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Arithmetic Logic Unit (ALU): Basic Organization
Case of 4 instructions: “+”, “-”, “*”, “==”
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Binary Multiplicators (positive arguments)

0 ×  𝟎𝟎 = 𝟎𝟎
1 ×  𝟎𝟎 = 𝟎𝟎
𝟎𝟎 ×  1 = 𝟎𝟎
𝟏𝟏 ×  1 = 𝟏𝟏

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐
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Binary Multiplicators (positive arguments)

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐



1
0

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐

2-by-1 bits case:

𝑎𝑎1𝑎𝑎0  ×  1 = 𝑎𝑎1𝑎𝑎0
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏 = 𝑐𝑐1𝑐𝑐0

𝑎𝑎1𝑎𝑎0  ×  0 = 00

Binary Multiplicators (positive arguments)



1
1

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐

2-by-1 bits case:

𝒂𝒂𝟏𝟏𝒂𝒂𝟎𝟎  ×  1 = 𝒂𝒂𝟏𝟏𝒂𝒂𝟎𝟎
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏 = 𝑐𝑐1𝑐𝑐0

𝑎𝑎1𝑎𝑎0  ×  𝟎𝟎 = 𝟎𝟎𝟎𝟎

Binary Multiplicators (positive arguments)



1
2

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐

2-by-1 bits case:

𝑎𝑎1𝑎𝑎0  ×  1 = 𝑎𝑎1𝑎𝑎0
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏 = 𝑐𝑐1𝑐𝑐0

𝑎𝑎1𝑎𝑎0  ×  0 = 00

Every bit of 𝑎𝑎2𝑎𝑎1 is multiplied
by 𝑏𝑏:

𝑎𝑎0

𝑏𝑏
𝑎𝑎1

𝑐𝑐0

𝑐𝑐1

Binary Multiplicators (positive arguments)
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3

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐

2-by-1 bits case:

𝑎𝑎1𝑎𝑎0  ×  1 = 𝑎𝑎1𝑎𝑎0
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏 = 𝑐𝑐1𝑐𝑐0

𝑎𝑎1𝑎𝑎0  ×  0 = 00

Every bit of 𝑎𝑎2𝑎𝑎1 is multiplied
by 𝑏𝑏:

𝑎𝑎0

𝑏𝑏
𝑎𝑎1

𝑐𝑐0

𝑐𝑐1

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

Binary Multiplicators (positive arguments)

…
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4

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐

2-by-1 bits case:

𝑎𝑎1𝑎𝑎0  ×  1 = 𝑎𝑎1𝑎𝑎0
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏 = 𝑐𝑐1𝑐𝑐0

𝑎𝑎1𝑎𝑎0  ×  0 = 00

Every bit of 𝑎𝑎2𝑎𝑎1 is multiplied
by 𝑏𝑏:

𝑎𝑎0

𝑏𝑏
𝑎𝑎1

𝑐𝑐0

𝑐𝑐1

2-by-2 bits case:
𝟏𝟏𝟏𝟏 ×  𝟏𝟏𝟏𝟏 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏
10 ×  01 = 010
00 ×  11 = 00

Binary Multiplicators (positive arguments)

…

4 bits – max. result bitsize
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5

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐

2-by-1 bits case:

𝑎𝑎1𝑎𝑎0  ×  1 = 𝑎𝑎1𝑎𝑎0
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏 = 𝑐𝑐1𝑐𝑐0

𝑎𝑎1𝑎𝑎0  ×  0 = 00

Every bit of 𝑎𝑎2𝑎𝑎1 is multiplied
by 𝑏𝑏:

𝑎𝑎0

𝑏𝑏
𝑎𝑎1

𝑐𝑐0

𝑐𝑐1

2-by-2 bits case:
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏1𝑏𝑏0 = 𝒄𝒄𝟑𝟑𝒄𝒄𝟐𝟐𝒄𝒄𝟏𝟏𝒄𝒄𝟎𝟎
11 ×  11 = 1001
10 ×  01 = 010
00 ×  11 = 00

Binary Multiplicators (positive arguments)

…

4 bits – max. result bitsize
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6

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐

2-by-1 bits case:

𝑎𝑎1𝑎𝑎0  ×  1 = 𝑎𝑎1𝑎𝑎0
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏 = 𝑐𝑐1𝑐𝑐0

𝑎𝑎1𝑎𝑎0  ×  0 = 00

Every bit of 𝑎𝑎2𝑎𝑎1 is multiplied
by 𝑏𝑏:

𝑎𝑎0

𝑏𝑏
𝑎𝑎1

𝑐𝑐0

𝑐𝑐1

2-by-2 bits case:
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏1𝑏𝑏0 = 𝑐𝑐3𝑐𝑐2𝑐𝑐1𝑐𝑐0

𝒂𝒂𝟏𝟏 𝒂𝒂𝟎𝟎
×

𝒃𝒃𝟎𝟎𝒃𝒃𝟏𝟏11 ×  11 = 1001
10 ×  01 = 010
00 ×  11 = 00

Binary Multiplicators (positive arguments)

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐

2-by-1 bits case:

𝑎𝑎1𝑎𝑎0  ×  1 = 𝑎𝑎1𝑎𝑎0
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏 = 𝑐𝑐1𝑐𝑐0

𝑎𝑎1𝑎𝑎0  ×  0 = 00

Every bit of 𝑎𝑎2𝑎𝑎1 is multiplied
by 𝑏𝑏:

𝑎𝑎0

𝑏𝑏
𝑎𝑎1

𝑐𝑐0

𝑐𝑐1

2-by-2 bits case:
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏1𝑏𝑏0 = 𝑐𝑐3𝑐𝑐2𝑐𝑐1𝑐𝑐0

𝑎𝑎1 𝑎𝑎0
×

𝒂𝒂𝟎𝟎𝒃𝒃𝟎𝟎𝒂𝒂𝟏𝟏𝒃𝒃𝟎𝟎

𝒃𝒃𝟎𝟎𝑏𝑏111 ×  11 = 1001
10 ×  01 = 010
00 ×  11 = 00

Binary Multiplicators (positive arguments)

…



1
8

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐

2-by-1 bits case:

𝑎𝑎1𝑎𝑎0  ×  1 = 𝑎𝑎1𝑎𝑎0
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏 = 𝑐𝑐1𝑐𝑐0

𝑎𝑎1𝑎𝑎0  ×  0 = 00

Every bit of 𝑎𝑎2𝑎𝑎1 is multiplied
by 𝑏𝑏:

𝑎𝑎0

𝑏𝑏
𝑎𝑎1

𝑐𝑐0

𝑐𝑐1

2-by-2 bits case:
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏1𝑏𝑏0 = 𝑐𝑐3𝑐𝑐2𝑐𝑐1𝑐𝑐0

𝑎𝑎1 𝑎𝑎0
×

𝑎𝑎0𝑏𝑏0𝑎𝑎1𝑏𝑏0
𝒂𝒂𝟎𝟎𝒃𝒃𝟏𝟏𝒂𝒂𝟏𝟏𝒃𝒃𝟏𝟏

+

𝑏𝑏0𝒃𝒃𝟏𝟏11 ×  11 = 1001
10 ×  01 = 010
00 ×  11 = 00

Binary Multiplicators (positive arguments)

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐

2-by-1 bits case:

𝑎𝑎1𝑎𝑎0  ×  1 = 𝑎𝑎1𝑎𝑎0
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏 = 𝑐𝑐1𝑐𝑐0

𝑎𝑎1𝑎𝑎0  ×  0 = 00

Every bit of 𝑎𝑎2𝑎𝑎1 is multiplied
by 𝑏𝑏:

𝑎𝑎0

𝑏𝑏
𝑎𝑎1

𝑐𝑐0

𝑐𝑐1

2-by-2 bits case:
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏1𝑏𝑏0 = 𝑐𝑐3𝑐𝑐2𝑐𝑐1𝑐𝑐0

𝑎𝑎1 𝑎𝑎0
×

𝒂𝒂𝟎𝟎𝒃𝒃𝟎𝟎𝑎𝑎1𝑏𝑏0
𝑎𝑎0𝑏𝑏1𝑎𝑎1𝑏𝑏1

+

𝒂𝒂𝟎𝟎𝒃𝒃𝟎𝟎

𝑏𝑏0𝑏𝑏111 ×  11 = 1001
10 ×  01 = 010
00 ×  11 = 00

Binary Multiplicators (positive arguments)

…



2
0

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐

2-by-1 bits case:

𝑎𝑎1𝑎𝑎0  ×  1 = 𝑎𝑎1𝑎𝑎0
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏 = 𝑐𝑐1𝑐𝑐0

𝑎𝑎1𝑎𝑎0  ×  0 = 00

Every bit of 𝑎𝑎2𝑎𝑎1 is multiplied
by 𝑏𝑏:

𝑎𝑎0

𝑏𝑏
𝑎𝑎1

𝑐𝑐0

𝑐𝑐1

2-by-2 bits case:
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏1𝑏𝑏0 = 𝑐𝑐3𝑐𝑐2𝑐𝑐1𝑐𝑐0

𝑎𝑎1 𝑎𝑎0
×

𝑎𝑎0𝑏𝑏0𝒂𝒂𝟏𝟏𝒃𝒃𝟎𝟎
𝒂𝒂𝟎𝟎𝒃𝒃𝟏𝟏𝑎𝑎1𝑏𝑏1

+

𝑎𝑎0𝑏𝑏0𝒂𝒂𝟏𝟏𝒃𝒃𝟎𝟎 + 𝒂𝒂𝟏𝟏𝒃𝒃𝟎𝟎

𝑏𝑏0𝑏𝑏111 ×  11 = 1001
10 ×  01 = 010
00 ×  11 = 00

Binary Multiplicators (positive arguments)

…



2
1

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐

2-by-1 bits case:

𝑎𝑎1𝑎𝑎0  ×  1 = 𝑎𝑎1𝑎𝑎0
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏 = 𝑐𝑐1𝑐𝑐0

𝑎𝑎1𝑎𝑎0  ×  0 = 00

Every bit of 𝑎𝑎2𝑎𝑎1 is multiplied
by 𝑏𝑏:

𝑎𝑎0

𝑏𝑏
𝑎𝑎1

𝑐𝑐0

𝑐𝑐1

2-by-2 bits case:
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏1𝑏𝑏0 = 𝑐𝑐3𝑐𝑐2𝑐𝑐1𝑐𝑐0

𝑎𝑎1 𝑎𝑎0
×

𝑎𝑎0𝑏𝑏0𝒂𝒂𝟏𝟏𝒃𝒃𝟎𝟎
𝒂𝒂𝟎𝟎𝒃𝒃𝟏𝟏𝑎𝑎1𝑏𝑏1

+

𝑎𝑎0𝑏𝑏0𝒂𝒂𝟏𝟏𝒃𝒃𝟎𝟎 + 𝒂𝒂𝟏𝟏𝒃𝒃𝟎𝟎

𝑏𝑏0𝑏𝑏111 ×  11 = 1001
10 ×  01 = 010
00 ×  11 = 00

Binary Multiplicators (positive arguments)

…

𝒄𝒄𝟏𝟏𝟏𝟏𝐨𝐨𝐨𝐨𝐨𝐨 



2
2

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐

2-by-1 bits case:

𝑎𝑎1𝑎𝑎0  ×  1 = 𝑎𝑎1𝑎𝑎0
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏 = 𝑐𝑐1𝑐𝑐0

𝑎𝑎1𝑎𝑎0  ×  0 = 00

Every bit of 𝑎𝑎2𝑎𝑎1 is multiplied
by 𝑏𝑏:

𝑎𝑎0

𝑏𝑏
𝑎𝑎1

𝑐𝑐0

𝑐𝑐1

2-by-2 bits case:
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏1𝑏𝑏0 = 𝑐𝑐3𝑐𝑐2𝑐𝑐1𝑐𝑐0

𝑎𝑎1 𝑎𝑎0
×

𝑎𝑎0𝑏𝑏0𝑎𝑎1𝑏𝑏0
𝑎𝑎0𝑏𝑏1𝒂𝒂𝟏𝟏𝒃𝒃𝟏𝟏

+

𝑎𝑎0𝑏𝑏0𝑎𝑎1𝑏𝑏0 + 𝑎𝑎1𝑏𝑏0𝒂𝒂𝟏𝟏𝒃𝒃𝟏𝟏

𝑏𝑏0𝑏𝑏111 ×  11 = 1001
10 ×  01 = 010
00 ×  11 = 00

Binary Multiplicators (positive arguments)

…

𝑐𝑐12out 



2
3

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐

2-by-1 bits case:

𝑎𝑎1𝑎𝑎0  ×  1 = 𝑎𝑎1𝑎𝑎0
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏 = 𝑐𝑐1𝑐𝑐0

𝑎𝑎1𝑎𝑎0  ×  0 = 00

Every bit of 𝑎𝑎2𝑎𝑎1 is multiplied
by 𝑏𝑏:

𝑎𝑎0

𝑏𝑏
𝑎𝑎1

𝑐𝑐0

𝑐𝑐1

2-by-2 bits case:
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏1𝑏𝑏0 = 𝑐𝑐3𝑐𝑐2𝑐𝑐1𝑐𝑐0

𝑎𝑎1 𝑎𝑎0
×

𝑎𝑎0𝑏𝑏0𝑎𝑎1𝑏𝑏0
𝑎𝑎0𝑏𝑏1𝒂𝒂𝟏𝟏𝒃𝒃𝟏𝟏

+

𝑎𝑎0𝑏𝑏0𝑎𝑎1𝑏𝑏0 + 𝑎𝑎1𝑏𝑏0𝒂𝒂𝟏𝟏𝒃𝒃𝟏𝟏

𝑏𝑏0𝑏𝑏111 ×  11 = 1001
10 ×  01 = 010
00 ×  11 = 00

Binary Multiplicators (positive arguments)

…

𝑐𝑐12out 𝒄𝒄𝟐𝟐𝟐𝟐𝐨𝐨𝐨𝐨𝐨𝐨 



2
4

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐

2-by-1 bits case:

𝑎𝑎1𝑎𝑎0  ×  1 = 𝑎𝑎1𝑎𝑎0
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏 = 𝑐𝑐1𝑐𝑐0

𝑎𝑎1𝑎𝑎0  ×  0 = 00

Every bit of 𝑎𝑎2𝑎𝑎1 is multiplied
by 𝑏𝑏:

𝑎𝑎0

𝑏𝑏
𝑎𝑎1

𝑐𝑐0

𝑐𝑐1

2-by-2 bits case:
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏1𝑏𝑏0 = 𝑐𝑐3𝑐𝑐2𝑐𝑐1𝑐𝑐0

𝑎𝑎1 𝑎𝑎0
×

𝑎𝑎0𝑏𝑏0𝑎𝑎1𝑏𝑏0
𝑎𝑎0𝑏𝑏1𝑎𝑎1𝑏𝑏1

+

𝑎𝑎0𝑏𝑏0𝑎𝑎1𝑏𝑏0 + 𝑎𝑎1𝑏𝑏0𝑎𝑎1𝑏𝑏1

𝑏𝑏0𝑏𝑏111 ×  11 = 1001
10 ×  01 = 010
00 ×  11 = 00

Binary Multiplicators (positive arguments)

…

𝑐𝑐12out 𝒄𝒄𝟐𝟐𝟐𝟐𝐨𝐨𝐨𝐨𝐨𝐨 

𝒄𝒄out



2
5

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐

2-by-1 bits case:

𝑎𝑎1𝑎𝑎0  ×  1 = 𝑎𝑎1𝑎𝑎0
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏 = 𝑐𝑐1𝑐𝑐0

𝑎𝑎1𝑎𝑎0  ×  0 = 00

Every bit of 𝑎𝑎2𝑎𝑎1 is multiplied
by 𝑏𝑏:

𝑎𝑎0

𝑏𝑏
𝑎𝑎1

𝑐𝑐0

𝑐𝑐1

2-by-2 bits case:
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏1𝑏𝑏0 = 𝒄𝒄𝟑𝟑𝒄𝒄𝟐𝟐𝒄𝒄𝟏𝟏𝒄𝒄𝟎𝟎

𝑎𝑎1 𝑎𝑎0
×

𝑎𝑎0𝑏𝑏0𝑎𝑎1𝑏𝑏0
𝑎𝑎0𝑏𝑏1𝑎𝑎1𝑏𝑏1

+

𝒂𝒂𝟎𝟎𝒃𝒃𝟎𝟎𝒂𝒂𝟏𝟏𝒃𝒃𝟎𝟎 + 𝒂𝒂𝟏𝟏𝒃𝒃𝟎𝟎𝒂𝒂𝟏𝟏𝒃𝒃𝟏𝟏

𝑏𝑏0𝑏𝑏111 ×  11 = 1001
10 ×  01 = 010
00 ×  11 = 00

Binary Multiplicators (positive arguments)

…

𝑐𝑐12out 𝒄𝒄𝟐𝟐𝟐𝟐𝐨𝐨𝐨𝐨𝐨𝐨 

𝒄𝒄out



2
6

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐

2-by-1 bits case:

𝑎𝑎1𝑎𝑎0  ×  1 = 𝑎𝑎1𝑎𝑎0
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏 = 𝑐𝑐1𝑐𝑐0

𝑎𝑎1𝑎𝑎0  ×  0 = 00

Every bit of 𝑎𝑎2𝑎𝑎1 is multiplied
by 𝑏𝑏:

𝑎𝑎0

𝑏𝑏
𝑎𝑎1

𝑐𝑐0

𝑐𝑐1

2-by-2 bits case:
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏1𝑏𝑏0 = 𝑐𝑐3𝑐𝑐2𝑐𝑐1𝑐𝑐0

𝑎𝑎1 𝑎𝑎0
×

𝒂𝒂𝟎𝟎𝒃𝒃𝟎𝟎𝒂𝒂𝟏𝟏𝒃𝒃𝟎𝟎
𝒂𝒂𝟎𝟎𝒃𝒃𝟏𝟏𝒂𝒂𝟏𝟏𝒃𝒃𝟏𝟏

+

𝑎𝑎0𝑏𝑏0𝑎𝑎1𝑏𝑏0 + 𝑎𝑎1𝑏𝑏0𝑎𝑎1𝑏𝑏1𝑐𝑐out

𝑏𝑏0𝑏𝑏111 ×  11 = 1001
10 ×  01 = 010
00 ×  11 = 00

𝑎𝑎0

𝑏𝑏1

𝑎𝑎1𝑏𝑏0

𝒂𝒂𝟎𝟎𝒃𝒃𝟎𝟎

𝒂𝒂𝟎𝟎𝒃𝒃𝟏𝟏

𝒂𝒂𝟏𝟏𝒃𝒃𝟎𝟎

𝒂𝒂𝟏𝟏𝒃𝒃𝟏𝟏

𝑐𝑐12out 𝑐𝑐23out 

Binary Multiplicators (positive arguments)

…



2
7

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐

2-by-1 bits case:

𝑎𝑎1𝑎𝑎0  ×  1 = 𝑎𝑎1𝑎𝑎0
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏 = 𝑐𝑐1𝑐𝑐0

𝑎𝑎1𝑎𝑎0  ×  0 = 00

Every bit of 𝑎𝑎2𝑎𝑎1 is multiplied
by 𝑏𝑏:

𝑎𝑎0

𝑏𝑏
𝑎𝑎1

𝑐𝑐0

𝑐𝑐1

2-by-2 bits case:
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏1𝑏𝑏0 = 𝑐𝑐3𝑐𝑐2𝑐𝑐1𝑐𝑐0

𝑎𝑎1 𝑎𝑎0
×

𝒂𝒂𝟎𝟎𝒃𝒃𝟎𝟎𝒂𝒂𝟏𝟏𝒃𝒃𝟎𝟎
𝒂𝒂𝟎𝟎𝒃𝒃𝟏𝟏𝒂𝒂𝟏𝟏𝒃𝒃𝟏𝟏

+

𝑎𝑎0𝑏𝑏0𝑎𝑎1𝑏𝑏0 + 𝑎𝑎1𝑏𝑏0𝑎𝑎1𝑏𝑏1𝑐𝑐out

𝑏𝑏0𝑏𝑏111 ×  11 = 1001
10 ×  01 = 010
00 ×  11 = 00

𝑎𝑎0

𝑏𝑏1

𝑎𝑎1𝑏𝑏0

𝒂𝒂𝟎𝟎𝒃𝒃𝟎𝟎

𝒂𝒂𝟎𝟎𝒃𝒃𝟏𝟏

𝒂𝒂𝟏𝟏𝒃𝒃𝟎𝟎

𝒂𝒂𝟏𝟏𝒃𝒃𝟏𝟏

𝑐𝑐12out 𝑐𝑐23out 

Binary Multiplicators (positive arguments)

…

<- Partial products



2
8

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐

2-by-1 bits case:

𝑎𝑎1𝑎𝑎0  ×  1 = 𝑎𝑎1𝑎𝑎0
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏 = 𝑐𝑐1𝑐𝑐0

𝑎𝑎1𝑎𝑎0  ×  0 = 00

Every bit of 𝑎𝑎2𝑎𝑎1 is multiplied
by 𝑏𝑏:

𝑎𝑎0

𝑏𝑏
𝑎𝑎1

𝑐𝑐0

𝑐𝑐1

2-by-2 bits case:
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏1𝑏𝑏0 = 𝑐𝑐3𝑐𝑐2𝑐𝑐1𝑐𝑐0

𝑎𝑎1 𝑎𝑎0
×

𝑎𝑎0𝑏𝑏0𝒂𝒂𝟏𝟏𝒃𝒃𝟎𝟎
𝒂𝒂𝟎𝟎𝒃𝒃𝟏𝟏𝑎𝑎1𝑏𝑏1

+

𝑎𝑎0𝑏𝑏0𝒂𝒂𝟏𝟏𝒃𝒃𝟎𝟎 + 𝒂𝒂𝟏𝟏𝒃𝒃𝟎𝟎𝑎𝑎1𝑏𝑏1𝑐𝑐out

𝑏𝑏0𝑏𝑏111 ×  11 = 1001
10 ×  01 = 010
00 ×  11 = 00

𝑎𝑎0

𝑏𝑏1

𝑎𝑎1

𝑐𝑐0

𝑐𝑐1
𝑏𝑏0

𝑎𝑎0𝑏𝑏0

𝑎𝑎0𝑏𝑏1

𝑎𝑎1𝑏𝑏0

𝑎𝑎1𝑏𝑏1

Half-
Adder

𝒄𝒄𝟏𝟏𝟏𝟏𝐨𝐨𝐨𝐨𝐨𝐨 𝑐𝑐23out 

𝑐𝑐12out 

Binary Multiplicators (positive arguments)

…



𝒄𝒄𝟐𝟐𝟐𝟐𝐨𝐨𝐨𝐨𝐨𝐨 2
9

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

𝑎𝑎
𝑏𝑏 𝑐𝑐

Single bits case:
𝑎𝑎 ×  𝑏𝑏 = 𝑐𝑐

2-by-1 bits case:

𝑎𝑎1𝑎𝑎0  ×  1 = 𝑎𝑎1𝑎𝑎0
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏 = 𝑐𝑐1𝑐𝑐0

𝑎𝑎1𝑎𝑎0  ×  0 = 00

Every bit of 𝑎𝑎2𝑎𝑎1 is multiplied
by 𝑏𝑏:

𝑎𝑎0

𝑏𝑏
𝑎𝑎1

𝑐𝑐0

𝑐𝑐1

2-by-2 bits case:
𝑎𝑎1𝑎𝑎0  ×  𝑏𝑏1𝑏𝑏0 = 𝑐𝑐3𝑐𝑐2𝑐𝑐1𝑐𝑐0

𝑎𝑎1 𝑎𝑎0
×

𝑎𝑎0𝑏𝑏0𝑎𝑎1𝑏𝑏0
𝑎𝑎0𝑏𝑏1𝒂𝒂𝟏𝟏𝒃𝒃𝟏𝟏

+

𝑎𝑎0𝑏𝑏0𝑎𝑎1𝑏𝑏0 + 𝑎𝑎1𝑏𝑏0𝒂𝒂𝟏𝟏𝒃𝒃𝟏𝟏𝑐𝑐out

𝑏𝑏0𝑏𝑏111 ×  11 = 1001
10 ×  01 = 010
00 ×  11 = 00

𝑎𝑎0

𝑏𝑏1

𝑎𝑎1

𝑐𝑐0

𝑐𝑐1
𝑏𝑏0

𝑎𝑎0𝑏𝑏0

𝑎𝑎0𝑏𝑏1

𝑎𝑎1𝑏𝑏0

𝑎𝑎1𝑏𝑏1

Half-
Adder

𝑐𝑐2
𝑐𝑐3 = 𝑐𝑐out

𝒄𝒄𝟏𝟏𝟏𝟏𝐨𝐨𝐨𝐨𝐨𝐨 𝒄𝒄𝟐𝟐𝟐𝟐𝐨𝐨𝐨𝐨𝐨𝐨 

𝒄𝒄𝟏𝟏𝟏𝟏𝐨𝐨𝐨𝐨𝐨𝐨 Half-
Adder

Binary Multiplicators (positive arguments)

…



𝑐𝑐23out 

3
0

𝑎𝑎0

𝑏𝑏1

𝑎𝑎1𝑏𝑏0

𝑎𝑎0𝑏𝑏0

𝑎𝑎0𝑏𝑏1

𝑎𝑎1𝑏𝑏0

𝑎𝑎1𝑏𝑏1

Half-
Adder
𝑐𝑐12out Half-

Adder

𝑎𝑎1 𝑎𝑎0
×

𝑎𝑎0𝑏𝑏0𝑎𝑎1𝑏𝑏0
𝑎𝑎0𝑏𝑏1𝑎𝑎1𝑏𝑏1

+

𝑏𝑏0𝑏𝑏1

4-by-2 Bit Multiplicator Construction



𝑐𝑐23out 

3
1

𝑎𝑎0

𝑎𝑎1

𝑎𝑎0𝑏𝑏0

𝑎𝑎0𝑏𝑏1

𝑎𝑎1𝑏𝑏0

𝑎𝑎1𝑏𝑏1

Half-
Adder
𝑐𝑐12out Half-

Adder

𝑏𝑏1

𝑏𝑏0

𝑎𝑎1 𝑎𝑎0
×

𝑎𝑎0𝑏𝑏0𝑎𝑎1𝑏𝑏0+

𝑏𝑏0𝑏𝑏1

𝑎𝑎0𝑏𝑏1𝑎𝑎1𝑏𝑏1

4-by-2 Bit Multiplicator Construction



𝑐𝑐23out 

3
2

𝑎𝑎0

𝑏𝑏1

𝑎𝑎1

𝑏𝑏0

Half-
Adder
𝑐𝑐12out Half-

Adder

𝒂𝒂𝟐𝟐 𝑎𝑎2𝑏𝑏0

𝑎𝑎2𝑏𝑏1

𝑎𝑎1 𝑎𝑎0
×

𝑎𝑎0𝑏𝑏0𝑎𝑎1𝑏𝑏0+

𝑏𝑏0𝑏𝑏1

𝒂𝒂𝟐𝟐

𝒂𝒂𝟐𝟐𝒃𝒃𝟎𝟎
𝑎𝑎0𝑏𝑏1𝑎𝑎1𝑏𝑏1𝒂𝒂𝟐𝟐𝒃𝒃𝟏𝟏

𝑎𝑎0𝑏𝑏0

𝑎𝑎0𝑏𝑏1

𝑎𝑎1𝑏𝑏0

𝑎𝑎1𝑏𝑏1

4-by-2 Bit Multiplicator Construction



𝑐𝑐23out 

3
3

𝑎𝑎0

𝑏𝑏1

𝑎𝑎1

𝑏𝑏0

Half-
Adder
𝑐𝑐12out Half-

Adder

𝑎𝑎2

𝒂𝒂𝟑𝟑 𝑎𝑎3𝑏𝑏0

𝑎𝑎3𝑏𝑏1

𝑎𝑎1 𝑎𝑎0
×

𝑎𝑎0𝑏𝑏0𝑎𝑎1𝑏𝑏0+

𝑏𝑏0𝑏𝑏1

𝑎𝑎2

𝑎𝑎2𝑏𝑏0
𝑎𝑎0𝑏𝑏1𝑎𝑎1𝑏𝑏1𝑎𝑎2𝑏𝑏1

𝒂𝒂𝟑𝟑

𝒂𝒂𝟑𝟑𝒃𝒃𝟏𝟏

𝒂𝒂𝟑𝟑𝒃𝒃𝟎𝟎

𝑎𝑎0𝑏𝑏0

𝑎𝑎0𝑏𝑏1

𝑎𝑎1𝑏𝑏0

𝑎𝑎1𝑏𝑏1

𝑎𝑎2𝑏𝑏0

𝑎𝑎2𝑏𝑏1

4-by-2 Bit Multiplicator Construction



𝑐𝑐23out 

3
4

𝑎𝑎0

𝑏𝑏1

𝑎𝑎1

𝑏𝑏0

𝑎𝑎0𝑏𝑏0

𝑎𝑎0𝑏𝑏1

𝑎𝑎1𝑏𝑏0

𝑎𝑎1𝑏𝑏1

Half-
Adder
𝑐𝑐12out 

𝑎𝑎2 𝑎𝑎2𝑏𝑏0

𝑎𝑎2𝑏𝑏1

𝑎𝑎3 𝑎𝑎3𝑏𝑏0

𝑎𝑎3𝑏𝑏1

×

𝑎𝑎0𝑏𝑏0𝑎𝑎1𝑏𝑏0+

𝑏𝑏0𝑏𝑏1

𝑎𝑎2

𝑎𝑎2𝑏𝑏0
𝑎𝑎0𝑏𝑏1𝑎𝑎1𝑏𝑏1𝑎𝑎2𝑏𝑏1

𝑎𝑎3

𝑎𝑎3𝑏𝑏1

𝑎𝑎3𝑏𝑏0

4-by-2 Bit Multiplicator Construction

𝑎𝑎0𝑏𝑏0
𝑎𝑎0𝑏𝑏1
+𝑎𝑎1𝑏𝑏0

Full-
Adder

𝑐𝑐0

𝑐𝑐1

𝑎𝑎1 𝑎𝑎0

𝑐𝑐2

𝑐𝑐34out 

Full-
Adder 𝑐𝑐3

𝑎𝑎3𝑏𝑏1𝑐𝑐out

Half-
Adder 𝑐𝑐4

𝑐𝑐5 = 𝑐𝑐out
𝑐𝑐45out 

𝑎𝑎1𝑏𝑏1
+𝑎𝑎2𝑏𝑏0

𝑎𝑎2𝑏𝑏1
+𝑎𝑎3𝑏𝑏0

𝑐𝑐0

𝑐𝑐45out 

𝑐𝑐1𝑐𝑐2𝑐𝑐3𝑐𝑐4𝑐𝑐5

𝑐𝑐12out 𝑐𝑐23out 𝑐𝑐34out 
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4-by-4 Bits Multiplicator𝑎𝑎0

𝑎𝑎1

𝑎𝑎2

𝑎𝑎3

𝑏𝑏0
𝑏𝑏1
𝑏𝑏2
𝑏𝑏3

𝑞𝑞0

Half-
Adder

𝑞𝑞1𝑎𝑎0𝑏𝑏1 + 𝑎𝑎1𝑏𝑏0

𝑞𝑞2

𝑎𝑎0𝑏𝑏2 + 𝑎𝑎1𝑏𝑏1

𝑎𝑎0𝑏𝑏2 + 𝑎𝑎1𝑏𝑏1 + 𝑎𝑎2𝑏𝑏0

𝑎𝑎0𝑏𝑏3 + 𝑎𝑎1𝑏𝑏2 𝑎𝑎0𝑏𝑏3 + 𝑎𝑎1𝑏𝑏2 + 𝑎𝑎3𝑏𝑏0

𝑞𝑞3𝑎𝑎0𝑏𝑏3 + 𝑎𝑎1𝑏𝑏2 + 𝑎𝑎2𝑏𝑏1 +𝑎𝑎3𝑏𝑏0

𝑎𝑎1𝑏𝑏3 + 𝑎𝑎3𝑏𝑏1
𝑎𝑎0𝑏𝑏3 + 𝑎𝑎1𝑏𝑏2 + 𝑎𝑎3𝑏𝑏0 𝑎𝑎0𝑏𝑏3 + 𝑎𝑎1𝑏𝑏2 + 𝑎𝑎3𝑏𝑏0

𝑞𝑞4

Full-
Adder Half-

Adder

Full-
Adder

Full-
Adder

𝑎𝑎1𝑏𝑏3

𝑎𝑎1𝑏𝑏2

𝑎𝑎1𝑏𝑏1
𝑎𝑎1𝑏𝑏0

𝑎𝑎2𝑏𝑏3

𝑎𝑎2𝑏𝑏2

𝑎𝑎2𝑏𝑏1
𝑎𝑎2𝑏𝑏0

Half-
Adder

Full-
Adder

Half-
Adder

Full-
Adder

𝑎𝑎0𝑏𝑏3

𝑎𝑎0𝑏𝑏2

𝑎𝑎0𝑏𝑏1
𝑎𝑎0𝑏𝑏0

𝑎𝑎3𝑏𝑏2 + 𝑎𝑎2𝑏𝑏3
Full-

Adder Full-
Adder

𝑎𝑎3𝑏𝑏2 + 𝑎𝑎2𝑏𝑏3

𝑞𝑞5

𝑎𝑎3𝑏𝑏3

𝑎𝑎3𝑏𝑏2

𝑎𝑎3𝑏𝑏0
𝑎𝑎3𝑏𝑏1

Full-
Adder 𝑞𝑞6

𝑞𝑞7



Arg. 1

Arg. 2

Result of “+”

Result of “-”

Result of “*”

Result of “/”

𝑄𝑄
MUX

Opcode

36

Arithmetic Logic Unit (ALU): Basic Organization
Case of 4 instructions: “+”, “-”, “*”, “==”
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4-by-4 Bits Equality Checker
(“==” Operator)
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