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DATA ORGANIZATION IN GARGOYLE

SUMMARY
The GARGOYLE language is described in Communications of
the ACM January 1964. The data organization described in
this article is somewhat primitive and better methods are discussed in this repor ·~. The changes are threefold. First, arrays are not given any maximum size. The compiler allocates
each array a certain space to begin with and if this space is
used up, the arrays are moved in the store so that the available
space is distributed in 11 the most favourable way" between the
arrays. Secondly, all data can be declared as part words and/
or as byte arrays, and thirdly, implied indexing is introduced.

1

INTRODUCTION

In the article in Communications of the ACM January 1964 describing
GARGOYLE (referred to as [I]), data could be declared as one-dimensional
arrays with the index running from zero up to a certain maximum.
The arrays in a compiler contain name lists, declarations, label lists etc
and the necessary lengths of these lists are unknown and depend upon the
data (the programme to be compiled).

The compiler will therefore have

a sequence of limitations corresponding to the upper limit of all the arrays.
Apart from the nuisance of checking that the different limits are not exceeded (or leaving this checking out and letting the compiler go hay-wire
when a limit is passed), this constitutes a bad use of the available store.
The only real limitation is that the store is f..ilL
[I] further permits data to be declared as global (non subscripted), status
and local variables.

The two latter are also unsubscripted variables, but

they are stored in a stack.
As compiler operations require the manipulation of bytes, either in the
form of (generalized) characters or as packed words, to have only integer
variables requires a large number of procedures for handling bytes.
Among such operations are shifting and masking operations .

These have
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a strong flavour of the computer for which the GARGOYLE programme
is written.
It is, however, possible to obtain at least equally efficient object programmes by declaring the variables to consist of bytes and letting the
compiler insert the necessary shifting and masking operations.

An addi-

tional advantage is that the CARGOYLE programme becomes nearly
machine independent, i e a general programming language.

2

ARRAY HAND LING
A method which gives a flexible storage allocation is describ ed in an
article to appe ar in BIT (II).
nent arrays:

11

The essential idea is to have three perma-

start", "max" and "aux", with one entry for each array.

Start contains the machine address of the first word in each array,

max

contains the highest index used in the corresponding array, a nd aux,
like max, is initially zero.
is entered.

Every time data shall be stored a subroutine

This routine first tests if the index is less than max, if so

the quantity is stor e d.

If the index is less than the differenc e between the

next start value and the present, the inde x is stored in max and the quantity stored in the arra y.
If, however, the limit is e xce e ded, the index is stored in m ax and the

arrays moved around in the store.

This is done in such a way that the

additional spac e in each array is n e arly proportional to the difference between the values in max and aux.
to aux.

Finally, the numbers in max are moved

The extra space in each array will then be proportional to the

averag e sp eed of increase of the array sinc e th e last storage reallocation.
Further details are found in (II).

3

DECLARATION OF VARIABLES
The following types of variables exist~ arrays, simple variables, data,
equivalences, status and local variables.
Equivalences are exemplified by
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equ
and serve

BLANK,

48

to introduce mnemonics.
eqn SEPAR1,
eqn AQ,

Other possibilities are

BLANK

Q

In the last example Q is the name of a simple variable or a data-array.
AQ is then the machine address of this variable.
of little value.

This feature is probably

The compiler will insert several equivalences automatic-

ally (see part 5).

Simple variables are what are called global in (I],

status and local variables have the same meaning as in [I].

Inside a rou-

tine only (local) equivalences and local variables can be declared.
Data variables can be single or subscriptet, but in the latter case the array size is fixed.

Data variables may be preset, they may contain any-

thing expressible in assembly language, even assembly language programme
which forms a part of the output (the compiled programme).
All the variables described (the equivalences are of course not variables)
are further described by a format.

The format of the data variables are

prefixed with the dimension between parenthesis, otherwise the format
is the same in all cases.
A format consists of an identifier possibly followed by one integer or two
integers separated by a minus (a dash) and surrounded by p a renthesis.
Examples are
A

C (12 - 7)

B (12)

A is an integer variable.

B consists of 12-bit bytes and C consists of

bits number 12, 11, ••• 7 (lowest bit is number 0) in a word.

One and the

same word can have several for.mats which are c a lled synonyms.
nyms are separated by commas .
VI,

Hi (47 - 42),

The syno-

We could, for example, have

T1 (41 - 0),

in a machine with a 48- bit word length.

H2 (47 - 6),

T2 (5 - 0)

A: = H1 will then make A equal

to the highest 6-bit character in W, right justified with zero fill.
H2: = Ti;

T2: = A

will shift the contents of W six places to the left and
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place the least significant 6 bits of A in the least significant 6 bits of W.
Byte-arrays require a special type of word for indexing.

Consider the

following declarations
array

A (8);

C

simple

BU (47 - 24),

BL (23 - 0),

B;

D

Let us now consider the byte of A in the third word consisting of bits 23 - 16.
This is addressed by A (B) if BU = 3 and BL= 16.
The ordinary array C is indexed simply by C (D) or C (E) where E may
be an expression.
If the indices a r e simple variables, automatic incrementing can be included .

C (D, +) means that after the reference to C (D), D is increased by one.
A(B, +) means that after the reference BL is reduced by 8.

If BL then

becomes nega tive, BU is increased by one and BL set equa l to 40.
A minus sign indica tes backward counting in the same way.
Multiple declarations are possible for all types of variables except data
and equivalences.

Each set of synonyms is separated by a semicolon.

The

end of the d e cla r a tion. string is indicated either by a new declaration or by
the beginning of a routin e .

4

IMPLICIT SUBSCRIPTING
Experience has shown that an array usually is subscripted by one and the
same v a ria ble .

If a standard variable is chos en , it i s not nece ss a r y to

write down this name.

The implementation is as follows.

If an array is declared by

array A
a simple variable whose name is that of the variable prefixed by a P (for
.eointer) is automatically declared.
If in the programme one writes A or A(+) the meaning is A ( P A) or

A(PA,+).
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Data variables are treated in the same way.
Byte variables, whether simple or arrays. similarly get a pointer.

If we

have

A (8)

array

The following declarations are inserted by the compiler
simple variable

PA,

WA (47 - 24),

OA (23 - 0)

where W stands for word and O for .2,ffset.
If the variable name has the maximum number of characters permitted in

the assembly language, the last character is deleted before the prefixing.
The compiler checks that the constructed names are not identical to other
names.

5

IMPLEMENTATION
A declaration of an array, e g named A, will cause the insertion of an
equivalence declaration where A is put equal to the entry number in the
start, max and aux tables.
All synonyms to this variable obtain the same value.
A simple declaration causes the insertion of the variable in a common
block.

All synonyms are made equivalent to the first non byte variable.

If e g one has

simple variable

A (8),

B (47 - 24),

C (23 - 0)

the following implicit declarations will appear
simple variable

PA,

WA (47 - 24),

OA (23 - 0)

equ B, A
equ C, A
Another exar.ople is

A(8),

B{47-24),

C(23-0),

D(6)
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where we will get (if this is array no 10)
equ

A, 10

simple variable
equ

PA,

WA(47 - 24),

OA{23 - 0)

WD {47 - 24),

OA{23 - 0)

B, 10

simple variable
equ

C, 10

equ

D, 10

simple variable

PB

PD,

A, B, C and D then mean

A (PA),

B (PB),

C {PB),

D (PD)

Observe that only one pointer is created for all the part words, but there
is a separate one for each byte variable.
Data declarations are inserted in another common block which is then
filled by whatever is indicated by the assembly language following the format declaration.

6

Synonyms are made equivalent as for simple variables .

FURTHER EXTENSION
The scheme as developed is notationally simple and easy to use, but it
does not handle word groups as units.

One might for instance have a

declaration like
~!ray

A (95 - 50),

B (49 - 39),

C (38 - 0)

The corresponding PA would then count two at a time.
gins in one computer word and continues into the next.

The word B beA ccess to it would

therefore be slow, but by permitting this type of declaration we would no
longer be dependent upon a given word size and the language would be
completely machine independent.
This extension would, however, cause considerable trouble in the implementation of e g the SEARCH procedure, but the difficulty is certainly
not unsurmountable.
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