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T LR Eh Overview
support programmer will extend this class This poster presents a framework providing persistence support for object-oriented programming lafiguag
hierarchy to add support for some new stor- without modifying the run-time system or the language itself. It does only rely on basic object-orientedl pro
sgr?te der‘::ﬁ; SLZ?’OSP;'E’I‘SZQFS:: kian':‘d gramming techniques, and can therefore be implemented in any object-oriented programming langus
value type (.. bytes). The bigger the set|of ) ) based onlesign patierndts strengths are:
supported value types is, the more type infor- <<instantiate>2 [ Storage « Clear Separation of ConcernBersistent objects do not know about storage devices or external data fo
mation can be used to efficiently store the = « Modularity and Extensibilitylt is straightforward to define new persistent objects or add support for n
data on the storage. C storage devices.

« Safe Storage ManagemeBtorage leaks are prevented.
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Volatile_Storage Non_\Volatile_Storage Data stored innon-volatile storage|
(such as files) will survive progran
Open termination, and therefore must off
vive program termina-| Close additional housekeeping operations.

tion. Delete

Memory_Storage Stable storagensures that stored data will not be curru&l&!!/en in the
Create presence of gpplﬁcatiun_ crashes and other failures. This implies that the
Data written tonon-sta- Non_Stable_Storage Stable_Storage Wiitcponerationlimtomic
ble storagemay get cor-
rupted, if the system fail:
in some way, for instanc
by crashing during thi
write operation.

1.Assumptions must be well documented!

File_Storage Replicated_Storage
1
Create Mirrored_Storage Create
1 1 Create

Remote_Non_Stable_Storage |Remote_Stable_Stora| The repli tc
stable storage based on replication. T]|
Create Create data to be stored is broadcasted over
network and stored on the remo
~ machine on any non-volatile, non-stabl
The remotestorage classes use theategydesign The mirrored storageclass uses a technique called storage. Again, th&trategydesign pat-
pattern to make any storage remotely callable. In mirroring to create a stable storage based on any tern allows to decouple broadcastin
our implementation, these two classes have been non-volatile, non-stable storage: two copies of the group and replica management from i
implemented as a generic class (template). Depend- data are stored, and updates on that data are done actual storage used to store the data.
The parallel hierarchy of storage parameters allows eacm tor- ing on what kind of storage the application pro- sequentially. A log helps to perform recovery in case J
age class to define its ovatorage parametetlass containing grammer needs, the class can be instantiated with a of failures. The decoupling of the mirroring algo-
all the information needed to uniquely identify data stored|ol stable storage, creating a remote stable storage, or rithm and the actual storage classes used to store the
the device. At the same time, it allows an application pro- any other storage, creating a remote non-volatile, data and the log is achieved using therategy
grammer to create instances of storage classes by means non-stable storage. design pattern.
Factory Method<Create_Storage  andOpen_Storage . -
The functions Storage_Parameter_To_String and
String_To_Storage_Parameter provide a means fo
uniform parameter handling by means of strings. <<call>> -
J = <<interface>>
Serializable

Read_From (Storage)
Storage_Params Write_To (Storage)

Create_Storage

String_To_Storage_Param

Storage_Params_To_Strin stored by the device. This is achieved by applyingthe:|izeidesign pat-

4 tern. Objects must implement the Serializable interface with its operations

1 1 Read_From (Storage)  and Write_To (Storage) . Their imple-

mentation will call theRead andWrite operations of the concrete storage

to store the state of the object. Using this technique, the object itself h
knowledge about the external representation format. In some objec
\olatile_Params Non_\olatile_Params ented programming languages such a serialization mechanism is already
= — — provided (Ada streams, Java serialization package).
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Thepersistenbbject class is the root class of the framework. It implements 1 |

the Serializable interface. Depending on the application needs, an applicaj |
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tion programmer chooses a storage medium and passes the correspondirjg
storage parameters to one of the construdeste or Restore  (again I
Memory_Params Non_StabIe_Params Stable_Params an application of thétrategypattern). From then on. the state of the obj
Create can be saved by calling the operatiSave. An application programmer
must derive from this class to create user-defined persistent obiects.J

File_Params Replicated_Params

Create Mirrored_Params Create . :
; > 1 Create Persistent_Object

Create (Non_Volatile_Paramg
Remote_Non_Stable_Params| Remote_Stable_Parai Restore( (Non_\Volatile_Paran|

Create Create Save
Delete
. |

Implementation Persistence_Support| <<instantiate>> | Persistent_Directory|  <<call>> Registered_Object

This framework has been implemented using the object- Initialize (Stable_Param Create (Non_Volatile_Paran
oriented programming language Ada 95. Ada’s elabofate Delete
features for concurrency control, serialization and distri- 4

bution have been used extensively. To prevent storage leaks in the presence of failures the storage parameters of any cre-

. : ated persistent object can be stored in a stpblsistent directory The application ‘
Additional Information programmer will choose the kind of stable storage used to store the directory when

. ) . i initializing the persistence support. The operations ofrélgistered objectlass will User Defined Class User Defined Class
Additional information and complete papers describ] automatically update the directory. The creation / deletion of objects and the updating = = = - = — =
the framework and the implementation can be obtaine! of the directory must be executed atomically.
the following URL:

epfl

1.For this purpose, the storage parameter class also implements the Serializable
interface.
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