1Control StructuresIn Text: Chapter 7

2OutlinenControl structuresnSelectionnOne-waynTwo-waynMulti-waynIterationnCounter-controllednLogically-controllednGotosnGuarded statements

3Levels of Control FlownWithin expressionsnAmong program statementsnAmong program units

4Evolution of Control StructuresnFORTRAN I control statements were baseddirectly on IBM 704 hardwarenMuch research and argument in the1960sabout the issuenOne important result: It was proven that allflowcharts can be coded with only two-wayselection and pretest logical loops

5Control StructuresnA control structure is a control statementand the statements whose execution itcontrolsnOverall Design Question:nWhat control statements should alanguage have, beyond selection andpretest logical loops?nSingle entry/single exit are highlydesirable (a lesson learned fromstructured programming)

6Compound StatementsnIntroduced by ALGOL 60 in the form ofbegin...endnA block is a compound statement that candefine a new scope (with local variables)

7Selection StatementsnDesign Issues:nWhat is the form and type of the controlexpression?nWhat is the selectable segment form (singlestatement, statement sequence, compoundstatement)?nHow should the meaning of nested selectors bespecified?

8Single-Way SelectionnOne-way �if� statementnFORTRAN IF: IF (boolean_expr) statementnProblem: can select only a single statement;to select more, a goto must be used IF (.NOT. condition) GOTO 20 ... ... 20 CONTINUE

9Two-Way Selectionn�if-then-else� statementn ALGOL 60 if: if (boolean_expr) then statement else statementnThe statements could be single or compound

10Nested SelectorsnPascal: if ... then if ... then ... else ...nWhich �then� gets the �else�?nPascal’s rule: else goes with the nearest then

11Disallowing Direct NestingnALGOL 60�s solution�disallows direct nesting if ... then begin if ... then ... else ... end

if ... then begin if ... then ... endelse ...

12Closing Reserved WordsnFORTRAN 77, Ada, Modula-2 solution�closing specialwordsnIn Ada: if ... then if ... then ... else ... end if end ifnAdvantage: flexibility and readabilitynModula-2 uses END for all control structuresnThis results in poor readability

if ... then if ... then � end ifelse ...end if

13Multiple Selection ConstructsnDesign Issues:nWhat is the form and type of the controlexpression?nWhat segments are selectable (single,compound, sequential)?nIs the entire construct encapsulated?nIs execution flow through the structurerestricted to include just a singleselectable segment?nWhat about unrepresented expressionvalues?

14Early Multiple Selectors:nFORTRAN arithmetic IF (a three-wayselector) IF (arithmetic expression) N1, N2, N3nDisadvantages:nNot encapsulated (selectable segments could beanywhere)nSegments require GOTOsnFORTRAN computed GOTO and assigned GOTO

15Modern Multiple SelectorsnPascal case (from Hoare’s contribution toALGOL W) case expression of constant_list_1 : statement_1; ... constant_list_n : statement_n end

16Case: Pascal Design ChoicesnExpression is any ordinal type (int, boolean,char, enum)nSegments can be single or compoundnConstruct is encapsulatednOnly one segment can be executed perexecution of the constructnIn Wirth’s Pascal, result of an unrepresentedcontrol expression value is undefined (In1984 ISO Standard, it is a runtime error)nMany dialects now have otherwise or elseclause

17C/C++ Switchswitch (expression) { constant_expression_1 : statement_1; ... constant_expression_n : statement_n; [default: statement_n+1]}nDesign Choices (for switch):nControl expression can be only an integer typenSelectable segments can be statement sequences or blocksnConstruct is encapsulatednAny number of segments can be executed in one executionof the construct (reliability vs. flexibility)nDefault clause for unrepresented values

18Case: Ada Design Choices case expression is when constant_list_1 => statement_1; ... when constant_list_n => statement_n; endSimilar to Pascal’s case, except:nSimilar to PascalnConstant lists can include:nSubranges: 10..15nMultiple choices: 1..5 | 7 | 15..20nLists of constants must be exhaustive (morereliable)nOften accomplished with others clause

19Multi-Way If StatementsnMultiple Selectors can appear as direct extensionsto two-way selectors, using else-if clauses (ALGOL68, FORTRAN 77, Modula-2, Ada)nAda: if ... then ... elsif ... then ... elsif ... then ... else ... end ifnFar more readable than deeply nested if’snAllows a boolean gate on every selectable group

20Iterative StatementsnThe repeated execution of a statement orcompound statement is accomplished eitherby iteration or recursionnHere we look at iteration, because recursionis unit-level controlnGeneral design issues for iteration controlstatements:nHow is iteration controlled?nWhere is the control mechanism in the loop?nTwo common strategies: counter-controlled, and logically-controlled

21Counter-Controlled LoopsnDesign Issues:nWhat is the type and scope of the loopvariable?nWhat is the value of the loop variable at looptermination?nShould it be legal for the loop variable orloop parameters to be changed in the loopbody?nIf so, does the change affect loop control?nShould the loop parameters be evaluatedonly once, or once for every iteration?

22FORTRAN DO LoopsnFORTRAN 77 and 90nSyntax: DO label var = start, finish [, stepsize]nStepsize can be any value but zeronParameters can be expressionsnDesign choices:nLoop var can be INTEGER, REAL, or DOUBLEnLoop var always has its last valuenLoop parameters are evaluated only oncenThe loop var cannot be changed in the loop, but theparameters can; because they are evaluated only once, itdoes not affect loop control

23FORTRAN 90�s Other DOnSyntax: [name:] DO variable = initial, terminal [, stepsize] ... END DO [name]nLoop var must be an INTEGER

24ALGOL 60 For LoopnSyntax: for var := <list_of_stuff> do statementnwhere <list_of_stuff> can have:nlist of expressionsnexpression step expression until expressionnexpression while boolean_expression for index := 1 step 2 until 50, 60, 70, 80, index + 1 until 100 don(index = 1, 3, 5, 7, ..., 49, 60, 70, 80, 81, 82, ..., 100)

25ALGOL 60 For Design ChoicesnControl expression can be int or real; itsscope is whatever it is declared to benControl var has its last assigned value afterloop terminationnThe loop var cannot be changed in the loop,but the parameters can, and when they are,it affects loop controlnParameters are evaluated with everyiteration, making it very complex anddifficult to read

26Pascal For LoopnSyntax: for var := initial (to | downto) final do statementnDesign Choices:nLoop var must be an ordinal type of usual scopenAfter normal termination, loop var is undefinednThe loop var cannot be changed in the loopnThe loop parameters can be changed, but theyare evaluated just once, so it does not affect loopcontrol

27Ada For LoopnSyntax: for var in [reverse] discrete_range loop ... end loopnDesign choices:nType of the loop var is that of the discrete range; its scopeis the loop body (it is implicitly declared)nThe loop var does not exist outside the loopnThe loop var cannot be changed in the loop, but thediscrete range can; it does not affect loop controlnThe discrete range is evaluated just once

28C For Loopn Syntax: for ([expr_1] ; [expr_2] ; [expr_3]) statementnThe expressions can be whole statements, oreven statement sequences, with thestatements separated by commasnThe value of a multiple-statementexpression is the value of the last statementin the expressionnIf the second expression is absent, it is aninfinite loop

29C For Loop Design ChoicesnThere is no explicit loop variablenEverything can be changed in the loopnPretestnThe first expression is evaluated once, butthe other two are evaluated with eachiterationnThis loop statement is the most flexible

30C++ & Java For LoopsnDiffers from C in two ways:nThe control expression can also be BooleannThe initial expression can include variabledefinitions; scope is from the definition to the endof the body of the loopnJava is the same, except the controlexpression must be Boolean

31Logically-Controlled LoopsnDesign Issues:nPretest or post-test?nShould this be a special case of the counting loopstatement, or a separate statement?

32Logic Loops: ExamplesnPascal: separate pretest and posttest logical loopstatements (while-do and repeat-until)nC and C++: also have both, but the controlexpression for the post-test version is treated justlike in the pretest case (while - do and do - while)nJava: like C, except the control expression must beBoolean (and the body can only be entered at thebeginning�Java has no goto)nAda: a pretest version, but no post-testnFORTRAN 77 and 90: have neither

33User-Located Loop ControlsnStatements like break or continuenDesign issues:nShould the conditional be part of the exit?nShould the mechanism be allowed in logically- orcounter-controlled loops?nShould control be transferable out of more thanone loop?

34User-Located Controls: AdanCan be conditional or unconditional; for any loop;any number of levels for ... loop ... exit when ... ... end loop;LOOP1: while ... loop ...LOOP2: for ... loop ... exit LOOP1 when .. ... end loop LOOP2; ... end loop LOOP1;

35User-Loc. Controls: More ExamplesnC, C++, Java:nBreak: unconditional; for any loop or switch; onelevel only (except Java)nContinue: skips the remainder of this iteration,but does not exit the loopnFORTRAN 90:nEXIT: Unconditional; for any loop, any number oflevelsnCYCLE: same as C’s continue

36Iteration Based on Data StructuresnConcept: use order and number of elementsof some data structure to control iterationnTwo strategies:n�Passive� iterator: provide a set of functions for adata structure that the user can use to constructa loop using while, for, etc.n�Active� iterator: encapsulate the loop control inan operation, and only allow the user to providethe loop body; in other words, provide a�functional form� or a template operation forthe entire loop

37Unconditional Branching (GOTO)nProblem: readabilitynSome languages do not have them: e.g.,Modula-2 and JavanThey require some kind of statement labelnLabel forms:nUnsigned int constants: Pascal (with colon),FORTRAN (no colon)nIdentifiers with colons: ALGOL 60, C, C++nIdentifiers in << ... >>: Ada

38Variables as labels: PL/InCan store a label value in a variablenCan be assigned values and passed asparametersnHighly flexible, but make programsimpossible to read and difficult toimplement

39Restrictions on Pascal’s GotosnA statement group is either a compound statementor the body of a repeat-untilnThe target of a goto cannot be a statement in astatement group that is not activenMeans the target can never be in a statement groupthat is at the same level or is nested more deeplythan the one with the gotonAn important remaining problem: the target can bein any enclosing subprogram scope, as long as thestatement is not in a statement groupnThis means that a goto can terminate any numberof subprograms

40Guarded Commands (Dijkstra, 1975)nPurpose: to support a new programmingmethodology (verification during programdevelopment)nAlso useful for concurrencynTwo guarded forms:nSelection (guarded if)nIteration (guarded while)

41Guarded Selectionif <boolean> -> <statement>[] <boolean> -> <statement> ...[] <boolean> -> <statement>finSemantics: when this construct is reached,nEvaluate all boolean expressionsnIf more than one are true, choose one nondeterministicallynIf none are true, it is a runtime errornIdea: if the order of evaluation is not important, theprogram should not specify onenSee book examples (p. 319)

42Guarded Iterationdo <boolean> -> <statement>[] <boolean> -> <statement> ...[] <boolean> -> <statement>odnSemantics: For each iteration:nEvaluate all boolean expressionsnIf more than one are true, choose onenondeterministically; then start loop againnIf none are true, exit loopnSee book example (p. 320)

43Choice of Control StatementsnBeyond selection and logical pretest loops,choice is a trade-off between language size,readability, and writability