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ABSTRACT .

As one of the saven layerézdefined in the ISO Reference
Model, the Transport Layer exists to provide data delivery‘
"service between se;sion entities, Pt eﬁtly,' most of the
studies on the Transport. Layer are f cused on long haul
networks. This thesis presents a design-of. the 'Transport
Layer for local area networks. The service offeréd.to the
Transportlflayer "is assumed to be an unacknowledged
connectionléss”service. The Transport Layer shall prowide a
reliable, infsequence,connection—oniented service to the
sdssion Layer. Messages of two priority levels are

ﬂ—/brovided. To bridge the gap between the above two services,-

e

the Transport Layer performs a set of functions, such as
error recovery, flow control, ‘duplicate detection and
sequencing efc..' The traﬁsport protbéol provides the'means
for establishing, maintgining and releasing transpoft
connections; To avoid ambiguous interpretatioﬁ,r‘_tﬁe
transpoft protocol deécribed in this thesis is sbecified.by -

using a Formal Description Technigue.

J
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. Chapter I
* INTRODUCTION

The modérn‘business workplace is filled with increasingly
.'inteiligent‘ machines, such as computer systems and
worﬁstétions, wvhich assist in carrying out day-to-day tasks
and communication. " In order for a -greup .of people in an
organization to operate as an efficient and weil;integrated
unit, the maéhines that they'wbrk on must be able_ to
communicate -and exchange‘informétion guickly, easily and
reliably. A generally accepted rule of thumb holds that
about 80 percent of communication tékes place within the
local environment. ETherefofe, the need to connect these
‘systgms for communications within a 1local wofkiné
environment has become an important broblem.

On the other hahd, due to the advance of LSI and VLSI
technology, the cost andfsize of machines with a high leve}
of funstionality conﬁinué‘to drop. The widespread use and
low cost of these devices (which can'easily be interfaced to
a computer) have promptea network designers to look for a
simple way of interconnectingsthem. The LOCAL AREA NETWORK
(LaN)  [1J[21[3) 1is particularly applicable to. small sites

such as an office block, a factory or an university campus.



A local area netwdrk‘is best described in terms of the
. purpose ‘it serves fathé; than in terms of how it funétions;
A local area network is primarily a data communication
system intended to. link computers and associated devices
within a restricted geographical fegion., The key
characteristic of a local area network is the fact that the
ﬁhole network is confinéd to one site and is usually under

the complete control of one organization.

Since a local area network is confined to a small area,
it is possiblF to employ vastly diffgfent communicatioﬁ
devices from those commonly wused in other telecommunicatioh
systems. Inexpensive network interface devices can be
employed'insteag of the.}elatively complex modems used in
long haul networks, e.g. packet switching networks such as
DATAPAC. High daté transmission speed can be achieved by
utilizing the advantages of short distances and the advances
in electronics. Thus, lopal area networks are typified by:

1. Sho;t distances, up to 10 km.

2. A high transmission rate, 0.1 to 20 Mbps.

3, A low error rate.

Today, a considerable variety of means of designing local
area networks 1s available which c¢an be classified 1in the

folloﬁing ways:

1. By network topology, e.g. star, ring, bus and mesh.



2. By transmiséion_medium, e.g. twisted pair wire,
coaxial cable, radio and fibre_ggéics,

3. By'traﬁsmission teéhnidue'- the methbd in which data
is transported'within the network, e.g. digital
baseband and broadband sysﬁems.

4. By sharing technique . - the way in which network
bandwidth is allocated t6 the users, e.g. dedicated
{non-shared), time or frequency division
multiplexing, statistical = multiplexing aﬁd

contention.

Networking systems are designed and constructed in
functional layers. Bach layer performs a specific set of
functions. Together, these layers interact with one another
to provide = total end-to-end network operation. The
Reference Model of Open System Interconnection developed by
the Internation Organization for Standardization (ISO)
consists of seven layers [11]: Application (the .highest
layer), Presentation, Session, Transport, yetwork, Data Link
and Physical . (the 1lowest layer). This thesis will

concentrate on the Transport Lajer.

The Transport Layer exists to provide, in association
with the layers below it, a reliable and efficient
end-to-end data delivery service between processes rather
than just between machines. (For example, a single machine

may execute several processes each of which may wish to
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commﬁnicate- with pfocesges .on- other machines.) The
Tfanspoft Layer reiieves.these processes from ahy~concerh
with the detailed way in whichgtransfer of data is achieved.
The Transport iayef proviaes service by performing a
specific set of functions. The joperatioh of the Transport
La&er is governe&'by a set of ruleé and formats known as

transport protocol.

b : .
Recent technological development and most of the current

discussions on local area networks are focused on two layers
- the Physical and Data Link layers. They ﬁfoqﬁde transport
of linformétion between machines on the network over a
‘physical medium. Although many studies have been done on the
Transport Layer, almost all of thém are concentrated on long
haul netwbrks [4-8]. Since ~long haul networks have
different network characteristics such as large network
delay and_,high error rate, the Tréﬁsport Layer of these’

networks would not be efficient énough when used on local

area networks.

Presently, many different LAN designs exist (e.qg.
Ethernet, Mitrenet), and many more ‘are possible. The -
.majority of those in use today were desigﬁed for limited
applications such as jtying together a cluster of word
processors or enhancing- local communication , between
processors of a particular manufacturer. To reach the

universal level of communication, there must be standards



. for LAN that are widely accepted by manufacturefs. IS0 and,
the Institute of Electrical Engineers (IEEE) are presently .
engaged in developing standards.’ Up to néw, the efforgs for
LAN standardization were focused méinly on the Physical and
Data Link Lgyer. 'Alnﬁmber of standards for these two layers
have also been devgloped [121[34][35].' Standards for higher
layers have not yet been.developed. This thesis shall study

the operation and propose a design for the Transport Layer

in the LAN envirnoment.
~ The organization of this thesis is as follows

Chapter 2 describes the network architecture of LANs.
This 1include a ‘discussion on the principles of network
layering. A ‘local area network architecture will be

‘propoéed.

Chapter 3 discusses the design issues of the Transport
Layer. This includes a study on the impacﬁ of LAN
characteristics on the transport service. Functions that
will be performed by the Transport Layer in proéiding the

service are also discussed.

-

Chapter 4 ' describes the services provided by the

Transport Layer.

Chapter 5 describes the protocol which determines the
operation of the Transport Layer. The Formal Description

Technique developed by ISO is used to specify the protocol.
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Chapter 11

THE NETWORK. ARCHITECTURE

2.1 INTRODUCTION

" The architecture of a computer . network defines the

structure of the network, identifies the physical and

‘logical elements of the system and specifies the

interconnections and interactions among these elements. In

this chapter, the Dbasic principles of a structuring

technique used to describe network architecture will be

presented. A local area network architecture will also be

proposed.

Present day netwoﬁk architectures- are complex systems.
To facilitate understanding of such systems for purposes of
design, implementation, and maintenance; current network
architectures have been aesigneq in téfmslof' "layers' (see
Figure 1) [é][lO][ll]. The basic idea of layering is that
each layer adds value to services prpvided by the set of
lower layers. ‘These services are offered to the highest
layer " to run’ distributed appiications. Anotherl basic
principle of layering 1is Fo ensure independence of each
layer by definiyﬁd services'provided by a layer to the next

higher 1layer, independent of how these services are
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performéd. Thi's " permits chanées to be made in the way a,

layer or a set of layers operate, provided they still offer

the same se:;}tgdzgﬂéhe next higher layer.

Layering has several,benéfips.' First, 'it provides a
convenient partitioning of functions and therefore prdvideé
a well-stryctured network design.  Second, fﬁyeriﬁg heiﬁs to
reduce functional overlap, thus minimiziﬁg' network
complexity. Third, layering establishes well> documented

and well-defined interfaces;

2.2 PRINCIPLES OF LAYERING

2.2.1 GENERAL CONCEPTS

Layering is a structuring techpique’ which permits the
network to be viewed as logically c%mposed of a succession
of layers, és shown in Figuref 1 An equivalent
illustration of layering frequen;ﬁy used  in describing
network architecﬁure is given in fFigufe: 2‘. SLccessive
layers are represented in a vertital sequenﬁe, with tﬁe

physical media for interconnecting the systems at the
bottom..
v -7
According to this technique, each system in Figqure 2 P
viewed as being composed of an ordered set of subsystems. A
subsystem 1is an element in a hierachical division of a

system which interacts directly only with elements in the

next higher division and the next lower division of that
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Figure 1: ' Netwdrk Layeripg

. system. The (N)-layer is made up of subsystems of the same
rank (i.e., (N)-subsystems) of all interconnected systems.

An (N)-subsystem consists of one or several active elements

known as (N)-entities. Therefore, each layer is made up of
entities; and entities in thé same layer are termed -
peér-entities. Entities in adjacent subsystems communicate

through their common boundaries, and entities in the lowest
subsystems are assumed to communicate directly with their. .

peers via the physical media connecting them.
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LOVEST- LAYER

PHVSICAL EDNIA

Figure 2: Representation of Network Layering

2.2.2 COMMUNICATION BETWEEN ADJACENT LAYERS

Entities in adjacent subsystems communicate with each =
other to provide and use a set of services. The (N)-layer

(and the layers beneath it) rovides 1{N)-service to the

-

(N+1)-entities thr an (N)rservice-access-point at the — -

bbundary between the (N)-layef and the (N+l)-layer, as shown

4
in Figqure 3 ‘

An (N)-address iden a particular (N)-service-

access-point to which an (N¥l)-enti£y is attached. When the
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(Qiﬂ)—ENTITY (N+1)-ENTITY]

(N+1)-LAYER ,
(N)-SERVICE-ACCESS=POINT

—_—— — — — — — e T T

, {N)-LAYER (N)-ADDRESS

(I =-ENTITY

Figure 3: 'Entities and Service-access-point

(N+1)-entity is detached from the (N)-service-access-point,
the (N)-address no longer provideg acceés‘ to. the
(N+l)-enti£y. If a permanent attachment between the
(N+1)-entity and the (N)-service-acc;ss-point can be
assured, then the same (N)“éddress could be used to identify
the (N+l)-entity at all times. A service-access-point (SAP)
“has the following properties:

1. An (N+l)-entity requests (N)-service through an

(N}-SAP which allows the (N+1l)-entity to interact

with an (N)-entity.

- 10 - .



2. Aﬁ (N+l)-eh£ity ma; be attached to one eor more

(N)-SA ~concurrently, but only one (N+1)-entity is

attached to an'(ﬁ)-SAP. .

i 3. An (N)-enpity may be attached to one or more (N)-SAPs

\\\=~fg:;urrently, but only one (N)-entity is attached to
' ﬂ\ an (N)-SAP. |

.4; Both the (N)- and (N:l)-entities attached. to an

A}

(N)-SAP are in the same system,

‘ . . -y _
5. Unless the attachment is permanent, an (N)-SAP may be
detached from an {(N+1)-entity and re-attached to the’

same or another (N+1)—entity.

In a real system,‘; SAP is realized by an interface which
.is subject to a local syséem environment. The unit of
information transferred between entigies in a single
interaction through an (N)-SAP is known . as
'(N)‘interface—daté—unit} It is comprised of :
1. (N)—intérface-control—information,.which provides the
means of'managing fhe (N)*interface; and |
2. (N)‘interface-daté, which is the informatibn from.an
(N+1l)-entity or an (Na—entity for transmission across

the (N)-interface.

A given amount of (N)-interface-datla would constitute an
(N)-service-data=unit whose identity 3s preserved from one

(N)-SAP to another.

_11_



2.2.3 COMMUNICATION BETWEEN PEER ENTITIES

Communication between peer-entities of the (N)-layer is
provided and managed by the lower layers in the form of
(N-1)-service, as illustrated in Fiqure 4 . This path is in

fact made up of a set of logical and physical associations.

(M)-LAYER (1) ~ENTI TY}e----TORROTOCOL | vy _enrroy

A

b Y
- = =)
¥

|
|
|

(1i=1)- ARD
LOYWER LAVERS X

P S NN

e i I

PHYSICAL . P

= = = m m  m o o e e e o -

‘MEDIA ' ;

/
COMMUNICATION PATH

Figure 4: Communication Between Peer Entities

An (N)—cénnection is an association established for
communication between two or more (N+l)-entities, identified
by their (N)-addresses. It is offered as a service by the
(N)-layer, so that information may be exchanged between the
(N+l)-entities. An (N)-connection has ° the following

properties:

- 12 -



An (N+1)-entity may - have  the following

(NY-connections simultanedusly; single or multip1e 
connections with other (N+1)-entitie5; or single or
multiple connections with itsélf.

An (N)-connection is established by referencing an
(N)-address‘ for the source (N+1)-entity and. -an
(N)-address for each of one or more. destination
(N+1)-entities. -

An (N)-connection-endpeoint is constructed for each
(N)-address when an (N)-connecf&on is established.

An  (N)-connection has two or more
(N)—connection—endﬁoints.

An (N)-connection-endpoint is not ‘shared by
(N+1)—entities-or (N)-connections.

An (N)-connection-endpoint relates three elements :
(a) an (N+l)-entity, (b} an (N)-ehtity and (c) an
(N)4connection.

An'(N)-connection-éndpoint has an identifier, called
an (N)-connection-endpoint-identifier, which is
unigue withjn the scope of the (N+l)-entity which is
bound to the (N)-connect&on-endpoint.'

An (N+l)-entity references an (N)-connection using

its (N)-connection-endpoint-identifier.

The (N)-protocol is a'!bt of rules and formats which

specifies the communication behaviour between (N)-entities.

The information exchange between these entities is known as

_13_



'YN)-prqtocolfdata-unit. An (N)-protocol—data—unit consists
of (N)-protocol~cohtrol*information and (N)-user-data.. The,
(N)-protocol-control-information allows the (N)-entities to -
co-operate through joint operatiéns. The (N{*user-déta, on
the other hand, is the éata transferred between (N)-en;}tieé

on behalf of theif users.

The relationships and the mapping between'daté units that
have just been discussed are summarized in Table 1 and
Figure 5. There is no overall architecture limit to the
size of data units, But there may be other size limitations
at specific- layers. Figure 5 assumes that neither
segmenting nor blocking of (N)-SDU is ﬁerformed. An
(N+1)-PDU may be;mapped one-to-one into an (N)-SDU, buf
many-to-one mapping (i.e. concatenation) is also possible
[111. Figure 5 does not imply any positional relationship

between PCI and user-data in PDU, and ICI and interface-data

in IDU.

..14_
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TABLE 1 =

‘Relationships Between Data Units

CONTROL AND

CONTROL DATA DATA COMBINED
~ . | (v)-prOTOCOL- - _
(N)- ' - - N)-PROTOCOL~
(W)= (N) CONTROL- (N)-USER (N)-PROT
DATA

PEER-ENTITIES

I FORMATION

DATA-UNITS

(N+1)=(N)

(1) -INTERFACE-
CONTRQOL —

()=TNTERFACE-

(Ii)-INTERFACE-

ADJACENT LAYERS . DATA DATA-UNITS
’ INFORMATION
(1+1)==DU (1i+1)-LAYI T
(N)-ICT
(NY-INTERFACE
3 Y .
S (1)-IDU |(1)-ICI | (M)-INTERFACE DATA
v - « g _J
(i1)-PCI (NY-SDU
‘ [ (N)-LAYER
(H)-PDU [(1)-PCI | (H)-USEF DLTA

Figure 5: Mapping Between Data Units in ‘Adjacent Layers
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2.3 A LOCAL AREA NETWORK ARCHITECTURE

Network architecture assists in providing a uniform
framework for communication within a heterogeneous computing
environment, and is described by a specific sef of 1éyers
each of which .performs well-defined functions, :Some of
these functions are : |

1. data transmission,

2. data manipulation (reformatting),

3. detection and recovery from transmission efrors;

4. designation of boundaries between data sets, and

5. address recognition,

The problem of défining‘the specific set of layers in a
network architecture, and of determining the boundaries
between the layers (i.e. the partitioning of function), is
fairly complicated. Therefore, instead of designing a
completely new network architecture, the International
Standard Organiéation's (150's) Refefence Model of Open
System interconnection (0SI) 1is used as a guideline for the
development of a local area network (LAN) architecture. It
should be noted that the OSI architecture is mainly intended
for describing long haul networks. As such, some of the
functions ascribed to certain layers in the 0SI architecture
would not be efficient enough -in the LAN envirnoment, This
is especially true for those layers thét are concerned with

the use of the communication subnetwork.
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The 081 architecture is_made\up}of,sgvenAlayefsﬁ[iI],"'as
shown in Figure 6 . Not all syStemsrin the OSI architecture
provide initial source or final destination of data. When
the physical media do not 1link all s}stem -directl&, ‘some
systems act only as a relay system by passiﬁg'data to other
systems. Without éxpléining how these‘seven layers were
chosen, the purpose of each layer is briefly described in

Appendix A.

LAYER 'SYSTEM A ° SYSTEM B

APPLICATICK

PRESENTATION]

SION

ST.“

)

THANSPORT RELAY SYSTEM

NETYWORK

DATA LINK

PHYSICAL

o ‘ PHYSICAL VEDIA

Figure 6: The OSI Architecture

A list of services and functions for each of the seven
layers 1is given 1in Appendix B. These functions can be

roughly classified as processing-oriented functions and
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communicétion-oriented functions. . The processing-oriented
functiéns are concerned -with the ability of two systems to
exchange iﬁformatién and to understand it.. These functions
are fopnd in the Application, Presentation and Session
Layers. The communice;ions—oriented_functions a;‘performed
by the Transpert, Netwg}k, Data L%hk and Physical Layers are

concerned with the use of the communications subnetwork in

transferring information between two systems.

The local® area network (LAN) architecture evolves from
the OSI architecture. Since local area networks éré but a
class of,network systems, the unique network characteristics
will certainly impact those layers that are concerned with
the use of the communications subnetwork. By examining the
functions performed by the Network Layer as described in
Appendix B, certain functions appear to be irrelevant in the
LAN environment; ‘s for example, the functions of routing and
relaying. Unlike long haul networks which émploy
sophistisated routing functions; local networks have a very
simple féuting function because there 1is no way to
selectively route a message in a bus or‘ring networks. In
fact, this type of routing, which involves only adjacent
systems, has been takén care of by the Data Link Layer.
Therefore, functions of the Network ﬁayer which appear to be
irrelevant for the local network may be omitted. Other
functions such as error detection and recovery become

redundant since they could be performed by the Data Link or
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‘the Transport-Layers. As such, the Network Layer could be  °

excluded from a DAN érchitectu%e.

Figufe 7 shows a possible architecture for local area’
networks. It ‘consists of six layers which are .simif§r té
those defined in the OSI architecture. The Datafﬁink Layer,
which is of particular concern in this désign, consists of
two sublayers:‘ . logical 1link control and ﬁedia' access
control. The logical link control sublayer provides thé
usual data link prétpcol functions of framing, addressiﬁg
and formatting in a form which 1is independent of the access
mechanism, topology and physical media in use. The media
access, control sublayer which is topology-dependent
specifies the techniques used in accessing the physical
media. Presently, the two popular access techniques are :

1. Carrier Sense Multiple Access . with Collision

Detection (CSMA/CD) fl2], which allows stations to
contend for wuse of the physical media and schedule
retransmission for the collided packets;

2. Token Passing [13], which is a mechanism whereby each

| station, in turn and in a predetermined order,{

receives and passes the right to use the physical

media.

CSMA/CD is applicable only to the bus topology networks, but
Token Passing can be used on bus or ring.
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Figure 7: A.Local Area Network Architecture

The aboveJ/ LAN architecture does not consider the
intercdﬁﬁection of ne;works. The discussions of LAN
interconnection may be found in {2][36]. Of course, the
removing of the Network Layer from the LAN architecture will
make the Transport Layeﬂ. dependent on the 1link level
[371138]. This is especially true on the data segmentation
performed by thé Transport Layer. Since the Data Link'Layer
does not provide data segmentétion, every data unit provided
by the Se€ssion Layer must be segmented into a predetermined
size impased by the link level. Other studies on the LAN
architecture which includgd the Network Layer may Be found

in [39][40].

'3 r
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Chapter III o _ l -

DESIGN CONSIDERATIONS FOR THE TRANSPORT LAYER

-/
3.1 INTRODUCTION

In the previous chapter,-a layered architecture for local .
area networks has been discussed. This architecture is made
. r -

up of six layers, each. of which provides a certain subset of

~services to the overall set of network functions, As one of

the six layers,‘ the Transport Layer exists to prdvide a
reliable and efficient.end—to-end data delivery service
between session entities. Throughout the remainder of this
thesis, the discussigns will be concentrated on the'design

of the Transport Layer for lccal area networks.

Figure 8 shows the structure of the Transport Layer and
the relationship beﬁweén it and itslaajaéent' layers. The
Transport Layer requires a set of services provided by the
Data Link Léyer: so that it could in turn offer a set of
services to the Session Layer. '-Obviously, a description of

the Transport Layer should include the following elements

[11]: (1) the services it provides to the Session Layer,

, (2)  the services it obtains from the Data‘Link Layer, (3)

the protocol which determines the interactions between the

. .transport entities, In this chapter, the discussion will

- 21 --
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focus on the_deéién congiderations for the Transport Layer.
This begins by looking into some design issues of the

- transport service, and ‘;hen follows by idéhtifyiné the
functions that will be used by :the transport'protoc&l.

-

SESSION SESSION ' SESSION
. LAYER ENTITY ENTITY

4p

SERVICE PROVIDED

BY TRANSPORT LAYER

TRANSPORT <4FRANﬂMfT‘ TRANSPORT|

TRAKSPORT ENTITY PRoTococ | BHTITY
SERVICE — \ |
PROVIDER | VI HeeUTER

DATALLINK LAYER

PHYSICAL LAYFER
PHYSICAL MEDIA

Figure 8: The Transport Layer Structure

3.2 DESIGN ISSUES OF THE TRANSPORT SERVICE

The primaryrobjective of the transporf service is to
provide data transfer between . séssion entities, and to
relieve fhese entities from any concern wilh the detailed
way in which efficient and reliable transfer of data is

achieved. The transport service shall be transparent, in

other words, it should not impose any restrictions on the



content, format of coding of user information, nor should it
need to understand its‘struﬁture'or ﬁeaning. The transport
service is usually descfibe& by a set of service features
[14]. These seryiceE features are derived from user
reguirements and can be classified into two major

categories: type of service and grade of service.

3.2.1 TYPE OF SERVICE

Basically, the two types of service that could be offered
to a session entity are the connection-oriented service and

the connectionless service [15].

A connection-oriented service provides the session
entities with the means of establishing and terminating
transport connections. These connections. are offered as a
service by the Transport Layer, ' so that information may be
exchanged between session entities. In the following'
discussion, communication on a transport cennection is
assumed to be full-duplex and each connection’ haé only two
COnnection—endpoints. A transport connection has to pass
through ' three phases which are distinct to the session
entity: an establishment phase, a data transfer phase and a
termination phase. Before a data transfer phase could
begin, the three parties (namely the two session entities
that wish to communicate and the transport service provider)

o

“must first agree on their mutual willingness to establish a

R
LS



connection., There is no possiblity of data transfer through

an unwilling service to an unwilling partner. After a

connection has been established, the. three parties must .,

continue to agree on the acceptance of each other's data
units transferred over the connection. ‘A graceful
" connection termination should not interfere with the usual

orderly transfer of data.

A connectionless servi rd&ides.session entities with
- the means of conveying data units without establishiné;
maintaining and releasing a transport connection. ~The ﬁost
visible characteristic of connectionless sefvi e toward a
session enti£y is the single serviéq access. In other words,
all the 1information required to ‘deli%er the data is
presented to the transport service providett\satcnq’wiih the

data, in a single interaction that is not related in any way

to the prior or subsequent interactions. Unlike the_

connection oriented service, wvhich regquires - the
~establishment of a three-party agreement, the connectionless

service involves only two—party‘@greement. For each data

—_—
—_

ltransfer,l individual agreeméntxﬁetween each session entity
and the transport service provider is required; but there is
no agreement between the involved session entities. Typical
examples of connectionless service are: (1) transaction
. service,h‘which entails in sending a data message from one“
_sessipﬁf%ptity to another; (2) broadcast service, which

allows sending a sihgle data mesSagé to all listening

G

C



session entities; and (3) multicast service, which permits
sending a message to all of a specified list of session

entities. T . ¢

In this design, the Transport Layer shall provide only
‘connection-oriented service. The reasons for selecting this

‘type of service are as follows.

First, ‘;he connection-oriented service requires that the
£w$ cgmmunicating session entities and the service'prbvider
are bounded by an agreement which they héve reached dﬁring
the egtablishment phase. This\ agregpent permits  them to
reserve a - set of resources {such as buffers and programs)
for their exclusive use throughout the 1lifetime of their
associations, so0 as to maintain orderly communication and
status information. If each party must allocate resources
that reguired to carry out data transfer operations,
negotiation provides opportunity to  scuttle the
establishment of connection if the resources that would be
required to support it cannot be obtainéd. This negotiation
ptocess also allows a variety of access-control, securi:;$\~
accounting, énd‘{q§ntity—verification to 'be carried out to
establish the willingness of the three parties to
communicate. In addition, when more than one protocol is
defined for the Transporf Layer, thé negotiation process
provides an opportuni%y to select the one best suited to the

current circumstances.

...-25.-..
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Second, once a connection has been established, it may be
used to transfe; suctessive data units umtil the conneétion
is released. Thes; déta units are related to eacﬁ other
simply by virtue of being tréhsferred in the conte;f {of a
particular connection. éince data wunits transferreé Qver a
connection are related, out-of-sequence, missing and
duplicated data units can easily be detected and recovered.
The data unit relationship mainfained by @ connection also

enables the wuse of flow control technigues to ensure that

the peer-to-peer data transfer is synchronized.

Third, transaction service can be easily integr;ted into
a connection-oriented service [17]. This could be done by
beginning the -three—party handshakes for connection
sestablishment and termination in the single segment, which
will also contain the user  data. The transport interface,
which usually involves severai interactions in the case of .
the connection-oriented service, could be easily extended to
allow such a transaction erm\a_ single transport service

request. , ' T

One of the reasons for not selecting} connectionless'
service is that the service provides no negotiation between
the involved entities. Since no agreement needs to be made
between a pair of session ‘entities before data units can be
transmitted between them, no buffers or other resources are

reserved, If a data unit arrives at a session entity that

_26_
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has nb'resoupcés for buffering the incoming.information}’ or
if'the_ entity is busy due to some reasons, the . data unit
will be lost. On the other hand, a data'uhit transmitted by
connectionléss éeryice is completely wunrelated to any other
data units. This data unit indepéndence .implies that a
seriesJ of data units handed one after‘ another to a
connecﬁionless'servicehfor delivery to destination will not
necessarily be deliveredl.to_the destination in that order.
In order to provide ‘a reliable\transport; service, the
Transport Layer requires more complex procedurég for
-transmission . error recovery and floﬁ control = etc..
Eggggn£ky{/- the cdnnegﬁionless service is not as "Wiaely-
understood as the‘conngctioﬁ—oriented service in terms of
providing reliable servicef This is ‘especially true with‘
respect to broadcast and multicgst service, since the usual
acknowledgement scheme becomes unpalatable when a single
broadcast or multicast would c;use hundreds or thousands of

acknowledgements [16].

Another reason for not selecting connectionless service
is that the service represents a greater overhead for each
transmission, Data wunits transmitted using‘connectionless
.service are entirely self-contained. All information,
required to transmit the data unit must be included in each
transmission. Therefore, the corresponding layer average
data unit size usually represents a greater overhead for
each transmission than 1is incurred during data transfer
phase of a connection. |

_27_
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Because of the above —reasons, the conneqtion—oriented "
service is chosen in this desﬁgn, with the recognition that
the transaction service is the most desirable of the

additional features.

3.2.2 GRADE OF.SERVICE-

The deliverji.of“déta by the traﬁsport ‘service providéf
should 'agree with the grade _bf service regquested by the
users. In general, this grade of service would define
acceptable error and loss levels, desired delay, priority

levels, security and other considerations.

Different grades of service are meaningful to the users
of an unreliable Qubnetwork who.are willing to accept an
unreliable service at time/cost savings-zﬁ@;‘return for
dispensing with the extra processing pefformed by the
Transport Layer., This 1is especially true in long haul

networks where transmission‘costéb'and pfopagation delay are
‘high; However, geographic restriction permits local
networks to ufilize low-cost but very high-bandwidth
" transmission media. Inexpensive interface devices are
usually used to connect each of the hosts to fhe
transmission media. As such, the cost'of;transmitting data
in a lbcél network is low combared with the cost of the
hosts themselves. On the other hand, high-speed data

transmission in a small geographic area results in an
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insignfficant.propagation delay. Therefore,. in local area
networks,l transmission cost and network delay should not be
the factors that ‘will‘affect the transport user's decision
in requesting a particular grade of service. As a result,
the transport users may request grades of 'service according
to the types of application. For example, file transfer
requirés a grade of Serviceuthat defines an error-ffee and
in-sequence delivéry with some network delay. However; in
the case of real—time;voice communication, because of the
reqﬁired timing constraints, it is better to accept small
levels of errof and loss in the transmission than to wait

for retransmission of an entire message.

In this design, the Tfansport Layer will provide a
reliable, sequenced service in which messages could  be
transmitted at two different priority levels. These two

levels of service are norqal- and expedited data deliveries.
The expedited data delivefy is particularly-useful 1in the
situation where some data submitted to the transport service
provider may supercede data previously submitted; This
service allows transport users to 'exchange such
high-priofity information even when normal data flow 1is

temporary blocked.
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3.2.3 TRANSPORT INTERFACE

-

Transport interface_provideé the means for communication
between transport and session entities. The details of this-
interface are heavily ,depeﬁdent on .the 1local computer
environment, but certain properties of the interface must‘be
specified. In here two properties will be mentioned.
First, the transport interface should have a mechanism for
flow control. This will prevent session and transport
entities from swamping oné anocther with data. Second; a
transport interface , should allow the session entity to be
nétified of the unrecoverable error detected -by the
transport service provider.

-

3.3 DESIGN ISSUES OF THE TRANSPORT PROTOCOL

The transport protocol is a set of rules and formats
which determine ‘the communication behavior of traﬁsport
entities in the performance of transport functions. - Its
.main objective is to allow transport entities to provide
reliable transport service .requested by - the session
entities. To achieve this objective, the protocol must
invoke the necessary transport functions to bridge the gap
between the service available from the lower layer and those
to be offered to the session entities. The design of the
transport protocol begins by determining the behavior of the

Data Link .Layer and the services it provides. This is then



follbwed-by a discussion on the transport_{unctions required

to provide the reliable service.

Another area in protocol design is the protocol-
performance. : The two main aspects of protocol performance‘
are'efficiehcy and reliability [18]. Efficiency takes into
account the thréughput, deléf, ~ buffering fequi;pments,
overhead and other quantitative measures. Reliability, on
the other hand, is concerned  with the correct operation of
the protocol. in managiﬁg connections and transferiné-data,
In this thesis, _only the problems of protocol reliability

will be addressed.

3.3.1 THE NETWORK ENVIRONMENT

According to the LAN architecture defined in Chapter 2,
the nature of the Data Link Layer to which the Transport
Layer interfaces will have considerable impact on the
operation of the layer. This is especially itrue with
respect to the reliability of the Data Link Layer. If the
Data Link Layer provides reliable angd in-sequence data
delivery, then the Transport Layer does not require
errorlchecking and sequencing. Otherwise, 'the-Transport
Layer must 1itself assume the 'responsibility of making the
transport service reliable by perfbrming the hecessary

functions.
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- In this design, the Data Link Layer is.assumed to provide
' the following services [19]: |
1. a best-effort station-to-station data delivery;
2. transmission error detection; and , '
3. provision of means for transport entities to uniquely

identify their-correspondents.

In other words, the Data Link  Layer does not assume the
résponsibility for reliable data trangfer. Although each
data frame is‘protectgd;from error by a cyclic redundancy
checking error-detection-code, no acknowledgement is sent at
data 1link level for each frame correctly received.
Therefore,' the Transport Layer must assume the burden of

providing a reliable data delivery between session entities.
| o 5

Network characteristics al§o have an impact on the design .

of transport protocol. The low'transmissfon delay "'inherent

in LANSs, as igll as their high data rate; can eliminate the

; need for complex buffer managemént'and flow control. For
{ example, the receiver will not buffer the data which is out
of séquence. .AS noted in Section 3.2.2, bandwidth is
inexpensive‘in LANS. Therefore, there is.little motivation

to be concerned ﬁith protocol features designed to reduce

the size_of,the header sent witgleach message. This is in
contrast to”protocols developed for long haul networks which
assume that bandwidth is expénsive, Examples of ways in

which the extra header space can .be wused to simplify

processing include [20]:



1. Having a single standard header format withifiélds in

fixed locations, rather than haviﬁg optional fields

~0r multiple packet types. As such, field extraction-

.at  the host tan. be optimized, - thus reducing
processing time. | . |

2. Using . addresses that directiy translate into

addresses of processes at the receiver without table

lookup.

3.3.2 THE TRANSPORT FUNCTIONS :

{
As noted in the previous section, the Pata Link Layer

does not. provide reliable service. As such, the Transport
Layer must perform transmission error recove}y, duplicate
detection anq sequencing so as to ensure intact and in-order
delivgry. A flow control mechanism is needed to keep the
communication synchronized between transport entities.— fhe
Transport Layer must also provide a method for - session
entities to address their correspondents. Functions for
establishing and teﬁminating transpo%t connections are
required. Because of the limited frame size imposed in the
Data Link Layer, data segmentation 1is needed in the

Transport Layer. A discussion of these functions follows.
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3.3.2.1 ADDRESSING

-

Transport, addrgss 'is the means by which -transport
entities. uniquely identify their users (i.e. session
entities}. It  is also wused by the session entity to
identify their counter-parts. Figure 9 shows a common
configuratibn where a transport entity provides service to a
number of session entities. The transport entity 1is
uniquely identified by a host address provided by the Data
Link Layer.

SESSION SESSION -] SESSION SESSION
LAYER ENTITY ENTITY ENTITY
TRANSPORT TRANEPBRE—h -
ADDDESE 4 COMNECTION-
: sNPRTOINT
TRANSPORT THAVISPORT
LAYER LHTITY
3
_________________________ X

HOST ADDRESS

DATA LIHNK
LAYER
taan

Figure 9: Hierarchical Mapping of Transport Address

When a pair of session entities wish to communicate with

one another, the respective entities are reguired to know



™

each other's location (i.e. hﬁst addxess);" That 1is, a
transporé entity should be able to determine the remote host
address from a remote transport address given by its user. -
-~ Typical choiées for an addressing_schgme are;:
1. higrarchical address-mapp{ng, in which local names -
are concatenéted with a global address to form a

unique address; and
2. address-mapping by table, in which a defined set of
global addresses 1is distributed among all processes
to which network access is required, and the iocal
" system maps these global addresses ofto the

corresponding local names.

Since transport addresses (éeel Figure 8) ,are always
mapped into only gne host address, hierarchical %onstruction
' of addresses will be used. In this case, a transport
address consists of two parts: ‘a host address and a port
number., The hierarcﬁicél structure is shown in Figure 10 .
A transport address can uniquely identify a session entity
‘because the host address is unique within the network, and
the port number makes the transport-service-access-point
uniguely identifiable within the scope of the host address.
A hierarchical structire of addresses simplifies the
address-mapping functions because of the permanent nature of
the mapping it presupposes. Instead of keéping a list of
addresses '(e:g. address-mapping by table lookup), the

hierarchical  address-mapping functions require only to
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recognize the hierarchical structure of a transport address
and extract the host address it contains. Thereforé,- this
addressing séheme provides the means for each station to use
addresses that directly translate iqﬁo: pddrésses “of .,

processes at the receiving end without table lookup.

'Since more than one comnection. are possible for a given
pair of trdnsport-service-access-points (TSAP), local

A\

identifiers are(.introduced to distinguish among these
connection-endpoints within a  TSAP. A ' transport-
connection—endpoint4identifier (TCEP~-ID) may be used to
uniguely identify each of these connection-endpoints within
a local area network. In this case, a TCEP-ID eonsists of a

transport address and a local identifier as shown in Figure

11 . - -

In this design, the service provided by a transport -
entity through a TSAP is identical to the servie provided
through another TSAP. Therefdre, it is sufficient just to
describe the operation at a particular TSAP. The transﬁort
and the session entities of th; same systém communicate with
one another through the wuse of 1local identifiers, A
transport entity identifies a transport connection by
referencing the local iﬁentifiér at the local

connection*endp&fq& and the _TCEP-}D at the remote

.

connection-endpoint. -
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Figure 10: The Hierarchical Structure of Transport Address
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Figure 11: The Hierarchical Structure of TCEP-ID
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3.3.2.2 "4CONNECTION ESTABLISHMENT AND TERMINATION

| Tﬁe connéétibn'establishment‘ functions are reépogsjblé
for setting ﬁp trénsportr cqnnections ~ between session
entiti¥es. These functions include the selectién of local
idéntifiers,: ‘the '.initialization‘ of sﬁate variable’s

associated with the connection and the mapping of transpo’f‘:>

addresses onto host addresses.

Eacﬁ; franspbrt entity is responsible for selecting a :
local identifier to form a TCEP-ID which the partner will
use. This mechanism is symmetrical and therefore avoids the

need to assign a status of master or slave to partners and

“svo0ids call collision. - This. mechanism also provides

identification of the transport connection. ‘i

-

The cénnection termination function 1is used to provide

both 'graéeful and non-graceful release of transport

connection, regardless of the current activity.

3.3.2.3 TRANSMISSION ERROR RECOVERY

The -Tran;porﬁ Layer .employing an wunreliable data 1link
serVice must ensure that data :accepted for delivery is
delivered correctly within the desired grade OF: service,
Transmission ‘érror recovery is required to,guarantee the
integrity of each -data units delivéred. Thisl mechanism
consists of thrée functions: error detection,

acknowledgement and retransmission.

1
b
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The first step towerds transmission .error Eecovery is
error detection. ! SiAce the Data Link Layer‘proﬁides error
checking service, the TQransport Layer hay use this service
instead of performing its oeh .error -detection.i If a
transport-protocol-data-unit (TPDU) is received correctly, a
positive acknowledgement may be returned to the sender.
This acknowledgement provides a positive confirmation to the
sender that the TPDU was received without error. The error
recoGEry is do;e_bf means of a.timeout. A TPDU transmitted
starts a timer, and‘if a peSitive aCknowledgehent is not
received * before the timeout occurs, the TPDU is
retransmitted. If a positive ' -acknowledgement. is not
received‘afterhsome number of retransmissions, the sending
transport entity may take some special actiens, such as to
close the connection and to notify_ the session entitiee.
Detailed discussions on the procedures for acknowledgement.

and retransmission is given in section 3.3.2.5.

3.3.2.4 SEGMENTATION

All packet-switching systems-impoee a limit on the packet
size they can transmit. Thus every
transport—serviee—data-unit (TSDU) provided by the session
entity must be segmenﬁed‘ into sets of sequential TPDUS
'before being transmitted. Since the Data Qink‘ Layer does
not provide data segmentation, the TPDU size ﬁuet not exceed
the data unit size imposed by.the Data Link Layer. In this

—
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design, ° the . transport 'protocbl shall provide a

ks

-

record-oriented service interface to the session. entities
[18]. With this interface, the session entity has a means
‘of signalling logical breakpoints in the source of data. The
transport protocol -conveys this informatigpywhen it’déiivers
the TPDUs. 1In-this case, a breakpoinﬁ {;aicates the end of
a. TSDU.

3.3.2.5 - DUPLICATE DETECTION AND SEQUENCING

Retransmission until posit%ve aéknowledgemeﬁt is received
guarantees that every TPDU tr;gémitted has been received by
the receiver, Whenever an -acknowledgement is lost} a
.duplicated TPDU will be retransmitted t; thé receiver;m
Therefore, the transport protoco%,muét have a means pf'
differentiating nggtween auplicapegk ahd new TPDUs at thq

receiving end.

This mechanism‘consists of an unique identifier attached
to each TPDU by the sender. At the receiving end, the
protocol,.must keép track of the TPDU identifiefs it has
successfully received. The identifier of each received TPDU
is checked. againét this information and appropriate action
is taken. Identifiers are normally assiéhed sequentially by
the transmitter and play a role of both an unique identifier
and ,5' sequence number. Using seguence ‘numbers - for

identifiers allows the receiver to .remember a single number
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which identify the TP?U and all its predecessors which have
" been received.: In this design, a receiver wili not
aéknowledge for every TPDU it has received correctly. The

acknowledgement is sent only at the request frdm the sender.

In this  case, only the transmitted TPDU which contains a’

requesﬁ for acknowledgement shall start a timer at the

sender. If a positive acﬁhowlgﬁgement is not received
before a-timedpt, the TPDU is reﬁraﬁsmittéd. If a TPDU is
detected to be a duplicate at the receiver, it will be
discarded. on thg other hand, if a TPDU is received out of
~order, it will also bé discarded but an acknowledgemént
which indicates the expected TPDU sequence number will be
sent. The sender shall retransmit the TPDU indicated by tﬁe

expected TPDU sequence number.

3.3.2.6  FLOW CONTROL

Mechanisms that limit the rate of ‘information transfer

fall under the category of @ flow control. Flow control

~

permits wmore efficient. use of network resources while

avoiding buffer overflow at the destination. = At the

transport level, ususally it:is .the receiver who wishes to
limit the activity of the sender. An effective flow control
mechanism for the transport ‘protocol is based on granting
'credit' for transmission. The receiver grants credits for
a number of TPDUs to the sender so :that-both- sides kﬁgx

exactly how many.fPDUs will be exchanged.

ok
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Credits may be passeg from receiver to sender’ in a
special control TPDU dedica;ed to that purpose. Credits may
be expressed relative to the sequence number of TPDUs [5].
The number of credits provided by the receiver is f}equently
called the WINDOW SIZE, “Thed receiver indicates the window
éf acceptable TPDUs by specifying the low séquence'number
and Fﬁe number of TPDUs beyond it that the sender is allowed

to transmit.

A window-based flow-control mechanism may be implemented'

ﬁfficiently by using the ackgowledgement sequence number

both for error-control and flow-control purposes. This-
number then provides an acknowledgement - for all
lower-numbered TPDUs and 'the base for the window size
infor;;tion. It is iﬁportant- to note that acknowledgement

gor érrdr—control purpése is not identical to granting new
flow-control credits. =~ A TPDU'may be. acknowledged without
g;anting new credits by advancing the acknowledgement
* sequence numbef and 'Tpduciﬁg ‘the window size N\by a
corre;ponding amount. Neﬁ credits may be Qranted without

acknowledging any TPDU received by incréasing the window

size but leaving the ackqowlédgement sequence unchanged.
i i

3.3.3 I_SSUES IN PROTOCOL RELIABILITY
Several kinds of potential protocol ‘'traps' in® packet
i.

communication systems are deadlocks, message ping-ponging,

™
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unspecified recebtions and nonexecutable interactions. .
[21][22][23]. A deadlock coﬁdiFion arises ‘when two
communicétion .entitiés wait indefinitely for the qfher
either to complete or fo initiate an actio;} A message
ping-ponging condition occurs when two éommuhicdtidn
entities are in a loop such that, upon reéeiptLof a message
ffom one entity, the other responds wiﬁh‘umesgage-whicﬁ in
turn causes the first ‘to Eepeat ‘its own message. An
dnspeéifjed reception occurs wheh a _reception thaf can take
place 1is not specified in the design. A nonexecutable
interaction is present when a design includes message
transmissions and receptions that cannot occur under normal

operating conditions.

These types of protocol traps are the result of
deficienciegr in the design of communications procedures.
When they occur, the throughput between two communicating
entities becomes effectively.ze:o. Therefore, if possibie,‘
they should be prevented in the design stage by defining the

protocol in a wéy that they'wi;l not occur,

One of the possible causes of protocol trap is due to the
existence 6f certain"héme states' in the protocol. Such a
state may be the 'steady state' of the protocol after
initialization, or it may ?e ‘used for error récovery after
failure. Therefore, it is critical that they are reachable

from all system states that are reachable from the initial
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stafe. As a résult; there exists a loop in the state
transition diagram, starting at a home . state and heading
back to it. If this loop is not properly designed, then the
execution of the pgétocql will not produce any useful
~results, During the désignsl a technique of pérturbation
t22] based on a reachability analysis was used to detect
design errors due to deadlocks, message ping-ponging,

unspecified receptions and nonexecutable interactions (see

Appendix C).

Some of fhe deadlock conditions tﬁat could be encounteréé
in this design are: (1) loss of control information during
transmis#ion, (2) zero flow control windows, and (3)
interéétion between window size and fragmentation. They are

discussed as follows.

The first condition isuthe ,loés of control information
during transmission. When a transport entity sends a
command to another  entity, it is committed to the
interaction.' Therefore, the sending entity needs to have a
timeout arrangement to prevent being locked in case thé
command is lost or the receiver is not ready. Also, .the

~number of retransmission attempts must be limited.

. ! .
The second condition is the zero'flow control windows.
Consider a system employing a window-based flow-control
mechanism as discussed in Section 3.3.2.4, "In this case, it

is possible for the receiver to expand or shrink the window

_44_



size dynamically,. 'accordiﬁg to its williﬁgneés to provide -
buffer sﬁace.‘ In particular, when<tﬁe receiver is unwiiling'
to accept data, it can reduce its window size to zero. When
the window is closed, a deadlock can arise. The problem .is.
- how to reopen a window of size zero. To handle this,. the
sendgr may use a special command to request credit." At the
receivgf, this command is handled immediately without fegafd

for flow control restrictions.

The third condition 1is the interaction between window
size and fragmentation. When the length of a
transpo;t-éervice—data-unit (TSDU) exceeds thé maximum size
of a tfénspdrt-protocol~data—unit (TPDU), the TSDU has to be
fragmentated into set of* sequential TPDUs for transmission.
Suppose that the window-based flow~control mechanism is used
and that’the number of TPDUs 1in the.TSDU exceeds the window
size. | That is, the TSDU length eﬁceeds the product of TPDU
size and window size. Then, - after the sender has-
transmitted a number of TPDUs equal to the window size, it
has to whit for én acknowledgement from the réceiver before
further transmission can proceed. . Consider the scenario
that a TSDU is not processed by the receiéer, e.g. an
acknowiedgement is not generated, until after‘the "TSDU is
completely received. In this case, a deadlock occurs since
the sender is waiting‘ for an . acknowledgement in order to
continue sending the remaining TPDUs. To prevént this kind
of deadlock, intermediate processing of the partially

3
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received TSDU should be allowed to proceed,. so that vy

acknowledgement can be returned to the sender.
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Chapter 1V
DEFINITION OF THE TRANSPORT SERVICE

4.1 INTRODUCTION

PR

The transport service 1is usually defined in an abstract
manner in the sense Ehat it describes the types of command
and their effects,‘ but leaves open -the exact format aﬁd
mechanisms for cdnveying them [24][25],-gﬁln practice, Ehése
formats and ' mechanisms ére éreatly,‘affected by 1the

properties of the local system environment. Therefore, they .

are considered as a matter of local implementation‘and‘will

not‘be discussed here.

The definition of the transport service presented here is
in terms of transport service primitives. These service
primitiveé, ~each of which represents a single interactioh,-
describes the operation at the transport 1interface through
which the service is provided; Service primitives are
defined conceptually, wvhich means i“they would not be
prescribed a syntactical realization. However, parameters
that are vital to the operation should be specified. The

execution of transport service primitives is associated with

‘the exchange of parameters between the transport entity and

the session entity. This execution of service primitives

_47_
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-must also confaorm to. a.predetermined order to render the
- service meaningful‘to the users. A se;viée primitive should
be defined in terms of: ‘
1. the specific task it performs,
2. the parameters associated with‘thé'interaction, and
3. tﬁél;dentiﬁy_of the party (i.e. the service provider

or the user) that initiates the interaction,

The transport service ‘primiﬁives and the parameters
applicable to the connection;oriented‘ service are presented
in Table 2 . These service primitives provide the
communicafihg session entities with the means to :

1. establish a connection,

2. trahsfer data,

3. transfer expedited data;

4, control\tﬁerflow of datea,

5. terminate a connection, and

6. reset a connection.



TABLE 2

Transport Service Primitives

PHASE

SERVICE PRIMITIVES ™~

PARAMETERS

CONNECTION
ESTABLISHMENT

T _CONNECT Request

LOCAL IDENTIFIER
CALLED ADDRESS
USER CONTROL DATA

T_CONNECT Indication

LOCAL IDENTIFIER
CALLING -ADDRESS
USER CONTROL DATA

| T_CONNECT_Response

LOCAL IDENTIFIER
CALLING ADDRESS
USER CONTROL DATA

T _CONNECT_Confirm

LOCAL IDENTIFIER
CALLED ADDRESS
USER CQNTROL DATA

T _DATA Request

LOCAL IDENTIFIER
USER DATA

T DATA_Indication

LOCAL IDENTIFIER
USER DATA

i

T_EX_DATA Reauest

OCAL IDENTIFIER

USER .DATA

D SPER T EX_DATA_Indication AL op TTTLER
T_EX_DATA;Respdnse LOCAL IDENTIFIER
" | T_EX_DATA_Confirm LOCAL IDENTIFIER
'T_PURGE_Request LOCAL IﬁENTIFIER;
T_PURGE_IndicatiBn LOCAL IDENTIFIER
T DISCONNECT Request ﬁggchgggggiﬁ%ﬁgx\
CONNECTION -

TERMINATION

T _DISCONNECTION_Indication

LOCAL IDENTIFIER
REASON |
USER CONTROL DATA

j 49 -
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4,2 CONNECTION ESTABLISHMENT-SERVICE

S
The.dénneétion establishment‘service:provideé the session
entitie; with' the means of establishing . a transport
coﬁnection. Four tréhsport.serviéé"primitivés are used to’
describe . this service: - T;CbNNEdT;Request, T _CONNECT_
Indication, T_CONNébT_Response, and T_CONNECT_Confirm. The
order _in which ‘these- Eervice primiﬁives are invoked to

establish a transport connection is shown in Figure 12 .

TRANSPORT

USER - ISERVICE PROVIDER © " USER
T_CONNECT;Request
‘-\\-.;--—-_ —
) T~~~ _|__T _CONNECT Indication
T_COMNKECT_Response

_——
——
—

T _CONWHECT Confirm —— -

'Figure 12: Connection Establishment Service
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When a session entity wisheé to establish-at transport
connectibn with a remote session ehtiﬁy,l it will invoke the
connection EStablishmént ) se:vicé by paséiné ‘the
T;CONNECT_ReQUest  to the local transport:.entity.‘ This
request is‘then sent, in a dﬁffgrent form,  to the called

station. T_CONNECT Request may convey the following

4

information:

1. a local ideﬁtifier, which will be used by the local

. transport and session entities to identify - the
connection; | . .

2. the called transport address, which is the remote

session entity addréss; and
3. a  limited amount §f optional session control
| _information which is considered to be a compleﬁe

transport-service-data-unit.

As a result of the request bf the calling session entity,
the‘called séssion entity receives the T_CONNECT_Indication
from the corresponding transport -entity. .This service
primitive contains a local identifier, the calling transport

address and, if any, the control information of the calling

session entity.

1f the called session entity wishes to participate in
establishing the ° transport épnnection, it will then.
acknowledge the. corresponding transport entity with the

T_CONNECT_Résponse. At this -point, the called session



;enfitf is‘inlthg data’ transter. phase q%thbuéh'thq connection
establishment is’ ‘mot yet. completéd.' ~ The péramete;s
aésociaped with this ‘service primitibe--areﬁ(l) the }ocal
identifier.,r which' is th; <same- ‘identifiéq ‘used  in
TJQQNNECT;indication, (é) the calling transport address, and

(3) a limited amount of optiomal- control 'information_

belonging to the called session entity.

| Upon receiving the'?esponse from the called.stationji the
'calling éession__entity will be informed by. the local
transport entity through the use of the T_CONNECT_Confirm.

The connection establishment is now completed; with the

_calling_ﬁkaﬁ%pbrt entity 1in fhe data trénsfer phase, The “
T_CONNECT_Conf?rm_may contain the samé local identifier used
in T_CONNECT_Request, the called‘tfaﬁsport éddress'and, if
any, the control information of the called ses§ion entity.‘ .
So far, only ideadl connection  establishment has been
discussed. . ;t‘ is possible, however, that a connection | .
rgqugst‘frbmf a.sessi§n.entity ' could be rejected either by, .\\
tNe transport service ﬁrovider or the.remoté seésion‘entity
. for a number of réasons, e.g. a 1ack ‘of resources. The
discussion of these issues will be presenteé in Sectién 4.4} -

’ .
% 2 :
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4.3 -DATA TRANSFER SERVICE

Whgﬁ a;tranépoit conhéction-ié'establiéhed, it represenfs

" a twb-waf.simultaneous_ data‘ggth_pro§ided for the éxchange

of tfanspdrt;service;data-units. " The data.transfgf service-

is offered to the attached sgssion entities for as long as

the transport conneétion exists. Tﬁe‘participating service

%primitivas‘in the data transféf services can be grouped into
the following three areas:.“ | l

1. Normal transfer service{ ’ T_DATA;ReqdeSt and |

| _T_DAfA_Indication. - |

20 Expedited - transfer serv1ce.' T_EX DATA'Request;'

T EX DATA_Indication, 'T_EX_DATA _Response and T _EX_
b .") . Y

DATA Confirm. )

3. Purge . s¢r§ice: T_PURGE_Regquest ~ and
T_PURGE_Ipdication. '

4.3.1 ' NORMAL TRANSFER SERVICE

The transport ’ service p}ovider_ 'del{vers- transpgrﬁ—
service-dataJuqits‘(TSDUs) in the same ordet {in which they.
were -submitted by -fhe session'entity; from one ena of the
ff}ansport.c§nnection to the. other. The serv1ce prov1der‘
does not l1m%t the size of" TSDUs. 'éééh TSDU has a distinct
beglnnlng and endlng wh1ch are known to each local transport

entity. A transport serv1ce/§ata un::jfﬁﬂ be transferred
" across the traﬁgpgft interfé&e in one~ or more ‘sepafated
BRI & a . R -

!

':53f



trahsport—interfaoe-data-units'(TiDUs) } as illostrated in

‘Flgure 13 . The size of a TIDU 1s not necessar1ly the same

at  each end of the trans?,oonnectlon, - but. each .TIDU
v

]

contains a 'service primiti together‘with.éits assoc1ated

. parameters. Flgure 14..shows ‘that elther session entity may

ﬂ | ‘initiate data transfer by sendlng T_ DATA Request to the

d" correspondlng transport entlty. As soon as the data arrives

“at the receiving statlon, the - local session.ehtity‘will be‘.

informed of the incoming = data through the use of
T_DATA_Indication. Local indentifier.ano user data are the

» .
parameters associated with each service primitive.:

Flow cohtrol exists at ‘both_transport interfaces, It
regulates the rate at which transport—interface—data .are
passed between a session entity and a transport entity. It
is hsually used to reduce congestioh at the local transport
~entity. At the same time it may also prov1de synchronizaion

between a send1ng se551on entlty and 'a receiving session

entity.ﬂ-W1th synchronlzed data transfer, a session entity
. -can dgnamlcally control the rate at which it receives
transport—ihterface-data., This flow control condition may
eventually be propagated to the remote transport ioterface,
.oso as' to control .the rate at .which the senoing transport
entﬁty )wiil accept transport-interface-data from the
corresponding session entity. when the transport service

provider delivers TSDUs, it is assumed by  its users to

provide a reliable data delivery. Therefore, acknowieHgment
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. T_DATA_Request

W
[l

/

'T_DATA_Indication

—

T

TRANSPORT

SERVICE. PROVIDER

—_—
——
——

USER

T_DATA_Indication

—

T_DATA_Resuest

le—"

‘Figure 14: Normal Transfer Service

of a

users.

errors from which the transport service provider can

recover.

successful delivery_ of TSDUs is
communication between the transport service provider and

Session entities, however, should be notjfied of

This\ could be done through the use of

not required

in thel
its
the
‘not

the

connection termination service which will be discussed in

“Section 4.4,
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4.3.2 EXPEDITED TRANSFER SERVICE

- Expédited data transfer is 'aﬁ-additiohal form of data -
delivery which 1is not 'subjectr_to the normal data flow
control, -éhe order of executing the involved service
pr}mitives is illustrgted in Fiqure 15 . . The . expedited
transfer sérvice is inQOked when a session entity sends a
T_EX_DATA_Request to the, corresponding . transport entity
along with the parameters: " local identifier and user data.
As sobh as the expedited-TSDU arrivés at fhe :réceiviﬁg
station, the local session entity will be informed by the
local transport entity through thé | use of a
T _BEX DATA_Indication. The session entity will then
‘acknowledge tﬁis indication with T_EX_DATA_Response. As a
' reéult of the acknowledgement,-/ the sending session entity
'shall receive the T_EX_DATA_Confirm which indicates fhat the

expedited transfer has been completed.

-

User data, one of the parameters, usually contains -
session-level commands or reéponses and 1is considered to be
a complete TSDU. In this ‘design,' an expedited-TSDU mai-‘
contain up to 16 octets of information. It should be'Poted
that T_EX DATA Response and T EX DATA Confirm are -usea for

acknowledgement purposes "~ and therefore they convey only

local identifiers.

The flow control wused in the expedited data transfer is
fully controlled by the sender. A session entity 1is not

- 57 -



explicitly

T_EX_DATA_Confirm)

transmitted.

USER

T _EX _DATA Request

received the

‘ TRANSPORT
SET.VICE PROVIDER

— _
{
i
\
f‘
=X _D i ————
?_Eh_ ATA_CopfiEEL___ ]

*

Figure 15:

allowed to send the next expedited-TSDU until it has

acknowledgement (i.e.

for the previous expedited-TSDU it has

USE

,

[aa]

l_EX_DATA_Indication

T EX_DATA Response
e .

Expedited Transfer Service
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' 4.3.3  PURGE SERVICE

Thé purge service (available during 'the data transfér
ﬁhase only} is request;é _bf transferring T;PUREE_Requestm
across the transport interface. Upon receiving this
request, the transpoft “service provider will remove all
TSDUs, -including expedited-TSDU, on the transport'connection
and reset it to the predetermined state(' Then, ‘ the remote
session .en;ity will - be_ informed through the wuse of
T_PURGE_Indicatioh as shown in Figure 16 . of couse;' the
invocation of purge service will result in the loss Qf_

TSDUs. Therefore it is the~responsibility of the session

entities to provide the necessary recovery mechanism.

The purge service is usually reqguested in the fgilowing

situations: ' #

1.. ﬁﬁen a session entity wants to resynchronize with the
corresponding session entity and clear out all TSDUs
on the connection,

2. When there is a need to recover from a blocked flow

of normal TSDUs on the connection.
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Figure 16: Purge Service

4.4 CONNECTION TERMINATION SERVICE

Termination of a transport connection may be initiated at

the transport interface either by the session entity issuing’

a T_DISCONNECT_Request or by the local transport entity
transferring a T_DISCONNECT Indication acrosg the transport

interface. A transport connection may be tegminated in any

s . .
phase. Terminatlon of a transport connection may result in

aborting some current data transfers. Therefore, it is the

responsibility of the Session Layer to provide the means for
achieving ordérk& termination of a session before initiating

termination of the corresponding transport connection,

_60_
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Figure 17 -shows the interaction of the involved service .

_primitives in teérminating a'transport connection, Either

session entity may initiate termlnatlon of. a transport

3

coﬁﬁection. Upon fece1pt of a T_DISCONNECT Request, the

correspondlng transport entity will release the resource and

termlnate the connectlon 1mmed1ately w1thout making sure’

that data units submitted prlor to the T DISCONNECT Request

has been delivered to the remote entlty.

: TRANSPCZET
USER SERVICE PRCVIDER v USER

T_DISCONNECT Request ‘
-.-—--"’h-. s

-

Figure '17: Connection Termination Service

A T _DISCONNECT_ Indication will be issued by the 1local

transport entity in the following circumstances:

~

—_ T__DISCONNECT Indication
T - .
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' As a result of a T_DISCONNECT Request at the.remote

‘transport interféce, indicating that the cohneétign
termination is initiated by the gemote session
entity. |

Due to an unrecoverable error detected by the service
providef; implying that the requested serﬁiceAcan no
longer be provided. { |

In response to a-T_CONNECT_Request because of a lack

of resources.
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Chapter V
THE TRANSPORT PROTCCOL

5.1 INTRODUCTION

As-discussed in the earlier chapter, the Transport Layer
shall provide a reliable, sequenced connection-oriented
service in which messages are trahsmitted at two priority
levels. This ‘requires that the tranéport protocol must
provide the facilities needed for connection establishment
and termination (with error recovery), and data transfer
(with error recovery, flow control, segmentatioﬁ,
sequencing, - duplicate detectién, ‘purge and expedited
transfer). The description of a transport prétocol consists
of the following three elements [26]: | _
1. Syntax - the structure of commanas aﬁd. responses in
either field-formatted (i.e. header  bits) or
) charactér-string form.’
2. Semantics - the set of requests to be issued, action
to be performed, and responses to be returned by
either party.

3. Timing - the specification of drdering of events.

The execution of the protocol 1is associated with the

" exchange of commands and responses between the involved

.-.63.—
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tréhsportr eﬁtiﬁies; This transport;‘protocol;i which' is
concerﬁgd with reliability, is based on the following two
assumptions:
1, j%he executions of commands and responses, and fhe
;transfer of data within each individual system are
;fault éree. | |

2. i The ordét of transmitting the commands and responses

'
.

at a sender and the order of receiving them at the

receiver are the -same.

As the protocol is developed, detailed épecifiqation must
be ﬁrovided. The specification of the protocol using
informal techniques éan‘lead to ah‘ambiguous interpretation,

- and 'consequent}y an incorrect. §mplementation. " To avoid
misinterpretation, the Formal Deécription Technique (FDT)
developed by the ISO/TC93/SC16/WGI is used to specify the
transport protocol fogmallf. Detailed studies of the FDT
are presented in [27—30]; aﬁd examples of the wuse of this
technique in ébecifying computer netwofk_'protocols and

services may be found in [31]1[32].

In this'-chapter, the format and meaning of the commands
.and responses used in the transport protocol are first
described. Theh, an overview of the transport protocol-is

given. Finally, .a detailed protocél specification 1is

presented in FDT.

. - [
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' 5.2 FORMAT OF COMMANDS AND RESPONSES rJ

: !

This section describes the transport protocol commands

and responses, a list. of which is given in Table 3 ..

1. Connection Réquest_(gg):‘.:_THis éommand is -sent to the

‘called transport entity to indicate the desire of the

calling tranéport entity to establisp a transpoft
connection.. ‘ o |
STRUCTURE‘: See Fiqure 18
CODE : Co;nectién Request code (11;0) ’

CDT : Credit allocation (va;ue‘indicates‘ the maximum
number of TPDU of maximum size thaf the receiver
could accept) |

DST-ADDRESS ;iTransbort address offéhe called-entity'

DST-ID : 0000 0000 - o

SRC-ADDRESS : Transport add;ess of the calling entity

'SRC-ID : Local identifier of the transport connection'at

SRC-ADDRESS
DATA : Optional user control information (max. size = 80

octets)

L~

’

2. Connection Confirm (CC) : This response is used to

acknowledge the Connection Request if the called transport
entity is willing to participate in esLablishing the
transport connection.

STRUCTURE:Q See Figure 18

CODE : Connection Confirm code (1101)

g5 -
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o TABLE 3
. Pi:o't'ocol"‘" Commands 'a,n.d Responses‘ ‘
. COMMANDS AND RESPONSES ABBREV. CODE
CONNECTION REQUEST: * CR 1110
CONNE O CONFIRE & 1101
DIsqoﬁNECT ' DISC 0011
'DISCOHNEC%‘REGUEST‘ nR TG0
DISCONNECT COMFIR - e 1100
DATA TnﬁméfER DT 1111
EXPEDITED DATATRANSFER EDT ¢301
‘DATA.AQKNOWLEDGEMENT. ' }_, ACK . 0110
EXPEDITED DATA ACK EACK ° 0810
PURGE REQUEST ° PR 1010
_PURGE CONFIRE ' gle 1001
'CREDITAALLOCATION-HEépEST | 'cAg_ 0101
_CREDITf;LLOCATiON Aok - Can Cofnn
{
- 66 -
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Figure 18: The Structure for Connectlon Request and -
Connection Confirm

CDT--: Credit allgcation . ‘ _
- DST-ADDRESS :bTransport address of the calling entity ‘!
- DST-ID : Local identifier of the transport connectlon at

DST ADDRESS

SCR-ADDRESS Transporg'address of the called entity
S : . ¢ o : r ! . .
SRC-ID : Local identifier-of the trapsport connection at
SRC-ADDRESS .

DATA ¢ Opfiqnal user control information. (max. -size—= 80

LW

octets)

"



f:s

3. Disconnect (DISC) @ This response is Used by the called
transport entity - to reject the request for establishing a
£rahsport connection.

STRUCTURE : See Figure 19

N

CODE : Disconnect code (0011)'.

v

DST-ADDRESS : Transport address of the calling entity
DST-ID : Local identifier of the transport connection; at

DST-ADDRESS
_=J

SCR—ADﬁ%ESS : Transpoft‘address.of the called entit?
SRC-ID = 0000 0000 ' ' -
REASOQﬂ: 128 - Disconnect initiated‘By remote session
entity o |
129 - Disconnect initiaéed by remote traqg@ort
. entity - -
130 - Congestion at remote tranépdrf entity
- 255 -_Unknqﬁn_reéapn '

DATA"?;OptiOnal‘user control information (max. size % 86

octets)

4. Disconnect Request (DR) - This command 1is used to
indicate a'request for terminating a transport connection.
STRUCTURE : See Figure 19 |
CODE - : Discoqnect.Reduest code (100%) ‘
' DST-ADDRESS : T;énsport address of the receiving entity

DST-ID : Local identifier of the trangport connection at

-

_DST-ADDRESS - ﬁr
‘_SRC-AﬂéiESS : qupspbrt address of the sending enttty
— . - 68 - n
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"SRC~ID : Local 1dent1f1er of the transport connect1on at

SRC- ADDRESS . " I

L]

i REASON : See DISCONNECT (stc)

Co

DATA : Optional user control information {(max. size = BO

octets)

"0 T 7
CODE [ 0000

DST-ADDRESS

DST-ID

SRC-ADIRESS |

SRC-ID ' - o
REASON '

- DATA

E

Figure 19; The Structure of Disconnect and Dlsconnect
Request : .

:

5. Disconnect Confirm (DC) : This response is wused to
acknowledge the Disconnect R guest.
STRUCTHRE : See Figure 20

CODE : Disconnect Confirm code (1100)

DST~ADDRESS

Y
DST-ID : . See Disconnect Reguest (DR)
. SCR-ADDRESS : - '

N "~ 69 -
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SRC~ID :  "'ﬁ-' See Disconnect Requést {DR)

O . . . 7 '/_'” -
CODE | 0000 )

DST-ADDRESS

DST-ID

SRC-ADDRLES

SRC-IT

Figure 20: ‘The Structure for Disconnect Confirm

6. Data Transfer (DT) ' : This command indicates that the

transport-protocol- data-unit (TPDU) contains user data.
STRUCTURE : See Figure 21
CODE-: Data Transfer code (1111) L
DST-ADDRESS : Transport_addféss of‘éhe receiQihg entity
QST-ID : deal idéntifier of the transport connection at.
DSTfADDRESS |
« SEND-SEQUENCE (bits 0-5) : Sequence number of TPDU
it 6) : Request ACK - When set to ONE, reqﬁests Data

Acknowledgement from the receiving entity

« -

[T



H . - W
i . * '

¥(bit 7) :'End of TSDU ~ When set to ONE, indicates the

data TPDU contalns the last data unit of a

TSDU

DATA : Transport user data (max. size = depends- on frame

vsize)

L

7. Expedlted Data Transfer (EDT) : This commaﬁd indicate§
_ that the TPDU contains expedlted data. -
STRUCTURE : See Flguge 21
CODE ': Expedited Data Transfer code (0001)
DST-ADDRESS : _ _
DST~ID : . See Data Transfer (DT)M.
sgND—SEQUENCé (bits'O—S).: Sequence number of‘ekpedited
- TPDU
X(bit 6) : Not applicable, nominaily 0
¥{(bit 7) : Not applicable, nominally 0
DATA : Expeditea transport user data (max. size = 16

octets)

8. - Data Acknowledgehent (ACK) :'This response is used to
acknowledge the Data Transfer.

STRUCTURE ': See Figure 22

CODE : Data Acknowledgement code (0110)

CDT : Credit Allocation

DST-ADDRESS :

DST~ID : . See Data Transfer (DT)

-7 -
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0

CODE | 0000

DST-ALDRESS

DST-ID
SEND-SEQUENCE leY

DATA _ |

>~ ‘Figure 21: The Structure for DT and EDT

EXPECTED-SEQ-NUMBER (bits 0-5) : The next exﬁected

sequence number of TPDU

g. Expedited Datg Acknowledgement (EACK). : This response
is useé to:acknowledge thé Expedited Data Transfer,
STRUCTURE : See Figure 22 _‘
’ CODE : Expedited Data Acknowledgement code (0010) -
CDT : 'Not applieable, nominally 0
DST-ADDRESS : : 3
DST-ID : See Data Transfer (DT)
(EXPECTED-SEQ-NUMBER {(bits 0-5&}: Not apfilicable,

nomina¥ly 0

.—72_
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“CODE | CDT

DST-ADDRESS

DST-ID

EXP-SEQ-NUMBER | 00 |

Figure 22: The Structure for ACK and EACK

s .
10.  Purge Request (PR) '~ : This command is used to- request

’

the remote transport entity to flash all data and expedited.
data in both directions of the transport”connectibn.
STRUCTURE : See Figure 23 - - I
CODE : Purge Request code (1010) g
CDT : Credit Allocation

DST-ADDRESS :

DST-ID : See Data Transfer (DT).

11. Purge Confirm (BC) : This response is wused to

acknowledge Fhé Purge Reguest.
STRUCTURE : See Figure 23
CODE : Purge Confirm code {(1001) ’
CDT : Credit allocation

_73...
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)
DST-ADDRESS : ,
DST~ID : ' See Data Transfer (DT)
12. Credit Allocation Request {CAR) : This qommand is used
to ;equest‘credit‘aliocatfon from the receiver. |
. * STRUCTURE : Seé Figure 23
CODE : Credit Allocation code (0101)
~ . CDT : Not applicable, ﬁominally 0
DST-ADDRESS : S
DST-ID : See Data Transfer (DT)*
13, " Credit Allocation - Acknowledgement (CAA) : This
response 1is ;sed to ackpowledge the Credit Allocation
Request. | -
P ' STRUCTURE : See Figure 23
CODE : Credit Allocatioﬁ Ackngwledgémént.code (0111)
cpt Credit allocation | -
. DST-ADDRESS : | v '
DST-ID : See Data Transfer (DT).
o ] A
k)
=
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N - ‘ l - N
o . S

cope | cpT N

DST-ADDRESS

RT3

.+ DST-ID.

Figure-23: The Structure for PR, PC, CAR and CAA .

r

5.3 AN ©VERVIEW OF THE PROTOCOL’

N

.
]

L ~ The transport protocol provides the means of
\_establishing, maintaining and terminating transport
connections by using the commands and responses defined in

- the previous section. Figure 24 shows the state transition

diagram of " a transport connection. Each transport
connection has five major states . CLOSE, OPEN,

OPEN-IN-PROGRESS-CALLING {OIP-CALLING), OPEN~-IN-PROGRESS-

CALLED . (OIP-CALLED), and CLOSE-IN-PROGRESS \(CIP).

Transitions are specified from a major. state to ‘another
K

major state. These transitions deﬁend on an input such as a

command, a response or a service primitive. Associéted with

\l
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éach't;aasition is an operation to. be executed as _pért of
the transition. During the executiop, the transition may

initiate an output (see Figure 24).

. After a t:ansport. entity has transmitted a Connecticn.
Réquest (CR) command to the remote transpoft' entity, 1t
should enter OIP-CALLING state. In this state, the calling
Efansport gntity is waiting for a response. .Receipt of ‘a
Disconnect (DiSC) -reSponsé”shail regult to a return to the
CLOSE state. If a Cdnnéétion Confirm (CC) ‘response is
received, then the transport connection is opened. At the
remote transport entify, if the.'incoming CR is accepted,
then a ﬁonne;tion Eonﬁirm (cc) . response is returned to Phé

calling entity. Otherwise, a DISCONNECT (DISC) is sent.

ﬁien a transport conneétioﬁ enters the OPEN sfate, it is
in £he data-tfansfer phase; In this phase, a transpoft
connéctioh features a. full dupl%ﬁ logical channél, But on
each connection, the transmission of data is. qéntrdlled
separately for ' each direction and is based -,on the
authorization from the receiver. For -flow contfol,_’the
receiver iné}cates to the sender the number of TPDUs it'ié
.ready to receiQelby means of a 'credit' mechanism., For
error recovéry, th§ sending transport entity keeps copies of
the transmitted Dafé. TPDUs until it receives a '~ positive
aﬁkngwiedgement which allows copies tb be released. - A

4

receiver will not send an ACK TPDU.unless it has récéived

- . »
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DC
T.DiSC.Ind

——

— N
[T_ CONN-C?iI

A D_/SC_ﬁe%

EN

' ECDNAI.Ind.

Figure 24: State Diagram of a Transport Connection
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- from the sender the
order Data TPDU.
acknowledgement to

credit, 6:_when t%e

Y .
* . data :transfer and
connection 1is 1in
‘description of the

5.%>{see Table 4 ).

N4

request for acknowledgement or an out of

The; sender spall make a request for -
the receiver only when it has ﬁhé;lést
end of a TSDU is encguntered( Expedited
‘ transport

purge' are ‘allowed when the

the data Eransfgr-"phése; " A detailed

transport protocol is given  in section

* TABLE 4

" Grouping of Transitions
L)

_ . FUReTIONS PACE
CONNECTION ESTABLISHMENT 94
CONNECTION TERMINATION 97

, NOﬁMAL DATA TRAISFER 102

" ®ZYPEDITED DATA TRANSFER 106
CREDIT ALLOCATICN REQUEST 108 {
PURGE;OPERATION : 110
TIMEOUT . 111

..78_
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5.4  OVERALL STRUCTURE 'OF THE TRANSPORT ENTITY
. ‘ .. - i | / ‘ ”“ . . fet
- Most protocols 1mp1emented in--a given layer of a
hierarchical system are so, complex - that'_a: conceptual
subdivision into serveral 5ubleyers or fynctions~is very
useful., In th1s case, each sublayer or funct1on correspon@s

to a module within each ent1ty executlng the protocol The

'dlfferent modules of an entxty are, relatlvely 1ndependent of

one another.

' ngmonerall structure of the tranSport enrify is given in
?igure 25 , A transport entlty consists of one multlplexlng
module (to be defzned in section 5.5. 4) an arbltrary number
of protocol modules (to be defined in’ section 5.5.5), and‘an

arbitrary number of timer'modules;”

. . . : ) R 2 7
_ There is a protocol - module for each transport-service--

access-point (TSAP) _ 1dent1f1ed by a partlcular transport
address. Each protocol module manages an_arb1trary.number
of transport-connect1on-endpo1nts (TCEPs). . And each of
these TCEijis identified by aAloca1 identifier.(ID). When.
thgs ID is concatenated with the local rransport aédress, ‘a
~transport-oonnection-endpoint-identifier, '(TCEPFID) is
formeé. A protocol module identifres a transport connection’
by'referring the ID at the local TCEP and the TCEP-ID at .the
other end of the connection. . Protocol modules execute the
transport protgcol in managing the' individual transport

connecgion. The major states of a transport connectlon are

. { " -
\ ‘\) -
- '7 9 -
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|  #e
TSAP TSAP
e i T et el B
i P! — |
7S [TH] : ! # TS [T1) |
: ) : ‘ |
R_BUFFER[IQ] | | ! | R_BUFFER [1D] ;
S_BUFFER {1t} | | |-| sTBUFFER[ID | \
PDU_BUFFER[1J | | | |PDU_BUFFER (1D} |
. : | : ‘ |
| |
TTMER PROTOCOL | 1 { FPROTOCOL | TIMER | |
"ODULY HMODULE o MODULE " I'ODULE :
t .
| |
L |
[ | N
T™[ID, - T (1D, |
SERVICE_TYPE] , | | SERVICE_TYPE] o
l .
I |
I e R T T |
- PTL{PN] . PTL{PN]

TRANSHIT_PDU [PN] . TX_DATA
RECEIVED PDU

Figure 253

LSAP

Structure of Transport. Entity
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specified by the‘variahle 'state’. W@hhin the bPEN state, a
. number of internal states are ~alsq_de£ihed. Bach of these
internal States ie spegified by ‘a set of context variables.
The multiplekiné module is'required in order to recognize
the hierarchical structure of the transport address, so that
data received from the 11nk entity could be forwarded to the
correct protocol module. The multiplexing module 1dent1f1es
each protocol module by a port numbér. The mapping of the
.destination transport address onto  the destinatkon host
address is also ‘performed by the multiplexing module. In
this design, the timer module is assumed to, provide two
timers for each transport connection. One timer is used for

normal data transfer and the other for expedited data

transfer.

The channels connecting the differenr modules (see Figure
25 ) _define'the type of'.interactions“that may occur over
lthem. The TSAPs are channels of type '"TS_primitives' (to be
'defined .in section 5.5.1), and the link-service-access-—
points (LSAPS) are channels of type 'Ls_primitives“’(to be
defined in section 5.5.2). The channels connecting “the
protocol  and multiplexing ~ modules are of = type
;control_primitives' {to be defined in section 5.,5.3), and
"lastly, .‘the channels con;ecting the protocol and timer
. modules are of type 'timer_primitives“ (to be defined in

section 5.5.3).



j N
. : \

\l

The following stéps are involved! in the sending.of :a

protocol data unit (PQU):

:

1. The creation of the PDU by a pfotocol mpdulel' A cbpy

N\

of the 'PDU. is kept "in the 'PDU_bﬁffer{Ib]f for

retransmission in a later time if necessary. This
PDU is then sent to‘the mﬁltiplexingfmoduleg |
The multiplexing moduig receives the PDU and‘stofés
it in the appropriate 'transmit_PDUtPN]'; *The

destinationfhost‘,adareSQ will pe extracted from the

/.-destination transport address by the module.

The PDU and the destination host address are then

sent to the link entity.

reception ofja‘PDU proceeds similarly :
When a new PDU is received, the multiplexing will -
extract the local port number; which identifies the
particular protocol:7module, from the’ deétinatioh
transport address contained.ih the- PDU.- The PDU is
then sent to the specified protocol module.

The processing of the PDU is done in the protocol
module. T£is processing may lead to an interadtion

through the TSAP with the session entity.

It is assumed that all interactions involve a rendez-vous

technigque [28]. The flow control of normal data is

described by using channel functions. For . example, the

- function 'TS_user_ready' defined whether the wuser of the

' -
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-transpért service is ready to receive a certain ‘}ength of
data from the protocol module. T The flow éontrol of
expedlted data is explicitly descrlbed by 'T_EX D Response
and 'T_EX_D Confirm’ at the transport . interface and also by
the variables 'EX_D_Sent' and 'EX_D received' defined in the

protocol module,

5.5 PROTOCOL SPECIFICATION -

5.5.1 SPECIFICATION QE-THE TRANSPORT SERVICE

The following specification defines the transport service

primitives exchanged over a given transport connection-

endpoint; The end-to-end propefties of the transpov&
service are not defined here. The detailed description of
this end-to-end properties can be found in [311[33].

. type . -
T address_type = 0.. ...;
local ID type = 0.. ...}
string of _octets = record
length : positive integer; ‘
contents : array [l.. ...] of 0..255;
end; '
. TS _user_control_data type,
(* property : max. length
TS user reason_type,
* property : max.. length
~——__TS_expedited _data_type :
" (* property : max. length
= string_of_octets;
" TS _disconnect reason_type = (
TS_USER DISCONNECT TS FAIL,
TS_USER_UNKNOWN, TS CONGESTION)

80 octets *)

I

80 6ctets *)

16 octets *)

il

(* the notation '...' is used to indicate that the specifier
is leaving the interpretation-to the implementor *)

'channel

TS primitives (user, provider)
by user :

- 83 - _



T CONNECT Request ( :
- called_T address : T_ address _type;
- S _user control data : TS_user_control_data; type)

T_ CONNECT Resporrse (- )
calling_T address : T_address type,
TS_user_control data : TS ~Juser, .control data _type);

T DISCONNECT _Request - N~
TS_user_control data : TS user _control_data_-type);

-

T _DATA_ Request (TS user_data strlng of octets, ’
is_last_fragment_of TSDU boolean);

’.

T_EX_DATA_Request { . ; N f
. TS user_data : TS_expedited_data_type);

T_EX_DATA;Response;
T PURGE_Request;

by provider:
T CONNECT Indication (.
: calling T address : T_address type'
TS_user_control data T TS user control _data_type};

. 'sl
T_CONNECT Confirm (

called T_address : T_address_type;
TS_user_control_data : TS user_control_data type)

T_DISCONNECT Indication (
TS dlsconnect reason : TS_disconnect_reason_type;
TS_user control _data .: TS_user_control_data_type);

\
T_DATA Indlcaffdﬁ“fTsauwer data : string_ “of _octets; .
is last_ _fragment_of _TSDU : boolean);

T _EX_DATA Indication ({
‘ TS _user_data : TS _expedited data type)

T _EX_DATA_Confirm;
T _PURGE_Indication;
by user : function TS user_ready
data_length- : 9051t1ve 1nteger) : boolean;

*'by provider : function TS ready (-
data_length : positive 1nteger) : boolean;

(* The function 'TS_user ready' determines whether the
session entity 1is ready to receive data of length
'data_length'. And the function 'TS ready' determines

whether the PTL module can accept another data of length
'data_length' from the user. *)

\ -84"



'5.5.2 SPECIFICATION .OF THE LINK SERVICE

- The, following sﬁecificaiion defines the Xink service

L]

primitives exchanged over a link-service-access-point. The
type of service‘provided by'thetLiﬁk Layer is in the form of

connectlonless. 'The Multiplexing - module requests 1link

r

service by sending 'frame_transmit’ and the associate .

parameters to the local data 1link entity. It "is assumed
that the link entity knows the local host address. A link
entity indicates a received frame to the user through the
"use of ‘'frame_receive'. The 'received_frame_status'
1nd1cates whether or not the received frame contalns error.

A similar specification of this type of service can be found

in [19].

type .
host _address_type = ...;
(* addresses used to 1dent1fy transport entities *)
link user data _type = record »
length : positive integer;
content ¢ array [I.. ...] of 0..255;

channel
LS _primitives (user, provider)
by user :
frame transmit (dst_host address : host: address _ty e'
~ LS_user Eata : link_user _data; _type
by prov1der :
frame_receive (LS user data : link user data t pe,
" - received frame_statUs : boolean
- by provider : function LS ready 0 boolean,

(* This function determines whether the llnk entity can accept

another data from its user *)
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'5:5.3

-

' 'DECLARATION INTERNAL TO THE TRANSPORT LAYER

13

const
max_PDU size = .;.,

(¥ max. size of protocol
max_count =

oo.'

data unit in octets.*)

(* max. number of retransmlss1ons Xx)

type (* thHe type and interaction of transport and llnk service
specifications are used *)

" seq_number_type = 0..63;
credit_type = 0..31;

T* value indicates the max.

max_PDU_size that the
port_number _type = ...;
service type = NRL, EXP ;

number of TPDU of
receiver could accept *)

(¥ normal and expedited data transfer

respectively *)

disconnect reason type = (
128 (* disconnect initiated
129 (* disconnect initiated
130 (* congestion at remote
255 (* unknown reason *));

TPDU_code_type =

TPDU_information = record

' CDT : credit_type; {(* used
dst_addr : T_address_type;
dst_ID : local_ID type; (*
src_addr : T address_type;

src_ID : local_ID type; (*

user_data : strings of octe
case kind : TPDU_code_type

CR, CC : ;

DISC, DR dis

pC : ;

DT : (send_sequence : se
request ACK bool
end_ of TSDU : bool

ACK, EACK Texpected se

EDT : (send _sequence : S

PR, PC, CAAT CAR : ;

end

(reason :

™

(CR, cc, DIsC,
EACK, PR, PC,

by session entity *),
by transport entity *),
transport entlty *),

DR, DC, DT, ACK, EDT,
CAR, CAA);

for CR, CC, ACK, PR, PC, CAA *¥
(* used for all TPDU codes *)
used for all TPDU codes ¥*)
{(* used for CR, CC, DISC,

DR, DC *)
used for CR, CC, DiIsC,
DR, DC *)
ts; (¥ used for CR, CC,

DISC, DR, DT, EDT *)

of
connect_reason_type);
g_number_type;

ean;

ean);

a number seq_number_type);
eq_number_type);

(* data buffer : abstract data type *}

type
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data_buffer
-_type

function enough_space ¢ o
b : buffer_type, lergth : positive 1nterger) : boolean;
‘Indicates whether 'b’ has enough space for 'length'
octets of data *)

on.'

array [1ocal ID_typ 1 of ‘data_buffer;

"

function length available (
b : buffer type) : positive_ interger;
(* Indicates the length of data unit in 'b' *)

_-functlon is_end_of DU (b :_buffer_type) : boolean;
(* Indicates whether the data In 'b' includes a complete
data unit *)

function get next fragment { ' '
b : buffer_ type, length : positive_interger) :
string_of octets;
(* Returns a dgta unit (or part there of) of maximum
length 'length' which was stored in 'b' *)

function determine CDT (b : buffer _type) : credit_type;
‘ (* I'ndicates the number of data units éach of max_PDU_ size
.could be accepted by 'b' *)

procedure append (b : buffer_size, f : string_of_octets,

- ; end_of DU & boolean);
(* Appends a/string of octets onto 'b' including an
1nd1catﬁ6% whether the string terminates a TSDU *)

procedure stone PDU (b : buffer_type, s : seg_number_type,
p : TPBU information);
(* Decodes "p'-into-string of octets and identifies this .
© string of octets by 's' and store it in 'b' *);

procedure retrieve PDU (b buffer _type, s : seg_number type

p : TPDU_information);
(* Retrleve a string of octets, which is 1dent1f1ed by

's', from 'b' and encodes thlS string of octets into
1! %
p' *)

s ss

procedure clear PDU buffer (
b : buffer_type, s : seq_number_type);
(* Deletes the strings of octets, which are identified by .
's' and all numbers smaller than 's', from 'b' *)

(* end of buffer declaratlon *)
uhannel
- control prlmltlves (PTL, MUX)
by PTL, MUX :
forward (PDU : TPDU_information);
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(*

cha

(*

5.5

boolean;-

by MUX : function ready_for sendlng
: positive_interger;

by MUX : function received PDU_size
end (* control prlmltlves *);

The above channel deqlaration defines the inreractions
between thej PTL and the Mult1plex1ng modules, The

function 'ready_for_sending' indicates whether the
Multiplexing moduIe -is ready to accept-another data unit
from ° the - PTL module. And the function

'received_PDU_size' indicates the size of a received PDU
to the PTL module. *) i

nnel
timer pr1m1t1ves {(user, provider)
by user : '
set_timer;
stop_timer;
by provzder :
time out;
end (* timer_primitives *);

The above channel declaration defines the - interactions

between the PTL and the timer modules. The timer delay
is assumed to be constant. *) :

/ S

Ny SPECIFICATION OF THE MULTIPLEXING MODULE

module Mult1plex1qg/(/ '
- PTL : arrayV [por€_ number type] of control

_primitives (MUX); LINK ':"LS _primitives (user));

const local host addr : ...;

var

(* used to identify local transport entity *)

PN : port__ number _type:
received FDU : TPDU _information;
(* temporgsy variable for incoming PDU *)
received_PDU_size : positive integer;
transmit_PDU : array [port number typel] of record
full T boolean; .
tx_data : link_user data_ type;
(* temporary variable for outgoing PDU *)
dst_host_addr : host addr_type;-
(* used to identify a remote transport entity *)
end;



(* Definition of Interface Function *)

any PN ?ort number_type do
PTL[PN ready for_sending := not transmit’ PDU[PN] fulls

(* Defines whether the Mult1plex1ng module can accept
ahother PDU from a Protocol module *)

any PN : port number_ type do : L
PTLIPN).received BDU size := received PDU _size;
(* Makes the local variable 'received PDU size' of the .
Multiplexing module available to the PTL module *)

(* Definition of Local Functions and Procedures *)
, : T i . : !

s
\

function extract host addr (
transport_address : T address_type) -
host_address_type; ;

Begin ... end;
(* Extracts a host address from a given transport address *)

o function extract_port_number (
transport_address : T_address type) :
' port_ number_type;

begin-... end;
(* Extracts the port n imber-“from a given transport address *)

procedure decode_data (PDU : TPDU_information;

|~ tx_data : Tink_user_data type)
/ (* This procedure decodes the 'PDUY into link_user_
data_type and stores in.'tx_data' *)

. procedure encode_data (LS_user data : lxnk_user_data;t¥pe;
received PDU : TPDU_information

(* This procedure encodes 'LS_user_data' into.
TPDU information and assigns the corresponding values

to the 'received PDU' *) _ . ’//ﬂ—”///

(* Initialization *)}

initialize begln
for all PN in port number type do
transmit PDU [PN].full := false;
end;
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(* TransiStions *) .
(* Handling Request From The Protocol Module *)
(* Receive a data unit from a PTL module *) '

when PTL[PN].forward (* PDU *) -
with transmit_PDU[PN] do » . .
begin
full := true; :
decode_data®(PDU, tx_data)’ ' , .
dst_host_addr := extract_host_addr (PDU.dst addr);
end; end when; ' -

(* Sending a data unit to link‘éntity %)

provided LS_ready = true and transmit_PDU[PN].full = true
wa#th transmit_PDU[PN] do
beg1n
“full := false:
out LINK.frame ‘transmit (dst _host_addr, tx_data);
end; end provided;

(* Handling an Incoming Data From Link Layer ¥)

when LINK.frame_ ;ggelve (* LS user data,
| received_frame_status *)
provided received_frame status = Ttrue
(*"i.e. frame contains no error *)
begin
encode_data (LS_user_data, received PDU);
if local_host_addr = extract host addr (
received_PDU,dst_addr)
then begin
received_PDU_size := LS_user data.length; S
PN := extract_port_number ( -
received_PDU.dst_addr);
if (/ there exists a protocol module "PN' /).
then out PTL[PN].forward (received_PDU);
else (/ discards received PDU /);
. end
B else (/ discards recelved PDU /Y
end; end prov1ded°
(t/?hls transition describes the receiving of a correct
f' frame, the encoding of the received frame and the
determining of the protocol module where the data unit
is to be sent *)
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!
!

' w . . e ‘ =
provided received_frame_status = false (*
- i.e. frame contains error *)

begin .
- (/ discards LS user_data /) - L
end; end provided; end when; . S

‘end Multiplexing;

5.5.5  SPECIFICATION OF THE PROTOCOL MODULE

¥

module Protocol (TS : array [local ID_type] of
: TS primitives (provider);

MUX : cgntrol primitives (PTL);
TM :/array [local_ID_type, service_type].-
of timer_primitives (user));

const local T addr = ...;

var )
module_state : entity ready, entity_not_ready;
- S buffer, -
R_buffer, '
PDU_buffer : data_buffer_type;
IDU length : positive_integer; (* size of interface_
. o data_unit in octets *)-
TC : array [local_ID_typel of record co
state : (open, open _in_progress_calling, open_in
. _progress_calTed, close_in progress, close);
RS, (* receive sequence number : value indicates the
next expected PDU sequence number *) . ~
§S, (* send sequence number : value indicates the-
. latest transmitted PDU séquence number *)
-retransmit_SS, (* SS for the retransmitted PDU *)
expedited SS, (* send sequence nusgber for expedited
data *) .
expedited RS : seq number_typey (* receive .
sequence number for expedited data *)
S credit : credit_type; {(* crddit for sending TPDU *)
retransmit_count : positive_ipteger; (* number of
retransmiésions *)
peer_addr : T address_type; (* transport address of
‘ the remote entity *) -
peer ID : local ID type; (* local ID at the peer addr *)
e ACK_TPDU full, {* true if an ACK TPBﬁa}ﬁ‘?aiting to
REETN ‘. be sent *)} .
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L 'ﬂ';

walt_ for _CAA, (* true if waiting for credit
allocation .acknowledgement *)
retransm:t _PDU, (* true if presently retransmitting
TPDU *)
,wa1t_for_ACK, (* true if presently waiting: for
' ackpowledgement *) :
purge_request, (* true if purge operation is not
finished *
EX_D sent, (* true if expedited data is sent *)
EX_D_ received : boolean; (* true if éxpedited data
. is received .*)
TPDU,

EX TPDU (* ‘used for expedited data only *)
ACK TPDU : TPDU_information; (*
used for data acknowledgement only *)
- end;

1 4

t

(* Definition of Interface Function *)

any ID. local ID_type do K
TS[ID] ﬂ; ready. %user data.length) := -enough space
S_buffer[ID], user_data. 1ength§
(* Deflne/ﬁhether Protocol module can Taccept another data
unit from session entity *) e

(* Definition of Local Function and Protoéoi‘*)
\

function ID assign: (PDU src_addr : T_addr type-

PDU.src_ID : local_ID type) : boolean;
begin

for all ID : local ID type do B
if TC[ID]).(peer_addr, peer_ID) = PDU.{src_addr, src_ID)
then ID_assign := true; '
else ID assign := false;:
end;
(* Determine whether a local identifier 'ID' of the

receiving entity has been assi?ned to the received PDU's
source address and source ID *

function find_ID (PDU.src_. addr : T address_type;
PDU.src ID : local ID type : boolean;
begin
for all ID : local ID type do o :
if TC[ID].(peer_addr, peer ID) = PDU.(src~addr, src_ID)
then find ID := ID; end; ‘
(* Get the local identifier that has been assigned to the
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. .
PDU s source address and sou§ce 1dent1f1er *) o4
function fCEP match (PDU.dst_ID : local ID type) : boolean-
begin .
if PDU.dst. ID <> 0 and ' .
TC[PDU.dst_ID].(peer_addr, peer_ ID) = PDU;(src_addr,
. src_1D)
then TCEP match := true; ‘
-else TCEP | match := false; end- :
(* This function determlnes whether the source address and 1D

of the received PDU match the peer address and ID at the
receiving entity *)

function determlne reason (PDU.reason dlsconnect reason type) :

. . TS dlsconnect reason type- .
begin case PDU.reason of { ' -

128 : determine_reason := TS _USER_DISCONNECT; LT
129, 255 determlne reason := TS FAIL;

. 130\': determine_reason := TS _CONGESTION;

end; end

(* This functlon makes %h relatlon between the 'reason
type' used in the TP Qfs and the disconnect reason
indicated to the user of the transport service ¥*)

procedure clear all _buffer ?i¢)$'local ID_type);
begin ... en

{(* This procedure clears the following buffers 1dent1f1ed
by 'ID' : S_buffer, R buffer and PDU_buffer *)

(* Initialization %)

initialize begin

for all ID in-local ID type do TClID]/state := close;
for all ID in local ID type do clear_ 1_buffer(ID);

(* Transitions *) " ’ ' <:
~ | | |

(* Determines the module states *)

provided (/ TC[ID].state <> close, for all JD except ID = 0 /)
from entity _ready to entity_ not_ready
begin end; end provided;

provided (/ TC[ID]. state = close, for any ID except ID.= 0 /)
from entity_not_ready to entity_ready
begin end; end provided;
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- {* Connection Establishment *) . .

(* ﬁandling'a Connection Request from Session Entity *)

when TS[ID].T_ CONNECT Request (* called & addr,

- user_control_data *)
‘ prov1ded ID <> 0 and MUX. ready for_ send1ng
with TC[ID] do = -

from close to open in_progress_ callxng

begin _ ,
RS := 1;° ‘ ' 2
S§§ := 0; ‘

expedlted RS :
expedited SS :
retransmit _count := 0; ,
peer_addr := called T_addr;
peer_ID := 0;
EX D received := false;
EX D sent := false:
retransmit PDU := false°
wait_for ACK := false;
ACK_TPDU_full := false,
purge request := false;
wait_for CAA := false;
with TPDU do begln
kind := CR;
CDT := determine_CDT (R_buffer[ID]);
dst addr := peer_addr;
dst_ID := peer_ID;
src_addr := local_T_ addr-
src ID := ID; '
user_data := user_control _data;
. end;
store_PDU (PDU_buffer[ID], SS, TPDU); .(* store for
retransmission *)

0
0

nn

e we we

%

out TM[ID, NRL].set timer;
out' MUX.forward (TPDU};
end; end provided;

provided ID <> 0
with TC{ID] do

from (/ any state except close /) to same
begin

out TS[ID].T_DISCONNECT Indication (TS _CONGESTION,
, {(* dummy *))
end; end provided; end when;
(* Handling a Connection Request from Peer Entity *)

when MUX.forward (* PDU *)
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provided PDU.kind = CR and PDU.dst_ ID = 0 .- o ,
and 'ID_assign (PDU.src_addr, PDU.src_ID) = false
and (/ for all ID' do

if PC[ID"]).state = close
then ID = ID',

: . : i.e. transport entlty ready £)
with TClID] do

from close to open_in_progress_ called

begin
RS :=.1;
§S := 0;.

expedlted RS
expedlted ss
retransmit_count := 0;
S_credit := PDU.CDT; o
peer_addr := PDU.src_addr; .
s peer ID := PDU.src ID; :
EX D_ recelved HES false-
EX D sent := false,
retransmit _PDU := false;
wait_for ACK := false;
ACK TPDU full := false;
purge request := false;
wait for CAA := false;
out TS[ID].T CONNECT Indication (peer_addr,
PDU.user_data);

0; . -
0: ’

end; end provided; .
(* The above transition is executed when the connectlon

has not been opened and the transport entity is ready
to accept the request *)

provided PDU_kind = CR and PDU.dst ID = 0
and MUX.ready_for _sending
from entity_not_ready £S5 same
with TC[0].TPDU do begin
kind := DISC;
dst addr := PDU src _addr;

dst_ID := PDU.src_ID;

src_addr := local T addr;

src_ID := 0; '

reason := 130; (* indicates remote congestlon *)
user_data := .,.; (* Qummy *)

out MUX.forward (TPDU)

end; end provided: )

(* The above transition is executed when transport
entity is not ready to accept the request *

provided PDU.kind = CR and PDU.dst ID = 0
and ID assign (PDU.src_addr, PDU.src_ID} = true
with TC{find_ ID(PDU.src_addr,; PDU.src_ID)] do
from open_in_progress called, close, in _brogress to same
begin (/ ignores PDU /) end; end prov1ded
(* The above transition descrlbes the receiving of CR in the
process of opening the connection, or in the state of .

7
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abort1ng the connect:on after it has been opened *)
prov1ded PDU. kxnd CR and PDU dst_ID =0
and ID_assign (PDU.src_addr, PDU.src _ID) = true

. and MUX.ready_for_sending

with TC[find_ID (PDU.src_addr, PDU.src_ID)] do

from open to same

begin - ‘ .

ID := find ID (PDU.src_addr, PDU.src ID);

retrieve PDU (PDU buffer[ID] 0, TPDU);

if 8§ <>70 then begin (* check if data has been sent *)
out TM[ID, NRL].stop_ timer;

. wait _for ACK := false;

purge_regquest := false-
EX D sent := false;
ACK TPDU full := false;
retransmit _PDU := true;

-

retransmit: SS := 0
S credlt 1= PDU.CDT;
end;

out MUX.forward {TPDU) ;
. end; end prov1ded end when; - :
(* The above transition describes the reception of CR
after the connection has been opened *)

(* Handling a Connection Response from Session Entity *)

when TS[ID].T CONNECT, Response (* calling T address,
user_control data *)
prov1ded MUX.ready for_sending ‘
with TC[ID] do
from open_in_progress called to opén

begin
with TPDU do begln
kind := CC;

CDT := determlne _CDT (R_ buffer[ID])
dst_addr := peer_addr;
dst_ID := peer_ID;
src_addr ':= local_T_addr;
sr¢_ID := ID;
user_data := user_control_data;
store_ PDU" (PDU_buffer[ID], SS, TPDU);
out MUX.forward (TPDU); '
end; end when; | '

(* Handling a Connection Confirm from Peer Entity *)

when MUX.forward (* PDU *)
provided PDU.kind = CC
and TC[PDU.dst_ID].peer_addr = PDU.src_addr
' and PDU, {(dst_ID, src_IDT <> 0
with TC[PDU.dst_ID] do -
from-open_in.progress.calling to open
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.begin .
out TM[PDU.dst ID, NRL]. stop timer;
S cred1t := PDU. CDT' oL ‘
peer ID := PDU.src ID; .
out TS[PDU. dst_ID].T CONNECT_Confirm {
N PDU,src_addr, PDU.user_data);
) 'end end from-‘

" from open, close_in_progress to same
begin (/ ignores PDU /); end; end from; end when;

-

(* Connection Termination %)

(* Handling a Disconnect Request from Session Entity *)

when TS[ID].T DISCONNECT_Request (* user_control data *)
provided MUX.ready_for_sending : '
with TC[ID] do
from open_in_progress_called to close
begln
with TPDU do begln
kind := DISC:
dst_addr t= peer_addr;
dst_ID := peer ID;
src addr := local T_ addr-
src_ID := ID;
reason := 128' (*disconnect 1n1t1ated by user *)
user_data := user_control_data;
end; .
out MUX.forward (TPDU);
end; end from: ) : _
(* The above transition 1is executed when the user of
the called transport entity rejects the connection
request *)

from open_in_progress_calling to close _in_progress
begin
out TM[ID, NRL]. stop_timer;
with TPDU do begin
kind := DR;
dst_addr := peer_addr; -
dst_ID := peer -ID;
src addr := local T_addr;
src_ ~ID := ID;
reason := 128° (* disconnect 1n1t1ated by user *)
user_data := user_control_data
end;
store PDU (PDU_buffer[ID], SS, TPDU):
out TM[ID, NRLT.set tlmer,
out MUX.forward (TPDU) ;
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end- end from; :
(* The above transition is executed when the -user of the

calling transport entity aborts the connectio
establishment before the connection is opened *)

from open to close_in progress
begin
out TM[ID, NRL].stop_timer;
with TPDU do bégin
kind :=-DR; -
dst_addr i= peer_ addr-
dst_ID := peer_ID;
src_addr := local T addr;
src_ID := 1ID;-
reason := 128' (* disgonnect initiated by user *)
user_data := user_contyol _data; :
end;
store PDU (PDU buffer[ID],;7S§; TPDU)
out TM[ID, NRLT.set timer;
out MUX.forward (TPDU);
end; end from; end when, .
(* The above transition descrlbes the request from a
session . entity to close a connection. It 1is
_assumed that a Session Layer should provide the
means for achieving ordering termination . of a
session before initiating termination of the
corresponding transport connection *)

(* Disconnect Initiated by Transport Entity *)

any ID : local ID _type do
prov1ded MUX,.ready_for _sending and oo
(/ transport entity not.able to continue prov1dlng
service /)
with TC[ID] do
from open, open- in progress _calling to close_in_progress
begin
out TM[ID, NRL].stop_timer;
out TS[{ID].T DISCONNECT Indication (
\ TS_FAIL,...,(* dummy *));
with TPDU do begin ‘
kind := DR;
dst_addr := peer_ addr;
dst_ID := peer_ID;
src_addr := local T _addr;
src_ID 3= ; .
reason := 129; (* disconnect initiated by
transport entity *)
user_data := ...; (* dummy *)
end;
store PDU (PDU _buffer[ID], SS, TPDU};
retransmit count := 0;
out TM[ID, NRL].set tlmer,

»
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out MUX.forward (TPDU);
end- end frOm--

from open_in progress called to close
_ begin
out TS[ID].T DISCONNECT Indlcatlon (TS_FAIL,...
(* dummy *));
_with TPDU do begin
: kind := DISC; ,
dst_addr := peer_addr;
dst_ID := peer_ ID; :
src addr"- local T _addr;
Src_ID := ID; '
reason := 129;
user_data := ...; (* dummy *)
end; ’ .
out MUX.forward (TPDU);
end; end from;

from close in_progress, close to same
begin end; end from; end any;

-

(* Handling a Disconnect from the Peer Entity *)

when MUX.forward (* PDU *) -
with TG{PDU.dst_ID] do . '
provided PDU.kind = DISC
and TCEP match {(PDU.dst ID) = true’
and retransmit _count = 0 ,
from open_in _progress_calling to close
begin
out TM[PDU.dst ID, NRL].stop_ timer;
peer_addr := 03
.out TS[PDU.dst _ID].T_DISCONNECT Indlcatlon (
determine Teason {(PDU.reason), PDU.user_data);
end; end prov1ded
when receiving a DISC before the retransmission of
CR, the above tran51t10n is executed *)

(*

provided PDU.kind = DISC and retransmit count <> 0 —

and TCEP_match (PDU.dst_ID) = true
from open_in_progress_ calling to close_ in_progress
begin :
out TM[PDU.dst ID, NRL].stop_timer;
out TS[PDU.dst ID] T DISCONNECT Indication (

determine Teason (PDU.reason), PDU.user _data);
with TPDU do begin

kind := DR;

dst_addr := peer_addr;

dst_ID := peer_ID;

src_addr := local T addr;

src_ID := PDU,dst ID;

reason := 255; (% unknowh reason *)
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o

user_data := ...; (* dummy *)
end; i
store PDU (PDU_buffer[PDU.dSENID], SS, Tpnul.
retransmit count := 0;
out TM[PDU.dst ID, NRL] set_timer;
out MUX.forward (TPDU)
end; end prov1ded '
(* When receiving a DISC after the retransmission of CR, .
this transition is executed *)

provided PDU.kind = DISC
from close_in progress to same :
begin (/ 1gnores the- PDU /); end; end provided;
end. when;

(* The receiving of DISC in these cases has no effect
on the entity *)

(* Handllng a D1sconnect Request from the Peer Entity *)

-when MUX. forward (* PDU *)} ,
provided PDU.kind = DR and PDU.dst ID = 0
and 1D _assign (PDU,src_addr, PDU.src_ID) = true
and MUX.ready_for sending
with TC[find_ID(PDU.src - adar, PDU.src_ID}] do
from open, open_in_progress_called to close .
begin
ID := find_ID (PDU.src_addr, PDU.src_ID);
out TM{ID, NRL].stop timer;
with TPDU do begin
kind := DC;
dst_addr := peer_addr;
dst_ID := peer_ID;

src_addr := local T addr-
src_ID := 0;
end; '

peer_. addr := 0; -

peer_ “ID := 0;

out TS[ID] T DISCONNECT Indlcatlon (
determine_reason (PDU.reason}, PDU,user_data);

out MUX.forward (TPDU};

end; end from;.

from close_in_progress to close
begin
ID := find_ID (PDU.src_addr, PDU.src_ID);
out TM[ID, NRL].stop timer;
with TPDU do begin

kind := DC;

dst_addr := peer addr;

dst ID := peer_ ID;

src_addr := local T addr;

src_ID := 0y

end;
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peer addr := 0;

peer_ID := 0;

- out MUX. forward (TPDU) ;

end; end from; end provided;

provided PDU.kind = DR and TCEP_match (PDU.dst_ID) = true
and MUX.ready for_sending
with TC[PDU.dst_ID] do
from open to close

begin
with TPDU do begin
kind := DC;

dst addr := peer_addr;
dst_ID := peer_ID; c.
src addr := local T_addr;
src_ID i= PDU,dst_ID;
end;

peer_ addr 1= 03

peer_ID := 0;

out TS[PDU. dst _ID].T_DISCONNECTION - ‘Indication
,determine reason (PDU reason), PDU.,user_data);

"out MUX.forward {(TPDU);

end; end from;

(* The above tran51t10n is executed when one of the
entities 1n1t1ates a termination on a connection
which has been opened *)

from close_in_progress to close |

begin

out TM[PDU.dst_ID, NRL].stop_timer;

peer_addr := 03

peer_ID := 0;

end; end from- end prov1ded'

(* The above transition is executed when dboth entities
initiate connection termination at the same time *)

provided PDU.kind = DR and
((PDU.dst ID = 0 and
ID assign (PDU.src_addr, PDU.src_ID) = false) or
(TCEP_match (PDU.dst_ID) = false)) and
MUX.ready for sendlng
from entity reaay, entlty not_ready to same

-

with TC[0].TPDU do ", ‘ .
begln

kind := DC;

dst_addr := PDU.src addr~

dst 1D := PDU.src_ID;

src_addr := PDU.dst_addr;

src_ID := PDU.dst ID;

out” MUX.forward (TPDU)

end; end provided; end when;

(* The above transition is executed when receiving
a DR on a connection which has been closed *)
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(* Handling a Disconnect Confirm from Peer'Ehtity *)"

when MUX.forward (* PDU *)

provided PDU.kind = DC and TCEP _match (PDU.dst_ID) = true
with TC[PDU.dst ID] do ¢ -

from close_to_progress to close

begin - :
out TM[PDU.dst ID, NRL] stop txmer, ’ X
peer_addr := 0; - , - - ‘?7/
peer_ID := 0;

end; end prov1ded-‘

provided PDU kind =

with TC[PDU.dst _ID] do

from (/ any state except close in progress /) to same
begin (/ 1gnore PDU /) end; end provided; end when;

.

~{* Normal Data Transfer *)

|
(* Receiving an interface_data_unit‘from‘Session‘Entity * )

when TS[ID].T_DATA_Request (* user_data,
is_last_fragment_of TSDU *)
w1th TC[ID] do
from open to -same
prov1ded TS[ID].TS_ready (user data. 1ength) = true
and purge_request = false
and retransmit PDU = false
and wait_for_ ACK = false -
begin
append (S_buffer[ID], user_data,
is last fragment of_TSDU);
end; end when; :

Al

(* Sending a Data TPDU to Peer Entity *)

any ID : local ID type do
with TClID] do
from open to same
provided S credit <> 0
and wait_for_ACK = false;
and enough_space (PDU,buffer[ID], max _PDU_size)

= true
) and ({length_. avallable (S buffer{ibD]) >
¢ max PDU size - {(/ DT header length /

is_end_of DU (S_buffer[ID]))
and MUX.ready for_sending
begin

~ 102 -



85 1= 885 + 1;
S_credit := S _credit - 1; ,
with TPDU do Eegin
! kind := DT; !
dst_addr := peer_addr;:
dst_ID := peer ID; :
send_sequence := SS; )
end_of_TSDU := is_end of_ DU (S _buffer[ID]) and
(length_available (s_buffer[ID])
<= max PDU _size - (/ DT header
| length™ /) )75 .
request_ACK := (S_credit = 0) or end of _TSDU
or §determ1ne CDT (PDU_buffer[ID])
< 2
user_data := get_next_fragment (S_buffer[ID],

max_PDU_Size - (/ DT header size /))
end;

store_PDU (PDU_ buffer[ID] SS, TPDU); .
~if TPDU.request_ACK ° “true then begln (* eriter the
state of waiting for Ack *)
ret:anSmit_count := 07
wait_for ACK := true;
out TM[ID, NRL].set_timer;

end;
out MUX.forward (TPDU);
end; end any; .

(* Retransmitting a Data TPDU to Peer Entity ¥*)

any ID : ‘local ID _type do
with TC[ID] do
from open to same
prov1ded S_credit <> 0
and retransmit PDU = true
and wait_for ACK = false
and MUX.ready for_sending
begin
retransmit_SS := retransmit_SS + 1; ;
S credit := S_credit - 1; '
retrieve PDU (PDU buffer[ID], retransmit_SS, TPDU);
TPDU.request ACK := (S _credit = 0) or TPDU.end_of_TSDU;
if TPDU. requeSt ACK = true
then begin (¥ enters the state of waiting for ACK *)
retransmit count := 0;
out TM[ID, NRL].set timer;
wait_for_ACK := true;
end;
else if SS = retransmit_SS
then retransmit PDU := false; (* returns
to the state of normal data transfer *)
ouQ’MUX.forward (TPDU) ;
end; end any:
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(* ‘Receiving 'a data TPDU from Peer Entity *)
when MUX.forward (* PDU *)

with TC [PD ~ID] do
from ope © same
provified PDU.kind = DT

and purge request = false

and enough_space (R_ buffer [PDU.dst ID] MUX. recelved_

- PDU_ size - (/ DT header length /)) = true
begin-
if RS = PDU. send sequence - :
' then begin A v
append (R_buffer[PDU.dst ID], PDU.user_data,
PDU.end_of,TSDU)}
RS := RS + 1; end; '
if (RS < PDU.send sequence) or .(PDU\, &dest_ACK = true)
then with ACK_TPDU do begln ‘ = :
kind := ACK;
*  CDT := determine CDT (R buffer[PDU dst_1ID]);
dst_addr := peer_ addr;
dst_ID := peer_ ID;

expected seq number := RS;
ACK_PDU_Ffull := true;
end;

else (/.discards duplicated PDU /);
end; end provided;
(* The above transition desgcribes the appending of a data
unit into the 'R_buffer',) and the forming of an ACK
TPDU if necessary. The sending of this ACK TPDU, if

any, is executed by anothér tra@sltlon which will be
described later *) j

provided. PDU. kind = DT and purge request = true
begin (/ ignores PDU /) end' end provided; end when;

K

(* Sending an interface_data_ufiit (IDU) to Session Entity *)

any ID : local_ID_type do
with TC{ID] do
from open to same
provided TS[ID].TS user ready (IDU_length) = true and
{(length_available (R buerr?BD]) >= IDU_length}
. or (is_end of DU (R_buffer[ID]) = true))
begin
out TS[ID].T DATA Indication ( _
get_next fragment (R _buffer ID}), IDU length,
is end of DU (R buffer ID]) and
(length_available (R_buffer ID]) = IDU length});
end; end any;
(* The above transition is executed when the 'R_buffer'
contains user data of at least 'IDU_length' octets.
This parameter may be chosen by an implementation in
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' end of the TSDU *) :

o o
arbitrary manner, except in the case.of the end of a
TSDU where it must correspond to the lenght up to the

% -

-

(* Data Acknowledgement *)

(* Sendiﬁg_Acknowledgement *)

any ID : local ID type do
with TC[ID] 'do
from open to same
provided ACK_PDU_full = true
and MUX.ready_for_sending

~ begin
ACK_PDU_full := false;, i
out MUX, forward (ACK_TPDU); '

#

end; end anx;

(* Receiving Ascknowledgement *)

when MUX.forward (* PDU *) 4
with TC[PDU.dst_ID] do
from open to same =~

provided PDU.kind = ACK and purge

begin
if SS <= PDU.expected —FHt
then (/ discards the incorrect PDU /):
else begin (* enters the state of retransmission *)
¥ S_credit := PDU.CDT; .
retransmit PDU := true; :
retransmit_SS := PDU.expected_seqg number - 1
clear_PDU_buffer (PDU_buffer[PDU.dst_ID],
retransmit_SS); e
end;
end; end provided; .
(* The above transition is executed when ACK is
received during the normal data transfer *)

provided PDU.kind =-ACK and wait_for CAA = false
‘ and wait for ACK false
and retransmit_PDU = true

1}

begin
if SS <= PDU.expected_seq number - 1
then (/ discards the incorrect PDU /);
else begin,
S_credit := PDU.CDT;
retransmit_SS := PDU.expected_seq_ o
number - 1;
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clear PDU buffer (PDU buffer[PDU dst ID]
_ retTansmit SS)
end; -
end; ‘end prov1ded- ' .
* {* The above transition describes the recelvzng of ACK
during the retransmission of TPDUs *)

proVided PDU.kind = ACK and purge request = false
: ’ . §hd wait_Tor ACK = true .
begin : .
out TM[P st_ID, NRL].stop timer;
S credit PDU. CDT-
if ss = PDU expected seq_number -1
then begin (* returns to the state of normal
data transfer ¥*)
wait_for_ ACK = false;
. _retransmit PDU := false°
- clear_PDU_buffer (PD%! buffer [PDU.dst _ID],
. SS
end; '
else if S§ > PDU.expect _Seq_number - 1
then begin (* enters the state of
retransmission’*)
wait_for ACK := false;
retransmit_PDU := true;
retransmlt _SS := PDU,expected_.
seq_number - 1;
clear PDU buffer (PDU buffer[PDU
dst_ID], retransmit_SS);
end;
else begln (* remains. in the present
' state *)
"(/ discards the incorrect PDU /)};
out TM[PDU.dst_ID, NRL].set_timer;
end;
end; end provided;
(* The above transition describes the receiving of ACK
- during the waiting of ACK *) i

provided PDU.kind = ACK and (wait_for CAA = true or
purge_ request = true)

begin (/ igneres PDU\/); end; end provided; end when;
(* The a transition describes the receiving of ACK

durinlg the waitipg of Credit Allocation Ack or purge
operation *) ‘

(* Expedited Data T *) :
(* Receiving the Expedited Data from Session Entity *)
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when TS[ID].T EX DATA Request (* 'TS_user data *)
“with TcL1DT do _ _ ,
from open to same o
provided EX_D_Sent = false and MUX.ready_ for sendlng

- : ‘ and purge_ request = false

begin : .

EX D sent := true; s

expedited SS := expedlted SS + 1; S~

with EX TPDU do begin - <
kind := EDT;
dst_addr := peer_addr;
dst_ID := peer_ ID;
send_sequence t= expedlted SS;
user_data := TS_ user_ _data;
end; ,

out TM[ID EXP).set_timer; -

out MUX/forward (EX _TPDU) ;

end; end when;

(* Rece1v1ng the Expedlted Data from Peer: Entlty *)

when MUX. forw&r /A* PDU *) ) E

with TC[PDU.Ast /ID] do . : -~

from open tqp;ﬁﬁe : _
provided PHU.kind = EDT and EX_D_received = false

and purge_request = “~false
and MUX. ready for sendlng

.begin =
if expedited_RS = PDU.send_sequence -1
then begin :
. expedited RS := expedited RS + 1; ™
EX D received := truej,

"out TS[PDU.dst_ID].T_EX DATA Indlcatlon { -
PDU. user _data);
end;
else if expedlted RS = PDU send_sequence
“then with TPDU do
begin
kind := EACK;
dst_addr := peer_ addr;

dst_ID := peer_ID;
expected_seqg_number := expedited_RS;
end;

. out MUX.forward (TPDU);
else (/ ignores PDU /);
end; end provided;

provided PDU.kind = EDT and (EX b received = true {
or purge _request = true)
begin (/ ignores PDU /) end; end provided; end when;

(* Receiving the Expedited Data Response from Session
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/Zé‘Ehtity *) .  ‘ i -;’. '-‘ ' i’

when TS[ID].T EX DATA Response
with Tc{IDT do
from open to same ' ' ' .
prov1ded EX_D received = true and MUX.ready_for_sending
begin :
EX D received := false;

with TPDU do begin
ind := EACK;
dst_addr := peer_addr;

dst”ID := peer_ID;
expected_seq_ number := expedited_RS;
end;

out MUX forward (TPDU);

end; end when;

A

(* Re¢eiving the Expedited Data Acknowledgement from
Peer Entity *)

when MUX.forward (* PDU *}

with TC [PDU.dst_ID] do

from open to same - C.
*provided PDU.kind = EACK and EX_D_sent = true

begln N A
if expedlted ‘RS = PDU.expected_seg_number
then begin :

out TM[ID, EXP].stop_-timer;
EX_D_sent := false;

- out TS[PDU.dst_ID].T_EX DATA Conflrm‘
end;

h else (/ ignores’ PDU /);

end; end provided;

prov1ded PDU_ kind = EACK and EX D _bent = false :
begin (/ ignores PDU /) end; end prov1ded end when;

(* Credit Allocation Reéguest *)

(* Sending the Allocation Request to Peer Entity x) ©

any ID : 1ocal ID_type do
with TC[ID]™ do
from open to same
provided S credit = 0
and wait for ACK = false
and MUX. ready for_sending
and (retransmit PDU = true
or length_available (S buffer[ID]) <> 0)

and (/ after a certain delay /)
begin
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wait .for CAA f- true'

with TPDU do begin - -l
kind := CAR; .
dst_addr := peer_ addr- -
dst ID := peer_ ID;
end;

out T™[ID, NRL].sét timer:

out MUZX. forward (TPDU} ;

end; end any;

(* Receiving the Credit Allocation Request from Peer Entity *)

when MUX.forward (* PDU *)
with TC[PDU.dst_ID] do
from open to same
prov1ded PDU.kind = CAR
and purge_request = false
) and MUX.ready_ for _sending
begin
with TPDU do begin
kind := CAA; (* Credit Allocation Acknowledgement *)}
CDT := determlne CDT (R_ buffer[PDU dst ID])

dst addr := peer_addr; ) g
dst_ID := peer_ID; :
end;

out MUX.forward (TPDU)
end; end provided;

prov1ded PDU.kind = CAR and purge_request = true
begin (/ 1gnores PDU /) end; end provided; end when;

(* Receiving the\Credlt Allocation Acknowledgement from

Peer Entity *) ‘ﬁxw—\H\

when-MUX.forward (* PDU *)

with TC[PDU.dst_ID] do

from open to same

provided PDU.kind = CAA and wait_for_CAA = true
begin

out TM[PDU.dst-ID, NRL].stop timer;
wait for CAA := false;
S cpedit := PDU.CDT;
endjend provided;

provided PDU.kind = CAA and wait_for CAA = false
begin (/ ignores PDU /); end; end provided; end when;
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' (*.Purge Operation *)

(* Hanaling thé'Purgé Réquest from the Session Entity *)}

when TS[ID]. T_PURGE Request -
provided MUX.ready_for_sending
with TC{ID] do :
from open to same - ~
- begin
out ‘TM{ID, NRL}.stop_ timer;
out TM[ID EXP].stop_timer;-
RS := 1;
.88 := 0y
retransmlt s5
expedited §S :=.0
expedlted RS := 0 ;
retransmit_count := 0;
retransmit PDU := false; °
wait for ACK false;
wait for CAA := false;
ACK_TPDU_full := false;
EX D sent := false;
Ex D_ " received := false; .
purge_request := true; *
clear all butfer (ID);
with TPDU do begin
kind := PR;
CDT := determine CDT. (R_buffer[ID]);
dst_addr := peer_ “addr;
dst”ID := peer ID;
endy
> oq;,mu%fﬁ"NRL] set_timer;’
2 olt MUX.forward (TPDU);
. end; end when;

= 0:
.
'
-
H
.
L

e

(* Handling the Purge Request from Peer Entity *)

when MUX.forward {(* PDU *)

provided PDU.kind = PR.and MUX. ready for_sending

with TC[PDU.dst_ID] do

from open to same

begin
out TM[ID, NRL].stop timer;
out TM[ID, EXP].stop_ timer;
S credit = PDU.CDT;
RS := 1;7
-88 := 0;
retransmit SS’:
expedited SS := 0
expedited RS := 0 )
retransmit_count := 0;
retransmit “PDOU := false,
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wait_for_ACK := false;
" wait_for CAA := false;
ACK_TPDU_full := false;
EX_D sent := false;
EX_D_received := false;
purge_request := false;
clear_all buffer (ID);
with TPDU do begin )
+ kind := PC; :
CDT := determin CDT (R _buffer[ID]);
dst_addr := peer_addr; ‘
dst_ID := peer_ID;
end; ' ' .
_out TS[PDU.dst ID]}.T_PURGE_Indication;
out MUX.forward {TPDU);
end:; end when;

(* Handling the Purge Confirm from Peer Entity.*)

when MUX, forward (* PDU *)
with TC [PDU.dst_ID] do
from open to same .
provided PDU.kind = PC and purge_request = true
begin ' ‘
out TM[ID, NRL].stop_timer;
purge reguest := false;
S _credit := PDU.CDT;
end; end provided;

provided PDU.kind = PC and purge_request = false
begin (/ ignores PDU /) end; end provided; end when;

I

(* Time Out *)

(* Handling the Timeout before the max. number of
Retransmission is Reached *)

when TM[ID, NRL].time_out;
with TC[ID] do .
provided MUX.ready_for_sending
and retransmit count <= max_count

(* Handling a Timeout After Sending Connection Request *)
from open in_progress_calling to same
begin
retransmit count: := retransmit_count + 1;
retrieve PDU (PDU_buffer[ID], 0, TPDU);
out TM[ID, NRL].set_timer;
out MUX.forward (TPDU);
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B~ end; end from-" - R

(* Handling a Timeout After Sendlng a Disconnect Request
from close_in_progress to same
begin
retransmit_count := retransmit_count + 1;
retrieve PDU (PDU_buffer[ID], §s, TPDU);
out TM{ID, NRL].set_timer;
out MUX,forward (TPDU);
‘end; end from;  end prov1ded;

(* Handling a Timeout After Retransmitting Data and
requesting ACK *)
provided MUX.ready_for _sending
and wait_for ACK := true
and retransmit_PDU = true
and retransmlt —_count <= max_count
from open to same
begin
retransmit_count := retransmit.count + 1;
retrieve PDU (PDU_buffer[ID], retransmit_SS,
TPDU) ;
out TM[ID, NRL].set timer;
out MUX, forward (TPDU) ;
end; end provided;

(* Handl%ng a Timeout After Sending Data and Requesting
ACK *
provided MUX.ready_for _sending
and wait_for ACK = true
and retransmit_PDU = false
and retransmit_count <= max_count
from open to same
begin
retransmit _count := retransmlt_count + 1;
retrieve PDU (PDU_buffer[ID], SS, TPDU);
out TM[ID, NRL).set timer;
out MUX.forward (TPDU);
end; end provided;

Y,

(* Handling a Timeout After Sending Credit Allocation
« Request *)
provided MUX.ready_ for_sending
and wait_for CAA = true .
and retransmit_count <= max_count
from open to same
begin
retransmit count :
with TPDU do begin
kind := CAR;
dst_addr := peer_addr;
dst ID := peer ID;
end;
-out TM{ID, NRL]. set_timer;

= retransmit_count + '1;
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© out MUX.forward (TPDU);
end; gnd provided;

(* Handling a Timeout After Sending Purge Request *);
provided MUX.ready_for_sending
‘ and purge_ request = true
and retransmit_count <= max count . “\\
from open to same .
begin o - ~
retransmit_count := retransmit_count + 1;
with TPDU do begin
kind := PR;
dst_addr := peer_addr;
dst_ID := peer_ID;
. end;
out TM[ID NRL]. set timer;
out MUX.forward (TPDU);
end; end provided; end when;

(* Handling a Timeout After Sending Expedited Data *)

when TM[ID, EXP].time out
with Tc(1p] do .
from open to same
provided MUX.ready_for_sending .and EX_D_sent - = true
begin
" out T™M[ID, EXP].set_timer;- :
out MUX.forward (EX_TPDU); (* retransmit expedited
- data *) ]
end; end whehn:! ‘

.(* Handling a Timeout After Max. Number of Retransm1551on
has Reached *)} -

when TM[ID, NRL].time_out
with Tc[1D] do
provided retransmit_count > max_count
from open_in progress calling to close
begin
out TS[ID].T DISCONNECT Indication {
TS_USER_UNKNOWN, ...{* dummy *));

peer_addr := 0;
peer_ID := 0;
cleaT all buffer (ID);
end; end from;

from close_to_progress to close
begin
(/ informs user that the remote entity
has failed /);
peer_addr := 0;
peer_ID := 0;
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provided

from o
beg
wit

sto
out

! out
out

clear _all buffer (ID)
. end; end from; end prov1ded,

retransmit _count > max_count

and MUX. ready for_sending

pen. to close_Tn_progress

in

h TPDU do begin

kind := DR; :

dst addr t= peer addr;

dst”ID := peer_ID; -

src_addr := local’ T _addr;

src_ID ;= ID; |

reason := l29° (* transport ent1ty initiates

, disconnect’ *}

user _data := ...; (* dummy *)

énd; "

re PDU (PDU buffer[ID], SS, TPDU);

TS[ID]. T _DISCONNECT _ Indication (TS _FAIL,...

(*"dummy *));

TM{ID, NRL].set timer;

MUX. forward (TPDU) ;

" end; end provided; end when;

end Protocel;
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CONCLUSIONS

In.thislthesis, - & proposed desigq of the Transport Layer
for local area? network ngtworks . is discussed}l It is
believed that the Transéort Layer built‘ on the Data Link
Layer (rather than on the Network Layer as in the Oéi
architecture) is sufficient for providing a ‘reliable déta
deliQe%y, service between proéesses in & local network
environment. The seryice provided by the Data Link Layer is
apsumed to be an unacknowledged connectionless service. 'As'
suéh; the Transport Layer is responsible for the provision‘
of all.functions which bridge the gap between the services

provided by the Data Link Layer and the services needed by

the Session Layer.

The Tr&ﬁ%port Layer providés a connection-oriented
service to the Session Layer, This service requires that a
transport connection is established between the  two
communicating session entities before data transfer cén
begin. A transport connection features a three-party
agreement : this allows the two communicating session
entities and the transport service provider to reserve a set
of resources for their exclusive use throughbut the lifetime
of their associations. By doing so, orderly communications
and  status information are maintained. | The

»
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'connection?oriénted service provided to tﬂe Session Layer is:
a reliable, in-seqﬁence data  ‘delivery service in which
. messages could bé transmitted at two differént priofity
levels. They are ‘nérmal and expedited data transfer. The
Transport Layer also provides the means for the session

entities to uniquely identify their counter-parts.

The tfansport protocol specifies ;hé communication
behaviour of transport entities in' the éétablishment,
‘maintainance,and termination of transport connections. The
functions performéd by .the transpoft prdtocol are
transmission error recovery, fragmentation, flow control,
sequencing, éuplicate detection, purge and expedited data
transfer. During the design, the protocol was analyzed by
using a technique of perturbation based on a reliability
analysis. Design errors SUCE Ss state deadlocks, message
ping-ponging, unspecified receptions and uneéxecutable
interactions were - identifiéd and corrected. Finally, the
proposed transport protocol was .specified by the Formal

Description Technique, and a 1list of commands and their

-

formats was given.

The proposéd protocol caﬁ be integrated into commercially
available LANs, such as Ethernet, simple becauée' cf the
service that provided to the Transport Layer is an
unacknowledged connectionless type. Some of the limitations

of this design are
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1. not efficient in supporting the tequirements of‘USer.
applications ' that .  are " ‘naturally
connectionless-oriénted, _

2. not éfficiént for users that could accept reliable

service,. and

L}

3., must rely totally on the Data Link Layer for error

detection.

Although the— Transpdrt Layer provides only
connection;oriented service, it allows transaction service
to be easily integrated into/_ the connectidn—orientgd
service, On the other hand, the Transport Layer was
structured int6 separate differént modules which can be
easily modified. Since FDT was used to describe the
transpogﬁ protocol, it provides g specification . which is
closed to an implementation. Some of the reqguirements for
implementing this design are :

1. to define the  exact format and mechanisms for

conveying the transport.service primitives,

2. to determine the local conditions which transport

entity'may terminate transport connections, and

3. 'to define the timer module.

In this design, ohly the problem of protocol reliability

[
was addressed. It will be - interesting to study the
efficiency performance of the proposed protocol. For other

further studies, the following areas can be considered':
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r ' L.
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- .

1. ﬁfoviding a'cqhnegtfopléss 'service'\zo.the Séséioﬁy
Layer. . - | ' S a .

2. Providing different classes of transport protocol for

. different applications, '. R -

3. Allowing the Transport . Layer - tb. employ
connection-oriented service. |

.The 'contributions of -this thesis are the design of the
transport 'protocol for local area networks and the

’

" representation of the protocol design in FDT.
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APPENDIX A - OVERVIEW OF THE ' SEVEN LAYERS OF THE
. 0SI ARCHITECTURE

-

This appendix gives an overview of the seven -layers
defined in 'the.OSI architecture. These seven layers are

Application, Presentation, Session, Transport, Network, Data

Link ahd Physical.

Al Tﬁe Application Layer : Being the highest layer defined

by the O0SI architectqre, this layer  supports the
application-processes which exchange meaningful
information with each other. Protocols of this layer

directly serve the end user by provid{né the distributed
information service appropriate to an application.

A.2 The Presentatien Layef : This Layer provides the set of
services which may be selected by the Applicatﬁon Layer
to enable it to interpret the meaning of the exchange.
These ‘'services are for the management ﬁb{ the entry,
exchange, display and contrel of structured.data. - In
other‘wordé, the Presentation Layer 1s responsible for
resolving -differences in data format,

A.3 The Session Layer : This layer provides the means

.
necessary for co-operating Presentation entities to
organize and éynchronize their dialogue and to manage

their data exchange in a proper order.
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A.4

]

The Transport Layer : The Transport Layer provides, in

association with the layérs below 1it,. an 'uniggksal

transport sefvice. yhiﬁhQis independent of the physidalh
medium. in use. This layer provides transparent transfer
of data betyeen session entities and relleves them from
any concern| with the detailed way in which reliable and
efficient t;;nsfer of data 1is achieved. All protocols
defined in this layer have'ehd-to-end significance, i.e.
transport protocols operate only between end systems.\\
The Network Layer : This layer provides functional and
procedural means " for exchangihg network-service-
data-units between two.transﬁort entities.  The Network
Layer relieves the tfansport entities of routing and
swit;hing considerations associated with the transfer of
data units. 7

The Data Link Layer': The Data Link Layer prpvides
functionél and procedural means for establishing,
maiptaining and releasing data links-beiween network
entities of the adjacent systems.

The Physical Layer : This 1$fer provides mechanical,
electrical, functional and procedural characteristics
for establishing, maintaining and releasing -physical
connection between data link entities. A physical
connection is a communication path in the physical media

between two physical entities.
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APPENDIX B - SERVICE.S AND FUNCTIONS DEFINED IN
. ' THE OSI ARCHITECTURE

In this:appendix, a list of the service$ and,éunctions
for each of the layeré'of the OSI architecture is presented.
This list is compiied directlf from the Draft International
Standard ISO/DIS “ 7498 : Information Systems - Open System
Interconnection - Basic Referehée'Model (Aﬁril 1982)L

‘ - , \-/ . . /___, .
B.1l Physical Layer X ‘ /// -
Sefvices provided by the layer
1. Physica}Qconneétions | ' 7.{\\\5_\__/
2. Physical-se;vice-data-unit ’
3. Physical—connectioﬁ-endpoints
4. Data circuit identification

5, Fault condition notification

o
Functions in the layer’ , [f
s
‘1. Physical-connection activation and deactivation
2. Physical-service-data—-unit transmission

3. Physical layer management

B.2 Data Link Layer
Services provided by the layer
1. Data-link connections
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2.

L4

Data-link-service-data-units

Data-link-connection-endpoint-indentifiers
Sequencing |
Error notification

Flow control : ) e

‘Quality of service parameters

Functions in the lafer

1.
2.
3.

4.

5.

6

Data-link-connection establishment and release
Data-linkfservice—data-unit~mappiﬁg

Delimiting and synchréhizagipn

'Error detection and recovery

Flow control

Data link layer management

B.3 Network Layer

Services provided by the layer

1.

Network address
Network-connections
Network-connection-endpoints~identifiers

Normal and expedited transfer of network-service-

-data—units

Error notification and reset
Seguencing

Flow control

Quality of service pafameters
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Functions,gn the i%yer
1. Routing and relaying
2.:Network-connection multiplexing
3. Segmenting and blocking |

4, Error detection and recovery

5. Seguenceing ‘
6. Flow controlz‘ . '
7. Expedited data tranéfer

8

9

. Service selection

.. Network layer management
.

N *

B.4 Transport Layer

T~
Services provided by-the layer

——

1, Identification .
1
- Transport-addresses

-— Transport-connections i .

- Transport—connection—endpoint—lentif iers
2. Establishment services |

- - Transport—connection establishment

- Class of service selection’
3. Data transfer services

- Transporﬁ*service-data-unit

- Expedited transport-service-data-unit

4, Transport-connection release
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Functions in the layer

1.
2.
3.
2.

Addressing

‘Connection ﬁultiplexing'and splitting

Connection establishment

Data transfer

- Seéuencing

- Segmentipg'and-blqcking

- Concatenation '

- Multiplexing and §piitting

- Flow control |

- Error detection and recovery
- Expedited data -transfer

- Transport-connection identification
Connection. release

Transport layer management

B.5 Session Layer

Services provided by the layer

1.
2.
3.

Session-connection establishment and release
Normal and expedited data exchange
Intéracticn Management

- Two-way simultaneous

-‘Twé—way alternate

- One-wvay

Session-connection synchronizétion
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Functions in the layer
1.,Mapping‘ of . session—connection"‘onto transport-
c&nnection .
. Session-connection flow,cdntrol
. Session-connection recovery

2
3
4, Seééion?ébﬁnection release
5. BExpedited data transfer

6

. Session layer management

Presentation Layer

Services provided by the. layer
1, Data formatting

2. Data transformation

3. Syntax selection -

4, Presentation connections

Functions in the layer

l;'General

- Session establishment request

Presentation image negotiation and renegotiation

Data transformation and fofmakting
- Session termination request
2. Addressing and multiplexing

3. Presentation layer management
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APPENDIX C - PROTOCOL VALIDATION

)

This appendix describes the validation of the ;fansport
protocol by wusing a éechnique of perturbation. Figure 26
shows a two-process interaction which is derived from the
state diagrém of a transport connection (see Figure 24). The
perturbation technique'is used to validate the prétocol for

normal operation before adding recovery actions.

The perturbation technique creates the reachability tree
for a n-process interaction By simply defining thelgystem
states as n*n arrays. Sincé . Fiqure 26 represents a
two-process interaction, thé system state SS in Figure 27
are 2*2 arrays. A system state is defined whére the elements
on the main diagonal repreéent the individual process state
(element 1,1 is state of P, and so on) and each off-diagonal
element i, k represents the message content of fhe

communication medium from process P:; to process Pg.

One begin by defining $S0 which 1is the initial system
state. It consists of both processes in CLOSE ‘(state 0} and
both channels empty (represented by E). SS0 is then
'perturbed’ into all possible successor state reachable by
executing a single transition in one of‘ the 1individual

processes B, ,P2 (in Figure 26). The procedure continues
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until; all reachable system state have been‘ éetermined, as

shown in‘Figure 27

Deadlocks are identified in a reachability tree by system
states with all channels empty and no debarting transitions,
Uﬁspecified receptions are identified by system state§ with
no departing transition to absorb the next output from one
of the chanﬁels.' Nonexecutable interactions are identified
as state transitions presentnin the desigﬁ that are absent
in the  reachability tree. | -®

TRANSPERT ENTIT
CALLING TRANSPORT ENTITY CALLED TRANSPFRT ENTITY

P, - fz
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