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Class Methods

. Methods are functions defined in the body of a class

definition. They have direct access to the members of a
class instance

. Syntactically, they are placed between braces, after the
class parameters



Class Methods

case class C(field;: Type,, ..., fieldy: Typey) {
def my(xy;: TypePy;, ..., X¢i: TypeP,;): TypeR;; =
expr

expr
}



Method Definitions

case class Coordinate(x: Int, y: Int) {
def magnitude = x*x + y*y

}



Applying a Class Method

. Given a class definition:
class C(py: Ty, «v.y P To) {

def m(param;: T,;, paramy: Ty): T = e

. To reduce the application of a method:
C(vy, ..., Vvy).m(argy, ..., argy)
.- Reduce the receiver and arguments, left to right

. Reduce the body of m, replacing constructor parameters with constructor arguments and
method parameters with method arguments



Applying a Class Method

Coordinate(5,3).magnitude() »
5%5 + 3*3 b
25 + 0 b

34



Compound Value Patterns

def dotProduct(cl: Coordinate, c2: Coordinate) = {
(cl, c2) match {

case (Coordinate(xl,yl), Coordinate(x2,y2)) =>
X1*¥x2 + yl*y?2



Patterns in Assignments

Patterns in Scala may also be used for destructuring assignments:

def dotProduct(cl: Coordinate, c2: Coordinate) = {
val Coordinate(x1l, yl) cl
val Coordinate(x2, y2) c2
X1*x2 + yl*y2

}



Singleton Objects



Singleton Objects

. Also, we often would like to organize identifiers and
functions together into a single entity

. When compllinga Scala file, it is requiredthat all
constant and function definitions are placed inside a
class or object

For this purpose, we can make use of singleton objects



Singleton Objects

object IncomeTax {

val cutoff®@ = 0
val bracket0® = 0

val bracketl = 100
val cutoffl = 9075

def incomeTaxForBracket(income: Int, cutoff: Int, bracket: Int) = {
require(income >= 0)
(1ncome - cutoff) * bracket / divisor + incomeTax(cutoff)

} ensuring ( >= 0)



Syntax for Singleton Objects

object Name {
valDefs*

functionDefs*

}



We Can Refer to the Constants and Functions
in the Object Using Dot Notation

IncomeTax.bracketl
M

100



We Can Refer to the Constants and Functions
in the Object Using Dot Notation

IncomeTax.1ncomeTax(100000)
M

21174



Homework



Homework Grading Criteria

. Style: 50%

. Correctness: 50%



Style of Program Code and
Test Code

. Clarity

. Comments

. Contracts

. Design Principles



Clarity: Is the Program Easy to
Read?

. Is the program concise?

“"Make every word say.
(Strunk and White, The Elements of Style

. Are functions kept relatively small, with sub-parts
broken up according to the problem domain?

Think of the profit, revenugand costexample from
Lecture 2



Clarity: Is the Program Easy to
Read?

. Are the names of functions and variables syntactically
consistent?

. For instance, do they all use camelCase?

. Are similar functions given names of similar length?



Clarity: Is the Program Easy to
Read?

. Are names adequately descriptive and appropriate?

. For example, using single letter names for public
functions is not appropriate

. Are consistent metaphors used for functions that
work together?



Clarity: Is the Program Easy to
Read?

. Is the program consistent in its indentation and
whitespace?

. This can affect readability
. Is there appropriate spacing?

. Code that is too close together can be hard to read



Comments

Does each function include a statement of purpose?
Are the comments excessive?

Comments embedded in program should be used
only for cases where it is not clear locally why the
program is doing what it does

The reader should be expected to know the language
the text is written in



Contracts

Do the parameter types and return types of all functions and
variables make sense?

Are require and ensuring clauses included when
necessary?

Are the included require and ensuring clauses defined
appropriately?

Are requirements that cannot be expressed in require and
ensuring clauses defined as documentation?



Design Principles

. Does the program stick to the constructs covered in

class so far?

. Is the program purely functional?



Design Principles

Does the program follow templates provided in class
when appropriate?

For instance, is the function body a simple algebraic
expression?

s it a series of 1T-else expressions breaking up
sub-ranges?

Is it a match expression breaking up an abstract
datatype?



Design Principles

Does the program include abstractions to factor out
common code? (DRY)

. Copy-and-paste coding should be strongly avoided

. Does the program avoid unnecessary complexity?
(KISS)



Correctness

Does the program compile?
Do all student submitted tests pass?

Does the program include all entry points required by
the assignment?

. Are all tests automated? Tests should indicate on their

own that either they pass or fail



Correctness

Example Tests: Are simple examples included in the

tests showing how the function behaves under usually
circumstances?

. Stress Tests: Are there additional tests ensuring that

the function behaves appropriately when given extreme
data values

®, 1, -1, Positivelnfinity,
NegativeInfinity, NaN, etc.



Correctness

Persuasive Tests: Is there adequate coverage to
convince the reader that the program behaves as

expected?

Does the program perform correctly when subjected to
additional testing provided by the course staff?



Expected Test Structure

. All tests in a program should be captured in a test suite

For each component of a program, there should be a
corresponding test class

For each function, there should be a corresponding test
function

For each test function, there should be multiple tests,
checking both common and extreme cases



Example: Testing Our Theater
Profit Calculator

class TheaterProfitTest(name: String) extends TestCase(name) {

def testAttendance() = {
def testCost() = {

def testProfit() = {

def testRevenue() = {

def testMax() = {



Example: Testing Our Theater
Profit Calculator

class TheaterProfitTest(name: String) extends TestCase(name) {

def testAttendance() = {
assertEquals (120, attendance(500))
assertEquals (135, attendance(490))
assertEquals (165, attendance(470))
assertEquals(0, attendance(1000))
assertEquals (0, attendance(580))
assertEquals(2, attendance(579))
assertEquals(870 attendance(0))



Example: Testing Our Theater
Profit Calculator

class TheaterProfitTest(name: String) extends TestCase(name) {

def testRevenue() = {
assertEquals(0, revenue(0))
assertEquals(0, revenue(1000))
assertEquals (53550, revenue(510))

}



Using DrScala



DrScala

Available from the course homepage:

https://comp311.rice.edu

A lightweight development environment well-suited to
the exercises we will do in this class


https://comp311.rice.edu/

Open Files Interactions Pane Definitions Pane

" T o B Wed343PM Q i=

DrScala™ File Edit Tools Project Help

I

DrScala: _(_Untitled)
: I Compile] Reset] : l Run [Test | :

E(_New[ﬁ enlSaverE;Close]?[% Cut1ﬂ3 Copy] & Pastel ps Undo | @ Redo I*Fin

»

AV

liacede iy Console  Compiler Output |

Working directory 1is /Users/ericeallen/tmp

Welcome to DrScala.

TR EoRel paBO O« YR e g0y HaAGoa ™

Editing (Untitled) 1:0



Define your program in the definitions pane

DrScala File Edit Tools Project Help O L 3 T o« B Wed349PM Q =

L

| ® 0 @ DrScala: /Users/ericeallen/tmp/IncomeTax.sc
[3 New l = Openl Save I [ Close | | % cut I IR} Copyl  Paste I & Undo | & Redo |: [ & Find 1 : I Compile I Reset ] [ Run I Test ‘

‘object IncomeTax {

val cutoff@ = 0
val bracket@ = 0

val bracketl = 100
val cutoffl = 9075

val bracketZ2 = 150
val cutoffZ2 = 36900

val bracket3 = 250
val cutoff3 = 89350

Console = Compiler Output |

Welcome to DrScala. Working directory is /Users/ericeallen/tmp
>

 HOBG PeBOHeYT e 28209 HNAGOA ™

IEditing /Users/ericeallen/tmp/IncomeTax.scala * 2:3
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HEEPBOC e YR 1 » 809 HNatoa

A prompt to save your program after hitting the Compile button

DrScala File Edit Tools Project Help

O L

= o BB Wed349PM Q :

) IﬁNewIﬁOpenIBSavel E';CIoseIEl%CutIIBCopyl Paste

m:an;Tax .scala*

val
val

val
val

val
val

val
val

cofr @

>

‘object IncomeTc

Welcome to DrScala.

cutoff@ = O
bracket®d = 0

bracketl = 100
cutoffl = 9075

bracket?2 =

cutoff2z = 3

bracket3 =

S,

ust Save All Files to Continue

To compile, you must first save ALL modified files.
Would you like to save and then compile?

| | Always save before compiling

| No | [Messs

cutoff3 = 9350

liide@des | Console = Compiler Output |

Working directory is /Users/ericeallen/tmp

|Editing /Users/ericeallen/tmp/IncomeTax.scala *

2:3




@ DrScala File Edit Tools Project Help O L] 4 2 = o B Wed349PM Q =
! | @ © @ DrScala: /Users/ericeallen/tmp/IncomeTax.scala
‘£ B Nw|a0p ].s‘ | [ Close | | 3 cut | [y Copy | @ Paste | @ undo | @ Redo | 88 Find | | Compile | Reset |\ Run | Test :
5 object IncomeTax {
¢ |
e val cutoff@ = 0
! val bracket@ = 0
3
® vl bracketl = 190 Successful compilation reported
g val cutorfl ~ Hiee in the Compiler Output tab
=3
val bracket2 = 150
2,' val cutoff2 = 36900
(&)
2 val bracket3 = 250
g val cutoff3 = 89350
. Interactions = Console
: Compilation completed. Output directory is: ere———
.@m /Users/ericeallen/tmp
T *
b 4
G
i ™ Highlight source
LR .
IEdmng /Users/ericeallen/tmp/IncomeTax.scala 2:3




Al ieg0y aeod *uw
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DrScala File Edit Tools Project Help

O L 3 T o« EB) Wed349PM Q :

DrScala: /Users/ericeallen/tmp/IncomeTax.scala

®
&NewlﬁOpenl B save l L“XCIosel?[M Cut]lﬁ Copy] ® Paste[@ Undol & Redo ?]&Findl_?|Compi|e|Reset|'|Run[Test|'

val
val

val
val

val
val

val
val

R e

‘object IncomeTax {

cutoff@ = 0
bracket® = 0
bracketl = 100

cutoffl = 9075

bracketZ2 = 150
cutoffZ2 = 36900

bracket3 = 250
cutoff3 = 89350

Console output from running
a program printed here

Frpr— ————

IEditing /Users/ericeallen/tmp/IncomeTax.scala

2:3
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DrScala File Edit Tools Project Help

O L == o« B Wed350PM Q

DrScala: /Users/ericeallen/tmp/IncomeTax.scala

NwlﬁOp |Qs’ e | [ Close || 3 cut | [ copy | @ Paste | & undo | @ Redo | #8 Find | | Compile | Reset | | Run | Test |

Welcome to DrScala.

A >

val cutoff@ =
val bracket® = 0

val bracketZ2 = 150
val cutoff2 =

val bracket3 =
val cutoff3 =

‘object IncomeTax {

0

val bracketl = 100 We can interact with the functions
val cutoffl =

e in our program directly in the

Interactions pane

36900

250 #

Console = Compiler Output |
orking directory is /Users/ericeallen/tmp

IEditing /Users/ericeallen/tmp/IncomeTax.scala

2:3




O L 3 T o« BB Wed3:52PM Q =

| DrScala: /Users/ericeallen/tmp/lncomeTax.scala
' opy I @ Paste | @ Undo [ c Redo l & Find ] [ Compile l Reset | I Run I Test l

T

& Open Folder...

wwemeTax {

@ Sa \ .
@ Save As... 0 %8S TN
@ Save Copy... tO'F'FQ = @
Save All S

Rename #¥R OC ket® — @
Revert to Saved {0 #R

(& Close BW

B Close All X %W acketl — 1@@
B oo oxe tOFF1 = 9075

& Print... ®P

Create a new JUnit TestCase
class

1. IncomeTaxTest.scala

2. IncomeTax.scala aCketz — 15@

3. Rational.scala

4. Shape.scala tO‘F‘FZ — 369@@

5. PrimitiveMatching.scala
Quit

val bracket3 = 250
val cutoff3 = 89350

“iiocedsiio ] Console  Compiler Output ~ Test Output |

Welcome to DrScala. Working directory is /Users/ericeallen/tmp
TESTING Nothing

>

ARG PABOH MY 2 g0y NAGCOA ™

- 1= B

IEditing /Users/ericeallen/tmp/IncomeTax.scala 2:3
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DrScala File Edit Tools Project Help O L R T o BB Wed353PM Q

[&NewlﬁOpenl .SavelE;CIose|TIXCut||BCopyl ® Pastel@ Undo[ € Redo §|&Find| ’CompileIReseti"Ruanestl'

EOBGC PaB0 <SRt 1+ 809 nases |,

IncomeTax.scala

val
val

val
val

val
val

val
val

>

‘object IncomeTax {

cutoff@ = 0

bracketd = @ We are prompted for a name. Let’s
bracketl = 100 call it IncomeTaxTest

cutoffl = 9075

br,acketz _ 15. New JUnit Test Case

Please enter a name f test class:

CU‘tO'F'FZ = 369 ‘él IncomeTaxTest|

Cancel |  OK |

bracket3 =

23
cutoff3 = 89355

Console Compirlrér 6utput Test Output f

Welcome to DrScala. Working directory 1is /Users/ericeallen/tmp
TESTING Nothing

I Editing /Users/ericeallen/tmp/IncomeTax.scala

2:3




@ DrScala File Edit Tools Project Help (LR $ = o B Wed354PM Q

:oo

g | [ New | =3 Open | [ save | [ Close | | 3 cut| [ Copy | B Paste | & undo | @ redo | 8 Find | | Compile | Reset | | Run | Test |

‘l ttld) |

DrScala: (Untitled) *

IncomeTax

ﬁﬂé@ﬁ&l@@ﬁﬂ%ﬁaéﬂﬂ@ﬂxﬂﬁﬁé

i
=)
o
"]

>

"import junit.framework.TestCase

import junit.framework.Assert._

e A new test class is created
* A JUnit test case class.
* Every method starting wi
* the test with JUntit.

* / P
class IncomeTaxTest(name: String) extends TestCase(name) {

/**
* A test method.

‘fhe word "test" will be called when ru

* (Replace "X" with a name describing the test. You may write as

lgi=cladsiio | Console  Compiler Output |« Test Output |

Welcome to DrScala. Working directory is /Users/ericeallen/tmp
TESTING Nothing

|Editing (Untitled) *

26:0




@ DrScala File Edit Tools Project Help (LR $ = o B Wed354PM Q

:oo

g | [ New | =3 Open | [ save | [ Close | | 3 cut| [ Copy | B Paste | & undo | @ redo | 8 Find | | Compile | Reset | | Run | Test |

‘l ttld) |

DrScala: (Untitled) *

IncomeTax

ﬁﬂé@ﬁ&l@@ﬁﬂ%ﬁaéﬂﬂ@ﬂxﬂﬁﬁé

i
=)
o
"]

>

"import junit.framework.TestCase
import junit.framework.Assert._

P Note that this is nota case class

* A JUnit test case class.
* Every method starting wi
* the test with JUntit.

* / P
class IncomeTaxTest(name: String) extends TestCase(name) {

/**
* A test method.

‘fhe word "test" will be called when ru

* (Replace "X" with a name describing the test. You may write as

lgi=cladsiio | Console  Compiler Output |« Test Output |

Welcome to DrScala. Working directory is /Users/ericeallen/tmp
TESTING Nothing

|Editing (Untitled) *

26:0




8 DrScala File Edit Tools Project Help (LR 2 =T o B Wed354PM Q =

«
le o0

'I/' TE‘* New l <] Open I Savel B< Close ‘ : ‘ % Cutl |B Copyl @ Paste | @ Undo] e Redo [ * Find’? [ Compile I Reset ’ i Ruanest ‘

k4

DrScala: (Untitled) *

T

IncomeTax.scala

AEGC PB4 YR e 2809 NAES

Welcome

| TESTING

oir @ "5 X

>

“import junit.framework.TestCase
import junit.framework.Assert._

4k lgnore the extends clause for now

* A JUnit test case class.

* Every method starting with the word "tkst" will be called when ru
* the test with JUntit.

4
class IncomeTaxTest(name: String) extends TestCase(name) {

/**
* A test method.
* (Replace "X" with a name describing the test. You may write as

~iizeledeo | Console  Compiler Output = Test Output |

to DrScala. Working directory 1is /Users/ericeallen/tmp
Nothing

|Editing (Untitled) *

26:0




8 DrScala File Edit Tools Project Help (LR 2 =T o B Wed354PM Q =

«
le o0

'I/' TE‘* New l <] Open I Savel B< Close ‘ : ‘ % Cutl |B Copyl @ Paste | @ Undo] e Redo [ * Find’? [ Compile I Reset ’ i Ruanest ‘

k4

DrScala: (Untitled) *

T

IncomeTax.scala

AEGC PB4 YR e 2809 NAES

Welcome

| TESTING

oir @ "5 X

>

“import junit.framework.TestCase
import junit.framework.Assert._

snk lgnore the import statements for now

* A JUnit test case class.

* Every method starting with the word "test" will be called when ru
* the test with JUntit.

4
class IncomeTaxTest(name: String) extends TestCase(name) {

/**
* A test method.
* (Replace "X" with a name describing the test. You may write as

~iizeledeo | Console  Compiler Output = Test Output |

to DrScala. Working directory 1is /Users/ericeallen/tmp
Nothing

|Editing (Untitled) *

26:0




@ DrScala File Edit Tools Project Help O L 2 =T o« B Wed354PM Q =
Mille e DrScala: (Untitled) * )
'I; L&NewlﬂOpenlSavel E';Closelflx CutllB Copyl & Pastel@ Undol & Redo ;}&Find['[CompilelReseti'fRuanestl

[ —— . R . . .
Tncometo. scal * many "testSomething" methods in this class as you wish, and eac

* one will be called when running JUnit over this class.)
*/ .

} don’t do very much

/** Sample test method whichs ésts no program code. */
def testNothing() {
assertTrue("Dummy Test", true)

println("TESTING Nothing")

¥
¥

Console  Compiler Output Test OQutput

Welcome to DrScala. Working directory 1s /Users/ericeallen/tmp
TESTING Nothing

>

 HOBG Pl eYR e+ 809 NAGO&

|Editing (Untitled) * 26:0




@ DrScala File Edit Tools Project Help O L 2 T o« B Wed354PM Q =
Mille e DrScala: (Untitled) * )
‘£ E* New | Open | Sa\:el [} Close || 3 cut | [y Copy | B Paste | & undo | @ Redo || 88 Find | | Compile | Reset | | Run | Test |

P * many "testSomething" methods in this class as you wish, and eac

* one will be called when running JUnit over this class.)

*/ . . .
def testx() g==== All functions with names starting
o (44

¥ with test” are treated as tests

/** Sample test method which tests no program code. */
def testNothing() {

assertTrue("Dummy Test", true)

println("TESTING Nothing")

¥
¥

Console  Compiler Output Test Qutput

Welcome to DrScala. Working directory 1s /Users/ericeallen/tmp
TESTING Nothing
>

P EOEGLPRBO O« YR (L 1+ 80 HAESE

|Editing (Untitled) * 26:0



@ DrScala File Edit Tools Project Help O L 2 T o« B Wed354PM Q =
Mille e DrScala: (Untitled) * )
‘£ E* New |ﬁ Open | Sa\:el [ Close | | # cut | [ Copy | @ Paste | & Undo | @ redo | 88 Find | | Compile | Reset | | Run | Test |

(Emmm=’  * many "testSomething" methods in this class as you wish, and eac

* one will be called when running JUnit over this class.)

*/ . .
def testx() { The assertTrue function is
¥ available to us in our tests.

/** Sample test m€thod which tests no program code. */
def testNothé#ig() {

assertTrue("Dummy Test", true)

println("TESTING Nothing")

¥
¥

Console  Compiler Output Test Qutput

Welcome to DrScala. Working directory 1s /Users/ericeallen/tmp
TESTING Nothing
>

P EOEGLPRBO O« YR (L 1+ 80 HAESE

|Editing (Untitled) * 26:0



@ DrScala File Edit Tools Project Help O L 2 T o« B Wed354PM Q =
Mille e DrScala: (Untitled) * )
'IQ LﬂNewlﬁOpenlSavelf';CloselZIXCutllBCopyl Pastel@ UndolcRedo ;’&Find) [CompilelReseti'fRuanestl

fintiviear R " — : - :

Tncometo. scal * many "testSomething" methods in this class as you wish, and eac
* one will be called when running JUnit over this class.)
i
def testx() { The optional String is

printed if the test fails.

/** Sample test method wMich tests no program code. */
def testNothing() {
assertTrue("Dummy Test", true)

println("TESTING Nothing")

¥
¥

Console  Compiler Output Test Qutput

Welcome to DrScala. Working directory 1s /Users/ericeallen/tmp
TESTING Nothing

>

P EOEGLPRBO O« YR (L 1+ 80 HAESE

|Editing (Untitled) * 26:0




@ DrScala File Edit Tools Project Help O L 2 T o« B Wed354PM Q =
Mille e DrScala: (Untitled) * )
'IQ LE*Newl =) Openl Savel [ Close ll bUA Cutl I5) Copyl Paste l @ Undol & Redo ’ F. . Find | [Compile l Reset ’ f Ruanestl

fintiviear R " — : - :
Tncometo. scal * many "testSomething" methods in this class as you wish, and eac
* one will be called when running JUnit over this class.)
i
def testX() {

/** Sample test method which tests no program code. */

def testNothing() { o .
assertTrue("Dummy Test", true)M The test fails if this

, println("TESTING Nothing™) argument does not

} reduce to true.

Console  Compiler Output Test Qutput

Welcome to DrScala. Working directory 1s /Users/ericeallen/tmp
TESTING Nothing

>

P EOEGLPRBO O« YR (L 1+ 80 HAESE

|Editing (Untitled) * 26:0



assertEquals fails if its two arguments are not equal

@ DrScala File Edit Tools Project Hel O L 3 T« @ Wed835PM Q =

e e

‘i [ New| =l Open| 8 save | [ Close | | % cut| B Gpy| B Paste | @ undo | @ Redo |8 Find | | Compile | Reset | | Run | Test |
@ IncomeTax.scala S

NI s Add many more test functions

* Testi'g simple inW
def testlihcomeTax()

assertEquals(100, IncomeTax.incomeTax(1000))
assertEquals(907, IncomeTax.incomeTax(92075))
assertbEquals(907 + 138, IncomeTax.incomeTax(10000))

}

DrScala: /Users/ericeallen/tmp/IncomeTaxTest.scala

/*¥* Sample test method which tests no program code. */
def testNothing() {

assertTrue("Dummy Test", true)

println("TESTING Nothing")

Console = Compiler Output = Test Output |

Welcome to DrScala. Working directory 1is /Users/ericeallen/tmp
. TESTING Nothing
> |

I9BG PaBO «YM It "+ g0 LAEe

o @s

Bracket matches: def testincomeTax() { 18:3



Hitting the Test button prompts us to compile

DrScala File Edit Tools Project Help

O L 2 T o B Wed352PM Q

=l.

; r&NewlﬁOpen]Save[l_‘“xCIose]i[% Cut]lh Copy] & Paste[@ Undol & Redo |&Find|

IncomeTax.scala : CIICT LCO U YVWL LIl GJUIIL Lo

i
class IncomeTaxTest(name:

IncomeTaxTest.scala*

ring) extends TestCase(name) {

/**
* Testing simple income ta
*

/ [
def teStInC' Before you can run unit tests, you mus
<25 e files below are out of sync. Would you like to compile all files an |
CISSE r'tEqu ‘5.'; ‘ :-t:]ntfh'e s;t:,e:iﬁedtest(.:.)?f yne. Wouldy et prleall ‘ )

asser t E q U ncomeTaxTest.scala )
assertEqu (10000))

computations.

® Must Compile All Source Fil€§ to Run Unit Tests

compile all out of sync source files.

0

Q

ANeeg0Y DHEO&

[-—Ves—-j No

m Console  Compiler Output J|

Welcome to DrScala. Working directory is /Users/ericeallen/tmp
>

TR OB paldoc«

[Running All Open Unit Tests

14:19




u:
i

ojir @

Agreeing to compile prompts us to save

DrScala File Edit Tools Project Help

O L X =T o B Wed352PM Q

L@NewlﬁOpenlSavelf‘CloseI lXCutllBCopyl@ Paste[@ Undol cRd }

’@EQ@Q&.@@QE%hsﬁﬁﬂaﬂﬂ@@&ét*“g

-

Findi' Compile Reseti' Run | Test
L]

‘IncomeTax.scala » CI1ICT DL WE LI Ul E
IncomeTaxTest.scala*
*/

class IncomeTaxTest(name: String) extends TestCase(name) {

/**
* Testing simple income tax computations.
=

def testIncomeTax() {

000))

assertEquals(
assertEquals@ |S| ieviketwsmesamemconper  JD75))
eTax(10000))

assertEquals(

MustBave All Files to Continue

| Always save before compiling

No —Yes—

»
4

T Console Combiler Output |

Welcome to DrScala. Working directory 1s /Users/ericeallen/tmp

\'%

lRunning All Open Unit Tests

14:19




&

DrScala File Edit Tools Project Help

A green bar indicates that all tests passed

d

3 2 d B Wed352PM Q i

ille e

'l’ @NewlﬁOpenl B save

DrScala: /User T lceallen/tmpllncomeTaxT%t scala

ID Close‘ IXCutLIB Copyl ® Pastel@ Undo[ € Redo

| 88 Find | | Compile | Re%

|: [Ruanest\

), extends TestCase(name) {

‘ Tmla ' CIICT LCCO U WLLII JUIIL L,

@ class IncomeTaxTest(name: String?

=

o e |

g * Testing simple income tax computa¥ions.

. */

x def testIncomeTax() { .

= assertEquals(100, IncomeTax.incomeTax(10&

e assertEquals(907, IncomeTax.incomeTax(90753,

assertbEquals(907 + 138, IncomeTax.incomeTax(*

¥

| Interactions

Console

Compilrér Output

All tests completed successfully.
IncomeTaxTest
testNothing
testIncomeTax

Y- [Sr

[

<

' Test Progress @

Show Stack Trace

 Highlight source

cfr @y

l Editing /Users/ericeallen/tmp/IncomeTaxTest.scala

14:19




@ DrScala File Edit Tools Project Help O L $ = o« @ Wed815PM Q =
j © @ DrScala: /Users/ericeallen/tmp/IncomeTaxTest.scala
: & New = Open|®Save BClose| % Cut|®Copy|® Paste @ Undo|¢ Redo &Find]i Compile Reset Run|Test
IncomeTax.scala * def testIncomeTax() {

62084
L3

Tk

IncomeTaxTest.scala

i9BeL Pl «YP it i+ 809 tlase

Lncomelaxlest
testIncomeTax
testThatFails
testNothing

assertbEquals(100, IncomeTax.incomeTax(1000))
assertbEquals(907, IncomeTax.incomeTax(9075))
assertEquals(907 + 138, IncomeTax.incomeTax(10000)

}
A red bar indicates a
def testThatFails() { .
assertTrue(false) test failure
}

/** Sample test method which tests no program code.

def testNothing() {
assertTrue("Dummy Test", true)
printLn("TESTING Nothing")

Interactions = Console = Compiler Output _ Test Qutput

Test Proiress [xJ

A

v
| Show Stack Trace

o Highlight source
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@ DrScala File Edit Tools Project Help O L P T« @ Wed815PM Q =

j © @ DrScala: /Users/ericeallen/tmp/IncomeTaxTest.scala
‘& ' New|=Open|®Save|r Close| % Cut|® Copy|® Paste|® Undo| ¢ Redo &Find]5 Compile Reset| Run|Test

k4 R
@ IncomeTax.scala " def testIncomeTax() {

IncomeTaxTest.scala | assertbEquals(100, IncomeTax.incomeTax(1000))
assertbEquals(907, IncomeTax.incomeTax(9075))
assertEquals(907 + 138, IncomeTax.incomeTax(10000)

¥
Bt it The failing test is
ef testThatFails : : :
assertTrue(false) M highlighted in
; vellow

/** Sample test method which tests no program code.
def testNothing() {

assertTrue("Dummy Test", true)

println("TESTING Nothing")

Interactions = Console = Compiler Output _ Test Qutput

OEGC PeBOO«YR It " g0 B&

: lLncomelaxiest B =
e testIncomeTax A P ——
A testThatFails =

o testhothing o
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To interact with our program, we use the Interactions Pane

@ DrScala File Edit Tools Project Help 4 O L 2 =T o BB Wed351PM Q =
3 © @ "DrScala: /Users/ericeallen/tmp/IncomeTaxTest.scala * |
g | [ New | =3 Open ].s | [ close | | # cut | B copy | @ Paste | @ undo | @ ke iry nd | | Compile | Reset | | Run | Test |

= LIICT LCTOUL vwLULIl uwMiLL.,
class IncomeTaxTest(name: String) extends TestCase(name) {
/**
¥ Testlnf'simple income tax computations.
o

def testIncomeTax() {

assgrtEquals(100, IncomeTax.incomeTax(1000))
assertkEquals(907, IncomeTax.incomeTax(9075))
issertEquals(907 + 138, IncomeTax.incomeTax(10000))

lii=cleibisio ] Console  Compiler Output |

Welcggle to DrScala. Working directory is /Users/ericeallen/tmp

HoBCL pe@o 4« YAl 1+ g0 HNaGOaF

I @
@ &
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@ DrScala File Edit Tools Project Help O LCJ 2 = o« @@ Wed502PM Q =
: © @ DrScala: /Users/ericeallen/tmp/IncomeTax.scala
'l/' I:E}, New I < Open | B save I [ Close I : ’ % cut I 3 copy l & Paste l D undo | @ Redo | J 8 Find ]3 I Compile I Reset | | Run l Test l
‘ (Untitled)* : /
Inconelox scola &

Given an income in U.S. Dollars,
* returns the dollar value of tax
* owed for a single tax payer, using
* 2014-2015 IRS tax brackets.
s
def incomeTax(income: Int): Int = {
require(income >= 0)

IncomeTaxTest.scala*

1f (income <= cutoff@) {
bracket0

AY

Console = Compiler Qutput = Test Output |

Welcome to DrScala. Working directory is /Users/ericeallen/tmp
> /2 + /
res@: Int
> |

HEEC P CBO eYR T 2 g0 LAt

We can enter arbitrary Scala expressions

- -
cfir @:s
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’

DrScala File Edit Tools Project Help O L T o« @ Wed502PM Q

!7. @ DrScala: /Users/ericeallen/tmp/IncomeTax.scala
'l/' [ 3 New I <] Open | Save I [ Close ] : ’ % cut I 3 copy l & Paste I D undo | @ Redo | l 8 Find |3 [ Compile I Reset | | Run l Test ‘
o | Untitled)* | /

>
IncomeTax.scala *

IncomeTaxTest.scala*

Given an income in U.S. Dollars,
* returns the dollar value of tax
* owed for a single tax payer, using
* 2014-2015 IRS tax brackets.
s
def incomeTax(income: Int): Int = {
require(income >= 0)

1f (income <= cutoff@) {
bracket0

Sl [JOE v PN Tol JMEY. | 1

AY

Welcome
> 2 + 2

> |

e
cir @
-

Console = Compiler Qutput = Test Output |

to DrScala. Working directory 1is /Users/ericeallen/tmp

res@: Int = 4

The value our expression reduces to is displayed
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@ DrScala File Edit Tools Project Help O LCJ 2 = o« @@ Wed502PM Q =
: © @ DrScala: /Users/ericeallen/tmp/IncomeTax.scala
'l/' I:E}, New I < Open | B save I [ Close I : ’ % cut I 3 copy l & Paste l D undo | @ Redo | J 8 Find ]3 I Compile I Reset | | Run l Test l
‘ (Untitled)* : /
Inconelox scola &

Given an income in U.S. Dollars,
* returns the dollar value of tax
* owed for a single tax payer, using
* 2014-2015 IRS tax brackets.
s
def incomeTax(income: Int): Int = {
require(income >= 0)

IncomeTaxTest.scala*

1f (income <= cutoff@) {
bracket0

AY

Console = Compiler Qutput = Test Output |

Welcome to DrScala. Working directory is /Users/ericeallen/tmp
> /2 + /

res@: Int = 4

> |

HEEC P CBO eYR T 2 g0 LAt

As is its type

- -
cfir @:s
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@ DrScala File Edit Tools Project Help O LCJ 2 = o« @@ Wed502PM Q =
: © @ DrScala: /Users/ericeallen/tmp/IncomeTax.scala
'l/' I:E}, New I < Open | B save I [ Close I : ’ % cut I 3 copy l & Paste l D undo | @ Redo | J 8 Find ]3 I Compile I Reset | | Run l Test l
& | (Untitled)* B /
InconeTor scala ] &

Given an income in U.S. Dollars,
* returns the dollar value of tax
* owed for a single tax payer, using
* 2014-2015 IRS tax brackets.
s
def incomeTax(income: Int): Int = {
require(income >= 0)

IncomeTaxTest.scala*

1f (income <= cutoff@) {
bracket0

AY

Console = Compiler Qutput = Test Output |

Welcome to DrScala. Working directory is /Users/ericeallen/tmp
> /2 + /

HEEC P CBO eYR T 2 g0 LAt

And the value is bound to a fresh identifier

- -
cfir @:s
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@ DrScala File Edit Tools Project Help
Mle o0

. I/ TE‘* New l <3 Open l Save I [ Close ‘ : ‘ % cut | IR) Copyl & Paste i D undo | @ Redo |: | 8 Find ’? [ Compile I Reset ’ : i Run l Test ‘

k4

O L 3 T o« @ Wed503PM Q

DrScala: /Users/ericeallen/tmp/IncomeTax.scala

(Untitled)* & /
IncomeTax.scala

i

IECLPABOO«YR e #8209 HLaee

Welcome to DrScala.
> 2 + 2
res@: Int = 4

i
sir @S
(L= Aa\‘

resl: Int = 21174
>

* Given an income in U.S. Dollars,

* returns the dollar value of tax

* owed for a single tax payer, using
* 2014-2015 IRS tax brackets.

def incomeTax(income: Int): Int = {
require(income >= 0)

1f (income <= cutoff@) {
bracket

Console = Compiler Output = Test Output |

Working directory 1is /Users/ericeallen/tmp

> IncomeTax.incomeTax(100000)

The classes we have compiled in
Definitions are in scope in Interactions
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DrScala File Edit Tools Project Help O L 3 T o« @ Wed503PM Q

@
: ®° e DrScala: /Users/ericeallen/tmp/IncomeTax.scala

'l; LE:* New | < Open I B save I [ Close [ { % Cut[ 3 Copyl & Paste I a Undo | @ Redo | 8 Find | !Compile l Reset | | Run | Test |
“

(Untitled)* R /

R

3 * Given an income in U.S. Dollars,

@ * returns the dollar value of tax

= * owed for a single tax payer, using

- * 2014-2015 IRS tax brackets.

: '/

% def incomeTax(income: Int): Int = {

& require(income >= 0)

+

if (income <= cutoff@) {

» bracket®

@ ] lgigeledeie Console  Compiler Output ~ Test Output |

g weLcome to ur>dcaLa. Working directory 1S /userssericedaLlLen/tmp

& > 2+ 7

@ reso: Int = 4 We can refer to previously bound
B> I Tax.n Tax(100000 : . [ :

B - SGmEaR. Laeanelax ) identifiers in subsequent

%

flresl: Int = 21174 |

> res@ * reslM eXpreSSIonS
resZ: Int = 84696
>

3 T
. e
(¢ '
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® DrScala File Edit Tools Project Help O L 3 T« @ Wed504PM Q =

:7. ) @ DrScala: /Users/ericeallen/tmp/IncomeTax.scala
‘IQ ﬂ:‘& New I <3 Open | - Save I D< Close ] : l % Cut I [y copy I @ Paste I ° Undo c Redo ] & Find I [ Compile l Reset | ‘ Run I Test ’
‘ (Untitled)* : o

IncomeTax.scala

InconeTarTest.scal * Given an income in U.S. Dollars,
* returns the dollar value of tax
* owed for a single tax payer, using
* 2014-2015 IRS tax brackets.
o
def incomeTax(income: Int): Int = {
require(income >= 0)

Pl s 809 Oaee

1f (income <= cutoff@) {
bracket

-

AT

Console = Compiler Output = Test Output |

resv: 1lnt = 4

> IncomeTax.i1ncomeTax(100000)

resl: Int = 21174 . . . e

> resd * resl We can also bind new identifiers
resz: Iljlt = 84090 | directly

> val p1 = 3.14

pif Double = 3.14

>

9
@
9
G
&
@
0
@
=
€

cofr @s
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® DrScala File Edit Tools Project Help O L 3 T« @ Wed504PM Q =

:7. ) @ DrScala: /Users/ericeallen/tmp/IncomeTax.scala
‘IQ ﬂ:‘& New I <3 Open | - Save I D< Close ] : l % Cut I [y copy I @ Paste I ° Undo c Redo ] & Find I [ Compile l Reset | ‘ Run I Test ’
‘ (Untitled)* : o
InconeTax scala | *

Given an income in U.S. Dollars,
* returns the dollar value of tax
* owed for a single tax payer, using
* 2014-2015 IRS tax brackets.
o
def incomeTax(income: Int): Int = {
require(income >= 0)

IncomeTaxTest.scala*

Pl s 809 Oaee

1f (income <= cutoff@) {
bracket

-

AT

Console = Compiler Output = Test Output |

resl: Int = Z11/4
> res@ * resl

resZ2: Int = 846096 ,

> val pi = 3.14 And compute with them
pi: Double = 3.14 '

> resl * pi

res3: Double = 66486.36

=R >

Rl - (O] (WIS

™ @
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@ DrScala File Edit Tools Project Help 6 ) 2 T o« @ Wed504PM Q =
: [ NN ) DrScala: /Users/ericeallen/tmp/IncomeTax.scala
.l,' [ 3 New I =] Open | B save I [ Close ‘ : l 3£ Cut] IR Copy] # Paste l D Undo | @ Redo | 8 Find | | Compile ] Reset | - | Run [Test E

‘ (Untitled)* : : 7

'3 * Given an income in U.S. Dollars,
® * returns the dollar value of tax
= * owed for a single tax payer, using
« * 2014-2015 IRS tax brackets.

: */

- def incomeTax(income: Int): Int = {
z require(income >= 0)

G

3 o

) i1f (income <= cutoff@) {

bracket®

B -G oL

-
it

=
=

AT

lgiselateie Console  Compiler Output ~ Test Output |

resZ: 1Nt = 34bYo
> val p1 = 3.14
pi: Double = 3.14

L res] * pi We can also define new functions

| res3: Double = 66486.36 */"’

| > def square(x: Double) = x * x

sqrare: (x: Double)Double
>

[Editing /Users/ericeallen/tmp/IncomeTax.scala
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@ DrScala File Edit Tools Project Help (LR $ = o« @ Wed505PM Q =

! e DrScala: /Users/ericeallen/tmp/IncomeTax.scala
‘K [ & New [ & Open l.s | [ Close | | 3 cut| [y Copy | B Paste | & Undo @ redo | 8 Find | | Compile | Reset | | Run | Test |

* Given an income in U.S. Dollars,

* returns the dollar value of tax

* owed for a single tax payer, using
* 2014-2015 IRS tax brackets.

*

def incomeTax(income: Int): Int = {
require(income >= 0)

1f (income <= cutoff@) {
bracket

Console = Compiler Output = Test Output |

> valL p1 = 3.14

pi: Double = 3.14 For definitions that are not
> resl * pi ) .
res3: Double = 66486.36 syntactically complete, we are given

HEG LB «YR i 1809 At

> def square(x: Double) = x * x 5 new line, indicated by a
square: (X: Double)Double L
' vertical bar

> def abs(x: Double) .-

«fr @

IEditing /Users/ericeallen/tmp/IncomeTax.scala 2:3




@ DrScala File Edit Tools Project Help O Ll $ = o« @ Wed507PM Q =
_! e DrScala: /Users/ericeallen/tmp/IncomeTax.scala
= I/ TE‘* New l <] Open l Save I B< Close ‘ : ‘ % Cut | |B COpyl @ Paste i ° Undo e Redo [ * Find ’? [ Compile I Reset ’ : i Run l Test ‘
4 (Untitled)* & /* *
IncomeTax.scala

IncomeTaxTest.scala*

* Given an income in U.S. Dollars,
* returns the dollar value of tax
* owed for a single tax payer, using
* 2014-2015 IRS tax brackets.
i
def incomeTax(income: Int): Int = {
require(income >= 0)

1f (income <= cutoff@) {

lﬂlﬁflﬁlll\-‘—n

Jliseiedelis ) Console  Compiler Output | Test Output |

Welcome to DrScala. Working directory is /Users/ericeallen/tmp
> def abs(x: Double) = . .
| if (x < 0) -x else The function is bound and

e M . .
abs: (x: Double)Double dan arrow type IS dlsplayed

>

IECLPaBOO«YR e #8209 H1aee

i
sir @S
(L= Aa\‘

IResetting Interactions
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@ DrScala File Edit Tools Project Help O L 2 T o« @ Wed507PM Q =
! [ MON ) DrScala: /Users/ericeallen/tmp/IncomeTax.scala
'l,' L&NeWIﬂOpenIBSavelE}Close’”%Cut[lBCopyl@PastelaLJndn & Redo Eyﬂﬂnd\ [Compilelkeset['fRuanest‘

e~ VAL
° 0 IncomeTaxest .scala* . . .

g * Given an income 1n U.S. Dollars,
'@r * returns the dollar value of tax

& * owed for a single tax payer, using

g * 2014-2015 IRS tax brackets.

) 7 4

% . .

> def incomeTax(income: Int): Int = {

- require(income >= 0)

I if (income <= cutoff@) {
g\ lhirm~loaln

@ ] s eedsie Console  Compiler Output ~ Test Output |

g weLcome to Ur>caLa. Working directory 1S susers/ericeaLLen/tmp

@ > def abs(x: Double) =
a | if (x < 0) -x else And we can refer to this
; | X function in subsequent

| abs: (x: Double)Double | g

‘y [ ]

> abs(-5.0) expressions
res@: Double = 5.0

: ©, R
cfr @

>

lResetting Interactions
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We can click on the file to appear in Definitions

B DrScala File Edit Tools Project Help ; ‘g IR T o« @ Wed746PM Q =

@
j. @ ‘ DrScala: /Users/ericeallen/tmp/IncomeTax.scala
‘& & New|=Open|®Save & Close 5]% 4t o Copy| @ Paste|®@ Undo ¢ Redo #Find Compile Reset Run| Test

E4 ‘
-@|(Untitled)* . " | |
IncomeTax.scala // Brackets are 1in tgn’Fhs of percentage points,
2 IncomeTaxTest . scala* // thus percentage divisor must be 1000

val divisor = 1000

€

/**
* Given an income in U.S. Dollars,
* returns the dollar value of tax
* owed for a single tax payer, using
* 2014-2015 IRS tax brackets.
o
def incomeTax(income: Int): Int = {
require(income >= 0)

L - - - P~ ~ Ll

Console CompiAIer Output | Test Output |

- Welcome to DrScala. Working directory is /Users/ericeallen/tmp
>

AECPeBO Y eV e g0y

TEEs
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Files that have not been saved include an asterisk

@ DrScala File Edit Tools Project Help ¥ O L $ = o« @ Wed7:46PM Q =
3 @ @ DrScala: /Users/ericeallen/tmp/IncomeTaxTest.scala *
: E‘_*Newr_l = Openil__ Save ]E‘ Closey % Cutym Copy__|»® Paste[@ Undoﬂ\ ¢ Redo |#Find \f|»Compi|e_lleesetﬁ\ !}Run]’Testf_['

- (Untitled)* 7/ * Testing simple income tax computations.
& IncomeTax.scadla F *x/

BiTncomeTaxTest.scala* def testIncomeTax() {

assertEquals(100, IncomeTax.incomeTax(1000))
assertbEquals(907, IncomeTax.incomeTax(9075))
assertEquals(907 + 138, IncomeTax.incomeTax(10000)

¥

/** Sample test method which tests no program code.
def testNothing() {

assertTrue("Dummy Test", true)

println("TESTING Nothing")
1

Bluccladediisl Console Compiler Output = Test Output |

Welcome to DrScala. Working directory 1is /Users/ericeallen/tmp
>

R -LIwT [Iof $50: BN Tob)

"
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Reset resets the Interactions session

@ DrScala File Edit Tools Project Help

O L T« @@ Wed7:46PM Q =

DrScala: /Users/ericealIen/tmp/lncom it

Tle e
‘& nNew = Open |@Save | & Close | % Cut

® Copy | Paste|2 Undo| ¢ Redo |® Find| Commi

Reset Run Test

‘,,*
-@|(Untitled)*
_ IncomeTax.scala

IncomeTaxTest.scala* |

IOEC PB4 YR It a0 1}

>

«r @S

* Testing simple income tax computations.
o'

def testIncomeTax() {
assertEquals(100, IncomeTax.incomeTax(1000))
assertbEquals(907, IncomeTax.incomeTax(9075))
assertEquals(907 + 138, IncomeTax.incomeTax(10000)

¥

/** Sample test method which tests no program code.
def testNothing() {

assertTrue("Dummy Test", true)

println("TESTING Nothing")
1

UG Console CompirlerOutput Test Output |

- Welcome to DrScala. Working directory is /Users/ericeallen/tmp

Editing /Users/ericeallen/tmp/IncomeTaxTest.scala *
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Run executes Definitions

@ DrScala File Edit Tools Project Help O L $ = o« @ Wed7:46PM Q =

j 2} @ DrScala: /Users/ericeallen/tmp/IncomeTaxTest.scala * :
‘& o New|=0Open|®Save = Close % Cut|® Copy|® Paste|® Undo|eRedo (& Find[5 Compile

¢o——
@ (Untitled)* * Testing simple income tax computations.
& IncomeTax.scadla % /

IRl  def testIncomeTax() {

assertEquals(100, IncomeTax.incomeTax(1000))
assertbEquals(907, IncomeTax.incomeTax(9075))
assertEquals(907 + 138, IncomeTax.incomeTax(10000)

'Run Test|'

€

¥

/** Sample test method which tests no program code.
def testNothing() {

assertTrue("Dummy Test", true)

println("TESTING Nothing")
1

UG Console CompirlerOutput Test Output |

- Welcome to DrScala. Working directory is /Users/ericeallen/tmp
>

DR PABOYeYRAIE e g0y )

CJul e B
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