ong fibonacci) {

2

searchSequence &

index0fFibonaccl =
* .urrentIndex = 2;
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TDD Tip #1: Refactoring to parameterised tests is a great way to reduce
duplication while generalisingthe tests so they read more like a specification

@RunwWith (JUnitParamsRunner.class)
public class FibonacciTests {

Te

Parameters({"0,0","1,1"})

public void startsWithZeroAndOne (int index, int expected) {
assertEquals(expected, getFibonacciNumber (index)):

}

@Test

@Parameters({"2,1", "3,2", "5,5"})

public void thirdNumberOnIsSumOfPreviousTwo (int index, int expected) {
assertEquals(expected, getFibonacciNumber (index)):

}

@Test (expected=IllegalArgumentException.class)

public void indexMustBePositivelInteger() {
getFibonacciNumber (-1) ;

}

private int getFibonacciNumber (int index) {
return new Fibonacci () .getNumber (index) ;

}

codemanship
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TDD Tip #2: Using variables and constants can make the meaning of test data
values clearer

@Test (expected=MaximumExceededException.class)
public void maximumDebitAmountCannotBeExceeded () {
BankAccount account = new BankAccount():;
account.credit (1000);
account.debit (600.01);

@Test (expected=MaximumExceededException.class)
public void maximumDebitAmountCannotBeExceeded () {
BankAccount account = new BankAccount():
account.credit (1000);
final double maxDebitAmount = 600.00;
account.debit (maxDebitAmount + 0.01);

N

% codemanship
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TDD Tip #3: It’s actually okay to have getters for tests, just as long as they’re
not exposed to the client source code

@Test

public void rewardingMemberAddsPointsToTotal() {
Member member = new Member():
member.reward(10) ;

assertEquals (10, member.getRewardPoints()):

public class Member implements Rewardable {
private int rewardPoints;
@override

public void reward(int points) {
this.rewardPoints += points;

}

public int getRewardPoints() {
return rewardPoints;

}

public class Library ({
private List<Copyable> titles;

public void donate (Copyable title, Rewardable donor) {
titles.add(title);
donor.reward(10) ;

codemanship
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TDD Tip #4: Running customer tests through a tag cloud generator can
provide inspiration when looking for names for classes, methods, variables
etc

Given a movie title that isn't in the library,

When a member donates their copy

Then the title is added to the library,

And a default loan copy is added to the title,

And an email alert is sent to all members who expressed an interest in matching titles informing them title is
available to borrow,

And the donor is awarded 10 reward points

default member
alertEwallablematchmg

rewar borrow
po.maddedcopy

et |t] @,

arugeibrary >

informingmovie

members [+ Codemanship

© Codemanship Ltd 2016



101 TDDTips

TDD Tip #5: You don’t necessarily need a mocking framework to create mock
objects

public class LibraryTests {
private boolean registerCopyInvoked;

@Test
public void tellsTitleToRegisterCopy() {
registerCopyInvoked = false;
Member member = new Member () {public void awardPriorityPoints(int points) {}
}:
Title title = new Title() {
public void registerCopy () {
registerCopyInvoked = true;
}
bi
new Library().donate(title, member);
assertTrue("title.registerCopy() was not invoked", registerCopyInvoked):

codemaoanship
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TDD Tip #6: The way to go faster is to go cleaner. When the schedule’s
slipping, consider taking smaller steps

@Test

public void squareRootTest () {

assertEquals(3, Maths.sqrt(9), 0.00001);
}

@Test |

@Parameters ({"O", win wgn mgu "0.25"})

public void squareOfSquareRootIsSameAsInput (double input) {
double sgrt = Maths.sqrt(input);
assertEquals(input, sqrt * sgrt, 0.00001);

codemanship
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TDD Tip #7: Before you make it pass, run the test to make sure the assertion
fails when the result is wrong, so you know it’s a good test

f# Package Explorer gv JUnit 2 & oo élRl| QB ® EYy v=0
Finished after 0.033 seconds

Runs: 1/1 8 Errors: 0 B Failures: 1
|
e/ donatedTitlelsAddedToTheLibrary [Runner: JUnit 4] (0.001 s)|

1-..'!

= Failure Trace oF| ¢
%1 java.lang.AssertionError:
Expected: iterable containing [<VideoTitle@77a567e1>]
but: No item matched: <VideoTitle@77a567e1>
at org.hamcrest.MatcherAssert.assertThat(MatcherAssert.java:20)

at VideolibraryTests.donatedTitlelsAddedToThelLibrary(VideoLibraryTests.java:14)

FA L doenl o
BT

g }vj codemanship

]
N Sy
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TDD Tip #8: Customer Tests Passed offers a more objective measure of
progress than ‘tasks completed’ or ‘layers coded’

Progress %

60%
100%
100%
100%
100%

0%
0%
0%
100%
100%

66%

Total Tests

HNNNB B NNLBWV

Passed

HNOOOMRNNDBW

Feature Progress % ul Services Domain DB
Donate a DVD 70% 0% 80% 100% 100%
Borrow a DVD 75% 0% 100% 100% 100%
Join the library 65% 0% 60% 100% 100%
Refer a friend 75% 0% 100% 100% 100%
Review a movie 75% 0% 100% 100% 100%
Search for titles 50% 0% Fleaturéw' o
Report DVD lost or damaged 50% 0% R
Reverse a DVD 50% 0%
Spend reward points 75% 0% 1 Bc?rrow a' ol
Transfer reward points 75% 0% 1 Join the library
Refer a friend
Total progress 66% Review 2 mc_w'e
Search for titles
Report DVD lost or damaged
Feature Progress % Analysk  Deslgn Reserve a DVD
Bovtea BVD 5% 100% A Spend reward points
Borrow a DVD 75% 100% 1 Transfer reward points
Jointhe library 68% 100% 1
Refer a friend 70% 100% 1
Review a movie 50%  100% 1 Total progress
Search for titles 50% 100% 100% 0% 0%
Report DVD lost or damaged 63% 100% 100% 50% 0%
Reverse a DVD 63% 100% 100% 50% 0%
Spend reward points 75% 100% 100% 100% 0%
Transfer reward points 75% 100% 100% 100% 0%
Total progress 66%
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TDD Tip #9: Parameterised unit tests can be reused in other kinds of test
fixtures that can be run separately

@rRunWith (JUnitParamsRunner.class)
public class MathsTests ({

@Test

@Parameters ({non’ "1", nqu' "9"1 110.25"})

public void squareOfSquareRootIsSameAsInput (double input) {
double sgrt = Maths.sqgrt(input);
assertEquals(input, sqrt * sqgrt, 0.00001);

@rRunwWith (JUnitParamsRunner.class)
public class ExhaustiveMathsTests {

@Test
@Parameters (method="inputs")
public void testl000SquareRoots (double input) {

new MathsTests () .squareCfSquareRootIsSameAsInput (input);

}

private Object[] inputs () {
return DoubleStream
.iterate(l, n -=> n + 0.1)

.1imit (1000)
.mapToObj (x -> X)
.toArray();
}
}
;’7: @5 codemanship
§ Nl
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TDD Tip #10: When the implementation for a requirement or rule is obvious,
you don’t need to triangulate through multiple examples

@Test

public void sumOfTwoNumbers() {

assertEquals(4, Maths.sum(2,2), 0);
}

public class Maths {

public static double sum(double i, double j) {
return i + j;

}

W&Hﬁﬂq ﬁ

ov | codemanship
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TDD Tip #11: Don’t mock or stub 3™ party interfaces. Create your own
interfaces that you control to simplify interactions and protect your code from
changes

@Test

public void whenOrderConfirmedNotifiesWarehouse () throws IOException {

com.rabbitmg.client.Channel warehouseChannel
= mock(com.rabbitmg.client.Channel.class);

Order order = new Order (warehouseChannel):;
Product product = new Product ("Widget", 9.99):;
order.addItem(new OrderItem(product, 1));
order.confirm();

String message = "NEW ORDER\nItem 1l: Widget, Quantity: 1";

verify(warehouseChannel)
.basicPublish("", "WAREHOUSE", null, message.getBytes());

@Test
public void whenOrderConfirmedNotifiesWarehouse() {
Warehouse warehouse = mock(Warehouse.class);

Order order = new Order (warehouse);
Product product = new Product ("Widget", 9.99);
order.addItem(new OrderItem(product, 1)):;

order.confirm();

verify(warehouse)
.notify(order):;

codemanship
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TDD Tip #12: Tests should have one reason to fail, so we can more
easily pinpointfailures, and get feedback one design decision at a time

@Test

public wvoid donateTitle() {
Library library = new Library():
VideoTitle title = new VideoTitle():
Member donor = mock(Member.class);
library.donate (title, donor):
assertTrue(library.contains(title));
verify(donor) .awardPoints (10);

-

private Library library;
private VideoTitle title;
private Member donor:;

@Before

public wvoid donateTitle() {
library = new Library();
title = new VideoTitle():
donor = mock (Member.class);
library.donate(title, donor);

}

@Test
public void donatedTitleIsAddedToLibrary() {
assertTrue(library.contains(title));

}

@BTest
public wvoid tellsDonorToAwardTenPoints() {
verify(donor) .awardPoints (10);

}

codemanship
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TDD Tip #13: Writing the test assertion first and working backwards to
the setup helps us to focus on the “what” before the “how”

Test
public void donatedTitleIsAddedToLibrary() {
assertTrue(library.contains(title)):;

} ]o Create local variable ‘library’ J
a Create field 'library’
© Create parameter 'library’
O Create class 'library'
a Create constant 'library’
§= Rename in file (Ctri+2, R)
i Convert to TestNG (Annotations)
i Pull @Test annotations to the class level
# Change to 'Library'
@ Change to 'LibraryTests’
@ Fix project setup...

Sl TN

L@%\
] w

ﬁ\j codemaoanship
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TDD Tip #14: Start on the outside with a failing customer test, and
then test-drive the internal design to pass that customer test

I!g hitg/localhast/Fithesse DVDLibraryTests DonateADNDRtest. JO = % |@'reu Results: Fithessa VDL % _!E

File Edit Yiew Favorites Tools Help

@FitNesse Test Edit Add- Tools Fallure Navigator « | |of20 =

FitMesse / DVDUbraryTests /| DonateADVD Expand All Collapse all

Donate a movie that 1Isn't in the lprary

Given a movie title that Isn't in the library,

‘When a member donates their copy

Then the title is added to the library,

And a default loan copy is added to the title,

And an email alert is sent to all members who expressed an interest in matching titles informing them title is available to borrow,

And the doner is awarded 10 reward peints

import

com.codemanship.dvdlibrary.customertests

DonateFixture

title  donor libraryContains? copyCount? rewardPoints? emallSubject? emallBody? reciplents?

The joepeters [Hilfle) EXpected (0] (0) Expected (W) expected (Hu!) Expected (Hu!) Expected

Abyss [irtie] expected  [0] [Mow available [Dear member, u

1] justtollet you fanedoefhotfrogs.org.uk]

knew that The fredi@bloggs.eu]
Abyss is now
Bvailable to
borrow]
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TDD Tip #15: There’s often a simpler failing test to start with than you
think

@Test

public void basketTotalledCorrectly() {
ShoppingBasket basket = new ShoppingBasket():
Product widget = new Product ("Widget", 60.0);
basket.add (new Item(widget, 2));
Product flange = new Product("Flange", 30.0);
basket.add(new Item(flange, 1))
assertEquals(150.0, basket.getTotal(), 0):

@Test
public void emptyBasketHasTotalOfZero() {

assertEquals (0.0, new ShoppingBasket().getTotal(), 0):
}

' &i codemanship

N
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TDD Tip #16: Instead of multiple stub implementations, parameterise
stubs for less code and so test data can be defined inside the test
method

public class VideoTitleTests {
private final float PRICE = 3.95f;

@Test
public void titlesRatedEightOrHigherAddDollarPremium() {
VideoTitle title =
createTitle (new ImdbStubRatingEight (), PRICE);
assertEquals(PRICE + 1.0, title.totalPrice(), 0);
}

@Test
public void titlesRatedLessThanEightAddNoPremium() {
VideoTitle title =
createTitle (new ImdbStubRatingSeven(), PRICE);
assertEquals(PRICE, title.totalPrice(), 0):
}

private VideoTitle createTitle (ImdbService imdb, fleoat price) {
return new VideoTitle(imdb, price);

}

public class ImdbStub implements ImdbService ({
private int rating;

public ImdbStub (int rating) {
this.rating = rating;

}

@override
public float rating() {
return rating;

}

@Test
public wvoid titlesRatedEightOrHigherBAddDollarPremium() {
VideoTitle title =
createTitle (new ImdbStub(8), PRICE);
assertEquals(PRICE + 1.0, title.totalPrice(), 0);
}

@Test
public void titlesRatedLessThanEightAddNoPremium() {
VideoTitle title =
createTitle (new ImdbStub(7), PRICE):;
assertEquals (PRICE, title.totalPrice(), 0);

codemaoanship
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TDD Tip #17: The best source of test examples is the real world.
Observe people in situations where your software will be used.

© Codemanship Ltd 2016
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TDD Tip #18: Before you commit, merge other people’s changes into
your code and make sure all the tests pass

file Edit Navigate Search Project Run Window Heip

P Situorie = O £ CombinerTestsjava &1
5°-" # &% v®m e & v [ lvaStructure Compare
4 i® Compilation Unit

Git (COMBINER/test/com/codemanship, “® Import Declarations
4 ¥, > COMBINER (Combiner maste 4 O» CombinerTests
4 3, test/com/codemanship/test 0 1000
ln CombinerTestsjova || ® foutArravsOfOneTwo! XiOneElementsRetumSixCombinations) ¥

e ful (S RN

kspace * Remote File 7067942... Jason Gorman)
#Test 28 BTest Aw
25 public void threeArrays| |29  public void threeArraysRetur:
30 assertArrayEquals (r| 30 assertArrayEquals (new Ob;)
31 31 q
320 ) 320 u
33 33 [
34 @Test 34 @Test -
public void threeArrays| 35 public void threeArraysOfTwoll
<! i > assertArrayEquals (r 36 assertArrayEquals (new Ob;|
pre—— 37 {1,"A", true |37 (1,"A", true},
@ TaskRepositories 2 0 = & |3q {1,"A", falsl |38 (1,"A", false}, |
+ @ Tasks I <B i STty ¢ 1} e =
Os Local - ; -
o @pug @ History £ & Tasks & Problems Sdu|lav=o
0 gciipserg

File Edit Source Refactor Navigate Search Project Run Window Help

), T =

2 ek

: : ;|, 24 | va | £° Team Synchronizing

12 Package -~ odvJUnt i3 < O (i) CombinerTestsjava i = 0§l TaskList 13 =a

&5 QR w i v [l 1 package com.codemanship.testutils; ~ oviEelvIxe
import static com.codemanship.testutils.Combine! -

Finished after 0.067 seconds
Runs: 19/ ©@ Errors: 10 Failures:
=
» B com.codemanship.testutits.Paii
+ B com.codemanship.testutits.Rar
+ B com.codemanship testutits.Cor
» B com.codemanship.testutiis.Rar

20

3 import static org.junit.Assert.assertArrayEqual.

4 23 S Find Q] * Al ¥ Act.
5 import org.junit.Test; =
6 @ Connect Mylyn  ©
7 public class CombinerTests { Connect to your task
: and ALM tools or creats
alocal task.

10

@Test
public void fool() |
11 assertArrayEquals(new Object()[)1{(1}}, . 8¢ Outline &1 il -}
:; ) rEARY o
14=  g@Test kot
15 public void ithOneE. 1 L3
16 assertArrayEquals(new Object[][1{(1,2}, 40, Combm«rm;l
<l . 5 17 combine(new Obj« e fool \\o]
£ 1 | 18 .
= Failure T &l 19 twoAmaysW.
e Ty = < o twoATaysW
<IN - i > <In >
i Proble javad De v OConsole: ® X%k A @@ ro-ny-0

<terminated> cmo«mmpmum [Unit] C\Program Files\Java\jdk1.80_91\bin\javaw.exe (24 Oct ZOIQ 1
185

rn+V

sete  Void twoArraysWithOneElementAndTwoElementsReturnedAsT'

rtArrayEquals (new Object([][1{{1,2},{1,3}},
lown combine (new Object[][1{{1},{2,3}

ift+S»
ift+T» | 0 Commit.. Ctrl+# L
T S=—hin,
| Repository » | PushtoUpstream | 1)
Advanced » | %> Fetch from Upstream 3
% Push Branch ‘master...
& Pull
43 Switch To »

F5 Create Patch... 11,2,3)}
Apply Patch.. [ "object

» | % Synchronize Workspace
» | % Merge Tool

9]

ew Object[][1{{1},{2},{
Add to Index
Remove from Index
Ignore

Show in History
Show in Repositories View

Bm ® 4§+

va\jdk1.8.0_91\bin\javaw.exe (24 Oc

-
-

codemanship
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TDD Tip #19: Avoid using mocking “power” tools to get around
dependency issues. You'll bake in a bad design. Instead, refactor to
make the dependency swappable.

@Test
public void addDollarForTitlesRatedNineOrMore () {
String titlelId = "tt0111l161";
// stub static method
PowerMockito
.stub(PowerMockito.method(ImdbService.class, "fetchRating"))
.toReturn(8.2);
VideoRental rental = new VideoRental (titleld);
assertEquals(4.95, rental.getPrice(), 0.0);

@Test

public void addDollarForTitlesRatedNineOrMore () {
String titlelId = "tt0111161";
ImdbService imdb = Mockito.mock (ImdbService.class);
Mockito.when(imdb. fetchRating(titleId)) .thenReturn(9.2);
VideoRental rental = new VideoRental (imdb, titleId):
assertEquals(4.95, rental.getPrice(), 0.0):

Vs \' - .\
2 '@3 codemaoanship

AL

8

>
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TDD Tip #20: The failingtests you start with don’t have to be
functional

public class QuicksortTimeComplexityTests {

@Test
public void isNLogNComplex() {
for(int N = 2; N < 1000000; N++){ // time for a coffee!
int[] array = buildRandomArray (N);
Quicksort quicksort = new Quicksort():
quicksort.sortlAsc (array):;
assertTrue(quicksort.getIterations() <= N * Math.log(N)):

}

private int[] buildRandomArray(int length) {
int[] array = new int[length]:
for (int i = 0; i < array.length; i++) {
array[i] = (int) (Math.random() * length):;
}

return array:

| codemanship

.
.
Y
e
>

© Codemanship Ltd 2016



101 TDDTips

TDD Tip #21: Slow-running customer test fixtures can often be
adaptedto double as fast-running developer tests

public class DonateFixture { .

- FitNesse fixture

private Library library;
private Title title;
private Member donor;
private EmailQueue queue;
private ArgumentCaptor<EmailAlert> alert;
private InterestedMemberSearch search;

public DonateFixture () {[]

@Test
public void donateMovieThatIsntInTheLibrary() {
setTitle ("The Abyss");
setDonor ("joepeters"™) ;
assertTrue(libraryContains()):;
assertEquals(1l, copyCount()):;
assertEquals (10, rewardPoints()):;
assertEquals("Now available - The Abyss", emailSub:
assertEquals("Dear member, just to let you know th:
emailBody())
assertEquals("joepublic@mymail.io, janedoelhotfrog:
recipients());

}
public void setDonor (String memberId) {[]

public void setTitle (String name) {[]

codemoanship
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TDD Tip #22: Not sure how much faith you can put in your tests to
catch new bugs? Mutation testing can help.

do {
t = squareRoot;

squarsRoot = (t (number / t)) / 2:
} while ((t - squareRodot) != 0):;

‘mutate’ +into -

do {

t = squareRoot;

squareRoot = (t (number / t)) / 2:
} while ((t - squareRodt) != 0):

1% Package Explorer g JUnit 2 S,
{}vﬂnaﬂl%&:.iilvv
Finished after 3.088 seconds
Runs: 4/4 8 Errors: 3 8 Failures: 0

@ MathsTests [Runner: JUnit 4] (3.033 5)
4 i squareOfSquareRootlsSameAsinput (3.033 s)
¢ [0] 0,0 (squareOfSquareRootisSameAsinput) (0.001 s)
@ [1] 1,1 (squareOfSquareRootisSameAsinput) (1.028 s)
g [2] 4,2 (squareOfSquareRootlsSameAsinput) (1.001 s)
& [3] 0.25,0.5 (squareOfSquareRootlsSameAsinput) (1.001 s)

= Failure Trace [3H=r

% java.lang.Exception: test timed out after 1000 milliseconds|
= at Maths.sqrt(Maths.java:13)

L= at MathsTests snuareOfSauareRontlsSameAsinniut{MathsTests iava-18)

Automoted mutation
o ¢ — testing tools like PIT

{Maven Build] C\Program F

Rl s st can check every line of

> NO_COVERAGE 0

p——————— O e s being tested
>> Generated 2 Killed 2 (100%)

> KILLED 2 SURVIVED 0 TIMED OUT 0 NON_VIAB U

> MEMORY_ERROR 0 NOT_STARTED 0 STARTED 0 RUN_ERRCR 0
> NO_COVERAGE 0

[INFO] Total time: 15.762 s
[INFO] Finished at: 2016-09-13711:16:51401:00
[INFO] Final Memory: 11M/220M

[INeo] -- e

codemaoanship
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TDD Tip #23: As you triangulate a solution, your tests should be
getting more general, too.

@Test
public void rootOfZerolIsZero() {
assertEquals(0, Maths.sqrt(0), 0.00001);

}

@Test

@Parameters ({"0,0", "1,1"})

public void squarceRootTest (double input, double expected) |
assertEquals (expected, Maths.sgrt(input), 0.00001);

}

ETest

fParameters({"0", 1", 4", "0" =G0, ny_oon()

public void squareOfRootSameAsInput (double input) {
double root = Maths.sgrt(input):;
assertEquals(input, root * root, 0.00001);

codemaoanship
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TDD Tip #24: Testing tools for TDD exist in most languages. And it
only takes a day or two to write a basic framework in most.

%

()
GrysiallabViEW 1l
ah GO0l

VB6. OT\mBScrim Objective-G

ITTGroovyFortransystemvVerilogjavascrip!

HLSL PostureSOL visual Basic HEAlhasmMATU\B
HTTPHaskell.,p  OhjectScript Simulink Pascal
KSSEI % -Progressnesl}\nsl

o %, Common LispPython
Eg’,,sa% % Genexus!rlang;_‘l(Ml

?Ocam' cl Racket ScNET
. inhiSOL-PLRuby

codemoanship
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TDD Tip #25: Writing the test assertion first and working backwards
can also apply to interaction tests.

@Test
public void tellsDonatedTitleToAddLoanCOpY()ﬂ

} m title cannot be resolved to a variable
4 quick fixes available:

@ (Create local variable 'title’
o (Create field 'title’

@ Create parameter 'title’

o (Create constant ‘title’

&

codemaoanship
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TDD Tip #26: When opponents of TDD in your organisation say it’s
“untried” in industry, tell them developers have been doing it
successfully since the 1950s

Project Mercury ran with very short (half-day)
iterations that were time boxed. The development
team conducted a technical review of all changes,
and, interestingly, applied the Extreme Pro-
gramming practice of test-first development, plan-
ning and writing tests before each micro-increment.
They also practiced top-down development with
stubs.

Craig Larman & Victor Basili
Iterative development on NASA’s Project Mercury, 1957
Iterative & Incremental Development: A Brief History

W‘ ST :
4 s codemansh
o =
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TDD Tip #27: Failing tests (examples) can drive the design of business
operations as well as software

' Jane Smith calls to complain that her order (no.

10739) for 6x Lenovo laptops hasn't arrived

The call centre tracks the order, and
learns we only had 4 in stock. 2 are on
order. Delivery is expected to be another
14 days. We offer to ship the 4 we have
now, and the remaining 2 atno cost
later. We also offer to throw in MS Office
at no charge.
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101 TDDTips

TDD Tip #28: Test doubles can enable us to test asynchronous code
synchronously and simplify concurrent designs

public class InboxTests {

@Test

public void sendsMessageToQueueForProcessing() {
MailQueue gqueue = mock (MailQueue.class);
Message message = mock(Message.class); // dummy
Inbox inbox = new Inbox (queue);
inbox.sendAsync (message) ;
verify(queue) .send (message);

}

@Test

public void sentMessagesAddedToSentList() {
Sender sender = new Inbox(null); // Callback interface
Message message = mock (Message.class);
// callback method, invoked when queue has sent message
sender.messagesSent (message) ;
assertThat (( (Inbox) sender) .sentMessages (), hasItem(message)):;

codemaonship
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101 TDDTips

TDD Tip #29: We can use test doubles to make tests that use
changing or random datarepeatable

@Test

public void underageCustomerCannotRentEighteenRatedTitle () {
VideoTitle title = new VideoTitle (Rating.EIGHTEEN) ;
CurrentDate date = mock(CurrentDate.class);
when(date.get () ) .thenReturn("31/12/2016");
Customer customer = new Customer ("1/1/1999", date):;
assertFalse(customer.canRent (title));

@Test
public void doubleSixGivesPlayerExtraMove () {
Player playerl = new Player():
Player player2 = new Player():
Dice dice = mock(Dice.class);
when (dice.randomThrow() ) .thenReturn(new int([]{6,6});
Game game = new Game (dice, playerl, player2);
game.move (playerl);
assertThat (game.nextPlayer(), is(playerl)):;
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101 TDDXips

TDD Tip #30: Jot down new tests you think of for working on later, so
you can stay focused on the current test
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101 TDDTips

TDD Tip #31: 90% of the time, developers don’t go back to fix code
qualityissues. Don’t move on to the next test unless you're happy
leavingthe code as it is.
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REFACTOR!!!
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101 TDDTips

TDD Tip #32: When users report a system failure, write a failingtest before you fix it,
so you can get early warning if it returns

r gt JUnit &2 “ B [J) ElectionTestsjava % 1] Electionjava ) Candidatejava U] Qualificationjava
S oPdBEIORNEY < l#import static org.junit.Assert.assertThat;[]
Finished after 0.023 seconds 5

¢ public class ElectionTests {
Runs: 1/1 8 Errors: 0 B Failures: 1 7

|
ol mostQualifiedCandidateShouldWin [Runner: JUni

96 @Test
110 public void mostQualifiedCandidateShouldwin() {
j11 Candidate donald = new Candidate ("Donald"):
112 donald.setQualifications (null);
§13 Candidate hillary = new Candidate ("Hillary");
2 5 14 hillary.setQualifications(new Qualification{] {
§15 new Qualification("Law degree from Yale"),
= Failure Trace (=2 §16 new Qualification("Congressional legal counsel"),
3% java.ang.AssertionError: 17 new Quaiz}?catz}on::i‘%rst Lagy o§ Ar{tanzas"): G
AR §18 new Qualification("First Lady of United States"),
RRpacied: In:<tiay> new Qualification("Secretary of State") });
but: was <Donald> Election election = new Election(donald, hillary);
= at org.hamcrest.MatcherAssert.assertThat(MatcherA

§21 election.run():;
= at ElectionTests.mostQualifiedCandidateShouldWin assertThat (election.winner(), is(hillary)):

Lo Gt
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TDD Tip #33: Contract tests can serve as a specification for components other

developers might be working on
Team A works on
public class CommentTests { in1p|en1enting

private final String sanit‘.iz<=.'ci_f;‘,ex‘l‘_"f= "You are a ¥*¥** x¥x head!";

@Test -
public void commentTextIsSanitized() {
WebComment4Comment = createComment ()
comment.setText ("You are a poo poo head!"):;
assertEquals(sanitizedText, comment.getText()):
}

protected WebComment createComment () {
CommentSanitizer sanitizer = mock(CommentSanitizer.class):;
when(sanitizer.sanitize (anyString())) .thenReturn(sanitizedText);
return new WebComment (sanitizer);

}
} Team B works on
implementing
public class CommentIntegrationTests extends CommentTests { 7
////
@Override A
protected WebComment createComment () { ¥
return new WebComment (new SuperConservativeCommentSanitizer()):
}:
}

A
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101 TDDTips

TDD Tip #34: Leaving a test failingwhen you step away from the code (e.g.,
for lunch) can help you quickly “find your place” again when you return

{2 Package Explorer guJUnit 2 4GPl E By Yo O

Finished after 0.153 seconds

Runs: 9/9 B Errors: 0 8 Failures: 1

i Hi com.codemanship.dvdlibrary.unittests.EmailAlertTests [Runner: JUnit 4] (0.122 s)

4 gt com.codemanship.dvdlibrary.unittests.LibraryTests [Runner: JUnit 4] (0.014 s)
e tellsDonatedTitleToAddLoanCopy (0.014 s)

i e com.codemanship.dvdlibrary.unittests.TitleTests [Runner: JUnit 4] (0.001 s)

b Hi com.codemanship.dvdlibrary.unittests.MemberTests [Runner: JUnit 4] (0.000 s)

= Failure Trace BB
) Wanted but not invoked:
copyable.addLoanCopy();
= -> at com.codemanship.dvdlibrary.unittests.LibraryTests.tellsDonatedTitleToAddLoanCo
Actually, there were zero interactions with this mock.

= at com.codemanship.dvdlibrary.unittests.LibraryTests.tellsDonatedTitleToAddLoanCopy

codemanship
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101 TDDTips

TDD Tip #35: Mock objects are an easy way to implement the Null Object
pattern for test dummies you know methods will be invoked on

public class BankTransfer implements Transaction {

private double amount;
private Account payer:;
private Account payee;
private AuditTrail audit;

public BankTransfer (double amount,

Account payer,
Account payee,
AuditTrail audit) {

this.amount = amount;

this.payer = payer;

this.payee payee;

this.audit = audit;

}

public void execute() {
payer.debit (amount) ;
payee.credit (amount) ;
audit.log(this);

@Test
public void transferAmountDebitedFromPayer () {
Account payer = new Account();
payer.credit (100);
Account payee = new Account():;
BankTransfer transfer = new BankTransfer(
S0,
payer,
payee,
mock (AuditTrail.class)
):
transfer.execute()
assertEquals (50, payer.getBalance(), 0):

?{%@Q’i codemanship
RN

© Codemanship Ltd 2016



101 TDDTips

TDD Tip #36: Example data removes ambiguity from customer tests

- -
“sweet”

“hot” = 90°C

“sweet” = 40g/L sugar

\_,‘—O\_*‘ ,
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101 TDDTips

TDD Tip #37: In a test-driven approach to design, testers are
requirements analysts
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101 TDDTips

TDD Tip #38: Avoiding mistakes is cheaper than fixing them.
Slow down to go faster!
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101 TDDTips

TDD Tip #39: For complex logic, use models to visualise and
help spot tests you might otherwise miss

In Frogeesa

'I squirifn] fconlent =n == capacily
Ermply - Full
. -

bk -
] fconlent = n < Capaciy)
buttonPressed doorOpened doorClosed timerTimesOut
Brinkes
e [ Ready To Cook Conking Daar Open Can't Hoppen | Evert Igroced
Cooking
Cooking Cooking Extended Interrupted Can't Happen | Coowing Complete
€ i Coaking Do Open Can't Happerned Can't Happen
| Rules

| conditions i 2 3% 4 & & 7
Infank passengers (age: < 2) ¥ ¥ rnt ignaned Con't Happen Ready To Cook Event igroned
Youth passengers (age! 2 to 16) LR
Frequent ﬂ"l‘eﬁ ¥ ¥ rent lgnared Can't Happen Ready To Cook Can't Happen
Domestic fights ¥ c

k

Intematicnal flighers Y ¥ kingExtended| | 09Nr9 Can't Happen | Cooiing Complets
Early reservation ¥ Y| Y i
Off-season traveling ¥

| Actions 1 2 3 &4 5 & 7 &8
Offer 1096 discourts X X
Offer 15% diseourits X X
Offer 20% discounts X X
Offer 70% discounts X
Offer B0% discounts X

3 codemanship

© Codemanship Ltd 2016



101 TDDTips

TDD Tip #40: Check for backwards compatibility by running older versions of
API tests against new implementations

public class WarehouseRpiTests |
private WarchouseRpi warehouse;
@Before

public veid createWarehouse() {
warehouse = new Warehouse ("http://localhost/warehouse");

}

@Test
public veid checkProductStock() {
assertEquals(l, warehouse.checkStock("GI Joe"));
}
@Test

public veoid orderIsShippedToGivenAddress() {
Address address = new Address("10 Acacia Lane, Trumpton, TRU% 3RT");
Order order = new Order ("GI Joe"™, 1, address );
ShippingNote shipping = warehouse.fulfil (order);
assertEquals(address, shipping.getAddress()):

: :_.,] codemanship
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101 TDDTips

TDD Tip #41: Under delivery pressure, TDD newbies revert to old habits. With
regular practice, build up to applying it to everyday work.

@Test
public void numbersDivisibleByThreeReplacedWithFizz () {
assertEquals("Fizz", new FizzBuzzer().fizzBuzz(3)):

}

@Test

public void firstFibonacciNumberIsZero() ({
assertEquals(0, new Fibonacci().get(0)):

}

@Test
public void romanNumeralForFourIsIV() {
assertEquals("IV", new RomanNumerals().convert(4)):

}
12 Package Explorer i ESle 770 [ AnayMatcherTestsjava | i) BecauseMockTests
4 ¥4 > BecauseMock [BecauseMock master 47 : 1 back-qo com.codemanship.becaus:
& src 7 T
- (% test J#import org.junit.Before;[

+ # com.codemanship.becausemock
4 ArrayMatcherTestsjava
4 BecauseMockTests java
|4} DefaultValueGeneratorTestsjava 3
14 InvocationsTests java 14 @Test

public class BecauseMockTests

private MyInterface mock:

7 MockExceptionTestsjava public void methodInvokedA
B Mylnterface java moc}f.doi‘oo‘() 4
3 verify(mock) .doFoo() ;
» ) StubsTestsjava }
®\ JRE System Library [lavaSE-1.7
=\ Maven Dependencies Z z ore
®\ JUnit4 21 public void createMock() {
& > target 22 mock = mock(MyInterfac
» pomxml ‘ }
# READMEmd o an :
2 B‘ec > @Test (expectedsMockExceptis
4 auseUr BecauseUmt maste!
o it public void methodNotInvok:
verify(mock) .doFoo();
}
@Test (expected=MockExceptis
2 Package Explorer © E v U UbanTestsjova | 1 EmailAlentTestsjave ©
& AsyncTests ~ B : package com.codemanship.dvdlibrary.unittes
¥ BeycodTcd examples
& Buglests #import static org.junit.Assert.®;
Sy ) ) Runkith(JUnitParamsRunner.class)
¥ Desigrérinciples_example public class EmailAlertTests |
 3¥ DveLibrary
- v private EmailAlert alert:
S ety private EmailQueue queue;
@ Y. J private InterestedMemberSearch search:
1) DonateFixture java e
= hier public void setupAlert() |
= Mibrary lntec o 7itle title = new Title(“The Abyss
» o' rabbe queue mock (EmailQueue.class);
« @ comcodemanship dvdlibrary unittests Ll » = pew InterestedMemderSearc
J) EmailAlertTests java i alert = new EmailAlert(title.getNa

U inecestedMemberSearchStab java ]
) UbraryTestsjava

A MemberTests java
) TseTestsjava
@ <o Y TR TSt
™ Junt4
B Maven Depencences
W JRE System Library (ava
& bin
& target
™ pomumi
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public void subjectLinelIncludesNewT:
assertEquals(®Now avalilable -
)

public void bod
String exp

assertPoualslexsected?

Week 1-6 : basic TDD
exercises

~2 hours per week

Week 7-12 : small self-
contained projects

~3-4 hours per week

Week 13 - 24 : apply TDD to
real projects, starting at a
comfortable pace when less
delivery pressure

~8-40 hours per week
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101 TDDXips

TDD Tip #42: Favour fast-running unit tests so you can re-test as much logic as
possible quickly for more frequent feedback

systemy/Ul

/ tests

A

X
N
",

y " Integration Tests \

y N
/ \
\\
B

Unit Tests
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101 TDDTips

TDD Tip #43: Don’t expect your customer to learn new tools so they can

participatein definingtests

R : Bogk! - Bxoe T ®m -0
“ HOME  INSERT PAGE LAYOUT  FORMULAS TEAM ik lason
¥ | Calibri -{n ]
T RciAa Alignment Number Editing
~ « S L - % . .
E1 - e
A 8 L D -
1 |Produsct Cuamntity Uit Prica Subtetal i
2 Ewample Basket #1
3 Widget i 100 160
4 Example Basket 82
5 Widget 2 100 00
6 |Example Basket 83
7 ‘widget 1 100 100
& Doodad 1 50 150
9 Ewample Basket 84
10 Widget 2 100 200
11 Doodad 2 50 300
12 | Thinguevig F 150 60O
Shopping Basket tests F i

avalabia o bormow,
And the Soner 1 swvardes 10 rewand pants

DonsteFiiure
s denor BraryConEInGY CopYCOUE? FERBRIPOINGT SMBISUBMSETY GMABBSdY? ROty
Tha  jospeters tros 1 H Mow avallsbis Dsar 3
Abryss ~Tha dbyss  mamber,  janad
Just o nt
s v
tat The
Abyves b
Front Fage | User Guide | reot (for global ipati's, efc.) | Press 'F for keyboand shorbosts [edi

r, — B - G| @) revens vermytema.. « [0 D
Gl o Yew Fperne  Tool  Hew
BmiFitNesse Test Edit Add. Tools -
Fithai i CADLUIbrnry Tadts ConstadOVD
Donate a movie that isn't in the library
Given & Mo D thet 57T I the bbfary,
1t o Ehe bile,
| alert is sant o all members who sxprassed an interest in matching tithes informing tham title is
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Let them use familiartools
you can easily extract test
data from

Drive unfamiliar ATDD/BDD
tools for them during
collaborative sessions

Design tools to work the
way they think (which
nobody’s done yet!)
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101 TDDTips

TDD Tip #44: TDD is a gateway drug to Continuous Delivery

potentially
. shippable
code

Refactor

A

RN
.
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101 TDDTips

TDD Tip #45: The opposite of duplication isreuse. Refactoring
duplicate code during TDD often reveals useful abstractions.

public class FatherJackCensor {

// censors Father Ted scripts for more conservative tastes
public String sanitize(String text) {

text = text.replaceAll ("feck"™, "¥x¥¥xn)_

text text.replaceAll ("drink", "Xxxxxx").

text = text.replaceAll ("girls", "xxxxxw)_

return text;

public class FatherJackCensor {
private String[] profaneWords;

public FatherJackCensor (String[] profaneWords) {
this.profaneWords = profaneWords;

}

// censors Father Ted scripts for more conservative tastes
public String sanitize(String text) {
for (String word : profaneWords) {
text = replaceWord(text, word):;

}

return text;

}

private String replaceWord(String text, String word) {
return text.replaceAll (word, word.replaceAll(".", "*"));

}

codemanship
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101 TDDTips

TDD Tip #46: “Adversarial” pairing can help you write better tests

_ Fred writes a failingtest
@Test po

public void borrowedTitlesArelAddedToMembersLoans () |
Member member = new Member();
VideoTitle title = new VideoTitle():
member.borrow(title)

assertBEquals(l, member.getLoans().size()):

' Emma writes code that passes the test,
public class Member { butisn’t what Fred intended

F
public List<VideoTitle> getLoans() {

return Arrays.asList(new VideoTitle[] {null}):

}

public void borrow(VideoTitle title) {
}

‘ _ Fred makes the test stronger
@Test -
public void borrowedTitlesAreRddedToMembersLoans () {
Member member = new Member():
VideoTitle title = new VideoTitle():;
member . borrow(title);

assertThat (member.getLoans (), contains(title));

codemanship
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101 TDDTips

TDD Tip #47: In TDD, we don’t have to build features in a “logical
order”. Using test doubles, we can fake it until we make it.

Obviously, we'll need to get
payment processing working
before we cantackle order
fulfilment

Let’s fake payment processing
using a mock object so we can
work on fulfilling orders

N
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101 TDDTips

TDD Tip #48: A good way to know if you're ready to apply TDD to
commercial projects is when it doesn’t slow you significantly

Time yourself tackling a non-trivial problem
(e.g., Roman numeral converter) without
applying TDD

Time yourself tackling the same
problem applying TDD rigorously

* Ask a colleague to acceptance test the solution thoroughly when
you believe you are finished. You aren’t done until they say so.

* Repeat the exercise 3 times so that learning from one pass is
applied to the next pass. Consider the first pass to be a trial run,
and only use the timings from the next 2 passes

* Also ask your colleague to review the quality of the code. You
aren’t done until they say the code’s clean enough.

* If youcan TDD it without taking more than ~20% longer, you're
probably ready to start TDDing real production code

VZ:‘ *"?\i codemoanship
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101 TDDXips

TDD Tip #49: Under pressure, we revert to our default way of
working. Focus on buildinggood habits to make TDD your default
behaviour.

* Start by writing a failing test

*  Write the simplest, quickest code to pass the test

* Refactor to make the next test easier

* Don’t write source code unless you have a failing test that requires
it

* Triangulate when the solution isn’t trivial

* Don’t refactor when tests are failing

*  Write the assertion first and work backwards

* See the test assertion fail so you know it’s a good test

*  Write tests that have one reason to fail

*  Write tests that clearly convey their intent

* Cleanly separate test code and source code

* Organise test code to make it easy to see what’s being tested

*  Write tests that can run individually and in any order
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