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Modellierung und Verifikation von Software Solution - Exercise 1
apl. Prof. Dr. Thomas Noll Friedrich Gretz, Souymodip Chakraborty
Exercise 1 (Lexemes, Symbol Classes and Tokens): (2 Points)

O O~NODOTP WN -

e During the exercises we will implement our very own compiler for the simple language WHILE.
e The target code will be Jasmin : jasmin.sourceforge.net

e The following programs implements the gcd-algorithm in WHILE.

/* GCD-Computation of x and y
w/ WHILE */
int x; int y;
x = read();
y = read();
while ( x '=y ) {
if (x <= y) { //corrected as of 30.04
y=y - X
} else {
X=X -7Y;
}
}
// Output result
write("GCD: ");
write(x);

e Our WHILE programming language should capture variable declarations (ints only), assignments, arithmetic
operations, conditional branches, loops, basic I/O and Java-style comments.

Give a complete list of the symbol classes and corresponding tokens needed for the lexical analysis of WHILE.
Decompose the if-branch of the gcd-program (lines 7-9) into a sequence of lexemes and translate each lexeme
into a symbol.

LOsung:

a) There are several possible ways to solve this task. For example, all keywords may be identified with the same

token and distinguished only through an attribute or each keyword may be identified by a unique token. The
former solution is presented here, the latter is chosen for the implementation.
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lexeme symbol class token symbol
int keywords key (key, int)
read keywords key (key, read)
write keywords key (key, write)
while keywords key (key, while)
if keywords key (key, if)
else keywords key (key, else)
= relation rel (rel, neq)
<= relation rel (rel, leq)
< relation rel (rel, It)
>= relation rel (rel, geq)
> relation rel (rel, gt)
= relation rel (rel, eq)
and bool. op. bool (bool, and)
or bool. op. bool (bool, or)
not bool. op. bool (bool, not)
* arith. op. aop (aop, mult)
— arith. op. aop (aop, minus)
+ arith. op. aop (aop, plus)
\ arith. op. aop (aop, div)
: special symbol sym (sym, semicolon)
( special symbols sym (sym, Ipar)
) special symbols sym (sym, rpar)
{ special symbols sym (sym, lbrace)
} special symbols sym (sym, rbrace)
{1..9}{0..9}" numbers num (num, value)
{a.zA..Z }{a.zA..Z 0..9¥entifier id (id, value)
“{a..zA..Z 0..9}*" string constant string (string, value)
true boolean constant bconst (bconst, true)
false boolean constant bconst (bconst, false)
// ... \n(\r\n) comment cmt (cmt, cmtsingle)
JETEY comment cmt (cmt, cmtmulti)
U blanks blank none, will be ignored
\t blanks blank none, will be ignored
\n blanks blank none, will be ignored
\r blanks blank none, will be ignored
blanks blank none, will be ignored

b) Lexemes: [if [ ([y | <=[x|)[{lyl=1yl-Ix[;]}]

c) Symbol sequence (with white-spaces ignored):

(key, if) (sym, Ipar) (id, x) (rel, leq) (id, y) (sym, rpar) (sym, Ibrace) (id, y) (rel, eq) (id, y) (aop, minus)
(id, x) ( sym, semicolon) (sym, rbrace)

Exercise 2 (Regular expressions and FAs): (3 Points)

a) Give regular expressions for the keyword while, identifiers ids and comments cmts in WHILE. Denote
the languages by Lynhite, Lids: Lemts. Hint: it might be easier to find a recursive definition for the regular
expression for cmts and the apply Arden’s Lemma (cf. Sheet 0, Exercise 3.1) to find an explicit solution!

b) Derive one NFA that accepts w € Lioken, token € {while, ids, cmts} in state Groken-
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c)

d)

Losung:

Solve the simple matching problem for the input string / * stupld commen+ %/ using the algorithm given
in the lecture. Apply the NFA-method! What would change when using the DFA method?

Prove or disprove that the language of a recursively defined regular expression is regular.

Lwhite = L(while)

Assume we have a finite alphabet 2 of all relevant characters. Being a bit sloppy, we allow finite sets in the
syntax of regular expressions. Intuitively Q would represent a finite disjunction over all its elements. Similarly
let _ =a+...+z+ A+ ...+ Z denote the regular expression that chooses an arbitrary letter from Q.
Further, let T = 04 ...49 denote the regular expression that chooses an arbitrary numeral from €. Finally,
Q= Q\{\r, \n}. With these conventions:

Ligs = L(Z(Z4+T4+ )Y
A regular expression for single-line comments is easily found:
slemts = //Q*(\n+ \r + \r\n)

Note that the above regular expression would also match a single line comment followed by several line
breaks as one comment. If one wishes to distinguish the actual comment from the following line breaks one
would need to use all characters except for line breaks in place of the 2.

For multi-line comments observe that we need to see /* followed by any character and eventually */ at the
end. The problem is that stars and slashes may occur inside the comment, e.g. /* foo * bar / */ is a valid
comment so the “trivial” solution /* “all but * or /" */ does not work.

We use the hint and consider the part that comes after the first /*. Observe that at this point we may
accept any character until we see one star (or more). Then we must see some character except for the slash
and star and can continue as before. This goes on until there are no more stars to come and the comment
is terminated with */. Thus we obtain the following recursive definition:

X = A"+ BX + A" %/

where A = Q\{*} and B = Q\{/, *}. The (unique) solution according to Arden's Lemma® (cf. previous
series) is
X =(A"5%*B)*A*x /

and thus
mlemts =/« X =/ (A"« B)*A" x| .

Finally, the language of comments is given by:

Lemts = L(slecmts + mlcmts)

1Given X = rX + s where € € £(r), the unique solution for X is rs.
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b) We use sets as transition labels whenever there is a corresponding transition for every element of that set.
Yuru{ }

c) The NFA method performs the powerset construction on the fly:

({qo}, /*stupldcommen+x/) F ({/}, *stupldcommen+x/) & ({/*}, stupldcommen+x/) & ({/*}, tupldcommen+
#/) o B {/xh /) E ({/ x % a}. /) F ({cmts},€)

The DFA method requires to build the power set before executing the input. This increases the space

complexity considerably.

d) The claim is wrong. For example, consider X = aXb + €. The language generated by this expression is
L(X) = {a"b" | n € N} which is not regular!

Exercise 3 (Towards our own Lexer): (5 Points)

This course will be accompanied by a series of practical assignments with the goal to build our own compiler.
Please consider the following general remarks regarding implementation assignments:
e All implementation tasks must be done in Java.

e Submitted code which does not execute is worthless (0 points). Therefore make sure you submit any third
party libraries (jar files) that you have used and if you need any adaptation of the classpath in the javac/java
call, then provide us the command line that will run your code. Of course, you should test you code, too.
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e You may use third party libraries that do not simplify the assignment considerably. l.e. you might want to
use some data structures from, say Guava?, but you should not use some library that would solve the task
automatically like lexer or parser generator libraries.

e Please document essential parts of your code properly, such that it is possible to grasp the your ideas quickly.

e The code will be graded mostly by functionality but if there are problems the comments will help us clarify
if there is just a typo or a conceptual mistake.

In this exercise we make the first steps towards building a lexer. The task of a lexer is to read an input string and
return a sequence of symbols. For now, we start by building deterministic finite automata that recognise particular
tokens. Please consider the hints below.

1. Write a class, say DFA.java, that is instantiated with a string. This class should represent a DFA that
recognises exactly the given string.

2. Write a class, say CommentDFA java, that recognises single-line and multi-line comments. (Note, that a
single-line comment is terminated by a newline symbol \n (Linux), carriage return \r (Macintosh) or \r\n
(Windows).)

For testing, instantiate CommentDFA and DFA("while"). Let them both run on the following input words: "while",
"While", " /**while* /", "/* */* /" "/ /foo\n". The expected output should be something like :

$java Main testl.txt
input: while

WHILE: accept
COMMENT: refute

$java Main test2.txt
input: While

WHILE: refute
COMMENT: refute

$java Main test3.txt
input: /#*whilex/
WHILE: refute
COMMENT: accept

$java Main test4.txt
input: /* x/*/
WHILE: refute
COMMENT: refute

$java Main testb.txt
input: //foo

WHILE: refute
COMMENT: accept

Hints:

e On the course web page we provide you with a framework that contains parts of the expected API as well
as the necessary |/O-methods.

e The easiest way to work with that framework is to simply import the files as an existing project into Eclipse.

2http://code.google.com/p/guava-libraries/
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LOsung:




