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ABSTRACT

Two high~level tools for the implementation of the software
on mini-computers -~ the System Programming Language and the Syntax

Description Language == are presented.

A System Programming Language is the highest possible mode
of expression compatible with software writing and system program-
ming applications. The general characteristics of such a language
and its interface with the hardware are discussed. The implementa=-
tion of the CTL Modular One System Programming lLanguage is presen-
ted as an example. The problem of portability of the resulting

software is analysed and solutions are proposed.

The Syntax Description Language is a method of description
of the syntax of programming languages in terms of transition
diagrams. The use of this method for the syntactical analysis and
the compilation of various types of languages is discussed and
examples are given. The Syntax Description Language may be used
as a preprocessor to the System Programming Language. The produc-
tion of the software of programmable terminals is given as an

example of application of this integrated system.
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FOREWORD

The research for this thesis was undertaken between October
1971 and December 1973 under the direction of Professor David J.

HOWARTH of the University of London, Institute of Computer Science.

The work originated in the need for a high-level system
~ programming language for the CTL ﬁodular One computer. The P. L.
ﬁodular One language was designed durihg the last three months
of 1971, and in February 1972, a first version of the compiler,
written in PL/I on the University College IBM 360/65 computer,

was available.

A second faster version, also written in PL/I, was soon
begun, and the definitive documented compiler was finished in
September 1972, In the meantime a wide range of Modular One uti~
lities had been implemented on the 360: an assembler and its text
editor, a decompiler, compression and conversion programs, loaders,

etCave

"SYDELA", short for SYntax DEscription LAnguage, is a high
level formulation of the transition diagrams first introduced by
M. E. CONWAY (7) and more recently used by N. WIRTH (20) in the
implementation of the PASCAL compiler. This method has been used
to write the P. L. Modular One compiler and various other Modular

One utilities. Its potentialities for the coding of all types of

»
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translators éppeared to be immense. The first "SYDELA" compiler,
conceived as a PL/I preprocessor, was coded in October 1971 as a
tool for the implementation of P. L. Modular One. A new version
of the 1anguage, specially designed to cope with the requirements
of a small machine, was implemented as a P. L. Modular One exten~

sion in September 1972,

Between October 1972 and June 1973, '"SYDELA" has been used
to write syntactical analysers for COBOL/F 360, CDC ALGOL, CDC
SCOPE and CDC EXTENDED FORTRAN. The method appeared to be very
practicable and the time required for the coding of a complete
syntactical analyser for a high=level language was cut down to

less than 1 programmer-month.

Although reference is constantly made to the CTL Modular
One computer, the methods and tools described in this thesis can

easily be adapted to any mini-computer.
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CHAPTER T

JUSTIFICATIONS AND METHODOLOGY

A major objective for the implementer of a computer system
is to provide a reliable interface at the highest level of expres-
sion compatible with the intended types of application. However,
in the present situation of the development of programming systems
which are part of larger complex software systems, the stresses
imposed on the design and on the implementation of new programming
tools are numerous.

The basic dilemma which is presented to the designer can be

summarized as follows:

POWER AND EASE OF EXPRESSION ECONOMY OF CONCEPTS
- what can be expressed? — - the most elementary
h
~ how easy is it to express concepts at the low=
it? est possible level.

A solution to this problem is provided by the concept of extensible

language which can be analysed as follows:
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eai:/:ﬁ/gx§§::sion i;71ementer power of expression

PRIMITIVES
DIALECT —-—ar EXTENSION | 1 OF THE BASIC
MECHANTISMS LANGUAGE

Although this approach has proved to be inefficient in terms of
execution speed and size of the object program, the important
concept of a primitive language close to the machine has led to
interesting developments in the field of system programming lan~-
guagese.

A system programming language is a high-level assembler
language which tries to conciliate the ease of expression with
the efficiency of the object code. Its purpose is to replace the
low=level languages so that it can be used as a basis for the
development of other programming tools. For example, the Syntax
Description Language described in Part II is an extension of a
system programming language: the user of this system needs not
know the assembler language of the object machine; the knowledge
of the system programming language is sufficient.

Four important points need to be taken into consideration
in the design of a primitive language and of its associated ex=-
tensionse.

a- the user confidence is a fundamental factor in the success

of a new programming tool. This confidence can be gained
at two levels:

- at the system level by providing safe translators and

a range of reliable utilities, debugging systems and

diagnostics;
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- at the expression level by designing the language in

such a way that the association of a symbolic represen-
tation to a mathematical or mental concept can be done
safely; what is more naturally written mut be the normal
representation of a given concepts. At this level the
analysis is more subjective, but is certainly worth

being made;

b- the ability to adapt to various contexts and types of

applications is important at a time when programming

systems are becoming more and more diversified;

c- the speed of development of the complete system can be

improved by concentrating on:

the definition of the requirements;

-~ the specification of the syntactical and
semantical characteristics of the language;

-~ the fast implementation of the compiler;

= the production and testing of utilitiess

- the commercialisation, documentation,

teaching, etcsss of the system;

d- the development of computer networks and data transmis=-

sions systems allows the implementation of a complete
programming system on a small machine without being

limited by considerations of size of the compilers and
translators which can be implem;nted en larger remote

installationss
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CHAPTER I1

CHARACTERISATION OF THE MINI~COMPUTERS

The term "mini-computer" is a vague one, and direct comparison
between these machines is difficult. The wide range of their use and
the differences in thelr technologies make the correlation in cost
and quality for a specific type of application impossible. Objective
comparisons can only be maae between systems providing the same
services in similar environments. This chapter attempts to outline
the major characteristics of the "mini-computers" from the hardware,

software and types of use points of view.

HARDWARE.

A typical mini-computer can be identified as having the
following characteristics:
- cost of the basic system between £5000 and £20000;
- memory size from 1K to 256K bytes by increment; of
1, 2, 4, 8 or 16K bytes;
- memory cycle time from 0.5 to 2 microseconds;
- word length 6, 8, 12, 16, 18 or 24 bits;
- comprehensive set of logical and bit manipulafion

instructions;
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-~ direct memory access facility;
- normal range of computer peripherals;

~ cofiprehensive interrupt handling system.

Mini-computers are compact machines requiring little space.
Their modularity means that upgrading and modification are just a
matter of plugging in different circuits rather than changing the
whole system. The environment does not need to be controlled and
most mini-computers can be installed right in the place where the
information to be processed originate. These machines are thus
familiar tools on,the shopfloor rather than mythical monsters
behind the closed doors of a climatised computer centre.

The typical processor of a mini-computer uses short words
and the need to keep its price competitive means that some costly
hardware features are often absent. The instruction set is generally
complex involving various modes of addressing and direet comparison
between two mini-computers can only be made in terms of execution
times for specific functions and not by a mere statement of the
execution speed of the basic instruction. The user will not always
be able to - take advantage of the flexibility of addressing which
is offered.

The length of the word is an important.factor. The longer it
is, the greater the efficiency and the greater the cost. A compro=-
mise between economy and efficiency is generally a 16 bits words in
most applications or 24 bits on scientifically oriented machines.
Machines used in process-control or data transmissions may use an
8 bits word, but the low cost is often overidden by the lack of

precision and the complexity of the instruction sete.
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The Direct Memory Acess is usually provided on mini-computers
as part of the transfer systeme This allows the peripherals and the
central core to exchange data without interfering with the CPU's
processings The Direct Memory Acess is particularly useful in appli-
cations using fast peripherals or in the multi-processor systems
allowing communications between processors, core and peripherals.

The development of Virtual Memory systems on mini-computers

renders a disc necessary. This may slow down the overall speed of

" the system considerably if the disc is not fast enough, or cost an

unjustifiable amount of money if the data rate is too slow to opti-

mize the transfer speed. As a general rule, the data transfer speed

and the length of the transferred word should be matched with the

device speed and length of worde This tends to be an important con-
sideration as few manufacturers do market their own peripﬁerals, and
non-standard peripherals is a common characteristic to many mini
installations.

Microprograms are also a common feature to many mini-computers.
The microprograms stored in a read-only memory provide the elementary
operations which are not hard-wired (floating point operators, edi=
ting, data movement, conversionsees)s They may also be specially
designed for a given type of application, where commonly used pieces
of code which make little access to the main core may be advanta-

e

geously set as microprogramse

TYPES OF USE.

The four major areas of application of mini-computers are
process=control, communications, education or science and commerciale

Each of these applications requires different features from the
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machine and uses it in a different hardware and software environ-
ments.

Few process-control systems require extensive calculations,
and the absence of hard-wired floating point arithmetic is not
necessarily preveﬁting the use of minis in this area. The good
performance of mini~computers in data transfer and in interrupt
handling make them suitable for most real-time control systems.
The process-control user wants a cheap, simple and reliable device
with no or few peripherals and a single piece of software which
runs for the machine's lifetime. All the computer will be doing
is I/0 transfers and conversions with little calculation; but a
great number of processor will generally be required.

In communications, the work is oriented towards character
handling on a random basise Very flexible adapters and a great
variety of interfaces and terminals is the main objective. A basic
communications system will consist of a CPU, front-end pr&cessors,
communications control units, terminal system controllers and ter-
minals. The very "'soft' interfaces of the mini—computers and their
low costs together with the wide range of peripherals that they
support make them perfectly suitable for that purpose. The modula=
rity of most minis and the small core increments mean that they
can be easily expanded to meet expanding demands such as the ones
which arise from the addition of terminals to an existing system.
However, it often appears that the minis' CPUs are not fully used
and that the overheads are high; therefore, one tends to increase
the number of tasks alloted to the front-end processor which can
perform useful transformations and checks on the transmitted cha-

racterse.
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In the scientific and education areas, the major drawback
of mini-computers is that they are unsuited to calculation and
batchworks Hard-wired floating point arithmetic is an exception
and the short size of the word leads to a lack of precision. This
can be overcome by the use of efficlently coded microprograms
to implement the arithmetic operations. The shortage of core space
renders the development of complex operating systems and compilers
impossible. One thus tends to use the mini-computers in a single
language and multi-user environment where their communications
capacities are better exploited. BASIC and APL systems are now
common on many minis. In this case, as in the case of process-con-
trol systems, the mini houses a single piece of software (basically
a reentrant interpreter with a communication package) which lasts
for the machine's lifetime.

Mini-computers are well suited t$ commercial applications,
particularly in the areas where real-time control is invélved
such as in stock control or order entry. A mini-computer is as
cheap as conventional Visible Record Systems but can grow more
flexibly and more than one user can have simultaneously access to
the system. However, the use of a mini-computer requires more
expertise than the use of desk equipments, more especially as
minis do not always have full-sized high level language compilers,
and their peripherals are less reliable than the ones of small
integrated systems. On the other hand, the wide range of special
purpose peripherals makes mini—compuéers very adaptable to all
environments. For example, minis are perfectly well suited to the
access and processing of subsets of a large data-bank or can be

used as stand-alone real-time systems with a number of remote
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terminalse.
SOFTWARE.

The analysis of the types of use of the mini-computers shows
that there are two broad classes of users. The process~control,
communications and, to a lesser extent, some scientific applications
users need a single piece of software which is repeatedly executed.
The commercial and most education and scientific applications users
want a good deal of software covering everything from the debugging
programs to compilers and complete packages.

Very few mini-computer manufacturers do market their own
software for all types of applications. The user is then faced to
the purchase of an unexpensive processor and long and costly
development periods to produce a working system. Furthermore,
most minis can only be programmed in low level language to achieve
efficient performances. The user must employ skilled programmers
who have a detailed knowledge of the machine and of its assembler
language. These people are scarce and tend to be specialised in
a given type of material and have some difficulties to adapt to
different ones.

The manufacturers will invest in the development of a range
of stand-alone packages (say emulators of hardware terminals)
which will allow them to find immediately a competitive place on
the market for these kinds of applications. The first effort is
not concentrated on producing a wvalid general purpose operating
system or executive. The result is then, that, in all the packages,

the line between the executive functions and the application pro=

grams is badly defined. The major effort is put on the fast produc=
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tion of smallwsized workable packages. At a later stage, when a
general purpose operating system is made necessary by marketing
imperatives, the need to keep an upward compatibility greatly
affects the design of the system which suffers from the lack of
a well defined architecture in the previous packages.

Compilers for high level languages exist on a certain number
of mini-computers. FORTRAN, COBOL, BASIC and CORAL-66 are the four
most common high level languages available on mini~computers in
the U.K. FORTRAN may be used both in scientific and process~con-
trol applications. However, the lack of bit manipulation operators
;nd its limited number of input/output techniques make it ineffie-
cient in terms of'instructions generated to execute a given task
in comparison with the same task coded in assembly language. In
business data processing applications, COBOL-like languages can
be reasonably well compiled. For the conversational user, BASIC
and APL are now available on some mini-computers. Even sophisti=-
cated real-time and commercial problems can be easily coded in
.these languages, but with important penalty on core storage and
execution time. Universal System Programming Languages like CORAL
66 or LSD are now more common on mini-computers, however their
low efficiency (a CORAL-66 program is 40% longer than the equiva-
lent assembler program) make them unsuitable for the development
of some pieces of software.

The most common utilities which can be found on minis are
text editors, hexadecimal or octal dumps, debugging programs,
binary copy programs, disc initialisation, dumps/restore routines,
sort /merge packages and various file handling utilities. Assemblers

and assembly languages vary greatly from one machine to another;
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they may be one, two or three pass and generate absolute or
relocatable codes. The most advanced assemblers include program
sectionning and linking, production of reentrant and simultaneously
reusable code, macro definition and conditional assembly facilities.
Very few systems allow the link-editing of mixed assembler and

high level language sequences.
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CHAPTER IYI

SYSTEM PROGRAMMING LANGUAGES

This chapter discusses the general characteristics and requi-
rements of system programming languages for mini-computers and
their implications on the portability of the resulting software.
A distinction is made between two types of portability. The exter~
nal portability, which aims at the use of the same programming
language for a range of different machines, is condemned as(being
unefficient and misleading. The internal portability, which is
restricted to the problem of adapting software to the variations
of the peripheral equipments and of the software facilities of a

given installation, is analysed and solutions are proposed.

GENERAL PHILOSOPHY OF SYSTEM PROGEAMMING LANGUAGES.

System programming languages (SPL) aim to provide the users
with high level facilities of expression together with an effici-
ent coding of the object programs. SPLs may be used for application
programming as well as for system development. This implies a large
flexibility in their definition: the language should not hide the
machine from the user who wants to use its specific features, but
it should not force its limitations on the user who wants to igno-

re the basic structure of the machine.
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language level.

A SPL generally reflects both the characteristics of the machi-
ne on which‘the object code is to be executed and the way programs
are commonly written in high level languages. Hence the programmer
may specify some of the hardware registers of the machine as ope=-
rands ;nd control the allocation of core space for the data items
that he defines. He may also ignore these factors and use the lan-
guage exactly as he would use Algol or P.L. / l. Even in the same
program, some sections which are repeatedly executed may be coded
in a low level form as some other sections may be coded more freely.

Taking as an example the coding of a compiler, one may define
three major levels of programminge.

a= The lexical level contains the critical loop

of the compiler which is performed for every
character of the input stream. This part of the
compiler should be coded with the greatest
efficiency, even if it may be detrimental to a
good understanding of the structure of the
programe Furthermore this part of the compiler
is very rarely modified, hence a clear coding
is not an absolute necessitye

b~ The syntactical level consists of a loop which

is executed each time a new syntactical unit

(name, constant, keyword, special symbole..)
~is encountered in the input stream. In the

coding of this part of thé compiler, one should

look for a fair compromise between efficiency
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and clarity of programming as one can have to
modify it from time to time.

The semantical level consists of the set of all

the code generators and the actions which are
specific to a given combination of input syne
tactical units. This part of the compiler is
the one which is the most often subject to
modif;catious (maintenance, releases, exten-
sionssse)s The important factor is then to make
this level as easy to understand as possible by
use of a high level form of expression.

P.L. Modular One examples illustrate the

differences of coding between these three levels.

EXAMPLES: converting a binary positive integer X in its ISO 7

five digits external representation to be stored

in BUF(O). sce BUF(‘#).

form 1l: high (

semantical) level programminge.

I =

43 A= X;

WHILE (I >= 0)

END;

BUF(I) = A\ 10 + 48; A= A [ 103

form 2: intermediate (syntactical) level programming.

In this form the control variable of the WHILE

loop is forced to be the hardware register M ($),

hence saving intermediate load and store instruc~

tions for indexing and testinge.
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$ =45 A=X;

WHILE (§ >= 0)
BUF($) = A\ 10 + 48; A= A [ 10;
$=%-1; |

END;

form 3: low (lexical) level programming.

In this form, instructions are saved by forcing
the variable A to be the accumulator (&) and using
the fact that, when a division is made, the accu-
mulator (@) contains the quotient and the extension
(#) holds the remainder.
$ = 4;0 = x;
WHILE (§ >= 0)

# = 9\10 + 46;

BUF(4) =4#;

$ = $ - 13

END;

The numbers of object instructions for each of these levels
are respectively 21, 16 and 10. This is obviously an extreme
example, but it clearly shows the way in which a system program-
ming language can provide a complete set of solutions to the
dilemma between the ease of coding and the efficiency of the

resulting object code.

self-documentatione.

One of the most immediate advantages of high level languages
lies in their external syntactical expression which makes proe

grams almost self-documenting. There is an obvious progression in

the legibility of the three following forms of expression.
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form 1l: assembly expressione

LDM I
LDA X(M);
ADA Y3
STA Z3
STA W3

form 2: intermediate assembly=like expression.

(D stands for the accumulator and § for the index)
$t=1; ‘

= x($);

=9+ Y;

zZ=3;

W=2;

form 3: high level expressione

Wy, Z2 = X(I) + Y3
However, even the most elementary compiler would generate exactly
the same object code for all these three examples; The main diffe=-
rence between these forms lies in the expressive power of the exterQ
ngl representations. On a small machine, the difference is even
more important. For example, the simple operationt
Rgg A, Reg B := Reg M v Reg Bj;
which can bé symbolically coded:
D, # =S vi#;
must be expressed in the Modular One assembly language as follows:
6PYL RA,RB M1,B1,EQV,NOT1;
which has no expressive power at all!
A psychological study of an assembly language programmer

would show the following steps in the elaboration of a program:
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make a high~level, mathematical and macroscopic represen-
tation of the algorithm;

extract a part of the aigorithm and formulate it in an
intermediate, more precise and concise representation.
This representation may be similar to the one of form 3
above;

assign registers and names to the various items entering
in the intermediate formulation. The result of this step
is an expression like the one of form 2 above;

transcribe this formulation in actual assembly statements,
using general or personal conventions, habits, tricks...;
add some comments to explain the meaning of this section,
if it seems necessary;

select another part of the algorithm and go to step b.

As a result, the program generally suffers of three major defects,

namely:

8=

b-

C~

the comments are generally insufficient, as the space
available on the card is limited and the work of writing
comments rather tedious;

comments only give a microscopic description of the algo~
rithm;

there is no assurance that the comments accurately descri-

be the statements which have been actually coded.

One should also notice that, in most case, the work of steps c

and d in

only few

the above description can be done autqmatically. The

instances where special care must be taken are encoun-

tered when a very efficient coding is required and the interme-

diate representation does not imply this optimal coding.



1.3.

34,

A system programming language deals with this kind of require-
ments, by using a variable level of programming which allows a
compact expression of the simple unambiguous statements and however
gives to the user a permanent control on the generated code, so
that he can intervene in a lower form of expression at some criti-
cal pointse The tedious work of transcription is thus suppressed,
and the time which is gained can be advantageously used for con-
centrating on some interesting points in the program and for adding

some general macroscopic comments.

programming structuress.

One of the most commonly used construction.in programs is

the Algol form:

if condition then statement-l else statement=2
which is generally compiled in the following sequence of instruc=-
tions: \

TST condition

JMP L2

. >— STATEMENT-1

SMP EXIT

L2: o —

. / STATEMENT=2

EXIT: eeves

An extensive use of this type of high level construction greatly
helps the programmer and reduces the number of possible sources
of errors. A SPL should include this class of facilities, as long
as it does not conflict with the structure of the machine. For

example, it would be irrelevant to implement recursive procedures
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if the hardware does not provide a local workspace pointer
register.

Although high level programming structures are a great impro=
vement in the ease of programming, they are generally detrimental
to the efficiency of the object code and may hide some distinctive
fegtures of the hardware of the machine. In FORTRAN,.a DO~1loop
expresses nothing more than the equivalent sequence of IF and GOTO
statements; it can be considered as a simplification in writing.
But the DO-loop restricts the normal potential power of expression
of the hardware by forcing some limitations (no variable steps,
gtc...). More generally, a high level programming structure is
balanced by a loss in the capacity of expression.

When defining the programming structures of a SPL, one should
try to conciliate the ease of coding with the most accurate repre=~
sentation of the hardware architecture of the machine. Three major
factors are used in the design:

a~ respect of some form of "tradition'.

It would be ridiculous to depart from some common tradi-
tions in the programming world, when the result does not
fully justifies this change. Most system programmers are
not Algol 68 épecialisgs and one will gain an important
amount of the time needed for teaching the language if its
structures are already familiar. At the limit, the very
syntactical description of the language should give most
of the required information on the semantical meaning of
its constructions. Furthermore the respect of some form

of tradition will ease the solution to the problem of

software transportation (see 3.).
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b~ analysis of the requirements of system programming.

System programming is very different from application
programming; the types of the problems which are dealt
witﬁ require different modes of expression. In general a
system programmer will need a better understanding of the
processes for space allocation and recovery, block struce-
turation, passing of arguments, etce... These processes
must be built in the language in a way which is transpa-
rent enough for the user who wants to understand them
fully. Some constructions are also very common to system
programming: multiple switches, label modifications, lo=-
gical tests on bit patterns, etce.s. for which satisfactory
modes of expression must be provided.

c~ the hardware requirementse.

In practice one generally builds in a SPL the structures
which are both commonly used and efficiently compiled.
However, there will be some cases when the structures are
not adapted to the coding of a specific problem. The user
must then be given the possibility of switching to a lower
level of expression. This interleaving of different levels
of coding implies that the programmer must always have a
good knowledge of the code which is generated for a given
construction to be able to interfere at the critical points.
The rules defining the use of procedures together with the
meaning of names, the linking of functions, communication
of arguments and the process of allocation of space to va=-
riables are fundamental to a good use of a SPL. These cha-

racteristics may vary considerably from one language to
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another because they are their most machine-dependemt
features. A standard scheme for these mechanisms must be
built in the language to cover most applications, but the
user should be able to over-ride this system, 1f he judges

it necessary and control all by himself.

le4e data types and structurese.

A wide variety of data types (integers, labels, pointers,
bitstrings, e...) and data structures (vectors, arrays, stacks, line
ked structures, ...) is used in system programming. However the
kind of structure which is used to solve a §pecific problem is often
dictated by the architecture and the addressing modes of the ma-
chine. Hence the designer of a SPL bears an important responsibility

~in the definition of the data types and structures built in the
language. The general rule, like in the definition of programming
structures, 1s that a data organisation must not hide the machine
from the user when he wants to over-ride the standard facilities
provided ﬁor should it restrict the addressing capacities of the

hardware.

examples:
data types

« real constants and variables are not commonly used in
system programming, they should not be implemented on
a machine which has no wired floating point arithmetic.
When there are different lengths of real available, the
SPL must provide some ways of specifying the length of
the operands or operators (short, long, double...) toge~

ther with a standard default length.
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- when no specig} bitstring manipulation operator exists
in the hardware, the length of a bitstring variable can

. be forced to be a multiple of the length of a word or
of a smaller addressable unit.

- pointers are an identification of an address together
with some other machine-dependent information (segment,
global, common, Local, protection, etCese).

« labels may be associated with a block, a procedure or a
statement. Label variables may be used in conditional
branch instructions.

data structures

- vectors are very often used, attention should be especia=-
1ly given to the optimisation of the vector references
(allowed forms of indexing).

- arrays with more than one dimension should not be imple-

" mented if there is no hardware multiple indexing facili-
ties (like the 360 base and index registers) as they
could lead to an unefficient object code.

- stacks must be implemented only if there are built-in
hardware stack instructions or some special type of ad-
dressinge.

- non homogeneous aggregates may be assimilated to vectors,
arrays or pointer references depending on the addressing

system of the machine.

1;5. machine interface

The machine interface facilities of a SPL provide two main

types of services:
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a= give access to the standard functions of the Executive
which cannot be built in the language for reasons of
efficiency or simplification of the syntax;
b- allow the lowest form of programming in an assembly-like
form.
The problem of the communication with the Executive is related to
the question of portability and will be discussed later.
The lowest form of programming is used when the programmers
feel fhat the functions provided by the language are not fitted
to the expression of a specific problem (say coding an input/out-
put statement). However, it must be possible to refer to variables
and statements defined at a higher level. This implies a perfect
knowledge of the implementation of the data types and of the vari=
ous modes of addressing associated with each type of structure.
A solution to this problem is to allow "pseudo-assembler! expres-
sions where complex references to data elements can be coded in
the operand part of the assembly statement.
For example, in P. L. Modular One the following statement:
CODE LDA X(I),
LDM PT «> CeD.E;
will be allowed and will generate the following sequence of object

machine instructions:

LDM X
LDA X($)

LDB C
ADB D
ADB E

LDM PT(i)
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2.

2.1

Debugging is surely the most tedious part of a system program=-

merts jo

tools ar

b. This work could be greatly eased if high level debugging

e provided as standard functions of a SPL. These facilities

fall into two classese

- 5

tatic facilities

cross reference table

map of core allocation

actual address of the high level statements
Ydecompilation'" of the source program

post mortem dumps

-~ dynamic facilities

snapshots and dumps of specified areas
conditional dumping
tracing

save and restart at specified points

THE MYTH OF EXTERNAL PORTABILITY.
external portabilitve.

The degree of portability of a language measures the ease of
transporting a program written in this language from one context
to another onee. One can make a distinction between two different
kinds of portability: \

a~ the external portability consists in transporting a program

b-

from one machine to another onej;

the internal portability is the transportation of a program

from one configuration of a given machine to another confi-
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guration of the same machine (with differences in periphe-

rals, executive, operating system, core size.ee)e
Although a lot of research work is being done on the problems of
external pértability, its application to a SPL seems rather mythi-
cale It is already fairly difficult to transport automatically
programs written in high level languages such as COBOL and FORTRAN,
so that it seems impossible to design a language which is at the
same time low~level, efficient and reasonably portable from one
machine to another. The results of the 0S6 resea;ch project team
at Oxford University show that trﬁing to transform a Modular One
into a BCPL-machine leads to a loss in execution speed of up to a
~ factor of 50.

The desirability of external portability for a SPL on a mini-
computer may also be condemned as leading to a contradiction. On
the one hand, in a low-level or system programming language, pro-
grammers are strongly influenced by the architecture of the machine,
trying to make the best possible use of its specific features. On
the other hand, an sxternally portable SPL will synthetize the cha-
racteristics of a whole range of machines, thus hiding their diffe-
rences and putting forward their common factors. In this case, the
programmers will be directed more by the syntactical structure of
a "virtual machine" than by the characteristics of the actual
existing hardware.

7 Furthermore, a portable SPL would contain at a high-level
only the features which can be implemented on all machines, irres-
pective of whether it can be efficiently compiled or not. Hence,
on a specific installation, a few features only will be implemented

(the ones which are common to the whole range), and most of them
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will be unefficiently -compiled (dealing with an abstract machine
far remote from the actual one).

The‘following critical study of an externally portable SPL
will point out more precisely some practical consequences of the

design of such a language.

L.S.De.: an externally portable language.

202.10 aims of LeSeD.

L.SeD. (Language for System Development) is a machine indepen-
dent SPL designed at the U.KeA¢Es.As. Culham Laboratory. Its descrip=-
tion which is self-explanatory is given in Appendix IIs. L.S.D. also
aims to provide high-level system programming facilities on a whole
range of small and medium size computers. L.S.D. has been designed
to be easily compiled and macro-processed using the portable Culham
SID syntax generator and STAGE=-2 macCro-processore

Two implementations of L.S.D. are now available on CTL Modular
One and on ICL System 4/70. These transform L.S.D. programs into
equivalent assembly language programse The L.S.D. system is designed
to be used in two stages. Programs will be debugged by means of a
compiler which generates an interpretative code. The final produc~
tion program will be generated by means of the macro-processor which

is not flexible enough for debugging purposes.
24242, the cost of macro-processing.

Beyond the fact that the macro-processor is not flexible
enough to allow program development, the use of this method of
compilation seriously restricts the syntax of the language. It

implies an extreme rigidity in the coding of the program (only one
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statement per card, no possibility of spreading a statement on
two cards, limitation in the use of conments, etcese), and in the
syntax of some statements (forward references to label constants
must be enclosed between colons i.e« GOTO :LAB:, €tCees)e
Furthermore it is questionnable whether the development of
both a compiler and an interpreter is economically sound. Two pro=-
grams must be coded and debugged which achieve similar purposes,
but expressed in two different wayse Generally both. the compiler
and the interpreter will be incomplete. The time spent on the deve~
lopment of the interpreter could have been more valuable if concen~
trated on the production of a more efficient compiler providing

more facilities to the user.
2.2.3. level of the language.

In L.S.D. there is no real way of coding a statement at the
lowest level:

« no interface with the Executive is provided;

- no way of referring to a high-level defined variable inside

an assembly sequence of instructions.
More generally, L.S.D. seems to be at a too high level for an
efficient system programming language. Expressions can be of the
form:
A% (C-D)
or A+ Q)

which involve an allocation of auxiliary storage completely out of
the control of the user. The general form of a condition is: -

{expression-1y» {relation) <{expression-2)

where relation is any of the comparison operators. On small machines



44,

no comparison statement is generally built in the hardﬁare. The
comparisoﬁ must be compiled as:

( expression-1 ) =~ {( expression~2 ) relation O
which leaves an unknown result in the accumulator and requires the
allocatioﬁ of an auxiliary core location to store the intermediate
result. In procedures, one can specify a list of input (which are
left unchanged by the procedure)}, and output (results) parameters;
this is certainly too high-level for a system programming language.
Furthermore, this feature has proved to be unnecessarily restric-

tive and difficult to implement.
2.2.4. the cost of machine independenée.

As LeSeDe. can be used on a wide range of small computers, its
representation of the object machine is over~simplifieds Hence, the
yirtual LSD machine" is supposed to have a single accumulator and
a restricted number of operations on the index register. The lan=
guage ignores the segmentation of the core'of the Modular One in
three segments and, as a consequence, the notion of pointer is
111-defined.

On the other hand, some of the features which exist on small
computers, but not on the Modular One, are implemented in L.S5.D.
The INC, CLEAR, DEC, IREG operations are irrelevant on a machine
where literal operands can be specified for the operations relative
to all registers. The GOTOVIA statement conflicts with the Modular

One architecture which does not allow writing in the code segment.
2+.2.5. other points.

Many other characteristics of L.S.D. are not adapted to the

Modular One (and some other not to the ICL System4). Some inexpli-
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cable limitations have also been brought to the syntax of some
statementss For example, in a IF statement, both the THEN and ELSE
clauses must be simple, non-composite statements. This practically
restricts the power of the construction to the rather poor:
IF condition THEN GOTO L1; ELSE GOTO L2;

discussed in 1.3. In a similar manner, it is not possible to achie-
ve the grouping of more than one statement in a single unit (like
the PL/I DO or BEGIN constructions).

Appendix IV presents a comparison between the L.S.D. and

P. L. Modular One sets of statementse.

an alternativee.

Although this study is only qualitative (measures of the effi-

ciency of the object code should be made), it shows that a high

level system programming language must be designed to represent
accurately the architecture of the macﬁine on which the object code
is to be run. This is generally detrimental to the portability of
the programs from one machine to another.

However, a simple analysis of SPL written programs shows that
only a small amount of the coded statements are really machine
dependent (in the sense that they use specific features of the
hardware). The other statements are straightforward assignments
or transfers of control which pose no real problem of tranmscription
from one machine to another.

Assuming that the syntax of all SPLs do follow some general
eraditional rules'™ (see l.3.a), it would be easy to design a kind
of "intelligent" transcriptibn program working in conversational

mode. This program would deal automatically with the transcription
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of the constructions wﬁich are common to the source and the object
SPLs, and ask for the help of the human operator for the ones which
differ. Such a program should also include general editing facilie
ties to allow the tracing of all occurences of a given identifier,

statement or construction, produce cross-reference tables, etce..

THE INTERNAL PORTABILITY.

problem.

Any COBOL or FORTRAN application programmer who has ever tried
to transport one of his programs from one machine to another one,
or even from one version of an operating system to a new one, knows
the difficulties which are inherent to the adaptation of a program
to a different context. However, most large scale computers can be
considered as proper "COBOL machines" or "FORTRAN machines". The
problem of transportation is not caused by the differences in the
architectures of the object computers, it is principally due to the
interface with the machines (executive, operating system, access to
files, etcees.) and its conventionse. In high-level application lan-
guages, the main sources of difficulties can be located in the
transposition of the Job Control Language, in the differences in
the allocation and the sharing of peripherals and in the variety
of file management methods. In low-level languages such as SPLs,
the main problem will be at the interface with the Executive and

with the operating systems
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internal portability.

The degree of internal portability of a programming system
measures the ease in which.a program can be adapted to a configu-
ration of a given machine different from the one which was initi-
ally intended. One can make a distinction between two kinds of

internal transfers:

- modifications keep the Executive or Operating System

and modify their context (adding or suppressing peri-
pherals, core space, programs, utilitieSess);
- transplants consist in using an existing program under

a different Executive or Operating System.

The "onion ring'" design simplifies the transplant operations, and
standard interfaces bring a solution to the problem of modifica-

tionse

the Yonion ring' design.

The '"onion ring"™ design consists in separating the software
architecture in functional layers, where each layer can communi-
cate,only with the layer immediately below or immediately above.
The more central the ring is, the more machine dependant it will
be.

A typical "onion ring" design for a small Eomputer will

be as follows:



USERS! PROGRAMS
UTILITIES & COMPILERS

OPERATING SYSTEMS

ACCESS METHODS

EXECUTIVE

- the Executive provides the most elementary way of communi-
cation with the external world and with the hardware. It will gene=~
rally include a simplified tasking mechanism and units to deal with
the external interrupts. The Executive is obviously machine depen-
dant and must be coded in a lpw level form.

~ the Access Methods are used to communicate with the external

world in a machine-independant manner; the notion of ‘peripheral’
being replaced by 'file's. The Access Methods will deal with sequen-
tial, direct, indexed or special types of data exchange using the

elementary functions provided by the Executive.
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- the Operating System is the "Manager" of the architecture

it uses the access methods to take control of resources which he
allocgtes to the systems and users! tasks.

- fhe Utilities and the Compilers may have some special pri-
vileges and are fhe intermediaries between the users and the ope-
rating éystem.

Although some authors strongly criticize this type of design
for its lack of flexibility (number of intermediate layers to ac-
cess the hardware), its advantages in relation to intefnal portabi-
lity are obvious.

1f the structure of this type of design appears to be too ‘
rigid, one can always provide some channels to short-circuit a

layer, thus making the communication faster.

USERS! PROGRAMS
UTILITIES & COMPILER
OPERATING SYSTEMS

ACCESS METHODS

EXECUTIVE
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But it must be realised that the larger those channels will be,

the more detrimental it will be to the ease of transportation of

the software.

standard interfacese.

This is the most obvious contributing factor to the internal

portability of a program. The interfaces with the Executive and,

more generally, with the inner rings of the "onion ring", must

be as machine-independgnt as possible. This can be achieved in two

independgnt ways.

am

the use of high level concepts.

For example, when passing an address as a parameter to the
Executive, this address should be a pointer in the SPL
sensee. It is the Executive's job to map this relative

address with the actual one.

the uniformisation of conceptse.

In the innermost rings of the design, the SPL programmer
should be able to address all peripherals in the same way,
irrespective of their different structures; the notion of
channel of information must replace the one of physical

channel and peripherals. The association of a channel of

‘information with a physical channel is under the Executive

responsibility. Similarly, in the outermost rings, the no~
tion of file replaces the channel of information. The
access methods are responsible for the linking of a file

with a channel of informatione
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CHAPTER IV

P. L. MODULAR ONE

\
The design of P. L. Modular One has been influenced by the

remarks of the preceding chapter and by the type of programming
which is currently made on the machine. This chapter does not give
a complete and detailed description of the language which can be
found elsewhere (9), it selects some characteristic features of
the language and links them with the architecture of the Modular
One. The reader can also refer to Appendix III for a complete

syntactical description of the language.

BASTIC CHARACTERISTICS AND PROGRAM ELEMENTS.

P. L. HModular One is a system programming language designed

to cover most of the programming for the CTL Modular One computer.

lopment.

There are very few restrictions in the format of the P. L.
Modular One statement. The programs may be written without consi-
deration of column~-checking. The format is entirely free. Each
statement is terminated by a semi-colon and the next statement
may begin in the column immediately following or after any number

of intervening spaces.

. It may be used both for application programming and software deve-.
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identifiers.

In P. L. Modular One programs, names are assigned to data,
labels, procedures, figurative constants, registers and pointers.
These names must follow the syntactical rules for creating identis

fierse

a~ special identifiers.

The symbols &, # and $ are used to refer to the content

of the registers A, B, and M considered as integer values.

b~ names.
An ldentifier is a string of letters and digits beginning
with a lettere. The string must not excede 15 characters in

length.

¢~ reserved wordse.

Some identifiers have special meanings in P. L. Modular
One programs. They must not be used to name data or other
programmer defined items. These reserved words, when set
in the proper context, specify special actions to be taken

or the nature of a data item.

program componentss

A P. L. Modular One program is built from the basic constru~-
ctions which are either declaratives or statements. Statements may

be either simple or compositee.
1e241. declaratives.

Declaratives give to the compiler the description of data

items. There are four types of declarativese.
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The COMMON statement introduces the description of the data
which may be shared begween two programs. The GLOBAL statement
describes the items which are global to the whole program. The
DECLARE statement gives the description of the items which are
local to a procedure. The arguments which follow the name of a
procedure describe local items which may be used for passing values

to a procedure or to a subroutine.
1.2.2. statements.

There are five types of statementse.

- keyword statements have a reserved word to indicate their

function.
example: GOTO L;
ALLOCATE A; FREE Bj;

- replacement statements contain one of the two possible

assignment symbols (= or -y=), they have no keyword.
example: DELTA = A ¥ X ¥ X + BETA;
PT =)= ABS;

- the null statement consists of only a semi-colon and

indicates no actione.

- a composite statement‘contains one or more other statements
as part of its body. The final statement of a composite
statement is a simple statement or one of the reserved
‘words END or FI which are followed by a semi-colon. Compo-
site statiements may contain other composite statements as
part'of their bodies.
examples: IF (A=0) THEN C=63 D=7 ; E=8 ;

ELSE C=7; D=8 ; FI;
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‘WHEN (A=0) UNLESS (B=0) UNLESS (C=0)

GOTO L;

WHILE (I 0) A = A+F(1I); I = I-1; END;

- a group 1s a sequence of statements headed by the reser=
ved word BEGIN and ended by the corresponding END state-
ment. It may be used wherever a single statement is allo=~
wede Execution passes sequentially into and out of a group.

example:\ UNLESS (1=0) BEGIN I = K/I; J=J+1; END;
le243. statement labels.

Simple statements, composite statements and groups may be
prefixed by one or more labels, A label identifies a statement so
that it can be referenced at some other point of the program. If
more than one label is specified for a single statement, they may
be used interchangeably to refer to that statement.

examp les: STAT1: A = 6;
LABl: LAB2: WHEN (AOV) GOTO OVERFLOW;
OVERFLOW: ;

In the third example the label "OVERFLOW" is prefixed to a null

statement.
le2.4. statement switch prefixes.

Switch prefixes may be prefixed to some of the statements
which are nested inside a CASE statement. These prefixes identify
the different actions which are to be executed depending on the
value of the switch variable associated to that CASE statement.
Switch prefixes are unsigned integer constants connected to the

statement by a righﬁ parenthesis. When different values of the
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switch variable imply the same action, more than one prefix may
be used for a single'statement. In this case the prefixes are
separated by a dot. Laﬁels and switches may be prefixed to the
same statement, but the switch prefix list must precede the label
list.
example: CASE N OF 6
1) I =3%J; L= 2;
3.4) LAB1: LAB2: L = 4; GOTO LAB3;
6) 3
5) I = 3¥K; GO TO LAB2;
2) LAB3: I = 73
END;
the switch 6 is prefixed to a null statement which means
that no action is to be taken when N is equal to 6.
After the execution of an action list, the control passes to the
statement immediately following the END keyword, unless an uncon-

ditional jump is specified.

DATA ELEMENTS.

A data is the representation of a piece of information or
of a value. Ps L. Modular One allows the programmer to define
and use a wide range of different data and data organisationsSe
A variable is a symbolic name having a value associated to it
at any time that may change during the execution of the program.
A constant 1s the representation of some value which is left un-

changed during the execution. An organisation is a complex asso-

ciation of homogeneous and heterogeneous variables.
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2.1l. data classes and constants.

The class of a data used in a P. L. Modular One program

falls in one of five possible categoriese

~ integers are arithmetic values on which one can perform
arithmetical operations;

~ Booleans may have either the value TRUE or FALSE. Boolean
variables and constants can be combined with the Boolean
operators AND, OR, and NOT;

- bitstrings or words are the representation of a 16 bits

word. The operations allowed on these words are OR, AND,
NOT and SHIFT;

- labels are used to refer to a statement or to control the
execution of the program;

- pointers refer to some core location. They are used to

access an element in a structure.

Constants are of four different classes: integer, Boolean,
bitstring or label, and may have either numerical or symbolic

representations.

- numerical representations exist for integers and bitstrings.

An integer constant is represented by a possibly signed de«
cimal number; a bitstring constant is represented by an
hexadecimal number prefixed by the symbolad).

- symbolic representations fall in three classes:

« TRUE and FALSE are the standard representations of the

two possible Boolean constants;

. a label constant (see 1¢2.3.) is a symbolic representation

rd
[
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of the address of a statement and is used to refer to
that statement so that, during execution, control can
be passed to that statement through a reference to its

label;

« a figurative constant is a programmer defined mnemonic

associated to a given value. The association is made
by means of a CONSTANT declaration in some declarative
statement. Any occurence of this mnemonic in the program
is equivalent to the occurence of the associated constant.
example: BOOLEAN CONSTANT YES = TRUE,

INTEGER CONSTANT DOZEN = 12;

.

WHEN (COUNT-DOZEN = 0) FLAG = YES;

is lexically equivalent to:

WHEN (COUNT-12 = 0) FLAG = TRUE;
variables.

The characteristics of a variable are not immediately appa=-
rent in a name. Since these characteristics, or attributes, must
be known, reserved words are used to associate a name to a given
set of attributes. Variables may be either simple variables or
register variables. A simple variable can be of integer, Boolean,
bitstring, label or pointer class. A label variable will refer
to a label constant and may be used for conditional switching.

A pointer variable will contain the address of a core location,
this value can be set by a pointer assignment such as:
P =)= A;

which sets the pointer variable P to the address of A.
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Some other valid representation of variables are register
variables. The register A considered as an integer, written &
for short, register B, written §, and register M, written § are
variables. These tell the compiler to leave the registers as they
are and therefore to generate no code. Hence @ + X is a valid
expression, but X + 9 is not. Register M is an allowed subscript
when no code is to be generated because the register already
contains the required value.Ekcessive use of the @, §, § register
variables should be discouraged since it makes the pregram more
difficult to read. However a correct use of it may result in an
increased efficiency of the generated object code. Hence the

multiple assignment

A(1), B(I) =C+ D - E;

may be better writtens:
A(I), B($) =C + D - E;
since multiple assignment are done left to right, so that B($)
means B(I) because register M has already been loaded with I
in the assigament to A(TD).
In the same manner, the sequence of statements:
A=1+ 1; B(4) = 4A;
may be more optimally coded in:
$,Aa=1+1; B($) =4;
and the sequence:
A=A - 1; WHEN (4 = 0) GOTO L;
may be more efficient if written:

D, A=A - 13 WHEN (d= 0) GO TO L;
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The programmer may like to use the registers with a class
different from integer or to give symbolic names to them. He
may therefore use the REGISTER attribute.

INTEGER REGISTER A = @);
means that any further occurence of A will be equivalent to the
occurence of @+ In the same ways

LABEL REGISTER X = #,

WORD REGISTER W = $,
declare X and W to be the symbolic representations of the regis-
ters B and M respectively considered as label and bitstring va=-

riables,

organisations.

In Pe L. Modular One, data items may be grouped together
to form data aggregates called organisations. A given element
in an organisation is accessed through indirect addressing by
an "indirect word" which describes the organisation. On Modular

One, an indirect word has the following structure:

0 is a 13 bits address specifying the position of the item. The
field M specifies the segment (Y or 2) to which the item belongs
together with the register which is used as an index, these may
be M, B or none. These three indexing modes dictate'the types of

organisation which must be built in the languagee.
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2.3.1, arrayse

Data elements having the same characteristics may be grouped
together to form an array. An array is a vector of elements, each
of which has the same class. Any given item in the array is refer-
red to by giving its position relative to the beginning of the
array by means of an indexs

The implementation of an array uses the M indexing facilities
of the indirect worde. An array is described by an indirect word
giving in its '0' section the address of the first element and
specifying in its 'M' field an indexing by the M register. When
referring to an individual item of the array, one loads’register
M with the specified index and addreéses the element indirectly
through the description word.

The limitation on the possible operations that can be perfor-

med in register M restricts the form of an index to:

constant

+ constant
variable { } 1 sese
- variable

register~M

Hence
B(6), L($), A($} +6), K(I - 1)
are valid references to array elements, but

B(®), L(I +$), ACa($)), K(2%1)

are note.
2.3.2. stackse

A stack is a collection of homogeneous elements, but, unlike

an array, only one element can be accessed at any given time . This
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¥
element is known as the top of the stack. When referring to the
top, the programmer uses the name of the stack. A stack name may
be used wherever a simple variable is allowed. Every appearance
of a stack name on the left hand side of an assignment causes the
definition of a new top and the assignment of the right hand side
expression to that new tope. If SU has been declared as a word
stack of 10 elements

WORD S'I.;ACK su{10),
the statement:

SU = W & QFF0;
causes the value of the expression to be stacked on SU. The
statement:

SU, SU = W;
causes the stacking of two values on SU.

When the programmer wants to refer to a value which has been
previously stacked, he may use a DEQUEUE statement which decre-
ments the stack pointer of the specified number of steps. All
the values which were stacked over the new top are lost.

A stack is implemented by means of an indirect word which
specifies no indexing. At each assignment, it is incremented by
one. The DEQUEUE statement décrements the indirect word of the

specified number of units.
2,3.3. structurese.

Structures use the last indexing facility available on
Modular One: B indexing. By definition, a pointer is an indirect
word whose 'M! field specifies B indexing and '0' field the ad-

dress of a core location. A structure is a complex aggregate of
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non homogeneous data which possess a logical relationship to one
another.

Access to a structured item is made by means of forms and
pointefs. The general format of a reference to a structured
item ist

pointer =) formename [o form-name | ses.
The pointer indicates the base address of the element, the form
name gives the offset relative to this base which is loaded in
register B for indexinge. When more than one form name is speci-
fied, all offsets are added to give the position of the required
element relative to the base address contained in the pointer.

A . form - is declared by means of a FORM attribute. Hence
the declaration:

INTEGER FORM IX ORIGIN (2),
causes the reference P->IX to be a reference to the item situated
two locations after the word pointed by P. This word is considered
as an integer. When more than one form is used to refer to an
item, the class of the item referred to is the class of the last
form in the list.

The offset specified in the ORIGIN clause of the FORM decla-
ration may be a variable., When referring to such a form, the
offset is the current value of the variable at the time of the
reference.

INTEGER FORM F1 ORIGIN (6),

INTEGER FORM F2 ORIGIN (J),

-y= AREA; J =65 A =P <) Fl.F2;

Cqy e o o

= «50; B=P -> F1.F2;
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assigns to A the value of the item situated 12 locations after
AREA and to B the content of the location situated 44 positions

before AREA.
24344 programming example.

The following example defines a simple linked list struc-
ture. A cell consists of two words, the first one contains an
integer information, the second one contains the relative posi-
tion of the next element in the list. We have the following
declarative statements:

COMMON ARRAY AREA (1000);
GLOBAL POINTER HEADER, PbINTER TRAIL,
INTEGER FORM INFORMATION ORIGIN (0),
INTEGER FORM LINK ORIGIN (1);
We may define the following precédiresy -

PROCEDURE CREATIbN; /% CREATES AN EMPTY LIST %/

TRAIL, HEADER -)>= AREA; HEADER -» LINK = 0;

RETURNg

END CREATION;

PROCEDURE WRITE (INTEGER INF);

/¥ ADDS AN ELEMENT TO THE LIST ¥/

TRAIL - LINK = 2; TRAIL = TRAIL + 2;

TRAIL -> LINK = O; TRAIL -> INFORMATION = INF;
RETURN;

END WRITE;
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PROCEDURE DELETE (INTEGER INF);
/% DELETES ALL CELLS WITH INF %/
DECLARE POINTER P, POINTER Q;
P = HEADER;
LOOP I,@= P- LINK;
WHEN (@=0) RETURN; Q = P+I;
IF (Q-> INFORMATION - INF = 0) THEN P-DLINK = I+Q-)»LINK;
ELSE P = Q;
FI;
END;

END DELETE;

EXPRESSIONS AND CONDITIONS.

expressions.

The general philosophy of Pe. L. Modular One implies that
the compiler does not allopate core location without explicit
directions from the programmer. Hence complex expressions should
not be allowed as they would lead to an allocation of auxiliary
space to store the intermediate results. There are several binary
operators and shifts which all have the same precedence. Therefore
A - B ¥ C implies (A-B) ¥ C unlike the usual convention. There
must be some other restrictions to the syntax of expressions,
not to allow the programmer to use expressions such as

@D = 1-+E);

which cannot be executed in a straightforward manner.

The syntax of an expression is very simple once it has been

realised that a primary is whatever loads a register (i.e. a cons~

-
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tant, a variable, a procedure reference or a register itself),
and that a secondary is something which can be directly accessed
in the address part of an instruction (i. e. a variable or a
constant).

An expression is then:

binary-operator

[unary-operator] primary ceee
shift
A primary is a simple variable, a register variable, a stack
reference, an array element, a structured element, a constant
or a procedure reference. A secondary may be a simple variable,
a stack reference, an array element, a structured element or a
constant. A unary operator may be +, - or / (for logical NOT).
A binary operator is any of the P. L. Modular One set: +, -, ¥,
/, \ (remainder), & (logical AND), ! (logical OR). A shift is
the shift operator (?) followed by an integer (for an arithmetic
shift) or a bitstring (for a logical shift) constant.
The class of an expression is derived from its operands

and operators. Some combinations of operands and operators, such
as multiplying or dividing a label or a pointer, are invalid and

the compiler will issue a warning message.

conditions.

Conditions are used in the construction of the conditional
statements. The general format of a condition is:
( test )
where a‘test may be a Boolean expression, an overflow test or

a comparison. -
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o Boolean expressions may be used in conditions:

WHEN ( A! B & C ) GO TO L;
IF (A) THEN GOTO L; ELSE GO TO P; FI;
WHILE (TRUE) ceccees

e an overflow test may take any of the following three

forms:

AOV
BOV
ov

wbich are reserved words of the language which stand
for the overflow of registers A, B and M respectively;
» a comparison has the general format:
{integer-expression) {elation)> O
as the Modular One hardware is only able to test for

zeros {relationd stands for any of the operators:

= for equal

/= for not equal

bs for greater

= for greater or equal
< for less

(= for less or equal

Hence:

(a+B = 0), (# < 0), (W41 /= 0)
are valid conditions, but

(a+B > C+D), (A=3), (0 < A)

are note
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4. STATEMENTS.

P, L. Modular One statements can be grouped in eight diffe-
rent classes:
« descriptive statem;nts;
« data movement and computational statements;
e control statements;
« conditional statements}
« Yepetition statements;
« data allocation statements;
o« machine interface statements;
« debugging statements.
This classification has been defined only for description purposes

It has no fundamental significance in the language since some

statements may belong to more than one of these classes.

4.1. descriptive statementse.

The descriptive statements are used for describing the cha-
racteristics of the data by specifying attributes. The four des~
cr?ptive statements are COMMON, GLOBAL, DECLARE and PROCEDURE.

A different type of core allocation corresponds to each of these

statements. These features will be discussed in 5.2.

4,2, data movement and computational statementse.

A data movement involves the assignment of a value to a
variable. There are two replacement statements.

a=- the assignment statement is identified by the assignment

symbol (=). It has one of the two forms:
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The first one is a simple data movement, the second one
involves a computation. The left hand side variable may
be any simple or register variable, a stack name, an
array element or a stfuctured element. The following are
valid assignments:

D=6; I=3%+3; A(§+7) =4;

P ~>Fl.F2=L ¥ 3 + G;

b- the pointer replacement is identified by the pointer

replacement symbol (~>=) and is used to set a pointer
to the address of a data element, an array or a stack.
P ->= A3
Eoth the assignment and pointer replacement statements may be
used to assign the same value to more than one variable at a

time. The multiple replacements have one of the following forms:

A, By C=1I+ 23
P, Q ->= AREA;

The DEQUEUE statement mentionned in 2.3.2. can also be

considered as a data movement statemente

control statements.

The GO TO statement is generally used as an unconditional

branch. If the destination of the GO TO is specified by a label
variable, it may be used as a switch by assigning different label
constants to the label variable. If the label variable is an

array, the switch may be controlled by varying the indexe.
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A procedure may be invoked by a CALL statement which names

the procedure. The control is returned to the point of invocation

by execution of the RETURN statement. The CALL statement also

providés a means for initialising some of the ;rguments of the
invoked. procedure by specifying a list of values and references.
The RETURN statement with a parenthesised variable or constant
in a function procedure is used to return a value to a function
reference.

The EXIT statement is used in association with composite

statements and groups to pass control to the statement immediately
following one of the containing statements. EXIT or EXIT { trans-
fers control to the statement following the statement or group
which is containing the EéiT. EXIT i, where i is an unsigned
positive integer, passes control to the statement immediately '

following the ith containing statement.

&.4. conditional statementse.

The WHEN and UNLESS statements provide the most common form

of conditional branch and are generally used with a simple com-
parison or Boolean expression.

WHEN ( 4 {0 ) A= =43

WHEN (A /= 0) UNLESS (B =0) C = A/B§

The IF statement is used in association with the FI state~

ment to delimit the alternatives of a conditional statement.
IF ( A¢ O ) THENX =6 X A; Y= A + 203

ELSE X =6 [/ A; Y= A - 20;

—~
FI; J



4e5.

4.6.

70.

The CASE statement is a multiple choice branch depending on

the value of a control variable. The control is transferred to
the list of statements which is prefixed by the current value

of the switch variable (See 1.2.4.).

repetition statements.

The LOOP statement indicates the imperative repetition of

a group of statements. Control may pass out of the group by exe-
cution of a GOTO statement or of an EXIT statement. The following
LOOP statement could be used to compute N!

A=N; L= 1;

LOOP L = L¥A; A = A-1; WHEN (A = 0) EXIT; END;

The WHILE and UNTIL statements indicate the conditional

execution of a group of statements and its repetition while or
until a condition is met. Control may pass out of the group by
execution of a GOTO statement, of an EXIT statement or by the

occurence of the tested condition. The preceding example could

have been coded in any of the two following ways:

A=1; L=1; { A=1; L=1;

thLE (A> 0) UNTIL (A - N2> 0)
L=LE¥A; A=A - 1; L=L*A;A=A3+1;
END; END;

data allocation statementse.

The ALLOCATE and FREE statements allow the programmer to

specify allocation of controlled variables and the freeing of

the space which has been previously allocated. The user has a

full control on the allocation and the freeing of the storage.
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Multiple allocations of the same variable cause the stacking of
the generations of variables. The FREE statement deletes some
allocated variables and makes the space available for further
allocatibns. A more complete discussion of these features is

made in 5.3.

machine interface.

These are the most machine dependant features of the lan-

guage. The COMMAND statement calls standard Executive functions

or services. More generally, it is the way of communication with
the internal rings of the "onion ring" design (see III - 3.3.).

The CODE statement provides a means of entering assembly-like

instructions in a P. L. Modular One program. The ENTER statement

is used to insert an hexadecimal constant in the object code.

The GAVE statement. saves the context of a procedure which may be

reset by the execution of a RESET statemente.

debugeing statementse.

P. L. Modular One provides a comprehensive set of debugging
statements which produce a dynamic trace of the execution of the

program. The TRACE and STOP TRACE statements delimit a section

of the program in which the tracing may be initiated. The WAKE

and SILENCE statements respectively activate and desactivate the

tracing process. When the trace is active, the program produces
a printed record of the result of all assignments, conditional

statements and switching statements.
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5. PROGRAM STRUCTURE AND STORAGE ALLOGCATION.

J.ls program structure.

A f. L. Modular One program consists of one or more blocks
of statements called procedures and of a common section of code
called main segment. Procedures may invoke other procedures or
call themselves recursively. The structure of a P. L. Modular One

program is as followg:
PROGRAM program-name [MAIN] ;
global and common declarations
PROCEDURE proc-1 [argument;] 3
procedure body

END [proc-1] ;

-

END [proc-n] ;
main segment

END [programaname] H

5.2 declarations and storage allocation.

There are four different manners of specifying the charac-
teristics of a name. Each one of these manners implies a different

scheme of allocation and different scopes for the variables which

1¢ defines.
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542.1e common declarationse

Simple variables, arrays and stacks may be declared common
to two P. L. Modular One programse. This is achieved by means of
a COMMON statement at the beginning of both programs. Common
data are allocated space in the Z segment of core, but the data
descriptors (indirect words) are set in the first page of seg~

ment Y.

-

page O

v

[

1

COMMON DATA

Common names remain known throughout the program and can be
referenced at any point of it. The sharing of common data between

two P. L. Modular One programs is made by the sharing of their

Z segmentse.
54242+ global declarations.

Global declarations associate an area of global storage

with a name. The data descriptors are set in the first page of
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segment Y and the space is allocated sequentially in the rest

of segment Y.

page O

- o . s -

GLOBAL DATA

The GLOBAL statement must appear at the beginning of the program,
it is a non executable statement, therefore global arrays and
stacks cannot have adjustable sizes. Global data can be statical-

ly initialised by means of an INITIAL attribute.
542.3. local data.

Declarations local to a procedure are made by means of the
DECLARE statement. Any type of declaration may appear in a DECLA-
RE statement, but the names which are declared in that statement
are unknown outside the procedure.

Local data are allocated space in the local workspace of

the procedure. This allocation is dynamic, i. e. instructions

-
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are generated by the compiler which are executed each time the
procedure is invoked. On execution of a RETURN statement, the
whole workspace is freed and all the information contained in
locai data is lost.

The local workspace of a procedure is pointed by register

W (the relocation register) and is set up as follows:

<

save area (3words)

arguments and

data descriptors local

~ workspace

allocation

space

/]

LOCAL DATA

The save area contains the following information:
« the return address of the procedure;
o the value of the W of the invoking procedure;
o the upper bound of the local workspaces

The arguments and data descriptors are allocated space contigu-

ously at the bottom of the local workspace. The local data are

set sequentially in the allocation space which lies in the top

“ ol
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part of the local workspace.
S5e2.4, argument declarationse

Argument declarations define local items which may be inie
tialised on a reference to the procedure. They also provide a
means for passing parameters to a procedure. The argument decla-
rations appear after the procedure name in the PROCEDURE state=
ment. .

example:

PROCEDURE SCAL(INTEGER I, REFERENCE TO INTEGER ARRAY
A, REFERENCE TO IRTEGER ARRAY B,
REFERENCE TO INTEGER J);

I=11; J=0;

WHILE (I = 0) J = A(I)EB($) + J;
I=T1 - 1;

END;

RETURN3

END SCAL;

This procedure, when invoked:

CALL SCAL(L, %¥V1, %V2, ¥VALUE);
computes the scalar product of the two vecto;s \'2
and V2 (call by referencej of dimension L (call by
value) and puts the result in the variable VALUE

(call by reference), the value of L is left unchane

gede.
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5.3. controlled allocatione

A variable that bears the CONTROLLED attribute is allocated

~-space only upon the execution of an ALLOCATE statement specifying
that variable name. The CONTROLLED attribute may appear with
simple variables, stacks and arrays in GLOBAL and DECLARE sta=-
tementse. A controlled variable is stacked: that is, storage may
be allocated even when a previous allocation for that variable
exists. At any given moment, one can only access the latest allo-
cation, however, one may keep a trace of the previous allocations
by use of pointerse.

) The ALLOCATE statement extends the global or loca; workspace
of the amount of space required for storing the specified contro=-
lled variable and sets the variable descriptor to the address of
that space. The FREE statement decreases the local or global
workspace of the specified number of locations. On completion of
a RETURN statement in a procedure, all the controlled variables

allocated in the procedure are lost.
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CHAPTER V

THE EXECUTIVE

The Executive is the kernel of the "onion ring" design
described in chapter III - 3.3. Its content is essentially
depending on the'hardware and on the interrupt and special state
mechanisms. This chapter gives the general outlines of an Execu~-
tive and of its interface with a System Programming Language.

As an illustration, details are given on the way in which such
an Executive can be implemented on Modular One to interface

P. L. Modular One.

GENERAL STRUCTURE.

characteristics and general philosophy.

The overall structure of the Executive has been dictated

by five major requirementse

a- It should be only an Executive and should not prevent the

development of any type of operating system with varieties

of tasking and scheduling mechanisms and core management

techniquese.
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The Executive should be provided with an interface which
allows the programming of all the rest of the software
in a high-level language. That implies that all the pa-
rameters passed to the Executive must be compatible with
the SPL data items.

The Executive must support applications with a high rate
of input/output operations such as the programmable ter-
ninal software. Therefore, as little code as Qossible
must be written in special (non interruptible) state.

A mechanism for efficiently driving the peripherals and
processing the external interrupts must be built in, but
some freedom must be left as to the way in which the
peripherals are allocated or controlled.

A simplified elementary tasking and scheduling system
must be included to allow parallel processes, but this
should be limited to a2 minimal number of basic primiti-
ves to permit any type of scheduling in the design of the

supported operating systems (priority, queues,ses)e

The SPL context.

The P. L. language includes a statement which is compiled

as a switch to some dedicated location of the Executive. Hence:

COMMAND 4;
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would result 1n a switch to the context contained in location 4
of the Executive which corresponds to some predefined type of
»action or service.

Registers can be explicitly set to any P. L. constant or
variable and explicitly tested on completion of the Executive
call. For example:

DECLARE POINTER PT;

5T-)=A;
D= PTs § = 63
- COMMAND INPUT;
WHEN (@ = 0) GOTO ERROR;
“qguld be a typical sequence of P. L. instructions required for

an Executive invocatione

1.3. structure of the Executive. : ;

The Executive consists of three major modules.
~ the Scheduler controls the tasking mechanismj
~ the Handler drives the peripherals;

-~ the Interrupt Processing Unit deals with the

external interrupts. ‘ |

i ' . Interrupts
Transput u(\//r \
Commands .
“"__~\\\\ Transput

Coﬁmands
HANDLER

Return from an
Interruxit processing

! |

INTERRUPT
PROCESSING
UNIT

SCHEDULER

all commands

PERIPHERALS

J, ....... J’ NORMAL STATE — |SPECTAL STATE
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The Scheduler is entered each 'time that a COMMAND statement is
issued from a taske It despatches the Input/Output (Transput)
commands to the Handler and processes the other commands. The

Scheduler manages a list of Task Control Blocks describing the

processes active in the system. The Handler is entered each time
that a transput command is issued. On completion of the proces-
sing of an interrupt, control is also passed to the Handler. The

Handler controls a list of Input-Ouput Control Blocks which des-

cribe the current transput operations. The Interrupt Processing

Unit is entered at each interrupt. Its main role is to associate
an interrupt with a peripheral and the corresponding Input-Output

¢

Control Block.
taskse

A task is a process which may have or gain control of a
certain number of resources (peripherals, core space, processor
time eee)e A task may initiate other tasks which are hierachical-
ly dependent of the initiating task. Thus one can build a tree

which describes this dependence relation.

Task 1 '

Task:2 | Task 5

Task 3 Task 4!

The root task is generally an operating system which controls
the allocation of the resources between all its dependent sub-
taskse One can also imagine a construction with two or more

operating systems, where the root task is acting as a configu-

K
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ration task, allocating both peripherals and core space to the

various operating systems.

CONFIGURATIO
TASK

.I.Ts ].m 1?5 Ju_3— _Ul

145+ protection of the tasks and I-0 operationse.

All the tasks in the system are iaentified by a number
which is creéted by the scheduler at the time of the construction
of the associated Control Blocke. This number is returned to the
attaching task and must be produced at each reference to the
attached task or I-0 operation. The attaching task can pass this
identification number to all its sub~tasks which may communicate
with these I-0 or tasks, and prevent the other ones from having

access to this identification keye.

1.6. scheduling mechanisme

In the absence of a real time clock, the scheduling of a
new task can only be made when special conditions occure. These
may be either interrupts or Executive calls. The re-scheduling
of a task could take place at any of these occurences. However,

this mechanism involves the execution of an important number of
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instructions,; some of which are in special state. It would be
detrimental to the performances of the I~0 system if this sequen-
ce had'to be executed éach time that aé interrupt occurs. As a
consequence, the scheduling of a new task will be made only
when the Executive is invoked via a COMMAND statement.

The Scheduler controls a circular list of Task Control

Blocks.

current task

TCB~1}-—> | TCB~2}—5 | TCB=3 } —>} TCB=4} —> «eoes >} TCB-n

When a task in control issues a call to the Executive, this call
is served, then the status of the task saved in its TCB and the
Scheduler tries to re-initiate the task associated to the next

TCB in the list.

SCHEDULING COMMANDS.

Task Control Blocks {TCB).

A task control block is associated to each task and sum-
mar;zes its main features at any given time. The Scheduler has
an unlimited access to the list of all TCBs and may modify them
on execution of a command.

The format of a TCB is dependent on the implementation ma=-
chine, however it must contain four major classes of information:
a~- the identification of the TCB;
b~ Scheduler's informationg
c- a save areaj

d» links and counters for the attached and atta-
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ching taskse.

On Modular One,

a TCB consists of a block of 14 words with the

following layout.

word O -~ a number in the range [1 : 255] which identifies

word 1 -

word 2 -

words 3-4-5 -

the task. This number is generated by the CREATE

A TCB command and is used to refer to the TCB and

its associated task.

link to the next TCB in the Scheduler's circular

list.

Scheduler's flag - this identifies the current

state of the task with the following code.

O - the task is active and can be scheduled;

1 - the task is unactive (e.g. no yet activated);

2 - the task is waiting for the comﬁletion of a
transput operationg

3 « the task is waiting for the completion of an
attached sub-task.

X -~ Y « Z - these are the save areas for the

hardware registers X, Y and Z.

words 6 to 10 -

word 11 -

PeA«DB=-M«~TWa~ save areas for the P, A, B, M

and W when the exec;tion of the task is suspended.

Return/Wait - this field is only used when the

task is in a wait state (scheduler's flag is 2 or

3.

» if the task 1s waiting the completion of a sub-
task, this field contains the TCB identification

of the task of which completion is awaited;
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TASK ID. identification

link to the next TCB
scheduler'!s information

Scheduler's flag

]
X
Y
Z
P
. save area

A
B
/ M
W

RETURN/WAIT
§

104 : TCBY links and counters
}
LOCK~TASK

A MODULAR ONE TASK CONTROL BLOCK
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» if the task is waiting for the completion of a
transput, the field contains the identification
of the Input Output Control Block in question.

word 12 | - I0#, TCB# ~
bits 15 = 8 contain the number of tramsput opera-

tions currently attached to the tasks;

bits 7 - O contain the number of sub-tasks

] currently attached to the taske.

word 13 - Lock/task - this field links backwards to the
task which activated the task. It contains the
actual attaching task's identification if the
attaching task is waiting for its completion
(ACTIVATE AND WAIT command), or the opposite of
that number if the execution of the two tasks

can be made in parallel (ACTIVATE AND GO ON

command).

the CREATE A TCB command.

This command selects a TCB from the Scheduler's list of unused
TCBs and links it to its circular list. The state of the task is
set to 'mot yet activated" (state 1), and the identification number
allocated to the TCB is returned to the calling taske This number
must be presented each time that one will refer to the created
TCB or its associated taske The command may be rejected if there
is no more space available in the Scheduler's list. In that case
an error code is returned.
example: TRYAGAIN: COMMAND CREATEATCE;

WHEN(@= 0) GOTO TRYAGAIN; /¥ ERROR CODE ¥/
TCBID =% ; /¥ SAVE THE TCB IDENTIFICATION ¥/
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the KILL A TCB commande

This command transfers a specified TCB from the Scheduler's
list to the unused TCB liste. This transfer can only take place if
the specified TCB is unactivee. Any other attempt will result in

an error code.

the ACTIVATE AND GO ON command.

The ACTIVATE AND GO ON coOmmand attaches a sub-task to the
current task. On completion of the command, the control is returned
to the attaching task which may continue in parallel with the

attached taske.

Attaching task

L]
! Command

- e e wm wm v

Attached task

The attaching task must produce the identification number of a
TCB which has been previously created and will be associated to
Fhe attached taske. The initial values of the registers and the
space allocated to the sub-task must also be passed as parameters
to the Executive. For example, ;n the Modular One, Register A will
contain the TCB identifier of the attached task and Register B

will point to an 8 words long area set as follows:

Register B —>

} space allocated

initial values

b fedt 1e] ol Racd T80 O x(
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LA X N J

LN

LR NN

L N N

LR N ]

LA N K J

incremen-

ted by 1

10

11
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13

88,

ATTACHED TASK'S
TCCGB.

T2

[ NN )

set to O

f

These fields are set to values

derived from the ones specified
in the area pointed by Register B

set to O

set to O set to O

set to ~-(T1)

THE ACTIVATE AND GO ON COMMAND

[
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The fields x, y and z define the offsets and the extents of res=

pectively the segments X, Y and Z of the attached task as follows:

/
- bits 15 - 14 indicate the segment of the attaching

task which.is to be allocated partial-
ly to the attached task (1 is X, 2 is

Y, 3 is Z, O is no segment in the sub-
task).

- bits 7 - O indicate the page offset in the desi-
gnated -segment of the attaching task
at which the segment of the §ub-task
beginse.

- bits 13 = 8 give the length (in page) of the seg=

mente

2,5+ a programming example.

The attaching task contains a part of a loader which loads
object code in its Z segment as follows:
- XBASE, YBASE, ZBASE are respecfively the first pages
of the X, Y and Z segments of the loaded program;
- XL, YL, ZL denote the lengths (in page) of the three
segments of the loaded program;’
- ENTRY is the address of the entry point of the program.
To pass control to the loaded program, Register B will have to

point to the following area.

S — L S ——

31 XL XBASE
3: YL YBASE } space allocated
3 ZL ZBASE

ENTRY

initial values

ERX W NG N

@ (o] (o] (o]
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This can be achieved by the following P. L. Modular One piece of

program:

" DECLARE WORD ARRAY A(8), POINTER PT;

/¥ CREATE

TRYAGAIN:

/% SET X,
PT «»= As
A(0) = XL
A(1) = YL

A(2) = ZL

WHEN (XL = 0) A(O0) = 0; WHEN (YL = 0) A(1)

A TASK CONTROLBLOCK %/
COMMAND CREATEATCB;

WHEN (@ = 0) GO TO TRYAGAIN;
TCBID =3

Y & Z OF THE LOADED PROGRAM ¥/

7 8 1| XBASE ! 9C000;
? 8 | YBASE ! £ C000;

? 8 ! ZBASE ! 4C000;

i
2

WHEN (ZL = 0) A(2) = 03

/% SET THE REST OF THE CONTEXT ¥/

A(3) = ENTRY; A(4), A($+1), A($+1), AG3+1)

i
e

/% 1SSUE THE COMMAND STATEMENT %/

D = TCBID; §§ = PT;

-

[ ]

COMMAND AGTIVATEANDGOON;

2,6. the ACTIVATE AND WAIT commande.

The ACTIVATE AND>WAIT command activates a sub=task and sus-

pends the execution of the attaching task until the completion

of the attached task

oCCUrss



ATTACHING TASK'S
T.C.B.

T1

set to 3

L X N N J

L N 3

*sBe

e s e

set to T2

incremen=

LR N I

ted by 1

LR N N

10

11

12

13

ATTACHED TASK'S
T.CsB.

T2

(K N ]

set to O

in the area pointed by Register B

These fields are set to values
derived from the ones speeified

LV
set to O
1
set to O : set to C
[
set to T1

THE ACTIVATE AND WAIT COMMAND

91.
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attaching task

L-——o‘m—--‘

:command

attached task

=comp1etion
8

The set-~up required for this command is similar to the one needed

for the ACTIVATE AND GO ON command.

the RETURN commande.

The RETURN command terminates the activity of the current
task and returns the control to the attaching task which is wai-
ting for its completion (if any)e. The TCB of the task is set to
“not yet activated" and can be subsequently deleted by a KILL A
TCB command or reactivated by any of the two ACTIVATE commands.

The RETURN command can be executed only when the task has
no sub-task and no transput operation currently attached to it
(both the IO# and TCB# fields in the TCB must be zero). If this
is not the case, the command is delayed until these two conditions

are met,

the STATUS TASK and SUSPEND commands.

The STATUS TASK command gives information on the current
status of a specified task. This status can be any of the follo-
wing:

- task is active;

~ task is completed or not yet activated;
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- task is waiting for the completion of a transput;
- task is waiting for the completion of a sub-task.

The SUSPEND command is a dummy command which forces a return
to the scheduler, thus allowing other tasks to be scheduled. This
command may be used in a task which is long and makes little or no
use of the executive commands to interrupt its activity and allow

other parallel tasks to be activated. r

TRANSPUT COMMANDS.

generalitiese.

Prior to any input-output operation, a task has to create
an Input-Qutput Control Block (IOCB) which gives access to the actual
peripheral device. An IOCB has in relation to the Handler, a role
similar to a TCB in relation to the Scheduler.

One must make a clear distinction between two major categoe
ries of devices.

- a shared device can be accessed by more than one task

at any time. Transput demands are queued and served on
a firstein-first-out basise.

- a private device can be accessed by only one task at any

moment. Any transput on this device will be rejected as
long as the peripheral is busy.
In termsof IOCBs, this means that, at any time, only one IOCB can be
associated to a private device, as more than one can be active for
a shared device. For each peripheral, the Handler creates a list of
the I0CBs which are currently accessing the peripheral. A private

device's list contains only one element. A shared device's list can
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contain any number of element within the limits of the implementa-

tione

HANDLER

Handler's
circular
list

Device's

lists

J,

3

\
\

s

r_—__-——---ﬂ
A

t
{
!

~

\’

Shared peripheral

—-—
-~

v

Private peripheral

The notion of transput may be more general than a simple

inpﬁt-output operation. For example, the interrupt key of a teletype

can be considered as a private device exchanging binary information

with the task which has taken control of it (i. e. which has created

an IOCB specifying that device)e.
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3.2, structure of an I0CB,

An 10CB must contain the following information:
~ the identification of the IOCB;
- Handler's information;
« links to the attaching task;
- peripherél information.
A Modular One IOCB consists of a block of 9 words with the
following layoute.
word O - a’number in the range [1:255] which identifies the
I0CB. This number is created by the CREATE AN 10CB
command and is used to refer to the transput opera~
tion associated to the IOCB.
word 1 ~ links to the next IOCB in the Handler's circular
list. All created IOCBs are linked in a way similar
to the linking of the TCBs in the Scheduler's list.
word 2 ~ Handler's flag - this identifies the current status
of the transput operation with the following code:
0 - executing transput;
1 = inactives
2 - waiting for peripheral availability

(for shared peripherals only).

word 3 = Lock Task - same use as the Lock Task field of a TCB.
word 4 = bits 15 to 8 identify the peripheral;

bits 7 to O identify the operation (input, output,

input with echo, special operation).

word 5 ~ the buffer's address (if any)e.

words 6 to 8 peripheral dependent information such as track adde

ress, codes etcs.ss These fields must be set by the
user when he initiates the operation.

1



IOCB identification

Handlexr's information <if

Link

Peripheral's information<

A MODULAR ONE INPUT OUTPUT CONTROL BLOCK

I0CB#

link to the next IOCB

Handler's flag

Lock Task

Peripheral Operation

Buffer's address

51

52

s3
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3.3, the CREATE AN IOCB commande.

The CREATE AN IOCB command selects aﬁ I0CB from the Handler's

list of unused IOCBs and links it to the circular list. The state
of the transput is set to M"inactive" and the identification number
allocated to the IOCB returned to the invoking task. The command
may be rejected in any of the three following circumstances:

A=~ no more TOCB is available in the Handler's free list;

B~ the specified peripheral device is unknown or off

lines
G- the specified device is a private device and is al-

ready assigned to another taske.

Programming examples

4 = PRINTER; /¥ SET B TO THE DEVICE TYPE */
TRYAGAIN: COMMAND CREATEANIOCB;

WHEN (® = 0) GO TO TRYAGAIN; /¥ REJECTION A ¥/
WHEN (@ £ O) GO TO ERROR; /¥ REJECTIONS B & C ¥/

JOCBID = @; f¥ SAVE THE IOCB IDENTIFICATION */

3.4, the KILL AN I0CB command.

The KILIL AN I0CB command transfers an inactive IOCB from
the Handler's circular list to the unused IOCB list. This transfer
can only take place if the specified IOCB is "inactive" (status 1)

Any other attempt will result in a rejection of the command.
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3.5. the TRANSPUT AND GO ON and TRANSPUT AND WAIT commands.

These two commands are similar to the ACTIVATE AND GO ON
and ACTIVATE AND WAIT commands. They initiate a transput operation
while continuing or suspending the attaching task. On Modular One,

the following parameters must be passed to the Handler:

- Register A contains:
in bits 15-8 the 'identifiecation of the IOCB
of the transput operation.
in bits 7-0 the type of operation.
- Register B contains a pointer to a 4 words area

set up as follows:

a pointer to the
t—> Buffer address buffer's first word.
S1 the 3 peripheral
52 dependant fields
S3 of the I0CB

3.6« the STATUS 10 commande.

The STATUS I0 command returns information on the current
status of a specified transput operation. It is similar to the

STATUS TASK commande.
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CHAPTER VI

STRUCTURE OF A TRANSLATOR

The modern methods of compilation of ﬁigh-level programming
languages such as ALGOL or FORTRAN are characterised by an increased
formalisation of the syntactical structurés of the language and an
highly efficient translation process. Most compilers which havé been
designed using these techniques have been implemented on large scale
computers, where the problems of core space limitations are not )

;

crucial. The following chapters describe a general model for compi-
1

ler writing and its associated syntax description language, which
is especially adapted to small size installations where the major

¥

limitation is the core size.

TERMINOLOGY AND NOTATIONS.

Most compilers or translators can be functionally divided
into modules acting as co-routines exchanging parametric informas
tion. These modules are:

- feeding of a new input record;
-~ formatting and buffering of the input records;
=~ lexical analysis; : . ;

- searching and entering an item in the symbol

table;
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- syntactical analysis;
- semantical actions;
- code generation;

eLCeons

The object of this chapter is to present a general model of compiler
and the way of sy;tematically coding these modules. It appears that
some co-routines are rather machine-independent and thus can be gene-
rated by special purpose programs. Some other ones are strongly
dependent on the language and classifications must be set between
the languages. The proposed model can be used for compiling languages
as different as BASIC, FORTRAN, COBOL, ALGOL or PL/I and should be
valid, with very slight modifications, for the writing of amny com-
piler.

Throughout this chapter, the following terminology will be
used:

lexical types (r): the different classes of elementary comnstructions

which form the language (i.e. names, integers,
reals, strings, special characters, etCese);

analytical type(@): a refined lexical type, making distinctions

between the different types of words and names;

reserved word language: a language in which a variable and a state-

ment identifier cannot be the same (COBOL or
ALGOL);

keyword language: a language in which a statement identifier can be

used for naming variables (PL/I or FORTRAN);

lexically separated

language: a reserved word language in which the lexical

types of the statement identifiers and of the
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variables are different (most ALGOL implemen-
tations);

lexically free language: a keyword language where spaces have no

significance and may appear inside names and
identifiers (FORTRAN);

feeding module(d): the module of a compiler which reads a record

from the source text;

preprocessing module(TT): the ‘module of a compiler which performs

simple formatting functions on a record which
has just been read inj

lexical analyser(/\): the part of the compiler that builds the lexi-

cal types from the input stream;

lexical parameter(\): a parameter which is passed to the lexical

analyser to control its action;
scanner(¥): a generic name for the feeding module, the preprocessing
module and the lexical analyser;

symbol module(Y¥): the module of a compiler that enters and searches

items in the symbol table;

symbol parameter(Y): a parameter which is passed to the symbol module

to control its action;

analyser(A): the module of a compﬁler that performs the syntactical
analysis of the soufca text;

~action(¢): the address of a piece of code which is executed each
time that a specific syntactical configuration
is encountered; by extension: the piece of code
itselfy

semantical module(S): the set of all actions;

epilogue(E): a module appended to the semantical module which sets
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lexical and/or symbol parameters;

service: some commonly used piece of action

reader(GETi): a service which reads a piece of information from the
symbol tables

writer(SETi): a service which enters a piece of information in the
symbol table;

typing(STY): a service which associates an analytical type with a
name;

blocking—in(PUSH): the service which is invoked at the entry into
a new block of statements (in the ALGOL sense);
it defines a new lexical level in the symbol
tables

blocking-out (PULL): the service invoked at the end of a block; it

deletes the latest lexical level in the symbol

table.

THE ANALYSER.

L

The analyser is the heart of a compiler, it lies half-way
betﬁeen the stream of the input characters and the sequence of
instructions which are executed depending on this input.

The analyser communicates up-stream with a set of modules
which prodiéce a code describing the class of the symbol which is
currently processed (analytical type §). It produces the address
of a sequence of instructions which is used down-stream by the

semantical module (action@).

. e a

A%
>4 A >

action

analytical type
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As a consequence, the analyser is entirely language-independent

and a general description system can be designed which automatically
generates the syntactical analyser for the described language.
Chapter VII presents a system of this type and its associated

language (S¥Yntax DEscription LAnguage).

THE SCANNER.

The scanner can be functionally divided into three sub-modules
which may be physically interleaved:

-« the feeding module reads a record from the source text;

- the preprocessing module performs elementary operations

on the source records (buffering, comﬁression of spaces,
etcees) to produce a logical record. It may also collect
useful information concerning the structure of the input
stream;

- the lexical analyser builds the elementary syntactical

units of the language (lexical classes) and produces

a lexical code.

feeding preprocessing
module nmodule

$ RECORD I -

LOGICAL

RECORD

lexical
analyser

>

yAa
%—-...

lexical

type
\_ 6
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3.1. the feeding and preprocessing modules.

The structure and function of these modules depend very
much on the type of language which is analysed. Two types of

strategies can be developed.
3.141. reserved word languagese.

This is the simplest case, where the preprocessing module
may be omitted or reduced to a very simple function. The logical
record will be the same as the input stream record, the feeding
module just reads the physical record and sets it in the logical
record buffer which is submitted to the lexical analyser. The
preprocessing module may consist in very simple functions such as:

- setting an end mark after the last significant item
of the input record;
- compress multiple spaces in a single one.
A new record will be read in each time the lexical analyser asks

for a character which is beyond the last one present in the current

logical record buffer.
3.1.2, keyword languagese.

The fundamental lexical ambiguity of the keyword languages
is in the fact that the first word of a statement gives no indica-
tion on the nature of the statement. For example, in FORTRAN, one
can write:

DC6I=1,N
and D06 I=1

which are both valid statements with completely different meanings.

A possible strategy (see Chapter VIII, 2.) consists in making a
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fairly simple analysis of the whole record before the syntactical
checking. In this case, the logical record will have to be at least
one complete statement and the preprocessing module will perform

the simple scan of the statement to determine its type.

the lexical analysere.

The lexical analyser is the critical loop of a compiler;
more than 75% of the processor time is spent in it. The analysis
algorithm must then be as fast as possible, even if it is detri-

mental to its size in core.
3020 l. Syntax.

A lexical analyser can be represented by a finite state
automaton which can be visualised in a diagram. For example, in
a language consisting only of names (FORTRAN type) and unsigned

integers, the lexical automaton will be:

space

A to 2 A to Z
® (
0 to 9

ace

0 to ©

space )@
I 0 to 9

This automaton can be coded into a transition matrix T(i,j), where
i is the current node of the diagram, j the character which is
input and T the new node. In the preceding example a (3,37) matrix
would be required. However, this can be reduced by taking into

account the fact that some of the columns of the matrix are iden~

tical. Characters with identical entries in the matrix can be
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assigned the same code by some transcoding function (generally
- tabulated), thus reducing the overall size of the matrix.
In the preceding example, the matrix could be compressed
using the transcoding function:
1 if X is a space
S(X) = 2 if X is a letter from A to Z
3 if X is a digit from O to 9

The transition matrix then becomes:

1 2 3\ —~ nodel
T = 1 2 2 |— node 2 ( ¥ = error )
1 ¥1 3/ -— node 3

[
space A~Z 0-9

3.2020 semanticse.

The lexical analyser must also be able to produce information
on the lexical classes which are analyséd. These information may
consist of:

- a lexical code describing the class;
=~ the value of constants and strings;
- information on names (hash value, length, characters..)
etCese
These informéfion are of semantical type; therefore it is necessary
to assoclate to each arc an action thch is executed each time
that the arc is traversed. This can be done by means of a matrix
U(i,3), similar to T, Qhere U(i,j) gives the number of the action

to be performed when the corresponding arc is traversed.
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lexical parameterse.

3.3.1. lexically free languages.

In FORTRAN, as in all lexically free languages, spaces may

- appear freely inside syntactical units, or may be omitted between

two words. Hence one can write any of the following:
~ D 0101=1,7

DOI10I = 1, 7

DO 1 O = 1,7

etCose
When analysing this sentence, the scanner must have some informa-
tion on the type of the statement which is currently processed
so that it can be able to isolate the first unit.

The lexical analyser should therefore have a special mode

of processing which recognizes the leading keyword of a statement.
This can be achieved by testing a Boolean variablé Nifeit-is-an=

assignment" set by the preprocessing module, and comparing the

leading characters with a table of the keywords.
3.3.2. other languages.

In the other languages, there is no real ambiguity at the
1exical‘1eve1; a syntactical unit being separated from the next
one by some kind of separator (brackets, dots, commas, SpPaceSjyess)es
The lexical analyser is then entirely deterministic and needs only
the next character of the input stream to détermine whether it is
the end of a syntactical unit or not.

However, it may be necessary, for semantical purposes, to

make a distinction between lexically identical constructionse. For
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example, in ALGOL (or in FORTRAN or BASIC), a label may have the
same syntactical form as an unsigned integer constant. For seman~
tical reasons one wishes to consider a label as an identifier
(to enter it in the dictionary, etce..) and not as a constant.
The scanner must then have an information flag to be able to dis-
tinguish between these two lexically identical forms. This is

achieved by means of a lexical parameter which is set to the pro-

per value in the appropriate context (generally in a semantical
action).

A lexical parameter is a mode of interaction between the
semantics and the lexical analyser. However, as it may considera-
bly slow down the analysis, it must only be used when it is abso-

lutely impossible to discriminate in a purely semantical manner.

' THE SYMBOL MODULE.

-—-———-tE—-)TT-—-)/\———-e—)qJ—E-)A

The symbol module stands between the scanner and the syntac-

tical analyser.
_—

Its main purpose is to refine a lexical type into an analyt%cal
type by consultation of the symbol table. The symbol module is
executed only when the @ resulting from the scanner stage is one
of the codes which can be expanded. The expansion then consists

in replacing the lexical type 'word' by the code of an individual
analytical type such as 'MOVE keyword' or 'simple integer variable'

or 'labelt,
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the symbol table.

The symbol table (or dictionary) of a compiler is space con-
suming, therefore, preference must be given to a compact sterage
methode. This however should not penalise too much the access time
to any given item in the table.

Hashed organisations seem to be the most interesting ones.
A hash function is computed for each symbol (say the sum of the
internal representations of each character modulo 256). A vector
(the hash vector) gives the address of the first element with the
given hash value. All entries corresponding to a same hash value
are linked on a list. The format of the symbol table is then as

follows:

\lm A7\ it

— 8x] 7 ]
—
| //fﬁr\\srdﬂ

256

) I
|

[RRg— \-——- \ --

hash vector symbol table

Each entry has the following format:

- - - e we we

]
hash chain link{ TYPE| LENGTH| sym....bol informaesssetion

- - o e emm—————]

The consultation of the table and the entry of a new symbol are
made by means of the SEARCH and COPY procedures, of which examples
are given in Appendix V.

In the analysis and compilation of block structured languages,

the symbol table is used as a stack (LIFO), special procedures

are used for defining a new lexical level (blocking=in =-- PUSH)
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and clearing the table at the end of a block (blocking~out =~ PULL).
Examples of these procedures are also given in Appendix V. In most
cases the keywords and reserved words of the language may be con-
sidered as variables of lexical level O and can be entered at the
base of the symbol table.

The scope of variables in block structured languages suggests
that, on a given hash chain, the last entered symbol must be the
first one. Thisvalso simplifies the coding of the PULL, PUSH,

SEARCH and COPY procedures.

4.2, analytical types.

An analytical type 1s the refinement of a lexical type.
For each occurence of a word in the source stream, the symbol
module consults the symbol table and tries to map it with a known
symbole. An analytical type is associated to a symbol in the

dictionary by means of a typing procedure invoked in a semantical

action. When the symbol does not exist in the table, it is copied

in it, and a neutral analytical code is associated to it.

A proper use of the neutral and analytical codes may solve
the problem of declaratives and type-checking at the syntactical
level. This feature will be discussed in more details in Chapter

~

VIII, 3.2.

4.3. symbol parameterse.

A symboi parameter is a pilece of information passed to the
symbol module to indicate how the SEARCH and COPY procedures must
be invoked. The two following examples illustrate the use of two

symbol parameters.

|
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~N

- example 1: "if-it~is-an-assipnment!

The Boolean variable "if-it-is-an-assignment" mentionned
in 3.3.1. is a symbol parameter as it indicates that

none of the words of the current statement are keywords.
Therefore, the symbol module will not attempt to search

for a name under a certain level in the symbol table.

- example 2: "level

In block structured languages, one must specify at
which lexical level the current name must be searched
in the dictionary. Three possibie situations can be
found:

- a keyword is expected, one must search for the

name at lexical level O in the table;

~ inside a declarative statement, one must check
that the name has not been already defined at

the current lexical levels

-~ in every other case, a variable is referenced,

the table must be searched at all lexical levels

(excluding level 0).
This piece of information can be passed to the symbol
module in the variable "level" which acts as a symbol
parameter. Appendix V gives an example of the SEARCH

procedure using the variable 'level" as a paranmeter.

Se THE SEMANTICAL MODULE, THE EPILOGUE AND THE SERVICES.

-

5¢le the semantical module.

The semantical module is the set of all the actions associated

to the syntactical configurations of the analysed language. These
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actionsware of various types, including the generation of the
object code and the validation of some constructions which cannot
be checked at the syntactical stagee.

This module is highly machine-dependent; therefore it is
difficult to give general rules on its coding. Examples in the
next two chapters illustrate possible semantical actions and their

relations with the syntax.

“the epilogue.

-

The epilogue consists of the set of the actions (or part
of actions) which interact with the other médules. These inter-
actions are made by means of the lexical and symbolic parameters.

The epilogue is often included as part of the semantical
actions,; and the distinction between the epilogue and the rest

of the semantics has no logical support. However the epilogue

-is functionally different from the rest of the actions as its

consequences are generally felt outside the semantical module
itself,

To clarify the programming and ease the debugging of the
compiler it is strongly recommended to concentrate as much as
possible of the epilogue in a few independent self-contained

actionse.

the servicese.

Although the coding of the semantical actions is a language
dependent matter, it often appears that some commonly used pieces
of code are entirely independent of the languages compiled. These
pieces of code may be advantageously set into general procedures

which are invoked when necessary.
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- the TYPING procedure is used to associate an analytical

type with a name, it is generally used to replace the
neutral code by a more appropriate one;

- the SETi procedures are procedures which set values in

the various sub-fields of the information field of a given
symbol table entry;

« the GETi procedures access an information sub-~field for

a specified symbol table entry;

-~ the PUSH and PULL procedures mentionned before can also

be considered as services.

Examples of programming of some services are given in Appendix V.



CHAPTER VII

; : “SYDELA"

"SYDELAY, short for Syntax Description Language, is a ma=-
chine independent system used to describe the syntax of program=
ming languages. The grammar is expressed in térms of a certain
number of transition diagrams. Each diagram acts as a finite state
acceptor which recognizes derivations from certain non-~terminal
symbols. The "SYDELA'" analyser is table &riven; the tables are
compact and can be easily processed by a micro-programmed routine

as well as by conventional in~line code.

1. TRANSITION DIAGRAMS.

lele the original model.

In 1963, M. E. CONWAY described (7) a compiler where the
syntax of the source language was expressed by means of a number
of transition diagrams.

For example the following simple grammar:

{Term) s3= {(Primary> | (Term) ¥ {Lrimary)

i

{Primary> t:= ( {Bxpression) ) | (name)

{Expression) ::= {Term) { (Termd + {Expression}
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can be written in form of recursive expressions as follows:

T - P (2R
P> (E)| N

E — T{+T}*:

which in turn can be described by the following diagrams:

P
T - -}@ > 2 »0UT

The algorithm for processing the diagrams is given below.

step a: set 'current-diagram' to the first diagram; set

'current-node' to node 1; set the input pointer
¢

to the first character of the input stream;

..

step b: examine all the arcs leaving 'current-node'! in
'current-diagram' which have a symbol name on them;
if there is a match between éhis label and the cur-
rent symbol in the input stream then traverse the
arc (i.es set ‘current-node' to the node pointed

by the arc) and go to step £3; otherwise go to step

<3



118,

step ct try to traverse the remaining labelled arcs leaving
'current-node'; each of these arcs corresponds to a
transition diagram: the diagram will be successfully
traversed if it is possible to go from the entrance
to the exit of that diagram; this is attempted by
stacking 'current-node! and tcurrent-diagram' and
going to step b for the first node of the correspon-
ding diagram (i.e. setting 'current-diagram' to the
label, 'current-ncde! to node 1 of that diagram and
going to step b);

step d: if there is no match.in step ¢ and there is an un~
labelled arc leaving the current node then follow
it and go to step g3 else go to step e}

step et the analysis is at a dead end.
pop up the stack, reposition the input pointer to
the symbol present when the current diagram was
entered and try another path in step c3

step f£1 advance the input pointer to the next symbol in the

input stream;

step gt if the current node is an 'OUT' then pop up the
stack and return to the diagram and node at the

top of the stack and traverse the arc corresponding
to the diagram which has been tried, then go back
to step g3 if the new node is not an 'OUT' then go

to step b for this new node.
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the lcophole problem.

The following diagram:

T T + n

5OUT

which corresponds to the expression:
T-> T+n | n

and more generally:

A'?@L@é.QQQQO
B—)@—é—é@éqocooc

which is derived from the set of equations:

A->B eeecee

B—> A cecene
where a transition diagram makes a reference to itself (directly
or indirectly) without having first read a symbol, result in an
infinite loop. This situation yill generally occur when the cor«
responding regular expression includes a left recursion (direct
or indirect). V. TIXIER has demonstrated (18) the equivalence
between Conway's transition diagrams and non-left-recursive func-

tions of regular expressionse

the backe-up problem.

When two arcs leading from a node are labelled by non-ter-
minal symbols, and the two diagrams defining these syntactical
entities both have arcs leading from the entrance with the same

terminal symbol, step e of the algorithm will be executed for some
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configuration of the input stream:

example:

Moreover the result of the analysis\may depend on the order in
which the arcs leading from a given ngde are examined.

As it is not practicable to reposition the input pointer
backwards, one has to eliminate the possible causes requiring a
backing up of the input streame. A set of no-back-up conditions
ist

a- there is no loophole of the kind described in 1l.2.3
b- for every node the sets of initial input‘symbols
of all the arcs emanating from that node are dis-
tinct (the "follow sets" are distinct).
Most programming languages can be analysed using no-back-ﬁﬁ?dia-
grams; this may require some considerable transformation of the
grammar as described in B.N.F. or some other description method.
This effort of rewriting will generally be rewarded by a simpli-
fication of the analyser and a greater ease in inbedding the

semantical actions in the syntax.
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2. GENERALISED TRANSITION DIAGRAMS.

2.1. semantical actions.

The representation of the syntax of programming langueges
by transition diagrams is well adapted to syntax directed compi-
lation. One can associate to each of the arcs a specific semanti-
cal action which is executed each time that the arc is traversed.
The semantical actions may generate the intermediate or object
code, check the semantical validity of the constructions and build
the tables and vectors used in the compilation. The figure on next
page illustrates the use of semantical actions to generate the
polish equivalent of an unfixed arithmetic expression.
The recovery of syntactical errors i'n the source text,

which allows the continuation of the analysis after an invalid
construction has been found, and the printing of diagnostics and
warnings are also part of the semantical actions. However these
may be expressed in, the syntax by means of two special transitions.

-~ the "SKIP" transition skips the current syntacti-

cal unit, irrespective of its type;
- the "ERRORY" transition prints a diagnostic which
is associated to the current syntactical unit;

The following diagram can be used to recover syntactical errors
in an ALGOL-like language: all units are ignored until a semi

colon is found,

____@ERROR x}@ ; >® 5 OUT

SKIP

diagnostic x reads: “source text by-passed until
next semi-colon"



Expression ---a@:::? term M term

Term

Primary

—--)@::} primary

- o

%
&

term

/2/

|, our

ey

Expression —_’—\€> >

name

$ n
!\ S

primary

i

/3/

primary:

T

/u/
ouT

>
L 2

tC

oUT

/5/

/Y

/2/

/3/

/L

/5/

write '4+!

write 7!

writet!

write /!

write the name
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2.2, counter transitionse.

The transition diagrams as defined by Conway do not allow
the user to specify a maximum, minimum or exact number of occuren-

ces of a syntactical unit.. Hence the diagram:

letter

NAME - -5{ 1) letter () \, >OUT

digit

does not limit the total number number of occurences of "letter™

or "digitV.
The counter transitions are special types of transition

which set, test, increment or decrement a certain number of syn-

tactical counters. One will write:

Cl:=1 (::) for initialising the syntactical counter 1

to the value 13

(::)jziiliia(::> for incrementing or decrementing the spe-
. C4 + 2 o cified counter by the specified amount;

€ =6 for: traverse the arc and go to 3 if counter

5 is equal to 6 otherwise go to 4.

It is intuitively obvious that these transitions enlarge
the set of the languages which may be analysed by transition
diagrams. For example the context sensitive construction Agc”

can be analysed by the following diagram.
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c2 +1

2.3. the Y“EXIT" and “PULL" transitions.

In the initial model, one can draw diagrams such as:

_-,®___é.__,@

which provides a conditional decision depending on the label of
the arcs. These arcs are examined successively (in an implementa-
tion defined order) until a match is found. However one or more
of the arcs may be labelled by non-terminal symbols which imply
the invocation of a new diagram. This diagram can be accepted
(traversed) or rejected; in the later case, the next arc in the

invoking diagram will be apalysed.

v
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The "EXITY transition is the rejection output of a diagram,

the "PULL" transition is the acceptance one. For example the fol~

lowing construction:

(D 2 ()

2.4, secondary entries.

When two or more syntactical constructions differ only by
some initial symbols, it is possible to draw a single diagram to
describe them, using secondary entry points to refer to some of

these constructionse. For example the constructions:

E AbAdBA
F BdAdBA
G AbdBA

can be described by the single multiple-entry diagram:

E-»>
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2.5 multiple output diagrams.

One of the no~back~up conditions states that two diagrams
invoked from a given node should not begin with the same terminal
symbols. In some cases héwever this may rise some difficulties.
For example, in FORTRAN, both an arithmetic and a Boolean expres- -
sion may begin with an identifier. One can only decide of the
type of the expression when all its operators have been analysed.
It would be useful to invoke a single diagram which will decide

in due time of the type of the expression.

| (arithmetic expr.)
--ﬁ@:expression 2
(Boolean expr.)
Such a diagram could be drawn as follows:

arith. ope.
__}@ identifier /77 > - ®_~ ypull 1

YBOOI. Ope
> ——— - -->pull 2

Examples of use of multiple output diagrams for the solution of

potential back-up situations are given in Chapter VIII - 4.

3. "SYDELA".

3.1. generalities.

“SYDELA" is a language for the description of transition
diagrams and their processing. A "SYDELA" compiler accepts as its
input a linear description of the diagrams and the symbols used
to label the arcs, and produces as its output various tables which

can be submitted to the standard "SYDELA" analyser. "SYDELA" can be
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A

used as a preprocessor which generates tables in a format suita-
ble to any given language. Details on both the analyser and the
tables produced can be found in Appendix V.

A "SYDELA" program consists 6f two parts. The declarative
section defines the basic symbols of the analysed language. The

statement section describes the transition diagrams.

3.2. declaratives.

YSYDELA" declaratives fall in three categories: terminal
declarations, name declarations and synonyms (or class) declara-

tions.
3.2.1. terminal declarations.

The terminal declarations define the basic lexical symbols
of the language which are not keywords or reserved words. The for-
mat of a terminal declaration is:

¥ "identifier' = 2
where "identifier'" may be any string of characters used to iden~
tify the terminal symbol. The compiler allocates an internal (ana-
lytical) code to this identifier. In a subsequent part of.the
"SYDELA" program one will refer to the terminal symbolvby the
notation:

¥ 'identifier!

The following are valid terminal declarations:

H
]

* l;'
¥ 'NAME! = 1

% ti=t =7
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3.2.2. name declarations.

The name declarations are used to introduce the keywords
or resérved words of the language. The format is:
¥¥ 'name-1' [,'name~-i'] ....
The compiler allocates an analytical code to each of these names
and enter them in the symbol table at lexical level O.
The following declaration'pould be used to introduce some
of the GCOBOL reserved words:
%% 'PROCEDURE', 'DATA', *ENVIRONMENT®, 'DIVISION!
In a subsequent part of the program one will refer to these words

by 'PROCEDURE', 'DATA', 'ENVIRONMENT' or 'DIVISION'.
3.2.3. synonyns (class) declarations.

A synonym declaration is used to allocate a generic name
to a class of keywords or reserved words which, from an analyti-
cal point of view, can be considered as synonyms. The format of
a synonym declaration is:

¥ 'generic-name' = !'synonym-1' [, 'synonym-i'] ece..
One can refer to the class of synonyms by the géneric name or by
the name of any element of the class.

In a "SYDELA" description of PL/I, one will have the follo~
wing declarations:

¥ 'DECLARE' = 'DCL', 'DECLARE!
i'PROCEDURﬁ' = 'PROCEDURE', 'PROC'

etCeee
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3.3. statements.

A "SYDELA" statement describes an arc of a diagram. A set
of statements between semi-colons describes a diagram. The general

format of a statement is:

{@an] [~ pl : 1label [s] [,_nl [ ni] eee] [ERRO r]

Where: « n is the identification of a diagram or of a secon-
dary entry point;
« p is the number of the origin node;
« label describes the arc;
o 5 is the number of the semantical action to be
executed;
« 0, is (are) the termination node(s) of the arc;

« r is the number of the error diagnostic to be

reported.
example:
The diagram: 6

1 @-‘—- ~>pull 1
6. ,O DECLARE 210
22 2 @-_--; pull 2
: error 6 >g5 }———i—44 : }»pull 1

b——rt——> exit

skip
. error
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will be described:

@6 -1 : 'DECLARE' 22, 2
¢+ EXIT
@16 -2 : PUSH 10 s 3. 4
: VOID s 5 ERRO 6
-3 : PULL 1
«4 3 PULL 2
-5 3 E'jt s 6
: SKIP s 5 ERRO 7
-6 : PULL 1

e

A complete "SYDELA" description of the CDC 6600 ALGOL-2 can be
found in Appendix VI. Details on the implementation of the '"SYDELA"
analyser and the format of the generated tables are given in

Appendix V.
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CHAPTER VIII

ANALYSER'S STRATEGIES

AN EXTRA~SYNTACTIC EXAMPLE.

The use of “SYDELA" is not necessarily limited to the des~
cription of the syntax of programming languages. It can be used
in most problems where a distinction can be made between a lexical
stage, producing basic symbols, and an action (syntactic) stage,
acting in accordance with patterns of basic symbols.

The following example gives a "SYDELA" description of a
system which automatically processes DATEL telephone calls. The
basic lexical symbols are interrupts corresponding to the occuren-

ce of external events:

- Mring";
-~ Melock run out of time';
- Yecarrier on";

- Mcarrier off".

Only a small number of the many possible sequences of these inter-
rupts are valid. The "SYDELA" diagram describes these valid com-
binations and the associated semantics give the meaning which must

be attributed to a given combination.
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"elock™

O
/1/

s ot "ring" n " ,/1~\\" arrier j,fzi:r' i ; " i "
J/Aﬁ::'rlng 4<:§:>~ g \/’5‘\7 clock N carrie OE 5 carrier of?*g‘\ carrier on

\/ 2/ N_J 73/ N A T\ /5/

Yclock"
SEMANTICS N 79 A O A

/1/ 1line inactive
/2/ second ring accepted; telephone off hook;

send carrier signal; initiate a 500 ms. clock cycle
/3/ carrier signal stable; initiate a 30 s. clock cycle
/li/ carrier received; establish the communication
/5/ carrier gone; initiate a 500 ms. clock cycle
/6/ terminate the session

ANSWERING DATEL TELEPHONE CALLS (12)

*eel
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PROCESSING OF KEYWORD LANGUAGES.

the deterministic approache.

In keyword languages, the lexical analyser is unable to
make the distinction between a name and a keyword. It is the
function of the symbol module to decide whether a name should
be considered as a keyword in a given context. However, in most
languages it is not possible to take this decision with a single

pass left to right analysis. For example the FORTRAN construction:

D03IX=1 sesecsnsne
can be analysed as the beginning of a DO-statement as follows:

or as an assignment

DO31X = 1 eescoecee

The solution adopted in most compilers consists in perfor-
ming a first pass on the statement to decide of its type (i.e.
assignment or keyword statement) and then analyse it in a purely
deterministic left to right fashione Simple test can be designed
to determine the type of a statement; for example, in FORTRAN,
a necessary (and sufficient for the purpose of syntactical ana-

lysis) condition for a statement to be an assignment is that the

two following conditions are met:
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a= there is an equal symbol (=) not included in an
Hollerith constant;

b= there is no level 0 comma following the equal symbol.

This method, which significantly simplifies the analysis,
cannot be implemented on small machines without imposing drastic
limitations on the maximum length of a statement (continuation
cards or significant characters) due to the neccesity of buffering

a complete statement in core before starting its analysis.

a non-deterministic solution.

The non-deterministic approach consists in assuming that

all statements beginning with one of the keywords of the language

o

are keyword statementse. If later in the analysis an error occurs,

cueore. gy C

one branches to a "Recovery Diagram" which corrects the initial
assumption and analyses the statement as an assigmment.

The main diaéram consists of a non~deterministic section
in which any error results in a branch to the Recovery Diagram,
and ¢f\a deterministic section when one has reached the point
where no more ambiguity in the interpretation of the statement
is possible. This '"no return point' is situated after the first
comma in a DO-statement. In'a DIMENSION-statement it is situated
at the very beginning of the diagram, as no assignment statement
can begin with an eight letter name.

This solution is certainly more complex than the straight-
forward deterministic one, but it can be accomodated on a small

machine, as no buffer space is needed to keep a whole statement

in core.
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3. DECLARATIVES AND TYPE CHECKING.

3.1. the semantical solution.

‘B.N¢F. and most conventional syntax description languages
are not suitable for the expression of conditions on the types
of the variables entering in a given construction. For example

the FORTRAN logical-IF-statement can be described in B.N.F. as:
<logical-IF-st) :i1= 1IF ( {Boolean-expression> ) <statement>

where {(Boolean~expression) can be the simple variable *A!' if it
has appeared previously in a 'LOGICAL' statement. Hence the cons-

truction:
IF ( A ) GOTO 38

will be syntactically correct or incorrect depending on the pre-
viousuoccurence of "A' in a 'LOGICAL' statement.

The solution which is generally adopted in compilers and
analysers is to accept this conmstruction as syntactically wvalid,
irrespective of the type of A, and check in a semantical action
whether A is Boolean or not. More generally, the homogeneity of
assignments and expressions will be verified in this manner.

The separation between the syntactical stage and the seman-
tical stage is often difficult to define. It is merely a question
of convenience; all what can be reasonably (economically) domne
by a simple automatic analyser will be considered as syntax, all
the rest as semantics. "SYDELA" is particularly well adapted to

the processing of declarations and types at the syntactical stages

~
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the syntactical solution.

The syntactical solution to the processing of declaratives
and typé checking consists in considering variables as syntacti=
cally different by assigning different analytical codes to them.

For example, in FORTRAN, the diagram corresponding to the

REAL~statement can be:

REAL neutral
u-@ 2 - - oa - P pull
- /s1/

/S1/: this action consists in assigning the ana-
lytical type "simple real variable" to the
current name. This can be achieved by a call

to the TYPING procedure.

Hence REAL X, I, J will ass@gn the analytical type ésimple real
variable' to the names X, Iland J, thus making a further declara~
tion such as:
REAL I
or INTEGER X
syntactically incorrect. In the same @anner, the statemént:
IF (X) GOTO 202

will be rejected at the syntactical stage. An example of the

TYPING procedure is given in Appendix V.

USE OF MULTIPLE OUTPUT DIAGRANMS.

a FORTRAN example.

In FORTRAN, a conditional expression can be either a Boolean

expression or a comparison or any combination of these such as:



EXPRESSION. . -

PRIMARY

+ - %/ %

.G'To Qm. etc.oo @ expression --“_2___’ error

/
~1
1 _-° L_o—..y pull 1 (arithmetic) 7
primery _.-7 _-
- — ‘-2§ - - ’/ -
‘- ‘--‘- ’,’
.NOT. p primary T3 ~“.AND. .OR.
‘,{ ):j i W A %@@ expression - - .-
v T '
1] ~ - ’
. exit &rror RN at:
-~ s pull\ 2\ I

— e . —

; =% (Boolean) ™~ ~ . _ I

-

FORTRAN EXPRESSION

\\‘9 pull 1 (arithmetic)

*8¢T
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A+2 +EQe C +AND. B <OR..NOT. A .GT. B
which must be read:

((&+2) +EQ. (C)) «ANDe ((B) «ORe (.NOT.((A) .GT. (B))))
The analysis of such an expression involves a back-up because
both an arithmetic and a Boolean expression may begin in the same
way. The recursive use of two double output diagrams which discri-
minate between arithmetic‘(out 1) and Boolean (out 2) elements

allows a no back~up analysis of the construction.

a COBOL example.

In COBOL, a condition may take one of the following forms:
(A = B)
or (A+B)=2¢
or A=23B
which involves a back~up because the first parenthesis does not
indicate whether it surrounds the whole condition or only the right

hand side expression. This back-up may be solved by the following

double output diagram.

)
1
2
error
1
=) EXP -3 --3pull 2
21 (condition)
-m—m—-gpull 1 rror
(expression)
it
W1

)
( . y 2 )
! —— P . ‘ - pull 2
Exp ?  (condition)
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CHAPTER IX

AN APPLICATION: PROGRAMMABLE TERMINALS

The development of large centralised computer centres of the
type of the "Regional Computer Centies' implies the need for an
increasing number of sophisticated terminals to access the central
installations. Furthermore, in a near future, the large centres
will be connected in huge national and international networks. The
user of a terminal will be able to run his programs on any one of
a wide range of different machines with different characteristics.
Hence the tasks alloted to the terminal will be more complex than
the simple transmission of strings of characters. This new type of
Yintelligent terminal" will decide where the programs which are
submitted should be executed; the choice of the object installation
being derived from external criteria or from a detailed analysis of
the source program.

Even in the simpler configuration, where a mini-computer is
connected to a single central installation, it is most convenient
to find an economic compromise between the local and remote execu-
tion of tasks. The syntactical checking of the submitted programs
is a typical example of a simple task which might be executed
locally, more especially as the small micro~programmable computers,

generally used as terminals, are perfectly fitted to this kind of
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processinge.

ARCHITECTURE OF THE PROGRAMMABLE TERMINAL SOFTWARE.

an elementary terminale.

Most manufacturers of large computer installations which
support Remote Job Entry appiications also supply a special hard-
ware terminal for that purpose. Hence CDC has developed the U-200
terminal to be used in connection with its 6000-7000 ranges. How-
ever, these hardware terminals are not well adapted to other uses.
This is the reason why manufacturers of mini-computers have been
brought to supply comprehensive libraries of hardware terminal
emulators which allow a mixed use of the machine, both in remote
and local modes.

The basic functional architecture of a terminal emulator is

as followse.

modem Q—TZL_,

reader j=%| BUFFER

BUFFER | ———) | printer

1f one wants to use the machine simultaneously in local and
remote modes, it is necessary to incorporate a SPOOLing system
for the terminal I/0 operations, not to penalize the performances
of the local mode applications. The structure of the software of

such a system is then:
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control

<::: ::::::::] operator

task

local mode

applications REMOTE MODE

’-~‘"-

[ emutator J¢= | HoDEY foy

A ’
\

READER

)

' ,’
“Hr .
A
rd ]
SN2 PRINTER
| SPOOLING”
B DEVICE

le2. an "intelligent terminal".

The computers which are used as programmable terminals are
generally limited in core space, and their peripherals are slow.
Therefore, it will be difficult to support both local and remote
applications simultaneousl&. When the machine is used in remote
mode, the peripheral overheads are very important and the time
thus wasted could be used to execute simple operations on the sour=
ce text. For example, one could pack the text, replacing 311 mul=-
tiple characters by a single one. An other type of processing is
the local syntactical analysis of the source programs. Only programs
that have serious chances of being executed successfully will be

‘transmitted to the remote installation; the other ones will be
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rejected by the terminal and comprehensive diagnostics will be
produced. The most substantial advantages of this system can be
identified as follows:

o econonmy in the use of the remote computer's CPU
time which is more expensive than the local CPU
time}

. a better use of the local machine; the peripheral
overhead time being used for validation purposes;

« an improvement in the turn-round time of invalid
programs which are rejected as soon as they are
read ing

+ the unloading of the communication line which is

not used to transfer incorrect programs.

an "intelligent" terminal for a computer networke.

The same "intelligent" terminal can be used to communicate
with more than one remote computer of different types. The modular
design described in 1.2. also applies to this context: the input,
output, analysis and emulation modules being multiplied in accor-
dance with the given configuration. However some practical problems
render the implementation.of this multiple terminal difficult. In
particular, it is necessary to design a control language which
allows the user to specify the machine on which his program must ~
be executed. One must also take into account the differences bet-
ween different implementations of the same language.

The single analysis of the Job Control (or Command) Language
is generally insufficient to decide which languages are used in

a source deck (catalogued procedures in IBM 360 JCL, conditional
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skip of a step in CDC SCOPE, etc...). If the terminal wants to be
able to analyse the source text, this information must then be pro-
vided extérnally. This is the first step towards the design of a
local Job Control Language which may:

- replace the control languages of the object machines,
in which case the terminal will generate the commands
which are necessary for the execution on the object
computer;

or - be superposed on the existing command languages, in

which case the user chooses the object machine and

codes the required job control statements; the local

language then only consists in a description of the

physical layout of the submitted deck (the sequence

of languages used) to allow the syntactical analysis.
The choice between these two solutions is a question of convenience

which depends on the way the terminal is used.

IMPLEMENTATION TECHNIQUES.

the problems of the local syntactical analysis.

It is important to define the depth of syntactical analysis
necessary to decide Whether.a program is worth being transmitted
or should be rejected. A compromise must be found between the cost
(core space, cost of development, execution time...) of the analy-"
ser and the frequency of some errors. This compromise can be only
achieved by an empirical study of the submitted programs and a
progressive adaptation of the local software to its result. One can
aim at the two following objectives:

- no program which can be successfully loaded after
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compilation should be rejected by the terminal;
and « 95% (or 99%) of the programs which cause an unreco-
verable abortion of the compilation must be discar=

ded by the terminal.

An empirical study of FORTRAN programming habits (14) showed
that only a little subset of the language is used and that some
constructions are rarely encountered. For example, as more than 50%
of the assignment statements are single replacements of the form

A=38B
where no arithmetic is involved, the analyser must be able to proe
cess these statements fastly; even a slight improvement in the
speed of analysis of this construction will contribute to the over-
all performance of the analyser. In a similar manner, the fact that
the assignment, IF, GOTO, CALL, CONTINUE and WRITE statements account
for more than 80% of the statements in a program can influence the
design of the analyser. The same study showed that an average of 48
blank columns per card can be found in a typical FORTRAN programj
this must imply that the lexical analyser should include a high-speed
skip over blank columns.

The empirical study of programming habits can also be used to
l1imit the analysis to a stage which is both economic aﬁd realistic.
For example in FORTRAN the depth of DO-nesting can be analysed as

follows (14):

DEPTH 1 2 3 4 5 5

PER CENT 33.5 23 15 5.5 1e3 1.5

As a consequence, one could limit the test of the correct nesting of

DO-loops to level 5 without sensibly modifying the 95% (or 99%)
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success performance which is aimed; but this limitation reduces the

size of the

test stack to 5 instead of 100 or more.

In COBOL, an element in a structure may be referenced by a

qualified name such as:

CINBOF A

Depending on the result of an empirical study of the programming

habits of a

class of users, one can decide to adopt one of the

three following solutionse.

a~

Cm

easy and economic solution

accept all constructions of the type

" [(OF
name { } name sose
IN

without any check;

intermediate solution

accept enly the constructions

CINBOF A
when C belongs to a structure named B which itself
belongs to a structure named Aj;

complete but costly solution

verify as in b that the qualification is valid, and
also that it is unambiguous (or sufficient): i.e. no
other element named C belongs to a structure named B

which itself belongs to a structure named A.

structure of the software.

The structure of an "intelligent terminal' such as the one

described in le2. can be designed in four concurrent tasks under

the control of an operator console taske
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OPERATOR
CONSOLE
TASK

| ) operator

ANALYSER
pooling
spooling device Hevice sp..ll
device

communica=~

tion line
output
device

- the operator task has the control of the operator

consoles

- the input task drives the input device (card reader,
paper tape reader...) and has shared access to the
spooling devices;

- the analyser has shared access to the spooling
device;

= the emulator has private control of the Qommunica-
tion line and shared access to the spooling device;

- the output task controls the output device and can

access the spooling devicee.

As the number of languages used on an installation may be
high, all analysers for all languages cannot be resident in core
all time., The analyser will then consist of a resident section

containing the input, output and diagnostic modules, the syntactical
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analysis algorithm and some services, and of an overlay section
containing the lexical analyser, the syntax and symbol tables and

the semantics of the analysed languages.

DIAGNOSTICS SERVICES

INPUT
ANALYSIS LEXICAL SYNTAX SYMBOL SEMAN-
OUTPUT ALGORTTHM ANALYSER |TABLE TABLE TICS
N——
resident section overlay section

When the Gommand Language is imbedded in the input stream
(like IBM 360 JCL), the resident section can also contain the ana-
lyser for the Command Language. In the other cases(like in CDC SCOPE
or in ATLAS command language) where all commands head the stream, the
Command Language can be considered as a standard language and its

analyser set in the overlay sectione.

2.3. methods of implementation.

The adaptative approach to the software design described in
2.1, is practicable only if one has a high level form of expression
for both the syntax and the semantics of the analysed languages.
Furthermore, when the specifications of a language change between
two releases of a compiler, one must be able to modify the local

analyser accordingly. "SYDELA" is well adapted to this kind of
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processing because it is a high level form of expression which

can be very easily taught and can be used to build libraries of
language specifications. The semantics of the analyser can be coded
in a system programming language such as P. L. Modular One, which
makes them self-documenting, thus simplifying the task of mainte-
nance.

The design described in chapter VI clearly separates the fun-
ctions of an analyser in self-contained modules which can be indi-
vidually modified and tested. The use of an Executive such as the
one described in chapter V provides a clear interface between the
implementation language and the hardware, it eliminates the tedious
work of coding input/output operations in a low level form and
provides a sufficiently powerful multitasking mechanism.

Finally, the modular design and the high level languages used
in the implementation make the system reasonably portable, both

internally and externally.
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CHARACTERISTICS OF SOME MINI-COMPUTERS

APPENDIX I

. CYCLE| WORD | COST OF A PRINCIPAL

MANUFACTURER MODEL SPEED TYPICAL
(ms) | SIZE | SYSTEM({) USE
Allied
Business GRI 99 1.8 16 8000. commercial
System Ltd.
Arcturus ) process=
Al8D 0.9 18 10000

"Electronics control
Business Molecular
Computer i8 1.6 18 10000 commercial
Ltd.
Computer Naked process-
Automation Mini 16 1.6 16 5000
Ltd. control
Control scientific
Data System 17| 0.6 18 20000 and
"Corporation commercial
Compagnie process-
Internations | Mitra 15} 0.8 16 20000
Informatique control
Computer education
Technology Modular 1] 0.7 16 12000 and
Ltd. communicat]
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Digital education,
Equipment PDP/8 1.2 16 12000 research &
Corporation scientific
Digico Micro 16 | 0.9 16 10000 scientific
Ferranti Argus 700 | 0«5 16 20000 communicat i
General process=
Electric 2050 0.9 8 8000 control &
"Computers . communicat|
General process=
Automation | SPC 16/80 | 0.8 16 20000 control &
Corporation communicat.
Hewlett scientific
2100 1.0 16 20000 and
Packard . commercial
scientific
Honeywell 716 0.8 16 40000 and
’ commercial
Interdata 50 1.0 16 5000 communicat.
Micro processe
Computer Minic 0.9 8 10000
Ltd. control
Modular process-
Computer Modcomp I | 0.8 16 3000
Systemns control
Philips process=
Electrologi-{ P.850 3.2 16 10000 control &
ca Ltd. commercial
Télémécani« | scientific
que T.1600 0.9 16 20000 and
Electrique communicate.
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A SYNTACTICAL DESCRIPTION OF L.S.D.

l. BASIC ELEMENTS.

{null) HEES
{letter) te=A| B|JC|DIEI/FIGIHI|I|]JI|ZKIL
fMINIOlPIQIRISITIUIlYVI WI X
Il YI 2
{digitd t:=0 111 2131 415161 7181F¢9 |
Chexadigit) 2:= (digit) | AIBICIDIEIF
{lab> : te= ( f
{xrab> si= D
{vbary te= |

{identifier)> :=(letter)} | (identifierd {letter)
| {identifier)>{digit)
{integerconstant) ::={digit> | {integerconstant}>{digit)>
{ hexadecimalconstant) ::= {hexadigit) | <hexadeéima1constant>

<ﬁexadigit> )
2. STATEMENTS.

{LSDstatement) ::= :{identifierd:{unlabelledstatement);
| {unlabelledstatement);

I {declaration);
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{unlabelledstatement)» ::= SET{exprn)>
| SETF (exprn)
| {exprm)
| IF{conditionalexprn)
| IFF{conditionalexprn>
| GOTO(identifier>
| GOINDTOloperand)>
| GOTOVIA/operand)
| SWITCH ({identifierlist)) (operand)y
| LoOP ((exprn)ﬁNTiLZexprn)(step))
=>{operand)
| ENDLOOP | LOOP <operand>
| CALL{identifier>{actualparameterlist)
| INC{operandlist)
| DEG{operandlist)
| CLEAR{operandlist)
| DUMP
| sTOP
. | RETURN
| COMMENT
| CODE{codeline)
| BEGINCODE

(aetualparameterli®¥t>  ::= (Lactualinputd)lactualoutputd | <{null)

{actualinput) : ss={exprlist) | {nulld>

{actualoutput) 1:= ({operandlist>) | {null>
{operandlist’ : 1= {operand), {operandlist) | (operaad)>
{exprlist) s 1= {exprnd,{exprlist) o

| SETF<{exprn),{exprlisty | {nully
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{step?> t:= STEP{exprn) | {(null>
{codeliney t:= (any assembly language instruction to be copied

into the object program)
3. EXPRESSION.

{exprn} ::= {optionalsign)y{operexp>{restofexpression>

{restofexpression) ::= (operaf:or}(operexp)(restofexpression)-
I {nul1l)>

{ optionalsign)y ::=+ | « | (’nu11>

{operand ::= {constant) | {identifier>

| {subscriptedelement) | {addressreferenced> | ()

" (operexp) ::= {operand)> ) ({exprn))
{operator> te=4 | - ) X1 /| £1& | ¢vbardl => | INDEX
| ORDNL | SRL | SLL
{Eonstant) ::= {integerconstant)
| {integerconstant) . {integerconstant>{exponent’
| ‘@ (hexadecimalconstant
| .f> {character?
| '{any string of characters not containing
a pfime)'
| {(identifier)
{exponent) ::= E{optionalsign>{integerconstant> | (null)

<subscriptede1ement§ ::= { onedimensionalarray

| <functioncall>

| <pointervariable’
{onedimensionalarray) ::= {identifier>({exprn)){increment>

{functioncall ::=(identifier){pointers)
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{pointers)
{increment}

{incspec>

158.

" i11= ({exprnd){pointers)> | (Lexprn))

.
. e

I{incspec> | D<{incspec> | <null)>

:= {constant)> | <(nully

{addressreference) ::= (laby{identifier){raby

DECLARATIONS.

{declaration)

{type?
{dc1>
{segy
(proéfun)

(IABHEIFISR1ISE

I {1laby{subscriptedelement){rab>

| {laby:{identifier>:{rab>

1= (typed{declist)
| EXTERNAL {arraydeclist)
! MANIFEST (mandeclist)
| DATA {datainitlist)
| {dely{identifierlist)
| {seg){identifier)
| FINISH
| ENDMODULE
| {procfundidentifierd>{formalparameterlist)
| END
| PROCEDURE MAIN
::= INTEGER | REAL | CHARACTER | BOOLEAN
s== FNLIST | PROCLIST ! TYPE | IREG
t := PROGRAM | MODULE

:= PROCEDURE | FUNCTION

Mii= {identifiery,(identifierlistd> | {identifier)

{formalparameterlist) ::= { formakinputd>{formaloutput> | <{nulld>

{formalinput)

{formaloutput)

{declist)

::= ({identifierlist)) | ()
::= ({identifierlist>) 1 <{null)

t:= {decl),{declist> | <decly
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{decl) t:= {arraydec’

| {identifier>

| {(optionalsign){constant) = {identifier)
{arraydec) 1:= (identifier>({constant))
{arraydeclist) ::= {arraydec),larraydeclistd> | (arraydec)
{mandeclist> t:= (mandec),{mandeclist> | (mandec)
{mandec) t:= {optionalsignd {constant)=>Lidentifier)
{datainitlisty ::= (datainitd,{datainitlist) | Ldatainit)
{datainitd ¢t 1= {datavaluesdP=>identifier) /

[ {datavalues)=>{identifierd({constant>)
<datava1ues) g 1= BiTS(bitlist)<ﬂatava1uelisﬁ>

| {dataconst) {datavaluelist)

{dataconst) t 1= {repfact) {optionalsign>{constantd>

{repfact) ::= {constant)y | {(null>

{datavaluelist) ::= :{datavalues)> | {null>

{bitlist> s 3= { bitnumber),bitlisty | <bitnumber)

{bitnumber) ::= {constant)-{constant) | {constant)>

CONDITIONAL EXPRESSION.'

159,

{conditionalexprn) ::= (relationexprn>(boolop)<conditionalexprn}>

{condtail>

| {relationexprndlcondtaild>

{boolop) t3= AND | OR

{relationexprn) ::= {exprny{conditfénaloperator) {exprn?
{ conditionaloperator) ::=EQ | NE | LT | GT ! GE | LE
{condtail ::= :{unlabelledstatement>

| THENCunlabelledstatement)>ELSE

Zunlabelledstatement)>
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2.

APPENDIX ITI

A SYNTACTICAL DESCRIPTION OF P.L. MODULAR ONE

BASIC ELEMENTS.

{nully
{letter)

{@ecidigit>
{hexadigit>
{name?
{decicst)>
{hexacst)

{hexapart)

PROGRAM.

3=

t==A | BICIDIEIPFPIGIHITITIJIIKRKILIM
I N1 O f PIQIRISITIUGIVIWIXtY | Z

=0 1112 13 1415161718109

1= {decidigit>| A | B 1 C I DI E I F

t1={letter> | (named>letter> | {name>{decidigit)>

t1= {decidigitd | {decicstdldecidigit>

t :=aX hexapart>

2= (hexadigit> | { hexapart>lhexadigit>

{nput-deckd> ::= (plml=deckd %

{plml-deck)

(?atch>

13= {batch> | <batch>{plml-deck)>

13= %<{options=spec)>{prog~list>

{options-spec> ::= OPTIONS | OPTIONS<option-list>

{option~listd> ::= {elem~-option> | {elem-option, loption-list>

{elem~option’ 1::= XREF | TRACE

{prog~-list>

{prog=-body>

ti= {nmull) | {prog-body>{prog-1list)d
: 1={pg~header)> (general-dcl>{proc-list> (str;t~list>

{pg~trailer)>
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{pg~-header) ::= PROGRAM{(name); | PROGRAM<{named>MAIN ;
{pgf-tra:ller> t3= END ;3 | END{(name> ;
{general-dcl)>1i= {(nulld> | {declarer)> {declaratives)>

i {general~dcld>{declarer) {declaratives)
{declarer)> ::= COMMON ! GLOBAL
{proc-1ist> 1= (nulld | (proc-1ist) {proc-body>

{stmt-1listd> ::= {null) | {statementd>{stmt-1list>
3. PROCEDURE.

{proc=body> ::= PROCEDURE <(name) {arg~dcl) ; {declare)
o {stmt=11istd{proc~trailer)
{proc-trailer)::= END ; | END{name)> ;
{declare) t1= {null> | DECLARE{declaratives)
{arg=dcl> se= {null> | ( Larg-1listd> )
{arg=1listd> 11= {argument> | {arg-list>, {argument>
{argument> ::= {class){name) | POINTER(name >

} {ref-dd>lclass)ltype~d>

{ref-d> s 1= REFERENCE | REFERENCE TO

{class> t3= {null> | LABEL | INTEGER | BOOLEAN | WORD
{ type~d> 11= {name)> | ARRAY/name)> | STACK(name)

4. DECLARATIVES.

{declaratives) 1:= {dcl-1list) !
{dcle1ist) 33= {del-item)> | {dcl-item), dcl-list>
{regname) 1t=d{name> | @ | # | $

{storage> tt= {(null> | CONTROLLED
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{dcl~item) si= {class)(name)>{storage>{valued>
| ¢class)ARRAY(nameY>{size) {storage) {value)
| {class)>STACK{name) {size? {storage>
[ {class) FORM{name) {org>
| {classy CONSTANT(name)> = /const)
| {class)REGISTER{name) = {regname)
N | POINTER{name)>
{size> t1= (LconstD> ) | ( <{name> )
. {oxg> 1= (null)
| ORIGIN ( (const) )
| ORIGIN ( {name) )
{value> 13= {null> | INITIAL ( {value~list) )
{value=-list)> :i= {repetition){const>
| {repetitiond/constd, &value-list)>

{repetition} ::= (null)> | ( {decicst) )

5. CONSTANT & CELL.

{const) 1:= (named | <hexacst> | {decicstd> 1 +ddecicstd
‘ { -(decicst-> | TRUE | FALSE
(g:gll) 11= {name> | ¢mame)-)Formlist) | (name){indexing)
{formlistd ::= {(name) | (namedeformlist>
Lndexing> 311= ( (const))
| ( {name>modifier) )
{ ($ (modifier> )

{modifierd :1:= {null) | +{const> | ={comst)
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STATEMENTS.

(g;taterpent} 1:= (unlabestd> | {name):{statement)>

{unlab-st> 1=

{
i

]

{pter-repl)
{replacement)d

GATO cell> 3

GOTO {name)

DEQUEUE (name’ {step) 3
FREE {quantum) 3
ENTER(hexalist) 3
CALL/proc~ref> ;

RETURN{ result) ;

ALLOCATE{alloc~list) 3

EXIT ;
EXIT{decicst) ;
TRACE ;

STOP TRACE ;
WAKE 3

SILENCE ;
COMMAND{const) ;
CODE{inst-1ist) ;
SAVE{cell) 3

RESET{cell> 3

\ <compoéite>

{step)  11= (null) | (eonstd | Leelld

{quantum) 31:= {cell> | {constd

¢hexalistd: = (hexacst) |

(hexacst), ¢thexalist)

163.
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dresult) ::= (null> | ( <ecell> ) | ( Leonst> ) | ( {regname> )

{alloc-list) :t= {name)> | { name),alloc~-1list)>
{inst-listd> 1= {instd> | (dInstd,{inst-list>

{inst) 1 1= {constdlconst) | Leonst>Lcell>

COMPOSITE STATEMENIS.

{ composite)> ::= WHEN<{condition >/statement)
| UNLESS{condition> &tatement>
| WHILE{conditiond {con> {tmt=-1ist>END ;
| UNTIL{condition><{con>{stmt=-11ist>END ;
| LOOP &tmt~11stDEND ; |
| {df-st>

- | {case-st>
<cox}> t3= {null)> | THEN

dendif>::= END | FI

{if=sty11= IF{condition) {con)p{stmt~1list) Lalternative>dendif> ;

{alternative) t:= <{null) | ELSE{stmt-list)

{case~st> t 1= CASE{variable)OF{decicst)>actions>END ;
{actions> t1= {pre-st) | {pre-st>lactions> -
{pre-st> t1= {prefix~list)> ) Sstmt-list>

{prefix-list) ::= {decicst) | ddecicst)>{prefix~list >

ASSIGNMENT, EXPRESSION, CONDITION.

lpter-repl) 1= {pter-list> ~>= lname) ;
{pter-list> 3:= {name> | <name>, Hter-list)>
(replgcement} s 1= {lefthand> = {expression) ;
{lefthand> s 1= {variable> |{variable>,{lefthand)>

variable) 13= {cell> | {regname



{expressiony
{unary>
{primary)
(secondary>
{operation>
{operator)
{proc~ref>
{parameters)>
{parmlist)>
{parm)
(conditiqn>
{test)

(rélatién)
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1= {unary>{primary>{secondary>
ti=<Cnull) |+ | & |/
t1= {variable> | <Lconst)> | (proc-ref>
t:= {null> | loperationd¢secondary>
11= {operator> <{celld> | {operation) (constd> | ?<consty
se=4+ | -] 1] & 1/ 1N =
::=<(name><§éra@eters>
t1= {nulld> | ( {parmlist> )
t3= {parm) | {parm),{parmlist>
11= {cell> | leonst> | @ | # | #(name>
1= ( {test)> )
s3= AOV | BOV | MOV | {expression>

| {expressiondelation> O

== | f= 1> 1D=1< | (=



APPENDIX IV

COMPARISON OF THE L.S.D AND P.L. MODULAR ONE STATEMENTS

TYPES

L'S.D.

P.L. MODULAR ONE

COMMENTS

ASSIGNMENT

&

STORAGE

CONTROL

SET, SETF, =>

see note a

DEQUEUE

no stack in LSD

ALLOCATE, FREE

no controlled
storage in LSD

INC, DEC, CLEAR

these statements
are irrelevant in
P.L. Modular One.
They can be re-
placed by: ?=+1
D=2d-1, D=0;

CONDITIONAL

STATEMENTS

IF d
{IFF cond.

ELSE st.;

THEN st.

IF cond.
THEN steae.
[ELSE ste..q FI;

there is no pos-
sibility of co~
ding a block in a
LSD THEN or ELSE
clause. This se=~
riously reduces
the generality of
the statement.

IF

IFF cond. ¢

ste.

WHEN

UNLESS €ond. st.

in LSD no block
in the THEN (see
above)

TRANSFER

OF CONTROL

GOTO label-const.

GOTO label-conste.

GOINDTO lab-var.

GOTCO lab-var.

GOTOVIA label

cannot be imple-~
mented on Yod-1l.
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BEGIN cese END;

fo Be Be e G B Y e A G o e G M e

no block struc~
ture in LSD.

ORGANISATION
STATEMENTS == EXIT [eonst] ; --
- null statement --
SWITCH ecee $ CASE e¢ee. OF eee} although syntac-
tically different
SWITCHING these two state~
ments are equiva-
lent.
) CALL ... H CALL «.e H
LINKAGE see note b
RETURN; 3 RETURN [value) ;
LOOP [(expression [(WHILE e
REPETITION UNTIL expression gUNTIL condition
[ STEP expression])
STATEMENTS | =>Joperand ; »v-+ BAD; SEE NOTE ¢
L .
ENDLOOP 3 LOOP ... END ;
IN—LINE CODE LRI Y ENDCODE; CODE es s ; hahad
CODING - ENTER e¢ese 3 -
- TRACE; STOPTRACE; Hlo-tracing faci-
TRACING > ? :
SILENCE; WAKE; lities in LSD.
STOP STOP; DUMP; - -
B - COMMAND .eo 3 no Executive in-
MISC. terface in LSD.
STATEHENTS - SAVE..; RESET..; -- :
note a: - in LSD the assignment =) is considered as an operator

- SET expression; is equivalent to the E.L. Mod-1 iD==expression;
-~ There is no floating point operation in P.L. Modular One.

note b:

LSD makes a distinction between INPUT and OUTPUT parameters in

a procedure. This feature which existed in the first Algol ver-
sion (58) has proved to be useless and unnecessarily restrictive.

note c¢: In P.L. Mod-1 it is impossible to specify a control variable in
a repetition statement because a register would have to be allo-
cated té it which could not be freely used by the programmet.
The user is responsible for the incrementation of the control

variable.




APPENDIX V

THE "SYDELA"™ ANALYSER AND SOME SERVICES

1. FORMAT OF THE "SYDELA" GENERATED TABLES.

The "SYDELA" compiler processes the description of transition
diagrams to produce the tables which drive the syntactical analysis.

The 3 tables generated by "SYDELA" are:

a - the symbol table, with the format described in chapter

VI.4.1, is initialised with the reserved words or key-
words of the language;

b ~ the automaton table gives the offset of the entry points

of each diagram in the syntax table;

¢ - the syntax table is the internal representation of the

diagrams. Each arc spreads over two 16 bits words (or
four 8 bits bytes).
The format of the syntax table depends on the type of arc. These are:

a = labelled normal transition

CODE SEM ERR NST

E B

CODE is the code of the class labelling the arc;

SEM is the number of the action to be executed;

= ERR is the code of the error diagnostic to be printed;

NST is the relative position of the arc to be ana-

lysed if the match is successful.



b « VOID and SKIP transitions

X SEM ERR NST
«- x =0 for VOID
x = 1 for SKIP
¢ - PULL transition
2 SEM ERR ST

169.

- ST is the label of the output of the diagram (1 if

the Sutput is unlabelled).

d - EXIT transition

3 SEM ERR 0
e -~ PUSH transition
4 AUT NST1 NST2

'« AUT 1s the identification of the diagram to be

enteredy

= NST1 and NST2 are the relative addresses of respec=~

tively the first and second output transitions of

the diagram (multiple output diagramsj.

f - counter transitions

CT | VAL

ERR

NST

P
-

x 45 5 for %, 6 for ¢, 7 for =, 8 for +,

9 for -, 10 for #, 11 for

« CT and VAL are respectively the number of the coun-

ter and the value referred to in the test or assig~

mente.
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THE "SYDELA'" ANALYSER.

comment following is an Algol~like description of the "SYDELA"

170,

syntactical analyser. The identifiers fitoj work as selectors

for subfields of a 16 bits worde.

flto8 extracts the first byte,

f9tol6 extracts the second byte,

f9tol2 extracts the first half of the second

byte,

f13tol6 extracts the second half of the second

byte;

outerloop: feed-the-next-analytical-type;

loop:

comment extraction of the fields of the syntax table;

cod
sem
cnt
val
err

nst

=

=

=

=

=

[
*

if nst

if cod

flto8 of syntax [ ptr]s
f9tol6 of syntax [ptrl;
£9tol2 of syntax [ptr];
f13tol6 g£ syntax [ptr];
flto8 of syntax [ptr + 1] ;
£9tol6 of syntax [ptr + 17 3

2;128 then dis

]

else dis := =nst}

£ 11 then goto special

cod 3

256 - nst;

comment normal labelled transitionj

if cod = type then begin if err # O then error(err);

if sem # O then semantic(sem);

ptr =

ptr+dis; goto outerloop;

ptr+2; goto loop; end;



special{0]:

specialll]:

special[2]:

speciall[3]:

speciall4]:
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comment VOID transition;
if err # O then error(err);
1f sem # O then semantic(sem);

ptr := ptr + dis; goto loop;

comment SKIP transition;
if err # O then error(err);
if sem # O then semantic(sem);

ptr := ptr + dis; goto outerloop;

comment PULL transition}

if err #0 then error(err);
if sem # O then semantic(sem);
ptr := stack[top,nst];

top = top - 13 goto loop;

comment EXIT transitiong
if err # O then error(err);
if sem # O then semantic(sem);

ptr := stack[top,0]1 + 2;

top

top - 1; goto loop;

comment PUSH ;ransition;
top = top + 1;

stack[top,0] := ptr; stack[top,2] := ptr + dis;

if err > 128 then stack[top,1] := ptr - err + 2563
else stack[top,1] := ptr - err;

ptr := automat(sem] + 1; goto loop;



special[5]:

special(6]:

special[ 7]

special[10]:

special(8]:

special[9]:

’

special[ll]:
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comment counter test transitions;
if val { counter[cnt] then begin ptr := ptr + 23
goto loop; end;
if err # O then error(err); ptr := ptr + dis; goto loop;
if val > counter[cnt] then begin ptr := ptr + 2;°*

goto loop; ends

if err # O then error(err); ptr := ptr + dis; goto loop;

if val # counter[cnt]then begin ptr := ptr + 2;
goto loops ends

err # 0 then error(err); ptr = ptr + dis; goto loop;

val = counter[cnt] then begin ptr 1= ptr + 2

goto loops; ends

if arr # O then error(err); ptr := ptr + dis; goto loops;

comment counter increment and decrement transitions}
if err # O then error(err);

counter[ent] := counter(cnt] + val;

ptr = ptr + dis; goto loop;

if err # O then error(err);

counter[cnt] := counter{cnt] - valj

ptr := ptr + dis; goto loop;

comment counter assignment transitionj
if err # O then error(err);
countercnt] := val;

ptr := ptr + dis; goto loop;
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3. THE “SEARCH' AND '"'COPY" PROCEDURES.

comment The “SEARCH" procedure consults the symbol table. The varia-

ble "level" specifies the lexical depth at which the research

must stope. If "level" is negative, a reserved word is sear=-

ched.

The "COPY'" procedure enters a symbol in the symbol table at

the current lexical depth.

The following variables are used in the procedures:

Ysymbol"

“table"

"synunit"

Hvecth"

“hash*!

tlptidli

Hlexlev®

"topres"

"freemax"

Hgize'!

the 16 bits word symbol table

a 8 bits character array overlaying the
symbol table

an array §0ntaining the name to be searched
or éntered in the table. The first charac~
ter is the length of the name 4+ 1

the hash vector

the hash value of the current name

a pointer to the entry in the symbol table

a vector giving the base of the different
lexical levels in the table

the address of the last reserved woxrd in

the table

the address of the first free location in
the table
is the length of the information field of

an element in the tables-



comment

loop:

next:
f£:

nf:

comment

the "SEARCH" module}

lu = synunit[1]; found

i

false; type := 03

i = vecth[hash] ; ptid :

0;

_:f_:_fj_ i = 0 then goto nf;
k = 2%i 4+ 23
for j == 1 step 1 until lu do

if tablelk+j] # synunit[}] then goto next;
if level < 0 & i { topres then poto f3
if level > 0 & i)lexlev[level] then goto f;
i ¢= symbol[i]; goto loop;

found := true; type i= table[k]; ptid := i

the "COPY" module;

symbol[freemax] := vecth[hash];

vecth[hash] := freemax;

j 1= 2¥freemax + 23 lu := synunit[1l] ;

i 1= freemax + (luj2) + 2; freemax t= i + size;
table[j] s= 0;

for k =1 step 1 until lu do table[j+k] := synunit[k]

table[J+lutl] ="

“e

174,
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4o SOME SERVICES.

comment the YPUSH" module;
currentlevel := currentlevel - 13

lexlevicurrentlevel] := freemax;

comment the "“PULLM™ modules;
currentlevel := currentlevel - 13
i 1= lexlev[currentlevell;

for k 1= O step 1 until 255 do begin

L := vecth{k};
loop: f L i then begin symbollk] := L; goto E; end;
else begin L := symbol{L] ; goto loop; end;
E: end;

freemax = 1i;

comment the "TYPINGY procedure;

table[2 ¥ ptid + 2] := type;

comment the "GETi' module;
j = table[2%ptid + 3];
J = ptid + (§72) + 1;

information := symbol [j+i] ;

comment the "SETi" module;
3 = table[2®ptid + 3]; j = ptid + (§72) + 1;

symbol[j+i] := information;
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&
REFERENCES: &
A- FNR THF PASIC SYNTAX: &

ALGOL REFERFNCF MANUAL VFRSICN 2 {PUR. # £03C61C0) &

R~ FOR THE ADDITICONAL ULCC CHARACTER SET: &
ULCC BULLFTIN 3.3/1 &

&

&
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&
COMMENTS: ' ]
A- FOUR SCANNING MDDFES FOR THE NAMES: &
MODE 1 LABEL PEFTINTITICN &

MODE 2 LABEL RFFERENCF &

MONE 3 CTHER DEFINITIONS &

MODE 4 OTHER REFFERFENCES &

B=- IN MNNDE 1 THF *:' FOLLOWING A LABEL IS SCANNED &
: &
&

&

&

&

&

&

Hod nh

WITH THE NAME, THF CODF 'REFLABY 0OR 'DEFLABY IS
RETURNED,

C~ SEMANTIC 1 SKIPS UNTIL *EQP1, IENprY, 151,
TFLSEY R 'END!' 1S SCANNED,

D= SEMANTIC 2 STOPS THE AMALYSER,

B s 3 B oot s s e e oo seote vie oot sde ol ool ol e ot o sk e ol sl e e sl e o ol ek el e R oo e o v e vl o ol e st o ook ok e o e v e et okt oot ok ok o o
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FRRORS:
ALGQO1
ALGOO2
ALGOO3
ALGOD4
ALGOOS
ALGCOS
ALGOO7
' ALGQOOS
ALGQO9
ALGO10
ALGO11
ALGOL12
ALGOL3
ALGO14
ALGO1S
ALGOLA
ALGOLY
ALGOL1S
ALGO19
ALGO20
ALGN?1
ALGQO22
ALGN23

e 2000 D0 0 Q0 2 20 Ja o e Do 0D e oo 2 30 0e 0 e e de Do d0 DoDe

INVALID CODE NUMBFPR,

MISSIMG SENMT COLON.

PREMATURF END I9F STIRCE DECK.
MISSING E£NN STATEMENT,

TAVALID STATEMENT,

TNVALID NESTGNATIONAL EXPRFSSTICN,
INVALID ARJTHMETTC EXPRTSSICN.
INVALTD BOCLEAN EXPPESSTON,
INVALID DFCLARATICN IR FORMAL PARAMETER.
MNTISSING ASSIGNMENT SYVMBCL,
SYNTACTICAL FRRNR,

MISSING LEFT OR RIGHT BRACKET.
MISSING CrLON.

MISSING THEN 0P ®LSF,

INVALID EXPRESSICN.

UNMATCHFN LFFT PARFNTHFSTS,

. MNUBLE DEFIMED LABEL.

INVALID FCR CPINTRCL VARIABLE.
MISSING UNTIL NR DN,

TAVALID CHARACTER,

TNVALID COMPOSITE CHARACTER,
INVALID NUMRER,

INVALTD ALCGOL KEYWCRD,
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AYTOMATON TABLF:

201
202
203
a04
205
206
Q07
208
209
210
Al
212
A13
al4
als
ale
al7
a8
A19
n20
221

YALGOL DECK?
YUNLABELLFD PROGRAM?
TOECLARATICONS?
TEXPRESSICN?

TSIMPLE FXPRESSTAN?
TSTVMPLE EXPRFESSTONY
TSIMPLE EXPRESSIONY
YSIMPLE EXPRESSIONT
'SIMPLE FEXPRESSTONS
*SIMPLE EXPPESSIONY
ISTMPLE EXPRFSSION?
TSIMPLE FXPRFSSTIONY
TRNNDLEAN PRIMARY!
TARTTHMFTIC DPRIMARY!?
TACTUAL PARANMETER LI
YSTATFMENT Y

PRPIMARY ENTRY

SECONDARY
SECCNDARY
SECNNDARY
SECOANDARY
SFCCNDARY
SECONDARY
SFCUNDARY

ST

TUNLABELLFD FCR STATEMENT!

'UNLABELLED UNCONDITICNAL STATEMENT?

ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY

*ARRAY TNDEXING?

'ORNCEDIPE DECLAPATY ON!
TSOURCE PROGPAM® SECONDPARY FNTRY TO 202

SECCNDARY ENTRY TD 303
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& &
& TERMINAL SYMBOL S &
2 A

R A o B g ik ol vhe ok ol oot e i ol e e okt e e ofe o e Sk o R ol ok ok e ol e ok i e e e sk e et i she s ol e e oK s o ool o B o D et Sk okl o o ookl Sk sk R,
CCNE = 12 - ‘

1,0 = ?

cenE = 13

de (1 = 7

CCDRE = 14

* 1) = ?

CChE = 15

LR = ? & + OR -

CCDE = 16

*x 130 = ? & * NR ,.

CCPE = 17

T3 = ? & 3 NP .,

CCNDE = 18

wty=t = ? . R = .= R v =
CINF = 19

*t{/? = ? R {/ OR LEFTSQRR
CCHFE = 20

LANA I = ? & /)Y DR RIGHTSQRR
cene = 21 '

xUEORY = ? & FND NF RECCRD

ceng = 22

#INAME? = ? & NFUTRAL CODRE

CCRF = 23 .
xi1paRNVt = 7 & PROCEDURE PARAMETER
CCDFE = 24

HISTRING? = ? 2 STRING R STRING PARAMETER
CCRF = 25

® TNUIMRER? = 7 & PEAL PR INTEGER CONSTANT
Cenr = 26

*'SWITCHENAME? = ?

CLnE = 27

* 'BOCLARNAME? =7

CCNhE = 28

*TAQTTARNAMEY = ?

CChE = 29

*«1BOCLNAME? = 2
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CCNE = 30

XUARTTNAME? = 2
cenE = 31
€ INEFLAR? = 2 & DEFINED LABEL OR LAREL PARAMETER
COPNFE = 32 e ) . _
*1REFLAR? =7 & REFERENCE TC AN UNDEFINED LABREL
&
2
3
& oA ok o o e o ok oo ik e sk e st sk obe o i s b e st o i o ok o s St e st e v e ek et sk ok sl o ook ok o o Sl ok o b kol ek
& ’ A
& SYNONYMS 2 &
R &
&*#‘##*****#***m******m******:tnk*vzw& e e o e o vk ool o o ede i e vl e ool o oot Yoo o sk ke ok o sk sk ool sl ol X ok ob dlesle Nk ke
% 1NPERY = tPNUER', & ALSOD TERMINALS:

tpIV? ‘ & * / VERTARRCW '/ [/ %%
X IRELATION? = TGREATER?Y,

TEQUALY, & ALSO TERMINALS:

INOTLESS 'y A > = A=z <

TNNTEQUALTY, & LESSOREQU GREATOREQU

'NOTGREATFR?,

. YLESS?

*180CLAPY = VAND?,

1R Y, & ALSC TERMINALS:

TEN VY, & CUP CAP IMPL

tIMPLY
xITRIJEY = VTRIUETY,

TEALSEY
* AR T THM? = VINTFGEP ',

TREAL
2

°
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& CTHER RESERVED WNePpDS: &
& &
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%

*NOT
TGOTOY

? IFI

TTHEN?
TELSE!
rENR Y

!DQC

!STEP!
TUNTTLY
PWHTLF!
tCOMMENT
'REGINY
YEND Y

TN
'RONLFAN?

' ARP AY?
TSWITCH?
YPROCFNURE?
YSTRING!?
PLARELS
*VALUE? .
1CANE .
tENP!

-

& ALSC TERFMINAL -

C R I R T R IR DR R B R R R B 2K I R R
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& PRESETTING THE STANDARD FUNCTICN NAMES: &
& R

&**1@:*;&****7&3«*:@:*:‘::&************t-"\**:.k:k*#**#*:&**n&***%#**#z‘t#**#*#****1& o ok ook oje ok kol okl ek
CCNE = 61

* tROCLFIINNANES
* PARTTFUNNANEY

2
'ENTTFR?
TINLIST?
YOTLYIST Y
*INPUT!
ToUTPYT Y
T INREALY
TOUTREAL Y
TINARPAY?Y
' OUTARRAY?
YINCHARACTERY

CAONTCHAP ACTER Y
'GETARRAY?
TPUTARRAY?
Lok
THLIM?

TVLITMY
'HENDY
tVYFNDY

LI I IR IR I B A I R . I I I IR B
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TNODATA
*TABULAT ICN?
CFNRMATY
1SYSPAPAMT
*STRINGELFMENT
PCHLFNGTH!
"APTHNRL WY
*BADDATA?
"PARTTY
vENE !
*REWIND®
PUNLNAD?
1SKIPEY
1SKIDR?
"ENNFTLE "
'BACKSPACE!
PIOLTH?
tMONF Y
*CONNECT

- pUMPp

UL I TR BRI T T T B DRI . B R T . R Y
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& A
R AUTOMATA:S &
2 &

& o8 o sk e e o ok ofe e o e e o e o e s oo o e o e oo e s o e o sk ol e kot s ol e ol e ofe sl ol o e ok o o o o o o e o okl o okl sk ko ook o ok ok o ok &,
&
& AUTOMATON # 01 : 'ALGCL DFCK?
&
201 -1 TREGINY 3
tCNNE?Y
HIFEIR? 2
SKTP
PSH 21
!Eqp!
FIEORY 2
SKIP
HENIIMBER Y
VCIn
*!;"
vynIn
'YPROCEDUREY
g-.!!:qgo
SKIPp
PUSH 20
!E"}Dl
:Q:!;!

voIn

& PUSH

& STOP ANALYSE

& STNP ANALYSE

ERRC 001
ERRO 002

ERPN 003

LD W e 0 0N 3w DN N DN W e e L e e NS

L R T I TR T IS R IO B . I R 4

ERRO 002

(%)}
wE @ 25 %5 MG 25 S0 40 o8 HG NG G $E 45 % ¢80 ik O el

AUTAMATAON # 02 3 TUNLABELLED PRCGRAM?

'BEGIN? 3
EXIT

VCIn 5
YCOAMMENT?

vaIn
*!;!
®'ETRY

1ED Y 4

™

& PUSH

4 MCDE = 3

sh B¢ We w8

ERRO 003
_FRRO 004 & PULL

{
KN
* wd se e

Mt o P w

- % 4 B e e
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WO 8 S0 $0 4y 45 56 se G e Se wb
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s VoIn s 5 FPRO D12
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2
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