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ABSTRACT

Thig thesis describes the implementation of Atlas
Autocode on large I1.C.L. léGD.gamputers. I'he basic
design and compiling algorithms are described demonstrat-
ing the use of the 1900 order set in producing efficient
object code. Ihe store layaut; 1/0 and operation of the
Gampilé: are discussed with reference to the 1.C.L.
normal executive and Gegrge 3 on a 1905F and MXZ2 on a
paged 1905E. The contrast between the different systems
and computers make significant differences to th§ compiler
where it interracés with,thé system,but_ﬁasiaallythe Same
compiler is used for all systems. The inéccie compiler
was implemﬁnted on the 1905F to run in a batch mode
resulting in a system similar to Watfox far Fortran.  The
cempilér has two modes of operation ané islruﬁﬂﬁ’vaTYing
systems and therefore an attempt to assess the efficiency
or otherwise of the compiler is considered. The com-

plexity of the problem of the measuring software efficiency

due to for example multi-programming systems, 1is discussed
snd initial results are given for the Atlas Autocode
sygaten. .

One of the current drifts in computing is towards
on-line programming and therefore the extension of the
Atlas Autocode system was intrinsic to the basic design.
The languages already used on-line give an introduction
to tThe faclllt;es required by any on-line system and
methgds of achlaV1ng them are dlsaussed for Atlas Autocode.

The basis of the on-line facilities is the AA statement



but it is necessary to add some extra statements ta prG?idé
the user with more apposite ways of communicsasting or to
aid compilation of particular statements. Incfemental
compilation has already been used to provide on-line
compilers but usually the object program efficiency is low .
gs compared to off-line compiling. The Atlas Autocode
compller 1s based on the incremental technigue but uses a
form of line table in an attempt to gain ijegtuceie'
efficiency. The compilation difficulties enccﬁntered'in,
Atlas Autocode are briefly outlined to indicate the use of
the major compiler lists in on-line programming. ﬂ

The on-line system is to some extent an initial

proposal for on-~line conversatbtional compiling for Atlas

o Autocode and indicates the direction of fubure research.
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INTRODUCTION

This thesis describes the design of Atlas Autocode
compilers for large I.C.L. 1900 computers. By a large
computer it is meant one with at least 64K of store
avallable for use. The work was carried out on the
I.C.L. 1905E (Department of Gampufer Science) with 32K
store whiéh ié;gaged to give a 64x64K segmented virtual
store, and the I.C.L. 1905F (University of Manchester
Regional Computer Centre, UMRCC) with 128K of store.

Thé basis of the design of the compiler was such as to make
extensions possible aﬂd.in.ﬁarticular to provide the basis
for an on-line canversatianal.zampiler for Atlas Autocode.

Nevertheless an efficient off-line system was required and

by the design of the system to make best use of the
operating systems. |
The reasons whyAt;asAutoéedewas used as the
language for the research.camﬁiierswere as fallgws:—
(i) An Atlas Autocode compiler was réquireﬂ for the
1905F (UM

CC) with the possible conversion for use
on a 1906A.,

(ii) The research executive MX2 and the supervisors on
the 1905E required a compiler in order to make

system tests etc..

(iii) It was considered that Atlas Autocode was a suitable
language to investligate on-~line conversational com-
piling techniques due to its statement by statement

definition.
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The baékgfound of this §£¢Ject is briefiyautlined
in the first chapter where the computers used, implementa-
~fian,1ahguage,-ﬂperating.systems andaditiﬁgtfaéilitiEE
a;i'e. desciibed in brief . . The second chapter describes
the basic design of the caﬁpilei:censiaerigg amongst other
topics the optimisation of the object code for expressions,
assigmnﬂnts,.reutine ﬁVer-heads; and cycle loops and the
forms cf1syntax'étrﬁctﬁres used in the compiler. Although
the ccmpilerJWEs designed with on-line @ampilaxion iﬁ:miﬁd;
‘the cémpiiers implementedweré,priiarily farlﬂff-line use.
In thpte: three the compilers are described with reference
to the operating systems I.C.L. normal executive, George 3
and MX2. The varying input/output systems,'stere layout
and operating instrugtians are discussed. The fourth
chapter saﬁsiﬁers the measurement of the efficiency of
safﬁware and compares the two modes of compilation on the
Ll9GSF,:batchior single, and makes aﬁcamparispn.with.the*

MX2 systemn. ‘

- Turning fram.ﬂff¥line to on~-line chapter five gives
-:a sﬁrvey‘af the qurrént conversational languages with the
ebjéctivé ef;pickingiaut‘thase facilities which are
required in a good on~line systemn. Atlas Autocode is con-
sidered infhe light of these other languages and a proposal
is described for on-line conversational Atlas Autocode.
This iﬁcludﬁs program layaut,~editing facilities,
debuggiﬁg aidslani “addingamaéhine“‘facilitiesi The
imélemﬁntaii@n;ef on-line compilers is.discussed in Chapter
six:withhreférence to éth@rﬁ@rk in the field. Incremental

compilation is considered and a form of this technique is
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described for Atlas Autocode. The main aim is to improve
the execution efficiency and the preppsal 1s described
with reference to editing and the "adding-machine'"
facilities.

The basic points of research interest are drawn

together to form the conclusions which end the thesis.

Before considering the main subject matter of the
thesis it is interesting to study the progress of this
project since 1t 1s possible to draw on the experience
gained. The project covered a period of two years and
involved three people, R. P. Yeardye who wrote the perm
routines and was involved for one year, Dr. J. S. Rohl
who supervised the project and the author who worked Ior
the whole two years on 1it. The two compilers took about
threé and a half man-years to write and commission. 1t

will be observed from the dlagram (Figure 1) that the

final time schedule differed greatly from the initial one
both in that times were in'creased' and in the order 1n 'which_
the compilers were developed.

In the first year much of the time was initially
spent in understanding the 19OD computer, S.P.G. and

designing the compiling algorithms for Atlas Autecgae,

compiler was written in order that some progress might be



made on the perm routines. Due to the size of the basic
1905E (32K) this compiler provided very limited facilities.
This forced the perm routines to be written iﬁ simple AA
and since the design of the perm fallcwed'the Atias perm,

the routines were written in AA 1900 machine orders.

It was also possible to develop several other parts of the

eampilér but the size of the total compiler was restricted.
Attempts were made to improve the size by adding specilal

dumping facilities to SPG and complling sections of the

program SPG ecmﬁiled, th'e’ 24K available was no substitute
i‘ar the 40K for which the cémpil‘er was designed.
From this it is concluded that compilers can only
‘really be déveloped on machines giving at least the
facilities of compiling the complete compiler and running
it or else much time is wasted fitting the compiler into
the available space é.nd devélping systems to do this.
~ As already meﬁti@ned, the perm routines were Lwritt'en in
' "ma.c;hixie .ci::r';ders; and this proved a major design mistake
} éiﬁge when the author of the perm left, the perm was not

fully debugged. This was due to the fact that it had

never been compiled fully with the full compiler. A
better approach would have been to design the complete
perm on paper, i.e. using flow-diagrams and written
documentation, and writing it in full Atlas Autocode.
This could then have been debugged on the Atlas cowmputer,
except where the perm routines interface with the particular
:%m'ac.hine, Although the object code may have been slightly

—_——— —a—

slower the commissioning time would have been reduced and
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where efficiency had really suffered it would have been
possible at a.later daﬁe to machine code the relevant
sectieﬁsi '

: .Once thé 1905E became completely unusable there was
- atpériﬂd when no computer was available and during this

time the compiler was organised into its final form.

When the 1905F became available, SPG was altered %o run in
extended store mode. -The computer could only be used
after the commissioning engineers had completed their work

for the day and then only if the computer was still in

working condition. Therefore over the next period some
progress was made with the compiler but once the computer

'rwas commissioned it again became unusable. Belays in

_d;ff;cultiesawith airacandlt;@ning reduced the time
favailﬂble'tc almost zero. ‘This continued until the
computer was recommissioned, but again the work could only
be done at night. This proved difficul?t during term due
ta pragrammingqlaberatarj éqmmitmenfsi - Also during this
_periad;thﬂre was insﬁffiéiént eéiﬁing facilities, only
card;puncheS'béilg available. It should be noted in
passing that the assaciati?e store for the 1905E was not
.cemmiss;aned tlll about G;;istmas, several.manths late.
Even then several faults accurred.ald 1t was ngt campletely'

reliable,

Night wark-was gegera;ly'dﬂne alone and this proved,
on reflegtlan,_not to be the best way of working. It is.

wWOIrk more eff;c;ently*beth,in!man time and computer tine.



Once commissioning was completed on the 1905F, George 3

was set up and the system changed over to run under this
operating system. Sevé:r:al difficulties were experienced
both with George 3 and SPG during the change-over. At
that time complling under normal executive took about 30
‘minutes and this was increased to 40 minutes under George 3.
This was due to the files requiring retrieval from magnetic ﬂ
tape. Once the computer was offering a service the time
in the computer averaged about 150 minutes for 7% minutes
mill time. The maximum time noted was 5} hours in the
machine before re-emerging when the operators were closing
down to go home. Development of the compiler under George
therefore slowed down the progress due to the slow turn-
round. l
The 'cdmpiler did not prove to be difficult to

commission bubt several faults in the perm took a great deal
of time to find and correct. The éampilr has now been
in service for several months and a few compiler and perm
faults have been found by users. The batech system has
- not been used very much but during the next year it 1s
‘going to be used for student work. '

' The change-over to the 1905E under MXZ was more
easily done. This is probably due to the fact that others

difficulties had been solved. The AA system did uncover
some extracode faults which were soon corrected. The

compiler on the 1905E is at the same standard as the one on

MX2 systen.
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To sum up, it may be concluded:-

Initial time schedules are very approximate,
especially when they depend on the availability of
computers which are in the process of commisslioning

or development.

To change from one system to another involves a

distinet time overhead.

When the correct computer is not available the
compiler systém is better designed completely on
paper both in general and in detail, since when 1t
is coded the commissioning process has a natural
progression which is not interrupted by systém

changes.

The perm routines should not be written in machine
orders except where necessary, e.g. interfacing with
the computer or where efficiency would suffer
greatly.

Development of the compiler requiring night work

should be done in groups or together with other

research groups or persons.



CHAPTER 1

During the peri@def this.prajest several distinect
computers and systems were used. This chapter gives
a. brief description of the computers, languages and
operating systems to which reference is made throughout
the rest of the thesis. The descriptions are not meant

to be complete, but are concerned to give details of tThe

development or efficiency of the compiler.  Thus it will
not be possible to understand for example SPG, from the
iescripfigﬁrgiven, and further infdrmatian’wiil'be found
in.thé references. Since each system was in The process
of change throughout this project, some discrepancles may

appear, but whenever possible the position in development

is given.

Atlas Autocode, often referred to as AA, was
implemented at Manchester University on the Atlas computer
in 196%. To some extent it is a variant of Algol 60,
removing from it some of the complexity which leads ¥o
compiling problems. The language is designed for state-
ment by statement compilation and therefore a one-pass
compiler can be used, giving efficient compiling speed..
Execution is more éffi@ient than Algol since the language

does not include such general features. On Atlas two

compilers were implemented, firstly the AA compiler written
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ﬁsiug the Compiler Compiler (Ref. 2) and secondly the AB
compiler which used ad~hoc methods of compilation., The
language was designed so that extensions to the facilities
could be added. The AB compiler was extended to include
multi-length arithmetic under the compiler name ABC
(Ref. 3) and the AA compiler includes some compiler-
compiler facilities (Ref. 4) and list processing (Ref, 5),

In the light of extensive use of these systems on
the Atlas computer, the language'was.re-agfined.mgre
formally in "A Definition of Atlas Autocode" J.S. Rohl
(Ref. 1) and this was used to define the language
1implemente& in the AA compiler newbeingdescribed in
this thesis. During the later stages of commissioning of
the compiler, work was started to extend the facilities
of théeampilér to include simulation (Ref. 6). In
addition to the language itsélf there was found a need to
define a program description to give ietails of, for
- example, input and aﬁﬁput, Some statements pre?iausly
in the program could be more readily §ut in the program
desecription, e.g. upper case delimiﬁérsg

Another new concept to AA was that the program was
typed in a particular convention. These conventions
were such that more media ccﬁldlbe‘used and included.

(i) normal delimiters

(ii) upper case delimiters

(iii) single case |
The first two have been used with the Atlas system (Ref. 7)
butmay'nﬂw*be‘spesiiiedlin,the Pregramrdescriptipn.thgs

avoiding in the second case use of normal delimiters
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initially. The program description was defined in single
case. The single case mode uses primes to denote
delimiters, e.g. -
'BEGIN' or 'begin'
since all letters were taken ‘as lower case. In order to
avoid confusion with symbols, single letter delimiters,
c.g. © were typed double e.g. 'EE'. Also included were
a set of delimiters for the comparators in conditions,
‘EQ', 'NE', 'LT', 'GT', 'LE', 'GE'
This convention proved useful for cards, some tape punches
and the Ganéﬁl typew‘riter.

A program text was therefore considered as a
document written according to some convention which was
specified 1in the j;iragram description. The convention
could be changed in the p'rogram as before.

The statements of the language were essentially the
game 8s those used in the Atlas compilers and programs
usually required little change to run on the 1900.
Excluded from the language were those facilities which
‘were not well used or were expensive in computing time,
e.g. test and case and arrays called by value. Included

in the language for the first time were:-

(i) Dblisters

This is an extension to query printing and now &

whole line may be compiled or not according to whether
it is required. TFor example, when debugging,
a(i) = fcxgy'!z)

¢ caption a(;print(i,2,0); caption)

¢print £1(a(i),5) : comment this is a blister




(ii) Else after conditions

A common sequence of instructions in an AA program was

‘if a = b then >4
e

4 =
-> 5

4t d = ¢

causing more labels than necessary to be used. The else
statement was therefore introduced and the above example
is now written,

if a = b then d = £ else d = e

This is defined syntactically as (using SPG)

<CONDITION> = <IF.OR.UNLESS > <COND> then
<UI> [glse <ELSE? | <NIL7]

<EISE> = <UI> | <CONDITION>
Thus the else may be followed by another conditlon but
there is no problem in nmatching what follows the else with

the condition.

(iii) Groups
This is essentially the Algol 60 compound statement
but to avoid confusion with blocks a group of ?ﬁaﬁemEHts

is surrounded by the delimiters start and finish.  These

"may be used with conditions and there a group is effect-
ively considered as a single entity, hence the else may

follow the finish. Examples of this are

b then start if a £ b then =>4

if =
| c = 4 ¢c = d

(b
|
H
1
I
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if a = b then start if a # b then =>4
c = 4 ¢ = d

Hh

¢
I

k-4

2 =

finish else start > 5

=

£
e = a e =

il
F

Syntactically start is include in the set of Ul statements,

and finish is defined as

finish [ else <ELSE> ! <NIL> ]

BEG

The System Program Generator (Ref. 11) was designed

to provide a system software language. It was developed
on Atlas (Ref. 12), and was transferred to the 1900

‘ retaining much of the terminology drawn irom Atlas, e.g.
B-lines. The SPG compiler is written in SPG and is split
into two parts, the basic compiler and the bootstrap ..'
The former provides the essential back-bone of the language
and the iatter creates some useful facilities by the use
of macros. These include _infput and output statements and
routines. The user can define his own macros and these
are used 1in the campiler to define the interface with tThe

machine orders whenever possible, e.g.
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MACRO NEXT PARAMETER CODE NO TO ¢ NL>
:: This picks up the next character from B3 and
:: advances B3 by one character position.
* 024 6 0(3) ' '
* 064 % *41
-> BXIT
END
The two machine orders are planted whenever the macro
is used. The freedom to use macros was initially cur-
tailed in the AA compiler dué to the lack of store on the
unpaged 1905E.  The basic SPG compiler used for AA on the
1905F was converted from the @riginai 1900 SPG compiler to
run in extended store mode and had the * statement and
routines added as bootstrap. The size of the constant
list was extendedénd.since the AA compiler used S.VAHS
frequently B2 was used as SB instead of Bl3.
On*the 1905E the compiler ran in extended store and
extended branch mode andhcompiledthe1AA compiler similarly.
The definition of the syntax dictionaries for the AA

compiler was done in a similar me

nner to those of BSFG
itself using S.SYNES and S.COSYNES. For example,
S.SYNE <UI> = <VARIABLE> =[ <EXPR> <VAL(ASSIGN)> | £

(NILY <VAL(RTN.CATL)> ]
and '
S.COSYNE <N>
IF [88] - (0) < 0,->FALSE
IF (9) - [88]1 < ,->FALSE
B4 = [8S]1 = (0)
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LOOP: [SS] + X

IF [88] - (0) < 0O,-> END

IF  (9) - ([88]1 < 0,-> END

B4 + B4

Bo = B4

B4 + B4 + B4 + B6 + [88] - (O)
~> LOOP

(SI] = B4

SI + 1

-> TRUE
Thus with the aid of the standard SPG cosynes defined as
S.COSYNES and synes defined as S.SYNES, the syntax of AA

was described.

- The 1905E and the 1995F computers are part of a range
of computers of the same basic designfbuﬁ differing in
size and facilities. The basic 1900 computer has a 24-blt
word and the instruction set provides all the eperatigns
for fixed and floabting point arithmetic as well 8.
character manipulation, logical operations and shifts with
extracode interfacing the program with the computer.
Thﬂré are eight central index:registez:s,'termﬂilxnregistersi
of which three may be used for modification. With regard
to Atlas Autocade compilation this was, with one exception,
a sufficient number Qfmadifiers with the ‘help of the
supplementaryfmcdifyinginétructiuﬂ (117).  The uﬁmadified

address gives access to the first 4k of store, lower data,
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and normal modification increases this to 32K. Extended
store mode increases the modifier to 22bits from 15bits

but thereby restricts the use of some of the group 06
orders. Normal branches only access up to 32K and there-~
fore extended branch mode is used which increases the

range by use of replaced and relative branches.

The fixed point integers are held in one word and
floating point numbers in two consecutive words. When
overflow occurs in an arithmetic calculation the V register
is set but the program is not normally interrupted. This
register may be interrogated by the appropriate 074 order.
There is a hardware facility for monitoring on overflow

and this may be used by setting the corresponding monitor

mode.

This is a standard ICL 1900 computer with the F
specification. This includes a .75 miecrosecond store
(128K), high speed X-registers and hardware floating-point
unit which proﬁides for all the floating point orders
(graup' 13) and the 076 orders. The computer has both
basic and magﬁetic peripherals:- E '

1. 2 tape readers, 1000 chs/sec.

2. 2 card readers, 1600 cards/min.

%3, 2 line printers, 1100 lines/min.

4. 2 tape punches

5e 1 card punch

&. 1 graph plotter

7. 4 9-track magnetic tape decks
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8. 4 /=track magnetic tape decks
9. 2 magnetic drums
10, 1 fixed disc
Full details of the peripherals is given in "The Users'
Handbook" UMRCC (Ref. 14). Also connected to the computer

via a multiplexor is a communications lirnk and two on~line

typewriters.

-— —

It is used under normal executive but primarily under

Incremental dumps are done on to the magnetic tapes for
security.

- This computer is used to provide a computer service
for Manchester University and the uﬁiversiﬁies in the

surrounding region.

' 1.0.L. 1900 Executive

The standard 1900 executive provides all the expected
functions of an executive and also a means of controlling

programs from the operators consol. The executive can

of the operator who elther types commands or gives them via
the IF-buttons on the consol type-writer. Peripherals

are used 1n an on-line manner by means of the 157 extra-
éads; where the program 1s able to control the input or
output from or to the peripheral. The executive is more
fully described in "The Central Processors Manual" (Ref. 15,

also Ref. 16) where some details of the operations are given.

The executive provides some facilities which can be

used to aid compiler implementation:-
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