Object-Oriented
Programming:
Inheritance
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In this chapter you will learn:
How inheritance promotes software reusability.
The concepts of base classes and derived classes.

To create a derived class that inherits attributes and
behaviors from a base class.

To use access modifier protected to give derived
class methods access to base class members.

To access base class members with base.

How constructors are used in inheritance hierarchies.

The methods of class object, the direct or indirect
base class of all classes.
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* Inheritance

Software reusability
Create new class from existing class

« Absorb existing class’s data and behaviors

« Enhance with new capabilities
Save time in application development by reusing proven and
debugged code
Base class = an already existing class
Derived class = extends base class, a new class that inherits the
members of an existing class
More specialized group of objects
Behaviors inherited from base class and it can be customize with
additional behaviors (methods or fields)
Each derived class can become the base case for future derived
classes
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 Has-a relationship

— Represents composition

« Composition = a class can have references to objects of other
classes as members

— An object contains as members references to other objects
— Chapter 10, Section 8 for more details

* Is-a relationship
— Represents inheritance

— An object of a derived class can also be treated as an object
of its base class
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« Base classes and derived classes

Object of one class “is an” object of another class
« Example: Rectangle is a quadrilateral.
- Class Rectangle inherits from class Quadri lateral
- Quadrilateral: base class
- Rectangle: derived class
Base class typically represents larger set of objects than
derived classes
« Example:
- Baseclass: Vehicle
« Cars, trucks, boats, bicycles, ...
- Derived class: Car
« Smaller, more-specific subset of vehicles
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Base class Derived classes

Student GraduateStudent, UndergraduateStudent

Shape Circle, Triangle, Rectangle

Loan CarLoan, HomelmprovementLoan, Mortgagel.oan
Employee Faculty, Staff, Hour lyWorker, CommissionWorker

cl i y-n-a

Fig. 10.1 | Inheritance examples.
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« Inheritance hierarchy
— Inheritance relationships: tree-like hierarchy structure
— Each class becomes

« Base class - exists in a hierarchical relationship with its
derived classes

- Supply members to other classes
OR
« Derived class

- Inherit members from other classes
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Communityhlember
7 ‘T‘ 7 .
Student Pbumes
.'. \\
Faculty Stalt
’;.’ Tl)\.
Adminkstrator Tencher
Fig. 10.2 | UML class diagram showing an inheritance hierarchy for university
CommunityMembers.
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Circle Square Triangle ‘Sphare Cute Tarahedron

Fig. 10.3 | UML class diagram showing an inheritance hierarchy for Shapes.
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» Access Modifiers = Control access to a class’s
variables and methods

» There are several types previously covered:
— Public

« Accessible wherever the application has a reference to an
object of that class or one of its derived classes

— Private
« Accessible only within the class itself

« Abase class’s private members are inherited by its derived
classes, but are not directly accessible by derived class
methods and properties
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= protected access
— Intermediate level of protection between public and private
— protected members accessible by
« Base class members
« Derived class members
— Derived class access to base class member
« Keyword base and a dot (.) operator
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« Declaring instance variables with the access modifier
private is known as information hiding

« All non-private base class members retain their original
access modifier when they become members of the
derived class (private members are not inherited!)

« Derived class methods can refer to public and protected
members inherited from the base class simply by using
the member names

* When a derived class method overrides a base class
method, the base class version of the method can be
accessed from the derived class by preceding the base
class method name with the keyword base and the dot(.)
operator
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* We will use an inheritance hierarch containing
types of employees in a payroll application to
discuss the relationship between Base Classes and
Derived Classes

» Commission Employees = base class

— Paid a % of their sales

« Base-salaried Commission Employees = derived

class
— Paid a base salary + percentage of sales
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* Class CommissionEmployee

— Extends class object
« Colon “:™

Every class in C# extends an existing class
- Exceptobject

Every class inherits object’s methods

New class implicitly extends object

To override base class method use keyword override with the
same signature (Overridden method must be declared virtual)

Constructors are not inherited

- The first task of any derived class constructor is to call its
direct base class’s constructor
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7/ read-only property that gets comnisslon employee's last name Outline
public string LastName _
1
get
i fead
return lastName; CommissionEmployed]

} /7 end get -cs

} 77 end property LastNane
(20f4)

7/ read-only property that gets
7/ commisslon employee®s soclal securlty number
public string SoclalSecurityNunber
{

get

1

return socialSecurityNunber;
} /7 end get
} /7 end property SoclalSecurltyNumber
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« Base class and derived class relationship
— Example:
CommissionEmployee/BaseP lusCommissionEmployee
inheritance hierarchy
= CommissionEmployee
- First name, last name, SSN, commission rate, gross sale
amount
« BasePlusCommissionEmployee
- First name, last name, SSN, commission rate, gross sale
amount
- Base salary
< >
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2 1/ issil cllass a ission employee. Class CommissionEmp loyee

3 public class CommissionEnployee : object extends class object

4 L

private string firstNane;

6 private string lastName; Declare private

7 private string socialSecurityNumber; instance variables CommissionEmployed
s private decimal grossSales; // gross weekly sales -cs

9 private decimal ”

10 (10f 4)

11 /7 five-parameter constructor | licit 1 t
12 public CommissionEmployee( string first, string last, string ssn, mplicit call to
13 decimal sales, decimal rate ) object constructor

14

15 /7 iy t call to object constructor occurs here

17 lastName = last;

18 socialSecurityNumber = ssn;

19 GrossSalles = salles; // valldate gross sales via property
20 Commi:

Rate = rate; // validate conmission rate via property
21 3 77 end Five-p omitssi

23 /7 read-onlly property that gets commissiva.employee*s first name
24 public string FirstNane

B Invoke properties GrossSales and

E T[ CommissionRate to validate data
28 return firstName;
29 } /77 end get
30 3 77 end property Firstame < >
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51 /7 property that gets and ssts comission enployes™s gross sales Outline
52 public decimal GrossSales _—
53 {
54 get
5 <
56 return grossSales; CommissionEmp loyed]
57 3 77 end get .cs
58 et
= A (30f4)
60 grossSales = ( value < 0 ) ? 0 : value;
61 3 77 end set

62 3 /7 end property Grosssales

62 /7 property that gets and sets commission employee™s commission rate
65 public decimal CommissionRate

66 L
67 get

68 €

69 retum commisslionRate;

70 3} 7/ end get

71 set

72 €

73 commissionRate = ( value > 0 & value < 1) ? value : 03
74 3} 7/ end set

75 3 77 end property CommisslonRate
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77 /7 calculate commission employee™s pay Outline
76 public decimal EarningsQ Calculate earnings =
79 {

80 return commisslonRate * grosssales;

81} /7 end method Eamings -

52 CommissionEmploye¢]
83 /7 return string r fon of Commissi: object s

84 public override string ToStringOQ

ks (4 0f 4)

) IR E L " Override method ToString
87 H0}: {1} {27\n{3}: {4N\n{5}: {6:CHn{7}: {8:F2}", of class ob

88 “commission employee”, FirstName, LastName,

89 “social security number”, SocialSecurityNumber,

90 "gross sales”, ission rate”, issi )

91} /7 end method Tostring
92 } 7/ end class CommissionEmployee

<>
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21
20 employee_GrossSales = 5000.00M; // set gross sales OQutline
30 enployee. = .1M; /7 set rate _
31
32 Console.WriteLine( "\n{0}:\n\n{1}",
33 “Updated employee infornation obtained by ToString"”, employee )3
34 Console.WriteLine( “"earnings: {0:C}", employee.EarningsQ ): CommissionEmployed

35} // end Main Test.cs
36 } /7 end class CommissionEnployeeTest

o N . . (20f2)
Employee information obtained by properties and methods:

FIrst nane Is Sue —
Last name Is Jones Implicitly call the

Soclal security number Is 222-22-2222 object’s ToString
Gross sales are $10,000-00
Commission rate is 0.06 method
Earnings are $600.00

Updated employee information obtained by ToString:

conmission employee: Sue Jones
social security number: 222-22-2222
gross sales: $5,000.00

conmission rate: 0.10

earnings: $500.00
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an employee that recelves Outline
Add instance variable baseSalary |
6
7 private string lastName; BaseP lusCommissiory
8 private string socialSecurityNumber; Employee.cs
9 private decimal grossSales; // gross veekly sales
10 private decimal 7 (1of5)

11 private decinal baseSalary;*// base salary per wesk

13 // six-parameter constructor
14 public BasePlusCommisslonEnployee( string first, string last,

15 string ssn, decimal sales, decimal rate, di I salary )

16 {

17 VAl it call to object constructor occurs here

e firsthame = first; Use property BaseSalary to
19 lastName = last; validate data

20 socialSecurityNumber = ssn;

21 GrossSales = sales; // validate gross sales via property

22 CommissionRate = rate; // validate commissitn rate via property

23 Basesalary = salary; // valldate base salary via property

24} /7 end six-pa
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20
2 /7 Testing class CommissionEmployee. Outline

3 uslng System; —_—

B :“""“ class CommissionEmployeeTest | |nqiantigte CommissionEmployee object

7 public static vold Maln( string[] args ) CommissionEmploye¢d
s Test.cs

o 7/ instantiate ComissionEmployee object

10 Comi nEmployee employee = new CommissionEmployee( "Sue”, (1of2)
11 “Jones", ''222-22-2222", 10000.00M, .06M
12
13 /7 display commission employee data
14 Consolle.WriteLine(
15 “Employee information obtained by properties and methods: \n" );
16 Consolle.WrlteLIne( “{0} {1}", "FIrst name Is"
H e o 1 et - Use CommissionEmployee’s
fg emplw_l_.smfm{? e reme properties to retrieve and change the
20 Consolle WriteLlne( {0} {1}", “Soclal securlty number Is*, | OPjeCt’s instance variable values
21 emplioyee -SocialSecurityNumber );
22 Consolle WriteLine( "{0} {1:C}", "Gross sales are”,
23 employee_GrossSales ):
24 Consolle.WrlteLlne( “{0} {1:F2}", “Commisslon rate
25 emplioyee -Com ionRate );
26 Consolle WriteLine( “{0} {1:C}", "Earnings are”,
27 employee EarningsQ );
<>
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* Class BasePlusCommissionEmployee
— Much of the code is similar to CommissionEmployee
- private instance variables
« public methods
« Constructor
« Properties
— Additions
= private instance variable baseSalary
- BaseSalary property
< >
© 2006 Pearson Education, Inc. All nghls reserve
Iz‘ . 24
E propeqoyictatiosts i Outline
27 /7 base-salaried commission employee™s first name _—
28
29
20 get
31 £ BasePlusCommission
32 return Firsthame; Employee.cs
33 } /7 end get
34} /7 end property FlrstName (20f5)

36 77 read-onlly property that gets
37 /7 base-salaried commission employee™s last name
33 public string LastName

39 {
40 get

41 {

42 return lastNane;
43 3} 7/ end get

44 3 77 end property Lasthane

46 /7 read-only property that gets
47 /7 base-salarled connlsslon employees soclal securlty nunber
45 public string SocialSecurityNunber

a9 L

50 get

51 Ie

52 retum socialSecurityNumber;

53 } /7 end get

54} /7 end property SocialSecurityNunber <>
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56 /7 property that gets and sets
57 /7 base-salarled commisslon employee™s gross sales

58 public decinal Grosssales

59 {

60 get

61 {

62 return grosssales;

63 } 7/ end get

64 set

65

66 grossSales = (value < 0) ? 0 : value;
57 } 7/ end set

68} // end property GrossSales

70 /7 property that gets and sets
/7 b laried ission employee®s rate
72 public decimal CommissionRate

74 get

75 {

76 return conmissionRate;

77 } /77 end get

78 set.

79 {

80 commissionRate = ( value > 0 & value < 1) ? value : 0;
81 } // end set

52 3 /7 end property ComlsslonRate

25

Outline

BaseP lusCommi
Employee.cs

(30f5)
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84 /7 property that gets and sets Outline
85 /7 base-salarled connlsslon employee™s base salary _—
56 public decimal BaseSalary
e Validates data and sets instance variable
88 get
80 It baseSalary BasePlusCommission
90 return baseSalary; Employee.cs
o1 3} /7 end get
02 set (40f5)
o3
04 basesalary = ( value < 0 ) ? 0 : value;
o5 3} /7 end set
96 } /7 end property BaseSalary
o7
98 /7 calculate earnings
99 public decimal EamningsQ
100
101 rewrn Yy + € - >
102} /7 end method earnings
Update method Earniings to calculate the
earnings of a base-salaried commission employee
<>
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113} /7 end method ToString
114} /7 end class BaseFlusComnissionEmployee

102 27
104 // retum string reps ion of issi Outline

105  public override string ToStringQ _—

106 {

107 return string.Format(

108 “{0}: {1} {2\n{3}: {4Nn{5}: {6:CAN{7}: {8:F2\n{9}: {10:C}",

109 by 1 ission employee”, Fi . LastName, BaseP lusCommissiory
110 “social security number”, SocialSecurityNumber, Employee.cs

111 rate”,

112 (50f 5)

Update method ToString
to display base salary

< »
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32 emplloyee. Basesalary = 1000.00#; // set base salary

33

34 Consolle.WriteLine( "\n{0}:\n\n{1}",

a5 "Updated employee information obtained by ToString”, employee )
36 consolle.WriteLlne( “earnings: {0:C}", enployee.EarningsO )

37} /7 end Main
38 } // end class BasePlusConmisslonEmployeeTest

Employee information obtained by properties and methods:

First name is Bob

Outline

BaseP lusCommi!
EmployeeTest.cs

(20f2)

Last name is Lewis
Social security number is 333-33-3333 method

Implicitly call the object’s ToString

Gross sales are $5,000.00
ission rate is 0.04

Earnings are $500.00

Base sallary is $300.00

Updated enplloyee information obtained by ToString:

base-salaried commission employee: Bob Lewis
social security nunber: 333-33-3333
gross sales: $5,000.00

earnings: $1,200.00

< >
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[T 77 Fig. 10.7: BasePIusCommissIONENpIOyoeTest.cs 28
77 Testing class BasePlusComissionEmployee. Outline

Instantiate BaseP lusCommissionEmployee object

public class issi

5 {

7 public static void Main( string[] args ) BasePlusCommissiory
8 { EmployeeTest.cs
o ” obj

10 BasePlusCommissionEnployee employee = (1of 2)

11 new BasePlusCommissionEmployee( “Hob”, "Lewis’

12 “333-33-3333", 5000-00M, -04M, 300.00M )

13

14 77 display base-salaried comission enployee data

15 Consolle_WriteLine(

16 “Employee information obtained by properties and methods: \n"

17 Consolle.WriteLIne( {0} {1}", “First nane Is", Use BasePluCommissionEmployee’s
18 enployee.FirstNane ); N ;

by Consolle.WritsLineC “{0} {1}", "Last name is", prqpertlgs to retrleve_ and change the

bo enployee. LastName ); object’s instance variable values

I security number is",

5 C )", "Gross sales are”,

24 enployee.GrossSales );

o5 Consolle WriteLine( “{0} {1:F2}", “Commission rate is",

26 enployee.ComisslonRate );

o7 Consolle.WriteLine( “{0} {1:C}", “Earnings are",

28 enployee.EarmingsO );

2o Consolle WriteLine( {0} {1:C}", "Base salary is",

& enployee.Basesalary ); <>
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« Class BasePlusCommissionEmployee2
— Extends class CommissionEmployee
— IsaCommissionEmployee
— Has instance variable baseSalary
— Inherits publ ic and protected members
— Constructor not inherited
<>
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T 77 Fig. 10.B: EasePlusCommissionEnployee? cs 31

2 // BasePlusCommissionEmployee2 inherits from class ComissionEnployee. Outline

3 public class - _—

4

5 private decimal baseSalary; // base salary per week| C1355 BasePluCommissionEmployee2 is
6 a derived class of CommissionEmployee
7/ six-paraneter derlved class constructor Baser

8 /7 with call to base class CommissionEmployee constructor Employee2.cs

9 public BasePlusCommissionEnployee2( string first, string last,

10 string ssn, decimal sales, d rate, d salary ) (1of2)

11 : base( first, last, ssn, sales, rate )

1
13 BaseSalary = sallary; // validate base salary via pi
14} /7 end six-pal issi constructor

16 /7 property that gets and sets
ss

Invoke the base class constructor using
the base class constructor call syntax

20 get

21 {

22 return baseSalary;

23 } /77 end get

24 set.

25 1

26 baseSalary = ( value < 0) ? 0 : value;
27 } 7/ end set

28} /7 end property Basesalary

<>
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@ CommmuonErgiken. groniialed b Brefatc 3 6 B remisn
rotecton level B
@3 T festhiame’ EuassiiusCe 43 a7 BasePusCommssion
T — [r——
O 4 CommessionEmployes. lasthame’ i inscoessible due to ks BapeFisCc 43 = DasePusC o
protmctan el [
(@5 “CommessiorEmployes. socisleourtyhumber is naccessibie doe  BanaflusCc ¢4 £ DasePusCommsson
s rateeten et Ervpleryerss
@ ¢ “CommissiorErphryes.grossSales’ b inscoessble due to ks Basstslc 45 35 son
rotnction level Ermpleren
@ 7 ‘Commnorbnphyps commistoniiats’ bt nactesthie ds b Bassilels 46 56 IR st on,
rctedan bevel Ervpkereed
Fig. 10.9 | Compilation errors generated by BaseP lusCommissionEmployee2 (Fig. 10.8)
after declaring the Earnings method in Fig. 10.4 with keyword virtual.
< >
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[T 77 Fig. 10.10: CommissionEmployeez.cs

35

2 // conmisslonEnployee2 with protected Instance varlables. Outline

3 public class CommissionEnployee2 =

a4 Declare protected

5 protected string firsthame: instance variables

6 protected string lasthame:

7 string i it r; Commission

8 protected decimal grossSales; // gross weekly sales Employee2.cs

9 decinal issi /1 commissi

10 (1of4)

11 /7 five-paraneter constructor

12 public CommissionEnployes2( string first, string last, string ssn,

13 decimal sales, decimal rate )

4

15

16

17

18 soclalsecurltyNunber = ssn;

19 Grosssalles = salles; // validate gross sales via property

20 ComnissionRate = rate; // validate commission rate via property

21} /7 end Fivepas issi

22

23 // read-onlly property that gets commisslon employees first name

24 public string Firsthane

25

26 get

27 {

28 return firsthane;

20 } 7/ end get

30} /7 end property FirstName < >
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47

7 calculate earnings
public override decinal EarningsQ

4/ not allowed: commis
return Y+ (
3} /7 end method Earnings

ionRate and grossSales private in base class

Outline

’ BasePlusCommission
Employee2.cs

32

/7 return string ion of issi
public override string ToStringQ
because base class’s i

#7 not allowed: attempts to access private base class members | variable are private

Compiler generates errors

nstance

return string_Format(
"{0}: {1} {2"\n{3}: {4N\n{5}: {6:CHn{7}: {8:F2ZH\n{9}: (IOV
“base-salarled commission employee”, firstane, lastiane,
“social security number”, socialSecurityNunber,
issi rate”

» baseSalary );
3} /7 end method Tostring

48 } /7 end class BasePlusCommisslonEmployee2

© 2006 Pearson Education,

Inc. All
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* Use protected instance variables
— Enable class BasePlusCommissionEmployee to
directly access base class instance variables

— Base class’s protected members are inherited by all
derived classes of that base class
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34

< >

36
property that gets commisslon employee"s last name Outline
LastNane _
return lastNane; Commission
} /7 end get Employee2.cs
} /7 end property LastName
(20f 4)
/7 reag-only property that gets
77 comission enployee™s social security number
publiic string SocialSecurityNumber
{
get
{
return socialSecurityNumber;
} /7 end get
3} /7 end property SoclalSecurityNunber
< >
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37
51 // property that gets and sets commission employee's gross sales Outline
52 public decinal Grosssales _—
53
54 get
55 {
56 return grossSales; Commission
57 3} #/ end get Employee2.cs
58 set
50 1 (30f4)
50 grossSales = ( value < 0) ? 0 : value;
61 } 7/ end set
62} /7 end property GrossSales
63

54 // property that gets and sets comnisslon employees commisslon rate
65 public decimal CommissionRate

66 {

67 get

] {

69 return comisslonRate;

70 3} 7/ end get

71 set

72

73 comnisslonRate = ( value > 0 & value < 1) ? value

74 3} 7/ end set
75} /7 end property CommissionRate

< >
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77 /7 calculate commission employee®s pay

7% public virwal declnal EarnlngsQ «—
79 L

80 return commissionRate * grossSales;

38
Outline

Mark Earnings as virtual so
the derived class can override the

91 } /7 end method ToString
92 3 77 end class CommissionEmployee2

81} /7 end method Earnings method

82

83 /7 return string ion of issi object Employee2.cs
51 public override string ToStringQ

) (40f 4)

86 return string.Format(

87 "0} {1} {2A\n{3}: {4}\n{5}: {B:CH\n{7}: {8:F2}",

88 “commission enployee”, FirstName, lastName,

89 “social security number”, socialSecurityNumber,

90 “gross sales”, issi rate”, by

< >
© 2006 Pearson Education,
Inc. Al rights reserved.

39
2/ issi inherits fron issi and hes Outline

3 // access to CommissionEnployee2"s protected members. _—

4 publlc class 2

5 4

6 private decinal baseSalary; // base salary per week

7 BaseP lusCommissior
8 /7 slix-parameter derlved class constructor Employee3.cs

9 /7 with call to base class CommissionEnployee constructor

10 public BasePlusCommissionEmployee3( string first, string last, (1of2)

40
> Outline

32 I—

33

34 return y + issi * H

35 ¥} /7 end method Eamings

36 BasePlusCommissior
37 /7 rewrn string Employee3.cs

of
38 public override string ToStringQ

46 } /7 end method ToString
47 3 77 end class BasePlusComni:

ionEnployeed

39 {

40 return string_Format(

41 "{0}: {1} {Z\n{3}: {4P\n{5}: {6:CAn{7}: {8:F2\n{9}:
42 “base-salarled commission employee”, Tirstiane, I e,
43 “social security number”, socialSecurityNunber,

44 "gross sales”, B ission rate”, issi
45 “base salary”, baseSalary );

Directly access base
class’s protected
instance variables

<>
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11 salary )
12
13
14 BaseSalary = salary; /7 validate base salary via property Must call base class’s
15 } /7 end six-pai issi constructor constructor
16
i7 /7 property that gets and sets
18 /7 base-salaried commission enployse"s base salary
19 public decinal BaseSalary
0
21 get
22
23 return baseSalary;
24 } /77 end get
25 set.
26
27 baseSalary = ( value < 0) ? 0 : value;
28 } // end set
29} /7 end property Basesalary
< >
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[T 77 F1g. 10-12: EasePlusConmTssTonEmployeeTesty. o5 a1
2 /7 Testing class BasePlusComlsslonEnployee3. Outline
3 usling System; —_——
4 Instantiate BasePlusCommissionEmployee3 object
5 public class issi
6 {
7 public static void Main( sti BaseP lusCommissiory
8 { EmployeeTest3.cs
9 Zal i issi object.
10 issi issi = (10f2)
1 new BasePlusConmissionEmployeed( “Bob™, “Lewis",
12 +'333-33-3333", 5000.00M, _O4M, 300.00M ):
13
14 /7 display base-salaried comission employse data
15 Console.WritsLine(
16 “Enplloyee information ol d by properties and methods: \n" )

17 Console.WriteLIne( "{0} {1}", "First name Is", Use BasePluCommissionEmployee3’s

i properties to retrieve and change the object’s

19 Console.WriteLine( "{0} {1}", "Last name Is", i 3
ko LastName ) instance variable values
21 Consolle.WriteLine( {0} {1}", "Soclal securlty nunber Is”,

22 B

23 Consolle.WriteLine( {0} {1:C}"

24 bH

25 Consolle.WriteLlne( {0} {1:FZ}", “Comnission rate Is",

26 pH

27 Consolle.WriteLine( {0} {1:C}", "Earnings are",

28 basePlusConmisslonEnployee .EarningsO )

29 Console.WriteLine( "{0} {1:C}", "

30 basePlusCommissionEnployee .BaseSalary );

<>
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34 Consolle_WriteLine¢ “\n{0}:\m\n{1}",

35 “Updated emplloyee information obtained by ToString",
36 basePlusConnisslonEnployee );

37 Consolle.WriteLine( "earnings: {0:C}",

38 basePlusComnissionEnployee EarningsO ):

39 } /7 end Main
40 } 77 end class BaseFlusCommi:

ionEmployeeTesta

y = 1000.00M; // set base salary

42
Outline

BasePlusCommission
EmployeeTest3.cs

(20f2)

Emplloyee information obtained by properties and methads: | Implicitly call the object’s ToString

_ _ method
First name is Bob

Last name Lewis

Soclal securlty number Is 333-33-3333
Gross sales are $5,000.00

Commission rate is 0.04

Earnings are $500.00

Base sallary Is $300.00

Updated enployee information obtained by ToString:

base-salaried comnission employee: Bob Lewis
social security number: 333-33-3333

gross sales: $5,000.00

comisslon rate: 0.04

base sallary: $1,000.00

earnings: $1,200.00

< >
© 2006 Pearson Education,
Inc. Al rights reserved




* Using protected instance variables
— Advantages
« Derived classes can modify values directly
« Slight increase in performance
- Avoid set/get accessors call overhead
— Disadvantages
« No validity checking
- Derived class can assign illegal value
« Implementation dependent

43

- Derived class methods more likely dependent on base class

implementation

modifications
« Fragile (brittle) software

Base class implementation changes may result in derived class

< >

© 2006 Pearson Education, Inc. All rights reserved.

4 {

3 public class CommissionEmployee3

44
* Reexamine hierarchy
— Use the best software engineering practice
« Declare instance variables as private
« Provide public get and set accessors
« Use get accessor to obtain values of instance variables
<>

© 2006 Pearson Education, Inc. All rights reserved.

private string TirstNano; stance variables
private string lastName;

private string socialSecurityNumber;
private decinal grosssales; // gross weekly sales
private decimal issi ” issi

/7 Five-paraneter constructor
public ComisslonEnployee3( string Tirst, string last, string ssn,
decimal sales, decimal rate )
i
// implicit call to ohject constructor occurs here
TlrstName Tirst;
lastName = last;
socialSecurityNumber = ssn;
GrossSalles = salles: // validate gross sales via property
CommissionRate = rate; // validate commission rate via property
} /7 end Tive-paraneter CommisslonEmployee3 constructor

/7 read-onlly property that gets commission employees first name
public string Firsthame

get
1
return firsthame;
3} 7/ end ger
} /7 end property Firsthame

45

Commission
Employee3.cs

(10f2)

< »
© 2006 Pearson Education,
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T 46
32 // read-only property that gets commission employee™s last name Outline
33 public string LastName —
0
35 get
36 €
37 return lasthane; Commission
38 3 77 end get Employee3.cs
35 3} 77 end property LastName
40 (20f 4)
41 /7 read-only property that gets
42 7/ comnlsslon employee™s soclal securlty number
43 public string SocialSecuri tyNumber
s {
45 get
46 {
47 return socialSecurityNunber;
48 } 7/ end get
49 } /7 end property SocialSecurityNumber
<>

© 2006 Pearson Education,
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7/ property that gets and sets comnission employee's gross salles
public decinal Grosssales
i
get
1
return grosssales;
} 7/ end get
set
1
grosssales = ( value < 0) 2 0 : value;
} 7/ end set
} /7 end property Grosssales

7/ property that gets and sets commission employee's commission rate
public decinal CommissionRate

get
1
return conmissionRate;
} 7/ end get
set
1
commissionRate = ( value > 0 & value < 1) ? value : 0;
} 7/ end set
} // end property CommissionRate

47
Outline

Commission
Employee3.cs

(30f4)

< >
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76 48
77 /7 calculate conmission employee®s pay Outline
76 public virtual decimal EamingsO _

{
80 return CommissionRate * GrossSales;

81 3} /7 end method Eamings
82 Commission
Employee3.cs

83 /7 return string
51 public override string ToStringO

85 { Use properties to obtain the
86 return string.Format( values of instance variables
87 "{0}: {1} {21\n{2}: {4P\n{5E}: {6:Ch\n{7}: {8:F2}",

88 *comr ion employee™, FirstName, LastName,

89 “social security number”, SocialSecurityNumber,

90 “gross sales”, rate”, >

91 3 /7 end method Tostring
92 3 7/ end class ComissionEnployee3

< >
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[T 77 Fig. 10.17: BasePlusCommisstonEmployeed.cs

2 /1 inherits from and has Outline

3 /7 access to ComlsslonEnployee3”s private data via

4 /7 its public properties.

5 public class issi : issi nEmployee3
6

7 private decimal baseSallary; /7 base salary per week BaseP lusCom
8 Employee4.cs
9 pa derived class

10 call to base class CommissionEmployee3 constructor (1of2)

11 BasePlusConnissionEnployeed( string first, string last.

12 string ssn, decimal sales, decinal rate, decinal salary )

13 - base( first, last, ssn, sales, rate )

4

15 BaseSalary = salary; // validate base salary via property

16} /7 end six-pa

constructor

18 // property that gets and sets
19 // base-salaried comnission employee”s base salary
20 public decimal BaseSalary

22 get

23 {

24 return basesalary;

25 3} 7/ end get

26 set

27 {

28 basesalary = ( value < 0 ) ? 0 : value;

20 3} 7/ end set

30 3} /7 end property Basesalary < »

© 2006 Pearson Education,
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[T 77 Fig. 10.15: BasePTusCommissionEmpIOyee 1esta. cs 51
2 /7 Testing class BasePlusCommissionEmployeed . Outline
3 using System; -
4
5 public class BasePlusCommissionEnployseTestd
6 {
7 public static void Main( string[] args ) BaseP lusCommissiory
8 { EmployeeTest4.cs
9 Val i issi object
10 BasePlusCommissionEnployeed employe (1of2)
11 new BasePlusConmissionEmployeed( “Bob”, “Lewis",
12 "333-33-3333", 5000.00M, .04M, 300.00M )3 Create
3 \ BasePlusCommissionEmployee4
14 77 display base-salaried comission enployee data object.
15 Consolle.WriteLine(
16 “Employee Information obtalned by properties and methods: \n" );
17 Console.WriteLine( {0} {1}",
18 employee.FirstNane );
19 Consolle WriteLine( {0} {1}", "I
& smloysetiEntiagg ); *—— Use inherited properties to
21 Consolle.WrlteLine( “(0} {1}", "Soclal secur] access inherited private
22 enployee.SocialSecurityNunber ): : A
23 Consolle_WriteLine( "{0} {1:C}", "G instance variables
24 employee.Grosssales ):
25 Consolle.WriteLlne( {0} {1:F2}", " %
26
27 Use BasePlusCommissionEmployee4
2 0 properties to access private instance
20 Consolle.WriteLlne( "{0} {1:C}", “Base salary Is"| ' .
§ e 1 variable.
30 enployee.Basesalary );
© 2006 Pearson Education,
Inc. Allights reserved.
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* Instantiating derived class object
— Chain of constructor calls
« Derived class constructor invokes base class constructor
- Implicitly or explicitly
« Base of inheritance hierarchy
- Last constructor called in chain is object’s constructor
- IOriginal derived class constructor’s body finishes executing
ast
Example: CommissionEmployee3-
BaseP lusCommiissionEmployee4 hierarchy
= CommissionEmp loyee3 constructor called second last
(last is Object constructor)
« CommissionEmp loyee3 constructor’s body finishes
execution second (first is Object constructor’s body)

<>
© 2006 Pearson Education, Inc. Al rights reserved.

43
44 3

50
17 calculate eamnings Outline
public override decimal EarningsQ =
{ Invoke an overridden base class
return BaseSalary + base.EarningsQ: method from a derived class
} /7 end method Earnim
\ BasePlusCommissiory

7/ return string ion of i
public override string ToStringQ

Employee4.cs

Use properties to obtain the
values of instance variables

return string.Format( {0} {1}\n{2}: {3:C}",
“base-salaried”, base.ToStringQ, “base salary”, 5

3} /7 ond method ToString
Invoke an overridden base class
method from a derived class

4/ end class

<>
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37

base

38 3 7/ end class BasePlusComnissionEnployeeTestd
Enplloyee information obtained by properties and methods:

First name is Bob
Last nane is Lewis

Social security nunber is 333-33-3333
Gross salles are $5,000.00

Comission rate is 0.04

Earnings are $500.00

Base sallary Is $300.00

Updated emplloyee Information obtalned by Tostring:
base-salarled comnlsslon employee: Bob Lewls
social secu =

gross sales: $5,000.00

comlsslon rate: 0.04

earmings: $1,200.00

52
emplloyee_BaseSalary = 1000.00M; /7 set base salary Outline
Consolle.WriteLIne( “\n{0}:\n\n{1}",

“Updated employee information obtained by ToString”, ewployee );
Consolle WriteLine( “"ezrnings: {0:C}", employee.EarningsO ):
} /7 end Main BasePlusCommissiory

EmployeeTest4.cs

(20f2)

ity number:

salary: $1,000-00

<>
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a enployee.

Outline

private string firsthane;

private string lastNane;

private string socialSecurityNumber;
private decimal grossSales; // gross weekly sales (1of4)
private declnal comlisslonRate; // commisslon percentage

/7 five-paraneter constructor

public CommissionEmployee4( string first, string last, string ssn,
declmal sales, declmal rate )

1
4/ implicit call to object constructor occurs here

socialSecurityNunber = ssn;
GrossSalles = sales; // validate gross sales vi
ComissionRate = rate; // validate commission

Consolle.WriteLine( “\nConmissionEnployesd constructor:\n" + this );
} /7 end five-pas issi

< >
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[T 77 Fig. 10.17: BasePlusCommissionEmployees.

2 4/ Display order in which base class and derived class constructors Outline

3 47 are calleg. 2Utline

p CILIESEE Instantiate

5 public class ConstructorTest Commis: nEmp loyee4 object

Y ConstructorTest.cq

s public static void Main( string[] args )

ERY (10f2)

10 CommissionEmployeed employeel = new CommissionEmployeed( “Hol

1 “Lewis", “333-33-3333", 5000.00M, .04N

12

13 Console_WriteLine()

14 BasePlusComni ssionEmployeeS enployee2 -

15 new BasePlusCommlsslonEmployeeS( "L Instantiate two

16 +555-55-5555", 2000.00M, -O6M, B0O0OM ): BasePlusCommissionEmployee

j; T 5 objects to demonstrate order of
nsole.. e0: i

5 e e derived class and base class

20 new BasePlusCommi ssionEmployeeS( "Nark”, “Sands”, constructor method calls.

21 "886-86-8863", 8000.00M, .15M. 2000.00M );

22} 7/ end Main

23 } /7 end class ConstructorTest

56
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2 cless Outline
3 using System; _—
4
5 public class issi 8 issi
6 {
7 private declmal baseSalary; // base salary per week BaseP lusCommission
8 Employee5.cs
9 /i derived class
10 /7 with call to base class CommissionEmployee4 constructor (1of2)
11 public BasePlusComnlsslonEnployees( string first, string last,
12 string ssn, decinal sales, decimal rate, decimal salary )
13 : base( first, last, ssn, sales, rate )
4 { Constructor outputs message to
15 BaseSalary = salary; // valldate base salary vla property | demonstrate method call ord
16
17 Console.WriteLineC
18 i \n” + this )
19} /7 end six-pa constructor
20
21 7/ property that gets and ssts
22 // base-salaried comnission employee's bese salary
23 public decimal BaseSalary
24
25 get
26 {
27 return baseSalary;
28 3} 7/ end ger

© 2006 Pearson Education,
Inc. All rights reserved

comnlsslonEmployeeA constructor: 57

gross
conmission rate: 004

= Bob Lewis
nunbe 333-33-3333
salles: $5,000.00

Outline

Enployee4 constructor:
= Lisa Jones

(20f2)

base-salaried commission employee: Lisa Jones

social security number

gross
com

555-55-5555

salles: $2,000.00
rate: 0.06

base salary: $800.00

Enployee4 constructor:

base-salarled commlsslon enployee: Mark Sands

soclal securlity nunbe

gross

888-88-8888
sales: $8,000.00

conmisslon rate: 0.15

base sal

ary: $0.00

base-salaried comnission employee: Mark Sands

soclal securlity nunbe

nross

888-88-8888
salles: $8,000.00
rate: 0.15

blse salary: $2,000.00

© 2006 Pearson Education,
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ConstructorTest.cH

58

* Class object methods
— Equals
— Finalize
— GetHashCode
GetType
— MemberwiseClone
ReferenceEquals
— ToString

© 2006 Pearson Education, Inc. Al rights reserved.
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Method Description

Equals This method compares two objects for equality and returns true if they are equal and false
otherwiise. The method takes any object as an argument. When objects of a particular
class must be compared for equality, the class should override method Equals to compare
the contents of the two objects. The method's implementation should meet the following
requirements:

« It should return False if the argument is null
« It should return true if an object is compared to itself, as in
objJect.Equals( obJectl ).
« It should return true only if both object1.Equals( object2 ) and
objJect2.Equals( obJectl ) would return true.
« For three objects, if object1..Equals( object2 ) returns true and
bject2.Equals( obJects ) returnstrue, then objectl.Equals( objects )
should also return true.
+ Aclass that overrides the method Equals should also override the method
10 ensure that equal objects have identical hashcodes. The default Equals
implementation determines only whether two references refer to the same object in
memory.

Finalize “This method cannot be explicitly declared or called. When a class contains a destructor, the
compiler implicitly renames it to override the protected method Finall 1 ze, which is
called only by the garbage collector before it reclaims an object's memory. The garbage
collector is not guaranteed to reclaim an object, thus it is not guaranteed that an object’s
Fiinalliz method il xeoute, When a derived das's Fimall 18 method executes, it
performs its task, then invokes the base class’s FInall lze method. FinalIze’s default
implementation is a placeholder that simply invokes the base class’s Final Ize method.

Fig. 10.19 | Object methods that are inherited directly or indirectly by all classes.
(Part 1 of 2)
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Method Description

GetHashCode Ahashtable s a data structure that relates one object, called the key, to another object,
called the value. We discuss Hashtab le in Chapter 27, Collections. When initially
inserting a value into a hashtable, the key's GetHashCode method is called. The
hashcode value returned is used by the hashtable to determine the location at which to
insert the corresponding value. The key's hashcode is also used by the hashtable to locate
the key's corresponding value.

GetType Every object knows its own type at execution time. Method GetType (used in

Section 11.5) returns an object of class Type (namespace System) that contains
information about the object’s type, such as its class name (obtained from Type property
Ful IName).

‘This protected method, which takes no arguments and returns an object reference, makes
acopy of the abject on which it s called. The implementation o this method performs a

are copied into another object of the
same type. For reference types, only the references are copied.

MemberwiseClone

Reference-Equals  This static method takes two object arguments and returns true if two objects are the

same instance o if they are null references. Otherwise, it returns false.

ToString This method (introduced in Section 7.4) returns a string representation of an object. The

default implementation of this method returns the namespace followed by a dot and the
class name of the object’s class

Fig. 10.19 | Object methods that are inherited directly or indirectly by all classes.
(Part 2 of 2)
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