the size of the overhead for each packet. The
overhead can be specified by the user. In this case, the overhead was
specified according to IEEE 802.3. Section (i1) shows the number of
networks and bridges in this simulation. Section (iii) shows the
paths for the transmission of a packets from one network to another
network. Section (iv) defines the physical locations and connections
of the bridges. The bridge is connected between network 1 (with node
number 2, and physical location 100.0 meters) and network 2 (with node
number 5, and physical location 100.0 meters). Section (v) defines
the repeaters and segments connection within each networks. There was

no repeater and only one coaxial segment in both network 1 and network
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2. Section (vi) defines the transmission segment path for each
network. Section (vii) shows the physical location and device type
for each node in networks. Section (viii) defines the transmission
probability for a packet to transmit from one network to another
network. Also, the transmission probability for a packet to transmit
within the same segment (the segment of the packet's source address)
which was assigned. Section (ix) defines all the characteristics for
each node such as the device name, the bandwidth, the number of
packets for each message, the length of each packet, and
acknowledgment requirement (reply flag). Basically, section (i)

through section (ix) document the configuration of the networks.

The simulation results are summarized in sections (x), (xi), and
(xii). Section (x) defines the size of the time slice, the number of
time slices, the number of transmissions in each time slice, and the

total simulation time.

Section (xi) shows the statistical results for each node. In the
example, VAX2 (the node number 1, segment 1, and network 1) had 1658
successfully transmit messages, the total time for the message delay
was 133280 bit times, the total time for transmitting messages which
includes the message delays is 18,702,880 bit times. Therefore, the
total time used by the data of the messages was 18,702,880-133,280 =
18,569,600 bit times. FEach message may consist of several packets.

Single-packet messages were used in this case. Therefore, the number
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of successfully transmitted packets was equal to the number of
successfully transmitted messages. Neither single collision nor
multiple collisions occurred in this case. Single collision is
defined as one and only one collision occuring during the entire
packet transmission. Multiple collision is defined as two or more
collisions occurring during the entire packet transmission. An
initial deferral occurs when a packet cannot acquire the channel at
the initially assigned position due to a busy channel. There were 151
attempted packets, representing 151/3699 = 4.08% of the total
attempted packets had to be deferred in this case. If a packet has 16
consecutive and unsuccessful attempts, an error will be reported.

There was no errors in this case.

Section (xii) shows the summary of the simulation results. The
number of transmitted messages is the total number of messages
randomly distributed in the master clock initially. The total number
of single  collisions and multiple collisions occurring during
transmission of packets are also recorded. The total non-idle time is
the total time used by delays and data in the messages. Non-idle time
is defined primarily for the purposes of calculating message delay.
Also, the total time used by data only in the messages is reported.
Finally, the time on the time clock of each network when all the
transmissions were completed is recorded. The channel utilization for
each network is the ratio of the total time used by data and the

ending time in the master clock.
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The system flowchart is given in figure 4.20 which shows the data

flow among the various high-Tlevel modules.
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THE LOCAL AREA NETWORK SIMULATION PROGRAM

The configuration of the local area network

The Packet (frame) consists of :
Preamble field = 56
SFD field = 8 [i]
Destination address = 48
Source address = 48
Length field = 16
CRC field = 32

The sum of transmit time for the above fields are 208 bit times

THE NETWORK CONNECTION: [ii]
The number of networks in the Local Area Network = 2
The number of bridges 1in the Local Area Network = 1

INPUT VALUE ACCEPTED, PROGRAM PROCEED.
THE NETWORK TRANSMITTED PATH TABLE: [114]

1 1 000000O

1 2 000 000

21 0 00 0000

2 2 0 00 00O

[iv]
THE CONNECTION AND LOCATION OF BRIDGES:
Bridge From From From To To To
number net location nodenum net Tlocation nodenum
1 1 100.00 2 2 100.00 5

Figure 4.19a Qutput format of the computer program.
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THE REPEATER CONNECTIONS:

[v]
DATA ACCEPTED FOR
Network number =1
Number of local repeater(s) =0
Number of remove repeater(s) =0
Number of multiport repeater(s) =0
Number of coaxial segment(s) =1
Number of 1linked segment(s) =0
Number of coaxial thinwire(s) = 0
TOTAL segments (coax. & thinwire)= 1
DATA ACCEPTED FOR
Network number =2
Number of local repeater(s) =0
Number of remove repeater(s) =0
Number of multiport repeater(s) = 0
Number of coaxial segment(s) =1
Number of linked segment(s) =0
Number of coaxial thinwire(s) = 0
TOTAL segments (coax. & thinwire)= 1
FOR NETWORK NUMBER 1
FOR NETWORK NUMBER 2
FOR NETWORK NUMBER 1 [vi]
FROM SEGMENT  PASS SEGMENT TO SEGMENT GO THROUGH REPEATERS
NUMBER NUMBER NUMBER FIRST SECOND
1 1 N e

SEGMENT PATH TABLE FOR NETWORK 1 WAS ALLOCATED.
THERE (IS)ARE 1 SEGMENT(S) IN THE NETWORK 1.

Figure 4.19b Output format of the computer program.

- 108 -




FOR NETWORK NUMBER 2

FROM SEGMENT ~ PASS SEGMENT TO SEGMENT GO THROUGH REPEATERS
NUMBER NUMBER NUMBER FIRST SECOND

1 1 N

SEGMENT PATH TABLE FOR NETWORK 2 WAS ALLOCATED.
THERE (IS)ARE 1 SEGMENT(S) IN THE NETWORK 2.

NETWORK: 1 COAX : 1 »
NUMBER OF MAUs 2 [viil

The physical location for each node:

20 100
The device type for each node:

NETWORK: 2 COAX : 1
NUMBER OF MAUs ¢ 5

The physical location for each node:

20 30 40 50 100
The device type for each node:

VAX2 UVAX PRO IBM B

Figure 4.19c Output format of the computer program.
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THE PROBABILITY OF NET TRANSMISSION:
1 100 [viiil
1 2 00
21 00
2 2 00

THE PROBABILITY OF TX WITHIN THE SAME SEGMENT IS 1

MAXNUM-INDICATORS = 2050

The device type = VAX1

The Band width Timit = ,2E+007

R The number of packets =1 [ix]
. The assigned packet length = 160

The reply flag = F

The device type = VAX2

The Band width Timit = ,2E+007

The number of packets =1

The assigned packet length = 10992

The reply flag =T

The device type = UJVAX

The Band width limit = 500000

The number of packets =1

The assigned packet length = 696

The reply flag =F

The device type = PRO

The Band width limit = 450000

The number of packets =1

The assigned packet length = 160

The reply flag = F

The device type = IBM

The Band width 1imit = 450000

The number of packets =1

The assigned packet length = 10992

The reply flag = F

Figure 4.19d Output format of the computer program.

- 110 -




The device type

The Band width limit

The number of packets

The assigned packet length
The reply flag

[T L T T ||
MO OO m

The sets of indicators = 291.6

The reserve factor for set of tx = 0 [x]
Initial number of transmissions = 2041

Total number of transmissions = 2041

Initial set up did not exceed the time slide boundary.
TIME SLIDE = 100000000
Initial set up did not exceed the time slide boundary.
TIME SLIDE = 100000000

Current number of indicators = 0

The timeslice counter = 1

Each timeslice ( in bit time) = 100000000

The maximum number of timeslices= 1

The total simulation time = 100000000

THE NETWORK NUMBER 1 [xi]

THE SEGMENT NUMBER 1
NETWORK= 1 SEGMENT= 1 NODE= 1

Number of successful transmit messages = 1658
Total time for the messages delay = 0
Total time used for messages and delay = 610144
Total time used for messages transmissions = 610144
Number of successful transmit packets = 1658
Number of multiple collisions (packets) = 0
Number of collisions (packets) = 0
Number of initial deferred transmissions = 0
Number of errors = 0

Figure 4.19e Qutput format of the computer program.
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NETWORK= 1 SEGMENT= 1 NODE= 2

This is a bridge node.

Number of successful transmit messages
Total time for the messages delay

Total time used for messages and delay
Total time used for messages transmissions
Number of successful transmit packets
Number of multiple collisions (packets)
Number of collisions (packets)

Number of initial deferred transmissions
Number of errors

LI | N T | I A [ S VI |
OCOO0OOOOCOCOO

THE NETWORK NUMBER 2
THE SEGMENT NUMBER 1

NETWORK= 2 SEGMENT= 1 NODE= 1

Number of successful transmit messages
Total time for the messages delay

Total time used for messages and delay
Total time used for messages transmissions
Number of successful transmit packets
Number of multiple collisions (packets)
Number of collisions (packets)

Number of initial deferred transmissions
Number of errors

1658

133280
18702880

. 185696E+008
1658

0

0

49

L/ T { T R | S | IO 1 S { R |

NETWORK= 2 SEGMENT= 1 NODE= 2

Number of successful transmit messages
Total time for the messages delay

Total time used for messages and delay
Total time used for messages transmissions
Number of successful transmit packets
Number of multiple collisions (packets)
Number of collisions (packets)

Number of initial deferred transmissions
Number of errors

Hodow oo nonon ono
COOOOOOOO

Figure 4.19f Qutput format of the computer program.
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NETWORK= 2 SEGMENT= 1 NODE= 3

Number of successful transmit messages
Total time for the messages delay

Total time used for messages and delay
Total time used for messages transmissions
Number of successful transmit packets
Number of multiple collisions (packets)
Number of collisions (packets)

Number of initial deferred transmissions
Number of errors

LI | [ | B [ | B TR T
COO0OO0OOOOO

NETWORK= 2 SEGMENT= 1 NODE= 4

Number of successful transmit messages
Total time for the messages delay
Total time used for messages and delay 4839626
Total time used for messages transmissions . 42896E+007

= 383
Number of successful transmit packets = 383

550026

Number of multiple collisions (packets)
Number of collisions (packets)

Number of initial deferred transmissions
Number of errors

NETWORK= 2 SEGMENT= 1 NODE= 5

This is a bridge node.

Number of successful transmit messages
Total time for the messages delay

Total time used for messages and delay
Total time used for messages transmissions
Number of successful transmit packets
Number of multiple collisions (packets)
Number of collisions (packets)

Number of initial deferred transmissions
Number of errors

[ L T | T | I [ I N1
COO0OOoOCOOOO

Figure 4.19q Output format of the computer program.
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THAEE S MM A R Y wkek
[xii]

STATISTICS OF NODES FOR NETWORK 1 :

The number of transmitted messages = 1658

The number of initially deferred = 0

The number of single collisions = 0

The number of multiple collisions = 0

The number of errors = 0

The total non-idle time in channel = 610144
The total time used for messages = 610144
The ending time in the master clock= 99907320
The channel utilization = 0.0061
STATISTICS OF NODES FOR NETWORK 2 :

The number of transmitted messages = 2041

The number of initially deferred = 151

The number of single collisions = 0

The number of multiple collisions = 0

The number of errors = 0

The total non-idle time in channel = 23542506
The total time used for messages = 22859200
The ending time in the master clock= 100010585
The channel utilization = 0.2286

NORMAL END OF THE PROGRAM.

CPU TIME=% 65363.3 sec
Connect TIME=1505.000 sec
Current TIME= 10:18 PM

Date = 12-Jun-87

Figure 4.19h Output format of the computer program.
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Text User Interface
Editor OR Program (INPUT.COM)
Input
Data File
Simulation
Program
HSC.BAS
File File File File
HSC.0UT2 HSC.0UT3 HSC.O0UT4 HSC.OUTS
HSC.0UTZ - the configuration of the networks.
- the simulation results.
HSC.OUT3 - the step by step simulation procedure.
- used for error checking.
HSC.O0UT4 - the 1ist of the initial transmissions.
HSC.OUTS5 - the programming errors trap.

Figure 4.20
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CHAPTER 5

VALIDATION
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It is desirable to have as accurate results as possible for the
network simulation. Therefore, validation is required to check for
the accuracy and precision of the program and the model. The accuracy
and precision must be characterized before the simulation can be used
with confidence to study different models. The goal of this chapter

is to describe the accuracy and precision of the simulation.

5.1 PROGRAMMING VALIDATION

The simulation program was divided into 48 subroutines. Each
subroutine was checked to verify that it produced reasonable output
for all possible inputs. The program was also checked by altering one
input parameter at a time while keeping all others fixed. It was
found that all outputs were as expected, based upon a wide variety of
different 1inputs such as packet length, time slice, acknowledgment

packet, bandwidth Timitation, and physical Tlocation of nodes.

During the testing of the computer program, two phenomena were
found which provided additional validation for the program. The first
phenomenon was the Poisson distribution of the transmitted messages in
a lightly 1loaded network. The second phenomenon was the input and

output bandwidth limitation.
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It is known that when an event s both rare and random, the
number of events are Poisson in distribution (Bratley et al, 1983).
In the simulation program, if the transmissions are rare and randomly
generated in the time slice, the transmitted messages should Poisson.

This was confirmed as described in Appendix D,

The bandwidth limitation (I/0 subroutine) was tested by using
evenly spaced transmissions in a single network with single-packet
messages. Figure 5.1 shows the transmissions in.the time slice for
the 1/0 checking. The time interval between packets was made only
Just large enough for a successful transmission. If the entire
program is functionally correct, it should not have recorded any
collisions. During the simulation, all messages, Ml to Mi, were
transmitted successfully. No collisions or errors were found. When
the interval was decreased, collisions occurred, supporting the

validity of the collision algorithm.

5.2 COMPARISON WITH LITERATURE

In literature review, Chapter 3, no single paper was found which
described exactly the IEEE 802.3 CSMA/CD. There were several limiting
assumptions in each article which made it difficult for comparison
with the simulation method. Therefore, no detailed reference could be

used for the validation of the simulation method.

- 118 -




..... —_——r

Time —>

Figure 5.4 Transmissions in the time slice for the
I/0 checking.

5.3 ACTUAL EXPERIMENT

An experiment was designed to verify the accuracy and precision
of the simulation. Figure 5.2 shows the flow diagram of this
experiment. The three subsequent sections describe the methods, the

results and the discussion of this experiment.

The method section describes the procedures of this experiment.
The experimental network was first defined and the network traffic was
generated. The statistics of the experimental network were collected
by direct measurement. Then, the same amount of network traffic was

input to the simulation and the corresponding network statistics were
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recorded. The results section compares the statistics between the
simulation and the measurements of the experimental network. A
discussion is provided at the end to summarize the accuracy of the

simulation.

—>| Define the configuration of the
networks for experiment.

Create the network
activities (load).

|

Collect the
statistics from

physical networks.
Compare the
statistics
———=1 of the
i) Put the same simulation >{ Discussion
network load in and the
the simulation. measurement.
~—>1ii) Record the
network
statistics
5.3.1 5.3.2 5.3.3
| ¢ Method < RESULTS ——|<— DISCUSSION =>|

Figure 5.2 The flow diagram of the actual experiment
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5.3.1 Method

The experimental method is described by first defining the
experimental network. Next, the network load is described followed by
an illustration of the statistical procedures. Finally, simulation of

the network is described.

5.3.1.1 The Experimental Network

The construction of a physical network was Tlimited to the
available computer devices in the Health Sciences Centre. By trial
and error, it was found that the network configuration depicted in
Figure 5.3 generated the maximum traffic (offered 1oad). The
configuration consisted of two networks, network 1 and network 2. Six
different devices were attached to the networks. The physical

location of each device is given in Figure 5.3. These devices were:

VAX1 = super-mini-computer ( VAX 785 )
VAX2 = super-mini-computer ( VAX 8650 )
UVAX = mini-computer ( Micro-VAX 1 )
IBM = micro-computer ( IBM AT )
Bridge0l = bridge ( LAN Bridge 100 )
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Figure 5.3 Configuration of the experimental network.
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5.3.1.2 The Network Load

Once the configuration of the physical network was defined, the
network traffic was generated by a utility called DECnet Test Sender/
DECnet Test Receiver ( DTS/DTR). DECnet is a family of software and
hardware communications products which enable the operating systems of
Digital Equipment Corporation (DEC) to participate in a network
environment. DTS and DTR are the DECnet transmitter and receiver test
programs. There are four basic network tests provided by DTS and DTR.
Only the "Data Test" utility was employed in this study. Data Test
causes a node to continuously transmit messages with a specified
message size to another node in the network. For example, the

following data test command was executed in node VAX2:

DATA/PRINT/NODE=VAX1/S1ZE=1800/SECONDS=30

Node VAX2 continuously transmitted messages to node VAX1 for a
period of 30 seconds. The message size was specified as 1800 bytes
per message. Messages may consist of multi-packets 1in the physical
networks, depending upon their size. By trial and error, it was found
that the network was predefined to allow a maximum size of packet
(1498 bytes) to be transmitted on the channel. A message with 1800
bytes broke down into two packets. The first packet was 1498 bytes
and the second packet was 302 bytes. A typical example of the DTS/DTR

output format is shown in Table 5.1.
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DTS Version 2.00 initiated on 8-JUN-1987 17:07:07.41

DATA/NODENAME=VAX1/PRINT/SIZE=1800/SEC=3O
#DTS-S-NORMAL, normal successful completion

Test parameters:
Test duration (sec)
Target nodename
Line speed (baud)
Message size (bytes)

Summary statistics:
Total messages XMIT
Total bytes XMIT
Messages per second
Bytes per second
Line thruput (baud)
% Line utilization

30
"VAX1"
1000000
1800

2281
4105800
76.0
136860
1094880
109.4

RECY 0

DTS terminated on 8-JUN-1987 17:07:38.90

Table 5.1 The output format of DTS/DTR Data Test.
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Different sizes of messages were tried in the range of 100 bytes
to 4096 bytes. It was found that message with 1400 bytes allowed the
node to offer a maximum amount of traffic to the channel. Therefore,
in the network traffic generation, single-packet messages with 1400
bytes were used. Appendix E shows the DTS results of different

messages size.

The traffic load of the experiment was set up by the following

two DTS command:

i) DATA/NODENAME=VAX1/PRINT/SIZE=1400/SEC=180 (executed in VAX2)
ii) DATA/NODENAME=UVAX /PRINT /SI1ZE=1400/SEC=180 (executed in IBM )

DTS Data Test (i) requested the node VAX? to continuously send
messages to the node VAX1:; DTS Data Test (i1) requested the node IBM
to send messages to UVAX. Both data tests executed simultaneously and
sent out messages with a size of 1400 bytes.b Figure 5.4 shows the

path of the data sent from the nodes.
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Figure 5.4 Path of the Data Tests.
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5.3.1.3 Statistics From Physical Network

Once DTS generated the traffic load, the statistics from the
physical network were collected. The utilities available in Health

Sciences Centre for collecting networks statistics are:

1) Network Control Program ( NCP ),
i1) Remote Bridge Management Software ( RBMS ),
iii) 911 Monitor.

Network Control Program (NCP) is a DECnet-VAX utility that
accepts terminal commands to configure, control, monitor and test a
DECnet network (Digital NCP, 1986). The NCP command, SHOW LINE
COUNTER, was wused to show the statistics of the line (physical
channel) in the network. A typical example of the NCP output format
is shown in Table 5.2. The definition of NCP counters can be found in
Digital NCP (1986). The “bytes received counter" shows the total
number of bytes received over the line while the "bytes sent counter"
shows the total number of bytes sent over the line. The "data blocks
received/sent counter" shows the number of packets received/sent over
the line. The "single collisions counter" indicates the total number
of times that a frame was successfully transmitted on the second
attempt. The "multiple collisions" counter indicates the total number
of times that a frame was successfully transmitted only on the third

or later attempt. The initially deferred counter indicates the total
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number of times that a frame transmission was deferred on its first
transmission attempt. The "send failures" counter indicates the total
number of times a transmit attempt failed. This type of failure
includes the excessive collisions, carrier check failed, short
Circuit, open circuit, frame too long, and remote failure to defer.
The "receive failures" counter indicates the total number of blocks
received with some data error such as block check error, framing

érror, and frame too long.
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Known Line Counters as of 8-JUN-1987 18:51:46

Line = UNA-O
36628
702213
6894

0
36946271
419930
217

0

970601
6292

19

26

404
74175149
569229

0

16

655

18

0

Seconds since last zeroed

Data blocks received

Multicast blocks received
Receive failure

Bytes received

Multicast bytes received

Data overrun

Local buffer errors

Data blocks sent

Multicast blocks sent

Blocks sent, multiple collision
Blocks sent, single collision
Blocks sent, initially deferred
Bytes sent

Multicast bytes sent

Send failure

Collision detect check failure
Unrecognized frame destination
System buffer unavailable

User buffer unavailable

Table 5.2 The output format of NCP Line counter.
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Remote Bridge Management Software (RBMS) was used to monitor and
control the bridges in the network. The monitoring feature of the LAN
Bridge 100 was used to gain additional performance measurements. The

commands used for collecting the statistics in the bridge are:

a) $ RUN SYS$SYSTEM:NMS RBMS$BCP
b)  USE DATABASE BRIDGE bridge-name KNOWN LINE
C)  SHOW COUNTER

The DCL command (a) is used to invoke the RBMS. The RBMS command
(b) causes all subsequent commands to use the defined lines of the
bridge 'bridge-name'. The last command (c) shows the statistics of
the defined lines in the bridge. A typical example of the RBMS output

format is shown in Table 5.3.

Three statistical counters are defined as following (Digital
RBMS, 1986):
Filtered frame : The number of frames received but not

forwarded by the bridge.

Frames : Transmitted - all frames transmitted by the
bridge.
Received - all frames received by the bridge,
with the exception of bad frames and received

frames lost.
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By trial and error, it was found that the term “frame" in the

RBMS counter is the term “data block" in the NCP line counter.
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RBMS>
Line counters for Line 1 as of

Bridge BRIDGEO1, Address 08-

8-JUN-1987 18:20:39
00-2B-03-FC-51

Bridge seconds: 7815243

Invalid protocol messages: 0

Filtered frames: 12658069

Bad frames: 36

Lifetime exceeded frames: 0

No forwarding entry frames: 0

Forwarding transition count: 1

Collision Presence Test errors: 0
Transmitted

Frames: 57119909

Bridge frames: 6184066

Frames lost: 0

Line counters for Line 2 as of

8-JUN-1987 18:20:41

Bridge BRIDGEO1, Address 08-00-28-03-FC-51

Bridge seconds: 7815246

Invalid protocol messages: 4

Filtered frames: 42195015

Bad frames: 83

Lifetime exceeded frames: 0

No forwarding entry frames: 0

Forwarding transition count: 1

Collision Presence Test errors: 0
Transmitted

Frames: 70970755

Bridge frames: 7827454

Frames lost: 0

Received

64374234
8
0

Received

108026963
1644629
0

Table 5.3 The output format of RBMS Line counter.
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The 911 Monitor is an Ethernet monitor which consists of hardware
and software components. The hardware is a bridge (LAN Bridge 100)
which is attached to the network, and the monitoring software is
installed inside the bridge and a VAX host. The monitor collects the
statistics from the network. It then generates an Ethernet packet,
which contains the network statistics for display of the results at
the host VAX computer. The 911 Monitor used in the experiments was a
prototype device; it is now commercially available as the "LAN Traffic

Monitor" by DEC.

Figure 5.5 shows the installation of the 911 monitor in the
network. The configuration consisted of two networks, the 911 Monitor

only collected the statistics from the network 2.

C— Meiwry [
1_]_1

911 Monitor aige |

& O k!

Figure 5.5 The 944 Monitor in the network.
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The display of interest for validation in this experiment is
"Utilization Display". A typical example of the utilization display
is showed in Table 5.4. The Tong term wutilization of the network

which was recorded was based on a period of 13 days in this case.

- 134 -




911 MONITOR V 1.46 * Stations 65 * AVG CURR  PEAK
03-JUN-1987 16:33:23 * Typ Fid 7 * (00:30)  (00:30)
LAN : hsc * MC Addr 7 * Util (%) 0.2 0.2 0.3
Uptime : 00 00:17:59 * CRC Err 9 * Pkt/Sec 25 25 56
* 802 Pkts 16 * MC (%) 6.2 6.2 11.7

Statistics are based on a 911 Up Time of : 13 days 01:17:39

911 Overflow information, percent of counter capacity used : 0.49 ¢

Long Term Utilization : 0.11 %
Long Term Packet Rate : 19 pkt/sec

Long Term MC vs SD statistics (bytes and packets):

Byte Count Percent
SD Bytes 1480256128 91.31
MC Bytes 140853520 8.69

Pkt Count Percent
SD Packets 19233569 91.69
MC Packets 1743504 8.31

Table 5.4. The Utilization Display of the 911 Monitor.

I

SD
MC

single destination
multicast.

]
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The measurement of the experimental network were performed as
follows. The counters of RBMS and NCP were zeroed initially. Then,
DTS was used to generate the network load. After the DTS ended, the
statistics from the counters of the NCP and RBMS were recorded. For
the SHOW LINE COUNTER of the NCP, the bytes sent/received counters
showed the actual number of bytes in each node, and the data blocks
sent/received showed the number of messages in each node. Then, the
filtered frame counter and frames counter in RBMS were used to verify

that the statistics collected from NCP were correct.

The next step was to calculate the total channel utilization for
each network based on the above statistics. It should noted that the
channel utilization in this Case was the data actually used by the

physical channel.

Channel Sum of the bytes sent in the network (Mbits)

Utilization =

Total time for the DTS specified (sec) * 10 Mbps

Finally, the utilization display of the 911 monitor was used to

verify that the calculated channel utilization was correct.
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5.3.1.4 Simulation

At this point, the real statistics of the networks were known.
These statistics included the number of messages sent from each node
and the number of bytes sent from each node. The simulation was then
set up based on these statistics. Normally, transmitted messages in
the simulation program are randomly distributed in the time slice.
However, the transmitted messages in this experiment had to be
assigned in order to match the load generated by DTS. The simulation
program was modified slightly such that the transmitted messages of
VAX2 and IBM in the program were evenly distributed in the time slice.
It was found that when a transmitted message was sent from VAX2 to
VAX1, VAX1 replied back with an acknowledgment packet to the VAX2.
The simulation statistics were then compared to the measured

statistics.

5.3.2 Results

The goal of this section is to compare the the measured results
and the simulation results in the experiment. The measured results
are based upon six trials of DTS Data Test. The measured statistics
of the six trials are given in Appendix F. Table 5.5 is a summary of

the measured statistics and simulated results.
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Measured Statistics Simulation Statistics

Node => VAX2 VAX1 IBM uVAX VAX2 VAX1 IBM B (NET2)| B (NET1)

Second 1 1 1 1 1 1 1 1 1

Message size(bytes) 1400.0 47.2 1400.0 -—- 1400 47 1400 - -—

Overhead (bytes) - - -—- -~- 26 26 26 - -—-

Messages send 139.1 82.6 35.2 - 139 89 35 --- ---
[ 9.8] [ 5.9] [ 1.0]

Bytes send 194600.0 3898.7 149280.0 --- | 194600 4183 49000 -—- -—

Messages sent, 0.030 0.008 0.006 - 0 0 0 0 0
multiple collisions (0.016] [0.006] | [0.006]

Messages sent, 0.090 0.011 0.002 - 0 0 0 0 0
single collision [0.025] [0.008] | [0.002]

Messages sent, 5.879 0.107 0.000 - 5 0 6 4 0
initially deferred [0.468] [0.023] | [0.000]

Send failure 0.000 0.000 0.069 0.00 0 0 0 0 0
[0.000] [0.000] | [0.015]

Receive failure 0.000 0.000 0.051 0.00 0 0 0 0 0
(0.000] [0.000] | [0.016]

TABLE 5.5 Summary of the measured results and simulation results.

Bridge node on the network 1.
Standard deviation.

B (NET2)

Bridge node on the network 2.

Not available



5.3.3 Discussion

The simulation results were compared to the measured results. It
was found that the some of the measured statistics closely matched
those of the simulation for both VAX2 and VAXI. There were, however,
some initial deferrals on the bridge of the simulated network 2 which
were not seen in the real measurements. These initial deferrals were
most  1ikely caused by acknowledgments which originally came from VAX1
to the bridge, and destined for the network 2. Since the bridge does
not maintain these statistics, there is no current means to compare

the deferrals in the bridge from the simulation to the measurement.

There were also some initial deferrals on the IBM during
simulation not seen 4in the measurement. The reason for these
deferrals might be the send failure of the IBM device. The real send
failure counter indicated the total number of times a transmission
failed. This counter can be affected by excessive collisions, carrier
check failed, and remote failure to defer (Digital NCP, 1986). The
fact that only the IBM had send failures on the real network implies
that DECnet facility or the transceiver controller might be at fault.
Since the simulation predicted 6 deferrals compared to only 0.069
actual send failures, it would appear that the carrier sense and error
detection circuitry might be a probable source of the difference. As
well, there was no send failure or receive failure occurred in the

UVAX which implies that the IBM error detection circuitry was not
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functional.

In summary, the comparable simulation results differ from the
measured statistics by less than 18% (5 compared with 5.88 deferrals)
in the same offered traffic load. However, futher data and analysis

is required to complete this comparison.
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5.4 COMMENTS

Due to the bandwidth limitation of the computer resources in
Health Sciences Centre, a traffic load above 23% could not be
generated. There is no current means to Compare the simulation
results of higher traffic loads to the measurement of the physical
network. Further validation of the simulation program is required
with a physical network which can generate high traffic loads. Only
with high network utilization and collision rates can the accuracy of

the simulation be fully tested.
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CHAPTER 6

APPLICATION OF THE METHOD
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6.1 INTRODUCTION

The Winnipeg Health Sciences Centre is in the process of
expanding the existing Ethernet local area network. Several design
options are being considered for the expansion, as  well as
modifications to the existing configuration in order to maximize the
performance of the networks. The simulation developed 1in this
research was used as a computer aided design tool to predict network

performance and obtain a satisfactory configuration.

6.2 PRESENT HEALTH SCIENCES CENTRE NETWORK

Three subsections are given to describe the current network
configuration, the simulation results, and the actual measurement of

the present networks.

6.2.1 Network Configuration

Figure 6.1 is a schematic network diagram showing the physical
location of segments, repeaters, and bridges. The configuration
consists of two networks, Network 1 and Network 2, connected by a
bridge. A second redundent bridge is located between segment 3 of
each network. As this bridge is normally in a monitor mode, it was

not included in the model.
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Network 1 consists of one local repeater, one remote repeater,
and two multiport repeaters. Table 6.1 shows all the physical
location of segments corresponding to the repeater type in network 1.
There are twelve segments in network 1, which includes two Ethernet
coaxial segments, one 1link segment and nine Ethernet thinwire
segments. Table 6.2 shows the physical location and the address of
each device in network 1. The addresses in the Table 6.2 are not
Ethernet addresses, but the input parameters for the simulation
program. A total of fourteen terminal servers (DECserver), one Delni
and one VAX 11/785 are connected to network 1. DECservers can connect
up to eight input/output devices to the computer systems on the
Ethernet networks (Digital TS, 1986). The Delni is a concentrator
that allows up to eight Ethernet compatible devices (not terminals) to

be grouped together (Digital, 1986).

Network 2 consists of four 1local repeaters, and one remote
repeater. Table 6.3 shows all the physical location of segments
corresponding to the repeater type in network 2. There are seven
segments in network 2 which includes six Ethernet coaxial segments,
and one 1ink segment. Table 6.4 shows the physical location and the
address of each device 1in network 2. Network 2 consists of three
Delnis, twenty-six terminal servers (DECservers), three

micro-computers and one VAX 8650 (VAX2).
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Figure 6.1 Health Science Ethernet Network
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Repeater | From Physical | To Physical
Type segment| location | segment|{ location
number | (meters) { number (meters)
Tocal 1 5.0 2 0.0
remote 1 0.0 3 20.0
1 240.0 4 0.0
Multi 1 240.0 5 0.0
1 240.0 6 0.0
1 270.0 7 0.0
1 270.0 8 0.0
Multi 1 270.0 9 0.0
1 270.0 10 0.0
1 270.0 11 0.0

Table 6.1 The physical location of repeaters in Network 1.

Note: Link segment does not have segment number.
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Node Device Physical
address type distance

(meters)
1.1.1 B 330.0
1.2.1 TS 85.0
1.2.2 TS 87.5
1.2.3 1S 110.0
1.3.1 VAX1 10.0
1.3.2 DEL 15.0
1.4.1 TS 50.0
1.4.2 TS 70.0
1.4.3 TS 72.5
1.5.1 T8 100.0
1.5.2 TS 100.5
1.6.1 TS 110.0
1.7.1 TS 50.0
1.8.1 1S 80.0
1.9.1 TS 50.0
1.10.1 T8 120.0
1.11.1 TS 50.0

Table 6.2 The physical Tocation of nodes in Network 1.
Note
TS
DEL

LX)

DECserver
Delni
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Repeater | From Physical | To Physical
Type segment| location | segment| location
number | (meters) | number (meters)
local 1 5.0 2 0.0
remote 1 0.0 3 20.0
local 1 420.0 4 150.0
local 1 460.0 5 150.0
Tocal 1 500.0 6 150.0

Table 6.3 The physical location of repeaters in Network 2.
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Node Device Physical
address type distance

(meters)
2.1.1 B 500.0
2.2.1 TS 70.0
2.2.2 TS 72.5
2.2.3 TS 89.5
2.2.4 N 92.0
2.3.1 VAX2 2.5
2.3.2 UVAX 5.0
2.3.3 PRO 10.0
2.3.4 IBM 12.5
2.3.5 TS 20.0
2.4.1 DEL 100.0
2.5.1 TS 20.0
2.5.2 TS 150.0
2.5.3 TS 152.5
2.5.4 18 182.5
2.5.5 TS 250.0
2.5.6 18 280.0
2.6.1 TS 25.0
2.6.2 T8 35.0
2.6.3 TS 45.0
2.6.4 TS 55.0
2.6.5 TS 85.0
2.6.6 DEL 125.0
2.6.7 N 140.0
2.6.8 1S 180.0
2.6.9 TS 220.0
2.6.10 TS 250.0
2.6.11 TS 252.5
2.6.12 TS 270.0
2.6.13 IN 275.0
2.6.14 N 280.0
2.6.15 TS 300.0
2.6.16 1S 320.0

Table 6.4 The physical location of nodes in Network 2.

Note:
TS = DECserver, DEL = Delni
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6.2.2 Simulation Setup

Before the simulation, the input parameters for the computer
program must be found. It was known that most of the traffic is
Created by the terminal servers communicating with the main computers,
VAX2 and VAX1. By observing the counters in the terminal servers and
averaging the statistics in the counters, the average packet size sent
out by VAX1, VAX2, and the Terminal servers was found during the
period from 10:00 to 16:00. The detailed statistics of terminal
servers are given in Appendix G. Therefore, the input parameters to
the simulation were as summarized in Table 6.5. Table 6.5 shows the
number of nodes, the packet size, the I/0 bandwidth limitation and
acknowledgment requirement (Reply packet) for each device. The time
slice was chosen to be one second (10,000,000 bit-times). Also, a
single packet per message was used to represent the full duplex

communication used by the terminal servers.
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Single packet per message.

Device | VAX2 VAX1 UVAX IBM PRO DEL TS B
Type =>| VAX VAX Micro IBM PRO DELNI | DEC See
8650 785 VAX PC AT| 380 Server| Note

No. of

Nodes 1 1 1 1 1 3 40 2
Packet

Size => 592 608 502 502 502 502 502 | ---
(bits)
Overhead| 208 208 208 208 208 208 208 | ---
(bits)

Total

Packet

Size =>| 800 816 710 710 710 710 710 | ---
(bits)

1/0 2.0 2.0 0.5 0.45 0.45 | 0.896 | 0.112

Band Mps Mps Mps Mps Mps - Mps Mps —-—-
width

Reply Yes Yes No No No No No No
Packet

Time slice = 10,000,000 bit times = 1.0 sec

Table 6.5 Input data for the simulation program.

Note : Bridge (B) is considerd to be two special nodes; one on
each network. The bandwidth limitation equals to 10 Mps.
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6.2.3 Simulation Results

The simulation results were summarized in Table 6.6a and Table
6.6b. Since there are two networks, the results were grouped
according to the network number. Seven trials of different load
offerings were used. Tables 6.6a and 6.6b were divided into 14

columns. The columns are:

Column A : the number for the trials.

Column B : shows the number of sets of transmissions. Each
set of transmissions equals to the total number
of nodes in the networks.

Column C : the number of messages distributed in the time slice.

Column D : the total time used by the data and delays of the
messages.

Column E : the total time used by the data of the messages only.

Column F : the current position in the time slice when the
program ended.

Column G : the average message size.

Column H : the average delay per message.

Column I : the channel utilization.

Column J : the number of initially deferred packets.

Column K : the number of single collisions.

Column L : the number of multiple collisions.
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Column M : the number of errors.

Column N : the CPU time used for the simulation run.

A11 time is in units of bit time, except CPU time which is

in seconds.

The graphs of each column in Table 6.6a and Table 6.6b as a
function of number of messages, were plotted in Figures 6.2 to 6.7.

The average message size was 773.0 bits for Network 1 and 762.7 bits

for Network 2.
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Simulation Results: Network 1

A B C D E F G H
Trial ) Num. [Non idle | Time End Average | Delay
E of time for tx. time Message | per
T mess. messages Size mess.
i 6.4 209 284299 162382 | 10001467 | 776.9 | 583.3
ii 10.0{ 327 449162 251992 | 9972470 | 770.6 | 603.0
iti 20.0f 633 923043 487696 | 9999347 | 770.5 | 687.8
iv 30.0f 863 | 1320797 666578 | 10005051 | 772.4 | 758.0
v 40.0f 1067 | 1563544 824456 | 9974137 | 772.7 | 692.7
vi 50.0] 1244 | 1862860 962316 | 10001037 | 773.6 | 713.9
vii 60.0f 1434 | 2221130 | 1107074 | 9990220 772.0 | 776.9
viii | 90.0f 1807 | 2779990 | 1399570 | 10004271 774.5 | 763.9
ix 120.0f 2107 | 3696392 { 1631332 | 9999483 774.2 | 980.1
Simulation Results: Network 2
A B C D E F G H
Trial S Num. [Non idle | Time End Average| Delay
E of time for tx. time message | per
T mess. messages size mess.
i 6.4 307 375854 234170 | 9994375 | 762.8 | 461.5
ii 10.0] 457 566620 348950 | 9971664 | 763.6 | 476.3
iii 20.0] 824 | 1107799 628330 | 9995204 | 762.5 | 581.9
iv 30.0] 1147 | 1553855 875030 | 10004245 | 762.9 | 591.8
v 40.0f 1345 | 1921983 | 1027040 | 9999005 763.6 | 665.4
vi 50.01 1590 | 2221155 | 1213860 | 10001949 763.4 | 633.5
vii 60.0] 1748 | 2416934 | 1333150 | 9991121 762.7 | 620.0
viii | 90.0| 2245 | 3441806 | 1709420 10005001 | 761.4 | 771.7
ix 120.0] 2567 | 4262535 | 1955500 | 9995374 761.7 | 898.7

Table 6.6a Simulation Results for Health Sciences Centre Network
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Simulation: Network 1

A B C I J K L M N
Times S Num. | C.U. D |S.C. | M.C.] E CpPU
E of E R Time
T mess. % | F R (sec)
i 6.4f 209 1.62 4 0 3]0 209.2
ij 10.0} 327 2.53 5 0 410 581.6
i1 20.0] 633 4.88] 38 2 21 {0 3426.2
iv 30.0f 863 6.66] 58 3 451 0 9033.4
v 40.0{ 1067 8.27] 81 2 47 1 0| 16465.3
vi 50.0] 1244 9.62] 110 4 731 0| 26191.6
vii 60.0] 1434 | 11.08| 136] 10 79 1 0| 36883.2
viii | 90.0] 1807 | 13.99] 228 14| 116 o 76661.4
ix 120.0] 2107 | 16.31] 343] 24| 207 | o 133887.0
Simulation: Network 2
A B C I J K L M N
Times S Num. | C.U. | D {S.C M.C.f E CPU
£ of E R Time
T mess. %1 F R (sec)
i 6.4 307 2.34 4 0 2410 209.2
ii 10.0} 457 3.50] 12 0 8]0 581.6
iii 20.0] 824 6.29 27 4 3]0 3426.2
iv 30.0] 1147 8.75 58 8 41 0 9033.4
v 40.0] 1345 | 10.27] 82 6 61 | O] 16465.3
vi 50.0f 1590 | 12.14] 116] 14 94 | 0| 26191.6
vii 60.0] 1748 | 13.34] 128] 12 79 | 0] 36883.2
viii | 90.0] 2245 | 17.09] 233 17| 158 0 76661.4
ix 120.0 2567 | 19.56| 343] 29| 252 | ¢ 133887.0

Table 6.6b Simulation Results for Health Sciences Centre Network

155




CHANNEL UTILIZATION VS NUMBER OF MESSAGES
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MULTIPLE COLLISIONS VS NUMBER OF MESSAGES
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The average offered load for the present network was 6.4 sets of
transmissions. This value was calculated based on the counters of the
terminal servers. Table 6.7 summarizes the simulation results for 6.4
sets of offered 1load in the average of four simulation runs. The
average and standard deviation for the delay per message in network 1
were 620.1 and 47.2 bit times respectively, the average and standard
deviation for the delay per message in network 2 were 454.8 and 10.7
bit times respectively. The finite standard deviation explains why

the Figure 6.4 is not smooth.
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NETWORK 1: (1) (ii) (ii1) (iv) Average SD
No. of tx.
TX. messages. > 209 223 229 239 225.0 12.5
No.of initially
deferred. > 4 5 5 6 5.0 0.8
No. of single
collisions > 0 0 1 1 0.5 0.6
No. of multiple
collisions > 3 7 5 2 4.3 2.2
No. of errors > 0 0 0 0 0.0 0.0
Non idle time >| 284299| 311829 332916 325187 313557.8] 21362.3
Time used by
TX. messages >| 162382 172216| 176158| 185060 173954.0| 9400.9
Simulated time>}10001467| 9993611|10000548] 9977730 9993339.0| 10981.0
Ave. Mess. size 776.9 772.2 769.2 774.3 733.2 3.3
Delay/message > 583.3 626.1 684.5 586.3 620.1 47.2
Channel
Utilization > 1.62 1.72 1.76 1.85 1.74 0.10
NETWORK 2: (1) (i) (iii) (iv) Average SD
No. of tx.
TX. messages. > 307 269 293 278 286.8 16.7
No.of initially
deferred. > 4 3 3 4 3.5 0.6
No. of single
collisions > 0 0 0 0 0.0 0.0
No. of multiple
collisions > 2 2 2 0 1.5 1.0
No. of errors > 0 0 0 0 0.0 0.0
Non idle time >| 375854 326358| 360932| 335852 349749.0| 22706.8
Time used by
TX. messages >| 234170] 206200 224320| 212230 219230.0| 12488.6
Simulated time>| 9994375 9992805|10001354| 9962347 9987720.31 17318.1
Ave. Mess. size 762.8 766.5 765.6 763.4 746.6 1.8
Delay/message > 461.5 446.7 466.3 444 .7 454.8 10.7
Channel
Utilization > 2.34 2.06 2.24 2.13 2.19 0.12

Table 6.7 Simulation results for 6.4 sets of offered load.
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The present Health Sciences Centre Network is at a very low level
of traffic. The channel wutilized by the data of the messages are
1.74% with standard deviation 0.10% for network 1 and 2.19% with
standard deviation 0.12% for network 2. The average delay per
messages is 620.1 bit times (62.01 usec) for network 1 and 454.8 bit

times (45.48 usec) for network 2.
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6.3 FUTURE HEALTH SCIENCE CENTRE NETWORK PERFORMANCE

6.3.1 Network Confiqurations

Health Science Centre is in the process of expanding the present
network. More nodes such as terminal servers and computer resources
will be added on the present network. The computer program can be
used to assist the network designer to simulate the actual behaviour

of the future Health Sciences Network.

For the future network, the number of terminal servers will be
increased first. The input parameters and the rate of offered load
per device is expected to be constant. Only the number of terminal
servers will be altered. Two individual simulation runs which used
140 and 240 terminal servers were performed. The simulation results

are given in the next section.

The number of computers will also be increased in the future
network. This means that more Digital VAX computers will be purchased
in order to fulfill the demand of additional users. In  the
simulation, the bandwidth limitation of the two VAXs were increased to
6 Mbits/sec from 2 Mbits/sec. Thus, one 6 Mbits/sec VAX is equivalent
to three of the current VAX computers. The simulation results are

also given in the next section.
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6.3.2 Simulation Results

The simulation results for increasing the number of terminal

servers to be 140 and 240 are summarized in Table 6.8 and Figure 6.8.

For 40 terminal servers, the channel utilization is predicted to
be under 2.5% of the Ethernet bandwidth for each network. About 97%
of the offered transmitted messages did not experience initial

deferrals, single collisions, or multiple collisions in each network.

For 140 terminal servers, the channel utilization is predicted to
be under 6% of the Ethernet bandwidth for each network. About 94% of
the offered transmitted messages did not experience initial deferrals,

single collisions, or multiple collisions 1in  both networks.

For 240 terminal servers, the channel utilization is predicted to
be wunder 9% of the Ethernet bandwidth for each network. About 91% of
the offered transmitted messages did not experience initial deferrals,

single collisions, or muitiple collisions 1in both networks.

Based upon this results, the future network should easily support

a large number of terminal servers.
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NETWORK 1: Present Future
No. of terminal servers > 40 140 240
No. of tx. messages 225.0 628 947
No. of initially deferred 5.0 22 54
No. of single collisions 0.5 2 2
No. of multiple collisions 4.3 16 28
No. of errors 0.0 0 0
Non idle time 313557.8 863980 | 1304300
Time used by tx.mess. 173954.0 483298 731306
Simulated time. 9993339.0 { 9992193 | 9988367
Average message size 733.2 769.6 772.2
Delay Per message 620.1 606.2 605.0
Channel Utilization 1.74 4.84 7.32
NETWORK 2: Present Future
No. of terminal servers > 40 140 240
No. of tx. messages 286.8 746 1130
No. of initially deferred 3.5 20 55
No. of single collisions 0.0 2 4
No. of multiple collisions 1.5 13 410
No. of errors 0.0 0 0
Non idle time 349749.0 951682 | 1531098
Time used by tx.mess. 219230.0 570070 861610
Simulated time. 9987720.3 {10000137 | 10000385
Average message size 764.6 764.2 762.5
Delay Per message 454.8 511.5 592.5
Channel Utilization 2.19 5.70 8.62

Table 6.8 Simulation results for different number of
Terminal Servers.
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UTILIZATION VS NUMBER OF TERMINAL SERVERS

FICURE 6.8
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The simulation results of two VAXs (with 6 Mbps bandwidth
Timitation) and 40 terminal servers are given in Table 6.9. The
number of sets of transmission was abitrarily chosen to be 50 which
should produce moderate network activity. The channel utilization is
12.1% for network 1 and 15.9% for network 2. The average delay per
messages is 1003.2 bit times (100.32 usec) for network 1 and 810.0 bit
times (81.0 usec) for network 2. The average packet size is 772.0 bit
times for network 1 and 763.9 bit times for network 2. Based upon
this results, the future network should be able to support more VAX

computers.
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Cpu TIME=

NODES FOR NETWORK 1 :

transmitted messages
initially deferred
single collisions
multiple collisions
errors

idle time in channel

total time used for messages
ending time in the master clock
channel utilization

NODES FOR NETWORK 2 :

transmitted messages
initially deferred
single collisions
multiple collisions
errors

idle time in channel

total time used for messages
ending time in the master clock
channel utilization

61793.700 sec

L | R | O T [ T

1567

267

15

156

0
2781634
1209666
10001037
0.1210

2084

295

23

197

0
3280393
1591960
10001949
0.1592

Table 6.9 Simulation results for two VAXS with the
bandwidth limitation of 6 Mbps.
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CHAPTER 7

DISCUSSION
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The simulation developed in this research provides a computer
aided design mechanism in which arbitrarily specified Ethernet
networks can be tested for performance and efficiency. The results of
the simulation agree in general with those from the review of the
literature in Chapter 3; the delay per message, the number of
collisions and the number of deferrals exponentially increase with the
number of messages. In addition, the simulation can be used in the
design of a large network configuration with detailed and exact
implementation of IEEE 802.3 CSMA/CD. The simulation generally proved
to be valid, although more extensive analysis and testing is still

required.

The simulation was applied to light offered 1loads as shown in
Chapter 5. For the available data, the program produced results which
differ from actual measured performance by less than 20%. Further
validation of the program and the model is required for heavily loaded
networks. This would Tikely require a very large physical network

such might include 10 to 20 VAX computers.

The simulation has been used to plan the expansion of the Health
Sciences Centre  network and has provided detailed performance
predictions which have guided future design. The results 1indicate
that the present Health Sciences Centre network has more than
sufficient bandwidth to support all forseeable requirements.

Additional testing of the simulation is required before it can be used

- 172 -




with confidence on networks with utilizations greater than 30%.

CPU time used to execute the simulation is exponential with the
offered load, as seen in figure 6.7. Offered loads above 30% require
more than 20 hours of CPU time for a VAX 8650; the simulation program
is therefore impractical for heavy loads. Most of the CPU execution
time was spent sorting the transmissions in the order of position on
the time sTlice. Future enhancements should be made to increase the
program efficiency by using different sorting algorithms such as the
partition exchange sort (Bate et al, 1984), or by using MACRO

subroutines for the intensively used component of the program.

In its present form, the simulation program randomly assigns the
addresses of the sending nodes and the receiving nodes. However, it
would be useful to be able to assign and control particular nodes to
be the sending nodes. This could be implemented through a minor

change to the program.

The checking interval is 512 bit times in the program. The
figure of 512 bit times was assumed to be the worst case which is
based upon the farthest two nodes on the network limitation (2800
meters). If the distance between the farthest two nodes in a
simulation is much smaller than 2800 meters, a smaller checking

interval can be used to increase the program efficiency.
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The ability to graphically display the transmissions in the time
slice 1is another suggestion for further consideration. VAX Basic
Version 3.0 can provide a good graphic output to the terminal. VAX
Basic version 3.0 is not currently available in the Health Sciences

Centre and will be installed in next year.

In conclusion, the concept of computer aided design of Ethernet
networks has  proved to be of practical value. The current
implementation appears to be sufficiently accurate for practical
purposes,kbut additional testing is needed. 1In its current state, the
simulation has proved to be useful, and the results obtained for the
Health Sciences Centre justify further efforts towards a more

efficient program design.
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Concise Ethernet Specification

Packet Format

! Packet J:
Preamble | Dest. | Sourcq Type Data CRC Preambie | Dest. | Sourcq Type Data CRC
Addr. | Addr. | Field Fleld Addr. | Addr. | Fleld Fleld
684 48 48 18 8n 32 84 48 48 18 8n 32

}-—— CRC covers these tleids —-—-{ I l Minimum Packet Spacing
G(x)

Stations must be able to transmit and receive packets on the common coaxial cable with the indicated packet format and spacing. Each packet should be
viewed a5 a sequence of 8-bit bytes; the least significant bit of each byle (starting with the preambie) is transmitted first.

Maximum Packet Size: 1526 byles (8 byte preamble + 14 byte header + 1500 data bytes + 4 byte CRC)

Minimum Packet Size: 72 bytes (8 byte preamble + 14 byte header + 48 data bytes + 4 byte CRC)

Preamble: This 64-bit synchronization pattern contains alternating 1's and 0's, ending with two consecutive 1's.

The preambie is: 10101010 10101010 10101010 10101010 10101010 10101010 10101010 10101011.

Destination Address: This 48-bit field specifies the station(s) to which the packet is being transmitted. Each station examines this field to determine
whether it should accept the packet. The first bit transmitted indicates the type of address. If it is & 0, the fieid contains the unique address of the one
destination station. it it is a 1, the field specifies a logical group of recipients; a special case is the broadcast (all stations) address, which ig all 1's.
Source Address: This 48-bit field contains the unique address of the station that is transmitting the packat.

Type Field: This 16-bit field is used to identify the higher-level xotocol type associated with the packet. it deturmines how tha data field i8 interpreted
Date Field: This fieid contains an integral number of bytes ranging from 46 to 1500. (The minimum ensures that valid packets will ba distinguishable
from collision fragments.)

Packet Check Sequence: This 32-bit fieid containg a redundancy check (CRC) code, defined by the gensrating polynomial:
G(x)ax32+x26¢x234x22¢x18¢x12-rx” ¢x1o¢x8¢x7¢x5¢x4+x2¢>(¢1

The CRC covers the address (destination/source), type, and data fieids. The first transmitted bit of the destination field is the high-order term of the
message polynomial t0 be divided by G(x) producing remainder R(x). The high-order term of R(x) is the first transmitted bit of the Packet Check Sequencs
field. The algorithm uses & linear feedback register which is initially preset to all 1's. After the last data bit is transmitted, the contents of this register
(the remainder) are inverted and transmitted as the CRC field. After receiving @ good packet, the receiver's shift register contains 11000111 00000100

1011101 01111011 (), .. Oy,

Minimurm Packet Spacing: This spacing Is 9.6 usec, the minimum time that must elapse after one transmission before another transmission may begin.
Round-trip Deley: The maximum end-to-end, round-trip delay for a bitis 51.2 ussc.
Collision Fiitering: Any received bit sequence smaller than the minimum valid packet (with minimum data fisid) is discarded as a collision fragment.

Control Procedure

The control procedure defines how and when a host station may transmit packets into the common cable. The key purpose I8 fair regolution of occasional
contention among transmitting stations.

Defer: A station must not transmit into the coaxial cable when carrier I8 present or within tha minimum packet spacing time after camier has ended.
Transmit: A station may transmit if it is not deferring. It may continue 10 fransmit until either the end of the packet is reached or a colligion is
detected.

Abort: It a collision" is detected, transmission of the packet must terminate, and a jam (4-8 bytes of arbitrary data) is transmitted to ensure that all other
participants in the colfision also recognize its occurrence. )
Retransmit: After a station has detected a collision and aborted. it must wait for a random retransmission deley, defer ss usual, and then attempt to
refransmit the packet. The random time interval is computed using the backoff algorithm (below). After 16 transmission attempts, a higher level (e.g.
software) decision is made to determine whether to continue or abandon the effort.

Backoff: Retransmission deiays are computed using the Truncated Binary Exponential Backoff algorithm, with the aim of fairly resolving contention among
up to 1024 stations. The delay (the number of time units) before the ath attempt is a uniformly distributed random number from [0 to 2"-1] for 0<nS1O
(n=0 is the original attempt). For attempts 11-15, the interval is truncated and remains at [0 to 1023]. The unit of time for the retransmission delay is
512 bit times (51.2 usec).

Channel Encodin .
9 | Bit Cell n | l
Manchester encoding is used on the coaxial cable. [t has a 1 1 0
50% duty cycle, and insures a transition in the middle of every i
bit cefl (“data transition”). The first half of the bit cell containg I l High (aleo quiescent state)
the complement of the bit value, and the second half contains Low
the true value of the bit.
k— 100 nS %{ Loglc High: 1 s OmA s OV
LogicLow: 0 = -82 mA =z -2.05V
.75 1.25
Data Rate . ° Cable has O volits in quiescent state
Data rate is 10 M bits/sec = 100 nsec bit cell & 0.01%. Determination of Carrler st recelver.
Carrier

The presence of data transitions indicates that carrier is present. f a transition is not seen batween 0.75 and 1.25 bit times since the center of the last
bit cell. then carrier has been lost, indicating the end of a packet. For purposes of deferring, carrier means any activity on the cable, indepandent of
being property formed.  Specifically, it i3 any ectivity on either receive or collision detect signals in the last 160 nsec.
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[ Coax Cable Segment (1 electrical segment) -3

Terminator Coax Cable Section ” Coax Cable Section m . o
Tep Male coax JConnac(orized ] erminator

<
Transceiver + Connector Transceiver
FemaleFemale Female cable
Adapter (Barrel) connector
zraabn'zcelver > i Host i1 Host
Station Male cable Station
Coax Cable Connector

Impedance: 50 ohms % 2 ohms (Mit Swd. C17-E). This impedance variation includes batch-to-batch variations. Periodic variations in impedance of up
o £ 3 ohms are permitted along a single piece of cable.

Cable Loss: The maximum loss from one end of a cable segment 1o the other end is 8.5 db at 10 MKz {equivalent t0 ~500 meters of low loss cable).
Shielding: The physical channel hardware must operate in an ambient field of 2 volts per meter from 10 KHz to 30 MHz and 5 V/meter from 30 MHz to
1 GHz. The shiekd has & transfer impedance of less than 1 milliohm per meter over the frequency range of 0.1 MHz to 20 MHz (exact vatue is a function
of frequency).

Ground Connections: The Coax cable shiekd shall not be connected to any building or AC ground along its length. If for safety reasons a ground
connection of the shield is necessary, it must be in only one place.

Physical Dimensions: This specifies the dimensions of a cable which can be used with the standard tap. Other cables may aiso be used, if they are
not 10 be used with a tap-type transceiver (such as use with connectorized transceivers, or as a section between sections to which standard taps are
connected).

Center Conductor: 0.0855" diameter solid tinned copper

Core Materia: Foam polyethyiene or foam tefion FEP

Core O.D.: 0.242 " minimum

Shield: 0.326" maximum shieid O.D. (>20% coverage for outer braid shield)
Jacket: PVC or tefion FEP

Jacket Q.D.: 0.405"

Coax Connectors and Terminators

Coax cables must be terminated with male N-series connectors, and ceble sections will be joined with female-female adapters. Connector shells shall be
insulated such that the coax shield is protected from contact to building grounds. A sleeve or boot is acceptable. Cable segments should be terminated
with a a female N.series connector (can be made up of a barrel connector and a male terminator) having an impedance of 50 ohms T 1%, and able to
dissipate 1 watl. The outside surface of the terminator should also be insulated.

Transceiver

CONNECTION RULES

Up to 100 transceivers may be placed on a cable segment no closer together than 2.5 meters. Following this placement rule reduces 1o a very low (but
not zero) probability the chance that objectionable standing waves will result. .

COAX CABLE INTERFACE

input impedance: The resistive component of the impedance must be greater then 50 Kohms. The total capacitance must be less than 4 picofarads.

Nominal Transmit Level: The important parameter is average DC tevel with 50% duty cycle waveform input. It must be -1.025 V (41 mA) nominal with
arange of -0.8 Vo .12 V (36 t0 48 mA). The peak-to-peak AC waveform must be centered on the average DC level and its value can range from 1.4
V P-P 1o twice the average DC level. The voltage must never g0 positive on the coax. The quiescent state of the coax is logic high (O V). Voltage

" Rise and Fell Time: 25 nSec T 5 nSec with a maximum of 1 nSec difference between rise time and fall time in a given unit. The intent is that dv/dt
should not significantly exceed that present in a 10 MHz sine wave of same peak-to-peak amplitude.

Signal Symmetry: Asymmetry on output should not exceed 2 nSec for & 50-50 square wave input to either transmit or receive section of transceiver.

TRANSCEIVER CABLE INTERFACE

Signal Pairs: Both transceiver and host station shall drive and present at the receiving end a 78 ohm balanced load. The differential signal voitage shail
be 0.7 volts nominal peak with a common mode voitage between 0 and +5 volts using power return as reference. (This amounts to shifted ECL levels
operating between Gnd and +5 volts. A 10116 with suitable pulidown resistor may be used). The quiescent state of a line corresponds to logic high,
which occurs when the + line is more positive than the - line of a pair.

Collision Signal: The active state of this line s a 10 MHz waveform and its quiescent state is logic high. It is active if the transceiver is transmitling
and another fransmission is detected, or if two or more other stations are transmiting, independen! of the state of the local transmit signal.

Power: +11.4 volts 10 +16 volts DC at controller. Maximum current available to transceiver is 0.5 ampere. Actual voltage at transceiver is determined

w.by the interface cable resistance (max 4 ohms loop resistance) and current drain,

" ISOLATION
The impedance between the coax connection and the transceiver cable connection must exceed 250 Kohms at 60 Hz and withstand 250 VRMS at 60 Hz.

Transceiver Cable and Connectors
Maximum signal loss = 3db @ 10 MHz. (equivalent to ~50 meters of either 20 or 22 AWG twisted pair).
Transceiver Cable Connector Pin Assignment

1 Shield®

2. Collision « 9. Collision -

3 Transmit + 10.  Transmit -

: poserved 1 peserved 4 pair #20 AWG or 22 AWG

N . 78 ohm difterential impedance 3

o Power Return 13, + Power Male 15 pi 1 Il shield Insulating jacket

’, Reserved 14. Reserved ale 12 pin overall shieid Insulating jacke Femalie 15 pin D-Series
3. Reserved 15. Reserved D-Series connector 4 ohms max loop resistance for power pair connector with slide lock

with lock posts. assembly.

'Shield must be terminated to connector shell,
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Table B 1 summarizes the difference the between the
Experimental Ethernet and FEthernet Specification, Version 2.0.

Experimental Ethernet
Ethernet Specification

Data Rate 2.94 Mbps 10 Mbps

Maximum end to end length 1 km 2.5 km

Maximum segment length 1 km 500 m

Encoding Manchester Manchester

Coax. cable impedance 75 ohms 50 ohms

Coax. cable signal levels 0 to +3 Vv Oto 2V

Transceiver cable connectors| 25 & 15 pin D series| 15 pin D series

Length of preamble 1 bit 64 bits

Length of CRC 16 bits 32 bits

Length of address fields 8 bits 48 bits

Table B 1 Comparison of Experimental Ethernet and Ethernet Specification
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USER GUIDE FOR THE SIMULATION PROGRAM

The simulation can be executed by the following steps:

1) Sketch the configuration of the network.
2) Enter the appropriate network data into a input file.
3) Run the compiled version of the simulation program.

Step 1: Sketch network configuration

The configuration of the network must be first sketched. An
example of a sketch configuration is illustrated in figure C-1.
This configuration consists of two networks which are connected by
a bridge. One segment and three nodes are located in network 2.
Network 1 consists of two segments which connected by one 1local
repeater, and a total of three nodes. The description of bridge,
repeaters, and segments can be found in chapter 2. The repeaters
are classified as local repeater (LOCAL), remote repeater (REMOTE)
and multiport repeater (MULTI). The segments are classified as
coaxial segment (COAX), 1link segment (LINK) and thinwire segment
(THIN). The segment where the bridge connected s called spine
segment. The spine segment is always defined as segment 1 1in a
network. One connection of both the repeater and bridge must be
always connected to the spine segment 1in this simulation. Nodes
can be classified as a éevice, such as a terminal server (TS), a
bridge (B), a station (S), a computer device and so on. Different

types of devices may have different characteristics including
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bandwidth limitation, acknowledgment requirement, packet length
and number of packets per message. The source address for each
node consists of network address, segment address and node
address, and is represented by three numbers. For example, the
source address for the node located on network 1, segment 2 and
node number 1 is represented by (1,2,1). The bridge is considered
to be a node in both networks. The connection of the bridge in
network 1 1is considered to be a specical node which called Node
(1,1,2). The connection of the bridge in network 2 is called Node
(2,1,3). Node(1,1,1), Node (2,1,1) and Node(2,1,2) are stations §S.
Node(1,2,1) s terminal server TS. Node(1,1,2) and Node (2,1,3)
are B (bridge). The physical location for each node has to be

assigned by the user.
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Node (4, 2, 1)
TS

- ]

[
|
I
[
1 Network 1 [
T 150m Segment 2 |
I
I
Repeater
Node 1. 1
LOCAL L9 '
S |
[ Node (1. 1. 2) B |
200m
I — Network 1 |
80m 100m , Segment 4 l
aie

_______________ ’__.____._~__.______1

’ 110m 130m Network 2

I 1. 1. {7 Se nt 1

300m gme

Node (2, 1. 1) Node (2, 1, 2)

Figure C-1 An Example of
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Step 2: Enter the appropriate network data into an input file

Once the sketch of the network configuration is completed,
the appropriate network data for the configuration is entered into
an input file. A design aid program INPUT.COM was developed to
assist the wuser in this regard. The Tisting of the INPUT.COM is

given at the end of this appendix.

The INPUT.COM program is self explanatory and easy to use.
Once the program executed, questions with detailed explanations
are displayed on the terminal. When the execution of INPUT.COM s
completed, the data is written into an input file called HSC.DAT.
A typical example of the HSC.DAT based | upon the previous

configuration is shown in figure C-2.

The INPUT.COM is written in Digital Command Language (DCL)
and can be executed in any VAX/VMS operation system by invoking

the following command:
@disk:[directory]INPUT.COM
NOTE : If the user is familiar with the input data for the
simulation program, the user can edit the input file

HSC.DAT and manually 1input all the data instead of
using the program INPUT.COM.
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N

number of networks
number of bridge

Table for the network path table.

Bridge connection
Number of repeaters and number of segments
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» COAX Segment 2, number of nodes in segment, COAX
Physical location of Node(1,2,1)

Device type of Node (1,2,1)

Network 2

Segment 1, number of nodes in segment, COAX
Physical location of Node(2,1,1)

Physical location of Node(2,1,2)

Physical Tocation of Node(2,1,3)
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Device type of Node (2,1,1)
Device type of Node (2,1,2)
Device type of Node (2,1,3)

S

S &

B

NETPR0OB,0.0 Network transmission probability

1,1,0.0,0.8 Network 1 to network 1 in the range of 0.0,0.8
1,2,0.8,1.0 Network 1 to network 2 in the range of 0.8,1.0
2,1,0.9,1.0 Network 2 to network 1 in the range of 0.9,1.0
2,2,0.0,0.9 Network 2 to network 2 in the range of 0.0,0.9
SEGMENTPROB,0.75 ! Probability to transmit within same segment
MAX_NUM_OF INDICATORS,2000 ! Maximum number of transmissions.
TIMESLICE, 10000000 ! The length of each time slice in bit-times
MAX_TIMESLICE,3 ! Maximum number of time slice
RESERVE_FACTOR_TIMESLICE,0.2! Reserved length for the time slice

NUM DIFF DEVICE,3 ! Number of difference devices
T$,400000,2,2000,T ! Device name,bandwidth,packets per messages, and
S,50000,1,1000,F ! acknowledgment flag.

B,0,0,0,F

RESERVE_FACTOR SET_TX,0.0 ! Reserved factor of the offered load.
NUM_OF_SET_TX,5 ! Offered transmissions in terms of how many

! set of nodes.

Figure C-2 An typical example of input data file.
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Step 3: Executed Simulation Program

The BASIC source file of the simulation program is called
HSC.BAS. Once the input file HSC.DAT is formatted, the simulation
program can be executed by submitting its image file HSC.EXE into a

batch queue.

The following steps are executed in order to obtain the image

file HSC.EXE from the BASIC source file HSC.BAS.

i) Compile the source basic file HSC.BAS to obtain a object
file HSC.0BJ using the following DCL command:
BASIC/LIST/OBJECT/SYNTAX  HSC.BAS

i1) Link the object file HSC.0BJ to obtain the image file HSC.EXE.
LINK HSC.0BJ

The image file HSC.EXE can be submitted to the batch queue by

the following steps.

i) Create a submitting file. For example, BAT.COM
i1) The BAT.COM file consists of the following statement.
RUN disk:[directoryIHSC.EXE
111) Submit the BAT.COM into the batch queue VAX$BATCH.
SUBMIT/NOLOG/QUEUE=VAX2$BATCH  BAT.COM
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Once the BAT.COM is submitted in the batch queue, the image
file HSC.EXE will be executed. The simulation results are recorded

in  the output files which are illustrated in section 4.3.4.
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%MMMM%M%%%H%MMHMMMMH%H%MMH%%%b‘)b"(fr%b“r

This is command procedure I NP UT . COoOM
Local Area Network Simulation Input Data.

Note: This command procedure is specified for use with
DEC VT-200 (compatable) terminal.

Created by Gilbert Tang.

ON ERROR THEN GOTO ENDING
ON SEVERE_ERROR THEN GOTO ENDING
ON WARNING THEN GOTO ENDING

ON CONTROL_Y THEN GOTO ENDING

SETUP

WOUT == "WRITE SYS$OUTPUT"

WFILE == "WRITE OUTFILE"

BEL[0,7] = %X07

ESC[0,8] = %X1B

SET_NORMAL = "''ESC'[1:0m" ! normal

SET FLASH = “''ESC'[0;7m" ! no blinking & background
SET_NOFLASH = "' 'ESC'[0;0m" ! no blinking

TOP ="'TESC'#3" ! double size char. (top)
BOT ="''ESC'#4" ! double size char. (bottom)
BIG ="'"ESC'#6"

GRA =it |ESCI (OII

US =|| ] IESCI (BH

WOUT US

LINE]l = "s5555555555555555555"

LINE2 = "00000000000000000000"

BRIKE = "VWVWY WY WY WV WY WY WY WY WY WY WV WY W
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§MAIN PROGRAM
" GOSUB HEADER

GOSUB GRAPH

GOSUB INFILE

GOSUB NET_BRIDGE

GOSUB NET TABLE

GOSUB BRIDGE_CONNECTION

GOSUB NUMBER_SEG REPEATER
REPEATER_LOCATION
GOSUB NODE_LOCAT ION
GOSUB NET PROB
GOSUB SEG_PROB
GOSUB INPUT TIMESLICE
GOSUB DIFFERENT DEVICES
GOSUB TRANSMISSION_ INFO
GOSUB ENDING

(79%%%%%MMM%MMMM%MMM%H%M%H%M%%%MMM%M
o
o
(%2}
[ =
lve]
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HEADER:
WouT "' TESC'[030H' 'ESC' [2J" 'ESC'[8324r"
WOUT BEL,BEL
MESSAGE = LOCAL AREA NETWORK SIMULATION "
WOUT TOP,SET FLASH ,MESSAGE
WOUT BOT,SET_FLASH sMESSAGE ,SET_NOFLASH
WOUT BIG,GRA,LINE1,LINE1
WOUT BRIKE,"u",US,"< By Gilbert Tang  >",GRA,"t",BRIKE
WOUT BIG,LINE2,LINE2,US
WAIT 00:00:01

RETURN

'INFILE:

!
INFILE:

SUB NAME == "I NF I LE ™"
GOSUB SUBHEADER

INQUIRE FILENAME "Enter the filename for the LAN data"
IF FILENAME .EQS. "" THEN FILENAME = "HSC.DAT"

DIRDEF = F$DIRECTORY()

OPEN/WRITE OUTFILE 'DIRDEF''FILENAME"

'WFILE DIRDEF,FILENAME

RETURN

S —

MMMMMMMHMMMMM%MMMMMM%M%HMHMM%MHM-M
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MW%HMMM%%%MM%MH%MM%M%%MMMMM%MMM

WOUT GRA,"  1qqgk 1qqqk 1qqgk !
WOUT GRA," x x NODE qqqg> X X X X “
WOUT GRA,"  mqwgj mawqj mawq j !
WOUT GRA," X X X !
WouT GRA,"aqqqqquqquqqqqqqqqquqqqqqqquqqqqqquqqqqqqquqqa"
WOUT GRA," X X ~ x
WOUT GRA," 1gvgk 1qvgk X lgvgk "
WOUT GRA," X X X X X X x "
WOUT GRA," mqqqj mgqqj COAXIAL SEGMENT mgqgqj "
WOUT US
RETURN

NET_BRIDGE;

SUB NAME == "NET BRIDGE"
GOSUB SUBHEADER

WOuT v
INQUIRE NUMNETWORK “"Enter the number of network(s) *
INQUIRE NUMBRIDGE “Enter the number of bridge(s) "

WFILE NUMNETWORK,",NET"
WFILE NUMBRIDGE ,",BRIDGE"

RETURN
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NET TABLE:
SUB_NAME

WOUT "
WOUT “ v

a = "NETWORK TABLEH"
GOSUB SUBHEADER

WOUT "Example: CREATE THE NETWORK TABLE"

WOUT
WouT
WOUT

“Enter netpath or (E)xit
" Network Configuration
"Enter netpath or (E)xit
"

“Enter netpath or (E)xit

",US,-
1,1 ¢

",US,’
1,2 ¢

",US,"
:1,2,4"

WOUT GRA," 1qqqgk 1qqgk lqqgk ",US,-

“Enter netpath or (E)xit

1,3 0

WOUT GRA," x 1 tqqqqqu 2 tgqqqu 4 x ",US,-

"Enter netpath or (E)xit

2,1 "

WOUT GRA," mqwgj mgqqj mqqqj “,US,-

“Enter netpath or (E)xit

WOUT GRA," x

"Enter netpath or (E)xit

WOUT GRA," Tgvgk

"Enter netpath or (E)xit

WOUT GRA," x 3 x

"Enter netpath or (E)xit

WOUT GRA," mqqqj

"Enter netpath or (E)xit
WouT "
"Enter netpath or (E)xit
WouT "
"Enter netpath or (E)xit
WouT "
- "Enter netpath or (E)xit
WOuT n
INPUTPATH:

INQUIRE NETPATH
IF NETPATH .NES, u»

IF NETPATH .NES. "E" THEN GOTO

WouT
RETURN

- C13 -

2,2 "
II’US’_
2,4
II’US’_
$3,1 "
II,US’__
3,3 0"
H’US,__
:4,2,1"
II’US’_ .
4,2
",US,-
4,4 v
",US,—
:E u

"Enter netpath or (E)xit"
-AND. NETPATH .NES. “E" THEN WFILE NETPATH

INPUTPATH
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MM%%%%%%%MMMMHM%%MMM%M%MHMMM%%%%%HMM%H%%

BRIDGE _CONNECTION
BRIDGE_CONNECTION:

SUB NAME == "BRIDGE CONNECTTION"
GOSUB SUBHEADER

BRIDGE_LOOPIX = NUMBRIDGE
IF BRIDGE_LOOPIX .EQ. O THEN GOTO SKIPBRIDGE

WOUT "THE CONNECTION BETWEEN THE NETWORKS AND THE BRIDGES:"

WOUT #u
WOUT “Bridge is used to connect two networks (net A and net B)"
WOUT no :

WOUT GRA," 1qgqqqggqaqgk lqaqqgqqgk . 1qq99qqqqqqgk

WOUT GRA," x X X X X x "

WOUT GRA," x NETWORK A tqqqgqu BRIDGE tqqgqu NETWORK B x

WOUT GRA," x X X X X x "

zgg; ggA," mqqqqqqgqqqqd mqqqqqqqqj ©  mqqqqqqqqqqqi

BRIDGE_CONNECT _LOOP: :

IF BRIDGE_LOOPIX .EQ. O THEN GOTO SKIPBRIDGE

WOUT “For bridge " sNUMBRIDGE-BRIDGE_LOOPIX+1

INQUIRE NETA “Bridge Connects from Net A (Enter network number)"
INQUIRE NETB to Net B (Enter network number)"
NOUT [1R]] X

INQUIRE PHYA "Physical location of bridge in Net A"

INQUIRE PHYB "Physical location of bridge in Net B"

wOUT inu .

INQUIRE NODA "Node number of the bridge in Net A"

INQUIRE NODB “Node number of the bridge in Net B*

wOUT LR}

WFILE NETA,",",NETB,",",PHYA,",",PHYB,",",NODA,",",NODB

BRIDGE_LOOPIX = BRIDGE_LOOPIX - 1
GOTO BRIDGE_CONNECT LODP
SKIPBRIDGE :
RETURN

-._.—.'._...___—____.._._..__..._-.._.....-__.__....._._.____..._-.__.__..__...__._.._..____..._._____._.
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SUB NAME == "“SEGMENT AND REPE ATER™
GOSUB SUBHEADER

SEG_R_LOOPIX = NUMNETWORK
IF SEG_R_LOOPIX .EQ. O THEN GOTO SKIP_SEG R

WOUT GRA," 1qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqk"
x 1]

WOUT GRA," X

WOUT " x",US," For each network, input the following: ",GRA,"x"
WOUT " x",US," 1) the number of local repeaters, ",GRA,"x"
WOUT " x",US," 2) the number of remote repeaters, "SGRA,"x"
WOUT " x",US," 3) the number of multiport repeaters, "SGRA, "x"
WOUT " x",US," 4) the number of coaxial segments, ",GRA,"x"
WOUT " x",US," 5) the number of link segments, "SGRA,"x"
WOUT " x",US," 6) the number of thinwire segments. ",GRA,"x"
WOUT GRA," x x*"

:881 SgA," Mq4aq999999999999999999999999999999999999qq 3 "

SEG_R_LOOP:
IF SEG R_LOOPIX .EQ. O THEN GOTO SKIP_SEG R

WOUT "For network ", NUMNETWORK-SEG_R_LOOPIX+1

INQUIRE LOCALR "Enter number of local repeaters "
INQUIRE REMOTE “Enter number of remote repeaters "
INQUIRE MULTIP "“Enter number of multiport repeaters *
INQUIRE COAX “Enter number of coaxial segments "
INQUIRE LINK "Enter number of link segments "
INQUIRE THIN "Enter number of thinwire segments
NOUT (LR}

WFILE LOCALR,",",REMOTE,"," ,MULTIP,",",COAX,"," ,LINK,", " THIN
SEG_R_LOOPIX = SEG R LOOPIX - 1
GOTO SEG_R_LOOP

SKIP_SEG R:
RETURN
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REPEATER LOCATION

REPEATER LOCATION:

SUB_NAME == "REPEATER

GOSUB SUBHEADER
WouT ne

LOCATION"

WOUT "Enter the interconnection of one network"

WOUT "Example: "
WOUT GRA," 2

3

" A=LOCAL REPEATER"

WOuT GRAs: 4999994qqwqqq

qqqqwqqqqq

B=REMOTE REPEATER"

WOUT GRA,"
WOUT GRA,"
WOUT GRA," 1qqvqgk

X X
" C=MULTIPORT REPEATER"

X X
" 1=SPINAL COAXIAL SEG."“

1qgvqqgk

" 2,3=COAXIAL SEGMENT

WOUT GRA," X A x

Xx B x

" 4,5,6=THINWIRE SEGMENT"

WOUT GRA," mgqwqqj
WOUT GRA," X

magwqqj
X

456
X X X
X X X
X X X
lvqvqvk
x C x

mqqwaq j
X

WOUT GRA," qqqqqqqquqqqqqqngqqquqqqqqqqqqqquqqqqx

WOUT GRA,"
WOUT US
WOUT "

R_LOOPIX = NUMNETWORK
NET_REPEAT LOOP:

IF R_LOOPIX .EQ. O THEN
WFILE “1,1,-1,-1,----- "
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MOREREPEATER:
WOUT “For network: “ ;NUMNETWORK-R_LOOPIX+1
INQUIRE/NOPUN R T -
“Is there any repeaters for this network ? "
IF .NOT. R T THEN GOTO R_HERE
WOUT "The repeater connects the spinal segment (segment 1) to"
INQUIRE SEGNUM "segment number ?"
INQUIRE LOA -

“Enter the location of repeater connects the spinal segment"
INQUIRE LOB -

“Enter the location of repeater connects the segment ''SEGNUM'"
INQUIRE RTYPE “Enter the type of repeaters (LOCAL,REMOTE,MULTI)"
WFILE “1,",SEGNUM,",",LOA,",",LOB,",",RTYPE
INQUIRE MORER “"Enter next repeater's information ? (y or n)"

IF MORER THEN GOTO MOREREPEATER :

INQUIRE THIN1 “"Which number is the first thinwire or none <CR>"
INQUIRE THIN2 "Which number is the last thinwire or none <CR>"
IF THIN1 .NES. “"" THEN WFILE THIN1,"," THIN2

NOUT ua

R_HERE:
R_LOOPIX = R_LOOPIX - 1
GOTO NET_REPEAT LOOP

END_REPEATER_LOOP:
RETURN
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SUB_ NAME == "N O D E LOCATTION"
GOSUB SUBHEADER

WOUT "
WOUT “NODE LOCATION

NET_LOOPIX = NUMNETWORK

NET_NLOOP:
IF NET_LOOPIX .EQ. O THEN GOTO END NET .
PRESENT NETNUM = NUMNETWORK-NET LODPIX+1
WFILE PRESENT NETNUM," ", oNET®

WOUT "
WOUT “For network: ''PRESENT NETNUM'®
INQUIRE/NOPUN TOTALSEG -

“How many segments in network ' 'PRESENT_NETNUM' again ?

TSEG = TOTALSEG

SEG_NLOOP:
IF TSEG .EQ. O THEN GOTO END_SEG
PRESENT _SEG = TOTALSEG-TSEG+I
INQUIRE NUMOFNODE -
“Enter number of nodes for segment ''PRESENT SEG'

i

INQUIRE TYPESEG "Enter type of segment ''PRESENT SEG' "-

"(COAX or THIN)"
WFILE PRESENT_SEG,",",NUMOFNODE,",", TYPESEG
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LOCLOOP = NUMOFNODE
LOCLOOP_HERE :
IF LOCLOOP .EQ. O THEN GOTO END_LOC
INQUIRE NODELOC “Enter node Tocation
IF LOCLOOP .NE. 1 THEN WFILE NODELOC," &
IF LOCLOOP .EQ. 1 THEN WFILE NODELOC
LOCLOOP = LOCLOOP-1
GOTO LOCLOOP HERE
END_LOC:

TYPELOOP = NUMOFNODE
TYPELOOP HERE:
IF TYPELOOP .EQ. O THEN GOTO END_TYPE
INQUIRE NODETYPE “Enter node Type"
IF TYPELOOP .NE. 1 THEN WFILE NODETYPE," &
IF TYPELOOP .EQ. 1 THEN WFILE NODETYPE
TYPELOOP = TYPELOOP-1
GOTO TYPELOOP HERE
END_TYPE:

TSEG = TSEG -1
GOTO SEG_NLOOP
END_SEG:

NET_LOOPIX = NET LOOPIX-1
GOTO NET_NLOOP
END_NET:

RETURN
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NET_PROB:
SUB NAME == "NETWORK PROBABILITY"
GOSUB SUBHEADER
WOUT GRA," \T0 NETWORK u
WOUT GRA,"  FROM\ 1 2 N ",US,"EXAMPLE: "
WOUT GRA," 19999qwqqqqgw wgqgqgk"

WOUT GRA," x 0.0 x 0.90x x 0.XXx",US,-
"From net number: 1"

WOUT GRA," 1 x 0.9 x 0.91x x 1.0 x",US,-
“ to net number: 1"

WOUT GRA," N tqqaqangqqqqu tggagqu”,Us,-
"Enter the range for prob.: 0.0,0.9"

WOUT GRA," E x 0.8 x 0.0 x X 0.XXx"

WOUT GRA," T 2 x 0.82x 0.8 x x 1.0 x"

WOUT GRA," W tqgqgangaqaqu tgqqaqu”

WOUT GRA," O

WOUT GRA," R

WOUT GRA," K tqqqqgngggqqqu tqggqqu”

WOUT GRA," x 0.71x 0.7 x x 0.0 x"

WOUT GRA," N x 0.75x 0.71x x 0.7 x"

WOUT GRA," mgqqqqvqqqaqj mgqqqqy”

WOUT US

WFILE "NETPROB,0.0"

MORENET _PROB:

INQUIRE NETA "From net number"

INQUIRE NETB " to net number®

INQUIRE RANGE “"Enter the range for prob. (e.g 0.1,0.8)"
WFILE NETA,",",NETB,"," ,RANGE

INQUIRE MORE "Input next entry for net probability table ?"-

[} (y or n) ]
WouT "
IF MORE THEN GOTO MORENET PROB
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SEG_PROB:

SUB NAME == "SEGMENT PROBABI LITy"
GOSUB SUBHEADER

Wout ww

WOUT “SEGMENT PROBABILI Ty

WOuT v

WOUT "Enter the probability for the transmission within "
INQUIRE SEGP “"the same segment”

WFILE "SEGMENTPROB,",SEGP
RETURN

'INPUT TIMESLICE
!

INPUT_TIMESLICE:

SUBNAME == "TIMESLICE DATA
GOSUB SUBHEADER

WOUT "o

WOUT "TIMESLICE DATA®"

WOUT v

INQUIRE MAX_INDICATORS -
"Enter the maximum number of transmissions allows in the program"
WFILE "MAX_NUM_OF_INDICATORS,",MAX_INDICATORS

INQUIRE LEN TIMESLICE -
“Enter the Tength of the time slice (in bit time)"
WFILE "TIMESLICE,",LEN TIMESLICE

INQUIRE MAX TIMESLICE -
"Enter the maximum number of time slices"
WFILE “MAX_TIMESLICE,",MAX_TIMESLICE

INQUIRE TIMESLICE FACTOR -
"Enter the reserve factor for the time slice"
WFILE "RESERVE_FACTOR_TIMESLICEs",TIMESLICE_FACTOR

RETURN



: DIFFERENT DEVICES
DIFFERENT DEVICES:

SUB NAME == DI FFERENT DEVICES"
GOSUB SUBHEADER

WOUT v

WOUT "0 IFFERENT DEVICES

WOUT "o

INQUIRE NUM_DIFF DEV -
"Enter the number of different devices"
WFILE "NUM_DIFE_DEVICE,",NUM_DIFF_DEV

NUMDEVS = NUM_DIFF DEV

NUMDEVS _LOOP:
NOUT iH n
IF NUMDEVS .EQ. O THEN GOTO END_NUMDEVS
HOUT “For the device number ",NUM_DIFF_DEV-NUMDEVS+1
INQUIRE TYPENAME -
“Enter the device type"
INQUIRE BW -
“Enter the I/0 bandwidth for this device"
INQUIRE NUM_PACKETS -
“Enter the number of packets per message for this device"
INQUIRE PACKET LENGTH -
“Enter the packet length (in bit time)"
INQUIRE REPLY "Enter whether a acknowlegment after a"-
" message is transmitted (T/F)"

WFILE TYPENAME,",",BN,",",NUM_PACKETS,“,",PACKET_LENGTH,—
“,"SREPLY

NUMDEVS = NUMDEVS - 1
GOTO NUMDEVS_LoOP

END_NUMDEVS:
RETURN
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TRANSMISSION INFO
TRANSMISSION INFO:

SUB NAME == "TRANSMISSION DATA"
GOSUB SUBHEADER

WOUT w*
WOUT "TRANSMISSION DATA"
WOUT
WOUT “One set of transmission is equal to total number of nodes."
WOUT “"Reserve factor is the fraction of transmission set"-
" reserved."
WOUT v

INQUIRE SET_TX ‘“Enter number of set of transmissions”
WOUT "Enter the reserve factor for the number "
INQUIRE RES_SET “"of set of transmissions (0.0 - 1.0)"

WFILE "RESERVE_FACTOR_SET_TX,",RES_SET
WFILE "NUM_OF _SET_TX,",SET TX

RETURN

' SUBHEADER
t

" SUBHEADER:

TOTAL_LEN == 40
SUB_LENG == F$LENGTH(SUB_NAME)

BLANK_LEN == SUB_LENG/2
BLANK_STR == F$FAQ("!#AS", (TOTAL_LEN-SUB_LENG)/2," ")
SUB_OUT == F$FAO("!#AS",TOTAL_LEN,BLANK_STR+SUB_NAME)
WOUT "' 'ESC'7"
WOUT ' 'ESC'[630H' 'ESC'[1;5m' 'ESC'#6",SUB_OUT
WOUT "''ESC'8"

RETURN
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" ENDING:
CLOSE OUTFILE

WOuT "
INQUIRE/NOPUN PRINTOUT “Do you like to print the file ? "
IF PRINTOUT THEN LASER 'DIRDEF''FILENAME'

WOUT “''ESC'[030H" 'ESC'[2J" 'ESC'[0;24r"
MESSAGE = " GOOD LUCK "
WOUT TOP,SET_FLASH ,MESSAGE

WOUT BOT,SET_FLASH ,MESSAGE,SET NOFLASH

WOUT "

EXIT

b b

%M%%MM%M%M%%H%MMMMM%
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POISSON DISTRIBUTION TEST
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This appendix describes a statistical test of the simulation
program. If the transmissions are made rare, and are randomly
distributed in the time slice, the transmissions should be Poisson

in their distribution [Bratley et al, 1983].

The input to the simulation program was designed to make the
transmissions rare and random. In this way, the distribution of
transmissions in the time slice would be expected to be Poisson in
nature. Output file HSC.0UT4 was used to test this expectation.
This file was based upon a time slice which was consisted of
10,000,000 bit times, and the number of transmissions in the time
slice was set to 1000. The time slice was arbitrary divided into
1000 sampling cells, such that the mean (m) was equal to 1.0.
Thus,

Number of transmissions 1000

Mean (m) = = = 1.0
Number of cells 1000

and each cell consists of 10,000 bit times.
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Each cell was examined in order to find out the number of
transmissions contained within the cell. The next step was to
count the occurrence of the number of transmissions. Table D-1
compares the values of the Poisson function (m=1) with the
simulation results. The simulation results were close to the

values of the Poisson function (m=1).

Number of Number of | Normalized Expected
transmissions{occurrence | number of value
(x) occurrence | f(x) m=1.0
0 388 0.388 0.3679
1 343 0.343 0.3679
2 173 0.173 0.1839
3 74 0.074 0.0613
4 21 0.021 0.0153
5 0.001 0.0031
6 0.000 0.0005
7 0.000 0.0001

Table D-1 Comparison of Poisson function (m=1)
with Poisson result from simulation.
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The Chi-Square test was used to compare the two frequencies. It

was concluded that with a Chi-Square sum of 0.01 and & degrees of

freedom, the simulation correctly generated a Poisson distribution

with a confidence Tlevel of greater than 99.5 percent.
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DTS RESULTS FOR DIFFERENT MESSAGE SIZES

- E1 -




The DTS Data Test utility was used to find the appropriate
message size for the experiment in section 5.3. DTS sent packets
from VAX2 (VAX 8650) to VAX1 (VAX 785) with message sizes ranging
from 100 bytes to 4096 bytes. The results were recorded in both
the NCP Line counters and the DTS counters. Tables E.la to E.lc
show the results from the counters. A typical example of this DTS

Data Test is shown as follows:

$  RUN SYS$SYSTEM:NCP
ZERO KNOWN LINE COUNTER
SHOW KNOWN LINE COUNTER
TELL VAX1"GILBERT password":: ZERO KNOWN LINE COUNTER
TELL VAX1"GILBERT password":: SHOW KNOWN LINE COUNTER
$  RUN SYS$SYSTEM:DTSEND
DATA/NODENAME=VAX1/PRINT/SIZE= variable /SEC=10
$  RUN SYS$SYSTEM:NCP
SHOW KNOWN LINE COUNTER
TELL VAX1"GILBERT password"s: SHOW KNOWN LINE COUNTER
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Message Number of NO. of D.B.| Bytes Sent Bytes
size messages ™  (RX) Received
100 1948 1989 (1209) 261244 56065
300 1809 1845 (1238) 604261 57383
500 1473 1501 (922) 786592 42535
700 1497 1525 (950) 1098668 43827
900 1274 1301 (797) 1189963 37089
1100 1189 1225 (746) 1350323 34961
1300 1298 1324 (805) 1731509 37149
1450 1204 1231 (738) 1786969 34067
1480 864 1755 (920) 1338513 42439
1500 806 1643 (869) 1265149 40101
1700 658 1345 (718) 1163557 33155
1900 723 1478 (789) 1424417 36425
2100 757 1544 (832) 1641743 39205
2300 766 1561 (869) 1815217 40101
2500 804 1636 (928) 2065897 42811
2700 726 1482 (867) 2011139 40005
2900 744 1516 (896) 2209519 41339
3100 606 1845 (968) 1939915 44651
3300 567 1731 (883) 1931704 41041
3500 599 1823 (976) 2158524 45011
3700 483 1477 (786) 1839180 36275
3900 465 1425 (747) 1864512 35287
4096 561 1574 (850) 2165895 39219
Table E.la DTS Data Test results
D.B. = data block
TX = transmitted
RX = received
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ave = on average
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Message Number of NO. of D.B.| Data Block Data Block
Size messages X (RX) | size (TX)ave |size (Rx)ave
100 1948 1989 (1209) 131.34 46.37
300 1809 1845 (1238) 327.51 46.35
500 1473 1501 (922) 524.04 46.13
700 1497 1525 (950) 720.43 46.13
900 1274 1301 (797) 914.65 46.54
1100 1189 1225 (746) 1102.30 46.86
1300 1298 1324 (805) 1307.78 46.14
1450 1204 1231 (738) 1451.64 46.16
1480 864 1755 (920) 762.68 46.13
1500 806 1643 (869) 770,02 46.14
1700 658 1345 (718) 865.09 46.17
1900 723 1478 (789) 963.75 46.17
2100 757 1544 (832) 1063.31 47.12
2300 766 1561 (869) 1162.86 46.14
2500 804 1636 (928) 1262.77 46.13
2700 726 1482 (867) 1357.04 46.14
2900 744 1516 (896) 1457 .47 46.14
3100 606 1845 (968) 1051.44 46.13
3300 567 1731 (883) 1115.94 46.48
3500 599 1823 (976) 1184.05 46.11
3700 483 1477 (786) 1245.21 46.15
3900 465 1425 (747) 1308.43 47.23
4096 561 1574 (850) 1376.05 46.14
Table E.1b DTS Data Test results




Message Number of NO. of D.B.| Data Block Data Block
size messages X (RX) | size (TX) size (Rx)ave
100 1948 1989 (1209) 131.34 46.37
300 1809 1845 (1238) 327.51 46.35
500 1473 1501 (922) 524,04 46.13
700 1497 1525 (950) 720.43 46.13
900 1274 1301 (797) 914.65 46.54
1100 1189 1225 (746) 1102.30 46.86
1300 1298 1324 (805) 1307.78 46.14
1450 1204 1231 (738) 1451.64 46.16
1480 864 1755 (920) | 1480 (45.36) 46.13
1500 806 1643 (869) | 1498 (42.04) 46.14
1700 658 1345 (718) | 1498 (232.0) 46.17
1900 723 1478 (789) | 1498 (429.5) 46.17
2100 757 1544 (832) * (624.62) 47.12
2300 766 1561 (869) * (827.72) 46.14
2500 804 1636 (928) *(1027.54) 46.13
2700 726 1482 (867) *(1216.00) 46.14
2900 744 1516 (896) *(1416.94) 46.14
3100 606 1845 (968) ** (158.32) 46.13
3300 567 1731 (883) ** (351.82) 46.48
3500 599 1823 (976) ** (556.15) 46.11
3700 483 1477 (786) ** (739.63) 46.15
3900 465 1425 (747) ** (929.29) 47.23
4096 561 1574 (850) *%(1132.15) 46.14

.

Table E.1c DTS Data Test results

1498 bytes
2996 bytes

o
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MEASURED STATISTICS OF THE EXPERIMENTAL NETWORK
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Measured statistics:

\ DTS Counter NCP LINE Counter
\\ (VAX2) IBM VAX2 VAX1
Seconds since zero 180 180 196 210
Messages received N/A N/A 15033 24652
Bytes received N/A N/A 704535 33869240
Messages send 23598 6166 . 24822 15278
Bytes send 33037200 8632400 33895746 727305
Messages sent,
multiple collision N/A N/A 4 0
Messages sent,
single collision N/A N/A 14 1
Messages sent,
initially deferred N/A N/A 1043 21

Measured statistics in one second:

IBM

VAX2 sent out 131.1 messages with size 1400
VAX1 sent out 76.7 messages with size 46.9
sent out 34.3 messages with size 1400 bytes to uVAX per second.

bytes to VAX1 per second.
bytes to VAX2 per second.

For
The
The
The

network 1:

total number of bytes sent per second was
total number of bits sent per second was
channel utilization was 0.0028 or 0.28%

3463.4 bytes.
27706.9 bits.

For
The
The
The

network 2:
total number of bytes sent per second was

channel utilization was 0.185 or 18.5%

231497.7 bytes.
total number of bits sent per second was 1851982.2 bits.

TABLE F.la Measured statistics of t
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Measured statistics:

\ DTS Counter NCP LINE Counter
\\ (VAX2) IBM VAX2 VAX1
Seconds since zero 180 180 192 199 |
Messages received N/A N/A 16992 27153
Bytes received N/A N/A 800343 35323343
Messages send 24559 6461 27084 17809
Bytes send 34382600 9045400 35315828 907400
Messages sent,
multiple collision N/A N/A 10 3
Messages sent,
single collision N/A N/A 24 q
Messages sent,
initially deferred N/A N/A 1146 15

Measured statistics in one second:

VAX2 sent out 136.4 messages with size 1400 bytes to VAX1 per second.
VAX1 sent out 88.5 messages with size 47.1 bytes to VAX2 per second.

The

IBM sent out 35.9 messages with size 1400 bytes to uVAX per second.
For network 1:

The total number of bytes sent per second was 4559.8 bytes.

The total number of bits sent per second was 36478.4 bits.

channel utilization was 0.036 or 3.6%

For
The
The
The

network 2:

total number of bytes sent per second was 241266.7 bytes.
total number of bits sent per second was 1930133.3 bits.
channel utilization was 0.193 or 19.3%

TABLE F.1lb Measured statistics of trial 2
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Measured statistics:

\ DTS Counter NCP LINE Counter
\\ (VAX2) 1BM VAX2 VAX1
Seconds since zero 180 180 196 208
Messages received N/A N/A 15806 27475
Bytes received N/A N/A 738183 36856659
Messages send 25656 6109 26295 17637
Bytes send 35918400 8552600 36801201 888806

Messages sent,
multiple collision N/A N/A 9 3

Messages sent,
single collision N/A N/A ' 17 1

Messages sent,
initially deferred N/A N/A 1123 23

Measured statistics in one second:

VAX2 sent out 142.5 messages with size 1400 bytes to VAX1 per second.
VAX1 sent out 80.6 messages with size 46.7 bytes to VAX2 per second.
IBM sent out 33.9 messages with size 1400 bytes to uVAX per second.

For network 1:

The total number of bytes sent per second was 4273.1 bytes.
The total number of bits sent per second was 34184.8 bits.
The channel utilization was 0.034 or 3.4%

For network 2:

The total number of bytes sent per second was 247061.1 bytes.
The total number of bits sent per second was 1976488.9 bits.
The channel utilization was 0.198 or 19.8%

TABLE F.1lc Measured statistics of trial 3
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Measured statistics:

\ DTS Counter NCP LINE Counter
\\ (VAX2) IBM VAX2 VAX1
Seconds since zero 180 180 186 192
Messages received N/A N/A 13965 24798
Bytes received N/A N/A 653414 32507422
Messages send 22608 6500 23178 16363
Bytes send 31651200 9100000 32442661 833196

Messages sent,
multiple collision N/A N/A 4 1

Messages sent,
single collision N/A N/A 15 1

Messages sent,
initially deferred N/A N/A 1024 25

Measured statistics in one second:

VAX2 sent out 125.6 messages with size 1400 bytes to VAX1 per second.
VAX1 sent out 75.1 messages with size 48.9 bytes to VAX2 per second.
IBM sent out 36.1 messages with size 1400 bytes to uVAX per second.

For network 1:

The total number of bytes sent per second was 4339.6 bytes.
The total number of bits sent per second was 34716.5 bits.
The channel utilization was 0.035 or 3.5%

For network 2:

The total number of bytes sent per second was 226395.5 bytes.
The total number of bits sent per second was 1811164.4 bits.
The channel utilization was 0.181 or 18.1%

TABLE F.1d Measured statistics of trial 4

- F5 -



Measured statistics:

\ DTS Counter NCP LINE Counter
\\ (VAX2) IBM VAX2 VAX1
Seconds since zero 180 180 190 197
Messages received N/A N/A 16555 29539
Bytes received N/A N/A 773777 39100685
Messages send 27204 6290 27560 19242
Bytes send 38085600 8806000 39001447 939201

Messages sent,
multiple collision N/A N/A 5 1

Messages sent,
single collision N/A N/A 12 2

Messages sent,
initially deferred N/A N/A 1164 18

Measured statistics in one second:

VAX2 sent out 151.1 messages with size 1400 bytes to VAX1 per second.
VAX1 sent out 87.1 messages with size 46.7 bytes to VAX2 per second.
IBM sent out 34.9 messages with size 1400 bytes to uVAX per second.

For network 1:

The total number of bytes sent per second was 4767.5 bytes.
The total number of bits sent per second was 38140.1 bits.
The channel utilization was 0.038 or 3.8%

For network 2:

The total number of bytes sent per second was 260508.9 bytes.
The total number of bits sent per second was 2084071.1 bits.
The channel utilization was 0.208 or 20.8%

TABLE F.le Measured statistics of trial 5
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Measured statistics:

\ DTS Counter NCP LINE Counter
\\ (VAX2) IBM VAX2 VAX1
Seconds since zero 180 180 185 187
Messages received N/A N/A 16162 28623
Bytes receijved N/A N/A 753664 38198776
Messages send 26585 6558 26926 18472
Bytes send 37219000 9181200 38113658 890963
Messages sent,
multiple collision N/A N/A 2 1
Messages sent,
single collision N/A N/A 22 4
Messages sent,
initially deferred N/A N/A 1225 25

Measured statistics in one second:

VAX2 sent out 147.7 messages with size 1400 bytes to VAX1 per second.
VAX1 sent out 87.4 messages with size 46.6 bytes to VAX2 per second.

The
The

IBM sent out 36.4 messages with size 1400 bytes to uVAX per second.
For network 1:

The total number of bytes sent per second was 4764.5 bytes.

The total number of bits sent per second was 38116.1 bits.

The channel utilization was 0.038 or 3.8%

For network 2:

The total number of bytes sent per second was 257778.9 bytes.

total number of bits sent per second was 2320010.0 bits.
channel utilization was 0.232 or 23.2%

TABLE F.1f Measured statistics of trial 6
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MEASURED STATISTICS OF THE TERMINAL SERVERS
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VAX 8650  (VAX2) Terminal Servers (TS)
frame size |Transmit rate| frame size |Transmit rate] TS
(bytes) (frames/sec) | (bytes) (frames/sec) | Name
104.34 1.83 64.15 1.38 TS1001
80.27 1.96 64.16 1.45 751002
60.40 6.50 64.03 4.20 TS1004
60.17 3.08 64.06 2.02 TS1007
64.18 3.49 50.07 2.43 TS2001
Average 73.87 3.37 61.29 2.30
SD 18.92 1.89 6.27 1.15

SD=standard deviation

The probability for the terminal servers replying to VAX2

is 0.68.
VAX 785 (VAX1) Terminal Servers (TS)
frame size |Transmit rate| frame size |Transmit rate] TS
(bytes) (frames/sec) | (bytes) (frames/sec) | Name
69.59 3.59 64.05 2.67 181011
78.61 2.86 64.06 2.11 TS1012
73.58 5.16 64.02 3.93 TS1013
80.08 3.73 64.05 2.90 TS1014
76.90 1.18 64.81 0.86 TS1015
Average 75.75 3.30 64.20 2.49
SD 4.21 1.45 0.34 1.13

SD=standard deviation

The probability for the terminal servers replying to VAX1
is 0.75.
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NCP>CON NODE TS1001

Console connected (press CTRL/D when finished)

DECserver 100 Terminal Server V1.2 (BL12) - LAT V5.1

Enter username>

Local> show counter

* ETHERNET COUNTERS *

Seconds Since Zeroed: 27092
Bytes Received: 5173914
Bytes Sent: 2408971
Frames Received: 49588
Frames Sent: 37555
Multicast Bytes Rcv'd: 645215
Multicast Bytes Sent: 6968
Multicast Frames Rcv'd: 4359
Multicast Frames Sent: 52
Frames Sent, Deferred: 155
Frames Sent, 1 Collision: 6
Frames Sent, 2+ Collisions: 5

Excessive Collisions:
Carrier Check Failed:
Frames Too Long:
Heartbeat Absent:

Late Collisions:

Data Underrun:

Block Check Error:
Framing Error:

Data Overrun:

System Buffer Unavailable:
User Buffer Unavailable:

* SERVER COUNTERS *

Messages Received: 44832
Messages Transmitted: 36936
Messages Re-Transmitted: 0
Non-Circuit Messages Rcv'd: 564
Non-Circuit Messages Xmt'd: 454

Local> logoff
Local -020- Logged out port 9

- 63 -

Duplicates Received:
ITlegal Messages Rcv'd:
I1legal Slots Rcv'd:
Duplicate Node Count:
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NCP>CON NODE TS1002

Console connected (press CTRL/D when finished)

DECserver 100 Terminal Server V1.2 (BL12) - LAT V5.1

Enter username>

Local> show counter

* ETHERNET COUNTERS *

Seconds Since Zeroed: 27090
Bytes Received: 4272664
Bytes Sent: 2512573
Frames Received: 53229
Frames Sent: 39162
Multicast Bytes Rcv'd: 645326
Multicast Bytes Sent: 6298
Multicast Frames Rcv'd: 4360
Multicast Frames Sent: 47
Frames Sent, Deferred: 176
Frames Sent, 1 Collision: 9
Frames Sent, 2+ Collisions: 6

Excessive Collisions:
Carrier Check Failed:
Frames Too Long:
Heartbeat Absent:
Late Collisions:

Data Underrun:

Block Check Error:
Framing Error:

Data Overrun:

System Buffer Unavailable:

User Buffer Unavailable:

* SERVER COUNTERS *

Messages Received: 48345
Messages Transmitted: 38594
Messages Re-Transmitted: 0
Non-Circuit Messages Rcv'd: 94
Non-Circuit Messages Xmt'd: 48

Local> logoff
Local -020- Logged out port 9
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Duplicates Received:
ITTegal Messages Rcv'd:
ITlegal Slots Rcv'd:
Duplicate Node Count:
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NCP>CON NODE TS1004
Console connected (press CTRL/D when finished)
DECserver 100 Terminal Server V1.2 (BL12) - LAT V5.1

Enter username>
Local> show counter

* ETHERNET COUNTERS *

Seconds Since Zeroed: 27079 Excessive Collisions:
Bytes Received: 10634106 Carrier Check Failed:
Bytes Sent: 7282104 Frames Too Long:

Frames Received: 176071 Heartbeat Absent:

Frames Sent: 113732 Late Collisions:
Multicast Bytes Rcv'd: 645392 Data Underrun:

Multicast Bytes Sent: 6030 Block Check Error:
Multicast Frames Rcv'd: 4361 Framing Error:

Multicast Frames Sent: 45 Data Overrun:

Frames Sent, Deferred: 495 System Buffer Unavailable:
Frames Sent, 1 Collision: 24 User Buffer Unavailable:
Frames Sent, 2+ Collisions: 18

* SERVER COUNTERS =*

Messages Received: 171622 Duplicates Received:
Messages Transmitted: 113601 I1legal Messages Rcv'd:
Messages Re-Transmitted: 0 I1legal Slots Rcv'd:
Non-Circuit Messages Rcv'd: 0 Duplicate Node Count:
Non-Circuit Messages Xmt'd: 0

Local> logoff
Local -020- Logged out port 9
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NCP>CON NODE TS1007

Console connected (press CTRL/D when finished)

DECserver 100 Terminal Server V1.2 (BL12) - LAT V5.1

Enter username>

Local> show counter

* ETHERNET COUNTERS *

Seconds Since Zeroed: 27072
Bytes Received: 5022714
Bytes Sent: 3506304
Frames Received: 83474
Frames Sent: 54738
Multicast Bytes Rcv'd: 645125
Multicast Bytes Sent: 5719
Multicast Frames Rcv'd: 4361
Multicast Frames Sent: 43
Frames Sent, Deferred: 313
Frames Sent, 1 Collision: 14
Frames Sent, 2+ Collisions: 15

Excessive Collisions:
Carrier Check Failed:
Frames Too Long:
Heartbeat Absent:
Late Collisions:

Data Underrun:

Block Check Error:
Framing Error:

Data Overrun:

System Buffer Unavailable:

User Buffer Unavailable:

* SERVER COUNTERS *

Messages Received: 79016
Messages Transmitted: 54600
Messages Re-Transmitted: 0
Non-Circuit Messages Rcv'd: 0
Non-Circuit Messages Xmt'd: 0

Local> logoff
Local -020- Logged out port 9
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Duplicates Received:
I11egal Messages Rcv'd:
I11egal Slots Rcv'd:
Duplicate Node Count:
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NCP>CON NODE TS2001

Console connected (press CTRL/D when finished)

DECserver 200 Terminal Server V1.0 (BL20) - LAT v5.1

Please type HELP if you need assistance

Enter username>
Local> show counter

DECserver 200 V1.0 BL20

Seconds Since Zeroed: 27088
Bytes Received: 6065811
Bytes Sent: 3296756
Frames Received: 94508
Frames Sent: 65841
Multicast Bytes Rcv'd: 645189
Multicast Bytes Sent: 5588
Multicast Frames Rcv'd: 4362
Multicast Frames Sent: 44
Frames Sent, Deferred: 282
Messages Received: 89919
Messages Transmitted: 65572
Solicitations Accepted: 17
Solicitations Rejected: 0
Multiple Node Addresses: 0

Local> logoff
Local -020- Logged out port 9

- G7 -

LAT Protocol V5.1

Uptime: 57 04:20:06

Frames Sent, 1 Collision: 12
Frames Sent, 2+Collisions: 15
Send Failures: 0
Send Failure Reasons: 000000000
Receive Failures: 0
Receive Failure Reasons:000000000
Unrecognized Destination: 0
Data Overrun: 0
User Buffer Unavailable: 0
System Buffer Unavailable: O
Duplicates Received: 11
Messages Re-Transmitted: 0
I1legal Messages Rcv'd: 0
[17egal Slots Rcv'd: 0
I1legal Multicasts Rcvid: 0




NCP>CON NODE TS1011

Console connected (press CTRL/D when finished)

DECserver 100 Terminal Server V1.2 (BL12) - LAT v5.1

Enter username>

Local> show counter

* ETHERNET COUNTERS *

Seconds Since Zeroed: 27065
Bytes Received: 6754289
Bytes Sent: 4630155
Frames Received: 97063
Frames Sent: 72286
Multicast Bytes Rcv'd: 645205
Multicast Bytes Sent: 7336
Multicast Frames Rcv'd: 4364
Multicast Frames Sent: 56
Frames Sent, Deferred: 518
Frames Sent, 1 Collision: 62
Frames Sent, 2+ Collisions: 63

Excessive Collisions:
Carrier Check Failed:
Frames Too Long:
Heartbeat Absent:

Late Collisions:

Data Underrun:

Block Check Error:
Framing Error:

Data Overrun:

System Buffer Unavailable:
User Buffer Unavailable:

* SERVER COUNTERS *

Messages Received: 92470
Messages Transmitted: 72003
Messages Re-Transmitted: 1
Non-Circuit Messages Rcv'd: 326
Non-Circuit Messages Xmt'd: 163

Local> logoff
Local -020- Logged out port 9
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Duplicates Received:
I1legal Messages Rcv'd:
I1legal Slots Rcv'd:
Duplicate Node Count:
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NCP>CON NODE TS1012

Console connected (press CTRL/D when finished)

DECserver 100 Terminal Server V1.2 (BL12) - LAT V5.1

Enter username>

Local>

* ETHERNET COUNTERS *

Seconds Since Zeroed:
Bytes Received:

Bytes Sent:

Frames Received:

Frames Sent:

Multicast Bytes Rcv'd:
Multicast Bytes Sent:
Multicast Frames Rcv'd:
Multicast Frames Sent:
Frames Sent, Deferred:
Frames Sent, 1 Collision:
Frames Sent, 2+ Collisions:

27066 Excessive Collisions:
6084757 Carrier Check Failed:
3661894 Frames Too Long:

77401 Heartbeat Absent:

57158 Late Collisions:

645317 Data Underrun:
7205 Block Check Error:
4364 Framing Error:

55 Data Overrun:

370
45 User Buffer Unavailable:
41

* SERVER COUNTERS *

Messages Received:

Messages Transmitted:
Messages Re-Transmitted:
Non-Circuit Messages Rcv'd:
Non-Circuit Messages Xmt'd:

Local>
Local -020- Logged out port 9

72972 Duplicates Received:
57040 I1legal Messages Rcv'd:
0 ITlegal Slots Rcv'd:

0 Duplicate Node Count:
0
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System Buffer Unavailable:
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NCP>CON NODE TS1013

Console connected (press CTRL/D when finished)

DECserver 100 Terminal Server V1.2 (BL12) - LAT V5.1

Enter username>
Local> show counter

* ETHERNET COUNTERS *

Seconds Since Zeroed: 27062
Bytes Received: 10265834
Bytes Sent: 6804626
Frames Received: 139520
Frames Sent: 106282
Multicast Bytes Rcv'd: 645089
Multicast Bytes Sent: 4847
Multicast Frames Rcv'd: 4363
Multicast Frames Sent: 37
Frames Sent, Deferred: 755
Frames Sent, 1 Collision: 76
Frames Sent, 2+ Collisions: 86

Excessive Collisions:
Carrier Check Failed:
Frames Too Long:
Heartbeat Absent:
Late Collisions:

Data Underrun:

Block Check Error:
Framing Error:

Data Overrun:

System Buffer Unavailable:

User Buffer Unavailable:

* SERVER COUNTERS *

Messages Received: 135092
Messages Transmitted: 106182
Messages Re-Transmitted: 0
Non-circuit Messages Rcv'd: 0
Non-circuit Messages Xmt'd: 0

Local> logoff
Local -020- Logged out port 9
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Duplicates Received:
I1legal Messages Rcv'd:
ITlegal Slots Rcv'd:
Duplicate Node count:
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NCP>CON NODE TS1014

Console connected (press CTRL/D when finished)

DECserver 100 Terminal Server V1.2 (BL12) - LAT V5.1

Enter username>

Local> show counter

* ETHERNET COUNTERS *

Seconds Since Zeroed: 27060
Bytes Received: 8077940
Bytes Sent: 5029284
Frames Received: 100877
Frames Sent: 78520
Multicast Bytes Rcv'd: 645317
Multicast Bytes Sent: 5240
Multicast Frames Rcv'd: 4364
Multicast Frames Sent: 40
Frames Sent, Deferred: 487
Frames Sent, 1 Collision: 54
Frames Sent, 2+ Collisions: 49

Excessive Collisions:
Carrier Check Failed:
Frames Too Long:
Heartbeat Absent:

Late Collisions:

Data Underrun:

Block Check Error:
Framing Error:

Data Overrun:

System Buffer Unavailable:
User Buffer Unavailable:

* SERVER COUNTERS *

Messages Received: 95931
Messages Transmitted: 77892
Messages Re-Transmitted: 0
Non-circuit Messages Rcv'd: 272
Non-circuit Messages Xmt'd: 146

Local> logoff
Local -020- Logged out port 9
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Duplicates Received:
I17egal Messages Rcv'd:
I17egal Slots Rev'd:
Duplicate Node count:

COO0OO0OO0O0OOOO0OO

OO




NCP>CON NODE TS1015

Console connected (press CTRL/D when finished)

DECserver 100 Terminal Server V1.2 (BL12) - LAT V5.1

Enter username>

Local> sh counter

* ETHERNET COUNTERS *

Seconds Since Zeroed: 27065
Bytes Received: 2463068
Bytes Sent: 1510317
Frames Received: 32028
Frames Sent: 23303
Multicast Bytes Rcv'd: 645269
Multicast Bytes Sent: 6157
Multicast Frames Rcv'd: 4365
Multicast Frames Sent: 47
Frames Sent, Deferred: 159
Frames Sent, 1 Collision: 11
Frames Sent, 2+ Collisions: 8

Excessive Collisions:
Carrier Check Failed:
Frames Too Long:
Heartbeat Absent:

Late Collisions:

Data Underrun:

Block Check Error:
Framing Error:

Data Overrun:

System Buffer Unavailable:
User Buffer Unavailable:

* SERVER COUNTERS *

Messages Received: 23917
Messages Transmitted: 19523
Messages Re-Transmitted: 0
Non-Circuit Messages Rcv'd: 548
Non-Circuit Messages Xmt'd: 277

Local> logoff
Local -020- Logged out port 9
NCP> exit
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Duplicates Received:
I1legal Messages Rcv'd:
I11egal Slots Rcv'd:
Duplicate Node Count:
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