n Chapter 8: Subprograms n

2OutlinenDefinitionsnReferencing environmentsnParameter passing modes and mechanismsnIndependent & separate compilationnAdvanced subprogram issues

1SubprogramsIn Text: Chapter 8

n Chapter 8: Subprograms n

4Basic DefinitionsnA subprogram definition is a description of theactions of the subprogram abstractionnA subprogram call is an explicit request that thesubprogram be executednA subprogram header is the first line of thedefinition, including the name, the kind ofsubprogram, and the formal parametersnThe parameter profile of a subprogram is thenumber, order, and types of its parametersnThe protocol of a subprogram is its parameterprofile plus, if it is a function, its return type

n Chapter 8: Subprograms n

3Characteristics of SubprogramsnFundamental characteristics:nA subprogram has a single entry pointnThe caller is suspended during execution of thecalled subprogramnControl always returns to the caller when thecalled subprogram�s execution terminates

n Chapter 8: Subprograms n

6Actual/Formal Param CorrespondencenTwo basic choices:nPositionalnKeywordSort (List => A, Length => N);nFor named association:nAdvantage: order is irrelevantnDisadvantage: user must know the formalparameter�s names

n Chapter 8: Subprograms n

5More DefinitionsnA subprogram declaration provides theprotocol, but not the body, of thesubprogramnA formal parameter is a dummy variablelisted in the subprogram header and used inthe subprogramnAn actual parameter represents a value oraddress used in the subprogram callstatement

n Chapter 8: Subprograms n

8Two Types of SubprogramsnProcedures provide user-definedstatementsnFunctions provide user-defined operators

n Chapter 8: Subprograms n

7Default Parameter ValuesnExample, in Ada: procedure sort (list : List_Type; length : Integer := 100); ... sort (list => A);

n Chapter 8: Subprograms n

10Local Referencing EnvironmentsnIf local variables are stack-dynamic:nAdvantages:nSupport for recursionnStorage for locals is shared among some subprogramsnDisadvantages:nAllocation/deallocation timenIndirect addressingnSubprograms cannot be history sensitivenStatic locals are the opposite

n Chapter 8: Subprograms n

9Design Issues for SubprogramsnWhat parameter passing methods are provided?nAre parameter types checked?nAre local variables static or dynamic?nWhat is the referencing environment of a passedsubprogram?nAre parameter types in passed subprogramschecked?nCan subprogram definitions be nested?nCan subprograms be overloaded?nAre subprograms allowed to be generic?nIs separate/independent compilation supported?

n Chapter 8: Subprograms n

12Parameters and Parameter PassingnSemantic Models: in mode, out mode, inoutmodenConceptual Models of Transfer:nPhysically move a valuenMove an access pathnImplementation Models:nPass-by-valuenPass-by-resultnPass-by-value-resultnPass-by-referencenPass-by-name

n Chapter 8: Subprograms n

11Local Variables in Example PLsnFORTRAN 77 and 90�most are static, but canhave either (SAVE forces static)nC�both; default is stack dynamic, butvariables declared to be static arenPascal, Modula-2, and Ada�dynamic only

n Chapter 8: Subprograms n

14Pass-By-Resultnout modenLocal�s value is passed back to the callernPhysical move is usually usednDisadvantages:nIf value is moved, time and spacenIn both cases, order dependence may be aproblem procedure sub1(y: int, z: int); ... sub1(x, x);nValue of x in the caller depends on order ofassignments at the return

n Chapter 8: Subprograms n

13Pass-By-Valuenin modenEither by physical move or access pathnDisadvantages of access path method:nMust write-protect in the called subprogramnAccesses cost more (indirect addressing)nDisadvantages of physical move:nRequires more storagenCost of the moves

n Chapter 8: Subprograms n

16Pass-By-Referenceninout modenPass an access pathnAlso called pass-by-sharingnAdvantage: passing process is efficientnDisadvantages:nSlower accessesnCan allow aliasing:nActual parameter collisions: sub1(x, x);nArray element collisions: sub1(a[i], a[j]); /* if i = j */nCollision between formals and globalsnRoot cause of all of these is: The called subprogramis provided wider access to nonlocals than isnecessarynPass-by-value-result does not allow these aliases(but has other problems!)

n Chapter 8: Subprograms n

15Pass-By-Value-Resultninout modenPhysical move, both waysnAlso called pass-by-copynDisadvantages:nThose of pass-by-resultnThose of pass-by-value

n Chapter 8: Subprograms n

18Pass-By-Name Example 1 procedure sub1(x: int; y: int); begin x := 1; y := 2; x := 2; y := 3; end; sub1(i, a[i]);

n Chapter 8: Subprograms n

17Pass-By-Namenmultiple modesnBy textual substitutionnFormals are bound to an access method at the timeof the call, but actual binding to a value or addresstakes place at the time of a reference or assignmentnPurpose: flexibility of late bindingnResulting semantics:nIf actual is a scalar variable, it is pass-by-referencenIf actual is a constant expression, it is pass-by-valuenIf actual is an array element, it is like nothing elsenIf actual is an expression with a reference to a variable thatis also accessible in the program, it is also like nothing else

n Chapter 8: Subprograms n

20Disadvantages of Pass-By-NamenVery inefficient referencesnToo tricky; hard to read and understand

n Chapter 8: Subprograms n

19Pass-By-Name Example 2nAssume k is a global variable procedure sub1(x: int; y: int; z: int); begin k := 1; y := x; k := 5; z := x; end; sub1(k+1, j, i);

n Chapter 8: Subprograms n

22Param Passing: PL Examples (cont.)nC++: Like C, but also allows reference typeparameters, which provide the efficiency ofpass-by-reference with in-mode semanticsnAdanAll three semantic modes are availablenIf out, it cannot be referencednIf in, it cannot be assignednJavanLike C++, except only references

n Chapter 8: Subprograms n

21Param Passing: Language ExamplesnFORTRANnBefore 77, pass-by-referencen77�scalar variables are often passed by value-resultnALGOL 60nPass-by-name is default; pass-by-value isoptionalnALGOL W: Pass-by-value-resultnC: Pass-by-valuenPascal and Modula-2: Default is pass-by-value; pass-by-reference is optional

n Chapter 8: Subprograms n

24Implementing Parameter PassingnALGOL 60 and most of its descendants use the run-time stacknValue�copy it to the stack; references are indirectto the stacknResult�samenReference�regardless of form, put the address inthe stacknName:nRun-time resident code segments or subprogramsevaluate the address of the parameternCalled for each reference to the formalnThese are called thunksnVery expensive, compared to reference or value-result

n Chapter 8: Subprograms n

23Type Checking ParametersnNow considered very important forreliabilitynFORTRAN 77 and original C: nonenPascal, Modula-2, FORTRAN 90, Java, and Ada:it is always requirednANSI C and C++: choice is made by the user

n Chapter 8: Subprograms n

26Multidimensional Arrays as ParamsnIf a multidimensional array is passed to asubprogram and the subprogram isseparately compiled, the compiler needs toknow the declared size of that array to buildthe storage mapping functionnC and C++nProgrammer is required to include the declared sizes of allbut the first subscript in the actual parameternThis disallows writing flexible subprogramsnSolution: pass a pointer to the array and the sizes of thedimensions as other parameters; the user must include thestorage mapping function, which is in terms of the sizeparameters (See example, p. 351)

n Chapter 8: Subprograms n

25 Ada Param Passing ImplementationsnSimple variables are passed by copy (value-result)nStructured types can be either by copy orreferencenThis can be a problem, becausenAliasing differences (reference allows aliases, butvalue-result does not)nProcedure termination by error can producedifferent actual parameter resultsnPrograms with such errors are �erroneous�

n Chapter 8: Subprograms n

28Design Considerations forParameter PassingnEfficiencynOne-way or two-waynThese two are in conflict with one another!nGood programming => limited access tovariables, which means one-way wheneverpossiblenEfficiency => pass by reference is fastest wayto pass structures of significant sizenAlso, functions should not allow referenceparameters

n Chapter 8: Subprograms n

27More Array Passing DesignsnPascalnNot a problem (declared size is part of the array�s type)nAdanConstrained arrays�like PascalnUnconstrained arrays�declared size is part of the objectdeclaration (See book example p. 351)nPre-90 FORTRANnFormal parameter declarations for arrays can includepassed parametersnSUBPROGRAM SUB(MATRIX, ROWS, COLS, RESULT) INTEGER ROWS, COLS REAL MATRIX (ROWS, COLS), RESULT ... END

n Chapter 8: Subprograms n

30Subprogs as Params: Issues (cont.)nWhat is the correct referencingenvironment for a subprogram that wassent as a parameter?nPossibilities:nIt is that of the subprogram that called it (shallowbinding)nIt is that of the subprogram that declared it (deepbinding)nIt is that of the subprogram that passed it (ad hocbinding, never been used)nFor static-scoped languages, deep binding ismost naturalnFor dynamic-scoped languages, shallow bindingis most natural

n Chapter 8: Subprograms n

29Subprograms As Parameters: IssuesnAre parameter types checked?nEarly Pascal and FORTRAN 77 do notnLater versions of Pascal, Modula-2, and FORTRAN90 donAda does not allow subprogram parametersnC and C++ - pass pointers to functions;parameters can be type checked

n Chapter 8: Subprograms n

32Generic SubprogramsnA generic or polymorphic subprogram isone that takes parameters of different typeson different activationsnOverloaded subprograms provide ad hocpolymorphismnA subprogram that takes a genericparameter that is used in a type expressionthat describes the type of the parameters ofthe subprogram provides parametricpolymorphismnSee Ada generic and C++ template examplesin text

n Chapter 8: Subprograms n

31OverloadingnAn overloaded subprogram is one that hasthe same name as another subprogram inthe same referencing environmentnC++ and Ada have overloaded subprogramsbuilt-in, and users can write their ownoverloaded subprograms

n Chapter 8: Subprograms n

34Language Examples:nFORTRAN II to FORTRAN 77: independentnFORTRAN 90, Ada, Modula-2, C++: separatenPascal: allows neither

n Chapter 8: Subprograms n

33Independent and Separate Comp.nIndependent compilation is compilation ofsome of the units of a program separatelyfrom the rest of the program, without thebenefit of interface informationnSeparate compilation is compilation of someof the units of a program separately fromthe rest of the program, using interfaceinformation to check the correctness of theinterface between the two parts

n Chapter 8: Subprograms n

36Accessing Nonlocal EnvironmentsnThe nonlocal variables of a subprogram arethose that are visible but not declared in thesubprogramnGlobal variables are those that may bevisible in all of the subprograms of aprogram

n Chapter 8: Subprograms n

35FunctionsDesign Issues:nAre side effects allowed?nTwo-way parameters (Ada does not allow)nNonlocal reference (all allow)nWhat types of return values are allowed?nFORTRAN, Pascal, Modula-2: only simple typesnC: any type except functions and arraysnAda: any type (but subprograms are not types)nC++ and Java: like C, but also allow classes to bereturned

n Chapter 8: Subprograms n

38User-Defined Overloaded OperatorsnNearly all programming languages haveoverloaded operatorsnUsers can further overload operators in C++ and Ada(not carried over into Java)nAda Example (where Vector_Type is an array ofIntegers): function "*"(a, b : in Vector_Type) return Integer is sum : Integer := 0; begin for index in a’range loop sum := sum + a(index) * b(index); end loop; return sum; end "*";nAre user-defined overloaded operators good orbad?

n Chapter 8: Subprograms n

37Methods for Accessing NonlocalsnFORTRAN COMMONnThe only way in pre-90 FORTRANs to access nonlocalvariablesnCan be used to share data or share storagenStatic scoping�discussed in Chapter 4nExternal declarations: CnSubprograms are not nestednGlobals are created by external declarations (they aresimply defined outside any function)nAccess is by either implicit or explicit declarationnDeclarations (not definitions) give types to externallydefined variables (and say they are defined elsewhere)nExternal modules: Ada and Modula-2: Sec Ch. 10nDynamic Scope: discussed in Ch. 4

n Chapter 8: Subprograms n

39CoroutinesnA coroutine is a subprogram that has multipleentries and controls them itselfnAlso called symmetric controlnA coroutine call is named a resumenThe first resume of a coroutine is to its beginning,but subsequent calls enter at the point just after thelast executed statement in the coroutinenTypically, coroutines repeatedly resume eachother, possibly forevernCoroutines provide quasiconcurrent execution ofprogram units (the coroutines)nTheir execution is interleaved, but not overlapped