



A Closer look at the compilers.

The interaction between computers and humans are no longer and issue of awe. It has been easily accepted that a machine takes in commands and does the requires processing to give the result. However thinking deeply, how does a machine understand what it has to do? What exactly is the complier? How does it work? This article takes a closer look at the compilers. But before delving in the topic, it is desirable to know the need of compilers. To explain the requirement of compilers, what are they, lets begin with a real life situation.

Need for translators: 

If there is an urgent need for communication between people working in a project but unfortunately they have no common language in between them, thus to carry the work smoothly they require a translator who is well versed I both the languages and acts as a medium or an interface between the two.

Translators:

Like wise communicating with computer, we do need a translator. But here translators are a set of programs that takes the program written by the user in any programmable language and converts them to a form, which is easily understood by computer. Technically speaking—the program by the user that is taken as input written in source language is called source program. This source program after translation yields object program in object language. The process of translation by careful analysis and synthesis is called ‘compilation’, performed by compiler.
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Process involved during Compilation:

The process of compilation itself is a complex process. To make it easier to understand, it can be categorized into modules according to the work assigned to it. These phases and their sequence are as follows.
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A phase reads either from source program or from output of previous phase, makes required transformation as specified in that phases and writes output to an intermediate file that may be used by subsequent phases. At this stage we come across another term, pass. It is nothing but combination of one or more phases into a module. For example phase 1 and 2 may be combined to form one pass or 3,4,5 or 3,4  so on.

Before discussing the actual phases, it is better to have an overview and general information regarding compilers.

Dependency of pass:

1. Number of passes in a compiler or grouping of phases into passes depends on the structures of the language used and not on any mathematical formula.

2. It also depends on environment in which it operates.

Types of compilers:

Biasing on the number of passes required for compilation, compiler are categorized as ‘single pass’ and ‘multipass’ compilers. Multipass compilers uses less space compared to a single pass compiler since space needed by one phase may be used by the following phases. However, multipass compilers are slower because in each step it reads and writes in an intermediate files.

Thus for computers with smaller memory, multipass compilers are desirable and vice-versa.

Reduction of pass.

Since multipass compilers are slower than single pass compilers, there is an effort to reduce the number of passes. This reduction is easily achieved when all output of the previous pass is directly used in the following pass.

In other cases the technique of back patching is used. Back patching is itself is a complex step but with an example it can be easily explained.

Back patching:

Back patching can be explained using assembly language syntax.

GOTO L

-----------

-----------

-----------

-----------

L: ADD X

In two pass compilers, in first pass all identifiers with their machine address is entered in symbol table. In second pass it replaces the mnemonic codes like GOTO with their machine language equivalent and replaces the identifiers by their machine address.

However in a single pass compiler when I encounters GOTO L, it replaces GOTO with its equivalent machine instruction but keeps a dummy in place of L and proceeds further till it finds      L: ADD X. Then it backs to patch the dummy with address field of the instruction.

Criteria for back patching:

Back patching is done in short distance because codes to be back patched must remain accessible until back patching is completed. Since, it may so happen that intermediate form of source program may be too big to fit in memory all at once.

Having familiarized ourselves with basic fundamentals of compiler, we take a closer look inside the compilers, in its different phases.

Lexical analysis:
This is the first phases interfacing between the source program and the compiler. The lexical analyzer reads one character at a time but assigns a token for each logical entity. For example for the statement


IF (MAX > 100)

Lexical analyzer reads first M, then A and lastly X. But since MAX is an identifier and represents one logical entity, on token is allotted to it. Here it should be kept in mind that all the token given has two parts

a. Token type.

b. Token value.

But  all token are not of same type.

Types of token:

1. keywords, special symbol, reserve words like “if, else, or, ; ,{, }, “etc  fall ubnder the category of specific symbols. These have only the type parameter but no value.

2. but identifiers, constants represents classes of string and have both type parameter which specifies the type as either identifier or constant etc and has its value in value parameter.

Syntax analysis:

At this stage we have token and symbols. The main work in this phase is to find syntactical structures from sequence of symbols and builds them from source program i.e. the work is to derive a sentence by using syntax tree.

The token appearing from the output of lexical analysis is taken in and checked against the patterns permitted by the language in specification of the source language and makes a tree like structure from the token. This tree like structure is used in subsequent phases of the compiler.

The working of syntax analysis can be further explained by taking some example. 1st example is in PL/I

A+/B .The input to syntax analysis will be id +/ id where id are tokens. This will generate an error since presence of two adjacent binary operators violates the formula rules in PL/I.

However the syntax like

A/B*C can have different interpretation according to the language used. The interpretations are:

1. A/B then the result * C.

Or 

2. B*C and the result / by A.

Likewise two syntax tree for both kinds of interpretation are
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Keeping in view the specification, scopes and limitations of a given language the correct expression tree is built. In Fortran the first tree would be created while in APL the second one is formed.

Intermediate code generation:
The next stp is from a syntax tree, the immediate code generated. The most popular intermediate language is 3- address code, representes as


A := B op C

where A,B,C are oprands and op is a binary operator.

The previous example would gnerate the intermediate codes as 


T1 := A / B

where T1 and T2 are 


T2 :=T1 *C 

temporary storage variables.

High level flow of control statement such as if, else, do, while, foer are also translated into 3-address codes. In all such cass atleast one relation is there to determined wheather to branch or not.

Optimisation:
The next phase further simplifies the program and makes it faster and smaller. These apply transformation on the output of intermediate code in such a way that the best result is obtained. There is no algorithmic way of produciing optimisation which can be termed as the besst. Thus there is no haard and fast rule for the phases of optimisation. But still we can categorise optimisation as

1. Local optimisation.

2. Loop optimisation.

Local optimisation:

It deals with transformation done in over a small portion. One of the imporant local optimisation is elimination of common sub-expression. The basic concept is – instead of evaluating common subexpression again and again. It is evaluated once, kept in some temporary storage and whenever this subexpression is found, instead of reevaluation, it is replaced with temporary storage’s value.

For example:


A := B+C+D


provided A not= B not= C.


E :=B+C+D

Can be optimised as


T1= B+C


A = T1+D


E = T1+F


This is more faster and convienient when used in array like A[ I ], B[ I ], C[ I ] where A,B, C are of integer type. Thus amount of memory required for A,B,C each is 2*I. Instead of calculating 2*I thrice, it is calculated once and its value is replaced in places of I.

Loop optimisation:


Loops provide a good target for optimisaaation because program spend most of their time in the inner loops. Vaarious kinds of loop optimisation can be performed. Some of them are

a) Compile time evaluation of expresion involving only constant oprand.

b) Elliminating common subexpression.

c) Moving invariant computaiton outside the loop from within.

d) Replacing a call to procedure by its body.

Code generation:

Last but it is the most iportant. The actual machine understanable object code isgenerated in this last phase.

There is a great deal of difference in level of specification of same algorithm in source and object program. Objct program makes explicit mention of location used for temporary storage of values whereas corresponding names do not exist in source program. Code generator makes a note of all those resources in object language that are not visiblein source language.

Next it should presere and update a model of these resources and their statusas it produces code. A code generator might map statement A = B + C into machine code  sequence as


Load B


Add C


Store A

It appears as a macro like expansion of intermediate code into machine code. Usaully target program contains many redundnt loads, stores, etc. to avoid this redundancy code generator keeps a track of run-time contents of register as eficiently as possible. Tis aspect of code generator is called “register allocation”.

But here it is to be mentioned that each machine differs with each other, an exhaustive case n alysis is to be done before code generation can be attempted.

Table management:
During all steps of compilation, source program analysis yields a variety of information which is to be stored for later use. For this purpose various data structures such as table,trees etc are used and all of them are stored in symbol table. Specially in early phass when lexical analyser sees an identifier say MAX, it enter the name in the symbol table if not already present and produces as output a token whose value component is an index to this entry in symbol table. If the syntax analyser recognises a declaration ’integer’ the action of syntax anlyser will be to note in the symbol table that MAX is of type integer.

The storage allocation is determined on many factors like

1) Access method to be used.

2) Contiguity of nodes.

3) Total availibility of number of free nodes.

4) Size of block to be stored etc.

And allocation can be either in “Best Fit Method” or “First Fit Method”

Error handling:

One of the most important function of a computer is to dectect errors and report the same. Eror can be encountered in all phases of compilation. Examples of errors encountered in different phases are:

1. Lexical analyser may not be able to preceed further because string classes are misspelt.

2. Syntax analyser may be unable to infer a structure because of missing bracekets, parentheses semicolon etc.

3. Intermediate code generator may detect an operator whose operand have incompatible types.

4. Code optimiser during control flow analysis may detect certain statement can never be reached.

5. Code generator may find a  compiler created constant too large to fit in a word of target machine.

6. Table management routine may discover identifier with multiple declaration with contractiong attributes.

As soon as an error is spotted, it is reported to error handler. Then error is noted , compiler modifies the input to next phase temporrily so that latte can continue processing its input and looking for subsequent errors.

And that is a closer look at the compilers that acts as a bridge between us and machines, translating our command into machine understandable codes and helping to make a faster world.


Naseha Sameen.

    


