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Abdtract - In the past decade a considerable amount of research has been done on schema integration
and trandation. Until recently, most of the work has largely neglected the proof of correctness in
transforming schemas. Anomalies could arise due to errors in the transformation rules. Invalid
transformations can produce incomplete or inconsistent pictures that may cause damage to organisations.
In this paper, we present a Schema Integration Methodology, with proof of correctness, based on the use
of Information Capacity. We present our methodology as a set of steps for schema trandation tasks,
verify their correctness according to operational goals and derive the information capacity of the origina
schema in its pre-transformed and post-transformed conditions. If the information capacity of the
origina schemais equivalent to or dominated by the transformed schema, then information is preserved
after integration. Our correctness criteria is based on the assumption that these goal(s) could be
practically pursued in an operational sense and are not solely mathematical proofs.

Keywords : schema integration, information capacity equivalence, correctness criteria, schema

transformation, information completeness

1 Introduction

There are many schema translation methods proposed as part of database reengineering
methodologies [1]. Unnecessary anomalies can be avoided if these transformations could be
shown to be correct. In this paper, we suggest a schema transformation methodology and
apply the verification concept based on the correctness criteria proposed by Miller [2]. We
identify the operation goals implicit in each step based on the pre and post conditions of each
case, as well as the extent of goal(s) that each transformation rule could achieve and be
justified as avalid translation. The second section describes Miller’ s verification concept and
criteria. The third section covers the three steps Schema Integration Methodology with rules,
examples and verifications. Section four illustrates the methodology with a case study and
section five summarises the main conclusions.

2 Verification of Schema Integration Rulesby Use of Information Capacity

Information capacity equivalence and dominance is used as a basis for verifying the
transformed schemas without information loss for schema integration. This is important
because users expect no information loss after schema integration. We apply Miller’ s theory
on verifying the information capacity equivalence for our schema integration methodol ogy.

A classification of generic integration and translation tasks based on their operation goals is
defined by Rosenthal and Reiner [3]. There are different levels of operationa goals (G1, G2, G3,
G4) in using database systems, ranging from queries to update. Our method is to prove that the
state of the database is the same for both source schemas and integrated schema. In our
method, each trandation rule and relative information capacity requirements of the pre and



post conditions of original and transformed schemas is first derived and then examined to find
out whether the information capacity preserving mapping is achieved. The transformation rule
is proved to be correct if al the goals are met. However, for most integration tasks, information
capacity equivalence of the schemas is not required; rather it is sufficient to identify
dominance of either the original or the transformed schemas[2]. In practice, the notions of
dominance and equivalence are most useful if the associated mappings are required to capture
meaningful semantic correspondence between schemas. In our approach, verification of the
information capacity between schemas is done by applying the operational goals on the
assumption that the goal(s) could be technically and practically achieved in an operational
sense. Hence, our work includes informal 1f-Then rules to explain each integration process.
This is followed by more formal verification using set notation to define the pre-ntegrated
condition and post-integrated condition in terms of its information capacity requirements the
extent to which each transformation achievesits goals.

In this section, we explain the use of information capacity and operational goals in evaluating
our schema integration rules. It is valuable to analyse whether the original schemas and the
transformed schema after the mapping function are in a dominance or equivalence domain. To
achieve different levels of goals would require the mapping function to extend the information
capacity. There are five classifications of information capacity which a mapping function can
hold.

(1) Functional

Let A and B be sets. The mapping is Functional if | : A®B," d A, $bl B- !(@=b

(2) Injective

If the inverse of the binary mapping relation is also Functional, then the function isinjective.
''1:B®A," bl B,$alA-!(b)=a

(3) Total

If the Functional binary mapping relation is defined on every element of A, then the functionis
Total and it is an information capacity preserving mapping between the instances of two
schemas S1 and S2.

( Note: S1 denotethe original schema and S2 denotes the transformed schema.)
| 1I(SH® 1(S2) wherel(S,) denotesthe set of all (data) instances of schema S,

and S1dominatesS2 (i.e. S2£ S1) , thatis” 1(S1)T SL $1()T
(4) surjective

If the inverse of the Total function is injective, then it is an information capacity preserving
mapping between the (data) instances of two schemas S1 and S2. This Total and Injective
function is called a Surjective function.

1 111(S2) ® 1(S1) where S2 dominates S (i.e. SL£ S2), that is" (ST S2,$ 1(S1)1 SL
(5) Bijection

If the mapping function meets all the above four properties, it is an information equivalence
preserving mapping.

| 11(S) ® I(S2) wherel (S,) denotesthe set of all (data) instances of schema S,
Hence, S1and S2 are equivalent via, .
Thatis " (ST SL,$1(S2)T 20U " ()1 S2,$ (ST S1- S1°



Schema integration provides a global view of multiple schemas. It involves using a bottom up
approach to integrate existing databases into one by considering pairs of databases. In the
content of our methodology, it can be simplified in the following a gorithm:

Begin
For each existing database do
IF its conceptual schema does not exist
THEN reconstruct its conceptual schemain EER model by reverse engineering;
For each pair of existing databases EER modelsof schema A and schemaB do
begin
Resolve the semantics conflicts between the schema A and schemaB; /* step 1 */
Merge the entities between the schema A and schemaB; /* step 2 */
M erge the rel ationships between the schema A and schemaB; /* step 3*/
end
end

As shown in the above algorithm, schema integration consists of a set of tasks[4]. It requires
the achievement of at least the third level of operational goals (G3) to ensure information
completeness. We verify our schema integration rules by means of a two-steps correctness
proof. First, we derive from each integration rule, the pre-integration condition and post-
integration conditions in terms of information capacity requirements. Second, we identify the
operational goal(s) implicit in each of these integration processes and the extent of goal(s) for
each mapping function could achieve a valid transformation. The four levels of operational
Godls (G1, G2, G3 and G4) for systems involving two schemas and their relative information
capacity requirements are :

G1 targets to make a query via Sl the data stored under S2, where S1 is aview of S2, that is,
providing a logical view of S1 on the physical database of S2. Hence, a Total function is
required at instance level for achieving this minimum operational goal. Since the query g on
1(S1) is mapped to the unique query q on 1(S2), the function does not have to be information
preserving to achieve G1. Theinformation capacities of S1 and S2 may be incommensur ate.

G2is to achieve G1, that is, querying through S1 the entire database stored under S2 where S1
is a view of S2, plus aso viewing through Sl the entire database stored under S2. At the
minimum, a Total Injective function isrequired to achieve G2 since the function needs no loss
of information where information preserving mapping is required to achieve G2. S1 must
dominate S2.

G3 isto achieve G2, plus updating through S1 the data stored under S2. Hence, to achieve G3,
at the minimum, a Total Injective and Surjective function is required. An update u that changes
instance of S1, i1toanew instanceil’ ,thatis u(il) =il whichil should determine aunique
instance of S2. As a result, f must be Surjective. Since the function | must be information
preserving mappings to achieve G3, S2 must dominate S1.

G4 is to querying through Sl the data stored under S2 and also through S2 the data stored
under S1. It is a bi-direction and information preserving mapping in both direction to achieve
G4. S1 and S2 must be equivalent in both directions to allow updates be done through both S1
and S2. Hence, | isaBijection function and to achieveG4, S1 and S2 must be equivalent.



3 Methodology for Schema Integration and its Verification in Schema I ntegration Steps

In our approach, a successful schema integration process should require information capacity
of the original schemas to be equivalent or dominated by the transformed schemas. To achieve
this, we must prove that each proposed integrated process can fulfil up to the third level of its
operational goal (G3) to ensure information completeness. The following three major steps
must be followed in its sequence. However, the sequence of sub-steps in each major step is
immaterial.

Step 1. Resolve conflicts among conceptual schemain EER models.

Sub-step 1.1 Resolve conflicts on synonyms and homonyms

Rule IF A.x and B.x have different data types or sizes

THEN x in A and B may be homonyms, let users clarify xin A and B

ELSEIFx ! y, and A.x and B.y have the same datatype and size

THEN ((x,y) may be synonyms, let users clarify (X, y));
Eg.
Schema A Schema B Schema A Schema B'
Customer Loan ====>|Customer Customer
Borrower
zzge gzge gz:r?-acct-date Ir:)aar:?begin-date
Figure 1 EER model with synonyms and homonyms

Pre- $ Entities(A,B) - " x1 (Atribute (A) C Attribute (B))
cond. | Homonymsb (Ax=Bx)U (Role(Ax)! Role(B.x))

Synonymsb " (xy),X attribute (A) Uyl attribute(B)

(Ax 1 B.y) U (Rale(x)=Rale(y))

Post- | Homonyms b let (Ax! BxX) U (Role(Ax) ! Role(B.x))
cond. Synonymsb let (Ax=By) UBYy=Ax)P Ax=By
Proof | This step is subject to the users input during transformation process. Role, by definition, is the
a functional usage of an entity [5]. However, to define role, in the caseof synonymes, either A.x or B.x

dominates one another in its data type and size, which has its information capacity preserved. The
@ only trigger here is the user identification of its semantics equivalence. Similarly, once user has
a3 identified that the attributes are of homonyms, the data types and its size can be re-defined into

different data structure. This translation process is bi-directional and the information capacity is
e’} preserved.




Sub-step 1.2 Resolve conflicts on datatypes

Rue | IFxT (attribute(A) C entity(B))
THEN entity A’ = entity B such that cardinality (A,A’) = n:1
ELSEIFx T (keys(A) C entity(B))
THEN entity A’ - entity B such that cardinality (A, A’) - 11
ELSEIF(x I keys(A)) C (entity(B))
THEN entity A’ - entity B such that cardinality(A, A’) = mn
Eg.
Schema A Schema B Transformed schema A
Casel A B A n LA
Loan name ___ type [Loan name
f;pséomer Contract Customer Contract @ Customer
Case 2
Schema A Schema B Transformed schema A
A B : A 1 1 A
medlO@N name __ YP€ || oan name
Case g,fet#contract Customer = Contract @ Customer
3 Schema A Schema B Transformed schema A
A B A A
type L ) m
mer |LOAN name __, BE oan name
M_%" = Contract| [Customer > Contract Customer
Figure 2 EER model with datatypes conflictsin 3 cases
Pre- Case 1: $ Entity (A) U Entity(B) - A.x = Entity(X) wherex 1 (Attribute(A) CEntity(B))
cond. | Case2: $ Entity (A) U Entity(B) - A.x = Entity(X) wherex1 (Key(A) CEntity(B))
Case 3: $ Entity (A) U Entity(B) - A.x = Entity(X) wherex1 (Component-Key (A) C Entity(B))
Post- | Casel:let A’ = (Entity(B), R(AA’" ))- RAA) -~ nil
cond. | Case2: let A’ = (Entity(B), R(AA’ ))- RAA )= 11
Case 3: let A’ = (Entity(B), R(AA’ ))- RAA )= nm
Proof | Case 1 conflict occurs when an attribute appears as an entity in another schema. Case 2 conflict
1 | oceurs where a key appears as an entity in another schema and Case 3 conflict occurs when a
case component key appears as an entity in another schema. To verify case 1, since the translation
Gl process has preserved the information capacity in both the original schema A and schema B into
@ the transformed schema A = (A, R(A,A’ ), A’ ), the transformed schema A has proved to dominate
original schemas. The transformation process is information preserved. This transformation
et} mapping between schema A and schema B to resolve conflicts on data types has satisfied goals

G1, G2, and G3 since schema B remains its original structure. Unless schema B is applied together
with transformed schema A to recover its original schema, bi-directional at instance level is not
feasible. The verification of case 2 and case 3 is similar for al cases which are transforming entity
with attributes as entity in another schema. The only difference is the cardinality between the
created entity A’ and the original entity.




Sub-step 1.3 Resolve conflicts on key

Rue | IFxT (key(A) C candidate_keys(B))
THEN let usersclarify x in A and B
Eg.
ScheAma A ScheBma B TransformeAd schema A
Customer(220& | Customer customery ===>| Customer |25, oy
Figure 3 EER modelswith key conflicts
Pre- $ Entities(A,B) - xT (key(A) C candidate key(B))
cond.
Post- | Either Entity (B) £ Entity (A) or vice versa.
Cond- || £ Entity (A) dominates Entity (B)
THEN key =x.A
ELSE key =x.B
Proof | The conflict exists where a key appears as a candidate key in another schema. The verification of
a this rule is subject to the users input. User will have to decide on whether Schema B dominates
Schema A. If so, schema A will take the key of schemaB as its own key or vice versa. Hence, this
@ translation processis information capacity preserved and bi-directional .
&3
e

Sub-step 1.4 Resolve conflicts on cardinality

Rue | IF (entity(A,) = entity (B,)) U (entity(A ) = entity (B,)) U (cardinality(A;,A,) =1:1) U
(cardinality(B,B,) =1:n)
THEN cardindity(A 1, Ay = 1:n;
ELSE IF (entity(A ) = entity(Bo)) U (entity(A ,) = entity(B.)) U (cardinality(A,, A,) = 1:1 or L:n)
U (cardindity(B,, B,) =m:n)
THEN cardinality(A;,A) - min;
Eg. Schema A Schema B Transformed schema A
Al AZ B B2 Al AZ
sl O Ml | i === s —11 i
(it s Uty
Figure 4 EER model with cardinality conflicts
Pre- $ cardinality (A1,A2) and cardindity (B1,B2)
cond. (entity (A1)= entity(B1)) U (entity(A2)= entity(B2))




b cardinality (A1,A2)t cardindlity (B1,B2)

Post- | Cardinality (A1,A2) = cardinality (B1,B2) = Higher Cardinality

cond.

Proof | Conflict exists where identical entities are of different cardinality in two schemas. The verification

a of this step is subject to which schema has higher cardinality. Schema with higher cardinality
naturally dominates the other schemawith identical entities. Hence, higher cardinality will override

@ the lower cardinality conflicts. This translation process is therefore information capacity equivalent

G and is bi-directional with feasible recovery of original schemafrom transformed schema.

e’

Sub-step 1.5 Resolveconflicts on weak entities [5]

Rule If ((entity(A,) = entity (B,)) U (entity(A) = entity(B) U ((key(A, ) = key(B,))=0)
U ((key(B1)) C key(By))* 0)
then Key(Az) - (Key(A;)+ Key (A;))
Eg. Sehena A Schema B Transformed schema A
A0 A B1 =3 {H y AL
ln |, % o i ;
(ol ! oy Q)h@aﬂt Ly === Contachs | foory— {10
: T L N [T st
lean_gentract# start_date  |9an_contract¥ loan_centract# loan_oantract# Joan_gontracts#
ate start_date start_date
rate
where -l means weak entity rate
Figure 5 EER model with weak entity conflict
Pre- Role(Entity (A2)) = Role(Entity(B2))
cond. | $ Entities(A1,A2) U Entities(B1,B2) U R(A) U R(B)
((entity(AL)=entity(B1)) U ((Key(A1) C Key(A2))=0) U (Key(B1)) C Key(B2)) * 0)
Post- | Key(A2)- (Key(Al)+Key(A2))
cond.
Proof | Conflict occurs when a strong entity appears as a weak entity in another schema. The verification
a of thisresolution step is subject to the inter-dependence between entities. Schema has weak entity
which is similar to another strong entity in another schema but with an additional key component
@ from its strong entity. The former dominates the latter. Hence, weak entity overrides the strong
entity by transforming the strong entity to weak entity for consistency. Thistranslation process is
bi-directional and information capacity equivalent.
e

Sub-step 1.6 Resolve conflicts on subtype entities

Rule

IF ((entity(A,) I entity(A,)) U (entity(B,) | entity(B,)) U (entity (A,) = entity (By) U
(entity (A2 )= entity (By)))
THEN begin entity X, = entity A;




entity X,— entity A,
cardinality(X; , Xy = 1.1

end;
Eg. Schema A Schemma B Scherma
A A2 E1 B2 1 w7
Infgest f | i -
. el || Dlerest Fied || bierest | 1 1| Fied
e W Re || Rte @ fie Fte 7{% Rt
Figure 6 EER model with subtype conflict
Pre- $ Entities(A1, A2) and Entities(B1 , B2) -
cond. | (Entity (A2)1 Entity (A1))U (Entity(B1)1 Entity(B2))
Post- | Entity X1 = Entity (A1), Entity (B1)
cond. | Entity X2 - Entity (A2),Entity (B2)
Cardinaity(X1,X2) = 1.1
Proof | Conflict exists where a subtype entity appears as a super type entity in another schema. The
a verification of this step is to identify the overlapping of two identical entities in bi-directional in
two different schemas. AlisaA2inone schemaand A2 isa Al in another schema. Thistranslation
@ process is transformed into schema with 1:1 cardinality. This translation process is obvious to be
& bi-directional and information capacity equivalent with no information loss.
e

In step 2 and step 3, the transformation processes are totally based on its pre-condition
without users’ interference during the integration process.

Step 2 Merge Entities

Sub-step 2.1 Merge Entities by Union

Rde IF ((domain(A) C domain(B)) * 0)
THEN domain(X) = (domain(A) E domain(B))
Eg.
Schema A Schema B Schema X
customer# A B X customer#
223:1?5 Customer | |Customer ;;Ztomer# ==> |Customer Eggrrfess
Figure 7Merge EER models by union

Pre- (Domain(A) C Domain(B)) * 0
cond.
Post- | Domain (x) = (Domain (A)E Domain(B))

cond.




Proof | Thisstep is Functiona since A union B (i.e. AEB) is without duplicating the overlapping. Hence,
a " (@Ub)T (AEB),$ X X-! (@Eb) =x. ItisInjective sincethereisaoneto one mapping between
elements of domain AE B and elements of domain X. Hence, " X X, $a A Ubl B! (x) = (ab). It
@ is Total since A union B isdominated by X. Hence, " (1(@U I(b))T (AE B),$1})1 X - ! I(aEb) =
fee IX) P (AE B)£ X. It is Surjective since A union B is an union of A and B without duplicating the
overlapping and there is a one to one mapping between every instance of domain AE B and every
G4 instance of domain X and vice versa. Hence," 1)1 X, $ (1@ A) C (I(b)T B) b S(A,B) © S(X).
This transformation mapping between schema A union schema B to schema X has satisfied all the
required propertiesof | .
Sub-step 2.2 Merge Entities by Generalisation
Roe IF ((domain(A) C domain(B)) * 0) U ((1(A) G (B))=0)
THEN begin entity X; = entity A
entity Xz entity B
domain(X)- domain(A) C domain(B)
(| (Xl) Q |(X2)):O
end
ELSE IF ((domain(A) C domain(B)) 1 0) U ((I(A)CI (B))* 0)
THEN begin entity X;— entity A
entity X2 entity B
domain(X) = domain(A) C domain(B)
(I X)C (X))t O
end;
Eg.
Schema A Schema B Schema X
Cael| |Local Overseas oame x
Customer Customer o
Ir(\)acrgiaddr (n)\a/geseas?addr d=disjoint generalisation o o
X1
Local overseas adgfOVverseas
local_addr | =~ stomer - Customer
Ca% 2 Schema A Schema B Schema X
Commercial Mortgage name
Loan Loan
Borrower Borrower ======>
E)aanv::iamt Ir:)aar:famt o=overlap generalisatio
prime_rate mortgage_rate
x1 =2
ommerical M L
Ioar?ri;nrﬁrrate I(_:Oan I mertgage_rat LOc;‘ngage
Figure 8 Merge EER models by genealisation |Borrower loan_amt Borrower




Pre-

cond.

Case 1: ((Domain (A)EDomain (B) * 0) - (I(A) C I(B))=0
Case 2: ((Domain (A) C Domain(B)* 0- (I(A) C 1(B))* 0)

Post-

cond.

Case 1. Entity (X1) = Entity (A)

Entity (X2)- Entity (B)

Entity (X) = ( Entity (X1) U Entity ( X2))

Domain (X) = Domain (X1) C Domain (X2)

$(IXDCI(X2))=0- xT IXDHUXT 1(X2) U (yT I(X2UyT I(X1))
Case 2: Entity (X1) = Entity (A)

Entity (X2) - Entity (B)

Entity (X) = ( Entity (X1) U Entity ( X2))

Domain (X) = Domain (X1) C Domain (X2) - (1(X1) C I(X2))t 0

Proof

Casel

R 8- [

Case 1 : Digoint Generalisation - Entities with the same attributes appear in two schemas, but
instance of the first entity in one schema cannot appear as instance of the second entity in another
schema. It is Functional since AE B is an union of A and B without duplication in overlapped
instance. Hence, " aUb1 (AEB), $ XI X -! (aE b) =x. ItisInjective sincethereisaoneto one
relationship between elements of either domain A or B and elements of domain X and vice versa
dueto the creation of apredicate field in the Entity X. Hence," aUb1 (AEB),$xX X - ! (aEb) =
X. Itis Total since X isan union of domain A and domain B with no duplicating instance in both A
and B. There is a one to one mapping between every unique instance of domain A or B and every
unique instance of domain X. Hence, " 1(@ U I(b) T (AEB),$ 1)1 X - ! I(aEb) = I(x) and X

dominates (A union B)p (AEB) £ X. It is Surjective since there is a bi-directional relationship
between the original schemas and the transformed schema due to the existence of a predicate field
in the transformed schema . This results to a one to one relationship between every instance of

domain A or domain B and every instance of domain X and vice versa. It is able to recover the
instance of x which isderived from either X1 or X2. Hence, " I(x1)U I(x2)1 X, $ 1(@U I(b)l (A,B) - |

I(x1x2) = 1(8)Ul(b). This transformation mapping has satisfied the four required properties of !.
Hence, X is equivalent to (A union B) without information loss and information capacity is
preserved in itstranslation process.

Case 2 : Overlap Generdisation - Entities with the same attributes appear in two schemas, but
instance of the first entity in one schema can appear as instance of second entity in another
schema. It is Functional since A and B is an union of A and B with overlapping in instance. Hence
" dJbl (AEB),$ X X-! (@Eb) =x. ItisInjective since AEB is an union of Entity A and Entity
B without duplication in instance and there is a one to one mapping between elements of domain A
and B to domain X and vice versa. Hence," ¥ X, $ @Ub)1 (AEB)- ! ™ x=(@Eb). It is Total
since X is an union of domain A and domain B with duplicating instance in both A and B. Thereis
a one to one mapping between every unique instance of domain A and B and every unique
instance of domain X. Hence, " (1@U I(0)) T (A EB),$ I()T X -! 1(@E b) = I(x). Thus, X dominates
(AEB)b (AEB)£X. ItisSurjective sincethere is a bi-directional relationship between the original
and transformed schemas by introducing a predicate field in the translated schema. This results to
aone to one relationship between every instance of domain A and B and every instance of domain
X. It is able to recover the instance of x which is derived from either domain A or B. Hence, "
1001 X, $1(a) U I(b)T (A,B)-! 1(x)= I(aUb). This transformation mapping between schema A and B
and schema X has satisfied the four required properties of | . Hence, X does not only dominate (A
union B), but X isalso equivalent to (A union B) after schemais transformed.

Sub-step 2.3 Merge Entities by Subtype Relationship




Rule

IF domain(A) I domain(B)

THEN begin entity X, = entity A
entity X, entity B
entity X, isaentity X,

end;

Eg.

Pre-

cond.

Schema A Schema B Schema X
B X1 X2

A
INnterest Fixed Interest Fixed
Rate Rate ====> Rate Rate

Figure 9 Merge EER models by subtype
Domain (A)1 Domain (B)

Post-

cond.

Entity (X1) = Entity (A)
Entity (X2) = Entity (B)
Entity (X1) I Entity (X2)) b Entity (X1) isa Entity ( X2))

Proof

@

X8 -

This step is a Functional mapping since A isrelated to B with relation of A as a subset of B. Hence,
"albl (AB,RAAB)),$ X X! (AB, R(AB)) = x. ItisInjective since domain A is a subset of
domain B. There is a bi-directional mapping between elements of A and B to X1 and X2. Any
element that does not exist in domain B will be in domain A only and any element that exists in
domain B will bealsoin domain A. Hence, (" bi B,$al A)U (" 1 X2, $x1T XD)U (" d A, 26
bI B)U (" xtT XL,@$xA X2)b $x1 X- ! (X)=(A,B, R(A,B)). Note: @$ implies do not exist. It
is Total since X is an union of A and B, there is a one to one relationship between every unique
instance of domain A or B and every unique instance of domain X1 and X2. Hence, (1(@U I(b)) T

(AB,R(AB)), $ 10T X - ! 1 1(AB,R(A,B)) ® I(x). Thus, A dominates B and X2 dominates X1 b

(A union B) £ X. It is Surjective since it is a bi-directional relationship between the original and
translated schemas. There is a one to one relationship between every instance of domain A and
every instance of domain X1 and between every instance of domain B and every instance of
domain X2. It is able to recover the instance of x which is derived from either A or B. The practica
recovery search logic is that any element that does not exist in domain B will bein domain A only
and any element that eists in domain B will be also in domain A. Hence, ((" bl B, $ al A) U ("

X2 X2,$x0 X)) U ($al A, @S bl B)U (¢ x0T XL, @ x2 X2)p $x1 X - 1"MIx)=1(AB,
R(A,B)). Thistransformation has satisfied all the required properties of | .

Sub-ste

p 2.4 Merge Entities by Aggregation

Rule

IF relationshipB® ® entity A *MVD ® ® means multi-value dependency/
THEN begin aggregation X, - (entity B, , relationship B, entity B,)

entity X, - entity A

cardinality (X3, X;) = 1n

end;




Eg.

Schema X
Schema A Schema B

X1
A B1 2 B2

1 n 1 n
Loan Customer Loan Customer Loan
Security Contract| ==3 Contract
1
a :

n

Loan

Security X2

Figure 10 Merge EER models by aggregation

Pre-

cond.

Cardinality (B1,B2) = 1n
1(B1) UI(B2) $ R(B)
MVD:R(B)® ® Entity (A)
FD : Entity (A)® R(B)

Post-

cond.

Entity (X2) = Entity (A)
Entity (X1) = ( Entity (B1) , Entity (B2), R(B))
Cardindity (X1,X2) = 1n

Proof

e

R 8 -

This step is Functional since X provides a view to A and B. Hence, " (ab) T (A,B), $ ¥ X -

1 (A,B)=X. It is Injective since X is an aggregation of B1, B2 and R(B). Entity A and Entity B and
their relationships are preserved in the transformed schema X. There is abi-directional one to one
mapping between elements of A, (B1,B2 R(B)) and (X1, X2, R(X)) by introducing a common key
field. For example : Loan# in entity Loan Security is in both the aiginal schema A and B and
transformed schema X. Hence, (" (ab)T (AB),$xT X)U(" X X,$ (@bl (AB) P $x1T X - | -
12 (X) ® (AB). It is Total since X is an aggregation of Entity B1 and Entity B2 and their

relationship R(B). There is a one to one mapping between every unique instance of domain (A,B)
and every unique instance of domain X. Hence" ( (b1) T B1 U I(b2) B2 ),$ I(xD)i X1-!

I(b10Ub2)=I(x1). Entity X1 dominates entity (B1and B2)b entity(B1andB2) £ X to ensure there is
noinformationloss during transformation. It is Surjective since there is a bi-directional relationship
between the two schemas enhanced by the existence of a common key attributes between every
instance of domain (B1,B2) and every instance of domain X1. It isable to recover the instance of x
which is derived from either B1 or B2. X1 dominates the (Bland B2) to ensure that information is
preserved after schemaistransformed and X is proved to be equivalent to (A,B).

Sub-ste

p 2.5 Merge Entities by Categorisation

Rule

IF(B)T 1AL)UIB)T 1(A))
THEN begin entity X, = entity B
entity X, — entity A
entity X, -~ entity A,
categorisation X; = (entity X , entity Xc,)
(10X isal(Xc)) U (10X, ) isal(Xcy)) /* X, issubtypeto Xq or Xg */




end;
Eg.
Schema X
Schema A Schema B
5 X1
Al A2 xc1 xc2
Mortgage| Commercial | Loan | _ Mortgage| Commercial
loan loan Contract ==> loan loan
C=categorisation
L
C%?‘l?ract x2
Figure 11 Merge schemas into Categorisation

Pre- $ Entity(A1) U Entity(A2)- Entity(A1) 1 Entity(A2)
cond. | $ (Entity (B)l Entity(A1)) U (Entity(B)1 Entity(A2))
Post- | Entity (X2) = Entity (B)
cond. | Entity (Xc1) = Entity (A1) U Entity (Xc2)~ Entity(A2)

Entity (X1) - Entity(Xcl, Xc2)

$(1x2)1 1xc)) U(x2) T 1(xc2))
Proof | This step is Functional since” al (A1UA2),$ xiI X - ! (A1UA2) = X1. Hence, X provides a
a view to Schema A and Schema B. The function is Injective since X1 is a union of Al and A2.

Information capacity of Entity A1 and Entity A2 are preserved in the transformed schema X1.
@ There is abi-directional one to one relationship between Entities of (A1,A2,B) and (X1,X2) by
a introducing acommon key field Loan # in entities Loan Contract, Mortgage Loan and Commercial

Loan, in both the original and the transformed schema during the translation process. Hence,
G4 XA X1, $all A1U" a2l A2 b $ X X1-! " (X)=(ALA2 B). It is Total since X1 is a

categorisation of Entity A1 and Entity A2. There is a one to one mapping between every unigue
instance of domain A1 or A2 and every instance of domain X1. Entity X1 dominates Entity( A1,
A2) b Entity(Al, A2) £ Entity X1, Entity X2 dominates Entity B b Entity B £ Entity X2 to ensure
that there is no information loss during transformation. It is Surjective since it is a bi-directional
relationship due to the creation of a common key field defined in the original and transformed
schemas at theinstancelevel. This results to a one to one relationship between every instance of
domain (A1,A2) and every instance of domain X1. It is able to recover the instance of x1 which can
be derived from either A1 or A2. Hence, " I(xD)l X1, $ 1(a)U 1@)T (A1,A2) U (" 162)T X2 $
I(b) B)-! L 1(x) ® I(al,a2,b) iswell proved. Schema (X) is equivalent to Schemas (A1,A2,B) b X
° (A1,A2B).

Sub-step 2.6 Merge Entities by Implied Binary Relationship

Rule

IFxT (attribute(A) C key(B))

THEN begin entity X; = entity A
entity X, - entity B
cardindity (X, Xy = nl

end
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ELSE IF ((attribute(A) C key(B)) t 0) U ((attribute(B) C key(A)) t 0)
THEN begin entity X, = entity A
entity X, = entity B
cardindity (X4, Xy = 11

end;
Eg.
Casel
Schema A Schema B Schema X
A B X1 x2
Loan Customer | === Loan = - lcustomer
Contract Contract
Case 2 loan#
customer# customer# loan# customer#
Schema A Schema B Schema X
A B x1 X2
Loan FiiCustomer Reodq=C 3N e MCustomer
Contract|_| Contract
Pre- $ katity A, Entity B -igaiteibute (A)C key(B))?!
customer# customer# loan# customer#
cond.
Post- | Entity X1 = Entity A
cond. | Entity X2 - Entity B
Cardindity (X1,X2) = n:1
Proof | Case 1 condition is that an identical dataitem appears in different data types in two schemas and
a case 2 condition is that two identical data items appear in different data typesin two schemas. The
two cases under this step have similar proof. Here, case 1 is taken as an example to demonstrate
@ our proof. The mapping function in case 1 is Functiona since { (ab)i (AUB), $ X X) U
@ ($d AUa=key(B) b R(A,B))- ! (A,B)=X. Hence, X provides aview to A and B. The function is
Injective since X isafunction of (A,B, R(A,B)), andthat” xi X,$al AU" biBp $x X - | *
e’} (X)=(A,B). Hence, it is a bi-directional mapping between entities (A,B) and entity X. It is a Total

function since there is a mapping between every unigue instance of entity A and B and every
instance of entity X. That is, " (1@ AU I(b)i B), $ 1)1 X - ! I(ab)=1(x). Hence, entity X
dominates entity (A, B)P entity A £ entity X and entity B £ entity X to ensure that there is no
information loss during transformation. It is Surjective since it is a bi-directional mapping between
the two schemas at the instance level. There is a common field of entity key to enable relationship
built at each pair of instance in entity (A,B) and instance in entity X . It is able to recover the
instance of entity X which isderived from entity(A, B). Hence," 1(@UI(b)T (A,B),$ 1607 X - !
1(x) = I(a,b) isproved and Schema (A,B) © Schema X

Step 3 Merge relationships

Sub-step 3.1 Mergerel ationships by subtype relationship [6][7]

Rule

IF (entity(A,) = entity(B,)) U (entity(A,) = entity(B,)) U (participation(A; , A) = total)
U(participation(B; ,B) = partial)




THEN begin entity X; - entity A;

Casel entity X, = entity A,
entity X sisaentity X,
relationship X = entity(Xsz X»)
participation(Xs, X) - total
end
Case 2 | ELSE IF (entity (A,)=entity(B,)) U (entity(A ,) = entity(B.)) U((relation(A) C relation(B)) * 0)
THEN begin entity X; = entity A,
entity X, entity A,
entity X sisaentity X,
entity X4 isaentity X,
relationship Xa- Relationship A
relationship Xb - Relationship B
end
Eg. oy Schema A Schema B xy ochema X
Casel| Ty |, A . B 22 Lo |,
1 i L FRPANYY T 1 " Seored
(onlacts iy | [(onbacts Sy Mt Motye
Lo
2| Senuy
Figure 13 Merge EER models by subtype relationship
Pre- Casel:$ (R(A)RB)): (Entity(Al)=Entity(B1) U Entity(A2)=Entity(B2) U
cond. ((Relationship(A) C Relationship(B))* 0)
Post- | Casel: (Entity (X1)I Entity(A1)) U( Entity(X2)I Entity (A2))
cond. | - (Entity(X3)1 Entity (X2)) U (Entity (X4)1 Entity (X2))
Proof | Case 1: Two relationships A, B are in the same role with different level of participation. The
a verification of this step is to identify the participation of two identical schema A and B with
different level of participation but with the same role. The schema with total participation will
@ naturally dominate the schema with partial participation to ensure no information loss after
@ transformation. As the higher level of participation has absorbed the lower level of participation in
the transformed schema with a new entity and relationship created, no alteration of data semantics
G4 is necessary. It is a Functional mapping since (' (ab)l (AU B),$ X X) U ($al A U a=key(B) b

R(A,B)) - | (A,B) =X. Hence, X providesaview to A and B. It is Injective since X is a function of
(AB,RARB)and (" xd X,$ad AUSDLABU(" xtI X,$all AUS$ b1 BU (" x3 X, $
all PA) U$ b1l B) - | ™ (X) = (A,B) (Note : P~ partial). It is Total such that there is a mapping
between every unique instance of entity A and B and every unique instance of entity X since "




(1@1 A UI(b) B),$ 10T X - | I(ab) =1(x). Hence, entity X dominates entity (A, B) b entity A £
entity X and entity B £ entity X to ensure that information capacity of entity A and entity B are
preserved in the transformed schema X. It is Surjective since it is a bi-directional mapping between
the two schemas at the instance level. There isa common field of entity key to enable relationship
built at each pair of instancein entity (A,B) and in entity X . It is able to recover the instance of
entity X which is derived from entity(A, B). Asaresult, " 1@U I(b)i (A,B),$ 16T X - ! " I(x) =
I(a,b) is proved and Schema (A,B) © SchemaX.

Eg.
Case? Schema A Schema B Schema X
A B X1
Al A2 B1 B2
1 auto n =_==> Bank
Bank Customer| | Bank loan Customer 1 7
e auto
loan
X3 n n X4
Home loar Auto loan
borrower borrower
o=overlap generalisation
X2
Customer
Figure 14 MergeEER models by overlap generalisation
Pre- Case 2 : (Entity (A1)=Entity (B1) U Entity(A2)=Entity(B2))
cond. U (Participation (A1,A)=Partial) U (Participation (B1,B) = Total)
Post- | Case?2: let Entity X31 Entity X1
cond. Entity X2 - Entity A2, Entity X1~ Entity Al
Participation (X3,X2) = Total
Proof | Case 2 : Two relationships have different semantics but with intersecting relationship. The
a verification of this step is to identify two relationships have different semantics but with
intersecting relationship. The schema which has overlapping relationships of different kinds of
@ semantics would naturally dominate these schemas by assigning an overlap generalisation
G relationship to its intersecting schemas. Hence, information about its original semantics and
relationships should both be preserved. This implies a bi-directional transformation process at
€7} instance level without loss of information. It is a Functional mapping since (' (ab)i (AU B), $

X X)U@al AUDbIB)- $xX X)b! (AB)=X. X provides aview to A and B. The function is
Injectivesince X isafunctionof (A,B,R(A),R(B))and " X X,$ad AU" bi BP $x X - | 1(X)
= (A,B). Hence, there is a bi-directional mapping between entities (A,B) and entity X. It is Total

since thereisa mapping between every unique instance of entity A and B to entity X and "

(1@TA U B),$1XT X -! I(ab) =1(x). Hence, entity X dominates entity (A, B) b entity A £
entity X and entity B £ entity X to ensure that there is no information loss during transformation
and information preserved. It is Surjective as the bi-directional mapping between the schemas A, B
and X at the instance level is supported. There is a common field : Customer # as entity key in
entity Customer to enable that relationship is built at each pair of instance in entity (A,B) and
instance of entity X . It is feasible to recover the instance of entity X which is derived from
entity(A, B). Hence, " 1(@U I(b)i (A,B), $ 1T X - ! I(x) = I(ab) is proved. Schema (A,B) °
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SchemaX.

Sub-step 3.2 Absorbing Lower degree Relationship into a Higher degree Relationship

Rue | IF ((relationship(A) E relationship (B) U (degree(A) > degree(B)) U(entity(Al)=entity(B1)) U
(entity (A2)=entity (B2))
THEN begin relationship(X) = relationship(A)
entity X1 - entity Al
entity X2 - entity A2
entity X3 - entity A3
end;
Eg. Schera A Scherma B Schema X
B
Loan 1 Mloan | —_—_- Loan
CUSWHEB n . m Lontracts CUStCmefS _Comracis letﬁﬂ%f rno. mfontrasts
n A n n K n
loan . : loan .
m m m m
e L
wwcunty Seeuity
Figure 15 Merge EER models by absorbing relationships
Pre- $ R(A), R(B) - (relationship(A)E relationship(B)) U( Degree A > Degree B)
cond.
Post- | R(X) = R(A) with higher degree relationship
cond.
Proof | Thisstep isto identify the inconsistent degree level of two identical entitiesin different schema A
a and B. The schemawith higher degree naturally dominates the schema with lower degree to ensure
that there is no information loss after transformation. This translation process is to absorb the
@ schema with lower degree relationship by the schema with higher degree relationship. This
@ translation process is bi-directional and information capacity is preserved without information loss
for the higher degree of relationship has absorbed the lower degree of relationship in the
G4 transformed schema. It is Functional mapping since (" (a,b)l (AUB),$X X)U($al AUDLI B) - $

Xl X)P ! (A,B) =X. X providesaview to A and B. The function is Injective, " X X,$a AU"
biBb $x X - ! ™(X)=(AB). Itisabi-directional mapping. It is Total for X is a function of
(A,B, R(A,B)). Thereis a mapping between every unique instance of entity A and B and every
unique instance of entity X. Hence, " (1(@i A U I(b)i B),$ 1)1 X - ! I(ab) = I(x). Hence, entity
X dominates entity (A, B) P entity A £ entity X and entity B £ entity X. Information capacity of
schema Aand B are preserved in the transformed schema X. It is Surjective, since it is a bi-
directional mapping between the schemas A, B and X at the instance level. It is feasible to recover
the instance of entity X which is derived from either entity A or entity B by referring to the
participation of relationship between (X1,X) and (X2,X). The mapping rule has satisfied al the
required propertiesof | .

4 Case study




A bank has existing databases with different schemas: one for a Mortgage L oan Customer, one
for an Auto Loan Customer, one for Loan Contract and one for an Index Interest Rate. They
are used by various applications in the bank. However, there is a need to integrate them
together for an international banking loan system. The following is the four source schemas
shown in Figure 16. In applying the algorithm of our methodology, the relevant steps are used
in this case study as follows:

loan contract#

begin_date Customer
mature_date (mortgage 1D#
loan contract |pg customer_name
\ san-status logn) date

1
1
> <€ €
1 1 (O,n) n
Loan
loan interest loan loan !oan account
drawdown type repayment balance h|St0ry
loan contract# loan contract# loan contract# account#
drawdown date repayment date loan bal date IJZ?:I—IO:;:# status
drawdown_amt repayment balance_amt past_| -
index

interest

type index_interest type ID#
Customer =2

- customer_name
@ (Auto loan) [qace
n

index index interest eff date

interest  lindex_interest_rate
rate

Figure 16 EER models of the L oan System

In the first iteration, in step 1.1, there are two synonyms:. Loan_status and Balance_amt such
that the Loan_status can be derived from the Balance_amt. As a result, we can replace
Loan_status by Balance amt with a stored procedure to derive Loan_status value from

Balance_amt. In step 2.2, the intermediate integrated schema will be merged with the index rate
schema. There is an overlapping generalisation between the two schemas such that a loan
must be on fixed or indexed interest rate. Thus, by joining the integrated schema and the index
rate schemawith overlap generalis ation, the two schemas can be integrated.

In the second iteration, in step 2.6, there is an implied relationship between the Loan Contract
schemaand (Mortgage loan) Customer segment such that | D# used as attribute in loan schema
but as an entity key in customer schema. Thus, we can derive cardinality from the implied
rel ationship between these entities, and integrate the two schemasinto one EER model.

In the third iteration, in step 2.6, there is an implied relationship between the Loan Contract
schemaand (Auto |oan) Customer segment and integrate the two schemasinto one EER model.
In step 3.1, the relationships between the loan contract and the two customer entities can be
merged into an overlap generation as shown in Figure 17.



loan contract# home 1D#

begin_date loan customer_name

mature_date | |oan date
customer

1 contract Customer
1
1 car loan

customer 1

1 1 (0,n) N
n
Mortgage Loan Mortgage|| Mortgage gpene

loan interest loan loan

drawdown type repaymenf| balance n
loan contract# loan contract# |oan contract# loan

drawdown date repayment date loan bal date hi account
drawdown_amt repayment balance_amt |story

account#
fixed index past loan# E—
interest interest past_loan_status
rate type
fixed interest rate Constraint rules in stored procedure
accurred_interest If balance_amt > 0

THEN loan_status = 'outstanding'

index lindex_interest eff date ELSE IF balance amt = 0

interest [index_interest_rate THEN loan_status = 'paid_off'
rate_ laccured_interest

Figure 17 Integrated loan system schema

5 Conclusion

We have presented a three step Schema Integration Methodology with proof of its schema
integration rules in terms of information dominance and equivalence in the transformation
processes. We have applied the correctness criteria which depends on the use of information
capacity concept and the extent of operational goals that each translation tasks can achieve .
The processes can achieve up to the third level of goal or beyond, and are claimed to be avalid
transformation with information capacity preserved. All the translation tasks in our proposed
methodology cover all the basic conceptual database design aspects[8], and have technically
satisfied up to at least the third level of these goalsin an operational sense.

In conclusion, we have justified the correctness of our proposed schemas integration rules by
(1) comparing information capacity between original schema and translated schema to ensure
that there is no information loss in our transformation processes and (2) most of these steps
are capable of being reverse to recover the original schema via the translated schema. (3) In
addition to the proposed schema integration rules, we have also demonstrated that the
correctness criteria by use of information capacity, as proposed by Miller, is a theoretically
sound verification method for practical schemaintegration processes.

A research prototype was built on IBM486 by C++ and Paradox Engine to automate our
schemaintegration rules [9]. The validity of these schemaintegration steps and rules are

reinforced by this working prototype. Our next step is to investigate the possibility of
integrating the new data design based upon the user’ s new data requirements on top of on
existing integrated database[10].
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