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Solution Example for the Bowling Game Kata
* Solution is in the final branch on Github

« git clone git://github.com/johanseland/BowlingGameKataPy.git

git checkout origin/final
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Overview of Lecture

Testing Frameworks

* Writing good tests

The mechanism of change
* Refactoring

* Black-Box testing tools

* Continuous Integration
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The Test Pyramid

Regression
Tests

System Tests

Integration Tests

Unit Tests
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Regfession

The Test Pyramid esies

System Tests

*  Unit Tests: Integration Tests
* Tests individual units of code

* Function/Class level Unit Tests
* Integration Tests:

* Tests how components communicate

* Example: Is grid correctly initialized from init file?
* System Tests:

* Are results valid?

* Performance/Scaling/Resources/Stability
* Regression Tests:

e Test for old bugs
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xUnit Test Frameworks

* Testing software is made easier by test frameworks
* At least for unit, integration and regression tests

* Typical facilities
* Automatic test detection
*  Minimize boilerplate-code
e Assertion functions
* Test execution
e Tests run in isolation
* Command-line parsing
e Standard output formats
*  Common terminology for talking about tests

SINTEF
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xUnit Testing terminology

* Assertions
* The actual tests
* Test case
* Function invoking assertions
* Suites
* A collection of cases
*  Fixtures
* (Data) structures set up before tests
*  Mocks objects
* Objects that mimic behavior of real objects
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Every language has a xUnit-based Test Framework

o C++ * R
— GoogleTest, Qtest, — Runit
Boost.Test
° Fortran.: | - Matlab
— pfUnit, fUnit — MUnit

.NET (C#, F#, etc.)

— Visual Studio Testing
Framework

Java

— Junit
Python

— UnitTest

Open Source
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fa] Solution 'Score-BillionParticles' (4 projects)
[ g Solution Items
B % ComponentTest (Visual Studic 2010)
. . [+ cudaltils (load failed)
Test COd eo rga N |Zat|o N b ParallelizationTest (load failed)
P % score (Visual Studio 2010)
B % SCOREApp (Visual Studic 2010)
4 [B] UnitTest (Visual Studio 2010)
=2 External Dependencies
b =g Header files
b =g Input
. S pl it test and source files! b = My Amplifier Results
A

y Source files

H Boundary

T

* Consider building application as o FoustionOfStat
L quationCOfstate

= fiber

= Geometry

= Grid and Cell Topology
= Input

= Kernel

T:

b
b
b
b
b
b
b
P = materials
b
b
b
b
b
b
b
b

* Library + "App"-executable
* Test-executables

= math

= monitoring
= output

= simulator

H storage

ﬁ summator

=i Timelntegrator

T:

= vecops

* Separate project for different test layers
* Unit vs Integration vs System vs Regression

* make should build everything

* make check should run as reasonable amount of tests
* Unambiguous answer if tests pass or fail
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Testing best practices

* Test code is not a second-class citizen
* Requires thought, design and care
* It must be kept as clean as production code

* Agree on naming convention
e TestFoo() or FooTest()?

* Test one “concept” per test
« Often multiple tests per class/function
* Kent Beck school: One assert per test
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What to unit test?

* Be intelligent when writing unit tests!
* Do not inflate their number

* Each test should have a meaning
* Collapse/Cleanup tests when cleaning up the production code

* Typically test:
* /ero-case
e Trivial Case
e Corner Cases (division by zero?)
* Error handling
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Clean tests — F.I.R.S.T.

* Fast
* Tests should be fast.
*  You won’t run slow tests frequently
* Independent
* Tests should not depend on each other
* Repeatable
* They should be repeatable in any environment
* Otherwise you have an excuse why they fail
¢ Self-Validating
* Tests should have a boolean output
* No manual evaluation should be needed
*  Timely
* Should be written just before the production code that make pass
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Solver {

iterationCount;

Testing private methods Intermediate result;

iterate();

solve();

* Short answer:
You should only test the public interface of a class

* Reality:
The crucial computation happens in private methods

* Possible fixes:
* Split into impl-namespace
* Mark as protected instead and let test-class be subclass
* Let test be a friend class (C++)
* Mark as package-private (Java)
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Testing Floating Point Computations

HERE BE DRAGONS!

Floating point in general is not associative
° aopbl!=bopa
* Beware of parallel computations

Floating point is sensitive to compiler settings!
* Fused operations
*  Compiler optimizations
*  Flush to memory

Know your precision
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Testing Floating Point cont'd

*  For numerical algorithms, an estimate of the tolerance is needed
* You can not simply test for equality
* Absolute vs Relative error
* Too low tolerance: Test might fail when implementation is correct
* Too high tolerance: Test will not detect real errors

* Do you have (or can derive?) an error estimate/bound
* Might be publishable itself!
* Might just be asymptotic with unknown coefficient
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Unit Tests for Iterative Methods

* Unit tests is not the place to test for stability of iterative methods
* A black-box or system test
* Will often require manual inspection of results
* Goal of automated tests should be to decide if the implementation is correct

* Unit tests for iterative methods should test the implemenation
* Constant input fields
* Convergence criteria
* Detecting invalid input

* Canyou split it out so each substep has an analytical solution?
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Strategies for Testing Floating Point
* Use analytic cases when available!

*  Write tests to compare results between previous run of simulator
* Typically require manual inspection
* Often require dedicated post-processing tools
* Bitwise reproducibility is not attainable
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Mocks and fakes

* Often you can not rely on real objects for tests
* Databases
* Sockets
* Huge datasets
* Displays
* Amazon Instances

* FAKE objects have working implementation with shortcuts
* In-memory filesystem, constant grids

MOCK objects are pre-programmed with expectations
* Mock-libraries make it easier

SINTEF SINTEF Group Head Office 13




Using Fakes: Non-testable code

e Use of InputFileReader is hardcoded in class (tight coupling)

Simulator {
Simulator() {

grid = inputFileReader( filename );

computeGradient();

* Problems:
* |/O might take a long time
* Input files must be distributed with tests
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Using Fakes: Introduce Parameter Object

* We instead use an abstract class defining our behaviour

AbstractInputFileReader {
grid readGrid( string filename ) = 9;

ConcreteInputFileReader : AbstractInputFileReader {
grid readGrid( string filename ) {

}

* Parameter object is passed to simulator

Simulator {
Simulator( AbstractInputFileReader* inputFileReader ) {

grid = inputFileReader->readGrid( filename );

computeGradient();
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Using Fakes: Introduce fake object

* Inthe test code, we add simplified version

FakeInputFileReader : AbstractInputFileReader
grid readGrid( string filename ) {

}

* And pass this to simulator

EST( Simulator, test_computeGradient ) {
AbstractInputFileReader* reader = FakeInputFileReader();
Simulator sim( reader );

ASSERT_EQUAL( ©.0, sim.computeGradient() );
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Fake objects conclusion

Testable code will often have:

*  More classes
* Should not be a problem in modern IDEs
* Use ECB in Emacs

* Smaller classes
* That follow the Single Responsibility Principle (SRP)

* Looser coupling
* One of the benefits of object-oriented languages
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Changing software

* Why do you want change?

To add a feature
To fix a bug
To improve the design (refactoring)

B w e

To optimize
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The mechanisms of change cont'd

Add a Feature  Fix a bug Refactoring Optimizing
Structure Changes Changes Changes Changes?
New Changes - - -
Functionality
Functionality - Changes - -
Resource - - - Change

Usage
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What about legacy code?

* The main thing that distinguishes legacy code fron
non-legacy code is tests, or rather a lack of tests.” EFFECTIVELY
Michael Feathers WITH

LEGACY CODE

Michael C. Feathers

* Alternative definition:
Code you are afraid to change, cause you can not see the consequences

BRING IT UNDER TEST!
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Refactoring

Code refactoring is the process of changing a computer program's source code without
modifying its external functional behavior in order to improve some of
the nonfunctional attributes of the software

T sy ol Lo

e Make it work

. Make it right Reractoring

— Maintainability IvproYING THE DESIGN
. oF Existivg Cone
— Extensibility

MARTIN FOWLER
LU tmiaare by B ok, Jadhn Hrani,
Trallizam Cip=ly ki, et Thin Hnberis
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Some refactoring techniques

* Rename field

— Change a name into a new one that better reveals its purpose
* Extract method

— Turn part of a larger method into a new method
*  Move field

— Move to a more appropriate class or source file
* Extract class

— Move part of the code from an existing class into a new class
* Generalize Type

— Create more general types to allow for more code sharing

* Many more at refactoring.com
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Refactoring in practice

* |DEs have some support for automatic refactoring

* Guarantees that behavior does not break

* Java IDE have
e C++is probably the most difficult language ®

* Templates are specially difficult

* But we are getting there as well (QTCreator in particular)
* Lean on the compiler

1. Alter declarations to cause compile errors

2. Navigate to errors and make changes

3. Rerun tests!

e Pair programming!
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Other testing tools
* A plethora of tools to analyse your program and tell you something about is status
* At the source-code level or program level

*  Commercial or open-source

*  White-box testing is biased
* You generally write them yourself

* Testing tools does not lie
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Static Code Analysers

* Programs that look at your source code
* ldentifies common errors

*  Bounds checking for arrays

* Memory leaks

* Resource leaks

* Stylistic errors

* Code duplication

* Compute code metrics
* Subject to false positives and negatives

* Common tools: Cppcheck, Cpplint
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Profilers

* Tools that monitor the execution of a program
* Allows you to understand their behaviour when running on real code
() Locate Memory Problems Intel Inspector XE 2013
.
* Used to detect: — -
. IDa & Problem Sources Modules Object Size State -
® Pe rfo rm a n Ce m et rl CS HP1 @ Mismatched allocation/deallocat... find_and_fix_memory_errors.cpp  find_and_fix_memory_errors.exe Be Mew ‘E ‘
® Invalid memory access find_and_fix_memory_errors.cpp  find_and_fix_memory_errors.exe : | 4
HP3 i Memory leak api.cpp; asctime.c; util.cpp; vide ... MSVCR100D.dIl; find_and_fix_me... Fr Confirmed
® Memory Iea ks [#HP4 @ Memory leak find_and_fix_memory_errars.cpp find_and_fix_memory_errors.exe 784 Deferred -
I
. . 410 1of2 P Code Locations: Invalid memory access g
® Pa ra I Ie I IZatIO n e rro rs Description & Source Function Module Object Size  Offset
Allocation site  find_and_fix_mermory_errors.cpp:l63 operator()  find_and_fix_memory_errors.exe 112
161 unsigned int serial=l; find and fix memory errors.exe!operator() -
162 unsigned int mboxsize = sizeof (unsigned int)*(max_obj [|find and fix memor
163 unsigned int * local mbox = (unsigned int *} malloc(m (|tbb_debug.dll!l om_
. 164 thb_debug.dll!local_ spaw ot_and =
[ ] Prog ra m m ust be ,nstrumen ted 165 for (unsigned int i=0;i<=(mboxsize/(sizeof (unsigned i ||tbb_debug.dll!spawn_root_ schedul
Write find_and_fix_memory_errors.cppil6é operator)  find_and_fix_memory_errors.exe 112
. . 184 find and fix memory errors.exel!operator() -
L4 Com pller SWItCh 165 for (unsigned int i=0;i<=(mboxsize/(sizeof (unsigned i ||find and fix me
1686 local mbox[i]=0; //Memory Error: C declared array|tbb_debug.dll!l
167 thb_debug.dll!local . _root_
Y Ru n in a Virtual environment 168 for (int v = r.begin(); v '= r.end{)}; ++v) { tbb_debug.dll!spawn_root_and_wait - sche

e Often program execution is slowed down dramatically
* Yet another benefit of many separate test programss

* Example Tools: Valgrind, gcov, Intel Parallel Studio
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[SNa)a] Coverage Report (=
@j ‘j;} @ hup:/ fwww.cafeconlech v () (|G a
Packages ﬁ Coverage Report - All Packages
Al ;
i Package #Classes  Line Coverage  Dranch Coverage Complexity
COd e Cove ra ge org jaxen dom All Packages 205 69% [N 50% NN 2811
org jaxen dom htmi [5|| ora.jaxen 24 77% [ 73 . 1.38
= " | argjaxen.dom 3 55% NI 0% I 1.907
=7 " | orgjaxendom.himl 2 0% I (O I 1,364
All Packages 4|l orgjaxen domd 2 78% I 555 N 2.395
. . m org.jaxen.expr 73 73% I &4 I 1,566
*  Measure which code is executed at all Classes org javen expr ter 14 96% I 100% BENNNNNN 1029
b (77%) org.jaxen function 27 64% NN 755 D 5373
B nXPath arg jaxen function ext 6 63% I 72 I 4235
Conlext (93%) org jaxen function xst 1 86% I 100% I 25
ContextSupport ($7% || o0 javen javabean 4 44% NI 724 I 187
DefauliNavgator (31 | o javen jdom 3 62% I 5 I 2.897
Documenthavgator org.jaxen pattern 13 49% I 52 - 2.135
DOMXPath (100%) org jaxen saxpath 8 51% NN 1 1887
DocumentMavgator org.jaxen saxpath.base 6 95% I 100% I 10,723
HTMLXPath (%) org jaxen saxpath helpers 2 26% I G 1.34
MamespaceMode (; org jaxen util 15 41% NG 0% . 2432
DocumentMavigator org.jaxen xom 2 71% I GG 1,783
M@ mw% * || Reporis generated by Coberiura, k
T R
Done £

* Used to detect if you have code that is not covered your tests

* Are you testing each direction of an if-statement?

* Isit code you are not executing

* Example programs: gcov (GCC stack), Cobertura (Java), coverage (Python)

SINTEF
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CONTINOUS INTEGRATION
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Motivation

* If daily builds are good

* Continuous builds are better
* |If daily testing is good

* Continuous testing is better

* Detect issues as early as possible

* Jenkins is a web-service that happily builds code and executes test all-day
* Jenkins will build on all your platforms
* Execute long-running tests
* Syndicate results across builds
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Benefits

* Instant feedback
* Everyone can see status
* Latest executable available

* Build on all platforms all
the time

Downside:
* Should really be run on dedicated server
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Jenkins best practices

*  Email only when build breaks/tests start to fail
* Per project participant list
* If people start filtering emails you have lost

* Everyone can look at build configurations
* Avoids mysterious cron jobs on private workstations

* Jenkins is not a high-security system

* Do not build on your own workstation
* Highlights new dependencies

* Use clean builds
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Jenkins slaves

You need something not on Jenkins server
*  Matlab

*  Windows

e GPUs

*  Fluent

* Hudson can start jobs on slaves
* Extremely easy to set up
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Jenkins tips

* Performance monitoring
— Runtime for test is in XML-report
— Small Python script to extract it

* Correctness monitoring

— Compare output to prev. output

* Get cron jobs in there as well

*  Back up Hudson!
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More possibilities

* Store profiling information

* Validate single-thread vs parallel implementations
* Validate against gold standard

* Analyze compiler warnings

* Static code analyzer

* Check for memory leaks (Valgrind)

* Let managers/supervisor know about available metrics?
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Jenkins at SINTEF Applied Mathematics

* Server was set up in summer 2010

Specialized servers added later
* GPU build server
*  Windows build server

Informal tutorial session

Quickly adopted for many projects
* People continue to use it!
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Thing not covered

Social Processes
* Code-Reviews
* Pair-Programming

Bug/Issue tracking

Acceptance Testing
* Fitnesse Framework
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Concluding remarks _

* You need a testing strategy

*  Your testing strategy should consist of a battery of
*  White-box testing at the source level
* Black-box testing at the program level

* Automate as much as possible
*  Minimize the amount of human parsing necessary

* Execute tests as often as possible
* Continuous Integration is an enabling technology for this
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Clean Code TEST-DRIVEN *
A Handbook of Agile Software Craftsranchi :-. _I__-} ]__ 1I|||.-r L Lf) P l"l.'l L H l

Reading list

_——

Robert L. Marm

EFFECTIVELY
WITH

LEGACY CODE
Michael C. Feathers DCSIE.’;H Pd'tl-{x]-ng = REFACTORIP’!G

Elements of Reusable 5 DarrovisG THE DESIGN
Object-Criented Soffware - or Extsrivg Cong

Erich Camina
Krchard Helm
Ralph Jahnson
Juhin Wlissicles
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