
































































































































Multidatabase Systems

Non-Federated Federated
e.g. UNIBASE

Loosely-Coupled Tightly-Coupled
e.g. MRDSM

Single-Federation Multiple-Federations
e.g. DDTS, SIRUS-DELTA e g. MERMAID, MULTIBASE

Loosely-coupled: absence of integrated schemas, and end-users are responsible for performing tl
integration.
Tightly-coupled: presence of integrated schemas generated by the MDBS's DBA(s)
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Database Design Phases

Sources of Heterogeneity

User Requirements
Collection and
Analysis

(

Description of the databas
requirements

¥ Different user requirements.
¥ Different interpretations of the same requireme
¥ The tool(s) used to gather the user requiremen
may impose certain restrictions that consequentl
lead to heterogeneities.
¥ Different skills of different designers.

. etc.

Y

Conceptual
Design

The database conceptual
schema in a high-level
data model (e.g. E-R)

¥ Two designers may choose different data model
(e.g. E-R vs. OMT).
¥ Different designers may classify the same real
world concepts into different classes, attributes on
relationships.
¥ Choosing different names for the same classes
¥ Choosing the same names for different classes
¥ Choosing different properties for the same clasg
¥ Choosing different domains for the same
attributes.

. etc.

Y

Logical Design
(Data Model

Mapping)

(

The conceptual schema in
DBMS-specific data model

Physical Design

( Internal schema )

¥ Different DBMSs (e.g. Ingres vs. Oracle).
¥ Different versions of the same DBMS.
¥ Different query languages (SQL vs. QUEL).
¥ Different storage structures.

. etc.

() Input/Output
|:| Process (phase)













1. Schema (Meta-Data) Level Conflicts
1.1 Class Level Inconsistencies
1.1.1 Class vs. Class
¥ Name
-->different names for the same real world concept (synonyms)
-->same name for different real world concepts (homonyms)
¥ Properties
==> 1-to-1 Property
¥ name
¥ data type
¥ numerical vs. non-numerical domains
(e.g. student grades as strings vs. student grades as integers)
¥ numerical domains (different dimensions, units or scales
¥ non-numerical domains
¥ differences in string lengths
¥ differences in format
(e.g. date as DD/MM/YY vs. date as MM/DD/YY)
¥ complex domains (see class aggregation hierarchy conflicts)
¥ present/absent properties
¥ missing but implicit properties
¥ temporal differences
¥ property constraints
¥ single valued vs. multi-valued properties
¥ null value conflicts
(e.g. no null, null as not known vs. null as not applicable)
¥ unigueness
¥ default value differences
==> M-to-N Properties
¥ Class Constraints
1.1.2 M-classes vs. N-classes
1.2 Class Hierarchy Inconsistencies
1.2.1 Inconsistencies along the generalisation/specialisation hierarchy
¥ inconsistencies in the specialisation criteria
¥ inconsistencies in the specialisation degrees and characterisations
¥ inconsistencies in the specialisation kinds
¥ inconsistencies in the specialisation constraints (e.g. delete effect)
1.2.2 Inconsistencies along the aggregation/decomposition hierarchy
¥ inconsistencies in the type of the aggregation
(e.g. simple aggregation vs. composite aggregation)
¥ inconsistencies of the characteristics of the aggregation
(i.e. the same type of aggregation but different representations)
¥ inconsistencies of the aggregation constraints

2. Instance (Data) Level Conflicts
¥ presence/absence instances
¥ value mismatch conflicts
¥ for multi-valued properties: differences in the number of values a property may take
¥ entity (object) identification problems

3. Schema (Meta-Data) vs. Instance (Data) Level Conflicts
¥ the same concept is represented as a value in one database and as a property name in apother
database

¥ the same concept is represented as a value in one database and as a class name in anotirer database




Database 1 (DB1)

DB1-STUDENT

name: string
course: COURSE
address: ADDRESS
tutor: string

mark: integer

Database 2 (DB2)

DB2-STUDENT

st-name: string
course: string

address: ADDRESS
grade: string

DB1-STUDENT.mark: integer [0 ..100]

7
6
5
0

0 =< mark <= 100

0=<mark<70

0 =< mark < 60
=< mark < 50

DB2-STUDENT.grade: string (A, B, C, |

-==>
-==>
=-==>

-==>

mo w>







EMPLOYEE
FEMALE- MALE-
EMPLOYEE EMPLOYEE

EMPLOYEE

Database 1

MANAGER

SALES-
PERSON

SECRETARY

Database 2




Database 1

PERSON

ADULT
age > 20

TEENAGER
12 =< age <=20

CHILD
0=<age<12

ADULT
age > 18

Database 2

PERSON

TEENAGER
12 <age <= 18

CHILD

BABY

3 <age <=12 0=<age <=3







NY Database

CLASS-R DATE STOCK CLOSING-PRICE
910408 IBM 347
910408 HP 418
910408 GM 250
910409 HP 420
910409 GM 215

Barcelona Database

CLASS-R DATE HP IBM GM

910408 418 365 250
910409 420 350 200

HP

IBM

GM

Melbourne Database

DATE CLOSING-PRICE

910408 425
910409 420
DATE CLOSING-PRICE
910408 347
910409 350

DATE CLOSING-PRICE
910408 385
910409 320







Integration Procest
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USER-INTERFACE:
a homogeneous class in a particul
DDL

Employee(name, address, salary)

SYSTEM INTERFACE:
derive the class instances

&
reconcile conflicts REUSE INTER'.:ACE'

) ] allows the creation of new
Employee is derived from virtual classes by modifying
DB1-Employee and existing ones

DB2-Worker



















Database: DB1

DB1-STUDENT

name: string
dob: string
address: string
course: string

Database: DB2

DB2-EMPLOYEE
name: string
dob: string
address: string
salary: float

Local classes from different databases which are to be integr
using theUnion operator (dob is date-of-birth).

ext(v-STUDENT) =
ext(DB1-STUDENT)

v-PERSON

ext(v-PERSON) =

name: string
dob: string
address: string

ext(DB1-STUDENT)eg
ext(DB2-EMPLOYEE)

v-STUDENT

course: string

ext: extension

ext(v-EMPLOYEE) =
ext(DB2-EMPLOYEE)

v-EMPLOYEE
salary: float

This global view is generated by usibgion(DB1-STUDENT,

DB2-EMPLOYEE







DB1-STUDENT

N

DB2-EMPLOYEE

DB1- DB1-
POST- UNDER- DB2-STAFE DB2-CLERK
GRAD GRAD
Database: DB1 Database: DB2
PERSON
STUDENT EMPLOYEE
POST- UNDER-
GRAD GRAD STAFF CLERK

This global view is created bynion*(DB1-STUDENT, DB2-EMPLOYEE),

ext(PERSON) = ext(DB1-STUDENBeext(DB2-EMPLOYEE),
ext(STUDENT) = ext(DB1-STUDENT),

ext(EMPLOYEE) = ext(DB2-EMPLOYEE),
ext(POSTGRAD) = ext(DB1-POSTGRAD),
ext(UNDERGRAD) = ext(DB1-UNDERGRAD),

ext(STAFF) = ext(DB2-STAFF),
ext(CLERK) = ext(DB2-CLERK),

ext: extension.







Database: DB1

DB1-STUDENT

name: string
dob: string
address: string
course: string

Database: DB2

DB2-EMPLOYEE

name: string
dob: string
address: string
salary: float

Local classes from different databases which are to be integr
using thdntersect operator (dob is date-of-birth).

ext(STUDENT) =

ext(DB1-STUDENT)

address: string
course: string
salary: float

STUDENT EMPLOYEE B
name: string name: string ext(EMPLOYEE) =
dob: string dob: string ext(DB2-EMPLOYEE)
address: string address: string
course: string salary: float

TUTOR

name: strin

dob: Striné 9 ext(TUTOR) =

ext(DB1-STUDENT)ge6
ext(DB2-EMPLOYEE)

This global view is created bptersect(DB1-STUDENT, DB2-EMPLOYEE),
ext : extension,
N.B. we explicitly state the properties of class TUTOR for exposition purposes.




Database: DB3

DB3-STUDENT

name: string
dob: string
address: string

course: string
salary: float

Local classes from different databases to be integrated using the Interse

Database: DB4

DB4-EMPLOYEE

name: string
date-of-birth: string
address; string
salary: float

operator (dob stands for date-of-birth).

ctl

STUDENT-and-EMPLOYEE

name: string
address: string
salary: float

ext(STUDENT-and-EMPLOYEE) =
ext(DB3-STUDENT)| |

ext(DB4-EMPLOYEE)

This global view is created by Intersect1(DB3-STUDENT, DB4-EMPLOYEE),

ext: extension.




Database: DB1 Database: DB2

DB1-PERSON DB2-PERSON
name: string name: string
address: string address: string
job: string job: string
salary: float spouse: string

Local classes from different databases which are to be
integrated using th€ombine operator.

PERSON ext(PERSON) =

name: string ext(DB1-PERSONp
address: string ext(DB2-PERSON)
job: string

salary: float

spouse: string

This view is generated bombine(DB1-PERSON, DB2-PERSON)
ext: extension.




DB1-EMPLOYEE DB2-WORKER

al, ..., a C di, ..., d, C
DB1-STAFF DB1-CLERK DB2-STAFF DB2-CLERK
b1, ..., bm, D cl, ..., ck F el, ..o, D f1, ..., fy, F

Two synonymous class hierarchies from different databases which are to be integrated
the Combine* operator. Where:
al..an,bl..bm,cl..ck dl..diel..ejandfl.. fyare sets of properties that
belong to DB1-EMPLOYEE, DB1-STAFF, DB1-CLERK, DB2-WORKER, DB2-STAFF
and DB2-CLERK, respectively;

C, D and F are sets of properties that belong to corresponding classes from both date

EMPLOYEE
al ..an,dl..diC

STAFF CLERK
bl ...bm, el ... e}, D cl..ck f1..fy,F

This view is generated b§ombine*(DB1-EMPLOYEE, DB2-WORKER),
ext: extension,

ext(EMPLOYEE) = ext(DB1-EMPLOYEE¢zext(DB2-WORKER),
ext(STAFF) = ext(DB1-STAFFgext(DB2-STAFF),

ext(CLERK) = ext(DB1-CLERKegext(DB2-CLERK).




Database: DB1 Database: DB2

DB1-PRODUCT DB2-PRODUCT
name: string name: string
price: float price: float

aggregat¢dDB1-PRODUCT.name, DB1-PRODUCT .price,
DB2-PRODUCT .price)

PRODUCT ext(PRODUCT) =

name: string ext(DB1-PRODUCTRg
pricel: float ext(DB2-PRODUCT)
price2: float

This view is useful if we want to compare the prices of the product:
both databases,
ext: extension.




Database: DB1 Database: DB2

DB1-STUDENT DB2-COMSC-
st-no: string STUDENT
st-name: string number: string
st-address: string name: string
st-tutor: string address: string
st-major: string tutor: string

Local classes from different databases which are to be integrated
the Difference operator (COMSC is computer science).

NOT-COMSC-STUDENT

st-no: string_ ext(NOT-COMSC-STUDENT) =
st-name: string ext(DB1-STUDENT) -
st-address: string ext(DB2-COMSC-STUDENT)

st-tutor: string
st-major: string

This view is generated Wyifference(DB1-STUDENT,
DB2-COMSC-STUDENT),
ext = extension.







Database: DB1

DB1-SPORT-CAR
reg-date: string
model: string
colour: string
price: float
engine-size: float
max-speed: float

Database: DB2

DB2-CAR

reg-date: string
model: string
colour: string
price: float

Local classes from different databases which are to be integrate
using theConnectoperator, reg-date: registration-date.

CAR
reg-date: string
model: string
colour: string
price: float

ext(CAR) = ext(DB2-CAR)

SPORT-CAR

ext(SPORT-CAR) =

engine-size: float
max-speed: float

ext(DB1-SPORT-CAR)

This is generated by usir@onnect{DB1-SPORT-CAR, DB2-CAR),

ext: extension.

























VIEW 1 VIEW 2

interface Person

class Employee: public
Persistent_Object {public:
string name ...

{attribute string name};

Phase 3: Translation; each
created global view is translated
to a user-specified DDL.

Phase 3:
Translation

VIEW?2-relevant
virtual classes create:

using MVDL
VIEW1-relevant
virtual classes createt
using MVDL Reuse o ,
ase .
Phase 2.' Integration
Integratlon

Lsi, Ls2, ..., etc. in MVDS
mtermedlate representation

Phase 1: Translation; the
local schemas are translate
from their DDL to the
common representation.
This is done by calling the
schema translator
repetitively (once/schema).
















Two Potentially Mergeable Classes

%

In MVDS knowledge base?
Jes | o
Complete or Partial Inference Lexical Matching
complete | partial | | |
, Identical Spelling Different Spelling
Keep partial knowledge
& call lexical matching ‘ ‘
for the rest
Compare Compare
Reuse Properties Properties
| /\ / I
Same RWS Diferent RWS Same RWS Different RWS

.

RWS
constraints

1

(Homonymity) (Synonymity) Overlap

Equivalence (Containment

Combine Include Combine Union Connect Includel
Difference Includel Difference Union1 Include Include
Agoregate Agoregate Combine Includel

Include Include Intersect Difference

Includel Includel Intersectl

Union Union Include

Unionl Unionl Includel


















User Defining a Global View

Y

Graphical User Interface

¥ v v

Source Schema Global View Definition Target Schema |
Specification Interface Interface Specification Interface

intermediate
representations
for:

local schemas,
inter-schema
correspondences,
global classes ...

global classes

Target OO
schema

MVDS's CDM

Source OO schemas
sl, s2, ..., etc

1
Input: OO Schemas Output: Global view










G
R
A -
p : aviewin
H MVDL virtual Output the view ) yser-specificed
I application to classes | cnock view ¥inDDLform | P9
C integration consistency ¥ in internal
A units. , form
L virtual
USER \cmfes / \
—>y local
S integration VCC
E units GAMM VWM €—
R View- non-
Closure | | redundant *
I
N SHOM is-a correct ©
T a view-
specific
E inter-schema KB
R correspondences
F
A ’ - - -
c !ocal |me:grat|on units templates for a user
E InMVDS's COM specified-DDL
TSSM

——>» [nformation flow

) ¥y¥y <> Interaction
GAMM: Global Attribute Manipulation Module
SHDM: Semantic Heterogeneity Detection Modul
VCC: View Consistency Checker
VWM: View Writer Module
TSSM: Target Schema Specification Module
SIM: Schema Identification Module

local

( schema )

N

local
schema













% view closure algorithm (part a): determine the set of required classes to
% type close a view

VCs: a set of virtual classes created using MVDL,

Temp: an array that is initially set to VCs,

ReqClasses: an array that will hold the set of classes which will make the current
type closed one including the set VCs,

C: a variable that holds a class,

D: an array that holds the set of complex data types for a given class,

Not_loaded: an array that holds the set of classes that should be imported to type
the current view.

determine_required_classes{utput: ReqClassgs
begin
Temp := VCs,
ReqClasses £

While Tempt f Do
begin
get_class(Temp, C),
add(C, ReqClasses),
get_complex_domain(C, D),
For i:= 1 To length(D) Do

begin {for}
get_complex_domainp:(:ompDom),
add(CompDom, Temp), % prepare for next iteration

If D; belongs to ReqClasst®en
% already imported , do nothing
else
add(DI, ReqClasses),
end {for}
end {while}
end {determine_required_classes}

% view closure algorithm (part b): load the required classes to the current view

load_classesfput: VCs, ReqClassgs
begin
Not_loaded := ReqClasses - VCs,
While Not_loaded f Do % there are more classes to load
begin
get_class(Not_loaded, C),
load(C),
end {while}
end {load_classes}

iew a

close










Input: a set of virtual classes.

Output: a DAG with nodes that represent virtual classes and edges that represent is-a
relationships between these classes. Is-a relationships should be minimal,
complete and correct.

Data structures: a STACK and an ARRAY that contain the names of all virtual
classes in a particular view, and a set of is-a edges.

Begin algorithm
Set STACK =C1, ..., Cn % C1, ..., Cn are virtual classes
Set ARRAY = C1, ..., Cn
Set Edges = availabls-a relationships.
While STACK is not emply do
begin while
Pop class A from the STACK
Forj=1tondo
If Ais-a Cj or A is-a* Cj then
do nothing
Else
If subset(ext(A), ext(Cj)) and subtype(type(A), type(Cj)) then
add(is-a(A, Cj), Edges)
Endif
Endif
Endfor
Endwhile
End algorithm

Where:
¥ ext() and type() are functions that return a class's extension and type respectively.
¥ subset(C1, C2): is a function that returns true is ext(C1) is a subset of ext(C2),
and returns false otherwise.
¥ subtype(C1, C2): is a function that returns true if type(C1) is a subtype of type(C2)
and returns false otherwise.
¥ add(is-a(C1, C2), Edges): is a function that will add an edge from C1 to C2 to the s
Edges.
¥ is-a : a direct is-a relationship.
¥ is-a*: an indirect is-a relationship.

1%

—







Schema: S1 Schema: S2

Employee Employee
no: string Address no: string
name: string / Street. string name: string
title: string city: string title: string
salary: float g/ post_code: string salary: float e/
address: Addre — address: Addregs
dept: string dept: string

f Project *

 stri .

Engineer / name: sTing Engineer

works_on: Project/

Salary: is the annual salary

works_on: string

[ Address

street: string
city: string
post_code: string

Salary: is the monthly salary




combine































Database 1 (DB1)

DB1-STUDENT

name: string
course: COURSE
address: ADDRESS
tutor: string

mark: integer

Database 2 (DB2)

DB2-STUDENT

st-name: string
course: string
address: ADDRESS
grade: string







equiv_to(schemal_employee, schema2_employee, pc([prop(name, na
prop(address, address), prop(salary, salary), prop(***, dept)],
[dom(string, string), dom(string, string),
dom(float, float, y_salary_to_m_salary),
dom(***, string)],_))-

formula(name(y_salary_to_m_salary),
expression('schemal__employee.salary/12"),
expression_inverse('schema2_employee.salary*12"),
first_class(schemal__employee),
first__property(salary),
second_class(schema2__employee),
second_ property(salary)).

equiv_prop(schemal_employee, name, string, schema2_employee,
name, string, _).

equiv_prop(schemal_employee, address, string, schema2_employee,
address, string, _).

equiv_prop(schemal_employee, salary, float, schema2_employee,
salary, float, y_salary_to_m_salary).

Where: y_salary_to_m_salary is a function that changes salary from
salary/year to salary/month.




IF equiv(C1, C3) & equiv(C3, C2) THEN equiv(C1, C2).

IF equiv(C1, C3) & syn(C3, C2) THEN syn(C1, C2).

IF equiv(C1, C3) & contained_by(C3, C2) THEN contained_by(C1, C2).
IF equiv(C1, C3) & contained_by(C2, C3) THEN contained_by(C2, C1).
IF equiv(C1, C3) & overlap(C3, C2) THEN overlap(C1, C2).

IF equiv(C1, C3) & hom(C3, C2) THEN hom(C1, C2).

IF syn(C1, C3) & syn(C3, C2) THEN syn(C1, C2) OR equiv(C1, C2).
IF syn(C1, C3) & equiv(C3, C2) THEN syn(C1, C2).

IF syn(C1, C3) & overlap(C3, C2) THEN overlap(C1, C2).

IF syn(C1, C3) & contained_by(C3, C2) THEN contained_by(C1, C2).
IF syn(C1, C3) & contained_hy(C2, C3) THEN contained_by(C2, C1).

IF hom(C1, C3) & equiv(C3, C2) THEN hom(C1, C2).

IF contained_by(C1, C3) & contained_by(C3, C2) THEN contained_by(C1,
IF contained_by(C1, C3) & equiv(C2, C3) THEN contained_by(C1, C2).

IF contained_by(C1, C3) & syn(C2, C3) THEN contained_by(C1, C2).

IF overlap(C1, C3) & equiv(C3, C2) THEN overlap(C1, C2).
IF overlap(C1, C3) & syn(C3, C2) THEN overlap(C1, C2).

C2).




equiv_to(schema2_employee, schema3_employee, pc([prop(hame, nam«
prop(address, address), prop(salary, salary), prop(dept, dept)],
[dom(string, string), dom(string, string),
dom(float, float), dom(string, string)], _)).

equiv_prop(schemaz_employee, name, string, schema3_employee, nan

equiv_pro;s)t(rsigﬁt’erﬁ)aﬁ_employee, address, string, schema3_employee, ad

equiv_prof)t(rsl,gﬁé%)éz_employee, salary, float, schema3_employee, salar

equiv_profpl)c()séhgzn.)aZ_employee, dept, string, schema3_employee, dept,
string, ).

==> THE FOLLOWING KNOWLEDGE IS INFERRED
AUTOMATICALLY:

equiv_to(schemal_employee, schema3_employee, pc([prop(name, name
prop(address, address), prop(salary, salary), prop(***, dept)],
[dom(string, string), dom(string, string),
dom(float, float, y_salary_to_m_salary), dom(***, string)], _)).




@

Local databases:

DB1-STUDENT DB2-STUDENT DB3-STUDENT
name: string name: string name: string
course: string course: string course: string
address: string address: string
Database 1 Database 2 Database 3

(b)
Knowledge accrued from comparing classes DB1-STUDENT and DB2-STUDE

DB1-STUDENT.namé€ DB2-STUDENT.name
DB1-STUDENT.cours@ DB2-STUDENT.course

©
Knowledge accrued from comparing classes DB2-STUDENT and DB3-STUDE

DB2-STUDENT.namé& DB3-STUDENT.name
DB2-STUDENT.cours€ DB3-STUDENT.course

@

Deduced versus established from scratch knowledge when comparing the cla
DB1-STUDENT and DB2-STUDENT:

DB1-STUDENT.namé& DB3-STUDENT.name (Deduced)
DB1-STUDENT.cours€ DB3-STUDENT.course (Deduced)
DB1-STUDENT.address DB3-STUDENT.address (Compared from scratc




(2)

(1)

<€) classes have heen compared earle —yp is-a relationship.




1. Import a class.

2. Import a class hierarchy.

3. Modify a class either by:
3.a Changing its name.

3.b Deleting some of its properties.

3.c Adding derived properties to it.

3.d Changing some of its property nhames.

3.e Changing some if its property domains b
defining suitable transformers.










DB1-PERSON DB2-PERSON
name: string name: string
DBl | address: string DB2 | address: string
job: string job: string
salary: float spouse: string
PERSON ext(PERSON) =
name: string ext(DB1-PERSON)
address: string eg
job: string ext(DB2-PERSON)
salary: float
spouse: string

This global view is generated by using the Combine oper:

ext: extension.




Class Name: PERSON
Origins: DB1-PERSON, DB2-PERSON

Properties Domains Rules

1w @ (3)
name string any  first second
address string any first second
job string any first second
salary float first first not-applicak
spouse string second not-applicable second
WHERE:

first: means retrieve from the first class (i.e. DB1-PERSON)
second: means retrieve from the second class (i.e. DB2-PERSON)
any: retrieve from either class.

==> note that three sets of rules are required to populate the class PERSC
with its instances:

(1): objects that belong to both classes (i.e. DB1-PERSON & DB2-PERSC(
(2): objects that belong to DB1-PERSON only.

(3): objects that belong to DB2-PERSON only.




Class Name: PERSON-V1
Origins: DB1-PERSON, DB2-PERSON

Properties Domains Rules

(1) (2) ©)
name string any first second
spouse string second not-applicable second

N.B. see figure 8.10 for explanation of the terms first, seconc
(1), (2) and (3).




Class Name: PERSON-V2
Origins: DB1-PERSON, DB2-PERSON
Properties Domains Rules

1) (2) @)

name string any first second
salary float t(first)  t(first) not-applical

where: t is a transformation that will convert salary from UK
pounds to US dollars.

N.B. see figure 8.10 for explanation of the terms first, seconc
(1), (2) and (3).
















































































































Institute Author

name: string author_name: string
address: string nationality: string
type: string dob: string

-+
-

produces: set(Paper) writes: set(Paper)y

Virus < L | Paper
virus_name: string title: string
description: string journal: string

vol_no: short
issue_number: short
year: short

concerns: Virus

Internal_paper
funded_by: Contrac

~+

Contract
contract_no: string
amount: float

start_date: string
end_date: string

—> == is-a relationship

o class decompision hierarchy




7] Address Author Club
street: string name: string name: string
city; string nationality: string address: string
post_code: string date_of_birth: string

member_of: Club—
writes: set(Paper)

Institute
inst_name: string
address: Address

produces: set(Pape
lq\b Paper <

title: string

journal: string

vol_number: short

issue_number: short

year: short

concerns: struct Virus < virus_name: string,
virus_description: string >

Contract
no: string \ Internal
amount: float nternal_paper

start_date: string funded_by: Contrag

end_date: string

~

—>=> is-a relationship

——= class decomposition hierarchy































vl1l author

dob: string
nationality: string
author_name: string

member_of: v11_club
writes: set (v11 paper

— v11 paper
title: string
journal: string
vol_no: short
issue_no: short
year: short

vll club

name: string
address: strin

J

v1l virus

virus_name: string

description: string

concerns: v11 virus

— = class decomposition hierarchy




























































































































