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Abstract

The performance evaluation of the communications networks have been the main focus in the
analysis of data communications in automated office environments. This thesis is aimed at
the performance evaluation of different office communications applications over LANs which
are interconnected via one of the latest fast packet switching techniques called frame relayinyg.
Different LAN technologies have been examined, namely Ethernet. Token ring and Apple'Talk.
The T1 (1.544 Mbps) link and the 36 kbps link are used as a public services for inter-site

communications.

- In_this study. two main applications were considered: office communications which include
different types of documents that pass across an office worker’s desk (publications, messages,
financial forms, and normal documents), and file transfer activities such as the transfer of

X-RAY images or a medium size newsletter.

The transfer delay, link u_-tiliza.tio;l, packet size, and the number of workstations intercon-
nected to each LAN are the main parameters used for evaluating the system performance.
Rf;sults show that the 56 kbps link is best suited for office commnunications under normal
conditions. Howe\'ér as inter-site traffic increases T1 should be considered. A comparison of

‘the performance of each LAN technology is given for both applications.

The results of this study should furnish any office organization with strategic insight for

the planning of its communications services.
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Chapter 1

Introduction

1.1 Background

The analysis of data communications in automated offices has already been undertaken by sev-
eral investigators. Some case studies:have been performed for assessing actual communications
volumes in the office and network capacity. Schoch and Hupp have reported on the utilization
of an existing Ethernet installation providing services to over 120 directly connected hosts
[SCHO]. They also evaluated the capacity of the communications network by using artificial
load generators. In a more recent study, Schmidt reported on the utilization of a wnultiple
Ethernet-AppleTalk iﬁsta.llatiofl [SCHM]. Monitoring tools were used for visualizing the state

of the internetwork system.

Some other studies have started from an analysis of the daily communications volumes
per office worker [ENGEL,MCCA]. These analyses have taken into account human factors
{different types of office workers) [ENGEL], the use of new technologies (multimedia systems)
or new applications (computer-based conferencing systems) [MCCA]. Finally, Georganas
and Naffah [GEORST] evaluated the performance of three different LAN's technologics for
supporting office activities. However, this latter study did not consider the use of intersite

data communications.



1.2 Frame Relay: an Overview

Frame relaying is a fast packet-switching technique that takes advantage of the characteristics
of the ISDN-environment as well as the capability of the frame structure employed by the
ISDN D-channel Link Access Protocol (LAPD) to support multiplexing within the link layer
[CHERU].

Many research studies that have been conducted on frame relay have suggested that frame
relay implementation can potentially result in a significant improvement of a network per-
formance. A recent study concluded that frame relay achieves approximately 10 times the

packet throughput of existing X.25 packet-switching networks {BHUSH].

The birth of frame relay has been stimulated by standards taking advantage of the low
error rate digital transmission medium and a network-layering concept. Under this concept,
the network backbone should offer core services and the higher-level intelligence should be
migrated towards the access layer of the network. These services are explained later'in the

following chapters.

Frame relaying is a technology that is still being defined. Standards for frame relay are
being developed by the CCITT (International Telegraph and Telephone Consultative Com-
mittee), ANSI (American National Standards Institute), and ECMA (European Computer
L\'I_zmufacturers Association). Issues that need further study at the CCITT and the ANS] level
include congestion contvol, internetworking requirements, further refinements of the Control

and User plane protocols, and quality of service parameters.

1.3 Office Automation

Office automation is the use of technology for improving the productivity and effectiveness of
administrative and other related tasks in offices. In Mowshowitz’s terms, “coffice automation =

is the use of information technology in an office environment to create, process, store, retrieve.

[



use and communicate information in the performance of managerial. professional. technical.

administrative and clerical tasks” [MOWS].

Central to the efficient working of the integrated office is the workstation and broadband
networking which make possible “the establishment of a reciprocal relationship among a group
of people with a common interest or task that makes the smcoth distribution of necessary

information and thus the sharing of information” [“ﬂ—\TAST .

Office systems are composed of many different technologies. Even though many studies
have emphasized the importance of communications in linking the many components of otfice

svstems, a lot of progress has to be done towards achieving a truly integrated system.

Integration does not require that all components reside in one physical location. As stated
by Lieberman et al., "this characteristic will provide an organization with the flexibility to
accomplish certain office activities independent of a fixed or centralized work environment
a.nd‘ thus to optimize the use of the demographically changing work force and lifestyles of the
ﬁopulation” [LIEB]. Therefore, the development of inte‘rrlrat.ed information systems for the
office requires a clear understanding of the communications requirements of the curr ent and_

emerging office applications.

1.4 Outline of the Thesis

The wide usage of Local Area Networks (LANs) in many bussiness environment along with
the growing rate of data exchange between offices has prompted the need for the interconnec-
tion of L*\\s either within the same corporation or between corporatxons. Hence the need

. for the performa.nce evaluation of the overall interworking system must be considered. The

= main objective of this study is to evaluate the performance of LANs interconnected by pnb-

i lic communications links and carrying various applications. To meet this objective, an office
RSN : L :
communications environment and file transfer applications have been considered. A character-

ization of their traffic behaviors have been made for both intra and inter-LAN communications.

o

s~ =



In order to evaluate the performance of the systems, queueing models have been developed
by using the QNAP2 (Queueing Network Analysis Package) software (see appendix A). The
analysis is done by taking into account the use of current computer technologies as well as
the use of advanced public communications services. The detailed level of the analysis is
due, in part, to the work presented to Bell Canada under a research contract {BELL]. The
performance evaluation of these communications should furnish any office organization with

strategic insight for the planning of its data communications services.

This thesis is composed of six chapters and two appendices. The first chapter presents
the context in which frame relay technology can be used, followed by a brief introduction to
office automation. In chapter 2, an overview of communications systems and standards is
presented. This overview compr@S&s a description of current networking technolqgies_é.;failable
for the office, namely local area networks, public network%‘\-a::iigtg;cpggmtion devices. | The

description of interconnection devices covers three different types of technologies: bridges,

routers and gateways.

Chapter 3 presents the system description and the different configurations that are consid-
ered for the evaluation of office commu_&ica.tions activities under different LAN technologies.
. This chapter also discusses the frame relay protocol and how data transfer can be achieved in
such cnvironment. It successively presents the queueing models of the LANSs, the one of the
bridge interconnecting LANs and public comni?mica.tions link, and the one of the workstation

and the database server.

In chapter 4. an analysis of the comfnunications requirements of the automated ofﬁce is
presented. This aﬁalvsis is done by taking into account various office applications and the
commumcatzons volumes generated within a typical office environment. Then it analyzes the
performance of office communications systems consisting of both local and intersite commu-
nications facilities. The page transfer delay, link utilization, and the number of workstations
| interconnected to each LAN are the main parameters used for evaluating the; systém perfor-

mance.



Chapter 3 studies the performance of small and large file transfers. As in the previous
chapter, it considers the use of three different LAN technologies and different scenarios. It
also considers the use of T1 links for intcrconnecting LANs. Finally, chapter 6 presents the
conclusions drawn from this thesis and suggests further work. The appendices include a

description of the simulation tool and the programs used for carrying out this study.

-



Chapter 2

Standards and Communications
Systems Review

"This chapter presents a description of the communications systems and standards which are
conmsidtfrcd in the work of this thesis. First a brief review of the different LANs which are
currengly used for supporting office automation and file transfer applications is given. A short
presentation of the various devices for interconnecting different kinds of networks follows.
Then :ﬁy::f)ﬁ kbps and T1 services which are ‘typica.l public systems used for interconnect- _
ing LANs are introduced. The fourth section presents the solutions offered by the CCITT
for packet transfer services by going through the different steps from ISDN to Frame Relay-‘
ing, then through ATM t@ques towards acheiving BISDN. The last section describes the
Sy .

protocols used in this thesis for performing flow control.

2.1 Local Area Networks

~S

'2.1.1 Introduction

-
_.-—-.-./—

Local Area Networks are those tha.t itivolve the mterconnectmn of terrmna.ls computers. work-
stations. and other intelligent systems within a building or a number of buildings that con-
stitute a small campus [SCHW] A Local Area Network (LAN) is a resource-sharing data

communications network which is limited in geographic scope to the range of 0.1-10 km, pro-
‘\\:—’_..:

1
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vides high bandwidth communication (above 1 Mbps) over inexpensive transmission media
and is usually privately owned {[MOUF]. The LAN is probably the best choice when o variety
of devices and a mix of traffic types are involved. The LAN, alone or as part of a hybrid local

network, has become a common feature of many office buildings and other installations.

LANSs are frequently characterized in terms of their topologies. Four topologies are com-

mon: star, tree, ring and bus.

The distinctive feature of a star is the existence of a central switching point. known as a
hub, which is shared among all the stations. Stations are connected to the hub by means of
point-to-point transmission links. The central element uses circuit switching to establish a
dedicated path between two stations wishing to communicate [STAL]. "The major drawback

of this set-up is the existence of a common central point susceptible to f{ailures.

A tree consists of several links which direct the transmissions from every station towards
2 common end point being the root of the tree, called the headend. Then data is broadcasted

from the headend back through the same tree towards the interconnecting devices.

A ring is compbsed of several unidirectional point-to-point links connected together by
active repeaters in a closed loop. Each station communicates with the ring. through one of
the repeaters with a short line. A station wishing to transmit waits for its next turn and then
sends data out onto the ring in the form of a packet. A distributed control protocol is used

to determine the sequence in which nodes transmit.

A bus is a long broadcast medium. Stations are attached to the medium through taps bet-
ter known as Bus Interface Units {BIUs). Since all the devices share a common comimunication

medium, only one pair of devices on a bus can communicate at a time.

Logically however, there are only two network topologies: the broadcast bus and the ring
with active repeaters. The significant difference between them is that, in the first configu-
ration, what is being transmitted by one station on the bus can be heard by all the othier

stations, while on the ring, transmissions have to be relayed by the repeaters one by onc in

-



order to propagate around the ring. This difference has an influence on the choice of the
media access protocols that can be applied to each configuration. Moreover, looking the con-
figurations from the reliability point of view, the ring topology is much more vulnerable to

failures and provision has to be taken to address this’ weakness.

The most used transmission media in Local Area Networks’ implementations are the wire
(twisted pair), the coaxial cable (baseband and broadband} and recently the optical fiber.
Coaxial cable is very common in broadcast bus configurations because of its quite good
" bandwidth-distance characteristics and the tapping easiness. Optiéml fibers on the other hand
can increase our ability to transmit at higher data rates for longer distances without using any
repeaters, but they are very difficult to tap. Therefore their usage is limited mostly to rings
and more generally to point-to-point connections. Finally twisted pair is mostly used in ring
applications, where repeaters are needed in short distances to recovef the conveying signal.
because of the very poor bandwidth-distance characteristics of the wire. However, there are
cases where bus configurations are implemented in twisted pair (twisted pa.if ETHERNLET,
twisted pair STARLAN, etc). Star configurations have been given less attention than the ring
and bus architectures, at least in the recent literature and standards, although there exist

several commercial applications of networks with star configuration.

Many access mechanisms have been proposed or implemented for local area networks.
In this thesis. focus is made on three mechanisms that have been designated as standards:
the CSMA/CD (Ethernet), the CSMA/CA (Appletalk) and the token-passing ring. Other‘
types of access methods have been proposed or implemented for special-purpose use and are

described in the literature but are of no interest for this study.

. The LAN standards have been developed by the IEEE (The Institute of Electrical and
Electronics Engineers) through a special committee called the IEEE 802 committee. These
standards cover the physical iayer and a portion of the data link layer and they conform to
the OSI Reference Model. The standards defining the three type of media access technologies

are:



1. IEEE Std 802.3, a bus utilizing CSMA/CD as the access method.

!\D

IEEE Std 802.4, a bus utilizing token passing as the access method.

3. IEEE Std 802.5, a ring utilizing token passing as the access method.

The IEEE std 802.2, which is the Logical Link Control (LLC) standard, is used in conjunction

with the medium access standards.

2.1.2 IEEE 802.3 CSMA/CD

General Description

The CSMA/CD {Carrier Sense Multiple Access with Collision Detection) standard [ANSI1858].
often juxtaposed with the Ethernet protocol, is based on the use of a commen bus shared by
a number of stations (see Fig. 2.1). While the Ethernet specification just calls for a coaxial
cable physical channel driven at 10 Mbps, the IEEE §802.3 standard is intended to encompass
several media types and techniques for signal rates from 1 Mbps up to 20 Mbps. In the
CSMA/CD protocol, each station, before transmitting, must listen to the bus. If there is no
energy detected on the medium during an idle time (slot time), the station can transmit the
queued packet. If, after initiating a transmission, the message collides with that of another
station, then each transmitting station intentiona.ily sends a few additional bytes {jam signal)
to guarantee that all transmitting stations on the network detect the collision. The stition
remains silent for a random amount of time (backoff) before attempting to transmit again.
To perform retransmission of frames, the CSMA/CD protocol uses a truncated binary-backofl
algorithm: the delay before retransmitting is assumed to be a random integer number r which
is multiple of slot times (defined in the next paragraph) and it is distributed uniformly over the
range 0 to 2°, with n denoting the n* retransmission attempt. until  reaches 10. The ru:.rinl
interval then remains at 0 to 22° until n reaches 15. At this point the collision event is reported

as an error to the higher layers. This doubhn-r of the interval is referred 1o as binary backoll



procedure and is found to improve system performance. By increasing the retransmission

dclay,' this reduces the collision probability and eliminztes a possible instability.

i
END STATION '

\

BUS

Figure 2.1: CSMA/CD bus tc;pology.
\
The CSMA/CD protocol defines a slot time which largely determines the dynamics of col-
lision handling. The single parameter describes three important aspects of collision handling:

\

i

3
1. 1t is an upper bound on the acquisition time of the'méldium.

1o

It is an upper bound on the length of a frame fragment, generated by a collision.

It is the scheduling qua.ntum for retransmission. - \ =

e

:
The first aspect represents the minimum allowed length of a.\CSMA/ CD PDU queued for
transmission. If the initial CSM A/CD PDU does not have the length required for proper
operation of the protocol, a pad ﬁeld must then be added. In fact the minimum frame
length (equivalent to the slot t.1me) shall be long enough in orde.l to get reasonable system
performance [BUXS1] (this is discussed below) The second a.spe\ct illustrates the maximum
possible length of the frame fragment generated by a collision involving the stations situated
 at each end of the bus. The third aspect refers to the slot time used as a scheduling quantum
~ for the retransmission of frames. To fulfill all theée aspects, the slog time shall be larger than |
the sum of the physical layer round-trip propa.ga.tic;n time and the jam time generated by the

stations having detected a collision. \

10 \
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Performance of IEEE 802.3 CSMA/CD

In evaluating the CSMA/CD performance, the parameter a = 7/m << 1 has been found to
have the most important influence, 7 being the end-to-end propagation delay along the bus
while m being the frame transmission time [BUXS81]. In fact, it has been shown that the
parameter ¢ must be kept low in order to get acceptable system throughput. More precisely.
the only way to improve the performance of CSMA/CD scheme is to reduce the parameter
a. If a decreases. collisions are more readily detected. On the contrary, if @ increases towards
1, which means that the propagation delay tends to be as long as the frame tratismission
time, the probability of collision is increased which will cause system degradation. Thus. the
parameter a explains the fact that CSMA/CD implementations like Ethernet must be limited
to low speeds, short bus length and use a minimum frame length. In the case of Ethernet, the
speed h;,s been fixed to 10 Mbps while the bus length has been bound te 1.5 km and the slot
time fixed to 512 bits [SCHW). Finally, it must be pointed out that one of the most important
advantage of CSMA/CD on other types of access method is the short access time under low

traffic intensity in the system (as it is equal to the waiting time to detect an idle period).

2.1.3 IEEE 802.5 Token-Passing Ring

The 1EEE 802.5 token passing on a ring [ANSIS5D] is mostly based on work on the token ring
technique developed by researchers at the IBM Research Laboratory in Zurich, Switzerland
[BUXS1]. Its concept is quite simple and similar to the token-passing bus, but now a physical
ring is used instead of a bus (see Fig. 2.2). In this configuration all stations operate in a
decentralized mode. Each station, having packets queued for transmission, has to capture the
token passing on the ring before performing packet transmission. When the packet transmis-
sion is completed, the station passes the token to the next stahio_n on the ring. Hence, cach
station is either in ‘transmit or repeat state. In transmit state, it sends out its own frame
after receiving the permiséion to do so. It transmits until it has completed transmission of

all frames queued or until the transmission of another frame cannot be completed 1)gf01'c the
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token holding timer {THT) expires. In repeat state, it outputs a received frame bit by bit
back onto the ring. It may copy the frame while repeating it if it recognizes its own address.

[t may also moaify some control bits to indicate that the frame was correctly received.

STATION

7Y

RING

Figure 2.9: Token ring topology.

The IEEE 802.5 standard defines a priority mechanism which comprises eight levels of
priorities. However, the IEEE 802.5 priority mechanism is centralized. In fact, there is only
one priority level recognized on the ring at a given time, and this is indicated in the token
exchanged between the stations. When stations grab the tokén, they can only send frames
having the same or a greater priority level than the one of the token. In addition to indicate the
ring priority in the token, the token ring priority mechanism is based on the use of reservation
bits contained in each tokén ring frime header and on the use of stack registers present in
each station. The reservation bits are;used by the stations requesting for higher token priority.
This may force the next station generating the token to increase the token ring priority. The
stack registers are used by the station generating the token to store the new and old priority
levels in order to bring back or reset the ring to the original service priority, at a later stage.
The term stacked is utilized, siﬁcé muitiple new and old priority level values may be stored if

12



a given station raises the service priority of the ring more than once before the service priority

is returned to a lower priority level.

Furthermore, the IEEE §02.5 committee is currently defining the text of the standard for
the *16 Mbps Token Ring™ [GLASS]. In addition to this increase in speed. a new early token
release which allows multli)le frames to be on the ring at a given time (but only one free token)
is also proposed. Indeed, workstations will be authorized to transmit a token immediately
after sending a frame, without having to wait for the frame to return (which is not the case
in the present IEEE 802.5 standard). Efficiency of 95 % is guaranteed for a user sending data

frames larger than 128 bytes, regardless of ring length [IBMS3].

Performance of IEEE 802.5

Performance studies [BUXS1] have shewed that better performance is obtained by using the
token ring access method compared to the CSMA/CD method, since the latter, under heavy
traffic, leads to inefficient operation (increase of the number of collisions). The difference
between them is amplified if the ratio of propagation delay to packet transmission time (pa-
rameter a) is increased, such as in the case of increasing the network speeci. Nevertheless, the
CSMA/CD strategy is simpler and was implemented much earlier commercially. It appears
to be a good practical solution to the local area network problem for small networks that

operate at relatively moderate bit rates with many highly bursty stations connected.
2.1.4 Appl:Talk

AppleTalk is a recent LAN announced by Apple Computer Inc [APPLE]. It uses CSMA/CA
(Carrier Sense Multiple Access Collision Avoidance) [BERT] over a twisted pair of wires (300
m maximum length) and its data transfer rate is 230.4'kbps. It can interconnef::t. up to 32
statio;ls. Its interfaces are verjr inexpensive, and the medium access contro! (M AC) protocol

1s implemented in software. L

ot
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The transmission node uses the physical layer’s ability to sense if the channel is idle. If
the channel is busy, the node waits until it becomes idle. Upon sensing an idle channcl,
the transmitter waits for a time equal to the minimum Inter-Dialogue Gap (400 us), plus
a randomly generated period. During this “wait”, the transmitter continues to monitor the
channel. If the channel remains idle throughout the wait period, then the node sends a
Request-to-Send {RTS) short frame (9 bytes) to the intended receiver. The receiver must
return, within the maximum Inter-Frame Gap {200 u), a Clear-to-Send (CTS) frame to the
transmitting node. Upon receiving this frame, the transmitter must send out, within 200 us.
the data frame (5738 bytes of data information at most, plus 25 byies of overhead). Figure

2.3 depicts the timing diagrams of the AppleTalk link access protocol (ALAP) .

Since there is no collision detection, as in Ethernet (CSMA/CD), the transmitting node
learns of a collision from the RT'S/CTS exchange. If no CTS is received, after transmission of
RTS, a collision is assumed, and the RTS is retried after adjusting the random time interval.
This adjustment follows a linear algorithm that changes the\'back-oﬂ' distribution dynamically

in response to recent network traffic history.

2.2 Public Networks

2.2.1 Datapath - A 56 kbps Link

Datapath is capable of transmitting data at 64 kbps over the standard two-wire subscriber
loops already installed in the outside plant a.nd..in most office buildings [CHIA]. Due to
constraints in the.existing digital transmnission network, this transmission capability, however,
is currently imited to 56 kbps. As ISDN moves from concept to reality, Datapath has been
designed to interwork with it to provide 64 kbps transmission and to extend data services to

areas where ISDN may not become immediately available.

Businesses - the main users of such data services - can send their intersite data through the
_ public switched telephone network (PSTN) or via private lines; for data transmission within

o~

T
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Figure 2.3: Timing diagram in AppleTalk.



their location, they may use private branch exchanges (PBXs). Datapath opens up the public
circuit-switched network for high-speed digital service, thus increasing connectivity for users

of high-speed digital circuit-switched capability between PBXs.

222 T1

T1 is a TDM (time division multiplexing) carrier which multiplexes 24 channels of 64 kbps.
It is based on the use of a frame periodically generated at intervals of 125 us. With a frame
length of 193 bits (24 x 8 + 1 = 193) per 125 ps, we have a data rate of 1.544 Mbps (1.536
Mbps for data). The structure of the T1 frame is shown in Fig. 2.4. Each S-bits word in a

channel is also referred to as a time slot in the time-multiplexed signal stream.

v Frame, 125 ps »

l‘— Channel 1 Channel 2—bl I'Q—Channcl 24 =P lﬂ— Channcl 1 —~

il -1 1|

";_73 2345678123456738 12345678 2

memg bit Frammg bit

Figure 2.4: T1 frame structure.

In the last few years, 'i‘l has appeared as the main carrier to provide high bandwidth

" between remote locations. Indeed, by combining all the 24 channels, a bandwidth of 1.536
Mbps can be provided. Thus, such bandwidth can be used to support applications involving

(& transfer of large volumes of voice and data traffic over long distances. One of these applications

is the use of T1 as a backbone network for interconnecting LANSs situated in remote location.

-

In parallel to the bandwidth offered by T1 links, there are the services which have been
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proposed by the ISDX standard. Indeed, the ISDN standard defines an equivalent of the T1
carrier. This is the primary rate interface defining 23 B-channels and one D-channel where
each channel offers a bandwidth of 64 kbps. However, B-channels can be grouped to provide

higher data rate channels (HO - 384 kbps, H11 - 1.536 Mbps).

2.3 Interconnection Devices

As the need arises to provide full connectivity between systems located at different buildings
or organizations, computer communications systems ébmprising several LANs are being de-
ploved. In fact, the ”net{\'orking of networks™ takes place within single buildings and across
continents as corporations attempt to provide company-wide access to electronic files, services

and resources.

The interconnection of multiple LANs can be done by usingiiiree different types of devices,

namely bridges, routers and gateways [STALL).

2.3.1 Bridges

The simplest of the internetworking devices is the bridge. Early versions of the bridge were
designed for use between LANs that use identical protocols for the physical and medium-
access control (MAC) layers. More recently, the term "bridge” has been broadencd to include
devices that link networks (local or wide area) of the same MAC service interface to higher
levels. Figure 2.5 shows the layers implied in the scenario when two LANs are linked by a

bridge.

To describe the main functions of a bridge, consider the connection between LANI and

LAN2 of figure 2.5. The bridge must do the following:

e Read all frames transmitted on LAN1 and accept those addressed to LAN2.

¢ Using the medium access control protocol for LAN2, retransmit the frames to LAN2,

L



e Do the same for LAN2-to-LAN] traffic.

In addition to these basic functions, the bridge makes no modifications to the content or
format of the frames it receives, nor does it encapsulate them with an additional header. A
bridge may connect another bridge by a point-to-point link, which might be an HDLC link,
a T1 link or any other type of public links. Also, it must contain addressing and routing

intelligence and should have enough buffer space to meet peak demands.

Depending on the circumstances, there are several reasons for using multiple LANs con-

nected by bridges.

e Performance: A number of smaller LANs will often give improved performance if devices

can be clustered so that intranetwork traffic exceeds internetwork traffic.

o Security: The establishment of multiple LANs may improve security of communications

by keeping different types of traffic on physically separate LANs.

e Geograp:;-n Separate LANs are needed to support devices clustered in distant locations.

2.3.2 Routers

A general purpose device that can be used to connect dissimilar networks and that operates
at laver 3 of the Open System Interconnection model is known as a router. The router must

be able to cope with a variety of differences among networks, such as:

o Addressing Schemes: the networks may use different schemes for assigning addresses to

devices.

o Maxrimum Packet Length: packets from one network may have to be broken into smaller

pieces to be transmitted on another network.

e Interfaces: the hardware and software interfaces to various networks may differ.
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Figure 2.5: Data transfer procedures in frame relaying links.

e Reliability: various network services may provide anything from a reliable end-to-end

virtual circuit to an unreliable service.

There is a place for both bridges and routers in planning the development of an internet.
Bridges are simple, easy to configure, and have no impact on the host software. lu an en-
vironment in.which all of the communicating devices are on similar LANs, bridges are the
appropriate solution. In a mixed en\;ironment, more complex routers are needed. lowever,

even then, bridges may be used to interconnect some of the LANs. .

2.3.3 Gateways

Bridges and routers can be used to solve internetwork problems in an environment when all
of the devices implement compatible protocols from the OS1 Model. The gateway operates
at layer 7 and provides a link between dissimilar architectures, c.g.. OS1 and IBM’s System
‘Network Architecture (SNA) on either the same network or different networks. A gateway
is a device that connects different netwofk architectures by performing a conversion at the

application level. The gateway itself must use all seven layers of the OSI model, plus all layers
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of the proprietary architecture.

2.4 Evolution in CCITT

The evolution in system concepts and progress of technology have greatly inﬁuenced-#he ideas
of CCITT [DEPRY]. The first solution is called step 1 in the discussions on packet mode within
CCITT. It involved the transport of X.25 over ISDN, which allows an overlay of X.25 access
onto ISDN. The next step is called step 2: in this solution all bearer channel control functions
are supported by the control plane of the ISDN protocol stack. This allowed the Q.931 to
have full call control functionality and the level 3 protocol, which evolved from the existing
X.25, will only be responsible for the user information transfer. In a next step, step 3, the sole
l'unctio:_xs 1o be supported on a link—bv-link basis are the so-called LAPD core functions: bit
transparency, CRC calculation, a.nd frame delxrmtmg Other LAPD functions only performed

end-to-end, are ﬁou control and packet retransmission. This step is referred to as frame

relaying. A fourth step, step 4, is the evolution towards broadband for packet transfer. In

1987 (Hamburg, study group XVIII), it was decided that ATM would be the ultimate solution

for Broadband ISDN. However, a large number of options remain open, such as the size of the
cell, the header, the information field, the functionlity of the header, the interface to be used
at the User Network Interface (UNI), etc. Currently an ATM experiment is being carried out
by five Belgian telecommunication manufacturers: Bell telephone, Atea, Siemens, Acec and
Philips. This project will lastlfor five years and the goal is to set up a complete experiment,

including terminals and transmission equipment, to show the viability of ATM [DEPRY].

2.4.1 Concept Implementation

Concept changes have been made all throughout ISDN, BISDN and ATM. The basic idea
behind the concept changes is the fact that functions must not be repeated in the network
several times if the reqmred service can still be gua.ra.nteeh, if these functions are only once

implemented at the boundary of the network [DEPRI’ ]
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In the initial packet switched networks the quality of transmission media was not too
good, so in order to guarantee an acceptable end-to-end quality, error control was performed
on every link. This error control is supported by a High-level Data Link Control (HDLC)

. protocol (Link Access Protocol (LAP) B and D) which includes core functions such as frame

delimiting, bit transparency, CRC, error recovery (retransmission) and other functions.

With the advent of ISDN for narrowband services, the quality of the transmission and
switching systems is increased, thus reducing the errors within the network. In such a high-
quality network it is proposed to implement only the core functions of the HDLC protocol
(frame delimiting, bit transparency and error checking) on a link-by-link basis. and other
functions such as error recovery on an end-to-end basis: hence the birth of frame relaving
concept. Figure 2.6 shows that in frame relaying layer 2 of the OSI model is divided in two

sublavers: one supporting only the core functions of layar 2, and the other supporting the

additional or optional functions.

7 7
6 u : U 6
pper pper |,
5| Layers Layers |°
q 4
3} Packet |« »  Packet |3
2 Optiohal |« , > Optional .
" Core  |e—»| Core |4—»{ Core |a—»] Core -
" 1| physical {4—»] Physical }e—] Physical Physical |1
: '
. a [ ]
End System ' Frame-Relay Netwark : End System

Figure 2.6: Frame-Relay Network with reference to the OSI model.

_ For Broadband ISDN this idea is further extended. In this case, packets or cells are still
u:,ed but the core functions of layer 2 have also been removed to the edges of the network.

This concept is called ATM. | N
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As can be observed, the functions performed in the network are reduced from full error
control in X.23 to a strict minimum in ATM {cell switching). .This is also reflected in the
complexity of the nodes inside the network: X.25 nodes have large complexity, frame relaying
nodes have a smaller complexity, and therefore allows higher speeds; whereas ATM nodes

have minimal complexity and thus allow very high speeds (e.g. 600 Mbits).

2.5 Flow Control Protocols
2.5.1 IEEE 802.2 Logical Link Control
General Overview

The IEEE 802.2 Logical Link Control (LLC) standard [ANSIS5A] describes the functions of
the upper part of the the Data Link Layer (DLL), and is common to the various medium
access methods that are defined and supported by the IEEE 802 activities (see Fig. 2.7). It
provides peer-to-peer protocol procedures that are’defined for the transfer of information and
control between any pair of logical service access points (L-SAPs) on a network (one LLC

entity can support one or several L-SAPs).

To satisfy a broad range of potential applications, three types of data link control opera-
tion§ are presently defined. The first one, called type 1, provides a data link connectionless
service across a data link with a minimum i)rotoc‘:ol complexity. This type of operation is
useful when higher layers provide any essential recovery and sequencing services. In addition,

it can prove useful when it is not essential toj;uarantee the delivery of every data unit. The

second type of operation, called type 2, provides a data link connection-oriented, where setting

up, maintaining and disconnecting operations of a link are performed. For this type, sequence
numbered informaﬁon frames and supervisory frames are used to provide acknowledgement,
retransmission and flow control actions. A window mechanism is also defined to detect and
recover lost data units without any 'higher layer intervention. Hence it is suitable for sup-

porting higher layer protocols that assume error free service except for rare signalled failures.
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Figure 2.7: IEEE 802 family of standards.

Such protocols are simpler and more efficient than those that must perform all error recovery
services. A third type of operation, called type 3, has been recently proposed [I1SO]. This
type of operation is also called “Acknowledgement Connectionless Service”™, since it provides
acknowledgement with minimum protocol complexity, therfore it requires the minimum imple-
mentation. In cases where highgr layer protocols {usually transport) provide end-to-cnd ervor
controls and flow control, this minimum service is all that isneeded. A major application for
this service will be in process control to obtain information from sensor equipment containing
very little processing capacity. In the next sections, the LLC PDU frame format is presented

and a -detailed description of the LLC type 2 operation is given.

LLC PDU Frame Format and Functions

Figures 2.8 and 2.9 show respectively the frame format and control field of the LLC PDU.
Three control fields are defined to identify three types of frames (Fig. 2.9): I-frames supporting
numbered information transfer; S-frames supporting iumbered supervisory transler; and U-
frames supporting unnumbered information transfer. The I- and S-frames are only used by the

LLC type 2 operation while the U-frames can be used by all threc LLC types of operations.
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The I-frame control field, in order to identify numbered information transfer, contains a send
sequence number N{S). Both I- and S-frames also contain a receive sequei}ce number N(R}
which is interpreted by the receiving LLC as being the number of the next "ilaxpected I-frame
to be reccived by the remote LLC. The S-frame shall be used to perform dataw“,‘\link supervisory
and control functions. In fact, there are three types of S-frames distingui%hed by the S5
bits: RR-frame (receive ready), RNR-frame (receive not ready), and REJ -fra\iine {reject). In
each case, N(R) acknowledges all I-frames up tc and including N(R)-1. T}\ie RNR-frame
also provides the flow control for a temporary suspension of I-frame transmissions while the
REJ-frame contains a N{R} which rejects all I-frames from N(R). The U-frame is used for
initialization and termination of a data link connection (for LLC type 2), and foritransferring

| .
unnumbered information and diverse control messages (for type 1 and 3). Its con\trol field is

shorter than the other ones since it does not contain any sequence number,

1 1 lor2 M OCTETS

DSAP SSAP CONTROL INFORMATION \

\

Figure 2.3: Logical Link Control Protocol Data Unit (LLC PDU) frame format,

In each control field, there is also the P/F (poH/ﬁna.l) bit. The poll (P) Bit shall b|é used
" to solicit (poil) a response from a remote LLC. Then the final (F) bit shall be used to indicate
the response frame sent as a result of the soliciting (pbll) command. This polling/response
function of the P/F bit can be used for checking if the data link is operating properly\ for
forcing an early acknowledgement of an I-frame or an early REJ-frame, or for preparing to

take a link down.

LLC Type 2

LLC type 2 provides connection-oriented data transfer for two LLC entities. Compared to

LLC type 1, a logical link must be established between SAPs before exchanging I-frames.
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Figure 2.9: LLC PDU control field.

By using N(S) and N(R) in I- and S-frames, the type 2 protocol can provide an in-sequence
information transfer without loss or duplication of data. As previously mentioned, S-frames
are used for acknowledgement, retransmission and flow control purposes. Besides, the “Go
back »” protocol [BERT] is used as a retransmission and flow control strategy. The idea of the
“Go back n” protocol is that the sending station can send up to a number of n I-frames without
having to wait for the acknowledgement of the first sent I-frame. The expression “\\'iudow of
size n” is used to represent the physical environment containing the unacknowledged frames.
When the first frame in the window is acknowledged, the window is slided by one, and another
[rame can be sent. By using the sequence number N(S) with a modulus M, a window of at
most J{ minus 1 frames can be employed for preventing any ambiguity in the association of
sent I-frames with sequence numbers during normal operaﬁion and/for error recovery iction,

The case where n = 1 is called the Stop-and-Wait proﬁocol [BERT].

Figure 2.10 presénts an example of “Go back n” protocol where n = 4. An example of
the use of REJ-frame is also depicted. The REJ-frame forces the retransmission of I-frames

having a send sequence number equal and greater to N(R) (N(R) = 2 for the example). The

send state variable V(S) denotes the sequence number of the next in-sequence I-frame to be



sent, and the receive state variable V(R) denotes the sequence number of the next in-sequence
[-frame to be received. These variables shall take on 2z value between 0 and M minus 1. V(S)
is incremented by one with each successive I-frame transmission, but shall not exceed N(R) of
the last received I- or S-frame by more than the window size n minus one. However. V(S5) may
be set to the value contained in N(R) if a REJ-frame is received (see example in Fig. 2.10).
V(R) is incremented by one whenever an error-free in sequence I-frame is received whose send

sequence number N(5) equals V(R).

Furthermore, the LLC type 2 uses four timers:

e acknowledge timer: used to define the time interval during which the LLC shall wait for

‘an acknowledgement of an I-frame.

o P-bit timer: used to define the time interval during which the LLC shall wait for a reply

to a previous poll command.

e REJ-timer: used to define the time interval during which the LLC shall expect to receive

a reply to the sent REJ-frame.

o busy-state timer: used to define the time interval during which the LLC shall wait for
an indication of the clearance of a busy condition at the remote LLC (used when the

LLC has received a RNR-frame).

2.5.2 Applebus Transaction Protocol

At the transport Juyer, AppleTalk proposes the Applebus Transaction Protocols. This protocol
provides similar services to those of the IEEE 802.2 LLC protocol, e.g. error recovery and

flow control. Figure 2.11 shows an example of an ATP transaction.

The requester issues a request for the transfer of data from a remote file. At the requester
end. the ATP protocol procedures build the request packet (TREQ) and set the least sig-

nificant six bits in the bitmap (for six packets to be received). Upon receiving this request.
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the responder examines the bitmap and thus determines the range of the host’s request to be
serviced. Once the proper information retrieved from the disk, it is passed to the ATP layer
in the device node which sends it to the host, a block per packet. ATP identifies cach packet

by using a sequential numbering scheme.

The example in the figure assumes that the third response packet is lost in the network.
Thus the retry timeout expires in the requesting end, which then retransmits the original
request (transparently to the ATP requesting client) but with a bitmap refiecting only the
missing third response packet. The ATP protocol allows the transfer of up to 12 packets per

response.
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Chapter 3

System Description and
Configurations

In this chapter, a detailed description of the communications systems that have been used
as well as the different configurations that were considered in the work of this thesis are
presented. The main characteristics of the frame relay protocol are discussed in section five,
Section six presents the queueing models of the communications and computer systems that
have been considered in this thesis. These models have been built by hsiﬁg QNAP?2 which has
been summarized in appendix A. It successively presents the models of the LANs, the one of
the bridge interconnecting LANs and public communications link (Datapath or T1), and the

ones of the workstation and the database server which are connected to the LANs.

3.1 Office Communications

The large growth in the use of office information systems (OIS) over the last years has in
turn significantly increased the dexiand for electronic communicé.t%ohs in offices. Many office
system;s today, whether creaféfronﬁ a set of personal computers or workstations, are being
interconnected to constitute office automation systems (OAS). Via data communications net-
works, each personal computer and workstation has access to many specialized information
handling services such as rerhote database systems, ‘printers, mailing systems, et;:. In the .au-

tomated office environment, all workers have easy access to powerful workstations or personal

M
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computers.

The evaluation of the current communications services requires an estimation of the vol-
umes of information handled within a typical office system. The activities that are generated
in an office are of interest in determining the quantities of information that are handled
(transmitted to and processed) daily by individuals, and in determining the time over which
the communication activities take place. Several studies have been done towards this end
[ENGEL.MCCASMIT]. A more detailed description on the amount of information that is

handled by an office worker is presented in chapter 4.

3.2 File Transfer Applications

In an office environment, any user may chocse to login at a remote site and may ask the system
to transfer files from one LAN to the other. This generation of file transfers between LANs
has a considerable effect on the throughput of data exchanged between them. Thercfore,
performance evaluation of office automation on any Local Area Networks technologics must

take into consideration file transfer activities.

In a typical application, consider the case where a hospital LAN is interconnected to
another hospital LAN. The LAN could be any of the ones discussed earlier (Ethernet, Token
Ring or AppleTalk). Consider also that the hospital database system, where all pal.il-uts'
files are stored or archived, is at one specific LAN. Therefore one expects ‘a‘-df';iail_v transler
of digitized X-RAY images as well as text and voice annotations to the archiving center at
the remote site. Since file transfers can be Iengtn} processes, p;u‘Licx‘lIarlyl if performed in
background mode, this activity can takg:: pl:;cr at night when the LANs are expected to be

less busy and a great number of files neesﬁ'/t'; be transferred to the remote LAN.

T —

In another applicaticn, consider a company that distributes a weekly or daily newsletter
or report to its.employees. within the organization, who are located at different sites and are

interconnected by high speed links such as T1. Typical newsletier size varies from threc to
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ten pages which could include graphics and text.

One of the objectives in this thesis is to study the effect of file transfer activitics on
different Local Area Networks. In doing so, this study considers file transfers between two
Ethernets {(CSMA/CD), two Token Rings and two AppleTalks LANs. The interconnection
medium between each type of these LANs is'the T1 link that has been described in chapter 2
and which has 2 maximum transmission bandwidth of 1.544 Mbps. The results of this study

are presented in chapter 3.

3.3 System Description

Figure 3.1 shows the architecture of the office system to be evaluated. A 56 kbps link and
T1 are considered for connecting two remote LANs. Each LAN consists of a number of
workstations which generate flow of information through the interwork system. Therefore
information flows between local as well as remote workstations (workstations situated on
different LANs). It is assumed that workstations exchange various kinds of files, such as

publications, documents, messages, financial forms [MCCA] which are described in chapter 4.

PUBLIC COMMUNICATIONS LINK
(56 KRITSSEC LINK OX T1}

1 O 3 , 1 1 C1 [3

Figure 3.1: Public communications-link interconnecting LANs supporting office worker activ-
ities, ' '



We are particularly interested in evaluating the number of workstations that the system
can support, the required delay for transferring files between LANs as well as the utilization

of the link used for interconnecting LANs.

The internetwork considered in the present case involves two remote LANSs interconneeted
by a link (56 kbps link or T1). The connection between the LANs and the public link
is provided by a bridge able to process an important number of packets per second. i
the present case, the bridge will have to connect various types of LANs with the public
link. Currently there are many bridges available on the market. The choice has been made
on the Vitalink bridge {THIE] which is one of the fastest bridges available, and which is
capable of interconnecting various LANs and public links. The Vitalink bridge is able to
process up to 3000 packets/sec. Figure 3.2 shows the sinml)lif{t;d structure of the Vitalink
bridge. For instance, the bridge can be used to receive and transmit frames [rom/into the
LAN/T1 and T1/LAN. Their main function is'to direct data to their destinations. Frames are
forwarded when their destination address islrecognized as corresponding to a station situated
on the remote LAN accessible through the public link. Further since T1 service provides raw

bandwidth, no segmentation or reassembly of packets was necessary {or transmission purposc.

_l.\Brid cport {af—p» Bridge af—{| DBridgcpon I_ ‘
- (!OEA&) Processing (o T1)

Figure 3.2: Abstract bridge implementation.

Connected to each LAN, PC-based and highly powerful workstations such as the COMPAQ

DESKPRO 386/20 line of computer are considered in this study. This kind of cdmpuLcrs is
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currently emploved in applications, such as medical applications requiring powerful processors
and memory unit sizes of several Mbytes [GEORS9]. Figure 3.3 shows the model of the PC
based workstation. A common bus is used for connecting the CPU, the memory, the disk

controller, the network interface unit and the image and graphics processor.

MONTTOR S Y
PI T s
| —
| [,
L]
IMAGE AND ‘ DISK X
CPU GRAPHICS ’ )
ONTROLLER
PROCESSOR . ¢ '
-1 ___ '°-=== aTTETT '
- X == NETWORK
INTERFACE
MEMORY UNIT
;
NETWORK

Figure 3.3: The PC-based workstation.

The workstations are equipped with a Network .Interface Unit (NIU) that ensures com-
patibility between the workstation and the LAN. The NIU does not have a local processor
therefore all the processing is done at the workstation main CPU. The transmission of frames
between end-stations (workstation and remote file server) has the following properties, as
implied by frame 'reIa.ying characterisj;j\cs:

\‘\\\

¢ Frames must not be discard>d (i.e. minimal frame loss).

o lrames cannot be duplicated.

- . W
s Frames cannot be misordered;
T

—
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In vhis study, connection oriented protocols will be assumed for data transfer. ln the case
of C5MA/CD or token rings LANSs, the LLC protocol is used for performing end to end frame
recovery and flow control. In the case of AppleTalk, the AppleTalk Transaction Protocel

(ATP) is used at the layer 4 of the OSI Reference Model in order to perform similar tasks.

3.4 System Configurations

The LAN configurations that have been adopted for this study are shown in the following

figures.

BRIDGE Z BRIDGE

Ethernel

. DISK
Ij[ BACKGROUND BACKGROUND D

[E— LOAD NODE LOAD NODE

A : AR

WORKSTATION D:;Z:{!S‘L

Figure 3.4: T1 interconnecting Ethernet based LANs

Figure 5.1 shows two Ethernet Local Area Networks interconnected by T1 link and Fig. 3.2
shows two token rings LANSs interconnected by T1. The AppleTalk configuration is the same

-

as the Ethernet with the Apple Bus used instead of CSMA/CD. B

In all three configurations, file transfer and office exchange activities are done hetween the
two LANS.':::ID the case of file transfer, a workstation may request a file from a remote tile |
server and vice versa. The file transfer is done on both LANs with equal request from one
LAN or the other. Consequently the system‘is homogencous and the number of file requests

from LAN A to LAN B is equal to the number of requests from LAN B to LAN A: This is
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Figure 3.5: T1 interconnecting token rings

assumed throughout the study.

Now once a request is made to the remote file server, the server processes this request by
reading the file block by block from the disk and by sending the file, also block by block at
a time to the requesting workstations. The number of blocks depends on the file size. The
size of the block is assumed to be 64 kbytes. This is due to the fact that many file servers
are equippéd with a buffer of size 64 or 128 kbytes. The role of this buffer is to hold data
temporarily, while the disk is still reading other data, before transmitting them to the internal
memory of the file server. In taking into account the multimedia document, a file of size 1.2

Mbytes (the size of an N-RAY image) have.been considered.

The background loads shown in the configurations are used to generate data and requests
to their local and remote LAN. These background loads are used to simulate the LAN behavior
under different tratfic, mainly low and heavy traffic. They represent the overall load Lhat a
number of workstations generates while perfornﬁng data exchange locally between them. or

between the remote stations i.e. represent intra and inter LANs traffic.
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3.5 Frame Relay Protocol

Frame relay is a packet-switching technique that takes advantage of the characteristics of
the ISDN environment as well as the capacity of the frame structure emploved by Ll;(' ISDX
D-channel Link Access Protocol (LAPD) to support multiplexing within layver 2 [CHERUJ.
Frame relay is one of several so-called "additional packet-mode bearer services™ defined in
CCITT recommendation 1.122. Standards for frame relay are being developed by the CCITT,

ANSI and ECMA.

Frame relay is based on partitioning of the link layer into a frame-level sub-laver. consisting
of the so-called core functions such as frame delimiting and error detection that are assoctated
with the LAPD frame structure and an upper, procedural sub-layer consisting of the data link

control {DLC) elements of the procedure including such functions as error recovery and tlow

control.

As defined by CCITT, "frame relaying 17 service allows users to select the DLC procedures.
while "frame relaying 2" service specifies that the DLC pxjdcedures be those of the LAPD with
appx_'c)pria.te extensions. In providing a frame relay service, the network terminates only the
frame-level sub-layer, so that only the core functions are performed in frame-relay network

nodes.

3.5.1 Data Transfer in Frame Relay

The LAPD is defined as a link access protocol to be used at laver 2 on D chanuels, D-
channels are physical channels whose primary function is to transport connection-coutrol
messages accross ISDN user-interfaces. LAPD is a version of asynchronous-balanced mode
HDLC. Its definition includes elements of procedure, an HDLC frame format, a mechanism
for dynamic assignment of layer 2 addresses, a.ﬁd the capability for severallif;depcndczlt logical
links to be multiplexed within a single physical element using layer 2 addresses. Frame relay

takes advantage of the capability of LAPD for multiplexing at the core functions sul-layer.
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Figure 3.6 shows a pictorial representation of frame relay protocol layers and their funciional

definitions {BHUSH].

[ ]
[ |
s 7
:’ Upper ' Upper .
- Layers : A Layers -
3 . 3
Procedural . Procedural
” Sub-layer ' Sub-layer ,
- S L] ol L R X W W N
Frame or Corg | Flame or Core
Sub-layer : fFuCnggfns l < {Fucn%%ns l Sub-layer
2
vi.u vl O vyl
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[ ] H
B J
End User 5 Frame-Relay Network E End User

Figure 3.6: Implementation of frame relay service.

The Frame Sub-layer

The [unctions associated with the frame sub-layer, referred to as core functions in CCITT

Recommendation 1.122 are: -

Frame delimiting, alignmert, and transparency

Frame multiplexing/demultiplexing using the address field

Inspection of the frame to ensure that it consists of an integer number of o_ctets.

luspection of the frame to ensure that it is not too long or too skort

T e
-

Detection of transmission errors

»

All user data streams. which are also called DLCs, are assigned e;.n identifier (named DLCI)

at the call establishment time. Subsequent to call establishment, data frames carry this DLCI
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in all data streams. This DLCI address information is unique and defines a logical channel
within the underlying physical channel. All frames carried in a given physical channel that
contain a particular DLCI value, say DLCI = n, will be said to flow in logical channel =
within the given physical channel. A logical charnel within a D-channel is identified by a
(SAPLTEI) pair. The 6-bit Service Access Point Identifier (SAPI) and the 7-bit Terminai
Endpoint Identifier (TEI) constitute the DLCI field on the D-channels. The SAPI value is
used to indicate the nature of the logical channel {e.g. SAPI = 0 for signaling, SAPl = | for
frame relay, SAPI = 16 for X.25), and the TEI value indicates the particular logical entity on
the user side of the interface that terminates the logical channel [CHERU]. At the uctwork

nodes, additional functions may be needed for throughput monitoring and enforcenmen,

The Procedural Sub-layer

The procedural sub-layer consists of the DLC elements of procedure, which may include:

e Mode selection

o Maintaining sequence counts
s Acknowledgements

o Error recovery

s Flow control

Since the frame-relay network is transparent to the procedural sub-layer, users may select
protocols for this sub-layer that are most appropriate for the traffic to be carried by any
particular connection. For example, as extensions to the logical link coh—% (LLC), the user
may include a dynamic window algorithm. Addtional requirements may be placed on terminals

depending on the congestion control and throughput enforcement used.
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The frame-relaying process essentially consists of the routing of {rames based on their
DLCI values. The entity that perforins frame relaying is referred to as frame handler. The

routing of the frames is controlled by entries in a connection table which resides within the

frame handler.

3.6 System Models

The overall system is modeled by a closed queueing network as shown In Fig. 5.3. Every
workstation can exchange information with any other workstaiion(s) situated either on the
same LAN or on the remote LAN via the public communications link. As public communi-
cations facilities, the 56 kbps link or 2 T1 (1.544 Mbps) link have been considered in each
direction of data flow. The solid lines show the direction of the traffic that is generated from
LANI to LAN2 and the dotted lines represent the.incoming traffic that is generated from the
opposite direction. In the next subsections, the simulation models of CSMA/CD, token ring.

AppleTalk, as well as the one of the bridges and the workstations are presented.
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Figuré 3.7: The system model.

The model of Ethernet, AppleTalk and token rings are successively described. In the case
of Ethernet and AppleTalk, the model is limited to an algorithm simuléxting the protocol for

X accessing the medium. In all cases, the queueing model is collectively incorporated in the

models of the stations which are connected on the LAN (as discussed in section 3.6.3).



3.6.1 Ethernet

Figure 3.8 shows the algorithm for simulating the medium access protocol defined for Ethernet.
In QNAP, this is a macro which is called in the part of the program simulating the stations

connected to the LAN (see section 3.6.5).

3.6.2 AppleTalk

Similarly as for Ethernet, the AppleTalk medium access protocol is simulated by a macro.

The algorithm of this macro is presented in Fig. 3.9.

3.6.3 Token ring

S

Figure 3.10 shows the simulation model of the token ring operation. The exchange of tiw
token within the ring is represented by a flag. Only one token may be circulating through
each token ring network at any time, éince the token ring has a short rotation time compared
to the transmission time of the packets sent on it. A monitor is responsible for passing
successively the token from one station to the other [BUXS!]. In the case of the priority
ﬁmde, the monitor, before passing the token to the next station, verifies if the bridge \I\:Tfi‘:
has a packet queued for tra.nsnﬁssig}‘- If so, the monitor passes it the token. After the bri(lgl-

MAC has emptied its queue, the monitor returns the token to the next station downstream

from the one which last transmitted before the bridge MAC.

o

3.6.4 ~The model of the bridge

=
As it has been discussed in section 3.3, the bridge architecture comprises a bridge processor
and two ports. One port is used for sending packets on the LAN, while the other one is used
for sending packets on the public communications link (see Fig. 3.2). These three components

have been represented in the queueing model of the bridge (see Fig. 3.11).
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Figure 3.10: The model to simulate the token ring.
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Figure 3.11: The model to simulate the bridge.

3.6.5 Models of the stations connected to the LANs

In this thesis two types of stations, which are used for supporting various types of applications,
have been considered. Thus, in order to serve the end users, the study considers the use

of PC-based workstations. In some applications.=e also looked at the use of multimedia

e

database servers for storing information which can then be retrieved by any users at a remote

workstation.

Figure 3.12 presents the queueing model of the workstation. It=omprises servers simu-
lating the medium access control (MAC), the logical link protocol (LLC) or the AppicTalk
transaction protocol (ATP), the‘centra.l processing unit (CP_:U)._ the disk and the terminal be-
havior. The server representing the “terminal” behavior does not contain a waiting room sinee
it is used for representing the user thinking time. Indeed, this is only a “pure delay™. 'O:n the
other hand, one customer generated from the CPU to the disk can canse the generation of an
important number of customers at the disk. These customers will represent l)&Cl\;(ﬂ.S generated

from the segmentation of a file which is read from the disk and intended to be transferred to
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the remote station which has requested the file. Finally. as it has been mentioned in section
3.6, the MAC server is concerned about the medium access protocol of the LAN which is used.
In fact, among the MAC server procedures, there is one which is calling 2 macro which served

{or simulating the LAN access protocol.

Request y DISK
MAC LLC CPU O-_.
Response et Y- - O_
N/ o’ | ] TERMINAL

Figure 3.12: The model to simulate the PC-based workstation.

The queueing model of the database server is quite similar as the one of the workstation
(see Fig. 3.13). However, in this case, there is no server representing the user thinking time

and the actual server activity process is shown in more details.
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Chapter 4

Off ze Communications Performance

- Analysis and Results

NS

This chapter analyzes the performance of office communications systems consisting of work-

stations and servers on LAN;, which are interconnected by either 56 kbps or T1 links. The

primiary intention of this study is to provide useful planning estimates of communications

demand for providers of intersite communications services.

In studying the performance of an office environment, one requires an estimation of the
volumes ¢f information that are handled and exchanged within a typical office system. The

~activities that are geticrated in an office are of interest in determining the quantities of in-

Pamy

formetion that are transmitted to and processed daily by individuals, and in determining.

“the fi.(ng over which the communication activities take place. The next section presents the

RSy

~amount of information that is handled by an office worker.

-~ . -
-~ -
~ .

4.1 Information Volumes per Office Worker

The amount of information handled by an individual in an office depends on many factors,

sach as the size of the office, the categories of workers, etc. The time usage for different cate-

gories of workers in offices has been studied by several investigators [ENGEL,MCCA,SMIT]. .

Obviously, the studies have not produced identical results, because offices vary significantly.
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Table 4.1 shows the time usage breakdown of different categories of office workers. More

detailed breakdowns of time usage are given in the original studies.

Categories of Percentage of time by activity
office workers man | prof | tech | secr | clerk | all
Interpersonal communications | 34.2 | 26.7 } 20.8 | 17.5 | 13.5 | 243
Document creation ' 130 | 186 | 7.2 7.3 16.2 | 134
Information analysis 284 | 282 {1 349 | 238 | 273 | 216
Using equipment 23 | 109 | 186 ! 36.2 | 193 | LL%
Less productive time 1204 | 112 | 186 | 124 § 195 ¢ 170
‘Other 118 | 44 ] 00 | 29 | 43 | 3
__Tot.a_l 100.0 { 100.0 } 100.0 | 100.0 | 100.0 | 100.0

Table 4.1: Distribution of average time use by managers, professionals. technicians. secretaries,
clerks, and for all office workers (McCallum and Yap 1989).

The time distribution in the table shows that communication tasks are dominant at higher
levels of the hierarchy. Furthermore, it has been shown that voice communications use most
of the bandwidth today. Voice usage dominates the requirements and is increasing at a slow
rate [UHLIG]. However. the results of these studies do not show when the commuuication

activities are performed.

Normally, communication traffic rates are based on peak hour rates. It is well known that
low traffic periods occur during the early working hours, the lunch period and just before
quitting time. A good approximation to this activity is to say that the activity is untformly
distributed over a 5 hour period. This is represented in Fig 4.1.

—

The form of unstructured information that passes tﬁé\ugh the office has also been studied
by several investigators [MCCA,SMIT,UHLIG]. Table 4.2 gives the average paperwork that
passes through a tvpical office desk. Table 43%5\:’&5 quantities of information which are
associated with different types of :document.s. In this table, publications include newspapers.
books, magazines and catalogues. Documents include general types of documents. including

computer forms. Messages include letters, telex and facsimile messages. Financial forms
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F igure 4.1: Office day.

include bills, receipts; invoices and similar financial documents.

Table 4.2: Mean number of documents across

Yap 19389).

Type of document | Number per day Average pages

o pages | items | per document
publications 151 3 30.2
documents 105 17 6.2
messages 52 223 > 23
financial forms 31 235 14
Total 339 66.8" 3.1

i

-

a)_;ij.ofﬁce worker’s desk per day (McCallum and

Item Information in documents
quantity in bits L

preprinted form 200 chars 1600

tvped page 2479 chars 19832

small B &W photo 48 cm?® 480000

large colour photo 139 om? 5360000

diagram {plot) 1100 points 3000

Table 4.3: Typical quantities of information per document types (McCallum and Yap 1989).

An estimate of the daily information flow across an average desk can be obtained from




tables 4.2 and 4.3. Financial forms were assumed to consist of standard forms. Messages
and documents were assumed to consist of standard typed pages and an average publication
page is assumed to consist of standard text (2479 characters or equivalents) plus a 6.3 an®
black and white image. and a 0.4 cm® colour image per page. Normally. photographs contain
a significant amount of information. A typical black and white photograph has a resolution
that corresponds to about 10000 dts/em®. A colour photograph. printed in four coiours where
- each colour of the pixel can have about 256 values, has a resolution of about 40 000 bits/crn®

[MCCA]. The resulting information quantities are listed in table 4.4.

Information quantities N
Item pages/day | Info/page | documents/day | Info/doc

in bits in bits
Publication 151 938123 5 2=t
Document 105 19832 17 20
Message . 52 19832 22.3 218
Financial form 3 1600 225 21
Total 339 66.3
Average . 53038 218

Table 4.4: The quantity of information in different forms through an office worker (values are
calculated from the two previous tables).

From table 4.4, it is also obtained that an average of 66.8 documents/worker_day x 2!®

bits/document =~ 18 Mbits/worker_day pass through an office worker’s desk.

4.2 Performance Study |

Figure 3.1 showed the architecture of the system to be evalzuated. A 56 kbps link and T1 are
considered for connecting two remote LANs. Each LAN consists of a number of workstations
_ which generate flow of information throﬁgh the interwork system. Therefore information flows
) between local as well as remote workstations. It is assumed that workstations exchange various
kinds of files, such as publica.tibns, documents, messa.ges,.ﬁu;mcial forms [MCCA] which have
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been presented in the previous section.

One of the  bjectives of this thesis is 1o determine the maximum number of workstations
that the system can support, the required delay for transferring files between LANs as well as

the utilization of the link used for interconnecting LANs.

4.2.1 Modeling and Simulation Assumptions

The system is modeled by a closed queueing network as was shown in Fig. 5.3. Every work-
station can exchange information with any other workstation(s) situated either on the same
LAN or on the remote LAN via the public communications link. As public communications
facilities, the 56 kbps link or a T1 (1.544 Mbps) link were considered in each direction of data

flow.

~In carrying out this study, the following assumptions are made:

1. Four different types of information are considered to be exchanged between workstations.

These types are (cf. tables 4.2 and 4.4):

publications.

documents.

® messages.

financial forms.

o)

-

2. Each workstation is sending or receiving 18 Mbits of information per working day (5
hours). This scenario corresponds to a fully electronic office of the future having traffic
data as in table 4.4. Evidently the office of today will evolve to the above over several

ycars.
. <
B - . S - . - .
3. For cach file transferred from one workstation to another workstation a logical link is

established.

(41
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4. The three different LANs under study are:

e CSMA/CD: 10 Mbps.
e Token Ring: 4 Mbps.
e AppleTalk: 230.4 kbps.
5. The maximum number of stations which can access a LAN is:
s 1024 for CSMA/CD [SCHW].
s 260 for token ring [IBMS6].
s 32 for AppleTalk [APPLE].
6. The bridge interconnecting the LANs and the public link is assumed to require a time

of 120 us to process the overhead of each frame. An additional time of 0.16 ps/byte is

also assumed for manipulating a packet in the bridge.

=1

When the token rings are used, two priority modes are considered:

e Non bridge priority mode: every station on the ring has the same access priority

and is allowed to send only one packet per token possession.

e Bridge priority mode: higher access priority service is allocated to the bridge in
the ring. The others stations on the ring have the same characteristics as in the

previous mode.
S. Execution of the LLC protocol at the end stations is assumed to require the following

processing times:

¢ a) transnit [-frame (first-time): 250 us
» b} receive in-sequence I-frame and transmit RR-frame: 300 ps

e c) receive RR-frame and delete I-frame(s): 100 ';ts;

9. A very small probability of frame loss. Frames are rarely corrupted by transmission

€rrors.
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10. Although bridges may have to discard frames for various reasons, this should be mini-

mized and adequate memory space should be available.

11. Only one packet size of 1 kbytes is considered, since workstations are running under
XENIX which allocates memory partitions per segment of 1 kbytes (in the case of

AppleTalk, 2 maximum packet size of 512 bytes is defined}.

12. A 56 kbps link and T1 (1.544 Mbps) are considered as public communications links for

interconnecting LANSs.

13. Two different ratios between remote and local traffic in the interwork system are con-

stdered (remote/local):

. 20/30

» 50/50
4.2.2 Results and Analysis
Analysis versus Simulation

An analytical solution that takes into account workstations, servers, LANs, bridges. priorities
and protocol layers such as application, frame relay and medium access control is practically
uot possible. This is due to the great dimension of the problem involved and the many
paﬁmeters that must be taking into considerations, at the same time. during the analysis.
Therefore simulation is needed. Results of this study has been obtained using QNAP2 Discrete
Event Simulator. The spectral method has been chosen to estimate a confidence interval of '
95%. Accuracy on these results is obtained within +5%. b"l\..,

Simulation results are shown in Fig. 4.2 10 4.17. We successively present the results for the
configuration where a 36 ‘kbps link is interconnecting Ethernets, token fings or Appletalks.
" Then we compare the obtained results with the ones obtained for configurations where T1 is

used instead of the 56 kbps link.
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56 kbps Link Interconnecting Ethernet LANSs

In this subsection, we present the results obtained {orm the simulation of two Ethernet LANs

interconnected by 56 kbps link.

First, we consider the case where the ratio between the remote and local traffic s 20/30

{see Fig. 4.2 to 4.3). The same is repeated for a ratio of 50/50 (Fig. 4.4 and 1.3).

Results show that more the traffic generated by each workstation is inter-LAN. less is the
number of workstations which can be supported by the interwork svstem. For a ratio of 20/380
between the traffic sent to remote workstations and the one sent to local workstations. the
maximum number of workstations is around 375. For a ratio of 50/50, this value is reduced
to 175. These results are due to the fact that, for a specific number of workstations. the more

the inter-LAN traffic is high, the more the 56 kbps link becomes saturated.

Figure 4.2 and 4.4 show the delay required for transferring oune page of various types of
information between workstations situated on remote LANs. Higher transfer delay is then
obtained“’t:oxj a remote/local traffic ratio of 50/50. Indecd. most of the delay is due to the fact
that the puf:ﬁic link is only running at 56 kbps. The 56 kbps link and Ethernet utilization is
shown in Fig. 4.3 and 4.5. While the Ethernet utilization has never been more than 2%, the
utilization of the 56 kbps link increases rapidly. As it should be expected, the utilization o?

the 56 kbps link increases more rapidly when the remote/local traffic ratio is 50/50.

Under heavy load, it can be observed that the mean delay for transferring one p:@,‘c of a
financial form increases sharply compared to the other types of information. This is mainly due
to the fact.‘ that a financial form‘ is usually sent over one data packet (< 1 kbytes) compared
to the other types of information which can be sent over 10 to 300 data packet having a
length of 1 kbytes. Then, since the use of window flow control protocols is considered at the
workstations (with window sizes larger than one}; the transfer of a larger file appears more

efficient under heavy load compared to the case where one packet file has to be transmitted.



From Fig. 4.3 and 4.3, it can be also observed that the utilization of the 56 kbps link is.
guite proportional with the number of workstations connected to the LAN. In fact. when the
56 kbps link utilization reaches 80%. congestion problems appear so important in the bridge

that the svstem cannot accept more workstations in the svstem.

56 kbps Link Interconnecting Token Rings

[a this subsection, we present the results obtained from the simulation of two token rings
interconnected by the 56 kbps link. As previously mentioned. we consider two priority modes:

1) non bridge priority; and 2) bridge priority in the token rings.
We first look the case where there 1s no bridge priority in the rings (see Fig. 4.6 to Fig. .L.9).

Figures 4.6 and 4.7 present the situation where the ratio between the remote and local
traffic is 20/80. Under such scenario, it appears that the system capacity is mainly limited by
the fact that each token ring cannot connect more than 260 stations [IBMS86]. Thus, where
there are 260 stations on each token ring, the uti‘lization.of the 36 kbps link is approximately
50%. The corresponding delay per page of document appears to be between 1 and 4 seconds,

depending of the kind of information which has to be transferred.

As expected, higher delays are measured when the ratio between the remote and local
traffic is 50 /.50 (see Fig. 4.8}. Similarly as we have observed in the case of Ethernet. the delay
for transferring one page of financial form increases sharply under heavy load. However, the
overall delays are higher than the case of Ethernet. This is due to the fact that under low

traffic conditions in the LANSs, Ethernet performs better than token ring [BUXS1].

On the other hand, the interwork system can now support up to 185 workstations per LAN
when the ratio remote/local traffic is 50)50. After that point, cbngestion problems related
to the speed of the 56 kbps link occurs. Thus,the maximum utilization of the 56 kbps link

appears to be around 33%.

i



Now. we examine the case where higher access priority is allocated to the bridge in cach

token ring {see Fig. 4.10 to 4.13).

The results obtained for the bridge priority configuration are guite the same as the ones
for the non bridge priority configuration. Then, there is no advauntage for providing higher
ring access priority for the bridge in the present applications. This is mainly due to the fact

that the utilization of the token rings is maintained low.

56 kbps Link Interconnecting AppleTalk LANs

Here. we consider the scenario where the 56 kbps link is interconnecting AppleTalk LANs. As
previously mentioned, AppleTalk is running at 230.4 kbps. and cannot interconneet more than
32 stations. Thus, from the previous results we should expect that the delay for transferring
page of information types will remain low as well as the utilization of the 56 kbps link. This

is represented in Fig. 4.14 to 4.17.

Since the utilization of the overall system is kept low. the page transler for any types of
information does not increase significantly with an increase of the number of workstations.
This behavior appears particularly important when the remote/local traffic ratio is 20/30 (sce

Fig. 4.14).

Thus, considering the present application, it clearly appears that the 36 kbps link, al-
though it offers a low bit rate, can provide sufficient bandwidth when this network is used to

interconnect AppleTalk LANs.

Comparison of LANs Performance

~

Figures 4.18 to 4.21 allow us to compare the results we have previously obtained for different
-\"

LAN configurations. Thus, there is no significant difference between the results obtained for

each LAN configuration. This is particular true for the case where the remote/local traflic is

~1

o
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20/80. These results are due 1o the fact that the systern performance {throughput and delay)

is quite related to the speed of the 56 kbps link.

Figures 4.19 and 4.21 show that the utilization of the 56 kbps link is slightly higher when
this network is interconnecting Ethernet. This is due to the fact that, for Ethernet. the
minimum packet size is 64 bytes. In the present case, such packets are mostly control packets

usced to acknowledge information frames.

Table 4.5 summarizes the measures reflecting the interwork system capacity under different
LAN configurations. Under the configuration where the interconnected LANs are Ethernet.
the system limitation is related to the speed of the 56 kbps link. However. under other
configurations, the system limitation will rather depend on the ratio between the remote and

~ local traffic. If the inter-LAN traffic is quite low, the system limitation will be directly related

to the maximum number of stations which can be supported by the interconnected LANs.

_L-AN Remote/Local | Maximum number Errespondig System
Caufiguration traffic of workstations 56 kbps link limitation
‘ per LAN utilization (%) :
Ethiernet 20/80 375 5.7 96 kbps link
50/50 175 81.2 - | 56 kbps link
‘loken ring . 20/30 260 49.9 rings
(non bridge priority) 30/50 ‘ 135 329 56 kbps link
Token ring 20/380 260 50.1 rings
{bridge priority), 50/350 185 33.8 56 kbps link
AppleTalk 20/30 32 6.56 AppleTaik
50/50 3. 154 AppleTalk

h‘ i\‘

Table 4.5: Interwork system supporting office communications.

Cbmpa;-ison of the 56 kbps link and T1 for supporting Office Communications

In the present study. we have been mainly interested to find the maximum number of work-
stations that can be supported by the interwork system involving public communications links
interconnecting LANs. We did not place emphasis on the delays which resuli. The reason

has been that. in many occasions, office automation applications do not require low transfer

o
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delay. For example. we can mention the cases where files are sent to a printer facility or where
electronic mail is exchanged between users. Thus. the use of a 36 kbps link for supporting
such environment can appear to be sufficient. However, it can be interesting to compare what
will be the results by considering the use of T1 instead of 2 56 kbps link. Some are presented

in table 4.6.

56 kbps link T1 lhink
LAN RemotefLocal [ Max neo. Link Publi. page Max a0, Link 1'ubbi, page
Configuration traffic of W3S utilization | temns. delay of W3 utilization | trans. delny
per LAN (%) (nec) per LAN (%) (socy”
Ethemet 20/80 375 75 8.43 1024 T.15 0,083
50/50 17, 51.2 13.55 1024 1772 0.051
‘Token fing 20/80 260 49.9 - 4,162 260 1.50 [TXTR Y
{non bridge prioty) 50/50 185 §2.9 16.92 260 1.43 0077
‘Token ong 20730 260 50.1 4,202 260 1.50 [TTHhTY)
{bridze priority) 50/50 185 53.3 16.90 260 439 VUTS
Applelalk 20/50 32 6.56 1901 32 L.t [P
50/50 32 15.4 2,138 32 CONeT _ [P

Table 4.6: Comparison between interwork systems supported by a 56 kbps link and T1.

Under configurations based on the use of T1, the system limitation is now directly related
to the maximum number of stations which can have access to the interconnected LANs (1024
for Ethernet, 260 for token ring. and 32 for AppleTalk). In most of the cases, the use of
T1 allows us to get a sighiﬁcant reduction of the delay required for transterring information
types. However, this does not really apply for the configuration where T1 is interconnecting
AppleTalk. Indeed, for such configuration, AppleTalk LANs are now the main source of delay
in the system. Furthermore, in this case, the T1 bandwidth (1.344 Mbps) appears to be
underusea since AppleTalk cannot support more than 32 workstations per LAN. Thus. the

use of a 56 Lkbps link may be preferred in such configuration.

The decision to use T1 or a 36 kbps link can be then dependent the service demand.
However, in the present applications, it must be pointed that the Tl utilization is generally

low. Consequently a significant amount of bandwidth remains unused. If low transler delays

are necessary then T1 should be used, however, the use of a 56 kbps link should be considered

especially in the case where Appletalk and Token rings LANs are configured.

W



4.2.3 Other Useful Results

The previous section has analyzed the performance of office communications systems with
a scenario that corresponds to a fully electronic office of the future. It was assumed that
an average of I8 Mbits of information passes through an office worker’s desk per working
day (Wd). Evidently the office of today is not fully automated. A substantial fraction of
the 18 Mbits traffic still flows manually. For this reason, this section considers more realistic
scenarios, by lowering the data exchange rate, for each station, from 18 Mbits to 12 Mbits and
to 6 Mbits per working day. These rates are chosen in order to simulate the current volumes
that flow electronically between offices nowadays. Consequently, these rates might vary from
one organization to another. Therefore the 6 Mb/Wd rate is aimed to be a lower bound on

the minimal amount of information that flows electronically in an office environment.

This section presents the simulation results for thé configuration whgg'er a 56 kbps link
is interconnecting two Ethernets, two Token rings, Va.nd two AppleTalk LANs. Each LAN
configuration is considered separately. As it was recommended in the previous section, the
usc of the 56 kbps link for supporting such an environment, and at the mentio;ed rates, can be
more than sufficient.As a matter of fact, with these low exchange rates we expect the 56 kbps
to perform betﬁer, in terms of transfer delays and link utilization, than at the data exchange
rate of 18 Mbits per working day. The modeling and simulation assumptions which are given

in the previous section, are still valid with the following slight modifications:
o Each workstation is sending or receiving 6 Mbits of information per working day {Wd).
As mentioned previously, a working day is assumed to be 5 hours long. -
* Each workstation is sending or receiving 12 Mbits of information per working day.

* When the Token rings are used, only the non bridge priority mode Is cozisidered. Since
there was no significant difference between the bridge priority and the non bridge priority

modes in terms of page transfer delay or network utilizations.
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56 kbps Link Interconnecting Ethernet LANSs

First we consider the case where the exchange rate of information between the workstations
is equal to 6 Mb/Wd with the ratios between the remote and local traffic is 20/30 and 50/50.
The 20% remote traffic is considered as the normal percentage of traffic that is generated
outside any organization environment. Whereas the 30% remcte traffic is considercd as the
upper bound on the percentage of traffic that an organization should send to a remote site,
or environment. The same is repeated when the exchange rate of information between the
workstation is equal to 12 Mb/Wd. Results show that there are two major factors which
contribute to the maximum number of workstations which can be supported by each LAN.
The first factor is the inter-LAN traffic ratio. It can observed that as the remote/local traffic
ratio is increased, the number of workstations which can be supported is decreased. The second
factor is the amount of information that each workstation sends or receives per working day.
Results indicate that as the data exchange rate increases, it will have a negative effect on the

maximum number of workstations which can be supported by each LAN.

At a data exchange rate of 6 Mb/Wd and for a ratio of 20/30 between the traffic sent
to remote workstations and the one sent to local workstations, the maximum number of
workstations reaches the maximum limit allowed by Ethernet which is 1024. However this
number is reduced to 500 workstations per LAN at the data exchange rate of 12 Ml?/\’\"d. (sece
figure 4.22 and 4.26). For a remote/local tra.ﬂic ratio of 50/50 these values are reduced to
460 at data exchange rate of 6 Mb/Wd and to 225 workstations at data exchange rate of 12
M"./Wd. This represent a significant increase in the number of workstations as compared to
the values obtained at 18 Mb/Wd.

Figures 4.22, 424, 4.26 and 4.28 shcw the delay for transferring';\\o\n'c,pagc of various
types of information between workstations situated on remote LANs. For\.a\"\g\iven number of
workstations and for a remote/local traffic ratio of 50/50, we obtained a higher trausfer delay
than the one for a remote/local traffic ratio of 20/80. This delay is caused by the fict that

the link is running at 56 Kbps. Hence more the inter LAN traffic increases more the link will
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be Lusy and frames have to wait longer at the bridges. We also observe that the utilization
of 56 kbps link increases more rapidly when the remote/local traffic ratio is 50/30. From
figures .23, 4.25, 4.27 and 4.29. 1t can be observed that the utilization of the 36 kbps link
is still quite proportional to the number of workstations connected to the LAN. This was also
observed at 18 Mb/Wd. Furthermore the utilization of the 56 kbps link almost doubles. when
comparing the results obtained at the data exchange rate of 12 Mb/\Wd to the one obtained
at 6 Mb/\Wd. This observation holds for both ratios of remote/local traffics, the 20/80 and

50/30.

Next we present the results obtained from simulation of two token rings interconnected by

the 56 kbps link. We only consider the non bridge priority mode.

56 kbps Link Interconnecting Token Rings LANSs

Results show that. the page transfer delay for each type of information transferred is greatly
decreased. 'i‘he curves tend to become flatter than the ones obtained for the results at the data
exchange rate of 18 Mb/Wd. The maximum number of workstations that can be supported.
per LAN, is increased up to the maximum allowed limit by the token ring which is 260. This
is true for both ratios of remote/ [EE wal traffics and at both data exchange rates, the 6 Mb/Wd

and 12 Mb/Wd. ;/_

Figures 4.30, 4.32, 4.34 and 4.36 show that the page transfer delay at 26C WS/LAN
ranges between 0.3 and 4 seconds at 6 Mb/Wd. However at 12 MB/ Wd, the page transler
delay ranges between 0.5 and 3:;econdé at a remote/local ratio of 20/ 80, and between 12.9
and 19.7 seconds at remote/local ratio of 50/50, depending on the kind of information which
has to be transferred. From these figures, one can observe that the delay for translerring
one page ol a financial form increases sharply under heavy load. (see figure 4.36). As it was

previously observed at 18 Mb/Wd. ' ;

The overall delays are higher or equal than the case of Ethernet. This, as it was mentioned



carlier, is due to the fact that under low traffic conditions, Ethernet performs better than token

ring.

Figures 4.31. 4.33. 4.35, and 4.37 show that. compared to the results obtained at IS8
Mb/Wd, the link utilization decreases by a factor of about three at the 6 Mb/Wd and a
f#ctor of 2/3 at 12 Mb/Wd. The utilization of the 56 kbps hink approximately doubles when
increasing the data exchange rate from 6 Mb/Wd to 12 Mb/Wd for the same remote/local
traffic ratio. The highest utilization of the 56 kbps link appears to be around 82% at the data

exchange rate of 12 Mb/Wd and at a remote/local traffic ratio of 50/50.

In the next subsection. we present the results from simulation of two AppleTalk LANs

interconnected by the 36 kbps link.

56 kbps Link Interconnecting Appletalk LANs

Figures 4.38 to 4.45, show the results obtained at data exchange rate ofG s.\;lb;’.\-\"d and 12
Mb/Wd and for the remoteflocal traffic ratios of 20/ 30 and 50/50. Since AppleTalk cannot
interconnect more than 32 workstations per LAN, there is no substantial difference in the
page transfer delay or in the overall network utilization. However we observe that as the
data exchange rate decreases t.he;page transfer delay decreases for any type of the transferred
information. At 32 workstations per LAN, most of the delay eincountered will be caused by -
the processing time rather than the access to the Applebus. This can be observed from the
very low utilization of the Applebus as shown in the network utilization graphs. Compared
to the results obtained at 18 Mb/Wd and for ratio of remote/local equal to .’.O/ fS'J;or 50/50,
the link utilization decreases by a factor of approximately three at 6 Mb/Wd and 2/3 at 12

Mb/Wd.
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Comparison of LANs Performance

Tables 4.7 and 1.8 summarize the measures reflecting the interwork sysiem capacity under
different LAN configurations, for the data exchange rate of 6 Mbits and 12 Mbits per working

day respectively.

Under the data exchange rate of 6 Mbits per working day, the system limitation. for the
Ethernet configuration, depend on the ratio between the remote and local trathic. If inter-
LAN trafiic is low. the svstem limitation will be directly related to ihe maximum number
of stations which can be supported by the Ethernet LAN (1024 stations). At heavy traffic
{remoteflocal ratio of 530/50), the system limitation appears to be the 56 kbps link and
can support a maximum of 450 workstations per LAN. However, under the Token ring and
Appletalk configurations, the system’limitation 1s Eniquely related to the maximum allowed
number of stations which can be supported by t.hé interconnected LANs irrespective of the

remote to local traffic ratio.

As we increased thé data exchange rate to 12 Mbits per working day, the system limita-
tion for the Ethernet configuration bé&a;i:rle the 56 kbps link rather than the maximum allowed
number of stations that it can support. In the case of the ’i‘oken ring and Appletalk config-
urations. the system limitation has not changed from the one found at 6 Mbits per working

day.

* Finally, by lowering the data exchange rate, for ’each station, fromt 18 Mbits per working
day to 12 Mbits and 6 *.\'[bifs per day, we were able to obtain a greater number of workstations
per LAN (sce Table 4.7 and 4.8) and lower transfer delays (refer to graphs). Also the use of
the 56 kbps link for supporting such environment, at the mentioned rates, has pfoven to be

the tost adequate for the configurations under consideration.

* In the next chapter, we will look at applications where the T1 bandwidth will be required

in order to provide low delays for transferring high volume files.

/
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=Remote/ Local

LAN Maximum namber | Corresponding System
Configuration traffic of workstations 56 kbps link Imitation
per LAN utilization (%)

Ethernet 20/80 1024 66.0 Ethernet
50/50 430 743 56 kbps link

Token ring 20/30 260 16.2 Rings

(1ton bridge priority) 50/50 260 11.0 Rings

AppleTalk 20/350 32 Lus AppleTalk
50/50 32 518 AppleTalk

Table 4.7: Interwork svstem supporting office communications at data rate of 6 Mb/Wd.

LAN Remote/Local | Maximmum number | Corresponding System
Configuration traffic of workstations 56 kbps link litation
: = per LAN utilization (%)

Ethernet 20/80 500 G311 -

‘ 50/50 235 733 56 kbps link
Token ring 20/80 260 43.2 Rings
{non bridge priority) 50/50 260 320 Rings
AppleTalk 20/30 32 3.55 Applelalk

50/50 52 10.1 AppleTalk

(=2} .
(ST

Table 4.8: Interwork system supporting office communications at data rate of 12 Mb/Wd.
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Figure 4.2: Page transfer delay versus the number of workstations per LAN.
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Figure 4.3: Network utilization versus the number of workstations per LAN.
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Figure 4.4: Page transfer delay versus the number of workstations per LAN.
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Figure 4.5: Network utilization versus the number of workstations per LAN.
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Figure 4.6: Page transfer delay versus the number of workstations per LAN.
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Chapter 5

File Transfer Applications

5.1 Motivation

Some of the most important sources of traffic generated and exchanged in an office or any
company’s environment today are Virtual terminal, Electronic Mail and most importantly
File Transfers. Any user may login at one LAN and start sending electronic mail to his fellow
users on the same LAN or on a remote site. This is done by using the electronic mail facility

- . thatis offered to the user at the operating system level.

On the other hand, a user may choose to login at a .remote site and may ask the system
to transfer files from one LAN to the other. This generation of file transfers between LANs
has ..a.'cc;hsiderable effect on the throughput of data exchanged between them. Therefore,
performaﬁce evaluation of ofﬁce automation on any Local Area Networks t.echnologieszmust
take into consideration file transfer activities. Our objectiveis to study the effect of file transfer
activities on different Local Area Networks. In doing so, we consider file transfers between two

Ethernets (CSMA/CD), two Token Rings and two AppleTalks LANs. The interconnection’
medium between each type of these LANs is the T1 link that has been described in chapter 2
and which has a maximum transmission bandwidth of 1.544 Mbps. Furthermore we would like
to examine closely the following parameters: The mean file transfer delay, the T1 utilization

‘l.e. how rhuch of the bandwidih is used, and the number of file transfer sessions that, can

be supported by the link and its effect on the link utilization and file transfer delay. These
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frctors are of interest to the user and to the analyst of the LAN. It is of interest to the user
to know how long it takes to transfer a file from one site to the other. To the provider.
the Tt utilization, file transfer delay and the number of file transfers sessions across the two
LANSs are the major parameters in the decision making in terms of costs, customer’s (users’)

satisfaction, and LAN reliability and efficlency.

In a typical application, consider the case where a hospital LAN is interconnected to
another hospital LAN. The LAN could be any of the ones discussed earlier. Consider also
that the hospital archiving center, where all patients’ files are permanently stored, is located
at one specific LAN. Therefore, depending on the size of the hospital, one expects a daily
or weekly transfer of digitized X-RAY images as well as text and voice annotations to the
archiving center at the remote site. Since file transfers can be lengthy processes, particularly
il performed in background mode, this activity can take place at night when the LANs are
expected to be less busy and a great number of files need'to be transferred to the remote LAN.
This huge data transfer activity can be carried out continuously and need not be interrupted

until all files have been transferred.

In another application, consider a company that distribﬁtes a weekly or daily newsletter
or report to its employees, within the organization, “;ho are ioca.ted at different sites and are
interconnected by high speed links such as T1. Typical newsletter size varies f;'on{ three to
ten pages which could include graphics and text. This small size file transfer activity uses a .
considerable amount of the provided bandwidth. It would be interesting to mesure exactly
how 1nuch of this bandwidth had been utilized by such activity and at what cost, ih terms of

money and transfer delays.

5.2 LAN Configurations

The LAN configurations that we have adopted for this study are shown in the following figures.

Figure 5.1 shows two Ethernet Local Area Networks interconnected by T1 link and Fig. 5.2
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shows two token rings LANs interconnected by T1. The AprleTalk configuration is the same

as the Ethernet with the Apple Bus used instead of CSMA/CD.

Many studies have been carried out on these tyvpe of LANs and many results have been
published. However when interconnection is considered very few results or analysis are pub-
lished. One experiment was conducted by BNR on the interconnection of three token rings
with remote bridges using frame relay services (BNR]. Messages and files are sent and re-
ceived as well as some applica.ti'onsl' such as LOTUS 123. The link used was the 56 kbps digital
connection. Results of the experiment .showed that the status and statistics of every other

bridgié in the network. For a.'large netwdrk_, this could be a significant benefit.

As it was described in chapter 3, that in all three conﬁguré.ti;ns file transfer is done
between the two LANs. A workstation may requesié a file ffom a remote file server and vice
versa. The file transfer is done on both LANs with equal request from one LAN or the other.
Consequently the system is homogeneous and the number of file r;qusts from LAN A to LAN
B is equal to the number of requests from LAN B to LAN A. This is assumed throughout the

study.

The bridges, as explained in-earlier chapters, are used to connect the two independent
Local Area Networks (see Chapter 3). Their main function is to direct the data to their
destinations. The background loads shown in the configurations are used simulate the LAN
behavior under different traffic, mainly low and heavy traffic. The transmission of ‘frames
‘between end:stations (workstationind remote file server) has the following properties, as
implied by frame relaying cha.rq_c__tp:,eﬁstiﬁ;sﬂ:.

¢ Frames must not be discarded (i.e. minimal frame loss).
¢ Frames cannot be duplicated.

e Frames cannot be misordered.
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5.3 Performance Analysis and Results

The {ollowing scenarios have been considered in order to evaluate file transfer applications
between a workstation and a remote database server. Figure 5.3 shows the model of the
system under study. The arrows’ directions show how traffic flows from one LAN to the other

between the workstations and the remete file servers.
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Figure 5.3: The system modeti

Here we have considered two extreme cases where the LAN is not locally ‘busy in one case,
.and the LAN is 50% busy locally on the other. i.e. only inter-LAN traffic is allowed in the first
case and 50% intra-LAN plus inter-LAN traffic is added in the second case. After a session
was established between the workstation and remote file server, we fixed the intra-LAN traffic
and we varied the inter-LAN traffic in order to see its’ effect on the networks. T'wo file sizes
were chosen for this study. A typical X-RAY image file of 1.2 Mbytes and a newsletter, or
any other file, of size 64 kbytes. Also we have examined the effect of packet length on the file

transfers.

In the next section, we present all the assumptions made for the performance evaluation

study.



5.3.1 Simulation Assumptions

The following are the modeling assumptions made for the different Local Area Networks

Performance Evaluation.

o

. Assumptions 4 to 10, made in section 4.2.1, are still valid.

[ S
H

We consider two file sizes: 64 kbytes and 1.2 Mbytes.

3. Different packet lengths (64 bytes, 1 kbytes, and 1.5 kbytes) are examined in the case of
Ethernet. In the case of Token ring only the results for a packet length of 1 kbytes are

presented and in the case of AppleTalk only one packet size of 512 bytes is examined.

4. Intra-LAN traffic of 0 and 50% is considered. While intra-LAN traffic is set at a specific

rate, we vary the inter-LAN traffic.

5. The worst case scenario has been assumed, where files are pumped continuously from

one LAN to the other. (only one connection is established between the two LANs)

5.3.2 T1 Interconnecting two Ethernet LANSs

In this section we present the results obtained from the simulation of two Ethernet LANs
interconnected by T1.

e

" First we consider 64 kbytes file transfers between the LANs under two cases. Zero local
traffic is present in one case and 50% local traffic in the other. The same is repeated for the

1.2 Mbytes files.

The effect of packet lengths was studied for the file size of 64 kbytes. ‘In this regard, we |
have examined the worst cases in terms of maximum and minimum packet lengths allowed by

Ethernet and which are 1.5 kbytes and 64 bytes respectively.

Figures 5.4 and 5.5 show the T1 utilization and the file transfer delay as a function of
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the number of simultaneous file transfer that can occur between the two LANs. For the vl
kbytes file and a packet length of 1 kbytes, we see that T1 starts saturating aflter exceeding 11
simultaneous file transfers at 0% intra-LAN traffic and 13 simultancous file transfers at 30%

intra-LAN traffic with their corresponding delay are 2 and 2.4 seconds respectively.

A slightly less number of simultaneous file transfers was obtained for the same T1 utiliza-
tion when a packet length of 1526 bytes was used. However a slightly smaller delay was also

obtained in this case (see Fig. 5.6 and 3.7).

We observe a big difference in results when a 64 b_vteg packet length was used (see Fig. 5.3
and 59) First we can see that the file transfer delay is much higher than the delay obtained in
the case of 1.5K and 1Kbytes packet length for the same number of simultaneous file transfers.
To explain this delay difference one can observe that the number of 64 bytes packets @neratcd
for the transfer of the 64 Kbytes file are much greater than the one with packet lengths of
1 K and 1.5 Kbytes. The generation of additional packets to make the transfer of 64 kbytes
file comes with the cost of additional processing and waiting time at the servers, bridges and
accessing the LAN’s medium. We see also that a greater number of simultaneous file transfers
can be supported but at a very high delay cost. In all cases the T1 utilization is the limiting
factor. From the graphs we observe that as the number of simultaneous file transfer increases
T1 gets more and more saturated (close to 100%). The difference between the 0% and the 50%
intra-LAN traffic is measured by the greater delay imposed at 50% intra-LAN traffic. This
delay can be explained by the fact that we are likely to have more collisions when competing

for the bus access at 50% intra-LAN traffic.

Figures 5.4 to fig. 5.9 suggest that the 1 kbytes packet length is the optimum pad:et. size to
be chosen for the data transfer. For 2 given number of simultaneous file transfers, the packet

length of 1 kbytes gave us the lowest delays.

Now we look at a different file size namely 1.2 Mbytes and 2 fixed packet length of 1 kb_\,"‘t.cs.
Fig. 5.10 and 5.11 show the graph of file transfer delay versus the number of simultancous

file transfers (or Inter-LAN sessions) and the corresponding T1 utilization versus number of
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file sessions. From Fig. 5.11 we see that T1 starts to saturate when about 9 simultaneous
file transfers are established in the case of 0% local traffic and 10 sessions in the case of 50%
tntra-LAN traffic. The corresponding delays are 31.8 and 37.2 seconds. Higher delays occur at
50% intra-LAN traffic than at 0% local traffic. This is normal since the LANs are more busy
in the 50% intra-LAN traffic. ' We observe also that the T1 utilization is less at 50% intra-LAN.
This. as explained earlier, is due to the fact that more collisions are likely to happen at 50%
intra-LAN traffic hence a retry to get access to the medium occurs more frequently which
implies higher delay. When compared to the results obtained for the 64 kbytes file, we can

observe that less number of simultaneous file transfer is obtained in the case of 1.2 Mbytes

file.

In the next section we examine the same parameters used for Ethernet but under Token

Ring topology.

4

5.3.3 T1 Interconnecting Token Ring LANSs

In this section we present the results obtained from the simulation of two token ring LANs
interconnected by T1. Since token ring offers priority to its users, we have examined the case
where higher priority was allocated to the bridge. Throughout this study we shall present

results with and without priority allocated to the bridge.

Consider the 64 kbytes file transfers, where Figs. 5.12, 5.13 and 5.14 show the results
for a 1 kbyte packet length with no bridge priority. Figures 5.15, 5.16 and 5.17 show the
corresponding results when a priority was allocated to the bridge. Comparing these two
sets of graphs we obsefve that there is an insignificant difference in the delay per number
of simultaneous file transfers sessions and the T1 utilization changes only slightly with or

without priority.

At 0% intra-LAN traffic, T1 saturates and becomes the bottleneck in both cases. Whereas

at 50% intra-LAN traffic the T1 is no longer the bottleneck. The Ring becomes the bottleneck
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(sce Fig. 5.14 and 5.17).

At 50% intra-LAN traffic the number of simultaneous file transfers is limited by the Ring.
The use of priority at the bridge did not improve the results. On the contrary, we obtained
lesser number of simultaneous file transfer. This comes from the fact that. with or without
priority, the bridge is capable to process a fixed number of packets per second. By providing
priority to the bridge, the processor queue gets longer and packets awaits longer thercfore less

file transfer sessions could be opened simultaneously.

Different packet lengths were not studied in detail, but a few simulation runs were taken
and gave us the same observation as in the case of Ethernet. i.e. in the case of 61 bytes
packet length, we have a very high delay as compared to the case of packet lengths of 1.5
kbytes and 1 kbytes, for the same number of file transfer sessions. As an example, considering
16 simultaneous file transfers (0% intra-LAN traffic) we observe delays of 3. 3. and 11.3 seconds

at packet length of 1.5 k, 1 k and 64 kbytes respectively. Results suggest that there exists an

optimum packet length which is about 1 kbytes, that provides maximum data throughput.

)
)
et

The 1.2 Mbytes file size was studied with and without bridge priority (see Fig. 5.18, 5.19
and 5.20 for results with no bridge priority, and Fig. 5.21, 5.22 and 5.23 for results with
bridge priority). Again we observe that with or without bridge priority there is no significant
difference in terms of delays for a glven number of simultaneous file transfers. l-loucver fewer

file transfer sessions are obtamed when bridge priority is allocated.

The number of simultaneéus file transfers was limited by the T1 link at 0% intra-LAN

traffic and by the ring utilization at 50% intra-LAN traffic.

We next present the results obtained for AppleTalk LANs.



5.3.4 T1 Interconrecting AppleTalk LANs

Here we emplov 2 bus topology as in the case of Ethernet. The maximum LAN speed for
the Apple Bus is 230.4 Kbps. Since the packet cannot exceed 512 bytes, we have used this
maximem packet length throughout the simulation. Also for reasons due to the LAN protocol
one cannot exceed . in practice, more than 32 simultaneous file transfers between the two
LANSs. Figures 5.24 and 5.25 show the results obtained for 64 Kbytes files and a packet length
of 512 byvtes and for ihe different intra-LAN traffics (0% and 50%). From these results we
can see that, there is a significant difference in terms of delays when compared to Ethernet
or Tokeﬁ Ring results. This is due to fact that the Applebus runs at much lower rates than
Ethernet {10 Mbps) or Token Ring (4 Mbps). A comparison of the three LANs is done in
section 5.3.5. Furthermore the bus utilization is the limiting factor in both cases, i.e. 0% and
50% intra-LAN traffic, the T1 can never be a bottleneck in this case since it runs at a speed

of 1.544 Mbps i.e. faster than the speed of the LAN.

The same Sbservations can be made when transferring a file of 1.2 Mbytes. Figures 3.26
and 5.27 show the results. One should mention that these delays ca.rll be intolerable in some
applications. Thus either a limit to the simultaneous file transfers must be imposed or a change -
of LAN t.ech_nology has to be made. As a typical exa.mplé, from these results, consider the case
where the LANs have 30% local traffic and about 27 simultaneous file transfer sessions are
~ opened, then a user experiences a delay of about 45 minutes { 2700 seconds) for the transfer

of a 1.2 Mbytes file.
5.3.5 Comparison of LAN Performance

In all the three different Local Area Networks we have studied, we observe the following

general behaviors:

¢ As the number of simultaneous file transfers increases the file transfer delay increases.

a7



At 30% Intra-LAN traffic. the number of simultancous file transfers is iimited by the T
link in the case of Ethernet, the Ring Bus utilization in the case of Token ring and the

Apple Bus in the case of AppleTalk configurations.

At 0% Intra-LAN traffic, T1 was the limiting factor in the case of Ethernet and Token

‘Ring. However only a small fraction of the T1 bandwidth was used when Appletalk

was used. This is due to the fact that the offered bandwidth by Appletalk is 230.4 kbps
which is much smaller than the T1 capacity (1.544 Mbps).

Ethernet appears to be a better candidate than the token ring or Appletalk as it gives

the lowest delays for a given number of simultaneous file transfers ( see table 5.1 and

52).

From this study, it is apparent that if the packet length is small, the system is operating
inefficiently. In this case, the link is transmitting control bits rather than real data.
On the other hand, if the packet length is made too long, after a certain length the

resulting data throughput is reduced, since longer delays arise at the bridge. Analysis

. of Ethernet and token ring indicates that pa.ckeﬁ length of 1 kbyte provides maximum

data throughput. Such length is in fact typical of packet lengths used in practice.

Now, with the above mentioned packet length in mind, we attempt to compare the results

for the three different LANs technologies. This is done in the case of file size of 64 kbytes and

a packet length of 1 kbytes for Ethernet and Token Ring and 512 bytes for Appletalk. The

priority at the bridge is not considered in the case of Token Ring.

Table 5.1 shows, for a given number of simultaneous file trz;.nsfers, the corresponding delay

for each type of LAN used. Also it shows the entity on the overall system that gets saturated

or starts to saturate mostly. The same is done for the 1.2 Mbytes file (see table 5.2).

We note a negligible difference in the file transfer delays between Ethernet and Token Ring

at small number of file transfer sessiofls. However Ethernet outperforms Token Ring (4Mbps)
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Intra-LAN

Number of |

Filc transfer delay

System

Table 5.2: LAN Compa.risoh for 1.2 Mbytes files.

99

traffic file transfer (sec) bottleneck
(%) sessions Ethernet | token ring | AppleTalk | Ethernct | token ring | AppleTalk
2 1.0 1.0 2.8
0 6 1.3 14 15.2 Tl T1 bhus
10 1.8 2.0 25
2 1.0 I.1 123
50 6 14 1.85 .33 T1 ring bus
0 2.0 2.9 55 ]
Table 5.1: LAN Comparison for 64 kbytes files.
Intra-LAN | Number of File transfer delay System
traffic file transfer (sec) hottleneck
(¥6) sessions Ethernet | token ring | AppleTalk | Ethernet | token ring | AppleTalk
2 11.5 11.5 99
0 5 225 23 286 Ti T1 bus
10 345 37 480
2 117 12.2 222
50 6 23.5 319 635 T1 ring bus
10 36 52.6 1023 ‘
N




as the number of simultaneous file transfers is increased. On the other hand AppleTalk gives

a very high transfer delay.
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Figure 5.4:
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Figure 5.21: T1 utilization & file transfer delay versus the number of inter-LAN sessions.
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Figure 5.22: T1 utilization & file transfer delay versus the number of inter-LAN sessions.
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Chapter 6

Conclusions and Suggestions for
Further Research

The rapid growth in the use of office information systems (OIS) over the last years has sig-
nificantly increased the demand for electronic communications in offices. In this thesis, we
have analyzed the performance of office communications consisting of both local and intersite
comnaunications facilities. Three different LAN technologies h:;\:re been considered, namely
Ethernet, Token Ring and AppleTalk, and two different bit rates of 56 kbps and 1.544

Mbps (T1) for intersite communications links.

The main aim of our study was the evaluation of intersite office communications needs.
Therefore, the general architecture of the communications systems considered consisted of a

pair of LANs linked by a public communications link.

6.1 : Office Communications &

-~
~

We'started our analysis, by considering the communications needs in a fully automated office
of the future. In a first instance, we considered the use of an intersite link of 56 kbps. From
our'rcsu.lts we have observed that a link of 56 kbps can adequately provide the level of service
required by the typical future office comﬁunicationé needs. For example, we have obtained

the maximum number of workstations which can be supported by the interwork system under
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different LAN configurations (sec 4.2.2).

For the situatibns where the interconnected LANs are token rings or AppleTalk based. if
we consider that the inter-LAN traffic is 20% of the total generated tratlic. the maximum
number of workstations which can be supported by the svstem is restricted to the maximum
number of workstations which can be physically supported by each LAN [APPLEIBM3u]. It
the inter-LAN traffic is brought up to 50% of the towai traffic, the above remark only applies
to the case of AppleTalk LANs. Ethernet based LANs and token rings support in this case

less workstations than their maximum limit.

It is important to note here that we have assumed that the current office applications
are not time constrained. Despite this fact, we have also considered the use of a T1 link
as the intersite communications link. As expected. we have obtained better results for this
second system configuration. However, we have noticed that the T1 link is underused (less
than 18% utilization over all the configurations examined). Other useful and more realistic
results were presented in order to simulate the current volumes that flow clectronically between
offices nowadays. It was found that two major factors contribute to the maximum number
of workstations which can be supported by each LAN: the remote/local traffic ratio and the

data exchange rate that each workstation sends or receives per working day.

From these results we have been able to assess the utilization of the intersite link, as well
as the transfer delays for different types of documents and different conditions. These results

can be used for estimating the expected level of service to be provided by such kind of systems.

6.2 File Transfer Applications =

Finally, in this thesis, we have examined one of the most important sources of traffic in an
office environment: file fransfers. As for the previous studies, we have considered an intersite
architecture of the underlying communications system. However, in this part of our study

we have analyzed the interwork system capacity for supporting “continuous” file transfers.
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Clearlty this is a worst-case traffic scenario. In this case, we have comipared the results for
different LAN configurations by assuming different numbers of inter-LAN file transfers in
the system. Only T1 utilization has been considered since large volumes have been assumed
to be exchunged between remote stations. The simulation results have shown that for the
configuration based on Ethernet or token ring, the potential bottleneck of the system is the

T1 link.
6.3 Suggestions for Further Research

In this study we have evaluated office information systems supported by both local and in-
tersite communications facilities. From the results, we have been able to assess the level of
services provided by different system configurations. Both, current and future office applica-
tions have been taken into account. Further research can be conducted on the system. For
example: studying the behairior of the system when congestion preblems arise. By introduc-
ing some losses due to errored frames or limited space at the bridge, frame relaying can then
be compared to packet switching in terms of system throughput and delays. Furthermore,
if system delays can be found for low probé.bilities of Bit Error Rates (BER), then results
can be extrapolated to obtain delays for higher probabilities of BER (10~%). As for the file
transfer applica.tions one can introduce some thinking times during the file tranfer activities

which could be relevant to some applications.

‘Finall_v, the results obtained in this thesis will be useful to organizations, such as Bell
Canada or any other telephony company, which provide services such as the T1 link or the 56

kbps link.
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Appendix A

Overview of QNAP2

This appendix is intended as a fast overview of QNAP2 (Queueing Network Analysis Package,
version 2) [QNAP2] by presenting the objective and illustrating the main features of this
software package. For a detailed and complete description of the package the reader should

refer to the QNAP2 Reference manual.
A1l QNAP2 Objective

Research efforts in the field of modelling and evaluation of computer systems performance
have contributed to major theoretical advances in methods and tools, and to the elaboration
of a general methodology for the performance modelling of computer architectures and instal-
lations. This methodology is based on the répresentation of 2 computer system as a network
of queues and servers. From these research efforts, a wide spectrum ol efficient resolution
techniques for qucueing network medels having complementary ranges of utilization has re-
sulted. These methods differ by their cost of operation and by the limitations they impose on

“the generality of the model being studied.

Each method realizes a certain compromise between cost, accuracy and applicability.
Thercfore it is important to be able to have access to these different techniques in order

to select the one which represents the best compromise for the problem to be analysed.. The
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main objective of QNAP2 is to provide computer systems analysts and users with a tool which

facilitates the practical use of these methods.

Hence QNAP2 can be defined as a system for describing, handling and solving queueing
network models. QNAP2 is comprised of a specification language (based on Pascal) which
is used for the description of the models under study and the control of their resolution.
and of several resolution modules, or solvers, implementing the dilferent algorithms currently

available.

A.2 QNAP2 Main Features

QNAP2 counsists of:

e A collection of resolution algorithms, including discrete event simulation, exact and

approximate mathematical methods.

¢ A common user interface for model description, analysis control, and result presentation.

The QNAP2 package provides tile analyst with a framework for modelling computer sys-
tems and with the techniques for solving the models. In QNAP2, a queueing network consists
of a set of stations through which customers circulate according to given rules. The processing
done by each st#tioxx may be described I::)‘r a simple time duration or by a complex algorithin

which may include synchronization operations.

The results of the simulation are represented in a form of a table. For each station, the
results give the mean service time, the utilization, the mean number of customers queued and
in service, the mean response time and the number of customers served from the beginning

of the simulation.

The solvers implemented in QNAP2 can be classified into three categories:

1. discrete event simulation
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2. exact analytical solvers:
e analytical results based on the theorem developed by Baskett et al.

e convolution algorithm

e mean value analysis algorithm
3. approximate analytical solvers:

¢ iterative methods
¢ diffusion approximations

¢ heuristic approaches

When an analytical solution is required, for any problem under study, QNAP? selects the
most appropriate solver from the set of the analytical solvers presented above. If the exact
solution to the model ca:nnot\ be found by the analytical solvers thén one can use sin;u[ation
techniques. However one must provide some additio=zal information to define the simulation

run. This information concerns:

o the simulation length
. -
o the confidence interval estimation

e the tracing options

The definition of the simulation length is mandatory. The other definitions are optional.
Three different methods are implemented in QNAP2 for the derivation of confidence intervals:

the replication method, the regeneration method and the spectral method.

& The replication method which consists of generating several sample paths of the :
ni‘;jdel‘studied. so that these sample paths are statistically independent and identical.
This is achieved by resetting the original initial state of the modél at the beginning of
cach replication, and by using 2 different random number stream for each replication.

l\:\\\
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¢ The regeneration method which consists of splitting the the simulation run into
several successive intervals, so that the model behavior in these intervals be statistically
equivalent and independent. The length of the intervals should be large enough so that
within an interval the behavior of the model be as independent as possible of its behavior
in the previous interval. On the other hand. the number of intervals should be larse

enough to ensure an accurate estimation of the confidence intervals.

¢ The spectral method which applies to correlated samples provided that the identi-
cal distribution property is satisfied. The main advantage of the spectral method over
the two previous methods is that the user needs not bother with the choice of specitic
parameters. The method applies to the analysis of the stationary behaviour of any sim-
ulated model. It does not rely on the independence of the subintervals. The correlation
of the variance and covariance is explicitly taken into account in the estimation of the
confidence intervals. Further the confidence intervals produced by this method are larger

than those of other methods.

In the thesis, the analysis of the systems has been carried by simulation using the spectral
method to estimate the confidence intervals for the results. The confidence intervals are
produced with a confidence level of 95%. The confidence intervals are themselves estimates
because the computation of exact confidence intervals would require an a-priori knowledge of

the estimmated characteristics.



- Appendix B

Program listings
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B.1 Simulation Program of Office Communications

4

a
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/CONTROL/OPTION=NSQURCE;
CLASS=ALL QUEUE;

&
GFRF KA Ak kK deF vk KKk % K ok KK ok ok 3 3 e ok 3 kK 3 % K ok o ok ok ok 5k o ok o o o ok ok o o ok k5 e ok e 3k ok e vk %k e g vk e
& —=—=>>>> QFFICE AUTOMATION

ERx kI Xk hkkkdhhhkhkhkkhhkhhkhkhhhkhhhdkhkk ki rhdh ok kkk ko k kR h AR Ak kALK XRK

&
T AR K R I kA kAT A A AR AR IR AT A Ik kA kA ATk kAT kkkkkhx kR kkkkxkx

& LAN INTERCONNECTION VIA T1 *
& This program simulates the communication between two office sites *
& each working on an ETHERNET LAN and are interconnected by either *
& a Tl link of 1.544Mbps or a 56Kbps link. The Logical Link Control =
& (LLC) 1is used to control the End-to-End transmission of data *
*
:***********************************************************************
&
&
& _
/DECLARE/
INTEGER - 1l =2, & number of interconnected LANS
- bg = 30, & of bhackground nodes per LAN
node=bg+1, & number of nodes on each LAN
info=1024, & info data length
slot=64, & length of a slot in bytes
s_frame=slot, & MAC control data
i frame= 25+1nfo, & I-frame length
byte—B, & 1 byte ——> 8 bits
jam=4, & Jjamming signal length
window = 8, . & window size.
ind=3, =
nb_ typ=4, & four different types of documents
last_len(nb _typ), & last page length of a document
nb_seg (nb_typ), & number of segments per type
WS, & number of workstations
&*********** Ethernet parameters khkhkhkkrkkkxhkhkkXki
br(l)=0,COLLI(l),discard(l),
REAL _ ;*2********* brldge parameters % ke de ke kR ek ek
t_bridge=120E-6, & processing time in bridges
t ram=160E-9, & processing time per byte
tT rate=56E3/8. 0, & 56 kbps/byte rate
&*?********* Ethernet parameters Ahkkkhkdkhkhkhdkkkhkhxk
lan_spd=10E6/byte, & LAN speed
lan len=1.0, & LAN length in km
prog=5. OE-G, & propagation delay per KM
t_prg=prog*lan_len, & prop. time of the packet thru the net
t_jam=jam/lan_spd, & jam time
t_slot=slot/lan . spd, & slot time
t_del=9.6E-6, & inter gap time
) &*********** Workstation parameters ek kkkkkkhhk
pr_publi, - & probability for getting a publicat.
pr_docu, ’ & probability for getting a :document
pr_mess, . & prob. for getting a message
Pr_ flnan, & prob. for getting a financial form
size(nb typ),
tdelay(ﬁb typ) ., num(nb _typ,ind),
ndelay.(nb - typ,lnd), - & intermediate measured delay
cdelay(nb _typ), :
- mfile, - '
page (nb_typ), & number of pages per type
load,rate, : & load on the network
inter, - & inter LAN traffic probability
&*********** Slmulatlon Darameters hkkachkkhkhkdkxk
tperiod; & time interval between:results
BOOLEAN no idle(l, node), R

CLASS INTEGER - icI; o 125



CLASS ack,segl (nb_typ),seg2 (nb_typ),

. one;
QUEUE INTEGER il,is,active, type, & IDs for LANs and stations
cnt, vy, 1next,
rem lan; & holds address of remote LAN
QUEUE &********k*** Tl + Token rings parameters RS S SRR EE R B E S EEEE R

T1 (1) ,bridge(l),macl (node),mac2 (node),initial,bus (i),
GrEREXELAEXXxX** background load nodes parameters **Xxxxxxwsx
bgl (bg) ,bg2 (bg),llcl (bg),llc2 (bg),

bufl (bg) ,buf2 (bg),windl (bg),wind2 (bg), time;

&*******X**** workstation parameters AXRAXH XXk k¥

FLAG net (1) ,£f1(1,node),poll(l);

CUSTOMER INTEGER in,c, ‘
last, & last image packet ?
length, & packet length

attempt (1) ,backoff (1) ,E(2),
sour_llec,dest_llc,

sour_ lan,dest_lan; ‘ & source and cdestination LAN
CUSTOMER REAL start; :
REF CUSTCOMER pack(l),

tok(l);

Gk kT R R R A AR R AR R R A A A A A A A AR R R A A A A A E A AR A R A A AR R KA AR A A AR AR AR KA RARA AR KRR AR

& This macro simulates the behaviour of the packet processing in the bridges.
Gk kR kR kA R A R R R A A R R R A E R A R A A A R R AR T A A AT A R A A A A A A A A AR A AR A RN AKX ARKARARKRAAN
S$SMACRO bridges (mac)
SERVICE = BEGIN .

CST (t_bridge+length*t_ram); & processig time at the bridges

IF dest_lan = il

THEN TRANSIT (mac (node))

ELSE TRANSIT(T1(il)):;

END;
$END _ _
/STATION/NAME = bridge (1) ; & bridge on LAN1
' $bridges (macl) . ‘
/STATION/NAME = bridge(2); & bridge on LAN2

$bridges (mac2)

&*****************************************************************************

& This station simulates the behaviour of the Tl link access queue
ShxEkkkdhkdhkhkdkhkhkhkkhhddhhkhdhdhhhkdhhkdbhhkhkdkhhhdkhkthhhdhdhkhdkdkhdhdhhhhkrhhhkkdkxkdkkkkk
/STATION/NAME = T1;
SERVICE = BEGIN
CST (length/tl_rate); & transmission time on Tl or 56kbps
TRANSIT (bridge (rem lan)); : : '
END;

/STATION/NAME=initial;
SERVICE=BEGIN '
& set flag for etnernet on LAN1

SET (net (1)) ;

SET (net (2) ) ; & set flag for ethernet on LAN2
" TRANSIT (QUT) .,
END;

INIT (one) =1;

/STATION/NAME = bus;
TYPE=RESOURCE, INFINITE;
SERVICE = BEGIN . . . ‘ :
' CST {length/tl_rate); . L
TRANSIT (bridge (rem_lan));
END;

&************************************************************%***************
& This macro simulates the behaviour ofl2fhe ethernet protocol that is used *



& on the ethernet LAN medium. - *
&*****************t***************************************************t******
SMACRO ethernet (n)
& ETHERNET protocol
& khkkdhkdkhkkhhkkkkkikxkx
attempt (n) :=0;
& CARRIER SENSING
& X kAkkxhkhkhkdkhkkhkhhkkkxk
WAIT (net{n));
attempt (n) :=attempt (n) +1;
& CHANNEL ALLQCATION
& J KKk K ek kKR TR KK K ko ko
P(bus(n));
CST(t_prg):;
br(n):=bri{n)+1;
RESET (net (n) ) ;
& COLLISION DETECTION
& % % % Y v Tk vk v % gk % % de ke e vk vk ok ok ke ok
CST (t prg);
Vibus(n));
WHILE br(n)>1 DO
BEGIN
COLLI(n) :=COLLI(n}+1;
P(busin));
CST (t_‘jam);
V(bus{n)):;
&BACKOFF CALCULATION
IF attempt{n)=1
THEN backoff(n):=
ELSE backoff{n) :=backoff (n)*2;
E (n) :=RINT (0,backoff(n)-1);
br (n) :=br(n)-=1;
IF br{n)=0
THEN SET(net(n));
= &BACKOFF
<~ . IF attempt(n)>15
" THEN
BEGIN
&DISCARD INACTIVE
discard(n) :=discard(n)+1;
CST(t_slot*RINT(0,1023));
WAIT (net(n));
attempt (n) := atteﬂpt(n)+1,
CST (t_prg) ;
br(n) :=br(n)+1;
g§S§T(net;n));
T(t prqg):;
END P
ELSE
BEGIN
IF attempt (n)>10 :
THEN | s
BEGIN ;
CST(t_ slot*RINT(O 1023));
WAIT (net (n)); ‘
attempt (n) :=attempt (n) +1;
CST(t_prg); .
br{n) :=br({n)+1;
RESET(net (n));
CST (t_prg);
END
ELSE -
BEGIN
CST(t_slot*E(n));
WAIT (net(n));
attempt (n) :=attempt (n)+1; 127



CST(t_prg);
br(n) :=br(n)+1;
RESET (net (n) ) ;
CST (t_prg);
END;
END;
END;
& NO COLLISION
&****t**********
& END QF TRANSMISSION
P(bus(n}));
CST (length/lan_spd-2*t_prg);
V{bus(n));
br(n) :=br(n)-1;
CST(t_del);
SET{net(n));
&************* i
R &TRANSFER OF THE PACKET THROUGH ETHERNET
END

&**************************#**************************************************

& These stations simulate the behaviour of the MAC sublayer gueue responsible
& for sending packet through the LAN.
&******************&*******************************************k**************
/STATION/NAME = macl({l STEP 1 UNTIL bg) ;
"SERVICE = BEGIN

.$ethernet (il) & call ethernet medium for the

IF dest lan=rem lan & background nodes on LAN1

THEN TRANSIT (bridge (il))

ELSE TRANSIT(llcl (dest_1lc));

END;
/STATION/NAME = macl (node) ; & calling ethernet medium from
SERVICE=BEGIN & bridge on LAN1

Sethernet (il)
TRANSIT (1lcl (dest_1lc));
END; '

/STATION/NAME = mac2{l STEP 1 UNTIL bg);
SERVICE = BEGIN
$ethernet (il)
IF dest lan=rem lan
THEN TRANSIT (bridge (il)) _
ELSE TRANSIT(llc2(dest_llec));

call ethernet medium for the

&
& background nodes on LAN2

END;
/STATION/NAME = mac2 (node); & calling ethernet medium from
SERVICE=REGIN & bridge on LANZ2 _
Sethernet {(il)
TRANSIT(llc2 (dest_llc));
END;

&*******************************************ﬁkﬁ**************************x****ga

& This part simulates the background nodes situated on each LAN.
&********************x***************************************************x***w*1
$MACRO bgnode (buffer, seqg)
TYPE = SQURCE; .
-SERVICE = BEGIN
g EXP(1/rate);
IF DRAW(pr_publi)

THEN type:=1 & if publication then assign typel
ELSE ‘ ' . ‘
BEGIN | - S
IF DRAW (pr_docu/ (pr_docu+pr_mess+pr_finan)) ‘ )
THEN type:= - & 1If document then assign type2 z

ELSE . 128



BEGIN
IF DRAW(pr_mess/ (pr_mess+pr finan))
THEN ;ype:—3 & if message then assign type3
ELSE type:= & if fipancial form then assign typed
END; _
END;
IF DRAW (inter)
THEN
BEGIN
dest lan:=rem lan;
P(tlme,seg(type))
last:=
END
ELSE dest_lan:=1l;
IF DRAW(REALINT(is—l)/REALINT(bg—l))
THEN dest 1llc:=RINT(1l,is-1)
ELSE dest . llc--RIhT(ls+1 bg);
sour lan:=1l;
sour llc:=is;
length:=last_len (type)+s_frame; & length of the frame
IF nb_seg(type)>1 '
THEN
FOR cnt:=1 STEP 1 UNTIL nb seg(type) -1
DO
BEGIN
pack(ll) NEW(CUSTOMER),
pack(ll) length:=i_frame;
pack (il) .sour_lan:=sour_lan;
pack (1l1) .dest —lan:=dest_lan;
pack(ll) .sour llc:=sour " 1lc;
pack (il) .dest _llc:=dest__llc;
TRANSIT(pack(ll) buffer(is),seg(type)):;

& if inter traffic then assign remote
& LAN address

END; -

TRANSIT (buffer (is),seg(type));

END;
PN

.

SEND

/STATION/NAME=time;
TYPE=RESOURCE,INFINITE;

/STATION/ NAME = bgl;
3 S$bgnode (bufl, segl)

/STATION/ NAME = bg2;
$bgnode(buf2 seg2)

$MACRQ buff {macc,windo)
SERVICE=BEGIN
P(windo (is)); ‘
TRANSIT (macc{is));
‘ END;
$END

/STATION/ NAME = bufl;
Sbuff (macl,windl)

/STATION/ NAME = buf2;
“Sbuff (mac2,wind2)

SMACRO llc{macc,windo).
SERVICE (ack)=BEGIN"
Vi{windo{is})
. TRANSIT (OUT)
: . END;
SERVICE=BEGIN :
IF last=1

-

e
-

r

& used to time the data transfer

& logical link control used on ETHERNET



THEN
BEGIN
Vi{time);
END; )
length.—s frame;
dest lan--sour lan;
dest_llc:=sour_llc;
TRANSIT (macc (is) ,ack);
END;
SEND

/STATION/NAME = llcl;
$1lc (macl,windl)

/STATION/NAME = l1lc¢2;
$1llc{mac2,wind2)

/STATION/NAME = windl;
TYPE=RESOURCE, MULTIPLE (window) ;

/STATION/NAME = wind2; ‘
TYPE=RESOURCE,MULTIPLE(window);

SMACRO print_out
"BEGIN
PRINT(" ™):
PRINT (*TIME =",TIME):;

PRINTFE (" {1H, ' Inter-LAN traffic
PRINTF (" (1H, 'Number of WS/LAN

PRINT (" ");
PRINT (" ");
PRINT (" - -

& LLC on LAN1
& LLC on LANZ

& window resources (8 frames)

& printout format

r,EL.), 8§, inter*100);
",F6.1)",ws); ,

FOR i:=1 STEP 1 UNTIL nb_typ
DO
BEGIN
FOR j:=2 STEP 1 UNTIL ind
DO
BEGIN

mdelay (i, j—-1) :=mdelay (i, j);

END; -

mdelay (i, 1nd)-=(MRES°ONSE(t1me,seg1(1))+MRESPONSE( ime, seg2(i))1)/2;

PRINT ("Delay for file",i,"

: ",mdelay(i,ind));

PRINT ("Delay per page for file%,i," : “,mdelay(i,ind)/page(i));
PRINT(" ™);
END; ‘
PRINT ("—-: - S
PRINT (" ——————————_—— e e e e e e

PRINT ("56 kbps utilization

ll

lOO*(MBUSYPCT(Tl(l))+MBUSYPCT(T1(2)))/2,“ ")

PRINT ("Ethernet utilization

lOO*(MCUSTNB(bus(l))+MCUSTNB(bus(2)))/2 "'y

PRINT (" _ -—=
PRINT (" ") ;

PRINT (" );
END;

'$END

/CONTROL/TMAX=200E3;
PERIOD=tperiod;

ACCURACY-tlme,segi,time,segZ,Tl,bus;

TEST“BEGIN
$print out

IF ((ABS(mdelay(l,ind)-mdelay (1, 1nd-1)/mdelay(1 1nd}) < 5.0E-
(ABS (mdelay (1, ind) -mdelay (1, ind-2) /mdelay(l,ind)) < 5.0E-2)
(ABS (mdelay (2, 1nd)-mdelay(2,1ma&1)/mdelay(z ind)) < 5.0E-

& total Simulation time

-2)
-2)

AND
AND _
AND ~



(ABS (mdelay (2, ind) -mdelay (2, ind-2) /mdelay (2,ind)) < 5.0E-2) AND

(ABS (mdelay (3, ind) -mdelay (3, ind-1) /mdelay (3,ind)) < 3.08-2) AND

(ABS (mdelay (3, ind) -mdelay (3, ind-2) /mdelay (3, ind)) < 5.0E-2) AND

(ABS (mdelay {4, ind) -mdelay (4,ind-1) /mdelay (4,ind)) < 5.0E-2) AND

(ABS (mdelay (4, ind) -mdelay (4, ind-2) /mdelay (4, ind)) < 5.0E-2))
THEN STOP; & Stop the simulation if results converge

END;

ENTRY=BEGIN

PRINT ("56 kbps INTERCONNECTING ETEERNET") ;
PRINT({" — - - ) ;
PRINT(" ");

PRINT(™ "),

PRINT("OFFICE AUTOMATIONY);

PRINT ("— - -—");

PRINT (™ ");

PRINT(™ ");

PRINT ("INPUT PARAMETER —--> FILES");

PRINT ("Publication
PRINT ("Document

", size(l)/info," kbytes"):
" size(2)/info," kbytes");

PRINT ("Message : ",size(3)/info, "™ kbytes");
PRINT ("Financial form : ",size{4)/info, " kbytes®):
PRINT (" "); -
PRINT {"INPUT PARAMETER —--> DataPath AND Ethernet");

PRINT ("DATAPATH bit rate : ",byte*tl rate);

PRINT {"Ethernet : ",byte*lan spd);
PRINTF (" (1H,'Nb of nodes per LAN : f,EF3.0)",node);

PRINT (™ ");
PRINTF (" {1H, ' Inter-LAN traffic :
PRINTF (" (1H, ' Number of WS/LAN : rLET.L)Y, ws) ;
PRINT (* *);

END;

EXIT=BEGIN
$print_out
END;

/EXEC/

BEGIN
FOR i:
DO

=1 STEP 1 UNTIL 2

BEGIN ,
FOR 3:=1 STEP 1 UNTIL ind

 END;

DO mdelay (i, j) :=1E-15;

FOR i:=1 STEP 1 UNTIL 1 DO & assign local and remote IDs to
BEGIN & of the following stations
Tl(i).rem_lan:=i+1—INTREAL(i/l)*l; '
bridge(i).il:=1i;
bridge (i) .xem lan:=i+1-INTREAL(i/1)*1;
END; '

FOR 1:=1:STEP 1 UNTIL nb_typ DO
BEGIN -
segl(i).icl:=i; .
seg2 (i) .icl:=i;.

END; : -
FOR i:=1 STEP 1 UNTIL node DO & aséign local and remote address to
BEGIN 3 & the MACs on every LAaN

macl (1) .il:=1;
mac2 (i) .11:=2;
macl (1) .is:=1i;

mac2 (i) .is:=1i;

macl (i) .rem_lan:=2; ‘
mac2 (i) .rem lan:=l; 131

r,F4.1," %')",intexr*100);



END;

FOR i:=1 STEP 1 UNTIL bg DO & assign local and remote address to

BEGIN & the background nodes on every LAN
bgl(i).il:=1;

bg2 (i) .il:=2;
bgl(i).is:=i;
bg2(i).is:=1i;
bgl(i).rem lan:=2;
bg2 (i) .rem lan:=1;
1lcl (i) .isi=i;
1lc2 (i) .is:=1i;
bufl{i).is:=i;
buf2(i) .is:=i;
END;

pr_publi:=0.0749; & prob. for each type of document
pr_docu:=0.2545;

pr_mess:=0,3338;
pr_finan:=0. 3368,

nb_seg(l): 362, & number of segments per tyvpe
nb_seg(2) :=15; ‘

nb seg(3):=6;

nb_seg{4) :=1;

last_len(l):=i

nfo; & last page length for every tvpe
last” len(2) :=info; -

last_len(3) :=582;

last _len(4):=280;

FOR T:=1 STEP 1 UNTIL nb_typ & size of each type
DO size(i):=(nb_seg(i)-1) *info+last_len(i);

page(l) :=30.2; & number of pages per type
page (2) :=6.2; .

page (3) :=2.3;

page(4):=1.4;

& Ethernet

&******************************************************************************ﬂ

inter:=0.2; & % of traffic transferred to the remote LAN
&******************************************************************************v

& ¥ % e e e ek s e e e v de ok e o ok v vk Yo ke g vk v Y e ok Y e T %k ok g v gk ok ok ke kv ok vk o ke e ok sk e g vk ok e vk ok e sk ok ok Sk % ok ok ok gk ok sk ke & de vk ok ok e ok 3

- ws:=550; & number of workstations per LAN
&******************************************************************************i

tperiod:=2000; & show 1ntermed1ate results every 2000 sec.
mfile:=pr_publi*size(l)+pr_ docu*size (2) +pr_mess*size (3) +pr_finan*size (4);

A
&*************************************x*****************************t*x*******

rate:=(66.8*2/3) *ws/2/18000; & Offered Load (18*2/3 Mbps per working day)

&****************************************************************x************

rate:=rate/bg; & background rate for every background station
SIMUL;

END;
/END/ =

N e
R
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/CONTROL/QOPTION=NSCURCE;

CLASS=ALL QUEUE;
& -
&**********************************'k*******************************************
& —=—-=>>>> OFFICE AUTOMATION
&**************************************************k***************************
&
&*t**tt****t************************************************************
& LAN INTERCONNECTION VIA T1 *
& This program simulates the communication between two office sites *
& each working on a token ring LAN and are interconnected by either *
& a Tl link of 1.544Mbps or a 56 kbps link.The Logical Link Control *
& (LLC) is used to control the End-to-End transmission of data. *
& *

*

LRk xxkkhkhkdkkhkhkkhhkhhhihhhhkhdhkhkhddkkhhkkhkdkhkhdhhhhhhkhhkkrhhhrrohhkrhnkhkhh
&

&
&
/DECLARE/
INTEGER 1l =2, & number of interconnected LANs
bg = 30, & number of background nodes per LAN
node=bg+l, & number of nodes on each LAN
info=1024, & info data length
s_frame=25, & MAC control frame
i frame=s frame+1nfo, & I-frame length
- byte=8, & 1 byte ——> 8§ bits
= window = §, & window size.
ind=3, '
nb typ=4, & 4 different type of documents
last_len(nb_typ), & last page length of a document
nb_seg(nb_t¥yp), & number of segments per type
ws, & workstation
. gsk(l,node}, & flag
REAL ;;2;******** brldge parameters kAR KRARERkkkk
t_bridge=120E-6, & processing time in bridges
t ram=160E-9, & processing time per byte
t1 _rate=56E3/8.0, & 56 kbps/byte rate
&*********** Token rlngs parameters Kkd ok k vk k ok ok hw
lan_spd=4.0E6/byte, & LAN speed
dusty=1E-6,
&*********** workstatlon parameters AhkkkhkAkkrkk
pr_publi, ‘ & probability for getting a publlcat.
pr_docu, & prob. for gettlng a document
pr_ness, & prob. for gebtlng a message
pr_finan, & prob. for getting a financial form
size(nb typ), & size of each decument type
tdelay (nb_typ) ,num(nb_typ,ind),
mdelay (nb_typ, ind), & intermediate measured delays
cdelay(nb typ) ., ’
mfile,
page (nb_typ), & number of pages per type of doc.
: load, rate, & load on the network
lnter, & inter traffic probability
&*********** Simulation parameters xEhkxXIhhkhkkxkk
tperiod; & time interval between results
BOOLEAN no idle({(l, node), ‘ & check to see if idle
CLASS INTEGER icI;
CLASS ack,seg;(nb _typ) ,seg2{nb_typ),
token(l) ; , & token flag on each LAN
'QUEUE INTEGER il,is,active, type, & IDs for LANs and stations on LANs
: ¢nt, vy, inext, _
. rem _lan; & hold address of remote LAN
QUEUE EXIxkkkdkxkkxkx T] 4 Token rings parameters hkhkhkhkkkhkkkkhkhkkhkxkk

T1(l),bridge(l),macl (node),mac2 (node),ring(l),
ExXxxxxkxX*X**x backgroul§ld load nodes parameters *x*¥xkkxkkx



bgl (bg) ,bg2(bg),11lc¢cl (bg),1l1lc2(bg),
bufl (bg),buf2 (bg) ,windl (bg) ,wind2 {(bg) ,time;
&************ workstation parameters TRHXX A% X X% xk
FLAG fl1(1l,node),poll(1l};
CUSTOMER INTEGER in,c,
last, & last image packet ?
length, & packet length
sour_llc,dest llc,
sour_lan,dest_lan; & source and destination LAN
CUSTOMER REAL start;
REF CUSTOMER pack (1),
tok{l);

&*****************************************************************************&

& This macro simulates the behaviour of the packet processing in the bridges.
&***********************************************x*****x***x**t*******x—x***x*xx.w
SMACRO bridges (mac)
SERVICE = BEGIN ‘ ‘
CST (t_bridge+length*t_ram); & processing time at the bridge
IF dest lan = il
THEN TRANSIT (mac (node))
ELSE TRANSIT(T1{il)):;

END;

$END .

/STATION/NAME = bridge(l): & Bridge station calling macro
Sbridges (macl)

/STATION/NAME = bridge(2); & the other bridge on LAN2
Sbridges (mac2)

Gk k kA A R R A A I A R A AR AR AR Rk k Ak A A kIR XA A H R IR AR KRR KRR I I IKK

& This station simulates the behaviour of the Tl link access queue
&**********************************t******************************************
/STATION/NAME = T1;
SERVICE = BEGIN
CST (length/t1l_rate); & transmission time on Tl
TRANSIT (bridge(rem_lan));
END;

&***************************t*t*******************************************t***

& This part simulates the behaviour of the Token rings protocol (non-prty).
&*****************************************************************************
/STATION/ NAME = ring;
SERVICE = BEGIN '
active:=1;
y:=RINT (1l,node);
WHILE is >= 0 DO
BEGIN .
cnti=cnt+l; ' .
is:=is+1-INTREAL{is/node) *node; <
IF ask(il,is)=1
THEN
BEGIN
cnt:=0; '
SET(f1(il,is)):
* WAIT(poll({il)):;
- RESET {poll{il)});
~ CST{(dusty};
‘ END; - _ :
&& -~ WHILE ask(il,node)=1 DO & procedure that assigns higher
&& BEGIN - & priority to the bridge
&& cnt:=0; o )
&& SET (fl(il,node));
&& WAIT (poll(il));
&& RESET (poll (il)); 134



&& CST (dusty);
&& END;
IF cnt > node+y
THEN
BEGIN
cnt:=
active:=0;
TRANSIT (QUT) ;
END;
END;
END;
TRANSIT = ring(il);
INIT (token) = IF il=icl THEN 1
ELSE 0;

GhkdkdkkkhkkkkhkkkkkkhkkkrhkkhkkkdrhhhkhkhhkokkrkkhrhhdhkhkhkkhhhkkrhhhhrhokhkhkhkkxTxrkhxx

& These stations simulate the behaviour of the MAC sublayer queue responsible
& for sending packet through the LAN.
&*************************************t************************x**************
$MACRO med acc
ask({il,Is) :=1;
IF ring(il) .active=0
THEN
BEGIN
tok (il) :=NEW (CUSTOMER) ;
TRANSIT (tok(il),ring(il));
END;
WAIT(fl(il,is));
RESET{f1(il,is)):
CST(length/lan spd) ;
ask(il,is) :=0;"
SET(pcll(ll)),
SEND

Ghhkdkdkkhkhdkkkkkkrkkhkkdkkdkhkhkkhhkdkkhkdhkkhkhkkddhhhkhhhhhhhhrdxhhhhhhhhhhkkhhhhrrhhhhrrk

& These stations simulate the behaviour of the MAC sublayer gqueue responsible

& for sending packet through the LAN.
&*****************************************************************************

/STATION/NAME = macl(l STEP 1 UNTIL bg); : —
SERVICE = BEGIN : ‘ =
Smed_acc & call the MAC sublayer for the
IF dest_lan=rem lan & background node on LAN1

P THEN TRANSIT (bridge (il))
ELSE TRANSIT (llcl{dest llc))f
END; . o

/STATION/NAME = macl (node); .
SERVICE=BEGIN o
Smed_acc Ty
TRANSIT (11lcl (dest_11lc));
END;

/STATION/NAME = mac2(l STEP 1 UNTIL bg), & call the MAC sublayer for the
SERVICE = BEGIN & background node on LANZ2
: Smed_acc
© IF dest lan=rem lan
THEN TRANSIT (bridge(il))
ELSE TRANSIT(lch(dest _1le));
END;

/STATION/NAME = mac2{node);
SERVICE=BEGIN - e
Smed acc
TRAN§IT(llc2(dest lle));
END;
135 -



&**************t***************************t********t*************************t:
& This part simulates the background nodes situated on each LAN.
&*******************************************t***********‘k********x***t*****x*t*
SMACRO bgnode (buffer, seq)
TYPE = SQURCE;
SERVICE = BEGIN,

EXP (1/rate);

IF DRAW (pr_publi)

THEN type:=1 & if publication then assign typel
ELSE
BEGIN
IF DRAW(pr_docu/ (pr_docutpr mess+pr_finan))
THEN type:=2 & if document then assign type2
ELSE
BEGIN
IF DRAW(pr_mess/ (pr_mess+pr_finan))
THEN type:=3 & 1f message the assign typel
ELSE type:=4; & 1f financizal form then type4
END;
END;
IF DRAW (inter)
THEN .
BEGIN & assign address of remote LAN

dest_lan:=rem lan;

P (time, seg(type));

last:=1;

BND

ELSE dest lzn:=il; _
iF DRAW(REKLINT(is—l)/REALINT(bg41))
THEN dest 1lc:=RINT(1l,is-1)
ELSE dest . llc-—RINT(ls+1 bg);
sour lan:=1il;
sour llc:=is; ‘
length:=last_len(type)+s_frame; & length of the frame
IF nb _seg (type) >1

FOR cnt:=1 STEP 1 UNTIL nb seg(type) -1
DO
BEGIN
pack(11)-=NEW(CUSTOMER),
pack(il) .length:=i_frame;
pack{il) .sour lan-—sour lan;
pack (il) .dest_lan:=dest lan;
pack(il) .sour —llc:=sour_llc;
pack(il) .dest llc**dest llec;
TRANSIT (pack (1I1) ,buffer{is), seg(type));

END;
TRANSIT (buffer (is), seg(type));
END;
SEND
/STATION/NAME=time; & used to time data transfer

TYPE=RESOURCE, INFINITE; - . ' =

/STATION/ NAME = bgl;
‘ $bgnode (bufl, segl)

/STATION/ NAME = ng;
$bgnode (buf2, seg2)

SMACRO buff (macec,windo)
SERVICE=BEGIN
Piwindo (is)):; ;
TRANSIT(macc(ls)),

$END 136



/STATION/ NAME = bufi;
$buff (macl,windl)

/STATION/ NAME = bufz;
Sbuff (mac2,wind2)

SMACRO llc(macc,windo)
SERVICE (ack)=BEGIN
V{windo{(is)) s
TRANSIT (OUT} ;
END;
SERVICE=BEGIN
IF last=l
THEN
BEGIN
Vi{time);

END;
length:=s_frame;
dest lan:=sour lan;
dest_llc:=sour_llc;
TRANSIT (macc(is),ack);

END;
- SEND

/STATION/NAME = llicl;
$llc{macl,windl)

/STATION/NAME = llc2;
$llc (mac2,wind2)

/STATION/NAME = windl;
TYPE=RESOURCE, MULTIPLE (window) ;

/STATION/NAME = wind2;
TYPE=RESOURCE, MULTIPLE (window) ;

$MACRO print_out & printing format
BEGIN
PRINT (" ");
PRINT ("TIME =",TIME);
PRINTF (" (1H, ' Inter-LAN traffic
PRINTF (" (1H, ' Number of WS/LAN
PRINT ("non bridge priority"):

*,F4.1," %')",inter*100);
ryF6.1) ", ws);

L N )

PRINT("™ ™);
PRINT (" "); -
PRINT (" e ——- e "y ;
FOR i:=1 STEP 1 UNTIL nb _typ '
Do : : ;
BEGIN N
FOR j:=2 STEP 1 UNTIL ind )
DO
BEGIN
Eﬁdelay(i,j—l):=mdelay(i,j);

D;
mdelay(l,lnd)'—(MRESPONSE(tlme,segl(1)}+MRESPONSn(t1me,segZ(1)))/2
PRINT {("Delay for file",i," s " mdelay(l,lnd)),

PRINT (“"Delay per page for file",i," : ", mdelay (i, 1nd)/page(l)),
PRINT (" "); , _
END; - | | |
PRINT (" - e e e e e e e e e e e i e e e e e e ny .
PRINT (" - - - e MY

PRINT ("S56 kbps utilization -
100*(MBUSYPCT(TI(1))+MBUSYDCT(T1(2)))/2,“ ")

PRINT {("Token ring utilization
100*(MBUSYPCT(r1ng(1))+MBUSYPCme1ng(2)))/2,“ %")-



PRINT ("———~— - e

PRINT (™ ");
PRINT ("™ ");
END;
SEND

/CONTROL/TMAX=200E3;
PERIOD=tperiod;
ACCURACY=t ime, segl, time, seg2,Tl, ring;

& total simulation time

TEST=BEGIN
Sprint out
IF ((ABS{mdelay (1, ind)-mdelay(1,1ind-1) /mdelay (1, ind)) < 5.0E-2)
(ABS (mdelay (1, ind) -mdelay (1,ind-2) /mdelay (1, ind)) < 5.0E-2)
(ABS (mdelay (2, 1nd)—maelay(2 1nd—1)/mdelav(2,1nd)) < 5.0E-2)
(ABS (mdelay (2, ind) ~mdelay (2, ind-2) /mdelay (2, ind)) < 5.3E-2)
(ABS(mdelay(3,lnd)—mcelay(3 ind-1) /mdelayv(3,1ind)) < 5.0E-2)
(ABS(mdelay(3,1nd)—mdelay(B,lnc-Z)/mdelay(B,lna)) < 5.0E-2)
(ABS (mdelay (4, ind) -mdelay (4, ind-1) /mdelayv{(4,ind)) < 5.0E-2)
(ABS(mdelay(4,1nd)—mdelay(4 1nd—2)/mdelay(4 ind)} < 5.0E-2))
THEN STOP; & Stop the simulation if results converge
END;
ENTRY=BEGIN '
PRINT("56 Kbps INT?RCONNECTING TOKEN RINGS");
PRINT (" -=");
PRINT (" ™);
PRINT ("NON PRIQORITY MQDE IN TOKEN RINGS");
PRINT (u n) -
PRINT (" “)'
PRINT ("OFFICE AUTOMATION®);
PRINT (" "):
PRINT (" ™);
PRINT (" “)'
PRINT ("INPUT PARAMETER --> F*LLS“)'
PRINT ("Publication : ", size(l)/info," kbytes");
PRINT ("Document : ",size(2)/info,"™ kbytes");
PRINT ("Message : ",size(3) /info," kbytes");
.—PRINT ("Financial form : ",size(4)/info," kbytes"):
~ PRINT(™ ");
PRINT ("INPUT PARAMETER --> DataPath AND Token Rings");
PRINT ("DataPath bit rate : ",byte*tl rate);
PRINT ("Token ring bit rate A byte*lan spd) ;
PRINTF (" {1H,’Nb of nodes per LAN : 7,F3.0)",node):
PRINT (™ ");

PRINTF (" (1H, ' Inter-LAN traffic
PRINTFE (" (1H, ' Number of WS/LAN

- PRINT("™ %);
* END;
EXIT=BEGIN
$print_out
END; O
JEXEC/ N N
BEGIN N
FOR i:=1 STEP 1 UNTIL 2
DO .
BEGIN

FOR j:=1 STEP 1 UNTIL ind
DO mdelay (i, d) :=1E-15;

. END; |

FOR i:=1 STEP 1 UNTIL 1 DO

AND

AND
AND
AND
AND
AND

: rL,EP4.1,7 %), inter*100);
: r,F6.1)",ws);

& assign local and remote IDs to

BEGIN & each of the fol’owlng stations

T1(i) .rem lan--1+1 INTREAL(l/l)*l-
" bridge(i).il:=i;
bridge(i).rem_;an:=i+1—INTREgL(i/lHﬂB;

v



ring(i).il:=1;
token({i) .icl:=1i;
END;

FOR i:=1 STEP 1 UNTIL nb_typ DO
BEGIN
segl (i) .icl:=i;
seg2 (i) .icl:=i;

END;
FOR i:=1 STEP 1 UNTIL node DO & assign local and remote address to
BEGIN - & MACs on every LAN

macl (i) .il:=1;
mac2 (i) .il:=2;
macl (i} .is:=i;
mac2 (i} .is:=i;
macl (i) .rem_lan:=2;
mac2{i}.rem lan:=1;

END;
FOR i:=1 STEP 1 UNTIL bg DO & assign local and remote address to

BEGIN & the background nodes ¢on every LAN
bgl{i).il:=1; :

_bg2(i).il:= ;
bgl({i).is:=i;
bg2(i). is:=i;

bgl (i) .rem_lan:=2;
bg2 (i) .rem lan:=1;
llel (i) . lS'=l,
llc2 (i) .is:=1;
bufl(i).is:=i;
buf2(i) .is:=i;

END;

pr_publi:=0.0749; C s : & assign probability to each type
pr_docu:=0.2545;
pr_mess:=0.3338;
pr_finan:=0.3368;
nb_seg{l)}:=362; ' & number of segments per type
‘nb_seg{2) :=15;
nb_seg(3) :=6; . -
nb_seg(4) :=1; - ‘ .
last_len(l):=1nfo, & last page length for every type
last_;en(Z):-lnfo; : '
last_len(3) :=582;

last len(4):=280;‘
FOR 1:=1 STEP 1 UNTIL nb typ

DO size (i) :=(nb_seg (i)-T) *info+last_len(i);

o1

page (1) :=30.2; & number of pages per type

page(3) :=2.3;
page(4) :=1.4;

& non priority mode in token rings
&*******************************************************************************

inter:=0.2; &§ % of traffic transferred to the remote LAN
&***********************************************t************************x*****w

&*******************************************************************************

ws:=260; ‘ & Number of workstation per LAN
) &*************************************************************************k*****

tperiod:=2000;. - . & show results every 2000 seconds
mfile:=pr_publi*size(l)+pr docu*51ze(2)t?r mess*size (3) +pr_ flnan*51ze(4),

1
-



&*****t***************************t******t*********************x***********ﬁ**

rate:=(66.8/3)*ws/2/18000; & offered load (18/3 Mbps per working day)

&*************t*************x********************************************w****
rate:=rate/bgqg; & background rate for every background statien
SIMUL;

END;
/END/

5
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/CONTROL/OPTION=NSOURCE;
CLASS=ALL QUEUE;

&

&*********************************************************************!****t*wt

& ——==>>>> OFFICE AUTOMATION

&********************************************t************x*t*r*********rxxtsxn

&

&*******************************t********************************w***

el s Al R sl sl el g - o]

/DECLARE/
INTEGER

BOOLEAN
CLASS INTEGER
- CLASS

QUEUE INTEGER

LAN INTERCONNECTION VIA 56 kbps

*
*
This program simulates the communication between two cifice sites *
working on APPLETALK LANs and interconnected by a 56 kbps link. *
The AppleTalk Transaction Protocol (ATP) is used to control the x
End-to-End transmission of data. *
. k3

*

**********************************************************x*t********

1l =2, & number of interconnected LANs
bg = 15, & of background nodes per LAaN
node=bg+l, & number of nodes on each LAN
info=512, & info data length

s _frame=18, & MAC control data

i_frame=s_ frame+info, & I-frame length

byte=§, & 1 byte ——> 8§ bits

window = 8, & window size.

inc=3,

nb. typ=4, & number of types of documents.
last_len(nb_typ), & last page length
nb_seg(nb_typ), & number of segments per type

¥,

&rii********* AppleTalk parameters dodk ek ek o do ook o e ek te e oo W v koW Yo ok ok e R Kk
colli, counter(l), & mesure the number of collisions

active(l) ,online(l),
nb (1, node) ,nbout (1, node),

;;#;******** bridge parameters HhRArRAAhrkkhk

t bridge=120E-6, & processing time in bridges

t ram=160E-9, & additional processing per byte

tI rate=56.0E3/byte, & 56 kbps rate

G Fhkkkkkxkx AppleTalk parameters **kkxxkkkmixkkkxx

backoff (1, node), & backoff time
“lan_spd=230.4E3/byte, & LAN speed

t_proc=100E-§6, & processing time

t;prop=SE—6, - & propagation time

& *kkkkdkdkkkk workstation parameters kA KKk KK Fok kW ) )
pr_publi, ' & probability of getting a publication
pr_docu, & probability of getting a document

pr mess, & probability of getting a message
pr_finan, & prob. of getting a financial form
size(nb typ), & size of each type of document

tdelay (hb_typ) ,num(nb_typ,ind), '

mdelay (nb_typ,ind), & intermedizte delays

cdelay (nb_typ),

mfile,

rage (nb typ), & number of pages per type

load, rate, & rate at each background load
inter, & probability of inter-LAN traffic
&*********** simulation parameters LS SR SRR SN ) .
tperiod; ' & show simulation result every tperiod
no idle(l,node); '

iel; ' & integer number for each class

ack, segl (nb_typ) , seg2 (sib_typ),
one,rts,cts; . . i .
il,is,type,attempt, 182 parameters for LAN id., WS id.



cnt, vy, inext, & £ of attempts etc..
rem lan;

QUEUE &*t********** Tl + ADpleTalk Darametevs LA S AR SR AT SR FEEE RS TS
T1(l) ,bridge(l) ,macl (node),mac2 {node),initial,link (1),
t.merl(node) tlmerZ(node),

&************ background load nodes parameters **xxxxxxkkxx
bgl (bg) ,bg2 (bg),11lcl (bg),11c2 (by),
bufl(bg) buf2(bg) w1nd1(bg) wind2 (bg),time;

source and dest. LLC id.

sour_lic,dest_llc,
destination LAN

sour_lan,dest_lan;
CUSTOMER REAL start;
REF CUSTOMER pack(l},
tok({l),ctl(l,node),cic(l});

FLAG send(l,node),stop(l,node),idle(l);
CUSTOMER INTEGER in,c, & used when creating a new cust.
last, & last image packet ?
length, & packet length
&
&

GEEkkkkkhkhkkkkhhkhhkhrhrhkkdhhhhkkhhkdrhhhkhrrhhhbhkdhhkhbrhkdohkthkhkkhhrhbrhhkhhhkdkhkhkrkhkThxx

& This macro simulates the behaviour of the packet processing in the bridges.
&******************************************************************************
SMACRO bridges {mac)
SERVICE = BEGIN ,
CST(t bridge+length*t_ram); & processing time at the bridge
IF dest lan = il
THEN TRANSIT (mac (node))
ELSE TRANSIT(T1(il)):;

_END;
SEND - :
/STRTION/NAME = bridge(l):; - & Bridge on LAN1
$bridges (macl) ‘
/STATION/NAME = bridge (2); : & Bridge oh LAN2
_$bridges(mac2) ‘

&*****************************************************************************

. & This station simulates the behaviour of the Tl link access queue
&******ﬁ**********************************************************************

/STATION/NAME =-Tl; B _ ' & either Tl or 56 kbps
SERVICE = BEGIN : : _
CST (length/tl_.rate); & time to send packet on Tl
”RANSIT(brldge(rem lan)), : :
END: - z ‘ ' S

=

&******************************************************************************

& This part simulates ‘the behaviocur of the AppleTalk protocol.

&*********************************************************************t********

/STATION/NAME=initial; ‘ & initialization procedure
SERVICE—BEGIN
FOR ¢nt:=1 STEP 1 UNTIL 1
DO SET(idle(cnt)); : & set idle flag on for both LANs
TRANSIT(OUT): ‘ : ‘
END; -
INIT (one)=1;

S$MACRO bus{timer)

TYPE=INFINITE; = '
S“RVICE(rts,cts)—BEGIN o . & if incoming frame;ls of class
online (il) :=online(il)+i; & rts or cts then go=i‘hrough

nb(il,in} :=online (il); & the checking procedure
nbout:(il, in) :=counter (il); ' -

CST(t_prop).

active(il) :=active(il)+1;

FOR c:=1 STEP 1. UNTIL14Bode

>~



DO
BEGIN
IF timer(c) .cnt=1
THEN
BEGIN
MOVE (timer (c),QUT) ;
no_idle (il,c} :=TRUE;
SET (stop(il,c));
END;
END;
RESET (idle(il));
CST (length/lan_spd);
nb(il,in) :=ABS(nb(il, in)~-online (il));
_ nb(il,in):=nb(il,in)+counter(il)—nbout(il,in);
IF (nb(il,in)>0) OR (CLASS=rts)
THEN
BEGIN
IF active(il)=1
THEN SET(idle(il));
END;
online(il) :=online(il)-1;
active (il) :=active (il)-1;
counter (il) :=counter (il)+1;
SET {send(il,in));
TRANSIT (QUT);

END;
SERVICE=BEGIN & if class is different than
active (il) :=active (il)+1; & rts and cts
FOR c:=1 STEP 1 UNTIL node
DO
BEGIN
IF timer(c) .cnt=1
THEN
. BEGIN

MOVE (timer(c) ,0UT) ;
no_idle(il, c) :=TRUE;
SET (stop (il,c)};
END;

END;
CST(length/lan_spd);
active (il) :=active (il)-1;
counter(il) :=counter (il)+1;
SET (send (il,in)); -~
SET (idle(il));
TRANSIT (OUT) ;
END; :
SEND ‘ )

‘/STATION/NAME=link(1)$
S$bus ({timerl)

/STATION/NAME=1ink (2) ;
Shus (timer?2)

\

SMACRO clock
SERVICE=BEGIN
cnt:=1;
CST (backoff({il,is));
SET (stop(il,is));
TRANSIT (QUT) ;
END;
SEND

/STATION/NAME=timerl; 144
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5clock

/STATION/NAME=timer?Z2;
Sclock

SMACRO zpple (timer) & Apple LAN protocol
attempt:=0;
nb(il, 1;).-1;
WHILE nb(il,is)>0
DO
BEGIN .
attempt:=attempt+1;
WHSLE (((active (il)+nb{il,is})}>0) OR (no_icle(il,is})}}
D : :
BEGIN
WAIT (idle(il));
nb(il,is) :=active(il);
nbout {il,is) :=counter{il);
no_idle(il, is) :=FALSE;
backoff(il, lS)'“UNTFORM(4OOL—6 1.0E-3+100E-6* (attempt-1));
RESET (stop(il,is));
tic(il) :=NEW(CUSTOMER) ;
TRANSIT(tic(il),timer(is));
WAIT (stop(il, 1s)),
timer{is) .cnt:
nb(il,is): ABS(nb(ll ls)-actlve(ll))+counte;(;LJr1bouu( l,is);
END;
& SEND RTS
CST(t proc); =
ctl(il,is) :=NEW (CUSTOMER) ;
ctl(il,is).in:=is; _ ,
ctl(il,is) .length:= ) s
TRANSIT(ctl({il,is), llnk(ll) rts),
WAIT (send(il,is)); =

vy

RESET (send (il,is)); . Nl
IF nb(il,is)>0 : =
THEN
BEGIN § -
colli:=colli+l; e s
CST (2*t_proc) ; = . S
END . - '
.ELSE | T R R
BEGIN - TNL ¢ 2 _
&SEND CTS —_ N == =
CST(t_proc) ; s - - _
ctldil, is): NEW(CUSLOMER), = _
ct¢(11 is) .in:=is; - : =y =

ctl(il,is). length:=3;
TRANSITACtl(l}‘lS) llnkill) cts)

™
[
‘

WAIT(send(iF,is)) ;- =
RESﬁg(sind(ilgS§Ti}
. — . IF (i r is) > T -
== THEN " F
BEGIN % <
colll'*col11tl? s .
CST (t_proc); - . o
™~ ELSE =
F, BEGIN : =

&NO CuLLISION ‘==> PACKET TRANoMISSION
ctljll,la) -N?W(CUSTOMER), .
netd (11, ds) . int=is;

,~ctl(11;13) length:=length;

= TRANSIT(ctl(il,is),link(il));
WAIT (send{il,is));
RESET (send (il,is)); 143
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END;
END;
END;
$END

&********************************t***x*x****x*****-x:k***tit*:«****w*xw:***t**sxxn
& These stations simulate the behaviour of the MAC sublaver gueue responsible

& for sending packet through the LAN.

&*************************************************w****x***xt**********xxw*:«* *

/STATION/NAME = macl(l STEP 1 UNTIL bg):; & MAC of the Background
SERVICE = BEGIN & Workstations situated on LANI
Sapple (timerl) -

IF dest lan=rem lan
THEN TRANSIT (bridge(il))
ELSE TRANSIT(llcl(dest _llc))

b1}

END;
J/STATION/NAME = macl (node); & MAC of the bridge situated
SERVICE=REGIN & on LAN1

$appie(timerl)
TRANSIT (1lcl (dest _1llc));

END;
/STATION/NAME = mac2(l STEP 1 UNTIL bg); & MAC of all the Background
SERVICE = BEGIN & Workstations situated on LANZ

Sapple (timer2) .

IF dest_lan=rem lan

THEN TRANSIT (bridge(il))

ELSE TRANSIT{llc2(dest_llc¢));

END;
/STATION/NAME = mac2 (node); & MAC of the bridge situated
SERVICE=BEGIN ‘ & on LAN2
$apple (timer2)
TRANSIT (11lc2 (dest_1lc)):;
END;

&****************************t*************t**************************i‘***t*x*

& This part simulates the background nodes situated on each LAN.

&******************************************************************************

SMACRO bgnode (buffer, seq)
TYPE = SOURCE;
SERVICE = BEGIN

EXP (l/rate); & exponential service time
IF DRAW({pr_publi) BN
THEN type:=1 - & publications are assigned typel
ELSE : N '
BEGIN
IF DRAW (pr_docu/ (pr_docu+pr_mess+pr_finan))
THEN type:=2 & documents are assigned typel
ELSE
BEGIN
IF DRAW(pr_mess/ (pr I mess+pr flnan))
THEEN type:=3 & messages are assmgned typel
ELSS type:=4; , & financial forms are of typed
: END;
END;
IF DRAW(lnter)
THEN ™ : 2
BEGIN
dest lan:=rem_ lan; & i1f inter traffic then
P(tlme,seg(type)), & destination add. eual rzmote LAN
last:= : )
END
ELSE dest lan:=il; & else destination add. cal

IF DRawW (RBALINT (is=-1) /R...ALINM&Dg-‘ ) )



THEN dest_llc:=RINT(I1,is-1)
ELSE dest l1lc:=RINT(is+1,bg};
sour_lan:=il;
sour llc:=is;
length:=last_len(type) +s_frame;
IF nb seg(type)>1

THEN ™ & generate as many packet as the number of segments
FOR cnt:=1 STEP 1 UNTIL nb seg(type)-1i
DO
BEGIN

pack (il) :=NEW (CUSTOMER]) ;

pack{il) .length:=i frame;

pack(il) .sour_lan: =sour_ lan;

pacx(ll) dest lan:=dest lan;

pack(il) .sour l’c*-sour 1lc;
packtll).dest lic:=dest 1lc;

TRANSIT (pack (i1), buffe’TlS) seg({type));

END;
TRANSIT(buffer(ls),seg(tyme)),
END;
SEND

/STATION/NAME=time; & used to measure the time |
TYPE=RESQURCE, INFINITE; -

- /STATION/ NAME = bgl; : : P
$bgnode (bufl, segl)

/STATION/ NAME = bg2; .
Sbgnode (buf2, seg2)

SMACRO buff (macc,windo)

SERVICE=BEGIN ‘ ) .
P(windo(is)); :
TRANSIT (macc (is));

END;
SEND
/STATION/ NAME = bufl;
$buff (macl,windl)
/STATION/ NAME = buf2;
S$buff (mac2,wind2)
$MACRO llc (macc,windo) & Logical Link Control used on the
SERVICE (ack) =BEGIN & AppleTalk
- V{windo(is)); ‘ :
TRANSIT (OUT) ;
ENp;
SERVICE=BEGIN
IF last=1
THEN ‘
BEGIN
Vitime);
END;

length:=s frame;
dest lan'-sour lan;
dest_llc:=sour_llc;
TRANSIT (macc_(is) sack) ;
: END;
SEND

/STATION/NAMB llcl; & LLC called on LANI
$1lc(macl,windl) 2

/STATION/NAME = 1l¢2; 147 & LLC called on LAN2



$llc(mac2,wind2)

/STATION/NAME = windl; & resources for the nunber of
TYPE=RESQURCE, MULTIPLE (window}; & packets send at window size
/STATION/NAME = wind2;

TYPE=RESQURCE, MULTIPLE (window) ;

SMACRO print_out & printout format ¢f the resu
BEGIN

PRINT("™ ");

PRINT("TIME =",TIME);
PRINTE (" (1H, ' Inter-LAN traffic (54,1,
PRINTE (" (1H, "Number of WS/LAN : rL,F6.1)",ws);
PRINT(" ");

PRINT(™ ");

]

-—
[
Y

’ %r)n’.,,..,,.

tar*100);

PRINT (" - - e e —————
FOR i:=1 STEP 1 UNTIL nb typ .
Do
BEGIN
FO% Jj:=2 STEP 1 UNTIL ind
D

BEGIN
mdelay (i, 1) :=mcelay (i, J);
ND

r

mdelay(i;ind):=(MRESPONSE(time,segl(i))+MRESPONSE(time,seg2(i))}/2

PRINT ("Delay for file",i," : ",mdelay(i,ind));
PRINT ("Delay per page for file",i,™ : ",mdelay (i, ind) /page(i));
PRINT("™ ™),
END;
PRINT (" ————— e ———————————————
PRINT (" - e e

PRINT ("56 Kbps link utilization ",
100*(MBUSYDCT(Tl(l))+MBUSYPCT(T1(2)))/2 *ogE");

PRINT ("AppleTalk utilization
100*(MCUSTNB(11nk(1))+MCUSTNB(llnk(2)))/2 "%,

PRINT ("Collisions rate per sec oo “,colll/TIME/Z),
PRIN T (e e e e e e e e e e e e e e e e e e e e e e e e e e e e e i e —
PRINT (" "); ~ '
PRINT (" “)'
END;
SEND
/CONTROL/TMAX=200E3; =~ & total simulation time

PERIOD=tperiod; )
ACCURACY=time, segl, tlme,segz T1,link;
TEST=BEGIN
Sprint out
IF ((ABS (mdelay(l, 1nd)—mdelay(1 1nd~1)/mdelay(1 ind))
(ABS (mdelay (1, lnd)—mdelaytl,lnd-Z)/mdelay(l ind))
(ABS(mdelay(z,lnd)—mdelay(z ind-1) /mdelay (2, ind)})
(ABS (mdelay (2, ind) -mdelay (2, ind~2) /mdelay (2, ind})
(ABS (mdelay (3, ind) -mdelay (3, ind-1) /mdelay (3, ind} )
(ABS (mdelay (3, ind) -mdelay (3, ind-2) /mdelay (3, ind))
(ABS (mdelay (4, ind) -mdelay (4, ind-1) /mdelay (4, ind))
(ABS(mdelay(4 ind) -mdelay (4, ind-2) /mdelay (4, ind))
THEN STOP; & Stop the simulation if results converg
END;

ENTRY=BEGIN
PRINT ("DATAPATH INTLRCONNECTING APPLETALK");

PRINT (" -—=="):
PRINT (" ");
PRINT (" ");

PRINT ("OFFICE AUTOMATION");
PRINT (" -="}; 148
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5.0E-2)
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5.0E-2)
5.0E-2)
5.0E-2)

5.0E-2))

& show results every tperiod



PRINT ("™ ");

DPRINT ("™ ");

PRINT ("INPUT PARAMETER —-=-> FILES'
PRINT ("Publication
PRINT ("Document

PRINT ("Message
PRINT("Financial form
PRINT ("™ ");

PRINT ("INPUT PARAMETER --> DataPath AND AppleTalk");

3

):
",size(1)/1024," kbytes"):
",size(2)/1024," kbytes");
",size(3)/1024," kbytes");
v,size(4)/1024," kbytes");

PRINT ("DataPath bit rate : “",byte*tl rate);
PRINT ("AppleTalk bit rate : ",bytexlan spd);
PRINTF (" (1H, 'Nb of nodes per LAN + f,F3.0)%,node);

PRINT (" "};
PRINTFE (" {1H, ' Inter-La&N traffic

LRI N

r,F4.1,’ %7)",inter*100);
)

PRINTE (* (1H, ' Number of WS/LAN JE7.L)" ;
PRINT (" "y
END;
EXIT=BEGIN
$print_out
END;
J/EXEC/
BEGIN
FOR i:=1 STEP 1 UNTIL 2
DO
BEGIN :
FOR j:=1 STEP 1 UNTIL ind
DO mdelay (i, j) :=1E-15;
END;
FOR i:=1 STEP 1 UNTIL 1 DO & give local IDs and remcte LAN ID to
BEGIN & each of these stations
Tl(i) .rem lan-—1+1 INTREAL(l/l)*l,
brldge(l) Til:=1i;
bridge (i) .rem_lan:=i+1-INTREAL(i/1)*1;
link (i) .il:=i7;
END;
FOR i:=1 STEP 1 UNTIL nb_typ DO
BEGIN
segl (i) .icl:=i;
seg2 (i) .icl:=i;
END;
FOR i:=1 STEP 1 UNTIL node DO & give local LAN # and self location ID
BEGIN & and also remote IDs to each of the MAC
macl (i) .il:=1; : :
mac2 (i) .il:=2;
macl(i).is:=i;
mac2 (i) .is:=i;
macl (i) .rem lan:=2;
mac2 (i) .rem lan:=1;
timerl (i) .iT:=1;
timer2(i).il:=2;
?tlmerl(l) 1s.=1,
timer2 (i) .is:=1i;
END;
FCR i:=1 STEP 1 UNTIL bg DO & give local LAN ID and self location ID

BEGIN & for the background stations on the LANs
bgl(i) .il:=1; ‘ '

bg2 (i) .i1:=2;

bgl (i) .is:=i;

bg2 (i) .is:=1i;

bgl(i).rem lan:=2; : _

bg2 (i) .rem_lan:=1; ' 149 -



1lecl (i) .is:=i;
1le2(i) .1is:=1i;
bufl{i).is:=1i;
buf2 (i) .is:=i;
END;

pr_publi:=0.0749; & assign probability to each document type
pr_docu:=0.2545;

pr_mess:=0.3338;

pr_finan:=0. 3368' :

nb_ _seg (i) :=724; & number of segment in each type
nb_seg (2) :=30;

nb_seg(3) :=12;

nb_seg(4) :=1;

last_len(1) :=238; & last page length for every type

last_len(4 =280;

FOR 1:=1 STnP 1 UNTIL nb typ & find the size for each tvoe
DO size(i):=(nb seg(i)-T)*info+last len(i);

page(l).-30 2- : & give the number of pages for every type

& AppleTalk =

&*t***************************************w*************x*x***x**x*x*****xX****
inter:=0.5; & % of traffic transferred to the remote LAN

&*******************************************t*****************x****************
&******************************************t*****t*******x***x****************t

ws:=24; ' & Number of workstations per LaN
«*********x************************t*******************t***x*******x**********x

tperiod:=1000;
miile:=pr publi*size (1)+pr_docu*size(2)+pr mess*size(3)+pr_finan*size(4};

&*************************************************************************xxkxx

rate:=66.8*ws/2/18000; & Offered load (18 Mbps per working day) =

&*************************************************************x*******w********

rate:=rate/bg; & final load rate at every background node

SIMUL;

END;
/END/
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B.2

Simulation Program of File Transfer Activities
(only token ring program is given)

151,



/CONTROL/OPTION=NSOURCE;
CLASS=ALL QUEUE;
&

&***********************************************!****t*****xtx***xttx*
LAN INTERCONNECTION VIA T1 *
This program simulates the file transfer activities between a *
workstation and a file server each located on a different token *
ring LAN.The Logical Link Control (LLC) is used to control the *
End-to-End communication between the two stations. *
*
*x

YRR R

&************************‘t*******‘k*********************r*********‘k***
&

&
/DECLARE/
INTEGER -
GX*hkkkkk token ring parameters KA KKK kXK
l1=2, & number of interconnected LANs
bg = 190, & number of background nodes per LAN
stat=hg+l, & number of station on each LAN
node=stat+l, & number of nodes on each LAN
byte = 8, & 1 byte -~> B bits
ask(l,node),
&*x*xxkxkk*x file server parameters **xxxx
memsize = 400,c¢ntr,
GRIxxkkkkk llc parameters Fhhkhkkkhkxhkhkhkkkx
naxseq = 8§, & the maximum sequence number. { 0..7)
window = 9, & window size. meaning of maxseqg snhd window
& is_exchanged. It should be maxseq <--> window
& all throughout the program .
gatenb = 2, & number of gates or LANs. ~

nxtfrsnd (gatenb),
frmexpct (gatenb),
outstand (gatenb),
timeout (gatenb),
running (gatenb),
sttimer (gatenb),
counter = 0,3jj,
dumlgth, totpckt,
nb_reqts,cnter,
X,¥¥,1,3=0;

next frame to be sent.

next expected frame.

outstanding frames.

this occurs when the timer expires.
running status of the timers.

indeces for lan number
length of the frame of class dummy.
no. of disk requests per file size.
counter for the timers.

frfsddOR R

BOOLEAN rejflag(gatenb), & this flag is set when a rej frame is received.
Cksumerr (gatenb) ; & this is set when a cheksum error occurs.
& .
“CUSTOMER INTEGER kind, & kind of frame (data, RRframe or REJframe).
. ack,dest, & acknowledgment number and destination.
seq, : & sequence number of a particular frame.
p,£; & P and F bit used in the RRframe.
s ,
CLASS INTEGER lpack, & packet length e
iecl; .
&
CLASS token(l},
request, response, dummy, . :
data, & frame that contains data.
RRframe, & frame that carries the acknowledgement.
REJframe; & Reject frame. ' : ‘
5 ‘

‘QUEUE INTEGER :
active,il,is,cnt,y;

QUEUE Ehxhkkdkkkhkhkk ‘1lc parameters *xxkxkkkkxhkkkkwkkkx
LLC1,LLC2,timerl,timer2, filesrvr,
lan(gatenb) ,bridgel,bridge2,bdgleth,bdg2eth,
bdgltl,bdg2tl,ring(l), -
&% Kk ok e ke ok ke workstation parameters AEXAAT XXX KXN
ws_niu,niu_bws,ws_cpu, img proc,timg

start timer 1 and 2 of LAN#1 and #2 respct.



lanlwsl, lanlws2, lanlws3, lanlws4,lanlwsS, lanlws6, lanlws7, lanlws8, lanlws9,
lanlwsl(,

macli,mac2,mac3, mac4d,macs5, macéd, mac7, mac8, mac9, macll,

lan2wsl, lan2ws2, lan2ws3, lan2ws4, Lan2ws5, lan2wsé, lan2ws7, lan2ws8, lan2wsé&,
lan2wsl0,

wslmac, ws2mac, ws3mac, ws4dmac, wsSmac, wsénac, wsTmac, ws8mac, wsénac, wsllmac,
&************ file server parameters ARAEXAX AR AXK
fs_niu,niuv_buff, fs_cpu, fs_disk,BUS,buffer;

&

FLAG notoutsd, fl (1,node),poll(l);

&

REAL

. &*********** token ring parameter AKX hkXIkkxdkhkhkxkxkxk

lan_spd = 4ES6, & LAN speed
dusty = 1EBE~- 6, & dusty varizble
& F Kk %k kK okokok ok ok ok llce paramebers HRkKIIKARRKk AKX I XTh XX
t_convrt,t prop,t_tlprop,t_timer,clock,
&x********x* workstation parameters % % Je K J % J % vk K
t_detect,t_proc,
low ld,mod 1d,hvy 1d,x_hvy ld,s_hvy ld,inter,intra,
&**?******** flle server parame‘_er-s_ AXIXXXRXXA XXX
t_query,t disk,t_wvisitc,t_dbuff,t_bmem,t trans;

s .

REF CUSTOMER C1,C2,visit,gen,genl,c,cws,temps, tok, reqg d;
REF QUEUE r_g;

R

&**************************************t*******************************x*****

& This part simulates the behaviour of the token ring monitor.
&****************************************************************************
$MACRO tok_ring
SERVICE = BEGIN
active:=
y:=RINT (1,node);
WHILE is >= 0 DO
BEGIN
ent:=cnt+l;
is:=is+l- INTREAL(ls/node)*node-
IF ask(il,is)=1
THEN
BEGIN
cnt:=0;
SET(f1(il,is)); ~
WAIT{poll(il)});
RESET (pell (il));
CST (dusty) ;

END; _
&& WHILE ask(il, node) =1 DO ,* & the codes in comments are
&& BEGIN & used for setting priority
&& cnt:=0; & for the bridges.
&& SET (f1(il, node) )i L
&% WAIT (poll (il)); )
&& RESET (poll (il)); '
&& CST(dusty),
IF c¢cnt > node+y - -
THEN , '
BEGIN
cnt:=0;

active:=0;
TRANSIT (QUT) ; ”
END; , 153



END;
END;
TRANSIT = ring(il);

INIT(token) = IF il=i¢l THEN 1
ELSE 0;
SEND
/STATION/ NAME = ring(l);
$tok_ring
/STATION/ NAME = ring(2)};
Stok _ring

It e bttt LI IR R IRy R R R R Y R R R L

& These stations simulate the behaviour of the MAC sublaver gqueue responsible
& for sending packet through Tcken Ring NET.
&*******t***********************************************x*****xx**x**xnx*nﬁwiai-
$MACRO med _acc
ask(il,is) :=1;
IF ring(il) .active=0
THEN
BEGIN
" tok :=NEW (CUSTOMER) ;
TRANSIT(tok,ring(il));
END;
WAIT(£f1(il,is));
RESET({f1(il,is)):
CST (lpack*byte/lan spd);
ask(il,is) :=0;
SET (poll (il)});
SEND
&

&

SMACRO eventsone & invoked only if a checksum error
IF cksumerr(l) = TRUE THEN & or a2 timeout had occurred on LAN1
BEGIN : ‘
cksumerr(l) := FALSE;
Cl := NEW(CUSTOMER) ;
Cl.seq := frmexpct(1l);
Cl.dest:= 2;
CST(0.000125};
P{Cl,niu bws);
TRANSIT (Cl,ws_niu,REJframe);
TRANSIT (QUT) ;
END; , ,
IF timeout (1) = 1 THEN -
BEGIN
timeout (1) := 0; . : :
Cl := NEWICUSTOMER) ;
Cl.p == 1;
Cl.f := 0;
Cl.seq := frmexpct(l);
Cl.dest:= 2;
CST(0.000125);
P(Cl,niu bws);
TRANSIT (C1l,ws_niu,RRframe) ;
TRANSIT (OUT) ;
END;

ey

SEND
&
& | | . . ‘ \ .
SMACRO eventstwo ‘ & invoked only if checksum error or z
+ + IF cksumerr(2) = TRUE THEN & timeout had occured—-on LANZ
BEGIN |
cksumerr (2} := FALSE; “154



C2 := NEW(CUSTOMER);

C2.seq :
C2.dest:

= frmexpct{2);
:1;

CST(0.000125);

P (C2,niu_buff};
TRANSIT(C2,fs_niu,REJframe);
TRANSIT (OUT) ;

END;
IF timeout(2) = 1 THEN
BEGIN
timeout (2) = 0;
C2 := NEW(CUSTOMER) ;
c2.p := 1;
c2.f := 0;
Cc2.seq := frmexpct(2);

C2.dest:= 1;

CST(0.000125) ;

P(C2,niu buff); -
TRANSIT (C2, fs_niu,RRframe) ;
TRANSIT (QUT) ;

END;
SEND
&
SMACRO genfrml

& generate the

WHILE seq <> nxtfrsnd(l) DO & from LAN1
BEGIN '

genl := NEW(CUSTOMER);
genl.seq := seq;

genl.p := 0;
genl.f = 0;
genl.dest := 2;

genl.ack := frmexpct(l);
IF seq < maxseqg THEN
© seq = seqg t+ 1
ELSE
seq = 0; -
outstand(l) := outstand(l) + 1l;
P (geni,niu _bws);
TRANSIT (genl,ws_niu,data);
IF running(l) = 0 THEN
BEGIN .
genl := NEW(CUSTOMER);
genl.dest := 1; ‘
TR%NSIT(genl,timerl,request);
EN '
ELSE sttimer(l) := 1;

*

END; :
TRANSIT (QUT) ;

SEND
&
$MACRO genfrm2

\
"

igst frames

& generate the lost frames

WHILE seq <> nxtfrsnd(2) DO & from LANZ

BEGIN .

gen := NEW(CUSTOMER);

~gen.seqg := seq;

gen.dest:= 1;
gen.p := 0
gen.f := 0

e e

"gen.ack := frmexpct (2);

IF seq < maxseq THEN
seq := seqg + 1

CST (t_trans); 155

ELSE ;
seq := 0; .
outstand (2} := outstand(2) + 1;



P(gen,niu_buff);
TRANSIT (gen, £s nlu,data),

IF running(2) 0 THEN
BEGIN
gen := NEW(CUSTOMER) ;
gen.dest := 2;
TRANSIT (gen,timerZ, request);
END

ELSE sttimer(2) := 1;

END;

IF outstand(2) < maxseg THEN
SET (notoutsd)

ELSE
RESET {notoutsd) ;

TRANSIT (OUT) ;

SEND

&

/STATION/NAME = LLC1 ; & LLC macro on LAN1
SCHED= PRIOR,PREEMPT;
PRIOR(data) = 1;

PRICR = 2;
SERVICE {request) = BEGIN
Seventsone & see 1if there is a cksumerr
CST(t_trans); & or a timeout error.
IF nxtfrsnd(l) < maxseg THEN
nxtfrsnd(l) := nxtfrsnd(l) + 1
ELSE
nxtfrsnd (1} := (§;
Cl := NEW(CUSTOMER),
D := i
£ := 0;
dest := 2;
- P (niu bws);
; TRANSIT(C1l,timerl); & send to ws_niu
TRANSIT (ws_niu); . & start timer
END; .
SERVICE (data) = BEGIN
Seventsone & see if there is a cksumerr
IF seqg = frmexpct (1) THEN & or a timeout error.
BEGIN

CST(t_trans);
IF nxtfrsnd(l) < maxseqg THEN

nxtfrsnd(l) := nxtfrsnd(l) + 1

ELSE -
nxtfrsnd(l) := 0;

IF frmexpct{l) < maxseqg THEN
frmexpct (1) :=cfrmexpct (l) + 1

ELSE
frmexpct (1} :=0;

ack := frmexpct(l):;

rejflag(l) := FALSE; :

j o= 3+ 1;

IF j = totpckt THEN
BEGINO . )
J = 0f ‘
V(time);. ' =
cws := NEW(CUSTOMER); & send the packets
cws.dest := 1;. & to the workstation
TRANSIT(cws,ws _Cpu, response) ;
END;

dest := 2;

P (niu _bws);
. TRANSIT (ws _niu,RRframe); & send ack
END
ELSE BEGIN
IF rejflHg(l) = FALSE THEN



BEGIN
seqg := frmexpct (1) :
CST(0.000125);
dest := 2;
rejflag{l} := TRUE;
P{(niu bws);
TRANSIT{ws niu,REJframe);

END -

ELSE TRANSIT (QUT);

END;
END;

SERVICE (RRframe) = BEGIN
Seventsone
IF (p = 1) AND (£
BEGIN
outstand(l)
Sgenfrml
END;
IF¥ (p = 1) AND (f <>1) THEN
BEGIN
£ :=1;
CST(0.000125);
seg := frmexpct (1l);
dest := 2;
P (niu_bws);
TRANSIT (ws_niu);
END
ELSE BEGIN
CST (t_trans);
frmexpet (1) := ack;
IF ack > nxtfrsnd(l) THEN
outstand(l) := window - ack + nxtfrsnd(l)

see if there is a cksumerr
1) THEN & or a2 timeout error.

0;

i &

ELSE ‘
outstand(l) := nxtfrsnd(l) - ack;
IF outstand(l) = 0 THEN
o running(l} := 0 & stop timer one

ELSE sttimer{l):= 1; & restart timer 1
TRANSIT (OUT) ;
END;
END;
SERVICE (REJframe) = BEGIN
. CST(0.000125);

Seventsone : & see if there is a cksumerr
outstand(l) := 0; & Oor a timeout error.
Sgenfrml
END;

&

&

5 . - ‘

/STATION/NAME = LLCZ2; N & LLC on LaNZ2

SCHED= PRIOR, PREEMPT;
PRIOR{(data) = 1;
PRIOR = 2;
SERVICE (recquest) = BEGIN -
Seventstwo & check if events ‘had occurred
CST(t_trans), & convert it to a LAN frame
IF nxtfrsnd(2) < maxseqg THEN
nxtfrsnd(2) := nxtfrsnd(2) + 1
ELSE
nxtfrsnd(2) := 0;
. C2 := NEW(CUSTOMER) ;
L C2.ack := nxtfrsnd(2);
cC2.p :
T . cz2.f :
. C2.dest :

;
H

oo
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SERVICE (data)

SERVICE (RRframe)

i

4

C2.seq:= nxtfrsnd(2);
P{C2,niv buff);
TRANSIT(C2,fs_niu, RRframe);
TRANSIT (fs_cpu);

END;

BEGIN

Seventstwo

IF outstand(2) < maxseg THEN
SET (notoutsd)

ELSE RESET (notoutsd) ;

WAIT (notoutsd);

seq := nxtfrsnd(2);
dest = 1;
£ = 0,

IF nxtfrsnd(Z) < maxseq THEN

nxtfrsnd(2) := nxtfrsnd(2) + 1
ELSE

nxtfrsnd(2) := 0;
outstand(2) := ouustand(z) + 1;
IF runnlng(Z) = 0 TEEN

BEGIN

C2 := NEW(CUSTOMER) ;

TRANSIT (C2,timer2, request) ;

END
ELSE ’

sttimer(2):= 1;
dest := 1;

P (niu buff);
TRANSIT (fs_niu);

END;
= BEGIN
Seventstwo
IF (p = 1) AND (f = 1) THEN
BEGIN
outstand(2) := 0;
$genfrm2
= END;
iF (p = 1) AND (f <>1) THEN
BEGIN
f = 1;
CsT(0.000125);
dest := 1;
seq := frmexpct(Z),

P (niu buff);
TRANSIT (fs nlu),
END
ELSE BEGIN

CST(t_trans);

frmexpct (2) := ack;

IT ack > nxtfrsnd(2) THEN
outstand(2)

=

'ELSE
~outstand(2) := nxtfrsnd(2) - ack:;
IF outstand(2) = (0 THEN
running(2) := 0 & stop timer 2 "
z - ELSE sttimer(2):= 1; & restart timer
'~ #7  IF outstand(2) < maxseq THEN
SET (notoutsd)
o ELSE RESET (notoutsd);
TRANSIT (QUT) ;
END;
END;

158

&receive RRframe.’

window - ack + nztfrsnd(2)



SERVICE (REJframe)

= BEGIN

CsT(0.000125);

Seventstwo
outstand(2) := 0;
$genfrm2
END;

&

&

/STATION/NAME=timerl;
SERVICE= BEGIN
sttimer(l)
running (1)
TRANSIT (QUT) ;

& timer on LANZ

= -

r
— -
r

FOR x:= 1 STEP 1 UNTIL INTREAL(t timer/clock) DO
BEGIN
IF sttimer{l) = 1 THEN
BEGIN
sttimex(1l) := 0; & reset timer
X 1= 1;
END;
IF running(l) = 0 THEN
TRANSIT (QUT) ; & stop timer
CST{clock);
END;
IF running(l) = 0 TEEN
TRANSIT (QUT) -
_ ELSE
= timeout (1) := 1; & signal timecut
- running (i) := 0;
TRANSIT(LLCl,request),

END;
&
& -
/STATION/NAME=timer2;
SERVICE= BEGIN
sttimer (2)
N " running(2)
TRANSIT (OUT) ;

& end of timer service.
& timer on LANZ

0
1

-
-
-
-

e e

FOR yy:= 1 STEP 1 UNTIL INTREAL(t timer/clock) DO
BEGIN - '
IF sttimer(2) = 1 THEN
- BEGIN
sttimer(2) := 0; & reset timer
- yy = 1;
~ END; : ’
IF running(2) = 0 THEN
- : TRANSIT (OUT) ; & stop timer
- CST (clock);
END; g
Iir runnlng(Z) = 0 THEN“ x
TRANSIT (QUT) :
ELSE :
timeout (2) := 1; & signal timeout
running (2) :=.0; .
@ TRANSIT (LLC2, request), :
o aND: , & end of timer service.
& ‘ =
4& o "\. P ’ < B
/STATION/ NAME = lan(l); e & LAN1 queue for Applebus
¢ SERVICE= BEGIN = :
$med acc
TRANSIT (bridgel) ;
: END; o
& :
/STATION/ NAME = lan{2); Applebus

~:SERVICE= BEGIN

& LANZ2 queue for
139

]

e



Smed acc
TRANSIT (bridge2);
END;

JSTATION/

/STATION/

/STATION/

/STATION/

/STATION/

/STATION/

/STATION/

/STATION/

/STATION/

NAME
TYPE
SERVICE

NAME
SERVICE

NAME
TYPE

_SERVICE

NAME
SERVICE

NaME
TYPE
SERVICE

NaME
SERVICE

NAaME
TYPE
SERVICE

NAaME
SERVICE

NAME.
TYPE
SERVICE

0w wn huun nn o

I}

Saen

lanlwsi
SQURCE;
BEGIN
EXP {(intra);

dest := 2;

Ipack := dumlgth;
TRANSIT (macl,cummy) ;
END;

macl;

BEGIN

$med acc
TRANSIT {CUT, dummy) ;
END;

e

lanlws2;

SOURCE;

BEGIN-

EXP (intra);

dest := 2;

Ipack := dumlgth;
TRANSIT (mac2, dummy) ;
END;

mac2;

BEGIN

Smed acc
TRAN§IT(OUT dummy) ;
END;

lanlws3;
SQOURCE;
BEGIN \
- BEXP (intra);
dest := 2; ¢
lpack := dumlgth;

TRANSIT (mac3,dummy) ;

END;

mac3;

BEGIN

Smed acc
TRANSIT (OUT, dummy) ;
END; ,

lanlws4;

SOURCE;

"BEGIN

EXP (intra);

dest := 2;

lpack := dumlgth;
TRANSIT {mac4,dummy) ;
END;

mac4a;

BEGIN.

Smed acce
TRANSIT(OUT,dummy),
END;

lanlws5;
SOURCE;
BEGIN

160

& this is jusg 2 legading
& station. It is there In
& order to provide local
& on the

loads
network.,

& its purpose is the same
& as lanlwsl.

& its purpose is the same
& as lanlwsl.

& its purpose is the same .
& as lanlwsl. : .

i

& its Du*pose lS the same
& as 1amwsl



(A

/STRTION/

/STATION/

/STATION/

" /STATION/

/STATION/

/STATION/

/STATION/

/STATION/

/STATION/

NAME

SERVICE

NAME
TYPE
SERVICE

NAME
SERVICE

NAME
TYPE
SERVICE

NAME
SERVICE

NAME
TYPE
SERVICE

NAME
SERVICE

NAME
TYPE
SBRVICE\

i

NAME
SERVICE

1

i

nnw

N

Ipack := dumlcth;
TRANSIT (mach, cummv),
END;

macs;

BEGIN

Smed acc
TRANSIT (OUT, dummy) ;
END;

lanlwsé;

SQU2CE;

BEGIN

EXP (inter)};

dest := 2;

lpack := dumlgth;
TRANSIT (macée, cumny) ;
END;

macé;

R

BEGIN

Smed acc
TRANSIT (bridgel
END;

, dummy)

a1

lanlws?; &
SOURCE; &
BEGIN &
EXP(inter):

dest := 2;

lpac Ci= dumlgth;
TRANSIT (mac7?, dummy) ;7
END;

macy;

BEGIN

Smed_acc
TRANSIT(brldgel dummy)
END;

b1}

lanlws8;

SOURCE;

BEGIN'

EXP (inter);

dest := 2;

lpack := dumlgth;
TRANSIT (mac8§, dummy),
END;

macst;

BEGIN - ..

$med acc.

TRANSIT (bridgel, dummy)
END;

-2l 20 s N

g

lanlws8;
SOURCE;
BEGIN
EXP(inter);
dest := 2;

R

. lpack := dumlgth;

"END;

TRANSIT (mac$, dummy) ;

END; ;

mac9;

BEGIN

Smed acc .

TRANSIT (bridgel, dummy) ;
: 161
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send inter LAN
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/STATION/

/STATION/

NAME
TYPE
SERVICE

NAME
SERVICE

lanlwsig;

SOURCE;

BEGIN

EXP (intex);

dest := 2;

Ipack := cungt",
TRANSxm(mac’O dummy) 2
END;

macil;

BEGIN

Smed acc

TRANSIT (bridgel, dummy) ;
END;

its purpose is the same
as lanliwsi. However traffic
send Inter LAN

is

R

/STATION/

/STATION/

/STATION/

/STATION/

/STATION/

/STATION/

/STATION/

NAME
TY2E
SERVICE

NAME
SERVICE

NAME
TYPE
SERVICE

NAME
SERVICE

NAME
TYPE
SERVICE

NAME
SERVICE

NAME
TYPE

SERVICE-

o n

[}

tn

I

.10

LAN TWO BRCKGRODVD LOAD (STATION 1.

lan2wsl;

& this is just a lcading
SOURCE; &

&

&

staticon. It is there in
orcder to provide local
on the network.

BEGIN

EXP {intra);

dest :='1;

lpack := dumigth;
TRANSIT (wslmac, dummy) ;
END;

wslmac;

BEGIN

Smed acc

TRANSIT (QUT, dummy) ; =
END;

loads

lan2ws2;

SOURCE;

BEGIN

EXP (intra);

dest := 1;

lpack := dumlgth;
TRANSIT(WSZmac,dummy),
END)

ws2mae;

BEGIN

$med acc
TRANSIT (OUT, dummy) ;
END;

& 1ts purpose is the same
& as lanlwsl.

lan2ws3;

SOURCE;

BEGIN

EXP (intra);

dest := 1;

lpack := dumigth;
TRANSIT (ws3mac, dummy),
END;

ws3mac;

BEGIN <
Smed acc

TRANSIT (QUT, dummy),

END;

& its purpose is the same
& as lanlwsl.

lan2ws4;

SOURCE;

BEGIN

EXP (intra);

dest := 1;

lpack := dumlgth;

& its purpose is the same
& as lanlwsl.

162 -



/STATION/ NAME = laniwslQd; & its purpose is the same
TYPE = SQURCE; & 2s lanlwsi. However trzffic is
SERVICE = BEGIN & send inter LAN
EXP (inter; ;
dest := 2;

lpack := dumlgth;
TRANSIT (macl0, dummy) ;

END;
/STATION/ NAME = maclQ;
SERVICE = BEGIN
$med acc
TRANSIT (bridgel, dummy) ;
END;
&_——— —— - —— el e
& LAN TWO BACKGROUND hOAD (STAIION 1..1Q0)
& S e s ——— ——— T _— —— — T T
&
/STATION/ NAME = lan2wsl; & this is just a loading
TYPE = SQURCE; & station. It is there in
SERVICE = BEGIN & order to provide lccal loads
EXP(intra); _& on the network.
dest := 1;

lpack := dumlgth;
TRANSIT (wslmac, dumny) ;
END;

wslmac;

BEGIN

Smed acc
TRANSIT (OUT, dummy) ;
END;

/STATION/ NAME
SERVICE

imn

/STATION/ NAME
TYPE
SERVICE

lan2ws2; & its purpcese is the same
SOURCE; . & as lanlwsl. '
BEGIN
EXP (intra);
dest := 1;
Apack := dumlgth; >
TRANSIT(WSZmac,dummy),
END;
wsZmac;
_ BEGIN
‘ $med acc
o7 ‘ TRAN§II(OUT dummy) ;
. END7—

W

/STATION/ NAME
: SERVICE

irn

lan2ws3; & its purpose is the same
SOURCE; & as lanlwsl.
BEGIN

EXP (intra);

dest := 1;

lpac = dumlgth;

TRANSIT(wsBmac dummy) ;

END;

ws3mac;

BEGIN

$med acc

TRANSIT (OUT, dummy) ;

END;

/STATION/ NAME
' TYPE
SERVICE

0w

/STATION/ NAME
SERVICE

lan2ws4; ‘ & its purpose is the same
SOURCE; & as lanlwsl.

BEGIN : ‘

EXP(intra);

dest := 1;

lpack := dumlgth; 163

/STATION/ NAME
TYPE
SERVICE

4



SERVICE

/STATION/ NAME
SERVICE

/STATION/ NAME
TYPE
SERVICE

= BEGIN & send inter LAN

dest :=
Ipack := dumlgth;
TRANSIT (wsSmac, dummy) ;
END;

ws9mac;

BEGIN

Smed acc

TRANSIT (bridge2, dummy) ;
END;

lan2wslQ;

SOURCE;

BEGIN

EXP (inter);

dest = 1;

1pack = dum1gth-
TRANSIT (wsilmac, dummy) ;

its purpose is the same
as lanlwsl. However traffic is
send inter LAN

o

e

. END;
/STATION/ NAME = wslOmac;
SERVICE = BEGIN
Smed acc
TRANSIT(brLoﬂeZ dummy) ;
END'
&—— _______________________
&
/STATION/NAME = bridgel;
. SERVICE = BEGIN
CST(0.000200) ; & proc. time at the bridge
IF dest = 1 THEN
TRANSIT (bdgleth)
ELSE
TRANSIT (bdgltl) ;
END;
/STATION/NAME = bdgleth; . & bridge at lan 1 to ethernet MAC layer
SERVICE = BEGIN :
$med acc
IF CLASS = dummy THEN
TRANSITIQUT)
ELSE BEGIN
IF ws niu.NB > memsize THEN
TRANSIT (QUT)
ELSE BEGIN
P(niu bws);
TRANSIT (ws_niu);
. END,
END; :
END;
/STATION/NAME = bdgltl; & bridge at lanl to Tl link MAC layer
SERVICE = BEGIN
CST (1lpack*8.0/1544000) ; & time to TX packet over Tl
TRANSIT (bridge2);
END;
/STATION/NAME = bridge2; " , o
SERVICE = BEGIN ’ —
CST(0.000200) ; & processing time at the bridge
IF dest = 2 THEN ‘
TRANSIT (bdg2eth)
ELSE

TRANSIT (bdg2t1); 164



/STATION/

/STATION/

/STATION/

/STATION/

/STATION/

/STATION/

/STATION/

/STATION/

L)

- /STATION/

/STATION/

NAME
TYPE
SERVICE

NAME
SERVICE

NAME
TYPE
SERVICE

NAME
SERVICE

NAME
TYPE
SERVICE

(B9

NAME

SERVICE

NAME
TYPE

‘SERVICE

NAME
SERVICE

NAME

. TYPE

i

TRANSIT (ws4dmac, dummy) ;
END;

wsédmac;

BEGIN

Smed_acc
TRANSIT (OUT, dumny) ;
END;

lan2ws5; & 1ts purpose is the same
S0URCE; & a2s lanlwsl.
BEGIN

EXP (intra);

dest := 1;

lpack := dunmlgth;

TRANSIT (wsSmac, dumny) ;

END;

wsSmac;

BEGIN

Smed acc

TRANSIT (OUT, Sumny) ;

END;

lan2wsb;

SOURCE;

BEGIN

EXP (inter) ;

dest := 1;

lpack := dumlgth;
TRANSIT (wsbmac, dummy) ;
END; -
wsémac; -
BEGIN

Smed acc

TRANSIT (bridge2, dummv),

its purpose is the same
as lanlwsl. EBowever traffic is
sendé inter LAN

R

. END;

nmuwin

lan2ws7; & its purpose is the same
SOQURCE; . & as lanlwsl. However traffic is
BEGIN & send inter LAN

EXP (inter); ‘ :

dest := 1;

lpack := dumlgth;

TRANSIT(ws7mac,dummy),-

END; .

wsTmac;

BEGIN

$med acc :

TRAN§IT(br1dge2 dummy) ;

END;

lan2wsB; - ‘ & its purpose is the szame
SQURCE; & as lanlwsl. Powever traffic is
BEGIN & send inter LAN
EXP (inter);

dest := 1; S -
lpack := dumlgth;
TRANSIT (ws8mac, dummy) ;
END; ,

ws8mac; ‘ » _

BEGIN : - -
$med acc e

- TRAN§IT(br1dge2 dummy) ;

ihn

END; _ B -

lan2ws9; & its purpose is the same
SOURCE; - 165 & as lanlwsl. However trxffic is

RN



END;

/STATION/NAME
SERVICE

bdg2eth; & bridge at lan 2 to ethernet MAC laver
BEGIN
Smed acc
IF CILASS = dummy THEN
TRANSIT (QUT)
ELSE REGIN
IF £fs _niu.NB > memsize THEN
TRANSIT {(QUT)
ELSE BEGIN
P{niu_ buff);
TRANSIT (fs niu);
END; .
END;
END;
= bdg2tl; & bridge at lan 2 to T1 link MAC laver
SERVICE= BEGIN
CST (lpack=*8.0/1544000) ; & time to TX packet cver TI
TRANSIT (bridgel);

END;
&
&
& D o S T S s . T A S e T —— —— T " S ks . oy T S S —— —— — —
&
&
&********************************************************-kir:k**x*******w*
& This procedure simulates the workstation model. It also *
& has a network interface unit with internal menory of size memsize.*
&*'k*********‘******************************************************g***x*
&
&
5

/STATION/NAME= niu bws;
TYPE= RESOURCE, MULTIPLE (memsize);

/STATION/NAME= time; ‘ & used to time the transfer of data
TYPE= RESQURCE;

/STATION/NAME= ws_niu; |
SERVICE= BEGIN & this response releases one buffer

V(niu_bws}; & of size 1K from the NIU memory
- IF dest = 1 THEN > '
TRANSIT (LLC1) N
ELSE
TRANSIT(lan(l));
END; :

/STATION/NAME= ws_cpu;
SERVICE (request)= BEGIN

EXP (t_convrt); & reg. processing time
P(time); _

lpack := 64; & set packet length
TRANSIT (LLC1); & start timing the reguest
END;

SERVICE (response) = BEGIN :
S EXP (t_detect);
TRANSIT (img_proc);
END; : -

detect response packet
and transit to img _proc.:

N ol )

/STATION/NAME= img_proc;
‘ INIT (request) = 1;
SERVICE= BEGIN . :
EXP (t proc):; i & time to display the image.
TRANSIT (ws_cpu,requestgsy & change class to reguest



&
& ———————————————————————————————————————————————————————————————————————
&
&*’k**************tt*******************x***x***********x***‘x*‘k*******x**x
& This program simulates the file server model. It zlso *
& has a network interface unit with internal memory of size memsize.*
&*******t***************t*‘k**********************************x***x****t*
&
&
&
/STATION/NAME= BUS; & file server BUS rescurce

r

TYPE= RESOQURCE, MULTIPLE(1l);

/STATION/NAME= buffer; & file server bufifer resogurce
TYPE= RESQOURCE, MULTIPLE(l);

/STATION/NAME= niu_buff; & NIU resurces
TYPE= RESOURCE, MULTIPLE (memsize);

/STATION/NAME= fs niu;
SERVICE= BEGIN

V{niu buff}; & release one niu_buffer;
IFr dest = 2 THEN
TRANSIT (LLC2)
ELSE
TRANSIT (lan{2));
END;
/STATION/NAME= fs cpu; & file server CPU

SCHED= QUANTUM{1E-3);
SERVICE (request)= BEGIN

EXP (t_query); & reg. processing time
FOR cnter := 1 STEP 1 UNTIL (nb__ r;cts - 1} bo
BEGIN

, - req d := NEW(CUSTOMER);
R TRANSIT (req_d,fs_disk);
END;
, TRANSIT (fs_disk};
END;
SERVICE (response)= BEGIN '
FOR cntr := 1 STEP 1 UNTIL 63 DO
BEGIN
P (BUS) ;
¢ := NEW(CUSTOMER):; & convert the 64K data into
CST(t convrt); & 64 packets of size 1X
V(BUSY;
TRANSIT (¢c,LLC2,data}); & station and transit.
END;
= P (BUS) ;
CST(t convrt),

V(BUS) ;
TRANSIT(LLCZ data),
END;
/STATION/NAME- fs dlsk, & disk station
SERVICE= BEGIN
P (buffer); & ask for the buffer
EXP(t dlsk), & time to read from disk
P(BUS); .- ~ '
CST (t dbuff), & time to transfer from disk to buffer
V(BUS) ; .
- P{BUS); - .
CST{t bmem); & time to transfer from buffer to memory
VvV (BUS) ; - ' -

V(buffer); 167



"ad

wRTRERY YR

/
&

TRANSIT (fs_cpu,response); & change class to response
END;

(Background loacd on both Token Ring LANS)
(*****t**** NO BRIDGE PRIORITY wwxw**tn)

50% INTRA & 18% INTER LAN TRAFFIC WITH FILE SIZE 1.216¥byte, lpack=1.CKbvte

CONTROL/TMAX=10000; & total simulation time
PERIQOD = 2000; TEST = QUTPUT;
ACCURACY=ALIL QUEUE;

EXEC/BEGIN

-— ethernet parameters —-—--——-——————weew.
FOR 3j:=1 STEP 1 UNTIL 1 DO
BEGIN
ring(jj) .il:=33;
token(jj) .icl:=35j;
END;

macl.il:=1; & assigning local address and position to
maci.is:=1; ' & the background ncdes on LaN1
macz2.il;=1; :
mac2.is:=2;

mac3.il:=1;

mac3.is:=3;

macd.il:=1;

macd.is:=4;

macS5.il:=1;

macS.1is:=
mace.il:=1
macé.is:=6;
mac7.il:=1;
mac7.is:=7;
mac8.il:=1;
mac8.is:=8;
mac%.il:=1;
mac9%.is:=9;
maclf.il:=1;

LT T T

macl0.is:=10;
&
wsimac.il:=2; & assigning local address and position to
wslmac.is:=1; & the background nodes on LAN2
wsZ2mac.il:=2;
. ws2mac.is:=2;

ws3mac.1il:=2;
ws3mac.is:=3;
wsdmac.il:=2;
wsdmac.is:=4;
wsbmac.il:=2;
wsSmac.is:=
wsébmac.il:=2;
wsbmac.is:=
ws7mac.il:=

2
ws7mac.is:=7
=2

8

AT

LI T T TR T

ws8mac.il:=
ws8mac.is:=
wsOmac.il:=2;

ws9mac.is:=9;

wslOmac.il:=2;

wslOmac.is:=10;

&

lan(l) .il1:=1; : - _ .
lan(l) .is:=stat; 168 N



lan(2) .11:=2;
lan{2) .is:=stat;
&

bdgleth.il:=1;
bdgleth.is:=node;
bdgZeth.il:=2;
bdg2eth.is:=node;

&*****t********************* LLC INITIALIZATION FE 2 E S F & S EEERSEEEEEEEE LSS S
nxtfrsnd (1) ; & next frame to send

I
-~

rmexpct (1) ; & frame expected
outstand(l) := 1; & outstanding frames on LAN1
nztfrsnd(2) := 0;
rmexpct (2) = 0;
outstand(2) := 0;
cksumerr (1) := FALSE;
cksumerr (2) := FALSE;
timeout (1} = 0;
timeout (2) = 0;
rejflag(l) := FALSE;
rejflag(2) := FALSE; -
& — - -~ SET THE PACKET LENGTH OF THE FRAMES ———————

dumlgth := 1000 & frzme length of the dummy classes of customers

request.lpack := 64;

response.lpack := 64;

REJframe.lpack := 64; & length of different control frames
RRframe.lpack := 64;

data.lpack == 1000;

dummy .lpack := dumlgth;

nb_reqts 1= 19;

totpeckt 1= 1216; & (1.216Mbyte/l.0Kbyte)

&

Grhkkkdkkhkhkhkhkhkhkkhkkhkkhkhdkhkhkhkhkhhkhkhkdhkhkhhkhhdkhrhkdrkkhhhdkhhkhdkrhkrhhhkhhdkhokikhkkkhnk,
& .

' llc protocol parameters ————————=——==
t _tlprop:= 5.4E-3;

t prop := 100E-6; & propagation time of a packet thru ISDN net
t_trans:= 20Q0E-6; . ‘
t timer := 500E-3; © & timer expiration time
cTock := 50E-6; & clock pulse or tick time

- file server parameters —-————————-—--
t_disk:= 0.4; & time to access 64Kbytes fro disk
t_query := 0.00011; & to analyze the request
t_convrt := 0.000100; & to packetize the data
t_visit := 8; & inter request’s time -
t dbuff := 0.08; & transTer time from disk to buffer N
t_bmem := 0.08; & transfer time from buffer to memory
& - -- workstation parameters —-——-——————---=
t_proc := 0.001; &6.4; & thinking and display time.
t_detect := 0.000100; & to analyze the request
low 1d := (8.0*1000/880000); & rate for 22% utilization of network
mod_1d := (B8.0*1000/2000000); & rate for 50% utilization of network
hvy 1d := (8.0*1000/720000); & rate for-18% uitl.of the network
x_hvy 1d :=(8 0*1000/1200000); & rate for 30% util. of the network
s_hvy 1ld :=(8. 0*1000/1400000); & rate for 35% util. of the network
intra := mod_ld*5.0; & load applied to ring network
inter := hvy 1d*5.0; & intertraffic probability
& -_— —————— S T ot i S S T T T i o T T T A T T — — T T {7 o o
PRINT (" (Background load on both Token Ring LANS) ");
PRINT (" (X**kxxxkkx NO BRIDGE PRIORITY **xx**xxx) ") ;
gRINT(::SO% INTRA & 18% INTER TRAFFIC & FSIZE 1. 216Mbyte,lpack—1 OKbyte™) ;

RINT ("========u= == == ====")7;

PRINT (™ "); S o
&
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END;

/END/
$SECD
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