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two different distributed systems

‘E Diary Web Application - Mozilla Firefox =[O ﬁ

File Edit ‘iew Go  Bookmarks  Tools  Help

Diary Web Application

XML Feeds

» Feed
Health

* happy test

* happy test [SPX
* verbose happy test |SPX

* unhappy test

CERN Large Hadron Collider Multi-tier webapp
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How do you show it works?

 Europe's high-end server farms  An old laptop nobody wants
e Years of simulations e Any spare time before you ship

« Nobel Prize winners, Computer e You
Scientists and physics PhD
students
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Classic unit tests

e Run in a test harness
e Don’t stress the system

e Don’t run on real
servers

e« Don't run with real data
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A modest proposal

Write less Unit Tests!
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Apply Formal Methods!

 Integrating Formal Methods with XP development.

e How to use axiomatic theorem proofs to verify
correctness in a large-scale distributed system.

e How Milner's mr-calculus is the underpinnings for the
BPEL workflow language.

e Continuations vs. bisimilar state machines -which is
better for correctness proofs?

e How relaxing your concurrency constraints results in
higher throughput.
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Or:
System Testing
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System Tests

e Deploy the app
e Add a real dataset
e Use the app server

e Remotely test from
other sites/hosts

e Test in the client

e Are big, complex and
distributed
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How to test big systems

e Simulate the production system.
e Automate deployment

e Write functional tests

e« Remote test from clients
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Simulate the production system
Automate deployment

Embrace Virtualization cemots test from cient
« VMWare player free; workstation for S£€

e Create VM images that resemble
production configurations.

e Deploy and test into virtual machines
e Host continuous integration server in VMs
e Simulate complex/broken networks
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...and become a cluster admin

e i i"' i

File Edit View Favorites Tools Help .ﬂ.

0-0- -7 | F F L | @ Address |(2) C:\vmware vl

i }: ; _“'__:—1 P P

ILj DsL 'FL"’ kubuntu tj shared
i }: e _“'__:—1 P

'Lj Suse 10,1 'I‘L"’ Vista Beta 2 I|:-—j Wings
s }: r _\-_:_-p

IL’J Windows P Pro Lite II_L-” Fedora Core 5

3 objects 0 bytes i My Computer

o PXE System Installers: linuxcoe.sf.net
e Auto-rollback images during test and production
 |solate insecure platforms on virtual network
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Simulate the production system
Automate deployment
Write functional tests

Automate app deployment

« RPM/APT/.msi packages pushed out to hosts
e SmartFrog: http://smartfrog.org/

e Cargo: http://cargo.codehaus.org

e Shell Scripts

e Ant build files using scp, ssh
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Database setup

e Data setup is too time consuming to do every test
e Use the same DB that production will have.
o Automated set up of the database

e keep this DB snapshot and revert to it after a run.
(or the entire virtual machine image)

<mysql-admin>
CREATE DATABASE diary;
GRANT ALL PRIVILEGES ON diary.*
TO 'diary'@'localhost’;
SET PASSWORD FOR 'diary'@'localhost' =
PASSWORD ( ' ${mysqgl.diary.pass}');
</mysql-admin>
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Simulate the production system
Automate deployment

What to test? emote oot from elonts
e system health tests
e In-container unit tests
e Remote web service/HTML tests
e In-browser GUI testing

e Load tests
e« Network failure simulations
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Health Test: “happy pages”

@ Axis Happiness Page - Mozilla Firefox {58[[=1%
Fle Edit Vew Go Bookmarks Tools Help

e« @0 @ | L httfeddim s, ufog. edu.brig080 muse happyais.isp Bl |
<%@ taglib uri="/WEB-INF/diary.tld" Axis Happiness Page
p refix="h" %> Examining webapp configuration
< b (0] d y> Needed Components
ound SAA AP| (javaxanl.soap.SOAPMessage) at
<ha:happy ;

/home/portalfjakarta-tomcat-5.5.9/webapps/muse /WEB-INF/lib/axis-saaj-1.2 jar
Found JAX-RPC API (javaxaml.rpc.Senvice) at

Q | | g o 1 /home/portalfjakarta-tomcat-5.5.9/webapps/muse /WEB-INF/lib/axis-jaxrpc-1.2 jar
C -l. a S SMU S t EXl S t— 0 rg [ J d Om [ J DOM EX C e pt l 0 n Found Apache-Axs (org.apache.axs.transport.http.AxisServiet) at

e r ro rText _n J Dom mi S S i n g n /> /home/portalfjakarta-tomcat-5.5.9/webapps/muse /WEB-INF/lib/axis-1.2 jar

Found Jakarta-Commons Discovery (org.apache.commons.discovery.Resource) at
/home/portalfjakarta-tomcat-5.5.9/webapps/muse/WEB-INF/lib/commons-discovery-0.2 jar
Found Jakarta-Commons Logging (org.apache.commons.logging.Log) at

We a re h a p py fhome/portalfjakarta-tomcat-5.5.9/bin/commons-logging-api.jar

Found Log4j (org.apache.log4j.Layout) at

</ b 0 d y> /home/portalfjakarta-tomcat-5.5.9/webapps/muse/WEB-INF/lib/log4j-1.2.8 jar

Found IBM's WSDL4Java (com.ibm.wsdl.factory.WSDLFactoryimpl) at
/home/portalfjakarta-tomcat-5.5.9/webapps/muse /WEB-INF/lib/wsd|4j-1.5-SNAPSHOT jar

</ h t m .L > Found JAXP implementation (javaxxml.parsers.SAXParserFactory) at an unknown location

Found Activation API (javax activation.DataHandler) at

/home/portalfjakarta-tomcat-5.5.9/common/lib/activation.jar

Optional Components

Found Mail AP {javax.mail.intermet.MimeMessage) at
fhome/portalfjakarta-tomcat-5.5.9/common/lib/mail jar
(I SR T —— | i

<waitfor maxwait="30" maxwaitunit="second"
timeoutproperty="unhappy">

Delegate to machines: <http url="http://server/happyaxis.jsp"/>
</waitfor>

<fail if="unhappy"/>
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Simulate the production system
T . . Automate deployment
eSt ] n - CO n ta] n e r Write functional tests
Remote test from clients

ith cactus

<cactus>/IDE Application/Web Server

4 N N 4

CactusTest HTTP ( L CactusTest setUp

extends - » Cactus Servlet extends testXXX
ServletTestCase 1 » ServletTestCase |tearDown

\_ / / \_ 7
4 N

NormalTest . w

extends TestCase w
\_ %
Server-side
classes
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Simulate the production system
Automate deployment

Cactus Test Case et ten rom el

public class CactusPersistTest extends ServletTestCase {
private static int counter = 0;
private SessionFactory factory;

public void testPersist() throws Exception {
Event event = createTestEvent();
Session session = factory.openSession();

try {
session.persist(event);

} finally {
session.close();

I

assertEventIsInDB(event);
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Simulate the production system
Automate deployment

<cactus> task choreographs o e iomcien:

<cactus:cactus warfile="${cactus.war}"

errorProperty="cactus.failed" failureProperty="cactus.failed">
<containerset>

<generic name="server" port="8080">
<startup>
<copy file="${cactus.war}" tofile="${cactus.destfile}"
overwrite="true"/>
</startup>
<shutdown>
<delete file="${cactus.destfile}"/>
</shutdown>
</generic>
</containerset>
<classpath><path refid="test.classpath"/></classpath>
<formatter type="xml"/>
<batchtest todir="${test.data.dir}">
<fileset dir="test" includes="**/*Test.java">
</batchtest>
</cactus:cactus>
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Cactus Demo

B C\WINDOWS!system32\cmd. exe :kﬂlﬂ
: [jgg;g] at org.hibernate.hqgl.antlr.HglBaseParser.queryRule(HglBaseParser -/
.java:
[junit] at org.hibernate.hgl.antlr.HglBaseParser.selectStatement(HglBase
Parser.java:296)
. [jgg;g] at org.hibernate.hgl.antlr.HqlBaseParser.statement(HglBaseParser
.java:
[?uqit] at org.hibernate.hgl.ast.QueryTranslatorImpl.parse(QueryTranslat
orl .java:236)
junit] at org.hibernate.hqgl.ast.QueryTranslatorImpl.doCompile(QueryTran

islatorImpl.java:153)

junit] Test dl.webapp.test.cactus.GroupEventsTest FAILED
junit] Testsuite: dl.webapp.test.cactus.StubTest
junit] Tests run: 1, Failures: 0, Errors: 0, Time elapsed: 0.19 sec

[echo] shutdown finished
[junitreport] Transform time: 1301lms

UILD FAILED
:\Personal‘\examplesi\diary'\persist-webapp'\webapp-chapter-14.xm1:657: Tests faile
. Check c:\Personal\examples\diary\persist-webapp\build\test\reports

otal time: 12 seconds
:\Personal\examples\diary'persist-webapp> -

- Needs classpath right for client and server
- cactus servlet is possible security risk
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Simulate the production system
Automate deployment

GUI testing hurts Remote tes rom ilens
e Static HTML is the easiest (HttpUnit)
e Swing, DHTML, SWT, Flash hard.

e Most people stop at the “model”
« Whoever does a new GUI -fix this!
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jsUnit is JUnit for JavaScript

function test3() {
var buffer = top.testManager.documentLoader.buffer();
var emps = buffer.document.getElementsByTagName('employee');
assert('expected 5 employees, not ' + emps.length,
emps.length == 5);
var empid = emps[0].getElementsByTagName('employeeld');
assert('employeeId[0] was
+ empid[0].firstChild.data, S
empid[0].firstChild.data == 'EMPGGO1'); | =~ " s
) g >

Running on Mozilla/5.0 (Windows; U; Windows NT 5.1; en-US; rv:1.8.0.4) Gecko/20060508 Firefox/1.5.0.4

wy
q

file:/// file:///C:/Install/lava/selenium/selenium-core-0.7.0/unittest/browserbot/suite.html | {771

Trace level notreong (] [#]Close old trace window on new run  Page load timeout: 120 | Setup page timeout: [120 |

Status: Running test “testFindAttributeReturnsAttributeFromElementWithxPath”

Progress: N |

Runs: 109 Errors: 29 Failures: 0

Errors and failures:

htmltestCy {OnOpen Location had TON -~
t-bubble-dests himl esiCl had an emor =
event-bubble-tests himiesiCh Nt InlE had an ermor =
iE: TIE had an emol
ubbi ek o v]
Show selected Show al
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Selenium: tests in a table

<tr>
<td>verifyTitle</td>
<td>Click Page Target</td>
<td>&nbsp;</td>

</tr>

Browser
JUnit Selenium
Tests
Y Y
v v

Selenium Server

A —— | >

fle Edt Vew Go Bookmarks Tools Help
@ - - E -';Jl '@ B ﬁle:E.f,?(::,ﬂnatol‘ﬂmapkhiun,fmhiwm:ﬂ.?.Ume_ﬂum.hhnEl E‘.Mbﬁ‘t
T T =

Test Suite _ F"-n [Test selectwindow - Tm:::r
TestOpen apen JJtests/htmiftest select_ windo

TestClick | = [click popupPage ENaChD
Teslclicﬁavascngwi I = O 5%:3_,“‘" L
TestType b | ‘waF:FurPopUp ‘myPopupWindow (A
Testselect

TestMultiSelect selectWindow m;‘F:qp-L] Pw-ﬁaﬂw —

Testsubmit | edfylocation |ftests/htmijtest_select windov | Elapsed: 00:29
TestCheckUncheck | uarfyTite Select Window Popup ﬁn m
TestSelectWindow close 2 failed 2 failed
TestStore selectwindow!null 0 incomplete
TestavascriptParam | uerffylocation |ftests/htmijtest_select_windov | (Tools

TestPause click popupPage View DOM
Testwalt [w] ‘waitFarPopUp myNewWwindow v

this is the span
Line 1
Line 2
the tend value: second opbon | M)
ab
cd

Contrived Application Under Test (AUT

ApacheCon
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Simulate the production system
Automate deployment

WS I n te ro p TeSti n g Write functional tests

Remote test from clients

e Use the real client API/classes

e Pass down URLs via system properties

protected String getOption(String property,
boolean required) {
String option = System.getProperty(property);
if (required && option== null) {
fail("No property " + property);
}

return option;

}
e Test different endpoints in parallel processes
e Include timeouts; proxy support

e Log for blame assignment

ApacheCon
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Simulate the production system
Automate deployment

Distributed Testing cemote et from clents
e Allocate & configure test systems
e Deploy application across nodes
e Deploy tests on other nodes

e Collect and correlate results
e Try to understand what went wrong
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SmartFrog

A framework for describing, deploying and managing

distributed service components.

HttpUnitTests extends JUnitTestSuite {
package "dl.webapp.test";
name "HttpUnitTests";
server.url TBD;
sfProcessHost "client";
properties [ ‘
["server.url",server.url], W
["cactus.contextURL",server.url]
1;
classes [
"EventFeedTest",
"HappyTagTest"”,
"IndexTest"

I;

http://smartfrog.org/

/—Test Master: F
Test Runner Test Listener

i i
_ J
/—Client A —

A

JUnit
HttpUnit

_ J

&% - SmartFrog daemon
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Distributed Deployment of App & JUnit

y

/—Database VM ~ /—App Server VMﬁ
MySQL
< > Web App -
P> App Server
Test
Database
N\ J \_ A J
/—Client
/—Test Master: ~
Test Runner » JUnit

Test Listener |«

HttpUnit

Selenium

4% - SmartFrog daemon
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XHTML output of test results

E Test suite HttpUnitTests on Zermatt started Thu Jun 29 16:19:30 BST 2006 - Mozilla Firefox | m
File Edit Yew Go Bookmarks Tools Help
@'@'§©@|D file:fffC:, html M@eanﬁmetﬂdaﬁlnsﬂ
- - -~
Test suite HttpUnitTests on Zermatt started Thu Jun 29 16:19:30 BST 2006 o
summary
d1.webapp.test.HappyTagTest
duration 2.603s
[testindex
d1l.webapp.test.HappyTagTest
duration 0.071s
ltestUnhappy
d1l.webapp.test.HappyTagTest
duration 0.04s
lrestjSPX
d1.webapp.test.HappyTagTest
duration 0.02s
ltestjsP
d1l.webapp.test.EventFeedTest =
duration 1.592s
ltestFeedDefault
dl.webapp.test.indexTest
duration 0.14s
[testEveryLinkOnThePage
Test Summary
Tests 6
Successes 6
Percentage Successes 100
Failures 0
Errors 0
Started Thu Jun 29 16:19:30 BST 2006
Finished Thu Jun 29 16:19:30 BST 2006
Host Zermatt L
[v]

+ ~live output
+ log capture

- No X-system
summary

- no merging of
logs from
different systems

— no notification
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Future GUI? GridUnit

x  H Griduait 1z

v . : : =
¥ estisthoa 12 (= g Grigling) =<zcunon Detalls |
Y Heation T et 10 JiE o et
® h‘,‘mfif,:ewml : shestests AnApphicationTestll
W resiiaheca testMethod2
o .
W testethod3
 Swing GUI for testing on Y it
[ Execution status: Failed
o
Ou rG r.l d o e ptMathads e indicates that the test as {aded dos 13 an wnsrisded arsemanl
¥ 1estMethod?
1 WLt 8 'r::':t::ul;!l:mi?'aa‘c:u:lsu ufcqedu ar
L] 4 . I
 Unit test across many o8 s’
. . = h‘ Fad1l Failure details:
d -I ffe re n t m ac h-l n eS ! ‘Eﬂh:ml':jd i it framewark, AcsersanfaiedErrar. The difference should be less thar 30 bul was 70
o e @jun framevark ssser falihssen o 47
? R ""ﬁmﬂmﬂe“n SN IPAr WO LS ST, PR ASSEM g 47)
0 . T a
ik Juril framewarkc Assert assenTrus{dssert java 200
L4 B U t n Ot (yet ) d ] St r] b U ted © teamzthad? | shes tests AndpplicaonTes L1 estMethod 2 fanApplicationTes 1 1 fava LE)
o 1eakethodz sun rafiec] HativeM et o ccessommpl invekediMalve Mathod)
wie T surLrame alivei et CEGE [ Al gt arcessarimpl jae
h . 1estiethad+ Mell.M. LTl ol Ik es b alioebl e oA Irpl.j £3°) ]
a p p ] Ca ]0 n S £ tesMethiods sun.rafiect, DelegatingMathodAccossorimpl. imakelDelapatingMetnodasc e sormpl v 25)
# iestMethadé e |arg. refiact. Method. imwoloe M ethiod a3 2 4)
: ' tesiMethad? jurin framewark TesCase runTess(TenCase. java 154)
» Aggregate view of results i R e st PRI S chet e 127
v fesMethada juri franrework TetResulf 1 protec{TestResun, java 106)
{3 . b4 T Jur framasenrk TestResuR run® rotectac(l estResult jave 124}
W fesiMeihod 10
L pa rt]al Success . ;e;‘meurﬂdll Juri framewart. TestResuh, runT estResul. jave, 104
o neciMethodl2 JurR framework TestCase runTesiCase, java: 118)
: : i Qriuniirameworke GridT ester ran(GridT ester java B1)
[ ] COI I “ I lon J U n] t W] re fo rl I lat ¥ L"I 1e=sp|L§rlgjnSIEErlz griduris framewark. GridT ester. maln{GridT ester. jam. L0E)
I nesthiethod2 3
I+ nestkepand h-*stzﬁm proparties
i Fava vendor=5un Mrosstems nt
¥ AeRMMbady Jam rurtime namos|@aTM) 2 Ruitime Endronment, Standard Edition
@ 1?5::1;";\15 v v versiona 14 2_01-bif
¥ RSt W pE.name=Linux
& testMedhar® 5. version=2.4 26-1-386
W 1estigthodd g arch= 386
I testMethadd
' estehod 10
& 1estMethodll EnmeLnion Status
o 1esMethod 12 - e : L N - -
2 picalanT est 13 Completed:; 2177288 @ Wnh errors; O 2 with falures: ¥ ) Elapsed time D0y
W nestMethod2
A bk

ApacheCon

http://gridunit.sourceforge.net/ = Euﬂﬂpe OO0




Call to Action

e Focus on system tests

« Embrace Virtualization: VMWare, Xen
e Use Cactus for in-container testing

e Use Selenium/jsUnit for browser tests
 Join us in distributed system testing
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Junit4?

e Javab only
o Extension tools not there yet

e Integration with Ant, Maven coming
along.

e Ant 1.7 <junit> will work with junit4.jar

e JUnit team plan their own task
(Ant team are working with them)

ApacheCon

- Europe OG




