A hands-on introduction to Wt::Dbo
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1. Introduction

W : : Dbo isaC++ ORM (Object-Relational-Mapping) library.

Thelibrary is distributed as part of Wt [http://www.webtoolkit.eu/wt] for building database-driven
web applications, but may be equally well used independently fromit.

Thelibrary provides a class-based view on database tables which keeps an object-hiearchy of
database object automatically synchronized with a database by inserting, updating and deleting
database records. C++ classes map to database tables, class fields to table columns, and pointers
and collections of pointers to database relations. An object from a mapped classiscaled a
database object (dbo). Query results may be defined in terms of database objects, primitives, or
tuples of these.

A modern C++ approach is used to solve the mapping problem. Rather than resorting to XML-
based descriptions of how C++ classes and fields should map onto tables and columns, or using
obscure macros, the mapping is defined entirely in C++ code.

In this tutorial, we will work our way through a blogging example, similar to the one that is
distributed with the library.
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Tip

The complete source code for the examples used in thistutorial are available as ready-to-
run programs in the exanpl es/ f eat ur e/ dbo/ folder of Wt [http://www.webtoolkit.eu/wt/
download].

2. Mapping a single class

We will start off with using W : : Dbo for mapping asingle class User to acorresponding table
user.

Warning

In this tutorial and the examples, we alias the namespace W : : Dbo t0 dbo, and in our
explanation we will refer to types and methods available in that namespace directly.

To build the following example, you need to link against the wt dbo and wt dbosql i t e3 libraries.

Mapping a single class (tutorial 1.C).

#i ncl ude <W / Dbo/ Dbo>
#i ncl ude <string>

nanespace dbo = W : : Dbo;

cl ass User {
publi c:

enum Rol e {

Vi si tor

Admi n

Alien

Aol

}s

std::string nane;
std::string password;
Rol e rol e;
i nt kar ng;

t enpl at e<cl ass Acti on>
voi d persi st (Action& a)

{
dbo::field(a, name, “nane");
dbo: : field(a, password, "password");
dbo::field(a, role, “role");
dbo::field(a, karnmg, "karma");

}

}s

This example shows how persistence support is defined for a C++ class. A template member
method per si st () isdefined which serves as a persistence definition for the class. For each
member intheclass, acal tow : : Dbo: : fiel d() isused to map the field to atable column name.

Asyou may see, standard C++ typessuch asi nt, std: : st ri ng and enumtypes are readily
supported by the library (afull list of supported types can be found in the documentation of
W : : Dbo: : sql _val ue_traits<T>). Support for other types can be added by specializing
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W : : Dbo: : sql _val ue_traits<T>. Thereisalso support for built-in Wt types such as WDate,
WDateTime, WTime and WString which can be enabled by including <w / Dbo/ W Sql Tr ai t s>.

The library defines a number of actions which will be applied to a database object using its
per si st () method, which appliesit in turnto all its members. These actions will then read,
update or insert database objects, create the schema, or propagate transaction outcomes.

Note

For brevity, our example uses public members. There is nothing that prevents you to
encapsulate your state in private members and provide accessor methods. Y ou may even
define the persistence method in terms of accessor methods by differentiating between read
and write actions.

3. A first session

Now that we have a mapping definition for our User class, we can start a database session, create
our schema (if necessary) and add a user to the database.

Let uswalk through the code for doing this.

(tutorial1.C continued).

voi d run()

{
/*
* Setup a session, would typically be done once at application startup
*/
dbo: : backend: : Sqlite3 sqlite3("bl og.db");
dbo: : Sessi on session
sessi on. set Connection(sqglite3);

The Sessi on object isalong living object that provides access to our database objects. Y ou will
typically create a Session object for the entire lifetime of an application session, and one per user.
None of the w : : Dbo classes are thread safe (except for the connection pools), and session objects
are not shared between sessions.

The lack of thread-safety is not ssmply a consequence of laziness on our part. It coincides with
the promises made by transactional integrity on the database: you will not want to see the changes
made by one session in another session while its transaction has not been committed (Read-
Committed transaction isolation level). It might make sense however to implement a copy-on-
write strategy in the future, to allow sharing of the bulk of database objects between sessions.

The session is given a connection which it may use to communicate with the database. A session
will use a connection only during a transaction, and thus does not really need a dedicated
connection. When you are planning for multiple concurrent sessions, it makes sense to use a
connection pool instead, and a session may also be initialized with areference to a connection
pool.

W : : Dbo uses an abstraction layer for database access, and currently supports Postgres and Sglite3
as backends.
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(tutorial1.C continued).

sessi on. mapCl ass<User >("user");

/*

* Try to create the schema (will fail if already exists).
*/

sessi on. creat eTabl es() ;

Next, we use mapd ass() to register each database class with the session, indicating the database
table onto which the class must be mapped.

Certainly during development, but also for initial deployment, it isconvenient to let W : : Dbo
create or drop the database schema.

This generates the following SQL:

begi n transaction
create table "user" (
"id" integer primary key autoincrenent,
"version" integer not null,
"nane" text not null,
"password" text not null,
"role" integer not null,
"karma" integer not null

)

commt transaction

Asyou can see, next to the four columns that map to C++ fields, by default, W : : Doo adds another
two columns: i d and ver si on. Theid isasurrogate primary key, and version is used for version-
based optimistic locking. Since Wt 3.1.4, Wt::Dbo you can suppress the version field, and provide
natural keys of any type instead of the surrogate primary key, see Customizing the mapping.

Finally, we can add a user to the database. All database operations happen within a transaction.

(tutorial1.C continued).

/>

* A unit of work happens always within a transacti on.
*/

dbo: : Transacti on transacti on(session);

User *user = new User();

user->nanme = "Joe",

user->password = "Secret";

user->role = User::Visitor;
user - >karma = 13;

dbo: : ptr<User> userPtr = session. add(user);

transaction. comit () ;
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A call to Session::add() adds an object to the database. This call returns a pt r <Dbo> to reference

a database object of type Dbo. Thisis ashared pointer which also keeps track of the persistence
state of the referenced object. Within each session, a database object will be loaded at most once:
the session keeps track of |oaded database objects and returns an existing object whenever a query
to the database requires this. When the last pointer to a database object goes out of scope, the
transient (in-memory) copy of the database object is also deleted (unless it was modified, in which
case the transient copy will only be be deleted after changes have been successfully committed to
the database).

The session also keeps track of objects that have been modified and which need to be flushed
(using SQL statements) to the database. Flushing happens automatically when committing the
transaction, or whenever needed to maintain consistency between the transient objects and the
database copy (e.g. before doing a query).

This generates the following SQL :

begi n transaction

insert into "user" ("version", "nanme", "password", "role", "karm")
values (?, ?, ?2, 2, ?)

commit transaction

All SQL statements are prepared once (per connection) and reused later, which has the benefit of
avoiding SQL injection problems, and allows potentially better performance.

4. Querying objects
There are two ways of querying the database. Database objects of a single Dbo class can be queried
using Sessi on: : fi nd<Dbo>(condi ti on):
(tutorial1.C continued).
dbo: : ptr<User> joe = session.find<User>().where("nane = ?").bind("Joe");

std::cerr << "Joe has karma: " << joe->karma << std::endl;

All queries use prepared statements with positional argument binding. The Sessi on: : fi nd<T>()
method returns aQuer y< ptr<T> > object. The Query object can be used to refine the search by
defining Sgl wher e, or der by and gr oup by definitions, and allows binding of parameters using
Query: : bi nd() . Inthis case the query should expect asingle result and is casted directly to a
database object pointer.

Note

Since Wt 3.1.3, the Quer y class has a second parameter BindStrategy which has two
possible values, corresponding two different query implementations.

The default strategy is DynamicBinding and allows the query to be along lived object
associated with the session which may be run multiple times. It aso alows you to modify
the query by changing only the order or the limit/offsets.

An aternative strategy is DirectBinding which passes bound parameters directly on to an
underlying prepared statement. This corresponds to the old behavior of a Query object.
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Such a query can be run only once, but has the benefit of having less (C++) overhead
because the parameters values are directly passed on to the backend instead of stored
within the query object.

The query formulated to the database is:

sel ect id, version, "nanme", "password", "role", "karm"
from"user"
where (name = ?)

The more general way for querying uses Sessi on: : quer y<Resul t >( sqgl ), which supports not
only database objects as results. The query of above is equivalent to:

(tutorial1.C continued).

dbo: : ptr<User> joe2 = session. query< dbo:: ptr<User> >("select u fromuser u")
.where("nanme = ?").bind("Joe");

And this generates similar SQL :

select u.id, u.version, u."nanme", u."password", u."role", u."karm"
fromuser u
where (name = ?)

Thesqgl statement passed to the method may be arbitrary sgl which returns results that are
compatible with the Resul t type. Thesel ect part of the SQL query may be rewritten (asin the
example above) to return the individual fields of a queried database object.

Toillustrate that Sessi on: : quer y<Resul t >() may be used to return other types, consider the
guery below where ani nt result is returned.

(tutorial1.C continued).

int count = session.query<int>("select count(1) from user")
.wWhere("nanme = ?").bind("Joe");

The queries above were expecting unique results, but queries can also have multiple results. A
Sessi on: : quer y<Resul t >() may therefore in genera return adbo: : col | ecti on< Result >
(for multiple results) and in the examples above they were coerced to asingle unique Resul t
for convenience. Similarly, Sessi on: : fi nd<Dbo>() may returnacol | ecti on< ptr<Dbo>

> 0r aunique _pt r <Dbo>. If aunique result is asked, but the query found multiple results, a
NoUni queResul t Except i on will be thrown.

col I ecti on<T> isan STL-compatible collection which hasiterators that implement the

I nput | t er at or requirements. Thus, you can only iterate through the results of a collection once.
After the results have been iterated the col | ect i on can no longer be used (but the Quer y object
can be reused unless a DirectBinding bind strategy was used).

The following code shows how you may multiple results of a query may be iterated:

(tutorial1.C continued).
t ypedef dbo:: collection< dbo::ptr<User> > Users;

Users users = session. find<User>();
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std::cerr << "W have " << users.size() << " users:" << std::endl;

for (Users::const _iterator i = users.begin(); i != users.end(); ++i)
std::cerr << " user " << (*i)->nane
<< " with karma of " << (*i)->karma << std::endl;

This code will perform two database queries: one for the call to col | ecti on: : si ze() and onefor
iterating the results:

sel ect count (1) from "user"
select id, version, "nanme", "password", "role", "karma" from "user"

Warning

A guery uses a prepared statement to execute, and prepares a new statement if no statement
was yet prepared for that query. Because a prepared statement is usually not reentrant and
at the same time a query will use an existing statement if one exists, you need to be careful
to not have two collections with the same statement busy at the same time. Thus while
iterating the results of a query you cannot use that same query again. Therefore it may

be necessary to copy the results into a standard container (such asst d: : vect or ) before
iterating them. Since Wt 3.1.3, concurrent use will be detected and an exception will be
thrown saying:

A collection for '"..." is already in use. Reentrant statenent use is
not yet i nmpl enented.

We plan to remove thisrestriction in later versions, cloning prepared statements as
necessary.

5. Updating objects

Unlike most other smart pointers, pt r <Dbo> isread-only by default: it returnsaconst Dbo*.

To modify a database object, you need to call the pt r: : nodi fy() method, which returns a non-
const object. This mark the object as dirty and the modifications will later be synchronized to the
database.

(tutorial1.C continued).
dbo: : ptr<User> joe = session.find<User>().where("nane = ?").bind("Joe");

j oe. nodi fy() - >kar ma++;
j oe. modi fy()->password = "public";

Database synchronization does not happen instantaneously, instead, they are delayed until
explicitly asked, using pt r <Dbo>: : f 1 ush() or Sessi on: : f 1 ush(), until aquery is executed
whose results may be affected by the changes made, or until the transaction is committed.

The previous code will generate the following SQL:

sel ect id, version, "nane", "password", "role", "karnm"
from "user"
where (nanme = ?)

update "user"
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set "version" = ?, "nane" = ?, "password" = ?, "role" = ?, "karm" = ?
where "id" = ? and "version" = ?

We aready saw how using Sessi on: : add( pt r <Dbo>) , we added a new object to the database.
The opposite operation is pt r <Dbo>: : r emove( ) : it deletes the object in the database.

(tutorial1.C continued).
dbo: : ptr<User> joe = session.find<User>().where("nane = ?").bind("Joe");
joe.remove();

After removing an object, the transient object can still be used, and can even be re-added to the
database.

Note

Likenodi fy(), asotheadd() andrenove() operations defer synchronization with
the database, and therefore the following code does not actually have any effect on the
database:

(tutorial1.C continued).

sessi on. add(new User ());
"Silly";

dbo: : ptr<User> silly
silly. modify()->nane
silly.renove();

6. Mapping relations

6.1. Many-to-One relations

Let’s add posts to our blogging example, and define a Man-to-One relation between posts
and users. In the code below, we limit ourselves to the statements important for defining the
relationship.

Many-to-Onerelation (tutorial2.C).

#i ncl ude <W / Dbo/ Dbo>
#i ncl ude <string>

nanespace dbo = W :: Dbo
cl ass User;
cl ass Post {
publi c:
dbo: : ptr<User > user

t enpl at e<cl ass Acti on>
voi d persi st (Action& a)

{
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dbo: : bel ongsTo(a, user, "user");

}
b
cl ass User {
publi c:
dbo: : col | ecti on< dbo:: ptr<Post> > posts;
t enpl at e<cl ass Acti on>
voi d persi st (Action& a)
{
dbo: : hasMany(a, posts, dbo::ManyToOne, "user");
}
b

At the Many-side, we add areference to a user, and in the per si st () method we call
bel ongsTo() . Thisalows usto reference the user to which this post belongs. The last argument
will correspond to the name of the database column which defines the relationship.

At the One-side, we add a collection of posts, and in the per si st () method we call hasvany() .
Thejoin field must be the same name as in reciproce belongsTo() method call.

If we add the Post class too to our session using Sessi on: : mapCl ass() , and create the schema,
the following SQL is generated:

create table "user" (

-- table user is unaffected by the relationship

)

create table "post" (

"user _id" bigint,
constraint "fk post user" foreign key ("user_id") references "user" ("id")

)

Note the user _i d field which corresponds to the join name “user”.
At the Many-side, you may read or write the pt r to set a user to which this post belongs.

The collection at the One-side allows us to retrieve all associated elements, and also insert() and
remove() elements, which has the same effect as setting the pt r on the Many-side.

Example:

(tutorial2.C continued).

dbo: : pt r <Post > post
post . nodi fy() - >user

sessi on. add(new Post ());
joe; [/ or joe.nodify()->posts.insert(post);

[l will print 'Joe has 1 post(s).'
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std::cerr << "Joe has " << joe->posts.size() << " post(s)." << std::endl

Asyou can see, as soon asjoeis set as user for the new post, the post is reflected in the posts
collection of joe, and vice-versa.

Warning

The collection uses a prepared statement to execute. Collections will try to share asingle
prepared statement, but prepared statements are usually not reentrant. As aresult, you need
to be careful to not have two collections with the same statement busy at the same time.
Thus while iterating a collection, you need to be sure you will not reentrantly iterate the
same collection (of the same or another object). Therefore it may be necessary to copy the
results into a standard container (such asst d: : vect or ) before iterating them.

We plan to remove thisrestriction in later versions, cloning prepared statements as
necessary.

6.2. Many-to-Many relations

To illustrate Many-to-Many relations, we will add tags to our blogging example, and define an
Many-to-Many relation between posts and tags. In the code below, we again limit ourselves to the
statements important for defining the relationship.

Many-to-Many relation (tutorial2.C).

#i ncl ude <W / Dbo/ Dbo>
#i ncl ude <string>

nanespace dbo = W :: Dbo
cl ass Tag;
cl ass Post {
publi c:
dbo: : col | ecti on< dbo:: ptr<Tag> > tags;

t enpl at e<cl ass Acti on>
voi d persi st (Action& a)

{
dbo: : hasMany(a, tags, dbo::ManyToMany, "post tags");
&
class Tag {
publi c:
dbo: : col | ecti on< dbo:: ptr<Post> > posts;

t enpl at e<cl ass Acti on>
voi d persi st (Action& a)

{

10
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dbo: : hasMany(a, posts, dbo:: ManyToMany, "post tags");
b

As expected, the relationship is reflected in almost the same way in both classes: they both have
acol | ecti on of database objects of the related class, and in the per si st () method we call
hasMany() . Thejoin field in this case will correspond to the name of ajoin-table used to persist
therelation.

Adding the Post class to our session using Sessi on: : mapd ass() , we now get the following SQL
for creating the schema:

create table "post" (

-- table post is unaffected by the relationship

)

create table "tag" (

-- table tag is unaffected by the rel ati onship

)

create table "post tags" (

"post _id" bigint not null

"tag_id" bigint not null

primary key ("post _id", "tag_id"),

constraint "fk post tags keyl" foreign key ("post _id")
ref erences "post" ("id"),

constraint "fk post tags key2" foreign key ("tag_id")
references "tag" ("id")

)

create index "post tags post" on "post tags" ("post_ id")
create index "post tags tag" on "post tags" ("tag_ id")

The collection at either side of the Many-to-Many relation allows usto retrieve all associated
elements. Unlike a collection in a Many-to-One relation however, we may now alsoi nsert ()

and er ase() itemsfrom the collection. To define arelation between a post and atag, you need to
add the post to the tag’ s posts collection, or the tag to the post’ s tags collection. Y ou may not do
both! The change will automatically be reflected in the reciproce collection. Likewise, to undo the
relation between a post and a tag, you should remove the tag from the post’ s tags collection, or the
post from the tag’ s posts collection, but not both.

Example:

(tutorial2.C continued).

dbo: : ptr<Post > post = ..

dbo: : ptr<Tag> cooki ng = sessi on. add(new Tag()) ;
cooki ng. nodi fy() - >nane = " Cooki ng"

post . nodi fy()->tags. i nsert (cooki ng);

11
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[/ will print "1 post(s) tagged wi th Cooking."
std::cerr << cooki ng->posts.size() << " post(s) tagged with Cooking."
<< std::endl

Warning

The same warning as above applies here aswell.

6.3. One-to-One relations

One-to-Onerelations are currently not supported, but can be simulated using Many-to-One
relations as they have the same database schema structure.

/. Customizing the mapping

By default, W : : Dbo will add an auto-incrementing surrogate primary (i d) key and aversion field
(ver si on) to each mapped table.

While these defaults make sense for a new project, you can tailor the mapping so that you can map
to virtually any existing database schema.

7.1. Changing or disabling the surrogate primary
key "id" field
To change the field name used for the surrogate primary key for a mapped class, or to disable

the surrogate primary key for a class and use a nautral key instead, you need to specialize
W : : Dbo: :dbo_traits<C.

For example, the code below changes the primary key field for class Post fromi d to post _i d:
Changing the"id" field name (tutorial3.C).

#i ncl ude <W/ Dbo/ Dbo>

nanespace dbo = W :: Dbo

cl ass Post {
publi c:

};.”

nanespace W {
nanespace Dbo {

t enpl at e<>
struct dbo traits<Post> : public dbo default traits {
static const char *surrogateldFiel d() {
return "post _id";
}

12
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7.2. Changing or disabling the "version" field

To change the field name used for the optimistic concurrency control version field (ver si on),
or to disable optimistic concurrency control for a class alltoghether, you need to specialize
W : : Dbo: : dbo_traits<C.

For example, the code below disables optimistic concurrency control for class Post:
Disabling the" version" field name (tutorial4.C).

#i ncl ude <W / Dbo/ Dbo>

nanespace dbo = W :: Dbo

cl ass Post {
publi c:

s

nanespace W {
nanespace Dbo {

t enpl at e<>
struct dbo traits<Post> : public dbo default traits {
static const char *versionField() {
return O;

}

}
7.3. Specifying a natural primary key

Instead of using a auto-incrementing surrogate primary key, you may want to use a different
primary key.

For example, the code below changes the primary key for the User table to a string (his username)
which maps onto avar char (20) field user _nane:

Using a natural key (tutorial5.C).
#i ncl ude <W/ Dbo/ Dbo>
nanespace dbo = W :: Dbo
class User {

publi c:

std::string userld;

t enpl at e<cl ass Acti on>
voi d persi st (Action& a)

{
}

dbo: :id(a, userld, "user_id", 20);

13



A hands-on
introduction to Wt::Dbo

nanespace W {
nanespace Dbo {

t enpl at e<>
struct dbo_traits<User> : public dbo _default traits {
typedef std::string |dType;

static 1dType invalidld() {
return std::string();
}

static const char *surrogateldField() { return O; }

}

Thei d() function hasthe same syntax asthefi el d() function.

A natural primary key may also be acomposite key, aforeign key or a combination.

7.4. Specifying a composite natural primary key

To use acomposite type as a natural primary key, i.e. atype which consists of more than onefield,
you need to have a corresponding C++ type.

The type has a number of basic requirements, such as default constructor, comparison operators
== and <), and a streaming operator.

Using a composite natural primary key (tutorial6.C).

struct Coordinate {
int x, vy;

Coor di nat e()
x(-1), y(-1) {}

Coordi nate(int an_x, int an_y)
x(an_x), y(an_y) { }

bool operator== (const Coordi nate& ot her) const {
return x == other.x & y == other.y;
}

bool operator< (const Coordi nate& ot her) const {
if (x < other.x)
return true
else if (x == other.x)
return y < other.y;
el se
return false;

}s

std::ostream& operator<< (std::ostream& o, const Coordi nate& c)

{
}

return o << "(" << Cc.X << ", " << Cc.y << ")";

14
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Next, you must indicate how the typeis persisted, by overloading Dbo’sfi el d() function for it.

(tutorial6.C continued).

nanespace W {
nanespace Dbo {

tenpl ate <cl ass Acti on>
void field(Action& action, Coordi nate& coordi nate,

const std::string& name, int size = -1)
{
field(action, coordinate.x, nane + " x");
field(action, coordinate.y, nane + " _y");
}

}

With thisin place, we can use the Coor di nat e type as anatural primary key type:
(tutorial6.C continued).

cl ass CGeoTag;

nanespace W {
nanespace Dbo {

t enpl at e<>
struct dbo _traits<GeoTag> : public dbo _default traits

{
t ypedef Coordi nate |dType;
static 1dType invalidld() { return Coordinate(); }
static const char *surrogateldField() { return O; }
[E

}

cl ass CGeoTag {

publi c:
Coordi nate position;
std::string nane;

tenpl ate <cl ass Acti on>
voi d persi st (Action& a)

dbo::id(a, position, "position");
dbo: :field(a, name, "nanme");

}s

Note that the composite key may also include foreign keys, by storing ptr<> objectsin the
composite, which you map using abel ongsTo() declaration. Seet ut ori al 8. C for acomplete
example.

7.5. Specifying foreign key constraints

Thebel ongsTo() function is overloaded so that you can add foreign key constraints which are
enforced by the database, such as:

15



A hands-on
introduction to Wt::Dbo

Not Nul | : cannot be null

OnUpdat eCascade: cascade an update of the (natural) primary key to the foreign keys that
referenceit

OnUpdat eSet Nul | : an update of the (natural) primary key sets referencing foreign keysto null

OnDel et eCascade: cascade a delete of the object to also delete objects that referenceit using a
foreign key

OnDel et eSet Nul | : when the object is deleted, set the referencing foreign keysto null.

In the next chapter we will see how you can specify these foreign key constraints also for foreign
keysthat double as primary key.

7.6. Specifying a natural primary key that is also
a foreign key

Let’s define a class Userlnfo which provides additional datafor a User. We will only allow
exactly one UserInfo object per User, and therefore chose as primary key for the Userinfo a
reference to the User.

Using aforeign key asprimary key (tutorial7.C).

#i ncl ude <W / Dbo/ Dbo>
#i ncl ude <W/ Dbo/ backend/ Sqlite3>

nanespace dbo = W : : Dbo;

cl ass User | nfo;
cl ass User;

nanespace W {

nanespace Dbo {

t enpl at e<>
struct dbo traits<Userlnfo> : public dbo default traits {
t ypedef ptr<User> |dType;

static 1dType invalidld() {
return ptr<User>();

}
static const char *surrogateldField() { return O; }
[E
}
}
cl ass User
{
publi c:

std::string nane;

dbo: : col | ecti on< dbo:: ptr<User|nfo> > infos;
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t enpl at e<cl ass Acti on>
voi d persi st (Action& a)

{
dbo: : field(a, name, "name") ;
/1l In fact, this is really constrained to hasOne()
dbo: : hasMany(a, infos, dbo::ManyToOne, "user");
}
b
class Userlnfo
{
publi c:
dbo: : ptr<User > user
std::string info;
t enpl at e<cl ass Acti on>
voi d persi st (Action& a)
{
dbo: :id(a, user, "user", dbo::OnDel et eCascade);
dbo: :field(a, info, "info");
}
b
void run()
{
/*
* Setup a session, would typically be done once at application startup
*/
dbo: : backend: : Sglite3 sqlite3(": menory:");
sqglite3. setProperty("show queries”, "true");

dbo: : Sessi on session
sessi on. set Connection(sqglite3);

sessi on. mapC ass<User >("user");
sessi on. mapCd ass<User | nf o>("user _i nfo");

/*

* Try to create the schema (will fail if already exists).
*/

sessi on. creat eTabl es() ;

dbo: : Transacti on transacti on(session);

{

User *user
user - >nane

new User () ;
"Joe";

dbo: : ptr<User> userPtr = session. add(user);
Userlinfo *userlnfo = new Userlnfo();

user | nf o- >user = userPtr

userlinfo->info = "great guy";

sessi on. add(user | nfo);

transaction. comm t ();
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{
dbo: : Transacti on transacti on(session);
dbo: : ptr<Userl nfo> info = session.find<Userlnfo>();
std::cerr << info->user->nane << " is a " << info->nfo << std::endl
transaction.conmt ();
}
}
int main(int argc, char **argv)
{
run();
}

Asyou can see, in this example we would really need a One-to-One relationship, but this currently
not yet supported in Dbo and thus we emulate it using a Many-to-One relationship (which has the
same representation in SQL ).

When run, this should outpult:

begi n transaction

create table "user" (
"id" integer primary key autoincrenent,
"version" integer not null
"name" text not nul

)

create table "user_info" (
"version" integer not null
"user _id" bigint,
"info" text not null
primary key ("user_id"),
constraint "fk user_info user"” foreign key ("user_id")
references "user"” ("id") on del ete cascade

)

conmit transaction

begi n transaction

insert into "user" ("version", "name") values (?, ?)

insert into "user_info" ("version", "user_id", "info") values (?, ?, ?)
conmit transaction

begi n transaction

sel ect version, "user_id", "info" from "user _info"
sel ect "version", "name" from "user"” where "id" =
Joe is a great guy

conmit transaction

?

8. Transactions and concurrency

Reading data from the database or flushing changes to the database require an active transaction.
A Transaction isaRIIA (Resource-Initialization-is-Acquisition) class which at the same

time provides isolation between concurrent sessions and atomicity for persisting changesto the
database.
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The library implements optimistic locking, which allows detection (rather than avoidance)

of concurrent modifications. It is arecommended and widely used strategy for dealing with
concurrency issues in a scalable manner as no write locks are needed on the database. To detect
aconcurrent modification, aver si on field is added to each table which isincremented on each
maodification. When performing a modification (such as updating or removing an object), itis
checked that the version of the record in the database is the same as the version of the object that
was originally read from the database.

Note

The minimum level of isolation which isrequired for the library’ s optimistic locking
strategy is Read Committed: modifications in a transaction are only visible to other
sessions as soon as they are committed. Thisis usually the lowest level of isolation
supported by a database.

The Transacti on classisalight-weight proxy that references alogical transaction: multiple
(usually nested) Transaction objects may be instantiated simultaneously, which each need to

be committed for the logical transaction to be committed. In thisway you can easily protect
individual methods which require database access with such a transaction object, which will
automatically participate in awider transaction if that is available. A transaction will in fact
defer opening areal transaction in the database until needed, and thus there is no penalty for
instantiating a transaction to make sure a unit of work is atomic, even if you are not yet sure that
there will be actual work done.

Transactions may fail and dealing with failing transactionsis an integral aspect of their usage.
When the library detects a concurrent modification, a St al eQoj ect Except i on isthrown. Other
exceptions may be thrown, including exceptions in the backend driver when for example the
database schema is not compatible with the mapping. There may also be problems detected by the
business logic which may raise an exception and cause the transaction to be rolled back. When a
transaction isrolled back, the modified database objects are not successfully synchronized with the
database, but may possibly be synchronized later in a new transaction.

Obviously, many exceptions will be fatal. One notable exception isthe St al eCbj ect Except i on
however. Different strategies are possible to deal with this exception. Regardless of the approach,
you will at least need tor er ead() the stale database object(s) before being able to commit
changes made in a new transaction.

0. Installation

W : : Dbo isincluded in Wt, and can thus be installed as part of this library for which there may be
standard packages availabe for your operating system.

The library does however in no way depend on Wt, and can also be built, installed and used
separately from it. Starting from a Wt source package (and on in a UNIX-like environment), you
would do the following to build and install only W : : Dbo:

Installing W : : Dbo from sour ce (UNIX-like).

$ cd wt-xxx
$ nkdir build
$ cd build
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$ cnake ../ # extra options may be needed, see instructions
$ cd src/ W/ Dbo

$ nmeke

$ sudo meke install

See also the Wt installation instructions [ http://www.webtool kit.eu/wt/doc/reference/html/
InstallationUnix.html].
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