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A6.1 Finite state machines
Theory of computation · A level · AQA 7517 4.4.2.1 · about 20 min

What this lesson is about

States, transitions and accepting states; state transition diagrams and tables; tracing an FSM and running one from
a table.

What an FSM is
State transition diagrams

State transition tables

Tracing a run
An FSM in Python

Missing transitions and trap states
Where FSMs are used

Questions

[1 mark]In a state transition diagram for an FSM with no output, what does a double circle show?

☐ A The start state
☐ B An accepting state
☐ C A trap state

☐ D A state with a loop

Answer: B. Accepting (goal) states are drawn with a double circle; the start state has an arrow coming in
from nowhere.

1.

[1 mark]The parity FSM starts in S0 (accepting). A 0 keeps the state and a 1 swaps S0 and S1. Which state is it in
after reading 11010?

Answer: S1. The 1s swap the state three times: S0, S1, S0, S0, S1, S1. It ends in S1, so 11010 is rejected.

2.

[1 mark]An FSM has 4 states and an input alphabet of 3 symbols. How many rows does its complete state
transition table have?

Answer: 12. One row for every pair of state and input symbol: 4 x 3 = 12.

3.

[1 mark]An FSM has no transition shown for a 0 in state S0. What normally happens if it reads a 0 in S0?

☐ A It stays in S0
☐ B It moves to the start state
☐ C The input is rejected

☐ D The input is accepted

Answer: C. A missing transition rejects the input. Making it explicit means adding a trap state that is never
left.

4.



The task: ends in 01

[1 mark]What does this program print?

table = {("S0", "a"): "S1", ("S0", "b"): "S0", ("S1", "a"): "S1", ("S1", "b"): "S0"}
state = "S0"
for symbol in "abba":
    state = table[(state, symbol)]
    print(state, end=" ")
print(state == "S1")

Answer:

S1 S0 S0 S1 True

The states go S1, S0, S0, S1. S1 is reached after reading an a, so this machine accepts strings ending in a.

5.



Design a finite state machine that accepts binary strings that end in 01 , store it as a transition table, and run
it. - table  is a dictionary: each key is a pair (state, symbol) , where symbol  is the string "0"  or "1" ,
and each value is the next state. Include a transition for every state with both symbols. - The machine must
decide by following transitions one symbol at a time. Do not look at the end of the string directly. - For each
string in tests , in order, print one line: the string, a space, then accept  or reject . For example 1101
accept . Six lines in all. Work out what each state needs to remember before you write the table: how much
of 01  has the machine just seen?

# the two lines every program starts with: the commands, then the robot
from bugbot import *
connect()

tests = ["01", "1101", "0110", "1", "00101", "0100"]

table = {}

The hint students can ask for: Each state should remember how much of 01 the machine has just read: nothing useful, a
0, or 01. For each state, ask where a 0 takes it and where a 1 takes it. Only one state is accepting.

A solution

# the two lines every program starts with: the commands, then the robot
from bugbot import *
connect()

tests = ["01", "1101", "0110", "1", "00101", "0100"]

table = {
    ("S0", "0"): "S1",
    ("S0", "1"): "S0",
    ("S1", "0"): "S1",
    ("S1", "1"): "S2",
    ("S2", "0"): "S1",
    ("S2", "1"): "S0",
}

def accepts(text):
    state = "S0"
    for symbol in text:
        state = table[(state, symbol)]
    return state == "S2"

for text in tests:
    print(text, "accept" if accepts(text) else "reject")

Any program that meets the task's checks is marked correct in the simulator; this is one way, not the only way.

BugBotLab · free Python lessons that drive a robot · www.bugbotlab.com/learn/a6-1-finite-state-machines/ · You may copy this for your class.


