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* [[pUHLIMIIM HAllMCAHHA MOAYJIbHUX TECTIB.

= CTBOpEHHS TeCTOBUX HAbOpiB 3a gonoMmorow MS Test v2.

Automated Testing With MSTest V2

Jason Roberts
NET MVP

@robertsjason  dontcodetired.com
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[IPUHLIUIIN HAITMCAHHA MOAYJIbHUX

TECTIB

[luTanudg 9.1.

Kypc «Unit Testing for C# Developers»



https://rutracker.org/forum/viewtopic.php?t=5581820

ABTOMATH30BaHe TECTYBAHHA Td HOro IepeBdaru

TESTING COST

Without Automation

With Automation




Tunu TecTiB: MOAY/IBbHI, IHTEerpaninHi,

E2E
HacKpi3Hi (end-to-end)

Integration

Unit

UNIT TEST Cheap to write

Tests a unit of an application
. : : Execute fast
without its external dependencies

Don’t give a lot of confidence

INTEGRATION TEST Take longer to execute

Tests the application with
its external dependencies

Give more confidence

Give you the greatest confidence
END-TO-END TEST

Very slow

Drives an application
through its Ul.

Very brittle
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IHcTpyMeHTH TecTyBaHHA A4 CH#-Koay

= NUnit, MSTest, xUnit, ReSharper, Rider

v 3 x

* Hexal nuiieTbCcs A0JAATOK AJisI OpOHIOBAaHHS D -
CTOJIUKA B peCTOpPaHi et oB

v . CobpaTe pelueHne Ctrl+Shift+B
TestNinja.Fundamentals nw;m;mﬁmmm
OumncTuTs peluetmne
Reservat i on AHaNME W OUNCTKE KOAa
MaketHan cbopka..
Ancnetuep KoHGUrypaumii...
User MadeBy {

¥npaeneqwne naketamn NuGet ana pewweqma...

BoccranoewTe naketsl NuGet

CanBeCancelledBy(User user) Beinonkus recsi

Otnagka TecToB

Hoeoe npegcraenerne: OGo3pesaTens peLLeHnil

return (user.IsAdmin || MadeBy == user);

Paccuwtate m ETPWEN KOoA3

Co3gartb NpoekT... DoGaenTe

LUECTEY HOLLMIA NPOEKT... [loBaBnTb PELLIEHNE B CHCTEMY YNPABAEHNA BEPCUAMM...
LLECTBY HOLLIWIA BEG-CaiT...
AaTh INEMEHT... Ctrl+Shift+ A MepenmeHosats

-1a SCTEYHILLMIL 3/IEMEHT. .. Shift+Alt+A -
User LHeCTEYOLY OTKpbITE NANKY B NPOBOAHNKE
AT NanKy peLLeHia - . -

) (PEHMTE KIK GUNLTP PELLIEHN

- Dain KoHDUIypaunm yCTaHoBKKN CKpbITh BhIFPY#XEHHBIE NPOEKTHI
IsAdmin { > i

3ar b 33BMCUMOCTA NpOEKTA

CeoiicTea Alt+BBOJ




[IMmemMo TeCTOBUM NPOEKT

» Jlonamo HOBUU MSTest-nipoeKT

. IMeHYBaHHHT@CTOBON)BHHaAKYI

WMma npoexTa

ReservationApp. Unittests
= HasBaMogayssa_Cuenapiv_O4iKyBaHUM pe3yJibTaT

+
> L

,D,OGEIBMTI: HOBbIV MPOEKT foncewa

MNocneaHue 1Wa6I0HBI N DOEKTOB

l§:"_| Konconbtoe npunoxenune [NET Core)

4l

Gl

‘OunsTpauma no: Windows, Tectupoeanue

NMpoexT Tectos MSTest (NET Core)

MpoekT, copepkauid MogyabHEe TecTel MSTest, KOTOpEIE MOXHO EBINOAHATE HA
nnatopme .NET Core 8 Windows, Linux u MacOS.

c# Linux mac0s Windows TecTMpoEaHUe
MpoexT mopynsHoro Tecta (NET Framewo
MpoekT, copepKaluid MOgYBHEIE TECTEI.

c# Windows TecTWposahue

€% Tectosni npoexr xUnit (NET Core)

Mpoext it.net, KOTOpLIE MOTYT BRNOAHATECA Ha Gase NET Core B
Windows, Li

c# Windows Linux macOs TecTMpoEaHUe

C% Tecrosmii npoekr NUnit (NET Core)

Mpoext 4 NUnit, koTophle MoryT ELINGNHATECA Ha Gasze .NET Core & Windows,

Linux n

c# Linux macos Windows Pasiounii cron TecTHpoEaHKe Bet

C Tectupoeanue set-apaiisepa ana Microsoft Edge (NET Core)
MpoexT, copepxawu 5

26.11.2020
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IMnarpopua ~ Twun npoexta  ~

Microsoft.VisualStudio.TestTools.UnitTesting;
TestNinja.UnitTests

[TestClass]
g el s ReservationTests

[TestMethod]
d CanBeCancelledBy_UserIsAdmin_ReturnsTrueK)



HanmvcaHHA TeCTOBOro BUIIAJKY.
[TpuHoun Arrange — Act — Assert

Microsoft.VisualStudio.TestTools.UnitTesting; T AT Y ] et A T

ReservationApp.Unittests 4 [Mpoexts

[TestClass] Pewermne Wnas MyTe

ReservationTests

¥ Reservationfpp EA[IHCTpyMeHTANEHI 3.

b OBLme NnpoekTsl

{

[TestMethod]
CanBeCancelledBy UserIsAdmin_ReturnsTrue()

P OBzop
{

reservation = Reservation();

CBopka Otnagka Tecr Anannz  Cpegcrea Pacwwpenwa  Oxno Cnpaea

result = reservation.CanBeCancelledBy( User { IsAdmin = Debug ~ Am Windows P OBospesatens TECTOB Cr+E T ap -

Assert.IsTrue(result);

O6o3 [PEBATENE TECTOE
> -C'o |A1(@1 (@0 B-[F 8-
" IIOAIOTOBKA — 00BABJIAET U CO34a€eT 3K3EeMIIJIAPbI I€epEeMEHHbIX Tectuposanmue Anvrenen.. [pwsnakn  Co
AJId BBOJ4d U BbIBO/iA,; 4 (@) ReservationApp.Unittests (1) 13 mc
4 @ Reservationfpp. Unittests (1) 123 mc
" NeVICTBUE — BBINOJIHAET TECTUPYEMbIM MOJYJIb; 4@ ResenvationTests (1) 13 mc
@ CanBeCancelledBy UserlsAdmi... 123 mc

" [poBepKa — NPOU3BOJAUT OAHY MU HECKOJIBKO IPOBEPOK
pe3yJIbTaTOB PabOThI MOAYJIS.
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HanucaHHS TeCcToBOro BHUIIAAKY

CanBeCancelledBy(Usen user) = XapaKTepUCTHKHU XOPOIIOr0 MOAYJIBHOIO TECTY:
IIPOCTOTA, BIZICYTHICTb YIPABJIAIOYUX IHCTPYKIiH,
return !(user.IsAdmin || MadeBy == user); 130JIbOBAHICTh BiJ IHIIIMX TECTIB

* TecToBaHi pyHKIi[/METOAM MOXHA NMOAIJINTHA HA 2 BUJHU:

" Query-QyHKIUil: IOBEPTAIOTL JedKe 3HaYEeHHHA; TECT NepeBipsae, Yu
OBospesarent Tectos BIZINIOBi/Jla€ 1je 3HaY€HHHA 04YiKyBaHOMY pe3yJibTaTy; Pi3Hi X04U
D> -C' a1@ @1 B-15&- BMKOHaHHA (execution path) — pi3Hi TecTOBI cueHaplii;

I=
Tectuposanue JdnureneH...  [puzHaku CoobweHue ob ownbke - Co_rnrnand-c])yH’Kui'l': BHKOHYIOTh 3MiHy B CUCTeMi — JIit0 (‘g’lCtiOIl —
il _ _ 3MiHa CTaHy 00’€KTa, 3anUC y B/l, BUKJIUK BeO-CJ1yK0H, BilIpaBKa
et fiees 1 91 mc NOBiJIOMJIEHHS B UEPTy MOBiJJOMJIEHD TOIL0); MOXKYTb TaK0X
F IEII ReservationApp.Unittests (1) 91 mac IIOBEePTATH 3HAYEHH;
b (%) ResenvationTests (1) 91 mc » [lpu 3MiHi cTaHy NepeBipsAOTh MOTOYHHUM CTaH 00’€KTa
* [lpu migK/ar04YeHHi 30BHIlIHIX pecypciB epeBipATb NPaBUJIbHICTD
BUKJIMKY (3BepHeHHS) 3a IOCUJIaHHAM Ha Li pecypcu (external
dependenaesg)

" [MITYyEMO TOMUJIKY

» [IpakTHKa: JOoNUCATH PEUITy TeCTOBUX BUMA/KIB * Hikosin He TeCTYIThbCA:
L Language features
= CroponHnii kop (3rd-party code)

* Tectu migraHgOTbCA MiJ BUMOTH, a He IiJ
peaJsii3oBaHUU Koz!
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ATpuoyrtu ¢pperuMBOPKIB AJIS TECTYBAHHA

[Test] [TestMethod] [Fact] [lo3Hayae TeCTOBUM METOL
[ TestFixture] [TestClass] — [lo3Hayae TecTOBUU KJac
[SetUp] [TestInitialize] KoHcTpykTOp CopalboBY€E Mepe] KOKHUM TeCTOBHUM BHUIIaJKOM
[TearDown]| [TestCleanup] IDisposable. CrparboBYE MicJsl KOKHOTO TECTOBOTO BUIAJIKY

Dispose
[OneTimeSetUp] [ClassInitialize]| IClassFixture<T> MeToz cripanboBye 1 pa3 nepej, 3allyCKOM TeCTOBOT'0O HAbOOpy
[OneTimeTearDown] [ClassCleanup] IClassFixture MeTo/ cripaliboBYE 1 pa3 micJisl 3alyCKy TeCTOBOTO Habopy
[Ignore("reason")] [Ignore] [Fact(Skip="reason")] [Ipomyck TeCTOBOro BUNAAKY
[Property] | TestProperty| [Trait] BcTraHoBIIIOE NOBUIBHI MeTajjaHi /11 TECTY
[Theory] [DataRow] [Theory] Konoirypye kepoBaHi ganumu (data-driven) Tectu
[Category(™)] [TestCategory(")] [Trait("Category",")] KaTeropusye TecToBi BUnasku a6o KJjacu

26.11.2020 @Mapuenko C.B., YIBK, 2020 10



Test Execution Workflow. ATpu6yTH AJis1 HaJIalITYBAaHHS TECTIB
(MSTest)

[TestClass] [ClassCleanup]
public class YourUnitTests public static void TestFixtureTearDown()
! {

Assemblylnitialize . . :
[ y ] /I Runs once after all tests in this class are executed.

public static void Assemblylnit(TestContext context)

£ (Optional)
/I Executes once before the test run. (Optional) /I Not guaranteed that it executes instantly after all tests
} from the class.
[ClassInitialize] }
public static void TestFixtureSetup(TestContext context)
{ [TestCleanup]

/[l Executes once for the test class. (Optional) . .
. ' public void TearDown()

}
{
[Testinitialize] Il Runs after each test. (Optional)
public void Setup() h
{ /I Mark that this is a unit test method. (Required)
// Runs before each test. (Optional) [TestMethod]
¥ public void YouTestMethod()
[AssemblyCleanup] £
public static void AssemblyCleanup() -
{ /I 'Your test code goes here.
// Executes once after the test run. (Optional) }

} } 11




TBepa:xeHHA (assertions)

Assert.AreEqual(28, _actualFuel); // Tests whether the specified values are equal.

Assert.AreNotEqual(28, _actualFuel); // Tests whether the specified values are unequal. Same as AreEqual for numeric values.

Assert.AreSame(_expectedRocket, _actualRocket); // Tests whether the specified objects both refer to the same object

Assert.AreNotSame(_expectedRocket, _actualRocket); // Tests whether the specified objects refer to different objects

Assert.IsTrue(_isThereEnoughFuel); // Tests whether the specified condition is true

Assert.IsFalse(_isThereEnoughFuel); // Tests whether the specified condition is false

Assert.IsNull(_actualRocket); // Tests whether the specified object is null

Assert.IsNotNull(_actualRocket); // Tests whether the specified object is non-null

Assert.IsInstanceOfType(_actualRocket, typeof(Falcon9Rocket)); // Tests whether the specified object is an instance of the expected type
Assert.IsNotinstanceOfType(_actualRocket, typeof(FalconS9Rocket)); // Tests whether the specified object is not an instance of type
StringAssert.Contains(_expectedBellatrixTitle, "Bellatrix"); // Tests whether the specified string contains the specified substring

StringAssert.StartsWith (_expectedBellatrixTitle, "Bellatrix"); // Tests whether the specified string begins with the specified substring
StringAssert.Matches("(281)388-0388", @"(?d{3})?-? *d{3}-? *-?d{4}"); // Tests whether the specified string matches a regular expression
StringAssert.DoesNotMatch("281)388-0388", @"(?d{3})?-? *d{3}-? *-?d{4}"); // Tests whether the specified string does not match a regular expression
CollectionAssert. AreEqual(_expectedRockets, _actualRockets); // Tests whether the specified collections have the same elements in the same order and quantity.
CollectionAssert. AreNotEqual(_expectedRockets, _actualRockets); // Tests whether the specified collections does not have the same elements or the elements are in a different order and quantity.
CollectionAssert.AreEquivalent(_expectedRockets, _actualRockets); // Tests whether two collections contain the same elements.
CollectionAssert.AreNotEquivalent(_expectedRockets, _actualRockets); // Tests whether two collections contain different elements.
CollectionAssert.AllitemsArelnstancesOfType(_expectedRockets, _actualRockets); // Tests whether all elements in the specified collection are instances of the expected type
CollectionAssert.AllitemsAreNotNull(_expectedRockets); // Tests whether all items in the specified collection are non-null
CollectionAssert.AlllitemsAreUnique(_expectedRockets); // Tests whether all items in the specified collection are unique

CollectionAssert.Contains(_actualRockets, falcon9); // Tests whether the specified collection contains the specified element
CollectionAssert.DoesNotContain(_actualRockets, falcon9); // Tests whether the specified collection does not contain the specified element
CollectionAssert.IsSubsetOf(_expectedRockets, _actualRockets); // Tests whether one collection is a subset of another collection
CollectionAssert.IsNotSubsetOf(_expectedRockets, _actualRockets); // Tests whether one collection is not a subset of another collection

Assert. ThrowsException <ArgumentNullException>(() => new Regex(null)); // Tests whether the code specified by delegate throws exact given exception of type T



KoHKpeTHI Ta 3ara/jibHi TeCTH. TecTyBaHHA pPAAKIB

= TecToBaHUM KO/ [ToBHuM Tect B NUnit

TestNinja.Fundamentals [TestFixture]

HtmlFormatterTests
{

HtmlFormatter [Test]

FormatAsBold_WhenCalled_ShouldEncloseStringWithStrongElement()

FormatAsBold( content) {

formatter = HtmlFormatter();

return $"<strong>{content}</strong>";

result = formatter.FormatAsBold("abc");

u KOHerTHI/If/’I TeCT: .That(result, Is.EqualTo("<strong>abc</strong>"));

= Assert.That(result, Is.EqualTo("<strong>abc</strong>"));
.That(result, Is.EqualTo("<strong>ABC</strong>").IgnoreCase);

= 3araJibHUH TecCT:

= Assert.That(result, Does.StartWith("<strong>")); ii::ﬁ;::zg::zﬂz g:zi::;:i}ﬁh(:?;;g)%)
= Assert.That(result, Does.EndWith("</strong>")); LESEFE TREEFEslLE, poas - BaEan( 258U

= Assert.That(result, Does.Contain("abc"));



KoHKpeTHI Ta 3araJibHi TeCcTH. TecTyBaHHSA MAaCHBIB Ta

KOJIEKIIIN
"= TecTOBaHUU KOJ, HasamrryBaHHA TeCTiB Math math;
Math
) [SetUp]
Add ( a, b) SetUp()
return a + b; { Math()
a ’
}
EVE( a, b)
return (a > b) ? a : b; = var result = _math.GetOddNumbers(5);
IEnumerable< > GetOddNumbers( " Bara-ani TEeCTHU:
for (var i = @; i <= limit; i++) = Assert.That(result, Is.Not.Empty);
= E e 2= B = Assert.That(result.Count(), Is.EqualTo(3);

yield return ij;

* KOHKpeTHUH TecCT:
= Assert.That(result, Is.EquivalentTo( new [] {1, 3, 5} ));



KoHKpeTHI Ta 3araJjibHi TeCTH. TecTyBaHHS MAaCHUBIB Ta KOJIEKLiN

» 3araJibHUM BUTJIAJ MoxJKMBOro TecTy (NUnit)
LTest|
public void GetOddNumbers LimitIsGreaterThanZero ReturnOddNumbersUpToLimit()

{
var result = math.GetOddNumbers(5);

Assert.That(result, Is.EquivalentTo(new [] {1, 3, 5}));




KoHKpeTHI Ta 3araJjibHI TeCTH.
[lepeBipKa THUIY 3HAYEHHH, AKe IOBEPTAE METO/,

CustomerController controller;

= TecToBaHUU KO [SetUp]

SetU
= Mae 2 niIX¥ BUKOHaAHHS { PO

_controller = CustomerController();
1
J

ActionResult GetCustomer( [Test]

GetCustomer IdIsZero ReturnNotFound()

if (id == o) { _ "
return NotFound(): result = controller.GetCustomer(®@);

ok():
AL 201 Assert.That(result, Is.TypeOf<NotFound>());

ActionResult { }

NotFound : ActionResult { }

GetCustomer IdIsNotZero ReturnOk()
Ok : ActionResult { }

result = controller.GetCustomer(1);

Assert.That(result, Is.TypeOf<Ok>());




KoHkpeTHIi Ta 3arajibHi TecTH. TecTyBaHHs void-MeToAiB

* 3a3BHYal TaKUMHU € command-PyHKIIil

= TecToBaHUU KOZ:
LastError { H
EventHandler<Guid> ErrorLogged;
Log( error)

if ( .IsNullOrWhiteSpace(error))
throw ArgumentNullException();

LastError = error;

ErrorLogged?. Invoke( , Guid.NewGuid());

* TecTyeTbcs 3MiHa cTaHy 00 €KTaA
(B1actuBocTi LastError)

ErrorLogger logger;

[SetUp]
SetUp()

{

_logger = ErrorLogger();
1
i

[Test]
Log WhenCalled SetThelLastErrorProperty()

1
_logger.log("a");

Assert.That(_logger.LastError, Is.EqualTo("a"));




KoHKpeTHI Ta 3araJibHl TeCTH. TecTyBaHHA MeTOAIB, AKI
BUKHUAAIOTHh BUHATKU

* TectyroTbcs BapianTu: null, “, “ “. MaeMo mapaMmeTprU30BaHUU TECT

. [[JIH TECTYBAHHA MeTO,ZLiB, AKI BUKHWJAIOTb BUHATKH, BUKOPHUCTOBYIOTb A€JIETATHU abo J'IHM6I[a-BI/Ipa3I/I

[Test]
[TestCase( )]
[TestCase("")]
[TestCase(” )]
Log InvalidError ThrowArgumentNullException( erraor)

{

Assert.That(() => logger.Log(error), Throws.ArgumentNullException);

1
¥




KoHKpeTHI Ta 3araJibHl TeCTH. TecTyBaHHA MeTOAIB, AKI
BUKJIMKaIOTh (raise) moziro

= [lepeBipumMo cnpanrpoBaHHd nogii ErrorLogged
* CnoyaTKy HiAMUCYEMOCH Ha MOJit0

= [lepesipsaemo 3MiHy 3HayeHHd id (Not Empty) nicia 06po6ku nozii

Log ValidError RaiseErrorLoggedEvent()

id = Guid.Empty;
_logger.ErrorLogged += (sender, args) => { id

_logger.Log("a");

Assert.That(id, Is.Not.EqualTo(Guid.Empty));




KoHKpeTHI Ta 3araJjibHil TeCTH. TeCTyBaHHA IPUBATHUX Ta
3aXHUIIeHUX MeTO1B

* [[puBaTHI Ta 3axUlleHi aTPUOYTH KJacCy ONMUCYIOTh JleTaJsli peaJsidaliil.
= {KIl0 HAanMCcaTHU TECT A0 HUX, BOHU 3 HUM CTaHYTb 3B’SI3aHUMU (coupling)

= 3MiHa geTaJied peaJiidalii 3BeJie TECT HaHIBelb

= Jlyiga neMoHCTpallil BUBEAEMO BUKJIUK IO/l B OKpEMUH 3aXUIEHUH BipTyaJbHUU METO/, Ta
BUKJINYEMO HOTO.

* TectyBaTu norpi6Ho meros Log(), a He OnErrorLogged()

OnErrorLogged(Guid.NewGuid()b;

ed virtual void OnErrorlLogged(Guid errorld)

ErrorLogged?.Invoke(this, errorld);
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[loxpuTTa Koy Tectamu (Code Coverage)

* JacTUHU KOAY MOXKHA BUKJIIOYATH 3 Test Analyze Window  Help
[epeBIpKU MOKPUTTA TeCTaAMMU: e
Debug

o Test Setti
public class ExampleClassil At SeLings

& selected Tests
Y@ Al Tests

public double 5SquareRgot{double x)

{

Not covered

{ Analyze Code Coverage
[ExcludeFromCodeCoverage] Windows A
void ExampleMethod() {...}
Test Explorer
[ExcludeFromCodeCoverage] // exclude property @ [z-8 Search y.
int ExamplePropertyl
{ get {...} set{...}} Run &ll | Run. -
: 4 Passed Tests (2)
int ExampleProperty2 @ QuickNonZero 15 ms .
{ RootTestMeg. 13 ms
%Et SignatureTest 1 ms
¥
[ExcludeFromCodeCoverage] // exclude setter
set
{
¥
h
¥
[ExcludeFromCodeCoverage]
class ExampleClass2 { ... }

26.11.2020 @Mapuenko C.B., YABK, 2020

Covered

100 %

if (x < 0.8) Y
i
throw new ArgumentOutOfRangeException():
}
double estimate = x;
double previousEstimate = -x;

while (System.Math.Abs{estimate - previousEstimate) =...

{

| Turn on coloring

Code Coverage Results m

ctsoasm_MAINS0531 2012-06-07 02... &)- G 1 = x

Hierarchy Mot Cov... | Mot Covered (%... Cov...
4 EF ictsoasm_MAINS0531 201.. {44 | 80.00% n
4 LR fabrikam.math.dl 7 S0.00% 7
4 [} Fabrikam.Math [7 | 50.00% E
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NAKYIO 3A YBATY!

HactynHe nuTaHHs: CTBOpEeHHA TECTOBUX HAaGOpiB 3a gonomorow MS Test v2



