The Programming Language Oberon

(Revision1. 10. 90)

N.Wirth

Makeitas simpleas possible, but not simpler. A.Einstein

1. Introduction

Oberonis a general-purpose programminglanguage that evolvedfromModula-2.Itsprincipalnewfeatureis the conceptoftypeextension. Itpermitsthe constructionofnewdata types onthebasis ofexistingones and to relate them.

Thisreportis notintendedas a programmer’stutorial.Itisintentionallykeptconcise. Itsfunctionistoserve as a reference for programmers, implementors, and manual writers. What remains unsaid is mostly left so intentionally,either because itis derivablefromstated rules ofthe language, or because itwouldrequire to committhe definitionwhen a general commitmentappears as unwise.

2. Syntax

A language is an infiniteset of sentences, namely the sentences wellformed according to its syntax. In Oberon, these sentences are calledcompilationunits.Each unitis a finitesequence ofsymbolsfroma finite vocabulary.The vocabularyof Oberon consists of identifiers,numbers, strings, operators, delimiters,and comments. They are called lexical symbols and are composed of sequences of characters. (Note the distinctionbetween symbolsand characters.)

To describe the syntax, an extended Backus-NaurFormalismcalledEBNFis used. Brackets [and ]denote optionalityoftheenclosed sententialform,and braces {and }denote itsrepetition(possibly0times).Syntactic entities(non-terminalsymbols)are denoted byEnglishwordsexpressing theirintuitivemeaning.Symbolsof the language vocabulary(terminalsymbols)are denoted bystringsenclosed inquotemarks orwordswritten in capitalletters, so-called reserved words. Syntacticrules (productions)are marked by a $ sign at the left marginofthe line.

3. Vocabulary and representation

The representation ofsymbolsinterms ofcharacters is definedusingthe ASCIIset. Symbolsare identifiers, numbers, strings,operators, delimiters,and comments. Thefollowinglexicalrules must be observed. Blanks and linebreaks must notoccurwithinsymbols(exceptincomments, and blanksinstrings).Theyare ignored unless theyare essential toseparate twoconsecutivesymbols.Capitaland lower-caselettersare considered as beingdistinct.

1. Identifiersare sequences ofletters and digits.The firstcharacter must be a letter.

$ ident = letter{letter| digit}.

Examples:

x scan Oberon GetSymbol firstLetter

2.Numbersare (unsigned)integersorrealnumbers.Integersare sequences ofdigitsand maybe followedbya suffixletter.The type is the minimaltype to whichthe numberbelongs (see 6.1.).Ifno suffixis specified,the representation is decimal.The suffixHindicates hexadecimalrepresentation.

Arealnumberalwayscontainsa decimalpoint.Optionallyitmayalsocontaina decimalscale factor.Theletter E (or D)is pronounced as "timesten to the powerof".Areal number is oftype REAL,unless ithas a scale factorcontainingthe letterD;inthiscase itis oftype LONGREAL.

$ number = integer| real. $ integer = digit{digit}| digit{hexDigit}"H". $ real = digit{digit}"."{digit}[ScaleFactor]. $ ScaleFactor = ("E"| "D")["+"| "-"]digit{digit}. $ hexDigit = digit| "A"| "B"| "C"| "D"| "E"| "F". $ digit = "0"| "1"| "2"| "3"| "4"| "5"| "6"| "7"| "8"| "9".

Examples:

1987 100H = 256 12.3 4.567E8 = 456700000 0.57712566D-6 = 0.00000057712566

3. Character constants are either denoted by a single character enclosed in quote marks or by the ordinal number ofthe character inhexadecimalnotationfollowedbythe letterX.

$ CharConstant = """character """| digit{hexDigit}"X".

4. Stringsare sequences ofcharacters enclosed inquotemarks (").Astringcannotcontaina quotemark.The numberofcharacters ina stringiscalledthe lengthofthestring.Stringscan be assigned toand comparedwith arrays ofcharacters (see 9.1 and 8.2.4).

$ string = """{character}""".

Examples:

"OBERON" "Don’tworry!"

5. Operators and delimitersare the special characters, character pairs, or reserved words listedbelow.These reserved wordsconsist exclusivelyofcapitalletters and cannot be used inthe roleofidentifiers.

+ := ARRAY IS TO - ^ BEGIN LOOP TYPE * = CASE MOD UNTIL / # CONST MODULE VAR ~ < DIV NIL WHILE & > DO OF WITH . <= ELSE OR , >= ELSIF POINTER ; .. END PROCEDURE | : EXIT RECORD ( ) IF REPEAT [ ] IMPORT RETURN { } IN THEN

6. Commentsmaybe insertedbetweenanytwosymbolsina program.Theyare arbitrarycharacter sequences opened bythe bracket (*and closed by*).Comments do not affectthe meaning ofa program.

4. Declarations and scope rules

Everyidentifieroccurringina programmust be introducedbya declaration,unless itisa predefinedidentifier. Declarationsalso serve tospecifycertainpermanentpropertiesofan object,such as whetheritisa constant,a type, a variable,or a procedure.

The identifieris then used to refer to the associated object.Thisis possible inthose parts ofa programonly whichare withinthe scope of the declaration.Noidentifiermay denote more than one objectwithina given scope. The scope extends textuallyfromthe pointof the declaration to the end of the block(procedure or module) to whichthe declaration belongs and hence to whichthe object is local. The scope rule has the followingamendments:

1.Ifa typeTisdefinedas POINTERTOT1(see 6.4),theidentifierT1can be declaredtextuallyfollowingthe declarationofT,but itmust liewithinthe same scope.

2. Fieldidentifiersofa record declaration(see 6.3) are validinfielddesignators only.

Inits declaration,an identifierinthe globalscope may be followedbyan exportmark(*)toindicatethat itbe exportedfromitsdeclaringmodule.Inthiscase, theidentifiermaybe used inothermodules,iftheyimportthe declaringmodule. The identifieris then prefixedby the identifierdesignating its module (see Ch. 11). The prefixand the identifierare separated bya periodand together are calleda qualifiedidentifier.

$ qualident= [ident"."]ident. $ identdef= ident["*"].

The followingidentifiersare predefined;theirmeaning is definedinthe indicatedsections:

ABS (10.2) LEN (10.2) ASH (10.2) LONG (10.2) BOOLEAN (6.1) LONGINT (6.1) BYTE (6.1) LONGREAL(6.1) CAP (10.2) MAX (10.2) CHAR (6.1) MIN (10.2) CHR (10.2) NEW (6.4) DEC (10.2) ODD (10.2) ENTIER (10.2) ORD (10.2) EXCL (10.2) REAL (6.1) FALSE (6.1) SET (6.1) HALT (10.2) SHORT (10.2) INC (10.2) SHORTINT (6.1) INCL (10.2) SIZE (10.2) INTEGER (6.1) TRUE (6.1)

5. Constant declarations

Aconstant declarationassociates an identifierwitha constant value.

$ ConstantDeclaration = identdef"="ConstExpression. $ ConstExpression = expression.

Aconstant expression can be evaluated by a mere textualscan withoutactuallyexecutingthe program. Its operands are constants (see Ch. 8). Examples ofconstant declarations are

N = 100 limit = 2*N-1 all = {0.. WordSize-1}

6. Type declarations

Adata typedetermines the set ofvalues whichvariablesofthattypemayassume, and the operators thatare applicable.Atype declarationis used to associate an identifierwiththe type. Such association may be with unstructured(basic)types,oritmaybe withstructuredtypes,inwhichcase itdefinesthestructureofvariables ofthis type and, by implication,the operators that are applicableto the components. There are twodifferent structures, namelyarrays and records, withdifferentcomponentselectors.

$ TypeDeclaration = identdef"="type. $ type = qualident| ArrayType| RecordType| PointerType| ProcedureType.

Examples:

Table = ARRAYNOF REAL

Tree = POINTERTONode

Node = RECORDkey:INTEGER; left,right:Tree END CenterNode = RECORD(Node) name: ARRAY32 OF CHAR; subnode: Tree END Function* = PROCEDURE(x:INTEGER):INTEGER

6.1. Basic types

Thefollowingbasic types are denoted bypredeclared identifiers.Theassociated operators are definedin8.2, and the predeclared functionprocedures in10.2. The values ofa givenbasic type are the following:

1. BOOLEANthe truthvalues TRUEand FALSE. 2. CHAR the characters ofthe extended ASCIIset (0X... 0FFX). 3. SHORTINTthe integers between -128and 127. 4. INTEGER the integers between MIN(INTEGER)and MAX(INTEGER). 5. LONGINT the integers between MIN(LONGINT)and MAX(LONGINT). 6. REAL real numbers between MIN(REAL)and MAX(REAL). 7. LONGREAL real numbers between MIN(LONGREAL)and MAX(LONGREAL). 8. SET the sets ofintegers between 0 and MAX(SET).

Types 3 to5 are integer types, 6 and 7 are real types, and togethertheyare callednumerictypes. Theyforma hierarchy;the larger type includes (the values of)the smaller type:

LONGREAL>= REAL >= LONGINT>= INTEGER>= SHORTINT

6.2. Array types

Anarray is a structure consisting of a fixednumber of elements whichare allof the same type, called the element type.Thenumberofelements ofan arrayiscalleditslength.Theelements ofthearrayare designated byindices,whichare integers between 0 and the lengthminus1.

$ ArrayType = ARRAYlength{","length}OF type. $ length = ConstExpression.

Adeclarationofthe form

ARRAYN0,N1,... , NkOF T

is understood as an abbreviationofthe declaration

ARRAYN0OF

ARRAYN1OF ... ARRAYNkOF T

Examples ofarray types:

ARRAYNOF INTEGER ARRAY10, 20 OF REAL

6.3. Record types

Arecord type is a structure consistingofa fixednumber ofelements ofpossiblydifferenttypes. The record typedeclarationspecifiesforeach element, called field,itstypeand an identifierwhichdenotes the field.The scope of these fieldidentifiersis the record definitionitself,but they are also visiblewithinfielddesignators (see 8.1) referringto elements ofrecord variables.

$ RecordType = RECORD["("BaseType ")"]FieldListSequenceEND. $ BaseType = qualident. $ FieldListSequence = FieldList{";"FieldList}. $ FieldList = [IdentList":"type]. $ IdentList = identdef{","identdef}.

Ifa recordtypeisexported,fieldidentifiersthatare tobe visibleoutsidethedeclaringmodulemustbe marked. Theyare called publicfields; unmarked fieldsare called privatefields.

Record types are extensible,i.e. a record type can be definedas an extension ofanother record type.Inthe examples above, CenterNode (directly)extends Node, whichis the (direct)base type of CenterNode. More specifically,CenterNode extends Node withthe fieldsname and subnode.

Definition:AtypeT0extends a typeT,ifitequals T,orifitdirectlyextends an extensionofT.Conversely,a type T is a base type ofT0,ifitequals T0,or ifitis the directbase type ofa base type ofT0.

Examples ofrecord types:

RECORDday, month,year: INTEGER END RECORD

name, firstname:ARRAY32 OF CHAR; age: INTEGER; salary: REAL

END 6.4. Pointer types

Variablesofa pointertypeP assume as values pointerstovariablesofsome typeT.ThepointertypeP issaid tobe bound toT,and Tis the pointerbase typeofP. Tmust be a recordorarraytype.Pointertypes inheritthe extensionrelationoftheirbase types.Ifa typeT0isan extensionofTand P0 isa pointertypeboundtoT0,then P0 is also an extension ofP.

$ PointerType = POINTERTOtype.

Ifp is a variableoftypeP =POINTERTOT,then a callofthepredefinedprocedureNEW(p)has thefollowing effect(see 10.2):AvariableoftypeTisallocatedinfreestorage, and a pointertoitisassigned top.Thispointer p is oftype P; the referenced variablep^is oftypeT.Failureofallocationresults inp obtainingthe valueNIL. Anypointervariablemay be assigned the value NIL,whichpointsto no variableat all.

6.5. Procedure types

Variablesofa proceduretypeThave a procedure(orNIL)as value.Ifa procedureP isassigned toa procedure variableoftypeT,the (typesofthe)formalparameters ofP must be the same as those indicatedintheformal parameters ofT.Thesame holdsforthe resulttypeinthe case ofa functionprocedure (see 10.1).P must not be declared localto another procedure, and neithercan itbe a predefinedprocedure.

$ ProcedureType = PROCEDURE[FormalParameters].

7. Variable declarations

Variabledeclarations serve to introducevariables and associate them withidentifiersthat must be unique withinthe givenscope. Theyalso serve to associate fixeddata types withthe variables.

$ VariableDeclaration= IdentList":"type.

Variableswhose identifiersappear inthe same listare allofthesame type.Examplesofvariabledeclarations (referto examples inCh. 6):

i,j,k: INTEGER x, y: REAL p, q: BOOLEAN s: SET f: Function a: ARRAY100 OF REAL w: ARRAY16 OF

RECORDch: CHAR;

count:INTEGER END t: Tree

8. Expressions

Expressions are constructs denotingrules ofcomputationwherebyconstants and currentvalues ofvariables are combined to derive other values by the applicationof operators and functionprocedures. Expressions consist ofoperands and operators. Parentheses may be used to express specificassociations ofoperators and operands.

8.1. Operands

Withthe exceptionofsets and literalconstants, i.e.numbers and character strings,operands are denoted by designators. A designator consists of an identifierreferring to the constant, variable, or procedure to be designated. Thisidentifiermay possiblybe qualifiedbymoduleidentifiers(see Ch. 4 and 11), and itmay be followedbyselectors, ifthe designated objectis an element ofa structure.

IfAdesignates an array,thenA[E]denotes thatelementofAwhoseindexisthecurrentvalueoftheexpression E. The typeofE must be an integertype.Adesignatorofthe form A[E1,E2, ... , En]stands for A[E1][E2]... [En].Ifp designates a pointervariable, p^ denotes the variable whichis referenced by p. Ifr designates a record,thenr.fdenotes thefieldfofr.Ifpdesignates a pointer,p.fdenotes thefieldfoftherecordp^,i.e.thedot impliesdereferencingand p.fstands forp^.f,and p[E]denotes the element ofp^ withindexE.

The typeguard v(T0)asserts thatvisoftypeT0,i.e.itabortsprogramexecution,ifitisnotoftypeT0.Theguard is applicable,if

1. T0is an extension ofthe declared type T ofv, and if

2. v is a variableparameter ofrecord type or v is a pointer.

$ designator = qualident{"."ident| "["ExpList"]"| "("qualident")"| "^"}. $ ExpList = expression {","expression}.

Ifthe designated objectis a variable,thenthedesignatorrefers tothevariable’scurrentvalue.Iftheobjectisa procedure, a designator withoutparameter listrefers to that procedure. Ifitis followedbya (possiblyempty) parameter list,the designatorimpliesan activationofthe procedure and stands forthevalueresultingfromits execution.The (typesofthe)actualparameters must correspond tothe formalparameters as specifiedinthe procedure’sdeclaration(see Ch. 10).

Examples ofdesignators (see examples inCh. 7):

i (INTEGER) a[i] (REAL) w[3].ch (CHAR) t.key (INTEGER) t.left.right (Tree) t(CenterNode).subnode (Tree)

8.2. Operators

The syntax of expressions distinguishes between four classes of operators with differentprecedences (bindingstrengths). Theoperator~ has the highestprecedence, followedbymultiplicationoperators, addition operators, and relations.Operators ofthe same precedence associate fromleftto right.For example, x-y-z stands for(x-y)-z.

$ expression = SimpleExpression[relationSimpleExpression]. $ relation = "="| "#"| "<"| "<="| ">"| ">="| IN| IS. $ SimpleExpression = ["+"|"-"]term {AddOperatorterm}. $ AddOperator = "+"| "-"| OR . $ term = factor{MulOperatorfactor}. $ MulOperator = "*"| "/"| DIV| MOD| "&". $ factor = number | CharConstant | string| NIL| set | $ designator [ActualParameters]| "("expression ")"| "~"factor. $ set = "{"[element{","element}]"}". $ element = expression [".."expression]. $ ActualParameters = "("[ExpList]")".

The availableoperators are listedinthe followingtables. Insome instances, several differentoperationsare designated bythe same operatorsymbol. Inthese cases, the actual operationis identifiedbythe typeofthe operands.

8.2.1. Logicaloperators

symbol result

OR logicaldisjunction & logicalconjunction ~ negation

These operators applyto BOOLEANoperands and yielda BOOLEANresult.

p OR q stands for "ifp then TRUE,else q" p &q stands for "ifp then q, else FALSE" ~ p stands for "notp"

8.2.2. Arithmeticoperators

symbol result

+ sum - difference * product / quotient DIV integerquotient MOD modulus

The operators +, -, *,and / applyto operands ofnumerictypes. The type ofthe result is that operand’stype whichincludesthe otheroperand’stype,exceptfordivision(/),wheretheresultistherealtypewhichincludes bothoperand types.Whenused as operatorswitha singleoperand,-denotes signinversionand +denotes the identityoperation.

The operators DIVand MODapply to integer operands only. They are related by the followingformulas definedforany dividendx and positivedivisorsy:

x = (xDIVy)*y + (xMODy) 0 <=(xMODy)< y . 8.2.3. Set operators

symbol result

+ union - difference * intersection / symmetricset difference

The monadic minus sign denotes the complement of x, i.e. -x denotes the set of integers between 0 and MAX(SET)whichare not elements ofx.

x - y = x *(-y) x / y = (x-y)+ (y-x)

8.2.4. Relations

symbol relation

= equal # unequal < less <= less or equal > greater >= greater or equal IN set membership IS type test

Relations are Boolean. The ordering relations <, <=, >, and >= apply to the numeric types, CHAR,and character arrays (strings). The relations = and # also applyto the type BOOLEANand to set, pointer,and procedure types. xINs stands for"xis an element ofs".xmust be ofan integertype,and s oftypeSET.vIST stands for"vis oftype T"and is calleda type test. Itis applicable,if

1. T is an extension ofthe declared type T0ofv, and if

2. v is a variableparameter ofrecord type or v is a pointer.

Assuming,forinstance, thatTisan extensionofT0and thatvisa designatordeclared oftypeT0,thenthetest "vIST"determineswhethertheactuallydesignated variableis(notonlya T0,butalso)a T.ThevalueofNILIS T is undefined.

Examples ofexpressions (referto examples inCh. 7):

1987 (INTEGER) iDIV3 (INTEGER) ~p OR q (BOOLEAN) (i+j)*(i-j) (INTEGER) s - {8,9, 13} (SET) i+ x (REAL) a[i+j]*a[i-j] (REAL) (0<=i)&(i<100) (BOOLEAN) t.key= 0 (BOOLEAN) k IN{i.. j-1} (BOOLEAN) t IS CenterNode (BOOLEAN)

9. Statements

Statements denote actions. There are elementaryand structuredstatements. Elementarystatements are not composed ofany parts thatare themselves statements. Theyare the assignment, the procedure call,and the return and exit statements. Structured statements are composed of parts that are themselves statements. Theyare used to express sequencing and conditional,selective, and repetitiveexecution.Astatement may also be empty, in which case it denotes no action. The empty statement is included in order to relax punctuationrules instatement sequences.

$ statement = [assignment | ProcedureCall| $ IfStatement| CaseStatement | WhileStatement| RepeatStatement | $ LoopStatement| WithStatement| EXIT| RETURN[expression]].

9.1. Assignments

The assignment serves to replace the currentvalueofa variablebya new valuespecifiedbyan expression. The assignment operator is writtenas ":="and pronouncedas becomes.

$ assignment = designator ":="expression.

The type of the expression must be includedby the type of the variable, or it must extend the type of the variable.The followingexceptions hold:

1. The constant NILcan be assigned to variables ofany pointeror procedure type.

2. Stringscan be assigned to any variablewhose type is an array ofcharacters, providedthe lengthofthe stringisless thanthatofthearray.Ifa strings oflengthnisassigned toan arraya ,theresultis a[i]=si fori=0 ... n-1, and a[n]= 0X.

Examples ofassignments (see examples inCh. 7):

i:=0 p :=i= j x :=i+ 1 k :=log2(i+j) F :=log2 s :={2,3, 5, 7, 11, 13} a[i]:=(x+y)*(x-y) t.key:=i w[i+1].ch:="A"

9.2. Procedure calls

Aprocedure callserves to activate a procedure. The procedure callmay containa listofactual parameters whichare substitutedinplace oftheircorrespondingformalparameters definedinthe procedure declaration (see Ch. 10). The correspondence is established bythe positionsofthe parameters inthe listsofactual and formalparameters respectively.There exist twokindsofparameters: variableand value parameters.

In the case of variable parameters, the actual parameter must be a designator denoting a variable. If it designates an element of a structured variable,the selector is evaluated when the formal/actualparameter substitutiontakes place, i.e.beforethe executionofthe procedure. Ifthe parameter is a valueparameter, the correspondingactual parameter must be an expression. Thisexpression is evaluated priorto the procedure activation,and the resultingvalueis assigned tothe formalparameter whichnowconstitutesa localvariable (see also 10.1.).

$ ProcedureCall = designator [ActualParameters].

Examples ofprocedure calls:

ReadInt(i) (see Ch. 10) WriteInt(j*2+1,6) INC(w[k].count)

9.3. Statement sequences

Statement sequences denote the sequence of actions specified by the component statements whichare separated bysemicolons.

$ StatementSequence = statement {";"statement}.

9.4. Ifstatements

$ IfStatement = IFexpression THENStatementSequence $ {ELSIFexpression THENStatementSequence} $ [ELSEStatementSequence] $ END.

Ifstatements specifythe conditionalexecutionofguarded statements. The Booleanexpression precedinga statement is called its guard. The guards are evaluated in sequence of occurrence, untilone evaluates to TRUE, whereafter its associated statement sequence is executed. Ifno guard is satisfied, the statement sequence followingthe symbolELSEis executed, ifthere is one.

Example:

IF(ch >="A")&(ch <="Z")THENReadIdentifier ELSIF(ch >="0")&(ch <="9")THENReadNumber ELSIFch = 22XTHENReadString END 9.5. Case statements

Case statements specifythe selection and executionofa statement sequence accordingto the value ofan expression. Firstthecase expressionisevaluated,thenthestatement sequence isexecuted whosecase label listcontainsthe obtainedvalue.The case expression and alllabels must be ofthe same type,whichmust be an integertypeor CHAR.Case labels are constants, and novaluemust occurmorethan once. Ifthe valueof the expression does not occur as a labelofany case, the statement sequence followingthe symbolELSEis selected, ifthere is one. Otherwiseitis considered as an error.

$ CaseStatement = CASEexpression OF case {"|"case} [ELSEStatementSequence] END. $ case = [CaseLabelList":"StatementSequence]. $ CaseLabelList = CaseLabels {","CaseLabels}. $ CaseLabels = ConstExpression[".."ConstExpression].

Example:

CASEch OF

"A".. "Z": ReadIdentifier | "0".. "9": ReadNumber | 22X: ReadString ELSE SpecialCharacter END 9.6. Whilestatements

Whilestatements specifyrepetition.Ifthe Booleanexpression (guard)yieldsTRUE,the statement sequence is executed. The expression evaluationand the statement execution are repeated as long as the Boolean expression yieldsTRUE.

$ WhileStatement = WHILEexpression DOStatementSequence END.

Examples:

WHILEj> 0 DO

j:=jDIV2; i:=i+1 END

ODD(x) integertype BOOLEAN x MOD2 = 1 CAP(x) CHAR CHAR correspondingcapitalletter ASH(x,n) x, n: integertype LONGINT x *2n, arithmeticshift LEN(v,n) v:array LONGINT the lengthofv indimensionn n: integertype LEN(v) is equivalentwith LEN(v,0) MAX(T) T = basic type T maximumvalue oftype T T = SET INTEGER maximumelement ofsets MIN(T) T = basic type T minimumvalue oftype T T = SET INTEGER 0 SIZE(T) T = any type integertype no. ofbytes requiredbyT

Typeconversionprocedures:

Name Argumenttype Result type Function ORD(x) CHAR INTEGER ordinalnumber ofx CHR(x) integertype CHAR character withordinalnumber x SHORT(x) LONGINT INTEGER identity INTEGER SHORTINT LONGREAL REAL (truncationpossible) LONG(x) SHORTINT INTEGER identity INTEGER LONGINT REAL LONGREAL ENTIER(x) real type LONGINT largest integernot greater than x

Note that ENTIER(i/j)= iDIVj

Proper procedures:

Name Argumenttypes Function INC(v) integertype v :=v+1 INC(v,x) integertype v :=v+x DEC(v) integertype v :=v-1 DEC(v,x) integertype v :=v-x INCL(v,x) v:SET;x:integertype v :=v + {x} EXCL(v,x) v:SET;x:integertype v :=v - {x} COPY(x,v) x:character array, stringv :=x v:character array NEW(v) pointertype allocatev^

HALT(x) integerconstant terminateprogramexecution

Thesecond parameter ofINCand DECmaybe omitted,inwhichcase itsdefaultvalueis 1.InHALT(x),xisa parameter whose interpretationis leftto the underlyingsystem implementation.

11. Modules

Amodule is a collectionof declarations of constants, types, variables, and procedures, and a sequence of statements forthepurpose ofassigninginitialvalues tothevariables.Amoduletypicallyconstitutesa textthat is compilableas a unit.

$ module = MODULEident";" [ImportList]DeclarationSequence $ [BEGINStatementSequence] ENDident".". $ ImportList= IMPORTimport{","import}";". $ import = ident[":="ident].

Theimportlistspecifiesthemodulesofwhichthemoduleisa client.Ifan identifierxisexportedfroma module M,and ifMis listedina module’simportlist,then x is referred to as M.x.Ifthe form"M:=M1"is used inthe importlist,that objectdeclared withinM1is referenced as M.x.

Identifiersthat are to be visiblein clientmodules, i.e. outside the declaringmodule, must be marked by an exportmarkintheirdeclaration.

The statement sequence followingthe symbol BEGINis executed when the module is added to a system (loaded). Individual(parameterless) procedures can thereafter be activated from the system, and these procedures serve as commands.

Example:

MODULEOut;

(*exportedprocedures: Write,WriteInt,WriteLn*) IMPORTTexts, Oberon;

VARW:Texts.Writer;

PROCEDUREWrite*(ch:CHAR); BEGINTexts.Write(W,ch) ENDWrite;

PROCEDUREWriteInt*(x,n: LONGINT);

VARi:INTEGER;a: ARRAY16 OF CHAR; BEGINi:=0;

IFx < 0 THENTexts.Write(W,"-");x :=-xEND; REPEATa[i]:=CHR(xMOD10 + ORD("0"));x :=x DIV10; INC(i)UNTILx = 0; REPEATTexts.Write(W,"");DEC(n)UNTILn <=i; REPEATDEC(i);Texts.Write(W,a[i])UNTILi= 0 ENDWriteInt;

PROCEDUREWriteLn*; BEGINTexts.WriteLn(W);Texts.Append(Oberon.Log,W.buf) ENDWriteLn;

BEGINTexts.OpenWriter(W) ENDOut.

12. The Module SYSTEM ThemoduleSYSTEMcontainsdefinitionsthatare necessary toprogramlow-leveloperationsreferringdirectly to resources particularto a givencomputer and/or implementation.These includeforexample facilitiesfor accessing devices that are controlledbythe computer,and facilitiestobreak the data typecompatibilityrules otherwise imposed by the language definition.It is recommended to restrict their use to specific low-level modules. Such modules are inherentlynon-portable, but easily recognized due to the identifierSYSTEM appearingintheirimportlists.Thesubsequent definitionsare applicabletomostmoderncomputers;however, individualimplementationsmayincludeinthismoduledefinitionsthatare particulartothespecific,underlying computer. ModuleSYSTEMexports the data type BYTE.No representation of values is specified. Instead, certain compatibilityrules withother types are given: 1. The type BYTEis compatiblewithCHARand SHORTINT. 2. Ifa formalparameter is oftype ARRAYOF BYTE,then the correspondingactual parameter may be of any type. The procedures contained in module SYSTEMare listed in the followingtables. Theycorrespond to single instructionscompiledas in-linecode. Fordetails,thereader isreferredtotheprocessor manual.vstands fora variable,x, y, a, and n forexpressions, and T fora type.

Functionprocedures:

Name Argumenttypes Result type Function ADR(v) any LONGINT address ofvariablev BIT(a,n) a: LONGINT BOOLEAN bitn ofMem[a] n: integertype CC(n) integerconstant BOOLEAN Condition n (0 <=n < 16) LSH(x,n) x:integertype or SET type ofx logicalshift n: integertype ROT(x,n) x:integertype or SET type ofx rotation n: integertype VAL(T,x) T,x:any type T x interpretedas oftype T

Proper procedures:

Name Argumenttypes Function GET(a,v) a: LONGINT;v:any basic type v :=Mem[a] PUT(a,x) a: LONGINT;x:any basic type Mem[a]:=x MOVE(s,d, n) s, d: LONGINT;n: integertype Mem[d]... Mem[d+n-1] :=Mem[s]... Mem[s+n-1] NEW(v,n) v:any pointer type allocatestorage blockofn bytes n: integertype assign its address to v

File:OberonReport.Doc/ NW1.10.90