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Administrative Stuff
• HW 6 is out

• It is due on Monday Oct 11 @ midnight.



More Details on Comparison Circuits



Comparison of 1-bit numbers



Equal

x y x = y

0 0 1
0 1 0
1 0 0
1 1 1



Equal

x y x = y

0 0 1
0 1 0
1 0 0
1 1 1

x
y

x = y



Not Equal

x y x != y

0 0 0
0 1 1
1 0 1
1 1 0



Not Equal

x y x != y

0 0 0
0 1 1
1 0 1
1 1 0

x
y

x != y



Less

x y x < y

0 0 0
0 1 1
1 0 0
1 1 0



Less or Equal

x y x <= y

0 0 1
0 1 1
1 0 0
1 1 1



Less or Equal

x y x < y

0 0 0
0 1 1
1 0 0
1 1 0

x y x = y

0 0 1
0 1 0
1 0 0
1 1 1

x y x <= y

0 0 1
0 1 1
1 0 0
1 1 1

or =



Greater

x y x > y

0 0 0
0 1 0
1 0 1
1 1 0



Greater or Equal

x y x >= y

0 0 1
0 1 0
1 0 1
1 1 1



Greater or Equal

x y x > y

0 0 0
0 1 0
1 0 1
1 1 0

x y x = y

0 0 1
0 1 0
1 0 0
1 1 1

x y x <= y

0 0 1
0 1 0
1 0 1
1 1 1

or =



Some Interesting Dualities



Equal

x y x = y

0 0 1
0 1 0
1 0 0
1 1 1

x y x != y

0 0 0
0 1 1
1 0 1
1 1 0

Not Equal



Greater

x y x > y

0 0 0
0 1 0
1 0 1
1 1 0

x y x <= y

0 0 1
0 1 1
1 0 0
1 1 1

Less or Equal



Greater or Equal

x y x >= y

0 0 1
0 1 0
1 0 1
1 1 1

x y x < y

0 0 0
0 1 1
1 0 0
1 1 0

Less



Some Interesting Dualities

• Equal  =  Not Equal

• Greater   =  Less or Equal

• Less  =  Greater or Equal



The Adder / Subtractor
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c7

Y7 X7

S6

FA
c6

Y6 X6

S5

FA
c5

Y5 X5

S4

FA
c4

Y4 X4

S3

FA
c3

Y3 X3

S2
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S1

FA
c1
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S0

FA
c0

Y0 X0

add / sub

This is an 8-bit ripple-carry adder. Note that the X and Y lines are swapped. 
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The Adder / Subtractor
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The Adder / Subtractor
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FA
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carry

overflow

add / sub

negative

zero

negative and zero can be 
computed here as well

i281 CPU



Abbreviations for the Flags

• Carry Flag (CF)

• Overflow Flag (OF)

• Negative Flag (NF)

• Zero Flag (ZF)



Abbreviations for the Flags

• Carry Flag (CF)

• Overflow Flag (OF)

• Negative Flag (NF)

• Zero Flag (ZF)

In some CPU architectures the carry flag 
means borrow. And it could be inverted
relative to the previous diagram.



Comparison of Signed Numbers
• Equal ZF = 1

• Not equal  ZF = 0

• Greater ZF = 0  and  NF = OF

• Greater or Equal NF = OF

• Less NF != OF

• Less or Equal ZF = 1  or  NF != OF



Comparison of Signed Numbers
• Equal ZF

• Not equal  ZF

• Greater ZF • XNOR( NF, OF )

• Greater or Equal XNOR( NF, OF )

• Less XOR( NF, OF )

• Less or Equal ZF +  XOR( NF, OF )



JUMP * 1

BRE * B1

BRNE * B2

BRG * B3

BRGE * B4

i281 CPU



[ Figure 3.45 from the textbook ]

A four-bit comparator circuit



A four-bit comparator circuit

OF NF ZF alternative names
for the flags



0 0 1 1 1 0 0 1

0 1 1 0 1 1 0 0

0 0 0 1
1 1 1 0

0 0 0

Compare 6 with 5: (+6) - (+5)



0 0 1 1 1 0 0 1

0 1 1 0 1 1 0 0

0 0 0 1
1 1 1 0

0 0 0

• Equal ZF

• Not equal  ZF

• Greater ZF • XNOR( NF, OF )

• Greater or Equal XNOR( NF, OF )

• Less XOR( NF, OF )

• Less or Equal ZF +  XOR( NF, OF )

Compare 6 with 5: (+6) - (+5)



0 0 1 1 1 0 0 1

0 1 1 0 1 1 0 0

0 0 0 1
1 1 1 0

0 0 0

• Equal 0

• Not equal  0

• Greater 0  • XNOR( 0, 0 )

• Greater or Equal XNOR( 0, 0 )

• Less XOR( 0, 0 )

• Less or Equal 0 +  XOR( 0, 0 )

Compare 6 with 5: (+6) - (+5)



0 0 1 1 1 0 0 1

0 1 1 0 1 1 0 0

0 0 0 1
1 1 1 0

0 0 0

• Equal 0

• Not equal  1

• Greater 1

• Greater or Equal 1

• Less 0

• Less or Equal 0

Compare 6 with 5: (+6) - (+5)





Compare negative 2 with 3: (-2) - (+3)

1 0 1 0 1 1 0 1

1 1 1 1 1 0 0 0

1 0 1 1
1 1 0 0

0 1 0

• Equal ZF

• Not equal  ZF

• Greater ZF • XNOR( NF, OF )

• Greater or Equal XNOR( NF, OF )

• Less XOR( NF, OF )

• Less or Equal ZF +  XOR( NF, OF )



1 0 1 0 1 1 0 1

1 1 1 1 1 0 0 0

1 0 1 1
1 1 0 0

0 1 0

• Equal 0

• Not equal  0

• Greater 0 • XNOR( 1, 0 )

• Greater or Equal XNOR( 1, 0 )

• Less XOR( 1, 0 )

• Less or Equal 0 +  XOR( 1, 0 )

Compare negative 2 with 3: (-2) - (+3)



1 0 1 0 1 1 0 1

1 1 1 1 1 0 0 0

1 0 1 1
1 1 0 0

0 1 0

• Equal 0

• Not equal  1

• Greater 0

• Greater or Equal 0

• Less 1

• Less or Equal 1

Compare negative 2 with 3: (-2) - (+3)





Compare 1 with negative 7: (+1) - (-7)

0 1 0 0 0 0 1 1

0 0 0 1 0 1 1 0

1 0 0 0
0 1 1 1

1 1 0

• Equal ZF

• Not equal  ZF

• Greater ZF • XNOR( NF, OF )

• Greater or Equal XNOR( NF, OF )

• Less XOR( NF, OF )

• Less or Equal ZF +  XOR( NF, OF )



Compare 1 with negative 7: (+1) - (-7)

0 1 0 0 0 0 1 1

0 0 0 1 0 1 1 0

1 0 0 0
0 1 1 1

1 1 0

• Equal 0

• Not equal  0

• Greater 0  • XNOR( 1, 1 )

• Greater or Equal XNOR( 1, 1 )

• Less XOR( 1, 1 )

• Less or Equal 0 +  XOR( 1, 1 )



Compare 1 with negative 7: (+1) - (-7)

0 1 0 0 0 0 1 1

0 0 0 1 0 1 1 0

1 0 0 0
0 1 1 1

1 1 0

• Equal 0

• Not equal  1

• Greater 1

• Greater or Equal 1

• Less 0

• Less or Equal 0





Compare 3 with 3: (+3) - (+3)

0 0 0 0 1 1 1 1

0 1 0 1 1 0 1 0

0 0 0 0
1 1 1 1

0 0 1

• Equal ZF

• Not equal  ZF

• Greater ZF • XNOR( NF, OF )

• Greater or Equal XNOR( NF, OF )

• Less XOR( NF, OF )

• Less or Equal ZF +  XOR( NF, OF )



Compare 3 with 3: (+3) - (+3)

0 0 0 0 1 1 1 1

0 1 0 1 1 0 1 0

0 0 0 0
1 1 1 1

0 0 1

• Equal 1

• Not equal  1

• Greater 1  • XNOR( 0, 0 )

• Greater or Equal XNOR( 0, 0 )

• Less XOR( 0, 0 )

• Less or Equal 1 +  XOR( 0, 0 )



Compare 3 with 3: (+3) - (+3)

0 0 0 0 1 1 1 1

0 1 0 1 1 0 1 0

0 0 0 0
1 1 1 1

0 0 1

• Equal 1

• Not equal  0

• Greater 0

• Greater or Equal 1

• Less 0

• Less or Equal 1



Comparison of Unsigned Numbers



[ Figure 3.45 from the textbook ]

A four-bit comparator circuit



A four-bit comparator circuit

C
(carry)



A four-bit comparator circuit

C
(carry)

CF OF NF ZF alternative names
for the flags



Comparison of Unsigned Numbers
• Equal

• Not equal  

• Greater

• Greater or Equal

• Less

• Less or Equal



Comparison of Unsigned Numbers
• Equal

• Not equal  

• Greater / Above

• Greater or Equal / Above or Equal       

• Less / Below

• Less or Equal / Below or Equal



Comparison of Unsigned Numbers
• Equal ZF = 1

• Not equal  ZF = 0

• Greater ZF = 0  and  CF = 1

• Greater or Equal CF = 1

• Less CF = 0

• Less or Equal ZF = 1  or  CF = 0



Comparison of Unsigned Numbers
• Equal ZF

• Not equal  ZF

• Greater ZF  •  CF

• Greater or Equal CF

• Less CF

• Less or Equal ZF  +  CF



Comparison of Unsigned Numbers
• Equal ZF

• Not equal  ZF

• Above ZF  •  CF

• Above or Equal CF

• Below CF

• Below or Equal ZF  +  CF



Floating Point Numbers



The story with floats is more complicated
IEEE 754-1985 Standard

[http://en.wikipedia.org/wiki/IEEE_754]



In the example shown above, the sign bit is zero, 
the exponent is 124, and the significand is 1.01   
(in binary, which is 1.25 in decimal). The 
represented number is 

(-1)0� 2(124 - 127) � 1.25 = +0.15625. 

[http://en.wikipedia.org/wiki/IEEE_754]



[Figure 3.37 from the textbook]

Sign

32 bits 

23 bits of mantissa 
excess-127
exponent

8-bit 

52 bits of mantissa 11-bit excess-1023
exponent

64 bits 

Sign

S M 

S M 

(a) Single precision

(b) Double precision

E 

+ 

E 

0 denotes 
–1 denotes 

Float (32-bit) vs. Double (64-bit)



On-line IEEE 754 Converter 

• https://www.h-schmidt.net/FloatConverter/IEEE754.html

https://www.h-schmidt.net/FloatConverter/IEEE754.html


Representing 2.0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 2.0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 2.0

1280 0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 2.0

2(128-127)(-1)0 (1 + 0)

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 2.0

2(128-127)(-1)0 (1 + 0)� � =  2.0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 2.0

21 1.01 � � =  2.0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]





Representing 4.0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 4.0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 4.0

1290 0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 4.0

2(129-127)(-1)0 (1 + 0)� � =  4.0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 4.0

22 1.01 � � =  4.0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]





Representing 8.0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 16.0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing -16.0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 1.0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 3.0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 3.0

1280 0.5

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 3.0

2(128-127)(-1)0 (1 + 0.5)� � =  3.0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 3.0

21 1.51 � � =  3.0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]





Representing 3.5

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 3.5

1280 0.5 + 0.25

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 3.5

2(128-127)(-1)0 (1 + 0.5 + 0.25)� � =  3.5

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 3.5

21 1.751 � � =  3.5

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]





Representing 5.0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 6.0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing -7.0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 0.8

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing 0.8

This decimal number cannot be stored perfectly in this format! 
The bits in the mantissa are periodic and will extend to infinity.
Think of storing 1/3 = 0.33333(3) with fixed number of decimal digits.
This is similar:  0.810 has no finite representation in IEEE 754.



Representing 0.0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing -0.0

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing +Infinity

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing -Infinity

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing NaN

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing NaN

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



Representing NaN

[https://www.h-schmidt.net/FloatConverter/IEEE754.html]



[http://babbage.cs.qc.cuny.edu/IEEE-754.old/References.xhtml]



[Figure 3.37 from the textbook]

Sign
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exponent

64 bits 

Sign

S M 

S M 

(a) Single precision

(b) Double precision

E 

+ 

E 

0 denotes 
–1 denotes 

Float (32-bit) vs. Double (64-bit)



Sample Midterm2 Problem



Sample Midterm2 Problem



Sample Midterm2 Problem



Sample Midterm2 Problem



Some Issues When 
Storing Double Numbers



Memory Analogy

Address 0

Address 1

Address 2

Address 3

Address 4

Address 5

Address 6



Memory Analogy (32 bit architecture)

Address   0

Address   4

Address   8

Address 12

Address 16

Address 20

Address 24



Memory Analogy (32 bit architecture)

Address  0x00

Address  0x04

Address  0x08

Address  0x0C

Address  0x10

Address  0x14

Address  0x18

Hexadecimal

Address  0x0A

Address  0x0D



Storing a Double

Address   0x08

Address   0x0C



Storing 3.14
• 3.14 in binary IEEE-754 double precision (64 bits)

sign         exponent                                       mantissa

0     10000000000  1001000111101011100001010001111010111000010100011111

• In hexadecimal this is (hint: groups of four):

0100 0000 0000 1001 0001 1110 1011 1000 0101 0001 1110 1011 1000 0101 0001 1111

4    0    0    9    1    E    B   8    5    1    E    B   8    5    1    F



Storing 3.14

• So 3.14 in hexadecimal IEEE-754 is  40091EB851EB851F

• This is 64 bits. 

• On a 32 bit architecture there are 2 ways to store this

Small address:          40091EB8                       51EB851F

Large address:          51EB851F                       40091EB8

Big-Endian Little-Endian

Motorola 6800 Intel x86Example CPUs:



Storing 3.14

Address   0x08

Address   0x0C

40      09      1E     B8

51      EB     85      1F

Address   0x08

Address   0x0C 40      09      1E     B8

51      EB     85      1F

Bi
g-
En
di
an

Li
ttl
e-
En
di
an



Storing 3.14 on a Little-Endian Machine
(these are the actual bits that are stored) 

Address   0x08

Address   0x0C

01010001      11101011        10000101        00011111

01000000      00001001        00011110        10111000

Once again, 3.14 in IEEE-754 double precision is:
sign         exponent                                       mantissa

0     10000000000  1001000111101011100001010001111010111000010100011111



They are stored in binary
(the hexadecimals are just for visualization)

Address   0x08

Address   0x0C
4  0        0  9       1  E        B  8

5  1       E  B       8  5        1  F
01010001      11101011        10000101        00011111

01000000      00001001        00011110        10111000



Big-Endian

(8-bit architecture)

(16-bit architecture)

http://en.wikipedia.org/wiki/Endianness



Little Endian

http://en.wikipedia.org/wiki/Endianness

(8-bit architecture)

(16-bit architecture)



Big-Endian/Little-Endian analogy

[image fom http://www.simplylockers.co.uk/images/PLowLocker.gif]



Big-Endian/Little-Endian analogy

[image fom http://www.simplylockers.co.uk/images/PLowLocker.gif]



Big-Endian/Little-Endian analogy

[image fom http://www.simplylockers.co.uk/images/PLowLocker.gif]



What would be printed?

(don�t try this at home)

double pi = 3.14;
printf(�%d�,pi);

• Result: 1374389535

Why?

§ 3.14  = 40091EB851EB851F (in double format)

§ Stored on a little-endian 32-bit architecture 

• 51EB851F (1374389535 in decimal)

• 40091EB8 (1074339512 in decimal)



What would be printed?
(don�t try this at home)

double pi = 3.14;
printf(�%d %d�, pi);

• Result: 1374389535  1074339512 

Why?
§ 3.14  = 40091EB851EB851F (in double format)
§ Stored on a little-endian 32-bit architecture 
• 51EB851F (1374389535 in decimal)
• 40091EB8 (1074339512 in decimal)

• The second %d uses the extra bytes of pi that 
were not printed by the first %d 



What would be printed?
(don�t try this at home)

double a = 2.0;
printf(�%d�,a);

• Result: 0

Why?
§ 2.0  = 40000000 00000000 (in hex IEEE double format)
§ Stored on a little-endian 32-bit architecture 
• 00000000   (0                   in decimal)
• 40000000   (1073741824 in decimal)



What would be printed?
(an even more advanced example)

int a[2];               // defines an int array
a[0]=0;
a[1]=0;
scanf(�%lf�, &a[0]);    // read 64 bits into 32 bits
// The user enters 3.14
printf(�%d %d�, a[0], a[1]);

• Result: 1374389535  1074339512 

Why?
§ 3.14  = 40091EB851EB851F (in double format)
§ Stored on a little-endian 32-bit architecture 

• 51EB851F (1374389535 in decimal)
• 40091EB8 (1074339512 in decimal)

§ The double 3.14 requires 64 bits which are stored in the two 
consecutive 32-bit integers named a[0] and a[1]



Questions?



THE END


