
UNIT I 

 

Evolution of Major Programming Languages 

 In the evolution, we learn about the details of each language and the contribution 

of the language. 

Zuese‟s Plankalkul 

 This is the first programming language developed in 1945, but never implemented. 

But it was not published until 1972. 

 The German Scientist Konrad Zuse, built a series of computers, which was all 

destroyed except, the latest model Z4.  

 Zuse developed a language for computation and named it “Plankalkul” means 

Program Calculus. 

The following are the features of Plankalkul  

 It was the most advanced features in the area of data structures. 

 The simplest data type in palkalkul was single bit. From this integer, floating point 

data types were built. 

 It includes arrays and records. The records could include nested records. 

 It has no goto, instead command called “fin” is used. 

 It include selection statement, but it did not allow an else clause. 

 Each statement consists of either two o thee lines of code in Plankalkul. 

Example: - Assignment statement 

  | A+1 => A 

        V | 4     5 

         S  | 1 . n      1. n 

 Which assigns the value of the expression A[4]+1 illustrates this notation. 

The row labeled V is for subscripts; and the row labeled S is for the data types 

Minimal Hadware Pogramming: Pseudocode 

 The computer during late 1940‟s and early 1950‟s were slow, unreliable, 

expensive and have very small memories and are difficult to programs because of 

the lack of supporting software. 



 There were no high-level programming languages even assembly languages, so 

programming was done in machine code, which is tedious and error-prone and 

makes programs very difficult to read. 

 “Absolute addressing” makes very difficult for programs to modify.  

 These problems with all machine languages were the primary motivation for 

inventing assemblers and assembly languages. 

Short Code: 

 A new programming language developed by John Mauchly in 1949 and originally 

known as Brief Code. for the BINAC computer. 

 In the following year Schmitt implemented a new version of Brief Code for the 

UNIVAC I where it was now known as Short Code (also Short Order Code). 

 Short Code was not translated to machine code rather; it was implemented with 

pure interpreter. 

 Short Code statements represented mathematic expressions rather than a machine 

instruction. Also known as an automatic programming. 

01      - 06      abs value ln       (n+2)nd power 

 02     ) 07      + 2n      (n+2)nd root 

03      = 08       pause 4n      if < = n 

04      / 09       ( 58      print and tab 

 

Example: X0 = SQRT (ABS (Y0)) 

      00 X0 03 20 09 06 09 Y0 02 02 

Where X0 and Y0 are variables 

 Short code interpretation was approximately fifty times slower than machine code. 

Speed Coding 

 It was developed by John Backus for the IBM 701 in 1954. 

 It includes four arithmetic operations on floating point data as well as square root, 

sine, arc tangent, exponent and logarithm. 

 It includes conditional and unconditional branches. 

 

The UNIVAC “compiling” System 

https://en.wikipedia.org/wiki/John_Mauchly
https://en.wikipedia.org/wiki/BINAC
https://en.wikipedia.org/wiki/UNIVAC_I


 Between 1954 and 1953, a team led by Grace Hopper at UNIVAC developed a 

series of “compiling” systems named A-0, A-1, and A-2 that expanded a 

pseudocode into machine code subprograms. 

The IBM 704 and FORTRAN 

 Greatest advance came in computing, with the introduction of IBM 704 in 1954. It 

capabilities leads to the development of FORTRAN 

Historical Background 

 In late 1940‟s and early 1950‟s every operation which is a very time consuming 

process. So much processing time was spend on addressing and interpretation.  

 FORTRAN is the first compiled high-level language in which autocode compiler 

was developed in Nov, 1954 John Backus and his group at IBM the first version of 

FORTRAN and the report entitled “The IBM Mathematical FORmula 

TRANslating System” referred to as FORTRAN 0 

 FORTRAN would eliminate coding errors and the debugging errors. 

FORTRAN I Overview 

  FORTRAN I include input/output formatting, variable names upto six 

characters(just 2 in F0)  

 It includes user defined subroutines, if selection statement and the Do loop 

statement. 

 All FORTRAN I control statements were based on 704 instructions. 

 There are no data-typing statements; instead variables whose names began with I, 

J, K, L, M, and N are implicitly integer type, and all others were implicitly 

floating-point type. 

If ( arithmetic expression) N1, N2, N3 

 Where N1, N2, and N3 are statement labels.  

If the values of the expression is negative, the branch is to N1; If zero, it is to N2; If 

greater than zero, to N3.  

 The form of the FORTRAN I iterative statement was 

Do N1 variable = first_value, last_value 

 Where N1 was the label of the last statement of the body of the loop, and the 

statement on the line following the Do was the first. 



FORTRAN II 

 It was introduced in 1958. 

 It Fixes a lot of the bugs in FORTRAN I and adds some significant features, such 

as, independent compilation of subroutines, which avoids entire program 

compilation if any change was made. 

FORTRAN IV, 77, 90, 95 and 2003 

 FORTRAN III, although developed, it was never a big success. 

 FORTRAN IV 

o It evolved during 1960-1962, most widely used programming languages 

and was standardized as FOTAN 66 

o It includes 

 Type declaration for variables. 

 Logical if construct. 

 Capability of passing subprograms as parameters to other 

subprograms. 

 FORTRAN 77 

o It introduced in 1978,which includes 

 Character sting handling. 

 Logical loop control statements. 

 If else clause. 

 FORTRAN 90 

o It introduced in 1992, it includes 

 Dynamic arrays 

 Records 

 Pointers 

 Multiple selection statements 

 Recursive calling 

 FORTRAN 65 

o It was introduced in 1997, it includes a new iteration construct „forall‟. 

 FORTRAN 2003 

o It includes 



 Parameterized derived types 

 Support for oop 

 Procedure pointers 

 Interoperability with c 

FUNCTIONAL PROGRAMMING: LISP 

 The first functional programming language list processing which grew out of the 

first applications in the area of artificial intelligence (AI). 

 The concept of list processing was introduced by Allen Newell, J.C. Shaw, and 

Herbert Simon. 

 IPL-I (Information Processing Language) developed to implement list processing 

but this was never used. IPL-II was developed none become popular for list 

processing. 

  In the mid 1950‟s IBM became interest in AI at that time FORTRAN –I compiler 

is under way and hence IBM attached list processing to processing to FORTRAN 

and designed “Fortran List Processing language (FLPL)”.  

 FLPL does not support recursion, conditional expression, dynamic storage 

allocation and deallocaiton.   

 M C Carthy developed a language of list processing called “LISP”, it includes 

dynamically allocated linked lists, deallacation. 

LISP Overview 

 There are only two kinds of data structures, atoms and lists. 

 Atoms are either symbols, which have the form of identifiers, or numeric literals. 

 Lists are specified by delimiting their elements with parenthesis. 

Simple list have the form 

(A B C D) 

Nested list structures are also specified by parenthesis. For example, the list 



(A (B C) D (E F))) 

 Internally lists are stored as linked list structures. 

 In which each node has two pointers 

o First pointer points to the symbol/numeric value. 

o Second pointer points to the next element of the list. 

(A B C D) 

 

 

(A (B C) D (E (F G))) 

 

 

 

Two decedents of LISP 

 Scheme 

 COMMON LISP 

THE FIRST STEP TOWARD SOPHISTICATION: ALGOL 60 

 ALGOL 60 has had a great influence on subsequent programming languages. 

 ALGOL 60 was the result of efforts to design a universal language for scientific 

applications. 

 FORTRAN became a reality in 1957, but it is solely owned by IBM. This resulted 

ALGOL 60. 

 



 

ALGOL 58 Overview  

 The language designed at Zurich meeting from May 27 to June 1, 1958, was 

named as International ALGOrithmic Language (IAL). The name was 

changed to ALGOL (ALGOrithmic Language). 

 Like FORTRAN, ALGOL 58 was not restricted to a particular machine and is 

made more flexible and powerful. 

 Many of the features in ALGOL 58 were derived from FORTRAN. 

 Identifiers were allowed to have any length 

 Any number of array dimensions was allowed 

 The lower bound of arrays could be specified by the programmer 

 Nested selection statements were allowed  

 ALGOL 58 acquired the assignment operator  

o variable : = expression 

ALGOL 60 Overview 

 ALGOL 60 is result of the modifications made to ALGOL 58 

 In 1960 Jan ALGOL Peter Naur proposed a new language ALGOL 60 

 Modifications done to ALGOL 58 are 

o Introduces the concept of block structure, which allows parts of programs 

to localized 

o Passing parameters by means of pass by value and pass by name are 

introduced 

o Procedures are allowed to be recursive 

o Stack-dynamic arrays are now allowed 

 ALGOL 60 was a big success and it remained as a sole language for 20 years. 

 Many imperative programming languages wee descendants ALGOL 60 they are 

PL/I, SIMULA 67, ALGOL 68, C, Pascal, Ada, C++ and Java. 



 

COMPUTERIZING BUSINESS RECORDS: COBOL 

 COBOL is a language for Business Applications. 

 The meeting held at Pentagon on May 28 and 29, 1959, developed a language CBL 

(Common Business Language). 

 The characteristics as follow: 

o It should use English as much as possible. 

o The language must be easy to use 

o The design should not be overly restricted. 

 The SRC (Short Range Committee) described a language called „COBOL 60‟.  

 It includes following features: 

o Constructs for macros,  

o Implementation of hierarchical data structures 

o It includes printing accounting generates reports.  

 Thee descendent languages are: FLOW-MATIC, AIMACO, and COMTRAN. 

THE BEGINNINGS OF TIME SHARING: BASIC 

 BASIC was very popular on micro computers in the late 1970‟s and early 1980‟s.  

 BASIC (Beginners All Purpose Symbolic Instruction Code) was designed by John 

Kemeny and Thomas Kurtz. 

 The reasons for its popularity is due to its two characteristics: 

 It is easy for beginners to learn 

 Can be implemented on computers with very small memory 

 Programs were typed in, complied, and run, in a sort of batch-oriented way. 

 Much of the design of BASIC came from FORTRAN, with some minor influence 

from the syntax of ALGOL 60. 

 



 

 EVERYTHING FOR EVERYBODY: PL/I 

   PL/I represents the first large-scale attempt to design a language that could be 

used for a broad spectrum of application areas, 

 Science 

 Business 

 PL/I was developed as an IBM product. 

 For scientific applications FORTRAN was the primary language. For business 

COBOL was the primary language. 

 It appears that for computing two separate computes and technical analysis 

supporting two very different programming languages needed.  

 This lead to the design of single universal computer that is capable fo doing both 

scientific and business application. This results to the first version of PL/I was 

originally named FORTRAN VI because the initial design was just an extension of 

FORTRAN IV. 

 Until 1965, the language was known as NPL (New Programming Language), late 

the name was changes as PL/I. 

 PL/I included the following features: 

 It includes all ALGOL 60 (recursion and block structure),  

 FORTRAN IV (separate compilation)  

 COBOL (data structures, input/output, and report generating facilities) 

 PL/I was the first language to have  

o Programs allowed to create concurrently executing tasks,  

o It was possible to detect and handle types of exceptions,  

o Subprograms allowed to be use recursively,  

o Pointers included as a data type 

 The problem with PL/I is its complexity due to its large size. 



 

TWO EARLY DYNAMIC LANGUAGES: APL AND SNOBOL 

 Neither of these languages are based on any previous language and neither had 

much influence on later languages.  

 The only similarity between APL and SNOBOL is there dynamic typing and 

dynamic storage allocation. 

 Variables in both languages are untyped. A variable acquires a type, when it 

assigned a value and storage is allocated to a variable only when it is assigned a 

value (using data type) 

 Origins and Characteristics of APL(A Programming Language) 

o Kenneth E Iverson designed APL in 1960. 

o It has many powerful operators in order to allow arrays to be manipulated. 

(Ф) Transpose. 

o APL is named as “throw-away” programming because programs can be 

written quickly and they ae discarded after being used, because they are 

difficult to maintain. 

 Origins and Characteristics of SNOBOL(String Oriented And Symbolic Language) 

 Designed by D.J. Farber, R.E. Griswold, and F.P. Polensky in the early 

1960‟s 

 It was designed specifically for text processing. 

 

THE BEGINNINGS OF DATA ABSTRACTION: SIMULA 67 

 Kristen Nygraad and Ole-Johan Dahl developed Simula I between 1962 and 1964. 

 It was designed exclusively for system simulation. 

 SIMULA 67 is an extension of ALGOL 60. 

 Here first data abstraction concept is introduced. 

ORTHOGONAL DESIGN: ALGOL 68 

 ALGOL 68 primary design criteria is orthogonality. 

 “User-defined data types” are the result of orthogonality. 



 ALGOL 68 provides a few primitive types and structures and allows the user to 

combine those primitives into structures. 

 ALGOL 68 introduced “Dynamic Arrays” whose declaration doesn‟t specify 

subscript bounds. These are called „flex arrays”.  

   

SOME IMPORTANT DESCENDANTS OF THE ALGOL‟S 

1. Pascal  

2. C 

3. Perl 

Pascal: Simplicity by Design 

 Designed by Niklaus Wirth in 1971 

 It is highly used for teaching programming; because of this it lacks some features, 

such as, 

 separate compilation 

 passing an array of variable length 

C: A Portable Systems Language  

 It is originally designed for systems programming by Dennis Ritchie in 1972. 

 A new typed language was developed based on „B‟ called „NB‟ late named as „C‟. 

 C was influenced by ALGOL 68 

1. for    2. switch statements   3. assignment operators   4. pointers   

 Because of its adequate control structures and data structuring facilities C is 

adaptive to many application areas. 

 A reason for both like and dislike of C is its lack of complete type checking. 

Perl 

 It was developed by Larry Wall. 

 Although it is still often called a scripting language, it is actually more similar to a 

imperative language. Since it is always compiled. 

 Perl is used for text processing for example extracting information from a text file 

and printing out a report or for converting a text file into another form. 

PROGRAMMING BASED ON LOGIC: PROLOG 



 Alain Colmerauer, Phillip Roussel, and Robert Kowalski developed the design of 

Prolog 

 Prolog language based on logic programming. 

 Prolog is done by the Prolog interpreter it was developed in 1972. 

 Prolog consists of collections of statements, but are very complex. 

 Prolog program consists of facts, rules and goals. 

Example: Facts: 

 students (charlie, cse135) // charlie studies cse135 

 students (jack, cse135) // jack studies cse135 

 teaches (oliv,cse135)  // oliv teaches cse135 

teaches (collin,cse131) // colon teaches cse135 

   Rules: 

 Professor(x,y) :- teaches(x,c), studies(y,c) 

 x is a professor to y if x teaches c and y studies c 

  Goals: 

 ? – studies (charlie,what) 

  what = cse135 

 ? – professor (oliv,students) 

  students = charlie and jack. 

 

HISTORY‟S LARGEST DESIGN EFFORT: ADA 

 Ada was originally developed for the Department of Defense in january, 1975. 

 There are four major features of the Ada language 

 Packages provide the means for encapsulation of data objects; 

specifications for data types and procedures. 

 It includes exception handling 

 It provides for concurrent execution of special program units and named 

tasks. 

 Runtime checking, conversions. 

COMBINING IMPERATIVE AND OBJECT-ORIENTED FEATURES: C++ 



 C++ uses C as a base  

 Modifications to C included the addition of function parameter type checking and 

conversion, and classes 

 Later the additions included derived classes, public/private access specifiers, 

constructor and destructor methods and friend classes 

 In 1981 inline functions, default parameters, and overloading of assignment 

operators are added. 

 With the above additions to C the resulting language was called “C with Classes”. 

In 1981, this language the name changed to C++ 

Language Overview 

 C++ provides a collection of predefined classes, along with the possibility of user-

defined classes 

 Operators in C++ may be overloaded, meaning that the user may create operators 

for existing operators 

 Dynamic Binding is provided by virtual class functions 

 It also includes exception handling. 

PROGRAMMING THE WORLD WIDE WEB: JAVA 

 Java was designed because there is no satisfactory neither with C nor with C++ for 

developing software. 

 C was small but doesn‟t support oop. C++ supports oop but it was too large and 

complex. 

 The fundamental goal of designing java is to provide greater simplicity and 

reliability. 

 It was developed in 1990 by Sun Microsystems. 

 In 1973, www became widely used. Java was found to be useful tool for „web 

programming‟.  

 It was developed by ‟James Goshling”. 



It includes following features: 

 Java employs both primitive types and classes 

  It does not have pointers. 

 All objects are allocated on heap 

 There is no record, union. 

 It includes synchronization by threads. 

 It includes type coercions. 

 Provides garbage collection 

 

Describing syntax and semantics 

The General Problem of Describing Syntax: 

A language is a string of characters over some alphabet. The string of a language 

are called “sentence” or “statement” The syntax rules of a language specify the structue of 

staments in a compute language. 

A lexeme is the lowest level syntactic unit of a language.  It includes identifiers, 

literals, operators, and special word. (e.g. *, sum, begin)  A program is strings of lexemes. 

These lexemes are divided into groups. Each goups are represented by a “name/token”. 

Example: i = 3 * c + 15; 

Lexemes Tokens 

i identifier 

= equal 

3 integer_literal 

* multiply_operator 

c identifier 

+ addition_operator 

15 integer_literal 

; semicolon 

 

Semantics: 

 It gives the meaning of those expression, statements and program units. 



Example : if (expression) <statement> 

 The semantic of above statement if (expression) is true then statement executed. 

The syntax and semantics are closely related, the semantics should follow syntax. 

In general, programming language can be formally defined in two distinct ways: 

by recognition and by generation. 

Language Recognizer: 

 Recognizers are machines. It accepts a language.  

 The machine takes a string as input and accepts the input. When it was run, and the 

machine stops at an accept state. Otherwise the input is rejected. 

Example: A language 'L‟ consists of a string of bits „0‟ and „1‟ as 1001. The set of states 

are represented as {A,B,C,D,E} and input symbols are {1,0} 

 

 

 

 

 

 

 

 

Language Generator: 

 A language generator is a device responsible for generating the sentence of a 

language. The language generator is also called the grammar which is used for describing 

the language syntax. 

Formal Methods of Describing syntax 

 Formal language generator mechanisms are usually called Grammars. Grammars 

are used to describe the syntax of programming languages. Two types of grammars are: 

Backus-Naur Form and Context – Free Grammar 

Context – Free Grammar 

 It was developed by Noam Chomsky in the mid 1950s.  

 CFG and Regular grammars are two types of grammas useful for describing the 

syntax of programming language. 



 The tokens of programming languages can be described by regular grammars. 

 CFG describes the syntax of whole programming language. 

 

Backus-Naur Form 

 BNF was invented by John Backus in 1959 used for describing syntax. 

Fundamentals 

1. BNF is a meta language used to describe another language. 

2. BNF, abstractions are used to represent in the syntactic structure. 

<assign> →  <var> : = <expression>  

LHS  -  abstraction being defined 

RHS  -  contains mixture of tokens, lexemes and non-terminals 

It is a collection of rules or production. 

3. An abstraction can have multiple definitions in RHS and can be written as a single 

rule separated by a | logical OR symbol 

<stmt> → <single_stmt>  | begin <stmt_list> end 

4. Lists are described using recursion. A rule is recursive if its LHS appears in its 

RHS. 

<ident_list> → ident | ident, <ident_list> 

Grammars and Derivations 

Grammars  

 Grammar id generated through a sequence of rules, beginning with a special non 

terminal called the start symbol 

<program> → <stmts> <stmts> → <stmt> | <stmt> ; <stmts> 

 <stmt> → <var> = <expr>  

<var> → a | b | c | d  

<expr> → <term> + <term> | <term> - <term>  

<term> → <var> | const  

Derivation 



  It is a repeated rules, starting with the start symbol and ending with a sentence (all 

terminal symbols). 

An example derivation for a simple statement a = b + const  

<program>  => <stmts>  

=> <stmt>                         

=> <var> = <expr>   

=> a = <expr>       

   => a = <term> + <term>                       

 => a = <var> + <term>                        

 => a = b + <term>                        

=> a = b + const 

 Every string of symbols in the derivation, including <program>, is a sentential 

form.  

 A sentence is a sentential form that has only terminal symbols. 

 A derivation may be neither leftmost nor rightmost. 

Parse Tree 

Hierarchical syntactic structures of the sentence of the language are called parse 

tress. 

Example :  A  = B  * (A+C) 

  <program>        
                      

     <stmts>          
                      

                       

      <stmt>          
                    

                     
             

<var>  =  <expr>   
                    

                     

a  <term>  +    <term>  
                      

                       

      <var>     const  
                      

                       

        b         
                      

 

 

 Every internal node of a parse tee is labeled with a non-terminal symbol; every leaf 

node is labeled with a terminal. 

Ambiguity 



• A grammar is ambiguous if it generates a sentential form that has two or more distinct 

parse trees.  

• Ex: Two distinct parse trees for the same sentence, const – const / const  

<expr> → <expr> <op> <expr> | const 

<op> → / | -  

 

 

 

 

 

 

 

 

 

 

The problem with ambiguity is the compiler chooses the code to be generated for a 

stamen by examining its parse tee. If a language structure has more than one parse tree, 

then meaning of a structure cannot be determined uniquely.  

Operator Precedence: 

 When an expression includes two different operators, the important issue is the 

order of evaluation of the two operators. 

Example:  x + y * z 

 It can be evaluated by assigning different precedence levels of operators. The 

operator in an arithmetic expression is generated lower in the parse tree can be used to 

indicate that it has higher precedence over an operator produced higher up in the tree. 

Example: A = B + C * A 

 

 

 

 

 



 

 

 

 

 

Associativity of Operators: 

 When an expression includes two operators that have the same precedence, we 

require “Associativity”. 

Example: A = B + C + A 

 The associativity can be left associativity or right associativity. When a grammar 

rule has LHS also appearing at beginning of its RHS, the rule is said to be left recursive. 

The left recursion specifies left associativity. 

<term> → <term> * <factor> 

A grammar rule is right recursive if the LHS appears at the right end of the RHS. 

The right recursion specifies right associativity. 

 <factor> → <term> * <factor> 

 

<assign> → <id> = <expr>  

<id> →   A | B | C 

 <expr> →  <expr> + <term> | <term>  

<term> → <term> * <factor> | <factor> 

 <factor> →  (<expr>) | <id>
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An Unambiguous Grammar 

An unambiguous grammar for which every valid string has a unique parse tree. 

Example: A = B + C * A 

 

 

 

 

 

 

 

 

 

Extended BNF 

 Because of minor inconveniences in BNF, it has been extended in several ways.  EBNF 

extensions do not enhance the descriptive powers of BNF; they only increase its readability and 

writability. 

1. Optional parts are placed in brackets ([ ]) 

<selection> → if(<expr>)<stmt>[else<stmt>] 

2. Put alternative parts of RHSs in parentheses and separate them with vertical bars (|, OR 

operator) 

<term> → <term> + <const > | <term> - <const > 

<term> → <term> (+/-) <const > 

3. Put repetitions (0 or more) in braces ({ }) 

<ident_list> → ident {, <ident_list>} 

Attribute Grammars 

 It is the special form of context-free grammar where some additional information 

(attributes) are appended to one or more of its non terminal. 

 Each attribute has domain of values, such as integer, float, character etc. 

Example :  E →  E + T {E.value = E.value + T.value} 
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 The right part of context-free grammar contains the semantics rules that specify how the 

grammar should be interpreted. 

 Here values of non terminals E and T are added and the result is copied to the non-

terminal E. 

 Semantic attributes assign values from the domain at the time of parsing and evaluate at 

the time of condition. 

Attributes are divided into: 

1. Synthesized attribute 

2. Inherited attribute 

Synthesized attribute: 

 The attributes gets values from the attribute values of their child nodes. 

Example : S  →  ABC 

 

S take values from its child nodes A,B,C then it is said to be synthesized attribute. 

Synthesized attribute never take values from the parent nodes and any sibling nodes. 

Inherited attributes:  

 Inherited attributes can get values from parent,siblings and child nodes. 

Example : S → ABC 

 S gets values from A, B and C 

 A gets value from S, B and C 

 B gets values from S, A and C 

 C gets values from S.A and B 

S – attributed 

 It uses only synthesized attributes so it is called S- attributed. 

Example: E.value = E.value + T.value 
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It follows bottom up parsing, as the values of the parent nodes depends upon the values 

of the child node. 

L – attributed: 

 It uses both synthesized and inherited attribute with restriction of not taking values from 

right siblings. 

 L – attributed gets values from its parent, child and siblings. 

Example: S  →ABC 

 S gets values from A, B and C 

 A gets value from S 

 B gets values from S and A 

 C gets values from S, A and B 

Lexical and Syntax Analysis 

 

 

 

 

 

 

Lexical and Syntax analyzer converts to a machine code that take some program code, 

and then return syntax errors. 

Source code, is send to lexical analysis produces tokens, which are then parsed to 

produce a syntax tree. Which checks that tokens conform with the rules of language. 

In addition a literal, identifier, constants all are store in symbol table. Produces various 

stages of process. Error Handler occurs to catch the errors generated by any stages of the 

program. 

 

Parsing 

 Goals of the parses 

1. Find all syntax errors, and produce an appropriate error message and recover quickly. 

2. Produce the parse tree for the program. 
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Two types of parsers 

Top down parse 

 When the parser starts constructing the parse tree from the start symbol and then tries to 

transform the start symbol to the input, it is called top-down parsing. 

S→E       id + id * id 

E→E+T      S => E 

E→E*T         => E*T  

E→T          => E+T *T 

T→id          => id+E*T    

           => id+id*T  

   =>id+id*id 

 

Recursive Decent parser 

 It is a form of top-down parsing. It is called recursive as it uses recursive procedures to 

process the input. 

 The main limitation of recursive decent parse is it does not work on grammars containing 

any left recursion. 

  A→Aα  A→βA
1
 

  A→β   A
1
→€/αA

1
 

Back Tracking 

 If one derivation of a production fails, the syntax analyzer restarts the process using 

different rules of same production upon to the input string determine the right production. 

Bottom – up parser 

 It starts with the input symbols and tries to constructs the parse tree up to the start 

symbol. 

Example: production rules 

S→E       id + id * id     

E→E+T      T + id * c 

E→E*T       E + id * c 

E→T       E + T * c    

T→id       E * c 

        E * T 

        E 

        S 
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UNIT II 

ARITHMETIC EXPRESSION 

 An arithmetic expression is an expression that contains operators, operands, parenthesis 

and function calls. The operators can be unary or binary or ternary. The ternary operators are 

available in C, C++ and Java. 

The implementation of arithmetic expressions results in two actions. 

1. Fetching the operands from memory and 

2. Performing the arithmetic operations on those operands.    

Operator Evaluation Order 

Precedence: 

 When an expression includes many operations, each part or an expression is evaluated 

and resolved in some predetermined order. This is called the operator precedence. 

 a+ b * c 

 The precedence of operators used in arithmetic expressions is based on the priorities 

assigned to the operators. Many programming languages contain unary addition and subtraction. 

Unary addition is called the identity operator. 

 A parenthesized unary minus operator can be placed either at the beginning or inside any 

expression to prevent it from being adjacent to another operator. 

Example :  X + (-Y) * Z  

 The precedence rules of a language specify the order of evaluation when two operators 

with different precedence are adjacent to one another in an expression. 

FORTRAN C ADA 

** ++, -- (postfix) **, abs 

*, / ++, -- (prefix), + , - (unary) *, /, mod, rem 

+, - *, /, % +, - (unary) 
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+, - (binary)  +, - (binary) 

 

** - exponential operator. 

abs – absolute value 

rem operator of Ada similar to % operator of C 

mod operator is same as the rem operator  

Associativity 

Consider the following expression 

 a – b + c – d 

An expression contains the adjacent occurrences of operators with the same level of precedence, 

which operator is evaluated first is answered by the associativity rules of the language.  

 An operator can either have left to right associativity, or the right to left associativity. 

 Associativity in common imperative languages is left to right, except the exponentiation 

operator associated right to left 

 Ex: (Java) 

a – b + c  // left to right 

 Ex: (Fortran) 

A ** B ** C  // right to left  

 Ex: (Ada) 

(A ** B) ** C  //  it must be parenthesized 

The associativity rules for a few of the most common languages are: 

Language Associativity Rule 

FORTRAN Left: * / + - 

 Right: ** 

C-BASED LANGUAGES Left: * / % binary + binary - 

 Right: ++ -- unary – unary + 

ADA Left: all except ** 

 Non-associative: ** 
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Parenthesis: 

A parenthesized part of an expression has precedence over its adjacent un-parenthesized 

parts. 

Ex: (A + B) * C 

Conditional Expressions 

In the C-based languages, the ternary operator ? : which can be specified more 

conveniently in an assignment statement using a conditional expressions 

average = (count == 0) ? 0 : sum / count; 

if-then-else statements are used to perform a conditional expression assignment. 

if (count == 0) 

    average = 0; 

else 

    average = sum / count; 

Operand evaluation order 

1. Variables: It just fetches the value from memory. 

2. Constants: Constants sometimes evaluated by fetching the value from memory; sometimes the 

constant is in the machine language instruction. 

3. Parenthesized expressions: It evaluate all operands and operators first. 

Side Effects 

A side effect of a function, called a functional side effect, occurs when the function 

changes either one of its parameters or a global variable. 

The following shows a C program which illustrate the problem. 

int a = 5; 
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int fun1() { 

   a = 17; 

   return 3; 

} 

void fun2() { 

   a = a + fun1(); 

} 

void main() { 

   fun2(); 

} 

The value computed for a in fun2 depends on the order of evaluation of the operands in 

the expression a + fun1().  The value of a will be either 8 or 20. 

Two possible solutions: 

 The language definition to demand that operand evaluation order be fixed 

 The language definition to disallow functional side effects. No non-local references in 

functions 

OVERLOADED OPERATORS 

Arithmetic operators are often used for more than one purpose is operator overloading. 

Example: +  is used for integer addition and float point addition. 

Java uses + for addition and for string catenation. 

     The dangerous of overloading is the ampersand (&) in C as binary operator. It specifies 

bitwise AND operation, as a unary operator the expression value is the address of that variable. 

x = &y 

Problem with this multiple use f the ampersand are: 

 Loss of readability to use the same symbol for two completely unrelated operations. 

 The simple keying error of leaving out the first operand for a bitwise AND operation can 

go undetected by the compiler “difficult to diagnose”. 
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The problem of finding the floating-point average of a list of integers. The sum of those integers 

is computed as an integer and the number of values is in cunt. If the floating-point average is to 

be computed and placed in the floating-point variable avg. 

  avg = sum / count 

 But this assignment produces an incorrect result in most cases. Because both operands of 

the division operators are integer type the result is an integer. The avg is floating-punt type, its 

value from this assignment cannot have a fraction part. 

 One solution for the problem is to include two different division operators, one for 

integer division and one for floating-point division. This solution employed in Pascal, in which  

  div – for integer division  

  / - for floating point division 

Example :  avg : = sum / count 

 User-defined operator overloading can help readability. If + and * are overloaded for a 

matrix abstract data type and A. B, C and D are variables of that type, then 

  A * B + C * D 

Can be used  

 MatrixAdd(MatrixMul (A, B) , MatrixMul (C, D)) 

C++ has a few operators that cannot be overloaded class or structure member operator ( . ) and 

the scope resolution operator ( : : ) 

TYPE CONVERSIONS 

Type Conversion are either narrowing or widening  

 A narrowing conversion is one that converts an object to a type that cannot include all 

of the values of the original type e.g., float to int. 

 A widening conversion is one in which an object is converted to a type that can include 

at least approximations to all of the values of the original type e.g., int to float. 

Widening Conversion are nearly always safe, whereas narrowing conversion are not. 
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Coercion in Expressions 

 A mixed-mode expression is one that has operands of different types. 

 Coercion is an implicit type conversion. 

Example: 

int a, b, c; 

 float d; 

   … 

    a = b * d; 

    … 

Assume that the second operand was supposed to be c instead of d, because of keying error it 

was typed as d. Because mixed-mode expressions are legal in Java, the compiler wouldn‟t detect 

this as an error.  Simply, b will be coerced to float. 

Ada allows very few mixed type operands in expression. It does not allow mixing of integer 

and floating-point operands in an expression. The exponentiation operator * *, take either 

floating-point or an integer type for the first operand and an integer type for the second operand.  

  A : INTEGER; 

  B,C,D : FLOAT; 

  ….. 

  C : = B * A; 

Explicit Type Conversion 

 In C-based languages, explicit type conversions are called casts. To specify a cast, the 

desired type is placed in parenthesis just before the expression to be converted, as in.  

  ( int ) angle 

 In Ada, the casts have the syntax of function calls. 

  float ( sum ) 

Errors in Expressions 

A number of errors can occur in expression evaluation.  
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 Type errors – It can be rectified by using type checking. 

 Floating-point overflow, underflow, and division by zero are run-time errors. 

 

RELATIONAL AND BOOLEAN EXPRESSIONS 

Relational Expressions:  

A  Relational operator is an operator that compares the values of its two operands. A 

relational expression has two operands and one relational operator. The value of a relational 

expression is Boolean. The types of the operands that can be used for relational operators are of 

various types. 

The syntax of the relational operators available in some common languages is as follows: 

Operation Ada 
C-Based 

Languages 
Fortran 95 

Equal = == .EQ. or == 

Not Equal /= != .NE. or <> 

Greater than > > .GT. or > 

Less than < < .LT. or < 

Greater than or equal >= >= .GE. or >= 

Less than or equal <= <= .LE. or >= 

 



31 

 

Java Script and PHP have two additional relational operators, = = = and ! = =. The relational 

operators have lower precedence than the arithmetic operators. 

a+1>2*b 

The arithmetic expressions are evaluated first  

Boolean Expressions 

 Boolean Expressions consists of Boolean variables, Boolean constants, relational 

expressions, and Boolean operations. The operators usually includes those for the AND, OR and 

NOT operations.  
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  In Ada AND and OR operators have equal precedence. The C-based languages assign a 

higher precedence to AND then OR. 

FORTRAN 77 FORTRAN 90 C Ada 

.AND. and && and 

.OR. or || or 

.NOT. not ! not 

 

SHORT CIRCUIT EVALUATION 

A short-circuit evaluation of an expression is one in which the result is determined without 

evaluating all of the operands and/or operators. 

Example: (13 * a) * (b/13 – 1)  

So when a = 0, there is no need to evaluate (b/13 – 1) or perform the second multiplication. 

However, this shortcut is not easily detected during execution, so it is never taken. 

The value of the Boolean expression: 

(a >= 0) && (b < 10) // is independent of the second expression if a < 0, b/c (F && x) 

     is False for all the values of x. 

So when a < 0, there is no need to evaluate b, the constant 10, the second relational 

expression, or the && operation. 

Unlike the case of arithmetic expressions, this shortcut can be easily discovered during 

execution. 

Short-circuit evaluation exposes the potential problem of side effects in expressions 

(a > b) || (b++ / 3) // b is changed only when a <= b. 

If the programmer assumed b would change every time this expression is evaluated during 

execution, the program will fail. C, C++, and Java: use short-circuit evaluation for the usual 

Boolean operators (&& and ||), but also provide bitwise Boolean operators that are not short 

circuit (& and |) 
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ASSIGNMENT STATEMENTS 

Simple Assignments 

The general synatax of the simple assignment statement is  

<target_variable> <assignment operator> <expression> 

The operator symbol for assignment: 

1. =    FORTRAN, BASIC, PL/I, C, C++, Java 

2. :=  ALGOL, Pascal, Ada 

Conditional Targets 

Assignment operation is done based on conditional target 

Example : flag ? count 1 : count2 = 0;  

Which is equivalent to  

if (flag) 

  count1 = 0; 

else 

  count2 = 0; 

Compound Assignment Operators 

A compound assignment operator is a shorthand method of specifying a commonly needed 

form of assignment. 

The form of assignment that can be abbreviated with this technique has the destination var 

also appearing as the first operand in the expression on the right side, as in 

a = a + b 

Compound Assignment operators were introduced by ALGOL 68, 

The syntax of assignment operators that is the catenation of the desired binary operator to the = 

operator. 
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sum += value; ⇔ sum = sum + value; 

Unary Assignment Operators 

C-based languages include two special unary operators that are actually abbreviated 

assignments. They combine increment and decrement operations with assignments. 

The operators ++ and -- can be used either in expression or to form stand-alone single-

operator assignment statements.  They can appear as prefix operators: 

sum = ++ count; ⇔ count = count + 1; sum = count; 

If the same operator is used as a postfix operator: 

sum = count ++; ⇔ sum = count; count = count + 1; 

when two unary operators apply to the same operand, the association is right to left. 

  -count++ 

Count is first incremented and then negated. 

Assignment as an Expression 

 An assignment statement in C-based languages generates a result that is equivalent to the 

value assigned to the target variable. Hence, it can either be used as an expression or as an 

operand in some other expression. 

Ex: 

while ((ch = getchar())!=EOF) 

{…}     // why ( ) around assignment? 

C uses assignment operator which allows as multiple target assignment 

The assignment statement must be parenthesized b/c the precedence of the assignment 

operator is lower than that of the relational operators. 
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MIXED-MODE ASSIGNMENT 

 Mixed–mode assignment is those expressions in which an operator takes the operands of 

different types. 

 Assignment statement, it is important to determine whether the type of expression and the 

type of variable being assigned, matches are not. 

 FORTRAN and the C use coercion rules for mixed-mode assignment. Ada does not allow 

mixed-mode assignment. C++, Java and C# allow mixed-mode assignment only assigned 

coercion is widening, int value can be assigned to float variable, but not vice versa. 

Example:  int a , b; 

   float c; 

   ….. 

   c = a / b; 

CONTROL STRUCTURE 

 Control statements are the statements that allow a programmer to choose a control flow 

path and provide a means of repeating certain set of statements. 

 A control structure controls the execution of a group of statements. 

Two types of control statements that are available in various programming languages are, 

1. Selection statements and 

2. Iterative statements. 

Selection 

 A selection statement is a statement that provides a means of selecting an execution path 

from two or more available paths to its programmers. 

 In selection statement, the choice of selecting the statements is decided by a test 

condition is usually written in the form of relational or Boolean expression. 

The selection statements are categorized into two types, 

1. Two-way selectors and 

2. N-way or multiple way selectors. 
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Two-way selectors 

 A two-way selector is used to select a statement from the two available statements. 

The general form of a two-way selector is given below: 

if <Boolean expression>  

 then 

  <Statement1> 

 else 

  <statement2> 

A single-way selector which is a sub form of two-way selector which has the following general 

representation, 

 if <Boolean expression> then  

   <statement1> 

ALGOL-60 was the first language that uses two-way selector. Let us consider the following two 

different forms of “if-statement” in ALGOL-60 

Case1 

 if p = 6 then 

      begin 

           r :=8; 

           q := r+2;  

  end 

Case2 

if p = 6 then 

  q := 8; 

   else 

     begin 

           r :=6; 

           q := r+3; 

  end 

Nesting of selector 

 When an entire if-else construct is written inside the body of another if statement, it is 

called „nesting of if statement‟.  

if sum  =  0  then 

if count   =   0  then 

                                  result  :=  0 
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                     else 

                           result  :=  1  

The designers of Algol 60 chose to use syntax, rather than a rule, to connect else clauses.  

An if statement is not allowed to be nested directly in a then clause.  If an if must be nested in a 

then clause, it must be placed in a compound statement. 

                     if sum  =  0  then 

                         begin 

                            if count  =  0  then 

                                 result  :=  0 

                            end 

                          else 

                                 result  :=  1 

Multiple Selection Statements 

 A multiple selector is used to select a statement from the multiple statements that are 

available. 

 It can be constructed from two-way selectors and goto statements but this will make a 

program difficult to read and write.  

Example of multiple selectors 

 An example of a multiple-selector statement in C is a switch statement. The switch 

statement of C is modeled on the multiple selection statement in algol-68. 

 In C# every selectable segment must be terminated with unconditional branch statement 

such as the break or the goto statement which takes the control out of the switch statement. 

Example : switch ( i ) 

 { 

  case -1 :  neg_neg+1; 

    break; 
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  case 0 : pos = pos+1; 

    goto case 1; 

  case 1:  pos = pos+1; 

  default : console.writeline(“error occurred in switch statement\n”); 

 } 

The method console.writeline is used to display strings in C# 

Multiple Selection using if  

 Sometimes a switch or a case construct is incapable for providing multiple selections. 

Hence, the else-if sequence is replaced with a nested selector called an else-if clause. 

 if i<10 then var1 := true; 

  else if i<100 then var3 := true; 

  else if i<1000 then var3 := true; 

 end if; 

ITERATION 

 An iteration statement is a statement that executes a single statement or a group of 

statements. 

 Iteration increases the efficiency of programming languages. The program will become 

huge, it may require large amount of time to write and execute programs. 

 The repeated execution of a statement in a functional languages is achieved by using 

„recursion‟ rather than by the „iteration‟. 

Pretest Loop Statement  

 A preset loop statement is a control structure that checks the condition before executing 

the loop body i.e., the execution of a test condition occurs prior to the execution of instructions 

inside a loop. 

 while ( control expression) 

  loop body; 

 Posttest Loop Statement 

 A posttest lop statement is a control structure that checks the condition after executing the 

loop body. 
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 Do 

  Loop body 

 while ( control expression) 

 

Counter – Controlled Loops 

 A variable called the loop variable is kept in the counter-controlled loops for maintaining 

the count value. It provides the initial and final values of a loop variable. These initial, final and 

step size values are called the loop parameter. 

Design issues 

1. What types and scope are used for the loop variables? 

2. What is the value of a lop variable at the time of loop termination? 

The Do statements of FORTRAN 95 

 Fortran 95 has two different counting loop statements, both of which use the Do 

keyword. 

Do label variable = initial, terminal, [ step size] 

Label – last statement in the loop body,  

Step size when absent default to 1 

Variable must be integer type 

The loop parameters are positive or negative values 

D0 10 count = 1, 10 

Fortran 95 second form of Do: 

Do variable = initial, terminal, [step size] 

…. 

End Do  

This Do uses a specific closing special word, End Do. 

Example : Do count = 1, 10 
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  …. 

  End Do 

 The Ada for Statement 

for variable in [reverse] discrete_range loop 

…. 

end loop; 

 A discrete range is a sub range of an integer such as 1..10 or Monday..Friday. 

 The reverse word, when present, indicates that the values of the discrete range are 

assigned to the loop variable in reverse order. 

Example : count : float := 1.35; 

for count in 1..10 loop 

   sum := sum + count; 

end loop; 

The for statement of the C-based languages 

The general form of C for statement is 

 for (exp_1; exp_2; exp_3) 

 loop body; 

The loop body can be a single statement, a compound statement or a null statement.  

The first expression is for initialization and is evaluated only once. 

The second expression is the loop control and is evaluated before execution of the loop body. 

The last expression executed after each execution of the loop body. 

Example : for (count = 1; count<=10; count++) 

  {…..} 

Logically controlled loops 

 Sometimes a group of statements has to be executed repeatedly based on the Boolean 

expression, in such cases, logically controlled loops are used. 
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 The C- based languages such as C, C++ and Java consists of both the pretest and posttest 

logically controlled loops. 

1. While statement 

2. do while  

 

.User-Located loop control mechanisms 

 C and C++ have unconditional unlabeled exists in the form of break statement. Java, Perl 

and C# contains unconditional but labeled exists in the form of break. 

 The break statement is used to come out of the loop without executing its body. 

Example : Labeled 

  loop1 : for ( int i=0 ; i<10 ; i++) 

  { 

   While ( i<5) 

   { 

    j = fun ( ); 

    if  ( j<0) break loop1; 

   } 

   a = j; 

  } 

  a = i; 

 

Data Structures – Based iteration 

  These loops are controlled by using the number of elements in a data structure rather 

than using the Boolean expression or a counter. 

 An iterator is a function that uses a user-defined data structure to keep track of the 

elements in a data structure. It is usually called at the start of each iteration and upon its 

termination. 

C- based languages user-defined iteration is the for construct. 

for (ptr = root ; ptr == null ; traverse(ptr)) {…} 
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 The tree root is pointed to by a variable named root, and if traverse is a function that sets 

its parameter to point to the next element of a tree in the desired order. 

UNCONDITIONAL BRANCH STATEMENTS 

 It is a branching statement that transfers the control to specified portion in the program. 

The unconditional branch or the „goto‟ statement is used for controlling the flow of execution of 

the programs statement.  

FORTRAN and ALGOL- 60 use „goto‟ statement. 

Modula-2 and Java restrict to use of unconditional branch statement. 

 Goto <statement_label>; 

„goto‟ statemtn encountered it transfers the control to execute the instructions occupying that 

address. 

Label – address of a routine. 

Fortran supports two forms of goto 

1. computed goto. 

2. Assigned goto 

Computed goto: It is a multi-way branching statement  

 goto (I1, I2,….In), index 

Assigned goto:  

 goto label ( l1, l2, …. Ln) 

Where, label is a variable to which a label value is assigned 

Example:  assign ln to label 

The unconditional branching in algol-60 can be obtained by using a switch statement as follows, 

switch A := 10, 20, 30, 40, 50. 

… 

… 

goto A[i]; 

 If I is equal to „3‟ then, the control is transferred to the statement labeled 30.  
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Problem associated with unconditional branching 

1. The goto is used to control the flow of program execution but, if it is not used correctly it 

imposes certain problem. 

2. The goto statement makes the program unreadable, unreliable and difficult to maintain. 

3. „goto‟ statement cannot be used in the construction of any kind of loop.  

 

 

GUARDED COMMANDS 

 Guarded commands are the basis for two language mechanisms developed later for 

concurrent programming CSP and Ada. 

Dijkstra‟s selection construct has the following form. 

if <Boolean expr> → <stmt> 

[ ] <Boolean expr> → <stmt> 

[ ] …. 

[ ] <Boolean expr> → <stmt> 

fi 

The keyword fi → clsing of the reserved word if. 

The guarded clauses are usually separated by the small blocks called the fatbars. 

The above described selection construct is a multiple selection construct in which all the 

Boolean expressions are evaluated, each time the construct is encountered during the execution. 

If none of the Boolean expressions are true, then a runtime error occurs resulting in the program 

termination. 

Example: if a>=b → maximum := a 

  [ ] b>=a → maximum := b 

fi 
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UNIT III 

SUBPROGRAM AND IMPLEMENTATION 

1. FUNDAMENTALS OF SUBPROGRAMS 

 A subprogram refers to the structure in programming languages that can perform some 

specific task for the main program. 

 A subprogram specification must specify the following information 

1. The name of the subprogram 

2. The subprogram consisting of the number of arguments, types of arguments, order of 

arguments and the return type of a subprogram. 

3. The functioning of the subprogram must also specified 

1.1 GENERAL SUBPROGRAM CHARACTERISTICS 

1. Each subprogram has a single entry point. 

2. Only one subprogram must be under execution at any time i.e, the calling program unit 

must be suspended till the execution of the called subprogram. 

3. Control always returns to the caller when the subprogram execution terminates. 

1.2 BASIC DEFINITION 

 A subprogram definition describes the interface to and the actions of the subprogram 

abstraction. 

 A subprogram call is the request that the called subprogram be executed. 

The two fundamental kinds of subprograms are 

1. Procedures 

2. Functions 

Subprogram syntax as follows 

 subroutine adder (parameters) 

subroutine – specifies a subprogram definition of some particular kind. 



45 

 

adder – name for the subprogram. 

parameters – specify a list of parameters. 

Ada subprogram: 

 procedure adder (parameters) 

C based subprogram: 

 void adder (parameters) 

1.3 PARAMETERS 

The parameters in the subprogram header are called formal parameters. 

Subprogram call statements must include the name of the subprogram and a list of 

parameters. These parameters are called actual parameters. 

The binding of actual parameter to formal parameters are called positional parameters. 

When lists are long, it is easy for a programmer to make mistakes in the order of actual 

parameters. One solution to this problem is to provide keyword parameters, in which the name 

of the formal parameter to which an actual parameter is to be bound. 

 The advantage of keyword parameters is that they can appear in any order in the actual 

parameter list. 

 summer (length => my_length, list => my_array, sum => my_sum); 

1.4 PROCEDURES AND FUNCTIONS 

Procedure: It is a sequence of instructions to perform some task. Procedures does not return any 

value. 

Example : Ada 

 procedure A_Test(A, B : in Integer; C : out Integer) is 

 begin 

  C := A + B; 

 end A_Test;  
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Function: Functions are similar to procedures in their structure. A function is usually called by 

specifying its name along with the required actual parameters a value is returned to the calling 

code. 

 

Example : function minimum(A,B: integer) return integer is 

  begin 

   return ( if A<=B then A else B); 

  end minimum; 

2. DESIGN ISSUES OF SUBPROGRAM  

 Subprogram refers to the complex structures in programming languages that can perform 

some specific task for the main program. 

Some of the design issues with subprogram are: 

1. What parameter passing methods are provided? 

2. Are parameter types checked? 

3. Are local variables static or dynamic? 

4. Can subprogram definitions be nested? 

5. Can subprogram be overloaded? 

6. Is independent compilation supported? 

3. LOCAL REFERENCING ENVIRONMENTS 

 The variables enclosed within a subprogram are called „local variable‟ because their 

scope lies inside the body of that subprogram. 

Local variables are of two types 

1. Static variables. 

2. Stack dynamic local variables. 

Static variables: static variables are the variables whose declaration involves the use of „static‟ 

keyword. The lifetime of these variables is throughout the program execution. 

Advantages 



47 

 

1. These variables are more efficient than the stack dynamic variable because of „direct 

addressing‟. 

2. They do not require runtime allocation and de allocation of memory. 

 

Disadvantages 

1. They do not support recursion. 

2. The storage space occupied by the static local variables cannot be shared with other 

subprograms. 

Stack-dynamic local variables: These variables are the local variables which are bounded to the 

storage at the beginning of subprogram execution and are unbounded upon the termination of 

subprogram. 

Advantages 

1. Stack-dynamic local variables provide flexibility to the subprogram. 

2. They allow recursion. 

3. The storage space occupied by the active subprogram can be shared with the variables in 

inactive subprograms. 

Disadvantage 

 The overall cost increases due to an increase in the number of variables in a program. 

Example:  int adder ( int list[ ], int listlen) 

  { 

   static int sum = 0; 

   int count; 

   for (cont =0; count < listlen; count++) 

    sum+=list[count]; 

   return sum; 

  } 

4. PARAMETER –PASSING METHODS 

 Parameter passing methods are the ways in which parameter are transmitted to and/or 

from called programs. 

4.1 SEMANTIC MODELS OF PARAMETER PASSING 
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 Formal parameters are characterized by one of three semantics models 

1. They can receive data from the corresponding actual parameter. 

2. They can transmit data to the actual parameter, or  

3. They can do both. 

These three semantics models are called in, out and inout mode respectively. 

      Caller                                             Callee 

                                                      

                           (sub(a, b, c))                                   (procedure sub(x, y, z))   

  

                                                   

                              a   ----------call----------------- x 

                           IN-MODE 

                                                 

                          

                             b  -------return----------------- y 

                        OUT-MODE 

  

                          

                                c  -----------call-------------- z 

                                    --------return----------------- 

                    INOUT-MODE 
 

4.2 IMPLEMENTATION MODELS OF PARAMETERS PASSING 

Various parameter-passing mechanisms are as follows: 

PASS-BY-VALUE 

 In this method, the callee evaluates the actual parameters and passes their values to the 

formal parameters in a called procedure. 

 When a single value is passed to a function via an actual argument, the value of the actual 

argument is copied into the function. Therefore, the value of the corresponding formal argument 

can be altered within the function. But the value of the actual argument within the calling routine 

will not change. 

Example: int main( )     int add ( int p, int q) 

  {      { 

   int a,b,c;     int result; 

   ……..      result = p * q; 

   c = add(a,b);     return (result); 
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   …….     } 

} 

 

PASS-BY-REFERENCE 

 The pass-by-reference method is of passing arguments to a function copies the address of 

an data item is passed to the called function, using „&‟ operator. Note that function once receives 

a data item by reference, it acts on data item and the changes made to the data item also reflect 

on the calling function. 

 Here no needs to return anything to calling function. 

Example: void main( )     void add(int *p, int *q, int *r) 

  {      { 

   int a,b,c;     *r =*p + *q; 

   ……     } 

   add(&a,&b,&c); 

  } 

 

PASS-BY-RESULT 

 In this method, no data is copied or transmitted to the subprogram i.e, the formal 

parameters acts as the local variables and before transferring the control back to the caller, the 

values of the formal parameters are returned to the actual parameter in the calling subprogram. 

 C# and Ada achieve pass-by-result method using their „out‟ parameter. 

PASS-BY-VALUE-RESULT 

 Pass-by-value-result method is a combination of pass-by-value and pass-by-result 

methods. 

 Pass-by-value at the time of the call and copy the result back to the argument at the end 

of the call „inout‟ parameter. 

PASS-BY-NAME 

 The effect of pass-by-name is to textually substitute the argument expressions in a 

procedure call for the corresponding parameter in the body of the procedure. 

Example:  procedure double(x);    procedure double(c[j]); 

   real x;      real c[j]; 
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  begin      begin 

   x:=x*2;     c[j]:=c[j]*2; 

  end;      end; 

 

Instead of pass-by-reference ALGOL used pass-by-name. 

 

 

5. PARAMETER-PASSING METHODS OF THE MAJOR LANGUAGES 

FORTRAN has always used the inout mode semantic model of parameter passing, but the 

languages does not specify whether pass-by-reference or pass-by-value-result should be used. 

ALGOL-60 introduced the pass-by-name method. 

C uses pass-by-value, pass-by-reference semantics is achieved by using pointers are 

parameters. C copied this from ALGOL 68. 

C++ includes a special pointer type, called a constant reference type. It is pass-by-

reference 

 void fun(int a, int &b, const int &c) {….} 

 const reference is also a reference parameter it won‟t change the actual parameter. 

PASCAL and MODUAL-2 the default parameter passing method is pass-by-value and 

pass-by-reference. 

6. TYPE-CHECKING PARAMETERS 

 It is a technique used to determine the type of variables either at the compile time or run 

time. 

Type-checking of parameters can be done in two ways: 

1. Dynamic type-checking. 

2. Static type checking. 

Dynamic Type Checking: The type-checking performed during the execution of a target 

program is called „dynamic type-checking‟. It is also known as „Run-Time Type-Checking‟. 
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Static Type-Checking: The type-checking performed during the translation of a program is 

called „Static Type-Checking‟. It is also known as „Compile-Time Type-Checking‟. 

 Type- Checking plays a vital role in parameter passing where, the types of actual 

parameters are checked against the types of the corresponding formal parameters. If the 

parameters are not type-checking then, they may lead to program errors at the compiler or the 

run-time. 

 

  double sin(x);    double value; 

  double  x;    int count; 

  {…..}      …. 

       value = sin(count); 

 

6.1 PASSING MULTI-DIMENSIONAL ARRAYS AS PARAMETER 

 If a multi-dimensional array is passed to a subprogram, compilation takes place 

separately from the main program; the compiler must know the size of an array which has been 

declared at the time of array declaration in order to construct the storage mapping function for 

that array. 

Example: void main( )    void func(int mat[ ] [10]) 

  {     { 

   int m[10][10];    …. 

   ……    } 

   func(m);  

  } 

 This method of passing multi-dimensional arrays creates problem as it doesn‟t permit a 

function that can take matrices with different number of rows as their parameters. 

 To solve the problem the matrices is passed as a pointer along with its actual dimensions 

as the parameter. 

  void func(float *ptr, int nor, int noc); 

7. OVERLOADED SUBPROGRAMS 

 Subprograms overloading is a process of using the same (function) name for many 

subprograms. 
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 The overloaded subprograms may differ in the number, type or order of its parameter. 

 When an overloaded subprogram is called compiler first checks the subprogram name 

and then the number and type of parameters and decided which subprogram must be chosen for 

execution. This process is also known as „polymorphism‟. 

Ex: class Rectangle   class Example 

{     { 

  double len, breadth;   public static void main(String args[ ]) 

  Rectangle (int x)   { 

  {      int a1, a2; 

   len = breadth = x;   Rectangle r=new Rectangle(10,20); 

  }      a1 = r.area( ); 

  Rectangle (int x, int y)   system.out.println(“Area=”+a1); 

  {      Rectangle s=new Rectangle(10); 

   len = x;    a2 = s.area( ); 

   breadth = y;    system.out.println(“Area=‟+a2); 

  }     } 

  int area( )   } 

  { 

   return (len * breadth); 

  } 

} 

 

In the above java program, when the first object „r‟ of a class „Rectangle‟ is created, the 

constructor with the two arguments i.e., len=10 and breadth=20 is called which produce a value 

200 as its result.  

Similarly, the second constructor, which takes only one parameters is called and it assign 

the values „10‟ both „len‟ and „breadth‟ variables, hence producing a resultant area of „100‟. 

8. GENERIC SUBPROGRAM 

 A subprogram is said to be „generic‟ if it takes different types of parameters on different 

calls. It is also known as polymorphic subprogram. 

8.1 GENERIC FUNCTIONS IN C++ 

Function templates are special functions that can operate with generic types. This allows 

us to create a function template whose functionality can be adapted to more than one type 

without repeating the entire code for each type. 
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In C++ this can be achieved using template parameters. A template parameter is a special 

kind of parameter that can be used to pass a type as argument: just like regular function 

parameters can be used to pass values to a function, template parameters allow to pass also types 

to a function. 

  template <template parameters> 

The format for declaring function templates is: 

template<classidentifier>function_declaration; 

template <typename identifier> function_declaration; 

The only difference between both prototypes is the use of either the keyword class or the 

keyword typename. Both expressions have exactly the same meaning and behave exactly the 

same way. 

Example:  // function template 

   #include <iostream> 

   using namespace std; 

   template <class T> 

   T GetMax (T a, T b)  

   { 

      T result; 

     result = (a>b)? a : b; 

      return (result); 

   } 

   int main ()  

   { 

      int i=5, j=6, k; 

      long l=10, m=5, n; 

      k=GetMax<int>(i,j); 

      n=GetMax<long>(l,m); 

      cout << k << endl; 

     cout << n << endl; 

      return 0; 

   } 

Where „T‟ represents the type of data on which a function can perform some operation. 

9. DESIGN ISSUES FOR FUNCTIONS 

Functional Side Effects: In order to avoid the problem that arises due to the side effects of the 

called functions, the parameters to a function must be in-mode parameter. 
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 „Ada‟ which allows only in-mode specification for the formal parameters. Functions can 

either use pass-by-value or pass-by-reference methods thereby causing functional side effects. 

Types of Returned Values: The types of the returned values are restricted because a function in 

C can return the value of any type except arrays and functions, because a return value of an array 

or function type can be handled by pointers. A function in Ada can return a value of any type. 

10. THE GENERAL SEMANTICS OF CALLS AND RETURNS 

 The subprogram call and return operations of a language are together called its 

subprogram linkage. 

 A subprogram call must include the implementation of whatever parameter passing 

method is used. If local variables are not static, 

 The call process must allocate storage for the local variables in the called subprogram and 

bind those variables to that storage. 

 It must save the execution status of the calling program unit. 

 It must ensure that control can return to the proper place when the subprogram execution 

is completed. 

If the subprogram has parameters that are out mode implemented by copy, the first action of 

the return process move the local values of the associated formal parameters to the actual 

parameters. 

 It must deallocate the storage used for local variables and restore the execution status of 

the calling program unit. 

11. IMPLEMENTING “SIMPLE” SUBPROGRAMS 

 The task of implementing simple subprograms means that subprograms cannot be nested 

and all local variables are static. 

The “simple” subprogram requires the following actions. 

1. Save the execution status of the current program unit. 

2. Carry out the parameter-passing process. 

3. Pass the return address to the callee. 
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4. Transfer control to the caller. 

The semantics of a return from a simple subprogram requires the following actions: 

1. If there are pass-by-value-result or out-mode parameters the current values of those 

parameters are moved to the corresponding actual parameters. 

2.  If the subprogram is a function, the functional value is moved to a place accessible to the 

caller. 

3. The execution status of the caller is restored. 

4. Control is transferred back to the caller. 

 

The call and return actions requires storage for the following: 

1. Status information about the caller. 

2.  Parameters. 

3. Return address. 

4. Functional value for function subprogram. 

 The format of a subprogram is called an activation record. 

Local Variables 

Parameters 

Return Address 

      An activation record for a simple subprogram 

12. IMPLEMENTING SUBPROGRAMS WITH STACK-DYNAMIC LOCAL 

VARIABLES 

 One of the most important advantages of stack-dynamic local variables is support for 

recursion. Therefore, languages that use stack-dynamic local variables also support recursion. 

12.1 MORE COMPLEX ACTIVATION RECORDS 

 Subprogram linkage in languages that use stack-dynamic local variables are more 

complex than the linkage of simple subprogram reasons are; 
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1. The compiler must generate code to cause the allocation and deallocation of local 

variables. 

2. Recursion adds the multiple simultaneous activations of a subprogram. 

The format of an activation record for a given subprogram in most languages is known at 

compile time; the size is also known for activation records because all local data is of fixed 

size  

The languages with stack-dynamic local variables, activation record instances must be 

created dynamically 

 

 

. 

    

 

                                                              

    An activation record for a language with stack-dynamic local variables 

 The stack dynamic grows upwards. Therefore, the return address will be at the bottom of 

an activation record. Local variables that are structures are sometimes allocated elsewhere, and 

only their descriptors and a pointer to that storage are part of the activation record. Consider the 

following „C‟ function 

 void sub(float total, int part) 

 { 

  int list[5]; 

  float sum; 

  … 

 } 

 This stack is part of the run-time system, and therefore is called the run-time error. A 

subprogram is active from the time it is called until the time that execution is completed. 

Local 

Local Variables 

Parameters 

Dynamic Link 

Return Address 
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Local 

Local 

Local 

Local 

Local 

Parameter 

Parameter 

Dynamic Link 

Return Address 

   The activation record for function sub 

12.2 AN EXAMPLE WITHOUT RECURSION 

Consider the following „C‟ program. 

 void fun1(int x)     void fun3(int q) 

 {       { 

  int y;       …. 

  …      } 

  fun3(y); 

  …. 

 } 

 void fun2(float x)     void main( ) 

 {       { 

  int s, t;       float p; 

  ….       …. 

  fun1(s);      fun2(p); 

  ….       …. 

}       }      

The sequence of procedure calls in this program is 

 main calls fun2 

 fun2 calls fun1 

 fun1 calls fun3 
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 At point 1, only the activation record instance for function main and function fun2 are on 

the stack. When fun2 calls fun1, an instance of fun1‟s activation record is created on the stack. 

When fun1 calls fun3, an instance of fun3‟s activation record is created on the stack. When 

fun3‟s execution ends, the instance of its activation record from the stack, and the dynamic link 

is used to reset the stack top pointer. A similar process takes place when functions fun1 and fun2 

terminate. 

 The collection of dynamic link present in the stack at a given time is called the dynamic 

chain or call chain. 

12.3 RECURSION 

Consider the following example of „C‟ program 

 int factorial(int n)     void main( ) 

 {       { 

  if(n <= 1)      int value; 

   Return 1;     value = factorial(3); 

  else return(n*factorial(n-1));   } 



59 

 

 } 

The activation record format for the function factorial is shown below: 

Functional Value 

Parameter 

Dynamic Link 

Return Address 

     

Stack content during the execution of main and factorial is shown below: 
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The first activation record instruction has the return address to the calling function, main. 

The others have a return address to the function itself, these are for the recursive calls. 

13. BLOCKS 

 User-specified local scopes for variables called blocks. As an example of a block, 

consider the following code segment. 

 { 

  int temp; 

  temp = list[upper]; 

  list[upper] = list[lower]; 

  list[lower] = temp; 

 } 

 A block is specified in the „C‟ language as a segment of code that begins with one or 

more data definitions and is enclosed in braces. The lifetime of the variable temp in the 

preceding block begins when control enters the block and ends when control exists the block. 
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 The advantage of using such a local is that it cannot interfere with any other variable with 

the same name that is declared elsewhere in the program. 

 Blocks are treated as parameter less subprograms that are always called from the same 

place in the program; every block has an activation record. 

For example, consider the following program: 

  

 

 

 

 

 

 

 

 

 

 

 

f and g occupy the same memory locations as a and b, because a and b are popped off the 

stack, when the block is exited (before f and g are allocated). 

14. NESTED SUBPROGRAMS 

 Languages like FORTRAN 95, Ada, Java Script use stack-dynamic local variables and 

allow subprograms to be nested. 

All variables that can be non-locally accessed reside in some activation record instance. 

A reference to an non-locally variable in a static-scoped language with nested subprograms 

required a two step access process. 

1. Find the correct activation record instance. 

2. Determine the correct offset within that activation record instance. 

14.1 STATIC SCOPING OF NESTED SUBPROGRAM 

In this approach, a new pointer, called a static link, is added to the activation record. 
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Local variables 

Parameters 

Dynamic Link 

Static Link 

Return Address 

 

Example PASCAL program: 

program MAIN_2; 

 var X : integer;    end; {SUB2} 

procedure BIGSUB;     begin {BIGSUB} 

 var A,B,C : integer;     SUB2;  

 begin      end; {BIGSUB} 

  A := B + C;    begin 

 end;       BIGSUB; 

procedure SUB2 ( X : integer );   end; {MAIN_2} 

 var B,E : integer; 

peoceudre SUB3; 

 var c,e : integer; 

 begin { SUB3 } 

  SUB1; 

  E := B + A; 

 end; {SUB3} 

 begin {SUB2} 

  SUB3; 

  A := D + E; 

Activation record at position 1: 

 

Local 

Local 

Dynamic Link 

Static Link 

Return (to SUB3) 

Local 



63 

 

Local 

Dynamic Link 

Static Link 

Return (to SUB2) 

Local 

Local 

Parameter 

Dynamic Link 

Static Link 

Return (to BIGSUB) 

Local 

Local 

Local 

Dynamic Link 

Static Link 

Return (to MAIN_2) 

local 

 

  

 

 


