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SIGNAL current state, next state: FIM 3T;
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LIBRERY IEEE;

USE IEEE.STD LOGIC 1164.ALL;
o ENTITY FSM EXP IS

__ PORT { clk,reset  : IN STD LOGIC; —— RN e HFIE I S
W state inputs : IN STD LOGIC VECTOR(0 TO 1); -- FRBSEHRFNIEHIES
comb_outputs : OUT INTEGER RANGE 0 TO 15 ); -——#RiGHLAIFMEEE HATERIES

END FSM EXE;
ARCHITECTURE behv OF FSM EXP I3
TYPE FSM ST I8 (s0, sl, s2, =53, 34); --#HiBERTFEY, BIRENFS
SIGNAL ¢ _st, next state: FSM ST;--J§HlaEFIas B 3R SiEL A FaM_sT
BEGIN
REG: PROCESS (reset,clk) BEGIN —— e R
IF reset='0" THEN c st<=s0;--fgflREZERFS, EMNFESEERE#E 0
ELSIF clk='1" AND clk'EVENT THEN c st <= next state; END IF;
END PROCESS REG:
CCM: PROCESS (c_st, state Inputs) BEGIN --EFHEHIE
CASE c st IS
WHEN s0 =»> comb outputs<= 5; --#AME =0 FEHS
IF state 1nputs="00" THEN next state<=s0;
EL3E next state«<=sl; END IF;
WHEN 51 =» comb outputs<= B5;
IF state inputs="01" THEN next state<=sl; Tﬁ?ﬁ
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10.1.2 RISHLHI— LM

EL3E next state<=sZ; END IF;
WHEN sz == comb ocutputs<= 1Z;
IF state inputs="10" THEN next state <= s0;
EL3E next state <= 53; END IF;
WHEN 53 == comb outputs <= 14;
IF state inputs="11" THEN next state <= 53;
EL3E next state<=s4; END IF;
WHEN =4 =»> comb outputs <= 9; next state <= 30;
WHEN OTHER3 => next state <= z0 ;
END case;
END PROCESS COM;
END behv;

=
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10.1.3 RV IR AR E R

(1) FTFFRSHAER FFK.

Nore Analy=ziz & Synthesis Settangs

Specily the settings for the logic options in your project, Assignments made fo an
entity in the Assignment Editor will overmde the option settings in thes dishog bos

Oplion

Mame:  [Extract VHDL State Machines R
Setling: | On ;I
Descriphion:

the Compiler to extract state machings from YHDL Design Files. A
The Compiler optirizes stabe machings using special techniques to

reduce area and/or improve performance. IF 5=t to O, the Compiler

Existing option seftings:
(2) REEMEE.

W

MName: Setling:
Eutract Verllog State Machines On
Extract VHDL State Machines

Force Use of Synchronows Clear Signals

]

B 10-4 1TF VHDL AR F 3%
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10.2.1 ZHEEHREL
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(41 10-2)
Y LIBRARY IEEE;
_ USE IEEE.STD LOGIC 1164.ALL;
ENTITY ADCO809 IS

¢

PORT (D : IN STD LOGIC VECTOR(7 DOWNTO 0); --3B0809FHITFHeAHIE
CLKE ,RST : IN STD LOGIC; ——rhﬁ,uamlﬁﬂﬁiql%ﬂ%é?ﬁﬁﬁﬂﬁfﬁ
EOC : IN STD LOGIC; —-FHHRRFET, REFETETERR

ALE : OUT STD LOGIC; --B-MEHlESEEHIHTERES

START, OE : OUT STD LoGIC; --¥54#/5sh{E STERatH =5HiEHlES
ARDDA, LOCK T : OUT STD LOGIC;--{F Si#IEEHIFS FeiTElxEE S
Q : OUT STD LOGIC VECTOR(7 DOWNTO 0} )

END ADCOB09;

ARCHITECTURE behav OF ADCOR0G TS

TYPE states IS (s0, sl, =2, s3,34) ; --FXEHTE
STIGHNAL cs5, next_atate: states :=s0 ;
S IGNAL EEGL : STD_LDGIC_?ECTOR{T DOWNTS 0 ;
S IGHNAL LOCEK : 5TD LoGIC;
BEGIN
ADDA <= '0'; LOCK T<=LOCK; --#thtapDago

COM: PROCESS (cz,EOC) BEGIN --$He#HBE, #IESHERig
CASE o3 I3 ?ﬁ?ﬁ



¢

10.2 MooreZ! G [RARZSHLHI B vt
|

WHEMN =0 =» ALE<='0";3TART<="0";0E<="0";LOCK<="0";next state <= s1;
WHEN s1=» ALE<="1'";START<='1";0E<="0";LOCK<="0";next state <= s2;
WHEN sZ=> ALE<=T0";START<="0";0E<="0";LOCK<="0";
IF (EOC="1") THEN next state <= s3; --EOC=0FEBAFEMEH
ELSE next state <= s2; END IF ; —-FEREHREH, BELEFST
WHEN 53=> ALE<="0";START<="T0";0E<="1";LOCK<="0";next state <= s4;
WHEN s4=> ALE<="0';START<='0";0E<="1";LOCK<="1";next state <= s0;
WHEN OTHERS =»> RLE<='0";START<="0";CE<="0";LOCK<="0";next state <= s0;
END CRSE ;
END PROCESS COM ;
REG: PROCESS (CLK,RST) EBEGIN --HiF#HE
IF RST='1l" THEN cs <= s0;
ELSIF CLK'EVENT ARND CLE="1" THEN cs <= next state; END IF;
END PROCESS REG;
LATCHL: PROCESS (LOCK) BEGIN --tif{FesiHiE
IF LOCK='1l" AND LOCK'EVENT THEN REGL <= D ; END IF;
END PROCESS LATCHI;
0 <= REGL;
END behavwv;
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[?ﬁu 10-3]

BRARSHLHI B

¢

COM1 : PROCESS {cs,EQC) BEGIN

CAGE
WHEN
WHEN
WHEN

WHEN
WHEN
WHEN

CAGE
WHEN
WHEN
WHEDN
WHEN
WHEDN
WHEN

cs I3

sl=x>
sl=:=
Se =1

S3=>x
gd=x

next state <= s1;

next state <= =Z;

IF (EQC=T1T")THEN next state <= s53;
ELSE next state <= 52; END IF ;
next state <= =s4;--HFB CE

next state «= =0;

OTHEES => next state <= s0;
END CASE

END PROCESS COM1 ;
COM2: PROCESS (cs) BEGIN

cz I3

s0=>ALE«<="0";START<="0";LOCK<="0";0E<="0" ;
S1=>ALE«<="1";3TART<="1";LOCK«<="0";0E<="0" ;
S2=rALE<="0";5TART<="0";LOCK«<="0"; 0E<="0" ;
S3=rxALE«<="0";3TART<="0";LOCK«<="0";0E<="1" ;
sd=>AlLE<="0";5TART<="0";LOCK«<="1";0E<="1" ;
OTHERES => ALE<=T0T";3TART<="0";LOCK«<="0"T;
END CASE
END PROCES3 COMZ ;
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10.2.2 JRAlRlas ARSI
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[i5] 10-4] #5MEE 11010011, S{ETER].

LIERARY IEEE

»
L3

U3E IEEE.3TD _LOGIC_l1l64.ALL:

ENTITY SCHK

PORT(DIN,CLE, RST
SOUT

ENI 5CHK:

ARCHITECTUEE behaw 0OF SCHE I3
TYPE states I3 (=0, =1, =2,

Ia

IN 3TD_LOGIC: --SHiTHi AR T EiES

OUT STD LOGIC) ; —-#&illsE R4t

23,34, =5, =6, =7,

=48]

;BN

SIGNAL 5T, NST: states :=30 ; --REMETENETE
BEGIN
COM: PROCESS(ST, DIN) BEGIN - & » HIESEEERA
CASE 5T I3 --110l0011
WHEN s0=> IF DIN='l' THEN N3T<=sl ; ELSE N3T<=30 ; END IF:
WHEN =sl=> IF DIN='l' THEN N3T<=s2 : ELSE N3T<=30 ; END IF:
WHEN sz=> IF DIN='0' THEN N3T<=s3 ; ELSE N3T<=30 ; END IF:
WHEN =s3=> IF DIN='l' THEN N3T<=z4 ; EL3E N3T<=30 ; END IF:
WHEN s4=> IF DIN='0' THEN N3T<=s5 ; ELSE N3T<=30 ; END IF:
WHEN =s5=> IF DIN='0' THEN N3T<=s6 ; ELSE N3T<=30 ; END IF:
WHEN s6=> IF DIN='l' THEN N35T<=37 ; ELSE N5T<=30 ; END IF:
WHEN =s7=> IF DIN='l' THEN N3T<=s3 ; ELSE N3T<=30 ; END IF:
WHEN s5=> IF DIN='0' THEN N3T<=53 ; ELSE N3T<=30 ; END IF:
WHEN OTHERS => NST<=30
END' CASE
END' PROCESS
REG: PROCESS (CLE,RST) BEGIN --EfF#iz
IF R5T='1l' THEN 3T <= s0:
ELSIF CLE'EVENT 4ND CLE='l' THEN S5T<=N3T: END IF:

ENI» PROCESS EBEG:
S00T .= '1l' TWHEN &3T=s&8 ELSE
END behaw

I|:|I :_



10 3 MealyZ!

Hﬁll 10-51
LIBEARY IREEE
USE IEEE.3TD LOGIC 1164.ALL;
ENTITY MFEALY1 I3

.
,

]

FRARSHLHT Bt

¢

PORT (CLK, DIN1,DINZ,RST : IN STD LOGIC; —-SiTH# BB/ TIEms/ SffES
Q : OUT S§TD LOGIC VECTOR(4 DOWNTO 0)); --faflled Rt

END MEALY1;

ARCHITECTURE behav OF MEALYL IS

TYPE states IS (st0, stl, st2, st3,std) ; --FULERE

SIGMAL PST : states ;

BEGIN

REGCCM: PROCESS (CLK,RST, PST, DINI) BEGIN

IF RST='1" THEN PST <=st0; ELSIF RISING EDGE (CLK) THEN

CASE PST IS
WHEN stO=> IF DIN1='1" THEN P5T<=stl ; ELSE PST<=st0 ; END IF ;
WHEM stl=> IF DINl='1" THEN P5T<=stZ ; ELSE PST<=stl ; END IF ;
WHEN stZ=> IF DINl='1" THEN P5T<=st3 ; ELSE PST<=stZ ; END IF ;
WHEN st3=> IF DIN1='1" THEN P5T<=st4 ; ELSE PST<=st3 ; END IF ;
WHEN std=> IF DIN1='0" THEN P5T<=st0 ; ELSE PST<=std ; END IF ;
WHEN OTHERS => PST<=stl ;
END CASE ; END IF;

END PROCESS EEGCOM: ;

N



10.3 MealyZ%2

COM: PROCESSE

CASE
WHEN
TWHEN
WHEN
WHEN
TWHEN
WHEN

PST IS
stl=x
stl=>x
StZ=x
St3=x
std=x
CTHEES

END CAZE ;
END PROCESS

END;

(P33T, DINZ)

IF DINZ=T1T
IF DINZ=T0T
IF DINZ=T1T
IF DINZ=T0T
IF DINZ=T1T

) 25

T FRARSHLH Bt

BEGIN

THEN oQ<="10000"
THEN Q<="10111"
THEN Q<="10101"
THEN Q<="11011"
THEN Q<="11101"

=> Q<="00000" ;

COM;

ELSE
ELSE
ELSE
ELSE
ELSE

O<="01010";
O<="10100";
O<="10011";
O<="01001";
O<="01101";

END
END
END
END
END

IF
IF
IF
IF
IF
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[iF10-6]
LIERARY IEEE :
USE IEEE.STD LOGIC 1164.4LL;
ENTITY MEALY2 I3
PORT(CLE, DINL,DINZ, RST : IN STD LOGIC; --SB{THiABMEENTiHERE/ENES
Q : OUT STD _LOGIC VECTOR(4 DOWNTO 0)); --tillsEE&Hid
. END MEALY?2:
ARCHITECTURE hehav 0F MEALY? I3
TYPE states IS (std, stl, st2, st3,std] ; —-EXEE
SIGNAL P3T : states ;
BEGIN
PROCESS (CLE,RST,P5T, DINL,DINZ)  BEGIN
IF R3T='1' THEN PST <=st0; ELSIF RISING EDGE(CLE) THEN
CA3E PET I3
WHEN sti=» IF DIN1='l' THEN PST <= =tl ; ELSE P3T<=3t0 ; END IF :
IF DINZ='1' THEN Q <= "10000" ; EL3SE Q<£="01010" ; END IF ;
WHEN stl=» IF DIN1='l' THEN PST <= =tZ ; EL3SE P3T<=3tl ; END IF :
IF DINZ='0' THEN Q <= "10111" ; ELSE Q<£="10l00" ; END IF ;
WHEN stZ=» IF DIN1='l' THEN PST <= =t3 ; ELSE P3T<=3tZ ; END IF :
IF DINZ='1' THEN Q <= "10101" ; EL3SE Q<£="10011" ; END IF ;
WHEN st3=» IF DIN1='l' THEN PST <= =td4 ; ELSE P3T<=3t3 ; END IF :
IF DINZ='0' THEN Q <= "1l1011" ; ELSE Q<="01001" ; END IF ;
WHEN st4=> IF DIN1='0' THEN PST <= =t ; ELSE P3T<=3td ; END IF :
IF DINZ='1' THEN Q <= "11101" ; EL3SE Q<£="01101" ; END IF ;
WHEN OTHERS => PST<=3td ; Q<="00000"
END' C4SE ;
END' IF;
END PROCESS
END :
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- [5110-7]
LIERARY IEEE ;
LIERARY IEEE ; --11010011
USE IEEE.STD LOGIC 1164.ALL;
ENTITY SCHE IS
PORT (DIN,CLK, RST : IN STD LOGIC; —-S{THIAKIEN/ TIEFrsN/ Bz

SOUT : OUT STD LOGIC); ——tuillefHRh
END SCHE;
ARCHITECTURE behawv OF SCHE IS
TYPE states IS (=0, sl, s2, =3,s4, =5, =6, =7, =58) ; ——FEMEIRT
SIGHNAL ST : =tates =30 ;
BEGIHN
PROCESS (CLE,R3T, 3T, DIN) BEGIN

IF R5T="1" THEN &8T <= =0; ELSIF CLETEVENT AND CLEK="1" THEN
CASE 2T IS

2N



103 MealyZH FRARSPLEI ¥ T

WHEN s0=> IF DIN="1" THEN 3T<=3l1 ; ELSE S5T<=s0 ; END IF ;
WHEN =1=> IF DIN='1l' THEN 3T<=3Z ; ELSE ST<=s0 ; END IF ;
WHEN =Zz=> IF DIN='0' THEN 3T<=33 ; ELSE ST<=s0 ; END IF ;
WHEN =3=> IF DIN='1l' THEN 3T<=34 ; ELSE ST<=s0 ; END IF ;
WHEN =4=> IF DIN='0' THEN 3T<=35 ; ELSE ST<=s0 ; END IF ;
WHEMN =5=> IF DIN='0' THEN 2T<=3& ; ELSE S5T<==0 ; END IF ;
WHEN =&=> IF DIN='1l' THEN =2T<=37 ; EL3SE S5T<=s0 ; END IF ;
WHEN =7=> IF DIN='l' THEN =2T<=3% ; ELSE S5T<==0 ; END IF ;
WHEN =8=> IF DIN='0' THEN =2T<=33 ; ELSE S5T<==20 ; END IF ;
WHEMN OTHERS => ST<=30 ;

¢

END CASE ;
IF (5T=38) THEN 3SOoUT<="1"; ELSE SOUT<=T0T; END IF; END IF;
END PROCESE;
END behawv ;
CLE | |
RST M
DI | |
SOUT
ST ST. =0 %ST. sl 5T, 52 5T, 53 45T, 54 #5T. 55 4 5T, 5B #oT. =7 A5T. 50 4 o, 53 gel. =0 #3T. sl % aT. =2 %

B 10-13 1] 10-7 7 HIHFE Mealy fl{F EiEE
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[# 10-8]
—— BB SR 10-2 48 [E]
ARCHITECTURE hehsw OF ADCOS02 IS
SIGHAL o= ,300T: STD_LCGIC_?ECTGR(Q DOWRTD O

CONSTANT =0 : STD LOGIC VECTOR(4 DOWNTC 0O) := "ooooot™ ;
CONSTANT =1 : STD LOGIC VECTOR(4 DOWNTC 0O):= "ii0oo0o"™
CONSTANT s2 : STD LOGIC VECTOR(4 DOWNTC 0O):= "ooOoo1it™
CONSTANT =3 : STD LOGIC VECTOR(4 DOWNTC 0O):= "ooOio0o"™
CONSTANT s4 : STD LOGIC VECTOR(4 DOWNTO 0O):= "oO11io" :
STGHAL BEGL : 3TD LOGIC VECTOR(7 DOWNTO O] ;

BEGIN

Q2 <= REGL; ADDAL <= '0O';
PROCEIS (cs, EOC) BEGIN
IF R3T='1' THEN &s<=s0; ELSIF CLE'EVENT AND CLE='1' THEN
CASE o= IS
WHEN =0 => c= <= =1 ; 3S0UT<==0;
WHEN =1 => c= <= =2 :; 30UT<==s1 :
WHEN sz => 30UT<=sZ ; IF ([(EOC='1') THEN c=s<=s3:; EL3E cs<=sZ; END IF;
WHEN =3 => o= <= =34 @ 30U0T<=s3:;
WHEN =4 => o= <= =0 ; 30U0T<=s4:
WHEN OTHERS => cs <= s0; 30UT<==s0:
END CASE : END IF:
END PROCESS :
LATCH1: PROCE3S (30UT(1),D) BEGIN
IF 30UT(1)="'1"'" AND 230UT(1)'EVENT THEN REGL<=D; END IF:;
END PROZESS LATCHI1:
LOCE T«<=30UT(1); START<=50UTI(4); ALE<=30UT(3): OE<=30UT(z2) ;
END bhehsavw;
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[ 10-9]
ARCHITECTURE behav OF ADCOS0% I3
tvpe STAT 13 (s0,s51,=s2,33,34);
attribute enum encoding : string;
attribute enum encoding of STAT

type 1s "00000 11000 00001 00100 0O0110%;
sIGNAL 3, next state: STAT

r
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10.4.2 Jifrgmhd

10.4.3 — AL HBIRSIRIL

——

R10-2 HIBAX
w iR F 4w — i A RED Ll
States Sequential-Encoded One-Hot-Encoded Jolmson-Encoded
State( 000 100000 0000
Statel 001 010000 1000
State 010 001000 1100
State3 011 000100 1110
Stated 100 000010 1111
States 101 000001 0111
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1*10.4 NEE TR

10.4.4 RERERE
1. AP EEX R

2. BB TE

Nore Analysiz & Synthesisz Settings

Specily the settings for the logc opbons in pour project  Assignments made to an
enlity in the Assignment Editor wall cvernide the option seltings in this dialog bos

Option

M ame: [St,ahu Machine Processing j
l Sefting: | One-Hot =

Description: |54 =

Specifie Johnson

5 :j Iirirnal Bitz
Carn e
Bits'. Gray’. Y5 equeriial
User-Encoded v

B 10-15 &R 7 — U Hidamis il
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10.4.4 REHWIGTE
3. HEtte XiErixE

[ 10-101]
ARCHITECTURE behav OF SCHE IS
TYPE states I3 (s0, sl1, s2, s3,54, sS4,

attribute enum encoding : string;

attribute enum encoding of states : type 1is "one-hot";

SIGNAL ST : states :=s0

f

BEGIHN
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10.4 R 7 9n B

10.4.4 REHEEE

3. HEtte XiErixE

F10-3 HBHFTARBEEXREBFRASE

RIS, D T BIEE M PR R ILH LCs fill 7= 25 % REGs
—{ir #175, type is "one-hot" 11 10
RAFEEXS | type 15 "user” 12 5
T 2 i tvpe is "gray" 3 ;
I RS type is "sequential™ 10 5
LB TR type 1s "johnson” 23 G
B SREE type 1s "default" 11 10
=BG type 1s "compact” 0 5
Fpa-—fr iy | tvpe 1s "safe, one-hot" 18 10




ilO.S ZERSHLE T

F10-4 FIKIRE

L IEL P-4k 5
s 000
sl 001
s2 010
3 011
10.5.1 BFEESIIE 4 100
55 101
50 110
57 111
TYPE states IS (=0, =sl, =2, =3,34, =5, =6, =7) ; ——EM BT

WHEMN =55 => next state<=s0;
WHEN s& = next state<=s0;
WHEN =7 => next state<=s0;
WHEN OTHERZS == next_state<=50;
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attribute enum encoding of states : type iz "safe, one-hot";
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[ 10-11]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY ERZP IS
PORT { CLK,KIN : IN STD LocIC; --LiERrsrfifA (G5
KOUT : OUT STD LOGIC ); -—REEIERBEES
END;
ARCHITECTURE BHV OF ERZE IS
SIGNAL KL,KH : STD LOGIC VECTOR (3 DOWNTO 0);

BEGIN
PROCESS (CLK,KIN,KL,KH } BEGIN
IF CLK'EVENT BND CLK = '1' THEN
IF (KIN="0") THEN KL<=KL+1; -—-3f %A BHESEF Bk 55
ELSE KL<="0000"; END IF; --F RIS EF, Nt-#E3 o
IF (KIN='1") THEN KH<=KH+1; -—-[EB3Fed% A 0 8P st
ELSE KH<="0000"; END IF; —-HHIEETFE, MrE#HE o

IF (KH>"1100") THEN KOUT<='1';--%mHEFiTEHHE—ELXT 12, NHE 1
ELSIF (KL>"0111") THEN KoUT<='0';--3T{EEFHRFTTHELT 7, NHEE o
END IF; END IF;

END PROCESS;

END;
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