EuroSPI2 2019

\Orchestrating a brighter world N Ec

Improvement of Agile Software
Development Process Based on
Automotive SPICE: A Case Study

Toshihiro Komiyama; NEC Corporation

intacs Certified Automotive SPICE Principal Assessor

CMMI Institute Certified CMMI Lead Appraiser and Instructor

ISO/IEC JTC1 SC7/WG6 (Software Product and System Quality) Convener

Shigeo Konno; NEC Corporation
Takahiro Watanabe; NEC Solution Innovators, Ltd.

Shigenori Matsui, Masakazu Kase and Issei Igarashi;
INCREMENT P Corporation

© NEC Corporation 2019



Table of contents

Introduction
Background
Approach

Practical Examples of Process Improvement Effects
- Documentation and Traceability

- Problem resolution and change request management

Conclusions

\Orchestrating a brighter world NE‘




Introduction

\Orchestrating a brighter world N Ec



Profile of NEC Corporation

Company Name: NEC Corporation
Address: 7-1, Shiba 5-chome, Minato-ku, Tokyo, Japan
Established: July 17, 1899
Chairman of the Board: Nobuhiro Endo
President and CEO: Takashi Niino
Capital: ¥ 397.2 billion - As of Mar. 31, 2018 -

Consolidated Net Sales: ¥ 2,913 billion
- Fiscal year ended Mar. 31, 2019 -

Operations of NEC Group: Public, Enterprise, Telecom Carrier,
System Platform, Others

Employees: NEC Corporation
21,010 - As of Mar. 31, 2018 -
NEC Corporation and Consolidated Subsidiaries
109,390 - As of Mar. 31, 2018 -

Consolidated Subsidiaries: 303 - As of Mar. 31, 2018 -
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Quality and Process Improvement in NEC

|“Better Products, Better Services” is NEC's corporate slogan since
founded in 1899.

I NEC has taken initiative to utilize cutting-edge technologies for
controlling and improving quality.

| NEC adopted model based process improvement for systems and
software development in the 1980’s.

| NEC has accumulated experience and knowledge for effectively
using process assessment models, such as CMMI and Automotive
SPICE, and developed skilled people through in-house software
process assessment and improvement.

| NEC has supported INCREMENT P to improve automotive
software development processes based on the experience and
knowledge since 2016.
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Profile of INCREMENT P Corporation

Increment P

| CEO/President:
Takumi Jinguji

] Establishment:
May 1994

| Capital:
¥434.5 million

| Employees:
Approx. 500

pr Miyzkezaka

— | mDigitizing basic map database

m Digitizing map database ] Research and development

m Data compiling

f.lr{l X

I m Business in USA
m Function company for
the development of digital
map data in the ASEAN
region

m Business & product planning
m Marketing & Sales
m Software development

m Field survey by car

Edo Castle Ruins

Niju-bashi Bridge

We offer various map businesses.

http://www.incrementp.co.jp/english/
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Map Database Compiling Software for NDS
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Business Environment of INCREMENT P

| INCREMENT P has been developing map data for navigation systems, and
currently develop it with the standard format: NDS.

| Quality and frequency is required to achieve market values of
standardized map data, i.e. accuracy and currentness.

| INCREMENT P decide to adopt Automotive SPICE for quality and SCRUM
for frequency.

past / Current R

Various map data formats speciﬁh Standard format for map data was \
to applications and devices defined in the industry

Develop map data with waterfall Data can be traded independently with

to meet requirements and application and devise

specifications for a target

application and device Accuracy and currentness are required.

Suitable development method is required
to achieve high quality and frequency

Automotive SPICE and Agile will be useful

\ / \ for them, if well combined /
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Overview of Automotive SPICE

| An industry standard process assessment model that defines
recommended practices for in-vehicle software development.
® the objectives are to evaluate process capability and to improve processes.

4 N ( o \ ™)
Acquisition Process Group System Engineering Process Group Management Process Group
ACQ.3 SYS.A MAN.3
Contract Agreement Requirements Elicitation Project Management
SYS.2
ACQ.4 - SYS.5 MAN.5
Supplier Monitoring SystemARequ[rements System Qualification Test Risk Management
palysis
SYS.4
ACQ.11 SYS.3 . MAN.6
Technical Requirements System Architectural Design System Inte.gratlon and Measurement
Integration Test \ )y
N ————————————————————————————————————————————)
ACQ.12 ——————
Legal and Administrative Software Engineering Process Group
Requirements
SWE.1
ACQ.13 . SWE.6
Project Requirements SoftwaranleqLiurements Software Qualification Test
SWEZ SWE5
ACQ.14 Software Architectural .
Request for Proposals Design Softwl alre IntlggraItlonl and
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ACQ.15 Software ggtliéi:laed Design SWE4 S
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Process Assessment by Automotive SPICE

| Capability of each process is measured with degree of effective
implementation of process capability indicators, i.e. GPs and GRs,
and process performance indicators, i.e. BPs, WPs and WPCs.

A
PA 5.2
CLS |- 44— GPs, GRs
Measurement framework PA5.1 ,
[
(1SO/IEC 33020) cLal- PA42 L Process assessment model
+« Capability levels PA4.1 ] .
#* Process attributes E {AUtumntWE SP.IFEI.I .
Rati ezl PA 3.2 ¢ ] # Process capability indicators
. ating PA3.1 : # Process performance indicators
s Scale 4
s Rating method L2 PAZZ 44— GPs, GRs
¢ Appregation method PA21
# Process capability level model L1l PA11 €= Gp =eeees BPs, WPs and WPCs =w====

Outcomes of Outcomes of Outcomes of
process 1 process 2 process 3

Process reference model

{Automotive SPICE)
+ Domain and scopes
* Process purposes
# Process outcomes
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Overview of SCRUM

- Product requirements are prioritized and managed.
- Development is composed of short term development cycles.
- Higher priority requirements are realized with earlier development cycles.

SM

v

t support
suppor' <~

| Team and roles
® Product Owner: Responsible for product. Decide priority of requirements.

® Development Team: Analyze requirements, design, implement and test.
Responsible for quality. Composed of 3 to 9 members.

® Scrum Master: Support PO and DT to practice the SCRUM. @ O
| Development Flow

AlA “ Al
PO cooperate pT

Daily Scrum ’
24
hours’ -

Sprint

(Iterative development)

Sprint Review

_ weeks Retrospective
Sprint
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Hybrid of SCRUM and Waterfall

| Goal

® introducing agile development conforming to A-SPICE

| Issue
® Harmonization of SCRUM and A-SPICE by clarifying and resolving contradictory factors.

| Solution

® To define and hybrid processes embodying both agile and waterfall aspects

Three types of sprints
N
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Typical Issues to Adopt A-SPICE to Agile Development

Automotive SPICE processes Issues in agile development
SPL.2 - Organizational structure, procedures, and tools suitable for Agile
Product Release development's short-term and repetitive product releases
SWE.1 - Correspondence between Agile process and software engineering processes
Software Requirements Analysis of automotive SPICE
- Documentation in Agile development with emphasis on working software
SWE.6 - Establishing and maintaining traceability among work products in Agile
Software Qualification Test development that responds flexibly to changing requirements

- Organizational structure and procedures for ensuring the quality of activities

SUP.1 and work products implemented by self-organizing teams
Quality Assurance - Setting of quality assurance criteria considering balance of agility and
quality levels
SUP.8 - Maintenance of consistency between work products across teams and
Configuration Management sprints
SUP.9 - Sharing issues across teams and sprints, and clarifying impact and fixing all
Problem Resolution Management the affected work products
SUP.10 - Mechanism of change request management that enables flexible response to
Change Request Management change requests in agile
- Realistically estimate and plan for each sprint
MAN.3 - Monitor and control daily progress within sprint
Project Management - Visualize progress towards project milestones and goals to foresee the

achievement

© NEC Corporation 2019 \Orchestrating a brighter world N Ec




Approaches to Promote Process Improvement

| Target of improvement
® Process, environment and developers’ skill

| PDCA basis

® P: Construction => D: Implementation => C: Evaluation => A: Improvement
P: Construction => D: Implementation => ...

® Assessments are performed for an evaluation

| Stepwise deployment
® Phase 1: feasibility verification in trial project

® Phase 2: implementation of constructed processes in established environment by trained developers, and
evaluation and improvement in actual project

® Phase 3: organizational deployment

Phase 1: Phase 2: Phase 3:
verify agile feasibility process construction & optimization process deployment to organization
| | | [ | (2019 ]

[ 2016 2017 2018
[[1-3 ][ 46 ][ 79 J[wo22 ][ 13 J[ 46 J[ 79 J[0o22 ][ 13 | [ 46 | [ 79 | [1022 ][ 13 |
3 Select Tools & Integration > Utilization & Feedback >
|_
c | Engineering >
£ E @ Process definition Asses Process Tailoring
5 - = 8 Management =-ment
50 E [=] Process Definition Implementation inding =
2 3 a — &Fp dback nalysi Process Maintenance
== p,.oces:[';eﬁnitim> eedbac Process Definition
= . - Skill =
= Skill Analysis ) Deﬁnition) Training & Feedback >

Optimization
of PJ 001 PJ 002 PJ 003
Mechanism
Evaluation e il
(assessment) -ment -ment
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Practical Examples of Process Improvement
N —

Documentation and Traceability
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Documentation suit both for SCRUM and A-SPICE

| Analysis to find minimum required documents
® Rationale for documentation was clarified.

Documents to be developed

Corresponding
Automotive

Rationale of documentation

SPICE BPs
Scrum develops software based on product backlog, but the
Software requirement SWE.1 BP.1 product to be developed had to consider the features provided
specification ' ' with the platform in addition to the functions provided with the
application to work on it. Therefore, it is expected to develop
product backlog considering as much functional and non-
functional requirements as possible in early stage. So, it was
Software architectural design SWE.2 BP.1 decided to clarify the path to derive the product backlog from
specification ' ' the requirements with software requirement specification. The
requirements are specified considering overall software
architecture descried in architectural design specification.
Due to the nature of software, there was a need to implement
multiple functions in one element. Since the functions are
. e assigned to different product backlogs, implementation of them
Software functional specification |SWE.3 BP.1 may be across multiple sprints. In order to prevent degrade,
the design assets in a sprint are documented as software
functional specification to be referable in subsequent sprints.
Software functional test SWE.4 BP.2 To ensure software components to work as described in the
specification and report SWE.4 BP.4 software functional specification.
Software integration test SWE.5 BP.3 To ensure integrated software items to work as described in the
specification and report SWE.5 BP.6 software architectural design specification.
Software qualification test SWE.6 BP.2 To ensure software pr_oduct developed_ in a d_evelopment sprint
specification and report SWE.5 BP.4 to fulfill the requirements described in the software

requirement specification.

20
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Tool Chain for Document Management

| Efficient document management using tools.
® Work products development was assigned as a Jira task.

® Confluence is used for requirements and designs, Bitbucket for source codes, TestRail for
test cases and test results.

Make
Documents Confluence
(a4 Elicit code
Jira (code review)
|
m— Write Monitor, build, &
oBIo source code : rﬁn unit test (
PRI code Bitbucket | Bamboo
IntelliJ IDEA ) L
Send resulf of static analysis
L ) SonarQube !
\ J Statically analyze
N
] Deplo
TestRail  |— ) POy
J
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Establishment of Bidirectional Traceability

| Implemented Using Multiple tools, i.e. Jira, TestRail, SonarQube and Bitbucket .

Stakeholder
Requirement

Traceability tool
<4+——» Jira

4+—> TestRail
SWE.1 BP.6 (Between stakeholder requirements and software requirements) <4—» SsonarQube

- < > .
S/W Requirement Bitbucket S/W qualification test
Specification

S/W Req >Test | | Test

SWE.6 BP.5 case report

(Between software requirement and software qualification test specification)
u J
SWE.2 BP.7 (Between software requirements and elements of the software architectural design)
S/W architectural S/W integration test
desian
Element | [Element Test Test
A B < > case < > report
SWE.5 BP.7
A (Between software architectural design
/- and software integration test specification) \/_
SWE.3 BP.6 (Between software architectural design and software detailed design) S/W functional test
- Test Test
S/W functional <=
specification Urt
(Element A) SWE.4 BP.5
Class A Class B (Between software detailed design
A —ald unit test specification) S/W unit test
N Test Test
SWE.3 BP.6 class B [P report
(Between software requiremeng
and software units) SWE.3 BP.6 (Between software detailed design and software units)
Source Code Static Analyze
(Class A) < >Analyze
report
SWE.4 BP.5
(Between software units J

and static verification results)
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Visibility of Traceability Using Jira’s Function

| Traceability can be visualized as matrix or tree structure

/ Jira \ #001234 | #001235

Software
Requirement
Ticket

. __—#001234 Matrix View

link; Software
___i 5| Requirement
] Ticket

. —%#001235

Software
Ticket #001235

=== Tree View
#002234 —

Software
Element
Ticket

——— #002235

#002234 X

#002235 X

#001234

]
\"4

link

#002235
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Practical Examples of Process Improvement

N~—]

Problem resolution and change request management
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Problem resolution and change request management in Agile

Problem and change request in agile, and workflow to manage them are
defined.

| The workflow is supported by tools

to

the definitions.

® Product backlogs, problems, change requests were classified as Jira ticket types according

® Backlog refinement records were stored in Confluence and linked to the related product
backlog, problem, and change request to make it possible to trace discussions on it.

Change
Request

Daily Scrum ‘
C d
In put wci)trﬁ?r?':rc:g sprint period JIRA

Tcket <Backlog refinement record>
H #001234 Change/ | Product
\ Backlog Refinement N
Does not correspond Probl \. .Ku
within the sprint period ;’?ckgp @
Product
backlog ”‘“

(Refine)

Product In put
backlog

Splint =
‘ Backlog o ::(gset

001235 /" |

/ Confluence \

Bidirectional traceability record
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Effects
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Effects of Process Improvement

| Qualitative Effects

® Achieved capability level 2 in Phase 2 and level 3 in Phase 3

| Quantitative Effects

® Productivity

» Increased 50% from Phase 1 to 3

» Measured in velocity (amount of story points that one scrum team can implement per sprint).

® Quality

* Improved 30% from Phase 2 to 3

* Measured in humber of defects found after release per project scale (person-months).

Phasel:Project 001

Phase2: Project 002

Phase3: Project 003

Productivity

9

11.8

13.5

Quality

0.18

0.14
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Conclusions
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Conclusions

| The following are explained;

® A Hybrid development method of agile and waterfall, which
implements A-SPICE practices,

® Stepwise process improvement from the view of process, people and
technology,

® Practical example to implement A-SPICE practices related to
bidirectional traceability and problem and change request management
in agile development.

| Effects of the process improvement approach are verified on
productivity and quality.

| We will deploy the established processes to other area, collect
and analyze data, verify effects further, and improve the
processes continuously.
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Thank you very much
for your kind attention!
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