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Preface
OMG

Founded in 1989, the Object Management Group, Inc. (OMG) is an open membership, not-for-profit computer industry
standards consortium that produces and maintains computer industry specifications for interoperable, portable, and
reusable enterprise applications in distributed, heterogeneous environments. Membership includes Information
Technology vendors, end users, government agencies, and academia.

OMG member companies write, adopt, and maintain its specifications following a mature, open process. OMG’s
specifications implement the Model Driven Architecture® (MDA®), maximizing ROI through a full-lifecycle approach
to enterprise integration that covers multiple operating systems, programming languages, middleware and networking
infrastructures, and software development environments. OMG’s specifications include: UML® (Unified Modeling
Language™); CORBA® (Common Object Request Broker Architecture); CWM™ (Common Warehouse Metamodel);
and industry-specific standards for dozens of vertical markets.

More information on the OMG is available at http://www.omg.org/.

OMG Specifications

As noted, OMG specifications address middleware, modeling and vertical domain frameworks. All OMG Specifications
are available from the OMG website at:

http://www.omg.org/spec.

Specifications are organized by the following categories:
Business Modeling Specifications

Middleware Specifications
* CORBA/IIOP
» Data Distribution Services
* Specialized CORBA

IDL/Language Mapping Specifications

Modeling and Metadata Specifications
* UML, MOF, CWM, XMI
* UML Profile

Modernization Specifications

Platform Independent Model (PIM), Platform Specific Model (PSM), Interface Specifications
* CORBAServices
* CORBAFacilities
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OMG Domain Specifications
CORBA Embedded Intelligence Specifications

CORBA Security Specifications

All of OMG’s formal specifications may be downloaded without charge from our website. (Products implementing OMG
specifications are available from individual suppliers.) Copies of specifications, available in PostScript and PDF format,
may be obtained from the Specifications Catalog cited above or by contacting the Object Management Group, Inc. at:

OMG Headquarters
109 Highland Avenue
Needham, MA 02494
USA

Tel: +1-781-444-0404
Fax: +1-781-444-0320

Email: pubs@omg.org

Certain OMG specifications are also available as ISO standards. Please consult http://www.iso.org.

Typographical Conventions

The type styles shown below are used in this document to distinguish programming statements from ordinary English.
However, these conventions are not used in tables or section headings where no distinction is necessary.

Times/Times New Roman - 10 pt.: Standard body text

Helvetica/Arial - 10 pt. Bold: OMG Interface Definition Language (OMG IDL) and syntax elements.
Courier/Courier New - 10 pt. Bold: Programming language elements.

Courier - 12 pt.: Name of modeling element (class or association)

Arial — 12pt.: syntax element.

Arial — 10 pt.: Examples and non-normative remarks

Helvetica/Arial - 10 pt: Exceptions
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1 Scope

The primary goal of DMN is to provide a common notation that is readily understandable by all business users, from the
business analysts needing to create initial decision requirements and then more detailed decision models, to the technical
developers responsible for automating the decisions in processes, and finally, to the business people who will manage and
monitor those decisions. DMN creates a standardized bridge for the gap between the business decision design and
decision implementation. DMN notation is designed to be useable alongside the standard BPMN business process
notation.

Another goal is to ensure that decision models are interchangeable across organizations via an XML representation.

The authors have brought forth expertise and experience from the existing decision modeling community and have sought
to consolidate the common ideas from these divergent notations into a single standard notation.
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2 Conformance

2.1 Conformance levels

Software may claim compliance or conformance with DMN 1.1 if and only if the software fully matches the applicable
compliance points as stated in the specification. Software developed only partially matching the applicable compliance
points may claim that the software was based on this specification, but may not claim compliance or conformance with
this specification.

The specification defines three levels of conformance, namely Conformance Level 1, Conformance Level 2 and
Conformance Level 3.

An implementation claiming conformance to Conformance Level 1 is not required to support Conformance Level 2 or
Conformance Level 3. An implementation claiming conformance to Conformance Level 2 is not required to support
Conformance Level 3.

An implementation claiming conformance to Conformance Level 1 SHALL comply with all of the specifications set
forth in clauses 6 (Decision Requirements), 7 (Decision Logic) and 8 (Decision Table) of this document. An
implementation claiming conformance to Conformance Level 1 is never required to interpret expressions (modeled as an
Expression elements) in decision models. However, to the extent that an implementation claiming conformance to
Conformance Level 1 provides an interpretation to an expression, that interpretation SHALL be consistent with the
semantics of expressions as specified in clause 7.

An implementation claiming conformance to Conformance Level 2 SHALL comply with all of the specifications set
forth in clauses 6 (Decision Requirements), 7 (Decision Logic) and 8 (Decision Table) of this document. In addition it is
required to interpret expressions in the simple expression language (S-FEEL) specified in clause 9.

An implementation claiming conformance to Conformance Level 3 SHALL comply with all of the specifications set
forth in clauses 6 (Decision Requirements), 7 (Decision Logic), 8 (Decision Table) and 10 (Expression language) of this
document. Notice that the simple expression language that is specified in clause 9 is a subset of FEEL, and that,
therefore, an implementation claiming conformance to Conformance Level 3 can also claim conformance to Conformance
Level 2 (and to Conformance Level 1).

In addition, an implementation claiming conformance to any of the three DMN 1.1 conformance levels SHALL comply
with all of the requirements set forth in Clause 2.2.

2.2 General conformance requirement

2.2.1 Visual appearance

A key element of DMN is the choice of shapes and icons used for the graphical elements identified in this specification.
The intent is to create a standard visual language that all decision modelers will recognize and understand. An
implementation that creates and displays decision model diagrams SHALL use the graphical elements, shapes, and
markers illustrated in this specification.

There is flexibility in the size, color, line style, and text positions of the defined graphical elements, except where
otherwise specified.

The following extensions to a DMN Diagram are permitted:

e New markers or indicators MAY be added to the specified graphical elements. These markers or indicators could
be used to highlight a specific attribute of a DMN element or to represent a new subtype of the corresponding
concept.

e A new shape representing a new kind of artifact MAY be added to a Diagram, but the new shape SHALL NOT
conflict with the shape specified for any other DMN element or marker.

e Graphical elements MAY be colored, and the coloring may have specified semantics that extend the information
conveyed by the element as specified in this standard.
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e The line style of a graphical element MAY be changed, but that change SHALL NOT conflict with any other
line style required by this specification.

An extension SHALL NOT change the specified shape of a defined graphical element or marker (e.g., changing a dashed
line into a plain line, changing a square into a triangle, or changing rounded corners into squared corners).

2.2.2 Decision semantics

This specification defines many semantic concepts used in defining decisions and associates them with graphical
elements, markers, and connections.

To the extent that an implementation provides an interpretation of some DMN diagram element as a semantic
specification of the associated concept, the interpretation SHALL be consistent with the semantic interpretation herein
specified.

2.2.3 Attributes and model associations

This specification defines a number of attributes and properties of the semantic elements represented by the graphical
elements, markers, and connections. Some attributes are specified as mandatory, but have no representation or only
optional representation. And some attributes are specified as optional.

For every attribute or property that is specified as mandatory, a conforming implementation SHALL provide some
mechanism by which values of that attribute or property can be created and displayed. This mechanism SHALL permit
the user to create or view these values for each DMN element specified to have that attribute or property.

Where a graphical representation for that attribute or property is specified as required, that graphical representation
SHALL be used. Where a graphical representation for that attribute or property is specified as optional, the
implementation MAY use either a graphical representation or some other mechanism.

If a graphical representation is used, it SHALL be the representation specified. Where no graphical representation for that
attribute or property is specified, the implementation MAY use either a graphical representation or some other
mechanism. If a graphical representation is used, it SHALL NOT conflict with the specified graphical representation of
any other DMN element.
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4.2 IPR and Patents
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4.3 Guide to the Specification
Clause 1 summarizes the goals of the specification.

Clause 2 defines three levels of conformance with the specification: Conformance Level 1, Conformance Level 2 and
Conformance Level 3.

Clause 3 lists normative references.
Clause 4 provides additional information useful in understanding the background to and structure of the specification.

Clause 5 discusses the scope and uses of DMN and introduces the principal concepts, including the two levels of DMN:
the decision requirements level and the decision logic level.

Clause 6 defines the decision requirements level of DMN: the Decision Requirements Graph (DRG) and its notation as a
Decision Requirements Diagram (DRD).
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Clause 7 introduces the principles by which decision logic may be associated with elements in a DRG: i.e. how the
decision requirements level and decision logic level are related to each other.

Clauses 8, 9 and 10 then define the decision logic level of DMN:
e Clause 8 defines the notation and syntax of Decision Tables in DMN
e Clause 9 defines S-FEEL: a subset of FEEL to support decision tables

e Clause 10 defines the full syntax and semantics of FEEL: the default expression language used for the Decision
Logic level of DMN.

Clause 11 provides an example of DMN used to model human and automated decision-making in a simple business
process.

Clause 12 addresses exchange formats and provides references to machine-readable files (XSD and XMI).
The Annexes provide non-normative background information:
e Annex A. discusses the relationship between DMN and BPMN

e  provides a glossary of terms.
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5 Introduction to DMN
5.1 Context

The purpose of DMN is to provide the constructs that are needed to model decisions, so that organizational decision-
making can be readily depicted in diagrams, accurately defined by business analysts, and (optionally) automated.

Decision-making is addressed from two different perspectives by existing modeling standards:

e Business process models (e.g. BPMN) can describe the coordination of decision-making within business
processes by defining specific tasks or activities within which the decision-making takes place.

e Decision logic (e.g. PRR, PMML) can define the specific logic used to make individual decisions, for example
as business rules, decision tables, or executable analytic models.

However, a number of authors (including members of the submission team) have observed that decision-making has an
internal structure which is not conveniently captured in either of these modeling perspectives. Our intention is that DMN
will provide a third perspective — the Decision Requirements Diagram — forming a bridge between business process
models and decision logic models:

e Business process models will define tasks within business processes where decision-making is required to occur

e Decision Requirements Diagrams will define the decisions to be made in those tasks, their interrelationships, and
their requirements for decision logic

e Decision logic will define the required decisions in sufficient detail to allow validation and/or automation.

Taken together, Decision Requirements Diagrams and decision logic can provide a complete decision model which
complements a business process model by specifying in detail the decision-making carried out in process tasks. The
relationships between these three aspects of modeling are shown in Figure 5.1.
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Figure 5.1 - Aspects of Modeling

The resulting connected set of models will allow detailed modeling of the role of business rules and analytic models in
business processes, cross-validation of models, top-down process design and automation, and automatic execution of

decision-making (e.g. by a business process management system calling a decision service deployed from a business rules
management system).

Although Figure 5.1 shows a linkage between a business process model and a decision model for the purposes of
explaining the relationship between DMN and other standards, it must be stressed that DMN is not dependent on BPMN,
and its two levels — decision requirements and decision logic — may be used independently or in conjunction to model a
domain of decision-making without any reference to business processes (see clause 5.2).

DMN will provide constructs spanning both decision requirements and decision logic modeling. For decision
requirements modeling, it defines the concept of a Decision Requirements Graph (DRG) comprising a set of elements and
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their connection rules, and a corresponding notation: the Decision Requirements Diagram (DRD). For decision logic
modeling it provides a language called FEEL for defining and assembling decision tables, calculations, if/then/else logic,
simple data structures, and externally defined logic from Java and PMML into executable expressions with formally
defined semantics. It also provides a notation for decision logic (“boxed expressions”) allowing components of the
decision logic level to be drawn graphically and associated with elements of a Decision Requirements Diagram. The
relationship between these constructs is shown in Figure 5.2.
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Figure 5.2: DMN Constructs
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5.2 Scope and uses of DMN

Decision modeling is carried out by business analysts in order to understand and define the decisions used in a business or
organization. Such decisions are typically operational decisions made in day-to-day business processes, rather than the
strategic decision-making for which fewer rules and representations exist.

Three uses of DMN can be discerned in this context:
1. For modeling human decision-making
2. For modeling the requirements for automated decision-making

3. For implementing automated decision-making.

5.2.1 Modeling human decision-making

DMN may be used to model the decisions made by personnel within an organization. Human decision-making can be
broken down into a network of interdependent constituent decisions, and modeled using a DRD. The decisions in the
DRD would probably be described at quite a high level, using natural language rather than decision logic.

Knowledge sources may be defined to model governance of decision-making by people (e.g. a manager), regulatory
bodies (e.g. an ombudsman), documents (e.g. a policy booklet) or bodies of legislation (e.g. a government statute). These
knowledge sources may be linked together, for example to show that a decision is governed (a) by a set of regulations
defined by a regulatory body, and (b) by a company policy document maintained by a manager.

Business knowledge models may be used to represent specific areas of business knowledge drawn upon when making
decisions. This will allow DMN to be used as a tool for formal definition of requirements for knowledge management.
Business knowledge models may be linked together to show the interdependencies between areas of knowledge (in a
manner similar to that used in the existing technique of Knowledge Structure Mapping). Knowledge sources may be
linked to the business knowledge models to indicate how the business knowledge is governed or maintained, for example
to show that a set of business policies (the business knowledge model) is defined in a company policy document (the
knowledge source).

In some cases it may be possible to define specific rules or algorithms for the decision-making. These may be modeled
using decision logic (e.g. business rules or decision tables) to specify business knowledge models in the DRD, either
descriptively (to record how decisions are currently made, or how they were made during a particular period of
observation) or prescriptively (to define how decisions should be made, or will be made in the future).

Decision-making modeled in DMN may be mapped to tasks or activities within a business process modeled using BPMN.
At a high level, a collaborative decision-making task may be mapped to a subset of decisions in a DRD representing the
overall decision-making behavior of a group or department. At a more detailed level, it is possible to model the
interdependencies between decisions made by a number of individuals or groups using BPMN collaborations: each
participant in the decision-making is represented by a separate pool in the collaboration and a separate DRD in the
decision model. Decisions in those DRDs are then mapped to tasks in the pools, and input data in the DRDs are mapped
to the content of messages passing between the pools.

The combined use of BPMN and DMN thus provides a graphical language for describing multiple levels of human
decision-making within an organization, from activities in business processes down to a detailed definition of decision
logic. Within this context DMN models will describe collaborative organizational decisions, their governance, and the
business knowledge required for them.

5.2.2 Modeling requirements for automated decision-making

The use of DMN for modeling the requirements for automated decision-making is similar to its use in modeling human
decision-making, except that it is entirely prescriptive, rather than descriptive, and there is more emphasis on the detailed
decision logic.

For full automation of decisions, the decision logic must be complete, i.e. capable of providing a decision result for any
possible set of values of the input data.
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However, partial automation is more common, where some decision-making remains the preserve of personnel.
Interactions between human and automated decision-making may be modeled using collaborations as above, with
separate pools for human and automated decision-makers, or more simply by allocating the decision-making to separate
tasks in the business process model, with user tasks for human decision-making and business rule tasks for automated
decision-making. So, for example, an automated business rules task might decide to refer some cases to a human
reviewer; the decision logic for the automated task needs to be specified in full but the reviewer’s decision-making could
be left unspecified.

Once decisions in a DRD are mapped to tasks in a BPMN business process flow, it is possible to validate across the two
levels of models. For example, it is possible to verify that all input data in the DRDs are provided by previous tasks in the
business process, and that the business process uses the results of decisions only in subsequent tasks or gateways. DMN
models the relationships between Decisions and Business Processes so that the Decisions that must be made for a
Business Process to complete can be identified and so that the specific decision-making tasks that perform or execute a
Decision can be specified. No formal mapping of DMN ItemDefinition or DMN InputData to BPMN
DataObject is proposed but an implementation could include such a check in a situation where such a mapping could
be determined.

Together, BPMN and DMN therefore allow specification of the requirements for automated decision-making and its
interaction with human decision making within business processes. These requirements may be specified at any level of
detail, or at all levels. The three-tier mapping between business process models, DRDs and decision logic will allow the
definition of these requirements to be supported by model-based computer-aided design tools.

5.2.3 Implementing automated decision-making

If all decisions and business knowledge models are fully specified using decision logic, it becomes possible to execute
decision models.

One possible scenario is the use of “decision services” deployed from a Business Rules Management System (BRMS)
and called by a Business Process Management System (BPMS). A decision service encapsulates the decision logic
supporting a DRD, providing interfaces that correspond to subsets of input data and decisions within the DRD. When
called with a set of input data, the decision service will evaluate the specified decisions and return their results. The
constraint in DMN that all decision logic is free of side-effects means that decision services will comply with SOA
principles, simplifying system design. Note that decision services may also be invoked internal to the decision model, a
trait that they share with business knowledge models.

The structure of a decision model, as visualized in the DRD, may be used as a basis for planning an implementation
project. Specific project tasks may be included to cover the definition of decision logic (e.g. rule discovery using human
experts, or creation of analytic models), and the implementation of components of the decision model.

Some decision logic representing the business knowledge encapsulated in decision services needs to be maintained over
time by personnel responsible for the decisions, using special “knowledge maintenance interfaces”. DMN supports the
effective design and implementation of knowledge maintenance interfaces: any business knowledge requiring
maintenance should be modeled as business knowledge models in the DRD, and the responsible personnel as knowledge
sources. DRDs then provide a specification of the required knowledge maintenance interfaces and their users, and the
decision logic specifies the initial configuration of the business knowledge to be maintained.

Other decision logic needs to be refreshed by regular analytic modeling. The representation of business knowledge
models as functions in DMN makes the use of analytic models in decision services very simple: any analytic model
capable of representation as a function may be directly called by or imported into a decision service.

5.2.4 Combining applications of modeling

The three contexts described above are not mutually exclusive alternatives; a large process automation project might use
DMN in all three ways.

First, the decision-making within the existing process might be modeled, to identify the full extent of current decision
making and the areas of business knowledge involved. This “as-is” analysis provides the baseline for process
improvement.
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Next, the process might be redesigned to make the most effective use of both automated and human decision-making,
often using collaboration between the two (e.g. using automated referrals to human decision-makers, or decision support
systems which advise or constrain the user). Such a redesign involves modeling the requirements for the decision-making
to occur in each process task and the roles and responsibilities of individuals or groups in the organization. This model
provides a “to-be” specification of the required process and the decision-making it coordinates.

Comparison of the “as-is” and “to-be” models will indicate requirements not just for automation technology, but for
change management: changes in the roles and responsibilities of personnel, and training to support new or modified
business knowledge.

Finally, the “to-be” model will be implemented as executable system software. Provided the decision logic is fully
specified in FEEL and/or other external logic (e.g. externally defined Java methods or PMML models), components of the
decision model may be implemented directly as software components.

DMN does not prescribe any particular methodology for carrying out the above activities; it only supports the models
used for them.

5.3 Basic concepts

5.3.1 Decision requirements level

The word “decision” has two definitions in common use: it may denote the act of choosing among multiple possible
options; or it may denote the option that is chosen. In this specification, we adopt the former usage: a decision is the act
of determining an output value (the chosen option), from a number of input values, using logic defining how the output
is determined from the inputs. This decision logic may include one or more business knowledge models which
encapsulate business know-how in the form of business rules, analytic models, or other formalisms. This basic structure,
from which all decision models are built, is shown in Figure 5.3.

Decision o Business
knowledge
Input data

Figure 5.3: Basic elements of a decision model

For simplicity and generality, many of the figures in this specification show each decision as having a single associated
business knowledge model, but it should be noted that DMN does not require this to be the case. The use of business
knowledge models to encapsulate decision logic is a matter of style and methodology, and decisions may be modeled
with no associated business knowledge models, or with several. Similar to business knowledge models, decision services
may also be used to encapsulate decision logic for reuse inside the decision model, but for simplicity such examples will
be presented starting in the section describing decision services.

Authorities may be defined for decisions or business knowledge models, which might be (for example) domain experts
responsible for defining or maintaining them, or source documents from which business knowledge models are derived,
or sets of test cases with which the decisions must be consistent. These are called knowledge sources (see Figure 5.4).
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Figure 5.4: Knowledge sources

A decision is said to “require” its inputs in order to determine its output. The inputs may be input data, or the outputs of
other decisions. (In either case they may be data structures, rather than just simple data items.) If the inputs of a decision
Decisionl include the output of another decision Decision2, Decisionl “requires” Decision2. Decisions may therefore be
connected in a network called a Decision Requirements Graph (DRG), which may be drawn as a Decision
Requirements Diagram (DRD). A DRD shows how a set of decisions depend on each other, on input data, and on
business knowledge models. A simple example of a DRD with only two decisions is shown in Figure 5.5.

Decision 1 —-— Busirgea
knowledge 1

i Business
Input data 1 Decision 2 —_‘( knowledge 2 J
‘ Inputdata2 )

Figure 5.5: A simple Decision Requirements Diagram (DRD)

A decision may require multiple business knowledge models, and a business knowledge model may require multiple
other business knowledge models, as shown in Figure 5.6. This will allow (for example) the modeling of complex
decision logic by combining diverse areas of business knowledge, and the provision of alternative versions of decision

logic for use in different situations.
Business
knowledge 1
i - Business
Decision k ledae 2
e L nowledge 2a
Business
knowledge 2
h Business
knowledge 2b

Figure 5.6: Combining business knowledge models

DRGs and their notation as DRDs are specified in detail in clause 6.
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5.3.2 Decision logic level

The components of the decision requirements level of a decision model may be described, as they are above, using only
business concepts. This level of description is often sufficient for business analysis of a domain of decision-making, to
identify the business decisions involved, their interrelationships, the areas of business knowledge and data required by
them, and the sources of the business knowledge. Using decision logic, the same components may be specified in greater
detail, to capture a complete set of business rules and calculations, and (if desired) to allow the decision-making to be
fully automated.

Decision logic may also provide additional information about how to display elements in the decision model. For
example, the decision logic element for a decision table may specify whether to show the rules as rows or as columns.
The decision logic element for a calculation may specify whether to line up terms vertically or horizontally.

The correspondence between concepts at the decision requirements level and the decision logic level is described below.
Please note that in the figures below, as in Figure 5.1 and Figure 5.2 , the grey ellipses and dotted lines are drawn only to
indicate correspondences between concepts in different levels for the purposes of this introduction. They do not form part
of the notation of DMN, which is formally defined in clauses 6.2, Error: Reference source not found, and 10.2. It is
envisaged that implementations will provide facilities for moving between levels of modeling, such as “opening”,
“drilling down” or “zooming in”, but DMN does not specify how this should be done.

At the decision logic level, every decision in a DRG is defined using a value expression which specifies how the
decision’s output is determined from its inputs. At that level, the decision is considered to be the evaluation of the
expression. The value expression may be notated using a boxed expression, as shown in Figure 5.7.

Decision 1 s Business
knowledge 1
Input data 1 Decision 2 . Business opit e )
i °e knowledge 2

A

Decision 2

| Inputdata 2 ) 3 . .
p F ¥ o |'I!ﬁ"" CXPrEsyIon

Figure 5.7: Decision and corresponding value expression

In the same way, at the decision logic level, a business knowledge model is defined using a value expression that specifies
how an output is determined from a set of inputs. In a business knowledge model, the value expression is encapsulated as
a function definition, which may be invoked from a decision's value expression. The interpretation of business
knowledge models as functions in DMN means that the combination of business knowledge models as in Figure 5.6 has
the clear semantics of functional composition. The value expression of a business knowledge model may be notated
using a boxed function definition, as shown in Figure 5.8. Similar to a business knowledge model, the decision service
element can also be invoked from a decision’s value expression (see clause 5.3.3).
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Figure 5.8: Business knowledge model and corresponding value expression

A business knowledge model may contain any decision logic which is capable of being represented as a function. This
will allow the import of many existing decision logic modeling standards (e.g. for business rules and analytic models) into
DMN. An important format of business knowledge, specifically supported in DMN, is the Decision Table. Such a
business knowledge model may be notated using a Decision Table, as shown in Figure 5.9.
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I Input data 2 ) 3 | Input entry 1b | Input entry 2c Output entry 3

Figure 5.9: Business knowledge model and corresponding decision table

In most cases, the logic of a decision is encapsulated into business knowledge models, and the value expression
associated with the decision specifies how the business knowledge models are invoked, and how the results of their
invocations are combined to compute the output of the decision. The decision’s value expression may also specify how
the output is determined from its input entirely within itself, without invoking a business knowledge model: in that case,
no business knowledge model is associated with the decision (neither at the decision requirements level nor at the
decision logic level).

An expression language for defining decision logic in DMN, covering all the above concepts, is specified fully in clause
10. This is FEEL: the Friendly Enough Expression Language. The notation for Decision Tables is specified in detail in
clause 8.

5.3.3 Decision services

A decision service defines reusable logic within the decision model. A decision service exposes one or more decisions
from a decision model as a reusable element, a service, which might be consumed (for example) internally by another
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decision in the decision model, or externally by a task in a BPMN process model. When the service is called with the
necessary input data and decision results, it returns the outputs of the exposed decisions. Any decision service
encapsulating a DMN decision model will be stateless and have no side effects.

One important use of DMN will be to define decision-making logic to be automated using decision services. When the
decision service is invoked externally, it might be implemented, for example, as a web service. DMN does not specify
how such services should be implemented, but it allows the functionality of a service to be defined against a decision
model. The decision service therefore must be defined in a DRD. When invoked internally from a decision the decision
service is invoked, similar to a BKM, by binding expressions in the logic of the calling decision to parameters in the
invoked decision service.

It is assumed that the client requires a certain set of decisions to be made, and that the service is created to meet that
requirement. The sole function of the decision service is to return the results of evaluating that set of decisions (the
“output decisions”). The service may be provided with the results of decisions evaluated externally to the service (the
“input decisions”). The service must encapsulate not just the output decisions but also any decisions in the DRG directly
or indirectly required by the output decisions which are not provided in the input decisions (the “encapsulated decisions”).

The interface to the decision service will consist of:
e Input data: instances of all the input data required by the encapsulated decisions
e Input decisions: instances of the results of all the input decisions

e  Output decisions: the results of evaluating (at least) all the output decisions, using the provided input decisions
and input data.

When the service is called, providing the input data and input decisions, it returns the output decisions.

Note that to define a decision service it is only necessary to specify the output decisions and either the input decisions or
the encapsulated decisions. The remaining attributes (the required input data, and whichever of the encapsulated or input
decisions was not specified) may then be inferred from the decision model against which the service is defined.

Alternatively, if more attributes are defined than are strictly necessary, they may be validated against the decision model.

Figure 5.10 shows a decision service defined against a decision model that includes three decisions. The output decisions
for this service are {Decision 1}, and the input decisions are {}, that is, the service returns the result of Decision 1 and is
not provided with the results of any external decisions. Since Decision 1 requires Decision 2, which is not provided to the
service as input, the service must also encapsulate Decision 2. Decision 3 is not required to be encapsulated. The
encapsulated decisions are therefore {Decision 1, Decision 2}. The service requires Input data 1 and Input data 2, but not
Input data 3.

/

Decision Service 1

Decision 1 Decision 3

4 A

Decision 2
9 |/
‘ Input data 1 I | Inputdata?2 , | Inputdata 3 )

Figure 5.10: A decision service
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Multiple decision services may be defined against the same decision model. Figure 5.11 shows a decision service defined
against the same decision model, whose output decisions are {Decision 1} and whose input decisions are {Decision 2}.
The encapsulated decisions for this service are {Decision 1}. The service requires Input data 1, but not Input data 2 or
Input data 3.

Decision Service 1

Decision 1 Decision 3

A A

‘ Input data 1 ] Decision 2

L

| Inputdata2 ’ ( Input data 3 :l

Figure 5.11: A decision service taking a decision as input

In its simplest form a decision service would always evaluate all the decisions in the output set set and return all their
results.

For computational efficiency various improvements to this basic interpretation can be imagined, e.g.

e An optional input parameter specifying a list of “requested decisions” (a subset of the minimal output set). Only
the results of the requested decisions would be returned in the output context.

e An optional input parameter specifying a list of “known decisions” (a subset of the encapsulation set), with their
results. The decision service would not evaluate these decisions, but would use the provided input values
directly.

All such implementation details are left to the software provider.

A decision service is “complete” if it contains decision logic for evaluating all the encapsulated decisions on all possible
input data values. A request to the service is “valid” if instances are provided for all the input decisions and input data
required by those decisions which need to be evaluated, i.e. (in the simple case) all the encapsulated decisions, or
(assuming the optional parameters above) any requested decisions and their required sub-decisions which are not already
known.
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6 Requirements (DRG and DRD)

6.1 Introduction

The decision requirements level of a decision model in DMN consists of a Decision Requirements Graph (DRG) depicted
in one or more Decision Requirements Diagrams (DRDs).

A DRG models a domain of decision-making, showing the most important elements involved in it and the dependencies
between them. The elements modeled are decisions, areas of business knowledge, sources of business knowledge, input
data and decision services:

e A Decision element denotes the act of determining an output from a number of inputs, using decision logic
which may reference one or more Business Knowledge Models.

¢ A Business Knowledge Model element denotes a function encapsulating business knowledge, e.g. as business
rules, a decision table, or an analytic model.

e An Input Data element denotes information used as an input by one or more Decisions.

e A Knowledge Source element denotes an authority for a Business Knowledge Model or Decision.

e A Decision Service element denotes a set of reusable decisions that can be invoked internally or externally.
The dependencies between these elements express three kinds of requirements: information, knowledge and authority:

¢ An Information Requirement denotes Input Data or Decision output being used as input to a Decision.

e A Knowledge Requirement denotes the invocation of a Business Knowledge Model or Decision Service by the
decision logic of a Decision.

e An Authority Requirement denotes the dependence of a DRG element on another DRG element that acts as a
source of guidance or knowledge.

DRDs may also contain any number of artifacts representing annotations of the diagram:

e A Text Annotation is modeler-entered text used for comment or explanation.

e An Association is a dotted connector used to link a Text Annotation to a DRG Element.
These components are summarized in Table 1 and described in more detail in clause 6.2.

A DRG is a graph composed of elements connected by requirements, and is self-contained in the sense that all the
modeled requirements for any Decision in the DRG (its immediate sources of information, knowledge and authority) are
present in the same DRG. It is important to distinguish this complete definition of the DRG from a DRD presenting any
particular view of it, which may be a partial or filtered display: see clause 6.2.4.

6.2 Notation

The notation for all components of a DRD is summarized in Table 1 and described in more detail below.
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Table 1: DRD components

Component Description Notation
Elements Decision A decision denotes the act of determining an
output frf)m a number of inputs, using dems.lon Decision
logic which may reference one or more business
knowledge models.
Business A business knowledge model denotes a function
Knowledge encapsulating business knowledge, e.g. as Business
Model business rules, a decision table, or an analytic knowledge
model.
Input Data An input data element denotes information used
as an input .by. one or more decmons.. When Input data
enclosed within a knowledge model, it denotes the
parameters to the knowledge model.
Knowledge A knowledge source denotes an authority for a Knowledge
Source business knowledge model or decision. SOUrce
Decision A decision service may enclose a set of reusable ( Decisi )
Service decisions (not shown in the element to the right) ecision service
(expanded) that can be invoked internally by another decision C J
or externally, e.g. by a BPMN process.
Decision A decision service denotes a set of reusable Collapsed
Service decisions (that may be hidden using the element decision service
(collapsed) to the right). J
Requirements Information An information requirement denotes input data or
Requirement a decision output being used as one of the inputs =
of a decision
Knowledge A knowledge requirement denotes the invocation |  _ _ _ _ _ _ _ _ _ 5
Requirement of a business knowledge model
Authority An authority requirement denotes the dependence
Requirement of a DRD element on another DRD elementthat |  ~~ ~ 7~ 7 77 .
acts as a source of guidance or knowledge
Artifacts Text A Text Annotation consists of a square bracket
Annotation followed by modeler-entered explanatory text or Text annotation
comment
Association An Association connector links a Text Annotation | oo
to the DRG Element it explains or comments on
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6.2.1 DRD Elements

6.2.1.1 Decision notation

A Decision is represented in a DRD as a rectangle, normally drawn with solid lines, as shown in Table 1.
Implementations SHALL be able to label each Decision by displaying its Name, and MAY be able to label it by
displaying other properties such as its Question or Description. If displayed, the label SHALL be different from the labels
of all the DRD elements in the same DRD and SHALL be clearly inside the shape of the DRD element.

If the Listed Input Data option is exercised (see 6.2.1.3), all the Decision’s requirements for Input Data SHALL be listed
beneath the Decision’s label and separated from it by a horizontal line, as shown in Figure 6.1. The listed Input Data
names SHALL be clearly inside the shape of the DRD element.

Decision

Input data 1
Input data 2

Figure 6.1: Decision with Listed Input Data option

The properties of a Decision are listed and described in 6.3.6.

6.2.1.2 Business Knowledge Model notation

A Business Knowledge Model is represented in a DRD as a rectangle with two clipped corners, normally drawn with
solid lines, as shown in Table 1. Implementations SHALL be able to label each Business Knowledge Model by
displaying its Name, and MAY be able to label it by displaying other properties such as its Description. If displayed, the
label SHALL be different from the labels of all the DRD elements in the same DRD and SHALL be clearly inside the
shape of the DRD element.

The properties of a Business Knowledge Model are listed and described in 6.3.8.

6.2.1.3 Input Data notation

An Input Data element is represented in a DRD as a shape with two parallel straight sides and two semi-circular ends,
normally drawn with solid lines, as shown in Table 1. Implementations SHALL be able to label each Input Data element
by displaying its Name, and MAY be able to label it by displaying other properties such as its Description. If displayed,
the label SHALL be different from the labels of all the DRD elements in the same DRD and SHALL be clearly inside the
shape of the DRD element.

An alternative compliant way to display requirements for Input Data, especially useful when DRDs are large or complex,
is that Input Data are not drawn as separate notational elements in the DRD, but are instead listed on those Decision
elements which require them. For convenience in this specification this is called the “Listed Input Data” option.
Implementations MAY offer this option. Figure 6.2 shows two equivalent DRDs, one drawing Input Data elements, the
other exercising the Listed Input Data option. Note that if an Input Data element is not displayed it SHALL be listed on
all Decisions which require it (unless it is deliberately hidden as discussed in 6.2.4).
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Decision 1

Decision 1
Input data 1
Input data 1 Decision 2
1 3 Decision 2
s Input data 1
( nputataz ) Input data 2
Input Data drawn as 3 Input Data listed on

elements ol - Decisions

Figure 6.2: The Listed Input Data option

The properties of an Input Data element are listed and described in 6.3.11.

6.2.1.4 Knowledge Source notation

A Knowledge Source is represented in a DRD as a shape with three straight sides and one wavy one, normally drawn with
solid lines, as shown in Table 1. Implementations SHALL be able to label each Knowledge Source element by displaying
its Name, and MAY be able to label it by displaying other properties such as its Description. If displayed, the label
SHALL be different from the labels of all the DRD elements in the same DRD and SHALL be clearly inside the shape of
the DRD element.

The properties of a Knowledge Source element are listed and described in 6.3.12.

6.2.2 DRD Requirements

6.2.2.1 Information Requirement notation

Information Requirements may be drawn from Input Data elements to Decisions, and from Decisions to other Decisions.
They represent the dependency of a Decision on information from input data or the results of other Decisions. They may
also be interpreted as data flow: a DRD displaying only Decisions, Input Data and Information Requirements is
equivalent to a dataflow diagram showing the communication of information between those elements at evaluation time.
The Information Requirements of a valid DRG form a directed acyclic graph.

An Information Requirement is represented in a DRD as an arrow drawn with a solid line and a solid arrowhead, as
shown in Table 1. The arrow is drawn in the direction of information flow, i.e. towards the Decision that requires the
information.

6.2.2.2 Knowledge Requirement notation

Knowledge Requirements may be drawn from invocable elements (Business Knowledge Models or Decision Services) to
Decisions and from invocable elements to Business Knowledge Models. They represent the invocation of an invocable
element when making a decision. If e is a decision or a BKM in some DRD, and e contains a knowledge requirement on
some invocable element b, then the logic of e must contain an invocation expression of b, including expressions for each
of b's parameters.
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A Knowledge Requirement is represented in a DRD as an arrow drawn with a dashed line and an open arrowhead, as
shown in Table 1. The arrows are drawn in the direction of the information flow of the result of evaluating the function,
i.e. toward the element that requires the business knowledge.

6.2.2.3 Authority Requirement notation

Authority Requirements may be used in two ways:

a) They may be drawn from Knowledge Sources to Decisions, Business Knowledge Models and other Knowledge
Sources, where they represent the dependence of the DRD element on the knowledge source. This might be used
to record the fact that a set of business rules must be consistent with a published document (e.g. a piece of
legislation or a statement of business policy), or that a specific person or organizational group is responsible for
defining some decision logic, or that a decision is managed by a person or group. An example of this use of
Knowledge Sources is shown in Figure 6.3: in this case the Business Knowledge Model requires two sources of
authority — a policy document and legislation — and the policy document requires the authority of a policy group.

Paolicy
document

Policy group

P Business
Decision - -
knowledge i,

ry ~ ] Legislation

f Input data )

Figure 6.3: Knowledge Sources representing authorities

b) They may be drawn from Input Data and Decisions to Knowledge Sources, where, in conjunction with use (a),
they represent the derivation of Business Knowledge Models from instances of Input Data and Decision results,
using analytics. The Knowledge Source typically represents the analytic model (or modeling process); the
Business Knowledge Model represents the executable logic generated from or dependent on the model. An
example of this use of a Knowledge Source is shown in Figure 6.4: in this case a business knowledge model is
based on an analytic model which is derived from input data and the results of a dependent decision.

el s e e e e e S e Analylic model

s

Decision b Business
knowledge

Input data

Figure 6.4: Knowledge source representing predictive analytics

However, the figures above are only examples. There are many other possible use cases for Authority Requirements (and
since Knowledge Sources and Authority Requirements have no execution semantics their interpretation is necessarily
vague), so this specification leaves the details of their application to the implementer.
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An Authority Requirement is represented in a DRD as an arrow drawn with a dashed line and a filled circular head, as
shown in Table 1. The arrows are drawn from the source of authority to the element governed by it.

6.2.3 Connection rules

The rules governing the permissible ways of connecting elements with requirements in a DRD are described in Clause
6.2.2 above and summarized in Table 2. For clarity, a simple DRD is shown for each permissible connection. In each of
these diagrams, the upper (“to”) element requires the lower (“from”) element.

Note that no requirements may be drawn terminating in Input Data, that is, input data may have no requirements. Note
also that the type of the requirement is uniquely determined by the types of the two elements connected.

Table 2: Requirements connection rules

From To (Required by) Requirement Diagram
Decision Decision Information —‘
4
Decision Knowledge Source Authority @
-
Business Knowledge Model Decision Knowledge I:'
-
Business Knowledge Model | Business Knowledge Model Knowledge Q
-
Decision Service Decision Knowledge L

J_ U
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Decision Service Business Knowledge Model Knowledge D
Input data Decision Information CE
Input data Knowledge Source Authority /@

-
Knowledge Source Decision Authority /
]
Knowledge Source Business Knowledge Model Authority Q
.
Knowledge Source Knowledge Source Authority |:J
-

6.2.4 Partial views and hidden information

The metamodel (see clause 6.3) provides properties for each of the DRG elements which would not normally be
displayed on the DRD, but provide additional information about their nature or function. For example, for a Decision
these include properties specifying which BPMN processes and tasks make use of the Decision. Implementations
SHALL provide facilities for specifying and displaying such properties.

For any significant domain of decision-making a DRD representing the complete DRG may be a large and complex
diagram. Implementations MAY provide facilities for displaying DRDs which are partial or filtered views of the DRG,
e.g. by hiding categories of elements, or hiding or collapsing areas of the network. DMN does not specify how such
views should be notated, but whenever information is hidden implementations SHOULD provide a clear visual indication
that this is the case.
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Two examples of DRDs providing partial views of a DRG are shown in Figure 6.5: DRD 1 shows only the immediate
requirements of a single decision; DRD 2 shows only Information Requirements and the elements they connect. In this
example, for the purposes of illustration only, the approach taken is to use a fine dashed outline for any element with
some hidden requirements.

focus on Decision 1

Decision 1 - BLEIGH5
knowledge 1
- Business o |
S .. e - t data 1
Decision 1 ~r knowledge 1 J ; i Input data l Decision 2

—_—— e —

7S o T

o Business
(Inputdala‘l ) Decision 2 ——{ knowledge 2 J : DRDQ
( inputdataz ) [|— Decision 1 |

Input data 1 I— Decision 2
|l 4 g
Input data 2

Figure 6.5: DRDs as partial views of a DRG

DRDs are not represented in the metamodel and may therefore not be interchanged; a set of definitions comprising a
DRG may be interchanged, and the recipient may generate any desired DRD from them which is supported by the
receiving implementation.

6.2.5 Decision service

A Decision Service is represented in a DRD as rectangle with rounded corners, drawn with a heavy solid border.
Implementations SHALL be able to label each Decision Service by displaying its name, and MAY be able to label it by
displaying other properties such as its Description. If displayed, the label SHALL be different from the labels of all the
DRD elements in the same DRD and SHALL be clearly inside the rectangle. The border SHALL enclose all the
encapsulated decisions, and no other decisions or input data. The border MAY enclose other DRG elements but these
will not form part of the de