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1. INTRODUCTION / AIM:

In this experiment, you are supposed to develop a simulator WordChecker program which
accepts a string belongs to a language or rejects a string not belongs to the language. Main aim of the
experiment is to develop your skill of using Stack Data Structures with C programming language.

Other aims of the experiment are to learn Deterministic Pushdown Automata (DPDA) and also
to perform file operations by using input/output (io) libraries of C.

2. BACKGROUND INFORMATION

2.1 Stack

Stack is one of the fundamental data structures in computer science and an ordered list in
which all insertions and deletions are made at one end, called the top or a Last-In-First-Out (LIFO)
data structure. In a LIFO data structure, the last element added to the structure must be the first one to
be removed [1,2].
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Figure 1: Stack [1] Figure 2: An Example of Stack [3]

2.2 Deterministic Pushdown Automata (DPDA)

In computer science, a pushdown automata (PDA) is a type of automata that employs a stack.
The PDA is used in theories about what can be computed by machines. The term "pushdown" refers
to the fact that the stack can be regarded as being "pushed down", since the operations never work on
elements other than the top element [4].

In automata theory, a deterministic pushdown automata (DPDA) is a variation of the
pushdown automata. The DPDA accepts the deterministic context-free languages, a proper subset of
context-free languages [5]. In other words, a language can be recognized by PDA. Machine transitions
in PDAs are based on the current state and input symbol, and also the current topmost symbol of the
stack. A deterministic pushdown automata has at most one legal transition for the same combination
of input symbol, state, and top stack symbol. Pushdown automata choose a transition by indexing a
table by input signal, current state, and the symbol at the top of the stack. This means that those three
parameters completely determine the transition path that is chosen.



A Pushdown Automata P = (Q,¥.,I", 8,00,Zo,F) is given by the following data
e Afinite set Q of states,
o Afinite set ) of symbols (the alphabet),
o Afinite set I of stack symbols,
e Atransition function (4)
¢ Aninitial state qo € Q,
e Aninitial stack symbol Z, €T,
e Asetof final states F € Q.

There are two possible acceptance criteria: acceptance by empty stack and acceptance by final
state. You will use final state acceptance criteria in the experiment.

In one transition the DPDA may do the following:

— Consume the input symbol. If e (empty string) is the input symbol, then no input is consumed.
— Pop the expected symbol at the top of the stack.

— Goto a new state, which may be the same as the previous state.

— Push the symbol. If e (empty string) is the symbol, then no symbol is pushed.
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Figure 3: Schematic representations of a DPDA [6]
2.3 File Operations in C

C provides a rich API for file operations. It has a large library for different file operations. In this
experiment you will use basic C 10 (Input/Output) of C to perform file operations.

3. EXPERIMENT

You will write a simulator WordChecker program using DPDA. The WordChecker accepts a
string belongs to a language or rejects a string not belongs to the language. The program is to read a
description of a DPDA and one input for it. It will process an input and output the execution path. After
processing one string, the program should reset the automata (this includes emptying the stack if
necessary) and proceed with the next string.

3.1 DPDA Section

A DPDA description will be provided in a file. The file will consists of text lines defining all 4
parts of a DPDA. The format is as follows:



¢ Aline starting with “Q:" will list the set of states, where the states are separated with a comma
(with no spaces). Then “ => ” string is read. “()” will specify the start state. For example, we
might have (q0). “[]” will specify the final (accept) state. For example, we might have [g1]. And
the list is terminated by the end-of-line character. Maximum number of states is 50. For
example, a list of states can look like Q:g0,q1,92,93,94 => (q0),[q0],[g1].

o Aline starting with “A:" will list the input alphabet }, where the symbols are separated with a
comma (with no spaces) and the list is terminated by the end-of-line character. Maximum
number of the symbols is 50. For example, the alphabet for strings will be given as A:{,(,},).

e A line starting with “Z:" will list the stack alphabet ¢, where the symbols are separated with a
comma (with no spaces) and the list is terminated by the end-of-line character. Maximum
number of the symbols is 50. Maximum number of stack size is 200.

o A line starting with “T:" provides a single transition rule. The format of the line is the starting
state followed by a comma, the input symbol followed by a comma, the expected symbol at
the top of the stack (which is being popped), the resulting state, and the symbol to be written
on the stack (all with no spaces). Maximum number of rules is 100. For example, we might
have a line T:q0,e,e,q1,$. There may be multiple lines of this form per machine description.
The program must check that both of the states given in the transition function are valid states
from the Q set, the input character is a valid character from the input alphabet, and both stack
symbols are from the stack alphabet. A transition rule can be shown that:
(state,read,pop,nextstate,push).

The transition rules might include the empty string, which will be denoted in the machine
description by “e”. This will be a special character which will not be permitted to appear as the name of
a DPDA's state or as a symbol of the input or stack alphabets.

Since the program deals with deterministic PDA, upon reading all transition rules from the
DPDA's description, it must verify that computation can proceed deterministically. That is, no
configuration has choice of more than one move, as specified in the definition of a DPDA.

Also, the transition rules specified for the current state will determine whether the DPDA is to
read the next input character, pop the stack, or do neither or both. Assume that the DPDA will make as
many transitions as possible if its description contains transitions on the empty string.

Stack is assumed to be empty at the beginning of each simulation. If more than one input is
specified, the simulator must empty the stack after each simulation and reset the state. There will be a
description of a single DPDA in a file. The file name will be given as an argument to the program. As a
sample description, consider the machine:
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3.2 Input Section

Once the program is initialized with a DPDA description, it will take tape strings from the input.

The format is as follows:

>

The lines will contain strings, one sequence per line. Each line will consist of a list of alphabet
symbols, each separated by a comma. For example, if the alphabet is } = { {,(,},) }, then one
input line could be:

{0}
(.(

3.3 Output Section

The program should print all information to the output file. For each input string, the program's

output will consist of a trace of program execution. Traces corresponding to different strings should be
separated by a blank line. For each input string, for each transition (one transition per line) the
program is to print:

a)
b)

c)

d)
e)

f)

The initial state followed by a comma(with no spaces);

The input(read) character used in the transition (if none was used, e is to be printed) followed
by a comma(with no spaces);

The stack symbol popped during the transition (if none, e is to be printed) followed by a single
space,’=>" string and a single space;

The resulting state followed by a comma(with no spaces);

The stack symbol pushed during the transition (if none, e is to be printed) followed by a single
space and “[STACK]:” string;

And the contents of the entire stack starting from the bottom, with each symbol separated by a
comma (no spaces).

If the end of the string is reached and the machine is in an accept state, it should print

ACCEPT on a line by itself, and should output REJECT at the end of execution otherwise. Then
machine will reset and proceed to processing the next string if more strings are remaining. For

example, given the DPDA above, if the input is:
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The program's output will be:
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It is possible that execution has to terminate prior to processing the entire input, in which case
the simulator will print REJECT at the point of execution when the program is unable to proceed.




Another example is shown below (L ={0"1" | n = 0} ):

Qi gl g2, g3 =x (g0, [g0], [q3]
A:0O,1
Zta
T:gO,0,2,9l,a
T:gl,0,e,ql,a o,0,0,0,1,1,1,1
Tigql,1,a,q2,e o,0,1,0
Tigqz,l,a,q2,e
Tigqz,e,e,dq3,e o, 1
(a) DPDA File (b) Input File
0,0, => l,a [3TLCE]:a 0,0, => gl,a [STLACK] :a
gl,0,8 => gl,a [STLACE]:a,a gl,0,8 => gl,a [3TLCE] a,=
gl,0,e => gl,a [3TACK]:a,a,a gl,0,e =» gl,a [3TACK] }a,a,a
ql,0,e = gl,a [3STACK]:a,a,a,a q1,0,e => gl,a [3TLACE] fa.a.a,a
gl,1,a = gZ,e [3TACKE]:a,a,a gl,1,a => g2,e [ITALCK] fa,a,a
g2 ,1,a =» g2,e [STLCE]:a,a g2 ,1,a =» g2,e [3TLCKE] a,=
2, 1,8 =» g2,e [3TACE]:=a 2 ,1,a =» g2,e [3TLCK] =
Hz,1,a => dgZ,e [3ATALCEK]: 2 ,1,a => g2,e [3TLCK]:
e ,e,e => gi,e [ITACEK]: 2 ,e,e => gi,e [3ITLCEK] i
WCCEPT LCCEPT
qo,0,e =» gl,a [3TACK]:a g0, 0,28 =» gl,a [STLCK] =
gl,0,e => gl,a [3TACE]:a,= gl,0,e => gl,a [3TACK] fa,a
Hl,1,a =» g2,e [STLCE]:a ql,1,a =» g2,e [3TLCK] ia
g2 ,e,e =» gi,e [3TACK]:a g2 ,e,e =» gi,e [3TLCK] :fa
REJECT REJECT
WCCEPT LCCEPT
qo,0,e =» gl,a [3TACK]:a g0, 0,8 =» gl,a [STLCK] :fa
l,1,a =» gz,e [3TLCE]: gl,1,5 =» g2,e [S3TLCK]:
g2 ,e,e => gi,e [STALACEK]: 2 ,e,e => gd,e [ITACEK]:
MWCCEPT CCEPT
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Figure 4: Another Example Of WordChecker

3.4 Execution Of The Program

Command-Line Arguments:

WordChecker <dpda_file> <input_file> <output_file>

<dpda_file>
<input_file>
<output_file>

= DPDA description file (ie. dpdal.txt)
=>» file which consists of strings (ie. inputl.txt)
= output’s file name




Usage Example: WordChecker dpdal.txt inputl.txt outputl.txt
( Compile Command: gcc -Wall -ansi -Im Main.c *.h -o WordChecker )

You can see sample input and output in ftp site. The program must run on DEV
(dev.cs.hacettepe.edu.tr) UNIX machines. So make sure that it compiles and runs in one of the UNIX
lab. If we are unable to compile or run, the project risks getting zero point. It is recommended that you
test the program using the same mechanism on the sample files (provided) and your own inputs. You
must compare your own output and sample output. If your output is different from the sample, the
project risks getting zero point, too.

3.5 Your Report

You must write a report which is related to your program. (Report Format:
ftp://ftp.cs.hacettepe.edu.tr/pub/dersler/genel/FormatForLabReports.doc)

LAST REMARKS:

e The output of your program will be graded automatically. Therefore, any difference of the output
(even a smallest difference) from the sample output will cause an error and you will get O from
execution. Keep in mind that a program that does not work %100 right is a program that works
wrong.

¢ Regardless of the length, use UNDERSTANDABLE names to your variables, classes and
functions.

e Write READABLE SOURCE CODE block

e Your submission code file structure must implement this template:
<student_number>.zip

|--- src
|--- Main.c
[--- *.h
[--- *.c
|--- report
|--- report.pdf
e You will wuse online submission system to submit your experiments.

https://submit.cs.hacettepe.edu.tr/ Deadline is: 23:59 pm. No other submission method
(such as diskette, CD or email) will be accepted.

e Do not submit any file via e-mail related with this assignment.

e SAVE all your work until the assignment is graded.

e The assignment must be original, INDIVIDUAL work. Duplicate or very similar assignments are
both going to be punished. General discussion of the problem is allowed, but DO NOT SHARE
answers, algorithms or source codes.

e You can ask your questions through course’s news group and you are supposed to be aware of
everything discussed in the newsgroup: news://news.cs.hacettepe.edu.tr/dersler.obm203

e An alternate communication channel is https://dersler.cs.hacettepe.edu.tr.
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