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LIERZRY IEEE;
USE IEEE_STD LOGIC 11&4_ ALL;
ENTITY FSM EXP IS5

PORT ( clk,reset : IN STD LOGIC;: --FENI{EeRERES
state inputs : IN STD LOGIC VECTOR (D TO 1}; --F& B fHEErES
comb_cutputs : OUT INTEGER RANGE 0 TO 15 };  ——FEEHA4EEUeEsEE
END FSM_EXD;

ARCHITECTURE behv OF FSM EXP IS

TYDE FSM ST IS (s0, s1, s2, s3, S4); —-FERTFE Y, FLRESE
SIGNAL c_st, next_state: FSM_ST; —-SEGHREENIFHGHEFREFM ST
BEGIN

REG: PROCESS (reset,clk) BEGIN --FEHFEER

IF reset="0" THEN c_st<=s0;--E@NFPEMES. EfirieSEERMEs0
ELSTF clk="1" AND clk'EVENT THEHN ¢ st <= next state; END IF;
END} PROCESS REG;

COM:DROCESS(c_st, state Inputs} BEGIN --FEEaER
CLSE c_st IS
WHEN =0 => comb outputs<= §5; —-—FH A EEs0FEHE

IF state_ inputs="00" THEN next state<=s0;
ELSE mnext state<=sl; END IF;
WHEN =1 == 1:1:|I:|]::|_1:|1:.|'|:1:-1:.L1:5-'5'.‘= g
IF state_ inputs="01l" THEN next state<=sl;
ELSE next state<=sz2; END IE;
WHEHN =2 => n:ﬂmh_ﬂutputs{= 12;
IF state_ inputs="10" THEN next state <= s0;
ELSE mnext state <= =s3; END IF;
WHEN =3 => n:ﬂmh_ﬂutputs <= 14;
IF state_inputs="11" THEN next state <= =53;
ELSE next state<=sd; EHD IE;
WHEN =4 => n:ﬂmh_ﬂu‘l:puts <= 9; next state <= sil;
WHEN OTHERS => mnext_ state <= =0;
END case;
END} PROCESS COM;
END Hhekhr:
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[15-2]
LIER2RY ILEEE;
T3E IEEE.STD LOFIC 11&3. ALL;
ERTITY ADCO&S0% IS

FORT (D : IN STD_LOGIC_WECTOR(T DOWNMTO 0); --# Hosoogs HbFrsfdE s
CLE ,RS5T : IN BTD_LOGIC;  --{&ENT fEE il 5 @1 i
EOC : IN 5TD LOGIC; --HRGEER. AT RET EEHR

ALE : OUT BTD_LOGIC; --s-PH0F S bk s S

START, OE : OUT 3TD LocIc; -——HHBHEFTEERA=ERbNE S
ADDA, LOCK T @ OUT STD_LOGIC;-—{&F S E inhiiE S 5000 ol dis S
Q : OUT BTD _LOGIC WECTOR(7 DOWMTO 01 ),

END DC0509;

ARCHITECTURE behaw OF ADCOS09 I3

TYPE states I3 (=0, =1, =2, =2,.=3) ; -—-EX5{E
SIGIAL c=. Nt whate: shabes ==00
SIGNAL PEGL : BTD _LOEIC_VECTOR(T DOTWHTO O]
SIGMAL LOCE : BTD_LOEIC;

EE=IN

DA <= '0'; LOCH T<=LOCE; --Hifkamozio
COH: PROCESS(c=.E0C) EBEGIN --f-5i4ff. MEs{tEltd
CASE c= I3
WHEN =0 =+ ALE<='0';STERT<='0';0EC='0';LOCKEC='0' next state <= =1;
THEN =1= ALE<='1' S3TART<='1l"' 0E<='0' LOCEL='0" next_ =tate L= =2;
WHEN =z=> ALE<='0';START<='0';0E<='0';LOCK<='0"';
IF [(EOC='1l']) THENW next_state <= =3; --E0C=0ZEBHREH G
EL3E naxt_=tate <= =Z; END IF ; --HhgFEAgE. BERS
THEN =3=r ALE<='0';3TART<='0';0E<="1"' [ LOCE<L="'0" inext_=state L5 =3
THEN =3= ALE<='0' 3TART<='0"' 0E<='1"' LOCE<="'1l" next =tate L= =0;
WHEN OTHERE = ALE<='0';EBTART<='0':0E<='0' ;LOCEC='0" next state <=
EHD CASE ;
END FEOCESS COM ;
FEG: FROCESS (CLE,RS3T)] EE-IN --FFE4S
IF R3T='l' THEN c= <= =0;
ELZIF CLE'EVENT &HD CLE='l' THEN <= <= next state; END IF;
EHD FROCESS EREG;
LATCH1: FROCESS (LOCK)] EBEGIN --TiFzniss
IF LOCE='l' AWD LOCK'EVEWT THEN FEGL <= D
EWD FROCESS LATCHL;
Q0 <= REGL;
END behar;

: EHD IF;

=0
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COM1: PROCESS (cs,.EQC) BEGIN
CASE c3 IS5
WHEN s0=> next state <= s=1;
WHEN sl1=> next state <= s8i;
WHEN szi=> IF (EOC='1')THEN next state <= 53;

ELSE next state <= 3Z: END IF;

WHEN =3=> next state <= s4; --FF0E
WHEN s4=> next state <= s50;
WHEN OTHERS =»> next state <= 30;
END CASE;

END PROCESS COM1;

COMZ: PROCESS (cs) BEGIN
CASE c=a IS5
WHEN s0=>ALE<="'0"';5TART<="0"',LOCE<="0";0E<="0";
WHEN: =sl1=>ATFE<="'1"';5TART<="1"';LOCE<="0";0E<="0";
WHEN sZ2=>ATLE<="0"';5TART<="0"';LOCE<="0";0E<="0";
WHEN s3=>ALE<='0";5TART<="0"';LOCE<="0";0E<="1";
WHEN s4=>ALE<="'0"';5TART<="0"';LOCE<="1";0E<="1";
WHEN OTHERS =»> ALE<="0"':;5TART<="0";LOCE<="0";
END CASE;

END PROCESS COM2Z:;
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[15) 5-4] #&MEAE 11010011, S{ETERT.
LIERARY IEEE :
USE IEEE.STD LOGIC 1164.ALL;
ENTITY SCHE IS
PORT(DIN,CLE, RST : IN STD LOGIC: --SRiTHiAZIEALTHERTE /EMES
SO0UT : OUT STD_LOGIC) ; --#&illid Rt
END SCHEK:
ARCHITECTURE behav 0F SCHE I3
TYPE states I3 (s0, =1, =2, =3,84, =85, 36, 37, 38) : --EMEEE
SIGNLL ST, NST: states :=s30 ; --HEETENIETE
BEGIN
COM: PROCESS(ST, DIN) EEGIN --$HE#HE » flEERERRT
CASE ST IS --11010011
WHEN s0=> IF DIN = 'l' THEN N3T <= sl ; EL3E N3T<=30 ; END IF :
WHEN sl=» IF DIN = 'l' THEN N3T <= =22 : EL3E N3T<=30 ; END IF :
WHEN sz=> IF DIN = '0' THEN N3T <= s3 : ELSE N3T<=30 ; END IF :
WHEN s3=> IF DIN = 'l' THEN NST <= =4 ; ELSE N3T<=s0 ; END IF :
WHEN s4=> IF DIN = '0' THEN N3T <= =5 : ELSE N3T<=s0 ; END IF :
WHEN s5=> IF DIN = '0' THEN N5T <= s6 : ELSE N3T<=30 ; END IF :
WHEN s&=> IF DIN = 'l' THEN NST <= =7 : ELSE N3T<=30 ; END IF :
WHEN s7=: IF DIN = 'l' THEN N3T <= s3 : ELS3E N3T<=30 ; END IF :
WHEN s&=> IF DIN = '0' THEN N3T <= 83 :; EL3E N3T<=30 ; END IF :
WHEN OTHERS => N3T<=30
END CASE :
END PROCESS
REG: PROCESS (CLE,RST) BEGIN --BfF##E
IF R3T='1' THEN 5T <= s0;
EL3IF CLE'EVENT AND CLE='l1' THEN ST <= N3T; EHND IF:
END PROCESS REG:
S0UT <= '1' WHEN 5T=38% ELSE '0' ;
ENDI behav :
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[ 51 8-2]
LIERARY IEEE;
USE IEEE.STD LOGIC 1164 ALL;

ENTITY MEALY1 IS
DORT (CL¥, DIN1, DINZ,RST : IN STD LOGIC; —-$iF@AfdEty T/ B EE

g - OUT STD LOGIC VECTOR (4 DOWNTO 0) ) ; ——fEREREd
END MEALY1;
ARCHITECTURE behav OF MEALY1 IS
TYPE states IS (stl, stl, stZ, st3,std); —FEILEEKE
SIGHAL BST - states;

EEGIN

REGCOM: PROCESS (CLE,RS5T, PST, DIN1} EEGIN

IF RST="1" THEN PST <=st0; ELSIF RISING EDGE(CLE} TEEN

CASE PST IS
WHEN stD=> IF DIN1="1" THEN PST«<==tl; ELSE BE5T«<=st0; END IF;
WHEN stl=> IF DIN1="1" THEN BST«<=stZ; ELSE PET<=stl; END IF;
WHEN =stZ=> IF DIN1="1" THEN PS5T«==t3; ELSE PST«<=stZ; END IF;
WHEN =st3=» IF DIN1="1" THEN PS5T<==t4; ELSE P5T«<=st3; END IF;
WHEN std4=> IF DIN1="0" THEN PST«<=st0; ELSE PET«<=st4; END IF;
WHEN OTHERS => BST<=gtl;
END CASE; END IF;
END PROCESS REGCOM;

COM: PROCESS (P5T,DINZ) EBEGIHN
CASE BST IS
WHEN =st0=> TIF DINZ="1" THEN Q=="10000"; ELSE Q<="01010"; END IF;
WHEN stl=> IF DINZ="0" THEN Q<="10111"; ELSE Q<="10100"; END IF;
WHEN stZ=> IF DINZ="1" THEN O<="10101"; ELSE Q=="10011"; END IF;
WHEN =st3=> IF DINZ="0" THEN J<="11011"; ELSE Q=="01001"; END IF;
WHEN =std4=> TIF DINZ="1" THEN Q=="11101"; ELSE Q=="01101"; END IF;
WHEN OTHERS => Q=<="00000";
END CASE;
END BPROCESS COM;

END;
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[ 5] 8-61]

=L}, &by Sis-51h(E]

FROCESS (CLE,RST, PST,
THEN PST <—st(;

IF R5T="1"
CASE PS5T IS5
WHEN sti=>

IF DINZ="1"

WHEM stl=>

IF DINZ2="0'

WHEN st2=>

IF DINZ="1"

WHEM st3=>

IF DINZ="0"

WHEN std=>

IF DIRZ2="1"

WHEN OTHERS
END CASE;
END IF;

END PROCESS;

END;

IF DIN1="1"

IF DIN]I="1"
THEN
IF DIN1="1"
THEM
IF DIN]I="1"
THEN
IF DIN]1="O"
THEN
=» PST<=3tl;

DIN1,DINZ)
ELS5IF RISING EDGE (CLK)

THEN
THEM Q «<—
THEN
Bl
THEN
o <=
THEN
Q0 <=
THEN
e

BEGIN

P5T <= s8tl;
"10000™;
PST <= 3ti;
101 1L™:;
PS5T <= s8t3;
10101
P5T <= st4;
et b 15 s
PST <= st0;
L LLOL™ .
C<="00000";

ELSE

THEN

ELSE PS5T<—st0;

ELSE 3<—"01010";

ELSE PST«<—=stl;

ELSE C<—"10100";

ELSE PST<—stZ;

ELSE Q<—="10011";

ELSE PST«<—st3;
Q<—=—"01001";
ELSE PST<—std;

ELSE C«<—"01101";

END IF;
END IF;
END IF;
END IF;
END IF;
END IF;
END IF;
END IF;
END IF;
END IF;



8.3 MealyADIRASHLA) 1T

CLE

DIKE
IRz

Rl4]
QL]
plz]
Q1]
qlo]

I N . | L1 | L L 1 L1 1 [ [ 1 | L L
1
1 [ |
I | [
00§ } S - A N D 4 i X } @
] | | I |
- | I |
| | | | I
A L I |
J |
PST, 280 WPET anl X PST, ak2 XPST, 203 Y PET. 204 b 4 FET. 200 YPST. et X

[ 8-11

] 8-6 7 B 3HIE Mealy ¥ {FEHEHF



8.3 MealyZURZANLHI 1T

L] 9\ (r E

M \ﬂj//

Els-12 il 8-6. 1 8-5 pHATEE




8.3 MealyZ:

DRSSPI BTt

[18-7]

LIBERARY IEEE;

LIBRARY IEEE; —11010011
USE IEEE.STD LOGIC 1164.ALL;
EWNTITY SCHE IS

FORT (DIN,CLE, RST IN STD LOGIC; SOUT OUT STD LOGIC);
END SCHE;
ARCHITECTURE behav OF SCHE IS
TYPE states IS5 (30, =51, =82, 53,34, 585, =86, 37, =5B); ——E}{Rrﬁi,u
SIGNLL, ST states :=s30;
BEGIN
PROCESS (CLE,RST, 5T, DIN) BEGIN
IF EST="1"' THEN ST <= s0; ELSIF CLE'EVENT &AND CLE="1" THENM
CASE 5T IS5
WHEM s0=»> IF DIN = 'l1' THEMN 5T <= 35l; ELSE ST<—al; END IF;
WHEM sl=> IF DIN = '"1' THEN 5T <= s52; ELSE S5T<—s0; END IF;
WHEM s52=> IF DIN = 'O0' THEM 5T <= s53; ELSE ST«<—s(; END IF;
WHEM s53=> IF DIN = 'l1' THEN 5T <= 34; ELSE ST«<—s{; END IF;
WHEM s4=»> IF DIN = '01' THEWN 5T <= 33; ELSE S5T<—s(; END IF;
WHEM s5=>»> IF DIN = '0' THEN ST <= g6; ELSE S5T<—all; END IF;
WHEM s6=> IF DIN = '"1l' THEM 5T <= 37; ELSE ST<—s0; END IF;
WHEM s7=> IF DIN = 'l' THEN 5T <= s8; ELSE ST<—s0; END IF;
WHEM s8=> IF DIN 'd' THEM 5T <= s53; ELSE S5T<—s(; END IF;
WHEM OTHERS =»> S5T«<=si;
END CASE;:
IF (ST=38) THEN SO0UT<='1'; ELSE SOUT<='0'; ©END IF; END IF;

END FPROCESS;
EMND behavwv;
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[i# 5-5]
— Rl ERSSE 8-2 #8R]
LARCHITECTURE behaw OF ADCOS09 I3
AlGNAL cz 300T: 3TD _LOGIC _VECTOR(4 DOWHTO 0);

CONSTANT =0 : 3TD_LOGIC VECTOR(4 DOWNTO 0O):= "00000™ ;
CONSTANT =1 : 3TD _LOGIC VECTOR(4 DOWNTO 0O):= "11l000"™ ;
CONSTANT s2£ : 3TD _LOGIC VECTOR(4 DOWNTO 0O):= "00001™ ;
CONSTANT 53 @ 5TD LOGIC VECTOE(4 DOWNTO O):= "00100 :
CONSTANT =4 : 3TD_LOGIC VECTOR(4 DOWNTO 0O):= "00110™ ;
SIGNAL  BEGL @ FTD LOGIC VECTOR(T DOWHTO 0O);

BEGIN

Q <= BEGL; ADDA <= '0';
PROCESS (o=, E0C) BEGIN
IF Ra3T="'1"'" THEN cs<=sz0; EL3IF CLE'EVENT AND CLE='1l"' THEN
CASE c= IA
WHEN =0 => cs3 <= 31 ; 30UT<=30;
WHEN =21 => c3 <= 32 ; 3500T<=3l1 :
WHEN =2 => 30UT<=zZ ; IF (EOC='1l') THEN cs<=23; EL3E cz<=2Z2; END IF:
WHEN =3 == c3 <= 34 ; 300T<=33;
WHEN =4 == cs <= s0 ; 30UT<=s54:
WHEN DOTHER: => cs <= s0; 50UT<=s0;
END CAZE : END IF:
END PROCESS :
LATCH1: PROCES: (50U0T(1),D) BEGIN
IF 300T(1)="'1"' AND 300T(l) 'EVENT THEN REGL<=D; END IF;
END PROCESS LATCHL:
LOCE _T<=300T (1) 3TARTL=300T(4); ALEL=30UT(3); O0EL=30UT(Z) :
END hehaw:
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[ 8-2]

ARCHITECTURE behav OF ADCOEB09 IS

type STAT is (s0,sl,s2,53,54);

attribute enum enceocding : string;

attribute enum encoding of STAT : type is "00000 11000 00001 00100 CO110";
SIGNAL cs, next state: STAT;
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States Sequential-Encoded One-Hot-Encoded Johnson-Encoded
State( 000 100000 0000
Statel 001 010000 1000
Statel 010 001000 1100
State3 011 000100 1110
Stated 100 000010 1111
Stated 101 000001 0111
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[ 8-10]

ARCHITECTURE behawv OF SCHER IS
TYPE states IS5 (s0, s1, s2, s3,s84, s5, s6, s7, s8);
attribute enum encoding : string;

attribute enum encoding of states : type is "one-hot";
SIGNAL ST : states :=s0;

BEGIN
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=63 HELARMEENRFBEFRASZSE

LRI EEAABMEN FEERTH LCs | MESEH REGS
—{u A tvpeis "one-hot” 11 10
R P BENS tvpeis "user” 12 3
ﬁj& tvpeis "gray” 8 3
s tvpeis "sequential” 10 5
&) EES tvpeis "johnson” 23 6
N L typeis "default” 11 10
EEE tvpeis "compact” 9 3
Ze— e tvpeis "safe, one-hot" 18 10
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TYPE states IS (s0, s1, 52, s3,s54, 55, s6, s587); ——E}{Eﬁﬁv{]’iﬁ
WHEN s5 => next state<=sl;

WHEN s6 => next state<=s0;

WHEN s7 => next state<=si;

WHEN OTHERS => next state<=s0;
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alarm<=({st0 AND{stl1l OR stZ OR st3 OR std4 OR st5))0R({(stl AND(st0 OR stZ2 OR._.

8.5.3 fEBIEDANLALIE R T RA R EZERE

attribute enum encoding of states : type is "safe,ocne-hot";
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