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2. $ it #;8 ODMG Object Model
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# Relationships * & - x ¥ % 4 % Unidirectional ¥ bidirectional - %
Unidirectional # - d_Ref <T># 7+ to-one relationships ; d_Set <d_Ref <T>> &
d_List <d_Ref <T>>#% 7 & A (unordered ) 43 %A (ordered ) 7 to-many
relationships - # bidirectional » d_Rel Ref <T,MT># 7+ to-one relationships -
d_Rel_Set <T,MT># 7+ & /& 1 to-many relationships ~ d_Rel_List <T,MT>: % 7 3
B £ to-many relationships -



3. ¥ # 7 &3 3 Object Definition Language

P 1+ ¥ % 3% 7 (Object Definition Language) & - fE4ta4s it 2 > * L L& 4
2R Enhw > 2 5 ODMG e i 538 - ODL 2 & £ 2 &4 2 FTHE T
33 72 OMGCORBA ## e o &3 3 IDL4p% - ODL ¥ J/.;V%i
(extensible) - # © £ & ket i > B3 F W eand i 1 (physical optimizations) ~
Tl hene ODL ¥ * BH & a3 43 § @ § 25441 - ODBMS i
B B EP AT L3 o B DBMS # 0 DDL R K AT HALIR
o ; ODL #2424 fe eo DDL » T T & 3 fs cnfF e (& 42 H_%frfr:}ﬁf. ) & &
TEJ TR m 3 A7 738k T E o 2 ikeL L v 4k 4 (portability) » ¥
PUE Tk FE - FARR b # A FIURARS 3 7 fr ODBMS Hurc o F
ODL ehp eha & & T &4 & AR F 2 7 U F Fend 231 & > #712 ODL
ARG 2 ..:—f#mé\ » iy 3R E @ & i ODMG &2 59 ODBMS frif
£ 3% = g iv(mixed-language implementations) » ¥ i ODL % T HE R o

BRI G X T UL SAEEE T 5 ri%." Bolt s Bl S TR T
* LR AT TR A - Q?cmj :

Phs
<interface_dcl> ::= Interface <identifier> [<inheritance_spec>]
<type_property_list>
[:<persistence_dcl>]
{[<interface_body>]};
<persistence_dcl> ::= persistence | transient
i 1
<inheritance_spec> ::= <scoped_name>|<scoped_name>,<inheritance_spec>
<type property_list> ::= ([<extent_spec>][<key_spec>])
<extent_spec> ::= extent<identifier>
<key_spec> ::= key[s]<key_list>
<key_list> = <key>|<key>,<key list>
<key> ::= <property_name>|(<property_list>)
<property_list> ::= <property_name>
|<property name>,<property_list>
<property_name> ::= <scoped_name>
<scoped_name> ::= <identifier>
| ::<identifier>

| <scoped_name> :: <identifier>

BT



<interface_body> 1:= <export> | <export><interface_body>
<export> 1i= <type_dcl>;

|<const_dcl>;

|<except_dcl>;

|<attr_dcl>;

|<rel_dcl>;

|<op_dcl>;

(e
<attrib_dcl > ::= [readonly] attribute
<domain type> <identifier>
[[<positive_int_const>]]
<domain_type> ;.= <simple_type_spec>
|<struct_type>
|<enum type>
|<attr_collection_specifier><literal>
|<attr_collection_specifier><identifier>
Set | List | Bag | Array

<attrib_collection_specifie ::
r>

s
<rel_dcl> ::= relationship
<target_of path><identifier>
[inverse<inverse_traversal path>]
[{order_by<attribute_list>}]
<target_of path> ::= <identifier>
|<rel_collection_type><<identifier>>
<inverse_ traversal_path> ::= <identifier>::<identifier>
<attribute_list> ::= <scoped_name>
|<scoped_name>,<attribute_list>

s
<op_dcl> ::= [oneway]<op_type_spec><identifier>
<parameter_dcls>[<raises_expr>][<context_expr>]
<op_type_spec> ::= <simple_type_spec> | void
<parameter_dcls> .= ([<param_dcl_list>])
<param_dcl_list> ::= <param_dcl>

| <param_dcl>, <param_dcl_list>



<param_dcl>
<param_attribute>
<raises_expr>
<context_expr>
<scoped_name_list>

<string_literal_list> =

interface Professor:Person
( extent professors
keys faculty_id,soc_sec_no):persistent
{
properties
operations

K

interface Professor: Person
( extent professors

keys faculty_id,soc_sec_no):

{

attribute String name;

attribute Unsigned Short faculty_id[6];
attribute Long soc_sec_no[10];
attribute Address address;

attribute Set<string> degrees;
relationships

operations

K

interface Professor: Person
( extent professors

<param_attribute><simple_type spec><declarator>
in | out | inout

raises(<scoped_name_list>)
context(<string_literal_list>)

<scoped_name>

| <scoped_name>,<scoped_name_list>
<string_literal>
|<string_literal_list>,<string_literal_list>

persistent

keys faculty_id, soc_sec_no): persistent

attribute String name;

attribute Unsigned Short faculty 1d[6];

attribute Long soc_sec_no[10];
attribute Address address;



attribute Set<string> degrees;

relationship Set<Student> advises inverse Student::advisor;
relationship Set<TA> teaching_assistants inverse TA::works_for;
relationship Department department — inverse Department::faculty;

operations



4. ¥ it 4393 3 Object Query Language

OQL e thi s BNt » 5B EFHREY e 2 L & FH
B¢ i ] o Rk el * ende 2 H03] o 3 R ODMG sk d 2 4393 0 T 4
1 ODMG #hir i2 258 -ODL v &2 SQL 4p % > fe » $% & — & SQL 7 & $Zehrb it o
% ODL ¥ rzrs it A2 @ 439 L F 25 o

OQL ¢ 7 7w f5+4 > »~ 4 5 set ~ bag ~ list ~ array » & if 4o

Set

Given expressions expr;,eXpra,......... .expr, of type T , the expression

set (expr;,expry......... ,expr, )

define a set that contains the elements defined by expr; expressions.

Bag

Given expressions expr;,eXpra,......... .expr, of type T , the expression

bag (expr,,expra......... eXpr.)

define a bag that contains the elements defined by expr; expressions.

List

Given expressions expr;,eXpra,......... .expr_ of type T, the two expressions

list (expr;,expro,......... ,expr, )
(EXPr,eXpr......... ,expr, )
define a list that contains the elements defined by expr, expressions.
Array

Given the expressions expr,expr,,......... ,expr, of type T , the expression

array (expr;,expry......... ,expr, )

define an array that contains the elements defined by expr, expressions.

% 39 (Queries) _- lﬂ;ﬁpaﬂ THEDA[EFE N B LEorE A L ER[EFEL L
BegF2EEN P2 v il (- BE2TEENF Ve gHBELEN
T BB P en

AANEE ) NT L RE- B EF L Tom hF L HE L T
student_id -
Example:
Define tom as select distinct x from x in Students where x.name="Tom”;
Select distinct x.student_id from x in tom

(253 q - BhHHEF > a e LAWPEL S o R defineqase £- B &
3§ T_#& 18 & ;7 (Query Definition Expressions) - 17 T gaa bt 2 & - B & 5 Does
ﬁvﬁ?‘;a’wg@? bag #j ik ¢ 7 ¢ F &_Doe ch#73 &2 o
Example:

Define Does as select x from x in Student where x.name =”Doe”



f A A& E ;% (Elementary Expressions) ® - Edc X ¥ - B % ¥ VA X H -
BEE N o Bde a - B atom(IcdikcF ...) 0 PRE a - BFE N o Bae define
qase AT AKTE > VA qE- BEE o 0T H o iR

Example:
27
pHFEw 27 o
Example:
nil
B Ew il o
Example:
Does
f ARl L34 Doe sy B4 o

i B pFiE B N (Arithmetic Expressions) ® » 3k e #. - BiF 5 ;% > <op>H -
& ;2 ehoperation e ki > FRNAE <op> e H- BiEE N o Bk elfre2 FiEE
¢ > <op>¥_— operation - 7% el<op>e2 i - & B 5 o 11T * 2R
Example:
not (true)
@ w false -
Example:
Count(Stdents) — Count(TA)

@3 Hf o TA Bf Py -

& % B i & ;% (Collection Expressions) ® » * % 4 % Universal
Quantifications ~ Existential Quantification - Membership Testing ~ Select From
Where ~ Sort-by ~ Unary Set Operators ~ Group-by o 11 & %]z

® Universal Quantifications
BRXE- BRE: elfre2 BF 550 > /A
for all x in el:e2
REH 4 o BAcgtst collection el #r4 ch % ¥2i% X e2 » Pyt it ¢ @ w true
Example:
For all x in Students: x.student_id >0
Bheer5 student_id & & & o Pt AciE € @ w true o

® Existential Quantification
Bk XA - BB elfre2 £iFH N 7R



exists x in el:e2
F8 8 5% o 4ot collectionel 74 eh %@ 30 F - BAF %R e2 FEN o
Al &zt ¢ @ w true o
Example:
Exists x in Doe.takes: x.taught by.name = “Turing”
B Doe I > § - P 3cA4k Turing %03 € @ w true o

® Membership Testing
B2k el fre2 4 i ¥ 5% - e2 .- B collection - el 1 type fr e2 eh= % & type 4
feoo 7Rf-eline2 - BEE 5N o Bdrel At e2 7R € @ w true o
Example:
Doe in TA
B4e Doe #_TA » B & v true -

® Select From Where
Bk e e,el,e2, ....,en F3FE N> 7 X, X2,...... Xn B %82 > 7R
select e from X1 inel, X2 in e2,.....Xn in en where ¢’
select distinct e from X1 in el, X2 in e2,.....Xn in en where ¢’
LEE e
Example:
Select couple(student: x.name, professor: z.name)
From x in Students,
y in x.takes,
z in y.taught_by

where z.rank = “full professor”

® Sort-by % i®
Bk e el,e2,....,en RiFH ;N » 7R sortxinebyel, e2, ....,en HiFH ;N o
Example:
Sort x in Persons by x.age, x.name
#-Persons * E#SPEERE 2 {60 R L KRER - B listo

® Unary Set Operators

Bk ed- BEE v A&7 - BFE(collection)» ¥ <op>it % { min> max >
count > sum: avg} H ¢ 2 — 5 7RAE <op>(e) L iFE ;N o
Example:

Max(select x.salary from x in Professors)
iz Acit ¢ @ v Professors ¥ # + cEFF o



® Group-by
Bk ed - BEHEN > UL - B E S (collection) » P1,P2,.....Pn & F 1+ &
el,e2,.....en ¥_Xaud8E N P1,P2,....Pm &/ L e’l,¢e2,...e’'m FiF
¥ B A 3w (partition)m 3 0 7R

group x in e by(Pl:el, P2: e2, ..., Pn:en)

group x in e by(P1:el, P2: e2, ..., Pn:en) with (P’1:e’1, ...... , P’m: e’m)
BEEE S .

-

- BN+ a 2 ,T%U—EU%- iR L BIERN B2 &R F s 2w
ERAUFAE-FEDREE
Example:
group x in Employees
by( low: x.salary < 1000,
medium: x.salary >= 1000 and x.salary < 10000,
high: x.salary >= 10000)
TRBr-BREEsZZBAF B - Bk E 3 - B partition hfE > H £
TG iE B e & 4 g e employees & & o AT B w A f 4o T
set<struct(low: boolean, medium: boolean, high: boolean, partition:
set<Employee> ) >

FoBEENA T AR I e E - BEEN R HEHA A B RO
gy o
Example:

group e in Employees

by (department: e.deptno)

with (avg_salary: avg(sellect x.salary from x in partition))
SRAE BT - BEE D PP NGBE S RINM R IFTNTE LR LD
2 e

set<struct(department: integer, avg_salary:float)>

%iF 5 < igA g R (Operate Precedence ) %4 » L 4 =

# = EY ~RAER
Operator (in Order of Precedence )
() [ ] . —>
not - +(unary)
(unary)




* J/ mod intersect
+ — union except ||
< > = >= <some <any <all
= I = like
and exist for all
or
(identifier )
order by
having
group by
where
from
select
WU R e L H TR B BEA U e g 2 A3

GiftList
1
0.1
: 1
Gift 0.1
next

PPN d A e D GiftList (- A PR e R P g eIy o @

FALL S FE E) e Gift (& 42l s b s AL

g ey i frif ) -

1. Require Gift and GiftList to make them persistence-capable

# include <odmg.h>

I/l vendor provide - contains declarations of ODMG classes

class Gift : public d_object { /I = 7 % g Z #47 %/ d_Object 7z e/ 7 7 1 ## £
friend class GiftList;

friend ostream & operator << (ostream &, const GiftList & ) ; // output the values of

instances




public :
Gift (const char *fn, const char *In, const char *gift, unsigned long ¢ ) ;
Gift () ;
friend ostream & operator << (ostream &, const Gift &) ;
friend instream & operator >> (istream &, Gift &) ;  // read initialization data
private :

char first_name[16];

char last_name[16];

char gift_descry[30];

unsigned long cost;

d_Ref<Gift> next; // reference the next element on the list

[

class GiftList : public d_object {

public :
GiftList (const char *n, unsigned longb) ;
~GiftList () ;

friend ostream & operator << (ostream &, const GiftList &) ;
void addGifts (istream &) ;

private :

char name[20];

unsigned long budget;

d_Ref<Gift> gifts; /I w7 & ¢ % - BAF izl
}s

2. creates a persistent instance of GiftList and gives it aname (i * d_Database &
d_Transaction )
# include <odmg.h>

d_Database db;

const char * const db_name="Gifts”;

int
main (int argc, char *argv[])
{
db.open (db_name) ; // opens the named database
d_Transaction tx;



tx.begin () ; /] begins a database transaction

char *name = argv [1];
unsigned long budget = atoi (argv[2]) ;

GiftList *giftlist=new ( &db, “GiftList”) GiftList (name, budget) ;
db.set_object_name (giftlist, name) ;

tx.commit () ; // commits the transaction
db.close () ; // closes the database
return O;

}
3. access a GiftList instance by name and print it to the standard output stream
# include <odmg.h>

d_Database db;
const char * const db_name="Gifts”;

int
main (int argc, char *argv[ ])
{
db.open (db_name) ; // opens the named database
d_Transaction tx;
tx.begin () ; // begins a database transaction

char *name = argv [1];
d_Ref <GiftList > giftlist = db.lookup_object (name) ;
if (giftlist.is_null ()) {

cerr << “No gift list with the name” ;

cerr << name << endl;

return -1,
}
cout << * giftlist; // subsequent transactions
tx.commit () ; /I commits the transaction
db.close () ; // closes the database
return O;
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