A BRARREAR M (FSM : Finite State Machine) D §%&T ~RTLTODH#EEEX]
RTL (Register Transfer Level:L 2 RAEREL N)L) TOHO—HZHI[E] IR RER]

HHBHY HABHE .
5 5

CLK

RTL (Register Transfer Level:L Y X285k N L) THOMealyR FSMD #EEX

|E RAIKRERTE ll N llL tH NERE FSMI&

(5 & D E) LS (A Ehe ) IBREEBED
— %R,

CLK

RTL (Register Transfer Level:L¥ RREE%EL AR )JL) TOMooreZFSMD#EeE X[,
il {50 [2] 2% 0D
HEtICZ A

w-w N3,
RARREIRTE IRRE tH DERTE

70N

(HAEHEEE) S (HAEHEREER)
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MealyZ! &Moore ! ) 431
RTL (Register Transfer Level:L o XA RE51E LN )L) TDMealyZ FSMD #EEE]

(HAEHEEER)

CLK

anie

tH N {ERE

(HAEHEREER)

FHE

MealyZ!

Moore#!

FARRERTE

AFMEEK

L,
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N

MORFED,

tH D ERTE

IREEEATENLRFED,

REDHDORED,

IREERL (o RBEEL SR ADE Wi )
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LB Z Y,
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MealyZ! &Moore ! @ 4k

REETZ] (1/2)

MealyZ!

Moore#!

B

c/z

d/v /W 30 H

gl

s Ll
NG
45538

AHFDXF

IRBER (REL S RADED T2 1E)

RBER (REEL S READEDTEE1L)
X9 HH S1E

K

HOvITYODRAIYT TOEBERT .
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ARIE
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PRy
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HAEIE
ﬁ%tkﬁﬁ#j&ié

%0)&‘57!3 )T J/7f)‘373')7‘:!:>s

WhES, 2B,

JREEs, IS L\é&%s'(

Ty HAfEE
REDHILRES

ANE=aTrOvIIvoNHoT-HIKRE
s, 128,

ANE=DTIOVIIT IO NHoT=5IKREE
5,128 %.,

[1] EE2DODEFIIFE. RILEEDFSMERHOLTLADITTIELZL, [X2]—EDEBIE. AAITHFLLLY,
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MealyZ! &MooreZ! DX FEBFZ X (2/2)

@ #EAIEHEEE (Init) DIEN
@ AHAR—FEOEREBBE

in1=a, in2=p/
out1=x, out2=u in1=b, in2=q/
outl=y, out2=v

5. ) ()

" /out1 =z, out2=w

EIEEE2D0DORFIE. RICHEEEDFSMEZERHLTULSHITTIEALY,
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IRRE B X >FSMD IR HEEED EXET (HRL NILIE)
REEEBH

HE =l B
wws) (. M{M) ooy b At

v T

REELORED &ﬁ ERTER tH N ERE R
EvrDIRE (RREEEBFBR) (HAR)
(REDOFS1E)

JARRERTE H AERE
mEK SoTE

RAIRRER TE tH NERE

(HAEHEEE) (A EHEEER)

FSMMDRIEEE R (MR L NIVE)
ZCTlX. ZOAETOEREICTDOLTIEFBNTLELY,
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((4RRE. B B
(o J\m@):mx ) mgg:g:;;#§:$£1;:“”9

\
\
| REEERDT 1D X )
0| TARABRLREBADES R 8E BB D TR EEF D
/ NEESD || REES D
VHDLIZIE =3 ==
typeE & XH = —

AESNh TS

/

FAIRRERTE H NERTE
#lAH & Ht EEE A EHE[EES

AR EREUD

FSM® EI IR RSt (B LAJLE)
ZCTlE. COAETODERETZDOLNTHENT 5,
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(=]

Oy peEEX  HLLW(A—HEED)TAREDE
ERX [type T—HHDLE is T—HEOES;

N

> FEERXF O ARIFD \ SRE

A RYCCFS, 2 JIZEER INEER, - JIFEEHR)

> RINXFZERRILELY,
SES Z 15

>VHDLF #I5EIEEZ SN, VS e e e

EK: array GRAFEHA) of BIIDERLGLT—FE

[E])

O EATFER. BBIAERZLINDERZLHIN., CCTIXEET S,

O KIREL A EERIL. PLDRNDRERFEREIZETHDT,
HEVITHNILY,
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MealyZ! FSM® 2 b 5] (1/4)
eSSl A AR— O

inl —— 5 port |
: : Init, CLK, inl, in2 : in std logic;
outl : out std logic vector (3 downto 0);

In2g E outZ2 : out std logic vector(l downto 0)
: ) i

CLK—>— =
Init E=>— )OSR N1 TERET B,

in1=0, in2=0/
), 2=/ SR8
outl=4,0ut2=00 . .\ o hor1/

out1=7, out2=10 REZRHIT=6HD

7/S> F— SR REAOEE
/out1=F, out2=11 n
\ IRREFA D RARREA

A
in1=0, in2=1 REBES D W"‘anﬁ@
in1=1\in2=1/ /out1=A, oyt2= = F=

out1=C\out2=01

in1=0, in2= ‘

out1=9, qut2= —_— =1 s
£EEE D

type state type 1s (Sm,Sn,Sp);
signal state, nextstate : state type;

in1=0or1, in2=0/
out1=2, out2=00
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Mealy*" FSM® &2k 51 (2/4)

nwFSMnmaW
N1 | g:—

N2 E:>—

CLK—>—

Init§:>—

in1=0, in2=0/

outl=4,0ut2=00 . .\ o hor1/

out1=7, out2=10

Y ’

in1=0, in2=1
in1=1\in2=1/ /out1=A, ol
out1=C\out2=01

in1=0, in2

< S
= /out1=F, out2=11 \\\\
A

out1=9, @

in1=0or1, in2=0/
out1=2, out2=00

[EIERIEREDFCIE T D1 REL D RA

process (Init, CLK)
begin
if (Init='1") then
state <= Sm;
elsif (CLK’ event and CLK='1’) then
state <= nextstate;
end if;
end process;
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Mealy*” FSM® &2k {51 (3/4)

nwFSMnmaW

N1 | g:>—

in2 ——>— E RARRER
= f PN

CLK—>—

Init —— | EIRHMAED IR £ M2 RAKRE R E E B
; ‘ process (state,inl, in2)

in1=0, in2=0/ begin

1=4 2=00 case state 1is
outl=4, outZ= in1=1, in2=0or1/ when Sm => if (inl=‘0’ and in2='‘0’)then

out1=7. out2=10 nextstate <= Sm;
‘ » elsif (inl="0’" and in2=‘'1’)then
7 nextstate <= Sp;

S
/out1=F, out2=11 \\\\ else
y nextstate <= Snj;

in1=0, in2=1 end 1if;

— 3 3 — \ 14 1 — \ 14
in1=1\in2=1/ /out1=A, oyt2= when Sp => 1fé;2ist2teaii ;2? 17)then
out1=C\out2=01 elsif(inl=‘1’ and in2=‘1’)then
nextstate <= Sm;
in1=0, inZ else
out1=9, qut2= nextstate <= Sp;

end if;
when Sn => nextstate <= Sm;
in1=0or1, in2=0/ end case;

out1=2, out2=00 end process;
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Mealy*" FSM® &2k {51 (4/4)

myFSI\/ImeaIy

N1 | g:>—

in2 —— § DR E

CLKI——

m“?D—— § @%%%@@ T03: N EREELE

BBl
TIREEEADENDRED

begin
case state is
in1=1. in2=0or1/ when Sm => 1if(inl='0’ and in2='0’)then
' tl <= XW4%“; out2 <= “00%;
out1=7, out2=10 ou ’ ’
elsif (inl='0’ and in2='1’")then
S \4 7 outl <= X“9%; out2 <= “01%;

< S
. /out1=F, out2=11 \\\\ else
y outl <= XW“7%; out2 <= “10%;

in1=0, in2=1 ?;d.iff . L inoeien

— — => 1f(inl='0" and in2=‘1"’ en
in1=1\in2=1/ /out1=A, oft2= ;utl <= X“A“; out2 <i “11Y;
out1=C\out2=01 elsif (inl=‘1’ and in2=‘1’)then
outl <= X“C%; out2 <= “01%;
in1:0, ing else
out1=9, qut2= outl <= X“2%; out2 <= “00%;

end if;

when Sn => outl <= X“F%“; out2 <= “11%;
in1=0or1, in2=0/ end case;

out1=2, out2=00 end process;

in1=0, in2=0/
out1=4, out2=00
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MooreZ!IFSM® E2 ik 5] (1/4)

yESHiioore A HH— kDRt
inl i—>— port
: : Init, CLK, inl, in2 : in std logic;

. 5 outl : out std logic vector (3 downto 0);
In25 ; out2 : out std logic vector(l downto 0)

) ;

CLK—>—

[<]#NERMEHEREIE. INit=1THEMET B,

in1=1, in2=0or1 £ KA.

REZRDHT=HD
T—RRELREZDESR

REEA®D ’k#ﬁ’*%d)

Al == = =72
out2=01 out2=11 LEEE DR

in2=1
in1=0, in2=1

i 11=0or 1 , type state type 1s (Sm,Sn,Sp,Sq);
in2=0 signal state, nextstate : state type;

out2=10

K. Ichijo, Hirosaki University p.13



MooreZE!FSM® s2k 45 (2/4)

inl D—

N2 E:>—

CLK—>—

in1=1, in2=0or1

out2=10 EFRHEREDECE ZD 1 RREEL DR A

in1=0or1 process (Init, CLK)
in2=1 begin
if (Init='1") then

state <= Sm;
elsif (CLK’ event and CLK='1’) then
ou&ZO{ out2=11 stéte <= nextstate;

in1=0, in2=1 end 1f;

end process;

in1=0or1,
in2=0
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myFSI\/Imoore

N1 | g:>—

N2 E:>—

CLKE—=>—

out2=01

in1=0or1,
in2=0

Moore*”FSI\/IO)nE {5 (3/4)

,k'lk II_;\IkE
B AE D BBk PENANEP
Z 02 RAREE R T E B S

process (state,inl, in2)
begin
case state 1is
when Sm => 1if(inl='0’ and in2='0’)then
nextstate <= Sm;
elsif (inl='0’ and in2=‘1’)then
nextstate <= Sp;
else

in1=1, in2=0or1

out2=10

nextstate <= Sn;

end 1if;

1f(inl='0" and in2=‘1’)then
nextstate <= Sqg;

elsif (inl='1’" and in2=‘1’)then
nextstate <= Sm;

else
nextstate <= Sp;

in1=0or1 end if;

in2=1

out2=11

in1=0, in2=1

when Sgq => if (inl='0’" and in2='0’) then
nextstate <= Sm;
elsif (inl='1’ and in2='0")then
nextstate <= Sp;
else
nextstate <= Sn;
end if;
when Sn => nextstate <= Sm;
end case;
end process;
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MooreZ!FSM® iRl 5] (4/4)

myFSI\/Imoore

inl —— E W R
a f 072 bt [
a5

N2 t:>—

CLK—>— § EE DR TO3A H AR EER

processi(state) ).':l:'.jJﬂE[j: .
begin \ KEDOHAMNLRED
case state is
when Sm = <= XW4“; <= “0O“;
when Sp = <= X“CV“; <= “01%;
when Sqg = <= X“AM; <= “11V;
in1:1, in2=0or1 when Sn <= XWTV; <= “1QN;
end case;
end process;

out2=10 E AR DSk 2 D3-B: H DB R T E

in1=0or1 outl <= XW4“ whem(state Sm)

in9=1 XWen when(state Sp)

Ins= XUAY when.(state sq)
\\7\\,

else
se

\
1
1
1
1
1
1
1
1
1

, HAE
'H( EDHMBIRESD

= “oo“ whed(state=8m) else
“01“ when(state=Sp)'else
“11“ when(state=Sqg):'else

out2=01 out2=11 { R

in1=0, in2=1 n10%;
in1=0or1,

in2=0 FM3-A & FND3-B D #EelLE—
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—HBMITERDOCPUM KLY,
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IA4o070+yY (CPU) DFIEIEFEDERETIZH TT
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CPU1208MISA

CPU12080 N EB4EE (component) «——

'
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oYL ILEDEMEND D FE

\
RREEZBZ DR

ALUFIEME B &
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IREBBE
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CPU1208MISA : NEfEtBRE
ISA: 7Oty REDEELEE. 5 FEE. X)) . PRLYL T E—F

(SNg SSaIPPY ) SN UG-ZT

MSB LS
————12-bit———]

B

PC

MSB

LSB

|le——8-bit—]

GR

RR

CPU1208N &}

e-4-bit-le4-bit-]
MSB LSB
i\ N J
Y Y
IRH IRL

(sng ereq«—s)sng 1g-g

GR:AALIR%
CC:Condition Code Reg
(ZREZRDHT)

PC:Program Counter

TR:—RLIR4E
RR:#FRL IR

ALU : Arithmetic Logic Unit
IR:fi55L R4
Ctrl: Control Unit

FRXFORE: GLEEE

HEEDHDE . Qe E K
FEE . Se—>K

A

CEICOIEZE]L. ISAOEKRTO,
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CPU1208MISA : &i%
ISA: 7Oty REDEEEE. 5 (FEFE. 2X) . PRLY T E—F

T—H4RiE

a0—F

Rl Sp -t i

—
O

i
i

7.— LU Do

1

>

=R
[=]

hh

00hh

K S B
SO I

H eMINOR

-,—H

Immediate

R EA

hh—GR

T Ak

EvyhbT RN

hh

10hh

Immediate

GR and hh, regist Z

T Ak

1A 4

hh

30hh

Immediate

GR eor hh, regist Z

BiEE

mE

hh

40hh

Immediate

GR + hh—GR, regist Z

imIEEE

iRt

hh

50hh

Immediate

GR and hh—GR, regist Z

RIEEE

SRIEF0

hh

60hh

Immediate

GR or hh—GR, regist Z

]

B th B S IR AL

hh

10hh

Immediate

GR eor hh—GR, regist Z

RiER

nE

hhh

8hhh

Extended

GR + M[hhh]—GR, regist Z

imiEEE

imIETR

hhh

9hhh

Extended

GR and M[hhh]—GR, regist Z

imiEEE

& ZR A

hhh

Ahhh

Extended

GR or M[hhh]—GR, regist Z

i 22 /58 5

BEt B R IEF]

hhh

Bhhh

Extended

GR eor M[hhh]—GR, regist Z

EAIRFER

2

hhh

Chhh

Extended

if Z=1 then hhh—PC

RTIEFEE

2

hhh

Dhhh

NINININININININININININININ

Extended

hhh—PC

T—R8RiE

O—F

hhh

Ehhh

WX ||| IWOIWIWIWINININ

Extended

M[hhh]—GR

T 25X

AT

MMO|O(W|>|O|0|HN|D|C|~|Ww|—|O

hhh

Fhhh

N

w

Extended

GR—M[hhh]
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B 1EEREA B {FEREA (B HER)

D> Sb-Dt- it
S\ TN
R AU R
Wm <> Sh G 2
2N BN st 1
TeMININOR;

o
>
>

J1
|
|
I

FERE Aa—K
TRk EvkT Rk
TAK FilTRE
HiER mE
WEER WIETE
WEER SREEAN
WEEH Hefth B R EEAD
BiNER mE
WIEER WIETE
WEEH FWERFN
WEEH BEfth AR IERD
ETIEFERE | OvoT
ETIEFER | OvoT

"—RERE mEN
T—REE | RNT

Immediate | hh—GR hh—GR

—_
=
=

Immediate | GR and hh, regist Z I Aeand
GR A hh, regist Z —
Immediate | GR eor hh, regist Z 1 ASeor

>0
>

>
>

Immediate | GR + hh—GR, regist Z A+

=
=

—
Immediate | GR and hh—GR, regist Z 1 A®and

GR A hh—GR, regist Z L

Immediate | GR or hh—GR, regist Z 1 A&or

_—

Immediate | GR eor hh—GR, regist Z : ASeor

>
>

>
=

Extended | GR + M[hhh]—GR, regist Z | Ao+
| S
Extended | GR and M[hhh]—GR, regist Z | Aeand
GR A M[hhh]—GR, regist Z
Extended | GR or M[hhh]—GR, regist Z : ASor

Extended | GR eor M[hhh]—GR, regist Z : A&Seor
Extended | if Z=1 then hhh—PC if Z=1 then hhh—PC

Extended | hhh—PC hhh—PC

Extended | M[hhh]—GR M[hhh]—GR

Extended | GR—M[hhh] GR—M[hhh]
- A

L 4

HAREE

N INIDNINININININININININIDNIDNIDN
WIlwlWw ||| ININIDN

M| MmO || T|>|loo|l|dJ|loo|lC| | W
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ZCE —[E CE
E ERLCR4(RR)

Reg
OCN
18

(ZR)

o

ROC(WR)

«—PCCE

REEE

REATAE

B%E

ALU

VHDL-03.pdf
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BMSEE->IOvI YA ILEDEMEAND DR

B E 50T (TR IOy A2 IV EDEIE

WSO
N | ~emIdidig;

2cyc

M[PC]—GR,
PC+1—PC
Immediate | GR A hh : ASand GR A M[PC],

. regist ZR,
Immediate | regist Z E ASeor PC+1—PC E A&eor

00hh

N

Immediate | hh—GR

10hh
30hh
40hh
50hh
60hh
10hh
8hhh
9hhh
Ahhh
Bhhh
Chhh
Dhhh
LD [Ehhh
ST

Immediate | Ao+ A+

GR A M[PC] = RR, | A and
1

. regist ZR,
Immediate | regist Z : ASor PC+1—PC : Asor

Immediate | GR A hh—GR : ASand

Immediate : ASeor : A&eor

T M[PC]—IR, T
Extended : A&+ PC+1—PC : AS+

1 i
Extended | GR A M[hhh]—GR, 1 & %and M[PC]—TR, GR A M[IRL&TR] — RR, ! & ®and
Extended | regist Z I Asor PC+1—PC regist ZR ' Aesor

Extended : A&Seor i A&eor
Extended | if Z=1 then hhh—PC if ZR=1 then IRL&TR—PC ',
Extended | hhh—PC M[PC]—TR, IRL&TR—PC
GR—RR,
Extended | M[hhh]—GR PG+ —PG MIIRL&TR]—GR

Extended | GR—MT[hhh] RR—M[IRL&TR]

\/ 9

a L 5 O A “ s -
<§'E»E4I: JI~7§\OPcode> Gp noT ﬁ‘-F‘;ﬁtt;D :0)5‘&\\ RHOIEI= kT jiJEIE
(" OPcodeld. IRHIZK#ENE, ) \FLEN.5.45ET 3, HEE
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2097947 BODEEND 7 E-ALUFIEES R

2cyc
M[PC]—GR, PC+1—PC

GR A M[PC], regist ZR,
PC+1—PC

WI—=1O

GR A M[PC] — RR,
regist ZR,
PC+1—PC

M[PC]—IRPC+1—PC T
M[PC]—TR, GR A MIIRL&TR] — RR,+-A®and

PG+ —PC regist ZR " TAsor_| GR—-RR®D=HIZIF

1 Aeeor

T 2R then IRLETRPG ALUZ X JL—(thr)
M[PC]—-TR

(GR=RR, ”’Acbthr) IRLETR—PC LTG50,

PC+1—PC M[IRL&TR]—GR \
RR—MI[IRL&TR]

ALUBSBED HIEME B IZIRHEKYIRE D, %% : VHDL-03.pdf &Y
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