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1.3 A New Perspective and Approach
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1.4 Evaluation
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1.6 Organization of this Dissertation
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2.1 Software Evolution
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2.7 Conclusions
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3.2 Adaptability
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3.2.1 APIs
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3.2.2 Scripting languages
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3.2.3 Software plug-ins
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3.2.4 Event architectures


��
�%���
������������
� ��&�&
��
�%���
����������
�����
$�&���!�&
���
&��
��
'�&&�)�&
����
���



��&�
�����������
&��$&
��
��$
������&
���'
����$=����,
'�$���&-
���
��''���������
�'��)



���
��&�
�����������
��$
����$=����,
'�$���&
�����&
��$������,
�����)�
��
�%���
'������&'



I&��
��)��� 5=8J-
����$=������&
���
�$$
���
'�$���&
����
��''�������
����
���
��&�



�����������
I��
�����
�$$=��
'�$���&J
!,
&��$��)
��$
�����%��)
'�&&�)�&-
���
��&�



�����������
�&
�
'���������
�����,
��$
��&
��������
'�$���&�
���������&�
��$
!��$��)&
���
���(��



��
����$=������&-
���&�
&,&��'
����)�����&
���
���,
�������
��$
��'�%�
����$=����,
'�$���&-



"����$��)
��
���
����!������&
��
���
�%���
'������&'�
����$
������&
'�,
��&�
!�
�!��
��
�$$�



��$������
��
��'�%�
&�'�
!��$��)&-
���
� �'����
����$=����,
'�$���&
���
���������
���



'�&&�)�&
&���
�%��
����"B&
'�&&�)�
!�&
�&��)
���
*����,
����
I���&&
399:J�
��$
��$�����
��



DSE technique
add


module
replace
module


remove
module


add
binding


redirect
binding


remove
binding


internal 
structure 
mutable


internal 
structure 
apparent


plug-in � � � �


��)���
5=4-
��������
���)=��
'�$���
$��)��'-

43







���'�����
���'
�&
$�&���$-
���&
���!��&
����$=������&
��
�$$�
��$������
��$
��'�%�
!��$��)&



�&��!��&��$
�����)�
���
�%���
'������&'-


3.2.5 Component architectures
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3.2.6 Source code-based
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3.2.7 Summary
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3.3 Consistency
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3.3.1 Host application/add-on inconsistency
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3.3.2 Interference add-on inconsistency
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4.2 Limitations of Previous Techniques
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module calculator;


import module stack, 
display;


public function add() {
...
result = stack.pop() +


stack.pop();
...
display.print(result);


}


module stack;


public function pop() 
returns integer {


...
}


public function 
push() returns 
integer {


...
}
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module display;


public function 
print(String s) {


...
}


public function 
print(int i) {


...
}
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module
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module


calculator
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module
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module


calculator
applicationAPI to


calculator
application
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5.1.1 Architectural system model
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5.1.2 Implementation
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5.1.3 Architecture Evolution Manager
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5.2 Evaluation
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6.1 Implementation Apparatus
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6.1.1 C2 architectural style
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6.1.2 C2 class framework
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6.1.3 ArchStudio 2.0 environment
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C2Object
C2Message


C2Request
C2Notification


C2Port
C2Port_FIFO


C2Brick
C2Connector


C2Connector_SameProcess
C2Connector_Thread
C2Connector_IPC


C2Component
C2Architecture
C2Component_Threads


C2Architecture_Threads
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DRADEL


Argo/UML
UML-based design


of component
internals


Arch Evolution
Manager


Runtime modification
of architectures


Web Browser
Retrieve software
components from


the Web


Resource
Partitioning


Maps components to
processing elements


Armani
Architectural


constraint
checking


Dependency
Analyzer


Verifies component
dependencies


Chimera 2.0
Hypertext linking
between software


artifacts


Metamata IDE
Verifies conformance
between source code


and architecture


Arabica
Java Beans/C2


integration


Type Checker
Type modeling and


checking for
architectures


Code Generator
Code generation


of component
interfaces


C2 SADEL Parser
Import C2


SADEL model
specifications


Topological
Constraint Checker


Verify C2-style
rules


ArchADT
An extensible, persistent,


XML-based model
for software architectures


Argo/C2
Graphical design
environment for
C2 architectures


ArchShell
Interactive runtime


modification
of architectures


Extension Wizard
Installs new


software
components


User Palette
Graphical


user interface
for DRADEL


Type Mismatch
Handler


Displays type
checking results


Graphics Binding
Renders


DRADEL's user
interface


Rational Rose
Generate UML design


from a C2-style
architectural model


Integrated with
ArchStudio 2.0


Prototype integration
with ArchStudio 2.0


Software bus


Available software bus
technologies include
Java RMI, Polylith,
ILU, and Q.
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6.1.4 ArchADT
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6.1.5 Architecture Evolution Manager
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1: public interface IArchADT {
2: // category: architecture
3: public void defineArchitecture(String archName);
4: public void setArchProperty(String archName, String name, Object value);
5: public Object getArchProperty(String archName, String name);
6: public Vector enumArchProperties(String archName);
7: public Vector enumArchitectures();
8: 
9: // category: component/connector types
10: public void defineType(String archName, String type, String name);
11: public boolean isType(String archName, String type, String name);
12: public Vector enumTypes(String archName, String type);
13: public String getTypeKind(String archName, String typeName);
14: public void removeType(String archName, String type, String name);
15: 
16: // category: interface elements
17: public void addMethod(String archName, String name, String portName,
18: String returnType, String msgName, Vector paramList);
19: public Vector enumMethods(String archName, String name);
20: public Vector enumMethodsAtPort(String archName, String name, String portName);
21: public void removeMethod(String archName, String name, String portName,
22: String returnType, String msgName, Vector paramList);
23: 
24: // category: component/connector instances
25: public void addInstance(String archName, String typeName, String name);
26: public boolean isInstance(String archName, String type, String name);
27: public String getInstanceKind(String archName, String name);
28: public Vector enumInstances(String archName, String type);
29: public void removeInstance(String archName, String name);
30: 
31: // category: properties (types and instances)
32: public void addProperty(String archName, String type, String name,
33: StringpropName, IPropertyValue value);
34: public void removeProperty(String archName, String type, String name,
35: String propName, IPropertyValue value);
36: public Vector enumProperties(String archName, String type,


String name, String propName);
37: public Vector enumProperties(String archName, String type, String name);
38: 
39: // category: attributes
40: public void setAttribute(String archName, String type, String name,
41: String attrName, String attrValue);
42: public String getAttribute(String archName,String type,String name,String attrName)
43: public Vector enumAttributes(String archName, String type, String name);
44: 
45: // category: configuration
46: public void weld(String archName, String fromInstance, String fromPort, 
47: String toInstance, String toPort);
48: public void unweld(String archName, String fromInstance, String fromPort, 
49:  String toInstance, String toPort);
50: public boolean areWelded(String archName, String fromInstance, String fromPort,
51:  String toInstance, String toPort);
52: public Vector areWelded(String archName, String fromInstance,String toInstance);
53: public Vector enumWelds(String archName);
54: public Vector enumWeldsAtPort(String archName, String instanceName, String portName
55: 
56: // category: file I/O
57: public void load(String filename);
58: public void save(String filename);
59: }
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6.1.6 ArchShell
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6.1.7 Extension Wizard
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6.1.8 Armani
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6.1.9 Other tools
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6.2 Case Study: KLAX


6.2.1 Host application
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6.2.2 Third-party changes demonstrated


6.2.2.1 Spelling KLAX 
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6.2.2.2 High score list
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6.2.2.3 Multi-player support
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6.3 Case Study: Cargo Router


6.3.1 Host application
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6.3.2 Third-party changes demonstrated
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6.3.2.1 Alternative visualizations


�$$��)
���
���
%�&����#�����
��(����&
�$$��)
�
*���������
��
��'������
��
���
������������-



?�
�$$
���
���
������
����&�
!������
��������
3
��$
��������
4
!����&�
��
�&�&



������������
'�&&�)�&
���%�$�$
!,
���
�����
0���������
��$
F��
�	�
�"�&
��$
�����#�&
���



+��)�
��
��'������
���
$�����)
)������&-
���
���������
�&�&
���������
��
�$$
���



��'������
�&��)
���
O�$$
��'������P
��''��$�
�������
��
��
!�&�&
�&��)
���
O���$P



��''��$�
��$
&�)���
����
���
��'������
&����$
�����%�
� �������
�,���&
�&��)
���
O&����P



��''��$
I&��
��)��� :=37J-


6.3.2.2 Automated planner
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> add component
ClassName: c2.planner.RouterArtist
Name? RouterArtist
> weld
Top entity: Connector1
Bottom entity: RouterArtist
> weld
Top entity: RouterArtist
Bottom entity: Connector4
> start
Entity: RouterArtist


��)���
:=37-
���
���������
��''��$&
�&�$
��
�$$
���
������
����&�
��'������-
�''��$&
���

$�����$
�&��)
!��$
�� �
��$
��''��$
��)�'���&
���
$�����$
�&��)
�������#�$
�� �-


try {
if (model.architectureName().equals(“CargoSystem”)) {


Connector above = model.connectorBelow(“Ports”);
Connector below = model.connectorAbove(“PortArtist”);
model.addComponent("Planner", "planner");
model.weld(above, "planner");
model.weld("planner", below);
model.startEntity("planner");
return true;


} else return false;
} catch (ArchitectureModificationException e) {


return false;
}
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6.4 Discussion
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7.1 Implementation Apparatus
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7.2 Host Application
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7.2.1 Original architecture
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7.2.2 Rearchitecting Mozilla
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7.2.2.1 Network module open point
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7.2.2.2 Content tree open point
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7.2.2.3 Menu open point
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7.3 Third-party Changes Demonstrated


7.3.1 URL Filter add-on
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7.3.2 Popularity Meter add-on
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7.3.3 Content Filter add-on
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7.3.4 Text Highlighter add-on
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7.4 Discussion
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8.1 Conceptual Validation


8.1.1 Evaluating adaptability using open points
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8.1.2 Evaluating assured consistency
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8.2 Empirical Validation
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Open point types used
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Add


module
Replace
module


Remove
module


Add
binding


Redirect
binding


Remove
binding


KLAX


high score list � �


spelling KLAX � � � �


multi-player KLAX � �


Cargo
Planner


alternate visualizations � � � �


automate planner � �


Mozilla


URL filter � � � �


content filter � � � �


popularity meter � � � �


text highlighter � �
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CHAPTER 9 �����&���
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9.2 Further Research in the Area
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9.3 Final Remarks
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A.1 Function-based Approaches to Flexibility
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4. We consider situations in which messages contain executable specifications as a combination of 
the event-based and scripting language approaches.
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