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ABSTRACT
Construction projects rely on information exchange across disciplines, but stakeholder systems describe the same components differently: design teams develop geometry and intent, regulatory bodies treat them as subjects of verifiable compliance requirements, and facility operators maintain asset registers whose breakdown structures often do not align with design-centric boundaries. Without reliable links between records denoting the same physical component (the referent) across these views, downstream tasks such as producing traceable compliance evidence, conducting change-impact assessments, and tracking maintenance accountability become unreliable. In this paper, we address 1:1 identity and validated 1:n referent correspondences, and introduce an evidence-based decision model that links candidate entities by aggregating evidence beyond names and labels in a fixed priority order. The model combines persistent identifiers when available, spatial context through containment and positional consistency, type coherence through classification and object typing, and boundary checks that handle granularity shifts. Two preprocessing steps, floor-label normalization and model-local coordinate translation, make the spatial signal robust to cross-tool authoring conventions. The logic is integrated as a referent-level validation stage before attribute alignment and produces three output classes (LINKED, AMBIGUOUS, NOT_LINKED); deferred cases carry suggested labels as a starting point for human review. On an illustrative set of twenty candidate pairs across three handover patterns, the model produces no unsafe links and recovers all positive cases. Six of the eight LINKED pairs are identifier-free, reached through aggregated evidence: two covering-covering matches and four member links in a validated 1:n precast decomposition. 45% of pairs are deferred for human review, and the suggested labels for these deferred cases match ground truth on all annotated cases (deferral soundness 9/9). The contribution is auditable automation: a transparent evidence evaluation process makes the linkage auditable, and deferral with suggested labels makes unresolved cases visible rather than silently absorbed.
1. INTRODUCTION
Construction projects rely on continuous information exchange across disciplines, yet the same physical components are routinely framed differently across stakeholder systems: in design models, a wall is represented through geometry, object type, and intended function; in regulatory workflows, it is addressed through verifiable requirements such as fire rating or energy-related performance; and in facility management, it may be managed as a maintainable asset within a breakdown structure that often does not align with design-centric boundaries (Ozturk, 2020; Pauwels et al., 2017). This shift weakens asset identity across handovers and creates industry-level costs through avoidable rework (FMI, 2021); data loss remains a persistent interoperability challenge despite standards such as IFC (Ozturk, 2020). IFC GlobalIds cannot always be assumed to remain stable across exports and round-trip workflows (Vehovec, 2025).
Direct entity correspondence can appear trivial. A professional can judge that two representations refer to the same physical element even when identifiers, boundaries, and context differ, because this judgment can draw on implicit domain knowledge. In fire safety, for example, a wall modeled in the design view as one continuous architectural object appears in the fire-safety view as several distinct compartmentation sections; a professional recognizes both views as the same physical wall despite the different decomposition. Automated workflows lack this expertise: identifiers may be absent, regenerated, or transformed across toolchains; object boundaries may shift when continuous architectural elements are interpreted through regulatory zones; and geometry may not be directly comparable across representations (Beck et al., 2021; Beck, 2023). The risk is not the absence of an answer but a plausible-looking wrong one. As a motivating example, a label-similarity baseline (label-cosine similarity, formalized as B2 in Section 5) applied to two IFC exports of the same model produced a cosine-similarity score of 97.6 % between an IfcCovering and an IfcSlab; despite different classes and different referents, the lexical similarity of property labels was high enough to trigger automation that would propagate the error downstream.
Our earlier typology (Martin et al., 2026) identified five recurring mismatch patterns between stakeholder views, including direct entity correspondence. Ontology matching provides general primitives (Euzenat and Shvaiko, 2013; Thiéblin et al., 2020), and AECO-specific work shows that identity decisions are context-sensitive (Beck et al., 2021; Beck, 2023); however, operational logic for combining evidence beyond labels and deferring unresolved cases is still missing.
This paper addresses the missing referent step with an evidence-based linking procedure. The model decides whether two candidate records stand in a referent correspondence by combining persistent identifiers, spatial context, type coherence, and boundary evidence, with a lifecycle-status guard preventing reference geometry from being linked to built components. The aim is auditability rather than maximum automation: the model links only when evidence is sufficient and otherwise defers with an explicit reason. We demonstrate on three handover patterns and evaluate against identifier-only and similarity-driven baselines.
2. RELATED WORK
Referent linkage across AECO views draws on ontology matching, entity resolution, AECO-specific linking, and information-requirement specification. These bodies of work provide important foundations, but they do not directly address the practical decision considered here: whether two heterogeneous records denote the same physical component.
Ontology-matching research has produced a mature catalog of correspondence types and strategies (Euzenat and Shvaiko, 2013). Correspondences are not restricted to equivalence; they include subsumption, disjointness, and transformations such as unit conversion, aggregation, or reinterpretation (Thiéblin et al., 2020). For the present problem, the critical question is whether two project records can be treated as the same physical referent despite unstable identifiers, shifted boundaries, and different modeling intentions.
Classical entity-resolution research (Christen, 2012) provides the methodological basis for linking structured records. AECO records, however, add evidence types rarely central in generic record linkage: containment, topology, part-assembly decomposition, material layers, lifecycle status, and task-specific granularity. This paper turns these AECO-specific signals into an explicit pairwise referent-decision procedure that defers when evidence is insufficient.
Within AECO, prior work has shown that referent identity cannot be reduced to simple equivalence: Beck et al. (2021) demonstrate that owl:sameAs is too restrictive across heterogeneous acquisition methods in BIM-GIS, and Beck (2023) develops a context-sensitive framework. Implementation-oriented studies on IFC/CityGML linkage (Vilgertshofer et al., 2017), IDS-based distributed checking (Kremer and Beetz, 2023), and BIM knowledge-graph construction (Wang et al., 2024; Ramonell et al., 2023) make related progress but do not address pairwise referent identity. Ontologies for the built environment (BOT, Rasmussen et al., 2021; ifcOWL, Pauwels and Terkaj, 2016; DiCon, Zheng et al., 2021) provide structural primitives but lack reusable patterns for relating heterogeneous representations (Bloch, 2022). This gap motivates the typology in our earlier work (Martin et al., 2026), one type of which is operationalized here.
IDS and related information-requirement approaches address a different part of the problem: they specify what a delivered IFC model must contain. The Information Delivery Specification (IDS) maintained by buildingSMART International (2024) and extensions for distributed checking and digital permit workflows (Kremer and Beetz, 2023; Fischer et al., 2024; Akbas et al., 2025) support automated verification of properties, classifications, and structures within a single target model, but do not specify how to decide whether two records in different stakeholder views refer to the same physical component.
3. THE EVIDENCE-BASED DECISION MODEL
The decision model determines whether two records from different stakeholder views participate in an evidence-supported referent correspondence. Our typology (Martin et al., 2026) introduced direct entity correspondence for records describing the same complete artifact at a common level of decomposition; in these 1:1 cases LINKED denotes that identity. Here we add the validated 1:n case, in which the target set jointly and exhaustively realises the source artifact and coverage is established by evidence rather than assumed; LINKED then denotes membership in that correspondence and asserts no pairwise identity between the source and each target record. Material layers, containment relations, and reference-only geometry remain outside both types and are deferred or routed to another mapping type. The model evaluates non-lexical evidence under precedence rules and returns one of three outcomes.
3.1 Position in the integration pipeline
Cross-view integration proceeds through discovery, alignment, and transformation (Euzenat and Shvaiko, 2013); our typology (Martin et al., 2026) positions five mapping types above this. This paper defines an executable pre-mapping decision model for evidence-supported referent correspondence. The model runs before attribute alignment, since attribute-level mapping is not meaningful unless the referent relation between the candidate records is established; otherwise, the resulting error can propagate silently downstream.
[image: ]Referent resolution acts as a gate before attribute alignment. Each candidate pair is classified as LINKED, AMBIGUOUS, or NOT_LINKED. Only 1:1 LINKED pairs proceed directly to attribute alignment; 1:n correspondences carry their group relation forward and require an explicit aggregation or distribution rule downstream. NOT_LINKED pairs are logged and reported to the user. AMBIGUOUS cases are routed to human review, but they are not passed on as unstructured exceptions: the model provides a suggested label together with the evidence pattern that led to deferral. Figure 1 shows the pipeline position.
Figure 1: The evidence-based decision model as a gating stage between candidate generation and downstream actions.
3.2 Evidence signals
The model evaluates four non-lexical evidence classes, meaning evidence not derived from names, labels, or text similarity: persistent identifiers, spatial context, type coherence, and boundary checks. These evidence classes remain usable despite export-induced changes, tool-specific modeling conventions, and federated delivery structures. Table 1 summarizes them with their IFC anchors, strengths, and limitations.

Table 1: Evidence signal classes used in the decision model.
	Signal class
	What it measures
	Typical IFC anchors
	Strengths
	Limitations

	Persistent identifier
	Existence and agreement of a stable cross-system identifier

	IfcRoot.GlobalId, IfcElement.Tag, externally maintained asset IDs
	Decisive when present, stable and unique; conflicts must be detected explicitly
	Frequently absent, regenerated on re-export, or system-local

	Spatial context
	Co-location through containment and positional consistency
	IfcRelContainedInSpatialStructure, local placement, bounding-box overlap, IfcRelSpaceBoundary
	Robust against label drift; meaningful across federations
	Tolerances must be set explicitly; positional ambiguity in symmetric layouts


	Type coherence
	Agreement of typological information beyond labels
	PredefinedType, ObjectType, IfcClassificationReference (Uniclass, OmniClass), material categories
	Effective for exclusion rules; usable when names diverge
	Tools differ in how strictly they populate predefined types and classifications


	Boundary check
	Compatibility of part-whole and granularity decisions
	IfcRelAggregates, IfcElementAssembly, Qto width/area/volume consistency
	Captures split-and-merge and layer-versus-entity cases that defeat other signals
	Domain-specific; requires aggregation logic to compare a single record against a set

	
	
	
	
	


Lexical similarity, on which our prior baseline relies, is excluded from the signal set. The similarity-driven baseline produced a high-confidence label match between an IfcCovering and an IfcSlab from the same project. Because the two records belong to different classes and refer to different physical artifacts, the example shows why lexical evidence alone is unsafe for referent-level decisions.
Each signal returns a value in [0, 1]. A persistent identifier yields 1 when both records share the same stable ID, 0 otherwise, with a flag on conflicting identifiers. The spatial signal combines containment and a position-based score from centroid distance normalized by a floor-extent tolerance. Type coherence aggregates predefined-type, classification-code, and object-type agreement. The boundary check returns the maximum of a 1-to-1 score (volume agreement, or agreement in layer thickness and reference area) and a set-coverage score (whether the aggregate volume of multiple target records approximates the source volume).
Two preprocessing steps make the spatial signal robust across authoring conventions. First, raw floor labels are mapped to a canonical numbered scheme through a small alias table (e.g., “Geschoss”, “EG”, “Erdgeschoss” all resolve to “00”). Second, the centroid of all placements in each model is computed at load time and subtracted from every placement and bounding box, putting records in a model-local coordinate frame independent of the export tool's Project Base Point convention. Both steps run once per model, are deterministic, and do not alter the underlying IFC files.
3.3 Precedence and aggregation logic
For each candidate pair, the model weighs the four evidence classes in a fixed order of priority and assigns the pair to one of three classes: LINKED, AMBIGUOUS, or NOT_LINKED. The following rules specify the precedence and aggregation logic.
The decision logic applies three precedence rules. First, a non-conflicting persistent identifier match returns LINKED directly. Second, conflicting persistent identifiers return NOT_LINKED. Third, when no decisive identifier evidence is available, spatial, type, and boundary evidence are evaluated jointly: pairs are linked only when all three pass their thresholds; pairs with signal disagreement or inconclusive boundary evidence are deferred as AMBIGUOUS; all remaining pairs are returned as NOT_LINKED. A final lifecycle-status guard overrides otherwise positive evidence and defers pairs involving REFERENCE geometry.
Thresholds θ_s, θ_t, θ_b and weights w_s, w_t, w_b are configurable. The peer set used in the set-coverage boundary branch contains records in the target model that share the source's containment floor and belong to a class-compatible category (same IfcClass or an explicitly listed cross-class pair such as IfcSlab–IfcElementAssembly). The defer output carries no numeric confidence; ambiguity is categorical. Figure 2 visualizes the decision flow.
In the pilot evaluation, all three thresholds were set conservatively to 0.55 (θ_s = θ_t = θ_b = 0.55) to privilege precision and deferral over automation coverage; confidence weights were set to w_s = 0.35, w_t = 0.35, and w_b = 0.30. These values are design parameters fixed before evaluation, carried over from prior small-set calibration and not tuned on these patterns.
[image: ]Two refinements address the granularity-shift case in which a single source record corresponds to multiple target records of a compatible but different IFC class (for example, IfcSlab to IfcElementAssembly for a precast-split). First, peers in the set-coverage branch are filtered by volume: those exceeding 70 percent of the source's volume are excluded as alternates rather than parts. Second, when the set-coverage boundary score exceeds 0.85 and the class pair is in the granularity-compatible set, the case is admitted under the 1:n extension of Section 3 and the type threshold is waived. The 0.70 volume cap, 0.85 set-coverage threshold, and the granularity-compatible class list are fixed before evaluation as conservative design parameters, not tuned on results.
Figure 2: Decision flow per candidate pair. Identifier precedence resolves the linkage immediately; remaining cases are decided jointly on spatial, type, and boundary evidence, with the type threshold waived where set coverage establishes a 1:n decomposition, and a final status guard for REFERENCE geometry.
AMBIGUOUS cases additionally carry a suggested label with an associated confidence value, derived from the deferral reason and the observed signal pattern: a REFERENCE-guard deferral suggests NOT_LINKED with high confidence; a boundary-inconclusive deferral suggests LINKED when both spatial and type evidence are strong and NOT_LINKED otherwise; a spatial/type-disagree deferral suggests NOT_LINKED when the records belong to different IFC classes and LINKED otherwise. The suggested label is not used as an automatic linkage result, but as a starting point for human review; its agreement with ground truth is therefore reported separately as a deferral-soundness metric.
3.4 Integration as referent-level validation stage
The model is invoked once for each candidate pair generated by a preceding retrieval step. Retrieval may use any mechanism, including lexical similarity; its role is only to bound the candidate set, not to decide referent identity. Each pair is annotated with signal values, output class, contributing evidence, and provenance. This makes accepted links auditable, exposes AMBIGUOUS cases for human review (Martin et al., 2025b), and keeps retrieval separate from the referent-level decision logic. 
4. DEMONSTRATION
The three illustrative patterns represent distinct referent-linkage challenges in AECO handover: terminology drift between corresponding entities, boundary shifts between layers and explicit objects, and granularity changes from a single element to multiple component records. We constructed each pattern as a controlled IFC test scenario in Allplan, Archicad, and Allplan Engineering, and together they test whether the model distinguishes evidence-supported referent correspondence from cases requiring deferral or another mapping type. Figure 3 sketches the patterns, with full per-pair records in additional CSV records (available from the authors).
[image: ]
Figure 3: The three illustrative patterns. Pattern 1 resolves via identifier precedence; Pattern 2 links two covering pairs and defers eight; Pattern 3 links the four granularity-shift candidates and defers the REFERENCE-geometry case.
4.1 Pattern 1: Room with floor finish
Source view: a living room as IfcSpace “Raum 1 - Wohnzimmer” with the floor build-up as a separate IfcCovering. 
Target view: IfcSpace “R-001” / “Wohnen” plus a second space “R-004” on the upper storey, with the floor represented through the structural IfcSlab rather than via a covering. The source space and “R-001” share AssetReference.ProjectAssetId = ASSET-RAUM-WOHN-EG; the covering and the slab share neither identifier nor labels.
The model resolves the source-space ↔ “R-001” pair through identifier precedence, returning LINKED with confidence 1.0, while the “R-004” candidate on the upper storey is returned NOT_LINKED on conflicting identifiers. The covering-to-slab pair is also correctly returned NOT_LINKED: the records stand in a containment relation rather than being the same referent. Such cases fall under the cluster-based mapping type (Martin et al., 2026), not under direct entity correspondence, and the model surfaces this by withholding a positive linkage.
4.2 Pattern 2: Plaster as layer vs. surface covering
Source view: an exterior wall as one IfcWall “Außenwand W-001” with an IfcMaterialLayerSet of 3 cm Kalkputz, 24 cm Hochlochziegel, 4 cm Zementputz, plus two IfcCovering records for the plaster layers. 
Target view: one full IfcWall “Außenwand W-001” (IsExternal=True, LoadBearing=True), an additional IfcWall “Außenwand W-001 (Mauerwerks-Komponente)” representing only the masonry core (Archicad multi-layer convention), and two IfcCovering records named “Kalkputz” and “Zementputz”.
Identifier precedence resolves the full-wall pair LINKED at confidence 1.0. The two covering pairs carry no shared identifier and rely on aggregated evidence. For “Innenputz Kalk” ↔ “Kalkputz”, the model computes spatial 0.94 (same floor after label normalization, near-coincident positions after model-local re-centering), type 0.76 (same Pset_CoveringCommon, same Uniclass code), and boundary 0.72 (agreeing layer thickness and reference area); all three signals clear the threshold and the model returns LINKED at confidence 0.81. The “Außenputz Zement” ↔ “Zementputz” pair behaves analogously (boundary 0.72, confidence 0.82). The remaining non-identifier candidates are correctly differentiated: the Außenwand-Mauerwerks-Komponente pair carries conflicting ProjectAssetIds and is returned NOT_LINKED via identifier conflict, while the six cross-type wall-covering combinations are deferred on signal disagreement and the two cross-side covering pairs on inconclusive boundary evidence, the latter separated by a 3 cm versus 4 cm layer thickness.
4.3 Pattern 3: Slab single vs. precast-split
Source view: a monolithic IfcSlab “Geschossdecke EG”, GrossVolume 11.52 m³ at floor EG, together with the enclosing IfcSpace of that storey. 
Target view: from Allplan Engineering for the precast contractor, four IfcElementAssembly instances “Hohldielen-Element 01..04” (each 2.88 m³), plus an additional IfcSlab “Architekturdecke Referenz” carried over from architecture and marked AssetReference.LifecycleStatus = REFERENCE.
For the slab-to-reference pair, the model computes spatial 0.64, type 0.84, boundary 1.00. The status guard then detects LifecycleStatus = REFERENCE and overrides to AMBIGUOUS with a suggested label NOT_LINKED (confidence 0.85), since reference geometry is by construction not the built referent. For the four IfcSlab ↔ Hohldielen-Element pairs, the 1-to-1 boundary score is low because volumes differ by a factor of four, but the set-coverage branch applies instead: the volume-filtered peer set contains exactly the four “Hohldielen”, their sum (11.52 m³) matches the source volume, and the set-coverage boundary score reaches 1.00. Because IfcSlab and IfcElementAssembly form a granularity-compatible pair and set coverage is established, the case falls under the 1:n extension defined in Section 3; the type threshold is waived accordingly and the four pairs return LINKED with confidences between 0.55 and 0.57.
5. EVALUATION
We compare the proposed model against two deliberately minimal reference baselines representing current practice: identifier-only matching (B1) and label-based similarity (B2). B1 links records sharing the same persistent cross-system identifier (AssetReference.ProjectAssetId; IfcElement.Tag where available as fallback). We note that B1 corresponds to the identifier-precedence component of the proposed model without its conflict-detection rule, so the comparison isolates the contribution of the non-identifier signals rather than claiming novelty over identifier matching. B2 links records whose concatenated label string (IfcClass + Name + ObjectType + PredefinedType) reaches cosine similarity above 0.50; we implement B2 with character n-gram TF-IDF for determinism and reproducibility.
Because the proposed model can defer cases as AMBIGUOUS, accuracy alone would hide important behavior. We therefore report resolved precision, recall, F1, and safe-accuracy on hard predictions (LINKED vs NOT_LINKED), plus positive coverage (TP/(TP+FN+AMB+)) and deferral rate (AMBIGUOUS/total). AMBIGUOUS pairs are excluded from the resolved metrics and reported separately. We additionally report deferral soundness, the share of AMBIGUOUS pairs whose suggested label matches ground truth.
The evaluation reports on 20 ground-truth-annotated candidate pairs across the three handover models from Section 4: 3 from Pattern 1, 12 from Pattern 2, and 5 from Pattern 3 (8 ground-truth-positive and 12 ground-truth-negative). These are the pairs retained by candidate generation from the 28 possible cross-model combinations; class combinations without a plausible referent relation were not annotated. Ground truth was established by manually inspecting model representations against the mapping requirements in Martin et al. (2026). Table 2 reports the confusion-matrix entries and performance measures across the three patterns.
Table 2: Cross-pattern results on the illustrative pilot (20 candidate pairs, 8 positive). Numbers are proof-of-contract behavior, not benchmark performance.
	Method
	TP
	FP
	FN
	TN
	AMB+
	AMB-
	Resolved Precision
	Resolved Recall
	Resolved F1
	Resolved Safe-Acc
	Pos-Cov
	Defer

	B1 (Identifier-only)

	2
	0
	6
	12
	0
	0
	1.00
	0.25
	0.40
	0.70
	0.25
	0.00

	B2 (Similarity-driven)

	3
	0
	5
	12
	0
	0
	1.00
	0.38
	0.55
	0.75
	0.38
	0.00

	Proposed
	8
	0
	0
	3
	0
	9
	1.00
	1.00
	1.00
	1.00
	1.00
	0.45

	
	
	
	
	
	
	
	
	
	
	
	
	


The results show three key points for downstream automation. First, none of the methods produces unsafe false positives, but B1 and B2 reach that property mainly through conservative NOT_LINKED decisions that accumulate false negatives: B1 misses six of eight positives because it cannot reason beyond identifiers, and B2 recovers all three Pattern-2 LINKED pairs through label match (the full wall via the identical “Außenwand W-001” label, plus the two plaster pairs via substring overlap “Kalkputz” ↔ “Kalkputz” and “Zementputz” ↔ “Zementputz”); it fails on all four Pattern-3 granularity-shift pairs. Second, the proposed model resolves all eight LINKED cases without false positives or false negatives. Third, boundary and status-guard cases that B1 and B2 silently absorb as NOT_LINKED are exposed as auditable AMBIGUOUS outputs with a suggested label for review.
Confidence values for the six identifier-free LINKED pairs lie between 0.55 and 0.82, below the identifier-precedence ceiling of 1.0, supporting a route-aware confidence behavior. All nine deferred pairs are GT-annotated; every suggested label matches the true correspondence, yielding a deferral soundness of 9/9. Their associated confidences (0.55–0.85) are conservative priors keyed to the deferral reason, not tuned values. Each AMBIGUOUS record carries the four signal values, the deferral reason, the suggested label with its confidence, and references to the candidate records, which the human-in-the-loop framework (Martin et al., 2025b) presents alongside side-by-side IFC views of the candidates.
6. DISCUSSION
The evaluation points to three broader implications for referent linkage in AECO workflows. These implications concern evidence design in AECO data, the role of automation under uncertainty, and the interfaces to existing tool chains and standardization practice.
6.1 Lessons learned
Three observations from this pilot suggest directions for further validation: First, persistent-identifier evidence is decisive when present but cannot be assumed: identifier-based linking resolved only the room and exterior-wall pairs out of twenty candidates, consistent with reports that GlobalIDs regenerate across exports and with a component ablation in our evaluation logs (available from the authors) showing that each component is necessary for a distinct subset of LINKED decisions. Second, in this pilot, type coherence acts mainly as an exclusion criterion, deferring the cross-type wall-covering candidates, while the boundary evidence carries the two covering-covering decisions. Third, deferral is intentional rather than a failure mode: in Pattern 3, the slab-to-reference pair is routed to AMBIGUOUS via the REFERENCE guard, with an explanatory trace that can be forwarded to human review.
6.2 Practice and standardization implications
Two practical recommendations follow. First, organizations operating across design–construction–operations should invest in stable cross-system identifiers and lightweight property sets that carry them. The AssetReference property set used here is one realization, named without the Pset_ prefix, which IFC reserves for its own property sets; identifiers need not be globally unique, only stable across exports and shared at known locations, which a small extension of IDS practice (Kremer and Beetz, 2023; Fischer et al., 2024) can specify. Second, status markers distinguishing built artifacts from reference geometry should be machine-readable: the Pattern-3 status guard works because the precast model carries LifecycleStatus = REFERENCE; without this, even a correct model would link auxiliary geometry to a built component.
The model is designed to feed AMBIGUOUS cases into an existing human-in-the-loop framework (Martin et al., 2025b): each AMBIGUOUS pair carries the evidence that led to deferral, and confirmed reviewer decisions can later refine precedence rules and signal weights. At the 45 percent deferral rate observed in this pilot, roughly nine in twenty pairs reach the human reviewer; this is a deliberate trade-off, since each deferred pair arrives with a suggested label and full evidence trace rather than being silently absorbed into NOT_LINKED.
6.3 Limitations
The evaluation uses three handover patterns and 20 candidate pairs, an illustrative set rather than a benchmark; independent ground-truth validation remains future work; scaling to a benchmark set would require ground-truth annotation across substantially more diverse cross-tool exports with established inter-rater agreement, which is the natural next step for this line of work. The identifier-free mechanism is demonstrated on six cases via two distinct mechanisms (covering-covering aggregation in Pattern 2 and slab-to-precast granularity shift in Pattern 3); broader validation requires more diverse cross-tool exports, especially where floor-label normalization and model-local coordinate translation are insufficient. The four Pattern-3 LINKED pairs sit on the precision-deferral boundary at confidences 0.55–0.57; a 0.02 threshold shift would route them to AMBIGUOUS, reflecting the fragility of the granularity-shift case. The four outputs are member links within one validated granularity-shift correspondence, not four independent assertions of pairwise identity; restricting the output vocabulary to the 1:1 type would defer them instead, yielding positive coverage 0.50 and a deferral rate of 0.65 on the present ground truth. Thresholds, weights, peer-volume cap, and granularity-compatible class pairs are conservative design choices, not tuned on results; sensitivity analysis requires a larger annotated dataset. The boundary check aggregates plausible target sets without geometric union computations; this works for the pilot patterns but would need refinement for industrial-scale models. Computational scalability and integration into operational BIM and Digital Twin environments also remain to be evaluated before production deployment.
7. CONCLUSION
[bookmark: OLE_LINK2]Reliable AECO information integration depends on referent linkage across stakeholder views, but lexical similarity alone is insufficient. This paper introduces an evidence-based decision model that establishes referent correspondence by aggregating persistent identifiers, spatial context, type coherence, and boundary checks under precedence rules, subject to a categorical lifecycle-status constraint, with class-aware handling of validated 1:n decompositions. The model operates as a gating stage before attribute alignment and produces three output classes; deferred cases carry a suggested label with confidence. On an illustrative set of 20 candidate pairs across 3 handover patterns, the model produces no unsafe links and recovers all positive cases, including 6 identifier-free LINKED cases reached through aggregated evidence: 2 covering-covering matches and 4 member links in a validated 1:n precast decomposition. 45% of candidate pairs are deferred for review; on the annotated subset, every suggested label matches the ground truth. The contribution is auditable automation: explicit evidence aggregation reduces unsafe links, and deferral with the associated confidence makes unresolved cases visible and auditable. Together with our earlier work on attribute-level matching (Martin et al., 2025a) and cross-view mapping types (Martin et al., 2026), the model closes a referent-level step that must precede reliable cross-view integration.
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