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[bookmark: _Toc32428404]Introduction
S-98 Part A contains information that applies to interoperability catalogues which use interoperability rules and operations of at most Level 4 interoperability.
Interoperability catalogues conforming to this Part must comply with both the following components of S-98:
1) S-98 Main Specification, which describes requirements applying to all S-98 interoperability catalogues and S-98 exchange sets;
2) S-98 Part D (this Part), which defines the subset of the interoperability model and catalogue encoding that are specific to Level 4 interoperability.
The hypothetical processing model for implementations is described in general terms in the “S-98 - Main” document and elaborated in clause 7 of this Part.
Level 4 interoperability includes the following capabilities:
· Level 1 interoperability, in which feature types from different products, including S-101, are interleaved as specified by display plane and drawing priority information contained in the Interoperability Catalogue.
· Level 2 type suppression functionality, which allows suppression of all features of a specified feature type in a specified product, with another feature type from a different product being displayed instead. Filtering by attribute values and geometry type is also possible.
· Level 2 constructs allowing catalogues to partition interoperability rules and operations according to specified combinations of data products (“predefined combinations”). The rules and operations in each partition are applied only when the corresponding data products are part of the display.
· [bookmark: _Hlk32319288]Level 3 interoperability functionality for allowing suppression of selected feature instances and combination or conversion of feature types from input products into different feature types for display and alert processing purposes. In Level 3, combination/conversion operations are limited to thematic attributes.
· Enhanced feature combination/conversion functionality introduced in Level 4, allowing query, combination, and conversion operations on spatial attributes as well as thematic attributes.
[bookmark: _Hlk32319382]The output of interoperability processing is either the original feature data (processing option 1) or drawing instructions (processing option 2), accompanied by display plane and drawing priority information, which is passed through to the portrayal processor. Clause 7 elaborates on these options.
[bookmark: _Toc32343922][bookmark: _Toc32428405]How to read this Part
Clause 2 of this Part contains scope identification information corresponding to the contents of this Part, which applies specifically to Interoperability catalogues designated as Level 1.
For Clauses 3–10, the content of the clause or sub-clause extends or elaborates on the content under the same or similar clause head or sub-head in S-98 – Main. 
The numbering of Clauses 3-10 may differ from that of corresponding clauses in S-98 – Main, because for some there is no additional level-specific information needed. If a clause or sub-clause in S-98 – Main has no corresponding clause or sub-clause in this Part, there is no level-specific information on that topic.
1 [bookmark: _Toc225065135][bookmark: _Toc225648278][bookmark: _Toc484523826][bookmark: _Toc32428406]Specification Scope for Part D
S-98 Part D describes the portions of S-98 which correspond to the following scope defined in S-98 – Main (Clause 2):
Scope Identification: S98L4
Level: MD_ScopeCode – 13
Level Name: Interoperability Level 4
Description: Spatial operations; instance and type selectivity; hybridization; interleaving
Extent: EX_Extent.description = “worldwide”; EX_GeographicBoundingBox = [-180, +180, -90, +90]
2 [bookmark: _Toc27525023][bookmark: _Toc27526568][bookmark: _Toc27528110][bookmark: _Toc27529652][bookmark: _Toc27525024][bookmark: _Toc27526569][bookmark: _Toc27528111][bookmark: _Toc27529653][bookmark: _Toc27525025][bookmark: _Toc27526570][bookmark: _Toc27528112][bookmark: _Toc27529654][bookmark: _Toc27525026][bookmark: _Toc27526571][bookmark: _Toc27528113][bookmark: _Toc27529655][bookmark: _Toc27525027][bookmark: _Toc27526572][bookmark: _Toc27528114][bookmark: _Toc27529656][bookmark: _Toc27525028][bookmark: _Toc27526573][bookmark: _Toc27528115][bookmark: _Toc27529657][bookmark: _Toc27525029][bookmark: _Toc27526574][bookmark: _Toc27528116][bookmark: _Toc27529658][bookmark: _Toc27525030][bookmark: _Toc27526575][bookmark: _Toc27528117][bookmark: _Toc27529659][bookmark: _Toc27525031][bookmark: _Toc27526576][bookmark: _Toc27528118][bookmark: _Toc27529660][bookmark: _Toc27525032][bookmark: _Toc27526577][bookmark: _Toc27528119][bookmark: _Toc27529661][bookmark: _Toc27525033][bookmark: _Toc27526578][bookmark: _Toc27528120][bookmark: _Toc27529662][bookmark: _Toc27525034][bookmark: _Toc27526579][bookmark: _Toc27528121][bookmark: _Toc27529663][bookmark: _Toc27525035][bookmark: _Toc27526580][bookmark: _Toc27528122][bookmark: _Toc27529664][bookmark: _Toc27525036][bookmark: _Toc27526581][bookmark: _Toc27528123][bookmark: _Toc27529665][bookmark: _Toc27525037][bookmark: _Toc27526582][bookmark: _Toc27528124][bookmark: _Toc27529666][bookmark: _Toc27525038][bookmark: _Toc27526583][bookmark: _Toc27528125][bookmark: _Toc27529667][bookmark: _Toc27525039][bookmark: _Toc27526584][bookmark: _Toc27528126][bookmark: _Toc27529668][bookmark: _Toc27525040][bookmark: _Toc27526585][bookmark: _Toc27528127][bookmark: _Toc27529669][bookmark: _Toc27525041][bookmark: _Toc27526586][bookmark: _Toc27528128][bookmark: _Toc27529670][bookmark: _Toc27525042][bookmark: _Toc27526587][bookmark: _Toc27528129][bookmark: _Toc27529671][bookmark: _Toc27525043][bookmark: _Toc27526588][bookmark: _Toc27528130][bookmark: _Toc27529672][bookmark: _Toc484523833][bookmark: _Toc225065137][bookmark: _Toc225648280][bookmark: _Ref500467556][bookmark: _Ref3345549][bookmark: _Toc32428407]Data Content and structure
2.1 [bookmark: _Toc27525045][bookmark: _Toc27526590][bookmark: _Toc27528132][bookmark: _Toc27529674][bookmark: _Toc27525046][bookmark: _Toc27526591][bookmark: _Toc27528133][bookmark: _Toc27529675][bookmark: _Toc27525047][bookmark: _Toc27526592][bookmark: _Toc27528134][bookmark: _Toc27529676][bookmark: _Toc27525048][bookmark: _Toc27526593][bookmark: _Toc27528135][bookmark: _Toc27529677][bookmark: _Toc27525049][bookmark: _Toc27526594][bookmark: _Toc27528136][bookmark: _Toc27529678][bookmark: _Toc27525050][bookmark: _Toc27526595][bookmark: _Toc27528137][bookmark: _Toc27529679][bookmark: _Toc27525051][bookmark: _Toc27526596][bookmark: _Toc27528138][bookmark: _Toc27529680][bookmark: _Toc27525052][bookmark: _Toc27526597][bookmark: _Toc27528139][bookmark: _Toc27529681][bookmark: _Toc27525053][bookmark: _Toc27526598][bookmark: _Toc27528140][bookmark: _Toc27529682][bookmark: _Toc27525054][bookmark: _Toc27526599][bookmark: _Toc27528141][bookmark: _Toc27529683][bookmark: _Toc27525055][bookmark: _Toc27526600][bookmark: _Toc27528142][bookmark: _Toc27529684][bookmark: _Toc27525056][bookmark: _Toc27526601][bookmark: _Toc27528143][bookmark: _Toc27529685][bookmark: _Toc27525057][bookmark: _Toc27526602][bookmark: _Toc27528144][bookmark: _Toc27529686][bookmark: _Toc27525058][bookmark: _Toc27526603][bookmark: _Toc27528145][bookmark: _Toc27529687][bookmark: _Toc27525059][bookmark: _Toc27526604][bookmark: _Toc27528146][bookmark: _Toc27529688][bookmark: _Toc27525060][bookmark: _Toc27526605][bookmark: _Toc27528147][bookmark: _Toc27529689][bookmark: _Toc27525061][bookmark: _Toc27526606][bookmark: _Toc27528148][bookmark: _Toc27529690][bookmark: _Toc27525062][bookmark: _Toc27526607][bookmark: _Toc27528149][bookmark: _Toc27529691][bookmark: _Toc27525063][bookmark: _Toc27526608][bookmark: _Toc27528150][bookmark: _Toc27529692][bookmark: _Toc27525064][bookmark: _Toc27526609][bookmark: _Toc27528151][bookmark: _Toc27529693][bookmark: _Toc27525065][bookmark: _Toc27526610][bookmark: _Toc27528152][bookmark: _Toc27529694][bookmark: _Toc27525066][bookmark: _Toc27526611][bookmark: _Toc27528153][bookmark: _Toc27529695][bookmark: _Toc27525067][bookmark: _Toc27526612][bookmark: _Toc27528154][bookmark: _Toc27529696][bookmark: _Toc27525068][bookmark: _Toc27526613][bookmark: _Toc27528155][bookmark: _Toc27529697][bookmark: _Toc27525069][bookmark: _Toc27526614][bookmark: _Toc27528156][bookmark: _Toc27529698][bookmark: _Toc225065138][bookmark: _Toc225648281][bookmark: _Toc484523836][bookmark: _Ref3345565][bookmark: _Toc32428408]Application Schema
[bookmark: _Toc32428409]Overview of application schema
The application schema for Interoperability Level 4 is depicted in Figure 3.1 below. This application schema is a subset of the full application schema in S-100 Part 16. It consists of the following components:
1) Catalogue header information.
2) Display plane ordering information.
3) Display planes content in the form of either features or drawing instructions.
4) Specification of rules indicating which feature layers to suppress.
5) Specification of data product combinations and method of referencing collections of interoperability rules and operations to specific combinations.
6) Specification of rules indicating which feature instances to suppress.
7) Rules for combining feature data into new features based on thematic attributes.
8) Operations involving only thematic attributes, for combining selected instances of feature types from different data products, or conversion of feature data into new feature data.
9) Feature and Portrayal Catalogues for the new features generated according to the abovementioned combination or conversion operations.
10) Operations involving querying, combining, or performing other spatial operations on feature geometry (in combination with the previously mentioned operations on thematic attributes), for combining or converting feature data into new features.
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[bookmark: _Ref518567939]Figure 3‑1 – Level 4 interoperability catalogue
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[bookmark: _Toc484523837][bookmark: _Toc27525072][bookmark: _Toc27526617][bookmark: _Toc27528159][bookmark: _Toc27529701][bookmark: _Toc27525073][bookmark: _Toc27526618][bookmark: _Toc27528160][bookmark: _Toc27529702][bookmark: _Toc27525074][bookmark: _Toc27526619][bookmark: _Toc27528161][bookmark: _Toc27529703][bookmark: _Toc27525075][bookmark: _Toc27526620][bookmark: _Toc27528162][bookmark: _Toc27529704][bookmark: _Toc27525076][bookmark: _Toc27526621][bookmark: _Toc27528163][bookmark: _Toc27529705][bookmark: _Toc27525077][bookmark: _Toc27526622][bookmark: _Toc27528164][bookmark: _Toc27529706][bookmark: _Toc27525078][bookmark: _Toc27526623][bookmark: _Toc27528165][bookmark: _Toc27529707][bookmark: _Toc27525079][bookmark: _Toc27526624][bookmark: _Toc27528166][bookmark: _Toc27529708][bookmark: _Toc27525080][bookmark: _Toc27526625][bookmark: _Toc27528167][bookmark: _Toc27529709][bookmark: _Toc225648301][bookmark: _Toc225065158][bookmark: _Toc484523838][bookmark: _Toc225648282][bookmark: _Toc225065139][bookmark: _Toc32428410]Operations in Pre-Defined Combinations
Level 4 allows predefined combinations, whereby the scope of specified interoperability operations can be restricted so the operations are executed only when a specified set of data products is active on the user display. Display plane and feature ordering (Level 1 operations) can be thus restricted by associating a specific set of products (listed in S100_IC_PredefinedCombination elements) to S100_IC_DisplayPlane elements.
Level 4 interoperability also allows replacement of a feature layer from one product by a feature layer from another product. These layers are specified by S100_IC_SuppressedFeatureLayer elements. Replacement operations are restricted to occur only when specific combinations of data products are present on the user display because the S100_IC_SuppressedFeatureLayer elements in interoperability catalogues are always contained within S100_IC_PredefinedCombination elements.
The simplest operations on feature instances are replacement of selected instances from one product by selected instances from another product. These are described by S100_IC_SuppressedFeatureInstance elements.
Level 4 also allows more complex operations, including conversion of input feature instances into new features (hybridization) as described by S100_IC_HybridFeature elements. The replacement and hybridization rules are described in Clause 3.1.5. The operations allowed in Level 4 are:
1) Operations on selected instances of a feature type (Level 3 interoperability).
2) Conversion of input feature data into new feature data involving only thematic attributes (Level 3 interoperability).
3) Conversion of input feature data into new feature data involving spatial as well as thematic attributes (enhanced functionality introduced in Level 4).

[bookmark: _Toc32343929][bookmark: _Toc32343930][bookmark: _Toc32343931][bookmark: _Toc32428411]Enhanced selection of feature instances
S100_IC_SuppressedFeatureInstance and S100_IC_HybridFeature elements specify the feature types on which they operate by indicating the product and feature types of two products.  Selection of feature instances is done by evaluating a filter expression (type FeatureSelector, a string expression conforming to the specified [TBD] format) with the feature instance as input parameter. A FeatureSelector is a more expressive form of the attribute-value combination filter described in Clause 4.3 (S-98 – Main) that can include spatial operations and more complex expressions on thematic attributes.
[NOTE: If a scripting language for selection is developed it will belong in this level – the TBD in the previous sentence would be the specification of the scripting language, and equally importantly, their call/function signatures and restrictions on what the scripts are allowed to do.]
If spatial attributes are not mentioned in filtering or selection conditions, spatial equality is an implied criterion in determining each input instance set of feature instances to be converted to new feature data uses spatial equality as an implicit criterion for set membership; that is, only coincident instances (to a system-determined tolerance) are combined, and the geometry of the output is the same as the geometry of any instance in the input set.
[bookmark: _Ref30880508]For Level 4 interoperability, the Levels 1-3 restriction on the use of spatial attributes is relaxed and complex spatial operations are permitted but there is an implicit assumption that the members of the input instance set are meaningfully related spatially (for example 95% common area). The precise criteria for meaningful spatial relationships depend on the nature of the data products and other particular circumstances, and must, for this edition of S-98, be defined by the developers of a particular interoperability catalogue[footnoteRef:2].   [2:  Later editions of S-98 may include concrete criteria and additional spatial operations, ideally after exploratory Level 4 implementations have resulted in agreement on which spatial operations are useful for practical interoperability. ] 

In Level 4 interoperability, the spatial attributes of the output instance may be generated by applying spatial operators for example spatial union, intersection, etc.) to the spatial attributes of the input instance set. The allowed spatial operations are the methods for testing spatial relations described in IHO S-58, Section 2 extended with additional operations (to be determined when Level 4 is elaborated1).
[bookmark: _Toc32428412]Interoperability levels
The interoperabilityLevel attribute in S100_IC_InteroperabilityCatalogue specifies the highest level of interoperability implemented in that XML interoperability catalogue file. The interoperabilityLevel attribute in S100_IC_DisplayPlane specifies the level to which that display plane pertains.
The interoperabilityLevel attribute in each S100_IC_PredefinedCombination element specifies the highest level of interoperability operations that are encoded in the element. S100_IC_PredefinedCombination elements are permitted to also include operations of a lower level of interoperability.
The interoperabilityLevel attribute in S100_HybridFeatureCreationRule specifies the interoperability level to which that rule applies.
[bookmark: _Ref30724094][bookmark: _Toc32428413]Hybridization rules
Hybridization rules define how a set of feature instances is combined to create a hybrid feature type. In the simplest form of hybridization, the hybrid feature would bind all the attributes of the input types to a single output feature type (this assumes that there are no collisions[footnoteRef:3] between the thematic attributes of the input types.) More complex hybridization rules can handle collisions, for example by defining a preference order for colliding attributes, including all the values if the input types bind the same enumerated attribute, or adding uncertainty metadata if numeric attribute values are different. [3:  Attributes which describe the same characteristic of substantially the same phenomenon. Such attributes will generally have the same name. Developers of interoperability catalogues can detect collisions by comparing application schemas and feature catalogues.] 

The hybridization rules require two feature instances as input and produce a single feature instance as output. The formal specification and rule language for hybridization will be described in a subsequent version of this Specification.
Simple hybridization rule
Simple rules treat thematic attributes uniformly, for example by binding the attributes of both primary and secondary input instances to the output instance, or preferring the attribute bindings of the primary instance to those of the secondary instance in case of a difference in the values of common attributes. Location/extent spatial attributes of all input instances must be spatially equal and are passed through unchanged.
Thematic hybridization rule
Thematic rules treat thematic attributes on an individual basis, for example, use specified attributes from the primary input instance and specified attributes from the secondary input instance. Combination operations on attribute values may be specified (for example, OutputFeature.depthValue = maximum(ProductA.FeatureX.depthValue, ProductB.FeatureY.depthValue). Location/extent spatial attributes of all input instances must be spatially equal (as defined in IHO S-58) and are passed through unchanged.
Complete hybridization rule
Complete rules allow selection of input sets using complex spatial queries as well as spatial equality and selector expressions on attribute values. The output can combine thematic attributes in any of the ways allowed by thematic hybridization rules. In addition, it may generate complex spatial objects from the input spatial primitives by applying selected spatial operations to the input instances. The allowed spatial operations will be identified in a future edition of this specification (tentatively, the spatial operations defined in IHO S-58, Section 2). 
[bookmark: _Toc32428414]Hybrid feature and portrayal catalogues
Hybrid Feature and Portrayal Catalogues are physically separate files from the main Interoperability Catalogue, but the main Catalogue links to them by encoding the names of the hybrid catalogue files which are used by the feature creation rules defined in it. The hybrid Feature and Portrayal Catalogues conform to the structures required by S-100 Parts 5 and 9 respectively.
[bookmark: _Toc32428415]Progression of interoperability levels
Figure 3.2 below shows the components of the model subset used by this level compared to lower levels.
Level 2 adds predefined combinations and feature suppression elements to Level 1.
Level 3 adds elements related to thematic hybridization.
Level 4 adds rules that can use spatial operations.
Interoperability catalogues at any level can also use lower-level functionality.
[image: ]
[bookmark: _Ref3346090]Figure 3‑2 - Progressive use of Interoperability Catalogue model

2.2 [bookmark: _Toc32428416]Interoperability Catalogue
[bookmark: _Toc27525091][bookmark: _Toc27526633][bookmark: _Toc27528175][bookmark: _Toc27529717][bookmark: _Toc27525092][bookmark: _Toc27526634][bookmark: _Toc27528176][bookmark: _Toc27529718][bookmark: _Toc27525093][bookmark: _Toc27526635][bookmark: _Toc27528177][bookmark: _Toc27529719][bookmark: _Toc27525094][bookmark: _Toc27526636][bookmark: _Toc27528178][bookmark: _Toc27529720][bookmark: _Toc27525095][bookmark: _Toc27526637][bookmark: _Toc27528179][bookmark: _Toc27529721][bookmark: _Toc484523840][bookmark: _Toc32428417]Conceptual Types for Level 4 Interoperability 
The following clauses summarize the conceptual elements used in Level 4 Interoperability Catalogues. Details about these conceptual types are provided in S-100 Part 16.
Display Plane (S100_IC_DisplayPlane)
A display plane element in the interoperability catalogue acts as a container for display information for specified feature classes, which enables the interleaving of feature layers during portrayal by indicating the display plane, priority, and drawing order of the features assigned to a display plane.
A feature type may be referenced in more than one S100_IC_DisplayPlane, but the entries in different display planes must be distinguished by different attribute-value combinations or spatial primitives so that the actual instances of features are partitioned unambiguously between different display planes.
The portrayal of feature types not mentioned in any S100_IC_DisplayPlane component is undefined until ordinary portrayal processing takes place. 
[bookmark: _Ref517297891]Feature type display information (S100_IC_Feature)
The S100_IC_Feature element describes the display parameters for all features of a specific feature type in a specific product and thereby determines the order of drawing the feature type relative to other feature types in the same display plane. It also specifies the viewing group to which the feature is assigned. Its applicability can be optionally restricted to a subset of instances of the feature type by additional attributes that specify the type of spatial primitive and indicate specific values of thematic attributes.
Feature layer (S100_IC_SuppressedFeatureLayer)
Each instance of this element identifies a feature type in a specific data product which is supposed to be suppressed in the presence of another specified feature type from another product.
Drawing instruction (S100_IC_DrawingInstruction)
Drawing instructions in the Interoperability Catalogue play a similar role to feature type display information (S100_IC_FeatureType) but with drawing instructions instead of feature objects. The S100_IC_DrawingInstruction element in Interoperability Catalogues is similar in operation to the layering and priority aspects of the DrawingInstruction element in Portrayal Catalogues (see S-100 Part 9 - Portrayal). Where there is a conflict with a Portrayal Catalogue drawing instruction, the drawing instruction in the Interoperability Catalogue supersedes the drawing instruction in the Portrayal Catalogue.
The S100_IC_DrawingInstruction element contains an additional attribute that allows substitution of symbolization instructions generated by portrayal processing.
Comparison and use of S100_IC_Feature and S100_IC_DrawingInstruction
S100_IC_Feature and S100_IC_DrawingInstruction elements in Interoperability Catalogues operate in essentially the same way as far as assignment of drawing order, priority, and display planes is concerned. They differ in that S100_IC_DrawingInstruction provides an optional attribute to substitute the symbolization elements of the drawing instruction.
S100_IC_Feature should be used for Interoperability Catalogues that are designed for systems where interoperability processing precedes the generation of drawing instructions.
S100_IC_DrawingInstruction should be used for Interoperability Catalogues that are designed for systems where interoperability processing precedes the generation of drawing instructions. It should also be used in all catalogues where substitution of symbolization is necessary.
Predefined combination (S100_IC_PredefinedCombination)
A predefined combination element defines a collection of data products for which a common set of interoperability operations have been defined in the Interoperability Catalogue. Instances of predefined combinations are also characterized by interoperability level, which allows the encoding of different sets of operations depending on how tightly integrated the user desires the products to be on the resultant display.
The interoperabilityLevel attribute in each S100_IC_PredefinedCombination element specifies the highest level of interoperability operations that are encoded in the element. S100_IC_PredefinedCombination elements with a specified level attribute are permitted to also include operations of a lower level of interoperability.
Predefined combinations can be linked to S100_IC_DisplayPlane elements by means of references in the S100_IC_PredefinedCombination elements.
Suppressed feature Instance (S100_SuppressedFeatureInstance)
This element allows interoperability catalogues to indicate when specific feature instances in a data product mut be suppressed by specific feature instances in another product. Its functionality is similar to S100_SuppressedFeatureLayer except that it can use somewhat more expressive selection/replacement rules (by virtue of its dependency on S100_SimpleRule) and it applies to feature instances instead of feature types or subsets of feature types.
Feature hybridization (S100_HybridFeature)
This element allows selected feature types or instances to be combined into a new feature for display purposes. 
Feature creation or replacement rule (S100_SimpleRule, S100_ThematicRule, S100_CompleteRule)
Feature creation and replacement is advanced functionality whose implementation is not required for this version of the Interoperability Catalogue.
Feature creation and replacement rules create new feature types by combining characteristics of specified feature types from the input data products. A feature creation/replacement rule basically transforms a collection of feature instances in the input stream into one or more different feature instances in the output stream. The created feature differs from all the input features, for example by adding properties of one feature to properties of another feature.
[bookmark: _Toc225065140][bookmark: _Toc225648283][bookmark: _Toc32428418]Use of S-100 types
The S-100 types used by S-98 Level 4 interoperability catalogues are described in the S-98 – Main component of this Specification. For Level 4 interoperability catalogues, the following additional information applies.
· Interoperability Catalogues of Level 4 do not use feature and information associations in feature filters defined by attributeCombination attributes in S100_S100_IC_Feature or S100_IC_DrawingInstruction elements. This is the same as the Level 1, 2, and 3 functionality for these elements.
· Interoperability Catalogues of Level 4 are allowed to use feature and information associations in feature selector expressions encoded in the primarySelector and secondarySelector attributes of S100__IC_DerivedFeature or in S100_SimpleRule, S100_ThematicRule, or S100_CompleteRule elements.

2.3 [bookmark: _Toc27525098][bookmark: _Toc27526640][bookmark: _Toc27528182][bookmark: _Toc27529724][bookmark: _Toc27525099][bookmark: _Toc27526641][bookmark: _Toc27528183][bookmark: _Toc27529725][bookmark: _Toc27525100][bookmark: _Toc27526642][bookmark: _Toc27528184][bookmark: _Toc27529726][bookmark: _Toc27525101][bookmark: _Toc27526643][bookmark: _Toc27528185][bookmark: _Toc27529727][bookmark: _Toc27525102][bookmark: _Toc27526644][bookmark: _Toc27528186][bookmark: _Toc27529728][bookmark: _Toc27525103][bookmark: _Toc27526645][bookmark: _Toc27528187][bookmark: _Toc27529729][bookmark: _Toc27525138][bookmark: _Toc27526680][bookmark: _Toc27528222][bookmark: _Toc27529764][bookmark: _Toc27525139][bookmark: _Toc27526681][bookmark: _Toc27528223][bookmark: _Toc27529765][bookmark: _Toc27525156][bookmark: _Toc27526698][bookmark: _Toc27528240][bookmark: _Toc27529782][bookmark: _Toc488009109][bookmark: _Toc488009438][bookmark: _Toc488009718][bookmark: _Toc488010231][bookmark: _Toc488265371][bookmark: _Toc488370759][bookmark: _Toc488009111][bookmark: _Toc488009440][bookmark: _Toc488009720][bookmark: _Toc488010233][bookmark: _Toc488265373][bookmark: _Toc488370761][bookmark: _Toc27525157][bookmark: _Toc27526699][bookmark: _Toc27528241][bookmark: _Toc27529783][bookmark: _Toc27525158][bookmark: _Toc27526700][bookmark: _Toc27528242][bookmark: _Toc27529784][bookmark: _Toc27525159][bookmark: _Toc27526701][bookmark: _Toc27528243][bookmark: _Toc27529785][bookmark: _Toc27525160][bookmark: _Toc27526702][bookmark: _Toc27528244][bookmark: _Toc27529786][bookmark: _Toc27525161][bookmark: _Toc27526703][bookmark: _Toc27528245][bookmark: _Toc27529787][bookmark: _Toc27525162][bookmark: _Toc27526704][bookmark: _Toc27528246][bookmark: _Toc27529788][bookmark: _Toc27525163][bookmark: _Toc27526705][bookmark: _Toc27528247][bookmark: _Toc27529789][bookmark: _Toc27525164][bookmark: _Toc27526706][bookmark: _Toc27528248][bookmark: _Toc27529790][bookmark: _Toc27525165][bookmark: _Toc27526707][bookmark: _Toc27528249][bookmark: _Toc27529791][bookmark: _Toc27525166][bookmark: _Toc27526708][bookmark: _Toc27528250][bookmark: _Toc27529792][bookmark: _Toc27525167][bookmark: _Toc27526709][bookmark: _Toc27528251][bookmark: _Toc27529793][bookmark: _Toc27525168][bookmark: _Toc27526710][bookmark: _Toc27528252][bookmark: _Toc27529794][bookmark: _Toc27525169][bookmark: _Toc27526711][bookmark: _Toc27528253][bookmark: _Toc27529795][bookmark: _Toc27525170][bookmark: _Toc27526712][bookmark: _Toc27528254][bookmark: _Toc27529796][bookmark: _Toc27525171][bookmark: _Toc27526713][bookmark: _Toc27528255][bookmark: _Toc27529797][bookmark: _Toc27525172][bookmark: _Toc27526714][bookmark: _Toc27528256][bookmark: _Toc27529798][bookmark: _Toc27525173][bookmark: _Toc27526715][bookmark: _Toc27528257][bookmark: _Toc27529799][bookmark: _Toc27525174][bookmark: _Toc27526716][bookmark: _Toc27528258][bookmark: _Toc27529800][bookmark: _Toc27525175][bookmark: _Toc27526717][bookmark: _Toc27528259][bookmark: _Toc27529801][bookmark: _Toc27525176][bookmark: _Toc27526718][bookmark: _Toc27528260][bookmark: _Toc27529802][bookmark: _Toc27525177][bookmark: _Toc27526719][bookmark: _Toc27528261][bookmark: _Toc27529803][bookmark: _Toc27525178][bookmark: _Toc27526720][bookmark: _Toc27528262][bookmark: _Toc27529804][bookmark: _Toc27525179][bookmark: _Toc27526721][bookmark: _Toc27528263][bookmark: _Toc27529805][bookmark: _Toc27525180][bookmark: _Toc27526722][bookmark: _Toc27528264][bookmark: _Toc27529806][bookmark: _Toc27525181][bookmark: _Toc27526723][bookmark: _Toc27528265][bookmark: _Toc27529807][bookmark: _Toc27525182][bookmark: _Toc27526724][bookmark: _Toc27528266][bookmark: _Toc27529808][bookmark: _Toc27525183][bookmark: _Toc27526725][bookmark: _Toc27528267][bookmark: _Toc27529809][bookmark: _Toc27525184][bookmark: _Toc27526726][bookmark: _Toc27528268][bookmark: _Toc27529810][bookmark: _Toc27525185][bookmark: _Toc27526727][bookmark: _Toc27528269][bookmark: _Toc27529811][bookmark: _Toc27525186][bookmark: _Toc27526728][bookmark: _Toc27528270][bookmark: _Toc27529812][bookmark: _Toc27525187][bookmark: _Toc27526729][bookmark: _Toc27528271][bookmark: _Toc27529813][bookmark: _Toc27525188][bookmark: _Toc27526730][bookmark: _Toc27528272][bookmark: _Toc27529814][bookmark: _Toc27525189][bookmark: _Toc27526731][bookmark: _Toc27528273][bookmark: _Toc27529815][bookmark: _Toc27525190][bookmark: _Toc27526732][bookmark: _Toc27528274][bookmark: _Toc27529816][bookmark: _Toc27525191][bookmark: _Toc27526733][bookmark: _Toc27528275][bookmark: _Toc27529817][bookmark: _Toc27525192][bookmark: _Toc27526734][bookmark: _Toc27528276][bookmark: _Toc27529818][bookmark: _Toc27525193][bookmark: _Toc27526735][bookmark: _Toc27528277][bookmark: _Toc27529819][bookmark: _Toc27525194][bookmark: _Toc27526736][bookmark: _Toc27528278][bookmark: _Toc27529820][bookmark: _Toc27525195][bookmark: _Toc27526737][bookmark: _Toc27528279][bookmark: _Toc27529821][bookmark: _Toc27525196][bookmark: _Toc27526738][bookmark: _Toc27528280][bookmark: _Toc27529822][bookmark: _Toc27525197][bookmark: _Toc27526739][bookmark: _Toc27528281][bookmark: _Toc27529823][bookmark: _Toc27525198][bookmark: _Toc27526740][bookmark: _Toc27528282][bookmark: _Toc27529824][bookmark: _Toc27525199][bookmark: _Toc27526741][bookmark: _Toc27528283][bookmark: _Toc27529825][bookmark: _Toc27525200][bookmark: _Toc27526742][bookmark: _Toc27528284][bookmark: _Toc27529826][bookmark: _Toc27525201][bookmark: _Toc27526743][bookmark: _Toc27528285][bookmark: _Toc27529827][bookmark: _Toc27525202][bookmark: _Toc27526744][bookmark: _Toc27528286][bookmark: _Toc27529828][bookmark: _Toc27525203][bookmark: _Toc27526745][bookmark: _Toc27528287][bookmark: _Toc27529829][bookmark: _Toc27525204][bookmark: _Toc27526746][bookmark: _Toc27528288][bookmark: _Toc27529830][bookmark: _Toc27525205][bookmark: _Toc27526747][bookmark: _Toc27528289][bookmark: _Toc27529831][bookmark: _Toc27525206][bookmark: _Toc27526748][bookmark: _Toc27528290][bookmark: _Toc27529832][bookmark: _Toc27525207][bookmark: _Toc27526749][bookmark: _Toc27528291][bookmark: _Toc27529833][bookmark: _Toc32428419]UML model documentation
The UML model documentation is provided in S-100 Part 16. This clause documents details specific to the use of the UML model for the interoperability level described in this Part of S-98.
Only the model elements used in this level (and included in the level’s application schema) are listed. The constraints and considerations listed in the UML documentation tables in S-100 Part 16 apply. Any S-98 general or level-specific considerations are described under the element name in the list below.
1) [bookmark: _Hlk27522264]S100_IC_DisplayPlane: No level-specific constraints or notes
Attribute interoperabilityLevel: Mandatory. The only values allowed for Level 4 interoperability catalogues are 1, 2, 3, and 4.
2) S100_IC_DrawingInstruction:
NOTE for implementers: Even if the Presentation schema in S-100 Part 9 is used, implementers may need to provide specific code to validate the content of the substituteSymbolization attribute instead of depending on normal XML schema validation. The content of this attribute is not prescribed by this specification and may be a fragment of XML, or interpretable code or rules, etc., in a non-XML syntax. It may be enclosed in a <![CDATA[ … ]]> section so that XML validators treat it as character data instead of XML.
3) S100_IC_Feature: No level-specific constraints or notes
4) S100_IC_InteroperabilityCatalogue:
Attribute productCovered: Must use values defined in the dictionary identified by MRN: urn:mrn:iho:prod:s98:1:0:0:products
Attribute interoperabilityLevel: Mandatory in S-98 catalogues at all levels. The only value allowed for Level 4 interoperability catalogues is 4.
Role hybridFC: Required if and only if there are any feature hybridization rules in  the catalogue.
Role hybridPC: Required if and only if there are any feature hybridization rules in the catalogue.
Role hybridizationRules: Required if and only if there are any instances of S100_IC_SimpleRule, S100_IC_ThematicRule, or S100_IC_CompleteRule in the catalogue.
5) S100_IC_PredefinedCombination:
Attribute interoperabilityLevel: Mandatory in S-98 interoperability catalogue; allowed values: 1, 2, 3, 4.
6) S100_IC_SuppressedFeatureLayer: No level-specific constraints or notes
7) Codelist dataProduct: No level-specific constraints or notes. The data type for all levels is described below.
Codelist Type: closed dictionary
MRN: urn:mrn:iho:prod:s98:1:0:0:products
8) Codelist requirementType: No level-specific constraints or notes.
For all interoperability levels, the following subset of the standard values listed in S-100 Part 16 are permitted to be used in S-98 interoperability catalogues:
Table 3‑1 - Allowed values for requirementType
	Value
	Description
	Code

	IHO
	Original IHO Interoperability Catalogue
	1

	OEM
	Prepared according to requirements specified by OEM or systems integrator
	2

	national
	Prepared according to requirements specified by a national government, group of national governments (for example the European Union), or governmental agency such as a national shipping authority or the Coast Guard.
	3

	local
	Prepared according to requirements specified by a sub-national governmental authority such as a state, province, or county
	4

	port
	Prepared according to requirements specified by a harbormaster's office or port authority
	5

	company
	Prepared according to requirements specified by the owner, charterer, or operator
	6

	pilot
	Prepared according to requirements specified by a pilot 
	7

	master
	Prepared according to requirements specified by the vessel’s master
	8



Extra values (“other: ...”) as defined in S-100 § 3-6.7 are also permitted.
9) S100_IC_FeatureDerivation:
The resulting derived feature does not need to have any hybrid characteristics, that is, one restricted area replaced with another restricted area will use regular PC/FC of the primary product. However if the result feature needs to be supported by any custom FC or PC elements they must be defined under hybrid FC and hybrid PC accordingly.
A rule for creating the feature must be described in the rules section of the interoperability catalogue.
Attribute primarySelector: If omitted, all instances of the type are included.
In L3 processing, may contain only thematic attributes and the primary and secondary instance geometries must be spatially equal.
L3 Example: CATICE = 5
In L4 processing, expressions may also contain spatial attributes.
L4 Example: CATICE = 5 AND WITHIN(<primary>, <secondary>)
Attribute secondarySelector: If omitted, all instances of the type are included.
In L3 processing, may contain only thematic attributes and the primary and secondary instance geometries must be spatially equal.
L3 Example: CATICE = 5
In L4 processing, expressions may also contain spatial attributes.
L4 Example: CATICE = 5 AND WITHIN(<secondary>, <primary>)
NOTE: S100_IC_FeatureDerivation is an abstract super-class for different types of feature hybridization operations.
10) S100_IC_HybridFC: No level-specific constraints or notes.
11) S100_IC_HybridFeature: No level-specific constraints or notes.
12) S100_IC_HybridFeatureCreationRule: No level-specific constraints or notes.
Attribute interoperabilityLevel: Mandatory for all levels in S-98.
NOTE 1: S100_IC_HybridFeatureCreationRule is an abstract super-class for different types of hybridization rules. This functionality needs to be worked out but OGC Filter seems to be the ideal option for defining data filtering logic. 
NOTE 2: Overall, the output from execution of S100_IC_HybridFeatureCreationRule is a set of hybrid features for which predefined FC, PC and display plane definitions already exist so such feature will be suitable for passing to the portrayal engine for processing just like any other S-100 features.
13) S100_HybridPC: No level-specific constraints or notes.
14) S100_IC_PredefinedCombination
Role derivedFeatures: Required if and only if there are any instances of S100_SuppressedFeatureInstance or subclasses of the abstract class S100_IC_HybridFeature in the catalogue.
15) S100_IC_SimpleRule: No level-specific constraints or notes.
16) S100_IC_SuppressedFeatureInstance: No level-specific constraints or notes.
17) S100_IC_ThematicRule: No level-specific constraints or notes.
18) FeatureSelector: No level-specific constraints or notes.
19) S100_CompleteRule: No level-specific constraints or notes.

[bookmark: _Toc32428420]Level-specific data quality considerations
[bookmark: _Toc32428421]Quality of displayed data
There are no level-specific extensions to Clause 6.1 of the “S98 – Main” document.
Clause 5.10 provides guidance for maintaining data quality for level-specific rules and operations.
[bookmark: _Toc32428422]Quality of interoperability catalogues
The quality measures recommended in S-97 (Part C) which are applicable to Level 4 S-98 interoperability catalogues are those listed in Table 6-1 of the “S-98 – Main” document plus those listed in Table 4‑1 below.
S-98 also includes the quality measure “Relative Internal Positional Accuracy” (S-100 Part 4c App. 4c-C) as a measure of the accuracy of any spatial operations during interoperability processing which may generate spatial primitives for display purposes from input products.  
[bookmark: _Ref32095317]Table 4‑1 - Quality elements for Level X S-98 interoperability catalogues
	No.
	Data quality element and sub element
	Definition
	DQ measure / description
	[bookmark: _Ref30623523]Evaluation scope[footnoteRef:4] for IC [4:  For the IC evaluation scope, a “dataset” is an entire interoperability catalogue file, an “element” is an interoperability catalogue component corresponding to one of the classes in the model depicted in S-100 Part 16 Figure 16-3.] 

	Evaluation scope for resultant[footnoteRef:5] features [5:  “Resultant” means the result of applying interoperability operations to covered data. “Resultant feature” means the apparent feature as it appears on the display after application of interoperability. “Resultant dataset” means the collection of resultant features. A “modified resultant feature” is the feature or drawing instruction resulting from the application of an operation or rule which affects spatial or thematic attributes or their values, including combining or suppressing attributes or generating an instance of a feature defined in the HYBRID feature catalogue in Level 3 or 4. A “superseding feature” is a feature which suppresses a feature (instance or type) from another dataset, or whose priority is increased by an interoperability rule or operation (which would make it visible in preference to a feature which would otherwise overlie it). A “superseded feature” is one that is suppressed or overlaid by a superseding feature.] 


	D1
	Completeness / Omission
	Data absent from the dataset, as described by the scope.
	numberOfMissingItems / This data quality measure is an indicator that shows that a specific item is missing in the data.
	Hybrid FC / PC
	Features produced by hybridization rules.

	D2
	Logical Consistency / Domain Consistency
	Adherence of the values to the value domains.
	numberOfNonconformantItems / This data quality measure is a count of all items in the dataset that are not in conformance with their value domain.
	(See S-98 – Main)
	Features produced by hybridization rules.

	D3
	Thematic Accuracy / ThematicClassificationCorrectness
	Comparison of the classes assigned to features or their attributes to a universe of discourse.
	miscalculationRate / This data quality measure indicates the number of incorrectly classified features in relation to the number of features that are supposed to be there. [Adapted from ISO 19157] 
This is a RATE which is a ratio, and is expressed as a REAL number representing the rational fraction corresponding to the numerator and denominator of the ratio. 
For example, if there are 1 items that are classified incorrectly and there are 100 of the items in the dataset then the ratio is 1/100 and the reported rate = 0.01.
	Hybrid FC / PC
	Features produced by hybridization rules.

	D4
	Logical Consistency / Conceptual Consistency
	Adherence to the rules of a conceptual schema.
	numberOfInvalidSurfaceOverlaps / This data quality measure is a count of the total number of erroneous overlaps within the data. Which surfaces may overlap and which must not is application dependent. Not all overlapping surfaces are necessarily erroneous.
	N/A
	Features produced by hybridization rules with spatial operations on surface spatial primitives.

	D5
	Logical Consistency / Topological Consistency
	Correctness of the explicitly encoded topological characteristics of the dataset, as described by the scope.
	rateOfFaultyPointCurveConnections / This data quality measure indicates the number of faulty link-node connections in relation to the number of supposed link-node connections. This data quality measure gives the erroneous point-curve connections in relation to the total number of point-curve connections.
	N/A
	Features produced by hybridization rules with spatial operations on curve spatial primitives.

	D6
	Logical Consistency / Topological Consistency
	Correctness of the explicitly encoded topological characteristics of the dataset, as described by the scope.
	numberOfMissingConnectionsUndershoots / This data quality measure is a count of items in the dataset within the parameter tolerance that are mismatched due to undershoots.
	N/A
	Features produced by hybridization rules with spatial operations on curve spatial primitives.

	D7
	Logical Consistency / Topological Consistency
	Correctness of the explicitly encoded topological characteristics of the dataset, as described by the scope.
	numberOfMissingConnectionsOvershoots / This data quality measure is a count of items in the dataset within the parameter tolerance that are mismatched due to overshoots.
	N/A
	Features produced by hybridization rules with spatial operations on curve spatial primitives.

	D8
	Logical Consistency / Topological Consistency
	Correctness of the explicitly encoded topological characteristics of the dataset, as described by the scope.
	numberOfInvalidSlivers / This data quality measure is a count of all items in the dataset that are invalid sliver surfaces. A sliver is an unintended area that occurs when adjacent surfaces are not digitized properly. The borders of the adjacent surfaces may unintentionally gap or overlap to cause a topological error.
	N/A
	Features produced by hybridization rules with spatial operations on surface spatial primitives.

	D9
	Logical Consistency / Topological Consistency
	Correctness of the explicitly encoded topological characteristics of the dataset, as described by the scope.
	numberOfInvalidSelfIntersects / This data quality measure is a count of all items in the dataset that illegally intersect with themselves.
	N/A
	Features produced by hybridization rules with spatial operations on surface spatial primitives.

	D10
	Logical Consistency / Topological Consistency
	Correctness of the explicitly encoded topological characteristics of the dataset, as described by the scope.
	numberOfInvalidSelfOverlap / This data quality measure is a count of all items in the dataset that illegally self-overlap.
	N/A
	Features produced by hybridization rules with spatial operations on surface or curve spatial primitives.

	D11
	Positional Accuracy / Absolute or External Accuracy
	Closeness of reported coordinative values to values accepted as or being true.
	Root Mean Square Error / Standard deviation, where the true value is not estimated from the observations but known a priori.
	N/A
	Modified or superseding features that have coordinate values associated.

	D12
	Positional Accuracy / Vertical Position Accuracy
	Closeness of reported coordinative values to values accepted as or being true.
	linearMapAccuracy2Sigma / Half length of the interval defined by an upper and lower limit in which the true value lies with probability 95%.
	N/A
	Modified or superseding features with attributes indicating vertical data measures.

	D13
	Positional Accuracy / Horizontal Position Accuracy
	Closeness of reported coordinative values to values accepted as or being true.
	linearMapAccuracy2Sigma / Half length of the interval defined by an upper and lower limit in which the true value lies with probability 95%.
	N/A
	Modified or superseding features that have horizontal coordinate values associated.

	D14
	Positional Accuracy / Gridded Data Position Accuracy
	Closeness of reported coordinative values to values accepted as or being true.
	Root mean square error of planimetry / Radius of a circle around the given point, in which the true value lies with probability P.
	N/A
	Modified or superseding features of gridded spatial types.

	D15
	Positional Accuracy / Relative Internal Position Accuracy
	Closeness of the relative positions of features in a dataset to their respective relative positions accepted as or being true
	relativeHorizontalError / An evaluation of the random errors in the horizontal position of one feature to another in the same data set or on the same map/chart.
	N/A
	Features produced by hybridization rules with spatial operations.

	D16
	Positional Accuracy / Relative Internal Position Accuracy
	Closeness of the relative positions of features in a dataset to their respective relative positions accepted as or being true
	relativeVerticalError / An evaluation of the random errors of one relief feature to another in the same data set or on the same map/chart. It is a function of the random errors in the two elevations with respect to a common vertical datum.
	N/A
	Features produced by hybridization rules with spatial operations.



[bookmark: _Toc32428423]Test methods
The provisions of Clause 6.2.1 of the “S-98 – Main” document apply.
The tests in Table 4 1 should be evaluated only with features produced by hybridization rules.
Evaluation of quality elements D1-D3 in Table 4 1 consists of verifying that the FC and PC corresponding to the output product(s) specified in hybridization operations define a feature type and portrayal rule respectively for any feature type produced by a hybridization operation and that the attribute bindings and values are consistent.
[bookmark: _Toc32428424]Data quality testing
The provisions of Clause 6.2.2 of the “S-98 – Main” document apply. Evaluation methods for quality element D1-D3 in Table 4 1 should include either a complete static analysis of hybridization rules compared to feature and portrayal catalogues (either with or without automated support) or full test case coverage. Evaluation methods for quality elements D4-D16 may use test datasets.
3 [bookmark: _Toc27525209][bookmark: _Toc27526751][bookmark: _Toc27528293][bookmark: _Toc27529835][bookmark: _Toc27525210][bookmark: _Toc27526752][bookmark: _Toc27528294][bookmark: _Toc27529836][bookmark: _Toc32428425][bookmark: _Toc27525212][bookmark: _Toc27526754][bookmark: _Toc27528296][bookmark: _Toc27529838][bookmark: _Toc27525213][bookmark: _Toc27526755][bookmark: _Toc27528297][bookmark: _Toc27529839][bookmark: _Toc27525214][bookmark: _Toc27526756][bookmark: _Toc27528298][bookmark: _Toc27529840][bookmark: _Toc27525215][bookmark: _Toc27526757][bookmark: _Toc27528299][bookmark: _Toc27529841][bookmark: _Toc27525216][bookmark: _Toc27526758][bookmark: _Toc27528300][bookmark: _Toc27529842][bookmark: _Toc27525217][bookmark: _Toc27526759][bookmark: _Toc27528301][bookmark: _Toc27529843][bookmark: _Toc27525218][bookmark: _Toc27526760][bookmark: _Toc27528302][bookmark: _Toc27529844][bookmark: _Toc27525219][bookmark: _Toc27526761][bookmark: _Toc27528303][bookmark: _Toc27529845][bookmark: _Toc27525220][bookmark: _Toc27526762][bookmark: _Toc27528304][bookmark: _Toc27529846][bookmark: _Toc27525221][bookmark: _Toc27526763][bookmark: _Toc27528305][bookmark: _Toc27529847][bookmark: _Toc27525222][bookmark: _Toc27526764][bookmark: _Toc27528306][bookmark: _Toc27529848][bookmark: _Toc488010243][bookmark: _Ref3345526][bookmark: _Toc484523852]Level-specific Guidance on Making Product Specifications Interoperable
The guidelines in this clause supplement and extend guidance common to all levels on making product specifications interoperable, which is given in clause 8 of the “S-98 – Main” document.
3.1 [bookmark: _Toc27525224][bookmark: _Toc27526766][bookmark: _Toc27528308][bookmark: _Toc27529850][bookmark: _Toc32428426]Duplicated features
There is no level-specific guidance for determining duplicated features. However, when interoperability catalogues are developed to resolve duplicated features, keep in mind the following level-dependent considerations.
Level 4 interoperability catalogues offer the same interoperability functionality for resolving duplicated features as Level 3:
· Interleaving changes - changes to the display planes and display orders specified in the products’ portrayal catalogues, as determined by display plane and drawing priority information. This means that features which are not covered by features with higher drawing priority or in a upper display plane will still be visible. This is the same functionality as Level 1.
· Type-based suppression of features from one product by features from another product. The difference from interleaving changes is that type-based suppression will suppress even features which are not covered by features from the second product. Note that this applies only in areas where there is data coverage by both products; it does not apply in areas where only one product has data coverage. This is the same functionality added by Level 2 to Level 1.
· Suppression of feature instances matching specified conditions and their replacement by other feature instances. This is the same functionality as Level 3.

[bookmark: _Toc32343948][bookmark: _Toc32343949][bookmark: _Toc32428427]Duplicated features same model
[bookmark: _Hlk488134728]Level 4 offers the same interoperability functionality for resolving this as Level 3. See the guidance in the “S-98 – Main” component of this specification, and keep in mind the differences between Level 1, 2, and 3 interoperability solutions described earlier in Clause 5.1 of this Part.
S100_IC_SuppressedFeatureLayer elements only have feature code and product as attributes for suppression, this means that all instances of a listed feature class will be suppressed. This is important to remember when creating rules that promote alternative instances. S100_IC_Feature and S100_IC_DrawingInstruction can have attribute combinations and spatial primitives to select the alternative instances. There is therefore, a risk that unless sufficient attention to details is given, important instances may be omitted.
EXAMPLE: If Restricted Area Navigational in ENC is suppressed, and Restricted Area Navigational with attribute category of restricted area = 4 (nature reserve) in Marine Protected Area dataset is promoted in its place, there is a chance that only instances with that combination will be visible, and all others supressed.
S100_SuppressedFeatureInstance elements can suppress instances selectively, as defined by conditions specified in the primarySelector attribute or referenced S100_SimpleRule element. While the S100_HybridFeature element is intended mainly for feature hybridization, it can also be used to suppress duplicated features, since it inherits the same attributes as S100_SuppressedFeatureInstance from their common abstract super-class S100_FeatureDerivation. However, if the intention is merely to suppress a feature, S100_SuppressedFeatureInstance should be used.
[bookmark: _Toc32428428]Duplicated features, different models
See the guidance in the “S-98 – Main” component of this specification and keep in mind the differences between Level 1 and Level 2 interoperability solutions described in Clause 5.1 of this Part. There is no other level-specific guidance for this scenario.
[bookmark: _Toc32428429]Duplicate feature domains
See the guidance in the “S-98 – Main” component of this specification and keep in mind the differences between Level 1 and Level 2 interoperability solutions described in 4.1 of this Part. There is no other level-specific guidance for this scenario.
3.2 [bookmark: _Toc519268864][bookmark: _Toc519804912][bookmark: _Toc32428430]Geometry
[bookmark: _Ref517458140][bookmark: _Toc32428431]Combined geometry
See the corresponding clause in the Main part of this Specification for guidance for developers of Product Specifications that may result in hybrid features when interacting with specific other products.
NOTE: The hybrid feature concept is only for interoperability Levels 3 and 4. Thematic hybridization/fusion is possible in both Levels 3 and 4. Spatial hybridization/fusion is only available for interoperability Level 4. Both are out of scope for initial implementations of this Interoperability Specification.
[bookmark: _Toc32428432]Spatial discrepancy, unrelated to scaled or cartographic smoothing
There is no level-specific guidance for this issue. Common guidance is provided in the “S-98 – Main” component of this specification.
[bookmark: _Toc32428433]Spatial discrepancies, related to scale or cartographic smoothing
[bookmark: _Hlk27428153]There is no level-specific guidance for this issue. Common guidance is provided in the “S-98 – Main” component of this specification.
3.3 [bookmark: _Toc488010244][bookmark: _Toc32428434]Display of text
[bookmark: _Hlk27405330]There is no level-specific guidance for this issue. Common guidance is provided in the “S-98 – Main” component of this specification. See also clause 10.8 of the “S-98 – Main” component.
3.4 [bookmark: _Toc27525234][bookmark: _Toc27526776][bookmark: _Toc27528318][bookmark: _Toc27529860][bookmark: _Toc488010245][bookmark: _Ref517377054][bookmark: _Toc32428435]Skin-of-the-earth feature operations
[bookmark: _Toc32428436]Skin-of-the earth feature replacement
Level 4 Interoperability Catalogues permit any of the following:
· Interleaving of display planes so that upper planes overwrite lower planes (Level 1 functionality). This can be used to shift feature layers to lower or higher planes to overwrite layers whose replacement is desired.
· Suppression of feature layers in which case the features in the suppressed layer are not processed for portrayal but features over/under the suppressed features will be displayed as determined by their display planes and drawing priorities (Level 2 functionality).
· Suppression of feature instances, which is like suppression of feature layers but applies to feature instances selected by selector expression or simple rule (Level 3 functionality).
· Merging of features from different products creating hybrid features (Level 3 functionality).
· Spatial operations for feature selection or creation of feature geometry for hybrid features from the geometry of the input features (additional functionality in Level 4).
See clause 6.9 for portrayal considerations.
[bookmark: _Toc32428437]Skin-of-the earth feature adjusting
Adjustment of thematic attribute values is possible in Level 4 catalogues by means of hybridization rules.
For example, the values of depth and under keel clearance attributes may be adjusted by combining bathymetry and/or water level information with ENC data.
In interoperability Level 4, skin-of-the-earth feature spatial attribute adjustment is a specialization of combined geometry, see clause 5.2.1 for details. Also see clause 6.9 for portrayal considerations. Additional considerations should be given to the attributes of the resulting skin-of-the-earth feature, as a combined feature may have altered geographical representation, attribute combinations or attribute values.
EXAMPLE: Shoaling in a channel in an ENC may be indicated by high definition bathymetry, and a shallower channel hybrid feature replaces the ENC feature, which also has an amended shape. Depth areas adjacent grow due to the shoaling. 
[bookmark: _Toc32343961][bookmark: _Toc32428438]Blended feature concepts
Blended feature concepts or blended portrayals can be produced by using transparency between related features; or creating a temporary blended feature; or blended portrayal (rule and/or symbol) of specific combinations of features from different products. See clause 10 in the “S-98 – Main” document for portrayal considerations and example of use case.
Blended features or portrayal will typically be created by using S100_IC_PredefinedCombination which link to a hybrid Portrayal Catalogue that includes the features to be combined and a suppression rule, for example by using S-100_IC_SuppressedFeatureLayer, for the features that are to be replaced.
An example where a blended concept could be used is where winds blowing from the west cause fairways to some west coast ports of Finland to get layered ice (wind pushes ice layers on top of each other until there is ice from the sea bottom up to the surface). When an ice-breaker makes a path through some ice remains between the sea bottom and the keel of the ice-breaker. Ice thickness in such a place could be up to 11 m while the ice-breaker draught is around 7-8 meters. In such cases a simultaneous display of both ice coverage and underlying depth area is required.  Other depth area features such as spot soundings, rocks, wrecks, etc., are also still important.
Developers of Product Specifications that are likely to be used in blended feature concepts by ECDIS in interoperability mode should communicate their intentions with developers of related Specifications so that awareness is created about the inter-dependencies of these types of relationships. Such communication is especially important when revisions to these Specifications are considered. Doing so will help manage risks to breaking the relationships as the related Product Specifications transition through their life cycle.
3.5 [bookmark: _Toc488010246][bookmark: _Toc32428439]Hierarchy of data
[bookmark: _Toc32428440]Hierarchy by stacking of display planes
In Level 4 interoperability catalogues, hierarchy can be set by interleaving of display planes or feature layer suppression operations.
[bookmark: _Toc32343965][bookmark: _Toc27525241][bookmark: _Toc27526783][bookmark: _Toc27528325][bookmark: _Toc27529867][bookmark: _Toc32428441]Predefined combinations
Predefined combinations can be defined in Level 4 interoperability catalogues. Interoperability rules can be made contingent on the presence of particular combinations of data products on the display. Predefined combinations are generally created with a particular type of operational view in mind, and therefore the hierarchy of data may vary between predefined combinations. Typically, the ENC will be the base layer; that is, the lowest layer in a predefined combination.
Predefined combinations are used to define the hierarchy of data between different S-100 based specifications. An instance of S100_IC_PredefinedCombination is associated to S100_IC_DisplayPlane instances to give the hierarchy of the data products that are intended to be used. The attribute order within the S100_IC_DisplayPlane gives the order in which the layers are drawn.
[bookmark: _Toc32428442]New datasets
There is no level-specific guidance for this issue. Common guidance is provided in the “S-98 – Main” component of this specification.
[bookmark: _Toc32428443]Dataset scales, loading, and unloading
There is no level-specific guidance for this issue. Common guidance is provided in the “S-98 – Main” component of this specification.
[bookmark: _Toc32428444]Metadata
[bookmark: _Hlk27429167]There is no level-specific guidance for this issue. Common guidance is provided in the “S-98 – Main” component of this specification.
[bookmark: _Toc32428445]Meta-features
Any spatial operations on meta-features require an Interoperability Catalogue to implement at least Level 4.
There is no other level-specific guidance for meta-features. Common guidance is provided in the “S-98 – Main” component of this specification.
[bookmark: _Ref30884173][bookmark: _Toc32428446]Quality considerations
The guidance in the “S-98 – Main” component of this specification applies.
Developers of interoperability catalogues should note that the caution about not replacing products of higher data quality with products of lower data quality is extended to the attribute level for feature hybridization – for example, vertical measure attributes of lower data quality should not replace vertical measures of higher quality, taking into account not just the encoded uncertainties but the totality of circumstances surrounding data quality assessment of a particular product, dataset, or feature.
If spatial operations are encoded in an interoperability catalogue, developers should, while developing the corresponding hybridization rule, assess the effect on data quality of applying the appropriate principles of error propagation to the resultant spatial primitives. This assessment will need to take into account the nature of the operation (replacement, intersection, etc.). The assessment may change the uncertainty of the result relative to the input feature data, so developers may have to determine whether the quality of the result is sufficient to justify the rule.
4 [bookmark: _Toc488794125][bookmark: _Toc488794254][bookmark: _Toc488794134][bookmark: _Toc488794263][bookmark: _Toc488794135][bookmark: _Toc488794264][bookmark: _Toc488794137][bookmark: _Toc488794266][bookmark: _Toc488794138][bookmark: _Toc488794267][bookmark: _Toc488794141][bookmark: _Toc488794270][bookmark: _Toc488794149][bookmark: _Toc488794278][bookmark: _Toc488794161][bookmark: _Toc488794290][bookmark: _Toc484523881][bookmark: _Ref517418214][bookmark: _Toc32428447]Portrayal
This clause gives guidelines and instruction to portrayal considerations related to the use of the Interoperability Catalogue in an ECDIS. The Interoperability Catalogue must apply to the specific Product Specifications listed in the Interoperability Catalogue metadata, interoperabilityCatalogueProducts attribute under S100_IC_CatalogueMetadata.
There may be additional data products present in the S-100 ECDIS that are external to the Interoperability Catalogue; in such cases the Interoperability Catalogue should continue to function in presence of product not defined in the Catalogue. Data products that are outside of the interoperability scope must be treated in Interoperability Level 0 (see clause 9.6 in “S-98 – Main”).
4.1 [bookmark: _Toc484523882][bookmark: _Toc32428448]Display of significant features
There is no level-specific guidance for this issue. Common guidance is provided in the “S-98 – Main” component of this specification.
4.2 [bookmark: _Toc484523883][bookmark: _Toc32428449]Display of significant features - switching to original
There is no level-specific guidance for this issue. Common guidance is provided in the “S-98 – Main” component of this specification.
4.3 [bookmark: _Toc484523884][bookmark: _Toc32428450]Portrayal distinguishability - colour set-asides
There is no level-specific guidance for this issue. Common guidance is provided in the “S-98 – Main” component of this specification. See also S-100 Part 16 for specific guidance on colour set-asides.
4.4 [bookmark: _Toc484523885][bookmark: _Toc32428451]Day/night/dusk modes
There is no level-specific guidance for this issue. Common guidance is provided in the “S-98 – Main” component of this specification.
4.5 [bookmark: _Toc484523886][bookmark: _Toc32428452]Impacts on viewing groups
There is no level-specific guidance for this issue. Common guidance is provided in the “S-98 – Main” component of this specification.
4.6 [bookmark: _Toc484523887][bookmark: _Toc32428453]Impacts on Portrayal Catalogues
There is no level-specific guidance for this issue. Common guidance is provided in the “S-98 – Main” component of this specification.
4.7 [bookmark: _Ref517417687][bookmark: _Toc484523888][bookmark: _Toc32428454]Meta-features
There is no level-specific guidance for this issue. Common guidance is provided in the “S-98 – Main” component of this specification.
4.8 [bookmark: _Toc27525255][bookmark: _Toc27526797][bookmark: _Toc27528339][bookmark: _Toc27529881][bookmark: _Toc27525256][bookmark: _Toc27526798][bookmark: _Toc27528340][bookmark: _Toc27529882][bookmark: _Toc27525257][bookmark: _Toc27526799][bookmark: _Toc27528341][bookmark: _Toc27529883][bookmark: _Toc27525258][bookmark: _Toc27526800][bookmark: _Toc27528342][bookmark: _Toc27529884][bookmark: _Toc27525259][bookmark: _Toc27526801][bookmark: _Toc27528343][bookmark: _Toc27529885][bookmark: _Toc27525260][bookmark: _Toc27526802][bookmark: _Toc27528344][bookmark: _Toc27529886][bookmark: _Toc27525261][bookmark: _Toc27526803][bookmark: _Toc27528345][bookmark: _Toc27529887][bookmark: _Toc484523889][bookmark: _Ref517456642][bookmark: _Ref517456662][bookmark: _Toc32428455]Display of text
[bookmark: _Toc484523890][bookmark: _Ref517458200][bookmark: _Ref517458283]There is no level-specific guidance for this issue. Common guidance is provided in the “S-98 – Main” component of this specification.
4.9 [bookmark: _Toc32428456]Skin-of-the-earth operations and portrayal
[bookmark: _Toc32428457]Skin-of-the-earth feature replacement and portrayal
[bookmark: _Hlk487712751]For all levels, anything that replaces S-101 skin-of-the-earth features, will overwrite it by having a higher priority; that is, be drawn later. The major difference between the levels is in the overwriting.
For suppressed feature layers the suppressed features do not reach the rendering stage and case features from layers over/under the suppressed features will be displayed as determined by their display planes and drawing priorities, after any modifications encoded in the Interoperability catalogue.
Suppressed feature instances are treated similarly to suppressed feature layers for portrayal purposes, except that only selected instances are suppressed. Instances that are not suppressed will be portrayed as determined by the applicable display order and drawing priority, modified as prescribed by any applicable Interoperability Catalogue rules or operations.
Gridded data will generally go over ENC and obscure ENC features, either all (interoperability Level 0) or specific features (interoperability Levels 1 or 2) depending on interoperability level chosen, the predefined combinations or display plane of the features that are interacting.
EXAMPLE 1: High definition gridded bathymetry replaces (overwrite) depth area and depth contours, but soundings, aids to navigation, and obstructions are over the high definition bathymetry (interoperability Level 1).
EXAMPLE 2: Surface current gridded data goes over ENC and replaces all surface current features (interoperability Level 2).
[bookmark: _Toc484523891][bookmark: _Ref517458225][bookmark: _Ref517458304]NOTE: Safety contour comes from ENC and is generated by the viewer system. This safety contour is an IMO requirement (IMO Performance Standard 5.8 (MSC.232(82))) for ECDIS and should be presented with highest priority when turned on by the user. OEMs are permitted to add additional safety contour functions, for example; generated from combining high definition gridded bathymetry (S-102) and S-104 input.
[bookmark: _Toc32428458]Skin-of-the-earth feature adjusting and portrayal
This clause covers the possibility of the skin-of-the-earth features geometry and/or attribute values being dynamically adjusted based on the corresponding features in other data layers.
Adjusted features are portrayed according to the portrayal catalogue for the product named as the output product in the hybridization rule in the Interoperability Catalogue. If the output product is specified as “HYBRID”, the Hybrid Portrayal Catalogue must be used.
Changes to the location or extent of symbols displayed on the screen due to a feature in another dataset are possible in interoperability Level 4. These changes effectively augment the geometry and/or attributes of a conceptually different feature in another dataset (though the nominal value remains unchanged). For example, surface or sea-floor ice may effectively change the geometry of safety contours, by reducing the extent of safe water or affecting depths and under keel clearance in ways that depend on vessel characteristics and icebreaker activity.
4.10 [bookmark: _Toc32343984][bookmark: _Toc32343985][bookmark: _Toc488010260][bookmark: _Toc484523893][bookmark: _Toc32428459]Blended portrayals
There is no level-specific guidance for this issue. Common guidance is provided in the “S-98 – Main” component of this specification.
4.11 [bookmark: _Toc488010261][bookmark: _Toc32428460]Hierarchy of data
[bookmark: _Hlk27442123]As noted in the Main component of this specification, hierarchy of data can be controlled by predefined combinations (Level 2 and higher). Level 1 catalogues offer only a very limited means of controlling hierarchy by means of display plane ordering. There is no level-specific guidance for portrayal in connection with this issue. 
[bookmark: _Toc484523899][bookmark: _Toc484523896][bookmark: _Toc32428461]Interacting gridded information
There is no level-specific guidance for portrayal in connection with this issue.
4.12 [bookmark: _Toc32428462]Pick reports
[NOTE: The pick report functionality specification in S-98 is still under development, and the content of this section will change as this functionality is defined.]
In interoperability Level 4, hybrid features must be present in the pick report and marked as hybrid features.
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As in Level 2 or 3 interoperability, data products to be loaded are selected as specified in the predefined combination selected by the mariner. The mariner may also select additional data products from the optional load set.
In Level 3 processing, operations for suppressing feature instances (Suppress Feature Instances) are added, as are operations for hybridization of thematic attributes (Combine Thematic Attributes). Additional processing to adjust feature and information associations for remaining features may be needed and this is done in the “Combine Associations” stage. The order of processing steps is Suppress Feature Types -‍>Suppress Feature Instances ->Combine Thematic Attributes ->Interleave Feature Layers. It is depicted in Figure 7.1.
[bookmark: _GoBack]In Level 4 processing, any additional processing needed to generate spatial primitives for the output hybridized feature is done in the Combine Spatial Attributes stage between suppression of feature instances and combination of thematic attributes. The processing flow is Suppress Feature Types ->Suppress Feature Instances ->Combine Spatial Attributes ->Combine Thematic Attributes ->Interleave Feature Layers. It is also depicted in Figure 7.2.
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Figure 7‑1 - - Processing for Level 4  interoperability (interoperability precedes portrayal)
The processing flow for the other implementation option (drawing instructions precede interoperability) is similar with an additional step (Portrayal Processing) moved to immediately follow loading of data.
[image: ]
Figure 7‑2 - Processing for Level 4 interoperability (portrayal processing precedes interoperability)

Table 7.2 - Stages in Level 4 interoperability processing
	Stage
	Description
	Level
	IC information
	Context information
	Remarks

	Select Load Sets
	Select data products to be loaded
	All
	Level 1: User adds data products to display individually
Level 2: Included product list from S100_IC_‌PredefinedCombination.‌includedProduct 
Levels 3, 4: included product list from S100_IC_‌PredefinedCombination.‌includedProduct
	Level 1: None
Levels 2, 3, 4:  User-selected predefined combination.

	Information & functionality depends on user-selected level setting.

	Portrayal Processing
	Ordinary S-100 portrayal processing
	All
	Levels 1, 2: display planes
Levels 3, 4: Hybrid PC, display planes
	
	Except final display processing / rendering

	Interleave Feature Layers
	Assign display plane and drawing order to feature data
	1, 2, 3, 4
	S100_IC_DisplayPlane
	
	

	Suppress Feature Types
	Suppress all instances of a specified feature type in a product
	2,3,4
	S100_IC_Suppressed‌Feature‌Layer
	
	

	Suppress Feature Instances
	Suppress selected instances of a specified feature type in a product
	3,4
	S100_IC_Suppressed‌Feature‌Instance
	
	Applies feature selector expressions encoded in primarySelector and secondarySelector attributes.

	Combine Thematic Attributes
	Select instances for hybridization and generate thematic attributes of a derived feature
	3,4
	S100_IC_SimpleRule, S100_IC_ThematicRule, S100_IC_CompleteRule, S100_IC_HybridFeature, S100_IC_HybridFC
	
	Selection step skipped if preceded by Combine Spatial Attributes (L4 processing)

	Combine Associations
	Adjust associations
	3, 4
	S100_IC_SimpleRule, S100_IC_ThematicRule, S100_IC_CompleteRule, S100_IC_HybridFeature, S100_IC_HybridFC
	
	

	Combine Spatial Attributes
	Select instances for hybridization and generate spatial attributes of hybrid feature
	4
	S100_IC_CompleteRule
	
	Complete rules incorporate thematic as well as spatial queries and functions.

	Rendering
	Display processing
	All
	S100_IC_DisplayPlane
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Level 4 Interoperability Catalogues use a conditionally mandatory S-98 hybrid Feature Catalogue, which must be defined by Interoperability Catalogue developers if the Interoperability Catalogue contains hybridization rules which generate feature types which do not conform to the feature catalogue for one of the input data products.  
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Level 4 Interoperability Catalogues use a conditionally mandatory S-98 hybrid Portrayal Catalogue, which must be defined by Interoperability Catalogue developers if the Interoperability catalogue contains hybridization rules which generate feature types which do not conform to the feature catalogue for one of the input data products.
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