Introduction to Computers and Programming





1.1	Computer Hardware Organisation


The traditional components of a digital computer are shown in figure 1. The organisation of functional parts is generally referred to as the architecture of the computer. The basic computer system consists of five units: the input unit, the control and arithmetic unit (contained in the CPU or the central processing unit), the memory unit and the output unit. Most of the computer systems available these days have secondary storage devices.
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Figure - 1 : General Organisation of a Computer





These physical units are referred to as computer hardware. The program memory of the computer contains the program that is to be executed. A program is a list of instructions for a computer. The process of preparing a program (or a list of instructions for a computer) is known as programming. Programs manipulate information or data stored in the data memory. Data can be differentiated as numerical data  or character oriented data (e.g., names, addresses etc.). Scientific and technical applications primarily require the processing of numerical data whereas business applications usually involve the processing of both numerical and character data. Some computer programs are used only to process textual type character data (e.g., letters, books, manuscripts etc.).These programs are known as word processors. Software is a general term given to cover all programs. If software is stored permanently in a computer’s program memory, it is known as firmware.





Briefly, a computer works in the following manner. Both programs and data are fed into the CPU and transferred to their respective memory locations. The CPU reads the first instruction from the program memory and executes it. Instructions may be as simple as to ADD two numbers, MOVE data from one memory location to another, READ data from an input device, WRITE data to an output device or JUMP to a different place in the program. After the data manipulations are complete, results are transferred to the output of the computer. Again most actions of the CPU are caused by the instructions stored in program memory.





Semiconductor memories can be divided into two main groups : read write memories and read only memories (ROM). The names imply the difference between the two types of memories. A ROM is a nonvolatile memory which has its contents permanently programmed by the manufacturer of the computer or its components. Read/write memory can be easily programmed, erased, and reprogrammed by the user. Programming a memory is known as writing into memory. Copying data from a memory device without destroying the contents in the memory is known as reading from memory. Read/write memory is most often called the RAM (Random Access Memory). Generally, information stored in RAM is volatile, i.e., it will be lost if the power to the memory device is turned off even for an instant. Thus RAM is used for temporary storage of user programs and data. ROM, on the contrary, is generally used to store programs that perform initialisation functions at start up, control input and output devices and perform tasks related to the management of other system hardware devices.





A computer’s RAM is volatile. If the power to the computer is switched off, the RAM loses the data stored in it earlier. In order to store data and information for periods longer than a single operational session of a computer, secondary storage devices are used. Most common technique used in the secondary storage devices is magnetic recording. Information stored on these devices can, generally, be erased, rewritten and altered but is available even after the power to the computer is switched off. If these devices are removable, they can be detached and moved to another computer. There the information can be read and manipulated by the second computer. Most common magnetic storage devices used in computers are the magnetic tapes and magnetic disks.





The most fundamental unit of data manipulated by a computer is known as a bit. The word bit is a contraction for binary digit. A bit (or binary digit) can only have one of the two values 0 or 1 at any given time. The bits 0 and 1 may be said to represent off and on or true and false. When voltage is present at a given location, that location is interpreted as holding the value 1; when no voltage is present, that location is interpreted as holding the value 0. Because it is practical to make electronic devices that work with on/off signals at great speeds, it is possible to make machines that work with information based on the binary number system. 





Thus bits serve as the building blocks that enable the construction of larger and more meaningful information. By themselves, bits usually are not of much interest or use. It is generally a string of bits and the patterns generated by them that make more useful information. The most important and interesting collection of bits is the byte. A byte is eight bits taken together in a single unit. This means that there are eight individual 0 or 1 settings in each byte. This allows a byte to have a total of 256 distinct values (28 = 256).





A byte inside a computer is raw data that can be used for anything. Two of the most important tasks that are generally accomplished with the help of computers are numerical arithmetic and text processing. Bytes are the building blocks of both numbers and text (character) data. Bytes basically represent numerical information. If a text processing program is being executed on the computer, it will interpret the bytes as text characters. For example, the integer value 65 is represented as A in a text processing application. Thus computers always work with numbers, the interpretations of these numbers are task-specific.





Computers are usually referred to as 8-bit, 16-bit or 32-bit computers. These represent the amount of data that the processor of the computer can manipulate in a single operation. Computers belonging to the PC family are 16-bit or 32-bit computers. Earlier home computers were 8-bit computers as their processors could only manipulate a byte at one time. Several systems used for industrial control applications are 8-bit computers as their processors can only manipulate one byte (or 8 bits) in one machine level operation.





Kilobyte (KB), megabyte (MB) and gigabyte (GB) are the terms most commonly used to refer to the capacity of a computer’s memory or the secondary storage devices. The term kilobyte refers to 210 or 1024 bytes of data. The kilo in kilobyte comes from the metric term for thousand. In a computer context, however, kilobyte represents 1024 (not 1000) bytes. Therefore, 64KB means 64(1024 or 65,536 bytes. Similarly, a megabyte is roughly a million bytes. To be exact, a megabyte represents 220, or exactly 1,048,576 bytes. Finally, gigabyte refers to 230 or 1,073,741,824 bytes.





1.2	Operating Systems


An operating system is a program that controls the execution of application programs and acts as an interface between the user of the computer and the computer hardware. An operating system can be thought of as having three objectives.





1. Convenience. An operating system makes a computer more convenient to use.


2. Efficiency. An operating system allows the computer system resources to be used in an efficient manner. A computer can be considered as a set of resources used for the movement, storage and processing of data and for the control of these functions. These resources include the computer's memory, its input and output devices, secondary storage media etc. The operating system is also responsible for managing these resources.


3. Ability to Evolve. An operating system should be constructed in such a way as to 	permit the effective development, testing and introduction of new systems functions 	without interfering with service.





The hardware and software that are used in providing applications to a user can be viewed in a layered or hierarchical fashion as depicted in figure-2. 
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Figure-2 : Layers and Views of a Computer System





A user of these applications is called the end user and generally is not concerned with the computer's architecture. Thus, the end user views a computer system in terms of an application. That application can be expressed in a programming language and is developed by an application programmer. If one were to develop an application program as a set of machine level instructions that is completely responsible for controlling the computer hardware, one would be faced with an overwhelmingly complex task. To ease this task, a set of system programs is provided. Some of these programs are referred to as utilities and they implement the frequently used functions that assist in program creation, the management of files and the control of input/output (IO) devices. A programmer makes use of these facilities in developing an application. An end-user application, while it is in execution invokes these utilities to perform certain functions. The most important system program is the operating system. The operating system masks the details of the hardware from the programmer and provides the programmer with a convenient interface for using the system. It acts as a mediator, making it easier for the programmer and the application programs to access and use these facilities and services. 





For a computer to be useful, it needs to communicate with its users. This is a two way transfer of information. The users must inform the system which specific services are required and the system provides the user with the results of operations performed to provide these services. The part of the operating system for managing this interaction is the user interface.





The user interface of an operating system can be divided into two parts;


Command Interface. This consists of an operating system command language - a language by which the user conveys instructions to the operating system, and an operating system response language - a language by which the operating system returns information to the user.  The operating system response language presents at least four different kinds of messages to the users,


prompt messages - let the user know that the operating system is waiting for instructions or information.


help messages - provide the user with information to help decide what to do next.


progress messages - tell the user that a long activity is still in progress. 


termination messages - tell the user that the current activity has finished, this also includes error messages.


 


The command interface, thus, interprets commands and conveys instructions to the rest of the operating system to carry out those commands. Moreover, it accepts messages for the users from the operating system and presents them to the user.





Command interfaces are usually of the following three types,


Command Language. Commands provide a way of expressing instructions to the computer directly. The users type the command for the operation they want to execute. The operating system performs the requested operation (either itself or by loading and executing a separate program) and provides the results of the operation to the user. Consider figure - 3. This shows the screen of a personal computer using the MS-DOS (Microsoft - Disk Operating System). The message is particularly cryptic. The ‘>‘ symbol indicates that the system is waiting to receive a command to tell it what to do next, for example, DIR command issued by the user to list the contents of a directory. The alphabets C: inform the user that currently drive C is being used. It is important for a command language designer to give appropriate names to the commands. This helps the users to remember what the commands refer to.
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Figure-3 : DOS Command Interface





Menus. A menu is a set of options displayed on the screen where the selection and execution of one (or more) of the options results in specific command being issued to the system. Unlike the command language interfaces, menus have the advantage that the users do not have to remember the exact syntax of the command they want to issue to the system. This means that for menus to be effective, names selected for menu items have to be self explanatory. A menu based user interface is shown in figure-4.
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Figure - 4 : A Menu Based User Interface





Graphical User Interface. Current Graphical User Interfaces (GUIs) employ a style of interaction known as direct manipulation. The main feature of such systems is that the complex command language syntax is replaced by direct manipulation of objects of interest. These objects are made visible to the users on the computer display. For instance, a document file may be displayed as a book. To open this file, the user may just need to point at it with the mouse pointer and click. The system executes the word processor which load that specific document file and displays it to the user for editing. These systems have gained immense popularity amongst a wide range of users, i.e., from novices to experts. Novices do not have to remember complex command syntax and sequences where as the experienced users can perform the desired operation quickly and efficiently. In most of the cases, the experienced users can even modify the user interface to meet their own specific requirements. The graphical user interface of Windows 3.11 is shown in figure-5.
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Figure - 5 : Graphical User Interface





Program Interface. The program interface manages the programs in execution and provides interaction between these programs and system controlled resources and services. The program interface loads and sets up the programs that are to be executed. Additionally, the program interface must offer proper response to normal and abnormal termination of programs.





Some of the most famous operating systems include UNIX, Microsoft DOS (Disk Operating System), Microsoft Windows 95/98, Microsoft Windows NT, IBM OS/2.





1.3 	Basic Programming Constructs


Variables.	Variables may be the most fundamental aspect of any programming language. A variable is a space in the computer’s memory which is set aside (or reserved) for a certain kind (or type) of data and is given a name for easy reference. Specifying the type of the data (i.e., integer numbers, floating point numbers, characters, strings etc.) that a variable is used for is important as it specifies to the computer how values are to be stored, interpreted and manipulated inside the computer. 





Variables allow the same space in memory to hold different values at different times during the execution of the program. For instance, consider a program written to calculate pay cheque for an employee of a company. It will have variables to store the number of hours the employee has worked in the month and the hourly rate that applies. The pay cheque for the employee is calculated by multiplying the hourly rate with the total hours worked and the result is stored in a third variable. If the same program is used to calculate the pay cheques of all the employees in the firm, the values for each of these variables will vary for each employee. Thus a variable is a space in memory that plays the same role many times, but may contains different values each time.





Operators, Expressions and Statements.	Each programming language uses special symbols called operators to indicate at least addition, subtraction, division, multiplication and assignment operations. These operator symbols are shown Table - 1.





Operators�
Meaning�
�
+�
Addition Operation�
�
-�
Subtraction Operation�
�
*�
Multiplication Operation�
�
/�
Division Operation�
�
=�
Assignment Operation�
�



Table - 1 : Elementary Operator Symbols





These operators are used to connect numbers and numerical variables, thus forming formulas (or expression). The indicated operations are carried out on the numeric terms in a formula, resulting in a single numerical value. Hence a formula represents a single numerical quantity. For example, consider three variables to hold integer numbers named, NumberA, NumberB and NumberC. These variables hold the values 2, 5 and 3 respectively. The expression  NumberA + NumberB - NumberC will represent the quantity 4. 





Strictly speaking, a formula or an expression can be composed of a single number or a single numeric variable as well as some combination of numbers, numeric variables and operators. It is important to understand, however, that a numeric variable used in an expression must be assigned some numerical quantity before it can appear in a formula.





Statements are the primary building blocks of a program. A program is just a series of statements. A statement is a complete instruction to the computer. For example, 





	NumberA + NumberB - NumberC 





is not a complete instruction. It tells the computer to add the values of the three variables but it fails to tell the computer what to do with the answer. Alternatively, following is a complete statement





	Answer = NumberA + NumberB - NumberC





Here, Answer is another integer variable. This is a complete instruction as it tells the computer to store the result of the numerical operation in the memory location labeled Answer.





Following is a program in a simple demonstration language. The text in italics are remarks explaining the statements





	INTEGER NumberA		A variable of the type INTEGER declared


	INTEGER NumberB		A variable of the type INTEGER declared


	INTEGER NumberC		A variable of the type INTEGER declared


	INTEGER Answer		A variable of the type INTEGER declared


	NumberA = 3			3 is stored in location labeled NumberA


	NumberB = 5			5 is stored in location labeled NumberB


	NumberC = 1			1 is stored in location labeled NumberC


	Answer = NumberA + NumberB - NumberC


			The numerical expression NumberA + NumberB - NumberC 


			is evaluated and the result is stored in the location 			labeled Answer


	PRINT Answer		The value contained in the location 


					Answer is printed


	END				Signals the end of the program to the 


					computer





Statements in this program are executed in a sequence, from the first statement to the last. All the statements in the program collectively provide the functionality of the program.


Jumps. As mentioned earlier, a complete program in any language is composed of a sequence of statements. These statements are executed in the order in which they appear unless a deliberate jump (or a transfer of control) is indicated. 





The simplest of jump statements are the unconditional jumps. These occur in a program, usually as statements with the indication of the statement in the program to which the control must be transferred. Consider the following program,





	REAL HourlyRate		A variable for floating point numbers


	REAL HoursWorked		A variable for floating point numbers


	REAL Pay			A variable for floating point numbers


A:	INPUT HourlyRate		The program accepts data from the key-


					board and stores it in the location


					labeled HourlyRate. A: is the label of


					the statement


	INPUT HoursWorked		The program accepts data from the key-


					board and stores it in the location


					labeled HoursWorked


	Pay = HoursWorked * HourlyRate


					The expression HoursWorked * HourlyRate is


					evaluated and the result is stored in the 


					location labeled Pay.


	PRINT Pay			The contents of the location labeled Pay 


					are printed on the display


	JUMP A			Transfer the control to statement labeled 					A:


	END





Here, once the contents of the variable have been printed by the statement PRINT Pay, the statement JUMP A is executed. This statement transfers the flow of control to the statement labeled A: which is 





A:	INPUT HourlyRate





Due to the unconditional jump from near the end of the program to a statement near the beginning, the program loops continuously between these two points.





A more useful kind of transfer of control is the one that is associated with a certain condition, i.e. a conditional jump. In such statements, the flow of control is transferred only when a specified condition holds true. For instance, consider the following program,





	REAL HourlyRate		A variable for floating point numbers


	REAL HoursWorked		A variable for floating point numbers


	REAL Pay			A variable for floating point numbers


A:	INPUT HourlyRate		The program accepts data from the key-


					board and stores it in the location


					labeled HourlyRate. A: is the label of


					the statement


	JUMP B IF HourlyRate < 0.0


					Transfer control to the statement labeled


					B if the value of the variable HourlyRate


					is negative


	INPUT HoursWorked		The program accepts data from the key-


					board and stores it in the location


					labeled HoursWorked


	Pay = HoursWorked * HourlyRate


					The expression HoursWorked * HourlyRate is


					evaluated and the result is stored in the 


					location labeled Pay.


	PRINT Pay			The contents of the location labeled Pay 


					are printed on the display


	JUMP A			Transfer the control to statement labeled 					A:


B:	END





In this program, after the user has entered the value for the variable HourlyRate, i.e., the statement 





A:	INPUT HourlyRate





has executed, the statement 





	JUMP B IF HourlyRate < 0.0





is executed. This statement checks the value held by the variable HourlyRate. If this value is a negative number, the computer is instructed to jump to the statement labeled B. The statement labeled B is the end of the program.





Alternatively, if the value of the variable HourlyRate is greater than 0.0, the condition HourlyRate < 0.0 is false and the jump is not executed. Rather the computer executes the next instruction, which is 





	INPUT HoursWorked





and the subsequent instructions are executed sequentially till time the computer encounters another jump statement. This program also demonstrates another interesting concept. The transfer of control in a program does not only occur in the forward but also in the reverse direction to the flow of the program.





Loops and Iterations. The programming elements that provide the facility to iterate, or perform the same operation several times are known as loops. These can be divided into the following three types.





Pre-entry Condition Loops. In a pre-entry condition loop, a condition in the form of a logical expression is placed at the beginning of the loop body. This condition is tested each time the body of the loop has to be executed and if found to be true, the body of the loop is executed. If the condition is false, the body of the loop is not executed and the control of the program is passed to the statement immediately after the body of the loop. 





Consider the following program


	CHARACTER Choice		A variable to store a character value


					is declared and is assigned a label 


					Choice


	INPUT Choice		User is prompted to enter a character 


					which is stored in Choice


	WHILE Choice NOT = ‘E’	Start of the pre-entry condition loop


		PRINT “IN LOOP”	Display message IN LOOP


		PRINT Choice	Display value of Choice


		INPUT Choice	Enter a character value to be stored


					in Choice


	END LOOP			End of loop body


	PRINT “THE END”		Display message THE END


	END





The statement INPUT Choice prompts the user to enter a character. The 


WHILE Choice NOT = ‘E’ is the start of the pre-entry condition loop. The expression Choice NOT = ‘E’ defines the condition that should be fulfilled for the body of the loop to be executed. If the value of this expression is true, the program enters the body of the loop, otherwise the control is passed to the statement immediately after the body of the loop, i.e., PRINT “THE END” statement. The body of the loop is bound between the WHILE Choice NOT = ‘E’ and END LOOP statements. 





When the program starts execution the user is prompted to enter a character. If the user enters ‘A’, the result of the expression Choice NOT = ‘E’ is true and the body of the loop is executed. At the end of the loop the user is prompted again to enter a character. Lets assume that the user now enters ‘B’. At the statement END LOOP the control of the program is transferred to the beginning of the loop. The result of the expression Choice NOT = ‘E’ is again true, and the body of the loop is executed. Now, if at the end of the loop, the user enters ‘E’, the result of the expression 


Choice NOT = ‘E’ is false and the body of the loop is not executed. The control is transferred to the PRINT “THE END” statement. Thus the variable Choice can be referred to as the loop control variable as the decision to execute the body of the loop depends upon the value of this variable.





An execution cycle of the program may appear as follows


	? A


	IN LOOP


	A


	? B


	IN LOOP


	B


	? E


	THE END  





However, if the user enters ‘E’ immediately at the first INPUT Choice statement (i.e., before the beginning of the loop), the output of the program is as follows





	? E


	THE END





This demonstrates an important characteristic of the pre-entry condition loops, i.e., depending upon the value of the loop control variable, the body of the loop may never be executed in a particular program execution cycle.





Post-entry Condition Loops. In post entry condition loops, the condition that determines whether the body of a loop should be executed or not is at the end of the loop. There is no condition at the start of the loop to determines whether a loop should be executed or not. So the post-entry condition loops are always executed once at least.





Consider the following program





	CHARACTER Choice		A variable to store a character 


					value is declared and is assigned a 					label Choice


	BEGIN LOOP			Start of the body of the loop


		PRINT “IN LOOP”	Display the message IN LOOP


		INPUT Choice	Enter a character from the keyboard


					assign its value to Choice


		PRINT Choice	Display the value of Choice


	WHILE Choice NOT = ‘E’	If the value of Choice is not


					equal to E, the loop is executed


					again


	PRINT “THE END”		Display the message THE END


	END				End of the program


		





In this program, the statement BEGIN LOOP identifies the start of the body of the loop. The statement WHILE Choice NOT = ‘E’ is the end of the body of the loop. Note that the logical expression Choice NOT = ‘E’ is at the end of the body of the loop. When the program executes, a variable of the type CHARACTER is declared and is assigned the label Choice. The body of the loop starts from the second statement. As there is no condition at the beginning of the loop, the body of the loop is executed. The statement PRINT “IN LOOP” displays the message IN LOOP to the user. The INPUT Choice statement prompts the user to enter a character from the keyboard. Lets assume that the value of the character entered by the user is ‘A’. When the statement WHILE Choice NOT = ‘E’ is executed, the control of the program is passed to the start of the loop as the expression Choice NOT = ‘E’ is true. The body of the loop will then be executed again.





Alternatively, if the user had entered ‘E’, the value of the expression 


Choice NOT = ‘E’ would have been false and the body of the loop would not be executed the second time. The control of the program is transferred to the statement PRINT “THE END” which displays the THE END  message to the user. The execution of the program is then terminated.





Consider the following execution cycle of the program





IN LOOP


? A


IN LOOP


? B


IN LOOP


? E


THE END





Compare this with the following execution cycle





IN LOOP


? E


THE END





This example demonstrates the concept that a post-entry condition loop is executed at least once.





For Loops. For loops are a special kind of pre-entry condition loops. These loops are used when the body of a loop needs to be executed for a pre-determined number of times. A generic for loop has a single statement at the beginning of the body of the loop. This statement has three parts. The first part is referred to as the initialisation part. This part is used to initialise the loop control variable. This part of loop is executed only once, i.e., before the first iteration of the loop. The second part is known as the condition part. This contains the logical expression which determines whether the next iteration of the loop should be executed or not. This expression is evaluated before the body of the loop has to be executed. If the result of this expression is true, the body of the loop is executed. If this expression is false, body of the loop is not executed and the control is transferred to the first statement after the loop. The third part of the for loop statement is known as the update part. Here the loop control variable is updated using a mathematical expression.. The update part of the for loop statement is always executed at the end of body of the loop, i.e., after the last statement in the body of the loop has been executed.





Consider the following program





INTEGER Anumber		A variable of type INTEGER is declared


					and is assigned the label Anumber


FOR Anumber = 0; Anumber < 5 ; Anumber = Anumber + 1


	PRINT “IN LOOP”		Displays the message IN LOOP


	PRINT Anumber		Displays the value of Anumber


END LOOP				End of the loop body


PRINT “THE END”		Displays the message THE END


END				End of the program





In the statement FOR Anumber = 0; Anumber < 5 ; Anumber = Anumber + 1, the expression Anumber = 0 is the initialisation part. The loop control variable is initialised in this expression. This part is executed only once before the beginning of the loop. The expression Anumber < 5 is the condition part. It is executed in the beginning of each iteration. If the value of the loop control variable is less than 5, the value of this expression is true and the body of the loop is executed. The expression Anumber = Anumber + 1 is the update part and is executed after the last statement in the  body of the loop has been executed. 





When the program is executed, INTEGER Anumber declaration declares a variable of the type INTEGER and labels it as Anumber. Next, the statement 


FOR Anumber = 0; Anumber < 5 ; Anumber = Anumber + 1


is executed. In the beginning, the expression Anumber = 0 is executed. This expression is executed only once for the loop and initialises the value of Anumber to 0. The body of the loop has to be executed after the expression Anumber < 5 has been evaluated. As the value of the loop control variable is 0, this expression is true. The body of the loop is, therefore, executed. The statements PRINT “IN LOOP” and 


PRINT Anumber are executed respectively. At the end of the body of the loop the update part, i.e., Anumber = Anumber + 1 is executed, which increments the value of the loop control variable to 1. The condition is then checked again. As the value of the loop control variable is still less than 5, the body of the loop is executed again. This process is repeated until the value of the loop control variable is either equal to or greater than 5. At that point, the control of the program is transferred to the statement immediately after the loop, i.e., PRINT “THE END”. Output from an execution cycle of such a program is given below.





IN LOOP


0


IN LOOP


1


IN LOOP


2


IN LOOP


3


IN LOOP


4


THE END





As the condition part of the loop is executed at the beginning of each iteration, for loops are a kind of pre-entry condition loops.





Subroutines and Program Modules. A subroutine may be defined as a small independent program that has been designed and implemented to perform a specific task. A program that uses various subroutines to achieve its desired objectives is termed as a modular program. A modular program consists of a main module. This main module calls other subroutines appropriately to achieve the overall objective of the system (Figure - 6). When a subroutine is called, the control is transferred from the main module to the invoked sub-routine. This subroutine performs its task and returns control to the main module upon completion of the task. If the task assigned to a subroutine is too complex, it must be broken down into other sub-subroutines (Figure - 7). The subroutine then acts as a main module for the sub-subroutines and invokes them appropriately to perform the desired tasks.
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Figure - 6 : Main Module and Subroutine Interaction in a Modular Program





Significant advantages can be achieved by developing modular software. Several subroutines, for instance mathematical functions, used in a program may be of use in other programs. In such cases, these functions are implemented as libraries of code. A program that requires functions from a specific library need only call the required subroutine from the appropriate library. Thus modular programs enhance software reusability (Figure - 8). Moreover a function required at different places within the program need only be called at those points.
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Figure - 7 : Decomposition of a Subroutine
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Figure -8 : Software Reusability





1.4	Flow Charts and Program Organisation


A flowchart is a pictorial representation of a specific activity or procedure. Symbols in a flowchart identify inputs to the activity, its outputs, decision points and individual processes within the activity (Table - 2) . These symbols are connected via directed lines which indicate the sequence in which each of the operations in the activity is performed. 





Symbol�
Meaning�
�
��
Terminal�
�
��
Input / Output�
�
��
Connector�
�
��
Process�
�
��
Decision�
�
��
Function�
�



Table - 2 : Flowchart Symbol





Flowcharts have traditionally been used to represent data processing activities, computer programs and algorithms. Flowcharts are easier to comprehend, develop and translate into a computer program. Moreover flowcharts are independent of any particular programming language. Thus a given flowchart can be used to translate an algorithm into more than one programming language.





Lets use flow charts to provide a graphical representation to some simple problems.





Example 1.	Input two numbers and print their sum and difference (Figure - 9)





Example 2.	Input two numbers and print the greater number. (Figure - 10)





It may be noticed that table 2 does not contain any symbol for any of the loops mentioned in the previous section. As all loops consists of some primitive operations (i.e., initialisation, comparison and update), appropriate symbols for loops can be constructed from symbols of these basic operations.





Exercise 3. Using a for loop, implement a counter from 0 to 14 (Figure-11).
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Figure - 9 : Exercise - 1





�


Figure - 10 : Exercise - 2





�


Figure - 11 : Exercise - 3





Exercise 4. Show the flow chart for a program that allows you to enter characters till you enter ‘e’. Use a pre-entry condition loop (Figure - 12).


�


Figure - 12 : Exercise - 4


Exercise 5. Show the flow chart for a program that allows you to enter characters till you enter ‘e’. Use a post-entry condition loop (Figure - 13).


�


Figure - 13 : Exercise - 5





Flowcharts can be used to design modular software. In this case the design of a complete system may consist of multiple flowcharts, each displaying a specific activity within the system at a particular level of detail. The flowchart of the main module shows how different sub-modules are invoked. A flowchart for each sub-module shows the activities within that sub-module. A detailed description of this concept will be presented later with functions and structured programming.





1.5	Programming Languages


As mentioned earlier, a program is a logically self-contained collection of computer instructions. Programmers may write these instructions in many different languages, but the computer hardware understands only one form, i.e., machine language. A machine language program consists of a series of binary numbers that can be directly interpreted by the computer’s processor. To program directly in machine language, programmers must know the binary codes for each of valid instructions that can be given to a particular computer.  Furthermore, a machine language also requires the programmers to have a detailed working knowledge of the computer’s processor. Machine language forces the programmers to determine the addresses of memory locations to be used as variables, jump addresses, various status codes of the processor, etc. 





Thus a machine language program written for one specific type of computers cannot be executed over another type of computer without significant alterations. Moreover, because of the complexity involved, machine language programming tends to be extremely time consuming, tedious and error prone. 





Assembly languages ease some of the problems associated with machine language programming. These languages allow the programmer to use symbolic instruction codes (called mnemonics) instead of binary instructions. For instance, to copy data from one memory location to another, the binary instruction of a particular processor may be E8hex whereas the assembly language instruction can be MOV.





The assembler is a program that translates the symbolic code used in an assembly language program into machine language and also relieves the programmer of many housekeeping chores. For example, since symbolic language is a set of instructions with a one to one correspondence with the machine language instructions, it is a simple task for the assembler to assign address for certain known memory locations, etc. 





To be able to program in assembly language, the programmer must also have a sound working knowledge of a particular computer’s hardware. Because assembly language is very similar to machine language, it is frequently referred to as a low level language. 





Programming languages called high level languages reduce the programmer’s need to understand the intimate details of the computer’s architecture. The instruction set of most of the high level languages is more compatible with the human languages and the human thought processes. Most of these high level languages are general purpose languages (e.g., BASIC, Pascal, C, C++, etc.). There are also various high level special purpose languages whose instruction sets are specifically designed for some particular type of application.





As a rule, a single instruction in a high level language will be equivalent to several instructions in machine language. Moreover, a program that is written in a high level language can generally be run on many different computers with little or no modification. Therefore, the use of a high level language offers some significant advantages over the use of machine language, namely, simplicity, uniformity, and portability (i.e., machine independence).





A program that is written in a high level language must, however, be translated into machine language before it can be executed. This can be achieved by either compilation or interpretation. A compiler is a computer program that accepts a high level program (e.g., a program written in C or in BASIC) as input data and produces a corresponding machine language program as output. Accordingly, the original high level program is called the source code or the source program and the resulting machine language program is called the object code or the object program. 





Although the object code version of the program is in machine language, it cannot be executed directly for several reasons. For instance, the program may call subroutines from libraries that have previously been programmed and compiled. Moreover, the program is only a part of a complete system and requires to be called from another module to execute. A program called the linker links all the necessary object files together to produce a final executable program. The relationship of the compilation process to the linking process is shown in figure - 14.
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Figure - 14 : Relat
