
Inductive Inference of Optimal Controllers for 
Uncertain Logical Discrete Event Systems 

A 11 s t r a c t 

7’111.: paper siinirnari7cs preliminary iesiilts oii tlie iin- 
pleineiit at IOII aiid convergence of an i n c l u c t i i  e leal n- 
ing algoritlim used to identify optimal logical DES 
coiitiolleis Tlic algorithm i s  a motlificatiori of An- 
gliiiii‘s I,* procediiie I t  t i s ~  queries to  an e q u i b -  

alencr oracle aiicl incomplete membership oiacle to 
lealii a niiiiiinal detrirtiinistic finite automaton coii- 
sist m t  with  tlre siiprernal controllahlt= siihlariguage of 
a knowii spec i f i ca t ion  Iangi ingr and iinknown plant 
7 his paper shows how the proposed algorithm 15 mi- 
plenientrd, provides I esiilts on tlie procedure’s coii- 
vergence pioprrtie.:, a n d  prewit.: a n  euample illiis 
trating 11s iisc 

1. Iiitrotliictioii 

Discrete merit system (nES)  coiitioller sjiitliesis 
nictliods as proposed by Raniadge aiid IVonliain [I] 
ieqiiire that  thr stat<, transition model of th r  plant’s 
legal I)rhatroiirs he kiion n It  has h t t n  poiiitecl out 
that this reqiiireiiieiit i s  often iinrcasoiiahlc I n  ~ r i a n y  
c a v s ,  tlie DES plant ma)  only be paltially yecifiecl 
and the ‘opt  i n i a l  ’ I)E,S controller must then b t  y 11- 

t Iies17rtl from on-lint oliserlat ions of t lie controlled 
plaiit’s I)elia\iour Prior n o r k  along this line of 111- 

q u r r y  wil l  he f o r i n t l  iii 121, [ 3 ] ,  and [l] Til 121, control 
actions at  twch cxecutioii step a i r  based on ai1 IL’ 
step ahcatl prediction of t l i c x  coi i t  iolletl sksteiii’s he- 
ha\ ioiir In [:j]% a n  on-line niethod may proposed for 

ninty in the TIJ*,S plant ’s traiisitioiir 
I n  [t]. a riiotlification of Angliiin’s L* proce‘dtiie was 
pi oposd  for ideiitifving DFS coiit  iollers Ilncler cer- 
tain c i ~  c i i i i i ~ t a i i c c ~ ~ ,  the  learning algoiitliiii proposecl 
in [ I ]  appcais to  i(Ieiitif1 a DES coiitiollei confairling 
th(> sliprema1 controlIal)le siihlangiiage 7 his papei 
f’yariiines tlic p ropowd a l p i  i t  I in i  a n d  siiiniiiarizes rp 
ceitt rcsiilts coricerriiiig the learning procediirc’s coil- 
vel gent e 
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The reniaiiidei of thiq p a p r  is oignnizrd as follons 
Section 2 rwiews the L*-algorithin %tion 3 (lis- 
cusses the special oracle? used hy  the modified L*- 
procediire Section 4 presents resiilts on thc algo- 
rithm’.; convergence Section 5 uses two simple ex- 
amples to illustrates tlic proccdurt’s iisc 

2. L*-Learning of DES Controllers 

Intlucti\e inference i s  a machine learnirig proccdiirr 
mliicli i s  used to  infei the minimal boolean func- 
t ional (a170 called the target functional) consiqtent 
mitli a sct of input-output pair.: of t ha t  fiunctioii 
‘Iliese input output pair$ constitiitr a training s r t  
from which the target functional 19 to he inferred 
‘1 m~o tliffeient t! pes of teachers are  ronimoii in many 
iiidiictil e learning protocols These ‘ teachers” e\ alu- 
n t r  the traiiiiiig examples and  i i se them to contriict a n  
approximation for the target fiinctional One t j p e  of 
teacher 19 called the m e m h e i s h i p  orclelf ’lliis oiacle 
1s an algorithm I\ Iiicli declares ~vhether  or not a given 
training evainple is a member of the tnrgct set The 
set ond tbpe of teacliei is called ail p q z i i i w ( r n c f  oracle 
This oracle i s  an  algorithm wliich declares whether a 
gireii hooleair functional is cqiiibalent to the target 
fiinctioiial In the eTeiit that the\ are riot eqii ixalrnt ,  
then the ec~ i i i~a l ence  oracle rctiirris a c o n n f e r - e r n n , p / e  
illustiating iehcre the two qtriictures differ 

There a l e  a large number of rrsiilts on  the feaqihility 
of iisiiig nieinlwrsliip and eqiii~alriicr qutrit.: to iden- 
t i f j  iinkrioir 11 regular laiigiiages ‘I hcse resiilts arc of 
s ~ ~ c i a l  iutrresi to t h i q  p a p i >  s ince  logical DFC; gem 
elate regiilar langiiagrs In part Icular, i t  h a s  heeri 
shon n that  t h ~  i i i fvience of niinirnal D r h ’ s  throiigh 
tlie sole iise of mriiihersliip qiiei ics i s  NP-complete 
[‘,I Thi.: resiilts siiggvsts that  on-line DES ident i f i  
cat  ioii 17 imprac t ica l  [B] T he L’ procediire proposed 
by Aiigliiin in [7] probides a n a y  out of this dileniina 
ZIiis leaining algoiithni uses both riiririhrrrhip and 
e q i i i ~  alerice queries and was 4 iown  t o  ha\ e a pol\- 
nomial coiiiplrut) in the si7e of the m i n i m a l  nrA 
ancl the 1~’iigfli of the counter examples retiirned by 
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t,lie equi\-aIence oracle. Based 011 these t lieoretical re- 
sult,s, it. was coiijwt,urecl in [4 that somr inotlificatioii 
of the 1, * ~ 12 ro ce tl 11 re c o l i  1 tl p r ov i cl P a ii efffi c i en t 1x1 r a 11s 
of itlrtit,ifyirig logical DES controllers. 

A high Ievtl flon-chart. of tlie original L*-algorithiii 
is showri i n  figiire 1. This chart  caii  also be i i sed  

to clescrihe flie overall striictiire of t,lir modified L*- 
procetltirr described in [-+I.  The primary difference 
h&veeii the modificd arid original L*-procrdure rests 
w i t h  t,ht oracle iirii'lcinentatiolis. Tllcse implenic~nta- 
tiori differcricrs will he disciissed in more detail heloTv.. 
Bcforr disciissing lie oracles. 1ion.evrr. i t  will he  nec- 
essary t80 review t,lic algorit8hin illust,rat,ed iii figure 1 .  

,s 

SY - ,s 

, 

c .'I 
E 1 1  

U A  1 0 
a 1 1  
nB 1 1 
an 1 1 

arlR 1 0 
a, lb  1 1 
B 1 1  
A 1 0 

Figure 1: High l e v ~ l  flom-chart of L* procediire 

Tlir algorit,liiii i ises inemhership arid equivalence 
queries t,o build i i p  an oh.scrivt ion f r r h l f  rcpreseiit- 
ing the regular langiiage t80 be leariied. Tlic oh- 
servat,iori hl i le  is rrpreseiitrd by the ordered triple. 
(S, E, T ) ,  where ,S and E are  prefix closed and suf- 
fix closed laiiguagrs, respectively. S' is somrtirnes re- 
ferred to  as a langiiage of n c c c s s z n g  st,rings arid E 
is referred to a s  a langiiage of d i s t i n g u i s h i n g  strings. 
T : ( ,S  U , S ) E  - {0- 1) is a partial function r h i c h  
agrees with t,lie declarations of the rrienihersliil> ora- 
cle over st,riiigs in (5' U ,SC)E. The observation tahle 
can he  represent,ed iii tabular  form as  sho\rii helot\-. 
In tliis table, C = { a , b ,  A .  B } .  ,5' = (5 .  n ,  n.-l}, arid 
E = { E ,  A } .  E is the mill ryelit. The rcnrs a re  1al)ele:d 
wit,l i  dririg in $5' ancl ,SE- S. The colurniis arc labeled 
m-it.lr strings in E'. An ent,ry i n  t he  tmahle is t,lierefore 
iiiclexed by a st,ring s E 5' U ,i'S and  a string c E E. 
A n  eiit,ry in t8he table is the membership oracle's eval- 
uat,ion of t,lie st,ring s f .  A value of 1 indicates that 
the string se is a inem1)rr of tlie target functional and 
0 itidicat.es otherwise. 

D<.fiiie a function 1-011' : ( S  U ,ST) - (0, l}lE1 which 
m a p s  elPiirerits s p  E ,S U SS onto a string of length 
1 El. This fiinct~ion ret,iirns a single row of t.lir t#able 
slioirri ahovr .  A langiiagr is said to he consistrnt. 
wit l i  tlie table if and only if all st.rings, S F ,  in the 
table siich that T ( s e )  = 1 are members of t.he Ian- 
p a g e .  The rows of t,lie t,ahle can be w e d  t,o iclerit,ify 
right invariant, equivalence classes of a regular l a w  
giiage coiisist,Piit with the t,ahle. This is accomplished 
hy  c o n ? p l e f ? n g  t,lie t,ahle. A t8able is said to he closed 
i f  for all .sa E SC t,liere exists an t E S such t,liat, 
r o u , ( s r )  = r .ou,( t ) .  A t,able is said to he consist'ent, if 
for a n y  s and  f in 5' such that. 7707~(.9) = r o w ( t ) ,  thcn 
for all ci E C .  rou'(.sci) = ? w w ( f r ) .  A t,ahle t,liat, is 
closed and  consistent i s  said t,o be complete. Any ob- 
servation tahle can  lie closed aiid completed through 
a simple algoritliniic procedure (see [7] for details). 
The table shown above is a coiiiplet,etl tahle. We caii 
defirie a n  eqiiix-almce relat,ion RL such t,hat> s R L t  if 
arid only if T O Z O ( S )  = r o w ( f ) .  Because t,he tahle is 
coniplet,ed, RL is right, inva.riantm and can he i i s d  by 
t lie i\I>-Hill-Nerode characterizat,io~i [8] t,o const,ruct. a 
DFA accept irig a regular langnagr consistent, wit81i t,he 
t a h l r .  In particii lar.  it. has  heen shown [i] t,liat. any 
closed aiid consist,ent# b b l e  will have an  aiit,omat,nn 
ivliicli i s  minimal in the sense t,liat any ot,lier aut,oma- 
ton consistent, wit,li t8he tahle will have more st,at,es. 
For the observat,ion t,ahle shom7n ahove. the associat,ed 
DFA is s l i o ~ i i  in figirre 2. The label for the states in  
this figure are  the (list inct. rows of t,he ohscrva.t,ion 
t a h le. 

ei 
b 

Figure 2: Ohservation Tahle's Acceptor 

The coiiiputatiorial procedure illiistrated in figure 1 
constructs a (oinpleted obwvat ion  table in t h e  fol- 
loniiig nianiiei Given ail initial set S o  and Eo (iiqii- 

all) chosen to be the null event,  E ) .  the  procediiw 
r ia l i ia tes  the observation t a b l e ?  (So. En. T )  It thcn 
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coiriplefes (lie table to obtain (,?I, El .  1’) and con- 
strucfs a n  acceptor, A I ,  = A I ( S 1 .  01, T )  This accep- 
tor is then presented to tlie counter-example oracle 
as air li>potliesized I>FA for the target language, h 
If AI’, 1s not equivalent to the acceptor for I<, then 
the oracle retiirns a c o u n f c 7 - ~ r n m p l c ,  s Tlie cotinter- 
examplc is elthcr accepted hy All a n d  not 111 I< or 
else I t  1s an element of l\ which  1s not accepted by Afl 
Siich counter  euainples are  gpnprall> constrncted hy  
scwicli i i i e l  l i o t l q  The coiiiitci-ruaiiil)le antl its pre- 
f iucs a i e  then ad t led  to (5’ and tlie algorithm loops 
hack to conrplrtc t he  table agaiii 7liis i t r i a t i \ e  pro- 
cess is then iepcatetl unt i l  the counter-rxainple or- 
a t l r  i e l i ~ i i i s  no moir  counfer-eyaii iple~ If Iins been 
slionii [i] t l i a t  each corriitc.r-exaiiil)le atltls a t  least one 
niorc s ta te  to the acccptoi This means that tlie L*- 
proccclurr constiucts a sequence of acceptors with a 
monotone incleasing number of states Since the tar-  
get Iaiigiiage i s  a s s u n i d  to he a finite language, this 
iinniediatel> implies tlie algoiithm’s convrrgriice to 
the minimal DFA representing tlie target langiiage 

3. Menihersliip and 

To LISP tlie L*-algorithm 

Equivalence Oracles 

to learn logical DES coii- 
trollers a n  appropilate inenibersliip and c q u i ~  alence 
oracle need t o  be dcfincd Awunie the plaiit language. 
L((‘;)l a n d  the control spcwfication. I<, are regular 
piefix-closed languages oler  an  ebent alpliahet ~ C It 
1s ass i imed  that  T i s  partitioned into controllahle. E,, 
ancl imcoiitrollahle Y t l  ehents Tlie plant i s  assiuned 
to he o h w \ a h l r  The  specification and tlie uncoiitrol- 
lable e ~ e n t s  are  asslimed to be knonn,  bu t  the plant 
language i s  unknown Recall that a language ,S is coii- 
tro1laI)Ie i f  ancl only I f , W , , n I , ( c )  c ,S ‘ I I ~  supienial 
controIlahle suhlanguagp 11 T of the sppcification Ir is 

the largest controllable suhlangiiagp of I\ The ob- 
j e c t i \ e  is to compute Iil from ou-liiie o\ner\ations of 
the plant’q heha1 ioiiis Based on oiii piececling dis- 
c i iwon.  it cei taiiily appears  to he reasonable to iise 

the L*-algorithm to identify I<’ Diiect iiv of t h r  
L*-algorithm. lionever, requires a iiieiiilwisliip oracle 
declaring whether or not a given string s i s  in I\ 1 A 
plant behaviour, s ,  is said to be legal wi th  respect to 
I< i f  s E A (‘]early a n  illegal (w r t ri) ~)e~iavioiir is 

not in I<’ A legal beha7 lour, however. will he in k 1 
if and only if there are no uncontrollahle siiffiws in 
L ( ( ; )  taking this legal strung outside of Ii This deter- 
iiiination cannot 1x1 made \\ ithoiit kiion ledge of L( G)  
ancl so wc cannot iiiipleinent a memher4iip oracle for 
h The significance of the pieceding diwussion is 
t h a t  a motlificatioii of the L” procedure will iieed to 
hc de\elopetl if we are to  use i t  in identifjing logical 
TIES controllers 

The modificatiori~ to the L*-algoritIini involve t a o  
changes Fiist, we will int ioduce a conditional inen- 
hership oracle which 17 “updated” using illegal ob- 
served plant behaviours Second, we introduce a 
modified eqiii\ alence oracle whose coiiiiter-cxariil)les 
are p r o c e w d  i n  different manners depcnding upon 
tlie available information on plant 1,ehaviours and 
their uncontrollahlc siiffixes With these two niwll- 
fications. the original flonclrai t shown in figuie 1 cau 
still he used to identify the optimal DES controller 
( ‘onvergencr iesults for this procedure are  pio\itlrd 
111 section 4 

It i s  well knoivti that conipiitation of tlie supremal 
contiollablr whlanguage can he performed in an  it- 
erat i \e  manner  using the following formula [SI 

- 

A-” = I< (1) 
A,+1 = Kt  - [ (L ( ( : )  - k,) /E,,] E” (2) 

This iteration produces a sequence of languages b y  re- 
moving uncontrollahle plant heliaviours in L(  G) - 11, 
from the original specification This procedure clearly 
produces a inonontone decreawig sequence of lan- 
guages n hicli converges to the sitpremal controllable 
sublanguag~ after a finite nuinher, N ,  of iterations; 

Note that each, h,, can he computed from the preced 
ing one once we have an obser\rtl uncontrollable plant 
behaviour wliicli IS “illegal” nit11 i e s p e c t  to K - 1  
Tlie preceding equations therefore provide a meanq of 
including observed plaiit behakiours into the original 
specification and,  in particular, we can then view this 
sequence of languages as a sequence of membership 
oracles which converge to tlie rncmbership oracle for 
I<? after a finite number of “illegal” beha\ lours are 
observed 

Tlie preceding discussion therefore leads to our first 
modification of the L*-procrdurr Whereas the orig- 
inal L*-procedure ustd a static inemhership oracle. 
we will use a membership oracle which  is conditioned 
on a list of obserwd illegal plant IAiaviours A plant 
hehaliour sf E L ( G )  will be s a i d  to be uncontrollahly 
illegal if 5 is legal, f E 5; - E and st 6 I\ Let C be 
a collection of obser\ed uncontrolla1)ly illegal plant 
hehaviouis The  language forined by discarding the 
uncontrollable suffihes of strings i n  C‘ will he denoted 
as 

nu((’) = { 5 E L ( G )  such tha t  s t  E C’ antl t E ET,} 
(4)  

The set <‘  can  he viewed as  a set of satnplr plant 
hehaxioiir- t ha t  are 11-cd to iipdate the memherhqip 
oracle Let (‘, be a s ta t  of i obser\cd uncontrollably 
illegal plant heliaviours and let (‘?+I be C: U { . s t+ l }  
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wliere s , + ~  i s  an olxervcd uncont,rollal~ly illegal lie- 
havioiir. T,Vr t,lierefore have a growing set of observecl 
heliavioiirs which can  hc used to modify tlic ineltiher- 
ship oracle. In pnrticiilar. we n o ~ a  introduce a iiieiii- 

hrrsliip oraclt, condit,ioiiptl 011 tlie set ( ~ ' i  arid rrpre- 
serited hy t h c  part,iai fiiiictioii 7;. Tliis part,ial f u n c -  
t i o i l  i s  tlcfined as  follon-s for i 2 1: 

The polynoiiiial complexit,>- of t,lie L*-algoritliin arises 
from its use of equivaleiice querirs. 'l'liesr rc l i i iva- 
leiice queries provide a set o f  coiinter-rxaniplc~ slion- 
iiig where the IiypotliPsized acceptor a n d  the t a r g d  
language disagree. Once again hecause of uiicoiitrol- 
lahle plant heliavioiirs, tlic equivalence oracle in the 
original I,*-procednre iiiiist lie iiiodificd. In the origi- 
11 a I C * ~ p r o  ce d 11 re ~ co ii 11 t er- e m  in p Irs o c c I I  r IV lie 11 a le- 
gal plant, hrliaviour s is not, a w r p t e d  hy the ohser- 
vat,ioii t8ahle's ciirrent accept,or M(S,  E. T) or n.lir11 .Y 
i s  an  illegal hchavioiir geiierat,etl 11)- l l f(  ,S, E. T ) .  The 
i 11 t, ro tl ii c t i oi 1 o f  11 ii con t, roll a h I c e~'eii  t s re (111 ires 11 s to 
distiiigiiisli hct,weeii controllable aut1 uiicoiitrollahle 
heliavioiirs. 1 2  cont,rollahle hehavioiir n-liicli i s  illr- 
gal denotes a tlisagreemrnt Iieti~een t,lic, targpt laii- 
griage and  the cnrrcnt, acceptor. 1ioww-r. tmcoli- 

trollablp hehaviours  will he illegal hecausr Iiiicont rol- 
IaIiIe evctits led a legal string oiitsitle of ri. 'This 
iinclesira1)le 1)ehai;ioiir is a coiiseqiieiicr of the spec- 
ification (inembership oracle) n o t  bring controllahle 
aiid tlic, appropriate n a y  for processing these coiii i tPr- 

exariiples is to  motlify the incnil~er.ship oracle.  I n  par- 
t ici i lar ,  t,liis is precisely the t,ype of processing implied 
1)y h e  coii(lit,ioiial iiieinlxwhip orac l r  slion-n i i i  q u a -  
tioii 5. 

'Phr c ~ i i i i t e r - e x a ~ ~ ~ p l e  oracle iisrtl 1)>- tlie tiiotlified T,-- 
pr.ocrdiirr s rarc l i r s  for. foi i r  rliffrrrnt t>-prs of co i in t r r -  
cxaniplcs. The search caii he  carried out in  a vati- 

. il very straiglitforwartl inet hoe1 is pro- 
posed I~c low.  The proposed coiiiitc~r~~xainl,le oracle 
perfornis a rantloinizetl search through the eiiahled 
scts of o l x s ~ r v ~ t l  plant 1)Pliai~ioiirs. Thr. warcli  a l t w  
riates I,etnwn iisiiig tlir specificatiou, I<, .  or the ac- 
ceptor A[; to  control t he  p l a n t .  I<i is irse.tl t o  rii- 

alilc plant hchavionrs in tlie follo~viiig iiiaiiiier. IVe 

first raiitlomly generatme a st,riiig in C* which is legal 
w i t h  respect to lii. This string is i ised to enable a 
seqiiencc of plant evciit,s. If {,lie resulting ohserved 
plaiit helia\.iour is riot accept,ed by Mi or i f  it results 
in  ari i~iicoiitrollahly illegal h ~ h a v i o u r ,  t,hen the search 
has fonntl a counkr-example t,o t,lie equivalence query. 
Alterriatively. the accept,or A f t  c a n  he used to enahle 
plant behaviours. In t,his case. t,lie accept,or enables 
controllahle transitions in the plant, and  t,he resiilt- 
iiig olxer\-ccl hehnviour is esamined.  If t81ie observed 
p l a n t  hphaviour is illegal with respect, t,o Ii7. t,licii 
t he  seaicli has foiiiitl anohher corintmer-example t o  t.he 
r qu i va lei1 c e cl uer y. 

As rioted above. the counter-examples ret,iirned by 
tlic oraclc c a n  tie cakgorized into four groups. In 
the follon.ing, a heliaviour will he said t.o he wiac- 
ceptecl if i t  is not, accepted by A f i  = M ( S ,  E >  T i ) .  A 
legal hrliaviour will he legal witmli respect tlie current. 
rneni l~rsh ip  oracle I<i. The four t,ypes of couiit,er- 
examples are itemized helow; 

1 .  unaccept,ed legal plant l~eliaviours which were 
ge i i e ra td  hy using I<; as t,lie controller, 

2 .  illrgal controllahle plant heliavioiirs which were 
generatecl b y  using M i  as a cont,roller. 

3 .  illegal 13rhaviours which were generated by-  11s- 

irig 1<i as the  coiit,roller. 

4. a n d  ill(3gal uncoiitrollahle plant) lwhaviours 
wliicli were generated hy iisirig Mi as a co11- 

troller. 

'The first t w o  cases are count,er-examples in t.he usual 
seiise t rea ted  liy the L*-procedure. These strings are 
processed 11)- adding the i r  prefixes to 5' a i i d  coriiplet- 
ing tlie resulting tah lc  wit,li m e r n ~ ~ e r s h i p  oracle T, . 
'The third a n d  foiirt,li cases prodlice coiint,rr-rxainples 
n-liich are used to iipctat,e t.he nierntwrship oracle. In 
this c a w .  the coilliter-examplc is added to  t,he previ- 
011s set (-'? to form ( ' i + l  and the ohservation t,ahle is 
then re-evaluatd using iiirmbership oracle T,+I. 

4. Convergence Resul ts  

The coni-ergcnce of t.hr proposed learniirg algorithm 
follows iiiiinetliat el? h!. conibiiiing convergencc result,s 
from tlir L'-algorithm and t . 1 1 ~  itrrat,iw comput8at,ioii 
i i i  rqriatiori 2.  'I'lie relevant resirlt,s of iiii.errst, are  
s ta ted hclon.  
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Theorem 2 4 s s i rmc  t h n f  f h e  co~rnter-c7nrriple  s h n s  
b c p n  n d d c d  t o  obsfriwtioii  tnhle  (,9% E. T )  L t f  
( , ? I >  E’, T’) d e n o t e  lhr  i rpdnted  n n d  c a i n p l c f c d  o h s e 7 -  
?n t io i i  t oh le  I f  M ( , S , E . T )  h n s  n s t u f f s .  f h c n  t h c  
nccepto i  M( ,S’ ,  E‘, 7’’) h o s  at IraTt 17 + 1 s f n t e s  

Proof: By adding s t o  (S, El 1’) we obtain a n  ob- 
c:crvation table  (,S, E’, T’) ?his tahlr i s  consistent 
w i t h  ( ,S,  F,,T) ant1 by tlieoicm 1, Ai‘(,S’, E’,?‘’) has 

Since  s ic: a coimtcr-f,xaniplr m~hosc 
prefixes a i r  atltlrd t o  ,S, mr know that 5 cannot lie ac- 
crptctl 1); N ( S ,  E .  T) ‘lherefore, tlie i i e n  acceptor. 
,II(,s‘’, IC’, 7 ’ )  caiirioi be isomorphic to AI(,S. ,E‘% I’) 
a n d  iiiiist thrrefore h a w  at least 11 + I statrs 0 

Theorem 3 [ Y ] I f t h e  l n i i g u n g e s  L ( ( : )  n i i d  A- n i f  i r g -  
irlni-. t h c i i  f h e  s c q i r e n t c  of lnrrgunqrs .  11, de f i i i ed  i n  

cqirnt ioi i  ? r o i r w r g c s  t o  Ii 1 n f t c i  n f t i i i i e  i i u i i i b e i  of 
u p d n t f  5 

The first result states that  airy acceptoi I f ( , S -  E .  T) 
ex t r ac t rd  froni a complete olnrrvatioii table m d l  he 
“inininial” III tlie sciise tha t  ail\ other accpptor coil- 
sistent n i t h  tlir tahlc i s  isomorpliic t o  Af(S, F ,  T) or 
has inore statrs than A P ( , C ,  E ,  7’) The sccond rewlt  
[i] s ta tes  t h a t  each counter-exaiiiple adds at least one 
s ta te  t o  the miiiiiiial acceptor extracted froin the up 
tlatetl ohc:ervation t ah l r  The  t h i r d  irsiilt states tha t  
the secliience of inernheiship orac Ips iepiesPiited hy 
tlic itelation in cqiiation 2 coiiwigec: to  the suprema1 
coiitiollahle siihlaiigiiagr aftei a finite riiiinher of up- 
date.. The  follon-ing theorcm coni hint3s these kiioivii 
rmiltc: to piove tlif con\ergmce of t l i t  proposed log- 
ica l  DES identification ~clieri ie 

he expressed as  M( S, , E,, T )  wliere S, E‘] are the ac- 
cess and tlie distinguisliing sets of tlic table that occur 
after the j t l i  (oiintcr-~xaiiiple in D haq hecn added 
to the table Let T, denote the niemh~rship oracle’s 
partial function after the it11 counter-example in <’ 
has h e m  used to update i t  The riiiiriher of states in 
1I f (~9 ,  ~ EJ ~ T )  be denoted as n ,  the minimal niirn- 
lirr of states for the accrptor of ail1 he denoted as 
n , ,  and  the niiinher of s ta tes  in flic wprrn ia l  control- 
l ahk  sublaiigiiagr’s DFtl i s  nt  From theoi~in 3 .  we 
knowii that 1 1 ,  r i1  aftei a f i n i t e  niiinber of Iiptlatcs 
From theorem 2 ,  we kiiom that  n ,  5 n ,  Thrre- 
fore the iiiiiiilm- of states. nt  i n  ilir srqiiencc of ac- 
ceptors i q  overhounded h) a convergeiit scqiieiice n, 
Since I ? ,  conkergcc: after a finite iiiiinber of iipdatrs 
a n d  since 77, - n ,  (coiisryiieiicr of theoirins 1 a n d  
21, me coiicIude that n,,] - nt  after R finite nuinI>cr 
of coiiiiter-rxaiiiplrs 

5 .  Example 

A siiiiple example of tlie inorlified L*-algoiitliiii i s  pro- 
vided below In t h i s  exainple we consider an event 
alphahct C = { E ?  n .  b }  whrre /I 1.. iiritoiitrollable and 
E i s  the null event The tinknown plant laiiguagp i s  

I,((:) = ~ * b n *  and the specification Iangirage i s  given 
by A = F ~ a k b n *  where k 5 2 and  11 > 2 Note that  
this IS aii ~incontrollahle s p e c i f i c a t i o n  

As noted ahoxe, thc i n i t i a l  nieniheiship oracle i s  tlir 
prefix clovd c:pecificatioii A ~e (onstruct an  init ial  
obsrrLation table 1)) tahiirg ,C = E and  C = E The 
resulting ohseri ation table is shown below ’1 h i s  table 
i s  clearly coniplr~te ‘The acceIitor cutractctl fioni t h i s  
t ab l e  i s  s h o n n  in figmc 3 

__ 

The accqi tor  for tlir ohwrbation tahlr is thtw iiwd 
as a controller and generates controlla1)lc ant1 iiii- 
coiitio1lal)le plant beha\  ioiiiq The procrdiirr stops 
starching n h ~ n  a n  illrgal (w I t h ) plant heha\ioiir 
ic: idriitified hj the  iiiemlirrc:hip orac le  ’The siinii 

lation prograin writ t c i i  to  implement this p1 ncetlrire 
prodiiced t lie illegal a t  cep t rd  p lan t  IieIiavioiir non0 
7 l i i q  hehaviorir i s  ii~ecl t o  i i p d a t e  the otmrvatioii ta- 
lile as show11 I~elow Tlit. acceptor cxtractrtl from t h i s  
talile is sliowvn in figure 3 
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