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1. From Logic Gates to Finite-State Machines

1. From Logic Gates to Finite-State Machines

Truth Table
S
S — S1 So Sl,next SO,next Y
1,next \ 5 5 . . -
N
g 0 1 1 0 0
SO next — DC 1 0 1 1 0
4 1 1 0 0 1
Y

Implicit-Clock Simulation Table

Assume all flip-flops are reset to zero.

S1 S0 Stnext Somext Y
0 0 0 1 0
0 1 1 0 0
1 0 1 1 0
1 1 0 0 1
0 0 0 1 0
0 1 1 0 0
1 0 1 1 0
1 1 0 0 1
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1. From Logic Gates to Finite-State Machines
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Truth Table
S S A Stnext Somext Y
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
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2. Finite-State Machines 2.1. FSM Abstraction Triangle

2. Finite-State Machines
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S > Logic
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—  Output y
A > Logic
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e Finite state machines (FSM) are abstractions for
sequential gate-level networks

— Finite number of inputs (A)

Finite number of outputs (Y)

Finite number of states (S)

— Designated reset state

FSM next-state equation (Spext (S, A))
FSM output equation (Y (S) or Y(S, A))

e Two kinds of FSMs

— Moore FSMs: Outputs only depend on current state (Y (S))
— Mealy FSMs: Outputs depend on current state and inputs (Y (S, A))

e FSMs can be represented using:

— FSM diagrams
— FSM next state and output tables (i.e., truth tables)
— FSM next state and output equations
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2. Finite-State Machines 2.1. FSM Abstraction Triangle

2.1. FSM Abstraction Triangle

Diagrams Next State & Output  Next State & Output
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2. Finite-State Machines 2.2. Moore FSMs

2.2. Moore FSMs

FSM Diagram

FSM Next State and Output Table FSM Implicit-Clock
Simulation Table

S5 S A Stnext Somext Y

o o S A Swa Y
o1 0 o0 o0l 0
0 1 0 0
0 1 1 !
1 0 0 0
1 0 1 0
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0
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2. Finite-State Machines 2.2. Moore FSMs

FSM Next State and Output Equations

5150 5150 5150

AN 00 01 11 10 AN\ 00 01 11 10 AN\ _00 01 11 10
0 0 0

1 1 1

FSM Sequential Gate-Level Network
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2. Finite-State Machines 2.2. Moore FSMs

Implement the following FSM at the gate level.

FSM Next State and Output Table

S1 So A Stuext Somext Y
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
What does this FSM do? 1 0 1
1 1 0
1 1 1
5:Sg 5:Sg 5:Sy
AN_00 01 11 10 AN_00 01 11 10 AN_00 01 11 10
0 0 0
1 1 1
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2.3. Mealy FSMs

2.3. Mealy FSMs

FSM Diagram

FSM Next State and Output Table

S1 S A S1next Somext Y
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0 0 1
0 1 0
0 1 1
1 0 0
1 0 1

FSM Implicit-Clock

Simulation Table
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2. Finite-State Machines 2.3. Mealy FSMs

FSM Next State and Output Equations

5150 SISO Slso
AN _00 01 11 10 AN _00 01 11 10 AN 00 01 11 10
0 0 0
1 1 1
FSM Sequential Optimized FSM Diagram

Gate-Level Network
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2. Finite-State Machines 2.4. FSM State Encoding

2.4. FSM State Encoding

¢ Often there is freedom in choosing how to encode the states

¢ Different encodings result in different FSM next state and output
equations (and thus produce different gate-level implementations)
¢ Two common FSM encodings

— Binary encoding uses a binary to encode each state
— One-hot encoding uses a separate bit to encode each state

Sl,next Sl,next SO,next Y
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2. Finite-State Machines 2.5. Designing FSMs

2.5. Designing FSMs

Step 1. Understand problem statement, determine inputs/outputs
Step 2. Choose Moore vs. Mealy, identify states, create state diagram
Step 3. Determine state encoding

Step 4. Create FSM next state and output tables

Step 5. Determine FSM next state and output equations

Design an FSM with one input (A) and two outputs (Y,Z) which moni-
tors the input and sets Y to one when it has seen two or more consecutive
ones and sets Z to one when it has seen three or more consecutive ones.

Step 1. Understand problem statement, determine inputs/outputs

Step 2. Choose Moore vs. Mealy, identify states, create state diagram
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2. Finite-State Machines 2.5. Designing FSMs

Step 3. Determine state encoding

Step 4. Create FSM next state and output tables

Step 3. Determine FSM next state and output equations
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