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A p p e n d i x  a

T h e  X M L - D T D  o f  t h e  M e t a d a t a  d i c t i o n a r y

<xml id="xml">
<?xml version="1.0" standalone="yes"?> 
<!DOCTYPE MetadataDictionary [

<! ELEMENT MetadataDictionary
<!ATTLIST MetadataDictionary
<!ELEMENT VConcepts
<!ELEMENT VConcept
<!ATTLIST VConcept
<!ELEMENT VRelationships
<! ELEMENT VRelationship
<!ATTLIST VRelationship

#REQUIRED>
<!ELEMENT AssocConcept
<!ATTLIST AssocConcept
<!ELEMENT VProperties
<!ELEMENT VPoid
<!ATTLIST VPoid
<!ELEMENT VPord
<!ATTLIST VPord
<! ELEMENT VPref
<!ATTLIST VPref
<! ELEMENT VDataType
<!ELEMENT VUnitType
<!ELEMENT PProperties
<! ELEMENT PProperty
<!ATTLIST PProperty

<!ELEMENT PDataType

(VConcepts, Physical SourceConfs)> 
MetadataName ID #REQUIRED> 
(VConcept)+>
(VRelationships?, VProperties)>
VCname ID #REQUIRED>
(VRelationship)+>
(AssocConcept)+>
VRelname (IS-A|IS-PART-OF|Associative)

(#PCDATA)>
VConcept IDREF #IMPLIED>
(VPoid|VPord|VPref)+>
(VDataType, VUnitType, PProperties)>
VPname ID #REQUIRED>
(VDataType, VUnitType, PProperties)>
VPname CDATA #IMPLIED> 
(#PCDATA)>
VPoid IDREF #IMPLIED>
(#PCDATA)>
(#PCDATA)>
(PProperty)+>
(PDataType, PUnitType)>
PPname CDATA #REQUIRED
PCname IDREFS #REQUIRED
PSname IDREF #REQUIRED
c VCname IDREFS #REQUIRED>
(#PCDATA)>
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<!ELEMENT PUnitType
<! ELEMENT Physical SourceConfs
<! ELEMENT PSource
<!ATTLIST PSource
<!ELEMENT PConcept
<!ATTLIST PConcept
<!ELEMENT PDataModel
<!ELEMENT Permission
<! ELEMENT Owner

(#PCDATA)>
(PSource)+>
(PConcept)+>
PSname ID #REQUIRED>
(PDataModel, Permission, Owner)> 
PCname ID #REQUIRED>
(#PCDATA)>
(#PCDATA)>
(#PCDATA)>
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A p p e n d i x  b

E x a m p l e s  o f  v a l i d  X M L  D o c u m e n t  c o n f o r m i n g  t o  t h e  p r o p o s e d

X M L - D T D

<MetadataDictionary MetadataName="University">
<VConcepts>

<VConcept VCname-'Staff’>
<VRelationships>

<VRelationship VRelname="Associative">
<AssocConcept>Dept</AssocConcept>

</VRelationship>
</VRelationships>
<VProperties>

<VPoid VPname="st_id">
<VDataT ype>String</VDataT ype> 
<VUnitType>Null</VUnitType>
<PProperties>

<PProperty PPname="Staff_id"
PCname = "Staff_Member"
PSname = " Source 1"
CVCname = "Staff’> 

<PDataType>String</PDataType>
<pบnitType>Null</PUnitType>

</PProperty>
<PProperty PPname="Inst_id"

PCname = "Instructor_Member Course Teach" 
PSname = "Source2"
CVCname = "Instructor'^

<PDataT ype>String</PDataT ype> 
<PUnitType>Null</PUnitType>

</PProperty>
</PProperties>



</VPoid>
<VPord VPname="st_ทame">

<VDataType>String</VDataType>
< v บnitType>Null</VUnitType>
<PProperties>

<PProperty PPname="Staff_name"
PCname = "Staff_Member" 
PSname = "Source 1"
CVCname = "Staff>

<PDataT ype>String</PDataT ype> 
<PUnitType>Null</PUnitType>

</PProperty>
<PProperty PPname="Inst_name"

PCname = "Instructor_Member" 
PSname = "Source2"
CVCname = "Instructor"> 

<PDataType>String</PDataType> 
<PUnitType>Null</PUnitType>

</PProperty>
</PProperties>

</VPord>
<VPord VPname="st_รalary">

< VDataT ype>Float</VDataT ype>
< VU ท itType> บ ร $</v u  ท i tT ype>
<PProperties>

<PProperty PPname="Salary"
PCname = "Staff_Member" 
PSname = " Source 1"

CVCname = "Staff'>
<PDataT ype>Float</PDataT ype> 
<PUnitT ype>US$</PUnitT ype>

</PProperty>
<PProperty PPname="Salary"

PCname = "Instructor Member'



PSname = "Source2"
CVCname = "Instructor'^ 

<PDataType>Float</PDataType> 
<PUnitType>AUS$</PUnitType> 

</PProperty>
</PProperties>

</VPord>
<VPref>dept_id</VPref>

</VProperties>
</VConcept>
<VConcept VCname="Instructor">

<VRelationships>
<VRelationship VRelname="IS-A">

<AssocConcept>Staff</AssocConcept>
</VRelationship>

</VRelationships>
<VProperties>

<VPord VPname="Position">
< VDataT ype> String</VDataT ype>
< Vบ nitT ype>N ul 1</VUnitT ype>
<PProperties>

<PProperty PPname="Ac_Position"
PCname = "Instructor_Member" 
PSname = "Source2"
CVCname = "Instructor'^ 

<PDataT ype>String</PDataT ype> 
<PUn itT ype>N ull</PUnitT ype> 

</PProperty>
</PProperties>

</VPord>
</VProperties>

</VConcept>
<VConcept VCname="CourseTeach">

<VRelationships>



<VRelationship VRelname="Associative">
<AssocConcept>Instructor</AssocConcept>

</VRelationship>
<VRelationship VRelname="Associative">

<AssocConcept>Crs</AssocConcept>
</VRelationship>

</VRelationships>
<VProperties>

<VPref>st_id</VPref>
<VPref>crs_id</VPref>
<VPord VPname="crs_time">

< VDataT ype>Stri ng</VDataT ype> 
<VUnitType>Null</VUnitType>
<PProperties>

<PProperty PPname="Course_time"
PCname = "Course_Teach" 
PSname = "Source2"
CVCname = "Course_Teach"> 

<PDataType>String</PDataType> 
<PUnitType>Null</PUnitType> 

</PProperty>
</PProperties>

</VPord>
<VPord VPname="num_stu">

<VDataType>Integer</VDataType>
< VU nitT ype>N น 11 </VUnitT ype>
<PProperties>

<PProperty PPname="Num_students" 
PCname = "Course_Teach" 
PSname = "Source2"
CVCname = "Course_Teach"> 

<PDataType>Integer</PDataType> 
<PUnitType>N ull</PUnitT ype> 

</PProperty>
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</PProperties>
</VPord>

</VProperties>
</VConcept>
<VConcept VCname="Crs">

<VProperties>
<VPoid VPname="crs_id">

<VDataType>String</VDataType>
<VUnitType>Null</VUnitType>
<PProperties>

<PProperty PPname="Course_id"
PCname = "Course Course_Teach" 
PSname = "Source2"

CVCname = "Course Course_Teach"> 
<PDataT ype>String</PDataT ype> 
<PUnitT ype>Nul l</PUnitT ype> 

</PProperty>
</PProperties>

</VPoid>
<VPoid VPname="crs_name">

<VDataT ype>String</VDataT ype>
< Vบ ท itT ype>Nul 1 </v u  ท itType>
<PProperties>

<PProperty PPname="Course_name"
PCname = "Course"
PSname = "Source2"
CVCname = "Course"> 

<PDataType>String</PDataType> 
<PUnitType>Null</PUnitType> 

</PProperty>
</PProperties>

</VPoid>
</VProperties>

</VConcept>
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cVConcept VCname="Dept">

<VProperties>
<VPoid VPname="dept_id">

< VDataT ype>Integer</VDataT ype>
< v บnitType>Null</VUnitType>
<PProperties>

<PProperty PPname="Dept_id"
PCname = "Department Staff Member" 
PSname = "Source 1"
CVCname = "Department Staff"> 

<PDataType>Integer</PDataType>
<p บ nitT y pe>N ul 1 </PU ท itT ype> 

</PProperty>
</PProperties>

</VPoid>
<VPord VPname="dept_name">

<VDataT ype>String</VDataT ype> 
<VUnitType>NulI</VUnitType>
<PProperties>

<PProperty PPname="Dept_name"
PCname = "Department"
PSname = "Source 1"
CVCname = "Department'^ 

<PDataType>String</PDataType> 
<PUnitType>Null</PUnitType> 

</PProperty>
</PProperties>

</VPord>
</VProperties>

</V Concept>
</VConcepts>

<PhysicalSourceConfs>



<PSource PSname = "Sourcel">
<PConcept PCname= "Staff_Member">

<PDataModel>Relation</PDataModel>
<Permission>RW-</Permission>
<Owner>AAA</Owner>

</PConcept>
<PConcept PCname= "Department">

<PDataModel>Relation</PDataModel>
<Permission>RW-</Permission>
<Owner>AAA</Owner>

</PConcept>
</PSource>

<PSource PSname = "Source2">
<PConcept PCname= "Instructor_Member"> 

<PDataModel>XML</PDataModel> 
<Permission>RW-</Permission> 
<Owner>BBB</Owner>

</PConcept>
<PConcept PCname= "Course_Teach">

<PDataModel>XML</PDataModel>
<Permission>RW-</Permission>
< 0  wner>B B B </ o  wner>

</PConcept>
<PConcept PCname= "Course">

<PDataModel>XML</PDataModel>
<Permission>RW-</Permission>
< 0  wner>BB B < /0  wner>

</PConcept>
</PSource>

</Phys ical ร ourceC onfs>
</MetadataDictionary>

</xml>
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A p p e n d i x  c
A lg o r i t h m s  f o r  m a p p in g  v i r t u a l  s c h e m a  t o  p h y s ic a l  s c h e m a  o f

t h e  m e ta d a ta  d ic t io n a r y

Input: 1 ) A la b e le d  tr e e  T  o f  X M L - b a s e d  m e ta d a ta  d ic t io n a r y , s u c h  th a t  T =  <t, ท> .

2) A p a ir  o f  <vc, vp> , w h e r e  VC e c is  a  v ir tu a l c o n c e p t  n a m e  s p e c i f i e d  in  th e  F R O M  c la u s e  

o f  a  g lo b a l  tr a n s a c t io n  Q  a n d  vp e  ร  is  a  v ir tu a l p r o p e r ty  n a m e  o f  VC s p e c i f i e d  in  th e  

S E L E C T  o r  th e  W H E R E  c la u s e .

Output: A f in i t e  s e t  R esu lt =  {r, i i =  1 ...ท} o f  v ir tu a l a n d  p h y s ic a l  m a p p in g  in fo r m a t io n , s u c h  th a t rk 
e  R esu lt is  d e f in e d  a s  a  6 - t u p le  <  VC, vp, P P n am e, P C n am e, PSnam e, C V C nam e>, w h e r e  

P Pnam e, P C n am e, PSnam e, CV C nam e a re  p h y s ic a l  p r o p e r ty  n a m e , c o n c e p t  n a m e , s o u r c e  

n a m e , a n d  c o r r e s p o n d in g  v ir tu a l c o n c e p t  n a m e , r e s p e c t iv e ly .

Rem arks: 1) If the input vcc e  c  is a subconcept o f  another concept VC* and vpci e s  is a virtual 
property inherited from vck, we will use a pair o f  < vck ,vp cp> as an input to the 
algorithm.

2 )  F o r  a  q u e u e  Q, w e  a s s u m e  th a t th e  f u n c t io n  R em oveF rom Q (Q ) re tu rn s  th e  v a lu e  o f  

th e  d e s ig n a t e d  i t e m  o n  Q  a n d  r e m o v e s  th a t  ite m  fr o m  Q.
Procedure InQueue (v: VertexType; var Q: Queue)-, 
begin

initialize Q  to empty;
for e a c h  u n m a r k e d  v e r t e x  พ a d ja c e n t  to  V do 
begin

visit and mark พ ;  

insert พ in Q;
end for
retu rn  ( 0 ;  

end Procedure

Function SE A R C H (v : VertexType; A, B, c  : S tring; va r  X  : VertexType); 
begin
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I n Q u e u e (v , q);
X  =  R e m o v e F r o m Q ( ^ )  ; 
v is i t  X]

if  (l(x) = =  A ) and (d(x) —  B )) then 
begin

while q  is  n o n e m p t y  do 
begin

X =  R e m o v e F r o m C X g );  

v i s i t  x ;
if  l(x) -  c  then 

re tu rn  (tru e );
end while

end if
re tu rn  ( f a l s e ) ;  

end function

begin /*  m a in  * /

L e t  R e su lt  =  <j);
L e t  V =  r o o t(7 4 ;
for e a c h  u n m a r k e d  v e r t e x  พ  a d ja c e n t  to  V do /*  S e a r c h  th e  w o r d  “ V C o n c e p t s ” * /  
begin

v i s i t  a n d  m a rk  พ;
if  ( l (พ ) = =  “ V C o n c e p t s ” )  then
begin

V =  พ;

/*  S e a r c h  fo r  e a c h  n o d e  la b e le d  “ V C o n c e p t ” * /  
for e a c h  u n m a r k e d  v e r te x  พ  a d ja c e n t  to  V do 
begin

v is i t  a n d  m a r k  พ;

/*  S e a r c h  i f  n o d e  la b e le d  “ V C n a m e ” =  VC th e n  m a rk  th e  n o d e  la b e le d  “ V P r o p e r t ie s ” to  X * /  
if  S E A R C H ( w , “ V C n a m e ” , VC, “ V P r o p e r t ie s ” , x )  then



125

/*  S e a r c h  fo r  e a c h  n o d e  la b e le d  “ V P o id ” , “ V P o r d ” a n d  “ V P r e f ’ * /
for e a c h  u n m a r k e d  v e r te x  พ  a d ja c e n t  to  X do
begin

v is i t  a n d  m a rk  พ ;

/*  S e a r c h  i f  n o d e  la b e le d  “ V P n a m e ” =  v p  th e n  m a rk  th e  n o d e  la b e l e d  “ P P p r o p e r t ie s ” to  y  * / 
if  S E A R C H ( w , “ V P n a m e ” , vp , “ P P r o p e r t ie s ” , y )  then 

/*  fo r  e a c h  n o d e  la b e le d  “ P P r o p e r ty ” * /  

for e a c h  u n m a r k e d  v e r te x  พ  a d ja c e n t  to  y  do 
begin

v is i t  a n d  m a rk  พ ;
V = พ ;

/*  r e tr ie v e  th e  v a lu e  o f  n o d e s  la b e le d  “ P P n a m e ” , “ P S n a m e ” , a n d  

“ P C n a m e ” to  v a r ia b le s  P P n a m e , P S n a m e ,  a n d  P C n a m e  * / 
w h i l e  th e r e  is  a n  u n m a r k e d  v e r t e x  พ  a d j a c e n t  to  V do 
b e g in

v is i t  a n d  m a rk  พ ; 
if  l  (พ ) = =  “ P P n a m e ” then 

P P n a m e  =  d ( พ )’, 
else if  l (พ ) = =  “ P S n a m e ” then 

P S n a m e  =  d ( พ)-, 
if  l (พ ) = =  “ P C n a m e ” then 

P C n a m e  =  d  (พ); 
if  l (พ ) = =  “ C V C n a m e ” then 

C V C n a m e  =  d (พ );
end while

/*  A d d  th e  r e s u lt s  to  s e t  R e su lt  * /
A d d  ( VC, vp , P P n a m e , P S n a m e , P C n a m e ,C V C n a m e )  to  R e su lt; 

end for 
end for

end for
end if  /*  i f  l (พ ) = =  “ V C o n c e p t s ” * /  

end for 
end /*  m a in  * /
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A p p e n d i x  D
A lg o r i t h m s  f o r  t r a n s f o r m in g  th e  X M L  r e s u l t s  r e t u r n e d  f r o m  a 

s in g le  s o u rc e  i n t o  a  u n i f ie d  X M L - b a s e d  d a ta

Input: 1) A  la b e le d  tr e e  T  o f  X M L - b a s e d  m e ta d a ta  d ic t io n a r y , s u c h  th a t  T =  <t, ท> .
2 )  A  la b e le d  tr e e  R r e p r e s e n t in g  a n  X M L  r e s u lt  r e tu r n in g  fr o m  a  s e a r c h  a g e n t  to  th e  m a n a g in g  

a g e n t , s u c h  th a t  R =  <r, ท> .
O u tp u t: A finite set U X M L  =  {X i I V /- l...« }o f integrating XML results, such that each Xk =  

{< V P j, V P D j> I vy = 1 ...ท ไ} is a finite set of a virtual property pair VPC and data 
value o f VPC obtained from converting the value of a physical property in the 
physical source. The set U X M L  is used to generate a unified XML-based data 
corresponding to a global transaction of a user’s request.

Rem arks: The root node of labeled tree R denotes the physical source name.

Procedure M arkT reeN ew (v: VertexTypej 
begin

v is i t  a n d  m a r k  v;
for e a c h  u n m a r k  v e r t e x  พ  a d ja c e n t  to  V do
begin

v i s i t  พ  a n d  m a rk  “ n e w ” ;
V =  พ ;

end for 
end procedure

Procedure S earch _V P (P P N : String, Var VP: String) 
begin

r = r o o t (7 ) ;
M a r k T r e e (r ) ;  
v  =  r;
v i s i t  a n d  m a r k  v;
for e a c h  v e r t e x  พ  m a r k e d  “ n e w ” a d ja c e n t  to  V do 
begin
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v is i t  a n d  m a r k  พ  “ o ld ” ; 
if l(w )  = =  “ V P n a m e ” then 

VP =  d (พ );
else if  (l(w j == “ P P n a m e ” ) a n d  (d(w ') =  P P N )  then 

re tu rn  (V P );
V =  พ; 

end for 
end procedure

begin /*  m a in  * /

I n i t ia l iz e  a rray  X t o  N u l l ;
7 = 1 ;
r  =  roo t(7?);
M a rk T  r e e N e w ( r ) ;  

v is i t  a n d  m a r k  r;
for e a c h  พ  m a r k e d  “ n e w ” a d ja c e n t  to  r  do 
begin

v is i t  a n d  m a r k  พ  “ o ld ” ;
V =  พ; J =  1 ;

for e a c h  พ  m a r k e d  “ n e w ” a d ja c e n t  to  V do 
begin

v is i t  a n d  m a r k  พ  “ o ld ” ;
P P N fJ J  =  l  (พ );
P P D [ J ]  =  d ( พ);

/*  S e a r c h  t h e  a s s o c ia t e d  v ir tu a l p r o p e r ty  n a m e  VP  o f  p h y s ic a l  p r o p e r ty  n a m e  P P N fJ J  fr o m  th e  

m e ta d a ta  d ic t io n a r y * /
S e a r c h _ V P (P P N [J ] , VP);

/*  C h e c k  i f  P P N f J J  i s  a  n o n - k e y  p r o p e r t y  o r  i f  P P N f J J  i s  a  k e y  p r o p e r t y  a n d  V P  o f  

P P N f J J  i s  s e l e c t e d  f r o m  a  g l o b a l  t r a n s a c t io n  ( o r  V P  e  ร )  o r  n o t  * /  

if  n o t  k (w )  o r  (k (w )  and (V P  G ร ))  then 
begin
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// Convert the physical data value conforming to the data type, unit type defined in the virtual 
property VP

ConvertPPDtoVPD( V P, P P D [ J ] ,  V P D )-

/* Add the returned virtual property name VP  and value of virtual property V P D  to array X f l ]  * / 
Add (V P , V P D ) to X [ I ] \  

end if 
•/++; 

end for

Add X [IJ  to U X M L;
/++;
Initialize array P P N , P P D  to Null; 

end for 
end main
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A p p e n d i x  E

A lg o r i t h m s  f o r  m u l t ip le  s o u rc e  in t e g r a t io n  u s in g  m e r g in g

te c h n iq u e

In p u t: 1) A labeled tree T  of XML-based metadata dictionary, such that T =  < t, ท> .
2) The labeled trees R  i of each XML result returning from each search agent to the managing 

agent, such that R 1 = < r„  ท,> ,  i  -  1 ...เท , and m  = no. of search agents.
3) The set .S' of a global transaction.

O u tp u t: A finite set U X M L  =  {X ,\ V/-1 . . .ท }  of integrating XML results, such that each x k = {< V P j, 
V P D j>  I V/ = 1 . . . m )  is a finite set of a virtual property pair V P C and data value of VPC. 

R e m a rk s : 1 ) The root node of each tree R  1labels the source name for each physical information 
source.

2) The type of variables P , A , B , X a , and X b  are the set of a pair of values <V P j, V PD f>, 
where Vj = 1...m .

Procedure G e t K e y _  V P _  V P D (v: V e r te x T y p e ; v a r  K , P :  S e t  o f  a  p a i r  o f  v a lu e s ) 
begin

7=1;
A  = <j>;
for each พ  marked “old” adjacent to V do 
begin

visit and mark พ  “old”;
P P N f lJ  = l  (พ)-,
P P D [ I ]  =  d (w );
S e a rc h _ W P (P P N flJ , VP);
ConvertPPDtoVPD( VP, P P D f lJ ,  V P D );

/* k (พ ) return “true” or “false”, if k (w ) =  true means node พ  is a key node */ 
if  k (พ ) then 

Add (V P , V P D ) to K;
else

Add (V P , V P D ) to P ;
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/++; 
end for 

end procedure
Procedure M e rg e T re e sT o U X M L (v :  V ertexT ype; K a , K b , X a , X b :  S e t o f  a  p a i r  o f  v a lu es;
v a r  U X M L: S e t o f  a  p a i r  o f  va lu es , m e rg e :  b o o le a n )
begin

m e rg e  =  false;
if  {K a  == K b )  and {X a  = =  X b )  then 
begin

/* check if each V P j  of set K a  is selected from a global transaction or V P i  e  ร  or not */ 
if  ChkKeySelect(ifa) then 

Add {K a  น X a )  to U X M L; 
else Add X a  to U X M L ; 
m e rg e  = true; 

end if
else if  {K a  == K b )  and ((Vx in X a )  e  X b )  then 

begin
if  ChkKeySelect(A'è) then 

Add {K b  น X b )  to U X M L; 
else Add X b  to U X M L; 
m e rg e  =  true; 

end if
else if  {K a  == K b )  and (Vx in X b )  e  X a )  then 

begin
if  ChkKeySelect(Xa) then 

Add {K a  น X a )  to U X M L; 
else Add X a  to U X M L; 
m e rg e  =  true; 

end if

if  m e rg e  then
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MarkTreeOld(v); 
return (U X M L ); 

end procedure

begin /* main */
U X M L  = <();/= 1 ;
Initialize array X a  and AT? to Null; 
while there is a tree Ri of XML results do 
begin

r  = root(/?,);
MarkTreeNew(r); 

end while
for each Ri of XML results do 
begin

r  = root(J?j); 
visit and mark r;
for each พ  marked “new” adjacent to r  do 
begin

visit and mark พ “old”;
j  = Ï,

/* Add a pair of < V P , P P D >  for PPN that is a key node to set K a  */
/* and Add a pair of < V P , P P D >  for each PPN that is not a key node to set X a  * / 

GetKey_VP_VPD(w, K a , X a );

for each R j+1 of XML results do /*  Search Ad in other labeled trees */ 
begin

r  = root (i?y+/); 
visit and mark r ;
for each พ marked “new” adjacent to r  do 
begin

visit and mark พ;
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/* Add a pair of < V P , P P D >  for P P N  that is a key node to set K b  * /
/* and Add a pair of < V P , P P D >  for each P/Wthat is not a key node to set X b  */

GetKey_VP_VPD(w, K b , X b );

/* Compare members in set X a  and X b  and merge into set U X M L  */
MergeTreesToUXML(w, K a , K b , X a , X b ,  U X M L , m e rg e );  
if  m e rg e  then 

exit for
end for 
if  m e rg e  then 

exit for
7++; 

end for

/*The set of key K a  does not match with any key in other labeled trees*/
if  not m e rg e  then
begin

if  C h k K e y S e l e c t ( ^ o )  then 
Add (K a  น X a )  to U X M L  

else Add X a  to U X M L ;  
end if 

end for 
/++; 

end for
end main
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A p p e n d i x  F

A lg o r i t h m s  f o r  m u l t ip le  s o u rc e  in t e g r a t io n  u s in g  j o i n  t e c h n iq u e

In p u t: 1) A labeled tree T  of XML-based metadata dictionary, such that T =  < t, ท> .
2) The labeled trees R j  of each XML result returning from each search agent to the managing 

agent, such that R 1 =  < r h ท,> ,  i =  \ and m  = no. of search agents.
3) The set ร  of a global transaction.

O u tp u t: A finite set U X M L =  {7SCI V7=l... ท} of integrating XML results, such that each x k=  { < V P j ,  

V P D j>  I V/  = 1 ...ท ใ }  is a finite set of a virtual property pair V P C and data value of V P C. 

R e m a rk s: 1) The root node of each tree R i labels the source name for each physical information 
source.

2) The type of variables P, A, B, X a , and X b  are the set of a pair of values < V P j ,  VPDp>, 
where vy = 1 . . .m .

Procedure G e tK e y _ V P _ V P D (v :  V e r te x T y p e ; V ar K , P :  S e t o f  a  p a i r  o f  v a lu e s )  
begin

7=1;
A =  <|>;
for each พ  marked “old” adjacent to V do 
begin

visit and mark พ “old”;
P P N f l ]  = l  (พ );
P P D [ I ]  =  d  (พ );
Search_VP(P/W/7y, VP);
ConvertPPDtoVPD( VP, P P D [I ] ,  V P D );

/*  k (w ) return “true” or “false”, if k (พ) = true means node พ  is a key node */ 
if  k (พ) then 

Add (FT5, V P D ) to K;
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else
Add ( V P ,  V P D ) to P ;

/++; 
end for 

end procedure
Procedure J o in T re e sT o U X M L (v :  V ertex T yp e; K a , K b , X a , X b : S e t  o f  a  p a i r  o f  v a lu e s ; V ar
U X M L: S e t o f  a  p a i r  o f  v a lu e s , j o in :  b o o le a n )
begin

j o in  = false; 
i f  ( K a = = K b )  then 
begin

/* check if each V P j  of set K a  is selected from a global transaction or V P j  e  ร  or not */ 
if  ChkKeySelect(Xa) then 

Add ( K a  ( j X a u  X b )  to U X M L ; 
else Add (X a  น X b )  to U X M L; 

j o in  = true; 
end if  
if  j o in  then

MarkTreeOld(v); 
return (U X M L );  

end procedure

begin /*  m a in  * /

U X M L  = <t>; / = 1 ;
I n i t ia l iz e  a rr a y  X a  a n d  X b  t o  N u l l ;  

while th e r e  is  a  tr e e  i? /0f  X M L  r e s u lt s  do 
begin

r  = root(7? ,);
M a r k T r e e N e w ( r ) ;  

end while
for e a c h  R i o f  X M L  r e s u l t s  do 
begin
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r  = root(i?,); 
visit and mark r;
for each พ marked “new” adjacent to r  do 
begin

visit and mark พ “old”;
j  =  i;

/* Add a pair of <VP, P P D >  for P P N  that is a key node to set K a */
I* and Add a pair of <VP, P P D >  for each P P N  that is not a key node to set X a  */ 

GetKey_VP_VPD(w, K a, X a);
for each R j+1 of XML results do /* Search X a  in other labeled trees */ 
begin

r  = T00t(R j+1); 
visit and mark r;
for each พ marked “new” adjacent to r  do 
begin

visit and mark พ;
/* Add a pair of <VP, P P D >  for P P N  that is a key node to set K b */
I* and Add a pair of <VP, P P D >  for each P P N  that is not a key node to set X b */

GetKey_VP_VPD(w, K b, X b);

/* Compare members in set Ad and X b  and join to the set U X M L  * /
JoinTreesToUXML(u', Ka, Kb, X a, Xb, U X M L , jo in );  
if  jo in  then 

exit for
end for 
if  jo in  then 

exit for
7++; 

end for 
end for
/++;

end for
end main
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A lg o r i t h m s  f o r  v e r i f y i n g  r e s u l t  c o r r e c tn e s s
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In p u t- . 1) A finite set unified XML-based Data U X M L  = { X ,  I ท } ,  such that each x k = { < V P j ,

V P D j>  I V/ = 1 . . .m }  is a finite set of a virtual property pair V P C and data value of VPç .

2) A finite set of selected virtual properties S E L  = {Sj I V/-1 . . .m } ,  such that each s c (or 
attributes) is a virtual property in the SELECT clause of a global transaction Q .

O utput'. The return message to the user whether the result is validate or not.

Procedure g e tM a x L e n g th S e t ( พ :  S e t  o f  a  p a i r  o f  va lu e , VAR U 2 :S e t  o f  a  p a i r  o f  v a lu e }  
begin

/* find the max length of set UXML, such that to retrieve only the set required to generate 
the set UDTD */

m a x  =  0; lg  =  0;
Initialize set U 2  to null; 
for each X  in U1 do 
begin

Ig  =  length(A); 
if  Ig >  m a x  then 
begin

Initialize U 2; 
m a x  =  Ig;
Add X  to U2;

end if
end for 

end procedure

Procedure g e n e r a te S e tU D T D (U l  : S e t  o f  a  p a i r  o f  v a lu e ; VA R U 2 :S e t  o f  a  p a i r  o f  va lu e )  
begin

Initialize set U 2  to Null;
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for each element E  in U M ax  do 
begin

/* Get each virtual property that is the first element of a pair of (V P , V P D ) in U M a x  * / 
V P  = get_First_Element(£');
Add VP  to บ.2;

end for 
end procedure

begin /* main */

/* generate the set U D T D  from the set U X M L  */ 
getMaxLengthSet({7AML, UM ax)', 
generateSetUDTD(U M ax , U D T D );  
if  U D T D —  S E L  then

return (“The return result is validate”);
else

return (“The return result is not validate”);
end main
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A p p e n d i x  h

C a s e  S t u d y :  I m p le m e n t a t io n  a n d  I n s t a l l a t i o n  G u id e  o f  S I G A

The fact that this research focuses on information access and retrieval on heterogeneous 
information sources using ontology-based metadata dictionary entails a methodically 
transformation process o f user-level semantic to data processing semantic. A case study is 
thus contrived to demonstrate the viability of architectural independence, semantic 
interoperability, and flexible information interchange metadata dictionary through a set of 
ontology-based rendition and layered-architecture access/retrieval algorithms.

Parts o f SIGA are implemented to demonstrate the transformation of theoretical 
foundation to actual implementation and to validate the proposed algorithms in a practical 
implementation. The implementation focuses on the decomposition process of a global 
transaction into sub-transactions and the integration process o f the XM L results returned 
from each sub-transaction into a unified XML-based data.

The applications o f decomposition and integration processes are designed based on a 
case study given in Chapter 7 and conformed to the algorithms given in Appendix c  to F. 
We choose Java language to develop these applications since Java is an object-oriented 
programming language that makes application easier to build, maintain, modify, and reuse. 
Besides, Java is designed to operate in heterogeneous environments which is ideal for 
developing the mobile agent programming. The SIGA application is developed as a Java 
applet in which a Java-enabled web browser can retrieve and execute applet on the local 
computer, making a displayed web page more dynamic.
H . l .  G lo b a l T ra n s a c t io n  D e c o m p o s itio n

The global transaction decomposition is illustrated via Java applet as shown in Figure H .l. 
The user can fill in the form to create a global transaction directly and activate the 
decomposition process to generate the desired sub-transactions.
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D:\NgamnLDB$ertaticri\SIGAJmptementabofAapplethtrnl

S 1 GA
SELECT Staff, stjd. Staff st_name, 

n • Staff st_salary. Dept dept_naine,
11 Crs crs_name FROM Staff.
3 l Instuctcf, Dept, Crs, Course?each 
11 WHERE Staff.Et_รalaiy > 1000 ANT 
I  IlnstructorJosilim -  Prof.' AFP

I  SELECT Staff_Member.staffJd,
I  Staff_Manber.Staff_name,
I  Staff_Member.Salary, 

Department.Dept_name FROM 
Staff_Member, Department WHERE 

I  Staff Member.Salary > 1000 AND I

I I  Instiuctor_Member.Inst_id.
I lr.rjuctor_Metr.ber lr.st_nam 

lnstructor_Member. Salary,
I D graftกา ml D ชุ)t name,
\k i Course.Course_name FROM

'3 D:\Ngamnij_Disseilation\SIGAJmplementalion\applet.hlml - Microsoft Internet Explorer B B C

Figure H .l. The global transaction decomposition.

H .2 . X M L  R e s u lts  In te g ra t io n
Upon executing each sub-transaction at the destination physical source, the returned result 
from each source is converted into XML result. The user can view the returned XM L result 
from view sub-transaction screen as illustrated in Figure H.2. The unified XML-based data 
corresponding to the user’s request is generated through the integration process when the 
user presses the integration button.
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A</Dept_namex/RecordxRecord>

: : <Staff_id> 33333 </Staff_id> < staffn

ïcRecordSrtxRecordx Inst_id> 2 22 
22</lnst_idxInst_name>J ohn</Inst 
•_name> <Saiary> 15000</SalaiyxDc 
ïpt_name>Department 
A</Dept_namexCourse_name>EJP 
l</Course namex/RecordxRecord

3  applet - Microsoft Internet Explorer

Figure H.2. The XM L results Integration into the unified XML-based data.

H .3 . J a v a  D e v e lo p m e n t K i t  E n v ir o n m e n t  an d  In s ta l la t io n
SIGA Application w ill operate under any Java Development K it (JDK) environment that 
provides a JDK 1.1 or JDK 1.2 (also known as Java2 Standard Edition, or J2SDK) 
compatible platform. The SIGA application has been certified to work with Java 2 SDK, 
Standard Edition version 1.4.0. We need the full JDK installed, not just the Java Runtime 
Environment (JRE).
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To enable the application run on the Web in applet form, we also need one of the 
following web browsers:

• Netscape Navigator, version 4.6 or later
• Microsoft Internet Explorer, version 5.0 or later

System requirements
• Windows NT 4.0 operating system, Service Pack 3 or 5, Windows 2000, or 

Windows 98
• 128 MB memory minimum; 160 MB or more is recommended
• 233MHz Pentium II processor
• 64 MB disk space requirements

J2SDK, SE V l.4.0 Installation
The installation of J2SDK, SE Vl.4.0 is accomplished by invoking file 
“j2sdk-l_4_0-win.exe”



InstallShield Wizard
Choose Destination Location

Select folder where Setup will install files

Setup will mstafl J a v a  2 SDK. SE v l.4 .0  in the following folder.

T o  install to  this folder, c lick  N e x t T o  install to  a different folder, c lick  Browse and  sefect 
another folder.

S e lect th e  com ponents you  w a r t  to  install, and d e a r the com ponents y o u  d o  n o t w an t to  
'install.

Libraries and 
the Ja va  2  S I

g ]N a t iv e  In terface Header Files 

□  Demos 

□ J a v a  Sources

•g jJ a v a  2 Runtim e Environm ent (W indows drive only

4 7 4 8 0 K 

1 5 0 0 3 80 K

Program Files]

InstallShield Wizard
Select Components

Choose the com ponents Setup will install.

Figure H.3. Java 2 SDK, SE vl.4.0 Installation.



JDK Environment Setup
• Copy all files in the folder “lib” to “c:\Program Files\Java\j2rel ,4.0\lib”.
• Grant permission in accessing XML documents to applets by editing the file 

“java.policy” residing in the folder “c:\Program Files\Java\j2rel.4.0\lib\security” as 
follows:

java.policy - Notepad
0e Edit Farmat Help___________________________________________________

permission java.util.PropertyPermission “file.separator", "read"; 
permission Java.util.PropertyPermission "path.separator", "read"; 
permission java.util.PropertyPermission "line.separator", "read";

permission java.util.PropertyPermission "java.specification.version", "read"; 
permission java.util.PropertyPermission "java.specification.vendor", "read"; 
permission Java.util.PropertyPermission “java.specificatton.name", “read";

permission java.util.PropertyPermission “java.vm.specification.version", “read"; 
permission java.util.PropertyPermission "java.vm.specification.vendor", "read"; 
permission java.util.PropertyPermission "java.vm.specificatton.name", “read"; 
permission java.util.PropertyPermission "java.vm.version", "read"; 
permission java.util.PropertyPermission "Java.vm.vendor", "read"; 
permission java.util.PropertyPermission "java.vm.name", Yead";

/ / » * * * » * * * *  Add Here !!!!!!! 
permission java.util.PropertyPermission "user.dir", "read 
permission java.util.PropertyPermission "java.io.FilePermission'1, "read" 
permission java.util.PropertyPermission "file.encodinq", "read";

. J D jx j;'v, '’<2 '<■

«โ*of
1*2y ■■

:« Jîf:

Figure H. 4. Editing file “java.policy”.
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