
Unit-I. Notation and Concepts

Syllabus:

Introduction to compilers – Design issues, passes, phases, symbol table Preliminaries – Memory

management,  Operating  system support  for  compiler,  Compiler  support  for  garbage  collection

Lexical Analysis  – Tokens, Regular Expressions,  Process of Lexical analysis,  Block Schematic,

Automatic construction of lexical analyzer using LEX, LEX features and specification.  [Hrs : 06]

-----------------------------------------------------------------------------------------------------------------------

1. Introduction to compilers

• A compiler reads, analyses and translates code into either an object file or a list of error

messages. 

• A linker combines one or more object files and possible some library code into either some

executable, some library or a list of error messages. 

• A loader reads the executable code into memory, does some address translation and tries to

run the program resulting in a running program or an error message (or both). 



COMPILATION PROCESS: 

                     |
                     |---->  Input is Source file(.c)
                     |
                     V
            +=================+
            |                 |
            | C Preprocessor  |
            |                 |
            +=================+
                     |
                     | ---> Pure C file ( comd:cc -E <file.name> )
                     |
                     V
            +=================+
            |                 |
            | Lexical Analyzer|
            |                 |
            +-----------------+
            |                 |
            | Syntax Analyzer |
            |                 |
            +-----------------+
            |                 |
            | Semantic Analize|
            |                 |
            +-----------------+
            |                 |
            | Pre Optimization|
            |                 |
            +-----------------+
            |                 |
            | Code generation |
            |                 |
            +-----------------+
            |                 |
            | Post Optimize   |
            |                 |
            +=================+
                     |
                     |--->  Assembly code (comd: cc -S <file.name> )
                     |
                     V
            +=================+
            |                 |
            |   Assembler     |
            |                 |
            +=================+
                     |
                     |--->  Object file (.obj) (comd: cc -c <file.name>)
                     |
                     V
            +=================+
            |     Linker      |
            |      and        |
            |     loader      |
            +=================+
                     |
                     |--->  Executable (.Exe/a.out) (com:cc <file.name> ) 
                     |
                     V
            Executable file(a.out)



C preprocessor :-

C preprocessing is the first step in the compilation. It handles:

1. # define statements. 
2. # include statements. 
3. Conditional statements. 
4. Macros 

The purpose of the unit is to convert the C source file into Pure C code file.

C compilation :
There are Six steps in the unit :

1) Lexical Analyzer:
It combines each characters in the source file, to form a "TOKEN". A token is a set of character that
does not have 'space', 'tab' and 'new line'. Therefore this unit of compilation is also called 
"TOKENIZER". It also removes the comments, generates symbol table, relocation table entries.

2) Syntactic Analyzer:
This unit check for the syntax in the code. For ex:

{
    int a;
    int b;
    int c;
    int d;

    d = a + b - c *   ;
}

The above code will generate the parse error because the equation is not balance. This unit internal 
checks this by generating the parser tree as follows:

                            =
                          /   \
                        d       -
                              /     \
                            +           *
                          /   \       /   \
                        a       b   c       ?

Therefore this unit is also called PARSER.

3) Semantic Analyzer:
This unit check for the meaning in the statements. For ex:

{
    int i;
    int *p;

    p = i;
    -----
    -----



    -----
}

The above code generates the error as "Assignment of incompatible type". Therefore this unit 
checks for such errors.

4) Pre-Optimization:
This unit is independent of the CPU, i.e., there are two types of optimization

1. Preoptimization (CPU independent) 
2. Postoptimization (CPU dependent) 

This unit optimizes the code in following forms:

• I) Dead code elimination 
• II) Sub code elimination 
• III) Loop optimization 

I) Dead code elimination:

For ex: 

{
    int a = 10;
    if ( a > 5 ) {
        /*
        ...
        */
    } else {
       /*
       ...
       */
    }
}

Here, the compiler knows the value of a at compile time, therefore it also knows that the if 
condition is true for ever. Hence it eliminates the else part in the code.

II) Sub code elimination:

For ex:

{
    int a, b, c;
    int x, y;

    /*
    ...
    */

    x = a + b;
    y = a + b + c;

    /*
    ...
    */
}

can be optimized as follows:



{
    int a, b, c;
    int x, y;

    /*
     ...
    */

    x = a + b;
    y = x + c;      // a + b is replaced as x:

    /*
     ...
    */
}

III) Loop optimization:

For ex:

{
    int a;
    for (i = 0; i < 1000; i++ ) {

    /*
     ...
    */

    a = 10;

    /*
     ...
    */
    }
}

In the above code, if 'a' is local and not used in the loop then it can be optimized as follows:

{
    int a;
    a = 10;
    for (i = 0; i < 1000; i++ ) {
        /*
        ...
        */
    }
}

5) Code generation:

Here, the compiler generates the assemble code so that the more frequently used variables are stored
in the registers.

6) Post-Optimization:

Here the optimization is CPU dependent. Suppose if there more one jumps in the code then they are
converted to one as:

            -----
        jmp:<addr1>
<addr1> jmp:<addr2>
            -----
            -----



The control jumps to the directly.

Then the last phase is the Linking and Loading.



Linker:

In computer science, a linker or link editor is a computer program that takes one or more object files

generated by a compiler and combines them into a single executable file, library file, or another

object file.

Computer programs typically comprise several parts or modules; these parts/modules need not all

be contained within a single object file, and in such case refer to each other by means of symbols.

Typically, an object file can contain three kinds of symbols:

• defined "external" symbols, which allow it to be called by other modules,

• Undefined "external" symbols, which reference other modules where these symbols are

defined

• local symbols, used internally within the object file to facilitate relocation.

For most compilers, each object file is the result of compiling one input source code file. When a

program comprises multiple object files, the linker combines these files into a unified executable

program, resolving the symbols as it goes along.

Linkers can take objects from a collection called a library. Some linkers do not include the whole

library in the output; they only include its symbols that are referenced from other object files or

libraries. Libraries exist for diverse purposes, and one or more system libraries are usually linked in

by default.

The linker also takes care of arranging the objects in a program's address space. This may involve

relocating code that  assumes a  specific  base address  to  another  base.  Since a  compiler  seldom

knows where an object  will  reside,  it  often assumes a  fixed base location (for  example,  zero).

Relocating machine code may involve re-targeting of absolute jumps, loads and stores.

The executable output by the linker may need another relocation pass when it is finally loaded into

memory (just before execution). This pass is usually omitted on hardware offering virtual memory:

every program is put into its own address space, so there is no conflict even if all programs load at

the same base address. This pass may also be omitted if the executable is a position independent

executable.

Dynamic Linking

Many operating system environments allow dynamic linking, that is the postponing of the resolving

of  some undefined  symbols  until  a  program is  run.  That  means  that  the  executable  code  still

contains undefined symbols, plus a list of objects or libraries that will provide definitions for these.



Loading the program will load these objects/libraries as well, and perform a final linking. Dynamic

linking needs no linker.

Advantages:

• Often-used libraries (for example the standard system libraries) need to be stored in only

one location, not duplicated in every single binary.

• If a bug in a library function is corrected by replacing the library, all programs using it

dynamically will benefit from the correction after restarting them. Programs that included

this function by static linking would have to be re-linked first.

Disadvantages:

• Known on the Windows platform as "DLL Hell", an incompatible updated library will break

executables that depended on the behavior of the previous version of the library.

• A program, together with the libraries it  uses,  might be certified (e.g.  as to correctness,

documentation requirements, or performance) as a package, but not if components can be

replaced. (This also argues against automatic OS updates in critical systems; in both cases,

the OS and libraries form part of a qualified environment.)

Static Linking:

Static linking is the result of the linker copying all library routines used in the program into the

executable image. This may require more disk space and memory than dynamic linking, but is more

portable, since it does not require the presence of the library on the system where it is run. 

Loader:

In computing, a loader is the part of an operating system that is responsible for loading programs

and libraries. It  is  one of the essential  stages in the process of starting a program, as it  places

programs into memory and prepares them for execution. Loading a program involves reading the

contents of the executable file containing the program instructions into memory, and then carrying

out  other  required  preparatory  tasks  to  prepare  the  executable  for  running.  Once  loading  is

complete, the operating system starts the program by passing control to the loaded program code.

All operating systems that support program loading have loaders,  apart  from highly specialized

computer systems that only have a fixed set of specialized programs. Embedded systems typically

do  not  have  loaders,  and  instead  the  code  executes  directly  from ROM.  In  order  to  load  the

operating system itself, as part of booting, a specialized boot loader is used. In many operating

systems  the  loader  is  permanently  resident  in  memory,  although  some  operating  systems  that

support virtual memory may allow the loader to be located in a region of memory that is pageable.



In the case of operating systems that support virtual memory, the loader may not actually copy the

contents of executable files into memory,  but rather may simply declare to the virtual memory

subsystem that there is a mapping between a region of memory allocated to contain the running

program's code and the contents of the associated executable file. (See memory-mapped file.) The

virtual memory subsystem is then made aware that pages with that region of memory need to be

filled on demand if and when program execution actually hits those areas of unfilled memory. This

may mean parts of a program's code are not actually copied into memory until they are actually

used, and unused code may never be loaded into memory at all.

You make a piece of code and save the file(Source code),then

Preprocessing :- As the name suggest not the part of compilation , they instruct compiler to do 
required pre-processing before actual compilation.you can call this phase text substitution or 
interpreting special preprocessor directives denoted by #. 

Compilation :- Compilation is a process in which a program written in one language get translates 
into another targeted language,If there are some error, compiler will detect them and report error.

Assemble :- Assemble code get translated into machine code. you can call assembler a special type 
of complier.

Linking:- If these piece of code need some other source file to be linked then linker link them to 
make it a executable file. 

there are many process happens after it , yes you guess it right here come the role of loader.

Loader:- It loads the executable code into memory.program and data stack are created,register get 
intialized. 



   Figure 1: Translation Process

Assembler: A computer  will  not  understand any program written in  a  language,  other  than its

machine language. The programs written in other languages must be translated into the machine

language. Such translation is performed with the help of software. A program which translates an

assembly  language  program  into  a  machine  language  program  is  called  an  assembler.  If  an

assembler which runs on a computer and produces the machine codes for the same computer then it

is called self assembler or resident assembler. If an assembler that runs on a computer and produces

the machine codes for other computer then it is called Cross Assembler.

Assemblers are further divided into two types: One Pass Assembler and Two Pass
Assembler.  One  pass  assembler  is  the  assembler  which  assigns  the  memory  addresses  to  the
variables and translates the source code into machine code in the first pass simultaneously. A Two
Pass Assembler is the assembler which reads the source code twice. In the first pass, it reads all the
variables and assigns them memory addresses. In the second pass, it  reads the source code and
translates the code into object code.
Compiler: It is a program which translates a high level language program into a machine language
program. A compiler is more intelligent than an assembler. It checks all kinds of limits, ranges,
errors etc. But its program run time is more and occupies a larger part of the memory. It has slow
speed. Because a compiler goes through the entire program and then translates the entire program
into machine codes. If a compiler runs on a computer and produces the machine codes for the same



computer then it is known as a self compiler or resident compiler. On the other hand, if a compiler
runs on a computer and produces the machine codes for other computer then it is known as a cross
compiler.
Interpreter: An interpreter is a program which translates statements of a program into machine
code. It  translates only one statement of the program at a time. It  reads only one statement of
program,  translates  it  and  executes  it.  Then  it  reads  the  next  statement  of  the  program again
translates it and executes it. In this way it proceeds further till all the statements are translated and
executed. On the other hand, a compiler goes through the entire program and then translates the
entire program into machine codes. A compiler is 5 to 25 times faster than an interpreter.

By the compiler, the machine codes are saved permanently for future reference. On
the other hand, the machine codes produced by interpreter are not saved. An interpreter is a small
program as compared to compiler. It occupies less memory space, so it can be used in a smaller
system which has limited memory space.
Linker: In high level languages, some built in header files or libraries are stored. These libraries are
predefined and these contain basic functions which are essential for executing the program. These
functions are linked to the libraries by a program called Linker. If linker does not find a library of a
function  then  it  informs  to  compiler  and  then  compiler  generates  an  error.  The  compiler
automatically invokes the linker as the last step in compiling a program.

Not built  in libraries,  it  also links  the user defined functions to the user defined
libraries. Usually a longer program is divided into smaller subprograms called modules. And these
modules must be combined to execute the program. The process of combining the modules is done
by the linker.



Loader: Loader is a program that loads machine codes of a program into the system memory.
In Computing, a loader is the part of an Operating System that is responsible for loading programs.
It is one of the essential stages in the process of starting a program. Because it places programs into
memory  and  prepares  them  for  execution.  Loading  a  program  involves  reading  the  contents
of executable file into memory.  Once loading is complete, the operating system starts the program
by passing control to the loaded program code. All operating systems that support program loading
have loaders. In many operating systems the loader is permanently resident in memory. 
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