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What is Continuous Integration

Continuous integration is a software development best practice that
distributed teams use more and more as a way to mitigate integration

pro%llems and to facilitate development of cohesive software more
rapidly.

Continuous Integration Key Practices

The effort required to integrate a system increases exponentially with
time. Continuous integration is a software development practice that
promotes frequent team integrations and automatic builds. By integrating
the system more frequently, integration issues are identified earlier, when
they are easier to fix, and the overall integration effort is reduced. The

result is a higher-quality product and more predictable delivery
schedules.

(referencing )
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Benefits of Continuous Integration

»>Improved feedback: Continuous integration shows constant and demonstrable progress.

»>Improved bug detection: Continuous integration enables you to detect and remove errors
early, often minutes after they've been injected into the product.

»Improved collaboration: Continuous integration enables team members to work together
safely. They know that they can make a change to their code, integrate the system, and
determine very quickly whether or not their change conflicts with others.

»Improved system integration: By integrating continuously throughout your product, you know
that you can actually build the system, thereby mitigating integration surprises at the end of the
lifecycle.
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Benefits of Continuous Integration - Continued

»Reduced number of parallel changes that need to be merged and tested.

»Reduced number of errors found during system testing: All conflicts are resolved before
making new change sets available and by the person who is in the best position to resolve them.

»Reduced technical risk: You always have an up-to-date system to test against.

»Reduced management risk: By continuously integrating your system, you know exactly how
much functionality that you have built to date, thereby improving your ability to predict when and
if you are actually going to be able to deliver the necessary functionality.
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Rational Team Concert Components

(( Agile Planning Project Transparency N

» Integrated releasefiteration planning = Customizable web based dashboards
« Effort estimation & progress tracking taskboards = Real ime metrics and reporls

» Out of the box agile process templates » Project milestone tracking and status

. SCM e Work Items Ry Build

= Integrated stream management | | = Defects, enhancements = Work item and change

= e S = and conversations set traceability

* Lomponentievel baselines Y = Build definitions forteam
View and share guery results B e e P

= Senver-based sandboxes
« Support for approvals and : :
+ Identifies component in streams | | discussions LocHionE Tk DuRdone
« Supports Ant and command

and available baselines = Query editor interface e

K: SVN, Git, CC bridge, connector y € ClearQuest bridge, connector A Integration with Build Forge
b

Jazz Team Server

= Single structure for project related arlifaclts = Team advisor for defining / refining “rules”

« World-class team on-boarding/ offboarding and enabling confinuous improvement
including team membership, sub-teams and = Process enactment and enforcement

project inheritance = In-context collaboration enables team members

4

-~

» Role-based operational control for flexible to communicate in context of their work
\:\ definition of process and capabilities :)
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Overview of Jazz Build System
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Jazz Build System

. A Build is a first-class object
. Associated build results, tests or any artifact

. Full navigability to all artifacts contributing to a
build

. Automatically schedule and maintain history of
builds

. Supports personal builds

& 120071012-2004 53 =&

& Build weekly.integration.jazz 120071012-2004 ~ & ol P [save
. Build engine is “pluggable”

« Cruise Control

v Completed Reported Work Items

MNone reported against this build
Duration: & hours, 25 minutes, 34 seconds IE e S

B . Id F Start Time: Fri, 12 Oct 2007 17:03:42 [ Create a new work item
® ul Orge Completed: Fri, 12 Oct 2007 23:29: 15 ﬂ] Assodate an existing work item

Status Trend: llll-lllll:”]ll

. Build terms

Contribution Summary General Information
° Bu | Id def| n|t|on Downloads: 28 downloads Requested by:  Sonia Dimitrov
External Links:  1link Build Definition: weekly.integration.jazz
. B u | Id e ng | ne Logs: 6 logs Build Engine:  apollobuildseryv2
. Work items: MNone included Build History: 13 builds
° Bu | Id Req uests Compile: & 0 errors, 497 warnings Tags: patch_build, 0.6_m3a, ready_for_deploy

JUnit: © 10885 tests, 0 failures, O errors Deletion allowed
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Jazz Build System - Continued

= Easy to use wizards help create:
» Build Engines
» Build Definitions
= Scheduled
= Continuous, at specified intervals
= On demand by team members

= Changes delivered for builds are easily seen by interested parties.
» Able to see who requested a build.
» Easy to compare 2 builds to see the differences between them.
» Easy to identify who delivered code to a build.

= Can use any method for builds
» MSBuild, ant, batch files, Perl scripts, Maven, COBOL compilers, etc...
» Cruise Control, Build Forge, and other Automation tools
» Very good integration with Ant and the Build Toolkit.
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The Jazz Build Environment

' I
Continuous
Integration
Engines
)
Jazz Build Engine
Cruise Control ﬁ Tools &
- Builders
Ant, Make,
Perl, PDE
Build, Maven,
-~ \\......‘.'_ MSBuild
Enterprise
Build —
Management
Build Forge
o )

Jazz
Build
Toolkit

Rational Team Concert

Eclipse, Visual Studio, Web
Clients

Jazz Build Ul
4 I )
Jazz
Repository
Jazz Build
Data Model
- J
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Jazz Build Engine

= Represents a build system running on a build server.

To begin using Team Concert builds you need to create a “Build
Engine”. A Build Engine is used by one or more Build Definition(s).

Easy to use wizards help create Build Engines
» Most steps are contained in the wizard.
» There are some steps that have to be done separately.

Can have Build Engines for each project
» Able to assign a specific Build Engine to a particular project.
» If you have a lot of projects, hard to maintain.

Can use one Build Engine for multiple projects

» Build Engines are run serially, so you can use the same one to run several
builds.
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Jazz Build Build Engine - Continued

= Example of the Build Engine Wizard

{Eﬁ rtevsbuild. rur akami. engine £2

o s §
£ Build Engine P [Save
I0: | rbcwsbuild, rmurakami, engine Project ar Team Area: | Client For Yisual Studio | I_Browse...]

General Information supported Build Definitions |
This build engine reqistration represents a lazz Build Engine or other process on a build The Following build definitions are supported by this build engine:
machine that polls the repasitory For build requests,
— O integration.3.0.rc. rhcrek
SRl R O inkegration.3.0,rbcnet
O integration.3.0.rtcnet.ifixl
O inkegration. 301 .beta3. rkcret
O integration.3011.rtcnet
Ackivation
Only active engines can execute builds,
Active
Build Request Processing =
Configure whether the process represented by this build engine polls the repository For
requests, The engine can be monitored to ensure it contacts the repository within a given
threshold.
Build engine process palls For requests
Monitor the lask contact time
Threshold {in minukes): | 3
Properties
Properties defined For this build engine.
Mame = Yalue Descripkion
antHore CAIEM, TearmConcertBuildibuildsystem' buildengine eclipseiplugi. ..
destinationDireckoryPath CHRTC_BUILDS Path to the directory o check ot the sources. .. Remove. ..
inskallDestination CORTC.MET _Client_Installs Folder ko copyw the RTC.MET Client Installlawvai. ..
Edit...
|
Onverwview

© 2011 IBM Corpg
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Jazz Build Definition

Defines a build, such as a weekly project-wide integration build.

Easy to use wizards help create Build Definitions
» Define variables to use
» Define scripts to use
» Define command line arguments to use
» Define Workspace to use and which Components to exclude

Build Definitions can be several, like for each team.
» One used by Development team

» One used by the QA team
» One used by the Release Team

Build Definitions can run on single or multiple Build Servers.
Can create a New Build Definition or copy an existing one.
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Jazz Build Definition - Continued

= Provides many out of the box build templates

# Mew Build Definition

General Information

Choose an ID, descripkion, and build templake For the new definition.

1D | Client For Wisual Studio build| |

Descripkion: | |

Available build templates:

Ant - Jazz Build Engine

Ank with Enterprise Extensions - Rational Build Agent
Command Line - Jazz Build Engine

Command Line - Rational Build Agent

Dependency Build - Rational Build Agent

Generic

IBM i Build Specification - Rational Build agent

IEM i Command - Jazz Build Engine

IEM i Conkinuous Load - Jazz Build Engine

Jazz Build For Microsoft Wisual Studio Solution - Jazz Build Engine
Maven - Jazz Build Engine

R.ational Build Forge

Descripkion:

A build configuration using Microsoft Build System and the 1azz Build Engine.

@ [ = Back ][ Mext = ] L Finish J [ Cancel

© 2011 IBM Corpg
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Jazz Build Definition — Pre Build step

& New Build Definition

Pre-Build

Customize the Ant - Jazz Build Engine build by selecting source control and other pre
-build options. The selections will be performed in the order showrn,

Jazz Source Control Mowe Up

Move: Down

Descripkion:

Select Jazz Source Control when you want to load files From a Jazz repository workspace before
the build starts, For use with the Jazz Build Engine.

@ [ = Back ]L Mext = J [ Finish ] [ Cancel ]

© 2011 IBM Corpg
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Jazz Build Definition — Post Build step

% New Build Definition & New Build Definition
Post-Build Post-Build
Custamize the Ank - Jazz Build Engine build by selecting post-build aptions. The Customize the Jazz Build for Microsoft Wisual Studio Solution - Jazz Build Engine build
selections will be performed in the arder shawn, by selecting post-build options. The selections will be performed in the order shown.
[1:ECI Publishing Move Lp B i nfigu Move Up

[ mumit Configuration

Post-build Deliver [] Post-build Deliver

Descripkion: Description:
Select JUnit Publishing when vou want ko publish Jnit %ML log files, Far use with the Jazz Build Select MSTest when you want o run tests wikh MSTest and publish MSTest TRX log files. For use
Engine. with the Jazz Build Engine.

@ [ = Back ][ Mext = ] L Finish ] [ Cancel ® [ < Back, ][ ext = ] L Finish ] [ Cancel
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Jazz Build Definition —Additional Configurations

# Hew Build Definition

Additional Configuration

Customize the Ant - Jazz Build Engine build by selecting additional options.

General

Schedule
Properties

[ Email Matification
[] rational Build Forge

Descripkion:

Mext = L_Einish J [ Cancel J
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Jazz Build Process: Build Definition Schedule

I
I
g |

= Can make it Continuous or schedule a time for the build to run.
[ 5 promatian.cantinuaus. scm. jcb ﬁ: = &

o Build Definition -

& | Save
I | promotion, conkinuous, scm. jcb Project or Team Area: | Source Conkrol | [Browse. oo ]
Schedule
Schedule For automatically running this build,
Enabled

Every 120 minutes Ewery day Build time:
Continuous interval in minukes: I:I
Ak 4:10 PM

Build davys:

[] Monday
[ Tuesday
[ wednesday
[ Thursday
[ Friday

[ saturday
[ sunday

Overview [Schedule Properties | Email Motification | Jazz Source Control | Ank | Post-build Deliver

© 2011 IBM Corpo
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Jazz Build Process: Build Definition - Properties

= You can add properties that will be used by the build.
= These properties can be used in other sections of the Build Definition.

0 Build Definition ~

2 0 (Save
ID: | RTC Sandbox build Project or Team Area: | RTC Sandbox | [Eruwse. " J
Properties
Properties for this build definition,
Mame = Value Description
BuildType Dev & string that specifies the server type (2.,
meBuildPath Cs\windows‘\microsoft. net\Framework'v4.0, 30319 Path to MSBuild Remove. .,
sourceFiesCirectory 5:\Builds'RTC Sandbox'Dey Location where the JBE loads the source ...
Edit...

4| 1

-

Qverview |5::hedule Properties | Jazz Source Control | Command Line
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Jazz Build Process: Build Definition — Jazz Source Control

= This is where you specify the workspace to use for the build.

= Several other items can be selected here to make the build perform in
various ways, as you can see.

O promokion. continuous.scrm., jch 532

= =

o Build Definition -~ & o [Save

ID: |promotion.continuous.scm.jcb

Project or Team Area: Source Conkrol

| [Browse... ]

-~
Build Workspace =

Specify the repository workspace to build From. IF wou do not have one, creake a repository workspace which has the stream you want to build as its Flows target.

wiorkspace:® 57 Source Control Continuous Build | liSelect. .

[Create. o0 ]

The waorkspace UUID will be available as the build property "team. scm.workspaceIID",

- Load Options

specify the load destination directory. This is the directory on the build machine where workspace Files will be loaded. This walue is also typically used on other pages in the definition to

reference Files under source conkral. You can specifFy an absolute path on the build machine, or a path relative ko the current direckory of Ehe build engine process. Properties can be
referenced using ${propertyhlame}-.

Load direckory: ™ | F${jazzworkspaceRoot} ${team. scm. workspacel JUID
[ belete directary before lnading

These options are available as the build properties “"beam.scm. FetchDestination” and "team. scm. deleteDestinationBeforeFetch™,

[ create Folders For components

The option of creating Falders For components will be awvailable as the build properky "team . scm.creakteFoldersForComponents".

IF only some of the components in the workspace are to be builk, exclude the ones that do nok need to be loaded.
Components to exclude:

| [SBIect. o0 ] Clear...

The components to exclude will be awvailable as the build properky "team.scm.loadComponents".

IF only some of the contents of the components are to be loaded For the build, wou can select a file for each component describing what Folders should be loaded
Component load rules: 1 load rule selected

| [SBIect...] [Clear...]

The component load rules will be awvailable as the build properky "team . scm,componentLoadrules",

= Aaccept Options

Specify whether or nok ko accept before loading, and whether or nok to build if there are no changes.

Accept latest changes before loading {creates a snapshot of the build workspace)
Euild only if there are changes accepred

These options are awvailable as the build properties "team. scm. acceptBeforeFetch" and "team.scm. buildonlyIFChanges". IF there are any changes accepted the "team. scm.changesAccepked”

el
Orverviews |5chedu|e Properties | Email Motification | Jazz Source Control | Ank | Posk-build Deliver
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Jazz Build Process: Request a Build

= Builds can be run as “Scheduled” or “On Demand”.

= Team members, if permitted, can “request a build”, just by clicking on a

button. This can be done in the Eclipse Client and the Visual Studio
Client.

= Can request a “Personal Build” or a regular project build.
D RIC Sandbox buid I3 s

2 Build Definition ~ | [Save
1D: | RTC Sandbox build Project or Team Area: | RTC Sandbox / %[Brnwse. i ]
A
General information about this build definition. Request Build button
Description:

[¥]Tanare warnings when computing overall status:

Supporting Build Engines Pruning Policy
Select the build engines that will support this definition. Pruning periodically deletes build results that are no longer needed. Specify the number of
& : : build results to keep. Clder build results are deleted first,
| [ *&EUM Buid Engine il‘ Select all - gy o I g M|

Overview | Schedule | Properties | Jazz Source Control | Command Line |
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Jazz Build Process: Personal Build

= Personal builds will run on the build server using the code in the requestor’s
workspace.

= Properties of a “Personal Build” can be changed by the requestor. The
changes will not affect the project build.

& Request Build

Request that a build be executed on the first available build engine.

Build: | RTC Sandbox build | [ﬁrowse... ]

= Build Options
Personal Build

Check this option to make this a personal build. The build will run using a workspace you specify, and will not impact the build
definition status. Personal build alerts will only be received by you, not other members of your team.

Repository workspace: | RTC Sandbox Team Stream Workspace

| [Broﬂse... ]
| I

Browse... ]

Component load rules:

e e —
BuildType Development =

msBuildPath Ciywindows\microsoft.net\Frameworkw4.0,.30312 Remawve
sourceFilesDirectory ]

S:\Builds'\RTC_Sandbox\Dew

Build Property Description:

<select a build property to see its description =

After submitting the reguest: |Show builds of the requested type

@

[ Submit ] L Cancel J

© 2011 IBM Corpg
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Continuous Integration Key Practices with Rational Team
Concert
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Maintain a Single Source Repository

The base of a Continuous Integration system is to implement a good source control management

system to keep track and control all of the files needed to build a product. In this source control
repository you must include everything you need for the build.

RTC implements a Source Control component which manages the source code, documents, and
other artifacts that a team creates. It provides change-flow management to facilitate sharing of

controlled artifacts, retains a history of changes made to these artifacts, and enables simultaneous

development of multiple versions of shared artifacts, so that teams can work on several
development lines at the same time.

Automate the Build

To get an efficient Continuous Integration system you need to implement an automatic build
process.

RTC implements a Team Build comg

onent which provides support for the automation, monitoring,
and awareness of a team's regular

uilds. This component provides a model for representing the

team's build definitions, build engines, and build results. The model supports teams with different
build technologies.
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Make Your Build Self-Testing

A good practice that will help you to detect errors quickly is to include some automated tests in your
build process. If some testing fails, the build should alsé fail.

RTC is not an IDE, so it doesn't provide features to define and implement unit tests. But in its Team
Build component it includes support for execution and result analysis of different unit test
frameworks like: CPPUnit, JUnit, MSTest and NUnit. So development teams will be able to execute
and check the results of all the unit tests of the project.

g DOI005IE-1055 £1 =0
| & Build junit 120100626-1126 ~ & h
it Tests @
Hame Tests Failures Brors  TimeTeken  um Order
v punitzamples AllTests 3 ] L] 5 ms
gv junitsamples.VectorTest ] 1] 1] 4 ms 1
{"5 testCapacity i 1] ] 2ms 1
du tetClens 1 o 1] Bens ]
gu tetContaing 1 '] 1] 1ms 3
gu testElementit 1 ] ] Bms 4
dl, testRemoedll 1 1] ] 1ms 5
du petiFermneeElement i 1] ] s &
du pnitiamples.money Morey Test iF 1} ] L i
div punitsamples.fdvanced Test I '] 1] Bms 3

Details

Class name jyrdt semples VectorTest
Method:  testCopacity

T taken: 2 mileconds

| Ohverview | Actritees & Compilstion | JUnit Downloads Legs Esternal Links Propertses
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Everyone Commits To the Mainline Every Day

This is more a methodology aspect than a technical issue to be resolved or supported by the tool.
Communication is key for continuous integration, and developers communicate with others _
delivering changes they have made to their files. A good practice is to force developers to commit
their changes to the main development stream at least once every day.

The RTC Source Control component lets the developer to commit or deliver code to streams as
man%{ times as they require as needed . So a development team adopting Continuous Integration
practices should encourage its developers to commit at least once per day.

1] Junit 1k Junit 0.1
21 e~ [Fo~ 21 [Po~ [F1~
Default
& Uit & Uit
Default ault
Delivef \lccept
l"§1 chemi . Ol 202
a1 [Fgo~- [Fi1- A1 (o~ FBr-

s Jniik

s JUnit

Check-in’ x Load

| N 2

)
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Every Commit Should Build the Mainline on an Integration
Machine

AIth_ough developers must run local builds and tests in their local machines before delivering to the
main development_stream, there may be differences between each developer's machine, or code
integration errors. This is why it is very important to ensure that an integration build is run on an
integration machine each time each a developer commits some changes.

Two ways to achieve this

> developer manually request a build execution after he has committed some new code to
the stream

> automatic build will be executed after a code commit to the stream.
RTC supports both the approaches

Keep the Build Fast
It is important to reduce to a minimum the time spent running the integration build each time a
developer commits changes to the main development stream.

Test in a Clone of the Production Environment
The test environment as similar as possible to your final production environment.

This is more a methodology aspect than a specific feature in RTC.

However, it is worth noting that the RTC Build Team component can be installed multiple times in
multiple different environments (all installations working against the same RTC server). Therefore it

is very easy to setup several build environments (development, integration and production)
executing the builds with different scheduling in each one.
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Make it Easy for Anyone to Get the Latest Executable

Most builds produce useful output, such as an executable program, a packaged zip file, or other
artifacts. Many peoFIe may need to get access to the latest executable to be able to run it or just to
see what changed last week. Many times developers are not able to find it because there is not a
yvcfell knq[yvn place where these files are stored and they spend many hours just looking for this
information.

The Ant build toolkit of RTC has a set of Ant tasks that can perform various operations on a build.
Some of these tasks (artifactLinkPublisher and artifactFilePublisher tasks) enable your build to
publish these artifacts. When using these tasks, the artifacts specified in your builds are available
In the build result editor, on the Downloads page, once the build finishes.

(g 120100526-1125 E:f'\\H =5
i Build junit 120100526-1125 - oS o [Save
Artifact Downloads
* File Name ) Description FileSize | [ Qpen
@ Junit-[20100526-1125.jar it JAR, WEB | .
ave &
Add Link... |

Edit

Chverview | Activities | Compilation | JUnit | Dewnloads Logs| External Links | Properties |
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Everyone can see what's happening

Communication is critical to implement a good Continuous Integration system. Each team member
needs to have easy and transparent access to the state of the system, last changes made and
state of the mainline integration build. Visibility and transparency of the flow of information between
team members are essential.

RTC Provides different ways to communicate and track Team Builds
>  Build Dashboard viewlets

Event Notification System for Builds

History of Builds

Build Reports

Build Auditing

vV V V V

Automate Deployment

To implement a Continuous Integration system you need to implement multiple environments
(development, integration, production) to run your build and tests and, if possible, automate as
much deployment between these environments as possible because you may be doing these
deployments several times each day.
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