A Framework for Systematic Evaluation of Software Technologies

Alan W. Brown &

Kurt C. Wallnau

Software Engineering Institute
Carngjie Mellon Unversity
Pittsturgh, FA 15213
(awb, kew@sei.cmu.edu)

Abstract

Many oganizations strugle to mak informed
decisions when iuresting in ne softwae tedinolagies.
This paper gamines the mblems of ealuating the lilely
impact of a ne softwae tedinology within an
organization, and describes an important component of
sud an ealuation based on undganding the “deltas”
provided by the ng tedinolagy. The main contribtion of
this paper is a famevork for omganizing softwas
technolagy evaluations that highlights ténolagy deltas.
That is, the famavork centes on the pemise that ne
technolagies must be positioned within the comtef their
contempoaries, and analyzed dm the point of vig of
what thg contritute in elation to those asting
technolagies.

The tebnolaggy delta famevork is described, and is
illustrated though its application to the Object
Management Goup’s Object Mangement Achitectue
(OMA). Stengths and weaknesses of the apgr are then
analyzed, andeaquired futue work in this aga discussed.

1. Introduction

All organizations deeloping or using softare-
intensive systems must continually mekdecisions
regarding the selection, application, and introduction of

the long term déct on quality time to markt, and
overall cost of the aanizations products and
services when using thewméechnology;

the impact of introducing the wetechnology into the
organization in terms of training, and other necessary
support services;

the relationship of this me technology in the
organizations overall future technology plans;

the attitude and actions of direct competitor
organizations with respect to thiswmeéechnology

Based on these and otheacfors the @anization
develops an assessment of theelikreturn on imestment
(ROI) of using this n& technology While in mary
domains ®I has a well-defined meaning and is calculated
using established techniques and formulas, this is not the
case in the softare technology domain. Iradt, while
highly desirable, attempts at w#doping a general,
repeatable approach to the calculation of sarféw
technology ®I hare been unsuccessful. There are ynan
reasons for this, foremost among them being tHedlify
in establishing cause andeft when assessing the impact
of new software technologies within anganization.

Unable to generate a concrete prediction Off For a
new technologymost oganizations must instead obtain an
informed viev of the technology based on applying a
collection of techniques. While these techniques are mostly

new software technologies. Some technology decisions areinformal in nature (e.g., attending trade whp pilot

made &plicitly following a detailed xamination of the
alternatves (e.g., deciding on a standardra processor
within the oganization), while others are made implicitly
with little detailed study of the potential impact of the
decision (e.g., deciding to ignore axnproduct line from
an operating systemewndor). In all of these cases the

application, case studies) thenevertheless lead to an
“informed intuition” about the technology that can be used
to male a decision.

Performing technology valuations is an important
component of the role of Sofame Engineering Institute
(SEI). The SEI praides advice to its customers on current

organization is attempting to understand and balance asoftware engineering best practices, helps to transition

number of competing concerns gaeding the ne
technology These concerns include:

« the initial cost of acquiring the wetechnology;

promising technologies, and raisesaaeness of future
technology trends. One particulafeef undervay at the
SEl, calledSTEIM (Software Technology Evaluation,
Integration and Measurement), focuses orvetteping
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evaluation techniques and measures which are particularlytechnology ealuation are in use, and a numbevehheen
applicable to technologies that support gnégion of described in the sof@ve engineering literature. In this
systems comprised of fethe-shelf components. Our section we reiew the approaches commonly in use in
experiences withxamining a range of system igtation practice, and those described in the literature.
technologies highlighted the need for greater rigor in the

way in which our ealuation data ws collected and 2.1. Technology Evaluation in Practice

analyzed, and for a more systematic approach to planning, Today technology\aluations are typically carried out
executing, and interpretingvaluation results. @ address i an ad hoc ay, heaily reliant on the skills and intuition
these problems we Yadereloped a conceptual framerk of the staf carrying out the \aluation. By &amining
that can be used to cgwize the dilerent softvare  cyrrent industrial practice, and through sying existing
technology ealuations that are possible, and suggest a experience reports we can identify a number of approaches

method for carrying out a systematiakiation based on  that are being empyed by an ayanization. These
populating the frameork with the results of specific  gpproaches include:

experiments that keal information about a softse
technology

Briefly stated, the premise of ouraduation framerork

« obtaining objectie data on the technology by
documenting case studies at othejanizations;

. . . o » gathering subjecte opinions and »periences with

is that one &y piece of gidence needed by angamnization the nev technology by attending trade sim and by

is qualitatve and quantitate reports on technology conducting intervies or by sending out

“deltas”, i.e., descriptions of the impact of thewfeatures questionnaires toandors and users of the technology;
introduced by a technology asfeifentiated from features

found in isting technologies. Hence, in this paper we
describe a franweork that highlights techniques for ] I
identifying and describing these technology deltas, and for * demonstrating the feasibility of aweechnology by
defining focused application-orientedxperiments to executing a pilot project;

estimate the costs and benefits of these deltas in particular ® comparing a ne technology to xisting practices by
usage scenarios. conducting a shadwo project and xamining the

results of both approaches;

» conducting focusedxperiments to mitigte high-risk
aspects of a metechnology;

The remainder of this paper isganized as follas. o
Section 2 reiews eisting techniques that are used to * phased xposure to a ne technology by initiating
evaluate and compare fifent softvare technologies. demonstrator projects within a small part of the
Section 3 describes the technology delta fraark and its organization.
use in performing softare technologywvaluations. Section Sometimes an ganization focuses on one of these
4 provides a detailed case study of the use of the technologyapproaches, while at other times some combination of
delta framavork. Section 5 summarizes the main points of approaches is empled.

the paper and briefly describes futurerkwe plan to carry Regardless of the approaches used we find that what is
out in this area. missing is a well-deeloped conceptual framerk for
technology wealuation that allews the results of the
2. Current Approachesto Technology Evalu- evaluation to be considered in terms of what thisv ne
ation technology adds to theisting technology base. Rather

typical olanization carries out one or more of the
approaches abe, qathers ay resultant data, and forms an
intuition concerning thealue of that technologyt is our
assertion that much of the informality in interpreting the
results of ap evaluation is due to the absence of:

well-defined goals before starting on the
evaluation;

2. controlled, rigorous techniques for datatitering
when carrying out thevaluation;

Most oiganizations recognize the importance of
technology refreshment to imm® the quality of their
products and services, to be compeditiwith other
organizations preiding similar products and services, and
to remain attractie to irvestors in the ganization and to a
technology-oriented wrkforce. © stay in lbisiness an
organization must west in appropriate metechnologies.

Hence, careful decision making onamntechnologies is
essential to an ganization. Gien the release of an update

to an &isting technology or the aailability of a nev 3. aconceptual frameork for analyzing the data that
competing technologyan oganization must initiate an is produced in the conteof existing technologies.
evaluation process that prdes timely balanced While similar obserations hae been made [1], most

information on which an informed decision can be made. attention has been concentrated on the second of these
As a result, a number of approaches and techniques foissues, ploring the need for rigorous datathering and
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the use of quantitate software ealuation techniques (e.g., Second, in wrk by Bruckhaus a technology impact
[2][3][4]). In this paper we address the remaining ttlems model is defined and applied to agear CASE tool

by deseloping a conceptual framerk that allavs development [11][12]. The method pridles quantitatie
evaluation goals to be defined and the resultant data to belata on the impact ofwious CASE tool alternates based
analyzed in contd. on assessing the number of steps that are required when
carrying out a particular scenario. While the approach is
2.2. Technology Evaluation in the Literature valuable, it concentrates on impact purely as a measure of

A number of interesting papers on technology increasing or decreasing the number of process steps,
evaluation hse appeared in the sofare engineering i9noring the intrinsic &lue of the technology itself, and
literature wer the past fe years. In analyzing these papers &oiding ary attempt to compare peer technologies for their
it is useful to distinguish betweendwlasses ofvaluation relatve \alue-added.

which we can refer to as product-oriented and process-
oriented: 2.3. Summary

« Product-oriented: selecting among a set of products ~ T1he problem of ealuating softvare technology has
that proide similar functionality (e.g., a me been addressed with a wide range of methods and

operating system, design tool, oorkstation); techniques that addressfdient aspects of the problem.

« Processoriented: assessing the impact of avne 'Ou'r qamina_ttion of this \g;rk has found a number of
technology onxisting practices to understandvhit I|m|.ta_t|ons with respect tollts lack of a clegr framoek for .
will improve performance or increase quality (e.g., a defmmg.goals and analyzing results, :?md its focus on single
new design methodologyrogramming language, or ~Productinstances. Ourosk has been aimed atercoming
software Conﬁguration management technique). these limitations to pmde a Conceptual framerk that

Many organizations hee relatvely mature ealuation famhtate_s: _
techniques for the product-oriented decisions, and this is * setting of technology valuation goals based on

reflected in the literature of example, a number of papers understanding thealue-added of a metechnology
describe general producvauation criteria (e.g., [5]), approach;
while others describe specialized techniques whick tak  * use of a range ofvaluation techniques within an
into account the particular needs of specific application overall framevork for synthesizing the disparate
domains (e.g., CASE tools [6] or testing tools [7]). results obtained;

Process-orientedvaluation approaches address a more  * individual product ealuations that concentrate on
difficult decision &ced by an ganization which is trying their distinguishing characteristics in relation to their
to assess the potential impact of etechnology approach technology precursors and product peers.

as a whole, and to estimate the impact of that technology o
approach on the ganizations practices, products, and 3 1heFeature Delta Framework: Principles

services. Documented approaches in the literature tend to  and Techniques

focus on process impquent first (often based around the In order to determine thelue-added of a technolagy
SEl's Capability Maturity Model (CMM) [8] or ISO 9000 s ecessary to identify the features whictedéntiate a
standards [9]), with technology support a secondary cangigate technology from other technologies, and to

consideration. evaluate these dirential features (th&eature delta) in a
There are tw interesting xceptions to this approach. specific and well-defined application coxtteBut hav

First, a paper by Boloix and Robillard describes a systemdoes one identify and then assess feature deltas in a

evaluation framwork that preides high-leel information disciplined vay? Figure 1 pnddes a high-leel depiction

to managers about the characteristics of a soéwwystem of the technology delta framerk, an approach we &

[10]. The strength of the approach is that imMites a broad developed to answer this question.

shapshot of a system by considering a number ferdift

perspecties  (end-user developer and operators). 3.1, Technology Delta Principles

However, it aims at proiding a rapid high-teel review (for The framevork embodies a number of important

example, acomp'etem’v of_a system tags about an hour principles. First, of course, is the notion that the potential

and a half). Little detailed insight into the strengths and impact of a technology is best understood in terms of its

weaknesses of a technology in comparison with its peersaryre delta. That is, while all of the features of a

are either sought orvealed. technology are rel@nt to understand the technology and
how to apply it, to understand thalue-added of a me
technology it is essential to focus attention on its distiacti
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Figure 1: Bchnology Delta Eaduation Frameork

features, i.e., to diswger its \alue-addednith respect to
some other technologies.

Second, it is not sfi€ient to simply describe the
distinctive features of a technology; it is also essential to
evaluate these features in a well-defined and sharply-
focused usage comte The technology delta frawerk
exhibits a strong bias teards the use of rigorous
experimental techniques forvaluating feature deltas.
Specifically hypotheses are formed aboutwha feature
delta supports a defined usage ceintand &perimental

sufficient aspect of technologyauation. Our desire is to
robustly address the technical aspects of determining
valued-added, and le@a questions pertaining to, e.g.,
technology transition and return onvéstment, to
disciplines better equipped to deal with such issues.

In the following sections we describe the techniques we
have used in each of thevauation phases depicted in
Figure 1.

3.2. Descriptive Modeling Phase

The descriptie modeling phase addresses feature
discovery and impact prediction through thevelpment
of technology genealogies and problem habitats,
respectiely. The output of this phase is stuated
technology: models which describe twoa technology is
related to other technologies, and the usage xtnie
which it can be aluated. Situating a technology in a
technology mar&tplace and in a problem domain yides
a basis for identifying feature deltas.

The technology genealogy reflects tlaetfthat nev
technologies are most often minor impements of
existing technologies (inafct, this assertion represents a
capsule summary of the history of technology). As a
consequence, if we amt to understand a technology in
terms of its features, we need to understand the historical
and technological antecedents which led to tleéution of
the technology For example, to understand the unique
contritution of object-oriented programming technology it
is essential to understand its heritage in programming
language theory (data abstraction, polymorphism), design
theory (information hiding), and simulation and human-
computer interaction (modeling reabvd entities in
software).

However, the features of a technology alone are

techniques are then used to confirm or refute theseinsufiicient to understand alue-added; for this, it is

hypotheses.

Third, the framevork reflects and embraces the inheren
compleity, ambiguity and dynamism of the technology
marketplace. €chnologies are not static; nor doythesist
in isolation. A technology feature set is a function of the
way it is intended to be used, and a function of what
competing technologies prole, and both changever
time. The use of descripé modeling to analyze and
document the intedependencies between technologies,
and between technologies and their usage gtmtés
crucial to a disciplined technologyatuation.

Last, the frameork reflects a limited ot well-defined
objectve. There are man factors to consider when
evaluating a technologyfor example installation costs,
market forecasting, @anizational resistance, and other
non-technical considerations. eéMiev the technology
delta framwork as addressing a necessamyt ot

t

necessary to understandwhthese features will be used
and what benefits will accrue from their use—this is the
role of the problem habitat.oF example, the wrld-wide
web is essentially an irgeation of seeral pre-gisting
technologies (internet, graphical user iraed, scripting
language, protocols, angertet), and can be described
largely in terms of the features of these constituents. The
potential impact of the web, tvaver, is enormous despite
its modest lineage.olpredict this impact, the web must be
understood in terms of its potential use in electronic
publishing, entertainment, and direct sales to name.a fe

Our choice of terminology for denoting these models is
significant. There is an interesting analogy between the
task of describing technology features and usage xisnte
and the task of describing biological species and habitats.
In both cases we define species and technologies through
externally visible characteristics: morphology for species
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and features for technologyurther the characteristics we

Table 1: Primitives for Genealogy and Habit M odels

use for descriptie purposes, while not arbitrarare
selected because thare easy to use and arefwignt to

distinguish species and assign induals to species.
Finally, for Darwinians, there is a strong correlation
between these characteristics and habitat, both of which

change wer time.
The important point to note is that descriptimodels

are just that—theare descriptions of assumptions made by
the technologyaluator concerning the kinds of features
that are of interest, and their relationship to usage xtnte

that will later form the basis ofxperimental galuation.
There are no formal tests for the completeness or

consisteng of these models, nor should wepect there to
be. Instead, we should wethe descriptie models as a
foundation for a rigorous approach to describing

technologies, for achitng community consensus on the
key features needed to distinguish technologies, and for|

documenting thewaluation process itself.
Descriptve modeling has analogues in the field of

domain analysis [13]. Conceptsvieabeen bornwed from
feature-oriented domain analysis methods, in particular

Ontology Form Interpretation

Technology Node | A class of functionality, analo-
gous in meaning to “species.”

Specification | Node | A description of a technology
for its producers/consumers.

Product Node | Animplementation of a tech-
nology or specification.

Peer Link Nodes (of any type) that have
similar features.

Competitor Link Products or specifications that
compete in marketplace.

Problem Link Class of problems addressed

Context by a node (of any type).

Is-A Link Product or specification is an
instance of a technology.

Part-Of Link Bundled and/or separable
products or specifications.

ODM [14]. From ODM, notions of descrigé modeling,

domain genealogy and compavatifeature analysis are
borroved whole cloth. Unlie domain analysis, ever,

the descriptie models generated for technology deltas are
not end-products, Ut are instead used as guides for
structuring galuation &periments and for interpreting the
results of thesexperiments. Thus, we are less concerned
with formalizing the notation or the specific form of the
work products produced for descrigimodeling than are
practitioners of domain analysis.

Genealogies and habitats can be modeled as semanti
networks. While we hee not yet defined a rigorous
ontology for constructing such netvks—and beliee that
it is premature to do so—geral diferent node and link
types hae proven useful, and these are summarizied
Table 1. Nodes in these models represefergint ways of
thinking about technologywhile the links help establish
relationships between thesewgeof technologyand form
a basis for making assertions about feature deltahis
end it is also useful to annotate the links with feature lists.
For example, consider a ypothetical genealogy of
middleware technologies. In such a genealogydtis be
plausible to describe SoftBench [15] and FIELD [16] as
peers, this link could be annotated with the features that
distinguish SoftBench from FIELD.

1. Technology analysts should freely extend this ontology, but should be
guided by the principle that each element of the ontology should serve to
relate technologies, and ultimately yield feature deltas.

Examples of genealogy and habitat models argiged
in Section 4. W note here, heever, that these models are
co-dependent (as is illustrated in Figure 1). That is, it is
often necessary to delop these models iteragily, as the
problem-domain habitat suggests technologies to consider
while the technology-domain genealogy conditions our
ideas about which problems can be addressed.

§.3. Experiment Design Phase

The eperiment design phase is essentially a planning
actvity. The output of this phase is a set gpbtheses
about the w#lue-added of a technology that can be
substantiated or refuted througkperimentally-acquired
evidence, and a set of definegeriments that can generate
this evidence and that are of $igfent breadth and depth to
support sound conclusions gezding \alue-added. As
illustrated in Figure 1, three agties are inolved in this
planning: comparative anatomy, hypothesis formulation
andexperiment design.

Comparatie anatomy imolves a more detailed
investigation of features deltas. &vhae found that as
hypotheses are formed andperiments are designed
guestions arise that require a more detaileshrénation of
technology features; ceearsely these gaminations often
suggest ypotheses andkperimental approaches. It might
appear that comparati anatomy should be undentakin
the descriptie modeling phase as just another kind of
feature studyHowever, we placed comparag anatomy in
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the xperimental design phase because wee feanpirical
rather than purely descripé techniques for conducting
comparatre anatomy:

» reference model benchmarking for qualitatfeature
descriptions using ampriori feature wcalulary; and,

» feature benchmarking for quantitai feature
descriptions.

* suitable &perimental techniquesist to address it;
and,

* the set of fipotheses are didient to form a basis for
evaluating \alue-added.
The first item abee requires nothing more than
discipline and precision on the part of theleator The
third item is inherently difcult to validate, and perhaps the

There is no precise definition for what constitutes a Pest that can be done to ensure completeness is to establish

reference model; in our usage we consider a referencdraceability links from potheses to problem domain
model to be an annotated feature list. In some domainshabitat (which incidentally suggestsaarly detailed model

reference models lia already been geloped [17], often

of the habitat). The second item requirearifiarity with

exhibiting considerably more internal structure than mere Various ealuation techniques (referred to as “lab

feature lists. A reference model pides a ready to hand
vocalulary of features and, sometimes, their inter

relationships. By mapping peer technologies to these

techniques” in Figure 1). This topic is addressed in the
following section.

reference models using profiling techniques [18], feature 3.4. Experimental Evaluation Phase

descriptions can be normalized to a commooawlary,
and surprising questions are sometimes ased. Br
example, tvo competing technologies may be found to
provide complementary rather than whollyeslapping
services; this, in turn, may suggest compatibility

The ealuation phase is wherexmeriments are
conducted, »xperimental eidence is gthered and
analyzed, and ypotheses are confirmed or refutede W
have beyun to catalogue ddrent experimental techniques
that may be useful gén certain kinds of ypotheses,

experiments that address their combined use in a particularequirements for precision, andudget considerations.

problem setting.

Feature benchmarks are quanti@timeasures of
features in a conké-neutral setting: thequantify features
in terms that madksense for the feature and the technglogy
but in a vay that is independent ofyproblem domain. @
illustrate, for middlevare products we might measure
message throughput undeaarious load conditions. Such
benchmarks may represent wegbdtheses, i.e., the kinds
of load factors that will influence performanceytithese
hypotheses need not bepdicit nor tied to the problem

domain habitat. As with reference model benchmarking,

feature benchmarking may veml properties of a
technology that suggestyotheses about its use in a
particular problem setting.

These are described, belo

Before describing these techniques, we note that there
are collateral benefits to empglog a hands-on, problem-
domain-situated valuation of a technology kend the
rigorous accumulation of data.oféemost among these
benefits is that thevaluation produces as a siddeet a
competence in the use of the technologipreover, we
have found that ypotheses often focus on critical usage
issues, e.g., design and implementation issues, and that
experiments yield not just confirmation or refutation of
hypotheses, it also yield insights into the optimal use of a
technology to address these underlying critical issues.

Model Problems
Model problems are namdy-defined problems that the

Examples of reference model benchmarking and featuretechnok)gy can address, and that canxb@eted from, and

benchmarking are pvaded in Section 4. At the risk of
overextending the biological metaphor reference
modeling and feature benchmarking can be thoughtiof as
vitro analysis—“in an artificial efronment, outside the
living organism’f2 In contrast, the »@erimentally-based
evaluation phase can be thought of a#iving in vivo
benchmarking—"within a liing omganism” (i.e., in actual
problem settings).

There is not much to say abouytplothesis formulation
and eperimental design other than to note that a
hypothesis needs to be carefully crafted to ensure that:

« it is refutable from eperimental eidence;

2. From the American Heritage Dictionary.

to some rtent understood in isolation of, broader
considerations of an application domain. Examples of
model problems might include determining schedulability
in real time and manatturing domains; and irgeating
applications with independent control loops in the
component intgration domain. The virtues of using model
problems is that thyeprovide a narra evaluation contet,

and that thg allow a direct comparison of alternai
technologies in a ay that might be tooxpensve to do in

a broader setting (e.g., through demonstrators).

Compatibility Sudies

Compatibility eperiments are the complement of
model problems: rather than determiningwvha single
technology behss in a narn problem conte,
compatibility eperiments are intended to determine

This paper originally appeared in the September 1996 issue of |EEE Software



whether technologies interfere with each other or required to acquirealid synthetic loads—an, this could
optimally, whether the can be déctively used together require instrumentation okisting applications. Synthetic
Compatibility eperiments are particularly useful if a benchmarks are ddrent from feature benchmarks
technology might be inserted into an established precisely in the dgee to which such problem-domain
technology baseline where interactions between tlhe ne specific fctors are included in themeriment.

and established technologies are suspected. Compatibility

experiments can also be useful if competing technologies3.5. Summary of Key Points

provide disjoint features in addition toverlapping The ey idea behind the technology delta framoek is

disjoint features can be used withouting overlapping factors:

features interfere. 1. understanding o the ealuated technology

Demonstrator Sudies differs from other technologies; and
Although narravly-focused e&periments may real understanding he these diferences address the
mary interesting characteristics of a technoldfgre is no needs of specific usage cort&for the technology
substitute for trial applications of a technology in a real- . : . .
Our emphasis is on deloping rigorous techniques to

life, scaled-up application setting. Although full-scale ) : ;
cliemonstratolrjpappﬁipc:a\tiolns can begpensi/e ug pr:perly address both. These techniques include a range of informal
' descriptve modeling techniques for documenting

designed demonstrator can asleiesome of the scale ' )
factors needed to stressstest a technology underassertlons about the nature of a technology and its usage

investigation, while &cluding other &ctors. Br example, contad, and mare empirical techniques for conducting

system documentation could be dispensed with; reliability experimen?s. _ .
and performance might be win-played (assuming these ~ The main virtue of the technology delta approach is that
were not crucial to an hypothesis)_ Neertheless, it pl’O\/IdES a frameork for analyzmg and dESCI’IbIng

demonstrators may require a substantial commitment ofinherently subjectie aspects of technologyaduation, and
resources by an ganization, and this phase of an for Ilnklng Subjecl‘i/e assertions to Objeﬂﬂl data. A
evaluation will probably be deferred until it is determined Secondary virtue is that thegerimental methodology also
that a technology has a reasonablelifood of success. yields a competence in the technology and its use in

An important point to note is that we distinguish a sharply-focused application settings.

demonstrator study from what is commonly referred to as a L
pilot project. In our viaw, pilot projects are intended to be 4 Application of the Technology Delta
initial full-deployments of a technologyln contrast, Framework to OMA and CORBA

demonstrators, as noted abpmay elide some otherwise To illustrate the technology delta framark we

essential engineeringfefts. A further distinction between  gescripe its application to one technology that has direct
demonstrators and pilots is that demonstrators (at least imyearing on softare systems ingzatior?, and that has also
the technology delta parlance) remain focused on thepeen the subject of considerable media attention and
distinguishing features of a technolody other vords, a speculation: the Object Management Grsumbject
demonstrator may deliberatelyaggerate the use of some Management Architecture (OMA) [19]. MNin recent
features of a technology in a problem setting in order t0 months implementations of the OMA and its more widely-
expose its strengths and deficiencies. In contrast, pilotyngun component, the Common Object Request Brok
efforts will be driven instead by optimal engineering trade- architecture (CORB) [20], hare begyun to appear in the
offs. marketplace. Hwever, there are mancompeting claims in
Synthetic Benchmarks the literature and amongxmerts in object-oriented
Synthetic benchmarks may only be useful to a marro technology middlevare technology and operating
range of problem domains. Synthetic benchmarks aresystems, about what is unique about the OMA, avd ho
primarily useful in &amining technologies that earun-  €effective it will be in \arious problem domains. Itas, in
time aspects, and where the problem domain can bePart, to answer such questions that wegabe to
simulated. Br example, in galuating a middiware  Systematically inesticate the OMA technology delta.
technologytest messages can be injected into a command In the folloving discussion we describe wothe
and control system to simulate system operation in normaltechnology delta frameork has guided ourvaluation of
and crisis modes. Synthetic benchmarks may fiewifto
conduct without a prexésting application that permits
such instrumentation. Also, considerabléogf may be

3. Our project is centered on software component integration as a topic of
investigation.
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the OMA and CORB. We highlight aspects of the
application of the franweork that resulted in a meor

clearer understanding of the OMA. The description Integration

concentrates on kothe framavork has been used and Microsoft OLE Framevork

omits man of the results of thevaluations themseés. eer is-a

These details are prinled elsahere [21][22][23]. Technology
oI [21]f2][23] p(;irer OMA[™ 52— Specification

. . A
4.1. OMA/CORBA Descriptive Models* SCE part-o
The ley elements of the OMA are depicted in Figure 2.

CORBA| is-a [0O Architecture
eer R
SCERPE P Description Lang.
[DCERPC™ . |

Application Common
Objects Facilities
ommon Object Request Broker Architectur Figure 3: OMA/CORR\ Genealogy
(CORBA)
and CORR\ as well as the role each can play in a system
t integration efort.
Common A number of more subtle points are made by the
Object genealogy The concepts relating to OMA via “is-a”
Services (COS) relationships are not necessarily technologies, rather
are @ocatve of properties that may be significant in
Figure 2: The Object Management Architecture evaluating the OMA. @ illustrate, the OMA is-a

technolagy specification’relationship implies, minimally

CORBA is a communication infrastructure that enables that implementations Qf?':he OMA need to conform to an
clients to locate and makrequests of (possibly remote) authoritatve specification The ‘PCTE is-a teknology

objects. There are difrent classes of objects within the spgcification’ﬁ also implies conformance rules. Wever,
OMA. Common Object Services (COS) are objects that While both OMA ‘and PCTE [24] specifications define
provide widely applicable services, e.g., transactiovepe ~ tions of conformance, both do so irfeliént vays. Both
management, and persistence. Commauilfies are the.com'mon features of technology speC|f!cat|ons and their
objects that prade useful it less widely-used services, variant interpretations by peer technologies (e.g., PCTE)

e.g., electronic mail. Finallyapplication objects are are reealing about the OMA.
application-specific, and are not (at this time) a subject for ~ Another point verth noting concerns peer relationships,
standardization within the Object Management Group. and what these relationships impyd do not implyFirst,
Note that in the follwing discussion, the OMA acrgm an assertion that MicrosaftOLE [25] is a peer technology
will be used to refer to all of the elements depicted in to OMA implies that there are some features in common
Figure 2, while the CORBacrorym aways refers only to ~ between both technologiésThe relationship does not
the communications infrastructure of the OMA. imply, howvever, that there is a substitutability relationship
between OLE and OMA—that is an entirely feient
4'1'1_ OMA/COR,BA Genealogy assertion. This seeg as a warning to analysts: the open-
~Figure 3 depicts the OMA genealogffhe most  gnged nature of genealogy and habitat models does not
significant point made by the genealogy is that CBRB  jmpjiy a lack of precision in the models; the relationships
and the OMA are, to somatent, separable technologies. ghq(1d be documented and used in a consistfidn.
To those &miliar with these technologies, this point is This is essential if the models are to sem role in

neither subtle nor profound; yet, in outperience, een providing a rational foundation foxgerimentation.
enlightened technologists confuse the details of the OMA

5. Other properties, such as the manner in which specifications are defined
and evolve, may also be significant and are relevant to this illustration.

6. Some relationships are not shown in the interest of clarity.

4. In the following discussion we provide a very brief overview of the 7. More accurately, there are common features between both technology
OMA and CORBA. Readers wishing further details on either should con- specifications. As with the PCTE illustration, understanding how OMA
sult [19][20]. specifications differ from Microsoft's specifications can be revealing.
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412 OMA/CORBA Habitat facilities for document managementvbdeen defined and
Figure 4 illustrates a portion of the OMA habitat. In are implemented.

general a habitat will be more comypldhan a genealogy On the other hand, if document management

and care must be tek to balance thoroughnessaagt architectures were our concern rather than component

compleity. With this in mind the concepts that are missing integration, we might find it useful to conduct a

comparatre feature study of the OLE component object

model and the CORBobject model. This might lead to a

is-a Component better understanding of the strengths and weaknesses that

ﬁ Integration the OMA might &perience if it were to form the basis of a

document management architecture. Although we did not

E?Jti\r,\c,)ar:ﬁqem %’g‘.‘&?m undertale this more detailed comparison of OLE with the
Integration Integration OMA, we did use the genealogy and habitat models to
r'y 7'y Interworking develop more detailed feature comparisons between the
roplem  problem roblem Object OMA and PCTE, ®olTalk [26] and remote procedure call
Technologie (RPC). Some of these studies are highlightedvioelo
| PCTE|
: : 4.2. OMA/CORBA Experiment Design
com3itor Object-Oriented . .
Aoart-of | System Design We conducted arxéensive comparatie anatomy of the
and Specification OMA and seeral technologies identified in the OMA
DCE/RPC CORBA genealogy and habitat. A sampling of oup#gs, and their
competito Interprocess influence on the wvaluation, are described belo For

Communicatior]

flueng/ of exposition, discussion of concretgpotheses
and eperiment designs is deferred to Section 4.3, where
actual eperiments are described.

Reference Models
We deeloped a number of featurevtdd reference

from the habitat are just as significant as the concepts thaffodels that described the OMA in terms of related
appear: the habitat is an assertion by the analyst about thééchnologies. Although each technology that appears as
features of a technology that are of interest. Thus, although€ither a peer or a competitor in the genealogy and habitat
it can be agued that the OMA addresses a problem ognte Should also appear in a reference model, for practical
concerned with desloping object-oriented patterns and considerations our vestigations focgsed primarily on
framavorks [27], this problem comtéwas not of interest ~ feature comparisons of the OMA with PCTEqolTalk,

for our investigations. Instead, our interests were in the use and Sun/RPE
of the OMA to support component igration,

bl
ToolTalk {)%t@(t

Figure 4: Elements of the OMA/CORBHabitat

interworking object technologies, and object-oriented enforcement
systems deslopment. framework
. . . administration process
The OMA habitat also illustrates that it is often useful to management

extend the model lyond the immediate technologies of
interest in order to obtain a deeper understanding of the
technology being waluated. Br example, it is often communication
thought that the OMA and MicrosdtOLE are competing
technologies; indct, there is some truth to this. aver,
upon a deeper westication of both (dwen by the need to
substantiate this assertion in the habitat), it geubrthat _

. . . object
the OMA addresses component gragion in general, management
while OLE addresses a more limited form of component prg;ing
integration centered on document management. The OMA
habitat asserts an “is-a” link between the OLE and OMA
problem contets to capture this subset relationship. The
consequence of this obsation on our ealuation vas to
defer xperiments relating to the OMA/OLE feature delta
until such time as a didient range of OMA common g, we did not have an implementation of DCE/RPC available to us.

user
interface

Figure 5: CORB\ Mapping to NIST Software
Environment Frame&ork Reference Model
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We constructed one form of reference model by that might arise between the technologies inyarid
mapping CORB. to a reference model of sofane CORBA/PCTE system (e.g., resource contention), or
ervironment intgration frameork technologies [17]. &/ experiments for determining ko features might be
emplojed a tvo-step mapping process of first mapping effectively combined. Determining ko features of the
features found in the reference model to C@R&nd then OMA and PCTE can be combined mightvagpractical
mapping CORB. features to the reference model. The first importance in a lge-scale applications that has to satisfy
step identifies the features CORBhares with softare a wide-range of sometimes competing requirements (real
development ewvironment intgration framevorks, while time vs. distribted processing, interaetiness vs. dult
the second step highlights features of C@R®t found in tolerance, etc.). In such cases, \kierige of hev and when
ervironment frameork technology A summary of the to delgate features among a range o¥eapping
reference model-to-CORB mapping is illustrated in  technologies can be crucial to meeting application
Figure 5 (with the outer rings corresponding to “greater requirements. & example, a real-time or highly secure
correlation”). Full details of this mapping are yided in application might use an ORB to beskcommunication
[28]. links that mak use of specialized communications

This kind of rough sumy can be ery useful in focusing ~ hardware and softare that are not managed by the ORB.

analysis dbrts to particular classes of features; the Feature Benchmarks

mapping illustrated in Figure 5 led uswards more We found feature benchmarks to be useful for
detailed Comparisons of CORBwith communications understanding performancean'ations among dérent
mechanisms (@olTalk and RPC, for instance) and object vendor implementations of the CORBpecification, and
management mechanisms (PCTE, for instance). It is alsoalso for understandingaétors in the implementation of
useful for conducting comparedi descriptions of  object request bras (ORBS) that influence performance.
technologies. Consider the feature mapping illustrated inwe also found it xtremely useful to compare the
Figure 6, which superimposes a mapping of PCTE onto theperformance  characteristics of these C®RB
CORBA mapping. From this mapping an analyst can jmplementations with a commercial implementation of
postulate that a system might realise of PCTE services  RPC, in order to test our assertion that RPC and GORB
for policy enforcement (e.g., security pgljcwhile using  are both peers and competitors. Details of these
CORBA services for intepbject communication. penchmarks and an analysis of the results can be found in
Corversely the analyst might postulate that there is [21]. Figure 7 illustrates one such feature benchmark,
sufficient overlap between object management services thatwhere we compared the performance of three CORB
a tybrid PCTE/CORB system vould need to defer all  jmplementations and Sun/RPC. vBml other
object management functions to either PCTE or CARB  performance-oriented benchmarks were created gt/
order to &oid feature collision. the number of objects, the size of messages, etc. In still

policy
enfor cement

framework _
administration i process

communication

user
interface

CORBA
Services
PCTE
vices operating
Overlappi
B Qucipns e

Figure 6: Oerlapping and Disjoint Services

clients

However, neither the reference model nor mappings _
derived from it are stiiciently rich in semantics to support Figure 7: Sample Feature Benchmarks
or refute these conjectures. This suggests the design opther benchmarks, additional interprocess communication

experiments (in the form of compatibility studies) that are technology vas introduced, such as Sun/Setsk
focused on determining the kinds of feature interactions
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We also note that there are some practical benefits tgproblems: interprocess communication and disted
writing feature benchmarks quite apart from the systems problem conts hae maly knowvn model
guantifiable data produced by the benchmarks. The mosiproblems. Br our irvestigations the model problems of
significant of these benefits is that feature benchmarks carnnterest were dered from the tool and soffave component

be viaved as ery simple applications (in terms of structure
and algorithms). As such, therovide a relatrely low-cost
means for the analyst to acquire “hands-orpezience
with a technology We found these simple benchmark
programs to be quitevealing of seeral dimensions of the
CORBA specification, including code portability
inconsistent concepts visible to client writers and object
service praiders, deficient administrag and security
aspects of ORBs, and issues of theustbess of the ORB

and ORB-based applications, interactions between the

ORB and the host platform and operating system,
associated softare deelopment tools, and so on.

4.3. OMA/CORBA Experimental Evaluation

The descriptie models and comparati anatomies
provided us with a good idea of the OMA feature delta:
those features that distinguished OMA and CBRB®mM
PCTE, DolTalk and RPC (to name av® In addition, we
also had formulated geral typotheses concerning Wwo
this technology delta@uld behae in our selected problem
domain (i.e., intgration of lage-scale, dfthe-shelf
software components). The xtestep vas to define
experimental scenarios thatowid allov us to apply the

OMA feature delta under controlled circumstances, and to

test our lypotheses. Thesageriments and their results are
described in high-leel terms in the follwing paragraphs.

Before proceeding we note awpoints. First, we
designed quite a ¥& more &periments than we had the
resources to ultimately carry out.eVguspect we are not
alone in haing resource constraints—ever, the

experiment design process is useful in and of itself, and

even those xperiments not conducted werevealing.

Second, in the interest of space we do not describe all of the

experiments we conducted, only a sampling that we\melie
are rerealing of the technology delta method.

4.3.1 Model problems

Model problems can be deed from a number of
sources identified in the genealogy and habitait F
example, the CORRB genealogy asserts that CORBs-a
architecture description language (ADL). A ppéséing
set of model problems for sofane architecture isvailable
[29]; similarly, a set of model problems for soéve
architecture description Iangua@és also #mailable [30].
Problem contets are also a ready source of model

9. The OMA Interface Definition Language (IDL) is sometimes referred
to as an architecture description language—this is the meaning of the
placement of ADL’s in the OMA/CORBA genealogy.

integration problem conie.

Experiment Overview

The model problem we describe here concerns
architectural mismatch [31]. The essential problem is that
reused, dfthe-shelf components embed rgantegration-
time and run-time assumptions about their usage xtsnte
and often the assumptions made by one component are
inconsistent with assumptions made by others. One
common manifestation of architectural mismatch concerns
the locus of control in an application comprised of ynan
different lage-scale components, i.e., who is in ¢ear
There are manmore kinds of manifestations.

Hypotheses

Architectural mismatch comprises a wide-range of
experimental scenarios anggotheses, and this is still an
active area of xperimentation within our project—for
example, to classify and catalogue techniques for vémgo
architectural mismatches. From paspe&rience, we kne
that remeing architectural mismatches often requires
intricate, lav-level code. Gien the claims that CORB
could be used to encapsulate and grate Igacgy
applications, we wished toamine the déct of CORB\
on this code. In particulawe wished to determine the
sensitvity of architectural mismatch solutions to ORB-
vendor features. Ourypothesis w&s that endorspecific
features wuld hae a minor d€kct on implementation
stratgies to architectural mismatch. Supporting or refuting
this hypothesis is important for our project so that we can
determine to whatxtent our documented techniques for
architectural mismatch-renal are ¥endorspecific.

Experiment Design

Our &periment design irolved the intgration of a
CORBA object implementation with a graphical user
interface (GUI) into a singlexecuting process'.L.O CORBA
object implementations typically & esent loops that
accept requests for services from arbitrary clients; GUI
components hae event loops that manage displayeats.

For our eperiments we usedk/wish [32] as the GUI
component; the object service igtated with the GUI w&s

a simple tvo-dimensional array that alled clients to put
and get wlues at specified locationseWsed tw different
commercially sailable ORBs, and deloped a model
solution using one ORB and attempted to “port” this
solution to the second ORB. Thigperiment illustrates the
essential characteristics of the problem without introducing

10. Other experiments were performed where the components did not
share a process address space.
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extraneous details—the functionality of the final grated Manufacturing Engineering Laboratory (MEL), Sandia
application is twial while the intgration requirements are  National Laboratories, and the SEI. NIST/MEL has long-
not trivial and are a alid representation of a potentially standing interest in impwing the state of manatturing
challenging intgration problem. technology in particular inolving the use and ingeation

of manufcturing-related softare technologies. Sandia is
involved in the design and maaeture of high-perfor-
mance materials, and thus has similar interests from the
consumesside.

Experiment Results

In brief, the eperiment cowincingly refuted the
hypothesis. W discoered that component imgeation
within a single address spacgesed a wide range of ORB
vendorspecific idiosyncracies, and the solutions we  The manudcturing processes required tovaa prod-
selected for one ORB were not implementable in the .other uct from concept to realization are mpaand \aried, often
Although we knw that the OMA does not support source requiring highly-specialized computing resources. Inynan
code portability for object implementations, thdeamt of cases these resources are independent of the underlying
the \ariation between our tsvmodel solutions as more application domain—manag€turability analysis for auto-
dramatic than we had anticipated. In postmortem analysismotive parts and ashing machine parts are quite similar
of the xperiment, we determined that ibwld have been Some belige that a breakthrough in maaafuring efi-
possible to implement a model solution that, with some cieng/ can be achied if these “horizontal” resources are
minor re-programming, ould work on both ORBs. freed from their gisting “vertical” marlet confinements,
However, this uniform solution wuld be considerably  and allaved to deelop in the free-magk. The challenge is
more complg than either ORB-specific solution, and we how to re-assemble these horizontal specialtiesvintaal
would only hae lov confidence that the uniform solution enterprises—specialty companies collaborating in et
would be applicable to a third ORB with afdient set of cal manuécturing enterprise. Among other things, virtual
vendor features. enterprises require technology infrastructure to support:

Regardless of the specific interpretations of our « the intgration of separately-geloped, specialized,
experimental results, a great deal of information about the  computeraided manuwdcturing technologies;

OMA and its gemplar implementations were dexd with
modest cost and delopment &brt (on the order of 200
source lines of C++ for each model solution). Thielef
effort is probably an indicator of a well-constructed model
problem. » fee-forservice brokring of computebased services to
enable competition for specialized tools and skills.

» geographical distriltion of computing resources, and
support for heterogeneous computingviEsnments;
and,

4.3.2 Demonstrators

Ultimately, the impact of a technology is felver the In short, virtual enterprises will rely increasingly upon
full range of issues related to applicationvelepment.  information technology such as distrted object technol-
Experienced softare engineering practitioners are well 0gy. This &periment focused on the use of the OMA to
acquainted with technologies that pide leverage early in ~ support flaible integration and wide-area-disttibion of
a softvare life g/cle only to introduce more compelling legacy manuécturing engineering design components.
problems later in the delopment gcle. The model  Hypotheses
problem just describedas intended to focus on relatly In contrast to the model problem describedvabaur
narrov aspects of the OMA. In contrast, demonstrators are concern in this speriment vas less on ORB endor
intended to reeal the broader characteristics of a gpecific issues and more onvh®MA-defined features
technology when it is applied to a represeméati sypported a specific class of igtation problems. Our
“complete” problem in an application domain. hypothesis was that, as compared to RPC-based

We hae deeloped tvo OMA demonstrators: (1) approaches, the OMA feature deltauld result in an
integration and wide-area disttition of a collection of integration framevork that would:
legagy software components, and (2) an open, diatsl- « be more abstract and thus easier to maintaislve
object-based wrkflow process definition and enaction and standardize:
framawork. For reasons of space limitation only the first is
described here; details of the second are documented
elsavhere [23].

» be more flgible with respect to component location,
coordination, and other run-time concerns;

_ _ » better address systema# issues such as data
Experiment Overview management, persistence, and transactions.

This experiment vas conducted collaboragly by the
National Institute of Standards anechnology (NIST)
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We also were concerned that OR&adors did not
uniformly implement OMA features end CORB\, i.e.,
CORBA products need not be ubdled with

measure, the first part of ouygothesis was sustained.
However, we discoered that in practice delopers will
require an een richer set of object services than currently

implementations of common object services or common defined; it remains to be seen whethemdors will as a rule

facilities (refer to Figure 2). Therefore, ouyplothesis
further stipulated that OMA services not pided by an
ORB endor could be either partially- or fully-
implemented by application dgelopers with only a modest
increase in application delopment ebrt'®,

Experiment Design

Our eperiment design wolved the intgration of
several Sandia-pndded manudicturing engineering design
tools. The intgration &periment focused on the use of
adwanced OMA features, rather than a more pnmiti
RPC-like use of CORB, thus:

» an object model for the engineering designvaas
comprised by the toolsag modeled in CORBIDL;

» OMA services such as persistence and relationship
were used for the object model to support long-
running, wide-area distritted design sessions;

» the Sandia tools were “wrapped” to fit into the
distributed object model, rather than wrapped to
export tool-specific functionality and distribited
across dierent sites (at the SEI and NIST); and,

e an end-user virtual inteaate vas implemented to
malke the location and identity of the Sandia tools
transparent.

We sletched a paper design of this system using simple

RPC primitves to establish a compaxei(if hypothetical)
baseline; we went saiff to gve RPC the “benefit of the
doubt” that we used CORBIDL as an RPC intedce
specification language, rather than the more pumiti
specification languages supported by mogstemg RPC
implementations.

As a whole, the »periment design addressed the

hypothesis as well as the underlying application domain

(virtual enterprises for maradturing). The total &rt

devoted to the main design and implementation phase of

the demonstrator & approximately six person months,
applied by tvo software engineersver a period of three

months. This \&s substantial enough to construct a non-

trivial demonstrator
Experiment Results

The major elements of the OMA feature delta—object
services and an object-oriented inded description—pro-
vided an gcellent foundation for designing and imple-
menting distrilbited component-based systems; irgdar

S

provide implementations of these servicese Were also
able to cowmincingly refute the second part of oypothe-

sis: we demonstrated that custom implementation of OMA
services such as relationship management is impractical,
and the use of non-standard services, sucleadorspe-

cific persistence mechanisms, introduces additional prob-
lems, such as coding compity and non-orthogonality
with OMA concepts.

As with all of our &periments, a wide-range of practical
results bgond the immediateyipotheses were established.
From this &periment we disoered a wariety of softvare-
architecture relatedatets of the OMA. In particulawe
discovered the dinity of OMA concepts, when applied to
wide-area component irgeation, to a fbrid repository-
style [35] and structural style [36].&\Vvere able to demon-
strate hav this hybrid style addressed myaof the technical
requirements for flable, evolvable wide-area component
integration; and, furtherhow it addressed the sometimes
ambiguous, inconsistent or incompletely-specified run-
time semantics of OMA specifications.

4.4. Summary of Key Points

The OMA is an interestingxample of a n& class of
technologies that marbelieve will have a major impact on
the design and implementation of distitied systems. In
order to iwvesticate this technology we ha carried out a
wide range of studies anaperiments that help us t@ig
insight into the technology’strengths and weaknesses.

The technology delta fram®rk played an important
role in this technology irestication by:

» separating the ddrent ealuation

manageable pieces;

 suggesting an ordering, or methodolofyy carrying

out different kinds of ealuations;

« allowing the information collected to be considered as
part of a lager picture that prodes a more complete
understanding of the technology

tasks into

5. Conclusions and Future Work

While the @aluation of softwre technologies is seen as
a vital task in mayorganizations, most ganizations carry
out those ealuations without clearly defining their goals
and &pectations, and are haly reliant on the intuition
and eperience of personnel performing thenk. In this
paper we hee presented the basis for a systematic

11. We did not actually believe this, but it is often more useful to state a approach to softare technology valuation focused on

hypothesis in an affirmative tone and then falsify it, rather than the stating establishing the contrition of that technology in relation
a negative hypothesis and attempt to prove it.
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to it peers and predecessors. This approach has beeh.

illustrated through its application to the Object
Management Group’OMA and CORB. technologies.

A number of limitations and weaknesses of the current

framavork remain to be addressed. Specificalye
recognize the need for further védopment of the
technology delta franveork in the at least the follding
areas:

 Additional rigor in the modeling of genealogies and
habitats. The current semantic nets approactviates

great flibility, but at the cost of some precision and

repeatability We hope to further define the modeling

language in these areas through further application of

the framevork.

* Improved integration of metrics techniques. The
ultimate goal of ap evaluation is to define and apply
appropriate quantitatt techniques that vyield
objective data on which to base a decisiore Wdpe
to examine the technology delta framark as an
opportunity for cilitating greater use of quantitai
metrics within technologywvaluations.

 Application to a wider set of technologies. Currently
the technology delta fram®rk has only been applied
to system intgration technologies. While wegect

the concepts to be readily transferable to other

domains, this assertion must kedidated through its
application to candidate technologies.

The technology delta fram®rk was created through
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analyzing the methods that we had been using for a range

of technology waluations in the area of systems
integration, culminating with ourvaluation of OMA and

CORBA. Currently planned is further application of this
frameavork for the ealuation of other classes of system

OMA in domains other than component gntation (e.g.,
real-time, reliable systems). It ispected that these future
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