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ABSTRACT ¢
. This report gives details of two important aspects of the Gler Algol L
compller:
1. Actions of the various passes; specifically the details of their in-
terfaces,
2, Storage organization in the compiled program.
The report assumes that the reader 1s thoroughly familiar with Algol and
in particular Gier Algol 4, and that he has some acquaintance with the
operation of the compiler. It plunges immedistely into technical details.
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I, The Tasks of the Passes

The best introduction to the design philosophy and overall operation of
the compiler will be found in P. Naur, ’The Design of the GIER ALGOL
Compiler’, BIT 3 (1963), 124-1L0 and 145-166, Briefly, the compiler is
divided into ten parts: the nine ’passes’ and the ’General Pass Admini-
stration’. Pass 1 reads the source program and outputs to the backing
store a series of ’bytes’ which Pass 2 reads, Each of the following pas-
ses reads the output of the preceding pass and outputs a new sequence of
bytes to be read by the next until finaelly Pass 8 outputs to the backing-
store area ’work’ the finished object program. (For historical reasons
the pass named ’Pass 9’ falls between Passes 6 and 7.)

We describe below the various parts of the compiler in greater detail.
Appendix 2 gives the details of the interfaces between passes. Of course
for the most detailed possible information about the compiler see the
program listings, published by Regnecentralen as The Complete Annotated
Programs of Gier Algol L, 2 volumes, December 1967, GSL LG,

1. General Pass Administration (GPA). GPA is that part of the compiler
which 1s common to all passes; 1t takes care of input and output of
bytes, printing of error messages, and transition to the next pass,

The entry for output of a byte will, if wented, print the byte as an in-
teger. This check-out facility is a permanent part of the compiler. For
details see the GA 4 Manual, section 13..4.

The entry for error message printing can identify the current place in
the source program by printing the value of a common carriage return
counter in front of the message. The carriage return counter is updated
by all passes whenever they meet the carriasge return byte in the input.
Therefore this byte is carefully kept through all passes even when sur-
rou?ding bytes are removed because of errors (see pass 3b and pass U be-
low).

The first time GPA produces any printed output from a given pass it
prints the pass number.

GPA contains a table which describes the successive passes of the com-
piler, This table is used during transition to a new pass,

The input and output of bytes is buffered so that the time used for
drum transports during the execution of a pass 1s negligible,

2, Pass 1, Analysis and check of the hardware representation of the
source program (micro structure). Conversion to reference language which
is output as a stream of 10 bit bytes,

The input to pass 1 1s the source program tsken character by character
from the input medium. The input medium may be paper tape, typewriter,
magnetic tape, or a backing store area.

Besides the conversion to reference language, which also implies recogni-
tion of compound symbols, e.g. begin end if < # := , pass 1 performs se-
veral other tasks, -

Comments and blind characters, e.g. blanks, are skipped.

Strings are packed in an internal representation.
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Each n’th line of the source program may be printed.

Several non-Algol features related to the hardware representation are
handled: Change of input medium, optional skipping of input between
PUNCH OFF and PUNCH ON, check of character sum In the input, print-
ing of messages to the operator, pause for insertion of new paper
tape in the reader,

Pass 1 skips all input up to the first begin and terminates the proces-
sing when the corresponding end has been read.

3, Pass 2, Identifier matching.

Each identifier encountered in the input is searched for in an initial-
ly empty table in the core store, If not found the identifier is entered
in the table., In any case 1t is output as one byte representing the ser-
ial number of the identifier in the table. The value is between 1021 and
512,

This matching is performed regardless of block structure. The generated
table is kept in core for use by pass 3a after which it may be overwrit-
ten.

Pass 2 also assembles bit patterns, a non-Algol feature, and outputs
them as logical values.

i, Pass 3a, Standard identifier matching.

The identifier table generated by pass 2 1s searched for occurrences of
standard identifiers, i.e, identifiers declared outside the source prog-
ram,

Each occurrence gives rise to the output of two bytes: The serial number
of the identifier in the list of standard 1dentiflers followed by the
byte representing the identifier in the pass 2 output.

5. Pass 3b, Analysis and check of delimiter structure (logical struc-
Ture). Delimiters of multiple meaning are replaced by distinctive delim-
iters and extra delimiters may be added to facilitate the task for the
followlng passes,

A sub~part of the logic analyzes numbers and converts them to internal
machine representation which 1s then output as five byte constructions,
Also the procedure headings are treated by a sub-part of the logic which
checks for missing or double specifications and for not allowed value
specifications, Furthermore the specifications are output as part of the
1ist of formal parameters.

The main logic is performed by a finite state algorithm using a stack
for holding encountered opening bracket delimiters, e.g. if begin ([ .

The algorithm scans the input up to and including the next delimiter and
sets the operand situation, i.e. the class of operand encountered during
the scan for the delimiter.
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The delimiter and the current state determine, via a matrix, the new
state, and the specific delimiter meaning., This in turn determines the
further actions, e.g. byte output, stacking, unstacking. Also the oper-
and situstion is checked for consistency with the delimiter.

In case of error a message 1s given and current state is set to a value
which will insure skipping of the rest of the current construction, norme-
ally up to a semicolon or to an end.

6. Pass 4, (Backward scan): Collection of declarations at block begin.

Pass 4 stacks all declarations (labels are treated as declarations) and
unstacks and outputs the top section of the stack whenever a BEGIN BLOCK
byte is encountered in the input, However, to enable pass 5 to glve a
relevant line number in case of double declarations, the identifiers from
the declarations are also transmitted to the output.

Pass 4 also counts the locations needed at run time:
In the whole program for:
Display (= mex block depth).
Own variables,
In each block for:
Simple variables, arrsy descriptions, and dope vectors.
Local declarations, i,e. the dynamic descriptions of labels and
procedures,
In each procedure block furthermore for:
Formel parameters.
Dope vectors for formel arrays which in the procedure body ap-
pears with subscripts. (This enables the procedure entry to
move the whole actual dope vector to local cells and thereby
facilitate the subscription of the formal array.)
This last counting requires that all subscripted identifiers in a proced-
ure body are stacked together with the number of subscripts. This
stacked 1list is then confronted with the formal list from the procedure
heading and the number of subscripts is added to the array specifica-
tion. .

Further pass L tasks:
Insertion of the bytes BYPASS LABEL and GOTO BYPASS LABEL which will
ensble pass 8 to generate jumps around procedure bodles,
Insertion of the byte WHILE LABEL in front of while elements in for-
lists, Insertion of the byte PREPARE ASSIGN just alter the last I=
in assignment statements,
Skipping of the rest of erroneous constructions found by pass 3b. As
the last task, after having processed the first BEGIN BLOCK pass U4
initializes the pass 5 declaration table using the byte palrs gener=-
ated In pass 3a; see pass 5,

7. Pass 5a, Storage allocation of verisbles., Distribution of identifier

descriptions.

A table of identifier descriptions is built up, based on the declar-
ations collected at block begin, This table is checked for double declar-
ations by help of the identifiers left at the original place where the
declaration occurred. All other occurrences of identifiers are in the
output from pass 5 replaced by the description from the table.




-4 .

The normal description will conslst of three bytes:

< kind-type > < relative address > < block number >.
However, for a standard identifier only one byte is output. This byte re-
fers to a table of descriptions which is built up by pass 5b, see below.

8. Pass 5b, Generation of standard identifier description teble, Output
or 118t of standard procedure code sections to be included.

A table containing the descriptions of those standard identifiers which
actually have been used is built up in the top of core. This table will
be used by pass 6 whenever a standard identifier is encountered in the
input.

Finally pass 5b outputs a list of bytes specifying the standard procedure
code segments to be included in the object program. This list is used by
pass 8a,

9. Pass 6. Type checking (Global structure). Conversion to Reverse Polish
otation,

Based on a priority table for operators all expressions are converted to
Reverse Polish Form., In parallel to this 81l kinds and types of operands
are checked by means of a pseudo evaluation of the expressions, This pro-
cess will also insert explicit type conversions when needed end will de-
liver the final type of more complicated expressions,

10. Pass 9 (between passes 6 and 7): This pass is an assembler, It inter-
prets the text of code statements as machine code written in a subset of
the SLIP assembly langusge. From here on each piece of user-specified ma-
chine code is taken as an indivisible sequence of machine words.,

11, Pass 7. Generation of machine operations. Assignment of working loca=-

Tom )

By a simulation of the run time processes, with respect to where and how
the operands are stored, pass 7 generates the machine code necessary to
perform these processes, i.e., it determines the use of the machine regi-
sters and allocates run time working locations. However, as the internal
references (jumps) can not be addressed yet, the output from pass 7 is
still in the form of a byte stream.

12, Pass 8a, (Backward scan). Rearrangement of the pass 7 output on the
drum. Loading of the standard procedure code sections specified in the
list from pass 5b.

13, Pass 8b. Generation of final machine code including addressing of all
Internal references, Segmentation into backing store tracks.,

14, Pass 8c, Loading of running system, i.e. the fixed set of administrat- 'i
Tve routines needed at run time.






















































































































