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CS 3411 * Programming Language Concepts * Summer 99

Welcome to the Summer offering of CS 3411! This course is a comparative study of important
programming language concepts. We will study the history and development of features and
constructs in a wide variety of programming languages. We will develop an appreciation for language
design as a craft and hone our skill at selecting the appropriate language for the task at hand. Along
the way we will learn how languages are specified (syntax and semantics) and implemented. In
addition we will develop an appreciation for the interrelationship between programming
methodologies, language features and hardware capabilities. You will be asked to prove your
understanding by implementing three programs in the languages Perl, Prolog and C++. The summer
term is accelerated and we will move quickly. T will make the programming assignments a bit easier
and assign 3 instead of 4 homeworks to help out.

Details

Course: CS3411 Programming Language Concepts 3-0-3 (Section a)
Prerequisites: 2390 Modeling & Design (object-oriented programming)
2430 Control & Concurrency (C, procedural programming)

NOTE: 2360 Knowledge Representation and Processing is no longer a prerequisite for this class. We
will spend one lecture on LISP and functional programming. Having taken 2360 will obviously be an
advantage (usually about half of the students have 2360). Also. some familiarity with object-oriented
concepts is required as a prerequisite. Students have successfully taken 2390 concurrently with 3411 but
it is actually a prerequisite and I will assume you have knowledge of Smalltalk. Finally, knowledge of
Java (1502) will be helpful but is not required.

Lectures: MW 4:00-5:45pm College of Computing Building CCB Room 101
Text: required: Sebesta Concepts of Programming Languages 4e 1999 Addison-Wesley
Exams:
midterm: Wed 14 July 7:30-9pm CCB 101 (MAKEUP Fri 16 July)
final: Tues 10 August 2:50-5:40pm (CCB 101)
NOTE: Since this section meets at an "irregular” time, we get to hold the exam during class time. I
have selected Tuesday but need to confirm the availability of the room.
Homeworks: 3
Programs: 3 (Perl, C++, Prolog)
Grading: Exams 25% 25% (graduating seniors: 25%, 25%) .5
Homeworks 7% 7% 6% 2 <.
Programs 10% 10% 10% Y
Instructor:  Phillip W. Hutto

http://www.cc.gatech.edu/classes/cs3411_99 summer/Details html 7/10/99
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office: 119 College of Computing Building (CCB)

email: pwh(@cc.gatech.edu
phone: h 404.892.7444 (Emory 404.727.0668) s
hours: Tu, Th 4-5 in the Student Commons CCB and by appointment

TA/Hours:  Chris Bradfield (MW 3-4 Commons) (ceejaybe(@cc.gatech.edu)
Newsgroup: git.cc.class.3411a (read it! this is a requirement!!)

Web Page:  http://www.cc.gatech.edu/classes/cs3411 99 summer

Exams

There will be a midterm and final exam. The midterm will be scheduled OUTSIDE of regular class
time in the evening. You are responsible for clearing your schedule. If you have an insurmountable
conflict, send email to the instructor (pwh@cc.gatech.edu) to schedule a MAKEUP. Exam times are:

Midterm: Wednesday 14 July 7:30-9pm (CCB 17 tentative)
MAKEUP Friday 16 July
Final: Tuesday 10 August 2:40-5:40pm (CCB 101)

Late Policy

Homeworks and projects may be turned in up to 3 school days late for a 10% penalty each day. Late
penalties are not assessed over weekends or holidays. If a homework is due at 4pm on Wednesday, it
is considered 1 day late up until 4pm the next school day (Thursday). No late submissions are
accepted beyond the third school day.

Turn-in Instructions

Projects will be submitted using the turnin or workon system on acme. Individual instructions will be
made available for each project specifying a file or directory and any supplemental information (such
as README files) that must be submitted. Homeworks are due at the beginning of class and you must
submit a legible hardcopy. Email submissions are not accepted for either homeworks or projects.
Homeworks must be stapled and have your name, the homework number and your GT number clearly
printed on the first page. A 5% penalty will be deducted for not complying with the turnin instructions.

Instructor

Phil spent his youth in the Masters and PhD programs at Tech after receiving an undergraduate degree
in computer science from Brown University. Since then he has worked as a software developer in
industry, as a research scientist at Georgia Tech and Emory and as an instructor at "the other place" in
Athens and, for the last three years, at Emory University. This is Phil's fourth quarter back at Tech
teaching and his fourth crack at 3411. Phil is also co-teaching 3431 with Vernard Martin. He will be
continuing his "day job" at Emory where he will be teaching an introductory Java course in the
mornings. Look for him on campus at Tech M-Th afternoon this quarter. (Email anytime!)

http://www.cc.gatech.edu/classes/cs3411 99 summer/Details.html 7/10/99
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Homework 1 http://www.cc.gatech.ed /cs3411_99 /HW 1.htmi

1of2

Homework 1 - Sebesta 1-4, PERL

CS 3411 - Programming Language Concepts - Summer '99 (Hutto)
Due: 4pm (classtime) Monday 12 July
READ ME! Please turn in a legible hardcopy solution at the beginning of class. Staple, but do not fold,

multiple pages. Print "HOMEWORK 1" and your name and GT number clearly on the front page. We will
deduct 5 points if you do not follow these instructions!

LATE POLICY: Assignments may be turned in up to 3 school days late with a 10% penalty deducted for
each day late (no deductions are exacted for holidays or weekends). Submissions later than 3 school days
will not be accepted or graded under normal circumstances.

PROBLEMS vs. QUESTIONS: Your textbook has two sets of exercises at the end of each chapter titled
"Review Questions" and "Problem Set". I will say "Question" when I mean "Review Questions" and
"Problem" when I mean "Problem Set". I will also include the page number to help disambiguate but
several students have done the wrong exercise in past quarters so beware!

Got Questions? Try office hours, email or the class newsgroup!

1) In your own words, what is the difference between an interpreter and a compiler?

2) Briefly compare C and Smalltalk in terms of the Big Four language design criteria: readability,
writability, reliability and cost.

3) Contrast Algol-60 and Algoi-68 (how do they difter?).
Chapter 3: Describing Syntax and Semantics
4) Develop a regular expression matching strings expressing the time of day like:

9:17 am

12:30 PM
4 am

Notice that the "am/pm" part can be in either upper or lower case and must be preceeded by a single space.
Your expression should disallow things like:

32:15 pm
9:99 am

You may find it useful to introduce named regular expressions like:

digit = 011(2|3/41516171819

digits = digit+
5) Add synthesized attributes and semantic routines to the classic ETF grammar below (make it an
attribute grammar) to evaluate the expression being parsed. Add an attribute named "value" to the
expression non-terminal (E.value) that contains the value of the expression when the parse completes.

You may assume that the lexer provides the value of an identifier (I) or number (N) as an intrinsic attribute
(I.value, N.value).

6/28/99 2:46 PM
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6) Problem 5, page 152
7) Problem 7, page 152

8) Problem 8, page 152
Chapter 4: Names, Bindings, Type Checking, Scopes

9) Consider the increment operator (++) in languages like C and Java. What type of operand does ++
require, an l-value? an r-value? both? What type of result does ++ yield?

10) What is dynamic scoping? dynamic binding? dynamic type-checking?

11) Your text describes four categories of scalar variables based on the lifetime of the variable: static,
stack-dynamic. explicit heap-dynamic. implicit heap-dynamic. Which categories does C support? Give an
example of each category of variable in C, if possible.

12) C++ and Java allow variables to be declared and initialized intermixed with executable statements.
Initializers can also be arbitrary expressions instead of "constant expressions". For example the following
is a valid C++ program but not a valid C program:

int x = 10;

X++

int y = £(x); // syntax error in C! OK in C++ or Java
y++

Most other languages only allow declarations at the beginning of blocks or procedures. Discuss the
advantages and disadvantages of intermixing declarations with executable statements.
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SmallTalk is not as commonly known as C, so the cost of training
programmers will be higher than C. Since SmallTalk runs much
slower than C, cost is increased.

Algol 60 introduced many concepts that would be used in the making of
many other languages. Algol 60 introdfgjgfﬁyﬁ/(Backus—Naur

Form) which is a way of describing the ax of languages. Also
introduced were: block structure (including block scopes for
variables), pass by value and pass by name for parameters, recursion
for imperative languages, and arrays which could be indexed by
variables.

Algol 68's main purpose was to be orthogonal. User defined data types
were included in Algol 68, which could be created from combinations of
any of the simple components. Also included were dynamic arrays, which
do not require bounds. Memory for dynamic arrays is automatically
allocated.

<time> --> <timewithminutes> | <timewithoutminutes>

<timewithminutes> --> <hours> ":" <minutes> " " <ampm>
<timewithoutminutes> --> <hours> " " <ampm> ,g e lg:\ roL}
<ampm> --> am | AM | pm | PM o Cz f’
<hours> --> <positivedigit> | 10 | 11 | 12

<minutes> --> <tensminute> <onesminute>

<tensminute> --> 0 | 1 | 2 | 3| 4| 5

<onesminute> --> <positivedigit> | 0

<positivedigit> -=> 1 | 2 | 3 | 4 | 5| 6 | 7 18129

E->E + T {0}
E->E - T {1}
E->T {2}
T =>T * F {3}
T ->T / F {4}
T ->F {5}
F->(E) {6}
F->1I {7}
F->N {8}
Rule O:
El.value = E2.value + T.value
Rule 1:
El.value = E2.value - T.value
Rule 2:
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E.value = T.value

Rule 3:

Tl.value = T2.value * F.value
Rule 4:

Tl.value = T2.value / F.value 5
Rule 5:

T.value = F.value
Rule 6:

F.value = E.value
Rule 7:

F.value = I.value
Rule 8:

F.value = N.value

Note: I used the web examples as a guide while writing my attribute
grammar so my structure is similar to the example.
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(++) requires an l-value to store the result of the increment
operation. (++) takes the value of the l-value and increments it
(the integer) making an r-value.

Dynamic scoping is when the scope (or the visible range of a variable)
can only be determined at run-time. Languages such as APL, pPerl,

and SNOBOL4 have dynamic scoping. Dynam¥€ scoping occurs when a
function calls another function and al of the variables in the
caller function can be seen by the \czlled function. When this occurs
the variable's scope can only be de ermined at run-time.

Dynamic binding is when a variable is bound (setting associations
of a variable) during run-time because bindings change while the
program is running.

Dynamic type checking is when operands of an operator are checked
during run-time to make certain that the operands are of compatible
type.
C supports static, stack-dynamic, and explicit heap-dynamic.
static example:

static int i; /* i's lifetime is the life of the program */

stack-dynamic example:
int i; /* i's lifetime is the local blo *f

explicit heap-dynamic example:

int *i;
if ((i = malloc(1024)) == NULL) /* life time is determined */
printf ("Out of memory"); /* by the programmer */
/* lifetime begins with /!
/* malloc and ends when it */
/* is free()'d */

Having all declarations at the top of the block allows the programmer
to quickly find the location where a variable was declared. There

is no need hunt through the whole block to find the variable's
declaration.

On the other hand, with intermixing the programmer declare a variable

exactly when it is needed. The scope of the variable is also limited
to the location where the variable is decla to the end of the
block. For example, the loop increment vVariable could be declared
before the loop that it will be used, instead of at the beginning of
the block. This would restrict other statements above the
declaration from modifying the variable.

—
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[p1]

Pointer arithmetic is the usage of the plus (+) or minus (-)
operator on a pointer along with an integer telling the

pointer how many bytes to move forward or backward in memory.

The pointer will move by the integer (specified by the programmer)
times the size of the type of the pointer. For example:

int *intPointer; //an integer pointer

intPointer + 2; //the usage of pointer arithmetic here will
//move the pointer forward 8 bytes in
//memory (assuming that the size of an
//int is 4 bytes on this machine)

Array notation and pointer notation are two ways to represent

the same thing, a memory location. The square brackets signify
that the pointer is dereferenced and moved forward by the number
in the square brackets times the size of the type of pointer.

For instance, p[42] is the same as *(p+42). Also, p is equivalent
to &p[0], and *p is the same as p[0].

(p2]

A C++ reference is basically a name for a pointer to an object.

A reference will not be copied to the function stack when it is
used as a parameter in a function, allowing the ability to bypass
call by value parameter passing. C++ references eliminate many of
the complexities of C pointers, such as the dereferencing and
address-of operators.

A Java object reference hides all usage of pointers from the user.
Object references are passed to a function by value. If you
change an object reference in a function, it will only effect

the local objects to that function.

[p3]

BASE +

(i * (number of j elements) * (number of k elements) * ESIZE) +
(j * (number of k elements) * ESIZE) +

(k * ESIZE) \ i

»

-

L

e
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[p4]
The result on the cc compiler:
suml == 46
sum2 == 48

The results on the gcc compiler:

suml == 48 \-\/
sum2 == 48 /////
The reason the two compilers had different outputs is because //1////’

the ANSI C standard does not guarantee the order in which the \
expressions are evaluated in an addition operation. The

cc compiler evaluates the first function/expression and adds

the result to the result of the second expression, and so on

until it gets to the last function/expression in the right hand
side. On the other hand, the gcc compiler executed all functions
first, then added the results together. When pointer values or
global variables are modified in functions producing side effects,
unreliable results, such as in example above will be produced.

[p5]

There are ten operators:
=, ,+ 0 =/+- ||

a is assigned to ¢

e s
a now equals 3 ////”
Everything in parenthesis is done next: "2,
d is divided by b and assigned to ¢
c=4 [/ 2

c now equals 2
b is incremented
b now equals 3

b is added to the expression in parenthesis, and a is subtracted
b+2-a
3+2 -1
4

logical OR is taken between 4 and b
4 11 Db
4 1] 3
1

comma is applied to the three expressions
3, 3, 1
1 (overall result)

0o
o
W onon
=N ww
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[pé]

The non-associative operator in Ada means that the
programmer must explicitly place parenthesis to signify the
precedence of the exponentiation operator. If the programmer
does not place parenthesis in the expression an error will be
generated.

ONE ** TWO ** THREE /* ERROR */ I;;l/

(ONE ** TWO) ** THREE /* This is okay */ "
ONE ** (TWO ** THREE) /* This is also okay */ {

Most other imperative languages use right to left associativity
when evaluating expressions with multiple exponentiation operators.

[p7]

BEGIN PRETEST LOOP
#include <stdio.h>

#define SUCCESS 0
#define TERMINATE 0

void getNumber () {
int iSum;
int iInput;

iInput = 1; /* assign a dummy value so it will loop TZ_
at least once */
iSum = 0;
while (iInput != 0) { —
printf ("Enter a positive number (0 to quit):");
scanf ("%d", &ilInput);

iSum += iInput;
if (iInput != 0) {
printf ("Running sum is %d\n\n", iSum);
}
}
}

int main(void) {
getNumber () ;
return SUCCESS;
}



Levi D. Smith Page
gtel87k

July 26, 1999

Cs3411

HOMEWORK 2

BEGIN POSTTEST LOOP

#include <stdio.h>

#define SUCCESS 0
#define TERMINATE 0

void getNumber () {
int iSum;
int iInput;

iSum = 0;
do {
printf ("Enter a positive number (0 to quit):");
scanf ("%d", &iInput);
iSum += iInput;
if (iInput != 0) {
printf ("Running sum is %$d\n\n", iSum);

}
} while (iInput != 0);
}

int main(void) {
getNumber () ;
return SUCCESS;
}

BEGIN USER CONTROLLED LOOP
#include <stdio.h>

#define SUCCESS 0
#define TERMINATE 0

void getNumber () {
int iSum;
int iInput;

iSum = 0;
while (!TERMINATE) {
printf ("Enter a positive number (0 to quit):");

scanf ("%d", &iInput);
if (iInput == TERMINATE) {
break;
}
iSum += iInput;
printf ("Running sum is %d\n\n", iSum);

}
int main(void) {

getNumber () ;
return SUCCESS;
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===== BEGIN DISCUSSION ======

The user controlled loop is the "easiest" since

it allows the function to be broken immediately

when the terminating condition is reached. The user
controlled loop allows multiple exits for one loop,
which may be considered bad style (reduces readability).
The posttest loop would be better than the pretest

loop since the loop will always be run once (eliminating
the need to assign the input variable a dummy value).

(p8]

The compiler generates a jump table(constants list) when it
finds a multiway selection statement. The jump table is Y{

more efficient than if/then/elseif because it can go S
directly ("jump") to the correct choice, if the correct Y’”
choice is available. With if/then/else, each choice has —

to be tested until the correct choice is found. Also,
multiway selection statements are usually much more
readable than if/then/else.

[p9]

First the user must define a label. A label is defined by

an identifier (character string) followed by a colon. Labels must
be followed by a loop statement. Multiple nested loops can now

be exited by calling "break" from a loop followed by the name of
the name of the label of the loop you wish to break. The use of
break statements eliminates the need for boolean variables which
would report error conditions. Here is my example:

= BEGIN JAVA CODE =========
class P9 {

public P9() {
loopTest("THISISINUPPERCASE", 2)i
loopTest ("ABORTlowercaseUPPERCASE", 2);
}

hre

/**
* loopTest - prints all characters in strTest iTimes times. the
* process is aborted when it encounters a non uppercase
* character
*
**/
public void loopTest(String strTest, int iTimes) ({
int i, 3;
i=20;
/**

//This isn't allowed

if (iTimes == 0) {
break EXIT;
}

* Ok ok kK
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**/
firstloop:
while(i != strTest.length()) {
secondloop:
for (j = 0; j < iTimes; j++) {
//Test to see if character is uppercase
if (! (Character.isUpperCase( strTest.charAt(i) ))) {
break firstloop; //break out of both loops
//do not print any more characters
}
System.out.print (strTest.charAt(i));
}
i++;

}

System.out.print ('\n');

// EXIT: //this is also an error
//a label must be followed by a loop
}

public static void main(String Argv([]) {
P9 myP9 = new P9();
}

}

END JAVA CODE



[p10]

friend function:

virtual function:

pure virtual
function:

const member
function:

copy constructor:

templated
function:

initializer list:
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allows other classes and functions to access this
function's private data members

tells the compiler that this object's type needs
to be looked up at run-time, not compile-type.

A function has to be declared "virtual” in order
for the function to use the abilities of
polymorphism.

this function must be implemented by the subclass.

pure virtual functions are declared by adding
"= 0" to the declaration of a virtual function.

the data in a const member function cannot be
changed (easily).

is called when a new class it created. it

copies the values specified by the initialization

parameters into the correct member data variables.

allows the programmer to define one template

to use on multiple objects/types (generic code).
the code inside of the templated function must
semantically support the types that you send

to the function.

comes before the body of the constructor. it
is basically a list of variables and the values
to which they will be set.

|



Homework 3 - Sebesta 8, 9, 13-15, Prolog
CS 3411 - Programming Language Concepts - Summer '99 (Hutto)
Due: 4pm (classtime) Wednesday 4 August

READ ME! Please turn in a legible hardcopy solution at the beginning of class. Staple, but do not fold,
multiple pages. Print "HOMEWORK 3" and your name and GT number clearly on the front page. We
will deduct 5 points if you do not follow these instructions!

LATE POLICY: No late homeworks will be accepted for this assignment.
PROBLEMS vs. QUESTIONS: Your textbook has two sets of exercises at the end of each chapter titled
"Review Questions" and "Problem Set". I will say "Question" when I mean "Review Questions" and

"Problem" when I mean "Problem Set". I will also include the page number to help disambiguate but
several students have done the wrong exercise in past quarters so beware!

Got Questions? Try office hours, email
or the class newsgroup git.cc.class.3411 (news.cc.gatech.edu)

Chapter 8: Subprograms

1) InC there is a difference between the following function prototypes:

ik ()
int f(void);

Explain the difference. How would you achieve the same effect in C++? (Hint: void is allowed but
unnecessary in C++. It actually means something in C.)

2) Problem 9, page 375

3) Write a "mapping" function in C that accepts an array of doubles as its first argument, the number
of elements in the array as its second argument, and, as its third argument, a pointer to a function that
returns a double and accepts a double as a parameter. The mapping function should apply the parameter
function to the elements of the array. (The array is an in-out parameter.) Here is an example invocation of
the function:

double a[] = { 1.2, 0.5, 3.8, 199.45, 3e-2 };
int n = sizeof(a) / sizeof (double):;

map( a, n, sqrt );

4) What's a thunk?

5) Describe how default parameters work in C++. What's the relationship between default
parameters and function overloading?

10f2 7/26/99 2:15 PM



6) In"The Java Programming Language 2¢", Gosling says: "All parameters to Java methods are
'pass by value'". How can that be? Can't you alter an object passed as a parameter to a Java method?
(Hint: See Gosling's rant about the meaning of 'pass by reference'.) What does it mean to add the
keyword final to an object parameter in Java? For example:

void changeTheString( final StringBuffer sb ) { ... }
Chapter 13: Exception Handling

7) What are the advantages of a language-based exception handling mechanism (like Java's) over simply
returning numeric "error codes" (like UNIX library routines)? What are the disadvantages?

8) What is the difference between a checked and unchecked exception in Java? Under what
circumstances is the optional £inally clause in Java executed?

Chapter 14: Functional Programming
9) What does the following Haskell code do? (Explain the syntax in detail.)
factorsn=[1i]i<-[l.ndiv2],nmod i==0]

10) What do the supporters of the functional programming paradigm claim as the advantages of this
approach over imperative programming?

20f2 7/26/99 2:15 PV
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Program 1 -- Computing Document Similarities in Perl
CS 3411 (Hutto) - Programming Language Concepts - Summer '99
DUE: 4 pm Monday 12 July (class time)

Got Questions? Try office hours, email or the newsgroup git.cc.class.3411a

Computing Document Similarities

For your first programming assignment this quarter, you will complete a Perl code framework for
computing the similarity between two text documents (files) expressed as a real number between 0 and
1.0. Two identical documents will report a similarity factor of 1.0. Two completely distinct documents
will have a similarity factor of 0.0. So how do we assign a similarity factor? The technique used by most
Web search engines looks at the number of common "terms' appearing in both documents. Documents
with more common terms receive a higher similarity rating. This approach assumes that two documents
talking about the same thing will use the same vocabulary. This works most of the time but fails badly
when people use completely distinct but synonymous terminology. For example, one document might
describe flashlights, while a British version of the same document might talk about "torches". The term
frequency approach also fails when the same word has two distinct meanings and will relate documents
describing gasoline drums and snare drums. Still, the longer the document, the less likely that ALL terms
will fall into one of these two bad cases.

Perl is an excellent language for writing a document similarity program. It has sophisticated text
manipulation capabilities and powerful operations on dynamic lists (arrays) and associative arrays
(hashtables or, in Perl lingo, "hashes") that relate a key and a value.

Terms

To compare two documents, we begin by assembling a list of terms appearing in each document. Consider
terms to be character sequences separated by whitespace. We will "clean up" the terms by removing funny
punctuation and digits and lowercasing everything. (This is a bit extreme but works well for our simple
version of the program. Real code removes commonly occuring terms, and prefixes and suffixes in a
process called "stemming".)

Term Frequencies

Along with a list of terms appearing in each document, we will count the frequency of occurrence of each
term. This is per document. Some terms appear many times in one document and not at all in another
document. We can easily store term frequencies in an associative array or hash where the key is the term
and the value is the count. We will maintain two term frequency hashes, one for each document.
Dictionary

Once we have term frequency hashes for each document, we can easily build a single list containing all
terms. This list, called the dictionary, will contain a single occurrence (no duplicates) of each term

appearing in either document. We will keep the dictionary in ascending sorted order.

Term Frequency "Vectors"

6/28/99 2:35 PM
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This approach to document similarity is called the vector space model because it constructs a "vector" for
each document that contains the frequency of occurrence of each word in the dictionary (the entire
document collection) in that particular document. These are "vectors" in a multi-dimensional "term
space" where there are as many dimensions as there are terms. We can compute a similarity factor by
computing the angle or distance between these vectors. Before we do that, however, we will weigh and

normalize these term vectors in various ways to produce more desirable results.
Inverse Document Frequencies

Common terms appearing in a small number of documents are weighted more highly than terms appearing
in all documents. The "document frequency" (df) is the number of documents in which a term appears
once or more. Since we are working with a two document collection, this is a simple value. If the term
appears in both documents its df is 2, otherwise it is 1 (it must appear in at least one document to even
appear in the dictionary). We can use a hash to calculate this number for each word in the dictionary. Once
we have the document frequencies, we just invert the value. Salton et al. suggest scaling these values as
follows where N is the number of documents in the collection (2 in our case):

idf, =log (1 +(N/df;))
This scaling factor seems to work well empirically.
Normalization Factors
If we don't "normalize" the term frequencies, long documents will have higher similarity than short
documents. We need to compute a normalization factor for each document. When we compute the
weighted term vectors, we will divide each weighted frequency by the normalization factor. This ensures
that the resulting vectors are unit vectors in the multi-dimensional term space. To normalize a
two-dimensional vector (x,y), just divide each component by the length of the vector. That's just the
square root of the sum of
the squares of the components by a simple application of the Pythagorian Theorem:

nf= sqrt( x*x + y*y )

The components of the term frequency vectors are the individual term factors (tf) multiplied by the inverse
document frequency (idf) of each term:

tf, * idf;
so the corresponding equation is:
nf= sqrt( SUM( (tf; * idf)? ))
where SUM; means the sum over all terms in the document.

Weighted Term Vectors

The heart of the algorithm is producing the weighted term vectors for each document. We will represent
each vector as a list of real numbers. Each value in this list is associated with the corresponding term in

20f10 6/28/99 2:35 PM
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the dictionary (they are "parallel arrays"). If a word doesn't appear in the document, its weight is 0. If it
appears in the document, then the weighted value is:

w, = (tf; * idf, )/ nf

Since these values are normalized, they should be between 0 and 1.0. If you have properly normalized the
vectors, compute the sum of the squares of all the elements. The square root of this value should be 1.0 by
the Pythagorian theorem.

Computing Similarity

Once we have the two weighted term frequency vectors (one for each document) computing document
similarity is very easy. We just compute the dot product of the two vectors. Recall that the dot product is
the sum of the product of related elements (multiply the first two elements, then multiply the second two
and add the result and so forth.) Since the vectors have been normalized (they are unit vectors), the result
is guaranteed to be between 0 and 1.0.

If you want to read more about this approach, check out the CACM article by Salton, Allan and Buckley.

How Do I Start?

Copy the code framework sim.pl to a system that has a Perl 5 interpreter (type "perl -v" to check). Perl
is very portable and you should be able to develop your program under Windows or Linux but we have
Perl 5 installed on all the CoC machines and on acme. Under UNIX, you need to make this file executable:

chmod +x sim.pl
The framework requires two filenames as commandline arguments so you can invoke it like this:
sim.pl filel file2

The framework has all the data structures declared and calls the appropriate subroutines but does nothing
so it will print out some debugging information and report a similarity of 0.0 for any files you supply.

The framework is heavily commented. You should begin by examining the contents carefully. Here is the
beginning of the file showing the "main" part of the script.

#H#

# MAIN —-

# Perl programs don't have an explicit "main". Perl will execute all code in
# the file outside of subroutine definitions.

#H#

# require two filenames as cmd line args; remember the names
@ARGV == 2 || die "Usage: sim <fnl> <fn2>\n";

( $£f1, $£2 ) = @ARGV;

getTerms () ;

computeTFs () ;
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buildDict():
computeIDFs ()
computeNFs () ;
computeWeights ()7

$sim = computeSimilarity();

This is a great program to develop INCREMENTALLY. Begin with getTerms(), the subroutine that opens
the two files, and creates term lists. Once you get that working, start on computeTFs(), the routine that
computes term frequencies.

Perl Stuff

You will probably end up loving and hating Perl at the same time. Larry Wall, the designer of Perl, is an
old time UNIX hacker and one of his mantras is "There's More Than One Way To Do It". At first you will
be overwhelmed by all the capabilities of Perl. Once you learn some tricks you will start appreciating how
powerful and expressive the language is. Then you will spend hours debugging a strange problem
involving a special case of some strange feature and you will start hating Perl again.

Perl is semi-compiled. Each time you run a script, the interpreter scans the entire file and compiles it into
a fast intermediate representation that is then interpreted. Under UNIX, the file must be executable and
begin with a special line indicating the location of a perlS5 interpreter. On the CoC machines that would
be:

#1/usr/local/perl5/bin/perl
A Perl file consists of executable statements and subroutine definitions. Subroutine definitions cannot be
nested (like C, unlike Pascal). There is no explicit main() in Perl. The interpreter simply executes all the
statements in the file.

Variables

Perl does not require variables to be declared. This is convenient but dangerous. I will ask you to "declare"
all variables using the special function "my". To declare and initialize a variable you can say:

my $total = 0;

You can declare several at once like this:
my ( $term, $i, $Snterms );

Types

Perl has a strange and flexible notion of data types. All variable names begin with a special character that
indicates the "type" of the variable:

$scalar  (number or string or boolean)

@list (array)
%hash  (associative array: key-value pairs)

40f10 6/28/99 2:36 PM



Prograr1 1 - Computing Document Similarities in erl P R T T

_ists and hashes are dynamic and grow and shrink on demand up to the size of available memory. Perl
follows the 0-1-infinity rule everywhere. The various "types" have separate namespaces so $name and
@name are different things and may both exist in the same program.
Command line arguments are made available to the program through a special array called @ARGV.
Lists / Arrays
Perl has a notion of "contexts", places where either a scalar or a list or a hash is expected. Sometimes the
meaning of a variable depends on the context. For example, an array name like @list, returns the number
of elements in the list when used in a "scalar context". For example:

my $n = @list; # scalar context so @list returns list size

In other situations, it refers to the entire list:

@list=(1,2,3,4), # a list context
@list=(1,2,3,%n,5,6); #memory is dynamically allocated

Lists can also be viewed as arrays and stacks when accessed appropriately:

push( @list, 10 );
my $value = pop( @list );

You can select array elements using the standard square bracket notation but Perl requires that you use $
before the array name when selecting an element (this emphasizes that the result of selecting an element is
a scalar, not a list):

my S$third = $list[2]; # array subscripts begin at 0
There are lots and lots of powerful array functions and operations:

my @sorted = sort( @list );

Perl lets you leave off parentheses in function calls if you like. (It can do this because variables begin with
special symbols so the parser can figure it out.)

my @sorted = sort @list;
Assigning to an undefined element implicitly grows the list. If you assign way past the end, the elements

between the new one and the last one have the special value undef. Touching an undef value will generate
a warning. You can test whether a value is defined using the function:

if ( defined( $list[100])) { ... } B o o i i T S
Printing
There are two ways to print in Perl:

print "hello, world\n";
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printf "%s %s\n", $word1, $word2;

The print command has an interesting capability called "variable interpolation” that evaluates variable
references inside quoted strings:

$whatever = "world!";
print "hello, $whatever\n"; ~# produces "hello, world!"

There is a string concatenation operator (.) but you don't need it very often.
Regular Expressions / Substitute

Perl has a wide variety of capabilities for using regular expressions to manipulate text. Regular expressions
(res) are delimited by forward slashes so:

/abc/

matches the string "abc" (using the implicit concatenation operator). Alternation (|) and Kleene closure (¥)
are also available along with the extensions we discussed: * $ . + (). Perl has several predefined "character
class abbreviations". For example: \d is the same as [0-9], \s matches a single whitespace character and \w
matches a letter, digit or underscore. There are negated versions of these classes so \D matches any
character that is NOT a digit and so forth. The special abbreviation \b matches a "word boundary"
something like ~ and $ match a "line boundary". Comparing a string with a re returns true or false and is
done with the binary "match" operator (=) like this:

if ($name =~ Ab[Pplhil/) { & "\
# do something
Jgd
A special notation is useful for matching and then replacing or substituting. A similar syntax can be used
in most text editors:

$which = "this is a test";
$which =~ s/test/quiz/; # replace test with quiz in $which

There are zillions of other re capabilities in Perl. Checkout one of the Perl texts or the recent O'Reilly
book "Mastering Regular Expressions" for details.

Split / Join / Translate

The split function takes a regular expression and a string. Parts of the string that DO NOT match the
regular expression are returned in sequence as a list of values. split can be used to "tokenize" strings. You
can breakup a tab-delimited string into pieces like this:

$s = "a\tb\tc\t\d"; 6” \o

@pieces = split( A\, $s ); gin > wakes orimy v brivg
Split behaves a bit strangely if you split a string with leading whitespace so either read the manual
carefully or be sure to trim any leading whitespace before you split.
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The join function is the companion to split. You give it a "glue string" and an array and it returns one big
string created by gluing the individual elements together. To put the string above back together we could
write:

$s2 = join( "\t", @pieces );

Finally, there is an operator called tr (named after the UNIX tr command) that allows you to replace or
remove individual characters in a string. You provide two lists of characters. Characters in the first list are
replaced by characters in the second list. Syntactically tr looks like the substitute command:

$name = tr/a-z/A-Z/; # translate lowercase letters to uppercase Atwes
$name = tr/aeiou//d; # delete vowels

p
\ A\t \ oo AW

Notice that you use an assignme;u operator and not the matching operator (=~). Also, tr does not support

general regular expressions. About the only special character you can have between the forward slashes is

the dash for defining ranges.

Subroutines / Parameters / Locals / Globals
Defining a subroutine is simple, just say:

sub mySub {
statements;

}

$result = mySub( $one, $two, $three );
Paremeter passing is a bit unusual. Every sub implicitly receives a single parameter with the name @,_

which is a list of the parameters provided to the subroutine (it's kind of like @ARGV). It is common to
assign these parameters to named local variables using a statement like this:

my ($pl, $p2, $p3)=@_;
This is actually just a special case of "array assignment". For example:

($f1, $f2 ) = @ARGV;
accesses and assigns the first two elements of the list @ARGV to the specified variables. If there are
additional elements in @ARGYV, they are ignored. If there are not enough, the unlucky variables take on

the value undef.

Variables "declared" with my inside a subroutine are local to that function. Variables declared outside any
subroutine are global.

It is possible to return values from a subroutine. If no explicit return is included, the value of the last
expression evaluated in the subroutine is used as the subroutine value (like LISP). It is possible to return
multiple values from a subroutine as a list:

( $min, $max ) = minmax( $a, $b );
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Input / Filehandles

Perl has an abstraction of a UNIX file pointer called a filehandle. They look like variable names in all
caps. Two are provided by default: STDIN and STDOUT. To read a line as a string from STDIN, just say:

$line = <STDIN>;
$Sline will contain a terminating NEWLINE which can be removed by the chomp function:

chomp S$line;
Evaluating <STDIN> by itself places a copy of the line in the special variable $_. This special variable is
the default for all sorts of Perl commands, like print. To echo a file, removing all the newlines, you can
just say:

while (<STDIN>) {

chomp; #using$_

print;  #using$_

}

It is possible to associate a filehandle with a file or process using open(..):
open( MYFILE, "pathname" );
The <> operators have a special meaning when used in a "list context". If you say:
@lines = <MYFILE>; ke . \wes  of MYF(LE
Perl will create an array containing ALL the lines from the specified file!
Hashes
One of the more powerful features of Perl are its dynamic hash tables. Variables begining with % are
hashes. They can be explicitly initialized by key, value pairs. Or you can simply add elements one at a
time.
my %hash = ();
To add or update an element in a hash say:
$hash{$key} = $value;
To delete an element say:
delete $hash{$key};
If you request a key that is not in the hash, the value undef'is returned:

if ( !defined( $Shash{$key} )) {
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Shash{$key} = 0;
}

Actually there is a special rule for hashes that allows you to simplify the above code when you are
counting things. The expression:

$hash{$key}++; & Yeoa \

will increment the value associated with $key if defined. If you try to increment a key that is not in the
hash, Perl will initialize the element to 1 for you!

The keys function returns a list of the keys of a hash:
(@keys = keys %ohash;

The values function returns a list of the values:
@values = values %hash;

These are returned in an unpredicatable order but the elements of the two lists correspond. It is possible to
iterate through the elements of a hash with the each function:

while ( ($key.$value) = each(%ohash) ) {
print "$value $key";
}

Looping

Perl has standard for, while and do-while loops from C along with a do-until loop that allows you to
specifiy a termination condition for a post-test loop. In addition, Perl has a very useful foreach statement
that allows you to iterate through the elements of a list:
S Mo Sheue -
my $element;
foreach $element (@list) {
print "$element\n";

}
Strange Flow Control (||, &&, if, unless)

There is no switch statement in Perl but it is possible to build an equivalent structure several different
ways. In addition, Perl has a few unusual control flow techniques. The short-circuited boolean operators
are commonly used for flow control. Here is an example using the die() function that prints an error
message and terminates the progam: b

pecrov ke

open( MYFILE, $filename ) || die "Can't open file $filename\n";
If the open() succeeds then the die() function is never called.

Perl also allows the programmer to add conditionals like if and unless to the END of a statement. This
occasionally increases the clarity of code:

6/28/99 2:37 PM



CS 2411 Program 1 - Computing Document Similarities i Perl TUeY//LY34 11 dummer ¥9/1°L.ntml

$n = $list[$i] if defined( $list[$i] );
$n = sqrt( $x ) unless $x<0;

Helpful Advice

There are LOTS of books on Perl. I like the O'Reilly books (strong supporters of Perl; they maintain the
Perl archive at their Web site). Here are three good books:

"Learning Perl 2e" // gentle introduction, first 10 chapters on electronic reserve
Schwartz & Christiansen
"Perl Cookbook" // zillions of examples

Christiansen & Torkington ~ _ y Gak

A

"Programming Perl" // a tough read but lets you get inside Larry Wall's head
Wall & Christiansen & Schwartz

Check out the official Perl Web page at:

http://www.perl.com

There is a lot to learn but this is a really cool assignment and Perl is a very interesting language, so
hopefully, you won't mind jumping in the deep end! We aren't out to kill people with this assignment. We
just want you to have some fun and learn something about Perl. Feel free to talk to your classmates but
everyone must get the program working individually. Use office hours and the newsgroups.

Good luck! Start Early! Use Office Hours Often!
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* Vmewbe b vemove. WS

! /usr/local/perl5/bin/perl -w F\/or\ ‘*3?“*-‘»3 0€ [
##
FILE: sim.pl --

USAGE: sim.pl fnl fn2 (sim.pl must be executable)

Perl framework for document similarity computation using the vector space
model. This technique computes a normalized similarity "factor™ [0..1.0]
between two documents based on the relative frequency of common terms
found in both documents. This is essentially how Web search engines work.
Normally the "document collection" consists of thousands of individual
documents. The "query" is just considered a document that is then compared
to the document collection. For this assignment, we will just compare

two documents.

For details on this approach, see the CACM article:

"Automatic Structuring and Retrieval of Large Text Files"
Salton, Allan, Buckley
http://www.acm.org/pubs/citations/journals/cacm/1994-37-2/p97-salton

Phil Hutto

CS 3411 Summer 99 * Programming Language Concepts
College of Computing / Georgia Tech

18 April 1999

##

requires that you "declare" all variables using my; helps avoid typos
se strict;
##
GLOBALS --
Perl provides references (like pointers) for implementing call-by-reference
parameter passing and return but they are a bit tricky and the syntax
is painful. For this assignment, we will compute and save intermediate
results in global data structures. We will still use "my" declarations
within subs to keep variables that need not be global local.
We could, of course, pass lists and hashes by value but that would be
very inefficient for large input files.
##
my( $£f1, $f2 );: # filenames
my( @termsl, @terms2 ); # term lists
my( $ntermsl, $nterms2 ); # term counts
my( %tfl, %tf2 ); # term frequency hashes
my( @dict ); # global term dictionary
my( %idf ); # inverse document frequencies
my( $nfl, $nf2 ); 4 normalization factor for weights
my( @wl, @w2 ); # weighted term vectors
my $sim; # normalized document similarity
##
MAIN —-
pPerl programs don't have an explicit "main". Perl will execute all code in
the file outside of subroutine definitions.
##
4 require two filenames as cmd line args; remember the names
@ARGV == || die "Usage: sim <fnl> <fn2>\n";
( $f1, $f2 ) = @ARGV;
getTerms () ;
computeTFs () ;
buildDict ()
computeIDFs () ;
computeNFs () 7
computeWeights () ;

$sim = computeSimilarity():
# output intermediate results to verify correctness during debugging

print "\nSORTED TERM FREQUENCIES:\n\n";
my S$key:
print "$f1:\n";
fereach $key (sort keys %tfl) {
print "Skey S$tfl{Skeyl\n";
}
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print "\n$f2:\n";

foreach $key (sort keys %tf2) {
print "S$key $tf2{$key}\n";

}

print *\n%:

print "\nDICTIONARY:\n";
my Sterm; foreach $term (@dict) ( print "$term\n"; } print "\n";

print "\nSORTED INVERSE DOCUMENT FREQUENCIES:\n";
## what goes here?
print: t\n"y

print "\nWEIGHTS:\n\n";
my $i;

print "$£fl:\n";

## what goes here?
print "\n$f£2:\n";

## what goes here?
print "\n";

# the final answer
print "SIMILARITY: $sim\n";

exit(1l):

b
3+
#

SUBROUTINE: getTerms --

x ¢

INPUTS: $fl $£2 K “=
OUTPUTS: @termsl @terms2 $ntermsl $nterms2

Open specified files. Create "tokenized" lists of terms from each.

Count terms in each. Tokens are maximal non-whitespace character sequences
separated by whitespace. Clean-up the input by removing everything but
letters from the tokens (get rid of digits, punctuation, etc.).

This is pretty extreme, but a simple rule. Things like "Hello," will be
converted to "hello". Things like "What'sl123This?" will be converted to
the single token "whatsthis" (bad characters are REMOVED, not converted

to whitespace). Lowercase the tokens.

Real systems eliminate common terms (a, the, and, of) found in a "stoplist".
In addition they perform "stemming" which removes prefixes and suffixes.

HINT: This sub can be amazingly short if you take advantage of all the
powerful features of Perl. For example you can read all the lines of a file
into an array with a single statement like this:

@array = <IN>;

S 4E 4E 3E 3 4E SF 3E dF 3E 2E I 9 4E SE 3E 3E 9 3 3 3R 95 36 3

Look at the split, join, translate (tr) and substitute (s///) commands.
###
sub getTerms() {

£YO0C
open( F1, $f1 ) || die "Can't open file: $fl\n";
open( F2, $f2 ) || die "Can't open file: $f2\n";

## what goes here?

close( F1 ) || die "Can't close file: $fl\n";
close( F2 ) || die "Can't close file: $f2\n";
}
#54 -
# SUBROUTINE: computeTFs -- LCA R LS VW B
# l

# INPUTS: @termsl @terms2

# OUTPUTS: %$tfl %$tf2

# Build two hashes to count (canonicalized) term frequencies in each document.

#H#

sub computeTFs () { 5
$tfl = $tf2 = (); # for now A . . £

. AN \n MooA M

# SUBROUTINE: buildDict --
#

# INPUTS: @termsl @terms2
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3
.L\ \
# OUTPUTS: @dict b
# Build a "dictionary" (an array) containing all words found in either
¢ # document. The dictionary should have no duplicates and should be in
# sorted ascending order.
#
# HINT: The dictionary needs to be a list, not a hash, but you can use
# an auxiliary hash to help you construct it. To sort a list in Perl,
# just say:
#
# @sorted list = sort $list;
o A .V
HE# e S o OO (4 oY [Ny ha >
sub buildbict () { Con VBT O} each
@dict = (); # for now e BUOV IR EIN LSRRIy
} 17 C
e we. Vol - Fentnvs
# SUBROUTINE: computeIDFs -- =
' (U SR SRR \ —— oW
# INPUTS: %tfl $tf2
# OUTPUTS:7@idf T
4 Build a single hash containing an entry for each word in the dictionary. vy s At
# If the a term appears in only one file, the associated entry is 1. If it el
# appears in both files, the associated entry should be 2. "1
# Once we have "document frequency" (df) values, compute a "scaled inverse
# document frequency" like this:
#
# idf = log( 1 + (N / df) ) 0 &
# o ' N A
# In this equation, N is the number of documents in the collection and logkis
# used as a scaling factor. (This seems like a bit of black magic but has Y
# been proven to work well empirically by Salton et al.)
# ~ 2 ;
# (This number is important for large document collections. It allows less (\ B
# frequently occuring common terms to be weighted more heavily than those
# that appear in all documents.)
#H4
sub computeIDFs () {
$idf = (); # for now t
} for  eving wov & ¢
#H4
# SUBROUTINE: computeNFs --
# ______________________
# INPUTS: %tfl %tf2 %idf
# OUTPUTS: $nfl $nf2
f\“ Compute a "normalization factor" for each document so that each
S# (multi-dimensional) term frequency vector will have length 1.0.
“# This will ensure that identical documents have a similarity factor of 1.0
% # and completely disimilar documents will have a similarity factor of 0.0.
o #
i;# For each term frequency vector, multiply each term frequency (tf) by
s 4% the inverse document frequency (idf) for that term. Square the result.
i # Do this for every term in the vector and sum the results. The norm factor
2 # (nf) is the square root of the resulting sum.
#
# nf = sqrt( SUM of all terms( square( tf*idf ) ) )
# > i
##4 O 1
sub computeNFs () { @ v
$nfl = $nf2 = 0.0; # for now
}
##4
# SUBROUTINE: computeWeights --
#
# INPUTS: @dict %tfl $tf2 %idf $nfl $nf2
# OUTPUTS: @wl @w2
# This is the heart of the algorithm. Everything else is just preparation
# for building the weighted term frequency vectors.
#
# Build two lists of floating-point numbers. There will be one entry in each
# list for each term in the dictionary (document collection). These weights
4 correspond to the terms in the dictionary (they are "parallel arrays").
4 If a particular term does not appear in the document, the corresponding
# entry will be 0. Otherwise, the weight is the term frequency (tf) multiplied
# by the inverse document frequency (idf), divided by the normalization
# factor (nf) for that document.
#
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$§ w= (tf * idf ) / nf
#
#H#
sub computeWeights () {
@wl = @w2 = (); # for now
}

SUBROUTINE: computeSimilarity --

INPUTS: @wl @w2

OUTPUTS: $sim

Just compute the "inner product" of the two weighted term vectors. 6&\‘
This will effectively calculate the angle or "distance" between the

two vectors in the multi-dimensional term space.

***a****s*:
4

Recall that the inner product is just the sum of the corresponding
vector elements multiplied together.
##%

sub computeSimilarity() {
return 0.0; # for now
}

mocX REVRNE 1

!
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Program 2 -- OO Banking with C++
CS 3411 (Hutto) - Programming Language Concepts - Summer '99
DUE: 4 pm Monday 2 August (class time)

Got Questions? Try office hours, email or the newsgroup git.cc.class.3411

Object-Oriented Banking

For your second programming assignment this quarter, you will develop a banking transaction
system in C++ with a simple textual interface. You have probably implemented or seen a similar
application. The user enters lines of text to perform various banking transactions to open and close
accounts, make deposits or withdrawls, and request current balances. The system supports multiple
customers and account types. Customers can have one or more accounts. Different account types have
varying restrictions and yield different rates of interest. Getting all of this working requires a certain
attention to detail but it is straightforward.

Our challenge with this assignment will be deciding how to best use the object-oriented
capabilities of C++ to produce a clean, flexible and robust implementation. The familiarity of the
problem domain will allow us to spend more time thinking about the architecture of our solution and
how the programming language supports (or hinders!) our design.

Problem Description

The bank maintains a list of customers and accounts. There will be just one bank in this problem.
Customers are identified by an arbitrary string containing no embedded whitespace. Valid names
include: phil_hutto, joe123, ChrisBradfield, etc. Names like "phil hutto" are invalid. There are three
types of accounts: checking, saving and moneymarket. Notice that there is no space in moneymarket
and that saving is not plural. The bank is case-insensitive.

Customer and Account Numbers

When an account is first created for a named customer, the bank generates a unique customer number
associated with that name. Customer numbers are unique digit strings. We also begin each customer
number with the letter 'c' to make them easy to identify. Account numbers follow a similar convention
but begin with the letter 'a". The customer and account "namespaces" are distinct so there can be a
customer ¢l and an account al with no conflict. A cusomter can have many accounts. A single
customer can even have two or more accounts of the same type. Customer names are used only to
open accounts and to report account balances. All other transactions identify customers and accounts
by number.

Account Types, Interest, Day Clock

Accounts earn interest, compounded daily. Checking accounts earn 1.5%,saving accounts earn 3%
and moneymarket accounts earn 6%. To simplify date handling, assume the system maintains a "day
clock" that starts at 1. Users manually advance the clock to simulate the passage of time. This simple
scheme allows interest calculations to be performed each time the clock is advanced, based on the
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_count Restrictions

/ Different account types have different restrictions. Account balances are never allowed to drop below

zero (overdrafts are not allowed). A $20 fee is charged for each withdrawl from a moneymarket account.
Saving account withdrawls are limited to once every 7 days. This requires the system to record the last
withdrawl date for saving accounts.

No Historical Data

To simplify the system, no historical data needs to be recorded other than the last withdrawl date.
(Extensions might record all transactions, print statements, allow queries on historical data, etc.) The
bank, does, however, need to keep a list of all active customers and accounts and maintain the current
balance of each account (along with the day clock).

Input / Output

We will use a simple line-oriented textual interface for entering transactions. This portion of the system
should

be designed in a modular way that minimizes dependencies and allows alternate transaction interfaces.
For

example, transactions could be messages generated by an ATM or Web browser. We will not address
security issues

in this assignment. Transactions requests will be entered via standard input. Input is case-insensitive and
consists of whitespace-separated tokens. Requests begin with a single verb describing the action to be
performed. Valid transactions include:

advance
Most transactions require additional arguments. For example, deposit requires an account id and an
amount (in that order). We assume each input line contains at most one transaction. Transactions cannot
span lines. Blank lines are ignored. Amounts are specified as floating-point numbers. Assume the standard
C++ format for floating-point values. All floating-point values should be rounded to the nearest penny for
output.
Interest Calculation

Account balances are updated based on interest earned each time the clock is advanced using the
following formula:

newBalance = oldBalance * ( 1 + interestRate / 365 * daysSincelastUpdate )
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Jmple Session

' The following is a sample run demonstrating a variety of commands and error conditions. Your output
does not have to be identical but should provide the same information.

% oob L”HP ://Pea[f'}‘v,gﬁi .com/

Welcome to First Polymorphism Savings & Loan! a u5+€fﬂ / 5"-& - ¢ 4+ /1[
STRNG +o TN 4 bl % cg
cmd> help v n= «wi (g, c_strv)):
>> advance <n-days> ’
>>  balance <acct#> | <cust#> 6’\'R\M L% NY MBE &
>> close <acct#> | <cust#> N aalode <s‘\'4"5\'"‘6"">
>> deposit <acct#> <amt> }&, 2 okestvemm 35S ( sdr astri q.¢ ..s‘\’f'oz
>> help 4 - .
>> open <acct-type> <cust-name> <init-deposit> -NP“«*‘_ ';‘_‘1 Floa¥)
>> quit R ATERaN P ""‘71:/"“\*';
>> transfer <from-acct#> <to-acct#> <amt> ( i
o 4
>> withdraw <acct#> <amt> N D M BE R Yo Q’V\Z\p S ) ,
>> < t- > = ki i t a
acct-type checking | saving | moneymarke ﬁ’\hcluk <9+~r ;'('f e&m>
>> <date> = <month>/<day>/<year> A O
nt a=1y i
4 .
cmd> open checking phil_hutto 450.50 R¥vatreanm 655,
>> cl (phil hutto) al (checking 1.5%) $450.50 6531 G q EG ends

Cont << o55. s h-0;
cmd> open moneymarket phil hutto 5000.00 2

>> ¢l (phil_hutto) a2 (moneymarket 6%) $5000.00

cmd> open saving phil hutto 800.00
>> ¢l (phil_hutto) a3 (savings 3%) $800.00

cmd> open checking nick black 100000.01
>> c2 (nick_black) a4 (checking 1.5%) $100,000.01

cmd> balance cl

>> cl (phil_hutto) al (checking 1.5%) $450.50
>> cl (phil_hutto) a2 (moneymarket 6%) $5000.00
>> c1 (phil_hutto) a3 (savings 3%) $800.00

cmd> advance 10
cmd> withdraw al 210.25
>> ¢l (phil_hutto) al (checking 1.5%) $240.44 /* 450.50 + 0.19 (interest) - 21025 ‘*/

cmd> advance 12

cmd> transfer a4 al 50000

>> c2 (nick_black) a4 (checking 1.5%) $50,090.42 /* 100000.01 + 90.42 - 50000 x/
>> cl (phil_hutto) al (checking 1.5%) $50,240.56 /* 240.44 + 0.12 + 50000 */

cmd> this is a stick up!
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>> *invalid cmd: this is a stick up!

cmd> withdraw a9 123.45.67
>> *invalid acct: a9

cmd> withdraw al 123.45.67
>> *invalid amt: 123.45.67 \

cmd> withdraw al 10000.00

>> *insufficient funds

cmd> quit

Classes

Think of the bank as some sort of server that responds to transaction requests. Requests involve
customers and accounts. There can be many customers and accounts so the bank needs to maintain a list
(database) of customers and of accounts. Given a customer we need to be able to find the associated
accounts. Given an account we need to find the associated customer.

We need at least three classes: Bank, Customer, Account. There will be a single instance of the Bank
class for this problem (this is the Singleton Design Pattern). There may be many Customer and Account
instances. The Bank instance will contain lists of Customers and Accounts. Since accounts (and hence
customers) can come and go, we need a collection that supports addition and deletion. We are solving a
small instance of this problem so we don't need to worry too much about lookup efficiency. The C++
Vector class from the Standard Library is a good way to implement a list.

The Bank object should accept and respond to all requests. Some requests it will handle directly such as
advancing the day clock or opening and closing accounts. Most other requests will be handled by
"forwarding" or "dispatching" the request to the appropriate Account object.

If we wish to emphasize the client/server architecture and isolate the Bank object from the precise format
of the incoming requests (such "firewalls" are generally a good idea and help anticipate change), we can
construct simple Request and Reply classes. The main() routine can give control to a simple Parser object
(another Singleton) that repeatedly prompts the user for a command, reads the standard input a line at a
time, validates the input and produces Request objects corresponding to correctly formed transaction
requests. The Parser object handles invalid input, shielding the Bank object. In essence, the Parser directs
a stream of correctly formed transaction requests to the Bank in the same way that a lexical analyzer
produces a stream of lexemes for a programming language parser. Some errors, such as "*insufficient
funds", can only be detected by the Bank object (ultimately by the Account object).

In summary, here is a short list of suggested classes:
Parser (singleton)
Request

Reply
Bank (singleton)
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. Customer
Account

We can further refine our design by detailing the properties (member dtaa) and behaviors (member
functions) of each class and determining class and object interactions.

Three Architectures

With a rough idea of the architecture of our banking system, things begin to get interesting. There are
three different types of accounts and more could easily be added. A good OO design would allow
flexibility in this part of the system. Accounts share much in common but different account types yield
different interest rates and have slightly different restrictions. For example, withdrawls are allowed from
savings accounts only once within a seven day period. Where should the "logic" that distinguishes
Account types reside?

One common approach would form an inheritance hierarchy of Account types. If you have
CheckingAccount, SavingAccount and MoneyMarketAccount should the parent class Account be
abstract or is there implementation logic that can be "factored" into the parent class? Do you need
polymorphism?

Another approach would implement an Interest class and allow the interest calculation logic to be
"mixed-in" to the appropriate account type via multiple inheritance.

A third possibility uses containment and delegation to encapsulate and vary the interest calculation
logic and account restrictions. Implement a Calculator class that has methods for computing a new
balance for a given transaction. The Calculator class would form a simple inheritance hierarchy with a
different "calculator" object for each account type. Now each Account object can simply contain a
pointer or reference to an appropriate Calculator instance. When the Account objects receives a
transaction request it simply delegates the account-specific logic to its (contained) Calculator object. This
approach is very flexible and allows the logic to be replaced "dynamically" during program execution.

Your job is to consider these alternatives and select and implement the one you find most appealing.

Turnin Details / Grading Criteria
Create a directory called p2. You should create separate interface (-h) and implementation (.cc) files for
each class you define (Java style). Your directory should contain a README file describing and
justifying your architecture and design choices and describing any additional capabilities you wish to be
considered for extra credit. We will supply a sample Makefile to automate compilation.
Submit the entire directory via turnin by the due date. Identify the project as "cpp". So:

Login to acme

Say "workon 3411"

Say "turnin cpp p2"

Verify that your submission worked by using "getback" (ina separate, empty directory).
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We are looking for both a working program and a clean object-oriented design that utilizes the
object-oriented facilities in C++.

compiles without warnings 40%

compiles and runs 50%

compiles + runs + produces correct output 70%

compiles + runs + correct output + good design 90%

compiles + runs + correct output + good design + good style 100%
extra credit: up to an additional 20%

Note: You may develop your program using any standard-compliant C++ compiler but your program
must be submitted via workon and must compile and run properly in the CoC environment using g++.

C++ Details

You should develop your programs using the new g+ compiler available on all the CoC departmental
machines. Do not use the acme compiler. It is out of date and does not support some of the more
advanced features we wish to use. For example, even the string class does not work properly on
acme.You can ask g++ what version it is like this:

{lennon:pwh:412} gt+ --version
egcs-2.91.66

You will need to use the standar.d string class and you will need to be able to do simple /o using the
standard streams cin and cout. For example, you read a line of text into a string (discarding the
NEWLINE) like this:

string line;
cin.getline( line );

You should probably use the Vector class from the standard template library. Vector is "templated" so
you should understand the basics of how templates work and that you need to "instantiate" the template
by specifying a base class like this:

Vector<string> list; :

You certainly need to know how to define and instantiate simple classes with constructors, data members
and member functions. Label member functions const where appropriate. Use function overloading where
appropriate. See the examples from class for details.

A good solution will probably include virtual functions and maybe pure virtual functions and abstract
classes (interfaces). With virtual functions you introduce the possibility of polymorphism which you may
find useful. Remember polymorphism only occurs in C++ when objects are allocated on the heap and
accessed by pointers or references.

There are all sorts of interesting data structures available in the standard template library such as lists,
maps and trees. You are welcome to use these but we won't go into any more detail describing them.
Vectors are sufficient for this assignment. You may find multiple inheritance useful. You may use
exceptions in your solution but you are not required to. We will discuss C++'s exception handling
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_<chanism in detail later in the course.

One of the problems with C++ is that there is no "official" online documentation for the standard library
like the Java API. There are lots of resource available online but none are "definitive". I have placed a
detailed chapter describing C++ on electronic reserve at the library. You might also want to pick up a
good C++ book. There are zillions of them. The "C++ Primer 3e" by Lippmann is pretty good. The
"official" book by Stroustrup is a hard read and is not recommended for the faint-hearted. If someone
finds a good online resource, please share via the class newsgroup.

Good luck! Start Early! Use Office Hours Often!
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Program 3 -- Binary Tree Module in Prolog
CS 3411 - Programming Language Concepts - Summer '99
Due: 2:50pm Tuesday 10 August (Exam Time)

Got Questions? Try office hours, email or the newsgroup git.cc.class. 3411

NO LATE PROGRAMS ACCEPTED!
GRADUATING SENIORS ARE EXEMPT FROM THIS PROGRAM!

Recursive Data Structures

For your final programming assignment this quarter, you will write a collection of rules for representing and
manipulating binary trees in Prolog. You will use Prolog's two primary data structuring mechanisms for this
assignment: symbolic structures and lists. Prolog structures arc something like records in imperative programming
languages but they are more powerful. Prolog lists are similar to lists in Lisp. Both structures and lists are
fundamentally recursive. Structures are the more basic mechanism because the Prolog list notation can be viewed as
"syntactic sugar" for a more primitive structure-based representation of lists.

Here is a fact represented by a simple Prolog structure:
book ( moby dick, author( herman, melville ) ).

This fact can be visualized as a binary tree but structures can. in general. have any number of members ("arity"). As
usual. things get more interesting when we allow structures to contain logical variables. Structures with self-similar
components are easily manipulated by recursive rules so we call them "recursive structures." Binary trees can be easily
represented in Prolog by recursive structures. Here is a simple rule that defines binary trees in Prolog:

/** binary tree(Tree) :-
Tree is a binary tree. */

binary tree(void).

binary tree(tree(Element,Left,Right)) :-
binary tree(Left), binary tree(Right).

Notice there are no constraints on the first component Element. it can be anything. but that the second and third
components must themselves be binary trees. As a base case. void is considered a binary tree.

Given our recursive tree definition, we can pretty easily write a rule that determines if a given element appears
anywhere in a given binary tree:

/** tree member (Element,Tree) :-

Element is an element of the binary tree Tree. */
tree_member (X, tree (X, Left,Right)).
tree member (X, tree(Y,Left,Right)) :- tree member (X,Left).
tree member (X, tree(Y,Left,Right)) :- tree member (X,Right).

This rule precisely and concisely encodes the three possible cases: cither the clement in question is the root or it appears
in the left subtree or it appears in the right subtree.

Here is another recursive rule that implements a preorder traversal of

/** preorder (Tree,Pre) :-
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LD D411 FIOgIidin J - DUldly OCTaiull 1IT0OS 1 1 1uvivg 2 upv

Pre is a list of elements of Tree accumulated during a
preorder traversal. */
preorder (tree(X,L,R),Xs) :-
preorder (L,Ls), preorder(R,Rs), append([X|Ls],Rs,Xs).
preorder (void, [1) .

This rule is a bit more complicated and uses the Prolog list notation ([a.b.c]). Prolog has a special operator (|)
(sometimes called "split") that can be used to break a list apart into its head and tail. The split operator can also be used
to put a list together like CONS in Lisp. We will talk more about the list notation in class and you can read about it in
your text and the supplemental handout.

Here is the rule for append:

/** append(Xs,Ys,XsYs) :-
XsYs is the result of appending the lists Xs and Ys.
Bf
append([],Ys,Y¥Ys).
append ([X|Xs],Ys, [X|Zs]) :- append(Xs,Ys,Zs).

What Am I Supposed to Do?

Implement the following rules:

1. inorder (Tree, In) :-Inisa list containing an inorder traversal of the clements of Tree. Assume Tree is
bound on input. In may be bound or unbound. If it is bound initially then the query is asking Prolog to VERIFY
that In is an inorder traversal. Otherwisc the query asks Prolog to GENERATE an inorder traversal.

2. substitute(X,Y,TreeX, TreeY) :- TreeY is the result of replacing all occurrences of clement X
in the binary tree TreeX by clement Y. Assume X. Y. and TreeX are bound on input.

3. (EXTRA CREDIT) subtree (S, T) :-Sisasubtree of T. A subtree of S is the trec defined by the
root or some internal node and all of its descendants to the leaf nodes. If S and T are identical then S is a subtree
of T (we are not asking about "proper" subtrees.) Assume T is bound on input.

4. sum_tree (TreeOfIntegers, Sum) :-calculate or verify that Sum is the sum of the integer
clements in TreeOfIntegers. (Hint: You will need to use the "is" operator.) Assume TreeOfIntegers is bound.

5. (EXTRA CREDIT) ordered(TreeOfIntegers) :-holdsif TreeOfIntegers is a binary search
tree without duplicates. That is, for each node in the tree with element ¢, all the clements in the lefi subtree are
smaller than e and all the elements in the right subtree are larger than e. (Hint: Define two helper rules
ordered right(X, Tree) and ordered_left(X.Tree) that hold if Tree is ordered and X is larger (smaller) than the
largest (smallest) node of Tree.) ’

6. tree insert (X, Tree, Treel) :- Succeeds if Treel is an ordered tree resulting from inserting X
into the ordered tree Tree. If X already occurs in Tree, then Tree and Treel are identical. (Hint: Four rules are
enough.)

Details

Create a single file called £ ree that contains all the facts and rules for the assignment. "Consult" this file each time
vou start prolog. Begin with VERY SIMPLE RULES and gradually add complexity and more rules. The "development
environment" for our version of Prolog is hard to love. Do the best you can with it. Brian has prepared a nice Web page
with helpful hints. Study the demo programs we have provided carefully. These will help you "think recursively" in
Prolog.
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You will need to use one trick to make life easier while developing your programs. Since typing in complex tree
structures is tedious and error prone. you should define a few "named trees" like this at the beginning of your tree
module:

/* Define a few trees to work with. */
treel (tree(a,tree(b,void, void), tree(c,void,void))).
tree2 (tree(d, tree(e,void, void), tree(f,void,void))).

tree3(
tree( a,
tree( b,
tree(e,void,void),
tree( £,
tree(g,void,void),
void

)
),
tree(c,void, void)

Make sure you get the commas and parentheses correct. Once defined you can use these named trees to test your rules
like this:

prolog

?- [tree]. /* consult the file containing the tree facts and rules */
?- tree2(A), tree element(e,A). /* does e appear in tree2? */

Turnin

Create a directory called p3. Your directory should contain a single file named "t ree" with all the required Prolog
rules and facts. In addition create a file named README with a paragraph or two documenting your program.
Describe any extra credit work you have done in the README file.
Submit the entire directory via turnin by the due date. Identify the project as "cpp". So:

Login to acme

Say "workon 3411"

Say "turnin prolog p3"

Verify that your submission worked by using "getback"” (in a separate, empty directory).

Helpful Advice

It takes awhile for the "Prolog way of thinking" to sink in. Work steadily and incrementally. Spend a bit of time on a
regular basis working with the Prolog interpreter. reading reference material and working through the assignment. Ask
questions when strange things happen. Stay-tuned to the newsgroup for related assignment announcements.

Good luck! Start Early! Use Office Hours Often!
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