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ABSTRACT

This paper presents a comparative study of three communication
protocols at the Transport layer of the Communication Protocol Stack; namely,
the Versatile Message Transaction Protocol (VMTP), the Xpress Transfer Protocol
(XTP), and the Transport Protocol Class 4 (TP4). This study focuses on the
similarities and differences of these three protocols in terms of Transport layer
functions, such as Connection Establishment, Checksum, Error Recovery, and
Flow Control. The Transport layer functions defined in the Open System
Interconnection Reference Model (OSIRM) will be used as the common basis for

the comparison.

This study is motivated by the fact that older (i.e., in existence over 10
years) Transport layer protocols , such as the TP4, are not able to support a variety
of today's applications requiring real-time network services, which the newer
(i.e., in existence less than 5 years) Transport layer protocols, such as the VMTP
and the XTP, are able to support. The fact that older protocols cannot support real-
time applications has been demonstrated through experiences gained using these
protocols1. Therefore newer protocols were designed to support the real-time
applications and to provide new functionalities (e.g., multicast, message forward)
not provided by older protocols. This study identifies some of the new concepts
(e.g., optional acknowledgement, selective retransmission) used in the design of

the VMTP and the XTP compared to those used in the design of the TP4, and

1 Older protocols, such as TP4, are handicapped by their assumption of an unreliable
underlying network.

ii



examines how these new concepts in Transport protocol design can support

today's application requirements.



TABLE OF CONTENTS

LIST OF TABLES L. . .ot st clivemsssiumsmssrsssssmusnyessmsuilito b sonsucessinnisesms uigbossssspbiosses
LIST OF FIGURES....... ccccontommisssnssenssssisssonsussssssessssssssssarioonsnsssosssesssnissimsasssassnsssssss
INTRODUCTIOMN .covotscorsliossesmmmssenssasresssssanesssososesasvonesssshescssssisssassssssshssissssisassesssssasssss

CHAPTER 1 - INTRODUCTION w.....oooiiiiiiiieinieieieieseieasiiesse e
Computer COMMBIICABION «.caiitimiisimmmsimmnsmbumbpmismsmenins s boitsssnsassisss
Open System Intergomnection {(O8]) ........ccusmanisimsssosssisssssisassss

FUSEOTY .vcrr e Bt biasonisss s somssosssmmsssermssessesvsnensisnsasmonsodntidiassweyebss Pivssnsussesss
D S T P OT B e L fh e hescsronssrnsrvsessersssmpnsensseagrasiyssedorseuncsmioessammnnibopeassess s enens
OSI Transport Protocol Functionalities .............c.ccccecoeeeiiineiiciiiciciicinnns
INtrOAUEION cnion ncossisiissmssiinis ssssversesins mssssasssiisnmmsnssas asomessnstassamsasssssssss
C1aSSHICRHON cavrscrsssssssonisassimmmavsnsesiors e s s e v s s ievans
Protocols Under STUAY .........csmsesonmsssssiniesssstmnsessssssesemmmussevraskussssnsnasassesssasassss
Versatile Message Transaction Protocol (VMTP) ..o
Xpress Transfer Protocol QXTRY ... it aassssssisiomsassssssinsissinsssssasasonss
Transport Prototol Class S CTER) ...k . comisiwisoiinmsompmonsomissssssmmssonsons

CHAPTER 2 ~APPROACH .......ooidlio it i f v ossmmuissosssssimnsassssinssssssassssonsiy
Association to a Network Connection .........cccccceeiciiiiiniiniciccciiiceeeee
Transport Protocol Data Unit Transfer and Acknowledgement ................
SeRMeaBON L B Al e BB R B o I s iBinsat s anmbsmessdinmsiibeniniosss
Connection EstabliShment ...
ConNecHON JRBIMSE ... :vusinunihs rosthirons el Bisussssossstusssass sthtresnbossomssssassinsasasass
Association of TPDU to Transport Connection and TPDU Numbering ..
Expedited Data Transfer (Prioritization) ..........cccoeeeciuninnreciiniicncciecceees
Explicit FIOwW COMTOL ........c.oms ouldihucsilbin o et suscsissesesssensssdossssassnsssssyassssssrss
CNBCKBUTIY < vcssnsatrssmsssssssninssssmssis s s thasaEr A RS 43 0454 4S5 AARS SRRSO A LRI RS AS S SRS
Retransntission ont THNEONME ol il oo v siisamsssassmmssssimsississsisers
Summary of the Protocol Comparison..........cccccciiuiinniriciiniiiicicccieeces

CHAPTER 3 - FUTURE TRENDS AND THE EVOLUTION
QF VMIP, XTP ADIREIEL . Lt coviissssssomuadbamssnssnsassinsssssesinss

CHAPTER 4 - CONCLUSIONS ......coioesssusesnoromsenssssussesnsnessesssssssssssasassassarsnssssssssssssns
GLOSSARY OF TERMS ...l e i e sttty s s5sseers tsssonsmassaspssonsapsregasurassassasvasss

BIBLIOGRAPEIY inuiccsccnssnrmmnnsassismmmrinart IR i it ihserTassnparinsorsarhons esmsvssiesspinsves

iv



Table 1
Table 2

Table 3

Functions Defined

LIST OF TABLES

in the Transport LAYer ......comuiimaamunsiesesses

Network Types in OSI Reference Model ............ccocoeviriinininininnnnne.

Comparison Chart



Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10

LIST OF FIGURES
051 Basic Reference Model .......cuntiusiimimmbtaismmssssssssssssms 5
A Network of End Systems and Subsystems ...............cccccceen. 11

Transport Layer Protocol Providing End-to-End

Communication Utilizing Intermediate Subnetworks ............... 11
VMTP, XTP and TP4 on OSIRM Context .......ccceeeeeveeeeevneeeecneeeeens 16
Examples of VMTP Message Transactions ..........c.cccccoeevcnirrenennnnn 19
VMTP Communications Model .........ccccoceviiiiiiiiniiiniiiiiccicee 20
VMIT Frame Formak i B f e ssmssmsisaassssmssisatmssmissusisss 21
XTP Context, Association and Data Streams ...........cccceeeeieceneenn. 24
A A PO o L e e et s .. s m iy s b 25
L. S. Governiment OBDPEOlIE Version 1 ...cuwasmmsosresmssising 29
vi



CHAPTER 1

INTRODUCTION

The proliferation of computers and other signal processing elements
throughout the world, coupled with the need for reliable and efficient exchange
of information, has driven the development of a number of computer networks.
The differences in both requirements and environments for these networks have
resulted in a variety of network designs. Furthermore, differences in
requirements, coupled with changing technologies, have resulted in the
manufacture of many different types of computers. These computers, although

located in different networks, still need to interact.

Beginning in 1968 with the Advanced Research Project Agency Network
(ARPANET) , the Defense Advanced Research Projects Agency (DARPA) has
sponsored the development of a number of computer network technologies. This
research has resulted in an architecture and a set of protocols to accomplish a

robust system of interconnected networks.

The development of communication protocols to support interaction
among computers located in different countries began in 1977 with the
establishment of a subcommittee within the International Organization for
Standardization (ISO). ISO subcommittee 16 was established to coordinate

development of the Open System Interconnection Reference Model (OSIRM)..

OSI is a set of protocol standards built using the communication protocol

layering model. The OSIRM is designed in seven layers: Application,



Presentation, Session, Transport, Network, Data Link, and Physical. These layers
can be used to accomplish an open system architecture for a worldwide computer

communication.

In the past five years many new Transport layer protocols (which deal
with end-to-end data transmission) have been designed to incorporate new
Transport layer features. These new Transport layer protocols promise better
utilization of facilities provided by the network, making computer
communication faster and more efficient. This study compares an earlier
transport layer protocol with new transport layer protocols, and identifies the
reasons for their better performance (e.g., increased throughput, decreased

latency).

Two new protocols, the Versatile Message Transaction Protocol and
Xpress Transfer Protocol will be compared with the older Transport Protocol
Class 4. These three protocols are compared under a subset of functions defined
in the OSI Transport layer protocol defined by ISO [ 7 ]. The OSI Transport layer
protocol specification is used as the baseline in this study because it is an
international standard, and it specifies what an open transport layer protocol

should provide.
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When heterogeneous computer systems wish to communicate, two

solutions are available:

1) one of the communicating systems needs to adhere to the

communication rules of the other system, or

2) the computer systems must agree to use a common set of rules,
possibly different from the ones normally used by either of the

communicating parties.

Until recently, most computer communication problems have been
solved through the first method, in which one system adheres to the
requirements of the other system through specialized interfaces. The alternative
is to use a shared set of protocols such as the ones provided by OSI. As a system-
independent communication architecture, OSI allows computers to exchange

information effectively, regardless of their native communications protocol.



Open Systems Interconnection (OSI)
History

OSI design was initiated in March 1977 by the ISO. Interest and

participation have continued to grow. The objectives of OSI are [ 13 ]:
¢ Interconnection of different vendor's systems.

¢ Coordination of standardization activities and processes in

telecommunications and information systems.
¢ Promotion of new information system business.

OSI standards are a major activity, not only in ISO, but also in the major
national and international standards organizations. These include the American
National Standards Institute (ANSI), the International Telegraph and Telephone
Consultative Committee (CCITT), the European Computer Manufacturers
Association (ECMA), and the Institute for Electrical and Electronics Engineers

(IEEE).

The first plenary session of the Subcommittee 167 took place in February
1978 in Washington, D.C.. The result of this meeting was the first draft of the

seven layer architectural Reference Model.

OSI has grown in technical concept from the development of a

telecommunications base to the current scope of effort. The telecommunications

1 SC16 was established by ISO to develop an architecture that would form
the basis for the further development of a set of inter-system standards



base has expanded to incorporate technical innovations such as Local Area

Networks (LANs), and Fiber Distributed Data Interface (FDDI) [ 13 ].

The OSI reference model reached the International Standard stage in 1983

with the seven layer protocol stack shown on Figure 1.

APPLICATION
PRESENTATION

SESSION

TRANSPORT
NETWORK

DATA LINK

PHYSICAL

Figure 1. Open System Interconnection Basic Reference Model

The standardization effort has since increased with commitments from

governments and industries to support adoption of OSIRM as the international

standard protocol architecture and to promote its implementation.



Description

The wide variety of computer hardware and software complicates
computer communication. One effective way to solve this problem is to divide
the communication problem into several smaller tasks, solving the smaller
problems separately. If the solutions to all the small problems work together,

then the original problem is thereby solved.

This is the approach taken by OSI Reference Model and, in fact, by most
communications architectures. The total problem is partitioned into sub-
problems, and in the context of OSI Reference Model, these sub-problems are

represented by layers [ 7 ].

The OSIRM is composed of seven layers. Each layer is assigned a specific
group of the functions required to allow users of the communication services to
exchange information. Each layer uses the layer's protocol to communicate with
its peer. Vertical communication between layers is through the Service Access

Points (SAPs).

The OSI communications architecture is organized as a protocol stack, i.e.,
there is a certain order in which the communication data is to be handled by the
protocols. Each protocol performs its functions, solving its part of the problem,
while relying on the layers below it in the stack to solve theirs. Each layer in the
stack provides a set of services to the layer above it and uses the services provided

by the layer below it.



OSI defines both an architecture for computer communications and
protocols which fit within that architecture. As a set of protocols, it provides
concrete rules for the communicating devices to interact. The rules, in principal,
allow computer systems to communicate. As an architecture, it defines a
structure for organizing the protocols, along with a set of terms and concepts for
describing them. In order for two computer systems to be able to communicate,
they must adhere to the same communication protocol architecture. It is not
required that both systems implement protocols in the same way. As long as each

follows the rules set by the protocols, communication may take place.

Protocol Data Units (PDUs) are the units of message passed from layer to

layer within a protocol stack and transmitted across a computer network.
The OSI layers are [ 14 ]:
. Layer 1 - Physical

This layer provides the mechanical, electrical, functional, and procedural

means to activate, maintain, and deactivate a physical link between systems.
. Layer 2 - Data Link

The data link layer deals with the requirements of the communications
medium. The primary purpose of this layer is to provide a reliable means to
transmit data across a single physical link by determining how the bits of the
physical layer are grouped into frames, handling transmission errors, and

regulating the flow of frames so receivers are not overwhelmed by faster senders.



In a Local Area Network (LAN) environment, this layer is divided into
two sublayers: the Medium Access Control (MAC) sublayer and the Logical Link
Control (LLC) sublayer. MAC deals with the data communication access to the

physical medium. LLC provides the framework for data to be sent.

There are numerous types of protocols in the MAC sublayer such as
CSMA/CD, Token Ring, Token Bus, etc.. These protocols are part of the OSI

standard and are implemented by various vendors (e.g., 3COM, IBM).
. Layer 3 - Network

The nefwork layer provides the means to establish, maintain, and
terminate Network Connection (NC) and to exchange network service data units
(NSDU) between transport entities. It provides the transport entities with
independence from the details of the intervening sub-network consideration of
routing and relaying functions required to transmit data units across sub-

networks.

One very popular network layer protocol is the Internetwork Protocol (IP).
There are two versions of IP, one designed by DARPA, termed Internet IP, and

one designed by ISO, termed OSI IP.
. Layer 4 - Transport

The transport layer can be thought of as the highest of the lower layer
protocols. Transport layer and below are concerned with the transmission of data
between systems across a communications facility. The transport layer is

characterized as providing transparent transfer of data between Session entities.



All protocols at this layer have end-to-end significance between transport entities

in end systems.
. Layer 5 - Session

The purpose of the Session layer is to provide the means for cooperating
Presentation entities to organize and synchronize their dialogue and to manage

the data exchange.
. Layer 6 - Presentation

The Presentation layer deals with the representation of information of
concern to Application entities (machine representations of data, encoding and
the like). It handles the data to be transmitted between application entities (end-

user information).
. Layer 7 - Application

The Application layer is the top layer between the open systems
environment and the application processes that use the environment to
exchange data. It is the Application layer that uses lower layer communication
services to support user application processes. The Application layer does not
provide services to a higher layer, instead these services are provided to

application processes outside the seven layer OSI architecture.
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OSI T t Protocol Functionaliti

Introduction

The Transport protocol is the cornerstone of the computer
communications architecture over a Wide Area Network (WAN). It is the
lowest layer supplying end to end connections. The Transport protocol is
invisible to the network connecting the two communicating end systems ( e.g.,

system A and system B, as shown in Figure 2 and 3).

In OSIRM terminology, the end-systems are called the Initiator and the
Responder, indicating the system that initiates communication and its
counterpart, respectively. The systems between the end-systems are termed

intermediate systems and they convey messages to the end-systems.

The Transport protocol typically ensures that data is delivered error-free,
in sequence, with no loss or duplication. On top of these basic requirements, it
must meet the performance requirements dictated by a Quality of Service

parameter, which expresses user requirements for the network services.

The Transport layer shields applications from the details of the
underlying communications services. For each application (e.g., file transfer), an
application-oriented protocol is needed to coordinate the activities of the
corresponding application modules and ensure common syntax and semantics.
The Transport protocol, in turn, makes use of network service modules, which

provide access to the intervening communications network.
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Figure 2. A Network of End Systems and Subnetworks

APPLICATION

PRESENTATION
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Figure 3. Transport Layer Protocol Providing End-to-End
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Communication Utilizing Intermediate Subnetworks
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Classification

There are two modes of operation for Transport protocols: connection-
oriented (CO) and connectionless (CL). In the CO mode, an initial connection set-
up (handshake) between two or more hosts intending to establish
communication takes place before the transmission of user data. During the
connection set-up phase, the computers involved in the connection
establishment negotiate the transport service and allocate local buffers and
bandwidth for that specific connection. OSI defines 10 different types of Transport

Protocol Data Units (TPDUs) for CO mode of communication [ 7 ].

In the CL mode of operation, the Transport service is not expected to
provide delivery in transmission order, flow control (control the rate that the
packets reach the end system), or error control of the Transport layer PDUs

(TPDUs). Hence, the CL Transport protocol is relatively simple.

The functions defined in the OSI Transport Layer, which will serve as the

basis for the subsequent comparison study, are shown in the Table 1.



TABLE1

FUNCTIONS DEFINED IN THE OSI TRANSPORT LAYER [ 6, 13 ]

13

FUNCTION

DESCRIPTION

Assignment to a Network Connection

Links a Transport connection to a
Network connection.

Association of Transport Protocol Data
Unit (TPDU) with Transport
Connection

Associates a TPDU with the Transport
connection identifier in order to
provide data path to the TPDUs.

Checksum

Procedure that calculates a check value
associated with the TPDU. Used to
certify user data is not corrupted.

Concatenation and Separation

Concatenates (joins) two or more
TPDUs into a single Network Packet
Data Unit (NPDU), and separates
(reverse of concatenate) a single NPDU
into several TPDUs.

Connection Establishment

Initial communication set-up between
two computers that occurs before user
data can be transmitted.

Connection Refusal

Procedure initiated in response to an
inability to perform a connection or to
conform with the requirements of a
connection.

Error Release

Mechanism used to release connection
after an error signal has been received
from the Network Service provider.

Expedited Data Transfer

Procedure that guarantees the arrival
of an expedited PDU before any TPDUs
subsequently transmitted and may
bypass data already submitted for
transmission.
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Explicit Flow Control

Mechanism that regulates the flow of
TPDUs to prevent overrunning the
responder's capability to receive data.

Frozen References

Procedure to ensure an active
connection identifier is not reassigned
to a new connection without first
closing the old connection.

Inactive Control

Procedure that deals with the
unsignalled termination of a Network
Connection (NC).

Multiplexing /Demultiplexing

Multiplexing allows more than a
single TC to share a single NC.

Normal Release

Procedure to terminate a Transport
connection in normal conditions.

Reassignment After Failure

Procedure that links a TC to a new NC
in the event that the old NC is lost.

Resequencing

Procedure used to re-sequence TPDUs.

Resynchronization

Procedure executed to recover from a
temporary problem in the NC or after
a reassignment of a TC.

Retention Until Acknowledgement of
TPDU

Mechanism to retain a copy of TPDUs
on the sending system until their
acknowledgement arrives from the
receiving system.

Retransmission on Timeout

Procedure to time a TPDU
acknowledgement. It retransmits the
TPDU if timeout occurs.

Segmentation and Reassembly

Segmentation is used to divide a large
TPDU into several small ones because
of network service constraints.
Reassembly is the reverse process of
segmentation.
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Splitting/Recombining

Splitting is accomplished by
distributing user data over multiple
NCs. This is done to increase
throughput (bytes/sec).

TPDU Numbering

Mechanism to number the TPDU in
sequence for resequencing and flow
control purposes.

TPDU Transfer

Procedure to convey TPDUs from the
initiator's system to the responder's
system.

Treatment of Protocol Error

Mechanism to handle inappropriate
TPDUs .
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PROTOCOLS UNDER STUDY

VMTP, XTP and TP4 are protocols that provide the Transport layer
functionalities. Figure 4 shows how these protocols fit within the context of the

OSIRM.

TRANSPORT

DATA LINK

Figure 4. VMTP, XTP and TP4 on OSIRM Context

This section gives an overview of the protocols under study, and lays the

foundation for the comparison study in the next section.

Versatile Message Transaction Protocol

The Versatile Message Transaction Protocol (VMTP) is a high
performance transport protocol developed by the Distributed Systems Group at
Stanford University under the direction of Professor David R. Cheriton. VMTP

was developed during research into high performance distributed systems.
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With the development and increasing use of distributed systems
(multiple processes residing in various sites), the use of communication
channels is changing. One example is the distributed, on-line, transaction
processing systems (e.g., credit card transactions), which implement a typical
"request-response” communication scheme. This example is in sharp contrast
with conventional uses of computer network communication which were based
primarily on remote terminal access and file transfer (including electronic mail),
where the major concerns were the throughput of data and cost of idle
connection (for remote terminal access). VMTP was created to more efficiently

handle distributed systems and request-response communication.

The VMTP was designed to support Remote Procedure Call (RPC) and
other general transaction-oriented communications. RPC is a mechanism
through which one host on a network requests another host to execute a process
on the remote host, and the remote computer replies to the requesting host with
a result from that process. The transaction-oriented communication process is
simply a host computer requesting information from another computer, and the

latter replying with the requested information.

VMTP was designed to address three categories of deficiencies found in
earlier transport protocols in the areas of performance, naming, and functionality
[ 2 ]. The design of this new generation protocol is based on major technological
advancements taking place in computer communications. Today, Local Area
Networks (LANs) with multi-megabit data rates, low delay, and low error rates
are common. In addition, the future promises even greater high-speed, low-

error-rate, wide area connectivity with very high performance switching nodes
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and gateways that use low cost memory, processors, and multi-processor
technologies. These evolving technologies need a contemporary transport

protocol to fully utilize the technology available.

In its operation, VMTP assumes it will be sending messages using an
unreliable datagram service. It provides reliable communications to its senders.

Figure 5 shows examples of typical VMTP Transactions.

The basic VMTP model provides transactional communications
semantics. That is, VMTP provides transport communication between entities on
the network via message transactions. A message transaction consists of a request
message sent by a client entity to one or more server processes, followed by zero
(no response required) or more response messages sent back to the client by the
server processes. At most one response message is sent back per server entity.
Normally, a client sends a request to a single server and receives a single
response, as when a workstation requests a page of a file from a network file

server.

Independent of the client/server communication, the VMTP modules
also communicate among themselves. Each VMTP implementation has a
pseudo-client known as "manager". Figure 6 shows a typical VMTP

communications model.



»-| File Page >
o g Request )
Application File
Client Server
< File Data -
Response
Application Server
Client || Datagram | |
Request
> File Page File Server
Request 1
Application
Client
File Server
2
| From < From < | > File Server
Server X Server Y 3
p»-| File Open > Directory
Request Server
Application
Client
Forwarded Authorization
Message Server
File Open Basic File
Response |- Server

File Retrieval

Message Passing

File Retrieval from a
Multisite Database

File Retrieval in a

Distributed Processing
Environment

Figure 5. Examples of VMTP Message Transactions
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User-level Request

User-level Response

Figure 6. VMTP Communications Model

The VMTP manager is composed of procedures residing in each computer
on the network. It is responsible for obtaining status information regarding other
entities, and updating message transaction information at the client or the server.
Unlike the traditional protocols requiring explicit connection establishment,
VMTP sets up connection on demand. The type of connection depends on the
type of communication services needed by the application. The VMTP frame

format is shown in figure 7.
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32 bits of Length

Client Entity Identifier

[Verion Domain Length
Refrans. | Forwa ity 0:
ontrol e | Core acket Gap R RES | | g 1:31!:3:01

Transaction Identifier

Packet Delivery Mask

Server Entity Identification

Message Control Block

Data

Checksum

Figure 7. VMTP Frame Format

The VMTP frame is divided into blocks: the Header, the Massage Control
Block, the Data Block, and the Checksum. PDU fields of interest in this paper

include:

Entity Identifier: a 64 bit field that identifies the Client and the Server for a

connection.

Transaction Identifier: a 32 bit field used in conjunction with the Entity

Identifier to identify a connection.
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Priority: a 4 bit priority identifier used during the communication process

to identify message urgency .

Packet Gap: an 8 bit field specifying the interval between two consecutive

outgoing packets.

Checksum: a 32 bit error check field holding the value calculated from the

checksum algorithm for error checking purposes.

Packet Delivery Mask: a 32 bit field used to acknowledge delivered packets

to the sender.

Retransmission Count: a 3 bit field used to maintain the number of

retransmissions of a PDU.
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Xpress Transfer Protocol

The Xpress Transfer Protocol is an emerging high speed protocol
intended for direct implementation in Very Large Scale Integration (VLSI)
hardware architectures. It is also known as the Protocol Engine (PE) [ 4]. XTP was
designed by Greg Chesson of Silicon Graphics and refined to its current state by
Protocol Engines, Inc., an industry consortium of networking companies,
government laboratories, and academic institutions. XTP is targeted at High

Speed Local Area Networks (HSLANSs).

The XTP is a Transport protocol with unified internetwork services

conforming to OSI layers 3 and 4.

The core mechanism in XTP is connection management, controlling two
simplex virtual circuits, i.e., controlling two independent unidirectional

communication links.

In XTP, a set of state variables contains state information for an instance of
XTP at an end-system (host). These state variables are collectively termed the
Context. Figure 8 shows an example of an XTP Context. Contexts Ka and Kb (from
hosts A and B respectively) are associated. In this association, there is an A to B
data stream and a B to A data stream, each used for data packet transmission.
Furthermore, there are two control packet streams used for control packets

transmission.

There are three primary goals for the XTP/PE system: real-time
performance, integrability, and full functionality. Cost reduction is considered a

subgoal of integrability, because it allows upgrades on the circuit board without
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redesigning the entire circuit. The initial performance goal for the XTP/PE system
is a 100 Mbit/s transfer rate between application processes. This is motivated by
FDDI technology, since FDDI provides transfer rates in excess of 100 Mbit/s.
However, the system architecture has been chosen specifically for the ability to
scale up to 1 Gbit/s level. The system is also designed to deliver low latency for

real-time applications [ 5 ].

ASSOCIATION

endpoint host A endpoint host B

A-B data stream

— —cqnirolpackets__  _ __
Context Context
Ka — —cqntrol packets__  __ >
\ la B-A data stream
/ \
G TR
| \ /
\ / \ /

Internetwork

Figure 8. XTP Contexts, Association and Data Streams

The requirements for XTP derive from the communication needs of
contemporary and anticipated distributed systems. Distributed systems typically
require services such as Remote Procedure Calls (RPC), rapid request/response

operations, and transaction-based file access. Such services are naturally provided
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by a communications architecture based on connectionless service and reliable

real-time, arbitrary-sized, datagrams.

XTP was designed to function as a Transfer protocol, meaning it
incorporates services and functions from both transport and network protocols.
This study, however, only covers the Transport layer functionalities. The XTP

frame is shcwn in figure 9.

24 bytes of length

cmd key sort reserved seq route

Information or Control Segment

dcheck dseq flags ttl | htcheck

Figure 9. XTP Frame Format

The 24 byte header and 24 byte trailer formats are common to all the XTP

packets.

XTP defines 10 packet types: DATA, CNTL, FIRST, PATH, DIAG, MAINT,
MGMT, SUPER, ROUTE, RCNTL [ 12 ].

Some of the packet types referred to in the next chapter are:

FIRST: packet sent from the initiator to start an association.
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DATA: packet containing user data.

DIAGnostic: packet to report error conditions.

ROUTE: packet for exchanging control information.

SUPER: packet formed by conjunction of packets.

Some XTP frame fields referred in next chapter are:

SORT: a 32 bit field used to specify packet priority.

SEQ: a 32 bit field that specifies a sequence number associated with one

data stream.

DCHECK: a 32 bit field for a data checksum.

HTCHECK: a 32 bit field for a header/trailer combined checksum.
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Transport Protocol Class 4

OSI defines three classes of networks as shown in Table 2.

TABLE 2

NETWORK TYPES IN OSI REFERENCE MODEL

NETWORK TYPES QUALIFICATION

A Acceptable residual error rate
Acceptable signalling error rate

B Acceptable residual error rate
Unacceptable signalling error rate

C Unacceptable residual error rate

An error is defined as a missing, distorted or duplicate PDU. A signalled
error occurs when the network detects and reports an error. A residual error

occurs when an error occurs without network reporting it.

Table 2 indicates that in Type A networks, a negligible number of the
PDUs transferred are silently lost and there are very few signalling errors. Type B
networks do not silently lose data, but they do have more signalled errors. Type C
networks do not provide against data loss, transmission error, or packet

reordering.

Within the OSI Transport layer definition there are five classes of
transport protocols which are identified by their class number, they are the
Transport Protocol Class Zero (TP0), TP1, TP2, TP3, and Transport Protocol Class

Four (TP4) [ 7 ]. The primary motivation for the five Transport protocols is to
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handle the different services provided by Type A, B, and C networks. TPO is the
simplest type of OSI transport protocol. It is intended to be operated over a Type

A network, it does not provide error detection or recovery.

TP4 is the most complex of these classes, it is intended for use on a C Type

network. TP4 can handle residual error rates unacceptable to TO-T3.

TP4 has been adopted as part of the mandated U.S. Government Open
System Interconnection Profile (GOSIP), which is a Federal Government
procurement profile for open systems computer network products. This profile is
the standard reference for all Federal Government agencies when acquiring and
operating data processing systems or services and communication systems or
services intended to conform to the OSI protocols. Figure 10 shows how TP4 fits

within the U.S. GOSIP.
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CHAPTER 2

APPROACH

VMTP, XTP and TP4 protocols are analyzed using a subset of the OSI
Transport layer functions from Table 1. Because of differences in protocol design,
not all the functions defined in the OSI Transport layer are applicable to all the
protocols under study. Therefore, in order to establish a common base for the
comparison, only those functions applicable to all three protocols were used for

the comparison.

In the following section, a brief description of each Transport function
investigated is given followed by the description of how the three protocols
incorporate the function. Finally, the similarities and differences among the

protocol specifications, related to that function, are given.

As part of the comparison study, the protocol differences and similarities
are identified, as well as advantages and disadvantages of each specification. A

summary of the protocol comparison is presented at the end of this chapter.

Association to a Network Connection

The Transport protocol uses services provided by the Network layer. It is
through an association to Network connection(s) that the TPDUs are passed to

the Network entity(ies).
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VMTP

VMTP assumes an underlying network (or internetwork) service
providing a datagram transfer. Specifically, VMTP is designed to be implemented
on the IP Internet Datagram Protocol, although it may also be implemented as a
LAN protocol directly via "raw" network packets. VMTP is assigned the protocol

number 81 in Internet IP context.

With a 20 octet [P header and one segment block, a VMTP packet is 600
octets. Thus, a host implementing VMTP implicitly agrees to accept VMTP/IP

packets of at least 600 octets .
XTP

XTP suggests many lower layer protocol encapsulations1 within a
Medium Access Control (MAC) frame of the Data Link layer. The XTP packet can
directly follow the MAC header, although in many cases additional higher layer

protocol headers are required.

To achieve the 8 byte boundary in host memory so 32 and 64 bit
computers can access control fields without the overhead of crossing word

boundaries, an alignment offset is used to handle various odd MAC header sizes.

! A technique used by layered protocols in which a layer adds header and
trailer information to the upper layer's PDU
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