Chapter 1

1.1 Reasons to study concepts of PLs
   1. Increased capacity to express ideas

Study of programming languages increases the ability to conceptualize programming ideas. Language in which software is developed limits the expression of control structures, data structures, and abstractions, thus determining the way a programming algorithm can be expressed. Though it is possible to simulate features that are not naturally supported by the language, it is advisable to use features that are integrated into the language design for better performance.
   2. Improved background for choosing appropriate languages
Knowledge of different programming languages increases the programmer’s ability to choose a better language to accomplish a task, taking into consideration various features which are better supported by each language.
   3. Increased ability to learn new languages

Thorough understanding of fundamental concepts of languages in general helps learn a new language much faster. This also helps in understanding language manuals and promotional literature as one gets familiar with programming language vocabulary.
   4. Understanding the significance of implementation

Understanding the implementation issues of a language helps understand the rationale behind the design of that language. This helps in applying the language intelligently.
   5. Increased ability to design new languages

Critical evaluation of programming languages helps in the design of complex systems.
   6. Overall advancement of computing
Having a global view of computing and different programming languages helps in making a better decision about the suitability of a language in a given context.
1.2 Programming Domains
   1. Scientific applications
High-level programming languages invented for scientific applications were designed to provide aspects like large floating-point numbers, simple data structures etc. without sacrificing computing efficiency. Languages like FORTRAN, ALGOL 60 were for scientific applications.
   2. Business applications
Languages for ‘Business Applications’ are characterized by features like producing elaborate reports, high precision for decimal numbers, spreadsheets, support for huge database systems. COBOL is the first successful high-level language developed for business applications
   3. Artificial intelligence 
Computations in Artificial Intelligence applications require special language level support for computations involving symbols. LISP was the first language to provide such support.
   4. Systems programming
Operating system and all of programming support tools pf a computer system are collectively known as its systems software. Such software has to be more efficient as they are run continuously. C language is still a popular systems programming language. 
   5. Scripting languages
These languages are used by having a list of commands in a file and the commands being run in a batch. These are generally needed for developing programs that do utility functions, such as file management and simple file filtering. sh, awk, tcl, perl etc. are popular among them.
   6. Special purpose languages

There are also several special purpose languages specific to a particular application, which are not of much interest to us.
1.3 Language Evaluation Criteria
1. Readability
The ease with which a program can be read and understood is one of the most important criteria in language evaluation.

The factors involved in this are:
· Overall simplicity
· It is difficult to learn a language with a large number of basic components. So having too many features is bad.
· Having more than one way to perform the same operation makes the language complicated. For example in C, incrementing a variable can be done in many ways. Thus having multiplicity of features is bad.
· Operator overloading is allowed in some languages like C++. Such a thing can lead to difficulty in reading and understating the program.
· Orthogonality
· Having orthogonality in a language means less primitive structures to learn. Thus makes the language easy to learn and read
· The meaning of a language feature is independent of the context of its appearance
· Control statements
· Various structures to control the sequence of program execution were devised in languages of recent times to increase the readability of a program. The “goto” jumps in some earlier languages like FORTRAN did not help to increase the readability of a program.
· Data type and structures
· Adequate facilities for defining data types and data structures in a language increases readability to a significant extent
· Syntax considerations
· A better syntax of the elements of a language increases readability. 
· A language’s rules to define identifiers and readability of predefined or special words impact the language’s general readability.
2. Writability
This is a measure of how easily a language can be used to create programs. The language features which affect its readability also affect its writability. The factors involved are:
· Simplicity and orthogonality
· Small number of primitive constructs and a consistent set of rules for combining them help in developing a better program.
· Support for abstraction
· Abstraction means ability to define and use complicated structures or operations by hiding the details.
· Overall support for abstraction in a language plays a significant role in its writability 
· Expressivity
· A language having a relatively convenient way of specifying computations offers better writability. For example in C, notation count++ is more convenient than count = count + 1.
3. Reliability
A program is said to be reliable if it performs according to its specifications under all conditions. The factors involved are:
· Type checking
· Type checking is simply testing for data type errors in a given program. This is done either by the compiler or during program execution.
· Exception handling
· This involves the ability of language to deal with unexpected conditions during run-time. These conditions cannot be checked during compile-time.
· Language’s ability to take corrective measures and then continue with rest of the execution adds up to the reliability of the language.
· Languages like C++, Java, Ada, C# have exclusive exception handling ability
· Aliasing
· This deals with a language having more than one method to refer a memory cell. 

· This is avoided in some languages as this reduces readability and is adopted in others to overcome the deficiencies with data abstraction.
· Readability and writability
· Finally both readability and writability of a program influence a language’s reliability. 
4. Cost
The ultimate total cost of a programming language is a function of many of the following characteristics
· Programmer training

· Software creation

· Compilation

· Execution

· Compiler cost

· Poor reliability

· Maintenance

1.4 Influences on language design

· Computer architecture
· We use imperative languages, at least in part, because we use von Neumann machines
· John von Neuman is generally considered to be the inventor of the "stored program" machines – the class to which most of today's computers belong.

· CPU and memory put together contains program and data

· Focus on moving data and program instructions between registers in CPU to memory locations
· Programming methodologies
· 1950s and early 1960s: Simple applications; worry about machine efficiency

· Late 1960s: People efficiency became important; readability, better control structures

· Late 1970s: Data abstraction

· Middle 1980s: Object-oriented programming

1.5 Language Categories
Languages are categorized into 4 bins:
· Imperative Languages:  These are also called procedural languages and such languages are command or statement driven. This is so called as the program consists of a sequence of statements or certain control structures which themselves have statements. Each of these statements represents a particular state of the computer as the contents of memory locations, registers etc. used by the program. Upon execution of a statement, the state of the machine proceeds to the next state. Thus the program is executed statement by statement. The syntax of languages supporting this paradigm looks like:

Statement1;

Statement2;

………

Popular languages like C, C++, Pascal, Fortran, Ada, and Smalltalk etc. support this paradigm.

· Functional languages:  Functional programming language looks at the function that the program represents rather than the state changes as each statement is executed. The perspective for these languages shall be ‘What function must be applied to our initial machine and our data to produce the final result?’ As a result of which the execution causes the data to go through successive functional transformations. The syntax take the form: 

functionn (function1, function2, … (data)) … )
ML, LISP are examples of functional languages. 

· Rule-based (logic) languages: Rule-based or declarative languages execute checking to see if a particular condition is true and if so, performs the appropriate action. 

The enabling conditions are usually written in terms of predicate calculus and take the form:

condition1 -> action1 
condition2 -> action2 
… … …

Prolog is the best know example of a declarative language. 

· Object-oriented programming: In object-oriented languages, data structures and algorithms support the abstraction of data and endeavor to allow the programmer to use data in a fashion that closely represents its real world use. By encapsulating data, object-oriented languages gain the efficiency of imperative languages and by providing the necessary functions to act on the data, object-oriented languages also encompass the applicative language paradigm. 

Data abstraction is implemented by use of

· Encapsulation – data and procedures belonging to a class can only be accessed by that classes (with noteworthy exceptions). 

· Polymorphism – the same functions and operators can mean different things depending on the parameters or operands, 

· Inheritance – New classes may be defined in terms of other, simpler classes. 
1.6 Language Design Trade-offs
· Reliability versus cost of execution
· Ada, unlike C, checks all array indices to ensure proper range.

· Writability versus readability

· (2 = 0 +.= T o.| T) / T <- iN is an APL one liner that produces a list of the prime numbers from 1 to N inclusive.

· Flexibility versus safety

· C, unlike Java, allows one to do arithmetic on pointers.

1.7 Implementation methods

· Direct execution by hardware
· This involves no intermediate conversions and the code is ready to run. Example is machine language

· Compilation

· This involves translation of high-level program to machine code

· This results in slow translation

· The resultant of the above process is machine code so the execution would be fast
· Example of such a language is C

· Pure interpretation

· No translation

· Direct execution by software

· Slow execution

· Becoming rare

· E.g., csh, Lisp (traditionally)

· Hybrid implementation systems

· Compilation to another language (like bytecode) which is then interpreted
· Small translation cost

· Medium execution speed

· Examples are Java, Perl
1.8 Programming Environments
This is the collection of tools used in software development. Examples of different kinds of programming environments that we can see are:
· UNIX

· An old operating system and tool collection

· Borland JBuilder

· A PC environment for Java

· Smalltalk

· A language processor/environment

· Microsoft Visual C++

· A large, complex visual environment

