The Virtual Design Team and Quantum '

Comparison of Project Organization Models

Ilya M. Fishman* and Raymond E. Levitt**

* Ibico Inc., 2483 Old Middlefield Way, Mountain View, CA 94043, (650)384-0453,
ilya@ibico-cor.com
ok Department of Civil Engineering, Stanford University, Stanford, CA 94305-4020,

(415)723-2677, Fax: (415)725-6014, ray.levitt@stanford.edu




Contents:

ABSTRACT ..cuiitiiiiiiiiiiiiiiiiiiiiiiietitiiiitietittttiattstsecscsatsssescasssssssnscsssssnses 3
L. Project as @ MAS...ciiiiiiiiiiiiiiiiiiiiiiiieiiiiiastetessttosessscsssssssssnssosssnsscnns 3
I1. Virtual Design Team Model........ccceiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiieiicinecennes 5
L Quantum "™ Model.....uueeeunneeenereeeneeeeeneeeeneeerneeeeuneeeesneseesseeesnessesnens 8
IV.  Model ComPAariSON....ccceiiiuiiinriiietiineiieteisrerstsestcsnsssssscssscsnssossscsnsss 10
1. Model PhiloSOPhY ....uviiii e 10
2. Degree of ADStraction. ... ...ouuiiutentiitt et 11
3. Information Flow and Utilization. ... 12
4. Task Interference vs. Hidden Work.................ooii 12
5. Future Model Coexistence/COonvergence. ......oouveeuueeireeenieaineeneaaineennenns 12

V.REFERENCES.....ctitiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiitieteiietetetactactscnssasencens 17



Abstract

Large scale multidisciplinary projects involve many activities and require intensive coordination
to deal with the task interdependencies. To make such projects more efficient, it has to be estab-
lished how coordination requirements are generated, and what are the coordination mechanisms.
The paper compares two models that attempt, in vastly different ways, to address the problem of

project improvement.

One model is the Virtual Design Team (VDT), a computational model analyzing how interde-
pendencies between sequential, and especially parallel, activities raise coordination needs and
how organization design and introduction of communication tools may change the coordination
capacity of project teams (Jin, 1996). Based on an information-processing view of organizations,
VDT explicitly models tasks, resources and communication tools, and simulates interaction be-
tween resources as processes of attention allocation, capacity allocation, communication, etc.

VDT was commercialized as SimVision™ in 1997.

Another model based on entirely different assumptions is the model implemented in Matlab 7.x.
This is a standalone application software package called Quantum™ (Fishman, Hoglund, Vol-
chegursky, 2005), where the same problem is addressed by calculating probabilities of project
milestones using rules of quantum mechanics. Project tasks are described by wavefunctions in-
terfering coherently at the project milestones. Task delays result in wavefunction phase shifts and

reduction of milestone probability (Fishman, 2005).

In this paper, we will briefly describe both models and compare them from the point of view of

information processing.



I. Project as a MAS

Many types of Multi-Agent Systems that are used to model social and economic events have

been applied to Projects. Each project implies interaction of at least three types of agents:
a) task implementers (workers doing project tasks),
b) managers (responsible for work coordination and actual worker activity),
c) external stakeholders (executives, marketeers, customers, consultants, policy makers etc).

Tools for project formalization decompose projects into tasks, summary tasks (aggregating sev-
eral tasks belonging to the same professional activity), and milestones (intermediate and final
results of the project execution in time). These tools are well-developed and currently imple-

mented in software packages such as Microsoft Project and Primavera.

Though project management is a well-defined profession, the ability to predict outcomes for non-
routine projects using modeling is not well developed. A common approach is to use
PERT/Monte Carlo simulation; however, to provide useful results, this approach needs reliable
duration distributions for each project task. In this way, the probability of achieving a given
milestone is “broken-down” to the level of individual tasks. No actual modeling is involved, and
in many cases, additional relevant information about task duration tolerances may not be avail-

able to the user.

Another problem with this approach is that only the “direct” work project component is ac-
counted for; interaction with other agents (managers, executives, customers) is ignored. Specifi-
cally, the inter-task coordination and communication efforts between task implementers, or “hid-

den” work is not taken into account.

Two models discussed in this paper offer alternatives to Monte Carlo simulations; both models
describe “direct” and “hidden” work components. The strategy of the VDT model is to carefully
simulate important micro-processes affecting project outcomes. The predictions become more

and more precise when the majority of substantial processes is captured, but it is the program



designer’s responsibility to determine which processes are “substantial”. To provide relevant out-

comes for a complex project extensive information gathering may be required.

The Quantum approach replaces specific agent-to-agent interaction with a physical model that
considers task implementers to be similar to particle waves that propagate to milestone dates,
where they combine coherently to form the planned milestone. When tasks are delayed, the
milestone probability is affected. The approach is focused on project and milestone structure —
information that has previously been neglected — rather than on the specifics of tasks — and can
therefore be modeled without the need for detailed information about individual tasks. Managers
and external stakeholders might affect the milestone probability, and this is modeled by scaling

of two internal parameters, each having a specific numerical value for each milestone.

I1. Virtual Design Team Model

The VDT model is based on the view of organizations, including project organizations, as infor-
mation-processing entities. An organization processes information to coordinate and control its
activities. Information is processed through a communication system, structured to achieve a
specific set of goals, and comprised of limited capacity (“boundedly rational”) information proc-
essors (“agents” in MAS or “actors” in the VDT model). These information processors send and
receive messages along specific communication lines with different transmission lags and persis-
tence (e.g., memos, voice mail, meetings). Both primary production work (for example, design)
and coordination work (i.e., communication and decision-making facilitating design) can be
viewed as information processing, so that the total amount of information being processed mod-
els the total work volume. This method of incorporating organizational tasks presents a level of

abstraction provided by VDT model.

To model “hidden” communication and coordination work VDT utilizes a Monte Carlo simula-
tion approach, with an input of direct work taken from a precedence diagram. In addition to se-
quential dependencies derived from precedence relationships between tasks, two other kinds of
dependencies among groups of tasks (reciprocal dependencies and rework dependencies) and

task uncertainty contribute to “hidden” work. Hidden work consists of supervision - i.e.



“exception handling” in the spirit of (Galbraith, 1977) - and various forms of coordination. Su-
pervision (exception handling) work is implicit and is generated stochastically by VDT based on
activity complexity, uncertainty, and task-resource skill match. Coordination work is generated

by reciprocal and rework dependencies between tasks and by formal meetings.

To simulate a real engineering project in VDT and relate the simulation results to the project per-
formance, a link between these task properties and real project data is developed that maps pro-
ject information into a VDT model. This can be done using judgment, or more formally through
structured Quality Function Deployment (Hauser and Klausing, HBR, 1988) and Design Struc-
ture Matrix (Smith & Eppinger, 1977) techniques.

VDT models a project team as a set of actors, actors being entities that perform work and process
information. During simulation, actors perform production, supervision and coordination actions
as composites of two fundamental behaviors, attention allocation and information processing.
Attention allocation in VDT is related to how an actor chooses which task to work on when he
has alternatives. Information processing models both production (i.e., design) and coordination
processes. Any actor has a specific information-processing capacity for different kinds of tasks
determined by its skill type (e.g., civil, mechanical), skill level (e.g., high, medium or low), and

allocable percentage of full time equivalent (FTE), for example, 0.5FTE.

In the VDT model, communication messages have the attributes of sender and receiver, priority
and time of arrival, and also attributes of synchronicity (synchronous, partial, asynchronous);
cost (low, medium, or high); recordability (whether or not a permanent record of the communica-
tion is available routinely); proximity to user (close or distant); capacity (number of messages
that can be transmitted concurrently); and bandwidth (low, medium or high) representing the ca-
pability of the tool for communicating information represented in each of the natural idioms sup-
ported (i.e., text, numbers, schematics, geometry, etc.). For example, voice mail is partially syn-
chronous, low cost, medium persistence, and high bandwidth for spoken voice, but low band-
width for text, schematics or geometry. Telephone is similar except that it is synchronous, not

recordable, and has low persistence.



VDT modeling also addresses how changes in organization structure affect an organization per-
formance, through influence on actor micro level actions for a given task. A control structure is
defined by Supervise/Report-To relationships among actors. It is often represented as an organi-
zation chart. VDT represents control structures as either flat hierarchies or multiple level hierar-
chical structures. Supervise/Report-To links determine with whom actors should communicate
exceptions up the chain of supervisors when a work item encounters an exception, i.e., it requires
additional information; and the level of centralization determines at what level of the hierarchy a
decision about the exception should be made. For example, in a highly centralized project or-
ganization structure, most decisions are made by the project manager, through the chain of sub-
team member - sub-team leader - project manager. In a more decentralized organization, deci-
sions are made by the sub-team leaders or even by the engineers themselves. Therefore, in a de-
centralized organization fewer communications are sent to and processed by high-level manag-
ers, generally saving time and cost but maybe decreasing process quality. VDT replicates this
common organizational phenomenon through attention allocation and information processing in
actor micro-behavior models. In particular, it can predict when centralized decision-making may
lead to lower quality because of delays in handling exceptions caused by an overloaded project

manager.

Besides the control structure, VDT represents communication structure by coordinated relation-
ships among actors. The communication structure of an organization defines who can talk to
whom. It is assumed that communication needed for information exchange between designers is
purely task dependent (vs. decision-requests following work-item failures, which depend on or-
ganization structure and centralization policy). Coordinated relationships among actors are de-
rived directly from the reciprocal relationships among their responsible activities. For example, if
activity A is reciprocal with activity B, then their responsible actors, Actor A and Actor B, are

linked to each other by a coordinated relation.

While a communication structure defines who can talk to whom, the level of formalization of the
organization defines how frequently they will send informal communications to each other, in-

stead of communicating through formally scheduled meetings. A more formalized organization
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relies on scheduled formal meetings for coordination, and reduces the frequency of informal in-

ter-actor communications, and conversely.

II. Quantum™™ model

Quantum™ software analyzes the project structural integrity at the most general level. The key
idea of the Quantum model is that human task duration tolerances cannot be defined accurately,
and some kind of uncertainty principle manages uncertainties of task duration and human pro-
ductivity. Hence, the project tasks and milestones are modeled by appropriate wavefunctions
(probability amplitudes). Each task is described by its own wavefunction ;. The milestone prob-
ability amplitude is presented as a superposition of probability amplitudes of individual tasks in-

terfering at the milestone in the same phase: ¥ =y, +y, +y, +... , each task wavefunction is

calculated in a quasi-classical limit and has a universal form (Feynman, 1965)

v (\/E )! exp(J- kdx) , and the milestone probability is calculated as P=/ &V/Z . It is postulated that

if the milestone is not perturbed (tasks are finished without delay), the probability amplitudes of
individual tasks interfere at the milestone in the same phase creating a maximum in the interfer-

ence pattern.1

In the vicinity of a milestone, superposition of diffraction fields from individual tasks composes
a milestone diffraction pattern (temporal structure of the milestone) defined between closest
minimums. To interprete this diffraction pattern as probability density, it has to be normalized to

unity (milestone probability as planned = 1).

If a task slips by 4D days, its phase ¢@slips by A¢g=xpAD changing the task contribution to the
milestone probability. Coherent interference is partially destroyed, and the milestone probability

drops. The model accounts for bigger probability drops (larger phase shifts) associated with tasks

! The fundamental task wave vector « is defined as Ky =27/D where D is task duration, meaning accumulation of 27
phase shift during the task performance. Between the task and the milestone, the wave vector is x; = € k, where &
=L/nD, L is distance between the milestone and task end. If L < D, n =1, else n is selected fromasetn =1, 2, 3,...
closest to provide £~ . With these rules in mind, all task wave functions have maximum contributions at the mile-

stone point. Amplitude (\/E )_1 emphasizes contribution of long tasks to the milestone. 8



that have dependencies to other tasks. Tasks scheduled to be completed just before milestones
have higher impact on milestone probability than similar tasks performed long before milestones.
In chains of mutually dependent tasks, perturbation of the first task causes perturbation of the
whole chain increasing the delay risk for the milestone. For large and remote milestones, the

probability drop is smaller than for immediate ones, etc.

Analyzing the project plan, Quantum model calculates two parameters, Milestone Date Uncer-
tainty (MDU) and Recovery Period (RP). MDU depends on distribution of task durations and
slack times (times between task ends and the milestone), and decreases for short tasks close to
milestone. Recovery Period (RP) is time needed to correct for possible tasks delays that might
occur before the milestone. Both parameters depend only on the task structure (no external in-
formation is required), and even if no additional information about the project is available, these
two parameters provide time units of task duration tolerances as well as project recovery capabil-
ity. If additional information characterizing project “climate” is available, MDU and RP are
scaled to larger or smaller values describing less or more risk in different aspects of the project

execution.

Unlike the idea of critical path, where milestone probability changes from 100% to 0% when a task
delay pushes the milestone to a later date, the Quantum™ model shows that delay of any contribut-
ing task will always result in some impact to the milestone. Mathematically, this is due to the re-
sulting task phase shift at the milestone, but in practice it is a reflection of the fact that any task
delay affects the milestone probability by reducing schedule flexibility. Quantum modeling ana-
lyzes all possible paths simultaneously, resulting in understanding not only which tasks might be-
come critical, but which parts of the program can cause any risk. The quantum approach demon-
strates smooth, not abrupt change of probability because milestones are presented as events having

a certain probability density that extends over time rather than occurs at a discrete point in time.

IV. Model Comparison

VDT was probably the first model seriously assessing hidden work in projects. It was commer-

cialized starting in 1997 as SimVision, and is currently used primarily in the petroleum and



petrochemical industry. Although its use is growing over time, it is still far from being a stan-
dard tool for project management. Quantum'™ has not yet been exposed to the industry. In this
paper, we will concentrate on a theoretical (internal) comparison of two models related to their

self-consistency, degree of abstraction, area of applicability etc.
1. Model Philosophy

Both models are self-consistent (were tested for small and specifically designed projects) but
have different philosophies. The VDT philosophy is to improve plan quality by analyzing
ADDITIONAL information describing the project environment (company structure, staffing de-
tails, communication tools, etc.). Based on this information, VDT creates a virtual working pro-
ject where information exchange between the key actors is included. Therefore, two projects
might have similar plans or schedules, but because of the specific nature of the work process or

organization, VDT might predict very different schedule, cost and process quality outcomes.

VDT was specifically developed to diagnose organizational risks for fast-track, highly concur-
rent projects. VDT diagnoses organizational risks (including delays in task completion and mile-
stone achievement, cost overruns and process quality risks) resulting from information overload
for particular actors in the structure at particular times during the project, given a specific con-
figuration of tasks, actors and organization structure. Based on this diagnosis, the manager can
intervene pro-actively to change the product (by reducing its scope), the process (by reducing the
degree of task overlap and extending the schedule), or the organization (by adding staff, increas-
ing the skill levels in particular positions, etc.) to mitigate the risks. Like the way in which
analysis tools support engineers doing structural or mechanical design, the process of diagnosis,
synthesis and reevaluation, using VDT for the analysis step, can be iterated multiple times in the

computer to reach an acceptable solution.

The Quantum'™ philosophy is that though the Gantt chart presentation is not adequate, quantum
mechanical modeling of plans reveals substantial untapped information, and makes it available
for plan improvement. In other words, Quantum™ attempts to deal with plans that have inade-

quate or incomplete information, and still offer some path to improve project structure. With-
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out further communication with the project owners, Quantum calculates two INTERNAL pa-
rameters characterizing the milestone (MDU and RP) providing an order of magnitude of task
delay and milestone recovery time affecting the milestone probability. Thus, expected probabili-

ties of any milestones may be compared on the same basis.

Another general aspect is a different choice of the central object of the model, which is an actor
in VDT and a milestone in Quantum'™. This aspect is closely related to the previous one, be-
cause Quantum would analyze the project plan with or without resources assigned to the tasks,
and the structural difference is expected to be relatively minor (resource assignment changes the
structure of parallel and sequential tasks dependencies). VDT would not affect the project struc-
ture unless additional resources are assigned and further characterized, but after this additional

information becomes available, the VDT network would be applied to further improve the plan.
2. Degree of Abstraction and Scalability

VDT models communication between actors. The formalized items for simulation are specific
communication tools (e.g., voice mail), the degree of reciprocal information interdependency
between certain activities, the skill level of an actor, etc. Thus, VDT is flexible — changing and/or
increasing respective informational items is a natural procedure with a relatively straightforward
common sense validity check. Inherently, VDT is scalable meaning it could deal with as much
information as could be provided by the external sources. However, receiving this information
from the project owner may be increasingly difficult with the growth of the project size: if the

number of actors grows as N, the informational flow grows as N°.

For Quantum™, the project structure itself is abstracted, so that projects are considered physical
structures, not unlike a system of particles. The model manipulates such parameters as wave-
function frequency, amplitude and phase, task delay, task mutual coherence, etc. Adding or
changing Quantum features to incorporate budget, resources, organizational structure etc. means
“projection” of these variables onto numerical values of the model parameters (MDU and RP).
The model is naturally and readily scalable to many thousand tasks or actors N, with complexity

growing linearly with N.
11



3. Information Flow and Utilization

Both models present a project as a communication network where information is propagated and
processed. However, in VDT a network node is an actor, having in- and out- trays and process-
ing information ranked by its importance, urgency, timing etc. VDT builds network in the
“empty” project structure. Unlike this, Quantum™ is a communication network itself, with a
milestone being a network node. A Quantum network can be visualized as a system of
waveguides (fibers), each fiber carrying one-task related information, and all fibers focused in

the milestone plane.
4. Task Interference vs. Hidden Work

Both models start with the notion that a Gantt chart or precedence diagram does not fully charac-
terize the project. In VDT, it is the concept of hidden work that exists-to be “exposed” by careful
analysis of task interdependencies and task assignments to agents. In Quantum'", wavefunction
interference and loss of mutual coherence can be considered to describe the same phenomenon in
a more abstract and general way— indicating a possible need for project clarification and re-

planning. Thus, both models target and address quantitative means for planning improvement.
5. Future Model Coexistence/Convergence

Currently, the two models co-exist in two separate project domains having almost no intersec-
tion. VDT proves to be efficient for small project models (less than 100 tasks) with well-
characterized resources and company information. Although the number of tasks is small, appro-
priate use of abstraction in tasks and actors can allow modeling of large, multi-year efforts in-
volving hundreds or even thousands of workers, e.g., the Lockheed-Martin Launch Vehicle, or
the Procter & Gamble Thermacare™ product development program. If the information neces-
sary for the model can be obtained, VDT provides unique capabilities for designing the project
organization to mitigate schedule, cost and quality risks. Quantum™ works well for large (over
several hundred tasks) and incomplete external information (no resources, etc.). Schedule analy-

sis is based on very general assumptions, and hence provides only a structural view of the pro-

12



ject, without specific granularity or accuracy.

Looking forward, it seems possible to converge these two models to improve their performance.

The following is an example illustrating improvement of an industrial project consisting of about

300 tasks (Fig. 1) using both Quantum and VDT models.

Start

Finish

)

I‘FH

Qtr 1, 2006
Dec | Jan | Feb

° ‘ Task ‘ Duration ‘ [Qtr1, 2005 [atr2, 2005 [atr3, 2005 [ara,

L] Name Dec | Jan |Feb | Mar | Apr | May ul Se Oct.
T Sam_ 41 201days Mon 173105 Mon 10/10/05 G
2 sail  0days Mon 1/3/05 Mon 1/3/05 Oct
3 Sai  Odays | Mon 117005 Mon 1117105 | 20,87,88,89.90,109 L]
4 Sar 0 days Mon 3/7/05 Mon 3/7/05 | 2140 . 3
5 Sai Odays Mon 4/4/05 Mon 4/4/05 | 23,22.97.119.141.1 m
6 sail  0days Mon 519/05 Mon5/9/05 | 24,157,47,26.91.11 519
7 Sar 0 days Mon 6120105 Mon 6/20/05 | 52FF-5 days. 195 6120
8 Sar 0 days Mon 6127/05 Mon 6127/05 | 7,56,160,258,259 ? ez7
9 Sar 0 days Mon 7/18/05 Mon 7/18/05  27,175,180,212,58, m 78
10 Sai Odays Mon 818105 Mon 8/8/05 | 28,26,29.30,101,10 m s
11 sai Odays Fri 8/12/05 Fri8/12/05 | 66170 m o2
12 Sar 0 days Mon 8/22/05 Mon 8122105 | 104,126,94,116,13¢ 822
13 sar 0days Mon 8/29105 Mon 8120/05 | 12.71,67.190.201.2 ? 8129
14 Sar 0 days Fri 9/9/05 Fri9/9/05 | 31,186,187,188,24¢ o
15 sail  0days Thu 9/15/05 Thu 91505 | 32,191,247,245,24¢ m s
16 sar 0days Mon 9/19/05 Mon 9119/05 | 33,192,227,240 m o9
17 sar Odays | Mon 10/10/05 Mon 1010/05 | 79,68,231 i m
18 Sam_4_1 198 days Mon 1/3/05 Wed 10/5/05
19 Sar 6 days Mon 1/3/05. Mon 1/10/05 | 2 f |

5 s Sdays U8 9720705 TUeTIZ7U5 16
3 s: 1day | Tue 10405 Tue 104/05 | 16FS+0 aayss«:‘ *

35 days

Tue 5/10/05

Mon6/27/05 47

35 days Tue 51005 Mon 62705 47
T ) U 79I WO BTZZ05 TS ]
32days Tue 7119/05 Wed 8/31/05 | 9 EEEEm
73 32days Tue 7119/05 Wed 8/31/05 | 9 [ |

zra U Tays TU BT3UIUS WO TTZTIS
275 30 days. Tue 9120105 Mon 10/31/05 [ |
276 Sam 4.1 tday | Tue 10/4i05 Tue 1014105
277 1day Tue 10/4/05 Tue 10/4/05 }'—ﬁ
278 sam_4_1 0days Mon 1/23/06 Mon 1123/06 | 14,17,37,77,99,100 h 1123
279 1day? Mon 1/3/05 Mon 1/3/05

Figure 1. Microsoft Project file of 279-task project

For each milestone, Quantum would calculate a non-perturbed temporal profile (Fig. 2, black

curve), and, based on milestone MDU and RP parameters, perturbed temporal profile (Fig. 2, red

curve). The integral over time of the red curve within the limits of the black curve (shaded area)

is the milestone probability.
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Figure 2. Temporal diagram of non-perturbed (black) and perturbed (red) project milestone. W is

“Milestone Date Uncertainty”, see Section II “Quantum™ Model”.

With all milestones’ probabilities defined as in Fig. 2, the expected structural probability of the

project can be presented (Fig. 3).
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Figure 3. Expected probability of success for the project of Fig. 1.
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In Fig. 3, red line shows worst case probability of the first half of the project, ¥ and full project

to succeed. For the design of Fig. 1, first half of the project totally fails (probability = 0), and

through the rest of the project, its probability does not exceed 20%. Black curve shows project

probability averaged over each milestone, and the data of Fig. 3 suggest that the project design

problems are not local (worst case) but global (average probability does not exceed 30%).

The first page of the file (Fig. 1) represents major project milestones. Each milestone aggregates

many tasks, suggesting durations of direct work shown in Fig. 4 of VDT analysis. Using VDT

formalism, re-work, coordination and decision times are added to each direct work item, and

Quantum analysis is repeated for the corrected plan (Fig. 5).

Task

Milestone

2005

2006

Meeting

Sept [0t [Mov [Dec

Jan [Feb [Mar

Start

Project Coordination Mee]

Define Scope

Design Coordination

|
Project Coordination |
|
|

Arch Program

Choose Struct. Systerm |

Choose facade materials|

Seek Zoning Variance |

Estimate Cost |

Choose Construction Me|

Estimate Time

Provide GMP

GMP Accepted

Apply Exc Permit

Select Key Subs

|
|
|
Long Lead Purchasing |
I
|

Select Subconsultants

i Ready to Excavate

Project Gantt: DB Biotech

|

*
[
I
]
I

*

Figure 4. VDT analysis of major milestones (Green diamonds show desired milestone comple-

tion dates; black diamonds show expected milestone dates predicted by VDT simulation).
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Figure 5. Expected probability of success for the re-worked project of Fig. 1.

Fig. 5 shows that the expected project duration increased, and the expected probabilities have
also increased. This combined approach is productive if all the information required for VDT
analysis is available. Today, the major problem with commercial projects is a lack of planning
data. Conventional projects are poorly created and poorly maintained; even for a large scale con-
struction projects where the project plan is vital, it is almost impossible to have subcontractors
assign resources to the tasks, not to mention task budget and/or task duration tolerances. Very
often, the plan structure is extremely poorly defined: tasks do not report to milestones, milestone
hierarchy is not established. Given this, the Quantum™ approach may be applied first to correct
errors, define first-order milestone probability and rank all project tasks in terms of their risk to

the milestone no matter what is the project size and industry vertical.

For more mature projects (in fact, for more mature organizations with PMOs and established
planning culture), tasks described by Quantum may acquire features of better defined tolerances,
specific metrics for milestone probability, ranking enterprise corporate structure etc. This first
step, though not accurately presenting the project details, identifies risky milestones and estab-
lishes suspicious tasks responsible for high risk. At this point, a VDT model can be applied to

high risk segments of the project rather than to the project as a whole.
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