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Governing Project Internalities’

Bob Prieto

0.0 Introduction

0.1 Why Internalities Matter Now

Large Complex Projects (LCPs) are failing today not because the world has become more volatile,
but because our project systems have not kept pace with that volatility. For decades, project
governance has focused on externalities—market shocks, regulatory changes, geopolitical
disruptions, weather events—while assuming that the internal project architecture was
fundamentally stable. That assumption is no longer valid. The modern LCP is a tightly coupled
socio-technical ecosystem where internal inefficiencies, behavioral dynamics, and architectural
misalignments generate more systemic risk than any external shock.

Internalities are not random disturbances; they are structural features of the project’s own design,
organization, and execution strategy. They accumulate silently, propagate non-linearly, and trigger
phase transitions that collapse execution efficiency long before traditional metrics register distress.
In this sense, internalities define the project’s true operating condition—its ability to absorb
disruption, maintain coherence, and sustain productive flow.

The purpose of this paper is to make those internalities visible, measurable, and governable. By
defining six bounded operational state variables—fatigue, interface churn, information latency,
capability churn, adversarial posture, and cognitive load—we provide leaders with a
forward-looking telemetry system capable of detecting structural weakness before it becomes
irreversible. These internalities are not abstract concepts; they are the daily operational frictions
that drive rework, delay, disputes, and decision breakdowns across every major capital program.

Understanding and governing internalities is now a strategic imperative. Externalities will always
exist, but they are no longer the dominant source of failure. The decisive question for modern
project leadership is not “What risks might occur?” but “How fragile is the system if disturbed?”
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Fragility determines whether a small variance becomes a minor correction or a cascading collapse.
Internalities determine fragility.

This paper therefore serves two roles. First, it provides a taxonomy and mathematical treatment of
the six internalities that shape project performance. Second, it offers a governance framework for
controlling these internalities in real time, enabling leaders to intervene before the system crosses
critical thresholds. The goal is not simply to describe dysfunction, but to equip project directors,
owners, and PMOs with a practical, predictive model for stabilizing execution in environments
where traditional project management theory is no longer sufficient.

0.2 Building on Prior Work

Over the last several years, I have looked at both analogs to better describe the large complex
project (LCP) condition (Quantum Project Management — QPM) and identification of forward
looking, predictive metrics® to anticipate changes in project performance trajectories and proximity
to potential catastrophic tipping points. My look at fatigue and the formulation of a Fatigue Risk
Index® applicable to the engineering and construction industry provided not just insight into this
parameter but also recognition that it described the “state” of the project. More significantly it
represented an identified project performance affecting internality as contrasted with the range of
externalities which typically populate our project risk registers.

In a subsequent paper on fragility*, the compounding effect of this internality became even more
apparent. In an upcoming book® I look deeper at the transformational impacts that these and my
earlier work have with respect to how we manage large complex projects and the implications for
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the application of conventional project management theory in the LCP domain. In this paper,
however, my focus is on answering the question of “What other internalities may exist?”

While the paper identifies half a dozen internalities, others may exist. I apologize in advance for
the extensive mathematical notation but felt it was important to illustrate the behavior of each of
the internalities. Similarly, the mathematical examples at the end of Section 4 are to illustrate the
magnitude of performance impact that changes in these internalities may have.

As you move through the paper you should see the following key points:

¢ Redefining Project Vulnerability: Large Complex Project (LCP) failures are
predominantly driven by "internalities"—endogenous architectural, organizational,
and behavioral inefficiencies—rather than just external shocks. While externalities
introduce random variance, a project's internal configuration dictates its capacity to
absorb that variance without undergoing a catastrophic structural collapse.

¢ Six Bounded Operational State Variables: Systemic project decay propagates
through six distinct, measurable internalities: Workforce Fatigue (Swr), Architectural
Interface Churn (Saic), Digital Twin Information Latency (Squ), Capability Churn &
Craft Dilution (Scca), Commercial Adversarial Posture (Scap), and Management
Cognitive Load (Sml).

e Failure of Legacy Tracking Metrics: Traditional financial and accounting
indicators, such as Cost Variance (CV) and Schedule Variance (SV), are lagging
metrics that only register anomalies after systemic friction, has already caused
irreversible structural damage. Proactive governance requires transitioning to an
automated, real-time Field Telemetry Engine.

e Mathematical Quantifying of Fragility: Operational stresses from internalities
translate into non-linear systemic risks via distinct transmission functions. These
functions map second-order curvature changes within the project's expected value
field into a unified Quantum Fragility Index (QFIiota1), ensuring localized failures
cannot be obscured by macro-averaging.

¢ Cross-Dimensional Co-Activation Networks: Internalities do not operate as isolated
risks but as a highly coupled, non-linear network. A failure threshold breached in one
dimension (such as data latency) triggers cascading feedback loops that accelerate
entropy across adjacent dimensions (such as commercial distrust and legal gridlock).

e Predictive Control and Institutional Interventions: To achieve project stability,
leadership must establish mandatory operational intervention thresholds tied directly
to the Quantum Fragility Index. Critical systemic mitigations include deploying risk-
parity contractual frameworks, establishing automated administrative capacity
throttles at 70% management saturation, and enforcing targeted operational pauses
when the QF Tiota breaches severe boundaries.
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0.3 Cross-Dimensional Coupling and Fragility Propagation

Large Complex Projects do not fail because one internality becomes severe; they fail because
internalities interact. Each of the six bounded operational state variables—Swt, Saic, Satl, Sced, Scap,
and Sme—is a distinct friction field, but their true impact emerges only when viewed as a coupled
network. This network determines whether small disturbances remain localized or propagate into
systemic fragility.

The Internality Network

1. Fatigue — Interface Churn — Cognitive Load Rising Swfincreases execution errors,
which manifest as field clashes and redesign cycles, elevating Saic. The resulting
coordination burden saturates management bandwidth, driving Smel upward.

2. Digital Twin Latency — Cognitive Load — Adversarial Posture When Sau increases,
decisions are made on outdated information. This creates misalignment between owner
and contractor narratives, accelerating Scap as parties defend their positions.

3. Capability Churn — Fatigue — Interface Churn Loss of experienced personnel (Sced)
increases supervision load and error rates, raising Swt. These errors propagate into design
and installation conflicts, increasing Saic.

4. Adversarial Posture — Digital Twin Latency — Cognitive Load High Scap reduces
information sharing and slows approvals, increasing Sqn. Latency forces management
into reactive firefighting, elevating Smei.

5. Cognitive Load — All Other Internalities When Sma approaches saturation, stabilizing
feedback collapses. Fatigue goes unaddressed, interface churn accelerates, digital twin
drift increases, capability churn is unmanaged, and adversarial behavior escalates.

0.4 System-Level Interpretation

The network behaves as a non-linear co-activation system:
o Athreshold breach in any internality activates adjacent nodes.
e Feedback loops amplify disturbances.
o Fragility accumulates faster than traditional metrics can detect.

This unified view is essential because it shows that internalities are not independent variables—
they are entangled operational states whose interactions determine the project’s fragility
trajectory.
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The internality network illustrates that fragility in Large Complex Projects emerges not from
isolated weaknesses but from the coupled behavior of multiple operational state variables
interacting across the project system. Once any internality breaches a critical threshold, feedback
loops activate adjacent dimensions, accelerating entropy and collapsing stabilizing mechanisms.
This co-activation dynamic makes clear that internalities cannot be governed independently; they
must be treated as an integrated system whose interactions determine the project’s fragility
trajectory. This insight provides the foundation for the governance architecture that follows, where
each internality is aligned with a specific governance lever, targeted intervention mechanism, and
measurable outcome designed to restore coherence and prevent systemic collapse.

0.5 Governance Implication

Leaders must govern internalities as a network, not as isolated metrics. Interventions applied to
one dimension (e.g., fatigue) must anticipate second-order effects (e.g., reduced interface churn,
lower cognitive load). This network model becomes the foundation for predictive control and
threshold-based intervention.

Unified Internalities Network
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Governance Architecture Overview

Large Complex Projects cannot be stabilized through traditional management practices that rely
on periodic reporting, managerial intuition, or lagging financial indicators. The internality network
described earlier demonstrates that fragility emerges from coupled operational dynamics inside the
project system—dynamics that accelerate once any internality breaches a critical threshold.
Effective governance therefore requires an architecture capable of sensing these internalities in
real time, diagnosing their interactions, and applying targeted interventions before systemic
collapse occurs.

At its core, the governance architecture aligns each internality with a specific oversight domain—
Safety, Design, Workforce, Data, Contracts, and Leadership—ensuring that every source of
fragility has a corresponding lever of control. These domains form the structural backbone of the
governance model, translating abstract operational stressors into actionable intervention pathways.
Rather than treating internalities as isolated metrics, the architecture governs them as an integrated
system whose behavior determines the project’s stability.

Central to this architecture is the Trigger—Diagnosis—Action—Verification (TDAV) cycle, which
replaces episodic oversight with continuous sensing and structured intervention. TDAV ensures
that governance decisions are grounded in evidence, executed with accountability, and validated
through measurable recovery. It provides the procedural discipline required to manage the velocity
and complexity of modern project systems.

The governance architecture also establishes mandatory intervention thresholds tied directly to the
Quantum Fragility Index. These thresholds define when leadership must act, how interventions
should be sequenced, and what outcomes must be verified before the system can be considered
stable. By linking internality telemetry to governance action, the architecture transforms fragility
management from an ad-hoc activity into a predictable, repeatable process.

Together, these elements—governance domains, TDAYV, intervention thresholds, and
fragility-linked decision pathways—form a coherent governance architecture that prepares the
reader for the detailed intervention mapping and executive dashboard presented in the next section

1.0 Conceptual Framework: Internalities vs. Externalities in Large Complex
Projects

Section 1 establishes the central distinction between externalities and internalities in Large
Complex Projects. Externalities are visible but largely uncontrollable shocks from outside the
project boundary, while internalities are hidden, controllable, and generated by the project’s own
organizational, technical, and commercial architecture.

e Core argument: Project failure is often driven less by external disruption than by the
internal system’s ability—or inability—to absorb disruption.
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e Governance implication: Leadership must move beyond financial buffering and risk
transfer toward active structural control of internal project dynamics.

e Operating lens: Internalities accumulate as latent friction fields that can trigger non-
linear phase transitions when critical thresholds are crossed.

Large Complex Projects (LCPs) within modern infrastructure, aerospace, energy, and defense
systems consistently struggle with catastrophic cost overruns and schedule delays. Traditional
governance frameworks typically attribute these failures to external shocks—unforeseen
macroeconomic shifts, regulatory changes, geopolitical instability, or extreme weather events.
These exogenous variables are classified as externalities. They represent forces originating
outside the project's boundary, acting as random or stochastic perturbations on an otherwise
deterministic execution model.

Conversely, an internality is an endogenous vulnerability generated directly by the system's
internal configuration, behavioral dynamics, and socio-technical architecture. Internalities
represent structural and organizational inefficiencies that systematically degrade the project's
execution capacity from within. While externalities introduce random variance, internalities
dictate how the project absorbs that variance. They act as internal friction fields, driving non-linear
entropy accumulation and sudden phase transitions—abrupt structural collapses where execution
efficiency drops sharply, despite nominal resource availability.

Understanding the difference between internalities and externalities requires examining how they
operate across four core operational dimensions:

1.1 Risk vs. Fragility: Why the Distinction Matters

Traditional project governance is built around risk: identifiable events that may occur, each with
an estimated probability, impact, owner, and mitigation plan. This is useful for managing known
exposures such as regulatory change, supplier insolvency, weather disruption, or escalation in
material prices. However, risk registers are less effective at detecting whether the project system
itself has become structurally weak.

Fragility is different. It does not describe a discrete event; it describes the project’s sensitivity to
disturbance. A fragile project is one in which small shocks—minor design changes, delayed
approvals, localized fatigue, or information latency—can trigger disproportionate cost, schedule,
quality, or commercial consequences. In this sense, risk asks, “What might happen to the project?”
while fragility asks, “How much damage can the project absorb before its internal structure begins
to fail?”
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The Quantum Fragility Index therefore complements, rather than replaces, traditional risk
management. It shifts leadership attention from cataloguing external threats to measuring the
internal conditions that determine whether those threats remain manageable or become systemic
failures.

Four Core Operational Dimensions

Dimension Risk Fragility

Core What adverse event How vulnerable is the project system if

question might occur? disturbed?

Typical focus Probability, impact, Sensitivity, coupling, thresholds, loss of
mitigation owner, resilience
contingency

Governance Helps manage known Helps detect hidden structural weakness

value threats and allocate before collapse
contingency

Example A supplier may deliver A small delivery delay cascades because
equipment late management is overloaded, interfaces are

unstable, and field data is outdated

In this framework, risk is the shock; fragility is the project’s internal amplification
mechanism.

Dimensional Contrast Matrix

Dimension Externalities (Exogenous Forces) Internalities (Endogenous

Dynamics)
Ability to High Visibility, Low Low Visibility, High
Identify Controllability: External shocks Controllability: Internalities are
are easily identified via traditional obscured by traditional lagging
risk registers, macroeconomic indicators like Cost Variance (CV)
monitoring, and geopolitical and Schedule Variance (SV). They
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Dimensional Contrast Matrix

Externalities (Exogenous Forces)

Internalities (Endogenous

Dynamics)
scanning. Their origin is explicit, exist as latent structural
though their timing remains vulnerabilities within the project's
stochastic. socio-technical network, requiring
advanced telemetry to uncover.
Speed & Discontinuous & Exponential & Metastasizing:
Spread of Localized/Systemic: Effects Internalities accumulate silently
Effects usually manifest as immediate, below the operational surface.
discrete disruptions (e.g., a supply Once a critical threshold is
chain node closing, a regulatory breached, they propagate non-
halt) that propagate linearly linearly across the network
through the critical path. through coupled feedback loops,
causing widespread systemic
degradation.
Mitigation Risk Transfer & Financial Structural Engineering & Real-
Strategies Buffering: Mitigated primarily Time Feedback: Mitigated
through commercial insulation, through active structural design,
including insurance, force majeure collaborative contract integration,
clauses, index-linked contingency information latency reduction, and
funds, and contractual risk- real-time telemetry-driven control
shifting. loops.
Challenges Asymmetric Risk Pricing: The Institutional Inertia & Cognitive
& primary limitation is the escalating Bias: Mitigation is constrained by
Limitations commercial cost of transferring legacy management practices,

systemic market risks to insurance
or supply chains in volatile
economic environments.

defensive corporate cultures that
withhold performance data, and
reliance on lagging accounting
metrics.

The distinction between externalities and internalities establishes the conceptual foundation for
understanding why Large Complex Projects fail from within rather than from external shocks.
Externalities introduce random variance, but internalities determine whether that variance is
absorbed or amplified into systemic disruption. Having clarified this operating lens, the next step
is to define the specific endogenous mechanisms through which fragility enters and propagates
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across the project system. This requires a structured taxonomy of the six bounded operational state
variables that shape the project’s internal execution environment. Each internality represents a
distinct friction field, a measurable pathway through which entropy accumulates and coherence
erodes. Together, they form the analytical backbone for the fragility model and the governance
architecture that follows.

2. Exhaustive Taxonomy of Six Core Project Internalities

PROJECT OPERATIONAL ENVIRONMENT

Pure Execution State (Psi)
Strategic Alignment & Ideal Target Trajectory

SYSTEMIC INTERNALITIES INDUCED DECOHERENCE CHANNELS

v

Mixed State (rho(t))

Entropy Generation & Fragility Amplification

2.1 Workforce Fatigue 2.2 Architectural Interface Churn

State Variable: S wf State variable: S aic

2.4 Capability Churn & Dilution
State Variable: S_ccd

2.3 Digital Twin Info Latency
State Variable: S_dtl

2.5 Commercial Adversarial Posture 2.6 Management Cognitive Load

State variable: S_cap State variable: S_mcl
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Section 2 defines the six core internalities that describe the project’s internal operating state:
workforce fatigue, architectural interface churn, digital twin information latency, capability churn
and craft dilution, commercial adversarial posture, and management cognitive load.

e Purpose: Convert abstract project dysfunctions into bounded state variables that can be
observed, modeled, and governed.

o Executive value: Give project leaders a common language for diagnosing hidden sources
of rework, delay, dispute, and decision breakdown.

o System logic: Each internality functions as a distinct pathway through which entropy and
fragility enter the project state.

To govern a Large Complex Project effectively, leadership must monitor and model the internal
execution environment. This is achieved by tracking Six Core Project Internalities, which define
the state of the project system within its operational space. These are each discussed in the
following subsections.

2.1 Workforce Fatigue & Cognitive/Physiological Decay (Swr)
Philosophical Nature & Operational Definition

Workforce Fatigue (Swr) represents the non-linear degradation of human execution fidelity across
physical craft labor, engineering, and supervisory teams. It reflects the physiological and cognitive
debt that accumulates when human assets endure sustained operational stress without adequate
recovery.

Distinction: Internality vs. Externality Justification

Workforce Fatigue is an internality because it is directly generated by the project's execution
strategy, schedule constraints, and shift configurations. While environmental conditions like high
ambient heat are external, the decision to maintain aggressive labor shifts under those conditions
converts external ambient energy into an internal physiological debt field.

Mathematical State Variable Definition

The fatigue state is modeled as a continuous, time-varying internal state variable bounded within
a normalized interval:
Swi(t) € [0, 1]

Where Swr= 0 represents a fully rested, maximum-fidelity workforce, and Swr=1 denotes complete
physiological and cognitive saturation, resulting in near-zero productivity and a high probability
of systemic error.
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Executive & Project Director Translation

For a construction executive, Swr is the driver behind escalating rework rates, quality weld
rejections, and safety incidents. It represents the point where mandating overtime shifts stops
accelerating progress and instead increases total project cost by introducing human errors into
physical assets.

Systemic Quantum Mechanism & Fragility Dynamics

In a quantum project management framework, the baseline planned execution path is driven by an
ideal Hamiltonian (Ho)®. Workforce Fatigue acts as a primary dissipative decoherence channel
(ywf). It introduces phase errors into the pure execution state, transforming it into a mixed state
marked by high entropy.

As Syr increases, it alters the project value function, creating structural concavity’. This shift
increases the system's susceptibility to minor external disruptions, turning small schedule
variances into major, compounding delays.

Real-World Industrial Exemplars®

e Scenario A: On a $12B mega-refinery project, the project management office (PMO)
mandated rolling 70-hour workweeks for mechanical instrumentation technicians to hit a
critical milestone. Over three weeks, the localized Swr metric climbed past 0.75. This drop
in cognitive fidelity led to mis-wired safety-loop systems, requiring total diagnostic
teardowns and adding two months of unscheduled rework to the commissioning phase.

e Scenario B: An infrastructure tunneling project enforced continuous night-shift rotations
without adequate rest intervals. The resulting sleep deficit caused a major excavator
collision at the tunnel face, halting operations for 14 days due to localized equipment loss
and safety investigations.

Workforce Fatigue demonstrates how human-system degradation becomes a primary source of
execution error, rework, and safety instability. As Swrrises, the project loses its ability to maintain
coherent flow, and localized physiological decay becomes a structural driver of fragility. This
erosion of execution fidelity sets the stage for the next internality—Architectural Interface
Churn, where accumulated human errors manifest as spatial conflicts and design instability across
interconnected work packages.

® The ideal Hamiltonian (H,) is the baseline, simplified energy operator for a physical system where
interactions, perturbations, or complex forces are ignored. It represents an idealized, solvable model (like a
free particle or a harmonic oscillator), serving as the starting point to add real-world corrections

7 This increases sensitivity to fragility.

8 All projects in the paper are synthetic examples for illustrative purposes,
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2.2 Architectural Interface Churn (Saic)
Philosophical Nature & Operational Definition

Architectural Interface Churn (S.ic) measures the structural and spatial instability at the boundaries
where different engineering disciplines or contractor work packages intersect. It quantifies the rate
and non-linear propagation of design changes across interconnected interfaces.

Distinction: Internality vs. Externality Justification

Interface Churn is an internality because it stems from the structural decomposition of the project's
design and execution packages. It is generated by decoupled design processes and concurrent
engineering workflows within the project organization, rather than external market disruptions.

Mathematical State Variable Definition

The interface churn variable is defined as a normalized metric:
Saic(t) € [0, 1]

Calculated via the spectral properties of the project's design change propagation network’. A value
of Saic — 1 indicates that a localized modification to a single interface element triggers an
unpredictable cascade of design changes across the entire engineering ecosystem.

Executive & Project Director Translation

To a project director, Saic represents physical layout conflicts on-site, unexpected spatial
interference between disciplines (e.g., piping clashing with cable trays), and constant revisions to
Issued for Construction (IFC) drawings during active field installation.

Systemic Quantum Mechanism & Fragility Dynamics
Architectural Interface Churn disrupts the spatial coherence of the project state. It generates

quantum entanglement between previously decoupled work packages. When S,ic is high, Package
A and Package B become non-separably coupled:

|¥aB) # [wa) @ |ys)

9 Calculating system behavior via the spectral properties of a design change propagation network relies on
analyzing the eigenvalues and eigenvectors of the system's adjacency or graph Laplacian matrix. This
mathematical approach reveals how modifications cascade, identify critical vulnerability nodes, and quantify
structural resilience across complex technical or engineering frameworks.
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This entanglement means any adjustment by one contractor immediately changes the execution
conditions for the other, creating a cascade of field conflicts that amplifies structural fragility.

Real-World Industrial Exemplars

e Scenario A: During a nuclear power plant expansion, a localized engineering change in
the auxiliary cooling water pipe diameters was approved without updating adjacent
structural concrete packages. This oversight created hard physical clashes on-site,
requiring core drilling through reinforced concrete walls and delaying mechanical
equipment placement by weeks.

e Scenario B: On an offshore topsides platform project, continuous revisions to electrical
instrument layouts cascaded into structural module designs, resulting in widespread
modification of structural steel connections during final assembly.

Interface Churn reveals how spatial and design instability propagate through coupled engineering
networks, transforming small design variances into widespread field disruption. As Saic increases,
coordination bandwidth collapses and management attention is consumed by conflict resolution
rather than productive flow. This rising coordination burden naturally leads into Digital Twin
Information Latency, where outdated or asynchronous data further amplifies misalignment and
accelerates systemic drift.

2.3 Digital Twin Information Latency (Sat)

Philosophical Nature & Operational Definition

Digital Twin Information Latency (Squ) measures the temporal lag, asynchronous phase drift, and
information entropy separating physical site reality from the digital replica driving the Project
Management Information System (PMIS).

Distinction: Internality vs. Externality Justification

Information Latency is a clear internality. It is determined entirely by the project's internal data
architecture, progress reporting workflows, and software integration choices.

Mathematical State Variable Definition
This state variable is bounded as:

Sau(t) € [0, 1]
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Where Saqq = 0 represents real-time information synchronization, and Sq¢q = 1 indicates complete
information isolation, where current management data reflects an outdated historical state of the
field.

Executive & Project Director Translation

For an executive, Saq represents "flying blind." It means steering a multi-billion dollar project using
progress reports that are weeks old, making it impossible to address emerging variances before
they impact the critical path.

Systemic Quantum Mechanism & Fragility Dynamics

In quantum state tracking, Squ introduces a non-Markovian memory kernel!® into the project's
control loops. Instead of immediate state correction, management decisions are applied based on
an outdated project state. This time-lagged feedback causes control loop instability, transforming
simple field variances into systemic disruptions.

Real-World Industrial Exemplars

e Scenario A: On a high-speed rail megaproject, field progress data was collected via
manual paper logs and processed on a bi-weekly cycle. A major sub-surface utility
conflict halted utility installation on Day 2 of the cycle, but the delay was not registered
in the master schedule until Day 14. In the interim, downstream grading crews were
dispatched to an un-cleared zone, resulting in equipment standby costs and uncoordinated
resource deployment.

e Scenario B: A major maritime port development experienced a 10-day delay in syncing
bathymetric survey updates into the dredging digital twin model. This lag led to over-
dredging in non-critical zones, depleting fuel budgets and delaying excavation of the
primary shipping channel.

Information Latency exposes the consequences of steering a complex project using outdated or
asynchronous data. When Sqq rises, decision-makers operate on historical states rather than current
reality, creating time-lagged feedback loops that destabilize execution. This drift in informational
fidelity directly impacts workforce proficiency, making Capability Churn & Craft Dilution the
next critical internality to examine.

° A non-Markovian memory kernel is a mathematical function that makes a system’s evolution depend
explicitly on its past, rather than only on its current state. In other words, it encodes temporal non-locality:
the system “remembers” previous states, and that memory influences present dynamics.
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2.4 Capability Churn & Craft Dilution (Scca)

Philosophical Nature & Operational Definition

Capability Churn & Craft Dilution (Sccq) measures the erosion of core technical and operational
proficiency within the project workforce. It captures the impact of losing experienced personnel
and integrating lower-tier or unverified labor to maintain headcount numbers.

Distinction: Internality vs. Externality Justification

While broader regional labor shortages are external market conditions, the project's internal
retention strategies, onboarding protocols, and qualification standards dictate Sccq. It evaluates how
effectively the project maintains its internal skill base despite external labor market pressures.
Mathematical State Variable Definition

The capability churn variable is formalized as:

Scea(t) € [0, 1]

Where Sccd — 1 indicates that the collective skill profile of the workforce has fallen well below
the technical baseline required to execute the project's design complexity.

Executive & Project Director Translation

To a construction executive, Scca means that even though headcount charts show 100% manning
levels, actual productivity is low. The workforce lacks the specific experience needed for the asset's
complexity, leading to safety violations, lower output, and increased supervision requirements.
Systemic Quantum Mechanism & Fragility Dynamics

Capability Churn increases the stochastic variance parameter'! (cin?®) of the internal execution

environment. Within the system's state space, it functions as a diffusion field that spreads the
project's execution state across non-productive paths, accelerating structural fragility.

" The stochastic variance parameter is a quantitative measure of the randomness, dispersion, and
instability present within a system’s internal execution environment. In QPM terms, it captures how widely
the project’s execution state can deviate from its intended trajectory due to unpredictable, internally
generated fluctuations—such as skill dilution, inconsistent craft performance, or variable decision fidelity.
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Real-World Industrial Exemplars

e Scenario A: An EPC contractor building a complex petrochemical facility replaced a
specialized team of cryogenic tank welders with general structural welders to cut costs.
While headcount remained stable, the weld defect rate rose from 2% to 28%, forcing
extensive testing, carbon-arc gouging, and re-welding that disrupted the mechanical
completion schedule.

e Scenario B: A clean-room semiconductor facility fabrication project suffered high
turnover among its senior commissioning engineers. The influx of newly hired engineers
unfamiliar with the system's specific instrumentation led to calibration errors, delaying
initial facility certification.

Capability Churn illustrates how erosion of technical proficiency increases variance, supervision
load, and execution error rates. As Sccq rises, even stable designs and accurate data cannot
compensate for declining craft fidelity, causing systemic friction to accumulate across the project.
This degradation in execution quality often triggers defensive commercial behavior, making
Commercial Adversarial Posture the next internality in the chain.

2.5 Commercial Adversarial Posture (Scap)

Philosophical Nature & Operational Definition

Commercial Adversarial Posture (Scap) quantifies the breakdown of collaboration and shared risk-
bearing across contractual interfaces. It measures the transition of project relationships from
collaborative execution to defensive, transactional posturing centered on liability shifting and
claims manufacturing.

Distinction: Internality vs. Externality Justification

This variable is an internality because it is directly driven by the chosen commercial framework
(e.g., fixed-price vs. integrated project delivery) and the contract management styles of the owner
and contractors.

Mathematical State Variable Definition

The commercial posture variable is bounded as:

Scap(t) € [0, 1]

Where Scap = 0 represents complete commercial alignment, and Scap = 1 indicates a total operational
freeze where all direct communications are replaced by formal legal notices and dispute filings.
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Executive & Project Director Translation

To an executive, a high Scap manifests as a site overrun with claims consultants, an explosion of
formal letters, and contractors refusing to perform minor field adjustments without an approved
change order.

Systemic Quantum Mechanism & Fragility Dynamics

Commercial Adversarial Posture functions as a pure dephasing channel'? in the project's state
space. It reduces the off-diagonal elements of the multi-party project density matrix (pag) to zero.

This dephasing breaks down the collaborative superposition between owner and contractor,
collapsing the relationship into a rigid game-theoretic litigation trap'? that destroys project value.

Real-World Industrial Exemplars

e Scenario A: During a major airport terminal expansion, a series of design changes led
the owner to reject all incoming contractor claims to protect their capital budget. The
prime contractor responded by executing a strict "work-to-rule" strategy, refusing to
resolve obvious design errors in the field without formal written directives. This legal
stand-off led to project gridlock and a multi-year litigation process.

e Scenario B: On a massive hydro-electric dam project, an adversarial relationship
between the main civil contractor and the turbine supplier resulted in a refusal to share
spatial alignment data, causing structural installation delays at the powerhouse interface.

Adversarial Posture shows how commercial misalignment transforms operational friction into
contractual conflict, slowing approvals, reducing transparency, and amplifying systemic latency.
As Scap increases, collaboration collapses and information flow becomes constrained, forcing
leadership into reactive firefighting. This rising burden on decision-makers culminates in
Management Cognitive Load, the final internality that governs the system’s ability to maintain
coherence.

2 Commercial Adversarial Posture destroys the relational coherence between project parties without altering
the visible resource configuration. The project still has the same contracts, budgets, and staffing—but the
ability of parties to act in a coordinated, aligned manner collapses.

3 A game-theoretic litigation trap occurs when the project’s commercial incentive structure collapses such
that defection (claims, legal positioning, withholding information) becomes the dominant strategy for all
parties, regardless of the long-term cost. In this state, the payoff matrix shifts so that cooperative strategies
yield negative expected value, adversarial strategies yield non-negative or defensive value, and litigation
becomes the only stable equilibrium, even though it destroys total project value.

© 2026 Robert Prieto
www.pmworldlibrary.net Page 18 of 99



http://www.pmworldjournal.com/
http://www.pmworldlibrary.net/

PM World Journal (1SSN: 2330-4480) Governing Project Internalities
Vol. XV, Issue IX — September 2026 by Bob Prieto
www.pmworldjournal.com Featured Paper

2.6 Management Cognitive Load (Sme1)

Philosophical Nature & Operational Definition

Management Cognitive Load (Smc) measures the administrative and operational data saturation
experienced by the project leadership and PMO core. It treats management as a finite information-
processing channel that degrades when the volume of operational disruptions exceeds its
processing capacity.

Distinction: Internality vs. Externality Justification

Management Cognitive Load is an internality because it is generated by the internal organizational
structure, reporting requirements, and decision-making protocols of the project.

Mathematical State Variable Definition
The cognitive load state variable is bounded as:

Smea(t) € [0, 1]
Where Smet — 1 represents complete administrative saturation, where leadership is fully occupied
by immediate operational crises and loses the capacity to process strategic data or project steering
updates.
Executive & Project Director Translation
For a project director, Smc1 means being trapped in emergency coordination meetings for 12 hours
a day, a growing backlog of unreviewed RFIs and change orders, and an inability to focus on long-
term execution strategy due to constant firefighting.
Systemic Quantum Mechanism & Fragility Dynamics
Management Cognitive Load functions as an informational attenuation filter that introduces a
non-linear time delay into the project's steering mechanism. As Smcl increases, management's

ability to apply stabilizing feedback decays.

The project's control loops lose dampening capability, causing small, localized field variances to
amplify into systemic, structural disruptions.
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2.7 Summary of Six Core Project Internalities

Internality

Workforce
Fatigue

Architectural
Interface Churn

Digital Twin
Information
Latency

Capability
Churn & Craft
Dilution

Commercial
Adversarial
Posture

Management
Cognitive Load

Summary of Six Core Project Internalities

Symbol

Swf

Saic

Sai

Sccd

scap

Smcl

What It
Measures
Physiological and
cognitive
depletion across
labor and

supervision teams.

Instability at
design and spatial
boundaries
between
disciplines.

Temporal lag
between physical
reality and digital
representation.

Erosion of
technical
proficiency and
skill density.

Breakdown of
collaboration and
shared risk across
contracts.

Saturation of
leadership
information-proce
ssing capacity.

Why It Matters

Drives rework,
safety incidents,
and productivity
collapse under
sustained stress.

Causes cascading
design changes
and field clashes.

Creates decision
blindness and
delayed corrective
action.

Reduces
execution quality
despite stable
headcount.

Converts
cooperative
execution into
defensive legal
behavior.

Causes delayed
decisions and loss
of strategic focus.

Fragility Effect

Acts as a
dissipative
decoherence
channel (ywf) that
erodes execution
fidelity.
Generates
entanglement
between work
packages,
amplifying
systemic fragility.
Introduces
non-Markovian
feedback loops
that destabilize
control systems.
Increases internal
variance (cint?),
diffusing
productive
execution paths.
Acts as a pure
dephasing
channel,
collapsing
multi-party
coherence (pAB).
Introduces
non-linear time
delay, amplifying
local variances
into systemic
disruption.
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2.8 Communication Culture and Style Load (¥..;)

This metric quantifies how organizational communication behaviors—such as channel
proliferation, reporting style friction, and interruption frequency—drain executive bandwidth and
degrade project governance velocity. It is an element of management cognitive load but has been
broken out here for emphasis.

1. Core Sub-Components

e Channel Fragmentation (®.;): Measures the cognitive switching costs imposed by
overlapping, unstructured communication ecosystems (e.g., split-platform messaging,
fragmented emails, and redundant tracking portals) that force leaders to constantly re-
index project context.

o Signal-to-Noise Ratio (I;;,): Quantifies the structural proportion of actionable project
intelligence versus administrative chatter, status theater, and defensive documentation
that management must filter daily.

e Synchronous Interruption Velocity (;,): Captures the frequency and intrusiveness
of unscheduled demands that fracture deep executive focus, directly elevating error
rates in complex decision-making.

o Narrative-Reality Divergence (A,,.): Evaluates the cognitive overhead generated
when corporate reporting styles, euphemistic communication cultures, or polished
status narratives conflict with ground-truth project data.

2. Suggested Formulation and Integration

_ cbch X 'in X Anr

ccl —
an

e Operational Impact: When integrated into S,,,.;, a high W,.; indicates an
organizational culture where communication style acts as an active vector of
friction rather than an alignment tool, predicting project fragility and delayed risk
identification.

Wcclintegrates directly into the Management Cognitive Load composite, modifying Spa
as a multiplicative friction term that accelerates governance latency and elevates
fragility transmission.

Real-World Industrial Exemplars

e Scenario A: A massive clean-energy transmission project faced simultaneous material
delays, labor disputes, and environmental compliance challenges. The project leadership
team became heavily saturated (Smet > 0.90), spending all their time in crisis meetings.
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Because of this administrative bottleneck, critical-path material re-routing approvals were
delayed by three weeks, extending total project duration.

e Scenario B: On a large-scale stadium development, a high volume of concurrent sub-tier
subcontractor disputes overwhelmed the PMO's commercial team, causing regular
change order reviews to stall and leading to localized work stoppages by unpaid vendors.

Cognitive Load represents the saturation point of executive and managerial bandwidth. When S
approaches critical thresholds, stabilizing feedback loops collapse, and all other internalities
accelerate simultaneously. This final internality closes the loop by demonstrating how human
decision capacity governs the entire fragility network, setting the stage for the Internality
Network and the governance architecture that follows.

3.0 Telemetry Architecture, Data Ecosystems, and Tracking Protocols

To transform these internalities from theoretical metrics into actionable management variables,
projects must deploy an advanced Field Telemetry Engine. This engine bypasses self-reported
progress data, extracting real-time performance indicators directly from data pipelines across
the project infrastructure.

Section 3 translates the six project internalities into an operational telemetry architecture. Instead
of relying on manual status reporting or delayed cost and schedule variance indicators, the
framework connects each internality to direct data streams, software hooks, and management
workflows that can detect structural fragility while it is still forming.

o Data capture layer: Uses field sensors, access logs, BIM metadata, HRIS' records,
contractual notices, and communication metadata to measure internal execution
conditions.

o Integration layer!S: Connects enterprise platforms, project controls systems, digital
twins, and analytics tools through APIs, data brokers, and automated monitoring
pipelines.

e Governance response layer: Converts telemetry signals into management actions such
as access throttling, design freezes, dynamic float adjustment, dispute escalation, and
administrative triage.

The practical objective is to make internalities measurable, comparable, and actionable. By
mapping each state variable to specific evidence sources and automated intervention protocols, the

1 HRIS - Human Resource Information System

5 The integration layer functions as both a transport layer and a semantic layer, ensuring not only that data
flows between enterprise systems, digital twins, and project controls platforms, but also that each internality
is represented with consistent meaning across all telemetry sources.
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project leadership team can shift from retrospective variance explanation to predictive stabilization
of the project system.

Summary of Data Sources, Deployable Tools, and Management
Integration Processes

Internality Telemetry Data Deployable Tools & Management
State Sources Software Hooks Integration
Workflows
Workforce Anonymized FitBit/Garmin Enterprise Automated
Fatigue (Swr) smart-band API hooks Access
actigrap hy/. Turnstile data scrapers'’ Thrott'llng.
sleep tracking Turnstiles
. . (e.g., Tyco, Bosch) automatically
Biometric . 13 S
e a0cess Localized IoT'® weather restrict site access
IE;SU station arrays if an lnleldL.lal'S
21-day overtime
Micro-climate metrics exceed
WBGT!® threshold limits.

sensor grids Dynamic shift and

shade-break
rotations based on
live thermal load
data.

' WBGT (Wet Bulb Globe Temperature) is a composite heat-stress index that integrates air temperature,
humidity, radiant heat, and wind effects to quantify the physiological thermal load on workers. It is the
standard metric used to trigger heat-stress controls, dynamic shift rotations, and fatigue-risk mitigation in
high-temperature industrial environments.

7 Turnstile data scrapers are software modules or API-based extractors that pull structured access-control
data from physical turnstile systems used at construction sites, industrial facilities, and secure project zones.
These scrapers collect and normalize entry/exit logs generated by hardware platforms such as Tyco, Bosch,
Lenel, Honeywell, or other enterprise access-control systems.

They convert raw badge-swipe events into usable telemetry streams that feed the Workforce Fatigue (Su)
model.

8 10T — Internet of Things
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Summary of Data Sources, Deployable Tools, and Management
Integration Processes

Internality
State

Architectura
1 Interface
Churn (Saic)

Digital Twin
Info Latency
(Sat1)

Telemetry Data
Sources

Spatial
soft/hard clash
frequency in
BIM

Change
velocity of
Shared
Interface
Documents
(SIDs)

Real-time 3D
LiDAR reality
scans

Time logs from
field
completion to
database sync

Processing
latency for
reality-capture
point clouds

Deployable Tools &
Software Hooks

Autodesk Construction
Cloud / Autodesk Forge
APIs

Procore RFI tracking
modules

Farol/Faro Spatial Point-
Cloud analyzers'’

Primavera P6 EPPM
database hooks?’

DroneDeploy/OpenSpac
e photogrammetry
processing logs

Management
Integration
Workflows

Topological
Freezing:
Automated
flagging of high-
frequency design
changes within 14
days of scheduled
construction.

Mandatory cross-
discipline reviews
triggered by clash
velocity spikes.

Dynamic Float
Adjustment:
Scheduling
engines
automatically
increase active
buffer
requirements if
data reporting

9 Farol/Faro Spatial Point-Cloud Analyzers are high-precision 3D processing engines that transform raw
LiDAR or laser-scan data into structured geometric intelligence. In your telemetry architecture, they serve as
the core spatial-coherence analyzers for Architectural Interface Churn (Saic), detecting instability, clash
propagation, and interface drift across the project’s physical and digital environments.

20 Primavera P6 EPPM database hooks are the connective tissue that let your telemetry architecture tap
directly into the live scheduling database of Oracle Primavera P6 Enterprise Project Portfolio Management
(EPPM). In our framework, they serve as the data-access and event-listening mechanisms that expose
real-time schedule states, float consumption, progress updates, and sync latency—critical inputs for Digital
Twin Information Latency (Sdtl).
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Summary of Data Sources, Deployable Tools, and Management
Integration Processes

Internality
State

Capability
Churn &
Craft
Dilution
(Sccd)

Telemetry Data
Sources

Packet sync
€ITOrS across
contractor
PMIS
databases

Rolling 14-day
craft turnover
metrics

HRIS
welder/operato
r certification
expiration logs

Pre-QMS??
localized
quality
inspection
rejection rates

Deployable Tools &
Software Hooks

Custom Kafka data-
stream brokers?!

Workday / SAP
SuccessFactors HRIS
data pipelines

Digital quality
management logs (e.g.,
Fieldwire, BIM 360)

Biometric identification
systems

Management
Integration
Workflows

latency outpaces
critical path float.

Automated daily
exception
reporting for
delayed progress
entries.

Competency-to-
Workface
Locking: Restricts
site entry check-ins
for critical tasks
(e.g., specialized
welding) to
certified, high-
fidelity personnel.

Dynamic
onboarding
adjustments based
on localized
rework velocity
spikes.

21 Custom Kafka data-stream brokers are the backbone of our real-time telemetry architecture. They act as
high-throughput, fault-tolerant data pipelines that ingest, buffer, transform, and distribute streaming

project data from dozens of heterogeneous systems—digital twins, PMIS platforms, LiDAR processors, HRIS
logs, turnstiles, drones, and loT sensors—into a unified, coherent flow.
They are “custom” because they are engineered specifically for project-internality telemetry, not generic

enterprise messaging.

22 QMS - Quality Management System
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Summary of Data Sources, Deployable Tools, and Management
Integration Processes

Internality Telemetry Data Deployable Tools & Management
State Sources Software Hooks Integration
Workflows
Commercial Formal Custom Python NLP Early-Dispute
Adversarial contractual modules (using spaCy, Mediation:
Posture notification HuggingFace Automatic
(Scap) filing Transformers)* escalation to a
fi ject disput
redquency Contract management project S1Spute
Ch q datab A review board when
ange order atabases (e.g., Aconex) communication
authorization . :
cvele times Legal tracking logs sentiment scores
y drop or notification
NLP sentiment volume spikes.
scoring of ) Implementation of
formal emails h .
d shared contingency
an . drawdowns to
transmittals b .
ypass commercial
deadlocks.
Management Calendar Microsoft Graph API / Administrative
Cognitive saturation data Google Workspace Triage: Automatic
Load (Smet) for project analytics routing of Tier-2
leadershi . . d Tier-3
caderstip Jira Enterprise / Asana Zn e ¢
Backlo task tracking backlogs ceistons 10
Volumeé; for decentralized field
unresolved Slack/Teams metadata teams when
RFIs and parsers management

change orders

®ch fragmentation
analyzers; I'sn NLP

meeting saturation
exceeds 70%.

23 Custom Python NLP modules refer to project-specific natural language processing pipelines built using
open-source libraries such as spaCy and HuggingFace Transformers. These modules perform automated
text analysis on project communications—emails, transmittals, contractual notices, and RFI narratives—to
extract sentiment, detect adversarial language patterns, classify dispute-related signals, and quantify
commercial friction. They enable real-time scoring of Commercial Adversarial Posture (Scap) by converting
unstructured communication data into structured telemetry inputs for the project’s governance engine.
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Summary of Data Sources, Deployable Tools, and Management
Integration Processes

Internality
State

Telemetry Data
Sources

Message
volume across
administrative
communication
channels

Microsoft
Graph API
metadata;
Slack/Teams
logs; email
thread
analytics;
interruption
velocity
counters; NLP
friction
scoring?;
reporting style
divergence
indicators;
channel
fragmentation
signals

Deployable Tools &
Software Hooks

classifiers; Qiv
interruption monitors;
Anr narrative-reality
comparison engines;
Yecel composite
calculator

Management
Integration
Workflows

Deployment of
LLM agents to
draft standard RFI
responses and clear
tracking backlogs.

Yecl integrated as
multiplicative
friction term in
Smcl;
governance-latenc
y modeling;
Heaviside?
activation
thresholds;
co-activation with
Scap; real-time
dashboards; PMO
operating-rhythm
integration

24 NLP friction scoring is a quantitative measure of communication drag inside a project’s management
system. It uses natural language processing to detect when written communication—emails, RFls,
transmittals, meeting notes, chat messages—begins to show patterns that indicate cognitive overload,

coordination breakdown, or adversarial drift.

Itis one of the most important telemetry signals inside Management Cognitive Load (Smcl) and

Commercial Adversarial Posture (Scap).

2 The Heaviside step function, denoted H(t), is a binary threshold function that switches from 0 to 1 the

moment a variable crosses a critical value.
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Mathematical Roadmap: Translating Internalities into Fragility Metrics

Before introducing the formal equations, it is essential to orient the reader to the mathematical
logic underlying Quantum Project Management (QPM) and the Quantum Fragility Index (QFI).
The mathematics in this paper does not exist for abstraction; it operationalizes how internalities
transmit stress through the project system.

1. Purpose of the Mathematical Framework The equations quantify how each
internality—Swt, Saic, Sdtl, Sced, Scap, and Smer—acts as a transmission function converting
local operational stress into systemic fragility. Each variable is bounded between 0 and 1,
representing the normalized intensity of its internal friction field.

2. Transmission Functions and Curvature Mapping Every internality has a distinct
transmission function T;(x)that maps its local stress to curvature change in the project’s
expected-value field. These curvature changes define how small disturbances amplify or
dampen across the system. The combined curvature field produces the total fragility
index QFl;ytq;-

3. Coupling and Non-Linearity Internalities are not independent. Their transmission
functions interact through coupling coefficients that create non-linear amplification.
When one dimension exceeds its threshold, adjacent dimensions accelerate toward
fragility through feedback loops. This coupling is what transforms ordinary risk into
systemic failure.

4. Integration into the Quantum Fragility Index The QFI aggregates all six internalities
using weighted, non-linear integration. The index measures the project’s instantaneous
sensitivity to disturbance—its “fragility curvature.” A rise in any internality increases the
total curvature, signaling reduced resilience and higher probability of phase transition
(See Box).
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Phase Transitions in Project Fragility Dynamics

A phase transition in the project’s operational state occurs when rising internalities push
the system past a critical threshold, causing a qualitative shift in behavior rather than a
simple movement to a new state. In Quantum Project Management, this marks the point
where the project’s fragility curvature becomes steep enough that normal governance
responses no longer stabilize the system. Coordination collapses, commercial posture
hardens, cognitive load saturates, and cross-party coherence decays.

Mathematically, a phase transition corresponds to activation of a threshold function—often
represented by the Heaviside step function—that flips the system from a stable regime to
an unstable one once curvature exceeds its critical value. Unlike a routine state transition,
which preserves the underlying dynamics, a phase transition changes the rules of
evolution: governance latency accelerates, decoherence channels open, and the project
enters a high-fragility operating mode where disturbances propagate non-linearly.

Within the Quantum Fragility Index, phase transitions signal that the project has crossed
from resilience into precarity, and from precarity into fragility, marking the onset of
regime-level instability that requires immediate executive intervention.

5. Interpretive Guidance
o Low QFI: The system is resilient; internalities are damped.
o Moderate QFI: Localized fragility; intervention thresholds should be monitored.
o High QFI: Systemic fragility; mandatory governance intervention required.

This roadmap ensures that readers understand why the mathematics matters before encountering
the formal derivations. It connects the symbolic language of QPM to the operational realities of
project governance—bridging theory, telemetry, and executive decision-making.
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Mathematical Roadmap to Quantum Fragility Index

S -
@
-
@
S

Fatigue T (%
i )
Interface T,(x)
Churn Saic \
Capability T;(x) |«—| Fragility Curvature Quantum
Churn Sccd S T,(x) ... T.(x) Fragility Index
: 2 QFl¢otal

T,(x) /

Digital Twin
Latency Sy

Adversarial Ts(x)
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Transmission Functions | Curvature Mapping | Systemic Sensitivity

Notes:

o Each internality (Swf, Saic, Satt, Sced, Scap, Smet) is shown as a node feeding its
transmission function T;(x).

o The functions converge into a curvature-mapping layer, representing how local stress
alters the project’s expected-value field.

e The curvature layer integrates into the Quantum Fragility Index (QF L), which
quantifies systemic sensitivity.

o Feedback arrows illustrate non-linear coupling among internalities, emphasizing that
fragility is a network property, not a sum of parts.
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4.0 Mathematical Physics of the Transmission Functions to the Quantum
Fragility Index (QFI)

Section 4 formalizes how each internality transmits operational stress into a measurable Quantum
Fragility Index contribution. The chapter uses state-space modeling®®, variance expansion?’,
memory kernels®®, dephasing functions®, and curvature mappings* to connect project conditions
to systemic vulnerability.

e Mathematical role: Translate six operational state variables into directional fragility
scores.

e Management role: Provide a structured basis for comparing which internality is most
destabilizing at a given time.

o Integration logic: Combine the directional QFI values into QFliol, ensuring that severe
single-dimension failures cannot be hidden by averaging.

To evaluate how these internalities impact project stability, we model their effects within a high-
dimensional state space. The deterministic path of a project is driven by its baseline plan,

represented as Ho.

The structural evolution of the actual project state density matrix p(t) under the influence of
internalities is modeled via a non-Markovian Lindblad-type master equation’':

dp(ty/dt = —(i/f))[Ho, p(t)] + Zi=1®(Lip(t)Li" — V4 {Li"Li, p(t)})

26 A state-space model (SSM) is a mathematical framework used to describe the dynamics of physical or
abstract systems. By converting high-order differential equations into a series of first-order equations
represented by matrices, it models how internal states evolve over time in response to inputs

27 |n statistics, the expansion of variance refers to rewriting the definition of variance (\(\operatorname{Var}(X)
=E[(X-\mu)"2]\)) into an alternative, computationally simpler form: the expected value of the square minus
the square of the expected value, \(\operatorname{Var}(X) = E[X"2] - (E[X])"2\)

28 A memory kernel is a mathematical function used in physics and statistical mechanics to describe non-
Markovian systems, meaning a system's future state depends on its past history, not just its current
condition. It appears frequently in the Generalized Langevin Equation and quantum master equations to
account for past interactions.

2 Dephasing functions describe the time-dependent loss of quantum phase coherence, or "memory," in a
system interacting with its environment. Mathematically, they track how off-diagonal density matrix elements
(coherences) decay, often appearing as damping factors like \(e*{-g(t)}\) in quantum mechanics

30 A curvature map is a visual representation that measures the rate of change of a surface's slope or
geometry. It identifies convex (ridges/peaks) and concave (valleys/pits) areas.

31 A non-Markovian Lindblad-type master equation is an extension of the standard Markovian quantum
master equation. It models open quantum systems with memory effects by using a Lindblad-like dissipator
structure where the rates or operators change over time, allowing the environment to feed information back
into the system.
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Where Ly represents the Lindblad operators associated with each core internality Sk. These
operators convert internal systemic friction into phase decoherence and entropy.

dp(t i b 1

900) — % [Hy, p(8)) + 3 (Lrp®LE — HLLLe, o)
N ~ — _ “ s 7
—(ih)[Ho, p(t)] Dissipative Dynamics & Decoherence p(t)

Project State Density Matrix

A o (Internalities)
Coherent Evolution (Hamiltonian) / N ‘

[Glossary]

p(t): Project State Density Matrix
Hj, : Baseline Project Plan Hamiltonian
Ly : Dissipator Operators (Internalities)
t :Time Evolution t=end

The impact of each internality on the project's overall structural vulnerability is quantified by
mapping its state variable directly to its unique Quantum Fragility Index (QFIi). This
transformation represents the second-order curvature of the project's expected value field under
operational stress.
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Internality State Variable S_i

v

TRANSMISSION FUNCTION

v

Phase Decoherence & Variance Expansion (o?)

v

CURVATURE MAPPING

v

Quantum Fragility Index Contribution

(QFI_i)

4.1 Transmission Model for Workforce Fatigue (Swr)

Workforce Fatigue acts as a dissipative operator that dampens resource execution velocity and
expands the variance profile of physical tasks. The internal execution variance 6w compounds
non-linearly as fatigue grows:

thz(Swf) =60* - exp(qwf * Swi/ (1 - Swf))

Where o0” represents the ideal baseline task variance and nwr is a human-error coupling scaling
factor’?. The mathematical transmission function to its unique indicator within the Quantum

32 Note: When Mwfis 0, error free, the execution variance, waz’ 11 to the ideal baseline task variance.
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Fragility Index (QFlLys) is derived from the second-order sensitivity of the project's expected asset
value field**:

QFwa = _02E[V(p)]/68wfz = esys : (acwfz/aSwf)z : [VO - Vrework(Swf)]
Where Vo is the target project value dividend and Viework(Swr) represents the compounding cost of
structural errors and safety incidents caused by cognitive decline. Unpacking the derivative reveals

the exact curvature scaling:

QFwa = Gsys : [(502 : T]wf/(l - Swf)2 : exp(nwawf/(l - Swf))]2 : [VO - Vrework(Swf)]

3% The project’s expected asset value field is a continuous scalar field describing the project’s expected total
value across all possible states. QFlwf is derived from the second-order sensitivity (curvature) of this field
with respect to fatigue-driven dispersion, capturing how rapidly expected value collapses as workforce
fatigue increases.
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This model shows that as Swr — 1, the fragility index accelerates exponentially, causing a sharp
drop in project stability once critical human fatigue thresholds are crossed.

Expected Asset Value Field — Curvature Sensitivity (QFlf)

FN
% Y
LI ““ Y
Expected z.!l{/:,;{,éo,u, AN
Asset Value 0
E[VS, tt]

(0
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)
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The diagram illustrates the Expected Asset Value Field — Curvature Sensitivity (QFIwf), showing
how an asset’s projected value E[V (S, t)]evolves with respect to two parameters: S (Project State)
and o (Fatigue Dispersion).
o The surface represents the expected value landscape, where color transitions from navy (low)
through teal (neutral) to gold (high) indicate varying asset performance levels.
o The vertical axis quantifies the expected asset value, while the horizontal axes capture
project state and dispersion effects.
e The curvature marker (6*E[V]/0c?) highlights regions of second-order sensitivity,
identifying zones where small changes in fatigue dispersion produce amplified value shifts —
a key indicator of systemic fragility or resilience.
Project State (S) represents the system’s instantaneous condition within its execution lifecycle —
essentially, a quantum-like snapshot of how aligned or decohered the project is relative to its
governing plan.
e Low S values correspond to early or unstable phases: incomplete coordination, high
uncertainty, and weak entanglement between design, schedule, and cost.
e Mid-range S values indicate transitional coherence: subsystems begin to synchronize,
fragility decreases, and predictive control improves.
e High S values mark mature execution states: stable governance, minimal variance, and strong
coupling between intent and outcome — the project behaves as a unified wavefunction.
In the plotted surface, movement along the S axis shows how expected asset value responds as the
project evolves from chaotic initiation toward coherent execution.
This figure conveys how value curvature can reveal hidden instability or opportunity within complex
project systems — a core concept in your Quantum Project Management framework.
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4.2 Transmission Model for Architectural Interface Churn (Saic)

Architectural Interface Churn introduces geometric and spatial phase errors into the construction
sequence. Let the project's interface topology be represented as a directed graph G = (V, E), with
Mc denoting the change propagation matrix:

Mc(i,j) = 0AScopej/0AScopei
The state variable Saic represents the normalized dominant eigenvalue Amax of this system matrix.
The transmission function scales the spatial variance field via an information-theoretic network
entropy formulation:
Gaicz(Saic) = E_,spatial * Hnetwork * (1/(1 - Saic))3

Where Hietwork = —2 di In(d;) is the structural degree connectivity entropy of the interface graph.

The contribution to the directional Quantum Fragility Index (QFILaic) is calculated using the
curvature method:

QFIaic = |62V/6Gaic2| : (6Gaic2/0Saic) = Osys * [3 : gspatial : Hnetwork/(l - Saic)4] : VXHO2

The fourth-power denominator ensures that tightly coupled projects experience severe structural
fragility when interface designs remain unstable near their scheduled construction dates.

4.3 Transmission Model for Digital Twin Information Latency (San)
Information Latency decouples management's control loop decisions from physical reality. The
discrepancy between the physical field state Xp(t) and the digital twin representation Xp(t) is
evaluated using the Kullback-Leibler (KL) divergence metric**:

DkL(Xr || Xp) =] p(Xp(t)) In[p(Xp(t))/p(Xn(t))] dX
The state variable scales as Squ = 1 — exp(—® - Dxr). In the quantum master equation, this
asymmetry acts as a non-Markovian time-delayed feedback operator. The transmission function to

the fragility index is formalized via an integral memory kernel:

QFLaa = Ceontrol * Jo* € Tinfo™ * San(t—T) - |02V (t—7)/6X?|| dt

34 Kullback-Leibler (KL) divergence measures how much one probability distribution differs from a reference
distribution.
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Where Iinfo represents the information decay rate. If management's decision cycle latency matches
the natural resonance frequency of project disruptions, the control system enters a regenerative
feedback state, amplifying minor field variances into major schedule impacts*.

4.4 Transmission Model for Capability Churn & Craft Dilution (Scca)

Capability Churn reduces the baseline execution fidelity of the project organization. The collective
competency profile Cem(t) decays exponentially with labor turnover velocity Ty(t) and high
workforce fatigue fields:

Ceff(t) =Co- e_achurnTv(t) + J.Ot Honboard(‘l’) : [1 - Swf(‘l')] dt

Where Sccd(t) = max(0, 1 — Ces(t)/Areq). The transmission function maps this competency deficit
directly to an expansion of the internal structural error propagation coefficient*®:

Gccdz(t) = (fbase2 : [1 + Ysys * Sccdz/(l - Sccd)B]

The resulting contribution to the Quantum Fragility Index (QFIccq) is modeled through the
curvature of the expected project value field:

QFIccd =—0’E [V(p)]/aﬁccdz : (acccdz/aSccd) = ecap : [\Ilsys * Sced * (ZB - ﬁSccd + 2)/(1 - Sccd)ﬁﬂl :
Vo

Where 3 > 2 represents a complexity exponent mapping the sophistication of the physical asset
design. (See Box)

35 Projects behave like dynamic systems: they experience small, continuous disturbances — design
clarifications, field issues, vendor delays, weather impacts — each with its own natural resonance
frequency, meaning the rate at which those disruptions tend to appear and propagate.

Management also operates with a decision-cycle latency — the time it takes to observe an issue, process it,
decide, and act. When these two frequencies match, the project’s control loop stops damping disturbances
and instead begins amplifying them. This is called a regenerative feedback state.

In this state minor field variances that should have been absorbed instead get reinforced by delayed
decisions and grow into major schedule or cost impacts. It’s the same phenomenon seen in mechanical
resonance: when timing aligns, even small inputs create large oscillations.

% The internal structural error propagation coefficient is a quantitative measure of how strongly small,
localized execution errors inside a project’s internal architecture amplify as they move through dependent
subsystems. |t captures the rate at which an internal disturbance (design variance, coordination slip, craft
error, latency spike) grows as it travels across the project’s structural network. A high coefficient means the
project behaves like a fragile resonant structure: small internal errors become large downstream impacts. A
low coefficient means the project behaves like a stable, damped structure: errors decay as they move
through the system.
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What  Represents

B is the complexity exponent that maps how sophisticated, interdependent, and non-linear the
physical asset’s design is. It determines how aggressively internal structural errors amplify as they
propagate through the asset’s architecture.  is not arbitrary — it is empirically and structurally
determined. 3 tells you how fast small internal mistakes get bigger as they move through a
complex physical asset.
How P Is Determined
B is derived from a combination of design-level structural characteristics, each of which increases
the system’s sensitivity to internal error propagation. In practice, B is determined by analyzing five
measurable dimensions:
1. Subsystem Interdependence Density
How many subsystems depend on each other, and how tightly they are coupled. Higher coupling —
higher .
2. Interface Complexity
Number of interfaces, handoffs, and cross-discipline boundaries. More interfaces — more propagation
pathways — higher f3.
3. Design Nonlinearity
Presence of nonlinear behaviors (thermal expansion, vibration modes, load redistribution,
control-system feedback). Nonlinear systems amplify small errors — [ increases.
4. Tolerance Sensitivity
How small deviations in fabrication or assembly affect downstream performance. Tight tolerances —
higher .
5. Integration Fragility
How easily integration errors cascade during commissioning or operation. Fragile integration —
higher (3.
Practical Determination Method
In Section 4.4, B is typically set using a three-step structural assessment:
1. Quantify subsystem coupling (graph-based adjacency and dependency matrices).
2. Measure interface and tolerance sensitivity (design reviews, FMEA, commissioning data).
3. Fit B to observed propagation behavior using historical project variance curves.
This produces a B value that reflects real-world propagation dynamics, not theoretical assumptions.
Interpretation
e B =2 — moderately complex asset; errors grow quadratically.
e P =3-4 — highly complex asset; errors grow cubically or quartically.
e P =S5 — ultra-complex, tightly coupled systems (refineries, nuclear, acrospace); tiny errors
explode into large impacts.

4.5 Transmission Model for Commercial Adversarial Posture (Scap)

Commercial Adversarial Posture drives phase dephasing across contractual boundaries. It is
modeled using a dual-pathway transmission mechanism.
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Pathway 1: Contract-Tier Phase Decoherence

The off-diagonal coherence terms of the shared owner-contractor density matrix pap decay at an
accelerated dephasing rate I'cap’ :

p01(t) = p01(0) : e_Fcap(Scap)t, where rcap(Scap) = Ybase * [Scap/(l - Scap)]
Pathway 2: Game-Theoretic Payoff Matrix Collapse
Simultaneously, the relationship is modeled as an asymmetric repeated N-player game. The

destructive friction factor &(Scap) represents the legal costs and work decelerations that accumulate
when parties shift from collaboration to defensive posturing:

(g)(Scap) = legal * exp(;vgame : Scap)
When Scap crosses the critical threshold Scit = 0.60, the dominant Nash equilibrium shifts from
productive collaboration to a defensive legal posture, creating a structural drop in expected project
value:

AVgame = _Q(Scap - Scrit) : J.tdisputeOO éo(Scap(T)) dt

Where O is the Heaviside step function. The unified transmission function combining these
pathways into the directional Quantum Fragility Index (QFlcap) 1s defined as:

QFIcap = [K] : (6rcap/aScap)2 + K2 |62AVgame/6Scap2|] : 1/(1 - Scapz)
4.6 Transmission Model for Management Cognitive Load (Smc)
Management Cognitive Load limits information processing and decision-making capacity. The
accumulation of unprocessed administrative entropy is driven by the incoming disruption rate
Hinput(t) relative to management's channel capacity Cmanagement:

dSmcl(t)/dt = Vload * maX(O, Hinput(t) - Cmanagement[l - Swi(t)]) — Oclear * Smcl(t)

This load expands the project's decision latency window 1q4:

87 The accelerated dephasing rate Iqpreflects the extent to which Commercial Adversarial Posture (Scap)
disrupts relational coherence between the owner and contractor. In quantum-governance terms, Scap acts
as a pure dephasing channel: it preserves the diagonal “population” terms of the shared density matrix
papWhile selectively erasing the off-diagonal components that encode alignment, trust, and coordinated
decision-making. As I;,,increases, these coherence terms decay more rapidly, indicating that even small
adversarial interactions accelerate the collapse of joint state coordination and amplify the likelihood of
systemic schedule and interface instability.
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Td(Smcl) =170 + ATmax * [Smcl/(l - Smcl)]

The mathematical transmission to the Quantum Fragility Index (QFInc1) maps the curvature of the
control field across this expanded latency window:

QFImcl = —62V/0‘rd2 : ((‘5‘l'd/(‘5Smcl)2 = Qcontrol * [A‘l'max : TO/(I - Smcl)4] * ||VXH0||2
4.7 Integrated Systemic Fragility Synthesis (QFItotal)

To provide project boards with a single metric for systemic risk, the six directional fragility
indicators are combined using a non-linear geometric pooling function:

QFTtota = 1 — IMk=1°(1 — QFI) ok + A(maxi{QFIk})

Where ok represents the network centrality weight of each internality. The integration engine
applies the Internality Dimensional Floor Rule, structured via the operational step-function . #:

If 338 k such that QFIx > 0.85, then # — QFltota1 > 0.85

This rule ensures that a severe operational bottleneck in a single dimension cannot be hidden by
averaging it against healthier project parameters.

4.8 Ilustrative Examples for Key Formulas

The following examples use simplified illustrative values to show how the formulas behave. They
are not intended as calibrated project thresholds; actual values should be estimated from project
telemetry, historical baselines, and executive risk appetite.

Example 1: Workforce Fatigue Variance Expansion

Assume 60> = 1.0, nwr= 1.2, and Swr= 0.50.

The fatigue variance formula gives ow# = 1.0 - exp(1.2 - 0.50 / 0.50) = exp(1.2) = 3.32.

If Swrrises to 0.75, the same expression becomes exp(3.6) = 36.6, showing how fatigue can produce
explosive growth in execution variance as the state approaches saturation.

38 7 js the existential quantifier. It means “there exists at least one...
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Example 2: Digital Twin Latency State Conversion®’

If the KL divergence between the physical field state and the digital twin is Dxr = 0.40 and the
scaling factor is ® = 1.5, then S¢a =1 —exp(—1.5 - 0.40) = 1 — exp(—0.60) = 0.45.

This indicates a moderate information-latency condition: the digital twin is not fully detached from
field reality, but the lag is significant enough to impair control-loop responsiveness.

Example 3: Capability Churn State Variable*

Assume the required competency threshold is Areq = 100 and the current effective competency
profile is Ceri(t) = 82.

Then Scca(t) = max(0, 1 —82/100) = 0.18.

If turnover and onboarding delays reduce Ces(t) to 60, then Sced(t) rises to 0.40, indicating that
skill-base degradation has become a material execution risk even if nominal headcount appears
sufficient.

Example 4: Commercial Adversarial Threshold

If Scap = 0.55 and Seiit = 0.60, the Heaviside term O(Scap — Scrit) remains inactive, so the model
treats the commercial relationship as strained but not yet locked into defensive equilibrium.

If Scap increases to 0.70, the threshold activates, meaning legal friction and claims behavior begin
generating a structural loss term through AV game.

Example 5: Management Cognitive Load and Decision Latency
Assume 19 = 2 days and Atmax = 5 days.

If Sme1 = 0.40, then T =2 + 5 - [0.40 / 0.60] = 5.33 days.

If Sier rises to 0.80, then ¢ =2 + 5 - [0.80 / 0.20] = 22 days.

This illustrates how administrative saturation can rapidly convert routine approvals into critical-
path delays.

39 See also the Appendix titled, Digital Twin Information Latency and Control Loop Fragility Expansion

40 See also the Appendix titled Capability Churn & Craft Dilution and Competency Driven Variance Expansion

© 2026 Robert Prieto
www.pmworldlibrary.net Page 41 of 99



http://www.pmworldjournal.com/
http://www.pmworldlibrary.net/

PM World Journal (1SSN: 2330-4480) Governing Project Internalities
Vol. XV, Issue IX — September 2026 by Bob Prieto
www.pmworldjournal.com Featured Paper

Example 6: Aggregate QFI Interpretation
Suppose the six directional QFI values are moderate except one:
QFLwr=0.42, QFLic = 0.38, QFIaa = 0.31, QFILcca = 0.44, QFlcap = 0.86, and QF e = 0.40.

Even if the pooled average appears manageable, the dimensional floor rule activates because
QFlcap > 0.85. The governance interpretation is that commercial adversarial posture has become
severe enough to require targeted executive intervention regardless of healthier conditions
elsewhere.

Example 7: Architectural Interface Churn Variance Scaling*!
ASSlee éspatial = 0.80, Hnetw()rk = 1.50, and Saic = 0.40
Then Gaic> = 0.80 - 1.50 - (1 /0.60)* =~ 5.56.

If Saic rises to 0.70, the same term becomes 0.80 - 1.50 - (1 / 0.30) = 44.44. This illustrates why
late-stage interface churn can become disproportionately destabilizing even when the number of
individual design changes appears manageable.

Example 8: Digital Twin Memory-Kernel Intuition

Assume Ceontrol = 1, I'info = 0.50, and the delayed control-curvature term is approximately constant
at 2.0 over recent history.

A disruption from one period ago receives weight e ! = 0.61, while a disruption from four

periods ago receives weight e %% = 0.14. The model therefore gives more influence to recent
information gaps but still allows older unresolved latency to affect current fragility if it remains
embedded in the decision system.

Example 9: Capability Churn Variance Expansion

AsSSUme Ghase> = 1.0, Wsys = 2.0, =2, and Scea = 0.30.

Then Geea® = 1.0 - [1 +2.0 - 0.30?/(0.70)*] = 1.37.

If Sced rises to 0.60, then Geea® = 1.0 - [1 + 2.0 - 0.60% / (0.40)?] = 5.50. The example shows how

craft dilution can remain tolerable at low levels but become severe once the competency deficit
approaches the midpoint of the scale.

41 See also the Appendix titled Architectural Interface Churn and Spatial Variance Expansion
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Example 10: Commercial Dephasing Decay*?
Assume Ypase = 0.20 and Scap = 0.50.

Then I'cap = 0.20 - [0.50 / 0.50] = 0.20.

If po1(0) = 1.0 and t = 5, then poi1(5) = ¢ %25 = 0.37.

If Scap increases to 0.75, Teap = 0.20 - [0.75 / 0.25] = 0.60, and poi(5) = ¢ > = 0.05. This
demonstrates how adversarial posture rapidly erodes collaborative coherence.

Example 11: Commercial QFI Sensitivity*

Consider a simplified case where ki = 0.60, k2 = 0.40, Ol cap/0Scap = 1.20, and [0°AV game/0Scap’| =
2.00.

If Scap = 0.50, then the bracketed term is 0.60 - 1.20% + 0.40 - 2.00 = 1.664, and the amplification
termis 1 /(1 —0.50%) = 1.33.

The resulting simplified QFlcap is approximately 2.22 before normalization. This indicates that
commercial fragility can require scaling or clipping when used in a bounded executive dashboard.

Example 12: Management Cognitive Load Accumulation Rate

Assume Vioad = 0.10, dctear = 0.05, Hinput(t) = 120 requests per period, Cmanagement = 100 requests per
period, Swr=0.20, and Smci(t) = 0.40.

Effective management capacity becomes 100 - (1 — 0.20) = 80, so the overload is max(0, 120 —
80) = 40. The accumulation term is 0.10 - 40 = 4.0, while the clearing term is 0.05 - 0.40 = 0.02.

The positive net rate indicates that cognitive load is increasing and that staffing, delegation, or
workflow throttling is needed before the management channel saturates.

Example 13: Weighted QFI Pooling
Suppose QFILyr= 0.30, QFLic = 0.50, QFIag = 0.20, QFIcca = 0.40, QFlcap = 0.35, and QF Iy = 0.45,

with equal weights of 1/6. Ignoring the floor function, the geometric pooling term is approximately
1 — [(0.70 - 0.50 - 0.80 - 0.60 - 0.65 - 0.55)"] = 0.38. This result is higher than the weakest

42 See also the Appendix titted Commercial Adversarial Posture and Contractual Phase Decoherence
Expansion
43See also the Appendix titted Commercial Adversarial Posture and Contractual Phase Decoherence
Expansion
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individual signals but lower than the most severe one, giving boards a single aggregate fragility
score while still allowing the dimensional floor rule to override the average if any one internality
becomes critical.

5.0 Strategic Synthesis and Cross-Dimensional Co-Activation Networks

Section 5 explains that internalities operate as a coupled network rather than as isolated risks. A
disturbance in one dimension—such as design churn, fatigue, information latency, or commercial
distrust—can activate feedback loops that amplify fragility across the wider project system.

e Network insight: The most dangerous project conditions emerge when internalities
reinforce each other through co-activation loops.

e Governance priority: Interventions should target leverage points that reduce multiple
internalities at once.

e Practical focus: Unified information architecture, decentralized command, and
collaborative commercial frameworks provide the highest cross-dimensional mitigation
value.

The six core internalities do not operate in isolation. They form a highly coupled, non-linear
network where a phase transition in one dimension triggers cascading increases across the
remaining state variables.

5.1 Cross-Internality Co-Activation Matrix

The table below outlines these primary cross-dimension coupling vectors, illustrating how separate
internal stressors can combine into systemic project vulnerabilities:

Cross-Internality Co-Activation Matrix

Primary Co- Coupling Vector & Resulting Systemic
Internality Activated Transmission Mechanism Vulnerability
State Internality
State
Workforce Capability High fatigue fields drive up safety = Localized execution
Fatigue (Swr) Churn & errors and weld rejection rates. errors convert into
Craft This surge leads to increased persistent, systemic
Dilution labor turnover and rapid quality failures
(Sced) personnel replacements, lowering = across work
packages.
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Primary
Internality
State

Architectural
Interface
Churn (Saic)

Digital Twin
Info Latency
(San)

Commercial
Adversarial
Posture (Scap)

Management
Cognitive
Load (Smcl)

www.pmworldlibrary.net

Cross-Internality Co-Activation Matrix

Co-
Activated
Internality
State

Management
Cognitive
Load (Smcl)

Commercial
Adversarial
Posture (Scap)

Management
Cognitive
Load (Smcl)

Workforce
Fatigue (Swr)

Coupling Vector &
Transmission Mechanism

the project's collective
competency profile (Ces).

Unresolved spatial conflicts and
design revisions generate an
exponential surge in RFIs and
engineering change orders,
overloading the review capacity
(Cmanagement) of the PMO core.

Asynchronous phase drift
between physical field reality and
corporate progress metrics creates
data distrust between parties. This
variance leads owners to withhold
payments and contractors to file
defensive claims.

Strategic information withholding
and legal filtering turn routine
engineering queries into formal
commercial disputes. This shift
consumes the administrative
bandwidth of project leadership.

Administrative over-saturation
leads to delayed field decisions
and extended material approval
logjams. To recover this lost time,
teams resort to extended overtime
shifts, driving up fatigue metrics.
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Resulting Systemic
Vulnerability

Management is
forced into a
reactive crisis
posture, losing the
capacity to identify
incoming weak
signals.

The project's
contract execution
model drops into a
zero-sum, defensive
litigation trap.

Decision velocity
stalls, causing a
sharp expansion in
the project's baseline
decision latency (14).

The project enters a
feedback loop where
management
overload directly
accelerates worker
exhaustion.
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Cross-Internality Co-Activation Matrix

Primary Co-

Internality Activated

State Internality
State

Commercial
Adversarial
Posture

(Scap)

Coupling Vector &
Transmission Mechanism

Smcl’s communication-culture
sub-component (Wccl) increases
cognitive switching costs,
synchronous interruption velocity,
and narrative-reality divergence.
These behaviors saturate
executive bandwidth and
simultaneously amplify defensive
commercial posturing, elevating
claims velocity and formal
dispute escalation.

INTERNALITY CO-ACTIVATION GRAPH

S_aic

l (RFI Surge)

Data Distrust

Overtime
S_mcl —_—p

S_wf >

Demands

(Administrative
Saturation)

(Defect Escalation)
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Resulting Systemic
Vulnerability

Coupled fragility
mode: management
overload and
adversarial posture
reinforce one
another, accelerating
decoherence,
slowing decision
velocity, and
increasing systemic
commercial friction.

S_cap

(Legal
Gridlock)

S_ccd <

Shared Administrative & Technical Leverage Points

Analysis of the co-activation network reveals three core areas where management interventions
can simultaneously mitigate multiple internalities:
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1. Unified Information Architectures: Driving Squ — 0 via automated telemetry
minimizes the data asymmetries that fuel Commercial Adversarial Postures (Scap) and
reduces the administrative review backlogs that contribute to Management Cognitive
Load (Sme1).

2. Decentralized Operational Command: Implementing autonomous decision-making
zones at asset battery limits relieves pressure on central management (Smci), which helps
prevent schedule compressions that cause Workforce Fatigue (Swr).

3. Collaborative Commercial Frameworks: Using risk-parity contract models** removes
the incentive for defensive behavior (Scap), unlocking the transparent communication
needed to quickly resolve Interface Churn (Saic).

5.2 Internalities Infographic

44 Risk-parity contract models are commercial structures designed so that each party carries risk in
proportion to its actual control capacity, rather than through traditional allocation heuristics (e.g., “push
risk to the contractor”). In these models, the owner and contractor share a balanced exposure profile,
meaning that each risk is assigned to the party best positioned to manage or mitigate it; neither party holds
disproportionate downside relative to its operational influence; incentives are alighed to reduce variance
rather than conceal it; the joint system behaves more like a coherent two-party state than an adversarial
one. In formal terms, risk-parity contracts minimize the internal structural error propagation coefficient by
reducing adversarial posture, shortening decision-cycle latency, and dampening the amplification of
upstream disturbances. When risk is balanced, the shared density matrix p,gretains stronger off-diagonal
coherence, meaning the owner and contractor remain aligned in decision timing, information flow, and
corrective action. In short: risk-parity contracts create a governance environment where small errors
stay small, rather than accelerating into schedule or cost instability.
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Six Core Project Internalities

Workforce Fatigue (S,¢)
e Exhustion & Errors

e Safety Incidents

* Productivity Decline

Interface Churn (S;;)

¢ Design Changes
¢ Boundary Clashes
¢ System Instability

Capability Churn (S.)

e Skill Erosion
e Talent Loss
e Execution Drift

Digital Twin Latency (Sgy)
e Outdated Data

¢ Decision Lag

¢ Info Gaps

Adversarial Posture (S,,)

e Contract Disputes
e Risk Contention
e Trust Breakdown

Cognitive Load (S,)
e Info Overload

e Slow Decisions

¢ Focus Impairment

Measurement | Governance | Intervention | Systemic

The preceding infographic consolidates the six internalities into a coherent fragility topology,
illustrating how each factor interacts within the project’s systemic environment. To translate this
conceptual visualization into actionable governance, the following section establishes a structured
mapping between internality detection and executive intervention.

This Governance Intervention Mapping Table operationalizes the fragility framework by aligning
each internality with its corresponding governance lever, intervention mechanism, and measurable
outcome—forming the foundation for the executive dashboard that follows.
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5.3 Governance Intervention Mapping — From Detection to Action

The internalities framework establishes what must be monitored; governance determines
how leaders respond. Each internality introduces a distinct form of operational drag, cognitive
burden, or systemic instability, and effective mitigation requires aligning these signals with the
correct executive lever. This section translates the internality topology into a structured governance
map, pairing each signal with its corresponding oversight domain, targeted intervention
mechanism, and the measurable outcome it is designed to produce. The resulting mapping forms
the operational spine of the fragility-governance system and provides the foundation for the
executive dashboard presented in Section 5.4.

Governance Lever Intervention Mechanism

Internality

Expected

Workforce Fatigue
(Swp

Interface Churn

Operational Safety &
Scheduling

Design Governance &

Dynamic shift rotation,
fatigue telemetry,
rest-window enforcement

Interface registry, digital

Outcome
Reduced incident
frequency and
stabilized
productivity curve
Lower rework

(Saic) Change Control clash-detection, rates and improved
cross-discipline review spatial coherence
cadence

Capability Churn  Workforce Development = Skill-density tracking, Increased
(Scea) & Retention mentorship loops, execution fidelity
certification incentives and reduced
variance in craft
output
Digital Twin Data Governance & Real-time sensor Enhanced decision
Latency (san) Telemetry integration, latency accuracy and
dashboards, predictive reduced
synchronization lag-induced errors
Adversarial Contractual Alignment & Collaborative contract Improved trust and
Posture (Scap) Risk Sharing frameworks, cooperative
dispute-avoidance protocols, = execution behavior
shared KPI dashboards
Cognitive Load Leadership Information | Decision-support Faster strategic
(Smcl) Design dashboards, delegation response and

www.pmworldlibrary.net

matrices, cognitive-load
audits
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5.4 Executive Dashboard Layout - Internalities Governance

Dashboard Structure

Dashboard

Panel

System State Panel

Signal Diagnostics
Panel

Scenario Engine
Panel

Executive Action
Panel

Purpose

Provides real-time
snapshot of overall
system health
integrating QFI and
fragility signals.

Decomposes QFI into

its component metrics.

Projects system
behavior under
alternative conditions.

Converts insights into
concrete, time-bound
actions.

Governance Integration

Core Contents

* QFI gauge with trend
arrow

* Fragility band
(Green — Black)

* Top 3 rising metrics
(C,U,E)

* Flow & decoherence
alerts

* Curvature,
Uncertainty, Entanglem
ent, Decoherence
sub-gauges

* Signal-to-noise ratio
* Behavioral drift
indicators

* QFI trajectory
forecasts

* Intervention impact
curves

* Recovery timeline
estimates

* TDAV status
(Trigger — Diagnosis
— Action — Verificati
on)

* Active

interventions & owners
* Decision

log & rationale

Each internality feeds into the dashboard as a governance signal:

e Swr— Operational Safety Panel
e Saic — Design Governance Panel

e Scca — Workforce Development Panel

e Sau — Data Governance Panel

www.pmworldlibrary.net
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Executive Decisions

Enabled

* Determine

governance posture

* Adjust cadence

(monthly — daily)

* Identify emerging

fragility

* Identify which metric
drives instability

* Target interventions
* Validate data quality

* Select intervention
type & timing

» Compare governance
strategies

* Authorize
interventions

* Assign accountability
* Validate recovery
progress

Page 50 of 99


http://www.pmworldjournal.com/
http://www.pmworldlibrary.net/

PM World Journal (1SSN: 2330-4480) Governing Project Internalities
Vol. XV, Issue IX — September 2026 by Bob Prieto
www.pmworldjournal.com Featured Paper

e Scap — Contractual Alignment Panel
e Sma — Leadership Information Panel

Each panel displays real-time telemetry, intervention status, and expected outcome
trajectory.

Executive Usage
e Board Review Cadence: Monthly — Weekly — Daily (adaptive)
e Decision Triggers: QFI > 0.65 — Activate Scenario Engine

e Governance Feedback: TDAV cycle closes the loop between fragility detection and
verified recovery.

Internalities Governance Dashboard

System Status Signal Diagnostics

é A A PN A

Curvature Uncertainity" | Entanglement | Decoherence
M QF10.72
@& Cognitive Load 1 € Active Measures

A Rising
@ Interface Churn 1T
@ Decoherence Alert /A o Fatigue Mitigation o Contract Alignment
o Contract Alignment  Txcet Breaioown

@ Signal-to-Noise: 3.2 {\ Behavioral Drift: 1T

Executive Actions

Scenario Analysis

@, QFI Projections © Next Steps

o Deploy Sensor Update
M « Leadership Review 10 AM

~ Today w Intervention ___ Recovery € TDAV Status: Diagnosing —> Acting
A o 9 S v §
Safety Design Workforce Data Contracts Leadership
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Governance Intervention Mapping

Project Internality Governance Lever

Intervention Mechanism

« Dynamic Shift Rotation

« Fatigue Telemetry

Expected Outcome

Reduced Incidents,
Stable Efficiency

/
- Workforce @ Operational
Fatigue (Swf) Safety

’ Interface : @_—2 Design Control » Clash Detecti(_)n
@~ Churn (Saic) « Interface Registry

X Capability
Churn (Sccd)

Lower Rework,
Spatial Alignment

« Mentorship Programs
« Skill Tracking

Higher Skills,
Reduced Variance

o®, Workforce
S88) pevelopment

Digital Twin == « Telemetry Dashboards Faster Data
Data Governance 4
@ Latency (Sdtl) = d » Predictive Sync Timely Adjustments
’.‘;‘ Adversarial ) Contract « Collaboratine Contracts Improved Trust,
we Posture (Scap) &L Alignment « Dispute Prevention Fewer Disputes
@ Cognitive Load 'al Leadership « Cognitive-Load Audits Faster Decisions,
(Smcl) §gz® Support « Delegation Matrix Clear Focus

Detection — Diagnosis —» Action —p Verification

5.5 Strategic Conclusion and Prioritized Actionable Recommendations

Section 5.5 consolidates the framework into an executive action agenda. It argues that project
governance must shift from retrospective reporting to predictive stabilization, using
automated telemetry, risk-parity contracting, administrative capacity controls, and mandatory QFI-
based intervention thresholds.

e Strategic conclusion: Large project failure is often an endogenous systems problem, not
merely a failure of contingency planning.

o Implementation pathway: Embed internality telemetry and QFI thresholds directly into
PMO governance routines.

o Leadership mandate: Treat early internality signals as operational control triggers rather
than explanatory diagnostics after cost and schedule damage has already occurred.

Theoretical and Practical Wrap-Up

The mathematical formalization of the six core internalities demonstrates that project failure is
largely an endogenous, architectural transition rather than an unavoidable result of external events.

© 2026 Robert Prieto

www.pmworldlibrary.net Page 52 of 99



http://www.pmworldjournal.com/
http://www.pmworldlibrary.net/

PM World Journal (1SSN: 2330-4480) Governing Project Internalities
Vol. XV, Issue IX — September 2026 by Bob Prieto
www.pmworldjournal.com Featured Paper

Traditional governance frameworks fail because they rely on lagging financial indicators (CV, SV)
that only register anomalies after internal systemic friction has already caused structural damage.

By modeling internalities as coupled variables within a quantum state space, we show that
structural fragility compounds non-linearly long before variances appear on a traditional
dashboard. When metrics like Workforce Fatigue (Swr) or Commercial Adversarial Posture (Scap)
cross critical thresholds, they trigger cascade reactions that destabilize the project's control loops.
To ensure project stability, leadership must transform governance from a retrospective
accounting exercise into a real-time, telemetry-driven predictive engine.

Key Conclusions

e Project fragility is primarily endogenous: Large Complex Project failure often emerges
from internal structural conditions rather than from external shocks alone.

o Lagging indicators are insufficient: Cost variance and schedule variance usually appear
after internalities have already damaged execution capacity.

o Internalities are measurable control variables: Workforce fatigue, interface churn,
information latency, capability dilution, adversarial posture, and management overload
can be monitored through telemetry and translated into QFI signals.

e Coupling creates cascade risk: Internalities reinforce one another through feedback
loops, meaning a localized weakness can quickly become a systemic fragility event.

e Governance must become predictive: Leadership should use QFI thresholds, automated
telemetry, and predefined intervention protocols to stabilize projects before failures
appear in financial reporting.

Prioritized Actionable Recommendations
1. Deploy an Automated Telemetry-Driven PMO Infrastructure

e Action: Replace manual, self-reported progress updates with automated data pipelines
that feed the internal state variables (Swf, Saic, Sau) directly into a predictive analytics
engine.

o Implementation: Connect HRIS access logs, live BIM design change metadata, and
automated reality capture point-clouds into a centralized dashboard to calculate QFIiotal
on a rolling 24-hour cycle.

o Impact: Eliminates reporting delays, giving leadership visibility into latent structural
risks before they impact cost and schedule metrics.

2. Transition Procurement to Risk-Parity Contractual Frameworks

e Action: Abandon traditional transactional, fixed-price contract models for complex
projects in favor of integrated, collaborative risk-sharing frameworks.
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Implementation: Build projects around Integrated Project Delivery (IPD) structures or
multi-party alliances where the owner, prime contractor, and key subcontractors operate
within a shared risk-reward financial pool.

Impact: Mitigates commercial dephasing (Scap) by aligning financial incentives,
preventing defensive claims posturing and legal stand-offs.

3. Establish Automated Administrative Capacity Throttles

Action: Create automated organizational triggers to prevent administrative overload from
destabilizing project control loops.

Implementation: Monitor project management meeting saturation and RFI backlog
metrics (Smer). If cognitive load thresholds breach 0.70, automatically route Tier-2 and
Tier-3 engineering decisions to decentralized, autonomous field management teams at
asset battery limits.

Impact: Stabilizes decision velocity, lowers administrative latency, and reduces
management bottlenecks during high-disruption execution phases.

4. Enforce Mandatory Risk Mitigations Based on QFItta Thresholds

Action: Integrate the Unified Quantum Fragility Index into formal project governance
bylaws, making operational interventions mandatory when specific thresholds are
breached.

Implementation: Define strict operational responses within the project steering
guidelines:

o  QFltotar > 0.60: Trigger mandatory cross-discipline design freezes and review
communication alignment protocols.

o  QFltota > 0.85 (Internality Dimensional Floor Rule): Enforce a targeted
operational pause to address the specific bottleneck—such as resetting workforce
shift rotations to counter fatigue or freezing submittals to resolve interface
churn—before resuming field production.

Impact: Institutionalizes proactive risk management, preventing projects from
continuing on unstable execution paths and protecting the capital asset's baseline value
dividend.

5.6 Implications for Conventional Project Management Theory

Conventional project management theory has long relied on linear planning, periodic reporting,
and incremental corrective action as the foundation for project control. The analysis presented in
this paper demonstrates that these assumptions are increasingly insufficient in environments
characterized by high interdependence, rapid change, and systemic fragility. The internalities
framework reveals that instability often emerges from endogenous behaviors—workforce fatigue,
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interface churn, capability erosion, digital latency, adversarial posture, and cognitive overload—
that accumulate inside the project system and remain invisible to traditional KPIs.

The Quantum Fragility Index (QFI) challenges the classical premise that risk is primarily an
external variable to be mitigated. Instead, QFI shows that fragility is generated internally through
nonlinear interactions that conventional PM tools cannot detect or quantify. This reframing shifts
the focus from risk registers and variance tracking to continuous sensing of internal system
behavior. In doing so, it exposes a structural gap in traditional PM theory: the absence of a
closed-loop mechanism linking detection, diagnosis, action, and verification.

The governance architecture introduced in Section 5 addresses this gap by providing a disciplined
pathway for executive intervention. The TDAV cycle replaces episodic oversight with continuous
sensing, managerial intuition with evidence-based decision-making, and reactive correction with
proactive stabilization. The Executive Dashboard further operationalizes this shift by translating
fragility signals into real-time governance intelligence, enabling leaders to anticipate failure modes
before they manifest in schedule or cost deviations.

Taken together, these insights suggest that conventional project management theory must
evolve from linear planning models to dynamic fragility-management systems; from external
risk mitigation to internality-based sensing; from static reporting to real-time telemetry; and from
managerial discretion to structured governance pathways. Quantum Project Management provides
this evolution by integrating mathematical rigor, behavioral insight, and governance design into a
unified model capable of supporting executive decision-making in complex, high-stakes
environments.

6.0 How to Use This Paper

This paper is designed as both a conceptual framework and a practical governance tool for
executives responsible for complex project delivery. The internalities model, the Quantum
Fragility Index, and the governance intervention architecture together form a coherent system that
enables leaders to detect emerging instability, diagnose its source, act through targeted
interventions, and verify recovery through measurable outcomes. This section provides guidance
on how practitioners, governance boards, and project leadership teams can apply the material in
real-world settings.

Use the Internalities Framework to Structure Early Detection

The six internalities offer a standardized vocabulary for identifying systemic stressors before they
manifest as schedule slips, cost escalation, or safety incidents. Leaders should incorporate these
internalities into routine project reviews, risk discussions, and cross-discipline coordination
sessions. By naming and tracking these signals explicitly, organizations can shift from reactive
problem-solving to proactive fragility management.
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Apply the Governance Intervention Mapping to Align Accountability

The Governance Intervention Mapping figure in Section 5.3 provides a direct linkage between
each internality and the governance lever responsible for addressing it. Executives should use this
mapping to assign clear ownership, ensuring that each internality has a defined intervention
pathway and a responsible governance domain. This alignment prevents diffusion of responsibility
and accelerates corrective action.

Use the Executive Dashboard to Drive Real-Time Decision-Making

The dashboard internalities dashboard in Section 5.4 translates the fragility framework into an
operational decision environment. Leaders should integrate the dashboard into weekly or monthly
governance cadences, using QFI trends, signal diagnostics, and scenario projections to determine
when to escalate, intervene, or adjust project posture. The dashboard becomes the central
mechanism for maintaining situational awareness across the project system.

Integrate TDAYV as the Governance Feedback Loop

The Trigger—Diagnosis—Action—Verification (TDAV) cycle provides the procedural backbone for
executing interventions. Organizations should embed TDAYV into their governance processes,
ensuring that every intervention is triggered by a measurable signal, diagnosed with evidence,
executed with accountability, and verified through observable recovery. This prevents ad-hoc
decision-making and reinforces disciplined governance behavior.

Use the Paper as a Reference Architecture for Organizational Maturity

Finally, this paper can serve as a reference architecture for organizations seeking to strengthen
their project governance maturity. The internalities, QFI, governance levers, and dashboard
collectively form a scalable system that can be adapted to projects of varying size, complexity, and
risk profile. Leaders can use the framework to benchmark current practices, identify gaps, and
implement structured improvements across planning, execution, and oversight functions.

Appendices

Workforce Fatigue and Execution Variance Expansion

Architectural Interface Churn and Spatial Variance Expansion

Digital Twin Information Latency and Control Loop Fragility Expansion
Capability Churn & Craft Dilution and Competency Driven Variance Expansion
Commercial Adversarial Posture and Contractual Phase Decoherence Expansion

Management Cognitive Load and Decision Latency Expansion
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Workforce Fatigue and Execution Variance Expansion

Section A — Conceptual Overview

Workforce Fatigue (Swr) represents the progressive cognitive and physiological saturation of the
project’s labor force. As operational tempo intensifies—extended shifts, compressed schedules,
environmental stressors, and cumulative rework—human execution fidelity begins to degrade.

In Quantum Project Management (QPM), fatigue is treated as a bounded internal state variable
that directly affects the project’s execution Hamiltonian*®. As St rises, the system’s ability to
maintain coherent execution collapses. Small disturbances—minor design changes, short material
delays, localized errors—begin to propagate non-linearly across the project ecosystem.

Fatigue is not merely a productivity issue. It is a structural fragility precursor: a dissipative
decoherence channel that injects entropy into the project’s execution state. Once Swrcrosses critical

thresholds, error propagation accelerates exponentially, overwhelming supervisory controls and
destabilizing downstream work packages.

Section B — Mathematical Formulation and Worked Calculations

Fatigue-driven execution variance is modeled using the exponential transmission function*®:

S
f

Where:

e 02 = 1.0— baseline execution variance
e n, = 1.2— human-error coupling coefficient*’

45 A project’s execution Hamiltonian is the mathematical operator that encodes all the forces, constraints,
and dynamics driving how a project evolves over time. In Quantum Project Management (QPM), it plays the
same role that a Hamiltonian plays in physics: it is the generator of time-evolution — the formal object that
determines how the project state changes.

46 An exponential transmission function means a process where a small increase in an input variable
causes a multiplicatively larger increase in the output — the growth is not linear, it accelerates. In QPM terms,
it means an internality doesn’t just “add” fragility; it amplifies it at an accelerating rate.

4 The human-error coupling coefficient is an advanced analytical concept used in complex systems
engineering, high-reliability organizations, and quantitative risk assessment. It measures the degree to which
human actions or mistakes are interdependent and likely to cascade or compound across a sociotechnical
system.
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e Syr €[0,1]— normalized fatigue state variable

This function captures the non-linear acceleration of execution variance as fatigue approaches
saturation.

State A — Moderate Fatigue (Swr= 0.50)

, 0.50
owr = 1.0 - exp (1.2 m) = exp(1.2) = 3.32

Interpretation: At mid-range fatigue, execution variance increases by more than 230%. The
workforce remains functional, but error rates begin to rise sharply, creating early quality friction
and supervisory strain.

State B — High Fatigue (Swr= 0.75)

, 0.75
owr = 1.0 - exp (1.2 m) = exp(3.6) =~ 36.6

Interpretation: At high saturation, execution variance increases by more than 3,500%. The
system enters a nonlinear regime where small disruptions trigger widespread rework, safety
incidents, and cascading schedule impacts.

Section C — Graphical Interpretation

Rather than treating human error as an isolated, random event caused by a single operator, this coefficient
treats human behavior as part of a tightly integrated network where errors can trigger, amplify, or synchronize
with other failures.
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Workforce Fatigue — Non-Linear Latency and Fragility Expansion

S
Twi(Swf) = Tbase[l + awfm]

50

== Workforce Fatigue Latency Ty(Swr)

40 4

High Fatigue(State B)
Swr=0.70,7=11.11days

30 1

20 1

Moderate Fatigue (State A)
Swe=0.40, T=2.78 days

Execution Latency & Fragility: Tws (days)

0.0 01 02 03 0.4 05 06 07 08 0.9 10
Workforce Fatigue State: Syr € [0, 1]

Description of the Figure

The figure illustrates the exponential relationship between workforce fatigue and execution
variance.

X-Axis: Represents S, ¢(t), ranging from 0 (fully rested) to 1 (complete saturation). The axis is
continuous and bounded, reflecting the normalized internality state.

Y-Axis: Execution Variance 02 £- Shows how error propagation accelerates as fatigue increases.

Curve Behavior

o The curve begins shallow at low fatigue, indicating stable execution fidelity.

o [t steepens rapidly beyond Swr= 0.50, marking the onset of nonlinear error propagation.

o It enters a near-vertical ascent beyond Swr = 0.75, representing catastrophic execution
instability.
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Key Points

e Point A (0.50, 3.32): Early Nonlinear Zone — variance begins accelerating.
o Point B (0.75, 36.6): Critical Saturation — error propagation enters explosive growth.

The figure visually demonstrates how fatigue acts as a variance multiplier, producing
exponential instability as Swf approaches 1.0.

Section D — Operational Takeaways
Stable Execution Zone (Swf < 0.40)

Maintain shift discipline, rest cycles, and supervisory coverage. Fatigue remains manageable;
error propagation is linear.

Nonlinear Error Zone (0.40-0.70)

Implement fatigue monitoring, micro-break protocols, and shift rotation. Variance begins
accelerating; rework risk increases.

Critical Saturation Zone (Swf > (.75)

Trigger mandatory rest cycles, workforce resets, and schedule decompression. Execution
variance becomes explosive; safety and quality collapse.

These thresholds should be embedded into the project’s Field Telemetry Engine*® and tied to
real-time workforce analytics.

Section E — QFI Linkage
How Workforce Fatigue Contributes to Quantum Fragility

Fatigue is one of the six bounded internalities feeding the Quantum Fragility Index:

QF liptqr = f(Swf’Saic»Sdtl'Sccd' Scap'Smcl)

48 In QPM, the Field Telemetry Engine is the subsystem that collects, cleans, fuses, and streams real-time
execution data from the field into the QFI Engine. It is the project’s “sensor layer,” converting raw operational
signals into governance-grade observables that feed the Hamiltonian, decoherence model, and fragility
calculations.
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Fragility Transmission Mechanism

o Rising fatigue increases execution variance exponentially.

e Variance amplifies error propagation across entangled work packages.

e Localized errors become systemic disruptions.

o High Swrmagnifies the effects of other internalities (interface churn, cognitive load).
e The combined effect accelerates the project toward a fragility threshold.

Governance Interpretation
A rising Swr increases fragility curvature:
e Small shocks produce disproportionate impacts.
e Rework becomes a systemic multiplier.
e QFIrises sharply even when classical metrics (CV, SV) appear normal.
Executive Directive
Workforce Fatigue must be treated as a primary fragility precursor. When Syr exceeds 0.60,

leadership should assume the project is entering a pre-failure state and activate intervention
protocols.
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Architectural Interface Churn and Spatial Variance Expansion

Section A — Conceptual Overview

Architectural Interface Churn (Saic) represents the instability at the boundaries where engineering
disciplines, contractor work packages, and spatial design elements intersect. As design changes
propagate across interconnected interfaces, the project’s spatial coherence begins to degrade.

In Quantum Project Management (QPM), interface churn is treated as a bounded internal state
variable*® that directly affects the project’s geometric Hamiltonian. When Saic rises, interface
coupling intensifies, causing localized design changes to cascade across the engineering
ecosystem.

This phenomenon explains why large complex projects often experience sudden surges in RFIs,
field clashes, and late-stage redesigns—even when the number of individual changes appears
manageable. Interface churn is not merely a coordination issue; it is a structural fragility
precursor®? that amplifies spatial variance and destabilizes downstream construction sequences.

Section B — Mathematical Formulation and Worked Calculations

Interface churn expands the spatial variance field according to the transmission function’':

1 3
O-c%ic (Saic) = Espatial : Hnetwork ' (1 —S . >
aic

Where:

o Egpaia— spatial variance coefficient
e H .work— network connectivity entropy
e Suic €]0,1]— normalized interface churn state variable

4 A bounded internal state variable is a system property that can change continuously within a defined
range but cannot exceed its physical or logical limits. In Quantum Project Management (QPM), it represents
an internal condition—like fatigue, cognitive load, or interface churn—that evolves dynamically yet remains
constrained by upper and lower thresholds.

%0 |n Quantum Project Management (QPM), a structural fragility precursor is a measurable early indicator
that the architecture or configuration of the project system itself is beginning to lose resilience — before overt
failure or decoherence occurs. It’s the “hairline crack” in the project’s structural coherence, detectable
through telemetry and QFIl analysis.

51 A transmission function is a mathematical operator that describes how a change in one variable moves
through a system and alters another variable. In QPM/QFI terms, it defines how internalities propagate,
amplify, or dampen fragility across dimensions.
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This function captures the third-power acceleration®? of spatial variance as interface instability
approaches saturation.

Contrastn =3 vsn=1or2

Worked Example Values (from Example 7)

® Espatial =0.80
o Hpework = 1.50

State A — Moderate Interface Churn (Saic = 0.40)

3

1
o4, =0.80-1.50- (@) ~ 5.56

Interpretation: At moderate churn, spatial variance increases by nearly 600%, indicating that
design changes begin propagating across multiple interfaces.

52 |n QPM, third-power acceleration of spatial variance means that the spread, instability, or dispersion of a
project’s execution state grows according to a cubic function rather than a linear or quadratic one. Itis a
mathematical way of saying:

Variance is accelerating extremely fast — at a rate proportional to the cube of the underlying internality
or spatial distortion.

This is one of the strongest fragility signatures in the QPM framework.
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State B — High Interface Churn (Saic = 0.70)

3

1
c%, =0.80-1.50 - (ﬁ) ~ 44.44

Interpretation: At high churn, spatial variance increases by more than 5,400%. The system
enters a nonlinear regime where small design changes trigger widespread field conflicts, rework,
and construction delays.

Section C — Graphical Interpretation

Architectural Interface Churn Variance Expansion (Worked Example 7)
U;c = Espatfa/ *Hnetwork * (1/(1 - Saic))3

Interface Churn Variance 02,(Saic)

50 A
State B (Late-Stage Churn Lock)

Sac=070,0% ~44.44 — e

40 1

2
aic

30

State A (Backlog Friction)
Saic =0.40,0% =5.56

Spatial Variance:

20

0.0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Architectural Interface Churn State: S, €0, 11

Description of the Figure
The figure illustrates the cubic relationship between interface churn and spatial variance.

X-Axis: Normalized interface churn state variable S,;.(t), ranging from 0 (stable interfaces) to 1
(complete instability).
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Y-Axis: Spatial Variance ¢, representing geometric instability and design propagation risk.
Curve Behavior

e The curve begins shallow at low churn, indicating stable interface geometry.

o It steepens rapidly beyond Saic = 0.40, marking the onset of nonlinear propagation.

o It enters a near-vertical ascent beyond Saic = 0.70, representing catastrophic interface

instability.

Key Points

o Point A (0.40, 5.56): Early Nonlinear Zone — spatial variance begins accelerating.

o Point B (0.70, 44.44): Critical Instability — geometric propagation enters explosive
growth.

Section D — Operational Takeaways

Stable Interface Zone (Saic < 0.30)

Maintain disciplined design freeze protocols and early interface coordination.
Nonlinear Propagation Zone (0.30—-0.60)

Implement interface triage, cross-discipline review cycles, and spatial conflict detection.
Critical Instability Zone (Saic> 0.70)

Trigger design freeze, spatial re-validation, and high-frequency coordination cycles. Interface
churn becomes a systemic risk multiplier.

These thresholds should be embedded into the project’s digital twin telemetry and tied to
real-time design change metadata.

Section E — QFI Linkage
How Interface Churn Contributes to Quantum Fragility

Interface churn is one of the six bounded internalities feeding the Quantum Fragility Index:

QF liotar = f(Swf'Saic:SdtlrSccd'Scap'Smcl)
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Fragility Transmission Mechanism

e Rising S;c increases spatial variance cubically.

e Variance amplifies geometric conflicts across entangled work packages.

e Localized design changes become systemic disruptions.

o High Saic magnifies the effects of other internalities (cognitive load, fatigue).
e The combined effect accelerates the project toward a fragility threshold.

Executive Directive
Architectural Interface Churn must be treated as a primary fragility precursor. When Saic

exceeds 0.60, leadership should assume the project is entering a pre-failure state and activate
intervention protocols.
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Digital Twin Information Latency and Control-Loop Fragility
Expansion

Section A — Conceptual Overview

Digital Twin Information Latency (Sau) represents the temporal drift between physical field reality
and the digital replica used for project steering. As reporting delays, asynchronous updates, manual
data entry, and software integration gaps accumulate, the digital twin begins to diverge from the
actual project state.

In Quantum Project Management (QPM), information latency is treated as a bounded internal
state variable that directly affects the project’s control Hamiltonian. When Sqq rises, the project’s
steering function becomes phase-shifted>® — decisions are made based on outdated information,
causing corrective actions to arrive too late to dampen disturbances.

This dynamic explains why large complex projects often experience sudden schedule slips or
cascading rework even when progress reports appear stable. Information latency is not merely a
reporting issue; it is a control-loop fragility precursor* that destabilizes the project’s ability to
respond to emerging disruptions.

Section B — Mathematical Formulation and Worked Calculations

Digital Twin Latency is quantified using the Kullback—Leibler divergence™ between the
physical field state Xp(t)and the digital twin representation X, (t):

53 In QPM, when you say the project’s steering function becomes phase-shifted, it means the project’s
control signal — the function that governs alighment, direction, and corrective action —is no longer
synchronized with the project’s actual execution state. The system is still “steering,” but its steering inputs are
out of phase with reality, causing drift, oscillation, and eventual decoherence.

This is one of the strongest indicators of structural fragility.

54In QPM, a control loop fragility precursor is an early-warning signal showing that the project’s feedback
and correction mechanisms are starting to destabilize. It means the system that keeps the project alighed —
its steering, feedback, and corrective pathways — is beginning to lose coherence, responsiveness, or
accuracy. Once this precursor appears, the project is on a trajectory toward loss of control authority,
phase-shifted steering, and ultimately decoherence.

5% Kullback-Leibler divergence (KL divergence) is a fundamental concept in information theory and
statistics that measures how different one probability distribution is from another. It quantifies the
information loss or extra surprise incurred when you use an approximating distribution Qinstead of the true
distribution P.
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A )

Dy (Xp Il Xp) = fp (Xp(®)1In (p(XD(t))

The normalized state variable is defined as:

Sart = 1 —exp(—a - Dgp)
Where:

e a— information-sensitivity scaling factor
e Suiu € [0,1]— normalized latency state

Worked Example Values (from Example 2)

o DKL = 040
e a=15

Sgn =1 —exp(—1.5-0.40) = 1 — exp(—0.60) = 0.45
Interpretation: A KL divergence of 0.40 produces a moderate latency state of 0.45, indicating

that the digital twin is significantly out of phase with field reality. Control-loop responsiveness is
impaired, but not yet catastrophic.
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Section C — Graphical Interpretation

Digital Twin Information Latency Memory Kernel (Worked Example 8)

K(T) = e~ Ainfol
— —AinraT
1.0 4 Memory Kernel e ™"
0.8+ T=10
Weight = 0.61
;
v 0.6
=
<
o
(0]
=
=
o
5
< 0.4 4
T=40
Weight = 0.14
0.2
0.0 T
0 2 4 [ 8 10

Time-lag T (periods)
Description of the Figure

The figure illustrates how information latency affects control-loop fragility through a memory
kernel®S.

X-Axis: Time-lag T, representing how far past disruptions influence current decisions.

Y-Axis: Memory-kernel weight e =T, representing how strongly past information gaps affect
present fragility.

Curve Behavior

%6 Digital Twin Latency is not a simple closed form curve like Swf or Saic — its transmission function is an
integral memory kernel, not a direct algebraic function. A memory kernel is a mathematical function that
describes how past states of a system continue to influence its present behavior, with the influence typically
decaying over time. In Quantum Project Management (QPM), the memory kernel determines how strongly
past execution conditions, internalities, or disturbances continue to affect the current project state.
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e Recent disruptions (small T') retain high influence.
e Older disruptions decay exponentially but never fully disappear.
e High Sau shifts the entire kernel upward, meaning even old unresolved issues continue
to destabilize the project.
Key Points
e Short-lag zone: High weight — recent information gaps strongly affect decisions.
o Long-lag zone: Lower weight — older gaps still contribute to fragility if unresolved.
o High-latency regime: Kernel becomes flatter — the system “remembers” more past
disruptions, amplifying fragility.
Section D — Operational Takeaways
Synchronized Zone (San < 0.30)
Digital twin updates are timely; control loops are stable.
Phase-Drift Zone (0.30-0.60)
Decision-making becomes reactive; minor variances propagate.
Critical Latency Zone (S > 0.60)

Control loops destabilize; corrective actions arrive too late; systemic fragility accelerates.

These thresholds should be embedded into the project’s telemetry architecture, with automated
alerts triggered when Squ crosses critical boundaries.

Section E — QFI Linkage
How Digital Twin Latency Contributes to Quantum Fragility

Digital Twin Latency is one of the six bounded internalities feeding the Quantum Fragility
Index:

QF liptqr = f(Swf’Saic»Sdtl'Sccd' Scap'Smcl)

Fragility Transmission Mechanism

e Rising Sqq introduces time-delayed feedback into the project’s steering mechanism.
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o Time-lagged steering reduces the system’s ability to dampen disturbances.

o Disturbances propagate across entangled interfaces.

o High Sau magnifies the effects of other internalities (commercial posture, cognitive load).
o The combined effect accelerates the project toward a fragility threshold.

Executive Directive
Digital Twin Latency must be treated as a primary fragility precursor. When Sqq exceeds 0.50,

leadership should assume the project is entering a pre-failure state and activate intervention
protocols.
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Capability Churn & Craft Dilution and Competency-Driven
Variance Expansion

Section A — Conceptual Overview

Capability Churn & Craft Dilution (Sccq) represents the erosion of technical proficiency within the
project workforce. As experienced personnel depart, onboarding pipelines lag, and lower-tier or
unverified labor is introduced to maintain headcount, the project’s collective competency profile
begins to decay.

In Quantum Project Management (QPM), capability churn is treated as a bounded internal state
variable that directly affects the project’s execution fidelity. When Sccq rises, the system’s baseline
competency collapses, causing error rates, rework, and supervisory burden to accelerate
non-linearly.

This dynamic explains why large complex projects often experience sudden surges in weld
failures, calibration errors, commissioning defects, and safety incidents—even when staffing
charts show “full manning.” Capability churn is not merely a labor issue; it is a structural fragility
precursor that destabilizes the project’s technical execution pathways.

Section B — Mathematical Formulation and Worked Calculations

Capability Churn is derived from the decay of the effective competency profile®’:

t

Ceff(t) = CO : e_VChumTV(t) + J Honboard (T) ’ [1 - Swf (T)] dr
0
The normalized churn state variable is:

Scea(t) = max (O, 1— Ce%ﬁﬂ)
req

Where:

o C.(t)— effective competency

o A, required competency threshold
e T,(t)— turnover velocity

e H,poarg— Onboarding rate

o Syr(t)— fatigue coupling

57 A competency profile is the structured, quantitative map of the project workforce’s actual technical
capability, expressed as a distribution of skills, experience, certification depth, error-rate history, and
task-specific proficiency. It is the baseline technical operating capacity of the workforce.
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Worked Example Values (from Example 3)

» Required competency: A.q = 100
o Effective competency: Coer = 82

Scea = max(0,1 —82/100) = 0.18
If competency drops to 60:
Scca =1—60/100 = 0.40

Interpretation: A moderate churn level of 0.18 indicates early skill-base degradation. A higher
churn level of 0.40 signals a material execution risk even if headcount appears sufficient.
Section C — Graphical Interpretation

Capability Churn & Craft Dilution Variance Expansion

2 g2 St
Occd = Opase ll + VSyS“ — 5ca)?

Capability Churn Variance UEEH(SHU)

]

State B (Dilution Acceleration)
Scca=0.60,0% = 5.50

«©
L

Structural Error Variance: 02
o

State A (Initial Drift)
41 Seca=0.30,0%~1.37

0.0 01 02 03 0.4 05 0.6 07 08 0.9 10
Capability Churn State: S¢¢ € [0, 1]

Description of the Figure
The figure illustrates how capability churn expands the internal structural error propagation

coefficient:
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2
S ccd

O-czcd(sccd) = Gt)zase (14 Vsys * (1-S d)ﬁ
cc

Where:

® O-bzase = 1'0

o Vg =20

e [ =2
Curve Behavior
e The curve begins shallow at low churn, indicating stable competency.
o [t steepens rapidly beyond Scea = 0.30, marking the onset of nonlinear error propagation.
o It enters a near-vertical ascent beyond Sced = 0.60, representing catastrophic competency
collapse.
Key Points
e Point A (0.30, 1.37): Early Nonlinear Zone — error propagation begins accelerating.

e Point B (0.60, 5.50): Critical Competency Collapse — structural error propagation enters
explosive growth.

Section D — Operational Takeaways

Stable Competency Zone (Scca < 0.20)

Maintain retention strategies, mentorship pipelines, and skill-based deployment.
Nonlinear Error Zone (0.20-0.50)

Implement targeted upskilling, competency audits, and onboarding acceleration.
Critical Competency Zone (Scca > 0.50)

Trigger workforce resets, specialist re-mobilization, and schedule decompression. Capability
churn becomes a systemic risk multiplier.
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These thresholds should be embedded into the project’s HRIS telemetry38, tied to turnover
velocity, onboarding lag, and fatigue coupling.

Section E — QFI Linkage Block
How Capability Churn Contributes to Quantum Fragility

Capability Churn is one of the six bounded internalities feeding the Quantum Fragility Index:

QF lLotar = f(Swf'Saic:Sdtl'Sccd' Scap'Smcl)

Fragility Transmission Mechanism

e Rising Sccq increases structural error propagation.

e Error propagation amplifies rework across entangled work packages.

e Localized competency gaps become systemic disruptions.

o High Scca magnifies the effects of fatigue, interface churn, and cognitive load.
o The combined effect accelerates the project toward a fragility threshold.

Executive Directive
Capability Churn must be treated as a primary fragility precursor. When Sccq exceeds 0.40,

leadership should assume the project is entering a pre-failure state and activate intervention
protocols.

%8 HRIS telemetry refers to treating HRIS data as continuous operational signals, not static administrative
records. These HRIS signals quantify how workforce churn, onboarding delays, and fatigue dynamics are
interacting and amplifying fragility across the project.
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Commercial Adversarial Posture and Contractual
Phase-Decoherence Expansion

Section A — Conceptual Overview

Commercial Adversarial Posture (Scap) represents the breakdown of collaborative execution
across contractual interfaces. As disputes escalate, claims proliferate, and communication
becomes filtered through legal channels, the project’s commercial architecture transitions from
cooperative alignment to defensive, zero-sum behavior.

In Quantum Project Management (QPM), adversarial posture is treated as a bounded internal
state variable that directly affects the project’s relational Hamiltonian. When Sc,p rises, the
shared owner—contractor execution state loses coherence. Routine engineering queries become
formal notices, minor field adjustments become change-order battles, and decision velocity
collapses under legal friction.

This dynamic explains why large complex projects often experience sudden gridlock even when
technical progress appears feasible. Commercial adversarial posture is not merely a contractual
issue; it is a structural fragility precursor that destabilizes the project’s collaborative
superposition and amplifies systemic risk.

Section B — Mathematical Formulation and Worked Calculations

Commercial adversarial posture transmits fragility through two coupled pathways.

Pathway 1 — Contract-Tier Phase Decoherence

The off-diagonal coherence terms of the shared owner—contractor density matrix decay at a rate:

Scap

Fcap(Scap) = Ybase * 1_—5(:ap

The coherence term evolves as:
po1(t) = po1(0) - e et

% |n QPM, Contract Tier Phase Decoherence is the loss of collaborative coherence caused specifically by
the commercial/contractual tier of the project. It is the mathematically modeled collapse of alignment that
occurs when adversarial posture, contract structure, and commercial friction begin to dephase the execution
system — reducing trust, slowing decisions, amplifying drift, and destabilizing work-package coupling.

© 2026 Robert Prieto
www.pmworldlibrary.net Page 76 of 99



http://www.pmworldjournal.com/
http://www.pmworldlibrary.net/

PM World Journal (1SSN: 2330-4480) Governing Project Internalities
Vol. XV, Issue IX — September 2026 by Bob Prieto
www.pmworldjournal.com Featured Paper

Interpretation: As Scp increases, collaborative coherence collapses exponentially. Information
sharing becomes filtered, slow, and defensive.

Pathway 2 — Game-Theoretic Payoff Matrix Collapse®’

Adversarial posture also drives a shift in the repeated N-player game equilibrium:

(nb(scap) = ylegal ' exp(agamescap)

When Sc.p exceeds the critical threshold:

Sei = 0.60

the dominant Nash equilibrium shifts from collaboration to defensive litigation.

The resulting structural loss term is:

A‘/:game = - j(scap - Scrit) ' G(Scap - Scrit) ’ ¢(Scap) dt

Where Ois the Heaviside step function®!.

Worked Example Values (from Examples 10 & 11)

*  Vbase = 0.20
o Sep =050
I =0.20 0'50—020
ep T 050 0
Att =5:

Po1(5) = e7%205 ~ 0.37

% |n QPM, Game Theoretic Payoff Matrix Collapse means the project’s incentive structure has broken down
so severely that the payoff matrix—the table that defines rational choices for each party—no longer produces
stable or predictable behavior. The system reaches a point where no strategy is dominant, no equilibrium
exists, and every actor’s rational decision becomes destabilizing. It is a formal indicator of contract-tier
decoherence, adversarial posture escalation, and governance collapse.

51 The Heaviside step function is a mathematical “on/off switch.” It stays at 0 until a threshold is reached,
then instantly jumps to 1. In QPM, it marks phase transitions — the moment an internality, cognitive load, or
fragility mode suddenly activates.
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If Scap rises to 0.75:

0.75
Fcap = 0.20- m = 0.60

Po1(5) = %605 ~ 0.05

Interpretation: A shift from Scap = 0.50 to 0.75 collapses collaborative coherence by ~86%,
triggering systemic commercial fragility.

Section C — Graphical Interpretation

Commercial Adversarial Posture — Multi-View Structural Analysis

State-Space Response: Temporal Decoherence:
Decoherence Rate vs. Adversarial Posture Coherence Decay Over Project Horizon
2.00 7 -
—— Decoherence Rate [4(Scap) ] 1.0 —— Seap=0.50(T=0.20)
== Critical Threshold 5.;; = 0.60 I Asymptotic Collapse as §ap—1

= Scap=0.75(F'=0.60)

1751

1501 5o =0.60 0.8

0.6

Scap = 0.50
t=5p=037

0.4

Decoherence Rate [cap (Vperiod)
Collaborative Coherence pg;(t)

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0 (o} 2 4 6 8 10

Commercial Adversarial Posture Scap € [0, 1] Time t (periods)

Description of the Figure

o Left Panel — State-Space Response: This graph plots the instantaneous decoherence
rate (I',p) against the continuous adversarial posture state (Sc,p) from 0 to 1. It explicitly
highlights the critical threshold S..j; = 0.60 as a red dashed line, showing how the rate
begins to explode non-linearly as this point is approached and asymptotically collapses as
Scap = 1. This directly maps to the mathematical formulation in Section B.

o Right Panel — Temporal Decay: This panel retains the original time-decay plot as a
worked example, using the same t = 5 markers (blue at p = 0.37 and red at p = 0.05) to
show how the different state-space setpoints (Scap = 0.50 and Sc,p, = 0.75) manifest
over a 10-period project horizon.
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This combined view provides a complete picture, illustrating both the system's instantaneous
response to the state variable and the resulting temporal consequences.

Curve Behavior

The curve behavior illustrates the transition from collaborative stability to commercial
breakdown across two complementary views:

» State-Space Response (I, vs. Scap): The decoherence rate initiates a slow, manageable
slope at low adversarial posture, begins a steep non-linear climb past the critical threshold
(Scrit = 0.60), and accelerates into a vertical asymptotic collapse as S¢,p, — 1.

e Temporal Decoherence (py;(t) vs. Time t): Collaborative coherence decays gradually
under moderate adversarial posture (Scap = 0.50, retaining p =~ 0.37 at t = 5), but drops
precipitously under high adversarial posture (Sc,p, = 0.75, collapsing to p ~ 0.05 at ¢t =
5).

Key Points

e Point A (Scap = 0.50, p = 0.37): Early Nonlinear Zone — collaboration begins degrading.
e Point B (Scap = 0.75, p = 0.05): Critical Legal Lock — relational coherence collapses.

Section D — Operational Takeaways

Collaborative Zone (Scap < 0.40)

Maintain transparent communication, shared dashboards, and aligned incentives.
Nonlinear Friction Zone (0.40-0.60)

Implement dispute triage, joint-review protocols, and commercial alignment resets.
Critical Adversarial Zone (Scap > 0.60)

Trigger executive intervention, legal de-escalation frameworks, and contract-tier stabilization.
Adversarial posture becomes a systemic risk multiplier.

These thresholds should be embedded into the project’s commercial telemetry®?, tied to claims
velocity, RFI escalation rates, and payment-cycle variance.

52 |n QPM, “the project’s commercial telemetry, tied to claims velocity, RFl escalation rates, and
payment cycle variance” means the commercial layer of the project is being treated as a real-time sensor,
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Section E — QFI Linkage
How Commercial Adversarial Posture Contributes to Quantum Fragility

Commercial Adversarial Posture is one of the six bounded internalities feeding the Quantum
Fragility Index:

QF ot = f(Swfr Saics Sdtl:Sccd'Scap'Smcl)

Fragility Transmission Mechanism

e Rising Scap collapses collaborative coherence.

o Legal friction amplifies delays across entangled interfaces.

e Routine decisions become formal disputes.

o High Scap magnifies the effects of cognitive load, interface churn, and information
latency.

o The combined effect accelerates the project toward a fragility threshold.

Executive Directive
Commercial Adversarial Posture must be treated as a primary fragility precursor. When Scap

exceeds 0.60, leadership should assume the project is entering a pre-failure state and activate
intervention protocols.

emitting signals that quantify how contractual friction, information bottlenecks, and financial instability are
contributing to structural fragility, decoherence, and execution drift.
This is commercial behavior treated as governance-grade telemetry, not administrative noise.
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Management Cognitive Load and Decision Latency Expansion

Section A — Conceptual Overview

Management Cognitive Load (S,,;) represents the degree of administrative saturation within the
project’s leadership core. As operational disruptions accumulate—material delays, design
conflicts, commercial disputes, environmental compliance issues—the management system
approaches its cognitive threshold. Beyond this threshold, decision latency expands non-linearly,
creating a regenerative feedback loop that amplifies fragility across the project ecosystem.

In Quantum Project Management (QPM), cognitive load is treated as a bounded internal state
variable that directly affects the project’s ability to apply stabilizing feedback. When S,,,rises,
the project’s steering function becomes time-lagged, causing minor field variances to propagate
into systemic disruptions. This dynamic is central to understanding why large complex projects
often experience sudden, disproportionate schedule and cost impacts even when resource
availability appears normal.

Section B — Mathematical Formulation and Worked Calculations

Decision latency (74) is modeled as a function of baseline responsiveness and the compounding
effect of cognitive saturation:

Smel
Tq(Smet) = To + ATmax [1 _Tr;-C l]
me

Where:
e T3 = 2days (baseline latency)
e AT,4r = 5days (maximum expansion potential)

b Smcl € [0: 1]

State A — Backlog Strain (S,,,c;; = 0.40)

0.40
Tg = 2+5 [m] =5.33 days

Interpretation: At moderate saturation, decision latency increases by ~166%. Management
remains functional but begins losing agility, creating early backlog friction.
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State B — Critical Saturation (5,,,; = 0.80)

0.80
Tg = 2+ 5[1_—

=22
0.80 days

Interpretation: At critical saturation, latency increases by over 300%. The system enters a
non-linear regime where administrative feedback loops dominate, and governance coherence
collapses.

Section C — Graphical Interpretation

MANAGEMENT COGNITIVE LOAD AND DECISION LATENCY EXPANSION (Worked Example 5)

25 ] = td(Smcl) Latency Window L 30
Approval Risk Coefficient
State B (Critical Path Lock)
(0.80, 22)

-~

F25

N
o
L

F20
312% Non-Linear Latency Explosion

—
u
L

F15

State A (Backlog Friction)
(0.40, 5.33)

—
o
L

F 10

Decision Latency Window (td days)

0.0 01 0.2 03 04 05 0.6 07 0.8 0.9 1.0
Management Cognitive Load State: S, (t) €[0, 1]

Description of the Figure

The figure illustrates the exponential relationship between management cognitive load and
decision latency.
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X-Axis:

e Represents S, (t), ranging from 0 (clear bandwidth) to 1 (total saturation).
o The axis is continuous and bounded, reflecting the internality’s normalized state.

Left Y-Axis:

e Decision Latency Window (t;), measured in days.
o Shows how latency expands as cognitive load increases.

Right Y-Axis:

e Approval Risk Coefficient (£,;), a fragility multiplier.
o Indicates how delayed decisions increase systemic risk.

Curve Behavior:
e The curve begins shallow at low S,,,.;, indicating stable governance.
o [t steepens rapidly beyond 0.40, marking the onset of non-linear backlog friction.
o [t enters a near-vertical ascent beyond 0.80, representing catastrophic governance delay.

Key Points:

o Point A (0.40, 5.33): Backlog Friction Zone — latency begins accelerating.
o Point B (0.80, 22): Critical Path Lock — the system enters regenerative delay loops.

The figure visually demonstrates a 312% latency explosion, culminating in a control-field
singularity®® at S,,.; = 1.0, where decision throughput collapses

Section D — Operational Takeaways

e Controlled Speed Zone (<0.40): Maintain administrative throughput below 40%
saturation to preserve responsiveness.

5 |n QPM’s Management Cognitive Load framework, a control field singularity is the point where the
project’s steering and governance system becomes mathematically unstable — meaning the control field
(the space in which decisions, corrections, and governance signals operate) collapses into a state where no
feasible corrective action can restore coherence. It is the governance equivalent of a physical system
hitting an infinite slope.

This is the moment when decision latency, cognitive saturation, and governance drift combine to
produce a catastrophic loss of control authority.
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e Non-linear Backlog Zone (0.40—0.70): Implement dynamic throttling, delegation
protocols, and triage mechanisms.

e Critical Delay Zone (>0.80): Trigger mandatory operational pauses, governance resets,
and administrative load shedding.

These thresholds should be embedded into the project’s governance playbook and tied to
real-time telemetry signals.

Section E — QFI Linkage
How Management Cognitive Load Contributes to Quantum Fragility

Management Cognitive Load is one of the six bounded internalities feeding the Quantum
Fragility Index:

QF lLotqr = f(Swf'Saic:Sdtl'Sccd' Scap'Smcl)

Fragility Transmission Mechanism

e As Spqincreases, the project’s steering function becomes time-lagged.

o Time-lagged steering reduces the system’s ability to dampen disturbances.

o Disturbances propagate across entangled interfaces, increasing curvature in the fragility
field.

e High S,,,,,amplifies the effects of other internalities (fatigue, interface churn, information
latency).

o The combined effect accelerates the project toward a fragility threshold.

Governance Interpretation
A rising S, increases the project’s fragility curvature, meaning:
e Small shocks produce disproportionate impacts.
e Decision latency becomes a systemic risk multiplier.
e QFIrises sharply even when classical metrics (CV, SV) appear normal.
Executive Directive
Management Cognitive Load must be treated as a primary fragility precursor. When

Smeiexceeds 0.70, leadership should assume the project is entering a pre-failure state and
activate intervention protocols.
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Comprehensive Glossary of Terms

A
Administrative Triage

A management-capacity safeguard that automatically reroutes lower-tier decisions to
decentralized teams when cognitive load exceeds saturation thresholds.

Architectural Interface Churn (Saic)

A normalized state variable measuring instability and change propagation across engineering
interfaces.

Adversarial Posture (Scap)

A state variable measuring breakdown of collaboration and increased claims-oriented behavior
across contractual interfaces.

C
Capability Churn & Craft Dilution (Sccd)

A normalized state variable measuring erosion of technical proficiency due to turnover or
unqualified labor.

Change Propagation Matrix

Matrix describing how design changes propagate across interfaces.
Channel Fragmentation

Cognitive switching cost from fragmented communication ecosystems.
Commercial Adversarial Posture (Scap)

Breakdown of collaborative execution into defensive, transactional posturing focused on liability
shifting.

Competency-to-Workface Locking

A governance protocol restricting access to critical tasks based on verified skill credentials.
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Control-Field Singularity

Point where governance becomes mathematically unstable.
Control-Loop Fragility

Instability caused by time-lagged decision cycles.
Co-Activation Network

The coupled system through which internalities reinforce one another, creating cascading
fragility across operational dimensions.

Curvature Map

Representation of second-order sensitivity in the project value field.
D

Decision Latency Window (td)

The time delay between disruption detection and executive decision-making, expanded by
management cognitive load.

Decision Velocity

Rate at which management can process and act on disruptions.
Decoherence Channel

Mechanism by which internalities inject entropy into the project state.
Dephasing Channel

A mechanism through which adversarial posture erodes collaborative coherence between project
parties.

Digital Twin Information Latency (Sdtl)

A normalized state variable measuring temporal lag and phase drift between physical project
reality and its digital twin.

Dynamic Float Adjustment
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A schedule-control mechanism that automatically increases buffer requirements when digital
twin latency outpaces critical-path float.

F
Field Telemetry Engine

A real-time data-capture and analytics system that bypasses manual reporting and directly
measures internal project execution conditions.

Fragility

A measure of the project’s sensitivity to disturbance, describing how small shocks can trigger
disproportionate consequences.

G
Governance Latency

Delay in applying stabilizing feedback due to cognitive load.

H
Hamiltonian:
e Execution Hamiltonian — The operator encoding all forces, constraints, and dynamics
driving project evolution.
e Relational Hamiltonian — The operator governing collaborative coherence across
contractual interfaces.
e Geometric Hamiltonian — The operator governing spatial coherence and interface
topology.
e Control Hamiltonian — The operator governing steering, feedback, and corrective
action.
I

Internality Dimensional Floor Rule

A governance rule ensuring that severe fragility in any single internality dimension forces the
aggregate QFItotal into a critical state.
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Internalities

Endogenous vulnerabilities generated by the project’s internal configuration, behavioral
dynamics, and socio-technical architecture.

K

KL Divergence

Measures divergence between physical field state and digital twin.
L

Legal Friction Factor

Exponential cost term under adversarial posture.

Lindblad Operator

Operator representing each internality’s decoherence channel.

M

Management Cognitive Load (Smcl)

A normalized state variable measuring administrative and operational saturation experienced by
project leadership.

Memory Kernel

A mathematical representation of time-delayed feedback in project control loops, where past
states continue influencing current fragility.

N

Narrative—Reality Divergence

Gap between polished reporting and ground truth.
Network Connectivity Entropy

Entropy measure of interface coupling.
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Non-Markovian Master Equation

Governs project state evolution with memory effects.
N-Player Repeated Game

Model of adversarial commercial behavior.

0]

Onboarding Lag / Onboarding Rate

Rate at which new personnel restore competency.

P

Packet Sync Error

Digital twin desynchronization indicator.

Payoff Matrix Collapse

Breakdown of rational cooperative behavior.

Phase Decoherence

Collapse of collaborative coherence due to adversarial posture.
Phase Drift

Temporal misalignment between physical project reality and its digital twin, causing control-
loop instability.

Project Externalities

Exogenous forces originating outside the project boundary, acting as random or stochastic
perturbations.

Project Internalities

Endogenous structural inefficiencies degrade execution capacity from within.

Q
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Quantum Fragility Index (QFI)
A unified fragility metric mapping internality-driven stresses into non-linear systemic risk.
Quantum Project Management (QPM)

A project management framework applying quantum analogies to describe fragility,
decoherence, and systemic coupling.

R

Risk-Parity Contractual Framework

A collaborative commercial model where project parties share risks and rewards proportionally.
S

Spatial Topological Freezing

A design-governance intervention that halts interface changes when churn velocity exceeds
thresholds.

Synchronous Interruption Velocity
Rate of disruptive interruptions fracturing executive focus.
Systemic Fragility

The condition where internalities accumulate to a point that small disturbances trigger cascading
failures.

Swf — Workforce Fatigue

A normalized state variable measuring physiological and cognitive decay due to sustained
operational stress.

T
TDAV
Trigger—Diagnosis—Action—Verification

Telemetry Engine
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Real-time data capture system feeding QFI.

Turnover Velocity

Rate at which workforce churn affects competency profile.

\Y%

Variance Expansion

Transformation showing how internalities amplify execution variance.
W

Workforce Fatigue (Swf)

Non-linear degradation of human execution fidelity across craft labor, engineering, and
supervisory teams.
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Glossary of Mathematical Symbols

Symbol Name Definition / Role Dimensional Notes
Measures instability and
Architectural propagation of
AIC / Saic Interface Churn  design/interface changes. = Normalized.
Represents curvature
Curvature change in the project’s
Acurv Change expected-value field. Dimensionless.
Workforce
Fatigue Represents dissipation
Decoherence introduced by workforce
ywi Coefficient fatigue. Decoherence factor.
Represents friction-free
Ideal Project planned execution
HO Hamiltonian trajectory. Baseline operator.
Time-lagged feedback
Non-Markovian  operator from digital-twin
K(t) Memory Kernel  latency. Time-dependent.
Internality
Dimensional Enforces minimum
Floor Rule fragility contribution from
M Operator any internality. Step-function.
Represents coherence
Project Density between owner and
pAB Matrix contractor execution states. Matrix form.

Internality State

Generic normalized

S (general) Variable internality variable. Normalized.
Measures physiological
Workforce and cognitive decay under
Swi Fatigue sustained stress. Normalized.
Architectural Measures instability in
Saic Interface Churn ~ engineering interfaces. Normalized.
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Symbol Name Definition / Role Dimensional Notes
Digital Twin Measures temporal lag
Information between physical reality
San Latency and digital twin. Normalized.
Capability Churn  Measures erosion of
Sced & Craft Dilution  technical proficiency. Normalized.
Commercial Measures degree of
Adversarial commercial misalignment
Scap Posture and claims posture. Normalized.
Measures saturation of
leadership’s
Management information-processing
Smcl Cognitive Load  capacity. Normalized.
Wccl Communication Composite friction Defined as: Wccl = (Och x Qiv %
Culture & Style  metric capturing how Anr) / I'sn
Load organizational
communication
behaviors (channel
proliferation, reporting
style friction,
synchronous
interruptions, narrative
reality divergence) drain
executive bandwidth and
elevate Management
Cognitive Load (Spq)-
®dch Channel Measures cognitive High ®ch increases context

Fragmentation
Index

www.pmworldlibrary.net

switching costs imposed
by overlapping,
unstructured
communication
ecosystems (split
platform messaging,
fragmented email chains,
redundant portals).
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Symbol

'sn

Qiv

Anr

cint?

Td

|'PAB)

lwA), |yB)

Name

Sighal to Noise
Ratio

Synchronous
Interruption
Velocity

Narrative Reality
Divergence

Internal
Stochastic
Variance

Decision Latency
Window

PAB)**

Pure Execution
States

www.pmworldlibrary.net

Governing Project Internalities

Definition / Role

Quantifies the proportion
of actionable project
intelligence versus
administrative chatter,
status theater, and
defensive
documentation.
Captures frequency and
intrusiveness of
unscheduled demands
(chat pings, emergency
calls, ad hoc meetings)
that fracture executive
focus and elevate error
rates in complex
decision making.
Measures cognitive
overhead created when
polished corporate
reporting styles or
euphemistic narratives
diverge from ground truth
field conditions.
Represents execution
variability introduced by
capability churn.

Time delay between
disruption detection and
management response.

Entangled Project
Execution State

Independent execution
states of work packages A
and B prior to
entanglement.
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Dimensional Notes

Low I'sn increases filtering burden
on leadership.

Variance term.

Time-based.

Non-separable execution coupling
between work packages A and B.

Basis.
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Symbol

QFItotal

Hnetwork

KL(PIQ)

Agame

MC(,j)

plegal

ponboard(t)

Tv(t)

Name

Quantum
Fragility Index

Network
Connectivity
Entropy

Kullback—Leibler
Divergence

Game-Theoretic
Escalation
Coefficient

Change
Propagation
Matrix

Legal Friction
Coefficient

Onboarding Rate
Function

Turnover
Velocity

www.pmworldlibrary.net
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Definition / Role

Aggregates internality

transmission functions into

systemic fragility.

Entropy measure of
interface coupling;
increases with churn.

Measures divergence
between digital twin
probability distribution
and physical reality.
Controls rate at which
adversarial posture
escalates legal friction.

Measures how design
changes at interface 1
propagate to interface j.

Parameter controlling
exponential cost growth

under adversarial posture.

Rate at which new
personnel restore
competency over time .

Rate at which workforce
turnover erodes
competency profile.
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Dimensional Notes

Composite index.

Appears in Interface Churn section.

Appears in Digital Twin Latency

Appears in Commercial Adversarial

Posture section.

Appears in Interface Churn section

Appears in Commercial Adversarial
Posture section.

Appears in Capability Churn
section.

Appears in Capability Churn
section.
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