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B.Tech.

Fourth Semester Examination
Programming L anguages (CE-204+F)

Short Answer Type Questions

Q. 1. {a) Define data object.

Ans. A data object represents a container for data values, a place where data values may be stored and
later retrievéd. A data object is characterized by a set of attributes, the most important of which is its data type.
The attributes determine the number and tvpe of values that the dats object may contain and also determine the
logical organisation of those values.

Q). 1. (b) Write a short notc on need of translator.

Ans. The general term translator denotes any language processor that accepts programs in some source
language (which may be high or low level) as input and produces functionally equivalent programs in another
object language (which may also be high or low level) as output.

Q. 1. (c) What is information hiding?

Ans. Information hiding is the term used fog a central principle in the design of programmer—defined
abstraction, Each such program component should hide as a much information as possible from the users of the
component, Thus, the language provided square-root function is a successful abstract operation because it
hides the details of the number representation and the square-root computation algorithm from the user,

(). 1. (d) Define the term type definitions.

Ans. In defining a complete new abstract data type, some mechanism is required for definition of a class
of data objects. In languages such as C, Pascal and Ada, this mechanisni is termed as type definition but a type
definition does not define a complete abstract data type because it does not include definition of the operations
on data of that type.

Q. 1. (e) What is heap storage management?

Ans, Heap storage management is a block of storage within which pieces are allocated and freed in some
relatively unstructured manner. In heap storage management, storage allocation, recovery, compaction and
reuse may be severe, There is no single heap storage management technique, but rather a collection of tech-
nigues for handling various aspects of managing this memory.

€. 1. (f) What are procedural languages?

Ans. Procedural languages consists of a series of procedures (or subprograms or functions or subrou-
tines) that cxecute when called. Each procedure consists of a sequence of statements, where each statement
manipulates data that may eitier be local to the procedure, a parameter passed in from the calling procedure or
defined plobally.

Q. 1. (g) Define Recursive Subprograms.,

Ans. Recursion, in the form of recursive subprograms calls, is une of the most important sequence-
control structures in programming. Many algorithms are most naturally represented using recursion, In LISP,
where list structures are the primary data structure available, recursion is the primary control mechanism fur
repeating of sequences of statements, replacing the iteration of most other languages,

(). 1. {h) Write a short note on dynamic scope. /

Ans. The dvnamic scone of an association for an identifier. is the set of subnrogram activations in which
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the association is visible during execution, The dynamic scope of an association always includes the subpro-
sram activation in which that association is created as pan of local environment. It may also be visible as a
non-local association in other subprogram activation,

). 1. (i) Define the concept of block structure.

Ans, The concept of block structure as found in block structured languages such as Pascal, PL/ and Ada
deserves special mention. Block structured languages have a characteristic program structure and associated
set of static scope rules. The concepts originated in the language ALGOL 60, one of the most important early
languages and because of their elegance and effect on implementation =fficiency, they have been adopted in
other languages.

Q. 1. {j} Define character string,

Ans. A character string is a data object composed of a sequence of characters. A character siring data type
is important in most languages, owing in part to the use of character representations of data for input and
output,

Q. 2. What are the characteristics of a good programming language?

Ans, There are various factors, why the programmers prefer one language over another. Some of the
important reasons for a good programming language are given as follows

(i) Clearity, Simplicity and Unity : A programming language provides both a conceptual framework for
thinking about algarithm and a means of exoressing these algorithms. The language should be an aid to the
procrammer long before the actual coding stage. It should provide a clear, simple and unified set of concepts
that can be used as primitives in developing algorithm.

(i) Orthogonality : The term orthogonality refers to the attribute of being able to combine various
features of a language in all possible combinations, with every combination being meaningful.

(iii) Support for Abstraction ;: Even with the mest natural programming language for an application,
there is always a substantial gap remaining between the abstract data structure and operations that characterize
the solution to a problem and the particular primitive data structure and eperations built inte o language.

(iv) Ease of Progran Verification : The reusability of programs written in a language is always a central
concern, There are many techniques for verifying that a program correctly performs its required functivn. A
program may be proven correct by a formal verification method, it may be proven correct by desk checking, it
may be tested by executing it with test input data and checking the output results against the specilications etc.

(v) Programming Environment : The technical structure of a programming language is only one aspect
affecting its utility. The presence of an appropriale programming environment may make a technically week
language easier 1o week with than a stronger language that has little external support. A long list of factors
might be included as part of the programming environment.

(vi) Portability of Programs : One important criterion for many programming projects is that of the
transportability of the resulting programs from the computer on which they are developed to other computer
system. A language that is widely available and whose definition is independent of the features of a particular
machine forms a useful base for the production of transportable progiams.

. 2. (b) What is general syntactic eriteria of 2 programming language?

Aus. The primary purpose of a syntax is te provide a rotation lor communication between the program-
mer and the programiming language processor. The choice of particular syntactic structures, however is con-
strained only stightly by the necessity to communicate particular iems of information.

There are many secondary criteria, but they may be roughly categorized under the general goals of
making programs eusy to read, easy to write, easy to translate end unambiguous. Some of the ways that
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fanguage syntactic structure may be designed ro satisfy these criteria are given as follows :

(i) Readability : A program is readable if the underlying structure of algorithm and data represented by
the program is apparent from an inspection of the program text. A readable program is often said to be sell-
documenting it is understandable without any separate documentation.

{1i) Writcahility : The syntactic feature that make a program easy to write are often is conflict with those
teatures that make i easy to read. Writeability is enhanced by use of concise and regular syntactic structures,
while for readability a variety of more "verbose" constructs are helpful. C unfortunately has the atiribute of
providing for very concise programs that are hard to read, although it does have a full complement of useful
leatures.

{iii} Ease of Verifinbility : Relates 1o readability and writeability is the concept of program correctness
or program verification, After many year of experience, we understand that while understanding each pro-
pramming language statement is relatively easy. the overal] process of creating correct program is extremely
difficult. Therefore we need techmigues thar enable the program to be mathematically proven correct.

{iv) Ease of Translation : A conflicting goal is that of making programs easy to wranslate into executable
form. Readability and writeability are criteria directed to the needs of the human programmer. Ease of transac-
tion refates to the needs of the transtator that processes the wrillen program.

(v} Lack of Ambiguity : Ambiguity is a central problem in every lanzuage design. A language definition
ideally provide a unique meaning for every syntactic construct that a programmer may write. An ambiguous
construction allows two or more different interpretations.

Q. 3. (#) Explain implementation of elementary data types.

Ans. The implememtation of an elementary data tvpe consisis of a storage representation for duta objects
aned vitlues of that type, and a set of algorithims or procedures that define the operations of the tvpe i terms of
nanipulations of the storage representation.

Storage Representation : Storage for ¢lementary Jdata type is strongly influenced by the underlying
computer that will execute the program. For example. the storage representation for integer or real values is
almost always the integer or Aoating poin Sinary representation for numbers used in underlying hardware. The
reason for this choice is simple, 11 the hardware storage representation are used, then the basic operations on
data of that type may be implemented using the hardware provided operation. If the hardware storage repre-
sentations are not used. then the operations must be sofiware simulated, and the same operation will execute
ruch fess etliciency,

Linplementation of Operations : Euch operation defined for data object of a given type may be imple-
mented in one of three mam ways .

(i) Direetly as a Hardware Operation : For example, if integer are stored, using the hardware represen-
tation fur integers. then addition and subtcaction may be implemented using the arithmetic operations built into
the hardwaie,

(i) As a Procedure and Function Subprogram : For example, a square root operation is usually not
provided Jdircctly as a hardware operation. [t might be implemented as a square root subprogram that calcu-
lates the square root of its arzument. 1 Jata objects are not represented using a hardware-defined representa-
tion. then all operations must be softvare simulated, usually in the form of subprograms provided in a subpro-
gram libeary,

{iii} As an In-Line Code Sequence : As in-line code sequence is also a software implementation of the
operativn, but instead of using a very short subprogram, the operations in the sub-program are copied into
program at the point where the subprogram would otherwise have been invoked. For example, the absolute
vitlue Tunetion on nunber, defined by



Downloaded from http://studentsuvidha.in and http://studentsuvidha.in/forum

abs(x) = if x < 0 then —x else x

is usually implemented as an in-line code sequence :

{a) Fetch value of x from the memory.

(b) I x = 0. skip the next instruction,

(e} Set x=-x.

{d1 Store new value of x in memory.

Where each line is implemented by a single hardware operation.

(). 3. (b) Explain the concept of assignment and initialization.

Ans. Most of the operations for the common elementary data types, in particular numbers, enumerations,
booleans & characters. take one or two argument data objects of the type, perform a relatively simple arith-
metic, velational or other operation, and produce a result data object, which may be of the same or different
type. The operation of assignment, however, is somewhat more subtle and deserves special mention.

Assignment is the basic operation flux checking the binding of a value to a data object. This change,
however is a side effect of the operation. In some language such as C & LISP. assignment also 'return a value'
which is a data object containing a copy of the value assigned. There faciors become clear when we try to write
a specification flux assignment. In Pascal the specification for assignment of integer would be ;

assignment (=) integer, = integery — void

With the action : Set the values contained in data object integer | to be a copy of the value contained in
data object integer, and return no explicit result. {The change to integer; is an implicit result or side effect). In
C, the specilication is :

assignment (=) : integer; = integery — integery
With the Action : Set the values contained in data object integer | to be a copy of the value contained in

duta object integer 5 and also create and return a new data object integers, containing a copy of the new value

of integer 2.

Initialization : An uninitialized variable, as more generally an uninitialized data object, is a data object
that has been created but not yet assigned a value. Creation of o data object ordinarily involves ouly allocation
of a hlock of storage. Without any further action, the block of storage retains whatever hit pattern it happened
to contain when the allocation was made. An explicit assignment is ordinarily requited to bind a data object to
valid value. In some languages (e.g., Pascal) initialization must be done explicitly with assignment statemens.
In the languages (e.g., APL) initial value for each data object must be specified when the object is created, the
assignment of initial values is handled implicitly without use of the assignment operation by the programmer.

€. 3. (c) Explain the concept of Boolean & characters.

Ans, Most languages provide a data type for representing true and false, usvally called 3 Boolean or
togical data type.

The Boolean data type consists of data objects having one of two values, true or false. In Pascal and Ada,
the Boolean data type is considered simply a language defined emumeration ;

type Boalean = (false, true);
Which both defines the name true and false for the values of the type and defines the ordering false < true.
The most conimon operation on Boolean type include assignment as well as :
and ; Boulean » Boolean — Boolean {(conjunction)

or - Boolean ¥ Boolean — Boolean (inclusive disiunction)
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not : Boolean — Boolean (negative or complement)

Other Boolean operations such as equivalence, exclusive or implication, nand (not-and) and nor (not-or}
are sometimes included.

The storage representation face Boolean data object is a single bit of storage, provides no descriptor
designating the data type is needed. Because single bits may not be separately addresszble in memory.

Characters : Most data are input and output in character form. Conversion during input and output to
other data types is usually provided, but processing of some data directly in character form is also important.
Sequence of characters (character strings) are often processed as a unit. Provision for character—string data
may be provided either directly through a character-string data type (as in ML and Prolog) or through a char-
acter data type, with a character string considered as a linear array of characters (as in C, Pascal and Ada).

Specification : A character data type provides data objects that have a single character as their value. The
set of possible character values is usually taken to be a language-defined enumeration corresponding to the
standard character sets supported by the underlying hardware and operating system, such as the ASCI| charac-
ter set. !

Q. 4. (a) Write the specification of structured data type.

Ans, The major attributes for specilying structured data type are given as follows ;

(i) Number of Components : A data structure may be of fixed size if the no. of components is invariant
during its lifetime. as the variable size if the number of components changes dynamically. Variable size data
structure types usually define operations that insert and delete components from structure. Array and records
are common examples of fixed size data structure types; stacks, list, sets, tables and files are example of
variable-size types.

(ii) Type of Each Component ; A data structure is homogeneous if all its components are of the same
type. It is helerogeneous if the components are of different types. Array, character strings, sets and files are
usually homogeneous; records and lists are usually heterogeneous.

(iii) Name to be Used for Selecting Components : A data structure type needs a selection mechanism
for identifying individual components of the data structure, For an array, the name of an individual component
may be an integer subscript or sequence of subscripts; for a table, the name may be a programmes-defined
identifier. Some data structure types such as stacks and filés allow access to only a particular component at any
time, but operations are provided to change the component that is currently accessible,

{iv) Maximum Number of Components : For a variable size data structure such as a character string as
stzck, a maximum size for the structure in terms of number of components may be specified.

{(v) Organisation of the Components : The most common organisation is a simple linear sequence of
components. Vectors {one-dimensional array), records, character strings, stacks, list and files are data structure
with this organisation. Array, record and list types, however, also usually are extended to multidimensional
forms : multi-dimensional array, records whese components are record and lists whose components are lists.
Thus, extended forms may be treated as separate types or simply as the basic sequential type in which the
components are themselves data structure of similar type. For example, A two dimensional array (matrix) may
be considered as a separate type (as in FORTRAN's A (i, j)), as a "vector of vectors"” (as in C's A[i] [j]), a vector
in which the components (the rows or columns) are themselves vectors,

Q. 4. (b) Discuss declaration and type checking for data structure.

Ans. The basic concepts and concerns surrcundings declarations and type checking for data structure are
similar to those discussed for elementary data objects, however, structures are ordinarily more complex be-
cause there are more attributes to specify.
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For example, the Pascal declaration at the beginning of a subprogram P,

Aarray [1....... 10, -5, .......5)] of real:
Specifies the following attributes of array A
(i}  Data type is an array.

{il}  Mumber of dimensions is two.

titi)  Subscripts naming the row are the integer from 1 to 10.

{iv)  Subscripts naming the columns are the integer from -5 to 5.

ivi  Mumber of components is 110 {10 rows = 11 enlumns)

Liaga type of each component is real.

Declaration of these attributes allow a sequential storage representation for A and the appropriate access-
ing formula for selecting and component A [i, j] of A to be determined at compile time.

Type checking is somewhat more complex data structure because component selection operations must
be taken into account, There are two main properties ;

(i) Existence of Selected Component : The arguments to a selection operation may be of right types but
the component designated may not exist in the data structure. For example, a subscripting operation that
selects a component from an array may receive a subscript that is "out of bounds” for the particular array i.e.,
that produces an invalid P-value for the array component. Thiw is not a type checking problem in itself, pro-
vided that the selection operation fails "gracefully” by noting the error and raising an exception, e.g., a "sub-
seript range error.”

{ii} Type of Selected Component : A selection sequence may define a complex path through a data
structure to the desired component. For example, the C

A12] |3]- = item

Seiects the contents of component named "item” in the record reached via the pointer contained in the
component named "link” of the record that is the component in row 2 and column 3 of array A, To perform
static type checking, it must be possible 1o determine at compile time the type of the component selected by
any valid composite selector of this sort. Static 1ype checking guarantees anly that if the component does exist,
then it is of the right type.

). 5. (2) What are Records? Define specification and syntax of records.

Ams. A data structure composed of a fixed number of componens of different types is usually termed as
records.

Specification & Syntax : Both records and vectors are forms of fixed length linear data structure but
records differ in bwo ways

(i} The components of records may be heterogeneous of mixed data types, rather than homogeneous.

(i) The components of records are named with symbolic names (identifiers) rather than indexed with

subscripts. The C symax for a record declaration {struct in C) is fairly typical.
struct_Employee type
{ int 10;
int age;
float SALARY;
char Dept;

; Employee:
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The declaration defines a record of type Employee Type consistency of four components of types integer,
imteger. real and character, with component names ID. Age. SALARY and Dept respectively. Emplovee is
dectared 1w be a variable of type Emplovee Type.

Tor select a component of the record, one write in C;

Employee 1D
Employee SALARY

" The atiributes of a record are seen n above declaration :

{1} The number of components,

ity The data tvpe of each component,

(il The selector used to name each component.

The component of a record often called ficlds and the component names than all the field names. Records
are sometimes called structures in C.

Component selection is the basic operation on a record, as in the selection Employee SALARY. This
aperations corresponds to the subscripting operation for arcays, but with one crucial difference. The "sub-
seript" here is always a literal component name © it is never a computed value,

Operations on entire records are usually few. Most commonly assignment of records of identical strue-
ture is provided, e.g..

struct Employee Type INPUTREC,

Employee = INPUT R EC
Where INPUT REC has the same attributes as Employee. The correspondence of component names
hetween records is also made the basis for assignment in COBOL and PL/ e.g.. in the COBOL,

(). 5. (b} Discuss the evaluation of the data Lype concepl.

Auns. Since actual computers ordinarily include no provision for defining and enforcing data type restric-
tions {o.g.. the hardware cannot tell the ditference berween a bit siring representing a real number, a bit string
representing a character, or a bit string representing an integer ), higher level languages provides a set of basic
duta types. such as real. imeger and character string. Type checking is provided to ensure that operations such
#s = o1 * are not applied to data of the wrong type. The early notion of data type defines a type as a set of values
that a variable might take on. Data types are asseciated direct]y with individual variables so that each declara-
tion naunes @ variable and define it rypes. It a program uses several arrays, each containing. 20 real numbers,
vach array is declored separately and the eative array description is repeated for each.

Pascal sround 1970, extended the concept 1o a general type definition applicable to o set of variables. A
e definition defines the structure of a data object of the defired type, a declaration requires only the variable
naie and the name of the type to be given,

During the early 1970 the concep: of data types was extended bevond just a set of data objects to also
include the set of operations that manipulate those data objects. For primitive types such as real and integer, a
tanguage provide a facility to declare variable of that type and a st of operations on real and integers that
represent the only way that real and integers can be imanipulated by the programmer. Thus, the storaze repre-
sentation of real and integers is effectively encapsulated; ez, it is hidden from the prozrammer.

The programmer may use real and integer data objects without knowing, or caring, exactly how they are
represented in storage. All the programmer sees is the name of the type and the list of operations available for
manipulating data objects of that type.
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0. 5. (c) Define encapsulation & information hiding.

Ans. The encapsulation is the inclusion within 2 program object of all the resources need for the object to
function basically. the methods and data. In OOP the encapsulation is mainly by creating classes, the classes
expase public methods and properties. The class is kind of a container or capsule or cell. which encapsulate the
st of methods, atribute and properties to provide its indented functionalities or other classes. 'n that sense,
encapsulation also allows a class to change its internal implementation without hurting the overall functioning
of the system. That idea of encapsulation is to hide how a class does it but to allow requesting what to do.

Student

* age :int

* name : string

*student{ ) : void
* Dolearn (object) : boolean

<oproperty=>
* Name { ) : siring

In order to modularize/define the functionality of a one ciass, the class can use function/properties ex-
posed by another class in many different ways, There are several other ways that are encapsulation can be used,
as an example we can tcke the usage of an interface. The interface can be vsed 1o hide the information of an
implemented class.

0. 6. {a) Define implicit and expliclst sequence control,
Ans, Sequence control structures may be conveniently categorized in three groups :

(i} Structure used in expressions (and thus within statements, since expressions form the basic build-
ing block for statements). such as precedence rules and parentheses;

(it} Structeres used between stalements or zroups of statements, such as conditional and iteration
statements and

{1} Structures wsed between subprograms, such as subprogram calls and coroutines.

This division is necessarily somewhat imprecise. Forexample, some languages such as LISP and APL,
have no statements, only expressions, ye! versions of the usual statement sequence-control mechanisms are
used.

Sequence, control structures may be either implicit or explicit. Imp'izit (or default) sequence control
structures are those delined by the language to be in effect unless modified by the programmer through some
eaplicit structure. For example, most languages defines the physical sequence of statements in a program as
controlling the sequence in which statements are executed unless modified by an explicit sequence-control
stateiment, within expression there is also commonly a lansuage-defined hierarchy of operations that controls
the order oF execution of the operations in the expression when parentheses are absent.

Explicit sequence-control structure are those that the programmer may optionally use to modify the
implicit sequence of operations defined by the language as e.2.. by using parentheses within expressions or
goto statements and statements labels,
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Q. 6. (b) What are local data and local referencing environmenis?

Ans. The local environment of a subprogram Q consists of the various identifiers declared in the head of
subprogram Q (but not Q itself). Variable names, formal paramciers name and subprogram names are the
concermn here. The subprogram names of interest are the name of subprograms that are defined locally within
{i.c., subprograms whose definition are nested within ().

For local environment, static and dynamic scope rules are easily made consistent. The static scope rule
specifies that a reference to an identifier X in the body of subprogram Q) is related to the local declaration fees
X in the head of subprogram Q). The dynamic scope rule specifies that a reference to X during execution of Q
refers to the association for X in the current activation of Q. To implement the static scope rule, the compiler
simply maintains a table of the local declarations for identifiers that appear in the head of Q and while compil-
ing the body of Q, it refers to this table first whenever the declaration of an identifier is required. Implementa-
tion of the dynamic scope rule may be done in two ways, and each gives a different semantics to local refer-
ENces.

Consider subprograms P, Q and R with a local variable X declared in Q in figure. Subprogram P calls Q
which in turn calls R, which later returns controls to Q, which completes its execution and returns control to P.

procedure R;
end,
procedure Q; |
var X : integer ; = 30; —initial value of X is 30
begin
write (X} — print value of X
R: - all subprogram R
X:i=X+1 —increment value of X
write (X) -print value of X again
end;
procedure P,
o ~Call subprogram (),
end;

(. 7. (a) Write the concepis of names & referencing environments.

Ans. There are basically any two ways that a data object can be made available as an operand for an
operation.

(i) Direct Transmission : A data object computed at one point as the result of an operation may be
directly transmitte] to another operation as an operand as for example : the result of the multiplication 2=Z is
transmitted directly to the addition operation as an operand in the statement X : = Y -+ 2 »Z. In this case, the
data object is allocated storage temporarily during its life time and may never be given a name,
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Referring Through a Named Data Object : A data object may be given a name, when it is created, and
the name may then be used to designate it as an operand of an operation, Alternatively the data object may be
made a component of another data object that has a name so that the name of a larger data object may be used
topether with a selection operation to designate the data object as an operand.

Direct transmission is used for data control within expressions, but most data control outside of expres-
sions involves the use of names and the referencing of names. The problem of the meaning of names forms the
cenral concerns in data control.

_Programs Funetions that May be Named : Each language differs, but some general categories seen in
many languages are :

(i) Variable names

(it} Formal paranieter name

(itiy  Subprogram names

{iv} Name for defined types

(v) Mames for defined constants

(vi)  Statement labels

(vii) Exception names

(viii} Mame for primitive operations e.g., +, *, SQRT

{ix}  MName for literal constants ez, 17, 3, 25,

Q. 7. (b) Write and discuss sequencing out arithmetic expressions.

Ans. Consider the formula for computing roots of the quadratic equation :

BB -4xAxC

fout = 2% A

This apparently simple formula actually involves at least |5 separate operations. Coded in a typical
assembly or machine language it would require at least 15 instruments one probably for more. Moreover, the
programmer would have to provide storage for and keep track of each of the several intermediate results
generated and would also have to worry about optimization. Can the two references to the value of B and of A
be combined, in what order should be operation be performed to minimize temporary storage and make best
use of the hardware, and so on? In a high level language such as FORTRAN, however, the formula for one of
the roots can be coded as a single expression almost directly ;

Root =(~B+SQRT(B**2-4*A*C))/(2* A)

The notation is compact and natural, and the language processor rather than the programmer concemns
itself with tempaorary storage and optimization. [t seems fair to say that the availability of expressions in high
level languages is one of their major advantages over machine and assembly language. Expressions are a
powerful and natural device for representing sequences of operations, yet they raise new problems? Take the
FORTRAN expression for the gh_:adratic formula,
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The representation of quadratic formula are given as follow :

[Tree represeniation of quadratic form]
Q. 7. (c} Deline static and dynamic scope.

Ans.

Procedure. Big 15
X ! Integer;
procedure sub | is
begin — ~ of sub |
N,

end: - - of sub |
procedure sub 2 s
X Integer:

begin - — of sub 2

é;lt-l; ——of sub 2
begin —— of Big

end; - - of Big.

The scope of a variable is the range of statements in which the variable is visible, A variable is visible in
o statement iF it can be referenced in that statement. There are of two types of scope-static & dynamic scope.

Static Scope : The method of binding pames to non-local variables, called static scoping, static scoping
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is so named because the scope of a variable can be statically determined: that is, prior to execution, There are
wo categories of static-scoped languages | those in which sub-programs can be nested. which creates nested
static scopes. and those in which subprograms cannot be nested. In this later, category, staiic scopes are also
created by subprograms but nested scopes are created only by nested class definitions and blocks.

Ada, Java-Script and PHP allow nested sub-programs, but the C-based language do not. A static-scoped
Innguaaes finds a reference to a variable. the attributes of the variable can be determined by 'indin_g the state-
ment in which it is declared.

Dynamic Scope : The scope of variables in APL, SNOBOL4 and the early versions of LISP is dynamic.
Perl and COMMOMN LISP also allow variables to be declared to have dynamic scope, although these languages
also use static scoping. Dvnamic scoping is based on the calling sequence of sub-programs, not on their spatial
relationship to each other. Thus, the scope can be determined only at run time.

Consider the procedure : Assume that dynamic scoping rules apply to non-local ra:i' erences. The mean-
ing of the identifier X referenced in sub [ in dynamic—it cannot be determined at compile time. It may refer-
ence the variable from either declaration of X. depending on the calling sequence.

Q. 8. (a¢) What are major run-time elements requiring storage?

Ans. The programmer tends to view storage management largely in terms of storage of data and trans-
lated programs. However run-time storage management encompasses many other areas. Some such as return
points for subprograms have been touched on, other have not yet been mentioned explicitly.

The major program and data elements requiring storage during program execution are given as follows :

(i} Code Scgments for Translated User Programs : A major block of storage in any system must be
allocated 10 siore the code segments representing the translated form of user programs.

{ii) Svstem Run-Time Programs : Another substantial block of storage during execution must be allo-
cated to system programs that support the execution of the user programs. These may range from simple
library routines. such as sine, cosine or print-string functions, to software interpreters or translators present
during execution,

{iit) User-Defined Data Structure and Constants : Space for user data must be allocated for all data
structure declared in or created by user programs including constants.

{iv) Subprogram Return Points : Subprograms have the property that they may be involved from
different-points in a program. Therefore, intermally generated sequence control information, such as subpro-
gram retum points, corouting resume points or event notices for scheduled subprograms, must be allocated
storage.

(v} Referencing Environments : Storage of referencing environments (identifier, associations) during
execution may require substantial space.

{vi) lnput Output Buffers : Ordinarily input and output operations work through buffers, which serve as
temporary storage areas where data are stored between the time of the actual physical transfer of the data to or
form external storage and the program-initiated input and output operations. Often hundreds of memory loca-
tions must be reserved for these buffers during execution,

(vii) Miscellaneous System Data : In almost every langzuage implementation, storage is required for
various system data : tables, status information for input-output and various miscellaneous pieces of state
information.

). 8. (b) Explain the concept of static-storage manapement

Ans. The simplest form of allocation is static allocation, allocation during translation that remains fixed
throughout execution. Ordinarily storage for the code seginenss of user and system programs is allocated
statically, as is storage for 140 buffers and various miscellan:zous system data. Static allocation requires no run

/
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time storage management software and of course. there is no concern for recovery and reuse.

in the usual FORTRAN implementation, all storage is allocated statically. Each subprogram is compiled
separately. with the compiles setting up the code segment {including an activation record) containing the
compiled program, its data areas. temporaries, return point location and miscellaneous items of system data.
The loader allocates space in memory for these compiled blocks at load time, as well as space for system run-
time routines. During program execution no storage management need take place.

Static storage allocation is efficient because no time or space is expended for storage management during
execution. The translator can generate the direct |-value addresses for all data items. However, it is incompat-
ible with recursive subprogram calls, with data structure whose size is dependent on computed or input data,
and with many other desirable language feature. For many programs, static allocation is quite satisfactory. Two
of the most widely used programining languages, FORTRAN and COBOL, are designed for static storage
allocation and lanpuages like C, which have dynamic storage, also permit static data to be created for efficient
execution,

0. 9. (a) Deline Stack-based storage management?

Ans. The simplest run time storage management technique is the static. Free storage at the start of execu-
tion is se1 up as a sequential block in memory. As storage is allocated, it is taken from sequential locations in
this stack block beginning at one end, Storage must be freed in the reverse order of allocation so that a block
of storage being freed is always at the top of the stack.

.
"
. .
Subprogram code . Static
_ z sepments and system »* storage
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Asingle stack pointer is all that is necded to control storage management, The stack pointer alway= points
to the top of the stack, the next available word of free storage in the stack block. All storage in use lica in the
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stack below the location pointed to by the stack pointer. All free storage lies above the pointer. When a block
of K Incations is freed. the pointer is moved back K locations. Compaction occurs automatically as part of
freeing storage. Freeing a block of storage automatically recovers the freed storage and makes it available for
reuse.

Most Pascal implementations are built around a single central stack of activation records for subpro-
grams together with a stetically allocated area containi=2 system program and subprogram code segments. The
structure of a typical activation record for a Pascal subprogram is shown in figure (a) :

The activation record contains all the variables items of information associatad with a given subprogram
activation. Figore (b) shows a typical memory organisation during Pascal execution.

Q. 9. (b) Explain heap storage management concepts in detail,

Ans. A heap is a block of storage within which pieces are allocated and freed in some relatively unstruc-
tured manner. Here the problems of storage allocation, recovery, compaction and reuse may be severe. There
is no single heap storage management technique, but rather a collection of techniques for handling various
aspects of managing this memaory.

The need for heap storage arise when a language permits storage 1o be allocated and freed at arbitrary
points during program execution, as when a language allows creation, destruction or extension of programmer
data structures at arbitrary program points.
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fu) Initial free-space list fh) Free space after execution

Assume that each fixed-size element that is allocated from the heap and late - recovered occupies N
words of memory. Typically N might be 1 or 2. Assuming the heap vecupies a contiguous block of memory, we
conceptually divide the heap block into a sequence of K elements, each N words long, such that K = K is the
size of heap. Whenever an element is needed, one of these is allocated from the heap. Whenever an element is
freed, it must be one of these original heap elements
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Figure (a) illustrates such an initial free space list as well as the list after allocation and fresing of a
number of elements.

0. 9. {¢) What is the difference between procedural languages and non-procedural languages?

Ans. Procedural Lanpuage : Procedural programming can sometimes be used as a synonym for impera-
tive programming {specifiving the steps the programs must take to reach the desired state). Programmers writ-
ing in such language must develop a proper order of actions in order ta solve the problem, based on a knowi-
edge of data processing and programming.

Non-Procedural Languages : A computer language that does not require writing traditional program-
ming logic. Also known as a "declarative language, users concentrate on defining the input and output rather
than the prosram steps required in a procedural language.

The following data base example show procedural and non-procedural ways a list of file. Procedur=l and
non-procedural languages are also considered third and fourth generation languages

Procedural (3GL) Non-Procedurat (4GL)
USE FILE X USEFILE X
DO WHILE. NOT.EOF LIST NAME, AMOUN DUE.
THAME, AMOUN DUE
SKIP
EnD DO
Example ;

Provedural Languages @ C-++, COBOL or Visual Basic etc.

MNon-Procedural Language : Query languages, report wrifers, interactive database programs, spread-
sheets e,



