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Abstract 

Code Optimization & Code Generation, this idea basically deals with In computing, code generation is the 

process by which a compiler's code generator converts some intermediate representation of source code into a 

form (e.g., machine code) that can be readily executed by a machine. Sophisticated compilers typically perform 

multiple passes over various intermediate forms. This multi-stage process is used because 

many algorithms for code optimization are easier to apply one at a time, or because the input to one optimization 

relies on the completed processing performed by another optimization. This organization also facilitates the 

creation of a single compiler that can target multiple architectures, as only the last of the code generation stages 

(the backend) needs to change from target to target. 
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Introduction 

The input to the code generator typically consists of a parse tree or an abstract syntax tree. The tree is converted 

into a linear sequence of instructions, usually in an intermediate language such as three address code. Further 

stages of compilation may or may not be referred to as "code generation", depending on whether they involve a 

significant change in the representation of the program. (For example, a peephole optimization pass would not 

likely be called "code generation", although a code generator might incorporate a peephole optimization pass.) 

1. Reflection 

In general, a syntax and semantic analyzer tries to retrieve the structure of the program from the source code, 

while a code generator uses this structural information (e.g., data types) to produce code. In other words, the 

former adds information while the latter loses some of the information. One consequence of this information 

loss is that reflection becomes difficult or even impossible. To counter this problem, code generators often 

embed syntactic and semantic information in addition to the code necessary for execution. 

2. Concepts 

The fundamental task of taking input in one language and producing output in a non-trivially different language 

can be understood in terms of the core transformational operations of formal language theory. Consequently, 

some techniques that were originally developed for use in compilers have come to be employed in other ways as 
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well. For example, YACC (Yet Another Compiler Compiler) takes input in Backus-Naur form and converts it to 

a parser in C. Though it was originally created for automatic generation of a parser for a compiler, yacc is also 

often used to automate writing code that needs to be modified each time specifications are changed. 

Many integrated development environments (IDEs) support some form of automatic source code generation, 

often using algorithms in common with compiler code generators, although commonly less complicated. (See 

also: Program transformation, Data transformation.) Runtime code generation. When code generation occurs 

at runtime, as in just-in-time compilation (JIT), it is important that the entire process be efficient with respect to 

space and time. For example, when regular expressions are interpreted and used to generate code at runtime, a 

non-deterministic finite state machine is often generated instead of a deterministic one, because usually the 

former can be created more quickly and occupies less memory space than the latter. Despite its generally 

generating less efficient code, JIT code generation can take advantage of profiling information that is available 

only at runtime.  

3. Major Tasks In Code Generation 

In addition to the basic conversion from an intermediate representation into a linear sequence of machine 

instructions, a typical code generator tries to optimize the generated code in some way. 

Tasks which are typically part of a sophisticated compiler's "code generation" phase include: 

• Instruction selection: which instructions to use. 

• Instruction scheduling: in which order to put those instructions. Scheduling is a speed optimization that 

can have a critical effect on pipelined machines. 

• Register allocation: the allocation of variables to processor registers 

• Debug data generation if required so the code can be debugged. 

Instruction selection is typically carried out by doing a recursive post order traversal on the abstract syntax tree, 

matching particular tree configurations against templates; for example, the tree W :=  

ADD(X,MUL(Y,Z))  might be transformed into a linear sequence of instructions by recursively generating the 

sequences for t1 := X  and t2 := MUL(Y,Z) , and then emitting the instruction ADD W, t1, t2 . 

In a compiler that uses an intermediate language, there may be two instruction selection stages — one to convert 

the parse tree into intermediate code, and a second phase much later to convert the intermediate code into 

instructions from the instruction set of the target machine. This second phase does not require a tree traversal; it 

can be done linearly, and typically involves a simple replacement of intermediate-language operations with their 

corresponding opcodes. However, if the compiler is actually a language translator (for example, one that 

converts Eiffel to C), then the second code-generation phase may involve building a tree from the linear 

intermediate code. 

4. Forms Of Objects Code 

Source code and object code refer to the "before" and "after" versions of a computer program that is compiled 

(see compiler) before it is ready to run in a computer. The source code consists of the programming statements 

that are created by a programmer with a text editor or a visual programming tool and then saved in a file. For 

example, a programmer using the C language types in a desired sequence of C language statements using a text 

editor and then saves them as a named file. This file is said to contain the source code. It is now ready to be 

compiled with a C compiler and the resulting output, the compiled file, is often referred to as object code. The 
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object code file contains a sequence of instructions that the processor can understand but that is difficult for a 

human to read or modify. For this reason and because even debugged programs often need some later 

enhancement, the source code is the most permanent form of the program. 

 

5. The Structure of A Compiler 

A compiler consists of three main parts:the frontend,the middle-end,and the backend. The front end checks 

whether the program is correctly written in terms of the programming language syntax and semantics. Here legal 

and illegal programs are recognized. Errors are reported,if any,in a useful way. Type checking is also performed 

by collecting type information. The frontend then generates an intermediate representation of the source code 

for processing by the middle-end. the middle end is where optimization takes place. Typical transformations for 

optimization are removal of useless or unreachable code,discovery and propagation of constant values,relocation 

of computation to a less frequently executed place,or specialization of computation based on the context. The 

middle-end generates another intermediate representation for the following backend. Most optimization efforts 

are focused on this part. The back end is responsible for translating the intermediate representation from the 

middle-end into assembly code. The target instruction(s) are chosen for each IR instruction. Variables are also 

selected for the registers. Backend utilizes the hardware by figuring out how to keep parallel FUs busy,filling 

delay slots,and so on. Although most algorithms for optimization are in NP,heuristic techniques are well-

developed. 

 

6. Compiler Construction 

Compiler construction is an area of computer science that deals with the theory and practice of developing 

programming languages and their associated compilers. The theoretical portion is primarily concerned with 

syntax, grammar and semantics of programming languages. One could say that this gives this particular area of 

computer science a strong tie with linguistics. Some courses on compiler construction will include a simplified 

grammar of a spoken language that can be used to form a valid sentence for the purposes of providing students 

with an analogy to help them understand how grammar works for programming languages. The practical portion 
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covers actual implementation of compilers for languages. Students will typically end up writing the front end of 

a compiler for a simplistic teaching language, such as Micro. 

7.1 Lexical Analysis 

The first phase of compilation is lexical analysis of the source code. This phase involves grouping the characters 

into lexemes. Lexemes belong to token classes such as "integer", "identifier", or "whitespace". A token of the 

form <token-class, attribute-value> is produced for each lexeme. Lexical analysis is also called scanning.  

7.2 Syntax Analysis 

The second phase of constructing a compiler is syntax analysis. The output of lexical analyser is used to create a 

representation which shows the grammatical structure of the tokens. Syntax analysis is also called parsing.  

7. Conclusion 

 
Generally, Compiler is used to compile the source program. The features of compiler is 

 

1. Compiler should generate accurate code corresponding to the source code provided 

2. Compiler should perform better optimization that would contribute to the improvement of the 

Performance as well as in conservation of space. 

3. Compiler should be bug-free by itself. 

4. Output of the compiler should not take much time to run 
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