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COURSE CONTENT
B. Tech, 6th Semester CSE

Module I: (10 hours)
Introduction: Overview and Phases of compilation. Lexical Analysis: Non-Deterministic and
Deterministic Finite Automata (NFA & DFA), Regular grammar, Regular expressions and Regular
languages, Design of a Lexical Analyzer as a DFA, Lexical Analyzer generator. Syntax Analysis:
Role of
a Parser, Context free grammars and Context free languages, Parse trees and derivations,
Ambiguous grammar. Top Down Parsing: Recursive descent parsing, LL (1) grammars, Non-
recursive
Predictive Parsing, Error reporting and Recovery. Bottom Up Parsing: Handle pruning and shift
reduces Parsing, SLR parsers and construction or SLR parsing tables, LR(1) parsers and construction
of LR(1) parsing tables, LALR parsers and construction of efficient LALR parsing tables, Parsing
using
Ambiguous grammars, Error reporting and Recovery, Parser generator

Module I1: (6 hours)
Intermediate Code Generation: DAG for expressions, Three address codes - Quadruples and Triples,

Types and declarations, Translation of Expressions, Array references, Type checking and Conversions
Translation of Boolean expressions and control flow statements, Back Patching, Intermediate Code
Generation for Procedures.

Module I11: (10 hours)

Code Generation: Factors involved, Registers allocation, Simple code generation using STACK
Allocation, Basic blocks and flow graphs, Simple code generation using flow graphs
CodeOptimization: Objective, Peephole Optimization, and Concepts of Elimination of local commo
sub-

expressions, Redundant and un-reachable codes, Basics of flow of control optimization.

Module 1V: (10 hours)

Run Time Environment: Storage Organizations, Static and Dynamic Storage Allocations, STACK
Allocation, Handlings of activation records for calling sequences. Syntax Directed Translation: Syntax
Directed Definitions (SDD), Inherited and Synthesized Attributes, Dependency graphs, Evaluation
orders for SDD, Semantic rules, Application of Syntax Directed Translation. Symbol Table: Structure
and features of symbol tables, symbol attributes and scopes.
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Books:
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N

\i\'hal is Peephole Optimization in Compiler Design? ‘
((\(.Jc optimization that is applied to a small section of the code is known as peephole optimization in compiler
design. It is called local optimization because it works by evaluating a small scction of the generated code,
: r window refers (O

TeNer: ' o . - v .. .
generally a few instructions, and optimizing them based on some predefined rules. Peephole o
nis

the brief sequence of instructions or brief section of code on which peephole optimization in compiler desig
carried out.

Objectives of Peephole Optimization in Compiler Design

The following are the objectives of peephole optimization in compiler design:

* Increasing code speed: Peephole optimization in compiler design seeks to improve the exe
generated code by removing redundant instructions or unnecessary instructions.

* Reduced code size: Peephole optimization in compiler design secks to reduce generated code size by replacing
the long sequence of instructions with shorter ones.

« Getting rid of dead code: Peephole optimization in compiler design secks to get rid of dead code, suck
unreachable code, redundant assignments, or constant expressions that have no effect on the output of the
program.

- Simplifying code: Peephole optimization in compiler design also secks to make generated code more
understandable and manageable by removing unnecessary complexities.

Working of Peephole Optimization in Compiler design
The working of Peephole optimization in compiler design can be summarized in the following steps:
Step 1 — Identify the peephole: In the first step, the compiler finds the small sections of the generated code th

needs optimization.
Step 2 — Apply the optimization rule: After identification, in the second step, the compiler applies

predefined set of optimization rules to the instructions in the peephole.
Step 3 — Evaluate the result: After applying optimization rules, the compiler evaluates the optimized code to
check whether the changes make the code better than the original in terms of speed, size, or memory usage.
Step 4 — Repeat: The process is repeated by finding new peepholes and applying the optimization rules until no
more opportunities to optimize exists.
Peephole Optimization Techniques
Here are some of the commonly used peephole optimization techniques:

Constant Folding
Constant folding is one of the peephole optimization techniques that involves evaluating constant expressions at

compile-time instead of run-time. This optimization technique can significantly improve the performance of a
program by reducing the number of computations performed at run-time.

Here is an example of Constant folding:

Initial Code:

intx=10+5;

inty=x*2;

Optimized Code:

int x=15;

inty=x%*2;

Explanation: In this code, the expression 10 + 5 is a constant expression, which means that its value can be -
computed at compile-time. Instead of computing the value of the expression at run-time, the compiler can
replace the expression with its computed value, which is 15.

Strength Reduction

cution speed of

1 as

at

a
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Strength reduction is one of the peephole optimization techniques that aims to replace computationally *
exper!slve operations with cheaper ones, thereby improving the performance of a program.
Here is an example of strength reduction:
Initial Code:
intx=y/4;
Optimized Code:
intx =y>>2;
EXPla'fatIOSm In this code, the expression y / 4 involves a division operation, which is computationally
EXPEnSIVe. 50, we can replace this with a shift right operation, as bit-wise operations are generally faster.
Redundant Load and Store Elimination
nd - . - .
deudaartlt load and store elimination is also one of the peephole optimization techniques that seeks to reduce
o tan . ; C . .
redu memory accesses in a program. This optimization works by finding code that performs the same
memory access many times and removes the redundant accesses.
Here is an example of this:
Initial Code:

intx=25;
inty=x+10;

int z=x+ 20;
Optimized Code:
intx=235;
inty=x+10;

intz=y+ 10; // optimized line

Explanation: In this code, the variable x is loaded from memory twice: once in the second line and once in the
third line. However, since the value of x does not change between the two accesses, the second access is
redundant. In the optimized code, the redundant load of x is eliminated by replacing the second access with the

value of y, which is computed using the value of x in the second line.

Null Sequences Elimination
Null sequences Elimination is a peephole optimization technique used in compiler design. to remove

unnecessary instructions from a program. The optimization involves identifying and removing sequences of

instructions that have no effect on the final output of a program.
Here is an example of null sequences elimination:

Initial Code:

intx=25;

inty=10; ;
intz=x+y;

x = 5; // redundant instruction
Optimized Code:

intx=25;
inty =10;
intz=x+y;

Explanation: In this code, the value of x is assigned twice: once in the first line and once in the fourth line.
However, since the second assignment has no effect on the final output of the program, it is a null sequence and

can be eliminated.
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Code Optimization Technique is an approach to enhance the performance of the code by cither eliminating 0f

rearranging the code lines, Code Optimization techni ues are as follows:
. Compile-time evaluation

2. Common Sub-expression elimination

3. Dead code ¢limination

4. Code movemznt

5. Strength reduction

Common Sub-exyression Elimination: : ing the
The expression or sub-exptession that has been appeared and computed before and appears again ‘?‘""‘:g Wit
computation of the code is the common sub-expression. Elimination of that sub-exptession is kno
as Common sub-expression elimination. dino the re-
The advantage of this elimination method is to make the computation faster and better by avoiding t
computation of the expression. In addition, it utilizes memory efficiently.

Types of common sub-expression elimination

The two types of elimination methods in common sub-expression elimination are:

1. Local Common Sub-expression elimination— It is used within a single basic block. Where a basic block is @
simple code sequence that has no branches. .

2. Global Common Sub-expression elimination— It is used for an entire procedure of common sub-expression
elimination.

Example 1:

Before elimination —
a=10;

b=a+1*2;
c=a+1*2;

//’c" has common expression as ‘b’
d=c+a;

After elimination —
a=10;

b=a+1*2
d=b+a;

Let’s understand Example 1 with a diagram:
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o
=a+1%2 c=a+1*2
b=12 y=q2

d=bh+a d=c¢c+a

d=12+ 10 =22
Jfig.: Example |

A§ shown in the figure (Nig.. Example 1, the result of ‘d’ would be similar with both expressions. So, we will
eliminate one of th

€ common subexpressions, as it helps in faster execution and efficient memory utilization.
Example 2:

Before elimination —

x=11;
y=11*24,
Z=x*24

/'z" has common expression as 'y’ as 'x' can be evaluated directly as done in 'y".

After elimination —

y=11 *24;

In compiler design, redundant code elimination removes unnecessary computations, while unreachable code
elimination removes code that will never be executed, improving efficiency and performance.

Redundant Code Elimination:

Definition: Redundant code involves computations performed multiple times when the result is already known
or can be derived from a previous calculation.

Example:

C
inta=35;
intb=a*2;

int c =a * 2; // Redundant, as 'c' can be derived from 'b'
In this case, calculating a * 2 for ¢ is redundant because the value is already stored in b.

Compiler Optimization: A compiler can optimize this by replacing the redundant calculation withc =b;.
Unreachable Code Elimination:

Definition: Unreachable code consists of instructions that are never executed during program execution.
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C
intx=10;
if (x > 100) {
j // This code will never be executed
printf("This will not be printed");
1

)
printf{"This will be printed");

The code inside the if statement is unreachable because x is initialized to 10, and the condition x > 100 will
always be false.

« Compiler Optimization: A compiler can identify and remove such unreachable code, resulting in a smaller and
faster executable.

Control flow optimization is a technique in compiler design that improves the efficiency of control flow
Structures in a program. [t includes optimizations such as branch prediction, loop optimization, dead code
elimination, simplification of control flow graphs, and tail recursion elimination.

[ ]
The main objective is to minimize the impact of conditional branches and loops on program performance. By
predicting branch outcomes, optimizing loops, removing dead code, simplifying control flow graphs, and
transforming tail recursion, the compiler enhances execution speed and resource utilization,

3
int x = 10;
int y = 26;

int z;

1f (x > y) {

\z =X +Yy;
}else {
| zlz X = y;

\ } i

In this code, there is a conditional statement that checks if x is greater than Y. Based on the co

iti ; L ndition, ei
addition or subtraction oOperation is performed, and the result js stored in variable z RiEierihe

;f;:r:gitzgll co:;trol_ flow optimization, l.he compiler can perform branch prediction and determine that the
1on X >y 1s always false. In this case, it knows that the code inside the if block will never be executed

As a result, the compi

i piler can optimize the iminati . _
optimized code: P code by eliminating the unused code block, resulting in the following

int X = 10;
inty = 20

4
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