Today

* Today
— Datapath modules
— Complete processor using gates
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Note that this MUX ALONE selects the bottom value when select line is 0

and TOP value when selectline is 1. The reason is | overlooked it when
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State Machine Controller

Goal: Build everything using only logic gates!




Note that this MUX ALONE selects the bottom value when select line is 0

and TOP value when selectline is 1. The reason is | overlooked it when
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* Memories (PM, RF, RAM) — Frlcay

* Registers — Friday
e MUX (ok!

e ALU

* Incrementor (+1)
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Means wires
A and B are
not connected

Drawing conventions

Means B and C
are copies of A
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Multi-bit gates (NOT)
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Multi-bit gates (AND)
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Other gates
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Multiplexor
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AyB,

8-bit adder!

A, B AgB AsB A3B Az B A B AoBpy Cipy
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AyB,

8-bit adder!
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8-bit adder: example

0 0 01 10 11 0 0 01 10
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Incrementor using “half adder”
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Incrementor
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Note that this MUX ALONE selects the bottom value when select line is 0

and TOP value when selectline is 1. The reason is | overlooked it when
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State Machine Controller
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* Memories (PM, RF, RAM) — Frida

* Registers — Friday
e MUX (done)

e ALU (done)
* Incrementor (done)




Decoder

* Convert n-bit signal into a representation where exactly one-
bit is one.

* N-bit input, 2" bit output
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Decoder
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A[1] A[0] Output

0 0 0 do=1 dO=a[2]’a[1]’a[0]’
0 0 1 di=1 d1=a[2]’a[1]’a[0]
0 1 0 d2=1 d2=a[2]a[1]a[0]
0 1 1 d3=1 d3=a[2]’a[1]a[0]
1 0 0 d4=1 d4=a[2]a[1]’a[0]’
1 0 1 d5=1 d5=a[2]a[1]a[0]
1 1 0 dée=1 dé6=a[2]a[1]a[0]
1 1 1 d7=1 d7=a[2]a[1]a[0]




A[2] A[1] A[0] Output

0 0 0 do=1 d0o=a[2]’a[1] a[O]’ 4o
0 0 1 d1=1 d1=a[2]'a[1]'a[O] —d1
0 1 0 d2=1 d2=a[2]’a[1]a[0]’ 2t 8 :jg
0 1 1 | d3=1 | d3=af2J'a[1]alo] A% | Decoder | —d4
1 0 0 da=1 d4=a[2]a[1]a[0]’ —d5
1 0 1 d5=1 d5=a[2]a[1]'a[0] B 33
1 1 0 d6e=1 dé6=a[2]a[1]a[0]
1 1 1 d7=1 d7=a[2]a[1]a[0]
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Encoder

* Takes a one-hot representation and convert to
unsigned

« 2NV bit input, N-bit output
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We will use encoders and
decoders to build memories
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— Datapath modules
— Complete processor using gates



