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Abstract

Thi s docunent defines OODA-HTTP, a protocol extension and adaptive
security framework that applies the Ghserve-Orient-Decide-Act loop to
HTTP/ HTTPS conmuni cati ons. OODA- HTTP i ntroduces dynam ¢ behavi or at the
application layer, enabling real-tine detection, decision, and mtigation
based on evolving threat contexts. Each HTTP request becomes not just a
message, but an observation signal, a decision vector, and a defensive
act. This framework introduces headers such as X-OODA-Action to carry
contextual scores or actions across clients, servers, and intermediaries.
OODA- HTTP transforns passive transport into active self-defense, offering
resilience against classic and quantumthreats. It is designed as a native
def ender of the Wrld Wde Web \[ Gupta23]\[Martinez22]\[Wang21]\ [ Ki n23].

1. Introduction
Strategic Positioning Note

In warfare, if we do not have the sane weapons, we do not even consider
engagi ng. W remmin passive.This is the current reality: the HITP protocol,



even when secured via TLS (HTTPS), remains passive in the face of
next-generation threats — especially automated intelligent agents.

OODA- HTTP i ntroduces a paradigmshift. It transfornms HTTP from a passive
transport protocol into an active defensive actor, capabl e of observing,
orienting, deciding, and acting in context — a necessary evolution in
the age of automated attacks.

HTTP and HTTPS comuni cations face increasingly sophisticated
threats, including quantum conputing-based attacks such as those

| everagi ng Shor’s algorithm OODA-HTTP introduces a real-tine
adaptive security mechani sm based on the OCDA | oop (Ohserve-Orient -
Deci de- Act) to enhance resilience. The framework | everages adaptive
security paradi gns denonstrated in enterprise networks \[Wang21],
cryptographic key rotation in TLS \[Gupta23], and intrusion detection
met hodol ogi es usi ng OODA principles \[Mrtinez22].

Traditional HITPS treats security as a static, pre-negotiated |ayer,
focused on encryption, authentication, and transport integrity. It

| acks the ability to adapt to runtine behavior or evolving threat
conditions during a session. OODA-HTTP fills this gap by enabling
cont ext - awar e deci sion | oops and dynam ¢ protocol responses.

This capability can al so benefit application-layer conponents.
Client-side applications may interpret OODA-HTTP signals to adjust
their behavior in real tine. Suspicious sessions can trigger
interface restrictions, challenges, or warnings, enabling proactive
defense at the user interaction |ayer

2. Term nol ogy
The following terns are used throughout this docunent:

OCDA Loop:

A deci si on- naki ng nodel consisting of four sequential phases:
bserve, Orient, Decide, and Act. Oiginally developed for mlitary
strategy, it is applied here to network comuni cati ons.

Threat Scor e:

A nuneric or categorical indicator representing the risk |eve
associated with a session, request, or identity. It can be conputed
locally or distributed, and nay evol ve over tine.

X- OODA- Act i on
A custom HTTP header used to transmt OODA-driven deci sions or
scores between entities (clients, servers, internediaries).

Post - Quant um Cr ypt ogr aphy:

Cryptographic algorithnms designed to resist attacks from quantum
conputers. Mentioned in this draft in relation to resilience

agai nst Shor’s al gorithm

Shor’ s Al gorithm

A quantum al gorithm\[ Shor94] capable of factoring |l arge integers
exponentially faster than cl assical algorithms, posing a threat
to wi del y-used public-key cryptosystens.

Cont extual Adapt ati on
The ability of an endpoint or niddl eware to adjust its behavior
based on environnental, behavioral, or risk-related context.

Sel f - Def endi ng Pr ot ocol
A protocol that is capable of taking real-tinme protective actions
based on observed conditions, without requiring external triggers.

3. Architectural Overview



OODA- HTTP i ntroduces a nodul ar security architecture that integrates

deci si on-naki ng capabilities into existing HITP and HTTPS i nfrastructures.
The architecture is conposed of four key conponents that operate al ong
the OODA | oop: telenetry collection (Cbserve), threat analysis (Oient),
deci si on engi nes (Decide), and enforcenment nechani snms (Act).

The framework can be depl oyed at various |evels: client applications,

web servers, reverse proxies, smart edge routers, CDN nodes, or security
m ddl eware. It does not replace existing TLS or HTTP protocol s but extends
them by introduci ng headers and cont ext - aware eval uati on

A central concept in the architecture is the notion of |ocal or distributed
threat scores. These scores gui de decisions that may be enforced via the

X- OODA- Acti on header or other configured policies. The system nmay operate

i n standal one node or integrate with nmachine | earning nodels for adaptive
behavi or.

The foll owi ng sections descri be how each phase of the OODA | oop is
implemented within this architecture.

4., OODA- HTTP Phases

OCDA- HTTP applies the four phases of the Observe-Oient-Deci de-Act
(OODA) | oop to HITP comuni cations. Each phase is mapped to
techni cal operations that collectively enabl e adaptive security
inreal tinme.

4.1. Qoserve

The Observe phase consists of collecting telenetry data from HTTP
requests, TLS handshake netadata, tim ng information, user-agent
patterns, and behavioral signals. This data nay be extracted by
edge devices, proxies, or endpoints and stored locally or streaned
to a threat evaluation engine.

4.2. Oient

In the Orient phase, collected data is contextualized and interpreted
using rul e-based | ogi c or machi ne | earning nodel s. Features may

i ncl ude request frequency, signature anomalies, protocol violations,
or correlation with known attack patterns. This phase results in
assigning a threat score to the current session or request.

4.3. Decide

Based on the threat score and predefined security policies, the Decide
phase sel ects an appropriate mitigation strategy. The deci sion may

i nclude all owi ng, delaying, challenging, throttling, or blocking the
request. Optionally, the decision can be enbedded into the request

via the X-OODA-Action header for downstream enforcenent.

4. 4. Act

The Act phase enforces the decision selected in the previous phase.
This may include applying rate limts, returning captchas, rotating
TLS keys, 1ogging events, or updating dynamic filters. The act phase
may al so enit netadata that becones observable in future requests,
enabl i ng feedback | oops.

5. Message Formats and Protoco
OODA- HTTP i ntroduces protocol -1 evel extensions for transmitting

threat context and deci sions using HTTP headers and JSON based
structures.



The primary extension is the X-OO0DA-Action header, which carries a
conpact JSON obj ect encoding the outcone of the Orient and Deci de
phases.

Exanpl e format:

X- OODA- Action: {
"score": 72,

"category": "suspicious",

"action": "challenge",

"timestanp": "2025-06-28T15: 42: 102"
}

Fi el ds:

* score (integer): A numeric threat score (e.g., 0100).
* category (string): A textual label for the threat |eve

(e.g., "normal", "suspicious", "malicious").
* action (string): Suggested enforcement action (e.g., "allow',
"bl ock"™, "challenge", "throttle").

* timestanp (string): 1SO 8601 UTC tinmestanp of the decision

Servers, clients, or intermediaries such as edge devices or security

gat eways may consune this header and apply local policies accordingly. The header is o
onal and may

be stripped or overwitten depending on policy scope and trust

boundari es.

pt

6. Threat Model s and Detection

Un paquet peut tout changer
OODA- HTTP transforns each request into an opportunity for defense,
anal ysi s, and adaptati on.

OODA- HTTP i s designed to detect and nitigate a broad range of
threats, spanning classical, behavioral, and quantum enabl ed
attacks. The threat nodel includes both protocol-Ievel and
application-level vectors, and supports both static and adaptive
det ecti on nethods.

6.1. Cassical Threats

These include traditional attacks such as:

Deni al of Service (DoS) and Distributed DoS (DDoS)
Slowl oris and application-layer flooding

Bot inpersonati on and session replay
Payl oad mani pul ati on and mal f or ned headers

* 0 X X

6. 2. Behavioral Threats
These cover attacks identified via patterns of behavior, including:

Unusual request rates or frequency spikes

Ti me- based anonalies (e.g., bursts, silent intervals)
Identity inconsistency or rotating user agents
Suspi ci ous navigation or inconplete flows

L I

6.3. Quantum Adaptive Threats
OCDA- HTTP anti ci pat es energi ng post-quantum scenari os, such as

* Precursor attacks preparing for future quantum decryptions

* TLS handshake mani pul ation to record and break sessions |ater

* Exploitation of weak randomess or | ow entropy in key negotiation
* Threats leveraging Shor’ s algorithm)\[Shor94] to factor captured



session keys from cl assi cal cryptosystens

Adapti ve defenses can preenptively respond by applyi ng key
rotations \[Gupta23], adjusting handshake profiles, or introducing
ent r opy- har deni ng t echni ques.

7. Applications: Case Studies and Practical Validations

OCDA- HTTP has been eval uated across sinulated and real -world
environments to validate its adaptability and effectiveness.
The foll owi ng use cases highlight its potential in operationa
depl oynent s.

7.1. Burst Attack Detection in CDN Edge Routers

OCDA- HTTP depl oyed on CDN edge nodes enabl ed the early detection

of short-duration, high-intensity traffic bursts ainmed at exhausting
caching layers. By integrating |local telemetry and threat scoring,
edge routers adapted QoS and activated throttling rules dynamcally.

7.2. Slomoris Mtigation in Reverse Proxies

In reverse proxy deployments, OCDA-HTTP successfully identified
sl ow request patterns through tim ng and header irregularities,
triggering ‘ X- OODA- Action: block’ to termnate |owrate attacks
bef ore reachi ng backend applications.

7.3. Bot Detection in Application Gateways

Application-1layer integrations conbi ned behavioral scoring and
fingerprint rotation detection. OOCDA-HTTP headers propagated
context to frontend gateways, where requests flagged as "nmalici ous”
were chal | enged or dropped.

7.4. Post-Quantum Resilience Simulation

A TLS testbed integrated OODA-HTTP to react to | ow entropy handshakes
and detect clients using weak key negotiation. Upon scoring these
sessions as high-risk, the systemenforced real-tinme key rotation
\[GQupta23] and triggered entropy hardeni ng for subsequent sessions.

7.5. Frontend Integration with Reactive Applications

In client-side environnents such as singl e-page applications, OODA-HTTP
enabl es dynanmi ¢ U adjustnents based on the threat context. For exanple,
an application may read the X-OODA-Action header from server responses
and respond accordingly:

* action = "chal |l enge", trigger a CAPTCHA or 2FA pronpt.
category = "suspicious", restrict certain U interactions.
score > threshold, |og session netadata or notify the user

*

I
*
I

— —h —h

This integration supports sel f-defending application |ogic, where
frontend conponents becone adaptive actors within the OODA | oop.
Security is no | onger passive but enbedded into user-facing flows.

OODA-HTTP is the first protocol where the user interface,
HTTP transport, and adaptive security speak the sane | anguage.

8. Integration with TLS/ HTTPS

OODA- HTTP i s designed to conpl enment and extend existing TLS and HTTPS
infrastructures w thout breaking conpatibility. It operates at the
application | ayer while observing and interacting with the TLS stack
through term nation proxies, inspection agents, or endpoints.



The protocol can integrate with TLS in the foll ow ng ways:

* (bservi ng handshake netadata such as ci pher suite sel ection
handshake tim ng, and session reuse patterns.

* Reacting to entropy metrics or randomess sources used in key
negotiation to detect |ow entropy or anomal ous handshakes.

* Coordinating key rotation triggers based on observed threat
threshol ds \[ Gupta23], especially in environments preparing for
post - quantum resilience.

* Taggi ng TLS sessions with contextual scores or identifiers via
out - of - band headers, shared nmenory, or internal netadata systens.

OODA- HTTP does not alter the TLS protocol itself but enhances its
observability and adaptive response capabilities fromthe HITP | ayer

9. Protocol Engineering Foundations

OODA- HTTP i s grounded in classic protocol engineering principles,

i ncluding nodul arity, state-awareness, error handling, and feedback

| oops. It |leverages established design techniques to ensure resilience
and extensibility across HITP/ TLS i nfrastructures.

The protocol supports the follow ng foundational characteristics:

* State-driven |ogic: Each phase of the OODA | oop transitions
deterministically based on observabl e input.

* Extensibility: Headers such as X- OODA- Action are optional and can
evol ve i ndependently of core protocol senantics

* Backward conpatibility: OODA-HTTP does not nodify HTTP or TLS
wire formats, ensuring that |egacy systens can interoperate wthout
di srupti on.

* Fault tolerance: If any OODA conponent fails or becomes unreachabl e,
systens default to standard HTTP behavi or, naintaining service
continuity.

* Measurability: Al actions and scores are |oggable, audit-friendly,
and interpretable by external observers.

These principles align with | ong-standi ng gui dance in protoco
architecture and testing nethodol ogi es \[ Sar93].

10. Security Considerations

Unli ke purely defensive frameworks, OODA-HTTP is both a protoco
and a security engine, enbedded directly into HTTP interactions.

OODA- HTTP i ntroduces new i nformation fl ows through headers and
decision logic. The foll owi ng considerations apply:

* Confidentiality: OODA-HTTP headers such as X- OODA-Action may
reveal threat assessnent details or system behavior. These headers
shoul d not be exposed across trust boundaries unless encrypted
or filtered.

* Integrity: Decisions derived fromthreat scores should be protected
agai nst tanpering. Systens nust ensure that OODA headers cannot be
forged or overwitten by untrusted internediaries.

* Fal |l back safety: |If OODA-HTTP conponents are di sabled or unavail abl e,
systens should gracefully default to standard HTTP/ TLS behavi or to



mai ntain availability.

* Score mani pul ation: Care nust be taken to avoid creating exploitable
f eedback | oops or incentives for malicious actors to influence threat
scores through adversarial behavior. However, attenpted score
mani pul ation may itself serve as a signal of systemc vulnerability,
reveal i ng weaknesses in session-level security or orchestration flow

* Human supervision: Automated deci sions nust be auditable and, where
appropri ate, overrideable by human operators, especially in sensitive
appl i cations.

I mpl enent ati ons shoul d ensure secure defaults, minimze information
| eakage, and respect separation of concerns between detection,
deci sion, and enforcenent |ayers.

11. | ANA Consi der ati ons

Thi s docunent registers a new HITP header field under the "Permanent
Message Header Field Nanes" registry maintai ned by | ANA

Header Field Nane: X-OODA-Action
Applicabl e Protocol: HTTP

Status: Provisiona

Aut hor/ Change Controller: |ETF

Speci fication Docunent: This docunent

No new TLS paraneters or ALPN identifiers are requested at this tine.
Future versions may introduce identifiers for deeper protocol-Ileve

i ntegration.

12. Vector Engi ne and Tenporal Menory

OODA- HTTP i ntroduces a senmantic vector engine that transforns each
request into a nulti-di nensional observation vector. This engi ne
supports tenporal nmenory, pattern accunul ation, and | earni ng-based
refinement, enabling the protocol to mature over tine.

12.1. (oservation Vectors
During the Observe phase, each HTTP interaction is converted into
a structured vector containing netadata fields such as:

TLS fingerprint: cipher suite, handshake entropy, session reuse
HTTP net adat a: nethod, headers, frequency, burst timng

Client behavior: agent string variability, navigation flow, interaction
| atency Environnent: |IP locality, ASN, device type

These vectors are tinmestanped and stored in short- or |ong-term nenory
nodul es.

12.2. Oientation Space and Semantic Patterns

The Orient phase processes these vectors using rul e-based
classification or M inference nodels. Simlar vectors are grouped and
conpared acr oss:

Known attack patterns (e.g., sloworis, botnets, smart agents)

Session anonmlies (e.g., inconsistent headers, entropy irregularities)
Behavi oral deviations fromnormative baselines

The system | earns correlations over tine, allowing it to recognize
i ncreasingly conplex or obfuscated threats.

12. 3. Tenporal Threat Menory
Unli ke static HTTP/ HTTPS st acks, OODA-HTTP nmi ntains an evol ving threat
nenory:

Short-term menory detects bursts, replay attenpts, and adaptive scanning.



Long-term nenory builds threat reputation for agents, sessions, or |P zones.

This menory enabl es cross-request correlation, historical fingerprinting,
and context-based threat anticipation.

12. 4. Maturity Through Activity

As OCDA- HTTP observes nore traffic, it becones nore effective. Each
request strengthens its adaptive nodels, building resilience without
explicit retraining. This contrasts with traditional HTTP/ HTTPS
protocol s, which remain blind to behavioral evol ution.

OCDA- HTTP becones smarter, faster, and nore precise the nore it is
used—turning activity into capability.
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