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Abstract Commercial organizations increasingly need software processes sensitive to busi-
ness value, quick to apply, supportive of multi-stakeholder collaboration, and capable of early
analysis for the cost- effectiveness of process instances. This paper presents experience in
applying a lightweight synthesis of a Value-Based Software Quality Achievement process
and an Object-Petri-Net-based process model to achieve a stakeholder win-win outcome for
software quality achievement in an on-going ERP software project in China. The applica-
tion results confirmed that 1) the Object-Petri-Net-based process model provided project
managers with a synchronization and stabilization framework for process activities, success-
critical stakeholders and their value propositions; 2) process visualization and simulation
tools significantly increased management visibility and controllability for the'success of the
software project.
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1 Introduction 2 L

One of ‘the main reasons for the lack of correlation between an organization’s
level of investn‘lent in information technology (IT) and its success in the marketplace
has been the decoupling of software and IT initiatives from other business initiatives
critical to the generation of business valuel'. This situation has been exacerbated by
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a generally value-neutral approach to software engineering, in which every require-
ment, use case, object, test case, and defect is considered to be equally important.
The emerging field of value-based software engineering (VBSE)!?! has arisen to pro-
vide frameworks and techniques to enable organizations to better incorporate value
considerations into their software engineering practices.

This paper reports on the application of one such VBSE process framework and
set of techniques to a successful Enterprise Resource Planning (ERP) application in
China. Section 2 provides an overview of the ERP software project domain and a de-
scription of the particular ERP project used to pilot the application of the particular
VBSE approach. Section 3 summarizes the Value-Based Software Qual\lty Achieve-
ment (VBSQA) process framework!®! used in the pilot project. \Section®4 provides
an overview of the VBSQA steps as they were applied to\the\pil@t project, a brief
introduction on the particular Object Petri Net (OPN) approach to implement the
process simulator, the value-based return on investment*(ROI) analyses performed,
and the results of using the VBSQA proc&gs. Section 5 discusses the main lessons
learned from the pilot project, and Sect\k_)n summarizes the conclusions.

-

2 ERP-Domain Projects and Value Propositions
$

EnterpriseResourcePlanning (ERP) is the name for a class of business manage-
ment systemsthat int‘egrate many facets of the business process, including accounting,
finance, personnel management, planning, manufacturing, logistics, sales, and market-
ing. The booming economy in China has encouraged the development of ERP software
to improve various business operations such as inventory control, order tracking, cus-
tomer service, finance and human resources. Attracted by the potential huge profit,
more and more software companies are jumping into this field, which leads to severe
competition among ERP solution providers. They are expected to provide continu-
ous value realization for their success-critical stakeholders to survive the competition.
These trends drive the changes in the characteristics of ERP software.development in

China as follows: \ o

) A variety of stakeholders with different value propositions are involved in the
entire software development life cycle. \

° Different software quality assessment criteria are set based on business case

priorities of various project succe&e—cr ical stakeholders. And stakeholders have
different focus on software development activities.

° Product lines are maintained as a basis for future upgrades.

8
° Three process patterns (deadline-driven, product-driven and market-trend driven)
are selectively applied in their software development life cycle based on different

business eases.
3

There are two primary classes of ERP software development projects. One in-
volves the development of ERP infrastructure that can support the transaction pro-
cessing, data management, networking, user interface, and middleware services; and
that can provide composable accounting, finance, etc. capabilities for the other pri-
mary class of ERP applications development projects. ERP applications projects
range from very short-lived, specialized projects to quickly develop and exercise ap-
plications for analyzing business opportunities or business decision options; to very
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long-lived projects supporting corporate governance, operations management, finance,
and personnel services. As discussed in Ref.[3], the value propositions for ERP ap-
plications range from high values on development schedule and lower values on long-
range evolvability and absolute accuracy for quick-response projects; to high values
on long-range evolvability, accuracy, and reliability, and less value for rapid response
for relatively stable corporate operations applications. On the other hand, the value
propositions for ERP infrastructure projects emphasize high values on evolvability,
performance, reusability, accuracy, and reliability; and less concern with cost and
schedule, as they can generally defer lower-priority features in order to met next-
release cost and schedule targets. |

ERP solution providers in China have established their oqul setg”of software
development process activities. Most of the activities are'baséd upon value-neutral
approaches and/or the Waterfall model, which are difficult-to adapt to changing
characteristics and often lead to project failuresi %hus, ERP software developers
are motivated to explore emerging appr\oachis that can better support their mixes of
value propositions.

-

2.1 VBSQA ERP Pilot Project iNature and Value Propositions
$

The VBSQA ERP pilot project involved a real-world project in Neusoft, one of
the biggest BRP solution providers and software companies in China. Neusoft pro-
duces both infrastructure and applications software to support ERP in fields including
telecommunication, electric power, enterprise e-business, social insurance, finance, ed-
ucation, tax, and mobile Internet. We classify all of these software products as ERP
software in this paper.

The pilot project to apply the VBSQA process framework to a Neusoft ERP
software development project was in the ERP infrastructure class. It involved the
next release of a Neusoft ERP infrastructure capability to upgrade a Dchments and
Images Management System (DIMS)* from version 6.0 to 7.0. Thescurrent 6.0 version
of the DIMS software developed by Neusoft had been used in se&gral departments of
the Chinese government for three years. Some departments were going techange their
database platforms. At the same time, they wishedito add, remove or update certain
attributes in the DIMS 6.0 database schema. In this'case, DB administrators needed
to export all the data from the old databases aﬁd‘import them to the upgraded ones.
With the common requirements of the'DB administrators from various government
departments, Neusoft decided'to upgrade the DIMS from 6.0 to 7.0 by adding a new
capability of data migration. The pilot project involved two project managers from
Neusoft and two facilitators from Nanjing University in tailoring the USA-developed
VBSQA process to this particular ERP infrastructure software development activity.
Its value propositions were representative of such ERP infrastructure projects, as they
placed high‘values on evolvability, performance, reusability, accuracy, and reliability;
and were less concerned with cost and schedule, as they could generally defer lower-
priority features in order to met next-release cost and schedule targets.

3 The Value-Based Software Quality Achievement Process Framework

*The DIMS project is anonymous for the sake of commercial confidentiality.
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The Value-Based Software Quality Achievement (VBSQA) process framework!?!
is generated from the WinWin Spiral Model* and coupled with the theory of value-
based software engineering!®!. It provides a top-level framework of steps for achieving
a set of stakeholder WinWin-balanced software quality attribute requirement ranges,
based on a risk-driven, concurrent-engineering approach. Instead of using one-size-
fits-all, single-value parameters to define desired software quality achievement, the
VBSQA process framework enables its users to elicit success-critical stakeholders’
value propositions (i.e., prioritization, expected & desired values) with respect to qual-
ity (Q-) attributes. It also helps in identifying their value conflicts on \Q—attributes
through risk analysis, architecture/technology evaluation and milestone reviews. In
addition, it helps in resolving the conflicts by supporting tradeoff analyses to engi-
neer the stakeholder WinWin-balanced Q-attribute requir(gmehts. <Furthermore, the
framework supports the use of real earned business value (1n addition to the business
value-neutral “earned value” systems in current use) to monitor and control progress
toward achieving the Q-attribute requirements and associated business value real-
ization. The top-level steps and anchor point stakeholder commitment milestones
(bolded) of the VBSQA process framework are listed in Table 1.

3
Table 1 Top=Level steps of VBSQA process framework

1. Identify top-level m{ssién objectives and project stages
— Including business-value objectives and associated software quality (Q-) objectives

¥
— Including choice of process representation of project stages

2. Perform top-level project cost/benefit analysis
— Estimate project budget and life-cycle ownership costs
— Estimate resulting benefits and return on investment
— Develop benefits chain to link software and other business initiatives needed to realize the

benefits, and to identify success-critical stakeholders and their top-level value propositions

3. Success-critical stakeholders negotiate mutually satisfactory (Win-Win) software capability,
1

quality, process (and other business) goals and relevant mission scenarios.

4. Concurrently engineer top-level requirements, Q-attribute, solution, precess tlladeoff spaces.
5. Identify top-level Q-risks, execute risk-mitigation spirals. 123
6. Develop system top-level architecture and initial Feasileility Rationale* Description (FRD).
7. Hold Life Cycle Objective (LCO) Review
— Pass: go to 8. Fail: go to 4. \ 1
8. Concurrently engineer detailed Q-attribute and other requirements and solutions; resolve risks.

. Develop system’s detailed architecture and detailed Feasibility Rationale* Description (FRD).
10. Hold Life Cycle Architecture (LGA) Review
— Pass: go to 11. Fail: go to 8.

11. Construct, test, angl deéploy system
— Use, the 'mission scenarios and Q-attribute requirement levels as progress
metrics and test cases
— Core Capability** Drivethrough (CCD)
— Monitor progress and change requests; perform corrective actions
12. Initial Operational Capability (IOC) Readiness Review

*The Feasibility Rationale presents evidence that a system built to the given architecture will satisfy
the given requirements, be buildable within the available budget and schedule, and generate a viable

ROI.
**The Core Capability is a prioritized subset of the desired IOC that can be developed within the
available budget and schedule even under pessimistic assumptions.
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4 Applying the VBSQA Process Framework to the ERP Project

Table 2 provides a summary of how the general VBSQA process framework was
instantiated for the DIMS Upgrade ERP project. For ERP and other infrastruc-
ture projects whose operations and usage are spread over a number of organizations,
frequently (as in this case) the roles of operational stakeholders (users, operators, ad-
ministrators) are assumed by company customer relations and management personnel
as part of their role as Acquirers. Initially the Acquirers and Developers convene to
identify the overall business-value, capability, and quality attribute objectives, the
major stages and increments in product definition and development, and the sup-
port capabilities and tools to be used in project definition and dgvelopment In this
case, a key decision was the choice of process representation ar{d analy8is tools. The
primary criteria for making this choice were the familiarity. of the key participants
with the representations and tools, their coverage ofithe definition and development
stages and activities, and their available support.via stmulation and analysis tools for

Table 2

Instantiating the VBSQA Process Eramework Steps for the DIMS Upgrade Project

VBSQA Process Framework 3
Steps/Milestones (System, Net)

ERP Software Development
Activities (Object Nets)

Identify top-level ob jcctévcs‘ and stages

-

Identify business-value, quality objectives, process

stages, support capabilities (Acquirer, Developer)

Project cost/benefit analysis

Estimate system upgrade cost &
develop DMR results chain (Developer)
Verify system upgrade cost (Acquirer)

SCS define acceptable &

desired values for Q-attributes

Requirement elicitation meeting (Acquirer, Developer)

Groupware WinWin negotiation (Acquirer, Developer)

Risk analysis & architecture

/technology evaluation

Internal prototype evaluation (Developer)

External prototype evaluation (Acquirer)

Identify conflicting Q-attributes &

perform tradeoff analysis

Identify conflicting Q-attributes &
perform tradeoff analysis (Developer) _

SCS adjust acceptable values
for Q-attributes

Stakeholder renegotiation (A}squirer7 Developer)

1

System top-level design and initial
Feasibility Rationale Description (FRD)

System top-level design (Developer)

1 b

LCO Review

Arxchitegture options internal review (Developer)

Architecture options external review (Acquirer)

SCS refine acceptable & 3

desired values for Q-attributes

Requirement elicitation meeting (Acquirer, Developer)

Groupware WinWin negotiation (Acquirer, Developer)

System detailed dcsign‘and detailed
Feasibility, Rationale Description (FRD)

System detailed design (Developer)

LCA Review:

Selected architecture internal review (Developer)

Selected architecture external review (Acquirer)

Core capability implementation

Value-based core capability testing

Core capability implementation (Developer)

Internal core capability testing (Developer)

CCD

Internal core capability drivethrough (Developer)

Omsite core capability drivethrough (Acquirer)

Remaining features implementation

Complete system implementation (Developer)

IOC Acceptance Review

Onsite System Acceptance Review (Acquirer)
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process optimization with respect to business, schedule, and quality objectives. Since
the Neusoft personnel had had some successful experiences with Object Petri Nets
(OPN)!2]| these were chosen. One advantage of OPN was the ability to represent
the overall process framework as a System Net and to inherit aspects of individual
stakeholder processes in compatible Object Nets, as seen at the top of Table 2. The
formalized VBSQA process model is named as VBSQA-OPN.

4.1  Purpose of VBSQA-OPN Process Modeling

Value-based software development processes tend to be stakeholder—i?wolved with
a great deal of concurrency and backtracking. The VBSQA pro esé\js one’of these pro-
cesses with the emphasis on achieving stakeholder WinWin=balanced software quality
requirements. Thus, it usually involves multiple akeholders with different value
propositions on Q-attributes and different erspeqtl about the on-going process.

Object Petri Nets (OPN)['?! which is %extensmn of traditional Petri Nets, was
chosen to model the VBSQA process. Ba
software processes are similar to those of programming languages, Osterweil proposed
the idea of “Software processes are software too” %), Because the control structures
of Petri Nets (PN)‘are similar in expression to programming languages, they can be
used to model software processes!'?. Aalst has listed three reasons for using Petri
Nets for progess modeling and analysis: 1) formal semantics despite the graphical
nature, 2) state-based instead of event-based, 3) abundance of analysis techniques!*!.
Furthermore, PN had the merits of modeling concurrent process activities and of
being familiar to the Neusoft personnel. As an extension of traditional PN, OPN
inherits these merits of PN in process modeling.

n the fact that the control structures of

In addition, OPN supports the separation of concerns among different stakehold-
ers’ perspectives of the process by the object oriented approach. Each stakeholder’s
process instance can be modeled in a separate Object Net (ON) by inheriting the
activities from the relevant process steps in the System Net SNQ (i.eqthe VBSQA
process framework). We took the “object-oriented” apprachiin the sense that the
VBSQA process framework was modeled as a SN which was-used as a process guide-
line. And each stakeholder’s process instance was 1 deled as an object that followed
the workflow of the guideline to perform\: ERP software development activities.
Then the interaction and negotiation al}xon takeholders and the synchronization be-
tween each stakeholder’s ON ‘and the SN could be defined later. Thus, OPN is able
to adapt to the changes in the ERP software development activities and workflows.

In the DIMS"Upgrade case study, we identified 4 stakeholder classes including
System Acquirer, DB Administrators, Software Maintainers and Developers. Note
that we onl¥ distinguished different stakeholder classes in creating a process instance
but not the various roles in one stakeholder class. For instance, we assumed that
IV&V team and testing team belong to the Developers.

For the cost-effectiveness of the VBSQA process, stakeholders are not required
to participate in all the process activities inherited from the VBSQA process frame-
work (SN). Each stakeholder has its own process instance (ON) which is composed
of only the process activities he/she is required to participate in. Figure 1 shows
a partial example of the generated Developer process instance (ON) and the VB-
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SQA process framework (SN) in the DIMS case study. Stakeholders only interact
whenever it is productive. The synchronous stakeholder interaction activities in the
VBSQA process were usually effective in mitigating the software quality risks. At the
same time, higher activity costs and different potential rework costs were incurred
by such activities in different phases of software development. Thus, performing the
stakeholder interaction activity at different phases of the software development life cy-
cle might result in different Return-On-Investment (ROI). However, there was a lack
of quantitative analysis approaches and simulation tools to help project managers in
determining when to perform the synchronous stakeholder interaction activities dur-

ing software development. P | 3
L Y ¥ -

s VBSQA Process Creator:: Developer Object Net

File View Draw Run Help
[] Stakeholder's
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Scheduleicost not accepted
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1. SCS identify and prioritize Q-attributes
2. SCS propose and prioritize relevant
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SCS define acceptable & 3. Map Q-attributes to scenarios

4. SCS propose quality goals
'5. SCS define acceptable and desired

waluation(8) desired values for Q-attributes(y
) [ . J7x values for Q-attributes ‘3,‘
& [ I | [E3]
Il\n: Mode: Right-Click on an Arc to add weighting

Figure 1. VBSQA process creat VA process framework (system net)

and the generated Deve oper process instance (Object Net)

4.2 Simulating the VBSQA. Process: C’om];aring the ROI of Synchronous
Stakeholder Intemgti‘()n{lctim‘ties

Based on the VBSQA-OPN modeling, a prototyping tool VBSQA Process Gener-
ator was dei(elbped to support the semi-automated generation, verification and sim-
ulation of the VBSQA process for ERP software development. We asked the two
project managers to apply this tool on the DIMS Upgrade case study. The intro-
duction to section 4 and Table 2 have summarized how the general VBSQA process
framework was instantiated for the DIMS Upgrade ERP project. This section presents
how the VBSQA process simulation performs ROI analysis for various combinations
of stakeholder interaction activities and developer internal activities at different de-
velopment phases supported by OPN capabilities. The ROI analysis results helped
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project managers in optimizing the VBSQA process instances for stakeholders. The
ROI was computed as following:

Value — Cost
[= — 1
RO Cost (1)

4.2.1  Value earned: the synchronous stakeholder interaction activity vs. developer
internal activity

Let’s assume that totally m Q-attributes were identified for the project. And n
(n=4) software development phases were defined in the VBSQA process framework

(LCO, LCA, CCD and I0C). \ \
m n ‘\ .
Value = " ((1— [ 1 = Ei;j))x R x V) (2)
i=1 =1 )y
V: the total value of the project; \ \

E;; (0-1): the effectiveness of a specifie’ process activity on mitigating the risk of
Q-attribute 1 if it is performed iniphasej;
R; (0-1): the risk of Q—attribu%e ito the total value of the project.

In DIMS Upgrade case study, two project managers provided the inputs for each
parameterbased on their experience and expert judgement. Total value of the project
was estimatéd as the contracted payment ($50,000) that Neusoft would obtain from
the system acquirer after the project was successfully completed by satisfying of all
success-critical stakeholders’ Q-attribute requirements. Totally 4 Q-attributes and
their related operational scenarios were identified for this project as shown in Table
3.

Table 3 DIMS upgrade project: Q-attributes and their risks to the project v{zlue (R;)

Q-attributes Related Scenario Priogity R; (0-1)
Performance Complete data migration from the old %igh\ v 0.8
DB to the upgraded DB within 1 day and N\ .

within required storage space

Evolvability Accommodate different DB _platforms and Medium 0.4
schema in data migration \

Schedule - High -

Cost - ‘ High -

¥

We treated the failure of achieving a Q-attribute requirement as the risk to the
total value of the project. Table 3 lists the risk of Performance and Evolvability to the
project value, denoted as R;. R; is the product of the risk impact and the probability
of risk occurrence. We defined the “risk impact” as the proportion of the total project
value that would have been lost if that Q-attribute risk had occurred. Thus R; was
from 0 to 1. In this project, Performance was a High priority requirement from DB
administrators and failure of achieving it would result in 80% loss of the project value.
Evolvability was a Medium priority requirement from software maintainer and failure
of achieving it would result in 40% loss of the project value. In this case study, we did
not take into account the other two Q-attributes (Schedule, Cost) because they were
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not the major risks to this project due to the ability to drop low-priority features to
meet project budgets and schedules.

Some steps in the VBSQA process framework such as Risk analysis & archi-
tecture/technology evaluation, LCO Review, LCA Review, CCD aimed to mitigate
the quality risks. As shown in Table 2, two types of ERP software development ac-
tivities were mapped to each of them, which were developer internal activities and
synchronous stakeholder interaction activities. The examples of the developer inter-
nal activities include Internal prototype evaluation, Architecture options internal re-

view, Selected architecture internal review, Internal core capability demogas shown in
the right column of Table 2. These activities were accomplished only by developers
without other stakeholders’ participation. They were usually less effectivein identify-
ing Q-attribute risks. The examples of the latter synchronous s\ﬁake‘holder interaction
activities include Fxternal prototype evaluation, Architecture-options external review,

Selected architecture external review, Onsite core, capability demo. These activities
were accomplished by developers and oth‘ér success-critical stakeholder(s). Stake-
holders were able to evaluate the prototype( ), review the architecture(s) or test the
core capabilities together under the realistie operational environment. Thus, these
activities were usually more eﬂeétive in identifying Q-attribute risks. Furthermore,
these activities at different phases of the software development life cycle also had dif-
ferent effectiveness infidentifying Q-attribute risks. Table 4 shows the effectiveness of
a specific process activity on mitigating the risk of Q-attribute 7 if it was performed in
phasej, denoted as E;j. Project managers provided the estimate of E;; as the propor-
tion by which the risk of Q-attribute i would have been reduced if that process activity
had been performed in phase j. Thus F;; was from 0 tol. Note that we treated the
risk mitigation E;; in its most general sense, which incorporated both the decrease of
the probability of risk occurrence and their impact on the project value.

3
Table 4 DIMS upgrade project: the effectiveness of developer internal activities vs. stakeholder
interaction activities on Q-attribute risk mitigation (E&)
. 3

*

. Risk Mitigation (E;;)(0-1)

Project Phases Process Activities "
\ Performance Evolvability
LCO Architecture optlons internal review 0.2 0.2
(Life Cycle Objectives) Architecture optlons external review 0.6 0.6
LCA Selected architecture internal review 0.3 0.3
(Life Cycle Architecture) Selected architecture external review 0.8 0.8
CCD . Internal core capability demo 0.2 0.2
(Core Capability Drivothro‘ugh) Onsite core capability demo 0.5 0.5
10C ¥ Onsite system acceptance review 0.3 0.3

(Initial Operational Capability)
»

4.2.2  Cost: the synchronous stakeholder interaction activity vs. developer internal
activity

Two types of cost, the activity cost and the potential rework cost, were associated
with a synchronous stakeholder interaction activity or a developer internal activity.
The cost was computed as following:
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n
Cost =Y Caj +C: (3)
j=1
Cgj: the cost of a process activity at phase j;
C,: the potential rework cost.

4.2.2.1 Activity cost (Cqgj )

The cost of the developer internal activity in DIMS upgrade project was esti-
mated as $500 by ERP project managers. The synchronous stakeholder interaction
activity usually had 2 or 3 times higher activity cost, estimated as:$1,500.
4.2.2.2 Rework cost (C,.) \ v

Whenever a Q-attribute risk was identified by a process .’:L‘cti\?ity7 séme amount
of rework was needed as a remedy. Table 5 shows'\the potential rework cost C, at
4 phases of VBSQA software development,_process (LCO, LCA, CCD, 10C). In the
best case, rework was only needed for the chifent phase. However, sometimes rework
extended to the previous phases. In the wotst case, the rework needed to be done
from the beginning of the project. The numbers in Table 5 show the rework cost C
from the starting phase(S) to Qnd‘lng phase(F). The numbers in the diagonal of Table
5 represent the rework cest within the LCO, LCA, CCD and IOC phases respectively.
For instancey.the costof only reworking LCA phase was $9,000, the cost of reworking
LCA and CQD\phases was $35,000 and the cost of reworking LCA, CCD and I0C
phases was $46,000. Note that if developers needed to rework both the LCA and CCD
phases because a risk was identified at the Onsite Core Capability Drivethrough, the
rework cost provided by project managers was $35,000, which was larger than the sum
of the rework cost within LCA and CCD phases ($9,000 + $19,000). They explained
that since developers had to change the detailed architecture design and to redo the
Core Capability Implementation, they usually needed extra effort to become familiar
with the programming techniques for the new architecture design. Based on the ERP
project managers, developer internal activities usually incurred l%tle rework.

Table 5 DIMS Upgrade project: potential rework cost Cr at \giﬂcfcnt phases
of VBSQA software developme‘t process

Rework Cost % .\ Phase ()
Cr($) LCOy \ &Cr CCD 10C
LCO 3,000 & © 12,000 38,000 50,000
Phase (S) LCA 5 9,000 35,000 46,000
cdb Mg ® - - 19,000 31,000
10C - - - 11,000

¥

4.2.3  Simulation results: ROI

Assuming that the synchronous stakeholder interaction activity (i.e., Onsite Sys-
tem Acceptance Review) was required in the IOC phase, we enumerated the possible
combinations of stakeholder interaction activities and developer internal activities
in the first three phases of software development life cycle (LCO, LCA and CCD).
As shown in the second column of Table 6, LCO(i) denotes that we performed the
developer internal activity (i.e., Architecture Options Internal Review) in the LCO
phase. LCO(s) denotes that we performed synchronous stakeholder interaction activities
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(i.e., Architecture Options External Review) in the LCO phase. The same notation
applies for other phases.

Given the inputs from two project managers, our simulation computed two ROT’s
for each process activity combination except the first one as shown in Table 6. One
was for the worst-case scenario; the other was for the best-case scenario in terms
of the potential rework cost. In the worst-case scenario, we assumed that rework
happened after each synchronous stakeholder interaction activity. And performing
such activity in a certain phase could only avoid the future rework extending to this
phase. For instance, only performing the Selected Architecture External }ievz’ew in the
LCA phase (i.e., LCO(i)\LCA(s)\CCD(i)\IOC(s)) would incur the rework on both
LCO and LCA and another rework on both CCD and IOC. In thé\best—gase scenario,
we assumed that once we performed such activity in a certai\n pkase‘the rework would
only be needed from the beginning of the project toythis phase and it could avoid all
the future rework incurred by the Q-attribute risk\s afterwards.

. . , L . .
Table 6 Comparing the ROI of various Comb1r§\10ns of synchronous stakeholder interaction
activities and develeper internal activities

Process Activity Combinati‘ons ROIL
% Worst-Case Scenario Best -Case Scenario

1 LCO(i) LCA(i) CCD(i) IOC(s) -0.223 -

2 LEO(s)iLCA(i) CCD(i) IOC(s) —0.045 6.23

3 LCO(>i) LCA(s) CCD(i) 10C(s) 0.162 2.414

4 LCO(i) LCA(i) CCD(s) IOC(s) -0.09

5 LCO(s) LCA(s) CCD(i) IOC(s) 0.194 6.165

6 LCO(s) LCA(i) CCD(s) IOC(s) 0.002 5.765

7 LCO(i) LCA(s) CCD(s) IOC(s) 0.205 2.33

8 LCO(s) LCA(s) CCD(s) I0C(s) 0.215 5.48

3

Even in the worse case scenario, Selected Architecture External Review in the
LCA phase was particularly effective in improving the ROI singe all the combinations
with this activity (see 3, 5, 7, 8) in Table 6 produced relafively high worst-case ROI
(0.162, 0.194, 0.205, 0.215). In the best-ease scenar\l\o, Architecture Options External
Review in the LCO phase was particularly‘effective in improving the ROI because we
assumed that it avoided all the future \rewg\k incurred by Q-attribute risks after the
LCO phase. Both results implied that performing synchronous stakeholder interaction
activities in the architectingphase of a software project could produce higher return in
terms of software quality risk mitigation. Figure 7 is a snapshot of using VBSQA Pro-
cess Simulator to compute the ROT of a combination of stakeholder interaction activit-
ies and developer internal activities based on the System Net (i.e., VBSQA process
framework) ¥

4.2.4  Feedback on the ROI simulation results

The results in Table 6 enabled the project managers to rapidly assess the best-
case and worst-case outcomes for their risk—mitigation decision options. Based on
the feedback from two ERP project managers, the best-case scenario was usually
not applicable in this project especially for the Performance attribute. In the LCO
Review, developers usually could only provide the top-level system design and the
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non-functional prototype. Thus, the assumption that the Architecture Options Ezx-
ternal Review in the LCO phase could avoid all the future rework was too optimistic.
However, in the LCA Review, when the detailed system design and the functional
prototype were available, the assumption of avoiding the future rework after LCA
phase was more applicable. Therefore, the real case scenario for Performance and
Evolvability attributes in the DIMS upgrade project was closer to the worst-case
scenario.

RO
The risk of Q-attributes to the total value of the project (Ri)

Q-attibute | [
BSQA Pro ato BSQA Pro a 0 Ri 08 04 |

flo View Draw Run Hep The effectiveness of risk mitigation (Ei)
USSEB & O0N% sk O @ Administrator and Maintainer both participate in the LCO Review.
. Qatrbute | Performance | Evowabiiy |

System Net | Developer | DB Administrator | Maintainer | System Acquirer 5 o5 e |

]
Administrator and Maintainer don' participate in the LCA Review.

ds} of G-attributes to the total value of the project (Ri) Q-attribute I BETTRIGE l Evolvability "
| Geattribute | F ance I I‘ Ei 03 03 |
Ri o8 04 |

Administrator and Maintainer don't participate in the CCD.
The effectiveness of risk mtigation (Ei) [ I

Administrator and Maintainer both participate in the LCO R ORos - e I ce
| Gaibwe | Pefomance |  Evol o2 pa ]
- o5 kS Does DB e nthe LCO Review? | Mairtainer both participate n the 10C Acceptance Review.
Activity Work($): | 1,500 | VES [—]NO e I F ce [ I‘
[o3 03 |
| \ \
Total Cost ($): |53000 | Total Value ($) | 50,590 |
Potertial Rework Cost($).| 49,000 | ROL [-0045 |

LCO Fail LCO pYase rework

or extra\york(1 )

Deliverables:

System top-level

LCO Pass LCO Review (8) design and FRD
(Exit criteria: Provide at least one feasible architecture)

| ‘ [
#arc Mode: Right-Click on an Arc to add weighting

Figure 7. VBSQA Process Simulator: Computing the ROI of a combination of stakeholder

interaction activities and developer internal activities in an ERP VBSQA process

As a result of this analysis, the DIMS project managers comnqitt\d to hold a
Selected Architecture External Review at the end of the LCA p&o aluate the
performance of the selected XML architecture with a total o 000.DB records.
With the participation of DB administrators, software maintainers and developers
in this activity, they identified the architectural risk en the Performance of data
migration because the entire memory wou bé“consumed by totally 97 intermediate
XML files generated. After stakeholde‘xx renegotiation, the developers re-architected
the capability as Direct Copy with additional algorithms to only accommodate certain
DB platforms and schema.Based on the project managers, without such analysis
results they would have planned the process activities in a value-neutral way (e.g.,
holding Selected Aro&ztgcture Internal Review at the end of the LCA phase only to
save som‘e‘actlglty cost) which would have increased the chance of project failure.

5 Summary of Experiences and Lessons Learned

5.1 Tradeoffs among Conflicting Quality (Q-) Attributes

Software quality is an integrative concept consisting of a number of attribute
dimensions such as availability, security, performance, evolvability, schedule and cost.
Thus, achieving software quality is a multi-attribute decision problem. Each project
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success-critical stakeholder can define his/her expected and desirable levels for each
Q-attribute. The WinWin-balanced quality requirements are the reassessment and
compromise of the Q-attributes among success-critical stakeholders.

As reported by the project managers, there usually existed at least one pair
of conflicting Q-attributes in many ERP software projects. In the DIMS Upgrade
project, Performance and Evolvability were a pair of conflicting Q-attributes. There
were several architecture options to select from. Direct copy between DBs favored
Performance in terms of both throughput and storage space at the cost of Evolvabil-
ity. XML-based architecture favored Evolvability by accommodating quure changes
of DB platforms and schema at the cost of Performance. Developers had to select one
feasible architecture from several options in order to balance thestakeholders’ conflict-
ing Q-attribute requirements. If we could identify the conﬂic\ting Q-attributes as early
as possible in the software development life cycle, we would*be able to mitigate the
risk of project failure by performing tradeoff analysis among conflicting Q-attributes.
Our exercise showed that the stakeholder i}siraction activities (e.g., External Proto-
type Fvaluation, Architecture options dci@ern l review, Selected architecture external
review) in the software deyelopmentiprocess were more effective in identifying the
conflicting Q-attributes and that ‘the stakeholder negotiation activities were more ef-
fective in guiding tradeoff analysis. Some tools exist for analyzing tradeoffs among
quantitative“attributés such as performance, cost, reliability, accuracy, and power
consumption*, but scenario-based methods are still the best capabilities available for
more qualitative attributes such as evolvability, usability, and adaptability4).

5.2 The Importance of Determining Project Stakeholders’ Perspectives and

Interaction Point(s)

Our exercise showed that not all the stakeholders were required to have the same
level (intensity) or type of involvement(®l in every activity in the softwareidevelopment
process. Thus determining the level of success-criticality and involvement of each
stakeholder was critical. #

In practice, the project success-critical stakeholders’ interaction activities could
either mitigate the software quality risks or drive the changes of stakeholders’ value-
propositions. And the costs (i.e., activity gost,potential rework cost) are also associ-
ated and/or resulted from such activitixs. usy planning the activities for stakehold-
ers’ interaction and negotiation at diffetent phases of the software development life
cycle might result in different Return-On-Investment (ROI). For instance, the ROI
of the External Protetype Fvaluation activity and Architecture Options External Re-
view in LCO stage'can be significantly different than the counterparts in LCA stage,
if new stakeholders, COTS products, or usage scenarios are introduced. Therefore,
determining the time of the stakeholders’ interaction activities in a process instance
was very important. Such ROI analysis as presented in section 4.3 can be extended
by sensitivity analysis!'® to improve its accuracy.

Also, it is often important to assign negotiation topics to best-qualified stakehold-
ers, such as having customers negotiate business-importance priorities, and having
developers negotiate ease-of-implementation priorities.

5.8 Value-Based Stakeholder Negotiation, Teambuilding, and Adaptation to Change
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Based on the mutual understanding and adaptability exhibited by the stakehold-
ers as a result of going through the VBSQA-OPN process, we would also conclude
that its primary benefit came more from its teambuilding aspects than from its re-
sulting specifications and plans. The mutual understanding and trust built up by
going through a process of clarifying objectives and negotiating solution alternatives
enabled the stakeholders to more rapidly adapt to new developments. As software
and information systems continue to undergo more and more rapid change, structured
collaboration approaches such as VBSQA-OPN, Quality Function Deployment, Joint
Application Development, and Participatory Design will become ever mre valuable.
6 Conclusions \ \ >

As we discovered in our application experiences of the VBSQA-OPN process,
solving a problem in theory and in practice were ve1>y different. In spite of the prac-
tical difficulties in applying a new process in“software industry where traditional
processes and methods dominated, the‘resﬁ&s showed that the application of value-
based approaches was inherently better than the value-neutral ones that most ERP
software projects employed in China.

In Microsoft Secrets!!6!, tﬁe ability to synchronize and stabilize multiple internal
development, teams i3 identified as a Microsoft critical success factor. The VBSQA-
OPN model previded a framework in which the activities, value propositions, and
commitments of multiple success-critical stakeholders could be synchronized and sta-
bilized for a wide variety of process drivers.

The project users of the VBSQA Process Generator also told us that the process
visualization and simulation tools significantly increased their management visibility
and controllability of the software project. In particular, the ROI simulator and the
Object Petri Nets (OPN) helped them in understanding their decision options and
their value consequences, and helped them to avoid significant rework from flaws in
process construction and revisions. We would also conclude thatithe primary benefit
of the VBSQA-OPN process (and similar processes such as Quality Function Deploy-
ment, Joint Application Development, and Participatory Design) will come more from
its teambuilding aspects than from its resulting specifications and plans. The mutual
understanding and trust built up by goingythréugh a process of clarifying objectives
and negotiating solution alternatives enabled the stakeholders to more rapidly adapt
to new developments. As software and information systems continue to undergo more
and more rapid and unpredictable change, such structured collaboration approaches

will become ever more valuable.
Y
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