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AR I 221 330 A9 8 5 K 0 R ZSATL X g AL A Wi 102 R 2L L R 2 RS BILX g AL ) o 07 B — A i A
JEI o R ZRARZS ML i tH 5 05 Ao ) 28 R DA — RE R L S BR 3l o ARG 1R B R JEE R
SR EE ZRORZS AL

5.2 WIEFRTHEVRIBIO N

ARZS G b5 R A8 5 SCIRZE AL Y BPIRZS TR — RS CA BB B — RS FRIRED
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signal crrent state: std logic_vector(1l downto 0);

signal next state: std logic vector(1l downto 0);

il X b 7 O R SCIRAS A HLELZ 9 B - F i Bk = HLACIRZS 9 35 S0 72 77 19 AT i34
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e BN S B IR R 8 OER L AR
AT EXWE .
type mystate is (st0,stl,st2,st3);
signal current state,next state: mystate;

il P X A 5 30 CRPIR AT BACIRZS 893 SC AT 5 Tl A k.
Jra= i e SCE R J7 O E SOIRES -

constant st0: std logic vectro(1l downto 0): ="00";
constant stl: std logic_vectro(l downto 0): ="01";
constant st2: std logic vectro(l downto 0): ="10";

constant st3: std logic_vectro(1l downto 0): ="11";
signal current state,next state: std logic vectro(l downto 0);

X 75 A 7 3 Al e 2 by ORI e A 7 X T i

LA AT AR G i 75 3 T AR A g S E OO =

o AT . AR A 2 B R A 15 R AR S T R

o MEE . BT AR G 18] R — A LA A AN L AR UG S 2
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Htith 2 i 3K

& B A e 2

constant st0: std logic vectro(l downto 0): ="00";
constant stl: std logic vectro(l downto 0): ="01";
constant st2: std logic_ vectro(l downto 0): ="11";
constant st3: std logic vectro(l downto 0): ="10";
Mg i 5

constant st0: std logic vectro(3 downto 0): ="0001";
constant stl: std logic vectro(3 downto 0): ="0010";
constant st2: std logic vectro(3 downto 0): ="0100";
constant st3: std logic vectro(3 downto 0): ="1000";

GEATIX 3 A g I 2 T 2R Y 4 1 - DOCIR 2017 3 107 Bty e i i 7 R AR T BE 23
B PR 11785007 XN P E 5 5 crrent_state £ IR A5 5% e id 72 op RS A5 A7 2%
£ e 52 90 2 10K A2 R 2% ) A T REAS — 0, >4 v o7 30 0 T PR 20 AR AR AR 117, 2
AR A 8 2 JBE PRI 2 77 A i IR AR 007 o T LA R AR 4 A SRR ZS HL B RS S 2 A9 3E
D7 A e RS A ME R R . A RS WL R A A B 4 1 e A 5 A RS 4 1
A 3 AR i TR RS Y S R AT K B T B B A AR IRARAS A I A g
AR A R S IIRE 8 4 A O R IR 1] IR W TARRS (RS R 1)

BN P A 2 A 7 0 oh T AH AR P Bt = 1) A — AN [R] L e DL RT AR AR R R 9
B A 1 5 A e IR A RS T A R AR AT R R A ™ A e IR 2 R (EL 2R
AR ENT —AREAT 2 B e S AR I A BE PR IR 25 B e i AT — A 8 4k L Ik



C FPCA#RHREAA(HAKLTE)

B T R AR T B0 R . BT R E AT A o HRZS AL 45 4 an FOIR S P Fe AR A B %
7 1) 28 T~ I AR HTAR B 2 B o 7T LR JH 2 A 25 3

5.3 GEREEREREHEIIDHEFRIZITRT

TE RSP HAR 2 B AR I 73 o B gt R A0 22 R R 7 50 Herp 2 00— e S XUt e A
S HERR RN, A K A AR S BB P BN = Be FOIRAS L. TS L T U Y Rk AR AR
B RS YA B A AL T [ — gt e 2 b iz e R B F IR S e B L SR T RS
f0 ARG E o TR B 22 R R RS AL R R IR A L B I T 32 B A 2 A 2 A O3 A R
I:JE’JH“%%L??%’”?E HT T = R R A AR AR A L 2 A R AR Y 2 A 4 B A R = R R
ARSI - fi i 38 Ao 1 R 1) 9] 5 X B o D 22 R PR AR S LR AT LA

5.3.1 %l&%i'{k/u*ﬂu

TEARZS PR 3k v, 22 3R J7 U A2 WUHE AR A0 = g R 4t 3 O =, R AR i 3k 7
AAUL L XCHEFE LA A T — A SR R LAY f 2R A7 il ik . T = HE R AR WL Lo
ol S5 — b i Y R O P AL R R AT A OA s B TR T 2 A AT A L
RPIABERE S AR R . — JBOR UL+ A FH A A7 e i o R LA i A R 2R A O R SR 4
FRL S P B ) O DU HERE (9 1 3R T 2. TR R Mo 2 R i A DR AL A R AR
LARY Ik iRy I A

SYNC PROC: process(clock, reset) —— [A] 20 2
begin
if (reset="'1") then -~ A <=WIHRE
elsif (clock'event and clock = '1') then -UE<=KE
end if;
end process;
COMB_PROC1: process(IZ, fii A5 5 ) —— RS T R
begin

case & is
when FJIRARAS =>

£ (§54#5%1F) then —— WA MAE
end if;
—— Al BT A RS A A
end case;
end process;
COMB PROC2: process(FLZA, Wi AfE5) —— R R

begin
case M & is
when F] AR = >
£ (4 A 0922 46) then
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—— %y th A
end if;
== LAl A RS T R A
end case;

end process;
B

COMB PROC2: process(FLZA, Wi A5 5) —— oy AR A
begin
case A is
when ¥R AS = > —— T WA
—— Ho A A RS T i AR
end case;

end process;

DA b AR A ) = R BRI B 45 S BERR 4 TAH S B 6 . SYNC_PROC 2 58 iR
A0 [R5 1 AR AUIR S B 90 4 4k s COMB_PROCT i 4 58 B R 2 i e 1 il i s COMB_
PROC2 58 o i th B4R . = AR 0 07 55— AR BN T30 28 — DR 00 e % 2
I 22 B TS R H B 2 A8 4 . COMB_PROC2 7% AT AE HY B0 W0 Rl i i, 25 —
o 3R A ot 2 S R A 19 PR K RO RS L s S R A i 2 S B 1 bR
B O IR ARSI

2%, COMB_PROC1 il COMB_PROC2 ¥j 4~k i 5¢ 4= 0 L5 8 — 4> gE R v L I8 4 3 A4~
RS ML A 22 il 20 Ay B 0 A 2 O R 3 st 2 L R A L A (g B RS ML T

Ao 3 LT AR R K A A W A A = RS LR O R R R
FAER AR, 5.2 WAETHE ARSI SR 32 2 GRSV S R4 & B RE S R T
Fl o 0 LA HEFE I S FRIR A AL IR O 2 2B R B A A G 38 AR s e B
B X = AR O — ARSI 4 & 3R . B ANR TR

SYNC PROC2: process(clock, reset) —— R A AR
begin
if (reset="'1") then —— W h Ak R A
elsif (clock'event and clock = '1') then —— Ty
case & is
when FJIHARTE => —— 4y A
—— HA T A RS R A
end case;
end if; *
end process; @\» YA B KA ZTE
Zead R XA i G A A A B IR 4 1T LIS ™
[ 5-1 Fr o B9 R 25 L s 2 Pl o Ay e gk L an &) 5-2
TN o IXFPASHE AT LA A5kl A ] G IR A A, i - T
JE R Rt A A A R SRIRAS A B B T AR e . = e
ocl

S 4% A PR A L S e R T Bl g (AR -
ASHL AR T ¥ VBT 4 AR AL I 0 8 T [52 BtRERENRRE
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— A b S S0 B S I AR BT I RS XTI P B SR LB AR R ) ()
AP BT AR R T LA 2O N T 380 ) 22 B8 B U FE LT T LA N T A D BT 2 e g
FR) AL RSB B R A A T I — R IR AR T ARG+ 28 T o A SR I X T R A T o i RO R
IKARAE s — AN 23 52 Wi B B> 2R G2 P RE CF BEI 8] 2R B9 BR A1)

5.3.2 EB#HBIRTH

B SR o1 A A5 AR PR S0 0 SR Y0 S K R L e 75 7 5
8 B 0 O A0 0 3 1 o8 SR 0 SRR L0 4 T T A e
S R SR AT RE 0. W 4 22 ORI 0 F R RN ACIR A B, 2 5. 3.1 4
A 118y =30 TR DLASEIR o 0 SR XA H ST 2547 U o 0 0 03 9 A2 2145 2 T
LB IR RGO RE S o Y LL S 27 0 = R AR L SR =3
KBRS BLAT — S 0950 T4

TR GE B ARRE « T LA 4 214 22 56U T 00— 28 17 2 R I 03000 i
AT LLAE AR KR 1 9005 B 0 AR 75 0. —J 430 AR 25 L6 T L3 0 3 9 2
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SYNC PROC: process(clock, reset) —— [6) 45 UE R
begin
if (reset="'1") then
—— WA <= WHIHIRE
elsif (clock'event and clock = '1') then
case I is
when FJ 4R A =>
if (—— ¥4 5% 1F) then
—— AW
end if;
if (—— # 5 F) then
i 3 I AE
end if;
—— A I A AR e 4 1 R
—— Al T A RS T B R R R
end case;
end if;

end process;

A LAA B 78 B R A IR AR S AL TR YR BT AT TAR AR A b BT il % R
SE R o BT LA AT i i AR 220 T — G A e TR 1 A A

5.3.3 RSBV
A5 4y A AR WL I TR R . 20 25 L4 3 (P — A R S L

SAMERATRE . REE X ZFARE %A FEPAR S HLEREOR .
G R RS LA AR -



library ieee;
use ieee. std logic 1164.all;
use ieee. std logic unsigned.all;

use ieee. std logic_arith.all;

entity statemachl is

port(
clk : in std_logic;
reset : in std logic;
inl : in std_logic;
in2 : in std_logic;
outl : out std_logic;
out2 : out std_logic

)

end entity;

architecture rtl of statemachl is
type mystate is (st0, stl, st2, st3);
signal current state,next state : mystate;
begin
process (clk, reset)
begin
if reset = '1l' then
current state <= st0;
elsif (rising edge(clk)) then
current_state <= next_state;
case current_state is
when st0 =>
if inl = "'1"' then
next_state <= stl;

end if;
outl <="'0",
out2 <="'0";

when stl =>
if in2 ="'1"' then
next_state <= st2;

end if;

outl <="'1";

out2 <="'0";
when st2 =>

if inl = '0'and in2 = '1"' then
next_state <= st3;

end if;

outl <="'0";

out2 <="1",
when st3 =>

if inl ='0"'and in2 = '0"' then
next state <= st0;

end if;
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outl <="'1",;
out2 <="'1";
when others => next state <= st0;
end case;
end if;

end process;

end rtl;

W LIRS Quartus [1BCPF b BEAT 25 % . 181 5-3 BT B AUM 4 1% )5 19 RTL A,
P 5-4 W SRR T B e RRAR S B AY WE DT FE R O

next_state
- - current_state out2 out2~reg0
current state:st0 H— ck Il out2
current state:st1 st next state.st0 st — &
current state:st2 st1 next state.st! st —
rT— current state:st3 st2 next state.st2 st2
i [ in1 st3 next state.st3 st3
in2 [ in2 L—— reset outt out1~regd
reset [ reset —
s outl

B 5-3 g FRANL RTL 9LA

Device EP2C5Q208C8

Timing Models Final

Total logic elements 11/4608(<1%)
Total combinational functions 7/4,608(<1%)
Dedicated logic registers 10/4,608(<1%)

Total registers 10

Pl 5-4 B R A A A R S AL BT IR AR AR

LA B, K 5-3 HoRASPLA G Hh 220 T — S A g 7SR AR A A R S LA IR AR
T 114 LE. R M XS RE il A 5 TR A i RS AL A AR

library ieee;

use ieee. std logic_1164.all;

use ieee. std logic_unsigned.all;

use ieee. std logic_arith.all;

entity statemach2 is

port(
clk : in std_logic;
reset : in std_logic;
inl : in std_logic;
in2 : in std logic;
outl : out std_logic;

out2 : out std_logic



end entity;

architecture rtl of statemach2 is

type mystate is (st0, stl, st2, st3);

signal current state,next state : mystate;

begin
process (clk, reset)
begin
if reset = "'1' then
current state <= st0;
elsif (rising edge(clk)) then
current state <= next state;
end if;

end process;

process (inl, in2, current state)
begin
case current state is
when st0 =>
if inl = "'1"' then
next state <= stl;

end if;
outl <="'0",;
out2 <="'0",;

when stl =>
if in2 = '1' then
next state <= st2;

end if;

outl <="'1";

out2 <="'0",
when st2 =>

if inl ="'0'and in2 = '1l' then
next state <= st3;

end if;

outl <="'0";

out2 <="'1";

when st3 =>

if inl ="'0'and in2 = '0' then

next state <= st0;

end if;
outl <="'1";
out2 <="'1";

when others => next state <= st0;
end case;

end process;

end rtl;
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W RS AE Quartus (1 BCPE b EAT 25 % . 181 5-5 BT B AUM 4 1% )5 19 RTL A .
P 5-6 DU 7 1 U 4 3R A IR ZSHIL 9 W8 IR AR 1 O .

Selector4 current_state
next_state.st1_110 :t‘x‘ sl r —| out2
— Ifm next state.st1 110 st — LMUQ
~ ENA |
in1 @ process_1 MJ m :322 : : 1 ot

— reset ut1

next_state st3_8! B —
r PRE ]
D Q| —
CLRN

next_state.st0_122|
PRE
o af—
ENA
CLRN

next_state st2_9

2 [ il
process_1~ SELECTOR

Ck
reset [

Bl 5-5 XGRS HL RTL #E

Device EP2C5Q208C8

Timing Models Final

Total logic elements 10 /4,608 (< 1%)
Total combinational functions 10 /4,608 (<1%)
Dedicated logic registers 4/4,608(<1%)

Total registers 4

P 56 UUHE R 3 (PR AS WL B TR AR R

IE WA AR IR & B P 5-5 op RS LAY i 1 B4 i 20 5 8 K 3 (H 2 20 S AL
HIHFE T 10 4> LE B (10 DR 4 DFAEE) . B R AR =Rk RSl

library ieee;

use ieee. std logic_1164.all;

use ieee. std logic unsigned.all;

use ieee. std logic_arith.all;

entity statemach3 is

port(
clk : in std_logic;
reset : in std logic;
inl : in std_logic;
in2 : in std_logic;
outl : out std_logic;
out2 : out std_logic

)

end entity;



architecture rtl of statemach3 is

type mystate is (st0, stl, st2, st3);

signal current state,next state : mystate;

begin
process (clk, reset)
begin
if reset ='1' then
current state <= st0;
elsif (rising edge(clk)) then
current_state <= next_state;
end if;

end process;

process (inl, in2,current state)
begin
case current state is
when st0 =>
if inl = "'1"' then
next state <= stl;
end if;
when stl =>
if in2 ="'1"' then
next state <= st2;
end if;
when st2 =>
if inl ='0"'and in2 = '1' then
next state <= st3;
end if;
when st3 =>
if inl ="'0'and in2 = '0' then
next state <= st0;
end if;
when others => next state <= st0;
end case;

end process;

process (clk, reset)

begin
if reset = '1'then
outl <="'0",
out2 <="'0",

elsif (rising edge(clk)) then
case current_state is

when st0 =>

L ES5F AABERER



C FPCA#RHREAA(HAKLTE)

outl <="'0";

out2 <="'0",
when stl =>

outl <="'1";

out2 <="'0",;
when st2 =>

outl <="'0",

out2 <="1";
when st3 =>

outl <="'1",;

out2 <="'1";

when others =>
outl <="'0",
out2 <="'0",
end case;
end if;

end process;

end rtl;

W RS /E Quartus [1 BCPE P BEAT 20 % . 181 5-7 Brs B AUM 4 1% )5 19 RTL A .
P 5-8 MR 7R 1 = R 34 IR ZS B0 B R AR 1 O .

current_state
cik - ck I out2 out2~reg0
Selector4 next state.st0 139 sto L_D— -
next_state.st3_103 | next statesti 127 st
(PRE) — next states2 115 2
—H | next state.st3 103 -
process_1~0 g ouT| ‘ELARNI — reset
i’ T
in2 — outt out1~reg0
next_state.st2_115
process_1-~ SELECTOR (PRE} ut1
— B
CLRN,
next_state.sto_139)
PRE
[
ENA
CLRN
next_state.st1_127
PRE
Q|
ENA
CLRN

reset -

B 5-7 =R AR RTL L E

Device EP2C5Q208C8

Timing Models Final

Total logic elements 10/4,608(<1%)
Total combinational functions 10/4608(<1%)
Dedicated logic registers 6/4608(<1%)

Total registers 6
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5.4 RITGRSTAEBIRBIEVRSH

PR A 1 LT A 28 09 P2 R T LA T2 2 RS ML, S 7 T ok MRS ML RE
ok 25 A T LT U B O T L B8 0% B AR 152 31t R A IR S AL J M I ke BL A T AR Ak AT i
AT — S IR A LAY Al 7 R T,
LT A28 IR S LA A DL K AR A 7 1) #1236 T VHDL /) AR 58 3 e A 41— &
VHDL Fil Verilog i Ji i 7E 5 TR A MLy M 0948 S0 . A 4254 T HAR IR BDIR AL
B T A2 RNt AR A At g . A TR H M, EERUKREAE Z
fli 1} VHDL i&J2 Verilog, £ 3% TR A LA B Rt 4% LA T JE 0 -
o SRS HLA 43 T BRI - B 1k 25 A 2877 R b B A7 28
o CERRZSHLIZ B AT A B SR Z B D) A DL B RS AR 0 B L A3 S IR S WU (R 4y
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5.4.1 XM Verilog 55

T Ak A T H PN Verilog a5 MRS P B T 1 =0T A 28 (09 48 5 0 4
TR — 28 HEE X Verilog ) B,
WARARSHLTC e 256 T H TR I8 2 RS VLK 23 B 25 6 103 38 Y 32 4 1] R 2 A7 4
M HLAEAH 5C 1 258 G i i 4 b IR S L IX B f 2 5 A BZCIR S HLIAR IR B . 7R X i i
BUR B T AT B X AR S PR AR AT AL . T T HAR S M B XF Verilog % 5 R A HL Y
AHCHE 5 )
o WERAEAY R System Verilog, — i S0 F A28 28 BUR f A MRS HL
o [l S % (Parameters) KXPRSHLIEAT /B, oA S80S AR BN G) 132 L K pdi b
i i ok A P B R R
o J4 Quartus [ BEAZ TR 1 B R, 28 H AN HE UK 58 458 T B 0ok 5@ SOIRSE .
o MRTEREFHHEB\PMH T T O R ERZEIF4 Quartus (1A 25 IR
AL,

case (state)

0: begin

if (ena) next state <= state+ 2;
else next_state <= state+1;

end

1: begin

endcase

o WURKPIR S AR BAE R I8 A Quartus 1R TEIEPUIAREML .

o REVLHME A S LR B4 Quartus [ TCERBPIREL .

HZH DL LR RS AL B 2 SE BB 1 46 4 H BBk 25 & T H U0 A RZEHL
5 4 —~H Verilog 45 FPIREHACHE R B, XAREHA 5 HRE. BEEARR
BAR G state B F] state 0, FEAR A state 1 Fll state_ 2 H1, %1 A in_1 Fl in_2 8 FEAE R
YA . I AR B tmp_out 0 Al tmp_out_1 735 TR 474 A in_1 A in_2 #R A4S
RETNM2E. X BARSHLA A FDIR S o A s 2610 iy 28 &, 7T LUBA O BT H 2R 26 5%
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module verilog fsm (clk, reset, in 1, in 2, out);
input clk, reset;

input [3:0] in 1, in 2;

output [4:0] out;

parameter state 0 =3'b000;

parameter state 1 =3'b001;

parameter state 2 =3'b010;

parameter state 3 =3'b011;

parameter state_4 = 3'b100;

reg [4:0] tmp out 0, tmp out 1, tmp out 2;
reg [2:0] state, next state;



always @ (posedge clk or posedge reset)
begin
if (reset)
state <= state 0;
else
state <= next state;
end
always @ ( * )
begin
tmp out 0=1in 1+ in 2;
tmp_out_1=1in 1-in 2;
case (state)
state 0: begin
tmp out 2=1in 1+ 5'D00001;
next_state = state 1,
end
state 1: begin
if (in 1 < in 2) begin
next_state = state_2;
tmp_out 2 = tmp_out 0;
end
else begin
next state = state 3;
tmp out 2 = tmp out 1;
end
end
state 2: begin
tmp out 2 =tmp out 0-5'b00001;
next_ state = state 3;
end
state 3: begin
tmp out 2 =tmp out 1+ 5'b00001;
next state = state 0;
end
state 4:begin
tmp out 2 =1in 2+ 5'D00001;
next state = state O,
end
default:begin
tmp_out_2 =5'b00000;
next state = state O,
end
endcase
end
assign out = tmp out 2;

endmodule
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Empty=1 Door_closed=1
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Water=0 Water=1
Spin=1 Spin=0
Heat=0 Heat=0

Pump=1 Pump=0

Full=1

Heat_demand=1

PHEAT W\

Water=0
Spin=1
Heat=1

Pump=0

Done=1 @

Water=0
Spin=1
Heat=0
Pump=0

Heat_demand=0
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TYPE state type IS
(idle, f£ill, heat w, wash, drain);
SIGNAL state, next state : state type;
PROCESS (state, door closed, full, heat demand, done, empty)
BEGIN
CASE state is
WHEN idle =>
next_state <= fill WHEN door_closed = '1'ELSE state;
WHEN fill =>
next state <= heat w WHEN full = '1"' ELSE state;
WHEN heat_w =>
next state <= wash WHEN heat_demand = '0"'
ELSE state;
WHEN wash =>



next state <= drain WHEN done = '1' ELSE state;
WHEN drain=>
next state <= idle WHEN empty ELSE state;
WHEN others =>
next_state <= idle;
END CASE;
END PROCESS;
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TE case i A A BIBCZSIRAS  MIRAS 101,110,111 IR % &, 22k 26 Lk R
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TYPE state type IS
(idle, f£ill, heat w, wash, drain, unusedl, unused2, unused3);
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PROCESS (state)
BEGIN
water_ 1<="'0";
spin i<="'0";
heat i <=1'0";
pump i<="'0";
CASE state IS
WHEN idle =>
WHEN fill =>
water_i<="'1";
WHEN heat w=>
spin i<="1";
heat i <="1";
WHEN wash =>
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spin i<="'1";
WHEN drain=>
spin_i<="'1";
pump i<="'1";
END CASE;
END PROCESS;

I 32 5 S8 A R S P 2 A7

PROCESS (clk)

BEGIN

IF rising edge (clk) THEN
water <=water 1i;
spin <= spin I,
heat <= heat I;
pump < = pump_1I;

END IF

END PROCESS
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