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SOFTWARE

What is Software?

Software is a term used for the various kinds of programs, used to operate computers and related devices. It is different from the term hardware which describes the physical aspects of computers and related devices. A set of instructions is called a computer program. Software refers to the set of computer programs, procedures that describe the programs, how they are to be used. We can say that it is the collection of programs, which increase the capabilities of the hardware. Software guides the computer at every step where to start and stop during a particular job. The process of software development s called programming.


Software is often divided into Application software (programs that do work users are directly interested in) and System Software (which includes operating systems and any program that supports application software)

1.1 Systems Software

It comprises of those programs that control and support the computer system and its data processing applications. System software is computer software designed to operate the computer hardware and to provide and maintain a platform for running application software.

Therefore system software may be defined as a set of one or more programs designed to control the operation of computer system. System software helps use the operating system and computer system. It includes diagnostic tools, compilers, servers, windowing systems, utilities, language translator, data communication programs, database systems and more. It includes the following:

(i) Programming languages. 

(ii) Operating systems. 

(iii) Device Drivers. 

(iv) Utility programs. 

(v) Language translators.
1.1.1 Programming Languages: Programming Languages are vocabulary and set of

grammatical rules for instructing a computer to perform specific tasks. The term programming language usually refers to high-level languages, such as BASIC, C, C++, COBOL, FORTRAN, Ada, and Pascal. Each language has a unique set of keywords (words that it understands) and a special syntax for organizing program instructions.

Hierarchy of programming languages

(A) Machine Language or First Generation Languages: In the early days of computer, all programs were written in machine codes. Each particular computer model has a machine language, which is based on the internal engineering architecture of the equipment, and which is developed and provided to user by the computer manufacturer. Simply a machine level language is the language of the computer, the only language the computer understands without translation. If such a language is used in writing a program (say a user’s payroll program), the programmer must be familiar with the specific machine-level language as well as with the details of the computer equipment to be used. Writing programs in machine language is not only difficult for humans to do but is also subject to error.
Advantage: The only advantage is that program of machine language run very fast because no translation program is required for the CPU.

Disadvantages

1. It is very difficult to program in machine language. The programmer has to know details of hardware to write program.

2. The programmer has to remember a lot of codes to write a program which results in

program errors.

3. It is difficult to debug the program.

(B) Assembler Languages or Second Generation Languages: Assembler Languages are at the next level in improvement over the machine languages. They are also known assymbolic languages because they employ symbols for both arithmetic and logical operations and even location addresses. Since mnemonic symbols are being used, this eases up the programmer’s task greatly. But the computer follows its machine language only and the program written in the assembler language has to be translated. This is accomplished by a special program usually supplied by the computer manufacturer and known as the assembler. The assembler simply translates each instruction in symbolic language to its machine language equivalent
Advantages and disadvantages of assembler language

Advantages:

1. The symbolic programming of Assembly Language is easier to understand and saves a lot of time and effort of the programmer.

2. It is easier to correct errors and modify program instructions.

3. Assembly Language has the same efficiency of execution as the machine level language. Because this is one-to-one translator between assembly language program and its corresponding machine language program.

Disadvantages:

1. One of the major disadvantages is that assembly language is machine dependent. A

program written for one computer might not run in other computers with different

hardware configuration

2. An assembler language programmer will normally have to write a large number of

statements to solve a given problem than will a programmer using other high-level

programming languages.

(C) Compiler languages (High-level-languages) or Third Generation Languages:

Compiler languages are also known as high level languages or procedural languages. They are procedure oriented (viz., a business application oriented language COBOL and a scientific application oriented language FORTRAN). They employ plain English like and mathematical expressions. They are detached from the machine design and therefore the nomenclature‘High level’ Languages. Since they are procedure oriented and detached from the machine design, instructions of these languages may be equivalent to more than one instruction in a machine language. An instruction in these languages is usually called a statement. 


Since these languages employ plain English and mathematical expressions, it is easy to learn and write relatively error free programs. This is further facilitated because of the fact that the programs written in them are much more compact than those in the low level (machine and assembly) languages. But they have to be translated to the machine language for the computer on hand which is accomplished by a special program known as the compiler, written and provided by the computer manufacturer. It usually occupies more storage space and requires more processing time than the assembler. It however, also possesses the diagnostic capabilities.

(D) The Fourth Generation Languages (4GLs): The trend in software development is

toward using high level user friendly Fourth Generation Languages (4 GLs). There are two types of 4GLs:

(i) Production Oriented 4GLs - Production-Oriented 4GLs are designed primarily for

computer professionals. They use 4GLs such as ADR’s, Ideal, Software AG’s Natural 2,

and Cincoms Mantis to create information systems. Professional programmers who use

4GLs claim productivity improvements over Third Generation procedure oriented

languages such as (COBOL, FORTRAN, BASIC and so on) of 200% to 1000%.

(ii) User Oriented 4GLs - This type of 4GLs is designed primarily for end users. Users write 4GL programs to query (extract information from) a database and to create personal ordepartmental information systems. 4GL are languages that consist of statements similar to statements in a human language. Fourth generation languages are commonly used in database programming and scripts. One example of a 4GL is structured query language (SQL). Structured query language is a standard language for manipulating databases. Users can write simple SQL programs to create a database, enter data, retrieve data, and delete data.

4GLs use high level English like instructions to retrieve and format data for enquiries and

reporting. Most of the procedure portion of 4GL program is generated automatically by the computer and the language software.
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(E) The Fifth Generation Languages (5GLs): A fifth-generation programming language

(abbreviated 5GL) is a programming language based around solving problems using

constraints given to the program, rather than using an algorithm written by a programmer. Most constraint-based and logic programming languages and some declarative languages are fifth-generation languages.

Fifth-generation languages are used mainly in Artificial intelligence research, fuzzy logic and neural networks. This means computers can in the future have the ability to think for

themselves and draw their own inferences using programmed information in large databases. Complex processes like understanding speech would appear to be trivial using these fast inferences and would make the software seem highly intelligent. In fact, these databases programmed in a specialized area of study would show a significant expertise greater than humans.

Other Programming Languages: Object -Oriented Languages: With traditional programming approaches, developing a new program means writing entirely new code, one line at a time. The program may be hundreds of lines long and can take years to complete. Since each program is written from scratch, quality is often poor, productivity of programmers is low, and programs are usually behind schedule. When program modifications are needed, the code must be rewritten and tested. As programs become longer and more complex, achieving a reasonable quality level becomes a formidable task.
One solution to these problems is a new way of developing software using an object-oriented language (OOL). An object is a predefined set of program code that, after having been written and tested, will always behave the same way, so that it can be used for other applications. All programs consist of specific tasks such as saving or retrieving data and calculating totals. In object-oriented programming, an object is written for each specific task and saved in a library so that anyone can use it.

Using object-oriented programming (OOP), objects are combined and the small amount of code necessary for finishing the program is written. Rather than writing a program line by line, programmers select objects by pointing to a representative icon and then linking these objects together. Objects can be modified, reused, copies, or created. When an object is updated, all programs using that object can be automatically updated as well.

The advantages of OOP are its graphical interface, ease of use, faster program development, and enhanced programmer productivity (up to tenfold increase). The programs produced by OOP are more reliable and contain fewer errors, since the modules being used have already been extensively tested. Its disadvantages are its steep initial development costs and a more extensive start-up time.

1.1.2 Operating or (Executive) Systems: An operating system is a program designed to run other programs on a computer. It is system software; act as an interface between hardware and user. It is considered to be the backbone of a computer, managing both software and hardware resources. Operating systems are responsible for everything from the control and allocation of memory to recognizing input from external devices and transmitting output to computer displays. They also manage files on computer hard drives and control peripherals, like printers and scanners.

There are six basic functions that an operating system can perform:

(i) Schedule Jobs: They can determine the sequence in which jobs are executed, using

priorities established.

(ii) Manage Hardware and Software Resources: They can first cause the user’s application program to be executed by loading it into primary storage and then cause the various hardware units to perform as specified by the application.

(iii) Maintain System Security: They may require users to enter a password - a group of characters that identifies users as being authorised to have access to the system.

(iv) Enable Multiple User Resource Sharing: They can handle the scheduling and execution of the application programs for many users at the same time, a feature called

multiprogramming.

(v) Handle Interrupts: An interrupt is a technique used by the operating system to temporarily suspend the processing of one program in order to allow another program to be executed.Interrupts are issued when a program requests an operation that does not require the CPU, such as input or output, or when the program exceeds some predetermined time limit.

(vi) Maintain Usage Records: They can keep track of the amount of time used by each user for each system unit - the CPU, secondary storage, and input and output devices. Such information is usually maintained for the purpose of charging users’ departments for their use of the organization’s computing resources.

Features of Operating System:

1. Multiprogramming: Multiprogramming is defined as execution of two or more programs that all reside in primary storage. Since the CPU can execute only one instruction at a time, it cannot simultaneously execute instructions from two or more programs. However, it can execute instructions from one program then from second program then from first again, and so on. This type of processing is referred to as “concurrent execution”. Using the concept of concurrent execution, multiprogramming operates in the following way:
2. Multi-threading: An application typically, implemented as a separate process with several threads of control. In some situations a single application may be required to perform several similar tasks, for example a web server accepts client requests for web pages, images, sound, and so forth. A busy web server may have several of clients concurrently accessing it. If the web server runs as a traditional single-threaded process, it would be able to service only one client at a time.
3. Multi-tasking: Multi-tasking refers to the operating system’s ability to execute two or moreof a single user’s tasks concurrently. Multitasking operating systems are often contrasted with single-user operating systems. Single-user operating systems have traditionally been the most common type of operating system for microcomputers. These only allow the user to work on one task at a time.

4. Virtual Memory: A programmer has to take into account the size of the memory to fit all his instructions and the data to be operated in the primary storage. If the program is large, then the programmer has to use the concept of virtual memory. Virtual memory systems, sometimes called virtual storage systems, extend primary memory by treating disk storage as a logical extension of RAM. The technique works by dividing a program on disk into fixed length pages or into logical, variable-length segments.

Virtual memory is typically implemented as follows. Programs stored on disk are broken up into fixed-length pages. When a program needs to be processed, the first few pages of it are brought into primary memory. Then, the computer system starts processing the program. If the computer needs a page it does not have, it brings that page in from secondary storage and overwrites it onto the memory locations occupied by a page it no longer needs. Processing continues in this manner until the program finishes. This is known as overlaying.

By allowing programs to be broken up into smaller parts, and by allowing only certain parts to be in main memory at any one time, virtual memory enables computers to get by with less main memory than usual. Of course, during page swapping in  multiprogramming environments, the system may switch to other programs and tasks.
5. Multiprocessing: The term multiprogramming is sometimes loosely interchanged with the term multiprocessing, but they are not the same. Multiprogramming involves concurrent execution of instructions from two or more programs sharing the CPU and controlled by one supervisor Multiprocessing (or parallel processing) refers to the use of two or more central processing units, linked together, to perform coordinated work simultaneously. The jobs can be processed more rapidly. It is also known as parallel processing

6. Time-sharing: Time sharing is a methodology created to satisfy the processing needs of multiprogramming and batch operating system. In time sharing systems, the execution time is divided into small slots called "time slice". Each process is processed for a time slice and then the other process is taken for processing by the processor. This process goes on till all the jobs are processed.

1.1.3 Device Drivers: Device drivers are small files that act as a interface between hardware in a computer system and the operating system (OS). Hardware requires device drivers so that the OS can “see” the devices and handle them effectively and efficiently. A driver typically communicates with the device through the computer bus or communications subsystem to which the hardware connects. When a calling program invokes a routine in the driver, the driver issues commands to the device. Once the device sends data back to the driver, the driver may invoke routines in the original calling program.

1.1.4. Utility Programs or Service Programs: Utility programs are systems programs that perform general system support tasks. These programs are provided by the computer manufacturers to perform tasks that are common to all data processing installations. Some of them may either be programs in their own right or subordinates to be assembled / compiled in the application programs. The following tasks are performed by the utility programs.

(i) Sorting and storing the data.

(ii) Making a copy of all information stored on a disk, and restore either the entire              disk.

(iii) Converting data from one recording medium to another, viz., floppy disk to                   hard disc, tape to printer, etc.

(iv) Dumping of data to disc or tape.

(v) Tracing the operation of program.

(a) Sort utilities: Sort utility programs are those that sort data. For example, suppose we have a file of student records.
(b) Spooling software: The purpose of spooling software is to compensate for the speed differences between the computer and its peripheral devices. Spooling software is usually encountered in large system and network computing environments. For instance, during the time it takes to type in or print out all the words on this page, the computer could begin and finish processing dozens of programs.

(c) Text editors: Text editors are programs that allow text in a file to be created and

modified. These utilities are probably most useful to professional programmers, who

constantly face the problems of cutting and pasting programs together, changing data files by eliminating certain data fields, changing the order of certain data fields, adding new data fields, and changing the format of data.

Some of the other commonly used utilities for microcomputer operating systems are discussed below:

(i) Disk copy program - This program allows an user to copy the entire contents of one

diskette to another diskette. It is generally used to make a backup or archive copy of a

data diskette or an application program. The disk copy program can also be used to

transfer data stored from one size or capacity diskette to another.

(ii) File copy program - This program allows an user to copy just one file or a group of files, rather than the entire contents of the diskette, to be copied to another diskette. It has the same functions as a disk copy utility except that it allows an individual file or group of files to be copied.

(iii) Disk formatting program - This program allows an user to prepare a new, blank diskette to receive data from the computer system. The data can not be stored on a diskette until it is formatted or initialized. The formatting process writes the sectors on the diskette so that the operating system is able to place data in these locations.
(iv) File deletion program - It allows an user to delete a file stored on a diskette.

(v) File viewing program - This program is used to view the contents of a file on the display screen of the microcomputer.

(vi) Directory program - This program allows an user to view the names of the data and

program files which are stored on a disk/diskette. It will not only list the files, but also will

show the amount of kilobytes of memory these files occupy, the time and day they were

last revised and the amount of unused storage space available on the disk/diskette.

(vii) Debugging Program: These programs are usually written and provided by the computer manufacturers. They assist in program debugging. They usually trace the processing of the program being debugged.

1.1.5 Language translators: A language translator or language processor is a general term used for any assembler, compiler or other routine that accepts statements in one language and produces equivalent statements in another language. The language processor reads the source language statements one at a time and prepares a number of machine instructions to perform the operations specified or implied by each source statement. Most computer installations have several language processors available, one for each programming language the computer can accept.

The three most widely used types of language translators are compilers, interpreters, and assemblers.

Compilers: A compiler translates the entire program into machine language before the

program is executed. Compilers are most commonly used system software to translate high level languages such as COBOL, FORTRAN, and Pascal into Low level language. Compilers typically result in programs that can be executed much more swiftly than those handled by interpreters. Since either a compiler or an interpreter can be developed to translate most languages, compilers would be preferred in environments where execution speed is important.

The program submitted for compilation is called a source program (or source module). The compiler then translates the program into machine language, producing an object program (or object module). Then, another software program called a linkage editor binds the object module of this program to object modules of any subprograms that must be used to complete processing. The resultant program, which is ready for computer execution, is called a load program (or load module). It The program submitted for compilation is called a source program (or source module). The compiler then translates the program into machine language, producing an object program (or object module). Then, another software program called a linkage editor binds the object module of this program to object modules of any subprograms that must be used to complete processing. The resultant program, which is ready for computer execution, is called a load program (or load module). It is the load program that the computer actually executes.
Interpreters: Whereas compilers translate programs into machine language all at once before programs are run, interpreters translate programs a line at a time as they are being run. For instance, if a user has a program in which a single statement is executed a thousand times during the course of the program’s run, the interpreter would translate that statement a thousand different times into machine language. With an interpreter, each statement is translated into machine language just before it is executed.

Assemblers: A program written in assembly language consists of a series of instructions called-mnemonics that correspond to a stream of executable instructions, when translated by an assembler, which can be loaded into memory and executed. A utility program called an assembler is used to translate assembly language statements into the target computer's machine code. The assembler performs a one-to-one mapping from mnemonic statements into machine instructions and data. This is in contrast with high-level languages, in which a single statement generally results in many machine instructions. Assemblers are used exclusively with assembly languages. They work similarly to compilers, translating an assembly language program into object code. Because assembly language programs are usually more machine efficient than those written in high-level languages, a two-step translation process may take place. First, the high-level language is translated to assembly language; then, using an assembler, it is converted to machine language.

1.2 General Purpose Software/Utilities

This software provides the framework for a great number of business, scientific, and personal applications. Spreadsheet, Databases, Computer-Aided Design (CAD) and Word processing software etc. fall into this category. Most general-purpose software is sold as a package. The software is accompanied by user-oriented documentation such as reference manuals, keyboard templates, and so on. It is then up to the user of the software to create the application.
Commercial software comes prepackaged and is available from software stores and through the Internet.

Shareware is software developed by individual and small companies that cannot afford to market their software world wide or by a company that wants to release a  demonstration version of their commercial product. Shareware software often is disabled in some way and has a notice attached to explain the legal requirements for using the product.

Open Source software is created by generous programmers and released into the public domain for public use. There is usually a copyright notice that must remain with the software product. Open Source software is not public domain in that the company or individual that develops the software retains ownership of the program but the software can be used freely.

Application Software

Application software is the computer software designed to help the user to perform single or multiple tasks. Examples include enterprise software, accounting software, office suites, graphics software, and media players. It is a loosely defined subclass of computer software that employs the capabilities of a computer directly to a task that the user wishes to perform.

Decision Support Systems: Decision support systems are information processing

systems frequently used by accountants, managers, and auditors to assist them in the

decision-making process.

Characteristics of Decision Support Systems:

(1) Decision support system support management decision making – Although most heavily used for management planning decisions, operational managers can use them as can top managers Decision support systems enhance decision quality. While the system might point to a particular decision, it is the user who ultimately makes the final choice.
(2) Decision support systems solve relatively unstructured problems – problems that do not have easy solution procedures and therefore problems in which some managerial judgment is necessary in addition to structured analysis. Thus, in contrast to transaction processing systems, decision support systems typically use non-routine data as input. These data are not easy to gather and might require estimates.

(3) Finally, a “friendly” computer interface is also a characteristic of a decision support system – Because managers and other decision makers who are non programmers frequently use decision support systems, these systems must be easy to use. The availability of nonprocedural modeling languages, eases communication between the user and the decision support system.
Components of Decision Support Systems: A decision support system has four basic

components: 

(1) the user, 

(2) one or more databases, 

(3) a planning language, 

(4) the model base.

(i) The users: The user of a decision support system is usually a manager with an

unstructured or semi-structured problem to solve. The manager may be at any level of authority in the organization. Typically, users do not need a computer background to use a decision support system for problem solving. The most important knowledge is a thorough understanding of the problem and the factors to be considered in finding a solution. A user does not need extensive education in computer programming in part because a special planning language performs the communication function within the decision support system.
(ii) Databases: Decision support systems include one or more databases. These databases contain both routine and non-routine data from both internal and external sources. The data from external sources include data about the operating environment surrounding an organization. Decision support system users may construct additional databases themselves. Some of the data may come from internal sources. An organization often generates this type of data in the normal course of operations.
(iii) Planning languages: Two types of planning languages that are commonly used in

decision support systems are: (1) general –purpose planning languages and (2) special purpose planning languages. General-purpose planning languages allow users to perform many routine tasks. Special-purpose planning languages are more limited in what they can do, but they usually do certain jobs better than the general-purpose planning languages.
(iv) Model base: The planning language in a decision support system allows the user to

maintain a dialogue with the model base. The model base is the “brain” of the decision support system because it performs data manipulations and computations with the data provided to it by the user and the database. There are many types of model bases, but most of them are custom-developed models that do some types of mathematical functions

Artificial Intelligence: Artificial intelligence (AI) is software that tries to emulate aspects of human behavior, such as reasoning, communicating, seeing, and hearing. There are several types of AI, including natural language, voice and visual recognition, robotics, neural networks, and expert systems. 

Natural language, voice and visual recognition both focus on enabling computers to interact more easily and naturally with users. Robotics focuses on teaching machines to replace human labour.
Expert Systems: An expert system (ES) is a computerized information system that allows non-experts to make decisions comparable to those of an expert. Expert systems are used for complex or ill-structured tasks that require experience and specialized knowledge in narrow, specific subject areas. 
 The following components of Expert System are:-

1. Knowledge base: This includes the data, knowledge, relationships, rules of 




thumb (heuristics), and decision rules used by experts to 




solve a particular type of problem. A knowledge base is the 



computer equivalent of all the knowledge and insight that 




an expert or a group of experts develop through years of 




experience in their field.


2. Inference engine: This program contains the logic and reasoning 





mechanisms that





simulate the expert logic process and deliver advice. It 




uses data obtained from both the





knowledge base and the user to make associations and 




inferences, form its conclusions,





and recommend a course of action.


3. User interface: This program allows the user to design, create, update, use, 



       and communicate with the expert system.


4. Explanation facility: This facility provides the user with an explanation of the 




    logic the ES used to arrive at its conclusion.


5. Knowledge acquisition facility: Building a knowledge base, referred to as 






knowledge engineering, involves both a 






human expert and a knowledge engineer. 






The knowledge engineer is responsible for 






extracting an individual’s expertise and 






using the knowledge acquisition facility to 






enter it into the knowledge base.

Expert systems offer the following benefits:

(i) They provide a cost-effective alternative to human experts.

(ii) They can outperform a single expert because their knowledge is representative of numerous experts. 
(iii) They are faster and more consistent and do not get distracted, 
                 overworked, or stressed out. 

(iv) They produce better-quality and more consistent decisions. Expert systems assist users in identifying potential decision making problems, which increases the probability that sound decisions will be made. 

(v) They can increase productivity. 

(vi) They preserve the expertise of an expert leaving the organization.
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