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Abst ract

Thi s docunent defines the security architecture for the Secured
Digital Lifecycle Protocol (SDLP). It specifies the security nodel,
threat surfaces, authentication requirenents, authorization
boundaries, and integrity guarantees that govern all SDLP lifecycle
transitions and transformations.
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1. Introduction

Thi s docunent defines the security architecture for the Secured
Digital Lifecycle Protocol (SDLP). SDLP requires authenticated,
aut hori zed, and integrity-preserving lifecycle transitions for al
digital objects. This docunment establishes the security nodel and
nornmative requirenents for those transitions.

2. Security Model
SDLP security is based on authenticated identity, determnistic
lifecycle state transitions, and verifiable |ineage. Al actors,
transformations, and |ifecycle events nust be cryptographically
attributable.

3. Threat Surfaces



SDLP identifies the followi ng primary threat surfaces:

- ldentity spoofing

- Unaut hori zed transfornmations

- Lineage tanpering

- State machi ne bypass

- Unaut hori zed di stribution

- Unaut horized retention or resurrection

4. Authentication Requirenents

Al lifecycle transitions MJST be authenticated using verifiable
credentials bound to the actor performng the transition

5. Authorization Boundaries
SDLP defines strict authorization boundaries for
- Creation
- Activation
- Distribution
- Transformation
- Verification
- Retention
- Retirenent
6. Integrity Quarantees
SDLP requires that all transformati ons preserve |lineage, identity,
and state integrity. Unauthorized or unverifiable transitions MJST be
rej ect ed.
7. 1 ANA Consi derations
Thi s docunent nakes no requests of | ANA
8. Security Considerations

Thi s docunent defines the security architecture for SDLP and therefore
consists entirely of security considerations.
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39. Decay Mechanics and Use-Based Lifecycle Physics

The SDLP decay nodel defines how SDLP-governed objects | ose usable
Iifecycle energy (P) through normal use, duplication attenpts, and
environnment interactions. Decay is not a punishment or enforcenent
mechani sm Decay is predictive lifecycle physics: a determnistic

response to actions that consunme or divide the object’s remaining

usabl e energy.

SDLP defines three classes of decay events:

Play Events: Consunption of the object through normal use.

Copy Events: Duplication attenpts that divide remaining energy.
* Upl oad Events: Environnent transitions treated as copy events.

Al'l decay events reduce the object’s remaining lifecycle energy (P)
When P reaches zero, the object MIST transition to the Decayed state.

Pl ay Decay:

* Each play event reduces P by 1.

* p=P-1

* Play events MJST be recorded as |ineage entries.

* Play events MJUST NOT be reversible or suppressible.
*

Play events MJUST NOT reset or increase P
Rewi nd Threshol d Decay:

* A rew nd event occurs when the user attenpts to nove backward
within a digital object.

* |f the rewind distance is greater than or equal to one-third
(1/3) of the object’s total length or duration, the object MJST
trigger a Restart Event.

* Restart Events MUST deduct one play fromP

* Restart Events MJST reset the object’s position to the beginning.

* Restart Events MJST be recorded as |ineage entries.

* Restart Events MJST NOT be suppressible or reversible.

* Rew nd distances | ess than one-third of total |ength MUST NOT
trigger a Restart Event.

Copy Decay:

* Copying is a decay event that divides the object’s remaining
I'ifecycle energy.

After a copy event, both the parent and the child retain P/2
P=P/ 2

Copy events MUST be recorded as |ineage entries.

Copy events MUST NOT increase total system energy.

Copy events MJUST NOT create parallel or forked |ineage chains.

E R

Upl oad Decay:



Uploading is treated as a copy event.

Upl oadi ng consunes half of the object’s remaining |ifecycle energy.
P=P/ 2

Upl oad events MJST be recorded as |ineage entries.

Upl oad events MJUST NOT bypass decay physics.

* % X X F

Fl oat Normmli zation

* |f any decay event produces a non-integer value of P, the value
MUST be rounded to the nearest integer using determnistic,
pl at f orm i ndependent roundi ng rul es.

* Roundi ng MJUST be canoni cal and reproduci bl e across all conpliant
i mpl ement ati ons.

* Fractional representations of P are prohibited.

End- of - Li fe Threshol ds:

* \When P reaches zero, the object MIST transition to the Decayed
state.

* \When P is less than or equal to 1, the object MJST initiate
mandatory end-of-1ife destruction and transition to the Bitdunped
state.

* End-of-life destruction MJUST occur at a rate of 100% per second
and MJST be irreversible.

* Hospice states (P = 1) MJST NOT allow further lifecycle
operati ons.

Decay Threshol ds:

* \When P reaches a policy-defined threshold, the object may restrict
certain lifecycl e operations.
* Decay threshol ds MJST be deterninistic and reproduci bl e.

SDLP obj ects MJST val i date decay physics at the follow ng tines:

Before perfornmng a play event

Bef ore perfornming a copy event

Bef ore perfornm ng an upl oad event

Bef ore executing any |ifecycle operation that depends on P
Before transitioning to the Decayed or Bitdunped state

* Ok X F

SDLP obj ects MJST reject:

Attenpts to reset P

Attenpts to increase P

Attenmpts to bypass decay physics

Attenpts to duplicate w thout decay

Attenmpts to create nultiple children froma single decay event
Attenpts to falsify decay |lineage entries

Attenpts to represent P as a non-canonical or fractional value

* % X X X X %

Any attenpt to falsify decay physics MJST be treated as a tanper
event and MJST trigger mandatory bitdunp.



Decay physics MJST be determnistic, canonical, and reproducible
across all conpliant inplenentations. Platformdependent behavi or,
non-determ ni stic decay cal culations, or alternate decay nodels are
pr ohi bi t ed.

The decay mechani cs and use-based |ifecycl e physics ensure that SDLP-
gover ned obj ects behave |ike physical products across a digita

medi um By nodeling play, rewind, copy, and upload as decay events,
SDLP establishes a predictable, tanper-evident, and entropy-consistent
I'ifecycle nodel.

Tamper - Response, Bitdunp, and Irreversible Destruction Physics

The SDLP tanper-response nodel defines the irreversible destruction
physi cs that govern how SDLP-governed objects react to nmalicious,
deceptive, or unauthorized conditions. Tamper-response is not a
policy, perm ssion, or enforcenent mechanism Tanper-response is a
term nal physics event: a determnistic collapse triggered when the
obj ect detects conditions inconpatible with secure digital existence.

SDLP defines three classes of tanper conditions:

* Forgery: Invalid signatures, spoofed identity, falsified |ineage,
or unauthorized nodification of canonical fields.

* Mani pul ati on: Debuggi ng, patching, nmenory injection, binary
nmodi fication, or attenpts to alter execution flow.

* Deception: Environnent spoofing, virtualization masking, trust
signal falsification, or attenpts to bypass validation routines.

When a tanper condition is detected, the object MJIST perform one of
two responses:

* Refusal: For accidental or non-nalicious failures, the object MJST
refuse execution and record a |lineage entry docunenting the
failure.

* Bitdunp: For malicious, intentional, or deceptive conditions, the
object MJUST irreversibly destroy itself and transition to the
Bi t dunped st ate.

Bitdunp is an irreversible termnal state. Bitdunp MJST:

Zeroi ze all cryptographic material

I nval i date the ObjectKey.

Invalidate all internal state

Render the object permanently non-functional

Record a final lineage entry if possible.

Prevent all future execution, transfer, or consunption.

b S

SDLP objects MJST trigger i mediate bitdunp under the follow ng
condi tions:



Debugger attachnent

Bi nary nodification or patching

Menory injection or code manipul ation

Envi ronment spoofing or falsified trust signals
Unaut hori zed virtualizati on maski ng
Attenmpts to bypass environment validation
Attenpts to di sabl e tanper-response
Attenpts to nodify identity fields
Attenpts to falsify lineage entries
Attenpts to reset or increase P

Attenpts to duplicate w thout decay
Attenmpts to create parallel |ineage chains

E R I S T R R

Bi t dunp physi cs:

Bitdunmp is atonic and cannot be interrupted.
Bitdunp is irreversible and cannot be undone.

Bi tdunp MUST NOT | eave recoverabl e state.

Bi t dunp MUST NOT all ow rol | back or resurrection
Bi t dunp MUST NOT all ow partial destruction

Bi t dunp MUST NOT al | ow post-col | apse execution

* ok X X kX

SDLP obj ects MJST validate tanmper conditions at the follow ng tines:

At startup

Before performing any lifecycle operation
Bef ore executing any state transition

Bef ore accepting a |lineage entry

Bef ore applying a policy

Conti nuously during execution

E R

SDLP obj ects MJST reject:

Any attenpt to override tanper-response

Any attenpt to redefine tanper conditions
attenpt to disable bitdunp

Any attenpt to recover from bitdunp

Any attenpt to reinitialize a bitdunped object

* ok kX %
1
<

The Bitdunped state is final. SDLP objects in the Bitdunped state:

Miust not execute

Must not transfer

Miust not consune

Must not accept |ineage entries
Must not apply policies

Must not rebind identity

Must not reinstantiate

E I

The tanper-response and irreversible destruction physics ensure that
SDLP- gover ned obj ects cannot be mani pul ated, forged, or deceived.

Bi tdunp establishes the terminal boundary of SDLP |ifecycle physics,
providing a determ nistic and tanper-evident end-of-life condition
for all digital objects.

41. Canoni cal Encoding Rules and Deterministic Serialization



The SDLP canoni cal encodi ng nodel defines the determnistic,

unanbi guous, and reproduci ble serialization rules required for al
SDLP-governed objects, lineage entries, policies, and identity
structures. Canonical encoding ensures that all conpliant

i npl ement ati ons produce identical byte-level representations for the
same | ogical data. Any deviation from canonical encodi ng MIST be
treated as a tanper condition.

Canoni cal encoding requirenments:

Encodi ng MJUST be determnistic.

Encodi ng MUST be pl atformi ndependent .

Encodi ng MJUST be architecture-independent.

Encodi ng MJUST be byte-for-byte reproduci bl e.

Encodi ng MJUST NOT depend on | ocal e, | anguage, or system settings.
Encodi ng MUST NOT al |l ow al ternate representations.

* ok Xk kX

SDLP defines the followi ng canoni cal encodi ng rul es:

* Field Oder: Al fields MJST appear in a strict, predefined order
Reordering, omssion, or insertion of fields is prohibited.

* Field Presence: All required fields MJST be present. Optional
fields MIST be encoded explicitly as null when absent.

* Field Types: Each field MJUST be encoded using its canonical type.
Type coercion, inplicit conversion, or alternate type encoding is
prohi bi t ed.

* String Encoding: Al strings MJST be encoded as UTF-8 w thout BOM
Al ternate encodi ngs are prohibited.

* Integer Encoding: Al integers MJST be encoded as unsigned,
bi g-endi an, fixed-width values. Variable-length integers are
pr ohi bi t ed.

* Bool ean Encodi ng: Bool eans MUST be encoded as a single byte: 0x00
for false, 0x01 for true

* Hash Encodi ng: Hashes MJST be encoded as raw bytes, not hex or
base64.

* Signature Encodi ng: Signatures MJST be encoded as raw bytes in
canoni cal order defined by the signature algorithm

* Timestanp Encodi ng: Ti mestanps MUST be encoded as UNI X epoch
seconds in big-endian format.

* Null Encoding: Null MJST be encoded as a single canonical byte
val ue (OxFF). Alternate null representations are prohibited.

Canoni cal serialization rules:
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Serialization MJST produce a single, contiguous byte sequence.
Serialization MJUST NOT include padding, alignnment, or netadata.
Serialization MJST NOT include comrents or annotations.
Serialization MJST NOT include platformspecific nmarkers.
Serialization MJST NOT include variable-1ength prefixes unless
explicitly defined.

* % X X F

SDLP obj ects MJST val i date canoni cal encoding at the follow ng tines:

Bef ore conputing a hash

Bef ore verifying a signature

Bef ore accepting a |lineage entry

Bef ore applying a policy

Before performing any lifecycle operation
Bef ore executing any state transition

* ok X X kX

SDLP objects MJST reject:

Non- canoni cal encodi ngs

Al'ternate field orders

M ssing or extra fields

Vari abl e-1 ength integer encodi ngs

Non- UTF- 8 string encodi ngs

Hex- encoded or base64-encoded hashes
Non- canoni cal null representations

Pl at f orm dependent serialization formats

* % % ok X X %k X

Any attenpt to alter canonical encoding MIST be treated as a tanper
event and MJST trigger mandatory bitdunp.

Canoni cal encodi ng ensures that SDLP-governed objects naintain
determnistic identity, reproducible |lineage, and verifiable physics
across all conpliant inplenentations. By elininating anbiguity and
enforcing strict serialization rules, SDLP establishes a stable and
tanmper - evi dent foundation for digital |ifecycle governance.

Crypt ographi ¢ Hashing, Signature Al gorithns, and Key Requirenents

The SDLP cryptographi c nodel defines the hashing algorithns, signature
al gorithms, and key requirenents necessary to ensure determnistic
identity, verifiable lineage, tanper-evident state transitions, and
irreversible destruction physics. Al cryptographic operations MJST be
determnistic, canonical, and reproducible across all conpliant

i mpl ement ati ons.

SDLP obj ects MJST use only approved cryptographic primtives. Use of
non- approved al gorithms, weakened variants, platform dependent
crypt ography, or inplenentation-specific shortcuts is prohibited.

Hashi ng Requirenents:



* SDLP objects MJUST use a cryptographic hash function with at | east
256- bit out put.

Hashes MJUST be conputed over canoni cal byte-encoded data.

Hashes MJUST be encoded as raw bytes, not hex or base64.

Hashes MJST be determ nistic and reproduci bl e.

Hashes MJST be included in all signature payl oads.

Hashes MUST be val i dated before accepting any |ineage entry.

* % % % X

Si gnat ure Requirenents:

* SDLP objects MJST use asymmetric signature algorithnms with at
| east 128-bit security strength.

* Signhatures MJST be conputed over canoni cal byte-encoded payl oads.

* Signhatures MJST be encoded as raw bytes in canonical order.

* Sighatures MJST be validated before performng any lifecycle
operati on.

* Signatures MJST be included in lineage entries, identity fields,
and policy structures.

* Signature verification failure MJST be treated as a tanper
condi ti on.

Key Requirenents:

* (bj ectKey: A unique keypair generated at instantiation. Used to
sign lineage entries and validate internal state. Mist never be
repl aced, regenerated, or exported.

* DistributorKey: Used to sign instantiation events and product
met adat a.

Cust onmer Key: Used to sign ownership-binding and transfer events.
Pol i cyAut horityKey: Used to sign policy versions.

Envi ronnment Key: Optional hardware-backed key used for trusted
execution signals.

Key Handling Rul es:

Keys MUST never be exported in plaintext.

Keys MUST never be stored in non-secure nenory.

Keys MUST never be regenerated after instantiation.
Keys MUST never be shared across objects.

Keys MUST never be derived fromplatformidentifiers.
Keys MUST be destroyed during bitdunp.

E R

Si gnature Payl oad Structure:

* Al signatures MJUST incl ude:
- ldentity fields
- Previ ousHash
- NewState
- Event Type
- Ti mestanp
- Canoni cal encoding of all fields
Orission of any field invalidates the signature.
Addi tional fields MJST NOT be added to the payl oad.

Crypt ographi ¢ Validati on Requirenents:
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Bef ore accepting a |lineage entry

Bef ore applying a policy

Before perfornming any lifecycle operation
Bef ore executing any state transition

Bef ore binding identity

Conti nuously during environment validation

E R

SDLP obj ects MJST reject:

Weak or deprecated al gorithns

Non- canoni cal signature formats

Hashes encoded as hex or base64

Keys generated outsi de SDLP-defined processes
Signatures mssing required fields

Si gnatures conputed over non-canoni cal data
Any attenpt to bypass cryptographic validation

L I

Any attenpt to forge signatures, falsify hashes, or manipul ate key
materi al MJUST be treated as a tanmper condition and MJUST trigger
mandat ory bi t dunp.

The cryptographi ¢ hashing, signature algorithns, and key requirenents
ensure that SDLP-governed objects maintain determnistic identity,
verifiable |ineage, and tanper-evident |ifecycle physics across al
conpliant inplenmentations. Cryptography forns the mathematica
foundation of SDLP' s digital physics |ayer

oj ect Key Lifecycle, Protection, and Zeroization Requirenents

The Obj ectKey is the foundational cryptographic identity of an SDLP-
governed object. It is generated at instantiation, used throughout the
object’s lifecycle to sign lineage entries and validate interna

state, and destroyed irreversibly during bitdunp. The bject Key MJIST
be handl ed according to strict lifecycle, protection, and zeroization
requirenents to ensure deternministic identity, tanper-evident
transitions, and secure destruction physics.

bj ect Key Generati on:

* The (ObjectKey MJIST be generated at instantiation using an approved
asymmetric key generation algorithmwith at | east 128-bit security
st rengt h.

* (bj ectKey generation MJUST occur within a trusted execution
envi ronnment or equival ent secure encl ave.

*  (bj ect Keys MUST be uni que per object and MJST never be reused or
derived from ot her keys.

*  (bj ect Keys MIUST NOT be derived fromplatformidentifiers, user
identifiers, or environnmental characteristics.

bj ect Key Usage:



*  The ObjectKey MIUST be used to sign all |ineage entries.

*  The ObjectKey MIST be used to validate internal state transitions.

*  The bject Key MIUST NOT be used for encryption, key exchange, or
any purpose outside SDLP-defined |Iifecycle operations.
The Obj ect Key MUST NOT sign non-canoni cal or non-validated data.
The Obj ect Key MUST NOT sign data outside the object’s own
|'ifecycle domain.

oj ect Key St or age:

—

* The (ObjectKey MJIST be stored only in secure, non-exportable
har dwar e- backed storage or equival ent protected menory.

*  The njectKey MIST never be witten to disk in plaintext.

*  The bject Key MIST never be included in backups, snapshots, or
menory dunps.

* The ObjectKey MJIST NOT be accessible to user-npde processes or
ext ernal applications.

* The ObjectKey MIST NOT be exportabl e under any circunstances.

g

j ect Key Protection:

* Any attenpt to access, export, nodify, or replace the bjectKey
MJST be treated as a tanper condition.

* Any attenpt to use the ObjectKey outside canonical SDLP operations
MUST be treated as a tanper condition.

* Any attenpt to bypass secure storage or inject alternate key
mat eri al MJUST trigger mandatory bitdunp.

*  The ObjectKey MUST be validated continuously during execution to
ensure integrity and authenticity.

g

j ect Key Rotation and Repl acenent:

*  (bj ect Keys MUST never be rotated, replaced, regenerated, or
rei ssued after instantiation.

* Any attenpt to rotate or replace the ObjectKey MIST be treated as
a tanper condition.

* (Cbjects requiring new key material MJIST be instantiated as new
objects with newidentity and |i neage.

oj ect Key Zeroi zati on:

—

* During bitdunp, the ObjectKey MIST be destroyed irreversibly.
* Zeroi zation MJST renove all key naterial from nenory, secure
storage, caches, registers, and hardware-backed encl aves.
Zer oi zation MJST be atomi c and MJST NOT allow partial destruction.
* Zeroization MJST NOT | eave recoverable remants or allow forensic
reconstruction.
* Zeroization MJST occur before the object transitions to the
Bi t dunped st ate.

Zeroi zation Triggers:
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Bi tdunp events (tanper-induced or decay-i nduced)
Hospi ce coll apse (P <= 1)

Signature forgery detection

Li neage falsification detection

Envi ronment spoofing detection

Unaut hori zed debugger attachnent

Unaut hori zed nenory inspection or nodification

* % X * X X %

Post - Zer oi zati on Behavi or:

After zeroization, the object MJST be permanently non-functi onal
The obj ect MJST NOT execute, transfer, or consune.

The obj ect MJUST NOT accept |ineage entries or apply policies.
The object MJUST NOT rebind identity or reinstantiate.

The obj ect MJUST NOT regenerate or restore the ObjectKey.

* ok X Xk

The ObjectKey lifecycle, protection, and zeroization requirements
ensure that SDLP-governed objects maintain secure, tanper-evident
identity throughout their existence and undergo irreversible
destruction when required by decay physics or tanper-response
physics. The bjectKey is the cryptographic anchor of SDLP' s digita
physi cs nodel .

Li neage Entry Structure and Canoni cal Event Sequencing

Lineage is the authoritative, tanper-evident record of all lifecycle
events performed by an SDLP-governed object. Each |ineage entry
represents a single, atomic state transition and MJST be signed by
the njectKey. Lineage establishes the object’s historical identity,
val i dat es decay physics, and ensures determ nistic reconstruction of
the object’s lifecycle.

Li neage entries MJST be canonical, conplete, and strictly ordered.
M ssing entries, reordered entries, or altered entries invalidate the
I i neage chain and MJST be treated as tamper conditions.

Li neage Entry Structure:

Each |ineage entry MJST contain the following fields in canonica
order:

Entrylndex: A nmonotonically increasing integer starting at O.
Previ ousHash: The hash of the previous |ineage entry.

NewSt ate: The resulting state after the event.

Event Type: The type of lifecycle event perforned.

Ti mestanmp: The UNI X epoch tinme of the event.

DecayDel ta: The change in P resulting fromthe event.

P_After: The value of P after applying DecayDelta.

Envi ronnment I nfo: Canoni cal environnment validation data.

Pol i cyVersion: The active policy version at the time of the event.
Si gnature: The Object Key signature over all canonical fields.

L T . T

Requi red Event Types:



Instantiation

Pl ay

Restart (rew nd distance >= one-third threshol d)
Copy

Upl oad

Tr ansf er

Pol i cyUpdat e

Envi ronnment Val i dati on

DecayCol | apse (P = 0)

Hospi ceEntry (P = 1)

Bi t dunp (tanper-induced or decay-induced)

E I A R R

Canoni cal Event Sequenci ng:

Li neage entries MJST be strictly sequential

Entryl ndex MJST increase by exactly 1 for each new entry.
No gaps, duplicates, or parallel sequences are permtted.
Previ ousHash MJUST match the hash of the prior entry.
NewSt at e MUST refl ect the canonical state transition rules.
Events MJUST be recorded i medi ately and atomcally.

b S

Atonicity Requirenents:

* A lineage entry MJST be fully witten, signed, and validated before
any subsequent |ifecycle operation may occur.

* Partial or inconplete Iineage entries are prohibited.

* |f a lineage entry cannot be conpleted, the object MJST halt and
refuse further execution

Li neage Val i dati on
SDLP objects MJST validate lineage integrity at the followi ng tines:

At startup

Bef ore performing any lifecycle operation
Bef ore appl yi ng decay physics

Bef ore accepting a transfer

Bef ore applying a policy

Bef ore executing a state transition

Conti nuously during environnent validation

L I

SDLP obj ects MJST reject:

M ssing |ineage entries

Reordered |ineage entries

Dupl i cate Entrylndex val ues

I ncorrect PreviousHash val ues

Non- canoni cal field order

M ssing required fields

Invalid or unverifiable signatures

Li neage entries inconsistent with decay physics

Li neage entries inconsistent with canonical state transitions

L B B R

Any attenpt to nodify, reorder, falsify, or truncate |ineage MJIST be
treated as a tanper condition and MJUST trigger mandatory bitdunp.

Li neage as a Forensic Record:



* Lineage MUST allow determ nistic reconstruction of the object’s
entire lifecycle.

* Lineage MJST provide a conplete audit trail of decay, transfer,
envi ronnment validation, and policy application
Li neage MJST be i mutabl e once witten.
Li neage MJST be cryptographically verifiable w thout externa
cont ext .

Canoni cal event sequenci ng ensures that SDLP-governed objects naintain
a conpl ete, tanper-evident, and cryptographically anchored record of
their lifecycle. Lineage is the forensic backbone of SDLP' s digita
physi cs nodel

State Transition Rules and Canonical Lifecycle G aph

SDLP- governed objects MJST follow a deterninistic, canonical lifecycle
defined by a finite set of states and a strict set of allowable
transitions. State transitions MJST be atom c, signed, recorded as

| ineage entries, and validated before execution. Any deviation from
the canonical lifecycle graph MJST be treated as a tanper condition

Canoni cal St at es:

* Instantiated: The object has been created and assi gned an Obj ect Key.

* Active: The object is usable and may performlifecycle operations.

* Restricted: The object has reached a policy-defined threshold and
may performonly a subset of |ifecycle operations.

* Hospice: The object has P = 1 and MJUST NOT performfurther
l'ifecycle operations except nandatory end-of-1ife destruction

* Decayed: The object has P = 0 and MJST transition to Bitdunp.

* Bitdunped: The object has undergone irreversible destruction and
i s permanentl|y non-functi onal

Canoni cal Lifecycle G aph:
The following transitions are permtted:

Instantiated -> Active

Active -> Active (play, rew nd, copy, upload, transfer, policy update)
Active -> Restricted (policy-defined threshold)
Restricted -> Active (policy-defined recovery)

Active -> Hospice (P = 1)

Restricted -> Hospice (P = 1)

Hospi ce -> Bitdunped (nmandatory end-of-life destruction)
Active -> Decayed (P = 0)

Restricted -> Decayed (P = 0)

Decayed -> Bitdunped (rmandatory destruction)

Active -> Bitdunped (tanper-induced)

Restricted -> Bitdunped (tanper-induced)

Instantiated -> Bitdunped (tanper-induced)

o T S T I N . N N N

No other transitions are permtted.

State Transition Rul es:



Al'l transitions MJUST be recorded as |ineage entries.

Al'l transitions MJUST be signed by the ObjectKey.

Al transitions MJUST be validated before execution.

Transitions MJUST be atomic and MJUST NOT allow partial state

changes.

* Transitions MJUST NOT skip internediate states unless explicitly
defined (e.g., tanper-induced Bitdunp).

*  Transitions MJUST NOT be reversible.

* Ok X *

State Validation Requirenents:
Before performi ng any state transition, SDLP objects MJST vali date:

Li neage integrity
Signhature validity

Canoni cal encodi ng

Decay physics consi stency
Pol i cy conpliance

Envi ronment val i dation
oj ectKey integrity

* % X X X X %

Invalid transitions MIST be rejected and treated as tanper conditions.
Hospice State Rul es

* Hospice is entered when P = 1.

* Hospice prohibits all lifecycle operations except nandatory
destruction.
Hospi ce MUST transition to Bitdunped at 100% per second
Hospi ce MUST NOT al |l ow pl ay, rew nd, copy, upload, or transfer

Decayed State Rul es:

Decayed is entered when P = 0.

Decayed MUST i medi ately transition to Bitdunped
* Decayed MJUST NOT allow any |ifecycle operations.

Bi t dunped State Rul es:

* Bitdunped is final and irreversible.

* The object MJST be permanently non-functi onal

*  The OhjectKey MJIST be zeroized.

* The object MUST NOT execute, transfer, or consune.

* The object MJUST NOT accept |ineage entries or apply policies.

* The object MUST NOT rebind identity or reinstantiate.

Canoni cal lifecycle enforcement ensures that SDLP-governed objects

behave predictably, securely, and consistently across all conpliant
i mpl ementations. The |ifecycle graph defines the conplete set of
al | owabl e transitions and prohibits undefined or anbi guous behavi or

46. Environnent Validation, Trust Signals, and Execution Preconditions



SDLP- gover ned objects MJST validate their execution environnent before
performng any |ifecycle operation. Environnent validation ensures
that the object is running within a trusted, non-spoofed, non-
tanpered context. |If the environnent cannot be validated, the object
MUST refuse execution or initiate nmandatory bitdunp dependi ng on the
severity of the violation.

Envi ronnent validation MJST be determ nistic, canonical, and
reproduci bl e across all conpliant inplenentations.

Envi ronment Trust Requirenents:

The environnment MJUST provide a verifiable trust signal

The environment MJUST NOT be spoofed, enulated, or replayed.

The environnment MJST NOT al | ow unaut hori zed debugger attachnent.
The environnent MJST NOT al | ow unaut horized menory inspection

The environment MJUST NOT all ow nodification of executabl e code.
The environment MJST NOT allow time mani pul ation or clock roll back
The environnment MJUST NOT allow virtualization unless explicitly
permtted by policy.

L T

Trust Signal s:

The environnent MJST provide one or nore of the foll ow ng canonica
trust signals:

Har dwar e- backed attestation (TPM Secure Encl ave, or equival ent)
Envi ronment Key si gnature validation

Verified runtinme integrity neasurenent

Verified OS integrity nmeasurenent

Verified application container integrity

Verified anti-debugger state

Verified anti-tanper state

* ok X Xk X %

Trust signals MJST be:

Cryptographically verifiable
Non- spoof abl e

Non-r epl ayabl e

Canoni cal | y encoded

Included in lineage entries

* % X X F

Execution Preconditions:
Before performing any lifecycle operation, the object MJST validate:

Envi ronment trust signals

hj ectKey integrity

Li neage integrity

Pol i cy conpliance

Decay physics consi stency

Canoni cal encoding of all inputs
Ti mestanp nonotonicity

* % ok 3k 3k Sk *

If any precondition fails, the object MJST refuse execution

Envi ronnent Val i dati on Events:
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Envi ronnent validati on MUST occur at startup.

Envi ronnment validati on MUST occur before each |ifecycle operation.
Envi ronnment validati on MUST occur continuously during execution.
Envi ronment val i dati on MUST be recorded as |ineage entries.

* Ok X *

Envi ronnment Spoofing Detection:
The foll owi ng conditions MIST be treated as tanper events:

Debugger attachnent without authorization
Menory inspection w thout authorization

Modi fication of executable code
Virtualization when not permtted by policy
Clock roll back or tinestanp nani pul ation
Repl ay of previous trust signals

Injection of forged trust signals

OCS-level or runtine-level integrity failure

EE I R

Tanper Response:

M nor violations MJST cause i medi ate refusal of execution.
Maj or violations MJST trigger mandatory bitdunp.
* Environment spoofing is always a major violation.

Envi ronnent Replay Protection:

Trust signals MJST include nonces or nonotonic counters.
Trust signals MUST NOT be accepted if previously observed.
Trust signals MUST be bound to the current timestanp.

Trust signals MJST be bound to the current object identity.

* X X *

Envi ronment Validation Failure Behavi or:

The obj ect MJUST NOT execute |lifecycle operations.
The obj ect MJST NOT nodify state.

The obj ect MJST NOT sign |ineage entries.

The obj ect MJUST NOT consume or transfer.

The obj ect MJUST NOT accept policy updates.

* %k Ok *

Canoni cal environnent validation ensures that SDLP-governed objects
operate only within trusted, verifiable, and tanper-resistant
contexts. Environnent trust is a mandatory prerequisite for all
|ifecycle operations and forns a critical conponent of SDLP' s digital
physi cs nodel .

Policy Enforcenent, Thresholds, and Runtime Constraints

SDLP policies define the operational constraints, thresholds, and
behavioral limts that govern an object’s runtinme behavior. Policies
MUST be deterministic, canonical, and cryptographically signed by the
Pol i cyAut horityKey. SDLP-governed objects MJST enforce policy rules
before perform ng any lifecycle operation.

Pol i ci es MUST NOT be advi sory or optional. Policy enforcenent is a
mandat ory conponent of SDLP digital physics.

Policy Structure:



Each policy MJUST contain the foll owi ng canonical fields:

Pol i cyVersion: A nonotonically increasing integer.

Pol i cyAut horitySignature: A signature over all canonical fields.
Threshol ds: Policy-defined operational linits.

Perm ssions: Allowed |ifecycle operations.

Restrictions: Prohibited lifecycle operations.

Envi ronnent Rul es: Required trust conditions.

DecayRul es: Policy-defined decay threshol ds.

TransferRul es: Oanership and novenent constraints.

Ti mest anpRul es: C ock and nonotonicity requirenents.

E I R . R

Po

icy Application:

Pol i ci es MUST be validated before application.

Pol i ci es MUST be recorded as |ineage entries.

Pol i ci es MUST NOT be applied retroactively.

Pol i ci es MUST NOT nodify historical |ineage.

Pol i ci es MJUST NOT override decay physics or tanper physics.

L I

Threshol d Enforcenent:

Pol i cies may define thresholds that restrict or nodify runtine
behavi or. Threshol ds MJST be deterministic and MJUST NOT conflict with
SDLP physi cs.

Exanpl es of policy-defined threshol ds:

M ni mum P required for transfer
Maxi mum nunber of plays per tinme w ndow
Maxi mum rewi nd di stance before restriction
Envi ronnent trust |evel requirenents

Ti me- based access w ndows

* ok X Xk

Threshol ds MJUST be enforced at runtinme and MJST be vali dated before
each lifecycle operation.

Runtime Constraints:
Pol i ci es may inmpose runtime constraints on:

Pl ay frequency

Rewi nd behavi or

Copy perm ssions

Upl oad perm ssi ons

Transfer eligibility

Envi ronnment validation frequency

Al l oned execution platforns

Al l oned geographic regions (if permtted by higher-1evel policy)

L T I

Runtime constraints MJST be enforced before execution and MJST be
recorded as |ineage entries when they affect state.

Policy Violations:
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M nor viol ations MJUST cause i mredi ate refusal of execution

* Major violations MIST be treated as tanper conditions.

* Attenpts to bypass policy enforcenment MJST trigger mandatory
bi t dunp.

Pol i cy Update Rul es:

* Policies may be updated only by the PolicyAuthorityKey.

* Policy updates MJST be recorded as |ineage entries.

* Policy updates MJST NOT reduce security guarantees.

* Policy updates MJST NOT increase P or nodi fy decay history.
*

Pol i cy updates MUST NOT alter canonical state transitions.

Po

icy and Decay Interaction

* Policies may define additional decay thresholds but nay not
override core decay physics.

* Policies may restrict operations when P is below a threshold.

* Policies may not prevent hospice entry (P = 1).

* Policies may not prevent mandatory destruction (P <= 1).

Pol i cy and Environnent Interaction:

Policies may require specific trust signals.

Pol i ci es may prohibit execution in untrusted environnents.
Pol i cies may require continuous environnent validation
Policies may define environnent-specific restrictions.

* ok X F

Policy and Transfer Interaction:

Policies may define transfer eligibility rules.

Pol i ci es may require CustonerKey signatures.

Policies may restrict transfer frequency or destination.
Policies may prohibit transfer when P is below a threshol d.

* Ok X *

Canoni cal Policy Enforcenent:

Pol i ci es MJUST be enforced before every |ifecycle operation.
Pol i ci es MUST be validated continuously during execution.
Pol i ci es MJUST be cryptographically verifiable.

Pol i ci es MJUST be i mrutabl e once appli ed.

E

Pol i cy enforcenent ensures that SDLP-governed objects operate within
defined constraints, respect lifecycle limts, and naintain secure,
predi ct abl e behavi or across all conpliant inplenmentations. Policies
formthe governance | ayer of SDLP' s digital physics nodel.

Transfer Mechani cs, Ownership Binding, and CustonerKey Requiremnments

SDLP- gover ned obj ects support cryptographically verifiable ownership
bi ndi ng and transfer operations. Omership is represented by the
Cust oner Key, which MJUST be used to authorize transfers, validate
possession, and bind the object to a specific custoner identity

wi t hout revealing personal information.



Owner ship binding MUST be determ nistic, canonical, and tanper-
evident. Transfers MJST be atonic, signed, and recorded as |ineage
entries.

Cust orer Key Requi renents:

* The CustonmerKey MUST be an asymmetric keypair with at |east
128-bit security strength.

The CustonerKey MJUST be generated and controlled by the custoner.
The Customer Key MJUST NOT be derived from personal identifiers.
The Cust onerKey MJUST NOT be exportable by the SDLP object.

The Cust onerKey MJUST NOT be replaced without a transfer event.
The CustonerKey MJUST NOT be used for encryption or key exchange.

* % % % *

Omner shi p Bi ndi ng:

* Omership is established when the CustonerKey signs a binding
event.
* Omnership binding MIST be recorded as a |ineage entry.
* Omnership binding MIST incl ude:
- Cust omer Key public conponent
- Ti mest anp
- PolicyVersion
- Environnent validation data
- Signature over canonical fields
* Owmnership binding MIST be validated before any lifecycle operation.

Transfer Mechani cs:

* Transfers MJST be authorized by the current owner using the
Cust oner Key.

* Transfers MJST be accepted by the recipient using their own

Cust omrer Key.

Transfers MJST be recorded as |ineage entries.

Transfers MJST be atom c and MJUST NOT all ow partial conpletion.

Transfers MJST NOT nodify decay history or increase P.

Transfers MJST NOT bypass environnment validation.

* Ok %k

Transfer Preconditions:
Before a transfer may occur, the object MJST validate:

Cust onmer Key signature fromthe current owner
Cust onmer Key signature fromthe recipient

Envi ronnment trust signals

Pol i cy-defined transfer eligibility

Decay physics consi stency

Ti mestanp nonotonicity

Canoni cal encoding of all transfer fields

* % X X X X %

Transfer Eligibility Rules:

Pol i cies may define transfer restrictions, including:



M ni mum P required for transfer

Maxi mum nunber of transfers per tine w ndow
Al | oned geographi c regions

Al l oned execution platforns

Requi red environnent trust |evels

E R

Transfer Rejection Conditions:
Transfers MJST be rejected if:

Cust omer Key signatures are invalid

Envi ronnent validation fails

Pol i cy prohibits transfer

P is below a policy-defined threshold

The object is in Hospice or Decayed state

The transfer woul d viol ate canoni cal sequencing
The transfer would create parallel |ineage

E I R

Transfer and Li neage:

Transfers MJST be recorded as |ineage entries.
Transfer entries MJST incl ude:
- PreviousHash
- NewSt at e
- Event Type = Transfer
- Custoner Key (ol d)
- Cust oner Key (new)
- Ti nmest anp
- PolicyVersion
- Environnentlnfo
- Signature
* Transfer entries MJST be validated before execution.

Transfer and Decay Interaction:

Transfers MJUST NOT nodify P.
Transfers MJST NOT reset decay threshol ds.

* Ok X *

Transfers MUST NOT occur when P <= 1.
Transfer and Tanmper Interaction:
The foll owi ng MUST be treated as tanper conditions:

Attenpting to transfer wi thout CustonerKey authorization
Attenmpting to forge CustomerKey signatures

Attempting to nodify transfer |ineage entries
Attenpting to bypass transfer eligibility rules
Attenpting to transfer froman untrusted environnent

* %k Ok k%

Tamper -i nduced transfers MJST trigger mandatory bitdunp.

Canoni cal Ownershi p Mdel:

Prohi bition of transfer during Restricted or Hospice states

Transfers MJST NOT bypass hospice or mandatory destruction.
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Owner ship MUST be cryptographically verifiable.

Owner ship MIUST be transferable only through canonical events.
Omner ship MJST NOT be inferred fromplatformidentity.

Omner ship MJUST NOT be overridden by policy.

Onner ship MUST NOT be duplicated or forked.

* % X X F

Transfer nechanics, ownership binding, and CustonerKey requirenents
ensure that SDLP-governed objects nmintain secure, verifiable, and

t anper - evi dent ownershi p throughout their |ifecycle. These rules form
the identity and possession layer of SDLP' s digital physics nodel.

Ti mestanp Monotonicity, Cock Integrity, and Anti-Rol | back Guarantees

SDLP-governed objects MJST maintain strict tinmestanp nonotonicity and
MUST validate clock integrity before performng any lifecycle
operation. Time is a critical conponent of SDLP digital physics, and
any attenpt to mani pul ate or spoof tenporal data MJST be treated as a
tanper condition.

Ti mest anp Requi renents:

Al lineage entries MJST include a canonical UN X epoch tinestanp.
Ti mest anps MJUST be strictly nonotonic.
Ti mest anps MUST NOT decrease relative to the previous |ineage
entry.

* Tinmestanps MUST be validated agai nst environnent trust signals.

* Timestanps MJUST be encoded as 64-bit big-endian integers.

Clock Integrity Requirenents

The environment clock MJST be trusted and verifiabl e.

The cl ock MJUST NOT be adjustable by unprivil eged processes.
The cl ock MJUST NOT be subject to rollback

The cl ock MJUST NOT be spoofed, virtualized, or replayed.
The cl ock MJST be validated continuously during execution

* % X X F

Anti - Rol | back QGuar ant ees:

* |f the current timestanp is | ess than the previous |ineage
ti mestanp, the object MIST treat this as a tanper condition
Cl ock roll back MJST trigger mandatory bitdunp.
Repl ay of previously observed timestanps MJST be rejected.
Ti mest anps MJUST be bound to environnent trust signals to prevent
replay attacks.

Ti mestanp Val i dati on:
Before performing any lifecycle operation, the object MIST vali date:

Monotonicity relative to the previous |lineage entry
Envi ronment - provided tine attestation

Pol i cy-defined time w ndows

Canoni cal encoding of timestanp fields

Absence of rollback or replay conditions

* X X X X

Ti me- Based Policy Enforcenent:



Pol i ci es may defi ne:

Access w ndows

Transfer wi ndows

Maxi mum pl ay frequency per tine interva
Maxi mum rewi nd frequency per tine interva
Envi ronment validation intervals

Decay threshold timng rules

B S

Ti me- based policies MIST be enforced before execution and MJST be
recorded as lineage entries when they affect state.

Tenporal Tanper Detection:
The foll owing conditions MJST be treated as tanper events:

Cl ock roll back

Clock freeze or stalling

Cl ock accel eration beyond policy limts

Repl ay of previously observed tinmestanps

Forged or nmanipulated tinme attestation signals
Desynchroni zati on between environnment tine and object tine
Virtualized or enulated tine sources

* %k k k F *

Tenporal Tanper Response:

M nor violations MJST cause i medi ate refusal of execution
Maj or violations MJST trigger mandatory bitdunp.
* Cock rollback is always a mgjor violation

Ti mestanp and Li neage I nteraction:

* Each lineage entry MJUST have a tinmestanp greater than or equal to
the previous entry.

* Timestanp nonotonicity MJST be validated before witing a new
| i neage entry.

* Non-nonotonic tinmestanps MJST invalidate the |ineage chain.

* Tinmestanps MUST be included in signature payl oads.

Ti mestanp and Decay I nteraction

* Decay physics MJST NOT be bypassed by mani pul ating tine.

* Time-based decay threshol ds MJUST be enforced strictly.

* Hospi ce and mandatory destructi on MJUST NOT be del ayed by cl ock
mani pul ati on.

* Time-based restrictions MUST NOT be circunmvented by roll back

Canoni cal Tenporal Mbdel

Time MJUST be treated as a deternministic, non-reversible dinmension.
Ti me MJUST advance nonotonically across the object’s lifecycle.
Ti me MUST be cryptographically anchored to environnent trust.

Ti me MJUST be i nmut abl e once recorded.

* 0 X X
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Ti mestanp nonotonicity, clock integrity, and anti-roll back guarantees
ensure that SDLP-governed objects mmintain tenporal consistency,
prevent replay attacks, and enforce tine-based policy and decay
physics. Time is a foundational component of SDLP' s digital physics
nmodel

Canoni cal Serialization, Byte Encodi ng, and Cross-Pl atform Determ ni sm

SDLP- gover ned objects MJST use a canonical, platformindependent
serialization format for all lifecycle data, |lineage entries, policy
structures, and cryptographi c payl oads. Canonical serialization
ensures that SDLP objects behave identically across all conpliant

i npl ement ati ons, regardless of hardware architecture, operating
system or runtime environnent.

Canoni cal serialization is nandatory for all cryptographic operations
and MJST be applied before hashing, signing, or validating any data.

Canoni cal Encodi ng Rul es:

* Al integers MIST be encoded as big-endian, fixed-w dth val ues.
* Al timestanps MJUST be encoded as 64-bit big-endian integers.
* Al hashes MJST be encoded as raw bytes (not hex, not base64).
* Al signatures MIST be encoded as raw bytes in canonical order
* Al strings MJST be encoded as UTF-8 wit hout BOM
* Al bool ean val ues MJUST be encoded as a single byte (0x00 or 0x01).
* Al arrays MJST be | ength-prefixed using a 32-bit big-endian
i nteger.
* Al structures MIST be encoded in strict field order with no

optional reordering.
Pr ohi bi ted Encodi ng Vari ants:

Hexadeci mal or base64 encodi ng of hashes or signatures
Littl e-endi an i nteger encoding

Vari abl e-wi dth integers

Platformnative serialization formats

JSQN, XM., CBOR, protobuf, or other schema-based encodi ngs
Paddi ng, whitespace, or alignnent bytes

Fl oati ng-poi nt representations of any field

L I

Canoni cal Structure Encoding:
Each canoni cal structure MJST be encoded as:
Fi el dCount (32-bit big-endian)

Fi el d1
Fi el d2

* %k Ok k%

Fi el dN

Fi el ds MJUST be encoded exactly in the order defined by the SDLP
specification. Mssing fields, reordered fields, or additional fields
invalidate the structure

Canoni cal Li neage Encodi ng:



Li neage entries MJST be encoded using the canonical structure rules

and MUST i ncl ude:

Entryl ndex (64-bit big-endian)

Previ ousHash (raw bytes)

NewSt at e (32-bit big-endian)

Event Type (32-bit bi g-endi an)

Ti mestanp (64-bit big-endian)
DecayDel ta (32-bit big-endian)
P_After (32-bit big-endian)

Envi ronnment I nfo (canoni cal structure)
Pol i cyVersion (32-bit big-endian)

Si gnature (raw bytes)

L S T T R I R

Canoni cal Policy Encodi ng:
Pol i ci es MUST be encoded as:

Pol i cyVersion (32-bit big-endian)
Threshol ds (canoni cal structure)

Per m ssi ons (canonical structure)
Restrictions (canonical structure)
Envi ronment Rul es (canoni cal structure)
DecayRul es (canonical structure)
Transfer Rul es (canoni cal structure)

Ti mest anpRul es (canoni cal structure)
Pol i cyAut horitySi gnature (raw bytes)

L T I

Cross-Platform Determ ni sm

* Serialization MJST produce identical byte sequences across al
pl at f or ns.

* Hashes conputed over canonical data MJST be identical across al

pl at f or ns.

* Signatures conputed over canonical data MJST be identical across

all platforns.
* Canoni cal encodi ng MUST NOT depend on
- CPU architecture
- Endi anness
- Word size
- Qperating system
- Runtime environnent
- Conpiler or interpreter behavior

Canoni cal Validation
Bef ore accepting any serialized data, SDLP objects MJST vali date:

Fi el d order

Fi el d count

Fi el d encodi ng

I nteger wi dth and endi anness

Raw byt e encodi ng of hashes and signatures
Absence of paddi ng or extraneous bytes
Canoni cal UTF-8 encoding for strings

* % X X X X %

Serialization Tanper Detection
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The foll owi ng conditions MIST be treated as tanper events:

Non- canoni cal field order

I ncorrect integer wi dth or endi anness

Hex or base64-encoded hashes or signatures
Addi tional or mssing fields

Non- canoni cal UTF-8 encodi ng
Platformnative serialization formats

Fl oati ng-poi nt representations of any field

* ok X Xk X %

Tanper Response:

M nor viol ations MJUST cause i mredi ate refusal of execution.
* Major violations MJIST trigger nmandatory bitdunp.
* Any attenpt to bypass canonical serialization is a mgjor

vi ol ati on.

Canoni cal serialization, byte encoding, and cross-platform
determ ni smensure that SDLP-governed objects maintain consistent,
verifiable, and tanper-evident behavior across all conpliant

i npl emrent ati ons. Canoni cal encoding is the foundation of SDLP s
cryptographic and forensic integrity.

Rehydrati on Prohibition, Resurrection Prevention, and
Anti - Reinstantiation Guarantees

SDLP- gover ned objects MJST enforce strict prohibitions agai nst any
formof rehydration, resurrection, or reinstantiation after
destruction. Once an object enters the Bitdunped state, its lifecycle
is permanently term nated. No conpliant inplenmentation may all ow an
object to return to a functional state after destruction.

Rehydration, resurrection, and reinstantiation attenpts MJST be
treated as tanper events and MUST trigger nandatory bitdunp of any
object involved in the attenpt.

Rehydr ati on Prohibition:

SDLP obj ects MJUST NOT all ow reconstruction fromserialized data.
SDLP obj ects MJST NOT all ow rel oadi ng of previous internal state.
SDLP obj ects MJST NOT all ow reassenbly fromlineage entries.

SDLP objects MJST NOT allow rollback to earlier |ifecycle states.
SDLP objects MJST NOT allow restoration of destroyed key material .

* % % % X

Resurrection Prevention:

Bi t dunped obj ects MJUST NOT be reinitialized.

Bi t dunped obj ects MJST NOT accept new |ineage entries.

Bi t dunped obj ects MUST NOT accept new policies.

Bi t dunped objects MUST NOT validate environnent trust signals.
Bi t dunped obj ects MJUST NOT performany |ifecycle operation.

* ok X Xk

Anti - Rei nstanti ati on Guar ant ees:



* A destroyed object MUST NOT be instantiated again using the sane
oj ect Key.

* A destroyed object MJUST NOT be instantiated again using the sanme
| i neage.

* A destroyed object MJUST NOT be instantiated again using the same
identity fields.

* Any attenpt to recreate an object using prior state MJST be
treated as a tanper condition.

Canoni cal Destruction Finality:

Bitdunp is a termnal lifecycle state.

Bi t dunped obj ects MUST be permanently non-functional.

Bi t dunped obj ects MJUST NOT be transferable.

Bi t dunped obj ects MJUST NOT be recoverabl e by any neans.
Bi t dunped objects MUST NOT be rehydrated, resurrected, or
rei nstanti at ed.

* Ok X F

Rehydr ati on Tanper Detection:
The foll owing conditions MJST be treated as tanper events:

Loadi ng serialized data froma destroyed object.
Attenmpting to reconstruct |lineage froma destroyed object.
Attenpting to restore ObjectKey naterial.

Attenpting to bypass destruction proofs.

Attenpting to clone or fork a destroyed object.
Attenpting to rebind identity fields after destruction.

* ok X ok kX

Rehydr ati on Tanmper Response:

M nor viol ati ons MJUST cause i mredi ate refusal of execution.
Maj or violations MJST trigger nmandatory bitdunp.
* Any attenpt to resurrect a destroyed object is a major violation.

Destruction Proof Requirenents:

A destruction proof MJST be final and i mutabl e.

A destruction proof MJST NOT allow reconstruction of the object.
A destruction proof MJST NOT contain recoverable state.

A destruction proof MJST be verifiable without revealing internal
dat a.

E

Canoni cal destruction finality ensures that SDLP-governed objects
cannot be revived, reconstructed, or reinstantiated after destruction.
These guarantees preserve the integrity of decay physics, tanper
physics, and the irreversible nature of the Bitdunped state.

52. Bitdunp Mechanics, Zeroization Protocol, and Irreversible
Destructi on Physics



This section defines the nandatory enforcenent behavi or associ ated
with Zeroization-class termnal states described in SDLP-arch

Whi |l e SDLP-arch specifies the architectural meaning of irreversible
destruction, this section specifies the nornmative mechanics,
sequenci ng, and security requirenents that govern how destruction
is executed. Bitdunp is the canonical enforcenent mechani smfor
Predictive Digital Security and MJST be inplenmented by all SDLP-
gover ned obj ects.

SDLP- gover ned objects MJST inplement a deterministic, irreversible
destruction nmechani sm known as bitdunp. Bitdunp is the term na
lifecycle state and represents the permanent, cryptographically
provabl e end of an object’s existence. Once bitdunp begins, the
obj ect MJUST NOT be recoverabl e, reconstructable, or executable.

Bitdunp is a nandatory conmponent of SDLP digital physics and MJST be
triggered under specific conditions defined by decay physics, tamper
physi cs, and policy enforcenent.

Bi tdunp Preconditions:
Bi tdunp MUST be initiated when any of the foll owi ng occur

* P <=1 (mandatory destruction threshol d)

* Critical tanper event detected

* Lineage corruption or invalidation

* (CbjectKey corruption or unauthorized replacenent attenpt
* Cock rollback or tenporal replay

*  Environment spoofing or debugger attachnent

* PolicyAuthoritySignature failure

* Explicit policy-defined destruction event

Bi tdunp MUST NOT be deferrable, reversible, or suppressible.
Zeroi zation Protocol
Upon entering bitdunp, the object MJIST:

Zeroi ze all cryptographic key nmateri al

Zeroi ze all internal state variables

Zeroi ze all cached |ineage data

Zeroi ze all environnent trust data

Zeroi ze all policy structures

Zeroi ze all buffers containing sensitive infornmation

b S

Zeroi zati on MJST:

Qccur in constant tine

Be conpl ete and non-recoverabl e

Not rely on garbage collection or runtine heuristics
Not | eave residual data in nmenory or storage

Not allow partial or selective zeroization

* Ok X X

Destructi on Mechani cs:
After zeroization, the object MJST

Invalidate its ObjectKey permanently
Invalidate all signatures

Invalidate all |ineage entries

I nvalidate all policy bindings

I nvalidate all environnment trust bindings
Transition to the Destroyed state

* ok X X kX



The Destroyed state MJST be terminal and MJUST NOT al |l ow

Executi on

Tr ansf er

Rew nd

Pl ay

Pol i cy updat es

Envi ronment validation
Serialization

Rehydr ati on

Rei nstanti ati on

EE I R R

Destructi on MJUST be absol ute.
Destructi on Proof:

After bitdunp conpletes, the object MIST emit a destruction proof
cont ai ni ng:

* Final |ineage hash

*  Tinmestanp of destruction

* Reason code (Decay, Tanper, Policy, or Critical Fault)
* Zeroization confirmation flag

The destruction proof MJST:

* Be verifiable externally

* Not contain sensitive materi al

* Not reveal internal state

* Not allow reconstruction of the object

Destruction proof MJUST NOT be signed by the ObjectKey, as the key is
zeroi zed prior to em ssion.

Destruction and Li neage:

* Bitdunmp MJUST NOT wite a new |ineage entry.

* Lineage MJUST be considered conplete at the last valid entry.
* Destruction proof MJST reference the final |ineage hash.

* Lineage MJUST NOT be nodifiable after destruction.

Destruction and Decay | nteraction:
* P <= 1 MJST always trigger bitdunp.
* Decay physics MJUST NOT be bypassed or del ayed.
* Hospice state MJST NOT prevent destruction.
* Policy MIUST NOT override mandatory destruction.
Destruction and Tanper Interaction:
Critical tanper events MJST trigger imediate bitdunp.
Tamper -i nduced destructi on MUST NOT all ow any further execution.
* Tanper events MJST NOT allow partial zeroization.

Post - Destructi on Behavi or:



The obj ect MUST be pernanently non-functional

The obj ect MJUST NOT respond to any |ifecycle operations.
The object MJUST NOT validate, serialize, or execute.

The obj ect MJST NOT be transferable.

The obj ect MJUST NOT be recoverabl e by any neans.

* % X X F

Bi t dunp nechani cs, zeroization protocol, and irreversible destruction
physi cs ensure that SDLP-governed objects term nate cleanly,

securely, and provably. Destruction is a fundanental conponent of
SDLP' s digital physics nodel and guarantees the finality and
integrity of the lifecycle.

Rehydrati on Prohibition, Resurrection Prevention, and
Anti - Rei nstantiati on Physics

This section defines the nandatory enforcenment behavi or associ ated
with destruction finality as described in SDLP-arch. \Wile SDLP-arch
establishes the architectural principle that Zeroization-class
states are irreversible, this section specifies the normative
security requirenments that prevent any form of rehydration,
resurrection, or reinstantiation after destruction. These guarantees
preserve the integrity of decay physics, tanper physics, and the
irreversible nature of the Bitdunped state.

SDLP- governed objects MJST enforce strict prohibitions agai nst any
form of rehydration, resurrection, or reinstantiation after
destruction. Once an object enters the Bitdunped state, its
lifecycle is permanently terminated. No conpliant inplenentation may
all ow an object to return to a functional state after destruction.

Rehydration, resurrection, and reinstantiation attenpts MJST be
treated as tanper events and MJUST trigger nandatory bitdunp of any
object involved in the attempt.

Rehydr ati on Prohibition

SDLP obj ects MJST NOT all ow reconstruction fromserialized data.

SDLP obj ects MJST NOT al |l ow rel oadi ng of previous internal state.
SDLP objects MJST NOT all ow reassenbly fromlineage entries

SDLP objects MJUST NOT allow rollback to earlier lifecycle states.
SDLP objects MJST NOT allow restoration of destroyed key materi al

* % X X F

Resurrection Prevention

Bi t dunped obj ects MJUST NOT be reinitialized.

Bi t dunped obj ects MUST NOT accept new |ineage entries.

Bi t dunped obj ects MJUST NOT accept new policies.

Bi t dunped objects MJST NOT validate environment trust signals.
Bi t dunped objects MUST NOT performany |ifecycle operation

* % % % X

Anti - Rei nstanti ati on Guar ant ees:
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* A destroyed object MUST NOT be instantiated again using the sane
oj ect Key.

* A destroyed object MJUST NOT be instantiated again using the sanme
| i neage.

* A destroyed object MJUST NOT be instantiated again using the same
identity fields.

* Any attenpt to recreate an object using prior state MJST be
treated as a tanper condition.

Canoni cal Destruction Finality:

Bitdunp is a termnal lifecycle state.

Bi t dunped obj ects MUST be permanently non-functional

Bi t dunped obj ects MJUST NOT be transferable.

Bi t dunped obj ects MJUST NOT be recoverabl e by any neans.

Bi t dunped objects MJUST NOT be rehydrated, resurrected, or
rei nstanti at ed.

* Ok X F

Rehydrati on Tanper Detection
The foll owing conditions MJST be treated as tanper events:

Loadi ng serialized data froma destroyed object.
Attenmpting to reconstruct |lineage froma destroyed object.
Attenpting to restore hjectKey materi al

Attenpting to bypass destruction proofs.

Attenpting to clone or fork a destroyed object.

Attenmpting to rebind identity fields after destruction

* ok X ok kX

Rehydr ati on Tanmper Response:

M nor viol ati ons MJUST cause i mredi ate refusal of execution
Maj or violations MJST trigger mandatory bitdunp.
* Any attenpt to resurrect a destroyed object is a major violation

Destruction Proof Interaction

Destruction proofs MJST NOT contain recoverabl e state.
Destruction proofs MJST NOT allow reconstruction of the object.
Destruction proofs MJST be verifiable without revealing interna
dat a.

* Destruction proofs MJST be i mutabl e once emtted.

Canoni cal destruction finality ensures that SDLP-governed objects
cannot be revived, reconstructed, or reinstantiated after
destruction. These guarantees preserve the integrity of decay
physi cs, tanper physics, and the irreversible nature of the

Bi t dunped st ate.

Initialization Enforcement and Pre-l1nit Term nation Mechanics

This section defines the enforcenent requirenments governing the
Initialization phase of an SDLP instance. Initialization is the
mandat ory trust boundary at which an encoded instance evaluates its
host environment to determ ne whether |ifecycle activation may
proceed. If any Initialization precondition fails, the i nstance MJST
performPre-Init Term nation. Because the instance has not yet
entered the lifecycle, Pre-lInit Termination is a security neasure
rather than a lifecycle event.

Initialization Preconditions
An SDLP instance MJST evaluate the followi ng conditions prior to

Initialization. Failure of any condition MJUST result in Pre-Init
Term nati on.



* Environnment Integrity: The host environment MJST NOT exhi bit
corruption, instability, or inconplete initialization

* Trust Anchors: Required trust anchors MJST be present, valid, and
cryptographically verifiable.

* Time Integrity: The environnent MJUST provide a tinme source that
satisfies SDLP tine-integrity requirenents.

* Lineage Preconditions: The environnent MJST provide the |ineage
context necessary to validate the instances |ineage seed.

* Policy Preconditions: The environnment MJST provide the policy
bi ndi ngs required for activation.

* Anti-Tamper Preconditions: The environnent MJST NOT exhi bit
tanper, replay, debugging, or instrumentation characteristics.

54.2 Initialization Validation Procedure

Prior to activation, an SDLP instance MJST performthe follow ng
validation steps in the order defined:

Verify environment integrity.

Val i date trust anchors.

Validate tine integrity.

Val i date |ineage prerequisites

Val i date policy prerequisites.

Eval uate anti-tanper conditions.

Confirmthat no prohibited conditions are present.

Nookwnhe

If all steps succeed, Initialization MAY proceed. If any step fails,
the instance MJUST perform Pre-lnit Term nation

54.3 Pre-lnit Term nation Requirements
When Initialization preconditions are not net, the instance MJST:

I medi ately cease all activation attempts.

Zeroize all volatile cryptographic materi al

Emit a Bitdunp containing a Pre-1nit Term nation reason code.
Emit an LDR indicating that the instance never entered the
l'ifecycle.

* Enter a termnal state fromwhich no activation is possible.

* X X *

Pre-1nit Term nation MJUST NOT be suppressible, deferrable, or
overrideabl e by any user, platform or external process.

54.4 Prohibited Conditions

The following conditions MJST result in imediate Pre-Init
Termi nati on:

Debugger presence or instrumentation

Replay of Initialization context.

Root ed, jail broken, or privilege-escal ated environnents.
M ssing or invalid trust anchors.

Invalid or unverifiable time source.

Corrupted or inconplete environnent state.

M ssing |ineage or policy prerequisites.

Any condition that would conpromise lifecycle integrity.

L T I

54.5 Post-Term nati on Behavi or

After Pre-Init Term nation:
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54.7

55.

The instance MJUST NOT attenpt re-lnitialization

The instance MJUST NOT enter any |ifecycle state.

The instance MJST NOT accept further input.

The instance MJUST NOT be capabl e of rehydration, resurrection, or
reinstantiation.

* The instance MJST be treated as a term nated object for al

pur poses of SDLP enforcenent.

* Ok X *

Security Rationale

Initialization is the final opportunity for an SDLP instance to
prevent activation in an unsafe environment. Because user behavi or
and platformintegrity cannot be relied upon as security controls,
Pre-Init Term nation ensures that:

* protected content cannot be extracted,

* identity and |ineage cannot be conproni sed,

* policy cannot be bypassed,

* Jifecycle integrity cannot be subverted, and

* unsafe environnments cannot coerce activation
Sunmmar y

Initialization Enforcenment ensures that SDLP instances activate only
in environnents capabl e of uphol ding SDLP security guarant ees.
Pre-Init Term nation provides mandatory protection agai nst unsafe or
adversarial conditions. Together, these mechanics preserve the
integrity of identity, lineage, policy, and lifecycle continuity
across the SDLP ecosystem

Security Considerations

SDLP is a security architecture. Al sections of this docunment are
security-relevant. The protocol defines strict lifecycle controls,
irreversible destruction rules, tamper-detection nechani sns, trust
eval uation requirenents, and determnistic serialization guarantees
i ntended to prevent duplication, forgery, rollback, replay, and
unaut hori zed reinstantiati on of SDLP-governed objects.

I mpl enent ati ons MJUST ensure that all cryptographi c operations,
environmental attestation steps, trust evaluations, and lifecycle
transitions are performed exactly as specified. Deviations fromthe
SDLP physics nodel may result in security vulnerabilities, including
unaut hori zed obj ect recovery, |ineage corruption, or bypass of
Bit-Drop destruction guarantees.

I mpl enent ati ons MJUST al so ensure that environment trust signals,

ti mestanp sources, policy authorities, and distributor credentials
are authenticated and cannot be spoofed, replayed, or substituted.
Failure to validate these signals nay all ow unauthorized activation,
I'ifecycle manipul ation, or evasion of destruction requiremnments.

SDLP-conpl i ant systens MJST treat all untrusted environments as
hostile. Any detection of tanpering, corruption, or malicious
interference MJUST trigger SafeMbde, Restricted state, or immediate
Bit-Drop as defined by the SDLP |ifecycle physics and trust nodel.

I mpl enenters MUST ensure that |ogs, policies, and event payl oads are
i mmut abl e, append-only, and cryptographically verifiable. Any break
in log-chain integrity, policy signature validity, or event
authenticity MJST be treated as a security-critical condition.

SDLP relies on determ nistic behavior for all |ifecycle, conpliance,
and destruction operations. Non-determnistic behavior, amnbiguous
state transitions, or inconsistent serialization may introduce
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expl oi tabl e i nconsi stenci es and MJUST be avoi ded.

| mpl enent ati ons MUST assune that adversaries may attenpt to exploit
timng, ordering, or environnental inconsistencies to bypass
lifecycle controls. Al SDLP operations MJIST therefore be atomic,
reproduci bl e, and resistant to mani pul ati on.

Finally, inplenmenters MJST ensure that Bit-Drop is inplenented as an
i nstant aneous, irreversible destruction operation. Partial
destruction, delayed destruction, or recoverable destruction
semantics are prohibited and constitute a violation of SDLPs
security guarantees
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