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Overview

= The importance of using continuous integration

= How to use Rational Team Concert (Jazz) to
implement continuous integration for your project
» Stream setup
» Build setup
» Foolproof delivery to the integration stream
» How to debug broken builds

= The conversation you want to have
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The importance of continuous integration

"Happy families are all alike; every unhappy family is unhappy in its own way.“

Leo Tolstoy (the first line of Anna Karenina)

=Integration is hard
|t requires project-wide communication and coordination
|t frequently uncovers unanticipated problems
»Integration takes time
= |t’s difficult to predict how long integration will take

=Since integration is project wide, a problem in one area can block
progress in another

=Integration typically happens at the end of a project, the worst time to
introduce risk and delay

NG
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Critical aspects of continuous integration

Successful projects practice continuous integration

v The project has a single main stream of development — the integration stream

v"The integration stream builds successfully every day

v Automated tests run as part of the build

v'Clear project status is visible via the build results
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Perspectives of project stakeholders

Project manager Tester
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Barriers to continuous integration

=Integration delays of delivery of functionality. It takes extra work
for developers to keep pace with the integration stream.

=Integration incurs the overhead of dealing with build problems.
Such problems may be unrelated to a specific delivery.

=Integration requires expertise in the associated technologies —
configuration management, builds, etc.

=Integration forces developers to communicate with each other
and with the build team. Factors such as geographic
disbursement can make this a real problem.

»There’s never a good time implement continuous integration!
We know that it's a good idea, but we're busy writing and
debugging code.
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Why you need continuous integration

v'Continuous integration reduces surprises and risk.

v'There are many small integrations throughout the project
rather than a few big ones.

v'There’s no “death march” at the end of the project when
integration is forced.

v'Continuous integration promotes communication and
cooperation among developers.

v'Continuous integration makes project status transparent.
v'Schedules are more predictable.

v'Continuous integration is good for morale. Everyone sees the
project making steady progress.
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Essential aspects of continuous integration

v" A single integration stream

v Automated, daily build
v Produce the customer deliverable every day
v" Build runs automated tests — if the tests fail, the build fails
v' Fix broken builds immediately

v Transparency
v" Build success is transparent
v" Functionality in the build is transparent

"Successful daily builds are the heartbeat of a software project. If you do not have
successful daily builds, then you have no heartbeat, and your project is dead!*

Jim McCarthy, Microsoft VC++ product manager
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How to set up continuous integration
in Rational Team Concert

Create an integration stream — This is where all of the
project’s source code lives.

Each developer creates a personal Jazz workspace
that “flows with” the integration stream. Each
developer works in her own Jazz workspace and
integrates it regularly with the integration stream.

Set up a build of the integration stream. The build will
produce the customer deliverables, run tests, and provide
status.




IBM Software Group | Rational software

The integration stream

Everyone is collectively responsible for the integrity of the integration
stream.

A Jazz stream captures a set of versions of files

Similar to the concept of a branch in other CM systems

The stream changes when people deliver new content
Streams contain Jazz components

Jazz components contain directories and files
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A sample Jazz integration stream

’/ Stream name \‘

{I{I Stream i F

Mame:* | Build Framework 3.0 - Foundation Stable

Details

Repository:* Ipsteinfe@jazzdév.I:u:urnlab.il:um.u:Dm j

Coned by F.’ﬁ Build Frarmework

Diescription: | This is the 3.0 work aimed at reworking the jazz based build infrastructure to be more modular, Faster, and easier to consume by upstream teams. :I

=

List of components in

' Components
Shows the components in this stream.
cLDashboard (917; 1001 _RC3_ 2009091 1b) (Dashboard Yiewlets) - |
cLFoundation (1878 F10xxRC2 200909030 (RTC Developrent)
 SFoundation Web UI (1853 F10xxRC3_2009091 1h) (Web UI) |
S Install Common (45: »20090803-3) (Install) |
|
|
|

Neg...

Add...

Remoye

cSInstall Foundation (116; +20091014-20-a) (Install)

'?'nﬂ-uJazzDevelupmentTuuls (update site) (93: foundation, 10:x, integration_I20090824-1700) (Matt Lavin)

25 IFS (648 F10xxRC3_20090909) (Repaositary)

ZSProcess (2907: FIOD1RCS_20090908 ) (Process) —
cSProcess UL (2578: F1I001RCZ_20090902) (Process)

ZSRelEng (6222 ML_changes_20090903-1215) (RTC Development)

ZSRelEng Comman (1: Initial Baseline) (Build Frarmewark)

ZSRelEng Foundation 1: Initial Baseline) (Release Engineering)

[ P [T S R P P Vo ol T T ot BT oY T I R ol S PR

Change QiMmRet, ..

Rép]au:e SR

Remname, .. |

| Show Repository Files

-

.Fluw Targets
Shows the workspaces and streams which flow From this stream,
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ne developer's Jazz workspace

Each developer has her own Jazz workspace
All work is done initially in the developer’'s Jazz workspace

The developer’s Jazz workspace “flows with” the integration stream

When the Jazz workspace is created, its contents match the contents of
the integration stream at the time of the creation of the workspace

“Accept” operations transfer changes from the integration stream to the
developer’'s Jazz workspace

“Deliver” operations transfer changes from the Jazz workspace to the
integration stream

Note that a Jazz workspace is not the same as an Eclipse workspace.
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A sample Jazz developer's workspace

& Repository Workspace -

WorksEace name

arme:* |Pete's Build Framewaork 3.0 - Foundation Stable \Warkspace

Details

Repositary:* I_psteinfe.@iazzdev.tu:urqlal:u.il:um.u:om

Crwned by A3 peter Steinfeld

List of components in

Wisibility: Public

Descripkion:

' Components
Shows the components in this repasitary workspace,

2L Dashboard £917: 1001_RC3 200909110 (Dashboard Viewlets)
25 Foundation (1878 F10xxRC2_20090903) (RTC Development)
5 Foundation Web UL (1853 F10xxRiC3_2009091 1b) (Web UL
IS Install Common (45: »20090803-2) (Install)

25 Install Foundation (116: »+20091014-20-a) (Install)
EJazzDevelapmentTmls {update sited (93; Foundation, 10xx, inkegration_I20090324-1700) (Matt Lavin)
25 IFS (648: F10xxRC3_20090909) (Repositary)

3|-'_P‘-|F'r|3reu:|s - Common (1: Initial Baseling) {Sonia Dimitros)

EPrereqs - Eclipse W5 Client (1 Initial Baseline) (Sonia Dimitrow)
%F‘rereqs - Eclipse JOT {1: Initial Baseling) (Sonia Cimitrow)

au-'_"-uPrereqs - Eclipse PDE {1: Initial Baseline) (Sonia Dimitrow)
ﬁlprereqs - Eclipse PlatfForm {1: Initial Baseline) (Sonia Dimitrow)
EPrereqs - Eclipse SDK (1: Initial Baseline) (Sonia Dimitrow)
3|L'-|F‘n3n3|:|s - Eclipse Test Framewark {1: Initial Baseling) (Sonia Dimitrosw)

The flow target of the

0 Load component additions on save,

-Fluw Targets
Shows the workspaces and streams which Flows From Ehis repository w

New, ..

add...

Change Dwner.. .

| Remowe
| Replace With.. .

HEname,. , ‘

| Shiow Bepositary Files.

RI% 6l Fran - Foundation Stable =
E‘ David Clsen Foundation
‘D’ﬂ Foundation Integration 2,0

Add...

Edit...
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Jazz streams, workspaces, and files

Different versions of the same file can exist —
On the developer’s workstation
In the developer’'s Jazz workspace
In the integration stream

At the moment a file is modified and saved, a new, different version
exists on the workstation (unresolved).

When the file is checked in, that version is transferred to the Jazz
workspace (outgoing).

When the change is delivered to the integration stream, that
version will exist in the integration stream (incoming to other
workspaces).

The “Pending Changes” view shows the file states.




‘ IBM Software Group | Rational software

Using the Pending Changes view

[T o e Founaanon LLIE, V2009 UL _ 71 T |
E_j‘i.\_a_ﬂsqu'ltqnjs. fEr, E'_r!:_gt_nlam:.,( %Eh.ﬂd E‘ Pending Changes X El t_pn_s_qle}ff .53,_3!«;1’-;] ‘Eg CﬁangetlE:::ugl_;lrgr-\] ﬁf,Teamﬁ;quq T
1 unresalved local, 1 incaming change seth2 gubgai e sebs. Lfcomponent changes

i

o5 Process
£ Process Ul
5 RelEng
= iy RelEng Common

Changes in the integration

A-S40@|A9n”

Fs

g Incoming
F & RelEng Foundation
{E:' Unresalved
[B Oukgaing
@ Suspended

Changes on the workstation

5 RelEngBuilder

2 RelEnghlLs

5 Repositary

o5 Repositary Examples

5 Repositary Gateway

5 Repository Migration Tooling

Checked in changes in the
workspace that have not yet
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Setting up a Jazz build

The build has its own Jazz workspace, just like a developer’s Jazz
workspace.
You must create a script to do the actual build.

The build should produce the artifacts that will be delivered to the
customer

The build should run the automated tests

The build runs on an build machine
Multiple machines can be used for efficiency

Schedule the build —
Schedule a continuous build for small teams
Continuous builds only run if new changes have been delivered
Schedule fixed build times for large teams and long builds
Fixed times enable developers to plan coordinated deliveries
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A sample Jazz build definition -- overview

o Build Definition ~ @ [ Save

10 | Foundation.cch Project ar Team Area: | Build Framework, Browse, .,

General Infurmm

aeneral information about this build definition,

Descripkion: il

List of build engines that =]

Ignore warnings when

' -Sﬁppul;lfing -B.l...lil.l:i-l-fl'lg.inES -I-Jrunil.'.lg-l-:'ul-icr
Select the build engines that will support this definition, Pruning periodically deletes build resulks that are no longer needed.
i Specify the number of build resulks to keep, Older build results are deleted

O % apoliobuildsery = ek fll Firsk,
: Select all

O gapnllnbmldsewlﬂ : — Prune build results

O &,apnllnbuildservll Deselect Al

O .E,apnllnl:uuildservlz : e Successful build resulks to keep: ISD
; Create Engine

O “ apolicbuildservz : 2 Failed build results to keep: I 10

O '%apnllnhuildservS.nttawa.il:lm.n:clm
(M| 'ﬁaapnllnbuildserﬂ

O l%-E||:u:|lIu:ulzluiluzlserVS
D i apollobuildserva

r 'ﬁannllnbuildser

This is the
build

Crveryiew J Schedule I Properties | Jazz Source Control | Ank |
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A sample Jazz build definition -- scheduling

Thursday
Friday
Saturday
Sunday

Jazz Source Control

Overview | Schedule | Properties

o Build Definition - & | Save
I0: | Foundation.cch Project or Team Area: | Build Framework 'ﬁi’nw_s'g. il
' Schedule
achedule for aukomatically running this build, o ]
Enabied This is a continuous
—Build Time
(& Continuous interval in minukes: | 257
Ot fod =z : fon =] [P =]
—Build Days
Monday Runs every da et Al
Select Al
Tuesday y y
wednesday Deselect Al

This is the
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A sample Jazz build definition — source control

o Build Definition ~

(I'

I I_Fnundatinr!.n:n:l:u

he Jazz workspace

Q? t{ﬁh SavE

jeck or Team Area; I Build Framework

' Build Workspace

'_E_r]:uwsg. 0

Specify the repositary worl
Flon Earget,

Workspace:® l_BuiId_Fu::unu:la!:iu:n_'lExperimenI:aI

ko build from, IF wou do nok have one, create a reposicary workspace which has the skrean you want to build as iks

The workspace UUID will be available as the build property "team, scr.workspacel 10",

' » Load Options The versions of files

'~ Accept Options
o accept before loading, and whether or not to build if there are no changes.,

fccept latest changes before loading (creates a snapshot of the build workspace)
Build only if there are changes accepted

These options

as the build properties "team.scm, acceptBeforeFetch” and "team.scm, buildOnlyIFChanges",

Don’t build if there are

Civerview | Schedule

Propertigs !.‘Iazz Source Conkrol |1ﬁ.nt

Select... | | Create...




A sample Jazz build definition — build script
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10 |.Fc|unu:|qti|:|n.n:n:h

o Build Definition ~

- The script for the

Iﬁ? @*‘*l Save

ject or Team Area; | Build Framewark

Browse...

Build File:*

Build targets: |

'_Bui_ld File and Targets
Specify the ant build file an

argets to be invoked. Properties can be referenced using ${propertyMNamet,

I ${team.scm. FetchDestination}fcom.ibm.team. releng. common. build/jazzBuildiwith Ceb. ol

This can be an absolute path on the build maching, or may be relative to the current directory of the build engine process,

The targets in the build file b0 execute, Mulkiple targets musk be separated by a comma. IF none are specified, the build file's defaulk
target is execubed,

" » Ant Configuration

CIvERYiEW

Scheduls

Propetties

Jazz Source Contral | Ank
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Running the builds

= Builds are run automatically or can be submitted on demand.

» Continuous automatic builds only get run if new deliveries have been
made since the last build.

= Each build run produces a build result
» The build result has a clear pass/fail status
» Build result contains log files
» Build results contains links to artifacts produced by the build
» Build results report test results

Build results are universally visible
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Sample Jazz build results view

The build result for the
highlighted build is

Build results view

|Dverview Activities | © JUnit | Dewnloads | Logs | External Links | P |
s : . .
Eﬁi W'orl Tkemd &_Pending Cha@;f});:/ﬁnlew ,47' Eearchw ‘Eg Change Expln:ureq ﬁ' Team .ﬁ.dvian = ET
Foundation. cch - To090 ms) F.‘& & %ﬁ - % T l:?-{h | ﬂ'} v'
| | Build | Label | Progress | Estimated Co... ] Start Time = -

a g'}ﬁ foundation.cch {per uild by David Clsen) RIF-TZ00931030-2030 Completed October 30, 2009 &:30:46 PM

5 Faundation. RIF-IZ0091030-1609 Completed Ockober 30, 2009 4:10:01 PM
e % Foundzkidn. ccb (personal build by David Clsen) RIF-T20091030-1552  Completed October 30, 2009 3:52:40 P
v % undation.cch {personal build by David Qlsen’ RIF-TZ0091030-1409 Completed Cctober 30, 2009 2:09:07 PM

L li Foundation.cch {personal build by Peter Steinfeld) RIF-T20091030-1257 Completed
v o Foundation.cch RIF-IZO091030-1152 Completed Cctober 30, 2009 11:52:39 .,

i | Foundation.cch {personal build by Peter Steinfeld)  RIF-TZ0091030-1132  Abandoned October 30, 2009 11:32:43 .,
Ba%  Foundation.cch (personal build by Simon Archer)  RIF-T20091030-1002 | Completed Qctober 30, 2009 10:02:55 .,

9_@ Ersnnal build by Peter Steinfeld)  20091030-1002 Completed Qctober 30, 2009 10:02:41 .,
v"% Foundation, ctestoersonal build by David Clsen) RIF-T20091030-0911 Completed October 30, 2009 2:11:11 A

N

(I~ &

4

oundation.cch {persondigild by Simon Archer)  RIF-T20091030-0303  Completed October 30, 2009 8:03: 16 AN
dation.cch (personal build Brdigid Clsen)  RIF-TZ0091030-0736  Completed October 30, 2009 7:36:20 AN T]
1

A red “X” means the
build failed

A check mark means
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A sample Jazz build result

& Build foundation.ccb RIF-120091030-1609 ~ o [[Save

Reported Work Ttems

v Completed Link to the artifacts

] ted against this build
Duration: 1 hour, 15 minutes, 59 seconds IE R IEPRRRC SRR

Skark Time;  October 30, 2009 4:10:01 PM
Completed: Cctober 30, 2009 5:26:00 PM

Skatus Trend: llllllllll

|_=|5}' Creake a new work ikem

aﬂ_‘*ﬂ(iate an exisking work item
Log files produced

The snapshot captures
the exact file versions

Contribution Summary

(zrheduled build)

Downloads: 9 download

External Links; 2 links Build Definition:  foundation, cch

Lags: 10logs. Build Engine:  foundation, cch, colbldi9

Snapshat: Foundation.cch 20091050-1609 Build Histary: 46 builds

Unit: £ 5317 tests, 22 Failures, 3405 errors

Repository Waorkspace:  BuildFoundationE xperimental Deletion allowed

Work ikems: L included in build \/The name of the build’s
Changes: Show changes —

erties

CWEFYiEW ] Activities | B_'H_IrntI Lu:u;|51 External Links

Changes delivered
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What happens during a build

= A build request is submitted, either on schedule or by user request

= For scheduled build requests with no newly delivered changes, nothing happens
= The build machines poll the Jazz server looking for build requests

= The build request gets matched to a build machine

= Changes are accepted from the integration stream to the workspace of the build
= A snapshot is created of the build’s workspace

= The build machine fetches files using the versions in the snapshot

= The build script runs on the build machine

= Results are reported to the Jazz build result
» Log files
» Test results
» Created artifacts
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Personal builds

Allow developers to do a test build of the contents of their Jazz
workspace before delivering to the integration stream
Similar to integration builds
Personal builds use the same build definition as the integration build
Personal builds run on the regular build machines
Personal builds use the regular build scripts

But they’re different ...

Personal builds take input from a developer’'s Jazz workspace rather
than from the build’s workspace (the integration stream)

Personal builds do not create snapshots
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Requesting a personal build

# Request Build

Requesk that a build be sz:l:.le bwild engine.

The name of the build, the same

Build: | foundation.cch

R Checkbox indicates a

Check this opkion to make this a personal build, The build will run using a workspace vou
and will not impact the build definition status, Personal build alerts will onky be receiv
other members of your team,

Repositary workspace:* | Pete's Build Framework 3.0 - Foundation Stable ‘Warkspace

Component load rules:

F Euild Properties

Browse... |

woul, nok

Browse,..

Browse,..

after submitting the request: |Show builds of the requested type

[

(7) Submit

Cancel

The Jazz workspace
from which the source
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Daily project rnythm

v Developers deliver changes to the build
v" Builds run and report results

v Broken builds get fixed immediately

v" Everyone watches the builds for status

v’ System test engineers pick up test artifacts from the Downloads
link on the build results page
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Foolproof delivery process

Developer deliveries must not break the build

v Jane, our developer, accepts from the integration stream into her Jazz
workspace — now her Jazz workspace matches the integration stream

v Jane develops new code and automated tests in her own Jazz
workspace

v' Meanwhile, other developers deliver changes to the integration stream

v When Jane is ready to deliver, she accepts changes from the integration
stream into her Jazz workspace again and does any necessary
integration

v Jane does a personal build from the files in her Jazz workspace

v' If the personal build succeeds, she delivers to the integration stream

v" If the personal build fails, she continues working until she gets a
successful build in a workspace that contains a mix of the current
integration stream and Jane’s changes
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Fixing broken builds

Create a work item

Analyze the log files

Analyze the test results

Look at the changes delivered since the last build

Use the build’s snapshot to reproduce the build’s contents on a
workstation
» Compare the snapshot to Jane’s workspace

» Create a Jazz workspace with the same contents as the snapshot to
reproduce the problem
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A Sample JaZZ bUlId I’eSUH Linktqcreate_awquitgm

& Build foundation.cch RIF-120091030-1609 ~

w  Completed -Répurted k Ttems

] d against this build
Duration: 1 hour, 15 minutes, 59 seconds IE ettt b

Skart Time:  October 30, 2009 4:10:01 PM [ Create a new waork item
Completed: Cctober 30, 2009 5:26:00 PM

Skatus Trend: llllllllllll

[ﬂ fssociake an exisking work item

Log files produced

The snapshot captures
the exact file versions

Contribution Summary

Downloads: 9 downloads {scheduled build)

External Links; 2 links Build Definition:  foundation, cch

Lags: 10logs. Build Engine:  foundation, cch, colbldi9
Snapshat: Foundation.cch 20091050-1609 Build Histary: 46 builds

JUnik; £ 5317 tests, 22 Failures, 3405 errors

Repository Waorkspace:  BuildFoundationE xperimental Deletion allowed

Wotk ikems: L included in build

Zhanges: Show changes

/lf Changed deliveredﬁ
. since the last build

Orveryiew ] Activities | B.‘H.Irnt[ Lu:u;|51 External Links | Downloads | Froperties |
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Using snapshots

Snapshot

Marne:* |Fclunu:latiu:un.cch_EDDQIDSD-IE-D'B

The snapshot name is
derived from build that

Create a new Jazz
workspace that matches

Details

Created by o Riild 1 lear fecoont
Created on: Ock 30, 2009 4:10 PM
Modified on: Ok 30, 2009 <410 PM

Links

lﬁ‘f Create a new repository workspace

ﬂﬁ Create 4 new stream
%E Campare with snapshiot

Description: | Spapshot created by automated build

Components
Shiows the compaonents in this snapshaok,

il %E Compare with repository workspace or stream

4

Compare what went
into the build with a

L Dashboard (921 Foundation, cch_20091006-1611)
S Foundation {1924 Foundation,cch_20091019-0001)
S Foundation Web UL {1853 Fl0xxRC3_200909116)
L Install Cammon (65: Foundation.cch 20091014-1244)
S Install Foundation {116: v20091014-20-3)

__.-'l-.J_FS (795: Foundation.cch_20091022-1350)

5 JazzDevelopment Tools (update site) (98: Foundation, 10, inkegration_I20090824-1700)

| | Show Repasitory Files.
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The conversation you want to have ...

ur manager
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References

» jazz.net -- https://jazz.net/index.jsp

= Jazz build FAQ --
https://jazz.net/wiki/bin/view/Main/BuildFAQ

= Personal builds --
http://jazz.net/wiki/bin/view/Main/BuildPersonal

= psteinfe@us.ibm.com
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Questions?
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