Lecture 13 – Integers and Literals
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• Java stores integers in binary form:
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• Negative numbers also stored in binary format 
– There is a sign bit on far left 

• 1 means negative, 0 means positive 
– Rest of the number stored in two’s compliment form 

• Similar to positive binary numbers 

• modified to allow for the easy addition of positive and negative numbers 

• The more bits used, the larger the numbers that can be stored 

• A computer has only a limited number of wires that can carry bits (called word size) 
– 32 bit machine has 32 wires 
– 64 bit machine has 64 wires 

• Consequently, there are various sized integer data types to ‘match’ the word size of various machines
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• There are 4 different integer types
– Each has a different size:

Integer Literals:
• Literals that you specify are of type int unless suffixed with an l or L denoting they are type long. 

int biggestValue 
= 2147483647; 
fine
Largest int literal can be stored in an int
int biggestValue 
= 2147483648; 
error
1 larger than an int
long biggerThanInt 
= 2147483648; 
error 
Literal still type int & so too small

long biggerThanInt 
= 2147483648L;
fine
Literal now type long & is stored in a long
• Octal 

– Base 8 

– Each digit can be 0 – 7 

– In Java, octal literals start with a leading 0
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• Hexadecimal (Hex) 

– Base 16 

– Each digit can be 0 – 9, A-F (A=10, B=11, … ,F=15) 
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– In Java, hexadecimal literals start with a leading 0x

Large Value Computations 

• Compare two programs 

– IntPowerOfTen.java 

– LongPowerOfTen.java
Overflow problem:
• Overflow occurs when the result of an operation on two large values exceeds the size of the data type. Let all values be of size unsigned Byte (not a Java data type).


1111 1111 
+ 
1111 1111 
= 
1 1111 1110 


255 



255 



510










Larger than type: byte


1111 1111 
+ 
1111 1111 
= 
1 1111 1110 


255 



255 



126









So we must cut some off

• But 255 + 255 does not equal 126. This is the problem.
Lecture 14 – Floating Point Literals and Numbers
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Floating Point Numbers:
• Floating-point (real) numbers have decimal places 

• They are stored as a more complex structure 

4318.92341
= 
0.431892341 x 104 

0 431892341000 004 

-3.1415
= 
-0.31415 x 101 

1 314150000000 001 

• Notice that the decimal point floats 

• The number of decimal places allowed depends on total number of digits in number

• There are 2 different sizes of floating point numbers:

type 

size

sign bit

Mantissa
exponent

float 

32 bits

1

23

8

double

64 bits

1

52

11 


type

min value
max value
value closest to 0
accuracy


float

-3.4 ´ 1038
3.4 ´ 1038
-3.4 ´ 10-38

7 digits

double 
-1.7´ 10308 
1.7´ 10308
-1.7´ 10-308 

16 digits
• FP Literals come in 2 forms 

– Decimal notation 
129.135
– Scientific notation 
1.29135e2
(1.29135 x 102)
• Literals are of type double by default 

– if suffixed with an f or F then they are of type float 

– Opposite of L suffix for int/long, default is the larger type

double a = 0.00314; 

double a = 3.14E-3; 

float a = 0.00314F; 

float a = 3.14E-3f; 
Roundoff errors:
• A finite number of digits after the decimal point has consequences 

⅓ = 0.333333333333333333…∞
Since Java has at most 16 digits accuracy…

1.0 / 3.0 
= 0.3333333333333333 

and so
1.0 / 3.0 * 3.0 
= 0.9999999999999999
not 1

• Roundoff error in conjunction with binary representation of numbers can cause unexpected behaviour when using real numbers 

(0.65)10 = (0.101001)2 

SB
Mantissa


Exponent

0 
10100110011001100110011 
11111111 

+ 1.0100110011001100110010 x 2-1 

which is 0.649609089 in decimal form

• i.e. just because you can write it with few digits in your code doesn’t mean that it is stored with just that number of digits in the machine. See AppleTable.java
• Because of the precision problem, when counting using floats or doubles, do not write the terminating condition using equality statement:



for(double count = 0.0; count == 1.0; count += 0.1)
‘count’ may never exactly equal 1.0. The ‘for’ statement may never terminate! Instead:


for(double count = 0.0; count < 1.1; count += 0.1)

Lecture 15 – Arithmetic Promotion and Assignment
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• Arithmetic promotion occurs automatically when an operator needs to modify the type of its operands to perform the operation. 

• Smaller types get converted into larger types because they ‘fit’ 


short + long 
( long 


int + byte 
( int 


double + float 
( double 


float + int 
( float 


long + double 
( double

• The final example was a bit misleading (long + double ( double) 

• You can form much larger numbers with double than with long
(e.g. 1.2e92 = 1.2 x 1092 cannot be represented as a long number)
• However, because of double’s limited precision, you might get Roundoff errors in the number:
e.g. 1234567890123456789 + 0.0 ( 1.234567890123456e18 
’789’ dropped from number

• An arithmetic expression can have very different results because of arithmetic promotion:

12 / 5 ( 2 


12 / 5.0 ( 2.4



int / long + float – int / double


21 / 6L + 3.6F - 21 / 6.0


=
long + float – int / double


3L  + 3.6F - 21 / 6.0


=
float – int / double


6.6F - 21 / 6.0


=
float – double


6.6F – 3.5


=
3.1 double
• Surprisingly, all arithmetic operators convert any integer smaller than int to type int
Assignment Conversion:
• Type conversion is also done automatically when assigning values to variables 

– As long as the value is a smaller type than the variable 

– This is called a widening conversion 

– You get a compiler error if the value is of a larger type than the variable 
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