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Abstract

The state machine synthesizer is widely used to FSM synthesis. In this paper, we developed the
state machine description language “State CHDL"” such as IF, THEN, ELSE, SWITCH,CASE state-
ments. Also, an algorithm for efficient state minimization and two level minimizer of FSM and graph-
ical user interface - pin map window, supporting the designer with input-output effency, are presented.
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%"5" E}’“% 7hA) G glE

Efolde A8 471 (FSM) Al2="
= “74]0}7] Hstel FSM 53 S4do] obld, ob&
#o] 74 2ol 7|4 0] 7}5 3} boolean equation lang-
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el Ao el 25 Qe ciet bRl Alel o=
£ Al CHDL 71438 ¢¥lg) IF, THEN, ELSE, SW-
TCH +§27 2§ W3tslo] shalel A4 sl&x,
Al 2l 2 Akl CHDLE Wdlsls otae]Eo
Zelqeb zeh

if { exist EGA bord ) { /x EGA RUERIZIE ¥Qytr)
load font{state. curror) :
gt Yy =YE Wl B«
variable_define :
ik el BB HS oy W By W Yol «

making state diagram with_reversed key H

sx ol obdl & Abgstel ey, Holz. FIHWENRYSE
lagto g el TE Al »
state = 1 :
write file (basic_infomation)
/3 el WE B 9l 8] 0 2 HS 5§ CHOLel 7@ girh e
while ( state : STATE MAX } |
sx b abplofl ohgt &S CHOLE CHE x
write ( PSTATE - state)
write { EQUATION - state hoolean equation )
¢ W) HelE el vl E H 29} ulasle boolean WHA O F HHYIL) s

if ( branch of state > 2 or
variable of branch conditonl !'= variable of branch conditonZ) {

/4 Mol2Ag st IFEQ ) SRITGHES S & HA7E 2 Y Pt
write { SWITCH - variable_of_branch_condition ) :

/2 Thole z2AY A SWITCHE .2 7] &¢r).
+ 1 i > number of branch : i++) |
write ( CASE = valuve_of branch_conditon ) :
write ( \STATE - next_state_of_state_in_condition ) :
write ( OUTPUT = output variable of state ) :

*

®/
for (i

}
else { /* IFfog 7)lgtich
write { IF = variable_and_valuve_of_branch_conditon ) :
write { NSTATE = next_state_of_state_in_conditjon } :
wreite { OCTPUT - output variable_of_state ) :
if ( branch of_state '= 1 )
write ( ELSE ) :
write ( NSTATE
write ( OUTPLT

*/

/% ELSER 0.8 7)& Y}
= next_state_of_state_in_condition } ;

*/

= output_variable_of state ) :

}

statesy |

!

write ( END }

a2l 4. Ae CHDL ®W3 dangs

Fig. 4. Translation algorithm of state CHDL.,
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dbdog 7]& HDLLY Z3=elslze 7
golstt FSM geje] 7)gel Aekg Hiats
uf Foll B =Rl FSM 3|29l 23|33
414 7143 4 9l PAL AA& Abe] CHDL
Aubsbd o sl abs] PAL A AR Al CHDL
2 zd= [F, THEN, ELSE, SWITCH, CASEA- <.
2 A4 M of 918 2R of FHal 79t
%3 7 %o H4d FSM §l§.91 A A 7} 7hsste,

of] %0 Graphic editorol ¢85 3% 0”2]\34]0]1]
o] Ae] 2L E AFo R *&EH CHD W 2l
1El5e}b ol
\ODEL (THREE_ELEVATOR)

ACTIVE high
EQUATION

# OPEN1 = DOOR*/MOTU%/MOTD#*/FLDA%/FL.DB;

# CLOSE1 = /DOOR%/MOTU%/MCTD#*/FLDA%/FLDB:

# UP1 = /DOOR* MOTU#*/MOTD#*/FLDA*/FLDRB:

# OPEN2U = DOOR*x/MOTU¥/MOTD%/FLDA% FLDRE:

# OPEN2D = /DOOR#/MOTU%/MOTD%* FLDA%/FLDB:

# CLOSE2U = /DOOR#/MOTUs/MOTD-FLDA% FI DK

# CLOSEZD = /DOOR*/MOTU/MOTD%x FLDA [L.DB:

# UP2 = /DOOR* MOTUs-MOTDs/FLDA% FLDR:

# DN2 = /DOOR%/MOTL* MOTDs FLDAx-FLDB:

# OPEN3 =  DOOR*%-MOTL = /MOTD® FLDYY FILDE:

# CLOSE3 = /DOORx/MOTL#-MOTDx FLDAx FLDB:

# DN3 = /DOOR= MOTL % MOTDE FLDAx FLDE:

CONTROL

PSTATE = OPEN]
IF (L2CAL-L3CAL) THEN NSTATE=LP}:

PSTATE = LPL:

OUT = MOUP, /MODN OLT = /MOUP, /MODA ¢
ELSE NSTATE=CLOSEL: ELSE \STATE=LPI.
OLT = .MOLP, /MODN OLT - MOLP. /MODN @

PSTATE = CLOSER:
IF (L2CAL-1.3CAL) THEN NSTATE:UPL:

PSTAIE = OPEN2L:
IF (L3CAL) THEN A\STATE-LP2:

OLT = MOUP, /MODN OLT = MO.P. /MODN
PSTATE - CLOSEL: ELSE NSTATE. CLOSEZL
TE (LICALITHEN NSTATE=OPEND OUT = AMOLP, /0D
OUT = . MOLP, ~MODN PSTATE - CLOSE2L
ELSE \STATE: CLOSE] TF (1L.3CAL) THEN NSTATE-UP2:
OLT = SMOLP, MO0N a1 JMDUP HOUN
PSTATE - Lkt PSTATE - CLOSE2L
IF {3RR2 /1. 2CAL) THEN NSTATE=UP2: [F (L2CAL)THEN NSTATE=OPENZL:
0T MOUP, /MODN OLT - /MOEP, MODN
FLSE NSTATE -« CLOSE20: ELSE \STATE . IN2:
[P MOUP,  ANMOIN T SOUP, MODN
PSTATE = (1osP20. PSTATE - OPEN3
SWITCH (LICAL, L2UAL M FFULICALYL2CALITHEN ASTATE=DA3:
CASE 1, - NSTATE = DNZ: OULT = AMOUP. MOLN
OLT = /MOLP, MODN ELSE NSTATF CLOSED:
CASE |1 NSTATE = OPEN2D: OUT - /MOLP, /MODN
OLT = MOUP, 2MODN ¢ PSTATE CLOSE3
CASE 0, NSTATE CLOSE2D TE (LICALYLZCALITHEN ASTATE D\3:
oT MOUPC AMODN OLT = /MCLP, MODN
CASE 0 NSTALE = CLOSE2D: PSTATE = CLOSES.
OLT = 2§0LP. ZMODN - IF (L3CAL) THEN NSTATE = OPEN3
H OUT = /MCUP. /MODN
PSTATE - [A\2 ELSE \STATE - CLOSE3:
IF (ARRL} THEN ASTATE @ OPEND: OUT - /MCLP. /MODN
OLT = ~I0UP, /MODN PSTATE - DN3
FLSE NSTATE © CLOSE2L: SWITCH {3ARR2. L2CAL) {
OLT = /0LP, /MODN CASE 1. 0 NSTATE me
PSTATE - (P2; ot /MOLP, MODN
[F {ARR3} THEN NSTATE-OPEN3: CASE 1, 1 \STATE - OPENZD:
oLt SMOLP, /MODN OUT = /MOUP, /MODN
ELSE NSTATE - 1P2: CASE 0, NSTATE = IN3
OUT = \DUP, /MODN ot SMOUP, M0IN
PSTATE 0PENZD: }
IF ILICALY THEN NSTATE=DNZ: END

OLT = /MOLP, MODN :

% 5.
Fig. 5.

Al CHDL 7]%
State CHDIL. description.
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2. Device A& = o}

Pin &4

ofzlel Al Al A Sl e
Zbefl CHDLZ 7l&3t 5 AA Abefel
- A sled ping dhekelodof dhi=ul
device A& = ¥ ki) device s
EH data book-% #irdlof slar 7+ JI/} 7]
o) 4helaol shiz ojzigol

¥ o=tol 4= Ael CHDLS 7lgshal 42 AA

Al s sfefob she 2714 giH skl mbEekis 44
$% okelFol 4 o] 2Aal 5ol ezl
gz Aol Lolgt pin map editorE Ak skt A
w3E pin map editorol] 4 3l ek wlEl keyE ARE-
shol A% WAsk AAR key A B A s
ApehA =ed ¥ ok abalg aElgel]  7iEsiel
3t 70 4HEL pin map editors 2E17o] vfEFH QL
open_library_file :
select_device: /x 2% YARHD, AL VESE ANE MY v/
open window ( PIN MAP )
contral pin assignment <- device.control, function :

/5 0CC, ODE ZE 54U N library® R YU Ak %/

input pin_and output pin_and in-output_pin_display :
se dg vl 29 2l &Y ZEAUZLE windowol FAIRCEH
total _pin_size :

®/
MAX_PIN ¢
pin <- 1
b <-
c <
while (

initial_location of _horizon :
initial_location_of_vertical :
"TAB” or "ESC” key input ) {

/% TABolL} ESC 7|1& ¥ 249

pin_map ¥t@o] Ajz}zich #/

gotoxy{ b, ¢ )
switch ( key input ) {
s

WA g Abgste) U AYCF Ygdich

s/

case P arrow_key

if (¢ !'= initial_location_of_vertical )
{ a <= MAX_PIN ) 72 pin-- pre o
case Down_arrow key
if (¢ !'= MAX PIN/2 )
{ a <= MAX_PIN } 2 pin-- : pre s
case Left key
if { b != initial location of horiaon )
b = initial location of horiaon , pin = MAX_PIN - pin « 1
case Right_key
if ( b t= finial_location_of_horiaon )
b = finial_location_of _horiaon , pin = MAX_PIN - pin + 1 :
case TAB_key

close_window ( PIN MAP ) :
pin assignment save : /s 1 Y WEF Y ARQC) s/
break :

case ESC_key :

clear_window { PIN MAP ) :
break :
default :
if { pin == control_pin ) break :
/¢ B4 T(VCC, GNDB)ES libraryol 218 olu] Sigtgc). */
if { pin == input_output_pin )
select pin with input or output pin :
/ YEHAGUS 4y B & Vo 28NS AN Y &

pin_assignment :

4 NFAe FEAL /2 vty ¥ ¥Q ¢

a%l 6.
Fig. 6.

A e daelE

Pin assignment algorithm.

Agl CHDL 14 o Two-level minimizer 7
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File Device Edit Compiler Writer
New Data book Synthesis
Load Select Minimization ClK — ~— Vcc
iSave . Buid all e 1 /0
Write to I b (s
0Os shell ! O _ o
Quit —1 O
1 ol
— 1 o
R o _
GND — r~ /OE
Device : PAL16RP6
Message or Error Line
a7, 3 oy ol sk
Fig. 7. Screen layout of & pin map editor.

12189) pin map editor® Y3 libraryd] TE2&
veldigi o wd VCCu GND 53 22 7]2 A9l 4|
< libraryell && @l w 2 user7} gkt 4 gl
2 g9l #wd pin ARE Al CHDLS o
o5} Zelwaz AR, F247% 3 Aduso] bo-
olean equation® ZFFstul] Ab-gxich

struct device {
int total : /% MM ping] R4 #/
int input[MAX_PIN] : /% ¥ ping] 2A4E HA &
int output[MAX_PIN): /e 39 ping] A4Y $12) &/
int inout{MAX_PIN] : s &Y A4S ping AU $2 «/
struct {

~

s 71 #3Q 7)% pin] HA] »/
/% Nig */

int pin :
char *function :
} control [MAX_PIN]} :

12} 8. Libaryd] =542
Fig. 8. Data structure of library.

3. FSM §tA7loll A9 Abel) 2 A3} odaels
7| ut

=

synthesis #}3 5

o4l e zefzz e
e o} L-of g

A
<]

A} Z8-5 AH (redundant state)
(state reduction) A x}7}
3l
o]
s

e A 2 sled
obvet ¢ab slzel el
#d Don't care® i3l
specified
Paull

A] 28 (incompletely
sequential machine) ol #1 &) Abel 4 e
3} Ungerol ola alubel ol ol 4alels)

ol 3 zgazho] 7h5d AAAHQ 4 (systema-
tic method) o] o-F=o] gor} cfiio] 2 .£of ot
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e g
of 4] =t gt eke] v]E (comparison) 2l HFE-# o)
22 FA =] ek Mejsel ¥

# 2l #18]8 (minimal closed covering) =

Zi

prime compatibles

2 FE gE Eefs sl 1 oobd oo
M2 (path) & 2] sz desiolch o] whwle
vla 2hpe el lell M 2R ppe sh s 2 aba)
of sk wh S ZhAlan 97l s ol ¥ ol 4
Hael el g 2 el olo] Eele) 44e

shubz ghisty] 91k AwE wlel B

2} F k2] heuristic rule2-

{covering table)
Agheel o) & wpete
“prime class”®} Meisel'®12)

shol 7|

=N
Luccio and Graselli®i2]

“ulakdd E 2] (directed tree)” 9] 7|1 & =3}

Lof daejgtol vlal Fo] ziglaluwiw w2
Azbdel FHael g T 4 Ui odielES 4
Aq_g}oﬂ C!»

Bl AR AR 4 A el E Y timing
complexity+= nlog,n/2 ©|tH!o

4. Boolean equation &4

48] CHDLEZ ¥-e] 3=zl Boolean equation

ZlgebAlgl #4352l FSM gele 7)4 5 o)
D2 symbolic state table® *-¥] Boolean equa-
FEad 4oh ook el CHDL=Z
HE] 73} Simbolic state table® Z 1ol v}eldgl o
o] Simbolic state table® $-E]  Boolean cquationg

FEeE dmelse melgs) 7l

o7
ole

tiong- g5}

E:3 1.
Table 1.

o) ello] 2] of
Example of state table.
L1CAL E2CAL L3CAL ARR1 ARR2 ARR3

PS NS

= 1 - - - - OPEN1 UP1L 1 0
- - 1 - - - (OPEN] UP1 1 0
- 0 - - 1 - DN3  DN2 0 1
- 1 - - 1 - DN3  OPEN2D ¢ 0
- - - - 0 - DN3  DN3 0 1

F1ol4 PS, NSOl Adas5e] AulRTe o5
2 51A —’F]—lé}ji Ao p B =FoliE glo)r g
Soiglon ORI 4 TRd 4 ot Aupg
Gl EE AP ol Helth Arjeol oy 2o
W4oh 1207 0ok Hek | YA 2Ea
o] =u2l3& tlwl 7 &80l B8l boolean equation
& TR ek

3.2+ boolean equation % dig|EL o] 8 3lo
boolean equations %3} oo]c},

WL e ok

MOUP MODN

(357)

29 % AW w4 o

Ex{en x BEY Lo Y e

e {ing /% primary Q& H§ &/

P opig e el Uy s

B = { b bs, /% 249 boolean equation X% */

L el Mol B M(raw)2 + " RAY e &

notoprimary ¥ Hee 4 a Halyge Heg
for { i =1 ~m){
i ¢ temp = ¢
for t j =1 ~ ¢} {
if ( fei j] == ACTIVE )
Bi = Bj + temp , temp = ¢
for (k=1 ~a)
00 [kl == 1)
temp - temp ¥ ij K
else if ( [ij k] == 0 )
temp = temp ¥ /i k
for { k =1 ~ a)
temp = temp ¥ pj x
'
}
}
2l 9. Boolean equation =& <lig]s
Fig. 9. Boolean equation extraction algorithm.
H 2. 5% U4AE 249 o
Table 2. Example of boolean eqguation extraction,

DOOR=1.ICAL*/DOOR*/MOTU* /MOTD# /FLDA% /F_DB+ L2CAL % ARR2%
/DOOR*MOTU*/MOTD*/ FLDA% /FLDB

MODN=LICAL % DOOR* /MOTU* /MOTD* FLUA* /FLDB+ LICAL % /DOOR %
/MOTU % /MOTD % FLDA% /FLDB
+/ARR1* /DOOR % /MOTU*MOTD % FLUA% /FLDB-+ LICAL% DOOR %
/MOTU*/MOTD* FLDA*FLDB

boolean equation® 2 3}5 Alef 7} ofu
Haeshs 4857 Ao ¥ wgelq Aw
3} tool?l C-PLAMINS] el gl bi-

bt S

o)
B

237 zbol vfepud

S e
B e 4

b w g

g 3. 2% uoL24A1_4 o]z w3}

Table 3. Binary translation of boolean equation,

door=12222200000
212212061000

fldb=20221201000
21221201000

21221200111
22220200111

R
;] L_/] _‘r_a]

3} (Logic minimization)

t4d toolE+= ESPRESSO-1, ESP-
RESSO-MV, ESPRESSO-MLT, MIS &3} 7o
F8.8 71423 =) A oole] A& i g, ol

(=4

=

&
iy

1

2lgh =) 3t Al 1ol 52 =g S L
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5
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Table 4. Minimization result of C-PLAMIN &

BOLD & PALASM2.

-level

1O | literal | BOLD | PaLASM | O

mimmizer

FSM 1(traffic
5/7 122 37 37
controller)

FSM 2(2 7 7) 7/4 59 59 59
FSM 3(ROM) 9/10| 183 183 186 166
FSM 4(three elevator) [6/7 | 490 45 176
FSM 5 (dummy) 7/6 47 45 39
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Table5. Logic minimization result.
door=12222200000 flda= 22222210211
21221201000 22222200012
21222200001 12222220012
21222200010 22202212110
22222101001 20022210021
22212200110 fidb= 22222200021
22122200011 22222229011
22221200111 21222220021
motu=212222200040 22122220021
22222010101 22221211002
22122220002 22221211002
20222210010 2222221011
22220211000 22220210211
motd=22202211111 0222210012
20222211111 mouwp=22202222112
2z2022101010 22220221212
12222221012 20221222112
21222220012 modn=22202221212
22220221212
20221221212
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