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26.375 
=(11010.____)2 

0.375 
=1/4+1/8 
=(0.011)2 

26.375 
=(11010.011)2

Fractional Numbers



26.375 
=2*101 
+6*100 
+3*10-1 
+7*10-2 
+5*10-3

Fractional Numbers

0.375 
=3*10-1 
+7*10-2 
+5*10-3



0.375*8/8 
=3/8 
=(11)2/(1000)2 
=(1.1)2/(100)2 
=(0.11)2/(10)2 
=(0.011)2/(1)2 
=(0.011)2

Fractional Numbers



(1/3)10=(0.3)10 

=(1/11)2=(0.01)2

Fractional Numbers



1/5 
=(0.2)10 
=(1/101)2 

=(0.0011)2

Fractional Numbers

1.     /101 
 .101   0.0011 
 .011 
 .0101 
 .0001

Check: 
0.0011 
=3*∑i≥116-i 
=3*1/15 
=1/5



19.247 
=1*101 
+9*100 
+2*10-1 
+4*10-2 
+7*10-3

Fractional Numbers

(19)10=(10011)2 

0.247 
=2*10-1 
+4*10-2 
+7*10-3



(0.247)10 
=(11110111/1111101000)2 

Fractional Numbers

11110111.     /1111101000 
 1111101.000   0.0011… 
 1111010.000 
  111110.1000 
   11101.1 
      …



0.247 
=0.247*64/64 
=15.808/64 
=(1111.———)2/(1000000)2 
=(0.001111———)2 
≈(0.001111)2  lower bound  
≈(0.01)2      upper bound

Fractional Numbers



Fractional Numbers

(19.247)10>(10011.001111)2 
                       lower bound 

(19.247)10<(10011.01)2 
                       upper bound



0.247 
=0.494/2 
=0.988/4 
=1.976/8 
=3.952/16 
=7.904/32 
=15.808/64 
=31.616/128 
=63.232/256 
=126.464/512 
=252.928/1024 
=505.856/2048

=1011.712/212  
=2023.424/213 
=4046.848/214 
=8093.696/215 
=16187.392/216 
=32374.784/217 
=64749.568/218 
=129499.136/219 
=258998.272/220 
=517996.544/221 
=1035993.088/222 
=2071986.176/223

Fractional Numbers



Fractional Numbers
=4143972.352/224 
=8287944.704/225  
=16575889.408/226 
=33151778.816/227 
=66303557.632/228 
=132607115.264/229 
=265214230.528/230 
=530428461.056/231 
=1060856922.112/232 
=2121713844.224/233 
=4243427688.448/234 
=8486855376.896/235

=———.792/236 
=———.584/237  
=———.168/238 
=———.336/239 
=———.672/240 
=———.344/241 
=———.688/242 
=———.376/243 
=———.752/244 
=———.504/245 
=———.008/246 
=———.016/247



=———.072/260 
=———.144/261  
=———.288/262 
=———.576/263 
=———.152/264 
=———.304/265 
=———.608/266 
=———.216/267 
=———.432/268 
=———.864/269 
=———.728/270 
=———.456/271

Fractional Numbers
=———.032/248 
=———.064/249  
=———.128/250 
=———.256/251 
=———.512/252 
=———.024/253 
=———.048/254 
=———.096/255 
=———.192/256 
=———.384/257 
=———.768/258 
=———.536/259

=———.912/272 
=———.824/273  
=———.648/274 
=———.296/275 
=———.592/276 
=———.184/277 
=———.368/278 
=———.736/279 
=———.472/280 
=———.944/281 
=———.888/282 
=———.776/283



=———.552/284 
=———.104/285  
=———.208/286 
=———.416/287 
=———.832/288 
=———.664/289 
=———.328/290 
=———.656/291 
=———.312/292 
=———.624/293 
=———.248/294 
=———.496/295

=———.992/296 
=———.984/297  
=———.968/298 
=———.936/299 
=———.872/2100 
=———.744/2101 
=———.488/2102 
=—W—.976/2103 
=2 504 877 586 050 
 981 297 357 485 
 533 822.976/2103

Fractional Numbers



0.247 =(11110111/1111101000)2 
=1.976/8 

=—W—.976/2103  
=(—W—+8*0.247-1)/2103 
=(—W—-1)/2103 + 0.247/2100 
=(—W—-1)/2103 +(—W—-1)/2203 +0.247/2200 
=(—W—-1)/8 ∑i≥1 2-100*i 

=(0.00111111001110110110010 
001011010000111001010110000001 
000001100010010011011101001011 
11000110101001111110)2

0.976=8*0.247-1



(19.247)10 = 
(10011.00111111001110110110010 
001011010000111001010110000001 
000001100010010011011101001011 
11000110101001111110)2

Fractional Numbers



More Binary 
Representation



More Binary 
Representation



Representation



Representation



Fun with Java !!!

32767 
-32768 
-32767 

… 
-1 
0 
1



A Byte

10100110



A Byte

10100110
00000000
00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000

00010110
00000000
00000000
00000000
00000000
00000000



An address

10100110
00000000
00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000

00010110
00000000
00000000
00000000
00000000
00000000



A (32-bit) address

10100110
00000000
00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000

00000000 00000000 00010110



A (64-bit) address

10100110
00000000
00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000

00000000

00000000
00000000
00000000
00000000

00000000 00000000 00000000
00000000 00000000 00000000 00010110



Storage sizes

}Big 
Data



10100110
00000000

00000000

00000000
00000000

00000000

00000000

00000000

00000000

00000000

00000000

00000000

00000000
00000000

00000000

00000000

00000000

00000000

00000000

00000000
00000000

00000000

00000000
00000000

00000000

00000000

00000000

00000000

00000000

00000000
00000000

00000000

00000000
00000000

00000000

00000000

00000000

00000000

00000000

00000000

Float

Double

Byte

Char

Short

Int

Long

Java Primitive Types
Boolean



(32-bit) addresses

10100110

00000000
00000000
00000000
00000000
00000000
00000000

00000000

00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000

00000000

00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000

00000000

00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000

00000000

00000000

00000000
00000000
00000000

00000000 00000000 00010010
00000000 00000000 00000000 00101010



10100110
00000000

00000000

00000000

00000000

00000000
00000000

00000000

00000000
00000000

00000000

00000000

Address

Address

Java Reference Types

32-Bit

64-Bit



byte[] a;

00000000
00000000
00000000

00000000
00000000

00000000

00000000
00000000

00000000
00000000
00000000

00000000
00000000

00000000

00000000
00000000

00000000
00000000
00000000
00000000

00000000

00000000

00000000
00000000
00000000

00000000
00000000
00000000
00000000

00000000

00000000

00000000
00000000
00000000

00000000 00000000 00000000a:

00000000

00000000

00000000

00000000

0000000000000000

00000000

00000000 000000000000000000000000



00000000 000000000000000000000000

a=new byte[3];

00000000

00000000
00000000
00000000

00000000
00000000

00000000

00000000
00000000

00000000
00000000
00000000

00000000
00000000

00000000

00000000
00000000
00000000

00000000
00000000
00000000
00000000

00000000

00000000

00000000
00000000
00000000

00000000
00000000
00000000
00000000

00000000

00000000

00000000

00000000
00000000
00000000

00000000 00000000 00010010a:

00000000 00000000
0000000000000000



00000000 000000000000000000000000

a[0]=166;

10100110

00000000
00000000
00000000

00000000
00000000

00000000

00000000
00000000

00000000
00000000
00000000

00000000
00000000

00000000

00000000
00000000
00000000

00000000
00000000
00000000
00000000

00000000

00000000

00000000
00000000
00000000

00000000
00000000
00000000
00000000

00000000

00000000

00000000

00000000
00000000
00000000

00000000 00000000 00010010a:

00000000 00000000
0000000000000000



int[ ] b;

10100110

00000000
00000000
00000000

00000000
00000000

00000000

00000000
00000000

00000000
00000000
00000000

00000000
00000000

00000000

00000000
00000000
00000000

00000000
00000000
00000000
00000000

00000000

00000000

00000000
00000000
00000000

00000000
00000000
00000000
00000000

00000000

00000000

00000000

00000000
00000000
00000000

00000000 00000000 00010010a:

00000000 00000000
0000000000000000

00000000 00000000 00000000 00000000b:



b=new int[2];

10100110

00000000
00000000
00000000

00000000
00000000

00000000

00000000
00000000

00000000
00000000
00000000

00000000
00000000

00000000

00000000
00000000
00000000

00000000
00000000
00000000
00000000

00000000

00000000

00000000
00000000
00000000

00000000
00000000
00000000
00000000

00000000

00000000

00000000

00000000
00000000
00000000

00000000 00000000 00010010a:

00000000 00000000
0000000000000000

00000000 00000000
0000000000000000

00000000 00000000 00000000 00101010b:



b[1]=-1;

10100110

00000000
00000000
00000000

11111111
00000000

00000000

00000000
00000000

00000000
00000000
00000000

11111111
00000000

00000000

00000000
00000000
00000000

00000000
00000000
00000000
00000000

11111111

00000000

00000000
00000000
00000000

00000000
00000000
00000000
00000000

11111111

00000000

00000000

00000000
00000000
00000000

00000000 00000000 00010010a:

00000000 00000000
0000000000000000

00000000 00000000
0000000000000000

00000000 00000000 00000000 00101010b:
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