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B-4 Appendix B - Reduction of Digital Logic

Principles of Computer Architecture by M. Murdocca and V. Heuring                  © 1999 M. Murdocca and V. Heuring

State Reduction
• Description of state machine M0 to be reduced.
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State Reduction – Step 1
• Look for output compatible transitions: Note that {A,B and E} 

and {C,D} transition to OUTPUT compatible states
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State Reduction – Step 2

(C,E) [!](A,D) [!](B,E)

(C,E) [!](A,C) [!](A,E)

(C,D)(A,B)

Next State pairing with X=1 
[output incompatible] = [!]

Next State pairing with X=0 
[output incompatible] = [!]

Possibly 
Equivalent 
Pairs

• Take each collection of states and examine each pair within the 
set for possibly equivalent states with the different inputs X=0 
and X=1

(A,B)(C,D)

Next State pairing with X=1 
[output incompatible] = [!]

Next State pairing with X=0 
[output incompatible] = [!]

Possibly 
Equivalent 
Pairs
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State Reduction – Step 3

• We see that E is not compatible with A or B or by implication 
with (C,D) which are already seen to be output incompatible. So 
E cannot be eliminated nor combined with other states.

So we have pairs {A,B}, {C,D} and {E} which represent 3 states 
which allow the FSM definition to remain unchanged.

• Eliminate pairs that are not output compatible:
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Reduced State Table – Step 4

• We now write the “reduced state” state table for machine M1.

• We have {A,B}, {C,D} and {E} as the new set of states, which we 
will rename as A’ B’ and C’ for the reduced FSM’s internal states.
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The State Assignment Problem
• Two state assignments for machine M2.
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State Assignment SA0

• Boolean equations for machine M2 using state assignment SA0.
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State Assignment SA1

• Boolean equations for machine M2 using state assignment SA1.
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Sequence Detector State Transition 
Diagram
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Sequence Detector State Table
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Sequence Detector Reduced State 
Table
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Sequence Detector State Assignment
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Sequence Detector K-Maps

• K-map 
reduction of 
next state 
and output 
functions for 
sequence 
detector.
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Sequence 
Detector 
Circuit
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Excitation Tables
• In addition to the D flip-flop, the S-R, J-K, and T flip-flops are used 

as delay elements in finite state machines.

•  A Master-Slave J-K flip-flop is shown below.
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Clocked T Flip-Flop
• Logic diagram and symbol for a T flip-flop.
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Excitation Tables
• Each table shows the settings that must be applied at the inputs 

at time t in order to change the outputs at time t+1.
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Serial Adder



B-22 Appendix B - Reduction of Digital Logic

Principles of Computer Architecture by M. Murdocca and V. Heuring                  © 1999 M. Murdocca and V. Heuring

Serial Adder Next-State Functions
• Truth table showing next-state functions for a serial adder for D, S-

R, T, and J-K flip-flops. Shaded functions are used in the example.
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J-K Flip-Flop Serial Adder Circuit
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D Flip-Flop Serial Adder Circuit
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Majority Finite State Machine
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Majority FSM State Table
• (a) State table for majority FSM; (b) partitioning; (c) reduced 

state table.
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Majority FSM State Assignment
• (a) State assignment for reduced majority FSM using D flip-

flops; and (b) using T flip-flops.
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Majority FSM Circuit
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