n Chapter 4: Names and Binding n

2OutlinenNames/IdentifiersnBindingnType CheckingnScope

1Names and BindingIn Text: Chapter 4

n Chapter 4: Names and Binding n

4More Design IssuesnCase sensitivitynDisadvantage: readability (names that look alike aredifferent)nworse in Modula-2 because predefined names are mixedcase (e.g. WriteCard)nC, C++, Java, and Modula-2 names are case sensitivenNames in most other languages are notnSpecial wordsnA keyword is a word that is special only in certain contextsnDisadvantage: poor readabilitynA reserved word is a special word that cannot be used as auser-defined name

n Chapter 4: Names and Binding n

3Names (User-defined Identifiers)nDesign issues:nMaximum length?nAre connector characters allowed?nAre names case sensitive?nAre special words reserved words or keywords?nLengthnFORTRAN I: maximum 6nCOBOL: maximum 30nFORTRAN 90 and ANSI C: maximum 31nAda: no limit, and all are significantnC++: no limit, but implementers often impose onenConnector characters (e.g., _ )nPascal, Modula-2, and FORTRAN 77 don’t allownOthers do

n Chapter 4: Names and Binding n

66 Attributes (cont.)1. Namen= identifierncan be one-one, many-one, or none-onemapping to memory2. Addressnpoint to a location in memorynmay vary dynamicallynTwo names for same address = aliasing3. Typenrange of values + legal operationsnvariable, constant, label, pointer, program, ...

n Chapter 4: Names and Binding n

5Identifiers Have 6 AttributesnA variable is an abstraction of a memory cellnA (variable) identifier has 6 attributes:nNamenAddressnTypenRepresentation/ValuenScopenLifetime

n Chapter 4: Names and Binding n

8BindingnA binding is an association, such as between an attribute andan entity, or between an operation and a symbolnBinding time is the time at which a binding takes placenPossible binding times:1. Language design time--e.g., bind operator symbols tooperations2. Language implementation time--e.g., bind floating pointtype to a representation3. Compile time--e.g., bind a variable to a type in C or Java4. Load time--e.g., bind a FORTRAN 77 variable (or a C staticvariable) to a memory cell5. Runtime--e.g., bind a nonstatic local variable to a memorycell

n Chapter 4: Names and Binding n

76 Attributes (cont.)4. Representation/Valueninterpreted contents of the locationnl-value (address)nr-value (value)5. ScopenRange of statements over which the variable isvisiblenStatic/dynamic6. LifetimenTime during which the variable is bound to astorage location

n Chapter 4: Names and Binding n

10Type BindingsTwo key issues in binding a type to anidentifier:1. How is a type specified?2. When does the binding take place?

n Chapter 4: Names and Binding n

9Static and Dynamic BindingnA binding is static if it occurs before run time andremains unchanged throughout program executionnA binding is dynamic if it occurs during execution orcan change during execution of the programnIn many ways, binding times for various attributesdetermine the flavor of a languagenAs binding time gets earlier:nefficiency goes upnsafety goes upnflexibility goes down

n Chapter 4: Names and Binding n

12Dynamic Type BindingnSpecified through an assignment statement (APL,Smalltalk, etc.) LIST <- 2 4 6 8 LIST <- 17.3nAdvantage: flexibility (generic program units)nDisadvantages:nType error detection by the compiler is difficultnHigh cost (dynamic type checking andinterpretation) or low safetynType Inferencing (ML, Miranda, and Haskell)nRather than by assignment statement, types aredetermined from the context of the reference

n Chapter 4: Names and Binding n

11Static Type BindingnIf static, type may be specified by either anexplicit or an implicit declarationnAn explicit declaration is a programstatement used for declaring the types ofvariablesnAn implicit declaration is a defaultmechanism for specifying types of variables(the first appearance of the variable in theprogram)nFORTRAN, PL/I, BASIC, and Perl provide implicitdeclarationsnAdvantage: writabilitynDisadvantage: reliability (less trouble with Perl)

n Chapter 4: Names and Binding n

14Categories of Variables by LifetimesnStaticnStack-dynamicnExplicit heap-dynamicnImplicit heap-dynamic

n Chapter 4: Names and Binding n

13Storage BindingsnAllocation--getting a cell from some pool ofavailable cellsnDeallocation--putting a cell back into thepoolnThe lifetime of a variable is the time duringwhich it is bound to a particular memory cell

n Chapter 4: Names and Binding n

16Stack-Dynamic LifetimenStorage bindings are created for variables whentheir declaration statements are elaboratednIf scalar, all attributes except address are staticallyboundnExamples:nLocal variables in Pascal and C subprogramsnLocals in C++ methodsnAdvantages:nAllows recursionnConserves storagenDisadvantages:nOverhead of allocation and deallocationnSubprograms cannot be history sensitivenInefficient references (indirect addressing)

n Chapter 4: Names and Binding n

15Static LifetimenBound to memory cells before executionbegins and remains bound to the samememory cell(s) throughout executionnExamples:nAll FORTRAN 77 variablesnC and C++ static variablesnAdvantages:nEfficiency (direct addressing)nHistory-sensitive subprogram supportnDisadvantage:nLack of flexibility (no recursion)

n Chapter 4: Names and Binding n

18Implicit Heap-Dynamic LifetimenAllocation and deallocation is implicit, basedon language semantics (e.g., caused byassignment statements)nEx.: all variables in APLnAdvantage:nFlexibilitynDisadvantages:nInefficient, because often all attributes aredynamicnMay have delay in error detection

n Chapter 4: Names and Binding n

17Explicit Heap-Dynamic LifetimenAllocated and deallocated by explicit directives,specified by the programmer, which take effectduring executionnReferenced only through pointers or referencesnExamples:nDynamic objects in C++ (via new and delete)nAll objects in JavanAdvantage:nProvides for dynamic storage managementnExplicit controlnDisadvantage:nPotential for human error

n Chapter 4: Names and Binding n

20Type ErrorsnA type error is the application of an operator to anoperand of an inappropriate typenIf all type bindings are static, nearly all typechecking can be staticnIf type bindings are dynamic, type checking must bedynamicnA programming language is strongly typed if typeerrors are always detectednIn practice, languages fall on a continuum betweenstrongly typed and untyped

n Chapter 4: Names and Binding n

19Type CheckingnGeneralize the concept of operands and operatorsto include subprograms and assignmentsnType checking is the activity of ensuring that theoperands of an operator are of compatible typesnA compatible type is one that is either:nLegal for the operator, ornAllowed under language rules to be implicitlyconverted to a legal type by compiler-generatedcodenThis automatic conversion is called a coercion

n Chapter 4: Names and Binding n

22Type Compatibility: Name Equiv.nType compatibility by name (�name equivalence�)means the two variables have compatible types ifthey are in either the same declaration or indeclarations that use the same type namenEasy to implement but highly restrictive:nSubranges of integer types are not compatible with integertypesnFormal parameters must be the same type as theircorresponding actual parameters (Pascal)nPredefined or user-supplied coercions can easerestrictions, but also create more potential forerror

n Chapter 4: Names and Binding n

21Strong TypingnAdvantage of strong typing: allows the detection ofthe misuses of variables that result in type errorsnLanguages:nFORTRAN 77 is not: parameters, EQUIVALENCEnPascal is not: variant recordsnModula-2 is not: variant records, WORD typenC and C++ are not: parameter type checking can beavoided; unions are not type checkednAda is, almost (UNCHECKED CONVERSION is loophole)n(Java is similar)nCoercion rules strongly affect strong typing�theycan weaken it considerably (C++ versus Ada)

n Chapter 4: Names and Binding n

24ScopenThe scope of a variable is the range ofstatements over which it is visiblenThe nonlocal variables of a program unit arethose that are visible but not declared therenThe scope rules of a language determinehow references to names are associatedwith variablesnScope and lifetime are sometimes closelyrelated, but are different concepts!!nConsider a static variable in a C or C++ function

n Chapter 4: Names and Binding n

23Type Compatibility: Structural Equiv.nType compatibility by structure (�structuralequivalence�) means that two variableshave compatible types if their types haveidentical structuresnMore flexible, but harder to implementnMakes it more difficult to use a typechecking to detect certain types of errors(e.g., preventing inconsistent unit usage inAda)

n Chapter 4: Names and Binding n

26Variable HidingnVariables can be hidden from a unit byhaving a �closer� variable with the samename (closer == more immediate enclosingscope)nC++ and Ada allow access to these �hidden�variables (using fully qualified names)nBlocks are a method of creating staticscopes inside program units�from ALGOL 60

n Chapter 4: Names and Binding n

25Static (Lexical) ScopenBased on program textnTo connect a name reference to a variable,you (or the compiler) must find thedeclarationnSearch process: search declarations, firstlocally, then in increasingly larger enclosingscopes, until one is found for the given namenEnclosing static scopes (to a specific scope)are called its static ancestors; the neareststatic ancestor is called a static parent

n Chapter 4: Names and Binding n

28Example program foo; var x: integer; procedure f; begin print(x); end f; procedure g; var x: integer; begin x := 2; f; end g; begin x := 1; g; end foo.

What value isprinted?Evaluate with staticscoping: x = 1Evaluate withdynamic scoping: x = 2

n Chapter 4: Names and Binding n

27Dynamic ScopenBased on calling sequences of programunits, not their textual layout (temporalversus spatial)nReferences to variables are connected todeclarations by searching back through thechain of subprogram calls that forcedexecution to this pointnEffectively, searching �downward� throughthe call stack looking for an activationrecord possessing the declaration

n Chapter 4: Names and Binding n

30Referencing EnvironmentsnThe referencing environment of a statementis the collection of all names that are visiblein the statementnIn a static scoped language, that is the localvariables plus all of the visible variables inall of the enclosing scopes (see ex., p. 184)nA subprogram is active if its execution hasbegun but has not yet terminatednIn a dynamic-scoped language, thereferencing environment is the localvariables plus all visible variables in allactive subprograms (see ex., p. 185)

n Chapter 4: Names and Binding n

29Static vs. Dynamic ScopingnAdvantages of static scoping:nReadabilitynLocality of reasoningnLess run-time overheadnDisadvantages:nSome loss of flexibilitynAdvantages of dynamic scoping:nSome extra conveniencenDisadvantages:nLoss of readabilitynUnpredictable behavior (no locality of reasoning)nMore run-time overhead

n Chapter 4: Names and Binding n

31Variable InitializationnThe binding of a variable to a value at thetime it is bound to storage is calledinitializationnOften done on the declaration statementnAn Ada example:sum : Float := 0.0;nCan be static or dynamic (depending onwhen storage is bound)nTypically once for static variables, once perallocation for non-static variables