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Overview

= Part 1- Storage Elementsand Analysis
= Part 2 - Sequential Circuit Design

= Part 3— State Machine Design
e |ssueswith traditional state diagramsand table
representations
e The state machine diagram model
e Constraint checking
» State machine diagram application and design
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Finite State M achines

= A finite state machine (FSM) consists of three sets|, O,
and Sand two functionsf and g in which:
| isaset of input combinations,
e Oisaset of output combinations,
* Sisaset of states
» fisthenext statefunction f(l, S), and
» gistheoutput function f(S) [M oore model] or the output
function f(1, S) [M ealy moddl].
= TheFSM isafundamental mathematical model used
for sequential circuits.

= Thedetailsof thetraditional state diagrams and state
tables as we have defined them are just two of many
ways of representing FSMs.
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| ssueswith Traditional State Diagram and
Table Representations

= Both of thesetraditional representations
require:
* Enumeration of all input combinationsfor
each state in defining next states
* Enumeration of all input combinationsfor
each state in defining M ealy outputs

* Enumeration of all applicable output
combinationsfor each state (Moore) and for
each input combination-state pair (Mealy).

= For state diagrams, all Mealy outputs
must be specified on transition arcs

Logic and Computer Dasign Fundamentals, de
PowerPaint® Slides

© 2008 Pearson Education, Irc. Chapter 5-Part3 4



| ssueswith Traditional State Diagram and
Table Representations

= These requirements may be acceptable
for sequential circuitswith relatively few
inputs, and outputs.

= For larger numbersof inputs and outputs
both representations become intr actable.

= The specification of outputsonly on
transition arcs complicatesthe
specification of outputsfor Mealy circuits
unnecessarily.
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The State Machine Diagram M odel

= [nresponsetotheissueslisted, a broader state
machine diagram (SM D) representation has
been devised.

= Many other authorshave used similar
representationsto over come some of theissues
we have listed.

* The SMD achievestheflexibility of the
algorithmic state machine (ASM) (used in some
previous editions of thistext), without adopting
the constraints of the ASM notation.
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The State Machine Diagram

= Uses state nodes and transition arcsasin the
traditional state diagram

= Addsnotation for defining M ealy outputson
statesaswell astransitions

= Isbased on input conditions, transition
conditions, output conditions and output
actions:

* Input condition: a Boolean expression or equation
which evaluatesto either Oor 1.

 Transition condition, (TC): an input condition on a
transition arc which evaluatesto either O or 1.

* Output condition (OC): ainput condition that if

equal to 1 causes an output action to occur and if O
does not cause the output to occur.
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State M achine Diagram

= Qutput Action Examples

* Single Variables

= Appearanceof variableZ attached a state
specifiesthat Z = 1. Z isimplicitly O otherwise.

= Appearance of variable Z attached to a
transition condition (and possibly an output
condition) from a stateimpliesthat Z = 1 for the
condition(s) satisfied. Z isimplicitly O otherwise
unless Z isa M oor e output (unconditional)
attached tothe state or ispart of a TCI label
attached to a state.

= Separ ate default value statements may be used to
explicitly specify by default Z=0o0r Z = 1.
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State M achine Diagram

= Qutput Action Examples

* Vector Variables

= Appearance of an equation Z = vector value attached to a
state specifiesthe value of Z for the state.

= Appearance of an equation Z = vector value attached to a
transition condition (and possibly an output condition)
from a state specifiesthevalue of Z for the state, transition
condition and output condition. The value of Z attached to
atransition may also be specified by a M oor e output
(unconditional) attached to the state or aspart of a TCI
label attached to a state. Otherwise, Z takes on a default
valueif oneis specified . The default value for a vector
must be specified (including possibly don’t cares).

* Register Transfer Outputs

= Useful for describing controlled datapath operations (see
Chapter 7)
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The State Machine Diagram

= A unconditional transition has no
transition condition on itsarc or a
transition condition consisting of the
constant 1.

= A conditional transition has one or
mor e transition conditions on itsarc.
|f any one of the conditions evaluates
to 1, thetransition occurs.

Logic and Computer Dasign Fundamentals, de
PowerPaint® Slides

© 2008 Pearson Education, Irc. Chapter 5- Part 3 10



The State Machine Diagram

= Moore output actions, are unconditional, depending only on
the state, and ar e attached by a lineto the respective state.

= Transition condition-independent (TCI) Mealy output
actions are preceded by their output condition and a slash
and are attached by alineto therespective state. The
output action occursif the output condition evaluatesto 1.

= Transition condition-dependent (TCD) Mealy output actions
are attached by alineto their respectivetransition
condition. The output action occursif the output condition
evaluatesto 1.

= Transition and output condition-dependent (TCOD) Mealy
output actions ar e preceded by an output condition and a
dlash and are attached by a lineto their respective
transition condition. The output action occursif the
transition condition and the output condition both evaluate
to 1.
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The State Machine Diagram

= Tosummarize, in a given state, an output
action occursif it is(a) unconditional
(Moore), (b) TCI and its output condition
OC evaluatesto 1, (c) TCD and itstransition
condition TD evaluatesto 1, or (d) TOCD
and itstransition condition TC and output
condition OC both evaluateto 1.

= Mooreand TCI output actions attached to a
state, apply to all transitions from the state.
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The State Machine Diagram

= This may seem complex, but note the following:
» Only the unconditional output type appliesto pure
M oor e machines

* TDC outputsrepresentsthetraditional M ealy model
and can be used exclusively at some potential cost in
complexity including an increase in the number of
states.

* Mixing of Moore and Mealy typesand the TCI and
TCOD types provide optional opportunitiesto
simplify the state diagram and state table and their
specifications
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Examples Of Transition & Output Conditions

5 ,\@

Ex. 1: Moore Outputs Ex. 2: TCI Outputs

* Input VariablesA, B,
C

= Qutput VariablesY, Z
Default: Y =0,Z2=0

Ex. 3: TCD Outputs Ex. 4: TCOD Outputs
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Constraint Checking

= TC Constraints

» Constraint 1: In state S, for all possible TC pairs (T;
distinct next statesfrom S,

T Ty =0
e Constraint 2: In stateSi, for all possible TCs, Tij
T =1

ij» Ty onarcsto

= OC Constraints

+ Congtraint 1. For every output action in state S or on itstransitions
having coincident output variables with differing values, the
corresponding pair of output condition (O;;, O;) must be mutually
exclusive, i. e, satisfy

) 0;- Oy =0 _ o
» Constraint 2:For every output variable, the output conditionsfor state
or itstransitions must cover all possible combinations of input
variablesthat can occur, i. e,
0

* For both output constraints above, TCs must be used in evaluating O

for output actions of TCD and TCOD output action types

» Seetext for using don’t cares and defaults.

I]’
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Constraint Checking Example

Defaults: Y =0,Z=0 = Transition Constraints:
Y, Z AIY,BIZ + SO A-B:(A+B)=0;
AB+ (A+B)=1
« SLAC(A+C)=0;
AC+(A+C)=1
+ S2BC-(B+C)=0;
B.C+(B+C)=1
« S3A-A=0;
A+A=1
= Qutput Constraints:

 Satisfied for all four statesby the
given output conditions and values
and the default constraints.
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Constraint Violation Examples

= Transition Constraints @ X @
e ExampleA: X-Y #0and X +Y #1, A v
S0 two constraints are violated
« ExampleB: X-XY =0, but X +XY #1. B
S0 constraint 2 isviolated
= Qutputs
e ExampleC: For valuesZ =1and Z =0,

XY #0, soconstrain_tlisviolated A

e Congtraint X+Y +Y =1, _ C Y/?
duetothedefault valueof Zon Y, so
constraint 2 is satisfied

e ExampleD: In general, for a given state, since the output
condition for a M oore type output action is 1, no output action
on a same output variablewith a different value is per mitted on
thetransitions.
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State Table For mat

State |State | Transition | Next Next Output Ac-
Code | condition | State State tions (and
Code OCys)
State State Unused Unconditional | Next State | Mooreor TCI
Namel |Codel Next State 1 Codel Output (and
0C)
Transition Next State 11 | Next State | TCD or
Cond. 11 Codell |TOCD Output
11(and OC)
Additional Transition Conditionsand Entriesfor State
Name 1l
State Entriesfor State Namesi, i=2,...n
Namei
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State Table Example

= Statetablefor constraint checking example

State |State | Transition |[Next |Next |Output Actions
Code | Condition | State | State | (OCs)
Code
S0 00 Y,z
A-B S1 01
A+B ) 10
S1 01 AlY,BIZ
A-C 2 10
A+C 3 11

= Continued on next slide
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State Table Example (continued)

= Statetablefor constraint checking example

State |State |Transition |[Next |Next | Output
Code | Condition |State |State|Actions(OCs)
Code
2 10
B.C S3 11 Y*
B+C S 00 z*
S3 11
A S 00 B-C/Y*
A S1 01 B-C/Y*

= * isreminder of an output action dependent on
transition condition
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State M achine Design Procedure

= Definetheinput and output variablesfor the
circuit or system and meaning of O and 1 values
of each variable

= Draw the state machine diagram or formulate
the state machine table for thecircuit or system

= |f astate machine diagram isused, convert it to
a state machinetable

= From the state machine table, derive optimized
next state equations and output equationsfor
thecircuit or system
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Example State M achine Design —
Elevator Control —Inputs

= Circuit: Elevator control for two-floor elevator
= Warning: Does not include safety featuresor all user buttons!
= C1(C2) —Call button (outside elevator) to floor 1(2)
= 0-noaction; 1—call for elevator
= G1(G2) — Go button (inside elevator) to floor 1(2)
e 0-noaction; 1—goto floor command
= F1(F2) — Senses elevator at floor 1(2)
* O—€evator not at floor; 1 —elevator at floor
= S1(S2) — Senses elevator approaching floor 1(2) (Controls slowdown of
elevator)
* 0—elevator not approaching floor; 1 —elevator approaching floor
= DO —Doors open
* 0—doorsnot fully open; 1 —doorsfully open
= TO -End of timeinterval from button push to elevator movement
starting
* 0-—waiting for timeinterval to end; 1 —timeinterval has ended
= DC —Doorsclosed
Lot e Gompater Do gﬂ;mqn(l)agr s not closed; 1 —doors closed
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Example— Elevator Control - Outputs

* Up —elevator to go up
= 0—no action; 1 —commands elevator to go up

* Down — commands elevator to go down
= 0—no action; 1 —commands elevator to go down

e TS—timer start
= 0—noaction; 1—initialize and start timer
* SD —slow down

= 0 - elevator moves as normal speed; 1 —elevator approaching
target floor dows down

* OD —Open Doors

= 0—no action; 1 —open doors
* CD -Close Doors

= 0—noaction; 1 —closedoors
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Example — Elevator Operation —
Specifications

= Theédevator parksat thefloor to which it haslast taken passengers
with doors open.

= Call button C; callselevator to afloor.

= |f the€elevator isnot at thefloor, TSisused toinitialize and start
thetimer;

= After TO becomes 1, the doors close, and when DC is active, the Up
or Down output isactivated.

= TheS sensor detectsthe floor approach and activates output SD to
slow elevator.

= TheF, sensor detectsthe elevator at thefloor, forcesboth Up and
Dn to 0, and opensthe doors.

= Passenger (s) enter elevator and push the G, button.

= After TO becomes 1, the door s close, and when DC isactive, the Up
or Down output isactivated.

= The§ sensor detectsthe approach and activates output SD to slow
elevator.

= TheF, sensor detectsthe elevator at the floor, forces both Up and
Dn to 0, and opensthe doors, permitting passenger sto exit.
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Example— Elevator Control — States

= |nitial proposed states:
* U (Up)
e Dn (Down)
e Hd (Hold)
= Seriesof actionsrequired in Hd state:
* Open doors
» Usetimer to wait for passengers
» Closedoors

= Expand Hd to 3 states: Hd_A, Hd B,Hd C

= One-Hot State Vector:
(U, Dn,Hd_C,Hd B, Hd_A)
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Example — Elevator Control —SMD

DO-(F1-(C2 + G2) + F2(C1 + G1))

DO-(F1(C2+ G2) + F2(C1+ G)ITS  F2 Q‘ =
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Example—Elevator Control —SMT

State |State | Transition Next |Next |Output
Code | Condition State |State |Actions
Code |(OCs)
DO/OD
Hd_A |00001 |(DO-(F1.(C2+G2) |Hd_A |00001
+F2-(C1+G1))
DO-(F1-(C2+G2) |Hd_B |00010 |TS*
+F2.(C1+G1l)
Hd_B |00010 |TO Hd_B | 00010
TO Hd_C |00100
Hd C |00100 |DC-(F1+F2) Hd_C |00100 |CD*
DC-F2 Dn 01000
Logie rl Coouler Dasigh Furnfeeriels, 4o DC-F1 Up 10000
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Example— Elevator Control —SMT

State |State | Transition Next |Next |Output
Code |Condition State |State |Actions
Code |(OCs)
Dn 01000 Down,
S1/SD
F1 Dn 01000
F1 Hd_A | 00001
§] Up, S2/SD
F2 Up 10000
F2 Hd_A | 00001
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Example— Elevator Control - Equations

= Flip-Flop Input = Output
« X = DO-((F1(C2 + G2) e Down =Dn
+F2.(C1+Gl)) « Up=U
« Y =DC-(F1+F2) « SD=Dn-S1+U-S2
* Dyga=HA_AX+DnF2+UF1  * TS=Hd AX
* Dyg g =HA_AX +Hd_BTO * OD =Hd_A-DO
* Dyy c=Hd_BTO+Hd_CY - CD=Hd C¥

* Dy, =Hd_C-DC-F2 + Dn-F1
+ D,=Hd_C-DC-F1+U-F2
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Termsof Use

= All (or portions) of thismaterial © 2008 by Pear son
Education, Inc.

= Permission isgiven to incorporatethismaterial or
adaptations ther eof into classroom presentations and
handoutsto instructorsin courses adopting the latest
edition of Logic and Computer Design Fundamentals as
the cour se textbook.

= These materialsor adaptationsthereof arenot to be
sold or otherwise offered for consideration.

= ThisTermsof Usedideor pageisto beincluded within
theoriginal materialsor any adaptations ther eof.
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