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Abstract

Metropolitain Area Networks (MANs) are recciving increased interest from the conununica-
tions industry because of their large bandwidth and ability to support both asynchronous
and isochronous data types. The DQDB (Distributed Queue Dual Bus) architecture has been
adopted as the IEEE 802.6 MAN standard. The standardization process for the DQDB MAN
has been both a lengthy and complex process. The DQDB standard has undergone sev-
eral major modifications to improve system [airness in dividing the asynchronous bandwidth
among active users. This thesis outlines the historical requirement for a MAN and also traces
the steps of the IEEE 802.6 standardization process. A detailed performance evaluation of
the current version of the DQDB standard to support community of intcrest based traffic
is given. The study shows that the standard in its present form is still unable to cqually
A divide its asynchronous bandwidth among all stations. The problem is caused by iwo main
factors. First, the station’s position along the DQDB bus will greatly influence the amount
of bandwidth it is able to obtain. The second major reason for unfair bandwidth allocation
stems from the dual bus architecure of DQDB. Not all stations enjoy the privilege of using
both DQDB buses to send data traffic. This will severely restrict their performance. This
situation of being unable to use both DQDB buses will be quite common for DQDB based
Public MANs as they service multiple communities of interest. This thesis proposes a solution
called Variable Bandwidth Balancing(V_BWB) to correct the unfairness of DQDB. V.BWB

is based on the concept of easy access during light network loads and tightly controlled access

during peak network loading.
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Chapter 1

Introduction

1.1 An Overview of Metropolitan Area Networks

Local area networks(LANs) have been used extensively in the past to allow a group of users
to communicate and share common data and peripheral equipment. This sharing occurs over

a common communications medium. To date the most common forms of LANs are Ethernets

and Token rings.

The cost savings from communicating and sharing resources over LANs has pushed the
networking industry to produce faster systems with a wider bandwidth. Local arca networks
are currently available which operate in the 16Mbps range over several Kms. It is thought that
these LANs will not provide the required performance to satisfy new applications such as high
speed voice and data transmissions originating from a multimedia workstation. Organizations
which are using LANs are atterapting to allow more users over wider distances to communicate

by interconnecting these LANs via bridges and gateways.

It is clear that a new high capacity network must be made available to organizations to
interconnect these LANs. This movement towards interconnecting LANs suggests that the
geographical area covered by this new interconnection network will be much larger than is
currently covered by LANs. The growing demand for larger bandwidths and wider geograph-
ical coverage has pushed the industry beyond the capabilities of LANs. Standard token rings



will have too great of a token rotation time and ethernets will have too many packet collisions
due to large propagation delays, to cfficiently act as the interconnection backbone for a group
of LANs. This paves the way for a new “concept” of networking with capabilities which will
fall between those of LANs and those of very high speed wide area networks(WANs) used by

the carriers.

1.2 The IEEE 802.6 Standard

In 1981 IEEE recognized a need for “in between” networks which bridge the gap between
privately owned and operated LANs, and the public carriers’ very high speed and large distance
WANS. IEEE formed the 802.6 Metropolitan area network (MAN) committee to standardize

this new network which has one foot in the LAN world and one foot in the public carriers

WAN domain.

IEEE set up some early guidelines to help with the standardization process. The IEEE
MAN will be required to support both synchronous (voice and video) and asynchronous
(packet) type traffic. The IEEE standards committee decided that the MAN architecture
will have to operate‘ efficiently over a diameter of about 50 km, which is the s‘ize of a typical
city. The committee first limited the speed of the MAN to 20 Mbps or less but this restriction
was later removed. The network capacity will be dictated by the capabilities of the commu-
nications media. It is commonly believed that 43 Mbps (DS3 based) and 155 Mbps (SONET

based) seem to be prime candidates for bit rates to support most current applications.

1.3 Perceived Uses of MAN’S - Private and public

The IEEE §02.6 standardization committee is attempting to define a standard for the MAN
architecture. This standard is required because the new network will possibly interconnect
equipment belonging to many different organizations, each with a different brand of computer

equipment and communications protocols. There are two principal MAN configurations. First

(3]
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Figure 1.1: IEEE 802.6 Private MAN used to inter-connect 4 Token Ring LANs Via Bridges.

is the private MAN which is owned and operated by a single organization. Second is the public
MAN, which is owned and controlled by the carriers. The public users will lease bandwidth

from the public MAN to service their requirements.

1.3.1 Private MAN

Figure 1.1 shows how a private MAN would fit into a typical large organization’s communica-
tion system. We can see that the private organization’s LANs could be interconnected using
the IEEE MAN. The private MAN could also be used to connect high speed workstations which
require more bandwidth than is typically available on 2 LAN.These high speed workstations
could be multimedia based, thus requiring both the synchronous and asynchronous capabili-
ties.The synchronous component of the multimedia transmissions could be voice and/or video
and the asynchronous component could comprise of data files or images. The synchronous
capabilities of the MAN could also provide a private telephone system internal to the organi-

zation owning the private MAN.



The LANs used by a private company would most likely be compatible with each other
(eg. all LANs are IEEE 302.5 Token Rings) and thus the required bridges to the MANSs would
be quite simple and usually no protocol conversion would be necessary between user LANSs.
The private MAN would most likely reside on the user premises and thus not interfere with
the “Public Right Of Way” issues when laying cable in public areas as it is very difficult for

private companics to gain access to the carriers public cable domain.

We can see that this private MAN can be looked at asa large and very powerful LAN which
is wholly controlled by the private organization and could be used to completely integrate all
the communication facilities of the organization. The high cost of such a system would strictly

limit the number of organizations which would want or need a private MAN.

1.3.2 Public MAN With Many Communities Of Interest

I suspect the most popular use for the IEEE MAN will be the Public MAN which is owned and
operated by the public carriers. Bandwidth will be leased to desiring organizations. Figure 1.2
displays a public MAN supporting several organizations (community of interests) with a single
public MAN. The leasing organizations would not have to incur the large cost of installing
the MAN, nor would they have to worry about the “Public Right Of Way” problems of laying

cable in public areas.

The types of traffic travelling across a Public MAN would be similar to that of the private
MAN, however, the traffic sta‘.tistics would vary greatly from those of the private MAN. For
example. the traffic generated within a single community of interest will likely remain within
the sending community and will not be sent to others on the MAN. A major bank which is
sharing a public MAN with a university will exchange little or no traffic. Thus each will have

a great deal of intra-community traffic and very little inter-community traffic on the MAN.

The public MAN will support many types of LANs with different hardware platforms

and different communication protocols. The carriers are strongly supporting the concept of
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Figure 1.2: IEEE 802.6 MAN configured as a public network supporting two separate com-
munities of interest (one Token Ring Based and the other Ethernet based).

2 single MAN standard to keep the economies of scale reduced by only producing a single

hardware chip set and one version of the protocol software to run the MAN[MOLSSA].

The proposed IEEE MAN architecture will also be acting as a traffic collector for the
Asynchrouous Transfer Mode (ATM) networks of the future. ATM is the transport protocol
which is presently proposed by the CCITT (Comité Consultatif International Télégraphique
et Téléphonique) Study Group AVIII [CCISS]. This group is rcsponsilﬂe for standardizing the
B-ISDN (Broadband Integrated Services Digital Network).The slot size for the IEEE MAN
has been made compatible to the proposed ATM cell size. This traffic collector function will
fall within the domain of the public MAN[MATS9, RYD89]. Figure 1.3 shows how an ATM
based WAN of the future will include both private and public MANs as well as the ATM
switches. It is clear that the IEEE MAN architecture will play a vital role in future high
speed networks and tirus the IEEE 802.6 MAN will be the focus of this thesis.
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1.4 Outline of the thesis

This thesis will present a detailed study of the . 802.6 MAN standard. The study will
focus on the MAN's ability to support the requirements of multiple users and niore importantly
to evenly divide the MAN resources between all active stations on the network. Two major
areas are investigated during the study: first the cfficiency and fairness of the IEEE MAN to
support a 3 token ring based community of interest which uses the JEEE 802.2 Logical Link
Protocol (LLC) as the end-to-end protocol. The second major area was to cxpand this study
from a single community of interest to a more general, multiple community of interest based
architecture. In order to evaluate the performance of the MAN to support these applicationé,
queuing models have been developed using the QNAP2 (Queuc Network Analvsis Package)
software package[QNAS4] which is briefly described in appendix A. QNAP2 is used for queuing
system modelling and performance evaluation. It incorporates many of the known analytical

solutions of queuing networks, and also a discrete-event simulator which has been used for the

performance evaluations presented in this thesis.

This thesis is composed of six chapters. Chapter one just presented an overview of the
Metropolitan Area Network. It also discussed the IEEE 802.6 committee’s work in the stan-
dardization process and gave an overview as to where the MAN architecture will be used

within private, public and ATM based networks.

Chapter 2 will give the MAN historical progression, as to where it fits relative to the other
IEEE 802 standards. The goals and objectives of the 802.6 committee will be outlined as will

the functional requirements of a MAN network.

Chapter 3 will describe the IEEE 802.6 standard in detail. The first proposal (QPSX) for
the standard will be discussed as will the network architecture and timing requirements. The
unfairness of the early versions of the standards will be detailed and finally a performance

evaluation of the current version of the standard will be given.

Chapter 4 will present a detailed study of the standard to act as the high speed backbone



network to interconnect a three token ring based communication system which uses LLC as
its end-to-end protocol, Particular importance will be focused on the standards ability to
properly divide its asynchronous bandwidth between all active stations. This system can be
thought of as a private MAN because all three LANs attempt to communicate with each
other to form a single community of interest using a MAN. Unfairness was observed with the
current, version of the standard and this unfairness was overcome using a modification to the
standard which more evenly divides the MAN’s bandwidth. This modification to the standard
will be discussed in detail, as it provides a tool for correcting the current unfairness within

the standard.

Chapter 5 will extend the study performed in chapter 4 by increasing the number of
communities of interest which are supported by the MAN. This will effectively produce a
public MAN with several communities of interest. As in chapter 4, unfairness will be observed
and the modification introduced in chapter 4 will be used as the basis to achieve optimal MAN

system performance. This optimal performance approach effectively eliminates the unfairness

observed with the current version of IEEE MAN standard.

Finally, chapter 6 will review the interesting observations and conclusions made during
the research and will focus particular attention to the fact that the current version of the
MAN standard is still unfair in bandwidth distribution but the situation is correctable if
a modification developed in this thesis is made to the current version of the IEEE MAN

standard. Furthur, chapter 6 will suggest possible future research.

In summary, the contributions of this thesis are:

i. The determination that the IEEE 802.6 DQDB MAN standard as it now stands is unfair
in asynchronous bandwidth sharing between active stations. It will be shown that this

problem is extreme when public MANSs support multiple communities of interest.

2. The unfairness was found to stem from both the station’s position on each bus and also

how well each station splits its traffic between the two DQDB buses.

oo



3. To correct the unfairness in bandwidth sharing & Variable bandwidth balancing tech-
nique was developed to more evenly divide bandwidth. This tvpe of modification to the
current DQDB standard will be essential to provide the network managers the required

flexibility to efficiently control their MANs.



Chapter 2

MAN Historical Progression

2.1 IEEE 802 Family of Standards

When studying the history the IEEE 802.6 MAN we must first look at the OSI layered
architecture for computer communications to determine where the MAN will fit into this
internationally defined standard for heterogeneous computer communications. We are partic-
ularly interested in determining what need there is for 2 MAN architecture within the OSI
framework. The information gained from determining the need for a MAN architecture will

lead us to defining the functional requirements the MAN must take on to meet these needs.

2.1.1 OSI Model

The International Organization for Standards (ISO) created the Open Systems Interconnec-
tion (OSI) subcommittee in 1977 to standardize computer network architectures[ZIM80]. This
standardized architecture would define the basic building blocks of a layered architecture used
to create computer networks. The OSI committee approved the final 7 layer standard in

1983[ZIM83]. Figure 2.1 displays the T layers of the OSI model.

The application, session, and transport layers provide the upper layer host functions which
generate data and monitor the end-to-end communications between users. The lower layers,

Network, datalink and physical layers, provide the network services required to move the data
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Figure 2.1: OSI Reference Model.

between end users. Each layer is intended to provide services to the layer dircctly above itsclf

and use services of the layer directly below.

Protocol Data Units (PDUs) are the principal data blocks which are exchanged between
peer entities during communications. Peer entities are simply similar layers within the OS]
stack situated on opposite ends of a communication link. All layers set up virtual links
with their peer entities at communication setup time and keep this virtual link active until

communications are disconnected.

The PDUs of each layer are created by the addition of its own protocol control information
(PCI) to the data units received from the layer above. The application layer first creates the
data unit which is to be sent to its peer application at the far end of the communication link.
The application layer will pass its PDU to the presentation layer where it will be encapsulated
by the presentation layer control information. This control information is referred to as the

service header(SH). This process of adding the SH of each layer to the data unit will continue
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down through the OSI stack(see Fig. 2.2). At the destination station the SHs of cach layer
will be stripped as the data unit is passed up the stack. The SHs are used to validate the

data and to determine to which virtual circuit it must be forwarded.

N+ 1
Layer N+1 PDU
N SDhu
N PCI
Layer SH
N ‘PDU

Figure 2.2: Flow of protocol data units (PDUs) through the OSI layers.

Before describing the function of each layer within the OSI model, I will briefly outline
the operations of a generic layer within the model. This generic layer description will form a
template from which all layers will operate within the OSI model. As the IEEE 802.6 MAN
will have to fit into this OSI model it will also have to be defined within the bounds set cut

by this general description.

Each layer of the OSI model is intended to provide services to the layer directly above
(the service user). Each layer will provide these required services by combining the special
functions within its own layer and also calling the layer directly below for functions which it
cannot perform. The specific requirements and services differ from layer to layer but all the
concepts are similar. For example the data link layer will primarily deal with bit errors or
out of sequence, frame arrivals, where as the transport layer will have to deal with network

failures. Thus similar types of events must be dealt with at each layer but the scope and



magnitude of the events will vary depending on where we are located within the stack.

The following basic concepts remain constant throughout the OS! stack. Each layer N in
the architecture provides services to layer N+1 above [SCHST](ZIMS3] [LINS3]. Figure 2.3
provides a visual representation for this interaction between generic layers. It is shown that a
single entity within a layer may service several entitics in the layer above. These mulitplexing
(at the sender) and demultiplexing (at the receiver) operations may appear throughout the
OSI stack. The N layer will rely upon the N-1 layer for the services it is unable to provide.
The services which are requested by the N+1 layer of the N layer are passed via the N-service
access points(SAP). These SAPs can be thought of as function calls or procedure calls within

a standard computer program,

These function calls have been standardized by the ISO and are referred to as primitives.
There are only four acceptable primitives which may be used within the OSI architecture:
request, indication, response, and confirm[LINS3]. Figure 2.4 shows how these basic service
primitives provide the interaction between the service user at one level and the service provider

at the layer below.

The request is issued by a service user within the N+1 layer in system A to invoke a
procedure of the service provider in the layer N below. This request will cause the N layer to
send one (or more) N layer PDUs to its peer layer in system B. The receipt of the N-PDU in
system B will force an indication to be issued by the N layer in system B to the N+1 layer in
systen: B. The N+1 layer of system B will complete the desired operation and then issue the
response primitive to layer N below. The response primitive will force 2 N-PDU (or more)
to be sent from system B back to A. When layer N of system A receives the N-PDU from B
it will issue a confirm primitive to layer N+1 above to inform it that the request has been
completed. In summary, we can see that the layers will interact via the four defined primitives
of the OSI model and the peer entities will interact by exchanging the required PDUs. This
separation of the two interaction mechanisms simplifies the OSI architecture. It is obvious

that depending on the traffic and network configurations the interactions between stations
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could becomne quite complicated and thus a standardized model for interaction is imperative.

N +1 Layer - N + 1 Entities
N SAP
N- Services — ‘_‘,X/ \J-. ,:F
Mulitplex/ .
N - 1 Services Cg \_‘ —
N -1 Layer 1 - N - 1 Entities

Figure 2.3: Relations between layers, entities and service access points {SAPs).
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Figure 2.4: Four Basic primitives within OSI structure.
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2.1.2 Seven Layers of OSI

This section will briefly detail each of the seven layers of the OS] model. These seven layers can
be divided into two groups. The upper four layers reside within the end stations and control
both the generation of data as well as the monitoring of the end-to-end communications. The

second major group are the bottom 3 layers,awhich deal with forwarding the data packets

successfully through the network to their respective destinations.

The application layer is intended to directly serve the end user by providing distributed
information services appropriate to an application, and to its management. This layer is
also responsible for the meaning of the information being exchanged between the application
entities and as such the content of the application layer is defined by the user. There has been
some effort to standardize some of the common applications which most distributed users will
encounter. Examples of such applications are virtual terminals, file transfers, and finally, job

transfer and manipulation services[SCHST7])[TANSS].

The presentation layer is responsible for the negotiation of the transfer syntax and
format of the data generated by or addressed to the application layer entities. If the syntax
is different between the sender and receiver, it is the responsibility of the presentation layer
to map one syntax into the other. The presentation layer’s major functions could include
data encryption for network security and privacy purposes, data compression for reducing
the number of bits to be transmitted, and code conversion for interconnecting incompatible

platforms with different terminals, printers, and file servers[HOLS3).

The session layer is intended to prov‘ide the management and control of the dialogue
between end users. This consists of setting up a session and assuming a synchronization
service to overcome any error detected. This will involve establishing certain synchronization
points from which communications may be resumed if a break in communication occurs. This

layer also allows remote users to identify themselves in establishing communications with

other users{EMMS83].
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The transport layer’s purposc is to provide the session layer with a standard access
mechanism to the underlining networks. This shielding process will require the transport layer
to provide the session layer with the means of achieving reliable and cost-effective transfer of
data regardless of the type of network used to support communications. The transport layer
could be using a LAN, MAN or WAN for the end-to-end links and thus the particular details
of supporting network will be shielded from the session layer. The degree of the reliability
and other such characteristics will be detailed by the quality-of-service parameters set up to
support each transport layer link between peer transport entities. These quality of service
paramecters set out the desired throughput, transit delay, error rate, and link failure rate

during the data transmission[KNIS3].

The complexity of the transport layer depends on the design of the lower layers. OSI has
defined five separate classes for the transport layer[STUS3]. The class chosen for a particular
network will depend on the services offered by the network layer below and the quality of
service parameters desired for the link. If the lower layers provide virtual circuit services
guaranteeing.that messages are delivered in order and without loss from sender to receiver,
the transport layer protocols become relatively simple. However, if a datagram service is
provided by the lower layers and the quality of service parameters desired are far beyond
the capabilities of the underlying network then the functionality of the transport layer could

become quite complex to guarantee the desired quality of service parameters.

The four layers just discussed all reside within the end stations and are responsible for the
data generation and end-to-end control of the communication session. The following three
layers are also located within the end station but are also found at all intermediate switching
nodes to ensure the data is delivered to the proper destination error free. The [EEE MAN
will fall into the domain of one of these next layers as it provides a mechanism to transmit

information within a metropolitan area.

The network layer carries out the routing and congestion control procedures to ensure

adequate delivery of packets from one end of the network to the other. However, contrary to
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the other layers in which entities are defined to work in pairs. the network laver comprises
entities working in each network node which implement proper routing and congestion control.
Similar to the transport layer, the network layer can also provide virtual circuit or datagram
services, error detection and recovery. The network layer also uses quality of service parameters

to set out the acceptable performance objectives for the link.[WARS3).

The data link layer (DLL) has been defined to provide link-level service to the network
layer entities. It guarantees error-free, sequential transmission of data units on a link between
network nodes. Like the two previous layers, the DLL can provide for data error and loss
recovery. The DLL may use a windowed flow control mechanism. The DLL provides ser-
vices, such as frame error detection (checksum), frame delimiting (by using special bits), and

addressing in order to route the frames through the network[TANSS].

Two principal data link applications have arisen in the real world of networks. First we
have the WAN type of network which consists of a group of nodes interconnected with multiple
links. The link protocol is carried out on each link within the network and thus the network
layer may assume that the packets will arrive at the destination as desired because the link
layer will guarantee reliable and sequenced data transmission on each link of the network.
" The second major type of real world application of the DLL is that associated with LANs. A
LAN only has a single link for all users on the network. This provides for simple routing and
in many cases a null network layer. The LAN architecture is referred to as shared medium
because all users on the network will share a common data bus[SCH87]. The IEEE 802.6

committee decided that this shared medium approach would form the basis for the MAN
. standard.[IEESS]

The shared medium based DLL must deal with the problems of media contention as well as
providing reliable and sequenced data transmission. Examples of shared media networks are
the star, bus, or ring type topologies. The DLL is usually divided into two sublayers for these
types of networks:first the logical link control sublayer (LLC), and second the medium

access control (MAC) sublayer[ANS85A, ANS85B, ANS85C, ANS85D).
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The LLC is concerned with the link level flow control, delivery without loss, duplication
or misordering and the error recovery of PDUs. These PDUs are exchanged between peer
entitics of the LLC sublayer. These services are very similar to the services provided by the

standard DLL layer within a dedicated circuit switched WAN.

Serving the LLC entities, the MAC sublayer is intended to provide core services and
management of the mulii-access link. This will ensure that the MAC PDUs can be sent
by each node without constant interference from other nodes. The MAC protocols differ
considerably depending on the method used to access the network[SCHS3T]. This is the level
within the OSI model where the IEEE 802.6 MAN standard falls (within the MAC sublayer).
This thesis focuses most of its efforts here and will deal with multiple users sharing a common
medium within a metropolitan area.’ The next section will present an overview of various
MAC protocols defined by the IEEE 802 committees to date. The review is intended to give
the reader a basic understanding of the various architectures and performance characteristics

of the members of the IEEE 802 family.

Finally, at the bottom of the OSI stack is the physical layer. This layer provides me-
chanical, electrical, functional, and procedural characteristics for establishing, maintaining
and releasing physical connections between data link entities. It transmits, bit by bit, the
PDUs generated by the DLL entities. Again aspects of this layer will be discussed within this
thesis as it deals with the physical make up of the MAN and stipulates the architectural and
timing constraints of the MAN.

The OSI Reference Model serves as the basic model to design future computer networks.
It was pointed out in chapter 1 that standards are important to provide for uniform inter-
connections between different systems and to keep the economy of scale reduced to limit the
cost of new networks. The IEEE §02.6 MAN is one of these new networks which must be

standardised for the reasons outlined.
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2.2 Family of IEEE 802 Standards

Figure 2.5 details the 802 family of standards which deal with the physical and data link
layers of the OSI model for the various shared media based systems. The uppermost layer
in the figure shows the 802.1 specification which is a companion document to the other $02
- standards[ANSS5A]. The 802.1 specification details the relationship of the 802.x standards
to the ISO model. This companion document will be used to specify network management

standards and information on internetworking[IEE90].

Below the 802.1 specification, there is the IEEE 802.2 Logical Link Control (LLC) sublayer
which is responsible for the efficient transfer of each data unit on the link. Below the LLC
layer we have our five different MAC standard definitions. These MAC access standards
define five types of medium access technologies and associated physical media. Each of the
five standards is appropriate for particular applications or system objectives. Only three of
the five standards have been completed to date: the IEEE §02.3 (CSMA/CD), the IEEE $02.4
(token bus), and finally the IEEE 802.5 (token ring). The emerging standard for the IEEE
§802.6 DQDB MAN will soon be completed and the IEEE 802.9 IVD (Integrated Voice/Data)
LAN interface deﬁnition is currently in progress. A brief overview of the 802.2 LLC and all

five MAC standards will be given in the next sections.

2.2.1 Logical Link Control (802.2)

The IEEE 802.2 Logical Link Control (LLC) is the common component to all of the 802.x
architectures. The exact details of the protocol are outlined in the ANSI/IEEE standards
publication “Logical Link Control” which sets out the operating guidelines for peer to peer
data transfer over the 802 architectures [ANSS5A]. This upper half of the OSI data link
layer provides the standard interface to the data link layer from the network layer. This
standard interface layer(LLC) will accept data at its SAPs and pass this data on to the
network dependent MAC sublayer below.
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Figure 2.5;: IEEE 802 family of standards.

The lbgica.l link control carries out the data link control functions which are medium
independent[SCHS7). The IEEE MAN architecture falls into this category and thus will
rely upon the LLC for its lowest level peer-to-peer communications. These shared media
architectures do not usually require a network layer as there is no routing involved. This will
cause the LLC layer to deal directly with the transport layer although a network layer may

be involved when gateways will be used to move data over or through other networks.

It is clear that the LLC protocol may take on various roles depending on the complexity of
the network and transport layers it is supporting. With these various toles in mind the IEEE
$02.2 has developed three different classes of the LLC protocol. The first class referred to as
type 1 or connectionless service, provides for service across a link which will have minimal
overhead complexity. This first type of LLC provides for no error recovery. The second type
of LLC is the type 2 LLC or more often referred to as the connection service. This second
type of link is considerably more complex and provides for error recovery. This type 2 LLC
is based on the asynchronous balanced mode of the High Level Data Link Control (HDLC)



protocol[SCHST, RYBSO]. The third type of LLC which is currently under consideration by
ISO is called type 3 and will provide for an acknowledgement based Connectionless Service,
This 3rd type of LLC is intended to provide for a compromise between the type 1 and 2
LLC protocols. The type 3 LLC will have little overhead and complexity because of the

connectionless service but still provide for a basic form of data acknowledgement[ISOS6)

LLC Type 2 frame format

This thesis will only deal with the type 2 LLC protocol to support MAN communications.
More detail will be given about this class 2 LLC protocol to help in understanding the basic
operations of the protocol. As stated earlier this LLC type 2 is based on the HDLC standard
and provides for several frame formats. Figure 2.6 gives the basic frame structure for the
.LLC PDUs which are exchanged between peer entities on a communication link. The source
address as well as the destination address are included within the frame. The control portion
of the frame will allow the LLC protocol to transmit 3 different types of frames. The I-frame
is used for data exchange, the S-frame is used for control and finally the U-frame is used for
connecting and disconnecting circuits. The type of LLC frame is determined by the contents

of the control field. Figure 2.7 outlines the 3 different options for the control ficld.

The I-frame is the basic data exchange unit for the LLC. It contains a send sequence
number N(S} as well as a receive sequence number N(R). These numbers are used to label
each frame for accounting purposes. The S(N} is the label placed on a frame before trans-
mission and the N(R) is the next expected frame to be received by this station. This process
is called piggy-backing the acknowledgement. This piggy backing mechanism is used to

reduce the number of acknowledgement packets which must be sent as the acknowledgement

is incorporated into a standard data I-frame{SCHS87).

The S-frame functions in a supervisory role and has 3 different formafs. The first format
is that of Ready to receive (RR) where the N(R) acknowledges all frames up to N(R) -1. The
RR. frame will be used if a station must acknowledge a frame that has just been received and
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has no I-frame to send. The second form of the S-frame is that of Receive Not Ready (RNR)
and is used to temporally limit the flow of data. This type of S-frame might be sent if the
recciving station is having buffering problems and wants to stop the flow of data to it. The
N(R) value contained within the RNR S-frame will indicate the next expected frame. Data
transmission will only resume after receiving a RR frame from the station which had sent
- the RNR frame. The receipt of the RR S-frame would indicate that the problems have been
cleared up. The last of the three S-frames is the Reject{REJ) frame which provides for a
negative acknowledgement signal to be sent, The N(R) value within the REJ frame provides

for a negative acknowledgement of frame number N(R) plus all additional frames sent after

this value.

The finai aspect of the LLC frame format, which is of interest to us, is the Poll/Final bit
within the control portion of the frame. This bit is used to check the peer entity on the far
end of a link to see if it is still active. This portion of the format traces its roots back to the
Polling version of the HDLC protocol but is used within type 2 of the LLC as a heart beat

check to see if the link is still operating properly.

1BYTE 1BYTE 1 or 2 Bytes Variable # of Bytes
SYNCH| psap SSAP CONTROL INFORMATION FCS SYNCH
San - Degination  Sender's DcFrm;cw User Data Frame End

Chechsum  Frame

Frame
Address  Addresss Type Char

Figure 2.6: Logical Link Control Protocol Data Unit (LLC PDU) frame format.

LLC Type 2 operation

The LLC type 2 protocol provides for connection-oriented information transfer between
two LLC entities[FIES6]. A logical link must be pre-established between peer SAPs before
exchanging data frames. The data must be transferred in sequence and without loss or

duplication. The principal tools used to ensure the proper flow of data are the labelling
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Control Field(1 Byte) Options To Determine LLC Frame Type
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Figure 2.7: LLC PDU control field bit description.



mechanisms, N(R) and N(S). These two values will keep constant track of which frames have
been sent and properly acknowledged and which ones are still outstanding. The S-frames
provide control information regarding which frames to send and which ones are expected.
The S-frame also provides a flow control mechanism (RNR and RR) to assist if a receiver gets

into trouble,

The previous paragraph indicated that it is possible to have several I-frames sent but
their acknowledgments still outstanding. This phenomenon is a direct result of the “Go back
n” protocol [BERST] which is embedded within the LLC protocol. This aspect of the LLC
may dramatically improve the throughput of the protocol because it allows a station to send
several I-frames before an ACK is received. The number of frames which may be sent is
one of the parameters of the protocol which must be determined. A study by BUX et al.
showed that this value should be a dynamic one. Its value should be dictated by the traffic
conditions[BUX85].

The “Go back n” protocol uses a windowing mechanism to limit the number of outstanding
frames allowed by the LLC. The send sequence numbers N(S) used to label I-frames must have
an upper bound. Usually this upper bound is set by the number of bits used for the label.
The LLC allows T bits for sequence numbers which sets the upper limit to 128.

In order to have the “Go baci{ n” protocol function properly the maximum number of
outstanding frames must be less than the upper bound of N(S) (128 if we use 7 bits). If we
allowed more outstanding frames than possible labels we would have multiple frames with the
same sequence number. When an acknowledgement for the sequence number with multiple
frames is received the sender of the frames would not know which frame is being acknowledged
and thus the protocol would fail. The term window is used to describe a variable which will

determine the valid label numbers for future I-frames to be sent.

Figure. 2.8 gives a visual indication as to the functionality of this windowing effect. For
simplicity’s sake we assume a maximum sequence number of 8. This window variable which

will determine the N(S) label value will initially be set to 1 for the first frame to be sent. This
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value will increment with each successive frame and roll back over to 1 after using 8. Thus
the labels will be modulo 8 values. Figure. 2.8 part A gives a typical case where 5 frames
have been sent and are unacknowledged. The window of permissible N(S) labels has been
reduced to only 6,7 and S. Part B shows how the window variable has increased to include
frames 1 and 2 as we assume a frame has just been received with N(R) = 3 . The N (R) =3
indicates the next expected frame is 3 and thus 1 and 2 have arrived intact. This process of
allowing multiple frames to be outstanding can greatly increase the throughput capabilitics of
a network. If the maximum number of frames which are allowed to be outstanding is restricted

to one we would have the famous stop and wait protocol.[SCHST

1 2 3 4 5 6 7 8
FRAMES Sent But Not Acknowledged Window of
Permissable
N(S) Values
Part A
3 4 5 6 7 8 1 2
FRAMES Sent But Not Window of Permissable N(S)
Acknowledged Values
Part B After Receiving N(R)=3

Figure 2.8: Example of the “Go back n” protocol with » = 8.
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Along with the GO back N mechanism the LLC type 2 relies heavily upon the use of
timers Lo ensure proper synchronization between stations. It is obvious that a station cannot
wait forever to receive the proper acknowledgements after sending its frames. The timers are
used to determine: when to retransmit a frame, how much time to wait for a poll response,
how much time to wait after issuing 2 REJ frame and finally, how much time to wait for a
station to correct a trouble condition which was indicated by a RNR frame. All of these time
intervals arc important and must be monitored to avoid a system deadlock (stations waiting
for an event which will never océur). The timers will also be used to inform the higher layers
if the link goes down and communications may no longer continue. The four timers of LLC

are as follows:

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

an acknowledgement of an I-frame.

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

to a previous poll command.

e REJ-timer: used to define the time interval during which the LLC will expect to receive
a reply to the sent REJ-frame.

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

has received 2 RNR-frame).

2.2.2 802 MAC Standards

The 802.2 LLC description given in the previous section provides for the media independent
interface to the DLL layer. Below the LLC sublayer we will find the media dependent portion
of the DLL. This portion is referred to as the media access control (MAC) sublayer. The 802
standards body has completed the 802.3 (CSMA/CD), §02.4 (Token bus), and 802.5 (Token
Ring) MAC standards. The finishing touches are currently been put on the §02.6 (DQDB)-
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standard and finally work is continuing on the $02.9 (Integrated Voice/Data (IVD)) LAN
interface. In order to introduce you to the types of architectures and relative performance
of the 802 MAC family, the CSMA/CD. Token Bus, and Token Ring standards will now be
described. A brief comment on the performance of each will also be given. By looking at the
architectures and performance limitations of the existing 802 standards we might understand
the need for the $02.6 DQDB MAN. The $02.6 DQDB protocol will be discussed in detail

in the next chapter of this thesis. The 802.9 IVD standard will simply be introduced as its

definition is ongoing.

CSMA/CD IEEE 802.3

The CSMA/CD 802.3 standard{ANSS5B] provides for 2 common bus to be shared by all users.
The CSMA/CD standard details signal rates from 1 to 20 Mbps using several different media
types. Figure. 2.9 displays stations attempting to share the common CSMA/CD bus. The key
aspects to this standard are, first a station must listen for a carrier and transmit only when
there is no energy detected on the bus. Second, while transmitting a station must monitor
the bus for a collision. If 2 collision is detected the station will send a short collision burst
to inform all other stations of the collision and then back off for a random period before

attempting to retransmit.

The retransmissions of I-frames uses a truncated binary-backoff algorithm which states
“that before retransmitting the colliding stations will wait a random number r slot times. The
value r will be a uniformly distributed random variable between 0 and 2™. n equals the number
of retransmission attempts. This will provide for an increasing pool of random wait times as
collisions continue to occur. However the n value will not increase above 10. The random
wait time possibilitlies then remain at 2!° until n reaches 15. At this point the collision event

is reported as an error to the higher layers where appropriate action must be taken.

The slot time within the CSMA/CD standard provides for the synchronisation required

to avoid the Aloha type of collision problems. The fixed slot size will stipulate the maximum
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Bus Terminator

~ /

End Stations
Figure 2.9: 802.3 CSMA/CD Bus Architecture.

frame size and the scheduling quantum used for retransmissions. This information will provide

the lower boundry for bus access delay[BUXS81].

The performance of the CSMA/CD bus has certain limitations which must be pointed out.
Frame collisions is an obvious problem. To limit these collisions the end-to-end propagation
delay must be limited, which will force short bus lengths. The frame length should be relatively
small to avoid numerous collisions. As an example the Ethernet which is a coaxial cable based
CSMA/CD application has its speed fixed at 10Mbps with a 1500 meter maximum bus length
and slot size set to 512 bits[SCH87]. The positive aspects of the CSMA/CD performance
comes to the forefront when the network is operating with a light load and thus relatively few
collisions occur. This will provide the users with very short bus access times (in the order of

one half of a slot) and with very little protocol overhead.

Token passing bus IEEE 802.4

The Token passing bus (802.4) uses a similar medium architecture to the CSMA/CD bus.
Both use a common bus which is shared by all stations]ANS85C]. The access protocol to
the bus is quite different from that of the CSMA/CD. The Token passing bus avoids the

random access approach of CSMA/CD by introducing a control mechanism which governs



access to the bus. The control mechanism is the token frame which in effect is “permission
to transmit”. All stations will have a turn accessing the bus. the stations turn occurs when
1L receives the token frame. An obvious problem with this method is determining how much
time each station must be given to transmits I-frames after receiving the token. The standards
body has introduced a Parameter called the Token Holding Time(THT) which stipulates the

. maXimum time any station may hold the token and transfer frames. The standard calls for

bus -capacities of 1,5 and 10 Mbps.

Bus Terminator
Token Is Passed

From Station To Station

End Stations Logical Token
Passing Loop

Figure 2.10: IEEE 802.4 Token Passing Bus Architecture.

The stations will pass the token frame from one to another on the bus in a logical order.
Each station is assigned a logical number and will pass the token to its successor (station
with next lowest logical number) when either it has sent all its data or the THT has expired.
When the THT fires, the station is forced to pass the token on to the next station. The logical
order obtained by the successive passing of the token forms a logical ring (see Figure. 2.10)
on the bus. A problem with this type of protocol is that new stations joining the bus will
never be handed the token because they are not already known by the others on the bus. The
standard has corrected this problem by periodically generating a “Solicit Successor” frame
- which invites new stations to join the bus. Other special control frames which have been

added to help administer the bus are frames to re-establish a lost token and also frames to
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delete disconnected stations from the ring.

302.4 standard includes a priority mechanism with eight separate classes of priority. This
portion of the standard was added to overcome the problem of a station holding on to the token
for a relatively long period of time and transmitting only low priority traffic. The stations
will transmit their high priority traffic first then proceed to the lower levels of priority. The
standard has introduced the Token Rotation Time (TRT) parameter to help divide the bus
bandwidth between high and low priority traffic. Basically the TRT is the acceptable amount
of time a station should wait between turns in transmitting high priority frames. If the token
completes its rotation to all stations faster than this value the stations will be able to transmit
some of the lower priority traffic. This type of bandwidth division \a;ill ensure that the high
priority traffic will always be promptly serviced within a specified time frame and the lower

priority traffic will obtain the remaining bandwidth after the higher levels are serviced.

Performance is a key issue with these types of networks. A principal goal of this standard
is to provide predictable performance behaviour for its users during all traffic conditions.
Unlike the CSMA/CD network which is entirely probabilistic and virtually impossible to
guarantee a minimum [-frame access time, the token passing bus has gone through great
pains using the THT and TRT to guarantee predictable network access times. Indeed by
setting strict THTs the standard does provide for very predictable access delays. It must be
pointed out that several recent studies have shown that fixed THTs and TRTs have lead to
network oscillations in performance and has suggested that a dynamically determined TRT
parameter may improve performance [PANS8][PANS9]. This point of predictable access delays
and dynamically determined network parameters will be 2 key topic in future portions of this

thesis.

Token Passing Ring IEEE 802.5

The final IEEE 802 standard that has been completed is the §02.5 Token Passing Ring[ANS85D)].
This standard is based primarily on the work of the IBM Research Laboratory in Zurich,

30



Switzerland[BUX81]. The operating concepts of this ring are very similar to the 302.4 stan-
dard. All stations will share a common bus, in this case the bus is looped to form a physical
ring. The stations will wait until they receive the permission token before sending their 1-
frames. All stations will be in either a transmit or repeat state. While in the repeat state
a station will simply forward any frame to the next station on the ring bit by bit as it is
received. The station may copy the frame as it is forwarding it, if the station detects its own
address as the I-frame destination. A station will enter the transmit state after receiving the
transmit token. The station will continue to transmit all I-frames currently in its queue until

either the station empties its queue or the THT timer fires forcing the station to relinquish

the token.

Figure. 2.11 depicts a typical Token ring structure. Each station is physically connected
to the ring and is capable of both transmitting on to, and recciving from the ring. A bypass
mechanism is usually included in the network hardware to ensure that if a single station fails,

the bypass can be engaged to work around the faulty station[SCHST].

The priority mechanism which is built into the 802.5 standard is quite different from that
of the IEEE 802.4 token bus. The token itself sets the priority. When a station rcceives a
token it may only send a frame with an equal or greater priority level than the value indicated
by the token. The token also contains several bits which may be set by stations which have
higher priority traffic to send. The setting of one of these higher priority bits will force the
station responsible for issuing the next token to increase the priority level. The higher priority
data will be serviced by this higher priority token. A station which increases the priority level

of the token will be responsible for lowering it to its previous value for normal operation.

The token passing ring relies on a distributed access protocol for data transmission. How-
ever, a supervisory role must be maintained by one of the active stations to correct network
problems[BUX81]. For example, a frame may circulate the ring indefinitely. It is usually
the responsibility of the sending station to remove its frames, but a station could fail after

transmission and not have the capability to remove its own frame. A second possible network
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problem is token loss. This will occur when a station does not regenerate the required token

as required. The supervisor will have to determine that this has happened and generate a

new token[SCHST].

The performance of the Token Passing Ring is comparable to that of the token passing
bus although a new version of the standard allows speeds up 16Mbpsf{IBMSS]. We obtain
prédictable access delays which are directly related to the THT value. A study by Bux in
1981 has indicated that the token ring does display improved performance over the CSMA /CD
protocol mainly due to the poor performence of CSMA/CD during periods of heavy bus
load[BUXS1]. The CSMA/CD network as expected does provide for fast access delays at low |

network utilization.

Again we see the debate of predictable performance versus fast network access. Minimal
overhead collision based networks, like CSMA/CD display very low throughput with high
delays during heavy network utilization. Networks which are tightly controlled require a large
control overhead but display predictable network performance. It seems the ideal network
would be a hybrid of these two approaches which would allow easy access to the shared
media during periods of light load and enforce tight operating procedures during pecak load
periods.This concludes the review of the 802 MAC standards which have been completed to
date. The 802.6 MAN standard which is in the finishing stages of standardization will be the
focus of the next chapter of this thesis.

Integrated Voice/Data 802.9

The 802.9 IVD standards committee is still formulating this standard and from experience
gained by following the 802.6 standard, major changes are possible and this section will provide

general information only{ANDS4].

The 8§02.9 IVD (Integrated Voice/Data) standard is not a typical member of the 802 family

because it is not purely a MAC protocol, but rather an interfacing standard. The goal of the
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802.9 committee is to standardize the interface between an integrated voice/data workstation
(IVDWS) and an inlegrated communications network which provides both ISDN and LAN
services{IEE89, MOUSS). Although not directly related to this thesis, the interface standard
is of intcrest to me because the 802.6 MAN will be one of the integrated communications

networks which may be called upon to support the IVDWS,

The interface is intended to provide the workstation user with high speed packet switching
capabilities as well as circuit switching functions. The IVDWS will be physically attached
to a nctwork access unit {AU). The AU will then bé the access mechanism to the integrated
network. The standard is calling for four different types of channels (2B+D+P+C} to join

‘the AU to the IVDWS. Each of the channels will provide a logical link for the various types
of services which will be supported by the IVDWS of the future (see Figure. 2.12)[JULS6].

The channel descriptions are as follows:

o B-channel 64 kbps channel intended to support digitized voice and other subscribed
ISDN services.

e D-channel 64 kbps for the provision of call control via the Q.93x protocols defined in
the ISDN standards [KANS6].

o P-channel: packet channel that provides IEEE 802 MAC services for data.

o C-channel: isochronous channel in which the bandwidth is a2 multiple of 64 kbps and
intended to carry wide-band circuit switched data.

The work is still ongoing to define the bandwidth allocation mechanisms and other out
standing issues. It is interesting to note that with this much effort spent towards defining an
interface standard to high speed integrated networks, it is clear that there will be a major
requirement for these types of networks in the not too distant future. In fact the highspeed
IVDWS users will want to communicate over fairly large distances which are beyond LAN
capabilities. It is clear that a new concept in networking will be required to fill the gap left
by the limited ca.pa.bilit_ies of the current LAN architectures.
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2.3 LAN - WAN interconnection requirement

Metmpolita.n :;.rea networks are a relatively new idea in the computer network industry. The
vast majority of work dealing with computer networks has dealt with wide area networks
(WANSs) which operate over the vast telephone network. As the industry was limited to using
the existing cabling provided by the telephone industry the very familiar RS-232 interface has
become 2 fixed point through which most computer communications has taken place. The
telephone companies have a big advantage in the communications game because they have
sole access to lay cable in a public domain. This “Public Right Of Way™is very difficult for
corporations to obtain as permission of the carrier is required to cross into thier domain. For

these reasons any large scale computer network will normally involve the carriers.

The local area network{(LAN) has departed from this telephone based concept and has

adopted the shared media approach. The shared medium is usually serial and may operate
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at suffictent speeds to accommodate many users which will contend for the shared medium.
The LAN's ancestry is quite different from that of the WAN. The LAN is a concept which
has been driven by the computer industry and not by the public telephone system. LANs
are privately owned and operated and thus avoid user fees, security concerns, and the “public

right of way™ problems discussed earlier.

The 1IEEE 802.6 MAN is required to try and bridge the gap between these two concepts.
Because of its bridging role the MAN will have one foot in each camp. The computer industry
first thought it would extend the LAN. It was soon realized that with the size and scope of
the job to be done, a central body is needed to standardize the new MAN network rather
than allowing one of the carriers or CATV companies set the standard[MOLSSA]. The need
for a central standardization body for MAN’s was increased when it was decided to make the
MAN compatible with the asynchronous transfer mode (ATM) based WANSs of the future.
MANSs will be functioning as the bridge linking LANs to these new ATM based WANs. The
standards body chosen to define the MAN should have a working' knowledge of both ATM

principals as well as LANs.

A major driving force for the development of the MAN architecture is the emerging trend
toward distributed computing. Distributed database management, distributed resource shar-
ing, and other various client server applications are pushing for a new concept of computer
networking. Part of this new concept of highspeed distributed systems is that the network will
be thought to be part of the computer rather than just wires connecting different resources
[DES90] [LOMS9]. The network will almost be considered as the bus of a computer. The
high speed network will be considered an importatnt part of the com;;uter rather than an
extension. Standard LANSs will not provide the required bandwidth to support these high

speed workstations especially if realtime multimedia communications will be involved.

It is clear that a central body which has experience and knowledge of both LANs and WANs
must be used to establish a clear standard for this new MAN architecture. The preferred choice

for this body is the IEEE organization which is currently used for the standardization of the
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other 302 family members for computer networks. The need for an IEEE MAN standardization

body was suggested in 1981 by the IEEE 802 project[MOLSSA]

2.4 IEEE 802.6 Standard Cemmittee Goals and Ob-
jectives

The IEEE 802.6 committee was formed in 1982 to establish a standard for this new type of
network which would bridge the gap between the LAN and WAN. The first things which had
to be decided were the committee’s goals and objectives for the MAN. The following goals

and objectives would form the basis for defining the requirements for the MAN architecture:

1. Distance of coverage: City and Suburbs (50 km).

!O

Lan connectivity: User observes no differences between communications within a room

or within the city.
3. Data Type: Both synchronous and asynchronous {Voice and Packet).
4. Speed: High Speed to support real time applications.
5. Security: Maximum security of information transported on the MAN.

6. Reliability: Have fault detection and self-healing capabilities.

=1

- Price for service: Public MAN should have Competitive pricing.

8. Support: Service and Support s..culd be available from the carrier.

The above list gives a general outline of the goals that the IEEE 802.6 committee had set out

for itself to meet concerning the architecture of the MAN. [CRA90][MOLSSA, MOLSSB]
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2.4.1 Functional Requirements of MAN

It is clear that the functionality of the MAN will be greater than that of the LAN and more
oriented towards that of a public network. The MAN architecture must be much less sensitive
to network size than the other IEEE §02.6 LANs. The IEEE committee stipulated that the
typical diameter of a MAN will be in the order of 50 kms[IEE90]. As discussed in earlier
scctions, the existing 802 MAC standards are very limited in bus length. The larze token
rotation times of long token rings and high collision rates of large CSMA/CD networks would

make them unacceptable for a MAN architecture of 50 Kms[SCHS7).

A major concern to the 802.6 committee are the capacity requirements of this new network.
The MAN will be used to support both LAN interconnection as well as supporting high speed
work stations. This will stipulate that the MAN capacity be considerably larger than that of
the LANs and work stations which it services. The committee first restricted the capacity of
the network to 20 Mbps but this constraint was later removed. Now the MAN capacity will

be dictated by the capabilities of the communications media of the MAN[IEE90].

The MAN will be used to transport both “time sensitive” and “non-time sensitive” type
traffic better known as isochronous and non-isochronous. Each of these types of traffic have

their own special requirements which must be fulfilled.

The time sensitive isochronous traffic could be that of voice , video or any media which
requires bandwidth at regular intervals. These time sensitive types of traffic must be delivered
to their destinations within very strict time constraints. If the time constraints are not
achieved the voice message received will not be understandable. The same could be said for
video signals which use a predefined screen refresh rate. If the data is not received to keep
the refresh rate updated the picture will become distorted. I believe that after this standard
is proven to be effective many more applications will be developed which have strict time

constraints which must be met.

The other major category of traffic for the MAN will be data communication between
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computers. This non-isochronous traffic is also known as packet oriented. The most important
requirements of the MAN which must be met to support this type of traflic are reliability and
very low data loss rates. A typical user of this type of traffic could be that of a banking instant
teller machine. This machine is required to have the nctwork available 24 hours a day 365
days a year. This type of machine also requires error free operation. If a network error moves
a decimal point several spots to the right, it could cause a bank a great deal of lost revenue.
A second typical user of this packet oriented traffic could be an image file transfer application
where the amount of data transferred will no longer be in the order of several packets with a
mean of 1000 bits. A typical session could involve the transfer of tens of thousands of packets
each with several thousand bits[VALSS]. We could almost put this type of data transmission
into the “time sensitive” category because a user waiting to vicw an image docs not want to

wait an extended period of time.

2.5 Conclusion

This chapter has presented an overview of the OSI T layer model as well as a review of the
relevant 802 standards which are related to the 802.6 MAN. The review had brought up the
debate of minimal overhead with unpredictable performance versus complex protocols with
.predicta.ble results. This will be a topic of interest carried throughout the thesis. The positive
and negative performance characteristics of the other 802 protocols are highlighted to get
an insight into the possible performance of the 802.6 MAN. The final portion of the chapter
displayed a clear need for a standardized MAN architecture. It also set out the goals of the
IEEE 802.6 standards committee. These goals lead to the functional requirements the MAN
must provide. The next chapter will describe the 802.6 MAN standardization process based

on the functional requirements set-out in this chapter.
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Chapter 3

IEEE 802.6 DQDB MAN Standard
Progression

The previous chapter described the functional requirements for a standardized metropolitan
area network. It also gave a background description of the other members within the IEEE

802 network family.

It is clear that this new MAN architecture will require capabilities far beyond those of
its other 802 family members. The integration of both isochronous and asynchronous data
traffic on the same network will require a completely new concept in computer networking.
The specific requirements of both typé’s of traffic must be fulfilled. The isochronous traffic is
primarily concerned that the timing abilities of the network are sufficient to avoid distortion.
The asynchronous traffic is more concerned with data integrity. To achieve data integrity a

network must display very low data error and loss rates.

This new architecture will attempt to address the concerns of these two separate data
types. But at the same time try to keep the architecture simple enough so that it can be
produced by the industry at a reasonable cost. We will see that efforts were made to keep the
standard complexity to an absolute minimum. This lead to unpredictable performance in the
early versions of the MAN standard. Issues brought up in the previous chapter dealing with
minimal overhead with unpredictable results versus very complex predictable protocols will

resurface in this chapter.
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This chapter will track the IEEE 802.6 DQDB MAN standard from the QPSX based initial
proposal to its present day form. A detailed description of the standard’s architecture will be
given, as will an overview of the DQDB MAC protocol. The chapter will then focus on the
performance issues of the standard. The early version of the standard was found to behave

unfairly under certain traffic conditions. This unfairness and modifications to the standard

to correct the problems will be discussed.

The final portion of the chapter will give a performance evaluation of the latest version of
the MAN standard. The performance evaluation was based on a QNAP2[QNAS1] queucing
model of the final version of the DQDB MAN standard.

3.1 Evolution of DQDB

The IEEE 802 committee reached an agreement on the architecture for the MAN standard
in 1986. The winning proposal was called QPSX (Queue Packet and Synchronous Circuit
Exchange)[BUDS86, NEWS6, NEWSSB]. The proposal was submitted by a company called
QPSX Communications Pty. Ltd.. This company was formed to dev_elop and market QPSX
products and is supported by Telecom Australia. The QPSX proposal was dechOpéd by
a research group from the University of Western Australia. The work is based on ecarlier
developments of an integrated packet/circuit switch by BudrikisiBUDS4} and work on the
Fastnet network by Limb and Flores[LIM$2].

3.1.1 QPSX: Early Proposal For 802.6 MAN Renamed DQDB

The IEEE 802.6 committee decided to iename the proposed architecture from QPSX to DQDB
(Distributed Queue Dual Bus)[IEES7A] in order to avoid confusion with the QPSX company.
Keeping the QPSX name would seem like an endorsement for the company, and there would

be legal copywrite problems concerning the name QPSX.

The DQDB proposal was intended to meet all of the functional requirements set out in the
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last chapter for the metropolitan area network. The proposal would allow for both synchronous
and asynchronous based traffic. The protocol was unique in that it would allocate the required
synchronous bandwidth on a demand basis and then evenly divide the remaining bandwidth
using a distributed queuing mechanism. This distributed queuing mechanism was intended
to allow an orderly formation of a network wide access queue which would provide for packet

access to the network in the same order as they were generated system wide[NEWS6].

The predominant limitation of the other 802 family LANs is the network size. Large
size networks display long propagation delays which cause either packet collision problems
for random access protocols, or excessive delays for control information on the controlled
access protocols. The DQDB protocol was thought to be the ideal solution which would
-allow immediate access during low network utilization and minimal overhead to control access
during heavy load periods. All this control would be independent of both network speed and
size(BUDSG][NEWS6] [NEWSSB][IEESTA]. Indeed it was first thought that this proposed
‘architecture wrs very promising and would solve the major problems of shared media based
networks. It was soon learned that this was not the case and the protocol would require some

modifications. The next sections will describe the architecture and timing specifications of

the DQDB standard.

3.1.2 DQDB Architecture and Timing

The proposed IEEE $02.6 MAN standard is based on the QPSX proposal which consists of
a pair of contra flowing unidirectional buses. These buses are referred to in the standard as
bus “A” and bus “B”. These buses support communications between a multiplicity of nodes
situated on the dual bus structure. Figure 3.1 gives a visual depiction of the bus structure.
Full duplex communication links may exist between any pair of nodes on the network. All

stations have the capacity to both transmit and receive on both buses simultaneously.

The selection of which bus is used for transmission and which for reception is made entirely

on the basis of the direction of the destination address from the sender. Since each bus only
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Figure 3.1: IEEE 802.6 Dual Bus MAN Architecture.

flows in one direction the choice of a bus becomes obvious. The terms “upstream” and
“downstream” are used throughout the current literature when referring to direction. An
upstream station will see a slot as it travels along a bus before a downstream station will
see this same slot. The head end station which is used to generate the slots for a particular
bus will be the most upstream station on that bus. This same station will be the most down
stream station on the opposite bus as it will be the last station to see any slots on the opposite

bus before they are destroyed.

The dual bus architecture has been chosen for both the high bandwilth capacity and also
for the reliability which the dual bus structure provides. The high bandwidth is caused by
both buses being operational at all times. This will provide for twice the capacity of a single
link. The bandwidth of DQDB will be first allocated to the stations to fulfil their synchronous
bandwidth requirements on a demand basis. The réma.ining bandwidtis will be shared between
all active stations on the buses based on the distributed queueing protocul (Lo be discussed

in later sections).

Several factors give the DQDB MAN its high reliability. First, the architecture calls for the
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buses to pass directly by cach station but not through the stations as in many networks (e.g.
token ring). The nodes are physically attached to each bus by a read and write connector.
The read connector is physically placed ahead of the write connector on each bus. The node
will read the incoming data and when the node’has determined that it is its turn to transmit,

it will logically “OR” its data onto the bus as an empty slot moves past.

Figure 3.2 shows how the station is physically attached to the dual bus architecture. The
concept that tﬁe bus does not physically pass through the station provides for no detrimental
cffects if the station fails passively. A passive failure occurs when the station does not attempt
to flood the network with garbage. The second major reliability aspect of this network is that
the dual bus architecture can be manipulated into a loop structure. This looped dual bus
configuration is capable of reorganizing itself around a major fault in the network (see figure
3.3). If a disaster occurs, such as a backhoe tractor breaking the physical link between
stations, the functions associated with the head end of each bus may be reassigned to the
stations physically located on each side of the break. After é. brief interruption of service the
system will return to normal operation with little or no side effects to the user. Figure 3.3
shows the self healing mechanism of DQDB to recrganize itself around a major fault. This
fault might be either a break in the physical media or a station which has failed in a manner

which floods the network with unwanted traffic or garbage.

The DQDB architecture calls for the end stations to provide the global timing signals for
the MAN. All synchronization from bit through to frame tinﬁng will be controlled by the
head end of each bus. The basic timing will consist of frames which contain a number of fixed
size slots (53 bytes). The frame timing will be based on implicit frames of 125 ps. The 125
s cycle time for the frame will provide for each byte within the frame to support a 64 kbps
channel. These 64 Kbps channels will form the basic unit of allocation for the synchronous
channels(IEE90]. The DQDB standard has not set any strict timing considerations for the
standard except for the frame time. This allows the users to ciloose the operating speeds
of their DQDB based system based on the available resources. The preferred choice for the
DQDB bus medium will be fiber optic because of its very high bandwidth capabilities and
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low bit error rates. The likely choice for the DQDB capacity is 43 Mbps (DS3 compatible) or
155 Mbps (compatible with SONET based systems).[IEESTA]

3.1.3 DQDB’S Media Access Protocol

As stated carlier all communications on the DQDB MAN are based on implicit frames with a
125 ps cycle time. These frames are comprised of a given number of fixed sized slots. These
slots are shared between the isochronous and packet oriented traffic sources (see figure 3.4).
The 8§02.6 committec has decided to keep the DQDB slot size compatible with the proposed
cell size of ATM at 53 bytes. The ATM cell calls for 5 bytes for overhead and 48 for user
data. Thé $02.6 DQDB committee has defined its slot format the same as the ATM cell to
make the two networks compatible[IEESSB]. |

Figure 3.5 outlines the general structure of the MAC and physical layers of this standard. |
We can sce that the MAC. layer and DQDB layer are in fact the same layer. This terminology
will be interchanged throughout this thesis. The DQDB layer provides two basic services
to the layers above. First the pre-arbitrated services will provide the renuired bandwidth
for isochronous type data services. The second service type is the queued arbitrated service
which will provide the asynchronous data services to support the LLC layer directly above.
Both the DQDB and Physical layers have 2 management portion to control layer activities.
The management functions will include task monitoring within each layer and communication

with other management entities for effective network control.

Pre-Arbitrated Data Services

The Isochronous Service supports the transfer of isochronous service octets(bytes) between
two [sochronous Service Users (ISUs) over an already established isochronous connection.

The service is called isochronous because there is a constant inter-arrival time for the service

octets{IEE90].
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The isochronous traffic sources will be dynamically allocated slots from the frame on a
“demand” basis to meet their strict time constraints. These slots which are assigned to the
isochronous sources are termed pre-arbitrated slots (PA). The PA slots cannot be used for
the queue-arbitrated (QA) packet type traffic. The terms QA and PA are the terms used by
the DQDB MAN standard and refer to asynchronous and isochronous types of traffic slots

generzted by the stations on the DQDB network.

The stations will make a request to the head end of the required bus for its required number
of 64 Kbps channels to meet its isochronous bandwidth needs. The head end will allocate the
desired channels by informing the requesting station which bytes of which slots within the
implicit frame it has gained control of. Each byte within each slot of the frame will provide
for a 64 Kbps channel because of the 125 us frame cycle time (sce figure 3.4). The 53 byte
slot size will allow 48 separate channels to be active within each slot of the frame. The access

control field (to be described later) and the header information take up the other 5 bytes of
bandwidth within a PA slot.

The allocation of PA slots is carried out at slot generation time using a centralized protocol
at the head end of each bus. The proposed standard for DQDB does not impose an allocation
scheme as it is assumed that this function will be performed by a higher layer of the commu-
nication system. The QPSX proposal curreni;ly uses the “first fit algorithm” [NEW8$B] but
the 802.6 committee did not incorporate this mechanism into the standard as it is out of the
domain of the 802.6 standard. The procedure for establishing, maintaining and releasing an
isochronous connection is also outside the scope of the DQDB standard, but will be specified

by forthcoming IEEE standards[IEE90].

3.1.4 Queued Arbitrated Data Service

This section will describe the original Queued Arbitrated(QA) access mechanism of the QPSX
proposal which was reramed DQDB. DQDB was accepted as the prime candidate for the 802.6
.DQDB MAN standard[IEE87A]. This original QA access mechanism has undergone several

49



recent. modifications in the standard because of unpredictable performance characteristics
displayed during specific heavy load conditions. These modifications will be discussed later

in this chapter,

The DQDB MAC layer will be responsibile for supporting the packet oriented data traffic.
This packet oriented traffic is referred to as QA traffic within the standard. The term asyn-
chronous is also used throughout the literature when referring to this type of traffic because

the inter-arrival time for such data is not at regular intervals.

The QA traffic will be given the use of the remaining bandwidth within the DQDB frame
after the PA slot users are assigned their required bandwidth (see figure 3.6). We can see
that the QA slot contains 53 bytes of data similar to the PA traffic. 5 Bytes are used for slot
control and 48 for MAC layer data.

The DQDB MAC'layer will receive the LLC PDU from the Logical Link layer above.
This LLC PDU will be passed to the MAC layer as a Medium Access Control {(MAC) Service
Data Unit (MSDU) within a MA-UNITDATA request primitive. This request primitive will
be passed to the MAC layer from the LLC layer. These primitives were discussed in the
last chapter and are the principal means for interaction between the layers of the OSI model.
Figure 3.7 shows a diagramatic overview for the steps taken to convert a MSDU into the QA

segments which will be forwarded over the DQDB MAN.

First the MSDU is converted into an Initial MAC Frotocol Data Unit (IMPDU). This is
accomplished by adding protocol control information to the MSDU. This control information
will include: the Common -I‘DU. Header, Mac Conversion Protocol Header(MCP), Common
PDU trailer and finally, pad information in order to keep the IMPDU size at an integer
multiple of 4 bytes (see figure 3.8).

The common PDU header will contain the start of IMPDU delimiter (1 byte) as well as
IMPDU size (2 bytes) information to inform the receiver of buffer requirements. The MCP

Header will contain the destination and receiver addresses (8 bytes each) as well as 1 byte
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Figure 3.6: QA Slot format including the Segment Header and ACF.
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to describe the type of LLC protocol used. The MCP header will also be used to detail the
quality of service required by the link. The final 2 bytes of the MCP header are sct aside for
future bridging requirements of the DQDB MAN. The Common PDU trailer will contain an
end of IMPDU delimiter which will have the same value as the start of INPDU delimiter.
This will act as a check to ensure the start and end flags are for the same IMPDU. As a
second check the size value for the IMPDU sent in the common header will be repeated in
the common PDU trailer to ensure data integrity. Padding information will be used to ensure
that the IMPDU is an even multiple of 4 bytes to simplify data movement. The length of the
IMPDU will vary depending on the length of the LLC INFO field. The maximum length for
the MSDU which becomes the INFO field has been set to 9188 bytes which when added to

the IMPDU control information will build a maximum IMPDU length of 9216 bytes.

IMPDU- 9216 BYTES (0 Byte Header Extension)

IMPDU Header
Common MCP | Header [-Frame PAD C%%Tjon
PDU Header [Extension (Info-ficld) Trailer
Header
MAX
4 Bytes 20 Byies MAX 9188 MAX
Y ¥ 20 Bytes Bytes 3 Byes| F BYISS

Figure 3.8: IMPDU Frame Format.

Now that we have created a proper IMPDU, we must now segment this data unit in-order
for it to be forwarded over the DQDB MAN. As discussed carlier the DQDB slot is 53 bytes
long, of which 5 are used by the DQDB layer. The remaining 48 bytes arc available for
the Derived MAC Protocol Data Units (DMPDUs) which will be created from the IMPDU.
Each DMPDU will be 48 bytes long of which 44 will be a portion of the IMPDU and the
remaining 4 bytes are used for the header and trailer information (see figure 3.9). The header
information will label the DMPDU as either the beginning, continuation or end slot of a
IMPDU. The header also contains a sequence number and message identification label for

reassembly purposes. The DMPDU trailer will contain a length indicator to detail how many
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bytes of the IMPDU are contained within this DMPDU (between 1 and 41). The trailer also

contains a cyclic redundancy check (CRC) for error detection.

INITIAL MAC PDU
IIII
HEADER INFORMATION TRAILER
- I’l’ R
BOM
DH | DMPAYLOAD |DT
com | ;
DH | DMPAYLOAD [DT : :
coM i :
DH | DMPAYLOAD [DT |°7° :

PDU: PROTOCOL DATA UNIT

DM: DERIVED MAC PDU

DH: DM HEADER

DT: DMPDU TRAILER EOM
BOM: BEGINNING QF MAC PDU r
COM: CONTINUATION OF MAC PDU DH @ DT
EOM: END OF MAC PDU

PADDING

Figure 3.9: Segmentation of IMPDU into DMPDUs.

The final phase of asynchronous QA slot preparation involves the addition of the Access
Control Field (ACF) and the Segment Header (SH) to the DMPDU. This will produce the
QA slot for onward transmission over thelDQDB MAN (see figure 3.6). The ACF is the
first 8 bits of the QA slot which contains a busy bit to indicate if the slot is full,and a type
indicator to separate the QA and NA slots. The ACF also contains the Previous Segment
Read (PSR) bit which will be used to indicate that the slot has passed its destination and
maybe reused (if the network has this capability). The final three bits of the ACF are used
for the thfee separate priority levels of requests. One request bit is used for each priority level

and the setting of one of these bits indicates that a QA slot is requested at this priority level.

The Segment Header contains a Virtual Channel Identifier (VCI) which provides for a 20
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bit label to identify the V'CI for each QA slot. There is a single VCI space which is shared by
all services on the MAN. The Payload Type and Segment Priority field have been reserved

for future use. The final field is the Segment Header Check Sequence (HCS) which is a CRC

calculation to verify the SH.

Now that the QA slot has been completed it is ready for transmission onto the DQDB
MAN. The Access mechanism involves a distributed queueing protocol which will be described

in the following section.

QA Access Protocol of GPSX

After the DMPDU is produced by the MCF it will be forwarded to the QA functions portion of
the DQDB layer. This QA functions entity will convert the DMPDU into a QA slot. Once the
QA slot is complete it will be passed to the FIFO queuing mechanism. Each station will have
control of its own local FIFO queue of QA slots. As mentioned carlier. the DQDB architecture
has two separate unidirectional buses. Each station will have to keep FIFO queues for cach of
the twol DQDB buses. The DQDB protocol has incorporated three separate levels of priority
into the standard. Each level of priority has its own request bit within the ACF of the DQDB
slot. This again will cause division of the QA slots not only between buses but also between
priority levels. The end result will be six separate access queues for each station’s QA slots.

Three queues on each bus at each priority level.

The station is responsible for properly ordering its own FIFO queues. Each station will
then be allowed to place one slot from each of its queues into the distributed queuing mech-
anism.of DQDB. The following paragraghs will describe this distributed queuing mechanism

for bus A using a single priority level. The description will be identical for all priority levels

on both buses.

Figure 3.10 reminds us of the dual bus architecture of the DQDB MAN. The draft DQDB
standard relies on 4 bits (1 BUSY and 3 REQUEST BITS) in the ACF to control the dis-
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tributed quening mechanism. A BUSY bit set to one will indicate to all down stream stations
on bus A that the slot is being used. A BUSY bit set to zero will indicate that this slot is
available for use. The 3 remaining bits of importance to the distributed queueing mechanism
are the 3 request bits. One bit for each of the supported priority levels. If a station has a slot
to transmit, it will set the appropriate REQUEST bit corresponding to the desired priority
level. This request bit will be set in a slot passing upstream on the opposite bus B. This bit
which is set to one will inform all upstream stations to allow a free slot to pass on bus A

unused.

3USA_ ——

7 1] ik

e ml |.~aooe —_— e ml %
gL AN

Figure 3.10: Dual Bus Architecture.

Each station’s distributed queueing mechanism is driven by a state machine with three
possible states (idle, standby, and countdown). A station also requires 3 separate counters

(request, countdown, and outstanding requests) to determine the station’s current position

within the distributed queue.

A station will originally be in the idle state, and while in this state it will increment its
request counter for each request bit it sees passing on bus B. This request count is the total
number of empty slots which must be allowed to pass unused on bus A to the down stream

stations. This request counter will be decremented for each empty slot which is allowed to
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pass on bus A. If a slot becomes available for transmission the station will leave the idle
state and move to the standby state if the request counter = 0, otherwise it will enter the
countdown state (see figure 3.11). As the station moves into the countdown state from the
idle state it will set a request bit on the opposite bus B to inform the upstream stations of
the need for a slot. The station will also transfer the current contents of the request counter

into the countdown counter as it transfers from the idle to the countdown states.

The value which is transferred to the countdown counter is very important because it
is the number of empty slots which must be allowed to pass unused before the station may
transmit its own slot on to the DQDB bus. In other words this countdown value is the current
position of this station in DQDB’s distributed queune. After the station transfers the request
value to the countdown counter the request counter will reset to zero and begin to count new
requests which pass by. The new request information must be obtained as it will be needed

to determine the position in the distributed queue for the station’s next slot.

If the request counter had been zero when the slot became available for transmission the
station would have moved to the standby state instead of the countdown state. In the standby
state the station will examine the next slot which passes on bus A. If this slot is free the station
will transmit its slot and then immediately return to the idle state. If the next slot is busy
the station will move to the countdown state with the countdown counter set to zero. It will
also send a request up stream. A third possible event which may occur while in the standby
state is that a request is received on the opposite bus B. This again will force the transition
to the countdown state and the setting of a request bit. In this case the countdown counter

will again be zero (implies this station has queued itself ahead of the request just received).

The general idea behind this distributed queue is to allow immediate access during periods
of low network utilization (from the standby state) and to have a single ordered distributed
queue for controlled access during times of heavy utilization. This would provide for casy

access during low loads and strict operating procedures during busier times.
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IF REQ=0 AND CELLTOTX /\ IFREQ > 0 AND CELL TO TX
IDLE

REQ =CD;;
0=>REQ;
SEND REQUEST
If NEXT IF NEXT SLOT
SLOT NOT BUSY
NOT AND CD =0;
BUSY TX CELL
THEN TX
CELL
ANDBY -
0=CD
1 = REQ IF RECEIVED;
REQUEST NEXT SLOT:
0=>REQNEXT SLOT
WAS BUSY

Figure 3.11: State Machine for early DQDB standard. Note: CD = countdown counter; REQ
= request counter.
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3.2 Early Performance Evaluations of DQDB

The DQDB standard had been accepted in principle as the 802.6 MAN standard. 1t will be
essential to prove DQDB’s capabilities to the industry before it could be given final approval as
the IEEE MAN standard. Proving these capabilities would involve performance evaluations
consisting of simulations, analytical evaluations and possibily test bed results of working

versions of the standard.

3.2.1 Ideal Network Performance

Earlier papers which discussed the performance capabilities of this new architecture and pro-
tocol showed it to be very promising indeed. Many authors stated quite bluntly that the
distributed queueing mechanism would solve all of the perccived problems regarding band-
width sharing and still achieve 100% utilization of the media. Such comments as “aver-
age packet access equal to that of the perfect scheduler”[NEWSSB], “predictable qucucing
under heavy load”[MOLSSA], “minimum access delay at all levels of loading up to 100%
utilization”[NEW86], and “Packet delays are generally independent of network sizes” [KIM90],
all delighted the networking industry.

From these early reports on DQDB’s (QPSX) performance capabilitics we certainly get the
impression that the industry finally had the “all singing and dancing” protocol with little or
no delay at light load and the perfect sharing of bandwidth during heavy load conditions. The
access protocol would perform like the perfect M/D/1 scheduler over the distributed queucing
system. It truly looked as if the networking industry had a major breakthrough, in that a
fair shared media access protocol had been devised which would offer 100% bus utilization

independent of network speed, size or offered load.



3.2.2 Unfair Bandwidth Distribution during Heavy Loads

As more and more organizations Jearned that the DQDB proposal was inching closer to be-
coming the IEEE MAN standard they started to take a closer look at the protocol. It was
soon ascertained that, much to the disappointment of the QPSX people, this protocol is not

as perfect as it once seemed.

The problems occur when the network is in a heavy load state. This heavy load state occurs
when active stations always have slots in the distributed queﬁe and are trying to gain control
of the majority of the DQDB bus bandwidth. According to the early performance predictions
the DQDB protocol should have divided the bandwidth evenly between all active users. But
it has been shown that during periods of heavy load the throughput of each station is very
unpredictable and depends greatly on the separation distance between stations and also on

the traffic conditions just before the overload occurs[BIS90][FDI90][KAU90][DAVSI][WONS9]
[VAN90A].

Standby State Removed

The first attempt to improve the performance was to remove the standby state from the
DQDB state machine[IEESSA, IEESSB]. The standby state was allowing 2 single station
to obtain a disproportically large amount of the bandwidth by transmitting slots without
issuing a request. This lead to insufficient control information within the network which

caused fairness problems.

The problem becomes clear if we consider only two active stations both attempting to gain
control of the DQDB bus A (see figure 3.12). The final bandwidth allocation to each station
will depend on the initial traffic conditions as well as the sepa.ra.tidn distance between the
two active stations. Let us assume that the stations are 4 slots apart and station 1 has been
transmitting for some time when station two becomes active. Station 1 will bé transmitting

from the standby state without issuing requests. The space-time diagram of figure 3.13 shows
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that station 2 will only be able to obtain about 1/10 th of the DQDB bandwidth that station
1 will obtain. The unfairness arises from the fact that the downstream station will have to
send a request to the upstream station for each slot it wants to transmit. While the request is
propagating up stream, station 1 has control of the bus and transmits slots from the standby
state. After station 1 reccives the request from station 2, station 1 will enter the countdown
state with its countdown counter set to 0 and its request counter set to 1. This means that
station 1 will take the next free slot before finally allowing one to pass for station 2. Qnce
station 1 has allowed 1 free slot past it will again resume transmitting from the standby state
as the free slot propagates down to station 2. Station 2 will receive the cmpty slot, send its

QA slot and immediately issue another request, and the whole process then repeats itself,

Head of ' Head of
Bus A Bus B

S1 52

L 1T T T "B T 77

e BusB

Figure 3.12: Two Heavy User Stations Fighting For Control Of DQDB Bandwidth.

The throughput statistics are easily determined for this example because of the simple
initial conditions chosen. Station 1 receives over 90% of bus A’s bandwidth while station 2
receives less than 10%. If this was a communication service offered by one of the carriers,
station 2 would not be a happy customer. It should be noted that station 2 would get equally
bad treatment if it was the station which was initially transmitting from the standby state.

Station 2 would be transriitting from the standby state and thus no requests would be received
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Figure 3.13: Space Time Diagram To Explain Unfair Bandwidth Allocation.



by station 1 to increment its request counter. When station 1 begins transmitting it would

be unaware of station 2 and immediately obtain over 90% of the bus bandwidth.

The unfairness gets more complicated as we increase the number of stations and vary the
number of slots between stations and also vary the ratio of busy to empty slots for initial
conditions. The end result is still very unpredictable behaviour[WON89]. To correct the
situation the IEEE 802.6 committec decided in the spring of 1989 to remove the standby
state and force all stations to send a request with each slot transmission[IEES9)]. This would

provide for more control information to be spread throughout the network and thus network

stability.

Performance Problem Persists

The removal of the standby state from the standard would prevent a station from cycling
from the idle state to the standby state, sending its slot, and then returning back to the idle
state. All of this would occur without the station sending any request information upstream.
The station must now move directly to the countdown state and issue a request with each
slot transmission. It was promptly shown that this modification only managed to make the

unfairness more complex and in certain cases more extreme[VAN90A].

It was shown in Van As’s paper [VANGQA] that drastic unfairness within the DQDB
standard endures. The source of the problem is that the individual access queues at each
station, which co-operate to form the single distributed queue across the entire MAN, must be
updated simultaneously in-order to achieve the fairness desired. The simultaneous updating
of ‘control information must occur within 1 slot time network wide. This implies that the
maximum bus length of any DQDB network must be no longer than 1 slot time. The distance
of this slot time will depend on the signal speed within the particular media. For a fiber
optic system at 155 Mbps the slot distance will only be 546 meters. If the size of our network
becomes longer than 546 meters the access queues at each of the stations will not be consistent.

This inconsistency leads to a very complex network behaviour which is based on the network
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speed-size product and the bus load profile at the instant overload occurs.

Au interesting observation which was made in Van As’s paper. displayed how the modified
DQDB protocol may exhibit an inverse priority behaviour. A high priority transmission can
actually result in a station having less threughput. The authors concluded that the DQDB
standard as it then stood was very unfair in bandwidth allocation and was very unpredictable
during heavy load situations. The DQDB system loading would iave to be reduced to below
60% utilization in order to avoid these undesirable properties. If this \\;as accomplished it
would display little or no advantage over a slotted bus structure with no reservation system
operating at a 60% utilization[VAN90A]. These observations bringn_:o question the validity

of such a complex system.

Bandwidth Balancing Introduced

The final major modification to the standard was based on a paper by Haime et al. This
paper introduced the concept of bandwidth balancing[HAH90]. It has been determined that
the large propagation times of the control information within DQDB networks canse the
distributed queue to perform unfairly for certain stations on the bus. The problem becomes

extreme as the bus utilization approaches the DQDB maximum capacity.

The 802 .6 standardization committee accepted a proposed modification to the standard
which introduced the bandwidth balancing mechanism. This mechanism is solely intended
to equally distribute the DQDB bandwidth{IEES9B] between active stations. It defines a
bandwidth balancing counter (BWB_CT) and 2 bandwidth balancing medulus (BWB_MOD).
Each station has two BWB_CT’s, one for ea:ch bus. These counters will keep track of the
number of slots sent on each bus by incrementing i-ts value for each slot sent. The BWB_MOD
is a system parameter which states the maximum sumber of slots a station may sund on each
bus before the station is forced to let a slot pass by ﬁnused. While the BWB_CT is incremented
with each slot transmission its value is compared to the BWB.MOD, when the two are equal

the BWB_CT is reset to zero and the next slot which the station would normally take for
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itself is permitted to pass unused. The idea being that other stations will use the slots which

were permitted to pass unused and in turn generate more requests to more evenly distribute

the DQDB bandwidth.

The BWB.MOD has been incorporated as a system wide parameter within the DQDB
standard [IEE90]. Its value may range from 0-64. If the value is 0. this indicates that the
bandwidth balancing mechanism is disabled. otherwise the value is chosen between 1 and 64.
This value once chosen will be the value used by all stations on both buses. The standard

calls for the default value of the BWB.MOD = 8.

An obvious concern with this change to the standard is the wasted bandwidth which is
caused when stations are forced to let slots past unused. It will be shown that in reality this
wastage is not extreme . The most wasteful situation is when only one station is active on a
bus. This station is forced to let one slot pass free for every cight it uses. This will cause $'th
of all slots (11%) to be wasted. Each active station should receive - of the slots not used

M1
by the other stations. The steady state average throughput per station will be :

1
THRPT = —— (3.1)

.+37

which will provide for 2 DQDB average bus utilization of:

THRPT = ,\,—V—r (3.2)

where:

M = System wide Bandwidth Balancing Modulus

N = Total Number Of Active Stations
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From these equations we can sce that the wastage will not be too severe, but 100% bus
utilization is not possible for DQDB MANs with bandwidth balancing enabled. The bus
utilization will improve with larger values for the BWB.MOD and as the number of active
stations increases. It is important to note that the convergence towards fairness is not im-
mediate and it takes a period of time for the bandwidth balancing mechanism to provide
sufficient free slots to be forced from the active stations to evenly divide the bandwidth.
A lower BWB.MOD converges the fairness faster but causes a higher percentage of wasted

bandwidth.

It will be shown later in this chapter that by assigning all stations on both buses the
same modulus without considering the station’s traffic arrival rate nor the traffic destination
distribution, may cause more damage to the fairness of DQDB. The BWB_MOD must not be
a system wide parameter treating all stations on both buses equally. The station’s position
and traffic distribution should be considered when choosing the bandwidth balancing modulus

for each station.

3.3 Performance Evaluations of Final DQDB Standard

After the DQDB proposal was accepted as the prime candidate for the IEEE MAN, many
organizations performed performance evaluations on the standard as it evolved. These perfor-
mance evaluations by Wong,Van As and Hahne were instrumental in forcing changes to the

standard to improve its weaknesses.

Some early performance statistics were obtained analytically [ZUKST][ZUKS8A] [ZUKS8SC)
but these were early attempts which resulted in M/D/1 solutiors for the DQDB standard. An
analytical result for two users was developed by Wong[WONS9] which clarified the problems
of the siandby sta.ie. Bisdikian’s work[BIS90] analytically investigated a specific network user
not under heavy load conditions. His work displayved how complex and involved an analytical

study of the DQDB network can be. Bisdikians’s work did not consider the Bandwidth Bal-
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ancing modification to the standard which will only complicaie the study further. The latest
publicatiors seemed to have abandoned the analytical approach. Conti's latest paper[CONO1]
released in January of 91 stated “The high degree of intcraction's among a plethora of processes
that make the exact analysis of the network almost impossible™. 1 believe that an analytical
solution for the DQDB network will eventually be developed but I believe it to be bevond
the scope of this thesis. I will perform my study of the DQDB network using the QNAP2
simulation packagc[QNAS4]

.3.3.1 Simulation Study of DQDB performance

In this section a performance study of the most recent version of the DQDB standard will
be presented. The model for this initial study will be used as the basic platform for more
complicated studies given in later chapters. The study will focus on the ability of the DQDB
protocol to evenly divide its asynchronous bandwidth between all active stations. The study
will also investigate the fairness of the protocol to treat all stations equally when sending QA
slots onto the DQDB MAN. The study will consider the isochronous traffic as a background
load on the MAN. The DQDB implicit frame will have a fixed portion allocated to the PA

traffic. The remainder of the frame should be evenly distributed between all active users for

their QA slots.

Model of DQDB MAN

Figure 3.14 gives a visual description of the model used to simulate the QDB distributed
queuing mechanism. The simulation was performed with the QNAP2 simulation package.
The QA and PA traffic slots are represented as customers within the queuing model. The
slots will be generated according to the 125 ps frame cycle time set out within the standard
specifications. The QA and PA slots will be passed down the bus from station to station. The
filling of the QA slots with station data will be carried out according to the DQDB protocol

standard. This study will only consider a single level of priority as this thesis will primarily

y
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deal with system fairness. All stations will have the same prior'ty when trying to access the

DQDB MAN.
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Figure 3.14: Basic Simulation Model for DQDB MAN.

To properly simulate the DQDB distributed access mechanism the slots whici: are passed

from station to station must contain the following information:

REQUEST BIT = To be used by downstream station to indicate a need for an

empty slot.
TYPE BIT = To differentiate between PA and QA slots within the 125 us frame

BUSY BIT = to indicate if the QA slot is available for data transmission

The simulator must maintain the following critical information to determine when each

station may place its QA slots on to the DQDB bus.

REQUEST counter = Total numbe: of request bits which have been received {from

downsteam stations.

COUNTDOWN counter = Total number of slots the station mus_t—-.""’--', to pass

unused before it may access the bus.
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BWB_CTR = Total number of slots sent since the last free slot was forced to pass

by unused.

BWB.MOD = System parameter which will decide how many slots may be used

by 2 station before a free slot is forced to pass unused.

The stations will act in accordance with the state machine defined in the draft version of
the DQDB standard. The standby state has been removed by the standards committee and
thus, all stations will cycle from the IDLE to the COUNTDOWN state and back to the IDLE

state as it actions the events within the network.

Assumptions

Similar to other performance studies of computer networks. certain assumptions where made
for simulation purposes. The values for the model parameters have been chosen by considering,
the recommendations stated in the draft DQDB standard{IEE20]. The DQDB bit rate is fixed
by the number of slots in each implicit frame of 125 us. Each slot insertion {extra 53 bytes)
requires an additional bit rate of 3.392 Mbps from the carrier. Fot this study we usc a DQDAB
frame length of 12 slots with a required bit rate of 41 Mbps (compatible with DS3 circuits).
One of these slots is reserved to support PA traffic communications between isochronous traffic
generators. The actual PA traffic is not generated but a background load is assumed to use
the one PA slot per frame. The PA slots must be produced by the simulator for this study as
they carry control information in the form of requests. This control information is required

to accurately simulate the QA slot access mechanism of DQDB.

The remaining 11 slots are available for transferring data packets on to the DQDB MAN
as QA slots. We assume a dual bus length of 25 km. The 10 access nodes are to be equally
distributed across the network and their latency delay is equal to one byte (600 ns). The

propagation delay of the medium is assumed to be 5.085 microseconds per km, as the use of

optical fibre is assumed.
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We are interested in determining the fairness behaviour of the DQDB MAN while sup-
porting these 10 stations, cach with equal access priority. The load on the DQDB MAN
will be varied from as low as 50% and up to as high as 99% of the DQDB capacity. It is
assumed that cach station will provide s=th of the DQDB offered load. The traffic arrival
rate is exponentially distributed with the mean value chosen to meet a specific network load.
All stations should obscrve roughly the same delays while gaining access to the DQDB MAN.
The DQDB standard calls for the bandwidth balancing mechanism to be enabled and the
bandwidth balancing modulus to be set to § for all stations on both buses. Thesc are the

default settings stated within the DQDB standard.

The 10 access nodes are equally distributed along the dual bus architecture. It is assumed
that cach station will attempt to communicate with all other stations with an equal probability.
The amount of traffic destined for each bus will be a function of the station’s position along
the bus. The stations at each end of the bus will send 100% of their traffic on the downstream
bus. Stations located in the centre of each bus will send about half their traffic on each
bus. The remaining stations will determine the proportion for each bus based on its relative

position on the bus.

This assumption of uniform traffic distribution is one which was simulated by the vast
majority of all publications regarding DQDB. 1 personally do not think that it is realistic to
assume a uniform MAN traffic distribution pattern. Later chapters will analyze what I believe

to be more realistic traffic conditions.

3.3.2 Analysis and Results

The average access delays displayed by figure 3.15 give an indication of the delays experienced
by cach of the stations on the DQDB MAN. The goal of this first examination of the standard’s
performance was an investigation of the fairness of the standard in equal treatment of all

stattons on the bus.



o4 -—_.\-./.—-—.——\_‘_-.
3 .
ig —&— LODAD_50%
2 8~ —e— LOAD_60%
E
> ’ —&— LOAD 0%
g Sl —o0-— LOAD_80%
g ' —e— LOAD_9%0%

4 - /_.—'_\

2 1 1] v | § [}

¢ 2 4 & 8 10 12
Station Number

Figure 3.13: Access delay for 10 Stations with a Uniform Traffic Distribution. The joad is
varied from 50% to 90% of the DQDB capacity..



Figure 3.15 shows that indeed the standard does treat all stations quite fairly during
periods of light to medium load (up to 90% DQDB MAN utilization for this experiment).
At load levels below this value we observe the end stations enjoying the advantage of faster
access times. This observation has been documented throughout the history of the DQDB
MAN. This is the result of the cnd stations in periods of light to medium loads gaining faster
access because they do not have to wait for a request to be actioned upstream. They are the
most upstream stations. The stations in the middle of the bus must wait for their requests
to flow upstream, which will then force all upstream stations to allow free slots to pass. This
delay in the requests moving to the head of the bus is referred to as “SKEW”, This is the
unfair behaviour discussed earlier and is caused when a DQDB bus length is larger than one

slot time.

During my study at 30% MAN loading I obtained a network mean access delay of 5.69
slot times, The fastest station (#1) had an average access delay of 4.82 slot times and the
slowest station (#6) had 6.32 slot times. These results are compatible to results which have
been reported in DQDB performance literature [NEWSSA, CONS9, FIL90, FDI90, HAH90,
GAR90, KAU90, KIM90, WONS9, ZUKSSB]

The situation changes dramatically as we load the DQDB MAN network above the 90%
value (see figure 3.16). We start to see that the end stations lose their advantaged access
delay values and as the load approaches maximum capacity (about 99%) we observe that the
end station’s access delays rise to a point of being extremely unfair (station #1°s 3419 slots
compared to station #35’s 26 slots). This observation is quite surprising as it has not been
reported previously. In fact, I had thought that I had a problem with my simulation program
which caused it to malfunction at extreme network loads. After many hours of examining
both my results and the simulator I determined that the results were indeed valid. A recent
study which has been released on the performance of DQDB [CON91] agrees with the results
| have obtained. The study by Conti et. al. noted that the end stations did not enjoy the use
of both buses. Conti did not seem to think that it adversely affected the throughput of the

end stations, even though he observed a packet loss rate above 40% for the end stations.
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The end stations dramatic change from most advantaged station at light to medium load
to most disadvantaged during periods of heavy load results from several separate aspects of
the DQDB architecture. First, the end stations are located at the head end of each bus,and
as such they must action every request issued downstream. The very thing which gave it
the advantage of not having to wait for the upstrcam stations to action requests during light
traffic is now working against the end station. As the bus load increases so does the number
of requests. With the removal of the standby state all stations are forced to send a request
with cach slot transmission, and also the PA slots may carry requests upstream. The end
stations are saturated by all the requests. Each request arrival will force the end station to
allow a free slot to pass unused. The end stations spend so much time letting free slots pass

they do not obtain sufficient bandwidth to service their own needs.

The second disadvantage which crops up during periods of heavy load for the end stations
is the dual bus architecture itself. Figure 3.17 shows how the end stations are ferced to send
all their traffic on to a single DQDB bus, where as the middle stations enjoy the privilege of
using both buses equally. Since each bus is treated completely separately by the standard, the
middle stations enjoy what is effectively twice the service rate observed by the end stations.
Basic queuing theory will tell us that the middle stations will enjoy very low access delays

compared to the end stations during periods of heavy bus utilization.

The bandwidth balancing mechanism which was introduced to correct the unfairness of
the DQDB protocol effectively did just the opposite. The standard calls for all stations to
have the bandwidth balancing mechanism enabled with the modulus set to 8. This attempts
to treat all stations equally. As we have just shown the end stations do not enjoy the luxury
of transmitting on both buses. The DQDB dual bus architecture forces the end stations to
use only one bus, and the DQDB access protocol is forcing the end stations to surrender gth
of their already unfair bandwidth allocation. This equal treatment of all stations increases

the unfairness for the end stations.
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3.4 Conclusion

This chapter provided z detailed "cription of the DQDB architecture and protocol which
is in the finishing stages of develoLazent. The standization committec had originally thought
that the QPSX proposal would meet all the functional requirements set out in the last chapter.
It was soon discovered that the original protocol was unfair in properly distributing the DQDB

bandwidth between active users duiing heavy loads, and in general, was very unpredictable.

The DQDB standard has undergone several major modifications to correct the discovered
shortcommings. These changes and the reasons for the changes were discussed in this chapter.
The question raised in the last chapter of how much control should be kept over a netwok
was brought up in this chapter. The protocol in its early forms had too little control over
the network. The removal of the standby state (to increase request information) and the
introduction of the bandwidth balancing mechanism, added to the control over the network.
Both were intended to avoid unpredictable network behaviour. The debate arises again as to

how much control do we force on a network before the control mechanisms become to costly.
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My performance study in the final portion of the chapter showed that we have some room
to improve on the fairness of the DQDB standard. With the introduction of the bandwidth
balancing mechanism and the removal of the standby state the end stations do lose their unfair
advantage. My study has indicated that the most advantaged stations quickly become the

most disadvantaged stations as the traffic on the DQDB MAN approches maximum capacity.

This observation has far reaching implications. The major cause for the unfairness towards
the end stations is their unidirectional traffic patterns. The question arises, what if stations
other than the end stations have a unidirectional traffic pattern? What will their traffic
statistics be? The next two chapters will investigate various community of intercst based
traffic conditions which are supported by a DQDB MAN. The focus of these chapters will be
DQDB’s ability to treat all users fairly. | '



Chapter 4

DQDB Private MAN interconnecting
a Three Token Ring Community Of
Interest

. The previous chapter gave a detailed description of the [EEE §02.6 DQDB MAN's architecture
and protocol. A basic performance study was also done to determine if the standard in its
present form was fair in dividing the DQDB bandwidth between active stations. It was shown
that during light to medium loads the standard is relatively equal in treatment of all stations
but still slightly favouring the head end stations. As this favouring of the head end stations
occurs during lighter traffic conditions the middle stations still receive adequate treatment.
The situation dramatically changes during periods of heavy load as the end stations cxperience
extremely unfair treatment by the DQDB standard which causes extremely large access delays

for the end stations QA slots to access the DQDB MAN.

This chapter will inveutigate the fairness and performance behaviour of 2 DQDB MAN
interconnecting three IEEE 802.5 Token Ring networks (see figure 4.1) to form a2 metropolitan
area communications network. Similar types of studies have been performed previously[BUX85,
VALS9] but this study’s focus on the fairness and performance aspects of the latest version of

the DQDB standard to support community of interest based traffic makes it quite unique.

The focus of this chapter will be to investigate the performance of the LLC protocol working

in conjunction with the DQDB MAC sublayer to support the end to end communications of
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stations located on IEEE 802.5 token rings. This three token ring system would fall into the
category of a private MAN, as it services a single community of interest. This private MAN
could be owned by a major government department (eg Department of National Defence)
located within the Ottawa area. This government department might usc a DQDB based

private MAN to interconnect its three separate token ring LANs which are spread across the

city.

4.1 Application Overview

When several omputer stations are distributed over several large buildings or across a city, it
might be more efficient to group these stations into smaller separate networks and to connect
these networks by a high-speed backbone network. The Metropolitan Area Network (MAN)
is defined to accomplish this task. A MAN will interconnect local area networks {LANs)
through bridges which will have to provide various protocol services to ensure proper network
inter-working. The IEEE P802.6 Working Group is in the final stages of completing work on

the DQDB MAN which will provide these required interconnection services for LANS [IEE90].

I am particularly interested in studying the throughput and fairness characteristics of a
communications network using DQDB as the backbone. The DQDB backbone will inter-
connect, via bridges, three token rings which operate as specified in the ANSI/IEEE 802.5
standard[ANS85D]. The bridges must perform segmentation and reassembly, as the inter-
connected networks (Token Ring and DQDB) do not use the same data unit sizes (different
overhead and maximum packet sizes[SHO79]). In case of congestion, the bridges, having lim-
ited buffer size, will discard frames they cannot handle momentarily[WON90, BUX85, GERS0,
GERS8]. To perform the recovery of lost frames, T consider a network architecture in which
type 2 of the IEEE 802.2 Logical Link Control (LLC) standard[ANS85A] is employed as the

end-to-end protocol. This will reduce the packet processing time in the bridges.

The issue of fairness for DQDB based systems has generated a great deal of interest
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within the networking industry and was discussed in the last chapter. This fairness problem
arises when one or a group of stations receives a disproportionately large allocation of the
DQDB asynchronous bandwidth. This problem was encountered during the study of a private
MAN interconnecting three tokenrings and will be discussed. A solution to the unfairness
encountered in our study was to use variable bandwidth balancing (V.BWB), which is a

modified version of the proposed bandwidth balancing mechanism for DQDB.

In the next section I describe the different elements of the inter-work system. In section 3,
I present the performance study of short messages transferred between stations through the °
proposed interwork system. The emphasis is to measure the system efficiency and fairness for
transferring I-frames between stations on different token rings through the DQDB MAN. A
proposed solution to the observed unfairness will be presented. The final section will highlight

the significant observations of this chapter as well as suggesting how this particular study may

be expanded.

4.2 The interconnection System

In this study, [ use DQDB as a backbone network interconnecting three token rings comprising
six stations each (see figure 4.2). Bridges are used to interconnect the token rings with
DQDB. Communications are assumed to be pre-established between pairs of stations situated
on different token rings. The traffic destinations of all traffic leaving cach ring is split evenly
between the other two rings. This will provide for a uniform traffic distribution throughout

the entire system. I will now present in detail the elements of the interwork system.

4.2.1 DQDB Architecture

The DQDB architecture and protocol aspects of this study are based on the IEEE 802.6
specifications set out in the DQDB standard[IEE90] and thoroughly discussed in the last

chapter. The dual bus architecture and frame timing will be identical to the study performed
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in chapter 3. The architecture of DQDB comprises two unidirectional contra flowing buses.
Each bridge connecting the LANSs to the MAN is attached to both buses which allows for full

duplex communication between pairs of stations on the token rings.

The DQDB bandwidth is dynamically allocated to meet the demands of the pre-arbitrated
(PA) traffic. Capacity which is not allocated to the PA traffic can be shared by the packet
switched queue arbitrated traffic (QA). Non-isochronous (QA) slots are used to transfer asyn-
chronous segments previously generated by a longer message segmentation. The 53 octets of
2 QA slot provides for 44 octets of user information. The remaining octets are allocated as
follows: 1 for the access control field, 2.5 for the virtual channel identifier (VCI) representing
a logical link, 1.5 for service and segment header checksum, 2 for segment type and message
identification, and 2 for payload length and CRC check.

There are 4 types of QA segments: the beginning of message (BOM) segment, the con-
tinuation of message (COM) segment, the end of message (EOM) segment, and the single
segment message (SSM), which 'conveys messages whose length is shorter than the maximum

segment payload length(44 bytes).
4.2.2 Token Rings

The IEEE 802.5 standard {[ANS85D] was discusses in chapter 2 with the other 802 LANS.
The standard defines 2 priority mechanism which uses eight levels of priorities. I studied two
modes of priorities: first the non-priority mode in which all stations and the bridge on the
token ring have the same ring-access priority and can only send one frame per token arrival
(non exhaustive service). The second priority mode assigns priority to the bridges. Whenever
the bridge has a frame queued for transmission, it will either seize the low priority token, or
make a reservation in a passing frame for a high priority token. The reservation will force the
currently transmitting station, after having sent its frame, to issue 2 priority token which will
be then used by the bridge. After the bridge has completed transmission, the low priority

token is granted to the next station downstream from the one which last transmitted.



In this priority mode, bridges are zllowed to send all frames queued in their MAC layer on
to the token ring, the idea being that the token ring will empty its buffer faster and have less
packet losses. The other stations continue to be limited in sending just one frame each time
they capture the token (non- exhaustive service). The IEEE 802.5 committee has finalized
the standard for the 16 Mbps Token Ring[GLAS89]. I shall consider this 16Mbps speed as the

capacity of our token rings feeding the bridges.

4.2.3 Bridge

To connect the DQDB MAN with the token rings, I defined bridges (see figure 4.3) which are
composed of two independent processes. One process is used to forward the token ring frames
on to the DQDB MAN. This will involve converting a token ring frame into a DQDB MAC
PDU (Media Access Control Protocol Data Unit) and for segmenting this DQDB MAC PDU
into multiple derived mac protocol data units (DMPDUs) which then will be converted into
QA slots (see figure 4.4). The final function of this process will be to route the QA slot to the

proper DQDB bus depending on the direction of the destination station of either upstream

or down stream.

The second process within the bridge performs the reverse procedure. Each token ring
frame will be rebuilt from the separate QA slots. After the complete I- frame has been rebuilt

it will be then sent to the token ring MAC queue for transmission on to the token ring LAN.

In order to reduce the processing delay in the bridges, I assume that the bridge does not
perform any error recovery action nor flow control functions. If an error occurs during the
_rebuilding of a token ring I-frame (i.e. QA slot loss) the entire frame will be discarded by
the bridge. It will be a function of the LLC layer at each station to detect the I-frame loss
and re-transmit the frame. The LLC type 2 (connection- oriented) protocol[ANSS5A] is used
to guarantee the end-to-end link between stations. Finally, the finite buffer size is equally
distributed between the two processes (segmentation and reassembly). Hence, token ring I-

frames and DQDB QA slots are discarded when they do not find sufficient free memory upon
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their arrival at a bridge[BUXS5, GERSS).

In summary the bridges are most concerned with the efficient routing and movement of
the data through the DQDB-LAN interfaces. The error detection and recovery is left to the

LLC layer of each station on the token rings.

m REASSIRELY
N DODS XRCOINTS = 1 TOKEN RIWG MLAMID

o I
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f_lMDBL"N

DQDB

Figure 4.3: The Bridge connecting the DQDB MAN and the Token Ring LANS. The figure
displays the DQDB to Token ring Data flow as being two independent processes for clarity.
These two functions are actually performed by a single process.

4.2.4 End Stations

I consider 9 pairs of workstations interconnected by full duplex communication links via
the token rings and DQDB MAN (see figure 4.2). The communication facilities within each
station are based on a layered architecture where the highest layer is the data packet generation
application. The LLC layer is located directly below the data generation application. The

LLC protocol provides for the end-to-end reliable communication link between end stations.
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Figure 4.4: The Segmentation of Token Ring I-Frames into DQDB QA Slots within DQDB -
LAN bridge.

The LLC type 2 protocol as defined by the IEEE 802.2 committee [ANS85A] and discussed
in chapter 2, is based on the use of I-frames for transferring information, S-frames (supervisory
frames) for indicating frame acknowledgement (RR-frame) or rejection (REJ-frame), and the
P/F (poll final) bit for re-establishing data link connections. Moreover, the LLC protocol
assigns a sequence number to each I- frame, which allows the receiver to verify the received
frame sequence order and inform the sender if it has correctly received all expected frames.
The LLC type 2 protocol uses a limited window size to throttle the generation of packets
by the sta.tidns in order to reduce congestion in the system. Finally, by using timers, the
LLC protocol can re-establish a communication link which has been interrupted. The MAC
and physical layers provide core services (frame delimiting and addressing, and detection of
transmissions errors) and frames transmissions on to the token rings. Figure. 4.5 gives the

general architecture of the end station.
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4.3 Performance Study: Packet Transfer Within Pri-
vate MAN

For this application, | assume ﬁ:ll-duplex communication links pre-established between 9 pairs
of stations situated on different token rings (see figure 4.2). The 6 stations on each ring are
divided into 2 groups, each group will send its traffic to one of the other two token rings. This
division will cause 3 stations on each ring to form a duplex connection link with 3 stations
on cach of the other two rings. Given this type of connection scenario the traffic should be

uniformly distributed throughout the DQDB MAN.

The performance study was performed using the discrete-event simulator of the QNAP2
package[QNAS4]. The DQDB portion of the study used two slot generators located at the
head end of each bus and produced slots according to the 125 ps timing structure of DQDB.
Alfter a slot is generated by the slot generator it would be passed successively down the bus
from node to node. The nodes will examine each slot’s busy and request bits and based
upon this information as well as the information in the request, countdown, and bandwidth
balancing counters know when to access a free slot on the bus. I considered the DQDB MAN
to be operating over a large area (25 km bus length) and therefore I included the propagation

delay between nodes within the study.

The token rings used in our study only allow a single token per ring to circulate at any
one time. The token will be passed from one station to the next on the ring. Each station
is allowed a single packet transmission with each token arrival. In the case of priority mode,
the bridge will receive the token after the current station finishes sending its packet and the

bridge will get to keep the token until its buffer is empty (exhaustive service).

The end stations have an application layer which generates fixed length data units with
an inter-arrival time assumed to be exponentially distributed. The generation of data units
is restricted by a threshold value M which is the maximum number of I-frames and data

units being currently handled by LLC or queued to it (this process is called back pressure).
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This value, M, encompasses: 1) the number of I-frames already transmitted but not vet
acknowledged, 2) the number of I-frames waiting to be transmitted and 3) the number of

accepted data units not yet transformed into I-frames.

The back pressure process is achieved using several mechanisms. The generation of data
units is first restricted by the number of packets which can queuc in the highest layer.The
highest layer then sends the data unit packets to the LLC where the packets are formatted

- as'[-frames. The sending of data unit packets by the highest layer is throttled by a resource
which represents the window size employed by the LLC. Window units will be ouly released
when the I-frames occupying them are acknowledged by the destination station. Furthermore,

a copy of I-frames which have not yet been acknowledged is kept in the station.

The LLC server has to send and receive iaot.h I and S-frames (and if necessary to re-
transmit I-frames), to slide the window when it receives the acknowledgement for I-frames,
and to control the timers. The LLC queue can re-initialize or interrupt the timers at anytime.
If a timer expires before being affected by the LLC, it will send 2 RR-frame to the MAC with
the P-bit set to 1. For a more detailed description of the LLC protocol see chapier 2 of this
thesis or the JEEE LLC standard[ANSS5A].

4.3.1 Assumptions

The values for the model parameters have been chosen by considering the recommendations
stated in different standards involved in this study[ANSS5A, ANSS5D, IEE90] and the values
reported from tests done in our laboratory [GEO89, VAL89] and other similar studies[BUX85].
The DQDB bit rate is fixed by the number of slots in each implicit frame of 125 us. Each slot
insertion brings an additional bit rate of 3.392 Mbps. For this study, I used a DQDB frame
length of 12 slots with a required bit rate of 41 Mbps (compatible with DS3 circuits). Half
of these slots are reserved in order to support synchronous communications between users as
PA slots. The remaining are QA slots available for transferring data packets between bridges

connecting the token rings and DQDB MAN.
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1 assume a dual bus length of 25 km. The attached nodes are to be equally distributed
across the network and their latency delay is equal to 600 ns (1 byte). The propagation delay
of the medium is assumed to be 5:085 us per km, since the use of optical fibres is assumed.
Furthermere, I consider three token rings running at 16 Mbps. The delay for transferring the

token between stations is assumed to be negligible.

‘I have 6 QA slots per frame (20.35 Mbps) available on each of the two buses for a total
capacity of 40.7 Mbps for the QA traffic. The QA traffic will be provided by the three 16
Mbps token rings (total 48 Mbps). The DQDB network’s utilization wiil be a function of the
traffic arrival rate at each station on the token rings. Our study will examine the throughput
and fairness characteristics of DQDB as it’s utilization is varied from light to a very heavy
' load. For theend stations as well as at the bridges, I consider the use of COMPAQ DESKPRO
386/20 computers which are currently employed in our laboratory [GEOS9].

The I-field and S-field frames sent on the token rings are assumed to have a fixed length
of 1 kbyte and 25 bytes, respectively. The choice of 1 kbyte is justified by the fact that the
COMPAQ computer is running on XENIX which allocates memory partitions in multiples of 1
Kbyte. As stated before, DQDB uses QA slots having a length of 53 bytes: 5 for identification
and control, and 48 for containing the QA segment payload.The QA segment header itself uses
4 of the 48 bytes for header information which only leaves 44 bytes for user data. Therefore,
at the bridges, a token ring I-frame (1025 bytes), after being converted to an INITIAL DQDB
MAC PDU (1076 bytes), is segmented into 25 QA slots. The S-frame requires only one QA

slot to be transferred.

The processing time for converting the token ring frames into DQDB MAC PDUs (or the
reverse process) is fixed at 150 gs and 31 ps to format each QA slot of 53 bytes. These times
were derived from tests where it has been calculated that a time of 10 us is needed to fetch

" a specific memory location and 0.16 us for reading each byte from the RAM. To reassemble
the whole MAC PDU, a time of 20 s is assumed for decapsulating each derived MAC PDU.
This study also investigated the effect on system performance if bﬁdg&s of 3 times this speed
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were used.

I assumed the bridges contain pairs of buffers where each buffer is § Kbytes. One buffer
is used for each direction of data flow in the bridge. I also investigated the effects on system

performance of a sufficiently large buffer space such that packets and slots will never be lost

at the bridges.

Execution of the LLC protocol at the end stations is assumed to require the following
processing times: a} transmit I-frame (first-time): 250 ps; b) receive in-sequence I-frame and
transmit RR-frame: 300 gs; ¢) receive RR-frame and delete I-frame(s): 100 us; d) receive out-
of-sequence I-frame and transmit REJ-frame: 125 us; e) receive REJ- or RR-frame with F-bit
and retransmit I-frame(s): 125 us; f) receive out-of-sequence I-frame and transmit nothing:
75 us; g) handle timer interrupt and transmit RR-frame: 125 us; h) receive RR-frame with
P-bit and transmit RR-frame with F-bit: 125 gs. The time out value is 250 ms. The back
pressure threshold value M is set to the window size plus 4. This gives a source application
the flexibility to prepare I-frames for later transmission and also during times when the LLC

window is closed. The study compared system throughput for window sizes of 8 and 1.

4.3.2 Results and Analysis

Our study of the Private MAN was divided into three cases. In the first case 1 looked at five

different scenarios for our 3 token rings interconnected using DQDB:

1. No priority to the bridges on to the token rings, LLC window = 8, Buffers = 8Kbytes,
Bridge speed = as described in assumptions;

o

Priority to bridges on to token rings, LLC window = 8, Buffers = 8Kbytes, Bridge speed

= as described in assumptions;

3. Bridge increased by three times the capacity, Priority to bridges on to token rings, LLC
window = 8, Buffers = 8Kbytes;
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4. LLC window reduced to 1, Priority to bridges on to token rings, Buffers = 8Kbytes,

Bridge speed = as described in assumptions;

5. Unlimited buffer space, Priority to bridges on to token rings, LLC window = 8, Bridge

speed = as desceribed in assumptions.

For cach scenario I was principally interested in obtaining the system throughput as a
function of offered load and the mean end-to-end delays of the I frames. The mean end-to-end
delay is defined as the elapsed time between the moment when the data packet is inserted in
the LLC window at the source station (converted into an I-frame) and the moment when the
packet is accepted by the destination station. To investigate the fairness aspects of DQDB,
I tried to determine if any station or group of stations obtained a larger proportion of the

DQDB bandwidth than was expected.

In the second case of the study I incorporated a modified version of DQDB’s bandwidth
balancing technique which I call Variable Bandwidth Balancing (V.BWB). The five scenarios
of case 1 were repeated using this V.BWB to determine its effects on system performance and

fairness.

In the third case of the study I reduced the amount of DQDB bandwidth allocated to the
QA traffic from 50% to 33%. I then observed how this very heavily loaded system behaved
with and without V_BWB. The reduction of the number of QA slots would guarantee constant

competition for QA slots among the three bridges.

CASE 1 (5 scenarios)

The first scenario of case 1 involved the bridges having equal priority to the other 6 stations
on each ring. The LLC window was set to 8, the bridge buffers size was 8 Kbytes. The system
throughput increased linearly with offered load until it reached 14.75 Mbps(see figure 4.6),
at which time the delay in the DQDB to token ring data flow through the bridge caused the

buffers to overflow and lose packets. The lost packets triggered negative acknowledgements
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and packet re-transmissions which further reduced the overall system throughput. The back
pressure mechanism will eventually provide for a steady state system throughput of 10.25

Mbps (see figure 4.6) with a mean packet delay of 93 msec (sce figure 4.7).

The next scenario gave the DQDB to token ring gateway priority on the token rings and
provided for exhaustive service which would hopefully eliminate the bottleneck for the traffic
leaving the DQDB MAN and entering the token rings. Figure 4.6 shows that the throughput
does peak at a higher value than in scenario 1 {16.88 Mbps). Congestion in the token ring
to DQDB side of the bridge then occurs and packets are lost. As in the first scenario, packet
loss causes packet re-transmissions and NACKs to further reduce the system throughout. The

steady state throughput is 14.4 Mbps with an average delay of 55 msec (see figure 4.7).
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Figure 4.6: Case 1 Throughput Results.

The third scenario was to attempt to avoid the congestion in the token ring to DQDB side

of the bridge by increasing the speed of the bridge three times its original capacity. Figure 4.6
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shows that the system performance does improve because of the faster bridge (steady state
throughput 17.48 Mbps, and delay 44msec). The limiting factor in this scenario is again the
buffer space, but here it is not a case of I-frames waiting to be segmented for DQDB as in
scenario two, but rather a case where the segmented frames, are waiting for access to DQDB.
The § Kbytes buffer used at the bridge is the total available space for frames waiting to be

segmented as well as segmented slots waiting for access to DQDB.

The fo.urth scenario again was to avoid the congestion in the bridge, but this time 1
changed the window size of the LLC protocol from 8§ to 1 (Stop and Wait protocol). The
bridge priority, bridge speed and buffer size remained the same as in scenario two. The results
(see. figure 4.6) show that congestion is completely avoided and I am capable of obtaining a
system throughput of 19.68 Mbps with an average packet delay of only 5msec (see figure 4.7).
We do not have any congestion in this scenario and thus no down turn of performance due to
re-transmissions and NACKs. The obvious problem with this scenario is that it is completely
bounded in performance due to the nature of the stop and wait protocol[SCHS7). The hard

‘limit in this scenario is the time it requires a packet to work itself through the network and
the time it requires the ACK to be returned. The total of these two values completely bounds
the system, this is not desirable. The results clearly indicated that reducing the window size

of the LLC protocol is a very effective method to correct a congestion problem in the bridge.

During the final scenario of CASE 1 the buffer size restriction on the bridges was removed
and this allowed for unlimited buffers on demand. The remainder of the parameters were as in
scenario 2. As expected, the results showed that the highest system throughput occurs when
we do have a windowing mechanism incorporated into the LLC with unrestricted buffers. The
maximum throughput of our system was 22.22 Mbps (see figure 4.6) with an average delay

of 27 msec (see figure 4.7).

This final scenario was similar to scenario 4, where we were dealing with a lossless system
as no buffers will ever fill to capacity and lose packets. If packet loss was not the limiting

factor for system throughput of this final scenario of case 1 my investigation then turned to
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the bridge capacity. It was determined that it requires 925 us to format and segment an I
frame in the bridgé, as well, it requires 181 ps to format the S-frame acknowledgement for
that same I-frame. Thus the bridge requires 1.106 msec per successful packet which limits
the system capacity to 22.22 Mbps. It should be noted the assumption of sufficient memory
space for scenario 5 is not extreme. The simulation study shows that the steady state buffer

requirements in the bridges were only 24Kbytes.

The fairness of DQDB has been 2 prime concern of the networking industry lately and
therefore I investigated the actual number of packets each station managed to successfully
transmit (successful means received proper acknowledgement). I wanted to see if any station

or group of stations received more than its fair share of the DQDB bandwidth.

Our study for fairness focused on scenario 2 with an offered load of 130 packets/sec/station,
which provides for packet loss and oongeétion problems. I wanted to investigate how heavily
loaded token rings using the LLC protocol interacts with a heavily loaded DQDB MAN..
Figure 4.8 indicates that the stations on the centre token ring have successfully transmitted
a larger number of LLC packets (about 20%) during the simulation, than did the stations on
the other two rings. This leads us to believe that they obtained a larger proportion of the
DQDB bandwidth than did the others.

Investigation has determined that the unfair advantage enjoyed by the middle token ring
is a function of the DQDB dual bus architecture. The situation arises from the fact that the
middle ring enjoys the ability of sending half its traffic on each bus, whereas, the other two
rings are compelled by the DQDB architecture to only use one bus (see figure 4.9). Token ring
1 for example must send all its traffic along bus A and similarly ring 3 must send all its traffic
on bus B. One of the fundamental concepts of DQDB is that all access nodes may only have
one DQDB slot in the distributed queue for each bus at a.ﬁy one time. This principle gives
the obvious advantage to nodes who have traffic destined for both busses. These nodes may
have two slots accessing the DQDB MAN at any one time, one on each bus. The nodes with

uni-directional traffic will only have one slot accessing DQDB at any one time. This principle
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will lead to unfairness for any station which will always send its traffic in one direction.

DQDB MANSs are intended to be used to interconnect LANS of multiple communities of
interest within a metropolitan area. Normally these communities of interest will keep their
traffic very localized and thus the nodes on the outer edges of each community of interest
will be sending their traffic in one direction only. If there are many communitics of interest
this unfairness could be a wide spread problem which must be dealt with. This situation of

multiple communities of interest will be dealt with in the next chapter.
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Figure 4.8: The Station To Station Packet Transfer Comparisons.

CASE 2:DQDB Standard With V.BWB (5 Phases)

The next logical step in this study was to look at possible ways to improve the unfairness

of the DQDB MAN without having a2 major impact on the system throughput or delay.
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The proposed DQDB standard has incorporated a bandwidth balancing mechanism into the
proposed standard. The major draw back to this mechanism is that all access nodes to DQDB
are treated equally and all nodes are forced to let {ree slots go by unused at an equal rate. The
proposed standard calls for the bandwidth balancing mechanism to be enabled upon start up

and the default value for the BWB modulus is set to S{IEES0].

I am proposing that to improve the fairness of DQDB, the same mechanisms which the
standard has already incorporated (BWB_CTR, BWB_MOD) be used in a modificd manner.
The modification would stipulate that the BWB modulus value associated with each access
node be a variable (The standard now defines it as a system wide parameter). The value
for each BWB_MOD would be a function of the destination address distribution of the nodal
traffic. I refer to this as variable bandwidth balancing (V_BWB) as each station’s actual BWB

modulus would vary, and be based on the amount of traffic it sends on e¢ach bus.

The rational for this modification stems from asking the question, why should we take
bandwidth away from an access node which is forced by the DQDB architecture to only use
one bus and thus is already working from a disadvantage? The last section showed us that
the dual bus architecture of DQDB forced the two token ring bridges on the outer edges of
.the private MAN to only utilize a single bus for traffic (see figure 4.9). If we enable BWB
for these outer stations we will force them to give up needed slots to the middle token ring

which will cause 2 higher degree of unfairness.

The obvious challenge here is to determine the V_.BWB modulus for each access node. For
this study I decided that the end stations were already working from a disadvantage and thus
I should not force them to give up free slots. The standard calls for the BWB mechanism to
be either enabled or disabled system wide. As I did not want the end stations to be forced
to give up free slots, I set the V.BWB modulus to 100,000 for the end access nodes. This

effectively turns off BWB for these two nodes as they only have to give up one free slot for

every 100,000 it uses.

The middle access node had its V.BWB modulus varied from 0 to 9. A V.BWB_.MOD
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sct to 0 indicates that the BWB mechanism is disabled. Figure 4.10 displays the average
system throughput and delay results for all data packets sent from all stations as 2 function
of the V_BWB moduli chosen for the centre access node. When the centre access node had its
V_BWB modulus set to 1, it was forced to let every second slot which it would have used pass
by unused. This had a detrimental effect on both throughput (13.76 Mbps) and packet delay
(43msec) when comparing to the same system operating with no BWB at all (15.94 Mbps
and 29 msec). The middle Token Ring was not permitted to enter it’s I frames (segmented
into slots) on to the DQDB MAN as fast as before, nor could the acknowiedgement packets
be sent from the centre ring as quickly to inform the outer rings that they can send their next
‘packet. It is clear that bj,r reducing the V_.BWB modulus of station 2 to a value of 1 I am
forcing this station to give away an excessive number of free slots which leads to a drastic

degradation of system performance.
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Figure 4.10: V_BWB Throughput and Delay Results for Moduli 1-10.
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When the V.BWB modulus was increased to 2 we see a dramatically different situation(see
figure 4.10). Here the average system throughput increases to 17.5 Mbps, while the average
packet delay reduces dramatically to 18 msec. As the V.BWB modulus is increased beyond
2 for the middie access node we gradually approach the throughput and delay characteristics
when BWB is not enabled. This convergence towards the no BWB case as the V.BWB
modulus increases is expected as the stations are not being forced to give up as many free

slots and the system will operate as if the BWB mechanism is disabled.

The drastic increase in overall throughput is a very surprising result. It must be pointed
out that what we are doing is forcing bridge 2 not to use some of its DQDB bandwidth. This
unused bandwidth will not be used further down the DQDB bus because the ring located
down stream is trying to place all its traffic onto the opposite bus (see figure 4.9). Then
the question arises, how could taking away from bridge 2 possibly provide a higher system

throughput even though these extra slots are never used later?

The answer stems from the DQDB protocol itself. The middle bridge will only issue the
next slot request whenever it has successfully transmitted the current slot on to the DQDB
bus. The middle bridge is forced by the V.BWB modulus to let free slots go by and thus will
not be issuing requests as often. The end station will be able to obtain a higher proportion of
the DQDB bandwidth because it will not be responding to as many requests from thc‘middle
bridge. The improved system performance does not stem from the slots taken {rom the middle

bridge but rather the reduced number of requests generated by the middle bridge.

The five scenarios of case 1 were repeated but this time I included the V.BWB mechanism.
The end access nodes were given a V_.BWB modulus of 100000 (effectively turning off BWB)
and the middle access node was given the V.BWB modulus of 2. The value 2 was chosen
because it produced the best results of all V.BWB moduli tested (see figure 4.10). Figures
4.11 and 4.12 show that in all cases the system throughput and packet delay were equal to
(scenarios 4,5) or better (scenarios 1,2,3) than the case without BWB. Again this is a very

surprising result because we are actually taking DQDB slots away from the middle bridge
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1o improve fairness, yet the overall system throughput actually increases and average packet

delays decrease.
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Figure 4.11: CASE 1 VS CASE2 Throughput Comparisons.

We can see that the station-to-station throughput no longer favours a single access node
(see figure 4.13). The original goal of the V.BWB technique was to avoid unfairness within the
DQDB MAN, this goal has been achieved. A second interesting and unexpected result which
surfaced in the station-to-station comparisons is that by forcing slots away from the middle
ring, the middle ring’s throughput actually increases! We had seen earlier that the system
throughﬁut increased because of the \)_BWB, but it was assumed that the system increase
was a result of more packets being sent by the outer loops. The station-to-station comparisons
shows that for all stations except 1 and 6 on ring 2 their throughpﬁt has actually increased (see
figure 4.13). The increased throughput of stations on the middle ring is a direct result of the
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outer rings having more bandwidth and being able to return the positive acknowledgements
faster to the middle ring. Once the middle ring received this acknowledgement it was then

able to send its next packet.
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Figure 4.13: CASE 1 VS CASE 2 station-to-station Throughput Comparisons

This result is indeed a surprising one. This points out the fact that even though ring
two was able to obtain a disproportionably large portion of DQDB’s bandwidth its successful
throughput was actually decreased. The reduction in successful throughput was caused by
bridge two not allowing enough bandwidth to the other two bridges to properly return the

required ACKs. In effect Bridge two was a victim of its own success and proves that more is

not always better.
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CASE 3: V_.BWB Operating on a Very Heavily Loaded DQDB MAN

Case 2 showed us that the V.BWB technique could be used to reduce packet delays and
to improve both system throughput and fairness with the first threc scenarios of CASE 1.
The fourth and fifth scenarios were unchanged by V.BWB. The lack of a change in the
fourth scenario is understandable because it is the stop and wait protocol. The stop and
wait protocol has a maximum throughput capacity based on the returln dista.néc between
source and destination. The limiting factor with scenario 5 (unlimited buffer,LLC window
= 8,V.BWB) was the bridge speed, which is not a function of either the LLC or the DQDB
protocol. It would be interesting to see what effects, if any, V.BWB could have on scenario 5

if the gateway speed was no longer the limiting factor.

The third and final portion of this chapter’s study was to re-examine scenario 5 of Case two
(unlimited buffer, window 8,V_.BWB) to sec if the V_BWB technique could be used to improve
its throughput, delay or fairness. It was quickly determined that improving throughput was
not reaily possiblé because the bridge capacity (22.2 Mbps), now being the limiting factor,
would be quickly replaced by the token rings as the limiting factor. Each token ring operates
at 16 Mbps, thus the 3 ring system has a total capacity of 48 Mbps. 24Mbps are used to
place traffic on to DQDB and 24 MBPS to take data off DQDB. The 24 Mbps placing data
on to DQDB includes the packet overhead (4.88%) which leaves us with a new maximum
throughput of 22.8 Mbps. This new maximum is so close to the old limit of 22.2 Mbps, that

I decided to focus on possible fairness improvement.

The fairness issue would come to the forefront, if the DQDB bandwidth allocated for the
QA traffic was reduced to a point where the three rings were constantly competing for slots.
To accomplish this I reduced the number of QA slots from 6 to 4 slots per frame of 12. This

reduction will ensure constant competition between bridges for access to the DQDB MAN

QA slots.

Figure 4.14 displays the station-to-station throughput comparisons with no BWB for
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scenario 5 (unlimited buffer,LLC window = 8) and with only 4 QA slots per frame. It is clear
that the stations on ring 2 have the clear advantage, as do the stations who communicate
with ring 2. The 3 full duplex communication links not involved with ring 2 obtain much
less of the DQDB capacity than do the other 3 links. Statien 5 on ring 2 transmitted 5%
more traffic than did station 3 on ring 3. These stations were chosen for comparison purposes
because they are the best and worst cases. It is clear from figure 4.14 that the DQDB MAN

is displaying a high degree of unfairness towards the outside bridges.
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Figure 4.14: CASE 3 station-to-station Throughput Comparisons without V_.BWB.

After the V.BWB techniques were introduced, it was observed that the V_BWB modulus
of 1 is the only value which effectively divides the DQDB bandwidth. The difference between
the most and least advantaged stations with V.BWB is now only 1.5% (see figure 4.15) which
is down from 75% without V_.BWB. The cost of using the V_BWB mechanism must also be

investigated.
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1\:, was done in case 2, | varied the V_BWB modulus of the middle ring and effectively
turned off BWB for the bridges on the outer edges of the private community of interest. The
middle bridge had its V.BWB modulus varied from 1 to 5 and I also ran the simulation
without the BWB mechanism activated for comparison purposes. Figure 4.16 shows that the
overall system throughput decreases by 8.1% a.nd the average packet delay will rise by only
2%‘when the V_.BWB modulus is set to 1 when compared to the no BWB case. These figures
indicate that a very unfair system which allows one station te send 75% more traffic than the

othefs could be ma&e quite fair using the V.BWB technique. This fairness can be achieved

with minimal overhead costs (throughput loss = 8.1% and ave packet delay increase = 2%).

4.4 Conclusion

In this chapter, I have investigated the fairness and performance aspects of an interwork
system using the IEEE 302.6 DQDB MAN standard as a backbone network interconnecting
three IEEE 802.5 Token Rings. Such a system introduces the problems of interconnecting
networks which do not use the same access protocol and maximum packet length. Bridges
must be used to provide protocol translation between both types of networks and to perform

the segmentation and reassembly of packets.

I have considered two modes of priority dealing with the token rings: first all stations on
the LANS including the bridge have equal priority, and second higher ring-access priority is
given to the DQDB-LAN bridge with exhaustive service.

The application studied was the transfer of packets between homogeneous stations situated
on different token rings. It was shown that as long as there is sufficient buffer space the larger
window sizes of LLC perform better. If congestion does appear it would be desirable to
reduce the window size until congestion is clear. The use of priority mode for the bridges

provides better performance, mainly because congestion problems are considerably reduced

in the bridge.
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The simulation results have shown that the proposed DQDB standard acting as a private
MAN has problems to treat all LANs fairly within a community of interest. It also appears
that congestion problems in the bridges can be the source of important delays and packet
losses if buffer overflow occurs. The use of higher ring access priority and exhaustive service
for the bridges has been proposed for reducing congestion. The most interesting observation
discovered during the study was the unfairness of the DQDB protocol. Some stations were
able to transmit up to 75% more data than other stations. The fairness problem was overcome
by implementing a modified version of the proposed bandwidth. balancing mechanism called
V.BWB. |

The observations made during this chapter raise some very serious questions about the
fairness of the DQDB protocol. Of particular interest is the unfair treatment of stations on
thé DQDB MAN who only utilize one of the two DQDB buses. This chapter dealt with 2
single community of interest which is effectively a private MAN. The fairness problem was
correctable using the V.BWB technique introduced to help with the unfair DQDB bandwidth

allocations.

The obvious expansion to this study is to increase the number of communities of interest
using the DQDB MAN. This would change the nature of the MAN from Private to Public.
It would be interesting to measure the degree of unfairness which is observed within a Public
DQDB MAN supporting multiple separate communities of interest. The DQDB public MANs
offered by the carriers should treat all paying customers equally but the results of this chapter
suggest that this will not be the ;:ase. It would also be interesting to determine if the lessons
learned from this chapter dealing with V_.BWB could easily be mapped into a larger and more
general situation with many communities of interest. These questions will be addressed in the

next chapter of this thesis.
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Chapter 5

Public DQDB MAN Supporting
Multiple Communities of Interest

The last chapter provided us with a detailed description of the performance and fairness issues
involved when DQDB is used to support a private MAN consisting of three IEEE 802.5 Token
Rings. The performance and fairness aspects of this interwork system were investigated. The
interaction between the LLC protocol and the DQDB protocol was a focus of the previous
chapter and it was observed that by changing certain parameters of either the LLC or DQDB

protocols we could observe drastic changes in the performance characterises of the overall

system.

The two protocols are so tightly interconnected that it was difficult at times to separate
which performance and fairness changes were being caused by which protocol. For example
in the last section of chapter 4 it was observed that the throughput of the middle token
ring actually improved by reducing its allocation of DQDB bandwidth. This improvement
occurred because the LLC acknowledgement packets were being returned to the middle ring
faster than before. This allowed the middle ring stations to send their next packets quicker
to improve its overall throughput.

The unfairness of the DQDB dual bus architecture was highlighted in the last chapter
and this unfairness was overcome using the V.BWB technique. The V_.BWB technique is
a modification to the BWB mechanism which is included within the DQDB standard. A
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limiting factor to the study of chapter 4 was the fact that we only had a single community of

interest using the DQDB MAN.

This chapter will take a closer look at the DQDB MAN in supporting multiple communities
of interest. This DQDB MAN which is used to support multiple communities of interest is
referred to as a Public MAN. The DQDB Public MAN will be a service offered by the carriers.
It will be expected that all stations using the Public service will receive equal treatment as -

they will be paying an equal fee for the service.

The unfairness of stations with unidirectional traffic will be investigated. This unfairness
was pointed out in the previous chapter for a single community of interest. This chapter
will expand on the investigation of the last chapter to include three separate communities
of interest each with three LANs. Of the twelve access nodes required to support the three
communities of interest six will be unidirectional. This. will provide us with a clear picture
of the unfairness of the DQDB MAN to support these small communities of interest type

customers. Again V_BWE will be used to overcome the unfairness encountered.

5.1 Introduction

This chapter will again investigate the unfairness of the DQDB protocol in equally dividing
its available asynchronous bandwidth between active stations. The focus of this chapter will
differ from the last in that I will deal with 3 communities of interest (e.g. university campus,
a municipal government and a major accounting firm) all commonly sharing a single DQDB
Public MAN. I will not consider the LLC protocol in this chapter as I am more interested in
the ability of DQDB to treat all active access nodes equally. The last chapter showed that
separating the performanée aspects of the LLC and DQDB protocols can be very difficult and

even misleading at times.

Each community of interest consists of 3 token rings and all traffic generated within a

‘community of interest will have a destination address within the originators own community.
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This chapter will only deal with a single level of priority. The DQDB standard allows 3 levels
of priority, but since we are investigating equal treatment between communities of interest we

assume all are working from the same priority level.

The results of this chapter will help managers of DQDB based Public MANs, which are

used to supporting many communities of interest, to more equally distribute the available

bandwidth between the stations.

5.2 Application Overview

The DQDB standard has been studied a great deal for its efficiency and fairness. Most of these
studies assume a uniform traffic distribution, that is all stations send their traffic to all other
stations on the network with an equal probability (I took this approach for my performance
study during chapter 3). One of the principal functions of the DQDB MAN will be to provide

the communication resources required for many different customers witkin a metropolitan

area in the form of a Public MAN.

A typical costumer will be a medium sized organization which has neither the requirement
for, nor the resources to afford a private MAN. This type of customer will acquire the com-
munication bandwidth requirements from the local carrier’s MAN and pay for these services
knowing they are sharing the MAN with several other customers on the network. A MAN of
this nature will not have the uniform traffic conditions that have been extensively studied for
DQDB’s behaviour. The MAN users will not attempt to transmit to all other stations on the
MAN, in fact they probably do not know who else is on the netw&rk. As all customers will
pay an equal fee for service; they expect equal service for all users of the MAN. This chapter
will investigate the performance and fairness of a DQDB based Public MAN to service the

requirements of 3 independent communities of interest all sharing a common DQDB Public

MAN.

The 3 communities of interest under study can be envisioned as in figure 5.1, where each
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community of interest consists of 3 LANS which must be interconnected. The University
campus, Municipal Government and Accounting firm are all independent organizations and
will only send traffic within its own community of interest. The 3 customer system can be
pictured as a 9 access node system, 3 for each customer. Figure 5.2 shows how an abstract
access node architecture would look if the connecting MAN was a typical shared media such
as an eithernet or token bus. It is casy to picture how this type of system would be fair for

all access nodes attempting to access the MAN.

THREE COMMUNITIES OF INTEREST

Municipal
Government

Figure 5.1: Three Communities of Interest Each with Three Token Ring LANSs to be inter-
connected.

University Accounting

Firm
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The DQDB based architecture given in figure 5.3 shows how our 3 communities of interest
now require 12 access nodes because of the dual bus architecture. It is not quite as simple to
picture the fairness characteristics of this system and thus they must be investigated. Figure
5.3 shows that with the dual bus architecture and with the 3 divided communities of interest
we certainly do not have l'a. uniform traffic distribution for our DQDB system. For example,

the accounting firm’s LAN on the far left of its community of interest (Lan 7 in figure 5.3) uses
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Abstract Architecture For a Metropolitan Area Network (MAN)

A_noDE  pnoDE|  pNODE NEYT: I YT YR NODH NODE|  pA-NODE
2 2 3 4 5 6 7 8 9

Figure 5.2: Abstract MAN Architecture used to interconnect the LANs of Three Separate
- Communities On a Single Shared Medium.

the second from last access node on BUS A, yet it sends 100% of its traffic further downstream
on bus A. This type of traffic distribution is far from uniform but will be quite common for

DQDB based Public MANs supporting many communities of interest.

As pointed out in earlier chapters 2 and 3 the DQDB MAN has displayed a great deal
of unfairness when di'viding its asynchronous bandwidth between active stations during high
network utilization. The 802.6 standardization committee approved a major modification
to the DQDB standard which introduced a bandwidth balancing mechanism which is solely
intended to equally distribute the DQDB bandwidth[HAH90].

This mechanism includes a bandwidth balancing counter (BWB_CT) and a bandwidth
balancing modulus (BWB_MOD). Each station has two BWB_CT’s, one for each bus. These
counters will keep track of the number of slots sent on each bus by incrementing its value for
each slot sent. The BWBMOD is a system parameter which states the maximum number of
slots a station may send on each bus before the station is forced to let a slot pass by unused.
While the BWB_CT is incremented with each slot transmission, its value is compared to the
BWB_MOD when the two are equal the BWB_C']l." is reset to zero and the next slot which the
station would normally take for itself is let to pass unused. The idea being that other stations

will use the slots which are let to pass unused and in turn generate more requests to more

evenly distribute the DQDB bandwidth.
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Figure 5.3: Three Communities of Interest interconnected Via 2 DQDB Public MAN.

The BWB.MOD has been made a system wide parameter within the DQDB standard
[IEE90]. Its value may range from 0-64. If the value is 0 this indicates that the bandwidth
balancing mechanism is disabled, otherwise the value is chosen between 1 and 64. This value
once chosen will be the value used by all stations on both buses. The standard calls for the
default value of the BWB.MOD = 8.

It will be shown in this chapter that by assigning all stations on both buses the same
modulus without considering the station’s traffic arrival rate or the station’s traffic destination
distribution may cause more damage to the fairness of the DQDB protocol instead of aiding
fairness. It will also be shown that the V_BWB mechanism introduced in the last chapter
which is 2 modified version of DQDB’s bandwidth balancing can be used to help rectify the
unfairness problems of DQDB. The BWB.MOD must not be a system wide parameter treating
all stations on both buses equally. The stations bus position and traffic distribution should
be considered when choosing the bandwidth balancing modulus for both access nodes of each

station.
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5.3 Performance Evaluation Overview

The performance study was conducted using the discrete-cvent simulator of the QNAP2 sim-
ulation package[QNAS4]. The DQDB portion of the study is based on the latest version of
the JEEE DQDB MAN standard[IEE90] which was described in detail in chapter 3. The
DQDB MAN simulation comprised of two slot generators located at the head end of cach bus
and produced slots according to the 125 us timing structure of DQDB. After the siot was
generated it would be successively passed down the bus from node to node. All six access
nodes along each bus will examine each slot’s BUSY and REQUEST bits. Based upon the
values of these control bits and also the current values of the REQUEST, COUNTDOWN
and BANDWIDTH BALANCING counters each access node will know when to access a free
slot on the DQDB bus.

The end stations have an application layer which will generate slots destined to other
stations within the same community of interest. The slot inter-arrival time is exponentially
distributed. The mean arrival rate for each station will always be %th of the total load
currently on the DQDB MAN. This will ensure that all stations are trying to place equal
amounts of traffic on to the DQDB MAN under all conditions. For example, if the DQDB
load is light, each station will be offering 3th of this light load. All stations will vary their
loads equally as the DQDB MAN is tested under various load conditions.

5.3.1 Assumptions

The values for the model parameters have been chosen by considering the recorﬂmendations
stated in the DQDB draft standard version 14 [IEE90]. The DQDB bit rate is fixed by the
number of slots contained in the DQDB 125 us implicit frame. For this study I have chosen a
frame length of 12 slots which requires a bit rate of 41 Mbps (compatible with DS3 circuits).
A background load of PA (Isochronous) type traffic is assumed to require 1 of the 12 slots

within the DQDB frame. The remaining 11 slots are available to the 12 access nodes of the
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three communities of interest to send their QA (Asynchronous) type traffic slots.

1 assume a dual bus length of 25 kms. The access nodes are equally separated over the
25 kms. The station latency delay is 600 ns(1 Byte) and the propagation delay of the link is

5.085 us per km, as the use of optical fibre is assumed.

I will be interested in determining the fairness behaviour of the DQDB MAN while sup-
" porting these multiple communities of interest. The load on the DQDB MAN will be varied
from as low as 50% up to 99% of the DQDB capacity. It is assumed that each station will
offer 1th of the DQDB offered load and thus should receive 3th of the bandwidth. All stations
should experience roughly the same delays gaining access on to the DQDB MAN.

5.4 Results and Analysis

My study was divided into three pha.sé. During the first phase I investigated the fairness
of the current version of the draft DQDB standard to support these three communities of
interest. Phase two attempts to determine the reasons for the unfairness which were observed
during the first phase. Based on these reasons phase two attempts to develope a strategy which
might correct the problems. The final phase compares the performance of the DQDB MAN
(operating with the strateQ developed' in phase 2) to the results using the current DQDB
standard. All of these results were taken into consideration when designing an approach for

optimal system performance which will be put forward in the final phase of this chapter.

5.4.1 Phase One: Current DQDB Standard Performance and
Fairness

The goal of this first phase was to determine if the current version of the standard could
equally divide its resources between the 3 communities of interest. The current version of
the standard calls for the bandwidth balancing mechanism to be enabled with the system
wide parameter BWB_MOD set to 8. Figure 5.4 displays the average response delay of all 9



stations to get a slot onto the DQDB MAN. The graph clearly shows that at low to medium
loads the MAN gives a fairly even response delay to all stations. During 75% MAN utilization
the average slot delay for all stations is 5.07 slots. The most advantaged station 1 has an
average access delay of 4.07 slots and the most disadvantaged station 3 has an average dclay
of 6.47 slots. We can see that the unfairness observed at 75% load is not extreme, as all

stations are within 1.4 slot times of the network average.

As the load increases beyond T5% we start to see a trend of DQDB favouring stations 2,5
and 8. As the load on DQDB becomes very heavy (99%) we see that this unfairness becomes
extreme. It must be pointed out that figure 5.4 is using a logarithmic scale and thus the
unfairness is in the order of several magnitudes. At 99% load the average access delay of the
most advantaged station 5 is only 12.33 slot times compared to the least advemtagcd station
T with an average delay of 26,540 slot times. If we assume that the stations are using a higher
layer protocol such as LLC to support the end-to-end communications, the disadvantaged
stations would effectively turn off. The timeout and NACK packets which would be generated

due to the extremely unfair behaviour of DQDB would reduce the amount of successful data

transfer to almost zero.

The stations which egjoy an unfair advantage given to them by DQDB might also not
send much traffic as acknowledgement packets are required by the LLC protocol. If the
disadvantaged stations are the ones required to send these acknowledgements, virtually no data
packets would be transferred by this system. The advantaged stations would be continually

retransmiting the same unacknowledged packets. This type of phenomenon was observed in

the last chapter of this thesis.

5.4.2 Phase Two: Unfairness Investigation

Recently there have been a great number of studies on the behaviour of the DQDB protocol[BIS90,
BUDS86, CON89, CONS1, DAVS9, DES90, FDI90, FIL90, HAH90, KAU90, KIM90] [NEW86,
NEWSSA, ROD90, RUB90, VALSS, VANSGA, VAN9OB, WAI89, WON89, WON90, ZUKS7,
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Figure 5.4: Station Mean Access Delays With The Default BWB mechanism enabled at all
load levels.
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ZUKSSA, ZUKSSB, ZUKSSC]. In the early days of the standard it was first claimed that this
protocol would behave fairly and efficiently up to 100% load{NEWS6]. It soon became clear
that this protocol could behave quite unfairly depending on offered load, station separation dis-
tances and initial traffic conditions just before overload occurs[WOIi89]. The “standby state”
has been removed from the standard and the BWB mechanism has been added to correct
the unfairness in the standard. Several recent studies have shown that the new standard can

indeed be made fair when using the BWB mechanism added to the standard[CON91, HAH90).

My results obtained in phase one (see figure 5.4) clearly conflict with these resent studies.
I have incorporated the BWB mechanism into my study, yet I still observe drastic unfairness.
Investigation has determined that there are two major types of unfairness within the DQDB
MAN. The first is positional unfairness. This has been extensively discussed in recent papers
which have concluded that stations at the head end of the DQDB MAN have the advantage
when accessing slots. The second type of unfairness is traffic direction unfairness. This
unfairness is a direct result of the DQDB MAN architecture using the two unidirectional
buses. This second type of unfairness stems from the fact that many stations do not enjoy the
privilege of using both DQDB buses to transmit their traffic. This second type of unfairness
has not been given the attention it requires by the current literature because most studies

assume a uniform traffic distribution and that the problem therefore is not extreme.

Figure 5.4 shows that under heavy load conditions (99%), both stations 3 and 7 are treated
extremely unfairly when trying to send traffic on the DQDB based MAN. Station 7 suffers
from both positional unfairness and traffic direction unfairness. The positional unfairness is
clear from the fact that station 7 is the second from the end on bus A and thus is acting
from 2 disadvantage compared to the stations positioned closer to the head end of the bus.
The traffic direction unfairness arises from the fact that station 7 is on the outer edge of the
accounting firms community of interest and is forced to send all its traffic on bus A back

towards the other two stations within its community of interest.

A fundamental concept of the DQDB standard is that each active station may only have
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two slots, at cach priority level, in DQDB’s distributed queue at one time. Each station is
allowed one slot in each of the two distributed queues used to control access to the two DQDB
buses. Station 7 is only using bus A to send its traffic and thus it will only have one slot
in the distributed queue of DQDB. This effectively cuts the available bandwidth to these
unidirectional stations in half when you compare them with stations which are able to utilize
both buses of DQDB. The same results for station 3 are observed because it is in a similar

situation to station 7 only on the opposite bus, B.

Station § is the furthest active access node from the head end on bus A, and from the early
studies of DQDB we would expect it to have a higher access delay than does station 7. This
is not the case in our study. Station § enjoys the use of both bus A and B for communicating
with the other two stations within its own community of interest. This permits station 8 to
have two slots in DQDB’s distributed queue at one time which produces smaller access delay

values than station 7 displays.

This problem of drastic unfairness towards certain stations within small to medium sized
communities of interest must be addressed. One of the perceived principal uses of the DQDB
MAN will be to act as a Public MAN to economically connect these types of users. This
DQDB based Public MAN will be éxpected to treat all customers equally. As the standard

now exists each customer will be paying an equal fee for what will be far from equal service.

To correct the unfairness, it was attempted to separate the two types of uni‘:airn&ss to
determine the effects of each. The traffic direction unfairness was removed by increasing
the offered load of all active stations on each bus to the point of trying to obtain all of the
bus capacity. The BWB mechanism was disabled for this part of the study. The differing
amounts of bus capacity obtained by each station would be 2 function of the station’s position
on the bus. This will give a network planner a feel for the unfairness caused by. the station’s
position. This is not an exact science because it has been shown that several other factors
will affect bandwidth distribution. As an example, the initial ratio of busy to free slots

when the experiment is completed will affect the amount of bandwidth obtained by each
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NODE #

Bus A Bus A Bus A Ranking V_BWB
% Slots | % Slots % Slots Most to Least MODULUS
attempted | Obtained | Adv/disadv | Advantaged stations | ASSIGNED
1 22.2 25.0 23 3 7
2 11.1 228 11.7 1 3
3 Not active on bus A
4 22.2 15.9 6.3 5 3
o 11.1 14.7 3.6 2 4
6 Not active on bus A
7 22.2 1.3 -10.9 6 G4
3 11.1 10.2 -9 4 7
i 9 Not active on bus A

Table 5.1: Station performance Comparisons

station. I initialized all slots to be not busy and all stations were turned on at the same

time[WONS9, VAN90A).

Table 5.1 gives the portions of bandwidth obtained by each station on bus A, both buses
are symmetric and thus only bus A will be described here. It is clear that the head-end stations
do obtain a significantly larger proportion of the DQDB banciwidth than do the down stream
stations. Station 1 obtained 25.0% of bus A’s bandwidth compared to station §’s 10.2%. To
determine which stations are working from an unfair advantage, we must compare the amount
of bandwidth obtained by each station, to the amount of bandwidth each station should get
on bus A. The capacity 6f DQDB should be equally divided among all 9 stations thus all
should receive 1th or 11.1% of the total DQDB bandwidth. Station 1 sends all its QA traffic
on bus A, thus requiring 22.2% of bus A’s capacity to obtain its 11.1% of the total DQDB
bandwidth. Station 1 obtained 25.0% of bus A’s capacity, therefore gaining 2.8% more of bus

A’s bandwidth than necessary. This gives station 1 an unfair advantage.

Similar types of results are given for all 6 active stations on bus A in table 5.1. It is clear
from this table why station 7 is so poorly treated by DQDB. It requires 22.2% of bus A’s
bandwidth but has obtained only 11.3%. Station 7 is only able to obtain about half of its

required bandwidth to service its needs and thus displays horrendous waiting times to access
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the DQDB MAN. A visual indication of which stations are working from an advantage and
which from a disadvantage is given in figure 5.5. Equipped with this information we may now
rank the stations from most to least advantaged (see Table 5.1). The question now arises
as to how we correct the unfairness between the stations without completely redesigning the

DQDB MAN standard.
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Figure 5.5: Visual Indication of Which Stations are Working From An Advantage and Which
From a Disadvantage.

The solution is to modify the existing BWB mechanism in order to not treat all stations
equally. This might sound strange, but why should station 7 be forced to give up one free slot
for every 8 it uses, as the standard now calls for? This station is only able to obtain about
50% of its bandwidth requirements before bandwidth balancing is enabled. On the opposite
side of the coin, station 2 will only be forced to let 1'slot pass for every 8 slots it uses. In my
study station 2 was able to obtain 100% more bandwidth than it required on bus A and in

reality should allow more than 1 in 9 slots pass by unused.

The modification to the standard involves selection of a different BWB_MOD for each
active access node based on the ranking of each access node in the most to least advantaged

list (See Table 5.1). I refer to this as variable bandwidth balancing (V.BWB) because the
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balancing modulus will vary from station-to-station, and in fact from bus to bus for the same
station. This method was introduced in the last chapter to overcome the unfairness of the

Private DQDB MAN.

As an example of the V.BWB_MOD differing between the two access nodes of the same
station we may look at station 2. Station 2’s access node on bus A, as just discussed, is
enjoying a great advantage and was assigned a V.BWB_MOD of 3. Thiﬁ'\\'ill cause this access
node to let a free slot pass by unused for every 3 it uses. Station 2’s access node on the
opposite bus B does not similarly enjoy the privilege of being so close to the head-end and
therefore cannot be forcéd to give up a slot for every 3 it uses. Station 2’s bus B access node
is symmetrical to that of station 7 on bus A and both will receive the same V.BWB_MQOD =
7. Figure 5.6 gives the complete DQDB MAN with the.V_BWB_MOD chosen for cach of the

12 access nodes required to service our 3 communities of interest.

DQDB MAN (802.6)
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Figure 5.6: Three Communities of Interest interconnected with a DQDB Based MAN with
Each Access Nodes’s Assigned V.BWB_MOD.
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5.4.3 Phase Three: V_BWB Test Results and Optimal Perfor-
mance Approach

The final phase of the study was to investigate the performance of the V.BWB based DQDB
MAN under similar load conditions to that of the first phase. Figure 5.7 displays the dramatic
improvement in fairness for the slot access delays of the different stations. The variable
bandwidth ba.lanciﬂg mechanism was successful in redistributing the bandwidth from the
advantaged stations to the disadvantaged stations. No longer do we see any dramatic spikes

in the graphs indicating unfairness for certain stations when accessing the DQDB MAN.
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Figure 5.7: Station Mean Access Delays With The V.BWB mechanism enabled at all load
levels.

It is clear from these results that this V_.BWB technique may be used to significantly im-
prove the fairness of a DQDB based Public MAN. When V_.BWB is enabled the stations are

forced to respect strict MAN access procedures. These procedures will cause some overhead
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delays. The ideal situation would be to have a network free of overhead when controlling the
bandwidth distribution between stations. It would be interesting to investigate the perfor-

mance of this Public MAN operating without any form of BWB for comparison purposes.

Figure 5.8 displays the results of our study repeated with the BWB mechanism disabled.
It is clear that this DQDB based Public MAN is unfair in allocating its bandwidth. It is
interesting to note however that the unfairness is not as extreme as in the case with the
DQDB default value for the BWB_MOD = §. This shows that the default BWB mechanism
produced a higher degree of unfairness than the case without any form of BWB {compare
figures 5.8 and 35.4). This increased unfairness occurs when stations which are operating
under both forms. of disadvantage are forced to let a free slot to pass unused for every § taken

even though they cannot afford to do so.
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Figure 5.8: Station Mean Access Delays With No Form of BWB enabled.
The results of figure 5.8 also indicate that the DQDB protocol without any form of band-
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width balancing is reasonably fair up to about 80% load. A network average access time of
only 5.2 slot times was observed. The quickest station (1) accessing in 4.2 slot times and the
slowest station (3) in 6.8 slot times without any form of bandwidth balancing. This result is
quite significant in that we may allow the network to operate without any form of bandwidth
bala.ﬁcing up to a load level of 80%. A forced bandwidth balancing mechanism at low to
medium loads increases average access times and may, as we have just shown, increase un-
fairness. In our study at a load of 80% the average access time increased from 5.2 to 6.2 slot
times and the unfairness increased dramatically by including the default BWB values when
compared to using no BWB mechanism at all. (see figures 5.8 and 5.4).

My proposed solution to the unfairness observed by the DQDB Public MAN is to allow
the DQDB MAN to operate without any form of BWB up to a load of §0%. When the MAN
reaches the 80% load level on one of its buses the V_.BWB mechanism will be enabled for that
bus in order not to have any serious unfairness when dividing its bandwidth between active

users.

The monitoring of the load can easily be done by the most downstream end station of
the bus by counting the ratio of busy to empty slots as they are destroyed. When this end
station determines that the load has reached S0% it will send a V.BWB enable signal to all
stations on the busy bus. The éna.ble V_BWB message can easily be sent by this station
because this downstream end station on the busy bus is the head-end of the opposite bus
and is in the perfect position to inform all active nodes on the busy bus. When the load
drops below 80% the end station could send the disable V_.BWB message to all others on the
bus. These enable/disable messages should be included into the DQDB layer Management
functions as a modification to the DQDB protocol. This 80% on/off value is not set in stone
and should be determined by the network manager (je.the carriers for these Public MANs).
The enable/disable values may also be unequal. For example we may enable V.BWB at a
80% load level and disable it only when the bus load has reduced to 75%. The idea is simila.f
to closing the LLC window size under periods of heavy load and then widening the window

as the traffic conditions improve[BUX85].



Figure 5.9 displays the access delays for our DQDB Public MAN when the system is
allowed to operate without BWB until the load becomes 80%. At this point the V. BWB
mechanism is enabled. This figure shows clearly that the access times for all stations are
quite fair for all load levels. The philosophy here is to allow the system run unrestricted and
with as little overhead as possible, up to the point when things could become quite unfair. At
this pbint strict operating parameters are enforced to ensure all stations have an equal chance
at accessing the bus. This will provide the users with unrestricted access and minimal delays
at low to medium loads. As the network becomes busy, strict operating procedures can be

used to ensure fairness.

The addition of both the V.BWB mechanism and the enable/disable V.BWB messages
to the DQDB standard will provide for optimal system performance. This will provide quick
acc&es‘ times at low loads and orderly controlled accessed during heavy load co;qditions. These
are not major modifications to the DQDB standard as the BWB mechanism already exists and
thus only requires that each access node have its own V_.BWB modulus. The enable/disable
V_BWB messages could be added to the existing list of DQDB layer management messages
which are already incorporated into the standard.

The costs of these proposed modifications to the standard must be investigated. The final
figure 5.10 gives a comparison of the average access delays for all slots entering the MAN.
I had shown earlier (see figure 5.9) that the station to station access delays had become
relatively equal when V.BWB is enabled. It is important to show that the equality is not
caused by simpiy making the fast stations slower. Figure 5.10 compares the average access
delay for all slots from all stations when we use the DQDB default BWB parameters to the
average delay when no EWB is used up to a 80% load level and then V.BWB is used above
this value. In all cases the average access time is better than the default DQDB parameters.
The performance is better at lower loads because there is lno forced delays caused by the BWB
mechanism. During hea..v;'y load conditions the performance is improved because the DQDB

resources are redistributed according to need.
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5.5 Conclusion

In this chapter I have investigated the fairness and efficiency of a DQDB Public MAN to
support multiple communities of interest. The results have shown that the standard as it now
stands is unable to fairly divide the DQDB bandwidth among its stations. In fact, it has been
shown that the BWB mecharism as it now stands may actually worsen the unfairness of DQDB
to support this type traffic. A modification to the standard has been proposed to allow DQDB
based MANS to operate without any form of bandwidth balancing up to a; predetermined load
(80% for our study). When this load value is reached the V. BWB mechanism will be enabled
to ensure that all stations are given fair treatmént by the standard under these heavy load
conditions. The V_.BWB mechanism will redistribute the DQDB bandwidth according to need
 rather than allowing a station’s position along the bus and destination traffic patterns dictate

the stations DQDB bandwidth allocation.
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Chapter 6

Conclusions And Suggestions For
Further Research

This thesis investizaied the fairness and performance behaviour of the IEEE $02.6 DQDB
MAN. The DQDE architecture has been accepted as the standard for the IEEE Metropolitan
Area Network. Chapter 1 outlined how the DQDB MAN will take on the role of either that
of a Private MAN supporting the needs of a large organization or that of a Public MAN
which will be used by small to medium sized organizations as an interconnection backbone or

collector network for the ATM based switches of the future.

Cha.pte: 2 gave an overview of the OSI T layer model and outlined where the DQDB MAN
will fit into this international standard. The need for a standardized MAN architecture was
outlined, as were the goals and functional requirements for this new network. A review of
the associated 802 standards which are related to the 802.6 MAN standard brought ﬁp the
debate of minimal overhead with unpredictable performance versus complex protocols with
very rigid performance characteristics. The positive and negative performance characteristics
of these other 802 protocols gave an insight into the possible performance aspects of the
IEEE DQDB MAN. This debate was carried through out the thesis and eventually led to the
proposed optimal performance suggestions made in chapter 5. The suggestions would improve

the DQDB MAN performance by balancing minimum overhead with rigid performance.

The DQDB architecture and protocol were described in detail in chapter 3. The history of
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the DQDB protocol from the initial QPSX proposal to the standard in its present form was
presented. The standard has undergone several major modifications during the complex and
lengthy standardization process. Most of the modifications have been attempts to improve on
the standards unfair allocation of asynchronous bandwidth during certain traffic conditions.
The problem again arose as to how much control we can enforce on a network before the

added overhead causes problems.

The performance study performed in chapter 3 showed that with the removal of the
“standby” state from the protocol and with the addition of the BWB mechanism we ob-
scrved a great deal more control information flowing through the network. We no longer
observed the head-end stations enjoying the extremely unfair advantage of quick access times
for their QA slots. My study also showed that during periods of heavy bus load the new
BWB mechanism so severely restricts the head end stations that their performance radically
changes from slightly advantaged in light loads to extremely disadvantaged during heavy load
conditions. The problem is threefold for these end stations. The end stations can only use one
of the two DQDB buses for sending slots. The BWB mechanism introduced to equally divide
the DQDB bandwidth forces these unidirectional stations to give up slots even though they
cannot afford to do so. And thirdly, the end stations will have to action many more requests

with the removal of the "standby” state.

The fourth chapter investigated the fairness and performance aspects of 2 DQDB Private
MAN to interconnect stations of three 802.5 Token Rings which forms a single community
of interest. The LLC protocol is used as the end-to-end communication mechanism. Bridges
were used to move the token ring I-frames over the DQDB MAN as QA slots. The study
showed that it is important to give the bridges priority on the token rings to avoid buffer
overflow. If buffer overflow does occur the system performance will radically degrade with
packet retransmissions and time out messages. If congestion does occur in the bridges it is
desirable to reduce the LLC window size to ease the congestion. It was shown that as long as

you have sufficient buffer space, a large LLC window will provide for improved performance.
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The most interesting observation of chapter 4 was that the DQDB MAN was unfair in its
bandwidth distribution during periods of heavy load. The unfairness was a function of the
dual bus architecture of DQDB. The middle token ring of the private community of interest
enjoyed the use of both DQDB buses while the outside token rings were forced to use only
one of DQDB’s Two buses. The unfairness was overcome by implementing a modification to

the DQDB BWB mechanism called variable bandwidth balancing (V_BWB).

The performance of LLC and DQDB working together showed how complicated systems
become when several protocols must work together. It was difficult, at times. to separate the
performance aspects of each protocol as they work so closely together. The major result of
this chapter was that the current version of DQDB is unfair in its treatment of some stations,
but this unfairness is correctable using V_.BWB. This unfairness of DQDB to support a single
community of interest on a Private MAN raised serious questions as to how DQDB would

support multiple communities of interests acting as a Public MAN.

Chapter 5 investigated the DQDB architecture serving as a Public MAN to support three
separate communities of interest. The focus again was on DQDB’s performance and fairness.
The results of chapter 5 have shown that the DQDB standard as it now stands is unable to
fairly divide the DQDB bandwidth between stations when it supports multiple communities of
interest. In fact, it has been shown that the BWB mechanism introduced to rectify the fairness

problems my actually worsen the unfairness of DQDB to support these types of customers.

Chapter 5 compared the performance of the DQDB Public MAN to support these multiple
communities of interest with and without the BWB mechanism. The results of the same Public
MAN using the V.BWB mechanism to avoid the unfairness problems is also presented. When
all the results were analyzed a suggestion for optimal performance was put forward. The
suggestion returned us to the earlier debate of minimal network overhead with unpredictable

performance versus complex protocols with very rigid performance characteristics.

Optimal system performance occurred in my study when I balanced these two approaches

for network operation. During periods of light to medium load I suggest that the DQDB
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network be permitted to operate with as little overhead as possible. This would require us
to completely disable the BWB mechanism of the standard. It was shown in chapter 5 that
the performance does slightly favour the headend stations but not to the point of justifying a

very rigid control mechanism like BWB.

The DQDB bus utilization can be easily monitored by the most down stream end station as
the slots are destroyed. When this station determines that the bus utilization is approaching.
a point where unfairness will be a problem, it could send a V.BWB enable message to all
stations on the busy bus. After the congestion clears this same station could be used to

disable the V_.BWB contro! procedures.

This balance between rigid controls during heavy utilization and easy access during light
loads is important for efficient and fair network performance. I personally believe that it is
important that these, or a modified version of these changes, be incorporated into the DQDB

standard. They give the network planners the required flexibility to properly manage their

metropolitan area networks.

A rich area for future work stemming from this thesis would be to develop a method
which dynamically determines the V.BWB moduli based on: (lj the current traffic coﬁditions
on each of the DQDB buses, (2) the number and locations of a.ctifre stations, and (3) the
dynamic traffic conditions of each station. I have determined the V.BWB moduli of my

performance evaluations based on the relatively static values of station location and average

traffic conditions.

An extension to a completely dynamic system will be crucial when DQDB based MANs will
be used to support very fast workstations with very bursty traffic conditions. It is envisioned
that the DQDB MAN will be one of the principal traffic collectors for the ATM switches of
the future and this "Dynamic Variable Bandwidth Balancing” (D_.V_.BWB) mechanism will
be required to ensure adequate service to these high speed work stations. This expansion of
the concepts discussed in this thesis will provide for much more flexibility in the networks of

the future. In fact this type of dynamic bandwidth control will be essential for virtually all
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future ATM based networks which will have to continuously deal with bursty types of traffic

sources attempting to gain access to an ATM switch.
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Appendix A

QNAP2 Overview

The simulations performed for this thesis used the QNAP2 (Queue Network Analysis Package)
software package[QNAS4]. This package is used to evaluate the performance of queueing

network models of specified systems under investigation.

My study used QNAP?2 to evaluate the performance of DQDB in supporting various MAN
based networks. These MAN networks were modeled as queueing networks. QNAP2 allows
the user to define the network as a set of stations through which customers will pass according
to a set of rules defined by the QNAP2 package user. This makes QNAP2 ideal for simulating a
DQDB based MAN. The access nodes of DQDB may be simulated as stations. These stations
will circulate customers or in our case DQDB slots according to the DQDB protocol which
is detailed by the set of rules written to provide the DQDB distributed queueing protocol.

Similar models were developed for the Token rings and Bridges.

QNAP?2 provides for a specification language (based on Pascal) which is used for describing
the models under study and also to write .the set of rules for customer station interaction.
QNAP?2 incorporates known analytical solutions of queueing networks such as the MVA (mean
value analysis) [REI80] and convolution algorithms [BUZT3]. It also incorporates a discrete-

event simulator which was used for my performance evaluations during this research.

In QNAP2, a queueing network consists of a set of stations (each typical station comprising

of one server and one queue) through which customers circulate according to given rules. The
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processing done by each station may be as simple as a time delay or it could be a complex

algorithm which may include synchronization operations. This algorithm will be written by

the package user.

For each station, some parameters must be defined: the “type™ of the station (source,
server, resource); the “scheduling” scheme performed by the station (FIFO, priority, processor
sharing); the “service” performed by the station (exponential, constant. or user defined); and
finally the “next station™ where the customer in service is going to be moved (using the
TRANSIT command}. During my study the access nodes would pass the customer (slot) to

the next access node on each bus.

The results produced by QNAP2 give the mean service time, the utilization, the mean
number of customers queued and in service for each station. QNAP2 also provides the mean
response time and the number of customers served from the beginning of the simulation to
the end. These results provided me with the mean waiting time for my DQDB slots and other

important information to evaluate the performance of the DQDB based MAN.

QNAP2 provides for confidence intervals which may be produced with a confidence level
of 95% for simulation results. The confidence intervals produced are themselves estimates
because the computation of exact confidence intervals would require a prior knowledge of the

estimated characteristics.

QNAP2 includes three methods for confidence interval estimation:

o The replication method which consists of generating several simple paths of the model
studied. These sample paths are statistically independent and identical. This is achieved
by reseting the original initial state of the model at the start of each replication, and by

using a different random number stream for each replication.

e The regeneration method splits the simulation run into several successive intervals.

The model behavior for these intervals will be statistically equivalent and independent.

144



e The spectral method applies to correlated samples provided an identical distribution
property is satisfied. My performance studies utilized this spectral method to achieve

confidence intervals of 95% for all simulations.
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Appendix B

Program listings
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B.1 Simulation Program Used for Both Chapters Three
and Five
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&-attn LI T T Y] LA LY T ]

This program was used for both chapiers three and five of my thesis.

&t‘l“.ﬁ.“'....‘l...‘.

J/CONTROL/ OPTION =NSOURCE:
CL.ASS = ALL QUEUE;
ACCURACY = ALL QUEUE;

/MDECLARE/

INTEGER au=9, & number of access units
pl = au+l, & number of slot places
g = au-l, & number of inter-stations
b=2, & number of buses
nb_fr 2=40, & twice frame size for counter
nb_fr=20, & number of frame used

&l*lh.&t&ltt'l.'l‘.h"-t
stn_buff = 20000,
nb_na=1, & nb of NA slots/frame
nb_qa=11, & nb of QA slots/frame
bwb_{lag=0,
bWb_a(b-au)- .
bwb_mod(b.au), & bandwidth balanceing modulus
erasure(b,au), | & erasure node locations
qa_tot,
ga_use,

Teq_tot,
req use,
d_util,

&-l‘t*. L2 L .
nb_sl =nb_na+nb_ga, & number of slots/frame
ij.wz, & counter variables
ind=4, & number of numbers within 1 %
cd(b.au), & initial of counters (REQ,CD)
cd_ct(bau), & countdown counter
req_ct(b,au), & REQ counter
rqm{b,au), & REQ bit quene on contra bus
sl_len=424; & slot length (bits)

REAL . mdelay(ind}, & mean access delay

&l.ﬁil*i."‘ i *®
offer=0.9, & network load

&.“"- L 2] P E b b2 )t
1_cus, & total of packets sent
dummy, & dummy variable
tdelay, & wtal delay

&t**!‘!"l‘ttt--“ttt‘li**t!‘.

- 'bus_len=25, & bus leagth in km

& -l t ] ¢ ] AN FRE
fr_time=125E-6, & frame period time in second
latency=180E-9, & station latency in seconds
p_delay=5E-6, & propagation delay per km

fr_len=nb_si*sl_len, & frame length (bits)

sl_gen=fr tme/nb_sl, & slot generation period
st_to_st=bus_len/q, & distance between two stations
n_to_n=p_declay*st_to_st, & node 10 node propagation delay
speed=fr_len/fr_time, & ring bit rate (bits/s)
sl_time=sl_len/speed, & slot length in seconds
lIoad=offer*b*nb_gafau/fr_time, & inter-arrival time

arrival=1/load; & arrival rate from each stations
FLAG send(b.au); & to control sending of information
CLASS INTEGER.  icl; & class number
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sh, & demmy class
a_que,d_que; & packets sent by stations

QUEUE INTEGER ib, & bus identifibation
ich, & contra bus
in, & station number
inext, & next station on the bus
x.Y: & counter variable

QUEUE head_ahead_b, & head and end point
a_switch(au).d_switch(an), & ascending and descending switches
link, & link between stations
a_node(au),d_node(au), & node which queunes arrival packets
station(au), & suations generating packets ‘
shut; & dummy station

CUSTOMER INTEGER bus, & destination bus
busy, & busy bit
next, & next station on the bus
req, & req bit
type & type of slot

REF CUSTOMER  SL(nb_fr_2,nb_sl); & QA slot in a frameSL

&.‘-ﬁ...““l.“l'.tlt‘-..t-

& Head of bus station
&l-.‘---lt‘litiﬁltlt‘l--“.-
& This station generates a sequence of slots comprised in a frame period of 125
& micro second.There are respectively "nb_na" NA slets and "nb_ga”™ QA slots
& which arc gearated in cach frame period.
&t. L]
JSTATION/ NAME = head_a;
SERVICE = BEGIN
WHILE b=2 DO
BEGIN
FOR x:=1 STEP 1 UNTIL nb_fr DO & Frame generation
BEGIN
FOR y:=1 STEP 1 UNTIL nb_na DO & NA slot generation
BEGIN
SL(x,y):=NEW(CUSTOMER);
SLixy)type:=1: & TYPEbitsettol
SL{x,y).busy:=0; & Idem for BUSY bit
SL(xy).req=0;
SL(x,y).bus=I;
SL{x,y).next=I;
CST(sl_gen);
req_tot :=req tot+l;
TRANSIT(SL(x.y).a_switch(1));
END;
FOR y:=nb_na+1 STEP 1 UNTIL nb_si DO
BEGIN & QA slot generation
SL(x,y):=NEW(CUSTOMER);
SL(x,y)type:=); & TYPEbitresetio0
SL(x,y)busy==0; & BUSY bitresetto 0
SL(x.y).req:=0;
SL{x.y).bus:=1;
SL(x,y).next=1;
CST(sl_gen):
req_tot :=req_tot+l;
qa_lot := qa_tot+1;
TRANSIT(SL(x,y),2_switch(1));
END;
END;
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END;
END;
TRANSIT = hecad_a;
INIT(slot) = 1:

ISTATION/ NAME = head_b;
SERVICE = BEGIN
WHILE b=2 DO
BEGIN
FOR w:=nb_{r+ 1 STEP 1 UNTIL nb_fr + nb_f{r DO & Framc generation
BEGIN
FOR z:=1 STEP 1 UNTIL nb_na DO & NA slot gencration
BEGIN
SL{w,z):=NEW(CUSTOMER);
SL(w2).typer=1; & TYPE bitsettol
SL{wz).busy=0; & Idem for BUSY bit
SL(w.2).req=0:
SL(w,2).bus:=2;
SL(w.z).next:=aun;
CST(s)_gen);
req_tot == req_tot+1;
TRANSIT(SL(wz2).d_switch(au));

END;
FOR z=nb_na+1 STEP 1 UNTIL nb_sl DO
BEGIN & QA slot generation

SL(w,z):==NEW(CUSTOMER);
SL(w2).type=; & TYPE bitresctwo0
SL{w2).busy:=0; & BUSY bitresetto 0
SL(w,z).req:=0;

SL(w.z).bus:=2;

SL(w,z).next=an;

CST(sl_gen);

req_tot :=req tot+1;

qa_tot == qa_tot+}1;
TRANSIT(SL{w,z),d_switch(au});

TRANSIT = head_b:
INIT(sloty = 1;

& L} £} ]
& QA slot access control in each station situated along the buses

& aes
& This station simulating the distributed queusing protocol controlling the
& the access o the QA slots. Slots(custormers), coming from the previous
& station situated on the bus, are examined. In particular, their REQ, TYPE
& and BUSY bits are checked. From the contents of these bits, REQ and

& countdown counters may be modified.
&lttt-.llll - L

SMACRO switch (return)
SERVICE = BEGIN
IF reg=1
THEN & if REQ bit equal 1 then REQ counter on the access
BEGIN & queue sending segments on the other bus is incremented
req_ctfich,in):=req_ct{icbn}+1; 150



END

ELSE & REQ bit is equal to zer0
BEGIN
IF rqm(icb,in)>=1 & Does the AQ have a REQ bit 10 send™*
THEN & on the reverse bus ?
BEGIN
req=1; & Set the REQ bit
rgm(ich,in):=rqm(ich,in)-1;
END;
END;
IF type=0 & Is the slotis a QA slot ?
THEN
BEGIN
IF busy=0 & Is the QA slot empty ?
THEN ’
BEGIN
IF cd(ibin)=1 & Is the AQ in countdown state ?
THEN
BEGIN ‘
IF ed_ci(ibin)=0 & ks the CD counter equal to zer0 ?
THEN
BEGIN
IF bwb_ct(ib.in) = bwb_mod(ib,in)
THEN
BEGIN
bwb_ct(ib,in) := 0;
END
ELSE
BEGIN

IF bwb_flag= 1 THEN & bwb on/off test
bwb_ct(ib,in) := bwb_ct(ib,in) + 1;
busy:=1; & The QA slot is set BUSY
¢d(ibin):=0; & The AQ is moved o the CD state
& PRINT("insic switch sctting send *);
SET(send(ib,in));
RESET(send(ib.in));
END;
END
ELSE cd_c1(ib,in):=cd_c1(ib,in}-1; & CD counter decremented
END
ELSE
BEGIN
IF req_ci(ib,in)> 0 & Is the REQ counter equal to zero ?
THEN req_ct(ib,in):=req_ct(ib.in}-1; & REQ counier is
END; & decremented

IF inext > 0
THEN
BEGIN
IF inext = pl
THEN
BEGIN
IFbusy=1
THEN qa_use :=qa_use +1;
IFreq=1 '
THEN req_use :=req_usc+1;
TRANSIT(OUT); & Slot sent 10 the end of the bus
END

ELSE 151



BEGIN
CST(latency);
next=inext; & Slot scnt to the station on the bus
IF erasure(ib,in) = 1 THEN
BEGIN
CST{sl_gen);
busy = 0;
END;
TRANSIT(link);
END;
END
ELSE
BEGIN
IFbusy=1
THEN qa_use =qa_use +1;
IFreg=1
THEN req_use :=r1eq_use +1;
TRANSIT(OUT); & Slotsent to the end of the bus
END:
: END;
SEND

&- o MERERRRR SRR

& Stations sending on bus A

&‘!t LE L) Lttt ]

/STATION/ NAME = a_switch(l STEP 1 UNTIL au);
Sswitch (a_switch)

&‘--i-ill'lllt- > »

& Stations sending on bus B.

&tt“‘l“— ey * "

/STATION/ NAME = d_switch(1 STEP 1 UNTIL au);
Sswitch (d_switch)

& DQDB buses,

Ll LY L L]

oL
& This station simulates the propagation delay for transferring the slots
& between the stations.

&- )
JSTATION/ NAME = link;
TYPE=INFINITE;
SERVICE = BEGIN
CST(n_to_n);
IF bus=1
THEN TRANSIT(a_swiich(next))
ELSE TRANSIT(d_switch(next));
END;
& .
& End of the bus.
&- i L il

& This station received, reinitializes the slots. Then, this retumns the slots

& on the reverse bus.
&‘tt-tt!**‘--— t L ]

O

& QA slot aceess quene

& . *

& This station, in common work with the "SWITCH" station, simulates the
& the disributed protocol controlling the access to the QA slots.

o
SMACRO node (class) 152



SERVICE(class)= BEGIN
rgm(ib.in):=rqm(ib,in}+1; & must sct an empty REQ bit
¢d(ib,in):=1; & AQ moved in countdown state
cd_ci(ibin):=req ct(ibiny & CD counter=REQ counter
req_ct(ib.in)=0; & REQ counter is cleared
WAIT(scnd(ib.in)); & Wait the next QA slot
CST(sl_time); & Scgment transmission
TRANSIT(OUT):

END;
SEND

&‘.‘t‘.t..."‘ ] "N -

& Access queue for sendingonbusa
&t.-l.--‘tt-‘" L P L1 L1 ]
/STATION/ NAME = a_node;

Snode (a_que)

Sree RS CORRBHEN
& Access queae for sending on bus B.
& e - F1101 3
JSTATION/ NAME = d_node;

Snode (d_que)

. &l“...“‘-.‘.l"- Pl w HRRBRRRR

& Source station

&tt [ ] whEn L2 b L] L 3

& This station generates asynchronous segments with a time exponentially
& distributed between cach segment generation.

JSTATION/ NAME = station(1);

TYPE = SOURCE;

SERVICE = BEGIN
EXP(arrival);
IF (a_node(in).NB < stn_buff) THEN
TRANSIT (a_node(in),a_que)
ELSE TRANSIT(OUT);
END;

/STATION/ NAME = station(2);
TYPE = SOURCE;
SERVICE = BEGIN
EXP(arival):
IF DRAW (0.5) THEN
BEGIN
IF (a_node(in).NB < stn_buff/2) THEN
TRANSIT (a_node(in),a_que)
ELSE TRANSIT(OUT);
END
ELSE
BEGIN
IF (d_node(in) NB < stn_buff/2) THEN
TRANSIT (d_node(in).d_que)
ELSE TRANSIT(OUT);
END;

*

END;

/STATION/ NAME = station(3);
TYPE = SOURCE:

SERVICE =BEGIN -
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EXP(arrival);

IF (d_node(in).NB < stn_buff) THEN
TRANSIT (d_nodc(in).d_que)

ELSE TRANSIT(QUTY:

END;

’

/STATION/ NAME = station(4);

TYPE = SOURCE;

SERVICE = BEGIN
EXP(arrival);
IF (a_node(in) NB < stn_buff) THEN
TRANSIT (a_node(in),a_que)
ELSE TRANSIT(OUT):
END;

ISTATION/ NAME = station(5):
TYPE = SOURCE;
SERVICE = BEGIN
EXP(arrival);
IF DRAW (0.5) THEN
BEGIN
IF (a_node(in).NB < stn_buff/2) THEN
TRANSIT (a_node(in).a_que)
ELSE TRANSIT(OUT);
END
ELSE
BEGIN
IF (d_node(in) NB < stn_buff/2) THEN
TRANSIT (d_node(in),d_que)
ELSE TRANSIT(OUT);
END;
END;

ISTATION/ NAME = station(6);

TYPE = SQURCE;

SERVICE =BEGIN
EXP(arrival);
IF (d_node(in)NB < stm_buff) THEN
TRANSIT {d_node(in).d_gue)
ELSE TRANSIT(OUT);
END;

JSTATION/ NAME = station(7);

TYPE = SOURCE;

SERVICE = BEGIN
EXP(arrival);
IF (a_pode(in).NB < stn_buff) THEN
TRANSIT (a_node(in),2_que)
ELSE TRANSIT(OUT);
END;

/STATION/ NAME = station(8);
TYPE = SOURCE;
SERVICE = BEGIN
EXP(arrival),
IF DRAW (0.5) THEN
BEGIN
IF (a_node(in) NB < stn_buff/2) THEN
TRANSIT (2_node(in).a_que) 154



ELSE TRANSIT(OUT):
END
ELSE
BEGIN
IF (d_node(in) NB < stn_buff/2) THEN
TRANSIT (d_node(in),d_guc)
ELSE TRANSIT(OUT);
END:;
END;

JSTATION/ NAME = station(9);

TYPE = SOURCE;

SERVICE = BEGIN
EXP(arrival);
IF (d_node(in) NB < stn_buff) THEN
TRANSIT (d_node(in),d_quc)
ELSE TRANSIT(OUT);
END;

$MACRO print_out
BEGIN _
PRINT(TIME = ",TIME);
PRINT(" ") ,
PRINT("Access unit service ave both buses A+B (in slot unit)”);
PRINT(C" ")
FOR i:=1 STEP 1 UNTL. au DO
BEGIN
dummy==(a_node(i) NBOUT*MSERVICE(a_node(?)}+
d_node(@) NBOUT*MSERVICE(d_nodeG))Y
(a_node(i) NBOUT+d_node()) NBOUT)/s_ume;
PRINT("Station "i," : ".dummy);
END;
PRINT(C" ™),
PRINT("Access unit service ave bus A only (in slot unit)™);
PRINT(C ")
FOR i:=1 STEP 1 UNTIL au DO
BEGIN
dummy:=MSERVICE(a_node(i))/s!_time;
PRINT("Station "i," : ", dummy);
END;
PRINT(C" ")
PRINT("Access unit service ave bus B only (in slot unif)”);
FOR i:=1 STEP 1 UNTLL au DO
BEGIN
dummy:=MSERVICE(d_node(i))/s]_time;
PRINT("Station *i,” : ",dummy);
END;
PRINT(" ")

PRINT("Access unit response delay ave bus A only (in slot unit)™);
PRINT(" ™)
& N
& Measurement of the mean response time for each station on the buses (the
& result must be soustracted by one slot time for getting the mean access delay

- &-t“....‘t L1 LI LEE LT 2 ]2 ]

FOR i:=1 STEP 1 UNTIL au DO
BEGIN
dummy:= MRESPONSE(a_node(@))/sl_time;

PRINT("Station "i," : "dummy); 155



END;

PRINT(" Access unit response delay bus B only (in slot unit)™);
PRINT(" ")
FOR i:=1 STEP 1 UNTLL au DO
BEGIN
dummy:= MRESPONSE(d_node(D)/s]_time:
PRINT("Station "i," : ".dummy);
END;

PRINT(" Access unit response delay ave Jboth buses A+B (in slot unit)™):
PRINT(C" ™)
FOR i:=1 STEP 1 UNTIL an DO
BEGIN
dummy:=(a_node(i)NBOUT*MRESPONSE(a_node(i)}+
d_node(H NBOUT*MRESPONSE(d_node(D))
(a_node(H) NBOUT+d_node()) NBOUTY/sl_time:
PRINT("Station ",i," : ".dummy);
END;

FOR i:=2 STEP 1 UNTLL ind DO

mdelay(i-1):=mdelay(i);

tdelay:=0;

t_cus=0;
&lttt'ltlt“‘lttt‘t.tt‘ﬁt!ttht-t-lltittll
& Measurement of the mean response time for all the station on the buses (the
& result must be soustracted by one slot time in order 1o get the mean

& access delay).

O

FOR i:=1 STEP 1 UNTIL au DO

BEGIN
tdelay:=tdelay+a_node([) NBOUT*MRESPONSE(a_node(i)+
d_node()) NBOUT*MRESPONSE(d_rode(D);

t_cus:=t_cus+a_node(). NBOUT+d_node() NBOUT,
END;

d_utl :=REALINT(qa_uss}VREALINT(ga_tot);

mdelay(ind):=tdelay/t_cus/sl_time; & mean access delay

Lttt Lt et

PRINT(" )

PRINT("TIME = ", TIME);

PRINT("Offered load : " offer);
dummy:=p_delay*bus_len*speed/sl_len;
PRINT("Parameter a : "dummy);

PRINT("Global delay {in slot unit) : ",mdelay(ind));
PRINT("Bandwidth BAl 0=off,1=on ="bwb_flag);
PRINT("Bandwidth Balance Modulus: varies™);
PRINT("DQDB ASYNC utilisation : ".d_util);
PRINT("DQDB ASYNC slots generated : “,qa_tot);
PRINT("DQDB ASYNC slots used : ",ga_use);
PRINT("DQDB slots generated : "req_tot);
PRINT("DQDB request issued : "req_use);
PRINTC" ") '
END;

SEND

/CONTROL/ TMAX = 5.0;
PERIOD =5.0; & Sample period
TEST =BEGIN & Stop the simulation if the results converge
OUTPUT, 156



Sprint_out

END;
ENTRY = BEGIN
PRINT(C INPUT PARAMETER —> DQDB"):
PRINTF(C'(1H,Number of frames ~ : "F3.0)".nb_fx);

PRINTF("(1H,Number of slots/frame  : ' JF3.0)",nb_sl);
PRINTF("(1H. Number of NA slots/frame : “F3.0)",ab_na);
PRINTF("(1H,Number of QA slots/frame : *F3.0)".nb_ga);
PRINTF("(1H, Number of stations : “F3.0)" au);
PRINTF("(1H,Ring leagth (km) :+ *F5.1)"bus_len):
PRINT("Frame period (sec) & fr_time):
PRINT("Bit rate (bits/sec)  :",speed);
PRINT("Slot time (s2c) " sl_time);
PRINT("Node to node delay ©  =",n_to_n);
PRINT("Netwark capacity(mes/s) :"b*nb_ga/fr_time);
PRINT("Bandwidth BAl 0=0ff,1==0n :" bwb_flag);
PRINT("Bandwidth Balance Modulus: varies™);

PRINT( Total arrival rate{mes/s):" au*load);
PRINT("Parameter a = offer); :

END;

EXIT = Sprint_out

JfEXEC/ BEGIN
'FOR i := 1 STEP 1 UNTLL ind DO
mdelay(i)=1E-18;
FOR i =1 STEP 1 UNTIL au DO
BEGIN ‘
bwb_mod(1,i):=8;
bwb_mod(2,i) = 8;
crasure(l,i) = 0;
erasure(2,) := 0
a_switch(i).in:=i;
d_switch(i).in:=i;
a_switch(i).ib:=1;
d_switch(i) ib:=2;
a_switch(i).ich:=2;
d_swirch(i).icb:=1;
a_switch(i).inext=i+1;
d_swiich(i).inexe=i-1;
a_node(i).in:=i;
d_node().in:=i;
a_node(i).ib:=1;
d_node(i)ib:=2;
station(i).in:=i;
END;
bwb_mod(1,1) =8;
bwb_mod(1,2) = 8;
bwb_mod(1.4) =8;
bwb_mod(1,5) =8;
bwb_mod(1,7) =8;
bwb_mod(1.8)=8;
bwb_mod(2,2) := 8;
~bwb_mod(2,3) =8;
bwb_mod(2,5) :=8;
bwb_mod(2,6) :=8;
bwb_mod(2.8) =8; .
bwb_mod(2,9):=8;
FORi:=1STEP1UNTIL au DO
BEGIN



PRINT("Bandwidth Balance Modulus: bwb_mod(1."i.”) =".bwb_mod(L.i));
PRINT("Bandwidth Balance Modulus: bwb_mod(2,"1.") =" bwb_mod(2.0)):
END;
PRINT(" ")
PRINT(" ™
FOR i =1 STEP 1 UNTIL au DO
BEGIN
PRINT("ERASURE NODE FLAG VALUE: erasure(1,"i,") =" crasure(1,D));
PRINT("ERASURE NODE FLAG VALUE: erasurc(2,",i,") =".crasurc(2,)):
END;
SIMUL,;
END;
[END/
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B.2 Simulation Program Used for Chapter Four
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P BT LT T63 ¥

/CONTROL/ OPTION = NSOURCE:

&-‘..‘-..t-‘-'..‘-‘---‘.‘.“‘-.-““.--'-
& DQDB INTERCONNECTING three 16 Mbps LANS
&l‘..---‘--‘-‘-.----l..-"-"‘-“‘liﬂtl-‘

&-ttt--“.-.l-“itiltﬁﬁﬁ-“-..‘-.-'l--.“

& In this program we simulates communications between nodes situated on three
& differents token rings (IEEE 802.5) interconnected by DQDB (IEEE 802.6)
& The type 2 of the IEEE 802.2 Logical Link Control (1LL.C) standard is used as
& end-to~cnd protocol between the end stations.
&tt.lt..i..‘.."-‘.-‘--l-tt---‘i“'t.t“-
/CONTROL/ NMAX = 300;

CLASS = ALL QUEUE;
& ACCURACY = ALL QUEUE;

&--—— L] (P LT EL RS PR EER LSS ) |

& Declaration of variables

&".‘til!ti“ RURBRRN P12t ]

/DECLARE/

INTEGER r=3, &3 number of token ring
st=6, & mumber of statons/ring
nod = st+1, & number of nodes/ring
b=2, & number of buses -
ae=3, &3 number of access units on DQDB
pl = au+l, ‘ & number of slot places
nb_ga= 6, & number of non iso slots per frame
nb_na=06, & number of iso slots/frame
nb_sl=nb_na+nb_qa, & number of slots/frame
nb_fr=20, & #i frames
nb_fr_2 =40, & twice frame size for counter
mod = 128, & modulus size
index = mod*2, & index range
bwb_ct(b,au), & bandwidth balancing counter
bwb_flag =0, & bwb on/off flag
bwb_mod =1, & bandwidth balanceing modulus
window = 1, & window size used by by LLC
byte =8, & 1 byte —> 8 bits
count=3, & number of values within 1 %
range = 135, & for I-frame sequence
wp=4, & for backpressure control
ijk, & looped variables
Hc_ctr=4, & LLC PDU control bits
info = 1024, & length for MAX DQDB MAC PDU info
i_llc =info+llc_ctr, & length for MAX DQDB MAC PDU info
dq_hdr =24, & DQDB MAC PDU header
dq tr=4, & DQDB MAC PDU trailer
tk_hdr = 15, & TR frame header
tk_tr=6, & TR frame trailer

s_frame = tk_hdr+tk_tr+llc_ctr, & s-frame length in TR
i_frame = tk_hdr+i_He+ik_tr, & length for MAX TR frame

payload= 44, & *** payload segment length
sl_len=53, & ***slot length (bytes)

nb_szg =25, & nb of cells for DQDB MAC PDU
ack_fr(r,st), & next expected frame by dest

all(r,st,index), & indicates all segment received
exp_sg(r,stindex), & expecled segment

ask(r,nod), & has a packet queued

counter(r), & For counting the received DM PDUs
recov(r,st), & timer recovery condition status
dum(r,st), & dummy varigble

fun(r.st,indcx)? == & busy space in buffer
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first(r.stmod),

& indicated first I=-frame trans.

}_m{zr,st). & last received I-frame. N(R)
1_sn{r,st). & higher last seat I-frame.. S(R)
pos(r.st,mod), & position in the window
resent(r,st), & indicated a resent situation
seq(r,st,mod), & 1-frame position in rec. window
s_rej(r.st), & rcject mode status
vr(r,st), & reccive state variable V(R)
vs(r,st), & send state variable V(S)
cd(b.au), & initial of counters (REQ.CD)
cd_ct(b,au}, & countdown counter
req_ct(b,au), & REQ counter
rqm{b,au); & REQ bit queue on contra bus
REAL buffer = 8*i t'ramc. - & buffer size
&-IOOI“‘.“..‘ -

ar_rate =75, & arrival rate for each workstation
&t--t.tit-.lt.-tt.“-——-- L1 Lt LLLL L

amrival=1/ar_rate, & inter-arrival time

dusty = 5E-6, & token passing delay
&tt-l!"t..-‘ﬁ--l'lI“..t.lltl.‘.‘."l.‘l

ok_spd = 16E6, & token ring bit rate
&D‘t.i-ttt.l.t‘.b!.t--t‘&ll-“.‘-t‘l.-.-lt

thru(st}, & Througput value

del(st). & Delay value

t_del = 75E-6, & rec out of seq and nothing

t_first = 250E-6, & transmission time (first ime)

t_f_bit = 125E-6, & rec F-bit and retrans I-frame

t_hand = 125E-6, & handle timer and scnd P-bit

t_llc = 25E-6, & dummy processing time

t_p_bit = 125E-6, & rec P-bit and retrans F-bit

t_rej = 125E-6, & out of seq and send REJ-frame

t_r = 300E-6, & rec I-frame ond send RR-frame

t_slide = 100E-G, & rec RR-framie and del I-frame

_umer = 250E-3, & timeout period

1_conv = 150E-6, & TR frame in DQDB MAC PDU

t_rcc = 20E-6, & proc. for decpsulating QA slots

t_sgm = 31E-6, & time to format QA slots

offer=ar_rate*r*st*info*byte, & offer load

bus_len=25, & bus length in km

fr_time=125E-6, & frame period time in second

latency=180E-9, & sation latency in seconds

p_delay=5.085E-6, & propagation delay per km

st_to_st=bus_len/fau, & distance between two stations

n_to_n=p_delay*st_to_s*, & node 1o node propagation delay
fr_lea=nb_si*sl_len*byte, & frame length (bits)
dq_spd=fr_len/fr_time, & DQDB speed in bits/sec
sl_time=sl_len*byte/dq_spd, & slotlength in second
t_prog=sl_time/2+s]_time+n_to_n+latency, &time in link
sl_gen=fr_time/nb_sl; & slot generation perizd

fl(r,nod), -
pbit(r.st), & Indicates if the P-bit timer is running
poll(r). ' &
fire(r,st).dumpq(r.st).flag(b.pl),
req_fl(b.au)send(b,au); & to izdicate REQ bit trans

CLASS INTEGER  iring,icl icr,ida, &3 indicate classes
iclop, & indicate remote class
length, & packet length in bits
size; & packet length in bytes
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CLASS oken(r), & woken
dmi(st),dm2(st},dm3(st), &3 DM PDUs
i_f1(s0).J_f2(st)i_f3(st).&3 I-frames
s_f1(st).s_12(st).s_f3(st),&3 S-frames

slog; & QA and NA slots
QUEUE INTEGER active, & wken ring status

ir,is,iso, & ring.station number

ind, & index

init, & initalization

mac, & position of 10ken

num, & send sequence number

ib, & bus identifibation

ich, & contra bus

in, & station number

inext, & next station on the bus

X hWeZy & counter variable
QUEUE REAL  loaddclay; & total delay
QUEUE statl(st),sta2(st),stat3(st),&3 stations

hlay1(st),hlay2(st),hlay3(st),&3 high layers
wind1(st),wind2(st),wind3(st),&3 windows
buff1(st),buff2(st),buff3(st),&3 buffers
lc1{st)le2(st),lle3(st), &3 LLC
sink1(st),sink2(st),sink3(st). &3 sinks
tm1{st).im2(st),im3(st), &3 timer
tok_dq().dq tok(r), & gaeway

macl{nod)mac2({nod),mac3(nod),&3 MAC
ring(r), & token rings
head_ahead b, & head and end point
a_switch(au),d_switch(au), & ascending and descending switches
link, & Link transferring DQDE slots
a_nodefau),d nodefau); & node which queues arrival packets
CUSTOMER INTEGER p.f.m.sn, & receive/send sequence number
SUp,sg, & sup=0—->RR sup=2->REJ
next, & next station on DQDB
req, & req bit
unic, & variable for idennifying customers
bus, & destination bus
busy, & busy bit
, typss ' & type of slot
CUSTOMER REAL star; = & start measure for a given packet
REF CUSTOMER  I{rst,index), & I-frame
S(r.st,index), & S-frame
T(rst), & Used 1o restart the timer
FR(r.st,mod), & Inital data unit
RR(r,stindex), & RR-frame sent by the P bit timer
DM(r,st,index,nb_seg), & DM PDUs generated in the gateways
TOK(r,nod), & Token
SL(nb_fr_2nb_sl); & QA slot in 2 frame

-1 | x i ]

& Application layer gcnu'aung data units

&Ihltllltllllllllll“‘ e P PR L LTS

& This station generates fixed-length data units at time interval exponentially
& dxstrﬂ;mtcd.Thcn the gencrated data mmsarcscnuor.hcncxtlaycr

ik

SMACRO stat (hlay,_f)
TYPE = 30URCE;
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SERVICE = BEGIN
EXP(arrival): & Data unit generation
FR(ir,is.num):=NEW(CUSTOMERY);
FR(ir is,num).sa:=num;
IF hlay(is).NB > top-1 & 1s the “hlay” station buffer full
THEN
BEGIN
RESET(fire(ir.js}); -
WAIT(fire(ir.is)); & Wait until one "hlay™ bufler partition is
END; & released
TRANSIT(FR(ir.is,num) hlay(is).i_f(is)):
num:=num+1;
IF num > mod
THEN num:=1;
TRANSIT(QUT);
END;
SEND

&l-O“.-.-‘.l--ltl."“l“‘.---.tllttll.l

& Application layer generating data unit eventually sent on token ring # 1
&-tt.--.-.'QI.-.-U.t‘-‘!t-l..'ltll‘-t.--‘
/STATION/ NAME = stat1{1 STEP 1 UNTIL st);

Sstat (hlayl,i_f1)

&-.-*-...-**‘--‘--" L L2 L]

& Application layer generating data unit eventually sent on token ring # 2

&t“‘t““‘.“‘ L L]

/STATION/ NAME = stnﬂ(l STEP I UNTIL st);

Sstat (hlay2_f2)
&_.’ L L1 1] ] L) L L2123 LT PR e ]
&3 Application layer generating <ata unit cvcnma!lv sent on token ring # 3
&3 LT X ] AN

/STATION/ NAME = stat3(1 STEP 1 UNTIL st);
Sstat (hlay3,i_{3)

&‘.. LTI PITT Pt DL Rl L Ll bl EL ]2

& High layer

L DL SRR RREN R AR NN

& This station is throttling the generation of data unit generated by the
& corresponding applmuon layer entitylinggenerating data units.
Lrervsiiaassinn TR )
SMACRO highlayer (wind lic,i_f)
SERVICE = BEGIN
P(wind(is)); & The data unit is inseried in the LLC window
IF init=1
THEN
BEGIN & Intialization of the station -
SET(pbit(ir,is)};
init=0;
END;
WAIT (pbit(ir,is)): & Wait if the LLC is in P-timer recovery cond.
start=TIME; & start 10 measure the end-to-end delay
SET(fire(ir,is)); & one buffer partition is released
TRANSIT(c(is),i_{f(icl)); & Data unit is transmitted to the LLC
END;

SEND

&.J- LA LA LR L S LS L L LI L Ll b Ll bl b L L
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& High layer serving data units eventually sent on token ring # 1
&t---&....I-‘l-t.....‘.--'Il-.“.l..I--..
JSTATION/ NAME = hlay1(1 STEP 1 UNTLL st);

Shighlayer (wind1 Mlc1,i_f1)

&-II (TR PR LE S AL DLl LD B DL L L E LY LAl

& High layer serving data units eveatually sent on token ring # 2
&ltUt.ttl.l““.‘.‘..ll‘i'..-l.---t.-tt--
/STATION/ NAME = hlay2(1 STEP 1 UNTIL st);

$highlayer (wind2,llc2,i_f2)

&3‘-3-.--“““I-‘-D--“‘..-t...-....-.-‘

&3 High layer serving data units eventually sent on token ring # 3
&3-‘ - L (TR 1 LT 1A Td St )
ISTATION/ NAME = hlay3(1 STEP 1 UNTIL st);

Shighlayer (wind3ic3,3_f3)

&‘l‘l.l--l-‘ll‘t.“.“lﬁ-.“‘.“'.“l.‘-‘

& Buffer corresponding to the LLC window
&- y PP L L2 Rttt
& This station contained the outstanding I-frames. The flag "dump” is used to
& that command the sliding of the LLC window as well as the retransmissicn of
& of I-frames.
&‘.l!.tlllﬁ*‘.‘tt'l“-l--"-““““t-“‘
SMACRO buffer (wind,tank llc.i_f)
SERVICE = BEGIN

& PRINT("IN sids buffer—> ™);

WAIT(dump(ir,is));
& PRINT('IN side buffer-—> just past wait dunp " reseat(ir,is)):

IF resent(ir,is)=0 & Hasa N(R) been received ?

THEN & When N(R} simply acknowledges I-frame
BEGIN
&  PRINT(IN cide buffer—> resent(in,is) = 0 " resent(ir,is))
IF pos(ir.is,sn)=pos(ir.is,ack_fr(ir.is))-1 & Last frames to

THEN RESET(dump(ir.is)); & be removed ?
V(wind(is)); & One I-frame is removed from the window
TRANSIT(OUT):

END .

ELSE & I-frames can have to be retransmitted
BEGIN & (REJ-frame or RR-frame with P=1)
& PRINT("IN side buffer-—-> resent(ir,is) = 2" resent(ir,is));
IF pos(ir,is,sn) < pos(ir,is,ack_fr(ir,is))
THEN & Remove I-frames from the window
BEGIN

&  PRINT('IN side buffer—> resent(ir,is) = 3 ", resent(in,is));

IF sn=reseni(ir,is) & Last I-frame 1o be removed ?
THEN RESET(dump(ir,is));
V(wind(is)); & I-framesremoved
TRANSIT(OUT);

END

ELSE & Retransmission of I-frames
BEGIN
& PRINT{"IN side buffer—2> resent(ir,is) = 4" resent(ir,is));

IF sn=resent(ir,is)
THEN RESET(dump(ir.is));
TRANSIT(llc(is)); & I-frames are scnt to the LLC process

END;

END;
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END;
SEND

&n-.----c-ot---o----u---t----ot----------

& Buffer serving I-frames eventually sent on token ring #1
&-“--.‘.-..“-U.l..‘.t-t..l-“l-l-.--...
JSTATION/ NAME = buff1(1 STEP 1 UNTIL st);

Sbuffer (windl tank1 licl,i_f1)

&-‘D-t L L1 L 1.1 » Lt L) L L LT ]

& Buffer scrving I-frames eventually seat on token nng #2
&..-I- "
/STATION/ NAME = buff2(1 STEP 1 UNTIL st);

Sbuffer (wind2,tank2 1c25_{2)

i

&.D‘I& SHRREREN PREARRGERRRERRP R RSN

& Buffer serving I-frames eventunlly sent on token ring #3
&‘HD-. (1L 11 ] [T P11 T L LT T2 ]
ISTATION/ NAME = buff3(1 STEP 1 UNTLL st);

Sbuffer (wind3,tank3 lIc3,i_{3)

&..-.--.---.-....---.--* L1 ik

& 11c wmdow semng I-frames eventually sent on woken ring #1
SURRERS Ll LY L]
ISTA’HONI NAME = wind1(1 STEP 1 UNTIL st);
TYPE = RESOURCE MULTIPLE(window};

Srnnnnan »
& LL.C window scrvmg I-framw cventually sent on token ring #2
&‘-.“..'v
/STATION/ NAME = wmdz(l STEP 1 UNTIL st);
TYPE = RESOURCE MULTIPLE(window);

&3.--ttl‘.‘lt't."ﬁ‘.-‘““.t...-“.t-“‘

&3 LLC window scmngl -frames eventually sent on Lokcnnng #3
&3‘...- L 2] L L L
JSTATION/ NAME = wind3(1 STEP 1 UNTIL. st);

TYPE = RESOURCE MULTIPLE(window);

&-“l‘QU““i.‘t“. N M

& LLC protocol

&! LT ] L] ] »

& This station simulates the LLC protocol. Three classes of customers are
& served. The I-frames transmitted by the station, and the I- and S-frames

& received from the remote LIC entity.

Senun T

"
SMACRO llc (i_loc,i_rem_1,i_rem_2s loc,s_rem_l.s_rem_2 llccmace timbuff.sink)

& L L L LLE RS DLl b2 2 2ttt ]

& Service of the I-frames scnt by the station —
&‘tttt-lt“ » Lt b2 d ]
SERVICE(_loc)= BEGIN "
&  PRINT('IN side llc sevice i_loc—> ");
IF sn<>vs(inis) & Is the I-frame the one to be ransmitted ?
THEN
BEGIN :
CST(lc); 7
TRANSIT(llcc(s)): /
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END:;
IF pos(ir.is.sn)>pos(ir.is.]_sn(ir,is))
THEN |_sn(ir,is):=sxw;
ind:=ind+1;
IF ind>index
THEN ind:=1;
I(ir,is,ind):=NEW(CUSTOMERY): & Generate a copy of the I-frame
I(ir.is.ind).sni=sn;
I(ir,is.ind).mu=vr(ir,is);
1(ir,is,ind).unic:=ind;
1(ir,is,ind).start=start;
FOR x:=1 STEP 1 UNTIL 2*range DO & Refresh of the I-frame
BEGIN & positions in the window
IF (I_m(r,is}+x-range)>0
THEN
BEGIN
IF ¢_ro(ir,isp-x-range}<=mod
THEN pos(ir,is,]_m(ir.is)+x-range):=x-range+1
ELSE pos(ir.is,]_m(ir,is)+x-range-mod)=x-range+1;
END
ELSE pos(r,is,]_m(ir.is}+x-range+mod):=x-range+1;
END;
IF (sn-2*range)> 0 & Reset variable “first”
THEN firstir,is,sn-2%range)=0 & for a subscquent I-frame
ELSE first(ir,is,sn-2*range+mod):=0;
IF first(ir,is,sn)=0 & Is it the first trans, of the I-frame
THEN
BEGIN
CST(t_farst);
first(ir,is,sn):=1;
END
ELSE CST{t_lic);
TRANSIT(I(ir,is.ind),macc(is).i_loc(is)):
IFum@s)NB=0 & Isthe Ack. timer not running ?
THEN & If yes, Ack. timer is started
BEGIN
T(ir,is):=NEW(CUSTOMER);
TRANSIT(T(iris),im(is));
END;
vs(ir,is):=vs(ir,is}+1; & Incrementation of the V(S)
IF vs(ir,is)>mod
THEN vs(ir,is)=1;
TRANSIT(buff(is));
END;

&*!‘t“‘tl’“‘.‘t‘“ﬁtlt-.t‘t-tttittttﬁtit
& Sezvice of the I-frames sent by the remote LLC entities
& * b .
SERVICE(i_rem_1,i_rem_2)=BEGIN
&  PRINT("IN side llc sevice i_rem—-> ); ‘
IF pos(ir,is,m)>pos(iris,]_m(r,is)) & Check if R(N) is

THEN & higher than the "last
BEGIN & received RQN)"
L_m(ir,is).=m;
IF recov(iris)=0 & Is LLC not in timer recovery condtion ?
THEN
BEGIN

MOVE(Qim(is),OUT); & Clear the Ack. imer
IF pos(ir,is,)_sn(ir,is))>pos(ir.is,rm)
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THEN & Restart the timer if I-frames
BEGIN & are still outstanding
T(ir,is):=NEW(CUSTOMER);
TRANSIT(T(ir,is),im(is));
END,
ack_fr(irisy:=m; & NextI-frame to be transmitted
resent(ir,is)y:=0; & No I-frame 10 be retransmitted
SET(dump(irs)); & The "buffer” station can slide the
CST(1_shde); & window
END;
FOR x:=1 STEP 1 UNTIL 2*range DO & Refresh of the I-frame
BEGIN & positions in the window
TF (m+x-range)>0
THEN
BEGIN
IF (m+x-rangey<=mod
THEN pos(ir,is,;n+x-range):=x-range+1
ELSE pos(ir,is;m+x-range-mod):=x-range+1;
END
ELSE pos(ir.is;m+x-range+mod):=x-range+1;
END;
END;
IF ((sn=vx(ir.is)) OR ((s_rej(ir,is)=0) AND
(seq(i,is,sn)>seq(inis,v(in.is)))
& Process when an expected I-frame is received (or if
& the the LLC is not in Reject mode) and when an
& I-frame with a S(N) greater than V(R)
THEN
BEGIN
ind:=ind+1:
IF ind»index
THEN ind=1;
S$(ir.is,ind):=NEW(CUSTOMERY); & Generate a S-frame
S(ir,is;ind).p=0;
S@r.isind).£:=0;
S(iris ind).sn=mod+1;
IF sn=vr(ir,is) & Has received I-frame been expected ?
THEN
BEGIN
FOR x:=1 STEP 1 UNTIL 2*range DO & Refresh of the I-frame
BEGIN & positions in the window
IF (snex-range)>d
THEN
BEGIN
IF (sn+x-range}<=mod
THEN seq(ir,is,sn+x-range):=x-range+1
ELSE seq(ir,is,sn+x-range-mod):=x-range+1;
END
ELSE seq(ir,is sn+x-range+mod):=x-range+1;
END;
s_rejris):=0; & Reject mode cleared
vr(iris)=vr(ir,isH1; & V(R) incremented
IF vr(ir,is)>mod
THEN vr(ir,is)=1;
S(ir;is,ind).sup:=0;
S(iris.ind).rnz=vr(ir,is); & R(N) in S-frame set o V(R)
CST(L _x);
& PRINT("s_loc AIR ="ir,"IS = " is,"ICR=",icl);
TRANSIT(S(ir,is,ind).macc(is).s_loc(is)); & S-frame—->MAC
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TRANSIT{sink(is)); & I-frame info moved 1o higher layers
END

ELSE & Has an unexpected been received foc the first time ?
BEGIN
CST(Lrej);
s_rej(irisy=1; &L1.C moves to the reject mode
S@rjs.ind)supi=2; & REJ control
S(ir.isind)m:=vr{ir,is); & R(N) in S-frame set 10 V(R)
& PRINT("s_loc B IR ="ir,"1S = ",is,"ICR=",jcr);
TRANSIT(S(ir is ind).macc(is),s_loc(is)); & S-frame->MAC
ENDy;
END
" ELSE CST{t_del);
TRANSIT(QUT);
END;,

.
&‘-t"-“"ﬁ‘.“.- SRR RARRRE R

& Scrvice of the S-frames sent by the remote LLC entitics
&HIII'..‘-I » » L P bl Ll b d 1Pt ]}
SERVICE(s_rem_1,s_rem_2)= BEGIN
&  PRINT("IN side llc sevice s_rem—> ™)
IFf=1 & Does the S-frame has its F-bitseto1?
THEN
BEGIN
MOVE((m(is),OUT): & Cleared the imer
recov(irisy=0; & Cleared the P-bit timer recovery cond.
SET(pbit(ir.is)); & IDEM
IF pos(ir,is,m)>pos(ir,is.l_m(ir,is)) & Is R(N) > Iast
THEN 1_m(ir,is)=m; & higher RQN) rece.
vs(ir,is)=L_rniris); & V(S) set to last higher R(N) rec
ack_fr(ir,is):=]_mf(ir,is); & Next I-frame 10 be retrans.
resent(ir,is):=l_sn(ir.is); & Last I-frame 1o be retrans.
FOR x:=1 STEP 1 UNTIL 2*range DO & Refresh of the I-frame
BEGIN & positions in the window
IF (1_m(ir,is)+x-range)>0
THEN

BEGIN
IF (_m(ir,isHx-range)<=mod
THEN pos(ir,is,_m(ir isHx-range):=x-range+1
ELSE pos(r,isJ_m(r,is)+x-range-mod):=x-range+1;
END
ELSE pos(ir.is,]_m(risHx-range+mod):=x-range+1;
END;
SET(dump(ir.is));
CSTér_{_bit);
END
ELSE
BEGIN
IF (pos(ir.is,;/n)>=pos(ir,is,]_m(ir,is)}) AND (sup=2)
THEN & The S-frame is a REJ-frame :
BEGIN
I_m(ir,is):=m;
IF recov(ir,is)=0
THEN
BEGIN
MOVE(tm(is),OUT); & Timer is cleared
vs(iris):=m; & V(S) set 1o RQN)
ack_fr(iris):=m; & NextI-frame to be retransmitted
resent(ir,is):=l_sn(ir,is); & Last I-frame 10 be retran.
SET({dump(ir,is)); & "Buffer” station can slide the
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CST(_f_bit); & window
END;
END
ELSE & The S-frame is a RR-frame
BEGIN
IF pos(ir.is)m)>pos(ir.is.|_m(ir.is)) '
THEN & R(N) > the last higher R(N) received
BEGIN
I_m{ir,is)=m;
IF recov(iris)=0 & Is the LLC being in P-timer rec.
THEN
BEGIN
MOVE(tim(is),OUT); & The timer is cleared
IF pos(ir.is,)_sn(ir,is))>pos(ir.is.m)
THEN & I-frames are still outstanding
BEGIN
T(ir.is):=NEW(CUSTOMERY); & Restart the timer
TRANSIT(T(r.is).imGs));
END:;
ack_fr(ir s)=m; & Next I-frame 10 be transmitied
resent(ir is);=0; & No I-frame to be retransmitied
SET(dump(iris)); & “Buffer” station can slide the
CST(t_slide); & window
END;
END;
Fp=1
THEN & The RR-frame has its P-bit setto 1
BEGIN
ind:=ind+1;
IF ind>index
THEN ind:=1;
SGr.is,ind):=NEW(CUSTOMER);
S(ir,js.ind).sup:=0;
S(ir,is,ind).p=0;
S(ir.is,ind).f:=1; & Set the F-bitto 1
S(ir,is,ind).sn:=mod+1;
S(ir.is,ind).rn:=vr(ir.is);
CST(t_p_bit);
&  PRINT("s_loc C IR ="ir,"IS = ",is,"ICR=",icr);
TRANSIT(S(ir,is,ind),macc(is),s_loc(s)):
END;
END;
FOR x:=! STEP 1 UNTIL 2*range DO & Refresh of the I-frame
BEGIN & positions in the window
IF (I_m(r,isyx-range}>0
THEN
BEGIN
TF (_m(ir is}x-range)<=mod
THEN pos(ir.is,]_m(iris}+x-range):=x-range+1
ELSE pos(ir,is,]_m(r,isx-range-mod):=x-range+1;
END
ELSE pos(ir,is,]_m(ir.ispx-range+mod):=x-range+1;
END;
END;
TRANSIT(OUT);
) END;
SEND

&U...ﬁlﬂ‘-.‘.“.““---ﬁll-'.‘-.'..“-l.-l
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& LLC serving I-frames eventually sent on token ring #1
&-“..U-ﬁ‘--D--.-.-.“-.-O--l.l-l‘-‘t.l‘-
JSTATION/ NAME = lic1(1 STEP 1 UNTIL st};

Slic G_f1,5_{2,i_3s_f1s 25 (3,licl.macl.tim] buffl sinkl)

&.‘l'.--D‘-‘..-.--“-'0.-.---‘.l...--...-

& LLC serving I-frames eventually sent on token ring #2
&UOHUI-..OUDI------'..--‘.--‘.----‘...-.-
[STATION/ NAME = llc2(1 STEP 1 UNTIL s1);

Slc (_f2.4_f1,i_f3,5_f2,s_fl.s_{3,1lc2 mac2,im2bufl2 sink2)

&3---“‘.“t.‘.“...---t-".-.itttttiﬁ‘.-

&3 LL.C serving I-frames eventually sent on token ring #3
&3-.--‘---‘“-I--‘l.-t.....“‘I.t-‘...ll.
/STATION/ NAME = lc3(1 STEP 1 UNTIL st);

SHe G_f3J_f1a_f2,s_f3,s_f1,5_£2,lc3,mac3,im3 bufl3.sink3)

&".-‘“l‘.‘h...“.‘--.“-..““-‘-Ill‘h-
& I-frames sink
&llb.--“-..-- t 1] L L] LLE LT
& This station has been nsed o measure the mean end-to-end for
& transferring I-frame, as well as the throughput of cach token station
& Y | Y Y 3
SMACRO sink
SERVICE = BEGIN
delay:=tdelay+TIME-starty
TRANSIT(OUT);
END;

SEND

&‘ﬁ“ll"“ * L L] ] L LT

& I-frame sink in stations situated on token ring #1

&‘.-*‘-““-‘i“““‘.‘“‘-“‘.‘ﬁt‘.!‘tl‘

/STATION/ NAME = sink1(1 STEP 1 UNTIL st);

Ssink
&l‘tlrt P T s b L] L 3] g
& I-frame sink in stations situated on token ring #2
&- » ' T 1]
/STATION/ NAME = sink2(1 STEP 1 UNTIL st);
Ssink
&3 »
&3 I-frame sink in stations situated on token ring #3
&3
/STATION/ NAME = sink3(1 STEP 1 UNTILL st);
Ssink
&“*"‘t.‘.-‘ tE R Tt ,
& LLC TIMERS '
&tttt*#tltt ] g Mk

& This station simulates two timers: the acknowledgement timer, and the P-bit
& timer '
&tt.t*!ll‘tttttitttttttttttt-tl'ttittttt.
SMACRO timer {macc tim,s_f)
SERVICE = BEGIN
CST(t_timer); & Timeout period
recov(ir,isy:=1; & LLC moves in P-bit timer recovery conditions
CST(t_hand); & (if the timer has expired)
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RESET(pbitir.is)); & Indicates that LLC moves in ...
ind:=ing+1;

IF ind>index

THEN ind:=1;

RR(ir.is,ind):=NEW(CUSTOMER); & Generation of a RR-frame
RR(iris.ind).sup:=0;

RR(ir,is,ind).p==1; & With P-bitsetto 1
RR(ir.is,ind).f:=0;

RR(ir,is,ind).sn:=mod+1;

RR(r,isind)me=vr(irjs); & Next expected I-frame
TRANSIT(RR(ir.is,ind),macc(is),s_{(is)); & RR-frame -> MAC

TRANSIT(tim(is));
END;
SEND
& L) 1] S WEANIRSRRRRRERER SR EE
& LLC timers used by stations sxma!.edomoken nng #1
& L 21
/STATION/ NAME = timK1 S‘I‘EP 1 UNTIL st);
Sumer (macl timl,s_f1)

&ltl‘*l.-Itthttttiltttl“.‘-““.-“.-.l.

& LLC timess used by stations situated on token nng#2

&.t“‘l!‘.".‘ltl"‘ L1 ) ) L]

ISTATION/ NAME = tim2(1 STEP 1 UNTIL s%);
Stimer (mac2,tim2,s_{2)

&3‘“.‘!..&&'".“‘-‘..- -

&3 LLC timers used by stations situated on token ring #3
&J PP T LT L bl Ll L L Lt ]
/STATION/ NAME = tim3(1 STEP 1 UNTLL st);

Stimer (mac3,im3,s_{3)

& [ 2 1L 1T} ERuREERS
& MAC layer serving end s:auons on token rings
&l.tl‘tlt-

& This server works in commun with the "ring” station. Receiving a frame for
. & transmission, this server waits for the token (flag).
&“‘t““i.t‘ L1 T ]
SMACRO maclayer(i_f,s_f.server)
ask(ir,is):=1; & Indicate 1o the "ring" server that its has a frame
IF ring(ir}.active=0 & 1o transmit
THEN & Reinitialize the token ring
BEGIN
TOK(ir,is)=NEW(CUSTOMERY),
TRANSIT(TOK(iris).sing (@));
END;
WAIT(f1(ir,js)); & Wait for the token
RESET(fl(ir.is));
CST(length/tok_spd); & Transmit the frame
ask(ir,is):=0;
SET(pollir)); & Remm the wken 1o the "ring” server
load:=s]_len*CUSTNB(server(ir)); & measure the number of bytes
FOR x:=1 STEP 1 UNTL. st DO & which are used in the buffer of
load:=load+s_frame*CUSTNB(tok_dq(ir),s_f(x)+ & situated in the
i_frame*CUSTNB(tok_dq(ir),_f(x));: & cntrance galeway
IF load <= buffer-size & Is the buffer can receive the present frame ?
THEN BEGIN
&PRINT( "mac”,ir,"( icl=",icl,"is="is);
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TRANSIT(tok_dg(ir)): & If yes, ---> frame transmission
END

ELSE BEGIN
& PRINT(" inside Mac ring".ir, "stat” is,” deletzing a frame™);
TRANSIT(OUT); & If not, the frame is discarded
END;
SEND

&----t“‘-t‘..---...“-".“‘..‘i‘-"-l.-

& MAC layer serving end stations on token ring #1
&hh“l-t‘lt-...ttlt.tt.*-‘lbl‘tUUI.‘I.“-
ISTATION/ NAME = mac1(1 STEP 1 UNTL. s1);
SERVICE=BEGIN
Smaclayer(_f{1,s_{1.2_node)
END;

&-"&.‘--“‘.““‘.‘.“l““““.--““.‘l

&MAClayu'scmngendsmnonsonwkcnnng#z '
&

WRRERERER R RNy
JSTATION/ NAME = mac2(1 STE.P 1 UNTIL st);
SERVICE=BEGIN
F(@s<4)
THEN BEGIN
Smaclayer(i_f2,5_{2,d_nodc)
END
ELSE BEGIN
Smaclayer(i_f2.s_f2.2_node)
END;

»

END;

&3‘.‘!‘“'. LLLLL LS SRR RN

&3 MAC layer serving end stations on token ring #3
&3.lli.t‘l‘t‘-t‘-.!!---tti“‘.ﬁt!“.t‘-.t
/STATION/ NAME = mac3{1 STEP 1 UN'I"“ :1)
SERVICE=BEGIN
Smaclayer(i_f3,5_3,d_node)
END

& MAC layer serving gateways on token rings

&" " b e b Lt 2l tt-tt

& This server works like the previous defined severs, but it does not have o
& verify if the destination station has enough room 1o receive the frame

RENENREN SRR

SMACRO gatemac(server)
SERVICE = BEGIN

ask(r.nod)=1;

IF ring(ir).active=0

THEN
BEGIN
TOK(r,is):=NEW(CUSTOMER);
TRANSIT(TOK(r.is),ring ir));:
END;

WAIT(fl(ir,nod));

RESET(fl(w,nod));

CST(length/iok_spd);

ask(ir.nod):=0;

SET(poli(in));

TRANSIT(server(ida));
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END;
SEND

&tt.‘........l.'i-..-.tt..lt.-l‘l.-.l.-l.
& MAC layer scrving the gateway situated on loken ring #1
&-.llttt..‘.‘-....-‘-.----.-t.U..“-tl-t-
ISTATION/ NAME = macl(nod);

Sgatemac(licl)

&..- PYY ST T LIS LI R D DA L L Ll et 2 L]

& MAC layer serving the gateway situated on token ring #2
&..‘.....----‘..---."-...‘?“.“.‘.-‘--.
/STATION/ NAME = mac2(nod);

Sgatemac(ic2) :

&3...-ht...-l“-...l..-'l.--‘.‘.““"..‘

&3 MAC layer serving the gateway situated on token ring #3
Q3eeenannsssssnsnvrens s
JSTATION/ NAME = mac3(nod);

Sgatemac(lle3)

&“*‘--‘--ittll““‘-“‘.*.l“'-.*l‘t“‘-

& Token ring monitor
&t“ MTYTTIT IO IT RIS IS 2P L e bbb L ls ]
& This scrver passes the token to the stations which have frames quened. The
& token ring monitor verifies cach station according to predetermined orcler
& (in fact, by following the order in which the end stations are defined).
&‘I‘“---‘iit...-*...'ltt"t'.i‘ﬁi“ltt“t
SMACRO tok_ring(macc)
SERVICE = BEGIN
active:=1; & Token ring active
y=RINT(1,nod);
WHILE mac >=0DO
BEGIN
x:=x+1;
mac:=mac+1-INTREAL(mac/nod)*nod;
IF ask(ir,mac)=1 & Verifies if station "m"” has a frame queued
THEN
BEGIN
x=0;
SET(f1(ir,mac)); & Pass the token to the station
WAIT(poll(ir)); & Wait for the token
RESET(poll(ir));
CST(dusty);
END;
&-hlt!lllmllU-tttlttttt“tt!.t‘ttttttttttttt‘
& The next few lines must be used when higher ring access priority and
& exhaustive service is allocated to the gatevay MACs,
&‘ll‘tl-t‘..-t‘.‘i“t-tt‘l.ttlllt-tl gt Ll i
WHILE ask(irnod)=1 DO & The token is returned 10 the gateway
BEGIN * —
x=0;
SET(fl(ir,nod)); & Pass the token to the gateway
WATT(poll(ir));
RESET(poll(in));
CST(dusty);
END;

&-l“!““.!“..-“‘l- - -
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IF x > nod+y
THEN
BEGIN
x:=0; & Use 10 kill the token (for saving
active:=0; & computation time)
TRANSIT(OUT);
END;
END;
END;
TRANSIT = ring(ir);
INIT(token) = 1;
SEND

&‘..*....*t..“l“‘“““‘.““t‘t“!.“.

& Token ring monitor on ring #1
&““-““.-‘--‘l'-ﬁit!l“&l‘-lttilitttl

JSTATION/ NAME = ring(1);
Stok_ring(macl)

&n_ ® kN whh

& Token ring monitor on ring #2
& FYTEIT L] 0 2 M M B 0 e 2 i e e e e s e
JSTATION/ NAME = ring(2):

Stok_ring(mac2)

&3**‘*.‘!“‘.‘.'---- *

&3Token ring monitcr on ring #3

&3‘.*... - Lt L]
JSTATION/ NAME =ring(3):

Stok_ring(mac3)
&ﬁ' 0 0 e 0 2 0 e 00 e e e o e

& Processor performing the convertion and scgmcniation of token ring frames

& in the gateways
&“'*‘ﬂ...“‘lti.-t.‘-t.-ttttti.il‘*!“tt
/STATION/ NAME = tok_dq(1 STEP 1 UNTIL 1);
SERVICEG_fl1.i_f2,i_f3)=BEGIN

&tﬁtt&.‘tlltt
& I-frame processing
&t.--tltl-‘tt
CST(t_conv);

. all{ir,iclunic):=0;
exp_sg(irjclunic):=1;

FOR x:=1 STRP 1 UNTIL nb_scg-1 DO & Nb of scgm minus 1

BEGIN & o format

DM(ir,iclonic x):=NEW(CUSTOMERY); & Scgment generated

DM(ir,icl, unic,x).sn:=sn;
DM(ir.icl,unic,x).unic:=unic;
DM(ir,icl,unic.x).sg:=x;
CST(t_sgm);

IF (ir=1)

THEN TRANSIT(DM(ir,icl,unic x),a_node(1),dmiGel));

IF ((ir = 2) AND (icl < 4)) THEN

TRANSIT(DM(ir icl,unic.x),d_node(2),dm2(icl));

IF {ir = 2) AND (icl > 3)) THEN

TRANSIT(DM(ir,icLunic.x).a_node(2),dm2(icD);

IF (ir=3)
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THEN TRANSIT(DM((ir.icl.unic.x),d_node(3).dm3(icl));
END;
CST(t_sgm);
IF (ir=1)
THEN TRANSIT(a_node(1),i_{1GeD):
IF ((ir = 2) AND (icl < 4)) THEN
TRANSIT(d_node(2).i_f2(ich);
IF ({ir= 2) AND (ic] » 3)) THEN
TRANSIT(a_node(2),i_f2(cl));
IF (r=3)
THEN TRANSIT(d_node(3)_3Ge);
END;
SERVICE(s_fl,s_f2s_f3) = BEGIN

&-ll*.‘i-‘t‘-

& S-frame processing
&‘-t“t‘ttttt
CST(t_conv+t_sgm);
IF (r=1)
THEN BEGIN
&PRINT( "IN TOK_dQ"ir,"(1) icl="icl);
TRANSIT(a_node(1).s_f1Gci)
END;

IF ((ir = 2 JAND (icl < 4)) THEN
TRANGSIT(d_node(2),s_£2(ich);

IF ((ir = 2 JAND (icl >3)) THEN
TRANSIT(a_node(2),s_2Gcl));

IF (ir=3)

THEN TRANSIT(d_node(3)s_f3Gch);
IF (ir=4)

THEN

END;

& ] {1 ] -

& Processor performing the reassembly of token ring frames in the gateways
G L L

/STATION/ NAME = dq_tok(1 STEP 1 UNTLL 1);

SERVICE(dm1,dm2,dm3) = BEGIN & BOM, and COM DM PDUs receplion
: CST(t_rec);
IF sg=exp_sg(iring,icl,unic) & Is received segme expected?
THEN

BEGIN A
counter(ir):=exp_sg(iring,icl,unic); & For further use
exp_sg(iring.icl,unic):=exp_sg(iring,icl,unic)+1;

IF exp_sg(iring,icl,unic)=nb_seg-1 & all BOM AND COM
THEN all(iring,icl,unic):=1; & have been received
END

ELSE counter(ir):=0; & Rejection of DM PDU
TRANSIT(OUT);

END;
SERVICEG_f1,i_f2j_f3)=BEGIN & EOM DM PDU reception
CST(t_rec);
IF all(iring,icl,unic)=1 & Are all previous segments received
THEN

BEGIN

CST(t_conv); & The token ring is reassemblied
counter(ir):=0;

IFiclop=1

THEN TRANSIT{mac1(nod));

IFiclop=2
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THEN TRANSIT(mac2(nod));
IFiclop=3 )
THEN TRANSIT(mac3(nod)):
END
ELSE TRANSIT(OUT);
END;
SERVICE(s_f1,s_{2s_f3)=BEGIN & Reception of DM PDU containing a S-frame
CST(t_sgm-+t_conv);
IF iclop=1
THEN TRANSIT(macl(nod)):
Ficlop =2
THEN TRANSIT(mac2(nod))
IFiclop=3
THEN TRANSIT(mac3(nod));
END;

&'0...."'li‘-----.Ul'l‘-"-"--‘-litihtl

& Head of bus station .
&Il.t.t-.‘-t.tll..tl-.t..t.l.'lltliltt!l‘
& This station generates a sequence of slots comprised in a frame period of 125
& micro second.There are respectively "nb_na™ NA slots and "nb_ga” QA slots
& which are genrated in each frame period.
& e
JSTATION/ NAME = head_a;
SERVICE = BEGIN
WHILE b=2 DO
BEGIN
FOR x:=1 STEP 1 UNTIL nb_fr DO & Frame gencration
BEGIN
FOR y:=1 STEP 1 UNTIL nb_na DO & NA slot gencration
BEGIN
SL(x.y)=NEW(CUSTOMER);
SL(x,y).type=1; & TYPEbitsettol
SL{x.y)busy:==0: & Idem for BUSY bit
SL(x.y)xeq:=0;
SL(x.y).bus:=1;
SL{x,y).next:=1;
CST(sl_gen);
TRANSIT(SL(x.y)a_switch(1));
END;
FOR y:=nb_na+1 STEP 1 UNTIL nb_sl DO
BEGIN & QA slot generation
SL(x.y):=NEW(CUSTOMERY}; .
SL(x.Y).type:=0; & TYPEbitresetto 0
SL(x,y).busy:=0; & BUSY bitresetto0
SL{x.y).req:=0;
SL(xy)-bus:=1;
SL(x,y).next:=1;
CST(sl_gen);
TRANSIT(SL(x.y).2_switch(1)):
END;
END;
END;
END;
TRANSIT = head_a;
INIT(slot) = 1;

&-‘l‘lt‘l- aen -
&‘t‘-.“.i"' "

{STATION/ NAME = head_b;
SERVICE = BEGIN
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WHILE b=2 BO
BEGIN

FOR wi=nb_fr + 1 STEP 1 UNTIL nb_fr + nb_fr DO & Frame generation

BEGIN
FOR z:=1 STEP 1 UNTIL nb_na DO & NA slot gencration
BEGIN
SL{w.z):=NEW(CUSTOMER):
SL(w2).type:=1; & TYPE bitsetto 1
SL(wz).busy:=0; & Idem for BUSY bit
SL(w.2).req:=0;
SL{w.2).bus:=2;
SL(w.z).nexr=an;
CST(s]_gen);
TRANSIT(SL(w.z),d_switchfau));

FOR z=nb_na+1 STEP 1 UNTIL nb_sl DO
BEGIN & QA slot generation
SL(w2):=NEW(CUSTOMER);
SL(w2).type:=0; & TYPE bitresetto 0
SL(wz).busy:==0; & BUSY bitresctto0
SL{wz).req:=0;
SL(w,2)bus=2;
SL(wz).next=au;
CST(sl_gen);
TRANSIT(SL(w.z).d_switch(an));
END;
END;
END;
END;
TRANSIT = head_b;
INIT(slot) = 1;

&il‘*‘tt‘ﬂ&*t.- L2 b2t s

& QA slot access control in each station sitvated along the buses

&t"- t ] ] Mo e M R

& This station simulating the distributed queueing protocol controlling the
& the access to the QA slots. Slots{customers), coming from the previous
& station situated on the bus, are examined. In particular, their REQ, TYPE
& and BUSY bits are checked. From the contents of these bits, REQ and

& countdown counters may be modified.

& Lt ]
SMACRO switch (return)
SERVICE = BEGIN
IF reg=1
THEN & if REQ bit equal 1 then REQ counter on the access
BEGIN & queue sending segments on the other bus is incremented

req_ct(ich,in):=req_ct(ich,in}+1;
END
ELSE & REQ bit is equal to zero
BEGIN
IF rqm(icb,in)>=1 & Doesthe AQ have a2 REQ bit to send**
THEN & on the reverse bus ?
BEGIN
req:=1; & Set the REQ bit
. rqm(icb,in):=rqm(icb,in)-1;
END;
IF type=0 & Is the slotis a QA slot ?
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THEN
BEGIN
IF busy=0 & Is the QA slot empty ?
THEN
BEGIN
IFcd(ibin)=1 & Isthe AQ in countdown state?
THEN
BEGIN
IF ed_ct(ib,in)=0 & Isthe CD counter equal to zero ?
THEN
BEGIN
IF bwb_ct(ib,in) = bwb_mod
THEN
BEGIN
bwb_ct(ibin) = 0;
END
ELSE
BEGIN
IFbwb_flag=1 THEN & bwb on/off test
bwh_ct(ib,in) = bwb_c1Gb,n) + 1;
busy:=l1; & The QA slot is set BUSY
cd(ibin):=0; & The AQ is moved to the CD state
& PRINT( insiec switch setting send ™);
SET(send(ib,in));
RESET(send(ib.in));
ENDy
END
ELSE cd_ct{ib,in):=cd_ct(ib,in)-1; & CD counter decremented
END
ELSE
BEGIN
IF req_ci(ib,in)> 0 & Is the REQ counter equal to zero ?
THEN req_ct(ib,in):=req_ct(ib,in)-1; & REQ counter is
END; & decremented

IF inext> 0
THEN
BEGIN
IF inext = pl
THEN TRANSIT(OUT) & Slotsent 1o the end of the bus
ELSE -

BEGIN
CST(atency);
next=inext; & Slot sent to the station on the bus
TRANSIT(ink);

END;

END
ELSE TRANSIT{OUT}:
END;

SEND

Py e » EREREEny

& Suations sending on bus A.

&lt- 22l 2 ] » R RN

/STATION/ NAME = a_switch(l STEP 1 UNTIL au);
Sswitch (a_switch)

&'-‘- LLL L2 BERERRN WS,

& Stations sending on bus B.
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&-.--D..‘ttt--l-.---l-.‘.t-.-l‘-l.t- L1 1Y

ISTATION/ NAME = d_switch(l STEP 1 UNTLL au);
Sswitch (d_switch)

&t&.ﬂ‘-.t.‘-t--.“.---il-.ﬁl.--‘-.*..-.-‘

& This macro serves to measure the memory partitioas of the buffer used by the
& exit gateway. From the result the segment which is served can be rejected.
&--- SUARNEER SRS
SMACRO trans {macc,i_fs_f)
full(iclop.icl.sn+sg):=payload*counter(iclop)+sl_len*CUSTNB(dq_tok(iclop)):
FOR x:=1 STEP 1 UNTIL st DO
full(iclop,icl,sn+sg)=full(iclop,icl,sn+sg}+
s_frame*CUSTNB(mace(nod),s_f(x))+
1_frame*CUSTNB(macc(nod)i_f(x)):
& PRINT( iclop =",iclop,™icl=",icl,"sn" sn,"sg" sg):
IF full(iclopicl sn+sgl<=buffer-si_len
THEN TRANSIT(dq_tok(clop))
ELSE TRANSIT(QUT);
SEND

TYPE=INFINITE;
SERVICE(slof) = BEGIN
CST(n_to_n);
IF bus=1
THEN TRANSIT(a_switch(next))
ELSE TRANSIT(d_switch(next));
END;

SERVICEG_fls_f1,dm1)=BEGIN
& PRINT(inside link i_f1,s_f1,dm1™);
CST(n_to_n);
IF (icl < 4)
THEN BEGIN
Strans(mac2,i_fl s_f1)
END

ELSE BEGIN
CST(n_to_n);
Strans(mac3.i_fl,s_f1)
END;
END;
SERVICEG_f2 s 2,dm2)=BEGIN
& PRINT("inside link if2,s_2,dm2™);
CST(n_to_n);
IF (icl < 4)
THEN BEGIN
Strans(maclji_f2,s f2)
END

ELSE BEGIN
Strans(mac3,i_f2,s_f2)
END;
END;
SERVICE(i_f35_f3,dm3)=BEGIN
& PRINT("inside link i_f3,s_{3,dm3");
CST(n_to_n);
IF (icl > 3)
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THEN BEGIN
Strans(mac2.i_f3.s_{3)

END
ELSE BEGIN

CST(n_to_n);

Strans(macl,i_3s_{3)

END;

END;

&t-l [ 1 1 [ 1 1% ] L1 L 13 ]} o
& QA slot access quene
&"--l-...‘ [ 1T P13 1 F 111 1)

& This station, is similarly defined than the one in appendix D.1, except that

& the scgemnt are seat on the "link”,

&'#t..t..lh*“" [ 1} LLLEL LT LT gl L]

SMACRO node

SERVICE = BEGIN

& PRINT( inside node if1,if2,s_fl s f2.dml.dm27);
rqm(ib,in):=rqm(ibin}1; & must set an empty REQ bit
cd(ib.in)=1; & AQ moved in countdown state
cd_ct@bin):=req ct(ibin); & CD counter = REQ counter
req_ciib,in):=0; & REQ counter is cleared
WAIT(send(ib,in}); & Wait the next QA slot

& PRINT( "leaving wait for send in node™);

CST(sl_time): & Segment transmission
& PRINT( " after the CST sl_time™);
TRANSIT(link);
& PRINT( "leaving node afier x to link if1,i2 s_fl,s_{2,dm1.dm2");
END;
SEND
&.“‘-“.‘. L b 1 "
& Access queue for sending on bus
&‘ L] i1 1] L 111 ]
JSTATION/ NAME =a_node(l STEP 1 UNTIL au);
Snode

&."“-“.‘l-“‘t‘l!..‘..-l-t--t..l..l.‘-

& Access queue for sending on bus a.

&.‘- [ 2 1 %] L
/STATION/NAME = d_node{1 STEP 1 UNTLL au);
$node
SMACRO print_out
BEGIN
PRINT(" ™)

PRINT({"TIME =" TIME);

PRINTF("(1H,Window size (packets) : ‘F3.0)",window);
PRINTF("(1H, Packets/sec s F5.0)ar_rate);
PRINT(" *); ‘

PRINT("RESULTS"™);

PRINT("Ofier load (bitsfsec)  : ".offer);

PRINT{("Total throughput (bits/sec) : " thru(count));
PRINT("Mean end-to-end delay (sec) : " ,del{count));
PRINT("Bandwidth BAl O=off,1=0n ;" bwb_flag};
PRINT{"Bandwidth Balance Modulus:" bwb_mod);
PRINT("priorirty mode to gatwway™);
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PRINT("8 k buffers cach way™);
PRINT( ™);
QUTPUT:

END;
SEND

/CONTROL/ TMAX = 20.0¢
PERIOD=5.0;
TEST=BEGIN & Use 1o stop the simulation if the results converged
IF TIME > 20
THEN
BEGIN
FOR i=1 STEP 1 UNTIL count DO
BEGIN -
thru@-1):=thru():
del(i-1):=del(i);
END;
thru(coont)=(;
del(count):=0;

&-ltﬁtltlt- L e L]

& Measurement of the global system throughput and the I-frame mean
& end-to-end delay.
FOR i'=1 STEP 1 UNTIL st DO
BEGIN
thru(count):=thra(count)+sink1 (i) NBOUT+sink2([) NBOUT+sink3(1) NBOUT:
del{count):=del{count)+sink1().tdelay/sink 1 G).NBOUT+
sink2().idelay/Sink2()) NBOUT +
sink3(@).tdelay/sink3(i) . NBOUT;
END;
thru{comnt):=byte*info* thru{count)/ TIME;
del{county:=decl{count)/3/st; .
Sprint_out & Verify if results converge
IF ((ABS((thru(count)-thru{count-1))/thru(count)) < 1E-2) AND
(ABS((thru{count)-thru(count-2))/thru(count)) < 1E-2) AND
(ABS((del(count)-del(count-1))/del{count)) < 1E-2) AND
(ABS{(del{count)-del{count-2))/del(count)) < 1E-2))
THEN STOP;
& END;
END;
ENTRY=BEGIN
PRINT("PACKET TRANSFER BETWEEN HOMOGENEOUS STATIONS™);
PRINT(™ %
PRINT(" ");
PRINT(" ™);
PRINT(" ™);
PRINT("INPUT PARAMETER—> TOKEN RING™);
PRINT("Speed (bits/sec) =" tok_spd);
PRINT(C ™);
PRINTF("(1H, Number of rings :F3.0);
PRINTF("(1H,Number of stations/ring  : ' F3.0)".s1);
PRINTE("(1H, Number of nodes/ring ~ : *F3.0)",nod);
PRINTF("(1H,%-frame length (bytes) : "FS5.0)".i_frame);
PRINTF("(1H,'S-frame length (bytes) : "JF3.0)".s_frame);
PRINT("Packet transmission (sec) :",byte*i_frame/tok_spd);
PRINT("Ack transmission (sec)  :"byte®s_frame/tok_spd);
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PRINT("Timcout (sec) " _timer);
PRINTF("(1H, Packets/scc : " FS.1) " ar_rate):
PRINTF("(1H, Window size (packets} :'F3.0)".window):
PRINT("Timeout (sec) " _timer);
PRINTF("(1H,buffer size (Kbytes) : "F5.3)%,
buffer/1024):
PRINT(C 7).
PRINTCINPUT PARAMETER —-> DQDB MAN™;
PRINT("Bandwidth BAl O=off,1=0n :" bwb_{lag);
PRINT("Bandwidth Balance Modulus:™ bwb_mod);
PRINTF("(1H,Number of siots/frame  : *F3.0)".nb_sl);
PRINTF("(1H,Number of QA slots/frame : "F3.0)".nb_qa);
PRINTF("(1H,Loop length (km) : “F4.1)"bus_len):
PRINT("Bit rate (bits/s) ".dq_spd):
PRINT{"Asynch bit rate (bitsfs) ",
nb_ga*s!_len*byie/fr_time);
PRINT("Slot time (sec) " sl_time);
FRINT("Time between stations  :*.n_to_a);
PRINT("DQDB capacity(slots/fsec) :"2*nb_sl/fr_time):
END:
EXIT = BEGIN
Sprint_out
END;
[/EXEC/BEGIN
FOR i:=1 STEP 1 UNTIL count DO
BEGIN -
delG)=1E-12;
thru(i):=1E-12:
END;
FORi:=1STEP1 UNTIL.r DO
BEGIN
ring(i)ir=i;
ring(i).mac:=1;
wok_dq(a).ir=;
woken(i).icr:=1;
FOR j=1 STEP 1 UNTIL st DO
BEGIN
vs(ij):=1;
vi(ij)=1;
Lm{ij):=1;
LsnGig)=1:
FOR k=1 STEP 1 UNTIL range DO
BEGIN
pos(ij.k):=k;
seqijk)=k
END;
END;
END;
FORi:=1STEP 1 UNTLL st DO
BEGIN
statlG).in=1;
sta2().in=2;
stat3().an=3;
statl (i)ds:=i;
sta2(i).is:=i;
stat3(1)dsi=i;
statl(i).num:=1;
sta2(i).num:=1;
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sia3().oume=1;
hlay1G).isi=i;
hlay2(i)as:=i;
hlay3(i)is=i;
hlayl(i}.ir=1;
hlay2(i).ir=2;
hlay3().ir=3;
hlay1().init=1;
hiay2(i).inir=1;
hiay3@).init=1;
buff1QG).as=1;
buff2().is:=i;
buff3(3).is=i;
buff1(i).in=1;
bufl2().ir=2;
buff3(i).dr=3;
Iel(i).is=i;
Uc2().as:=i;
llc3Q).isc=i;
Uc1G)ir=1;
Ne2()in=2;
He3(@).in=3;
sink1(Q).is:=1;
sink2(i).is:=i;
sink3().ts:=i;
sink1().in=1;
sink2().in=2;
sink3(3).i=3;
tim1(i).is=i;
Hm2(3).ds:=i;
tim3(i)ds:=i;
tim1(3).irn=1;
tim2{).in=2;
tim3().in=3;
i_f1().Ining:=1;
i_£2(3).iring:=2;
i_f3().iring=3;
dm1Q).iring=1;

i_f1(3).size=i_frame;
i_f2().sizes=i_frame;
i_f3().size=i_frame:
i_f1(i).Jengthe=i_frame*byte;
iI_£2().lengih:=i_frame*byte;
i_f3@i).length:=i_frame*byte:
s_f1(i).ick=1;

s_f2@).ick=1;

s_f1Q).size:=s_frame;
s_f2(i).size:=s_frame;
s_£3(1).size:=s_frame;
s_f1(3)length:==s_frame*byte;
s_f2(1).Jength:=s_frame*byte;
s_f3(1).lengih:=s_frame*by1e:
dm1(i).icl=i;
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END;

FOR i:=1 STEP 1 UNTIL 3 DO
BEGIN
t_f1@).iclop=2;
i_f2().iclop:=1;
i_{3().iclop:=1; &17177?
s_{1{().iclop:=2;
s 2().iclop:=1;
s_f3G)dclop:=1; &M
dm1Q).iclop=2;
dm2(3).iclop:=1;
dm3Q)aclop=1; £
1_f1Q).idaz=i;
i_f2Q).dda=i;

s_f1().idz=i;
s_f2(1).idac=i;
s_f3()da=i+3; &TTIN?
dm1().ida:=i;

END;

FOR i:=4 STEP 1 UNTIL 6 DO
BEGIN
i_fl1().iclop:=3;
i_R2@)iclop=3;

s_f1(@).iclop:=3;
s_f2(1).iclop:=3;
s_B(@).iclop:=2; &7
dm1().iclop=3;

i_f1(@)dda:=i-3;
i_f2().adac=i;

s_f1().idx=i-3;
s 2().ida=t;

END,

FOR i:=1 STEP 1 UNTLL nod DO

BEGIN
macl{i)is=i;
macl{i).ir=1;
mac2(i).ir=2;

END;

FOR i := 1 STEP 1 UNTIL au DO

BEGIN
a_switch(t).in:=i;
d_switch(i).in:=i;
a_switch(@).ib:=1;
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d_switch(i).ib:=2;
a_switch()xcb=2;
d_switch(i).xcb:=1;
a_switch(i)anext=i+1;
d_swich(l).inext=i-1;
a_node(l)n=i
d_node(i).incx=d;
a_node(i).ibx=1;
d_node(t).ib=2;
END;
SIMUL;
END;
JEND/
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