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Background

« View of an algorithm as a sequence of steps

¢ The sequence is fixed where the next step is
dependent upon events that occur during the
current step

« The sequence is deterministic — each condition
yields a single next step

¢ Closed set of independent variables — next step is
a function of only current state and events that
occur during state
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Turing Machines

« The description of a computational problem by Alan
Turing
— Objective was to understand the basis of the computational
environment
— Key to understanding the algorithm is the notation used to describe
the algorithm
« Computational problem is described in terms of a machine
— Current state
— Input tape (input/output, memory)
— Transition rules (program)
« Problem is computable if it can be mapped to a Turing
machine that terminates
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Definition of a State Machine

* Represents a system as:
— a set of states
— the transitions between them
— the associated inputs and outputs
* A state machine is a conceptualization of a
system.
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State Machines: Operation

« Computation is represented by a sequence of
states s(n)

¢ nisfinite

s(n+1) = f(s(n), i), i is set of input values

— State transition to state s(n+1)

— Input set for next state includes output from s(n) and
external input

¢ The state machine specifies a sequence of state
transitions with outputs for a sequence of inputs.

State Machines George Blankenship 6

George Blankenship 2



CSCI 234 - Design of Internet Protocols State Machines

State Machines: Parts

» Set of states
« Input alphabet
— Set of possible input elements
« Output alphabet
— Set of possible output elements
« Set of transitions
— states x input alphabet a? states x output alphabet
— Each transition defines the output and a new state given the current state and input

* initialState
- Starting state

SM=(States, Inputs, Outputs, Transitions, initialState)
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Notation
« FSM Components State | Input |State | Output
— State 1 0 2 01
- Input 1 1 |3 |o
— Output (maybe null)
— State transition table 2 0 1 10
¢ FSM defined by a set of |2 1 2 10
state transitions
— {state;, input} — {state,, output} 3 0 1 11
3 1 3 11
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Directed Graphs

« Visual relationship map
« Graph
— Set of nodes (points)
connected by edges (lines)
« Directed graph
— Edges have direction (arcs)
— Direction conveys
relationship
— Label defines input/output
¢ Ifthe FSMis in state 1
and receives a 1 as input,
it generates a 01 and the
FSM moves to state 3
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A State Diagram

« States are a sufficient historical summary of past inputs,
actions and outputs, to allow the machine to respond correctly to
the next set of inputs.

(St
Comea) a2
Cstte 35

« To be complete, the conditions which control the transitions from
any state should be both robust and deterministic, ie. The machine
should not have any set of inputs for which it does not have an
output, and there should be only one possible output for each
set of inputs.
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State Machines

inputs present on the clock cycle.
State 6

Present State and Next State

*For any given state, there is a finite
number of possible next states.
*On each clock cycle, the state machine
’ branches to the next state.
*One of the possible next states becomes

the new present state, depending on the

On a well-drawn state diagram, all possible transitions will be visible, including
loops back to the same state.
From the diagram above:
— if the present state is State 5, then the previous state was either State 4 or 5 AND
— the next state must be either 5, 6, or 7.
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State Machine: Stuttering

« A special “do nothing” input called absent.
— the state does not change, so s(n+1) = s(n);
— the output is also “nothing”

¢ This symbol, absent, is called the stuttering
symbol.

« Note that this symbol is always a possible input
and output, so:
— absent <belongs to> Inputs
— absent <belongs to> Outputs
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An Elevator

You are on the 5th floor of a building, in front of

the elevator. You request service

— IF the elevator is waiting, THEN the elevator responds
by going directly to your floor

— IF the elevator is busy servicing a previous request,
THEN the elevator continues the previous request and
honors yours after all conflicts are resolved

* The elevator ’s response to your request differs

depending on whether the controller is in the

WAITING or BUSY state at the time you make

the request.
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Moore and Mealy Machines

» Both these machine types follow the basic
characteristics of state machines, but differ in the
way that outputs are produced.

* Moore Machine:

— Outputs are independent of the inputs, ie outputs are effectively produced
from within the state of the state machine.

» Mealy Machine:

— Outputs can be determined by the present state alone, or by the present state
and the present inputs, ie outputs are produced as the machine makes a
transition from one state to another.
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Moore Machine Diagrams

The output is shown inside the
state bubble, because the
output remains the same as
long as the state machine

remains in that state.

Input condition that
- | must exist in order
to execute these
transitions from
State 1

Output condition that

o results from being in
The output can be arbitrarily a particular present

complex but must be the state
same every time the

machine enters that
state.
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Mealy Machine Diagrams

Generates outputs based on:
* The Present State, and Inputs
Capable of generating many
different patterns of output for

the same state, depending on the
inputs present on the clock cycle.

State Machines

Input condition that
**| must exist in order
to execute these
transitions from
State 1

*Outputs are shown on transitions
since they are determined in the
same way as is the next state.

Output condition that
results from being in
a particular present,
state
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A Simple Moore Machine

» A Telephone Answering Machine:
Assumptions: External circuitry exists for the following:
« To monitor the telephone line for a dial tone and ringing, a
provided separate 0/1 signals to report the presence of either.
* Connect and disconnect the telephone electronically under the
control of the state machine.
 Control two audio tape units, one for the greeting and one for
recording the incoming message.
» Generate an out-of-tape signal at the end of the incoming
message tape.
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Inputs and Outputs

Input| Output
Functions Reported | Functions Executed
DIALTONE (Dial tone present)

RING (Phone is ringing) [ ANSWER (Connect answering
machine to the telephone line)

PLAY (Play the greeting tape)
i RECORD (Record the incoming
ENDGREETING (Greeting tape message onto the message tape)

has reached the end)
ENDMESSAGES (Message tape
has reached the end)
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< WAITING

make a transition to state PLAYING.
* PLAYING

« RECORDING

machine is in and is independent of the inputs.
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States and their Functions

— Set the ANSWER and PLAY outputs high to play the greeting message.
* If the DIALTONE input goes high (call terminated), make transition to state WAITING.
+ Ifthe ENDGREETING input goes high, make a transition to state RECORDING.

! Note the output produced in each case is dependent only on what state the

— Setall outputs low, monitor the RING sensor until it goes high (incoming call), then

— Setthe PLAY output low and the RECORD output high to record the incoming call.
«  Ifthe DIALTONE input goes high (call terminated), make a transition to state WAITING
+ If the ENDMESSAGES input goes high (run out of tape), make a transition to state
WAITING.

State Machines

State Diagram

outputs in the state
then we can decide

A 110

for the outputs and
then list 0/1 for each
of them in order.

Eg 110 is ANSWER,
PLAY, /RECORD.
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I Test Condition:
on a standard order -~ ENDGREE DIALTONE ENDGREETING
A

Moore Outputs:

,,,,,,,,,,, ANSWER - low
PLAY - low
Ifitis difficult to RECORD - low
fit the name of the pDIALTONE  PLAYING

Transition Table

« Alternate representation of the state
machine.

« For each (Present State x Possible

transition

Transition), the transition table is a table
that contains a line of information for each

Present State Input/s Next State Qutputs Generated

state machine
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« Transition table is representation of the
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Answering Machine Transition Table

Present State Input/s Next State  Outputs Generated

WAITING IRING WAITING JANSWER./PLAY /RECORD

WAITING RING PLAYING ANSWER.PLAY./RECORD

PLAYING /ENDGREETING PLAYING ANSWER.PLAY./RECORD
*/DIALTONE

PLAYING ENDGREETING RECORDING  ANSWER./PLAY.RECORD
*/DIALTONE

PLAYING DIALTONE WAITING JANSWER./PLAY./RECORD

RECORDING ~ /ENDMESSAGES RECORDING ~ ANSWER./PLAY.RECORD
*/DIALTONE

RECORDING ~ ENDMESSAGES WAITING JANSWER./PLAY./RECORD
+DIALTONE
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State Machines

Moore and Mealy Machine

DEFAUL]
[ ooo |

Note: Default
is not a named
state but the

+-> transition
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Parity Machine

State Input | State Output
Even Even |0
Even Odd |1
Odd Odd |1
Odd Even |0
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Telephone Protocol

Answer the phone only when it rings
» Respond “pronto” or “hello”

« Listen for caller to identify called

If you are the called, talk

If called is available, connect to called
If called is not available take message
» When call is completed, hang up
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State Machines

Telephone Call FSM

State Purpose

On hook Waiting
Answer Signal present
Listen Identify called
Wait for called | Connect
Message Indicate not

present

Talk Communicate
Ciao End call
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