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ProgrammingLanguages,F2004

Lecture1,Wednesday4February2004

•Thecourse,teachers,lecture,exercises,literature

•Courseplanandgoals

•TheStandardMLprogramminglanguage

•TheMoscowMLsystem

•Abstractsyntaxversusconcretesyntax

•Representingsimplearithmeticexpressions

•Directevaluationofexpressions

•Evaluationenvironmentsthatmapvariablestovalues
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Thecourse,teachers,lectures,exercises

•Teachers:PeterSestoft(lectures)andAndrzejWasowski(exercises)

•Thecoursehomepageishttp://www.it-c.dk/courses/PFOO/F2004/

•Thehomepagepresentsnecessaryresources,latestnews,...

•Courseplan

•Thelectureslidesareavailablefromthecourseplan(ontheWeb)

•Pleasedoaskquestionsduringlectures

•GetHansenandRischel’sIntroductiontoProgrammingUsingStandardML

ItwouldbegoodtoreadChapters1,2,3,5,7.1–7.5,8.1,8.3,and8.4soon,andchapter9inafewweeks.

•WeshallusepartsofMogensen:BasicsofCompilerDesign

•Otherwise,lectureslides,lecturenotes,andexamplecode

•Exerciseclasses:Wednesday13h–15inroom3.15

•Weeklyexercisesaregiven,someofwhichmustbehandedintoAndrzej;seeseparateexercisesheets

•Solveatleastsomeexercisesathome,anddiscussandfinishthemWednesdayafternoon
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Programminglanguageseverywhere

General-purposeprogramminglanguages

Fortran,COBOL,Algol,Pascal,C,Simula,Smalltalk,C++,Java,C#,JavaScript,Python,Prolog,...

Special-purposeprogramminglanguages

Postscript—forcontrollingprintersandphotosetters:

/TeXDict300dictdefTeXDictbegin/N{def}def/B{binddef}N/S{exch}N/X{S
N}B/A{dup}B/TR{translate}N/islsfalseN/vsize1172mulN/hsize8.572
mulN/landplus90{false}def/@rigin{isls{[0landplus90{1-1}{-11}ifelse0...

QuakeC—forwritingcomputergames:

void(entitytarg,attacker)ClientObituary={
if(targ.classname=="player"&&attacker.classname=="monster_army"){

bprint(targ.netname);
bprint("hasstupidlybeenshotbyadummygrunt\n");

}else

inherted();
};
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Coursecontentsandgoals

•TheStandardMLprogramminglanguage:

Goals:Useastool(meta-language)topresentotherlanguages.Also,tolearnalanguagedifferentfromJava.

•Syntaxdescriptionandtools:

Goal:Providenotationsandpracticaltoolstosolvetrickyandfrequentlyoccurringtasks.

Regularexpressions,scannergenerators(mosmllex).

Context-freegrammars,parsergenerators(mosmlyac).

•Programminglanguageconcepts:

Goal:Provideconceptsandvocabularythatenableyoutounderstandnewlanguagesthatyoumustuse.

Syntax(form)versussemantics(meaning);interpretationversuscompilation;abstractmachines.

Abstractsyntaxversusconcretesyntax;andstaticsemanticsversusdynamicsemantics.

•Programminglanguageparadigms:

Goal:Useprogramminglanguagesmorecompetentlyandcomputersmoreefficiently.

Functional:expressionsandfunctions;environmentandclosures;noassignment.

Imperative:expressions,statements,andprocedures;environmentandstore.

Object-oriented:expressions,statements,andmethods;environment,store,objects,andheap.
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TheStandardML(SML)programminglanguage:acrashcourse

•Expressionsandtypes

•Variablesandvariablebindings

•Scope,let,local

•Functiondeclarations,andrecursivefunctions

•Patternmatchingandcase

•Pairsandtuples

•Lists,cons(::),andappend(@)

•Exceptions

•Datatypes

•Usingdatatypestorepresenttreesandexpressions
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RunningSMLprograms:theMoscowMLsystem

MoscowMLisanimplementationoftheSMLprogramminglanguage—thereareseveralothers.

ItisinstalledatIT-Candyoucandownloadandinstallitathome;seethecoursehomepage.

MoscowMLpermitsinteractiveexecutionofSMLprogramphrases:

[sestoft@jonessestoft]$mosml-Pfull
MoscowMLversion2.01(January2004)

Enter‘quit();’toquit.
-3+4;
>valit=7:int
-valres=3+4;
>valres=7:int

-res;
>valit=7:int

YoumayrunMoscowMLinsidetheEmacseditor:TypeAlt+Xshellthenmosml-Pfull.

There’smuchdocumentationontheMoscowMLhomepage:

•MoscowMLOwner’sManual:generaluse,mosmllex,mosmlyac

•MoscowMLLibraryDocumentation:allbuilt-inlibraries;seeespeciallytheListandStringlibraries

•MoscowMLLanguageReference:precisesyntaxofthelanguage,andmostimportantlibraries
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SMLarithmeticexpressions,theinttype

3+4;

SMLvariablesanddeclarations

valres=3+4;(*variablebinding,notassignment*)
res;

SMLarithmeticexpressions,therealtype

Math.sqrt2.0;

SMLlogicalexpressions,thebooltype

3<4;
valres=3<4;

SMLconditionalexpressions

if3<4then117else118;

SMLstringoperations

valtitle="Professor";
valname="Lauesen";
valjunkmail="Dear"ˆtitleˆ""ˆnameˆ",Youhavewon$$$!";
valn=sizejunkmail;
valjunkmail2=

String.concat["Dear",title,"",name,",Youhavewon$$$!"];
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SML:limitingthescopeofabinding

Thescopeofavariableisthatpartoftheprograminwhichitmaybeused.

Uselettolimitthescopeofavariableinanexpression:

valx=5;(*declarex*)

letvalx=3<4(*anewxisdeclared*)
in

ifxthen117else118
end;

x;(*outerxstillhasthevalue5*)

Uselocaltolimitthescopeofavariableinadeclaration:

localvalx=3<4(*yetanotherxisdeclared*)
in

valz=ifxthen117else118
end;

x;(*outerxstillhasthevalue5*)

SML(andJava)havenestedscopes:aninnerdeclarationcanmakeaholeinthescopeofanoutervariable.
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SMLfunctiondeclarations

funcircleArear=Math.pi*r*r;

vala=circleArea10.0;

fundoublex=2.0*x;

double3.5;

funjunkmailtitlename=
"Dear"ˆtitleˆ""ˆnameˆ",Youhavewon$$$!";

SMLrecursivefunctiondeclarations

funfacn=ifn=0then1elsen*fac(n-1);

fac7;
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SMLpatternmatching

funfac0=1
|facn=n*fac(n-1);

fac7;

SMLcaseexpressions—samefunctionasabove

funfacn=
casenof

0=>1
|_=>n*fac(n-1);(*the_matchesanything*)

SMLpairsandtuples,producttypes

valw=(2,true,3.4,"blah");

funadd(x,y)=x+y;
add(2,3);

valnoon=(12,0);
valtalk=(15,15);

funearlier((h1,m1),(h2,m2))=
h1<h2orelse(h1=h2andalsom1<m2)
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SMLlistsofintegers

valx1=7::9::13::[];
valx2=[7,9,13];

valequal=(x1=x2);

funsum[]=0

|sum(x::xr)=x+sumxr;

funprod[]=1
|prod(x::xr)=x*prodxr;

funlen[]=0
|len(x::xr)=1+lenxr;

valx2sum=sumx2;
valx2prod=prodx2;
valx2len=lenx2;

valx3=[47,11];

valx1x3=x1@x3;(*appendlistsx1andx3*)
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SummaryofStandardMLconceptssofar

•Types:int,real,bool,string,intlist,int*int,real->real

•Expressions:117,3.14,true,"A38",[2,3,5,7],(3,14),Math.sqrt

x+y

ifx<>0.0then1000.0/xelse1.0

casexsof[]=>true|_=>false

letvalx=0.1
in

ifx<>0.0then1000.0/xelse1.0

end

•Declarations:

valx=0.1

funisEmpty(xs:intlist)=casexsof[]=>true|_=>false

localvalMAX=1023
in

funlimx=ifx>MAXthenMAXelsex
end
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SMLtypecheckandtypeerrors

Thecompilercomplainsandrefusestocompileprogramsthatcontaintypeerrors:

-sum[7.0,9.0,13.0];
!Toplevelinput:
!sum[7.0,9.0,13.0];

!ˆˆˆ
!Typeclash:expressionoftype
!real
!cannothavetype
!int

Sometimessyntacticmistakescausetypeerrors—what’swronghere?

funfacn=ifn=0then1elsen*fac;
!Toplevelinput:
!funfacn=ifn=0then1elsen*fac;
!ˆˆˆ
!Typeclash:expressionoftype

!int->int
!cannothavetype
!int
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MoreSMLconcepts:Exceptions

Usetosignalproblemsatrun-time.

VerymuchlikeJava/C++exceptions—actually,thosewereinspiredbySML’sexceptions.

exceptionIllegalHour

funminsh=
ifh<0orelseh>23thenraiseIllegalHour

elseh*60;
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SMLdatatypes

datatypeperson=
Studentofstring(*name*)

|Teacherofstring*int(*nameandphoneno*)

valpeople=[Student"NielsJørgen",Teacher("Peter",831)];

fungetphone(Teacher(name,phone))=phone

|getphone(Studentname)=raiseFail"nophone";

Theoptiondatatype

datatypeintopt=
SOMEofint

|NONE

fungetphone(Teacher(name,phone))=SOMEphone
|getphone(Studentname)=NONE;

Insteadofintoptwecouldusethebuilt-intypeintoption—moreaboutthatnextweek.
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ComparingSMLdatatypesandJavaclasshierarchies

ThepersondatatypewithconstructorsStudentandTeacherandfunctiongetphoneinJava:

abstractclassPerson{
Stringname;
abstractpublicIntegergetPhone();

}

classStudentextendsPerson{
publicStudent(Stringname){

this.name=name;
}
publicIntegergetPhone(){returnnull;}//nullinsteadofNONE

}

classTeacherextendsPerson{
intphone;
publicTeacher(Stringname,intphone){

this.name=name;this.phone=phone;
}
publicIntegergetPhone(){returnnewInteger(phone);}

}
...
LinkedListpeople=newLinkedList();
people.add(newStudent("NielsJørgen"));
people.add(newTeacher("Peter",831));
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Binarytrees
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Representingbinarytreeusingrecursivedatatypes

datatypeinttree=
Lf

|Brofint*inttree*inttree;

valt1=Br(34,Br(23,Lf,Lf),Br(54,Lf,Br(78,Lf,Lf)));

funsumtreeLf=0
|sumtree(Br(v,t1,t2))=v+sumtreet1+sumtreet2;

valt1sum=sumtreet1;
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Let’sdosomeexercises...

•WriteanSMLfunctionsqr:int->intsothatsqrxreturnsx
2
.

•WriteanSMLfunctionpow:int->int->intsothatpowxnreturnsx
n

.

•WriteanSMLfunctiondup:string->stringthatconcatenatesastringwithitself.

•WriteanSMLfunctiondupn:string->int->stringsothatdupnsncreatesthe

concatenationofncopiesofs.

•Assumethetimeofdayisrepresentedasapair(hh,mm):int*int.

WriteanSMLfunctiontimediff:int*int->int*int->intsothattimediff

t1t2computesthedifferenceinminutesbetweent1andt2.

•WriteanSMLfunctionminutes:int*int->inttocomputethenumberofminutessince

midnight.

•WriteanSMLfunctiondownto:int->intlistsothatdowntonreturnsthen-elementlist

[n,n-1,...,1].

Useif-then-elseexpressionstodefinethefunction.

•Definethedowntofunctionagain,nowusingpatternmatching.
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Whatisthedifferencebetweenthetypesint->int->intandint*int->int?

Afunctionoftypeint*int->inttakesoneargumentwhichisapair:

funaddp(x,y)=x+y;
valres1=addp(17,25);

Afunctionoftypeint->int->inttakestwoseparatearguments:

funaddcxy=x+y;
valres2=addc1725;

Alternatively,itcanbeappliedtoasingleargumenttoproduceafunctionoftypeint->int:

valaddSeventeen=addc17;
>valaddSeventeen=fn:int->int

Thisfunctionmaybeappliedasmanytimesasdesired:

valres3=addSeventeen25;

valres4=addSeventeen100;

FunctionaddciscalledaCurriedversionoffunctionaddp;namedafterthelogicianHaskellB.Curry.

CurriedfunctionscanbeimplementedusinginnerclassesinJava.
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RepresentingprogramminglanguageconceptsinStandardML

•Representingexpressionswithoutvariables:

•Evaluatingexpressions

•Representingexpressionswithvariables

•Evaluationenvironmentsrepresentedasassociationlists
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UsingSMLasmeta-language:modellingotherlanguages

Alanguageofverysimpleexpressions:integerconstantsandprimitiveoperators:

17

3+4

(7*9)+10

Suchobjectlanguageexpressionscanberepresentedusingrecursivedatatypes:

datatypeexpr=
CstIofint

|Primofstring*exprlist

vale1=CstI17;
vale2=Prim("+",[CstI3,CstI4]);
vale3=Prim("+",[Prim("*",[CstI7,CstI9]),CstI10]);

Howrepresent3-(5+8)?

Howrepresent177-177?
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Concretesyntax

(7*9)+10

7*9+10

Abstractsyntaxtree(AST)

+

*

79

10

Abstractsyntaxterm

Prim("+",[Prim("*",[CstI7,CstI9]),CstI10])

Fornowweworkonabstractsyntax.Intwoweeksweshalltakeacloserlookatconcretesyntax.
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Evaluatingexpressionsusingrecursivefunctions

funeval(e:expr):int=
caseeof

CstIi=>i
|Prim("+",[e1,e2])=>evale1+evale2
|Prim("*",[e1,e2])=>evale1*evale2

|Prim("-",[e1,e2])=>evale1-evale2
|Prim_=>raiseFail"unknownprimitive";

vale1v=evale1;
vale2v=evale2;
vale3v=evale3;
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Changingthemeaningofsubtraction

Theevalfunctiondefinesthemeaningorsemanticsofoursmallexpressionlanguage.

Wecandecideourselveswhatanobjectlanguageexpressionmeans.

Forinstance,wemaydecidethatsubtractione1−e2cannotproducenegativeresults:

funeval(e:expr):int=
caseeof

CstIi=>i

|Prim("+",[e1,e2])=>evale1+evale2
|Prim("*",[e1,e2])=>evale1*evale2
|Prim("-",[e1,e2])=>

letvalres=evale1-evale2
inifres<0then0elseresend

|Prim_=>raiseFail"unknownprimitive";

vale4v=eval(Prim("-",[CstI10,CstI27]));
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Associationlists

Anassociationlistisalistofpairs(name,value)ofanameandavalue.

Anassociationlisthastype(string*int)list.

valenv=[("a",3),("c",78),("baf",666),("b",111)];

valemptyenv=[];(*theemptyenvironment*)

funlookup[]x=raiseFail(xˆ"notfound")
|lookup((y,v)::r)x=ifx=ythenvelselookuprx;

lookupenv"c";

Anassociationlistmaybeusedasanevaluationenvironment

Thepurposeofanevaluationenvironmentistobindvariablestotheirvalues.
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Objectlanguageexpressionswithvariables

17

3+a

(b*9)+a

Abstractsyntax

datatypeexpr=
CstIofint

|Varofstring
|Primofstring*exprlist

vale1=CstI17;

vale2=Prim("+",[CstI3,Var"a"]);
vale3=Prim("+",[Prim("*",[Var"b",CstI9]),Var"a"]);
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Evaluationwithinanenvironment

funeval(e:expr)(env:(string*int)list):int=
caseeof

CstIi=>i
|Varx=>lookupenvx
|Prim("+",[e1,e2])=>evale1env+evale2env
|Prim("*",[e1,e2])=>evale1env*evale2env

|Prim("-",[e1,e2])=>evale1env-evale2env
|Prim_=>raiseFail"unknownprimitive"

vale1v=evale1env;
vale2v1=evale2env;
vale2v2=evale2[("a",314)];

vale3v=evale3env;
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