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Recap: Adder and Subtractor Circuits
(4 bit input arguments)




Equality Checker Construction (a?=b)



Equality Checker Construction (a?=b)




Equality Checker Construction (a?=b)

XOR Truth Table:

b 2 b__la___
0 0 0
0 1 1
1 0 1
1 1 0



Equality Checker Construction (a?=b)

XOR Truth Table:
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Inverted equality checker
for 1 bit arguments



Equality Checker Construction (a?=b)
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XOR + NOT Truth Table:
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Equality Checker Construction (a?=b)

XOR + NOT Truth Table:
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Equality Checker Construction (a?=b)




Equality Checker Construction (a?=b)
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Equality Checker Construction (a?=b)

a- \)

b, , i ;
as \ B

b )

a4 A\




Adder (+)

Equality Checker (?=)
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Some Instructions
Implementations



Binary Multiplicators (positive arguments)

1-by-1 bit case:

axXb=c
O0x0=0
1xX0=0
Ox1=0
1x1=1



Binary Multiplicators (positive arguments)

1-by-1 bit case:

axXb=c

O0x0=0

1x0=0 a:.—>c
ox1=0 D

1x1=1
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Binary Multiplicators (positive arguments)

1-by-1 bit case:

axXb=c

0x0 =

1x0=0 a*i:>»c
Ox1=0 b
1x1=1

2-by-1 bits case:
aiag X b = cqcy

aiap X1 =aqag
aiap X 0=200
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Binary Multiplicators (positive arguments)

1-by-1 bit case:

axXb=c

0x0 =

1x0=0 a*i:>»c
Ox1=0 b
1x1=1

2-by-1 bits case:
aiag X b = cqcy
aiap X1 =aqag
aiag X 0 =00

Every bit of a,ay is multiplied
by b:
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Binary Multiplicators

1-by-1 bit case: 2-by-2 bits case:
axXxb=c 11 x11 =1001
0% 0 = a 10 x 01 = 010
1%0=0 }C 00 X 11 = 00
ox1=0 b

1x1=1

2-by-1 bits case:
aiag X b = cqcy
aiap X1 =aqag
aiag X 0 =00

Every bit of a,a is multiplied

by b:
Ao :>—>CO
a1 —|— C
b } !
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Binary Multiplicators

1-by-1 bit case: 2-by-2 bits case:

axb=c 11 X 11 = 1001 4 bits — max. result bitsize
0x0 = . 10 x 01 = 010

1%0=0 —}C 00 X 11 = 00

0x1=0 b

1x1=1

2-by-1 bits case:
aiag X b = cqcy
aiap X1 =aqag
aiag X 0 =00

Every bit of a,a is multiplied

by b:
Ao :>—>CO
a1 —|— C
b } !
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Binary Multiplicators

1-by-1 bit case: 2-by-2 bits case:

axXb=c aiag X b1b0 = €3C€2C1Cy

O0x0= | 11 X 11 = 1001 4 bits — max. result bitsize
1x0=0 b__}c 10 X 01 = 010

Ox1=0 00x 11 =00

1xXx1=1

2-by-1 bits case:
aiag X b = cqcy
aiap X1 =aqag
aiag X 0 =00

Every bit of a,a is multiplied

by b:
Ao :>—>CO
a1 —|— C
b } !
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Binary Multiplicators

1-by-1 bit case: 2-by-2 bits case: a a
aXb=c aiag X blbO = C3C€2C1Cy X bl 0
0%x0= . 11 x 11 = 1001 1 bo
1x0=0 b__}c 10 x 01 = 010

0x1=0 00 x11 =00

1x1=1

2-by-1 bits case:
aiag X b = cqcy

aiap X1 =aqag
aiap X 0=200

Every bit of a,a is multiplied

by b:
Ao :>—>CO
a1 —|— C
b } !
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Binary Multiplicators

1-by-1 bit case: 2-by-2 bits case: T a
axXb=c aiag X b1by = c3c42¢1¢y X bl 0
0% 0= 0 11 x 11 = 1001 1 bo
1x0=0 b—}c 10 x 01 = 010 a;by aghg
O0x1=0 00x 11 =00
1x1=1

2-by-1 bits case:
aiag X b = cqcy

aiap X1 =aqag
aiap X 0=200

Every bit of a,a is multiplied

by b:
Ao :>—>CO
a1 —|— C
b } !




Binary Multiplicators

1-by-1 bit case: 2-by-2 bits case:
axXb=c a1y X blbO = C3C€2C1Cy
O0x0= U 11 x11 =1001
1x0=0 b__}c 10 X 01 = 010
Ox1=0 00x 11 =00

1xXx1=1

2-by-1 bits case:
aiag X b = cqcy

aiap X1 =aqag
aiap X 0=200

Every bit of a,a is multiplied

by b:
Ao :>—>CO
a1 —|— C
b } !

a Qo

by by

n aiby agby
aibq agbq




Binary Multiplicators

1-by-1 bit case: 2-by-2 bits case: T a
axXb=c aiag X blbO = C3C€2C1Cy bl bO
0x0= q 11 x 11 = 1001 L0
1x0=0 b D—»c 10 x 01 =010 N a1bg agbg
0x1=0 T 00 x 11 =00
1x1=1 a1b1 aobl

aoby

2-by-1 bits case:
aiag X b = cqcy
aiap X1 =aqag
aiag X 0 =00

Every bit of a,a is multiplied

by b:
Ao :>—>CO
a1 —|— C
b } !




Binary Multiplicators

1-by-1 bit case:

axXb=c
O0XxX0=

1x0=0
0xXx1=0
1x1=1

2-by-1 bits case:

aiag X b = c1¢g

aiap X1 =aqag

aiap X 0=00

Every bit of a,a is multiplied

by b:
Ao

Da

a1 —|—

D

b

-
b —

Co

C1

2-by-2 bits case:
aiadyp X blbO = (C3(C»(C1Cy

11 X 11 = 1001
10 x 01 = 010

00 x 11 =00

a Qo
X
b4 by
+ a1b0 Ao bO
a1bq agb,

a1b0 + a0b1 aObO




Binary Multiplicators

1-by-1 bit case: 2-by-2 bits case: T g
aXb=c aiadyp X blbO = (C3(C»(C1Cy X bl bO
0% 0= 0 11 x 11 = 1001 S
1x0=0 b D—’C 10 x 01 =010 + a1b0 aobo
0x1=0 a 00 x 11 =00
1 X 1 — 1 a1b1 a0b1

a1b0 + a0b1 aObO
2-by-1 bits case: ;}12“/

aiag X b = c1¢g
aiap X1 =aqag
aiap X 0=200

Every bit of a,a is multiplied

by b:
Ao :>—>CO
a1 —|— C
b } !
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Binary Multiplicators

1-by-1 bit case: 2-by-2 bits case: T a
a X b = C aiadyp X blbO = (C3(C»(C1Cy X bl 0
0% 0= 0 11 x 11 = 1001 1 Do
1x0=0 b__}c 10 x 01 = 010 N a1bg agbg
0x1=0 00x 11 =00
1x1=1 a1b1 aobl

a1b1 a1b0 + a0b1 aobo
2-by-1 bits case: 'Eit/

€12

aiag X b = c1¢g

aiap X1 =aqag
aiap X 0=200

Every bit of a,a is multiplied

by b:
Ao :>—>CO
a1 —|— C
b } !

26



Binary Multiplicators

1-by-1 bit case: 2-by-2 bits case: T a
aXb=c aiadyp X blbO = (C3(C»(C1Cy X bl 0
0% 0= 0 11 x 11 = 1001 1 Do
1x0=0 b__}c 10 x 01 = 010 N a1bg agbg
0x1=0 00x 11 =00
1x1=1 a1b1 aobl

a1b1 a1b0 + a0b1 aobo
2-by-1 bits case: oui .out

€23 €12

aiag X b = c1¢g

aiap X1 =aqag
aiap X 0=200

Every bit of a,a is multiplied

by b:
Ao :>—>CO
a1 —|— C
b } !
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Binary Multiplicators

1-by-1 bit case: 2-by-2 bits case: T a
aXb=c aiadyp X blbO = (C3(C»(C1Cy X bl 0
0% 0= 0 11 x 11 = 1001 1 Do
1x0=0 b__}c 10 x 01 = 010 N a1bg agbg
0x1=0 00x 11 =00
1xXx1=1 a1b1 aobl

Cout Cllbl a1b0 + a0b1 aobo
2-by-1 bits case: O,U\t/ 'Eit/

€23 €12

aiag X b = c1¢g

aiap X1 =aqag
aiap X 0=200

Every bit of a,a is multiplied

by b:
Ao :>—>CO
a1 —|— C
b } !
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Binary Multiplicators

1-by-1 bit case:

axXb=c
O0XxX0=

1x0=0
0xXx1=0
1x1=1

2-by-1 bits case:

aiag X b = c1¢g

aiap X1 =aqag

aiap X 0=00

Every bit of a,a is multiplied

by b:
Ao

Da

a1 —|—

D

b

-
b —

Co

C1

2-by-2 bits case:
aiadyp X blbO — C3C2C1Cy

11 X 11 = 1001
10 x 01 = 010

00 x 11 =00

a; QAo
X
by by
n aiby agby
a;bq aopby
Cout Cllbl a1b0 + a0b1 aobo
__— ~_ 7
out out
€23 €12



Binary Multiplicators

1-by-1 bit case:

aXb=c

0x0 =

1x0=0 a*i:>»c
Ox1=0 b
1x1=1

2-by-1 bits case:
aiag X b = c1¢g
aiap X1 =aqag
aiag X 0 =00

Every bit of a,a is multiplied

by b:
Ao :>—>CO
a1 —|— C
b } !

2-by-2 bits case:
aiadyp X blbO = (C3(C»(C1Cy

11 X 11 = 1001
10 x 01 = 010

00 x 11 =00

a’O i:aob

agb,)
a - _
b(l) I:a1b0>
bl a1b

a; Qo
X
b, b,
n aibg agby
ai1b, agbq
Cout @1b1 aibg + apgby agbg
__— ~_ 7

Cout Cout
23 12
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Binary Multiplicators

1-by-1 bit case:

aXb=c

0x0 =

1x0=0 a*i:>»c
Ox1=0 b
1x1=1

2-by-1 bits case:
aiag X b = c1¢g
aiap X1 =aqag
aiag X 0 =00

Every bit of a,a is multiplied

by b:
Ao :>—>CO
a1 —|— C
b } !

2-by-2 bits case:
aiadyp X blbO = (C3(C»(C1Cy

11 X 11 = 1001
10 x 01 = 010

00 x 11 =00

a’O i:aob

agb,)
a - _
b(l) I:a1b0>
bl a1b

a; Qo

by by

+ a1b0 aobo

ai1b, agbq

Cout @1b1 aibg + apgby agbg
__— ~_ 7
Cout Cout

23 12

<- Partial products

31



Binary Multiplicators

1-by-1 bit case:

aXb=c

0x0 =

1x0=0 a*i:>»c
Ox1=0 b
1x1=1

2-by-1 bits case:

a1aop X b = C1Cp

aiap X1 =aqag
aiap X 0=200

Every bit of a,a is multiplied

by b:
Ao :>—>CO
a1 —|— C
b } !

2-by-2 bits case:
a1ap X b1b0 = (C3(C»(C1Cy

11 X 11 = 1001
10 x 01 = 010

00 x 11 =00

D

agby

bO ]:a1bo

aibq

&

a Qo
X
b4 by
+ a1b0 Ao bO
a1bq agb,

Cout

Cllbl a1b0 + a0b1 aObO

_ — ~~__“

out
C23

Co

out

C12

out
C12

r‘w




Binary Multiplicators

1-by-1 bit case: 2-by-2 bits case: T a
aXxXb=c aiadyp X b1b0 = (C3(C»(C1Cy X ! 0
0% 0= 0 11 x 11 = 1001 b b
1x0=0 b__}c 10 x 01 =010 N a,by agby
O0x1=0 00 x11 =00
1x1=1 a1b1 aobl
Cout @1b1 aibg +apbs agbg
2-by-1 bits case: c"“}/ ;Elt/
aiag X b = c1¢g 2
aiap X 1= a1qp a ! :>_,
0 b C

a,ag X 0 = 00 —t“" ; 0
Every bit of a,a is multiplied @_
by b: Half- — ¢y

o } ¢ g(l) - I':@i Adder

— ciy c,
A1 —|— b @by
b }cl 1 - s = cout
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Ao bO CO
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_\: aobg

aogby

Extension to 4-by-2 Bit Multiplicator Construction

kst

Half- p—
Adder
' I Half-
Adder
5

Cll ao
X
b4 by
ai by agbg
a by agbq
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Ao * i:aobo

aogby

Extension to 4-by-2 Bit Multiplicator Construction

A

Half- p—
Adder
' I Half-
Adder
5

Cll ao
X
b4 by
ai by agbg
a b, agbq
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agbg

aoby

Extension to 4-by-2 Bit Multiplicator Construction

Half-
Adder

out
C12

L[ Hal

Adder
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out]

C23

a; a; Qo
X
by by
azbg a;by agby
aby ab; agby
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Extension to 4-by-2 Bit Multiplicator Construction

Half-
Adder

out
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L[ Hal
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- = — S - S
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out]
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as az a; Qo
X
by by
4+ asbg azby a;by agbg
a3b1 Clzbl Cllbl Clobl

38



o

O

Half-

Adder

Q
=

S
=

out |

C12

)

\ 4 \ 4

I
G

Full-
Adder

out

)&

S

A 4
Full-

\ 2 \ 4

Adder

'_!Q
Ik

C
w
oy
=

4-by-2 Bit Multiplicator Construction
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> 90 Extension to 4-by-4 Bits Multiplicator
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Adder (+)
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r(?=) Some Instructions
Implementations

Multiplicator (*)
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