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Mnyavég Iemepaocuévov Kataotdoewv: Eicayoyn kou

0QLGUOG

B O unyovég TeTMeQAOUEVOV KOTAGTAGE®Y ATTOTEAOVV vav TUTTO
TIEQLYQOPIS AKOAOVOLOKMV AOYIKOV KUKA®UAT®V 0 oTtolog elval
KROTAAANAOG YioL T LOVTEAOTIOINGN KUKAWUWATOV TIOU TTQOYULOTOTIOLOUV

wo oeld amd Aettougyieg

m Oq@woudc: FSM agtotedel omolodngtote kUkAwua edikd oxedlacuévo va
SiégxeTon ue arkoAovdiard TeéTo aTtd €va GUVOAO KATAGTAGE®DV

O Adyog Ttov oxedidgovron FSM atn Verilog HDL efvar dt1 wa
vAogroinon oe VAMKG elvar KaTd kKavéva TToAD Tayvtepn Ge xedvo
emegepyaciog agd Ty avticToyn vAoToinen Ge AOYIGULKO VOGS

=

WKQOETTEEEQYAGTI

m T'evikd Sudypauua wag FSM

s fu 1T, T —— | EE0BO)
¥ TuvBuaoTkr Aoyik]

Tpéxouoa emdpevn
KardoTaon KaTdoTacn

AxohouBiakr] hoyiij  l«—— clock

le—— reset
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Ykiaypdenon tng Stdlegng

B Mnyavéc memepacuévav katactdoewv (FSM: Finite-State

Machine)

m Opwoudg tng FSM
FSM katd Mealy ko katd Moore - Mikto{ tiItol
Tedmol kataypaeng tng Aettovyiag wag FSM
Aount tng FSM
Emavatomobétnon (agyikomoinon) woag FSM
Kwdwomoinon tng te€xoucag Kol TG eITOUEVNS KATAGTAGNS
Teyvikéc kaw SLa@oEETIKA GTUA Yo Tnv JTepLypaent wag FSM
Kataywenuéveg €godor atigc FSM (registered outputs)
IMogadetypato: amagbuntic BCD, eAeykTig tayvtntog
oxnuatog (car speed controller)
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Aoun woag FSM

Tumkn ogydvwon wag FSM

eizodol | - PR IEn | -
Aoy eTapevng | Aoyia] Tpéxouoag

: i Aoy eE6Bou
LT TITT KOTAOTAoN G !
(ouvBuaomikn) clock| ( - (ouvbuaoTir)

C |

Aoykit Tpéxovcag KatdoTaong: YAOTOEITOL aItd KOATOXWENTA Yo Thv
attobnkevon tng TeEéxovcas katdotacng the FSM. H twn tou
OVTLITQOGWITEVEL TO GUYKEKQWEVO GTASL0 GTo oTtolo PelokeTal n
Aetrtovgylo tng FSM

Aoyt etduevng katdotaong: TuvduacTiki AOyiki n otroio JTaQdyetl Tnv
emdpevn katdotacn tng akolovdiag. H emduevn katdotacn asotelel
guvdptnon tov eilgédwv tng FSM kol Tng Tp€xoucag KaTdaTaong

—— £C0DOI

Aoyiki €€680v: XUVEUAGTIKA AOYIKI TTOU YENGLWOTTOLE(TAL YioL Thv
TOQAYWY TV onUdTmv €680V Tou KUKA®UOTOS. Ot £€£0801 aTroTEAOUV
ouvdeTnon Tng €£680V TOL KATOXWENTA (TEEXOVGOS) KATAGTAGNS KO
MIGANQY twv e1668wv tng FSM
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Katnyopieg FSM: tomov Moore kot tomtov Mealy (1)

m X1 FSM tdmouv Moore ot €£0d0t efvar guvdtnon uévo tng
TEEYOVGOC KATAGTOONS
m Ogydvwon wog FSM tomouv Moore

sigabol

™| oy ETGpEvVIg »| Aoyi) Tpé < ™| Aoynai sE6Bou
KarGoTaomg KardoTaong i

(ouvBuaaik) dock, ] i . ioBol

Moore

[

reset

m Xtic FSM timouv Mealy ou é£o8ot eivor guvdgtnon twv
€L008WV KoL TG TEEXOVGAS KATAGTAONG
m Ogpydvwon wag FSM tUTtov Mealy

oot || L, o0
slondol Aoy eTdpevng 1 Aoy TpExouTag _’SED o

& & Aoy ef6dou Mealy
KaTdoTaong KaTaoTaong g
(ouvBuaoTiki) clack, | { f - ML)
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Tedmor avastapdotacng wag FSM (1)

m Mia FSM umopel va mepuypapel elte pe yorion sivoka
KotaoTdoewy (state table) elte ue ypa@wd TeATO
XONGLULOTIOLOVTOCS SLAYQOLLLO UETAYWYIS KATAGTAGE®Y (state
transition graph)

m Ilivokag kataoTdoewv

Inputs Current state | Next state Outputs
A | Hold Y Me | Y Mo
0 X 000 000 1 0
1 X 000 001 0 0
0 X 001 000 0 1
1 X 001 010 1 1
X X 010 011 0 0
X 1 011 011 1 1
0 0 011 000 1 1
1 0 011 100 0 1
X X 100 000 0 1
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Katnyopieg FSM: tomov Moore kat tomtov Mealy (2)

= O FSM t0mrov Moore agtaitotv évav KUKAO QOAOYLOU TTOQATIAV® OITo TIG
TUTT0V Mealy yia Tov vTTOAOYLGUO TV (Blwv €€68wV Yo Tig (dteg
Treodaypapés woag FSM
B Y& oguouéveg Treputdoels FSM, o €g08ot stapdyovtar astevbeiog astd
TOV KATOYWENTA TEEXOVGOS KATAGTAGNS KoL €TGL Sev arronteitol n
UITaEn Aoyiking e€6dou

m Elvaw e@ktdc 0o guvduacuds twv timwv Mealy kaw Moore gtnv {Sta FSM

m Ogydvwon wag FSM utktot timov

ey m—
{ouvBuaoTik) Mealy
sioodor _| P e |
—-{ Aoy ETGpEVTC Aayik Tpéxouag J e
KaTaoTaong Kar@oTaong z
| (CUVBUQOTIKN) clock, ( i Y| T &Eobol
r Moore
resel
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Tedmor avastapdotacng wag FSM (2)

B AdyQoyuo LETOYWYNGS KATAGTAGEWY

Value of inpul
A ang Hold

101

Nomenclature
Transitional A Hold/Y_Me
State Y Mo

X - don't care condition
Separator betweer inputs and

Mea oulputs Binary value on three
¥ typo state register fip-tlops
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Kwdwkomoinon thg katdotacng otigc FSM (1)

m [a tnv kwdikotroinon tng katdotaong wag FSM
xonowomote{tar kdgtolou £ldovg duadikn aglOunTikn
avastaedoTocn:

® AxolovBiakn (sequential): oe kG0e katdoToon ovotiBevTon
duadikol aplBuol katd avgovsa celpd. "Evac kataxmentng
KATAGTOONG TwV 1 bit umwoeel va ypnowomowndel yio 2"
SLOKELTES KATAGTAGELS.

m Kwdwomoinon Gray: 8o dtadoyikol aplBuol diapépouv katd
éva bit. To i-oatd bit wag Aéeng Gray Sivetaw amd tn Gyéon:
G; = B;41 ® B;, 6mov B elvan o avticToyos abudc ce
kwdkoToincn binary
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Kwdikogrtoinon tng katdotaong otic FSM (3)

B AN\EC KOOKOTTONGELS
B Kodwkotoinon kabogigduevn amsd to xenotn: omowadngtote avddeon
aEOUNTIKAOV AVTIGTOLYIGEMV GE KATAGTAGELS
B ITopdderyuo we yorion parameter

[parameter S1 = 4'b0110, S2 = 4'b0111, S3 = 4'bO00O, S4 = 4'b1010; ]

B [Topdderyuwo olupwva pe to tpdturto IEEE 1364.1-2002 yuwa to
vrogvvoAo tng Verilog HDL stov vtocTnigetan yio Aoyiki
cvvBeon

// Attribute defined as a meta-comment

(* synthesis, fsm_state [=<encoding_scheme>] *)
//

(* synthesis, fsm_state *) reg [4:0] next_state;

// Example 2: "onehot" encoding is used and rst_state is the state vector.

(* synthesis, fsm_state = "onehot" *) reg [7:0] rst_state;

B Kodwkoroinon mpoadiogigduevn katd tm civheon: to gpyoieio
gUvBeong eTiAéyel Tnv kKwdkoTtoinon ue Bdon KAITOW0 LETEKS, TT.X.
UWIKQOTEQN ETLPAVELD VAKOV 1L KATOVAA®GT EVEQYELOS
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Example 1: Default encoding is used and next_state is the state vector.

Kwdwkomoinon thg katdotacng otigc FSM (2)

m (cuvéxela)

m Kwdikomoinon Johnson: kwdwotoinon ctny omoia eriong
Sradoykol apiBuol Siapépouv katd éva udvo bit. Exeedgetor
WS aQLotepn 1 8eid oAMcBnon tov ooy 2" — 1 katd
GUYKeKQWEVO 0Bud décemv

B Kodikomoinon one-hot: ge kdbe katdotacn aviietoyiceTon
texweoTo flip-flop. Xe kdbe kardotaon éva uévo flip-flop
€xer tnv it 1’b1. T Tnv TTEQLYRAQN N KATAGTAGEWV
agtoutovvton n flip-flop

B Kodikomoinon one-cold: 67twg n one-hot al\d yio kdbe
katdotacn €va uévo flip-flop €xer tnv i 1’bO
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Kwdikogroinon tng katdotoong otic FSM (4)

B ALQLOQO®OGELS Yla TNV KMSLKOTTOINGN TV KATAGTAGE®Y GE

wio FSM

State Sequential | Gray Johnson One-hot

0 0000 0000 | 00000000 | 0000000000000001
1 0001 0001 | 00000001 | 0000000000000010
2 0010 0011 | 00000011 | 0000000000000100
3 0011 0010 | 00000111 | 0000000000001000
4 0100 0110 | 00001111 | 0000000000010000
5 0101 0111 | 00011111 | 0000000000100000
6 0110 0101 | 00111111 | 0000000001000000
7 0111 0100 | 01111111 | 0000000010000000
8 1000 1100 | 11111111 | 0000000100000000
9 1001 1101 | 11111110 | 0000001000000000
10 1010 1111 | 11111100 | 0000010000000000
11 1011 1110 | 11111000 | 0000100000000000
12 1100 1010 | 11110000 | 0001000000000000
13 1101 1011 | 11100000 | 0010000000000000
14 1110 1001 | 11000000 | 0100000000000000
15 1111 1000 | 10000000 | 1000000000000000
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Agywotoincn kol ac@aig Asttovpyia tng FSM

i

INao tnv agywkotoinon tng FSM e ula yvootin agykin
KATdoToon eMPBAAETAL N XENON AGVYXQOVIG
emavatorofétnong (asynchronous reset)
Me tov TdéTT0 avTd €EAGEAMTETAL OTL Ue TNV TEWTN OKUN
Tov EoAoytov, n FSM umogel va uetafel oe ula véa
kotdoTacn
Ye grepimttwon Tov gite dev yonowworoleital reset elte
xonawotroleital wévo guyyeovn ermavatorofétnon
(synchronous reset)
B Aev vrtdeyel TeOTog vo TTROPAE@OEl n Ak KATAoTOCN TG
FSM
B Ymdpyel Teplmtoon eyrAnfiowoy tng FSM ce kdatota
ayenowodtointn katdotacn (unused state)

Ipokewévou va VITdExeL N SuvatdTnTo ETMMGTQOPAS GE
éyrupn katdotaon xeewdgetal va Anedovv véyn gtn
oxedlaon kot oL TUYGV aXENGULOTIOINTES KATAGTAGELS
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Texvikég mepypapng wag FSM (2)

EVOAAOKTIKES TEXVIKES YLOL TN GUVTOEN TNG TIEQLYQAMPAGS WLOS
FSM

FSM ue 8vV0 Siepyacies pe tn MOy TEEXOVOAS KOTAGTOONS
va vAogroteiton e ula always kow tn Aoyiki emduevng
katdoTacng ko €£680v va vAoTtoloUvTaL Ge wia devtepn
always

EvoAlokTikd n Aoy €£660v uitopel va vAottotnbel agtd
GUVTEEYXOVGES SNAMGELS assign GgTnv MeRITTOON TWV
acUyxeoveY ££68wv

Y& TTOANEC EQOQUOYES T GrpaTa €E650V TTEETTEL vau elval
oUyxeova €16l OGTE N €€000G VoL EVIULEQWVETOL UGVO UE TNV
akun Touv goAoylov. Mia tétola FSM urropel va vAoTtoinbet
ue yenon axkoAovBiakol urrAok always yiwa tn Aoywkn ££68ov
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Texvikég mepypapng wags FSM (1)

B evikd vepioTavTon aEKETES TEXVIKES Yol T GUVTOEN TG
TeQrypapng utag FSM
m Ogiouéveg amod TS TepLaadTepo dradedouéves elval oL ENG:
FSM ue pla diepyacio (uitAok always): H Aoywki emduevng
KATAGTAONG, TEEXOVGAS KATAGTAGNS KoL €5650U
TeQuyed@ovton oe pwia always. H texvikn avtii AEN ugtopel
va xencwotromndel yio acyyeoves ££680ug
HE FSM ue 800 Sepyacies: H Aoyl etéuevng KatdoToons Ko
TEEXOVOOC KATAGTACNS VAOTIOOUVTOL 6 uia always kot n
Aoyikn €€66ov Ge ula devtepn
E FSM ue tpeic Siepyaoies: H Aoykn emtduevng KaTdoTooNng,
TEEYOVOOC KATAGTAONS Ko ££680V TreprypdpovTol Ge
gexwolotéc always
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ALdyQouia LETAYWYAS KATAGTAGEWV Yo wio amAn FSM
4 KOTOGTAGE®V

m H FSM tov mapadelyuatog kabogiteton amo:
m Téooepis kataotdoels: S1, S2, S3, S4
m Mia elcodo: x1
m Mia €g080: outp
B [Iévie TepurTooels petdffoong amd KatdoTaon oe
KOTAGTOGN GUULO®OVA UE TO TTAQOKATND SLAYQOUULO LETAYMYNS

KOTAGTAGEWV

reset

nutp:1fs-1\\

®1=1 J n=0
outp=1 (Sa (S-a outp=0

(s4)

\/

outp=0
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[Mapddetyuo FSM pe uta Siepyacio
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(module fsm_1 (clk, reset, x1, outp); ( sl: begin
input clk, reset, x1; if (x1 == 1'bl) begin
output outp; state <= s2;
reg outp; end
reg [1:0] state; else begin
parameter sl = 2'b00, s2 = 2'b01, state <= s3;
s3 = 2'b10, s4 = 2'bll; end
outp <= 1'bl;
initial begin end
state = 2'b00; s2: begin
end state <= s4;
outp <= 1'bl;
always @(posedge clk or posedge reset) end
begin s3: begin
if (reset) begin state <= s4;
state <= sl; outp <= 1'b0;
outp <= 1'bl; end
end s4: begin
else begin state <= sl;
case (state) outp <= 1'b0;
J end
endcase
end
end
endmodule

[Mopddetyua FSM pe 8vo diepyacieg (Eexmelotn
Logic)

Output

TA®coeg Iegrypapnig YAtkov I

Nwk6Aaog KapBadiag nkavv@uop.gr

(module fsm_2 (clk, reset, x1, outp); ( sl: if (x1 == 1'bl)
input clk, reset, x1; state <= s2;
output outp; else
reg outp; state <= s3;
reg [1:0] state; s2: state <= s4;
parameter sl 2'b00, s2 = 2'bO1, s3: state <= s4;

s3 = 2'bl®, s4 = 2'bll; s4: state <= sl;
endcase
initial begin end
state = 2'b00; end
end
always @(state)
always @(posedge clk or posedge reset) begin
begin case (state)
if (reset) sl: outp = 1'bl;
state <= sl; s2: outp = 1'bl;
else s3: outp = 1'b0;
begin s4: outp = 1'b0;
case (state) endcase
J end
endmodule
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[Mapdderyuo FSM ue tpeig diepyacieg

module fsm_3 (clk,

To (6o JTORASEYHLA e S0 diepyacies kol aIToudvocn
TNG AOYIKAG TEEXOVGOS KATAGTAONS

reset, xl1, outp);

input clk, reset, x1;

output outp;

reg outp;

reg [1:0] state;

reg [1:0] next_state;

parameter sl = 2'b00, s2 = 2'b01,
s3 = 2'b10, s4 = 2'bll;

initial begin
state = 2'b00;
end

always @(posedge clk or posedge reset)
begin
if (reset)
state <= sl;
else
state <= next_state;
end
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always @(state or x1)
begin
case (state)
sl: if (x1 == 1'bl)
next_state = s2;
else
next_state = s3;
s2: next_state = s4;
s3: next_state = s4;
s4: next_state = sl;
endcase
end

always @(state)
begin
case (state)
sl: outp = 1'bl;
s2: outp = 1'bl;
s3: outp = 1'b0;
s4: outp = 1'b0;
endcase
end
endmodule
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( ( M
module fsm_2b (clk, reset, xl1, outp); sl: begin
input clk, reset, x1; outp = 1'bl;
output outp; if (x1 == 1'bl)
reg outp; next_state = s2;
reg [1:0] state; else
reg [1:0] next_state; next_state = s3;
parameter sl = 2'b00, s2 = 2'b01, end
s3 = 2'bl®, s4 = 2'bll; s2: begin
outp = 1'bl;
initial begin next_state = s4;
state = sl; end
end s3: begin
outp = 1'b0;
always @(posedge clk or posedge reset) next_state = s4;
begin end
if (reset) s4: begin
state <= sl; outp = 1'b0;
else next_state = sl;
state <= next_state; end
end default: begin
// avoid outputs and next state logic
always @(state or x1) // being latched
begin outp = 1'b0;
case (state) next_state = sl;
J end
endcase
end
endmodule
J
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To (60 TT0RAS. we SVo Siepyacieg, aroudvocon AOYIKNIG
TEEXOVGAC KATAGTAGNGS Ko agtodnkevuévn £€£0850

module fsm_2c (clk, reset, x1, outp); sl: begin
input clk, reset, x1; temp = 1'bl;
output outp; if (x1 == 1'bl)
reg outp, temp; next_state =
reg [1:0] state; else
reg [1:0] next_state; next_state =
parameter sl = 2'b00, s2 = 2'b01, end
s3 = 2'bl®, s4 = 2'bll; s2: begin
temp = 1'bl;
initial begin next_state = s4;
state = sl; end
end s3: begin
temp = 1'b0;
always @(posedge clk or posedge reset) next_state = s4;
begin end
if (reset) s4: begin
state <= sl; temp = 1'b0;
else next_state = sl;
outp <= temp; end
state <= next_state; default: begin
end temp = 1'b0;
next_state = sl;
always @(state or x1) end
begin endcase
case (state) end
J endmodule
-
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[Teprypapn Tov agraQbuntin

BCD c¢ Verilog HDL (1)

Yxedracuds FSM yia tov astapbuntn BCD

m O astabuntiig BCD amotedel mtapddetyuo vAoTTOINGNG ULOG
unyovig Moore emteldn n €086¢ Tov €gaTdtan uévo aIrd
Tnv asodnkevuévn (TE€oVca) KOTAGTUoN

m [ Ty kwdikoTroinon thg katdotoong tov FSM wg
OKOAOVOLOKNA YEELGCETAL £VAS KATOYXWENTAS eVQOVS
[log2(10)] = 4 bit.

B AldyQouuo LETOYWYNGS KATAGTAGEWV Y TOV OItaQliunti
BCD

reset
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[Teprypapn tov agtapbunti BCD e Verilog HDL (2)

input clk, reset;
output [3:0] count;
reg [3:0] count;

reg [3:0] next_state;

begin
if (reset)

else
end

always @(current_state)
begin

reg [3:0] current_state;

r
module bcd (clk, reset, count);

parameter ZERO = 4'b0000, ONE
FOUR = 4'b0100,
EIGHT = 4'b1060, NINE

current_state <= ZERO;

FIVE

4'b0001, TWO = 4'b6016, THREE = 4'b0011,
= 4'b0101, SIX = 4'b0110, SEVEN = 4'bO111,

= 4'b1001;

always @(posedge clk or posedge reset)

current_state <= next_state;
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case (current_state)
ZERO: begin
count = ZERO;
next_state = ONE;
end
ONE: begin
count = ONE;
next_state = TWO;
end
TWO: begin
count = TWO;
next_state = THREE;
end
THREE: begin
count = THREE;
next_state = FOUR;
end
FOUR: begin
count = FOUR;
next_state = FIVE;
end

NwoAaos Kappadiag nkavv@uop.gr

FIVE: begin
count = FIVE;
next_state = SIX;

end

SIX: begin
count = SIX;
next_state = SEVEN;

end

SEVEN: begin
count = SEVEN;
next_state = EIGHT;

end

EIGHT: begin
count = EIGHT;
next_state = NINE;

end

NINE: begin
count = NINE;
next_state = ZERO;

end

default: begin
count = 4'bl111;
next_state = ZERO;

end

endcase
end
endmodule
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[Tpocouoiwan tov amagBuntin BCD

XQEovikS Sidyouio Tou KUKAMUATOS

5@ns

clk Y WY VY W N VO Y N Y VO Y VO

reset \

current state | ZERO WONE _KTWO HTHREEJFOUR KFIVE HSIX JSEVENKEIGHT)NINE }ZERO

next state [oNE ¥TWO __KTHREEJFOUR WFIVE }51X NSEVENYEIGHTXNINE {ZERO YONE _

cgun;[}:ﬂ] [oooo ¥OO01 ¥oo10 ¥oo1l 0100 0101 WOo110 0111 H1000 X100l XOOO0
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ALGyQOUUOL LETAYWYNS KATAGTAGEDV Yol TOV car speed
controller

m Ot elgodor tng FSM elvan to kAewdi (keys), To cripa agtd Tto
YKAT (accelerate) kar To onpo agtd to @eévo (brake).
"E€odo¢ tng FSM eivar n otdBun tayvtntog (speed)

not(accelerate) and not{accelerate) and
not(brake) accelerate not(brake)

accelerate

nol(orake)

| Default state: STOP when (keys == 0) |
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Yxedlaouoc eAeYKTN TayVTNTOS oxnuatog (car speed
controller)

B Xto TEOPAnua gnteital o oxediacuos wag FSM yia tov
E€AEYXO TNG TOYVTNTOS £VOG OXNUATOS TO 0Ttolo Srofétel
AUTOUOTO KIPDOTIO TAYVTATOV

m To Syxnua SraBéter tpes Tayxvnteg (SLOW, MEDIUM,
FAST), ov ogtoieg Yo avTiitpocnmeuTovv amd aviiGToLyes
KOTAGTAGELS

m ‘Otav 1o dynua Peloketar oe npeula Bev €xer etcaybel to
KAEWS! TOu oWTOKIVATOV) avtiaTolyel n katdotacon STOP

m To kAeldi, avTlTpocwITEVEL €Vva €EMTEQIKG GrUAL TO 0ITolo
ovoudigouue keys kor oty ovaio aviigtoxel ae {codo
emavatoroféTnong (reset) AQVNTIKAG AOYLKNG

B O gleykTig 8€xeTan Ta cnuota 16odovu accelerate ko brake
aTtd Tov TOSOUOYAS ETUTAXVVEENS (YKATL) KL TO TTOSG@pEEVO
(peévo), avticTorya
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ITepuypapn tovu car speed controller ge Verilog HDL (1)

(module car_speed_cntl (clock, keys, brake, accelerate, speed);
input clock, keys, brake, accelerate;
output [1:0] speed;
reg[1:0] speed, newspeed;
parameter STOP = 2'b0O, SLOW = 2'bO1,
MEDIUM = 2'b10, FAST = 2'bll
always @(posedge clock or negedge keys)
begin
if (lkeys)
speed <= STOP;
else
speed <= newspeed;
end

always @(speed or keys or brake or accelerate)
begin
case (speed)
STOP: begin
if (accelerate)
newspeed = SLOW;
else
newspeed = STOP;
end
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ITeprypapn tovu car speed controller Ge

Verilog HDL (2)

( M
SLOW: begin
if (brake)
newspeed = STOP;
else if (accelerate)
newspeed = MEDIUM;
else
newspeed = SLOW;
end
MEDIUM: begin
if (brake)
newspeed = SLOW;
else if (accelerate)
newspeed = FAST;
else
newspeed = MEDIUM;
end
FAST: begin
if (brake)
newspeed = MEDIUM;
else
newspeed = FAST;
end
default:
newspeed = STOP;
endcase
end
endmodule
J
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7
Apxeto testbench yio tov car speed controller (2)
( M
#10 keys = 1'b®; brake = 1'b®; accelerate = 1'b0;
#50 keys = 1'bl;
#50 accelerate = 1'bl;
#50 accelerate = 1'bl;
#50 brake = 1'bl;
#50 brake = 1'bl; accelerate = 1'bl;
#50 brake = 1'b0®; accelerate = 1'bl;
#50 accelerate = 1'b0;
#50 accelerate = 1'bl;
#150 brake = 1'bl;
#200
// $stop; // for Modelsim
$finish; // for Icarus Verilog
end
// Write simulation data to a Value Change Dump (VCD) file.
// More on this in lecture 07, scheduled next week!
initial
begin
// Open a VCD file for writing
$dumpfile ("car_speed_cntl.vcd");
// Dump the values of all nets and wires in module
// "main", since simulation time 0
$dumpvars (6, main);
end
endmodule
J
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Agyetlo testbench yiwo tov car

speed controller (1)

“timescale 1 ns / 10 ps

module main;
reg clock, keys, brake, accelerate;
wire [1:0] speed;

car_speed_cntl test (
.clock(clock),
.keys (keys),
.brake (brake),
.accelerate(accelerate),
.speed(speed)

)

// Test clock generation.
//
// Clock pulse starts from 0.
initial
clock = 1'b0;
// Free-running clock
always
#25 clock = ~clock;

// Data stimulus
initial
begin
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[Tpocouoiwan tov car speed controller

Xpovikd SLdyQaio Tou KUKA®UOTOS

T

clk B O e e N T O P T S e e O W o S o Y S W

keys [ —

brake ‘\—l'—\
accelerate [ [
speed[1:0] X{STOP {SLOW HHEDT ¥SLOW }5T0P {5LO0W WMEDT _YFAST MEDT }SLOW {5TOP
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