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PolymorphicFunctions

Inmanylanguageswecan’twriteagenericsortroutine,i.e.
onethatcansortarraysofintegersaswellasarraysofreals:

procedureSort(

varA:arrayof<type>;

n:integer);

InHaskell(andmanyotherFPlanguages)wecanwrite
polymorphic(“manyshapes”)functions.

Functionsofpolymorphictypearedefinedbyusingtype
variablesinthesignature:

length::[a]->Int

lengths=...

PolymorphicFunctions...

lengthisafunctionfromlistsofelementsofsome
(unspecified)typea,tointeger.I.e.itdoesn’tmatterifwe’re
takingthelengthofalistofintegersoralistofrealsor
strings,thealgorithmisthesame.

length[1,2,3]⇒3(listofInt)

length["Hi","there","!"]⇒3(listofString)

length"Hi!"⇒3(listofChar)

PolymorphicFunctions...

Wehavealreadyusedanumberofpolymorphicfunctionsthat
aredefinedinthestandardprelude.

headisafunctionfrom“lists-of-things”to“things”:

head::[a]->a

tailisafunctionfromlistsofelementsofsometype,toa
listofelementsofthesametype:

tail::[a]->[a]

cons"(:)"takestwoarguments:anelementofsometypea

andalistofelementsofthesametype.Itreturnsalistof
elementsoftypea:

(:)::a->[a]->[a]



PolymorphicFunctions...

Notethatheadandtailalwaystakealistastheirargument.
tailalwaysreturnsalist,butheadcanreturnanytypeof
object,includingalist.

NotethatitisbecauseofHaskell’sstrongtypingthatwecan
onlycreatelistsofthesametypeofelement.Ifwetriedtodo

?5:[True]

theHaskelltypecheckerwouldcomplainthatwewereconsing
anIntontoalistofBools,whilethetypeof“:”is

(:)::a->[a]->[a]

ContextPredicates

TheremdupsFunction

Remembertheremdupsfunction:

remdups[1]⇒[1]

remdups[1,2,1]⇒[1,2,1]

remdups[1,2,1,1,2]⇒[1,2,2]

remdups[1,1,1,2]⇒[1,2,1]

AlgorithminHaskell:

remdups::[Int]->[Int]

remdupsx:y:xs=

ifx==ythen

remdupsy:xs⇐case1

else

x:remdupsy:xs⇐case2

remdupsxs=xs⇐case3

ContextPredicates

Obviouslyremdupsshouldworkforanylist,notjustlistsof
Ints.Removingduplicatesfromalistofstringsisno
differentfromremovingduplicatesfromalistofintegers.

However,there’sacomplication.Inordertoremove
duplicatesfromalist,wemustbeabletocomparelist
elementsforequality.

Thepolymorphictype

[a]->[a]

isthereforeabittoogeneral,sinceitwouldallowanytype,
evenoneforwhichequalityisnotdefined.



ContextPredicates...

Haskellusescontextpredicatestorestrictpolymorphic
types:

remdups::Eq[a]=>[a]->[a]

Now,remdupsmayonlybeappliedtolistofelementswhere
theelementtypehas==and\=defined.

Eqiscalledatypeclass.Ordisanotherusefultypeclass.It
isusedtorestrictthepolymorphictypeofafunctiontotypes
forwhichtherelationaloperators(<,<=,>,>=)havebeen
defined.

MultipleContextPredicates

ConsiderthesignumFunction:

signum::(Numa,Orda)=>a->Int

signumn|n==0=0

|n>0=1

|n<0=-1

signumcanbeappliedtoanytypethatisanumber(hence
theNumapredicate),andforwhichtherelationaloperators
aredefined(Orda).

Withouttheserestrictions,thepolymorphicsignumfunction
couldhavebeenappliedtolists,forexample,whichwouldnot
havemadesense.

Conclusion

Summary...

Wewanttodefinefunctionsthatareasreusableaspossible.
1Polymophicfunctionsarereusablebecausetheycanbeapplied

toargumentsofdifferenttypes.
2Curriedfunctionsarereusablebecausetheycanbespecialized;

i.e.fromacurriedfunctionfwecancreateanewfunctionf’

simplyby“pluggingin”valuesforsomeofthearguments,and
leavingothersundefined.



Summary

Apolymorphicfunctionisdefinedusingtypevariablesinthe
signature.Atypevariablecanrepresentanarbitrarytype.

Alloccurencesofaparticulartypevariableappearinginatype
signaturemustrepresentthesametype.

Anidentifierwillbetreatedasanoperatorsymbolifitis
enclosedinbackquotes:"‘".

Anoperatorsymbolcanbetreadedasanidentifierby
enclosingitinparenthesis:(+).

Homework

Defineapolymorphicfunctiondupxwhichreturnsatuple
withtheargumentduplicated.

Example:

?dup1

(1,1)

?dup"Hello,meagain!"

("Hello,meagain!",

"Hello,meagain!")

?dup(dup3.14)

((3.14,3.14),(3.14,3.14))

Homework

Defineapolymorphicfunctioncopynxwhichreturnsalist
ofncopiesofx.

Example:

?copy5"five"

["five","five","five",

"five","five"]

?copy55

[5,5,5,5,5]

?copy5(dup5)

[(5,5),(5,5),(5,5),(5,5),(5,5)]

Homework

LetfbeafunctionfromInttoInt,i.e.f::Int->Int.
Defineafunctiontotalfxsothattotalfisthefunction
whichatvaluengivesthetotalf0+f1+···+fn.

Example:

doublex=2*x

pow2x=x^2

totDub=totaldouble

totPow=totalpow2

?totDub5

30

?totPow5

55


