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Arithmetic Expressions

2. What are the opersstami ati virtyt es?

side effects?

over | oadi ng?

N )
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- Their evaluation was one of the notivationg
devel opnent of the first programming |ang

- Arithnetic expressions consist of operators
operands, parentheses, and function calll s
Design issues for arithmetic expressigns]
1. What are the operator precedence rul gs?
3. What is the order of operand eval uation?

4. Are there restrictions on operand eval ug

5. Does the | anguage al | ow user-defined |opeg

6. What node nixing is allowed in expregsi

/

A unar yoper at orhas one oper and
A binary operator has two operands

A ternary operathas three operands

Chapter 6 \

Def: The operator precedence rules for ex
eval uation define the ordexdjiatent(i
operators of different precedence
eval uat ed

adj @cent neans they are separated by
nost one operand)
- Typical precedence |evels

1. parentheses

2. unary operators

*3. (if the language supports it)

4. *,

5 + -

Def: The operatassoci ativirtyl es for expreg
eval uation define the order in wh
operators with the sane precedenc|

\ eval uat ed
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- Typi cadsoci ati virtuf es:
- Left to right, enbéph is right td

left (e.g., FORTRAN)

- APL is different; all operators have €q
precedence and al |l operators associatle
left

Precedence and associ atimiltgs can be
overridesi th parentheses

Qper and eval uation order

- The process:

1. Variablest fetch the val ue

Qonstants: sonetimes a fetch from menpr
sonetines the constant is in the
| anguage instruction

Bar ent hesi zed expressions: eval uate al
operands and operators first

Bunction references: The case of nost
- Order of evaluation is crucial

- Sonetimes unary operators associate

le

ual
r

Yii
gy

n

Functional side effectden a function char

\a two-way parameter or a nonkaod:ably
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The problemwith functional side effects: Condi tional Expressions Inplicit Type Conversions
- Wen a function referenced in an expres|
alters another operand of the expressi - G G+ and Java ( Def Anarrowi ng conversibs one that converlts
e.g., for a paraneter change: €.g. an object to a type that cannot incl
average = (count == 0)? 0 : sum/ count the values of the original type
a = 10;
b =a + fun(&a); Def A deni n . . .
* * . 3 g conversion is one in whichlan
I* Assune that fun changes its paraneter */ Operat or Overl oadi ng object is converted to a type that
at | east approximations to all of t
Two Possible Solutions to the Problem - Some is common (e+gforint and float) the original type
1. Wite the language definition to disiall - Sone is potential troubke i(e.G.and C++ Def Am xed- mode expression is one that has
functional side effects operands of different types
- Loss of conpiler error detection (jom
- No two-way paraneters in functions an operand shoul d be a detectabl ¢ er Def Acoercionis an inplicit type conversijon
- No nonlreéa@rences in functions - Can be avoided by introduction of |ne
(e.g.,sBascal The di sadvant age @der ci ons
Advantage: it works! . 1
Disadvantage: Programmers want the flgxi . - They decrease in the type error detecti
of two-way paraneters (what about - C++ andéda al | ow user-defined overl oadel ability of the conpiler
nonlejealences operators
2. Wite the |anguage definition to defman Potential probl ems: - In most |anguages, all numeric types| ar
operand eval uation order be fixed . . in expressions, using wdening conyer
- Users can define nonsense operations
Disadvantage linits sone conpiler - Readability may suffer - In Modul a-2dapdthere are virtually no
optim zations j \ j \ coer dirorexpr essi ons
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Explicit Type Conversions
- Often called casts
eg.

Ada:
FLOAT(INDEX) -- INDEX is | NTEGER type

’ (int)speed /* speed is float type */

Errors in Expressions
- Caused by:

- Inherent limitations of arithmetic
e.g. division by zero

- Limitations of computer arithmetic
e.g. overflow

- Such errors are often ignored by the run-time

system
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Relational Expressions

- Use relational operators and operands of various

- Evaluate to some boolean representation

- Operator symbols used vary somewhat among
languages (! =, /=, .NE , <>, #)

Bool ean Expressions

- Operands are bool aad the resul hoo$ean

' Chapter 6

Pascal :  not, unary
*, 1, div, nod, and
+, -, 0r
relops
Ada: **
* 1, mod, rem
unary -, not
4 &
relops
and, or, xor

Precedence of Al Operators:

- C has rwol eant ype--it
for false and nonzero for

- One odd characteri st sceapr€ssi ons:

a<b<c is alegal expression, but the
result is not what you might expec

- Operators:
FORTRAN 77 FORTRAN 90 C Ada
- AND. and && and
R or Il or
NOT. not 1 not
xor

uses int type wijth

true
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C, C++, and Java have over 50 operators and 17
different levels of precedence

Probl em

index :=

Short Circuit

Pascal does not

tabl e | ook-up

1;

Eval uation

use short-circuit eval uat

while (index <= length) and
(LIST[i ndex] <> val ue) do
index := index + 1
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the usual Bool ean opetsatand |(), bu
al so provide bitw se Bool ean oper at|
not short c&ramdt]|)

Ada: programmer can specify either (shor
is specifieddwheh and or else)

FORTRAN 77: short circuit, but any side-
pl ace nust be set to undefined

Short-circuit eval uation exposes the pot
probl em of side effects in expressions
e.g. (a>b) || (b++ [ 3)

Assi gnnent Statenents
The operator synbol :
1.
2. := ALGOLs, Pascal, Mdadha-

= can be bad if it is overloade
rel ati onal operator for equ

e.gA(FPIBR C

\ Note difference from C j
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C, C++, and Javase short-circuit eval uat|

= FORTRAN, BASIC, PL/I, C C+{
-2,
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More conplicated assignnents:

1. Multiple tareits
A B =10
2. Conditional targets  (C, C++, and Java)

(first =true) ? total : subtotal =0

3. Compound assignment operators ~ (C, C++, and

Java)

sum += next;

4. Unary assignment operators ~ (C, C++, and Java)

a++;

C, C++, and Java treat = as an arithmetic binary

operator
eg.

a=b*(c=d*2+1) +1

vhis is inherited from ALGOL 68 j
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Assi gnnent as an Expression

- In C C++, and Java, the assignnent st
produces a result
- So, they can be used as operands i
expr essi ons

e.g.while ((ch = getchar() != EOF) { ... }

Di sadvant age
- Another kind of expression side ef

M xed- Mode Assi gnnent

- In FORTRAN, C, and C++, any nuneric vall
be assigned to any nuneric scal ar vari
what ever conversion is necessary is d

- In Pascal, integers can be assigaaibtb
real s cannot be assigned to integers
programrer nust specify whether the c
fromreal to integer is truncated or

- In Java, only wi dening assicgementns ar

done
\Imia, there is no assignnent coercy
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