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Executive Abstract

RESEARCH CONCLUSION

PTCP can become a high-leverage infrastructure layer for agentic AI and RAG if it proves that a live,  
typed topology of agents, tools, identities, retrieval services, storage tiers, networks, and accelerators 
enables  better  cross-layer  decisions  than  tuned  native  controls.  The  improvement  mechanism  is  
credible; the PTCP-specific effect size is not yet established.

Agentic artificial  intelligence  changes  inference  from a  bounded request  into  a  distributed,  stateful 

workflow. A single task may call multiple models, invoke tools, consult external memory, retrieve from 

vector and graph indexes, cross identity boundaries, wait on object storage, update durable state, and 

retry after partial failure. Retrieval-augmented generation (RAG) is therefore not merely a prompting 

pattern. It is an external memory system whose correctness and utility depend on data provenance, 

access control, index freshness, retrieval quality, context assembly, and infrastructure behavior [1]-[6]. 

Tail  delay  or  stale  state  at  any  dependency  can  consume  the  value  of  the  entire  task,  while  a  

compromised document, agent, or tool can propagate through the same graph.

Tensor Networks' PTCP suite is designed to occupy the coordination layer between these components.  

In the proposed architecture, PTCP observes infrastructure and trust state, constructs a time-varying 

topology, estimates congestion and risk, selects bounded actions, enforces them near the data plane,  

and retains evidence of  the outcome. The AI  Factory collateral  explicitly  connects  prompt retrieval,  

vector search, object and NVMe-over-Fabrics storage, cache and key-value state, network telemetry,  

and GPU inference; PTCP-Zero extends the model to agent boundary crossings and anomalous topology; 

ACISO supplies policy, human approval, rollback, audit, and cryptographic-transition governance [32]-

[34]. These publications establish design intent, not independent efficacy.

The defensible technical claim is consequently conditional but substantial. PTCP could improve p95 and 

p99 retrieval latency, time to first token, workload completion, storage freshness, accelerator utilization,  

recovery  time,  tenant  isolation,  and  cost  per  successful  grounded  task  when  queuing,  contention,  

placement,  network  path,  or  control  fragmentation  is  causally  important.  Adjacent  research 

demonstrates material optimization headroom: systems that overlap retrieval with generation, cache 

RAG state, adapt retrieval configuration, or change orchestration have reported large workload-specific 

gains  [16]-[20].  Those  results  validate  the  general  systems  mechanism;  they  do  not  transfer  their 

multipliers  to  PTCP.  PTCP  also  cannot  repair  poor  chunking,  embeddings,  corpus  truth,  semantic 

relevance, unsafe instructions, or flawed tool logic by topology alone.
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This paper uses 'can' and 'could' for architecture-level capability and reserves 'demonstrated' for cited empirical results. All numerical 
gains from other systems are workload-specific and are not PTCP forecasts.

The killer-application thesis

PTCP's most important opportunity is not another vector database, agent framework, or observability  

console. It is a governed control plane that treats the agentic-RAG estate as one production graph and 

optimizes the movement of trusted context through that graph. This is a potentially category-defining 

role  because  enterprise  AI  is  becoming  hybrid,  multicloud,  permission-sensitive,  and  operationally 

coupled to private data. The supplied IDC Spotlight reports that 54% of corporate data used for GenAI 

training  and  inference  was  expected  to  remain  in  private  on-premises  systems  within  two  years 

(n=1,209),  while  respondents  were  expanding  across  hybrid  and  multicloud  environments  [6].  That 

environment rewards software able to coordinate data delivery, performance, security, and evidence 

without requiring replacement of every underlying platform.

The paper therefore advances a falsifiable proposition: compared with a tuned native stack, PTCP should 

produce  statistically  significant  improvement  in  pre-registered  systems  outcomes  at  matched  task 

quality and safety, with bounded controller overhead and reliable rollback. If it does not, the thesis is 

rejected  or  narrowed.  That  standard is  more valuable  to  customers  and investors  than unqualified 

claims of guaranteed performance or zero-day protection.

Claim taxonomy

Claim class What this paper concludes Evidence status

Established need Agentic systems depend on tools, external data, memory, identities, 
and distributed infrastructure; RAG quality and latency are systems 
problems.

Supported by peer-reviewed and official 
sources [1]-[31][38]

Plausible 
mechanism

Topology-aware cross-layer control can reduce path, placement, 
queuing, failure-domain, and coordination inefficiencies.

Supported by adjacent systems and 
standards [16]-[24]

PTCP design intent Tensor proposes topology state, fast/slow control, RAG-storage 
awareness, bounded containment, and governance.

Company collateral [32]-[34]

PTCP efficacy Magnitude, stability, safety, and incremental advantage over tuned 
baselines remain unknown.

Requires independent production-grade 
testing
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Agentic AI is a distributed system

The model may reason, but the production service succeeds or fails as a graph of dependencies.

Figure 1. Conceptual dependency graph for an agentic RAG workload. Original synthesis.

An  agentic  workflow  differs  from  conventional  inference  in  three  structural  respects.  First,  it  is  

temporally extended: the system decomposes goals, takes intermediate actions, observes results, and 

revises its plan. Second, it is externally coupled: tools, databases, services, and human approvals change 

the  reachable  state  space.  Third,  it  is  memory-dependent:  the  agent  may  rely  on  retrieved 

organizational knowledge, prior episodes, summaries, procedural rules, or durable task state. Surveys 

and  benchmarks  show  that  agents  remain  fragile  across  long-horizon  reasoning,  environmental 

interaction, memory, and tool use [2]-[5][41]. More steps can improve a solution, but they also create  

diminishing returns, wider latency variance, and greater infrastructure cost [5].

These properties make the system sensitive to the tail. If a workflow executes n dependent operations 

with individual success probabilities p_i, the upper bound on completion probability is the product of  

those  probabilities  when  failures  are  independent.  Correlated  congestion,  shared  credentials,  stale 

indexes, or common-zone faults make the result worse. Latency also composes through both sequential 

and parallel  stages: a serial  chain accumulates delay, while a fan-out waits for the slowest required 

branch.  The  classic  tail-at-scale  result  is  directly  relevant:  variability  that  appears  tolerable  for  one 

component can dominate a service that invokes many components [42].
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TASK RELIABILITY AND TAIL DELAY

P(success) <= product_i p_i       and       L_task = sum_serial L_i + max_parallel L_j + 
L_retry

The expression is a simplifying upper bound. Shared causes, retries, partial commits, and fallback logic require explicit modeling.

The unit of value is the successful grounded task

Tokens per second and GPU utilization remain useful engineering measures, but they are incomplete 

economic objectives. An agent that emits quickly and then retries, cites stale material, violates a policy,  

or requires human correction consumes resources without completing the intended work. The more  

rigorous  production  unit  is  the  successful  grounded  task:  a  task  that  satisfies  outcome,  evidence,  

authorization, freshness, latency, and safety criteria. PTCP should optimize infrastructure contribution to 

that unit rather than maximize raw activity.

TASK-NORMALIZED UNIT ECONOMICS

Cost_success = (compute + network + storage + tool + energy + retry + operations + 
expected incident loss) / successful grounded tasks

A valid experiment holds model, corpus, workload, quality gates, and hardware constant unless the tested intervention intentionally  
changes one of them.

Observable agentic failure modes

• Path inflation: the agent repeatedly traverses distant model, retriever, or tool endpoints because 
routing lacks workload context.

• Queue coupling: a hot vector shard, slow tool, or checkpoint burst creates backpressure that idles 
downstream accelerators.

• State divergence: cache, index, authorization, and memory versions disagree, producing stale or  
unauthorized context.

• Livelock and retry storms: a planner repeatedly invokes failing dependencies, increasing load on 
the same constrained path.

• Trust deformation: a new or compromised agent expands fan-out, crosses tenants, changes tool  
sequence, or accesses abnormal data domains.

• Opaque recovery: operators cannot reconstruct which agent, corpus version, retrieved chunks, 
path, tool calls, and policies produced an outcome.
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RAG storage is the agent's external memory

Retrieval  quality  is  inseparable  from  write-path  integrity,  index  state,  serving  topology,  and 
maintenance tempo.

Figure 2. RAG storage lifecycle and representative risks. Original synthesis.

The  original  RAG  formulation  joined  a  parametric  generator  to  non-parametric  memory  so  that  

generation could draw on external knowledge [1]. Production systems have expanded this pattern into a 

heterogeneous  storage  hierarchy:  source  documents  and  objects,  metadata  stores,  sparse  indexes,  

dense vector indexes, graphs, key-value state, prompt and context caches, retrieved-chunk caches, and 

model key-value caches. Agent memory adds episodic records, semantic summaries, procedural rules,  

user  preferences,  and  selective  forgetting.  Each  representation  has  distinct  consistency,  latency, 

filtering, mutability, privacy, and cost properties.

LongMemEval reports that long histories test information extraction, multi-session reasoning, temporal 

reasoning, updates, and abstention, with evaluated systems losing substantial accuracy as histories grow 

[3].  MemoryAgentBench  similarly  separates  accurate  retrieval,  test-time  learning,  long-range 

understanding, and selective forgetting; no broad architecture masters all dimensions [4]. These results 

matter  to  PTCP  because  infrastructure  efficiency  cannot  be  defined  independently  of  memory 

correctness. A faster stale read is not an improvement. A cheaper unauthorized retrieval is a failure.
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The four storage planes

Plane Primary function Dominant systems risks PTCP-relevant state

Source and object Durable documents, objects, media, 
records, policies

Data gravity, egress, ACL mismatch, 
provenance, partial ingestion

Location, sensitivity, version, principal, 
path health, transfer queue

Index and graph Sparse/dense lookup, metadata 
filtering, relations, communities

Recall/latency tradeoff, hot shards, filter 
selectivity, rebuild lag, mutation

Shard load, recall target, filter path, 
index version, replication lag

Cache and KV Low-latency chunks, prompts, 
sessions, agent state, model KV

Eviction, stale reuse, tenant leakage, 
memory pressure, invalidation

Hit rate, age, tenant, dependency 
version, memory pressure

Operational 
evidence

Traces, retrieved IDs, scores, 
decisions, tool calls, approvals

Sensitive content, missing linkage, 
schema drift, retention cost

Trace graph, policy decision, action, 
rollback, evidence completeness

OpenTelemetry's evolving GenAI semantic conventions include agent, model, tool, retrieval-document, score, token, duration, and time-to-first-
token attributes, but content and prompts may be sensitive [24].

Why semantic similarity is necessary but insufficient

Dense similarity retrieval is effective for many tasks, yet position, reasoning, filtering, temporal state,  

permission boundaries, and relational structure can dominate. Lost in the Middle showed that long-

context models can use information inconsistently depending on its position [8]. BRIGHT found that 

retrievers strong on conventional benchmarks performed much worse on reasoning-intensive retrieval,  

while query reasoning improved results [9]. HippoRAG 2 and GeAR report gains from graph structure  

and multi-step retrieval on their evaluated tasks [10][11]. The correct conclusion is not that semantic 

approaches are obsolete. It is that semantics, structured retrieval, topology, policy, and systems control 

solve different parts of the problem.

Index architecture creates optimization headroom

Approximate-nearest-neighbor  indexes  such  as  HNSW  make  high-recall  vector  search  practical  but  

introduce  graph,  memory,  filter,  and  update  tradeoffs  [12].  ACORN  reports  large  throughput 

improvements  on  selected  predicate-filtered  workloads  by  changing  graph  traversal  [13].  Curator 

exposes  the  speed-memory  tension  of  multitenant  vector  search  [14],  while  SPFresh  addresses 

incremental  in-place  updates  at  billion-vector  scale  [15].  These  systems  demonstrate  that  retrieval 

performance  is  sensitive  to  workload  and  data  organization.  PTCP  should  not  attempt  to  replace  

database-native algorithms;  it  should supply  the cross-layer  state needed to choose among healthy 

replicas, isolate contention, sequence maintenance, and preserve service-level objectives.

DESIGN RULE

Database-native controls own recall, filtering, compaction, and consistency. PTCP should coordinate 
across databases, networks, compute, failure domains, and policies, while treating semantic quality 
and freshness as hard constraints.
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PTCP as a composite topology control plane

The  proposed  system  unifies  the  production  graph  without  displacing  the  specialized  systems 
beneath it.

Figure 3. Proposed PTCP reference architecture for agentic AI and RAG. Original synthesis from company design intent.

The reference architecture treats an AI estate as a typed, temporal multigraph rather than a flat pool of  

endpoints. Vertices include agents, users, identities, model services, retrievers, vector and graph shards,  

object stores, caches, tool endpoints, policy gates, compute nodes, network devices, sites, trust zones, 

and human approvers. Edges represent model calls, retrievals, data reads and writes, delegation, tool 

invocation, network paths, inter-agent messages, replication, and administrative authority. Attributes 

carry  latency,  throughput,  queue  state,  retry  rate,  version,  provenance,  tenant,  privilege,  data 

sensitivity, crypto posture, energy, and failure-domain information.

COMPOSITE PRODUCTION GRAPH

G_t = (V_A union V_T union V_K union V_I, E_t, X_t)
V_A denotes agents and identities; V_T tools and model services; V_K knowledge, indexes, and memory; V_I infrastructure. E_t is the  
typed edge set and X_t the observed or estimated state at time t.
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Minimum viable topology schema

Entity / edge Required attributes Decision enabled

Agent and identity principal, tenant, role, delegated scope, model, session, 
normal fan-out

authorize, isolate, require approval, detect 
abnormal boundary crossing

Retriever / shard index version, corpus, filter, queue, p95/p99, recall target, 
freshness

route, hedge, rebalance, defer maintenance, 
declare degraded service

Storage / cache object or KV type, locality, age, hit rate, pressure, 
sensitivity, replication lag

prefetch, choose replica, throttle, invalidate, 
preserve residency

Model / tool service capability, queue, cost, availability, trust, action class, 
timeout

select endpoint, circuit-break, rate-limit, fall 
back, request HITL

Network / failure 
domain

RTT, loss, bandwidth, congestion, zone, path diversity, 
crypto capability

steer, mark, prioritize, contain, plan resilient or 
PQC-compliant path

Workflow edge caller, callee, purpose, data class, trace, retry, policy result, 
outcome

correlate cause, enforce least privilege, 
reconstruct and prove outcome

Observation without uncontrolled data capture

PTCP-Zero collateral  proposes a payload-minimal intake boundary that rejects raw prompts, secrets,  

tokens,  cookies,  credential  material,  command  bodies,  and  raw  payloads  while  accepting  hashes,  

counts, flow geometry, and telemetry [33]. That principle is valuable for enterprise RAG because traces 

and  retrieved  content  are  often  sensitive.  The  controller  should  prefer  identifiers,  versions,  sizes,  

timings,  scores,  policy  outcomes,  and  cryptographic  hashes,  and  should  ingest  content  only  under 

explicit  purpose,  access,  retention,  and redaction controls.  OpenTelemetry's  GenAI  schema offers  a  

practical integration surface but is still evolving and warns that content can be sensitive [24].

Decision surfaces

• Route: select a model, retriever, storage replica, tool endpoint, or network path consistent with 
policy and freshness.

• Place: co-locate or separate workloads, caches, indexes, and agents according to latency, failure-
domain, tenancy, and energy constraints.

• Shape:  prioritize,  rate-limit,  mark,  meter,  or  schedule  traffic  and  maintenance  to  protect 
interactive service objectives.

• Protect: circuit-break, quarantine, isolate, narrow capability, require human approval, or roll back 
when trust or service state degrades.

• Prove:  bind  agent  identity,  corpus  and  index  version,  retrieved  evidence,  tool  actions,  policy 
decisions, infrastructure changes, and final outcome into an auditable trace.
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A control-theoretic formulation

PTCP should minimize tail cost and risk subject to hard quality, freshness, availability, and authority  
constraints.

Figure 4. Two-timescale PTCP control with stability safeguards. Original synthesis.

A production controller should not optimize a single metric. Lower latency can reduce recall if fewer  

chunks  are  searched;  aggressive  caching  can  violate  freshness;  local  routing  can  overload  a  zone; 

replication can increase consistency lag; isolation can interrupt legitimate work; and a security policy can  

consume the economic benefit it  intends to protect.  The objective must therefore combine service,  

economic, energy, freshness, and risk terms while enforcing non-negotiable constraints.

RISK-AWARE CONTROL OBJECTIVE

pi* = arg min_pi E[sum_t (alpha L_99 + beta C_success + gamma E_success + delta 
S_stale + epsilon R_sec)] + lambda CVaR_tau(Loss)

Subject to minimum task success, retrieval quality, groundedness, freshness, availability, tenant isolation, residency, privilege, rollback,  
controller-overhead, and change-rate requirements.

Fast loop: protect the current task

The fast loop operates from milliseconds to seconds. It can steer or hedge a retrieval, prioritize latency-

sensitive  traffic,  rate-limit  an  abusive  tool  path,  trip  a  circuit  breaker,  deny  a  route  patch,  mirror  
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metadata for evidence, or isolate a suspect edge. Actions must be drawn from a pre-authorized safe set 

and should be reversible. The controller must expose its detection time, decision time, actuation time,  

and  verification  time  separately  so  that  a  nominally  fast  response  cannot  conceal  slow  or  unsafe 

enforcement.

Slow loop: improve the production graph

The slow loop operates from seconds to hours. It can recommend or perform replica placement, shard  

rebalance,  cache  prewarming,  index  maintenance  sequencing,  checkpoint  scheduling,  workload 

placement, adapter selection, policy simulation, route-diversity planning, or cryptographic migration. 

This loop should use longer observation windows and explicit causal or counterfactual analysis because 

interventions change the workload that generated the telemetry.

Stability and safe autonomy

• Hysteresis and minimum dwell time prevent repeated route or placement changes around a noisy 
threshold.

• Action budgets limit the number, scope, and rate of concurrent interventions.

• Canaries test a decision on a bounded workload or failure domain before wider enforcement.

• Shadow  mode  computes  recommendations  without  mutating  production  and  produces 
counterfactual evidence.

• Fallback and rollback return the estate to a known safe configuration when outcome or telemetry 
diverges.

• Human approval remains mandatory for high-impact quarantine, segmentation, risk acceptance, 
privilege change, or safety-sensitive physical action.

CONTROL-PLANE SAFETY CASE

A PTCP deployment  is  successful  only  if  its  improvement  exceeds  its  measurement,  computation,  
actuation,  integration,  and  operational  overhead,  and  if  its  worst  credible  failure  is  bounded. 
Controller stability is a first-class product requirement, not a post-deployment tuning issue.



TENSOR NETWORKS  |  PTCP FOR AGENTIC AI AND RAG STORAGE  |  TECHNICAL WHITE PAPER

Evidence-qualified reference architecture | July 22, 2026 Page 12

5  /  TECHNICAL ARGUMENT

How PTCP can improve RAG and agentic execution

The credible advantage is cross-layer coordination at matched retrieval and task quality.

Figure 5. Candidate PTCP improvement levers and their required invariants. Original synthesis.

5.1 Reduce tail latency without hiding quality loss

Retrieval is often on the critical path to generation. PipeRAG reports up to 2.6 times end-to-end latency 

improvement in its evaluated settings by overlapping retrieval with generation and using hardware-

aware scheduling [16]. RAGCache reports up to four times lower time to first token and 2.1 times higher  

throughput  than  its  specified  vLLM-plus-Faiss  baseline  through  multilevel  caching  and  speculative 

pipelining [17]. METIS reports 1.64 to 2.54 times lower latency at matched measured quality across four 

question-answering datasets by adapting retrieval configuration and scheduling [18]. These results show 

that RAG has systems-level headroom. They do not establish PTCP performance.

PTCP could target the same bottleneck class from a broader control surface. A topology-aware decision  

can select  a  healthy,  fresh replica;  route  around a  congested path;  prefetch context  near  a  model  

endpoint;  give  interactive  retrieval  priority  over  background  checkpoint  traffic;  or  shed  optional 

branches under a deadline. The experiment must hold recall, ranking quality, groundedness, citation 

accuracy, freshness, and authorization constant. Otherwise a shorter latency may simply reflect less or  

older evidence.
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5.2 Coordinate caches, replicas, and context memory

Agentic RAG can reuse data at several levels: source objects, parsed chunks, embedding results, vector-

query results, reranked contexts, prompt prefixes, session summaries, and model KV state. Cache-Craft 

reports  reduced  redundant  computation  and  improved  performance  in  its  tested  RAG  settings  by 

making retrieved-chunk KV reuse correct [19]. A PTCP layer could maintain a cross-service view of which  

cached artifact depends on which corpus, index, model, prompt prefix, tenant, and policy version. That 

enables prewarming and invalidation decisions that native caches cannot make when the dependency  

crosses product boundaries.

The risk is  reuse without semantic or security validity.  Every cached context requires a dependency 

fingerprint: tenant, authorization state, source and index versions, embedding and reranker versions, 

construction policy,  data classification, and expiration. PTCP should use the fingerprint to choose or 

reject infrastructure reuse; it should not infer semantic equivalence solely from path locality.

5.3 Separate interactive inference from storage maintenance

Vector  and  object  stores  perform compaction,  rebuild,  replication,  snapshot,  backup,  and  garbage-

collection work.  AI  systems also create checkpoint  and data-ingestion bursts.  When these activities 

share links,  storage nodes,  CPUs,  or  failure domains with interactive retrieval,  averages can remain 

acceptable while p99 service collapses. The AI Factory collateral explicitly identifies RAG p95, GPU wait,  

network stalls, tokens per second, checkpoint jitter, vector-database p95, RDMA events, and network 

drops  as  relevant  telemetry  and  proposes  tests  that  mix  checkpoint  microbursts  with  interactive  

inference [32].

A  slow PTCP  loop  could  schedule  or  shape  background work  around demand,  while  the  fast  loop  

protects interactive queues. The scientific question is causal: did the action reduce tail service time and 

accelerator wait relative to a tuned storage scheduler or quality-of-service baseline, after accounting for 

deferred maintenance debt? The benchmark must therefore measure backlog,  recovery,  and future 

compaction cost as well as immediate latency.

5.4 Place the workflow, not just the pod

A scheduler normally sees requested resources and local constraints. An agentic workflow has a richer 

affinity  graph:  model  endpoint,  retriever,  hot  shard,  source  data,  tool,  policy  boundary,  and  user 

location. IBM research found that packing versus spreading AI workloads changed network congestion 

and  reported  up  to  30%  completion-time  reduction  in  its  evaluated  workloads  [20].  Kubernetes 

Topology  Aware  Routing  likewise  recognizes  the  benefit  of  same-zone  routing  but  warns  that  its  

heuristic is  not real-time and can overload endpoints under skew [21].  PTCP's opportunity is  a live, 
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workload-specific topology that combines service health, data locality, failure domains, tenant isolation,  

and task deadline.

5.5 Contain partial failure and prevent retry amplification

Agents amplify partial  failure because the planner may retry,  substitute tools,  re-query memory,  or 

spawn additional branches. A cross-layer controller can recognize that many failures share a hot shard 

or network cut, then circuit-break the dependency, route to a degraded-but-safe alternative, narrow 

concurrency, or ask the agent to abstain. This coordination is more valuable than a local timeout when it 

prevents a retry storm or preserves a task-level deadline. It must also expose degraded-mode semantics  

so that the agent cannot silently treat incomplete evidence as normal evidence.

Mechanism-to-metric map

Mechanism Primary metrics Matched constraint Confounder to control

Route and replica selection retrieval p95/p99, TTFT, cross-zone 
bytes, retry rate

recall@k, index version, 
authorization

different corpus or replica 
freshness

Cache prewarm / reuse hit rate, TTFT, GPU wait, cost per task context identity, tenant, expiry, 
groundedness

warming cost and benchmark 
leakage

Maintenance shaping tail latency, checkpoint jitter, backlog, 
recovery

durability, replication, compaction 
debt

moving cost outside measurement 
window

Workflow placement task makespan, network stalls, 
energy, utilization

failure diversity, tenancy, 
availability

hardware and load imbalance

Circuit break / isolation task success, MTTD, MTTC, retry fan-
out

benign utility, rollback, blast radius application-level fallback behavior

TTFT = time to first token; MTTD = mean time to detect; MTTC = mean time to contain. Quality and safety must be reported with systems 
metrics.
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Zero-day and post-quantum security for the control plane

Topological telemetry can add payload-minimal detection and containment, but it is one layer in 
defense in depth.

Figure 6. Topology-aware security around agentic RAG. Original synthesis.

6.1 The threat surface is the workflow graph

Agentic systems combine untrusted or weakly trusted content with privileged actions. NIST AI 600-1 

warns that retrieved data can carry indirect prompt injection and recommends threat modeling, red  

teaming,  monitoring,  incident  response,  fallbacks,  and  reassessment  after  RAG  integration  [25]. 

AgentDojo measures both benign utility and attack success for tool agents [26]. CaMeL demonstrates 

the  value  of  separating  control  from  data  flow  and  enforcing  capabilities  in  a  deterministic  layer, 

reporting a utility-security tradeoff in its benchmark [27]. These findings support PTCP's core premise 

that model-level defenses should be surrounded by system controls.

RAG storage is also an attack surface. PoisonedRAG reports high attack success in its evaluated scenarios 

after adding a small  number of malicious texts to a very large corpus [28].  PTCP can monitor write  

provenance, new graph edges, abnormal retrieval concentration, cross-tenant access, sudden tool fan-

out, unexpected egress, or shifts in the cut structure around sensitive assets. It may then contain the 

infrastructure pathway and preserve evidence. It cannot determine that a plausible paragraph is false,  
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malicious, or instruction-bearing from topology alone. Provenance, signed ingestion, semantic filters,  

permission-aware retrieval, model safeguards, and human review remain necessary.

6.2 Zero-day value is structural, not prophetic

A zero-day is valuable precisely because a known signature may not exist. Structural and behavioral 

telemetry can still reveal a new edge, abnormal fan-out, changed service dependency, unusual privilege 

path, altered flow geometry, or coordinated shift in a graph cut. PTCP-Zero proposes a Pattern-of-Life 

tensor  and  a  topological  divergence  measure  that  combines  anomaly  likelihood,  graph-curvature 

gradients, and cut-capacity shifts [33]. This is a testable approach to surfacing or localizing unknown-

technique  behavior;  it  is  not  evidence  that  PTCP  prevents  zero-days  or  detects  every  advanced 

persistent threat.

The relevance to critical infrastructure is  concrete. The joint Volt Typhoon advisory describes actors 

using valid accounts and living-off-the-land techniques,  maintaining persistence, and moving from IT 

toward OT; the guidance emphasizes centralized logs, behavioral and network baselines, automation, 

and segmentation [29]. CISA's Salt Typhoon-related advisory describes targeting of telecommunications,  

government, transport, and routing infrastructure, including trusted-connection pivots and persistent 

router access [30]. These campaigns demonstrate why payload or signature inspection alone may be 

insufficient. They do not establish that PTCP would have detected either campaign.

6.3 A topological security objective

BOUNDED CONTAINMENT OBJECTIVE

a* = arg min_a [risk_after(a) + eta service_impact(a) + kappa uncertainty(a)]
Subject to policy, maximum blast radius, required approvals, evidence preservation, and verified rollback. A controller should prefer the  
least disruptive action that materially reduces expected risk.

6.4 Post-quantum value belongs in orchestration

NIST  finalized  FIPS  203,  204,  and  205  for  ML-KEM,  ML-DSA,  and  SLH-DSA  in  August  2024  [31].  A  

topology-aware  control  plane  can  help  discover  cryptographic  dependencies,  relate  them  to  data 

sensitivity and mission priority, identify legacy paths, sequence migration, constrain traffic to approved 

endpoints,  measure  handshake  and  throughput  overhead,  and  preserve  rollback  evidence.  ACISO 

collateral  describes  crypto-bill-of-materials  maintenance,  legacy  TLS  discovery,  and  PQC  migration 

prioritization [34].

PTCP is not itself post-quantum encryption. A flow becomes quantum-resistant only when approved 

algorithms and validated implementations protect keys, authentication, and data. Topological anomaly  

detection also does not become stronger merely because it  is  labeled post-quantum. The product's  
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credible advantage is to connect cryptographic posture to the live dependency graph so that migration 

and enforcement account for actual service and storage paths.
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The PTCP suite as one agentic-AI operating layer

The  applications  are  strongest  when  they  share  topology,  evidence,  policy,  and  deployment  
primitives.

Suite-to-workload mapping

PTCP application Agentic AI / RAG role Primary buyers Evidence boundary

PTCP AI Factory RAG-storage tempo, retrieval paths, GPU wait, 
network and RDMA state, checkpoint separation, 
token productivity

AI platform, infrastructure, 
data, HPC, cloud and 
network teams

RAG architecture and proposed 
KPIs appear in company 
collateral [32]; efficacy 
unverified

PTCP-Zero payload-minimal structural anomaly detection, agent 
boundary crossings, tool-use changes, constrained 
containment

CISO, SOC, AI security, 
network security, critical 
infrastructure

Pilot metrics and design appear 
in company collateral [33]; 
efficacy unverified

ACISO policy, HITL authority, evidence, digital twin, AI-
SBOM, crypto inventory and PQC migration 
governance

CISO, CIO, compliance, 
SLED/federal, OT governance

Autonomy boundary and 
shadow deployment appear in 
company collateral [34]

PTCP-SARAHAI priority and resilience for edge, sensor, UAV, 
multimodal and physical-AI streams feeding retrieval 
and action

Defense, aerospace, utilities, 
transportation, public safety

Physical-AI positioning and 
Carahsoft product references 
[35]; outcomes require 
validation

TNQG research layer high-dimensional reconstruction and tensor-
geometric methods as a future analytic option

Advanced R&D and mission 
systems

Treat as research optionality, 
not a dependency for near-
term RAG value

A shared product core

A suite  creates a platform only when the applications reuse difficult  assets.  For  PTCP,  those assets  

should be the typed topology schema, telemetry pipeline, policy language, safe-action model, adapter 

framework,  evidence  graph,  rollback  mechanism,  and  deployment  lifecycle.  AI  Factory  contributes 

performance  and  storage  state;  PTCP-Zero  adds  structural  trust  and  containment;  ACISO  governs 

authority and evidence; SARAHAI extends the graph to physical and edge systems. Shared state can 

create  learning  and deployment  leverage,  but  it  also  creates  a  common-mode risk.  Schema errors,  

controller defects, or privilege mistakes must be compartmentalized by module and tenant.

IP and know-how boundaries

U.S. Patent No. 11,308,384 B1, assigned in the public record to the U.S. Department of the Air Force,  

concerns Pattern-of-Life anomaly analysis over mixed numerical and categorical data and presentation 

of anomalies [36]. It is plausibly relevant to mixed agent, tool, network, and storage telemetry. It does  

not, by itself, claim RAG, vector search, tensor trains, topology curvature, geodesic routing, eBPF/DPU 

enforcement,  agent  governance,  or  PQC.  U.S.  Patent  No.  9,696,404  B1  concerns  real-time  camera  
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tracking using optical-flow feature points and a Kalman filter [37]; it is relevant to SARAHAI and physical-

AI sensing, not broad RAG storage control.

Management has previously represented that Tensor has exclusive, transferable licenses to both patents 

and that PTCP- and TNQG-specific provisional and full patent applications are pending. Public patent  

records show license-related entries but do not establish all business terms. Executed agreements and  

prosecution  dockets  must  confirm  exclusivity,  transferability,  fields  of  use,  territory,  sublicensing,  

royalties,  termination,  change  of  control,  ownership,  inventorship,  and  freedom  to  operate.  The 

defensible moat also depends on specialized team know-how: integration across networking, storage, 

AI, control, cybersecurity, government mission systems, and safe deployment. That knowledge should 

be  documented  in  architecture  records,  code,  tests,  runbooks,  threat  models,  and  invention 

assignments so it survives beyond individual experts.

8  /  TECHNICAL ARGUMENT

Competitive position: orchestration across specialist systems

PTCP should complement, coordinate, and measure existing platforms rather than claim they are 
obsolete.

The relevant alternatives

A customer already owns many control surfaces: Kubernetes scheduling and topology routing, a service 

mesh or gateway, cloud traffic management, vector-database replication and caching, model-serving 

schedulers, observability and AIOps, identity and policy engines, EDR/NDR/SIEM/SOAR, data catalogs, 

and cryptographic inventory. Each can optimize a local domain. PTCP's opportunity is the decision gap  

between them: connecting task intent, retrieval and memory state, network and storage condition, trust  

boundaries, and safe enforcement in one cross-layer graph.

Alternative / 
adjacent category Strength PTCP's proposed incremental value Proof burden

Kubernetes / service 
mesh / gateway

workload scheduling, routing, 
retries, policy, progressive delivery

live AI/data topology plus task, freshness, risk, and 
cross-domain action context

beat tuned topology routing 
without oscillation or excess 
control overhead

Vector / graph database index algorithms, filtering, 
consistency, replication, 
compaction, native caching

coordinate among stores, paths, compute, 
maintenance windows, tenants, and task deadlines

show value beyond native 
replica, cache, and autoscaling 
controls at matched recall

Model serving / RAG 
optimizer

batching, endpoint selection, KV 
cache, retrieval-generation 
scheduling

join inference state to storage, network, tools, 
identity, security, and evidence

attribute cross-layer benefit 
and avoid duplication

Observability / AIOps telemetry, service maps, traces, 
anomaly detection, root-cause 
workflows

bounded real-time actions linked to agent, retrieval, 
storage, and trust state

demonstrate a better decision, 
not merely a new dashboard

EDR / NDR / SIEM / SOAR endpoint/network detection, 
signatures, behavior, investigation 
and response

payload-minimal topology change plus 
AI/tool/memory boundary context

incremental detection or 
containment at an agreed 
benign-utility and false-positive 
rate
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Alternative / 
adjacent category Strength PTCP's proposed incremental value Proof burden

PQC / crypto-agility 
platform

crypto discovery, CBOM, algorithm 
and certificate migration

tie crypto dependency and migration to live service 
topology, data, mission priority, and rollback

integrate approved 
implementations; do not claim 
proprietary cryptography

Semantic and topological methods are complementary

Semantic systems answer questions such as whether a passage is relevant, whether two entities refer to 

the same concept, whether a response is grounded, or whether retrieved content contains an unsafe 

instruction.  Topological  systems  answer  different  questions:  which  dependency  changed,  where 

contention or  risk  concentrates,  which  path  crosses  a  trust  boundary,  which  minimal  set  of  edges  

isolates  a  failure,  and  how  an  action  changes  the  reachable  graph.  Agentic  RAG  needs  both.  A 

topologically healthy path can deliver malicious or irrelevant content; a semantically excellent retriever  

can still fail under stale, congested, unauthorized, or compromised infrastructure.

Defensible differentiation tests

• Cross-layer  information  advantage:  PTCP  identifies  a  causally  relevant  state  that  no  single 
incumbent control surface can observe.

• Decision  advantage:  PTCP  selects  a  materially  better  action  than  tuned  native  heuristics  at 
matched quality and safety.

• Time advantage: the combined detection, decision, actuation, and verification loop is fast enough 
to affect the task or incident.

• Safety advantage: actions remain inside policy, rollback works, and false positives do not erase the 
benefit.

• Economic  advantage:  savings  in  successful-task  cost,  downtime,  or  risk  exceed  platform, 
integration, telemetry, and operating expense.

• Portability advantage: a customer preserves policy and learned state across infrastructure vendors 
without creating an unacceptable new lock-in.

POSITIONING SENTENCE

PTCP  is  a  vendor-neutral  topology  and  evidence  control  plane  for  agentic  AI,  RAG,  and  critical  
infrastructure. It coordinates performance, storage, security, and governance decisions across existing  
platforms and earns automation authority through measured, reversible outcomes.
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Independent validation and falsification

The benchmark must isolate PTCP's incremental value and make negative results informative.

Figure 7. Progressive, matched-quality evaluation design. Original synthesis.

9.1 Pre-register the proposition

A  credible  trial  begins  with  a  causal  claim,  not  a  list  of  dashboards.  For  example:  under  a  mixed  

interactive RAG and checkpoint workload, PTCP will reduce p99 end-to-end task latency and accelerator 

idle wait relative to tuned storage, Kubernetes, and service-mesh controls, without a material reduction 

in retrieval recall, groundedness, freshness, availability, or tenant isolation. The hypothesis specifies the 

workload, baseline, effect direction, matched constraints, fault regime, analysis window, and stopping 

rule before the result is known.
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9.2 Baselines and ablations

• B0 - tuned native stack: database-native replication and cache, static or native load balancing,  
autoscaling, and current operational policy.

• B1 - topology-aware incumbent stack: Kubernetes topology routing, service mesh or gateway, and 
existing observability automation where applicable.

• P0  -  PTCP  observe-only:  complete  telemetry  and  counterfactual  recommendations,  with  no 
production actuation.

• P1  -  PTCP  routing-only:  pre-authorized  fast-loop  routing  and  shaping,  with  slow-loop 
recommendations held in shadow mode.

• P2 - PTCP full loop: bounded fast actions plus canaried slow optimization and governance.

• Ablations: remove topology features, security constraints, prediction, cache state, storage tempo, 
or slow-loop actions to identify the source of effect.

9.3 Workload suite

Workload Purpose Representative variation

Standard RAG isolate retrieval, reranking, context assembly, 
and generation

hot/cold shards; sparse+dense; metadata filters; small/large 
corpus; long/short context

Agentic RAG exercise planning, repeated retrieval, tools, 
fallbacks, and state updates

branching factor; tool latency; step count; deadline; retry 
policy; mixed model endpoints

Long memory measure extraction, temporal reasoning, 
updating, abstention, and forgetting

LongMemEval or equivalent; growing histories; conflicting and 
superseded facts [3][4]

Multitenant enterprise test permission filtering, data locality, and 
noisy neighbors

tenant count; ACL selectivity; cross-zone data; private/on-
prem source; peak concurrency

Physical / edge AI test intermittent links, priority, sensor 
streams, and mission deadlines

bandwidth loss; disconnected operation; burst arrival; 
trusted/untrusted sources; HITL action

9.4 Fault and attack injection

A control plane is evaluated most honestly under controlled adversity. Inject link delay, loss, congestion,  

and route asymmetry; hot or failing shards; stale replicas and index lag; cache eviction; node or zone  

loss;  tool  timeouts;  checkpoint  and  compaction  bursts;  malformed  telemetry;  controller  delay;  an 

indirect injection; a poisoned document; a compromised agent or tool; and unauthorized cross-tenant  

access. Each injection should have a known start, scope, ground truth, and recovery criterion. Security  

tests must report benign utility and service impact alongside attack detection or containment.

9.5 Metric hierarchy

Layer Primary metrics Interpretation

Task success, human intervention, steps, loop rate, tool retries, deadline 
attainment

Did the agent complete authorized work 
rather than merely produce tokens?

Retrieval / memory recall@k, nDCG/MRR, context precision/recall, faithfulness, citation 
accuracy, abstention, stale-read rate

Was the evidence relevant, permitted, 
current, and used correctly?
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Layer Primary metrics Interpretation

Systems p50/p95/p99 retrieval and end-to-end latency, TTFT, QPS, GPU wait, cache 
hit, cross-zone bytes, retransmits

Did infrastructure behavior improve, 
especially at the tail?

Economics / energy cost and joules per successful task, retry tokens, accelerator-hours, 
operator time

Did the outcome improve after all overhead 
and failed work?

Controller observe/decide/act/verify time, convergence, oscillation, action count, 
rollback success, overhead

Was control stable, timely, and reversible?

Security / trust attack success, benign utility, precision/recall, time to isolate, false-positive 
impact, blast radius

Did structural control add safety without 
unacceptable disruption?

PQC readiness crypto inventory coverage, compliant-flow coverage, migration 
completion, handshake/throughput cost

Did orchestration improve migration while 
approved cryptography provided protection?

9.6 Statistical discipline

Use  paired,  randomized  runs  with  identical  workload  seeds,  model  versions,  corpus  snapshots,  

hardware allocation, and warmup. Report distributions rather than averages, bootstrap or analytically  

justified  confidence  intervals,  effect  sizes,  and  correction  for  repeated  comparisons.  Define  non-

inferiority margins for retrieval quality, groundedness, freshness, and benign utility before testing. Long-

running production canaries should use difference-in-differences or carefully matched time windows to 

separate  PTCP  effects  from  demand,  model,  or  data  changes.  Publish  raw  telemetry  schemas, 

configuration, action logs, and failure traces under appropriate security controls.

GO / REVISE / STOP GATE

Proceed only  when PTCP demonstrates  a  pre-agreed material  systems or  security  advantage over  
tuned baselines,  no  material  quality  or  safety  regression,  bounded overhead,  stable  convergence,  
reliable rollback, and a positive fully loaded economic case. A mixed result should narrow the use case; 
a negative result should stop automation rather than be explained away.
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Deployment and operating model

PTCP should earn authority progressively, beginning with evidence and ending only with bounded 
automation.

Figure 8. Progressive authority model for PTCP deployment. Original synthesis.

10.1 Phase 1: observe and normalize

Inventory agents,  models,  tools,  corpora,  indexes,  stores,  caches,  identities, policies,  network paths, 

zones, and cryptographic dependencies. Ingest payload-minimal telemetry and align it to a common 

trace.  Establish  data  ownership,  purpose,  retention,  access,  and  redaction.  Compare  PTCP's 

reconstructed  graph  with  source-of-truth  systems  and  quantify  missing,  stale,  duplicate,  and 

contradictory edges. No production control is permitted in this phase.

10.2 Phase 2: recommend and explain

Run the controller in shadow mode. Each recommendation should identify the observed state, causal  

hypothesis,  expected benefit,  affected nodes  and edges,  constraints,  confidence,  rollback  plan,  and 

counterfactual outcome. Operators accept, reject, or modify recommendations, creating evidence about  

model calibration and organizational policy. A useful explanation localizes the bottleneck or anomalous 

edge and predicts a measurable outcome; it does not merely repeat a proprietary score.
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10.3 Phase 3: approve and canary

Authorize a small action set, such as choosing among already-approved fresh replicas, changing a route  

within a tenant, or rate-limiting a known abusive retry pattern. Require policy evaluation, canary scope,  

maximum duration, service-impact limit, evidence capture, and automatic rollback. High-impact actions 

remain human-approved. The outcome is compared with a concurrent or closely matched baseline.

10.4 Phase 4: bounded automation

Automation is enabled only for decisions with stable benefit, well-observed state, low ambiguity, small  

blast radius, and proven rollback. The safe action set should be versioned and tenant-specific. Every 

automated action produces a decision record and is continuously evaluated for drift, oscillation, false 

positives, and economic value. New workloads, data sources, model versions, adapters, policies, and 

threats return the relevant actions to shadow or approval mode.

10.5 Phase 5: federated control

Multi-site  and  multi-domain  control  introduces  sovereignty,  organizational  authority,  and  failure-

isolation concerns. Federated PTCP should exchange the minimum necessary state, preserve local policy 

primacy,  and support  disconnected or degraded operation.  Shared evidence may improve baselines 

across deployments only with explicit  consent, privacy protection, tenant separation, and defensible 

data rights.

Operating ownership

Owner Accountability

AI platform / MLOps task and model SLOs, agent registry, model endpoints, prompt and tool lifecycle, quality gates
Data / RAG platform corpus, chunking, embeddings, indexes, filters, freshness, provenance, memory and retrieval evaluation
Infrastructure / SRE capacity, network, storage, compute, failure domains, performance baselines, incident response
Security / identity trust model, agent and service identities, least privilege, threat tests, containment and evidence
Governance / risk autonomy policy, human approvals, compliance, data use, PQC migration, audit and risk acceptance
Tensor Networks controller correctness, adapters, safe defaults, upgrade compatibility, evidence schema, support and 

outcome validation

Minimum production controls

• High  availability;  action-specific  fail-open/fail-closed  behavior;  explicit  degraded  mode  when 
topology confidence, evidence completeness, or controller health falls below threshold.

• Signed policy and adapter artifacts; secure updates and SBOM; least-privilege identity; telemetry 
integrity, time synchronization, schema versioning, backpressure, and privacy review.

• Independent  red-team,  fault-injection,  rollback,  recovery,  and  upgrade  tests,  with  evidence 
retention sufficient to reconstruct and reverse material actions.
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Risks, limits, and research agenda

The strongest paper is explicit about where the thesis can fail.

11.1 Technical limits

• Topology  does  not  repair  a  false  corpus,  poor  chunking,  embedding  drift,  inadequate  recall, 
hallucination, or unsafe model interpretation.

• Routing cannot accelerate a CPU-bound index, a slow reranker, or an overloaded tool when no 
healthy alternative exists.

• Replication and caching can worsen staleness,  consistency,  data  residency,  cost,  or  leakage if  
dependencies are incomplete.

• Telemetry  is  delayed,  incomplete,  noisy,  sensitive,  and  sometimes  adversarial.  A  confident 
controller can act on a false graph.

• Cross-layer optimization can conflict with database, scheduler, network, and security controllers, 
creating oscillation or policy races.

• A shared control plane becomes a high-value target and a potential common-mode failure across 
performance and security domains.

• Graph curvature, tensor compression, geodesic routing, and proprietary divergence scores may be  
useful, but novelty alone does not establish causal or operational advantage.

11.2 Commercial and adoption limits

PTCP overlaps  with  mature  control  surfaces  and  requires  deep access  to  infrastructure  and policy. 

Integration  burden,  organizational  ownership,  sales  cycle,  certification,  support,  and  incumbent 

bundling may dominate technical novelty. A vendor-neutral overlay succeeds only if adapters remain 

current,  customers  trust  its  authority,  and  the  deployment  produces  value  before  services  costs  

consume the economics. The Carahsoft relationship and named federal contract pathways can reduce 

procurement friction [35], but they do not prove production demand, recurring revenue, or technical 

efficacy.

11.3 Falsifiers

Falsifier Implication Response

No material benefit over tuned 
native controls

cross-layer topology does not create enough 
incremental decision value

narrow to the workloads or security cases with 
demonstrated causal advantage

Quality or freshness regression systems optimization is trading away the reason RAG 
exists

promote quality/freshness to hard constraints; 
suspend action; fix state model

Controller instability or excessive 
overhead

the control plane consumes or endangers its own 
benefit

reduce authority; simplify objective; add 
dwell/action limits; isolate loops
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Falsifier Implication Response

Unacceptable false-positive service 
impact

topological anomaly does not distinguish enough 
benign variation

improve context and calibration; retain HITL; use 
PTCP only as a signal

Integration cannot become 
repeatable

the platform is a bespoke services project rather 
than scalable software

standardize schema/adapters or concentrate on a 
small certified ecosystem

IP or license scope does not cover 
the product thesis

legal moat is narrower than positioning reframe claims; rely on implementation, evidence, 
distribution, and new filings

11.4 Research agenda

• Causal  topology:  distinguish  correlation  from  the  intervention  most  likely  to  improve  a  task 
without semantic regression.

• Typed trust graphs: combine agent identity, capability, data sensitivity, provenance, and network 
state without centralizing sensitive content.

• Memory-tempo control: model the joint effect of index mutation, cache invalidation, replication,  
context reuse, and agent forgetting.

• Safe multi-controller composition: prove stability and policy consistency when PTCP acts beside 
database, scheduler, mesh, and security controllers.

• Tail-risk  optimization:  calibrate  CVaR-style  objectives  against  real  incident  and  latency 
distributions and expose uncertainty to operators.

• Evidence portability: define a vendor-neutral trace linking agent, retrieval, memory, tool, policy, 
infrastructure, and outcome.

• PQC-aware service graphs: quantify how migration choices affect path compliance, performance, 
availability, and operational rollback.
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Conclusion

FINAL THESIS

PTCP can be the systems layer that makes agentic AI and RAG more governable, efficient, resilient, and  
secure - if Tensor proves a better cross-layer decision at matched quality and safety and turns that 
evidence into a repeatable product.

Agentic AI transforms a model call into a long-lived production graph. RAG externalizes memory into 

storage and retrieval systems whose latency, freshness, permission state, and integrity directly affect 

reasoning. The resulting workload is not governed adequately by any single vector database, scheduler,  

network fabric, security console, or model guardrail. This creates a legitimate opening for a topology-

aware  control  plane  that  can  relate  agents,  tools,  identities,  knowledge,  infrastructure,  and  policy; 

estimate tail risk; take bounded action; and prove what happened.

PTCP's architecture is well aligned with that opening. AI Factory explicitly connects RAG storage and 

context-memory  tempo  to  network  and  GPU  behavior.  PTCP-Zero  extends  structural  awareness  to 

agentic boundary crossings and payload-minimal anomaly detection. ACISO provides human authority, 

evidence,  and post-quantum migration governance.  SARAHAI  extends the same operating model  to 

physical and edge AI. The suite can therefore create more value together than as isolated applications,  

provided the shared graph, policy, adapters, rollback, and evidence are real product primitives rather 

than presentation-level integration.

The decisive next  step is  empirical.  Tensor should subject  PTCP to tuned-baseline,  matched-quality, 

fault-injected  trials  that  report  task  success,  retrieval  quality,  freshness,  tail  latency,  cost,  energy, 

controller stability,  benign utility,  containment safety, and rollback. Positive results would support a  

differentiated  and  difficult-to-replicate  systems  platform.  Negative  or  mixed  results  would  still  be 

valuable by identifying the workloads in which topology materially matters. The postdoctoral conclusion 

is therefore neither promotional certainty nor skepticism by default: PTCP is a coherent, timely, high-

leverage technical hypothesis whose potential to improve agentic AI and RAG storage is substantial, 

whose  boundaries  are  knowable,  and  whose  commercial  significance  now  depends  on  disciplined 

falsification and repeatable proof.

Recommended next action

Execute a 10-day instrumented proof design only after the baseline, corpus, workload, quality gates,  

fault injections, authority boundaries, raw-data access, statistical plan, and publication rules are agreed. 

Extend the run if the workload requires adequate tail or incident samples. Begin in observe-only mode; 

add routing-only and canaried full-loop phases only after predefined safety gates. The output should be 

a reproducible technical report, not a savings estimate derived from assumed utilization.
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Appendix A. Formal definitions and glossary

Term Working definition

Agentic AI An AI system that plans or selects actions across multiple steps, tools, data sources, memories, services, or 
agents to pursue a goal.

RAG Retrieval-augmented generation: generation conditioned on information retrieved from external non-
parametric memory.

External memory Durable or retrievable state outside model parameters, including documents, indexes, graphs, episodes, 
summaries, rules, caches, and tool state.

Topology The typed, time-varying structure of entities and relationships in the production system, together with 
attributes describing state, trust, locality, and policy.

Control plane Software that observes state, selects actions under objectives and constraints, and directs data-plane or 
application-plane enforcement.

Fast loop A bounded control horizon, generally milliseconds to seconds, for routing, prioritization, rate limiting, circuit 
breaking, or isolation.

Slow loop A longer control horizon, generally seconds to hours, for placement, replication, caching, reindexing, 
scheduling, policy, and migration.

Grounded task A task whose output or action is supported by appropriate evidence and satisfies authorization, freshness, 
quality, latency, and safety criteria.

Freshness The degree to which retrieved or reused state reflects the source and policy version required by the task.
CVaR Conditional value at risk: expected loss within a selected worst-case tail of a distribution, used here as a tail-risk 

objective rather than a guarantee.
HITL Human in the loop: a required human decision, especially for high-impact authority, quarantine, segmentation, 

risk acceptance, or physical action.
Zero-day A vulnerability or exploitation technique for which a reliable known signature or effective patch may not yet be 

available.
PQC Post-quantum cryptography: algorithms intended to resist attacks by sufficiently capable quantum computers; 

in this paper, NIST-standardized algorithms and migration governance.
TTFT Time to first token, measured from an agreed request boundary to the first emitted output token.
p99 The 99th percentile: a tail measure below which 99% of observed values fall within the defined sample and 

workload.
MTTD / MTTC Mean time to detect and mean time to contain, each decomposed into observable intervals where possible.
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Appendix B. Evidence map

The following map distinguishes external evidence, Tensor design intent, management representations, 

and  new analytical  synthesis.  It  is  intended to  prevent  category  errors  when  the  paper  is  used  in  

technical, commercial, or diligence settings.

Paper element Evidence type Use

Need for agent memory, tools, retrieval, 
and system safety

peer-reviewed research, official 
guidance, standards

supports the problem statement and benchmark 
dimensions

Optimization headroom in retrieval, 
caching, scheduling, and placement

peer-reviewed systems research supports plausible mechanisms, not PTCP effect 
sizes

PTCP RAG chain, metrics, fast/slow plane, 
topology and proposed pilot

Tensor Networks company collateral documents product architecture and intended 
validation

PTCP-Zero and ACISO security, autonomy, 
evidence, and PQC design

Tensor Networks company collateral documents design intent; independent detection 
and safety tests remain required

Exclusive, transferable patent licenses and 
pending PTCP/TNQG applications

management representation plus 
public patent records

requires executed agreements and prosecution 
evidence

Composite graph, objective function, 
schema, metric hierarchy, falsifiers

original analytical synthesis in this 
paper

proposed reference architecture and research 
program
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