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Comparators

Comparing a natural number to a constant : =

aaaa0000aaaa1111aaaa2222aaaa3333aaaa4444aaaa5555aaaa6666aaaa7777

Let consider a natural number aaaa coded on 8 

bits using Natural Binary Code

00000000000000000000000000000000
= ?

0 / 10 / 10 / 10 / 1
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Comparators

Boolean function

Null = 1 Null = 1 Null = 1 Null = 1 if

aaaa7 7 7 7 .... aaaa6 6 6 6 .... aaaa5 5 5 5 .... aaaa4 4 4 4 .... aaaa3 3 3 3 .... aaaa2 2 2 2 .... aaaa1 1 1 1 .... aaaa0 0 0 0 = 1= 1= 1= 1

Null = aNull = aNull = aNull = a7 7 7 7 ++++ aaaa6 6 6 6 ++++ aaaa5 5 5 5 ++++ aaaa4 4 4 4 + a+ a+ a+ a3 3 3 3 ++++ aaaa2 2 2 2 ++++ aaaa1 1 1 1 ++++ aaaa0000

Comparing a natural number to zero : =
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Comparators

Implementation

aaaa7777
aaaa6666
aaaa5555
aaaa4444

aaaa3333
aaaa2222

aaaa1111
aaaa0000

NullNullNullNull

Null = aNull = aNull = aNull = a7 7 7 7 ++++ aaaa6 6 6 6 ++++ aaaa5 5 5 5 ++++ aaaa4 4 4 4 + a+ a+ a+ a3 3 3 3 ++++ aaaa2 2 2 2 ++++ aaaa1 1 1 1 ++++ aaaa0000

Comparing a natural number to zero : =
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Comparators

Implementation

aaaa7777
aaaa6666
aaaa5555
aaaa4444

aaaa3333
aaaa2222

aaaa1111
aaaa0000

Area ∝ n Delay ∝ n

NullNullNullNull

Comparing a natural number to zero : =
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Comparators

Implementation improvement

aaaa7777
aaaa6666
aaaa5555
aaaa4444
aaaa3333
aaaa2222
aaaa1111
aaaa0000

NullNullNullNull

Comparing a natural number to zero : =

Null = aNull = aNull = aNull = a7 7 7 7 ++++ aaaa6 6 6 6 ++++ aaaa5 5 5 5 ++++ aaaa4 4 4 4 + a+ a+ a+ a3 3 3 3 ++++ aaaa2 2 2 2 ++++ aaaa1 1 1 1 ++++ aaaa0000
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Comparators

Implementation improvement

aaaa7777
aaaa6666
aaaa5555
aaaa4444
aaaa3333
aaaa2222
aaaa1111
aaaa0000

Area ∝ n Delay ∝ log(n)

NullNullNullNull

Comparing a natural number to zero : =
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Comparators

Comparing two natural numbers : =

aaaa0000aaaa1111aaaa2222aaaa3333aaaa4444aaaa5555aaaa6666aaaa7777

Let consider two natural numbers aaaa and bbbb
coded on 8 bits using Natural Binary Code

bbbb0000bbbb1111bbbb2222bbbb3333bbbb4444bbbb5555bbbb6666bbbb7777
= ?

0 / 10 / 10 / 10 / 1
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Comparators

Boolean function

a Equal b a Equal b a Equal b a Equal b if : aaaa7777=b=b=b=b7777 and aaaa6666=b=b=b=b6666 and ............ and aaaa0000=b=b=b=b0000

a Equal b a Equal b a Equal b a Equal b if : (aaaa7777⊕⊕⊕⊕bbbb7777) .... ………… .... (aaaa0000⊕⊕⊕⊕bbbb0000) = 1= 1= 1= 1

Equal =Equal =Equal =Equal = (aaaa7777⊕⊕⊕⊕bbbb7777) ++++ ………… ++++ (aaaa0000⊕⊕⊕⊕bbbb0000)

Comparing two natural numbers : =

Equal =Equal =Equal =Equal = (   eeee7    7    7    7    ) ++++ ………… ++++ (    eeee0    0    0    0    )
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eeee4444

eeee2222

eeee0000

eeee6666
eeee5555

eeee3333

eeee1111

eeee7777

Comparators

Implementation

bbbb7777
aaaa7777

bbbb6666
aaaa6666bbbb5555

aaaa5555
bbbb4444
aaaa4444bbbb3333

aaaa3333 bbbb2222
aaaa2222bbbb1111

aaaa1111 bbbb0000
aaaa0000

Area ∝ n Delay ∝ log(n)

Comparing two natural numbers : =
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Comparators

Comparing two natural numbers : <

aaaa0000aaaa1111aaaa2222aaaa3333aaaa4444aaaa5555aaaa6666aaaa7777

Let consider two natural numbers aaaa and bbbb
coded on 8 bits using Natural Binary Code

bbbb0000bbbb1111bbbb2222bbbb3333bbbb4444bbbb5555bbbb6666bbbb7777
< ?

0 / 10 / 10 / 10 / 1
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Comparators

Comparing two natural numbers : <

aaaa0000aaaa1111aaaa2222aaaa3333aaaa4444aaaa5555aaaa6666aaaa7777

bbbb0000bbbb1111bbbb2222bbbb3333bbbb4444bbbb5555bbbb6666bbbb7777
< ?

0 / 10 / 10 / 10 / 1

a < b a < b a < b a < b if : aaaa7777<b<b<b<b7777 or (aaaa7777=b=b=b=b7777 and (aaaa6666<b<b<b<b6666 or (aaaa6666=b=b=b=b6666 and ............ )))

Boolean function
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Comparators

Boolean function

a < b a < b a < b a < b if : aaaa7777<b<b<b<b7777 or (aaaa7777=b=b=b=b7777 and (aaaa6666<b<b<b<b6666 or (aaaa6666=b=b=b=b6666 and ............ )))

a < b a < b a < b a < b if : aaaa7777bbbb7 7 7 7 ++++ ((aaaa7777⊕⊕⊕⊕bbbb7777) . (aaaa6666bbbb6 6 6 6 ++++ ((aaaa6666⊕⊕⊕⊕bbbb6666).………… )))

Comparing two natural numbers : <
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Comparators

Implementation

aaaa0 0 0 0 ,b,b,b,b0000
aaaa1 1 1 1 ,b,b,b,b1111

aaaa2 2 2 2 ,b,b,b,b2222
aaaa3 3 3 3 ,b,b,b,b3333

aaaa4 4 4 4 ,b,b,b,b4444
aaaa5 5 5 5 ,b,b,b,b5555

aaaa6 6 6 6 ,b,b,b,b6666
aaaa7 7 7 7 ,b,b,b,b7777

Area ∝ n Delay ∝ n
0000

Comparing two natural numbers : <

lllli+1 = i+1 = i+1 = i+1 = aaaaiiiibbbbi i i i ++++ (aaaaiiii⊕⊕⊕⊕bbbbiiii) . lllliiiibbbbiiii
aaaaiiii

lllliiii
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Comparators

Implementation Improvement

a < b a < b a < b a < b if : aaaa7777<b<b<b<b7777 or (aaaa7777=b=b=b=b7777 and (aaaa6666<b<b<b<b6666 or (aaaa6666=b=b=b=b6666 and ............ )))

a < b a < b a < b a < b if : aaaa7777bbbb7 7 7 7 ++++ ((aaaa7777⊕⊕⊕⊕bbbb7777) . (aaaa6666bbbb6 6 6 6 ++++ ((aaaa6666⊕⊕⊕⊕bbbb6666).………… )))

Propagation

Generation

Comparing two natural numbers : <

aaaaiiiibbbbi  i  i  i  +  +  +  +  (aaaaiiii⊕⊕⊕⊕bbbbiiii) . lllliiii



Pirouz Bazargan Sabet February 2010Digital Design

Comparators

Implementation Improvement

aaaaiiiibbbbiiii

GGGGiiiiPPPPiiii

PPPPi i i i GGGGiiii

GGGGi    i    i    i    ==== aaaaiiii bbbbiiii
PPPPi    i    i    i    ==== aaaaiiii ⊕⊕⊕⊕ bbbbiiii PPPPi+1, i  i+1, i  i+1, i  i+1, i  ==== PPPPiiii .... PPPPi+1i+1i+1i+1

GGGGi+1, i i+1, i i+1, i i+1, i ==== GGGGi+1 i+1 i+1 i+1 + GGGGiiii....PPPPi+1i+1i+1i+1

PPPPi+1 i+1 i+1 i+1 ,G,G,G,Gi+1i+1i+1i+1

GGGGi+1,ii+1,ii+1,ii+1,iPPPPi+1,ii+1,ii+1,ii+1,i

PPPP GGGG

PPPPi i i i ,G,G,G,Giiii

Comparing two natural numbers : <
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bbbb0000

PPPPi i i i GGGGiiii

aaaa0000

PPPPi i i i GGGGiiiiPPPPi i i i GGGGiiiiPPPPi i i i GGGGiiiiPPPPi i i i GGGGiiiiPPPPi i i i GGGGiiiiPPPPi i i i GGGGiiii PPPPi i i i GGGGiiii

bbbb1111 aaaa1111bbbb2222 aaaa2222bbbb3333 aaaa3333bbbb4444 aaaa4444bbbb5555 aaaa5555bbbb6666 aaaa6666bbbb7777 aaaa7777

PPPP GGGGPPPP GGGGPPPP GGGGPPPP GGGG

PPPP GGGG PPPP GGGG

Comparators

PPPP GGGG

LLLL 0000
LessLessLessLess ==== GGGG + P.l+ P.l+ P.l+ P.l0000

llll0000 = 0= 0= 0= 0 Area ∝ n Delay ∝ log(n)
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bbbb0000

PPPPi i i i GGGGiiii

aaaa0000

PPPPi i i i GGGGiiiiPPPPi i i i GGGGiiiiPPPPi i i i GGGGiiiiPPPPi i i i GGGGiiiiPPPPi i i i GGGGiiiiPPPPi i i i GGGGiiii PPPPi i i i GGGGiiii

bbbb1111 aaaa1111bbbb2222 aaaa2222bbbb3333 aaaa3333bbbb4444 aaaa4444bbbb5555 aaaa5555bbbb6666 aaaa6666bbbb7777 aaaa7777

PPPP GGGGPPPP GGGGPPPP GGGGPPPP GGGG

PPPP GGGG PPPP GGGG

Comparators

PPPP GGGG

LLLL
LessLessLessLess ==== GGGG + P.l+ P.l+ P.l+ P.l0000

a LessOrEqual ba LessOrEqual ba LessOrEqual ba LessOrEqual b0000
llll0000= 0= 0= 0= 0

1111
llll0000 = 1= 1= 1= 1


