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[55-1]
LIERALY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;

ENTITY FSM EXP IS
PORT { clk,reset  : IN STD LOGIC; — ¥ &0 TR R E 5

state irgputs : IN STD LOGIC VECTOR(O TO 1); — % B#FHHKENEMHES
comb_cutputs : OUT INTEGER RANGE 0 TO 15 ); ——KEHasSEdffaiEes
EMD» F3M EXF;
APCHTITECTURE behw OF FEM E<P IS
TYPE F5M ST IS (=0, sl, s2, =3, 54); —-#&ssxy sikEds
SIGHAL c st, next state: FSM ST, ——BINEREEELAFAMEREL FeM 2T
BEGIN
PEG: PROCESS (reset,clk) BEGIN --FEHFHE
IF reset='0' THEN c_st<=s0;--#i@FFREEFS. B ESEERME =0
ELEIF clk='l' AMD clk'EVENT THEN c_st <= next state; END IF;
EMDI PROCEZE REG;
COM:PROCESS(c st, state Imputs) BEGIN ——FFASHE
CASE c_=st IS
WHEN s0 => comb_outputs<= 5; --#AE s0 GRS S
IF state irmputs=="00" THEN next state==s0;
ELZE mnext state==sl; END IF:
WHEN =1 =r comb outputs<= 5;
IF state irmputs="01" THEN next state==sl:
ELEZE next state==sZ; END IF:
WHEN =zZ =r» comb outputs-<= 1:2;
IF state irmpus="10" THEN next state == =0;
ELEZE next _state == =3; END IF:
WHEN =2 =r comb outputs == 1l4;
IF state impus="11" THEN next state == =3;
ELEZE next state<=sd; EM» IF;
WHEN =4 =r comb outputs <= 3; next state == =0;
WHEN OTHERE => next state == =0 ;
END case:
EMDI PROCEZZ COM;
EMND' behr:
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Hore Analy=sizs & Synthesis Settings

Specify the settings for the logic options in your project, Assignments made to an
entity in the Assigrment Editor will ovemde the option settings in this dislog bos.

Diption

N ame: [Estract VHDL State Machines -l
Seting  [On =
Descaphion:

the Compiler bo extract stale machines from VHDL Design Files. &

The Compiler optimizes state machnes using special techniques to
reduce area andfor improve performance. IF set bo O, the Compiler
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LIERARY IEEE;

USE IEEE.STD LOGIC 1184 ALL;

ENT ITY ADCOS09 IS

FORT (D : IN STD_LOGIC_WECTOR(T DOWNMTO 0); --# Hosoops fbFrsfd s

CLE RST : IN BTD_LOGIC;  --{iENT fEE il i @h i

EOC : IN STD LOGIC; --HRGEETR. AT R EERR

ALE : OUT BTD_LOGIC; --&-P 4 S Bk s S

START, OE : 0UT STD_LocIC; -—$HBEHEFS 8 ERA=ERbis S
DDA, LOCK T : OUT 5TD LOGIC;-—{¥S A by S0 el &5 5
Q@ : OUT 5TD_LOGIC UVECTOR(T DOWHTO 01 1;

END ADCO509;

ARCHITECTURE behaw OF ADCOS09 IS

TYPE =tata= I3 (=0, =1, =2, =2,=4] ; —-E4&E
SIGHEL c=. Nt _shate: states ==00
3 IGAL REGL : 3TD_LOEIC_YECTOR(T DOWRTO 0] ;
3 IETAL LOCE : STD_LOGIC;
EEGIN
DA <= '0'; LOCH T<=LOCE; --HkftamDzgo
COH: FPROCES3(c=.E0C] EBEGIN --MA-5HS. HEStEiElSd
CASE c= IS

WHEN =0 =+ ALE<='0';STERT<='0';0EC='0';LOCKEC='0' next_stabe <= =1;
THEN =1= ALE<='1' ;3TART<='1l"' 0E<='0"' LOCE<L='0" next =tate L= =Z;
TWHEN =z=> ALE<='0';START<='0';0E<='0"';LOCK<='0";

IF (EOC='1l']) THEN next_state <= =32; —-BE0C=0@EBHBHH SR
ELZE next_=tate <= =Z; END IFT ; --HmgFEAgE. BERS
THEN =3=r ALE<='0';3TART<='0"';0E<="'1"' LOCE<L='0" inext_=state L= =3
THEN =3=3 ALE-<='0' 3TART<='0"' 0E<="'1" LOCE<="'1l" next_=tate L= =0;
WHEN OTHERE =3 ALE<='0';3TART<='0' 0E<='0"';LOCE<C='0" inext state <= =0;
EHD CASE ;
END FEROCESS COM ;
REEG: FROCES® (CLE,RST) EE-IN --FFE4S
IF RET='1l' THEN c= <= =0;
ELZIF CLE'EVENT &HD CLE='l' THEN <= <= next state; END IF;
EHD FROCESS EEG;
LaTCH1: FROCESS (LOCK)] EBEGIN --ThiTiniss
IF LOCK='1l' AWD LOCK'EVENT THEN EREGL <= D
EWD FROCESS LATCHL;
0 <= REGL;
EWND behar;

K EMD IF;
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[ 8-3]

PEOCESS (cs, EOC) BEGIN

COMI

COMZ -

CASE
WHEN
TWHED
WHEN

WHEM
WHEM
WHEN

o5 I3

sl=» next state <= 31;

sl=> next state <= s52;

s2=» IF (EQCZ=T1T")THEN next state <= =s3;
ELSE next state <= sZ; END IF ;

s3=> next state <= 34;--F B CE

sd=» next state «<= s0;

OTHERS =» next state «= s0;

END CASE ;
END PEOCESS COM1 ;
PROCESS (cs) BEGIN

CASE
WHE
WHEN
WHE
WHE
TWHEN
TWHED

s I8

s0=>ALE«<="0"; 3TART<="0";LOCE«<="0";0E<="0"
s1=+RALE«<="1";83TART<="1";LOCK«<="0";0E<="0"
sa=xRLE«<="0"; 3TART<="0";LOCEK«<="0";0E<="0"
sA=xRLE«<="0"; 83TART<="0";LOCE«<="0";0E<="1"
sd=>RLE<="0"; 3TART<="0";LOCE«<="1";0E<="1"
OTHERS =»> ALE«<=T0";3TART<="0";LOCE«<="0";

END CASE
END PROCESS COMZ ;
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[i5] 5-4 #&MEAE 11010011, ST,
LIERARY IEEE ;
USE IEEE.STD LOGIC 1164.A4LL:
ENTITY SCHE I3
PORT(DIN,CLE, RST : IN STD LOGIC: --SBiTHi AEEA /TR /ERES
SOUT : OUT STD_LOGIC) : —-i&illsEREH
END SCHEK:
ARCHITECTURE behav 0F SCHEK I3
TYPE states I3 (s0, sl, =2, 53,84, 85, 56, 87, 88) ; --EXEEE
SIGNAL ST, NST: states :=z0 ; --RFENEEENETE
BEGIN
COM: PROCESS(ST, DIN) BEGIN --$HEHE , SIESEREERT
CASE 5T IS --11010011
WHEN s0=: IF DIN = 'l' THEN N3T <= =1 ; ELSE N3T<=30 : END IF :
WHEN sl=» IF DIN = 'l1' THEN N3T <= sZ ; EL3E N3T«<=30 ; END IF :
WHEN s2Z=> IF DIN = '0' THEN NST <= =23 ; ELSE NST<=30 ; END IF :
WHEN s3=» IF DIN = 'l1' THEN N3T <= s4 ; ELSE N3T<=s0 ; END IF :
WHEN s4=» IF DIN = '0' THEN NST <= s5 ; ELSE NST<=30 ; END IF :
WHEN s5=> IF DIN = '0' THEN NST <= =6 ; ELSE N3T<=30 : END IF :
WHEN s6=> IF DIN = 'l1' THEN N3T <= s7 ; ELSE N3T<=s30 ; END IF :
WHEN s7=> IF DIN = 'l' THEN NST <= =8 ; ELSE N3T<=30 ; END IF :
WHEN s&=> IF DIN = '0' THEN N3T <= =23 ; ELSE N3T<=30 : END IF :
WHEN OTHERS => N3T«<=30 ;
END CASE :
END PROCESS :
REG: PROCESS (CLE,R3T) BEGIN --B{FE#HiE
IF R5T='1' THEN 5T <= =0
EL3IF CLE'EVENT AND CLE='l' THEN 5T <= NST; END IF:
END' PROCESS REG:
$0UT <= '1' WHEN 5T=s3 ELSE '0'
END bhehawv :
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[75-5]

LIERARY IEEE ;

USE IEEE.STD_LOGIC_1164.ALL;
ENTITY MEALY1 I3

PORT(CLE, DINL,DINZ,REST : IN STD LOGIC; --SBiTHiASELTERH/ EiES
Q : OUT 5TD_LOGIC VECTOR(4 DOWNTO 0)): —-#&illsER&HiH

END MEALY]:

ARCHITECTURE hehaw 0F MEALY] I3
at3,atd) ; --ENERE

TYPE =tates I3 (=t0, 3tl, =tZ,
SIGNAL PAT @ states ;
BEGIN

FEGCOM: PROCESS(CLE,RST,P3T, DIN1)

BEGIN

IF R5T='1' THEN P353T <£=3t0; EL3IF PEI5ING EDGE(CLE] THEN

CAZE F3T T3
WHEN std=> IF DINl='l' THEN
WHEN stl=> IF DIN1='l' THEN
WHEN st&£=> IF DINl='l' THEN
WHEN st3=> IF DINl='l' THEN
WHEN std=> IF DINl='0O' THEN
WHEN OTHER3 => FP3T<=st0 ;
END CASE ; END IF:
END PROCEZS REGCOM:

CoM: PROCESS (P3T,DINZ) EBEGIN

CL3E P3T I3
WHEN sti=> IF DINZ='l' THEN
WHEN stl=> IF DINZ='0' THEN
WHEN std=> IF DINZ='l' THEN
WHEN st3=> IF DIN:Z='0' THEN
WHEN std=> IF DINZ='l' THEN
WHEN O0THER3 => Q«L="00000" ;
END CA3E :
END» PEOCESS COM:

END;

PET<=3tl :
P3T< =812 :
PET< =3T3 :
PET<=5t4d ;
PET<=3t0 ;

Q=" 10000
Q<="10111"
Q<="1l0o101"
Q<="11011"
Q=="11101"

EL3E P3T<=zt0 ; END
ELSE P3T«<=3tl ; END
EL3E P3T«=3tZ ; END
EL3E P3T<=st3 ; END
EL3E P3T<=zt4 ; END

; ELSE
: ELSE
: ELSE
: EL3E
: ELSE

Q=="010107;
Q==""101007;
Q=="10011"7;
Q=="01001";
Q==""011017;

IF
IF
IF
IF
IF

IF:
IF:
IF:
IF;
IF:
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PROCES S (CLK, RST, PST,
IF RET="1" THEN PST <=st0;
CASE PST IS

st0=> IF DIN1=T1T
IF DINZ='1" THEN
st1=> IF DIN1=T1T
IF DINZ=T"0" THEN
sti=> IF DIN1=T1T
IF DINZ="1" THEN
st3=> IF DIN1=T1T
IF DINZ=T'0" THEN
std4=> IF DIN1=T0T
IF DINZ="1" THEN
OTHERS => PET<==tl

END CASE ;
END TIF:
END PROCESE ;

END;

DIN1, DINZ) BEEGIN
ELSTF RISING EDGE (CLE) THEM

THEN PET <= stl

Q <= "lo0oo0"

THEN PET <= =t=

Qo <= "10111"

THEN PET <= st3

Qo <= "10101"

THEN PET <= =td

o <= "11011"

THEN PET <= =tl

o <= "11101"
; Q<="goooot

£
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; ELSE PST<=st0
ELSE Q<="01010"
; ELEE PsT<=stl
ELSE Q<="10100"
; ELEE PST<=stZ
ELSE Q<="10011"
; ELEE PST<=st3
ELSE Q<="01001"
; ELSE PST<==std
ELSE Q<="01101"
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[&8-7]
LIERLREY IEEE :
LIBRARY IEEE ; —-11010011
USE IEEE.STD LOGIC 1164.ALL;
ENTITY SCHE IS
PORT(DIM,CLE, RST : IN STD LOGIC; SOUT : OUT STD LOGIC) ;
END SCHE:
ARCHITECTURE behsaw OF SCHE IS
TYPE states IS (s0, sl, =2, =3,54, =5, =6, =7, s8] ; ——EXEWEE
SIGHAL 3T : states :==z0 ;
EESIN

PROCESS (CLE, RST,ST, DIN) EEGIN

IF EST='1' THEM ST <= =0: ELSIF CLE'EVENT AND CLE='1' THEN
CASE ST IS

WHEN s0O=> IF DIN = '1' THEN 3T <= =1 : EL3E 3T<=s0 : END IF :
WHEN =1=> IF DIN = '1' THEN 5T <= =< : EL3E 3T<=s0 : END IF :
WHEN sZ=> IF DIN = '0O' THEN 3T <= 353 : EL3E 3T<=s0 ; END IF :
WHEN =3=> IF DIN = '1l' THEN 5T <= =4 : EL3E 3T«<=s0 @ END IF :
WHEN =s4=> IF DIN = '0' THEN ST <= =5 ; EL3E 3T<=s0 ; END IF :
WHEN s5=> IF DIN = '0O' THEN 3T <= =6 : EL3E 3T<=s0 : END IF :
WHEN =s&6=> IF DIN = '1' THEN 5T <= =7 : EL3E 3T<=s0 : END IF :
WHEN s7%=> IF DIN = '1' THEN 3T <= =58 : EL3E 3T<=s0 ; END IF :

WHEM s8=> IF DIN '0' THEN 3T <= =3 @ EL3E 3T<=s0 : END IF :
WHEW OTHERS => 3T<=s0 ;
END CALSE :
IF (8T==8) THEN 30UT<='1': EL3E 3IC0UT<='0': END IF: END IF:
END PROCESS:
END behawv !
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[ 5-5]
—— LB S -2 #A ]
ARCHITECTURE hehaw 0OF ADCOZO09 IS
AlGNAL cz 500T: 5TD LOGIC VECTOR(4 DOWHNTO 0);
CONSTANT s0 : 3TD LOGIC WECTOR(4 DOWNTO 0):=
CONSTANT =1 : FID_LOGIC WECTOR(4 DOWNTO 0O):=
CONSTANT =2 @ FID_LOGIC WECTOR(4 DOWNTO 0O):=
CONITANT =3 ¢ 3TD_LOGIC _WECTOR(4 DOWNTO 0O):=
CONSTANT =4 : 3TD _LOGIC WECTOR(4 DOWNTO 0O):=
SIGHNAL REGL : 5TD LOGIC WECTOR(Y DOWHNTO 0);
BEGIN
l == BEGL; AaDDa <= '0';:
FROCESS (c=s,E0C)  EBEGIN

CASE c= IS
WHEN =0 == cs <= 31 ; 50UT<==0:
WMHEN =21 => cs <= =2 » 500T<==1 :

WHEN =3 =»> cs <= 34 ; 30UT<=53;

WHEN =4 => cs3 <= 30 ; S0UT<=34;

WHEN OTHERS => cz <= z0; 30U0T<=sz0;

END» CASE ; END IF:
END PROCESS :

LATCH1: PROCEZ3 (50U0T(1l),D) BEGIN

IF 300T(1)="'1"' AND 300T(1l) 'EVENT THEN EE

END PREOCESS LATCHIL:
LOCKE T«<L=30TT(1): STARTL=300UT(4);: ALE<L=300UT (3]
END behaw;

IF E3T="'1l' THEN cag<=s0; EL3IF CLE'EVENT AND CLE='l'

TogoooT
flioootT
ToooortT o
TaolooT o
ToolioT o

L<=D; END IF:

: DE<=30UT(Z)

THEN

WHEN =2 =>= 50UT=<==sz ; IF (E0C='1'l THEN cs<=33; EL3E cs{=34;

L]
L

END IF;
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[ 8-9]
ARCHITECTUEE behav OF ADCOBO0Y IS
type STAT is (=0,s5l,32,s53,=34);
attribute enum encoding : string;

attribute enum encoding of STAT : type is "00000 11000 00001 O0100 0O0110";
S IGNAL cs5, next state: 5TAT ¢

,
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States Sequential-Encoded Cne-Hot-Encoded Johnson-Encoded
Statel 000G 100000 00oG
otatel 001 010000 1000
atate? 010 001000 1100
State3 011 QoC100 1110
atated 100 Qooo10 1111
Stated 101 000001 0111
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Speciy the settings for the logic ophions i your project. Assignments made ko an

enilty in the Assigraent E citor vl ovesnide the option setfings in this dislog box.

N > N [Iptim
2. E%&ﬁﬁ% Name:  |State Machine Processing
Selting Ore-Het
Description: Gray

< e Lo

Johirgon
Specilies e Minimal Bit:
Can uze
Bits". ‘Gran. {5 equiertial

U zer-E mcodied

815 BT — & #iTmid R




—

8.4 R 7& 9w 15
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[% 8-10]

ARCHITECTUEE behav OF SCHE I3
TYPE states IS (s0, sl1, s2, 53,54, s5, =6, 57, 38 ;
attribute enum encoding : string;
attribute enum encoding of states : type 1s "one-hot";
SIGNAL ST : =states =30 ;
BEGIN
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3 8-3 WA EMEXREARERSE

AT T dRiS A AR E L BEFETH LC: | MERY REGS
— o F40T type 13 "one-hot” 11 10
HFEFEYM | type 1s "user" 12 5
EED type 1z "gray" a 5
T SR, type 1s "sequential” 10 5
241 B35 T type 13 "johnson” 23 &
B\ SR D type 1z "default” 11 10
AL type 13 "compact” 0 5
o —frfD | type 1s "safe, one-hot” 18 10
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& 5 A5
50 000
51 001
52 010
53 011
54 100
55 101
56 110
57 111




8.5 waRASHlLuevh

8.5.1 EFEESTIE

TYPE states IS (=0, sl, =2, =3,.s4, =5, =6, s7) ; ——-FXRERSE

WHEN 53 => next state<=sl;
WHEN s6 => next state<=s0;
WHEN =7 => next state<=sl;
WHEN OTHEES =3 next_state{;SD;
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