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A b s t r a c t  
 

O ne  o f  t h e  k e y as p e ct s  o f  build ing  m anag e m e nt  s ys t e m s  is  t h e  p o s s ibilit y 
o f  e as y and  co nv e nie nt  co nt ro l o f  d if f e re nt  s ys t e m  co m p o ne nt s . S t and ard  
s o lut io ns  av ailable  in co m m e rcial build ing  m anag e m e nt  s ys t e m s  us e  e it h e r 
s t at io nary d e v ice s ,  wit h  t h e  m e nu o f  a co m p le x  s t ruct ure ,  o r p ro v id e  acce s s  
o nly t o  t h e  lo cal p art s  o f  t h e  s ys t e m . N e it h e r s o lut io n t e nd  t o  be  
p art icularly co nv e nie nt . An ans we r t o  t h e  p ro ble m  can be  an int e rf ace  
bas e d  o n t h e  us e r’ s  nat ural lang uag e  q ue rie s  and  co m m and s . T h is  p ap e rs  
p re s e nt s  s uch  a m o d e l,  calle d  PAI / I B ,  f o r Po lis h  nat ural lang uag e . 
 
K e y w o r d s :  nat ural lang uag e  int e rf ace s ,  ag e nt -bas e d  s ys t e m s ,  build ing  
m anag e m e nt  s ys t e m s . 
 
PAI/ IB  – a g e n tow y  in te rf e j s  w  j ę z y k u   
n a tu ra l n y m  d o s y s te m u  s te row a n ia  
in te l ig e n tn y m  b u d y n k ie m  

 
S t r e s z c z e n i e  

 
J e d ną z  waż nie j s z ych  k we s t ii z wiąz anych  z  s ys t e m am i z arz ąd z ania 
bud ynk ie m  j e s t  z ap e wnie nie  wyg o d ne g o  s p o s o bu s t e ro wania 
p o s z cz e g ó lnym i s k ł ad o wym i s ys t e m u. S t and ard o wo  s t o s o wane  
ro z wiąz ania nie  s ą z byt  wyg o d ne ,  g d yż  albo  nie  s ą m o bilne  i m aj ą z ł o ż o ną 
s t ruk t urę  m e nu ( t e rm inale  k o m p ut e ro we ) ,  albo  z ap e wniaj ą d o s t ę p  
wył ącz nie  d o  lo k alnych  s k ł ad o wych  s ys t e m u ( p ilo t y) . R o z wiąz anie m  
p o z bawio nym  t ych  wad  wyd aj e  s ię  być  s p rz ę g  uż yt k o wnik a baz uj ący na 
p o le ce niach  i z ap yt aniach  w j ę z yk u nat uralnym ,  um o ż liwiaj ący s wo bo d ne  
wyraż anie  p o le ce ń  z ap e wniaj ących  k o nt ro lę  nad  ws z ys t k im i s k ł ad o wym i 
bud ynk u. W  p ublik acj i p rz e d s t awio no  ro z wiąz anie  t e g o  t yp u o p raco wane  
d la j ę z yk a p o ls k ie g o  i naz wane  PAI / I B . Pre z e nt o wany m o d e l ag e nt o wy 
z ak ł ad a m o ż liwo ś ć  k o m unik acj i lo k alne j  lub z d alne j  z a p o ś re d nict we m  
ró ż nych ,  d o brz e  z nanych  i ł at wych  w uż yciu k anał ó w ( g ł o s ,  s m s ,  
k o m unik at o r int e rne t o wy,  e -m ail) ,  t ak ż e  d wuk ie runk o we j  ( p o le ce nia,  
z ap yt ania) . S ys t e m  ro z p o z naj e  ż ąd ania nie p re cyz yj ne  i p ro wad z i d ialo g   
z  uż yt k o wnik ie m  w ce lu ich  d o p re cyz o wania. M o d ularna arch it e k t ura 
z ap e wnia m o ż liwo ś ć  int e g racj i z  s ys t e m e m  z arz ąd z ania bud ynk ie m  
nie z ale ż nie  o d  s t and ard u,  w j ak im  z o s t ał  z re aliz o wany o raz  ro z bud o wę   
o  no we  k anał y k o m unik acyj ne . T e s t y z re aliz o wane g o  p ro t o t yp u p o t wie rd z ił y 
s k ut e cz no ś ć  i f unk cj o nalno ś ć  o p raco wane g o  m o d e lu w z ak re s ie  wyd awania 
p o le ce ń  i z ap yt ań  o raz  p o p rawne j  o bs ł ug i p o le ce ń  nie p re cyz yj nych . 
 
S ł o w a  k l u c z o w e :  int e rf e j s  w j ę z yk u nat uralnym ,  s ys t e m y ag e nt o we ,  
s ys t e m y z arz ąd z ania bud ynk ie m . 
 
1 .  In trod u c tion  
 
C omputeriz ed  b uil d ing  manag ement s y s tems  ( B M S s ) ,  d es pite 

th eir h ig h  cos t,  are b ecoming  more and  more common. T h e reas on 
f or th eir increas ing  popul arity  is  not onl y  g reater comf ort f or th e 
us er w h en control l ing  th e d ev ices  in th e h ous e,  b ut al s o improv ed  
s af ety  and  d ecreas ing  cos ts  of  operation. T h es e g oal s  can b e 
ach iev ed  b y  comb ining  al l  th e d ev ices  and  s y s tems  in a b uil d ing ,  
incl ud ing  h eating ,  air cond itioning ,  l ig h ting ,  monitoring  and  
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acces s  control ,  h ome appl iances ,  etc. into one intel l ig ent,  
integ rated  s tructure.  
H ow ev er,  in s uch  an approach  a rath er compl ex  s y s tem aris es ,  

w h ich  res ul ts  in certain prob l ems ,  th e communication w ith  th e 
us er b eing  a maj or one. O ne of  th e b as ic premis es  of  th e id ea of  
‘ an intel l ig ent h ous e’  is  th at ev ery th ing  can b e control l ed  f rom one 
pl ace and  in an eas y ,  conv enient w ay . T o control  s uch  a h ig h l y  
compl ex  s y s tem,  a s ig nif icant numb er of  options  mus t b e incl ud ed  
in th e interf ace,  w h ich  is  pos s ib l e onl y  f or s of tw are operating  on  
a computer terminal  ( e.g . P C  computer or an L C D  control  panel ) . 
S uch  s ol ution,  h ow ev er,  is  not v ery  conv enient. F irs t,  th e interf ace 
us ed  b y  th at k ind  of  s of tw are w oul d  h av e to h av e a compl ex  mul ti 
l ev el  s tructure,  w h ich  mig h t b e d if f icul t to us e f or s ome us ers ,  
s uch  as  th e el d erl y ,  f or ex ampl e. S econd ,  computer terminal s  as  
s uch  are not particul arl y  mob il e:  L C D  panel s  are attach ed  to th e 
w al l s ,  and  comf ortab l e operation of  ev en a netb ook  req uires   
a pl ace to s it.
A  g ood  s ol ution of  th e prob l em coul d  b e us ing  natural  l ang uag e 

as  a communications  med ium:  
– it is  k now n to al l  th e potential  us ers  of  th e s y s tem;  
– it al l ow s  f or eas il y  ex pres s ing  command s  prov id ing  control  of  
al l  th e parts  of  an intel l ig ent b uil d ing ;  

– it can b e us ed  in b oth  a l ocal  and  a remote w ay  th roug h  
d if f erent,  w el l -k now n ch annel s  s uch  as  v oice,  internet ch at,   
e-mail  or tex t mes s ag e;  

– conv enient acces s  to th es e ch annel s  is  prov id ed  b y  f ul l y  mob il e 
d ev ices  s uch  as  mob il e ph ones  or pal mtops . 
A l th oug h  th e s y s tems  pres entl y  av ail ab l e on th e mark et of f er  

a pos s ib il ity  of  natural  l ang uag e communication,  th e rang e of  
options  is  q uite l imited . O nl y  s h ort and  s impl e v oice or tex t 
command s  are accepted ,  w h ich  l imits  th e ab il ity  f or f ul l  control  of  
al l  th e components  of  th e s y s tem. 
I n s pite of  th e ab ov e,  til l  tod ay  onl y  f ew  attempts  h av e b een 

mad e to d ev el op s ol utions  al l ow ing  f or control l ing  intel l ig ent 
b uil d ing  components  us ing  natural  l ang uag e command s  [ 1 ,  2 ,  3 ,  4]  
or s uch  th at coul d  b e us ed  f or th at purpos e [ 5,  6,  7] . A nd  th os e f ew  
ex is ting  proj ects  w ere carried  out f or E ng l is h  l ang uag e. T h is  paper 
pres ents  th e res ul ts  of  res earch  on s uch  a ty pe of  s ol ution,  w ith  
P ol is h  natural  l ang uag e as  a med ium – th e P A I / I B  mod el . 
 

2 .  PAI/ IB  Mod e l  
 
T h ere are a f ew  es s ential  as s umptions  th at f orm th e b as is  f or th e 

P A I / I B  mod el :  
– T h e interf ace s h oul d  cons titute an intel l ig ent ag ent s y s tem 
med iating  b etw een th e us er and  th e B M S . 

– T h e interf ace s h oul d  f acil itate communication in P ol is h  natural  
l ang uag e. T h e s y s tem arch itecture,  h ow ev er,  s h oul d  mak e it 
pos s ib l e to ad apt th e interf ace f or us ing  a d if f erent natural  
l ang uag e s uch  as  E ng l is h ,  f or ex ampl e. 
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– T h e inter f ace sh o u ld accep t co mp lex  sentences as w ell as 
simp le clau ses,  inclu ding  g er u nd clau ses and no u n p h r ases.   

– I t sh o u ld b e ab le to  r eco g niz e th at th e u ser ’ s r eq u est is no t 
p r ecise eno u g h  and to  o b tain missing  inf o r matio n th r o u g h   
a dialo g  w ith  th e u ser .  

– I t sh o u ld allo w  th e u ser  tw o  w ay  co mmu nicatio n w ith  th e 
sy stem th r o u g h  dif f er ent ch annels su ch  as sp eech ,  an inter net 
co mmu nicato r ,  e-mail o r  tex t messag ing .   

– I t sh o u ld b e indep endent o f  th e standar d in w h ich  th e b u ilding  
manag ement sy stem is imp lemented,  e. g .  K N X / E I B ,  M o db u s,  
B A C net,  etc.  
T h e P A I / I B  mo del desig ned w ith  th ese assu mp tio ns in mind 

co nsists o f  th e f o llo w ing  th r ee lay er s ( Fig .  1 ) :  
– su b sy stem f o r  inp u t/ o u tp u t ch annels h andling  ( I O C H ) ,  
– su b sy stem f o r  messag es h andling  ( M H ) ,  
– inter f ace to  b u ilding  manag ement sy stem ( I B M S ) .  
T h ese lay er s w ill b e discu ssed f u r th er  in th e p ap er .  
 
 

  
F i g .  1 .   P A I / I B  M o d e l  s t r u c t u r e  
R y s .  1 .   S t r u k t u r a  m o d e l u  P A I / I B  
 
 
2.1. S u b s y s t e m  f o r  i n p u t / o u t p u t  c h a n n e l s  

h a n d l i n g  
 
T h e I O C H  su b sy stem,  dep icted in Fig u r e 2 ,  co nsists o f  mo du les 

h andling  co mmu nicatio n ch annels ( C C H M )  and a p r o x y  mo du le 
( P M ) .  A  p ar ticu lar  inter f ace imp lementatio n may  co ntain all o f  
C C H  mo du les o r  o nly  so me o f  th em.  
 
 

  
F i g .  2 .   T h e  d i a g r a m  o f  t h e  I O C H  s u b s y s t e m   
R y s .  2 .   D i a g r a m  p o d s y s t e m u  I O C H  
 
E ach  o f  th e C C H  mo du les co o p er ates w ith  co r r esp o nding  

h ar dw ar e-so f tw ar e r eso u r ces in o r der  to  r eceiv e u ser ’ s messag e and 
send b ack a r esp o nse o r  a q u er y  f r o m th e sy stem.  Fo r  th at p u r p o se:  
– T h e sp eech  p r o cessing  mo du le ( S P M )  co nsists o f  tw o  sep ar ate 
p ar ts r esp o nsib le f o r  r eco g niz ing  and g ener ating  sp eech .  Fr o m 
th e h ar dw ar e p o int o f  v iew ,  it u ses micr o p h o nes and 
lo u dsp eaker s installed in p ar ticu lar  r o o ms o f  th e b u ilding .  

– T h e instant messag ing  mo du le ( I M M )  h as a f o r m o f  a client o f  
o ne o f  th e instant messag ing  netw o r ks su ch  as A I M ,  J ab b er  o r  
G G .  I t u ses a standar d inter net co nnectio n.  

– T h e e-mail mo du le ( E M )  h as a f o r m o f  an ap p r o p r iate e-mail 
sy stem client and also  u ses a standar d inter net co nnectio n.  

– T h e S M S  mo du le ( S M S M )  r eceiv es and sends tex t messag es 
co ntaining  messag es f r o m th e u ser  and th e B M S  sy stem.  I t 
co u ld co o p er ate w ith  a G S M  mo dem o r  a cellu lar  p h o ne.  
 

T h e p u r p o se o f  all th e C C H  mo du les is b asically  th e same:  
– th ey  ex tr act a natu r al lang u ag e messag e f r o m th e mediu m 
ty p ical o f  a g iv en co mmu nicatio n ch annel;  

– th ey  w r ap  th e natu r al lang u ag e messag es in th e same mediu m.  
T h e C C H  mo du les also  p r o v ide b asic u ser  identif icatio n r eq u ir ed 

f o r  co ntr o lling  th e co mmu nicatio n p r o cess and p r o v iding  access 
co ntr o l to  p ar ticu lar  sy stems w ith in th e B M S .  I n th e case o f  th e 
v o ice ch annel th e identif icatio n is b ased o n v o ice ch ar acter istics,  
w h ile in case o f  o th er  C C H  mo du les a co mmu nicatio n netw o r k I D  
( I M M ) ,  an e-mail addr ess ( E M M )  o r  a cellu lar  p h o ne nu mb er  
( S M S M )  ser v es as a b ase f o r  identif icatio n.  
T h e p r o cess o f  r eceiv ing  and sending  messag es b y  C C H  

mo du les is mediated b y  th e p r o x y  mo du le,  w h ich  is a kind o f   
a co mmo n g ate th at C C H  mo du les u se to  co mmu nicate w ith  th e 
seco nd lay er  o f  P A I / I B  sy stem.  
W h en C C H  mo du les tr ansf er  th e messag es to  P M  th ey  attach   

a str u ctu r e called source identifier ( S I )  to  it.  T h is identif ier  is  
a p air  co nsisting  o f  ch annel identif ier  and u ser  identif ier .  T h ese 
identif ier s ar e in f o r m o f  ch ar acter  str ing s def ined in th e 
ap p r o p r iate co nf ig u r atio n f iles.  T h e f o llo w ing  p air :  
 < user_ m essa g e_ tex t,  source_ identifier>  

is called th e messag e descr ip to r  ( M D ) .  T h e p r o x y  mo du le sends 
th e descr ip to r  to  th e seco nd lay er  o f  th e P A I / I B  ag ent.  
A  co r r esp o nding  p r o cess h ap p ens th e o th er  w ay  ar o u nd.  T h e 

p r o x y  mo du le r eceiv es messag e descr ip to r s f o r m th e seco nd lay er  
o f  th e inter f ace f o r med b y  a p air :  
< sy stem _ m essa g e_ tex t,  source_ identifier>  
I n th is case,  th e so u r ce identif ier  is identical w ith  th e S I  

co ntained in th e descr ip to r  o f  th at u ser  messag e an answ er  to  
w h ich  is th e sy stem messag e.  T h is so lu tio n enab les th e P M  and 
C C H  mo du le to  p ass a messag e to  th e u ser  u sing  th e same 
co mmu nicatio n ch annel th at th e u ser  f ir st u sed to  co mmu nicate 
w ith  th e sy stem.  I t sh o u ld b e no ted,  h o w ev er ,  th at each  o f  th e 
listed C C H  mo du les mig h t h andle a f ew  sep ar ate co mmu nicatio n 
ch annels b o u nd to  dif f er ent e-mail addr esses,  telep h o ne nu mb er s,  
I M  sy stem nu mb er s and r o o ms ( v o ice ch annels) .  
 
2.2. S u b s y s t e m  f o r  m e s s a g e s  h a n d l i n g  
 
T h e M H  su b sy stem is th e key  co mp o nent o f  th e entir e P A I / I B  

mo del.  I t is also  th e main no v el element o f  th is so lu tio n.  I ts 
str u ctu r e is dep icted in Fig .  3 .   
 
 

  
F i g .  3 .   T h e  M H  s u b s y s t e m  d i a g r a m   
R y s .  3 .   D i a g r a m  p o d s y s t e m u  M H  
 
T h is su b sy stem co nsists o f  tw o  main p ar ts.  T h ey  ar e:  ( 1 )  th e 

sessio n h andling  mo du le ( S H M )  and ( 2 )  a p air  co nsisting  o f  O S A  
mo du le ( O S A M )  and O R S  inter p r eter  ( O R S I ) .  
 

Session handling module 
 
T h e sessio n h andling  mo du le is a kind o f  ‘ b r ain’  o f  th e w h o le 

ag ent.  I ts main task is to  manag e th e p r o cessing  o f  p ar ticu lar  
r eq u ests made b y  th e u ser s o f  th e B M S .  T h e p r o cess r u ns as f o llo w s:  
a)  R eceiv ing  th e u ser ’ s r eq u est and o p ening  a new  sessio n.  
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b) O btai ni ng al l  th e i nf ormati on desc ri bi ng th e detai l s of  th e task , 
and, based on th em, c reati ng a req u est desc ri ptor. 

c ) S endi ng th e desc ri ptor to th e B M S  i nterf ac e. 
d) R ec ei v i ng a response desc ri ptor f rom th e B M S  i nterf ac e. 
e) G enerati ng a natu ral  l angu age answ er f or th e u ser based on th e 
c ontent of  th e response desc ri ptor. 

f ) S endi ng th e message desc ri ptor to th e prox y  modu l e i n th e f i rst l ay er. 
P A I / I B  sy stem h as been desi gned to be mu l ti -ac c ess – i n oth er 

w ords, to be c apabl e of  paral l el  proc essi ng of  many  si mu l taneou s 
u sers’  req u ests sent th rou gh  any  c h annel . P arti c u l ar req u ests are 
proc essed by  th e S H  modu l e i n separate sessi ons. 
A  sessi on starts w i th  rec ei v i ng u ser’ s req u est by  S H M . T h e 

req u est i s passed on by  th e prox y  modu l e of  I O C H  su bsy stem i n th e 
f orm of  a message desc ri ptor, w h i c h  h as been de-sc ri bed abov e. 
H av i ng rec ei v ed th e req u est, th e S H  modu l e c reates rec ou rses 

nec essary  f or h andl i ng th e sessi on and l abel s th e sessi on w i th   
a u ni q u e i denti f i er w h i c h  c onsi sts of  th e sou rc e i denti f i er and  
a su c c essi v e req u est nu mber. N ex t, th e ex ec u ti on of  th e mai n task  
tak es pl ac e, th at i s, obtai ni ng al l  th e i nf ormati on pertai ni ng to th e 
detai l s of  th e task . T h i s i nf ormati on i s “ ex trac ted”  th rou gh  th e 
semanti c  anal y si s of  u sers’  messages perf ormed by  th e O S A  
modu l e and th e O R S  i nterpreter ( see th e nex t paragraph ). A s th e 
resu l t of  th e proc ess, a mes s a g e mea ni ng  d es c r i p t or  ( M M D ), 
c ontai ni ng th e i nf ormati on on th e su bj ec t of  th e req u est, i s 
retu rned to th e S H  modu l e. T h e desc ri ptor i s a f ou r-tu pl e of  th e 
f ol l ow i ng f orm:  
< O B J _ I D , A C T _ D E S C , A C T _ S T A R T , A C T _ S T O P  > 
T h e meani ng of  th ose c omponents i s f ol l ow i ng:  

– O B J _ I D  i s th e obj ec t i denti f i er, i .e., th e i denti f i er of  a dev i c e or 
sy stem th at th e u ser’ s re-q u est pertai ns to. I t i s assu med i n th e 
model  th at obj ec ts are i denti f i ed by  a pai r:  obj ec t  l oc a t i on 
i d ent i f i er , obj ec t  c l a s s  i d ent i f i er . 

– A C T _ D E S C  i s a desc ri pti on of  an ac ti on to be u ndertak en i n 
rel ati on to th e obj ec t. T h i s desc ri pti on c ontai ns ac ti on i denti f i er 
( e.g. tu rni ng a dev i c e on/ of f , c h ec k i ng th e parameter v al u es, 
etc .) as w el l  as a spec i f i c ati on of  th e detai l s of  an ac ti on, w h en 
needed ( e.g. th e temperatu re th e h eati ng i s to be set at). 

– A C T _ S T A R T  and A C T _ S T O P  c omponents determi ne th e 
begi nni ng and endi ng ti mes of  an ac ti on i f  th at i nf ormati on w as 
gi v en i n a u ser’ s req u est. 
For ex ampl e, f or th e req u est:  
T u r n t h e f l oor  h ea t i ng  i n t h e ba t h r oom a t  6  p m.  

th e f ol l ow i ng M M  desc ri ptor c ou l d be generated:  
< O B J _ I D : :  roomB A T H : dev FL O O R H E A T ; A C T _ D E S C : :   
ac tT U R N O N ; A C T _ S T A R T : : 0 6 : 0 0 ; A C T _ S T O P : :  –; > 
T h e model  i s eq u i pped w i th  mec h ani sms th at rec ogni z e and 

deal  w i th  a si tu ati on w h en a u ser’ s req u est i n i nc ompl ete. A n 
ex ampl e of  su c h  a si tu ati on mi gh t be th e order:  
T u r n of f .  

w h ere i t w as not spec i f i ed w h i c h  dev i c e th e order pertai ns to. I n 
su c h  a c ase th e S H  modu l e engages th e u ser i nto a natu ral  
l angu age di al og i n order to obtai n th e mi ssi ng i nf ormati on. T h e 
base f or th i s proc ess are:  
a) an ontol ogy  desc ri bi ng th e properti es of  a parti c u l ar sy stems and 
dev i c es c ontrol l ed by  B M S  th at w as c reated f or th e P A I / I B  model ; 

b) al gori th ms based on th at ontol ogy , w h i c h  al l ow  f or determi ni ng 
w h i c h  i nf ormati on i s mi ssi ng. 
O ne of  th e c omponents of  th i s ontol ogy  are P ol i sh  natu ral  

l angu age q u eri es rel ated to th e parti c u l ar pi ec e of  mi ssi ng 
i nf ormati on. O nc e th e S H  modu l e determi nes th e pi ec e of  mi ssi ng 
i nf ormati on, i t sends a message c ontai ni ng an appropri ate q u ery  
( obtai ned f rom th e ontol ogy ) to th e f i rst l ay er of  th e i nterf ac e. 
T h e answ ers gi v en by  th e u ser are anal y z ed by  th e O S A M / O R S I  

pai r i n th e same w ay  as th e message th at starts th e sessi on, th en th e 
anal y si s resu l t i s sent to S H M  i n a f orm of  a su c c essi v e M M D . T h e 
S H  modu l e c onsi ders th e i nf ormati on c ontai ned i n th e desc ri ptor 
and onc e agai n v eri f i es i f  th e i nf ormati on rel ated to th e req u est i s 
c ompl ete. I f  i t i s nec essary  to obtai n addi ti onal  i nf ormati on f rom th e 
u ser, th e proc ess i s repeated. 

H av i ng rec ei v ed al l  th e nec essary  i nf ormati on, th e S H  modu l e 
pl ac es i t i n th e u s er  r eq u es t  d es c r i p t or  ( U R D ), w h i c h  i t th en sends 
to th e th i rd l ay er of  th e i nterf ac e. T h i s desc ri ptor h as th e same 
stru c tu re as th e message meani ng desc ri ptor di sc u ssed abov e, 
h ow ev er, as a ru l e, i t c ontai ns al l  th e nec essary  i nf ormati on. B ased 
on an U R D , modu l es c ontai ned i n th e th i rd l ay er generate c ontrol  
messages, w h i c h  are th en sent to B M S  f or ex ec u ti on. 
I f , as a response to a c ompl eted task , B M S  sends a retu rn 

message, th e S H  modu l e rec ei v es a desc ri pti on of  th at message 
f rom th e th i rd l ay er of  th e P A I / I B  agent. T h e desc ri pti on h as  
a f orm of  B M S  r es p ons e d es c r i p t or  ( B M S R D ), w h i c h  i s a tri pl e 
<obj ec t _ i d ent i f i er , a c t i on_ i d ent i f i er , r es u l t _ i d ent i f i er >. B ased on 
th e pai r obj ec t _ i d ent i f i er , a c t i on_ i d ent i f i er , S H M  rec ogni z es 
w h i c h  req u est th e answ er pertai ns to. T h e resu l t i denti f i er mi gh t be:  
– a sy mbol  si gni f y i ng th e task  c ompl eti on or an error c ode i f  th e 
req u est desc ri bed su c h  an ac ti on as T u r n t h e f l oor  h ea t i ng  i n t h e 
ba t h r oom; 

– a v al u e i denti f i er i f  th e req u est h ad a f orm of  a q u ery  pertai ni ng 
to a parameter v al u e su c h  as Wh a t  i s  t h e a i r  t emp er a t u r e i n 
Woj t ek ’ s  r oom?  
B ased on th e i nf ormati on c ontai ned i n th e B M S R  desc ri ptor, 

predetermi ned ph rases c ontai ned i n th e c onf i gu rati on f i l es and th e 
appropri ate al gori th ms, th e S H  modu l e generates a natu ral  
l angu age answ er f or th e u ser. T h e answ er i s th en pl ac ed i n th e 
message desc ri ptor and sent to th e f i rst l ay er of  th e agent, w h i c h  
c ompl etes th e sessi on h andl i ng proc ess. 
 

The OSAM/ORSI pair 
 
T h e pai r c onsi sti ng of  O S A  modu l e and O R S  i nterpreter 

enabl es th e agent ‘ to u nderstand’  P ol i sh  sentenc es and ph rases 
su bmi tted by  th e u ser.  
O S A  modu l e i mpl ements th e meth od of  th e obj ec t-ori ented 

semanti c  anal y si s ( O S A ). I t i s a h eu ri sti c  meth od of  anal y si s of  
P ol i sh  sentenc es, w h i c h  c an serv e as c ommands and q u eri es f or 
c ompu ter sy stems of  di f f erent c l asses, f or ex ampl e, databases or 
agent sy stems. T h e anal y si s pref ormed by  th e O S A  modu l e resu l ts 
i n a desc ri pti on of  th e meani ng of  a sentenc e ( or ph rase) i n th e 
f orm of  an obj ec t-ori ented representati on of  semanti c s ( O R S ). T h e 
O S A  meth od h as been desc ri bed i n detai l  i n [ 8 ] , th e desc ri pti on of  
th e O R S  model  c an be f ou nd i n [ 9 ] . 
T h e O S A  meth od and th e O R S  model  are ‘ domai n u ni v ersal ’  i n 

th e sense th ey  c an be u sed f or anal y si s of  c ommands and q u eri es 
to c ompu ter sy stems of  di f f erent c l asses and operati ng i n di f f erent 
probl em domai ns. B i ndi ng to a parti c u l ar probl em domai n, i n ou r 
c ase c ontrol l i ng th e c omponents of  an i ntel l i gent bu i l di ng, i s 
prov i ded by  th e O R S  i nterpreter. T h i s modu l e ‘ transl ates’  th e 
meani ng of  th e u ser’ s message rec orded i n th e O R S  f orm i nto 
messages and data stru c tu res req u i red by  th e sy stem th e u ser needs 
to c ommu ni c ate w i th . I n th e c ase of  P A I / I B  sy stem, i t i s th e M M  
desc ri ptor desc ri bed abov e. 
 
2.3. I n t e r f a c e  t o  b u i l d i n g  m a n a g e m e n t  s y s t e m  
 
I nterf ac e to bu i l di ng management sy stem i s th e l ast l ay er of  th e 

P A I / I B  model . T h i s l ay er c ontai ns tw o modu l es ( Fi g. 4 ):  
– modu l e f or c ontrol  message generati on ( C M G ), 
– modu l e f or sy stem response desc ri ptor generati on ( S R D G ).  
T h e C M G  modu l e transl ates th e req u ests desc ri bed i n th e U R  

desc ri ptor i nto messages c ompl y i ng to th e standard i n w h i c h  th e 
B M S  i s i mpl emented. A n i mportant part of  th i s proc ess i s to 
determi ne, basi ng on obj ec t i denti f i er ( gi v en i n th e U R  desc ri ptor), 
th e address or i denti f i er of  a c ontrol l ed dev i c e i n a gi v en B M S .  
A  spec i al  c onf i gu rati on f i l e i s th e basi s f or su c h  a transl ati on. I n 
th i s f i l e th e addresses ( i denti f i ers) of  th e dev i c es are bou nd to 
c omponents of  th e obj ec t i denti f i ers. T h e stru c tu re of  th i s f i l e and 
al gori th ms bu i l t i n th e C M G  modu l e enabl e proper h andl i ng of  
req u ests c onc erni ng both  a si ngl e dev i c e, w h en one c ontrol  
message sh ou l d be generated ( one dev i c e address i s determi ned), e.g.:  
T u r n on t h e f l oor  h ea t i ng  i n t h e ba t h r oom.  
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as well as many devices, wh ich  req u ires generat ing many cont rol 
messages ( and det ermining many separat e device addresses) , e.g.:  
Turn the light in the building off.  
 
 

  
F i g .  4 .   T h e  d i a g r a m  o f  t h e  t h i r d  l a y e r  o f  t h e  m o d e l  
R y s .  4 .   D i a g r a m  t r z e c i e j  w a r s t w y  m o d e l u  
 
T h e S R D G  modu le perf orms t h e reverse t ask  – it  generat es an 

B M S R  descript or b ased on messages sent  b y t h e devices af t er t h e 
act ion def ined in t h e u ser’ s req u est  h as b een complet ed. T h e 
descript or generat ion process is b ased on t h e same conf igu rat ion 
f iles as t h e process of  generat ing cont rol messages complying t o 
ch osen B M S  st andard. 
S eparat ing t h e t h ird layer of  t h e model t h at  perf orms t h e ab ove 

f u nct ions mak e t h e P A I / I B  agent  independent  of  any part icu lar 
B M S  st andard. W h en t h e st andard is specif ied ( K N X , M odb u s, 
B A C net  or any ot h er)  all it s specif ic req u irement s, su ch  as cont ent  
and f ormat  of  cont rol messages, et c. are ref lect ed only in C M G  
and S R D G  modu les. T h u s h ook ing t h e P A I / I B  agent  u p t o t h e 
B M S  implement ed in any st andard req u ires only applying 
appropriat e modu les in t h e t h ird layer of  t h e agent . 
 
3. I n t e r f a c e  p r o t o t y p e  
 
T h e ef f iciency of  t h e solu t ion describ ed ab ove h as b een verif ied 

t h rou gh  t est s wit h  an P A I / I B  agent  prot ot ype. T h e prot ot ype was 
implement ed in J ava 1 .5  langu age;  t h e t est s were perf ormed on  
a P C  plat f orm wit h  W indows X P  operat ing syst em. 
T h e main layer of  t h e int erf ace h as b een f u lly implement ed in 

t h e prot ot ype, i.e. t h e M H  su b syst em, as well as t h e select ed 
modu les inclu ded in t h e f irst  and t h e t h ird layers of  t h e model:  
– t h e prox y modu le of  t h e I O C H  su b syst em, 
– t h e inst ant  messaging modu le, 
– t h e int erf ace modu le f or t h e B M S  simu lat or. 
T wo simu lat ors were designed t o ru n t h e correct ness t est s. T h e 

f irst  simu lat ed operat ion of  J ab b er commu nicat ion net work  and 
cooperat ed wit h  t h e inst ant  messaging modu le. I t  made it  possib le 
t o cont rol t h e syst em t h rou gh  t h e int ernet  ch at  mode.  
T h e second one simu lat ed an int elligent  b u ilding and cooperat ed 

wit h  B S M I  modu le. T h is simu lat or inclu ded syst ems and devices 
list ed f u rt h er on and perf ormed t wo f u nct ions. F irst , it  creat ed visu al 
simu lat ion of  t h e ef f ect s of  t h e u ser’ s commands, wh ich  made it  
possib le t o assess t h e correct ness of  analysis and int erpret at ion of  
t h e u ser’ s commands b y t h e P A I / I B  agent . S econd, it  simu lat ed t h e 
process of  receiving answers f or u ser’ s q u eries regarding t h e st at e of  
cont rolled syst ems and devices f rom t h e B M S .  
T h e t est s sh owed t h e ef f ect iveness and f u nct ionalit y of  an 

int erf ace implement ing t h e P A I / I B  model. T h e prot ot ype h andled 
correct ly b ot h  k inds of  u ser’ s req u est s i.e. commands and q u eries. 
U sing t h e commands, it  was possib le t o cont rol ef f ect ively t h e 

operat ion of  all t h e most  import ant  syst ems and devices t h at  an 
int elligent  h ou se is eq u ipped wit h , inclu ding:  
– ligh t ing, e.g.:  Turn off the light in the liv ing room . 
– air condit ioning, e.g. S et the tem p era ture in the bedroom  on 2 5 °  C . 
– alarm and access cont rol syst em, e.g.:  B loc k  the ga rden door.  
– h ome appliances, e.g.:  S ta rt the c offee m a c hine.  
– sh u t t er and b linds, e.g.:  Turn up  the blinds  in the liv ing room . 
– lawn and garden sprink ling syst em, e.g.:  W a ter the la w n in front 
of the hous e. 

T h e commands may ref er t o t h e previou sly def ined prof iles wit h  
set t ings f or grou ps of  connect ed devices. A  good ex ample migh t  b e 
Turn on ‘ the film  s how ’  p rofile, wh ich  resu lt s in an adj u st ment  of  
ligh t s and b linders, t u rning on t h e T V  and D V D  player. 
E ach  command can h ave a def ined ex ecu t ion t ime. T h is 

def init ion can indicat e t h e point  in t ime, e.g.:  Turn the hea ting in 
the bedroom  off a t 2 : 3 0 , or a t ime int erval, e.g.:  K eep  the light in 
the liv ing room  on betw een 8  p m  1 0  p m . T h e analyzer correct ly 
recognizes also q u eries cont aining t h e inf ormat ion ab ou t  repet it ion 
of  a given operat ion, e.g. ev ery  da y , ev ery  Tues da y , from  M onda y  
till Thurs da y , et c. 
T h e P A I / I B  agent  also mak es it  possib le f or t h e u ser t o su b mit  

q u eries regarding t h e sit u at ion at  h ome, or condit ions of  some 
syst ems, su ch  as:  
W hic h dev ic es  a re on?  
I s  the light in the liv ing room  on?  
W ha t is  the a ir tem p era ture in the ba throom ?  

 
4 . F u r t h e r  r e s e a r c h  
 
S everal proj ect s h ave b een planned t o b e perf ormed b y st u dent s, 

leading t o ach ieving t h e f u ll f u nct ionalit y of  t h e prot ot ype, as 
describ ed in t h e model. T h ese proj ect s f orm separat e grou ps 
regarding t h e f irst  and t h e t h ird layer of  t h e model. T h e proj ect s 
f rom t h e f irst  grou p are f ocu sed on developing variou s C C H  
modu les. F irst , int ernet  ch at  commu nicat ion modu le b ased on 
J ab b er net work  will b e creat ed, wit h  t h e K V M J ab  lib rary 
( h t t p: / / sf .net / proj ect s/ k vmj ab ) . T h e G G  net work  su pport  b ased on 
t h e J G G A pi lib rary ( h t t p: / / sf .net / proj ect s/ j ggapi)  is also planned. 
T h e C C H  modu les f or commu nicat ion wit h  t h e P A I / I B  agent  b y 

e-mail and S M S  are also planned. I n t h e f irst , st andard J ava 
classes f rom J avaM ail A P I  lib rary will b e u sed. T h e C C H  modu le 
h andling S M S  commu nicat ion is divided int o t wo part s. T h e f irst  
one, operat ing in t h e J 2 M E  environment  on a st andard mob ile 
ph one, will read and send S M S  messages. T h e second will b e 
inclu ded in t h e main P A I / I B  agent  applicat ion operat ing on a P C  
compu t er. B ot h  part s will commu nicat e ex clu sively t h rou gh   
a B lu et oot h  connect ion. W h en b u ilding an C C H  modu le, W M A  
lib rary ( h t t p: / / j ava.su n.com/ produ ct s/ wma)  will b e u sed f or recept ion 
and sending S M S , and M arge ( h t t ps: / / marge.dev.j ava.net )  and 
B lu eC ove lib rary ( h t t p: / / code.google.com/ p/ b lu ecove) , f or realizing  
a B lu et oot h  connect ivit y. 
T h e t eam work ing on t h e proj ect s relat ed t o P A I / I B  syst em is 

eager t o creat e an C C H  modu le f acilit at ing voice commu nicat ion. 
U nf ort u nat ely, t h e lack  of  lib raries realizing P olish  speech  
recognit ion, wh ich  cou ld b ecome a b ase f or su ch  an C C H  modu le 
is cu rrent ly an insu rmou nt ab le ob st acle. 
T h e second grou p of  proj ect s aim at  creat ing an int erf ace 

modu les f or b u ilding management  syst ems. T wo su ch  proj ect s are 
on t h e way. T h e f irst  one inclu des an int erf ace compat ib le wit h  
K N X / E I B  st andard ( h t t p: / / www.k nx .org) , wit h  C alimero lib rary as 
it s b ase ( h t t p: / / sf .net / proj ect s/ calimero) . I n t h e second one,  
an int erf ace t o B M S  implement ed in M odb u s st andard 
( h t t p: / / www.modb u s.org)  will b e developed wit h  J aM od lib rary as 
it s b ase ( h t t p: / / sf .net / proj ect s/ j amod) . 
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