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ABSTRACT

Distributed object-oriented database (DOODB) design inherits the design problems from the

relational distributed database (DDB) and presents additional object class and their possible

complicated hierarchy structure. A relational database can be simply seen as a special case of an

object-oriented database (OODB) without a class hierarchy and complex attributes. Then, many of

the design algorithms developed for relational database can be generalized and applied to object-

oriented database as presented in this studying.

This seminar study address issues related to design of DOODB. At the end, for a System

Development Project, will generate a database schema which in the future can be use as a blueprint

of the database management system, so can connects to a real DOODB system.
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v ¥
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4.1. 3U1UuY8I DOODB design tools

TunsuSmsszuugdeyauuunszae Haiondn 2 dszasfitnesnuugideyase
deansannmesenuuugiudeya mswe linssmnlsz@nimwnshauvesszuugude
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1) Logical Parameters

2) Transaction Parameters

3) Database Systems Parameters

4) Network System Parameters
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4.2.1. Analysis Phase: OODB design
1. ¥nszunamsinnziavesnuuuidiing lumsesnuuy DOODB TauSue1n
e M3INY requirements Taomstloushdaudsiifeades dail
1) Logical Parameters
e Object Database Schema
¢ Application Processing Characteristics
2) Transaction Parameters
e Site of Origin
e Frequency of Accessing
3) Database Systems Parameters
e N15%1 Objects iae Classes Structure
o wonualasaadaneluves classes
. ﬁmuﬂgﬂuuumsﬁﬂwimmumﬁ A M3Aed15 U8 instance HAZNTAOAITVE
inheritance
. f‘imuﬂgﬂnmumsﬁﬂﬁmmuiﬂiqﬂ%’wﬂuﬁwuﬂ fie mydoesuuyTaosa u
ANUFURUTUVL has_a
o  BEUNUNITAINIU message ¥MIN objects
o  B3UIWNGANTIUNYINYBA classes
e Query Processing Strategy
e Taxonomy of Method Execution
4) Network System Parameters
e Network Topology
e Baud Rates
e Node Parameters (MIPS, Disk I/O time)
4.2.2. Fragmentation Phase: DDB design
) ‘ﬁ'm‘;"uwauv‘?m11ﬂfmm‘%"uniuﬂumﬂmnnsmwﬁ‘:q Class 1% Method ¥3® Operations
usoziSumsunnalifh Vertical, Horizontal 138 Mixed Fragments 1ufituegfusweauls

1 4  d
Input #&IAANAULVES Class 11 Method 199 Tavvziisgemsianuiidiu 3 duaeu fie
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H 4 ) LA ) & 4 4 .

3. duaBufia1 Horizontal Fragmentation s msuandoyaluiuaeufindisesniilu Horizontal
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Global Conceptual Design
Information (Interface Module)

¢__J

—

Operation information

Class Information

—~

h—J

Analysis
Phase

¥

pair of conflicting navigation paths

v

Conflict Analysis

v

pair of non-conflicting navigation paths

< ]

| ; L

v

set of lists of classes to
be horizontally

set of classes not to be fragmented

v

fragmented

fragmented

set of classes to be vertically

v

Vertical Fragmentation

v

set of vertical class fragments

_ T

v

Primary
Horizontal
Fragmentation

v

set of horizontal class fragments

v

set of mixed class fragments

MNT 4.2 MAVENEVYBITIU Fragmentation Phase: DDB design

17
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4.2.3. Method and Class Allocation (MCA) Phase: DOODB design
1. ahaihigluaasnnudaiufazning class a1 9 Taverdedydnuaitlszney
o didydnyeiuaniiimsssnuuy OODB (UML)
« 8199811371 OODB Normalization (optional) #131113%1 normalization HAud2 vxviil¥
aanrdeuvesdeyn
e Notation {$U1 Link Graph %s“l‘l’f’i’fagamn Global Conceptual schema Tﬂﬂ‘ﬁ
- graph nodes N database classes
- edges UMY dauUsTRBLVBIRNUFUUT

#1 Hybrid Fragmentation 1atn13711 Horizontal Fragmentation 82013878 Vertical

Fragmentation Taens 14 Link Graph 144 Notation Tums design

Allocation Hybrid Fragments Tay
- Disjoint 92971 data

- Overlapping %x@ﬁ method

Initial Class Allocation

r

Method Allocation

¢ Total Data Transfer Cost

Class Allocatibn

Total Data Transfer Cost

Yes

Any Reduction in Total )
Data Transfer Cost?

No (Minimal Total Data Transfer Cost)
Output: Method & Classes Allocated

N 4.3 dane3sud 11U Methods and Class Allocation (MCA)
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begin
for j:= 1 to t do /*This step initializes weight between every site and method*/
fori:= 1tondo
w(S;, m;) = 0; /* w(S;, my) is the global weight including all MDGs (1) */
for j:= 1 to tdo /*jis for sites (2) */
for i:= 1 to n do /* i for methods (3) */
for h:=1 to N do /* h for queries (4) */
for i’:= 1 to n do /* /’ for methods (5) */
if (Gnr = 1) then (6)
if (i = i’) and (V4; =j) then (7)
w(S;, m) =w(S;, my) +w;(S; m) X /i + Costs
else
w(S;, my) = w(S;, my) + wy (S;, m) X /h, site (Gh)

else

MNT 4.4 Pseudo Code NM3tt}as Method Dependency Graph (MDG) 1y Weighted Graph Tag

1¥8ane3tuil

Max-Flow Min-Cut Algorithm

¢ Initial Method Allocation
Apply Ship Operations

v

Any Reduction in Total
Data Transfer Cost? Yes

¢No’

Final Allocation

2NN 4.5 tr%'n Final Allocation
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begin
for j:= 1 to t do /*This step initializes weight between every site and class*/
fori:= 1tosdo
w(S;, Cx) = 0; /* w(S;, Cy) is the global weight including all MDGs (1) */
for j;= 1to tdo /*jis for sites (2) */
for k:= 1 to s do /* kfor classes (3) */
for h:=1 to N do /* k for queries (4) */
fori’:= 1 to n do /* i’ for methods (5) */
if (Gnr = 1) then (6)
I w(S;, Cx) = W (Sj, C) + Wy (Sj, Ci) X 1, site ()
else

MNT 4.6 Psendo Code P31 Class Re-Allocation



21

43. fanisnaany

class( employee ).
class( department ).
class( project ).
class( location ).
class( dependent ).

cardinality( employee, large ).
cardinality( department, small ).
cardinality( project, large ).
cardinality( location, small ).
cardinality( dependent, large ).

relationship( employee, department, worksin, 1" ).
relationship( department, employee, holds, 'N').
relationship( employee, project, worksOn, 'N* ).
relationship( project, employee, isCarriedOutBy , 'N" ).
relationship( employee, employee, isManagedBy, '1").
relationship( employee, dependent, has, '0,N' ).
relationship( dependent, employee, dependsOn, '1" ).
relationship( department, location, isLocatedAt, ‘1" ).
relationship( location, department, holds, 'N' ).
relationship( project, location, isLocatedAt, '1").

operation( employeesWhoWorkInDepartmentAtlLocation, 100 ).
operation( projectsControlledByDepartmentAtLocation, 100 ).
operation( mainEmployeelnformation, 85 ).
operation(insurancelnformation, 85 ).

accessedClasses( employeesWhoWorkInDepartmentAtLocation,[location,
department, employee] ).

accessedClasses( projectsControlledByDepartmentAtLocation,[location,
department, project] ).

accessedClasses( mainEmployeelnformation, [employee] ).

accessedClasses( insurancelnformation, [employee, dependent] ).

MW 4.7 Feghadeya (nput) suy DOODBMS nienfiadewlviidmua Tauld Company

Database Schema
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Fkkriekdokrrtrrk BEGIN ¥¥*rrdrdhrhthtinn

Ch =[]

Cv =]

Analyzing Operation :projectsControlledByDepartmentAtLocation

Going to Choose Fragmentation Method for classes accessed by
:projectsControlledByDepartmentAtLocation

accessed classes :[location, department, project]

[location, department, project]:will be horizontally fragmented, if possible

removing All Conflicts...

Ch =[[location, department, project]]

Cv=]

Analyzing Operation :employeesWhoWorkinDepartmentAtlLocation

Going to Choose Fragmentation Method for classes accessed by
:employeesWhoWorkInDepartmentAtLocation

accessed classes :[location, department, employee]

[location, department, employee]:will be horizontally fragmented, if possible

removing All Conflicts...

Ch =[[location, department, project], [location, department, employee]]

Cv =[]

Analyzing Operation :insurancelnformation

Going to Choose Fragmentation Method for classes accessed by :insurancelnformation
accessed classes :[employee, dependent]

[employee, dependent]:will be horizontally fragmented, if possible

removing All Conflicts...

Ch =[[location, department, project], [location, department, employee], [employee, dependent]]
Cv.=[] )

Analyzing Operation :mainEmployeelnformation

Going to Choose Fragmentation Method for classes accessed by :mainEmployeelnformation
accessed classes :[employee|_G882]

employee:will be vertically fragmented

Ch = [[location, department, project], [location, department, employee], [employee, dependent]]
Cv = [employee]

whhkhkkikhiihh COM P LETE D whkdekfkiikiikkihky

2N 4.8 wamsdszanana (lealy PHP)
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I Algorithm One §M¥UMTUATIZH: iNeifonlFinafinms Fragment ftmanzaam
gadn3uuaaz Class
function AnalisysPhase ( C : the set of classes in the schema,

O : the set of operations)
returns Ch = set of lists of classes to be horizontally fragmented
Cv = set of classes to be vertically fragmented
Cn = set of classes not to be fragmented

begin
sort the set O in a descending way according to the operation frequency
for each Oi that is in O do
if Oi is an "extension operation” then
if (C(Qi) is in C) and (cardinality of C(Oi) = “large”) then
Cv += C(Oi) ; C -= C(Oi)
else
if Qi is a “navigation operation” then
for each non-root class c that is in C(Oi) do
if c is in Cv then
break the list of classes C(Oi) at class c, forming 2 sublists
sub1 and sub2
sublistsOfOi += sub1
C(Oi) = sub2
sublistsOfOi += C(Oi)
for each sublist s that is in sublistsOfOi do
for each list of classes | that is in Ch do
if s and | are two conflicting navigational paths then
let Oj be the operation that originated |
if freq(Oi) and freq(Qj) are “almost the same” then
for each class Ck that is in | and conflicts with s
Ch =list | ; C += all the elements from |
call procedure conflictAnalysis( Ck, s, I,freq(Oi), freq(Oj) )
Ch += returned lists s, |
C -= all the non-root classes from s and |
Ch += s ; C -= all the elements from s
Cn=C
return Ch, Cv, Cn
end
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function ConflictAnalysis ( Y: Class, N1 = (Ci, Cj, ..., X, Y, ..., Cn),
N2=(Cp,Cq,...,2,Y,...,Cm),
f1: frequency of N1, f2: frequency of N2)
retums N1’, N2': final navigation paths
begin
let d1 be the clustering dependency between X and Y
let d2 be the clustering dependency between Z and Y
if d1 = d2 then
if {1 > f2 then
N1’ =N17;N2’=(Cp, Cq, ..., Z)
else
N1’ = (Ci, Cj, ..., X); N2’ = N2
else
select
case d1 = “non-shared dependent’
N1’ =N1; N2’ = (Cp, Cq, ..., Z)
case d1 = “shared dependent”
if d2 = “non-shared dependent” then
N1’ = (Ci, Cj, ..., X); N2’ = N2
else
N1’ =N17;N2’'=(Cp, Cq, ..., Z)
case d1 = “independent”
N1’ = (Ci, Cj, ..., X); N2" = N2
return N1’, N2’
end
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function VerticalFragmentation( Cv: set of classes to be vertically fragmented,

O: the set of operations)

returns Fv : set of vertical class fragments

begin

for each Ck that is in Cv do

for each Qi that is in O do
for each element (attribute or method) ei of Ck that is accessed by Oi do

for each element (attribute or method) ej of Ck that is accessed by Oi do
if there is a link between ei and ej then
value of this link += freq (Oi)
else
create a link between ei and ej
value of this link = freq (Oi)
N = empty set of nodes; A = empty set of links; G = (N, A)
firstNode = any element of Ck
N += {firstNode}
while there is an element of Ck that is not in N do
chosenLink = the link with the greatest value to one of the graph extremities
if chosenLink forms a cycle in the graph G then
let cp be this cycle
if cp can be an affinity cycle then
mark cp as a fragment candidate
else
if there is a fragment candidate then
let cf be this candidate
if cf cannot be extended then
mark cf as a fragment
Fv (Ck)+= cf
Fv += Fv(Ck) .
if Ck is a root class in Ch then
substitute Ck in Ch by its fragment that contains the relevant element for the
derived—>
fragmentation

return Fv

end
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Horizontal Fragments uaz/mie Mixed Fragments U994 class 14 ch

function PrimaryHorizontalFragmentation( Ch: set of classes to be horizontally fragmented,
O: set of operations,
Fv: set of vertical class fragments )
returns Fh : set of horizontal class fragments
Fm : set of mixed class fragments
begin
Cr = empty set;
for each list Li that is in Ch do
Cr += root class of Li
for each Ck that is in Cr do
for each pair of operations Oi, Oj extracted from the same transaction->
such that C(Oi) = C(Oj) = Ck do
Oext += Oi; Oext += Oj
if there is a link between Oi and"Oj then value(link) += freq (Oi )
else create a link between Oi and Oj with value(link) = freq (Oi)
if Oext is empty then
if the class has a large extension then
define horizontal fragments of Ck in a circular manner
else
for each operation Oi that is in Oext do
for each operation Oj that is in Oext do
if Oi => Oj then // logic predicate
create a logic implication link between Oi and Oj
if Oi and Oj are next to each other then
create a proximity link between Oi and Oj
N = empty set of nodes; A = empty set of links; G = (N, A)
N += any operation of Oext
while there is an operation of Oext that is not in N do
chosenLink = the link with the greatest value to one of the graph extremities
if chosenLink forms-a cycle in the graph G then
let cp be this cycle
if cp can be an affinity cycle then
mark cp as a fragment candidate
else
if there is a fragment candidate then
let cf be this candidate
if cf cannot be extended then
mark cf as a group of operations
for each group of operations g = (01, 02, .., Oq) do
for each operation Oi that is in g do
for each operation Oj that is in g do
if (Oi I= Oj) and (Oi => Oj) then g -= Oi
mark g as an operation term
TO = {t1, &2, ..., tt} / set of operation terms
Tab = empty table / table of operation terms on Ck
E = empty set / set of Ck elements in Tab
while there is a Ck element in TO which is not in E do
let e be the less frequent element of Ck in TO such
thateis notin E
create a new column in Tab
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fill each element of the new column with operations over e such that the
combination of elements in the same row defines a term in TO
for each row r in Tab do
if there are vertical fragments of Ck in Fv then
// Mixed Fragmentation!!!
Fm += combination of all elements in r applied to vertical fragments of Ck
containing these elements
else
Fh += the combination of all the elements in row r of Tab applied to the
whole
class Ck
return Fh, Fm
end
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