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Introduction

A large body of software can be regarded as interactive — it supports
communication between the user and the computer in a way where the user
takes action and the system reacts accordingly (Newman and Lamming, 1995).
In most modern applications this interaction is manifested in a Graphical User
Interface (GUI), which contains a number of widgets such as buttons, lists and
fields. Often these GUI’s are implemented by using a GUI Toolkit library.

When implementing computer systems using a object-oriented language
another common component is the Problem Domain Component which models
the part of the world that the system supports (Madsen et al., 1993).

This report investigates a number of architectures for interactive systems. The
study is based on literature studies and experience from a recent research
project (Christensen et al., 1998). Realising from this experience that current
pattern literature on interactive systems (e.g. Buschmann et al. (1996) and
Coldewey (1998)) were problematic in that it

» did not cover all used and usable architectures for interactive systems
» described architectural pattern verbosely, ambiguously, and incompletely
* did not relate and compare identified architectures well

Facing this architectural patterns for interactive systems have been identified,
implemented, reframed, and to some extent formalised.

Concretely, this report will:

» present the four architectural patterns MVC, PAC, Application Facade,
and Application Adaptor in a lightweight form.

» show a concrete usage of the four patterns in the construction of a small
interactive application.

» show an application of the two pattern formalisms LePUS and Precise
Visual Specification towards the MVC pattern, and from this discuss
their applicability towards describing patterns.

» provide a very preliminary discussion on the relationship, differences,
and similarities between each of the four architectural patterns.
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Pattern descriptions

Experiencing that the pattern description format in Buschmann et al. (1996)
was too long and that the format in Shaw et al. too short, we have experienced
with the length and form of architectural pattern descriptions. The format we
present here may be viewed as a condensed version of the format in Gamma et
al. (19995) or as a variation on Brown et al.’s “deductive mini-pattern” template.

Name
What should this pattern commonly be known as?
Problem

Which architectural problem lead us to look for a pattern
solution? And in which context?

Solution
How can this problem be effectively solved?
Consequences

Which benefits and liabilities come with applying the suggested
solution?

Credits

No pattern is invented...

Figure 1. Lightweight architectural pattern template

The solution section applies UML version 1.3 (Booch et al., 1998) and
extensively use the generic grouping mechanism packages. Figure 2 below
introduces most of the notation used in this section. The elements of a
Concrete Domain package inherits from the elements of a Generic Domain
package. The Concrete Domain Package depends on a Database Components
package and associates a number of User Interface packages. Finally, a User
Interface package associates one Concrete Domain package. Note that the
diagram leaves the contents of the packets unspecified; contents may e.g. be
classes or other packages.

]
Generic
Domain
1 ] T 1
Database Concrete User
Components Domain 1 - Interface

Figure 2. Sample package diagram
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Application Facade

Problem

How does one connect the two major parts of an interactive application
containing the problem domain related classes and the graphical user
interface(GUI), in such a way that the GUI lies on the outside of the system
and is invisible to the problem domain related classes?

Solution

Divide the application into the components Presentation, Testing, Application
Facade, and Domain. The Presentation component implements the user
interface and handles both output to the user and input from the user.

The domain component contains the domain-related classes and functions,
and possibly other functionality. It is implemented independently of the
Presentation component.

To interface the two components an Application Facade component is
implemented. This component has an interface to the Domain component, and
the Presentation component is implemented so that it collaborates with the
Domain component only via this interface. The Application Facade is thus
dependent on the Domain component but independent of the Presentation
component.

Optionally also implement a Testing component that tests the Domain
component via the Application Facade component.

High level structure
1

Presentation

Domain App. Facade
<<facade>> K.
........... Testing
Consequences

Benefits:

* The separation into Presentation and Application Facade support
change in technology, as the Presentation component can be
substituted by a new Presentation component when the user-interface
of Ul Toolkit changes

* The architecture facilitates testing without using the GUI

* Development of the parts that require domain knowledge and the parts
that require Ul Toolkit knowledge are separated
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Liabilities:
* Multiple view consistency is not provided for. The Observer pattern can
provide this, by having the Application Facade as subject and several
Presentation components as Observers.

Credits
The Application Facade is described in a non-pattern format in (Fowler, 1997).
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Model-View-Controller (MVC)

Problem

How does one connect the domain specific part with a user interface in such a
way that multiple view on the same model is possible and in such a way that
handling of user input is separated from the process of displaying output?

Solution

Divide the interactive application into three components: Model, View and
Controller. The Model contains the core functionality and data and implements
the MVC model interface. This interface allows interested parties to subscribe
to “change-messages” that are to be sent when the Model’s state changes. The
model does not depend on the concrete Views or Controllers, but rather
collaborate with these though an abstract MVC Observer interface.

The Views contain the user interface that displays the system’s state to the
user, and the Controller handles the part that receives input from the user.
The Views and Controllers depend on the concrete Model, as they must update
them selves when receiving the update message, and as the Controllers must
be able to execute the functions found in the Model.

High level structure

1
1
MVC <
> | MVC Observer

Model -

Model - Controllers Views

< >
A
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Consequences
Benefits:

» Several views of the same model are very easily implemented
* View and controllers can easily be exchanged — even at runtime

Liabilities:
* The update propagation mechanism potentially leads to a large overhead

* Changes to the model easily propagate and require changes to the rest of
the system

Variants

Often it is hard or ineffective to implement the strict separation of handling of
input and output. Therefore the View and Controller classes can in some cases
be joined, which results in the Document-View variant.

Credits

The article (Krasner and Pope, 1988) is the classic description of MVC in
Smalltalk. (Buschmann et al., 1997) describes MVC in a pattern format.
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Presentation-Abstraction-Control (PAC)

Problem

An interactive system may often benefit from a structuring as a set of
cooperating components. How does one structure each component so that
individual component cooperate effectively and how does one structure the
cooperation of all components?

Solution

Divide the application into a hierarchy of agents. Horizontally, each agent
provides a user interface (Presentation), a model (Abstraction), and a mediator
between these parts and between an agent and other agents (Control).
Vertically, the agents are structured in a hierarchy consisting of a top-level
agent, intermediate level agents, and bottom level agents.

The top level PAC agent provides an interface to a global domain component
through its control and controls the hierarchy of PAC agents. Bottom level PAC
agents implement atomic units of semantic concepts from the use domain.
These levels are coordinated or composed or both by intermediate level PAC
agents.

High level structure

PAC Agent
+ Control
1
Domain
Component - Presentation - Abstraction
™ ‘ .
7 AT T
] — 1 /) "
Top level Intermediate level * Bottom level
PAC Agent L S PAC Agent L " PAC Agent
Consequences

Benefits:

» The main benefit of this pattern is that it separates different semantic
entities of the use domain effectively. In this way semantic entities may
evolve individually
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* Since the Presentation and Abstraction part of a PAC agent is hidden
from other PAC agents these parts may be exchanged without major
changes to other agent.

Liabilities:
* The system complexity increases since semantic entities are implemented

entirely by PAC agents. Also the hierarchic structure of PAC agents may
be complicated to coordinate and control

* Since communication in between the PAC agents may go through several
other agents efficiency of the interactive system may be affected by the
use of this pattern.

Credits

Coutaz (1987) describes the PAC architecture in its original format and a C
implementation. Buschmann et al. (1996) gives PAC a pattern format.
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Application Adaptor

Problem

How does one structure an application so that the user-interface components
and problem domain component can be developed independently and so that
changes to the Ul require minimal change to the rest of the system?

Solution

Implement the Domain component as a separate and independent component.

Divide the implementation of the user interface into several parts: UL, FuncInt
and Datalnt. The Ul contains the declarations and instantiations of the
concrete controls/widgets found in the user interface. The Datalnts contain a
data interface for each screen, while the Funclnts contain a functional
interface for each screen.

Finally create the Adaptors which subscribe to events in the functional
interface and upon invocation of these events execute the appropriate
functions in the Domain component and transfer data from/to the Domain
component to/from the Info components.

High level structure

1 1
<<facade>> < .................. ul
Funcint
1 1 i
Domain Application
v adaptor | 1V
........ N
Datalnt
Consequences
Benefits:

e The Ul classes are independent of the Domain, FuncInt, and Datalnt
components, and can therefore be constructed and compiled separately

* The Domain classes are independent of the UI, but has the Controllers as
direct dependants. They can therefore to some extent be constructed and
compiled separately

Liabilities:
* The interface to the Ul represented by the FuncInt and Datalnt takes
some time to develop and maintain

* The architecture provides no mechanism for multiple view consistency
per se
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Credits

The Application Adaptor pattern has been used in several projects at
Department of Computer Science, University of Aarhus. Most recently is has
been used in the construction of a large system in the Dragon project
(Christensen et al., 1998). Lennert Sloth suggested its use in that project.
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A sample application

In order to investigate the patterns a simple interactive system has been
developed using the Mjglner System (Knudsen et al., 1994) implemented in
Beta (Madsen et al., 1993). The four patterns MVC, PAC, Application Facade
and Application Adaptor have been used.

The system implements a simple financial history for keeping track of
expenses. The application has three views as shown in Figure 3: A view for
adding and deleting data, a view showing the financial information as a pie
chart, and a view showing the financial information as a bar chart.

B Financial History : Amnon Eden M=l 3

¥ Show bar chat W Show pie chart

Description | Amount | Type | Add |
Beers at studentbaren 120 kr. Drrink.s
Beers at "Den Hwvide Hest" 370 kr. Drrink.s &I
Rede Kors 1200 kr. Clathes
Patterns for beainners 385 ki Boaoks
Trip ta Skive 120 k. Travel
Entertainment 345 kr. Games
Present mom 1220 kr. Clathes
Mathematical Canteen Food
Luit |
Desc: |[4dvanced Pattemns Amount: I‘I 200 Type I Books j

[ Fararasaal Histaap - P Chasi

Bocks
Lot
| T
[ P
- -
Fiomky Citmy Dl Foud b

Figure 3. The Financial History application

Shared implementation

To ease the implementation the four applications have been implemented such
that the all share the same problem domain model code and the same user
interface code.

Problem domain model

The problem domain model consists of four simple classes: Person,
FinancialHistory, FinancialElement and Quantity.
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Person models an individual and the class is associated to one or more
financial histories.

A financial history models a specific history of expenses, and it contains a
description and is associated to one or more financial elements.

A financial element models one expense, and contains a description, an
amount and a type.

The model is shown in UML class diagram notation below.

person

name: @ text

ssn: @ text

financialHistories

financialHistory

elements financialElement

description: @ text description: @ text

sumintegerValue() ... amount Quantity

total:integerValue() ... type: @ text Qty: @ integer
Unit: @ text

asString() {virtual} ...

Figure 4. The problem domain model

User interface
The user interface consists of the three screens shown in the beginning of this
section.

All three screens have been constructed using the Mjelner GUI Builder. The
generated code is shown in Appendix 1.
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Application Facade

The Application Facade architectural pattern has four main components:
Domain, Application Facade, Presentation and Testing. The implementation of
the pattern goes in four major steps, and uses the library code shown in
Figure 5. It should be noted that these steps cannot and should not be taken
sequentially but rather be the basis of an iterative development.

facade:
(#
subj ect Type: < obj ect;
t heSubj ect: “subj ect Type;
load: < (# do |INNER #);
save: < obj ect
#);
presentation:
(#
facadeType: < facade;
t heFacade: ~facadeType;
init:< (# enter theFacade[] do INNER ; |oad #);
| oad: < obj ect
#)

Figure 5. The library code for Application Facade

1. Implement the problem domain model

For the problem model we will use the shared implementation described on
page 16.

2. Implement the Application Facade

The Application Facade acts as a facade to the problem domain model. It
should therefore be possible to call all functions of interest from the
Application Facade and all interesting state should also be visible. Figure 6
shows the Application Facade for the input window (the topmost windows of
the windows shown on page 16). Here the functions ‘scan’, ‘delete’ and ‘add’
are available as well as the state ‘name’, ‘total’ and ‘sum’.

financi al Facade: facade
(#
nane: “text;
subj ect Type:: financial H story;
total: integerValue (# do ... #);
sum integerValue (# type: “text enter type[] do ... #);
scan:
(#
current Amount: “text;
current Type: “text;
current Description: “text;
current Obj ect: “object
do theSubject.elements.scan (# ... #)
#)
delete: (# theOoject: "object enter theObject[] do ... #);
add:
(#
description: ~text;
amount : "text;
type: “text;
el m Afinancial El ement
enter (description[],amunt[],type[])
do ...
#)
#)
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Figure 6. The Application Facade for the input window

Furthermore all Application Facades — as shown in Figure 5 also contain the
methods ‘init’, load’ and ‘save’. ‘Init’ performs all relevant initialisation, load’
fetches state from the problem domain model and makes is accessible from
the Application Facade and ‘save’ saves the internal state in the Facade in the
problem domain model.

2. Implement the Presentation component, either as a wrapper around
existing user interface code or from scratch.

As described above we already have most of the user interface generated from
the GUI builder. We will use this code to create the presentation components.

The presentation for the input window (see Figure 7) is implemented as a
subclass of the presentation library class. This subclass holds an instance of
the input window as defined by the code generated by the GUI builder. It
furthermore implements the virtual functions ‘load’ and ‘init’. ‘Load’ is bound
to call load’ in the user interface and ‘init’ is bound to open the window.

Furthermore a number of events are subscribed to in the specialisation of the

window. In these events the actual functionality is called. Take as an example

the ‘add button’ event: First an expense is added to the Facade, then the state

of the Facade is saved and finally the Presentation is loaded with the new state
from the Facade.

Figure 7. The Presentation for the input window

t hel nput Present ation: @resentation
(#
ui: @nputView
(#
addAction: addPushButton. mouseUpActi on
(#
do
(descEdi t Text. cont ent s, anpunt Edi t Text . content s,
typeOpti onButton. current Label ) - >t heFacade. add;
t heFacade. save;
| oad
#)
del et eAction: del et ePushButton. nouseUpAction ...;
qui t Action: quitPushButton. nouseUpAction ...;
bar Chart Acti on: showBar Chart CheckBox. st at eChangedAction ...;
pi eChart Action: showPi eChart CheckBox. st at eChangedAction .. .;
open: : ;
| oad:
(#
do
fi nancesLi st Vi ew. cl ear;
t heFacade. scan
(#
do
(currentDescription[], currentAmount[], current Type[],
current Qj ect[])->fi nancesLi st Vi ew. new
#);
t heBar Chart Present ati on. | oad,;
t hePi eChart Present ati on. | oad
#)
#);
facadeType:: financial Facade;
| oad: : .
init:: (# do ui.open #)
#);
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3. Optionally implement the Testing component

For effective testing implement a program that systematically calls all methods
in the Facade and after each call test whether the state of the Facade is as
expected.

The testing component has not been implemented in our sample application.

Final structure

The resulting structure of the main program structured according to the
Application Facade architectural pattern is shown in a UML Class diagram in
Appendix 2.
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Model-View-Controller (MVC)

The MVC pattern may be implented using a framework consisting of an
abstract model, an abstract observer, and concrete views and controllers as

sketched in the library code of

Figure 8.
MvCrodel :
(#
private: @ (# dependents: @ist (# elenent:: M/Cobserver #) #);
addDependent: (# anCbserver: ~M/Cobserver enter anCbserver[] do ... #);
renoveDependent: (# anCbserver: ~M/Cobserver enter anCbserver[] do ... #);
changed: (# do private.dependents.scan (# do current.update #) #)
#)
MVCobser ver :
(#
update: < (# do | NNER #);
nmyModel : ~nodel Type;
nodel Type: < M/Cnodel
#)
M/Cvi ew. MVCobserver
(#
myController: "M/Ccontroller;
control |l er Type: < M/Ccontroller;
init:<
(# theModel : ~nodel Type
enter theMdel []
do
(if theMbdel [] <> none then
t heMobdel []->nyModel [];
THI S( MCvi ew) [ ] - >t heModel . addDependent ;
&control |l er Type[]->nmyController[];
(theModel [], THI S(MVCvi ew) [])->nmyController.init
if);
I NNER
#)
#)
M/Ccontrol | er: M/Cobserver
(#
nyVi ew. “vi ewType;
vi ewType: < MWCvi ew,
init:< (# enter (nyMdel[],myView]) do | NNER #)
#)

Figure 8. The library code for MVC

1. Implement the MVC Model

The MVC model contains the data and functionality. Using our library code we
create a subclass of the MVC Model class, and inside this class add a pointer
to an entry point in the problem domain model. By an entry point we denote a
central object of interest from which other associated objects can be reached.
In our application we choose the ‘financial history’ class as the entry point as
our main window displays one financial history at the time, and all other
information displayed in the window can be reached from it. This results in

the simple MVC Model shown in Figure 9
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financi al Model : M/Cnodel
(#
theFi nanci al Hi story: ~financial H story;
get Hi story:
(# personNane: "text
enter personNane[]
do
per sonNane[ ] - >db. get Fi nanci al Hi st ory->t heFi nanci al Hi story[];
changed
#)
#);

Figure 9. The MVC Model for Financial History

2. For each window implement the MVC View

The next step involves creating a MVC View for each window/view in the
application. As our application has three windows we must implement three
MVC Views.

These are constructed as specialisations of the MVC View library class |

Figure 8). In the specialisation the empty virtual methods init and update
should be defined, and a MVC Controller should be supplied (see step 3.).

Take again as example the input window, for which the implemented MVC
View is shown in Figure 10. This concrete View implements the init method to
simply open the window which the View is nested inside. Furthermore the
‘update’ method is implemented to clear the listbox on the screen and then
refill it with the current expenses found in the current financial history.
Finally the concrete controller is bound as explained in step 3 below.

thel nput Vi ew. @ nput Vi ew
(#
theController: M/Ccontroller (# ... #);
theView @WCvi ew
(#
nodel Type:: financi al Model ;
control | erType:: theController;
update: :
(#
do
financesLi st Vi ew. cl ear;
nyModel . t heFi nanci al Hi story. el enents. scan
(#
do
(current.description[],current.anount. asString,
current.type[], current[])->financesLi stVi ew. new
#)
#);
init:: (# do open #)
#)
#);

Figure 10. The MVC View for the input window
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3. For each MVC View which receives input, implement the corresponding
MVC Controller

MVC Controllers handle the input from the user, and thus it is only windows
which contain interactive elements that need controllers. In our application
this leaves us only the input window.

The concrete Controllers are required to implement the init and update
methods from the interface. The ‘init’ method initialises the Controller and the
‘update’ method is used when the reactions to the input should change
depending on the current state of the Model (e.g. situations such as only
allowing deleting when there is something to delete).

In our case the concrete input Controller has been implemented as in Figure
11. The implementation is quite simple. It defines a number of GUI event
actions, and the init method then adds these actions to the GUI event-handler.
The update method is not refined, as this window does not have any
functionality that depends on the state of the Model.

theController: M/Ccontroller
(#
addAction: addpushButton. nouseUpAction ... ;
del et eAction: del et ePushButton. nbuseUpAction ...;
qui t Action: quitPushButton. nouseUpAction ...;
bar Chart Acti on: showBar Chart CheckBox. st at eChangedAction ...;
pi eChart Action: showPi eChart CheckBox. st at eChangedAction .. .;
enabl eAddActi on: descEdit Text. basi cEvent Action .. .;
enabl eDel et eActi on: financesLi stVi ew. basi cEvent Action ...;
nodel Type:: financi al Mbdel ;
init::
(#
do
&addAct i on[] - >addPushBut t on. appendActi on;
&del et eAction[] - >del et ePushBut t on. appendActi on;
&qui t Action[]->qui t PushButton. appendActi on;
&bar Chart Acti on[ ] - >showBar Char t CheckBox. appendActi on;
&pi eChart Acti on[] - >showPi eChart CheckBox. appendActi on;
&enabl eAddAct i on[ ] - >descEdi t Text . appendActi on;
&enabl eDel et eActi on[] - >fi nancesLi st Vi ew. appendActi on;
addPushBut t on. di sabl e;
del et ePushBut t on. di sabl e
#)
#);

Figure 11. The MVC Controller for the input window

Final structure

The resulting structure of the main program structured according to the MVC
architectural pattern is shown in a UML Class diagram in Appendix 3.
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Presentation-Abstraction-Control (PAC)

The pattern has as the only components the PAC agent which has three parts:
Presentation, Abstraction and Control. The implementering follows in S main
steps. The implementation uses the PAC library code as shown Figure 12.

PACAgent :
(#
topLevel : ~PACAgent;
presentation:< (# init:< object #);
abstraction: < (# init:< object #);
control:< (# init:< object #);
thePresentation: @resentation;
theAbstraction: @bstraction;
theControl: @ontrol;
upper Type: < PACAgent ;
upper: “upper Type;
| ower Type: < PACAgent ;
lower: @ist (# elenent:: |owerType #);
init:<
(#
enter upper[]
do
lower.init;
t heAbstraction.init;
theControl.init;
thePresentation.init;
I NNER
#)
#)

Figure 12. The library code for PAC

1. Implement the problem domain model

We will use the shared implementation of the problem domain model. It will in
step 3. be made part of the top-level agent.

2. Define a strategy for organizing the PAC hierachy

repository:
PACagent
[ |
inputView: viewCoordinator:
PACagent PACagent
|
[ |
barChartView: pieChartView:
PACagent PACagent
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Figure 13. The PAC hierachy for our application

3. Implement the top-level PAC agent

The top-level agent represents the functional core of the system. It should
therefore contain an interface to the problem domain model that was created
in step 1. Furthermore the top-level agent initalises the agents below it.

In Figure 14 our top-level agent is shown. The seven methods at the bottom
represent the interface to the problem domain model, and the initialisation
method creates the input agent and the view coordinator agent.

repository: PACAgent
(#
thel nput: ~input;
t heVi ewCoor di nat or: ~vi ewCoor di nat or;
init::
(#
do
& nput[]->thel nput[]->l ower. append;
&vi ewCoor di nat or [ ] - >t heVi ewCoor di nat or [ ] - >l ower . append;
| ower. scan
(# do THI S(repository)[]->current.init #)
#):
abstraction::
(#
fh: ~financial History;
db: @lat abase;
init:: (# do db.getFinancial History->fh[] #)
#);
termnate: ...;
addEl ement :
(# elm ~financial Elenent enter eln{] do ...; ... #);
renoveEl enent :
(# elm ~financial Elenent enter eln{] do ...; ... #);
sum integerValue ...;
total: integerValue ...;
scanDi stribution: ...;
scanEl enents: ...;
showBar Chart: ...
#);

Figure 14. The top-level PAC agent

4. Implement bottom-level PAC agents

The bottom-level agents represent self-contained semantic concepts. Bottom-
level agents have no lower agents by definition.

In our application we choose that each of the three windows each represent a
self-contained concept, so for each of these an agent is implemented.

Figure 15 shows the agent containing the “bar chart” window and Figure 16
shows the agent containing the “input” window. Both agents implement the
presentation part, which holds the actual window contents. The
implementation is simple, e.g. the “bar chart” presentation creates an instance
of the barChart window (described on page 17), and the simply provides a
method ‘setData’ which asks the top-level agent for the current state and then
sets the window accordingly.
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The input agent furthermore implements the control part to process the input
that is receives from the user. For each event in the user interface a method is
implemented, which represents the functionality to be executed upon the

event.

(#

#);

bar Chart: vi ewAgent

presentation::

control ::

(#
t heBar Chart Vi ew. @ar Chart Vi ew
(# setData: (# ... #) #),
init::
(#
do
t heBar Char t Vi ew. open;
t heBar Char t Vi ew. set Dat a;
t heBar Char t Vi ew. hi de
#);
show.: (# do theBarChartView show #);
hide:: (# do theBarChartView hide #)
#)

Figure 15. The barChart PAC agent

(#

#);

input:

upper Type:: repository;
presentation:: ...;
control ::

PACAgent

(#
scanEl ements: (# current: ~financial Element do ... #);
addEl ement : upper. addEl ement (# #);
renoveEl ement: upper.renoveEl enent (# #);
showBar Chart: (# value: @ool ean enter value do ... #)
#)

Figure 16. The input window PAC agent

5. Inplement the intermediate-level PAC agents

The intermediate-level agents are agents which perform coordinating activities.
In our application we need an agent to provide state consistency between our

three views

. This is done by the “view coordinator” agent shown in Figure 17.

The implementation is simple: When it receives the ‘changed’ message it
simply forwards this message to its lower views.

(#

#);

vi ewCoor di nat or: PACAgent

init:: L
upper Type:: repository;
| ower Type:: vi ewAgent;

showvi ew. (# viewType: ##vi ewAgent enter viewlype## do ... #);
hi deView. (# viewType: ##vi ewAgent enter viewlype## do ... #);
sum integerValue ...;

total: integerValue ...;

changed: (# do lower.scan (# do current.changed #) #)

Figure 17. The view coordinator PAC agent
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Final structure

The resulting structure of the main program structured according to the PAC
architectural pattern is shown in a UML Class diagram in Appendix 4
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Application Adaptor

As described in the pattern section, the Application Adaptor has five main
components: Ul, Funclnt, Datalnt, Adaptor and Domain. The four steps in
implementing this pattern are:

1. Implement the problem domain model and user interface

For both the problem model and the user interface we will use the shared
implementation described on page 16.

2. Implement the datalnt

The Datalnt provides a data interface, which reflects the data that is displayed
in the user interface. In Figure 18 the data interface for the input window is
shown. It consists of a simple attribute for each data element in the user
interface. As seen e.g. the “Show pie chart” checkmark is represented by a
boolean and the listbox with the expenses is represented by a list of items,
which each has a text for the description, an integer for the amount and a text
for the type.

financial | nputlnfo:
(#
showBar Chart: @ool ean;
showPi eChart: @ool ean;
descText: @ext;
anmpbunt Text: @ nteger;
typeText: @ext;
itemsList: @i st
(#
element:: item nfo;
renmove:
(# theElm ~element enter theEln{] do theEl n]->at->delete #)
#);
itemsCurrent Sel ection: “itenl nfo;
item nfo: (# desc: @ext; amobunt: @nteger; type: @ext #)
#)

Figure 18. The Datalnt for the input window

3. Implement the funcint

The Funclnt provides a functional interface, consisting of a number of empty
virtual functions — one function for each event of interest in the user interface.
Figure 19 shows the functional interface for the input window. E.g. the event
that the “Add” button was clicked is represented by a virtual method named
‘onAdd’.

Furthermore the FuncInt should create an instance of the data interface (here
the instance is called thelnfo), and it should implement two methods: setView
and getView.

Both the setView and the getView methods map data between the data
interface and the user interface: setView set the contents of the user interface
to the contents of the data interface and getView does the opposite.
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financial | nput Vi ew.

(#
thel nfo: @i nancial I nputlnfo;
setView< ...;
getView < ...;
private: @ (# theView. @ nputView #);
init:< ...;
open: < (# do init; private.theView open; |NNER #);
close:< (# do INNER ; private.theViewclose #);
onAdd: < (# do INNER #);
onDel ete: < (# do INNER #);
onQuit:< (# do INNER #);
onShowBar Chart: < (# do I NNER #);
onShowPi eChart: < (# do | NNER #)

#)

Figure 19. The FuncInt for the input window

4. Implement the Adaptor

The Adaptor is somewhat more complex as it connects the other components.
Generally the implementation of the Adaptor should:

* Add presentModel /updateModel methods, which map data from the
problem domain model to the data interface (presentModel) and from the
data interface to the problem domain model (updateModel).

* Override/refine those virtual methods in the FuncInt, which represent
events of interest

* Implement the general application functionality inside the appropriate
event methods

* Implement multiple view consistency if needed

The Adaptor for the input window is shown in Figure 20. In this
implementation the Adaptor for the input view refines all five virtual event
methods from the functional interface.

Take as example the “onAdd” event, that implements the functionality required
when the user presses the ‘Add’ button to add a new expense. The
implementation first call getView to have the state of the Ul copied into the
data interface. It then reads the state of the data interface and creates a new
model object and appends this object to the problem domain model. After this
it calls update which again calls presentModel to have the state of the domain
model copied into the data interface, then calls setView to copy this state into
the user interface and finally calls update on the two other views.
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(#
db: @lat abase;
ui: @uienv

(#
financial I nput: @i nanciallnputVi ew
(#
updat e:
(#
do
theH story[]->present Model ;
set Vi ew,
financi al Bar Chart. updat e;
financi al Pi eChart. update
#):
present Model : ... ;
onAdd: :
(# newEl m ~financial El enent
do
get Vi ew,
&f i nanci al El ement[]->newEl n{];
t hel nf 0. descText - >newEl m descri pti on;
t hel nf 0. anount Text - >newEl m anount . qty;
t hel nf o. t ypeText - >newEl m t ype;
newkl n{]->t heH story. el enents. add;
updat e
#);
onDelete:: ...;
onQuit:: ...;

onShowBar Chart: :
onShowPi eChart: :
open: :
#)
financial BarChart: @i nancial BarChartView ...;
financial PieChart: @inancial PieChartView...;
theH story: ~financial History;
onStart Application::
#)
do ui
#)

Figure 20. The Application Adaptor for the input window

Final structure

The resulting structure of the main program structured according to the
Application Adaptor architectural pattern is shown in a UML Class diagram in
Appendix 5
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Formal Specification of Architectural
Patterns

Current specifications (e.g. Shaw (1996) and Buschmann et al. (1996)) of
architectural patterns are problematic. Generally speaking, the descriptions
are fuzzy or ambiguous, it is hard to see how to get from specification to
implementation, and equally hard to decide whether a given implementation
implements a given pattern.

Given that architectural patterns describe solutions to recurrent architectural
problems two ways of using contemporary means of formalisation are obvious
then, namely using

* an Architecture Description Language (ADL) such as Wright (Allen, 1997)
to describe the architectural solution of the pattern

» a specification technique for design patterns noting the similarities
between architectural and design patterns.

In this context we have chosen the second approach for two reasons: First,
current descriptions of architectural patterns are mostly reference
architectures (Bass et al., 1998) in the sense they map a division of
functionality together with data flow between pieces onto software components
and the data flows between the components. Architectures describe structures
of concrete systems and may thus be instantiations of reference architectures.
Current ADLs do not focus on the description of reference architectures.
Second, architectural patterns are specified as patterns and share many
motifs (Eden et al., 1998) with design patterns.

We have applied two design pattern specification languges, namely LePUS
(Eden et al., 1998) and (Eden et al., 1999) and the precise visual specification
language of Lauder et al. (1998).

LanguagE for Pattern Uniform Specification (LePUS)

LePUS builds on the observations of regularities — motifs —in design patterns.
Such abstractions include functions, methods, relations between functions and

xgpeenx,) 100, (e v, )i X, O functions, classes; y, U(xy,....x,), 1, Orelations

methods, and uniform sets. Design patterns are specified as a formula in
higher order monadic logic that specifies the so called lattice, i.e. structure and
collaboration, of the design pattern. The LePUS formalism is described in
detail in (Eden, 1999). Here we will primarily use the equivalent visual
notation (Figure 21 below) of LePUS and explain the diagrams whenever
necessary.
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Argument-1 function (arg) Ground, Total, and H-total Relations:
and

— return-type
Return-Type op

~ Reference-To-

One
. Regul?r - function Reference-To-
eturn-1ype return-type < . Many
Regular - > Invocation
Argument-1 Junction (arg)
o> Forwarding
Generalizations: » Creation
(thick line) Regular

P > Production

— »p (double arrow) Transitive .
i 4% Inheritance
r (exclamation) Exclusive § o  _ Assignment

Figure 21. Visual notation of LePUS (Eden, 1999)

In order to use LePUS as a specification language for a certain type of pattern
one must in principle determine the motifs of that type of patterns, i.e.

* Determine the ground entities of the specific patterns
e Determine the characteristic relations between these

Since we, at least for the patterns in Buschmann et al. (1996), have seen many
of the same motifs as described by Eden et al. (1998) in design patterns
(Gamma et al., 1995) we have chosen to use the LePUS formalism “as is”.

Precise Visual Specification (PVS)

PVS extends constraint diagrams as introduced by Kent (1997). Constraint
Diagrams offers as an extension of the UML a visual notation for expressing
invariant constraint on class models. The Constraint Diagrams use a variant
of the Venn notation for specifying instances of classes. That a professor has
many students and that these students have the professor as one of their
professors may e.g. be specified as shown in Figure 22 below.

Professor Student

Co—

Figure 22. Professor and student constraint diagram
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Realising that current pattern specifications such as Gamma et al. (1995) and
Buschann et al. (1996) are based on specific implementations of patterns,
Lauder et al. (1998) introduce a layered three model specification of design
patterns (Shown as a UML meta-model in Figure 23.)

<<role>>
RoleName

A

<<refines>>

<<type>>
TypeName

T <<implements>>

<<class>>
ClassName

Figure 23. Three-model layering of PVS

Each layer specifies expresses a pattern at a certain level of abstractness, from
concrete state and semantics (class layer) over application-domain-specific
abstract state and semantics (type layer) to abstract state and semantics (role
layer). Each layer is presented as UML class diagrams with an extra
compartment added to the class thing showing (abstract) state. On each level
Venn diagrams are used to represent arbitrary sets.

<<role>>
Model

@_< etOfObservers

Figure 24. Role-model of a Model, having a set of observer, no abstract
operations, and a set of abstract instances
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Precise Specification of Model-View-Controller (MVC)

As an experiment MVC as presented in Buschmann et al. (1996) has been
specified in both LePUS and PVS.

LePUS Specification
A LePUS visual specification of MVC is shown in Figure 25 below.

A

observer

J

)

¥

)74
attach(Observers)

detach(Observers)

<

Views

/ initialize(model
//
/
' C oo

Controllers

initialize(model.Views)

update

Ly

HandleEvents

Figure 25. LePUS specification of MVC

Note, however, that an equivalent LePUS formula may be written down,
although this is not done here; the visual notation seems more intuitive and
easier to handle. From the diagram it may e.g. be deduced that

* There exists are hierarchy of observers with an abstract observer base
class. The subclasses are divided into two different sets of classes:
Controllers and Observers. The observer class defines an update function
that its subclasses override.

* There exists a model class with four functions (attach, detach, notify,
getData) and a set of functions Services. The model has references to a
number of observers. These observer references are assigned by the
attach method that is called from initialize on Views and Controllers.
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* A Controller has a reference to a View and a Controller is referenced from
a Controller. These references commute (not shown in the diagram), i.e. a
Controller’s View’s Controller is the original controller and vice versa.

* A View produces and initializes a controller.

» Service requests to the model yields notifications which in turn yields
update on Views and Controllers. This means that Controllers and Views
after a call to a service reads data via getData from the model.

Although the above diagram looks succinct a few problems in the specification
may be noted. The current notation is e.g. not capable of stating the dynamic
property that model, Views, and Controllers are syncronized in state after a
notify call. LePUS’s focus on static properties is however also one of its
strengths: The diagrams visualisation is restricted. However, certain dynamic
properties might be specified by adding additional association types. Two
examples of this is sequence as in the initialize function of the Views and
selection in the handleEvent function of the controllers.

Assuming the specification of the Observer Pattern in (Eden et al. 1998, Figure
26 below) and the specification of MVC are adequate, the two specifications
share many commonalities. In fact the only differences are that MVC does not
specify an abstract model and that Observer does not elaborate on the
Observers hierarchy. If, however, a description of MVC does specify the
existence of an abstract model, as our presentation indeed does, then the
resulting MVC pattern specification would, interestingly, be a refinement of the
Observer Pattern. A presentation of MVC would indeed benefit from using this
fact.

subject

detach &
observers

attach >
observers

P
A

concrete-subje’cy

Observers

Update
(subject)

state

Figure 26. LePUS specification of the Observer Pattern
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PVS Specification

Figure 27 below shows a tentative precise visual specifiaction of an MVC role
model. Note that in order to use this pattern the role model must be refined
into a type model that must then be refined into a class model. This process is
not shown here, Laueder et al. (1998) may be consulted for specifics?.

<<pattern>>

<<role>> <<role>>
Observer Model

( E ) q4etOfObservers
<<refines/>/ <<refines>>

<<role>> <<role>>
View Controller

mepsie) | )

>< <<role>>

@/ \@ @_ﬂwata

<refines>> <<refines>>
Concrete /

Controllers
<<role>>
State
/

/

<<role>> <<role>>
I
) — I—
VIGM—@/ contr@?

<<refines>>

Concrete
Models

3

Concrete
Views

Figure 27. Precise Visual Specification of MVC role invariant

The specification provided by PVS on this level is purely about abstract data
and constraints on that: No processing is specified. The pattern is shown as a
package diagram stereotyped <<pattern>>. Comparing the specification to that
made in LePUS one sees that it specifies at least the same static constraints
albeit on a more abstract level: Observers has an association to a model, a
model associates a set of Observers, Views and Controllers are a partitioning
of Observers, and Views and Controllers associate each other symmetrically.
Furthermore it is specified that concrete Controllers, Views, and Models
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associate abstract instances of the same State role. These instances may or
may not be the same at a given time.

Notice, that the notation is rather verbose even for the role invariant diagram.
The elaboration of this diagram into a role-model sequence diagram (next page)
makes the verbosity even more evident. These sequence diagrams generalises
the notion of operations as abstracts sets with constraint into constraint on
behavioural semantics. Thus the diagram on the next page constrains the
pattern further by giving to role-model diagrams that are satisfied before and
after a sequence of operations corresponding to pre- and post-conditions in
programming languages.

The example shows (following Buschmann et al. (1996)) the sequence of
actions following an event handled by a controller. In this way it is here
possible to specify that update is invoked on all observers following a notify
and that Model and associated Controllers and Vlews abstractly share the
same State after notify has returned. At least in this sequence of operations.
So here lies a possible dilemma in this specification form: The constraints on
sequences only applies to that certain sequence while the role model aims at
being as abstract as possible.
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Discussion of Precise Specification

The initial experiments with formalising architectural patterns shows that it
may indeed be worthwhile further investigation. Especially LePUS provided an
interesting result, and both specification languages force the applicant to
consider in depth essential an non-essential elements of patterns.

However, there are elements of software architecutre that cannot (directly) be
specified in either languages. Following Bass et al. (1998) we regard a software
architecture as the structures of a system, comprising software components,
their visible properties, and their relationships. In this way other views on a
software architecture than call-structure and class and instance
relationsships such as module structure, physical structure, process structure
and more becomes relevant. We therefore believe that a formalism for
capturing architectural pattern precisely and purely needs to incorporate other
abstractions than the two used in this report do. Specifically, experiments
with the specification of the three other patterns — that are in many ways
“fuzzier” than MVC in their informal specification — shows that the abstraction
of LePUS and Precise Visual Specification may not be adequate for precisely
specifying architectural patterns.

Interestingly, however, Precise Visual Specification extends the UML and the
UML has proposed notations for describing software architectures especially
focusing on Kruchten’s 4+1 view of software architecture (Kruchten, 1995).
Initially one could consider specification such as belown. Note that this figure
very much relies on an informal semantics of abstract state and instance of
packages.

PAC Aaent |

<<role>

+ cantrol

<<role>
- present. <<role>

@\ - abstraction
| O,

7 N\

]

Lower Level PAC Agent

]

]

]

]

\

\

/ \
|
|
1

Top Level PAC Agent —I
; Intermediate Level PAC Agent /@

Ol

]

Domain Compénent
/

@
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Conclusions

The work presented in this report has been initiated by a dissatisfaction with
current specifications of architectural patterns — and especially architectural
patterns for the construction of interactive systems. This has led the project

down two paths: a formal and an informal.

Informally, we have tried to delineate a space of intended readers for pattern
descriptions. We do not believe that patterns can be learned or internalized by
reading a text. Instead only usage (implemenation) or specification
(formalisation) provide a solid basis for pattern understanding. Thus we have
divided our descriptions into two distinct form: a short narrative form and a
presentation of implementations sharing a common base, in this case a
graphical user interface and a problem domain model. In doing this we have
found package diagrams much more useful than UML class diagrams (or OMT
diagrams) in specifying architectural patterns; the general grouping and
association mechanish of packages is more tuned towards architectural
specifications than are concrete (or abstract) classes.

Formally, we have just initiated an investigation of precise specification of
architectural patterns. Although our current investigations have used
contemporary means of design pattern specification this exercise have
nevertheless been quite useful: it has highlighted certain commonalities
between patterns (e.g. \MVC refines the Observer pattern, Application Facade
may refine the Application pattern.) Also, the analytical approach employed in
precise specifications has spurred a number of questions: What is the
significance of differing direction of dependencies in especially Application
Facade and Application Adaptor, how important is the encapsulation of the
problem domain model (MVC has none), how many “models” are generally
used, which levels of description does one apply when specifying architectural
patterns, and more.

We thus feel that there is a great deal more to choosing an architecture for an
interactive system than picking one of a number of architecture patterns. In
particular we would like to combine unit operations (Bass et al. 1998) for
deriving software architectures with the patterns we have looking at in order to
attempt to create an applicable pattern language for software architecture of
interactive systems. Also the route of precise specification of architectural
patterns seems fruitful.
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Appendices

Appendix 1. The User interface code

-- guienvLib: Attributes --
i nput Vi ew. wi ndow
(#
financesListView @istView...;
addPushButton: @ushbutton ...;
del et ePushButton: @ushbutton ...;
descStaticText: @tatictext
descEdi t Text: @dittext
anmount StaticText: @tatictext ...;
anmount Edi t Text: @dittext ...;
typeQptionButton: @ptionbutton ...;
qui t PushButton: @ushbutton .. .;
showBar Chart CheckBox: @heckbox ...;
showPi eChart Checkbox: @heckbox ...;
open:: < ...;
event Handl er: : <
#);
bar Chart Vi ew. w ndow
(#
maxBar :
chart: canvas ...;
books: @hart ...;
clothes: @hart ...;
drinks: @hart ...;
food: @hart ...;
other: @hart ...;
booksStatictext: @tatictext ...;
clothesStatictext: @tatictext ...;
drinksStatictext: @tatictext ...;
foodStaticText: @tatictext ...;
otherStatictext: @tatictext ...;
open:: < ...;
event Handl er: : <
#);
pi eChart Vi ew. w ndow
(#
nmyRect: canvas ...;
booksRect: @vyRect ...;
cl othesRect: @myRect ...;
drinksRect: @wyRect ...;
foodRect: @mwyRect ...;
otherRect: @ryRect ...;
booksStatictext: @tatictext ...;
clothesStatictext: @tatictext ...;
drinksStatictext: @tatictext ...;
foodStatictext: @tatictext ...;
otherStatictext: @tatictext
chart: @anvas ...;
open:: < ...;
event Handl er: : <
#)
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Appendix 2. The structure of Facade

presentation
theFacade: * facadeType facade
init() {virtual} theSubject
load() {virtual) load() {virtual)
facadeType:facade:() {virtual} subjectType:object:() {virtual}
save:object:() {virtual}
thelnputView
p
addAction() ... load() {final}
deleteAction() init() {final} ...
quitaction() .. facadeType:financialFacade:() {final)
barChartAction()
pieChartAction() theBarChartView
inputPresentation:presentation() thePresentation >— barChartPresentation
barChartPresentation:presentation() load() {final}
init() {final}
facadeType:financialFacade:() {final}
thePieChantView
thePresentation pieCl
m pieChartPresentation:presentation() load() {final) .
@ inputview init() {final}
theBarChartView: @ barChartView ... facadeTypefinancialFacade:() {final}
thePieChartView

theFinancialFacade

onStartApplication() {final} name

totalintegerValue()
sumintegerValue()
scan()

delete()

add()

subjectType:financialHistory:() {final}

main-program
db: @ database

ui
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Appendix 3. The structure of MVC

theView

main-program update() {final} ...

db: @ database

init() {final} ...

modelType:financialModel:() {final} ...

ui
thelnputView controllerType:theController:() {final} ...
theView: @ MVCview ...
ui theController:MVCcontroller() ... theController

thelnputView — addAction() ...

theBarChartView deleteAction() ...

thePieChartView quitAction() ...

onStartApplication() {final} ... barChartAction() ...

financialModel:MVCmodel() ... financialModel pieChartAction() ...
theFinancialHistory: ~ financialHistory enableAddAction() ...

enableDeleteAction() ...

init() {final} ...

modelType:financialModel:() {final} ...

thePieChartview theBarChartView
theView —‘ theView j
theView theView
update() {final} ... update() {final} ...
init() {final} ... init() {final} ...
modelType:financialModel:() {final} ... modelType:financialModel:() {final} ...
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Appendix 4. The structure of PAC

main-program
topLevel 71 . PACAgent presentation
repository:PACAgent() .. topLevel: ~ PACAgent initobject( (inual ..
input:PACAgent() ... thePresentation: @ presentation -
viewCoordinator:PACAgent() .. theAbstraction: @ abstraction - abstraction
viewAgent:PACAgent() ... theControl: @ control - init:object:() {virtual} ...
barChart:viewAgent() ... upper: ~ upperType
lower: @ list ... control
init() {virtual} ... init:object:() {virtual} ...
presentation() {virtual} ...
abstraction() {virtual} ...
control() {virtual} ...
upperType:PACAgent:() {virtual} ...
lowerType:PACAgent:() {virtual} ...
1 input
repository upperType:repository:() {final} ...
thelnput presentation() {final} ... ] viewAgent
theViewCoordinator = control {final} ... show() ...
init() {final} ... B hide() ...
terminate() ... changed() ...
addElement() ... upperType:viewCoordinator:() {final} ...
removeElement() ... control() {binding} ...
sum:integerValue() ... viewCoordinator presentation() {binding} ...
total:integervalue() ... ' init() {final} ..
scanDistribution() ... showView() ... %
scanElements() ... hideView() ... barchgn
showBarChart() ... sum:integervalue() ... presentation() {final} ...
abstraction() {final} ... total:integervalue() ... control() {final} ...
changed() ...
upperType:repository:() {final} ...
lowerType:viewAgent:() {final} ... |
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Appendix 5. The structure of Application Adaptor

financialPieChartView

thelnfo: @ chartinfo

private

setView() {virtual} ...
init() {virtual} ...
open() {virtual} ...
close() {virtual} ...
show() {virtual} ...

hide() {virtual} ...

visible() ...

f

financialPieChart

update() ...
presentModel() ...
show() {final} ...

chartinfo

booksAmount

drinksAmount
foodAmount
otherAmount

totalAmount

clothesAmount

financialBarChartView

thelnfo: @ chartinfo

private

init() {virtual} ...

open() {virtual} ...
close() {virtual} ...
show() {virtual} ...
hide() {virtual} ...

setView() {virtual} ...

visible() ...

f

financialBarChart

update() ...
presentModel() ...

show() {final} ...

main-program

db: @ database

ui

— financiallnputinfo

showBarChart
showPieChart
descText
amountText
typeText
itemsList

itemsCurrentSelection

iteminfo() ...

financiallnputView

thelnfo: @ financiallnputinfo

private

setView() {virtual} ...
getView() {virtual} ...

init() {virtual} ...

open() {virtual} ...

close() {virtual} ...

onAdd() {virtual} ...
onDelete() {virtual} ...
onQuit() {virtual} ...
onShowBarChart() {virtual} ...
onShowPieChart() {virtual} ...

f

financiallnput

update() ...
presentModel() ...

onAdd() {final} ...
onDelete() {final} ...
onQuit() {final} ...
onShowBarChart() {final} ...
onShowPieChart() {final} ...

open() {final} ...

ui

\\ financiallnput: @ financiallnputView ...

financialBarChart: @ financialBarChartView ...
financialPieChart: @ financialPieChartView ..

theHistory: ~ financialHistory

onStartApplication() {final} .
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