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Example 
!

<containsArgumentElement xsi:type="ARM:Claim" xmi:id="5" identifier="C1.1" description="" content="Unintended opening of 
press (after PoNR) can only occur as a result of component failure"/> 

!
9.1.9 EvidenceAssertion Class 

!
A sub-type of Claim used to record propositions (assertions) made regarding an InformationElement being used as 
supporting evidence to the Argument. This is intended to be used as an interface element to external evidence. An 
evidence assertion is a minimal assertion (proposition) about an item of evidence, and there is no supporting 
argumentation being offered within the current structured argument. 

!
Superclass 

!
Claim 

!
Semantics 

!
Well supported arguments are those where evidence can be cited that is said to support the most fundamental claims of 
the argument. It is good practice that these fundamental claims of the argument state clearly the property that is said to 
exist in, be derived from, or be exhibited by the cited evidence. Where such claims are made these are said to be basic 
EvidenceAssertions. 

!
Example 

!
<containsArgumentElement xsi:type="ARM:EvidenceAssertion" xmi:id="12" identifier="C2.1.1" content="Failure 1 of PLC state 
machine includes BUTTON_IN remaining true"/> 

!
9.1.10 ArgumentReasoning Class 

!
ArgumentReasoning can be used to provide additional description or explanation of the asserted inference or challenge 
that connects one or more Claims (premises) to another Claim (conclusion). ArgumentReasoning elements are therefore 
related to AssertedInferences and AssertedChallenges. It is also possible that ArgumentReasoning elements can refer to 
other structured Arguments as a means of documenting the detail of the argument that establishes the asserted inferences. 
 
Superclass 

!
ReasoningElement 

!
Associations 

!

• describedAssertedRelationship:AssertedRelationship[0..*] 
 Reference to the AssertedRelationship being described by the ArgumentReasoning. 
!

• structure:Argument[0..1] 
Optional reference to another structured Argument to provide the detailed structure of the Argument being 
described by the ArgumentReasoning. 

!
Semantics 

!
The argument step that relates one or more Claims (premises) to another Claim (conclusion) may not always be obvious. 
In such cases ArgumentReasoning can be used to provide further description of the reasoning steps involved. 

!
Example 

!
<containsArgumentElement xsi:type="ARM:ArgumentReasoning" xmi:id="2" identifier="RC1.1" content="Argument by omission 
of all identified software hazards" describes="5 6"/> 
!
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9.1.11  AssertedRelationship Class (Abstract) 
!

The AssertedRelationship Class is the abstract class that enables the ArgumentElements of any structured argument to 
be linked together. The linking together of ArgumentElements allows a user to declare the relationship that they assert to 
hold between these elements. 

!
Superclass 

!
Assertion 

!
Associations 

!

• source:ArgumentElement[0..*] 
Reference to the ArgumentElement(s) that are the source (start-point) of the relationship. 

!

• target:ArgumentElement[0..*] 
Reference to the ArgumentElement(s) that are the target (end-point) of the relationship. 

!
Semantics 

!
In the SACM, the structure of an argument is declared through the linking together of primitive ArgumentElements. For 
example, a sufficient inference can be asserted to exist between two claims (“Claim A implies Claim B”) or sufficient 
evidence can be asserted to exist to support a claim (“Claim A is evidenced by Evidence B”). An inference asserted 
between two claims (A – the source – and B – the target) denotes that the truth of Claim A is said to infer the truth of 
Claim B. 

!
Example 
 
9.1.12 AssertedInference Class 

!
The AssertedInference association class records the inference that a user declares to exist between one or more Assertion 
(premises) and another Assertion (conclusion). It is important to note that such a declaration is itself an assertion on 
behalf of the user. 

!
Superclass 

AssertedRelationship 

Semantics 

The core structure of an argument is declared through the inferences that are asserted to exist between Assertions (e.g., 
Claims). For example, an AssertedInference can be said to exist between two claims (“Claim A implies Claim B”). An 
AssertedInference between two claims (A – the source – and B – the target) denotes that the truth of Claim A is said to 
infer the truth of Claim B. 

!
Example 

!
<containsAssertedRelationship xsi:type="ARM:AssertedInference" xmi:id="16" identifier="C1.1.1" description="" target="5" 
source="1"/> 

!
Invariants 

!
context AssertedInference 
inv SourceMustBeAssertion : self.source->forAll(s|s.oclIsTypeOf(Assertion)) 
inv TargetMustBeAssertion : self.target->forAll(t|t.oclIsTypeOf(Assertion)) 
 

!
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9.1.13 AssertedEvidence Class 
!

The AssertedEvidence association class records the declaration that one or more items of Evidence (cited by 
InformationItems) provides information that helps establish the truth of a Claim. It is important to note that such a 
declaration is itself an assertion on behalf of the user. The information (cited by an InformationItem) may provide 
evidence for more than one Claim. 

!
Superclass 

!
AssertedRelationship 

!
Semantics 

!
Where evidence (cited by InformationItems) exists that helps to establish the truth of a Claim in the argument, this 
relationship between the Claim and the evidence can be asserted by an AssertedEvidence association. An 
AssertedEvidence association between some information cited by an InformationElement and a Claim (A – the source 
evidence cited – and B – the target claim) denotes that the evidence cited by A is said to help establish the truth of Claim 
B. 

!
Example 

!
<containsAssertedRelationship xsi:type="ARM:AssertedEvidence" xmi:id="22" identifier="S1.1" target="10" source="5 6"/> 
!
Invariants 

!
context AssertedEvidence 
inv SourceMustBeInformationElement : self.source->forAll(s|s.oclIsTypeOf(InformationElement)) 
inv TargetMustBeClaimOrAssertedRelationship : self.target->forAll(t|t.oclIsTypeOf(Claim) or 
t.oclIsTypeOf(AssertedRelationship)) 
!
9.1.14 AssertedChallenge Class 

!
The AssertedChallenge association class records the challenge (i.e., counter-argument) that a user declares to exist 
between one or more Claims and another Claim. It is important to note that such a declaration is itself an assertion on 
behalf of the user. 

!
Superclass 

!
AssertedRelationship 

!
Semantics 

!
An AssertedChallenge by Claim A (source) to Claim B (target) denotes that the truth of Claim A challenges the truth of 
Claim B (i.e., Claim A leads towards the conclusion that Claim B is false). 

!
Invariants 

!
context AssertedChallenge 
inv SourceMustBeClaim : self.source->forAll(s|s.oclIsTypeOf(Claim)) 
inv TargetMustBeClaimOrAssertedRelationship : self.target->forAll(t|t.oclIsTypeOf(Claim) or 
t.oclIsTypeOf(AssertedRelationship)) 
!
9.1.15 AssertedCounterEvidence Class 

!
AssertedCounterEvidence can be used to associate evidence (cited by InformationElements) to a Claim, where this 
evidence is being asserted to infer that the Claim is false. It is important to note that such a declaration is itself an 
assertion on behalf of the user. 

!
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Superclass 
!

AssertedRelationship 
!
Semantics 

!
An AssertedCounterEvidence association between some evidence cited by an InformationNode and a Claim (A – the 
source evidence cited – and B – the target claim) denotes that the evidence cited by A is counter-evidence to the truth of 
Claim B (i.e., Evidence A suggests the conclusion that Claim B is false). 

!
Invariants 

!
context AssertedCounterEvidence 
inv SourceMustBeInformationElement : self.source->forAll(s|s.oclIsTypeOf(InformationElement)) 
inv TargetMustBeClaimOrAssertedRelationship : self.target->forAll(t|t.oclIsTypeOf(Claim) or 
t.oclIsTypeOf(AssertedRelationship)) 
 
9.1.16 AssertedContext Class 

!
The AssertedContext association class declares that the information cited by an InformationElement provides a context 
for the interpretation and definition of a Claim or ArgumentReasoning element. 

!
Superclass 

!
AssertedRelationship 

!
Semantics 

!
Claim and ArgumentReasoning often need contextual information to be cited in order for the scope and definition of the 
reasoning to be easily interpreted. For example, a Claim can be said to be valid only in a defined context (“Claim A is 
asserted to be true only in a context as defined by the information cited by InformationItem B” or conversely 
“InformationItem B is the valid context for Claim A”). A declaration (AssertedContext) of context (InformationItem) for 
a ReasoningElement (A – the contextual InformationItem – and B – the ReasoningElement) denotes that A is asserted to 
be valid contextual information for B (i.e., A defines context where the reasoning presented by B holds true). 

!
Example 

!
<containsAssertedRelationship xsi:type="ARM:AssertedContext" xmi:id="21" identifier="CIRC1.1" target="4" source="2"/> 

!
Invariants 

!
context AssertedContext 
inv SourceMustBeInformationElement :self.source->forAll(s|s.oclIsTypeOf(InformationElement)) 
inv TargetMustBeReasoningElement : self.target->forAll(t|t.oclIsTypeOf(ReasoningElement)) 

!
9.1.17 InformationCitationElement Class 
 
The InformationElementCitation Class enables the citation of a source of information that relates to the structured argument. 
The citation is made by the InformationElement class. The declaration of relationship is made by the AssertedRelationship 
class. 
 
Superclass 
 
InformationElement 
 
Attributes 
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• url: String 
 
An attribute recording a URL to external evidence. 
 
Associations 

!

• evidenceElement:Evidence::EvidenceElement[0..*] 
The EvidenceElements cited by the current InformationElementCitation object. 

!

• evidenceContainer:Evidence::EvidenceContainer[0..*] 
The EvidenceContainer cited by the current InformationElementCitation object. 

!

• assuranceCase:AssuranceCase[0..*] 
The assuranceCase cited by the current InformationElementCitation object. 

!

• argumentation:Argumentation[0..*] 
The argumentation structure cited by the current InformationElementCitation object. 
 

Semantics 
 
It is necessary to be able to cite sources of information (EvidenceElements, EvidenceContainers, entire AssuranceCases, entire 
Argumentation structures, or external objects) that support, provide context for, or provide additional description for the core 
reasoning of the argumentation structure. InformationCitationElements allow there to be an objectified citation of this 
information within the argumentation structure, thereby allowing the relationship between this information and the argument to 
also be explicitly declared. 
 
The url attribute is to be used when citing sources of information outside of an SACM model. The evidenceElement and 
evidenceContainer associations can only be used when conforming to the Assurance Case compliance point.” 
 
9.1.18 InformationProvisionElement Class 
 
The InformationProvisionElement Class enables the direct provision of information that relates to the structured argument. The 
declaration of relationship is made by the AssertedRelationship class. 
 
Superclass 
 
InformationElement 
 
Attributes 
 
Associations 
 
Semantics 
 
It is sometimes necessary to directly provide sources of information, that support, provide context for, or provides additional 
description for the core reasoning of the recorded argument. InformationProvisionElements allow the provision of this 
information within the structured argument, thereby allowing the relationship between this information and the argument to 
also be explicitly declared.
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!
FormalAssertion is an element of meaning that represents a certain proposition. The Assertion subclass, introduced in 
Clause 12 “Formal Statements” uses elements of formal statements and a formal reference to an SBVR vocabulary to 
represent precise meaning of the assertion. ReferencedClaim element represents an informal assertion/claim. Further 
details are provided in section 12 Formal Statements. 
!
10.1.9 EvidenceGroup 

!
EvidenceGroup asserts a state of affairs that several evidence elements are grouped together and can be referred to 
collectively. 

!
Superclass 

!
EvidenceItem 

!
Attributes 

!

• name:String 
Name of the evidence group. 

!
Associations 

!

• element:EvidenceElement[0..*1] 
Elements of the Evidence Group 

!
Constraints 

!
•   EvidenceGroup can not be an element of itself, either directly or indirectly through membership in other Evidence 

Group. 
!

Semantics 
!

EvidenceGroup asserts a state of affairs that several evidence elements are grouped together and can be referred to 
collectively. EvidenceGroup is a special subclass of EvidenceItem acting as a named container for evidence items that can 
be used on both sides of an evidence relation. An EvidenceElement may be a member of more than one EvidenceGroup. 
!
!  
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12 Formal Statements 
!
!
12.1 General 

!
Formal Statements provide the mechanism for representing the elements of meaning involved in the processes of 
interpretation and evaluation of evidence, and specifically, required for precisely representing assertions and claims. 

!
The two fundamental classes of the Formal Statements are FormalObject and FormalAssertion. A FormalObject is an 
object of significance, about which information needs to be known or held. Usually a FormalObject corresponds to an 
Exhibit where the Exhibit element emphasizes the physical object (an instance of the SBVR ‘Thing’ concept) while a 
FormalObject emphasizes the associated element of meaning (an instance of the SBVR ‘Meaning’ concept). A 
FormalAssertion is a relationship between evidence elements taken as a new assertion/claim that has a distinct, separate 
existence, a self-contained piece of information that can be referenced as a unit. In the scope of SBVR, such units of 
information are called facts. However, since the Evidence Metamodel focuses at describing evidentiary support to 
assurance cases, which involves contestable claims, relationships are interpreted as assertions, rather than facts, which 
allows contesting them. However, in practice, most of the assertions that may be represented by an evidence model are 
likely to be within the so-called assumption zone of an assurance case, i.e., be agreed upon facts. 

!
So, a FormalAssertion element represents an assertion involving one or more FormalObjects bound to specific roles 
associated with the fact type of the assertion. The concepts fact type, role, element is bound to a role are defined in 
SBVR. In particular, a fact type is defined as a concept that is the meaning of a verb phrase that involves one or more 
noun concepts and whose instances are all actualities. A role is defined as a noun concept that corresponds to things based 
on their playing a part, assuming a function, or being used in some situation. Specifically, a fact type role characterizes its 
instances by their involvement in an actuality that is an instance of a given fact type. A RoleBinding element represents 
an association, linkage, or connection between the FormalObjects that describes their role within the assertion. 

!
Formal Statements are based on some pre-defined conceptual model related to the area for which an assurance case is 
developed. Such conceptual model can be formally represented as an external ontology or vocabulary. In particular the 
SACM Evidence Metamodel allows linking an Object element to an SBVR IndividualConcept or SBVR noun concept 
element and the Assertion element to SBVR fact type element. 

!
The Object element is aligned with the SBVR IndividualConcept or the SBVR noun concept while the Assertion element 
is aligned with the SBVR fact type. Further, the entire SACM Evidence Metamodel is aligned with the OMG SBVR 
specification, in such a way that it describes a standard vocabulary related to descriptions of evidence. SBVR rules can be 
written using this vocabulary to formally describe further properties of evidence. The full SBVR vocabulary for evidence 
is presented as a non-normative Annex A. 
!
12.2 Formal Objects Class Diagram 

!
The FormalObjects class diagram focuses on objects that are involved in assertions comprising the fact model underlying 
an assurance case. 
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Semantics 
!

From the formal logic perspective, SACM distinguishes objects from assertions. As a consequence, in order to represent 
a formal assertion about other assertions the later must be objectified, i.e., represented as a FormalObject that refers to the 
objectification of the original assertion using the element ObjectifiedAssertion. 
!
12.3 Formal Assertions Class Diagram 

!
The FormalAssertions class diagram focuses at the Assertion as the key element of the formal statements underlying an 
assurance case. 

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

Figure 12.2 - Formal Assertions Class Diagram 
!
12.3.1 Assertion 

!
An Assertion is a relationship involving one or more formal objects, taken as formal proposition that has a distinct, 
separate existence, a self-contained piece of information that can be referenced as a unit. Assertion is the key constituent 
of a conceptual model underlying an assurance case. Assertion represents an asserted fact about the subject area for which 
an assurance case is being developed. 

!
Superclass 

!
FormalAssertion 

!
Attributes 

!

• facttype:String 
Designation of the fact type. 
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Associations 
!

• role:RoleBinding[0..*] 
Set of role bindings that further describe which FormalObjects are bound to the roles that are determined by the 
fact type. 

!

• definition:MOF::Element 
A link to an entry of an external SBVR vocabulary or an OWL ontology defining the fact type of the assertion. 

!
Semantics 

!
Assertion is an element of meaning that states existence of a relationship between several individual formal objects. In a 
formal assurance case, the nature of the relationship is specified through a reference to an external vocabulary, such as an 
SBVR vocabulary or an OWL ontology. SACM assumes that community of interest for an assurance case will acquire or 
develop such vocabularies for the corresponding subject area. In a semi-formal assurance case the nature of the 
relationship can be described informally through a ‘content’ property. In this case the ‘definition’ property and the 
‘facttype’ property shall not be used. However the references to the exact FormalObjects through RoleBinding elements 
still can be stated. The ‘content’ property of the FormalAssertion element provides the verbalization of the assertion, 
which is the expression of the assertion in the selected natural language. For informal assurance cases, a ReferencedClaim 
element can be used, which only contains the verbalization of the claim in a natural language. 

!
12.3.2 ReferencedClaim 

!
ReferencedClaim is an element of meaning that represents an informal assertion about the state of affairs in the subject 
area about which an assurance case is developed. ReferencedClaim can be linked to a Claim element of the 
Argumentation part of an assurance case. 

!
Superclass 

!
FormalAssertion 

!
Associations 

!

• claim:Argumentation::Claim[0..1] 
A link to a Claim element in the Argumentation part of an assurance case (if available). 

!
Semantics 

!
ReferencedClaim is an element of meaning that makes an assertion about a subject area of an assurance case. 
ReferencedClaim represents the claim as prose in a selected natural language (formal or informal), without identifying its 
structure. ReferencedClaim element can represent informal claims (claims not linked to any formal definition of its 
meaning, such as an ontology developed by some community of meaning) or unstructured claims (where the subjects are 
not identified). 

!
Usually claims assert existence of a formally defined relationship between several individual subjects and involve several 
objects bound to specific roles. An Assertion element can be used to capture this structure of a claim in a more formal 
way. In particular, Assertion element can link the proposition to an external vocabulary or ontology that defines the exact 
meaning of the proposition, as well as the exact subjects of the proposition. 
 
Example 

!
<?xml version="1.0" encoding="UTF-8"?> 
<SACM:AssuranceCase xmi:version="2.0" xmlns:xmi="http://www.omg.org/XMI" 
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:ARM="http://schema.omg.org/SACM/1.0/Argumentation" 
xmlns:EM="http://schema.omg.org/SACM/1.0/Evidence" xmlns:SACM="http://schema.omg.org/SACM/1.0" name="DoDAF 
Analytics" gid="org.omg.sacm.examples-ac01-30072014"> 
  <argument> 
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RoleBinding instance is owned by an Assertion object that provides the context, including the definitions of roles and 
the types of domain objects that can be bound to each role. The formal definition of the relationship represented by an 
Assertion element is provided by a reference to an external ontology, which can be either an SBVR vocabulary or an 
OWL ontology. This definition shall at a minimum include the definition of roles, to which the RoleBinding elements 
shall conform. In particular, the ‘role’ attribute of a RoleBinding shall correspond to a particular role in the formal 
definition of a relationship. Further, for each role contained in the formal definition of the relationship there shall be 
exactly one RoleBinding element, in which the ‘role’ attribute matches the name of the role and the subject matches the 
allowed type of subject for that role. 

!
SACM allows incremental construction of the conceptual model underlying an assurance case, therefore it allows 
temporarily unbound roles. A completed Body of Evidence accompanying an Assurance Case shall meet the condition 
that all RoleBinding elements have the corresponding subject of appropriate type. 

!
SACM provides a built-in relation “IsA” between any EvidenceElement and an Object, which asserts the definition of 
an EvidenceItem. This mechanism can be used to build the entire formal vocabulary inside the Evidence Model, where 
the external references can be reduced to a mere handful of meta-meta level concepts (in the extreme case, the only 
external reference that is needed is the concept “thing,” other definitions can, at least in principle, be provided through 
the “IsA” relationships internal to the Evidence Model. This approach can be used when the external formal vocabulary 
is not available, and there is a need to use more unified tooling environment. 

!
From the formal logic perspective, SACM distinguishes objects from assertions. As a consequence, in order to represent 
a formal assertion about other assertions the later must be objectified, i.e., represented as a FormalObject that refers to the 
original assertion using the element ObjectifiedAssertion. 
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circumstantial evidence as it is often called) requires introduction of other pieces of information to complete a statement. 
Direct evidence has more weight than indirect. Whenever additional records are drawn to supply missing information 
there is a chance for error. Because of that, less weight is assigned to indirect evidence. 

!
Support statement is verbalized as follows: 

!
•   “EvidenceItem directly supports FormalAssertion.” 

!
•   “EvidenceItem indirectly supports FormalAssertion.” 

!
•   “EvidenceItem directly challenges FormalAssertion.” 

!
•   “EvidenceItem indirectly challenges FormalAssertion.” 

!
14.3.2 SupportLevel (enumeration) 

!
SupportLevel enumeration specifies the support level. 

!
Literals 

!

• unknown 
The directness is unknown. 

!

• indirect 
Evidence relation provides indirect support the Assertion. 

!

• direct 
Evidence relation provides direct support the Assertion. 

!
14.3.3 Reporting 

!
Reporting statement represents a characteristic of the evidence relations that is asserted during the course of evaluation 
and that refers to the reporting level of the relationship - primary or secondary reporting - provided by evidence item to 
the corresponding claim. 

!
Superclass 

EvidenceAttribute 

Attributes 

• value:ReportingLevel 
Reporting level of the evidence relation, such as secondary or primary. 

!
Constraints 

!
•   Reporting element shall not be owned by elements other than EvidenceRelation. 

!
Semantics 

!
Reporting level is an asserted characteristic that potentially can be disputed. Reporting level refers to the quality of 
information provided as evidence. For example, the record is primary if it was made at or near the time of the event, by 
someone in a position to know firsthand (such as an eyewitness). Alternatively, a record is considered primary if it was 
made in writing by an officer charged by law, canon, or bylaws with creating an accurate record. Primary information 
carries more weight than secondary 
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Assertion 
!

Definition: A proposition that is related to the area for which an assurance case is developed. 
Description: A formal assertion is a proposition that describes a state of affairs for which an 

assurance case is developed. This proposition uses the vocabulary that is imported from 
the semantic community involved in the subject area within which the evidence is 
collected. Formal assertions for evidence collection represent the asserted facts as part 
of the fact model corresponding to the body of evidence. Fact model is an SBVR term. 

American Heritage 
Dictionary 

Something declared or stated positively, often with no support or attempt at proof. 

Note: The term ‘fact’ is avoided because of the connotation with ‘real’ occurrences. Formal 
assertions can represent contradicting or conflicting propositions. The goal of the evi- 
dence-related effort is to establish the truth of certain propositions. During the course 
of the evidence collection and analysis project, various assertions may be considered. 

Note: Formal assertion is an instance of a fact type, a proposition that is formalized as an 
atomic formulation that binds to individual things. 

Source: based on Semantics of Business Vocabularies and Rules [‘Fact’] 
Concept type: meaning 

!
Assertion involves  Domain Object in role  Subject Role 
!

Definition: !
Concept type: Facttype 

!
Subject Role 
!

Definition: !
Concept type: Concept 

!

!
A.5 Evidence Evaluation 

!
!
A.5.1 Evidence Relations 

!
Evidence Item supports  Subject Assertion 
!

Definition: state of affairs that  evidence item supports  formal assertion. 
Concept type: state of affairs 

!
Evidence Item challenges  Subject Assertion 
!

Definition: an evidence judgment that an evidence item contradicts a formal assertion. 
Concept type: Evidence judgment 
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