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Chapter 1

Introduction
1.1 Background

A prettyprinter is a program deaigned to parse and reformat
the whole text of a source program in a desired style for a
particular language. Most of the time, programmers need to set
up sSource text according to a standard set of indentation &rules
by counting the number of times they hit the space bar and make
modification by moving a whole section of text to the left or
right. A program that has been thoughtfully formatted acecording
to such a standard is said to be prettyprinted. The advantages
of a prettyprinter are that it saves programmers a lot of time at
the terminal editing source code for both initial text entry and
text modification, and it enforces standard indentation
conventions so that the nesting can be easily discerned by

huﬁans.
1.2 History

Many prettyprinter programs have ©been written for
programming languages(1,2,3,4). There is a Pascal
prettyprinter(PPP) written in Pascai by Dr. BRodney M. Bates in
May 1981(5). The PPP is now available on the Interdata 8/32
under Unix V7(6) at Kansas State University's Computer .Sciance

Department. After the Pascal prettyprinter was done, a lot of



students h#ve received benefits from it. Under Dr. Bates'
advising, Wun-Jen Lin, wrote another prettyprinter for the Euclid
language as his master's report(7) in 1983. The Euelid
prettyprinter(EPP) " was implemented by modifying the &existing
Pascal prettyprinter and using the language called
Syntax/Semantic Language(8) instead of Pascal to write the

parser.
1.3 Purpose

This project is to implement a prettyprinter program written
in Pascal for Simula and make it available on the Interdata 8/32
machine wunder Unix V7 operating system in the Kansas State
University Computer Science Department, Simula, developed by
Dahl and Nygaard in Norway(9), is Algol-like in form and has
simulation as a major application domain. One important feature
which it introduced was the 'class' concept, the idea that a
group of declarations and procedures are collected together and
treated as a unit. Objects of the class can be generated and
they have a life which is independent of the block in which they
were created. This 1s especially wuseful for applications
involving simulation. The class concept is now viewed as the

origin of data abstraction.
1.4 Approach

The approach of this project is to use the language called



Syntax Semantic Language(S/SL) to write the parser and modify the
existing Euclid prettyprinter written in Pascal. The project can
be divided into the following six phases :

1. The description of Simula's syntax accomplished by ccombining
the syntax of Algol 60 (the subset of Simula) and that of
the extension part of Simulsa.

2. The implementation of the Syntax/Semantiec Language(S/SL)

program for the parser of Simula.

3. The translation of the S/SL program into a S/SL table(or an

S=-code) via an S/SL assembler.

4. The modification of EPP's lexical scanner to make a new

lexical scanner for Simula.

5. The replacement of the S/SL table in the EPP which was

modified via step 3 by the S/SL table implemented for
Simula to make a2 new Simula prettyprinter(SPP) program.

6. The implementation of the SPP.

1.5 Organization

This report is organized as follows: Chapter 1 contains
explanations of the motivation for designing a prettyprinter, the
history of prettyprinter, the purpose of this report, and the
approach used to implement this project. Chapter 2 provides the
concepts and features of the Syntax/Semantic Language, and the
reasons for using it in this project. Chapter 3 contains an
explainaticn of the functions and data structures of the Simula
prettyprinter(SPP), and the indentation style used in the Simula

prettyprinter. Chapter 4 contains details of the entire process



of building the SPP. Chapter 5 presents the conclusion that
summarizes the features of using S/SL in this project, and the
nature and results of running the SPP. Appendix 1 is a listing
of the SPP program in Pascal. Appendix 2 is a listing of the
S/SL program. Appendix 3 includes a listing of the input sample
Simula program. Appendix 4 contains a listing of the output

sample Simula progran.



Chapter 2
Syntax/Semantie Language
2.1 The concepts of S/SL

Syntax/Semantic Language(S/SL) is a programming 1language
developed at the University of Toronto as a tool for implementing
compilers. S/SL has been used to construct scanners, parsers,
semantic analyzers and code generators.

The complete S/SL includes a subset called SL (Syntax
Language) which has the same recognition power as LR(k) parsers,
and it can invoke semantic operations implemented in another
language such as Pascal. S/SL implies a top down programming
methodology. First, a data=-free algorithm is developed in S/SL.
The algeorithm invokes operations on "semantic mechanisms”. The
semantic mechanism is.a abstract object, specified, from the
point of view of the S/SL, only by the effect of operations upon
the object. Later, the mechanisms are implemented apart from the
S/SL.

S/SL assumes a computational model that is illustrated in
Figure 1. The major role of an S/SL program is to translate its
input stream into an output stream. The input stream consists of
tokens. The S/SL program reads(accepts) tokens one-by-one from
the input stream and emits tokens to an output stream. It can
also emit error signals to an error stream. An S/SL program
also supports a set of possibly recursive rules. The

implementation wuses an implicit stack of return addresses to



allow a called rule to return to the appropriate ecalling point.
allow a called rule to return to the appropriate calling point.
Besides <controlling the input and the output streams, the
S/SL program can manipulate data using the semantic¢ mechanisms.
The interface to each semantic mechanism is defined in S/SL, but
the implementation is done separately in a base language such as
Pascal. The S/SL program invokes semantic operations to inspect
or manipulate data, but has no access to data such as making an
assignment or comparison. This concept of a pure control
language and an abstract data (semantic) mechanism imply that the
8/5SL programmer needs to know only the meaning (specification) of
the program without being directly concerned with the
implementation of +the operations in writing his S/SL program.
This is analogous to specifying an abstract data type and using

it without being concerned with its implementation.
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Figure 1., A computational model for S/SL



2.2 The features of S/SL

S/SL includes a subset called SL(Syntax Language) and
facilities for invocation of semantic operations which are
implemented in a base language such as Pascal. S/SL is a very
modest language. Each SL program consists of a 1list of
executable rules. Each rule consists of a name, an optional
return type and a sequence of actions (statements). Each rule
has one of these two forms:

name: actions;

name >> type: actions;
a rule with the first form is called a 'procedure rule'; a rule
with the second form is called a 'choice rulet'. These two forms
are analogoué to procedures and functions in Pascal. There are
eight different actions (statements) in SL. These are described
below.

1. The g¢all action. The appearance of € followed by the
name of a procedure rule signifies that the rule is to be called.
For example, bhere is a call to the IfStatement rule:

€IfStatement

2. The preturn action, The symbol >> in a rule signifies
return before reaching thé end of the rule. For example, Here is
a choice rule, OptionalExpression, that returns true if the next
token 1is the end-of-=file; otherwise it parses an expression and
returns false.

OptionalExpression >> Boolean:

[

| eof:

>> true
[



>> false
1;

3. The input (or match) action. The appearance of an input
token in a rule signifies that the next input should be read and
must match the token. For example, the following specifies that
the next item in the input stream is to be read and it must be a
number token:

'number!
Note that all of the input tokens, output tokens and semantic
operations need to be defined in S/SL. This 1is similar to

defining a type in Pascal. For example,

inputs:
number % input tokens
plus 4!
minus fat
equal =t

cee BEC e
operations:
setupPosition ¢ sets up start position for a token
blankLine %4 handles placement of blank line
ese BtC 4.
Here we have also shown the convention for comments in S/SL
programs, namely, anything to the right of a % on a 1line 1is
ignored.

4, The gmit action. The appearance of a dot followed by an
output token signifies that the token is to be emitted to a
special output stream, for example:

.subtract

5. The epror action. The appearance of # followed by an

error signal signifies that the error signal is to be emitted to

a special error stream, for example:

#missingColon



6. The cyecle action., Each cyele is of the form:
{
}

actions

The enclosed actions are repeated until one of the cycle's exits
'>" is encountered.

7. The gxit construct. The appearance of '>'" signifies exit
from the most enclosing cycle.

8. The chojce action. The choice action is of the form:

[
| labels :
actions
| labels :
actions
| *
] actions

The choice action tries to match the current input token to one
of the labels. The actions associated with the matched label are
executed; if no label is matched, the final alternmative, labelled
by the star '#', is executed.

This completes a summary of the actions in SL. The actions
in S/SL are the same with the addition of «c¢alls to semantiec
operations.

Now an example S/SL rule is given which uses a count stack.
Suppose a stack of counters is defined in S/SL as follows:

mechanism count:
Count PushSymbolDimension % new counter gets value from
symbol table
CountPop 9 delete counter
CountIncrement § add 1 to top counter
CountDecrement 4 subtract 1 from top counter
CountChoose >> number; % check the number of parameter

This example rule handles a list of actual parameters for a

procedure call in a language such as Pascal.



1 ActualParameterList:

2 Count PushSymbolDimension

3 {

i @€HandleActualParameter

5 CountDecrement

6 [

T | '"rightParenthesis' :
8 >

9 | 'comma' :

10 ]

11 }

12 [ CountChoose

13 | zero :

14 | &

15 # WrongNumberActuals
16 ]

17 CountPop;

Suppose the Pascal procedure call is
P (x,y)
The procedure's name P is accepted by the S/SL program and
becomes the current symbol of interest, Then the left
parenthesis is accepted and finally the ‘'ActualParameterList!
rule is called. Line 2 finds the declared number of parameters
of P and pushes this number onto the count stack. Then the loop
(lines 3 through 11) processes the list of actuals, decrementing
the count for each actual. 'HandleActualParameter' will accept

'x' the first time through the loop and 'y' the second time.

10



Then lines 12 through 16 print an error message if the wrong
number of actual parameters was supplied. Line 17 pops the

counter that was pushed on line 2.

2.3 The reasons for using S/SL in this project

S/SL has been used in implementing three compilers: Speckle
(a PL/1 subset)(10), Toronto Euelid(11), and PT (a Pascal
subset)(ia). It has also been used to implement an S/SL
processor. S/SL has been found to-be powerful, convenient and
expressive, but it also is quite readable and maintanable.

The S/SL language synthesizes several programming concepts.
The following related notations have been strongly influential:

(a) BNF and regular expressions

(b) Syntax charts and semantic charts

(c) Recursive descent compilers

(d) Separable transition diagrams

(e} Table=driven coding

(f) Data encapsulation technique.
This dimplies that S/SL captures such a large fraction of the
power of these notations, while itself remaining very simple.

Besides all the significant characteristics of the S/SL
language described above, the main reason we used the S/SL
program to serve as & recursive descent parser for Simula
prettyprinter (SPP) was that a parser for an Euclid prettyprinter
(EPP) was written in S/SL. Thus, in implementing the SPP, the

main concern was the meaning of the semantic mechanisms and the

11



modifications to the scanner. The meaning of the semantic
mechanisms was important in constructing the parser portion in
5/SL for Simula. There was no need for directly being concerned
with implementation details which were written in Pascal. EPP's
lexical scanner needed modification to make a new lexical scanner

for Simula.

12



Chapter 3

The general description of the Simula prettyprinter

3.1 The functions of the Simula prettyprinter

Simula prettyprinter(SPP) is a program which serves as a
full parsing source text formatter. SPP parses and formats the
entire Simula language, token by token. Thus, it is able to
format type definitions, parameter lists, expressions, variable
references, ete, SPP allows the programmer to type source text
without any regard to formatting, for both initial text entry and
text modification. Its tasks include the following functions:

a. Insymbol - works as a lexical scanner which reads tokens

from the input source text and classifies them.

b. Blankline = handles the placement of blank lines in the

output.

¢. PushConstPos - ©pushes integer constant 1 onto the

position stack.

d. PushPos = accepts a parameter which is a position value

and pushes it onto the position stack.

e. PushMark - It accepts a parameter which is a mark record

and pushes it onto the mark stack.

f. PopPos - pops the top value from the position stack.

E. PopMark - pops the top value from the mark stack.

h. Mark - marks some tokens. It marks the tokens so that

at some later points all tokens starting there will be

compressed,

13



i, Skip - skips some unexpected tokens when syntax errors
are encountered.

J. Setup - sets up a sﬁarting position for a token in the
output.

k. Movecmnts - moves the positions of some comments if
necessary.

l. Indent = indents some fixed amount of spaces for some
tokens.

m, Ccompress = compresses some tokens if they «can be
arranged into one line,.

n. Unload - unloads and prints a set of tokens which will
not be compressed later or whose length is more than one

line.
3.2 The data structure of the SPP

The data structure of the Simula prettyprinter is
illustrated in Figure 2. It consists of a set of nodes, each of
which is a line record which includes downlink, rightlink, start
position, text, and other fields. Each node only contains a text
of 12 characters. Thus if the length of a token is over 12
characters, as many nodes as necessary are cdreated, with their
rightlink fields linking them together. The downlink field 1is
used to connect between different tokens. = Gfirstp is a pointer
to the first token 1in a set of tokenms which have not ©been
released. Geurp is a pointer to the current token. Gnextp is a.

pointer to the token which is next to the current token. Geomp

14



is a pointer to the token from which a set of tokens needs to be
compressed later. The mark is a special kind of node whose
pointer field points to the first token of a set of tokens which
will be compressed later.

Using the above data-structure. the SPP compresses tokens in
a very straightforward way. It first marks a possible starting
token from which a set of tokens may be compressed later. Then
the SPP sets up the starting position for each token that follows
including a possible end token. It assumes that no syntactic
structure will fit in one line. After that, SPP compresses this
set of tokens into one line if they can fit; otherwise, they will
be arranged into =several lines as necessary. The example in

Figure 3 shows a basic idea of how SPP compresses the tokens.

15
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before compression

(1).

n
(1]
—

o
"
n

(2).

Begin
read (a) ;
ILf X
Ihen Y
Else Z ;
write (a)

End

Figure 3.

after compression

Begin

read (a)
; If X Ihen Y Else Z

; write (a)

End

Example of compressing tokens

17



3.3 The Indentation style used in Simula prettyprinter

The indentation style used was designed by Dr. Rodney M.
Bates and is based on the observation that most of the syntatic
structures are 'fences', with n 'post' and n-1 'panels' between
them. The posts are always single symbols in Simula language
such as Begin, End, If, IThen, etc. The panels are fragments of
Simula program which can be strings of arbitrarily 1length, such
as declarations, statements, expressions, etec.

The fence model suggests that all the post symbols of a
single structure that are related to one another should be
vertically aligned. One of the fascinating things in the SPP is
the placement of the character ";"©, The semicolon is treated as
a post symbol of the Simula compound statement, .Thus the Begin,
End, and semicolon, ete., should be vertically aligned in a
related structure. The example in Figure 4 shows how a compound
statement is formated according to the fence model.

In this example, the leading semicolon shows clearly where
each constituent statement of the compound statement should be
positioned, even though the J1f statement occupied three lines,
while the others occupy only one each. Thus it makes the format
of a text more readable. Furthermore, not only can SPP format
statements, but it can format basic primitives such as
expressions. The formatting rule used on an expression is the
same one used on a semicolon. The example 4in Figure 5
illustrates how SPP works neatly on semicolons and expressions.
Note that the example is in uncompressed formatting, the whole

expression and subexpressions are usually compressed later.

18
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Figure 4. Example of formatting compound structure by

fence model
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before formatted

(1).
a := b+eig;

e !z X/y=-2;

(2).
x := 2%(a+b);

y := (a+b¥%c)-3;

Figure 5.

after formatted

a
= b
+ c
LA |
;e
«= X
/¥
-z
i
X
1= 2
# ( a
+ b
)
v ¥
:= ( a
+ b
LA -
)
= 3

Example of formatting expressions

20



Chapter 4

Simula prettyprinter implementation

4.1 The process Overview

Implementing the Simula prettyprinter has been a fantastic
and unique experience, The entire work was complicated but very
interesting. First of all, the syntax of the 8imula language
needed to be described. This work took more time than was
expected because there were no complete definitions for Simula's
syntax. The author had to describe the Simula's syntax by
modifying the syntax of Algol 60(9) which is the subset of Simula
and combining the syntax of Algol 60, and that of the extension
part of Simula(14). It was also necessary to know the exact
meaning of the semantic routines implemented in EPP before
constructing the S/SL program. Then, using the syntax of Sinmula
as a framework for the parser, The semantic mechanisms were
defined in the S/SL program to complete the parser portion for
Simula prettyprinter. Furthermore, the lexical scanner in Euclid
prettyprinter was modified for Simula programs due to the
differences in reserved words and special characters between
Euelid and Simula,

After the above programs had been finished, the next step
was the implementation. First, the S/SL program was translated
into a S/SL table(or a S-code) using the S/SL assembler. Then,
the S/SL table in the Eucliﬁ prettyprinter was replaced with the

newly developed S/ SL table to make a new Simula

21



prettyprinter(SPP) program. The S/SL table could in turn be
accessed by a procedure called a table walker or S=code
interpreter in the SPP to execute the entire S/SL program. The
final step was to compile and run the SPP written in Pascal on
the Interdata 8/32 machine under Unix V7. The entire process of
the project can be represented by a diagram in Figure 6. The
following sections in the chapter will describe the process in

detail.

c22



{ implement the | i EPP |
| S/SL program | i program |
translated via modify the

S/SL assembler lexical scanner

| S/8SL table | | EPP w/Simula's |
--------------- | lexical scanner |
I ------ - O e D

] 1

] ]

i |

!} replace the S/SL table for :

| Euelid by S/SL table for |

{ Simula in EPP i

| !

|mm—e———— L L T ->}

|

]

]

'S

! SPP program before |
| implementation |

compile and run

] ——— ————

| SPP program after |
| compilation and |
| execution )

Figure 6. The process of generating an SPP
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4.2 The Implementation of S/SL program

One of the main reasons for using the Syntax/Semantic
Language(S/SL) program to serve as a recursive descent parser for
SPP was that the parser for Euclid prettyprinter(EPP) was written
in 3/8L. Thus, with the existing semantiec routines in the EPP,
only the meaning of those routines needed to be understood to
implement the S/SL program for SPP.

Because S5/SL . is a variable-free language, two important
Ssemantic¢ mechanisms, namely, the stacks of positions and marks,
exist to handle the problems of local variable and parameter
passing in the S/SL program. In addition, the semantic routines
such as the Ccompress, SetupPos, Indent, ete., are imperative to
implement the S/SL program.

In the following paragraphs, an example is used to show how
the stacks of positions and marks efficiently handle the problems
of local variables and parameteb passing, and how the other
semantic routines are used in the S/SL program. To simplify
problems, the example 1in Figure 7T uses only the syntactic
structure of the If statement in Simula, It will be shown how a
syntactic structure is formatted at first, anﬂ how it is
formatted after being compressed.

In the example, an assumption is made that the S/SL progranm
is already in a rule called statements. Then, an input choice is
encountered, Prior to setting up the position for the token
1if', it is necessary to indent 'if' to position it right after a
semicolon. A simple way to do this is to fetch the top value of

the positions stack, which 4is the position value for the

24



semicolon passed from the caller rule, and use it as a parameter
to an SPP routine called Indent. The indented positicn value
returned from this routine is in turn pushed onto the top of the
position stack. After that, we set up the position for 'if' by
fetching +the top element of the position stack and using it as a
parameter to an SPP routine called Setup. These processes
explain how the position stack, positions and the formatting
routines (such as Indent and Setup) work together to set up
positions for tokens. Namely, it shows how a syntactic structure
is formatted at first before being compressed later.

Next, the rule called Ifstatement will be invoked to handle
the Dbody of the If statement. Some problems must be considered
before this is done. First, the token 'if' will eventually have
to be compressed with the body of the If statement after
returning from a call to the rule Ifstatement, regardless of
whether they can be fitted in one line. Secondly, an expression
is usually placed right after the 'if' operator, if both can be
fitted in one line. This implies that another compression will
be executed within the routine Ifstatement. The solution to
these problems 1s to push the current token mark, whose pointer
field points to the token 'if', onto the mark stack twice, prior
to setting up the position for 'if'. The first current token
mark will be fetched and used as a parameter to a semantic
routine called Ccompress. This checks whether the whole If
statement(including 'if') can be fitted in one line. This 1is
done after the second mark has been popped from the mark stack

when the routine Ifstatement was returned. The second current
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token mark pushed onto the mark stack is used as a parameter to
the routine Ifstatement, and then it serves as a starting point
from which some tokens might be compressed later, In Figure
T.(3), two different possible formats resulting from the above
proc¢ess are shown. Apparently, the process described above
explains us how the mark stack and marks are used with the
routine Ccompress to compress tokens. Namely, it deals with how
a syntactic structure is formatted after being compressed.

In order to help solve problems such as local variables and
parameter passing, it is necessary to push a position value onto
the top of the position stack. This serves as an additional
parameter besides the other, which is the top value of the mark
stack, to a called rule. Thus, theses two values not only serve
as parameters to a called rule, but they serve as two variables
local to that called rule., As the example showed in Figure 7, it
pushes the position value for 'if' onto the position stack and
the current token mark, whose pointer field points to 'if'!, oato
the mark stack, and passes both of them as parameters to a rule
called Ifstatement. Later, within this rule, these two values
will be used to $et up positions for tokens, compress tokens, and
paas them as parameters to other called rules. The process
described above explores how two semantic mechanisms, i.e.; the
mark stack and the position stack are used to pass both the
position value and the mark value to a called rule. Then this
rule uses both values as its local variables to format its
substructures. One thing to be aware of is whenever a caller is
returned from a rule, the top value éf both the position stack

and the mark stack is always popped, because these two values are
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only meaningful ¢to a called rulese. Figure T7.(1) shows an
original, unformatted program. Figure 7.(2) shows how this
program is formated at first. Figure 7.(3) shows two possible
formats after this program is compressed in accordance with the
length of the structurse,

The interfaces to these semantic mechanisms were defined in
the S/SL progran. But the implementation of these semantic
mechanisms was done in the Pascal program, With the help of
these semantic operations, the Simula parser, written in S/SL was
able to parse and reformat the input Simula program in a
straightforward manner,

Conventionally, a small 1letter 'o' was put as the first
letter of each instruction name, for example, 'Ccompress' becomes
oCcompress to avoid clashes with other names in the Pascal
program. Some other examples are oSetupPos0, oPopMark, oPopPos,
oSwapmarks, and so on.

In the beginning, it seemed very difficult, not only ¢to
construct a parser from the syntax descriptions without any
ambiguities and mistakes, but also to understand how all these
semantic¢ mechanisms could be integrateed. But after a little
practice in constructing the parsing rules and experience in
using the semantic mechanisms, the entire process of defining
the semantic mechanisms with the parser fell into certain

'patterns', and it was then very easy to go on to each rule,
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(1). The original, unformatted If statement

If X
Ihen Y
Else Z

e

(2). The formatted If statement at first before compression

i

(3). Three possible formats of If statement after compressicn
(a).
;7 IL X Ihen Y Else 2

(b).

7

-e

Figure 7. Example of using two semantic mechanisms:

the position stack and the mark stack
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4.3 The modification of EPP's lexical scanner

The next process in implementing the SPP was to modify the
existing lexical scanner in EPP into lexical scanner for Simula.
The function of the lexical scanner is to read the source program
one character at a time and to translate it into a sequence of
primitive units called tokens. Keywords, identifiers, constants,
and operators are examples of tokens,

Due to different keywords defined in Euelid and Simula, it
was necessary to replace the keywords used in Euclid with those
used in Simula. Also there are some special characters in Simula
which Euclid does not have and vice versa. For example, ':-
'*(denotes), ‘'#%#!'(exponent), and '=='(reference -equal), etc.,
which are tokens in Simula but not in Euclid, had to be added.
Operators, 1like '=>'(label or imply), and '..'(double periods),
etc., used 4in Euclid were deleted. Further, Simula uses the
keyword 'comment' at the beginning of comments and the symbol ';?
as comment ending delimiter. Thus, 'comment' and ';' had to be
added while the symbols '{' and '}'" which delimit comments in

Euclid needed to be removed,

4.4 The translation and the inclusion of the S/SL program

The S8S/SL program needed to be included into the SPP to be

accessed and executed after it was implemented. Since the S/SL
program was not Pascal-coded, it was necessary to translate it
into S-code form (or S/SL table) via a program called the S/SL

assembler. This transformed S/SL program contains Pascal
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declarations for the S/SL table and the constants defining the
table operation codes, input tokens, output tokens, error codes,
and semantic operation codes used in the table.

The translated S/SL program refers to an S/SL table because
the sequence of numbers in this table are stored in a Pascal
array. This table is included in the declaration part of the
SPP. Later, a procedure in SPP calls a table walker or S-code
interpreter, which accesses this table and executes its

instructions to carry out the actions of the S/SL program.

4,5 The implementation and running of the SPP

The S/SL assembler and the S-code interpreter used in this
projeet automatically produce Hartmann(15) style recovery from
syntax errors. Thus, the error recovery problems in the Simula
parser were avoided. This allows the Simula prettyprinter to
format a large variety of incorrect constructs and enables it
te continue formatting correct text beyond those constructs.

Actually, by combining steps 2, 3 and 4, we obtained a Simula

prettyprinter program written in Pascal. This program was then
compiled and run as usual, the result being a Simula
prettyprinter.

Running the SPP 1is simply done by typing the word SPP
followed by an input file name which is intended to be
prettyprinted. The output will then be stored under the the same
file name, but with an extention SPP. Each time users rﬁn the

SPP, a report is displayed giving the number of lines in the
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input file, number of lines in the output file, the number of
Simula tokens in the fsle(excluding comment tokens), the number
of tokens skipped, and how many heap records were created. A
typical report looks like this:
93 input lines
169 output lines
718 tokens
0 skipped
140 heap records
The number of tokens skipped shows an estimate of the difficulty
-SPP had with formatting. Small numbers, i.e. 0 .. 3, mean the
formatting is probably no problem. Larger numbers mean the SPP
found some syntax errors and skipped them. Since the semantic
routines use the Hartmann error recovery, SPP will not reformat
sections of the program in which an error is detected. This

implies +that the wuser can run the SPP on a newly created or

modified Simula program even before compiling it.
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Chapter 5
Conclusion

In general, the experience of writing the Simula
prettyprinter wusing S8/SL program as the parser has been an
excellent one, The main feature of the Simula prettyprinter is
that it wuses an S/SL program to serve as a recursive descent
parser portion of the SPP. This implies that we can define the
meaning of semantic mechanisms without directly being concerned
with implementation details.

The S/SL program included in SPP (appendix 1) consists of
1870 lines, SPP itself (appepdix 2) contains 2432 lines. The
author has tested over fifty sample Simula programs as inputs to
run the SPP successfully. One of the sample input program is
shown 1in appendix 3 contains 63 1lines. The output program
generated from it contains 125 lines, and is shown in appendix 3.
The SPP took 40.5k bytes of memory and 8.0 seconds to run this
sample program.

Due to the nature of the data structure of SPP, the amount
of space needed to run the program does not increase with the
length of the source program but rather with the depth of nesting
of syntactic structures in the source program. The table produced
by S/SL together with the table walker are observed to be gquite
small, better than or comparable to other techniques such as

writing in a high level language or using LR(k).
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Appendix 3

Input sample Simula code
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EXTZRNaL CLASS SIMULATIONS ! (sport)tst=sim=fiva:isim /

SIMULATION

3EGIN COMMENT ====== TEST PROCESS, ACTIVATION STATEMENTS ====
srw—e= IJLE,TERMINATED,TIME,  ===== ;

COMMENT otk st At e A R AN T T RN TR R AN RN AR R A RN F R E N TR TR A R AR RRA T E RNk rohk

ek ke dd AA R A A AR 2L RS EXELEL YY)
L FE T T R 2R TEST PW 21 222 F R E L R T
e de el de oW e ar e o ol W ek Wk ke AR R R EER R RS E R 2R I

PROCESS CLASS P(I), INTEGER I-
3E5IN QUTTEXT("P("); OQUTINT (I,2);
OUTTEXT(™) ACTIVATED aT TIME = ");
QUTFIX(TIME,3,8)7 QUTIMAGE; PASSIVE(I):=FALSE,
ACTIVE(I):=TRUE; QUTSTATE(THIS P);
ACTIVE(I):=FALSE; TERMINATO(I):=TRUE; PASSIVE(I):=FALSE;
ZND-
PROCEDURE 3STARTUP?
3EGIN QUTLINEC("START UP PROCESSES:");
QUTSTATE; REACTIVATE MAIN AT TIME+27.3; ENDJ
PROCEDURE QUTSTATE(X); REF(P)X;
3EGIN COMMENT OUTPUT STATE OF P?OC‘SS OBJ=CTS AND SQS7

QUTTEXT("PROCESSES: 2 3 anry;
QUTTEXT(" S 6 7 3"y;
SUTTEXT(" ? 12")Y7  QUTIMAGE;
QUTTZXT("STATE: "):
FCR I:=1 STEP 1 UNTIL 10 20
SEGIN OUTTEXT("™ "):

LSE QUTCHAR(C® *);
LSS QUTCHARC® “*) 7
) ELSE CUTCHAR(® "),

IF PASSIVE(I) THEN JUTCHAR("P*) £
IF ACTIVEC(I) THEN OUTCHAR(*A") =
IF TERMINATOI(I) THEN QUTCHARC’T”
END? OQUTIMAGE; QUTIMAGE:
JUTTEATL"S3S: "y;
FIR I:=1 STEP 1 UNTIL 10 no
3EGIN IF 2a(I).IDLE THEN
8E5IN IF PA(ID.TERMINATED THEN
QUTTEXT(" T)
ELSE QUTTEXT("#2*EQROR*w*=");
END ELSE
3ESIN REAL R; R:=PAa(I),EVTIME;
IF I=X.I aND
ABS(R=TIME)}>(0,J000C1 OR PA{I).TERMINATED
THEN QUTTEXT("™EZRR"™) ELSE QUTTEXT(" ");
QUTFIX(R,3,8):
END/
END/
QUTIMAGE, CQUTIMAGEZ,; QUTIMAGE!
SND JF QUTSTATES
PROCEDURE GREATZQBJECTS:
35GIN FOR I:=1 STEP 1 UNTIL 10 DO PA(I):=NEW P(I); END;
REAL PROCSDURE GETIME;
3EGIN SETIME:=ACTIME.GETREAL’
ACTIME;-ACTIME.SUB(ACTIME.POS,ACTIME.LENGTH=ACTIME.POS+1);
ENO7
PRGCEDURE QUTSTARS(T); VALUE T, TEXT T/

QEGIN GUTTEXT("t*t*****t***ttt*’fi*ttitittt***i**tt*tt***"};
QUTTEAT(T);
QUTTExT(“tttt-***t*w**t*t*tft*tttttttt*ntw**t**twiw“);
JQUTIMAGE; OUTIMAGE?

END/

PROCEOURE OUTLINE(T); VALUE T2 TEXT T
SEGIN QUTTEXT(T): OUTIMAGE; CQUTIMAGE; E£ExNDJ
TND7
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Appendix U4

Qutput sample Simula code
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EXTERINAL CLASS SIMULATION ! (sport)tst-sim=-fiva.sim ~
SIMULATION
3EGIN COMMENT ====== TEST PROCESS, ACTIVATION STATEMENTS ====
- IDLEL,TERMINATED, TIME, m
COMMENT Stttk a A A e R S AT A A A R R A AR A Tk A A AR e S A Ak R e b d
A2 ISR IR L LR BN 222222 2 S 2SS 22 2 )
AR AR TREEARR RNy TEST PuW 21 L2222 222 Rl ti Xl R al il
Rt AR AN AAATRE RS d 2R 222 222N T RS RS 22 X
PROCESS CLASS P (1)
7 TNTEGER I

i BEGIN

QUTTEXT ( "2(" )

QUTINT (I » 2
QUTTEXT ( ™) ACTIVATED AT TIME = " )
QUTFIX ( TIME » 3 » 8 )
QUTIMAGE

PASSIVE ( I ) s:= FALSE
ACTIVE ( I ) == TRUE
QUTSTATE ( THIS P )
ACTIVE ( I ) := FEALSE
TEIMINATO ( I ) := TRUE
PASSIVE ¢ I ) := FALSE

BI) e %a e mE NE % Ne N4 Ne Ne e

N2

s PRQCEDURE 3TARTUP

s 3EGIN
QUTLINE ( "START UP PROCESSES:" )
s QUTSTATE
; REACTIVATE MAIN AT TIME + 20.C
;
END

7 PROCZDURE OQUTSTATE ( x )
¢+ REF (P ) X

¢/ 3EGIN CJOMMENT QUTPUT STATE QF PROCSSS DBJECTS AND 5355
QUTTEXT
( "PROCESSES: 1 2 3 4"
)
QuUTTEXT ¢ "
cuTTEXT ¢ "
QUTIMAGE
OUTTEXT ( "“STATE: ")
FOR I == 1 STEP 1 UNTIL 12
D0 3EGIN
QUTTEXT (¢ " ")
IF PASSIVE ( I ) THEN QUTCHAR  “P" ) ELSE OQUTCHAR ¢ ° ° )
IF ACTIVE ( I ) THEN OUTCHAR ( “A° ) ELSE QUTCHAR ( " " )
IF TERMINATO ( I ) THEN QUTCHAR ( °“T° ) ESLSE OQUTCHAR ( ° ° )

-]
1c"

) WA

e e W ws Ny

e We %a N

END
¢ QUTIMAGE
s QUTIMAGE
7 OUTTEXT ( "SsQS: ")
s FOR I := 1 STEP 1 UNTIL 10
00 BEGIN
IfF Pa (1) . IDLE
THEN 3EGIN
IF Pa (I ) . TERMINATED
THEN QUTTEXT ( " T )

SL3E QUTTEXT ( "+«wERRQR*=w" )
;

END
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e
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r

PROCEDURE

SLSE 3EGIN
REAL R

R := PaA (I

Al

s IF I = X , I 4AND 485 ( R

QR 24 (I
THEN QUTTEXT

)

)

« EVTIME

- TIME ) >

« TERMINATED

{ "ERR"™ )}

gLSE OUTTEXT ( " "

QUTEIX ( R »

M S %e

ND
H

END
OUTINMAGE
QUTIMAGE
QUTIMAGE

.
’
.
’
.
.
=
c

NG OF QUTSTATE

3EGIN
FOR T :
Co Pa (I

’
ZND

REAL PROCEJURE GETIME

3EGIN
GETIME := ACTIME .
; ACTIMNE
t= ACTIME . SuUs
( ACTIME . POS »

IND

GREATEQSJECTS

I, 3)

= 1 STEP 1 UNTIL 10
= NEX P (1)

GETREAL

ACTINME .

/ PROCZDURZ JUTSTARS ( T )

e we

e

e

r
.
r

.
’

IND

VALUE T
TEXT T

8EGIN

CUTTEXT ( Mttt r et e e v AT RS RS RA AR T RETSIPRRPARCSSITFRC &

QUTTEXT (T )

JUTIMAGE
QUTIMAGE

Hih e Se ™e we we

=
o

VALUE T
TEXT T

3EGIN JUTTEXT ( T )

PROCEJURE OQUTLINE ( T )

QUTIMAGE

a
’

QUTIMAGE

L

~l

.
#,

c.000001

LENGTH = ACTIME . POS + 1

QUTTEXT ( Mant sttt s ata vt st e s n et e ettt rrartsaoranrnree’

ENG

)
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ABSTRACT

Prettyprinter is a program designed to parse and reformat
the whole text of a source program for a particular language.
The advantages of a prettyprinter are that it saves programmers a
lot of time editing programs and it enforces standard indentation
conventions. This project is to design a prettyprinter program
for the Simula language and make it available on the Interdata
8/32 machine under the Unix V7 operating system at Kansas State
University's Computer Science Department.

The approach of this project is to use the language called
Syntax/Semantic Language(S/SL) to write the parser and modify the
existing Euclid prettyprinter(EPP) written in Pascal. S5/SL is a
pure control language without data or assignment, and data can
only be manipulated via semantic operations. The implementation
of S/SL program involved here is to translate the S8S/S8SL program
into an S/S8SL table(or S=-code) via an S/SL assembler, and then
include this S-code in the Simula prettyprinter(SPP). Later, a
program called S-code interpreter written in Pascal accesses the
S=-code and executes the functions of the S/SL program as a
recursive descent parser. This project is divided into the
following six pha#es :

1« The description of Simula's syntax by combining the syntax
of Algol 60(the subset of Simula) and that of the extension
part of Simula.

2. The implementation of the Syntax/Semantic Language(S/SL)



program for the parser of Simula.

3. The translation of the S/SL program into a S/SL table(or an
S=code) via an S/SL assembler.

4, The modification of EPP's lexical scanner to make a new
lexical scanner for Simula.

5. The replacement of the S/SL table in the EPP which is
modified via step 3 by the S/SL table implemented for

.Sinula to make a new Simula prettyprinter(SPP) program.

6. The implementation of the SPP.

The result generated by the above steps is a Simula
prettyprinter written in Pascal. The main feature of the Simula
prettyprinter 1is that it uses an S/SL program to serve as tﬁe
recursive descent parser portion of the SPP. This implies that
we can define the meaning of semantic mechanisms without directly

being concerned with implementation details.,



