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Abstract:

In this paper, we present initial results from basic research and exploratory studies in the
areaof software systems acquisition. This reseach sought to design a web-based,
computer-supported work environment that facil itates reseach and development in the
areaof software systems acqquisition. This environment supportsthe cature,
representation, and operationalization of various forms of knowledge assciated with a
new vision for virtual system acquisition, called VISTA. The schemes for organizing and
managing knowledge rooted in software feasibility heuristics and informal/formal models
of software aquisition and systems engineering processs are alled knowledge webs.
Accordingly, the environment that provides the mechanisms for cgpturing, representing,
interlinking and operationalizing accessto these knowledge webs is called a knowledge
web management system (KWMS). Thus, the environment that is the focus of this
reseach effort is designed to provide aKWMS cagpability that provides acessto an
incrementally evolving knowledge web for software aquisition reseach and pradicein
line with the VISTA vision. This environment for software aquisition web management

is called SAWMAN.



Background
The aquisition of major software-intensive systems is often problematic. Recent reports

from the US General Accounting Office (GAO 1997 and athers (e.g., Holland 1998
Nissen, Snider and Lamm 1998 describe anumber of problems with the way complex
systems are aquired. We in the a@uisition reseach community are & atime when there
is substantial opportunity to rethink how the aquisition of software-intensive systems
should occur to addressthe reaurring problems. At the same time, we should pursue new
opportunities to re-engineer the systems acquisition processin order to realize operational
savings, efficiencies, increased satisfadion, and continuous improvement. Similarly, we
should provide astrategy for managing the transition to these re-engineaed system
aquisition processes, as they can represent aradical departure from current pradices.
Subsequently, we should engage in reseach that explores how these oppartunities can be
supported through use of advanced information processing tools, techniques and

concepts.

The long-term objedive of this line of research is to make the aquisition of software-
intensive systems more ajil e and adaptive. Our effort constitutes an ambitious departure
from the status quo, rather than an incremental extension of current best pradices (ARO
1999. In pursuing this objedive, we need to explore the development of new generation
of information technologies and associated processes that can support a new vision of
what software systems aqquisition can become (cf. Boehm and Scacchi, 1996 SA-CMM

200Q Scacdi and Boehm 1998 Schoof, Haimes and Chittister 1997 SPMN 1999 STSC



1996. This emerging capability is called virtual system acquisition, or simply VISTA

(Scacdhi and Boehm 1998.

The VISTA strategy provides aroad map for software aquisition R& D (Boehm and

Scacchi 1996 Scacdhi and Boehm 1998. This road map appeas top to bottom, left to

right, in Table 1. It lays out the research, technology, and usage needed to suppat the

aquisition of large software-intensive systems.

- Technology Maturity --

Acquisition
Resear ch Technology g
Usage
Concept Softwar e Feasibility VISTA-L: Concept Feasibility
initi Heuristics Top-Level Feasibility Deter mination
Definition Advisor, Parametric Models
Software/ ; Ar chitecture
Sysem  [SO tV\_’are representation and VISTA-2: Ar chitecture
Life  |Architecture analysisM& S, Advanced | Modelsand Simulations of Feasibility
Cycle Definiti cost/schedule/quality Subsystems and Elements Deter mination
. Integration into VISTA-3:
Splral commer cial Software Hybrid Virtual System
Devel opment Development M easur ement, M odeling and Acquisition

Environments

Simulation Environment

Table 1. VISTA Resear ch, Technology, and Usage Context
(Scacchi and Boehm 1998)

In this paper, we aldressthe Concept Definition stage of the VISTA strategy. Supporting

the VISTA vision for reseacch in the aquisition of software systems requires the aility

to colled, represent, and organize accesto online cae studies, heuristics and formal

processmodels within a Web-based information systems environment (Boehm and

Scacchi 1996 Scacdhi and Boehm 1998. While some of this knowledge is gecific to

particular acquisition programs, there is a substantial body of software aquisition




heuristics available from a variety of published sources (e.g., Redhin 1991, SA-CMM
200Q Schoff, Haimes and Chittister 1997, STSC 199%, SPMN 1999. Initial studies
indicate the software aquisition heuristics and ather "best practices’ can be formali zed
as inferencerulesthat can be gplied to analyze software aquisition processs that are
modeled in a suitable computational form (cf. Nissen 1997,1998 Noll and Scacchi

1999, Valente and Scachi 1999.

We found the kinds of heuristics noted above ae not generally represented nor accesible
in an information systems environment that would support their browsing, query,
systematic clasdfication, evolutionary update, wide-areadistribution, applicaion and
evaluation during system aaquisition. Furthermore, from a classfication standpoint, there
are different classes of software aquisition or feasibility heuristics that may apply to
assssing the achitedure and engineering of complex software systems, in contrast to
those that apply to acquisition processs, systems engineaing rocesss or projed
management tedhniques. As sich, we found there aethree dallenges that had to be
addressed in order to provide support for the analysis of software system aaqquisition

using software feasibility heuristics.

The first challenge to be aldressed in re-tooling system aaquisition is the nead for an
information systems environment that can support the capture, representation, and
operationalization of various forms of software feasibility heuristics (Boehm and Scachi

1996 Scacdti and Boehm 1998. More specificaly, a Web-based environment for



capturing, representing, applying and evolving software feasibility heuristics is needed

(cf. Fielding, et al. 1998, Noll and Scaahi 2000.

The second challenge is to design a anceptual framework that can cgpture, represent and
operationalize informal and formal models of different kinds of as-is, to-be, or here-to-

there processes for software systems aqquisition (Scaahi 2000.

The third challenge problem addresses how diff erent forms of acquisition knowledge and
redesigned aaquisition processes can be represented, interlinked, evaluated and managed
over the Web (Valente and Scaahi 1999 Choi and Scaahi 200Q Noll and Scacchi

2000).

Addresdng the three tallenge problems required both basic and exploratory reseach
studies. The basic reseach problem entail s how to develop a wmmon solution to the
three dallenges for how to support a new generation of research in software systems
aqquisition. Developing and exploring possible solutions to this basic research problem
would benefit from an exploratory study of new concepts, techniques and tools for
aqquiring, representing and operationalizing knowledge webs for software systems
aqquisition. Subsequently, our research evaluated, extended, and refined the @mncept of
knowl edge web and knowl edge web management system (KWMS) in ways that could be

applied to the domain of software systems aaquisition (cf. Valente and Scacchi 1999.



A knowledge web provides a Web-based knowledge management cgpability and
repository for representing various forms of knowledge in adomain like software systems
aqquisition. A KWMS is a Web-based information systems environment for managing
the cature, representation and operationalization of knowledge webs that are accesible
over the Internet. A KWMS provides acaessto the various knowledge management
mechanisms nealed to operationalize, reason with, and incrementally upcdete a

knowledge web.

The reseach effort in this dudy focused on the design of a KWMS environment for
modeling and analyzing feasibil ity heuristics for software aguisition processes and
software system architedures. The resulting infrastructure consists of a processmodeling
and knowledge representation capability, call ed software acquisition knowledge webs (cf.
Valente and Scaahi 1999, together with the design of an information systems
environment, cdled the Software Acquisition Web MANagement system, or smply
SAWMAN (Choi and Scaahi 2000. SAWMAN in turn serves as the platform that will
be combined with the Software Architedure Definition component of the VISTA road
map in Table 1. This component is identified with the label, "architedure representation
and analysis M&S", which is a shorthand contradion for the representation and analysis
of software achitedure models and simulations that can support software system
aqquisition. This effort is now in progress Nonetheless, at this point we turn to describe
our approach to the modeling, analysis and simulation of software a@uisition processes

and other heuristic knowledge asociated with software a@uisition best practices.



4. Approach and Results
There is agrowing body of studies and techniques that addressthe modeling, analysis

and simulation of software development and complex businessprocesss. Y et none of the
extant studies addressthe subject of software systems aaquisition as their primary focus.
However, following the VISTA strategy, software system aqquisition becomes a
motivating fador in pradical applications of acquisition processmodeling, redesign,
analysis and simulation. As sich, how can modeling, analysis and simulation of software
processes be employed to diredly support software systems acquisition?

Modeling acquisition processes and related knowledge

Processredesign heuristics are often independent of application domain and therefore
applicable to alarge set of processes (Bashein, Markus and Riley 1994 Caron, Jarvenpaa
and Stoddard 1991). Alternatively, redesign heuristics may be domain-specific, thus
applicable to specific processes in particular settings. In examining how heuristics for
software a@uisition are to be gplied, we can lean the circumstances in which different
types of heuristics or practices are most effective or least effedive (cf. Software
Programs Managers Network 1999. Similarly, we can lean which processredesigns are
considered most effective and desirable in the view of the participants working in the
redesigned process and what techniques should be employed to facilitate process
transformation and change management [Kettinger and Grover 1995 Scacdai and Noll
1997 Valente and Scacchi 1999. Therefore, both domain-independent and domain-
specific heuristics are of interest, as are techniques for determining how to transform

software a@uisition processes and the organizational settings in which they are to be

applied.



Knowledge about best practices or new strategies for software aquisition is often cast as
heuristics derived from results of empirical or theoretical studies. These results may then
be wded as production rules for use in arule-based or pattern-direded inference system
(Nissen 1997, or astuples (i.e., records of relation attribute instance values) that can be
stored in arelational database (Kuh, Suh, and Teauci 1996). These mechanisms can then
be integrated with other tools for software processengineering (Brownlie, et al. 1997,
Scacchi and Mi 1997). Nonetheless these alternative representation mechanisms do not

focus on what neads to be modeled, which is the focus here.

From a modeling standpoint, there is need to potentially model many kinds and forms of
software a@uisition processknowledge. These include (a) the a@uisition process(or
processs) to be redesigned in its legacy "as-is' form before redesign, (b) the redesign
heuristics (or transformations) to be goplied, (c) the "to-be" processresulting from
redesign, and (d) the ampirical sources (e.g., narrative cae studies) from which the
heuristics were derived. Furthermore, we might also choose to model (€) the sequence of
steps (or the "here-to-there" procesg through which different redesign heuristics were
applied to progressively transform the &-is processinto its to-be outcome. Modeling the
processs identified in (a), () and (e) is already within the realm of processmodeling and
simulation cgpabil ities. However, (b) and (d) pose thallenges not previously addressed by
software processmodeling technologies. Furthermore, (b) and (d) must be interrelated o
interlinked to the processmodels of (a), (c) and (€) to be of greaest value for external
validation, tracedil ity, and incremental evolution purposes (Vaente and Scaachi 1999

Zelkowitz and Wallace 1998. Finally, software processmodeling will play arole in (f)



facilitating the continuing evolution and refinement of the software a@uisition

knowledge web.

Modeling Approach and Results
In developing models of processes for SFR, we used two processmodeling notations (one

a subset of the other) and two modeling tools. The modeling notations and tools are

described in turn.

First, we used a processmodeling language alled PML to develop basic models of
aqquisition processes (Noll and Scaahi 200Q Scacdi and Noll 1997). PML allows
processes to be modeled in a hierarchical manner (i.e., processes consist sub-processs,
sub-sub-processes, etc. and adions), and allows processworkflow to be modeled as a
sequence, conditional choice, iteration, or concurrent set of adions. PML also asciates
an agent who performs an adion together with the tools they employ to transform
required resources into intermediate or final products. Inthisregard, PML isaprocess
modeling notation that conforms to the processmeta-model for software engineeaing and
businessprocesses that we had previously developed (Mi and Scacchi 1996. A sample of
PML code that describes one software a@uisition (sub-)processfor "proposal
submisgon” follows in Figure 1. This processentails a sequence of three ations,
submitting a proposal by a principal investigator, submitting a proposal budget, and
submitting required certificalions. The process sript indicates that the tools used in this
processare Web-based data entry forms that allow a specified file to be dectronically
submitted with each of these projed adions. PML also allows for other applicaion

programs (e.g., helper applicaions, Java servlets) to be enployed in process sripts.



process Proposal_Submit {
action submit_proposal {
agent { Principall nvestigator }
requires{ proposal }
provides { proposal.contents ==file }
script {"<p>Submit proposal contents.\
<p>BAA to which this proposal responds: \
<input name="baa’ type="string’' size=16>\
<br>Proposal title: <inpu name=title' type="string' size=50>\
<br>Submitting Ingtitution: <inpu name=ingtitution' type="string’ size=25>\
<br>Principle Investigator: <input name="Pl' type="string' size=20>\
Email: <inpu name=Plemail’ type="string’ size=20>\
<br>Contad: <input name="contad' type="string' size=20>\
Email: <inpu name=contadEmail' type="string' size=12>\
<br>Proposal contentsfile: <INPUT NAME="file' TY PE=file>"
}
}
action submit_budgget {
agent { Principall nvestigator }
requires{ proposal }
provides { proposal.budget ==file}
script {"<p>Submit budget.\
<br>Proposal title: <inpu name=title' type="string’ size=50>\
<br>Budget file: <INPUT NAME='file' TY PE=file>\
<br>Email address of contad: <input name="user_id' type="string>"
}
}
action submit_certs{
agent { Principall nvestigator }
requires{ proposal }
provides { proposal.certs == file & & proposal.certifier == user_id }
script {"<p>Submit eledronicaly signed certifications.\
<br>File ontaining signed certifications: <INPUT NAME='file' TY PE=file’>\
<p>User ID of signature: <input name="user_id' type="string>"
}
}
}

Figure 1. An excerpt from a proposal submisson processmodeled in PML (Noll and

Scacchi 2000.
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Thus, with PML descriptions of software a@uisition processes we an rapidly creae and
interadively navigate/browse the "look and fed" of processes that can be acessed and

evaluated over the Web (Noll and Scacchi 2000.

Next, in order to represent software aqjuisition processknowledge more formally and to
reason with it, we choose to use the Loom knowledge representation system as our first
processmodeling tool (MadGregor and Bates 1995. Loom is a mature language and
environment for constructing ontologies and intelligent systems that can be accesed over
the Web (Valente, Russ et al. 1999. By using Loom to re-implement the Articulator
processmeta-model ontology (Mi and Scacchi 1990 Mi and Scaachi 1996, formal
models of software aqquisition or related business processes, clasdfication taxonomies
and processredesign heuristics can be represented and manipulated. In turn, process
knowledge can be analyzed, queried, and browsed, while relevant redesign alternatives
for processes can be identified and linked to source materials on the Web. Nonetheless
Loom does impose adiscipline for formally representing declarative knowledge
structures in terms of concepts (objed or pattern types), relations (link types that

asociate mncept) and instances (concept, link, attribute values).

Loom's deductive classifier utilizes forward-chaining, semantic unificaion and objed-
oriented truth maintenance technologies. This cagpabil ity enables Loom to compile the
declarative knowledge into a semantic network representation designed to efficiently
support on-line deductive query processing (MadGregor and Bates 19%, Vaente et al.

1999. Further, Loom's classifier can be used to taxonomically classfy and upcite a

11



processredesign knowledge base & new processredesign cases, lessons learned, or best
pradices are entered and formally modeled. This in turn enables the software a@uisition

knowledge web to evolve with automated support (Vaente and Scaachi 1999.

Finally, in order to suppat the visualization of the knowledge bases and processmodels
that have been constructed, a Web browser interface to the Loom systemis used (Valente
et al. 1999. Ontosaurus (1999 is a client-side tool for accessing a Loom server loaded
with one or more knowledge bases. It supports queries to Loom and produces Web pages
describing several aspeds of a knowledge base, including hypertext links to materials on
the Web. It is also able to provide simple facilities for editing the contents of knowledge
bases. Figure 2 shows a browser window accessing Ontosaurus. The display consists of
threewindow panels; Toolbar (top), Reference (left side) and Content (right side). The
Toolbar panel consists of buttons to perform various operations sich as select domain
theory, display theory, save updates, etc. The Reference and Content panels are designed
to display contents of a seleded ontology. Links in both panels display their contentsin
the Content window. This facilitates exploring various links assciated with a word or
concept in the Reference window without the need to continuously go badk and forth.
The bookmark window holds user-selected links for Web pages to Ontosaurus pages, and

is managed by the buttonsin the bottom of the bookmark window.
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Figure 2: An Ontosaurus display of a formally modeled process

Loom and Ontosaurus were used to prototype aknowledge-based system that can
represent and diagnostically evaluate software a@uisition processmodels, redesign
heuristics and taxonomies, as well as manage hyperlinks to materials acessible on the
Web. The system employs the Articulator ontology of software ad businessprocesses
(Mi and Scacchi 199Q 1996 that are expressed as concepts, attributes, relations and
values in Loom. Loom provides a semantic network framework based on description
logics. Nodes (objects) in aLoom representation define concepts that have roles or dots
to specify their attributes. A key feature of description logic representations is that the

semantics of the representation language ae very precisely spedfied. This precise
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specification makes it possible for the classifier to determine whether one wncept
subsumes another based solely on the formal definitions of the two concepts. The
classifier is an important tool for evolving ontologies because it can be used to
automatically organize aset of Loom conceptsinto aclassificaion hierarchy or
taxonomy based solely on their definitions. This capability is particularly important asthe
ontology becomes large, sincethe clasdfier will find subsumption relations that people
might overlook, as well as modeling errorsthat could make the knowledge base

inconsistent.

Overall, 30 processredesign heuristics have been identified and classified. Six
taxonomies were also identified for grouping and organizing acaessto the process
redesign materials found on the Web. These taxonomies classify and index the caes

acording to:

Generic type of organization or application domain for process redesign: financial,

manufaduring, procurement and acquisition, research, software development, etc.

* Asis"problems’ with existing process. off-line information processing, workflow
delays, ladk of information sharing, etc.

* To-be"solutions' (goals) sought for redesigned process. automate off-line
information processing tasks, streamline workflow, use email and databases to share
information, etc.

» Useof intranet, extranet or Web-based process redesign solutions. build intranet

portal for projed staff information, store version-controlled software development

14



objeds on Web server, use HTML forms for data entry and validation process $eps,
etc.

* Howto guidelines or lessons learned: explicit tedhniques or steps for how to
understand and model the &-is process identify processredesign alternatives, involve
processusers in seleding redesign alternatives, etc.

» Generic process redesign heuristics. parall elize sequence of mutually exclusive tasks,
unfold multi-stage review/approval loops, disintermediate or flatten projed
management structures, move processor data quality validation chedksto the

beginning, logically centralize information that can be shared rather than routed, etc.

In turn, ead of these taxonomies could be represented as hierarchically nested indices of
Web links to the mrresponding cases. Navigation through nested indices that are
organized and presented as a"portal” site is familiar to Web users. Typically, each
taxonomy indexes 60-120 case studies or narrative reports out of the total of more than
200that were found on the Web and studied (Valente and Scaachi 1999. This means that
some caes could appea in one taxonomy but not another, whil e other cases might
appea in more than one, and still others might not appea in any of these taxonomies if
they were judged to not possessthe minimal information needed for charaderization and
modeling.

Analyzing acquisition processes and related knowledge

Processmodels acaunting for software systems development or engineaing can be
analyzed in anumber of ways (Mi and Scacchi 199Q Scacdi and Mi 1997). These

analyses are generally targeted to improving the quality of the processmodel, aswell as

15



to deted or prevent common errors and omissons that appea in large models (Scacchi
1999. Nonetheless software aquisition poses additional challenges when analyzing

processmodels.

Firgt, it is necessary to analyze the ansistency, completeness traceaility and correctness
of multiple, interrelated processmodels (e.g., the &-is, here-to-there, and to-be models).
Thisis mewhat analogous to what happens in a software development projed when
multiple notations (e.g., for system specification, architedural design, coding, and

testing) are used, therefore requiring analysis aaoss as well as within, different software

model notations (Choi and Scaahi 1998.

Seond, it is necessary to acount for software processresources throughout the
aquisition redesign effort. For example, are resources that appea in an as-is process
replicated, replaced, subsumed, or removed in the to-be process? Acquisition process
redesign can change the flow of resources through a process and thus we want to observe

and measure these changes on processperformance

Last, one gproach to determining when domain-independent processredesign heuristics
can apply results from measuring structural attributes of the formal or internal
representation (e.g., a semantic network or direded attributed graph) of a processas
index for seleding processredesign heuristics (Nissen 1997, Nissen 1998 Scacdi and
Noll 1997). Eacd of these challenges necesstates further description and refinement, as

well as charaderizing how they can interad in a simplifying or complicaing manner.
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Analysis Approach and Results
The first challenge in analyzing processes for redesign points to threetypes of problems

that arise when processes (Choi and Scaahi 1998. First, consistency problems can
appea. These denote conflicts in the specification of several properties of agiven
process For example, atypical consistency problem isto have aprocess(e.g., for
Proposal Submisson) with the same name as one of its outputs (a proposal submission).
Thisis mething that occurs surprisingly often in pradice, perhaps becaise the output is
often the most visible charaderistic of a process Second, completeness problems cover
incomplete specificaions of the process For instance, atypical completeness problem
occurs when we specify a processwith no inputs. Such a processcan be @nsidered a
"miracle”, since @n produceoutputs with no inputs. Similarly, a processthat ladks
outputs denotes a "bladk hole", where processinputs disappea without generating any
output. Third, traceability problems are caused by incorrea specification of the origin of
the model itself: its author, the ayent(s) responsible for its authoring or update, and source
materials from which it was derived. Subsequently, a processmodel that is consistent,
complete and tracedle can be said to be internally corred. Thus, solving these model-

checking problems is required once processmodels are to be formali zed.

One of the main reasons Loom is interesting as a formal processrepresentation language
isits cgpability to represent the abstrad patterns of datathat arethe very definition of the
problems discussed above. This cgpabil ity isuseful in producing simple and readable
representations of model-chedking analyses. For example, it is possible to define

incomplete processmodel in plain English as "a processwith no outputs’, or asa
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bl ack- hol e. Thiscan be described in Loom as a processthat provides exadly zero
resources:
(def concept bl ack-hol e

:is (:and process

(:exactly O process-provi de-resource)))

Using the processmodeling representations discussed above, the user describes a process
model through Ontosaurus for processing by Loom. Then the system diagnoses the model
provided. One of the advantages of using Loom isthat once we define an instance, Loom
automatically applies its clasgfier engine to find out what concepts match and apply to
that instance This offers a big advantage, sincethere is no neal to spedfy an algorithm
for the analysis process instead, processmodels are analyzed automatically as a new
model is ecified. In addition, the dassifier performs truth-maintenance. Therefore, if
processmodel is updated to corred a problem found by the system, the classfier will
immediately retrad the assertion that the problem appliesto that process Thus, the

classifier automates this adivity for knowledge aquisition and updie.

In order to provide amore direct interfaceto the diagnostic processanalysis system, the
Ontosaurus browser was extended to dsplay two new types of pages. The first displays a
description of processin alessLoom-spedfic way (e.g., for reporting puposes). The
seoond displays alist of all problems found in the aurrent processmodel we input. Figure
3 shows a screenshot of the Web page mnstructed by the server to describe the problems

found in amodel of a sample process
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The other two chall enges for analyzing processes to support SFR can be aldressed with a
common cgpability that builds on the one just described. Since aformal representation of
a software processmodel can be viewed as a semantic network or direded attributed
graph, it is possible to measure the mmplexity attributes of the network/graph as a basis
for graph transformation, simplification or optimization. This means that measures of a
richly attributed "processflow chart” could reveal attributes sich as the number of
process $eps, the length of sequential process ggments, the degreeof parallelismin
processcontrol flow, and others (Nissen 1997, Nissen 1998. Subsequently, redesign
heuristics can be wded as patterns in the structure of a processrepresentation. Inturn, it
then becomes possible to cast a processredesign heuristic as a pattern-direded inference
rule or trigger whose antecedent stipulates a processcomplexity measure pattern, and
whose mnsequent specifies the optimization transformation to be goplied to the process
representation (Nissen 1998. For example, when analyzing a software processmodel, if
a sequence of process $eps has linear flow and the inputs and outputs of the steps are
mutual exclusive, then the process $eps can be performed in parallel. Such a

transformation reduces the time required to exeaute the redesigned process gquence

Thus, processanalysis for SPR can focus on measurement of attributes of a formal

representation of a software processmodel that is internally correct.

Simulating acquisition processes and related knowledge navigation
Software processmodels can be simulated in a number of interesting and insightful ways

using either knowledge-based, discrete-entity or system dynamics systems (ProSim 1999
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Scacchi 1999. However, isthere still need for another type of system to smulate

processes performed by processusers, and under their control?

When considering the role of simulation in supporting software processredesign a
number of challenges arise. For example, how much of a performance improvement does
an individual redesign heuristic realize? Will different processworkload or throughput
charaderizations leal to corresponding variations in simulated performancein both as-is
and to-be processmodels? How much of a performance improvement do multiple
redesign heuristics realize, again when considered with diff erent workloads or
throughputs? Can simulation help reveal whether all transformations should be gplied at
once, or whether they should be reali zed through small incremental redesign
improvements? As such, simulation in the mntext of software aquisition processes

raises new and interesting problems requiring further investigation and experimentation.

As suggested ealier, there is need to simulate not only as-is and to-be processes but also
the here-to-there transformation processes. Following from the results in the BPR
reseach literature, transforming an as-is processinto itsto-be wunterpart requires
organizational change management considerations. The processusers who should be
enacting and controlling the transformation processcan benefit from, and contribute to,
the modeling and analysis of as-is processes (Scaahi and Mi 1997, Scacdi 1999.
Similarly, users can reagnize possible processpathologies when observing gaphic
animations of processsimulations. However, the logic of the processsimulation may not

be transparent or easy to understand in terms that processusers can reaily comprehend.
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Conventional approaches to processsimulation may not be enpowering to people who
primarily enad software use processes (cf. Scacdi and Noll 1997). Instead, another
option may be nealed: one where processusers can interadively traverse (i.e., smulate)
anew to-be process or the here-to-there process via a omputer-supported processwalk-
through or fly-through. In such a simulation, user roles are not simply modeled as objeds
or procedural functions; instead, users play their own roles in order to get a first-person
view and feel for the new process This is analogous to how "flight simulators’ are used
to help train aircraft pilots. In so doing, user participation may raise ashared awareness
of which to-be alternatives make the most sense, and how the transformations needed to
transition from the a-isto to-be process $iould be sequenced within the organizaional
setting. As auch, simulation for SPR raises the need for new approaches and person-in-
the-loop smulation environments.

Simulation Approach and Results

Questions pertaining to smulated processthroughput performance or user workloads
before/after processredesign can already be aldressed by processsimulation tools and
techniques (ProSim 1999. No significant advances are required for this. Similarly,
knowledge-based simulation cgpabilities can be enployed to determine process
performance improvements when multiple redesign heuristics are used to creae
alternative scenarios for software processenadment (cf. Caron, Jarvenpaaand Stoddard
1994 Scacdti 1999. Nonetheless, the dhallenge of how to support the transformation of
as-is oftware processs into to-be redesigned alternatives is not addressed by existing

processsimulation approaches. Thus a new approac is required.
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One key requirement for managing the organizational transformation to aredesigned
software processis the engagement, motivation and empowerment of processusers. The
godl isto enable these users to participate and control processredesign efforts, aswell as
to seled the processredesign alternatives for implementation and enadment. Asthe
dired use of available simulation padages may present an obstade to many process

users, another means to support process management and change management is needed.

The gproach we doose wasto engage an aajuisition processuser community in a
multi-site organizational setting and partner with them in redesigning their acquisition
processes (Noll and Scaahi 200Q Scacdi and Noll 1997, Scacdi 2000. In particular,
we developed, provided and demonstrated a prototype wide-areaprocesswalkthrough
simulator that would enable the processredesign participants with a means to model,
redesign and walkthrough processes that span multiple settings accessed over the
Internet. With this environment, 10 processredesign heuristics were found applicable,
while the processusers chose 9 to implement (Scacdi and Noll 1997). In so doing, they
eventually achieved a factor of 10X in cycle time reduction, and reductions in the number
of process $eps between 2-1 and 10-1 in the software use processes that were redesigned
(Scacdi and Noll 1997). A processsimulator played a central role in the redesign,

demonstration and prototyping of these processes. How was this realized?

A Process Simulator Example

Process prototyping is a mmputer-supported technique for enabling software process

models to be enacted without integrating the tools and artifads required by the modeled
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process(Keller and Teufel 1998 Noll and Scaahi 200Q Scaahi and Mi 1997). It
provides processusers the aility to interadively observe and browse aprocessmodel,
step by step, aaossall levels of processdecmposition modeled, using a graphic user
interface or Web browser. Creaing a basic processexeaution run-time environment
entail s taking a prototyped processmodel and integrating the tools as helper applicaions
that manipulate processtask artifads attached to manually or automatically generated
Web/intranet hyperlink URLs (Noll and Scaachi 2000. Consider the following example

of a sample sequence of acquisition processadions displayed in Figures 4-8.

This processcan be modeled in terms of the processflow (preceadence relations) and
decomposition. It can also be atributed with user roles, tools and artifads for ead
process $ep. Further, as siggested above, the direded attributed graph that constitutes
the internal representation of the processcan be viewed and browsed as a hyperlinked
structure that can be navigated with a Web browser. The resulting cgpability enables
processusers to traverse or walkthrough the modeled process task by task, acording to
the modeled processs control flow. Thisin turn can realize aWeb-based or intranet-
based processsimulator system (Noll and Scacchi 1999 Scacchi and Noll 1997). In
addition, the lower right frame in Figure 5 dsplays areaord of the history of processtask

events that have transpired so far.

Using this processprototyping technology, we culd work with processusers to

iteratively and incrementally model their as-is or to-be processes. Subsequently, modeled

processes could then be interadively traversed usinga Web browser interface to the

23



resulting processsimulator. Processusers, independent of the time or locaion of their
access to the processmodel, could then provide feedbadk, refinement or evaluation of

what they saw in the Web-based processsimulator.

Simulators are successful in helping processusersto lean about the operational
sequences of problem-solving tasks that constitute asoftware process(cf. Kettinger and
Grover 1995 Scacdi and Mi 1997). Flight simulators have already demonstrated this
same result many times over with flight operations processusers (aircraft pilots). Process
walkthrough simulators can identify potential patterns of software processuser behavior,
aswell as potential performance or workflow bottlenecks in their use. This information in
turn can help to identify parameter values for a discrete-event simulation of the same

process However, this has not yet been attempted.

Overall, discrete-event and knowledge-based simulation systems, together with process
walkthrough simulators, constitute aleaning, knowledge sharing, measurement and
experimentation environment that can support and empower processusers when
redesigning their software processes (cf. Bashein, Markus and Riley 1994 Kettinger and
Grover 1995. Therefore, these processsimulation cgpabilities, together with other
organizational change management techniques, should help minimizethe risk of failure

when redesigning software processes used in complex organizational settings.

Discussion

Given this introduction to the design of an environment for reseach in software systems

aqquisition, an explanation of how software processmodeling, analysis and simulation fit
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it, and a demonstration of how it can operate through examples, there is gill more work
to be done. Thus, the purpose of this discusson is to identify some of the future needs

that have become gparent from this investigation.

First, whether deding with a legacy software processin a real-world setting, or when
browsing a processdescription found on the Web, capturing, formalizing or otherwise
modeling as-is processes is cumbersome. Part of the problem at hand is that many
organizations lac explicit, well-defined or well-managed processes for the aquisition of
software-intensive systems. Consequently, attention is often direded to focus only on
creaion of to-be alternatives, without establishing an as-is baseline. Without a baseline,
aqquisition processredesign efforts will increase their likelihood of failure (cf. Bashein,
Markus and Riley 1994 Kettinger and Grover 1995. Thus, there is need for new tools
and techniques for the rapid capture and codification of as-is ©ftware aquisition

processs to facilitate their redesign.

Seoond, there is need for rapid generation of to-be and here-to-there processes and
models. Acquisition processredesign heuristics, as well as the tools and techniques for
aaqquiring and applying them appea to have significant face value. They can help to more
rapidly produceto-be processalternatives. However, knowledge for how to construct or
enact the here-to-there transformation processin a way that incorporates change
management tedhniques and process management tools is an open problem. Further study

is needed here.
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Third, acquisition processredesign heuristics or transformation taxonomies may serve &
afoundation for developing a theoretical framework for how to best represent such
knowledge. Similarly, such a framework should stipulate what kinds of software process
concepts, links and instances ould be represented, modeled and analyzed to facilitate
aqquisition processredesign. Nonetheless there is also a practical need to design and
tailor processredesign taxonomies to spedfic software processdomains and
organizational settings. At this point, it is unclear whether heuristics for redesigning
software use processes are equally applicable to software a@uisition, development or
evolution processes. The same @an be said for any other combination of these types of

software processes.

Fourth, in the precaling sedion, software tools that suppat the modeling, analysis and
simulation of software processes for redesign were introduced. However, these tools were
not developed from the start as a single integrated environment. Thus their capabil ities
can be demonstrated to help elucidate what is possble. But what is possible may not be
pradical for widespread deployment or production usage. Thus, there isa need for new
environments that suppat the modeling, analysis and simulation of software processes
that can be redesigned, life cycle engineered and continuously improved from knowledge
automatically cgptured from the Web (cf. Brownlie et al. 1997, Maurer and Holz 1999

Scacchi and Mi 1997, Valente and Scacchi 1999.

Last, as highlighted in the results from research studies in businessprocessredesign (e.g.,

Bashein, Markus and Riley 1994 Caron, Jarvenpaa and Stoddard 1994, Kettinger and
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Grover 1995, and from first-hand experience (Scaahi and Noll 1997, Scacdti 1999,
processusers nedl to be involved in redesigning their own processes. Accordingly, the
temptation to seek fully automated approadhesto generating alternative to-be process
designs from the analysis of an as-is processmodel must be mitigated. The concern here
isto understand when or if fully automated software aquisition processredesign is
desirable, and in what kinds of organizaional settings. For example, there can be
aquisition processsituations where automated redesign may not be asuitable goal or
outcome. Thisisin organizaional settings where processusers ek empowerment and
involvement in redesigning and controlling their process s$ructures and workflow. In
settings uch asthese, the aility to access seach/query, seled and evaluate possible
processredesign alternatives through a through the system capabil ities described above
may be more desirable (cf. Scacti and Noll 1997). Thus the ultimate purpose of support
environment for aayuisition processredesign may be in supporting and empowering
process usersto dired the redesign of their processes, rather than in automating

aqquisition processs.

Beyond this, one of the goals of SFR should be to minimizethe risk of afailed SFR
effort. Solutions that focus exclusively on tedhnology-driven or technology-only
approaches to SPR seemed doomed to fail. Thus, there remains a chall enge for those that
exclusively choose the technology path to SFR to effedively demonstrate how such an
approach can succedd, in what kinds of organizational settings, and with what kinds of

skilled processparticipants.
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6. Conclusions

This paper addresses threeresearch questions that identify and describe what software
processredesign is, how software processmodeling and simulation fit in, and what an
approach to SFR might look like. SFR is proposed as atednique for achieving radical,
order-of-magnitude improvements or reductions in software processattributes. SFR
builds on empirical and theoretical results in the aeaof business processreengineeing.
However, it also builds on knowledge that can be gathered from the Web. Though the
quality of such knowledge is more variable, the sources fromwhichit is derived--
experiencereports, case studies, lessons learned, best practices and similar narratives--
can be formally represented, hyperlinked and browsed duing subsequent use or reuse. A
central result from the knowledge mlleded so far isthat SPR must combine its focus to
both techniques for changing the organizaion where software processs are to be
redesigned, as well as for identifying how software engineering and information

technology-based processmanagement tools and concepts can be goplied.

Software processmodeling, analysis, and simulation technology can be successully
employed to support SFR. In particular, knowledge-based tools, tedhniques and concepts
appea to offer a promising avenue for exploration and application in this regard.
However, new processmodeling, analysis and simulation challenges have been also
identified. These give rise to the ned to investigate new tools and techniques for
capturing, representing and utilizing new forms of processknowledge. Knowledge such
as SR heurigtics can play a eentral role in rapidly identifying processredesign

alternatives. Software processsimulation techniques in particular may require mwmputer-
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supported, person-driven processsimulators, which enable processusers to observe,
walk-through or fly-through processredesign alternatives. Finally, software process
modeling, analysis and simulation cgpabil ities that suppat SPR activities may need to be
deployed in ways that engage and fadlitate the neeals of users who share processes aaoss

multiple organizational settings, using mechanisms that can be deployed on the Web.

Last, we presented an approad to understanding, redesigning and evaluating software
aqquisition processes and related knowledge that utili zes Web-based tools for process
modeling, analysis, and person-driven simulation. Initial experiences in using these tools,
together with the business processreengineaing and change management techniques
they embody, indicaes that the objedive of order-of-magnitude reductions in aaqquisition
processcycle time and process $eps can be demonstrated and achieved in complex
organizational settings (Scaahi 2000. Whether results sich asthese can be replicated in
all classes of software processes--aaqquisition, development, usage, and evolution--
remains the subjed of further investigation. Similarly, other reseach problems have been
identified for how or where advances in software processmodeling and simulation can
lead to further experimental studies and theoretical developmentsin the at and pradice

of software processredesign.

Suppating the VISTA vision for reseach in the aquisition of software systems requires
the ability to collect, represent, and organize acessto online ase studies, heuristics and
formal processmodels from a Web-based information systems environment (Boehm and

Scacchi 1996 Scacdhi and Boehm 1998. Similarly, other research studies in the aeaof
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aqquisition, procurement, projed management and organizational transformation will
produceresults and knowledge in the form of online studies, heuristics or formal process
models (cf. Gebauer, Beam and Segev 1998 Hocevar and Oven 1998 Nissen 1997,
Scacchi and Noll 1997, Scachi 1998,¢). Thus, the exploratory asped of our reseach
was to evaluate, extend and refine the KWM S we prototyped and demonstrated by in a
manner that provides a mmmon solution to the three tallenge problems identified

above.

Conclusions
Overall, this research seeks to establish the conceptual foundation and baseline for a

Web-based, computer-suppated work environment that can support future reseach in
the aeaof software systems acquisition as outlined in the VISTA reports (Boehm and
Scacchi 1996 Scacdi and Boehm 1998. The proposed effort is a modest first step that
leverages the results from prior reseach in the aeaof software aquisition, Web-based
processmodeling and engineeing environments, software system engineeing, business
processredesign, procurement and Eledronic Commerce. It therefore proposes to build
on state of the at knowledge representation tools and techniques that have been
developed by others for R&D studies in military and non-military domains (Valente,

Russ et al. 199, Vaente and Scaahi 1999.
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