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Central thesis: PTCP-Zero is strategically important because it detects the topology and Pattern-of-Life
deformation of compromise when payloads, commands, and endpoint artifacts appear normal, encrypted,
Al-generated, or malware-free.

Claim boundary: PTCP-Zero should be evaluated as a complementary payload-blind overlay for
detection, routing-risk intelligence, and staged containment. No product can honestly guarantee
prevention of every zero-day or APT campaign.
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1. Executive Abstract

Enterprise cybersecurity is entering a phase in which the most dangerous attacks may not look malicious at
the payload level. Advanced persistent threats increasingly abuse valid credentials, administrative tools,
cloud control planes, identity workflows, and encrypted channels. Agentic Al adds another layer of
complexity: autonomous systems can plan, use tools, access external data sources, hold memory, and act
across IT workflows. The result is a class of threats that can evade or dilute the value of purely semantic
inspection.

PTCP-Zero addresses this gap by adding a payload-blind, topology-native security layer. Instead of asking
only whether a packet, command, file, or prompt contains known malicious content, PTCP-Zero asks
whether the enterprise fabric itself is being deformed. It models normal Pattern-of-Life behavior, computes
topology-native defect scores, estimates tail risk, and stages safe, governed containment actions when a local
topology begins to warp in a way consistent with compromise.

For prospective clients, the strategic importance is clear: PTCP-Zero is not a replacement for EDR, XDR, NDR,
SIEM, SOAR, segmentation, ZTNA, or identity controls. It is a new analytical plane that complements those
systems by detecting the shape of compromise when content inspection is unavailable, inappropriate, or
insufficient. This matters most for critical infrastructure, defense, telecommunications, financial services,
healthcare, large cloud/SaaS enterprises, and Al-enabled organizations where long-dwell APTs and
autonomous agents can produce material business risk.

Bottom line for CISOs: PTCP-Zero should be evaluated as a high-priority strategic control when the
organization faces nation-state risk, AI workflow adoption, critical infrastructure exposure, operational
technology integration, or board-level risk from lateral movement and stealthy exfiltration.

2. The Strategic Problem: Adversaries No Longer Need Obvious Malware

The last decade of defensive investment improved signature detection, endpoint visibility, vulnerability
management, and security automation. Yet the adversary response has been predictable: avoid artifacts that
are easy to label. Living-off-the-Land tradecraft, credential abuse, cloud control-plane misuse, help-desk
social engineering, encrypted flows, and Al-assisted workflows create attack paths that can be highly
consequential without requiring conspicuous malware payloads.

CISA, NSA, FBI, and partners have described Volt Typhoon activity as part of a broader campaign against U.S.
critical infrastructure and have highlighted Living-off-the-Land behavior and use of legitimate accounts as a
defining concern [1]. CrowdStrike reported that adversaries used compromised credentials to enter and
move laterally as legitimate users, that 79% of detections in 2024 were malware-free, and that breakout time
continued to shrink [3]. Microsoft has warned that Al agents could allow threat actors to automate the attack
lifecycle through reconnaissance, vulnerability scanning, and exploitation at scale [4].

Agentic Al guidance from CISA, NSA, and international partners underscores why this problem is expanding.
Agentic systems can use tools, external data, memory, planning workflows, and action permissions; they
may operate without continuous human intervention and can enlarge the attack surface of connected
systems [2]. This is not only an Al security problem. It is an enterprise control-plane problem: autonomous
actors can change trust relationships, access patterns, routing behavior, and data movement at machine
speed.

Threat pattern Why it is strategically difficult Implication for CISOs
Valid-credential lateral movement Looks like a legitimate user or service Difficult for content tools to distinguish
account until topology, timing, authorized action from adversary
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privilege, and fan-out patterns change. action.

Living-off-the-Land execution Uses administrative utilities, scripts, Malware signatures and static
cloud consoles, directory services, and indicators are often absent.
native operating-system features.

Encrypted or private exfiltration flows Payload may be opaque or legally Flow shape and cut-capacity shifts
unsuitable for inspection. become more important than content.
Agentic Al workflow compromise Agents can invoke tools, plan multi-step  Prompt/content inspection alone
actions, and operate across memory cannot capture downstream
and API-connected systems. operational topology changes.

3. Why Semantic Defenses Struggle Against APT and Agentic Al
Tradecraft

Traditional Lens Modern Evasion PTCP-Zero Lens

Malware signatures, payload —_— Valid credentials, Living- —_— Pattern-of-Life, D_topo,
inspection, command content, off-the-Land, encrypted curvature, cut shift,
known indicators. flows, autonomous tools. governed response.

Strategic Shift

From asking "is this payload

malicious?" to asking "is
this behavior warping the
trusted topology of the
enterprise?"

Figure 1. The semantic gap that APT and Agentic Al tradecraft exploits.

Figure 1. The semantic gap exploited by malware-free, credential-based, and Agentic Al-enabled operations.

Semantic security asks content-centered questions: Does the file match a known hash? Does the packet
payload contain an indicator? Does the command line match a rule? Does the prompt contain a prohibited
string? These questions remain valuable. But modern APT tradecraft often tries to make those questions
unanswerable or less decisive.

The problem is not that semantic platforms are obsolete. It is that they are incomplete against threat vectors
designed to avoid semantic incrimination. When a threat actor uses a valid admin session, an approved
remote management tool, an encrypted channel, a normal cloud API, or an Al agent with delegated
privileges, the payload may be clean, hidden, or irrelevant. What changes is the geometry of behavior: who
talks to whom, which trust boundary is crossed, which path becomes unusually attractive, which cut
structure changes, and how a local region begins to deviate from its Pattern-of-Life.

High-credibility framing: The argument for PTCP-Zero is not that existing platforms fail. It is that APT
and Agentic Al tradecraft create a gap between content visibility and operational reality. PTCP-Zero is
designed specifically for that gap.
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4. What PTCP-Zero Uniquely Adds

PTCP-Zero is a payload-blind, topology-native zero-day detection and staged-containment product. Its core
value proposition is the ability to reason about non-semantic evidence: counts, hashes, flows, graph
structure, trust posture, device posture, timing, geography, route preference, access fan-out, cut-capacity

shifts, and curvature changes. The product posture explicitly rejects raw packet payloads, command bodies,

prompts, secrets, raw logs, tokens, cookies, and credential material at the API boundary, while preserving
hash-only and metric-only evidence for detection and audit [7].

The theoretical foundation comes from the PTCP research model. PTCP compresses high-dimensional
telemetry into a Pattern-of-Life Tensor Train, uses normalized link telemetry to define dimensionless
network geometry, selects routes by expected cost plus Conditional Value-at-Risk, and defines a topology-
native security score called D_topo from anomaly likelihood, graph-curvature gradients, and cut-structure
shifts [5]. The TNQG contribution is not a physics claim in the product. It is an operational reconstruction
discipline: measure capacity, cut structure, distance, and curvature from the graph and test whether those
reconstructions explain observed behavior [6].

In the product, these ideas become a practical decision loop: observe payload-blind telemetry, fit normal
behavior, score topology deformation, estimate tail risk, govern action through a safe envelope, and
generate evidence for SOC review and executive risk reporting.

PTCP-Zero payload-blind topology-native decision loop

1. Observe 2. Learn
—>
Payload-blind telemetr POL-TT density
counts, hashes, flows normalcy model

3. Score

D_topo: anomaly +
curvature + cut shift

4. Optimize

CVaR geodesic
risk-aware routing

5. Govern

Safe envelope,
approval, rollback

6. Evidence

Proof packs, SOC
dashboards, ROI

Every recommendation is projected into a policy envelope before containment is staged or approved.

Figure 2. PTCP-Zero conceptual decision loop: payload-blind evidence to governed containment.

Core capabilities

Capability

Payload-blind intake

Pattern-of-Life Tensor modeling

D_topo topology scoring

What it does

Rejects raw payloads, secrets,
command bodies, prompts, and raw
logs; accepts hashes, counts, flow
geometry, and telemetry metrics.
Models normal high-dimensional
behavior using compressed tensor
methods rather than isolated counters.
Combines anomaly likelihood, graph-
curvature gradients, and cut-capacity

shift.

Why it matters

Reduces privacy, retention, decryption,

and data-exposure friction.

Finds abnormal combinations of

otherwise ordinary actions.

Detects deformation caused by lateral
movement, exfiltration, and trust-

boundary changes.
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Risk-aware geodesic routing
Safe-envelope governance

Proof packs and dashboards

Applies expected path cost plus CVaR-
style tail-risk reasoning.

Stages actions with approval, rollback,
policy, and blast-radius controls.
Produces deterministic hashes, audit

records, procurement reports, and SOC

workflows.

Helps avoid routes and actions with
dangerous worst-case outcomes.
Makes containment defensible in
production environments.

Turns detection into evidence the CISO
can use with boards, auditors, and
regulators.

5. Why the Capability Ranks as Tier-1 for High-Risk Enterprises

PTCP-Zero is strategically most important where the enterprise has three characteristics: high-value assets,
complex trust topology, and adversaries likely to avoid obvious malware. That combination describes
critical infrastructure, government, telecom, finance, healthcare, large cloud estates, and Al-enabled
enterprises. In these environments, the cost of delayed detection is not limited to endpoint cleanup; it can
include business interruption, operational safety risk, regulatory exposure, intellectual-property theft, and

national-security impact.

PTCP-Zero importance rises with APT exposure, Al autonomy, and criticality

Critical infrastructure / OT

Large Al-enabled enterprise

Financial services / healthcare

Mature mid-market

Small org without basics

2 4
Strategic importance score (0-10)

6 8 10

Figure 3. Strategic importance is highest where APT exposure, AI autonomy, and operational criticality converge.

Environment
Critical infrastructure / defense /
telecom / OT

Large Al-enabled enterprise

Financial services / healthcare / high-
value IP

Mature mid-market

Small organization without basics

Strategic importance
9.5/10

9/10

8.5-9/10

7.5-8/10

5-6 /10 initially

Reason

Long-dwell APTs, Living-off-the-Land,
safety-critical operations, and
disruption risk make topology-native
detection especially valuable.

Agentic Al expands autonomous access
and cross-system action paths; PTCP-
Zero detects changes in operational
geometry.

Credential abuse, exfiltration,
ransomware staging, and regulatory
accountability make proof-rich
detection valuable.

Strong as an overlay after MFA, EDR,
logging, patching, and backups reach
maturity.

Foundational hygiene should come
first; PTCP-Zero becomes more valuable
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as the stack matures.
This ranking does not imply that PTCP-Zero replaces foundational controls. It means the product addresses a
high-value gap that foundational and semantic systems often do not fully close: the ability to see and govern
topology deformation even when the content appears legitimate.

6. How PTCP-Zero Works at a Conceptual Level

6.1 Pattern-of-Life as compressed probability, not a rule list

Traditional rules often look for a known bad artifact. PTCP-Zero instead asks whether a current state is
improbable relative to the learned Pattern-of-Life. The PTCP paper defines the state as normalized telemetry
and models it as a probability tensor compressed by Tensor Train methods. A density query yields an
anomaly score, S_anom = -log p_theta(s_t), for the observed state [5]. In security language, PTCP-Zero can
detect rare combinations of individually normal events: a valid credential, a new lateral edge, unusual time,
degraded trust, and an unexpected egress geometry.

6.2 D_topo as topology defect, not malware verdict

D_topo is a topology-native defect score. It is designed to capture the difference between normal network
behavior and a deformed region of the enterprise graph. The PTCP paper defines D_topo in terms of median
anomaly score, graph-curvature gradient, and cut-capacity shift [5]. This matters because APT and Agentic
Al tradecraft may avoid malicious content while still changing graph structure: new administrative edges,
unusual fan-out, anomalous trust boundaries, or a local cut whose capacity changes in a way that indicates
exfiltration or lateral movement.

6.3 Safe-envelope containment as a governance requirement

PTCP-Zero’s value is not only detection; it is bounded action. High-risk environments cannot tolerate
uncontrolled automated quarantine. The product therefore stages containment through policy envelopes,
explicit active gates, rollback verification, change tickets, dual control, and proof-pack evidence. The PTCP
paper likewise treats the policy envelope as a safety requirement because automated quarantine carries
operational risk [5].

6.4 Operational reconstruction without unsupported physics claims

The TNQG paper is relevant because it emphasizes reconstruction: derive geometry-like observables from
graph and capacity data, then test whether those observables explain the observed system. It explicitly states
that the geometry dictionary is a modeling assumption to be tested, not a theorem [6]. PTCP-Zero uses that
discipline in cybersecurity: capacity, cut, distance, and curvature are engineering diagnostics for enterprise
networks, not claims about physical spacetime.
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7. Why CISOs and Their Teams Should Care

How PTCP-Zero fits: not a replacement, a strategic overlay

PTCP-Zero adds a new analytical plane that sees the geometry of compromise rather than packet content.

Executive Evidence Layer Risk reduction, proof packs, ROI, audit trail

A

PTCP-Zero Overlay Payload-blind topology intelligence and governed containment

A
Existing Detection Stack EDR/XDR, NDR, SIEM/SOAR, ZTNA, segmentation

A

Foundational Controls MFA, patching, backups, identity hygiene

Figure 4. PTCP-Zero complements rather than replaces the existing security stack.

CISOs are increasingly responsible for risks that are not resolved by better signatures alone. Boards expect
measurable resilience against nation-state activity, ransomware staging, operational disruption, Al
governance failures, and identity-driven compromise. SOC teams need ways to detect and prioritize activity
that appears legitimate at the event level but abnormal at the topology level. Incident responders need
containment plans that are reversible and auditable. Security architects need an overlay that can consume
telemetry from existing systems without requiring payload visibility.

Persona Board/SOC question PTCP-Zero answer

CISO/ CIO / board risk owner What is the residual risk after EDR, PTCP-Zero supplies a non-semantic risk
NDR, IAM, and SIEM? layer and evidence packs for risk

committees.

SOC leader How do analysts find stealthy lateral D_topo and PoL-TT prioritize graph
movement without drowning in alerts?  deformation rather than isolated

events.

Incident response leader Can we contain safely without Safe-envelope staging, approvals,
disrupting production? rollback, and blast-radius controls

govern action.

Cloud / network architect How do we detect control-plane misuse  Payload-blind topology intelligence
across cloud, identity, network, and correlates across those planes without
endpoint telemetry? inspecting sensitive content.

Al governance leader How do we control agentic workflows PTCP-Zero focuses on agent boundary
that cross tools, memory, APIs, and data  crossing, trust deformation, and non-
stores? semantic behavior changes.

8. Market Differentiation and Deployment Posture

The cybersecurity market is crowded, but PTCP-Zero is not simply another EDR, XDR, NDR, SIEM, SOAR, or
segmentation tool. Those categories remain essential. PTCP-Zero differentiates itself by analyzing topology
deformation and Pattern-of-Life changes without inspecting content. That positioning is especially relevant
when privacy, encryption, legal constraints, Al-generated activity, or valid-credential abuse reduce the
utility of content inspection.
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Category What it is strong at How PTCP-Zero complements it

EDR/XDR Endpoint behavior, process lineage, Adds graph/topology signal when
detections, response endpoint artifacts appear legitimate or
are absent.
NDR Network traffic visibility and anomaly Adds payload-blind tensor/topology
detection scoring and governed containment
logic.
SIEM/SOAR Event aggregation and workflow Supplies deterministic topology risk
orchestration evidence and staged action plans.
ZTNA / segmentation Access policy and network isolation Provides deformation scores and proof
packs to guide safer segmentation
decisions.
Al security tools Prompt, model, data, and Al system Adds enterprise topology monitoring
controls around autonomous agent actions and
tool use.

Commercial positioning: PTCP-Zero is best described as a payload-blind topological security overlay for
the class of threats that remain ambiguous or invisible to semantic inspection.

9. Governance, Limits, and Evaluation Discipline

Credibility requires clear boundaries. PTCP-Zero should not be marketed as universal prevention. It should
be marketed as a rigorously governed detection and staged-containment layer for non-semantic threat
patterns. That distinction increases buyer trust and aligns with both the PTCP and TNQG research papers,
which emphasize testability, validation, and bounded action rather than unsupported absolutes [5][6].

Recommended validation program

1.

Run PTCP-Zero in shadow mode for 30-45 days against existing SOC, identity, cloud, network, and
endpoint telemetry.

Establish baseline Pattern-of-Life models for critical regions, privileged identities, cloud control planes,
and Al-agent workflows.

Inject or replay non-semantic scenarios: valid-credential lateral movement, abnormal admin fan-out,
encrypted egress shifts, Al-agent boundary crossing, cloud policy drift, and OT process deviation.
Measure precision, recall, time-to-detect, analyst-time savings, false-positive quarantine impact, rollback
correctness, and tail-risk reduction.

Only then move from shadow to approval mode, and from approval to active controls only where
rollback and business continuity are proven.

Risks to manage

False positives: mitigated by calibration, shadow-mode testing, safe envelopes, and human approval
thresholds.

Operational disruption: mitigated by rollback verification, blast-radius limits, staged actions, and change
control.

Model drift: mitigated by continuous calibration review, benchmark replay, and evidence-driven
threshold changes.

Over-claiming: mitigated by explicit claim boundaries and procurement-ready evidence rather than
universal prevention language.
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10. Client Adoption Roadmap

Phase Action Outcome

Phase 0: Readiness Confirm telemetry sources, privacy Signed deployment plan and success
posture, asset criticality, Al-agent metrics.
inventory, and SOC workflow owners.

Phase 1: Shadow mode Deploy head-end, ingest payload-blind D_topo and PoL-TT dashboards without
metadata, reject semantic fields, active containment.
baseline critical topology regions.

Phase 2: Replay and calibration Replay labeled incidents and synthetic Precision/recall, TTD, false-positive
LotL/Agentic Al scenarios; tune impact, and calibration report.
thresholds and tail-risk policies.

Phase 3: Approval mode Stage kill-switch plans through SOC Governed action plans and proof packs.

approval queue with rollback evidence
and change-ticket mapping.
Phase 4: Controlled active mode Enable limited active controls only for Documented production resilience and
low-blast-radius regions with verified audit evidence.
rollback and dual control.

11. Conclusion

The strategic cybersecurity question for the next several years is not merely whether organizations can
detect malware. It is whether they can detect compromise when the adversary behaves like an authorized
actor, uses legitimate tools, moves through encrypted channels, or delegates actions to autonomous Al
systems. PTCP-Zero addresses that problem by adding a payload-blind topology-native layer that detects
deformation, scores risk, stages governed containment, and generates evidence.

For high-risk enterprises, PTCP-Zero should be considered a Tier-1 emerging control because it answers a
problem that content-centered tools cannot reliably solve on their own. The strongest adoption case is not
replacement; it is complementarity. PTCP-Zero improves the value of existing controls by turning their
metadata into a higher-order map of trust, movement, cut structure, and risk.

Final recommendation: Prospective clients facing APT risk, critical infrastructure exposure, high-value
IP, or Agentic Al adoption should evaluate PTCP-Zero in shadow mode as a strategic overlay to their
existing cybersecurity stack.
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Appendix A. Glossary

Agentic Al Al systems that can reason, plan, use tools, access data, and
take actions with partial autonomy.

APT Advanced persistent threat, typically long-duration, stealthy,
well-resourced adversary activity.

CVaR Conditional Value-at-Risk; a tail-risk measure for worst-case
outcomes beyond a chosen confidence threshold.

D_topo PTCP topology defect score combining anomaly likelihood,
graph-curvature gradient, and cut-capacity shift.

Living-off-the-Land Use of legitimate tools and administrative capabilities for
malicious objectives.

Payload-blind Operation that does not inspect or retain raw packet
payloads, command bodies, prompts, secrets, or raw logs.

PoL-TT Pattern-of-Life Tensor Train; compressed high-dimensional
model of normal behavior.

Safe envelope Policy boundary that constrains containment using
approvals, rollback, blast-radius limits, and change control.

Semantic inspection Security analysis based on content, signatures, payload
strings, command text, malware hashes, or known
indicators.

Topology-native security Security analysis based on relationships, graph structure,

path/cut behavior, trust deformation, and flow geometry.
Appendix B. Pilot Metrics and Procurement Evidence

Detection quality Precision, recall, F1, ROC/PR, time-to-detect, analyst
confirmation rate.

Operational safety False-positive quarantine impact, rollback success, approval
latency, blast-radius compliance.

Topology value D_topo trend stability, curvature/cut-shift explanation
quality, anomalous edge localization.

Al-risk coverage Agent boundary-crossing detections, Al tool-use anomalies,
privilege escalation indicators.

Executive value MTTD reduction, analyst-time savings, tail-risk reduction,
avoided outage estimates, audit readiness.

Procurement evidence Proof-pack hashes, SBOM/provenance, connector

attestations, customer telemetry hash references.
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