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Who should use this tutorial

Th is tu tor ial  is for  program mers who wish to wr i te or  adapt  C++ 
appl icat ions to run  with O2.

It  presents an  example applicat ion  and descr ibes the steps requ ired to por t  
th is applicat ion  to O2. A pr ior  knowledge of C++ is assum ed. 

It  also presents the object  query langu age (OQL) which  can be used for  
stand-alone quer ies or  embed quer ies in  a C++ program.

The fol lowing manuals give fu r ther  detai ls on the topics covered in th is 
tu tor ial:

ODMG C++ Binding Guide

ODMG C++ Binding Reference Manual

OQL User Manual

O2 System Administration Guide

O2 System Administration Reference Manual

Other docum ents avai lable are ou t lined, cl ick  below.

See  O2 Documentation set .
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1 Introduct ion

Int rodu ct ion  to the benefits of O2.

1

This chapter  br iefly in troduces the O2 system and the benefi ts of por t ing 
a C++ appl icat ion to O2. It  contains the following sections:

• Introduction to O2

• Object  Database Management  Group (ODMG)

• Benefits of porting to O2

• Example applicat ion

• Setu p
O2 ODMG Database System Tu tor ial 9



Introduction1
1.1 Introduction to O 2 

The O2 ODMG database system is a fu l ly ODMG compliant  system, 
offer ing a powerfu l database engine, a C++ programming inter face and 
an  OQL qu ery inter face. The O2 ODMG database system offers a data 
model fu lly com patible with the C++ type system. It  provides 
t ransparent  mu lt i -user  access to a database and includes a complete 
embedded query language for  associat ive access to data.

The O2 system has been  designed to support  large databases with a 
large num ber of users.

O2 is a totally open  system that  integrates easily with  other  software. 
The open architectu re of O2 provides connect ions to relat ional database 
engines, GUI tools, the Wor ld Wide Web, programming langu ages and 
CASE and methodology tools. 

O2 is language and compiler  independen t . To provide maxim um 
flexibi li ty you  can access the sam e database with any of the suppor ted 
programming langu ages such as C, C++, Java, Eiffel, Lisp, Objective C 
and O2C which  is a fou r th  generat ion  object  language.

O2 appl icat ions can be developed using the standard programming 
environments available or  using O2Tools. With  O2, you  can  use 
standard object -or iented methodologies and associated tools (Tram is, 
LOV, Objecteer ing, ROSE, etc.).

Architecture

The O2 System suppor ts a clien t  server  architectu re. The cl ien t and 
server  are separate processes which  commun icate over  a network . There 
is usual ly a single server  process wh ich  commu nicates with m u lt iple 
clien ts. 

The server  (o2server ) is responsible for  reading and wr it ing data to 
permanen t  storage, managing concu rren t access to the data from 
mu lt iple cl ien ts, back ing up the database and recover ing the database 
after  a crash .

The cl ient  process is a user  application  program. For  the purposes of 
th is tu tor ial the client  is an  example C++ appl icat ion. In the C++ sample 
applicat ion  the comm unication  with the server  is t ransparent  to the C++ 
developer . The C++ appl icat ion au tomatically commun icates with  the 
o2server  th rou gh  the O2 C++ run time l ibrary.
10 O2 ODMG Database System Tu tor ial



Object Database Management Group (ODMG)
1.2 Object Database Management Group (ODMG)

The Object Database Management  Grou p (ODMG) is made up of the 
leading Object  Database vendors plus a large number of com panies that 
are in terested in  an ODBMS standard. The ODMG has produced a 
standard for  object  databases. The ODMG Standard is an 
interoperabi li ty standard wh ich  allows applicat ions wr i t ten  to the 
standard to run  on  any com pliant  system . 

Th is standard contains five categor ies:

- Object  Model

- Object  Defin it ion Language (ODL)

- Object  Query Language (OQL)

- C++ Language Binding

- Java Language Binding

The ODMG Object  model is an extension of the OMG object  m odel. The 
object  m odel supports the not ions of class, objects with  at t r ibu tes and 
methods, inher i tance, and special ization . The extensions to the OMG 
object  model include su pport  for  relat ionships between  objects, su pport  
for  collect ion classes and a set  of base classes for  date, t ime and 
character  str ings. 

The ODMG-93 standard also al lows for  expl icit  names for  an  object  or  
col lection . From  a nam e, an applicat ion  can direct ly ret r ieve the named 
object  and operate on i t  or  navigate to other  objects fol lowing 
relat ionship links.

A name in  the schema plays the role of a var iable in a program. Names 
are en tr y points to the database. From these en tr y points, other  objects 
can  be reached through associative quer ies or  navigat ion .

The O2 ODMG Database is fu lly com patible with  the ODMG object 
model, object  query langu age (OQL) and C++ binding. 
O2 ODMG Database System Tu tor ial 11
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The O2 ODMG C++ Binding

The ODMG C++ language binding is designed to br ing t ransparent  
persistence to C++ applicat ions. Persistence is the abi li ty for  an object  to 
ou t live the process wh ich  created i t . Transparency appl ies to both the 
type system and the programming langu age. From the C++ developer ’s 
perspect ive there is a single unified type system across the 
programming langu age and the database. Therefore any C++ class can  
be stored in  the database. The database manipu lat ion langu age is C++ 
so there is no need for  a separate database programming langu age to 
access and man ipu late data.

The ODMG C++ binding consists of standard C++ code. There are no 
new language const ructs used for  the binding. The binding makes u se 
of C++ templates to provide persistence. Since the code is standard C++ 
code there is not a special pre-compiler  for  the source code, so you  can 
con tinu e to use any of you r  exist ing C++ tools as wel l as adopt new tools 
in the fu tu re.
12 O2 ODMG Database System Tu tor ial
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1.3 Benefits of porting to O 2

A short  bank ing appl icat ion is provided for  the pu rposes of th is tu tor ial . 
I t  is an  au tomated tel ler  m ach ine (ATM) appl icat ion. The appl icat ion  
al lows u sers to login  to their  accounts to make deposits or  withdrawals 
and to check  the balance of an  accoun t  or  review recent  t ransact ions. 

The changes requ ired to por t the application  to O2 involve less than  
10% of the code and thou gh  on ly a smal l por t ion of code is modified the 
appl icat ion gains substan t ial ly in terms of funct ional ity. I t  gains in 
terms of du rabil ity, concu rrency, scalabi li ty and accessibil ity through 
OQL. 

The or iginal version  of the sou rce code reads customer data at  star tup 
and wr ites in format ion back  when the program ends. If the program 
fails all  modifications made wi ll  be lost . The possibil ity of losing data is 
u nacceptable. The O2 System protects data by ensur ing that al l changes 
comm it ted to the database are indeed wr i t ten  to the database and that 
i f a crash occu rs the data is safe from cor rupt ion.

The O2 System allows for  concur ren t  access to data. With  concu rrent  
access i t  is possible to have mu lt iple processes accessing the database 
at  the same t ime. For  exam ple you  cou ld have several ATM mach ines 
accessing the same database. The database cont rols the access to the 
data ensu r ing that  every cl ient  has a consisten t  view of the data.

One of the m ost impor tant  improvements to the sample applicat ion  wi ll  
be to make the application  more scalable. The or iginal appl icat ion is 
l im ited in  the amoun t  of data it  can  store to machine m emory. By using 
the O2 database the applicat ion  is no longer l im ited in  th is way. There is 
no pract ical l im it  to the size of an  O2 database.

The addit ion of ODMG collect ion classes and OQL quer ies reduces the 
physical lim itat ions of the applicat ion . ODMG col lection  classes provide 
flexible col lect ions wh ich can grow as data expands and they are t igh tly 
l inked to the database engine to provide efficient  caching of large 
col lections. By reusing the ODMG collect ion classes you  wi ll  also reduce 
the amou nt  of code that  you  need to develop and maintain.   

The OQL query language is an opt imized query langu age. All  quer ies wi ll  
be au tomat ical ly opt im ized to improve the per formance of you r  
appl icat ion. The OQL query langu age is a declarat ive qu ery langu age so 
the physical st ructu re of the data can be changed withou t  having to 
change the query. Th is al lows an  administ rator  to add indexes to large 
col lections withou t having to m odify or  recompile the appl icat ion.
O2 ODMG Database System Tu tor ial 13
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The O2 System can replace exist ing code that  implem ents database type 
featu res thus reducing the amount  of code to be main tained. For  new 
developments the O2 System  reduces the amou nt  of code requ ired. For  
the sample applicat ion we can  remove the code for  the 
initializeAccounts  and updateAccounts methods. By removing the 
code wh ich  becom es useless th rough  por t ing we redu ce the size of the 
applicat ion  by 200 lines or  25%.

One of the key featu res of the O2 ODMG C++ Binding is that  i t  does not  
extend the C++ language to add special  database keywords. The binding 
u ses standard C++ concepts such as templates and inher i tance to 
provide connect ion to the database. The u se of standard C++ does not  
force developers to change the methods or  tools they use to develop 
code. Any tool that  can work  with standard C++ can be used with the O2 
ODMG C++ Binding. These inclu de fron t  end case tools wh ich generate 
C++ code, editors, debu ggers, memory m anagement  tools and th ird 
par ty class l ibrar ies.

Th is tu tor ial  is in tended to provide a qu ick  int roduct ion  to the O2 
ODMG C++ In ter face and the OQL query langu age. There are m any 
importan t  featu res of the O2 System that  were not  covered in  th is 
tu tor ial . These inclu de database featu res such as t ransact ion types. 
schema u pdates, warm and cold recovery, and su ppor t  for  con t inuous 
operat ion .   

Another  obvious advantage is O2 Technology’s commitment  to indu st ry 
standards. Using a system  that  complies with indust r y standards 
ensures the in teroperabi li ty between you r appl icat ion  and other  tools 
and does not lock  your  source code to a specific vendor.
14 O2 ODMG Database System Tu tor ial



Example application
1.4 Example application

In th is tu tor ial  we are going to be work ing with a C++ bank ing 
appl icat ion where customers u se au tomat ic teller  mach ines (ATM) to 
check  their  accoun ts or  car ry ou t  simple banking t ransact ions. This is 
not  a product ion appl icat ion, bu t  a simple program used for  example 
pu rposes only. The application  uses a simple terminal in ter face to 
comm unicate with  customers. 

Before being por ted to O2, the appl icat ion uses standard operat ing 
system fi les to store in format ion abou t  customers and accounts. When 
the ATM appl icat ion is star ted in form at ion  abou t  exist ing accounts is 
read from a file and when  the appl icat ion stops informat ion is wr it ten 
back  to the fi le.   The class com posit ion  is shown in figu re 1.
O2 ODMG Database System Tu tor ial 15
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Terminal ATM

Account

Person

Address

Event

Figure 1.

Street 
city 
state 
zip_code

firstName 
middleName 
lastName 
personal_id 
accounts 
address

showDeposits 
showWithdraws 
showEvents

number 
balance 
description 
owners 
events_completed 

lookupOwner 
newOwner 
insertEvent 
getNumber 
getBalance 
title 
deposit 
withdraw 

cash_balance 
total_deposits 
term 
account_list 
location 

lookupAccount 
dispenseCash 
printReceipt 
initializeAccounts 
run

machine 
message 
amount
execute 
show

displayLogin 
displaySelectEvent 
displayBalance 
displaySelectAccount 
displayMessage 
displayPerson 
displayEvent 
getString 
getNumber 
getAmount 

Attributes

Methods

one to one

one to many
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Example application
The inher i tance hierarchy of the even t  classes is shown in figu re 2.

Relevant files

The appl icat ion source code is stored in var iou s files:

main.cxx  - contains the main  program. 

atm.hxx  and atm.cxx  - contain the defin i t ion of the ATM class and 
method defin it ions.

account.hxx  and account.cxx  - contain the defin it ions of the Address, 
Person  and Account  classes and method defin i t ions.

event.hxx  and event.cxx  - contain  the defin i t ions of the Event , 
depositEven t , withdrawEvent  and balanceEvent  classes and their  
method defin it ions.

terminal.hxx  and terminal.cxx  - contain the Terminal class 
defin i t ion  and method defin i t ions.

MakefileUnix.original or  MakefileNt.original  -contain the 
makefi le for  compil ing the or iginal version  of the appl icat ion.

The main  rou t ine of the program creates the ATM, Person and Accoun t  
objects, from  data in a fi le and then passes cont rol to the ATM::run 
method. The data fi le is located in  data/ accoun ts.

Final ly, README fi les descr ibe the step by step process to run  the 
tu tor ial. Please have a look  at them.

Event

depositEvent withdrawEvent balanceEvent

Figure 2.
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The ATM::run  method cont rols the interact ion between  customers and 
accoun ts. The method fi rst displays a login prompt  to the user .   The 
login process produces an  account  number and a personal iden t ificat ion  
number (PIN). The ATM:lookupAccoun t method is then used to find an  
accoun t  corresponding to the account  num ber. Then the 
Accoun t ::looku pOwner  method is used to lookup a Person  based on the 
PIN. The terminal then displays a l ist of actions that  the cu stom er  can 
take.

The act ions are represented as even t objects wh ich represent  the 
inter face between  customers and their  accounts. Event  objects are 
saved in  the database to main tain  an  accoun t  h istory. Event  objects are 
the only new objects created in  the database whi le the ATM:Run method 
is running. The other  objects in the database are only modified when  the 
ATM is running, for  instance the Accou nt  object  is updated to reflect  
any change in  the balance of the accou nt  and also to add events to the 
even t h istory.
18 O2 ODMG Database System Tu tor ial



Setup
1.5 Setup

I t  is assumed that  the O2 software is instal led. I f th is is not  the case, 
refer  to the O2 Instal lat ion  sheet  for  fu r ther  details.

The O2 system mu st  be set  up before you  can begin  por t ing the example 
appl icat ion.

Set  an  environm ent var iable cal led O2HOME specifying the directory path  
where the O2 software is instal led.

Posit ion  yourself at  O2HOME:

> cd $O2HOME

Add the O2HOME/bin directory to the path  in  each work ing window:

> set path = ($O2HOME/bin $path)

In order  to run  the O2 System you  need to have a .O2KEYS l icense file 
for  the machine you  are runn ing on. The .O2KEYS file shou ld be stored 
in the O2 installat ion directory.

The o2server  program cal ls the O2 database server . Each  o2server  
r uns a single named system . The logical defin it ion for  each  system is 
given in the .o2serverrc  fi le located in  the O2HOME directory. The 
.o2serverrc  file contains the system name, name of the server  
mach ine, the locat ion of the catalog, log and shadow directory.   For  
more informat ion abou t  the .o2serverrc  fi le refer  to the O2 System 
Adm in ist rat ion Gu ide. From the O2HOME directory use the fol lowing 
comm ands to create a .o2serverrc  file for  the tu tor ial.

> mkdir o2vol

Edit  the .o2serverrc file and add the following l ines:

demo.server = < hostname>
demo.cataldir = $O2HOME/o2vol
demo.logdir = $O2HOME/o2vol
demo.shadowdir = $O2HOME/o2vol

where <hostname> is he name of the mach ine where the O2 server  wi ll  
r un.

The defau lt  system name and server  nam e can  be specified by 
the environm ent varaible O2OPTIONS. Use the following 
commands to set  O2OPTIONS:
O2 ODMG Database System Tu tor ial 19
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On Un ix,
(in sh) set O2OPTIONS "-system demo -server 
<hostname>  ; export O2SYSTEM
(in csh) setenv O2OPTIONS  "-system demo -server 
<hostname>"

On Windows NT, use the Environment tab  of the system propert ies 
panel to set  the O2OPTIONS var iable.

The O2OPTIONS environment  var iable is used by al l O2 u t il it ies 
programs.

You  mu st  in it ialize a system before you  can  run a database server . The 
in it ializat ion  process creates the fi les used by the database server . To 
in it ialize the system use the following command.

> o2dba_init -system demo -server <hostname>

Now star t the database server  for  the system with  the fol lowing 
command:

> o2server -system demo

Each  system can contain m u lt iple schem as and bases. A schema  is a 
collect ion of class defin i t ions. A base  is a collect ion of instances of 
classes. Schemas allow for  the reuse of code by let t ing you  organ ize a 
group of classes that  work  together  into a single schema. For  instance, 
you  cou ld create a customer schema that  cou ld contain several classes 
to deal with  customers. Then  any other  appl icat ion that  needed to deal 
with  customers has on ly to import  the relevant  classes from the 
cu stom er  schema.

You  must create the schema  and base  for  the tu tor ial . Th is can  be done 
from a C++ program or  interact ively using the O2 administ rat ion  tools.   
We wi ll  create the schema  and base  in teractively. First  star t  the O2 
admin ist rat ion tool.

> o2dsa_shell

Now create the schem a and base. Com mands are confirmed by typing a 
new line followed by ctr l D.

schema bankSchema;

base bankBase;

quit;

^D
20 O2 ODMG Database System Tu tor ial



Setup
Now copy the tu tor ial  sou rce code to a work ing directory. To complete 
the tu tor ial you  wil l need approximately ten  megabytes of disk  space in  
the work ing directory. To copy the sou rce code to a directory cal led 
working_directory  execu te the following:

On Unix,
> cd $O2HOME/samples/o2cplusplus/odmg_tutorial/
> cp -r * working_directory

On Windows NT, sim ply make a copy/paste  operat ion  to the folder  
u sing the NT Explorer .

The directory cal led work ing_directory must  already exist . Now m ove to 
the work ing directory

On Unix,
> cd working_directory/original

On Windows NT,
> cd working_directory\original

You  are now ready to por t  the example applicat ion to O2.
O2 ODMG Database System Tu tor ial 21
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2 Port ing a C++ 
Appl icat ion

2

This chapter  descr ibes how to por t an example C++ appl icat ion to O2. 

It  con tains the following sect ions:

• Store C++ objects in an O2 database: im port ing class defin it ions to O2

• Change C++ poin ters to persisten t  pointers

• Include fi les

• Connect to the database

• Ru n a t ransact ion

• Create names

• Modify sou rce code

• Create persisten t objects

• Replace arrays by col lect ion classes
O2 ODMG Database System Tu tor ial 23



Porting a C++ Application2
The example application  works in i ts cu rrent  state. Before proceeding 
we su ggest  you  browse through the fi les to familiar ize you rself with  the 
applicat ion , then compile, link  and execu te i t . To compile and link  the 
applicat ion  enter  the fol lowing command:

On Unix
> make -f MakefileUnix.original

On Windows NT

> nmake -F MakefileNt.original

Once it  has been compiled run  the program through the following 
commands:

Star t  the appl icat ion

> bank

Enter  the Accoun t  nu mber  11111 at the prompt  and press enter . The 
following wil l be displayed.

Welcome to the Bank of O2

Enter Account Number, 0 to exit

> 11111

At the personal ID prom pt  en ter  the number 9999 and press enter .

Enter Personal ID Number, 0 to exit

> 9999

You are now logged into the system so you  can car ry ou t  t ransact ions 
with the accoun ts avai lable. 

Now exit the program .

We wil l now go th rough the steps necessary to por t  the exist ing 
applicat ion  to the O2 System. Figu re 3 shows the im port , compile and 
l ink steps that  are necessary to generate an  O2 C++ database 
applicat ion .
24 O2 ODMG Database System Tu tor ial
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Porting a C++ Application2
2.1 Store C++ objects in an O 2 database

To store a C++ object in  an O2 database, the database needs information  
on  the st ru ctu re of the object . You  can su pply th is inform at ion  by 
import ing C++ class defin it ions. The im port  process parses class 
defin it ions to generate meta in format ion for  the database and i t  
enhances the exist ing class defin it ions to add persistence. An  enhanced 
class defin it ion is a su bclass of a root  persisten t class (o2_r oot ) and 
several methods are generated for  the class wh ich manage interaction  
with the database. 

Once the class has been imported in to O2, instances of the class can  be 
stored in the database or  can  cont inue to be used as normal t ransien t  
C++ objects. Such classes are known as persisten t  capable classes.

The o2cpp_import  tool  imports class defin i t ions in to O2. To simpli fy the 
process of import ing mu lt iple classes in to O2 a u t il ity is provided. This is 
o2makegen  and i t  generates a Makefile to import  all  your  classes. The 
generated Makefile can be u sed direct ly or  can be integrated into your 
exist ing make process. 

The o2makegen  program takes a con figu rat ion file as inpu t . The 
con figu rat ion  fi le for  th is tu tor ial is already wr i t ten . The file is 
bank.config . Th is configu rat ion  file includes comments which  descr ibe 
the syntax. You  shou ld review th is file to bet ter  understand the 
informat ion  needed to import  classes into O2.

The files impor ted mu st  be compilable in  C++ or  sel f-contained. Header 
fi les are usually parsed du r ing the compilat ion of a source file. The 
source file may provide con text  in format ion that  is needed to parse the 
header file. Comm and l ine opt ions may also provide vi tal in form at ion . 
Most  header  fi les are self contained, however.

Some header files do requ ire addit ional context  informat ion to be 
imported in to O2. The most  com mon addit ional information  needed is 
other  class defin it ions. The best  way to solve th is is to order  the import  
process so that  any class defin it ion needed by a class has already been  
imported. 

Somet imes a closed cir cle of pointers can exist in  class defin it ions, for  
example:

class A { B *pointer };
class B { A *pointer };

To break th is cycle you  can  use the ImpForwardClasses  opt ion with  
o2makegen  to declare classes wh ich  are needed to parse a fi le, bu t  
which  have not  yet  been defined.
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Once imported, the enhanced persistent  capable class defin i t ions must  
be used instead of the or iginal t ransient  class defin i t ions. You  can  
either  have the o2cpp_import  overwr ite the or iginal version of the 
header file or  wr ite it  to another  fi le. In  th is exam ple we do not  overwr ite 
the header  fi les. The line "[FILENAME]ImpOu tpu tDir : ou tpu t" in  
bank.config  specifies that the generated files shou ld be stored in the 
output  directory. 

To generate the Makefile for  the appl icat ion execu te the following 
comm and:

> o2makegen bank.config
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2.2 Change C++ pointers to persistent pointers

For each  class T imported in to O2 an ancil lary class d_Ref<T> is 
avai lable. An  instance of the d_Ref class is cal led a persistent  pointer .   
The persistent  pointer  is then used to reference an  instance of a 
persisten t  capable class. Persisten t  pointers are manipu lated in  the 
same way as standard C++ pointers. Persistent  pointers main tain a 
relat ionship between two objects permanent ly in the database. 
Standard C++ poin ters refer  to an address which  is val id only whi le a 
program is execu t ing.

Before impor t ing class defin i t ions in to O2 you  must  change standard 
C++ pointers in persistent  capable classes to persisten t poin ters. For  
instance in  the example applicat ion  the Person class has a poin ter  to an  
address object . 

class Person {
... 
Address *address;
...
};

So that  the database can m ain tain  the relat ionship between the Person 
and the Address you  need to change the pointer  to a persistent  pointer .

class Person {
...
d_Ref<Address> address;
...
};

The persisten t  poin ter  mechanism offers a number of advan tages to the 
C++ programmer. Persistent  pointers check  referent ial in tegr ity so your  
data is safe from cor rupt ion by dangl ing poin ters. A persistent  pointer  
can address more data than the standard 32 bi t C++ pointer  so you r 
database can be scaled to a larger  size.

o2cpp_import  helps you  by au tomat ical ly modifying the class defin i t ion  
to use persistent  pointers instead of standard C++ pointers. If an  
at t r ibu te is a poin ter  to another  known persistent  class the poin ter  wil l 
au tomat ical ly be changed to a persistent  poin ter . The m ethod 
signatu res may also contain references to persistent  capable classes. 
However , method signatu res may or  may not  need to be changed 
depending on whether  or  not  the data referenced is persistent . For  th is 
reason  method signatu res are not  m odified by o2cpp_import  and i t  is 
left to you  to decide if method signatu res shou ld be changed.

In  the accou nt .hxx file you  only need to change two method signatu res 
of the Accou nt  class. The Person and Address class can be imported 
withou t  change. You  m ust make the changes ou tl ined below to the 
Accoun t  class.
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When making changes you  can  delete lines or  conver t  them to 
comm ents. Both the or iginal version and the modified version are in  the 
file. The modified version is in  comm ents. You  need only remove the 
comm ents and delete the or iginal version or  conver t it  to comm ents. The 
best  way to find the l ines that  need to be changed is to search for  the 
class name or  m ethod name where the change takes place. The l ine "/ /  
ODMG Persistent  Version " shou ld remain  in  comments.

• account.hxx file

In the Account  class defin i t ion  in the account .hxx fi le delete or  
comm ent  ou t  the following l ines:

// Original Version
Person *lookupOwner(int pin_number) const;
void newOwner(Person *NewOwner);
void insertEvent(Event* event); 

and add or  un-comment  the fol lowing l ines in their  place:

// ODMG Persistent Version
d_Ref<Person> lookupOwner(int pin_number) const;
void newOwner(d_Ref<Person> &NewOwner);
void insertEvent(const d_Ref<Event> &event);

You  must  also change the corresponding signatu re of the method 
defin i t ion .

• account.cxx file

In the file account .cxx delete or  comment  ou t  the following line:

// Original Version
Person * Account::lookupOwner(int pin_number) const {

and add or  u n-comment  the fol lowing line in its place:

// ODMG Persistent Version
d_Ref<Person> Account::lookupOwner(int pin_number) 

const{

In the file account .cxx delete or  comment  ou t  the following line:

// Original Version
void Account::newOwner(Person *NewOwner) {

and add or  u n-comment  the fol lowing line in its place:

// ODMG Persistent Version
void Account::newOwner(d_Ref<Person> &NewOwner) {
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In  the file account .cxx delete or  comment  ou t  the following l ine:

// Original Version
void Account::insertEvent(Event* event) {

and add or  un -comment  the fol lowing line in i ts place:

// ODMG Persistent Version
void Account::insertEvent(const d_Ref<Event> &event) {

• atm.hxx file

In  the file atm.hxx again you  only need to change the method 
signatu res. Make the changes ou t lined below to atm.hxx.

In  the ATM class defin it ion in  the file atm.hxx delete or  comment  ou t  the 
following l ines:

// Original Version
Account *newAccount(int account_number, ...);
Account *lookupAccount(int account_number) const;

and add or  un -comment  the fol lowing lines in  their  place:

// ODMG Persistent Version
d_Ref<Account> newAccount(int account_number, ...);
d_Ref<Account> lookupAccount(int account_number) const;

Again change the corresponding signatu res in  the method defin it ions.

• atm.cxx file

In  the file atm.cxx delete or  comm ent ou t  the following l ine:

// Original Version
Account * ATM::lookupAccount(int account_number) const

and add or  un -comment  the fol lowing line in i ts place

// ODMG Persistent Version
d_Ref<Account>ATM::lookupAccount(int 

account_number)const

In  fi le atm .cxx delete or  comment  ou t  the fol lowing line:

// Original Version
Account * ATM::newAccount(int account_number, ...) {

and add or  un -comment  the fol lowing line in i ts place

// ODMG Persistent Version
d_Ref<Account> ATM::newAccount(int account_number, 

...);
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• terminal.hxx file

In file term inal.hxx in  the class Terminal delete or  comment  ou t  the 
following lines:

// Original Version
Account *displaySelectAccount(const Person* customer) 

const;
void displayPerson(const Person *customer) const;

and add or  u n-comment  the fol lowing line in their  place

// ODMG Persistent Version
d_Ref<Account> displaySelectAccount(const d_Ref<Person> 

&customer) const;
void displayPerson(const d_Ref<Person> &customer) 

const;

Once again  change the cor responding method defin it ions.

• terminal.cxx file

In file term inal.cxx delete or  comment  ou t  the following l ine:

// Orignal Version
Account* Terminal::displaySelectAccount(const Person* 

customer) const{

and add or  u n-comment  the fol lowing line in its place

// ODMG Persistent Version
d_Ref<Account>  Terminal::displaySelectAccount(const 

d_Ref<Person>& customer) const {

In file term inal.cxx delete or  comment  ou t  the following l ine:

// Original Version
void Terminal::displayPerson(const Person *customer) 

const {

and add or  u n-comment  the fol lowing line in its place

// ODMG Persistent Version
void Terminal::displayPerson(const d_Ref<Person>& 

customer) const{
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2.3 Include files

You must  add the fol lowing include fi les to the applicat ion. These 
inclu de files con tain  the objects, classes and funct ions which provide 
the inter face between  the appl icat ion and the database.

The atm .hxx file is inclu ded by every source file so we wil l add the 
inclu de l ines to that  file.

• atm.hxx file

In  the file atm.hxx add or  un -comment the following l ines

// ODMG Persistent Version
// Contains d_Session, d_Database and d_Transaction 

classes
#include “o2lib_CC.hxx
// Contains templates for d_Ref, d_Set, d_List, ...
#include “o2template_CC.hxx”
// Contains OQL interface
#include “OQL_CC.hxx”
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2.4 Connect to the database

The ODMG C++ binding contains a set  of classes for  database 
managem ent. The d_Session  class sets u p commun icat ions between  a 
C++ appl icat ion and a database server . The d_Database class is u sed to 
create, dest roy, open and close a database. The d_Database class can 
also be used to create and dest roy names in the database as well  as 
associat ing C++ var iables to names. The d_Transact ion class star ts and 
ends t ransact ions with the database. You  need to add instances of al l of 
these classes to the example appl icat ion.

The d_Session class has a begin method to establish  comm unication  
with  the database server . The following l ine in  the sou rce code shows 
the cal l to begin:

session.set_default_env();
if (session.begin(argc,argv)) {

The parameters passed to begin are the argc and argv param eters 
passed to the main rou t ine. The set_defau lt_env method sets the O2 
System  name, the name of the mach ine that  the O2 Server  is running 
on and the locat ion of the O2 software.

The d_Session class also has an  end method. This method closes the 
connection  with the database. The following l ine from the sou rce code 
shows the cal l to end:

session.end();

After  connect ing to the database server  the appl icat ion  mu st  specify 
which  database to open . The fol lowing line shows the cal l need to open 
the bankBase database.

database_g->open("bankBase");

I t  is possible to open and close mu lt iple databases in a single session. 
The fol lowing line show the call  needed to close the database 

database_g->close();
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2.5 Run a transaction

In order  to modify data in the database you  need to be in  a t ransact ion.

The t ransact ion mechanism  protects an  appl icat ion  against  fai lu re and 
ensu res that  data is consistent  in a mu lt i -user  environment .

Inside a t ransact ion, O2 provides an  isolat ion property by lock ing the 
objects. Consequent ly, in  cer tain  circum stances a t ransact ion  waits 
unt i l another  t ransact ion  commits.

To minimize the wait  t ime, we declare a t ransact ion  on ly in  the methods 
that  modify the data.

• account.cxx file

In the method Accou nt ::deposit add or  un -comment the following l ines:

d_Transaction transaction;
transaction.begin();
...
transaction.validate();

In the method Accou nt ::withdraw add or  u n-comment  the fol lowing 
lines:

d_Transaction transaction;
transaction.begin();
...
transaction.validate();

• atm.cxx file

In the method ATM::in it ializeAccoun ts() add or  un -comm ent  the 
fol lowing lines:

d_Transaction transaction;
transaction.begin();
...
transaction.validate();
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2.6 Create names

You  wi ll  need to create names in the database. A name is the en t ry poin t  
for  the application  to the database. You  can create a single nam e for  the 
ATM object , ATM_MACHINE and then access al l persistent  data by 
t raversing from the named ATM object . Since the name needs to be 
created on ly once you  can create it  du r ing in it ializat ion. The 
set_object_nam e method of the d_Database class is used to create the 
name. The fol lowing line shows the cal l needed to create the 
ATM_MACHINE name

database_g-> set_object_name(atm_machine, 
"ATM_MACHINE");

Once the name is created you  access the name through a persisten t 
pointer . You  can  associate a persistent  pointer  with  a named object  by 
t ransmit t ing the name as an  argument to the constructor . For  example:

d_Ref<ATM> machine("ATM_MACHINE");

The relat ionsh ip can also be established by u sing the 
d_Datbase::lookup_object  method. We wil l u se the lookup_object  
method for  the ATM appl icat ion  since the persistent  poin ter  is declared 
before the name has been created. The fol lowing line shows the cal l 
needed to lookup the name ATM_MACHINE

atm_machine->lookup_object("ATM_MACHINE");
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2.7 Modify source code

We need to create an  instance of d_Database in  global scope so that  we 
can create new objects in the database in any fu nct ion  or  method.

Near l ine 80 in  main.cxx add or  un-comment  the fol lowing global 
declarat ion .

• main.cxx file

In  the file main .cxx near  line 80 add or  un -comment  the fol lowing global 
declarat ion .

d_Database* database_g = new d_Database;

We also need to add a declarat ion  so that other  fi les can  access the 
global var iable. We wi ll  add the declarat ion to the fi le atm.hxx since it  is 
inclu ded by every source file.

• atm.hxx file

In  fi le atm .hxx add or  u n-comment  the fol lowing l ines:

// ODMG Persistent Version
// Global database pointer for creating objects in the 

database
extern d_Database* database_g;

You can  then add the code to establish  a connect ion  with  the database, 
open the bankBase database, star t  the t ransact ion, create the names in 
the database, end the t ransact ion, close the bankBase and final ly close 
the connect ion  with the database.

In  the class ATM add or  u n-comment  the fol lowing line:

void d_activate {term = new Terminal;}

You must  in i t ial ize the temporary at tr ibu te term when  the persisten t  
object  of the class ATM is read from the database for  the fi rst  t ime.

• main.cxx file

In  the file main.cxx delete or  com ment  ou t the following l ines:

// Original Version
   ATM* atm_machine;
   atm_machine->initializeAccounts();
   atm_machine = new ATM;
   atm_machine->run();

and add or  un -comment  the fol lowing lines in  their  place, note that  the 
commented ou t  por t ion  begins with "/ * BEGIN PERSISENT VERSION" 
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and ends with "END PERSISTENT VERSION */ " instead of the "/ / " 
comm ents:

// ODMG Persistent Version
/* BEGIN PERSISTENT VERSION */
   d_Session session;
   d_Transaction transaction;
   // ODMG Persistent Version
   d_Ref<ATM> atm_machine;
   session.set_default_env();
   if (session.begin(argc,argv)) {
     cerr<<"ERROR: Unable to connnect to System "<< 

getenv("O2SYSTEM")<<endl;
     cerr << "Check O2SYSTEM, O2SERVER & O2HOME 

Environment Vars"<<endl;
     exit(1);
   }

   if ( argc > 1 && !strcmp(argv[1],"-initialize")) {
      transaction.begin();
      database_g->create("bankBase","bankSchema");
      database_g->open("bankBase");
if ( database_g->look_up_object("ATM_MACHINE")) {
      database_g->rename_object("ATM_MACHINE",0);
      database_g->garbage("bankBase");
      }
      atm_machine = new(database_g) ATM;
      database_g->set_object_name 

(atm_machine,"ATM_MACHINE");
      transaction.validate();
       machine->initializeAccounts();
   } else {
      database_g->open("bankBase");
      atm_machine = 

    database_g->lookup_object("ATM_MACHINE");
   }
      if (! atm_machine) {
      cerr << "There is no ATM in the database" << endl;
      exit(0);
   }

   atm_machine->run();

   database_g->close();
   session.end();
/* END PERSISTENT VERSION */

Now you  are ready to create objects in  the database.
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2.8 Create persistent objects

In  the ODMG binding, persistence is specified at object  creat ion t ime. If 
you  wan t  to create a persistent  object  you  t ransmit  a d_Database  
pointer  to the new operator  of the object . Since al l persistent  data is 
accessed from nam es, each  newly created persisten t  object  shou ld be 
at tainable from  a name. An object can be associated direct ly with a 
name or  an  object  can be indirect ly attainable from a nam e th rou gh  
persisten t  poin ters. 

The allocat ion  statements in the example appl icat ion must  be modified 
to create persisten t  objects instead of t ransient  ones. Some local 
var iable declarations wh ich  are poin ters to persisten t  objects need to be 
changed to persistent  poin ters. Th is ensu res that  persisten t  objects are 
kept  in  the C++ cache. The database wil l swap persisten t  objects ou t  of 
the cache that  are no longer poin ted to by a persisten t poin ter .

• account.cxx file

In  fi le accou nt .cxx in  the m ethod Accoun t ::deposit  delete or  comment  
ou t  the following l ines:

// Original Version
depositEvent* event = new depositEvent(machine_g);

and add or  un -comment  the fol lowing lines in  their  place

// ODMG Persistent Version
d_Ref<depositEvent> event = new(database_g) 

depositEvent(machine_g);

In  fi le accoun t .cxx in the method Accoun t ::withdraw delete or  com ment  
ou t  the following l ines:

// Original Version
withdrawEvent* event = new withdrawEvent(machine_g);

and add or  un -comment  the fol lowing lines in  their  place

 

d_Ref<withdrawEvent> event = new(database_g) 
withdrawEvent(machine_g);
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• atm.cxx file

In file atm.cxx in  the method ATM::ru n delete or  comment  ou t  the 
following lines:

// Original Version
Account * current_account;
Person * current_customer

and add or  u n-comment  the fol lowing lines in  their  place

// ODMG Persistent Version
d_Ref<Account> current_account;
d_Ref<Person> current_customer;

In fi le atm.cxx in the const ructor  ATM::ATM() delete or  comment  ou t  the 
following lines:

 // Original Version
location = new Address("3600_BAYSHORE","PALO 

ALTO","CA","94043");

and add or  u n-comment  the fol lowing lines in  their  place

// ODMG Persistent Version
location = new(database_g) Address("3600_BAYSHORE", 

"PALO_ALTO", "CA", "94303");

In file atm.cxx in the m ethod ATM::looku pAccou nt(int  account_number ) 
delete or  comment  ou t  the following lines:

// Original Version
Account *target_account = (Account*) NULL;

and add or  u n-comment  the fol lowing lines in  their  place

// ODMG Persistent Version
d_Ref<Account> target_account = (Account*)NULL;

In file atm.cxx in  the method ATM:in it ializeAccoun ts() delete or  
comm ent  ou t  the following l ines:

// Original Version
Person* current_person;
...
Account* new_account = new Account;
inFile >> * new_account;
...
// Original Version
current_person = new Person;
inFile >> * current_person;
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and add or  un -comment  the fol lowing lines in  their  place

// ODMG Persistent Version
d_Ref<Person> current_person;
...
d_Ref<Account> new_account = new(database_g) Account;
inFile >> * (new_account.ptr());
...
// ODMG Persistent Version
current_person = new(database_g) Person;
inFile >> * (current_person.ptr());

In  fi le atm .cxx in the method ATM:newAccoun t(in t  accoun t_number, ...) 
delete or  comment  ou t  the following l ines:

// Original Version
Account* new_account = new Account(account_number, 

description, balance); 

and add or  un -comment  the fol lowing lines in  their  place

// ODMG Persistent Version
d_Ref<Account> new_account = new(database_g) Account 

(account_number, description, balance); 

Since the ATM object  is named and all  persistent  objects are associated 
with the ATM by persistent  pointers no addit ional names need to be 
created.

Ju st  as with  a typical C++ program you  can  explici t ly delete objects 
from the database when  they are no longer needed. However , O2 
provides a garbage fu nct ion to deal with  data that is not  deleted by the 
applicat ion .

In  fi le accou nt .cxx in  the operator  >> (i fst ream&, Person&) delete or  
comment ou t  the fol lowing l ines:

p.address = new Address;
ifs >> *p.address
...
Account* current_account;

and add or  un -comment  the fol lowing lines in  their  place

p.address = new(database_g) Address;
ifs >> *(p.address.ptr());
...
d_Ref<Account> current_account;
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2.9 Build and Run the Application

The sam ple applicat ion  is now ported to the O2 System . 

To compile, l ink  and run  the applicat ion  enter  the fol lowing command:

On Unix,
> make clean
> make

On Windows NT, 
> nmake clean
> nmake

If necessary, cor rect  any typing errors you  migh t  have m ade that  cause 
syn tax er rors and repeat  the make.

Once it  has been  compiled and l inked run  the program th rough the 
following com mands:

Star t  the appl icat ion

> bank -initialize

Enter  the Accoun t  number 11111 at  the prompt and press enter . The 
following wil l be displayed.

Welcome to the Bank of O2

Enter Account Number, 0 to exit

> 11111

At the personal ID prompt en ter  the number 9999 and press enter .

Enter PIN Number

> 9999

You  are now logged in to the system so you  can car ry ou t  transact ions 
with  the accoun ts available. 

Now exit  the program
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2.10 Replace arrays by collection classes

ODMG-93 int rodu ces predefined gener ic col lect ion  classes. An  O2 
ODMG database suppor ts all  ODMG col lect ion  classes. The collect ions 
supported are:

d_Set  - unordered col lect ion  of elements with no du pl icates.

d_Bag - unordered collect ion of elements that  al lows for  dupl icates.

d_List  - an  ordered col lection  of elements that  allows for  duplicates.

d_Varray - a one dimensional array of varying length.

Col lection  classes use standard C++ template classes to provide support  
for  elements of an  arbit rary type. These classes have methods for  
var ious operations, such as inser t , delete, append, un ion, in tersect ion , 
etc. There is also an  i terator  tem plate class for  defin ing i terators for  any 
type of col lect ion. The i terators are u sed to scan a col lect ion  sequ en tial ly 
retu rning each  matching element  from  the col lect ion .

The use of col lect ion  classes in  C++ programs m akes the program s more 
scalable. Ou r example applicat ion uses arrays to store col lect ions. The 
size of the arrays is set  at  the t ime the appl icat ion  is compiled. The 
ODMG C++ collect ion classes are not  of a fixed size and can  expand as 
the appl icat ion evolves. 

Col lection  classes are t ight ly cou pled to the O2 database to provide 
t ransparent  cach ing of large collect ions. When  an  applicat ion accesses a 
large ODMG col lect ion  on ly a por t ion of the collect ion is brou gh t in to 
applicat ion  memory. As the appl icat ion traverses the col lect ion the rest  
of the col lect ion  is brought  in . Accessing data in  col lect ions can  be 
speeded up by creat ing indexes on a col lect ion.

You  can now replace the arrays in  the example application  with 
col lect ion  classes. The ATM class con tains the l ist  of accoun ts. Th is is 
known as the accoun ts_l ist . The l ist  of accounts is implemented using a 
standard C++ array. Since there is no requ irement  to maintain any 
order ing on  the list of accoun ts we wil l u se a d_Set  to replace the ar ray. 
Fir st  we need to modify the declarat ion  of the accou nt  l ist .

• atm.hxx file

In  the ATM class declarat ion  in  the file atm.hxx comment  ou t  or  delete 
the fol lowing lines:

// Original Version
Account *accounts_list[MAX_ACCOUNTS];

and add or  un -comment  the fol lowing lines in  their  place:
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// ODMG Collection Class Replacement
d_Set< d_Ref<Account> > accounts_list;

Note the use of a space between  > > to different iate between a nested 
template and the shift  operator .

Now modify the code where the accou nts_l ist  is being used. On ly the 
looku pAccou nt  method accesses the accoun ts_l ist . Remove the 
in i t ial izat ion code that  is no longer  needed then  replace the for  loop 
u sed in the method with  the use of an  i terator . First  create the iterator  
from the accoun ts_list collect ion and then  t raverse the collect ion using 
the iterator .

• atm.cxx file

In the const ructor  ATM::ATM in  the fi le atm .cxx delete or  comment  ou t  
the fol lowing lines:

   // Original Version
   //for(int i=0;i<MAX_ACCOUNTS;i++) accounts_list[i] = 

NULL;

In the method ATM::looku pAccou nt  in the fi le atm.cxx delete or  
comm ent  ou t  the following l ines:

// Original Version
   for(int i=0; i < MAX_ACCOUNTS; i++) {
      if ( accounts_list[i] != NULL && 
         accounts_list[i]->getNumber() == account_number) 

{
            target_account = accounts_list[i];
      }     break;
   }   

and add or  u n-comment  the fol lowing lines in  their  place:

// ODMG Collection Class Replacement
   d_Ref<Account> search_account;
   d_Iterator< d_Ref<Account> > iterator = 

accounts_list.create_iterator();
   while ( iterator.next(search_account) ) {
           if (search_account->getNumber() ==

account_number) 
              target_account = search_account;
   }          break;
O2 ODMG Database System Tu tor ial 43



Porting a C++ Application2
Modify the account  creat ion  rou t ine to append the new accoun t  on to the 
l ist  by mak ing the fol lowing modificat ion .

In  the m ethod ATM::in i t ial izeAccounts in the fi le atm.cxx delete or  
comment ou t  the fol lowing l ines:

  // Original Version
  int i = 0;
  while (accounts_list[i] != NULL)
      i++;
   accounts_list[i] = new_account;

and add or  un -comment  the fol lowing lines in  their  place:

   // ODMG Collection Class Version
   accounts_list.insert_element( new_account ); 

In  the m ethod ATM::newAccoun t in  the file atm.cxx delete or  comment  
ou t  the following l ines:

  // Original Version
  int i = 0;
  while (accounts_list[i] != NULL)
      i++;
   accounts_list[i] = new_account;

and add or  un -comment  the fol lowing lines in  their  place:

   // ODMG Collection Class Version
   accounts_list.insert_element( new_account ); 

Replace the ar ray of pointers to even ts in  the Accoun t  class to use an 
ODMG collect ion class. The order  of the even ts is sign ifican t so use a 
d_List  to main tain  the order . Collect ion classes su pport  polymorphism  
through class hierarchy therefore the d_List<d_Ref<Event> > may 
con tain  elements of the subclasses of Even t , namely depositEvent  and 
withdrawEvent . Replace the array of Person  by a relat ionsh ip of type 
d_Set<d_Ref<Person> > to maintain referen t ial  integr ity with Person  and 
change its inverse link , accou nts in the Person  class, to a relat ionsh ip of 
the type d_List<d_Ref<Account> >. Make the fol lowing changes to the 
declarat ion  of the even ts_completed, owners in the Accoun t class and 
accoun ts in  the Person class.
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• account.hxx file

In the accou nt  class declaration  in  the file account .hxx delete or  
comm ent  ou t  the following l ines:

// Original Version
    Person* owners[CUSTOMERS_PER_ACCOUNT];
    ...
    Event *events_completed[MAX_EVENTS];

Add or  un-comment  the following l ines in their  place:

// ODMG Collection Class Replacement
    d_Set<d_Ref<Person> > owners inverse accounts;
    ...
    d_List< d_Ref<Event> > events_completed;

In the Person  class declarat ion  delete or  comm ent ou t  the following 
l ines:

// Original Version
Account* accounts[ACCOUNTS_PER_CUST]

 Add or  un -com ment  the following l ines in  their  place:

// ODMG Collection Class Replacement
d_List<d_Ref<Account> > accounts inverse owners

You  also need to change the way the events_com pleted and the owners 
are used. Stop the events_completed and owners being in it ialized to 
NULL in  both  the Accou nt  const ru ctors and add the in i t ial izer  for  the 
relat ionship.

• account.cxx file

In the const ructor  Account ::Accoun t in  the file accou nt .cxx delete or  
comm ent  ou t  the following l ines

// Original Version
int i;
for (i=0;i<MAX_EVENTS;i++) events_completed[i] = NULL;
for (i=0;i<CUSTOMERS_PER_ACCOUNT;i++) owners=NULL;

 and add the in it ializer  for  the relat ionsh ip:

   Account::Account() : owners(this) 

In the const ructor  Account ::Accoun t(in t  num, char* desc, float  bal) in 
the file account .cxx delete or  comment  ou t  the following lines 

   // Original Version
   int i;
   for (i=0;i<MAX_EVENTS;i++) events_completed[i] = 

NULL;
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   for (i=0;i<CUSTOMERS_PER_ACCOUNT;i++) owners=NULL;

and add the in i t ial izer  for  the relat ionship:

   Account::Account(int num, char* desc, float bal) : 
owners(this) 

Now you  need to change the showEvents method wh ich traverses the 
even ts_list. Instead of using an iterator  you  can  t raverse the collect ion 
using a C++ construct .

In  the m ethod Person::showEven ts in the fi le accoun t .cxx delete or  un -
comment the following l ines:

     // Original Version
     for (int i=0; i < ACCOUNTS_PER_CUST; i++){
     ...
     for (int j=0; j<MAX_EVENTS; j++) {

and add or  un -comment  the fol lowing lines: 

     // ODMG Collection Class Version
     int nb = accounts.cardinality();
     for (int i=0; i < nb; i++) {
     ...
     for (int j=0; j < accounts[i]-

>events_completed.cardinality();
     j++) {

Modify the code which  inser ts objects into the col lect ion .

In  the m ethod Accoun t ::inser tEven t in  the file accou nt .cxx remove or  
comment ou t  the fol lowing l ines:

   // Original Version
   static int i = 0;
   events_completed[i%MAX_EVENTS] = event;
   i++;

and un-com ment  or  add the fol lowing lines:

// ODMG Collection Class Version
   events_completed.insert_element_last(event);

In  the m ethod Accoun t ::looku pOwner  in  the file account .cxx remove or  
comment ou t  the fol lowing l ines:

    // Original Version
  int j;
   for (int j=0; j < CUSTOMERS_PER_ACCOUNT;  j++) {
     if owners[j] && owners[j]->personal_id == 

pin_number) {
        return owners[j];
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and un-comment  or  add the fol lowing lines:

d_Ref<Person> search_person;
d_Iterator< d_Ref<Person> > iterator = 

owners.create_iterator();
while ( iterator.next(search_person) )  {
     if (search_person->personal_id == pin_number) {
          return search_person;
     }
}

In the method Accoun t ::newOwner in  the file accou nt .cxx remove or  
comm ent  ou t  the following l ines:

     // Original Version
     int i = 0;
     while (owners[i]) i++;
     owners[i] = NewOwner;

and un-comment  or  add the fol lowing lines:

    // ODMG Collection Class Version
    owners.insert_element(NewOwner);

In the const ructor  Person ::Person() in the fi le accoun t.cxx rem ove or  
comm ent  ou t  the following l ines:

 // Original Version 
 Person::Person() {
    for (int i = 0; i<ACCOUNTS_PER_CUST; i++)
    accounts[i] = NULL;

and un-comment  or  add the fol lowing lines:

 // ODMG Collection Class Version
 Person::Person() : accounts(this) {

In the inpu t  fi le st ream operator  in the fi le accoun t .cxx remove or  
comm ent  ou t  the following l ines:

 // Original Version 
 p.accounts[account_count] = current_account;
 p.accounts[account_count]->newOwner(&p);

and un-comment  or  add the fol lowing lines:

 // ODMG Collection Class Version
  p.accounts.insert_element (current_account);
O2 ODMG Database System Tu tor ial 47



Porting a C++ Application2
In  the m ethod Terminal::displaySelectAccoun t  in  the file terminal.cxx 
remove or  comment ou t  the fol lowing l ines:

 // Original Version 
 while (i < ACCOUNTS_PER_CUST && customer->accounts[i]) 

{

and un-com ment  or  add the fol lowing lines:

 // ODMG Collection Class Version
 int nb = customer->accounts.cardinality();
 while (i < nb && customer-accounts[i])  {
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2.11 Build and Run the Application

Now you  have por ted the au tomated tel ler  machine applicat ion  to use 
ODMG collect ion classes. The next  step is to compile and l ink  the 
modified appl icat ion.

Ru n the fol lowing command to com pile and l ink  the applicat ion :

On Unix, 
> make

On Windows NT, 
> nmake

If necessary, cor rect  any typing errors you  migh t  have m ade that  cause 
syn tax er rors and repeat  the make.

Now run the application , u sing the in i t ial ize option  to reread the data 
from the fi les. You  need to rein i t ial ize the database becau se you  
modified the schem a when you  added the collect ion classes.

> bank -initialize

Enter  the Accoun t  number 11111 at  the prompt and press enter . The 
following wil l be displayed.

Welcome to the Bank of O2

Enter Account Number, 0 to exit

> 11111

At the personal ID prompt en ter  the number 9999 and press enter .

Enter PIN Number

> 9999

You  are now logged in to the system so you  can car ry ou t  transact ions 
with  the accoun ts available. 

To exit  the program en ter  0 at  the accou nt  number prompt .
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3 OQL3
This chapter  descr ibes OQL. 

It  con tains the fol lowing sect ions:

• The O2 ODMG Object Query Langu age

• Embedding OQL in C++

• Bu i ld and Ru n the Applicat ion
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3.1 The O2 ODMG Object Query Language

ODMG-93 int rodu ces an  object  query language (OQL). OQL is an SQL-
style langu age that allows for  easy access to objects.   Simi lar  in u se to 
SQL, OQL is an  essent ial tool for  developing database applicat ions.

• Query optimization

The system opt imizes your quer ies. Tr ied and tested opt imizat ion  
techniques are u sed to evaluate an OQL query. For  example, OQL uses 
appropr iate indexes to reduce the amount of data to be fil tered. I t  
factor izes comm on sub-expressions, discovers wh ich expressions can  be 
computed once ou tside an  iterat ion, and makes select ions before 
star t ing an inner i terat ion.

• Logical and physical independence

OQL differs from standard programming languages in that the execu t ion  
of an  OQL query can  be improved dramat ical ly withou t  modifying the 
qu ery i tsel f. Th is is done by declar ing new physical data st ructu res or  
new indexing or  cluster ing st rategies. This redu ces response t ime.

This sor t  of modificat ion  in a pu rely imperat ive language like C++ 
requ ires that an algor i thm be com pletely rewr i tten, as i t  makes use of 
physical st ructu res.

Interactive ad hoc queries

A database u ser  cannot  be asked to wr ite, compile, link , edit  and debu g 
a C++ program to make sim ple quer ies. OQL can  be used direct ly as a 
stand-alone qu ery interpreter . I ts syntax is simple and flexible. For  
someone familiar  with  SQL, OQL can  be learned in  a shor t t ime.

Some examples are given  to demonst rate the most  usefu l  featu res of 
OQL. You  can execu te them as ad hoc qu er ies with  o2dsa. First star t the 
o2dsa interpreter :

> o2dsa_shell

Now set  the base and pu t  the in terpreter  in to query mode

set base bankBase

^D

query

^D
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You  can type the quer ies into the Inpu t  window and then  execu te them 
by typing a new l ine fol lowed by ct r l  D.

Accessing data

Data is accessed in  the database through a named object. Al l quer ies 
star t  from  a named object  and navigate through poin ters to reach 
relevan t  data. To do th is in  OQL u se “.” or  “->”. These al low you  to en ter  
complex objects, as wel l as to follow simple relat ionsh ip paths. For  
instance, i f you  need to know the name of the st reet  that  an  ATM 
mach ine is on , the query is as fol lows:

ATM_MACHINE.location.street
^D

Th is qu ery star ts from an ATM object , t raverses an  Address object  and 
enters the address object  to get the name of the st reet .

Th is example treated a one-to-one relat ionship. Let  us look at  mu lt iple 
relat ionships. Assu me we want  to ret r ieve the accoun t  numbers. We 
cannot  wr i te ATM_MACHINE.accoun ts_list.num ber because 
accoun ts_l ist  is a set  of references. The resu lt  shou ld be a collect ion of 
numbers bu t  we need an  unambiguou s form  of notat ion to t raverse th is 
mu lt iple relat ionsh ip. We can  u se the select-from-where clause to 
handle collect ions just as in  SQL.

select a.number
from a in ATM_MACHINE.accounts_list
^D

Now you  can  navigate from one object  to any other  object  fol lowing any 
relat ionship path and enter  their  complex subvalu es.

Selecting data

OQL supports a where clause to select data wh ich  matches the 
predicate of the clause. For  instance, let  us suppose that  we wan t  to 
rest r ict  the previous search to those accoun ts with  a balance greater  
than zero.

select a.number
from a in ATM_MACHINE.accounts_list
where a.balance > 0
^D

• Join
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In  the from  clause, col lect ions that  are not  direct ly related can also be 
declared. As in  SQL, th is al lows you  to compute joi ns between these 
col lect ions. For  instance, to iden t ify customers whose PIN nu mber is the 
same as their  accoun t  number  execu te the following qu ery.

select a
from a in ATM_MACHINE.accounts_list,
         p in (select distinct b

                from c in ATM_MACHINE.accounts_list,
                            b in c->owners)
where a.number = 10000 + p.personal_id / 9
^D

Manipulating complex values

A major  di fference between  OQL and SQL is that  an  object  qu ery 
language may man ipu late complex values. OQL can create complex 
valu es as a final  resu lt , or  du r ing the query as an  intermediate resu lt . 
To bu ild a complex valu e, OQL uses the const ructors st ru ct , set , bag, 
l ist , and array. For  example, to obtain the accoun t  number and balance 
for  every accou nt , execu te the following query: 

select struct(num: a.number, bal: a.balance)
from a in ATM_MACHINE.accounts_list
^D

OQL can  also create complex objects. For  th is pu rpose, i t  u ses the nam e 
of a class as a const ru ctor . At tr ibu tes of the object  of th is class can be 
in i t ial ized explici t ly by any valid expression. 

Manipulating polymorphic collections

A major  cont r ibu t ion  of object  or ien tation  is that  i t  allows you  to 
man ipu late polymorphic collect ions. Another  is the abil ity to car ry ou t  
gener ic act ions on  the elem ents of these col lect ions. This is made 
possible by a late binding m echan ism, 

For  instance, the even ts_completed list  is a polym orph ic l ist  since i t  
con tains objects of the depositEven t  and withdrawEven t  classes. When 
a polymorph ic col lection  is fil tered i ts elements are known to be of that  
class. Th is means that  propert ies of a subclass (at t r ibu te or  method) 
cannot  be applied to such an elem ent , except  in two important  cases: 
late binding to a method, or  explici t  class indicat ion (cast ). The OQL 
language su pports both late binding of m ethods and expl icit  cast ing.
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• High level constructs

OQL, like SQL, provides high -level operators that  al low you  to sor t, 
grou p, or  aggregate objects or  to gather  stat ist ics, al l of wh ich wou ld 
requ ire considerably more program ming in  C++.

Composing operators

OQL is a pu rely funct ional language: all  operators can  be composed 
freely as long as the type system is respected. The operators offered in 
OQL inclu de the set  operators (u nion , intersect , except), the un iversal 
operator  (for  al l) and the existent ial quan t ifiers (exists), the sor t and 
grou p by operators and the aggregate operators (coun t , sum, min, max 
and average).

Now exit  the qu ery interpreter  by execu t ing the following com mands:

quit

^D

Now exit  the o2dsa_shell  program by execu t ing the following 
comm ands:

quit

^D
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3.2 Embedding OQL in C++

Embedded in a C++ program, OQL reduces program wr i t ing. OQL is 
power fu l  enou gh to con tain  a long C++ program in one statement . It  can 
also improve the per formance of an  appl icat ion  because the query 
language is opt imized.

As OQL respects the ODMG model, it  has the same type system as C++ 
and can query objects and col lections computed by C++ and passed on 
to OQL as parameters. OQL then del ivers a resu lt , which  is pu t  direct ly 
into C++ var iables with no conversion. This solves impedance mism atch  
problems that  make embedded SQL more difficu l t  to use.

To invoke a query in C++ use the fol lowing fu nct ion :

int d_oql_execute(d_OQL_Query &q, T &result)

d_oql_execu te takes a query in the d_OQL_Query param eter , parses and 
evaluates the qu ery at  ru nt ime and retu rns the resu lt .

To const ruct  a query you  create an instance of the d_OQL_Query class 
and in it ialize it  with  a character  st r ing contain ing the qu ery. In the 
qu ery construction , you  can give parameters in the form of $1, $2, etc. 
After  creat ing the query you  associate argu ments to these parameters 
using the << operators.

In  the sample appl icat ion you  can add quer ies to replace some of the 
C++ code.

You  can change the lookupAccoun t  method to use a query instead of 
whi le loops. The lookupAccoun t m ethod retu rns a poin ter  to an accou nt  
which  matches the accoun t  nu mber  given  as a parameter . The query 
which  replaces the whi le loop is

select x 
from x in accounts_list 
where a->getNumber = account_number
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To replace the exist ing C++ code with a query make the fol lowing 
changes.

In  the method ATM::looku pAccou nt  in the fi le atm.cxx remove or  
comm ent  ou t  the following l ines:

// ODMG Collection Class Replacement
d_Ref<Account> search_account;
d_Iterator< d_Ref<Account> > iterator = 

accounts_list.create_iterator();
while ( iterator.next(search_account) ) {

if (search_account->getNumber() == account_number) {
target_account = search_account;
break;
}

}

Add or  un-comment  the following l ines in their  place:

// OQL Query Replacement
d_OQL_Query query (“element(select x from x in $1 where 

x->getNumber = $2)”);
query << account_list << account_number;
d_oql_execute (query, target_account);
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3.3 Build and Run the Application

Now you  have por ted the au tom ated teller  mach ine appl icat ion to use an  
OQL qu ery. The lookupAccoun t  method is execu ted as par t  of the login 
process. The next step is to compile and link  the modified application .

Ru n the fol lowing command to compile and l ink the application :

On Unix, 
> make

On Windows NT, 
> nmake

If necessary, cor rect  any typing er rors you  migh t  have made that  cause 
syn tax errors and repeat  the make.

Now ru n the applicat ion .

> odmg -tutorial

Enter  the Accoun t  nu mber  11111 at the prompt  and press enter . The 
following wil l be displayed.

Welcome to the Bank of O2

Enter Account Number, 0 to exit

> 11111

At the personal ID prom pt  en ter  the number 9999 and press enter .

Enter PIN Number

> 9999

You are now logged into the system so you  can car ry ou t  t ransact ions 
with the accoun ts avai lable. 

To exit  the program en ter  0 at  the accou nt  number prompt . 

This is the end of the O2ODMG C++ tu tor ial . 

You  now know how to port  appl icat ions to O2 and can integrate you r 
C++ program in the O2 database system, for  bet ter  and more efficient  
data m anagement .
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