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Abstract

Networked information is easy to publish and difficult to keep intelligible over time. Content
changes, software evolves, institutions disappear, and evidence usually remains bound to the
operator that currently serves it. The Synchronic Web addresses this fragility by making
digital state portable—with its integrity, history, and means of interpretation intact—across
independently governed systems. A minimal integrity substrate supports verifiable partial
possession; self-encoding objects bind durable definitions to the state they interpret; and
reciprocal bridges incorporate foreign heads into later local commits, entangling otherwise
independent histories. Journal-relative paths project this structure as a plural Web of resources
reached from chosen viewpoints. The architecture builds on secure timeline entanglement and
combines it with partial state, executable interpretation, and local authority. The result is a
foundation for preserving and comparing evidence across institutional and temporal boundaries
while keeping trust decisions with each journal.
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1 Introduction and Motivation

1.1 Durable Memory in a Mutable Web

Networked information is easy to publish and difficult to keep intelligible over time. A URL can
remain stable while its content, operator, policy, software, and meaning all change. The database
behind it usually carries richer context, yet that context travels poorly: a recipient receives a
representation while the operator retains the history that explains it. When the service closes or
the relationship changes, evidence that seemed durable may collapse into screenshots, exports, and
institutional memory. Version control, archives, local-first software, and user-controlled data each
recover part of this continuity [32, 44]. Their value points toward a broader goal: a resource should
remain identifiable across versions, interpretable beyond its current application, and citable from
another institution’s history. Corrections and disagreements should accumulate as later evidence. A
record gains social value when several parties can preserve it from their own viewpoints and still
compare what they retained. This need becomes acute wherever decisions outlive the systems that
informed them: scientific results, production records, public claims, personal identity, or an agent’s
sources and corrections. AI systems make the scale visible because they combine more context than
a person can inspect directly [37, 55, 3, 23]. The architectural question reaches further than agents:
how can independently operated systems share durable evidence while preserving their own authority
over storage, policy, and interpretation?

1.2 Independent Control and Shared Evidence

A plural Web needs both local control and structural connection. Local control lets each entity choose
what to retain, expose, execute, and accept. Structural connection lets evidence cross institutional
boundaries with its identity and historical context preserved. Together they create common evidence
structures beneath independent roots: local stores gain compositional reach, and naming, ordering,
and governance remain distributed among their operators. The security model begins with an
explicitly accepted commitment and separates four responsibilities:

• Structural integrity. Collision-resistant hashing binds available material to the commitment,
canonical encoding makes hashed and signed forms reproducible, and signatures associate a
key with a committed head.

• Adversarial behavior. Storage services, journals, intermediaries, and networks may omit,
replay, delay, substitute, or selectively present material; witnesses retain and compare signed
views.

• Operational assurance. Replication and institutions sustain availability, disclosure policy
and secure transport protect confidentiality, and domain evidence supports judgments about
truth.

• Local trust. The client, evaluator, integrity primitives, runtime configuration, operating-
system boundary, and key store form the trusted base from which local policy interprets keys,
paths, and operations.

Compromise has a temporal shape: heads witnessed before key compromise remain evidence of the
earlier branch, while a compromised key can authorize later branches until peers recognize the event.
The implementation separates a stable randomized journal identifier from the active signing key:
bridges and preapprovals bind the identity commitment, heads carry the current signing key, and
predecessor-authorized transitions establish key continuity from each receiver’s retained checkpoint.
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This supports routine rotation without making catastrophic recovery automatic; loss or compromise
of the accepted signing authority still requires an explicit governance decision. The same evidence
may support different decisions at different journals because each receiving journal evaluates trust
from its own state.

1.3 Portable State, Plural Trust

The Synchronic Web makes digital state portable—with its integrity, history, and means of interpre-
tation intact—across independently governed systems. Its compact thesis is self-encoding, partially
knowable, historically composable state with verifiable integrity :

• Integrity gives a logical state one stable identity.

• Partial knowledge lets observers retain different verifiable regions of that state.

• History orders successive states and composes selected foreign heads into later local commits.

• Self-encoding structure carries durable definitions alongside the data they interpret.

A journal is the software an entity runs together with all data persisted on it; it advances a local
history and supplies one operational viewpoint. A resource is a path-addressed value or object
interpreted through that viewpoint. A bridge is a reciprocal relationship through which journals
retain verified heads for one another. A specialized client combines these layers so that applications
can read resources, follow history, invoke objects, and traverse relationships through ordinary
interactions. Figure 1 shows this network: each journal contains integrity-protected state and
advances independently; sparse bridges preserve foreign heads and create cross-timeline ordering
when those heads enter later commits; and the highlighted journal supplies the selected viewpoint
from which paths, identities, routes, and policy acquire meaning. Trust therefore remains plural:
structural verification answers whether evidence agrees with a commitment, signatures identify the
key that authorized a head, historical routes connect that key to a journal known by the receiver,
and authorization applies the receiver’s rules to the resulting principal. The architecture makes these
steps composable and inspectable while leaving the final decision with the relying journal.

1.4 Scope and Roadmap

This paper is an architectural design and rationale. The implemented core includes the integrity
substrate, partial structures, self-encoding objects, rooted paths, local histories, authorization
machinery, stable journal identity and signing-key rotation, reciprocal signed-head exchange, exact
committed-object routing, direct signed invocation, terminal audience checks and route-bound
endpoint selection, terminal-local key-index authorization, and origin verification of historical results.
Multi-node HTTP and browser acceptance covers direct and multi-hop application access, historical
resolution, proof retention, bridge lifecycle, and denial behavior. Section 2 develops verifiable partial
state; Section 3 turns state into history and entangles independent histories; Section 4 places durable
interpretation inside committed structure; and Section 5 projects these layers as a journal-relative
Web. Sections 6–8 test the design through applications, map its intellectual lineage, and state its
assurance boundaries, costs, and route toward specification. The original Synchronic Web proposed
a globally synchronized notary architecture [19]. The present design retains the name and broad
aspiration while beginning from independent journals, partially retained state, and sparse historical
composition. Secure timelines and timeline entanglement supply the direct lineage for cross-history
ordering [41]; the architecture developed here asks what becomes possible when those histories carry
ordinary resources and the definitions needed to interpret them.
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committed state DAG independent local history

reciprocal bridge relationship selected viewpoint

Figure 1: The Synchronic Web

2 Integrity-Protected State

2.1 The Value of Verifiable State

Versioned systems preserve the path by which information changed. Git turns a working tree into a
succession of content-addressed snapshots. Append-only databases and blockchains bind later entries
to earlier ones. Transparency systems publish authenticated views that clients and witnesses can
compare [24, 35, 47]. Their common achievement is a durable answer to a simple question: does the
evidence now presented belong to the state that was previously committed? That answer changes the
character of a record. A mutable database row asks the operator for its current value. A committed
state can also be held by a recipient, cited by digest, compared with another copy, and revisited after
the operator changes its presentation. History becomes portable evidence that recipients can preserve
alongside the service. This remains useful even when the record is incomplete, disputed, or false:
integrity preserves the object of later analysis. Most authenticated structures assume that a verifier
receives a query result and a compact proof against a known root [45, 48]. The Synchronic Web
extends this idea into a persistent representation of partial knowledge. A recipient can retain one
region of a state, discard another, and later combine compatible evidence while referring throughout
to the same logical commitment. That capability begins with a deliberately small structural model.

2.2 A Minimal Verifiable Structure

The native substrate is an integrity-verifiable binary data-structure DAG in which immutable
substructures may be shared by many parents. A logical digest names recursively defined content or
structure, while a local handle retrieves the representation available in one store. This separation lets
the same logical state use different persistence layouts and lets one handle retrieve either complete
structure or a compact record of its digest. Maps, objects, histories, and resources grow from five
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substrate forms, shown in figure 2:

• Root: a stable local name mapped to a node handle.

• Branch: two child handles with a logical digest derived from their digests.

• Leaf: raw bytes stored under a double-hashed handle and logical content digest.

• Stump: one retained digest for structure whose internal representation is unavailable.

• Null: the distinguished all-zero word denoting empty structure.

A digest commits recursively to everything beneath it. Changing one leaf produces new digests
along every dependent path to the root; the old node digest continues to identify the old state, while
advancing the durable root handle selects its successor. The stump gives missing structure a precise
place in this model by preserving the digest expected at one position and ending traversal at an
identified boundary. Null records actual emptiness, an unknown value records the absence of a
usable commitment, and a stump records committed structure awaiting evidence. Local mutation is
therefore movement among immutable logical states, and partial possession is a precise statement
about which regions of one such state are currently known.

0256

distinguished word
no persisted record

Null

root handle h

node handle w
persistent flag p

N

roots lookup

referenced node

Root

bytes b H(b) wL
H H

wL = H(H(b))
leaves[wL] = b

sync-digest= wL

Leaf

wB

wL wR dB

L R

dB

branches lookup

wL wR

stored digest

dB = H(dL ∥ dR)
wB = H(wL ∥wR ∥ dB)

Branch

d s = H(d)

digest d

H

stumps lookup

stumps[s] = d
sync-digest= d

no child references retained

Stump (stored stub)

Figure 2: Persisted DAG Node Forms
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2.3 Proof Under Partial Possession

A slice follows selected semantic paths through a complete state and replaces unrelated material with
stumps; because the result retains the original root digest, every included resource remains bound to
the complete state from which it came. Object-aware slicing follows documented protocols as well as
physical DAG edges, extending the economy of compact Merkle multiproofs [57]. Pruning applies
the same transformation to material already held locally, shrinking possession while the logical state
remains fixed; deletion instead constructs a successor state in which the resource is absent, allowing a
journal to release storage while preserving an exact historical commitment [15]. Merge moves in the
other direction by replacing a stump with matching structure or recursively combining compatible
branches; a digest mismatch aborts the operation and leaves conflict resolution to domain policy.
Serialization then carries node kinds, bytes, and retained digests across a transport boundary so a
client can reconstruct the same logical root, retain one proof, and accumulate neighboring evidence
through later responses.

Algorithm 1 Deep Slice Along Object Path
Require: Object node x and nonempty path p
Ensure: The selected path remains available and the logical digest is unchanged
1: function DeepSlice(x, p)
2: o← EvaluateObject(x)
3: k ← First(p)
4: if |p| = 1 then
5: o.Slice(k)
6: return Node(o)
7: end if
8: c← o.Get(k)
9: d← Digest(c)

10: q ← Rest(p)
11: c′ ← DeepSlice(c, q)
12: if Digest(c′) ̸= d then
13: Fail(“slice changed child digest”)
14: end if
15: o.Set(k, c′)
16: o.Slice(k) ▷ discard siblings not needed for k
17: return Node(o)
18: end function

2.4 Integrity as Infrastructure

Partial possession separates auditability from bulk custody. An auditor can retain the report,
definitions, path, and ancestor evidence relevant to one decision while the source keeps operational
data in its native system; another institution can preserve a complementary slice, and their copies
remain comparable because both resolve to the same commitment. Availability then grows from
replication, pinning, media renewal, and operating institutions: a digest may outlive every full copy of
the bytes it names, integrity makes each recovered copy checkable, and retention determines whether
recovery remains possible. Selective transfer, citation, archival sampling, and cross-organizational
inspection all follow from distributing these responsibilities among parties with different interests
and storage budgets. A small substrate concentrates trust in construction, hashing, persistence,

8



DRAFT

Algorithm 2 Deep Prune Along Object Path
Require: Object node x and nonempty path p
Ensure: Evidence at the selected path is removed while the logical digest remains fixed
1: function DeepPrune(x, p)
2: o← EvaluateObject(x)
3: k ← First(p)
4: if |p| = 1 then
5: o.Prune(k)
6: return Node(o)
7: end if
8: c← o.Get(k)
9: if c is not an available pair node then

10: return Node(o)
11: end if
12: d← Digest(c)
13: q ← Rest(p)
14: c′ ← DeepPrune(c, q)
15: if Digest(c′) ̸= d then
16: Fail(“prune changed child digest”)
17: end if
18: if c′ is a stub then
19: o.Prune(k)
20: else
21: o.Set(k, c′)
22: end if
23: return Node(o)
24: end function
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Algorithm 3 Merge Compatible Partial Structures
Require: Partial structures a and b
Ensure: The result contains the union of available evidence and retains the common digest
1: function MergePartial(a, b)
2: if Digest(a) ̸= Digest(b) then
3: Fail(“cannot merge different digests”)
4: end if
5: if a is null then
6: return a
7: else if a is a byte-vector leaf then
8: return a
9: else if a is a stub then

10: return b
11: else if b is a stub then
12: return a
13: else
14: aL ← Left(a); bL ← Left(b)
15: aR ← Right(a); bR ← Right(b)
16: l←MergePartial(aL, bL)
17: r ←MergePartial(aR, bR)
18: return Pair(l, r)
19: end if
20: end function

and controlled evaluation while rich semantics remain visible and historically evolvable in stored
objects above it. Verification still needs bounds on encoded size, node count, recursion, allocation,
and traversal because structurally valid evidence may be adversarially deep or broad. Within those
bounds, the substrate adds verifiable internal partiality to content addressing: structure can be
selectively possessed and later restored under one identity. Once roots advance through signed
committed steps, that identity becomes durable evidence about change; Section 3 develops this
succession and shows how independent histories can become evidence for one another.

3 History and Entanglement

3.1 Integrity Across Boundaries

Organizations already exchange information through shared clouds, data lakes, APIs, replicated
databases, signed documents, and ledgers. Each arrangement chooses a center of gravity. A
shared platform centralizes custody and policy. Replication creates additional copies while usually
aiming at one application state. Signed files travel independently but carry limited context about
succession. Webs of trust connect keys and attestations while leaving application data to other
systems. Blockchain bridges transfer claims between consensus domains and inherit the complexity
of both sides. Many important relationships require a different shape. A manufacturer and buyer,
laboratory and regulator, publisher and archive, or two neighboring communities may each need its
own history. They still need evidence that a foreign state existed before a later local event, and they
may need that evidence after one participant becomes unreachable. The desired result connects their
histories while each institution retains its own governance. Secure timelines provide the starting
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point. A service repeatedly commits its state into a one-way succession, allowing later authenticators
to establish the order of earlier states. Timeline entanglement carries signed authenticators across
service boundaries and incorporates them into later foreign authenticators [41]. This creates portable
temporal mappings: the past of one service becomes an input to the future of another. Synchronic
Web bridges apply that principle to histories whose states contain ordinary resources and executable
interpretation.

3.2 A Bridge Between Histories

A journal first turns local mutation into a committed step. Applications accumulate a proposed
state, inspect it, and then ask the journal to advance; the step compares the proposal with the
previous head, records declared mutation metadata and explicit state such as time and retained
remote heads, incorporates eligible evidence, constructs a canonical pre-signature view, signs its
digest, and advances the durable root. An authorized signing-key transition also requires a step
even when application state is unchanged. Time, remote responses, randomness, and operator
choices enter as explicit values under the normative model, while applications needing exhaustive
provenance store durable event objects or batch descriptions. Figure 3 shows the logical result:
application state, declared transition information, retained foreign heads, time evidence, identity
and key-lineage material, and signatures share one integrity-protected tree. Algorithm 4 exposes the
signing sequence by inserting the stable identity commitment, current rotation index and optional
transition, journal and interface descriptor fields, blanking both generic and journal-namespaced
public-key and signature fields to create the canonical view, signing its digest, and finally filling
those signing fields.

A bridge is a reciprocal signed-head-retention relationship. The journal that creates it becomes the
sole ongoing synchronization initiator, and the acceptor returns its own signed head in the same
replay-accepted exchange; this scheduling role supports private or intermittently reachable journals
through outbound connectivity and keeps commit cadence under local control. As shown in figure 4,
the initiator sends its stable identity and head signed by its current journal key, and the acceptor
verifies nonempty history, the identity bound to the relationship, any predecessor-authorized key
transition from its retained checkpoint, the committed descriptor endpoint, monotonic index, and
predecessor continuity before staging the new head and returning corresponding evidence. The
initiator performs the same checks locally. The implementation rejects older heads, same-index
forks, unrecognized identities or key transitions, and newer heads that omit the retained predecessor
digest. Acceptance records the foreign head as staged local state and returns an accepted-index;
incorporation occurs only when a later local step! includes that head in the receiving journal’s
committed tree. If B incorporates A’s head Ai into Bj , then Ai precedes Bj , and Bj together with
an inclusion proof becomes evidence that B incorporated A. Each journal may advance immediately,
slowly, or after administrative review, so repeated exchange creates a weave of coarse ordering
relations while the journals retain distinct sequences through disagreement. Re-establishing a locally
matching relationship may request a signed, read-only establishment check: only an exact reciprocal
descriptor, identity, and pair of retained indexes returns established?; any difference falls back to
the full exchange that advances or repairs the relationship. Ordinary scheduled synchronization
continues to exchange and apply heads.

3.3 Retention and Practicality

Historical identity and historical possession are separate choices. A journal may retain recent heads
in full while permanent history keeps chain continuity, signatures, selected proofs, and explicit pins;
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· · · n− 2 n− 1 n

Logical committed history

*state*

*transition*

*bridge*

*crypto*

Step n tree
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transition metadata

peer descriptor remote head m · · · m− 1 m

retained foreign history
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+ signature interface key + endpoint

simplified public crypto/descriptor view

Figure 3: Committed Step Anatomy
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Algorithm 4 Commit Journal Step
Require: Ledger L, Unix time t, signing public key pk, signing secret key sk
Ensure: Either no step is needed or a signed step is appended and retention is updated
1: function CommitStep(L, t, pk, sk)

▷ Comparable state omits transition and cryptographic metadata.
2: (S, P, T )← EvaluateLedgerFields(L)
3: r ← PendingKeyTransition(L)
4: k0 ← AcceptedSigningKey(L)
5: rotate ← (pk ̸= k0)
6: if rotate then
7: VerifyAuthorizedTransition(L, r, k0, pk, |P |)
8: else if r is present then
9: Fail(“pending transition does not match signing key”)

10: end if
11: dcur ← ComparableStateDigest(S)
12: if Size(P ) = 0 then
13: dprev ← Digest(null)
14: else
15: h← Get(P,−1)
16: dprev ← ComparableStateDigest(h)
17: end if
18: if dcur = dprev and not rotate then
19: return Size(P )
20: end if
21: u← UTC(t)
22: S.RecordTransition([*state*, *time*], u)
23: P.Push(Node(S))
24: S.Delete(*transition*)
25: H ← P [−1]
26: H ← EmbedHeadMetadata(H,L.identity , L.name, L.endpoint , L.interfaceKey , r)
27: C ← BlankSigningFields(H) ▷ Generic and journal-namespaced key/signature fields.
28: ds ← Digest(C)
29: σ ← Sign(sk, ds)
30: P [−1]← FillSigningFields(C, pk, σ)
31: if rotate then
32: CommitKeyTransition(L, r, pk)
33: end if
34: T.Push(P [−1])
35: qt ← DeepSlice(Node(T ), (-1 (*state* *time*)))
36: if L.window is set and Size(T ) > L.window then
37: T.Prune(−(L.window + 1))
38: end if
39: qp ← DeepPrune(Node(P ), (-1 (*state*)))
40: L.stage ← Node(S)
41: L.permanent ←MergePartial(qt, qp)
42: L.temporary ← Node(T )
43: return Size(P )
44: end function
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Initiator journal A Acceptor journal B

identity + signed head A + control-path evidence

verify identity, key lineage, and head A
status: accepted, not incorporated

identity + signed head B + acknowledgment (accepted-index)

verify and stage B
status: accepted, not incorporated

later, on each journal’s independent commit cadence

local commit includes head B local commit includes head A

later A head + inclusion proof
proves A incorporated B

later B head + inclusion proof
proves B incorporated A

Figure 4: Bidirectional Head Exchange

pruning replaces released material with stumps, pinning merges a chosen slice into the evidence held
for a historical head, and unpinning releases that local obligation. A finite recent-history window is
therefore a possession policy rather than an archival promise: shrinking it immediately releases newly
excluded unpinned material, while later widening changes future retention without reconstructing
what was released. Preservation becomes purpose-driven: a buyer can pin an inspection report
and its definitions, an archive can retain a complete site capture, and a witness can store signed
heads and incorporation receipts. Each role pays for the evidence it values, immutable sharing
reduces duplication among related states, and replication and media renewal turn local retention into
long-term availability. Bridge operation exposes a similar set of practical controls. Synchronization
cadence determines temporal resolution and network cost, while the signed-head and control-path
protocol determines the public material exchanged. Locked-down journals may preapprove a stable
journal identity; open journals may automatically accept valid creator-initiated relationships whose
creator retains initiation responsibility. Repeated synchronization safely confirms or advances
acceptance, local stepping remains independent of remote traffic, and a later signed head with an
inclusion proof establishes incorporation.

3.4 History at Network Scale

Sparse bridges turn entanglement into a network property. A foreign head may itself contain other
incorporated heads, so historical reachability composes recursively: from one selected journal, a
verifier can follow committed checkpoints across several relationships while preserving the path by
which each piece of evidence became known. The result is a Web of historical viewpoints, each
retaining its own timeline. At this scale witnesses become central because a journal can sign distinct
branches for isolated peers; when witnesses compare heads or later histories incorporate conflicting
views, the signed divergence becomes durable evidence. Transparency overlays and gossip develop
this comparison as a general accountability technique [11]; entangled journals contribute the retained
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cross-history checkpoints, signatures establish authorship of each branch, and witness topology
determines how quickly divergence becomes visible. Figure 5 captures the two forms of change now
in play. Along one timeline, the normative explicit-input model produces a deterministic successor.
Across timelines, a foreign head enters another journal’s committed state and establishes an ordering
edge. Together they allow computation to remain local while evidence becomes historically connected.
A large network will evolve while these histories accumulate: object formats, authorization rules,
query languages, and application protocols will change on different schedules, and historical evidence
remains most useful when the definitions needed to interpret it travel with the state itself. This
change-management problem leads to the next layer, self-encoding structure.

Local deterministic transition

object
d0

controlled
evaluation

object
d1

one journal; complete starting object, explicit inputs,
and controlled runtime determine the result

Cross-timeline incorporation

A head
Ai

C head
Cj

later C head
Cj+1

retained
Ai

Ai precedes Cj+1; the later C head and
inclusion proof form an incorporation receipt

Figure 5: Computation and Entangled State

4 Self-Encoding Structure

4.1 Code at Web Scale

A durable network must survive software change as well as storage failure. Data written today
may be read by another organization years later, after schemas, libraries, runtimes, and deployment
practices have moved on; preserving bytes answers only the first half of the archival question, because
the reader also needs a durable account of how those bytes were structured and what operations gave
them meaning. The Web already offers several approaches: JavaScript carries behavior to a widely
available runtime, Protocol Buffers and similar schema-driven encodings define stable wire forms
and evolution rules whose schemas supply interpretation beyond each payload, package managers
and containers capture dependencies, and reproducible-build and software-transparency systems
make artifacts traceable to declared sources and environments [53]. Each binds a different portion of
the path from stored bits to behavior. At Web scale, change management crosses administrative
boundaries: a recipient may accept data while declining the producer’s newest software, or retain
an old object long after its originating service has migrated. Reproducibility also demands explicit
treatment of time, randomness, network responses, and operator choices. Self-encoding structure
answers these pressures by placing a changeable definition inside the same commitment as the state
it interprets, creating a historical pair that can travel, be sliced, and be cited together. The runtime
becomes a smaller shared foundation, application semantics become ordinary versioned material,
and transitions can expose the environmental inputs on which their results depend.
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4.2 Lisp as Durable Structure

Lisp gives code and data one inspectable representation: a method definition, query, path, transition,
or configuration is an expression that can be hashed, stored, transmitted, and evaluated. Homoiconic-
ity turns semantic bootstrapping into structural composition because the network can preserve the
form describing an operation with the same substrate that preserves its inputs. The implemented
runtime uses s7 Scheme inside the journal; native primitives provide construction, hashing, persis-
tence, slicing, network preparation, and controlled evaluation, while Scheme builds maps, chains,
ledgers, authorization, and object protocols above them. This follows the tier-unifying intuition of
single-language Web systems [14], preserving explicit boundaries while reducing translations between
durable state and the logic that uses it. The bootstrap terminates in native storage and evaluator
semantics, which define how expressions are read, nodes are hashed, and capabilities are exposed.
Keeping this foundation small makes it practical to inspect and reproduce while every higher layer
can evolve as identified structure in journal history. A shared language still permits heterogeneous
protocols: objects may implement different methods and evolve under different authorities while
remaining transportable through the same node and evaluator model, with documented public behav-
ior providing compatibility across class systems. The implemented sync-let boundary copies inert
inputs into a reduced allowlisted environment, excludes ambient journal, network, time, randomness,
and host authority, and copies inert results back to the caller; finer per-object capability assignment
is an optional extension rather than a prerequisite for portable execution.

Capability confinement and evaluator isolation address different failures. Current Linux images
and binaries use wasmer-nofuel exclusively and fail closed unless a supplied target-specific AOT
matches its configured SHA-256. Each evaluation and request graph runs in a fresh instance without
ambient WASI authority; the native parent retains persistence, networking, capabilities, commit,
and retry. Attestation binds the exact AOT and target, but native AOT bytes are not portable.
Accepted Scheme/API behavior and the sync-node-v2 durable representation remain exact.

4.3 Self-Encoding Objects

A standard object is a node with executable definition on the left and durable state on the right; its
digest commits to both components and to their association. Evaluating that node with sync-eval
produces a transient callable object: a zero-argument call returns its current node, documented
method dispatch exposes behavior, and object-specific paths expose state according to the object’s
protocol. Figure 6 follows one transition as definition D0 and state S0 enter a controlled runtime
with explicit arguments and prepared environmental values, producing a candidate with revised
definition D1 and successor state S1. An authorized boundary chooses whether to persist that result,
while the starting object remains independently identifiable and semantic change becomes historical
succession.

Live mutation and durable mutation meet at explicit persistence: a method may update the live
object’s state, while the journal records the change after extracting the new node and storing it into
its parent or root. Nested mutation rebuilds each containing object along the return path, keeping
every predecessor available by digest and making the durable boundary visible in code. Objects
compose through public protocols: deep reads traverse semantic boundaries, deep mutations rebuild
ancestors, deep slicing and pruning ask each object to retain evidence appropriate to its layout, and
deep merge restores compatible partial material under matching commitments. Table 1 summarizes
this implemented family. Portable definitions arrive from parties who may use different software
and policy, so the caller places shared computation inside sync-let before loading an object with
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durable definition D0

durable state S0

identified object d0

one commitment covers definition and state

controlled runtime
apply D0 to
the complete

object, a, and e

explicit arguments a

prepared external values e

interpret
resulting definition D1

resulting state S1

identified object d1

D1 may differ from D0; durable only after acceptance

result

Figure 6: Self-Encoding Object Transition

sync-eval; privileged host orchestration obtains time, remote responses, and other environmental
values first and passes them as copied ordinary data; and authorization and explicit storage turn the
candidate result into history.

Operation Signature Behavior

deep-get (deep-get object path) Traverse nested public get methods and return
the value at the path.

deep-set! (deep-set! object path value) Set the terminal value and rebuild each con-
taining object.

deep-slice! (deep-slice! object path) Retain evidence along the path while preserving
the logical digest.

deep-prune! (deep-prune! object path) Remove evidence along the path, rebuilding
parents or replacing exhausted children with
stubs.

deep-merge! (deep-merge! source target
(path ’()))

Merge digest-compatible evidence into the tar-
get or into the optional target path.

deep-copy! (deep-copy! object source-path
target-path)

Read a value from one nested path and set it
at another.

deep-call (deep-call object path
callback)

Evaluate a callback against the selected object
and return the callback result while leaving
ancestors unchanged.

deep-call! (deep-call! object path
callback)

Evaluate a callback, retain the mutated child
node, and rebuild every ancestor.

Table 1: Deep Object Operations

4.4 A Controlled Semantic Web

The project’s standard.scm object system grows semantics from a small evaluator: portable classes
compose through public protocols and ledgers place results into signed history. Application-defined
objects carry domain concepts, while staged programs use a journal capability to compose reads,
writes, historical resolution, retention, and further calls in the native path, history, and object
vocabulary. One administrator-managed staged program may also launch through detached call!

17



DRAFT

after each successful commit, receiving that commit’s index; launches may overlap and effects
retain ordinary non-atomic semantics. This is periodic execution rather than a durable scheduler or
outbox, because process failure between commit and dispatch can lose a launch. Evidence-producing
read-only queries offer another possible surface. These facilities extend the substrate under three
controls:

• Deterministic transition. Successors derive from committed definitions, explicit arguments,
evaluator semantics, and controlled primitives; environmental facts enter shared computation
only as prepared inputs.

• Resource governance. The optional sandbox bounds one malicious top-level operation: a
private fixed 25-second host deadline covers guest and blocking nested work, blocking and
detached descendants share a causal 512 MiB guest-memory envelope, and host-call, byte,
fan-out, message, and leaf limits constrain mediation. Failure rolls back request-local state
without replay, and each next request starts fresh. There is no deterministic Scheme-operation
meter, caller budget, or public accounting contract [36, 52]; coordinated concurrent exhaustion
still requires host admission control or cgroups.

• Explicit evolution. Public protocols and layouts are compatibility contracts. Migrations
must state authority, validation, rollback, partial-object behavior, and runtime compatibility
rather than treating executable history as automatic semantic compatibility.

5 The Journal-Relative Web

5.1 A Web of Resources

The conventional Web organizes interaction around sites, origins, URLs, resources, representations,
links, and clients [29, 7]; the Synchronic Web gives each term a historical analogue. A journal
resembles a site with its own administration and evolving state, its root supplies an origin for
interpretation, a path identifies a resource from that root, and a committed head selects the historical
view in which resolution occurs. The returned representation may be bytes, an expression, a
partial proof, or a self-encoding object. Resource identity has two dimensions: a path such as
components/17/inspection gives continuity across versions, while a digest identifies the exact state
found there at one head. A client can therefore request the current resource, resolve the same
path at an earlier index, or cite one particular representation by digest. Paths cross semantic as
well as structural boundaries: one segment may enter a tree, another an object, and another a
foreign history retained beneath a bridge, with each object interpreting its documented portion
while preserving end-to-end evidence. Because historical states remain addressable, ordinary links
embedded in representations can cite a persistent version rather than only a moving current resource;
relative references remain ordinary URI references interpreted by the client against the selected
resource [58, 46]. Every journal thus induces a distinct coordinate system over local and reachable
foreign state; a bridge segment records the relationship through which a foreign coordinate became
reachable, a historical index selects the committed viewpoint, and content-derived identifiers name
exact representations [25, 34, 67]. A prior state becomes part of the ordinary address space, partial
evidence can travel as its representation, and clients can distinguish unknown structure, empty
structure, unavailable data, policy denial, and unreachable endpoints.

5.2 Access Across the Web

Most useful data begins in an operational form—relational rows, object records, files, indices,
transactions, or application-specific graphs—while an addressable network form favors stable resource
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boundaries, linking, selective transfer, citation, and plural retention. Table 2 presents these as
complementary views. A Web projection maps selected operational state into journal resources
under a contract covering deterministic encoding, paths, resource boundaries, progress manifests,
correction, privacy, deletion, and replay. The source can remain load-bearing while an asynchronous
projection supplies historical evidence, and mature clients may gradually let selected projected
resources assume an operational role.

Aspect Addressable Network Form Query-Optimized Operational Form

Primary unit Independently identified resource and re-
lationship

Application record, row, object, index, or
transaction

Identity Root-relative path plus resolved state com-
mitment

Application key interpreted within one op-
erational system

Strengths Linking, citation, selective transfer, plural
ownership, and historical reference

Locality, transactions, compression, index-
ing, and efficient bounded queries

History Durable resource states and cross-history
relationships are first-class

Commonly application-defined, com-
pacted, or maintained in separate logs

Typical costs Traversal, synchronization, repeated meta-
data, and derived indexing

Provider dependence, schema coupling,
and application-specific portability

Architectural role Shared network projection and durable
evidence

Load-bearing operations and rebuildable
derived views

Table 2: Complementary Data Forms

Local paths provide access within one journal; federation extends access through exact journal
objects already committed beneath those paths. The canonical public form is one flat journal-relative
path: an optional origin index, followed by directional bridge aliases with an optional destination
index after each alias, then a namespace and terminal-local path. Thus (*state* alice report)
is local and current, (carol bob *state* alice report) follows two current bridge aliases, and
(20 carol 15 bob -3 *state* alice report) selects a historical index at every journal. Omitted
indexes mean current, aliases are receiver-local rather than global journal names, and repeated
*bridge* markers remain an internal storage and compatibility detail. Live get and set! follow
the current committed object at each hop; resolve combines that current route for authentication
and endpoint context with independently selected historical indexes for content. Missing material
may fill a stump only when its digest remains fixed, and a live continuation never substitutes a
newer embedded checkpoint. The implemented signed application surface comprises scalar get,
set!, and resolve plus dedicated get-batch and set-batch! over one current working route. A
staged batch signature binds ordered paths and values, codec choice, and the exact presence and
content of optional expected values; the terminal authenticates first and then authorizes every
member, requiring both read and write authority for a conditional write. Public resolve-batch
instead groups committed paths by compatible route and history internally, while batch pinning and
unpinning mutate retention only at the origin; direct route, constrained trace, info, size, and
synchronize! remain bridge/control protocol. Finite routes may revisit a journal, with terminal
authorization deciding whether the resulting principal is permitted. Figure 7 shows the exact-object
handshake and direct terminal invocation:

• Exact forward route. From A’s selected committed head, each hop follows the nested journal
object already stored there until A reaches the exact B object containing B’s stable journal
audience, interface endpoint, and index/digest context.

• Receiver-relative return. B returns a partial object at that same historical B head containing
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B’s reverse route to A’s interface key and root-sequence context; A requires its index, digest,
and reverse sequence to agree with the B object already committed beneath A’s forward
route [17].

• Direct application call. A signs and sends the B-rooted object with a get, set!, or resolve
invocation directly to the committed canonical endpoint; intended production deployments use
HTTPS. B matches the raw supplied-object digest against its own history before evaluation,
reconstructs the canonical bridge principal, checks audience and signature, and authorizes the
request locally. Intermediaries see public route/control metadata while the private function,
path, arguments, and value travel only on the final connection.

• Result and retention. Live get results and set! acknowledgements receive operational
assurance from the direct connection to the committed endpoint; resolve additionally returns
proof that A verifies against the selected historical B object. A may then retain that proof
through a separate origin-local pin! over the full origin-relative historical path.

The records implementation and Scheme tests cover exact-object multi-hop routing, descrip-
tor/key/endpoint/audience binding, terminal authorization, signed staged batches and conditional
writes, grouped committed resolution, origin verification, local proof retention, self-returning finite
routes, and rejection of local-only operations. Multi-node HTTP and browser QA has exercised
direct and multi-hop get, set!, and resolve; ancestor projection and unauthorized-child denial;
proof round-trip and origin-local pinning; outage recovery; and bridge deletion, exact establishment
checks, repair, and re-establishment.

Origin A Intermediary C Terminal B

follow exact C object in selected A head

follow exact nested B object; preserve digest

B-rooted partial object + reverse route to A key

same B index/digest + root-sequence context

A matches returned B object to its committed forward route

direct final mile; intermediary sees no private function, path, arguments, or value

B-rooted object + signed get/set!/resolve

live get/set! result; resolve returns verified proof

Figure 7: Exact-Object Route and Invocation

5.3 Identity as History

Identity, integrity, and authorization form a continuous historical path. A journal creates a stable
identity commitment as the SHA-256 digest of a domain-separated random nonce; bridges, preap-
provals, and invocation audiences bind that identifier rather than a permanent signing key. Each
head carries the current journal signing key, and a receiver accepts a later key only through a
predecessor-authorized transition rooted at its retained checkpoint. The same verified committed
head binds the journal name, interface key, and canonical endpoint, while info supplies conve-
nience metadata. For an invocation, the origin supplies an explicit scalar—its journal, a locally
authenticated user, or a public caller—which the exact route turns into a receiver-relative principal
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such as (alice *state* carol) or (alice bob *state* carol). The terminal-local key-index
records the terminal history index whose committed bridge object authenticated that origin key,
and an authorization rule may constrain it relative to the terminal’s current index; it is a local
historical key window rather than an origin freshness marker. Terminal rules grant path-scoped
get, set!, and resolve permissions only, including the corresponding authorization applied to
each batch member. Administrators are local (*state* name) principals, and bridge management,
configuration, authorization changes, retention mutation, secrets, windows, and root-plane calls
remain local. A local administrator’s bridge! performs implemented two-phase orchestration by
synchronizing the peer before re-entering the authenticated local mutation with prepared data.
Replay is intentionally accepted: set! keeps ordinary repeatable-write semantics, transport retries
may repeat it, and applications add identifiers, idempotency, or state preconditions when their
domain requires them. Across all cases, the committed route identifies the origin, its signature
authenticates the invocation and optional user attestation, and terminal state maps the resulting
principal to permitted operations.

5.4 A Web of Viewpoints

A mature Synchronic Web begins from the journal a person, organization, or application chooses to
trust locally. That journal is simultaneously a store, historical memory, policy engine, and gateway
into other histories; following an ordinary link is a client action from this viewpoint, with the target
resolved through the same historical addressing and local policy as any other resource. Discovery
supplies candidate journals, endpoints, resources, and routes through descriptors, indices, social
exchange, existing links, and out-of-band knowledge. Historical continuity lets candidates update
endpoints and interface keys while preserving identity, local policy promotes selected candidates
into bridges or trusted routes, and the journal’s graph gradually records both reachable resources
and the relationships through which they became meaningful. Clients make this architecture
usable. A browser, filesystem, gateway, projection worker, or inspection tool chooses roots and
heads, fetches and merges evidence, invokes objects, enforces policy, and applies retention intent;
routine interactions present ordinary resources while audit views expose paths, signatures, slices,
and receipts. Application vocabularies such as W3C PROV, domain schemas, scientific objects,
and future protocols remain resources above the generic history and integrity layers [50, 51], with
definitions that evolve through self-encoding objects and relationships that can identify resources
across journal boundaries. The governing principle is that every resource is reached from a chosen
viewpoint, every historical claim carries its evidence, and every act of trust belongs to the journal
that relies on it.

6 Application Sketches

The following sketches place the same architecture in four settings with different institutions, retention
horizons, and consequences. They are design exercises grounded in the implemented integrity, object,
and local-history layers; their federated stages inherit the implementation and acceptance-test
boundaries described in Section 5.

6.1 Decentralized Web Archives

A conventional site can continue serving pages from its content system while a projection worker
gives selected resources durable journal-relative paths. Each capture records its deterministic
representation, interpretation metadata, source path, and projection cursor; the site’s current page
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remains convenient for browsing, while the projected resource adds a history that independent
archives can retain and verify. Several archives may preserve overlapping portions of that history—
one complete captures, another text and metadata, and a third selected high-value resources—with
slices that remain comparable through shared commitments. Reciprocal bridges can then place
important source and archive heads into one another’s later histories, leaving incorporation receipts
that survive the loss of any one service. This model supports gradual adoption. Static sites,
databases, and content-management systems remain operational while the projection adds an audit
path. Native clients can later resolve historical resources directly, follow ordinary links into retained
versions, or compare captures from several archival viewpoints. Long-term operation still demands
capture-fidelity policy, privacy review, legal-erasure procedures, malicious-content handling, media
renewal, and cryptographic migration [12]. The journal gives those activities a stable evidentiary
structure.

6.2 Production Traceability

Consider a manufacturer M that records an inspection report for component 17 in its quality-
management database. A projection worker encodes the report at components/17/inspection,
where the path names the continuing production resource and an application-defined object binds this
version’s bytes, metadata, and interpretation; M then records declared transition context, signs the
successor state, and advances to head Mi, extending existing traceability models with independently
retained history [63, 27]. When buyer B requests evidence, M slices Mi along the inspection path to
retain the report, its definition, and the ancestor evidence needed to verify the root. B can merge
and pin that slice according to procurement policy while M prunes its local historical copy after the
retention window. If M and B maintain a reciprocal bridge, B accepts Mi and later incorporates
it into head Bj , whose inclusion proof becomes a receipt establishing that the inspection state
preceded B’s later history. Protected details travel through an exact-object route handshake: B
follows the manufacturer object already committed beneath its selected head, matches M’s returned
reverse-key object to that same checkpoint, and then sends the signed request directly to M for
terminal authorization. A correction later produces identifiable successor Mi+1, and B can record
acceptance, dispute, or follow-up inspection in its own history. Cryptographic evidence preserves
the reports and their ordering; physical identifiers, inspection practice, and institutional judgment
connect that evidence to the component itself.

6.3 Self-Sovereign Identity Anchors

A person or organization can establish a stable path beneath a selected well-known root and use it
as an anchor for a profile hosted by an evolving journal. The profile can contain current endpoints,
public keys, service relationships, and links to selected claims, all interpreted by observers from
roots they already recognize. Changing providers then becomes a historical transition: the earlier
state points toward the successor relationship, the new host publishes its descriptor and key, and
observers follow the retained trail according to their own policy. Historic name trails developed
a close model for changing personal online identifiers [42]; journal history extends the trail to
richer state, reciprocal receipts, and application-defined relationships. Self-sovereignty here means
continuity under chosen governance. Anchor operators, witnesses, and communities define how
recovery, delegation, impersonation disputes, privacy, and endpoint discovery work. The journal
structure preserves the evidence those rules consume: prior keys, authorized transitions, witnessed
heads, and competing branches. A person can change hosts while keeping the history through which
others recognize the change.
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6.4 Agent Reputation Discovery

A user can begin from journals and communities already trusted for a task, then follow explicit
relationships to reporting agents whose reports cite sources, record methods, receive corrections, and
accumulate later outcomes. Reputation becomes a view computed under local rules from inspectable
history that can travel across ranking services. Different communities may retain different evidence
and value prediction calibration, source transparency, or specialized performance; their judgments
can diverge while still citing common reports and outcomes. Secure per-node logs and deterministic
replay offer a related accountability model [26], while partial journal history makes selected evidence
portable across evaluators. Sybil resistance, collusion analysis, key protection, and source quality
remain parts of the reputation institution. Historical integrity contributes stable inputs—which
claim appeared, which sources accompanied it, which correction followed, and which community
endorsed the result—that a chosen journal can combine into a local discovery view and preserve
for inspection. Across all four sketches, operational systems continue doing the work they perform
best: projection gives selected state durable coordinates, commitments preserve succession, bridges
relate institutional histories, partial evidence distributes retention, and self-encoding objects carry
interpretation. The architecture becomes valuable where several of these needs meet in the same
resource.

7 Related Work and Lineage

The literature usually calls a structure whose answers can be checked against a commitment an
authenticated data structure. This paper uses integrity-verifiable for that structural property and
reserves authentication for identity, origin, and authority. The vocabulary keeps digest consistency,
signatures, and authorization visible as separate steps.

7.1 Integrity and Entangled History

Cryptographic timestamping establishes one-way succession among committed documents [24].
Persistent authenticated dictionaries make earlier versions queryable [1]; general authenticated-
structure models and generic programming techniques extend the pattern across data structures [45,
48]. Compact multiproofs reduce repeated Merkle evidence, while tamper-evident logs organize
efficient historical queries and controlled deletion [57, 15]. Transparency systems apply these
structures to public accountability. Certificate Transparency, CONIKS, and CHAINIAC use append-
only or collectively witnessed histories to make authority behavior inspectable [35, 47, 53]. PeerReview
combines attributable logs with deterministic replay for distributed systems, and transparency
overlays generalize witness comparison across applications [26, 11]. Maniatis and Baker’s secure
timeline entanglement is the direct precedent for bridge-composed history [41]. Timeweave imports
signed foreign timeline threads into later authenticators, yielding temporal mappings, incorporation
receipts, and proofs that survive the originating service. Synchronic Web bridges carry this established
mechanism into sparse relationships among journals whose histories contain path-addressed, partially
retained, self-encoding state.

7.2 Provenance and Preservation

Untrusted-storage systems show how clients can retain compact state and detect server equivocation
or tampering [38, 40, 30]. The Synchronic Web adopts the same client-held-commitment discipline
while allowing each journal to maintain its own state and history. Database provenance distinguishes
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why- and where-provenance, while Web provenance models processes, evidence, and responsibility [10,
49, 50]. W3C PROV standardizes entities, activities, agents, derivations, and responsibility for
interoperable exchange [51]. Nanopublications package scientific assertions with provenance and
publication context [22]; secure provenance protects provenance records as they cross untrusted
environments [27]. These models can inhabit journal resources as application vocabularies. Content-
derived naming and distributed preservation supply another lineage. IPFS, Trusty URIs, secure
names, and self-certifying paths bind identifiers to content or cryptographic authority [6, 34, 25, 46].
Merkle-CRDTs use Merkle DAGs for convergent replication, Named Data Networking centers retrieval
on named data, and LOCKSS combines peer replication with auditing for preservation [59, 67, 43].
Tiered fault tolerance treats rare failures and cryptographic aging as ordinary long-horizon events [12].
The Synchronic Web joins these concerns through resources whose content, history, and interpretation
can be retained at different levels of completeness.

7.3 Decentralized Webs and Identity

Web architecture separates resource identification, representations, and interaction; RFC 3986
supplies global URI syntax and relative-reference resolution [29, 7]. Memento adds datetime
negotiation and TimeMaps for earlier resource states [65]. Synchronic Web paths apply rooted and
historical resolution within a journal’s verifiable state. SDSI develops linked local namespaces, and
SPKI/SDSI chain discovery builds proofs of naming and delegated authority for a relying party’s
policy [58, 13]. Decentralized trust management likewise evaluates presented credentials under
local rules [9]. Historic name trails follow changing online identifiers [42], while earlier Synchronic
Web identity work describes verifiable chains between anchors [17]. Receiver-relative principals and
exact committed-object routes give these ideas a construction from checkpoints retained in journal
history. Local-first software emphasizes local ownership and responsive operation; Solid separates
user-controlled stores from applications [32, 44]. Webstrates persists and synchronizes mutable
DOM state, including code, while AT Protocol combines signed per-user repositories, decentralized
providers, and account portability [33, 31]. Data spaces develop governance among organizations,
and the Semantic Web pursues machine-interpretable relationships among resources [54, 8]. Verifiable
credentials provide a mature vocabulary for issuer, holder, verifier, claim, and proof roles [60]. The
journal-relative Web places these application and governance choices above a common layer of
integrity, history, and local policy.

7.4 Persistent Computation and Agents

Orthogonal persistence makes values durable independent of type-specific storage code, while tierless
languages reduce representational boundaries across application layers [4, 14]; Emerald supports
mobile objects, Argus structures distributed programs through guardians and atomic actions, Safe
Tcl confines portable scripts, and proof-carrying code attaches statically checkable evidence to
behavior [56, 39, 36, 52]. Distributed computation offers neighboring models: Ethereum and
Hyperledger Fabric couple execution to shared ledger governance [66, 2], Linda provides associative
tuple spaces [21], Bayou supports weak connectivity, Dynamo prioritizes availability, and CRDTs
define convergent replicated types [64, 16, 61]. CALM characterizes monotonic programs that avoid
coordination, while Merkle search trees organize state-based CRDT exchange [28, 5]. Self-encoding
objects draw from these traditions by binding behavior and state inside an integrity-protected
representation evaluated locally while histories preserve relationships among independently advancing
states. Agent systems illustrate the demand for durable structured context. Retrieval-augmented
generation supplies external documents; Generative Agents stores experience streams and reflections;
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AriGraph combines semantic and episodic memory; and HippoRAG builds a long-term retrieval
index [37, 55, 3, 23]. Agent-oriented programming and KQML provide an earlier lineage for explicit
state, intention, and communication [62, 20]. Journals offer these systems portable evidence, historical
correction, and locally evaluated reputation while leaving agent orchestration to the application.
Every major ingredient therefore has a substantial precedent. The architectural contribution is their
composition: self-encoding structures retain identity under partial possession, independent histories
become entangled, journal-relative paths expose those histories as resources, and clients turn proof
handling into ordinary interaction. Composable-ledger work provides an earlier step toward this
synthesis [18]; the present architecture develops it into a plural Web.

8 Discussion and Conclusion

8.1 Bounded Guarantees

The Synchronic Web composes bounded assurances: a root and verifier establish structural integrity; a
signature authenticates a head’s key; historical resolution identifies earlier states; entanglement orders
a foreign head before incorporation; a committed route connects a remote key and endpoint to retained
evidence; and authorization applies local rules. Authentication gives a key historical meaning, domain
evidence supports truth, preservation sustains availability, witnesses expose divergent branches, and
selective disclosure, terminal policy, secure transport, and protected storage sustain confidentiality.
Confidentiality extends into persistence: journals durably hold private data and credentials, so
the client, evaluator, runtime, persisted state, backups, and key store form the trusted computing
base. The Root secret remains host-only and unpersisted; a distinct rotatable Interface bearer
lives in private Root state but is absent from Ledger and Federation objects, proofs, traces, user
state, and public configuration, making backups live credential material. Table 3 summarizes these
mechanisms and dependencies. Their limits clarify failure: a surviving digest identifies lost evidence,
two signatures can expose equivocation, and a deterministic transition can reproduce a supplied
timestamp without establishing its accuracy. The architecture preserves evidence for judgment and
keeps the boundary visible.

8.2 Costs and Architectural Fit

Integrity adds hashing, persisted handles, proof paths, and verification work; history adds retained
states and key stewardship; partial possession saves content storage while keeping ancestor evidence,
stumps, and serialization metadata; self-encoding objects add evaluation, confinement, debugging,
compatibility, and migration; and federation adds exact-object routing, direct transport, terminal-
local authorization, origin verification of historical results, and application handling of accepted
replay. A controlling exact-checkpoint social comparison measured 86.22% of native throughput
and 1.193× Journal CPU per cycle; four-Journal PSS medians of approximately 1.42× at the
measurement boundary and 1.44× after idle were material but noisy. No hard stop or parity claim
follows, and negative host tuning leaves the portable AOT as the sole retained direction. These
costs make architectural fit important, as summarized in table 4. The Synchronic Web becomes
compelling when independent roots, selective possession, durable interpretation, historical correction,
and cross-institutional evidence coincide, as they may in production traceability, portable identity, or
decentralized archives. Applications may still add coordination above the journal layer for payments,
settlement, exclusive allocation, deadlines, or physical custody; journals give these domain protocols
durable inputs and histories, while each application defines its shared decision procedure.

25



DRAFT

Mechanism Assurance Operational Dependence

Integrity structure Available material agrees with an
accepted commitment

Accepted anchors, canonical encoding,
correct verification, and retained copies
for availability.

Partial structure Selected evidence retains one
complete-state identity

Proof metadata, disclosure policy,
resource bounds, and custodians for
omitted material.

History Successive states and earlier identities
remain verifiable

Key continuity, storage, migration, and
witness comparison among signed
branches.

Self-encoding
structure

State remains durably associated with its
interpretation

Compatible runtimes, capability
confinement, request isolation, host
admission, documentation, validation,
and migration.

Entanglement Foreign history precedes a later
incorporating head

Synchronization, committed inclusion,
receipt retention, witnesses, and local
trust policy.

Federated route A terminal authenticates an origin
through the exact journal object
committed in its own history

Exact committed route objects, a
reachable committed endpoint,
authenticated production transport,
terminal-local authorization, origin
verification of resolve, and application
handling of accepted replay.

Rooted paths Resources retain continuity from a
selected viewpoint

Root choice, discovery, route maintenance,
historical context, and indexing.

Table 3: Architectural Assurance Boundaries

System Suitable Situation

Ordinary database One operator with efficient current-state queries.
Signed documents Complete immutable payloads from known publishers.
Content-addressed store Immutable retrieval by digest.
Transparency log Public accountability for one authority.
CRDT Replicas expected to converge on one application state.
Global ledger Participants sharing transaction order and consensus governance.
Synchronic Web Independent roots requiring selective possession, durable interpretation,

historical correction, and cross-institutional evidence.

Table 4: Architectural Fit
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8.3 From Architecture to Specification

The records layer supplies a reference implementation of the architecture: digest and handle
separation, partial possession, root advancement, reciprocal continuity, stable journal identity with
predecessor-authorized signing-key rotation, exact-object multi-hop routing through directional
aliases, signed descriptor and audience binding, direct get/set!/resolve, dedicated staged batches
and grouped committed resolution, terminal-local authorization, and origin verification and retention
of resolved proofs. A durable specification should define these observable invariants without freezing
the current object layouts or service decomposition, and conformance tests should connect each
invariant to accepted and rejected traces. Its assurance boundary must remain equally explicit.
Acceptance of a foreign head is not incorporation; only a later signed head plus inclusion proof
establishes the cross-history ordering claim. Routine signing-key rotation preserves a stable journal
identity, but catastrophic loss or compromise of the accepted signing authority still requires a
governance rule outside that lineage. The shared execution boundary isolates capabilities and copies
inert values, while request isolation can contain one causal operation through a private fixed host
deadline and mediation bounds; it exposes no deterministic Scheme-operation or public accounting
contract and cannot prevent aggregate out-of-memory failure from coordinated concurrent requests
without host admission controls. These are bounded properties of the architecture, not unfinished
protocol features: they identify where applications, operators, and future specifications must add
policy without weakening the integrity claims made here.

8.4 Toward a Plural Web

The architecture begins from a modest observation: durable information needs both continuity and
a point of view. Integrity-protected state, signed succession, retained definitions, and cross-history
receipts supply continuity; a journal that chooses roots, preserves evidence, follows relationships,
and applies local policy supplies the viewpoint. Their composition produces a distinctive Web
in which resources survive changes in representation and host, histories intersect while retaining
independent order, observers possess different portions of one committed state, definitions evolve
beside the objects they interpret, and federated paths preserve the historical routes through which
other journals became meaningful. This is the deeper value of timeline entanglement in a resource
architecture [41]: foreign history becomes locally retained evidence, self-encoding structure turns
evidence into durable meaning, journal-relative paths make that meaning findable and citable, and
specialized clients keep the machinery quiet during ordinary use and explicit during inspection. A
plural Web will still contain disagreement, loss, compromise, and institutional change; its strength
lies in giving those events durable form through corrections, receipts, witnesses, and independently
held roots. Networked information can thereby become easier to carry across time while preserving
the diversity of systems and institutions that give it meaning.

Glossary

Reference definitions for recurring terms introduced throughout the paper.

Authentication
Verification of an asserted identity, origin, or authority through evidence such as credentials
and signatures. Merkle integrity supplies the complementary structural check against a
commitment.
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Authorization
A policy decision determining whether a principal may perform an operation. In current
federation, terminal-local rules grant remote principals path-scoped get, set!, and resolve
permissions; administrators remain local principals.

Bridge
A reciprocal signed-head-retention relationship through which each journal preserves a verified
head for the other. Reciprocity provides identity and history reachability, while terminal policy
independently grants application-data authority.

Digest
A cryptographic hash derived from a node or larger structure and used as its integrity identifier.

Historical cursor
The independently selected origin and per-hop indexes used only by resolve. A canonical
public journal-relative path interleaves these indexes with directional aliases; the Interface
separates that path into the current route used for authentication and endpoint context and
the historical cursor used to select committed content.

History
Used in its ordinary broad sense for prior states and changes. Concrete chains, heads, and
receipts represent history using ordinary Synchronic Web structures.

Integrity
The property that modification can be detected relative to a known commitment. Authentica-
tion and authorization supply the associated claims about identity, origin, and authority.

Journal
The software an entity runs together with all data persisted on it. A journal supplies the root
from which that entity views the Synchronic Web and is analogous to a site or origin on the
conventional Web.

Journal identity
A stable commitment formed from a domain-separated random nonce and bound by bridges,
preapprovals, and invocation audiences. Active signing keys may evolve beneath this identity
through predecessor-authorized transitions.

Key-index
The terminal-local history index whose committed bridge state authenticated a remote interface
key. Authorization may constrain this index relative to the terminal’s current history.

Merge
To combine compatible partial structures whose integrity relationships agree.

Node
A generic term whose meaning follows from context. It may denote a node in the integrity-
verifiable data-structure DAG or an entity in the graph of journals and relationships.

Object
A durable structure that couples executable behavior with state. Its documented protocol
determines how the state is read, transformed, and represented; its internal layout remains
implementation-specific.
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Origin-local pin
Retention of verified remote proof material in the originating journal under the full origin-
relative historical path. It follows a federated resolve and mutates the origin’s retention
state.

Path
A sequence interpreted from a selected journal root to address a resource or intermediate
structure. A canonical federated path interleaves optional historical indexes with directional
aliases before the terminal namespace and local path. Like a relative URL, its meaning is
completed by a starting root.

Prune
To remove retained material while preserving the integrity relationships needed to identify the
larger structure.

Record
Any snippet of data stored on a journal or transmitted between journals. The term is
intentionally fluid across object shapes, historical entries, and storage units.

Resource
A path-addressed value or object in a journal-relative view. Its low-level representation may
be a leaf or a larger self-encoding structure.

Root
A distinguished reference from which persisted structure is reached and interpreted. Unless
otherwise qualified, a journal root is also the starting point for paths in that journal’s view.

Root commitment
A digest or integrity reference accepted as the fixed point against which a structure is verified.
Additional evidence is required to establish who created, supplied, or endorsed it.

Slice
A proof-preserving partial structure retaining the material required for selected paths while
replacing unrelated material with stubs.

State
Used in its ordinary broad sense for the condition or contents of a system, structure, object, or
resource at a relevant point or context.

Step
A discrete journal transition that turns staged changes into a new historically resolvable state.

Stub
A representation that retains the digest of unavailable, undisclosed, or intentionally pruned
structure while omitting its contents. A stub represents unknown structure; null represents
empty structure.

Stump
The low-level persisted node form used to represent a stub. It stores a retained logical digest
under a distinct local node handle.

Synchronic Web
The network, data structure, computational medium, and protocol family formed when
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independently rooted journals make resources and histories reachable through journal-relative
paths and bridges.

Terminal journal
The journal that directly receives and authorizes a federated application invocation after the
origin follows a working route to its committed endpoint and authentication object.

Working route
The ordered receiver-local directional aliases used from the origin’s latest committed view to
select the terminal authentication object, endpoint, and reverse path to the origin key. Its
implicit indexes are current; resolve may select historical content independently.

Entanglement
Cross-history ordering created when one journal incorporates another’s committed head into
its own later state. The term follows Maniatis and Baker’s secure-history protocol [41].
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