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"All the testers are here and we
got all the bug bashing tools too.
But where are the bugs?!"

Andy Glover cartoontester.blogspot.com Copyright 2010

" MISSED .
A SERIOUS DEFECT" 'OH,
TUAT'S NOTHING!
| WAS BLAMED FOR
FINDING TOO MANY OF THEM"

Tester

Testers meeting at the bar

RATBERT, MY COMPANY
I5 HIRING FOR QUR
QUALLTY ASSURANCE
GROUP. YOU'D BE PFRFECT.
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E TO DOT o oo
LAEDD SEONT ADATS

YOU WOULD FIND FLAWS
IN OUR NEW PRODUCT,
THUS MAKING YOURSELF
AN OBJECT OF TNTENSE
HATRED AND RIDICULE.

BUT THEN YOU'D FIX
THOSE FLAWS. .. AND
YOUR RESPECT FOR ME
WOULD GROW INTO

A SPECTAL BOND OF
FRIENDSHIP,
RIGHT 7!
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C e atl N g Te St Ca Ses Ho To Write Good Test Cases?

Test design technique - Follow a test
design technique best suited for your

project.
* White box vs Black box testing e e |
* Black box: only the interface is known e G ()

concise way.

* Tester must assume something about the code
* White box: code is available

» Tester can read the code to find potential problems
* Much easier and more practical

* Basic Test Cases (programmer created)
* Test basic functionality to see if program wor

Q Avoid redundancy - Don’t repeat the test
. Needed 1o assist development cases, this leads to wastage of both time
e Can run through typical scenarios and resources.
: TeSt eXtended funCtionaIity as It I Traceable tests - Use a traceability

* Make these permanent el LT
* Tests to ensure the pro cases.

® TeStS to CatCh pOSSi = Test data - The test data used in testing
should be as diverse and as close to
e A successful real-time usage as possible.

* These are

ArtOfTesting
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Creating Test Cases

* Each user reported bug should have a test case
* Unless the bug and fix are trivial
* To duplicate & fix the bug (and check the fi
* To prevent regression
* Most tests in a suite are of this tyg
* These can be from actual b
e Or from automatically re

* Creating test cases
* You want to er

Manual bug reporting (external)

User User
— Code mmd Test md Release Eamd
needs 2 S Feedback

Manual bug reporting (intern
write test
cases & user pamnd
stories

al)
Manual P




est Case Tutorial: Ultimate Guide to Write Test Case

Creating Test Cases

£I53
m
Y 4

* Creating test cases is a lot of work SRS
* Finding appropriate arguments to get coverage
* Finding arguments that might cause the system
* Finding arguments that duplicate a bug repc
 Setting up the appropriate environme
* Checking the results
* Programmers get sloppy (test

* This leads to work on a
e With a variety of di
e Commercial anc
e LLMs (e.g.




Symbolic Execution

» [PC: X==Y]z = X

* For each coverage point (line/branch/conditior

e Determine constraints on variables needed
e Trace constraints back to the start of the
* This gives you constraints on the te

* Construct new inputs basec

e Often difficult to do
* The problem in g




Concolic Testing

Combination of concrete testing and symboli

Do symbolic execution along a concrete

* Easiest when starting with a failec
* Given values at that point: cor

* Forward analysis

* Maintaining constrai

More practical th

Concolic Testing Approach

Concrete Symbolic
int double (int v) { Execution Execution

return 2*v; q symbolic path
state condition

void testme (int x, int y) { Program Eftor

z = double (y);
if (z==x){ 2%yo ==X

if (x >y+10){ X > Yo+10

¢ x=30y=15| x=X,y=
ERROR. y 0 Y = Yo

}
}

}




Using LLMs to Create Test Cases

* You can ask a LLM to create test cases fc

* It can do a reasonable job of creating k
 Normal functionality
* Edge Cases o SO, o .
* BUT "
* It can not achieve s
* |t can provide
* |t is more g

* This wi

sssss




Creating Tests for a Bug

cases | data | results I
Compare
design Prepare RU" program results

test case test data wnh test data to test cases

* This is a standard part of debugging
* Much of a test suites is developed this way

e Research: how to automate this
* If a bug report has a stack trace
* If the bug report has enough information

* Using concolic testing techniques
* From a debugger situation

e ROSE test generation (using
* ROSE is our automati




Automation testing

Manuol"testing

Testing Interactive Programs o
s

* Problem
* The test is a sequence of interactions

* You don’t want to have a user do the interaction
* Although this is done

* You don’t want to redo the test if the Ul i
» Different window sizes, visual update
* Various solutions exist
* Generating RESTful calls wi
* Tracking and repeatir
* Writing code tc

10/28/24



Selenium Testing Tools

Tools for Interactive Testing

()

£
o . B N . Selenium IDE l: :I IEI Selenium Grid
* Tools exist to help with interactive testing = \\g/ 0

* Selenium is the one I've seen used the most (%)

* Designed for web pages and the browser setenium femote Conte!
* Appium/Selendroid extend it for mobile device
* Similar tools exist for desktop application

e Can record a sequence of user interz
* Generates a program that identifi

e User can write programs to
* Starting with recorded




Fuzz Testing

* Another approach to automatic tes

* Generate invalid, unexpected c
* Try out lots of values to ge
* Generate tests where

* Like letting nai

Steps
of fuzz
testing




Mutation Testing

* Change the code slightly (semi-

e Standard set of possible m
e E.g., invert a conditior

Fault
Introduction

Original Program Mutant program

Test Cases
A

lied to Both E =
Original & Mutant sk o sl

i resvirs for or‘lg‘\n(u
ﬂ Program
and mutant program
are different, mutant

SKILLED




Test Environments

* How are you going to run your tests?

e Testing and production can be quite different
* Production database with real people, data

* Has external effects
* Charging credit cards, sending data to wareh

Accumulating usage data for busines
Requiring external web browse
Changing files in the file s

* All these might not wc
* And you don’t
* Production
e Can’t aff

Test Environment
Management




Test Environment Contents

» Separate git branch from the production system

e Or just don’t pull onto production host until version i
* And test from current version on another host

e Or create the branch when production is re
* This is what is typically done in active sys

* Or run/compile time flags
e Or detect what machine it i

e Separate database
* Preferred over spe

* Separate hoo




Test Environments

Setting up a Test Environment

Key Challenges in Setting up Test
Environment Management

ontinuous Testi

* Should have a script to do this

* Restore the test file system to a known state -
* Restore test database to a known state —
O @ TestORIGEN ‘
* Set up any other environmental data
* Even if you only use it for running a tes

* Some can be done with the indivi
e Using @Before, @After, @
* Not ideal for file systemr

* Handling multipl
* Might requi

cccccccccc

{ | 1
| Performance || |

10/28/24



Testbed

Testing System Components —

* Want to check calls to other components are right, but not have a rea
Want to test a web back end without using a browser
Want to test web front end without using the back end
Want to test payment without paying, shopping without b
Want to test SHORE without trains
Want to test Pinball without the pinball machine

Rather than trying to use actual code

* Create code that mimics the actual coc
Might be simple (accept a partic
Might check that behavior o
This is called MOCKIN

e Same issue when




Mocking

* Mock component is generally much simpler th
* Provide reasonable returns, but generally fi

* Provide hooks to handle the whole i
e With minimal responses unless nee
* Provide minimum functionali

* Methods that take inpu Sy o
* This is part of testin; N

e Providing logging e
* Frameworti

E.LE\.L_L., ;;-
B

CLASS IN UNIT TEST




Test Doubles

Mocking

* Mocking code is not throw-away
* Especially mocking for testing
* Take care in writing it as you wo

* Buggy mocking code will ca
 Anditis likely to be bu

e Use established c
* Might want




Vulnerability Scanning

Security Scanning

Security Testing

Penetration Testing

Risk Assessment

Security G

* No system is totally secure TEStII‘Ig

* Need to test for potential security problems

* Checking for known security problems
* C/C++: checking for buffer overflow possibilities
* Web Apps: SQL injection, XSS, DoS and other attacks R uieha com

* Dynamic security checking tools exist (usually web-oriented)
* Machine vulnerabilities
* SQL injection attacks, Cross-site scripting, Denial of Service

* You should think about applying these to your s
* Ethical hacking

 Static security checking tools exist (verifi
* Partial correctness formal method

* Checking buffer overflows

* Checking tainted data

* Checking progra
Since you want

Security Auditing

Ethical Hacking

Posture Assessment




Performance Testing

* Performance can be important
* Resource utilization (CPU and memo

* User perception
* 100ms makes a noticeable di

* Ability to handle large

* Stress testing
* What hag

Cigniti

Types of
Performance
Testing




Performance Testing

Performance Testing

 Typically, performance doesn’t matter
e 10% of the code uses 90% of the time

* Most of that 10% is outside of yo

* Necessary functionality
* Inherent to the applicatic

 Performance onl




Detecting Performance Problems

e User interaction performance
* What users perceive (what you perceive)

* You can get timings (video and look at frames)
* Browser timings for web applications

* Application performance
* Time for specific operations
e System view of CPU, memor

* Multithreaded performsa
* % CPU used vs expec
* Tools to under

e Stress testing

STRESS TESTING TOOLS

2

LOADRUNNER

JMETER

GATLING




Creating Performance Test Cases

* Normal test case that takes too long

Testing

 Typically, not done as part of test

* Can be done to debug the pe e
* Create a test for this purpc
* Might not be conside

Testing

. Testing



Linux Performance Observability Tocls

strace Qperating System Hardware various
ltrace ss nstat sar /proc
openanoo Iy dmesg dstat
R 1sof QpHlatiohs gethostlatency
fatrace
filelif = ——F7—— A  execsnoo
lpzs:a: I ¥ System L'bfa"a‘/ // ,:'npstat; P turbostat
%\ System Call Interface/ // profile showboost
perf ) [ / runglen rdmsr
Ftrace VFS Sockets F [/ |
TTn . Scheduler # ©ffcputime |
BCC 9 File Systems TCP/UDP, softirgs v
bpftrace Volume Manager P N Virtual -
xtadist / | 4Block Devicel | Net Devicey |\ Memory ~ top atop S
extdslower / / Device Drivers S
(& for btrf =

e UNIX / LINUX: prof, gprof
e For C/C++ and native code

f per
nfs,xfs,zfs) / mdflush tiptop <
=

c| s
jostat tepretrans ree
iostat | - e

biosnoo p! 1/O Bridge rdirgs
biolatency criticalstat

. . . bliégggg [ I/OColntroller I |NetworleontroIIer| E— numastat
 prof gives time & count for each functio \[msk”msk”msk] S

\ Pt ‘
SCSl log swapon ethtool snmpget lldptool —iIEEETL

» gprof gives these for each function +
* Get an approximation to why a routi

* TypeScript
e Chrome DevTools

e Standalone Java t
* Jprofiler, Vi



B-- 2503@fred3 DYPER Falx

|£-H 7404@fred3 DYVISE Summary .
HEAP L4
. Control
‘e
av.. 2 consincr: onoees
D . Event Handling
@ Class Method % Time Time Calls
HEAP USED. OBJECT COUNT X HEAP USACE 2du.brown.cs cs032.crawler. crawl CrawlSwingPars... tTag 1457|  65,631.00| 6,319,903
edu.brown.cs.cs032.crawler.crawl. CrawlSwingPars... | handleText 15 673.00 4,266,019
edu.brown.cs.cs032.crawler.crawl. CrawlThread readContents 216 9,718.00 37,558
edu.brown. cs.cs032.crawler.url. UrHandle endProcessing 3.3 1,465.00 41,018
edu.brown.cs.cs032.crawler.url.UrHandle saveHtml 68.8 31,019.00 37,588
edu.brown.cs.cs032.crawler.crawl. CrawlMain loadUrls 22.1 9,975.00 0
edu.brown.cs.cs032.crawler.url.UrlHandle savelinks 47.3 21,311.00 37,588
edu.brown.cs.cs032.crawler.crawl. CrawlParser parse 255.8| 115,245.00 37,588
edu.brown.cs.cs032.crawler.url.UrIHandle setError 4.0 1,808.00 2,714
ed3 DYPER DG
MENDRY
L]
< Control 4R 7 red3 DYVISE Summary
et s P THREADS
Memory Usage (2]
Name Initial Size Max Size Size Used | Committed ] ()
HEAF 503.63M 910.25M 302.20M 568.84
ONHEAP 23.19M 132.00M 15.50M 25.751 - 7404@fred3 DYVISE Summai B < Control
00L_Code Cache 44M 8.00M 30M 761 =
00L_PS Eden Space 126.00M 327.00M 149881 285.201 cPu D,
0OL_PS Old Gen 335.81M 682.69M 144.14M 267.87 @ ( ]
OOL_PS Perm Gen 20.75M 84.00M 12.20M 1.99] @
0OL_PS Survivor Space 20.94M 40.06M 8.17M 5.77) % BLOCK BLOCK TIME
® Y Corarol o . _ . S i TS
Garbage Collections @. " Thread Activity
Name I Count [ Time (ms)
s | 0] 212.00 . o) BCRULSacE Name % Run %Block | %Sleep | Run Time | #Wait | # Block | Wait Time | Block Time
PS Scavenge I 309] 435.00 T 5.8 0.0 21.06 90.0 84.0 523.37 0.00
CPU Utilizati AWT -XAWT 0.1 0.0 0.51 158.0 0.0 345.90 0.00
zation AWT-EventQueue-0 99.9 0.0 360.30|  998.0 4.0 0.10 0.00
Heap Usage Refarence Handler 0.0 0.0 0.00 50 250| 22376 0.00
Class # Objeats ~ Size % Heap Name Base Time | Base% v Total Time Count ExecTime | Tm/Ex (m SolarWorker 0 19.6 0.0 7051 581.0 224.0 353.37 0.00
char(] 1,769,58: 206.39M 47. TOTAL .68 | 263.1 8.00 [ .00 | 0.0 = 2 . . 3 8 . .
: . ang T SolarWorker_1 188 0.0 67.70 664.0 250.0 294.48 0.00
Jjava.lang.String 1, ),3 51.09M 11. edu.brown.cs.cs0: olar.SolarCo... . 1 1143 0.
java.util TreeMap$Entry. 0 50.91M 11 edu.brown.cs.cs032.5 [ 94.9 4.0M SolarWorker_2 37.5 0.0 134.64 591.0 217.0 456.80 0.00
edu.brown.cs.cs032.crawler. url jandle$ Count 0. 19.09M X 2du.brown. cs.cs03: 9.7 0. SolarWorker_3 15.7 0.0 56.46 589.0 225.0 474.66 0.00
javax.swing.text. i parser.C X 320 . 2du.brown.cs.cs0! 7.7 266 [ SolarWorker_4 311 0.0 111.89| 634.0| 237.0 296.12 0.00
i s K Charier .7 00N 9 SO Brown.6.0503 32 I SolarWorker_5 37.4 0.0 134.37| 696.0| 243.0 460.14 0.00
it 5 27.34M 3 du.brown.cs.cs 3 g | S
o o g3 3 S 2 i T i Antach Listener 0.0 0.0 0.00 0.0 0.0 0.00 0.00
Stiibrowniceiciod 5 366, i 2 0.0 0.0 0.00 0.0 0.0 0.00 0.00 =
2du.brown.cs.cs032 .9 78 |
i edu.brown. cs. ¢s0. 4 2 96.3K |
Alloations § 2du.brown.cs.cs0 431 297.01 [ Input/Output
Class [ #Alloc~ | From Class Method Line Percent e/ Brownics:cs0 % 0. i E =
Javalang String | 63,357,847 | edu.brown.cs.cs032.crawler.unl.U... | finishWord 401 100.0 el Brownicica0s > = Bl ot [ Class Method ] % Time Time Calls |
javax.swing.text.htmi parser. Cont... | 24,018,591 | edu.brown.cs.cs032.crawler.crawl... | localParse 101 100.0 SdiBroWiEs1es03 ) 28l T L !
java nio.HeapCharBuffer | 19,543,835 | edu.brown.cs.cs032.crawler.url.U... | saveHeader 268 100.0 SGibrowicicE0378 S 398 T
| java.lang StringBuilder 13,821,195 | edu.brown.cs.cs032.crawler.url.U... | saveHeader 3 du.brown.cs.cs03 0.7 Timings
] xt.html_parser. TagE. ,421,563 | edu.brown.cs.cs032.crawler.crawl... | localParse o s dilbrovniceiccs) 7 = Z T
] text html_parser.Tags... ,321,459 | edu.brown.cs.cs032.crawler.crawl.. | localParse o a0 brownicsics05 > 7 T Thread % Cpu % User % System
[ ,165,131 | edu.brown.cs.cs032.crawler.url.U... | getDirectory o edU/Drown.cs.cs0 i 7 78, main 523 5.2 0.1
edu.brown.cs. cs0: .6 | AWT -XAWT 0.0 0.0 0.0
edu.brown. ¢s.¢s03: .6 | B 0. AWT -EventQueue-0 91.7 915 0.2
edu.brown.cs.csO: 4 ! olar System Drawing Thread 0.0 0.0 0.0
SOLOIOW.C5.(5082. 3 ! olarWorker_ 225 22.4 0.1
2du.brown.cs.iw xml. WXmi@getA. I | SolarWorker_ 22.1 22.0 0.1
edu.brown. cs.cs032.solar.SolarGr. | 4 117 17 | SolarWorker_ 6.6 6.5 0.
edu.brown. cs.cs032.solar.SolarGr. | 4 0. SolarWorker_ 7.5 7.4 0.
du.brown.cs.cs032.solar.SolarBa 348.01 | SolarWorker_4 4.0 3.9 0.
edu.brown.cs.cs0: olar 17.81 SolarWorker_S 5.9 58 0.
edu.brown.cs.cs032.solar. .0C 0.1 0! 4 Thread-2 0.0 0.0 0.0
2du.brown.cs.cs032.solar. .00 0.1 o. )¢ P
2du.brown.cs.cs032.solar.
2du.brown.cs.cs032.solar.
edu.brown.cs.cs032.solar.SolarBa 275
2du.brown.cs.cs032.solar SolarGr.
2du_brown.cs.c5032 solar SolarGr.
e Thread 22 24 25
SolarWorker_0 20 [¢] 0 224 0 0
SolarWorker_1 21 0 0 166 0 a3
SolarWorker_2 22 0 0 [ 0 0
SolarWorker_4 24 [¢] 0 237 0 0
SolarWorker_5 25 0 121 121 0 0




Performance Analysis in IDES

* Environments typically include o o)

* VS Code, IntelliJ, (Eclipse TPTP

| # -0 -9~ Q- b | BB 3= | & .?Wa’mva
e Code Bubbles

* Automatic as par
* Collects mo

Method Class Pa <Cumulative
& main{java.lang.String[]) void » &3 Product £% com.sample.p... ; 58.60%  0.02%
@ readData(java.lang.String) void i 3 58.13%  0.02% =
4 createParser() javax.xml.parsers H < Prod uctCatalog 42.96% - =
& newSAXParser() javax.xml.parse E§ org. apache e 0 07% 21.88% 0 46%
@ SAXParserImpl{javax.xml.parsers { e org.apache.x.“ 0.43% 21.81% 0.46%
& newInstance() javax.xml.parsers ... f javax.xml.pa... 0.07% 20.99%  0.46%
@ find(java.lang.String, java.lang.s £ javax.xml.pa... 0.50% 20.87%  0.46%
(@ SAXParser() { 8 org.apache.x... 20.49% 20.49%  0.46%
@ findlarServiceProvider(java.lang £ javax.xml.pa... 18.88% 18.88%  0.46%
& parseContent(java.io.File, javax £3 com.sample.p... 0.07% 14.86%  0.46%
& parse(java.io.InputStream, org.x 4 {3 SAXParser £ javax.xml.pa... 0.06% 13.03%  0.46%
& parse(org.xml.sax.InputSource, 1 4 {3 SAXParser javax.xml, 0.12% 12.93%  0.46%
@ parse{org.xml.sax.InputSource) ' 4+ (& AbstractSAXP... ; 7 9.36% 12,14%  0.46%
@ startElement(java.lang.String, ja' 4 & ProductCatalog £ com.sample.p.. 0.90% 2.78%  0.93%
@ FileInputStream(java.io.File) 3 FileInputStream & java.io 0.09% 1.70% 0.46%
& open(java.lang.String) void + @ FileInputStream £ java.io 1.57% 1.57%  0.46%
@ newlnstance(java.lang.String, ja <+ {3 FactoryFinder &% javax.xml.pa... 1.02% 1.02%  0.46%

| 18V bf 40M




Multithreaded Performance Ana

° Detecting the State Of a” the th reads __ Throughput Over Number of Client, Wit Ony
* Running, busy, waiting, |/0

* Detecting what threads are b
* Shared locks, bottlenecks

* Detecting what th
* |n terms of th
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Dynamic Visualization in Code E

|

edumbrownicsksEmengineEngineMainbEngineMainl...)

N
EngineMain(=tring [] args)

run_server = false;

project_name
language_name = null;
user_path = null;
num_thread = 10;
thraad_pool = null;
exac_pool = mull;
base_request

pool _counter
nun_connect =
do_debug = false;

user_input_counter =
user_handlers = new rResponses() ;
scanArgs(args);

s6_factory = S6Factory.createséfpctoryl);

key_searcher = null;

s6_Tanguage = s6_factory.createlanguage( this, language_nane) ;
if (user_path null) s6 language.setPath(user_path);

if (project name != null) s6 language.setProject(project name);

Description

Resource

he value of the fiel

eC

he value of the

el
el
el
el
el
el

urn <

cshs6rcommonkSeFactorybcreateS6Factoryl..) |
public static SGFactory createS6Factory() {
return S6

toryInpl.getDefaultFactory();

®
private void scanArgs(string [ args)
1

for (int i = 0; i < args.length; ++i) {
if (args[i].startswith("-"))
if (args[i].startswith("-s")) {

else if
else if
else if
else if
else if
else if

else if

-server [# connect]

(args[i].startswith("-f")) {

(args[i].startsWith("-Xn") && i+l < args.length) {
(args[il.startsWith("-p") & i+l < args.length) {
(args[i].startsWith("-1") && i+l < args.length) {
(args[il.startsWith("-cp") && i+l < args.length) {
(args[i].startsWith("-t") & i+l < args.length) {

(args[i].startswith("-p")) {

else badArgs();

else {

(run_server && base_request null) badargs();

/1 ~force
// -Xnunrequest

// -project <proj>
// -language <lang>
// -cp <path=>

// -t <threads>

// -DEBUG

[New Class|  [Trac Bug~ _Debug

lﬂ = test21

& cpeople
) dvy: edu.brown. cs.ivy
2 56t edu.brown. cs.56
& connon
 context
% engine
%) EngineConstants
%) EngineFinder
@) EngineFinderTester
@ EngineFirevall
@, EngineMain
< BODY OF EngineMain >
< FIELDS >
< FILE >
< OVERVIEW >

@ EngineNain(stringl1)

(@ badargs()

(@ checkviable(s6Solutionset, 5650
createclient(Socket)
createFileFragnent(String, 5650
createPackageFr agnent (Sear ch)
dobebug()
executeTask(S6TaskType, Callabl

) handleCheckRequest (ELenent)

4 handleConnand (ELenent)

3 handleDependenci es(s6Solutions
& handleFileRequest(Elenent)
handleFor natRequest (ELenent)

© handleSear chRequest (Elenent)
handLeTestCases(s650lutionset)
handLeTr ansforns(S6SolutionSet
handLeUser Feedback(S6SoLutions
handLeUserReply (ELenent)
main(stringl1)
outputSolutionCount (S6Solution
processSolutions(S6Solutionset
scanhrgs(string[1)

start()

1
\uitfur!lﬁﬂneue(?u\ure( oolea
| Dependrorker
| EngineClient
| EngineServer
olFactory
ResponseChecker
| Testhorker
| Transfornsol
| UserResponse
EnginePc
%) EngineTester
) VIELement
) UIXALParser
A keysearch

tion




Code Reviews

* A form of manual testing
* Take a piece of code (method

* Pass the code out tc
* Panel goes ove

HOW TO MAKE A
GOOD CODE REVIEW

[

L
RULE 1: TRY TO FIND
AT LEAST SOMETHING
POSITIVE




EXERCISE

* Example code review (codereview.java)




Memory Problems

* Memory Leaks occur in Java

* Despite garbage collection
e But are more subtle than in C/C++

* Tools for detecting leaks
* jmap —dump; jhat are s
* Eclipse memory ana
* Summary

Unused Objects Used Objects
| |

Unreferenced Objects Referenced Objects

Memory Leak




Memory Ownership ~&Memory Techniques

* Who is in charge of a particular piece of memory
* Creating it, holding a pointer to it, freeing it
* Making this clear reduces memory problems

* Especially in C/C++ but also in Java and othe
* In addition to garbage collection

* |deally this should be clear
* Non-owners shouldn’t sa

* Generally handled vi
* Requires stron
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PROJECT

* Ensure you have a testing strategy for your project

* Test environment
* Test version

* Include documentation of the strategy in your re

* Do a code review within your project te
* Choose a complex module within the
* Point everyone to the code in adv
* Then go over the code line by li
e Submit a summary of yo

* Does any group wa
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