Functional Languages

Functional Languages (Applicative, value-

oriented)

Importance?
= In their pure form they dizpense with notion of assignment
— claim 15: it's easier to program m them
— also: ea=zier to reason about programs written 1m them
» FPL's encourage thinking at higher levels of abstraction
— support modifiines and combmng eusting prosrams
— thus, FPL's encourage programmers to work m unifs larzer than
statements of convenhonal lansuazes: "prosrammons mn the large"
= FPL's provide a paradigm for parallel computing
— absence of zssignment (smele assigrment) } provide basis
— mdependence of evaluzhon crder + for parallel
— ahility to operate on enfire data structures 7 funchional programmune




Importance of Functional Languages...

* Valuable in developing execotable specifications and
prototype implementations
— Simple underlyms samantics
+ neorowe mathematical foundations
+ ahilify to operate on enfire data structures
=> 1deal velicla for capturmg specifications
= Utility to Al
— Most AT done m fime langs (extensibility. symbolic mampulation)
» Functional Programming 1z tied to CS theory
— provides framework for viewing decidability queshons
* (both programmmg and compters)
— Good miroduction to Denotational Semantics
+ functional m form

Expressions

= Key purpose of functional programming:
— fo extend the advantages of expressions (over statements) to an enhire
programning language
= Backus ('78 FP paper) has said that expressions and statements
come from twro different worlds.

— expressions: (a+hb)¥c anthmetic
a+by=0 relahional
—avh) boclean

— statemnents: the usual assortment with azsisnment zineled out
— assigrements alter the state of a computation (ordenng 1= important)
eg a=a¥*y 1=1+1
= In contrast, ordering of expressions 13 not side-effecting and
therefore not order dependent (Church-Rosser property /Church
Dhamond)
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More Expressions

= With Church-Rozzer
— reasommng about expreszions 15 easier
— order mmdependance supports fine-gramed parallelizm
— Dhamond property 15 quite useful
= FHeferential transparency
— In a fixed context, the replacement of a subexpreszion by fs value 1=
completaly mdependent of the surroundmg expression
* havins once evaluated an exprassion m a grven context, shouldn™t
have to do it azam.
Altematrve: referential frareparancy 15 the unrversal abality to
substitute equals for equals (useful in common subexpreszion
optrmrations and mathematical reasonng)

Hoare's Principles of Structuring
(1973, "Hintz on Programming Language Design " Stanford Tech Rep)

1) Tranzparency of meaning
— Meanme of whele expreszsion can be understood 1n terms of meanings
of 1tz subexpressions.

2} Transparency of Porpose
— Purpose of each part consists solely of its contribufion to the purpose of
the whole. = 250 side effacts.

3) Independence of Parts
— Meanme of mdependent parts can be understood completely
* InE +F, E can be understood mdapendenth- of F.




