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Abst ract

Current machine learning infrastructure relies heavily on high-
bandwi dth digital interconnects for parameter synchronization,

gradi ent aggregation, and nodel weight distribution. This docunent
proposes an alternative: Avian Paraneter Carriers (APC), building on
the physical transport |ayer established in RFC 1149 and the quality-
of -servi ce extensions of RFC 2549

The authors note that the bandw dt h-del ay product of a pigeon
carrying a 512GB NVMe drive over 5 kilonmeters remains conpetitive
with certain cloud providers during peak billing hours.

This specification is considered Feature Conplete. |t addresses
scal e (Section 14), observability (Appendi x A), security (Sections 11
and 11.4), regul atory conpliance (Section 9.3), and pigeon hygi ene
(Sections 3.3, 10.4, and 11.4.5). Future revisions MAY address
quant um paranmeter transport (Section 14.6) and UV-spectrum
adversarial plumage design (Section 11.4.2). The pigeons are

consi dered stabl e.

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79

Internet-Drafts are working docunents of the Internet Engineering
Task Force (IETF). Note that other groups may also distribute
wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”

This Internet-Draft will expire on 13 October 2026
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1. Overview and Rational e

The nmachi ne | earning community has grown increasingly dependent on
dense GPU cl usters, high-speed interconnects, and cl oud
infrastructure with unpredictable pricing nodels. RFC 1149 [RFC1149]
established that | P datagrans nay be transmitted via avian carrier
Thi s specification extends that foundation to accomvpdate the
specific requirenments of neural network training, including forward
passes, backpropagation, gradi ent descent, and the existentia
uncertainty of whether the nodel is actually |earning anything.
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Avi an Paraneter Carriers offer several advantages over conventiona
infrastructure

a. Carriers self-provision given adequate grain and water
b. No software licensing fees. No CUDA version conflicts.

c. Gadient delivery failures are observable and attributable (see
Section 4.2).

d. Carriers naturally inplement a form of dropout regularization
through attrition (see Section 5. 3).

2. Definitions and Term nol ogy
The foll owi ng definitions apply throughout this docunent.

Carrier (O:
A homi ng pi geon (Colunba |ivia donestica) serving as the physica
transport medium for nodel paraneters. The carrier maintains no
persistent state between flights. This is considered a feature.

Paraneter Scroll (PS):
A printed or witten representation of nodel weights, gradients,
or hyperparaneters affixed to the carrier’s |leg using archival -
grade adhesive. Maxi mum payl oad is constrained by |eg
circunference and carrier tolerance

Fl ock (F):
A distributed cluster of Carriers operating in parallel. Flock
coherence is not guaranteed. Flock size SHOULD be determ ned by
avai l abl e |1 oft space and | ocal ordi nances.

Loss Surface (LS):
The nul tidi nensi onal | andscape of nodel error as a function of
paraneter values. |In APC inplenmentations, the | oss surface is not
directly observable and nust be inferred fromreturned scrol
contents and the deneanor of the receiving researcher.

El ectrostatic D scharge Event (EDE)
An unpl anned transfer of static charge resulting in corruption or
destruction of Parameter Scroll contents. Distinguished froma
Carrier Attrition Event (CAE) in that the scroll arrives but is no
|l onger legible. Both result in a dropped gradient. Only one
requires replacing the hardware.
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3.

3.

Carrier Mrrale (CM:

A scal ar value representing a Carrier’s current disposition toward
active dispatch duty. Carrier Mrale is not directly measurable
but may be inferred from observabl e behavioral indicators
including: loft entry latency, scroll acceptance behavior,

vol untary approach to the dispatch perch, and general deneanor.
High Carrier Morale correlates with | ow epoch | atency and reduced
route deviation. Low Carrier Mirale, particularly follow ng a
Par amet er Pop event (Section 10.4), correlates with increased
vari ance and non-standard flight paths.

Carrier Morale is the only hyperparaneter in this specification
that responds positively to grain, rest, and kind words. It does
not respond to | earning rate scheduling.

RAI D-0 Dove Configuration (RDC):

A striped array of Carriers transporting conplenentary shards of a

single Paraneter Scroll. Al shards MJST arrive for
reconstruction to succeed. The fault tolerance of this
configuration is zero. It is nanmed optinistically.

Loft Tel emetry Dashboard:

A containerized nonitoring interface, deployable via Docker
Conpose on any OCl-conpliant contai ner orchestration platform
providing real-tine telenetry from Snart Leg Band-equi pped
Carriers. Named for the phil osophical concept of tota
surveillance. The irony of applying this to pigeons is
acknow edged.

The foll owi ng requirenment keywords are used in this docunent:
MUST Non- negoti abl e.

SHOULD Reconmmended unl ess pi geons are unavail abl e.

MAY Use your judgnent. The pigeons will use theirs.

MUST NOT Seriously. Do not do this.

SHOULD NOT The authors have tried this. It did not go well.

Architecture

Trai ni ng Loop

The standard APC training | oop proceeds as foll ows:

Initialize nodel weights. Print on acid-free paper
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b. Divide Paraneter Scrolls across available Carriers. Assignnment
SHOULD be randomto prevent positional bias. Carriers MJST NOT
be allowed to self-select scrolls based on weight, as this
i ntroduces sel ection bi as.

c. Dispatch Carriers to renpte traini ng node.

d. Wiit. MAY occupy time by checking GPU availability on alternate
infrastructure or reviewing current cloud billing status. The
authors note that conpleting either task typically notivates
conti nued investment in APC

e. Upon return, aggregate received paraneters. Carriers that do not
return SHOULD be treated as dropped gradients. Apply gradient
clipping accordingly.

f. Conpute loss. Record on the Loss Log (see Section 3.3). Repeat
from (b).

Each conplete | oop constitutes one training epoch. Epoch duration is
a function of flight distance, headw nd, and carrier notivation, the
| ast of which is not currently formalizabl e.

3.2. Batch Size and Payl oad Constraints

Batch size is physically constrained by Flock size. Larger batches
require proportionally nore Carriers. The authors observe that very
| arge batch training (batch size > 512) presents significant |oft
managenent chal | enges and i s RECOVMMENDED only for well-funded
institutions.

M ni -bat ch gradi ent descent is the preferred approach. Stochastic
singl e-sanpl e updates via individual Carrier are theoretically
supported but result in training instability proportional to w nd
condi tions.

Payl oad capacity MJST be consi dered when sel ecting storage nedia for
Parameter Scroll transport. A standard M2 NVMe drive wei ghs

approxi mately 7-10 grans. A homi ng pigeon’s maxi mum confortabl e

payl oad is approximately 75 grans, yielding a theoretical maxi num of
seven drives per Carrier. Practitioners SHOULD target a conservative
50% utilization to preserve aerodynanic performance and Carrier
nor al e.
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For nodel shards exceeding single-Carrier payload capacity,

i mpl ementors MAY enploy a RAID-0 Dove Configuration (RDC), in which a
Paraneter Scroll is striped across multiple Carriers di spatched

simul taneously. Reconstruction at the receiving node requires al
shards to arrive

The fault tolerance of a RAID-O Dove Configuration is zero. The

aut hors wi sh to be unanbi guous on this point. |If one Carrier in an
RDC does not return, the entire shard set MJST be di scarded and the
epoch repeated. Practitioners considering RDC for production
wor kl oads SHOULD reflect carefully on this property and then consider
| ogi stic regression instead.

3.3. Loss Munitoring and the Loss Log
Conventional M infrastructure provides continuous, real-tine |oss
curves updated at each training step. APC inplenentations do not
support this.
Loss MUST be conputed at the central |oft upon gradi ent aggregation
and recorded manually in the Loss Log (LL), a physical |edger
mai ntai ned by the | oft operator. The Loss Log SHOULD i ncl ude:
i Epoch nunber.
ii. Nunber of Carriers dispatched.

iii. Nurmber of Carriers returned.

iv. Conmput ed training | oss.

V. Conputed validation loss, if a validation Flock was
di spat ched

Vi . Weat her conditions at tine of dispatch

Vii. Smart Leg Band telenmetry summary, if Appendix A hardware is
depl oyed.

viii. Any anomal ous Carrier behavior observed during the epoch,
including but not Iimted to: prolonged absence, return
wi thout scroll, return with incorrect scroll, or return with
scroll in a condition suggesting the Carrier sat on it.

Loss curves SHOULD be plotted by hand on graph paper. Automated
plotting via the Loft Telemetry Dashboard is available to
i mpl ement ors who have depl oyed the hardware described in Appendi x A
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4.

4.

4.

A flat or increasing | oss over consecutive epochs indicates the nodel
is not converging. Practitioners SHOULD verify the follow ng before
concluding the architecture is at fault:

a. Scrolls are being attached prior to dispatch, not after

b. Gadient direction is correctly indicated (descent, not ascent).
The scroll orientation MIUST be verified. The authors note this
failure node has occurred

c. The validation Flock is distinct fromthe training Flock. Using
the sane Carriers for both constitutes data | eakage and will
produce artificially optimstic validation loss. This is not the
Carriers’ fault.

NaN | oss val ues indicate a nunerical instability in the gradient
conputation, or that the scroll was exposed to rain en route and is
no longer legible. The two cases are distinguished by exam ning the
scroll. If the scroll is danmp, the loss is indeterm nate. Discard
the epoch. Allow Carrier to dry before reuse. Smart Leg Band-

equi pped depl oynments receive automated noisture alerts prior to
Carrier return (see Appendi x A, Appendix "Overview'), which is
considered a significant operational inprovenent.

Bi as- Vari ance Consi derations
1. \Variance

Hi gh variance in nodel performance will manifest as high variance in
carrier return times. A nodel that has overfit to training
conditions will show strong performance in fair weather and

cat astrophi c degradati on when a nei ghboring | oft rel eases
recreational pigeons. Practitioners SHOULD regul arize accordingly.
2. Explainability

A principal advantage of APC over conventional black-box training
infrastructure is full operational explainability. Wen a paraneter
update fails to arrive, the cause is observable:

i Carrier encountered adverse neteorol ogi cal conditions.

ii. Carrier was distracted by a local flock (see [ BERGEN2001]).

iii. Cage was left open at the dispatch node. This is a human error
and MUST be |l ogged in the experinent record.
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iv. Carrier did not return. Cause unknown. This is the honest
answer and is nore useful than a NaN | oss.

Practitioners famliar with SHAP values will note that case (iii) is
equivalent to a high-attribution input feature with a data pipeline
error. The pigeon is blaneless in both cases.

4.3. Chain-of-Flight vs. Explainability

5.

5.

5

Recent literature [ BAREZ2025] establishes that chain-of-thought
reasoning traces in |arge | anguage nodel s are not equivalent to
genuine interpretability. The authors note that a pigeon’s flight
path is sinilarly non-explanatory: the carrier arrives or does not.
The route taken is unobserved, non-reproducible, and likely

i nfluenced by factors outside the training distribution

APC i npl ementations MJST NOT treat carrier arrival as evidence that
the intended route was followed. Gadient integrity SHOULD be
verified upon recei pt via checksum Checksuns MJUST be printed in a
font legible to the receiving researcher, as OCR error rates on | eg-
mounted scrolls remain non-trivial (see [ BERGEN2001]).

Smart Leg Band GPS | oggi ng (Appendi x A) provides partial flight path
reconstruction and is RECOMVENDED for inplenentations requiring route
auditability. The authors note that knowi ng the route taken does not
constitute understanding why. This is also true of transformer
attenti on maps.

Regul ari zati on Techni ques
1. Wight Decay

Physi cal paraneter scrolls degrade over repeated use due to noisture,
mechani cal wear, and carrier enthusiasm This constitutes a natura
form of weight decay. The decay rate is a function of weather and
scroll material and is not hyperparanmeter-tunable in the current
speci fication.

2. Early Stopping

Trai ni ng SHOULD be halted when validation loss fails to inprove over
a defined nunber of epochs. |In APC inplenentations, practitioners
will typically identify this condition when they run out of grain
bef ore the nodel converges. This is considered a valid stopping
criterion.
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5

5.

6

6

3. Dropout and Carrier Shuffling

Carrier attrition provides a natural analog to dropout

regularization. A Carrier that does not return effectively masks the
correspondi ng paraneter subset fromthe current update. The dropout
rate is environnent-dependent and not directly configurable.

The aut hors recomend mai ntai ning a 20% reserve Carrier pool to
compensate. Practitioners SHOULD NOT attenpt to inplement structured
dropout via deliberate Carrier interception. This is both

| ogistically conplex and ethically inadvisable.

A peer review of this docunent identified a statistical bias inherent
to naive dropout-via-attrition: if certain Paraneter Scrolls are
consistently heavier, or if specific Carriers exhibit reduced
nmotivation for particular routes, those gradi ent conponents wll be
non-uni formy dropped across epochs. This constitutes a systenatic
bias in which the weights nost likely to be dropped are precisely
those the Carrier finds nbpst burdensone. The authors acknow edge
this is not random dropout.

To mitigate this effect, Carrier-to-Scroll assignnment MJST be
shuf fl ed bet ween epochs. No Carrier SHOULD be assigned the sane
scroll position in consecutive epochs. |Inplenentations SHOULD

mai ntain a Carrier Rotation Log to verify conpliance. The authors
note that the Carriers thensel ves do not naintain such a | og and
cannot be relied upon to self-report assignnent history.

4. Data Augnentation

Carriers operating in varied nmeteorological conditions inplicitly
expose the nodel to augmented training distributions. Rain, wnd,
and seasonal variation constitute a natural augnentation pipeline.
No additional inplenmentation is required. This is one of the few
areas in which APC outperforns GPU based training wthout
qual i fication.

Di stributed Training
1. Paraneter Server Architecture
A central loft serves as the paraneter server. Renpte training nodes
dispatch Carriers to the central |oft bearing gradient updates. The
central node aggregates received updates and returns updated wei ghts

via return Carrier.

Consi stency guarantees are eventual. Practitioners accustoned to
synchronous gradi ent aggregati on SHOULD adj ust expectati ons.
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6.2. Federated Learning

APC is naturally suited to federated | earning scenarios in which
training data cannot |eave the local node. Only gradients are
transported, preserving data locality. Privacy guarantees are
proportional to the discretion of all parties with access to the
Carrier popul ation.

6.3. Bandw dt h-Del ay Product

The effective bandwidth of an APC link is determi ned by Carrier

payl oad capacity and round-trip flight tine. For a Carrier
transporting a 512GB NVMe drive over 5 kilonmeters at standard honi ng
pi geon airspeed (approximately 80 kmh in favorable conditions), peak
t hroughput substantially exceeds that of a T1 line. This conparison
is made seriously and has been previously noted in the networking
literature.

Lat ency remmi ns non-conpetitive.
7. Transfer Learning

Pre-trained Carriers, having internalized routes to known
destinations, exhibit faster convergence on famliar tasks. This is
directly analogous to fine-tuning a pre-trained foundati on nodel: the
expensi ve representational work has already been conpl eted; the
practitioner need only adapt the term nal behavior

Cat astrophic forgetting has not been observed in Carriers. The
authors attribute this to the conparatively linited paraneter space
of the avian hi ppocanpus and the absence of gradient descent in

bi ol ogi cal systens.

8. Quality of Service

QS extensions established in RFC 2549 [ RFC2549] apply to APC wit hout
nmodi fication. Priority Carriers SHOULD be identified via distinct

| eg-band coloring. The authors note that Carriers do not observe
priority markings and will proceed at their own discretion

regardl ess.

Service classes from RFC 2549 (Concorde, First, Business, Coach) map
natural ly onto nodel sizes

Concor de

Frontier nodel, trillion-paraneter scale. Requires a very large
Carrier.
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First
70B parameter range. Feasible with standard Carrier and favorable
wi nds.

Busi ness
7B paraneter range. Recomended for nost home-hosted
i mpl emrent ati ons.

Coach
Logi stic regression [RUDIN2019]. A single scroll. Arrives
reliably. Usually correct. Fully interpretable. Underrated. A
sparrow could carry it. This is not an insult to logistic
regression.

9. Data Privacy and Gadi ent Leakage
9.1. Regulatory Conpliance

Parameter Scrolls in transit may constitute personal data under
applicable privacy regulations if the training dataset contains
personal ly identifiable information and the nodel has nenorized it,
as nmodern neural networks are known to do.

Under the General Data Protection Regulation (GDPR) and sinilar
framewor ks, gradi ent updates can encode and | eak information about

i ndividual training sanples. This property does not change when the
gradients are printed on paper and attached to a bird. The nmediumis
novel . The risk is not.

Practitioners MJST assess whet her Paraneter Scrolls constitute
personal data under applicable Iaw prior to dispatch. The authors
observe that "we sent it via pigeon" is not currently recognized as a
valid data transfer mechani smunder Article 46 of the GDPR  This may
change. The authors are not optimstic.

9.2. Gadient Inversion Attacks

Research has denonstrated that nodel gradients can be inverted to
reconstruct training data with neaningful fidelity. An adversary
intercepting a Paranmeter Scroll md-flight could potentially
reconstruct training sanples fromthe gradi ent val ues encoded

t her ei n.

This attack vector is partially mtigated by the follow ng factors
i nherent to APC
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a. Gadient values are encoded in human-readabl e deci nal notation
Reconstruction requires the adversary to al so solve OCR and
decode the researcher’s handwiting.

b. The adversary nust physically intercept the Carrier. This
constrains the attack surface to parties with access to the
flight corridor and sufficient reflexes.

c. Partial scroll delivery (see Section 5.3) nmeans the adversary nmay
only obtain a subset of gradient val ues, reducing reconstruction
fidelity.

Practitioners handling sensitive training data SHOULD apply
differential privacy mechanisms prior to printing [ PHONG2018] .

Addi ng cal i brated Gaussi an noi se to gradient val ues before encoding
themon the scroll is RECOWENDED. The noise |evel MJST be
sufficient to provide neani ngful privacy guarantees and MJUST NOT be
so large as to render the gradient val ues indistinguishable fromthe
researcher’s normal handwiting variation

9.3. Data Subject R ghts and the Predatory Interception Protoco

If a data subject exercises their right to erasure under applicable
privacy law, the practitioner MJST ensure that gradient information
derived fromthat subject’s data is purged fromall Paraneter
Scrolls, including scrolls currently in transit.

Recalling Carriers md-flight for the purpose of scroll anendnment is
not supported in the base specification. Peer review of this
docunent identified this as a critical conpliance gap under CGDPR
Article 17

To address this gap, inplenmentations requiring full regulatory
conpliance MAY deploy the Predatory Interception Protocol (PIP), in
which a trained raptor (Falco peregrinus or equivalent) is dispatched
to intercept and neutralize the Carrier prior to arrival at the
destination node, thereby preventing the conprom sed scroll from
entering the gradient aggregation pipeline.

The aut hors acknow edge that PIP raises significant concerns under
Section 5.3 ("ethically inadvisable"). Practitioners operating under
EU Al Act high-risk classification SHOULD consult |egal counse
before inmplenenting PIP. Practitioners operating under |ess
stringent regulatory reginmes MAY treat mid-flight scroll recovery as
out of scope and docunent this decision in their Data Protection

| npact Assessnent.
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10.

10.

10.

The authors offer no opinion on whether a DPIA can legally reference
a hawk.

El ectrostatic Discharge (ESD) Consi derations
1. Threat Model

Parameter Scrolls printed on standard paper and transported via avian
carrier are subject to electrostatic discharge events arising from

a. Triboelectric charging during flight, particularly at altitude or
inlowhumdity conditions.

b. Contact with synthetic loft materials, carrier |eg-bands
fabricated fromacrylic or nylon, or researchers wearing
pol yester.

c. Rapid descent fromaltitude in dry atnospheric conditions, which
may generate charge differentials sufficient to corrupt high-
density gradi ent encodi ngs.

d. The researcher renoving the scroll fromthe Carrier without first
groundi ng thensel ves. The authors note this is the nost conmmon
ESD failure node observed during informal testing and is entirely
prevent abl e.

A peer review of this docunent identified an additional threat not
addressed in prior drafts: potential difference upon landing. A
Carrier that has spent 45 mnutes triboelectrically charging agai nst
the atnosphere arrives at the loft with a significant accumul at ed
charge relative to ground. A loft operator who is thensel ves
grounded presents as a preferred di scharge path. The authors
classify this as a "Paraneter Pop" event and note it is unpleasant
for all parties.

2. Mtigation Requirenments

Practitioners MJST observe the foll owi ng ESD precauti ons:

a. Loft operators MJUST wear ESD-safe wrist straps when handling
Paraneter Scrolls. This applies during both attachnment and

retrieval operations. Wist straps MJUST be connected to a ground
reference common with the receiving perch (see item (f) bel ow).

Fairai zl Expires 13 COctober 2026 [ Page 14]



I nternet-Draft Avian M. Paraneter Carriers April 2026

10. 3.

Scroll's SHOULD be printed on anti-static paper where avail abl e.
In the absence of anti-static paper, standard paper treated with
anti-static spray is acceptable. Treated scrolls MJST be all owed
to dry conpletely before attachnent. A danp scroll introduces
anbiguity (see Section 3.3, NaN | oss handling).

The receiving loft MJUST maintain relative hunmdity between 40%
and 60% Humidity bel ow 40% significantly increases ESD ri sk.
Hum dity above 60% significantly increases scroll legibility
risk. The authors acknow edge this is a narrow operational

wi ndow.

Carriers MJST NOT be di spatched during thunderstorns. This
requirenent exists for nultiple reasons, of which ESD is only the
third nost inportant.

Smart Leg Band i npl enentati ons (Appendix A) MJST | og
triboelectric charge accumnul ati on during flight and set the
ESD _RI SK flag upon landing if accunul ated charge exceeds the
defined threshold. The Loft Tel emetry Dashboard SHOULD al ert
| oft operators prior to scroll retrieval

The receiving perch MJST be constructed froma dissipative
material (surface resistivity between 1075 and 10"9 ohns per
square) and MJST be connected to building ground via a continuous
conductor. This provides a controlled, |ow energy discharge path
for the returning Carrier and elimnates the |oft operator as the
path of |east resistance. The authors consider this the nost

i nportant addition pronpted by peer review.

Scroll Integrity Verification

Upon receipt, each Paraneter Scroll MJST be inspected for signs of
ESD dammge prior to gradient aggregation. |Indicators include:

Scorch marks or discoloration inconsistent with normal soiling.

Partial erasure of printed values in a pattern consistent with
arc di scharge rather than noisture.

Val ues that parse as valid floating-point nunbers but are
i mpl ausi bl e gi ven the expected gradi ent magnitude for this
architecture.

The Carrier appears to have had a bad day.
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Scrolls failing integrity verification MJST be di scarded and the
correspondi ng gradient treated as dropped. Under no circunstances
SHOULD the practitioner attenpt to recover partially |egible values
by interpolation and i ncorporate theminto the gradi ent aggregate.
The aut hors have done this. The nodel did not recover

4. Shock-Based Training Instability (SBTI)

Peer review of this document identified a secondary consequence of
the Paraneter Pop event (Section 10.1) not addressed in prior drafts:
behavi oral inpact on the Carrier

A Carrier subjected to an uncontrolled el ectrostatic di scharge event
upon | andi ng may exhi bit reduced notivation in subsequent epochs.
This mani fests as increased route deviation, extended dwell time at
internmedi ate | ocations, and in severe cases, a docunented reluctance
to re-enter the dispatch loft. The authors classify this as Shock-
Based Training Instability (SBTI).

SBTI is operationally significant because it is self-reinforcing. A
Carrier that experienced a Parameter Pop in epoch Nis nore likely to
exhi bit high variance in epoch N+1, producing the sanme high-variance
| oss characteristics as an overfit nodel, but arising fromloft
infrastructure failure rather than gradi ent pathology. The two
causes are distinguished by consulting the Loss Log weat her notes and
the Carrier’s observable disposition. A nodel that overfit is a
nmodel i ng problem A Carrier that was electrocuted is a facilities
problem Both present identically in the |oss curve.

Mtigation is addressed by the dissipative perch requirenent

(Section 10.2). The perch provides a controlled di scharge path that
elimnates the abrupt high-voltage event and replaces it with a
gradual , | owenergy equalization. A Carrier that |lands on a properly
grounded di ssi pative perch experiences no detectabl e di scharge event
and proceeds to the scroll retrieval queue with notivation intact.

The authors note that this is the only section of this docunent in
which the welfare of the Carrier and the integrity of the gradient
are addressed by the same physical conponent. The dissipative perch
is therefore both an ESD mitigation and an ani mal wel fare neasure,
and MJUST be treated as nmandatory on both grounds.

Carriers exhibiting persistent SBTI synptonms SHOULD be rotated to
non- di spatch duti es pendi ng behavi oral recovery. Forcing an SBTI-
affected Carrier to continue active dispatch duty introduces
systematic variance into the training | oop that cannot be corrected
by regularization. The Carrier Rotation Log MJST record SBTI events
and the affected Carrier’s return-to-active status.
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11.

Security Considerations
1. General Threat Model

Paraneter scrolls in transit are subject to interception,
nmodi fi cation, and consunption. The last failure nbde is novel to
this transport |layer and MJST be considered in threat nodeling.

Practitioners operating in adversarial environments SHOULD encrypt
paraneter scrolls. Note that encrypted scrolls require a decryption
step at the receiving node, which introduces |atency proportional to
the legibility of the researcher’s handwiti ng.

A Carrier that has been conprom sed MUST NOT be reintegrated into the
Fl ock without full paraneter re-initialization. Supply chain
security for grain and nesting materials is out of scope for this
docunent .

Model poisoning via corrupted gradient injection is theoretically
possible if an adversary gains access to the dispatch |oft. Physica
perineter security is RECOWENDED. A |ock on the cage door woul d

al so address the failure node docunented in [ BERGEN2001] and the data
subj ect erasure gap identified in Section 9. 3.

2. Messenger-in-the-Mddle (MtM Attacks

A class of attack not addressed in RFC 1149 or RFC 2549 is the
Messenger-in-the-M ddle attack, in which an adversary intercepts a
Carrier md-route and substitutes a nodified or entirely fabricated
Paraneter Scroll prior to rel ease.

Known attack vectors incl ude:

a. Breadcrunb-based route deviation, in which an adversary |lays a
trail of grain to redirect the Carrier to an internedi ate node
outside the intended flight corridor

b. Unaut horized grain-based congregation points (UGBCP), in which a
stationary food source in the flight corridor induces the Carrier
to land and rest, during which tine scroll substitution may
occur.

c. Loft inpersonation, in which a fraudul ent destination loft is
established within the Carrier’s honming radius, exploiting the
Carrier’s navigation systemrather than intercepting it in
flight.

M tigations include:

Fairai zl Expires 13 COctober 2026 [ Page 17]



I nternet-Draft Avian M. Paraneter Carriers April 2026

11.

a. Scroll signing via printed cryptographic hash. The receiving
node MJST verify the hash prior to gradi ent aggregation. This
does not prevent interception but detects substitution

b. Flight corridor hygiene. Practitioners SHOULD ensure the flight
path is free of unauthorized grain sources. This is
operationally difficult to enforce at scale.

c. Smart Leg Band GPS | oggi ng (Appendix A) provides post-hoc route
verification. Scrolls fromCarriers whose | ogged route devi ates
significantly fromthe expected path SHOULD be treated as suspect
and subjected to enhanced integrity verification.

3. Prompt Injection via Avian Mnicry

A novel attack surface is introduced when APC i nfrastructure operates
in geographic proximty to facilities housing psittacine or mnetic
avi an species, including but not limted to African Grey parrots
(Psittacus erithacus), Common Hill Mnas (G acula religiosa), and
Nort hern Mocki ngbirds (M rmus pol ygl ottos).

These species are capabl e of reproducing loft call signals, return
confirmation sounds, and in docunented cases, hunan speech patterns
used in | oft managenent. An adversary with access to a sufficiently
trained mnmetic bird coul d:

a. Trigger premature |oft door opening via synthesized return call
al | owi ng unaut hori zed Carrier ingress or egress.

b. Issue false verbal instructions to |oft operators, including
scroll handling commands, Carrier assignnent directives, or
di spat ch aut hori zati ons.

c. In inplementations using voice-activated Smart Leg Band pairing
(Appendi x A), inject unauthorized configuration conmands into the
tel emetry pipeline.

The authors note that (b) and (c) are functionally equivalent to
pronpt injection attacks against |arge | anguage nodels, in which
adversarial input in the environnent causes the nbdel to execute
uni ntended instructions. The nmechanismdiffers. The effect does
not .

M tigations SHOULD i ncl ude:

a. Qut-of-band verification of verbal loft instructions via a
secondary, non-auditory channel
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b. Perimeter exclusion zones for mnetic species. The authors
acknow edge this is difficult to enforce in areas with
est abli shed wi | d nocki ngbird popul ati ons.

c. Smart Leg Band voice command aut henticati on SHOULD require a
passphrase not reproducible by comon mnetic species. Selection
of an appropriate passphrase is left as an exercise for the
i npl ementor, subject to the constraint that African Gey parrots
have denpnstrated vocabul ary acquisition in excess of one
t housand words [ PEPPERBERGL999]. Choose accordi ngly.

4. Carrier Visual Obfuscation and Adversarial Plunage Patterning

Thi s section describes a dual - purpose technique conbining Carrier
vi sual obfuscation wi th steganographic gradi ent encoding. The
techni que addresses two distinct threats: adversarial human
interception (Section 11.2) and opportunistic raptor predation (a
threat inplicitly present in all APC depl oynments but not previously
formalized in this specification).

4.1. Threat: Raptor-as-Cdassifier

Birds of prey enploy a visual classification systemrefined over
approximately 65 nillion years of supervised | earning on a dataset of
consi derable size. This classifier is highly optinized for the
detection of Colunba livia domestica in open airspace and represents
a meaningful threat to Carrier availability, particularly at

al titude.

The authors note that this classifier is also vulnerable to
adversarial examples. Research in the human domai n has denobnstrated
that carefully constructed visual perturbations can cause deep neura
networks to m sclassify objects with high confidence. The sane
principle applies to biological classifiers, including raptors. A
Carrier whose visual appearance has been shifted outside the raptor’s
training distribution for "pigeon" is less likely to be correctly
classified as prey.

This is not a new observation. It is the operating principle of
every bird that is not a pigeon. This docunent formalizes it as a
security nmitigation.

4.2. Colorinetric Patterning Requirenents
Carriers MAY be marked with ani mal -safe, non-toxic, water-soluble

dyes in patterns selected to shift their visual classification away
from Colunba livia donestica. The follow ng requirenents apply:
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a. Al dyes MIST be certified non-toxic and ani mal - saf e.
Practitioners MJUST verify certification before application. The
aut hors are not responsible for outconmes arising fromthe use of
uncertified dyes. This is not a hypothetical disclainer.

b. Patterns SHOULD be designed to nmaxim ze dissinilarity fromthe
nat ural appearance of Colunba |ivia donestica as observed from
above, which is the primary viewpoint of the raptor classifier.
Side and frontal profiles are secondary threat surfaces.

c. Pattern selection SHOULD account for the known visual spectrum of
| ocal raptor species, which extends into ultraviolet wavel engths
invisible to humans. A pattern that appears disruptive to the
human eye MAY still be classified as "pigeon" by a UV-sensitive
predator. The authors acknow edge this significantly conplicates
pattern design and note that no existing tool adequately
addresses it. This is future work.

d. Patterns MJST be docunented in the Carrier Rotation Log
(Section 5.3) to ensure consistent identification of individua
Carriers across epochs.

11.4.3. Steganographic Dual -Use Encodi ng

The colorimetric patterns applied per Section 11.4.2 NMAY

si mul t aneously encode gradi ent metadata using a pre-shared
colorinetric key known only to the dispatch and receiving |ofts.
This constitutes a steganographi c encoding |ayer in which

a. An uninforned observer, including an adversary who successfully
intercepts the Carrier, observes decorative or identification
mar ki ngs.

b. The receiving loft, equipped with the colorinetric key and a
calibrated optical capture device (see Appendi x A,
Appendi x "Optical Capture and Colorinetric Decode Systeni),
decodes the pattern prior to physical handling of the Carrier,
recovering gradient netadata before the Parameter Scroll is
retrieved.

The st eganographic | ayer MJUST NOT be used as a substitute for scroll-
| evel encryption (Section 11.1). It is an obfuscation |ayer, not a
cryptographic one. An adversary who obtains the colorinmetric key can
decode all past and future transm ssions. Key rotation SHOULD occur
at regular intervals. Key rotation requires repainting the Carrier,
whi ch is addressed in Section 11.4.5.
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4.4. Null Gadient Signaling via Pattern Absence

A significant operational advantage of the steganographic encodi ng
schene is the ability to distinguish between a Carrier that has
returned with an intact scroll and a Carrier that has lost its scrol
intransit.

Under conventional APC operation, a Carrier returning wthout a
Paranmeter Scroll is indistinguishable at a distance froma Carrier
returning with one. The |oft operator nust physically inspect each
returning Carrier to determ ne scroll status, introducing |atency and
handling risk (see Section 10).

I n steganographi cal | y-equi pped depl oynments, the absence of expected
colorinetric encoding on a returning Carrier constitutes a
NULL_GRADI ENT signal, interpretable by the optical capture system
prior to Carrier |landing. This enables:

a. Automated Loss Log annotation indicating scroll |oss rather than
aggregation failure.

b. Pre-enptive gradient clipping adjustnent before the epoch is
finalized

c. Early notification to the loft operator that the Carrier should
be directed to the scrub station before reintroduction to the
active Fl ock.

The authors consider this one of the nore practically usefu
contributions of this specification.

4.5. Carrier Preparation and the Scrub-Before-Reuse Requirenent

The use of colorinetric patterning introduces an operational overhead
not present in unencoded APC depl oynents: a Carrier bearing

st eganogr aphi ¢ markings froma prior epoch MUST be fully scrubbed

bef ore reassignnent to a new gradi ent payl oad.

Failure to scrub results in pattern contam nation, in which residua
encoding froma prior epoch is interpreted by the receiving loft’s
optical systemas current netadata, producing corrupted gradi ent
annotations. This is functionally equivalent to gradient poisoning
and MJUST be treated as such

Scrubbi ng requirenents:
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a. Al prior colorinmetric markings MJST be fully renpoved using warm
water and a mild, aninal-safe detergent. The Carrier MJST be
all owed to dry conpletely before new marki ngs are appli ed.

b. The Carrier MJST be inspected under both visible and, where
equi prent is available, ultraviolet light to confirmconplete
mar ki ng renoval prior to re-encoding.

c. Scrub events MJST be logged in the Carrier Rotation Log with
ti mestanp, operator identity, and confirmation of clean status.

d. A wet Carrier MJST NOT be dispatched. This requirenment appears
in nultiple sections of this docunent. The authors note this is
not coi nci dent al

The aut hors acknow edge that the scrub-before-reuse requirenment adds
meani ngf ul operational overhead, particularly in high-throughput

depl oynents with rapid epoch cycling. For a 70B paraneter nodel

di spatched across 140 Carriers, the tine required to scrub, dry,

i nspect, and re-encode the entire active Flock will in many cases
exceed the epoch flight time itself, creating a hard throughput
ceiling that no gradient optimzation can address.

To mitigate this constraint, inplenmentations with sustained training
wor kl oads SHOULD adopt the Dual - Fl ock Pipeline (DFP), in which the
total Carrier population is divided into tw sub-flocks of equal size
operating in alternating phase:

a. Wile Sub-Flock Alpha is In-Flight carrying the current epoch’'s
Paraneter Scrolls, Sub-Flock Beta is in the Scrub/Dry/ Re-encode
pi pel i ne being prepared for the subsequent epoch

b. Upon Sub-Flock Al pha s return and gradi ent aggregati on, Sub-Fl ock
Beta is i mediately dispatched. Sub-Flock Al pha enters the scrub
pi pel i ne.

c. Epoch cadence is therefore limted by max(flight _tine,
scrub_dwell _tine) rather than their sum

The Dual - Fl ock Pi peline requires doubling the total Carrier

popul ation relative to single-flock operation. Practitioners MJST
size the scrub facility accordingly. A scrub facility capable of
processing N Carriers per hour MJST be available to support a Dual -
Fl ock Pipeline with sub-flocks of size N

The authors note that scrub facility throughput is a function of warm

wat er availability, drying capacity, Carrier cooperation, and the
nunber of researchers assigned to scrub duty. O these, Carrier
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cooperation is the | east configurable and the nbst consequenti al
Practitioners SHOULD factor a cooperation variance multiplier of at
least 1.3x into scrub dwell tinme estimates.

This is the second docunented case in which pigeon hygiene directly
constrains nodel training throughput. The first was rain.

5. Security Considerations Summary

For inplenentors who have reached this section wthout reading
Sections 11.1 through 11.4, the following summary is provided. The
authors note that not reading the preceding sections is itself a
security risk.

The APC architecture introduces three primary threat classes not
present in conventional M infrastructure:

I nterception:
An adversary may physically intercept a Carrier in transit,
obtai ning the Paranmeter Scroll and potentially reconstructing
training data via gradient inversion (Section 9.2). Mtigations
i nclude scroll encryption (Section 11.1), steganographic encoding
(Section 11.4.3), and flight corridor hygiene (Section 11.2).
Conpl ete elimnation of interception risk requires elimnating the
flight corridor, which also elinmnates the protocol. This is
consi dered an acceptable tradeoff only if the researcher has
access to alternative infrastructure.

Modi fi cati on:
An adversary who intercepts and re-releases a Carrier bearing a
nmodi fied or substituted scroll introduces corrupted gradients into
the training loop (Section 11.2). This is distinguished froma
hardware failure in that the corruption is intentional and rmay be
designed to be undetectable. Scroll signing and GPS route
verification provide partial mtigation. Neither is fool proof.
Neither is the protocol.

Consunpt i on:
An adversary, or a sufficiently notivated hawk, may consune the
Carrier entirely, resulting in permanent |oss of the gradient
payl oad, the storage nedia, and the Carrier. This threat class is
uni que to APC anong all distributed M. transport protocols
currently in the literature. There is no cryptographic nitigation
for consunption. Adversarial plumage patterning (Section 11.4) is
the primary defense. The authors acknow edge this is a sentence
that has not previously appeared in an | ETF security summary.
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Et hi cal Consi derations
1. Ethical Treatnment of G adient-Bearing Carriers

The Carriers described in this specification are |iving organi sns.
Their welfare is not incidental to the operation of the protocol. It
is a direct operational dependency. A Carrier whose welfare is

negl ected exhibits reduced Carrier Mrale (Section 2), increased
epoch | atency, elevated route deviation, and a higher probability of
non-return. Ethical treatment of Carriers is therefore both a noral
obligation and a performance optim zation. The authors note this is
one of the few cases in distributed systens where the two are

i denti cal

Practitioners MJST provide:

a. Adequate nutrition. Carrier Mrale degrades neasurably under
caloric deficit. Gain quality SHOULD be appropriate to the
Carrier’s operational workload. A Carrier dispatched on a | ong-
haul RAID-0 configuration SHOULD receive proportionally nore
grain than one di spatched on a single-scroll Coach-class
assi gnnent .

b. Adequate rest. Dispatching a Carrier before full recovery froma
prior epoch introduces fatigue-related variance into the training
loop. Mnimumrest intervals SHOULD be established based on
round-trip distance and prevailing weather conditions. Rushing
the rest interval to neet a training deadline is the avian
equi val ent of reducing the |earning rate warnmup period. The
consequences are simlar.

c. Veterinary access. Carriers exhibiting synptons of illness,
injury, or persistent SBTI (Section 10.4) MJST be renpved from
active duty and assessed by a qualified avian veterinarian. The
Loss Log MJST record the renoval and estimated return-to-duty
date. A Carrier that is unwell is not a gradient delivery
mechanism It is an unwell bird. Treat it accordingly.

2. Bias in Carrier Selection

Sel ection of Carriers for dispatch assignnents MJST NOT introduce
systematic bias into the gradient transport process. Known sources
of selection bias include:

a. Preferential assignment of lighter scrolls to snmaller or |ower-
Moral e Carriers. This produces non-uniform gradi ent dropout
correlated with Carrier physical characteristics, which is not
random dr opout and cannot be nodel ed as such.
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b. Consistent assignment of high-priority scrolls to a small subset
of high-performng Carriers. This creates a single point of
failure in which the | oss of one or two Carriers
di sproportionately affects training outcomes. The Carrier
Rot ation requirenent (Section 5.3) partially addresses this but
MJUST be actively enforced rather than assuned.

c. Unconscious preference for Carriers that have previously returned
qui ckly, w thout accounting for the possibility that fast return
times reflect route famliarity rather than general perfornance.
A Carrier that is fast on a known route MAY be slow or unreliable
on a novel route. Generalization cannot be assumed from training
performance. The authors note this is also true of M npdel s.

3. Inforned Consent for Raptors

The Predatory Interception Protocol (Section 9.3) involves the

depl oynent of a trained raptor to intercept Carriers bearing

conmprom sed Paranmeter Scrolls. The raptor participates in this
protocol involuntarily, as raptors cannot provide informed consent to
participation in M. conpliance workfl ows.

The aut hors acknow edge this is an unresol ved ethical gap

Depl oynent of PIP MJUST be reviewed by an institutional ethics board,
or the nearest avail able equival ent, before inplenmentation
Docurent ati on of this review MJST be retained

The authors also note, for conpleteness, that the Carrier subject to
PI P has al so not provided inforned consent. This is noted without
resolution. The GDPR does not currently address avian data subjects.
Thi s may change.

4, Envi ronnent al Consi der ati ons

Large-scal e APC depl oynents invol ve significant nunbers of Carriers
operating in shared airspace. Practitioners MJST assess the

envi ronmental inpact of their Carrier fleet on | ocal ecosystens,
including but not Iimted to:

a. Conpetition with wild pigeon popul ations for food resources
within the flight corridor.

b. Disruption to existing bird of prey territories caused by
i ncreased prey density. Practitioners deploying adversari al
pl umage patterning (Section 11.4) to deter raptor predation
shoul d be aware that sustained deterrence may alter |oca
predat or foragi ng behavior in ways that extend beyond the flight
corridor.
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c. The carbon footprint of printing gradient values on paper at
scale. The authors have not computed this figure. The authors
suspect it conpares favorably to a 1,800-GPU training cluster.
The aut hors acknow edge they may be notivated to believe this.

Motivati ng Exanple: A Single Training Epoch

The following exanple illustrates a conplete training epoch under the
APC protocol using the hardware and procedures defined in this
docunent. Al values are representative. Wather conditions are
based on Bergen, Norway in April, as this is the only |ocation for
whi ch enpirical APC performance data exists [ BERGEN2001].

Confi gurati on:
Model : LI ama-cl ass, 7B paraneters (Business cl ass)
Quanti zation: 4-bit, ~3.5GB effective size
Carriers: 7 (six active, one reserve)
Storage nedia: 1TB NVMe per Carrier (6TB total, 58%utilized)
Rout e di stance: 5km one-way
Weat her: Overcast, 12 deg C, wind NNWat 18km h
Scrub status: Al Carriers freshly scrubbed, dry, re-encoded
06: 47 Researcher arrives at loft. Attaches ESD wi st strap.
Verifies perch ground continuity. Confirns Carrier
Moral e is adequate. One Carrier (C 4) appears
reluctant. C-4 is assigned the reserve role.
06:52 Scroll Header printed for each of six active Carriers:
"PyTorch 2.7 /| safetensors / 4-bit NF4 / Shard N of 6
/ Llama-7B |l ayer 18-21 / Key v4"
Scrolls attached. Colorinetric encoding applied.
Di spatch cage opened.
06:53 Carriers dispatched. Wnd slightly adverse.
Loss Log entry: Epoch 47, 6 of 6 dispatched, 06:53.
Weat her: OVC, 12C, NNW18. C-4 on reserve.
07:38 C2 returns first. ESD RISK flag: negative.
Moi sture reading: 14% (Optinmal). Colorinetric

decode: valid, Key v4. Scroll retrieved.
Checksum verified. GC 2 proceeds to re-encode queue.
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07:41 C5 returns. ESD R SK flag: negati ve.
Moi sture reading: 22% (Humid). |Ink Blur correction
applied. Gradient processed with high-variance flag.
C-5 proceeds to re-encode queue.

07:44 C1, CG3, C6 return within 90 seconds of each other.
All nomnal. Gadients verified.

08:31 C 4 has been in reserve for 98 mnutes and i s now
bei ng di spatched to replace C-2 while C 2 undergoes
scrub. C4's earlier reluctance has resol ved
following grain and rest. Carrier Morale: restored.

09:15 No further Carriers expected. C-2 (dispatched 08:31)
has not yet returned. This is within expected range
gi ven adverse wi nd.

09:47 C-2 returns. Nomi nal .

10: 00 GRADI ENT AGGREGATI ON:
Shards received: 6 of 6.
Hi gh-variance flags: 1 (C5, humdity).
Dr opped gradi ents: O.
Training |l oss: 1.847 (epoch 47).
Validation |l oss: 2.103 (epoch 47).
Delta fromepoch 46: -0.031 training, -0.019 validation.
Assessnent: converging. Continue training.

Loss Log entry closed. Al Carriers in scrub/re-encode
pi peline. Dual-Flock Beta dispatched at 09:55 carrying
epoch 48 scrolls. Epoch 47 total elapsed tinme: 3h 07m
Model is learning. Slowy. This is expected.

The authors note that the above epoch proceeded without incident.
This is not always the case. The Loss Log for epoch 23 contains the
entry: "C3 returned without scroll. Scroll |ocation unknown. GC3
unavail able for comrent." This entry has not been resol ved.

| ANA Consi der ations

Thi s docunent has no | ANA consi derations. The authors previously
hel d this position without elaboration.

Fol I owi ng revi ewer feedback, the authors have reconsi dered and now
formally propose the following | ANA registries for APC
i mpl ement ati ons:
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Carrier Status Code Registry: A registry of standardized status codes
for Carrier disposition, anal ogous to HITP status codes. Proposed
initial entries:

200 Returned nonminal. G adient accepted.

204 Returned nominal. Scroll mssing. No content.
301 Redirected to alternative loft. Cause unknown.
404 Did not return. Carrier not found.

408 Return tineout. Epoch term nated.

418 | ama teapot. (Reserved. Applicability to avian carriers is
under investigation.)

500 Internal Carrier error. See veterinarian
503 Carrier tenporarily unavailable. Scrubbing.

Scrol | Header Framework ldentifier Registry: Aregistry of valid
framework identifier strings for use in the Scroll Header

(Section 15.2). New entries MAY be subnitted by franework

mai ntai ners. The registry MJST include a deprecation date field.
Entries for frameworks that have been deprecated SHOULD be retai ned
for historical reference, as practitioners MAY still encounter
scrolls bearing deprecated identifiers in long-running |oft archives.

The authors note that neither registry requires | ANA action at this
time, as APC has not achieved sufficient depl oynent scale to warrant
formal registration. The authors express confidence that this wll

change.

The aut hors considered requesting a new | P protocol nunber for APC
but concluded that the existing best-effort delivery nodel of IP
adequately captures the operational characteristics of the transport
| ayer.

Scal ability Considerations and Forward Conpatibility
1. Model Size Scaling

At the time of this witing, frontier nmodels are estinmated at 1.7-1.8
trillion paraneters (Section 8, Concorde class). The trajectory of
nodel scaling suggests this figure will continue to increase. The
APC architecture nust address the physical inplications of this
trend.
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A single 32-bit floating-point parameter requires 4 bytes of storage.
A 1.8 trillion paraneter nodel therefore requires approximtely 7.2
terabytes in full precision, or approximtely 900 gigabytes at 1-bit
quantization. At the tinme of publication, no comrercially available
| eg- band st orage nedi um approaches this capacity.

Practitioners SHOULD apply aggressive quantization prior to scrol
encodi ng. The authors note that 4-bit quantization, now standard
practice for local inference, reduces the 1.8T paraneter nodel to
approxi mately 900G, which is achievable via a multi-Carrier RAIDO
Dove Configuration (Section 3.2) with a fleet of approximtely 1,800
Carriers each carrying a 512G NVMe drive

The authors acknow edge that a fleet of 1,800 Carriers represents a
meani ngf ul operational conmitnment. Institutions unable to sustain
this fleet size SHOULD consi der whether they are training the correct
nodel for their resource envel ope. This advice applies equally to
conventional infrastructure.

As nodel sizes continue to grow, this specification anticipates two
possi bl e evol utionary pat hs:

a. Advances in storage nedia density will increase per-Carrier
payl oad capacity, maintaining feasibility at current Carrier-to-
paraneter ratios.

b. Advances in nodel conpression, quantization, and distillation
wi Il reduce effective nodel size faster than raw paraneter counts
grow, inproving the ratio in the other direction

The authors consider path (b) nore likely and note that it represents
a genuine alignment of interests between the M. efficiency research
community and the avian transport community. This alignnent has not
previ ously been docunent ed.

2. Franmework and Format Versioning

The M. framework ecosystem evolves rapidly. Parameter Scroll format
compatibility across framework versions is a non-trivial operationa
concern. A scroll serialized under PyTorch 2.x tensor format may not
be directly interpretable by a receiving node running a subsequent
maj or version, a different framework entirely, or a researcher who
has not updated their deserialization tooling since the nodel was

di spat ched
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This specification REQU RES that all Paraneter Scrolls include a
Scrol |l Header (SH) prepended to the gradi ent payload. The Scrol
Header MJUST be printed in a standardi zed, hunman-readable format and
MJST contai n:

a. Framework name and major version (e.g., "PyTorch 2.7").
b. Serialization format identifier (e.g., "safetensors", "pickle",
" GGUF") .

c. Quantization schene and bit depth.

d. Scroll sequence nunber and total scroll count, for RAID-0 Dove
Configuration reassenbly.

e. Colorinetric key version, if steganographic encoding is in use
(Section 11.4).

f. A single-line human-readabl e description of the nodel
architecture sufficient to detect obvious msmtches at the
recei ving node before gradi ent aggregation begins. The authors
RECOMMEND a format such as: "Llama-class, 70B, MbE 8x9B, |ayer 42
of 80." A receiving researcher who reads this |line and does not
recogni ze the architecture SHOULD NOT proceed with aggregation

The Scroll Header MJST be verified by the receiving node before the
gradi ent payload is processed. A version m smatch MJST produce a
clear error in the Loss Log and MJUST NOT result in silent gradient
corruption. The authors note that silent gradient corruption on
conventional infrastructure is a well-docunented and deeply

unpl easant failure node. The scroll header exists precisely to nake
this class of error loud and attributabl e.

3. Topol ogy Scaling: Beyond the Single Paraneter Server

Section 6.1 describes a hub-and-spoke topology with a centra
paraneter server loft. This topol ogy does not scale to the
distributed training configurations required by frontier nodels,
whi ch enpl oy pipeline parallelism tensor parallelism and expert
paral | el i sm across hundreds or thousands of nodes.

Thi s specification defines three extended topol ogies for |arge-scale
APC depl oynent s:

Ri ng- Fl ock Topol ogy:
Carriers travel a circular route between N training nodes, each
node updating its assigned paraneter shard before dispatching the
Carrier to the next node. Gadient aggregation is distributed
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across the ring. Latency scales linearly with ring size. The
authors note that a Ring-Fl ock of 64 nodes, each at 5km
separation, describes a flight circuit of 320km At standard
hom ng pi geon cruising speed this represents an epoch duration of
approxi mately 4 hours under favorable conditions. This is slower
than conventional ring-AllReduce but requires significantly |ess
I nfini Band cabl i ng.

Hi erarchi cal Fl ock Topol ogy:
Trai ni ng nodes are organized into regional clusters, each with a
| ocal aggregation loft. Local gradients are aggregated regionally
before a subset of Carriers transport the regional aggregate to
the gl obal paraneter server. This reduces total Carrier count at
the cost of introducing aggregation delay at two |evels.
Practitioners famliar with gradi ent conpression and | ocal SGD
will recognize this topology. The pigeon version offers
equi val ent theoretical properties and superior scenic variety.

Expert-Parall el Flock Topol ogy:
For M xture-of-Experts architectures, each expert’s paraneters are
assigned to a dedicated sub-flock. Expert routing decisions are
encoded in a separate Routing Scroll dispatched ahead of the
paraneter Carriers. The Routing Scroll MJST arrive before the
paraneter Carriers to avoid aggregation at the wong expert node.
In practice, this nmeans the Routing Scroll Carrier MJST be
di spatched first and MJUST be a faster-than-average Carrier.
Selection criteria for the Routing Scroll Carrier are outside the
scope of this docunent but SHOULD i ncl ude denonstrated
navi gational reliability and a history of not joining recreationa
flocks en route.

4. Inference Scaling and Serving

Thi s specification has addressed training throughput in detail
I nference serving presents distinct scaling chall enges.

A depl oyed nodel receiving queries must return predictions within a
| at ency envel ope acceptable to the requesting application. For nost
applications this envelope is neasured in mlliseconds to seconds.
APC inference latency is neasured in hours. This gap is not
currently bridgeable within the constraints of avian flight physics.

The authors therefore formally RECOMMVEND t hat APC i npl ement ati ons
decoupl e training and inference infrastructure. APC is appropriate
for the training | oop. Inference SHOULD be served via conventiona
digital infrastructure after nodel wei ghts have been transported to
the serving node by Carrier and | oaded onto appropri ate hardware.
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The authors note that this hybrid architecture -- avian training
transport, digital inference serving -- is consistent with the
broader principle that the right tool should be selected for each
phase of the M. lifecycle. APC excels at asynchronous, hi gh-payl oad,
| owfrequency gradient transport. It does not excel at sub-second
token generation. These are not the sane problem Treating them as
the sane problemis a category error that no amount of grain wll
resol ve.

5. New Franmewor k Onboar di ng

As new M. franmeworks emerge, this specification requires only that
their serialization formats be registerable in the Scroll Header
framework identifier field (Section 15.2). No changes to the

physi cal transport |ayer are required. The Carrier does not care
what franmework serialized the weights it is carrying. This is one of
the nore durable properties of the APC architecture and i s considered
a design strength.

Framewor k deprecati on SHOULD be handl ed by sunsetting the
correspondi ng Scroll Header identifier. Scrolls bearing deprecated
framework identifiers MIST be flagged at the receiving node. Wether
to process themanyway is a decision for the receiving researcher,
who by that point presumably knows what they are doing. O does not,
and the Loss Log will reflect this.

6. Quantum Conputing Conpatibility

The energence of fault-tolerant quantum conputing rai ses the question
of whether APC renmins viable as a transport |ayer for quantum M
wor kI oads, or whether quantum nmet hods will suppl ant the requirenent
for avian carriers entirely.

The authors address this in two parts.

Part |: Quantum M. Paraneter Transport. Quantum M. nodel s represent
parameters as quantum states rather than classical floating-point

val ues. Quantum states cannot be copied w thout disturbance (the No-
Cl oning Theorem Wotters and Zurek, 1982 [NOCLONING ). A Paraneter
Scrol |l encoding a quantum state would therefore constitute a

measur enent of that state, collapsing the superposition and
destroying the quantuminformation in the act of printing it.

The aut hors conclude that APC is fundanentally inconpatible with
native quantum paraneter transport. A pigeon cannot carry a qubit.
More precisely: by the time the qubit has been attached to the
pigeon's leg, it is no longer a qubit. It is a classical value, and
t he quantum advant age has been surrendered to the | eg band.
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This is not alimtation of the pigeon. It is a linitation of
measurenent. The pigeon is, once again, blaneless.

Part I1: WIIl Quantum Methods Supplant the Pigeon? Quantum conputers
of fer theoretical speedups for specific problemclasses, including
optinization problens relevant to M. training. However, the question
of whet her quantum nethods will supplant APC conflates two distinct
concerns:

a. Wiether quantum conputers will perform M training faster than
cl assical computers.

b. Whether, given (a), the paraneter transport |ayer becones
irrel evant.

Regardi ng (a): quantum advantage for general M. training remains
undenonstrated at scale. Current quantum hardware operates at qubit
counts and error rates that preclude practical M. workl oads. The
authors note that "practical quantum M." has been approximately five
years away for approximately fifteen years. Carrier fleets
established today are unlikely to be rendered obsol ete by quantum
hardware before they reach retirenent age

Regardi ng (b): even assum ng quantum M. traini ng achi eves practica
advant age, the trai ned nodel weights nust still be transported to

i nference infrastructure. |If those weights are classical (as is
likely for deployed nodels, given the state of quantum nenory), the
APC architecture remains a viable transport option.

The authors therefore conclude that quantum conputi ng does not

suppl ant the requirement for pigeons. It may, in the long term
change what is printed on their scrolls. The scrolls thenselves, and
the birds carrying them remain rel evant.

A future revision of this specification MAY address hybrid quantum
cl assical paraneter transport in which classical gradient
approxi mati ons of quantumcircuit paraneters are encoded on Paraneter
Scrolls. The authors consider this a tractable extension. The

pi geons have no opi nion on quantum nechani cs and are not expected to
devel op one.

Known Limtations
The following limtations are acknow edged:

a. Gadient aggregation latency is neasured in hours. Real-tine
inference is not supported in this rel ease.
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b. Carriers operate during daylight hours only. Overnight training
runs require advance planning and a night-shift |oft manager.

c. Carrier availability is subject to seasonal variation, nolting
cycles, and local predator populations. A high-availability
configuration MUST include redundant Carrier capacity.

Depl oyments utilizing the Predatory Interception Protoco
(Section 9.3) MIST account for the additional imnmpact on Carrier
availability.

d. The current specification does not support backpropagation
through time. O through weather.

e. Loss curves are updated at nost once per epoch. This is
substantially less frequently than practitioners accustoned to
TensorBoard will expect. The authors recommend the Loss Log
(Section 3.3) and patience.

f. Recalling a Carrier nmd-flight to correct a data privacy error
requires inplementation of PIP (Section 9.3). Regulatory and
ethical review is advised before depl oynent.

g. ESD wist strap conpatibility with common |oft gl oves has not
been verified. This is future work.

h. The RAID-0 Dove Configuration (Section 3.2) provides no fault
tolerance. The authors consider this a feature of accurate
nonencl ature rather than a limtation of the specification

i. Passphrase selection for nminetic species resistance
(Section 11.3) is an open research probl em

j. Colorinetric pattern design in the ultraviolet spectrumrequires
equi pnent and expertise not conmonly available in resource-
constrai ned environnents. Raptor threat nodeling for UV-
sensitive predators renmains an open problem Practitioners in
hawk- dense geographi ¢ regions SHOULD treat this as a priority.

O hers MAY defer.

k. The scrub-before-reuse requirenent (Section 11.4.5) introduces
Carrier dwell tinme as a potential training throughput bottleneck
Pool sizing MJUST account for scrub duration. Scrub duration is a
function of marking density, water tenperature, Carrier
cooperation, and the researcher’s patience. Only the first two
are configurabl e.

I. Interpretability is excellent. Performance is adequate. These
are not unrel ated observations.
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Smart Leg Band: Hardware Specification and Integration

Overvi ew
The Smart Leg Band (SLB) is an optional hardware extension to the APC
architecture providing in-flight telenetry, autonmated scrol
integrity nonitoring, and | oft handshake capabilities. Deploynent of
the SLB is OPTI ONAL but RECOMMENDED for inpl enentations where scrol

| oss rate exceeds 20% or where regul atory conpliance requires
docunent ed chai n-of -custody for Parameter Scrolls.
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Har dwar e Conponent s

The reference inmplenentation specifies the foll owi ng conponents:

M crocontrol | er

S

ESP32-C3, selected for conpact footprint, integrated W-Fi and
Bl uetooth LE, and deep sleep current draw of approxinmately 5

m cr oanperes. The ESP32-C3 MJST be coated with a conforma
protective resin prior to installation. Pigeons WLL attenpt to
debug uncoated hardware using their beaks. This is not

hypot hetical. The authors classify uncoated ESP32 exposure to
Carrier groom ng behavior as "Physical Bit-Rot" and note that it
is entirely preventable. Coat the board.

i sture Sensor:

A capacitive sensor elenment nodified for paper-contact operation,
wrapped circunferentially around the Paraneter Scroll beneath the
| eg band. Provides continuous hum dity readings for the scrol
surface. Threshold values and correspondi ng actions are defined
in Appendi x "Table 1: Misture Level Action Matrix".

Power Suppl y:

A single-cell LiPo battery, mninum 100mAh, selected to maintain
the Carrier’s payl oad budget within the constraints of

Section 3.2. The ESP32-C3 MJST operate in Deep Sleep between
sample intervals to preserve capacity across the full expected
flight duration. Wke interval SHOULD be configurable but SHOULD
NOT exceed 5 minutes to ensure adequate tenporal resolution of

noi sture events.

Loft Detection

Either (a) W-Fi RSSI-based proximty detection, triggering |oft
handshake when signal strength fromthe | oft access point exceeds
a configurable threshold, or (b) a Hall Effect sensor at the |oft
trap door, triggering on Carrier ingress. Option (b) is preferred
for reliability. Option (a) is preferred when the researcher has
already 3D-printed the trap door and does not wish to reprint it.

ESD Mbni t or:

Tabl e

Fairai

Capacitive touch pin nonitoring for triboelectric charge

accunul ation. Logs tinestanp and estinated charge |evel for any
di scharge event detected during flight. Sets ESD RISK flag in
met adata i f accumul at ed charge exceeds operational threshold upon
approach to loft.

1: Moisture Level Action Matrix
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Moi sture (% WET_BIT  Action

21 - 50 0 Hum d. Apply Ink Blur correction
algorithmprior to OCR

51 - 80 1 Damp. MAY attenpt OCR  Treat
resulting gradi ent as high-variance.
Wei ght accordingly in aggregation

> 80 1 MUST di scard. Treat as NULL gradient.
Allow Carrier to towel-dry before
reassi gnment. Do not attenpt OCR
The authors have attenpted OCR at
this noisture level. The results
were not gradi ents.

Data I ngestion and Tel enetry

The SLB operates in Store-and-Forward node. All sensor readings are
| ogged to the ESP32-C3 internal flash during flight. No active
transm ssion occurs in-flight, as W-Fi connectivity at operational
altitude is not supported and the power budget does not accommopdate
sust ai ned radi o operati on.

Upon Carrier entry into the loft (detected per Appendi x "Hardware
Conponents", Loft Detection), the ESP32-C3 exits Deep Sl eep, connects
to the local W-Fi network, and transmts the accunul ated tel enetry
log to the Loft Telenetry Dashboard prior to any physical interaction
with the Carrier by |oft personnel.

The Loft Tel emetry Dashboard is a containerized web application
depl oyabl e via Docker Conpose on any OCl-conpliant container
orchestration platform 1t provides:

a. Real-time display of incoming SLB tel enetry.

b. Automated WET BIT alert, notifying |oft operators of scroll
nmoi sture status before handling.

c. ESD RISK flag display, pronpting operators to verify wist strap
groundi ng and perch continuity before approaching the Carrier.

d. Automated Loss Log popul ation for noisture-flagged epochs,
reduci ng manual transcription errors.
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e. Carrier Rotation Log maintenance, enforcing the shuffling
requi renent of Section 5.3.

f. MtMroute deviation alerts, flagging Carriers whose GPS track
deviates fromthe expected corridor by nore than a configurable
t hreshol d.

Docker Comnpose configuration for the Loft Tel emetry Dashboard is
available in the project repository. The authors note that the
repository does not currently exist but express confidence that it
will by the time this RFC is published

Optical Capture and Col orinetric Decode System

I mpl enent ati ons depl oyi ng st eganographic scroll encoding
(Section 11.4) MJST equip the receiving loft with a calibrated
optical capture device positioned to i nage each returning Carrier
prior to landing on the receiving perch.

Har dwar e requirenents:

a. Canera resolution MIST be sufficient to resolve the colorinetric
encodi ng pattern at the expected approach distance. M ninmum 12
megapi xel s i s RECOMMVENDED for standard | eg-band pattern
densities.

b. Where Section 11.4.2(c) W/ threat nodeling is in scope, the
capture device SHOULD include a UV-capabl e sensor or a secondary
UWV-band canera. Standard CMOS sensors are not UV-sensitive and
will not detect residual markings in that spectrum

c. Lighting at the approach corridor MJST be consistent and
controlled. Variable anmbient lighting introduces colorinetric
decoding errors. The authors RECOMVEND a covered approach

corridor with fixed artificial lighting calibrated to the
colorinetric key's reference illumnant. The authors note this
is a nmeani ngful infrastructure investnment and that a well-1lit

trap door is also acceptable for |ow security deploynents

Decode pi pel i ne:

a. On Carrier approach detection (via SLB RSSI or Hall Effect
trigger, per Appendix "Hardware Conponents"), the optical system

captures a reference i mage.

b. The captured image is processed agai nst the current colorinetric
key to extract gradi ent netadata.
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c. If novalid encoding is detected, the system sets NULL_GRADI ENT
status for this Carrier and notifies the | oft operator that
scroll retrieval will yield no gradient data and that the Carrier
shoul d proceed directly to the scrub station

d. If encoding is detected but fails key validation, the Carrier
MUST be quarantined. This indicates either key m smatch (epoch
managenment error) or scroll substitution by an adversary who
obtained the colorinetric key but not the full key schedul e.
Treat as a potential MtM event per Section 11.2.

e. Decoded netadata MJST be fused with SLB telenetry before the Loss
Log entry for this epoch is finalized.

The optical capture system operates independently of the SLB and
requires no hardware on the Carrier. It is therefore conpatible with
non- SLB depl oynents that have opted into colorinmetric encoding only.
The authors consider this a useful deploynment flexibility and note
that it also neans the Carrier’s ESP32-C3 is not required to know
anyt hi ng about the steganographic |ayer, which sinmplifies firnware
scope and reduces the surface area avail able to beak-based debuggi ng.

Firmvare Security

SLB firmvare MJST be cryptographically signed. Over-the-air firnware
updates are supported via the loft W-Fi network and MJST be
aut henti cated before installation.

Voi ce-activated configuration conmands, if inplenented, MJST be

aut henti cated via passphrase as specified in Section 11.3. The
authors reiterate that the passphrase MJST be sel ected with awareness
of local mnetic species populations. An African Gey parrot has a
docunent ed vocabul ary exceedi ng one thousand words [ PEPPERBERG1999] .

I mpl enentors in affected regions are advised to plan accordingly.

Physi cal access to the ESP32-C3 is prevented by conformal resin
coating (Appendi x "Hardware Conponents"). The authors wish to be
clear that this coating serves dual purpose: it protects agai nst

moi sture ingress, and it protects against the Carrier. Both threats
are real. Both are addressed by the same counterneasure. This is
consi dered an el egant sol ution.
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