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15.1 Introduction

· The imperative languages evolve around the von Neumann architecture

· The functional language is based on mathematical function, not von Neumann architecture, and is probably the most successful non-imperative languages.

· The major disadvantage of functional language is execution efficiency.

· Programming in functional language is strongly recommended fro those who want to learn the language.

15.2 Mathematical Functions

· A mathematical function maps entities from domain to range.

· The evaluation order of expression is controlled by recursion and conditional expression, not loops and sequencing as in imperative languages.

· Functional languages have no side effect. A language always returns the same value for the same parameters.

15.2.1 Simple Functions

· A function is written as a function name, followed by a list of parameters, then the mapping expression.

· Function application is a binding between the function name and a value in the domain set.

· Lambda notation provides a mechanism to define a function with giving it a name. It merely defines the relation between domain and range sets, without associating the mapping with a function name.

15.2.2 Functional Forms

· A functional form is a higher-order function that takes functions as parameters or return values.

· Function composition is an example of functional forms. Two functions are input to a higher-order function that produces a function as the return value.

· Construction takes a list of functions, which are applied on the same input parameters. A list consisting the results from these function applications is the return value.

· Apply-to-all applies the single function to a list of parameters.

15.3 Fundamentals of Functional Programming Languages

· The functional languages mimic the mathematical function evaluations.

· Imperative languages need to store the immediate results explicitly, but functional languages hide theses details as function return values.

· Functional languages do not provide variables or loops, hence iterative constructs are not possible, and the repetition has to be performed recursively.

· Referential transparency ensures the same function given the same input will produce the same results, since side effects are not possible.

· It is difficult to simulate functional computation with imperative languages since the return values have strong type limitation.

15.4 The First Functional Programming Language: LISP

15.4.1 Data Types and Structures

· A LISP program contains only atoms and lists.

· LISP does not have data types as we know.

15.4.2 The First LISP Interpreter

· The computation theory deals with what can be computed by a model. A “universal” computing machine is usually built to simulate all the other machines in the model, like the universal turning machine.

· Based on this “one can simulate all” concept, the designed of LISP does not distinguish data from program. In other words, both program and data in LISP can be represented as a list.

· The Cambridge Polish notation denotes a prefix notation for describing the LISP function (and the function name), and the lambda notation is used to describe function definition.

· LISP function uses S-expression (symbolic expression) to denote functions.

· McCarthy developed a universal function that evaluates all functions. It is called EVAL and is used to interpret LISP programs. The implementation has the following implications.

· All early LISP implementation is interpretive.

· S-expression becomes the standard notation.

· Much of the original language designs are fixed within the interpreter.

15.5 An introduction to Scheme

15.5.1 Origins of Scheme

· Scheme is a dialect of LISP. It is compact, has static scoping, and treats functions as first-class entities.

15.5.2 Primitive Functions
· A Scheme interpreter reads the input function, evaluates the function, and writes the function return values.

· The parameters are evaluated in no particular order. The primitive functions are applied at the “bottom level” and the result is produced.

· Scheme used a QUOTE to distinguish atoms from function names.

· CAR returns the first element of a list.

· CDR returns the list except the first element.

· CONS combine a S-expression s and a list l into a new list, in which the CAR is s, and CDR is l.

· LIST constructs a list with the given parameters appearing in the list in the given order.

15.5.3 Functions for Constructing Functions

· LAMBDA defines a nameless function. The parameter in a LAMBDA function is a bound variable since it will be bounded to the actual parameter.

· DEFINE binds a name to a value or lambda expression. It is different from the assignment in imperative languages since it cannot “redefine” once it defines.

· A DEFINE defines a function by associate a function name and a parameter list, with a lambda expression as the function definition.

15.5.4 Predicate Functions
· A predicate function evaluates an assertion to either true or false.

· #T is returned as “true” and an empty list () is returned as “false”.

· EQ? tests for symbolic atom equality, = tests for numeric equality, and EQV? works on both cases.

15.5.5 Control Flow

· A mathematical conditional expression consists of multiple guarded expressions, each of which is guarded by a predicate.

· COND allows more than one guarding predicates to be true, and the return value is the expression that has the first affirmative predicate.

15.5.6 Example Scheme Functions
· See the textbook for examples.

· LET creates a new scope where “local names” can be defined within. These local names can be lambda functions or common sub-expression that simplify the specification of the containing function.

15.5.7 Functional Forms

15.5.7.1 Functional Composition

· The only primitive functional form provided in the original LISP.

15.5.7.2 Apply-to-All Functional Form

· Mapcar applies a function to all elements in a list.

15.5.7.3 Functions that Build Codes

· Code (or list, to be exact) can be built as a result of list manipulation, and evaluated by EVAL.

15.5.7.4 Imperative Features of Scheme

· Scheme contains certain imperative language features for improving efficiency.

· SET! assigns/reassigns values to names.

· SET-CAR! and SET-CDR! set the CAR and CDR of an s-expression.

15.6 Common LISP

· Common LISP tried to combine the features of various LISP dialects.

· Both static and dynamic scoping are provided.

· A PROG construct allows sequencing statements, and RETURN exits from it.

· DOTIMES and DOLIST allow iterations.

· SETQ is like assignment.

· Primitive predicate functions include NIL and ATOM.

15.7 ML

15.8 Haskell

15.9 Applications of Functional Languages

· LISP can be used in list processing and symbolic computation – the former makes EMACS possible, and the later application makes it an ideal implementation tool for AI programming.

· Other applications of LISP include:

· Knowledge representation

· Machine learning
· Natural language processing

· Intelligent training systems

· Modeling of speech and vision

15.10 A Comparison of Functional and Imperative Languages

· Efficiency

· Due to the distance to the von Neumann architecture.

· Programming overheads

· Due to the resemblance to human thinking (so called “higher level programming”).

· Syntactic constructs and Semantic interpretation

· Due to the resemblance to pure function syntax and semantics.

· Concurrency
· Due to the independent nature of parameter evaluation.

