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Required Tools and Technology

Software: NI Multisim 14.0 or newer v Install Multisim:
http://www.ni.com/gate/gh/GB

ACADEMICEVALMULTISIM/
uUs
v View Help:
http://www.ni.com/multisim/tec
hnical-resources/

MultisimLive v" https://www.multisim.com/



http://www.ni.com/gate/gb/GB_ACADEMICEVALMULTISIM/US
http://www.ni.com/gate/gb/GB_ACADEMICEVALMULTISIM/US
http://www.ni.com/gate/gb/GB_ACADEMICEVALMULTISIM/US
http://www.ni.com/multisim/technical-resources/
http://www.ni.com/multisim/technical-resources/
https://www.multisim.com/

Lab 10: Sequential Circuits - FSM

10.1 Theory and Background

What are Finite State Machines?

Abstract model for
understanding circuits

Discreet number of
states

Changes of state are

triggered by transitions
current

state o
Can only exist in one

state at a time
(aka current state)
Figure 10-1 Video Screenshot. View the video here: https://youtu.be/IOHBrcE_HOI

IE' Video Summary

¢ A Finite State Machine is an abstract model for understanding circuits

e There are a discreet number of states that exist in all finite state machines
e Transitions trigger changes of state

e A machine can only exist in one state at any time (the current state)



https://youtu.be/I0HBrcE_HOI

Finite State Machines

A finite state machine (FSM) is an abstract model used to describe the behavior of an
object.

e Each circle represents a state in the system, while each arrow represents a
transition to another state.
e Since there are a discrete number of circles, there is only a finite number of
states that are possible.
e The machine can only be in one state at any given time. This is known as the
current state.
e The arrow labels are events that trigger the state transition.
e Finite state machines are used in:
o Vending machines: dispensing a product when the appropriate
amount of money is deposited into it.
o Elevators: dropping people off to the top floors before coming back
down.
o Traffic lights: changing the color sequence at scheduled times.

The example below shows a simple FSM for a system that unlocks when a correct
button sequence is pressed. Consider if the example represented a locked door:

e State 0 (S0) represents a state when the lock is enabled

e SO moves to S1 after button ‘2’ is pressed.

e S1 has two options for the next state — S2 if ‘1’ is pressed, otherwise SO.

e S3represents a state where the lock is disabled and enables once the door is
opened.

wrong button

door opened

Figure 10-2 Simple Finite State Machine




Verilog
Vv

10.2 Exercise: Finite State Machine

1. O AM 10U KABE @OoITNTN €ival évag SWPHPIOG apIBPOG. To TTPWTO Tou Wnoio gival TrTavTa

10 “0”. 'EO0TW OTI KATTO10G £X€1 TO AM = 03456.

O€EANOUNE VO KATAOKEUAOOUNE Wia punxavi TTETTEPACHEVWY KATAOTACEWY N oTToia Ba
éxel Mia giocodo “in” (1 bit) kai pia £é§odo “am” (4 bits).

Apxika otnv £€¢odo Ba éxoupe Tiurn “0000”.

Ortav n gicodog yivetal “1” otnv £€€000 Ba gp@avifovtal Pe TN 0€Ipd O BUADIKES TIMEG
Twv Yneiwv Tou AM KUKAIKA. AuTtd Ba cupPaivel o€ KABe BETIKA aku Tou poAoyiou.
AnAadn yia 1o TTapamdavw AM Ba epgavifovral:

03545556->0->3->14...

MOAIG n gicodog yivetar “0”, oTnv emmOPevn BETIKN akur) Tou poAoylou, n £€¢odog Ba
yivetal TTaAl “0000”.

Edv n €icodog ¢avayivel “17 otnv €€0do Ba ¢avaBAémoupe AN Ta wnoia Tou AM
KUKAIKG.

Oa mpéTTel va uTTdpXEl Kal oApa reset To otroio Ba eival evepyd oT1o “0”. AnAadr edv
Kal yia 6co T0 reset eival “0” otnv £€€000 aveCapTATWG TNG €106d0u Ba TTPETTEl va
éxoupe “0000”. Otav T1o reset gival oo “1” n FSM Ba evepyoTroicital Kal 6a uAoTroliTal
N Tapatravw d1adIKagia aTTEIKOVIONS TwV Wneiwv Tou AM.

Edav n eicodog cival “1” kai 1o reset yivel “0” Ba Tpétel kateubeiav n £€£0dog va yiveral
“0000” aouyxpova, dnAadr ekeivn TNV OTIYHN, XWPIG va TTEPIPEVEI TNV BETIKN AKUR TOU
poAoyiou.

Oa mpéTTel va €xel kKal pia emiITTAéov £€§odo “y” (1 bit) n oTroia yia KGBe wneio TTou
eMavietal oTnv £€£000 Ba eAEyxel Qv gival apTio A TTEPITTO. Edv gival dpTio 10 “y” Ba

yivetal “17, evwy €av eivar repItto 10 “y” Ba yiverar “0”. Otav n iy €€6dou givar “0000”

10 “y” Ba TTapauével oto “0”.

AnuioupynoTe £va apxeio “am.v”

- Verilog: Ovopa apxeiou “am.v”.
MpooBnkn aTo zip file pe dvopa "Labl0_ovouartemwvuuo AM.zip”

YAotroijote TnVv mapamavw FSM og €éva module pe 1o dvopa “am’”.




2. AnpioupynoTe kai €va module “tb_am” 1o otroio Ba eivar €va test bench yia 1O
TTapatrdavw module. 'pdyTte To oTo idio Verilog file.

Oa péTTel va KAveTE Ta €ENG:

» 210 0 nsec: in=0
> clock =0
> reset=1
» 210 5 nsec: reset=0
» 2710 10 nsec: reset=1
» 270 22 nSec: in=1
» 210 82 nsec: in=0
» 2710 97 nsec: in=1
» 270 118 nsec: reset=0
» 210 128 nsec: reset=1
» 210 148 nsec:  finish

e Anuioupyeiote €va clock, pe repiodo 10 nsec, ue yia dour always.

EAEYETE TIC KUPATOUOPPEG VIO TNV CWOTEG TIEG £COO0U.

2TIG KUMATOPOPYEG TTPETTEI TIPWTN (ETTAVW) va BpiokeTal To clock. ‘ETreira va BpiokovTail
Kata ocipd: reset, in, am[3:0], y, currentState[2:0], nextState[2:0]

Kavte éva screenshot Twv KUNATOPOPPWY OaG.
(MTTOPEI Va gival printscreen Tou UTTOAOYIOTH 1) hia QwToypagia Pe To KIvRTO GAQ)

- Picture: Ovopa apxeiou “am”.
MpoaBrkn oTo zip file pe 6vopa "Labl0_ovoparemwvupo_AM.zip”

Mapadeiyua:

Eav m.x. 1o AM givar 03456 101 01 KUpaTOUOPQEC Ba TTPETTEl va gival we €ENG:




