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Abstract

We collaborated with Global Real Asset team and Alternative Investment
team at JPMorgan to implement a continuous integration platform for software
development. The process utilized an open source tool to streamline the automated
build process accompanied with unit and regression suite testing to mitigate risk. This
platform helped reduce time and effort to initiate the regression testing in the

development cycle.
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Chapter 1 Introduction
A software development methodology is a framework that is used to structure,
plan and control the process of developing an information system. Some of the most

common methodologies are Waterfall and Agile.

Waterfall is a traditional software development methodology. It contains the
following steps: requirements, design, implementation, verification and release. It is a
linear sequential process, which means it is simple and easy to understand and use.
Waterfall especially works well for small and relatively simple projects. However in

many cases, it can be a bad practice due to its inflexibility to changes.

Agile software development is a good solution to the drawbacks of Waterfall.
It is an iterative and incremental process. Thus Agile is flexible to changes. The
technology division of JPMorgan Chase & Co. focuses on Agile methodology for
their financial software development. They created a continuous integration platform
based on Agile, which allows developers to integrate code changes frequently in order

to build up final products more efficiently.

This already existed platform automatically built up software based on
requirements. However, quality assurance testing would still have to be done
manually. This was not an ideal situation as manual work meant waste of time. In
order to include quality assurance in the entire automated lifecycle, the MQP team

was assigned to refactor the continuous integration platform.

The team utilized various continuous integration tools including Jenkins,
Sonar and Subversion to bridge the automated development lifecycle and quality
assurance. The new continuous integration platform helps initiate testing within

quality assurance automatically after development.
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The team also set the following five objectives to achieve through this project:

» Identify and understand the goal of the Asset Management Technology Team
of JP Morgan Chase & Co.

» Conduct research on software development process as well as quality
assurance process

» Test the tools and scripts to eliminate errors and solve issues

+ Optimize the continuous integration process

* Provide recommendation on future improvement
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Chapter 2 Background

2.1 Sponsor Description

JPMorgan Chase & Co. is an American multinational banking and financial
services holding company. It is one of the oldest financial institutions in the United
States. With total assets of $2.509 trillion, it is the largest bank in the United States.
JPMorgan Chase & Co. operates in over 60 countries, serving consumers in the
United States and many of the world’s most prominent companies, institutions and
government clients. It is a leader in investment banking, financial services for
consumers, small business and commercial banking, financial transaction processing,
asset management and private equity. JPMorgan Chase & Co. is one of the Big Four
banks of the United States. According to a composite ranking by Forbes magazine in

2013, JPMorgan Chase & Co. is the world’s third largest public company.

JPMorgan Chase & Co. is built on the foundation of more than 1,000
predecessor institutions, including Chase Manhattan Bank, JPMorgan Chase & Co.,
Bank One, Bear Stearns and Washington Mutual. Originally established as the
Manhattan Company in 1799, JPMorgan Chase & Co. has over 200 years of banking
service experiences. In 2000, Chase Manhattan purchased J.P. Morgan & Co for $34
billion and the company was renamed JPMorgan Chase & Co.. It then acquired
Chicago-based Bank one in 2004 and the assets of Washington Mutual and Bear

Sterns in 2008. Now JPMorgan Chase & Co. is considered to be a universal bank.

JPMorgan Chase & Co. conducts businesses through two brands, Chase and
J.P. Morgan. Chase provides consumer and commercial banking service. Its consumer
businesses include but only limited to Credit Cards, Small Business, Education

Finance, Retire and Investment and Merchant Service. Its commercial banking
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businesses include Middle Market Banking, Business Credit, Equipment Finance,

Commercial Term Lending and Community Development Banking. The J.P. Morgan
brand conducts businesses including Asset Management, Investment Banking, Private
Banking, Treasury and Securities Services, and Commercial banking. J.P. Morgan’s

broad global platform and strength enable it to create long-lasting value for clients.

The MQP team worked at the Asset Management division of JPMorgan Chase
& Co.. This division is a leading asset manager for individuals, advisors and
institutions. It is one of the largest asset and wealth managers in the world, with assets
under management of $1.5 trillion (as of September 30, 2013). It provides global

market insights and a range of investment capabilities that few other firms can match.

2.2 Software Development Methodology

2.2.1 Waterfall Model

nts

Design
— tion
Release

Figure 1 Waterfall Model

10
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Waterfall is a classic approach to software development. As seen in Figure 1,
it is a linear sequential process, starting from gathering requirements and ending with
the release of software. Waterfall model is simple and easy to understand and use.
Before one starts to develop the software, he needs to gather all the requirements from
the clients. After he has all the requirements, he will start to design the software. Then

he will build up the design, test the product and release it.

Waterfall development process is a sequential approach to design and
development, assuming the requirement must be identified before starting the process.
Each phase must be 100% completed before the next phase starts. The product will be
delivered at the end of development process. However, when the requirement changes
during the term of the process, it would be difficult to turn back in the process. The

entire process would have to be restarted, which is time-consuming and expensive.
Advantage:

*  Waterfall is easy to understand and implement

* It works well for small and relatively simple projects
Disadvantage:

e It is inflexible to changes. When there is any change in requirements, the

entire process has to be restarted

* Testing is relatively late, which makes it difficult to fix bugs

¢ (Clients are not often involved. Voice of customer is weak

* Itis notagood model for complex project

11
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2.2.2 Agile Methodology

2.2.2.1 Introduction to Agile
Agile software development is a solution to the disadvantages of Waterfall
model. It is also the basic idea behind continuous integration. Unlike the linear

sequential waterfall model, Agile is based on an iterative and incremental process.

t
Change in requiremen

W

Figure 2 Agile Lifecycle

As seen in Figure 2, it contains the following steps: Development, Build,
Testing and Deployment, which means developing the code, building up the product,
testing the product and deploying it (an iteration). Agile does not need to gather all
the requirements before starting to build the product. It can start from a few
requirements, and keep integrating clients’ changes in requirement later. Each
iteration in Agile contains a Testing phase, which helps detect bugs easily and early.
In each iteration process, the direction of the design can be changed base on the
requirements of the clients so that it is more efficient to meet the expectations of

clients. Thus Agile is more optimized.

12
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Advantages:
* Agile is flexible to changes
* Bugs are detected and fixed more easily
* Clients are involved
e It works well for complex projects

Agile methodology can respond to change of clients’ requirements efficiently. In

many cases, it is a good alternative to traditional waterfall development process.

2.2.2.2 Comparison between Agile and Waterfall

Waterfall
Agile
mgn—. Buid ouvgn— suid Dugﬂ—. Buid
Test Test Test
Project Timeline )
Requirements Customer Technology
Change Turnover Innovation

Figure 3 Demonstrating Timeline for Agile and Waterfall Model

As shown in Figure 3, Agile is less time consuming. Its iterative and incremental
characristic makes it flexbile to changes and helps improve risk management. It is a good

practice in software development

13
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2.2.2.3 Development History of Agile

Tracing back to 1957, E. A. Edmonds introduced an adaptive software
development process, at the same time New York Telephone Company's Systems
Development Center developed same method. In the early 1970s, Tom Gilb published
the Evolutionary Project Management (EVO), which is the predecessor of
Competitive Engineering. Half century later, Gielan came out with Incremental
software development methods. Agile software development methods evolved in the
mid-1990s as a reaction against the waterfall-oriented methods, which were
characterized by their critics as being heavily regulated, regimented, micromanaged
and overly incremental approaches to development. In 2001 software developers
published the Manifesto for Agile Software Development to define the approach agile
software development. Some of the manifesto's authors formed the Agile Alliance, a
nonprofit organization that promotes software development according to the

manifesto's principles.

2.2.3 Continuous Integration

Continuous integration is a practice of agile in software development and it
makes agile more efficient by automation. It allows developers to integrate code
changes frequently, to be more efficient in building up the final products. The entire
process of continuous integration is very similar to those in Agile, which contains
Development, Build, Test and Deploy. The only difference is continuous integration

automates its process.

14
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Automated

Figure 4 Continuous Integration Model

Whenever there is a change in requirement, it will be integrated immediately
through automated Build, Test and Deploy. This saves the time cost by manual
intervene, because developers do not have to communicate with those who would

trigger the following steps.

2.2.4 Refactoring Continuous Integration at JPMorgan

Automated
build and testing

-

\ g
Deploy  JON ‘ —|-|,

Figure 5 Continuous Integration Model in Industry

Figure 5 shows the continuous integration platform JPMorgan created in the
past. It contains two major parts: Development lifecycle and Test Environment.

Development lifecycle includes Development, Build, Test and Deploy. These four

15
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steps make up the automated development lifecycle. Test Environment, in another
word, Quality Assurance, contains regression testing, functional testing and other
testing which make sure the final product meets the requirements and is free of
defects. Functional testing is used to test whether the code functions as expected.
Regression testing is used to test unchanged code and make sure the changed code
does not introduce new fault. It determines whether the previous functions works

normally with the new change.

Every time when there is a change in requirement, developers will make
changes on their own code copy and commit changes back to code library. The
automated Build, Unit Test and Deploy will then start. After a product goes through
Unit Test, it will be deployed to Test Environment in a non-automated manner, which

is time consuming.

In order to optimize this continuous integration platform, the team worked to
reconstruct and revamp the platform by merging regression testing (part of Quality
Assurance) to the automated software development lifecycle. As shown in Figure 6,
Test Environment and Development lifecycle are merged and becomes one automated

process.

16
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Regression testing involved in the cycle

Developm
ent

-

- &

LU U Automated
. uild and testing

-

Figure 6 Refactor Continuous Integration at JPMorgan

2.3 Tools and Data Format

2.3.1 Jenkins

Jenkins is the leading open-source continuous integration server. It is the main
continuous integration tool in this project. It was created in 2004 in Sun Microsystems
and was first released in java.net in 2005. Built with Java, Jenkins provides 824
plugins to support building and testing virtually any project. Jenkins helps build/test
software projects continuously and monitoring executions of externally-run jobs.
Jenkins has several features including easy installation/ configuration, permanent
links, after-the-fact tagging, distributed builds, plugin support etc. Current Jenkins

focuses on the following two jobs:

* Building/testing software projects continuously. Jenkins provides an easy-to-
use so-called continuous integration system, making it easier for developers to
integrate changes to the project, and making it easier for users to obtain a fresh

build. The automated, continuous build increases the productivity.

17
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* Monitoring executions of externally-run jobs. Jenkins keeps outputs of

externally-run jobs and makes it easy for you to notice when something is

wrong.

Figure 7 shows the Jenkins console, and a list of GRA (Global Real Asset)
modules within Jenkins. GRA is one of the applications the team worked on. The

other one is the Alternative Investment.

Jenkins Q search (@ d523820 | log out

Jenkins = Alt-GRA ENABLE AUTO REFRESH
AM Jenkins Master Console
8 NewJob GRA
& pecole 1.CoreOps | 2.MO-ARM-Builds | 3.Derivatives | ALT-PEG | ALTINV | All | AR-GRA | Alt-PMP | Arch. | Auto-Deploy | CS-Oversight | CS-PODS | CS-PTS | CS-iLite | CTD_query | Core Inte
= Build Histor s w Name | Last Success
Build History
O, eroiect Relationship 9 GRA-Acquisitions-1.4 8 days 6 hr (£202)
&= | Check File Fingerprint -
Q GRA-Common-2.0.1 1 day 15 hr (£30)
Sonar —
3% Hakeve Reportin 0 GRA-Common-2.2 1 day 15 hr (£238)
™ Hawkeve Reporting
== Nexus 0 GRA-Common-3.0 1 day 13 hr (£44)
& v views -
O GRA-Common-Data-1.1 4 days 4 hr (2479)
Build Queue -
No builds in the queue. Q GRA-Compliance-2.1 1 day 13 hr (£825)
Build Executor Status 0 GRA-Compliance-2.2 3 hr 6 min (£48)
# Master
1 Idle 0 GRA-Confiqurable-Applications-1.0 1 day 15 hr (£458)
AMRISK
1|idle O & GRA-DCPF-1.4 N/A
2 1dle -
Jenkins-Slave O 3 GRA-EESExtentions-1.1 5 days 15 hr (£456)
1 1dle —
2 Idle 0 GRA-Infrastructure-Acquisitions-1.2 4 days 5 hr (£607)
3 Idle -
2| 1die 0 GRA-PortalTheme-2.1 1 day 13 hr (£278)
5 Idle
o GRA-PortalTheme-2.2 4 days 4 hr (237)
0 GRA-ProjectAsset-1.0 4 days 4 hr (£209)
0 L} GRA-Reporting-Controller-1.0 4 days 4 hr (2477)
Q GRA-Research Matrix 1.1 4 days 4 hr (£508)

Figure 7 Jenkins Console

One plug-in of Jenkins is Maven. It is a software project management and
comprehension tool. Maven is based on the concept of a project object model (POM),
which contains specifications of the project. It can manage a project's build, reporting
and documentation from a central place. Maven lifecycle includes clean, build, unit

test, package and deploy.

18
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Jenkins O search

Jenkins Alt-GRA

‘ Back to Dashboard
0O, status
"> Changes

1 workspace

Build Now

© Delete Project

/. Confiqure
Modules

:/ All Changes

[:'] Subversion Polling Lo

@ sie suig

GRA-Dispositions-1.1

( d523820 | log out

configuration

Project name GRA-Dispositions-1.1

Description

Preview
Discard Old Builds
Days to keep builds

if not empty, build records are only kept up to this number of days

Max # of builds to keep 8

if not empty, only up to this number of build records are kept

"i’ This build is parameterized @
Y Perform Release
) [T sidebar Links ©
"!ﬁ Rollback Failed Release )
- =] Prepare an environment for the run @
%y Custom Build _— .

Disable Build (No new builds will be executed until the project is re-enabled.) @
. Build History (trend) [ execute concurrent builds if necessary @
@ #1085 Dec6, 2013 4:16:42 PM ‘ oK JAVA-1.6 v
@ #1084 Nov 27, 2013 11:50:25 AM JDK to be used for this project
@ #1083 Nov 27, 2013 11:36:16 AM @ Restrict where this project can be run @
@ #1082 Nov26,20137:45:42 AM @@ Label Expression Jenkins-Slave [2)

@ #1081 Nov 25, 2013 4:38:15 PM ‘

Advanced Project Options
@ #1080 Nov 25,20134:11:33PM @

@ #1079 Nov 25, 2013 4:02:33PM @

@ #1078 Nov25,20133:55:32p1 @ Source Code Management

) RsS for all [§) RSS for failures O cvs
O ait
© None

© subversion

Modules Repository URL http://subversion.ny.jpmorgan. repos/|

IMA-GRA/GRA-Dispositi ©

Local module directory (optional) ®

Figure 8 Configurations of Application

2.3.2 Nexus

Sonatype Nexus (Figure 9) sets the standard for repository management
providing development teams with the ability to proxy remote repositories and share
software artifacts. With Nexus, developers can have control over open source

consumption and internal collaboration.

19



JPMorgan Chase& Co. New York Team MQP Report (2013 B term)

— Log In
—— Sonatype NeXUS Sonatype Nexus™ 2.6,3-01
Sonatype™ Servers « |} Welcome Search
w2 Classname Search v  GRA-Dispostions X0
Artifact Search 4| | Group Artifact Version Age Popularty Download
GRADisposions 0 com.jpmc.am.gra (GRA-Disposttions 1.0.0.39-SNAPSHOT pom, war -
Advanced Search com.jpmc.am.gra GRA-Dispostions 1.0.0.38 pom, war
com.jpmc.am.gra GRA-Dispositions 1.0.037 pom, war
Views|Repositories 2 | comiome.amora GRA-Disoostions 100.3 Dom. war &
Repositories Displaying Top 40 records X Clear Results
Help Y | % Refresh | Viewing Repostory: Al Snapshots 7 »
9 ) Al Snapshots Maven | Artifact
=3 com
= jpme Group: com;jpmec.am.gra
agon Atact: GRA-Dipostions
JJ0ma
J = GRA-Disposttions Version: 1.0.0.39-SNAPSHOT
3 £31.0.0.39-SNAPSHOT Extension: e

=] GRA-Dispostions-1.0.0.39-SNAPSHOT.war
XML: <dependency>
<groupld=com.jpmc.am.gra</groupld>
<artifactld>GRA-Disposttions«</artifactld>
<version>1.0.0.39-SNAPSHOT</version>
<type>war</type>
</dependency>

Figure 9 Sonatype Nexus

2.3.3 Sonar

Sonar (Figure 10) is an open source software quality platform and it uses

various static code analysis tools to extract software metrics.

JPMorgan Asset Management Technology Team use Sonar, a separate

product, to monitor code quality. They also use Sonar plug-ins to display quality data

20
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on Greenhopper (which can manage Agile project) dashboard.

Home Dependometer
]

Dashboard Version 0.0.1-SNAPSHOT - Freitag, 15. Januar 2010, 15:37 Uhr - profile Sonar way
G Lines of code Classes
Violations drilldown 116 1
Time machine B26 lines B packages
Clouds 7 methods
Hotspots 0 accessors
sonar Comments Duplications
8,7% 0,0%
11 lines 0 lines
£3,3% docu. API 0 blocks
7 undocu. API 0 files
0 commented LOCs
Rules compliance Violations
39,7% 26
Usa. @ Blocker 0
Rel. € Critical 0
Eft.  Major 22 NN
& Minor 4 M
Por. < Info 0
Mai.
Events [a1  [v]
15.01.2010 Yersion 0.0.1-SNAPSHOT

Key : com.valtech.source.dependometer.dependometer-maven-
plugin-sample
Language : java

Complexity | Methods | | Classes
1,0/method

o,sfclass E

7 cmpx

Mstatements | ° 1 2z ¢ s & w u

Code coverage
0,0%
0,0% line coverage

100,0% branch coverage
0 tests

Dependometer Analysis
MaxDepthOfTypelnheritance: 1

Help
Read configuration : sonar
Sample of Jfree Eastwood chart :

Oct
Nov
Dec

204 60}

100

Figure 10 Sonar Dashboard

2.3.4 Subversion and TortoiseSVN

Subversion (SVN) is a version control system that manages files and

directories over time and in a central repository.

Subversion Web and Application Structure

3 7 - Microsoft Internet Explorer Z’EE
Gle Ed Yew Fagvortes Jook Heb &
O O MRG Psach firevores @ O-LBEOUR 3
Acfiress | ) bitps: | brwONbwd s asiapac.ad. pmorganchase, comsyryIM_IMA_SCMY v o &
JPMorgan )
[iM_ma_scm]< geyision 6: / Fuberson Rt
o ovs/ Subversion Repository Name
J ClearCase/.
(] Different
) Maven/
Qpves/
J Subversion/
Administrator: IMA Clesrcase Support
E S S Local ntranet
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TortoiseSVN is a shell extension as well as a client for subversion. While
Subversion is the central repository containing the most updated code of development
team. TortoiseSVN is able to synchronize with Subversion, so that each developer has
his own local copy of the source code on his machines. The relationship between

Subversion and TortoiseSVN is shown in Figure 11.

L
~

Figure 11 Subversion and TortoiseSVN

The developers may use web browser to check out code from subversion.
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& SVN Update
A SN Commit...
B5,SVN Check for modifications

&= Show log
4, Repo-browser
& Revision graph

& Resolved...

& Update to revision...
& Rename...

X Delete

< Revert...

B¢ Cleanup

A Getlock...

3 Release lock

'P’ Branch/tag...
B4 Switch...

)r Merge...
B Export...
5 Relocate...

@ Add...

28 Create patch...
% Apply patch...
&= Properties

? Help

¥ settings

-& About
Figure 12 TortoiseSVN

After the developer made changes to the code, they will commit change to
subversion by creating a JIRA ticket with special name indicating what changes they
have made. The ticket will be used to record and memorize the changes, so in the
future the developers are capable of finding the changes they made and even revert

them. Figure 13 shows the commit dialog of TortoiseSVN.

43" C:\Development\SVNWorkArea\GRA-Dispositions-1.1 - Commit - TortoiseSVN

Commit to:
http:/ /subversion.ny.jpmorgan.com/svn/repos/IM-IMA-GRA/GRA-Disposition.../GRA-Dispositions-1.1
Message:
A new version of TortoiseSVN is available. Please go to
[ Recent messages ] http: //tortoisesvn.net to getit.

AMIMAGRA-312:modify CI file

Changes made (double-dick on file for diff):
Check: All None Non-versioned Versioned Added Deleted Modified Files Directories

Path Extension Status Property status  Lock
=IGRA-... .xml modified
y 5
Show unversioned files 1 files selected, 1 files total

[7] show externals from different repositories

Keep locks
Keep changelists [ OK ] [ Cancel ][ Help

Figure 13 Commit Changes (JIRA ticket)
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g

B2 FAST Automated Rell

Action Path
Command  Update c
Updating C:\Di \s\ Di it
Updated  C:\D \s! Di ; ontroller\DispDetailController.| ” |l @ P4
Updated C:\D Di \Searct .is
Updated  C:\D \GRA-Di W is v | 49 | Search SVNWorkArea L
Updated  C:\D: \GRA-DI IDetaiPanel.js s
Updated  C:\D \GRA-DI \DispSearchResultMap.js
Updated  C:\D \GRA-Di 1. 1\src\main! \DispositionApp-al.js [ e =

: =~ 0O @
Updated  C:\D AD 1. 1\pom.xml |
Completed At revision: 23537 Date modified Type Size
< | 1 »

12/6/201311:57 AM  File folder
12/6

12kBytes transferred in 0 minute(s) and 2 second(s)
31149 AM  File folder

Updated:7 Show log... oK Cancel 11/2. 9:44 AM  File folder
1172 9:44 AM  File folder
He FASw 'J—S_Ubraries . GRA-UnlockRecords-Admin-1.1 11/2 9:44 AM  File folder
2054 5| Documents @ GRA-SeaglexNews-1.2 9:44 AM  File folder
ARM 2.9 > o Music % GRA-ResearchMatrix-1.1 1 9:44 AM  File folder
Project List
Unschedulel =] Pictures % GRA-Reporting-Controller-1.0 11/2. AM  File folder
NEERAV VA =l Subversion @ GRA-ProjectAsset-1.0 11/2 File folder
Ny
i B videos % GRA-PortalTheme-2.2 17 File folder
. GRA-Infrastructure-Fund-1.0 11/2 File folder
1% Computer % GRA-Infrastructure-Acquisitions-1.2 11/2. File folder
"ﬁﬁ £AS &, 0sDisk (C) @ GRA-FACTS-63 11/25/20 AM  File folder
BT 9 D523820 (\\NAEAST.AD.JPMORGANCHASE.C g GRA-FACTS-6.1 1172 File folder
it e 5 CDIAPPS (\\NAEAST.AD.JPMORGANCHASE.C g, GRA-EESExtentions-1.2 1172 File folder
Unschedule ©. GRA-Dispositions-1.1 12/2€ File folder
NEERAV VA | €l Network
GRA-Dispositions-1.1 Date modified: 12/20/2013 1:08 PM
l e FAS.| z
O ile folder
x

Figure 14 Update

Since every developer updates the file before he makes new changes every
day, he will get the latest code before development process proceeds again. Thus the
function of TortoiseSVN makes it easier for different developers to make changes to

mainline code without having integration problem in the end.

2.3.5 XML

XML (Extensible Markup Language) is the main coding language for this

continuous integration project at JPMorgan.

It is a markup language which sets rules for encrypting document in a special
format so that it can be read by both users and machine. It uses tags to describe the
content of a document. The language can be defined by user so that it is extendable
and unlimited. Presently, XML allows data sharing through Internet, computers and

applications which make it distinct among all other languages.
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Chapter 3 Methodology

3.1 Task List

Continuous Integration On-boarding Task

Steps

Tasks

Our Time

Elapsed
Time

Completion
Status

Survey/project characteristics

Review Jenkins project and nexus info

Request ARM node on target machine

Set schedule

Request function ID

Test get-package script

Load groovy and get script on target
machine(s)

Create Install/deploy script

O N O bl W IN=-~

Test get & install script

Test calling get-package and install script from
ARM console

9 Test calling get-package and install script with
Scheduler

10 Test Jenkins build and ARM
Reset Scheduler to live run

11 Turn over to QA

12 Post implementation survey

Table 1 Task List

At the beginning of the project, the team created a task list (Table 1) in order

to plan and track future work progress. It contains twelve steps required for the

project as well as elapsed time and completion status.

Based on the task list, the team first designed a survey (Table 2) to gather

information from the development team. Then the team would review Jenkins project

and Nexus information, request ARM node on target machine, set schedule and

request function ID. When these steps were done, the team would create script with

specific functionality for the project. Next, the team would link various web

applications and machine together. Finally, the team would test the result and turn it

over to Quality Assurance. The team also created a post implementation survey at the

end of the project.
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3.2 Survey

The survey as shown in Table 2, helped request information for the project,
such as server address of target machine, artifact type, installation time, recycle
frequency and specific configuration from the developers. This information provided
the team a detailed understanding of software development environment at JPMorgan.
The team interviewed the Global Real Asset and the Alternative Investment

development teams based on the survey and summarized the results.

Which Jenkins environment supports your project?

What are your target machines? How many machines do you need in your project?

What is your test environment and how is it like?

What types of artifacts do you use? Do they have any dependency? How to deploy them?

Do you have scripts for deployment on the target machine?

Who to contact if there are problems with script deployment?

Does it install automatically or need to be installed manually?

How long does it take to install?

How often do you recycle your machine?

How many people can access the machine and have update right?

Is the machine used for other purposes or by other teams?

Is there any special setup/configuration/customization for installation?

What do you expect in the project?

What do you think of the survey? Does it include what you expect for the project?

Table 2 Survey

3.3 Automated Release Management

JPMorgan utilizes a web application named Automated Release Management
(ARM), which served as a communicator to trigger the deployment on machines. It
saves time spent on manual deployments and will increase efficiency of the
development lifecycle eventually. Automated Release Management (ARM) is a
lightweight communication protocol linked to machine and initiates desired

functionality on machine automatically. Below is the snapshot of ARM.
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GRA SIT GRA SIT server - Flow Control job [T] FastAS/GRA

ent using ARM node: false €) Explain
=I: NA €) Explain
g: false €) Explain

Workflow: . )
orkiio Strategy: Node-oriented
1 . /export/home/as_web0/ARM/custom/qwmlauncher.sh ${opticn.l_Job_Description}
Options: -1_Job_Description <> -sshPassword <>

Multiple Executions? false
Log level: INFO

Environment: SIT

Matched nodes: Name: vkl41imgras.svr.us.jpmchase.net [GAMARMWEBDEPLOY:s...

Thread Count: 1

Keep going on error: false

Figure 15 ARM Main Page

Figure 16 shows the detailed reconstructed continuous integration model at
JPMorgan. Whenever the developers want to make changes to the code, they check
out code from Subversion, which is a code repository containing the most updated
code. They then make changes on their own code copy and commit changes back to
Subversion using JIRA ticket. The continuous integration tool Jenkins scans the work
area every 15 minutes and looks for changes in code. When it detects a change, it will
start the development process automatically. This process includes clean, build, test,
package and deploy (Maven Lifecycle). After an artifact is built and packaged, it will
be stored in Nexus, which functions as an artifact repository. In the post - build
section of Jenkins, the ARM will automatically initiate deployment by pulling artifact
from Nexus and have it deployed on target machine. Regression testing will also be

performed on target machine.
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Core Continuous Integration
develop AL build

Developers’ Subversi
; ubversion - .
Machines Event Triggers Jenkins
—_— Build
Check out Clomamtt Clean
Make Changes Code Code Repository Build
UPdaIe Changes test Test
Commit Changes Package
_ —_— deploy
ARM Post Build:
. ( Deployment
Target Machine
Deployment Nexus/ Sonar
<& Snapshot Image of .
Artifact Artifact
< Repository €
A : o o Dependencies
Regression Testing Metrics Management
12 JPMorgan
Toset Managgnﬁ

Figure 16 Detailed Continuous Integration

Figure 17 lists development lifecycle and the corresponding tools and web
applications. The team focused on Jenkins, Nexus, Target machines and ARM for the
platform. After Jenkins builds up artifacts, they are sent to be stored in Nexus. Target
machine will bring the artifacts from Nexus and start the deployment triggered by

ARM, which is a plugin of Jenkins.
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|y
& iy e
» |
N Nexus € Maven

Figure 17 Corresponding Software

3.4 Connection of Jenkins and ARM

In post-build section of Jenkins, there is a plugin called ARM plugin, which
does the link between Jenkins and ARM. This process enables development teams to
have their artifacts deployed on to the target machines automatically. In other words,
Jenkins builds the project, and ARM triggers deployment on machines. This

automation saves a lot time that was normally spent on manual builds and

deployments.

ARM
Job Identifier

ab9dofeb-530d-41ce-83e1-38f8e7150aba

Your ARM job is : ab9d9feb-530d-41ce-83e1-38f8e7150aba [GAMARMWEBDEPLOY] FastAS/GRA/GRA SIT

Job options (optional)

1_Job_Description=http://subversion.ny.jpmorgan.com/svn/repos/IM-IMA-GRA/GRA-Dispositions/branches
/GRA-Dispositions-1.1/GRA-Dispositions- CI-ARM-SIT-Deploymentplan.xml
sshPassword=ENC(AEC2r4KwRdrxvH1sxHDjmWG60r6FCwWE9N)

Wait for ARM job to finish ?

Should fail the build ?

<

Figure 18 Jenkins Post build Section

> GRA SIT GRA SIT server - Flow Control job D FastAS/GRA
ID: 2455684
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ployment using # de: false €) Explain
Label: NA €) Explain

ng: false €) Explain

Node-oriented

Workflow:

1. ./expo:c/home/as_web’J/ARM/custoWg\-mLaunchez.sh ${option.1_Jocb_Description}

Options: -1_Job_Description <> -sshPasswor d <>

Multiple Executions? false

Log level: INFO

Environment: SIT

Matched nodes: Name: vkl4limgras.svr.us.jpmchase.net [GAMARMWEBDEPLOY:s...
Thread Count: 1

Keep going on error: false

Figure 19 ARM Main Page

Figure 18 and 19 show the ARM plugin in Jenkins post build section and

ARM web application respectively.

First, the team needed to enter specific Job Identifier, which is a piece of
translated information of a numeric value from ARM web application (Tab out of the
Job ID field and the plugin will pull out the Job information from ARM), as well as
Job Option. Job ID tells ARM what specific functionality the developers want it to
perform. In this project, the Flow Controller is a job from ARM, which primarily
controls flow of different actions; Job Option provides the web application with the
information needed for this specific job. In this project, it is the URL of deployment
plan (http://subversion.ny.jpmorgan.com/svn/repos/IM-IMA-GRA/GRA-
Dispositions/branches/GRA-Dispositions-1.1/GRA-Dispositions-CI-ARM-SIT-
Deploymentplan.xml), and the encoded password (sshPassword) for special password
protected sever. After the SAVE button is clicked, Jenkins will pass Job Description
to ARM. Thus Jenkins job is integrated with an ARM job. When Jenkins finishes the

build, ARM will trigger the deployment on machine automatically.
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Flow Controller controlle

Controller Ssclrlie I%S Controll
P ers
&
Script
Scripts LE.
(XML) Regressi

on Test

Figure 20 Flow Controller Mechanisms

Figure 20 shows the mechanism of ARM’s job in this project, Flow
Controller. Flow controller defines the flow of the work. It reads the XML, constructs
the syntax and calls other appropriate controllers to do all the work. For instance, it
calls the FASTLEGACY controller (version 301) to do different commands such as
stop, deploy, undeploy and start. Additionally, it can call shell script to perform

regression test.

3.5 Connection of Machine and ARM

ABB deployment using ARM node: false 0 Explain
Release Label: NA €) Explain
Keepgoing: false 0 Explain

WarkSow: Strategy: Node-oriented
1. . /export/home/as_web0/ARM/custom/gwmlauncher.sh ${cption.l_Job_Description}
Options: -1_Job_Description <> -sshPassword <>

Multiple Executions? false

Log level: INFO

Environment: SIT

Matched nodes: <7 vkl4limgras.svr.us.jpmchase.net [GAMARMWEBDEPLOY :sit:as_web0:390] (V] Q Explain
Thread Count: 1

Keep going on error: false

Figure 21 ARM Main Page
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After the team connected Jenkins and ARM together, they focused on the
connection between target machine and ARM. In ARM, there is a section called
Matched Nodes. It tells ARM which specific machine to communicate with. As seen
from Figure 21, the piece of string in the Match Nodes is the server address. That is

how target machine is connected to ARM, and where ARM can start the deployment.

3.6 Deployment Plan Creation and Modification

>
>Fastlegacy</type>
>app</
>deploy</
>GRA-Dispositions</
>war</ >
>3</ >
>http://vkl4limgras.svr.us.jpmchase.net:41500</ >
>true</ >
>http://subversion.ny.jpmorgan.com/svn/repos/IM-IMA-GRA/GRA-Dispositions/branches/GRA-
ispositions-1.1/GRA-Dispositions-Deployment-plan-dev.xml</ >
>http://nexus-am-prod. jpmchase.net:8081/nexus/service/local/artifact/maven/redirect?r=AM. Snapshotsé
pmc.am. gra&amp ; a=GRA-Dispositions&amp;v=LATEST&amp; p=war</war>
>3.0.1</
>/local/Fast/@/Home</
>/local/Fast/@/Base</

e A D A A A A A AANAANAN

A A A

Figure 22 Deployment Plan

The team was assigned to create Deploymentplan.xml for over 20 applications
of two different teams (Global Real Asset Team and Alternative Investment Team).
As mentioned in the previous section, Deploymentpan.xml is an XML file that ARM
will call to perform Flow Controller job, and target machines will follow each steps
on XML to do all the jobs. The Deploymentplan.xml contains different actions
including stop, deploy, undeploy and start. Figure 22 shows a piece of
Deploymentplan.xml, containing only the deploy action. The team worked on
modifying tag <deploymentPlan> to make sure it points to correct deployment file in

Subversion. They also modified tag <war> to get accurate address from Nexus for
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target machines to pull out corresponding artifacts. Also, the team located correct

machine address, which is shown in tag <hostURL>, and verified some of basic
information such as application name, application type with POM file of 20

applications.

33



JPMorgan Chase& Co. New York Team MQP Report (2013 B term)

Chapter 4 Result and analysis

Management

- ek
R CY

IN Nexus

Figure 23 Refactoring Continuous Integration Process

The team successfully refactored the continuous integration platform by
linking up different tools (Figure 23). At the end of the project, ARM was able to
deploy artifacts automatically on machine instead of manual work. If the team follow
the same steps and change controller (FASTLEGACY) in ARM, they would be
capable of performing regression testing (Part of Testing Environment) on machine
automatically as well. Instead of the manual work in between the Development

Lifecycle and the regression testing, the entire process is fully automated (Figure 24).

Regression testing involved in the cycle

Developm

_-L

LU L Automated
— uild and testing

-

Deploy

—

Figure 24 New Continuous Integration Model
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This new continuous integration platform helps save time and improve process

efficiency. It is currently being in use in the technology division of JPMorgan.
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Chapter 5 Future Plan

The Asset Management Technology Team at JPMorgan will keep on merging
regression testing in the automated lifecycle. In the future, they will work on changing
ARM controller from FASTLEGACY to Shell Script (Figure 20) and send regression
test script to this Shell Script controller in order to initiate regression test on
machines. Other than merging regression test suite of quality assurance into
automated development lifecycle, JPMorgan will continue to include other parts of
quality assurance such as functional testing into the automated cycle and try to
achieve the target of making the entire software development process more efficient

and productive.
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Appendix A- Deployment Plan (All actions included)

IT-Deploymentplan.xmi

>
< >vkl4limgr:
jpmchase.net</

>FastLegacy</ >
>components</
>stop</

< >
fast_gra3els_site_webol</

>3.0.1</

/vklalimgras.
svr.us. jpmchase.net:41500</

>
< >/local/Fast/@/Home</

local/Fast/@/Base</

>FastLegacy</
>app</
>undeploy</
>
>GRA-Dispos:

>war</

>http://vkl4limgras.
vr.us.jpmchase.net:41500</
>

>/local/Fast/@/Home</

>/local/Fast/@/Base</

>FastLegacy</type>
>app</
>deploy</
>
>GRA-Dispositions</

>war</. >
>3</ >
ttp://vkl4limgras.
jpmchase . net:41500</

>http://

subversion.ny. jpmorgan. com/svn
/repos/INM-TMA-GRA/GRA-

ispositions/branches/
Dispositions-1.1/GRA-
Dispositions-Deployment-plan-
dev.xml</ >
<war>http://nexus-am-prod
jpmchase.net:8081/nexus/
service/local/artifact/maven/
redirect?r=AM.Snapshots|
g=com. jpmc.am. gra&amp; a=GRA
Dispositions! p ATEST&amp
p=war</uar>
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<

FastLegacy</
>components</

>start</

p://

jpmchase.net:41500</

>/local/Fast/@/Home</
>

>/local/Fast/e/Base</
>
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Reflection on the Project
Design component

During the Major Qualifying Project at JPMorgan, we designed a continuous
integration platform for the development of financial applications and software. This
platform allows software developers to integrate their code changes frequently, to be
more efficient in building up the software. It contains two major parts, which are
development lifecycle and test environment. Each part is fully automated and they are
linked together in an automated manner.
Constraints and alternatives

Time is one major constraint during this project. Our team needed to build up
continuous integration platforms for 22 financial applications in 7 weeks. Both of us
had little knowledge in continuous integration and XML (the main coding language
for the platform) before we started the project. We spent a lot of time learning and
discussing with our colleagues. We also made specific work plans for each day. We
are glad we finished the project successfully.
Need for life-long learning

This project was a wonderful learning experience and we both enjoyed it very
much. We not only gained technical skills in continuous integration and XML coding,
but also learnt how to work, talk and behave professionally in a top financial firm. By
presenting in front of the management and professors, we gained public speaking
skills. Teamwork was very important in this project. We have helped each other learn
and grow during the entire project. This project was also a great platform for us to
apply critical thinking.

We believe what we learnt and gained from this experience will be very

helpful for our future study and work.
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