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Abstract- In modern era computer has powerful 

features such as memory, High Speed processor and; 

advanced input-out devices and networking support 

however it has to be instructed through machine code to 

the computer. The system software is the bunch of 

programs which helps user programs to interact with 

computer hardware. This paper gives brief introduction 

to the system programs which are responsible for the 

evaluation of source program on computer hardware 

and also states working of assembler and features. 

 

Index terms- Assembler, Macro, Preprocessor, 

Translator, Linker, Loader, Pass Structure, 
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1. INTRODUCTION 

 

Source program should be written in the language 

which is easier, simpler and understandable by users. 

High level languages are in the form which is 

understandable by end users and almost written using 

natural language elements and easier to create a 

program [8]. It is programming language having very 

strong abstraction. Examples of high level languages 

are C, C++, JAVA, PHP, Python, and BASIC etc. 

 
Fig. 1. Hierarchy of Programming language and their 

interface with computer 

Low level languages instruction is easily 

understandable by machines instruction due to its 

nearby computer architecture design and gets the fast 

execution by CPU. Low level languages having very 

little or no abstraction and highly depends on 

machine architecture. There are varies like such as  

Binary language, mnemonic language, assembly 

language, object modules etc. are examples of low 

level languages [8]. 

 
Fig. 2. Life Cycle of Source Program 

System software is a type of computer program that 

is designed to run a computer's hardware and 

application programs. If we think of the computer 
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system as a layered model, the system software is the 

interface between the hardware and user applications. 

 

1. PRE-PROCESSORS 

Pre-processor is a system program that will 

manipulate its input and generates some program that 

will be input to another program. High level 

languages will be given as input in the preprocessors 

and get the translated output for different 

preprocessor until it gets the final output. 

2. LANGUAGE TRANSLATORS 

Language translators are the system program which 

takes any higher level language as input and translate 

them into lower level language as output. Eg. 

Compilers, Assemblers [8]. 

3.  LINKERS 

Linker is a system program that takes one or more 

objects generated by a compiler and combines them 

into a single executable program. 

4.  LOADERS 

Loader is a system program that is responsible for 

loads binary programs in memory for execution to 

get the   executable files.  

An assembler primarily serves as the bridge between 

symbolically coded instructions written in assembly 

language and the computer processor, memory and 

other computational components. An assembler 

works by assembling and converting the source code 

of assembly language into object code or an object 

file that constitutes a stream of zeros and ones of 

machine code, which are directly executable by the 

processor. 

Assemblers are classified based on the number of 

times it takes them to read the source code before 

translating it; there are both single-pass and multi-

pass assemblers. Moreover, some high-end 

assemblers provide enhanced functionality by 

enabling the use of control statements, data 

abstraction services and providing support for object-

oriented programming structures. 

 
Fig. 3. Working of Assembler 

 
Fig. 4. Assembly Language Format 

Kinds of statements in assembly language 

An assembly program contains following three kinds 

of statements: 

1. Imperative statements: These indicate an action 

to be performed during execution of the 

assembled program. Each imperative statement 

typically translates into one machine instruction. 

2. Declaration statements: The syntax of 

declaration statements is as follows: 

a. [Label] DS<constant> 

b. [Label] DC „<value>‟ 

The DS statement reserves areas of memory and 

associates names with them. The DC statement 

constructs memory words containing constants. 

3. Assembler directives: These instruct the 

assembler to perform certain actions during the 

assembly of a program. For example 

START <constant> directive indicates that the first 

word of the target program generated by the 

assembler should be placed in the memory word with 

address <constant>. 

 
Fig. 5. Example of Simple Assembly Scheme [7] 

Assembler converts Assembly language code to 

machine code in two phases. 

1. Analysis Phase   2. Synthesis Phase 

Analysis Phase  

The primary function is of building of the symbol 

table. Concept of “Memory Allocation” To 

implement memory allocation a data structure called 

location counter (LC) is used. The LC is always 

made to contain the address of the next memory word 

in the target program. It is initialized to the constant 

specified in the START statement. To update the 

contents of LC, analysis phase needs to know lengths 

of different instructions [6]. 

 

Synthesis Phase 

The Basic task of synthesis phase is to obtain the 

machine opcode corresponding to the mnemonic 

from mnemonic table and obtain address of memory 
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operand from the symbol table. Synthesize the 

machine instruction form of, as the case may be [7]. 

 

Passes of Assemblers 

If assembler do all the work in one scan then it is 

called single pass assembler, otherwise if it does in 

multiple scans then called multiple pass assembler. 

Here assembler divides these tasks in two passes. 

During one time scan of program if the symbols that 

are not defined yet and used in the statement then it is 

called forward reference. It is solved in single pass 

assembler using back patching and Table of 

Incomplete Instructions (TII). It also solved in two 

pass assemblers. 

 
Fig. 6. Passes of Assembler 

Here Pass I will perform analysis phase and also 

known as front end. Pass II will perform synthesis 

phase and also known as back end. During pass I to 

perform analysis of the program assembler will need 

some data structures to store the necessary 

information to complete the task. OPTAB, 

SYMTAB, LITTAB, POOLTAB are the data 

structures used. OPTAB will store information 

regarding mnemonic opcodes. SYMTAB will store 

information regarding symbols used in the program. 

LITTAB and POOLTAB are used to store 

information to handle literals in the program. After 

completing Pass I, assembler will generate 

Intermediate code form of the source program. 

Variant I and II are intermediate code forms. 

 
Fig. 7.Example of Intermediate code generation [10] 

Introduction to Macro in Assembly language 

A macro in computer science is a rule or pattern that 

specifies how a certain input sequence should be 

mapped to a replacement output sequence according 

to a defined procedure and we also says that a macro 

is a unit of specification for program generation 

through expansion.  

 
Fig. 8. Macro Definition 

In above Fig. 8. MACRO start the definition, INCR 

name of the macro after the sequence of instruction 

called the body of macro and MAND define the end 

of macro. 

The mapping processes that transforms a macro use 

into a specific sequence is known as macro 

expansion.  

 
Fig. 9. Working of Macro Preprocessor 

A macro is called by writing the macro name in the 

mnemonic field. The macro preprocessor accepts an 

assembly program containing definitions and calls 

and translates it into an assembly program which 

does not contain any macro definitions and calls. The 

program form output by the macro preprocessor can 

be handed over to an assembler to obtain the target 

program 

 

Lexical expansion implies replacement of a character 

string by another character string during program 

generation. Lexical expansion is to replace 

occurrences of formal parameters by corresponding 

actual parameters.  

 

Semantic expansion implies generation of 

instructions tailored to the requirements of a specific 

usage. Semantic expansion is characterized by the 

fact that different uses of a macro can lead to codes 

which differ in the number, sequence and opcodes of 

instructions. 
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A pre-processor statement can alter the flow of 

control during expansion such that Conditional 

Expansion some model statements are either never 

visited during expansion or Expansion Time Loops 

are repeatedly visited during expansion. 

 

II. CONCLUSION 

 

This paper gives brief study of life cycle of source 

program and system program involved in it. It clearly 

identifies, to convert source program into target 

program it has to pass through passes and phases of 

the system program like assemblers. By studying this 

paper one can have basic understanding about the 

features of assembler also. 
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