.

" UNIT 2: DATA, DATA TYPES, AND BASIC STATEMENTS

SYLLABUS: Names, variables, binding. type checking, scope, scope rules. hfcume dand
garbage collection, primitive data types, strings, array types, associative arrays. record types,
union types, pointers and references, Arithmetic expressions, overloaded operators, type
conversions, relational and boolean expressions. assignment statements . mixed  mode
assignments, control structures - selection, iterations. branching. guarded Staterments

2.1 NAMES: Names are also associated with labels . subprograms, formal parasmcters and
other constructs. The term identifier is often used interchangeably with naime.

2.1.1

2.1.2

DESIGN ISSUES: The following are primary design issues for name
Are names are case sensitive?
Are special words, reserved words or keywords”?

NAME FORMS: A name is a string of characters used 1o identify somic
entity in a program.

Fortran 95 allows up to 31 characters in its names.

C 89 had no length limitations in its internal names. but only the first 31 were
significant,

Names in java and ADA have no length limit, and all the characters i (hem
are significant.

Names 1s most programming languages have the same form: a letter followed
by a string consisting of leticrs | digits, and underscore characters( ).

The use of underscore characters to form names was widely used in the 19707,

and 1980’s.

In the newer versions of Fortran prior and Fortran 90 names could have
embedded spaces, which were ignored. For example. the following two names
were equivalent:

*  Sum of salaries
*  Sumofsalaries

The C-based languages. uppercase and lowercase fotters I names are disiinet:

that is. names in these languages are case sensitive. For example . the
following three names are distinet in C++: rose. ROSE. and Rose,

But in the languages whose variables names are case sensitive, although Rose
and rose look similar.
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e In versions of Fortran prior to 90, only uppercase letters could be used in
names.

e Fortran 77 allow lowercase letters : they are simply translate them to
uppercase letters for internal use during compilation.

2.1.3 SPECIAL WORDS: Special words in programming languages are used 1o
make programs more readable by naming actions to be pertormed.

o These words are classified as reserved words, but in some they are only
keywords.

» KEYWORD: A keyword is a word of a programming language that is
special only in certain contexts. Fortran is one of the languages whose
special words are keyword. Fortran, the word Real, when found at the
beginning of a statement and followed by a name, is a declarative
statement. If the word Real is followed by the assignment operator. it is
considered a variable name. These two use are illustrated in the
following:

* Real Apple
* Real=34

» RESERVED WORD: A reserved word is a special word ot a
programming language that cannot be used as a name. As a language
design choice, reserved words are better than keywords because the
ability to redefine keywords can lead to readability problems. For
example, in Fortran, one could have the statements:

s Integer Real
s Real Integer

e Which declare the program variable Real to be of
Integer type and variable able Integer to be ot Real 1ype.
In addition to the strange appearance of  these
declaration statements. the appearance of Real and
Integer as variable names elsewhere in the program
could be misleading to program readers.

2.2 VARIABLES: A program variable is an abstraction of a computer memory cell or
collection of cells. Programmers often think of variables as names for memory
locations, but there is much more to a variable than just a name.

» The translator that converted the names to actual addresses also chose those
addresses.

MVR COLLEGE OF ENGINEERING AND TECHNOLOGY
DEPT OF COMPUTER SCIENCE ENGINEERING

Scdrirneu py cdinoscdarirelr

HES————




» A variable can be characterized as a sextuple of attributes (names. address, value,
type. lifetime, scope).

» It provides the clearest way to explain the various aspects of viariahles

» The variable attributes will lead to examinations of the important related concepts
of aliases, binding, binding times, declarations. type checking. strong typing,
scoping rules, and referencing environment.

2.2.1 NAMES: Variables names are the most common names in programs.
¢ Most variables have names.

2.2.2 ADDRESS: The address of a variable is the memory address with which
it is associated.

e This association is not as simply as it may at first.

e Many languages it is possible for the same name to be associated with
different addresses at different places and at difterent times in the program.

e Forexample

A program can have two subprograms, subl. sub2. each of which
defines a local variable that uses the same name, say sum. Because
these two variables are independent of each other, a reference to sum
in subl is unrelated to a reference to sum in sub2. Similarly. most
languages allows the same variable to be associated with ditterent
addresses at a different times during program execution.

2.2.2.1 ALIASES: It is possible to have multiple variables that have the
same address. When more than one variable can be used to access the
same memory location, the names are called aliases.

o A hindrance to readability because it allows a variable 10 have 1s
value changed by an assignment to a ditferent variable.

o For example

The variables total and sum are aliases. any change to total also
changes sum and vice versa. A reader of the program must
always remember that total and sum are different names for the
same memory cell. There can be any number of aliases in a
program; this is very difticult in practice.

o Aliasing also makes program verification more ditticult.

O Aliases can be created in programs in several different ways.
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o Aliases can be created using the data structures in soine

programming languages, for example, the unions types of € &
Cte

o The variable's names are aliases. This and other characteristics of

pointers and references,

o Aliasing can be created in many languages through programming
parameters.

o The time when a variable becomes associated with an address 15
very important to an understanding of programming languages.

2.2.3 TYPE: The type of a variable determines the range of values the variable
can have and the set of operations that are defined for values of the type.
For example the int type in java specifies a value range ol range -
2147483648 to 2147483647, and arithmetic operations for additions for
addition, subtraction, multiplication. division, and modulus.

2.2.4 VALUE: The value of a variable is the contents of the memory cell or cells
associated with the variable. It is convenient to think of computer memory
in terms of abstract cells, rather than physical cells. The physical cells, or
individually addressable units, of most contemporary computer memories
are byte-sized, with a byte usually being 8 bits of length. The size is too
small for most program variables. We define an abstract memory cell 1o
have the size required by the variable with which it is associated. For
example, although floating-point values may occupy four physical bytes in
a particular implementation of a particular language. we think of a floating
point value as occupying a single abstract memory cell.

2.3 CONCEPT OF BINDING: In a general sense, a binding is an association, such
as between an attribute and an entity or between an operation and a symbol. The
time at which a binding takes place is called binding time. Binding times are
prominent concepts in the semantics of programming languages. Bindings can take
place at language design time, language implementation time, compile time. load
time, link time, or run time.

» For example,

The asterisk symbol (*) is usually bound to the multiplication
operation at language design time.

» A data type, such as int in C, is bounded to a range of possible values al
language implementation time.

» At compile time, a variable in a java program is bound to a particular data
type.

MVR COLLEGE OF ENGINEERING AND TECHNOLOGY
DEPT OF COMPUTER SCIENCE ENGINEERING

Scanned by CamScanner



» A variable may be bounded to a storage cell when the program is loaded
into memory.

» Consider the following C assignment statement, whose variable count has
been defined as shown:

int count:
count = count + 5;

Some of the bindings and their binding times for the parts of this
assignment statement are as follows:

o The type of count is bound at compile time.

e The set of possible values of count is bound at compile design
time.

o The meaning of the operator symbol + is bound at acompile
time, when the types of its operands have been determined.

e The internal representation of the literal 5 is bound at compiler
design time.

e The value of count is bound at execution time with this
statement.

A complete understanding of the binding times for the attributes of
program entities is a prerequisite for understanding the semantics
of a programming language.

2.3.1 Binding of Attributes to Variables

e A binding is static if it first occurs before run time and remains
unchanged throughout program execution.

e The binding first occurs during run time or can change in the course
of program execution, it is called dynamic.

e The physical binding of a variable to a storage cell in a virtual
memory environment is complex, because the page or segment of
the address space in which the cell resides may be moved in and out
of memory many times during the program execution.

2.3.2 Type Bindings
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Before a variable can be referenced in a program. it must be bound to @
data type. The two important aspects of this binding are how the type is
specified and when the binding takes place. Types can be specitied
some form of explicit or implicit declaration.

2.3.2.1 Variable Declarations

An explicit declaration is a statement in a program that lists
variable names and specifies that they are a particular type. An implicit
declaration is a means of associating variables with types through
default conversions instead of declaration statements. Both explicit and
implicit declarations create static bindings to types.

* Most of the programming languages designed since the mid-
1960s require explicit declarations of all variables ( Perl.
JavaScript, and ML are three exceptions).

o Several widely used languages whose initial designs
were done before the late 1960s. notably Fortran. PL L
and basic declarations.

o The implicit declarations can be detrimental 1o
reliability because they prevent the compilation process
from detecting some typographical and programmer
errors.

= In C and C++ one must sometimes distinguish between
declarations and definitions. Declarations specify types and
their attributes but do not cause allocations of storage.

s This idea carries over to the functions in C and C++. where
prototypes declare names and interfaces. but not the code
functions. Functions definitions, on the other hand. are
complete.

2.3.2.2Dynamic Type Binding

Scanned by CamScanner

Dynamic type binding, the type is not specified by a declaration
statement, nor can it be determined by the spelling of its name

% The variable is bound to a type when it is assigned a value in an
assignment statement.

¢ The assignment statement is executed: the variable being
assigned is bound to the type of the value of the expression on
the right side of the assignment.
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& Languages in which types are dynamically bound are
dramatically different from those in which types are statically
bound.

% The dynamic binding of variables to types is that it provides a
great deal of programming flexibility.

& For example. A program to process a list of numeric data in a
language that uses the dynamic type binding can be written as
a generic program, meaning that it is capable of dealing with
data of any numeric type.

9,

< Whatever type data is input will be acceptable. because the
variables in which the data is to be stored can be bound to the
correct type when the data is assigned to the variables after
input.

& In JavaScript and PHP, the binding of a variable to a type IS
dynamic. For example, a JavaScript may contain the following
statement

list = [10.2, 3.51]

& There are two disadvantages of dynamic type binding. First, the
error detection capability of the compiler is diminished relative
to a compiler for a language with static type bindings. because
any variable can be assigned a value of any type.

2.3.2.3 Type Inference

» Meta language is a language that supports both functional and
imperative programming. ML employs an interesting type
inference mechanism, in which the types of most expressions
can be determined without requiring the programmer to specify
the types of the variables.

» fun circumf(r) = 3.14159 *r * r;

specifies a function that takes a floating-point argument and

produces a floating-point results. The types are inferred from the type
of the constant in the expression.

» fun times10(x) = 10*x:

the argument and functional value are inferred 1o be of type int

» fun square(X) = X * X:
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ML determines the type of both the parameter and the return value
from the * operator in the function definition. Because this is an
arithmetic operator, the type of the parameter and the function are
assumed to be numeric. In ML, the default numeric type to be int. So.
it is inferred that type of the parameter and return value of the square
is int.

» Type inference is also used in the purely functional language.

2.3.3 Storage Bindings and Lifetime

The fundamental character of an imperative programming language 15 in
large part determined by the design of the storage bindings for its variables

The memory cell to which a variable is bound somehow must be
taken from a pool of variable memory. This process is called
allocation.

Deallocation is the process of placing a memory cell that has been
unbound from a variable back into the pool of available memory.

The lifetime of a variable is the time during which the variable is
bound to a specific memory location,

The lifetime of available begins when it is bound to a specific cell
and ends when it is unbound from that cell.

We call these categories static. stack-dynamic. explicit heap-
dynamic. and implicit heap-dynamic.

2.3.3.1Static Variables

Static variables are those that are bound to memory cells before
program execution begins and remain bound to those same memory
cells until program execution terminates.

* Globally accessible variables are often used throughout the
execution of a program. thus making it necessary to have them
bound to the same storage during that execution

*  Advantage of static variables is efficiency
static variables can be direct; other kinds ot variables often
require indirect addressing, which is slower.

* One disadvantage of static binding to storage is reduced
flexibility: in particular, in a language that has only variables
that are statically bound to storage. recursive stibpmgrams
cannot be supported.
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* (C and C++ allow programmers to include the static specifier on
a variable definition in a function, making the variables it

defines static.

® Note that when the static modifier appears in the declaration of a
variable in a class definition in C++, Java, and C#.

2.3.3.2 Stack-dynamic Variables

Stack-dynamic Variables are those whose storage bindings are
created when their declaration statements are elaborated. but whose
types are statically bound.

¢ Elaboration of such a declaration refers to the storage
allocation and binding process indicated by the declaration.
which takes place when execution reaches the code to which
the declaration is attached.

“* For example, the variable declarations that appear at the
beginning of a variables defined by those declarations are
deallocated when the method completes its execution.

% Their name indicates, stack-dynamic are allocated from the
run-time stack.
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