GENERALIZED TERMINAL

ISO-0S1 Architecture

ONLINE 81




RCSL No: 43-GL 11021
Edition: January 1981

Author: Tom Jacobsen

Title:

The ISO-0SI Model Applied to Microprocessor
and Minicomputer Systems. An ONLINE'81
contribution.

¢ REGNECENTRALEN
. af 1979




Keywords:

Generalized Terminal, ISO-0SI, X.29, X.25, X.22, X.21,
ECMA Transport Station, Teletex, s.h, s.f, s.d
EURONET DEVT, DTE, RCNET,Virtual Machine, RC850,
RC700, RC3600, Pascal 80, Compiler Architecture

Abstract:
This paper will be presented at the ONLINE'81 conference,
held at Dlisseldorf, 10-14th February 1981.
The generalized Terminal is presented. The ISO Reference
Model for Open Systems Interconnection is utilized as a
template for the internal software architecture. The
ideas of a virtual machine and the derived requirements
for a compiler architecture are dealt with.
Copyright © 1981, A/S Regnecentralen af 1979
RC Computer A/S
- Printed by A/S Regnecentralen af 1979, Copenhagen
% Users of this manual are cautioned that the specifications contai-
T ned herein are subject to change by RC at any time without prior no-
g tice. RC is not responsible for typographical or arithmetic errors
} which may appear in this manual and shall not be responsible for
Q any damages caused by reliance on any of the materials presented.



January 1981

Tom Jacobsen, RC Computer

THE ISO-OSI MODEL APPLIED TO MICROPROCESSOR
AND MINICOMPUTER SYSTEMS

Abstract

RC COMPUTER A/S has defined its computer for the future. It is
defined in terms of a virtual machine. This virtual machine is
determined by a high level systems programming language, and by

the interface to the kernel of the operating system.

One of the products based on this combination, is the Generalized
Terminal. It utilizes, as a template, the ISO Reference Model

for Open Systems Interconnection. The ISO model is used as an
architectural outline for the internal software structure. Further-
more it indentifies the interface between the session layer and the
transport layer as being subject to standardization.







Systems Architecture

RC COMPUTER is currently developing a generalized terminal. The
terminal is based on the ISO Reference Model for Open Systems
Interconnection and utilizes the ISO model as a template for the
software architecture. Furthermore, it identifies the interface
situated between the transport layer and the session layer, as

being subject to company standardization.

The ISO model for interconnecticon consists of seven layers, the
uppermost layer being the application layer, the bottom layer being
the physical layer and the in-between layers being used for pre-
sentation control, session control, transport control, network
control, and link control. The transport control layer is situated
right in the middle providing the upper layers with network inde-
pendent transport service. It is itself based on network dependent
service. Thus the transport control layer transforms the network
dependent service, offered by the actual network interfaces, into
network independent transport services, as required by the network

independent applications.

To illustrate the importance of the functions of the transport
control layer interface, the ISO model may be visualized as a double
cone with the upper cone representing the different applications,

and the lower cone describing the transport systems.

The transport systems may be based on many different systems, such
as public networks, local networks, broadcast networks, microwaves,
optical links and satellite links.

The applications may be simple terminals, refined terminals, com-
pound systems for office automation, host computers and distributed
systemns.




In principle, all kinds of applications and all kinds of trans-
port systems may be hosted by the model. Any application and any
transport system may be identified as a path through their

respective cones.

When the generalized terminal makes its debut, the network inter-
faces X.25 and X.21 will be utilized. For this purpose proper

paths for communication have to be identified. Because the services
offered by the X.25 and the X.21 are very different, the transport
protocols for the transport control layer will either be different
or at least they will be based on different functions for the same
transport protocol. These functions will be known as varying sets

of network dependent elements of procedures.

The transport interface will not only be dependent on the kind of
service to be provided, but will, to an even larger extent, be

shaped by the actual systems programming language.

RC COMPUTER has defined Pascal 80 as the high level systems pro-
gramming language for future products. The utilization of a high
level systems programming language plus the kernel interface, is
the essence of a virtual machine. Consequently, the software, in-
cluding the system software can be developed and maintained inde-

pendently of the actual hardware targeting that virtual machine.

As a result of the above analysis, the following subjects must be
examined further in order to describe the generalized terminal and

the utilization of the ISO model:

. Network Interfaces
. Transport Protocols

. Presentation/Session Protocols



. Pascal 80
Compiler Architecture

. Hardware Implementations

Network Interfaces

CCITT has specified two network dependent interfaces which reflect
two major techniques for network construction. These interfaces
are X.25 for packet switching, and X.21 for circuit switching.
Furthermore, another interface for circuit switching, X.22, will

soon be introduced.

The X.25 interface may be characterized as a statistical multiplexer
which allows for individual flow control, while X.21 is a single
server without preempting and without waiting line. X.22 is a time
multiplexer. Neither X.21 nor X.22 offer flow control or link con-
trol.

The above mentioned CCITT specified interfaces interconnect a
stand-alone terminal or a cluster or a local network to a public
network. They may also be integrated with the network by imple-
menting the network node as part of the layer-three network con-
nection. Thus the generalized terminal may be integrated with RCNET,
which is a datagram-based-network, constructed and manufactured by
RC COMPUTER.

The CCITT X.25 line-server is non-preemptive and in most cases a
single server. Fragmentation may allow for small waiting times for

small amoupts of data, and can facilitate parallel services. Thus
the total network time will decrease. Fragmentation causes large
qguantities of dataitd.be:transmitted'aS'a’kind'of_pséUdo-backgrbuﬁd

activity. The costs of fragmentation are seen in increased header




overhead and in an increased number of packets to be routed and
handled by the network. Non-fragmentation may result in monopol-
ization of line-servers and an average low utilization of the

buffer resources.

No priority facilities are provided by X.25, but due to the
statistical multiplexing some pseudo-priority classes may be

introduced.

The CCITT X.21 and X.22 interfaces do not provide any priority
facilities. Being just single servers without preempting and with-
out waiting line, X.21/X.22 provide a rather primitive service
which requires that all functions, other than network addressing,

must be implemented at a higher level.

Transport Protocols

ECMA, the European Computer Manufactures Association, has forwarded
a final draft for a standard ECMA Transport Protocol. The protocol
has been developed in parallel with the CCITT Network Independent
Basic Transport Service for Teletex, CCITT Draft Recommendation
S.h. During the last stage of the development of the ECMA protocol,
the CCITT Draft Recommendation was included as part of the ECMA
protocol. This inclusion was possible because the ECMA proposal
defines different classes of service, ranging from the most primi=-
tive, CCITT Teletex Class, to a sophisticated class, enabling con-
current utilization of different network services. The sophisti-
cated ECMA class has much in common with the one originally proposed
by IFIP (INWG No. 96.1).

The Teletex class is named Class Zero. Another class of interest is

the ECMA Class Two. This class allows individual flow control, but



is without facilities for error detection and error correction.

The Generalized Terminal will at least utilize the CCITT speci-

fied interfaces X.25 and X.21.

Since no relevant ISO standards exist, and in order to ensure
that minimal re-mapping will be necessary when the ISO standards
become available, the most appropriate candidate for the trans-
port protocol is one or more of the above mentioned ECMA classes.
Class zero and class two are of special interest, primarily
because class zero offers the most basic service and class two

offers facilities for multiplexing.

Presentation/Session Protocols

Even though a great wvariety of protocols for virtual terminals
have been proposed, no ISO standard or candidate for standard-
ization exists at the present time. However, the most interesting
possibilities are EURONET DEVT, CCITT X.29, and CCITT Teletex.

The EURONET DEVT and the CCITT X.29 protocols have in fact inte-
grated the presentation/session layers with the transport layer,
and they are on a large scale related to the X.25. Therefore, the
most appropriate protocol for the generalized terminal is the
CCITT Teletext. In combination with ECMA class zero, the CCITT
Teletex presentation/session protocol will constitute a Teletex

terminal which can be applied to X.25 and X.21 network interfaces.




Pascal 80

The software will be written in the high level systems programming
language, Pascal 80. Since the wvirtual machine is defined by its
association to the high level systems programming language, the
actual hardware implementations may be changed. Consequently new
computers may be introduced without affecting the software. Thus
the software will become portable between existing and future
elements of the new computer family of RC COMPUTER.

Furthermore the present project will also implement an extension

for the operating system kernel. This will enable access from a

high level language to modules implementing communication in accord-
ance with the ISO-model of OSI.

The high level systems programming language can be described as an
extension to sequential Pascal. It will offer features for dynamic
creation and deletion of process incarnations and facilities for

inter-process communication.

Concurrent process incarnations communicate by means of objects.
These objects can be thought of as existing in an environment

common to all process incarnations. A means of communication between
two process incarnations can be established by giving them access,

one at a time, to the same object.

Two basic types are provided for obtaining and exchanging access
to objects. The types are called reference and gueued-semaphore.
The value of type reference is either a reference to an ocbject or

to a nil.

Process incarnations can exchange access to an object. This is
achieved by means of gueued-semaphore type variables. Queued-



semaphores were introduced by Sgren Lauesen. They combine the
synchronizing effect of Dijkstra's semaphores with the exchange
of data. One can visualize them as "mailboxes" with unlimited
capacity, through which all communication between process incar-

nations must be channelled.

A queued-semaphore is composed of a sequence (FIFO-queue) of
objects and a set of temporarily stopped process incarnations.

At any given time, either the sequence of objects or the set of
process incarnations or both will be empty. These three states

of a cgueued-semaphore variable are named: open, locked, passive.

In the open state, the sequence of objects is not empty. In the
locked state, the set of process incarnations is not empty. In

the passive state the sequence of objects, as well as the set of
process incarnations, are empty.

The objects may be one simple object or it may be a stack of simple
objects. Objects are composed of a header and a data part. The
stack may be a stack of headers with reference to the same data
part, or it may be a stack the elements of which is a pair consisting
of a header and its associated data part. In the first case, stack

operations allow for header hiding and header substitution.

To facilitate inter-process communication between process incarna-
tions residing in loosely coupled processors, the above mentioned
queued-semaphores will be extended. This paves the way for mailbox
based communication in a dynamic environment and introduces an
implicit gqueued-semaphore reference. The gqueued semaphore extension
combined with standardized elements of procedures constitutes the

transport interface.




Compiler Architecture

The virtual machine will be applied to a variety of different
hardware implementations. This will put some constraints on
compiler development.

Each new compiler can of course, be developed from scratch and
this may result in a highly optimized compiler. However, the
development requires a large amount of human resources and also
a lot of verification. Each executable program has to result in
the same set of equivalent actions, independently of the actual

compiler and the actual hardware implementation.

Another possibility is to divide the three distinct tasks. The
first will be dependent upon the language only. The last will be
dependent upon the targeting hardware only, and the inbetween
will be dependent upoﬁ some language features and upon the class

of targeting hardware.

It will be typical that the first part consists of a parser and
the semantic analyzer, while the second part will select the run-
time model and in particular perform the addressing compilations.
The last part will generate the specific code to be executed or

interpretated.

Intercommunication between the above mentioned parts is attained

by utilizing intermediate languages. Therefore, the existence of
intermediate languages is foreseen in the future. One of the inter-
mediate languages will be dependent on the wvirtual machine only.

The others will resemble the high level systems programming language,

as well as the class of targeting hardware.



Hardware Implementations

In the case of Pascal 80, RC COMPUTER has adopted the concept

of the above mentioned compiler architecture. So far two differ-
ent targeting machines have been constructed. The first one is
based on the Zilog Z80 which is an eight-bit microcomputer used
in RC700 and RC850. The second is a minicomputer currently under
construction, which is based on bit sliced components. This mini-
computer has a specially developed interface which facilitates

firm-ware execution of a Pascal 80 related intermediate code.

RC700 is an intelligent micro-based autonomous system offering
COMAL and PASCAL computer power for the professional user. The
minicomputer is developed especially for the construction of
network nodes, terminal concentrators, gateways and protocol con-

verters, and front-ends.

RCB850 is being developed as an intelligent screen based computer.
It facilitates network connection and applications in the area of

Teletex and office automation.

For our existing RC3600 minicomputer, a TM-level software inter-
preter has been developed. This interpreter functions as a normal
task and is controlled by the original operating system. Thus

Pascal 80 processes may communicate with non-Pascal 80 processes.




Epilogue

The architecture presented here aims particularly towards

construction of communication systems.

For these systems, the ISO Reference Model of Open Systems
Interconnection is used as an architectural template. This is
done in order to ease the adaptation of new standards and in
order to define an internal interface for transport service.
This interface reflects the service offered by a network inde-
pendent transport interface, as well as the characteristics of

the virtual machine.

The virtual machine is defined by the high level systems program-
ming language PASCAL 80. In order to facilitate implementation
on differing hardware, a compiler structure consisting of three

distinct tasks is being developed.

The high level systems programming language PASCAL 80 has been
chosen because of its simplicity, and because of RC COMPUTER's
already gained experience in the use of this special language.
Quite likely, five to ten years from now, other languages for
system programming will be standardized. In that case some repro-
gramming will be needed. Nevertheless this period is very long

compared with the rapid change of hardware components.

Today RC850 is based on an eight-bit microcomputer, Z80, but in
order to host a full generalized terminal, a sixteen-bit micro-
computer will be incorporated. The virtual machine, however,
remains the same.

Connection to at least two widespread network services, X.25 and
X.21, is planned and others such as X.22 and RCNET may be imple-

mented as well.
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