
 

 

DEPARTMENT OF COMPUTER SCIENCE AND ENGINEERING 

QUESTION BANK WITH ANSWER 

 

SUBJECT: CS6660-COMPILER DESIGN   YEAR: III YR/ VI SEM 

 

PART – A (2MARKS) 

1. Define a compiler? 

A compiler translates the code written in one language to some other language without 

changing the meaning of the program. It is also expected that a compiler should make 

the target code efficient and optimized in terms of time and space. 

                    

 Source program                                                                    Target program 

 

 

Error  messages 

 

2. Define Interpreter. APRIL/MAY 11 

An interpreter is another common kind of language processor. Instead of producing a 

target program as a translation, an interpreter appears to directly execute the operations 

specified in the source program on inputs supplied by the user, as shown in Fig . 1.3. 

  

 

 

 

Compiler 
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3. Define Cross Compilers 

a. A cross compiler is a compiler capable of creating executable code for a platform 

other than the one on which the compiler is running. For example, a compiler that 

runs on a Windows 7 PC but generates code that runs on Android smartphone is 

a cross compiler. 

4. How will you group the phases of compiler? NOV/DEC2013, MAY/JUNE 14 

Front and Back Ends: The phases are collected into a front end and a back end.  

Front End: Consists of those phases or parts of phases that depend primarily on the 

source language and are largely independent of target machine 

Back End: Includes those portions of the compiler that depend on the target machine 

and these portions do not depend on the source language.  

Passes: It is common for several phases to be grouped into one pass, and for the activity 

of these phases to be interleaved during the pass.  

5. Write the regular expression for Identifier and whitespace. NOV/DEC2013, 

NOV/DEC2012 

Identifier : (letter)(letter/digit)* 

Whitespace : (delim)+ 

 delim=[„‟\t\b] 

 

6. Mention the issues in a lexical analyzer. 

1)Simpler design is the most important consideration.  

 A parser including the conventions for comments and white space is significantly 

more complex 

2)Compiler efficiency is improved.  

 Specialized buffering techniques for reading input characters and processing tokens 

3)Compiler portability is enhanced.  
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 Input alphabet peculiarities and other device-specific anomalies can be restricted to 

the lexical analyzer.  

7. What are the possible error-recovery actions in lexical Analyzer? 

1. Deleting an extraneous character 

 2. Inserting a missing character 

 3. Replacing an incorrect character by a correct character 

 4. Transposing two adjacent characters 

8. Define tokens, Patterns and lexemes.MAY/JUNE 14, APRIL/MAY 11 

Tokens: A token is a pair consisting of a token name and an optional attribute value.A 

token name is an abstract symbol representing a kind of lexical unit eg:a particular 

keyword or a sequence of input character denoting an identifier. 

Lexeme: A lexeme is a sequence of characters in the source program that is matched by 

the pattern for the token. For example in the Pascal‟s statement const pi = 3.1416; the 

substring pi is a lexeme for the token identifier. 

9. Define Language. What are the Operations involved in languages. 

Strings and  Languages 

 An alphabet or character class is a finite set of symbols. 

 A string over an alphabet is a finite sequence of symbols drawn from that alphabet. 

 A language is any countable set of strings over some fixed alphabet. 

Operations on languages: 

 The following  are the operations that can be applied to languages: 

 1.Union 

 2.Concatenation  

 3.Kleene closure 

 4.Positive closure 

10. Write the specification of LEX and list out the in-built functions. 

A Lex program  consists of three parts: 

 

{ definitions }  

%%  
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{ rules }  

%%  

{ user subroutines  }  

Built-in variables:    

  yytext      -- ptr to the matching lexeme. (char *yytext;) 

 yylen     -- length of matching lexeme (yytext).  Note: some systems use yyleng 

   yyin -- the input stream pointer  

– the default input of default main() is stdin  

• yyout -- the output stream pointer 

– the default output of default main() is stdout. 

 %./a.out < inputfile > outfile  

11. What is Role of Parser? 

 The  parser or syntactic analyzer obtains a string of tokens from the lexical 

analyzer and verifies that the  string can be generated by the grammar for the 

source language.  

 It reports any syntax errors  in the program.  

 It also recovers from commonly occurring errors so that it can continue processing  

its input. 

12. Write the error recovery actions in parser? 

The different  strategies that a parse uses to recover from a syntactic error are: 

Panic mode  

Phrase level  

Error productions  

Global correction  

13. What do you mean by Handle Pruning? 

An Handle of a string is a sub string that matches the right side of production and whose 

reduction to the non terminal on the left side of the production represents one step along the 

reverse of a rightmost derivation. 

The process of obtaining rightmost derivation in reverse is known as Handle Pruning. 

Consider the  grammar:   E → E+E/E*E/(E)/id 
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And the input  string id1+id2*id3 

The rightmost  derivation is : 

 → E+E  

→ E+E*E  

→ E+E*id3  

→ E+id2*id 3  

→ id1+id2*id 3  

14. Eliminate left recursion from the following grammar A->Ac/Aad/bd/c. 

A->bdA‟/A‟ 

A‟->cA‟/adA‟/€ 

15. What is FIRST and FOLLOW?  

First() 

Let   be a string of grammar symbols.  First() is the set that includes every terminal 

that appears leftmost in  or in any string originating from .   

Follow ()  

Let A be a non-terminal.  Follow(A) is the set of terminals a that can appear directly to 

the right of A in some sentential form.   (S  Aa, for some   and ).   

Rules for follow(  ): 

1. If S is a start  symbol, then FOLLOW(S) contains $.  

2. If there is  a production A → αBβ, then everything in FIRST(β) except ε is placed in 

follow(B).  

3. If there is  a production A → αB, or a production A → αBβ where FIRST(β) contains ε, then 

everything in FOLLOW(A) is in FOLLOW(B).  

 

16. Define Syntax Directed Definition. 

 Syntax Directed Definitions are a generalization of context-free grammars in which:  

1. Grammar symbols have an associated set of Attributes;  

2. Productions are associated with Semantic Rules for computing the values of attributes.  
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 Such formalism generates Annotated Parse-Trees where each node of the tree is a record 

with a field for each attribute (e.g., X.a indicates the attribute a of the grammar symbol 

X). 

17. Define S-Attributes and I-Attributes. 

a. Synthesized Attributes. They are computed from the values of the attributes of the 

children nodes.  

b.  Inherited Attributes. They are computed from the values of the attributes of both 

the siblings and the parent nodes. 

18. List the fields in an activation records. 

 

 

 

 

 

 

 

 

19. When does a dangling reference occur? Give its impact on programs. 

 

When a procedure is called, a local variable v, whose object is allocated on the stack, 

may have pointers to v placed in nonlocal variables. These pointers will continue to exist 

after the procedure returns, yet the space for v disappears, resulting in a dangling-

reference situation. 
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20. Give examples for static checks. May/June2013 

A compiler must check that the source program follows both the syntactic and semantic 

conventions of the source language. This checking, called static checking, ensures that certain 

kinds of programming errors will be detected and reported. 

Examples of static checks include: 

o Type checking 

o Flow-of-control checks 

o Uniqueness checks 

o Name-related checks 

21. What is a Basic Block and flow graph? 

Basic block 

A sequence of consecutive statements which may be entered only at the beginning and when 

entered are executed in sequence without halt or possibility of branch , are called basic blocks. 

Flow graph 

 The basic block and their successor relationships shown by a directed graph is 

called a flow graph. 

 The nodes of a flow graph are the basic blocks. 

22. Give the primary structure preserving transformations on Basic Blocks. 

a. Common sub-expression elimination 

b. Dead-code elimination 

c. Renaming of temporary variable 

d. Interchange of 2 independent adjacent statements. 

23. What is dag and how are they useful in implementing transformations on basic 

blocks? NOV/DEC2012, NOV/DEC2011 

 We can automatically detect common sub expressions. 

 We can determine the statements that compute the values, which could be used 

outside the block. 

 We can determine which identifiers have their values used in the block. 
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24. What is Data-flow analysis? NOV/DEC2012 

"Data-flow analysis" refers to a body of techniques that derive information about the flow 

of data along program execution paths. For example, one way to implement global 

common sub expression elimination requires us to determine whether two textually 

identical expressions evaluate to the same value along any possible execution path of the 

program. 

25. What are the properties of optimizing compilers? NOV/DEC2013 

 Transformation must preserve the meaning of programs. 

 Transformation must, on the average, speed up the programs by a measurable 

amount 

 A Transformation must be worth the effort. 

 

PART-B 

1. (i) What is a compiler? Explain the various phases of compiler in detail, with a neat 

sketch.(12) 

PHASES OF COMPILER 

 

A Compiler operates in phases, each of which transforms the source program from one 

representation into another. The following are the phases of the compiler: 

Main phases: 

1) Lexical analysis  

2)Syntax analysis  

3)Semantic analysis 

4) Intermediate code generation  

5)Code optimization 

6)Code generation 

Sub-Phases: 

1)Symbol table management  

2)Error handling 
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LEXICAL ANALYSIS: 

 It is the first phase of the compiler. It gets input from the source program and produces 

tokens as output.  

 It reads the characters one by one, starting from left to right and forms the tokens.  

 Token : It represents a logically cohesive sequence of characters such as keywords, 

operators, identifiers, special symbols etc.  

o Example: a +b =20  

o Here, a,b,+,=,20 are all separate tokens.  

o Group of characters forming a token is called the Lexeme.  

 The lexical analyser not only generates a token but also enters the lexeme into the symbol 

table if it is not already there.  

SYNTAX ANALYSIS: 

 It is the second phase of the compiler. It is also known as parser.  

 It gets the token stream as input from the lexical analyser of the compiler and generates 
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syntax tree as the output.  

 Syntax tree:  

o It is a tree in which interior nodes are operators and exterior nodes are operands.  

 Example: For a=b+c*2, syntax tree is  

= 

 

a + 

 

b * 

 

c 2 

SEMANTIC  ANALYSIS: 

 It is the  third phase of the compiler.  

 It gets  input from the syntax analysis as parse tree and checks whether the given syntax 

is correct  or not.  

 It performs  type conversion of all the data types into real data types.  

INTERMEDIATE  CODE GENERATION: 

 It is the  fourth phase of the compiler.  

 It gets  input from the semantic analysis and converts the input into output as 

intermediate code  such as three-address code.  

 The three -address code consists of a sequence of instructions, each of which has 

almost three  operands.  

Example: In three-address code, the source pgm might look like this, id1=id2+id3*10 

temp1: = inttoreal (10) 

temp2: = id3 * temp1 

temp3: = id2 + temp2 

id1: = temp3 

CODE OPTIMIZATION: 

 It is the fifth phase of the compiler.  

 It gets the intermediate code as input and produces optimized intermediate code as 

output.  
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 This phase reduces the redundant code and attempts to improve the intermediate code so 

that faster-running machine code will result.  

 During the code optimization, the result of the program is not affected.  

 To improve the code generation, the optimization involves  

o deduction and removal of dead code (unreachable code).  

o calculation of constants in expressions and terms.  

o collapsing of repeated expression into temporary string.  

o loop unrolling.  

o moving code outside the loop.  

 removal of unwanted temporary variables 

CODE GENERATION: 

 It is the final phase of the compiler.  

 It gets input from code optimization phase and produces the target code or object code as 

result.  

 Intermediate instructions are translated into a sequence of machine instructions that 

perform the same task.  

 The code generation involves  

o allocation of register and memory  

o generation of correct references  

o generation of correct data types  

o generation of missing code  

SYMBOL TABLE MANAGEMENT: 

 Symbol table is used to store all the information about identifiers used in the program.  

 It is a data structure containing a record for each identifier, with fields for the 

attributes of the identifier.  

 It allows  to find the record for each identifier quickly and to store or retrieve data 

from that  record.  

 Whenever  an identifier is detected in any of the phases, it is stored in the symbol 

table.  

ERROR  HANDLING: 

 Each  phase can encounter errors. After detecting an error, a phase must handle the 
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error so that  compilation can proceed.  

 In lexical  analysis, errors occur in separation of tokens.  

 In syntax  analysis, errors occur during construction of syntax tree.  

 In semantic  analysis, errors occur when the compiler detects constructs with 

right syntactic  structure but no meaning and during type conversion.  

 In code  optimization, errors occur when the result is affected by the optimization.  

 In code  generation, it shows error when code is missing etc.  

To illustrate the  translation of source code through each phase, consider the statement 

a=b+c*2. The figure shows  the representation of this statement after each phase: 

Position : = initial +  rate  *  10 

 

 

 

 

                                                 id1: =   id2 + id3 * 10             

 

 

 

 

      : = 

      

 id1            + 

 

                                                  id2         * 

 

   id3       inttoreal 

 

                                                                       10 

 

 

 

             Lexical Analyser 

 

 

           Semantic Analyser 

 

 

     Intermediate code generator 

 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com

http://notes.pmr-insignia.org/
http://notes.pmr-insignia.org/
http://notes.pmr-insignia.org/
http://notes.pmr-insignia.org/
http://notes.pmr-insignia.org/
http://notes.pmr-insignia.org/


 

 

 

                                                   temp1: = inttoreal (10) 

                                                    temp2: = id3 * temp1 

                                                    temp3: = id2 + temp2 

                                                    id1: = temp3 

 

 

 

                                                       temp1: = id3 * 10.0 

                                                       id1: = id2 + temp1    

 

 

 

 

                                                    MOVF   id3, R2 

                                                    MULF   #10.0, R2 

                                                     MOVF   id2 , R1 

                                                    ADDF   R2, R1 

                                                    MOVF   R1, id1 

1.(ii) Elaborate on grouping of phases in a compiler. (4) 

GROUPING OF PHASES 

Front and Back Ends: The phases are collected into a front end and a back end.  

Front End: Consists of those phases or parts of phases that depend primarily on the source 

language and are largely independent of target machine. Lexical and syntactic analysis, symbol 

table, semantic analysis and the generation of intermediate code is included. Certain amount of 

code optimization can be done by the front end. It also includes error handling that goes along 

with each of these phases.  

Back End: Includes those portions of the compiler that depend on the target machine and these 

portions do not depend on the source language. Find the aspects of code optimization phase, 

code generation along with necessary error handling and symbol table operations.  

 

                 Code optimser 

                  Code generator 
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Passes: 

Several phases of compilation are usually implemented in a single pass consisting of reading an 

input file and writing an output file. It is common for several phases to be grouped into one pass, 

and for the activity of these phases to be interleaved during the pass.  

Eg: Lexical analysis, syntax analysis, semantic analysis and intermediate code generation might 

be grouped into one pass. If so, the token stream after lexical analysis may be translated directly 

into intermediate code.  

Reducing the number of passes:  

It is desirable to have relatively few passes, since it takes time to read and write intermediate 

files. If we group several phases into one pass, we may forced to keep the entire program in 

memory, because one phase may need information in a different order than a previous phase 

produces it. The internal form of the program may be considerably larger than either the source 

program or the target program, so this space may not be a trivial matter.  

2.(i) Write in detail about the cousins of the compiler.(8) 

COUSINS OF COMPILER 

1. Preprocessor  

2. Assembler  

3. Loader and Link-editor  

1. PREPROCESSOR 

A preprocessor is a program that processes its input data to produce output that is used as 

input to another program. The output is said to be a preprocessed form of the input data, which is 

often used by some subsequent programs like compilers. 

They may perform the following functions : 

a) Macro processing  

b) File Inclusion  

c) Rational Preprocessors  

d) Language extension  

(a) Macro Processing: Expanding macros (shorthand notations for longer constructs). 

For example, in C,#define foo(x,y) (3*x+y*(2+x))defines a macro foo, that when used in later in 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



 

 

the program, is expanded by thepreprocessor. For example, a = foo(a,b) becomesa = 

(3*a+b*(2+a)) 

(b) File Inclusion: Inserting named files. For example, in C,#include "header.h"is 

replaced by the contents of the file header.h 

For example, the C preprocessor causes the contents of the file <global.h> to replace the 

statement #include <global.h> when it processes a file containing this statement. 

defs.h 

main.c 

////// 

////// 

////// 

#include“defs.h” 

…---…---…--- 

(c) Rational preprocessors: These preprocessors augment older language with more 

modern flow of control and data structuring facilities 

(d) Language extensions: These preprocessor attempts to add capabilities to the 

language by what amounts to built in macros.For example, the language Equal is a database 

query language embedded in C. Statements beginning with ## are taken by the preprocessor to 

be database-access statements, unrelated to C, and are translated into procedure calls on routines 

that perform the database access. 

ASSEMBLER 

Some compilers produce assembly code that is passed to an assembler for further  

processing. Other compilers perform the job of the assembler, producing relocatable machine 

code that can be passed directly to the loader/link-editor. Assembly code is a mnemonic version 

of machine code. In which names are used instead of binary codes for operations, and names are 

also given to memory addresses. 

A typical sequence of assembly instructions might be 

MOV a , R1 

ADD #2 , R1 

MOV R1 , b 
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This code moves the contents of the address a into register 1, then adds the constant 2 to it, 

reading the contents of register 1 as a fixed-point number, and finally stores the result in the 

location named by b. thus, it computes b:=a+2. 

There are two types of assemblers: 

 One-pass assemblers go through the source code once and assume that all symbols will 

be defined before any instruction that references them.  

 Two-pass assemblers create a table with all symbols and their values in the first pass, 

and then use the table in a second pass to generate code.  

An Assembler‟s Symbol table for b=a+2 

Identifier  Address 

a 0 

b 4 

 

Two-Pass Assembly 

 In the second pass, the assembler scans the input again.This time, it translates each 

operation code into the sequence of bits representing that operation in machine language. 

The output of the 2nd pass is usually relocatable machine code. 

 Example: 

MOV a , R1     0001 01 00 00000000 

ADD #2 , R1   0011 01 10 00000010 

MOV R1 , b    0010 01 00 00000100 

(i) In Which the first four bits are instruction are, with 0001, 0010,0011  standing for 

load, store and add. 

(ii) The next two bits designate a register. (ie) 01-R1 

(iii) The next two bits are 00-> ordinary address and 10-> immediate mode. 

(iv) Last eight bits refer to memory address. 

LINKER AND LOADER 

 Linkers 

A linker combines object code (machine code that has not yet been linked) produced 

from compiling and assembling many source programs, as well as standard library functions and 
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resources supplied by the operating system. This involves resolving references in each object file 

to external variables and procedures declared in other files. 

 Loaders 

Compilers, assemblers and linkers usually produce code whose memory references are 

made relative to an undetermined starting location that can be anywhere in memory (relocatable 

machine code). A loader calculates appropriate absolute addresses for these memory locations 

and amends the code to use these addresses 

2. (ii) What are the tools used for constructing a compiler? (8) 

Software development tools are available to implement one or more compiler phases 

1. SCANNER GENERATORS: These tools automatically generate lexical analyzers, 

normally from a specification based on regular expressions. The basic organization of the 

resulting lexical analyzer is in effect a finite automaton. 

Ex: LEX, FLEX 

2. PARSER GENERATORS: These produce syntax analyzers, normally from input that is 

based on a context-free grammar. In early compilers, syntax analysis consumed not only 

a large fraction of the running time of a compiler, but a large fraction of the intellectual 

effort of writing a compiler. This phase is considered one of the easiest to implement. 

Example-YACC (Yet Another Compiler-

Compiler).  

3. SYNTAX-DIRECTED TRANSLATION ENGINES: These produce collections of 

routines that walk the parse tree, generating intermediate code. 

The basic idea is that one or more “translations” are associated with each node of 

the parse tree, and each translation is defined in terms of translations at its neighbor nodes 

in the tree. 

4. AUTOMATIC CODE GENERATORS: Such a tool takes a collection of rules that 

define the translation of each operation of the intermediate language into the machine 

language for the target machine. 

5. DATA-FLOW ENGINES: Much of the information needed to perform good code 

optimization involves “data-flow analysis,” the gathering of information how values are 

transmitted from one part of a program to each other part. 
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3.(i)Explain the Issues of the Lexical Analyzer with its implementation.(4) MAY/JUNE 14, 

MAY/JUNE 2012, APRIL/MAY 11 

As the first phase of a compiler, the main task of the lexical analyzer is to read the input 

characters of the source program, group them into lexemes, and produce as output a sequence of 

tokens for each lexeme in the source program. The stream of tokens is sent to the parser for 

syntax analysis. It is common for the lexical analyzer to interact with the symbol table as well. 

When the lexical analyzer discovers a lexeme constituting an identifier, it needs to enter that 

lexeme into the symbol table. 

These interactions are suggested in Fig. 3 .1 . Commonly, the interaction is implemented 

by having the parser call the lexical analyzer. The call, suggested by the getNextToken 

command, causes the lexical analyzer to read characters from its input until it can identify the 

next lexeme and produce for it the next token, which it returns to the parser. 

Issues in Lexical Analysis 

There are several reasons for separating the analysis phase of compiling into lexical analysis and 

parsing. 

1) Simpler design is the most important consideration. The separation of lexical analysis 

from syntax analysis often allows us to simplify one or the other of these phases. 

2) Compiler efficiency is improved.  

3) Compiler portability is enhanced.  
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3.(ii) Differentiate between lexeme, token and pattern.(6) MAY/JUNE 14 

Tokens, Patterns and Lexemes. 

1. Tokens: A token is a pair consisting of a token name and an optional attribute value.A 

token name is an abstract symbol representing a kind of lexical unit eg:a particular 

keyword or a sequence of input character denoting an identifier. 

2. Pattern: There is a set of strings in the input for which the same token is produced as 

output. This set of strings is described by a rule called a pattern associated with the token. 

The pattern is set to match each string in the set.  

3. Lexeme: A lexeme is a sequence of characters in the source program that is matched by 

the pattern for the token. For example in the Pascal‟s statement const pi = 3.1416; the 

substring pi is a lexeme for the token identifier. 

In most programming languages, the following constructs are treated as tokens: keywords, 

operators, identifiers, constants, literal strings, and punctuation symbols such as parentheses, 

commas, and semicolons. 

TOKEN SAMPLE 

LEXEMES 

INFORMAL DESCRIPTION OF 

PATTERN 

const 

if 

relation 

id 

num 

literal 

Const 

if 

<,<=,=,<>,>,>= 

pi,count,D2 

3.1416,0,6.02E23 

“core dumped” 

 

const 

if 

< or <= or = or <> or >= or > 

letter followed by letters and digits 

any numeric constant 

any characters between “ and “ except” 

 

In the example when the character sequence pi appears in the source program, the token 

representing an identifier is returned to the parser. The returning of a token is often implemented 

by passing an integer corresponding to the token. It is this integer that is referred to as bold face 

id in the above table. 

The pattern for the token const in the above table is just the single string const that spells 

out the keyword. 
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3.(iii)Elaborate specification of tokens and reorganization of tokens.(6) MAY/JUNE 2012 

There are 3 specifications of tokens:  

1)Strings 

2) Language 

3)Regular expression 

Strings and  Languages 

An alphabet or character class is a finite set of symbols. 

A string over an alphabet is a finite sequence of symbols drawn from that alphabet. 

A language is any countable set of strings over some fixed alphabet. 

In language theory, the terms "sentence" and "word" are often used as synonyms for 

"string." The length of a string s, usually written |s|, is the number of occurrences of symbols in s. 

For example, banana is a string of length six. The empty string, denoted ε, is the string of length 

zero. 

Operations on strings 

The following string-related terms are commonly used: 

1. A prefix of string s is any string obtained by removing zero or more symbols from the end of 

strings. 

For example, ban is a prefix of banana. 

2. A suffix of string s is any string obtained by removing zero or more symbols from the 

beginning of s.  

For example, nana is a suffix of banana.  

3. A substring of s is obtained by deleting any prefix and any suffix from s. 

For example, nan is a substring of banana.  

4. The proper prefixes, suffixes, and substrings of a string s are those prefixes, suffixes, and 

substrings, respectively of s that are not ε or not equal to s itself.  

5. A subsequence of s is any string formed by deleting zero or more not necessarily consecutive 

positions of s.  

For example, baan is a subsequence of banana.  
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Operations on languages: 

The following  are the operations that can be applied to languages: 

1.Union 

2.Concatenation 

3.Kleene closure 

4.Positive closure 

The following  example shows the operations on strings: 

Let L={0,1}  and S={a,b,c} 

1. Union  : L U S={0,1,a,b,c} 

2. Concatenation  : L.S={0a,1a,0b,1b,0c,1c} 

3. Kleene closure  : L
*
={ ε,0,1,00….} 

4. Positive  closure  : L
+
={0,1,00….} 

 

Regular  Expressions 

Each regular expression r denotes a language L(r). 

Here are the rules that define the regular expressions over some alphabet Σ and the languages 

that those expressions denote: 

1. ε is a regular expression, and L(ε) is { ε }, that is, the language whose sole member is the 

empty string.  

2. If„a‟is a symbol in Σ, then „a‟is a regular expression, and L(a) = {a}, that is, the language 

with one string, of length one, with „a‟in its one position.  

3. Suppose r and s are regular expressions denoting the languages L(r) and L(s). Then,  

a) (r)|(s) is a regular expression denoting the language L(r) U L(s).  

b) (r)(s) is a regular expression denoting the language L(r)L(s).  

c) (r)* is a regular expression denoting (L(r))*.  

d) (r) is a regular expression denoting L(r).  

4. The unary operator * has highest precedence and is left associative.  

5. Concatenation has second highest precedence and is left associative.  

6. | has lowest precedence and is left associative.  
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Regular set 

A language that can be defined by a regular expression is called a regular set. 

If two regular expressions r and s denote the same regular set, we say they are equivalent and 

write r = s. 

There are a number of algebraic laws for regular expressions that can be used to 

manipulate into equivalent forms. 

For instance, r|s = s|r is commutative; r|(s|t)=(r|s)|t is associative. 

Regular Definitions 

Giving  names to regular expressions is referred to as a Regular definition. If Σ is an 

alphabet of basic  symbols, then a regular definition is a sequence of definitions of the form 

dl → r 1 

d2 → r2 

……… 

dn → rn 

1. Each di is a  distinct name.  

2. Each ri is a  regular expression over the alphabet Σ U {dl, d2,. . . , di-l}.  

Example:  Identifiers is the set of strings of letters and digits beginning with a letter. Regular 

definition for  this set: 

letter → A | B  | …. | Z | a | b | …. | z| 

digit → 0 | 1 |  …. | 9 

id → letter (  letter | digit ) * 

Shorthands 

Certain constructs occur so frequently in regular expressions that it is convenient to 

introduce notational shorthands for them. 

1. One or more instances (+): 

- The unary postfix operator + means “ one or more instances of” .  

- If r is a regular expression that denotes the language L(r), then ( r )
+
 is a regular expression 

that denotes the language (L (r ))
+
 

- Thus the regular expression a
+
 denotes the set of all strings of one or more a‟s.  

- The operator 
+
 has the same precedence and associativity as the operator 

*
.  
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2. Zero or one instance ( ?): 

- The unary postfix operator ?means “zero or one instance of”.  

- The notation r? is a shorthand for r | ε.  

- If „r‟ is a regular expression, then ( r )? is a regular expression that denotes the language 

L( r ) U { ε }.  

3. Character Classes: 

- The notation [abc] where a, b and c are alphabet symbols denotes the regular expression 

a | b | c.  

- Character class such as [a – z] denotes the regular expression a | b | c | d | ….|z.  

- We can describe identifiers as being strings generated by the regular expression, 

[A–Za–z][A–Za–z0–9]*  

Non-regular  Set 

A language  which cannot be described by any regular expression is a non-regular set. 

Example: The  set of all strings of balanced parentheses and repeating strings cannot be 

described by a regular  expression. This set can be specified by a context-free grammar. 

 

4.(i) Draw the DFA for the augmented regular expression (a|b)*# directly using syntax 

tree.(8) 

Followpos 

 Followpos is defined  for the positions (positions assigned to leaves). 

followpos(i)  :  is the set of positions which can follow  the position i in the strings 

generated by the augmented regular expression. 

For example,     ( a | b)
 *

 a  # 

1      2       3  4 

o followpos(1) = {1,2,3} 

o followpos(2) = {1,2,3} 

o followpos(3) = {4} 

o followpos(4) = {}  

firstpos, lastpos, nullable 

To evaluate followpos, three more functions are to be defined for the nodes (not just for 

leaves) of the syntax tree. 
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 firstpos(n)  --  the set of the positions of the first symbols of strings generated by the sub-

expression rooted at n. 

 lastpos(n)  --   the set of the positions of the last symbols of strings generated by the sub-

expression rooted at n. 

 nullable(n)  --  true   if the empty string is a member of strings  generated by the sub-

expression rooted by n  false  otherwise 

Evaluation of firstpos, lastpos, nullable 

 

 

Evaluation of followpos 

Two-rules define the function followpos: 

 If n is concatenation-node with left child c1 and right child c2,and i is a position in 

lastpos(c1), then all positions in firstpos(c2) are in followpos(i). 

 If n is a star-node, and i is a position in lastpos(n), then all positions in firstpos(n) are in 

followpos(i). 

If firstpos and lastpos have been computed for each node, followpos   of each position can be 

computed by making one depth-first traversal of the syntax tree. 

 Example -- ( a | b)
 *
 a  # 
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Algorithm (RE  DFA) 

 Create the syntax tree of  (r) # 

 Calculate the functions: followpos, firstpos, lastpos, nullable  

 Put firstpos(root) into the states of DFA as an unmarked state. 

 while (there is an unmarked state S in the states of DFA) do 

o mark S 

o for each  input symbol a  do  

 let s1,...,sn are positions in S and symbols in those positions are a 

 S
‟
   followpos(s1)  ...  followpos(sn) 

 move(S,a)  S‟  

 if (S‟ is not empty  and not in the states of DFA) 

 put S‟ into the states of DFA as an unmarked state. 

 the start state of DFA is firstpos(root) 

 the accepting states of DFA are all states containing the position of #  
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4.(ii) Construct the Minimized DFA for the regular expression. (0+1)*(0+1)10 
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5. Check whether the following grammar is a LL(1) grammar 

         S -> iEtS | iEtSeS | a 

          E -> b 

Also define the FIRST and FOLLOW procedures. (10) 

After eliminating left factoring, we have 

S → iEtSS‟ |a 

S‟→ eS | ε 

E → b 

To construct a parsing table, we need FIRST()and FOLLOW() for all the non-terminals. 

FIRST(S) ={i, a } 

FIRST(S‟) = {e, ε } 

FIRST(E) ={ b} 

FOLLOW(S) ={ $ ,e } 

FOLLOW(S‟) = { $ ,e } 

FOLLOW(E) = {t} 

Parsing table: 

 

NON- a b e i t $ 

TERMINAL       

S S → a   S → iEtSS‟   

       

S‟   S‟→ eS   S‟→ ε 

   S‟→ ε    

E  E → b     

       

 

Since there are more than one production, the grammar is not LL(1) grammar. 
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FIRST and FOLLOW procedures 

First() 

Let   be a string of grammar symbols.  First() is the set that includes every terminal 

that appears leftmost in  or in any string originating from .   

NOTE: If   , then  is First( ). 

Rules for first( ): 

1. If X is terminal,  then FIRST(X) is {X}.  

2. If X → ε is  a production, then add ε to FIRST(X).  

3. If X is non- terminal and X → aα is a production then add a to FIRST(X).  

4.If X is non- terminal and X → Y1 Y2…Yk is a production, then place a in FIRST(X) if for some 

i, a is in  FIRST(Yi), and ε is in all of FIRST(Y1),…,FIRST(Yi-1); that is, Y1,….Yi-1 => ε. If ε 

is in FIRST(Y j) for all j=1,2,..,k, then add ε to FIRST(X). 

Follow ()  

Let A be a non-terminal.  Follow(A) is the set of terminals a that can appear directly to 

the right of A in some sentential form.  

  (S  Aa, for some   and ).   

Rules for follow(  ): 

1. If S is a start  symbol, then FOLLOW(S) contains $.  

2. If there is  a production A → αBβ, then everything in FIRST(β) except ε is placed in 

follow(B).  

3. If there is  a production A → αB, or a production A → αBβ where FIRST(β) contains ε, then 

everything in FOLLOW(A) is in FOLLOW(B).  
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Example 

 

   

5.(ii) Explain the error recovery strategies in syntax analysis.(6) 

The different  strategies that a parse uses to recover from a syntactic error are: 

1. Panic mode  

2. Phrase level  

3. Error productions  

4. Global correction  

Panic mode  recovery: 

On  discovering an error, the parser discards input symbols one at a time until a 

synchronizing  token is found. The synchronizing tokens are usually delimiters, such as 

semicolon or  end. It has the advantage of simplicity and does not go into an infinite loop. When 

multiple errors in the same statement are rare, this method is quite useful. 

Phrase level recovery: 

On discovering an error, the parser performs local correction on the remaining input that 

allows it to continue. Example: Insert a missing semicolon or delete an extraneous semicolon 

etc. 

Error productions: 

The parser is constructed using augmented grammar with error productions. If an error 
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production is used by the parser, appropriate error diagnostics can be generated to indicate the 

erroneous constructs recognized by the input. 

Global correction: 

Given an incorrect input string x and grammar G, certain algorithms can be used to find 

a parse tree for a string y, such that the number of insertions, deletions and changes of tokens is 

as small as possible. However, these methods are in general too costly in terms of time and 

space. 

6.(i) Consider the grammar given below. 

          E->E+T 

          E->T 

          T->T*F 

          T->F 

           F->(E) 

           F->id. Construct an LR Parsing table for the above grammar. Give the moves of LR 

parser on id*id+id.(8) 

Construct SLR parsing for the following grammar : 

G : E → E + T | T 

T → T * F | F 

F→ (E) | id 

The given grammar is : 

G : E → E + T ------ (1) 

E →T ------ (2) 

T → T * F  ------ (3) 

T → F  ------ (4) 

F→ (E)  ------ (5) 

F→ id  ------ (6) 

 

Step 1 : Convert  given grammar into augmented grammar. 
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Augmented  grammar : 

E‟ → E 

E → E + T 

E → T 

T → T * F 

T → F 

F→ (E) 

F→ id 

Step 2 : Find LR (0) items. 

I0 : E‟ → . E 

E → . E + T  

E → . T  

T → . T * F  

T → . F  

F → . (E)  

F → . id  

G  

GOTO ( 

I0 , E)   

GOTO ( 

I4 , id ) 

I1 : E‟ → E .  I5 : F→ id . 

E → E . + T    
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FOLLOW (E) = { $ , ) , +) 

FOLLOW (T) = { $ , + , ) , * } 

FOOLOW (F) = { * , + , ) , $ } 

SLR parsing table: 

      ACTION        GOTO     

  

 

 

 

 

 

 

 

 

 

   

 

 

 

   

 

 id  +  *  (  )  $ 

 

 E T F 

  

           

                    

I0  s5       s4       1  2  3   

                    

I1    s6         ACC         

                    

I2    r2   s7     r2   r2         

                    

I3    r4   r4     r4   r4         

                    

I4  s5       s4       8  2  3   

                    

I5    r6   r6     r6   r6         

                    

I6  s5       s4        9  3   

                    

I7 s5      s4          10   

                    

I8   s6      s11           

                    

I9   r1  s7    r1  r1         

                    

I10   r3  r3    r3  r3         
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I11   r5  r5    r5  r5         

                    

 

Blank entries are error entries. 

 

Stack implementation: 

 

Check whether the input id + id * id is valid or not. 
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6.(ii) Design an LALR Parser for the following grammar and parse the input id=id. 

              S-> L=R/R;              L->*R/id ;              R->L 

Given grammar:  

1. S->L=R  

2. S->R  

3. L->*R  

4. L->id  

5. R->L  

Augmented grammar:  

Sí->S  

S->L=R  

S->R  

L->*R 

 L->id  

R->L 
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7.(i) What is syntax directed translation? How it is used for translation of expressions? (8) 

Syntax Directed Definitions 

 Syntax Directed Definitions are a generalization of context-free grammars in which:  

1. Grammar symbols have an associated set of Attributes;  

2. Productions are associated with Semantic Rules for computing the values of attributes.  

 Such formalism generates Annotated Parse-Trees where each node of the tree is a record 

with a field for each attribute (e.g., X.a indicates the attribute a of the grammar symbol 

X). 

 The value of an attribute of a grammar symbol at a given parse-tree node is defined by a 

semantic rule associated with the production used at that node.  

  We distinguish between two kinds of attributes:  

o  Synthesized Attributes. They are computed from the values of the attributes of 

the children nodes.  

o  Inherited Attributes. They are computed from the values of the attributes of both 

the siblings and the parent nodes. 

Form of Syntax Directed Definitions 

Each production, A → α, is associated with a set of semantic rules: b := f ( c 1, c 2, . . . , c k ), 

where f is a function and either  

1. b is a synthesized attribute of A, and c 1, c 2, . . . , c k are attributes of the grammar 

symbols of the production, or  

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



 

 

2. b is an inherited attribute of a grammar symbol in α, and c 1, c 2, . . . , c k are attributes 

of grammar symbols in α or attributes of A.  

• Note. Terminal symbols are assumed to have synthesized attributes supplied by the lexical 

analyzer. 

 • Procedure calls (e.g. print in the next slide) define values of Dummy synthesized attributes of 

the non terminal on the left-hand side of the production. 

Syntax Directed Definitions: An Example 

Example. Let us consider the Grammar for arithmetic expressions. The Syntax Directed 

Definition associates to each non terminal a synthesized attribute called val. 

 

S-Attributed Definitions 

Definition : An S-Attributed Definition is a Syntax Directed Definition that uses only 

synthesized attributes.  

• Evaluation Order. Semantic rules in a S-Attributed Definition can be evaluated by a bottom-up, 

or PostOrder, traversal of the parse-tree. 

 • Example. The above arithmetic grammar is an example of an S-Attribute d Definition. The 

annotated parse-tree for the input 3*5+4n is: 
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Inherited Attributes 

Inherited Attributes are useful for expressing the dependence of a construct on the context in 

which it appears.  

• It is always possible to rewrite a syntax directed definition to use only synthesized attributes, 

but it is often more natural to use both synthesized and inherited attributes.  

• Evaluation Order. Inherited attributes cannot be evaluated by a simple PreOrder traversal of the 

parse-tree:  

– Unlike synthesized attributes, the order in which the inherited attributes of the children 

are computed is important!!! Indeed:  

∗ Inherited attributes of the children can depend from both left and right siblings! 

 

Inherited Attributes: An Example 

Example. Let us consider the syntax directed definition with both inherited and synthesized 

attributes for the grammar for “type declarations”: 
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 The non terminal T has a synthesized attribute, type, determined by the keyword in the 

declaration.  

 The production D → T L is associated with the semantic rule L.in := T .type which set 

the inherited attribute L.in.  

 Note: The production L → L 1, id distinguishes the two occurrences of L. 

 Synthesized attributes can be evaluated by a PostOrder traversal.  

 Inherited attributes that do not depend from right children can be evaluated by a classical 

PreOrder traversal.  

  The annotated parse-tree for the input real id 1, id 2, id 3 is: 

 

An Example 

 Synthesized attributes can be evaluated by a PostOrder traversal.  

• Inherited attributes that do not depend from right children can be evaluated by a classical 

PreOrder traversal.  

• The annotated parse-tree for the input real id 1, id 2, id 3 is: 
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• L.in is then inherited top-down the tree by the other L-nodes.  

• At each L-node the procedure addtype inserts into the symbol table the type of the 

identifier. 

Dependency Graphs 

• Implementing a Syntax Directed Definition consists primarily in finding an order for the 

evaluation of attributes  

– Each attribute value must be available when a computation is performed. 

• Dependency Graphs are the most general technique used to evaluate syntax directed 

definitions with both synthesized and inherited attributes.  

• A Dependency Graph shows the interdependencies among the attributes of the various 

nodes of a parse-tree.  

– There is a node for each attribute;  

– If attribute b depends on an attribute c there is a link from the node for c to the node for b 

( b ← c).  

• Dependency Rule: If an attribute b depends from an attribute c, then we need to fire the 

semantic rule for c first and then the semantic rule for b. 

Evaluation Order 

• The evaluation order of semantic rules depends from a Topological Sort derived from the 

dependency graph.  

• Topological Sort: Any ordering m 1, m 2, . . . , m k such that if m i → m j is a link in the 

dependency graph then m i < m j . 
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7.(ii) Explain about the specification of a simple type checker. (8) 

Here,  we specify a type checker for a simple language in which the type of each 

identifier must be declared  before the identifier is used. The type checker is a translation scheme 

that synthesizes the  type of each expression from the types of its subexpressions. The type 

checker can handle arrays,  pointers, statements and functions. 

A Simple  Language 

Consider the  following grammar: 

P → D ; E   

D → D ; D | id  : T   

T → char |  integer | array [ num ] of T | ↑ T  

E → literal |  num | id | E mod E | E [ E ] | E ↑  

Translation scheme:   

P → D ; E   

D → D ; D 

{ addtype (id.entry , T.type)} 

 

D → id : T  

T → char { T.type : = char }  

T → integer { T.type : = integer }  

T → ↑ T1 { T.type : = pointer(T1.type) }  

T → array [ num ] of T1 { T.type : = array ( 1… num.val , T1.type) } 

 

In the above language, 

→ There are two basic types : char and integer ;  

→ type_error is used to signal errors;  

the prefix operator ↑ builds a pointer type. Example , ↑ integer leads to the type expression 

pointer ( integer ). 

Type checking of expressions 

In the following rules, the attribute type forE gives the type expression assigned to the 

expression generated by E. 
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1. E → literal { E.type : = char } 

E → num { E.type : = integer } 

Here, constants represented by the tokens literal and num have type char and integer. 

2. E → id      { E.type : = lookup ( id.entry ) } 

lookup ( e ) is used to fetch the type saved in the symbol table entry pointed to by e. 

3. E → E1 mod E2   { E.type : = if E1. type = integer and 

E2. type = integer then integer 

else type_error } 

The expression formed by applying the mod operator to two subexpressions of type integer has 

type integer;  otherwise, its type is type_error. 

4. E → E1 [ E2  ]   { E.type : = if E2.type = integer and 

 E1.type = array(s,t) then t 

 else type_error } 

In an array  reference E1 [ E2 ] , the index expression E 2 must have type integer. The result 

is the element  type t obtained from the type array(s,t) of E1. 

5. E → E1 ↑     { E.type : = if E1.type = pointer (t) then t 

 else type_error } 

The postfix  operator ↑ yields the object pointed to by its operand. The type of E ↑ is the type 

t of the object  pointed to by the pointer E. 

Type checking  of statements 

Statements do  not have values; hence the basic type void can be assigned to them. If an error 

is detected within  a statement, then type_error is assigned. 

 

Translation scheme for checking the type of statements: 

1. Assignment statement: 

S → id : = E { S.type : = if id.type = E.type then void else 

type_error } 

2. Conditional statement: 

S → if E then S1 { S.type : = if E.type = boolean then S1.type 

else type_error } 
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3. While statement: 

S → while E do S1 { S.type : = if E.type = boolean then S1.type 

else type_error } 

4. Sequence of statements: 

 

S → S1 ; S2 { S.type : = if S1.type = void and S1.type = void 

then void 

else type_error } 

Type checking of functions 

The rule for checking the type of a function application is : 

E → E1 ( E2)  { E.type : = if E2.type = s and 

E1.type = s → t then t 

else type_error } 

 

8.(i) Describe in detail about storage allocation strategies. (8) 

The different storage allocation strategies are : 

1. Static allocation – lays out storage for all data objects at compile time 

2. Stack allocation – manages the run-time storage as a stack. 

3. Heap allocation – allocates and deallocates storage as needed at run time from a data area 

known as heap.  

STATIC ALLOCATION 

 In static allocation, names are bound to storage as the program is compiled, so there is no 

need for  a run-time support package.  

 Since  the bindings do not change at run-time, everytime a procedure is activated, its 

names  are bound to the same storage locations.  

 Therefore  values of local names are retained across activations of a procedure. That is, 

when  control returns to a procedure the values of the locals are the same as they were 

when  control left the last time.  

 From  the type of a name, the compiler decides the amount of storage for the name and 

decides  where the activation records go. At compile time, we can fill in the addresses at 
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which  the target code can find the data it operates on.  

STACK  ALLOCATION OF SPACE 

 All  compilers for languages that use procedures, functions or methods as units of user-

defined  actions manage at least part of their run-time memory as a stack.  

 Each  time a procedure is called , space for its local variables is pushed onto a stack, and 

when the procedure terminates, that space is popped off the stack.  

Calling sequences: 

 Procedures called are implemented in what is called as calling sequence, which consists 

of code that allocates an activation record on the stack and enters information into its 

fields.  

 A return sequence is similar to code to restore the state of machine so the calling 

procedure can continue its execution after the call.  

 The code in calling sequence is often divided between the calling procedure (caller) and 

the procedure it calls (callee).  

 When designing calling sequences and the layout of activation records, the following 

principles are helpful:  

o Values communicated between caller and callee are generally placed at the 

beginning of the callee‟s activation record, so they are as close as possible to 

the caller‟s activation record.  

 Fixed length items are generally placed in the middle. Such  items typically include the 

control link, the access link, and the machine status fields.  

 Items whose size may not be known early enough are placed at the end of the activation 

record. The most common example is dynamically sized array, where the value of one of 

the callee‟s parameters determines the length of the array.  
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Parameters and returned values 

    

 

caller‟s   

    

 

control link 

   

activation 

   

links and saved status 

   

 

record 

   

 

 temporaries and local data 

   

    

   caller‟s    

  responsibility 

      

 Parameters and returned values      

callee‟s       

activation  control link 

   

   

record 

 

  links and saved status 

 

top_sp 

 

   

          

  callee‟s 

 temporaries and local data 

   

 

 responsibility 

   

       

           

 

 Division of tasks between caller and callee 

 The  calling sequence and its division between caller and callee are as follows.  

o  The caller evaluates the actual parameters.  

o The caller stores a return address and the old value of top_sp into the callee‟s 

activation record. The caller then increments the top_sp to the respective 
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positions.  

o The callee saves the register values and other status information.  

o The callee initializes its local data and begins execution.  

 A suitable, corresponding return sequence is:  

o The callee places the return value next to the parameters.  

o Using the information in the machine-status field, the callee restores top_sp and 

other registers, and then branches to the return address that the caller placed in 

the status field.  

o Although top_sp has been decremented, the caller knows where the return value 

is, relative to the current value of top_sp; the caller therefore may use that value.  

Variable length data on stack: 

 The reason to prefer placing objects on the stack is that we avoid the expense of garbage 

collecting their space.  

 The run-time memory management system must deal frequently with the allocation of 

space for objects, the sizes of which are not known at the compile time, but which are 

local to a procedure and thus may be allocated on the stack.  

 Procedure p has three local arrays, whose sizes cannot be determined at compile time. 

The storage for these arrays is not part of the activation record for p.  

 Access to the data is through two pointers, top and top-sp. Here the top marks the actual 

top of stack; it points the position at which the next activation record will begin.  

 The second top-sp is used to find local, fixed-length fields of the top activation record.  

 The code to reposition top and top-sp can be generated at compile time, in terms of 

sizes that will become known at run time. 
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HEAP ALLOCATION 

Stack allocation strategy cannot be used if either of the following is possible : 

1. The values of local names must be retained when an activation ends.  

2. A called activation outlives the caller.  

o Heap allocation parcels out pieces of contiguous storage, as needed for 

activation records or other objects.  

o Pieces may be deallocated in any order, so over the time the heap will 

consist of alternate areas that are free and in use.  

o The record for an activation of procedure r is retained when the activation ends.  

Position in the Activation records in the heap Remarks  

activation tree         

           

 s       Retained activation  

      s    record for r  

          

r q ( 1 ,  9)     control link    

           

      r     

      

 control link 

   

         

           

q(1,9) 

 

control link 

 

 

 

o Therefore, the record for the new activation q(1 , 9) cannot follow that for s 

physically.  

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com

http://notes.pmr-insignia.org/
http://notes.pmr-insignia.org/
http://notes.pmr-insignia.org/
http://notes.pmr-insignia.org/
http://notes.pmr-insignia.org/
http://notes.pmr-insignia.org/


 

 

o If the retained activation record for r is deallocated, there will be free 

space in the heap between the activation records for s and q.  

 

8.(ii) Explain about various parameter passing methods in procedure calls.(8) 

The communication medium among procedures is known as parameter passing. The 

values of the variables from a calling procedure are transferred to the called procedure by some 

mechanism. Before moving ahead, first go through some basic terminologies pertaining to the 

values in a program. 

r-value 

The value of an expression is called its r-value. The value contained in a single variable also 

becomes an r-value if it appears on the right-hand side of the assignment operator. r-values can 

always be assigned to some other variable. 

l-value 

The location of memory (address) where an expression is stored is known as the l-value of that 

expression. It always appears at the left hand side of an assignment operator. 

For example: 

day = 1; 

week = day * 7; 

month = 1; 

year = month * 12; 

From this example, we understand that constant values like 1, 7, 12, and variables like day, 

week, month and year, all have r-values. Only variables have l-values as they also represent the 

memory location assigned to them. 

For example: 

7 = x + y; 

is an l-value error, as the constant 7 does not represent any memory location. 

Formal Parameters 

Variables that take the information passed by the caller procedure are called formal parameters. 

These variables are declared in the definition of the called function. 
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Actual Parameters 

Variables whose values or addresses are being passed to the called procedure are called actual 

parameters. These variables are specified in the function call as arguments. 

Example: 

fun_one() 

{ 

   int actual_parameter = 10; 

   call fun_two(int actual_parameter); 

} 

   fun_two(int formal_parameter) 

{ 

   print formal_parameter; 

} 

Formal parameters hold the information of the actual parameter, depending upon the parameter 

passing technique used. It may be a value or an address. 

Pass by Value 

In pass by value mechanism, the calling procedure passes the r-value of actual 

parameters and the compiler puts that into the called procedure‟s activation record. Formal 

parameters then hold the values passed by the calling procedure. If the values held by the formal 

parameters are changed, it should have no impact on the actual parameters. 

Pass by Reference 

In pass by reference mechanism, the l-value of the actual parameter is copied to the 

activation record of the called procedure. This way, the called procedure now has the address 

(memory location) of the actual parameter and the formal parameter refers to the same memory 

location. Therefore, if the value pointed by the formal parameter is changed, the impact should 

be seen on the actual parameter as they should also point to the same value. 

Pass by Copy-restore 

This parameter passing mechanism works similar to „pass-by-reference‟ except that the 

changes to actual parameters are made when the called procedure ends. Upon function call, the 

values of actual parameters are copied in the activation record of the called procedure. Formal 

parameters if manipulated have no real-time effect on actual parameters (as l-values are passed), 
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but when the called procedure ends, the l-values of formal parameters are copied to the l-values 

of actual parameters. 

Example: 

int y;  

calling_procedure()  

{ 

   y = 10;      

   copy_restore(y); //l-value of y is passed 

   printf y; //prints 99  

} 

copy_restore(int x)  

{      

   x = 99; // y still has value 10 (unaffected) 

   y = 0; // y is now 0  

} 

When this function ends, the l-value of formal parameter x is copied to the actual parameter y. 

Even if the value of y is changed before the procedure ends, the l-value of x is copied to the l-

value of y making it behave like call by reference. 

Pass by Name 

Languages like Algol provide a new kind of parameter passing mechanism that works like 

preprocessor in C language. In pass by name mechanism, the name of the procedure being 

called is replaced by its actual body. Pass-by-name textually substitutes the argument 

expressions in a procedure call for the corresponding parameters in the body of the procedure so 

that it can now work on actual parameters, much like pass-by-reference. 

9. (i) Explain the principle sources of optimization in detail.(8) 

 A transformation of a program is called local if it can be performed by looking only at 

the statements in a basic block; otherwise, it is called global.  

 Many transformations can be performed at both the local and global levels. Local 

transformations are usually performed first.  

Function-Preserving Transformations 
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 There are a number of ways in which a compiler can improve a program without 

changing the function it computes.  

 The transformations  

 Common sub expression elimination,  

 Copy propagation,  

 Dead-code elimination, and  

 Constant folding  

are common examples of such function-preserving transformations. The other 

transformations come up primarily when global optimizations are performed. 

 Frequently, a program will include several calculations of the same value, such as 

an  

offset in an array. Some of the duplicate calculations cannot be avoided by the 

programmer because they lie below the level of detail accessible within the source 

language. 

Common Sub expressions elimination:  

 An occurrence of an expression E is called a common sub-expression if E was 

previously computed, and the values of variables in E have not changed since the 

previous computation. We can avoid recomputing the expression if we can use the 

previously computed value.  

 For example  

t1: =4*i 

t2: =a [t1] 

t3: =4*j 

t4:=4*i 

t5: =n 

t6: =b [t4] +t5 

The above code can be optimized using the common sub-expression elimination as 

t1: =4*i 

t2: =a t1] 

t3: =4*j 

t5: =n 
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t6: =b [t1] +t5 

The common sub expression t 4: =4*i is eliminated as its computation is already in t1. 

And value of i is not been changed from definition to use. 

Copy Propagation:  

 Assignments of the form f : = g called copy statements, or copies for short. The idea 

behind the copy-propagation transformation is to use g for f, whenever possible after the 

copy statement f: = g. Copy propagation means use of one variable instead of another. 

This may not appear to be an improvement, but as we shall see it gives us an opportunity 

to eliminate x.  

 For example:  

x=Pi; 

…… 

A=x*r*r; 

The optimization using copy propagation can be done as follows: 

A=Pi*r*r; 

Here the variable x is eliminated. 

Dead-Code Eliminations:  

that values never get used. While the programmer is unlikely to introduce any dead 

       code intentionally, it may appear as the result of previous transformations. An 

      optimization can be done by eliminating dead code. 

 Example: 

i=0; 

if(i=1) 

{ 

a=b+5; 

} 

Here, „if‟ statement is dead code because this condition will never get satisfied. 

 

Constant folding:  

We can eliminate both the test and printing from the object code. More generally, 
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deducing at compile time that the value of an expression is a constant and using the 

constant instead is known as constant folding.  

One advantage of copy propagation is that it often turns the copy statement into dead 

code.  

For example, 

a=3.14157/2 can be replaced by 

a=1.570 thereby eliminating a division operation. 

Loop Optimizations:  

 We now give a brief introduction to a very important place for optimizations, namely 

loops, especially the inner loops where programs tend to spend the bulk of their time. The 

running time of a program may be improved if we decrease the number of instructions in 

an inner loop, even if we increase the amount of code outside that loop.  

Three techniques are important for loop optimization:  

 code motion, which moves code outside a loop;  

 Induction-variable elimination, which we apply to replace variables from inner 

loop.  

 Reduction in strength, which replaces and expensive operation by a cheaper one, 

such as a multiplication by an addition.  

 Code Motion:  

 An important modification that decreases the amount of code in a loop is code motion. 

This transformation takes an expression that yields the same result independent of the 

number of times a loop is executed ( a loop-invariant computation) and places the 

expression before the loop. Note that the notion “before the loop” assumes the existence 

of an entry for the loop. For example, evaluation of limit-2 is a loop-invariant 

computation in the following while-statement:  

while (i <= limit-2) /* statement does not change limit*/ 

Code motion will result in the equivalent of  

t= limit-2; 

 

 

  

while (i<=t)  /* statement does not change limit or t */  

 Induction Variables:  
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 Loops are usually processed inside out. For example, consider the loop around B3.  

 Note that the values of j and t4 remain in lock-step; every time the value of j decreases by 

1, that of t4 decreases by 4 because 4*j is assigned to t4. Such identifiers are called 

induction variables.  

 When there are two or more induction variables in a loop, it may be possible to get rid of  

all but one, by the process of induction-variable elimination. For the inner loop around 

B3 in Fig. we cannot get rid of either j or t4 completely; t4 is used in B3 and j in B4.  

However, we can illustrate reduction in strength and illustrate a part of the process of 

induction-variable elimination. Eventually j will be eliminated when the outer loop of 

B2 - B5 is considered.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  before       after 

Example: 

As the relationship t4: =4*j surely holds after such an assignment to t4 in Fig. and t4 is 

not changed elsewhere in the inner loop around B3, it follows that just after the statement 
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j:=j -1 the relationship t4:= 4*j-4 must hold. We may therefore replace the assignment t 

4: = 4*j by t4: = t4-4. The only problem is that t 4 does not have a value when we enter 

block B3 for the first time. Since we must maintain the relationship t4=4*j on entry to the 

block B3, we place an initialization of t4 at the end of the block where j itself is 

initialized, shown by the dashed. Addition to blockB1 in second Fig. 

 The replacement of a multiplication by a subtraction will speed up the object code if 

multiplication takes more time than addition or subtraction, as is the case on many 

machines. 

 Reduction In Strength: 

 Reduction in strength replaces expensive operations by equivalent cheaper ones on the 

target machine. Certain machine instructions are considerably cheaper than others and 

can often be used as special cases of more expensive operators. 

 

     For example, x² is invariably cheaper to implement as x*x than as a call to an 

exponentiation routine. Fixed-point multiplication or division by a power of two is 

cheaper to implement as a shift. Floating-point division by a constant can be 

implemented as multiplication by a constant, which may be cheaper. 

9.(ii) Write about Data flow analysis of structural programs. (8) 

 In order to do code optimization and a good job of code generation , compiler needs to 

collect information about the program as a whole and to distribute this information to 

each block in the flow graph. 

 A compiler could take advantage of “reaching definitions” , such as knowing where a 

variable like debug was last defined before reaching a given block, in order to perform 

transformations are just a few examples of data-flow information that an optimizing 

compiler collects by a process known as data-flow analysis. 

 Data-flow information can be collected by setting up and solving systems of equations of 

the form : 

out [S] = gen [S] U ( in [S] – kill [S] ) 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



 

 

This equation can be read as “ the information at the end of a statement is either generated within 

the statement , or enters at the beginning and is not killed as control flows through the 

statement.”  

 The details of how data-flow equations are set and solved depend on three factors. 

 The notions of generating and killing depend on the desired information, i.e., on the data 

flow analysis problem to be solved. Moreover, for some problems, instead of proceeding 

along with flow of control and defining out[s] in terms of in[s], we need to proceed 

backwards and define in[s] in terms of out[s]. 

 Since data flows along control paths, data-flow analysis is affected by the constructs in a 

program. In fact, when we write out[s] we implicitly assume that there is unique end 

point where control leaves the statement; in general, equations are set up at the level of 

basic blocks rather than statements, because blocks do have unique end points.  

 There are subtleties that go along with such statements as procedure calls, assignments 

through pointer variables, and even assignments to array variables. 

Points and Paths: 

 Within a basic block, we talk of the point between two adjacent statements, as well as the 

point before the first statement and after the last. Thus, block B1 has four points: one 

before any of the assignments and one after each of the three assignments. 
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Now let us take a global view and consider all the points in all the blocks. A path from p1 to pn 

is a sequence of points p1, p2,….,pn such that for each i between 1 and n-

point immediately preceding a statement and pi+1 is the point immediately following that 

 is the beginning of a 

successor block. 

Reaching definitions: 

 A definition of variable x is a statement that assigns, or may assign, a value to x. The 

most common forms of definition are assignments to x and statements that read a value 

from an i/o device and store it in x. 

 These statements certainly define a value for x, and they are referred to as unambiguous 

definitions of x. There are certain kinds of statements that may define a value for x; they 

are called ambiguous definitions. The most usual forms of ambiguous definitions of x 

are: 
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o A call of a procedure with x as a parameter or a procedure that can access x 

because x is in the scope of the procedure. 

o An assignment through a pointer that could refer to x. For example, the 

assignment *q: = y is a definition of x if it is possible that q points to x. we must 

assume that an assignment through a pointer is a definition of every variable. 

We say a definition d reaches a point p if there is a path from the point immediately following d 

to p, such that d is not “killed” along that path. Thus a point can be reached by an unambiguous 

definition and an ambiguous definition of the same variable appearing later along one path. 

Data-flow analysis of structured programs: 

 Flow graphs for control flow constructs such as do-while statements have a useful 

property: there is a single beginning point at which control enters and a single end point 

that control leaves from when execution of the statement is over. We exploit this property 

when we talk of the definitions reaching the beginning and the end of statements with the 

following syntax. 

S id: = E| S; S | if E then S else S | do S while E 

E id + id| id 

 Expressions in this language are similar to those in the intermediate code, but the flow 

graphs for statements have restricted forms 
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. 

We define a portion of a flow graph called a region to be a set of nodes N that includes a header, 

which dominates all other nodes in the region. All edges between nodes in N are in the region, 

except for some that enter the header. 

 The portion of flow graph corresponding to a statement S is a region that obeys the 

further restriction that control can flow to just one outside block when it leaves the 

region. 

S1 

S1 S2 

S2 

S1 

If E goto s1 

If E goto s1 

 We say that the beginning points of the dummy blocks at the entry and exit of a 

statement‟s region are the beginning and end points, respectively, of the statement. The 
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equations are inductive, or syntax-directed, definition of the sets in[S], out[S], gen[S], 

and kill[S] for all statements S. 

gen[S] is the set of definitions “generated” by S while kill[S] is the set of definitions that never 

reach the end of S. 

Consider the following data-flow equations for reaching definitions : 

 

Observe the rules for a single assignment of variable a. Surely that assignment is a definition of 

a, say d. Thus Gen[S]={d} 

On the other hand, d “kills” all other definitions of a, so we write Kill[S] = Da – {d} Where, Da 

is the set of all definitions in the program for variable a. 
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Under what circumstances is definition d generated by S=S1; S2? First of all, if it is generated by 

S2, then it is surely generated by S. if d is generated by S1, it will reach the end of S provided it 

is not killed by S2. Thus, we write 

gen[S]=gen[S2] U (gen[S1]-kill[S2]) 

Similar reasoning applies to the killing of a definition, so we have 

Kill[S] = kill[S2] U (kill[S1] – gen[S2]) 

Computation of in and out: 

Many data-flow problems can be solved by synthesized translations similar to those used 

to compute gen and kill. It can be used, for example, to determine loop-invariantcomputations. 

 However, there are other kinds of data-flow information, such as the reaching-definitions 

problem. It turns out that in is an inherited attribute, and out is a synthesized attributedepending 

on in. we intend that in[S] be the set of definitions reaching the beginning of S, taking into 

account the flow of control throughout the entire program, includingstatements outside of S or 

within which S is nested. 

The set out[S] is defined similarly for the end of s. it is important to note the distinction 

between out[S] and gen[S]. The latter is the set of definitions that reach the end of Swithout 

following paths outside S. 

Assuming we know in[S] we compute out by equation, that isOut[S] = gen[S] U (in[S] - 

kill[S]) 

Considering cascade of two statements S1; S2, as in the second case. We start by 

observing in[S1]=in[S]. Then, we recursively compute out[S1], which gives us in[S2],since a 

definition reaches the beginning of S2 if and only if it reaches the end of S1. Nowwe can 

compute out[S2], and this set is equal to out[S]. 

Considering if-statement we have conservatively assumed that control can follow either 

branch, a definition reaches the beginning of S1 or S2 exactly when it reaches the 

beginning of S. 

 

In[S1] = in[S2] = in[S] 

 If a definition reaches the end of S if and only if it reaches the end of one or both sub 
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statements; i.e, 

Out[S]=out[S1] U out[S2] 

Representation of sets: 

Sets of definitions, such as gen[S] and kill[S], can be represented compactly using bit 

vectors. We assign a number to each definition of interest in the flow graph. Then bit vector 

representing a set of definitions will have 1 in position I if and only if the definition numbered I 

is in the set. 

The number of definition statement can be taken as the index of statement in an array 

holding pointers to statements. However, not all definitions may be of interest during global 

data-flow analysis. Therefore the number of definitions of interest will typically be recorded in a 

separate table. 

 A bit vector representation for sets also allows set operations to be implemented 

efficiently. The union and intersection of two sets can be implemented by logical or and logical 

and, respectively, basic operations in most systems-oriented programming languages. The 

difference A-B of sets A and B can be implemented by taking the complement of B and then 

using logical and to compute A . 

Local reaching definitions: 

Space for data-flow information can be traded for time, by saving information only at 

certain points and, as needed, re computing information at intervening points. Basic blocks are 

usually treated as a unit during global flow analysis, with attention restricted to only those points 

that are the beginnings of blocks. 

Since there are usually many more points than blocks, restricting our effort to blocks is a 

significant savings. When needed, the reaching definitions for all points in a block can be 

calculated from the reaching definitions for the beginning of a block. 

Use-definition chains: 

It is often convenient to store the reaching definition information as” use-definition 

chains” or “ud-chains”, which are lists, for each use of a variable, of all the definitions that 

reaches that use. If a use of variable a in block B is preceded by no unambiguous definition of a, 

then ud-chain for that use of a is the set of definitions in in[B] that are definitions of a.in 

addition, if there are ambiguous definitions of a ,then all of these for which no unambiguous 

definition of a lies between it and the use of a are on the ud-chain for this use of a. 
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Evaluation order: 

The techniques for conserving space during attribute evaluation, also apply to the 

computation of data-flow information using specifications. Specifically, the only constraint on 

the evaluation order for the gen, kill, in and out sets for statements is that imposed by 

dependencies between these sets. Having chosen an evaluation order, we are free to release the 

space for a set after all uses of it have occurred. 

Earlier circular dependencies between attributes were not allowed, but we have seen that 

data-flow equations may have circular dependencies. 

General control flow: 

Data-flow analysis must take all control paths into account. If the control paths are 

evident from the syntax, then data-flow equations can be set up and solved in a syntax-directed 

manner. 

When programs can contain goto statements or even the more disciplined break and 

continue statements, the approach we have taken must be modified to take the actual control 

paths into account. 

Several approaches may be taken. The iterative method works arbitrary flow graphs. 

Since the flow graphs obtained in the presence of break and continue statements are reducible, 

such constraints can be handled systematically using the interval-based methods. However, the 

syntax-directed approach need not be abandoned when break and continue statements are 

allowed. 

10.(i) Explain the simple code generator with a suitable example.(8) 

 A code  generator generates target code for a sequence of three- address statements and 

effectively  uses registers to store operands of the statements.  

 For  example: consider the three-address statement a :=  b+c It can  have the following 

sequence of codes:  

 

ADD Rj, Ri Cost = 1  // if Ri contains b and Rj contains c 

 (or)  

ADD c, Ri Cost = 2 // if c is in a memory location 

 (or)  
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MOV c, Rj Cost = 3 // move c from memory to Rj and add 

ADD Rj, Ri   

 

Register and Address Descriptors: 

1. A register descriptor is used to keep track of what is currently in each registers. The 

register descriptors show that initially all the registers are empty.  

2. An address descriptor stores the location where the current value of the name can be 

found at run time.  

A code-generation algorithm: 

The algorithm takes as input a sequence of three -address statements constituting a basic block. 

For each three-address statement of the form x : = y op z, perform the following actions: 

1. Invoke a function getreg to determine the location L where the result of the computation y 

op z should be stored.  

2. Consult the address descriptor for y to determine y‟, the current location of y. Prefer the 

register for y‟ if the value of y is currently both in memory and a register. If the value of y 

is not already in L, generate the instruction MOV y’ , L to place a copy of y in L.  

3. Generate the instruction OP z’ , L where z‟ is a current location of z. Prefer a register to 

a memory location if z is in both. Update the address descriptor of x to indicate that x is 

in location L. If x is in L, update its descriptor and remove x from all other descriptors.  

4. If the current values of y or z have no next uses, are not live on exit from the block, and are 

in registers, alter the register descriptor to indicate that, after execution of x : = y op z , 

those registers will  no longer contain y or z.  

Generating  Code for Assignment Statements: 

 The  assignment d : = (a-b) + (a-c) + (a-c) might be translated into the following three-

address  code sequence:  

 t : = a – b   

u : = a – c    

v : = t + u     

d : = v + u 

with d live at  the end. 
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Code sequence  for the example is: 

 

Statements  Code Generated  Register descriptor  Address descriptor  

     

   Register empty   

     

t : = a - b MOV a, R0 R0 contains t t in R0  

 SUB b, R0     

      

u : = a - c MOV a , R1 

R

0 contains t t in R0  

 SUB c , R1 R1 contains u u in R1  

      

v : =t + u ADD R1, R0 

R

0 contains v u in R1  

  

R

1 contains u v in R0  

      

d : = v + u ADD R1, R0 

R

0 contains d d in R0  

 

MOV R0, d 

  d in R0 and memory  

     

      

Generating Code for Indexed Assignments 

The table shows the code sequences generated for the indexed assignment statements  

a : = b [ i ] and a [ i ] : = b 
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Statements Code Generated Cost 

   

a : = b[i] MOV b(Ri), R 2 

   

a[i] : = b MOV b, a(Ri) 3 

   

Generating Code for Pointer Assignments 

 

The table shows the code sequences generated for the pointer assignments a : 

= *p and *p : = a 

 

 Statements  Code Generated    Cost  

       

 a : = *p  MOV *Rp, a    2  

       

 *p : = a  MOV a, *Rp    2  
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10.(ii) Construct DAG and three address code for the following C program.(4) 

 i=1; s=0; 

 while(i<=10) 

 {s=s+a[i]; 

i=i+1;}  
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10.(iii) Construct the dag for the following basic block: (4) 

d: = b * c 

e: = a + b 

b: = b * c 

a: = e – d NOV/DEC2013, MAY/JUNE 2012 
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