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RDF 1.2 introduces triple terms, enabling an RDF triple to occur in the object position of another triple. This extension
yields two conformance profiles: RDF 1.2 Full, allowing triple terms, and RDF 1.2 Basic, excluding them. Consequently,
interoperability between Basic and Full implementations becomes non-trivial, as Basic processors cannot directly
consume graphs containing triple terms. In response, the W3C Group Note Draft RDF 1.2 Interoperability, published
by the RDF & SPARQL Working Group, describes a non-normative pair of transformations: basic encoding (Full — Basic)
and a corresponding decoding (Basic — Full). This paper provides a mathematically precise account of that proposal,
grounded in the RDF 1.2 abstract syntax and RDF 1.2 model-theoretic semantics. We formalize the syntax of triple
terms, define recursive “appearance” of terms, specify encoding/decoding as functions on graphs and datasets, establish
invertibility and idempotence results under explicit admissibility conditions, and briefly clarify their semantic status under

standard RDF semantics.
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1 Introduction

The Resource Description Framework (RDF) [/] is a foun-
dational data model for representing and exchanging graph-
structured information on the Web. In its classical form,
RDF expresses knowledge as a set of subject—predicate—
object triples, where each triple asserts a directed relationship
between two resources. This minimal unit of description has
proven remarkably effective for interoperability: it enables a
broad ecosystem of tools for parsing, querying, reasoning,
validation, and integration across domains. At the same time,
real-world knowledge graphs increasingly require more than
plain binary assertions. In practice, many applications must
attach provenance, evidence, confidence, qualifiers, attribu-
tion, temporal validity, and change tracking to individual
assertions, not only to datasets or graphs as a whole [2—4].
These requirements arise naturally in settings such as data
integration pipelines, scientific knowledge management, and
enterprise governance, where traceability and accountability
are first-class concerns [5].

In RDF 1.1, statement-level annotation is typically
achieved through modeling idioms that encode an assertion
as a resource-like object that can be described. The most
widely known technique is standard reification, in which
a separate node is introduced to represent a triple and is
linked to its constituent subject, predicate, and object. While
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reification is conceptually simple and fully compatible with
RDF 1.1 syntax, it is often considered impractical at scale:
it substantially increases graph size, complicates queries
due to additional join structure, and typically imposes a
representational burden on publishers and consumers [6, 7].
More general idioms, such as n-ary relation patterns, provide
flexibility for qualifiers but similarly shift the representation
away from the original binary predicate and often require
a redesign of query and constraint logic around introduced
intermediate nodes [8]. Named graphs, in turn, provide an
elegant mechanism for graph-level metadata [9], yet they
remain comparatively coarse when distinct metadata must
be attached to individual statements. As a result, production
knowledge graphs often rely on ad hoc conventions, system-
specific extensions, or hybrid patterns that fragment data
models and reduce portability across tools and platforms.
RDF 1.2 addresses these limitations by introducing triple
terms (also informally known as quoted or embedded triples)
as first-class citizens of the abstract syntax. Intuitively, a
triple term allows a triple itself to be used as a term
that can be the object of another triple. This extension
enables a direct representation of statement-level identifiers:
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a resource can be used to denote a particular statement-
level entity associated with an assertion, and the proposition
expressed by that assertion can be referenced explicitly as
a structured term. Crucially, a triple term is not asserted
merely by occurring as a term: it can be referred to without
being stated as true. This design makes it possible to use a
reifier, i.e., a resource that refers to such a proposition, to
describe suggested, disputed, unknown, or context-dependent
claims while keeping their status separate from asserted facts
[/0]. Moreover, multiple independent reifiers can refer to
the same proposition, enabling distinct contextualizations
(e.g., different sources, time spans, locations, or confidence
assessments) without duplicating the underlying statement.

From a conformance perspective, the introduction of
triple terms yields two complementary RDF 1.2 profiles.
RDF 1.2 Full supports triple terms and therefore supports
statement-level referencing directly at the level of abstract
syntax. RDF 1.2 Basic excludes triple terms, preserving
a conservative profile aligned with processors that only
handle ordinary RDF triples. This split is pragmatically
motivated: it enables incremental adoption by allowing Basic
implementations to remain valid RDF 1.2 processors, while
Full implementations can exploit the additional expressivity.
However, the split also creates an interoperability challenge.
A Basic-only consumer cannot directly parse or process
Full graphs containing triple terms, and data exchange
across heterogeneous toolchains may require explicit
transformations that bridge these profiles.

The W3C Group Note Draft RDF 1.2 Interoperability,
published by the RDF & SPARQL Working Group, [//]
proposes such a bridge by describing a non-normative
pair of transformations: a basic encoding that maps
an RDF 1.2 Full graph into a Basic graph, and a
corresponding decoding procedure that reconstructs triple
terms. Note that these algorithms should be understood as
one possible interoperability strategy rather than the unique
or authoritative mapping between RDF 1.2 Full and RDF 1.2
Basic. Different application contexts and optimization goals
may therefore motivate alternative mappings. The key idea
of the proposal studied here is structural materialization:
each occurring triple term is replaced by a fresh blank
node, and a small auxiliary Basic subgraph records the
subject, predicate, and object components of the original
triple term using a dedicated interoperability vocabulary.
Decoding reverses this process by detecting these auxiliary
patterns and substituting the reconstructed triple terms back
into the graph. Importantly, the goal of these transformations
is not to enforce semantic equivalence under entailment
regimes; rather, it is to provide a robust syntax-level
mechanism for profile-compatible exchange and round-
trippable serialization in environments where Basic and Full
processors must coexist.

This paper provides a mathematically precise account
of that interoperability proposal, grounded in the RDF 1.2
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abstract syntax and its model-theoretic semantics, confirming
that the Working Group’s proposal satisfies the design goal
set in the Note Draft. We formalize recursive appearance
of terms and triple terms, specify encoding and decoding
as functions over graphs and datasets, and state explicit
admissibility conditions required for invertibility. We then
establish information-preservation properties (invertibility
and idempotence) under these conditions, providing proof
sketches for the main results, and clarify, from a semantic
perspective, why entailment preservation is not guaranteed
under the standard semantics considered here: the encoding
introduces auxiliary blank nodes that are existentially
quantified at graph scope, whereas the auxiliary Basic
structure is not given an interpretation that recovers the Full
truth conditions of triple terms.

Contributions. This paper contributes: (i) a compact for-
malization of RDF 1.2 Basic and Full syntax with recursively
nested triple terms; (ii) a graph-theoretic definition of term
“appearance” aligned with the recursive nature of triple
terms; (iii) a precise specification of basic encoding/decoding
over graphs and datasets, including memoization and fresh-
ness; (iv) correctness results (invertibility and idempotence)
under explicit admissibility conditions, with proof sketches
for the main results; and (v) brief semantic clarifications
about the scope and limitations of the proposed transforma-
tions under standard RDF semantics.

Organization. Section 2 recalls the RDF 1.2 abstract
syntax and the semantic layers needed in the sequel. Sec-
tion 3 formalizes the interoperability setting and specifies
the encoding and decoding procedures. Section 4 establishes
correctness properties under admissibility constraints. Sec-
tion 5 reports an experimental study quantifying structural
and runtime overheads. Section 6 discusses related work, and
Section 7 concludes with directions for further work.

2 Preliminaries: RDF 1.2 Syntax and
Semantics
This section recalls the core RDF 1.2 abstract syntax

and the model-theoretic semantics needed for our formal
development [/, 10].

2.1 RDF Terms, Triple Terms, Triples, Graphs,
and Datasets
Definition 2.1. Atomic symbols. Let Z be the set of IRIs, B

the set of blank nodes, and L the set of literals. Assume Z, 3,
and £ are pairwise disjoint.

Definition 2.2. RDF triples (Full) and triple terms. Let
Triplep, be the least set such that:

(@ if s€(ZUB), peZ, and o€ (ZUBUL), then
(s,p,0) € Triplep,;
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(b) if se€e(ZTUB), pel,
(s,p,0) € Tripleg,y-

and o € Tripleg,;, then

A triple term is an RDF triple viewed as an RDF term; we
set 7T := Tripleg,;. Thus, we identify triple terms with
(possibly nested) Full triples; 77 is not a separate syntactic
sort.

Definition 2.3. RDF terms. Define the set of RDF terms as:
T =TUBULUTT.
Elements of Z U B U L are called basic RDF terms.

Definition 2.4. Nesting depth. Define depth : Tripleg,;; —
N by structural recursion:

ifoeZUBUL,

0
depth(s, p,0) = { ifoeTT

1 + depth(o)

Lemma 2.5. Well-foundedness / no cycles. Every t €
Tripleg,y has a finite nesting depth depth(t). In particular,
cyclic triple constructions are excluded, and proofs by
induction on depth are sound.

Proof. By the least-set construction of Triplep,;, any t €
Tripleg, is obtained from a base case (clause (a)) by finitely
many applications of clause (b). Each application of clause
(b) introduces exactly one additional layer of nesting, hence
strictly increases depth by 1. Therefore depth(¢) is finite for
every t, and cyclic constructions are excluded.

Definition 2.6. RDF triples (Basic). An RDF 1.2 Basic triple
is a triple (s,p,0) € (ZUB) X I x (ZUBU L). We write
Tripleg,;. for the set of all Basic triples.

Definition 2.7. RDF graphs. An RDF 1.2 Full graph
is a finite set of Full triples: Graphp,; := Prn(Triplep,y)-
An RDF 1.2 Basic graph is a finite set of Basic triples:
Graphp,sic *= Prn(Tripleg,ge). Triples in a graph are
asserted in that graph.

Remark 2.8. Finiteness restriction. Our graphs and datasets
are explicitly finite, whereas RDF 1.2 Concepts defines
RDF graphs as arbitrary sets of triples. This deliberate
restriction narrows the generality of the specification, but it is
appropriate for the algorithmic transformations studied here
and covers the practically relevant cases considered in our
experiments.

Definition 2.9. Appearance of terms and triple terms. Define
the set of terms occurring in a triple ¢ = (s, p, 0) recursively:

Occ(t) := {s,p} U Occopi(0),

{z} reZUBUL,

h obj =
where Occ bj(x) {{x} U Occ(gg) reTT.

For a graph G, let Occ(G) := J,c Occ(t). The triple terms
appearing in G are AppearingTT(G) := Occ(G)NTT.
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Definition 2.10. RDF datasets. An RDF dataset is a pair
D = (Go, {(n:,G;)}r_,) where Gy is the default graph and
each (n;, G;) is a named graph with name n; € ZU B and G;
an RDF graph. Graph names are unique within a dataset.

2.2 Model-Theoretic Semantics:
Interpretations and Entailment
We recall the minimal simple interpretation layer and its

entailment, and then note how RDF and RDFS entailment
strengthen it via semantic extensions.

Definition 2.11. Simple interpretation. A simple interpreta-
tion I is a structure consisting of:

(1) anon-empty set I R (the domain of resources),
(2) aset IP (the set of properties),

(3) amapping IS : Z — (IR U I P) assigning denotations
to IRIs,

(4) a partial mapping IL : £ — IR assigning referents to
literals when defined,

(5) an extension mapping [EXT : IP — P(IR x IR),

(6) an injective constructor IT : IR x IP x IR — IR
used to interpret ground triple terms.

Definition 2.12. Ground RDF expressions. A basic RDF
term is ground if it is not a blank nodes. Thus, IRIs and
literals are ground, blank nodes are not. An RDF triple
(s,p,0) is ground iff s, p, and o are ground (recursively
applying this definition if o is a triple term). An RDF graph
is ground iff each of its triples is ground.

Definition 2.13. Truth of ground triples and ground triple
terms. Let E be a ground RDF expression. Its interpretation
is defined as:

I(¢) = IL(¢) for literals ¢,
I(u) = I1S(u) forIRIs u,
1((s,p,0)) = IT(I(s),1(p), 1(0))

for ground triple terms (s, p, 0).

and a ground triple (s, p,0) is true in I iff I(p) € IP and
(I(s),I(0)) e IEXT(I(p)). A ground graph is true iff all
its triples are true.

Definition 2.14. Blank nodes as existential variables. Let
A: B — IR be a mapping from blank nodes in a graph G
into the domain of I. Write [I+A] for the extension of
that maps blank nodes via A and evaluates triples and graphs
accordingly. Then I satisfies G iff [I+A](G) is true for some
such mapping A.

Definition 2.15. Simple entailment. A graph G simply
entails a graph H (written G |=; H) iff every simple
interpretation that satisfies GG also satisfies H.
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Remark 2.16. Semantic extensions. RDF entailment and
RDFS entailment refine simple entailment by imposing
additional semantic conditions on interpretations (e.g., for
datatype IRIs and the RDF/RDFS vocabulary). We will write
G Erpr H and G |E=rprs H to distinguish these regimes.

3 Interoperability Between RDF 1.2 Basic
and Full

This section formalizes interoperability between RDF 1.2
Basic and RDF 1.2 Full, i.e., the controlled exchange between
graphs that exclude triple terms and graphs that permit them.
We present the basic encoding (Full — Basic), which replaces
each occurring triple term with a fresh blank node and
records its components using a reserved Basic vocabulary,
and the corresponding basic decoding (Basic — Full), which
reconstructs triple terms by reversing this representation. To
guarantee determinism and invertibility, both directions are
stated together with explicit admissibility conditions that rule
out collisions and ill-formed encodings.

3.1 RDF 1.2 Basic vs Full and the
Interoperability Goal

Definition 3.1. Basic and Full profiles. An RDF 1.2 graph
is Basic iff it contains no triple term; equivalently, all objects
are basic RDF terms. Otherwise, it is a Full graph.

Basic processors can consume only Basic graphs, while
Full processors can represent and process triple terms.
RDF 1.2 Interoperability proposes transformations to allow
exchange between the two classes in a controlled manner.
The central idea is to replace each occurring triple term with
a fresh blank node and attach a small Basic subgraph that
stores the triple components explicitly.

3.2 Basic Encoding (Full — Basic)

The basic encoding translates an RDF 1.2 Full graph
into a Basic graph by repeatedly eliminating triple terms.
Concretely, while a triple term ¢¢ appears in the current
graph, the procedure mints a fresh blank node b, replaces
all occurrences of ¢t appearing in the graph with b, and adds
the PropositionForm quadruple that records the components
of tt using the reserved interoperability vocabulary. This
is repeated until no triple term appears, yielding a Basic
graph. We now present the reserved vocabulary, admissibility
conditions, and a deterministic memoizing formulation of the
algorithm.
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3.2.1 Reserved vocabulary The basic encoding uses a
fixed vocabulary:

rdf:type,
rdf:PropositionForm,
rdf:propositionFormSubject,
rdf:propositionFormPredicate

rdf:propositionFormObject,

where an encoded triple term is represented by a blank
node b with:

(b,rdf :type, rdf :PropositionForm),
(b,rdf :propositionFormSubject,s),
(b,rdf :propositionFormPredicate,p),
(b,rdf :propositionFormObject,o).

3.2.2 Admissibility conditions Because the encoding intro-
duces these triples syntactically, we require input graphs to
avoid collisions that would compromise invertibility.

Definition 3.2. Encoding-admissible graphs. A Full graph
G is encoding-admissible iff it contains no triple of the form
(b,rdf:type, rdf :PropositionForm) for any blank
node b.

3.2.3 Encoding function

Definition 3.3. PropositionForm quadruple. For a blank
node b and a (possibly nested) triple term ¢t = (s,p,0)
define:

PFE(b,tt) := {(b,rdf : type,rdf :PropositionForm),

={
(b, rdf :propositionFormSubject,s),
(b, rdf :propositionFormPredicate,p),
(

b, rdf :propositionFormObject, 0)}.

Definition 3.4. Fresh blank nodes. Let fresh(G) return a
blank node b € B such that b ¢ Occ(G).

Definition 3.5. Encoding of triple terms. Let M : 77T — B
be a partial map (memoization). Define a recursive procedure
encTT(tt, M,G;, @) returning (b, AM, E) such that b is
the blank node replacing tt, AM is the finite map of
memoization entries newly produced during this call, and F
is the Basic fragment added.

If ¢t edom(M), return (M(it),0,0). Otherwise,
let tt = (s,p,0). If o€ TT, first encode o producing
(bo, AM,, E,) = encTT (0, M, G;, G) and set
o :=by; else o:=0 and (AM,,E,)=(0,0). Let
b := fresh(G; U G U E,), set:

E :=E,UPF(b,(s,p,0")), AM :=AM,U {tt— b}.

Return (b, AM, E).
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Definition 3.6. Basic encoding of graphs. Define
basic_encode : Graphp,; — Graphp,s. for encoding-
admissible graphs as follows. Given G, initialize G, := ()
and M := (. For each triple (s,p,0) € G;:

o If oeTT, compute (b,AM,E) =
encTT (o, M,G;,G,) and update M := M UAM
and G, := G, U E, then set o := b.

» Update G, := G, U {(s,p,0)}.
Return G,.

Remark 3.7. Basicness of the encoding result. For every
encoding-admissible graph G, we have basic_encode(G) €
Graphp,g.- Indeed, every triple term occurring in object
position is replaced by a blank node before insertion into G,
and the auxiliary PropositionForm triples introduced by the
encoding also satisfy the Basic-triple shape.

Definition 3.8. Basic encoding of datasets. For a dataset

D = (Go,{(ni, G:)}), define:

basic_encode(D) := (basic_encode(Gy),
{(n;, basic_encode(G;))}).

with the global constraint that all minted blank nodes are
fresh w.r.t. all RDF terms occurring in any graph of D and
w.r.t. all blank-node graph names n; in D.

3.3 Basic Decoding (Basic — Full)

The basic decoding reverses the encoding by identifying
proposition-form blank nodes and reconstructing the corre-
sponding triple terms from their recorded components. It is
defined only for unambiguous encodings, i.e., when each
proposition-form node has exactly one subject, predicate, and
object component, and the resulting reconstruction is well-
founded.

3.3.1 Decoding-admissible graphs

Definition 3.9. PropositionForm nodes.
G, define:

For a Basic graph

PFNodes(G) :=
{beB| (brdf:type,
rdf :PropositionForm) € G }.

Definition 3.10. Unique component extraction. For b€
PFNodes(G) define partial functions subj(b), preds(b),
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objq(b) as follows. Let
Sy = {3 € TBasic | (b,

rdf:propositionFormSubject,
s) € G,

Pb = {p S 7?3asic | <b7
rdf:propositionFormPredicate,
p) G,

Ob = {0 € 7¥3asic ‘ (b7
rdf:propositionFormObject,
0)€G}.

where Tpasic :==Z U B U L. Then subj~(b) is defined iff
Sy = {s} for some s and we set subj-(b) := s; similarly

predq (b) is defined iff P, = {p} and we set pred(b) := p,
and obj(b) is defined iff O, = {0} and we set obj(b) := o.

Definition 3.11. Typed reconstruction. If subjqs(b),
pred(b), and obj,(b) are defined, define the candidate
reconstruction:

tta(b) := (subja(b), prede(b), obj(b)).
This reconstruction is well-typed iff
subj-(b) € ZUB and predg(b) € 7.

(In particular, predicates are required to be IRIs, and subjects
cannot be literals.)

Definition 3.12. Encoding quadruple. For b € PFNodes(G)
with defined components, let:

PFQuad(b) := { (b,
rdf:type,
rdf:PropositionForm),
(b,
rdf:propositionFormSubject,
SubjG(b))7
(o,
rdf:propositionFormPredicate,
pred (b)),
(o,
rdf:propositionFormObject,
obja (b)) }.
Definition 3.13. Decoding dependency and acyclicity. Let
G be a Basic graph and suppose ttg(b) is defined for all
b € PFNodes(G). Define a directed graph of dependencies
D¢ with vertex set PFNodes(G) and an edge b — b iff
b" € Occonj(0bj (b)) (equivalently, since obj;(b) € Tgasic
and Occopj(x) = {x} for basic terms, iff obj(b) = b'), i.e.,
iff the object component of b is itself a proposition-form

blank node. We say that G is decoding-acyclic iff Dg is
acyclic.
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Definition 3.14. Decoding-admissible graphs. A Basic

graph G is decoding-admissible ift:

(D1) for every b€ PFNodes(G), the three component
functions in Definition 3.10 are defined (exist and are
unique);

(D2) for every b € PFNodes(G), the candidate reconstruc-
tion tte(b) is well-typed in the sense of Defini-
tion 3.11;

(D3) @ is decoding-acyclic in the sense of Definition 3.13;

(D4) for every b € PFNodes(G) and every triple (b, p,0) €
G, we have (b, p,0) € PFQuad (b).

Since predicates in Basic triples are IRIs, condition
(D4) implies that PF-nodes may occur outside their
PropositionForm quadruples only in object position. This
prevents decoding from producing asserted triples with triple
terms in subject position.

Lemma 3.15. Encoded graphs are decoding-admissi-
ble. For every encoding-admissible graph G, the graph
basic_encode(G) is decoding-admissible.

Proof. Let H := basic_encode(G). Every proposition-form
node b € PFNodes(H) is minted by some call to encTT
and contributes exactly one quadruple PF (b, (s,p,0’)) to
H. Freshness guarantees that b is new when minted, so the
only triples of H having subject b are the four triples of
PFQuad (b); hence both the uniqueness condition (D1) and
the subject-position restriction (D4) hold. Since s € ZU B,
p€eZ, and o' € ZUBU L by the encoding definition, the
candidate reconstruction tt g (b) is well-typed, so (D2) holds.
Finally, nested triple terms are encoded from the inside out:
if b’ occurs as the object component of b, then b’ encodes a
proper subterm of the triple term encoded by b. Dependencies
therefore follow strictly decreasing nesting depth, so Dy is
acyclic and (D3) holds.

Definition 3.16. Substitution induced by decoding. Let G
be decoding-admissible. Define o : T — T by structural
recursion:
oc(b) = oa(tta(b))
o ((5,p,0)) := (s, p,06(0)),
og(z) ==

for b € PFNodes(G),

otherwise.
Extend o¢ to graphs pointwise:
o6(H) = {oa(t) |t HY.

Since oG is applied after removing
Useprrodes(c) PFQuadg(b),  condition  (D4)  ensures
that no proposition-form blank node remains in subject
position. Recursive calls on proposition-form blank nodes
therefore proceed only through object-position dependencies,
so Definition 3.13 guarantees that this definition is well-
founded.
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Definition 3.17. Basic decoding. Define basic_decode as a
partial function on Graphg,. With domain equal to the set
of decoding-admissible graphs:

basic_decode(G) :=o¢ | G\

U

bePFNodes(G)

PFQuad(b)

where o is the substitution from Definition 3.16. If G is not
decoding-admissible, then basic_decode(G) is undefined.

3.3.2 Basic decoding of datasets (Basic — Full) The
graph-level decoding defined above extends to datasets, but
blank nodes have dataset scope. Accordingly, dataset-level
decoding is defined only under a dataset-level admissibility
condition that prevents cross-component collisions of
proposition-form artefacts.

Definition 3.18. Dataset-level occurrence. Let D =
(Go, {(ni,G:)}F_,) be an RDF dataset. Define the set of
RDF terms occurring in the dataset (including graph names)
as:

Occygs(D) := Oce(Go) U

K2

k
(OCC(GL) U {nt})

=1

Definition 3.19. Dataset-level PropositionForm nodes.

Define the set of proposition-form blank nodes occurring in

the dataset as:

k
PFNodes(D) := PFNodes(Gy) U U PFNodes(G;).
i=1

Definition 3.20. Decoding-admissible datasets. A dataset
D = (Go, {(ni,G;)}r_,) is decoding-admissible iff:

(DS1) each component graph is decoding-admissible, i.e.,
basic_decode(Gg) and basic_decode(G;) are defined
foralli € {1,...,k} in the sense of Definition 3.17;

(DS2) for all distinct indices 7 # j (including O for the default
graph) and all b € B, if b € PFNodes(G;) then b ¢
Occ(Gy);

(DS3) for all ie{l,...,k} and all

b € PFNodes(D) then b # n,;.

beB, if

Definition 3.21. Basic decoding of datasets.  Define
basic_decode as a partial function on RDF datasets with
domain equal to the set of decoding-admissible datasets:

basic_decode(D) := (basic_decode(Gy),
{(ns, basic,decode(Gi))}le) ,
where basic_decode(G;) is the graph-level decoding of

Definition 3.17. If D is not decoding-admissible, then
basic_decode(D) is undefined.
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4 Correctness Properties

This section states the key correctness guarantees of the
interoperability transformations introduced in Section 3.
We focus on (i) information preservation via invertibility
of decoding after encoding on admissible inputs, and
(ii) stability properties capturing that the procedures do
not introduce further changes when applied repeatedly or
when no encoding artefacts are present. The results are
stated at the level of graph syntax, i.e., they concern the
exact reconstruction of triples and triple terms rather than
preservation of entailment under RDF semantics.

4.1 Information preservation and invertibility

Theorem 4.1. Invertibility on admissible
Let G € Graphg,, be encoding-admissible.
basic_decode(basic_encode(G)) = G.

graphs.
Then

Proof sketch. Proceed by induction on the maximum
nesting depth of triple terms appearing in G, using
Definitions 2.4 and 2.5 implicitly. The encoding recursively
normalizes nested objects first, then replaces each triple
term by a fresh blank node and records its components
in exactly one PropositionForm quadruple. Memoization
ensures that repeated occurrences of the same triple term
reuse the same blank node. Conversely, distinct triple terms
cannot be assigned the same blank node: when a new
node is minted, fresh(G; U G U E,) chooses it outside the
occurrences already present in the input graph and in all
previously accumulated encoding fragments, which include
every earlier PropositionForm node. Hence the encoding
induces an injective assignment from encoded triple terms
to proposition-form blank nodes. Decoding then identifies
each such blank node, reconstructs the corresponding triple
term uniquely, removes the quadruple, and substitutes all
remaining occurrences back, yielding the original graph.

4.2 Idempotence

Proposition 4.2. Encoding idempotence. For every Basic
graph G € Graphg,;., basic_encode(G) = G. In particular,
for every encoding-admissible G € Graphg,,

basic_encode(basic_encode(G)) = basic_encode(G).

Proposition 4.3. Decoding stability. If a Basic graph G
contains no PropositionForm node, then basic_decode(G) =

G.

4.3 Dataset-level correctness

Theorem 4.4. Invertibility on admissible datasets. Let
D = (Go,{(ni,G;)}~_,) be an RDF 1.2 dataset such that
each component graph G; (including Gg) is encoding-
admissible. Assume that basic_encode(D) mints blank nodes
that are fresh w.rt. all RDF terms occurring anywhere
in D and w.rt. all blank-node graph names n; (as
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required by the dataset-level encoding definition). Then
basic_decode(basic_encode(D)) = D.

Proof sketch. By the definition of basic_encode(D) and
basic_decode(D), both transformations act componentwise
on each graph while sharing a dataset-wide freshness
constraint on minted blank nodes. Fix any component
graph G;. Since ; is encoding-admissible, the
graph-level invertibility theorem applies and yields
basic_decode(basic_encode(G;)) = G;. Because decoding
does not alter graph names and because the dataset-
wide freshness constraint prevents collisions across
components (including with blank-node graph names),
the componentwise equalities assemble to equality of
datasets, i.e., default graph and all named graphs match
exactly.

Proposition 4.5. Encoding idempotence on datasets. For
every RDF dataset D whose component graphs are Basic
graphs (i.e., contain no triple terms), basic_encode(D) = D.
In particular, for every encoding-admissible dataset D,

basic_encode(basic_encode(D)) = basic_encode(D).

Proof sketch. Immediate from the graph-level encoding
idempotence proposition applied to each component graph
and the componentwise definition of dataset encoding.

Proposition 4.6. Decoding stability on datasets. If, for every
component graph G; of a dataset D, the set PFNodes(G;) is
empty, then basic_decode(D) = D.

Proof sketch. If PFNodes(G;) =0, then graph-level
decoding is the identity on G; by the decoding stability
proposition. Apply this to all components and use the
componentwise definition of basic_decode(D).

5 Experimental Study

This section evaluates the practical behaviour of the
RDF 1.2 interoperability transformations introduced earlier,
focusing on their engineering cost rather than on semantic
preservation under entailment. Using a self-contained
reference implementation, we quantify structural expansion
and runtime overhead across controlled synthetic workloads
and targeted edge-case instances. The study is designed to
complement the formal results in Section 4 by assessing
correctness, scalability, and robustness under realistic stress
conditions.

5.1 Goals and Evaluation Questions

The RDF 1.2 interoperability transformations are primarily
intended as syntax-level mechanisms enabling exchange
between RDF 1.2 Full processors (supporting triple terms)
and RDF 1.2 Basic processors (forbidding triple terms).
Consequently, the experimental study does not aim to
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establish semantic equivalence under entailment regimes, but
rather to quantify the practical cost of round-tripping and the
structural overhead of a profile-compatible representation.

More precisely, we evaluate the implementation against the
following questions:

* EQ1 (Round-trip validation): Does the implementa-
tion realize the formally specified round-trip property
on encoding-admissible RDF 1.2 Full graphs, includ-
ing graphs with nested triple terms?

« EQ2 (Size overhead): How does the number of
produced Basic triples |basic_encode(G)| compare to
|G| as a function of (i) the ratio of asserted triples
whose object is a triple term, (ii) the nesting depth of
triple terms, and (iii) the degree of reuse of identical
triple terms?

* EQ3 (Runtime scalability): How do encoding and
decoding runtimes scale with the input size /N and with
triple-term complexity (depth and multiplicity)?

* EQ4 (Robustness validation): How does the imple-
mentation behave on malformed or ambiguous Basic
encodings, such as missing proposition-form compo-
nents, duplicated components, cyclic reconstructions,
or hybrid inputs?

5.2 Implementation and Experimental Setup

All experiments were performed with our self-contained
Python reference implementation of the RDF 1.2
Interoperability transformations. The benchmark runner
parses N-Triples 1.2/N-Quads 1.2 inputs [/2, /3], applies
basic_encode (Full — Basic) and basic_decode
(Basic — Full) at the graph or dataset level as appropriate,
and validates round-trip correctness by checking structural
equality between the original and reconstructed RDF
structure. All software used to generate datasets, run
benchmarks, and reproduce the reported measurements is
publicly available as an archived release on Zenodo [/4].
All datasets used in this study (synthetic and real-world) are
publicly available on Figshare [/5].

The runner reports parsing time, median encoding time,
and median decoding time over repeated runs. To reduce
the influence of OS jitter, each configuration is executed
multiple times and we report the median of measurements.
The output additionally records the number of input
triples, output triples, the expansion ratio |Gepnc|/|G], and
statistics that characterize triple-term complexity, including
the number of unique triple terms and the number of
generated proposition-form nodes. Because these timings
are not normalized across hardware platforms, the absolute
values should be read as measurements within one fixed
execution environment; the empirical claims of this section
concern relative scaling trends and structural overhead rather
than machine-independent performance constants.
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5.3 Datasets

To systematically explore the design space, we generate
synthetic RDF graphs in which triple terms appear only in
object position, consistently with the RDF 1.2 Full profile.
Each graph is parameterized by: (i) the number of asserted
triples N, (ii) the ratio r € [0, 1] of asserted triples whose
object is a triple term, (iii) the nesting depth d of triple terms
(with d = 0 producing Basic graphs), and (iv) a reuse factor
u € (0, 1] controlling how many distinct triple terms occur
among the r N triple-term objects.

Intuitively, for fixed [V, increasing r increases how
frequently triple terms occur, increasing d increases the
number of nested triple terms introduced per occurrence, and
decreasing u increases reuse (i.e., fewer unique triple terms
are shared by more occurrences). In our benchmark suite
we instantiate a grid of values for (N,r,d,u) in order to
obtain controlled stress tests ranging from Basic-only graphs
(d =0) to deeply nested graphs with frequent triple-term
occurrences.

5.4 Metrics

We evaluate the following families of metrics.

Structural overhead. Let G be the input Full graph and
Genc = basic_encode(G) be the encoded Basic graph. We
report (i) the absolute increase in the number of triples,

AT - |Genc| - |G‘7
and (ii) the expansion ratio,

. ‘Gencl

Since the encoding adds a constant-size proposition-form
fragment per unique triple term, we expect Ap to correlate
with the number of distinct triple terms appearing in G.

Runtime. We report encoding time tepcode and decoding
time f4ecode (in seconds), measured using a high-resolution
timer. Each configuration is executed multiple times and we
report the median runtime.

Triple-term statistics. We record (i) U, the number
of unique triple terms appearing in the input (including
nested ones), and (ii) the number of generated proposition-
form nodes, which should match U under a memoizing
implementation that emits one proposition-form node per
unique triple term.

5.5 Experimental Protocol

For each generated file, the runner executes the following
pipeline: (i) parsing of the input into the internal graph
representation, (ii) encoding into a Basic graph, (iii) decoding
back into a Full graph, and (iv) equality check between the
original and decoded graphs. Parsing is measured once per
input file, whereas encoding and decoding are repeated to
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obtain robust median measurements. Each benchmark row
is annotated with the generation parameters (N, r,d, u), the
measured runtimes, and the structural statistics.

5.6 Real-world case study: YAGO4

To complement the controlled synthetic benchmarks, we
evaluate the transformations on a large real-world RDF 1.2
graph derived from the YAGO4 dataset [/6]. We focus on a
single graph file that already uses RDF 1.2 quoted triples and
a reifier-style pattern via rdf : reifies. This graph file is
representative for statement-level qualifiers such as temporal
validity, where an asserted triple is referenced by a separate
node carrying metadata (e.g., start/end dates).

Input characteristics. The input graph contains |G| =
2,695,942 triples (set semantics). Parsing the file took
tparse = 203.906 seconds with a peak RSS of 3,870.9 MB
after parsing. Quoted triples (triple terms) occur only in
object position, consistently with the RDF 1.2 Full profile.

Triple terms and reifiers. We observed Ny, = 925,022
occurrences of triple terms as objects. All of them are distinct
in this file (Uy, = 925,022), yielding a reuse ratio Ny, /Uy, =
1.0. The maximum quoted-triple nesting depth is 1, i.e., the
dataset uses non-nested quoted triples.

The dataset also contains Nieifies = 925,022 triples
using rdf:reifies, with R = 925,022 distinct reifier
nodes, i.e., essentially one reifier per quoted triple. The
metadata degree of reifier nodes (counting outgoing metadata
statements) has median 2.0 and maximum 28. Moreover, the
median number of reifiers per quoted triple is 1.0 and the
maximum is 1, confirming a one-to-one pattern.

Basic encoding overhead (Full — Basic). Applying
basic_encode yields an encoded Basic graph of size |Genc| =
6,396,030, corresponding to an absolute increase of

A7 = |Gene| — |G| = 3,700,088
and an expansion ratio

| Genc |

expy = ] = 2.372466.

The increase matches exactly the expected proposition-form
overhead:
Ar —4Uy = 0,

i.e., the encoding introduces precisely four triples per
unique quoted triple term. In the benchmark runner, the
transformation-only encoding time was tencode = 24.867
seconds.

End-to-end CLI timings. Since the standalone converter
performs parsing and serialisation in addition to the in-
memory transformation, we also report end-to-end timings
measured with /usr/bin/time -v. For Full — Basic

encoding, the elapsed wall-clock time was t°2¢_ = 260.78
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seconds, with maximum resident set size 6.10 GiB. For
Basic — Full decoding (starting from the encoded file),
the elapsed wall-clock time was t32° . = 330.56 seconds,
with maximum resident set size 5.85 GiB. These end-to-end
measurements highlight that, at multi-million-triple scale,
I/O and parsing dominate total runtime, while the structural

overhead is fully explained by the 4U proposition-form rule.

Round-trip reconstruction (EQT1). To complete the
real-world case study, we additionally ran Basic —
Full decoding on the encoded output and validated
basic_decode(basic_encode(G)) = G by structural
equality, using the same equality criterion as in the
synthetic benchmark suite. For YAGO4, decoding completed
successfully and the equality check was executed; it returned
true, i.e., the decoded graph is structurally identical to the
original input graph.

Interpretation. Unlike many synthetic configurations
where reuse can substantially mitigate overhead,
YAGO4 exhibits no reuse of quoted triples (Nyy = Uyy).
Consequently, the Basic encoding overhead is maximal
with respect to Uy and results in a 2.37x increase in triple
count. This highlights a practical worst case for profile-based
interoperability: when real-world data encodes metadata by
introducing a fresh quoted triple for each annotated fact, the
Basic encoding cost becomes a linear function of the number
of annotated facts.

The YAGO4 case also illustrates why the Working Group
note keeps this interoperability mapping non-normative.
When each quoted triple is already associated with a unique
reifier, an implementation could reuse that existing node
instead of minting a fresh proposition-form node, thereby
reducing both structural overhead and implementation cost.
Our reference implementation does not pursue such dataset-
specific optimizations, because its goal is to realize the
generic mapping formalized in this paper.

5.7 Results and Discussion

Round-trip correctness (EQ1). Across the entire bench-
mark grid of encoding-admissible inputs, we observe exact
round-trip reconstruction: decoding the Basic encoding
yields the original Full graph. Furthermore, for Basic graphs
(d = 0) the encoding acts as the identity and decoding has
no effect since no proposition-form nodes are present. These
results confirm that the implemented procedures behave as
intended on well-formed inputs and support the theoretical
invertibility argument stated earlier.

Size overhead and expansion patterns (EQZ2). Figure 1
summarizes the expansion ratio |Genc|/|G| as a function
of the asserted-triple ratio r for multiple nesting depths d.
As expected, for d = 0 the expansion is exactly 1.0 for all
r, since the graphs are Basic and contain no triple terms.
For d > 0, the expansion grows monotonically with 7 and
increases with the nesting depth.
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Figure 1. Expansion ratio |Genc|/|G| as a function of r for
multiple nesting depths d.

The detailed structural statistics for the largest synthetic
slice (N = 100000, v = 0.1) are reported in Table 1. The
table reveals a consistent and interpretable pattern: when-
ever triple terms occur, the encoding adds approximately
four triples per unique triple term, corresponding to the
proposition-form quadruple introduced by the interoperabil-
ity vocabulary. Concretely, when d =1 and r = 0.1, the
encoded graph contains 104000 triples, yielding an expansion
of 1.040. This corresponds to Az ~ 4000, i.e., about 4U
for U = 1000 unique triple terms. Likewise, for d = 3 and
r = 0.5, we observe 160000 encoded triples (expansion 1.6),
which corresponds to Ap ~ 60000 ~ 4 - 15000, matching
the reported unique triple-term count (Table 1). The most
demanding configuration in the shown slice (d =5, r =
0.5) yields approximately 199980 encoded triples, i.e., an
expansion close to 2.0, indicating that the Basic encoding
roughly doubles the triple count under frequent and deep
nesting.

Overall, the results confirm that the primary driver of
structural overhead is the number of distinct triple terms:
higher reuse (smaller u) reduces U and therefore mitigates
the blow-up, whereas deeper nesting increases U roughly
proportionally to d for fixed (N, 7, u).

Runtime scalability (EQ3). Figure 2 reports median
encoding and decoding times as a function of N for a
representative fixed configuration (r,d,w), showing near-
linear scaling in input size. The per-configuration breakdown
in Table 2 further illustrates that runtime grows with both the
number of input triples and the number of unique triple terms.

For Basic graphs (d = 0), encoding and decoding are fast
and dominated by parsing and serialization overheads. For
d > 0, encoding time increases with U because each new
unique triple term triggers the generation of a proposition-
form quadruple. Decoding time additionally includes the cost
of (i) scanning proposition-form nodes, (ii) reconstructing
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Table 1. Structural overhead of RDF 1.2 basic encoding on
synthetic graphs (slice: N = 100000, v = 0.1). For each
configuration (r, d), the table reports the input size (|G|), the
size after encoding (|Genc|), and the resulting expansion ratio
|Genc|/|G]. Values are medians over repeated runs.

rparam d_param in_triples enc_triples exp-_triples
0 0 100000 100000 1.000
0.01 0 100000 100000 1.000
0.1 0 100000 100000 1.000
0.5 0 100000 100000 1.000
0 1 100000 100000 1.000
0.01 1 100000 100400 1.004
0.1 1 100000 104000 1.040
0.5 1 100000 119996 1.200
0 3 100000 100000 1.000
0.01 3 100000 101200 1.012
0.1 3 100000 112000 1.120
0.5 3 100000 160000 1.600
0 5 100000 100000 1.000
0.01 5 100000 102000 1.020
0.1 5 100000 120000 1.200
0.5 5 100000 199980 2.000
0.5 1
—— encode
decode

0.4 1
0.3

£

~0.24
0.1
0.0 1

0 20000 40000 60000 80000 100000
N (triples)

Figure 2. Encoding/decoding runtime as a function of NV for
fixed (r, d, u).

triple terms, and (iii) substituting reconstructed terms back
into the remaining triples. In the shown slice (N = 100000,
u = 0.1), runtime growth across depths is consistent with the
increase in unique triple terms: for instance, when r = 0.1 the
number of unique triple terms grows from 1000 (d = 1) to
3000 (d = 3) and 5000 (d = 5), and both tencode and tdecode
increase accordingly. For the heaviest case shown (r = 0.5,
d = 5), the benchmark reports U =~ 24995 and decoding
exceeds one second, illustrating that round-tripping remains
feasible but incurs measurable cost under intense nesting and
frequent triple-term usage.

A useful consistency check is that the number of
proposition-form nodes in the encoded graph should match
the number of unique triple terms U, because each unique
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Table 2. Runtime and triple-term statistics for RDF 1.2 interoperability transformations on synthetic graphs (slice: N = 100000,
u = 0.1). For each configuration (r, d), the table reports median encoding time (tencode), decoding time (tdecode), the number of
unique triple terms appearing in the input (tt_unique_total), and the number of generated proposition-form nodes (pf_nodes). Values

are medians over repeated runs.

r_param d_param tencode.s t.decode_s tt_unique_total pf_nodes
0 0 0.2165 0.0098 0 0
0.01 0 0.2390 0.0149 0 0
0.1 0 0.2197 0.0111 0 0
0.5 0 0.2990 0.0157 0 0
0 1 0.1853 0.0096 0 0
0.01 1 0.1667 0.2124 100 100
0.1 1 0.2799 0.2677 1000 1000
0.5 1 0.4045 0.5963 4999 4999
0 3 0.2549 0.0145 0 0
0.01 3 0.2353 0.2232 300 300
0.1 3 0.2903 0.4795 3000 3000
0.5 3 0.6692 1.0127 15000 15000
0 5 0.2031 0.0111 0 0
0.01 5 0.2306 0.2782 500 500
0.1 5 0.4782 0.7436 5000 5000
0.5 5 1.0055 1.4172 24995 24995

triple term is represented by exactly one blank node typed
as proposition form. Table 2 confirms this correspondence
throughout the shown configurations (e.g., U = 15000
implies 15000 proposition-form nodes), providing empirical
evidence that memoization avoids redundant encodings
and that the measured structural overhead aligns with the
expected 4U rule.

Robustness (EQ4). Beyond the well-formed benchmark
suite, we additionally exercised the implementation on a
set of hand-crafted negative instances intended to stress the
decoder’s admissibility checks. In this paper, we report these
observations as implementation-level sanity checks rather
than as a fully quantified experimental result: the goal of
these tests was to confirm that the decoder fails loudly (i.e.,
returns “undefined” / raises an error) on representative classes
of malformed or ambiguous Basic encodings, and does not
silently produce an incorrect Full reconstruction.

Concretely, we validated that decoding is rejected
for representative instances in the following classes:
(i) missing proposition-form components (at least
one of rdf:propositionFormSubject,
rdf:propositionFormPredicate,
rdf:propositionFormObject absent); (ii) duplicated
components (multiple distinct subjects/predicates/objects
for the same PF-node); (iii) ill-typed reconstructions (literal
in subject position or non-IRI predicate); (iv) cyclic PF-
dependencies (a cycle in the dependency graph induced
by PF-nodes); (v) PF-nodes used as asserted subjects
outside their PropositionForm quadruples, which would
force decoded asserted triples with triple terms in subject
position; and (vi) hybrid inputs that mix triple terms with
proposition-form markers. These checks correspond directly
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to conditions (D1), (D2), and (D4) of Definition 3.14,
together with the acyclicity criterion Definition 3.13.

Summary. In summary, the experiments validate that
the interoperability transformations achieve reliable round-
tripping on admissible inputs (EQ1). The structural overhead
is predictable and is dominated by 4 triples per unique
triple term (EQ?2), leading to moderate increases for shallow
usage and approaching a 2x blow-up for deep, frequent
nesting. Runtime scales approximately linearly with input
size and with the number of unique triple terms (EQ3),
while robustness checks provide safety against ambiguous
encodings (EQ4).

6 Related Work

The problem of attaching metadata to individual RDF
assertions has been studied for many years and has led to
multiple modeling idioms that differ in granularity, verbosity,
and semantic status. RDF 1.2 triple terms, together with the
Interoperability basic encoding/decoding, can be positioned
as a profile-aware and round-trippable mechanism that
complements these earlier approaches.

A classical RDF mechanism for making statements about
statements is standard reification, defined via the vocabulary
rdf:Statement, rdf:subject, rdf:predicate,
and rdf:object [/7]. Reification is purely representa-
tional: it introduces an additional node intended to describe
a triple, but it does not, by itself, connect that description to
the truth of the described triple. In practice, reification is often
considered verbose, as it expands one statement into several
triples and typically increases query complexity due to the
need for additional joins. Closely related solutions employ n-
ary relation patterns, where a relation instance is represented
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by an intermediate node that links the primary participants
and carries qualifiers (e.g., time, provenance, confidence) as
additional properties [8]. These patterns are highly general
and work within standard RDF 1.1, but they move the
representation away from the original binary predicate and
often require redesigning queries and constraints around the
introduced relation nodes.

Another widely used mechanism is named graphs, where
statements are grouped into separately identified graphs to
which provenance, trust, or other metadata can be attached
[9]. This approach aligns naturally with RDF datasets and is
effective for graph-level metadata. However, it is coarser than
statement-level approaches: associating distinct metadata
with individual triples typically requires isolating statements
into separate named graphs, which may lead to fragmentation
and operational overhead. The Singleton Property approach
targets statement-level metadata by creating a fresh, unique
property IRI for each assertion and relating it to a generic
property via a dedicated link, thereby enabling qualifiers to be
attached directly to that unique predicate occurrence [7]. This
technique remains within standard RDF 1.1 syntax and comes
with an explicit semantic account, but it can significantly
increase the number of distinct properties and may impact
reasoning and indexing due to vocabulary blow-up.

A more direct alternative is to extend RDF with embedded
or quoted triples. Hartig’s formalization of RDF* and
SPARQL* provides foundations for treating triples as first-
class terms that can be nested and queried concisely [/8].
Subsequently, the RDF-star Community Group specification
defines RDF-star and SPARQL-star, including concrete
syntaxes and a formal semantics for quoted triples as an
extension of the RDF model [/9, 20]. These approaches
aim to mitigate the verbosity and practical shortcomings
of standard reification, while highlighting subtle semantic
issues such as the distinction between asserted and quoted
triples. In comparison, the RDF 1.2 Interoperability basic
encoding is structurally reminiscent of reification in that
it represents statement-level structure explicitly as a small
auxiliary subgraph, but it is profile-specific and designed
for round-tripping between RDF 1.2 Full (with triple terms)
and RDF 1.2 Basic (without them), subject to explicit
admissibility conditions. Accordingly, its primary objective is
syntax-level information preservation across heterogeneous
implementations rather than semantic equivalence under
arbitrary entailment regimes.

7 Conclusion

This paper provided a formal, implementation-oriented
account of interoperability between the two RDF 1.2
conformance profiles enabled by triple terms: RDF 1.2 Full
and RDF 1.2 Basic. The motivation is practical: statement-
level identifiers and qualifiers are increasingly required
in real-world knowledge graphs, while many deployed
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toolchains still operate under the Basic profile and cannot
directly consume Full graphs.

We gave a precise specification of the RDF 1.2
Interoperability transformations, basic encoding (Full —
Basic) and basic decoding (Basic — Full), as functions on
graphs and datasets. Our formalization makes explicit the
key operational assumptions needed for predictable behavior,
including freshness of minted blank nodes, memoization of
repeated triple terms, and admissibility conditions that ensure
unique reconstruction.

Under these assumptions, we established core correct-
ness guarantees: decoding inverts encoding on encoding-
admissible inputs, and encoding is idempotent (in particular,
Basic graphs are fixed points). These results justify the use
of the transformations as a round-trippable, information-
preserving bridge between the two profiles.

At the semantic level, under the standard semantics
considered here, the proposed transformations should be
understood as syntax-level interoperability mechanisms
rather than as fully semantics-preserving translations. The
encoding replaces triple terms with existentially quantified
blank nodes and introduces auxiliary structure whose
interpretation is not fixed so as to recover the Full meaning
of triple terms.

Our experimental study corroborated these claims empir-
ically: round-tripping succeeded across a broad benchmark
space including nested triple terms, the overhead followed
the expected constant-factor rule per unique triple term,
and runtime scaled near-linearly with input size and triple-
term complexity. Robustness checks additionally ensured that
malformed PropositionForm patterns are rejected rather than
silently mis-decoded.

Several directions remain for future work. A first line con-
cerns semantic strengthening: it would be useful to develop
and analyze semantic extensions in which PropositionForm-
style Basic encodings are given an explicit interpretation that
more directly captures the intended relationship to Full triple
terms, potentially enabling entailment-preserving fragments
or well-characterized approximation bounds. A second line
concerns integration with querying and entailment: formally
relating profile conversions to SPARQL evaluation (including
solution modifiers and entailment regimes) would help tool
builders reason about query portability across Basic/Full
boundaries. A third line concerns engineering aspects, includ-
ing canonicalization strategies for decoding, streaming or
incremental algorithms for large-scale datasets, and valida-
tion techniques for detecting collisions with the reserved
interoperability vocabulary in multi-source data integration
settings.
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