n Chapter 6: Arithmetic Expressions n

2OutlinenWhat is a type?nPrimitivesnStringsnOrdinalsnArraysnRecordsnSetsnPointers

1Arithmetic ExpressionsIn Text: Chapter 6

n Chapter 6: Arithmetic Expressions n

4OperatorsnA unary operator has one operandnA binary operator has two operandsnA ternary operator has three operandsnOperator precedence and operatorassociativity are important considerations

n Chapter 6: Arithmetic Expressions n

3Arithmetic ExpressionsnTheir evaluation was one of the motivations for thedevelopment of the first programming languagesnArithmetic expressions consist of operators,operands, parentheses, and function callsnDesign issues for arithmetic expressions:nWhat are the operator precedence rules?nWhat are the operator associativity rules?nWhat is the order of operand evaluation?nAre there restrictions on operand evaluation sideeffects?n Does the language allow user-defined operatoroverloading?nWhat mode mixing is allowed in expressions?

n Chapter 6: Arithmetic Expressions n

6Operator AssociativitynThe operator associativity rules for expressionevaluation define the order in which adjacentoperators with the same precedence level areevaluatednTypical associativity rules:nLeft to right, except **, which is right to leftnSometimes unary operators associate right toleft (e.g., FORTRAN)nAPL is different; all operators have equalprecedence and all operators associate right to leftnCan be overridden with parentheses

n Chapter 6: Arithmetic Expressions n

5Operator PrecedencenThe operator precedence rules for expressionevaluation define the order in which �adjacent�operators of different precedence levels areevaluated (�adjacent� means they are separated byat most one operand)nTypical precedence levels 1. parentheses 2. unary operators 3. ** (if the language supports it) 4. *, / 5. +, -nCan be overridden with parentheses

n Chapter 6: Arithmetic Expressions n

8Side EffectsnFunctional side effects - when a functionchanges a two-way parameter or a non-local variablenThe problem with functional side effects:nWhen a function referenced in an expressionalters another operand of the expressionnExample, for a parameter change: a = 10; b = a + fun(&a); /* Assume that fun changes its param */

n Chapter 6: Arithmetic Expressions n

7Operand Evaluation OrdernThe process:1. Variables: just fetch the value2. Constants: sometimes a fetch from memory;sometimes the constant is in the machinelanguage instruction3. Parenthesized expressions: evaluate alloperands and operators first4. Function references: The case of most interest!nOrder of evaluation is crucial

n Chapter 6: Arithmetic Expressions n

10Conditional ExpressionsnC, C++, and Java (?:)average = (count == 0) ? 0 : sum / count;

n Chapter 6: Arithmetic Expressions n

9Solutions for Side EffectsnTwo Possible Solutions to the Problem:1. Write the language definition to disallowfunctional side effectsnNo two-way parameters in functionsnNo non-local references in functionsnAdvantage: it works!nDisadvantage: Programmers want the flexibilityof two-way parameters (what about C?) andnon-local references2. Write the language definition to demandthat operand evaluation order be fixednDisadvantage: limits some compiler optimizations

n Chapter 6: Arithmetic Expressions n

12Implicit Type ConversionsnA narrowing conversion is one that convertsan object to a type that cannot include all ofthe values of the original typenA widening conversion is one in which anobject is converted to a type that caninclude at least approximations to all of thevalues of the original typenA mixed-mode expression is one that hasoperands of different typesnA coercion is an implicit type conversion

n Chapter 6: Arithmetic Expressions n

11Operator OverloadingnSome is common (e.g., + for int and float)nSome is potential trouble (e.g., * in C andC++)nLoss of compiler error detection (omissionof an operand should be a detectable error)nCan be avoided by introduction of newsymbols (e.g., Pascal�s div)nC++ and Ada allow user-defined overloadedoperatorsnPotential problems:nUsers can define nonsense operationsnReadability may suffer

n Chapter 6: Arithmetic Expressions n

14Explicit Type ConversionsnOften called castsnAda example: FLOAT(INDEX) -- INDEX is INTEGER typenC example: (int) speed /* speed is float type */

n Chapter 6: Arithmetic Expressions n

13Disadvantages of CoercionsnThey decrease the type error detectionability of the compilernIn most languages, all numeric types arecoerced in expressions, using wideningconversionsnIn Modula-2 and Ada, there are virtually nocoercions in expressions

n Chapter 6: Arithmetic Expressions n

16Relational ExpressionsnUse relational operators and operands ofvarious typesnEvaluate to some boolean representationnOperator symbols used vary somewhatamong languages (!=, /=, .NE., <>, #)

n Chapter 6: Arithmetic Expressions n

15Errors in ExpressionsnCaused by:nInherent limitations of arithmetic (e.g. divisionby zero)nLimitations of computer arithmetic (e.g.,overflow)nSuch errors are often ignored by the run-time system

n Chapter 6: Arithmetic Expressions n

18Precedence of All OperatorsnPascal: not, unary - *, /, div, mod, and +, -, or relopsnAda: ** *, /, mod, rem unary -, not +, -, & relops and, or, xornC, C++, and Java have > 50 operators and 17 differentprecedence levels

n Chapter 6: Arithmetic Expressions n

17Boolean ExpressionsnOperands are boolean and the result is booleannOperators:nC has no boolean type�it uses int, where 0 is falseand nonzero is truenOne odd characteristic of C�s expressions: a < b < c islegal, but the result is not what you might expectxornot!not.NOT.or||or.OR.and&&and.AND.AdaCFORTRAN 90FORTRAN 77

n Chapter 6: Arithmetic Expressions n

20Short Circuit Evaluation (cont.)nC, C++, and Java: use short-circuit evaluation for theusual Boolean operators (&& and ||), but alsoprovide bitwise operators that are not short circuit(& and |)nAda: programmer can specify either (short-circuitis specified with and then and or else)nFORTRAN 77: short circuit, but any side-affectedplace must be set to undefinednShort-circuit evaluation exposes the potentialn problem of side effects in expressionsn C Example: (a > b) || (b++ / 3)

n Chapter 6: Arithmetic Expressions n

19Short Circuit EvaluationnStop evaluating operands of logicaloperators once result is knownnPascal: does not use short-circuit evaluationnProblem: index := 1; while (index <= length) and (LIST[index] <> value) do index := index + 1

n Chapter 6: Arithmetic Expressions n

22More Complicated Assignments1. Multiple targets (PL/I)nA, B = 102. Conditional targets (C, C++, and Java)n(first = true) ? total : subtotal = 03. Compound assignment operators (C, C++, and Java)nsum += next;4. Unary assignment operators (C, C++, and Java)na++;nC, C++, and Java treat = as an arithmetic binary operatorna = b * (c = d * 2 + 1) + 1nThis is inherited from ALGOL 68

n Chapter 6: Arithmetic Expressions n

21Assignment StatementsnThe operator symbol:n= FORTRAN, BASIC, PL/I, C, C++, Javan:= ALGOLs, Pascal, Modula-2, Adan= can be bad if it is overloaded for therelational operator for equality (e.g. in PL/I,A = B = C; )nNote difference from C

n Chapter 6: Arithmetic Expressions n

24Mixed-Mode AssignmentnIn FORTRAN, C, and C++, any numeric value can beassigned to any numeric scalar variable; whateverconversion is necessary is donenIn Pascal, integers can be assigned to reals, butreals cannot be assigned to integers (theprogrammer must specify whether the conversionfrom real to integer is truncated or rounded)nIn Java, only widening assignment coercions aredonenIn Ada, there is no assignment coercion

n Chapter 6: Arithmetic Expressions n

23Assignment as an ExpressionnIn C, C++, and Java, the assignmentstatement produces a resultnSo, they can be used as operands inexpressionswhile ((ch = getchar() != EOF) { ... }nDisadvantage: another kind of expressionside effect