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Chapter 1

Introduction

1.1 Background

Whenever a programmer inputs or edits a program on a key-
punch or a CRT terminal, he also has to consider how to indent
this program to make it look nice and neat. This is really a
boring, and time-consuming Jjob. Is there any way that a
programmer can Jjust input or edit a program without being
concerned about its format? One possible solutiom is the use of
a program called a pretty-printer. A pretty-printer program is
designed to parse and reformat the whole text of a source program
for a particular language.. The advantages of a pretty-printer
are that it saves a lot of time editing programs, and it enforces

standard ipdentation conventionms.

1.2 Purpose

The purpose of this project is to design a pretty-printer
program written in Pascal for Euclid. Fuclid is a progamming
language designed for writing system programs that could be
verifiable by state-of-the-art verification methods. This report
is the part of a project whose purpose is to make Euclid

available for compilation and execution on the Interdata 8/32
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machine under Unix V7 operating system in the Kansas State

Oniversity's Computer Science Department.

1.3 Approach

There is a pretty-printer program now available written in
Pascal for Pascal programs. The overall approach of this project
is to modify the existing Pascal Pretty-Printer (PPP) and use the
language called Syntax/Semantic Language instead of Pascal to
write the parser. In detail, the project was divided into the

following 6 phases:

(1). The modificatiom of the Syntax/Semantic Language(S/SL)
program to replace the recursive descent parser portion

in the existing PPP.

(2). The modification of PPP's lexical scanner to make a new

lexical scanner for Euclid.

{3) The modification of PPP's semantic routines and the
insertion of new semantic routines to make them
compatible with interfaces defined and used in the 5/SL

progran.

(4). The translation of the S/SL program into an S/SL table
via an S/SL assembler and the inclusion of this S/SL
table or S-code in the Buclid Pretty-Printer (EPP)

progran.



{(5). The inclusion of the S-code interpreter in the EPP.

{6). The implementation of the EPP.

1.4 Organization

This report is organized as follows: Chapter 1 contains
explanations of the motivation for designing a pretty-printer,
the purpose of this report, and the approach used to accomplish
this purpose. Chapter 2 explores the reason why a pretty-printer
should be used, the history of pretty-printers, and functions of
a pretty-printer. Chapter 3 provides the background of S5/SL, why
S/S1. is used, what 5/5L is, features of S/SL, ard the
implementation of S/SL. Chapter 4 describes in detail the entire
process of producing an EPP. Chapter 5 presents the conclusion
that summarizes the possible use of S/SL, the results of running
EPP, and suggests some future work with the use of S/SL in the
pretty-printer area. Apperdix 1 is a listing of the input sample
Buclid program. Appendix 2 is a 1listing of the output sample
Euclid program. Appendix 3 contains a 1listing of the EPP

program. Appendix 4 consists of a listing of the S/SL program.



chapter 2

Pretty-printing

2.1 The motivation for pretty-printing

When a programmer edits a source program on a key-punch or a
CRT terminal, he has to consider some formatting problems such as
spacing and indentation to make a prograr neater and more
readablie. If he bhad a formatter program at hand which enables
hirm to do such formatting, the above problems will no longer
exist. Therefore, not only can a pretty-printer program save a
lot of time 1in editing, but it also can apply standard
indentation conventions to print a new versior of the source
program in a nice form. Conceivably, designing a pretty-printer
program for a languadge is a worthy effort as it vastly improves
the readability and the neatness of programs, though its

development is not trivial.

2.2 The history of pretty-primters

There is a Pascal Pretty-Printer program now available on
the Interdata 8/32 under Unix V7 at the Kansas State University's
Computer Science Department. It was writtem by Dr. Rodney M.
Bates in May, 1981. During his many Yyears of experience in

compiler teaching and researching, he felt that keying in a
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program while also doimng the formatting job simultaneously was a
laborious, boring task. For this reason, he was interested in
designing a program for reformatting programs. After the PPP

program was done, many students received benefits from it.

2.3 Functions of Euclid Pretty-Printer

Buclid Pretty-Printer is a program which serves as a
formatter for input source programs to produce a neat, readable

version. Its tasks include the following routines:

(1. Insymbol ~-- This routine is a lexical scanner. It
reads tokens from the input source program and classifies

then.
(2). Blankline -- It handles the placement of blank lines.

{3). Mark -- It marks some tokens in order to compress later

a set of tokems starting from these marked tokens.

{4). Skip -- It skips some unexpected tokens when syntax

errors are discovered.
(5). Setup —-- It sets up a start position for a token.

(6). Movecmnts -- It chamges positions of some comments if

necessarye.

(7). Indent -- It indents some fixed amount of spaces for

some tokens.
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{8). Ccompress — It compresses some tokens if they cain be

fitted in one line.

{(9). OUnload -- It unloads and prints a set of tokens which
are not considered necessary to be compressed later or

their length is more than omne line.

The data structure of the Euclid Pretty-Printer is
illustrated in Figure 1. It consists of many nodes, each of
which is a line record which includes downlink, rightlink, start
position, text, and other fields. FEach node only contains a text
of 12 characters. Therefore, if the 1length of a token is more
than that, vwe need to create as many nodes as necessary, with
their rightlink field linking them together. The downlink field
is used to connect between tokemns. Gfirstp is a pointer to the
first token in the data structure. Gcurp is a pointer to the
current token. Gnextp is a pointer to the token which is next
after the current token. Gcompp is a pointer to the token from
which a set of tokens needs to be compressed later. A mark is a
special kind of node whose pointer field always points to the

first token of a set of tokens which will be compressed later.
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The way Buclid Pretty-Printer compresses tokens is very
simple and straightforward. Normally, it first marks a possible
starting token from which we might compress a set of tokems
later. Then EPP sets up the start position for each token that
follows including a possible end token. It does this assuming no
syntactic structure will fit in one line. After that, EPP
compresses this set of +tokens onto a line if they can be fitted
in one line; otherwise, they are already arranged into several
lines. The example in Fiqure 2 provides a basic idea of how EPP

conpresses tokemns.



before compression

{b) .

Beqgin
read (x)
; If£ 2
Then B
Else C
End If
; write(x)

-End

Figure 2.

after compression

Begin x:=x-1;y:=y+1;2:=y End

Begin read(x)

; If A Then B Else C
Epd I

; write (x)

End

Example of compressing tokens
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One of the fascimating things in Euclid Pretty-Printer is

the placement of the special character ";". In comntradiction to
the convention of Pascal, which usually places a semicolon at the
end of each 1limne if necessary, EPP places the semicolon at the
beginning of each line. The reason for doing this in EPP is to
make the format of a text more readable and consistent by placing
operators such as a semicolon at the leftmost position of each
line followed by an operand. Furtherncore, not only can EPP
format statements, but it can format basic primitives such as
expressions. The formatting rule being enforced on an expression
is the same as is used on a semicolon. Examples in Figure 3

illustrate how EPP works neatly on semicolons and expressioms.



before pretty-printed after pretty-printed
{a).
a := b+c*d; a
e 2= a/xX-vy: := b
+ C
* d
; e
= a
J X
- ¥
{b) -
W := a*(b+2); W
Yy := {(u-v/w)+c; = a
* (Db
+ 2
)
: Y
= (u
-v
/ W
)
+ C

Figure 3. Example of pretty-printing expressiomns

11
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Prom the first example, Wwe can see very clearly how the
indentation of ar expression works nicely on the precedence rule
of operators, i.e., the rightmost operator in a pretty-printed
expression will be executed first at runtime. The second exanmple
shows the consistency of parentheses. In addition, both of the
examples use semicolons as an separator betveen statements. As a
result, the idea of separating operators from operands used in
EPP enhances the readability of a program, and the placement of
special characters such as semicolons and parentheses assures the

consistency of the context among expressions of a progranm.
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Chapter 3

Syntax/Semantic Language

3.1 Syntax/Semantic Charts

Syntax/Semantic language (S/SL) is a 1language vwhich was
developed at the University of Toronto as a tool for implementing
compilers. Prior to S/SL, Syntax and Semantic Charts had been
used by the authors of "An introduction to S/SL: Syntax/Semantic
Language”, most remarkably for implementing the SP/K subset of
PL/1. We will introduce below the concept of Syntax/Semantic

Charts and their implementation issues.

syntax charts were developed in preference to LR(k)-style
parsing so that syntax error-handling could be done easily. The
charts use separable transition diagrams to define the syrtax of
a programming language. Fach syntax chart describes a finite
state machine to recognize a specific fragment of the source
language. The charts call one another recursively, forming a
push-down automaton to recognize the language. Semantic charts
were developed to gain the convenience and efficiency of syntax
charts in semantic analysis. The charts describe semantic
processing in terms of & set of operatiomns that manipulate a
small number of special-purpose data structures. on the other
hand, they form a variable-freé programming langquage, which

accesses data via a set of operations organized into mechanisms
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to manage the associated data structures. These mechanisms in

turn can be modelled using abstract data types.

Here, vwe introduce semantic charts witk an example imn Figure
4. It is a set of semantic charts to process simple binary
operator expressions involving only operators and constants. An
assumption is made such that these charts receive from the syntax
analysis phase(parser) a stiream of +tokemns which describe an
expression in Postfix form. Obviously, we can see from Figqure 4
that the semantic charts include the following features: call and
return actions; input tokens and input choices;
emit (outputs/error signals) actions; semantic operatiomns (simple,

paraneterized, emit, semantic choice).
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Obviously, overall control in the semantic charts resides in

8 push-down automaton (table walker) which examines the input
stream and uses information in the charts to pass control from
mechanism to mechanism by invoking semantic operations. Not only
does +the technique of semantic charts provide facilities for
implementing most of the semantic processing commonly found in
compilers {e.g., symbol table management, +type checking, branch
and fixup management, and pseudo-code generation), but it
supplies mechanisms for detecting semantic errors in the source

program and for diagnosing and repairing such errors.

There are several ways in which semantic charts can be
implemented. The easiest ome is to encode the charts as a series
of procedure calls to the semantic operations. However, the
overhead involved in suck an implementation would cause the
result to be both large in size and slow in execution. An
alternative is to encode the charts 3into a semantic table by
assigning a cbhart interpreter code +to each chart primitive and
semantic operation. The charts can in turn be interpreted by a
relatively simple table walking algorithnm. By choosing an
appropriate representation of table operations, the chart can be

encoded very compactly.

The SP/K compiler, which was designed to be a high-speed,
highly diagnostic compiler, using the scheme of syntax and
semantic charts instead of the hand-coded way for its parser and
semantic analysis passes, had proved that its compilation rate is

significantly better tham high—-speed, hand-written compilers such
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as PL/C and IBM's PL/1 Checkout compiler. One of the reasomns for

this is that the SP/K compiler handles a limited subset of PL/1.

Although syntax and semantic charts are highly readable and
have an efficient implementation, their disadvantage is that they
are not machine readable and, 1like flowcharts, are difficult to

maintain. These shortcomings led to the development of S/SL.

3.2 The concept of S/SL

Syntax/Semantic Language (S/SL) is a lanquage developed at
the University of Toronto as a tool for constructing compilers.
A subset called Syntax Lanquage{(SL) has the same recognition
power as LR({K) parsérs_ Complete S/SL includes invocation of
semantic operations implemented in another language such as

Pascal.

S/SL implies a top-down programming methodology. First, a
variable-free algorithm is developed in S/SL. The algorithm
invokes operations through semantic mechanisms. A semantic
mechanise is an abstract object, specified, from the point of
view of the S/SL, only by the effect of operations wupon the
object. later, the mechanisms are implemented in a different
language. on the other hand, the S/SL programmer needn't be
directly concerned with the implementation of the operations.
All he needs to know in writing his S/SL program is their

meaning (specification).
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S/SL assumes a computational model +that is illustrated in

Figure 5. The S/SL program reads

input stream and emits tokens to an output stirean.

emit error signals to an error stream.

consists of a set of possibly recursive

order to support this recursionm, the

implicit stack

of return addresses, to

return to the appropriate calling point.

tokens one-by-one

from the

It can also

Further, an 5/SL progran

rules(subproqrams).

implementation uses

In

an

allow a called rule to

return stack

s/sL

3 Qutput strean

Input

strean

Figure 5.

progranm

Semantic

mechanisms

7'Error strean

A computational model for S5/SL

Vv
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Besides controlling the input and output streams, the S/SL
program can manipulate data via semantic operations which are
organized into 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. It is a pure control language
without data handling capabilities such as assignment or

comparison.

3.3 The features of S/SL

S/SL is a very modest language, including only the following
features: sequences, repetitions, and selections of actions
(statements); input, matching and output of tokems; output of
error signals; subprograns (called rules); and invocations of
semantic operations implemented in a base language like Pascal.
In addition, S/SL is a programming language which uses the same
idea as does Syntax and Semantic Charts but with text notations.
It has no variables, nor assignment. The choices in the S/SL

program are always deterministic.

Here, we give an example of S/SL use in Fiqure € to show
what a S/SL program looks like in the semantic analysis pass of a
compiler. An assumption has been made such that the input to our
semantic analysis pass has its expressions ian symtactically

correct Postfix. To simplify our example, we consider here omly



20
3 operators: addition, egquality and intersection(and). As in
Pascal, we assume that only numbers can be added, only booleans
can be intersected, numbers can be compared to numbers only and
booleans to booleans only. Also, we assume that all numbers are

integers.
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@aPrimaries @0Operators

—
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Operators:
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Primariess:

jconstant:

- & '% ..other
] *z2

Ik

TypePushCoanstant
PrimarieS. ® e ® saw

>

#CheckInteger @aCheckInteger TypePush (Int)

1and:

dCheckBoolean @aCheckBoolean TypePush (Bool)

jegquals:

@CheckEquality TypePush (Bool)

>
¥
CheckInteger:

[= TypeChoose
|Int:
| *: #IntegerRequired

]

TypePop;

CheckBoolean:

E= TypeChoose
{Bool:
{*: #BooleanReguired

]

TypePop;

Figqure 6. ©Example of using S/SL

CheckEquality:
E= TypeChoose
|Ints
TypePop @CheckInteger
| Bool:

TypePop @CheckBoolean

LN
Iy

to evaluate a Posfix expression
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As each primary is accepted, its +type is pushed onto the

type stack. As each operator is accepted, the types of its
operands are checked and their types on the type stack are popped
and replaced by the operator's result type. The manipulation of

the type stack is dome entirely by semantic operations.

3.4 Why S/S1 is used in this project?

S/SL is a synthesis of several programming concepts. The

following related notations have been directly influential:
{1). BNF and regular expressions.
{2). Syntax and Semantic Charts.
{(3). Recursive descent compilers.
(4) . Separable transition diagraams.
{(5). Table-driven coding.
(6). Data encapsulation techniques.

Although S/SL absorbs such a large portion of the power of
these notations, it itself remains very simple. Its simplicity
results in ;eadability, a great deal of flexibility and an easy,

efficient implementation.

S/SL is a very small language such that it contains only

eight actioms, plus calls to semantic operations. The concept of
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a pure control language and abstract data types in S/SL implies
"that S/SL is not a general-purpose language and therefore only

suited for a small set of progranms.

The above concept led us to replace the recursive descent
parser written in Pascal in the Pascal Pretty-Printer with a

parser written im S/S1 for the Enclid Pretty-Printer.
3.5 The implementation of Syntax/Semantic language

S/SL has beemn used to construct compilers for SP/K(a PL/1
subset), PT(a Pascal subset) and Toronto Eucligd. It has been
used to implement scanners, parsers, semantic analyzers and code

generators.

The implementation of SASL in +his project is essentially
the same as the implementation of Syntax and Semantic Charts via
a table and a table walker. First, the S/SL program is
translated into an S/SL table (called S/SL machine, or S-code) via
an S/SL assembler. This table can be stored in a Pascal array.
Hence, it is accessed by a Pascal program called a table
palker(or S-code interpreter) . The S-code interpreter walks
through the table executing iastructions and thus carrying out

the actions of the S/S1 prograus.

ghen implementing the S/SL program, the S/SL assembler uses
Hartmann's[7] error recovery techniques. Indeed, the original

implementation of S/SL, developed at the University of Toronto,
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:did not do this Jjob. lLater, Gracé Evﬁns C8] modified the
assembler, the S-code language and the S-code interpreter to
accomplish this job. This accomplishment insures that we do not
have to worry atout error diagnosis and repair problems in the

S/SL progran.



25

Chapter 4

Euclid Pretty-Printer

4.1 The process overview

The entire process of generating an Euclid Pretty-
Printer (EPP) using Pascal is intricate but interesting work.
First, we had to understand exactly what Pascal Pretty-
Printer {(PPP) is doing and what S/SL is. Also, we did not know
what and how many interfaces need to be defined in the S/SL
program without first understanding how semantic mechanisms are
related to one another. After ' the replacement of the recursive
descent parser program in PPP with the S/SL progran,
modifications and insertions were necessary for semantic routines
in PPP in order to implement semantic mechanisms defined in the
S/SL progral. Furthermore, we needed to modify the lexical
scanner in PPP for PBuclid programs due to the difference in

reserved words and special characters betveen Pascal and EBuclid.

Now, it was time for the implementation after we have done
the above programs. First, we translated the S/SL program into a
S/SL table using the S/SL assembler. This S/SL table could in
turn be accessed by a Pascal program called a table walker or S-
code interpreter to execute the entire S/SL prograam. The final
step vas to compile and run the EPP written in Pascal on the

Interdata 8/32 machine under Unix V7.. Figure 7 illustrates the
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whole process of producing an EPP. The paragraphs below will

describe this process in detail.
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Replace the recursive
descent parser written
in Pascal with the
Euclid parser written

lin s/sL

Modify and imsert
semantic routines
in the existing
PPP for EPP

Modify lexical
scanner in PPP

to generate a new
lexical scanner
for EPP

Translate the Euclid
parser written in S/SL
into an S/S1 table

via an S/SL assenbler
and include this table

lin EPP

Transform the existing
S=code interpreter
written in Euclid into
an S-code interpreter
written in Pascal and
include it in EPP to

laccess the S/SI. tzble

Pigure 7.

~ hd ~

An EPP written in
Pascal before
being implemented

compile

-

An EPP writtemn in
Pascal aftexz
compilation and
execution on the
Interdata 8/32
machine under
dnix V7

and run

The process of generating an EPP



28

4,2 The use of S/SL

The main reason we used the Syntax/Semantic Language (S/SL)
program to serve as a recursive descent parser for EPP was that a
parser for an Euclid compiler was written in S/Sl. With the
existing Euclid parser at hand, we just added some semantic

mechanisms into it.

The problems arose vhen we started writing the S/SL program
in place of PPP's recursive descent routines. PPP routines had
positions and marks as local variables, but S/SL has no
variables. How do we simulate local variables of PPP's routines
when writing S/SL rules? How do we pass parameters to S/SL
called rules? Because S/SL is a variable-free language, some
semantic mechanisms must be included in the original S/SL program
to help handle these kinds of probleas. Thus, stacks of
positions and marks were added as a part of semantic mechanisms
in the S/SL progran. Values from stacks were used as parameters

to existing PPP's semantic routines such as Ccompress and Indent.

‘We give an example here to show how stacks of positions and
marks implement efficiently +to handle the problems of 1local
variables and parameter passing. To simplify problenms, the
example in Figure 8 uses only a syntactic structure of the i o
statement in Euclid. We will discover below how a syntactic
structure is formatted at first and how it is formatted after

being comnpressed.



() . The original, unformatted If statement

If a
Then B
Else C
End If :

{b). The formatted If statement at first before coumpression
s 1L 2
Then B
Else C
End If

(c) . Four possible formats of If statement after compression
(1.
; If A Then B Else C End IF

(2) .

:
E
;

3).

:
E

(%) «

:

2l

Figurers. Example of using 2 semantic mechanisums:

the positions stack and the marks stack

29
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In the example, we first make an assumption that we are
already in a rule called Statements. Thus, we encounter an input
choice. Prior to setting up the position for the token 'if', wve
need to indent 'if' to make it right after a semicolon. The
simple way to do this is to fetch the top value of the positions
stack, which 1is exactly the position value for the semicolon
passed from the caller rule, and use it as a parameter to a PPP
routine called Indent. The indented position value returned from
this routine is imn turn pushed onto the top of the positioms
stack. After that, we set up the position for 'if' by fetching
the top element of the positions stack and wusing it as a
parameter to a PPP routine called Setup. These processes just
explain how the positioms stack, positions and the formattinmg
routines such as Indent and Setup work together to set up
positions for tokemns. Namely, it shows how a syntactic structure

is formatted at first before being compressed later.

Next, we will invoke a rule called Ifstatement to handle the
body of the If statement. We ought to consider some probleams
before doing this. First, we will have to compress later the
token 'if' with the body of the IF statement after returning from
a call to the rule IfStatement, regardless of whether they camn be
fitted in one line. Secondly, we usually place an expression
right after the operator 'if' if they can be fitted in ome line.
This implies another compression will be executed within the
routine IfsStatement. The solution to these problems is to push
the current +oken mark whose pointer field points to the token

'if' onto the marks stack twice prior to setting up the position
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for vif'. The first current token mark will be fetched and used
as a parameter to a semantic routine called Ccompress to see if
the whole If statement{(including 'if') can be fitted in omne line,
after the second mark has been popped from the marks stack when
the routine IfStatement was returned. The second current token
mark being pushed onto the marks stack 1is used as a parameter to
the routine IfStatement, and then serves as a starting point from
which some token might be compressed later. In fiqure 8. {c), we
can see 4 different possible formats resulting from the above
Process. Apparently, the process described above tells us how
the marks stack and marks are used with the routine Ccompress to
comnpress tokens. Namely, it deals with how a syntactic structure

is formatted after being compressed.

In order to help solve the problems such as local variables
and parameter passing, we need to push a positiomn value onto the
top of the positions stack to serve as an additional parameter
besides the other, which is the top value of the marks stack, to
a called rule. Thus, these two wvalues 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 8, it
pushes the position value for 'if' onto the positions stack and
the current token mark, whose pointer field points to 'if', onto
the marks stack, and passes both of them as parameters to a rule
called Ifstatement. Later, within this rule, we will make use of
these two values to set up positions for tokems, compress tokens,
and pass them as parameters to other called rules. The process

- described above explores how two semantic mechanisms, i.e., the
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marks stack and the positions stack are used to pass both the
position value and the mark value to a called rule, and them this
rule uses both values as its local variables to format its
substructures. One thing we have to be aware of is whenever we
return to a caller from a rule, the +top value of both the
positions stack and the marks stack is always popped, because
these two values are only meaningful to a called rule. Figure
8. {a) shows an origimai, unformatted program. Figure 8.(b) shows
how this program is formatted at first. Figure 8.(c) shows i

possible formats after this program is compressed.

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 progran. With the help of
these semantic operations, the Buclid parser, written in S/SL was
able to parse and reformat the input Euclid program in a

straighfoward manner.

originally, it was difficult for us to understand how to
format am expression or a statement using these semantic
operations. But once we have drawn a diagram to see how a
fragment of a syntactic structure ought to be formatted, at:
turned ont to be much easier to write the S/SL part of this

project.

4.3 Modifications and insertions of PPP's semantic routines
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The semantic mechanisms defined and used in the S/SI progranm

must be implemented in Pascal. FPirst, we had to define two
stacks and their top elements for the positions stack and the
marks stack mechanisms defined in the S/S1 rrogram. In additior,
some semantic routines must he added in order to implement the
semantic mechanisms defined and used in the S/S1 program. Also,
slight modifications on some PPP routines were necessary to cope
with insertions of the above semantic routines. We will briefly

explain below the functions of these routines.

The routine PushConstPos pushes integer constant | onto the
positions stack. PushPos. accepts a parameter which is a positiom
value and pushes it onto the positions stack. PushMark accepts a
parameter vwhich is a mark record and pushes it onto the marks
stack. PopPos pops the top value from the positions stack.
PopMark pops the top value from the marks stack. These 5
semantic routines are added to the existing PPP. The routine
Mark originally only accepts a blark mark record amnd returns a
park record with its pointer field pointing to Gcurpf and its
+okno value set to Gcurp tokno. In order to implement two
different interfaces defined in the S/SL progran, namely,
oPushCurrentTokenMark and oPushNextTokenMark, we had to modify
the routine Mark to accept the second parameter which either
points to GcurpT or GnextpT depending on what the second

parameter is.

Oon the other hand, we did not need to change the contents of

Some semantic routines such as Unlocad, Setup, Skip, Ccompress,
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etc, because as far as the pretty-printer is concerned, contents
of these semantic routines would not be affected by the S/SL

pPrograme.

4.4 The modification of PPP's lexical scanner

Here, we needed to modify the existing lexical scanner in PPP
into a lexical scanner for Euclid. First, we had to understand
that Euclid has different reserved words from those ian Pascal.
We had to replace those reserved words used in Pascal with those
used in Euclid. Also, there are some special characters in
Euclid which Pascal does not have and viceversa. For exanmple,
"=>%" (label) or "=>" (imply), which are tokens in Euclid which
are not seen in Pascal, should be-added. Also, since Euciid only
allovs characters "{" and “}" to serve as commnent delimiters,
symbles " (*%, nxyn,  and WiEd which delimit comments in Pascal
needed to be deleted. Further, Euclid uses the dollar sign($) to
represent character constants and special character values. This

wvas handled by another routine called ProcessDollarSign.

Indeed, writing the modified lexical scanner was simplified
by the existence of a program called Xlate. This program was
written by David Roesenerl(8] . It +translates April Zuclid(a
subset of Buclid) into KSU Interdata 8,/32 Pascal. Since Xlate
contains Euclid lexical scanner, we used it as a quide for

creating the EPP's lexical scanner.
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4.5 The translation and the inclusion of the S/SL program

Before the S/SL program was included in the EPP, the
original recursive descent parser portion in PPP had to be
deleted. Because the S/SL program was not Pascal-coded, it was
necessary to translate it into S-code form via a program called
the S/SL assembler. This transformed S/SL program contains
Pascal declarations for the S/SL table and the constants defining
the table operation codes, input tokems, output tokens, error

codes and semantic operation codes used in the table.

We call the translated S/SL program an S/SL table, since the
sequence of numbers in this table was stored in a Pascal array.
This table was then included in the declaration part of the EPP.
Later, a Pascal program called a table walker or an S-code

interpreter will access this table and execute its instructiomns.

4.6 The inclusion of the S-code interpreter

Here, ve used the existing S-code interpreter written in
Euclid and changed it into a S-code interpreter written in
Pascal. In addition, ve needed to add some semantic routine
calls to this S-code interpreter which are unique to the EPP S/SL
pProgram. Also, due to the insertions of two semantic mechanisms

in the S/SL program, i.e., the positions stack and the marks
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stack, we needed to modify the routine EmitError +to emit error
messages such as "EPP position stack overflow at line 1270".
This modification in turn introduced two routines which must be
added to EPP. Namely, Displaystring that emits a string of
characters and DisplayInteger that emits an integer value, wkich

is indeed the line number of the S/SL progranm.

We call this S-code interpreter a table walker. It had to
be included in the Euclid Pretty-Printer program as a subroutine.
We invoke +this table walker in the m®main program of the Euclid
Pretty-Printer and it will walk through the S—code table and
execute its instructions, and thus carry out the actions of the

S/SL progran.

4.7 The implementation of the EPP

Actually, the S/SL assembler and the S-code interpreter used
in this project automatically produce Hartmann style recovery
from syntax errors. He thus avoided the error recovery probleas
in the Euclid parser. Eventually, vhen we combined steps 3, &,
5, 6, the result was a Euclid Pretty-Printer program written in
Pascal. This program was compiled and run as usual, giving amn

Fuclid Pretty—-Printer.
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Chapter 5

Conclusion

In this project, vwe have used an S/SL program to serve as a
recursive descent parser portion of the Euclid Pretty-Printer
written in Pascal. This turns out to be a very convenient scheme
in which we just define the meaning of semantic mechanisas

without directly being concerned with implementation details.

Although S/SL evolved as a tool for comnstructing compilers,
it appears to be useful for a much larger class of problems. The
concept of well-defined abstract data types involved in an S/SL
program is one of the most important tools available for
structuring progranms and is used constantly in software

engineering.

Therefore, we expect to experiment with 5/SL as a software
specification language in the future. As such an S/SL progranm
will serve as the top level, an executable design for a system,
which is to be implemented 1later by programming its semantic
mechanisms. For large systems, these implementations may in turn
be designed using S/SL, the result being several levels of S/SL

implement ing increasing levels of details of the systenm.

The S/SL program included in EPP consists of 3102 lines.
EPP itself contains 2482 limnes. We have used one sample EBuclid

program as imput to rum EPP. The input program has 2€4 lines,
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and the output program generated has 307 lines. There are 807
tokens in the input program which were parsed by EPP, not
including comment tokens. EPP took 52k bytes of memory and 12

seconds to run this sample progran.

From the nature of the data structure of EPP, we know that
the =size is not a function of input program 1lengths, but a
function of syntactic depths. This means that the size will
remain comstant in proportion to the growth of input prograsms.
Oon the other hand, the size will increase in proportion to the

increase of nested depths of input programs.

There are two problems which remain unresolved in EPP. One
is that comsuming a token when vwe do Setup causes the error
recovery to fail. This problem was discovered when EPP was run
on a sample program which is syntactically incorrect. The reason
the error recovery failed is simply that ve did change the S-
code interpreter not to consume a token when an input match or
choice is encountered; The other problem is that the original
Buclid parser from Toronto has errors such as occurences of
semicolons in some unexpected places. These two problems will be

solved in the future.

As far as a pretty-printer is concerned, we would suggest
two things that can be completed. One is to write a new PPP

using S/SL. The other is to rewrite the Pascal portion of EPP in

Euclid.
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Appendix 4

Syntax/Semantic Language code
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ABSTRACT

Pretty-printer is a program which is designed to format the text of a
program for a particular language. It parses and reformates the input
program, and generates a pretty-printer version of it. Generally speaking,
it serves two purposes: one is to save a lot of time in editing the text of
a program; the other is to enforce standard indentation conventions in terms
of the format of a program.

S/SL ( Syntax/Semantic Language ) involved in this project is used as
a design tool for constructing the Euclid campiler. It uses a text notation
that scans syntax diagrams and adds same output and semantic routine calls.
Actually, S/SL is a pure control language without data or assignment and
data can be manipulated only via semantic operations. The implementation
of S/SL inwolved here is to translate the S/SL program into an S/SL table
( or S-code ) via an S/SL assembler and then include this S-code in the
Euclid Pretty-Printer ( PPP ), Later, a program called S-code interpreter
written in Pascal will walk through the S/SL table and execute the instruc-
tions of the S/SL program.

This report is the part of a project which is designed to make both
campilation and execution of Euclid programs available on Unix 8/32 machines
located in the Department of Computer Science, Kansas State University. The
entire process of producing a Euclid Pretty-Printer inwvolves the following
steps :

1. The use of the S/SL program for parsing and reformatting the text
of an input Euclid program.

2. The insertions and the modifications of the existing semantic routines
in Pascal Pretty-Printer ( PPP ).

3. The modification of the lexical scamner in PPP for EPP.

4. The translation of the S/SL program into an S/SL table via an S/SL
assembler and the inclusion of this table in EPP.

5. The modification of the existing S-code interpreter written in Euclid
into a new version of S-code interpreter written in Pascal and the
inclusion of this interpreter in EPP to access to the S/SL table.

6. The campilation and the execution of EPP.

The result generated by the above process will be an Euclid Pretty-Printer
program written in Pascal. The future work of this project could be to write
a PPP using S/SL, or furthermore, to rewrite the Pascal portion in EPP using
Euclid. s



