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Administrivia

�Secondhomeworkassignmentwasdueatnoon.

�Thirdhomeworkassignmentisdueoneweekfromtoday.

�ShouldalreadybereadingTAPLChapter5.
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ProgrammingwithFunctionsinOCaml
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FunctionsasData

FunctionsinOCamlarefirstclass—theyhavethesamerightsandprivileges

asvaluesofanyothertypes.E.g.,theycanbe

�passedasargumentstootherfunctions

�returnedasresultsfromotherfunctions

�storedindatastructuressuchastuplesandlists

�etc.
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Multi-parameterfunctions

Wehaveseentwowaysofwritingfunctionswithmultipleparameters:

#letfooxy=x+y;;

valfoo:int->int->int=<fun>

#letbar(x,y)=x+y;;

valbar:int*int->int=<fun>

Thefirsttakesitstwoargumentsseparately;thesecondtakesatupleanduses

apatterntoextractitsfirstandsecondcomponents.
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Thesyntaxforapplyingthesetwoformsoffunctiontotheirargumentsdiffers

correspondingly:

#foo23;;

-:int=5

#bar(4,5);;

-:int=9

#foo(2,3);;

Thisexpressionhastypeint*int

butishereusedwithtypeint

#bar45;;

Thisfunctionisappliedtotoomanyarguments
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PartialApplication

Oneadvantageofthefirstformofmultiple-argumentfunctionisthatsuch

functionsmaybepartiallyapplied.

#letfoo2=foo2;;

valfoo2:int->int=<fun>

#foo23;;

-:int=5

#foo25;;

-:int=7

#List.mapfoo2[3;6;10;100];;

-:intlist=[5;8;12;102]

CIS500,27September7



'

&

$

%

Currying

Obviously,thesetwoformsarecloselyrelated—givenone,wecaneasily

definetheother.

#letfoo’xy=bar(x,y);;

valfoo’:int->int->int=<fun>

#letbar’(x,y)=fooxy;;

valbar’:int*int->int=<fun>
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Currying

Indeed,thesetransformationscanthemselvesbeexpressedas(higher-order)

functions:

#letcurryfxy=f(x,y);;

valcurry:(’a*’b->’c)->’a->’b->’c=<fun>

#letfoo’’=currybar;;

valfoo’’:int->int->int=<fun>

#letuncurryf(x,y)=fxy;;

valuncurry:(’a->’b->’c)->’a*’b->’c=<fun>

#letbar’’=uncurryfoo;;

valbar’’:int*int->int=<fun>
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ACloserLook

Thetypeint->int->intcanequivalentlybewritten

int->(int->int).

Thatis,afunctionoftypeint->int->intisactuallyafunctionthat,

whenappliedtoaninteger,yieldsafunctionthat,whenappliedtoaninteger,

yieldsaninteger.

Similarly,anapplicationlikefoo23isactuallyshorthandfor(foo2)3.

Formally:->isright-associativeandapplicationisleft-associative.
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AnonymousFunctions

ItisfairlycommoninOCamlthatweneedtodefineafunctionanduseitjust

once.

#lettimesthreeplustwox=x*3+2;;

valtimesthreeplustwo:int->int=<fun>

#List.maptimesthreeplustwo[4;3;77;12];;

-:intlist=[14;11;233;38]

Tosavemakingupnamesforsuchfunctions,OCamloffersamechanismfor

writingthemin-line:

#List.map(funx->x*3+2)[4;3;77;12];;

-:intlist=[14;11;233;38]
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AnonymousFunctions

Anonymousfunctionsmayappear,syntactically,inthesameplacesasvalues

ofanyothertypes.

Forexample,thefollowinglet-bindingsarecompletelyequivalent:

#letdoublex=x*2;;

valdouble:int->int=<fun>

#letdouble’=(funx->x*2);;

valdouble’:int->int=<fun>

#double5;;

-:int=10

#double’5;;

-:int=10
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AnonymousFunctions

Wecanevenwrite:

#(funx->x*2)5;;

-:int=10

Or(slightlymoreusefully):

#(if5*5>20then(funx->x*2)else(funx->x+3))5;;

-:int=10

Theconditionalyieldsafunctiononthebasisofsomebooleantest,andits

resultisthenappliedto5.
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QuickCheck

Whatisthetypeofl?

#letl=[(funx->x+2);

(funx->x*3);

(funx->ifx>4then0else1)];;
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Applyingalistoffunctions

#letl=[(funx->x+2);

(funx->x*3);

(funx->ifx>4then0else1)];;

vall:(int->int)list=[<fun>;<fun>;<fun>]

#letapplytoxf=fx;;

valapplyto:’a->(’a->’b)->’b=<fun>

#List.map(applyto10)l;;

-:intlist=[12;30;0]

#List.map(applyto2)l;;

-:intlist=[4;6;1]
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Anotherusefulhigher-orderfunction:fold

#letrecfoldflacc=

matchlwith

[]->acc

|a::l->fa(foldflacc);;

valfold:(’a->’b->’b)->’alist->’b->’b

Forexample:

#fold(funab->a+b)[1;3;5;100]0;;

-:int=109

Ingeneral:

f[a1;...;an]b

is

fa1(fa2(...(fanb)...)).
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Usingfold

Mostofthelist-processingfunctionswehaveseencanbedefinedcompactlyin

termsoffold:

#letlistSuml=

fold(funab->a+b)l0;;

vallistSum:intlist->int=<fun>

#letlengthl=

fold(funab->b+1)l0;;

vallength:’alist->int=<fun>
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Usingfold

#letmapfl=

fold(funab->(fa)::b)l[];;

valmap:(’a->’b)->’alist->’blist=<fun>

#letfilterpl=

fold(funab->ifpathen(a::b)elseb)l[];;
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Usingfold

Andeven:

#(*Listofnumbersfrommton,asbefore*)

letrecfromTomn=

ifn<mthen[]

elsem::fromTo(m+1)n;;

valfromTo:int->int->intlist=<fun>

#letfactn=

fold(funab->a*b)(fromTo1n)1;;

valfact:int->int=<fun>
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QuickCheck

Whatisthetypeofthisfunction?

#letfool=

fold(funab->List.appendb[a])l[];;

Whatdoesitdo?
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Formsoffold

TheOCamlListmoduleactuallyprovidestwofoldingfunctions:

List.fold_left:(’a->’b->’a)->’a->’blist->’a

List.fold_right:(’a->’b->’b)->’alist->’b->’b

Theonewe’recallingfold(hereandinthehomeworkassignment)is

List.fold_right.

List.fold_leftperformsthesamebasicoperationbuttakesitsargumentsin

adifferentorder.
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Theunittype

OCamlprovidesanotherbuilt-intypecalledunit,withjustoneinhabitant,

written().

#letx=();;

valx:unit=()

#letf()=23+34;;

valf:unit->int=<fun>

#f();;

-:int=57

Whyisthisuseful?
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Usesofunit

Afunctionfromunitto’aisadelayedcomputationoftype’a.

Whenwedefinethefunction...

#letf()=<longandcomplexcalculation>;;

valf:unit->int=<fun>

...thelongandcomplexcalculationisjustboxedupinaclosurethatwe

cansaveforlater(bybindingittoavariable,e.g.).

Whenweactuallyneedtheresult,weapplyfto()andthecalculation

actuallyhappens:

#f();;

-:int=57
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Thunks

Afunctionacceptingaunitargumentisoftencalledathunk.

Thunksarewidelyusedinfunctionalprogramming.

Atypicalexample...
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Supposewearewritingafunctionwhereweneedtomakesurethatsome

“finalizationcode”getsexecuted,evenifanexceptionisraised.

#letreadfile=

letchan=open_infilein

try

letnbytes=in_channel_lengthchanin

letstring=String.createnbytesin

really_inputchanstring0nbytes;

close_inchan;

string

withexn->

(*finalizechannel*)

close_inchan;

(*re-raiseexception*)

raiseexn;;
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Wecanavoidduplicatingthefinalizationcodebywrappingitinathunk:

#letreadfile=

letchan=open_infilein

letfinalize()=close_inchanin

try

letnbytes=in_channel_lengthchanin

letstring=String.createnbytesin

really_inputchanstring0nbytes;

finalize();

string

withexn->

(*finalizechannel*)

finalize();

(*re-raiseexception*)

raiseexn;;
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Infact,wecangofurther...

#letunwind_protectbodyfinalize=

try

letres=body()in

finalize();

res

withexn->

finalize();

raiseexn;;

#letreadfile=

letchan=open_infilein

unwind_protect

(fun()->

letnbytes=in_channel_lengthchanin

letstring=String.createnbytesin

really_inputchanstring0nbytes;

string)

(fun()->close_inchan);;
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