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1. Circuitos Sequenciais

Diagrama de Blocos de um Circuito Seqlencial
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1. Circuitos Sequenciais

Circuito Sequencial: Sincrond Assincrono

—
— —b
entradas : saidas elementos
E o _ de memdria
Em— circuito (flip-flops)
.| combinacional
- varigveis do
estado atual

Diagrama de blocos de um circuito segitencial sincrono.
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1. Circuitos Sequenciais

Circuito Sequencial: Exemplo

cnt

=iy

- Exemplo de circuito seqiiencial.

5
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1. Circuitos Sequenciais

Entrada: cnt

Circuito Sequencial: Exemplo Saida : Y
et Sincrono: CK (clock)
DD
—bc @
—I entrada | estado atual proximo estado
cnt Ql; Q0 Qlier QO
0 0 0 0 0
0 0 1 0 1
0 1 0 1 0
| 0 1 1 1 1
| P @ 1 0 0 0 1
L - 1 0 1 1 0
€ Q 1 1 0 1 1
1 1 1 0 0

Tabela de transicdo de estados para o circuito

6
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' Exemplo de circuito sequenmaL [Guntzer, J. L. & Nascimento, F.A.
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1. Circuitos Sequenciais

. . N . Entrada: cnt
Circuito Sequencial: Exemplo Saida : Y

et Sincrono: CK (clock)

Contador Sincrono de Médulo-4
(conta de 0 a 3, no 3 gera saida y=

—C Q _|
entrada | estado atual saida

cnt QL QO Y

0 0 0 0

0 0 1 0

D;D—— D, Q 0 1 0 0

0 1 1 0

e @ 1 0 0 0

—‘ 1 0 1 0

1 1 0 0

CE 1 1 ! 1

7

: - Exemplo de circuito seqiiencial.
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1. Circuitos Sequenciais

Circuito Sequencial: Exemplo

cnt=1/Y=1

ent=0/Y=0

8 - Exemplo de circuito seqiiencial.

Agosto 2008 [Guntzer, J. L. & Nascimento, F.A.
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1. Circuitos Sequenciais

Circuito Sequencial: Sincrono

— —b
—
entradas : saidas  elementos
" - de membria
— circuito / (fip-fiops)
combinacional

Diagrama de blocos de um circuito seqiiencial sincrono.
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2. Maquina de Estados Finitos

Input
Conceito:
- Estado: Contexto/ Estado(i) - Estado atual ‘
- Transi¢do: Entrada + Estado(i) => Estado(i+1) !I
- Sequéncia de Estados / Diagrama de Estados Outplt

Exemplo: Diagrama de Estados - Contador "gray code” de 3 bs

000 \_/ ® 010

100 @ @ 110

Exemplos: Semaforo de Tréansito, Elevador, ...

10
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2. Méquina de Estados Finitos | Préximo Estado= F(Estado Atual, Entradas)
ou seja, E(i+1) = F(x, y) = F(E(i), Inputs)

Saidas= G(x) ou Saidas= G(x,y)

Diagrama Esquemético - FSM: ou sejaQutput = G(Estado Atual [,Inputs]

Next
state

Current state Nen—spte
function
Clock

Inputs

Output

_ — Outputs
function

11
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2. Maquina de Estados Finitos: FSM

Méaquina de Moore Magquina de Mealy
‘entradas
f_)_\ entradas
e — T — ¢ i l
5ol > Au —
ottt | ok “Z fpedenis 0 b it loga e P cadesills L0, |

préximo estado

i -

Diagrama de blocos para 0 modelo de Moore. Diagrama de blocos para o modelo de Mealy.
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2. Maquina de Estados Finitos: FSM
Exemplo FSM: Traffic Lights

>> Especificacéo / Dados gerais:
* Seméforo de um cruzamento, apenas com duas luzes:
verde e vermelho.
* Relogio de 0,033 Hz (1 ciclo cada 30 s)
* Duas estradas: norte/sul (NS) e este/oeste (EW)

>> Sinais de saida:
* NSlite: ativo ! luz NS verde (sendo vermelha)
* EWlite: ativo ! luz EW verde (sendo vermelha)

>> Sinais de entrada:
* NScar: ativo ! carro presente na estrada NS
* EW car: ativa ! carro presente na estrada EW

>> O semaforo deve mudar apenas quando existe um carreegente
na outra estrada; caso contrario a via onde passou o Gtib carro
& deve permanecer a verde

Agosto 2008
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2. Maquina de Estados Finitos: FSM
Exemplo FSM: Traffic Lights

EW Road

000

West

.................. S | sy

P
Detector
pads
@ Controller
for lights

South
14 NS Road

Agosto 2008
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2. Maquina de Estados Finitos: FSM
Exemplo FSM: Traffic Lights

gz:th-South 1 Traffic light —»lc\l_:gtEhéﬁlouth E
sequential
....... «Z...... (NS Car) ?ogic (NS Lite)
East-West ——| controller L poot west |
Car GREEN
(EW Car) ] (EW Lite)

0.033 Hz Clock
(1 tick every 30s)

When
asserted,

turns the East-
West lights to
GREEN

15
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2. Maquina de Estados Finitos: FSM
Exemplo FSM: Traffic Lights
E. actual NScar EWcar E. seguinte Dois estados:
» NSgreen: luz verde na
NSgreen 0 0 NSgreen direccio NS.
NSgreen 0 1 EWgreen
NSgreen 1 0 NSgreen > Elflgretfn: luz verde na
NSgreen 1 1 EWgreen direccao EW.
EWgreen 0 0 EWgreen
EWgreen 0 1 EWgreen E. actual NSlite EWLite
EWgreen 1 0 NSgreen NSGreen 1 0
EWgreen 1 1 NSgreen EWGreen 0 1
vz Codificagdo de estados (1 variavel de estado):
» NSgreen: 0
»> EWgreen: 1 Current state North-South East-West
GREEN GREEN
0 ON OFF
i | 1 | OFF | ON |
Agosto 2008
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2. Maquina de Estados Finitos: FSM
Exemplo FSM: Traffic Lights

EWcar

NSgreen EWgreen

EWca NScar

* Funciona bem?
17
Agosto 2008

USP - SCE-703 - 2008-2

Proj. e Implem. de Sistemas Embarcados | FSM - Finite State Machine

Prof. Fernando Os6rio

2. Maquina de Estados Finitos: FSM
Exemplo FSM: Traffic Lights

East-West CAR & North-South CAR
+
East-West CAR & North-South CAR

North-South GREEN /\ East-West GREEN

'S
East-West CAR &
North-South CAR
+
East-West CAR &
North-South CAR

East-West CAR &
North-South CAR
+
East-West CAR &
North-South CAR

East-West CAR & North-South CAR
+
East-West CAR & North-South CAR

* Funciona bem?

18
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2. Maquina de Estados Finitos: FSM
Exemplo FSM: Traffic Lights

East-West CAR & North-South CAR
+

East-West CAR & North-South CAR

North-South GREEN /\ East-West GREEN

East-West CAR &

East-West CAR & North-South CAR

North-South CAR
+
East-West CAR &
North-South CAR

+
East-West CAR &
North-South CAR

East-West CAR & North-South CAR
+

East-West CAR & North-South CAR

* Funciona bem? Extensoes... Prioridade Highway, Pedestre,

19 Controle Remoto, Dependéncia de Horarios, etc

Agosto 2008
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2. Maquina de Estados Finitos: FSM
Exemplo FSM:
Sistema de Estacionamento de Veiculos Autbnomo (SEVA)

* Exemplo mais complexo...

Entradas:
-Sensores de distancia V[0] a V[5]

LN -Sensores posicionados de forma
- estratégica, especificamente para
estacionamento em vagas paralelas.

VI5]

Saidas

- Atuadores: Direcao / Acelerador
(steering wheel / speed +/-)

20 [Refs.: Ver site http://www.icmc.usp.br/~fosoriotflicacdes) |
[Procure por > Osorio Heinen SEVA < no Google ]

Agosto 2008
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2. Maquina de Estados Finitos: FSM
Exemplo FSM: Sistema de Estacionamento de Veiculos Autdnomo

SEVA 2D
SEVA 3D

* Exemplo mais complexo... | smme—sissrE—

Searching Parking Space Positioning Outside Entering

[ Searching parking space ﬁ[ Positioning outside ]
Entering
Positioning inside

Automaton states

21
Agosto 2008

Positioning Inside Aligning
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2. Maquina de Estados Finitos: FSM
Exemplo FSM: Sistema de Estacionamento de Veiculos Autdnomo

Se Estado_Atual(Procurando_Vaga) e Préximo_ao_Obstacul o(V[4]) e
Proximo_ao_Obstaculo(V[5])
Entdo Speed = Avanco_Rapido e RotVel = Dire¢do_Reta;

Se Estado_Atual(Procurando_Vaga) e Longe__do_Obstaculo V[2)e
Longe__do_Obstaculo(V[3]) e Longe__do_Obstaculo(V[4 e
Longe__do_Obstaculo(V[5])

Entdo Troca_Estado(Posicionando) e Inicializa(Odémetro);

Se Estado_Atual(Posicionando)
Entdo Speed = Avanco_Rapido e Rotvel = Direcdo_Reta;

Se Estado_Atual(Posicionando) e Longe_do_Obstaculo(V[4 e
Deslocamento_Suficiente(Odémetro)
Entdo Estado_atual(Entrando_Vaga) e Inicializa(Odémetro);

Se Estado_Atual(Entrando_Vaga)
Entdo Speed = Ré_Réapida e RotVel = Giro_Esquerda_Max;

Procurando_Vaga Posicionando Entrando_Vaga

[ Searching parking space ﬁ[ Positioning outside ]
Entering
Positioning inside

22 Automaton states Parado Alinhando Otimizando_Vaga

osicionando_Vagd

Agosto 2008
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3. FSM em VHDL
Criando um FSM em VHDL: Introducao - Conceitos basicos

_"\_000 Exemplo simples:
- Estados e Transi¢coes
/‘ - Estados: SO a S7
- Transi¢des: Contador binario

@ @ (Sem entradas)

Como ficaria o codigo VHDL

23
Agosto 2008 [Ref.: www.ece.northwestern.edu/~haizhou/Lec14
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3. FSM em VHDL
Criando um FSM em VHDL: Introducao - Conceitos basicos

architecture ALGORITHM of BIN_COUNTER is
SO begin

process

‘/' 000 @ variable PRESENT_STATE: BIT_VECTOR(2 downto 0) :=1R1";
@ begin

case PRESENT_STATE is
when B"000" => PRESENT_STATE := B"001";
when B"001" => PRESENT_STATE := B"010";

when B"010" => PRESENT_STATE := B"011";
when B"011" => PRESENT_STATE := B"100";
when B"100" => PRESENT_STATE := B"101";

when B"101" => PRESENT_STATE := B"110%;
when B"110" => PRESENT_STATE := B"111";

when B"111" => PRESENT_STATE := B"000";
end case;
Z <= PRESENT_STATE after 10 nsec;
/ wait until (CLK = ‘1";
end process;
end ALGORITHM

Agosto 2008 [Ref.: www.ece.northwestern.edu/~haizhou/Lec14

24

@ @ para implementar este contador binario..

12
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3. FSM em VHDL
Criando um FSM em VHDL: Moore Machine

Define a VHDL model of a FSM

using two processes

- One for the combinational logic for the next state and
output functions

- One for the sequential elements

Inputs Next State
_ .
function
Next State Present State g::s:::g: 1
y
clock Present State SRt oot :
reset register ot transition
condition 2
y
Output Outputs
25 function

Agosto 2008 [Ret.: ece.gmu.edu/courses/ECE448/viewgraphs_SBBRE_state_machines.py
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3. FSM em VHDL
Criando um FSM em VHDL: Moore Machine

process(clock, reset)

____________________ 1
1
Inputs 1 Next State :
——— . <
I function 1
1
1
1Next State :
1
clock Present State Present State :
reset Register 1
1
[ s |
l————————————j
concurrent | Output | Outputs
statements 1 function 1 -
1

26

Agosto 2008 [Ret.: ece.gmu.edu/courses/ECE448/viewgraphs_SDBRE_state_machines.py
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3. FSM em VHDL
Criando um FSM em VHDL: Moore Machine

Maquina de Moore que reconhece uma seqiiéncia de entead"10"

27
Agosto 2008 [Ret.: ece.gmu.edu/courses/ECE448/viewgraphs_SBBRE_state_machines.py

USP - SCE-703 - 2008-2
Proj. e Implem. de Sistemas Embarcados | FSM - Finite State Machine
Prof. Fernando Os6rio
3. FSM em VHDL
Méquina de Moore que reconhece uma seqiiéncia de ented"10"
WHEN S1 =>
function IF input = ‘0’ THEN
Present State Moore_state <= S2;
clock ELSE
TYPE state IS (SO, S1, S2); o END’\TEPVG_Sta‘e <=SL;
SIGNAL Moore_state: state; ouput WHEN S2 =>
IF input = ‘0’ THEN
U_Moore: PROCESS (clock, reset) Moore_state <= SO;
BEGIN ELSE
IF(reset = ‘1') THEN Moore_state <= S1;
Moore_state <= SO, END CASE-\‘D IF;
ELSIF (clock = ‘1" AND clock’event) THEN END IF: ’
CASE Moore_state IS END PROCESS;
WHEN SO0 =>
IF input = ‘1’ THEN Output <= ‘1" WHEN Moore_state = S2 ELSE ‘0’;
Moore_state <= S1; 0 1
ELSE (° . 0
Moore_state <= SO; @ @ @
END IF; G
28
PYTECRICLE  [Ref.: ece.gmu.edu/courses/ECE448/viewgraphs_SD@s7_state_machines.ppt] 0
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3. FSM em VHDL
Criando um FSM em VHDL: Mealy Machine

Define a VHDL model of a FSM
using two processes

- One for the combinational logic for the next state and
output functions

- One for the sequential elements

Inputs Next State

function

transition condition1  /
output 1

Next State Present State

clock — QRS 1)
reset — R E S

transition condition 2/
output 2

Output

29 function

Agosto 2008 [Ret.: ece.gmu.edu/courses/ECE448/viewgraphs_SBBRE_state_machines.py
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FSM - Finite State Machine

3. FSM em VHDL

Criando um FSM em VHDL: Moore Machine x Mealy Machine
Méquina de Estados que reconhece uma seqiiéncia de awla: "10"

0 1 transition
' 0 condition 1
1 state 1 / state 2 /
output 1 . output 2
transition

condition 2

0 / 0 1 / 0 1 / O transition condition1  /
' ‘ output 1
e transition condition 2/
output 2
reset 0/1
30
Agosto 2008 [Ret.: ece.gmu.edu/courses/ECE448/viewgraphs_SDBRE_state_machines.py
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3. FSM em VHDL

Maquina de Mealy

o
~
E

reset 0/1
31
Agosto 2008

Criando um FSM em VHDL:

Reconhece uma seqiiéncia: "10" clock

FSM - Finite State Machine

process(clock, reset)

1
Inputs 1 Next State
| function

1
1
1 Next State

Present State
reset Register

concurrent
statements

Present State

1 / 0 transition condition1  /

output 1

transition condition
output 2

[Ref.: ece.gmu.edu/courses/ECE448/viewgraphs_S@e7_state_machines.pf

2

!
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3. FSM em VHDL

TYPE state IS (S0, S1);
SIGNAL Mealy_state: state;

U_Mealy: PROCESS(clock, reset)
BEGIN
IF(reset = ‘1") THEN
Mealy_state <= SO0;

CASE Mealy_state IS
WHEN S0 =>
IF input = ‘1’ THEN
Mealy_state <= S1;

ELSE
Mealy_state <= SO;
END IF;
0/0 1/0 1/0
OGBS
32 reset 0/1

Agosto 2008

ELSIF (clock = ‘1" AND clock’event) THEN

Criando um FSM em VHDL: Mealy Machine

FSM - Finite State Machine

Inputs ‘ Next State
Next State Present State
clock Present State
reset Register
Output Outputs
function
WHEN S1 =>

IF input = ‘0’ THEN
Mealy_state <= SO;

ELSE
Mealy_state <= S1;

END IF;

END CASE;
END IF;
END PROCESS;

Output <= ‘1" WHEN (Mealy_state = S1 AND input

=0 )ELSE 'O}

16
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3. FSM em VHDL
Criando um FSM em VHDL:

* Podem ser criadas diretamente em VHDL, entretanto seof usado o
software Quartus da Altera, alguns cuidados devem ser tomad

"Synthesis tools can recognize and encode Verilog HDL andDiHstate machines
during synthesis. This section presents guidelinegsure the best results
when you use state machines. "

[From: Recommended HDL Coding Styles, Quartus Il 8.0Handbook, Volume 1 - p.6-59]

Altera recommends that you observe the following gdielines, which apply to both

Verilog HDL and VHDL:

m Assign default values to outputs derived from thetate machine so that synthesis
does not generate unwanted latches.

m Separate the state machine logic from all arithmét functions and data paths,
including assigning output values.

m If your design contains an operation that is usely more than one state,
define the operation outside the state machine armhuse the output logic of the
state machine to use this value.

33 m Use a simple asynchronous or synchronous reseteasure a defined power-up state.

Agosto 2008
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3. FSM em VHDL
Criando um FSM em VHDL:

* VHDL usando o software Quartus da Altera
[From: Recommended HDL Coding Styles, Quartus Il 8.0Handbook, Volume 1 - p.6-65]

VHDL State Machines

To ensure proper recognition and inference of VHDLstate machines,
represent the states in a state machine with enumegted types and use the
corresponding types to make state assignments.

VHDL State Machine Coding Example
The following entity, vhd1_fsm is an example of a typical VHDL FSM implementatio
- State machine: 5 states (state_0 to state_4).
- The asynchronous reset sets the variable state state_0.
- The sum of in1 and in2 (inputs) is an output of th state machine in state_1 and state_2.
- The difference (inl - in2) is also used in state_dnd state_2.
- The temporary variables tmp_out_0 and tmp_out_1 stre the sum and
the difference of inl and in2.
- Using these temporary variables in the various stas of the state machine
ensures proper resource sharing between the mutuglexclusive states.

34
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3 . FS M em VH D L PROS}EE?AQE;&E:&;EEG j:n;l)qsmmm (4 downto 0);

VARIABLE tmp out_1: UNSIGNED (4 downto 0);

Example 6-46. VHDL State Machine BEGIN
LIBRARY isee; tmp_out_0 := inl + 1in2;
USE 1eee.std loglc_lléed.all; tmp_out_1 := inl - in2;
USE ieee.numeric_std.all; CASE state IS
WHEN state 0 =»>
ENTITY vhdl_fsm IS out_1 <= inl;
PORT ( next_state <= state_1;
clk: IN STD_LOGIC; WHEN state 1 =»
reset: IN STD_LOGIC; IF (inl < in2) then
inl: IN UNSIGHED(4 downto 0); next_state <= state 2;
in2: IN UNSIGNED(4 downto 0); out 1 e= tmp out 0;
out_1: OUT UNSIGNED(4 downto 0) ELSE - -

1i

next state <= state 3;
END vhdl fsm; T -

out_1 <= tmp out_1;
END IF;
WHEN state 2 =»
IF (inl < "0100") then
out_1 <= tmp out_0;

ARCHITECTURE xtl OF whdl fsm IS
TYPE Tstate IS (state_0, state_1, state 2, state_ 3, state_4};
SIGNAL state: Tstate;
SIGNAL next_state: Tstate;

BEGIN ELSE 1t -
PROCESS (clk, reset) ENDC“IIF, <= tmp_ocut_1;
BEGIN i

IF reset = '1' THEN next_state <= state_3;
state <=state 0; WHEN state_3 :>" .
ELSIF rising edge (clk) THEN ocut_1 == "11111";
state <= next_state; next_state <= state 4;
END IF; WHEN state_4 =»

END PROCESS; out_1 <= in2;

PROCESS (state, inl, in2) next_state <= state 0;
VARIABLE tmp_cut 0: UNSIGNED (4 downto 0); WHEN OTHERS => . B
VARIABLE tmp out 1: UNSIGNED (4 downto 0); out_1 <= "00000";

- - next state <= state 0;

BECIN . X

S END CASE;
o END PROCESS; END PROCESS;

Agosto 2008 END rtl; END rtl;
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4. FSM no Quartus Il (Altera)
Criando um FSM com o Wizard

& Fromein T ] - Menu:
gloa[ T Cksew|Trrn|eO (B Fle
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4. FSM no Quartus Il (Altera)

Criando um FSM com o Wizard Menu: File — New - State Machine File
: = State Machine Wizard
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4. FSM no Quartus Il (Altera)

Criando um FSM com o Wizard Menu: File — New - State Machine File
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4. FSM no Quartus Il (Altera)

Criando um FSM com o Wizard Menu: File — New - State Machine File
State Machine Wizard
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4. FSM no Quartus Il (Altera)
Criando um FSM com o Wizard Menu: File — New - State Machine File
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4. FSM no Quartus Il (Altera)

Criando um FSM com o Wizard Menu: File — New - State Machine File
State Machine Wizard

' Quartus ) - [SM1.smi]
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Edicao (Wizard, Editor)

Criando um FSM com o Wizard Menu: File — Save as

Quartus II - [SM1.smf*]
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4. FSM no Quartus Il (Altera) Menu: File — New - State Machine File

. . Edicéo (Wizard, Editor
Criando um FSM com o Wizard Gefar aﬁquivo VHDL )
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4. FSM no Quartus Il (Altera) Menu: File — New - State Machine File

. . Edicéo (Wizard, Editor
Criando um FSM com o Wizard Gefar aﬁquivo VHDL )
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4. FSM no Quartus Il (Altera)
Criando um FSM com o Wizard

FSM:
Arquivo VHDL

Quartus Il - [SM1.vhd]
$p Fle Edit View Froject Assignments Pracessing Tools Window Help

[EEETIEIE o[ CHsees|[Grw a0k oo
Praject Navigator = | Bl s | & SM1vhd i
Entity I E
& Compilation Hierarchy| 17
R 18 LIBRARY ieee;
13 USE ieee.std_logic_1184.all:
20
21 EENTITY SM1 IS
2z ® PORT |
23 clock : IN STD_LOGIC;
24 reset : IN STD_LOGIC := '0';
25 inputl : IN $TD_LOGIC o
26 input2 : IN STD _LOGIC := 'O';
ExHierarchy [ B Files | & Design Urits | 27 Uul:putl : OUT STD_LOGIC
[ —— o
Flows | Full Design = = 30
— — 31 =ARCHITECTURE BEHAVIOR OF SH1 I3
= 32z T¥PE type fatate IS (statel,stateZ,state3):
B3 Sta Proect - o SIGNAL fstate : type fotate:
@; Open New Project Wiz 34 SIGNAL reg Tstate : type fatate:
& Open Existing Project — 35 SIGHAL reg outputl : STD_LOGIC := 'O';
C i n 36 MEBEGIN
e 37 = PROCESS (clock,reg fstate,reg outputl)
as BEGIN
9 = IF (clock='1' MND clock'ewent| THEN
45 40 fstate <= reo fstate:
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FSM - Finite State Machine

4. FSM no Quartus Il (Altera) - VHDL FSM

LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY SM1 IS
PORT (
clock : IN STD_LOGIC;
reset: IN STD_LOGIC :='0";
inputl : IN STD_LOGIC
input2 : IN STD_LOGIC :="'0"%
outputl : OUT STD_LOGIC
);
END SM1;

ARCHITECTURE BEHAVIOR OF SM1 IS
TYPE type_fstate IS (statel,state2,state3);
SIGNAL fstate : type_fstate;

SIGNAL reg_fstate : type_fstate;
SIGNAL reg_outputl : STD_LOGIC :='0";

BEGIN
PROCESS (clock,reg_fstate,reg_outputl)
BEGIN

IF (clock="1" AND clock'event) THEN
fstate <= reg_fstate;
outputl <= reg_outputl;
END IF;
END PROCESS;

PROCESS (fstate,reset,inputl,input2)
BEGIN
IF (reset="1") THEN
reg_fstate <= statel;
reg_outputl <="'0";
ELSE
reg_outputl <="'0";
CASE fstate IS
WHEN statel =>
IF (((inputl ='1") AND (input2 = '1"))
THEN reg_fstate <= state2;
ELSE reg_fstate <= statel; END IF;
reg_outputl <="'1";
WHEN state2 =>
IF (((inputl ='1") AND NOT((input2 ='1'))))
THEN reg_fstate <= state3;
ELSE reg_fstate <= statel; END IF;
reg_outputl <="'0";
WHEN state3 => . . .
WHEN OTHERS =>
reg_outputl <="X’;
report "Reach undefined state";
END CASE;
END IF;
END PROCESS;
END BEHAVIOR;
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5. HANDS ON!

Crie uma Maquina de Estados (FSM)
Simule (Simulacéo Funcional)

Pratique... Especifique... Detalhe... Desenvolva.mplemente!

kkkkkkkkkkkkkkhkkhkkhk

Trabalho Préatico 01
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