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Summary
Most XML data standards are validated in more than one layer. A W3C XML Schema (XSD) defines the shape of a document, ISO Schematron rules check whether its content makes sense, and some requirements can only be checked by the application that processes the data. For every requirement in a standard, someone decides which of these layers enforces it. The decision is rarely documented, yet it determines which tools detect a violation, whether the error message speaks the language of the business or of the syntax, and which artefact has to change when the requirement changes.
This paper sets out what each layer can and cannot express, based on the W3C and ISO specifications, and turns that into placement rules for the designers and maintainers of XML standards. European electronic invoicing under EN 16931 serves as a worked example. Its published artefacts show deliberate placement decisions: a reusable party type that stays permissive while role-specific requirements are enforced as rules, business rules kept separate from their syntax bindings, and a national rule layer that tightens the European standard without changing a single schema.
Key messages
1. Put the shape of the document in the schema: vocabulary, nesting, datatypes and every cardinality that holds wherever a type is used.
1. Put constraints that depend on a role, on other values or on calculation in Schematron, and give each rule a stable identifier and a message in business terms.
1. Use XSD 1.1 assertions only when every party that must validate can process XSD 1.1, and only for constraints that lie within one element.
1. Decide strictness explicitly: a profile schema rejects what a tolerant rule only warns about.
1. Leave to the application what depends on data outside the document.
1. Record for every requirement where it is enforced, and test it there.
1  Introduction
XML Schema and Schematron are often presented as alternatives. In published standards they work together. European electronic invoicing is a clear case. The CEN Technical Specification that describes how the EN 16931 semantic model is bound to concrete syntaxes states that a set of validation artefacts, formalising the rules, is published together with it [1]. These artefacts are Schematron rule sets for the UBL 2.1 and UN/CEFACT Cross Industry Invoice (CII) D16B syntaxes [2]. OASIS UBL 2.1 divides validation in a similar way: an instance is first checked for structure and vocabulary against the UBL schema, and its code list values are then checked against external code list files [3].
Once a standard has more than one validation layer, every requirement has to be assigned to one of them. The assignment matters in four ways:
1. Detection. A schema is processed by schema-aware XML tools, including data-binding tools that generate program code from it. Schematron needs a Schematron engine.
1. Reporting. Schema validators report violations in terms of elements, types and positions. Schematron reports the message the rule author wrote.
1. Change. A requirement in the schema changes with the schema. A requirement in a rule set can be released with the rules.
1. Strictness. A document either conforms to a schema or it does not. Schematron assertions can be classified, for example as fatal errors or warnings.
Section 2 compares what the two languages can express. Section 3 describes the practical consequences of placing a constraint in one layer or the other. Section 4 examines how the European e-invoicing artefacts make these choices. Section 5 derives placement rules and practices, and Section 6 condenses them into a decision procedure.
The paper covers XML Schema 1.0 and 1.1 and ISO Schematron. Other schema languages, such as RELAX NG, are outside its scope. All examples are taken from publicly available artefacts.
2  What each language can express
2.1  XML Schema: the grammar of a document
XML Schema 1.0 is a W3C Recommendation in two parts, Structures and Datatypes; the current second edition is dated 28 October 2004 [4][5]. A schema declares which elements and attributes exist and assigns each a type. Complex types define content models with the compositors xs:sequence, xs:choice and xs:all, and occurrence constraints with minOccurs and maxOccurs. Simple types constrain values: built-in datatypes such as xs:date and xs:decimal are narrowed by facets such as length, pattern, enumeration, minInclusive, maxInclusive, totalDigits and fractionDigits. Types can be derived by extension and by restriction. Identity constraints (xs:unique, xs:key, xs:keyref) express uniqueness and references within a document, using a restricted subset of XPath. Wildcards (xs:any, xs:anyAttribute) admit content the schema does not define, processed strictly, laxly or not at all.
One property shapes every design decision that follows. Whether an element is valid depends on its declaration and its type, not on the document around it, and a type has a single content model wherever it is used. A complex type that serves five roles in a document therefore imposes the same cardinalities in all five. XSD 1.0 cannot express that an element is required in one role and optional in another unless each role has its own type.
XSD 1.0 also cannot express constraints between values: that one element is required if another is present (a co-occurrence constraint), that a rate must be positive when a category code has a certain value, or that a total must equal the sum of line amounts.
2.2  XML Schema 1.1: assertions within limits
XML Schema 1.1 became a W3C Recommendation on 5 April 2012 [6]. It retains the essential features of XSD 1.0 and adds, among others, assertions (xs:assert), which evaluate XPath 2.0 expressions against an element, and conditional type assignment (xs:alternative), which selects an element’s type according to a condition [6]. With assertions, co-occurrence constraints, conditions on values and calculations become expressible in a schema.
Both mechanisms are deliberately confined to the element itself. For an assertion, the specification builds a data model that contains only the element, its attributes and its descendants; references to the element’s siblings, its ancestors or any other part of the document are unsuccessful [6]. The test of a type alternative cannot refer to the children, siblings or ancestors of the element whose type is being selected; it works on the element’s attributes [6]. A constraint that relates an element to anything outside its own subtree cannot be stated in XSD 1.1 either; at most it can be attached to a common ancestor.
Processor support is the second limit. Saxon-EE has supported XML Schema 1.1 in full since release 9.5 [7], and Apache Xerces2-J has offered a fully compliant implementation since release 2.12.0 [8]. A standard that moves requirements into XSD 1.1 assertions makes every party that validates depend on such a processor. Before taking that step, a standard should establish that all parties who must validate can process XSD 1.1.
2.3  Schematron: rules about content
Schematron is Part 3 of ISO/IEC 19757, Document Schema Definition Languages (DSDL); the current fourth edition was published in 2025 [9][10]. A Schematron schema consists of patterns, a pattern contains rules, and each rule selects context nodes with an XPath-based expression and holds assertions about them. An assert outputs its message when its test evaluates to false, a report when its test evaluates to true [11]. Further elements provide variables (let), abstract patterns with parameters, and phases that activate selected patterns [10]. The attributes flag and role, and since the 2025 edition also severity, let authors classify assertions [10]; the European e-invoicing artefacts, for example, use flag with the values fatal and warning [2]. Validation results are typically produced in the Schematron Validation Report Language (SVRL), in which a failed assert appears as a failed-assert element and a triggered report as a successful-report element [10][11].
Because every test is a full XPath expression evaluated from its context, a Schematron rule can reach anywhere in the document. It can compare values, count and sum nodes and combine conditions. That makes Schematron the natural home for the constraints XSD cannot state.
A detail that causes errors: within one pattern, each node is tested by at most one rule, namely the first rule whose context matches it. Later rules in the same pattern never see that node. Rick Jelliffe describes this as the most common Schematron programming error [12]. Checks that must apply to the same node independently belong in separate patterns, or as several assertions in one rule. The 2025 edition also offers a group element, whose rules are evaluated independently, as if each rule were in a separate pattern [10].
Schematron is usually executed by compiling the schema into XSLT. The CEN e-invoicing artefacts, for instance, are distributed both as Schematron sources and as pre-compiled XSLT [13], and current releases of the XSpec test framework use the open-source SchXslt2 as their built-in Schematron implementation [14].
2.4  Side by side
Table 1 summarises which kinds of constraint each language can express. The examples are typical of business documents such as invoices.
	Kind of constraint
	Example
	XSD 1.0
	XSD 1.1
	Schematron

	Vocabulary, nesting and order
	Invoice lines appear inside the transaction
	Yes
	Yes
	Possible, rarely sensible

	Datatype and lexical form
	A valid calendar date; an amount with at most two decimals
	Yes
	Yes
	Possible

	Cardinality that holds wherever a type is used
	Exactly one document identifier
	Yes
	Yes
	Yes

	Cardinality that depends on the role of a shared type
	Seller name required, ship-to name optional
	Only with role-specific types
	Role-specific types or an assertion on the parent
	Yes

	Co-occurrence
	If a payee is given, its name is required
	No
	Yes, within one element
	Yes

	Condition on a value
	Standard-rated VAT requires a rate above zero
	No
	Yes, within one element
	Yes

	Calculation across nodes
	Line net amounts add up to the document total
	No
	Yes, within one element
	Yes

	Reference within the document
	A referenced identifier exists
	Partly (key, keyref)
	Partly (key, keyref)
	Yes

	Relation to parent, siblings or other parts
	An element is allowed only if a sibling has a certain value
	No
	No
	Yes

	Membership of a code list
	Currency code from ISO 4217
	Yes, fixed in the schema
	Yes, fixed in the schema
	Yes; the list can be kept as data

	Severity
	An element is discouraged but tolerated
	No
	No
	Yes, e.g. flag="warning"

	Data outside the document
	The invoice number has not been used before
	No
	No
	No: application


Table 1. What XSD 1.0, XSD 1.1 and Schematron can express. “Within one element” means that the constraint must lie inside the subtree of the element that carries the assertion.
3  What changes with the layer
3.1  Who detects a violation
Schema validation is available in common XML parsers, and data-binding tools can generate program code from a schema. A constraint in the schema is therefore enforced, or at least visible, wherever the schema is used. A constraint that exists only in Schematron is invisible to generated code and is enforced only where a Schematron engine runs.
For standards whose conformance depends on the rules, the specification has to state that both layers apply, and the tooling has to deliver both. The KoSIT validator configuration for the German XRechnung shows what this means in practice: it validates documents against EN 16931 and XRechnung, and each release integrates the UBL and CII schemas, the CEN EN 16931 Schematron and the XRechnung Schematron [15].
3.2  How a violation is reported
The XML Schema specification defines when a document is valid, not what an error message says. Messages are specific to each processor. Apache Xerces, for example, reports cvc-complex-type.2.4.a: Invalid content was found starting with element …, followed by the elements it expected [16]. Such a message is accurate, but it is phrased in the vocabulary of the syntax.
A Schematron message is written by the author of the rule. The EN 16931 artefacts use this to speak the language of the semantic model. If the seller name is missing, rule BR-06 reports “[BR-06]-An Invoice shall contain the Seller name (BT-27).” [2]. The message names the business term and its identifier, so business users and support staff can act on it without reading the schema.
3.3  How a requirement changes
A requirement in the schema is released with the schema. Changing it changes the artefact that implementers compile, generate code from and archive. UBL 2.1 gives exactly this as its reason for keeping code list values out of its schemas: hard-wiring them made it difficult to adjust code lists for individual trading partners and impossible to extend a list while still using the published schemas [3]. A requirement in a rule set can be released with the rules, independently of the syntax.
The trade-off cuts both ways. A rule that repeats information already present in the schema has to be kept aligned with it, release after release.
3.4  How strict the check is
A document either conforms to a schema or it does not. Schematron allows a standard to say “this is wrong” and “this is unusual” in the same artefact, and the CEN artefacts use this deliberately. The rules that restrict the generic UBL syntax to the subset EN 16931 uses, such as UBL-CR-001 (“A UBL invoice should not include extensions”), are nearly all flagged as warnings: 676 of the 678 UBL-CR rules [2]. An invoice that contains such an element still passes these rules.
A profile schema takes the opposite approach: content that the profile schema does not declare is invalid, unless the schema admits it through wildcards. ZUGFeRD provides its own XSD and Schematron artefacts for each of its five profiles [17]. Neither approach is wrong. They express different policies for content outside the subset, and a standard should choose between them knowingly.
4  Worked example: European e-invoicing
4.1  The layers
EN 16931-1 defines a semantic data model for the electronic invoice, made up of business terms (BT) and business groups (BG). CEN/TS 16931-3-2 and CEN/TS 16931-3-3 bind this model to UBL 2.1 and to CII D16B [18], and CEN/TS 16931-3-1 describes the binding methodology [1]. The validation artefacts that formalise the rules are maintained by CEN/TC 434 as open source under the European Union Public Licence 1.2 [13]. Core Invoice Usage Specifications (CIUS) add further rules for particular contexts. Germany’s XRechnung, maintained by KoSIT, is one example [19]. Peppol BIS Billing 3.0 likewise combines the EN 16931 rules bound to UBL with its own Peppol rules [20].
	Layer
	Artefact
	Publisher
	What it constrains

	Syntax
	UBL 2.1 schemas; CII D16B schemas
	OASIS; UN/CEFACT
	Structure and datatypes of each syntax

	European rules
	EN 16931 validation artefacts (Schematron)
	CEN/TC 434
	Business rules of EN 16931, restriction of each syntax to the EN 16931 subset, code lists

	National and community rules
	XRechnung Schematron; Peppol BIS Billing 3.0 rules
	KoSIT; OpenPeppol
	Additional national or community requirements


Table 2. Validation layers in European e-invoicing.
4.2  A shared type stays permissive
The CII syntax reuses one type for several parties. In the CII D16B schema distributed with the CEN artefacts, the seller and the buyer of the header trade agreement and the ship-to party of the header trade delivery are all declared with the type ram:TradePartyType. Within that type, the Name element is optional [21]:
	<xsd:element name="SellerTradeParty" type="ram:TradePartyType" minOccurs="0"/>
<xsd:element name="BuyerTradeParty"  type="ram:TradePartyType" minOccurs="0"/>
<xsd:element name="ShipToTradeParty" type="ram:TradePartyType" minOccurs="0"/>
 
<!-- within xsd:complexType name="TradePartyType" -->
<xsd:element name="Name" type="udt:TextType" minOccurs="0"/>



EN 16931 nevertheless requires a seller name. Making Name mandatory in TradePartyType would make it mandatory for every party of that type, including the ship-to party, for which the EN 16931 rules contain no such requirement [2]. The schema could only express the requirement through a separate seller party type, which would depart from the reusable library. The artefacts take the other route and state the requirement as rule BR-06: “An Invoice shall contain the Seller name (BT-27).” [2].
This is the typical reason why reusable libraries move cardinality into rules: the type is shared, the requirement is not.
4.3  Business rules separated from their bindings
EN 16931 has two syntaxes but one set of business rules. Within each syntax, the CEN artefacts separate what a rule says from where it applies, using Schematron’s abstract patterns. Identifier, message and severity are written in an abstract pattern in which the rule context and the test are parameters [2]:
	<pattern abstract="true" id="model">  <!-- excerpt -->
  <assert test="$BR-06" flag="fatal" id="BR-06">
    [BR-06]-An Invoice shall contain the Seller name (BT-27).</assert>



A binding file then instantiates the pattern and supplies the XPath for every parameter. The UBL binding, for example, defines the invoice context and the test for the invoice number (BR-02) as follows [22]; the CII binding does the same for /rsm:CrossIndustryInvoice [23]:
	<pattern is-a="model" id="UBL-model">  <!-- excerpt -->
  <param name="Invoice" value="/ubl:Invoice | /cn:CreditNote"/>
  <param name="BR-02"   value="normalize-space(cbc:ID) != ''"/>



Across the two syntaxes, however, the abstract rule sets are maintained as separate files [2][24]. In the repository as of 14 October 2026, the UBL file contains 201 assertions and the CII file 200; the messages of 36 rules differ, 28 of them in wording, and BR-51 is a warning in UBL but fatal in CII. In some cases the two messages for the same rule name different VAT categories or business terms: BR-IG-02 refers to “IGIC” in UBL and to “IPSI” in CII. The lesson for other standards is to take the separation one step further: keep the business rules in a single source and generate or check the syntax-specific rule sets from it, so that identifiers, messages and severities cannot drift apart.
4.4  Conditions and calculations
The rules that matter most for tax purposes are exactly those that XSD 1.0 cannot state. BR-CO-10 requires that the document-level sum of invoice line net amounts (BT-106) equals the sum of the individual invoice line net amounts (BT-131). BR-CO-15 requires that the invoice total with VAT (BT-112) equals the total without VAT (BT-109) plus the total VAT amount (BT-110). BR-S-05 requires that an invoice line whose VAT category code is “Standard rated” carries a VAT rate greater than zero [2]. All three are flagged fatal.
These rules involve calculation across nodes or a condition on a value, and the first two relate document totals to amounts stated elsewhere in the invoice. In XSD 1.1 they could only be expressed as assertions on an element that contains all the nodes involved. In Schematron they are ordinary rules, each with its own identifier and message.
4.5  Code lists in rule text
Code list checks show the trade-off described in Section 3.3. In the CEN artefacts, rule BR-CL-04 checks that the invoice currency code is an ISO 4217 alpha-3 code. The permitted values are written inline, as a string literal inside the XPath test, and the rule is flagged fatal [25]. The rule set is self-contained, but every change to the code list is a change to rule text.
UBL 2.1 goes the other way and keeps code list values in external files that drive the second validation phase [3]. OASIS has standardised the formats for this approach: Genericode for representing code lists and Context/Value Association (CVA) for associating lists with places in a document [26][27].
4.6  The national layer tightens the standard without changing a schema
None of the EN 16931 rules requires the Buyer reference (BT-10) [2]; Peppol BIS Billing 3.0, for example, gives it the cardinality 0..1 [28]. XRechnung makes it mandatory, and it does so with a rule, not with a new schema. Rule BR-DE-15, flagged fatal, tests cbc:BuyerReference[boolean(normalize-space(.))] in the UBL binding and reports “Das Element "Buyer reference" (BT-10) muss übermittelt werden.” [29].
Because the XRechnung validator configuration validates against EN 16931 and XRechnung together [15], a national requirement becomes one additional rule. The syntax schemas remain those of UBL and CII, and implementers who already support EN 16931 add one rule set rather than a new syntax.
5  Placement rules and practices
5.1  Seven placement rules
1. Put the shape of the document in the schema. Vocabulary, nesting, order, datatypes and lexical formats belong in XSD, where every tool sees them and data binding can use them.
1. Put a cardinality in the schema only if it holds wherever the type is used. If a type serves several roles and the requirement applies to one of them, either create a role-specific type or state the requirement as a rule. For types from a reusable library, the rule is usually the better choice (Section 4.2).
1. Put relations between values in Schematron. Co-occurrence, conditions on values, calculations and references beyond what xs:key and xs:keyref can express need full XPath. Use XSD 1.1 assertions only if every party that must validate can process XSD 1.1 and the constraint lies within one element.
1. Keep volatile values out of the schema. Code lists maintained by another body, or changing more often than the syntax, should not be enumerations in the schema. Ideally they are not literals in rule text either, but data that the rules or a second validation phase read (Section 4.5).
1. Decide strictness explicitly. If a standard restricts a generic syntax, choose between a profile schema that rejects content outside the subset and rules that warn about it, and state the choice in the specification (Section 3.4).
1. Leave to the application what the document cannot show. Whether an invoice number has been used before, or whether a party exists in a register, depends on data that the document does not contain.
1. Enforce every requirement in exactly one place, and record where. A requirement stated in two layers will sooner or later be stated differently in each.
5.2  Practices for the rule layer
1. Stable identifiers and business-language messages. Give every rule an identifier that does not change between releases, and phrase its message in the terms of the semantic model, as the EN 16931 artefacts do (Section 3.2).
1. Severity by policy. Define what each severity means for the standard before writing rules, for example that fatal leads to rejection and warning does not, and apply the definition consistently.
1. Precise contexts. A rule whose context names only an element fires wherever that element occurs, in every role. Anchor contexts to the role that the requirement concerns, and remember that within one pattern each node is tested by the first matching rule only (Section 2.3).
1. One source, several bindings. If a standard has more than one syntax, keep each business rule in one place, bind it per syntax, and check automatically that identifiers, messages and severities agree across the bindings (Section 4.3).
1. A test for every rule. Each rule needs at least one instance that passes and one that fails. XSpec supports this for Schematron with x:expect-assert and x:expect-not-assert, which state that a given assertion fails, or does not fail, at a given location [30].
5.3  A constraint register
Placement rules only work if the decisions are written down. A constraint register is a table with one row per requirement that records where the requirement is enforced, how, with which severity and with which test. Table 3 shows the columns we recommend, filled in for the examples in Section 4.
	Requirement
	Source
	Layer
	Mechanism
	Severity
	Test

	Party structure
	CII D16B
	Syntax
	XSD, ram:TradePartyType
	Invalid
	Valid and invalid party

	Seller name present
	EN 16931, BR-06
	European rules
	Schematron, abstract rule with syntax binding
	Fatal
	Invoice with and without seller name

	Totals add up
	EN 16931, BR-CO-10, BR-CO-15
	European rules
	Schematron, sum and comparison
	Fatal
	Correct totals; one deviating line

	Currency code valid
	EN 16931, BR-CL-04
	European rules
	Schematron, codes inline
	Fatal
	Valid and invalid code

	No UBL extensions
	EN 16931, UBL-CR-001
	European rules
	Schematron
	Warning
	Invoice with extension

	Buyer reference present
	XRechnung, BR-DE-15
	National rules
	Schematron
	Fatal
	Empty and filled BT-10

	Invoice number not reused
	Business requirement (example)
	Application
	Check in the receiving system
	Rejection
	Duplicate submission


Table 3. Example of a constraint register, filled in for the requirements discussed in Section 4.
6  A decision procedure
For each requirement of a standard, the following questions lead to a placement. Ask them in order and stop at the first “yes”.
1. Does the requirement depend on data that the document does not contain? Then it belongs in the application.
1. Is it a list of values maintained elsewhere, or changing more often than the syntax? Then keep the values as data outside schema and rule text, and let a rule or a second validation phase use them.
1. Should a violation be tolerated with a warning? Then it is a rule with the agreed severity.
1. Does it relate the element to anything outside itself: its parent, its siblings, other parts of the document? Then it is a rule.
1. Does it relate two or more values, depend on a value or involve calculation? Then it is a rule, or an XSD 1.1 assertion if every validating party supports XSD 1.1.
1. Does it concern a cardinality that applies to only some of the roles in which a type is used? Then it is a rule, or a role-specific type.
1. Otherwise, if it concerns which elements and attributes exist, their order, their cardinality or their datatype, it belongs in the schema.
After placing a requirement, enter it in the constraint register together with a test case for the layer that enforces it.
7  Conclusion
XML Schema and Schematron answer different questions. The schema states what a document may look like; the rules state what its content must mean. In practice, difficulties arise less from the languages than from unclear placement: requirements stated twice, strictness decided by accident, and rules that cannot be traced back to the requirement they enforce.
The European e-invoicing artefacts show that clear placement works at scale: a permissive reusable syntax, business rules kept separate from their syntax bindings, and national requirements added as rules on top. They also show what happens when one rule set is maintained in two copies: the copies begin to drift. Standards that make these decisions deliberately, record them and test each requirement where it is enforced are easier to implement, and easier to maintain through their next releases.
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