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Object Oriented Analysig/Design

+ Object-Oriented Analysis (OOA)
*x What are the classes in the system?
* What are the operations and attributes?
» What are the inheritance relationships?
< Object-Oriented Design (OOD)
* How do objectsrelate to other objects?
* How is the system constructed with the objects?

< Object-Oriented Programming (OOP)

How do you create the system using your particul ar object-oriented
programming language?

OOA 00D OOP
Identification Integration Implementation
What objects do How do | integrate | |How do | usethe

| need to implement| | the objectsto make | |programming lang.
the system? the system work? to create the system? ;

Object Oriented Analysig/Design

< There are generally four phases to the object-oriented
analysis/design process.

* The identification of objects from the program specification.

*= Theidentification of the attributes and behaviors of these objects.
* The identification of any super-classes.

* The specification of the behaviors of the identified classes.




Basic Object Design
Objectsin general have two important properties:

1. State
2. Behaviour

Object States:
An object contains certain information about itself e.g.
> alecturer “knows” their name, address, age, courses they teach ...
» astudent “knows” their name, address, age, ID, courses studied ...
> alecture theatre “knows” its location, capacity etc.

The information that an object maintains determinesits state. The
individual components of information are known as the objects
attributes.

Basic Object Design
Object Behaviour

Apart from maintaining information about itself an object
Is also capable of performing certain actions. e.g.
» alecturer can teach aclass, mark assignments, set an
examination paper

» astudent can attend alecture, complete an assignment, sit an
exam etc.

The actions that an object can perform are known as its behaviours.

When applying an object-orientated design to a problem
specification we identify objects, record their states and specify their
behaviour.

Specifying Good Objects

< Strong Cohesion
< Completeness and Convenience
< Consistency

<+ Loose Coupling

Cohesion

< A good class describes a single abstraction

— O A
— O Do
< Assume we are writing a networking mail program

classMail {
public:
void sendM essage() const;
void receiveM essage();
void displayM essage() const;
void processCommand();
void getCommand();
private: Why does this class lack cohesion?
char *m_message;
char *m_command;
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< To achieve good cohesion, you must classify objects into groups.




Compl eteness and Convenience

< Every class must contain all necessary features.

class String {
public:
String(char *inputData);
void displayString() const;
char getlL etter (int slot) const;
char getLength() const;
private:
char *m_string;

* Why isthis class not complete?
* What would be desirable but not essentia features?

<+ The opposite problem is aclass that is over-complete in the name of
convenience.

char getL etter (int slot) const;

char getFirstLetter () const;

char getL astL etter () const;

char getPreviousL etter () const;

char getNextL etter () const;

char findL etter (char letter) const; // find first occurrence of letter
char findL etter End(char letter) const; // findslast occurrence

* A class stuffed with unnecessary features is not convenient.

Consistency

< Hereisavery inconsistent class.

class Data {

public:
Data();
Data(char *name, int weight, int height);
void setWeight(int weight);
void setHeight(int height);
int returnWeight();
int getSize();

private:
char *m_name;
int m_weight;
int m_length;

< Thisclassis both inconsistent and unclear

class Graphics{ ) . Without these descriptions,
void drawL ing(int x, int y); | itishard to guesswhat
~void movePen(int x, int y); functions of this class are about.

1 éz’/
* drawLing() draws aline from the current pen position to the new coordinate (X,
y) which is specified in absolute coordinates
* movePen() moves the pen from the current position by the amounts (X, y)
which is specified in relative coordinates 10

Coupling

< Classes with many interconnections are highly coupled.

classInput { // returns data from file at location fileReferenceNum
public:

double readFromFile(long & fileReferenceNum);
h

classMath { // returnssine or cosine of current datain file
public:
double sine(Input sour ce, long & fileReferenceNum);
double cosing(l nput source, long & fileReferenceNum);

|3

void main() {
Math mathObject;
Input inputObject;
long fileReferenceNum = 0O; // do not forget initialization
cout << mathObject.sing(inputObject, fileReferenceNum);

}
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Reducing Coupling

< Encapsulation reduces coupling

class Input {
public:
Input(); /I Will set m_refNum to zero
doublereadFromFile(); // Will take care of m_refNum
private: [
. int m_refNum; " dassMath {
' public:
void main() { \ Math(Input &);
I nput inputObject; \ doublesine(); // Will handle m_data automatically
Math mathObject(inputObject); ;| double cosine();
cout << mathObject.sing(); /private:
} Input m_data;

<+ Avoid passing a great amount of Hata across object boundaries. Object should
provide abstract and simple services.

< Asopposed to the data flow design of application programs, in which data flow
between processing units, object oriented/based programming tries to design
objects that keeps and handles data intelligently. Put all responsible objects
together for accomplishing a specific work without looking into their detailed
processed data.

12




Design a Class Before Y ou Code It

Before writing alarge program, decide on your classes, what they
do, and how they relate to other classes.

CRC cards — Classes — Responsibilities, Collaborators
Example

Class Math
Responsibiliies _ Collaborators|
Returnsineof filedata  Input |

Return cosine of file data Input

Class Input

Responsibilities Collaborators
'Read next datafrom file -

What about the data members?
These are hashed out after all the CRC cards have been prepared.
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Class Description
< An dternative approach to the CRC method
Name Array
Purpose Create afixed-size array which protects against out of
bounds and off by oneerrors.
Constructors Default set thearray tosize 0
Non default setsthe array to a size specified by the client
Destructors Deletesthe memory associated with the array
Operations
Mutators Insert data into a specified slot
Accessors Retrieve data from a specified dot
Fields m_dataSize
m_data
<+ Codes classArray {
public:
Array();
Array(int arraySize);
~Array();
void insertElement(int element, int dot);
int getElement(int slot) const;
private:
int m_dataSize;
int *m_data;
13 14

Function Descriptions
Each function should be completely specified before coding.

Prototype int getElement(int slot) const;

Purpose Toreturn theinteger in thearray at position slot

Receives The slot which the client would like to access.
Thefirst element in thearray isslot 0.

Returns Theinteger if the function succeeds, otherwisereturns
an error value specified askError

Remarks kError iscurrently set to 0.

Alternatively, write the compl ete function documentation and
prepare a skeleton function declaration

/*

* function: getElement

* Usage: value = getElement(slot);

* Returnstheinteger in thearray corresponding to slot.
* Thefirst element isdlot zero. If thedlot isout of range
* kError isreturned, which iscurrently zero.

*/

int Array::getElement(int dot) {

15

Discover Y our Classes

< Bertrand Meyer in "Object-oriented Software Construction™

"When softwar e design isunder stood as oper ational modeling, object-
oriented design isa natural approach: the world being modeled is made
of objects—sensors, devices, airplanes, employees, paychecks, tax returns—
and it isappropriateto organize the model around computer
representations of theses objects. Thisiswhy object-oriented designers
usually do not spend their time in academic discussions of methodsto find
objects: in the physical or abstract reality being modeled, the objectsare
just therefor the picking! The software objectswill ssimply reflect these
external objects.”

< How do the expertsidentify objects?
"It'saHoly Grail. Thereisno panacea." by Bjarne Stroustrup

"That'sa fundamental question for which thereisno easy answer." by R.
Gabridl, designer of Common Lisp Object System (CLOS)
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Object Discovery Techniques Noun-Verb Analysis Example

Real-world modeling: < Program description (specification, highly abbreviated)
. . N . . . . "The program allowsthe user to assign studentsto sections based on the
* Use objects in the application domain as the basis for objectsin availabletimes. Timesareinput by theteacher. Studentsrank times by
the system. preference (up to three allowed) using aform. All of the student inputs
. . arecollected into a central database. When the teacher indicatesthe
Behavior modeling: database is complete, the final result is optimized so that no section has

x Determine the overall behaviors of the system (what it does). morethan 12 students and each student hasreceived the highest possible
. o ) . preference. Theresultsare stored in afile showing which students have
* Components which play significant rolesin each behavior are been assigned to which sections.”
objects. < Noun analysis. students, sections, times, teacher, preferences, form,

Scenario-based analysis: student inputs, database, results, output file
. This can be simplified further to just these categories
* Create scenarios of the system. P . &

_ o ) form, (section) times, database, results (optimization process), output file
* What are the required entitiesin each scenario? < Possible classes: optimization process, student, teacher, form, sections,

Grammatical anaysis: el database, output
. — <+ Verb analysis: assign students, input sections, rank by preference,
* Write a natural language description of the system. collect into database, indicate database is complete
x The nouns are the classes; the verbs are the methods. optimizeresults, storeresultsin file
17 18

Tentative Classes

Assign verbs to nouns, that is, assign methods to classes. Thisisthe
usual classification problem.

Ex: class Optimization Possible collaborators: Database, File
optimize data
storeinfile

Expect change:

Designs aways turn out to be wrong or incomplete, but having
no design isworse. In asuitably encapsulated object system, it is
easy to refactor. It iseasy to create new objects and to reassign
methods or data from one class to another class.

Checking your design:

Once you have the classes, rewrite the specification
program description using the new terms

and actions. If the description does not

make sense, you have abad design. If it design
does, you have a better and cleaner description.

The model extracted will become gradually simpler. 1





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


