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Abstract

This paper describes the development of a fundaaitemiovel project representation. It explains thgonale
behind this new approach and discusses the prolfred by organizations undertaking the developroént
large, complex projects.

Parallels are drawn between Computational analygsissuch as Computational Fluid Mechanics (CFQ) an
project management networks.

The paper discusses the use of this new represeniatplemented as a software tool and reportslprs the
experiences of using it on major industry projects.

Introduction

The great Italian mathematician Fibonacci (Gillesfdi971) is credited with accelerating the sprdatie
Arabic numbering system throughout Europe. Fibonaas born and spent most of his life in Pisa which
during the early 18century, was a great centre for trade and commerce

At the time, businessmen and traders used the Roomabering system to conduct and record transaction
This numbering system usesepresentatiorthat is not well suited to simple arithmetical ogg@®ns (try
multiplying LXXXVII by LXXIII in your head withoutconverting to decimal!).

Fibonacci realized that the Arabic system was digiesior and in his bookiber Abacci(Grimm, 1973)
promoted the use of this new system. It soon bed¢hestandard within the commercial world becaudstso
superior representation. Despite strong initiaistasce the overwhelming advantages of the nevesytad to
a widespread transformation in the handling of hess transactions.

This paper argues that a similar fundamental ghifépresentation is long overdue in the field adject
management.

Product Knowledge and Process Knowledge

A typical engineering organization can be thoudhdotwo intersecting communities who are custoglizithe
two types of intellectual capital owned by the arigation; namelyroductknowledge angrocessknowledge.

The first community is primarily concerned with taing, generating, storing and deployjmgpduct
knowledge. This community is typically made up oiesitists, engineers and specialists who are eggdot
manage and maintain knowledge in their own pamicdbmain. This knowledge propagates in what Hatiche
(Hatchuel, 2004) calls a “dendritic” manner; alwaggking to maintain “world-class” profundity anejpdh.
This knowledge is characterized by precision, nratitecal formulation, and determinism.

The second community is concerned vtbcessknowledge and is largely made up of managers eauth t
leaders whose domain is dominated by the time dsibantask sequences, resources and connectioiss. Th
knowledge is characterized by uncertainty, compjexnd ambiguity.

Successful engineering organizations exploit thekadge held in both these two communities by stirirng
a well-orchestrated interchange of knowledge betvikese two domains to achieve the efficient and
predictable development of new products (Massai, &004).
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Arguably, the quality of planning (and therefoieelihood of success) for the introduction of a qaeduct is
related to the degree of overlap between the PtathetProcess domains. Schindler cites the nofidRroject
Amnesia” and gives clear reasons for an organiaatioability to learn from project mistakes (ScHard2003).
He suggests that a systematic knowledge managemarddure is required to prevent project amnedibtiaat
central to this is the need to share knowledge eéetvthe technical and project domains.

Product Knowledge Process Knowledge
Equations, Rules. . ConnectionsSequences
Planning Stochastic data Workfl

Manageme

Engineering Domai

Domain

Exhibit 1 The intersection of Product and Procesewledge

The Planning Paradox

The authors have spent many years observing a dragganizations through consultancy and research
projects. Most of this work has been within Aerampand Defense organizations where the track refoord
new product introduction has been particularly pi House of Commons Committee of Public Accounts,
2003). Although it is difficult to provide a succindefinition of project failure most researchegses that a cost
or timescale overrun in excess of 100% would clefall into this category. Defense and aerospace
organizations frequently fail by this criterion.rfhermore, projects in this sector also regulaail/tb meet their
performance (or capability) targets.
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Exhibit 2 Project Risk (adapted from Bahill (BahR2001))
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Exhibit 2 is an attempt to classify projects imtsrof overall complexity using the two dimensiofsesources
andnovelty A resource in this context refers generally moeti manpower, facilities or materials availabléhe
project. Novelty is a measure of how new and praherunderlying technologies are and accords somewh
with the US DOD Technology Readiness Level (TRLaSSIfication.

Exhibit 2 suggests that a project can be compleactoeve either because it is highly resource caimgtd or
because the product itself exhibits a high degfemweelty.

A fundamental research question that has not, iropimion, been satisfactorily addressed is;

“Why do large, mature, sophisticated organizatioostinely fail to deliver complex new products
successfully?”

The authors have found that there is a surprigiol bf fundamental academic work in this area aedaw
good studies in this field have been dominateddmsultancy organizations such as Rand (Rand Cdipora
2004) and Standish (Standish, 1995). Several lgaattademics have also expressed serious conceyusthb
quality of many recent project management publicesj highlighting for example weaknesses both éirth
relevance to practice and in their general undedstg of research methodology (Meredith, 2000).sMo
current research suggests that the dominant cdymmoperformance is a lack of competence in poogect
management skills (UK Office of Government CommegRa05).

This paper suggests that there is another contripdéictor which is more fundamental and concehnesvery
models, tools antepresentationsised to capture the process knowledge associatiegreject management.
There is an increasing realization that existirgilg@re inadequate (Williams, 2002). A recent EP$iR@ed
review of Project Management (Winter, 2002) suggtsit;

“project management theory remains stuck in a 196@e warp and that the underlying theory of projec
management is obsolete”

Not only are the current tools weak but the autthange also identified a paradox which reinforcesglanning
problem.

This planning paradox can be summed up as follows:

Process Knowledge in the form of planning dataedates and dependencies is the responsibility of ,
and is generated within the Management domain

The Engineering domain frequently has an aversigrianning and currently treats contribution to
Process Knowledge as low priority, non-core agtivit

Planning data therefore has inadequate input difreen and associated with Product Knowledge
Plans are consequently too abstract, unrealisticaae more likely to lead to project failure

A poor track record in meeting /adhering to plamstfer erodes the Engineering domain’s interest and
confidence in planning activities.

Symptoms of the planning paradox include comment® fengineers who claim thgilanning is a waste of
time”. In extreme cases a parallel universe becomes isttadlwhereby the management domain struggles to
maintain project data which becomes increasinghgmjent from the reality inhabited by owners of pheduct
domain.

This is a very real and pervasive problem in mamganizations and is symptomatic of a poor intecacti
between the two knowledge communities.
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Contributory factors

The authors believe that a subtle but importanseand the planning paradox concerns the models and
representations used to formalize process knowledge

The model that underpins virtually all commercisdjpct management software was developed over &3%ye
ago. The current standard project model uses asmlistic representation whereby a network oivéats
and dependencies is constructed (the “classicgi&dgency network). This model was formulated ire&n
when computational resources were scarce and #twefoethe model to be computed using hand caiounist
was a requirement.

As with any model, it was designed to provide apdified, but useful, representation of a real systéor
certain applications this simplification does netrdct too seriously from the usefulness of the ehdebr
projects such as simple building construction,efeample, where activities take place in a well medi and
fixed sequence with clear dependencies, the medeléquate, and application of the critical patthoe to
this model is a valuable management tool. It candsal for predicting the project duration, managespurces
and monitoring project progress.

For applications where such characteristics dgnetail (such as large, complex projects), sigaiiic
differences between the fidelity of the model ama activity being represented become evident.drathisence
of any credible alternative, in most organizatipnscess knowledge is captured using project managetools
to generate a simplified model of the project. Whencritical path method is applied to the reagltmodels,
the results are often meaningless.

The dependency network makes two important assongti

The dependency logic is binary. This means thatvendtream task is unable to start until all the
upstream parent tasks are 100% complete.

No feedback loops or iterations exist.

These seemingly reasonable assumptions have faringamplications. In reality anyone who has been
involved in a major project (especially where sfigaint design activity is prevalent) knows thatitgb
behavior within a project violates these assumggtimm a routine basis.

Given the separation between process and prodeeitdependencies, detailed product information
dependencies are often hidden in large procesbthsies in the project model. This, coupled witd Hinary
logic limitation, is a great source of project mbisk@ccuracy and complication. So serious is tlififscdlty that
many of the latest project management tools prozitfedge” whereby a network may be constructedhwit
various combinations of intricate leads and lagsvben activities. This convoluted logic further add the
complexity and lack of transparency of planningadat

Worse still, project management software failpéomit feedback loops to be defined: they are ébas a
logical inconsistency. Again, this is a very ses@onstraint on model accuracy. In reality, thegtesef most
complex products involves design iterations.

Sathi (Sathi et al, 1986) has shown that classijpptoaches to project management do not providieisuit
functionality to manage large engineering projeatiditionally, the lack of a project management noek
tailored to the requirements of new product develept has been identified as one reason for uneagecist
and/or timescale overruns that have typified sudfepts in the past (Eppinger, 1989). Vora (Vor292) has
furthermore shown that the existing models of eagiing design that underpin current project managem
practice are not adequate, and they have limiteeepand applicability.

New product design is an example of activity whbeyawning gap between the typical project repriedgon
and the dynamics of the actual project presentg s@ious problems. The project manager for a dgsigject
is forced to construct an artificially simplifie@pdendency network which cannot show task iterataons

© 2007, Scanlan, Smith, Lawrence

Originally published as a part of 2007 PMI Globaingress Proceedings — Atlanta, Georgia



partial dependencies. The project plan consequeertpmes little more than a reporting tool thavahkey
milestones. It is of no use in managing, sequenamjcontrolling detailed activities simply becatlse detail
is absent in such an abstract representation.

Solution

The authors have developed an entirely novel reptason which seeks to remove restrictions assetiaith
the classical dependency method. This representh#ie now been commercialized as a product called
Plexus™ (Acsian, 2007).

A fundamental difference between the Plexus™ amtraad the typical project modeling method concénes
way activity relationships are defined. Plexus™imkes a network of relationships which also spesiftee
strength ordegree of dependency of each relationship. Thigaré& has been christened mfluencenetwork,
to distinguish it from the more limited classicatpedence network associated with typical critizth
analysis. The influence network allows complexriatéions to be modeled authentically, includingét®ns
and loops.

Plexus ™ is a highly sophisticated process mapaitanalysis tool, capable of representing complex
information flows to the right level of granularjtyhilst capturing an appropriate quantity of dalt@ut each
activity that makes up a network. Plexus ™ is estnicted by the complexity of any dependency netyand
can be constructed and viewed at any level usingyrdéferent hierarchical views, enabling activiti® be
viewed in a variety of filtered contexts.

Plexus ™ is capable of representing multiple, Iimking iterative loops within a process and, as a
consequence, avoids the need to abstract realijed®s are represented as they really are, rétherfit to the
inadequacies of a limited toolset. Plexus ™ enat@pi&l and simple data entry into a network witbyision
for considerable metadata to be applied to eadtitgcThe Plexus™ modeling process is networked an
collaborative. Simple diagnostics give multiple sltaneous users immediate notice of, for exammiyides
which are unconnected and for which there are “lilagigrequirements.

A key feature of the philosophy behind Plexus ™ isan-thinking methodology which encourages ptojec
managers to develop activities back from delivexabinformation-pull methodologies such as these leen
demonstrated to deliver a far more representafideeised and realistic project model. The workflohieh
emerges from such models captures the thinkingetiof the organization when addressing a proygben
used in conjunction with optimization techniqueattRlexus ™ employs, projects and processes can be
subjected to extensive what-if analysis and riseasment. Activities are optimized at levels oftgstication
and realism beyond those available in other tdt#sative loops are evaluated to determine not arign they
should be invoked, but how often, in order to aehithe degree of project robustness required.
A summary of the proven advantages of this appraathde;

Very fast, collaborative construction of complewject networks

Realistic and sufficiently detailed representatibcomplex networks

Reusable data that is easily exported to othelicgifns

Genuine organizational buy-in across both manageamahengineering domains

Detailed understanding of dependencies

© 2007, Scanlan, Smith, Lawrence

Originally published as a part of 2007 PMI Globaingress Proceedings — Atlanta, Georgia



Industry Experience

Exhibit 3 Typical planning sessions

The research team has worked with many interndtaer@space organizations at the early stage ¢éqtro
planning. Although such large organizations hav&ss to expensive, current-generation project nemagt
tools, they universally resort to the use of mamadvork sketches and “post-it” note planning, figal by
Exhibit 3. Such planning sessions require labarisive follow-up activities, where the hand-writtdata is
transcribed into an electronic format suitabledeentual entry into an inevitably inaccurate projaodel in a
limited software tool.

This situation is analogous to the status of Comatput Fluid Dynamics (CFD) and Finite Element Arsdy
(FEA) tools some years ago. Until recently, suchlysis tools required very labor intensive pre-gssing
prior to any analysis, whereby geometry was maguhdicretized or meshed to provide an efficient
representation of either a 2 or 3 dimensional f{8kimada, 2006).

As with a project management network model, CFD BIlBA models have a trade-off between mesh size and
detail, versus accuracy of prediction. Exhibit deg an example of a typical mesh, which shows Haw t
granularity of the mesh is increased only wheraiireq for focused details.

Vi
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Exhibit 4 Spatial discretisation applied to fluigndmics

© 2007, Scanlan, Smith, Lawrence

Originally published as a part of 2007 PMI Glob@n@ress Proceedings — Atlanta, Georgia



Specialized software programs have now been degdlfip the purpose of mesh and grid generationtwhic
Remove labor intensive preprocessing activities
Provide detail commensurate with required outputieacy
Automatically identify “hotspots” where finer deté& required
Make the analysis stage more accurate, efficiethtraliable

Plexus ™ provides a directly analogous capabilithiv the field of project management, by autoneltic
identifying planning “hotspots”, and allowing unteésted detail to be provided in these criticalame

Exhibit 5 is a photograph taken at a recent plagmsission using the Plexus tool in a major aer@spampany.
This shows a group of engineers and managers aamtlyrgenerating a product development network.

A typical early planning session involves the elssaiment of a project “war-room” equipped with aala
projector and a number of networked laptop comgutEhis allows teams to switch between a colleatyéew
of the planning data (using the data-projector) iatehsive sessions where sub-groups concurreatigldp
and refine the network using individual laptopseTiexus software allows fully concurrent manipolaiand
development of the network, through web-technolegied a server hosted data-base.

Exhibit 5 Planning session using Plexus Manager

This Plexus™ workshop process has proven to bemelly popular with the engineers and project marsage
alike, because;

It allows engineers to declare a detailed represient of the relevant product-level dependencies,
including iterations.

It provides sophisticated viewing and navigatioolspthat allow users to gain a deep appreciatfon o
context.

It includes automated health checking, which imragsdy reveals missing network data,
inconsistencies or unconnected activities.

The software allows very fast generation of reilistetailed networks

Its diagnostic routines automatically classify netkvnodes, highlighting critical nodes, deliverable
and inputs, in real-time.
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It employs powerful automatic layout algorithmsatmange the network in a logical, compact and
visually appealing format (Exhibit 6).

Exhibit 6 Typical network view using Plexus tool

Following the data entry phase, a leading-edgeropdition technique is used to optimally sequentiities
using discrete-event simulation and analysis tephes. Extensive reporting tools allow participdotsiew the
outputs of this analysis, “sanity check” the netky@nd further refine it, prior to committing tgoarticular
plan.

Conclusions

Experience of using this new representation pravigee Plexus™ demonstrates that mixed teams of ergin
and managers can successfully share knowledge whidgdrs both the product and process domains. fedha
representation results, which is sufficiently dethiand realistic to ensure there is strong-bufyem all
participants.

By decentralizing the development of the projed¢ivoek, a large number of participants are empowéoed
contribute to the plan. This results in very langmlistic, and detailed networks being develomeal fraction of
the time it takes for centralized or “post-it” ptang.

Experience in the use of this tool has shown thatdssential to put together an initial frameworlproject
skeleton prior to the planning workshops. This fearark typically includes defining key deliverables,
resources, organizational breakdown structuresnéss targets and initial work-breakdown structufegin
this is analogous, in CFD or FE analysis, to emgutihe boundary conditions are well defined andeustdod at
the start of network construction. This preventgip@ants from wasting time building this conteatwalata in
the workshop.

It is equally important to have good workshop féaibrs (typically two). The first of these focus@s good
project management and modeling skills, to enswatthe resulting network data is clear, logical aomplete.
Drawing on the parallels with CFD or FE analydiss facilitator should help to identify where greatietail is
required to provide a robust, accurate and efftartwork. The second facilitator’s role is to fean the
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software tool itself, providing guidance on howttesenter data, navigate and construct hierarchied attach
resources, constraints and dependencies.

We believe that this approach is a major step tdsvegmoving the reliance on restrictive and clunstassical
precedence network logic as a project representaliois can help to resolve the planning paradog,laad to
a significantly improved probability of project sugss.
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