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By the end of class today, you should be able to:

Describe what finite state machines are, and why they are useful
N a software context.

Draw a state transition diagram based on knowledge of a real
embedded system

Implement FSMs in C using state-centric, event-centric, or
table-driven design patterns.

|[dentity things in an FSM that might be better suited to one
implementation or another.

Explain how a microcontroller can read 12 buttons with only 7 wires



Non-objective:

m Be able to write code for each of the FSM design patterns from
memory (without a reference).



State machines
Are a formal way to describe complex software behavior,
that translates very nicely to code.
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Your turn: draw an FSM for this embedded system
Black Diamond Astro headlamp, manual linked on course webpsite
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Your turn: draw an FSM for this embedded system
Black Diamond Astro headlamp, manual linked on course webpsite

On possible solution out of many
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Translating a state machine to code

The state is typically represented with an enum

typedef enum {
OFF,
ON,
STROBE,
LOCKED

} mode t;

Under the hood, an enum is just an integer (so it's fast)
But the compiler can do some simple checks with it.



State-centric: a big switch or if tree

while(1) { Event is probably an enum as well:

event = process_button(); typedef enum {
\Y u

switch(state){ SINGLE_PRESS,
case STATE_OFF: DOUBLE_PRESS,
light_off(); LONG_PRESS,
:L'F(event == SINGLE_PRESS){ HOLD
state = STATE_ON;
] } event_t;
break;

case STATE_ON:
light _on();
if(event == SINGLE_PRESS){
state = STATE_OFF;
}

if(event == DOUBLE_PRESS){
state = STATE _STROBE;
}

break;



Separating the transitions from the actions

"Hidden" transitions

while(1) {
event = process_button();

switch(state){
case STATE_OFF:
light _off();

break;

case STATE _ON:
light _on();
break;

case STATE_STROBE:
light_strobe();
break;

Also inside while(1) loop:
switch(state){

case STATE_OFF:
if(event ==
state =

}

break;
case STATE _ON:
if(event ==

State =
}

if(event ==
state =
}

break;

SINGLE_PRESS){
STATE_ON;

SINGLE_PRESS){
STATE_ON;

DOUBLE_PRESS){
STATE_STROBE;

case STATE_STROBE:

if(event ==
State =
1

SINGLE_PRESS){
STATE_OFF;



Separating the transitions from the actions

This may make the code more modular, by decoupling the
state transitions from the actions to perform in each state.

This may simplify the code where many states have a
transition in common.



Event-driven state machine

| | while(1) {
Instead of the primary it/ event = process_button();
switch being on the state, switch(event){
o case SINGLE_PRESS:
t's on the event. if(state == STATE OFF){

state = STATE_ON;
light _on();

}

else 1f(state == STATE _ON){
state = STATE_OFF;
light_off();

}

break;

case DOUBLE_PRESS:
i1f(state == STATE_OFF){
state = STATE _STROBE;
light_strobe();
}

break;



Event-driven state machine

Draw a state diagram for an FSM that would be easy to
implement as event-driven, and a pain as state-driven.

Anything where a large number of states respond in the same way to a small number of events.

In this (admittedly silly) FSM, the state doesn't

depend on the current state, on the event.

So making it event-centric is an obvious choice.

Obviously this is an extreme, but some state

machines have many commonalities between

states, and you will duplicate less code this way.




Draw your headlamp FSM as a table
(Or use a spreadsheet)

Event
PRESS PRESS_ DOUBLE  PRESS_1SEC PRESS_4SEC
OFF ON STROBE ON LOCKED
)
Jud
O ON OFF STROBE ON N/A
Jud
7))
= STROBE OFF STROBE STROBE N/A
o
- LOCKED OFF
-
@

HOLD

N/A

ON

STROBE



Where a table representation is useful
't may help you identify unhandled state transitions!

Large numbers of transitions can be represented very
compactly, as long as there are no complex conditions.



FSMs in the wild

https://github.com/coredevices/PebbleOS



GPIO input
Let's go find the registers in the reference manual!



Reading a specific input bit

GPIOA->IDR;
(regval >> 5) & 0Ox00000001;

regval
bitval

if(regval & BIT_MASK)

(1 << b)

Result will be 0000 0000 00X0 0000



More buttons than wires?




More buttons than wires?
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Reading a multiplexed keypad
4 driving pins, 3 reading pins
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For each driving pin:
Set the pin high
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But what happens when a switch isn't connected?

An input pin just reads whether the voltage (level) is above a threshold.

VCC (3.3V)

HIGH (1)

—o Pin

LOW (O)

GND (OV)



An analogy for input pins

By reading the level, we can tell if the switch is making a connection to ground

VCC (3.3V)

HIGH (1)
—o Pin

LOW (0)

GND(O\/)fr > ] JY i

‘ Switch to ground —
connected




An analogy for an input pin

Except that when the switch is disconnected, we have no control over
the levell We're at the mercy of the environment.

VCC (3.3V) \

HIGH (1)

Pin
LOW (0) C

GND (0V) /—eT JA

Switch to ground
disconnected



An analogy for an input pin

Pullup resistor
(a small trickle from V)

Vee 3.3V) e A

HIGH (1)

GND (0V) fr—r.-—_V

LOW (0)




Reading a multiplexed keypad
4 driving pins, 3 reading pins

Enable pull-downs on reading pins

\ For each driving pin:
! Set the pin high
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Check each of the reading pins
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What if multiple buttons are pressed?
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What if multiple buttons are pressed?

4 driving pins, 3 reading pins

= EE Enable pull-downs on reading pins

S I8 5 | For each driving pin:

e SR Set the pin high

i e B Set other pins to be inputs (high-Z)
CEACIACH Check each of the reading pins
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For next time

Reading check 6 posted tomorrow
HW 2 (due next Wednesday 1:30pm)

Submit lab 2 documentation (due at your lab time)

HW 3 is posted
Lab 3 this week



