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Introduction

An Adaptive Object-Model is a system that represents uderedeclasses, attributes,
relationships, and behavior as metadata [YBJO1; YJO2]. Thensysta model based
on instances rather than classes. Users change the taefaloj@ct model) to reflect
changes in the domain. These changes modify the system’s dretiavother words,

an AOM stores its Object Model in a database and interpret€dansequently, the
object model is adaptable; when the descriptive informasomadified, the system
immediately reflects those changes similar to a UML v4rtMachine described by
Riehle et. al [RFBOO01].

The design of Adaptive Object-Models differ from most obmatnted designs.
Normally, object-oriented design would have classes for desgrihe different types
of business entities and associates attributes and methodievith The classes model
the business, so a change in the business causes a changeottethghich leads to a
new version of the application. An Adaptive Object-Model doesmaodel these
business entities as classes. Rather, they are modelgesbyptions (metadata) that
are interpreted at run-time. Thus, whenever a business chsngeeded, these
descriptions are changed which are then immediately refleictethe running
application. So in a sense, what we normally would model assa danow being
modeled by metadata which is being interpreted by the AOM.

Adaptive Object-Model architectures are usually made ugewéral smaller patterns.
TypeObject [JW9I8] provides a way to dynamically define new basieatities for the
system. TypeObject is used to separate an Entity from atyBme. Entities have
Attributes, which are implemented with the Property patteM®ff. The TypeObject
pattern is used a second time in order to define the legad typattributes, called

AttributeTypes. This core set of patterns working togetheery common to most
AOM architectures as described by Dynamic Object ModeBIQR]. These Entities
and Properties with their valid types are what the user thinkSoff the user is selling
products, the AOM will describe different types of Entitiesapresent their different
types of products. Non-AOM systems would model these with diffepeoduct

classes.

As is common in Entity-Relationship modeling, an Adaptive Objéatlel usually
separates attributes from relationships. In usual OO desigionships are
implemented through an attribute as a pointer or direct referertbe trelated objects
and methods are used to implement any rules about the relatior&higver in AOMs
these relationships are reified thus enabling a way to desevbéypes of relationships



and rules governing the relationships via metadata. The @tratetern [GoF95] is

used to define the behavior of EntityTypes. These strategie®wolve into a rule-

based language that gets interpreted at runtime. Finallg, hesually an interface for
non-programmers to define the new types of objects, attributdsetiagiors needed for
the specified domain. This can even include ways to defibtyes and relationships
between objects.

The above set of core patterns has been well described in deite @apers but one
area that has not been described is the GUI side of AOMs.ndm AOM system you
model the domain level which may include a persistent mappiagdatabase. This
domain model will include the core business rules. Then as bedén MVC or three-
tiered (multi-tired) systems you will build a GUI layer on toptleé domain model.
This GUI layer may include some validation checks [Cunninghbat] the core
business rules are mostly implemented in the domain model.

However, an AOM does not include domain objects which the Gldr layaps the

domain values that are being interacted with by the usetheRa&#OM'’s have a meta
layer that is instance based rather than class based to doodain objects. Therefore,
special consideration needs to be given to this meta levetiér oy build a GUI layer

that maps to an AOMs operational layer. These patterns toctisis area of AOMs
describing the visualization layer in AOMs and how to dynamidaiiyd the GUI layer

from the AOM knowledge layer.

The Visualization Level in AOMs

In the existing literature [FY98] [YROO] [RYO1] [YBJO1] [YJO2he core architecture
of AOMs is defined by two core levels:

» Knowledge Level defines the general rules that govern the behavior g&%j
and the structure of the domain (TypeObjects, PropertyTypes).

» Operational Level: records the values of the domain (in our case the instéince o
Entities and Properties for collection user values.) [Fvle

These two levels contemplate the description of structurdeinaviour of the adaptive
entities. However a presentation level is almost alwayslateén addition to these
levels. ThisVisualization levelis composed of rendering components at different levels
of granularity. These components can be combined dynamically @aputiaely) to
generate complex output for the AOM, helping to abstract and enaggppresentation
issues [WelickiO6b].

A fact that makes the presentation layer so importantatsviBualization is something
that is present in almost all documented AOMs and that presemts hard challenges
that have to be overcome; specifically because of the dynamaitging behaviour of
AOMs.

In summary, we can say that the Visualization layer coniastsuctions on how to
present the elements of the model. These instructions catabbeat and composed at
runtime (from configuration information) and are themselves dymamibehaviour
reflecting the adaptive system.



AOM Rendering Patterns

This paper contains the following patterns:

» Property Renderer. deals with how to render concrete instances of types of
properties.

» Entity View: deals with the coordination of several property renderers to
produce more complex Ul fragments for an entity.

+ Dynamic View. given a set of entities, renders Ul code (including layout
issues). Several different views can exist for the saeteof entities and the
views and can be linked dynamically at run-time.

All the patterns presented in this paper are highly relaldéey can be used
individually, in several combinations or all together. The folfmppatterns map (figure
1) shows the existing relationships between the patterns. ®teefine-grained pattern

is PROPERTYRENDERER Who deals with rendering individual property instances. It is
connected with all the other patterns: theTiEy VIEw coordinates several Property
Renderers to generate a fragment of a Ul for an entityl@inamIC VIEW can use
these pieces for rendering sets of entities as well. Thealdc VIEw is the more
coarse-grained pattern, since generates a coherent piédefaf sets of entities. To
achieve its objective it can use the other patterns or besingpited with customized
code.

Property Renderer coordinates several... Entity View

can use... can use...
Dynamic Views

Figure 1 — Rendering patterns map

Target Audience

The patterns presented in this paper deal with the presentaties &t arise when
working with AOMs. Therefore, any developer working with this kindsgktems
(mainly TyPE OBJECT, PROPERTIES[JW98], and ¥PE-SQUARE [YBJO1] or DyNAMIC
OBJECTMODEL [RTJO5] based architectures) would benefit from using the patter
this paper to cope with presentation issues.

These patterns may apply also to other rendering scenariaerumain focus is on
rendering AOM-based architectures, so their context is explstiiied for that. They



have been written thinking in AOMs and therefore some considerdtiosher kind
of systems may not have been taken into account.

We ultimately see these patterns as part of a more compddtern language for
building Adaptive Object-Models which include these six caiegor

» Core: includes the core patterns that are present in the lmagiementation of
AOMs. These are the basic patterns and they are the ortegotfern this
architectural style.

* Process includes the patterns that deal with the process ofticge&OMs.
They establish guidelines for evolving frameworks and boundaries/aa
going up to the meta-levels far beyond than necessary.

» Presentation includes the patterns that deal with how to present AOMade e
users in applications.

» Creational: includes the patterns that help to create instances BMsAO

* Behavioral: includes the patterns for dynamically adding, removing or
modifying behavior to the AOMs

* Miscellaneous includes patterns that help to instrument the usage, cosutil,
instrumentation of AOMs. They also help to provide guidelines rfon-
functional requirements such as performance and auditability.



Property Renderer

Context

You are creating an application using an Adaptive Object-Model. Yodehrelies on
a variant of ¥PE SQUARE and therefore you are using a combination Y#ElOBJECT
and FRROPERTIESpatterns.

You want to render the entities in your model following a standatdizel unified
approach, minimizing code redundancy and with a unified and cemisisbk and feel.

Example

Imagine a Content Management system, where new types of Gontanbe created
dynamically by its users composing several primitive propergd. For example, an
instance of a Content of type Document may be composed of a progkety “name”
that is of type “string property”, a property called “degtan” also of type “string
property” and another property called “file” that is of type “bingrpperty”. Our
system’s design uses a very common varianty@®E BQUARE pattern.

We have several applications that use our Document abstrathien.create instances
of entities based on the “Document” type object and they show théme tesers. Each
time we want to render each property, we have to repeat the rdering code.
Therefore, the code for rendering each type of property maynbéhgi best case)
duplicated in all our applications. In the worst case, it wouldilg@icated in all our

applications but also duplicated inside the application (for examgien rendering the
name and description properties of the document two differentspemee may be
used).

This leads to a higher difficulty of maintenance and potenta@irisistency in our Uls
since different approaches may exist in each application for iagdee same type of
elements (for example, each application may render slightlerdiif the “binary”

properties).

Problem

How can we encapsul ate how the properties of different types are rendered?

Forces

* An entity may have several properties of different types andrthgegies can be
attached and detached to entities at any time

* We want to ensure consistency in the Ul of our application
* We want to encapsulate the rendering code

* We want to avoid duplicate rendering code in our application



« We want our rendering pieces to be composable, to create cooupjrit
* We want to separate the Ul code from the model

* We want to vary the way a property is rendered according toetigering context
(target device, state of the application, etc.)

 We don’t want to bloat our rendering application with lots of condifistatements
according to the rendering context

Solution

Create rendering objects with the responsibility of rendering a certain type of property

in a certain context. This will encapsulate the way an instance of a property of a
concrete type (whenyPE OBJECT pattern is applied) in a certain context. We will call
this special kind of objects “Property Renderers”.

The RROPERTY RENDERER contains the necessary code for generating Ul code of an
instance of a property in a certain context. Therefore itahstsong coupling with the
property type (it knows how to handle it) and with the target cofitekbows how to
generate appropriate code for it).

In order to minimize this coupling we can have a PropertyRendetknows how to
handle a generalization of all properties and to generate miklhhadde for targeting
any average device. This code may not render accurately thertprapd may not
generate nice Ul code, but will allow us to get a minimateging of any property in
any context. These may not be suitable for production code, but cemybleelpful for

architecting, prototyping or developing very flexible and adasystems.

The RROPERTYRENDERERSalso help to make a stronger separation between the model
and the visualization, isolating all presentation related camte the business model
itself.

All property renderers are small pieces specialized in renmgler concrete type of
property type. They only deal with the rendering of an instance pfoperty of a
concrete type, but are not concerned on the final destination bfi tbede (it may be
included in a Web Form, an e-Mail, a report, etc.). Theyemgint a common interface
that specifies the contracts that the concrete renderetsasdi®ss. Since the property
renderers are so specific and “fine-grained” they can be cauto create complex Ul
code (see EnTY VIEW and DyrNAMIC VIEW).

In figure 2 the UML class diagram of the solution is presenidek Property
Render er class is the base class for all the renderers and ddifigiesnterface. In the
UML class diagram below the property renderer has two methodsoorendering a
property Render method) and other for receiving sets of parameters
(Set Par anet er s method). The property renderers can be primitives (stand-alone
renderers e.g. strings, numbers, dates, etc.) or compodiieh(wombines several
renderers to create the output). The instances of the propadgrers are created using

a factory PropertyRender er Fact ory). Finally there is a Client who uses the
property renderers to compose the Ul.



cd Property Renderer /
Client PropertyType

Property

|

PropertyRenderer
PropertyRendererFactory +children
- id: string

+ Create(string) : PropertyRenderer «createsinstances of»

+ Render(Property) : object
+ SetParameters(Hashtable) : void

f

CompositePropertyRenderer I‘—

Figure 2 — Property renderer structure

PrimitivePropertyRenderer

Example Resolved

We can create a Property Renderer for each type of property anid insall our
applications. In our example case, two renderers may be creaedor the “string
property” and other for the “binary property”. These renderers Imeaysed in all our
applications, giving consistency to our Uls (same elemeatseamdered in a consistent
way in all our applications) and simplifying maintenance (the ptppendering code is
a single and well-known location).

In figure 3 below some example of property renderers are shown. fighih@art of the
picture, four property instances are shown (the name of the prapantyold and the
property type is in italic below the name). In this example,esproperty renderers are
applied to instances of properties to render data entry Uletddg a web application.
All the properties shown (Title, Description, File and Dagsted) belong to the
Document entity type. The Property Renderers create the appedgriavidgets for the
properties. In the figure there are two very interesting fietls can be easily observed:
1) the widgets have a standardized look and feel and behaviour whicdegrav
consistent user experience; and 2) the property renderers catogiavior analyzing
certain aspects of the properties and produce the appropriate outpexgiople, the
string property renderer can analyze the length of the text to amguproduce a single
text box or a text area for data entry).



Properties Renderers UI Widgets (HTML)

Title
[atringFroperhA
Renierer =l
Description
[StringProperhd ¥
File BinaryProperty a S

(BinanFropery) Renderer

' "y

DateCreated DateProperty echadesde [ |
{DateFroperty) Renderer D Focha desie o

Figure 3 — Sample property renderers for generatinglata entry HTML Ul widgets

Resulting Context

v

x

Responsibility for rendering instances of properties of contyetes is factored in
fine-grained rendering objects

Ul code is separated from the model (it is encapsulatdtw property renderers)
Ul code can evolve independently from the model

New PropertyRenderers can be created allowing dynamic chargevahstances
of property of a type are rendered

PropertyRenderers can contain context-related (target device, puspai®e etc.)
presentation code, eliminating complex conditional code in the .g!: @ different
PropertyRenderer may exist for each kind of target device)

Since properties are fine-grained elements with very speaefponsibilities they
can be combined to create complex output

The basic PropertyRenderer is a general object that nay sdhdering any entity,
facilitating prototyping and developing adaptive systems

PropertyRenderers have a strong coupling with the property types
A PropertyRender has a strong coupling with its rendering context

There is more indirection which can lead to lower performance

Related Patterns



PROPERTY RENDERERS can be seen as a special type ORASEGY (they are only
concerned with the generation of Ul code for instances of propefteegiven property

type).

PROPERTYRENDERERSINstances should be created usingratoRry.
PROPERTYRENDERERSInstances can be created usingr@BUCT TRADER. In this case,
the rules for selecting one renderer or another are not hardcoded factory but

determined at run-time using Specification objects [BR98].

PROPERTYRENDERERShave code for rendering th&®PERTYTYPES of the FRROPERTIES
instances when usingrPE SQUARE.

ENTITY VIEW organizes the way severRROPERTYRENDERERSare combined to generate
a piece of Ul code.

PROPERTY RENDERER performance can be dramatically enhanced usingH®IG
[POSA3]



Entity View

Context

You are creating an application using an Adaptive Object-Model. Yodehrelies on
a variant of ¥PE SQUARE and therefore you are using a combination Y#elOBJECT
and FRROPERTIESpatterns.

In order to encapsulate and abstract the presentation you amp PEIPERTY
RENDERER You have several property renderers and you want to coordinatefdhe
producing a more complex output. This output may be a fragment oflitter a
complete screen.

An Entity contains a set of properties that need to be rendecdedhight have different
views for this Entity.

Example

Consider again our CMS presented previously (see Example sectiBROFERTY
RENDERER and the “Document” type entity.

We may want to have several ways of rendering the propeotiess Document entity.
For instance, we may want to render it as a form (for edfimgoses) or as a set of
labels (for visualization). We have property renderers fon &awd of property, but we
will have to coordinate all of them in each screen of our agipdic to produce to
desired output.

The above mentioned situation may produced some problems such agatewolde
(the combination of renderers may be repeated in all cigplication or in the worst
cases several times in the same application) and lack ofismmty in client
applications (since each application can coordinate the rendeeedifferent way).
Problem

How can we coordinate several property renderersto render a complex Ul fragment for
different views of an entity?

Forces
* We have our presentation code encapsulated in property renderers

* We want to combine several property renderers to produce a comipteagbhent
for an entity

» The combination of fragments should be easy to change

» The resulting structure should be easy to change

10



 We don't want to have redundant Ul code

* We may want to use different sets of fragments in diffezentexts (for example, if
we are rendering a page to be used in a mobile device waeell to use the
appropriate renderers)

Solution

Create view components that coordinates the presentation of several property renderers
of an entity to produce different complex Ul fragments for an entity. Each property
renderer is specialized in the generation of output Ul code fanioss of a property
type in a certain context. This view component will coordirsdeeral fine-grained
renderers in order to produce a more complex Ul code for &g.enti

The sequence and composition of renderers can be specifssirae-code level or
using metadata (stored in a database or a file). To simiigy coordination of
compositions of renderers a Domain Specific Language candtedre

The EnTITY VIEW should be aware of the rendering context (target device, statg,
and therefore it must contain instances of the suitable gyopenderers for a given
context. The context may contain additional information to be used iretigering
process.

The ENTITY VIEW may have several constraints (such as validations, att®sthat are
used in the rendering process of an entity. The developers eate ¢rew types of
constraints (creating a new specialization of the abstfass &EntityViewConstraint)
and use them in any EntityView. When the constraints are apgliedriant of the
WARNING MESSAGEACCUMULATOR pattern Ahluwalia05] can be usednd consequently
a set of ConstraintResult instances may be returned. Itpsriamnt to stress that the
constraints included are mainly focused on Ul issues (like didetvalidations). Any
other business validation or rule enforcement should be delegateddiontiaén specific
constraints in the core AOM instance that is being remidere

The EnTiTY VIEw will be mainly used to generate fragments of the Ul foeatity,
although it can be used to generate a full page.

In figure 4 the UML class diagram of the solution is preseniée EntityVi ew
abstract class defines the public interface and basic ioeinaf all entity views. It also
contains a set oProperty Renderers instances (see theRBPERTY RENDERER
pattern in this paper) which are coordinated to generate Ulfoodm entity instance.
The concrete entity views can be leafs (stand-alone vienws)mposite (they compose
several existing entity views to generate the output). Ehei t yVi ew receives
context information through thBender i ngCont ext. There are some Constraints
that can be applied to the orchestration process (cl&sdad yVi ewConstr ai nt,

Val i dati on andRul e). These constraints can be composed to create dynamically
complex validation or composition rules.

11



cd Rendering Orchestrator /

PropertyRenderer

- id: string

o= + Render(Property) : object

1.* |+ setParameters(Hashtable) : void

RenderingContext Entity View

): Hashtable

+ Render(Entity, RenderingContext) : object
+ Set(string, object) : void + SetParameters(Hashtable) : void
+ Get(string) : object + ApplyConstraints() : ConstraintResult[]

+constraints\|/0..*
+children 0..*
Entity ViewConstraint f
- name: string
+ Apply() : ConstraintResult]]
LeafEntityView | | CompositeEntityView g Zr
ConstraintResult

- resultCode: string
- resultMessage: string
- constraintName: string Validation | |

Rule

Figure 4 — Entity View Structure

Example Resolved

We can create two Entity Views: one for editing and anothewifralizing. These
views may be used in all our applications, giving consistenouitdJls (same group of
elements are rendered in a consistent way in all our applicatoms simplifying

maintenance (the property renderers coordination code is a sindlevell-known

location).

In figure 5 below, the two Entity Views are shown: the first ofzalled
EditableEntityView) is used to edit an instance of an eritityhis case we are creating
a new Document entity that holds the representation of the pBgeaamic Object
Model” [RTJO5]). Notice how all the editing Ul widgets shown e fpicture are the
same ones shown previously in figure 3 for theOPERTY RENDERER pattern (this
means that this entity view is using the property renderatsatie shown in figure 3).
The second Entity View (called ReadOnlyEntityView) shown in logection of the
figure renders a read-only representation of the entity, usedyn@adisplay Document
entity properties to users. In this case none of the propeftibe ®ocument entity can
be edited. Notice that this Entity View also shows additionatadata of the entity
instance that is presenting.

12
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Figure 5 — Entity View example resolved
Resulting Context

v' Ul composition for rendering entities can be abstracted, encagd and easily
modified

v" The rules for showing an entity (an instance of entity in an A©ah) be modified
dynamically at runtime

v The rules for showing an entity (an instance of entity in an A©ah) be modified
declaratively (when storing them in metadata)

v The rules for showing an entity are explicitly stated
v’ ltis easy to change the way entities are shown

v’ Better adaptability to new visualization requirements
v" More Flexibility

x More complexity

x Lower performance

Variants

13



* Form Entity View: orchestrates several property renderers to create a éorm f
data input. It may contain also constraints in order to estaldighations, rules
to show or hide groups of renderers, etc.

» Table Row Entity View: orchestrates several property renderers to create a
table showing an entity as a row in a grid. In order to showl grfd this Entity
View must be applied to a set of entities in\anBmIC VIEW.

» Selection of Fields Entity View:in this case the view selects a set of the fields
of an entity type (or a discrete set of property instances) andrates the
output. For example, we can have several views for a typetiof ehere each
view shows a different subset of fields of the entity. B@neple, in case of an
entity type “Patient” we could have an entity renderet dmdy shows its contact
info and another one that shows only the id, the name andrthelaie.

» Full Display Entity View: this view displays all the fields in the entity type or
the provided set of property instances.

» Rule Based Entity View: this is a more complex entity view that selects the
property renderers to be used using rules. For example, we mayhaentity
view that shows or hides fields according to profile of the targer.

Related Patterns

An ENTITY VIEW coordinates severaRBPERTYRENDERERS

ENTITY VIEW can be seen as a typedMPoOSITE of PROPERTY RENDERERS for
displaying entities.

ENTITY VIEw generates output usingR®PERTY RENDERERS DYNAMIC VIEWS can
generate totally custom Ul manually or using renderers.

RENDERING ORCHESTRATORperformance can be dramatically enhanced uskzHBIG
[POSA3]

14



Dynamic View

Context

You are creating an application using an Adaptive Object-Model. Yodehrelies on
a variant of ¥PE SQUARE and therefore you are using a combination Y#elOBJECT
and FRROPERTIESpatterns.

You want to generate Ul code for a set of entities but you aanit to have any kind
of coupling or to reference the Ul in your model. Additionally you mayt to attach
or detach views to models, allowing different views of theesantity (the views can be
selected dynamically). You want to have several views applighe same model and
you want to have the possibility of selecting any of them accortbngrbitrary
decisions.

Example

We are developing a Web-based Content Management application (tlypiated in

the Property Renderer pattern). We built a Document Managenwhilenon top of
our CMS engine. Our content management module has entitigscoiment and Link
type that are contained in Categories (which is a special kirehtitly that contains
other entities). We will use the categories to simulateddtsl in our document
management module.

Whenever a user selects one Folder, we want to displayirierds (the contained
entities) in several ways according to a given context. \&@want to be able to attach
and detach views to the folders. For example, we can héwengbnails view that we
may only want to apply to folders that contains images. We waeadiy link (and
unlink) the views to the categories, allowing our users to doaitesrding to their
preferences.

Having the Ul generation code stale on a web page is not a veryidgad This is
primarily due to the fact that it complicates the absimawmf the rendering algorithm in
order to reuse it in different contexts. Additionally, if we wanteuse the code for Ul
generation in another application we won't be able to, sincedntained in a page and
therefore cannot be abstracted as a reusable artifact in giplerations (in the best
case, we can copy the page, but if we want to change a &aglee, we will need to
modify ALL instances of the page in ALL client applicatians)

Problem

How can we abstract the visualization (including the complex layout) of a set of
dynamic entities from an AOM in a way to decouple the visualization from the model ?

Forces

* We want to be able to attach and detach views dynamicedigts of entities

15



* We want to abstract layout details

* We want to render a set of entities all together

* We want to reuse the rendering code in several contexts
* We don’t want to have redundant Ul code

« We want to have control of all the generated Ul code

* We may not be usingR®PERTY RENDERERSOr ENTITY VIEWS

* When using ROPERTYRENDERERSOr ENTITY VIEWSWe may want to add additional
Ul code (layout code, glue code to give consistency and cottexte renderer
properties or maybe code not related at all with the entities

Solution

Abstract the Ul code generation in a view component that may receive as input a set of
entities and provide as output the Ul code.

The dynamic view is a component specialized in generating Ul codedet of entities
(the set can also contain one element). It receives as hgaet of entities and returns
as output the appropriate Ul code according to the purpose of theAsawMVC, the
view components present information to the user. Different vipwesent the
information in the model in different ways.

The Dynamic View contains code for complex layout purposes. The lagdat may
allow dynamic set up and modification of the layout (for examigke the models in
WinForms MSNET] or Swing [Swing]) or may be code specially written foyite out
a set of entities (the layout is hard-coded in the view).

The views can generate all code from scratch or can RSEERTY RENDERERS and
ENTITY VIEWS.

Several views may exist that can be applicable for the samef entities. The views
can be linked to the entities (and entity types) dynamicallpwing easy run-time
adaptation and leveraging the creation of multiple-view badedfaces.

In figure 6 the UML class diagram of the solution is preseritedBaseVi ew abstract
class defines the public interface and basic behaviour of all ign¥iews. The
concrete Dynamic Views can generate their output using seappaibaches: using
Property RenderergConcr et eVi ewA), using Entity Views Concr et eVi ewB) or
generating all Ul code on their om8gncr et eVi ewC).

16



cd Attachable Views /
BaseView
+ Render(Entity[]) : object
+ SetParameters(Hashtable) : void
ConcreteView A ConcreteView B ConcreteView C
propertyRenderers: ProperyRenderer] - orchestrator: EntityView
PropertyRenderer Entity View
id: string ] ] ]
H + Render(Entity, RenderingContext) : object
+ Render(Property) : object 1. + SetParameters(Hashtable) : void
+ SetParameters(Hashtable) : void + ApplyConstraints() : ConstraintResult[]

Figure 6 — Dynamic views structure
Example Resolved

We can abstract the Ul rendering code in Dynamic Views and #tere in a views
repository. We can then link the existing views to existingiestih order to generate
Ul code for them.

In our case, we can create several views (for examplail®&iew, Icons View and
Thumbnails View) and then link them to the categories that septehe folders. When
the user selects a Folder to view its contents, it is disglay a container that allows
the user to select any of the views attached to the foldeenever the user selects one
of them it generates the appropriate Ul code (delegatitigeiconcrete View) as shown
in figure 7 below.

17
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Figure 7 — Several views applied to the same setatftities.

In this example, a set of documents is rendered in seveyal (datailed list, big icons,
and thumbnails).

We can have more views and attach them to any category. Foplexdor a particular
set of folders we may need to have some special rendering dogit as hiding
documents older than three weeks. To achieve this we car areatv view and attach
it to the appropriate folders.

Resulting Context

v" Ul composition can be abstracted, encapsulated and easilfiedodi

v" The rules for showing sets of entities can be modified dycaiyiat runtime

v" The rules for showing sets of entities can be modified detotaty (when storing
them in metadata)

v" The rules for showing sets of entities are explicitlyestat

v Is very easy to change the way sets of entities are shown
v’ Better adaptability to new visualization requirements

v More flexibility

x More complexity

x  Lower performance
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Related Patterns

DyYNAMIC VIEWS can use severaRPPERTYRENDERERS
DyYNAMIC VIEW can use severalNgITY VIEWS.

DyNAMIC VIEW instances should be created using@mery.

DyNAMIC VIEW can be seen as a special type THRASEGY that is only concerned with
the generation of Ul code for groups of entities.

A DyNAMIC VIEW can be applied in MDEL VIEW CONTROLLER[POSA1l]scenarios.

DyNAamMIC VIEW performance can be dramatically enhanced usikaH@®G [POSA3].
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Putting It All Together

In this paper we presented a set of patterns for dealing witdmalg presentation issues
when building Adaptive Object-Models (AOMs). Each pattern predentehis paper
address the rendering problem at a different level of gratyu{as shown in figure 8).

Coarse
grained
Dynamic View Sets of Entites
Entity View Single Entity
Property Renderer Single Property
Fine
grained

Figure 8 — Granularity level of the patterns in thelanguage

We are building an application on top of a CMS system that is limsedAOM. In our
CMS we created a Document entity type that contains sqweaérties for storing the
title, description, binary file (e.g. word, pdf, excel, gtcreation date and author of a
document. These Document entity types are stored in Categuaniel, are abstractions
that gather several instances of entites (in our case Catuemtities). We want to
create a consistent Ul decoupled from the application logic #rabe easily changed
and reused through out this application or other systems.

Since we want to render consistently all the properties afesitypes, we determined

to use the ROPERTY RENDERER pattern (page 5) to generate the Ul widgets for each
property type. The first step is to create a Property Renfiereach Property Type that
we have for the Document: one for strings, another for binan@®ae for dates. If we
think deeper on this we will quickly realize that this is not enoagiually, in some
cases, we need two renderers for each property type, one tiogetid one just for
visualizing. Therefore, we created six property renderemsné{@putPropertyRenderer,
FileInputPropertyRenderer,  DatelnputPropertyRenderer,  StringPyResderer,
FilePropertyRenderer, and DatePropertyRenderer).

After our renderers are created, we need to establish hoaremgoing to present our
Document entities to the end users. In this case we useditier B/ IEw pattern (page
10) to generate the Ul for the entities. We applied thie1 VIEw pattern three times
to create the following views: FormDocumentEntityView (foeating and editing
documents), ReadOnlyEditableEntityView (for viewing instanagfs Document
entities), and TableRowDocumentEntityView (for rendering a row d table of
entities). As can be noticed, the Entity Views named abltme= been addressed
previously in this paper in the Variants section of the ENigyv pattern (page 14).

20



These patterns work together to provide a consistent and reusaplé®omrendering
properties and entities to end users. However, rendering conapeet@s or entities is
not enough to create the Ul for the document management applidatiorder to fill
this final gap we need to use theNdmic VIEw pattern (page 15) to create several
coherence pieces of Ul for entering and retrieving Documeny émsitances. To do so
we created several Dynamic Views that will use the PtppRenderers and Entity
Views outlined in the previous steps. These views can be dyalfyriinked to sets of
Document entities to produce full autonomous and consistent Ul fragmEmss
Dynamic Views have content layout code like in the case of the
DocumentGridDynamicView (that uses several TableRowDocument&iew for
generating an HTML table of Document entities).

There is a very important issue in the solution presented jenfermance and resource
usage can be prohibitive, leading to bad user experience and degraufaservice
scenarios (especially for web applications). In order to copie tvis we propose the
careful use of BCHING [POSAS3]. We propose several levels of caching according to
what we are trying to render: we can have caches for a progypey(applied to
PROPERTY RENDERER), for an entity (applied to NgITY VIEW), or for set of entities
(applied to DnamMIC VIEW). The decision on how to apply caching should be taken
carefully, keeping always in mind that caching adds conside@iglexity to an
application. In order to enhance the performance and resource ushgeapplication
other patterns can be applied (likedRING, LAzZY ACQUISITION, etc. [POSAS3]).

There are also some other high level patterns for dynamierstagout of the entities

and properties which have not been addressed in this paper. Thesanteod on
addressing these patterns at a later date.
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