State Machine Design



State Machine Design
This presentation will
e Define a state machine.

* Provide several examples of everyday items that
are controlled by state machines.

* lllustrate the block diagram for a state machine.

* Review the design steps in the state machine
design process.

* Provide an example of a simple state machine
design.
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Presentation Notes
Introductory Slide / Overview of Presentation



Definition of a State Machine

State Machine

A synchronous sequential circuit,
consisting of a sequential logic section
and a combinational logic section,
whose outputs and internal flip-flops
progress through a predictable
sequence of states in response to a
clock and other input signals.*
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Presentation Notes
Floyd, T. (2006). Digital fundamentals. Upper Saddle River, NY: Pearson Education. 



Examples of State Machines

Many everyday devices are controlled by
state machines.

€e : Traffic Light

Garage Door Numeric Keypad

(=)

Vending Machine



Presenter
Presentation Notes
This slide provides three simple state machine applications. Ask students to consider other applications that they think may utilize state machines.


State Machine Block Diagram
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This the block diagram of a complete state machine.  


State Machine Design Steps

o U A W N P

. Create State Graph

Determine State Variables and Assign
Encode Outputs to States

. Create State Transition Table

. Write and Simplify Design Equations

. Design Circuit
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Presentation Notes
These are the six design steps for designing a state machine.


Anatomy of a State Graph
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A state graph shows the sequence of states that the state machine will transition to on each clock transition.  
Each state “bubble” is labeled (S0, S1, S2). These labels are arbitrary.
Each transition arc is labeled with the value(s) of the input variable(s) that make the transition occur.
Each state is assigned the value of the output(s) when the state machine is in that state. The state variable are the outputs of the flip-flops, so they are typically called Qa, Q0, Q1, Qz, etc.
Each state is assigned state variables. The number of state variables is determined by the number of states according the following function:
# States <= 2(# state variables) ;  
For example: 
 2 States Requires - 1 State Variable
 4 States Requires - 2 State Variable
 8 States Requires - 3 State Variable
 16 States Requires - 4 State Variable
There will be the occasion when a design has unused states. For example, if your design requires 6 states, you will need 3 state variables (6 <= 23). Thus, there will be a total of eight states (23 = 8), and only six will be used.





State Machine Design Example

Example:

Design a state machine that will count out the last four digits of the
phone number 585-476-4691.

“4"M > “6" > 97" » *1”
< T

In addition to the clock input, this design has a second input called
Enable (EN). Whenever the Enable is a logic (1), the outputs will
continuously cycle through the four values 4,6,9,1. Whenever the
Enable is a logic (0), the outputs will hold at their current values.

For this design any form of combinational logic may be used, but
the sequential logic must be limited to D flip-flops.

C3
Enable =——>{ Phone C2
Clock e———>{ Numbers C1
CO
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Design specifications for a simple state machine.


Step #1: Create State Graph



Presenter
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This design has only one input (EN), so each state bubble should have two transition arcs, one for EN=0 and one for EN=1.

This design has four possible output conditions (“4” – “6” – “9” – “1”); thus, the design requires four state bubbles.


“Step #2: Determine State Variables
and Assign

10
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With four states, this design requires two state variables (4 = 22). These state variables are labeled Qa and Qb. This labeling is arbitrary but does use the recommended Q notation (these are the flip-flop outputs). Note: Qx and Qy or Q0 and Q1 would also work.

The four combinations of the two state variables (00, 01, 10, and 11) are assigned to the four states (S0, S1, S2, S3).



Step #3: Encode Outputs to States

C3=0 C2=1 C1=0 CO0=0

C3=1 C2=0 C1=0 CO0=1

11
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In order to display the output in binary, encode from base-ten output count into base-two (binary). Because the largest output count is “9”, four output variables are needed to represent this number in binary (“9” = 1001). These output variables will be labeled C3, C2, C1, and C0.  
Thus, for example, in state S0 the output “4” encoded into binary would be 0100 (C3=0, C2=1, C1=0, and C0=0).

Repeat this process for the three remaining states.


®

Step #3: Create State Transition Table
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State transition table for the design example. 


~ Step #4: Write and Simplify
Design Equations

Da=QaQbEN+QaQbEN+QaQbEN+QaQbEN
Da:@QbENJrQaﬁJrQa@

Db =QaQbEN+QaQbEN+QaQbEN +QaQbEN
Db =QbEN+QbEN
Db =Qb @®EN

C3=QaQbEN+QaQbEN=/QaQb
C2=QaQbEN+QaQbEN+QaQbEN+QaQbEN=Qa
Cl=QaQbEN+QaQbEN=QaQb
CO=QaQbEN+QaQbEN+QaQbEN+QaQbEN=Qa 13



Presenter
Presentation Notes
These are the design equations. The simplification (Boolean or K-Mapping) is left as a potential exercise for the students.
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Step #5: Circuit Design
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Final state machine design.
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Block Diagram / Schematic
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Mapping of the final state machine design to the general block diagram for a state machine. The final output from the state machine can then be the input into a BCD seven segment decoder. This will allow the phone number to be viewed on a 7-segment display.
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