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A Proposal of State Reduction Algorithm and the
Development of a Graphic Editor for
State Machine Synthesizer
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ABSTRACT
In this paper, we developed a Graphic Editor which automatically translated the state transition

graph into state CHDL. Also, an algorithm for efficient state minimization is presented to reduce
the redundancy state of state transition table.
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oloff Wv}x Fea] A 0 X 85, v Ee] iyl
Foll ulal el thekahi AL whital Sbel A2
A R 4 el AR S S Aobae

o,

f

I.PLDE 0|25t FsSM 5| 244
PAL (Programmable Array Logic) - AND-OR 2
SR I R R R
7b golalar el #H ’\ﬂ & o] g9 HAHMAY
b, B8], FSMaji A Al A A4 8k
A A Abok(specification) o] wH-9- A §Fgh )21k 41
3F 4= vk dE sk sk

FSM 5172}§]¢é’~ PAL Devicei @ sk 14

T LI AT _Lrl_ /LL}

LR IR i

ghel qp A HQ) A

[ FsM specification |
]

v v
Graphical editor j l Textual editor ]

|
b
[ Pin assignment J

l

v

[ Symbolic state table ]

I

v

r State minimization l

I

v

r Boolean equation ]

™

v
r Minimization ’I
I

[ PALASM ]

i =R P S
Fig. 1. flowchart
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STATE

L2 ALSLICALNG

FLCA, FLOB

INPUT

LICaL, LZCAL,

LICAL, 8REY, oRRZ,

ARRZ
N JL2CALAOO OUTPUT
> /LICALPA2CALVOO Y
~ . /LICALNGO -
ol \\ MOLE, MCCh
L2CALNOD. N,
L3TaLNo ,}“\
100y
L3CAL\OO >

ARANOO

LICAL+L2CALNOY

32 2. 1 ol U] g
Fig. 2. Graphic editor

if ( exist EGA bord ) { /% EGA BEUE|IZIE ¥l »/
load_fdnt(state, curror)
/v Wag DY EY S vRe2 B2t} v
variable_define :
/e BElREWE dPHS, 2HESE Ut x/
making_state_diagram_with_reversed_key :
/x o e}7| & ARl Aejdy, Holzd, EYHIEZG F&
gAY zN HejreZE 2gUct ¥/
state = 1 ¢
write_file (basic_infomation) :
/% Aelu]EW 4 gl o ZYHs T CHILE 7latich »/
while { state = STATE_MAX ) {
/e Zp Aefol iyt W& & CHOLE H¥ »/
write ( PSTATE = state) :
write ( EQUATION = state_boolean_equation )
417
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/x @A el & Fefu]EF 42t H) 23t boolean WFA o2 HHRICE #/
if ( branch_of_state > 2 or
variable_of_branch_conditonl !'= variable_of_branch_conditon2)
/¢ Ho|ZAL sl IFEZ} STITCHRE LR FEYTL %/
write ( SWITCH = variable_of_branch_condition ) :
/% ThlY =AY ZF 9 SWITCHE 2.2 7lggict, */
for ( i =1 : i > number_of_branch : i++) {
write ( CASE = valuve_of_branch_conditon ) :
write ( NSTATE = next_state_of_state_in_condition ) :
write { OUTPUT = output_variable_of_state ) :

}

else { /¥ [FReZ 7]&3c}. x/
write ( IF = variable_and_valuve_of_branch_conditon ) :
write ( NSTATE = next_state_of_state_in_condition )} ;
write ( OUTPUT = output_variable_of_state ) :
if ( branch_of_state !'=1 )
write ( ELSE ) : /% ELSER- 8 7|ej¥tt). */
write ( NSTATE = next_state_of state_in_condition ) ;
write ( OUTPUT = output_variable_of_state ) :

}

state++

}
write ( END )

& 30 4] CHDL wgk okare] 45
Fig.2. Conversion algorithm of state CHDIL.

MGDEL (THREE_ELEVATOR)

ACTIVE high :

EQUATION
# OPEN1 = DOOR*/MOTU*/MOTD*/FLDA*/FLDB:
# CLOSE1 = /DOOR*/MOTU%/MOTD*/FLDA%/FLDB:
# UP1 = /DOOR* MOTU%*/MOTD#*/FLDA*/FLDB:
# OPEN2U = DOOR#*/MOTUx/MOTD#/FLDA%* FLDB:
# OPEN2D = DOOR#*/MOTU%/MOTD* FLDA%*/FLDB:
# CLOSE2U = /DOOR*/MOTU%/MOTD%/FLDA* FLDB:
# CLOSEZ2D = /DOOR*/MOTU%x/MOTD* FLDA*/FLDB:
# UPZ = /DOOR% MOTU#*/MOTD#/FLDA% FLDB:
# DN2 = /DOOR*/MOTU%* MOTD* FLDA*/FLDB:
# OPEN3 = DOOR*/MOTU*/MOTD* FLDA* FLDB:
# CLOSE3 = /DOOR#/MOTUx/MOTD* FLDA* FLDB:
# DN3 = /DOOR#/MOTUx MOTD# FLDA% FLDB:
END
CONTROL
PSTATE = OPEN1 : PSTATE = OPEN2U :
IF (L2CAL+L3CAL) THEN NSTATE = UPI : IF (L3CAL) THEN NSTATE = UP2:
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OUT = MOUP, /MODN :
ELSE NSTATE=CLOSE1 :
OUT = /MOUP, /MODN :
PSTATE = CLOSElL :
IF (L2CAL+L3CAL) THEN NSTATE=UP1 :
OUT = MOUP, /MODN :
PSTATE = CLOSEl :
IF (L1CAL)THEN NSTATE=OPEN1 :
OuT = /MOUP, /MODN :
+ PSTATE = UP1 :
IF (ARR2 #*/L2CAL) THEN NSTATE=UP2 :
OUT = MOUP, /MODN :
ELSE NSTATE = OPEN2U ;
OUT = /MOUP, /MODN :
PSTATE = CLOSE2D :
SWITCH (L1CAL,L2CAL) {
CASE 1,- : NSTATE = DN2 :
OUT = /MOUP, MODN
CASE -,1 : NSTATE = OPEN2D :
OUT = /MOUP, /MODN :
CASE 0,0 : NSTATE = CLOSE2D ;
OUT = /MOUP, /MODN
}
PSTATE = DN2
IF (ARR1) THEN NSTATE =
OUT = /MOUP, /MODN ;
PSTATE = UP2 :
F (ARR3) THEN NSTATE=OPEN3 :
OUT = /MOUP, /MODN :
PSTATE = OPEN2D :
IF (L1CAL) THEN NSTATE=DN2 :
OUT = /MOUP, MODN :
ELSE NSTATE = CLOSE2D :
OUT = /MOUP, /MODN

OPEN]

OUT = MOUP, /MODN ;
ELSE NSTATE = CLOSE2U ;
OUT = /MOUP, /MODN :
PSTATE = CLOSE2U :
SWITCH (L2CAL,L3CAL) {

"

"

CASE 0,0 : NSTATE = CLOSE2D :
oUT = sMOUP, /MODN :
CASE 1,- : NSTATE = OPEN2U :
OUT = /MOUP, /MODN :
CASE -,1 : NSTATE = UPZ ;
OUT = /MOUP, /MODN :
PSTATE = OPEN3 :
IF (L1CAL+L2CAL) THEN NSTATE = DN3 :
OUT = /MOUP, MODN
ELSE NSTATE = CLOSE3 :
OuT = /MOUP, /MODN :
PSTATE = CLOSE3 :
IF (L1CAL+L2CAL) THEN NSTATE = DN3 :

OUT = /MOUP, MODN :
PSTATE = CLOSE3 :
IF (L3CAL) THEN NSTATE = OPEN3 :
ouUT = /MOUP, /MODN
PSTATE = DN3
SWITCH (ARR2, L2CAL) {
CASE 0,0 : NSTATE = DN2 ;
OUT = /MOUP, MODN :
CASE 1,1 : NSTATE = OPEN2D :
OUT = /MOUP, /MODN
}
END

2% 4. 48l CHDL 7%
Fig. 4. State CHDL. description
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Qi Rmel g Ak

2-1. B0 EHE{Z HHEE 1517 st MEE
=T pn I =
FSMe] efele] i@ 8] F4-48) (redundant
state)Z A 78l AR A 'éiiPoﬂ ola), F /Fe] 4
o} waps) el e ol ghavt thAEnh Gt 1] 4
Ef o ol &l %‘9 Al e F Ak obarel S A
fAA, Ge 5 H ashehs 42 ok ob uk

H 1. 9HSE
Table 1. State table

Present Next state, OQutput
State 00 O I L 10
1 [ . .
A A0 e B B
B E. - | C1 | B.— | Do
c -.— | B |1 Do
D A0 | —- | F1 ! B -
E B, 0 - | B.o -
F -= . C1 I =0 G. 1
G D1 | D= o =~ -0

@A 1) 8 v A (row matching) #zofl sl 3
s FEF S

A 2) @ FHoh 3 %) (maximal compatible) ¥ )

{CD) (CG) (BEF) (ABD) (ABE);

A 3) @ prime class¥ =3 8lu),
& o1ol AdeiEst -t R prime

class+= 3f 29} 7ivh

H 2. prime class®l ¢
Table 2. Final list of prime classes

Prxme C]dss Class set
C1 ABD AF BEF
C2 ABE 0
C3 BEF 0
C4 ch BD
C5 CG BD
Ch AD EF
Cc7 BD AE, BF
C8 D ¢]
C9 C 0
C10 G | 0
420

shel e el ol HasE e

A ) H kel ¢3 A Ay 3 (Minimal closed
covering )& g},

&L e Ea daelu Eole] AgdeAn
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1‘\ %L} 5] o z!,O._ )v]EH
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WAL GERE 2 e vle] 84177 Expe H gt
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ST el Hoasldh e R i e A ot

AL
o4 Aehatelt,

prlme class o] I
ILH o4 o) Epld

2 2. Mietst e = YLRE
Vo qmiell 4] gkl ) o

AR ok o

vhAl 1) 3139 -2 7 gl e e] 1 (covering table®
R iAo

H 3. 7n Y el
Table 3. Covering table

Prime Class A'B C D E F G
Cl1 ABD % ox x| 1
AR S N WO S
c2 ABE XX 3 Cox
.. e R i AR B S
C3 BEF CX ; XX
. i 4 +— ——4—7—7—7,:7 e .
Cd CD ‘ X X
5 CG i P x
Ch AD }} X | T T x
7 BD ] l X X
C8 D ! | J‘( x
cy c St ave an
C10 G o «

A 2) Elo] AR A

ne

P ol A T R A

#11H i €| o] 'il’} prime class®] 43
off 21 A]71c}

(1) Ea} e Ag 1Q A~ qno],;] 9] &t A{Lu =10
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c
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Fig. 5. Directed tree

classoff vehvtar vt w3k, Atelast delct 3704
prime classoll YteEbub™, Aeldi= 570 2] prime class
off Eajati ik

ellgE 3 prime class &, (G)9F (CG)E A
A 9. A(BEF) th&el g&4A1 7)™ vhE-3) 18 270 9
A #HQN(BEF, G)¢+ (BEF, CG)7} #+A#Y. o
Z, A HEAQ(BEF, CG)el %1, ABEA(BEF,
CG) 9 CGoll 3574 BD7F &A1 8t}

=3 BDE ¥3)shis prime class (ABD) 9} (BD)

CG9 ‘JrnJ cg AFERe g AHA(BEF,

CG) = 2702 A1 2421 (BEF, CG, BD), (BEF, CG,
ABD) & 3H4¥ L]»

b, e Eelulelq w8 Avy 2
vkEslm A, zlelv) vhg e s a2
F 49 2 W An Yol Avt

S5 E 8] HAosl ol oy, o7 A
IR T e

1) (BEF, G, AD, C)
2) (BEF, CG, AD, ABE)

4 =430 Ak
Tabte 4. Reduced state table

Present Next state, Output
State 00 01 11 10 |
) A A0 D, 1 A0 D1
B | A0 | D1 Al | Al
C D, 0 D, 1 A0 A0
D B. 1 | B,.0 1 —. 1 B, 0
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