Degericlency Maregarrer]
=

for Wag-nasac ElSs

Workshop on “Web-based EISs”
Sydney University, 20-May-2005

Leszek A. Maciaszek
Macquarie University, Sydney, Australia

B http://www.comp.mg.edu.au/~leszek/

© L.A.Maciaszek



-Top]o: @ ackgrourid reziing

Introduction (the problem)
Measurably-supportable systems
Supportable system — dependency metrics

Architecture (hierarchy) that minimizes (potential)
dependencies

Dependencies on classes, messages, events, inheritance

Proactive approach (architecture — implementation) and
reactive approach (implementation — architecture)

The issue of project management and availability of
managerial tools

Conclusions
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Supportable EIS-s (legacy systems is an
alternative)

System development is about modeling
(program is an executable model) of:
functional requirements

non-functional system qualities — as opposed to
fit-to-purpose’ (incl. supportability)

Meta-architecture — necessary condition of
supportability

Architectural modeling must be roundtrip
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Legacy systems
Monolithic, sequential and predictable
Complexity = size

Object systems
Distributed, user in control
Complexity in wires
“cost of glue code is three times cost of ,
application code” (Endres, Rombach, 2003) i hilt the Control key...

. so why am [ not in control?
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0]2Ct SYSIEMs — rew l2gzcy sysierms?

Supportability = understandability +
maintainability + scalability

Unsupportable system — legacy system
Properties of complex systems that are

supportable:

Take the form of hierarchy and composition of
objects

Intra-linkages of components stronger than inter-
linkages

Dynamic links legalized as static associations

Complex systems that work are result of simple
systems that worked (evolution)
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a hierarchical layering of software modules
that reduces complexity and enhances
understandability of module dependencies
by disallowing direct object
Intercommunication between non-
neighboring layers, and

an enforcement of programming standards
that make module dependencies visible In
compile-time program structures and that
forbid muddy programming solutions
utilizing just run-time program structures
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The presentation subsystem

classes that handle the graphical user interface (GUI) and assist in
human-computer interactions.

The control subsystem

classes capable to understand what program logic is
— searching for information in entity objects
— asking the mediator layer to bring entity objects to memory from the database.

The entity subsystem
manages business objects currently in memory
container classes
containers are linked

The mediator subsystem

mediates between entity and foundation subsystems to ensure that
control gets access to business objects

manages the memory cache and synchronizes the states of business
objects between memory and the database

The foundation subsystem
classes that know how to talk to the database
produces SQL to read and modify the database
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Downward Dependency Principle (DDP)
Upward Notification Principle (UNP)
Neighbor Communication Principle (NCP)
Explicit Association Principle (EAP)

Cycle Elimination Principle (CEP)
Class Naming Principle (CNP)
Acquaintance Package Principle (APP)
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C

NP, NCP, EAP, DDP

CNP — class naming

name of each class and each interface in the system should
identify the subsystem/package layer to which it belongs

ensuring that each class begins with a single letter identifying the
PCMEF layer (i.e. P, C, etc.)

— EVideo means that the class is in the entity subsystem
— IMVideo means that the interface is in the mediator subsystem

NCP — neighbor communication

objects can communicate across layers only by using direct
neighbors

chains of message passing
EAP — explicit association

legitimizes run-time object communication in compile-time data
structures.

DDP — downward dependency
higher PCMEF layers depend on lower layers
lower layers should be designed to be more stable
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CEP — cycle aliminzior)

<<layer>> <<layer>>
presentation control
PPrimaryWindow Clnit
do2() P dol()
e

PDialogBox CActioner
do3() do4()
| |

public class PDial ogBox { B public class CActioner{

CActioner actioner;
public void do3() {
actioner.do4();

}
}

}

public void do4() {

}

/Iperform some actions
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public class Cinit { A
PPrimaryWindow window;
public void dol() {

window.do2();
}
}

cyclic dependencies,

between classes and
other structures
(methods, packages,
subsystems)

unavoidable, but can be

neutralized

extra classes to reduce

a network of calls to a
hierarchy

purposeful use of
Interfaces
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CEF

—
public class PPrimaryWindow ; public class CInit { B
implements control.ICPresenter { public interface PController { ICPresenter presenter:
public void do2() { public void do2(); public void do1 ()}
/limplementation code } presenter.do2():
} \ }
} | }
\ \ \
| \\ <<layer>> |
<<layer>> | control |
preseﬁtation | |
‘ O
PPrimaryWindow <<yses>> | Clnit
T ICPresenter
do2() dol()
do2()
PDialogBox CActioner
do3() do4()
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usage and implementation [J Interfaces, and pass
g dependencies them in arguments to
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UNP — ugwelrd noticator)

upward communication
that minimizes object
dependencies

beorver ﬁ lower layers rely on

Interfacés and évent

(subscriber)

presentation rocessin
PContactBrowser E)publisher subscriber
protocols) to communicate
with objects in higher

displayContact()

processContactChange() Iayers
™~ =y .
acquaintance
AN
-
(\)
|IA ContactSubscriber
entity ~ processContactChange()
EContact
addContactListener() | -
fireContactChange() N (pui,nsher) ﬁ
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Architectural design takes a proactive approach to
managing dependencies in software.

This is a forward-engineering approach — from design to
Implementation.

The aim is to deliver a software design that minimizes
dependencies by imposing an architectural solution on
programmers.
Proactive approach must be supported by the
reactive approach that aims at measuring
dependencies in implemented software.

This Is a reverse-engineering approach — from
Implementation to design.

The implementation may or may not conform to the
desired architectural design.

The purpose is to show in numbers how much the
Implemented system is worse than a PCMEF solution (or
other dependency-minimizing architecture)

Workshop "Web EIS" - Syd Uni 17



-

DEFINITION: Cumulative Class Dependency (CCD) s the total supportability cost
over all classes Cigi=1,. ny in a system of the number of classes Cjje=1,..n) to be

potentially changed in order to modify each class Cj.

Calculation of CCD assumes adherence to the
architectural framework.

If the framework is found to be broken, the CCD is
calculated as if a class can depend on any other class in
the system.

probability theory method - the combinations counting rule

The CCD is the number of different combinations of pairs of
dependent classes which can be formed from the total number

of classes in the design multiplied by 2 (cycles)

|
CCD, =— %2
2!(n —2)!
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DEFINITION: Unsuppottability Factor (UF) is the result of the division of the CCD for
an unsupportable system by the CCD for a cotresponding supportable system, Le. the
system that conforms to supportable architectural framework, such as PCMEF.

Consider the PCMEF design with five classes and that the
CCD for it is also 5.

For a corresponding unsupportable system, the CCD would
be 20:

CControl EEntity |
21(5-2)! 12

PPresentation MMediator

The UF is therefore 20/5 = 4.

The UF factor serves as a modifier of the more detailed
metrics computed for designs/systems that were found

to be unsuEEortabIe.
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CMD

DEFINITION: Cumulative Message Dependency (CMD) is the total supportability
cost over all Synchronous Messages SMy within ¢ent objects of the costs associated with
changes to methods My in supplier objects ot responsible delegator objects that are accountable for
servicing SMj. When calculating CMD, the dependency value for offending (unsupportable)
messages 1s increased by the Unsupportability Factor (UF).

If a responsible delegator object delegates the work
to an object in another package then the cost of
Inter-package dependency is carried by the
responsible delegator.

Further delegation sequence does not result in an
additional cost (i.e. non-responsible delegators do
not carry a maintainability cost).
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CMD — calculzition exarmole

Consider a class C that contains two methods m1 and m2.

Consider further that m1 calls m2 (as the only thing that it
does).

If m2 is an empty method, then MDC for class C is equal 1
(because ml depends on m2).

If, however, m2 contained calls (messages) to two other
methods m3 and m4 in supplier objects within the same
package, then MDC for class C would be equal 3 (because
m1 depends on m2, and m2 depends on m3 and m4).

If supplier objects in a neighborhood package serviced m3
and m4, then MDC for class C would be 5.

If supplier objects in a non-neighborhood package (according
to the PCMEF framework) serviced m3 and m4, then MDC for
class C would further increase by the UF value.
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CMD - sUn0orizole

MDP=1 L[\

MDC =1 A

Entity

EEmailMessage

R e

®do2()
MDC =0 ﬁ EEmployee | -
®do3()
MDP =2 ﬁ |
_ Corﬁtrol
N |
MDC = 2 ﬁ CActioner
®do1()

Mediator/
/
MBroker
| 7®do3()
Fouﬁdaﬂon
\
FUpdater
®do3()
This is supportable model:
CCD =4
CMD =3

1
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public class CActioner {
EEmployee emp;
public void dol() {
emp.do3();
}
I
public class EEmailMessage {
EEmployee emp;
public void do2() {
emp.do3();
}
}
public class EEmployee {
MBroker brk;

public void do3() {
brk.do3();
+
+

public class MBroker {
FUpdater upd;
public void do3() {

upd.do3();
+
+

public class FUpdater {
public void do3() {
// code for do3
+

+

//

//

//

//

//

//

//

//

//
//

client of EEmployee

MD = 2

client of EEmployee

MD =1

responsible delegator

MD = O

delegator

MD = O

supplier
MD 1s null
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CMD - Unsugporiagls

MDP = 2 ﬁ MDC =2 ﬁ

MDP =1
A /
N |//
N ' Contro
N Entity /
) CActioner
MDC =1 ﬁ EEmailMessage
N Sdo1
®do2() 0
|
V
MDC =0 EEmployee |
| Foundation
®do3() . |
. V
= FUpdater
This is unsupportable model:
CCD =12 $do3()
UF =3

CMD = 1+(2*3) =7
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public class CActioner {
FUpdater upd,;
public void dol() {

upd.do3();
+
by

public class EEmailMessage {
EEmployee emp;
public void do2() {

emp.do3();
by
+

public class EEmployee {
FUpdater upd,;
public void do3() {

upd.do3();
+
+

public class FUpdater {
public void do3() {
// code for do3

}
}

© L.Maciaszek

//

//

//

//

//

//

//
//

client of FUpdater

MD = 2

client of EEmployee

MD =1

responsible delegator

MD = O

supplier
MD 1s null
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DEFINITION: Cumulative Event Dependency (CED) is the total supportability cost
over all methods containing “fire event” messages FE;j plus over all methods containing
“process event” messages PE; within publisher objects plus over all methods servicing these
“process events” SEj within subscriber objects. The PEj supportability cost is associated with
changes to signatutes of SEj methods. The SEj supportability cost is associated with
changes to messages in the bodies of PEj methods. Messages within registrator objects as well
messages contained in bodies of SEj methods ate excluded as they are computed as part of
the CMD calculation. When calculating CED, the dependency value for offending
(unsupportable) events 1s increased by the Unsupportability Factor (UF).
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Event dependency = interface
implementation dependency

Event dependencies:
do2() --> fireDecisionEvent()

)

Presentation

PDisplayEventSubscriber

O

MprocessDisplayEvent()
~ n

N

PDisplayEvent

PConsole

®addDisplayEventListener()
F¥removeDisplayE ventListener()
E¥fireDisplayEvent()

®do1()

/

Event dependencies:

dol() --> fireDisplayEvent()
--> processDisplayEvent()
(interface uses dependency)

EDP =2 ﬁ

Event dependency =
interface implementation

dependency

--> processDecisionEvent()
(interface uses dependency)

/

\ Cor}t,rol

CActioner

MprocessDisplayEvent()
®addDecisionEventListener()
®removeDecisionEventListener()
E¥fireDecisionEvent()

®do2()
/

CDecisionEvent

/
\

N n

O

CDecisionEventSubscriber

MprocessDecisionEvent()

i

. |®®processDecisionEvent()

Mediator

MSynchronizer
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Mlairics Visualizaior

| Global Dependencies | Skeleton [T Summary
Explorer Local Dependencies

BIED ECIR R 5w cranse sow

Fotentialhy Affected Objects

D_Updater
Entity Control M_Broker
C_Actioner
B_Console
C_Init

F77
Blnterface

Boundary

. - O_Upd=ter

7 Ff! Global Butterfly

ﬁ" Affects 31%
0 Dependencies
2 Dependents
General

Mediator Package: edu.db_intarface

+ D_Updater [ String, String )

Small Worlds

+ cannect [ String, String 1 : vaoid
+ updateMezzage [ HazhMap 1 @ void

+ clozeCanneaction [ 1 : vaid P
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Pletorlel suUrmmzry

Programmable client
Browser client

Applet
Application client
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s\CMEF /prlication packages
mediator |

| foundation |

Database

control

I presentation |

Servlet Business comiponents

JSP \[ Web Server
|

Application
Server

EJB bean
BC4J object
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| design in UML

| forward-engineer to Java and RDB, but cannot
guite reverse-engineer from either

| generate business components for Java and XML,
but cannot quite plug into it my existing Java/Oracle
applications

| give clear architectural design to programmers but
get a mess of intercommunicating objects that does
not resemble the design

| write regression tests that only work once In initial
tests

| establish traceability links from use cases to
programs that are invalidated by the beginning of
the 2nd project iteration
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“Whether we understand the world because it is
hierarchic or it appears hierarchic because those
aspects of it which are not, elude our understanding
and observation” (Herb Simon,1962)

According to David Parnas, hirerachical structure is
undefined unless we specify precisely what
relationship exists between hierarchy layers

X contains y

X usesy

X has access toy

X gives work to y

X gives resources to y

X uses resources of y
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