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*What is Object-Orientation?

= Structure-oriented programming is not enough to
represent (dynamic) software behaviour.

= Data-oriented programming is not enough to
represent (dynamic) software behaviour, too. |
= Object-Orientation programming is a methodology *
for system analysis, design and implementation that ;-
supports integration of functional and data-oriented —
programming and system development. E
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Terminology /1
{

Class A classisadescription of aset of objects that share
the same attributes, operations, relationships, and
semantics.

Object An instantiation of some classwhichisableto savea
state (information) and which offers a number of
operations to examine or affect this state.

Attribute An attribute is a named property of a class that

Variable describes arange of values instances of the property
may hold.

Operation An operation is the implementation of a service that

Responsibility | can be requested from any object of the class to affect

Method behaviour.
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a ) Terminology /2

Package

A packageisageneral purpose mechanism for
organizing elementsinto groups. Packages group
functionally related classes.

Cohesion

The degree to which the methods within a class or
classesin a package are related to one another.

Coupling

Object X iscoupled to object Y if and only if X sends
amessageto.

Association

A semantic relationship between two or more classes
that specifies connections among their instances.

Inheritance

A relationship among classes, wherein an object in a
class acquires characteristics from one or more other
classes.
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CLASS DIAGRAM : ELECTRONIC SHOPPING CART

Objects belonging to
Class B and C are

Class B coupled through Elass 8
Shapping Cart association e
b Tulal Wy * 1 ﬁssruam
calesTar Wlaney d Toship
-otal Money eruailfuddrss
olaceOrder () cradithating
cancelOrder () 1
1
1 ClassC ? Class Al
e . | Pemmicweme | Class Al is a child of
oDt < B Class A and inherits
bz Ol attributes and methods
from A
Objects belonging to class
SEEEh cio b U e Al contains data and
items e S
- = structure from class A

Item to Purchase

mantity Intezer

sricePerlnit Mosey

through inheritance
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Similarities & Differences

= Why Object-Oriented Software Engineering
(OOSE) metrics are different from the
conventional software metrics?

s OOSE metrics are different because of:

s

1. Locdlization
2. Encapsulation
3. Information hiding
4. Inheritance
5. Reuse
@?ﬁﬂ%ﬁ [z00. [z50 400|450
; far@ucalgary.ca

S 0 0
L) 1. Localization /1
N . R .
— = Localization means placing itemsin close (physical)

proximity to each other.

= Functional decomposition (localize information around functions).
= Datalocalization (localize information around data).

= Object-oriented approaches (localize information around objects).

= |In conventional software engineering, localization is based
on functionality. Therefore:

= Metrics gathering has traditionally focused on functions and
functionality i

= Units of software were set to be functional, thus metricsfocusingon - |
component relationships emphasized functional interrelationships,
e.g., module coupling and cohesion.

R LNIVERSTLY
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~ = Inobject-oriented software, however, localization is -

based on objects. This means:

= Metricsidentification and gathering effort must recognize

the “object” asthe basic unit of software. o3

= Within systems of objects, the localization between £

functionality and objectsis not a one-to-one relationship.

= For example, one function may involve several objects,
and one object may provide many functions.
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2. Encapsulation

R, Encapsulation is the packaging (or binding together)™
of acollection of items: i

= Low-level examples of encapsulation include records and
arrays, procedures, subroutines.

= OO programming languages allow higher-level
encapsulating, e.g., classesin C++ and Java.

= Encapsulation has two major impacts on metrics:

= Thebasic unit will no longer be the program, but rather
the object.

= We have to modify our thinking on characterizing and
estimating systems.

] UNIVELSTTY 3
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— . Information hiding is the suppression (or hiding) of details.

= Thegeneral ideaisthat we show only that information which
IS necessary to accomplish our immediate goals. E

= There are degrees of information hiding, ranging from
partially restricted visibility (e.g., public or private
operations) to total invisibility (e.g., subsystems).

= Encapsulation and information hiding may not be the same
thing, e.g., an item can be encapsul ated but may still be
totally visible (e.g., a package).

= Information hiding plays adirect role in such metrics as
object coupling and the degree of information hiding.
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4. Inheritance

"= Inheritance is a mechanism whereby one object
acquires characteristics from one, or more, other
objects.

= Some OO languages support single inheritance (e.g.,
Java), some support multiple inheritance (e.g., C++).

= Many OO software engineering metrics are based
on inheritance, e.g..

= Number of children (number of immediate
specializations)

= Number of parents (number of immediate
generalizations)

= Class hierarchy nesting level (depth of aclassin an
inheritance hierarchy)

! IVLERSIY CH
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!5 Reuse

= In OO development, reuse is a central issue
= Reuse of libraries or frameworks
= Reuse through inheritance
= Meta-code level reuse:
= Patterns
= Business objects
= Reuse changes development process
= Build reusable components
= Find and reuse components

far@ucalgary.ca 13

'iqi' 1. 00 Project Metrics

{
What we want to measure in an OO project?

= Number of Classes, Operations (Methods),
Attributes (Variables)

= Lines Of Code (LOC) and Statement Count

Total and/or Averaged by class and/or
method

s Structural measurement:
= Coupling, Cohesion

==

far@ucalgary.ca 14




=

Ji!' 2. 00 Package Metrics

!

ey

What we want to measure for a package?

= Number of Classes, Operations (Methods),
Attributes (Variables)

Averaged by class and/or method

= Structural measurement:
= Coupling, Cohesion
= Maximum Inheritance Depth

= e e T

ci' ’i. 3. 00 Class Metrics
iﬁ "

What we want to measure for aclass?

= Number Attributes and Operations

= Linesof code (LOC) and statement count
= |nheritance related metrics

= Collaborators (Cohesion and Coupling
related metrics)

—
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1 4. O0 Attribute Metrics

What we want to measure for an attribute?
= Instance variables
= How many times used
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cm!p 5. 00 Operation Metrics

‘ —_—

What we want to measure for an operation?
= Number of local variables

= Linesof code (LOC) and statement count
= Cyclomatic Complexity
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= Object Oriented Metrics seek to measure the unique
attributes of Object Oriented design as opposed to software
devel oped using other methods. o

= Chidamber and Kemerer felt that software metrics devel oped
with traditional methods in mind did not readily lend
themselves to Object Oriented notions such as classes,
inheritance, encapsulation and message passing (Chidamber -
& Kemerer, 1993).

= They proposed 6 metrics unique to Object Oriented systems. -
These metrics measure various attributes including sizeand
complexity and are constructed with a strong degree of
theoretical and mathematical rigor.

LNIVLESITY {3
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. Basic Metrics for OO Systems

|'

- Proposed originally by Chidamber & Kemerer 1993, expanded by Soft
Assurance Technology Center (SATC) at NASA. [Rosenberg, et al.]

SOURCE METRIC O-O CONSTRUCT
Traditional | Cyclomatic Complexity (CC) Operation
Traditional | Lines of Code (LOC) Class/Operation
Traditional | Comment Percentage (CP) Class/Operation
NEW Weighted Methods per Class (WMC) Class/Operation
NEW Response For a Class (RFC) Class/Operation
NEW Lack of COhesion (LCOM) Class/Operation
NEW Coupling Between Objects (CBO) Coupling

NEW Depth of Inheritance Tree (DIT) Inheritance

NEW Number of Children (NoC) Inheritance
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Working Example: Shopping

Shopping Cart Customer
1 |name
subTotal:Money " address ToBill
salesTax Money =} sdcdressToShip
total Manesy smailhddress
placeOrder () sreditRating
cancelOrder () 1
1
1 i
Credit Card
Preferred Customer
Issuer * 1
Murcker <
ExpirstionDate
AuthcrizeChaize(y
{creditRating is good}
S shopping cart objest has only
*. |one credit cerd associated withit. |
%, [but credit card is a separate cliss
"leo that preferred customers can
lehcose to et the racrehant store
it ithe card information along with
i e [pesistent customer information.
Item to Purthase
guantity Integer
pricePerlnit loney
add'tern () 1 Produrt
reroveltem )
B T LNIVERSTLY CH
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_ Weighted Methods per Class

| S83

=) (WMC) /1

g e 1 o
— = WMCisametric of size and complexity. Itis
definedass WMC = Zci -

= where ¢ isthe complexity of each different method -
C1, C2, ... tninclass C.

= |f each method were assigned acomplexity of 1~
then the WMC for class C would equal the number -
of methodsin the class.

= Chidamber and Kemerer deliberately did not define
“complexity” more specifically in order to permit -
the most general application of the metric possible.
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_ Weighted Methods per Class
(WMC) 12

= The number of methods and the complexity of the methods
involved is a predictor of how much time and effort is
required to develop and maintain the class.

= Thelarger the number of methodsin aclass, the greater the
potential impact on children; children inherit all of the
methods defined in the parent class.

» Classes with large numbers of methods are likely to be more
application specific, limiting the possibility of reuse.

s Example: WMC iscalculated by counting the number of
methods in each class, therefore:

WMC for Shopping_Cart =2
WMC for Credit Card =1
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2 Depth of Inheritance Tree (DIT)

The depth of aclasswithin the inheritance hierarchy isthe  °-
maximum number of steps from the class node to the root of
the tree and is measured by the number of ancestor classes.
= Thedeeper aclassiswithin the hierarchy, the greater the
number of methodsit islikely to inherit making it more
complex to predict its behavior.

= Deeper trees constitute greater design complexity, since
more methods and classes are involved, but the greater the
potential for reuse of inherited methods.

= Example:

Customer istheroot and hasaDIT of 0. The DIT for
Preferred _Customer is 1.

) LNIVERSTTY (31

. CALGARY

far@ucalgary.ca 24




"". Depth of Inheritance Tree (DIT)

!

Another Example
= DIT(A)=0 =
x DIT(B’C):l Class B Class C
= DIT(D,E,F)=2
Class G
@a&m%ﬁ S B BRL BRR L RO B
5 far@ucalgary.ca 25

Number of Children (NoC)

The number of children is the number of immediate
subclasses subordinate to a class in the hierarchy.

= [tisanindicator of the potential influence a class can have
on the design and on the system.

= The greater the NoC, gives an idea of the potential influence '
aparent class has on design. If aclass has alarge number of
sub-classes, it could require more testing of its methods.

= Thegreater the NoC, the greater the reuse since inheritance
isaform of reuse. E

s Example:

Customer has an NOC of 2. NOC for Preferred_Customer
iIsO sinceit isaterminating or leaf node in the tree structure.
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» Number of Chlldren (NoC)

|
A Another Example

= NOC(A)=2 :
. N OC(C) :3 Clas’s B Clas‘,s C
= N OC( D) =1
= NoC(B,E,F,G)-0 | ;
Cl G
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CBO metric therefore is a measure of non inherited ™
| nteractions between classes. ]

s CBOisacount of the number of other classesto
which aclassis coupled.

= It ismeasured by counting the number of distinct -
non-inheritance related class hierarchies on which a
class depends.

= Excessive coupling is detrimental to modular desi gn
and prevents reuse. =

= The moreindependent aclassis, theeasier itis
reuse in another application.
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| S8
) Example: CBO
bt
[ NI
— = Two classes may have — o
excessive coupling (too S S
many messages passing =] -
between them). This
implies that those classes
should be combined into
one class.
@Amm RO WO XX LI
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; f Response for a Class (RFC)

= RFCisthe count of the set of all methods that can be E
invoked in response to a message to an object of theclassor |

by some method in the class.

= Thismetric looks at combination of the complexity of aclass -
through the number of methods and the amount of 4
communication with other classes.

= Thelarger the number of methods that can be invoked from
aI class through messages, the greater the complexity of the
class.

s Example:
RFC for Preferred_Customer = 0 (self) + O (Customer) +
+ 1 (Credit_Card)=1

] LNIVESTIY 01
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?’E}'\i' Lack of Cohesion (LCOM)
A
‘- Lack of Cohesion (LCOM) measures the dissimilarity of
methods in a class by instance variable or attributes.

= |f aclass has different methods performing different !
operations on the same set of instance variables, the class has |
cohesion. °]

= A highly cohesive module should stand aone; high cohesion
indicates good class subdivision.

= Lack of cohesion or low cohesion increases complexity,
thereby increasing the likelihood of errors during the
devel opment process.

= High cohesion implies simplicity and high reusability.

UNIVERSTTY (i
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1 Example: LCOM

= Alternative design with high LCOM: Assume that
the Credit_Card and Preferred_Customer classes
are merged. There will be relatively few common
attributes and methods among the objects that may °
belong to this class.

R LNIVERSTLY
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| Example

ZIN N}
.

s Determine the value of
= (1) “Average method

Customerinfo
& customer_id : int
[&JCustomer_password : String
[&JCustomer_name : String
[EcustomerLocation : string

S e —

‘.vdlidaleLogi ninfo()

per class’;

= (2) “Responsefor a
Class (RFC)” for
CustomerActivities

[Eorders : Array[int]
[ESnumOfOrders : int

[B5changeOrder : Boolean
[EorderNo : int

I¥requestBill()

.purchasepruducﬁ()
and el
[®updateCustomerinfo()
C u Sto m e rI n te rfa Ce ®halidateCustomerLocation()
classes.

Average method per class = 17/6 = 2.83
For CustomerActivities RFC=9
For CustomerlInterface RFC=9

LNIVESSTTY (3
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E¥orderNo : int
BproductAmount
B customerld

[®informBatchScheduler()

Customerinterfac
Ul

e

(from Customer GUI)

iogindisplay()
[®selectDisplay()

[®updateCustomerinfoDisplay()

[®setOrderDisplay()
[®deleteOrderDisplay()
[®displayOrderStatus()
[®displayBill()
[®displayAvailableProduct:

s()

far@ucalgary.ca

“‘“ Interpretation

METRICS OBJECTIVE

Cyclomatic Complexity Low
Lines of Code/Executable Statements Low
Comment Percentage ~20-30%
Weighted Methods per Class (WMC) Low
Response for a Class (RFC) Low

Lack of Cohesion of Methods (LCOM) Low
Cohesion of Methods High
Coupling Between Objects (CBO) Low
Depth of Inheritance (DIT) Low (trade-off)
Number of Children (NoC) Low (trade-off)
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Various UML Diagrams /1

Behavi User interactions Logical structure
ehavior with the system .
B
Sequence

Diagrams )
Physical structure |
o
Behavior
] i
| 8
Collaboration 5
Diagrams ode 8
| | _ 5

[ | Static
Dynamic . Diagrams
D?/agram A Statechart Activity
Diagrams Diagrams
Mapping software
LMNIVLEZSTTY OH- BehaVIOI’ FIOW Of events to hardware
@CALUARY i 200 250 [z00 250 40 450
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/"" l.

Student ©
% L/Register for Courses

Billing System

LNIVESSTTY (3
EV;ZE(.:ALGARY
s

=) Example: UML Use-Case Diagram

TO—

Request Course Roster

Professor 3
=

Maintain Course Information

Registrar
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{

= Anactivity diagram ¢

shows the flow of
events within the
use-case.

LNIVESSTTY 31
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('%" Example: UML Activity Diagram

Create
curriculuy

Create

Select coursgs _
to teach =

T
'
in boaok ENLS 7
Pl B30 L E00 v R B0, 450,
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= A class — e

sthTotal Money - 1 :;:x;sTch]l
= sa]es.Tax'Muney ddressT oS ap =
diagram [ e
cancelOndey () 1 |
showsthe — T
1 =
g r uCt u r e Credit Card Preferred Customer

Taauer

[ -

f th Murcher iscountRate Percentage
O e ExpinstionDate

AuthorizeCharge()
f {creditRatirg is goad}
software. ',
* |A shopping cart ohject has cndy
" |ore credit card sssocizted with it,
, [brt credit card s a separate class
"lso that preferred customers can
choose to let the merchant store
it the card nforration along with
itens | = persistert customer rforuation,
Irem to Purthase
quantity Integer
pricePerlTnit Money
*
ardl e () L Product
removelem )
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_ Example: UML Collaboration

LS

cgﬁ!p Diagram

|
=" Acol |aboration diagram displays object interactions’
organized around objects and their links to one "
anOther course form :

1: set course info CourseForm E|
2: process
/
: Registrar J/ 3: add course
aCourse : theManager :
m CurriculumManager
Course PN

4: new course

li'_N|V|."€.'_i" ¥ {3
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Example UML Sequence Diagram

= A seguence

diagram

shows step by s

step what must
happen to
accomplish a
piece of
functionality
provided by
the system. K i

ssazch request )

SQL coraard ()

dynaic HTML page

Sequence Diagram: HTML Fage

B T LMNIVERSTTY O3
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S

far@ucalgary.ca

EELN N LT
= 41

17

" ‘i

{

:

Initialization

Add Student /
Setcount=0

Example: UML Statechart Dlagram

= A statechart diagram shows the lifecycle of asingle class.

Add student] count < 10 ]

Open

[ do: Initialize course |

Cancel
Cancel

Canceled

t do: Notify registered
students

Cancel

L45T1Y 031
1ARY

entry Register studen|
eX|t Increment coun

/count 10]

Closed
Ldo Finalize coursd
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Example: UML Component

= Component diagramsillustrate the organization and
dependencies among software components.

<_ [ —
Billing
System

UNIVERSTTY (il
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_ Example: UML Package
Dlagram

-

hh
e B
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Example: UML Deployment

7
The Inbernet
—
Wb server
¥
TCRIP Ji
f g
Eumgk:lexlE;sF‘Au: erver
—
i IF ] — __,_1 Firewall
— | = é [ Admin =
—5}— Cnengeay Intranes Serzer
‘V_Iqusm Hf*—v—l'"m‘" Wieh server
[ — = = C—
o 3 -
[
TCR/IP | [
I e
%)
= |
\quu»;Pc:i :
i
| o — Browser
| — - il Py m
|

la'_NIVL'vi.'_ilI'I' {3l
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: Number of Domain Classes (#DC)

=2 Name and origin: #DC, first discussed in (Lorenz & Kidd, "
1994).

= Measurement: #DC can be easily measured, even without
tool support.

= Usage: #DC can be used for tracking the overall software
process. It can only reflect mgjor changes to the system
(creation, deletion, or replacement of domain classes). ]
This metric ignores the associations or relationships between
the classes. "

la'_NIVL'vi.'_ilI'I' {3l
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*Domain Classes (#DC)

= Theanalysisclassescan  <<boundar>
be further broken down to :
class stereotypes. Boundary

= Stereotyped classis still a

i b= <<control>>
class, but has additional t
Information that is s
! ontro
defined by the stereotype.
<<entity>>
@Amm T
ek far@ucalgary.ca 47

17

"ﬂ‘. Domain Classes (#DC)

= Boundary class models the interaction between the *
system’ s surroundings and its inner workings.

= #DCb isthe number of boundary classes.

s Control class controls the behavior of a use case
and delegates the work of the use case to other
classes

= #DCc isthe number of control classes.

= Entity class modelsthe key concepts of the system
(usually models persistent information)
s #DCe isthe number of entity classes.

L45T1Y 031
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) From Analysis to Design Classes

= Can we estimate the number of design
classes from the analysis classes?

= An analysis class maps directly to adesign
classor

= More complex analysis classes may
= Split into multiple classes

This depends

= Become a package | on
= Become a subsystem development
technology

= Any combination of the above

li'_N|VL"€.'_i" ¥ {3
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”" Expansion: Boundary Class
= InaWeb application, each boundary class representing a ]
form becomes a JSP, servlet or client page, or a combinati on .
of the three. --

= Example: RegisterForCoursesForm as a client page

<<Client Page>> _
i
RegisterForCoursesClientPage 7

RegisterForCoursesForm |
= InaGUI environment, each boundary class continues to
represent aform.

2= 0

RegisterForCoursesForm RegisterForCoursesForm

UNIVERSTTY (i
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=) Expansion: Boundary Class
(@m‘l P g ry
= Web Example: Boundary classes as server
p@es CourseHelper Helper ObjECt:
“— Provides logicto -
manipulate and @ |
return data from an
:> EJB
RegisterForCoursesForm <<Server Page>> '—
RegisterForCoursesJSP JSP:Contains
: presentation logic -
and content

LNIVERSTTY (i
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~ mlna , control classes become
, which are composed of
three elements: afront controller (Servlet or

JSP), Web controller, and EJB controller

S
<<Server Page>> <<control>> | ‘
FrontController WebController I EJBControllerEJB

<<control>> I
v Tt 7
Front Controller pattern 1y i
- Session Facade pattern
B ] LNIVLERSTTY (3
E“é CALGARY 250, Jaon o |sso oo SO
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!ﬂ '. Expansion: Control Classes

= Ina , control classes become use-case
dispatchers which are composed of two elements: aclient
controller and EJB controller (Session bean).

= The acts as aproxy for the EJB controller |
and is responsible for forwarding events from the boundary
classto the EJB controller.

= An accepts the events and makes callson the -

enterprise beans affected by the event.

|
<<control>> | w
ClientController I EJBControllerEJB
- L &
7 LNIVESTY Gl ISession Facade pattern

LGARY 250 Iz00
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= Each entity class becomes an enterprise bean:
= Entity bean (persistent) or session bean (non-persistent)

Rem_oleo

MO

ExampleHome

Exampl . I
e <<instantiate>> <<EJBCreateMethod>> create()
<<EJBFinderMethod>> findByPrimaryKey()
7
<<EJBRealizeRemote>> <<EJBRealizeHomeS> )
<<gJBPrimaryKey>>
‘E P <<EJBPrimaryKey>>
ExampleEJB B ExamplePK
EJB_Context : javax.ejb.EntityContext hashCode()
ExampleEJB() fcfs“'t‘:_'so
<<EJBCreateMethod>> ejbCreate() ing()
<<EJBCreateMethod>> ejbPostCreate()
ejbActivate()
ejbPassivate()
ejbLoad()
ejbStore()
ejbRemove()
setEntityContext()
unsetEntityContext()
UNIVERSTTY (i
v (,ALLIARY |250 !_:!"JI:Il : i'ﬁ‘;::’ : .".C;lj:_ ) f.‘.ﬁ.ﬁ )
g\‘z bbbt bbbl
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) Expansion Rate

‘ —_—

= Typical expansion rate for converting

analysis classes to design classes, using Java

technology:

= Boundary Class x 1or2
= Control Class x 20r3
= Entity Class x 4

LMNIVLERSITY O
@CALGAW L LI =L o L R < L
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=) Example: #Design Classes

AL
~ a Thetotdl estimated number of design classes
are:
#DC, =3 x 2
#DC, =2 x 3
#DC, =3 x 4
Total =24

UNIVERSTTY (i
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= The following figure depicts analysis class model
for asearch engine.

I Authenticate [
I I
% jewd < [
"O I " [ Q
Student Login Page : : User
1 |
Os -
I
Login incorret | .
Try agam? b ol A OB
] ]
Options menu - : :
g 1 Submission
Select upload ! ' “Deadline
——>
' 1 R
I [
1 1
Overdue Info |-O ‘| Ge|'1erats
1 upload page
] I
Browse for 1 [
files to submit |'< )4 | :
Presentabiom Layer 1 Applicabion |.ayer | Storage |.ayer
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| Example (cont’d)

!

= The system will be implemented as a Web application using
EJB technology. In the design phase, boundary classesare
expanded by the ratio of 1 to 2; control classes are expanded "
by the ratio of 2 to 3, and each entity classis expanded to a
subsystem having 4 to 8 design classes. A design classin
Java on average has 20 methods, each method has 10 to 20
lines of code, and the productivity of an average Java i
programmer is 200 LOC per week for a salary of 5,000% per -
month (4 weeks).

= Estimate the minimum and maximum for the

= number of design classes, number of methods; total software sizein
LOC (assuming total sizeis 1.5 times methods LOC) and

= total development cost.

UNIVERSTTY (i
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| Example (cont’d)

=

(3
i

l

Analysis No. | Total Total Total Development
Classes classes methods | LOC cost
Boundary Class 5 Min 19 | Min 380 [1.5 X 380 X 10= | (5,700/200) X
; 5,700 ($5,000/4)=
X e s
s, ®| Max 35 | Max 700 | (minimum) 35,6254
max (X 2) 10 =
(minimum)
Control class 3 1.5 X 380 X 20 =
min (X 2) 6 11,400 (21,100/200) X
max (X 3) 9 ($5,000/4) =
Entity ol 2 1.5 X 700 X 10 = 131,875%
[EBARIRSS 10,500 (maximum)
min (X 4) 8
max (X 8) 16 1.5 X 700 X 20 =
21,100
(maximum)

R LNIVERSTLY
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|
= Name and origin: #c (Lorenz and Kidd, 1994).

s Measurement: #c isthe number of classes that
make up a system.

=) Number of Classes (#c)

= Usage: The number of design classes can be used to
track the process of design.

It ignores the association and aggregation among
classes. Does not bear any structural meaning.
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#C — 5 Shopping Cart = Customer

suhTotal hdoney - aidreas ToRill
alen T oy aédressT oShip
total:Money exailtiddress
pleceOrder () crzditPating
cancelCrdex () 1

1

1 i

BB Preferred Cistomer
Tamuer * 1
Huraber diseounRate Perentage
ExpirationDats

AuthonzeCharge()

{cowdilFating is gowd)

", B shopping cart cbject hasomly |
%, ome rredit card assocised with#t, |
ite Class

N

tems | &

[tem to Purchase
quantityTnteger
priePerlluit Movey

addlten ()
reroveltern ()
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= Name and origin: Task Points (Graham, 1995).

= Measurement: Task Points are the ssmple count of the so-
called “atomic” task scripts (amore formal form of use
cases) in an object-oriented analysis model.

» Usage: Task Points are suggested for tracking and
estimating the overall software process. No empirical data
has been reported on the practical use of it.

Similar to #DC, it does not include any structural
information about the system.
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P e

%/O TP_=_? _________

I -
—|—> ]
Student :
Register for Courses Course Catalog | aintain Professor Information
|
|
I 1 I
I 1
Login 1
I : Malntam Student Information
% I Select Courses to Teach I
\'\ I Reglstraq
Professor ! 1
| | I
| I /
\ Submit Grades / \ Close Registration
\ 7/ ~ 7/
~ A N N N o e

Billing System .., o

far@ucalgary.ca 64




—_—

] (=8 5 °
ﬁ'} Number of Instance Methods (#im)
v/ ]k» |
I, Name and origin: #im (Lorenz and Kidd, 1994). |
= Measurement: #m isthe number of methods that siblings
of aclass can understand (regardless of eventual method
access restrictions such as “private” or “protected”).

= Usage: Upper threshold value of 20 for #im may be used to
indicate alarm for individual classes. Use the thresholds only ™
for non-interface and non-generated classes. —

| nterface classes, usually require higher thresholds (e.g.,

upper threshold of 40 for individual GUI-classes). =
A system-wide summation of all #im values can be used asa |
measure of design size (and be used for tracking the '
technical design process).

UNIVERSTTY (i
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) Number of Class Methods (#cm)

=2 Name and origin: #cm (Lorenz and Kidd, 1994).

= Measurement: #cm the number of methodsthat a =
class can understand (regardless of eventual method
access restrictions such as “private” or “protected”). -

= Usage: Upper threshold value of 3 for #cm may be
used to indicate dlarm for individual classes.
A system-wide summation of all #cm values can be *
used as ameasure of design size (and beused for
tracking the technical design process).
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fé'p Example: #im and #cm

R‘A 'l

= For Classl
Class1
Fattr! 1
#em= 3 Latr2
+operation11()
+operation12()
4-operation 13()
= For Class3 T
Class3
Lattrdl
Class2 Lattr3z
-atir21 Lattr33
-atr22 -attr3d
-attr23 oparation31()
+operation () Hoperation32()
+operationd2() Froperation33()
+operation34()
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@LAL&AW PRl L W Col U LU o L
G far@ucalgary.ca 67

) Coupling

|'
= Coupling describes how strongly one element (class/
package) relates to another element

= Thegoal isto achieve “loose coupling”

= Coupling between objects is a count of the number of
“links’ between them.

= Coupling between classes (CBO) is acount of the number -
of other classesto which aclassisrelated. It ismeasured by .-
counting the number of distinct “associations’ with the other
classes.

= Coupling between Packages is acount of the number of
distinct “associations’ between packages.
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_What are Links and
“==) Associations?
i An object isan instance of aclass

= Inthe sameway, a“link” is an instance of an
“association”

Client Object Link
l i Supplier Object

:Client l l _
x ———— E

1: PerformResponsibility

I Message
LNIVLSTIY Ol
@LAL&AW 0y B0 s L R0n o Rh s MO0 L MO0
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_What are Links and
) Associations?
r&;

|
A 1: PerformResponsibility |

Collaboration -Client / :Supplier

Diagram
/ Link
Client ’ SupplieF.':f

Class
Diagram Client Supplier

/ PerformResponsibility()
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7 Coupling: How to Measure?
15 !
= = Both collaboration and class diagrams can be used

to measure coupling.

= Example: L: 1 submit schedule() ___: /f submit schedule()
_ Studert—— : RegisterForCoursesHormmT - RegistrationContrpller|

8: 1/ flicts?
any conflicts?()

z

3:// save() -
4: [/ submit( ) g

Offerin

6: // has pre-requisites %)
:Schedule

7: /1 still open?()

i I 9: // add student(Schedul —
RegistrationController agd student(Schedule) E
and Schedule objects L s E

ha\/e Ve degree Of 10: /I mark]as enrolled in() :CourseOffering

Coupling of 2 :PrimaryScheduleOfferinglnfob
UNIVERSTTY (i
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_ Package Coupling: Class
Relatlonshlps

= Strive for the loosest coupling possible

PackageA PackageA
[ Tocass A4! ! Class A2 ! |- Class AA! ! Class A2 |
L 1 L 1 L 1 [ ]
| Vo) |
Aalese \ N e | &
\ \ \
Pa’:kageB \ \ PackageB \
Y v v ]
’ & |+ Class B3| L + Class B3
+ Class B1 % + Class B1 ‘%‘
- Class B4 - Class B4 ‘
Strong Coupling Loose Coupling
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(=) Cohesion

= Cohesion describes how strongly related the
responsibilities between design elements can *
be described ,5

= The goal isto achieve “high cohesion”

= High cohesion between classes is when class
responsibilities are highly related

A class should do one thing, and do that well.
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Cohesion: How to Measure?

(@
= Find“similarities’ and “dissimilarities’

between operations (methods) in a class.
= Remember a“link” will eventually be

translated into an “operation.”

= What diagrams can be used?
= Classdiagrams
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| Example: Cohesion

Scholar

Account “Name
-Balance -Status
-Name -Employee_ID
-Number -Student_ID
+withdraw() -Hire_Date

+createStatement() -Max_Load
+getSchedule()

Good class cohesion +createSchedule()
+addSchedule()
+submitGrade()
+setMaxLoad()
+takeSabatical()
+acceptCourseOfffering()
+withdraw()

+getTuition()

Bad class cohesion

UNIVERSTTY (i
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Scholar Professor
-Name -Name
-Status -Etatuls o
-Employee

PR oEe o —Hire?_Dyate_
-Student_ID M

. ax_Load
e e +getSchedule()
-Max_Load +createSchedule()
+getSchedule() +addSchedule() Student
+createSchedule() +submitGrade() -Name
+addSchedule() +setMaxLoad() -Status
+submitGrade() +takeSabatical() -Student_ID
+setMaxLoad() +acceptCourseOfffering() +withdraw()
+takeSabatical() +getSchedule()
+acceptCourseOfffering() +createSchedule() -
+withdraw() +addSchedule() E
+getTuition() UL b

= Cohesion can help split and

merge the classes
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V75 OO Metrics:
UCTK’EESRR‘%E Other Metrics

= Project LOC= Import’s+ Classes LOC

s ClassLOC= Class Declaration + Variable
Declarations + Methods LOC + Inner (sub) -
Classes LOC

s Method LOC= Method Declaration + Local
Variable Declarations + Statements
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. Average Methods Per Class

|

= The number of methods and the complexity of methods
involved is an indicator of how much time and effort is
required to develop and maintain aclass.

= Thelarger the number of methods in a class the greater the
potential impact on children, since children will inherit all
the methods defined in the class.

» Classes with large numbers of methods are likely to be more
application specific, limiting the possibility of reuse.

Tota no. of methods
Tota no. of classes

Average no. of Methods per Class =

[Chidamber & Kemerer, 1994]

LMNIVLESITY O3
@CALGARY L G L0 o [ R < L
s far@ucalgary.ca 79

'ﬂ‘. Depth of Inheritance Tree

| = The deeper aclassin the hierarchy, the greater the
number of methods it is likely to inherit, hence,
more complex behaviour.

= Deeper trees constitute greater design complexity,
since more methods and classes are involved.

= The deeper a particular classisin the hierarchy, the
greater the potential reuse of inherited methods.

Inheritance Tree Depth = Max {Inheritance Tree Path Length} -

[Chidamber & Kemerer, 1994]
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) Number of Used Methods

' “a If a large number of methods can be invoked in ]
response to a message, the testing and debugging of
the class becomes more complicated since it
requires agreater level of understanding required on -
the part of the tester. "

= Thelarger the number of methods that can be £
iﬂvolfed from aclass, the greater the complexity of -
the class. b

[Chidamber & Kemerer, 1994]
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“’. Object Library Effectiveness

{
' = |f objects are actually being designed to be

reusable beyond a single application, then the
effects should appear in object library usage
statistics.

Average Number of Times

aLibrary Object is Reused
_ Total Number of Object Reused
~ Total Number of Library Objects
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Simply defining methods in such away that they can be

reused viainheritance does not guarantee that those methods

are actually reused.
Percent of Potential Method Uses Actually Reused (PP):

Total no. of Actual Method Uses
Tota no. of Potential Method Uses

Percent of Potential Method Uses Overridden (PM):

Tota Number of Methods Overridden
Tota no. of Potential Method Uses
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eg,,gi

i |
|

Average Method Complexity =

Average Method Complexity

More complex methods are likely to be more difficult to
maintain.

Greater method complexity islikely to lead to alower degree

of overall application comprehensibility.

Greater method complexity islikely to adversely affect
application reliability.

More complex methods are likely to be more difficult to test

> V(G

V(G)=e-n+2
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,Application Granularity

= An application constructed with more finely
granular objects (i.e. alower number of functions
per object) islikely to be more easily maintained  °
because objects should be smaller and less complex.

= Morefinely granular objects should aso be more
reusable.

Total Number of Objects

Application Granularity = . :
Total Function Points

LNIVESSTTY (3
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_ MOOD: Metrics for Object

LS

qgr[@ Oriented Design Toolkit

r
I

—

s The MOOD metrics set refersto abasic
structural mechanism for the OO
measurement.

= The set includes:
= Encapsulation (MHF and AHF)
= Inheritance (MIF and AlF)
= Polymorphism (PF)
= Message-passing (CF)

LNIVESSTTY 31
@V CALGARY
v

far@ucalgary.ca 86




(=80 =]

; Method Hiding Factor (MHF)

» MHF isdefined astheratio of the sum of the invisibilities of all methods ™
defined in all classes to the total number of methods defined in the E
system under consideration.

= Theinvisibility of amethod is the percentage of the total classes from
which this method is not visible.

TC Mqy(Ci) Ic
> Y (v (M) > is_visible(M,;,C; )
MHF = 12 V(M,)=2
> M, (C) e
i=1
) LT 1 iff j#iAC maycall M,
IS _V|S|ble( M.:.C, ) . {O e A rather nonsense!

does not distinguish
. . between operations
= Md(Ci) isthe number of methods declared inaclass.  visible to a package,

= TCisthetotal number of classes. to a subsystem, to a
component and to a
LNIVERSTTY (3 class
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Frss:

““‘. Attribute Hiding Factor (AHF)

e
&
i
— = AHFisdefined asthe ratio of the sum of the invisibilitiesof -
all attributes defined in all classes to the total number of
attributes defined in the system.
= Ad(Ci) isthe number of attributes declared in aclass.
s TC isthetotal number of classes.

TC A(Si) Ic -
> (1-V(A)) > is_visible(A,,C;)
AHF — =l a1 v =t
TC (Aal) TC _1
2 A(C)
i=1 rather nonsense! _
: S 1 iff j#iAC. may access A, does not distinguish '
is VISIb|e(Aai = ) = ! between private and
= J 0 otherwise protected attributes.
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i ~a=

[ Snﬂﬁ!

= MIF isdefined astheratio of the sum of the inherited
methodsin all classes of the system under considerationto
the total number of available methods (locally defined plus

inherited) for all classes.

Ym,(c)
'V”F=%:cl— Ma(ci):Md(Ci)+Mi(Ci)

; M a (CI )
M, (C; ) : number of methods declared in a class
M. (C; ) : number of methods invoked in association with C,
M, (C, ) : number of methods inherited (not overridden) in C;

B 4 la'_NIVL'vi.'_irI'I' {3l
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|!!| Attribute Inheritance Factor (AlF)

= AlF isdefined asthe ratio of the sum of inherited attributes

in all classes of the system under consideration to the total
number of available attributes (locally defined plus

inherited) for all classes.

TC
2A(C)
AIF::cl Aa(Ci):Ad(Ci)"'Ai(Ci)
i=1
A, (C,): number of attributes declared in aclass
A, (C;): number of attributes accessed in association with C,
A (C;): number of attributesinherited in C,

R LNIVERSTLY
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= PFisdefined astheratio of the actual number of possible -
different polymorphic situation for class Ci to the maximum
number of possible distinct polymorphic situations for class

Ci.
Z M,
PF = M, (C)=M,(C)+M,(C)
Z[M )xDC(C))]

M, (C;): number of new methods declared in aclass

M, (C, ) : number of overriding methods

DC (C, ) : number of classes descending from C,
@}M’m = O - R =

5 far@ucalgary.ca 91 |
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) Coupling Factor (CF)

= CFisdefined asthe ratio of the maximum possible number
of couplingsin the system to the actual number of coupllngs
not imputable to inheritance.

5 St _aene(c,c,)

i=1| j=1
TC?-TC

1 iff C,=C, A C,#C,

O otherwise

CF =

is_client(Ci,Cj)z{

C. = C, isrelationsnip between client class (C)
and supplier class (S)

) LNIVERSTTY (31
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OO Metrics:
W75  Quality and Risk Metrics
catcasy for OO Software

_High Risk Components
| 7) Identification

(4] \dentificati
— = Empirical studies show that most faults are
found in only afew of asystem’s
components. If these few components can be
identified early, then actions such as focusing
defect detection activities on high-risk

components can be taken.
= How to identify high-risk components?

1. Devise quality models

2. Define practical thresholds

LNIVLESITY (3
@CALUARY [0, 1390, [0, 1490, M50,
i far@ucalgary.ca 94




| ﬂw Object-Oriented Quality Models

|

= A gquality model is usually developed using a
statistical modeling or machine learning technique,
or a combination of the two techniques, using
historical data.

. vl m; — Quality P'redlcted
Metrics risk
Mn —> MOdel category
\
@wﬁ%ﬁ 220, . 1990, ., 1250, ., WOO. ., . M50,
i ——— termimter oot ettt ettt 9_5 Y

tq" OO Quality Models: Example
(A

— Probability of a Class Having a Fault
1

—(—3.97 + 0.464NAI +1.470CMEC +1.06DIT)

1+e
= pisthe probability of aclass having afault
= NAl isthetota number of attributes defined in the class

= OCMEC isthe number of other classes that have methods
with parameter types of thisclass (i.e., aform of export
coupling)

= DIT isthe depth of the inheritance tree which measures how = |
far down an inheritance hierarchy aclassis. |

= |f the predicted probability of afault is greater than 0.33,

then the class should be considered as high risk)!

[El-Emam, 2001]
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= What isthreshold?

= Therange of values on the software product metrics that
delineate between acceptable and unacceptable values.

= The practical utility of object-oriented metrics would be
enhanced if meaningful thresholds could be identified.

= Example: The average number of attributes (public or
private variables) per class should be less than 6. More
attributes indicate that the classes are doing more than they
should.

Most of the threshold values are experience-based!
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@‘-AW‘W N = O OO W
s far@ucalgary.ca 97

=) Experience-Based Size Threshold

="'m The average method size should be less than 8 LOC for
Smalltalk and 24 LOC for C++. Bigger averagesindicate
OO design problems (i.e., function-oriented coding).

B Theaverage number of methods per classshould beless
than 20. Bigger averages indicate too much responsibility in";
too few classes.

B Theaverage number of attributes (public or private
variables) per class should be less than 6. More attributes
indicate that one class is doing more than it should.

[Lorenz & Kidd, 1994]
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|

B The class hierarchy nesting level should be -
less than 6. Start counting at the level of any =
framework classes that you use or theroot
classif you don't.

[Lorenz & Kidd, 1994] -
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_ Experience-Based Coupling
(5% Threshold

!

‘ B The number of package-to-package relationships
should be less than the average number of class-to- —
class relationships within a package.

B The number of class-to-class relationshipswithina -
package should be relatively high.
[Lorenz & Kidd, 1994] -
= Coupling between objects (CBO) is a useful
indicator of fault-prone classes.

—

[El Emam, et al. 1999]
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_ Experience-Based Effort
) Threshold

1. A prototype class has 10 to 15 methods, each with "
510 10 lines of code (in Java), and takes 1 person- -
week to develop.

2. A production class has 20 to absolute maximum
of 30 methods, each with 10 to 20 lines of code,
and takes 8 person-weeks to develop. In both 3
these cases, development includes documentation
and testing.

3. The number of classes and methods thrown away

should occur at a steady rate throughout most of
the development process.
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= JMetric: A tool that calculates a set of object- -
oriented metrics from Java code. =

= Requires Java 1.2 or better.

= Free Download.
[Andrew Cain & Rajesh Vasa]. -

URL:
http://www.it.swin.edu.au/projects/jmetric/
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S. Chidamber and C. Kemerer: “A Metrics Suite for Object-
Oriented Design,” IEEE Transactions on Software
Engineering, 20(6):476-493, 1994 (highly recommended).
= M. Lorenz and J. Kidd: “ Object-Oriented Software Metrics,” ;|
Prentice-Hall, 1994. "

= F. Brito Abreu and R. Carapuca: “ Object-Oriented Software -
Engineering: Measuring and Controlling the Development -
Process (MOOD),” Proceedings of the 4" Int. Conf. on
Software Quality, ASQC, 1994.

= K. El Emam: “Object-Oriented Metrics: A Review of Theory
and Practice,” NRC-CNRC, ERB-1085. '
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CAIGARY Summary




Overview of software metrics

= The science of measurement

= Goal directed software measurement

= Empirical investigation in software engineering
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) Software Size Metrics: Summary

Requirement
Design
Length < g LOC

Code
Halstead's

Function point
Sic;ztware Functionality Feature point

Use-case point

Object point

Cyclomatic complexity

Complexity

Reuse level
Reuse < Reuse frequency
@‘-AMW ROUSRNEY oo o oo e,
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y: "'j Software Complexity Metrics
‘
Depth of nesting

Cyclomatic compI;P

Morphological measures

Code

Complexity

Metrics Cohesion

Coupling

Information flow complexity

Data structure complexity

UNIVERSTTY (i
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Architecture -

Software Cost

eg,,gi

—

Software cost

/\

Cost model

Effort vs. cost drive (size)

COCOMO

E =a(KLOC)’ x EAF
T =B

dev nom

LNIVESSTTY 31
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Constraint model

Effort & cost vs. time

SLIM
size=C xBY3xT%3

(2)2]

E =0.3945B

S0 |zoo o faso o [400
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@?‘& ) Software Quality

‘ —

Software Quality

/\

Conformance to Fitness for use
requirement
J Standards
Contains E’rowdes better )
fewer “bugs” user satisfaction
I1SO 9126
@LAMW R 30, 00 P50 10, b0,
\ far@ucagary.ca 109
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1!!!

Software Quality: ISO 9126

!

the method for measurement, rating and assessment.

Characteristics Attributes G|

Functionality Suitability Interoperability Accuracy
Compliance Security

Reliability Maturity Recoverability Fault tolerance
Crash frequency

Usability Understandability | Learnability Operability

Efficiency Time behaviour Resource behaviour

Maintainability Analyzability Stability Changesbility
Testability

Portability Adaptability Installability Conformance
Replacability
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= Origina 1SO 9126 does not provide sub-characteristics and metrics, nor -
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Software Reliability

R

Model Process
Single Multiple SRE
Failure Failure Process =
Model Model :
@Hﬁmm\{ L MRS 228, ! po0 s 30 e
Ry far@ucalgary.ca 111
) Software Testing
Software Testing
Techniques Process
Certification Growth SRE
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SOURCE METRIC 0-O CONSTRUCT

Traditional | Cyclomatic Complexity (CC) Operation

Traditional | Lines of Code (LOC) Class/Operation

Traditional | Comment Percentage (CP) Class/Operation

NEW Weighted Methods per Class (WMC) Class/Operation

NEW Response For a Class (RFC) Class/Operation

NEW Lack of COhesion (LCOM) Class/Operation

NEW Coupling Between Objects (CBO) Coupling

NEW Depth of Inheritance Tree (DIT) Inheritance

NEW Number of Children (NoC) Inheritance
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Now You Should Know...

What is software measurement about?

Why software measurement is important?

What does empirical investigation mean in the SE context?
What are common software metrics?
What attributes of the software you suggest to be measured?
What is software measurement process?
How to implement software measurement?

What are challenges and difficulties of applying software
metrics?
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Remember:

Not everything
that counts can
be counted ...

And

: END : Not everything
can be counted
( " " ) counts ...
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