Joumal of the KIECS. pp. 399-408, vol. 17, no. 3, Jun. 30, 2022, 1. 113, pISSN 19758170 | elSSN 2288-2189
R | htip:/ /cx.doi.org/10.13067/JKIECS.2022.17.3.399

7B o2 Aets Bx 1A A5
A/2Y ¥lE7) 2 2o gig WagA Ao

Fault-Tolerant Control of Input/Output Asynchronous Sequential Circuits
with Transient Faults Violating Fundamental Mode
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ABSTRACT

This paper proposes a corrective control system to achieve fault-tolerant control for input/output asynchronous
sequential circuits vulnerable to transient faults violating fundamental mode operations. To overcome non-fundamental
mode faults occurring in transient transitions of asynchronous sequential circuits, it is necessary to determine the end
of unauthorized state transitions caused by the faults and to stably take the circuit from the faulty state to a desired
state that is output equivalent with the normal next stable state. We address the existence condition for a proper
output—feedback corrective controller that achieves fault diagnosis and fault-tolerant control for these non-fundamental
mode faults. The corrective controller and asynchronous sequential circuit are implemented on field-programming gate
array to demonstrate the synthesis procedure and applicability of the proposed control scheme.

O
Input/output Asynchronous Sequential Circuit, Corrective Control, Non-fundamental Mode Fault, Fault Tolerance, FPGA
Po/E=d vE7) &2 F2, WA Ao, vl-71E R= 4, WadA, FPGA

* ZEHstn MAS & (myang@ee.knu.ac.kr) * Received : Mar. 19, 2022, Revised : May. 03, 2022, Accepted : Jun. 17, 2022
o WAMMAL : 2Zoiety ®MojH &53ent + Corresponding Author : Seong-Woo Kwak
Mo 2022 0319 Dept. of Control and Instrumentation Engineering, Pukyong National University
cdetz el 2022, 05, 03 Email : ksw@pknu.ac.kr
X

<Al = 2022 06, 17

399



JKIECS, vol. 17, no. 03, 399-408, 2022

A9 29 §lo] %’i};}% HE7] Al2Ele 19500 T
7HA ElstA ARE AL QlTh
2[2], W57 ~EHE Z3H3]
1% HokE Ao ¥}, F4,
A|o](corrective control)i= H]

AlZRIO R Fal A e

N gy
Ay
N
toby
fetl
miru
é.
—'_85 < Bl
2—‘.:,0_.40
oh

Aol o 3|=e] M AH T
= ‘ﬂ%ﬂ@—i H gt wA Alols 53 AA 4
grolu} 1ol EAIEE HIE7| Ak 3= digh W
4 AolE Fdste o sk SEEHATHA6L

=rollAE 718 EE(fundamental mode) 92
+ I Z(transient fault)o] EA5HE ¢
bR digk g g Ao
Hs7) &2t 32 32 &9
v 3 Z2A7], 4E/8 o

199l wlolel & 4 gk

ox ot 4w oft ¥ o

i

o

o 2

e
ol
ol

v
~
N
|
=

oomr
N
>

Ky
i}
@
T
J

i
-

2y
=

- A
2

L oy,

k)

M)
Aa
r\r

O:

57] &2k SRR U ¢
Ve me Y8lE %
2 S 2L % BErbs
at7] 918l B2} ok A
b wAE F odge A Zéolﬂk o]
AaME szl dskA] ek AdH
W= g A 327F b e
sjof g}, At dukHog A%
29| H oz M 1Y AT 5

29 BAe 5yHoz gt o
%

;._11
Oﬂ
L=

=
N

4 o off

2

o,
o

= ox

o
RO rir
1o M\

e
o
i

T o Hr

1 N R o

=]
o IF N Oy X e

e 3o
[

ST
N
ES

o
of l

o N 2
X
o T

ro

N
3
=

‘2 2 o
ey
Og‘:,“

-
rlr

fu o
>
A
>
o
=
fiu
-Q
4B
%
ol
L
to
rir
N
%
)
>
(m

(burst)[7]8 F =W o2 A}-&-ghr),

(i) old AyelM wA Ao Hxe I2s 1Y
o] HAFL u HEFH Y HHE HEge= o
oLt A AH/= 2

R EAD
Fa Sk 54 B4 gtk O
g ol 04?01]*1% A8 st 2 57

¥ owge] 2goAE WA 4/EY wE 23
szg wagsty W Aot 2gE ARz A
sl AR BE ShE 3ge sEdt ad
ohe 3gelA M-/ e EAsa T8 % 9
= #9 duy @y Aorle 4 218 weln
Aol719] BAL ohdth Ea gl A Aok w7
Aol7l9) A R S§ FeHE wols] 9
FPGA 28& #8% mA%oR 544 =gel

€9 57 o =
‘?JE%‘/%—%‘ HlE7] =2k 3R e
2=(AY, X X, fh o))
magdnk o714 A 98 3, X Xl=ned
A Q3 Xexe 7bed 27 b Q4 £XxA—
XE AH Ho| 3¢ hX—Ye &9 Frolth A=
ThA|

A = AZUAg (2)
Z urer A A 98, Ae 28 99 13l
=3

7 Aol Qdofo] AE/dY =F (xov)EXXAE
o4 (stable) 2% ¥ E(transient) ZFo2 EHEH
o f(xo,v)=x0¢1H (xo,v)E A o= gigo] nf
AR e & e xeol AlE HFErh XO,V)?on‘-"l
W (xov)e IE 2o S xeol A AlZEEEe] o}

HU

jins



e BEE Fase S age] EAste Ju/E

g ulg7] £ab 3R] g Wagd Aol

et Zol AMHQl A= HHE A=
ok ol w3k 1Y ve v A geh.
f(Xo,V) X] — f(X1,V =Xg T > f(Xk 1V):X (3)
27 g AbelES HA gErd EE
f(XkV Q] Ther 8 AH xol EEdti(l<k<
n-1). 27b AR Fe Helg &) o
%7& e FHE Agsta A Ay 7o) e
A9 A AH
stable recursion $7[11] sXxA—-XE
EEia=
s(xv) = X' (X'& xv)9 o A AE) @)
s9 X«H“%ﬂ% olgfj e} Zo] Ao
2 (string) 2.2 &4t}
S(X,V1V2"'Vk) = s(s(x,v), Vo'
s(xp)=x"¢ 948 2E" teA’,
xEHH RbgH o
reachable)' 21 §F-2ti{11].

i i%o]%

Aol

JE

4
Vi), viveviklEA, (B)

o] EAsH x'&
=g 7V

5 5} thH(stably

)

27F He 23 (x V)l AlAete] ohg b8 AdE
sxv)oll BEs7|17HA] AXE BE T3 I JEHE
T(x,v)CXE FABT} ko] of ol A
(xov) = {Xo, X1, oo, X1} (6)
ojt},

>7}F Xooﬂ/‘i X1,...,Xk—1%
s(xov)=x = 8 FHolste ¢ 9&

, hx)= HHWA MZ2E Pz ot 31%71
T’:Z]' 32 544 ¥ WZ2E < e &4
(character) gl dAFEA v
25101 A2dnh 293 =

YYHYEHJO}X} &
Y(YIYIYZYZ)*YIYZO]D]'. 714 33_91*03
(x,velA Al#skE e Holg AXWA v =9

HAEES

Bxv)EY (7
Z 713 ] oA

Bxo,v) = yh(xeh(xy):-h(xy) 8

’E) H x e1(x,v)

ﬂl

ojth T X7F xolA A&t Bk
& 94 gpA A= FY W
Bxx v)eY 9)
2haL 3kaf, gke] of o A
Bxoxi,v) = y(h(xoh(xy)h(x) (1<i<k-1) (10)
olth. I B(xov)E ThEH o] Aogth

(g =R GC0)

dele] 8 AR yewneY el daiME Baly
yE Balxov) @ FAFHA 4ol skAt.

=9 WZE bo] Wl mA s A} h(b)EY
2 %713 dE 59 beyyayseY ol

h(b)=h(y1y2ys)=ys (12)
otk h( )] o792 Y olA Yo ¥ (power
set) P(YHE &3Hch &8 B 2E g BCY'o] +
o4 v h(B)+=

h(B)=th(b)| bEB} 13)
= Aeojdrt

xeX9 4 FE&
7hA oItk xol tig =¥ 57F A JE ExcX

1

2} b
Ex) = {x'eX| E(x')=EXx)} (14)
2 xddn

22 ¥MFZ A2" 3 H-7]E BE aF

a9 12 H-7]2 BRE 170l EAeke
HlE7] &2k 32 2o digk yay
28-S =AY C= w0 Ao
A8, uEAE C7F BEE Aol ¥, yeY = 2
E dye 9 vedoju weAns HE % 94E
olt}y, .= ¢ C7F 2% HFZ Alxdolt} CE
ofgfel 2 dE/EY HlEr] &4 JRR Vlsdrh

C=QAxY, A, & % ¢, n) (15)

a8 1. H|-7|2 ZE TF0| EXsts /&Y
HlS7| =4+ 3/ Zof st WO Hof A|AE
Fig. 1 Fault-tolerant control system for an input/output
asynchronous sequential circuit with non—-fundamental
mode faults

401



JKIECS, vol. 17, no. 03, 399-408, 2022

w7b Zeoll FFES @Al Alo] 4 ue FAIH
i BE well o3 Ak = dE Helg FHeth
RHE wol WA offel FFHE 27t 7 dA AE
of ejEA o), £ =RoAE b AH x5 7HE o
A = 9lE BRE 13 99 HETE WRICAE
#7)ee) E glele] X CXol tialiA

WX) = U ex W) (16)

2kl At
H-7)8 BE 31748 37 e HolE ¥ u A
v = AEdA #Asith 27 (xv)dllA EEEke
= Hols b 1(x,v) F9 oW AeelA 1%
Yeo] o2t LolnE
W(t(x,v))= 2 17
g Z7do] e
o dAToME RE H-7|E mE 3
gAEa 25 AY THeR FA HAA
Ao}zl Co] EA 21E JFHstaL A
7F (x,v)llA Al =
s oW Aelz A Heolsh
d

L
o
KS)

N I.ﬂ
e

(e}

mebs] g Alele] B4 BE 1 AEfelA
E(s(x,v)oll &38F= 9199 Ay, =

7HARD A E Huls doltk /Y HlsT] =4
|29l A gy Aol T3 ZE
s(x,v)2 Hwofok FTHY, 10]. SHAIRE E Ao A

FEu57] &3 Iz 98/58 gl
of 24 Auet &9 S/ dHE =
WG Aol HAo] dddtta 1Hrgch
|

=
AFE AzEod ) ZE fesh wEHha v}
5

kI
0%
A0
il
El
0
>
=)
N

S FAY = e A B2 (state uncertainty)
o] EAsit}. x7) 7IAE AH EFEANS

o 1 flo

8 > ope 2o 52 1

uf
£ m
Lo
=
ox

» o
e
Ny
i1
v

|
i e =24 UE A= 2ol azt g H o

=
HE 29 W2E JFS B'Wa

S
Bl

B'(W,a) = {B(x,a) xEV} (20)
olm beBY(W,a)olth.

BRAR Fe ol kg arge] A ol
og A Hol7l dojurz B(Wa)dl &t &9
WAEYL AS5HA gtk wEka Y WAEE 5
Aol il UE 7HAE 27 1Y aE wa e A
ol 3 F WAHE & dv AU dH BSEA
< Fdsh= do] Fasith o3 Y =gE4S

= {s(x,a)| x€¥) (21)

go] wAyty] 9% = :
UxewsW(t(x,a)) #= @ (22)
S7F dE BEEAA UE 7 o 2 (22)7F A -HS)

£ QY a7k Bolsh Bw HolF Wrha s i of
% !

B}e Aol v A ejo] wAlslel n7h YA
o= A o2 AEvta a1 AAE e e
org Jdeel thE AElo] sttt o2 3k AskA] &
B AE Hols A4EE FY w2ET B(Wa)ol
&3 gho] ohd the gto® U u 744 sbsaith



(Wa)ell A Alzhgk & o] T wAstE H|-7|
t ugo= Qi AdE F v EE 29 H
7 B'(Wa)}t 3kA; g ek A 225
sto] BY(Wa)E frestd o 2t
B'(Wa) = {B(x,x ,a)B(x",w)l
x €1(xa), xEY, weW(x')} (23)
Bxx a)Bx wE Bxx ,a% B wE ook
l(concatenation) WZ~Eo|th BY(Wa)9t BY(Wa)E ©]
&3te] H-7]2 RE 14& "AE] 9% 21&
THET g "HAE s BU(Pa)l £33 99
9 4+ B'Wa)l &3 BE U949 strict prefix
7} oluojof s B'(Wa)oll 43k oo i oA
B'(Wa)dl] &3 ZE 949 strict prefixo]o] A= o
doh 48 &
beB(W,a), b’ €B'(W,a) (24)

AR F E9 WaE bol AYHtA 1 B
Agelq wEgel WART ¥R BE D4l

4 o

o] strict prefix b’ o] AAEH= FAHA
o} o] A9 el 9k A Holrt FRE AIH
Agts] &A Ba17] ujiEo] uF ©x7} Bl

VbEB(Wa), Vb €B(Wa):
b&sp(b’) and b’ Zsp(b) (25)
3 2ol A spb)CY & b RE strict prefix HE
< oujgith g EnkE g S5 wA AojE
°

A Aol §4Es ol Au AL gl

0

)
=
[
(m
lo,
o=
oX,
of\
il
>
o
o
ue
N
Ho
o

oo
ooE

o %9 glo] Bk} 7L %
VbheEB(W,a) UB'(W,a): B(b) = Bi(b) (26)
7 4 gslole gl

32 1A A7) EA =4

5oz H-7|8 R u3s S5« uA A
oj719] &4 UL FHIL 4 (25 VEATE
e & %

o] & H-7|E Rt m7o] LAEH = BY(Wa)
of &3 29 HAEE AASIHA U3HA| v FH

74 e A3 e b

2 2 st s 1

4 gk e Holrt By H 3 ule
E

g 29 vlaEe W ng golna hb)elth
e EE R LRI

H
Qe F e N2 SrEclgn AN A
AN 1 TR A AR N8
h(b)ERB'(Wa)eha 7Hgata. o5& ul-7)%

age] AP E Betal 27 e &
4

]
y = 2
FO )
o rir
N
E o r
Yy
w
° o
rir o >
=)
1)
of
ol
re
o
o I
2
lo,
<

fo
o,
N
§2
lu)

b )Zh(B"(Wa)et 7F4skA}L o] A
Ang w7t HAE E90] A ol

So] x€U, ¥’ e1(xa), weW')olaL =7} & A
B xS A o wrb BAEe] s(x’ ,w)E Holahed
a xollA 28 AA s wWIZHA 7 B ANE &
g W2EZ b 2k

b = B(xx @B ,w) 27)

ola s(x',wEW(h')oltl. BY(Wa)ollA 3 ZE b
of i3t Ml 34 W) TS vt kA
Uy = Uyepoga EPDY) (28)
olt},
S5 Yo 94 F =9 @] hB'(Ya)dl 314
BT BT AEIZEE 2 QDA Ao AA
B BEEAA Ul &b qleje] dEiE 2l ¢ 9l



JKIECS, vol. 17, no. 03, 399-408, 2022

4 G5 o7k A,
h(B"(Wa)ell &3
4% U A e A

0% 918 welA
Ars Aol A
@) o] fwd

U, = U, - {x€Y| h(x)EhB"(Y,a)} (29)
A Aol A e BEAY Us 7}11 2E AH
B3la o] grog AAEE ( =4
BU7] 9 242 wep wr A}OIOH ‘ﬁ*a‘ﬁi &

7 Z(robust feedback path)7} A5 ol f
HEATHIZ]L & =iodAle o] A3E o]&ste] 1L
A S8 wg Aoy EA 24L& Fdd 1A
e A2e gigk dAs Ay 2 A WA Al
7] A7 AL A AF12]e] vot 917 wEel A

gt thg Aele B owke Fo A7 dsoln,

m
(n
_\}_I‘

e 187

Hl57] <2 3= 3=
.‘1

JN
>
N

1~>4 iy o A =
M
N
rle 2 fr <
&
=2
>~

rio

HH% 2t
(a) "(Ua) 9t BU(Wa)E= 2 (25)3 (2605 wH5A171th
(b) 8 A4 0.9 U, Alolof] AMe sj=w) 7
Z(robust feedback path)7} ZA3cHW, 9} W, 9] 4
o= 2 (2909 (21) &7 H=x).

, =9 9 e J3S o5 2ok
A, ={a, b, ¢ d e}, Ag = {w,we}
Y = {y1, vo, v3, va (30)

= {x1, Xo, X3, X4, X5, Xg), X* = X
ar *Lﬂ]ﬂ M= EE 32 18 2004 A A
of Y/ Hell FE 22 FAH ATk
xo A 2 FE wioh work BT 4 glong
Wxo)={wi,wa}, Wix)=2, Vi={1,3456} (31

404

B"(Wh) = {y1yays)
U, = {xs} (33)
ojt}.

% 2 At AT AlAHE
Fig. 2 Case study system

(Wh)ell A AlZgE e Ho] =5 H-7]& RE 1
ol AT kAL Dl Eol& F Uv LF
He w EE wolBR O7 28 FZxsle] BY(Wh)9t
U5 o33 o] Fekth

BY(W,b) = {y1yays, yivaysl

W, = {x x4}, Wa = {x6} (34)

9 4 W yiveys®t x> w1 Wl A7 yiyeys
oF x4= wy wWiiEel] ATk

B'(Wb)¥} B(Wh)e] 7 A4E wlastd g di
7} e 949 strict prefix’} HE A$7F A
Fee & § gloenz 2 (H)7F el w3



e BEE etk E o] EAdte Yu/EY

Hls7] ©2b 32 W Wagd Aol

Blyiyays) # Balyiyays) = viye

Byiyays) # Balyivays) = vive (35)
o]7] wiizel 2 (26) 9Al Al wEkA A 19
Z7 (a7 S

oAl Ws{xexat o)A RE Um{xs) 02 F &
o] AL h(xy)EhB"(Wh)={ys}, & 1L
2 37 2 Holdl= :NH A E =

g groll &tmE L A9 g
7] “41%01]‘?}. W, ={xs}ell A ‘Fn:{m}”}ﬂ
A3 v 2o EATS a9 204 A
T Ak A& Eo] 94 2EH achel tiaA

s(xgach) = Xz (36)
ol ach7} et AH AHE BHAA 0] EA5A
eketh ek A 19 270 ()7 d-eth A8
Aoz A 1o o8 H-7|% m= 3y uFS €
Agta F8E & 9l £ yew w0 Ao E
AAT 5 vk

4.2 FPGA 28 43
a9 29 X¢F C7F 2¥4 & VHDLE 93t
FPGAR 783 & && AdS AAsIArh A3
AHEE 22X EolE Quartus® I(ver. 9.1)01™, B
(target) FPGA+ EP1C6Q240C8¢]t}. o & oﬂ/ﬂ 7)&
g e ol ddoMe e =4 {xxshs
So bE YHAIA HE HolE %Eo}i >7t
x5 A W 1 OJE—:“ wis TAAIZ H AE L
= Z1]°17]7} g dFgFE
FPGA 2&olA =9 =H
2205 A 0} 3Tt yl% 00, v
oz JdagHA I n9
o125 prre® YERNA, x3& 000,
101, x4+ 111, x5+ 011, X@T: 10022 FASAT %
7]°ﬂ SE A (& yol MEY RS AT
AT 2 %95"/%"4 H]E7] Al Z="lo] B
= yloﬂ date] e ESAA {xxs)S 7HAIT
Iy 3 3o bE 4EAHAS
AL ok ARk t
ol 0D y(1D7F =
vivays(00-01-11)7F Asta S

= g Ao F42 A FEth

l_.

A

=
~
o

ZI G 4:47' A T
TR P—— :
Output of

]l
]
I
]
]
]
F R " T ELE T ELT YRR

1 l
2 i

0 M\MM}'I"”!’V'W’VM‘{."W\'FW Laaoa? 00 avin W ol RO PPN G R RS e
1 [}
Lo State of
1 : : (‘\"’1;! N e
1 b
0 o o b
1
1
1

g
i

External input

u Jm e st s i

b. Sy FRN ANt

(1] T : v
0 4 8 12 16 20 x10ns
a8 3. (xi,x),p)oll A AlESH= HAR el FMo| oty A

s Zat
Fig. 3 Experimental result of the normal transition
beginning from ({x;,x3),0)

a8 4E T xeE A W 1 o
ok 79 AtE WA A7 FEFshe]
ﬂVé% HoEth AlZE gl bE 9

ul wio] HAEAE 1 A AT 9
P &8 y(0D), v,(10)7}F ¥=
yiyaya(00-01-10)7F ok &8
age] WA TE RS UrE‘rIHEE ce =
4 AAE AZF Ce ARt tg, ol A Al
g a ¢ bE AR BAAZIT Ao] Yo
= Xp—>X1—>Xo—>X5i A H oS doy|a
HL y,(10)-y1(00)=y(0D)—ys(1DZ W3, &
ol =y FHW Ce oA AdE T 13
WA A Bt kA A AIZEE to-t5=32nseco| T ©]

ol,
O

_z mlm rir

W1
ol
)

H

}_

Eﬁilrlr l>é&<

Az AR A H-s|REENA A
24S WS HE AR o] ME)How BPY 5
&g nolz,

405



JKIECS, vol. 17, no. 03, 399-408, 2022

R B Y T ah D E
State of =

A iy A WA oA

N e

L u

0 4 8 12 16 20
2l 4. ({x1,x3),0 )01IH AlZfSte= ot HO
CHEFE =)=
JLIE“” ny 11|01 Ay Ant
Fig. 4 Experimental result of output feedback corrective
control that overcomes the non-fundamental mode fault
by wi occurring in the transient transition beginning

from ({x1,x3),b)

8} ~|—1°]‘

ont ¢ L Oob o o n
rlr
i
I
I
[>
m

o = %
o
=2
m
oX
o
=) H
o
N
N

_u O_>L L
o
o
o
<
_?L

FPGA oA &R Alg] A3 w)E7] Alzee] a1
& S5 Al AtE &8 v=w ag Aol 7y
S A8 F A7l 1% FA # % S5 59
& Aoz AT

NRF-2021R111A3040696).  ©] =
2016 = AR ()9 Adow g Al
A Wl £q¥  7]2ATFAYno

NRF-2016R1D1A1B02012959).

References

[1] H. Cho, “Performance of relay networks with
partially ~ differential modulation  scheme
depending on energy allocation in railway
environments,” Journal of the Korea Institute of
Electronic Communication Sciences, vol. 11 no.
1, Feb. 2016, pp. 17-22.

[2] S. Jang, “Responsive web of prototype based
on implementation structure,” Journal of the
Korea Institute of Electronic ~ Communication
Sciences, vol. 13, no. 3, June 2018, pp. 609-616.

[3] J. Seo and H. Park, “Data sharing by motion
recognition of mobile phone based on google
cloud message service,” Journal of the Korea
Institute of Electronic Communication
Sciences, vol. 14, no. 1, Feb. 2019, pp. 205-212.

[4] N. Venkatraman and ]. Hammer, “On the
control of asynchronous sequential machines
with infinite cycles,” International Journal of
Control, vol. 79, no. 7, July 2006, pp. 764-785.

[5] J. Peng and J. Hammer, “Bursts and output
feedback  control ~ of  non-deterministic
asynchronous sequential machines,” European
Journal of Control, vol. 18, no. 3, June 2012,

pp- 286-300.
[6] J. Hammer, “Automatic defensive control of
asynchronous sequential machines,”

International Journal of Control, vol. 89, no. 1,
Jan. 2016, pp. 193-209.



7 EEE

)

e B 3ol

Aok Add/EE H57) £ 324 g3 Yz

34 A

[7] X. Geng and ]J. Hammer, “Input/output
control of asynchronous sequential machines,”
IEEE Transactions on Automatic Control, vol.
50, no. 12, Dec. 2005, pp. 1956-1970.

[8] Z. Kohavi and N. K. Jha, Switching and Finite
Automata  Theory — (3rd  ed.). Cambridge:
Cambridge University Press, 2010.

[91 J. Yang, “Fault tolerant control of
asynchronous  sequential ~ machines  with
transient faults in non-fundamental mode,”
Automatica, vol. 112, 2020, pp. 08663.

[10] J. Yang and S. Kwak, “Model matching
control of asynchronous sequential circuits
with non-fundamental mode faults,” Journal of
Institute of Control, Robotics and Systems, vol.
27, no. 10, Oct. 2021, pp. 703-710.

[11] T. E. Murphy, X. Geng, and J. Hammer, “On
the control of asynchronous machines with
races,” IEEE Transactions on Automatic Control,
vol. 48, no. 6, June 2003, pp. 1073-1081.

[12] J. Yang, “A simple fault tolerant control for
input/output asynchronous sequential
machines,” Automatica, vol. 52, 2015, pp.
76-82.

XA 2 7H

kX 0l(Jung-Min Yang)

19939 st e A 7|LA
At FQ(FIAD
1995 @ 8lr) 49 ArRd

Agst £
199991 sl A7 LA 29
spupal)
20139~ @A Bk ARFe ws
% PRk U )

Azegl 3 A D S8, Bl Alof g

ZtM2(Seong-Woo Kwak)

O

1993 F=r3ehrlEd A%
A5z 238D
19959 v s 27
x]__-?sl_ﬂ]. ZOJ(»J—?;]—M/\],)

20009 &= 3t

shupap)

20200 ~ & A

s PAIRO} 1 AAIZE A28 H]%) A2
gy Az, A

873 AFH

¥a
2

pus)
2

EEEEEELE

-

ol

Z:.O‘](
= H

ek Aol A% 3ok wa

11,

2L

407








