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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

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



Class Methods

case class C(fieldl: Typel, .., fieldN: TypeN) {
def ml(x11l: TypeP1l1l, .. xK1: TypePkl): TypeR1ll =
expr

def mJ(x1J: TypeP1], .. xKJ: TypePkJ): TypeR1l] =
expr

¥



Method Definitions

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



Applying a Class Method

e (Given a class definition:

class C(pl1:T1, .., pk:Tk) { ..

def m(Cparaml:T11, paramN:TIN):T = e

h

e To reduce the application of a method:
C(vl, .., vk).mCargl, .., argN)
« 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 »
25 + 9
34



Nested Pattern Matching

def dotProduct(cl: Coordinate, cZ2: Coordinate) = {
(cl, c2) match {
case (Coordinate(x1l,yl), Coordinate(xZ2,y2)) =>
x1*x2 + yl*y?2
3
3



Singleton Objects



Singleton Objects

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

« When compiling a Scala ftile, it is required that 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 bracket@® = 0

val bracketl = 100
val cutoffl = 9075

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

} ensuring (_ >= 0)

h



Syntax for Singleton Objects

object Name {
valDefs*

functionDefs*

h



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

ITncomeTax.bracketl

—

100



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

IncomeTax.1ncomeTax(100000)

—

21174



Homework Grading Criteria

e Style: 50%

e Correctness: 50%



Style of Program Code and
Test Code

e Clarity

e Comments

e Contracts

* Design Principles



Clarity: Is the Program Easy
to Read?

* |s 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, revenue, cost example in
Lecture 2



Clarity: Is the Program Easy
to Read?

e 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 adeqguately 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?

* |s the program consistent in its indentation and
whitespace”?

* This can affect readabillity
* |s there appropriate spacing?

 Code that is too close together can be hard to
read



Comments

e Does each function include a statement of
purpose’?

e 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

* [he 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 documentation?



Design Principles

* Does the program stick to the constructs covered
in class so far”

* |s 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 if-else expressions breaking up
sub-ranges?

* |s 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

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




Example: Testing Our
Theater Profit Calculator

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

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

¥




Using DrScala



DrScala

* Available from the course homepage

http://comp311.rice.edu

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


http://comp311.rice.edu

Open Files

& DrScala§ File Edit Tools Project Help

ahcéuéj

Interactions Pane Definitions Pane

o lZJ,-# = d B Wed343PM Q = |

nlﬂhﬂlﬂtlm ‘xculeopvlﬂ Pasul: Undo | @ Redo
-

i @ B-UIw 0T [MEr e BNy - Tok)

Welcome to DrScala.;

WONS me Cmv'“ W'M

Working directory is /Users/ericeallen/tmp

Editing (Untitled)

1:0




Define your program in the definitions pane

>

@ DrScala File Edit Tools Project Help O L 3 T o4 B Wed349PM Q =
e o DrScala: /Users/ericeallen/tmp/incomeTax.scajg
‘B [ B vew | & 0pen [ @ save | I3 lose | [ & o [ D Copy | @ Paste [ D undo| @ neso | 88 Find | | Compte [ Reser | | mun [ Test| 4
- ‘object IncomeTax {
¢ |
; val cutoff@ = 0
a val bracket® = 0
S’

: val bracketl = 100
“/ val cutoffl = 9075
™
Ny cn)
val bracket2 = 150
2 val cutoff2 = 36900
% val bracket3 = 250
g val cutoff3 = 89350
9 - Console ~ Compiler Output |
:g Welcome to DrScala. Working directory 1is /Users/ericeallen/tmp
-

n

3
i
u

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

2:3




a

DrScala File Edit Tools Project Help

A prompt to save your program after hitting the Compile button

O L 3 T o4 B Wed349PM Q :

"l [nmwlsomnlhnlﬁam fxCulBCowl.hm :

Mnl _hm Test

lAEO &

B0 S v Ry Tok)

IncomeTax. scala®

val
val

val
val

val
val

val
val

>

Welcome to DrScala.

‘object IncomeTdsx

cutoff@ =
bracket® =

bracketl =
cutoffl =

bracket? =
cutoff2 =

bracket3 =
cutoff3 =

AN

100 \

e} Wilust Save Al Files to Continue
« To compile, you must first save ALL modified files.
3 =2 Would you like to save and then compile?

Always save before compiling
No  Yes
T —

LG Console  Compiler Output |

Working directory 1is /Users/ericeallen/tmp

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

2:3
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DrScala File Edit Tools Project Help

QW

2 T o B Wed3:49PM Q

I

HEEPCBO ALY Ir *gOY LAGOA

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

.| By new | @5 Open | @ oo | [ Close | 3 cue | D Copy | 8 Paste | D undo | @ nedo | 88 Find | | Compite | Reset  mun | Tews

val
val

val
val

val
val

val
val

‘object IncomeTax {

cutoff@ = 0
bracket® = 0

bracketl = 100 ouccessful compilation reported

cutoffl = 9075

bracketZ2 = 150
cutoff2 = 36900

bracket3 = 250
cutoff3 = 89350

Interactions  Console BRSSUTHIEES T

Compilation completed. Output directory 1is:
.m /Users/ericeallen/tmp

in the Compiler Output tab

Compiler
Scala version 2.12.0-M2 3

o Highlight source

Editing /Users/ericeallen/tmp/IncomeTax.scala

2:3
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DrScala File Edit Tools Project Help

O L 2 T d BF Wed349PM Q

=

DrScala: /Users/enceallen/tmp/incomeTax.scala

B New | € Open | @ sove | B Close | | 3 ot | @) Copy | @ Paste | O undo | @ nece 8 Find | | Compite | meser | mum | Test

@
|
.‘;

£
@

%

o val
i val
«

S}

L val
»

& val
o
S

3¢ val
I

v val
(@)

Q val
!3 val
@
@
-

‘object IncomeTax {

cutoff@ = 0
bracket® = 0

bracketl = 100
cutoffl = 9075

bracket2 = 150
cutoff2 = 36900

bracket3 = 250
cutoff3 = 89350

Console output from running
a program printed here

Interactions PRETSVEN  Compiler Output

Editing /Users/ericeallen/tmp/IncomeTax.scala

2:3




DrScala File Edit Tools Project Help O - 2 = o B Wed3S50PM Q

“I.

AEO &

I9B6 . peBO e« Y¥M s - » 80

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

. lnﬂtwlﬂoﬂnl.‘u.rff‘,ﬂw :xCNIBCowIOhuQIDw.:.. @ Redo T&nnd' Comlelhwl nm|rm'

‘object IncomeTax {

val
val

val
val

val
val

val
val

>

Welcome to DrScala.*ﬁ'

cutoff@ = 0
bracket® = 0
bracketl = 100 \Ne can interact with the functions

toffl = 9075 : : :
0 in our program directly in the

bracket2 = 150 Interactions pane

cutoff2 = 36900

bracket3 = 250
cutoff3 = 892

SRS Console  Compiler Output

orking directory is /Users/ericeallen/tmp

Editing /Users/ericeallen/tmp/IncomeTax.scala

2:3




@ DrScala Edit Tools Project Help O L 3 T oA B Wed352PM Q =
(N ) . " DrScala: /Users/ericeallen/tmp/incomeTax.scala "
‘B ; E;NewJUnitTest Case..v.

‘ opyl.hnolauwolcizmu [“ﬂnd ‘Coma-lelhwl' jhml‘rcslj

pen Folder... ox w"NI_ {
@smmc.  £Off0 = 0
_ Froname xr acket® = 0
< Revert to Saved %R ;\
? e cos = gcketl = 100
» Close All N #EW ac et — '
8| s boff1 - 9075 Create a new JUnit TestCase
H e class
2 IncomeTix.scsl acket2 = 150
- cgmescit e EOTF2 = 36900
(@) Quit
4 - val bracket3 = 250
g val cutoff3 = 89350
.9 ) SR Console  Compiler Output  Test Output
B Welcome to DrScala. Working directory is /Users/ericeallen/tmp

TESTING Nothing
>

esfir e L

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



DrScala File Edit Tools Project Help O L 2 T o4 B Wed353PM Q

r['}umlaom].m | B close | | 3 cor | Copy | B Paste | O undo | @ mecc 8 Find | | Compite | Reser Rum | Test

%

=

"\ ‘ D .
v g
L

SEEC POBO « YT - * 20 ahcétﬁl.

IncomeTox.scala

‘object IncomeTax {

val
val

val
val

val
val

val
val

cutoff@ = 0
bracketd = 0 \\/e gre prompted for a name. Let’s
bracketl = 100 call it IncomelaxTest

cutoffl = 9075

bracket? = 15.
CUtOffZ = 369 EJ IncomeTaxTesy

e test class:

bracket3 =

cutoff3 = 893P

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

TESTING Nothing

>

Editing /Users/ericeallen/tmp/IncomeTax.scala

2:3




@ DrScala File Edit Tools Project Help O L 2 T 4 B Wed354PM Q =
Tle o DrScala: (Untitied) * y

| By New | &5 Open | (9 Save | (X Close | 3 Cut | @ Copy | @ Paste | D undo | @ neco | 88 Find | | Compte | Reset  Run | Test |
.

I'W'impor't junit.framework.TestCase
import junit.framework.Assert._

e A new test class Is created

* A JUnit test case class.
* Every method starting wit
¥ the test with JUnit.."
* /

v

lAEOa ™

rThe word "test” will be called when ru

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

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

Console Compiler Output  Test Output

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

lnd >

I9B6 . peBO e« Y¥M s - » 80

Editing (Untitled) * 26:0




@ DrScala File Edit Tools Project Help O L 2 T 4 B Wed354PM Q =
Tle o DrScala: (Untitied) * y

| By New | &5 Open | (9 Save | (X Close | 3 Cut | @ Copy | @ Paste | D undo | @ neco | 88 Find | | Compte | Reset  Run | Test |
.

I'W'impor't junit.framework.TestCase
import junit.framework.Assert._

P Note that this Is not a case class

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

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

lAEOa ™

rThe word "test” will be called when ru

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

Console Compiler Output  Test Output

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

lnd >

I9B6 . peBO e« Y¥M s - » 80

Editing (Untitled) * 26:0




@ DrScala File Edit Tools Project Help O L 2 T 4 B Wed354PM Q =
Tle o DrScala: (Untitied) * y

| By New | &5 Open | (9 Save | (X Close | 3 Cut | @ Copy | @ Paste | D undo | @ neco | 88 Find | | Compte | Reset  Run | Test |
.

I'W'impor't junit.framework.TestCase
import junit.framework.Assert._

. 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 JUnit.
*/

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

lAEOa ™

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

Console Compiler Output  Test Output

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

lnd >

I9B6 . peBO e« Y¥M s - » 80

Editing (Untitled) * 26:0




o

DrScala File Edit Tools Project Help O L 2 T o4 B Wed3S54PM Q =

'J.‘

DrScala: (Untitled) *
.| Bynew | €5 0pen | [ save | X Close | | 3 cut | @ Copy | @ Paste | D uno | @ neco | 88 Fina | | Compte | Reset | Run | Test |

TE— import junit. Fr'amewor'k TestCase
import junit.framework.Assert._ "

lAEOa ™

S lgnore the mportstatements for now

* A JUnit test case class.
* Every method starting with the word "test" will be called when ru
* the test with JUnit.
*/
class IncomeTaxTest(name: String) extends TestCase(name) {

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

Console Compiler Output  Test Output

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

lnd >

I9B6 . peBO e« Y¥M s - » 80

Editing (Untitled) * 26:0




@ DrScala File Edit Tools Project Help

O L 2T B3 Wed354PM Q =

Moo

g § | B3 Mew | € Open |8$avo|["tlm % cur | D Copy | B Paste | O undo | @ e

IncomeTax.scala

B 3 L s
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=
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>

DrScala: (Untitled) *
. 8 Find | | Compie | Reser | Rum | Test

}
|

Welcome to DrScala.
TESTING Nothing

* many testSomething" methods in this class as you wish, and eac
* one will be called when running JUnit over this class.)

*/ .
dof testX() { M—mmmm—mm———=THe provided tests

} “don’t do very much
/** Sample test method whyci=’

ests no program code. */
def testNothing() { &2,
assertTrue("Dummy Test", true)
println("TESTING Nothing")

}

=i Console  Compiler Output  Test Qutput

Working directory is /Users/ericeallen/tmp

Editing (Untitled) *

26:0




@ DrScala File Edit Tools Project Help O L 2 T o4 BF Wed354PM Q

Mle 0 DrScala: (Unttied) *
g & ramleMnlahnlI_“,(Clm_'xCuIﬂ)CopylﬂPasulaundo!ch: ‘m_cmhlum_u-['rm

meeascata ¥ many "testSomething” methods in this class as you wish, and eac
* one will be called when running JUnit over this class.)

*/ : : :
def testX() 4 -All functions with names starting

} | with“test” are treated as tests

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

assertTrue("Dummy Test", true)

println("TESTING Nothing")

}
}

LA &

O Console Compiler Output  Test Output

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

>

BB PaBO «YFA s 2809

o

cir @
v - “%

Editing (Untitled) * 26:0



@ DrScala File Edit Tools Project Help

O L 2 T 4 BF Wed354PM Q

Moo

g § | B vew | € 0pen | @ save | B Close | | 8 con | D copy | B Paste | O undo | @ nec

IncomeTax.scala

AHEO &

SR PeBO «YM s+ 20

>

"\ ‘ D -
> g
r

DrScala: (Untitled) *
8 Find | | Compile | Reser  Rum | Tem

}
|

Welcome to DrScala.
TESTING Nothing

* 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
availlable to us in our tests.

}
hod which tests no program code. */

/** Sample test mét

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

}

GEERT Console  Compiler Output  Test Qutput

Working directory is /Users/ericeallen/tmp

Editing (Untitled) *

26:0




@ DrScala File Edit Tools Project Help

O L 2 T 4 BF Wed354PM Q

Moo

g § | B vew | € 0pen | @ save | B Close | | 8 con | D copy | B Paste | O undo | @ nec

IncomeTax.scala

AHEO &

SR PeBO «YM s+ 20

>

"\ ‘ D -
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r

DrScala: (Untitled) *
8 Find | | Compile | Reser  Rum | Tem

}
|

Welcome to DrScala.
TESTING Nothing

* many "testSomething" methods in this class as you wish, and eac
* one will be called when running JUnit over this class.)

a:«/f testX() { ,The optional String is
“printed If the test falls.

}
fich tests no program code. */

/** Sample test method w

def testNothing() { A&
assertTrue("Dummy Test", true)
println("TESTING Nothing")

}

GEERT Console  Compiler Output  Test Qutput

Working directory is /Users/ericeallen/tmp

Editing (Untitled) *

26:0




@ DrScala File Edit Tools Project Help O L 2 T o4 BF Wed354PM Q

Moo DrScala: (Unttied) *

‘B B vew | @ 0pen [ @ save | Bclose | | % con | D Copy | B Paste | D Undo | @ e 88 Find | | Compste | Reser | Rum | Test

& | * many "testSomething" methods in this class as you wish, and eac
g * one will be called when running JUnit over this class.)

o ¥/

SR PeBO «YM s+ 20

%

=

>

"\ ‘ D -
v g
r

}
|

def testX() {
¥

/** Sample test method which tests no program code. */
def testNothing() { o ,
assertTrue("Dummy Test", true)%_rhe test fails if this

printInCTESTING Nothing™) = grgument does not
}

reduce to true.

SO Console Compiler OQutput  Test Output

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

Editing (Untitled) *

26:0




assertEquals fails if its two arguments are not equal

@ DrScala File Edit Tools Project Helpl O L 2 T 4 W Wed835PM Q =

’ @ ® . DrScala: /Users/ericeallen/tmp/IncomeTaxTest.scala
‘B DiNew| = Open| W save | B Close | ¥ Cut| @ dhpy| @ Paste | D undo| @ redo | 8 Find | | Compile | Reset | | Run | Test|

e Add many more test functions
* Testihg simple income tax computa“_,;u.

*/ ) 8 i’
def testIhcomeTax() {

assertEquals(100, IncomeTax.incomeTax(1000))
assertEquals(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")

B 1

S-S IO ES . S Tok)

Console Compiler OQutput  Test Output

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

Bracket matches: def testincomeTax( { 18:3
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Hitting the Test button prompts us to complle

DrScala File Edit Tools Project Help

O L 2 T A BF Wed3d52PM Q =

’—amw|aom|es.mll?‘cnou (B | D Copy| B Paste | D undo | @ rece B Fna | Row |

IncomeTox.scala : CIIC LCOUL YWLUII UL C.
Wmm.mln‘
*/

class IncomeTaxTest(name:

53ring) extends TestCase(name) {

F |
* Testing simple income ta7ycomputat10ns
*/ L Must Compile All Source nnmumr.m
def testln C (| Before you can run unit tests, you mus :tompilc alt out of sync source files.
assertEqu ::.7 m:&ﬁ:mu:“mgsm.nbwm ike to compile all files and
assertEqu omratesan })
assertEqu 1(10000))
¥

el | N

’1‘Illllll|llll’g!!!g!!g!!!llllll'?‘

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

\%

Running All Open Unit Tests

14:19




Agreeing to compile prompts us to save

>

@ DrScala File Edit Tools Project Help O L 2 T o4 BF Wed352PM Q =
- |
A '8“"“”'“1.?3"333'3'J‘.'L’JTT‘SU..."" =
" o \

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

=
. /** ‘

g ¥ Testing simple 1ncoe tax computations.

» */ 1
. def testIncomeTax() { &

- assertEquals( 000))

assertEquals( | & wmLmIIImATE " 1075))

: assertEquals( s save efore compting 1eTax(10000))

Q
. }
®
9‘ ‘

:= Welcome to DrScala. Working directory is /Users/ericeallen/tmp

—_—

ajir @

Running All Open Unit Tests 14:19



A green bar indicates that all tests passed

DrScala File Edit Tools Project Help h \ O L 2 T 4 BF Wed352PM Q =

-0 ] DrScala: /UserShyicealie TaxTest.scala
‘B B oew | @ open | @ s 'Fcum (% con | @ Copy | B Paste | D undo | @ reco | 8 Find | | Compte | Al
‘ IncomeTox.scala | — LTOL ¥WLLUII JUlIILLU. :

s
'31 */ \
® class IncomeTaxTest(name: Strlnga\extends TestCase(nhame) {
a )

o

oy
v o “W

BB PaBO «YFA s 2809

/**
* Testing simple income tax computaxlons
*/

def testIncomeTax() { N,

assertEquals(100, IncomeTax.incomeTax(1080))
assertEquals(907, IncomeTax.incomeTax(9075%,
assertEquals(907 + 138, IncomeTax.incomeTax(%0000))

Interactions Console Compiler Output

All tests completed successfully.
IncomeTaxTest

testNothing

testIncomeTax

Show Stack Trace

v Highlight source

Editing /Users/ericeallen/tmp/IncomeTaxTest.scala

14:19




@ DrScala File Edit Tools Project Help O L 32 T o4 W WedBI5PM Q =
e o DrScala: /Users/ericealientmp/IncomeTaxTest.scala
‘:}&NewleOpen\OSave»E‘xCIose‘ 3Cut|beopy]mPaste]9Undo:cRedo # Find Compile]Reset_ RunITest
@ IncomeTax.scala "~ def testIncomeTax() {
,2 IncomeTaxTest.scala assertEquals(100, IncomeTax.incomeTax(1000))
i assertkEquals(907, IncomeTax.incomeTax(9075))

assertEquals(907 + 138, IncomeTax.incomeTax(10000]

¥
| A red bar indicates a
def testThatFails() { :
assertTrue(false) test tailure
1 \

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

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

Interactions Console Compiler Output BRESSE8 T

tncomelaxiest n“mrg x
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=

testIncomeTax —
testThatFails v

Show Stack Trace

teStNOthl ng # Highlight source

Editing /Users /ericeallen/tmp/IncomeTaxTest.scala 21:0




@ DrScala File Edit Tools Project Help O L 32 T o4 W WedBI5PM Q =
e o DrScala: /Users/ericealientmp/IncomeTaxTest.scala
‘:}&NewleOpen\OSave»E‘xCIose‘ 3Cut|beopy]mPaste]9Undo:cRedo # Find Compile]Reset_ RunITest
@ IncomeTax.scala "~ def testIncomeTax() {
,2 IncomeTaxTest.scala assertEquals(100, IncomeTax.incomeTax(1000))
i assertkEquals(907, IncomeTax.incomeTax(9075))

«
(S
%

e
&
LA
I
’
;
@
L]
' ~
|

assertEquals(907 + 138, IncomeTax.incomeTax(10000]

¥
def testThatFailsey The failing test is
ef testThatFails P . .
assertTrue(false) 4~ highlighted In
} yellow

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

assertTrue("Dummy Test", true)

println("TESTING Nothing")

Interactions Console Compiler Output BRESSE8 T

lncomelaxiest Test Pfoiress X
testIncomeTax —
testThatFails v

Show Stack Trace

teStNOthl ng # Highlight source

Editing /Users /ericeallen/tmp/IncomeTaxTest.scala 21:0



To interact with our program we use the Interactions Pane

DrScala File Edit Tools Project Help , O 2 T o B Wed3S51PM Q

! eve 7 DrScala: /Users/ericeallen/tmp/IincomeTaxTest.scala *
‘B | B vew | & 0pen Imnnlﬂam '3 cur | D Copy | B Paste | D undo | @ neal | 88 Find | | Compie | Reset | | Run | Test
‘ IncomeTax.scala E ClHic LCOoOU vwiLuUll J_ [ S S

incomerexiest scotc™ | '
3 * /
® class IncomeTaxTest(name: String) extends TestCase(nhame) {
a 7
(o /** /
g * Testm/smple income tax computations.
% */

L
-

def te/"IncomeTax() {
assgrtbEquals(100, IncomeTax.incomeTax(1000))
asdertEquals(907, IncomeTax.incomeTax(9075))
assertEquals(907 + 138, IncomeTax.incomeTax(10000))

Console  Compiler Qutput

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

Sl ERoOReLPelBo e ¥ Dk -

|Ediling /Users/ericeallen/tmp/IncomeTaxTest.scala * 14:19




@ DrScala File Edit Tools Project Help O L 2T 4 B Wed502PM Q =

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

“i [nmwlﬁwnl.‘d-“fﬁﬂw :xculbcowlﬂhutla'“'d'- € Redo ‘“""‘ lehwl munl‘reu'

‘ (Untitled)* /

‘3 fnconeTaxTest. 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.
*/

> 2 + 2

> |

el @ Lo 0 e Ry ok

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

1f (income <= cutoff@) {
bracket®

Console  Compiler Output  Test Output

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

res@: Int ‘=«

We can enter arbitrary Scala expressions

Editing /Users/ericeallen/tmp/IncomeTax.scala

2:3




DrScala File Edit Tools Project Help O L 3 T 4 W Wed502PM Q =

-o ® DrScala: /Users/ericeallen/tmp/incomeTax.scala
d & [(E»Nt:ﬂl)eo” n| @ s *l‘crm (& cue | @ Copy | @ Paste | D unco | @ medo | 88 Find | | Compte | Reset || Run | Test |
:F * 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.
*/

el @ Lo 0 e Ry ok

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

1f (income <= cutoff@) {
bracket®

Console  Compiler Output  Test Output

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

> 2 + 2
res@: Int
> |

e
e
5 L2
A
R 2 Q

The value our expression reduces to is displayed

Editing /Users/ericeallen/tmp/IncomeTax.scala

2:3




DrScala File Edit Tools Project Help 1)

4

2 T 4 W Wed502PM Q =

[
! ® 0 DrScala: /Users/ericeallen/tmp/IncomeTax.scala

d S

lnwwlﬂwenl.‘-u.v-[ﬁdw fxCulBCopvlﬂhuQ]aum:-- @ nedo \&nna Cowalelhnl 'um|m|'

‘ (Untitled)* : /

1AEe

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.

IncomeTaxTest , scala®

* ¥ * *

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

1f (income <= cutoff@) {
bracket@

AW

M EGRE  Console  Compiler Output  Test Output

Welcome to DrScala. Working directory is /Users/ericeallen/tmp
> 72 +

res@: Int = 4

> | s N

HEE . PeBO «YR Dr 280

Editing /Users/ericeallen/tmp/IncomeTax.scala

2:3




@ DrScala File Edit Tools Project Help O L 2T 4 B Wed502PM Q =

!. ® DrScala: /Users/ericeallen/tmp/IncomeTax.scala
“i [nmwlﬁwonl.‘u.--f[‘,aw :xCuIDCopylﬂhuclavmz-- @ Redo ‘ana Cowolelhsel nm|rm'
‘ (Untitled)* : /
'3 fnconeTaxTest scala” * Given an income in U.S. Dollars,
® * returns the dollar value of tax
= * owed for a single tax payer, using
*

el @ Lo 0 e Ry ok

2014-2015 IRS tax brackets.

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

1f (income <= cutoff@) {
bracket®

Console  Compiler Output  Test Output

Welcome to DrScala. Working directory is /Users/ericeallen/tmp
> 72 + 2

An value is bound to a fresh identifier

Editing /Users/ericeallen/tmp/IncomeTax.scala

2:3




DrScala File Edit Tools Project Help O L 2 T 4 B Wed503PM Q =

! ® 0 DrScala: /Users/ericeallen/tmp/IncomeTax.scala

‘B B ovew | @ 0pen | @ s [ [ Close | | 3 o | @ Copy | 8 Paste | D unco | @ medo | 88 Find| | Compte | Reset || Run | Test|

@ | (Untitled)® = /

-3 InconeTexTest scalar * 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 = {

3 require(income >= 0)

5

1f (income <= cutoff@) {

4 bracket®

e ) Console  Compiler Output  Test Output
3 Welcome to DrScala. Working directory is /Users/ericeallen/tmp
Al>2+2

- res@: Int = 4

= > IncomeTax. 1ncomeTax(1®®®®®)

@ resl: Int = 21174
>

.. The classes we have compiled in
Definitions are in scope In Interactions

IEdi(ing fUsers /ericeallen/tmp/IncomeTax.scala

2:3




DrScala File Edit Tools Project Help O L 2 T4 B Wed503PM Q

@

!. ® DrScala: /Users/ericeallen/tmp/incomeTax.scala
‘& | B vew | € open | @ e | B close | | 3B con | @ copy | B Paste | D voso | @ mece 8 Find | | Compite | meser | | mum | Test

I(mnma)- i /

IncomeToxTest . scala®

“
S
L)
:
p’

5
Il
L 4

.Q—' .YI aAv
:
()

L

‘@

‘A

€
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4|
=
o
v

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.

RAEO &
* ¥ F *

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

if (income <= cutoff@) {
bracket®

Console Compiler Output  Test Output

weLcome to vr>calLa. WorkKing dairectory 1s suserssericeaLLens/tmp
> 2 + 2

res@: Int = 4 We can refer to previously bound
> IncomeTax.incomeTax(100000) identifiers N Subsequent
resl: Int = 21174 — _

| expressions

res2: Int = 84696
>

Editing /Users/ericeallen/tmp/IncomeTax.scala

2:3




DrScala File Edit Tools Project Help O L 3 T 4 W WedS504PM Q =

!. ® DrScala: /Users/ericeallen/tmp/incomeTax.scala
“ l n"'*lﬁo""‘l [ [ [} Close x Cutl 5 Copvl ™ hm] & Undo | @ Redo ‘& flnd: lehm ‘hml‘rm'
‘ (Untitled)* : /
inconeTox scolo | : : :
'3 tnconeTaxtest.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.

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

1f (income <= cutoff@) {
bracket@

Console  Compiler Output  Test Output

resv: Lnt = 4
> IncomeTax.1incomeTax(100000)

1: Int = 21174
0 e pec We can also bind new identifiers

res2: Int = 84696 directly
> val p1 = 3.14

T E OB PaBO «YR s 2809

Editing /Users/ericeallen/tmp/IncomeTax.scala




@ DrScala File Edit Tools Project Help O L 32 T 4 W Wed504PM Q =
Mile o DrScala: /Users/ericeallen/tmp/IncomeTax.scala
"1 ln&wlﬂ(»ml.&a.--[ﬁaw fxCulBCopyl.huo]an:-- @ #edo ‘“n'\d lehwl 'hml‘resl'
‘ (Untitled)* : /
'3 fnconeTaxTest. 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.
*/

Be paBOC«YA e+ 809

@i L

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

1f (income <= cutoff@) {
bracket@

Console  Compiler Output  Test Output

resi: 1nt = <1174
> res@® * resl

2: Int = 84696 :
L val p? - 3.14 And compute with them

pi: Double = . 14 i
= r‘eS]. * pi gt

res3: Double = 66486.36

Editing /Users/ericeallen/tmp/IncomeTax.scala

2:3




@ DrScala File Edit Tools Project Help O L 2 T o4 BB Wed5:04PM Q

Moo

DrScala: /Users/enceallen/tmp/incomeTax.scala

‘ (Untitled)*

IncomeToxTest . scala®

«
S
)
w
b
o
i
Il
™
(@)
i;u
@
L
@
-

P LI

> val pi

4> |

ress: 1nt

g 8 | B vew | € open | @ e | B close | | 3B con | @ copy | B Paste | D voso | @ mece 8 Find | | Compite | meser | | mum | 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.

* ¥ * *

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

if (income <= cutoff@) {
bracket®

JIEEEI Console  Compiler Output  Test Output
= 84090

3.14

1: Double = 3.14 : :
radah We can also define new functions

' res3: Double = 66486.36 F
¢ > def square(x: Double) = x * x
§ square: (x: Double)Double

Editing /Users/ericeallen/tmp/IncomeTax.scala

2:3




DrScala File Edit Tools Project Help O L 2 T 4 B Wed505PM Q =

! ® 0 DrScala: /Users/ericeallen/tmp/IncomeTax.scala
‘B B ovew | @ 0pen | @ s [ [ Close | | 3 o | @ Copy | 8 Paste | D unco | @ medo | 88 Find| | Compte | Reset || Run | Test|

‘ (Untitled)* : /

-3 InconeTexTest scalar * Given an income in U.S. Dollars,

L * returns the dollar value of tax

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

S’ * /

8 : :

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

L
-

require(income >= 0)

1f (income <= cutoff@) {
bracket@

Console  Compiler Output  Test Output
> vaL pL = 5..14

pi: Double = 3.14 For definitions that are not

> resl * pi

res3: Double = 66486.36  Syntactically complete, we are given

> def square(x: Double) = x * x
& square: (x: Double)Double anew |Iﬂe mdlcated by d
vertical bar

> def abs(x _Double;h%,f,J,.,~»~u-

Y- ] [l B R

IEdi(ing JUsers/ericeallen/tmp/IncomeTax.scala

2:3




DrScala File Edit Tools Project Help O L 2T 4 B Wed507PM Q =

-
! ® 0 DrScala: /Users/ericeallen/tmp/IncomeTax.scala
'I; [nﬂcwlﬁ()anl.&c.v:nClw :xculbcwylmnmlaumu € nedo :“nnd' Conoielhm Mnlfoﬂ.

(Untitled)* : /* *

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.
*/

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

lAEO &

*R0Y

L
-

if (income <= cutoff@) {

N P By g |

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 ana

B abs: (x: Double)Double 4~ an arrow type Is displayed

>

IEE DBV« ¥F [k -

IRuelting Interactions 2:3



@ DrScala File Edit Tools Project Help O L 2 T o4 BB Wed507PM Q
!. ® DrScala: /Users/ericeallen/tmp/incomeTax.scala
‘& | B vew | € open | @ e | B close | | 3B con | @ copy | B Paste | D voso | @ mece 8 Find | | Compite | meser | | mum | Test

‘ (Untitled)*

/**
* 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)

IncomeToxTest . scala®
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e
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BT TXN

i1f (income <= cutoff@) {

k“ﬂ ﬂ'lﬁ&“

Console Compiler Output  Test Output

weLcome to ur>caLa. Wworking airectory 1S suserss/ericeaLLen/tmp
> def abs(x: Double) =

| if (x < 0) -x else And we can refer to this

| X : :

abs: (x: Double)Double - function in Su!osequent
eXpressions

> abs(-5.0) -
res@: Double = 5.0 4&™

>

Resetting Interactions

2:3




We can click on the file to appear in Definitions

@ DrScala File Edit Tools Project Help O L 2 T 4 W Wed746PM Q =

-‘. @ | - # DrScala: NWUNIMIeMmMmmeTu.scma
& V!E‘.New]eOpen[OSave EClose % dt|o Copy] o Paste]b Undo ¢ Redo #Find Compile]Reset_ Ruanest
‘@ (Untitled)* 1 | |
B4 IncomeTax.scala // Brackets are 1in tgn#hs of percentage points,
BTIncomeTaxTest . 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.
*/

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

. - - " - Ll -~
Console  Compiler Output  Test Output

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

IEE P aBO «YF e - » g0

Editing /Users/ericeallen/tmp/IncomeTax.scala

2:3



Files that have not been saved Include an asterisk

@ DrScala File Edit Tools Project Help O L 3 T 4 W Wed746PM Q =

10 @ DrScala: /Users/ericeallen/tmp/incomeTaxTest.scala *
‘& nNew =Open|@Save ©Close % Cu,lb Copy ® Paste ® Undo ¢ Redo #Find Compile Reset Run| Test

'3 (Untitled)* ; * Testing simple income tax computations.
& IncomeTax.scala * /

B TncomeTaxTest.scala* def testIncomeTax() {

o assertEquals(100, IncomeTax.incomeTax(1000))

g assertEquals(907, IncomeTax.incomeTax(9075))

. assertEquals(907 + 138, IncomeTax.incomeTax(10000)
: }

Il :

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

g assertTrue("Dummy Test", true)

® println("TESTING Nothing")

Q 1

. L Console  Compiler Output  Test Output

'~ Welcome to DrScala. Working directory is /Users/ericeallen/tmp

>

Editing /Users /ericeallen/tmp/IncomeTaxTest.scala * 18:9




Reset resets the Inractions session

@ DrScala File Edit Tools Project Help

joo

% BNew|=Open|@Save |t Close Cut|® Copy|® Paste|? Undo ¢ Redo Find || Compi

15
@
.

O L 3 T 4 W Wed746PM Q =

DrScala: Nsemlenoeallen/tmp/lncomeax siyey. oW

Reset Run |Test

(Untitled)*
IncomeTax.scala

* Testing simple income tax computations.
*/

B TncomeTaxTest.scala* def testIncomeTax() {

*ROY

T
-

FHOR6 Pl « Y@ Dk -

>

Welcome to DrScala.

assertEquals(100, IncomeTax.incomeTax(1000))
assertEquals(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

Console  Compiler Output  Test Output

Working directory is /Users/ericeallen/tmp

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

18:9



Run executes Definitions

® DrScala File Edit Tools Project Help O ¢

2 T 1 W Wed746PM Q =

j. ® DrScala: /Users/ericeallen/tmp/incomeTaxTest. sc;l.a ' : .;: »
‘& nNew =Open|@Save ©Close % Cutllb Copy | ® Paste ® Undo ¢ Redo #Find ComplleIRese R

unITest
'3 (Untitled)* ’ * Testing simple income tax computations.
& IncomeTax.scala * /

B TncomeTaxTest.scala* def testIncomeTax() {

o assertEquals(100, IncomeTax.incomeTax(1000))

g assertEquals(907, IncomeTax.incomeTax(9075))

. assertEquals(907 + 138, IncomeTax.incomeTax(10000)
: }

Il :

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

g assertTrue("Dummy Test", true)

® println("TESTING Nothing")

g 1

. L Console  Compiler Output  Test Output

'~ Welcome to DrScala. Working directory is /Users/ericeallen/tmp

>

Editing /Users /ericeallen/tmp/IncomeTaxTest.scala * 18:9



