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omain Specific Language for O/R Mapping
TADASHI MURAKAMI'!

O/R mapping frameworks reduce difficulties to develop applications with re-
lational databases (RDB). While they are expected to take advantages of the
ease of development (EoD) and enough descriptive power of the data model,
it is difficult to take both of them since there are trade-offs between them. In
this paper, we propose DBPowder-mdl: EoD featured and much descriptive
domain specific language for O/R mapping. DBPowder-mdl describes a rela-
tional model (RM) and an object model (OM). DBPowder-mdl has the feature
of Convention over Configuration (CoC) that reduces the amount of design

and description. In contrast, DBPowder-mdl supports the style of explicit de-
scription which brings enough descriptive power. The result of O/R mappings
can be derived from either of RM or OM since DBPowder-mdl complements
the omissions. DBPowder-mdl also offers the flexible ways to describe with no
omissions of RM and OM. In conclusion, DBPowder-mdl succeeded to take
both advantages of EoD and enough descriptive power of the data model as the
situations demand.
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Table 2 DBPowder-mdl: principal 4 elements of (E, A, L, C).
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Fig.2 Extraction of (bl) from

faculty—course schema (Fig. 4).
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Fig.3 Foreign keys and joint tables inserted by DBPowder-mdl on the relational model.
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(bl) OM (Object Model): FtoC ! (b2) OM (Object Model): CtoF
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ER diagram! :DBPowder-mdl: | :class diagram: :DBPowder-mdl! : iclass diagram: :DBPowder-mdl:
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Fig.4 Example of DBPowder-mdl (1): faculty—course schema and three kinds of description.

(a) RM (Relational Model)

(bl) OM (Object Model): FtoC ; (b2) OM (Object Model): CtoF
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(Courselcourse 1:n rel joinOn= ¥¥
“course. faculty i £ 1ty id*)

iDBPowder-mdl GEZIREIMR) |

{DBPowder-mdl GEA M) |

class Faculty {
private int faculty_id;
private String fac_name;
/I RABEEOY R b
private Course[] courselList;
11 getters, setters, CRUD API
¥

class Course {
private int course_id, credits, faculty_id;
private String co_name;
private boolean requisite;
n
private Faculty faculty;
11 getters, setters, CRUD API
} 7

class Faculty {

}

class Course {

"

private int faculty_id;

private String fac_name;

/I EAEBEEDOY R

private Course[] courselList;
/1 getters, setters, CRUD API

private int course_id, credits, faculty_id;
private String co_name;
private boolean requisite;

N9

/1 getters, setters, CRUD API

4

class Faculty {
private int faculty_id;
private String fac_name;
/I BEDERB L

11 getters, setters, CRUD API
¥

class Course {
private int course_id, credits, faculty_id;
private String co_name;
private boolean requisite;
1 B R
private Faculty faculty;
/1 getters, setters, CRUD API
) 7
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05 040 300000000000000DBPowder-mdl 0000000000
Fig. 5 Full descriptions for the three kinds in Fig. 4, and pseudo codes generated by DBPowder-mdl.
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3.4.1 (a)DRMOODOOOOODOOOOODOOO

000004050 (a)J0000000O(a)00000000 DBPowder-mdlO 0000
OO0 RMODO 400000000000 50000000000000M0O DBPowder-mdl
oboobOooooooooboooobooooboboooboooboOoooboOoo sb0bobObOboOboOoon
0000 0ODBPowder-mdl O (a) 000 0O OgetterdsetterD CRUD APIO O 0O Faculty
Ocourse 00 0000O0O0OOOOODOODO

04000000002000000 facultyd course00D0D00OO0O0O0O0 EOOO
0000000 Loo00oooooO0o0o0000 LgO00OOODOO2000000000
LrpO00O0O000O0DODOOOOOOOOOOCOOOOOOODOOCOODO 40050000
OO0O0O0ODBPowder-mdl OO0OOOOOO0O0O0O0O0O0000O0O0O0O0OOOOO

e [0 faculty_id, course_id

e 1O0O0ODODO faculty_idd jeinOn OO OOODO

e FRODODO AgO0ODOODOOMDOOO
OOODBPowder-mdl 0 RMOOOOOOOO0OOO0O0OOCOOO LgkO rel00D0O0OO
OO0O00O0O0O00ODBPowder-mdl 000 Lo O0OOOOO0O0000O0O0OOre1 OO0
O0000Lp0000000O0O0ODODODODOOOOOOOCOOLo0O00OOOOOOOO
ooorRMOOMODODOOOODOOOOOOO relO0Q0OCOOOOOOMOOOO
gogooooa

3.4.2 (b1)0(b2)DOMODOOOODOOOOODDOD

000004050 (b1)0 (b2)00000000(b1)0 (b2) 00000000 DBPowder-
mdl 0000000 OMOO 400000000000 5000000000000RMDO
DBPowder-mdl 000000000000 OOOOOOOCOCOCOOOOOOOOO

(b1) 000000 UFacultyU0O0O0OD0OOOOO0OO CourseJ00DO0O0OOOOO
Faculty OO Course U0 O0O0O0OO Lo OOOOODOOOOOOO Lo O [Course 1:n]
O000000OFaculty 00O Course 00000 Co00OD0OOOOFaculty O Course
OOoOOO0O0O0O004005000000000DBPowder-mdl00000000O0OO
oo0oooooooooooooon

e FoOUOD Ao OODOOO RMODODO

e RMIODODOOODOOO faculty_id, course_id

e RMUODOOUODOOOODO course.faculty_id

e RMODODODODODODOOODODO faculty.idD jeinOn OO ODODODO
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e DBPowder-mdl DO 000 RMOOOOO OMOOO

05000000000000000DBPowder-mdl 0 (bl) 0000 0O getterd setterd

CRUD APIODODODO Faculty OO Course 1000000000 OOODODODO
(b2)DO0OOOO0ODOO LoOOOO (b)) 0000000000 UOODOOOODOOOO

00000000 CoOOUOOOODOn:1 000000 Lo OOCourse O Faculty O

0000000000000 0000000000000000000000 FEo O dele

O00000000000000000000 getter D00 setter 00000000000

0000 [Faculty n:11 0000000000000 00C00O0OOO0OCOOOOOCourse

U000 getFacName OO0 setFacName U UOO0OOOOOOO0O0OO 0000000

00000000DBPowder-mdl O (b2) 000 OO getterd setterd CRUD APIO OO O

Course 0 Faculty 00O ODODO0OOOOOOOOOO

3.4.3 (b1)J0(b2)0 ()OO

04050 (b1) O (b2) 0000000000000 0O0OOOOOOOOOOOOO OM

O000000000000000 DBPowder-mdl 000000000 OOOOOOOO

0000000000000 O0DBPowder-mdlOO0O0OO0 OMOOOOOOOOOOOO

000 DBPowder-mdl 00 (b1) 0 (b2) D00OO00O0 RMOOODOOOO () 0D00ODODOO

O000O0O00DBPowder-mdl 000000000000 O0DOOOOOOOO

3.5 0O 0O O

3.5.1 JO000ODOO0ODODOODORMOOMOOO

DBPowder-mdl O O (Eg, Ag, Lr,Cr) O (Eo,A0,Lo,Co) 00000000ORM O

oMOO000O0O0O0 CoCOOODOODOOOODOOUODOOODOOODODOOODOOD

00000000000 DBPowder-mdl OO OOOOOORMO OMOOOO0OO0O00OO

0000oo0o00ooo0o0ooo0o0oooo0ooooo0oooooooooog
e JJOORMIOMUOOODUDOOODODOOOODDOOOODOOOOUOD EoDODOOODO
00000oo000ooo0o0oooo0oooooooooooooog

e RMOODDODOUOOOODOIODOMIODOOODOODOD 1000000000 00ODOOO
0000000000000 00oo0o0oooO0o0ooooOooooooooo

e RMUIODODOODOODOODOOODOOODOMOIOOODOOOOOOODOOOM — RMO
ooooooo

e 00D UOOODUDODOUDODOOUDDOOOD RMOOMOmORODOOOODO
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oooo

3.5.2 OD0OO0ODOOODOO

DBPowder-mdl 00 0CoCOO0O00OO0O0OO0OO00OOOODOOOOOOOOOO0OO
gobodooooobooooobooobooooboooboooooooobooooooon
e JO0O0ODOOOODOOODLOOOOLODLOOOOOO

e JO0O0ODOOOODOOOLOOOODLOOOOO

e JO00ODLOOOLUDOOLDLOOODOOO

e JO000OOOUOOOULUDLOOOLULOCOOULOOLUDOODOOLOOOODOOOOOOO

gobooooooobo

000000000000 0000000O0 CoCOODOOOODOOOO RoRO Ruby
on RailsU 00 CoCOOOOOOODODODO 21 0000000000000000000O
goboooooboooooooboooboooooooooooboOoooDooboo

00 A30000O0O0O0ooooooooo

3.5.3 O0O0OO0ODOOOO

DBPowder-mdl 0 0OM OO0000000000000000O0000000000O00O
OO0O0O0O0ODBPowder-mdl OOOOCOOOOOOOO0O0O0O0O0O0O0O0O0OOOOOOO
00 RMUOODOOOOOO0OO0ODOOOO0OOODOO0ODOO0O0DO0O0 (1H)O(2)d(3)000O
gooooooooooooooooooooooobooooooboooorEODODOOO
gooooo

o0oooooooooco0oOooooooooooOoEODODOOOO DOOOOO O
oboodobbodeilnloodooOoOddnOd ownerdcereated 0 OOOOOO
ooboogooo

# DBPowder-mdl
(Bill)
owner texté4
created datetime

00030000000000000
(1) 00D000D0O00000D000000000000000000000000000
00000000000000000000000000000
[BillingDetails!Bill]
0000000000000000D00000BillingDetails 0000000000
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Bill OO OOOODOO owner 0 created 00 00O DBPowder-mdl D OO0 OOOO
pgoobodooodeillopooodoooooooooboooooooooooa
00 Java 00O 0O O DBPowder-mdl 0 0 0 0O O BillingDetails 0 0 0O O Bill interface
oooood

// Java
Bill bill = new BillingDetails() ;

(2) D0DOOO0OOOOOUOOUOOOO3SS,000000U0O0OUODUODLLUOOOO
000000 Concrete Class Relation Inheritanced CCROOOOOO00O3.5.5 0
ooooad

(3) D0D0DO00OLDOUOEOOODOUOOOODODOUOODOODOODOOUODOOOOOO
0ooocCcooboo0 111001 00000000COCDODO (Bil) OOOOOOODO
FO0D0O000O0O0OO0OO0O0ODOOUOOED ER000 ApODO0O ownerOcreated 00
0000000E,00000(@i11) 000 LoO0OO0O0ODO00O0O0O00O (Bill)
goboooooooboooooboooooo

3.5.4 CommonDef 0 importDB
DBPowder-mdl 00 0000000000000 O00FO0O0O0O0O0OOOOOOOODO
0000000000000000000CommonDef 000000000 A1l5000

0000355 000SRO00000000

ooo0OO000ooO00EO0OD0O00 impertDBOOOOOOOEDOOOOOOO ErDO
ocoooooobOOOOO0OooooobooboboooOoOOOOOOOOEROOOODOOO
gooooooon

3.5.5 OMOODO RMOOOOO

RMOODOMOOOOOOOOOOOOOooOoOooOMOOOO RMOOOOOOOOO

ooooY9909000 1)04)06)010) 000000 RMOOOOOOOO0OOO0OO 30

000000000(1) Single Relation Inheritancell SRIII (2) Class Relation Inheritance

0 CRII (3) Concrete Class Relation Inheritanced CCRO OO0 0O

DBPowder-mdl 00 0000000FOO000 inherit00000000 D SROD CRO

OCCROODOOOOOODOOO 600000 RMOOOOOO DBPowder-mdlO0O OO0

O0O00O04inherit 0000000000000 O0O0ODDODODOOCOOCO 1:10000

00000000 300oo@mSROOCRODCCREODOOOOOODOOOOOOO
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OM (Object Model) ~ (RM (Relational Model)) [ DBPowder-mal | | Hibernate |_Ruby on Rails (RoR) |
. i i i <class name="Bill" table="BILL" # RM TEIR
Bill Slngle Relation Inheritance (SR) <1g name—tblll'lIld colgmn— l}ILL ID" type="long"> ruby gf:xt'lpt/gineratg scaffold bill ¥
. enerator cTass="native"
created BILL <@bill> /ids c¥ggtgdr<ligg€t1me ;
BILL ID [Bill] <discriminator column="TYPE" type="string"/> bar gccoﬁgtsst{;ggg
TYPE7 created datetime <property name="created" column="CREATED" type—"timestamp"/> 4 om 1%
CREATED [CreditCard inherit] <sgbclasstname gredltcagd dlsirlminggolﬁuxgégg—t . /> class CreditCard < Bill
. x CC NUMBER cc_number textlé </Shbelassy |one- ce-mum er" column= ype_ string” class BankAccount < Bill
CreditCard BankAccount _ [BaniAccount inherit] <sul classtname— BankAccognt clilscng\;.\n}a\gggag%l (E_ t >
<] = = >
cc_number account BA_ACCOUNT </shbotassy names account’ column= ype=rstring’ # ’\% Bill” 7 A%, RMIEBKIRFIC HE)ARGT
account@ba_account textlé </class> class Bill < ActiveRecord::Base
</@bill> end
<C£ags name_bBi%l dtabli_ BILL ID" t "1 ">
1 name= 1. i column=" e="1lon 0
Class Relation Inheritance (CR) </iggrerator class='native’/> " g HRoRW, CRECCREYR— kL
720N
BILL h : <property name="created" column="CREATED" type="timestamp"/> . = —
BILL_ ID S <p . d- . bcl "CreditCard" tabl CiEDI’I‘ CARD"> ’ XLEETiﬁighéT_j)b%Li‘
. T name e X = v P
e created datetime Jgieg Ssybclass pames! /be + al acce — e tringt /o AKEDEBITRUTZOMPRME
CREDIT CARDg———BA ACCOUNT [Creditcard inherit] </38ing stpotags, oS cotumTAC N fypesistring —HULRW. —HS e3P
r BILL 1D BILL 1D cc_number textlé <]2]:|(.ned slllbclas]snggm%— ?ankAccount table="BA ACCOUNT"> LiLX'FU)SEDDMTEfJ‘/\\E
. . mn=
o men AccoaNT [BankAccount@ba_account inherit] </;g%%gg?ggbgir;\gpaccount column="ACCOUNT" type="string"/>
] account textlé < Jolases # RM_T ORI
class # £ 7) ALTER TABLE X7 &T
ﬁ g é‘;}}% BILLS -> BILL
= = <cl ="Bill" abstract="true"> =y " '
Concrete Class Relation Inheritance (CCR) 38  names by i1 id" Golamn="BIlT, 1" type="long"> # #75%°: ID  -> BILL ID
generator cTass="native"/>
. "f‘
CREDIT CARD BA_ACCOUNT (Bill) : 1 MR sy 5
— = created datetime <property name="created" column="CREATED" type="timestamp"/> clas(s: El}]_-;]l‘ b ActlveRecord :Base
" — " set_table_name
BILL 1D BILL_ID (creditcara innerit] Spioromiclens, wcicsitee e ot | | (| SRS Wl
cc_number textlé union-subclass>
CC_NUMBER ACCOUNT = . : <union-subclass name="BankAccount" table="BA ACCOUNT">
[BankAccount@ba_account inherit] </<propz=_-rt x{ame) "account" column="ACCOUNT" Etype="string"/>
account textlé unlon-subclass
</class>

0 6 DBPowder-mdl OO0 200M U000 RMODOOODO
Fig.6 Example of DBPowder-mdl(2): Inheritance.

000000000000 pvilllid0000C0CO M SROOOCRO O DBPowder-mdl O
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06 00SRO0O CommonDef 000354 000000000000000 30000
0 0OBill, CreditCard, BankAccount DO OO OOOOOOOOOOO villOOOOO
gobOOo0o00oOo300bbo0oooooUooDbo0oUD PrROCOODOOOOPiIIAOOO
ooooooo

0600CROO DBPowder-mdl 0000 0O0O0O0OOOO0O0OO0OODOOCOOERDO Eo
01010g0d0ooooooog

O0600CCRODO (Bill) OOODOODOOO3,30000000DO000O0O0O0OO
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07 OMOOUOO RM O0O000OOHibernated RoRO Ruby on Rails(T]
Fig.7 Inheritance (Hibernate, RoR (Ruby on Rails)).
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3.6 DBPowder-mdl 00000000
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APICIAIRAA > I % )
JHL, Hdncdstd s, | . o
—= N Application Codes

S
Web Ul &

DBPowder-mdI® ithid: & fi6 L —
N, Yb—YatrLEeEFILLE
A7y PEFAREINL, %
I TY L= aF LR

¥—=, #FizyF 1454 « API
ZERT %

0 8 DBPowder-mdl D00000000D0O0ODO
Fig.8 Components generated from DBPowder-mdl.
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0000000000000 0000000000d0Active Record 00000 RDBOOD
00000 EFrO0101000000Active Record0 0000000000 ODOO0O Egr
O000 CRUDOOOOOOO APIOOOOO

Cardinality Entity 0 01 0000 Active Record 0 O Cardinality Entity 0 000 Lo
0000000000 Eo OOOO0OOActive Record 00000000 Cardinality Entity
O CRUDOOOOOOO APIODODOOOOO APIODODOODOOOO Active Record O
O Cardinality Entity 0000000 OCOOOOOO

Powder Entity 0 Cardinality Entity 00 0000000000000 0O0OCOOOOO
00 0OPowder Entity 0 0000 00O O Cardinality Entity 000 APIDOOOOOOOO
0000000000000 000D00000000 Powder Entity 0000000000
O0000DBPowder-mdl 0000000000000 OO0OOOOOODOO Cardinality
Entity 000 0000000000000 OOO0OOO0OOOOOOOOOOOOOOO0O0
00000 Powder Entity 000000000 DBPowder-mdl 00000000000
000000oooooooooooon

Powder Entity 0 000 00O Cardinality Entity 0 0O Active Record 0000 O
Powder Entity 000 0000000000000 00O0OO0OOOOOOOOOOOO
0000ooouooooooooooon

DBPowder-mdl 000000000 RDBOOODOODOOOOOOOOOOOOOODO
0d0o00o0bODoOoO0b0oOO0bD 4000000000000 0000DOODOOODOODODOOO
OO0O00O Active RecordD 10 1 0000000000000 Cardinality Entity 0 00O
000 LoOO0OO0OO0OO0OOORMOOOCOODOOODOOOOODOOOODOOOOOOOO
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3.6.2 DBPowder-mdlO0O0O0 CRUDODOOOO

DBPowder-mdl O 0 OO0 Active Recordd Cardinality Entityd Powder Entity O
CRUD API OO0 OODO 8 findO insertd updateO delete 0 000000000000
O00000000000000 SQL SELECTOINSERTOUPDATEODELETEDO OO
0000 OfindDupdateOdelete 000 0000000000000 O0O0OOOOOOLIKED
INOBETWEEN 0 00 0000000000000 00000OOOOODOQBEDquery by
exampled 0000000 0O0OSQL O WHEREO GROUP BY[J HAVINGO ORDER BY O OO OO
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O0o0oOosQLoooooooooogogod

00000000 Active Record 0000000000000 ODODOOCOOOOOOO
0000000000000 000000000000000000 Active Record 0O
gooboboboodoooooooooobooboboobooooooooooogooooo
gooooboooooooooooooobooobOoboOooobobooboboooOooooDbooo
goooad

4. 0O O

4.1 DBPowder-mdl0000000000000000D0O0
00000030000000000000000000D000000O0O0 DBPowder-
mdl000000000000MySQL 5.0.222Y0Java SE 1.6.0_03 2”0 Tomcat 6.0.14 %0
Struts 1.3.52 000000000

0000000000000 00000000000000000000000000
DBPowder-mdl 00D 0000000000000 O0D0O000O0DO0O00ODOOO00O0O0
RMOODOOOOODOOOOMOMOOOOOOOOODOMmORORMO OMOOO0ODO
0000000000000 0000D0000 RMO SQL O CREATE TABLE 000 OM O
mOR O Java D0 OO0ODO0OO00DO0DOO0OOORDBOOOOOOOO JDBCOOOOOO
00D000000000OMOOOD0ODODO00O0000000000D00N0DON0nO
000000000000000000000000

0000000000000 O/ROCOODOONONOOON0OON0OOONCRUDOODOO
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0000000000000 00D00000000000000000000000000
0DO0o0DOOooO0Ooo

000000000000 0D00D000D0000000000000000KEKappdD
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AuditLogRecord MonetaryAmount | amount il Bid <<enum>> audit_log item_images tom_shipment shipment billing_address
- message : String - value : BigDecimal 2l -id  long ShipmentState AUDIT_LOGID (AK1) ITEM_IMAGE_ID___(AK1) say |_SHIPMENT_ID (A1)
- entityld : long - currency : Currency - successful : Boolean - state| + <<enum constant>> AGREED MESSAGE FILENAME —ID(FK) (AK2 IE2) OBJ_VERSION s | stReEET
- entityClass : Class 7| - created : Date + <<enum constant>> PAYED ENTITY_ID ITEM_ID (FK) (E1) ITEM_ID  (FK) (AK1,E1) INSPECTION_PERIOD_DAYS 2 | zrcooe
- userld : long _ " - +<<enum constant>> IN_TRANSIT ENTITY_CLASS ] \ [ SHIPMENT_STATE [ ™
- created : Date - initialPrice (03] s4) + <<enum constant>> ACCEPTED USER_ID ' j CREATED !
bids + <<enum constant>> COMPLETE CREATED ' ' DELIVERY ADDRESS ID  (FK)(ET) | 1 ,ydress
List<Bid> I —— ! , BUYER_ID FR)(E) | !
P . ! ! SELLER_ID (FK) (IE3) ~ 7] ADDRESS_ID (FK)
<<enum>> -id : long - deliveryAddress 1 | bid 0¥ oF OBJ_VERSION
; o L T i 5 .
e | - L :
+ <<enum constant>> DRAFT fief] o] trof - bidsByldeniifier | | T TePRCOfTeodDayS Nt T4 tong ' | BID_ID (AK1) HE
+ <<enum constant>> PENDING i d version - Integer | | 1] | BID_AMOUNT [
+sonum constant2 ACTIVE o) = fe2l f‘l,bu er _user | -street : String i ? 1% BID_AMOUNT CURRENCY = o
- state > 6)| g - o - Qi N " h ' ' CREATED 3 ' '
state state - ferslzzr:‘gb nteger Rpw User @@(ﬂ »Z:mfri‘n?rmg categorized_item_component o [GOM | ; 1S, SUCCESSFUL | : ' w3
- name : String - bii -id : long (ot ADDED_BY_USER (AK1) el Jsj BID_POSITION | users
ey Trﬁn? - description : String 77/ - version : Integer ZshippingAddress feo) | ADDED_ON (AKN) _ lecz) | ITEMID (AKY) Figl | TEM.ID (FK)(E1) | '-1 USER_ID (AK1)
fec2] - images : Collection<String> [~ 2uction buyer| - firstname : String homeAddress ICT';LE?[? RY-ID fig E:E::;; P—— 0BJ_VERSION i) | BIDDER 1D (9 (E2) OBJ_VERSION
Map<item,User> | CategorizeditemComponent - created ‘iDDa'e N seller | - lastname : String bilingAddress . ITEM_NAME o item_buyer [[111 FIRSTNAME
- - approvalDatetime : Date ovedBy| -String |2 " .
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Table 3 Quantitative comparison.
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Fig.11 Faculty-student-register—course schema (ER diagram and class diagrams).
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[[Student]

st_name text32
fac name textl28
[RegCourse n]

[Student]

fac

st_name text32
[Faculty n:1 dele]
text128;

1) St-(2)

1) St-(3

{student] )
st_name text32

[Faculty n:1 dele]

score int
co_name text128
credits int

requisite bool }

score int

2 Co-(3)

Tcourse]

2 Co-(2)

Register 1:n]

[Course n:1 delel
co_name textl28:
credits int
requisite__pet_?_l i

... fac n text128} D
‘[Register 1:n] i

score int
[Course n:1 delel
co_name textl28
credits int
[CertCourse 1:n dele]
requisite bool
[Faculty n:1 dele] ;

co_name text128 [Course]
credits int
[CertCourse 1:n dele]
requisite bool
[Faculty n:1 dele]
fac name textl128 .

co_name text128
credits int
requisite bool
[Faculty n:1 dele]
fac name textl128:

¢2) Co-(1)

[Course]
co_name text128
credits int
requisite bool

i [Register 1:n]

score int

[Student n:1 dele]
st _name text32

i[Register 1:n]
score int H
[Student n:1 delel}

fac_name te
RegStudent
score int

st _name text32:

c2) Co-(4)

i[Course]
co_name textl128
credits int
[CertCourse 1l:n pkeys= ¥¥
"faculty id, course_id" dele]
requisite bool
[Faculty n:1 dele]
fac name textl28
[Register 1:n pkeys= ¥¥
"student_id, course_id"
score int
[Student n:1 dele]
st_name text32
[Faculty n:1 dele]

[Student]

st_name text32
[Faculty n:1 dele]
fac name text128

Register 1:n pkeys= ¥¥
"student_id, course_id"]
score int
[Course n:1 dele]
co_name textl28
credits int
[CertCourse 1l:n pkeys= ¥¥
"faculty id, course_id" dele]
requisite bool
[Faculty n:1 dele]

'E[CoursewithS@course]
[C2F@cert_course l:n dele
[Faculty n:1 dele]
egStudent@register 1:n]
[DeleStudent@student n:1 dele

a)0 b)0000D000 A)O

[Faculty n:1 dele]

¢2) Co-(4")

X ATRIC ¥ & O

[DeleCourse@course dele]
[C2FRcert_course 1l:n dele]
[Faculty n:1 dele]

o1 St-(4)
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Fig. 13 Example of DBPowder-mdl(3): Normalization.
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[Student] {1) [Student]
st_name text32 st_name text32
[RegCourse 1:n] [Register 1:n]

score int score int
co_name textl28 [Course n:1]

[Course]
co_name textl28
[RegStudent 1:n]
score int

[CoCourse@course

co_name textl128

[CoRegister@register 1:n]
[CoStudent@student n:1]

Q) iRoR © & >z )l.ffé. [N, R ZE%fT L;ActlveRecord T
%ﬁﬁf’?ﬁi’&1

"r7)

2) /L)‘W[ 7" 3RM

]

st_name text32

DBPowde md|/

IIDBPawde mal, Hibernate T3, ﬂ
II(])‘C{’EESZ UIc RV U7 NICE ||

N4
1) St-(4)

<class name: tudent” table:"student">(1)
<id name="id" type="int">
<generator clas ative"/></id>
<set name="regCourse" >
<key column="student_id"/>
<one-to-many class="RegCourse"/></set>
<property name="st_name" type="string"/>
</class>
<class name="RegCourse" table="reqcourse">
<id name="id" type="int">
<generator class= atwe /></id>
<property name="score" type="integer"/>
<property name="co_name" type="string"/>
y name="student_id" type="integer"/>

</class>

<class name="Course" table="course">
<id name="id" t "
<generator class="native"/></id>
<set name="regStudent" >
<key column="course_id"/>
<one-to-many class="RegStudent"/></set>
<property name="co_name" type="string"/>
</class>

<class name="Student
<id name="id" type
<generator class-"nat1ve"/></1d>
<set name="register" >
<key column="student_id"
<one-to-many class="Register"/></set>
<property name="st_name" type="string"/>
</class>
<class name="Register" table="register">
<id name="id" type="int">
<generator class="native"/></id>
<property name="score" type="integer"/>
<many-to-one name="course" class="Course"
column="course_id"/>
<property name="student_id" type="integer"/>
</class>
<class name="Course" table="course">
<id name="id" type="int">
<generator class="native"/></id>
<property name="co_name" type="string"/>
</class>

<class name="CoCourse" table="course">
<id name="id" type="int">
<generator class="native"/></id>
<set name="register" >
<key column="course id"/>
<one-to-many class="CoRegister"/></set>
<property name="co_name" type="string"/>
</class>
<class name="CoRegister" table="register">
<id name="id" type="int">
<generator class="native"/></id>
<property name="score" type="integer"/>

<class name=' table="r ">
<id name="id" type="int">
<generator class="native"/></id>
<property name="score" type="mteger"/>
<property name="st_name" type="string"/>
<property name="course_id" type="integer"/>
</class>

name="student
class="CoStudent" column="student_id"/>
<property name="course_id" type="integer"/>
</class>
<class name="CoStudent" table="student">
<id name="id" type="int">
<generator class="native"/></id>
<property name="st_name" type="string"/>
</class>

I

Ruby on Rails (RoR)

# T b6 aey FRIT
ruby script/generate
st_name:string
ruby script/generate
score:integer ¥
co_name:string ¥
student_id:integer
ruby script/generate
co_name:string
ruby script/generate
score:integer ¥

has_many
d

has_many :regcourses

egstudents (1}

scaffold student ¥

scaffold regcourse ¥
- L, -

scaffold course ¥

scaffold regstudent ¥

# s avy PR
ruby script/generate

score:integer

belongs_to :course

(EZ300)

# has_many
end

# BiBLUZ ActiveRecord

end

student_id:integer ¥
course_id:integer ¥

# “EJR E7zActiveRecord (T

',Jcﬁ}w? ActiveRecord %%
I

r‘e‘gstudents -

class CoCourse < ActiveRecord::Base
set_table name "courses"
has_many iregisters,
:class_name => "CoRegister",
:foreign_key => "course_id"

class CoRegister < ActiveRecord::Base
set_table_name "registers"
belongs_to :student,
:class_name => "CoStudent",

:foreign_key => "student_id"
end
class CoStudent < ActiveRecord::Base
set_table_name “students” Q@)
end

scaffold register ¥

4 Tkwrf%}](w\(ﬂ)

HIE)

% ik
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Fig.14 Comparison of normalization.
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2: <indentA> ::= {[ ]+} # BT 5747428 TA4 YT b
3: <indentL> ::= {[ ]*} # VY IRIYTATARRTA VYTV b, BERTEA v FY AL
# IVT AT A(E)
4: <EntityDef> ::= <indentL>'['<EntityDesc> <Cardinality> <linkType> [<extDef>] ']’
5: <EntityDesc> ::= <commonEntityName>[<virtualEntityDesc>]
| <className>[<virtualEntityDesc>]'Q'<tableName>
6: <commonEntityName>,<className>,<tableName> ::= <name>
7: <virtualEntityDesc> ::= '!'<virtualEntityName>[<virtualEntityDesc>]
8: <virtualEntityName> ::= <name>
# D—=F14FYF1©
9: <Cardinality> ::= '1:1' | ‘1:n' | ‘n:1' | ‘n:n' # REFTEEELEL
10:  <linkType> ::= '' | ‘rel' | ‘bidir' | ‘dele' | ‘inherit’
11: <extDef> ::= [ <pKeysDef>][ <joinOnDef>][ 'importDB']
12: <pKeysDef> ::= 'pkeys="'<pKeysList>'""'
13: <pKeysList> ::= <pKeysItem>[', '<pKeysList>]
14: <pKeysItem> ::= <name>
15: <joinOnDef> ::= 'joinOn="'<joinOnList>'""'
16: <joinOnList> ::= <joinOnItem>[','<joinOnList>]
17: <joinOnItem> ::= <name>['='<name>]
# Bl@
18: <AttributeDef> ::= <indentA><attrDesc> <typeName>
19: <attrDesc> ::= <commonAttrName> | <classAttrName>'@'<columnName>
20: <commonAttrName>,<classAttrName>,<columnName> ::= <name>
21: <typeName> ::= 'text'{[0-9]+} | 'number'{[0-9]+} | 'datetime’
( <typeName> /%, SEHENTE)

22: <AttributeDefs> ::= <AttributeDef>[','<AttributeDefs>]
23: <CommonbDefStartTag> ::= '<'[<virtualEntityDesc>]['@'<tableName>]'>"'
24: <CommonDefEndTag> ::= '</'[<virtualEntityDesc>]['@'<tableName>]'>"
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Fig.15 BNF of DBPowder-mdl (main part).
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