COMP2511

Template Pattern

Prepared by
Dr. Ashesh Mahidadia



Template Pattern: Motivation and Intent

* "Define the skeleton of an algorithm in an operation, deferring some steps to subclasses.
Template Method lets subclasses redefine certain steps of an algorithm

without changing the algorithm's structure." [GoF]

* A template Method defines the skeleton (structure) of a behavior (by implementing the

invariant parts).

* A template Method calls primitive operations, that could be implemented by sub classes

OR has default implementations in an abstract super class.

e Subclasses can redefine only certain parts of a behavior without changing the other parts

or the structure of the behavior.
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Template Pattern: Motivation and Intent

** Subclasses do not control the behavior of a parent class,

a parent class calls the operations of a subclass and not the other way around.

*%* |nversion of control:

N/

** when using a library (reusable classes), we call the code we want to reuse.

** when using a framework (like Template Pattern), we write subclasses and

implement the variant code the framework calls.

L)

» Template pattern implement the common (invariant) parts of a behavior once "and

L)

leave it up to subclasses to implement the behavior that can vary."[GoF, p326]

L)

L)

» Invariant behavior is in one class (localized)
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Template Pattern: Structure

* Abstract class defines a templateMethod () to

implement an invariant structure (behaviour)

* templateMethod () calls methods defined in the

abstract class (abstract or concrete) - like primitivel,

primitive2, etc.

e Default behaviour can be implemented in the

abstract class by offering concrete methods

* Importantly, sub classes can implement primitive

methods for variant behaviour
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Template Pattern: Structure

» "To reuse an abstract class effectively, subclass writers must understand which

operations are designed for overriding." [GoF, p328]

» Primitive operations : operations that have default implementations or must be

implemented by sub classes.
** Final operations: concrete operations that cannot be overridden by sub classes.

»* Hook operations: concrete operations that do nothing by default and can be redefined
by subclasses if necessary. This gives subclasses the ability to “hook into” the algorithm
at various points, if they wish; a subclass is also free to ignore the hook. (see the

example)
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Template Pattern: Example

AbstractClass

ConcreteClass

OrderProcessTemplate

+doDelivery()

JAYAN

NetOrder StoreOrder
+doSelect() +doSelect()
+doPayment() +doPayment()
+doDelivery() +doDelivery()
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Template Pattern: Example

| oo

DocDataMiner

+ mine(path)

file = openFile(path)

rawData = extractDocData(file)
data = parseDocData(rawData)
analysis = analyzeData(data)
sendReport(analysis)
closeFile(file)

CSVDataMiner

+ mine(path)

file = openFile(path)

rawData = extractCSVData(file)
data = parseCSVData(rawData)
analysis = analyzeData(data)
sendReport(analysis)
closeFile(file)

]

&

PDFDataMiner

+ mine(path)

file = openFile(path)

rawData = extractPDFData(file)
data = parsePDFData(rawData)
analysis = analyzeData(data)
sendReport(analysis)
closeFile(file)

DataMiner

+ mine(path)
+ openFile(path)
+ extractData(file)

+ analyzeData(data)
sendReport f
+ closeFile(file)

ZP

PDFDataMiner

+ openFile(path)

+ extractData(file)

+ parseData(rawData)
+ closeFile(file)

file = openFile(path)
rawData = extractData(file)
data = parseData(rawData)
analysis = analyzeData(data)
sendReport(analysis)
closeFile(file)

Steps with default
implementation.

PDF-related overrides.

* From https://refactoring.guru/design-patterns/template-method
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Template Pattern: Example

public abstract class MyReportTemplate {

Template method
public void genReport() {

InputStream f1 = openFile(); € Step 1
SortedMap<String, ArraylList<String>> data =

generateReport ( data ); <= Step3

if( isRequestedSummary() )<= Uook
generateSummary(data);

} Step 4

discussed/deve\oped in the

ode
Read the FEMIPEC ded for this week

lectures, and also provi

Step 2

Y
parseFile( f1 );

Abstract methods =

____________________________________________________________________

public void generateSummary(SortedMap<String, ArraylList<String>> data) { :
System.out.println("generating Summary (default from MyReportTemplat ..."); |

|

|

|

|
' public boolean isRequestedSummary() {e=——— Default methods
I return false;

public void generateReport(SortedMap<String, ArraylList<String>> data) { :
System.out.println("generating report (default from MyReportTemplat ..."); I
|
|
|

r-r— " """=-"="="="="=-"=-"=-"=-""="-""=-"""-"=-"=-"=-""="=-"="=-"=-"="=-"="="="="="="="="="=-===== 1
| protected abstract SortedMap<String, ArraylList<String>> parseFile(InputStream f1);
| public abstract String getFilename();

| : 1
public InputStream openFile() {
| ¥~ Default method

String filename = getFilename();
InputStream fl1 = null;

|
1
|
:
|
: try {

I fl = new FileInputStream(filename);
| } catch (FileNotFoundException e) {

I // TODO Auto-generated catch block
| e.printStackTrace();

|

|

|

|

}

return f1;




Template Pattern: Example

Read the example €

Step 2 =—

Part of Step 1 =iy

public class CSVReport extends MyReportTemplate{ lectures, and also provi
private String fname = "";

private boolean reqSummary = false;

public CSVReport() {
super();
fname = "src/example/data.csv";
reqSummary = false;

public CSVReport(String filename, boolean requestSummary) {
this.fname = filename;
this.reqSummary = requestSummary;

@Override ,

protected SortedMap<String, ArrayList<String>> parseFile(InputStream f1) {
// CSV parsing code here

System.out.println("parsing CSV data file: " + getFilename()); :

TreeMap<String, ArrayList<String>> data = :

new TreeMap<String, ArraylList<String>>();

// populate data object in this method I

return data; |

|

b o o e o e e e = = = = - - - - —

Hook )

@Override |
public String getFilename() { :
// ask user for a file name.. or get from a constructor .
return fname; :

1

|

@Override
public boolean isRequestedSummary() {

return this.reqSummary;

ode discussed/develop
ded for this week
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n the

Template Pattern: Example

e code discussed/deve\oped i

|
Read the examp ded for this week

lectures, and also provi

public class Testl {

public static void main(String[] args) {
// TODO Auto-generated method stub

System.out.println("\n*** Generate CSV report ... ... ");
' CSVReport repl = new CSVReport("src/example/data.csv", true);
repl.genReport();

XMLReport rep2 = new XMLReport("src/example/data.xml");
rep2.genReport();

System.out.println("\n*** Generate CSV with Summarys report ... ... ");
' CSVReportWithSummary rep3 = new CSVReportWithSummary();
rep3.genReport();
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Template Pattern: Example
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From the Head First Design Book

k\ The vetipe for
toblee looks a lot
like the vetipe for

é/ tea, doesnt it?

Heve's our Coftfee tlass Lor making eotfee.

) \pe
public class Coffee { Heve's ovr veef

s{',ra'\'b\"{ o
void prepareRecipe () {
boilWater() ;

Eath of the skeps s

hod-
brewCoffeeGrinds () ; ate met

a3 sepav
pourInCup() ;

addSugarAndMilk () ;

public void boilWater() {

System.out.println("Boiling water") ;

public void brewCoffeeGrinds () {

System.out.println("Dripping Coffee through filter");

public void pourInCup() {

System.out.println("Pouring into cup") ;

public void addSugarAndMilk () {

System.out.println("Adding Sugar and Milk") ;
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Template Pattern:

public class Tea {

E I This looks very similar to the one
Xa m p e void prepareRecipe() { we Jus{; im?lcmcn{:td n Coﬁ"cci
. ) the setond and fourth steps ave
boilWater() ; j 2 .
diffevent, but it's basically the
steepTeaBag() ; .
same relipe.
pourInCup() ;
addLemon () ;
}
public void boilWater() ({ K\
: System.out.println("Boiling water") ; Nokice that hese
two methods
xattly the
public void steepTeaBag() { T:is:oj:c;rc 2;;: as H?CY are
. . m
System.out.println("Steeping the tea"); sycciah zed +o Tea. in C omcc,’ Co
} we dc(:'m'\{:c\\/
é/ have some tode
public void addLemon() { duplication going
System.out.println("Adding Lemon") ; on here.
}

public void pourInCup() { &_’/

System.out.println("Pouring into cup") ;

From the Head First Design Book
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Y\'C?&V‘CRCC‘?C{) is our
" bemplate method. Why?

Template Pattern: Example

Starbuzz Tea Recipe

(1) Boil some water

(2) Steep tea in boiling water
(3) Pour tea in cup
(4) Add lemon

“

public abstract class Caffeine% {

}

BccauSE

e

void final prepareRecipe() {

boilWater() ;

brew() ;

pourInCup() ;

addCondiments () ;

.
I

)]
/e

(1) [t is a method, after all

| (2) |t sevves as a template for an
algorithm, in this case, an algorithm
for making catfeinated beverages.

<~

K_ In the template, each
—— step of the algorithm is

; represented by a method.

| Some methods ave
L handled by this ¢lass...

..and some are handled

abstract void brew() ;
abstract void addCondiments() ;
void boilWater() {

// implementation

void pourInCup() {
// implementation

b\/ the subelass.

The methods that need to
> be supplied by a subtlass are
detlared abstvact.

)

From the Head First Design Book
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public abstract class CaffeineBeverageWithHook {

Template Pattern:
final void prepareRecipe() {
Example (hook) boiiater () ;

brew() ;

x We've added a lit4] e
ourInCup () ; ¢ tonditional
° F (\ statement that bases its -

if (customerWantsCondiments()) { suttess on a tontrete method
onire method,

addCondiments () ; Cus{:omchan'EsCondimcnﬁsO. £ the
: tustomer WANTS tondiments, only then
} do we ¢all addCondiments().

abstract void brew() ;

abstract void addCondiments() ;

void boilWater () {
System.out.println("Boiling water") ;

}
void pourInCup() { Heve we ve dc(:\ncd i "‘;t;‘:f‘ L

System.out.println("Pouring into cup"); with a ("E;SW) E"_“& symc hod 5us£

m \ men \on- v s

} |Vrc‘;,\:wr\ns frue and does nothing else
boolean customerWantsCondiments() {

return true; Z’,/—\ This is a hook betause the
: subtlass ¢an override this

method, but doesn't have to.

From the Head First Design Book COMP2511: Template Pattern
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Template Pattern:

Example (hook)

From the Head First Design Book

public class CoffeeWithHook extends CaffeineBeverageWithHook {

public wvoid brew() {
System.out.println("Dripping Coffee through filter") ;
}

public void addCondiments() { ) ovch\dC
: " : : " HCYC s wheve \IOU
System.out.println("Adding Sugar and Milk") ; ovide your

} the hook and YY
/ own gunc{:\onahb{,
public boolean customerWantsCondiments() {

String answer = getUserInput() ;

if (answer.toLowerCase() .startsWith("y")) \
return true;

Get the user’s input on

} else { the tondiment detision
return false; <T———  and veturn tvue or False.
} depending on the input.

private String getUserInput() {
String answer = null;

System.out.print ("Would you like milk and sugar with your coffee (y/n)? "):

BufferedReader in = new BufferedReader (new InputStreamReader (System.in)) ;
try {
answer = in.readLine() ;
} catch (IOException ioce) {
System.err.println("IO error trying to read your answer") ;
}
if (answer == null) {
return "no";

: /K_, This tode asks the user £ he'd like milk and

return answer;

} sugar and 9e

+s his in‘?u{’, ‘(:\rom the tommand line.
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Template Vs Strategy Patterns

* Template Method works at the class level, so it’s static.

* Strategy works on the object level, letting you switch behaviors at runtime.

* Template Method is based on inheritance: it lets you alter parts of an algorithm

by extending those parts in subclasses.

» Strategy is based on composition: you can alter parts of the object’s behavior by

supplying it with different strategies that correspond to that behavior at runtime.
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