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Adder

Subtractor

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



𝒂𝟏
𝒃𝟏

Equality Checker Construction (a?=b)
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𝒂𝟏
𝒃𝟏

Equality Checker Construction (a?=b)
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𝒂𝟏
𝒃𝟏

Equality Checker Construction (a?=b)

a b q

0 0 0

0 1 1

1 0 1

1 1 0

XOR Truth Table:
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𝒂𝟏
𝒃𝟏

Equality Checker Construction (a?=b)

a b q

0 0 0

0 1 1

1 0 1

1 1 0

XOR Truth Table:

Inverted equality checker
for 1 bit arguments
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𝑎"
𝑏"

Equality Checker Construction (a?=b)

a1 b1 q1

0 0 1

0 1 0

1 0 0

1 1 1

XOR + NOT Truth Table:
+ 𝑞"
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𝒂𝟏
𝒃𝟏

Equality Checker Construction (a?=b)

a1 b1 q1

0 0 1

0 1 0

1 0 0

1 1 1

XOR + NOT Truth Table:
𝑞"
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𝑎"
𝑏"

𝒂𝟐
𝒃𝟐

𝒂𝟑
𝒃𝟑

𝒂𝟒
𝒃𝟒

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

𝑎&
𝑏&

𝑎'
𝑏'

𝑎(
𝑏(

𝑞

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

𝑎&
𝑏&

𝑎'
𝑏'

𝑎(
𝑏(

𝑞

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

Subtractor (-)

Some Instructions
Implementations
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Binary Multiplicators (positive arguments)

1-by-1 bit case:
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0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝒂	×	𝒃 = 𝒄



Binary Multiplicators (positive arguments)

0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝑎
𝑏 𝑐

𝒂	×	𝒃 = 𝒄
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1-by-1 bit case:



0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝑎
𝑏 𝑐

𝒂	×	𝒃 = 𝒄

2-by-1 bits case:

𝑎!𝑎"	×	1 = 𝑎!𝑎"
𝒂𝟏𝒂𝟎	×	𝒃 = 𝒄𝟏𝒄𝟎

𝑎!𝑎"	×	0 = 00

Binary Multiplicators (positive arguments)
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1-by-1 bit case:



0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝑎
𝑏 𝑐

𝒂	×	𝒃 = 𝒄

2-by-1 bits case:

𝑎!𝑎"	×	1 = 𝑎!𝑎"
𝒂𝟏𝒂𝟎	×	𝒃 = 𝒄𝟏𝒄𝟎

𝑎!𝑎"	×	0 = 00

Every bit of 𝑎!𝑎" is multiplied
by 𝑏:

𝑎!

𝑏
𝑎"

𝑐!

𝑐"

Binary Multiplicators (positive arguments)
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1-by-1 bit case:



0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝑎
𝑏 𝑐

𝒂	×	𝒃 = 𝒄

2-by-1 bits case:

𝑎!𝑎"	×	1 = 𝑎!𝑎"
𝒂𝟏𝒂𝟎	×	𝒃 = 𝒄𝟏𝒄𝟎

𝑎!𝑎"	×	0 = 00

Every bit of 𝑎%𝑎! is multiplied
by 𝑏:

𝑎!

𝑏
𝑎"

𝑐!

𝑐"

2-by-2 bits case:
11	×	11 = 1001
10	×	01 = 010
00	×	11 = 00

Binary Multiplicators

…
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1-by-1 bit case:



0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝑎
𝑏 𝑐

𝒂	×	𝒃 = 𝒄

2-by-1 bits case:

𝑎!𝑎"	×	1 = 𝑎!𝑎"
𝒂𝟏𝒂𝟎	×	𝒃 = 𝒄𝟏𝒄𝟎

𝑎!𝑎"	×	0 = 00

Every bit of 𝑎%𝑎! is multiplied
by 𝑏:

𝑎!

𝑏
𝑎"

𝑐!

𝑐"

2-by-2 bits case:
𝟏𝟏	×	𝟏𝟏 = 𝟏𝟎𝟎𝟏
10	×	01 = 010
00	×	11 = 00…

4 bits – max. result bitsize
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1-by-1 bit case:

Binary Multiplicators



0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝑎
𝑏 𝑐

𝒂	×	𝒃 = 𝒄

2-by-1 bits case:

𝑎!𝑎"	×	1 = 𝑎!𝑎"
𝒂𝟏𝒂𝟎	×	𝒃 = 𝒄𝟏𝒄𝟎

𝑎!𝑎"	×	0 = 00

Every bit of 𝑎%𝑎! is multiplied
by 𝑏:

𝑎!

𝑏
𝑎"

𝑐!

𝑐"

2-by-2 bits case:
𝒂𝟏𝒂𝟎	×	𝒃𝟏𝒃𝟎 = 𝒄𝟑𝒄𝟐𝒄𝟏𝒄𝟎
11	×	11 = 1001
10	×	01 = 010
00	×	11 = 00…

4 bits – max. result bitsize
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1-by-1 bit case:

Binary Multiplicators



0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝑎
𝑏 𝑐

𝒂	×	𝒃 = 𝒄

2-by-1 bits case:

𝑎!𝑎"	×	1 = 𝑎!𝑎"
𝒂𝟏𝒂𝟎	×	𝒃 = 𝒄𝟏𝒄𝟎

𝑎!𝑎"	×	0 = 00

Every bit of 𝑎%𝑎! is multiplied
by 𝑏:

𝑎!

𝑏
𝑎"

𝑐!

𝑐"

2-by-2 bits case:
𝒂𝟏𝒂𝟎	×	𝒃𝟏𝒃𝟎 = 𝒄𝟑𝒄𝟐𝒄𝟏𝒄𝟎

𝒂𝟏	 𝒂𝟎
×

𝒃𝟎𝒃𝟏11	×	11 = 1001
10	×	01 = 010
00	×	11 = 00…
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1-by-1 bit case:

Binary Multiplicators



0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝑎
𝑏 𝑐

𝒂	×	𝒃 = 𝒄

2-by-1 bits case:

𝑎!𝑎"	×	1 = 𝑎!𝑎"
𝒂𝟏𝒂𝟎	×	𝒃 = 𝒄𝟏𝒄𝟎

𝑎!𝑎"	×	0 = 00

Every bit of 𝑎%𝑎! is multiplied
by 𝑏:

𝑎!

𝑏
𝑎"

𝑐!

𝑐"

2-by-2 bits case:
𝒂𝟏𝒂𝟎	×	𝒃𝟏𝒃𝟎 = 𝒄𝟑𝒄𝟐𝒄𝟏𝒄𝟎

𝑎!	 𝑎"
×

𝒂𝟎𝒃𝟎𝒂𝟏𝒃𝟎

𝒃𝟎𝑏!11	×	11 = 1001
10	×	01 = 010
00	×	11 = 00…
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1-by-1 bit case:

Binary Multiplicators



0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝑎
𝑏 𝑐

𝒂	×	𝒃 = 𝒄

2-by-1 bits case:

𝑎!𝑎"	×	1 = 𝑎!𝑎"
𝒂𝟏𝒂𝟎	×	𝒃 = 𝒄𝟏𝒄𝟎

𝑎!𝑎"	×	0 = 00

Every bit of 𝑎%𝑎! is multiplied
by 𝑏:

𝑎!

𝑏
𝑎"

𝑐!

𝑐"

2-by-2 bits case:
𝒂𝟏𝒂𝟎	×	𝒃𝟏𝒃𝟎 = 𝒄𝟑𝒄𝟐𝒄𝟏𝒄𝟎

𝑎!	 𝑎"
×

𝑎"𝑏"𝑎!𝑏"
𝒂𝟎𝒃𝟏𝒂𝟏𝒃𝟏

+

𝑏"𝒃𝟏11	×	11 = 1001
10	×	01 = 010
00	×	11 = 00…
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1-by-1 bit case:

Binary Multiplicators



0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝑎
𝑏 𝑐

𝒂	×	𝒃 = 𝒄

2-by-1 bits case:

𝑎!𝑎"	×	1 = 𝑎!𝑎"
𝒂𝟏𝒂𝟎	×	𝒃 = 𝒄𝟏𝒄𝟎

𝑎!𝑎"	×	0 = 00

Every bit of 𝑎%𝑎! is multiplied
by 𝑏:

𝑎!

𝑏
𝑎"

𝑐!

𝑐"

2-by-2 bits case:
𝒂𝟏𝒂𝟎	×	𝒃𝟏𝒃𝟎 = 𝒄𝟑𝒄𝟐𝒄𝟏𝒄𝟎

𝑎!	 𝑎"
×

𝒂𝟎𝒃𝟎𝑎!𝑏"
𝑎"𝑏!𝑎!𝑏!

+

𝒂𝟎𝒃𝟎

𝑏"𝑏!11	×	11 = 1001
10	×	01 = 010
00	×	11 = 00…
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1-by-1 bit case:

Binary Multiplicators



0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝑎
𝑏 𝑐

𝑎	×	𝑏 = 𝑐

2-by-1 bits case:

𝑎!𝑎"	×	1 = 𝑎!𝑎"
𝑎!𝑎"	×	𝑏 = 𝑐!𝑐"

𝑎!𝑎"	×	0 = 00

Every bit of 𝑎%𝑎! is multiplied
by 𝑏:

𝑎!

𝑏
𝑎"

𝑐!

𝑐"

2-by-2 bits case:
𝑎!𝑎"	×	𝑏!𝑏" = 𝑐(𝑐%𝑐!𝑐"

𝑎!	 𝑎"
×

𝑎"𝑏"𝒂𝟏𝒃𝟎
𝒂𝟎𝒃𝟏𝑎!𝑏!

+

𝑎"𝑏"𝒂𝟏𝒃𝟎 + 𝒂𝟎𝒃𝟏

𝑏"𝑏!11	×	11 = 1001
10	×	01 = 010
00	×	11 = 00…
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1-by-1 bit case:

Binary Multiplicators



0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝑎
𝑏 𝑐

𝑎	×	𝑏 = 𝑐

2-by-1 bits case:

𝑎!𝑎"	×	1 = 𝑎!𝑎"
𝑎!𝑎"	×	𝑏 = 𝑐!𝑐"

𝑎!𝑎"	×	0 = 00

Every bit of 𝑎%𝑎! is multiplied
by 𝑏:

𝑎!

𝑏
𝑎"

𝑐!

𝑐"

2-by-2 bits case:
𝑎!𝑎"	×	𝑏!𝑏" = 𝑐(𝑐%𝑐!𝑐"

𝑎!	 𝑎"
×

𝑎"𝑏"𝒂𝟏𝒃𝟎
𝒂𝟎𝒃𝟏𝑎!𝑏!

+

𝑎"𝑏"𝒂𝟏𝒃𝟎 + 𝒂𝟎𝒃𝟏

𝑏"𝑏!11	×	11 = 1001
10	×	01 = 010
00	×	11 = 00…

𝒄𝟏𝟐𝐨𝐮𝐭	
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1-by-1 bit case:

Binary Multiplicators



0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝑎
𝑏 𝑐

𝑎	×	𝑏 = 𝑐

2-by-1 bits case:

𝑎!𝑎"	×	1 = 𝑎!𝑎"
𝑎!𝑎"	×	𝑏 = 𝑐!𝑐"

𝑎!𝑎"	×	0 = 00

Every bit of 𝑎%𝑎! is multiplied
by 𝑏:

𝑎!

𝑏
𝑎"

𝑐!

𝑐"

2-by-2 bits case:
𝑎!𝑎"	×	𝑏!𝑏" = 𝑐(𝑐%𝑐!𝑐"

𝑎!	 𝑎"
×

𝑎"𝑏"𝑎!𝑏"
𝑎"𝑏!𝒂𝟏𝒃𝟏

+

𝑎"𝑏"𝑎!𝑏" + 𝑎"𝑏!𝒂𝟏𝒃𝟏

𝑏"𝑏!11	×	11 = 1001
10	×	01 = 010
00	×	11 = 00…

𝑐!%-./	
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1-by-1 bit case:

Binary Multiplicators



0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝑎
𝑏 𝑐

𝑎	×	𝑏 = 𝑐

2-by-1 bits case:

𝑎!𝑎"	×	1 = 𝑎!𝑎"
𝑎!𝑎"	×	𝑏 = 𝑐!𝑐"

𝑎!𝑎"	×	0 = 00

Every bit of 𝑎%𝑎! is multiplied
by 𝑏:

𝑎!

𝑏
𝑎"

𝑐!

𝑐"

2-by-2 bits case:
𝑎!𝑎"	×	𝑏!𝑏" = 𝑐(𝑐%𝑐!𝑐"

𝑎!	 𝑎"
×

𝑎"𝑏"𝑎!𝑏"
𝑎"𝑏!𝒂𝟏𝒃𝟏

+

𝑎"𝑏"𝑎!𝑏" + 𝑎"𝑏!𝒂𝟏𝒃𝟏

𝑏"𝑏!11	×	11 = 1001
10	×	01 = 010
00	×	11 = 00…

𝑐!%-./	𝒄𝟐𝟑𝐨𝐮𝐭	
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1-by-1 bit case:

Binary Multiplicators



0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝑎
𝑏 𝑐

𝑎	×	𝑏 = 𝑐

2-by-1 bits case:

𝑎!𝑎"	×	1 = 𝑎!𝑎"
𝑎!𝑎"	×	𝑏 = 𝑐!𝑐"

𝑎!𝑎"	×	0 = 00

Every bit of 𝑎%𝑎! is multiplied
by 𝑏:

𝑎!

𝑏
𝑎"

𝑐!

𝑐"

2-by-2 bits case:
𝑎!𝑎"	×	𝑏!𝑏" = 𝑐(𝑐%𝑐!𝑐"

𝑎!	 𝑎"
×

𝑎"𝑏"𝑎!𝑏"
𝑎"𝑏!𝑎!𝑏!

+

𝑎"𝑏"𝑎!𝑏" + 𝑎"𝑏!𝑎!𝑏!

𝑏"𝑏!11	×	11 = 1001
10	×	01 = 010
00	×	11 = 00…

𝑐!%-./	𝒄𝟐𝟑𝐨𝐮𝐭	

𝒄out
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1-by-1 bit case:

Binary Multiplicators



0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝑎
𝑏 𝑐

𝑎	×	𝑏 = 𝑐

2-by-1 bits case:

𝑎!𝑎"	×	1 = 𝑎!𝑎"
𝑎!𝑎"	×	𝑏 = 𝑐!𝑐"

𝑎!𝑎"	×	0 = 00

Every bit of 𝑎%𝑎! is multiplied
by 𝑏:

𝑎!

𝑏
𝑎"

𝑐!

𝑐"

2-by-2 bits case:
𝑎!𝑎"	×	𝑏!𝑏" = 𝒄𝟑𝒄𝟐𝒄𝟏𝒄𝟎

𝑎!	 𝑎"
×

𝑎"𝑏"𝑎!𝑏"
𝑎"𝑏!𝑎!𝑏!

+

𝒂𝟎𝒃𝟎𝒂𝟏𝒃𝟎 + 𝒂𝟎𝒃𝟏𝒂𝟏𝒃𝟏

𝑏"𝑏!11	×	11 = 1001
10	×	01 = 010
00	×	11 = 00…

𝑐!%-./	𝒄𝟐𝟑𝐨𝐮𝐭	

𝒄out
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1-by-1 bit case:

Binary Multiplicators



0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝑎
𝑏 𝑐

𝑎	×	𝑏 = 𝑐

2-by-1 bits case:

𝑎!𝑎"	×	1 = 𝑎!𝑎"
𝑎!𝑎"	×	𝑏 = 𝑐!𝑐"

𝑎!𝑎"	×	0 = 00

Every bit of 𝑎%𝑎! is multiplied
by 𝑏:

𝑎!

𝑏
𝑎"

𝑐!

𝑐"

2-by-2 bits case:
𝑎!𝑎"	×	𝑏!𝑏" = 𝑐(𝑐%𝑐!𝑐"

𝑎!	 𝑎"
×

𝒂𝟎𝒃𝟎𝒂𝟏𝒃𝟎
𝒂𝟎𝒃𝟏𝒂𝟏𝒃𝟏

+

𝑎"𝑏"𝑎!𝑏" + 𝑎"𝑏!𝑎!𝑏!𝑐out

𝑏"𝑏!11	×	11 = 1001
10	×	01 = 010
00	×	11 = 00

𝑎!

𝑏"

𝑎"𝑏!

𝒂𝟎𝒃𝟎

𝒂𝟎𝒃𝟏

𝒂𝟏𝒃𝟎

𝒂𝟏𝒃𝟏

𝑐!%-./	𝑐%(-./	

…
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1-by-1 bit case:

Binary Multiplicators



0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝑎
𝑏 𝑐

𝑎	×	𝑏 = 𝑐

2-by-1 bits case:

𝑎!𝑎"	×	1 = 𝑎!𝑎"
𝑎!𝑎"	×	𝑏 = 𝑐!𝑐"

𝑎!𝑎"	×	0 = 00

Every bit of 𝑎%𝑎! is multiplied
by 𝑏:

𝑎!

𝑏
𝑎"

𝑐!

𝑐"

2-by-2 bits case:
𝑎!𝑎"	×	𝑏!𝑏" = 𝑐(𝑐%𝑐!𝑐"

𝑎!	 𝑎"
×

𝒂𝟎𝒃𝟎𝒂𝟏𝒃𝟎
𝒂𝟎𝒃𝟏𝒂𝟏𝒃𝟏

+

𝑎"𝑏"𝑎!𝑏" + 𝑎"𝑏!𝑎!𝑏!𝑐out

𝑏"𝑏!11	×	11 = 1001
10	×	01 = 010
00	×	11 = 00

𝑎!

𝑏"

𝑎"𝑏!

𝒂𝟎𝒃𝟎

𝒂𝟎𝒃𝟏

𝒂𝟏𝒃𝟎

𝒂𝟏𝒃𝟏

𝑐!%-./	𝑐%(-./	

…

<- Partial products
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1-by-1 bit case:

Binary Multiplicators



0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝑎
𝑏 𝑐

𝑎	×	𝑏 = 𝑐

2-by-1 bits case:

𝑎!𝑎"	×	1 = 𝑎!𝑎"
𝑎!𝑎"	×	𝑏 = 𝑐!𝑐"

𝑎!𝑎"	×	0 = 00

Every bit of 𝑎%𝑎! is multiplied
by 𝑏:

𝑎!

𝑏
𝑎"

𝑐!

𝑐"

2-by-2 bits case:
𝑎!𝑎"	×	𝑏!𝑏" = 𝑐(𝑐%𝑐!𝑐"

𝑎!	 𝑎"
×

𝑎"𝑏"𝒂𝟏𝒃𝟎
𝒂𝟎𝒃𝟏𝑎!𝑏!

+

𝑎"𝑏"𝒂𝟏𝒃𝟎 + 𝒂𝟎𝒃𝟏𝑎!𝑏!𝑐out

𝑏"𝑏!11	×	11 = 1001
10	×	01 = 010
00	×	11 = 00

𝑎!

𝑏"

𝑎"

𝑐!

𝑐"
𝑏!

𝑎#𝑏#

𝑎#𝑏$

𝑎$𝑏#

𝑎$𝑏$

Half-
Adder

𝒄𝟏𝟐𝐨𝐮𝐭	𝑐%(-./	

𝑐$%&'(	

…
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1-by-1 bit case:

Binary Multiplicators



𝒄𝟐𝟑𝐨𝐮𝐭	

0	×	0 = 0
1	×	0 = 0
0	×	1 = 0
1	×	1 = 1

𝑎
𝑏 𝑐

𝑎	×	𝑏 = 𝑐

2-by-1 bits case:

𝑎!𝑎"	×	1 = 𝑎!𝑎"
𝑎!𝑎"	×	𝑏 = 𝑐!𝑐"

𝑎!𝑎"	×	0 = 00

Every bit of 𝑎%𝑎! is multiplied
by 𝑏:

𝑎!

𝑏
𝑎"

𝑐!

𝑐"

2-by-2 bits case:
𝑎!𝑎"	×	𝑏!𝑏" = 𝑐(𝑐%𝑐!𝑐"

𝑎!	 𝑎"
×

𝑎"𝑏"𝑎!𝑏"
𝑎"𝑏!𝒂𝟏𝒃𝟏

+

𝑎"𝑏"𝑎!𝑏" + 𝑎"𝑏!𝒂𝟏𝒃𝟏𝑐out

𝑏"𝑏!11	×	11 = 1001
10	×	01 = 010
00	×	11 = 00

𝑎!

𝑏"

𝑎"

𝑐!

𝑐"
𝑏!

𝑎#𝑏#

𝑎#𝑏$

𝑎$𝑏#

𝑎$𝑏$

Half-
Adder

𝑐)
𝑐* = 𝑐out

𝒄𝟏𝟐𝐨𝐮𝐭	𝒄𝟐𝟑𝐨𝐮𝐭	

𝒄𝟏𝟐𝐨𝐮𝐭	 Half-
Adder

…
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1-by-1 bit case:

Binary Multiplicators



𝒄𝟐𝟑𝐨𝐮𝐭	

𝑎!

𝑏"

𝑎"

𝑐!

𝑐"
𝑏!

𝑎#𝑏#

𝑎#𝑏$

𝑎$𝑏#

𝑎$𝑏$

Half-
Adder

𝑐)
𝑐* = 𝑐out

𝒄𝟏𝟐𝐨𝐮𝐭	 Half-
Adder

34



𝑐%/&'(	

𝑎!

𝑏"

𝑎"𝑏!

𝑎#𝑏#

𝑎#𝑏$

𝑎$𝑏#

𝑎$𝑏$

Half-
Adder
𝑐$%&'(	 Half-

Adder

𝑎!	 𝑎"
×

𝑎"𝑏"𝑎!𝑏"
𝑎"𝑏!𝑎!𝑏!

+

𝑏"𝑏!

Extension to 4-by-2 Bit Multiplicator Construction
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𝑐%/&'(	

𝑎!

𝑎"

𝑎#𝑏#

𝑎#𝑏$

𝑎$𝑏#

𝑎$𝑏$

Half-
Adder
𝑐$%&'(	 Half-

Adder

𝑏"

𝑏!

𝑎!	 𝑎"
×

𝑎"𝑏"𝑎!𝑏"+

𝑏"𝑏!

𝑎"𝑏!𝑎!𝑏!

Extension to 4-by-2 Bit Multiplicator Construction
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𝑐%/&'(	

𝑎!

𝑏"

𝑎"

𝑏!

Half-
Adder
𝑐$%&'(	 Half-

Adder

𝒂𝟐 𝑎%𝑏#

𝑎%𝑏$

𝑎!	 𝑎"
×

𝑎"𝑏"𝑎!𝑏"+

𝑏"𝑏!

𝒂𝟐

𝒂𝟐𝒃𝟎
𝑎"𝑏!𝑎!𝑏!𝒂𝟐𝒃𝟏

𝑎#𝑏#

𝑎#𝑏$

𝑎$𝑏#

𝑎$𝑏$
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Extension to 4-by-2 Bit Multiplicator Construction



𝑐%/&'(	

𝑎!

𝑏"

𝑎"

𝑏!

Half-
Adder
𝑐$%&'(	 Half-

Adder

𝑎)

𝒂𝟑 𝑎/𝑏#

𝑎/𝑏$

𝑎!	 𝑎"
×

𝑎"𝑏"𝑎!𝑏"+

𝑏"𝑏!

𝑎%

𝑎%𝑏"
𝑎"𝑏!𝑎!𝑏!𝑎%𝑏!

𝒂𝟑

𝒂𝟑𝒃𝟏

𝒂𝟑𝒃𝟎

𝑎#𝑏#

𝑎#𝑏$

𝑎$𝑏#

𝑎$𝑏$

𝑎%𝑏#

𝑎%𝑏$
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Extension to 4-by-2 Bit Multiplicator Construction



𝑐%/&'(	

𝑎!

𝑏"

𝑎"

𝑏!

𝑎#𝑏#

𝑎#𝑏$

𝑎$𝑏#

𝑎$𝑏$

Half-
Adder
𝑐$%&'(	

𝑎) 𝑎%𝑏#

𝑎%𝑏$

𝑎* 𝑎/𝑏#

𝑎/𝑏$

×

𝑎"𝑏"𝑎!𝑏"+

𝑏"𝑏!

𝑎%

𝑎%𝑏"
𝑎"𝑏!𝑎!𝑏!𝑎%𝑏!

𝑎(

𝑎(𝑏!

𝑎(𝑏"

4-by-2 Bit Multiplicator Construction

𝑎"𝑏"
𝑎"𝑏!
+𝑎!𝑏"

Full-
Adder

𝑐!

𝑐"

𝑎! 𝑎"

𝑐)

𝑐/0&'(	

Full-
Adder 𝑐*

𝑎(𝑏!𝑐out

Half-
Adder 𝑐-

𝑐! = 𝑐out
𝑐01&'(	

𝑎!𝑏!
+𝑎%𝑏"

𝑎%𝑏!
+𝑎(𝑏"

𝑐!

𝑐01&'(	

𝑐"𝑐)𝑐*𝑐-𝑐.

𝑐$%&'(	𝑐%/&'(	𝑐/0&'(	
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Extension to 4-by-4 Bits Multiplicator𝑎"

𝑎!

𝑎%

𝑎(

𝑏"
𝑏!
𝑏%
𝑏(

𝑞"

Half-
Adder 𝑞!𝑎!𝑏" + 𝑎"𝑏!

𝑞%

𝑎!𝑏# + 𝑎"𝑏"

𝑎!𝑏# + 𝑎"𝑏" + 𝑎#𝑏!

𝑎!𝑏$ + 𝑎"𝑏# 𝑎!𝑏$ + 𝑎"𝑏# + 𝑎$𝑏!

𝑞(𝑎!𝑏$ + 𝑎"𝑏# + 𝑎#𝑏" +𝑎$𝑏!

𝑎"𝑏$ + 𝑎$𝑏"
𝑎!𝑏$ + 𝑎"𝑏# + 𝑎$𝑏! 𝑎!𝑏$ + 𝑎"𝑏# + 𝑎$𝑏!

𝑞0

Full-
Adder Half-

Adder

Full-
Adder

Full-
Adder

𝑎"𝑏$

𝑎"𝑏#

𝑎"𝑏"
𝑎"𝑏!

𝑎#𝑏$

𝑎#𝑏#

𝑎#𝑏"
𝑎#𝑏!

Half-
Adder

Full-
Adder

Half-
Adder

Full-
Adder

𝑎!𝑏$

𝑎!𝑏#

𝑎!𝑏"
𝑎!𝑏!

𝑎$𝑏# + 𝑎#𝑏$
Full-
Adder Full-

Adder

𝑎$𝑏# + 𝑎#𝑏$

𝑞1

𝑎$𝑏$

𝑎$𝑏#

𝑎$𝑏!
𝑎$𝑏"

Full-
Adder 𝑞2

𝑞3
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Multiplicator (*)

Equality Checker (?=)Adder (+)

Subtractor (-)

Some Instructions
Implementations


