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Abstract

The design ideas and concepts of a generic persesteamework YAPL are described in this
document. The design YAPL is largely based onSbett Ambler’'s persistence layer design
[AMPL] which was revisited from the C++ point ofew to leverage the power of generic
programming as well as modern design techniquesrides by Andrei Alexandrescu
[AAMCD].

The YAPL focuses mainly on introducing thersistency t@xisting applications which may
not be easily re-architected to support objectigtensce. The YAPL enables smooth systems
extension by generatingersistent typesfor domain classes and using them for
implementation of the persistency related busifess.

Applying the described design ideas and concepes,YAPL developers can implement its
core functionality as platform independent softwmaseng STL and the Loki library. The only
part that might require requires some porting ¢$fois the support of concrete data
management systems.

Introduction

Object persistence is the ability of an object tovve termination of the process it was
created in and to retain the values of its propsrhetween runs of a program. For this, the
object’'s data must be stored in some external skatage [fersistent storagemanaged by
some data management implementatipergistence mechaniyrand retrieved from it later.
Due to variety ofpersistence mechanisn@databases, file systems etc.), data representation
formats and data access APIs there should be ammadtiary layer that will provide the
genericpersistent storagenterface and uniform data query abstractions. Taygr often
referred to as a persistence layer will be repitesehy the persistence framework and will
serve for transparent programmatic access andyt&iad of persistent storaget will fully
encapsulate accesspersisted datdrom your business logic.

The persistence framework YAPL is a software congmbrihat implements the persistence
layer functionality. It is also class package tphedvides infrastructure types for transparent
transformation of a business type into the dependmrsistent typethat can be
saved/retrieved/deleted from differgmersistent storagesThe metadata, which models the
underlying data schema, is represented by the mentbject structure that consists of
mapping objects. This runtime mapping infrastruetualso defines relations between
persistent typesand enables automatic relationships managementrefedential integrity
enforcement.

The design of the YAPL is geared toward the conoéptansparent object persistenc@& he
transparency is about making domain objects pergistithout extending or modifying their
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classes. It is especially crucial for large-scadétvgare systems that consist of numerous
components especially when persistency should liedado an existing application and
changes to the legacy object schemas should benadini

In this document we will concentrate on the YAPIdssign issues and will dismiss the
object-to-relational mapping topics.

Working Example

As the working example, let's consider a simplecaptual data model (can be easily mapped
to the relational physical schema) of a classieas@nnel management information system.
For simplicity, we model only three entities andatenships among them. Figure 1
represents the ER-diagram of our data model.

1 M
branch <» staff
= =
- z
division task

Figure 1. The ER-diagram of the example application

The logical data model in figure 1 is then transfed into physical data model for relational
database management systems. Figure 2 depictghyéscal schema according to the UML
data modeling profile [AMDMP].

staff

branch StaffD : INT <<PK>>
BranchID : INT <<PK>> 1 1.0 | Name: CHAR(60)
Name : CHAR(60) Salary : FLOAT
DivisionID <<FK>> BranchID <<FK>>
TelNo : CHAR(40)
IsFemale INT = (0)
1..n 1
1.n
<<Associative Table>>
stafftask
TaskID : INT <<PK>><<FK>>
StafflD : INT <<PK>><<FK>>
1 0..n
1
division
o task
DivisionID : INT <<PK>>
Name : CHAR(60) TaskID : INT <<PK>>
DivisionStringID : CHAR(60) Description : CHAR(60)

Figure 2. The UML model of the data schema of tkengple application.

Following the classical approach to object-relatiomapping, each entity of the data model
and therefore the corresponding database tableapped to a single class. Similarly, each
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column in the database is mapped exactly to onséss attribute. As a result, the object
schema of our application will contain the clasdepicted in figure 3. We will refer to these

classes as simply domain classes.

Branch Staff
-name : string -name : string
" -salary : float
+GetName(): string id: unsigned long
+SetName(name : string) _isFemale : int
+GetName() : string
+SetName(name : string)
+GetSalary() : float
+SetSalary(value : float)
+GetlD() : unsigned long
+SetID(value : unsigned long)
+GetlsFemale() : int
Division +SetlsFemale(value : int)
-name : string
-divisionStringID : string Task
+GetName() : string -description : string
+SetName(name : string ) +GetDescription() : string
+GetDivisionStringID() : string +SetDescription(value : string)
+SetDivisionStringlD(name : string)

Figure 3. The class diagram of the object schentheoéxample application.

Note however, that there are no relationships shimviigure 3. The objects schema also
omits the infrastructural attributes like primargdaforeign keys. Relationships in object
schemas are implemented normally by a combinatioeferences to objects and operations.
Our example application is supposed to use the Y,AMld the YAPL is responsible for

relationships management we do not have to deheer¢lationships between the domain

classes.

Of course, our example application is an idealivede which is tailored to the YAPL
concepts. In the real world, the YAPL has to engldesistency to existing object schemas
and most likely these schemas already implemeatioekhips. In general, the relationship
management is one of the most critical YAPL issares will be discussed in details later.

Persistency Aspect

There are different approaches to adding persigtaggect to an application. The YAPL as a
C++ framework takes theansparent object persistenapproach.

One of the most fundamental heuristics of good Geftware is the quality of its physical
design. Physical design addresses the issues sdimguthe physical system entities —
components as well as organizational issues sucorapile-time or link-time dependencies
[LCSA]. Avoiding excessive, forced and cyclic degencies between components is the
primary artefact of a sound physical design. Thisvhere the transparent object persistence
comes in. That is, it does not imply producing &ddal coupling throughout the whole
system once some component depends on the YAPL.

To present further arguments for transparent pgersis consider inheriting a domain class
from some base persistency class [AMPL]. This ohiices coupling to the YAPL. Other
components that use this class will be likely fdra® depend on the YAPL as well.
Moreover, the base class impacts the interfacheflbmain class. It can possibly violate the
semantics of already defined in the domain clasthods that have the same signature as
basic persistency create, retrieve, update, d€l@RIUD) operations from the base class.
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Components that call, for instance, “save” on tleendin class to perform some domain
specific work must be changed with regard to newsiptency related meaning of this
operation. This can finally result in tiresome meamance burden.

The implementation of the transparency stronglyedels on the programming language and
the specifics of the execution runtime environmdntJava, it is relatively easy to implement.
For example, the data management interface Jawa @Qigjects (JDO) achieves transparency
by applying so-called “enhancement” of the clagssfifCOMPJDO]. In C++ we can’'t add
support for transparency in this way — it is hargbssible to inject some kind of interceptors
or control code directly into binaries. So, we h&aveslaborate another way to transparently
introduce persistency into a C++ application.

Let's consider how the YAPL's achieves the transparobject persistence. The YAPL
escapes traditional layered architecture wherg#nsistency stuff normally resides under the
domain class layer [AMPL]. It inverses the depemydmetween system packages as shown in
figure 4.

Persistency Dependent Legacy Business
Business Service Service

V

Persistent Types

<<import>>

<<import>>

<<import>>
depends on

|
|
|
|
v

- ———— e —— 1

Domain Classes

Figure 4. UML package diagram dependencies in al¥B&sed application.

In this case theersistent typeare just another users of the domain classes. traidnality

of the domain classes demotedo a shared package. Demotisnthe technique of moving
common functionality to lower levels of the physdiddaerarchy to remove unnecessary
dependencies and enable independent reuse [LCSA]wBh this new architecture any
number of independent business service packagesecadded to the application and none of
them will depend on thpersistent typesSimilarly, thepersistent typesan be modified and
enhanced without affecting the domain classes émet subsystems. It is not hard to imagine
that these business service packages could bedrénsearious combinations in other
standalone applications where the persistencyti@mequirement. Moreover engineers who
work on persistency dependent business servicedesariop and test its software in complete
isolation. This architecture facilitates high cabesand low coupling by effectively detaching
the persistency aspect from other system aspeotap@nents working directly with domain
classes layer will not be able to cpérsistencyrelated CRUD operations when they are not
authorized to make objects persistent.



Persistent Objects

Now, when we defined how thpersistent typesntegrate into overall system physical
architecture, let's consider how they are defineing the YAPL's classes. The class
PersistentObject is the core class of the YAPL. This class encaieslthe behavior
needed to make its instances persistent i.e. saedone persistent storage entryThe
relationship “depends on” betwegrersistent typesayer and the domain classes lay&s
shown in figure 4 is represented by the ISA-refalop between thBersistentObject

and a domain class. Since the behavior oPalisistentObject instances is the same
regardless the domain class type BersistentObject should be implemented as a
class template (figure 5).

PersistentObject

-state

<<CRUD>>
+Create()
+Copy()
+Save()
+Retrieve()
+Delete()
<<OID>>
+SetOID()
+GetOID()

+IsEqualByOID()
<<REMI>>
+CheckRelationship()
+IsChild()
+AddChild()
+GetParent()
+GetChildren()

Figure 5. Class diagram of the core YAPL classsistentObject

Concrete persistent classis generated fromPersistentObject class template by
substituting thePersistentObject’s template parametddT with some domain type
(base domain claysMoreover, thepersistent classlerives from the base domain class
public inheritance. Considering our working examplee figure 6 depicts the generated
persistent clas$or the domain class Division. We will further udee capitalized name of
domain classes (e.g. DIVISION) to denote thparsistent typesAnd, to denote a collection
of persistent objectsve will append “ RECORDS” to theipersistent type’sname (e.g.
DIVISION_RECORDS is the collection of persistenjeaits of type DIVISION).

Division

T

PersistentObject<Division>

Figure 6. Class diagram of tRersistentObject’s instantiation.

Public inheritance in C++ represents an ISA-refaiop. This is the way of making the
persistent classinstances (further simplpersistent objecjsto be totally polymorphic to
objects of the domain class (domain objects). Tipassistent objectgan replace related
domain objects in any of its contexts [OOCAPP].
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Every time we apply public inheritance we have tamntee that the subclasses being
defined will be true subtypes according to the bislSubstitution principle (LSP). It can be
defined as follows: we can always pass a pointeef@rence to a derived class to a function
that expects a pointer or reference to a base fRREAPP]. In other words, we can handle
persistent objectsn components that were initially implemented to rkvavith domain
objects. To exclude any possible overriding of mikd virtual functions that with the same
signature as well as avoid name hiding (when sametion is declared in the derived class, it
automatically hides all functions with the same eam all direct and indirect base classes
[EXCCA47]) and hereby obey the LSPersistentObject has no member functions.
Therefore, all operations that represent the iaterf of the PersistentObject
(persistency interfageare declared as static member functions. Theseifins accept one or
morepersistent objectas parametersibject persistent obje¢t manipulate on.

The classPersistentObject enhances its base domain clagsadding additional data
member forpersistent object'state management. This data member should tractheha
persistent objedts already associated with the correspongiacsistent storage entryf yes,
the persistent objecthas the state BOUND_TO_PSE. Otherwise it is in #iate
NOT_BOUND_TO_PSE.

Persistent Objects Management

The efficient management of dynamically created ahdredpersistent objecinstances
should be implemented via intellectual wrapperst thawn and deletepersistent object
automatically. Moreover, to facilitate the implertegion of very critical YAPL features like
persistent objects cachsuch intellectual wrappers must also supportreafee counting. The
idea of reference counting is easily stated: ttaeknumber of smart pointers that point to the
same object and when that number drops to zertrogebe object.

In other words, YAPL clients should not work didgctvith pointers topersistent objecbut
should instead manipulate on manageisistent objecivrapped by smart pointers that
imitate a regular pointer togersistent objean syntax and some semantics, but do more. The
YAPL developers should choose most transparentemehtation of a smart pointer. It
should be possible to change the internals of gexl tsmart pointer or use another smart
pointer implementation without incurring major mfacktion in clients’ code.

A full-fledged smart pointer that satisfies all niened requirements of an intellectual
wrapper is the clasSmatPtr  from the Loki library. TheSmatPtr is elaborated according
to the policy-based class design and this allows specify elementary behavioral elements
such as ownership, conversion, checking and stqaljges as separate template parameters
[AAMCD].

For the sake of simplicity, we will use further ttegm persistent objecinstead ofmanaged
persistent objeckeeping in mind that alpersistent objectare actually managed by some
kind of smart pointer.

Persistent Objects Manipulation
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The basic CRUD functionality (create, retrieve, afg] delete) that any persistence
framework must support CRUD functionality is acdelesvia thePersistentObject’s
CRUD methods which are the part of the persistemeyface (see figure 5).

Concerningoersistent objeatreation, allPersistentObject’s constructors are private.
Instead, the PersistentObject provides externalpersistent objectconstruction
methods. There should be at least a simple createthodCreate that would create a new
persistent objecand a copying methoGopy that would create a nepersistent objecand
would initialize with the specified domain objedttbe corresponding base domain class. The
YAPL should leverage the copy initialization. Capytialization means the persistent object
being created is initialized using the copy corgtiuand the assignment operator of the base
domain class. He we encounter one of the stipuiatmn domain classes: if YAPL clients
want to utilize the copy initialization they mustseire that the corresponding domain classes
possess accessible (i.e. public) and meaningfuleimgntations of the assignment operator
and the copy constructor. Of course, all constoncthethods must retumanaged persistent
objects

The CRUD methods are used to move the data betweememory and th@ersistent
storage The methodSave checks thePersistentObject’'s state to figure out
whether a new entry must be created in fleesistent storager an existing one must be
updated. It performs the operation érsistent objecmarshalling (simplymarshalling.
Marshallingis the conversion of persistent objednhto apersistent storage entry

The Retrieve initializes the specifiedpersistent objectwith the data from the
corresponding persistent storage entryaccomplishing the unmarshalling operation.
Unmarshallingis about initialization of gersistent objectising the dataset fetched from a
persistent storagaccording to the retrieve criterieav persisted data It is the conversion
of apersistent storage enttp apersistent object

The methodDelete  physically deletes theersisteddata represented by thaubject

persistent object This method is especially interesting becausenust ensure that the
persistent storageemains in the consistent state according to tferestial integrity rules

(see section “Referential Integrity Enforcement”).

Among issues that affect both performance and dateistency, the update persistent
object properties is one of the most important one. WheBage is called on already
persistedPersistentObject , the YAPL should not simply update all attributefsthe
correspondingpersistent storagentry. The right way would be to consider only énostive
properties (i.e. properties defined in thersistentObject’s base domain class)hich
have been changed since the lpstsistent object'supdate. In other words, a YAPL
application should not overwrifgersistent attributeanless the YAPL clients’ application has
changed them. One of the ways how to implement sankistenpersistent attributespdate
would to apply the concept of so-callgersistent object snapshof persistent object
snapshotwvould be an additional object of tyf®l stored in a hosPersistentObject
instance. This object would represent the backuthefhostpersistent objecsince its last
unmarshalling Each time theSave operation is called on the hogeérsistent objectthe
native propertie®f the persistent objecsnapshotan be compared with the hgstrsistent
object’snative propertieto figure out which ones have been modified.

For proper functioning of the CRUD methodgeasistent objeanust provide the value of its
persistent object identifier (POID). POID often pisncalled an object identifier (OID) is an
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attribute (normally a large integer number) assigtee a persistent objecto distinguish it
among othepersistent objectsf the same type. OIDs are the object-orientedvedgmt of
keys from relational theory, columns that uniquielgntify a row within a table [AMPL]. In
the YAPL, OID value of apersistent objectepresents the primary key value of some
persistent storage entgnd serves as the binding medium to connect objeatsemory to
persistent storage entrie3o specify the OID value, the persistency integfancludes the
OID-setter §etOID ) and the OID-getter method5€tOID ). The OID-setter must also
support theautomatic persistent object retrievak. the subject persistent objechust be
automatically unmarshaled if thgersistent storage entryith the given OID exists in the
persistent storageSetting the OID value to @ersistent objeds the best way to retrieve this
persistent objeah one operation.

Since the type of OID is not known on tiersistentObject level, the SetOID
should provide a functional behavior that can biéeddor any type of OID. Therefore, the
OID-setter should be a member function templatecviobtains the type of identifier via its
own template parameter. On the other hand, the €2li&r should provide some runtime type
check and work properly only with one predefinedtfas persistent classype of the object
identifier.

The definition of the OID as the unique identifigrplies that there could not be more than
one persistent objectvith the same identifier value. Ideally, when théb&etter leverages
theautomatic persistent object retrieyéihe YAPL should try searching in the memory for a
instance with the specified identifier value aridound, initialize thesubject persistent object
to reference this instance. The YAPL developersushomplement such persistent object
sharing feature (it can be implemented for instahceugh the use of thgersistent objects
cachg to disable manipulations on multipjgersistent objectshat have identical object
identifiers but differenpersistent objecstates. Such objects are connected topmsistent
storage entrybecause OIDs represent unique key referencgsrsistent storage entries

Without persistent objecsharing feature, there could be two different digjedth the same
OID value that have different states: BOUND _TO P8kd NOT_BOUND TO PSE
respectively. Attempt to save the second objedt fail because th&ave function will try

to create a new entry in tipersistent storageSince the entry with this OID already exists
(the state of the first object is BOUND_TO_PSE) pgeesistent storagenost likely will
disallow to create a duplicate. YAPL clients shondd track the lifetime opersistent objects
manually, their state transitions. They shouldaaot about different usage scenarios that lead
to existence of multiple instances with the sananiier. It is responsibility of the YAPL to
provide thepersistent objectsonsistency. In addition, YAPL should provide a @amson
methodIisEqualByOID  to test twopersistent objectsf the same type for equality in terms
of the OID values.

In general, the issues likersistent objectharing angbersistent objects caclage very subtle
ones and must be scrutinized by YAPL developers grgat attention.

Mapping Object Schema to Data Schema

The responsibility of th@ersistentObject class is to surrogate some domain class for
persistency purposes. As was outlined ab@egsistent objectbave interface identical to
those of domain objects they replace. In additibay provide also persistency interface.
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The transportation of persistent objects betweemaong and permanent data storage requires
somepersistent storagéescription including the names pérsistent entitieand attributes
along with attributes’ types as well as informatadout the associations among those entities.
In other words, we need description of the undedyiata schema which should be available
at runtime.

In the YAPL, the data schema is naturally mirrorednemory as an object structure - a
runtime data mode{(RDM). On the lowest level, the RDM is the setAdtributeMap
instances dttribute mapy The primary role of théttributeMap class template is to
represent ongersistent attributeas it is defined in the data schema and to desdtibe
characteristics such as name, value type and tbe fidhe attribute value is introduced to the
AttributeMap by one of its template parameters (Ag. as shown in figure 7).

To gather all attribute maphat belong to ongersistent entitythey are aggregated into
higher-level objecClassMap (class majp The claslassMap is the descriptor of one
persistent entityand is directly associated with orersistentObject (see class
diagram in figure 7). EacBlassMap instance knows the name of thersistent entityt is
mapped to as well as its magpersistence mechanigipersistence mechanisrage described

in section “Persistent Mechanisms”). In this wag tlantime data model provides metadata
for unambiguous mapping between parsistent objectand a persistent entry object’s
properties and entry attributes.

The ClassMap maintains the inhomogeneous collectionAgifributeMap objects (for
each possible attribute value type there will bpasate AttributeMap instantiation).
Collections in C++ are normally implemented by gs®TL standard containers. But one
standard container instantiation can store elemenltg of one type. This is actually the
reason why théAttributeMap is factored to inherit from théttributeMapBase

class. So, the attribute maps collectionGlassMap can store pointers to objects of the
AttributeMap’s base type. The attribute maae referenced within its host class map
via attribute handles

—_— DT . DT | . DT |
PersistentObject "----------- 1 ClassMay ! : AttributeMapBase |
1 11 ; ; 1 1.0 [,
> persistentEntityName @ = name
<<RDM Interface>> -masterPersistenceMechanism
+RegisterAttribute() <<attribute maps management>>
+RegisterPKAttribute() +GetAttributeMapHandles()
+RegisterFKAttribute() +GetAttributeMaps()
+FindAttributeMap()
+AddAttributeMap()
M\
DT,
1 AT,
AssociationHolder AttributeMap AVGP

otedatrnandie | 0..nforeign key references

-refintegrityPolicy

<<RW-accessors>>
-writer : PROPERTY_WRITER
-reader : PROPERTY_READER

$ avgp : AVGP
0.1 primary key reference <1>

<<persistent object values access>>
GetValueFromPersistentObjectAsString()
GetValueFromPeristentObjectAsAttributeValueAdapter()
SetValueToPeristentObject()

Figure 7. Class diagram of the RDM classes.
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The runtime data model models the associations gnpmmsistent storage entitieas
parent/child relationships and applies the cono¢gtrimary/foreign key from the relational
theory. We define a foreign key as a single datidbate that appears in a child entity and
references the primary key of the parent entitgc8iprimary and foreign keys are elementary
connectors betweepersistent storage entitieshe classAttributeMap is the natural
choice to store the associations-related informafiinerefore, théttributeMap has the
collection ofAssociationHolder objects to maintain foreign key references as a&k
member variable of typeAssociationHolder to reference a primary key. One
AssociationHolder (association holdgrinstance encapsulates the description of one
relationship its host attribute magp participating in. It references i@assMap and holds
the related attribute handle, along with referéntigegrity policy (specifies how to handle
children when a parent is modified. See sectiorférmtial Integrity Enforcement”).
Therefore, when arttributeMap represents a primary key attribute its collectidn o
foreign key references will contain associationdeosof all related foreign keys. Similarly,
the AttributeMap of a foreign key attribute will store an associatibolder of the
parent’s primary key in its member variable fompary key reference.

Although runtime data model is a standalone obgcticture, the declaration of the
ClassMap types, their creation and initialization is driviey thepersistent classedhat is,
each instantiation of thPersistentObject automatically generates a new class map
declaration from th€lassMap template class and a base domain chdssh is used as the
template argument and repladélassMap’s  template parametddT. There is only one
instance of the declared class ntgpe fost class mgpand therefore it is a singleton which
can be implemented using the template c&isgletonHolder from the Loki library.

Initialization and construction of the runtime dataodel is performed via parts of the
PersistentObject interface that is represented in figure 7. Theghdr-level methods
hide the details of the runtime data model clasSe&ssMap , AttributeMap and
AssociationHolder and actually add attribute maps to the host claap. %o, the
method RegisterAttribute () adds attribute mapsf native properties, the method
RegisterPKAttribute () adds an attribute mafor the OID attribute. Finally, the
function RegisterFKAttribute () is used to add an attribute mtgat will represent a
foreign key connecting it with the attribute maptthepresents a primary key. This method is
actually utilized to define a parent/child relatbip amongersistent classes

The runtime data model is connected to the objestlehvia the one-to-one association
between aPersistentObject and aClassMap . This is howpersistent classeare
mapped to the persistence storage entities. Wekalsw, thatClassMap contains attribute
maps that describe attributes from the data schélasgt important issue to discuss is how
actually persistent storage entry'attributes are mapped to tfRersistentObject’s
properties. First of all, the YAPL assumes thaiveaproperties have corresponding getters
and setters. In this case, during marshalbh@ persistent objecthe YAPL will be able to
access its native property by requesting its getiel setter operations. We need an indirect
representation of the property access member fumtiSuch representation would also serve
as unique property descriptor and would be stargte correspondingttributeMap for
attribute-to-property mapping purposes. C++ offawgiters to member functions - a facility
for indirectly referring to a member of a classstliike ordinary pointers to functions,
pointers to member functions are used when a fomaihould be called without specifying its
name[STR]. This is exactly what we need for implatagon of the generic marshallicgde.
During the creation of runtime data model we simjplialize AttributeMap objects
with two pointers to member functions. These pasite member functions will represent a
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typical property setter and getter will be declaredttributeMap . The type of the pointer
to property setters will be defined as:

typedef void (PersistentObject<DT>::*PROPERTY_WRITE R)(AT) ;

Similarly, the type of the pointer to property gest will have the following definition:

typedef AT (PersistentObject<DT>::*PROPERTY_READER) 0;

Since these pointers to member functions are useebd and write some native property we
will call them Read/Write-accessofRW-accessors)When apersistent objedts marshalled,
YAPL will combine registered RW-accessavgh a pointer to the object and will be able to
set and get a particular property value.

The runtime data model is the basis object stradtuat the YAPL execution engine uses to
perform its core functionality. In other it is arelttor that drives operations qersistent
objects

Attribute Values Handling

We outlined how native propertiese mapped to the corresponding attributes in tita d
schema. The values of native propertes stored in domain objectsafive storaggand the
attribute mapswith RW-accessorffer just the right magic to make them persistent.
Moreover, the runtime data model contains attribotaps of infrastructural attributes
(primary and foreign keys) for data schema relamos representation. These attributes
require storage for their values. Although it Bspible to map infrastructural attributes to
native properties, the domain classes must be doteantroduce additional ones only for
persistency purposes and this will violate thegspament object persistence concept. From the
application perspective the infrastructure relatddrmation is just a kind of shadow data that
must be transparently handled by the YAPL. Theeefthere should be a mechanism that
allows the values of infrastructure related atti@suto be maintained beyond the normal
domain data. This mechanism denotechatomatic attribute values manag@kAVM) can

be integrated directly in tHeersistentObject or implemented as a separate class.

The essential task of the automatic attributes gans to provide thautomatic storagéor
shadow data, to manage this storage (allocatiorraratation of memory) and to provide the
attribute values access interface. It should aas®attribute handles with attribute values.
One such association entry in the manager will éeoted as aalue cell The number of
value cellsand their creation should be completely driventmy tuntime data model. That is,
in the initialization phase the automatic attritsuteanager will iterate over all attribute maps
registered for the ho$RersistentObject searching for attributes that are subject to
automatic management (we will call such attribugiesply automatic attributesand for each
of them allocates a value cell.
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ClassMap<Division> PersistentObject<Division>

attribute map for attribute .
"Name" RW-accessors native property name ; t
attribute map for attribute RW-accessors native propert native storage
"DivisionStringD" property divisionStringID
attribute map for attribute -
"DivisionID" AAVM access interface ‘ AAVM

1]

automatic storage

Y
value cell | attribute handle ‘ attribute value ‘ DivisionID

Figure 8. Schematic representation of differenttatte value storages.
In general, attribute mapsithout RW-accessors are considered to be autona#ttibutes.
Therefore, if infrastructural attributes are notppad to some native propertiggey will be
managed automatically and will become an autonsabiagesee figure 8).

A value cellis a generic artifact that should store attributédugs of any type in unified
manner. Therefore, the YAPL introduces a classanobry for uniform attribute value

representation. The base class of this hierarcittigouteValueBase (see figure 9).
Let's first consider the AttributeValueBase’s subclass
AttributeValueAutoCell which is actually used by AAVM for keeping attrileut

values in value cells.

In contrast to native properti¢isat are initialized in the domain classes, th&alization of
value cellsshould be performed by the YAPL in autonomous fashin simple cases it
would be enough to reset the values of arithmgpeg to 0 and call the default constructor of
user-defined types (tpero initialization). But in practice, the clientsost likely will need to
provide application specific default value genenatalgorithms gutomatic value generation
policiesor simple AVGPSs). For this purpose, YAPL allows gpsulation of such algorithms
in form of policy classes that can be passed apltten parameter to thattributeMap

class template (e.gAVGP as shown in figure 7). YAPL clients can implementi@es in
various ways as long as they are statically polyhiorand respect the policy interface. The
AttributeMap holds an instance of the specified policy type. A#&/M can pass this
instance to value cells it creates, so that theya#omatically initialize themselves. To be
more exact, automatic value generation policy dbjewvill be passed to the

AttributeValueAutoCell objects. Different types of YAPL clients specificea
introduced to théttributeValueAutoCell class template via its template parameter
AVGPR The AttributeValueAutoCell keeps a policy object and uses to initialize
itself.

In general, value generation policies are mostueatjy used for OID values generation as
discussed in section “Object Identifier Attributes”

The information about which storage (native or emdtic storage) must be used for setting
and getting values of sonpersistent objeas encapsulated in th&ttributeMap because
this class manages RW-accessors. When RW-accemsospecified, they must be used to
access the corresponding native propedtegrwise an automatic storagrist be requested.
Therefore AttributeMap is also responsible fdPersistentObject values access.
It is a facade that implements an interface forfiedipersistent objecvalues access (see
figure 7). This interface is widely used by the YIA® extract and set attribute values of an
PersistentObject : The GetValueFromPersistentObjectAsString 0
operation extracts an attribute value and convettstextual representation (e.g. flsing

from C++ standard library). This is the final valtepresentation and is used for building of
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persistent storagaccess commands (e.g. SQL-Queries). When morassiopked values
handling is required (like type related values cangmn or transportation of values between
attribute maps)GetValueFromPeristentObjectAsAttributeValueAdapter 0
operation is used. It returns attribute value aslgect of theAttributeValueAdapter

class &v adapte). The operatiorsSetValueToPeristentObject () is the single way to
set a value to a persistent object Since this operation accepts one
AttributeValueAdapter object, persistent objectalues setting is performed only via
attribute value adapters.

When an attribute maps the central gateway for attribute values trafflteen the
AttributeValueAdapter is the transportation mean. It is not a templasss;| it does
not generate domain class specific and the at&rityte specific attribute value adaptgres.
This allows objects oAttributeValueAdapter to travel between different persistent
type domains (a persistent type domain denotesf gginerated types for a base domain class
including itspersistent clasalong with class maps and all attribute maps).

Access to a\ttributeValueAdapter object’s attribute value is provided via multiple
entry points defined as conversion operators foh eaipported type. There is a set of member
functionsAttributeValueAdapter::operator T (), that define a conversion from
an attribute value adapter to arithmetic types [FaR well as to standard library’s type
string . Conversion operators allow the generic code tess an attribute value of the
required type by applying explicit conversiastatic_cast<ATTRIB_TYPE>(va)

where ATTRIB_TYPE is an attribute type name.

How AttributeValueAdapter represents attribute values internally? As you Inigh
already suggest, it simply references AttributeValueBase object to leverage the
uniform attribute value representation. YAPL deyels should consider managing of
AttributeValueBase objects by smart pointers with reference countiffte reference
counting is required for tracking multiple attribuvalue adapters that point to the same
AttributeValueBase instance. The main rationale behind reference cogirdn the
AttributeValueAdapter level is the value state consistency, value sheagifigiency
(excessive deep copying AftributeValueBase objects should be avoided).

attribute value representation

0..n | \I/O..1

AttributeValueAdapter AttributeValueBase

+operator int()- = — — _ _| _ overloaded for _ ] +GetVvalue(outVal : int)
:operator string) —=——"1—~ each Supported 1 :GetVaIue(outVaI : string)
type +SetValue(va : AttributeValueAdapter)

|
. R i
persistefl objects - __atribute value transport
values:setting
and getting
[}
L
! H
| AT, |
| ) AttributeValueAutoCell | AVGP !
! DT, | |
’ AT,
AttributeMa| p ! -valueGenerator : AVGP
PLAVGP | -value: AT

+GetValue(outVal : AT)

Figure 9. Class diagram of the attribute value hagalasses.

13



Let's now revisit theAttributeValueBase class hierarchy. Besides value cells,
concrete AttributeValueBase specializations are used for other attribute value
representation needs. In general, their respoitgiisl to hold an attribute value, encapsulate
the value representation specifics and provideoresse implementation of value access

operations declared in the root cla&sgributeValueBase . Value access interface is
represented by the operation
SetValue () that has one parameter of typtributeValueAdapter and by the set

of virtual functions with the same nar@®tValue() overloaded for all supported YAPL
types. The value writing operati®@etValue is defined as a no-op method. The default
implementation of eacBetValue should signalize thi&etValue() might be the wrong
entry point for value access (e.g. by throwing &aoegtion). This is actually a good way to
mimic type safety at runtime. Derived attribute ueal specializationsmust provide
redefinitions ofGetValue()  functions according to the value type they represen

Combining virtual functions with names overloadiisgya powerful technique because it
facilitates easy implementation of generdtributeValueBase specializations. A
specialization can be implemented as a class téenplath a template parameter that
represents the type of attribute value it holdse ThassAttributeValueAutoCell is

an example of a generic attribute value. It defioely version of theGetValue () method
using its template paramet&T. The implementation of this method will be comelgt
generic. AnAttributeValueAutoCell instantiation for some type will yield only one
correct GetValue() virtual method redefinition and only for this typ€&alling to
GetValue() via a pointer to the base class and using an anguofevrong type misses
this redefinition and ends up in the correspondlatault version which should notify about
the type mismatch.

To encapsulate the specifics of attribute valugsesentation imposed by sorpersistence
mechanism(more about it in section “Persistent Mechanism¥APL developers should
implement concretéttributeValueBase subtype(s) for thigpersistence mechanism
That is, the commo#ttributeValueBase’s interface is the only mean to cross the
boundary between thgersisted raw datda notion of a dataset obtained fronpersistent
storageand stored in somgersistence mechanisspecific manner) and thgersistent objects
side.

To summarize, théAttributeValueBase class hierarchy in collaboration with the
AttributeValueAdapter represent the lowest level abstraction of values
representation in the YAPL regardless of whethentilues originate fromersistent objects
(both native and automatic storages) or fymensisted raw data

Object Identifier Attributes

As was mentioned above, object identifier values emsential for numerous YAPL features
like CRUD functions and the relationships managemina runtime data model, an OID
attribute is mapped to the primary key of the huetsistent storage entitYDID attribute is
the first candidate to be managed automaticallytiquaarly when it is a surrogate attribute
that has no business meaning. Like othatomatic attributes OIDs should be properly
initialized via an automatic value generation palic
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Since, OID attributes are normally mapped to primiegys and primary keys are normally
generated bypersistent mechanismé.g. auto incremental primary key in relational
databases) clients may not care about the OID gtoerissue at all and move this

responsibility over tgersistent mechanism¥APL developers should provide an automatic
value generation policy that would not implemergeameration algorithm but would simply

signalize the error when requested to generatel@e v&XAPL should also dismiss this

attribute during marshalling.

However, clients must keep in mind the peculiagite persistent mechanisiased OID
values generation. First of all, oncepersistent objectvithout programmatically generated
OID is persisted, it loses binding with fiersistent storage entryThis is because there is no
safe way to figure out whiclpersistent storage entrwas actually created to store this
persistent  object Therefore, such persistent object always stays in the
NOT_BOUND_TO_PSE state. As a side effect, one olgjac be saved to differepersistent
storage entriesin some applications, driven by strong perforneareguirements, it is exactly
the right way to go (e.g. fast generation prsistent storage entrieBy changing and
persisting only ongersistent objegt

When YAPL clients definitely need custom OID geniera algorithm specific value
generation policies must be provided. For convergerY APL should provide a number of
most frequently used policies like for example auwatic value incrementation.

The greatest usefulness of value generation psliogght be their configurability and
extensibility. It might be further extended withlwa initialization and backup algorithms that
might be also specified as policy classes. Theemphtation of an initialization and backup
policy class may provide initial value and backbp tipdated value. So, for instance, such a
policy can search for the maximal primary key valué¢he correspondingersistent storage
entry to initialize its value. By configuring value gea@on policies with this value
initialization and backup policy, programmatic eatidn of the auto incremental primary key
feature can be achieved.

In some applications OIDs can consist of a sessionber and a counter within the session.
To use OIDs correctly theersistent storageeeds a dedicated entity for allocating the
session id’s to ensure uniqueness in the OID vala®ss the application. A value

initialization and backup algorithm implementedsurch application will access the session id
table for OID initialization. Other ideas that conmemind for value generation policies are
values generation algorithms based on some hashduaretc.

Automatic Management of Infrastructure Attributes

Generally speaking, infrastructural attributes li&e OID attribute (a primary key) and
attributes that represent foreign keys must be ydveaitomatically managed unless there are
indisputable reasons to implement them as natiapgsties and YAPL clients clearly
understand the way infrastructural values are usatbhmatic value generation policies which
will be used for OIDs management by default shomtdvide theconstant primary key
guarantee. The constant primary kgjarantee means that once s@uesistent storage entry
is created its primary key can not be changed v@mipulations on OID attribute of the
correspondingersistent object
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By keeping primary keys opersistent storage entriesonstant, YAPL avoids possible
referential integrity pains. The only way to byp#ss YAPL in its referential integrity efforts
is to implement object identifier attribute as aive one and gain full control over OID
values. There is risk that malicious client’'s custonanagement of the object identifier
attribute can break referential integrity by, forample, implementing OID-getter to return
values that can enforce the YAPL’'s marshalling naecgmto change the primary key values
in the persistent storageThe same applies to attributes that represemidiorkeys. To
exclude potential referential integrity problemkelireferences to non-existing parents the
values of these attributes should not be diredignged by the application. Although there is
a possibility to implement foreign key attributes reative properties, let the YAPL take care
of them.

Support for Refactoring

Developing software when system requirements catlgtand rapidly change is always
challenging. Implementing new requirements as asllimproving the system might cause
modifications of its data model. Most tough sitaa arise when the definition of existing
entities and their attributes must be changed &teibute type or name) or when some
attributes must be completely deprecated but thexesome legacy applications that rely on
the old data model definition. When these appgbeet could not be modified and must
remain working, the existing data model must bagparently extended. Suppose we need to
change the type of some attribute from string tegar. Since we can not simply change the
attribute definition, there is no choice but to addew integer attribute. We end up with two
attributes that are different representations efsame aspect. Both attributes simply hold the
same value and must be always synchronized.

The YAPL allows easy application refactorings adlwe data schema refactorings on the
runtime data model level in any number of ways.f&@oexample, YAPL developers can
implement specialttributeMap subtypes that would serve as attribute proxiesh Sumc
attribute proxy would redirect value requests (v the persistent object values access
interface) to another referenced attribute retp

Relationships Management

Generated in runtime, the data model object stradsian in-memory representation of an
application’s underlying data model. Mapping of thmtime data model to the system’s
object model faces the challenge of expressingdlaionships between domain classes in
terms of relationships between model’s objects. wes mentioned in section “Mapping
Object Schema to Data Schema”, relationships betwsssistent storage entitieare
represented in a runtime data model as associalietvgeenAttributeMap objects of
primary and key attributes. In contrast, class ti@hahips are normally modeled as
associations, aggregations or compositions andngskemented either via single references
or via collections of associated objects. Thiseiated-by-reference approach to inter-object
collaborations. Here we encounter the modeling ratsmcaused by the essential difference
between relationships’ representation in objeatried and data modeling worlds. As a
consequence, the YAPL can naturally map particdtanain class to persistent entityand
the native propertie® theirpersistent attributebut concerning native relationships mapping
it is not that straightforward.
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We pass RW-accessors to the runtime data modeédtareé how someersistent object’s
properties must be accessed. But there is noogxphy to specify, for example, that in order
to obtain dependents of thiersistent objecthe YAPL must traverse an existing association
between its base domain clas®d other related class. There is no such mappeanmn the
YAPL. Therefore, the information about class re@aships in the domain object schema are
completely dismissed on the runtime data modellléMeat is, for a data model all domain
classes appear as unrelated artefacts and relappenbetween them are, let's say, re-
introduced via reference-by-OID association betw&eir persistent classe®Ve use the term
reference-by-Ol0o state that relatgokrsistent objectsave the same OID value stored in the
corresponding primary and foreign key attributes.

So, the relationships model in the applications tls® YAPL is overridden on thmersistent
types layer and is completely data model driven. A data scheefines corresponding
runtime data model which in turn enforgesrsistent objectthat represent relatquersistent
storage entities to be connected by OID values even if éh& no object-oriented
relationships between base domain das$thesepersistent objects

One rationale behind relationships management wikielmforced by runtime data model and
based on the primary/foreign keys is the unifornfenence-by-OID relationships
implementation. As was outlined above, class mstiips in object schemas can be
implemented in number of ways: via references, teo# wrappers, collections of different
types etc. Dependent objects in collections migilavk their parent or might not. If fact, there
is plethora of implementation choices. It is umpplication developer which one to use. By
using only the reference-by-OID implementation, MARnsures that all relationships
betweerpersistent objectare effectively bi-directional i.e. can be traverse both directions
from parent to child and from child to parent. Thmst exiting aspect of the uniform
implementation is that it facilitates the gener@ationships management mechanism that
handles inter-object relations in fully automaticamimer. This automatic mechanism is
accessed via theelationships management interfadefined in thePersistentObject

class as part of the persistency interf@se figure 5).

Keeping in mind these advantages it may sound ned® not to define class relationships on
the domain classes layebut rather define them only on thgersistent typedayer as
relationships betweepersistent classeBusiness logic that must operate on related tbjec
migrates then from domain classes to some extgraddistency dependent service layer
implemented on top of theersistent typekyer. If application developers decide to refactor
the object schema in this way they must understaedspecifics of YAPL's automatic
relationships management. In practice, it is ugyadissible to change the nuts of some class,
its implementation, but altering its interface redesirable. Under such design constraints, one
workaround would be to adapt the existing interfaacthePersistentObject interface.

Now let’'s consider the relationships managememriate. It should cover the minimal set of
operations to traversepersistent objecteelationships graph. All interface operations imeol
two persistent objectgor their type identifiers) that might have diffatetypes. Therefore,
relationships management operations are implemegadember function templates. These
member function templates can generate a familpnember functions that will cover any
possible type-to-type combinations. The first typehis case is represented by the template
parameteDT of thePersistentObject (i.e. host typé and the second typelien type

is obtained via the relationships management opesittemplate parameters.
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As soon as a runtime data model is created it @iNe the execution of relationships
management functions. Well, that means the relsti@s graph is not checked at the
compile-time simply because it is defined by théadaodel which is a dynamic object
structure generated at runtime. Therefore the ioglships management in YAPL is
dynamically driven by runtime data model. In preetiYAPL clients can compile and write
flexible business logic that is not coupled to aisting data schema. But this logic will be
controlled by the data model metadata at the runtiBBy checking return values of
relationships management functions or catching gtiaes, YAPL client’'s code can choose
different execution paths.

The methodCheckRelationship() receives a type identifier of sonpersistent class
checks whether a relationship between these tygdatenhost typés defined in the runtime
data model. The methddChild() accepts twersistent objectsf different types and
checks whether they are relatives (i.e. parentdmild). The AddChild() also accepts
two persistent objectand establishes a parent-child relationship betwleem which implies
setting foreign key attribute of the dependpetsistent objecto the value of the parent
object’s primary key. It is up to YAPL developers tlecide whether to save the child
persistent objecimmediately or let the YAPL client to save it malipa The method
GetParent() retrieves the parent for a given chgdrsistent objectTo obtain all children
persistent objectfor a given parent object th&etChildren() should be used. The
method should return an enumeratiompefsistent objects

Some of the relationships management operations e likior example
CheckRelationship() or GetChildren() require type information about the alien
type. For this purpose the clabgpe2Type from Loki library can be utilized [AAMCD]. It

is a type's representative, a light type identiffeat we use to transport the type information
about alien typeto REMI functions.

Considering theGetChildren() operation arises one critical question: where céild
persistent objectsare actually taken from? One might expect that teyred in some
collection that is probably managed via automatiocragje mechanism. The answer is
negative: YAPL does not manage collections of e¢bildautomatically because this would be
overkill. All relationships betweepersistent objectare bi-directional and hence making one
persistent objectdependent from another one does not require maintgpichildren
collections. Children can exist independently i thbject space and can be reached for
example via some kind of persistent objects cache.

Another question that concerns fetching of childpensistent objects cascading retrieval.
Cascading retrieval of aersistent objectdenotes the process of automatic recursive
relationships traversal to make sure the wholetiogiships graph is fetched into memory.
Without cascading retrieval relationships wouldttaversed on demand by explicitly calling
the relationships management methods. YAPL devedoee free to decide whether
cascading retrieval should be implemented.

The YAPL naturally supports one-to-one and one-tmynrelationships. The relationships
management interface perfectly fit for navigatiooni a parentpersistent objecto its
children and in the other direction from childrem their parent. The implementations of
relationships management methods for one-to-ongelisas one-to-many relationships would
be pretty straightforward. What might complicaterthis the natural support of many-to-
many relationships. Let’s consider many-to-mangtrehship in gory details.
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There are several methods to model many-to-maratioakhips depending opersistent
mechanismsSo, in relational databases, they are normalptemented via associative table -
a data entity whose sole purpose is to maintairrdlaionship between two or more tables.
So, YAPL developers should decide whether to endafesfrom YAPL clients the way how
many-to-many relationships are implemented. If theyrealized via associative table, should
YAPL clients be aware of this table? If yes, thdatienships management interface
implementation would remain simple and the wholpetelents retrieval burden would be
imposed on YAPL clients. Considgrersistent storageentities from our example data
schemastaff andtask (see figure 2). They are related as many-to-manytlaere is an
intermediate tablstafftask that connects them. Runtime data model exactlyessmts
the data schema and hence to traverse for instainicé tasks a particular worker is assigned
to the application YAPL clients would need to peniicwo hops. First, it must call:
STAFFTASK_RECORDS staffRecords = STAFF::GetChildren 0 ;

Second, for each retrieved dependent stored insthéfRecords enumeration the
corresponding parent from theask entity must be retrieved by calling:
STAFFTASK:GetParent() . From other perspective, it would be rational iARL
clients can navigate this relationship in both dimns by simply calling
STAFF::GetChildren() or TASK::GetChildren() . This way would make the
REMI implementation more complicated.

One of the side effects of the dynamically driveéata model-based approach to relationships
management is that YAPL clients can implement krssn logic components that
accommodate possible future data schema modifiatamd does not require to be rebuilt
each time the data schema changes. The data nmedbkecdynamically uploaded or reloaded
in the runtime without enforcing such componentb¢orecompiled or even restarted. This
might be especially useful in the 24/7 availabiétywironments.

Referential Integrity Enforcement

Referential integrity (RI) is the assurance thapalsistent storage entitigbat have foreign
keys (i.e. are dependents in parent/child relaligpsj always refer either to an existing parent
or to NULL. Therefore when parent objects are medifor deleted, theersistent storage
must be automatically updated to remain in consisséate. Not alpersistent storagéypes
include mechanisms to support referential integrilye can not rely on the concrete
underlying data management implementation and hawet the integrity issue to the
persistent mechanismite. Therefore, the YAPL implements its own refeia integrity
mechanism and joins the “object purists” camp whacues that referential integrity rules
should be implemented within the persistence fraonkWAMRI]. The advantage of YAPL-
based referential integrity support is the abildykeep botlpersistent storagandpersistent
objectsmemory space in consistent state when cascadesdcéysCRUD operations and
driven by relationships betwegersistent objectsccur.

There are three types of cascades: cascading detsteading save and cascading retrieval.
Cascading retrievals were outlined in section “Reftships Management”. When some
persistent objeds saved, cascading saves implies that all itsldml are recursively updated
or a new parent is inserted. Therefore, cascadingsscan lead either to cascading updates or
to cascading inserts. YAPL developers may not imglet cascading saves and it is perfectly
acceptable with regard to referential integrityuaaace under following stipulations:
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1. Parents can’'t change the primary key values lzanite there is no need to perform
cascading update of all dependent foreign keyss Thithe case when YAPL provides
constant primary keyguarantee (more about in section “Automatic Manag@mof
Infrastructure Attributes”).

2. Data schema allows insertion of new childrerhvNtlULL foreign keys. Neither parent
insertion nor parent existence check is required.

The last type of cascading that requires most @ieis the cascading delete. Deleting parent
persistent objectsvithout taking care about children can easily brihg persistent storage
into inconsistent state. Therefore the referemiggrity must be enforced. Towards this end,
YAPL cascades delete by recursively tracking thatimships graph of thpersistent entry
being deleted. It handles each relationship in @@owe with the specified referential
integrity policy. As was mentioned in section “Mamp Object Schema to Data Schema”,
each relationship between twersistent typedefined via the runtime data model interface of
the PersistentObject should specify the referential integrity policy qisd in
AssociationHolder objects). Different referential integrity policieare briefly
described in the table below:

RI_NO_ACTION Deletion of a paremgersistent storage entitg restricted when there
is at least one dependent entity that references it

RI_CASCADE Deletion of a parepersistent storagentity causes recursive deletipn
of all dependent entities

RI_NO_CHECK Deletion of a paremtersistent storagentity may cause referentigl

integrity violation because no processing of depahdentities is
performed. Relationships that do not require refeaéintegrity must
be defined with this RI policy

Cascading deletion begins from the CRUD mettelete() . First of all, cascading
deletion implies starting a transaction to makee sthe persistent storagevill not get
corrupted. The architecture of the cascading machirs based on complicated concepts but
the core referential integrity enforcement logicanpletely generic. In essence, the integrity
enforcement is event driven. That is, the firstaacperformed by th®elete() method is
the notification of all dependents of teabject persistent objedDnly when the dependents
are processed and all referential integrity poicegprove the deletion, the corresponding
persistent storage entrg physically erased from theatastoreand thesubject persistent
objecttransits to the NOT_BOUND_TO_PSE state (thereftiis, object remains eligible to
be saved into thpersistent storagagain).
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Figure 10. Class diagram of the event processincharesm.

The YAPL defines abstract participants of eventdtag process as shown in figure 10.
Event handling artifacts are integrated with thatime data model classes by making the
ClassMap the specialization of thEventListener that provides the implementation
of the HandleEvent() operation. This engages class mapsvent handling where they
play the role of event handlers. Concrete evenedyare generated from thwent class
template.

TheDelete method notifies children of theubject persistent obje(ite. parent) by issuing
an event of typeevent<DT> . This event object delivers event descriptor alenth the
reference to the parepersistent objecto event handlers. The event finally arrives to ohe
the child class maps. But the child class ndm@s not handle the parent event which it
receives as the parameter of thandleEvent() method. It simply creates second event
object — also an object of the instantiatiewent<DT> for its base domain clasgpe and
passes both events in form of references to the tlass (i.eEventBase ) to some double
dispatcher. YAPL developers can use the Loki'sstasnplateBasicDispatcher as the
implementation of the logarithmic double dispatch Pk AMCD]. Its instantiation
BasicDispatcher<EventBase, EventBase> can be used to forward the
HandleEvent() request to concrete referential integrity enforcememplementation
depending on the dynamic types of two polymorphieng objects representing the parent
type and the child type respectively. Enforcememplementations are instantiations of the

template clas®eferentiallntegrityEnforcer generated for two event types. The
class ReferentiallntegrityEnforcer is the core class that that completely
encapsulates the referential integrity enforcembgic. The event handler function
ReferentiallntegrityEnforcer::EnforceRI() Is the endpoint in events traffic

and the place where the referential integrity esdorent actually happens. This method
receives the dispatched events as parametersudesdhe types of relat@ersistent classes
from the event types, extracts the reference tgHrentpersistent objecand then consults
with the runtime data model to get the relationshgtadata including the RI policy (stored in
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AssociationHolder objects). The referential integrity policy deteresnthe further
processing.

When the RI_CASCADE policy is specified all childref a parenfpersistent objecare
retrieved (either from thpersistent storager from persistent objects cachand committed

to deletion. This presents potential performancezatth When the data schema is complex
enough in terms of chained relationships it cae &@kvhile to traverse the whole relationships
graph. Another critical cascading issue addresgeles A cycle occurs when a cascade
cycles back to the starting point. In this caseYA&’L can run into an endless loop. YAPL
developers should ensure it will not happen.

Here are some notes about the utilized double @ispds implementation which isoki::
BasicDispatcher . This is a dynamic engine that allows registetwagdler functions in
runtime and ideally fits with the runtime data mdencept. It keeps a runtime structure and
uses runtime algorithms that help in dynamicallgpdiching event processing requests
depending on event types. When a data model isecteand particularly when a relationship
between twopersistent typess defined (via the runtime data model interface tioé
PersistentObject class), theBasicDispatcher::Add() should be called to
register twoEvent class template instantiations generated for the lb@snain classes of
these twopersistent typesThe BasicDispatcher::Add() also requires a pointer to
some event handler function that accepts &w@ntBase objects. This event hander
function (e.g.ReferentiallntegrityEnforcer::EnforceRIHelper() as shown

in figure 10) would perform downcast adjustmentthweceivedEventBase objects and
finally would call theReferentiallntegrityEnforcer::EnforceRI() .When the
BasicDispatcher is fired up to dispatch events it finds the reqdievent handler
function in logarithmic time and calls it.

As an example, figure 11 depicts the complete epatessing cycle whenpersistent object
of type DIVISION is created and then immediatelasad. This diagram also shows how
during the runtime data model initialization a teaship is established between the
DIVISION and BRANCHpersistent classes
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Figure 11. Sequence diagram of the RDM drivenadiag deletion.

The last note about referential integrity procegsis the order of integrity policies

enforcement in the case when ogpersistent typeoarticipates in many relationships. The
relationships should be processed in strictly defiorder: first relationships with the policy
RI_CASCADE, afterwards RI_NO_ACTION and RI_NO_CHE@spectively.
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Persistent Storage Access Commands and Queries

To perform CRUD operations and to retriguersistent objectselectively in accordance to
user data lookup needs the YAPL must generatpdhsstent storagaccess commands. The
semantics of apersistent storageaccess command depends on the underlying data
management implementation. A command can be edgtlsrquence of some API calls or it
can be a human-readable string, as for examplatens¢ént in the Structured Query Language
(SQL). SQL statements are used to insert, retrievadify, and delete data in a relational
database.

It could be tempting to promote SQL as the basiaimm® communicate with all types of
persistent storageand allow applications to construct SQL statemémtsjuerying data. If
the underlyingpersistent storagés not a relational database it should not be rbio re-
process SQL string and submit the query viaddiastorespecific interface. The YAPL does
not take this approach because of two major disadgas: embedding SQL code does not
live up with the entire runtime data model concé&pls flexibility and ignores attribute value
types. Otherwise, clients would be able to subm@t Snvolving persistent storage entities
and attributes that are not represented by a rendiata model. It would be tiresome to track
and modify all SQL strings within an applicationcenits data schema changes and lastly it
would be possible to format SQL string with settiatjribute values without taking into
account its type.

The YAPL is about encapsulating thersistent mechanisepecifics. Therefore, it introduces
data manipulation queries (DMQ) - a proverbial ledeindirection that encapsulates access
to anypersistent storagbehind the uniform data querying interface. Dataimaation query
elements are objects structures that consist oftreta DataManipulationQuery

objects and instances of tbataManipulationQueryElement class hierarchy. YAPL
clients build data manipulation queries and thessghem to the query processing subsystem
that redirects them to concregersistence mechanisntitsow YAPL processes manipulation
gueries is described in section “Persistent Medmasi). Let's first take a look at the figure
12 which depicts these classes.

The DataManipulationQueryElement class hierarchy represent well known
Composite design pattern [GOF]. The advantageisfgattern is the ability to organize data
manipulation queriesito nested and hierarchical structures and totereérly complex data
selection conditions that satisfy virtually apgrsistent storagguerying needs. On the other
hand, composite lets YAPL to treat leaf data mdafpon query elementas well as their
compositions in uniform fashion. InstancesDHtaManipulationQuery’s subclasses
specify which type ofpersistent operatior(insert, update, delete, retrieve etc.) must be
performed on th@ersistent storageObjects of thdataManipulationQueryElement
specializations represent elementary building anfkdata manipulation queries that actually
specify how thepersistent storagehould be manipulated.
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+CreateRetrieveDMQ()
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Figure 12. Class diagram of the DMQ infrastructure.

In generalDataManipulationQuery Is a container that is filled with data manipulatio
guery elements. These elements will be split ihted categories: one for data manipulation
query elements that define subjpetrsistent storage entitiethe second for specifying their
attributes along with commands that must be exdootethem (e.g. aggregate functions AVG
or SUM) and the third one will specify the conditad part of a data manipulation query.

With regard to the composite nature DataManipulationQueryElement objects
organization, theDataManipulationQuery will actually store three objects of type

CompositeDMQElement  representing the root objects of each data maripaolajuery
elements category.

The data manipulation query elemestsre the information about the subject entity @ad
attribute(s) by holding NVF (“name value functiordbjects which are an universal atomic
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descriptors that specifies either an entity or #inbate and encapsulates a name, a textual
representation of some value angeasistent functiothat must be applied to the entity or the
attribute it describes. For example, when an NVBcdbes a value-to-attribute assignment
(required for save or updapersistent operationst will contain an attribute name along with
its new value and thpersistent functiorwill be “ASSIGN”. Other examples gbersistent
functionsare aggregation functions (e.g “AVG”, “SUM” etcjpining, grouping, ordering
directives and comparison predicates (e.g. “LESEQUAL” or “BETWEEN"). Various
types of data manipulation query elemenggjuire different number of NVFs. So the
SingleEntityDMQElement holds only one NVF that describes a singlrsistent
storage entitywhenConditionBetweenDMQElement requires three NVFs: one for the
host entity and two others for both left and rightribute values that define the comparison
interval.

To illustrate the above data manipulation querycdpson, a structure of a simple DMQ and
its SQL equivalent is shown in figure 13.

retrieve DMQ
Entities DM elements
single DMQ element

NVF
name = "staff"

Attribute Commands DM elements

single DMQ element

single DMQ element

single DMQ element

single DMQ element

single DMQ element

NVF
name = "staff"

NVF NVF NVF NVF

name = "staff" name = "staff" name = "staff" name = "staff"
NVF NVF NVF NVF

name = "StafflD" name = "Name" name = "Salary" name = "IsFemale”

NVF
name = "Salary"

function = "DESC"

Attribute Conditions DM elements

root composite DMQ element

sub condition composite DMQ element

single DMQ element

single DMQ element

NVF
name = "staff"

NVF
name = "staff"

NVF

name = "Name"
value = "Smith"
function = "EQUAL"

NVF

name = "Salary"
value = "60.000000"
function = "MORE"

single DMQ element

NVF
name = "staff"

NVF
name = "IsFemale"
value ="0"

function = "EQUAL"

connector = "OR"

connector = "AND"

SELECT staff.StaffID , staff.Name , staff.Salary , staff.IsFemale FROM staff
WHERE ( ( (staff.Name = "Smith") OR ( staff.Salary > 60.000000) ) AND ( staff.IsFemale

))
ORDER BY staff.Salary DESC

0
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Figure 13. Schematic representation of a DMQ stinect

To manipulate ormpersistent storageYAPL clients should first obtain a data manipidat
guery object. Constructing data manipulation quefier persistent operationsiormally
implies two steps: creation of a basic data maaipah query and its completion with
manipulation query elements according to applicapecific data selection conditions and
processing directives. The interface for creatibdaia manipulation queries is integrated in
the persistency interfad@ee figure 12). It is used to build data maniparatqueries that
should manipulate on thgersistent entitf{ DMQ-target entity) represented by the template
parameter DT of thdPersistentObject class template. All methods of the data
manipulation query creation interface should reueries that can be immediately executed
without any completion with query elements.

Note however, that only sugbersistent operationas retrieve and delete be committed by
YAPL clients directly. That is, construction wmisertDMQ  as well adJpdateDMQ objects
can not be controlled by YAPL clients. The CRUD hwetSave() method is responsible
for building the appropriate data manipulation gqudepending on theubject persistent
object state. Direct construction DEleteDMQ may be required for performing some batch
data processing but YAPL clients should keep in dnthat committing deletion data
manipulation queries bypasses the referential iyegnforcement. Normally clients should
first retrievepersistent storage entriend then delete them by calling the CRUD operation
Delete() on theirpersistent objects

The second step of building a data manipulatiomrygigeactually the specifying of selection
conditions as well as ordering, grouping, joininig €irectives by adding concrete data
manipulation query elements. This is performed thiea completion interface of the class
DataManipulationQuery . Example functions of this interface are showrfigure 1.
The data manipulation query depicted schematicalfygure 13 can be built and completed
by this C++ code:

/linitialize the selection pattern

STAFF: : RTYPE pattern = STAFF:: Create();
pattern->Set Name("Smith");

pattern->Set Sal ary(60) ;
pattern->Setl|sFemal e(0);

[l create a basic DVQ
Retri eveDMY* dng = STAFF:: CreateRetri eveDMY ) ;

[l conpl ete the DVQ

dng- >OpenSubCondi ti on() ;

dng- >AddAttri but eConditi on (pattern, attributeHandl eStaff Nanme, EQUAL);
dng->0 ();

dng- >AddAttri but eConditi on (pattern, attributeHandl eStaff Sal ary, MORE);
dng- >Cl oseSubCondi tion ();

dng- >And() ;

dng- >AddAttri but eConditi on (pattern, attributeHandl eStafflsFenal e, EQUAL);
dng- >AddOr der Command( st af f Typel denti fi er,

attri but eHandl eSt af f Sal ary, DESC) ;

Let's now scrutinize this code. Th&ddAttributeCondition() specifies selection
conditions. For example the first call to this nzetlconveys the selection condition “Name =
Smith”. Programmatically it is expressed in ternfsabguments passed to the method
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AddAttributeCondition() . the argumentattributeHandleStaffName (an
attribute handlg specifies that the value of the column “Name’e(g table “Satff” in figure

2) should be EQUAL to the value of the native prope“name” of the objecpattern

Since theAddAttributeCondition() accepts gersistent objectthis method as well
as other completions methods should be implemeasethember function templates that
obtain the persistent typesfrom its own set of parameters. The method
AddOrderCommand() instructs the data manipulation query to orderréigeved data by
the column “Salary”. Since ordering commands do neguire attribute values, there is no
need to pass concrepersistent objectand only the type identifier of thegersistent class
STAFF is specified. The calls to methodsOpenSubCondition() and
CloseSubCondition() create a sub-condition according to the nested itond
expression. The methodshd() andOr() are used to specify the corresponding logical
connectors between the selection conditions.

Most methods of th®ataManipulationQuery’s completions interface need attribute
handlesof persistent storagaittributes. Therefore, YAPL clients need accesattdbute
handles used by the runtime data model interfaee rtiethodRegisterAttribute() in
PersistentObject ) to be easily accessible. It is up to YAPL clieatsd developers to
decide how to manage the attribute handias provide them to all system components. One
particular solution will be represented in secti@eployment Architecture of YAPL-based
Systems”.

One important issue to emphasize here is ghesistent objectbased conditions value
initialization. Building a selection condition thebmpares a single attribute to a given value
requires knowledge about this attribute’s typeefits can acquire this knowledge by taking a
look on a particulampersistent classand its properties’ types. Since each property of a
persistent clasthat is mapped to sonpersistent attributeés accessible via RW-accessors, it
is reasonable to use RW-accesshrs initialization of data manipulation queries a®ll.
Therefore, a temporargersistent objects created (the objegiattern from the above
code listing) to serve solely as a selection patfpattern persistent objectThis object is
than passed tAddAttributeCondition() member function template along with the
attribute handlghat instructs the YAPL which attribute defines ttendition. The specified
attribute handles then used to obtain the attribute value frompghtern persistent object
This vyields a fully initialized NVF that is the ar of a newly created
SingleAttributeDMQElement object that is added to the manipulation queryngei
completed.

Most significant advantage of tipersistent objedbased conditions value initialization is the
centralized attribute values handling performed/ et the runtime data model. So, when for
example the name of sorpersistent attributes modified, YAPL clients should not change
the code that builds data manipulation querieslinng this persistent attribute- they only
need to reconfigure the mapping of tpersistent attributeto the corresponding RW-
accessors.

Since building of data manipulation queries is atlgoprocedure, the YAPL should allow
“reusing” of already completed and executed dataipugation queries. Changing the NVFs
of their elements should be allowed as well. Coeréigd) the example above, it should be
possible to re-execute tlgeng object multiple times with different selection canmhs (e.g.
values of the columns “Name” or “Salary”).
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The classDataManipulationQuery should provide an intuitive completion interface
that will allow YAPL clients to express any data mpalations needs. Though YAPL
specifies the general idea of the data manipulajisery completion concept, elaborating the
uniform data querying interface that will cover péirsistence mechanisresapported by the
YAPL is a hard issue. Depending on tbersistence mechaniswhich will execute a data
manipulation query, YAPL clients should be ablesgmecify different selection condition
expressions like attribute-compared-with-valuerilaite-compared-with-attribute, attribute-
within-values-interval, attribute-compared-with-sgiery-result as well as different data
manipulation directive (i.e. grouping, ordering ajathing). It is up to YAPL developers
which operations to include in the completion ifdaee and how to elaborate them. The
evolution of the completion interface is directly eflected on the
DataManipulationQueryElement class hierarchy. That is, as different selection
conditions and data manipulation directives neetbdamplemented, YAPL might need to
integrate specific subtypes into this hierarchy.

Data manipulation queries need to be handled fereéifit contexts and for different purposes
as for example execution by differgrgrsistence mechanism#é query is completely defined
by elements it contains and therefore accessingitenation over them is critical for the
investigation of the query’s structure. Concreteadaanipulation query element types define
many distinct and unrelated to each other operat{ery. NVF getters). To work with data
manipulation query elements in generic fashion via the
DataManipulationQueryElement interface and, on the other hand, to preclude
“polluting” this interface with all concrete opei@is and to keep it closed for modifications
as well as opened for extensions Robert Martin'gchc Visitor design pattern [RMAR]. The
pattern eliminates cyclic dependencies. In accareldao the Acyclic Visitor pattern the class
DataManipulationQueryElement is a visitee and defines thccept operation
that allows the instances of concr&@BIQElementVisitor’s subtypes to enter the data
manipulation query element. Each element classhaMe an associated abstract visitor type.
Acyclic Visitor works perfectly with the compositdject structures. A concrete visitor that is
sent to a root data manipulation query elementype tCompositeDMQElement is
automatically sent to all its children. This enabteansparent iteration over collections of
guery elements.

Introducing the visitor infrastructure to the dateanipulation query elementsierarchy
prescribes a strict and well defined approach teryyrocessing. A processing algorithm
should be implemented as a concrete data manipualgtiery element visitor. Sending this
visitor to query elements triggers the executiothefalgorithm.

Retrieving Data from Persistent Storage

So far we have studied how data manipulation gqeere constructed. Most frequently used
gueries are data selection requests that mustcestwanepersistent storage entriesd bring
them into object memory. Such queries are reptederby objects of the class
RetrieveDMQ . The clasRketrieveDMQ not only defines the data selection criterion but
also contains the results of its execution in fafraw persisted dataThis raw persisted
datacan be unmarshaled inpersistent objectand they in turn can be obtained in sequential
or random access manner via BRetrieveDMQ’s  interface. Therefore, BetrieveDMQ
object also plays the role ofdata cursorthat can traverse forward and backward in the tesul
dataset as well as remember its curggesistent entryThis class provides the data cursor
interface (see figure 14) that performs not onlynarshalling ofpersistent objectbut also
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returns a single scalar value (i.e. result of saggregation data manipulation query). If the
number of entries is large, it is expensive to ursmal allpersistent objectat once. Hence,
for performance and memory consumption reasonsRéteeveDMQ allows not only
unmarshalling of alpersistent objectat once, but also allows navigating over the datage
getting only ongersistent objecit a time.

The operations of data cursor interface will needinmarsal data intpersistent objectsf
different types, and therefore they should be imgleted as member function templates that
obtain thepersistent typesrom its own set of parameters. On the other hamely should
perform some runtimpersistent typeheck to disallow unmarshalling céw persisted data
into persistent objectsf the wrong type.

Let’'s now unveil theRetrieveDMQ’s  internal structure to understand hpersisted raw
datais stored and how it is transported ipirsistent objectslake a look at the figure 14.

-

RetrieveDMQ ‘1 = PersistedRawDataBase
<<unmarshaling methods>>
<<data cursor interface>> +UnmarshallAttributes() |
+CreateAll() +CreateAVAdapter() ————— DT
+CreateNext() +GetAccumValue() PersistentObject; — .
+CreatePrevious() +GetAccumValueAVAdapter() set values
+CreateFirst() <<traversal operations>> | __ _ ____—
+Createlast() +MoveNext()
+GetAccumValue() +MovePrevious()
+GetCount() +MoveFirst()
+Movelast()
+ISEOF()
+IsBOF()
+GetCount()
i
|
value trlansport
|
|
|
v
AttributeValueAdapter
Figure 14. Class diagram of the data retrieval rapigm.
The classPersistedRawDataBase is an abstraction of a records-based dataset émat c

be traversed in both directions and remembersuitent record. Its subclasses are concrete
persisted raw dataepresentations implemented for each conguetsistent mechanistgpe.

But PersistedRawDataBase iIs not only passive dataset holder. Its method
UnmarshallAttributes() actually performs unmarshalling and does all thavie
lifting required for setting a record’s fields tgparsistent object’'properties. The values are
set topersistent objectsia the AttributeMap::SetValueToPeristentObject()

function of the persistent object values accessrfate. An attribute value adapter object
which  this method requires as a parameter, is e@deatby concrete
PersistedRawDataBase’s subclasses. Their implementations of the virtuacfion
CreateAVAdapter() create attribute value adapters and initialize thweith concrete
attribute value for a specified field. In this aed, thePersistedRawDataBase’s class
hierarchy is designed according to the Templatehbtbtdesign pattern [GOF] where the
CreateAVAdapter is the abstractprimitive operation of the template method
UnmarshallAttributes()
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The classPersistedRawDataBase can also return one single scalar value via the
function GetAccumValue . It is up to specializations now to store the Engalue (for
example soméersistedRawDataBase subtypes may interpret a single value as the
first field of the first record). The methad@etAccumValue s also atemplate method
which lets subclasses redefine the abstract fum@etAccumValueAVAdapter

In the RetrieveDMQ’s unmarshalling mechanism the class
AttributeValueAdapter carries out its function of the transportation mearrings
the attribute values fronpersisted raw datato persistent object’'sproperties via the
correspondingttribute maps

Persistent Mechanisms

A persistence mechanis(RM) is any technology that can be used to permtinstore data
for later update, retrieval, and/or deletion [AMPBlossiblepersistence mechanisnsclude
flat files, databases (relational, object-relatipri@erarchical, network), object-bases etc.
Different persistence mechanistypes are accessible via different APIs. The degigal of
the YAPL is to support all major persistence medras. To enable the smooth framework
evolution and at the same time preserve the backe@mpatibility with existing applications
the YAPL introduces the concept of generalized persistence mechanisiithe YAPL
provides the uniform object persistence and dalacten interfaces that are independent
from concrete persistence mechanism types. Detaitd APIs of particulampersistence
mechanismsre by no means exposed to YAPL clients. Theyamg persistency interface
and data manipulation query objects. This is ongeets of the generalizegersistence
mechanismconcept. It addresses the software maintainabidispe and assures that the
application code remains unchanged when the unidgnbersistence mechanisisiswitched.
Another aspects concern the ability to switch pleesistence mechanisat runtime and the
ability to submit the same data manipulation quentyject to different persistence
mechanisms

Of course, the benefits of generalizeersistence mechanisconcept do not come for free

due to the additional level of indirection in thata manipulation query representation. This
level of indirection sacrifices a bit of overall YA performance but strongly favors the
YAPL generality.
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Figure 15. Class diagram of the generalized persigt mechanism infrastructure.

The YAPL achieves the independence from congpetsistence mechanisrby effectively
decoupling the data manipulation query represaentdtiom its execution and result dataset
representation. Data manipulation queries are stdxinior execution via the interface of the
class PersistenceMechanismBase which is the abstraction of the generalized
persistence mechanisnirhe PersistenceMechanismBase declares one abstract
operation for each data manipulation query typéitfdse operations are denoted collectively
as the data manipulation query processing interfaee diagram in figure 15). There is one

subclass of thePersistenceMechanismBase f or each supportedpersistence
mechanism
Instances of concreteersistenceMechanismBase’s specializations are not directly

available for clients but are hidden behind the hbrgevel facade class
DMQExecutionSubsystem which should be available as a singleton. As theena
implies, this interface is the facade to all theemyuexecution subsystem realized by
persistence mechanism$he goal of this class is to provide one unifooperation for
submitting of all types of data manipulation qustie all availablgersistence mechanisras
well as to provide centralized operationsfersistence mechanismanagement.

A pair of operationsOpen() and Shutdown() serve for persistence mechanisms
initialization and shutdown respectively. Beforer&persistence mechanisoan be used it
must be first opened. Theersistence mechanisopening operation implies creation of a
concretepersistence mechanisobject, initializing it, adding it to some internadllection of
availablepersistence mechanismsd finally returning itgersistence mechanishandle A
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persistence mechanisimndle is required fopersistence mechanismeferencing because
YAPL clients should not obtain pointers to cregbedsistence mechanisobjects.

Once apersistence mechanisis opened, its handle is used to bind the runti@ia model
and data manipulation queriesgersistence mechanisnfor this purposeClassMap and
DataManipulationQuery objects are associated wigkrsistence mechanidmandles of
their mastepersistence mechanisrsee figure 12 and figure 7). By associating thegects
with another handles, the YAPL enables flexibletime data model reconfiguration in terms
of the underlyingpersistence mechanisamd allows dynamical binding glersistent typeto
differentpersistence mechanisms

Let's now consider how the claf&MQExecutionSubsystem  enables transparent and
uniform processing of data manipulation queriesby kind of apersistence mechaniss
we know, DMQExecutionSubsystem provides only one centralized entry point
ProcessDMQ() . The double dispatch of data manipulation quengab andpersistence
mechanisminstances based on their dynamic types is the ocmeehanism behind the
DMQExecutionSubsystem::ProcessDMQ() . Double dispatch(particularization of
multiple dispatch) is the mechanism that dispatchefsinction call to different concrete
functions depending on the dynamic types of tweoeatsj involved in the call. The Loki's

class templateStaticDispatcher can be utilized as the double dispataigine that
performs the type deduction algorithm and thersfaefunction in another class [AAMCD].
This class CriteriaExecutor ) defines several overloads of thee() method for all
possible combinations of DataManipulationQuery subtypes and
PersistenceMechanismBase specializations. Each implementation of the
CriteriaExecutor::Fire() method is the place where a data manipulation query

finally meats concretpersistence mechanismhe specified data manipulation query object
is simply forwarded to the specifigoersistence mechanisinstance via the appropriate
function of the manipulation queries processingrifisice. Using th&taticDispatcher

makes theDMQExecutionSubsystem::ProcessDMQ completely generic and closed
for modifications according to open-closed prineigOOCAPP]. When newpersistence
mechanisntypes are added this function never have to beggthor even recompiled. It uses
persistence mechanismandlesspecified by the submitted manipulation query objecfind

the correspondingersistence mechanisabjects in the collection of available mechanisms
and then leverages the double dispatcher by catlimgStaticDispatcher::Go()

method.

In contrast to th®MQExecutionSubsystem::Open() operation which opens only one
persistence mechanisnper call, the DMQExecutionSubsystem::Shutdown()
operation shutdowns all available and opepeistence mechanisms.

Relational Databases

Relational database management systems organae@nttatelated rows and columns and use
the SQL as the communication language. RDBMS i©iaut doubt the most widely used
persistence mechanisnTherefore, the YAPL most likely will need to qaqut it. First of all
YAPL developers should decide which legacy libréoy programmatic access to RDBMS
(e.g. Microsoft ADO or ODBC) to use. Then they ddoadapt this library into the YAPL
according to thgeneralized PMconcept. Let's assume YAPL developers have sonecieg
library e.g.LegacyDBAPI for low-level access to relational databases. Vésgnt a pattern
design which shows how this library can be intezgptanto the YAPL. We also show how
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abstract data manipulation query objects are coad¢o SQL statements. This pattern design
is easy to follow so that YAPL developers can sanyl implement support of other kinds of
persistence mechanisms

PersistenceMechanismBase PersistedRawDataBase AttributeValueBase
process T <<instantiate>> <<instantiate>>
T T 1 | =3 === ==== 1
1 | 1 |
V C b v . ki
DataManipulationQuery DatabasePM | _ _ _ _ _ _ LegacyDBAPIRecordset LegacyDBAPIField
!
|
|
|
execute +GetAccumValue()
|
r .
| |
Ievelrage !
|

______ =) SqlStatement

-sql:string

DMQElementVisitor

< - - - - ———— -

7

<<DMQ element visitor>>
SQLCompiler

+CompileConditionsExpression()

+CompileCommandsExpression()
traverse +CompileColumnsExpression() build
—————————— +CompileTablesExpression() F-—-———————-
+CompileValuesExpression()

Figure 16. Class diagram of RDBMS access infrasirac

The support of relational databases is represdntedset of interrelated classes (see diagram
in figure 16). The master class is of this classegndle is of course the
PersistenceMechanismBase’s specializationDatabasePM . This type hides the
SomelLegacyDBAPI based implementation of relational databases acbetind the
generalizedoersistence mechanisimterface. TheDatabasePM’s  implementation of the
baseOpen() should establish connection with database servérpanform all necessary
database initialization.

The primary responsibility of thBatabasePM is the generation of SQL statements and its
submitting to the underlying database server. DhtabasePM's implementation of the
data manipulation query processing interface is fjus glue code that takes a query object,
creates a SQL statement and forwards it to the lést SomelLegacyDBAPI. The
DatabasePM should generate SQL from a DMQ by sending spech dnanipulation
qguery element visitor to this query object (e.cqasslSQLCompiler in figure 16). This
visitor will traverse a query object and will buitdrresponding SQL statement.

ObjectsRetrieveDMQ class converted to SQL “SELECT” queries might yipkefsisted
raw data Normally, database access libraries reprepensisted raw dataeturned from
database servers in form of some recordset. To psut@e the details of the

LegacyDBAPI's recordset implementation a corresponding
PersistedRawDataBase’s specializatiorLegacyDBAPIRecordset is introduced.
Its implementation of CreateAVAdapter() creates attribute valuesof type

34



LegacyDBAPIField . The clasdegacyDBAPIField represents a single value of som
database attribute. The cooperation of these ddsdes the specifics of relational databases
according to the generalizgersistence mechanissoncept.

Deployment Architecture of YAPL-based Systems

Let's consider the structure of a YAPL-based systeterms of deployment componemisit

form executable software run by concrete operasiygjems. The core YAPL functionality
including building and processing of data manipalaguery objects as well as management
of all supportedpersistence mechanismslould be deployed as a separate component. This
component should expose some interface to copéigistence mechanisrasd to create and
execute manipulation queries. For example, thaefadte of DMQExecutionSubsystem

class can be exposed. This component is actudéiyred to apersistence layer

Before objects can be persistpdrsistent typeshould be defined for their classes, the
corresponding runtime data model must be generated thepersistence layemust be
initialized. The model construction angersistence mechanismaitialization might be
managed by a separate deployment compdhahive denote as thpersistence runtimelhe
persistence runtimeepresents thpersistent typetayer (figure 4). It utilizes thepersistence
layer and depends on thdomain classes layesince persistent classeare generated from
domain classes. Theersistence runtimean be used by system components that implement
application’s business logic based on pleesistent typed-ollowing the proposed approach to
elaborate a standalopersistence runtimeomponent, most YAPL applications will end up
with the deployment architecture depicted in figlive

From the overall applications perspective, bptinsistence runtimand thepersistence layer
will provide the ultimate persistency interface ttanoothly integrates into existing system
architecture as an intermediary layer that reshita/een the domain classes and the higher
level services. This is the most reasonable wagchieve the transparent object persistence.

Client Application
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,/
e
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,/
d
b/ r————= Persistence Runtime

[}

[}

[}

|
| T
Persistence Layer <--! :
1

location of the RDM Iﬁ

Figure 17. Component diagram of a typical YAPL agilon for Microsoft Windows.
It is up to YAPL clients to decide whether a peesise runtime repositoiig required. Simple

applications can combine runtime data model débmitand business logic in the same
component and may not have standalp@esistence runtime
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We have outlined that one of the core respongaslitof a persistence runtimes the
initialization of runtime data model. In the mastses the whole model will be created at an
application start-up and will be remain unchangbtbre complicated scenarios would
perform partial dynamic model loading or re-iniigattion reflecting the data schema changes
at runtime.

In general, a runtime data model is an object 8irecthat reflects a data schema. For
complicated data schemas involving hundreds ofiesfit might be tiresome and error prone
to write the model initialization code manually.this case YAPL clients may consider some
automatic code generation facility.

To summarize, the YAPL does not dictate the ovexgdtem architecture to the YAPL-based
applications. But to craft powerful and flexiblesgyms some common advices might be
obeyed. The bottom line is that for complex muttrponent applications a common
persistence runtimghould be elaborated.

Persistent Objects Cache

One of the most essential YAPL features that sesgdsasis for another critical features is the
persistent objects cach&/e have already mentioned it in many sectionthisf document.
Thepersistent objects cacloan dramatically improve the lifecycle managemdrmiersistent
objects aswell as relationships managememt terms of objects sharing. Thpersistent
objects cacheshould be implemented to enable automatic dataistensy enforcement.
YAPL clients should not carefully track whigersistent objects area memory making sure
there are multiplgersistent objects thatfer to the sampersistent storage entyut have
different states etc. Thpersistent objects cacheould also allow easyersistent objects
lookupand accessibility which is required fpersistent objeanotifications during referential
integrity enforcement. Such a notifications mechanwould consult th@ersistent objects
cacheto obtain and notify all in-memorgersistent objectas soon as their corresponding
persisted storage entrieme physically deleted. Thogersistent objectsust be marked as
“dead” (any further CRUD manipulations on them musdisallowed).

Implications of Object Schema to Data Schema Mapping

According to the transparent object persistencycept) the domain object schestzould not

be affected by the persistency aspect. But makimpraain class persistent still does not
come for free. There are some implications on t&gh of domain classes. To implement
mappings you will probably need to add code tolthsiness classes, code that might impact
your application. To access a hative property thia RW-accessors a domain class must
provide strictly defined public getter/setter. Ajgption developers should keep on mind that
RW-accessoraire pointers to member functions. The copy iniation mechanism of the
PersistentObject expects the operator= and copy constructor to leaat accessible.

In ideal case, the domain class is suited to bsigient but sometimes the modifications are
absolutely unavoidable. Consequently, encapsulatam be broken, domain specific design
rules might be violated and so on.
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Another critical impact on domain object schemaiwdsr from the YAPL relationships
management. YAPL takes the data schema driven agiprto relationships modeling and
therefore uses the primary/foreign key values toamge relationships betwegrersistent
objects If a domain classes does not use the automatiagdfeature for primary/foreign key
values management it must add it own propertiestiaing the key values and must define
getter and setter to be use as the RW-accessors.

Let's consider objects interoperation interfaceirtef in the related domain classes. Such
interface might have object collaborations operatibke for example Division::AddBranch,
Branch::GetDivisions. On the other hand, the cl&ersistentObject provides
extensive relationships management interface (dbestr in  section “Relationships
Management”). That is, if YAPL clients are willing continue using the native objects
interoperation interface they have no choice but #wapt them to the
PersistentObject’s relationship management interface. One way to de ith to
implement an adapter class according to the adaj#eign pattern. The Adapter design
pattern intents to convert the interface of a class another interface that the clients expect
[GOF]. Hence, the adapter clasadll inherit from the persistent claseing adapted. The
adapter will override the native interface from theget domain class and will commit to the
required method in thBersistentObject . Another option is to change the related-by-
reference association to related-by-id one. Doimig, tthe domain class will implement
properties for storing the primary/foreign key ve@duand will define getter and setter. This
implies additional persistency-related applicatiension efforts and changes to the objects
interoperation interface in order to make its mdt&eubjects to overriding (e.g. by declaring
them virtual).

One more issue is building of data manipulationrigge Queries uspersistent objectso
initialize query parametergdttern persistent object When creation of sompersistent
objectis a costly operation the type safe query parametetting based gpattern persistent
object might not be a choice. As a workaround, a stringebdaparameters setting can be
allowed.

Conclusions

The YAPL core architecture is flexible and open fimther modifications, new features can
be easily implemented and smoothly integratedhis document we have described the core
aspects of a persistence framework. However, asnegyhave noticed, such crucial topic as
transactions support is omitted. In general YAPLvalepers can easily implement
transactions support by chaining data manipulatjoery objects and adding commit and
rollback mechanisms.
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