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Components Components –– A Closer LookA Closer Look

Component1

provided required 

interface

inner 
component Component2

required provided 



��

Components vs. ObjectsComponents vs. Objects

Need extra Need extra 
programmingprogramming

YesYesFlexibilityFlexibility

Need extra Need extra 
programmingprogramming

YesYesCompositionalityCompositionality

Some Yes  Some Yes  
Some NoSome No

YesYesStrong Strong 
EncapsulationEncapsulation

ObjectObjectComponentComponent
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Goals of Component DesignGoals of Component Design

�� Components should beComponents should be
–– cohesive:cohesive: aall functionality fits together for coherent, ll functionality fits together for coherent, 

easily understandable purposeeasily understandable purpose
–– independent:independent: components are decoupled from each components are decoupled from each 

otherother
–– changeable: changeable: implementation of one component can implementation of one component can 

be changed without affecting othersbe changed without affecting others

�� Component system should be robust with Component system should be robust with 
respect to changerespect to change
–– Likely changes should affect only a few components Likely changes should affect only a few components 
–– Unlikely changes might affect overall structureUnlikely changes might affect overall structure
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Design GuidelinesDesign Guidelines

Decomposition:Decomposition:
�� If some design issue is likely to change, hide it If some design issue is likely to change, hide it 

inside one component inside one component –– information hidinginformation hiding
�� Define interfaces of components to be stable in Define interfaces of components to be stable in 

the face of likely changes the face of likely changes –– abstraction abstraction 

Specification:Specification:
�� Precisely define everything one component may Precisely define everything one component may 

assume about anotherassume about another
�� One component should assume no more than One component should assume no more than 

necessary about othersnecessary about others



����

ExamplesExamples

�� Example1Example1
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ExamplesExamples

�� Example2Example2
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BoxScriptBoxScript

�� A language for componentA language for component--oriented oriented 
programmingprogramming
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Main Purposes of BoxScriptMain Purposes of BoxScript

�� Introducing component conceptsIntroducing component concepts
�� Providing simple environment to userProviding simple environment to user
�� Supporting main properties of COPSupporting main properties of COP

–– CompositionalityCompositionality
–– FlexibilityFlexibility
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Key ConceptsKey Concepts

�� Built on top of JavaBuilt on top of Java
�� ComponentComponent

–– BoxBox
–– BlackboxBlackbox entityentity

�� No externally visible stateNo externally visible state
�� Only interfaces exposedOnly interfaces exposed
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Key Concepts Key Concepts 
InterfacesInterfaces

�� InterfaceInterface
–– Java InterfaceJava Interface

�� Provided interfaceProvided interface
–– Describes operations that a box implements and that Describes operations that a box implements and that 

other boxes may use other boxes may use 

�� Required interfaceRequired interface
–– Describes operations that the box uses and that must Describes operations that the box uses and that must 

be implemented by another box be implemented by another box 

Price.java
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Key Concepts Key Concepts 
BoxesBoxes

�� General characteristics of boxesGeneral characteristics of boxes
–– Contains the descriptions of provided interfaces and Contains the descriptions of provided interfaces and 

required interfaces  (.box)required interfaces  (.box)
–– 1..n provided interfaces1..n provided interfaces
–– 0..m required interfaces0..m required interfaces

�� Types of boxesTypes of boxes
–– Abstract boxAbstract box
–– Concrete boxConcrete box

�� Atomic boxAtomic box
�� Compound boxCompound box
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Key Concepts Key Concepts 
Abstract BoxAbstract Box

�� Abstract boxAbstract box
–– No implementations of the provided No implementations of the provided 

interfaces interfaces 
–– Should be Should be implemented by concrete boxes implemented by concrete boxes 



����

Key Concepts Key Concepts 
Abstract Box ExampleAbstract Box Example

PricingAbs.boxPricingAbs.box
abstract box abstract box PricingAbsPricingAbs
{  provided interfaces Price Pr; {  provided interfaces Price Pr; 

required interfaces Discount Dc;required interfaces Discount Dc;
}}
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Key Concepts Key Concepts 
BoxesBoxes

�� Abstract boxAbstract box
�� Concrete boxConcrete box

–– Atomic boxAtomic box
–– Compound boxCompound box
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Key Concepts Key Concepts 
Atomic BoxAtomic Box

�� Atomic boxAtomic box
–– Does not contain any other boxesDoes not contain any other boxes
–– Supplies implementations of the provided Supplies implementations of the provided 

interfacesinterfaces
Pricing.boxPricing.box
box Pricing implements box Pricing implements PricingAbsPricingAbs
{  provided interfaces Price Pr; {  provided interfaces Price Pr; 

required interfaces Discount Dc; required interfaces Discount Dc; 
}}
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Key Concepts Key Concepts 
Interface Implementation of Atomic BoxInterface Implementation of Atomic Box

PrImp.javaPrImp.java

public class public class PrImpPrImp implements Priceimplements Price
{  {  private private BoxTopBoxTop _box;_box;

Discount dc;    // required interfaceDiscount dc;    // required interface
public public PrImp(PrImp(BoxTopBoxTop myBoxmyBox))

{{ __box = box = myBoxmyBox;;
InterfaceNameInterfaceName name = new name = new InterfaceName("DcInterfaceName("Dc");");
dc = (dc = (Discount)_box.getRequiredItf(nameDiscount)_box.getRequiredItf(name););

}}
public double public double getPrice(intgetPrice(int client,intclient,int item,intitem,int quantity)quantity)
{  double disc = {  double disc = dc.getDiscount(clientdc.getDiscount(client, item, quantity);, item, quantity);

return return PriceList.p[itemPriceList.p[item] * (1 ] * (1 -- disc* 0.01) * quantity;disc* 0.01) * quantity;
}}

}}
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Key Concepts Key Concepts 
Compound BoxCompound Box

�� Compound BoxCompound Box
–– Composed from atomic boxes or other Composed from atomic boxes or other 

compound boxescompound boxes
–– Follow composition rulesFollow composition rules

�� By default, all provided interfaces are hidden By default, all provided interfaces are hidden 
unless explicitly exposed unless explicitly exposed 

�� Expose a required interface of a constituent if not Expose a required interface of a constituent if not 
wired to a provided interface of anotherwired to a provided interface of another
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Key Concepts Key Concepts 
Composition StrategyComposition Strategy

Compose to

Box1

P11 P12

R11 R12 R13

Box2

P21 P22

R21 R22

Box1_2

Box1

P11 P12

R11 R12 R13

Box2

P21 P22

R21 R22
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Key ConceptsKey Concepts
Compound Box ExampleCompound Box Example

�� Two boxesTwo boxes
[[PricingAbs.boxPricingAbs.box]]

abstract box abstract box PricingAbsPricingAbs
{  provided interfaces Price Pr; {  provided interfaces Price Pr; 

required interfaces Discount Dc; required interfaces Discount Dc; 
}}
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[[DiscountingAbsDiscountingAbs.box.box]]

abstract box abstract box DiscountingAbsDiscountingAbs
{  provided interfaces Discount {  provided interfaces Discount DisDis;;
}}
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Key ConceptsKey Concepts
Compound Box Example (cont.)Compound Box Example (cont.)

�� Compose two boxesCompose two boxes
box box CalPriceCalPrice implements implements CalPriceAbsCalPriceAbs
{  {  composed fromcomposed from PricingAbsPricingAbs boxPboxP, , DiscountingAbsDiscountingAbs boxDboxD; ; 

provided interfaces Price provided interfaces Price tPricetPrice fromfrom boxP.PrboxP.Pr; ; 
connectconnect boxP.DcboxP.Dc toto boxD.DisboxD.Dis; ; 

}}
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Box ElementsBox Elements

�� For all boxesFor all boxes
–– Interfaces (.java)                         Interfaces (.java)                         by user by user 
–– Box description file (.box)          Box description file (.box)          by user by user 

�� For atomic boxes onlyFor atomic boxes only
–– Interface implementation (.java) Interface implementation (.java) by user by user 

�� For concrete boxes only For concrete boxes only 
–– Configuration information (.conf) Configuration information (.conf) by user by user 
–– Box manager code (.java)            Box manager code (.java)            by compiler by compiler 
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Box ElementsBox Elements
Configuration InformationConfiguration Information

�� If abstract boxes participate in compositionIf abstract boxes participate in composition
box box CalPriceCalPrice implements  implements  CalPriceAbsCalPriceAbs
{   composed from {   composed from PricingAbsPricingAbs boxPboxP,,

DiscountingAbsDiscountingAbs boxDboxD; ; 
provided interfaces Price provided interfaces Price tPricetPrice from from boxP.PrboxP.Pr; ; 
connect connect boxP.DcboxP.Dc to to boxD.DisboxD.Dis; ; 

}}
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Box ElementsBox Elements
Configuration InformationConfiguration Information

�� If concrete boxes participate in compositionIf concrete boxes participate in composition
box box CalPriceCalPrice implements  implements  CalPriceAbsCalPriceAbs
{   composed from {   composed from PricingPricing boxPboxP,,

DiscountingDiscounting boxDboxD; ; 
provided interfaces Price provided interfaces Price tPricetPrice from from boxP.PrboxP.Pr; ; 
connect connect boxP.DcboxP.Dc to to boxD.DisboxD.Dis; ; 

}}
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Box ElementsBox Elements
Configuration InformationConfiguration Information

�� Configuration for interface implementation Configuration for interface implementation 
when implementation file name is not default when implementation file name is not default 

[Pricing.box][Pricing.box]
box Pricing implements box Pricing implements PricingAbsPricingAbs
{  provided interfaces Price Pr; {  provided interfaces Price Pr; 

required interfaces Discount Dc; required interfaces Discount Dc; 
}}
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Box ElementsBox Elements
Box Manager CodeBox Manager Code

�� Generated by compilerGenerated by compiler
–– To initiate box instancesTo initiate box instances
–– To assign references to interface handlesTo assign references to interface handles
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Box RunBox Run--time Structuretime Structure
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implements
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constructor Pricing

constructor Discounting
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constructor CalPrice

instantiates  
Pricing

instantiates  
Discounting

references

references
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Box Processing StagesBox Processing Stages

�� LocateLocate
�� CompileCompile



����

LocateLocate

warehouse_root

boxes interfaces datatypes
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LocateLocate

boxes

CalPriceAbs PricingAbs DiscountingAbs

Pricing

DiscountingAbs.box

CalPrice.box
CalPrice.conf
CalPrice.java
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CalPriceAbs.box

Pricing.box 
PrImp.java

PricingAbs.box

Discounting
Discounting.box 
DisImp.java

Warehouse_root

Discounting1
Discounting1.box 
Disimp1.java
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LocateLocate

For an atomic box, the implementation of an interface needs to  

• specify the full path of its package name

•• import interfaces and import interfaces and datatypesdatatypes

[[d:d:\\warehouse_rootwarehouse_root\\boxesboxes\\PricingAbsPricingAbs\\PricingPricing\\PrImp.javaPrImp.java]]

package package boxes.PricingAbs.Pricingboxes.PricingAbs.Pricing; ; 
import interfaces.Price;import interfaces.Price;
Import interfaces.Discount;Import interfaces.Discount;
Import Import datatypesdatatypes. systems.*;. systems.*;
public class public class PrImpPrImp implements Priceimplements Price
{  {  private private BoxTopBoxTop _box;_box;

Discount dc;    // required interfaceDiscount dc;    // required interface
public public PrImp(PrImp(BoxTopBoxTop myBoxmyBox))

{{ __box = box = myBoxmyBox;; }  }  ……..  ..  ……..
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LocateLocate

interfaces
Price.java

Discount.java

Warehouse_root
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LocateLocate

[d:[d:\\warehouse_rootwarehouse_root\\interfacesinterfaces\\Discount.java]Discount.java]

package interfaces;package interfaces;

public interface Discountpublic interface Discount

{{

double double getDiscount(intgetDiscount(int client, int item, int quantity);client, int item, int quantity);

}}
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LocateLocate

datatypes
PriceList.java

Warehouse_root
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LocateLocate

[d:\warehouse_root\datatypes\PriceList.java]

package datatypes;
public final class PriceList extends Object
{

public static double [] p = new double []
{ 120.00, 14.45, 16.99, 23.78, 130.89, 239.99, 
18.99, 234.70, 3.99, 6.78, 76.50, 1299.99,
34.67, 54.20, 67.89, 89.10, 17.50, 22.70

};

}
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CompileCompile

BoxCompilerBoxCompiler
�� Implemented in BoxScriptImplemented in BoxScript
�� Checks the syntax of the source codeChecks the syntax of the source code
�� Generates box manager codeGenerates box manager code
�� UsageUsage

boxcboxc <box <box descrptiondescrption>>
EgEg. . boxcboxc <dir><dir>CalPrice.boxCalPrice.box
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Box VariantsBox Variants

�� Support flexibilitySupport flexibility
VariantsVariants
�� One box is variant of anotherOne box is variant of another

if implementations of same abstract boxif implementations of same abstract box
�� One box variant can be substituted by One box variant can be substituted by 

another variant where their abstract box another variant where their abstract box 
is usedis used

�� Variant should conform to its abstract boxVariant should conform to its abstract box
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Box ConformityBox Conformity

B BAbs

P1 P2 P3

��/����01����2

R1 R2
�3/�����30

P1 P2

��/�����0

R1 R2
�3/1����30�����32

R3

SupposeSuppose
�� IP2’ extends IP2IP2’ extends IP2
�� IR1’ extends IR1IR1’ extends IR1

B conforms to BAbs
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Box Variant ExampleBox Variant Example
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Replacing ComponentsReplacing Components

box box CalPriceCalPrice implements  implements  CalPriceAbsCalPriceAbs
{   composed from {   composed from PricingAbsPricingAbs boxPboxP,,

DiscountingAbsDiscountingAbs boxDboxD; ; 
provided interfaces Price provided interfaces Price tPricetPrice from from boxP.PrboxP.Pr; ; 
connect connect boxP.DcboxP.Dc to to boxD.DisboxD.Dis; ; 

}}
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Replacing ComponentsReplacing Components

��
�����
 ����!

���"���#$%&'
�
���(
)���	&��"
(&�������*�(&.�.�������/&�������/#��

���"$��
#$%&'
�
���(
)���	&��"
(&$�(����	���*�(&.�.$�(����	���&$�(����	���
#��

5*��
�!3�!���(!�	!(	+

6 7�(���!�	�&!&���!&	�!��������

6 $�8�	�����!��������



����

DemoDemo

�� Make an abstract boxMake an abstract box
�� Make an atomic boxMake an atomic box
�� Make a compound boxMake a compound box
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Example Example –– KWICKWIC

�� Key Word In ContextKey Word In Context
–– AcceptsAccepts an ordered set of linesan ordered set of lines

�� each line is an ordered set of wordseach line is an ordered set of words

–– Circularly shiftsCircularly shifts each lineeach line
�� repeatedly removes first word and appends it at repeatedly removes first word and appends it at 

end of lineend of line

–– OutputsOutputs all lines in all lines in alphabetical orderalphabetical order
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Example Example –– KWICKWIC

�� Key Word In ContextKey Word In Context
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Example Example –– KWICKWIC

�� Design Decisions  [Design Decisions  [ParnasParnas 72]72]
–– Changes in algorithmChanges in algorithm

–– Changes in data representationChanges in data representation
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Example Example –– KWICKWIC

�� Design IDesign I
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Example Example –– KWICKWIC

�� Possible changesPossible changes
–– Input formatInput format
–– Have lines partially stored in memoryHave lines partially stored in memory
–– Take different formats for WordTake different formats for Word
–– Partially alphabetize lines  Partially alphabetize lines  
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Example Example –– KWICKWIC

�� Design IIDesign II
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Example Example –– KWICKWIC

�� Design IIDesign II
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Example Example –– KWICKWIC

�� Possible changesPossible changes
–– Input formatInput format
–– Have lines partially stored in memoryHave lines partially stored in memory
–– Take different formats for WordTake different formats for Word
–– Partially alphabetize linesPartially alphabetize lines



����

KWIC in BoxScriptKWIC in BoxScript
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