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Building the Vocabulary

This section describes the concepts and purposes of a Corticon Vocabulary. You see how to build a Vocabulary
from general business concepts and relationships.

For details, see the following topics:

* Whatis a Vocabulary?

* Designing the Vocabulary

* Creating names with characters that Corticon supports
* Modeling the Vocabulary in Corticon Studio

*  Custom Data Types

* Domains

*  Support for inheritance

* Test yourself questions: Building the vocabulary

What is a Vocabulary?

Depending on your point of view, a Vocabulary represents different things and serves different purposes. For
the rule modeler, the Vocabulary provides the basic elements of the rule language — the building blocks with
which business rules are implemented in Corticon. For a systems analyst or programmer, a vocabulary is an
abstracted version of a data model that contains the objects used in those business rules implemented in
Corticon.
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Chapter 1: Building the Vocabulary

A vocabulary serves the following purposes:

* Provides terms that represent business “things”. Throughout the product documentation, we will refer to
these things as entities, and properties or characteristics of these things as attributes. Entities and their
attributes in underlying data sources (such as tables in a relational database or fields in a user interface)
can be represented in the Vocabulary.

* Provides terms that are used to hold temporary or transient values within Corticon (such as the outcome of
intermediate derivations). These entities and attributes usually have a business meaning or context, but do
not need to be saved (which we will also refer to as persisting) in a database, or communicated to other
applications external to Corticon. An example of this might be the following two simple computational rules:

1. item3ubToatal is equal to the product of itemCount and itemPrice

2. orderTotal is equal to the sum of all itern=ubTotals

Inthese two rules, i temSubTotal is the intermediate or transient term. We may never use i temSubTotal
by itself; instead, we may only create it for purposes of subsequent derivations, as in the calculation of
orderTotal in rule #2. Since a transient attribute may be the result of a very complicated rule, it may be
convenient to create a Vocabulary term for it and use it whenever rewriting the complex rule would be
awkward or unclear. Also see the note on Transients.

* Provides a federated data model that consolidates entities and attributes from various enterprise data
resources. This is important because a company's data may be stored in many different databases in many
different physical locations. Corticon believes that rule modelers need not be concerned with where data
is, only how it is used in the context of building and evaluating business rules. The decision management
system should ensure that proper links are maintained between the Vocabulary and the underlying data.
We often refer to this concept as abstraction — the complexities of an enterprise's data storage and retrieval
systems have been hidden so that only the aspects relevant to rule writing are presented to the rule modeler.

* Provides a built-in library of literal terms and operators that can be applied to entities or attributes in the
Vocabulary. This part of the Vocabulary, the “lower half” of the Vocabulary window shown in the following
figure, is called the “Operator Vocabulary” because it provides many of the verbs (the “operators”) needed
in our business rules. Many standard operators such as the mathematical functions { +, -, *, /} and comparator
functions {<, >, =} as well as more specialized functions are contained within this portion of the VVocabulary.
See the Rule Language Guide for descriptions and examples of all operators available, as well as detailed

instructions for extending the library.

Figure 1: Operator Vocabulary

El=- General

L/:? Literals

lc? Functions

= attribute Operators

lc? Boolean

L/:? Date

lc? DateTime

L/:? Decimal

lc? Inteqger

L/:? String

lc? Time

== Entity/Association Operators
F-(= Entity
L/:? Collection
lc? Sequence

* Defines a schema that supplies the contract for sending data to and from a Corticon Decision Service
(Ruleflows deployed in production). Since XML messaging is used to carry data to and from the rules for
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What is a Vocabulary?

evaluation, data must be organized in a pre-defined structure that can be understood and processed by the
rules. An XML schema that accomplishes this purpose can be automatically generated directly from the
Vocabulary. This schema is called a Vocabulary-Level service contract and details can be found in the
Server Integration & Deployment Guide.

Scope

An important point about a Vocabulary: there does not need to be a one-to-one correlation between terms in
the Vocabulary and terms in the enterprise data model. In other words, there may be terms in the data model
that are not included in or referenced by rules — such terms need not be included in the Vocabulary. Conversely,
the Vocabulary may include terms (such as transient attributes) that are used only in rules — these terms need
not be present in the data model. Two guiding principles:

* If the rule modeler wants to use a particular term in a business rule, then that term must be part of the
Vocabulary. This can include terms that exist only within the Vocabulary — these are the transient attributes
introduced above.

* Ifarule produces a value that must be retained, persisted, or otherwise saved in a database (or other means
external to the rules), then that Vocabulary term must also be present in the enterprise data model. There
are many methods for linking or mapping these Vocabulary terms with corresponding terms in the data
model, but a discussion of these methods is technical in nature and is not included in this manual.

There are two basic starting points for creating a Vocabulary: starting from an existing data model or starting
from scratch. We will start by examining the latter since it is typically more challenging.

Starting from scratch

Investigation

The first step in creating a Vocabulary from scratch is to collect information about the specifics of the business
problem you are trying to solve. This usually includes research into the more general business context in which
the problem exists. Various resources may be available to you to help in this process, including:

* Interviews — the business users and subject matter experts themselves are often the best source of
information about how business is conducted today. They may not know how the process is supposed to
work, or how it could work, but in general, no one knows better how a business process or task is performed
today than those who are actually performing it.

* Company policies and procedures — when they exist, written policies and procedures can be an excellent
source of information about how a process is supposed to work and the rules that govern the process.
Understanding the gaps between what is supposed to happen and what is actually happening can provide
valuable insight into the root problems.

* Existing systems & databases — systems are usually created to address specific business needs, but
needs often change faster than systems can keep up. Understanding what the systems were designed to
do versus how they are actually being used often provides clues about the core problems. Also, business
logic contained in these legacy systems often captures business policies and procedures (i.e., the business
rules) that are not recorded anywhere else.

* Forms and reports — even in heavily automated businesses, forms and reports are often used extensively.
These documents can be very useful for understanding the details of a business process. Reports also
illustrate the expected output from a system, and highlight the information users require.

Analyze the chosen scenario and/or existing business rules in order to identify the relevant terms and the
relationships between these terms. We refer to statements expressing the relevant terms and relationships as
“facts” and recommend developing a “Fact Model” to more clearly illustrate how they fit together. We will use
a simple example to show the creation of a Fact Model and its subsequent development into a Vocabulary for
use in Corticon Studio.
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Designing the Vocabulary

Example

An air cargo company has a manual process for generating flight plans. These flight plans assign cargo
shipments to specific aircraft. Each flight plan is assigned a flight number. The cargo company owns a small
fleet of three airplanes -- two Boeing 747s and one McDonnell-Douglas DC-10 freighter. Each airplane type
has a maximum cargo weight and volume that cannot be exceeded. Each aircraft also has a tail number which
serves to identify it. A cargo shipment has characteristics like weight, volume and a manifest number to identify

it.

Now let's assume the company wants to build a system that automatically checks flight plans to ensure no
scheduling rules or guidelines are violated. One of the many business rules that need to be checked by this

system is:

| 1. Anaircraft must not carry a cargo shipment that exceeds its

maximum cargo weight.

Step 1: Identifying the Terms

We identify the terms (entities and attributes) for our Vocabulary by circling or highlighting those nouns that
are used in the business rules we seek to automate. The previous example is reproduced below:

company owns a small fleet of three airplanes, 2 Boeing 747s

freighter. Eaclfairplane typehas
Each aircraft also has adtail numbeDwhich serves to identi

liké weight{volume)packaging thethod, and

anifest numb

An air cargo company has a manual process for generating flight plans. These flight plans assign
{cargo shipmentsto speci Eac flight planJs assigned aflight numben The cargo
CMmaximum cargo weightan

it. A cargo shipment has characteristics

and 1 McDonnell-Douglas DC-10

hat cannot be exceeded.

o identify it.

Step 2: Separating the Generic Terms from the Specific

Why did we only circle the “aircraft” term above and not the names of the aircraft in the fleet? It is because
747 and DC-10 are specific types of the generic term aircraft. The type of aircraft can be said to be an attribute
of the generic aircraft entity. Along these same lines, we also know from the example that several cargo
shipments and flight plans can exist. Like the specific aircraft, these are instances of their respective generic
terms. For the Vocabulary, we are only interested in identifying the generic (and therefore reusable) terms.
But ultimately, we also will need a way to identify specific cargo shipments and flight plans from within the set
of all cargo shipments and flight plans — assigning values to attributes of a generic entity will accomplish this

goal, as we will see later.

Step 3: Assembling and Relating the

None of the terms we have circled exists in isolation — they

Terms

all relate to each other in one or more ways.

Understanding these relationships is the next step in Vocabulary construction. We begin by simply stating facts

observed or inferred from the example:

14
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Designing the Vocabulary

An aircraft carries a cargo shipment.

A flight plan schedules cargo for shipment on an aircraft.

A cargo shipment has a weight.

A cargo shipment has a manifest number.
An aircraft has a tail number.

An aircraft has a maximum cargo weight.

A 747 is a type of aircraft.

And so on...

Notice that some of these facts describe how one term relates to another term; for example, an aircraft carries
a cargo shipment. This usually provides a clue that the terms in question, aircraft and cargo shipment, are

entities and are two of the primary terms we are interested in identifying.

Also notice that some facts describe what Business Rule Solutions, LLC (BRS) calls “has a” relationships; for
example, an aircraft “has a” tail number, or a cargo “has a” weight. This type of relationship usually identifies
the subject (aircraft) as an entity and the object (tail number) as an attribute of that entity. By continuing the
analysis, we discover that the problem reduces to a Vocabulary containing 3 main entities, each with its own
set of attributes:

Entity: aircraft

Attributes: aircraft type, max cargo weight, max cargo volume, tail number

Entity: cargo shipment

Attributes: weight, volume, manifest number, packaging

Entity: flight plan
Attributes: flight number

Progress Corticon : Rule Modeling Guide: Version 5.7.2
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Step 4: Diagramming the Vocabulary

Using this breakdown, we can sketch a simple Fact Model that illustrates the entities and their relationships,
or associations. In our Fact Model, we will represent entities as rectangular boxes, associations between entities
as straight lines connecting the entity boxes, and entity-to-attribute relationships as a diagonal line from the
associated entity. The resulting Fact Model appears below in the following model:

Figure 2: Fact Model

wneighit
volume
manifesthlumber
packaging
Carga
srhediles
srhedies
FlichtP lan
flightt umber

Ajrcrait

aircraftType
maxZamgolveight
maxCargoyolume
tail M um ber

The UML Class diagram contains the same type of information, and may be more familiar to you:

Figure 3: UML Class Diagram
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EflightNurnber : String

4

BpaircraftType  String
EprraxCargoveight - Double
L%ma}{Cargn‘v’u:ull.n’ne : Double

-

k]

It is not a requirement to construct diagrams or models of the Vocabulary before building it in Corticon Studio.
But it can be very helpful in organizing and conceptualizing the structures and relationships, especially for very
large and complex Vocabularies. The BRS Fact Model and UML Class Diagram are appropriate because they
remain sufficiently abstracted from lower-level data models which contain information not typically required in

a Vocabulary.

16
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Creating names with characters that Corticon supports

Corticon defaults to accepting and generating data values supported by the UTF-8 encoding standard. All
encoding of string values passed to Corticon Server including the Decision Service name are assumed to be
UTF-8. Any CorticonResponse outputs, including Messages, will also follow UTF-8 character encoding.

Using UTF-8 means that:

* Any attribute of type String can contain any character. This means that characters in European and Asian
languages are supported.

* Vocabulary names (entities, attributes, associations) are restricted to A-Z, a-z, 0-9, and underscore.

* Alltags in the XML payload must use English characters. Certain characters are reserved in XML parsing,
and must be avoided in names:

< > / \ n v &
* File names and their paths should use the characters A-Z, a-z, 0-9, and underscore. While other characters
might work, file systems in most environments will not accept file names that contain the characters:

N /s 2 >
* All Java class and Java property names in any Java payload must follow Java English conventions.

Alternate encodings

You can choose alternative encodings that will apply to all Corticon assets including Decision Service names.
Note that, ISO 8859-1 encoding instead of UTF-8 will not support Asian languages. The following property is
setin brms.properties. Examples: UTF-8, UTF-16, ISO-8859-1, US-ASCITI.

com.corticon.encoding.standard=UTF-8

Modeling the Vocabulary in Corticon Studio

Our next step is to transform the diagram into our actual Vocabulary. This can be done directly in Corticon
Studio using the built-in Vocabulary Editor feature.

Refer to the "Vocabulary" chapter of the Quick Reference Guide for complete details on building a Vocabulary
inside Studio.

The following considerations apply to this transformation process:

* The same naming conventions for entities and attributes used in the Fact Model will also be used in the
Vocabulary.

¢ All attributes in our Vocabulary must have a data type specified. These may be any of the following common
data types: String, Boolean, DateTime, Date, Time, Integer or Decimal.

* Attributes are classified according to the method by which their values are assigned. They are either:
* Base -- Values are obtained directly from input data or request message, or

* Transient -- Created, derived, or assigned by rules in Studio.
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Note:

Transient attributes carry or hold values while rules are executing within a single Rulesheet. Since XML
messages returned by a Decision Service do not contain transient attributes, these attributes and their
values cannot be used by external components or applications. If an attribute value is used by an external
application or component, it must be a base attribute.

To show the rule modeler which attributes are base and which are transient, Corticon Studio adds an
orange bar to transient attributes, as shown here for packDate:

= Cargo
== container
== manifestMumber
== packDate
== yvolume
=] weight
3~ flightPlan (FlightPlan)

XML response messages created by Corticon Server will not contain the packDate attribute.

It is a good idea to use a naming convention that distinguishes transient attributes from base attributes.
For example, you could start a transient attribute's name with t such as t packDate. We caution
against modifying the names of terms so that they are cryptic. The intent is to express them in a language
accessible to business users, as well as developers.

* Associations between entities have role names that are assigned when building the associations in the UML
class diagram or Vocabulary Editor. Default role names simply duplicate the entity name with the first letter
in lowercase. For example, the association between the Cargo and F1ightPlan entities would have a
role name of “flightPlan” as seen by the Cargo entity, and “cargo” as seen by the F1ightPlan entity. Roles
are useful in clarifying context in a rule — a topic covered in more detail within the Scope chapter.

* Associations between entities can be directional (one-way) or bi-directional (two-way). If the association
between FlightPlan and Aircraft were directional (with F1ightPlan as the “source” entity and
Aircraft as “target”), we would only be able to write rules that traverse from F1ightPlan fo Aircraft,
but not the other way. This means that a rule may use the Vocabulary term
flightPlan.aircraft.tailNumber but may notuse aircraft.flightPlan.flightNumber.
Bi-directional associations allow us to traverse the association in either direction, which clearly allows us
more flexibility in writing rules. Therefore, it is strongly recommended that all associations be bi-directional
whenever possible. New associations are bi-directional by default.

* Associations also have cardinality, which indicates how many instances of a given entity may be associated
with another entity. For example, in our air cargo scenario, each instance of F1ightPlan will be associated
with only one instance of Aircraft, so we can say that there is a “one-to-one” relationship between
FlightPlan and Aircraft. The practice of specifying cardinality in the Vocabulary deviates from the
UML Class modeling technique because the act of assigning cardinality can be viewed as defining a
constraint-type rule. For example, “a f1ightPlan schedules exactly one aircraft and one cargo
shipment” is a constraint-type business rule that can be implemented in a Corticon Studio as well as
“embedded” in the associations within a Vocabulary. In practice, however, it may often be more convenient
to embed these constraints in the Vocabulary, especially if they are unlikely to change in the future.

* Another consideration when creating a Vocabulary is whether derived attributes must be saved (or persisted)
external to Corticon Studio, for example, in a database. It is important to note that while the structure of
your Vocabulary may closely match your data model (often persisted in a relational database), the Vocabulary
is not required to include all of the database entities/tables or attributes/columns, especially if they will not
be used for writing rules. Conversely, our Vocabulary may contain attributes that are used only as transient
variables in rules and that do not correspond to fields in an external database.
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* Finally, the Vocabulary must contain all of the entities and attributes needed to build rules in Corticon Studio
that reproduce the decision points of the business process being automated. This will most likely be an
iterative process, with multiple Vocabulary changes being made as the rules are built, refined, and tested.
It is very common to discover, while building rules, that the Vocabulary does not contain necessary terms.
But the flexibility of Corticon Studio permits the rule developer to update or modify the Vocabulary immediately,
without programming.

Figure 4: Vocabulary Window in Corticon Studio

oe—

= E_J RMiG Property Mame Property Walue
E|J Aircraft Artribute Mame aircraftType

aircraftType Data Type Skring

""" =] maxCargoVolume Mandatary Ma

..... == maxCargoWeight Maode Base

""" = tailMumber

----- =€ FlightPlan (FlightPlan

E-E Cargo

----- == manifesthurnber

""" ==| packaging

----- == valume

""" =] weight

----- 3= FlightPlan (FlightPlan

=& FlightPlan

----- =] FlightMurmber

----- 3~ aircraft (Aircraft)

----- -( carqo {Carga)

Note: In this figure, Corticon Studio Vocabulary is hiding its details. When changed to show Vocabulary details,
the list exposes properties related to mapping.

Custom Data Types

Corticon uses seven basic data types: Boolean, Decimal, Integer, String, DateTime, Date, and Time. An attribute
must use one of these types. Yet you also have the option of creating custom data types that “extend” any one
of these basic seven.

You define and maintain Custom Data Types in a Vocabulary by selecting the Vocabulary name in the tree
view.

Data Type Name

When defining a custom data type, you must give it a name with no blanks. The name must comply with standard
entity naming conventions (see the Quick Reference Guide for details) and must not overlap (match) any of
the base data types, any other custom data type names, or the names of any Vocabulary entities.

Base Data Type

The selection in this field determines which base data type the custom data type extends.
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We already used this feature in the custom data type containerType, a String, in the Basic Tutorial. It lists
its labels and values.

Figure 5: Vocabulary Editor Showing the Custom Data Type containerType

[¢ Cargo.ecore &2 =0
(L] Cargo Custom Data Types
= Aircraft
=l Cargo Data Type Mame  Base Data Type  Enumeration Constraint Expression = Label Value -
=1 FlightPlan String Ves standard 'standard’
oversize 'oversize'

heavyweight | 'heavyweight'
reefer ‘reefer’

Enumeration Or Constraint Expression?

Enumeration - When the Enumeration for a Custom Data Type is set to Yes, as shown above, the Constraint
Expression field is disabled, and the Label and Value columns are enabled.

Constraint Expression - When the Enumeration for a Custom Data Type is set to No, the Constraint
Expression field is enabled and the Label and Value columns are disabled.

The following sections explore each of these features.

Constraint Expressions

When you want to prompt Rulesheet and Ruletest designers to use a specific range values for an attribute, a
constraint expression will validate entries when the associated Ruletest runs.

Constraint expressions are optional for non-enumerated Custom Data Types, but if none are used then the
Custom Data Type probably isn't necessary because it reduces to a base attribute with a custom name.

All Constraint Expressions must be Boolean expressions, in other words they must return or resolve to a
Boolean value of true or false. The supported syntax is the same as Filter expressions with the following
rules and exceptions:

* Use the value to represent the Custom Data Type value.
* Logical connectors such as and and or are supported
* Parentheses may be used to form more complex expressions

* The expression may include references to Base and Extended Operators which are compatible with the
Base Data Type chosen.

* No Collection operators may be referenced in the expression.

* There should be NO references to null. This is because null represents a lack of value and is not a real
value. The Constraint Expression is intended to constrain the value space of the data type and expressions
such as attribute expression <> null do not belong in it. An attribute that must not have a null value
can be so designated by selecting Yes in its Mandatory property value.

The following are typical Constraint Expressions:
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Constraint Expression Meaning
value > 5 Integer values greater than 5
value >=10.2 Decimal values greater than or equal to 10.2
value in (1.1..9.9] Decimal values between 1.1 (exclusive) and 9.9
(inclusive)

value in [1/1/2014 12:30:00 PM’..’1/2/2019 11:00:00 |DateTime values between ‘1/1/2014 12:30:00 PM’

AM’) (inclusive) and ‘1/2/2019 11:00:00 AM’ (exclusive)

value in [1:00:00 PM’..’2:00:00 PM’] Time values between “1:00:00 PM’ (inclusive) and
‘2:00:00 PM’ (inclusive)

value.size >= 6 and (value.indexOf(1) > 0 or String values of minimum 6 characters in length that

value.indexOf(2) > 0) contain atleasta 1 or 2

Using non-enumerated Custom Data Types in Rulesheets and Ruletests

Non-enumerated custom data types use Constraint Expressions and do not cause Rulesheet drop-downs
to become populated with custom sets. Also, manually entering a cell value that violates the custom data type's
Constraint Expression is not prohibited in the Rulesheet. For example, in the example below, weightLimit
is defined as a non-enumerated custom data type with Base Data Type of Integer.

Figure 6: Non-enumerated Custom Data Types

Cusktorn Daka Types

[Data Type Mame  Base Data Type  Enumeration  Constrainkt Expression
weightRange Decimal Mo walue = 200000

Then, after assigning it to the Vocabulary attribute Cargo.weight, itis used in a Rulesheet Condition row as
shown below:

Figure 7: Using Custom Data Types in a Rulesheet

L_b airCargo,ecore W Vc custombDataType, erk

Conditions 1] 1
a | Cargo.weight 300000
h
Actions 4 | |
Post Messageis) [
&
Cverrides

|=] Rule Statements &3 | Rule Messages|

Ref ID Post Blias  Text
1 Wiolation | Cargo | 300,000 exceeds the COT constraink
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Notice in Using Custom Data Types in a Rulesheet that the 300000 entry violates the Constraint Expression
of the custom data type assigned to Cargo.weight, but does not turn red or otherwise indicate a problem.
The indication comes when data is entered for the attribute in a Ruletest, as shown below:

Figure 8: Violating a Custom Data Type's Constraint Expression

(T s
L(;' airCargo,ecore | E customDataTypeExamples. ers ’m

untitled_1 |

[Tutorial/Rules/customDataTypeExamples. ers
Input Cukpuk
= 'ﬂ Zargo [1]

o] manifesthumber

Notice that the small yellow warning icon & indicates a problem in the attribute, entity, and both Ruletest tabs.
Such an error is hard to miss! Also, a Warning message will appear in the Problems tab (if open and visible)
as shown below. If the Problems tab is closed, you can display it by selecting Window > Show View > Problems
from the Studio menubar.

Figure 9: Violating the Constraint Expression of a Custom Data Type

0 errors, 1 warning, 0 infos
Descripkion = | Resource | Fath | Location |
E - Warnings (1 item)
& Yalue 300000 does not pass constraint validation: value < 200000, customDataType.ert | TukorialfRules Cargo [1].weight

A Warning will not prevent you from running the Ruletest. However, an Error, indicated by a small red icon £,
will prevent the Ruletest execution. You must fix any errors before testing.

Enumerations

Enumerations are lists of strictly typed unique values that are the valid values for each attribute that is assigned
the custom data type name as its data type. These lists also prompt Rulesheet and Ruletest designers to use
a specific list of values. Enumerated lists can be maintained directly in the Vocabulary, or retrieved and updated
from a database.

Each item list can be partnered with a unique /abel that you select in Rulesheets and Ruletests.

How enumeration labels and values behave

Before you start setting up and using enumerations, you should get acquainted with labels and values.

Note: It is important that you determine whether you want to use labels, as changing a set of enumerations
later to add or remove the labels data will impact any Rulesheets and Ruletests that use that custom data type's
enumerations as you can observe in this topic.

At the Vocabulary root, we created a String enumeration with only values. The base data type can be any
Corticon data type except boolean. Every line requires a unique entry of its type, and the list must have no
blank lines from the top down to the last line.

22 Progress Corticon : Rule Modeling Guide: Version 5.7.2



Custom Data Types

The following examples are String values. They can contain spaces and pretty much any other character. It
needs to be set off in plain single quote marks. If you enter or paste text with the delimiters, they are added for

you. Like this:

Custom Data Types | Database Access

If you want to use labels, the label is always a String of any alphanumeric characters but cannot contain spaces.
Each must be unique and must have a corresponding value. Even when you use labels, the values must be

unique.

Custom Data Types | Database Access

Data Type Mame Base Data.. Enurm.. = Label Value -
colorLabeled String Yes ‘red'
| colorUnlabeled String Yes 'Blue’

Data Type Mame Base Data.. Enum... = Label Walue -
| colorLabeled String Yes red '‘Crimson’
colorUnlabeled String Yes blue '‘Cerulean’

We set the Glove.color to use the colorUnlabeled data type:

g Simple.ecore 52 | B@ *ballGlove.ers ¢ *Enumerations.ert

= B

a [Z] Simple Property Mame Property Value
4 = Ball Attribute Mame color
= color Data Type colorlnlabeled
| size Mandatory Mo
Mode Base
4= Glove
= color
- cize

We setthe Ball.color to use the colorLabeled data type:

E& Simple.ecore &3 E *ballGlove.ers "¢ *Enumerations.ert

= B

a [Z] Simple Property Mame Property Value
4 =] Ball Attribute MName color
= color Data Type colorLabeled
| size Mandatory Mo
Mode Base
4 = Glove
= color
= cize
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When we create a Rulesheet, the list offered at A1 contains the label (Ball.color = red), while the list
offered at B1 contains the value in qoutes (Glove.color="red").

Conditions ] 1 2 3 -
a |Ball.size 1 2
b |Glovesize 1 2
€ il
Actions 1 m ol i~
Post Message(s) % | EA
A Ball.color red blue
B Glove.color ‘red’ ‘blue’ i
Owverrides
m Rule Staterments 57 | 2 Rule Messages = O
Ref ID Post Alias Text -
1 Info Ball {Ball.cclor} ball and {Glove.color} glove
2 Info Ball {Ball.cclor} ball and {Glove.color} glove
] T P

We added Rule Statements so that we can see how the labeled and unlabeled items are handled.

In a simle Ruletest, we add some size tests to see what results. As shown, the labels and values in the result
Output are both unquoted. The Rule Messages display the value when the label was in use and the value of
the value-only enumeration.

= wuntitled_1
feimple/ballGlove.ers Differences: 0
Input Output
4 = Ball[1] 4 = Ball [1]
=) cize [1] = color [red]
4 = Glove[1] = cize [1]
= size [1] 4 = Glove [1]
a = Ball[2] == color [red]
= cize [2] = cize [1]
4 = Glove [2] 4 = Ball [2]
= size [2] =| color [blue]
= cize [2]
4 = Glove [2]
=| color [blue]
=| size [2]

[ Rule Messages &3

Severity Message Entity
Info Crimsen ball and red glove Ball[1]
Info Cerulean ball and blue glove Ball[£]
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Entry of test values in the Ruletest list the label+value's label...

Input
a = Ball[1] -
=| color | -
=] size (1o
4 = Glove [1]|blue
= color
=] size [1]
a = Ball [2]
= cize [2]
a &= Glove [2]
= cize [2]
... while the value-only list has quoted values...
Input
4 = Ball[1]
== color [red)
= cize [1]
4 = Glove[1] -
= color| | -
| size [1] o
4 = Ball[2] |'blue'
= cize [2]
a = Glove [2]
=] cize [2]
... but both are reconciled to unquoted values in the displayed Input and Output.
Input Output
a = Ball[1] a = Ball[1]
= color [red) = color [red)
= cize [1] = cize [1]
4 = Glove[1] 4 & Glove[1]
== color [red) == color [red)
= cize [1] = cize [1]
a E Ball [2] a2 £ Ball [2]
= size [2] =| color [blue]
4 & Glove [2] =] cize [2]
= cize [2] 4 = Glove [2]
=| color [blue]
=] size [2]
L [ Rule Messages 23
Severity Message Entity
Info Crimson ball and red glove Ball[1]
Info Cerulean ball and blue glove Ball[2]
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Note: It is important that you determine in each custom data type whether you want to use labels. Some
enumerations can have labels while others do not. Changing a set of enumerations later to add or remove the
labels data will impact any Rulesheets and Ruletests that use that custom data type's enumerations as you
can observe in this topic.

Enumerations defined in the Vocabulary

To set up an Enumeration, open the project's Vocabulary, and then click on its root, Cargo in this tutorial
example. Then enter a preferred unique name without spaces, and then click on the Base Data type cell of the
row to choose the data type (the values are all red until you have added a successful value or label/value pair).
Click on the Enumeration cell to choose Yes. Now enter a value on the first row, and a label if you want one.
All the cells are validated and the red markers are cleared. Then you can add other value or label/value pairs
on the next lines.

Custom Data Types | Database Access

a &= Cargo Data Type Mame | Base Data Type Enum.. = Label WValue
F=| container containerType String Yes ||z standard ‘standard'
== manifestfumber OVErSIZE 'oversize’
= needsRefrigeration heavyweight 'heal*.-}-'l.-uei?ht'
= volume reefer reefer
= weight

When you have completed a valid Custom Data Type, choose attributes in the Vocabulary that will be constrained
to the enumeration.

4[] Cargo Property Mame Property Yalue

- ] Aircraft Attribute Name container

a = Cargo Data Type | containerType -
==| container Mandatory
#==| manifestMlumber Mode Boolean

Decimal

== needsRefrigeration DateTime
== volume Date
=] weight Integer

)— flightPlan (FlightPlan Strin
. -
. & FlightPlan e

If your custom data type is a local enumeration, then you enter the enumerated values of the base data type
into the Value column, and, if you intend to use labels, enter label text into the Labels column.

Note: Pasting in labels and values - If you have the source data in a spreadsheet or text file, you can copy
from the source and paste into the Vocabulary after you have defined the name, base data type, and chosen
yes to enumeration. When you paste two columns of data, click on the first label row. If you have one column
of data you want to use for both the label and the value, paste it in turn into each column. If the data type is
String, Date, Time, or DateTime, the paste action will add the required single quote marks.

The Label column is optional: you enter Labels only when you want to provide an easier-to-use or more intuitive
set of names for your enumerated values.
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The Value column is mandatory: you need to enter the enumerations in as many rows of the Value column as
necessary to complete the enumerated set. Be sure to use normal syntax, so custom data types that extend
String, DateTime, Date, or Time base data types must be enclosed in single quote characters.

Here are some examples of enumerated custom data types:

Figure 10: Custom Data Type, example 1

Custom Data Types |
Data Type Mame Base Data Type Enumerati.,  Constraint Expression = Label Yalue -
containerType String Yes 2
Integer es = 3 E
USHoelidays2015 Date Yes 5
ShirtSize Integer es 7
RiskProfile Integer Yes 11
DevTeam String es 13

PrimeNumbers is an Integer-based, enumerated custom data type with Value-only set members.

Figure 11: Custom Data Type, example 2

Custom Data Types |
Data Type Name Base Data Type Enumerati.. Constraint Expression  » Label Value -
String Yes standard 'standard’
PrimeMumbers Integer Yes = OVErsize ‘oversize'  |E
USHolidays2015 Date Yes heavyweight | 'heavyweight'
ShirtSize Integer Yes reefer ‘reefer’
RiskProfile Integer Yes
DevTeam String Yes

packingType is a String-based, enumerated custom data type with Label/Value pairs.

Figure 12: Custom Data Type, example 3

Custom Data Types ‘

Data Type Mame Base Data Type Enumerati.. Constraint Expression = Label Yalue -
containerType String Yes Mew_year 1172015
PrimeMumbers Integer Yes £| Independen.. | 7/4/2015' |E

Date Yes Labor_Day | '9/7/2015'
ShirtSize Integer Yes Thanksgiving | 11/26,2015'
RiskProfile Integer Yes Christmas | '12/25/2015'
DevTeam String Yes

USHolidays2015 is a Date-based, enumerated custom data type with Label/Value pairs.

Figure 13: Custom Data Type, example 4

Custom Data Types
Data Type Mame Base Data Type Enumerati.,  Constraint Expression = Label Yalue -
containerType String Yes 5 1
PrimeMurmbers Integer es E M 2 E
USHolidays2015 Date Yes L 3
Integer es XL 4
RiskProfile Integer Yes KKL 5
DevTeam String es

Progress Corticon : Rule Modeling Guide: Version 5.7.2 27



Chapter 1: Building the Vocabulary

ShirtSize is an Integer-based, enumerated custom data type with Label/Value pairs.

Figure 14: Custom Data Type, example 5

Custom Data Types

Data Type Mame EBase Data Type Enumerati.. Constraint Expression = Label Value -
containerType String Yes Low 1
PrimeMumbers Integer Yes E Medium 2 F
USHolidays2015 Date Yes High 3

ShirtSize Integer Yes YeryHigh 4
Integer Yes
DevTeam String Yes

RiskProfile is an Integer-based, enumerated custom data type with Label/Value pairs

Figure 15: Custom Data Type, example 6

Custom Data Types

Data Type Mame Base Data Type Enumerati..  Constraint Expression = Label Walue -
containerType String es 'Dave'
PrimeMurmnbers Integer Yes 3 John' =
USHolidays2015 Date es Jim'

ShirtSize Integer Yes 'Prashant’
RiskProfile Integer es 'Mahesh’
String Yes 'Kendall’
'George’

'Cheryl'

‘Armish’'

‘Eric’
‘Marian’

DevTeamn is a String-based, enumerated custom data type with Value-only set members.

Use the Move Up ﬂ or Move Down E toolbar icons to change the order of Label/Value rows in the list.

Enumerations retrieved from a database

If you want your custom data type to gets its enumerated labels and values from a database, then you need
to define the database table and columns that will be accessed.

This topic covers the significant points of this feature in the context of the Vocabulary.

Note: This functionality uses Corticon's Enterprise Data Connector. For more information, see "Importing an
attribute's possible values from database tables" in the "Advanced EDC Topics" section of the Data Integration
Guide
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When your Vocabulary has a verified connection to a supported database, the Custom Data Types tab presents
three additional columns, as shown:

Figure 16: Custom Data Type columns for defining database retrieval

¢ Cargo.ecore &2 =g
&l Cargo Custom Data Types | Database Access

= Aircraft

= Cargo Data Type Mame Base Data Type Enumeration Constraint Expression | Lookup Table Name Labels Column Values Column - Label Value -

=1 FlightPlan String Yes = standard ‘standard’ |
oversize ‘oversize'  |©

heavyweight  'heavyweig...

reefer ‘reefer

These columns are how you specify:
* Lookup Table Name - The database syntax that specifies the table that has the enumerations.

* Labels Column - The column in the lookup table that holds the label. This is optional as you can elect to
use only values.

* Values Column - The column in the lookup table that holds the value associated with the label, or the
solitary value. This is required.

The following examples show two options:

Figure 17: SQL Server table with values to use in the Vocabulary

-5 Microsoft SQL Server Management Studio EI@
File Edit View Debug QueryDesigner Tools Windew Community Help
Q2 NewQuery | [y | B | 25 =
= # s ||| ChangeType~ | ¥ b | [ | #3 &
Object Explarer -1 x NBBEDGSAINTMA1\...go - dbo.Planes| ¥ X
Connect~ 2 Model
= (b NBBEDGSAINTMAL (SQL Server10.50.1600 - sa) N I pc-10 |
- [ Databases MD-11
+ [ System Databases 747
= | Cargo = 777
% [ Database Diagrams . i
= [ Tables

+ [ System Tables
= dbo.Aircraft
= dbo.Cargo
= dbo.Carrier
= dbo.FlightPlan
- = dbo.Planes

= [ Columns

=] Model (nchar{10), null)

= i_Keve

i 1 of4 | b M b .

Ready
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The value data is retrieved into the Vocabulary as highlighted:

Figure 18: Definition and retrieved values in the Corticon Studio

g Cargo.ecore &% =08
& Cargo Custom Data Types | Database Access
£ Aircraft
= Cargo Data Type Ma... Base Data Type Enumeration Lookup Table Mame  Labels Column Values Colur = Label Value -
=] FlightPlan containerType String ‘Yes = 74T -
model | String Yes Cargo.dbo.Planes Model T i
carrier String Yes Cargo.dbo.Carrier planeCarrier planelD ‘DC-10
‘MD-11'
1 m r -
Another example retrieves name-value pairs.
Figure 19: SQL Server table with labels and values to use in the Vocabulary
-5 Microsoft SQL Server Management Studio EI@
File Edit View Debug QueryDesigner Tools Window Community Help
S NewQuery | [y | [ |5 L
= H = Change Type~ | 1 b | [= | 3 &) o
Object Explorer > 1 x NEBEDGSAINTMA1\...go - dbo.Carrier| & X
Connect~ 32 planeCarrier planelD
= [ NBBEDGSAINTMAL (SQL Server 10.50.1600 - s2) o |EEEE N1001
= 4 Databases FedEx M1002
3 System Databases 1 DHL N1003
2 [ Cargo _ [ Greatwall N1004
[ Database Diagrams Heavyift -
= [ Tables
[ System Tables * ML ML
= dbo.Aircraft
E dbo.Carge
= = dbo.Carrier
= 3 Columns
B planeCarrier (nchar(10), not null)
=] planelD (nchar(10), not null)
E L3 Keys il 1 of5 | b Bl b _
= i_(Cmmetrainte =
Ready
The label-value data is retrieved into the Vocabulary as highlighted:
Figure 20: Definition and retrieved label-values in the Corticon Studio
g Cargo.ecore &5 =0
&l Cargo Custom Data Types | Database Access
= Aircraft
= Cargo Data Type Ma.. Base Data Type Enumeraticn Leckup Table Mame | Labels Column Values Colur Label Value -
=] FlightPlan containerType String Yes = DHL ‘M1003 -
model String Yes Cargo.dbo.Planes Model FedEx ‘N1002' 1
carrier String Yes Cargo.dbo.Carrier planeCarrier planelD Great\Wall 'N1004"
Heawylift 'N1005
Ups ‘N1001"
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Using Custom Data Types

Using Custom Data Types in a Vocabulary

Once a Custom Data Type has been defined as shown above, it may be used and reused throughout the

Vocabulary's attribute definitions.

Figure 21: Using Custom Data Types in the Vocabulary

g *Cargo.ecore 52 |E@ Cargo.ers

22l Cargo
- Aircraft
E|J Carao
=

container

= volume
= weight

=1 FlightPlan

== manitesthumber

3~ flightPlan (FlightPlan)

Basic Properties

Property Mame
Attribute Name
Data Type
Mandatory
Mode

Property Value
container
String

Eoolean
Decimal
DateTime
Date

Integer

= 8
2

String
carrier
containerType
model
Time hd

Notice in this figure that multiple attributes can use the same custom data type; the custom data type
containerType is shown in the drop-down as a sub-category of the String-based data type. The other custom
data types will be grouped with their base data types as well.

Using enumerated Custom Data Types in Rulesheets

Once an enumeration has been defined and assigned to an attribute, its labels are displayed in selection
drop-downs in both Conditions and Actions expressions, as shown below. If Labels are not available (since
Labels are optional in an enumerated custom data type's definition), then Values are shown. The nul1 option
in the drop-down is only available if the attribute's Mandatory property value is set to No.

Figure 22: Using Custom Data Types in the Rulesheet

Conditiens ] 1 -
a Cargo.container 4
b E
. _
d standard
e oversize
i heavyweight
g reefer
h null
i other
j

-

You can test a condition bound to an attribute by evaluating the attribute against a custom data type label using
the # tag, as shown:

Figure 23: Using # tag to test a custom data type

Conditions 0 1 2 -
Cargo.container = containerTypefreefer

m
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Note: Using a dot instead of a # tag works but, if there is custom data type with the same name as an entity,
the expression will be invalid.

Using enumerated Custom Data Types in Ruletests
An enumeration's Values and Labels are available as selectable inputs in a Ruletest, as shown:

Figure 24: Ruletest selecting container's containerType list

untitled_1
/Tuteorial-Done/Enumerations.ers Differences: 0
Input Cutput Expected
= Carge[1]
== container | H

= manifestM ctandard

=| needsRefri pversize

= volume  heavyweight
=l weight reefer

If you want the attribute value to be null, right-click on the attribute and then select Set to Null, as shown:

a4 =] Cargo[1]
| containes Theanauainkt]
L
= manifest <7 Undo

== needsRe
Cut
= volume | °
= weight | G2 Copy
3 Delete
Set to Mull
Sort Entities
Properties

Using IN operator with an enumerated list

When your rule condition or filter are not defined by a range of values, you might have tried use a series of test
and logical OR operations to describe the test. For example, entityl.attributel="'This' or
entityl.attributel="That' or entityl.attributel='TheOther" islong, and could evolve into
a very long expression. You can eliminate the use of the long form of enumeration literals by using the in
operator's list format to reduce that filter or condition expression to entityl.attributel in

{'"This"', '"That', 'TheOther'}.

You can go a step further by defining enumerated lists to define even more brisk expressions, where the labels
that you choose are abbreviations for the full names. For example, Regions.state in
{MA,NH,VT,CT,RI,ME} to qualify only US New England states.

For more information about these features, see the topics in Qualifying rules with ranges and lists on page 76
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Relaxing enforcement of Custom Data Types

Using Custom Data Types lets you define general limitations of an attribute's values that are enforced on all
Rulesheets and Ruletests in the project and its Decision Services. While they are valuable in focusing on what
is valid in rule designs, violations of the constraints or lists cause rule processing -- Ruletests in Studio; Decision
Services on Servers -- to halt at the first violation. Such exceptions indicate that values in attributes are not
within numeric constraint ranges or not included in enumerated lists that have been set in the Vocabulary's
Custom Data Types.

Note: Itis recommended that you use relaxed enforcement of CDTs only in test environments. In production,
you should enforce data constraints and lists to ensure valid processing by rules.

For Ruleflows, a rule that throws an exception in earlier Rulesheets disables processing in subsequent
Rulesheets. In the following example, the Advanced Tutorial testsheet outputs the following statements:

3 Rule Messages &2 =08
Severity Message Entity

Info [Checks,2] The customer is a Preferred Cardholder Customer[1]

Info [coupons,2] 52 off next purchase when 3 or more Soda/Juice items are purchased in a single visit. ShoppingCart[1]
Info [coupons,3] 10% off next gas purchase when total is over 575, ShoppingCart[1]
Info [coupons,BO] §1.643800 cashBack bonus earned today, new cashBack balance is 510.889800. ShoppingCart[1]
Info [use__cashBack1] cashback.bonus has been deducted from the total. New total = $71.600200. Today's savings = 510.883800. ShoppingCart[1]

Note: The rule tracing feature reveals which Rulesheets fired which rules.

By defining a Custom Data Type that specifies the Item attribute price must be greater than zero, and then
entering the input value -1.00 for an item on the testsheet, the first constraint error stops all the subsequent
rules from firing:

3 Rule Messages &% =0
Severity Message
Viclation An unexpected error cccurred in Input Data: com.corticon.cde.ConstraintVielationException: constraint vielation setting Item.price to value [-1]

Relaxing the enforcement of Custom Data Type constraints produces warnings instead of violations, so that
development teams and pre-production testing teams can expedite their debugging of rules and error handling,

as shown:
(3 Rule Messages 2 =0
Severity Message Entity
Warning constraint violation setting Item.price to value [-1] Ttem[3]
Info The customer is a Preferred Cardholder Customer[1]
Info 52 off next purchase when 3 or more Soda/luice items are purchased in a single visit. ShoppingCart[1]
Info 51.379800 cashBack bonus earned today, new cashBack balance is 510.619800. ShoppingCart[1]
Info cashback.bonus has been deducted from the total. New total = §58.370200. Today's savings = §10.619800. ShoppingCart[1]

This example might indicate that the applications that format requests should handle the data constraint before
forwarding a request into the rules engine.

Detailed Example

The following example uses the Cargo Vocabulary. It has two Custom Data Types, one numeric constraint
(assignedto Cargo.weight and Cargo.volume)and an enumeration list (assigned to Cargo.container.)
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Custom Data Types
Data Type Mame Base Data Type | Enumeration | Censtraint Expression = Label Value -
String Yes = standard ‘standard’ | =
positivelnteger Integer Mo value =1 OVErsize ‘owersize’
heavyweight| 'heavyweight'
reefer ‘reefer’
A value that is outside the constraints (Cargo [1] volume = -1)is noted as violating the attribute's data

type constraint on each input attribute and its entity, as well as noted on the Problems tab. But when the
Ruletest runs, it halts on the first violation, as shown:

untitled_1
/Tutorial/Cargo.ers
Input Output Expected
= Cargo [1] = Cargo [1]
E container [secure] == container [secure]
= velume [-1] =] volume [-1]
= weight [100] = weight [100]
2] Rule Messages 32 =08
Severity Message Entity
Viclation An unexpected error cccurred inInput Data: com.corticon.cdo.ConstraintVielationException: constraint viclation setting Carge.container to value [secure]
4 n 3
v =5

El Properties _[f_ Problems &2 "_3__| Error Log

0 errors, 2 warnings, 0 others

Description = Resource  Location Path Type
& Warnings (2 items)
& Value -1 does not pass constraint validation: value »=1. Cargo.ert  Carge [1]lwolume  /Tutorial Validation Me...

@& Value secure is not in defined Values List of the CustomDataType of standard, oversize, heavyweight, reefer  Cargo.ert Carge [1].container  /Tutorial Validation Me...

The details of that first exception are entered in the log (when the 1oglevel is INFO or higher, and the
logInfoFilter does notinclude VIOLATION -- thereby accepting that type of info into the log.) No further

processing occurs.

Note: See the topic "Changing logging configuration" in the Using Corticon Server logs section of Integration
and Deployment Guide for more information.

By setting the property in brms . properties that relaxes enforcement of Custom Data Types,
com.corticon.vocabulary.cdt.relaxEnforcement=true, and then restarting the Studio, the errors
are still flagged in the data and the Problem information is unchanged. However, the Rule Messages section
flags each of the constraint breaches as a Warning, lets them proceed, and then fires all the other rules.
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untitled_1

/Tutorial/Cargo.ers

Input Qutput
= Cargo [1] = Cargo [1]
F=| container [secure] = container [standard]
P volume [-1] == volume [-1]
= weight [100] = weight [100]
E Rule Messages &2
Severity Message
Warning constraint violation setting Cargo.container to value [secure]
Warning constraint viclation setting Cargo.volume te value [-1]
Info Carge weighing <= 20,000 kilos must be packaged in a standard container.

] Properties | 7. Problems 2 | @] Error Log
0 errors, 2 warnings, (0 others
Description
a & Wamnings (2 items)
% Value -1 does not pass constraint validation: value >=1.
% Value secure is not in defined Values List of the CustomDataType of standard, oversize, heavyweight, reefer

Expected

Entity

Cargo[l]
Cargol[l]
Cargo[l]

Resource  Location Path

Cargo.ert  Cargo [1]wolume  /Tutorial
Cargo.ert  Cargo [1].container /Tutorial

v =5

Type

Validation
Validation

Note: Itis recommended that you create or update the standard last-loaded properties file brms .properties
to list override properties such as this for Corticon Studios and Servers. See the introductory topics in "Configuring
Corticon properties and settings" in the Server Integration and Deployment Guide for information on where to

locate this properties file.

Domains

Occasionally, it may be necessary to include more than one entity of the same name in a Vocabulary. This can
be accomplished using Domains (similar to Java packages and XML namespaces.) Domains allow us to bundle
one or more entities in a subset within the Vocabulary, allowing us to reuse entity names so long as the entity
names are unique within each Domain. Additional Domains, referred to as sub-Domains, can be defined within

other Domains.

Select Vocabulary > Add Domain from the Studio menubar or click ﬂ from the Studio toolbar.
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A new folder 3 is listed in the Vocabulary tree. Assign it a name. The example in the following figure shows a
Vocabulary with two Domains, US_Fleet and WW_Fleet:

Figure 25: Using domains in the Vocabulary>

H ] aircargo_Domains
E‘H 115 _Fleet
E-E sircraft
----- = aircraftType
""" = Faanumber
----- == maxCargovolume
""" = maxCargoieight
----- =€ FlightPlan (FlightPlan
=l e _Fleet
B-E sircraft
""" = sivcraftType
----- = 1CACnUmber
""" = maxCargotolume
----- == maxCargoWeight
----- ~£ FlightPlan {FlightPlan)
F-E cargo
== FlightPlan
= flighthumber
—£ cargo (Carge)
)— USaircraft (fircraft)

Notice that the entity Aircraft appears in each Domain, using the same spelling and containing slightly
different attributes ( FAAnumber vs. ICAOnumber ). Notice too that the association role names from
FlightPlanto Aircraft have been named manually to ensure uniqueness: one is now USaircraft and
the other is WWaircraft.

Domains in a Rulesheet

When using entities from domains in a Rulesheet, it is important to ensure uniqueness, which means aliases
must be used to distinguish one entity from another.

Figure 26: Non-unique Entity names prior to defining Aliases

|[H‘-é AirCargo_Domains, ecare W
Scope Conditions

=
=
5
[}
w
-
£
=
II
[}
1]
-
[ S o B e T}

In Non-unique Entity names prior to defining Aliases, both Aircraft entities have been dropped into the
Scope section of the Rulesheet. But because their names are not unique, an error icon = appears. Also, the
“fully qualified” domain name has been added after each to distinguish them. By fully qualified, we mean the
::US_Fleet:: designator that follows the first Aircraft and : :ww_Fleet: : that follows the second.
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But it would be inconvenient (and ugly) to use these fully qualified names in Rulesheet expressions. So we
require that you define a unique alias for each. The aliases will be used in the Rulesheet expressions, as shown
in Non-unique Entity names after defining Aliases.

Figure 27: Non-unique Entity names after defining Aliases

|Q¢ AirCargo_Dornains, ecore W
Scope Conditions

B aircraft U5 _Fleet:: [usPlane] a  usPlane.FAAnumber
{0 L Fasnumber b wwPlane.ICAORUMber
Bl aAircraft vy _Flest:: [wwPlane] c
o] TCACRUMber d
e

Domains in a Ruletest

When using Vocabulary terms in a Ruletest, just drag and drop them as usual. You will notice that they are
automatically labeled with the fully qualified name, as shown in Domains in a Ruletest.

Figure 28: Domains in a Ruletest

Input
- ircraft [1] 1:U5_Fleet::
- =] aircraftType
""" = Fasnumber
----- = maxCargovolume
[ == mawCargoweight
== Aireraft [1] 1w _Flast::
""" = aircraftType
----- =] 1CACnUmber
""" = maxCargovolume
----- = maxCargoweight
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Support for inheritance

UML Class diagrams frequently include a modeling/programming concept called inheritance, where a class
may “inherit” attributes and/or associations from another class. For example:

Figure 29: Rose UML Model Showing Inheritance

Person Equipment

-operatedBy +operates

+acquireDate : Date
+propertylD : String

+age : Decimal
+name : String | =5

Zr JAN
Employee

+hireDate : Date
+IDnumber : String

Customer
+loyaltyMumber : String

* -carries
-carriedBy
= Aircraft
Pilot n s
- Ali +type : Strin
+certificationDate : Date flownBy flies. +t§ﬁNumberg: String
1.0 0.1

In this diagram, we see a UML model that includes inheritance. The solid-headed arrow symbol indicates that
the Employee class is a descendant of the Person class, and therefore inherits some of its properties.
Specifically, the Emp1oyee class inherits the age and name attributes from Person. In other words, Employee
has all the same attributes of a Person plus two of its own, hireDate and IDnumber. Likewise, Aircraft
inherits all of Equipment 's attributes (acquireDate and propertyID )plus has attributes of its own, type
and tailNumber.

Modeling this UML Class Diagram as a Corticon Vocabulary is straightforward. All Entities, Attributes and
Associations are created as per normal practice. To incorporate the elements of inheritance, we only need add
one additional setting for each of the descendant entities, as shown:

Figure 30: Selecting Ancestor Entity for Descendant

H { o | E‘H
= [:,..I Inheritance | Basic Properties A
=2-H -':'-IFEFEI|.:|3 Properky Mame Property Yalue
& == 1 ailkurmber Entity Marne Aircraft
e T Inherits Fram Equiprnent -
----- = captain (Pilot) _ustomer -
o —€ passenger (Customer) Employee T
=] Customer Person —
----- = |oyaltyNurmber Pilat h
“F= aircraft (Aircraft)
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Once all descendant entities have been configured to inherit from their proper ancestor entities, we can save
the Vocabulary and view it in the Rule Vocabulary window:

Figure 31: Vocabulary with Inheritance

(8 Ruie vocsbuiary. % S

- e

= (2 mheritance
E Aircraft
=& customer

=124 operator (Equipment)

""" =] aguireDate

i = propertyID
x person (Person)
x person [Cuskoner)
x person (Emplovee)
x person [Pilot)

H-2# operator (Aircraft)
B3 aircraft (Aircraft)
H-E Employes

@ Equiprnent

E Person

&= Pilot

Notice that many of the term names and icons are varying shades of gray - these color codes help us to
understand the inherited relationships that exist in the Vocabulary.

Inherited Attributes

Attributes with names displayed in solid black type, such as Customer. loyaltyNumber in Vocabulary with
Inheritance, are native attributes of that entity.

Attributes with names displayed in dark gray type, such as Customer . age, are inherited attributes from the
ancestor entity (in the case of Customer, Person).

Inherited Associations

Inherited Associations are a bit more complicated. An entity may be directly associated with another entity or
that entity's descendants. An entity may also inherit an association from its ancestor.

Using the example shown in Selecting Ancestor Entity for Descendant and Vocabulary with Inheritance above,
let's dissect each of these combinations.
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* Customer.aircraft is a direct association between Customer and Aircraft entities. No inheritance
is involved, so the association icon is black and the rolename is black

* Customer.operator (Equipment)is an association “inherited” from Customer's ancestor entity Person,
which has a direct association with Equipment and the rolename operator in our Vocabulary (the UML
Class Diagram in Selecting Ancestor Entity for Descendant shows the rolename as operates because it
is more conventional in UML to use verbs as rolenames, whereas nouns usually make better rolenames in
a Corticon Vocabulary). Because the association is inherited from the ancestor's direct association, the icon
is dark gray and the rolename is black.

* Equipment (which we can see equally well in the expanded operator rolename) has several associations
with Person. One of these is a direct association with the Person entity. In this case, both association icon
and rolename are black. But Equipment also has associations with descendants of the Person entity,
specifically Employee, Customer, and Pilot. We call these “filtered” associations, and display their
rolenames as dark gray.

* Finally, Customer has another association with operator (Aircraft) because Aircraft is a descendant
of Equipment. So we combine the “inherited” dark gray icon and the “filtered” dark gray rolename to
display this association.

Controlling the tree view

In cases where a Vocabulary contains inheritance (and includes the various icons and color schemes described
above) but the modelers who use it do not intend to use inheritance in their rules, the inherited associations

and filtered rolenames can be hidden from view by clicking the E icon in the upper right corner of the Rule
Vocabulary window, as shown:

Figure 32: Vocabulary with Inheritance Properties Hidden
[ fule vocabuiary xR
=~

= L:_'J Inheritance
== aircraft

= captain {Pilak)
-( passenger (Custamet)
H-E Customer

Person and Equipment are associated (using named roles), but what relationship does Employee have with
Equipment or Aircraft, if any? This version of Corticon Studio supports inherited associations.

Using aliases with inheritance

Any Entity, Attribute, or Association can be dragged into the Scope section for use in Rulesheets. But if two or
more terms share the same name, they must be assigned unique alias names before they can be used in rules.
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For example, in Vocabulary with Inheritance, we see that there are four Customer.operator.person terms
in the Vocabulary due to the various forms of inheritance used by the entities and associations. If two or more
of these nodes are dragged into the Scope window (as shown in Non-Unique Nodes used in the Scope Window),

they will be assigned error icons € to indicate that their names are not unique. Without unique names, Corticon
Studio does not know which one is intended in any rule that uses one of the nodes. To ensure uniqueness,
aliases must be assigned and used in rules, as shown in Uniqueness Established using an Alias.

Figure 33: Non-Unique Nodes used in the Scope Window

E& Inheritance. ecore m
Scope

F-=] Employes

=5 Custamer
E"m operator (Equipment)
ﬂ( person (Person)

----- ﬂ( person (Cuskomer)

Figure 34: Uniqueness Established using an Alias

E& Inheritance. ecore m
Scope

F-=] Employes
B Customer
B- operator (Equipment)
x person (Person) [myPerson]

...... x person (Cuskomer)

Inheritance's effects on rule execution

The point of inheritance is not to complicate the Vocabulary. The point is to be able to write rules on ancestor
entities and have those rules affect descendant entities automatically. Here are simple examples:

Inherited Conditions and Actions

A very simple Rulesheet, shown in Rules written on Employee, contains two rules that test the age value of
the Employee entity. There are no explicit Actions taken by these rules, only the posting of messages.

Figure 35: Rules written on Employee

m\v& Inheritance. ert

Conditions ] 1 2
a Employee.age < 18 - T F
b
c

Actions 4

Posk Message(s) = =
B
F

Overrides

=] Rule Stakemnents &3 Rule Messages

Ref ID  Post alias Texk
1 Warning  Employee [{Emplovee . name}] is koo young to be an employee!
z Info Employee [{Emplovee. name}] is old encugh ko be an employes
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A Ruletest provides an instance of Employee and an instance of Pilot. Recall from the Vocabulary that
Pilot is a descendant of Employee, which means it inherits its attributes and associations. But more importantly
from a rule execution perspective, a Pilot will also be affected by any rules that affect an Employee. This is
shown in the following figure:

Figure 36: Inheritance in action

Input Cubput
E| E Employse [1] E| = Employes [1]
----- = age [24] ¢ = age [24.000000]
----- = hireDate - = hireDate
""" = IDnumber - TDnumber
----- == name [Joe Smith] o = name [Joe Smith]
B E Pilat [1] B E Filot [1]
----- = age[12] /== age [12.000000]
""" = certificationDate - certificationDate
----- = hireDate -] hireDate
""" = IDnumber - TDnumber
----- == name [Mary Jones] - name [Mary Jones]
luleStaﬂﬁ_] Rule Messages &3
Severit | Message | Entit |
Infa [Joe Smith] is old enough to be an employves Emploves[1]
Warning [Mary Jones] is koo woung ko be an emplayes!  Pilok[1]

Using inheritance can be an efficient and powerful way to write rules on many different types of employees
(such as pilots, gate agents, baggage handlers, and mechanics) without needing to write individual rules for
each.

Inherited Association

A similar test demonstrates how associations are inherited during rule execution. In this case, we test
Employee.hireDate to see who's “qualified” to operate a piece of Equipment. The += syntax used by the
Action row is explained in more detail in the Rule Language Guide.

Figure 37: Rulesheet populating the operators collection

m\v& *Inheritancez, ert
Scope Conditions i} 1

El-=] Equipment Emploves. hireDate = '1§1/2000' = T

x persan (Employee) [operators]
-] Employes

Actions 4
Filters Post Messagels)

Lo (O = S R e o ]}

1 Y Li
A operators += Employee
2 B
g c
i LI Overrides
=] Rule Statements &3 Rule Messages |
Ref ID Post Alias Texk
1 Info  Emploves  Any employves with a hire date later than Jan. 1, 2000 can operate eguipment 1D

[{Equiprent . propertyI0F]
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Now in, we provide a sample Equipment entity, one Employee, and one Pilot. Both hireDates satisfy
the rule's Condition (the Pilot inheriting hireDate from its Employee ancestor as before). When the
Employee is added to the operators collection alias, an instance of the association between Equipment
and Employee is created. But what may be surprising is that the same occurs for Pilot, which also has an

association to Equipment that it inherited from Employee!

Figure 38: Inheriting an Association

| Entity |

KE Inheritancez. ers M
untitled_1 |
ITnheritance/Inheritancez . ers
Inpuk Cukpuk
=& Equipment [1] == Equipment [1]
----- — aquireDate o] aquireDate
""" = propertyID [123-A6C] -8 propertyID [123-86C]
=-H Employee[t] i e <— person (Employee) [1]
----- = age ~4— person (Pilot) [1]
----- = hireDate [1/1)2005] == Emploves [1]
----- = IDrumber - age
----- = rame [Joe Smith] - hireDate [11/2005]
== Pty e =] IDnumber
----- = age - name [Joe Smith]
----- = certificationDate == pilat [1]
----- = hireDate [1/1/2003] - age
----- = IDnumber - certificationDate
""" = name [Mary Jones] -] hireDate [1/1/2003]
----- = IDnumber
----- == rame [Mary Jones]
KF‘J.lIE Statements | & Rule Messages &3
Senveriby | Message
Info Any employee with a hire date later than Jan, 1, 2000 can operate equipment 1D [123-ABC]
Info any emploves with a hire date later than Jan., 1, 2000 can operate equipment ID [123-ABC]

Emplovee[1]
Pilat[1]

Test yourself questions: Building the vocabulary

Note: Try this test, and then go to Test yourself answers: Building the vocabulary on page 315 to correct

yourself.

Give 3 functions of the Vocabulary.

o & 0 bd =

True or False: All Vocabulary terms must also exist in the object or data model?
True or False: All terms in the object or data model must also exist in the Vocabulary?
True or False: In order to create the Vocabulary, an object or data model must already exist.

The Vocabulary is an model, meaning many of the real complexities of an underlying data

model are hidden so that the rule author can focus on only those terms relevant to the rules.

6. The UML model that contains the same types of information as a Vocabulary is called a

7. What are the three components (or nodes) of the Vocabulary?
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8. Which of the following are acceptable attribute names?

Hair_color hairColor HairColor hair color
9. Which color is used in the Entity icon?
10. Which of the three Vocabulary components can hold an actual value?
1. What are the five main data types used by Vocabulary attributes?
12 Which colors are used in the Base attribute icon?
13. Which colors are used in the Transient attribute icon?
14. What is the purpose of a Transient Vocabulary term?
15. Associations are by default.
16. Association icons indicate:
optionality singularity cardinality musicality
17. Which of the following icons represents a one-to-many association?
=
18. Which of the following icons represents a one-to-one association?
=

19. If an association is one-directional from the Source entity fo the Target entity, then which term is not available

in the Vocabulary?

Target.attribute

Target.source.attribute

Source.target.attribute

Source.attribute

20. The default role name of an association from the Source entity to the Target entity is:

role1

source

target

theTarget

21. Sketch a model for the following scenario:

A Purchase Order has a customer name, order date, total amount and an unlimited number of
Line ltems. Each Line ltem has a part number, quantity, price-per-unit and total price.

22 Create a Corticon Studio Vocabulary for the model sketched in 22.

23. List the (4) steps in generating a Vocabulary from scratch.

24. Cardinality of an association determines:

a. The number of possible associated entities.

b. The number of attributes for each entity.
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c. The number of associations possible within an entity.

d. The number of attributes for each association.

25 The Vocabulary terms are the nouns of Corticon rules. What are the verbs?

26. What Corticon document contains the complete list of all Vocabulary Operators, descriptions of their usage,
and actual examples of use in Rulesheets?

27. True or False. In addition to the supported vocabulary data types, you can create any type of custom data
type you want?

28. You must name your custom data type. Which of the following are not custom data type naming convention
requirements?

. Cannot match any other vocabulary entity names

a

b. May match other Custom Data Type Names
c. Base Data Type names may not be re-used.
d

. The name must comply with the standard entity naming rules.
29. True or False. The Enumeration section of the Custom Data Types exposses the Label/Value columns and
allows you to create a list of acceptable value rows.

30. Selecting no in the Enumeration section of the Custom Data Types enables the Contraint Expression. Give
an example of a Constraint Expression:

31. True or False. Constraint Expressions must be equivalent to a Boolean expression to be vaild.
32 In an Enumeration, are both the Label and Value columns required?

33. When you create Enumerated Custom data Types, which of the following are acceptable entries for the
Value column:

12/12/2011 “12/12/2011” Airbus ‘Airbus’

34. Name an advantage to using Enumerated Custom Data Types when it comes to testing your rules in a
Ruletest.

35. Explain what Domains do in the Vocabulary?

36. True or False. If you use a Domain, then you will be required to create an alias for each unique Entity/Domain
pair?

37. True or False. Inheritance can be modeled in a Vocabulary.

38. In the following vocabulary, which Entities have “native” attributes and which Entities has “inherited” attributes?
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Chapter 1: Building the Vocabulary

] Rule vocabulary &3
E||.:.I Bicycles

El-E= Bicyde
""" = cadence

El-E= MountainBike
----- = cadence

----- = ceatHeight
==l Roadeike
----- = cadence

EVEE

39. Give two examples of inherited attributes from the vocabulary above:

40. True or False. Using Inheritance can be a way to write efficient and powerful rules. For example, one rule
could be used to modify the cadence attribute for all the entities in the Vocabulary example above.

46
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Rule scope and context

The air cargo example that we started in the Vocabulary chapter is continued here to illustrate the important

concepts of scope and context in rule design.
A quick recap of the fact model:
Figure 39: Fact Model

wneight
wolume
mani festM um ber
pack.aging
caroo
schediies
srhediles

FlichtP lan Ajrcrat

flightMumber

aircraftType
maxC argoy eight
maxZangosolume
tail M um ber
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According to this Vocabulary, an Aircraft is related to a Cargo shipment through a FlightPlan. In other words,
it is the FlightPlan that connects or relates an Aircraft to its Cargo shipment. The Aircraft, by itself, has no direct
relationship to a Cargo shipment unless it is scheduled by a FlightPlan; or, no Aircraft may carry a Cargo
shipment without a FlightPlan. Similarly, no Cargo shipment may be transported by an Aircraft without a
FlightPlan. These facts constitute business rules in and of themselves and constrain creation of other rules
because they define the Vocabulary we will use to build all subsequent rules in this scenario.

Also recall that the company wants to build a system that automatically checks flight plans to ensure no

scheduling rules or guidelines are violated. One of the many business rules that need to be checked by this
system is:

1. An Aircraft must not carry & Cargo shipment that exceeds its maximum Cargo weight

With our Vocabulary created, we can build this rule in the Studio. As with many tasks in Studio, there is often

more than one way to do something. We will explore two possible ways to build this rule — one correct and one
incorrect.

To begin with, we will write our rule using the “root-level” terms in the Vocabulary. In the following figure, column
#1 (the true Condition) is the rule we are most interested in — we've added the false Condition in column #2
simply to show a logically complete Rulesheet.

Figure 40: Expressing the Rule Using “Root-Level” Vocabulary Terms

] rule Yocabulary 23 l = B F& airZargo.ecore M = B
I Conditions 0 1 2 f’
& arCargn a  Cargo.weight = Aircraft. maxiCargoieight T F
: b
E-E aircraft .
----- = sircraftType 4
----- = maxCargovolume & LI
----- = maxCargoweight Actions o | »
""" = tailumber Post Message(s) E-1 L] =
-—€ FlightFlan (FlightPlan) || 4
== Cargo B
----- = manifesthumber C LI
----- E packﬂging Cwerrides
----- = volume =
_____ = weight |Z] Rule statements &2 | Rule Messages B
&= flightPlan (FlightFlany || Ref Post  Alias  Text i’
-5 FlightPlan 1 | Wiolation | Cargo | Cargo [{Cargo.manifestblumber}] is too heavy for Aircraft [{Airc
2 | Info Cargo | Cargo [{Cargo.manifesttlumber}] may be carried by Aircraft [{A

Refer to Embedding attributes in posted rule statements on page 93 for additional details regarding the syntax
introduced in the Rule Statements portion of the following figure, example 5, in the Custom data types topic.

We can build a Ruletest to test the rule using the Cargo company's actual data, as follows:

48
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The company owns 3 Aircraft, 2 747s and a DC-10, each with different tail numbers. The 3 Aircraft are shown
in the following figure, example 6 in the Custom data types topic. Each box represents a real-life example (or
instance) of the Aircraft term from our Vocabulary.

Figure 41: The Cargo Company's 3 Aircraft

Lircraft

aircraftType: 747
maxCangoeight, 200,000 kgs.
tailtumbaer: +1001

aircraftType: 747
rmax Cargoeight: 200,000 kgs.
tailkurrber. F1002

aircraftType: DC-10
maxCargoieight: 150,000 kgs.
tailurmber: F1003

These 2ircraft give the company the ability to schedule 3 cCargo shipments each night {there is another
business rule implied here — “an Aircraft must not be scheduled for more than one flight per night”, but we won't
address this now because it is not relevant to the discussion}. On a given night, the Cargo shipments look like
those shown below. Again, like the Aircraft, these Cargo shipments represent specific instances of the
generic Cargo term from the Vocabulary.

Figure 42: The 3 Cargo Shipments for the Night of June 25th

Cargo

waight: 100,000 kgs.
volume: 300 cubic meters
manifesttiumber: G254

weaight: 175,000 kgs.
yolurme: 300 cubic meters
manifesthlumber: 6258

waight: 150,000 kgs.
wolume: 300 cubic meters
manifesttiumber; 625C
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Finally, our sample business process manually matches specific aircraft and cargo shipments together as three
flightplans, shown below. This organization of data is consistent with the structure and constraints implicit in
our Vocabulary.

Figure 43: The 3 FlightPlans with their related Aircraft and Cargo instances

Lircraftc FlightPlan Cargo
gircraftType: 747 wight: 100,000 kgs.
maxiCam oeight: 200,000 kgs. flighttumber: 101 volum e: 300 cubic meters
tailMumber. M1 001 manitestMumber;, 6252
aircraftType: 747 weight: 175,000 kgs.
maxiC ang oieight: 200,000 kgs. flightumber: 102 woluim e 300 cubic meters
tailblumber. KA 002 rmanitestdurmber. 6258
aircraftType: DC-10 weight: 150 000 kgs.
maxiCamgoyisight: 150,000 kgs. flighttumber: 103 volume: 300 cubic meters
tailMumber. M1003 manitestMumber. §25C

We can construct a Ruletest (in the following figure)so that the company's actual data will be evaluated by the
rule. Since the rule used “root-level” Vocabulary terms in its construction, we will use “root-level” terms in the
Ruletest as well:

Figure 44: Test the Rule Using “Root-Level” Vocabulary Terms

m =0 Lb RMiG, ecore I @ RootLevelvocabularyRule ert 53

I untitied_1 |
= rmg IRMEIRookLevelvocabularyRule. ars
: . Inpuk
=& fircraft
""" = ircraftType == aireraft [1]
..... = maxCargoviolume - SircraftType [747]
..... | maxCargoWeight - maxCargoweight [200000]
..... =] Lailliurber - EailMumber [N101]
-~ flightPlan (FlightPlan) Ci G
e = e I = aircraftType [747]
P = manfestMumber || = maxCargoweight [200000]
..... = packaging - EailMumber [N102]
_____ = volume =& aireraft [3]
..... = weight - sircraftType [DC-10]
-3 fightPlan (Fightelan) || B8 maxCargoweight [150000]
ER= R R | L == Lailumber [M103]
""" = Flighthumber I'_—'I@ Carga [1_]
-3 aircraft (Aircraft) - &= manifesthiumber [6254]

#-—£ cargo (Cargo) EEEr;;EE?t [100000]
""" = manifesthumber [6258]

...... =] weight [175000]
=-E Carga [3]

i manifestMumber [625C]

...... = weight [150000]
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Running the Ruletest :

Figure 45: Results of the Ruletest

r& airCargo.ecore | @ rontLevelScope. ers M
untitled_1 |
[RMG[rootLevelScope. ers
Inpuk Cukpuk
== aircraft [1] == ircraft [1]
----- =l aircraftType [747] == aircraftType [747]
""" = maxCargoWeight [200000] - maxCargoweight [200000,000000]
----- =] tailumber [M101] - bailumber [N101]
== aircraft [2] == ircraft [2]
----- =l aircraftType [747] == aircraftType [747]
""" = maxCargoWeight [200000] - maxCargoweight [200000,000000]
----- = tailumber [M102] - tailumber [N10Z2]
== aircraft [3] == ircraft [3]
----- = aircraftType [DC-10] - aircraftType [DC-10]
""" = maxCargoWeight [150000] - maxCargoweight [150000,000000]
----- = tailumber [M103] - ailumber [N103]
=& Carga[1] =5 Cargo[1]
== manifestiumber [6254] ‘-] manifesthumber [6254]
------ == weight [100000] = weight [100000.000000]
E-E Cargo[2] =& carga [2]
= marifesthumber [6258] """ = marifestMumber [6258]
-] weight [ 175000] o] weight [ 175000,000000]
=& Cargo[3] =& Cargo[3]
- marifesthurber [625C] = manifestMumber [625C]
= weight [150000] o[ wyeight [150000,000000]
Rule Skatements | & Rule Messages &3
Severit | Message | Enkit I
Wiolation Cargo [6258] is boo heawy For Aircraft [M103] Cargo[2]
Info Cargo [625C] may be carried by Aircraft [M101] Cargo[3]
Info Cargo [625E] may be carried by Aircraft [M101] Cargo[2]
Info Zargo [6254] may be carried by Aircraft [M101] Zargo[1]
Info Cargo [625C] may be carried by Aircraft [M103] Cargo[3]
Info Cargo [6254] may be carried by Aircraft [M103] Zargo[1]
Info Cargo [625C] may be carried by Aircraft [M102] Cargo[3]
Info Cargo [6258] may be carried by Aircraft [N102] Cargo[2]
Info Zargo [6254] may be carried by Aircraft [M102] Zargo[1]

Note the messages returned by the Ruletest. Recall that the intent of the rule is to verify whether a given
Flightplan is in violation by scheduling a Cargo shipment that is too heavy for the assigned Aircraft.
But we already know there are only three F1ightplans. And we also know, from examination of The 3
FlightPlans with their related Aircraft and Cargo instances, that the combination of aircraft N1003 and
cargo 625C does not appear in any of our three F1ightplans. So why was this combination, one that does
not actually exist, evaluated? For that matter, why has the rule fired nine times when only three sets of Aircraft
and Cargo were present? The answer lies in the way we defined our rule, and in the way the Corticon Server
evaluated it.
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We gave the Ruletest three instances of both Aircraft and Cargo. Studio treats Aircraft as a “collection” or
“set” of these three specific instances. When Studio encounters the term Aircraft in a rule, it applies all instances
of Aircraft found in the Ruletest (all three instances in this example) to the rule. Since both Aircraft and
Cargo have three instances, there are a total of nine possible combinations of the two terms. In the following

figure, the set of these nine possible combinations is called a “cross product”, “Cartesian product”, or “tuple
set” in different disciplines. We tend to use cross-product when describing this outcome.

Figure 46: All Possible Combinations of Aircraft and Cargo

aircraftType: 747 weight: 100,000 kgs.
maxCargoeight: 200,000 kgs. go| wolum e 300 cubic meters
tailumber 11 001 manitesthlumber G254
aircraftType: 747 weight: 175 000 kgs.
maxCarnoeight: 200,000 kgs. | wolum e 300 cubic meters
tailMumber M1 002 manitestMumper. 5258
aircraftType: DC-10 waeight: 150,000 kgs.
maxCangoteight: 150,000 kgs. g volum e 300 cubic meters
tailMumber, M1 003 rmanimestMumber,  B25C

One pair, the combination of manifest 6258 and plane N1003 (shown as the red arrow in the figure above), is
indeed illegal, since the plane, a bC-10, can only carry 150, 000 kilograms, while the cargo weighs 175, 000
kilograms. But this pairing does not correspond to any of the three F1ightPlans created. Many of the other
combinations evaluated (five others, to be exact) are not represented by real flight plans either. So why did
Studio bother to perform three times the necessary evaluations? It is because our rule, as implemented in
Figure 40: Expressing the Rule Using Root-Level Vocabulary Terms on page 48, does not capture the essential
elements of scope and context.

We want our rule to express the fact that we are only interested in evaluating the Cargo—Aircraft pair for
each FlightPlan, not for all possible combinations. How do we express this intention in our rule? We use
the associations included in the Vocabulary.

Refer to the following figure:

Figure 47: Rule Expressed Using FlightPlan as the Rule Scope

m =08 Qg airCargo.ecare IE FlightPlanScope.ers 23

‘{E = Conditions ] 1 2
B & arCargo a FlightPlan.cargo.weight = FlightPlan, aircraft.maxCargoiWeight T F
E Aircraft b
=3 cargo -
=1 FlightPlan Actians J
=] Flighthumber Post Message(s) B | B
=3~ aircraft (Aircrafth A
L = aircraftType B
""" = maxCargotolume - Orverrides
----- == maxCargoWeight
P == tailrumber =] Rule Statements &3 | Rule Messages
=€ cargo (Cargo) Ref  Post Alias Texk
""" = manifesthiumber 1 Winlation  FlightPlan | Cargo [{FlightPlan. cargo. manifesthumber ] is boo heawy For
----- == packaging aircraft [{FlightPlan, aircraft. taillumber ]
""" = volume z Infa FlightPlan Zargo [{FlightPlan.cargo. manifestMumber -] may be carriad
----- = weight ey Aircraft [{FlightPlan. aircraft, kailumber}]
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Here, we've rewritten the rule using the aircraft and cargo terms from inside the F1ightPlan term.

Note: By “inside” we mean the aircraft and cargo terms that appear when the FlightPlan term is opened in the
Vocabulary tree, as shown by the orange circles in Rule Expressed Using FlightPlan as the Rule Scope.

This is significant. It means we want the rule to evaluate the Cargo and Aircraft terms only in the context
ofa FlightPlan. For example, on a different night, the Cargo company might have eight Cargo shipments
assembled, but only the same three planes on which to carry them. In this scenario, three flight plans would
still be created. Should the rule evaluate all eight Cargo shipments, or only those three associated with actual
flight plans? From the original business rule, it is clear we are only interested in evaluating those Cargo shipments
in the context of actual flight plans. To put it differently, the rule's application is limited to only those Cargo
shipments assigned to a specific Aircraft via a specific F1ightPlan. We express these relationships in
the Rulesheet by including the F1ightPlan term in the rule, so that cargo.weight is properly expressed
as FlightPlan.cargo.weight, and Aircraft.maxCargoWeight is properly expressed as
FlightPlan.aircraft.maxCargoWeight. By attaching F1ightPlan to the terms
aircraft.maxCargoWeight and cargo.weight, we have indicated mandatory fraversals of the associations
between F1ightPlan and the other two terms, Aircraft and Cargo.This instructs Corticon Server to
evaluate the rule using the intended context. In writing rules, it is extremely important to understand the context
of a rule and the scope of the data to which it will be applied.

For details, see the following topics:

* Rule scope
e Aliases
* Scope and perspectives in the vocabulary tree

¢ Test yourself questions: Rule scope and context

Rule scope

Because the rule is evaluating both Cargo and Aircraft in the context of a F1ightPlan, we say that the
rule has scope, which means that the rule evaluates only that data which matches the rule's scope. This has
an interesting effect on the way the rule is evaluated. When the rule is executed, its scope ensures that the
Corticon Server evaluates only those pairings that match the same F1ightPlan. This means that a
cargo.weight will only be compared to an aircraft.maxCargoWeight if both the cargo and the
aircraft share the same FlightPlan. This simplifies rule expression greatly, because it eliminates the
need for us to specify which F1ightPlan we are talking about for each Aircraft-Cargo combination. When
a rule has context, the system takes care of this matching automatically by sending only those Aircraft - Cargo
pairs that share the same F1ightPlan to be evaluated by the rule. And, since Corticon Studio automatically
handles multiple instances as collections, it sends all pairs to the rule for evaluation.

Note: See the following topic, Collections, for a more detailed discussion of this subject.

To test this new rule, we need to structure our Ruletest differently to correspond to the new structure of our
rule and reflect the rule's scope. For more information on the mechanics of creating associations in Ruletests,
also refer to the “Set Up the Ruletest Scenario” section in the Corticon Studio Tutorial: Basic Rule Modeling
and the “Creating Associations” chapter in the Quick Reference Guide.
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Finally, one F1ightPlan is created foreach Aircraft-Cargo pair. This means a total of three F1ightPlans

are generated each night. Using the terms in our Vocabulary and the relationships between them, we have the

possibilities shown in Figure 43: The 3 FlightPlans with their related Aircraft and Cargo instances on page 50.
The rule will evaluate these combinations and identify any violations.

Figure 48: New Ruletest Using F1lightPlan as the Rule Scope

untitled_t |

JRMG[FlightPlanContextRulesheet.ers

Inpuk
El-E= FlightPlan [1]
5 flighthumber [101]
14— aircraft [1]

= aircraftType [747]

- maxCargovweight [200000]
-~ tailumber [M101]
[=-4— cargn[1]

= marifestiumber [6254]
] weight [ 100000]
=-E FlightPlan [2]

=] Flighthumber [102]
Eo— aircraft [2]

L aircraftType [747]

- maxCargoiweight [200000]
- = tailomber [W102]
=-o— cargn [2]

-8 marifesthumber [6256]
o8 weight [175000]
E-E] FlightPlan [3]

=] Fightumber [103]

[El-¢— aircraft [3]

- sircraftType [DC-10]

== maxCargovweight [150000]
¢ = tailumber [N103]

[=-¢— cargn [3]

= marifestiumber [625C]
] weight [ 150000]

What is the expected result from this Ruletest? If the results follow the same pattern as in the first Ruletest,
we might expect the rule to fire nine times (three Aircraft evaluated for each of three Cargo shipments).
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But refer to Ruletest Results Using Scope — Note no Violations and you will see that the rule, in fact, fired only

3 times — and only for those Aircraft-Cargo pairs that are related by common FlightPlans. This is the
result we want. The Ruletest shows that there are no F1ightPlans in violation of our rule.

Figure 49: Ruletest Results Using Scope — Note no Violations

[-_i; airCargo,ecore | E FlightPlanscope.ers FM

untitled_t |

JRIG/FlightPlanscope.ers

Inpuk

Oukpuk
== FlightPlan [1] =& FlightPlan [1]

/=] Fightumber [101] /=] Flighthumber [101]
El-4— aircraft (Aircraft) [1] (-0 aircraft {Aircraft) [1]
= sircraftType [747]

= aircraftType [747]
-] maxCargoweight [200000] - maxCargovweight [200000,000000]
/] Eailumber [M101]

¢ = tailomber [W101]
[=-¢— cargo (Carga) [1] [=-¢— cargo (Carga) [1]

&= marifestMumber [5254] &= marifestMumber [5254]

‘ol weight [1O00D0D] i =] wugight [100000.000000]
=& FlightPlan [2]

=& FlightPlan [2]

-] FlightMumber [102] -] FlightMumber [102]

o= aircraft (Aircraft) [2] E— aircraft {Aircraft) [2]
e sircraftType [747] = aireraftType [747]

- maxCargoweight [200000] ] maxCargoweight [200000,000000]
-] kaillumber [M102] == ailumber [N10Z2]

E<>— carga {Carga) [2] 50— carga (Cargo) (2]

8| manifestMumber [6258] -8 marifesthumber [6256]
------ =] weight [175000] o[ wyeight [175000,000000]
E-E] FlightPlan [3]

E-E] FlightPlan [3]
=] Fightumber [103] =] Flighthumber [103]
El-4— aircraft (Aircraft) [3] (-0 aircraft {Aircraft) [3]
B areraftType [DC-10]

- sircraftType [DC-10]
-] maxCargoweight [150000] - maxCargovweight [150000,000000]
] Lailumber [N103] - tilNumber [M103]
[=-¢— cargo (Carga) [3] [=-¢— cargo (Carga) [3]

&= marifestMumber [525C] &= marifestMumber [525C]

...... =] weight [150000] ;

------ =] wieight [ 150000.000000]
Rule Skatements | & Rule Messages &3

Sewerit | Message | Enikit: I
Info Zargo [6254] may be carried by Aircraft [M101] FlightPlan[1]

Info Cargo [6258] may be carried by Aircraft [N102] FlightPlan[2]

Info

Zargo [625C] may be carried by Aircraft [M103] FlightPlan[3]

One final point about scope: it is critical that the context you choose for your rule supports the intent of the
business decision you are modeling. At the very beginning of our example, we stated that the purpose of the
application is to check flightplans that have already been created. Therefore, the context of our rule was chosen

so that the rule's design was consistent with this goal — no aircraft-cargo combinations should be evaluated
unless they are already matched up via a common flightplan.

But what if our business purpose had been different? What if the problem we are trying to solve was modified
to: “Of all possible combinations of aircraft and cargo, determine which pairings must not be included in the
same FlightPlan.” The difference here is subtle but important. Before, we were identifying invalid combinations
of pre-existing FlightPlans. Now, we are trying to identify invalid combinations from all possible cargo-aircraft
pairings. This other rule might be the first step in a screening or filtering process designed to discard all the
invalid combinations. In this case, the original rule we built, root-level context, would be the appropriate way

to implement our intentions, because now we are looking at all possible combinations prior to creating new
FlightPlans.
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Aliases

To clean up and simplify rule expression, Corticon Studio allows you to declare aliases in a Rulesheet Using
an alias to express scope results in a less cluttered Rulesheet.

To define an alias, you need to open the Scope tab on the Rulesheet. Either click the toolbar button E to
open the advanced view, or choose the Rulesheet menu toggle Advanced View.

If rules have already been modeled in the Rulesheet, then the Scope window already contains those Vocabulary
terms used in the rules so far. If rules have not yet been modeled, then the Scope window is empty.

To define an alias, double-click to the term, and then type a unique name in the entry box, as shown:

Figure 50: Defining an Alias in the Scope window

Scope
== FlightPlan [ plan
E )— aircraft

=] e argoiWeight
= ailbumber

£ cargo

""" = marifesthumber

P e =l weight
-] Aircraft
=] Cargo

Once an alias is defined, any subsequent rule modeling in the Rulesheet automatically substitutes the alias
for the Vocabulary term it represents.

In Rulesheet with FlightPlan Alias Declared in the Scope Section, notice that the terms in the Condition rows
of the Rulesheet do not show the F1ightPlan term. That's because the alias plan substitutes for F1ightPlan.

The small “c” in cargo and “a@” in aircraft provide other clues that these terms exist within the context of
the FlightPlan term defined in the Scope window.

Figure 51: Rulesheet with F1lightPlan Alias Declared in the Scope Section

Q; airCargo.ecare M ‘i; FlightPlanScope. ert
Scope Conditions ] 1 z
=] FlightPlan [plan] 4| a plan.cargo.weight = plan, aircraft, maxCargoWWeight T F
E)— aircraft b
S| maxCargoveight c
=] tailumb '
=] tailiumber Actions 4 |
i . Paost Message(s) L] LA
i o ] i
; ; J manifestMumber j 5
Filkers E
1 =]
o 1| Creertides
=] Rule Stakemnents &3 l Rule Messages |
Ref  Post alias  Text
1 Violation plan | Cargo [{plan.cargo.manifesthumber}] is too heavy For Aircraft [{plan. aircraft. tailMumber} ]
z Infa plan  Cargo [{plan.cargo.manifestMumber}] may be carried by Aircraft [{plan. aircraft. tailMumber} ]
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Once an alias is defined, any new Vocabulary term dropped onto the Rulesheet is adjusted accordingly. For
example, dragging and dropping F1ightPlan.cargo.weight onto the Rulesheet displays as
plan.cargo.weight.

Aliases work in all sections of the Rulesheet, including the Rule Statement section. Modifying an alias name
defined in the Scope section causes the name to update everywhere it is used in the Rulesheet.

Note: Rules modeled without aliases do not update automatically if aliases are defined later. So if you intend
to use aliases, define them as you start your rule modeling - that way they apply automatically when you drag
and drop from the Vocabulary or Scope windows.

Scope and perspectives in the vocabulary tree

Because our Vocabulary is organized as a tree view in Corticon Studio, it may be helpful to extend the tree
analogy to better understand what aliases do. The tree view permits us to use the business terms from a
number of different perspectives, each perspective corresponding to one of the root-level terms and an optional
set of one or more branches.
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Table 1: Vocabulary Tree Views and Corresponding Branch Diagrams

Vocabulary Tree Description Branch Diagram
This portion of the Vocabulary tree
can be visualized as the branch
=] FlightPlan diagram shown to the right.
-5 Flighthumber Because this piece of the
=] FlightRange Vocabulary begins with the
=5 o %craft (dircraft) FlightPlan root, the branches
----- aircraftType i i i P
----- e Il i
----- = maxCargoweight . )
_____ ] taiumber associated cargo and aircraft
-~ carga (Carga) terms are branches from the trunk.
----- == marifestiumber Any rule expression that uses FlightPlan
""" =! patkagng FlightPlan,
----- = olume .
_____ = weight FlightPlan.cargo, Or . .
FlightPlan.aircraft IS using
scope from this perspective of the
Vocabulary tree.
2= Arcraft This portion of the Vocabulary tree
g sircraftType begins with Aircraft as the root,
- maxCargovalume with its associated f1ightPlan
=] maxCargoiweight branching from the root. A cargo, |
] tailtiumber in turn, branches from its associated cargo
EI---—E€ FlightPlan (FlightPlan) flightPlan. |
oo Flighthumber .
= flightRange Any rule expression that uses flightPlan
E—( cargo (Cargo) Aircraft, I
& manifesthumber Aircraft.flightPlan, or Aircraft
S Szrﬁzmg Aircraft.flightPlan.cargo
] wsight is using scope from this perspective
of the Vocabulary tree.
=-H Carga This portion of the Vocabulary tree
/=] manifesthumber begins with Cargo as the root, with
= packaging its associated f1ightPlan
_ = volume branching from the root. An | _
EE ;::ft';tlan (FightFlan) aircraft, in turn, branches from aircraft
E Flighthiumber its associated f1ightPlan. | .
=] FlightRange Any rule expression that uses flightPlan
B-3- aivcraft (fircraft) Cargo, Cargo.flightPlan, or I
i S aircraftType Cargo.flightPlan.aircraft Cargo
| maxCargoyolume X - i .
] maxCargaiweight is using scope from this perspective
] Eaiumber of the Vocabulary tree.

Scope can also be thought of as hierarchical, meaning that a rule written with scope of Aircraft applies to
all root-level Aircraft data. And other rules using some piece (or branch) of the tree beginning with root term
Aircraft,including Aircraft.flightPlanand Aircraft.flightPlan.cargo, also apply to this data
and its associated collections. Likewise, a rule written with scope of Cargo. flightPlan does not apply to
root-level F1ightPlan data.
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This provides an alternative explanation for the different behaviors between the Rulesheets in Expressing the
Rule Using Root-Level Vocabulary Terms and Rule Expressed Using FlightPlan as the Rule Scope. The rules
in Expressing the Rule Using Root-Level Vocabulary Terms are written using different root terms and therefore
different scopes, whereas the rules in Rule Expressed Using FlightPlan as the Rule Scope use the same
FlightPlan root and therefore share common scope.

Roles

Using roles in the Vocabulary can often help to clarify rule context. To illustrate this point, we will use a slightly
different example. The UML class diagram for a new (but related) sample Vocabulary is as shown:

Figure 52: UML Class Diagram without Roles

[Ei Class Diagram: Logical Yiew / Main - |I:I|£|

I N

Aircraft

&aircraftType © String
&maxCargoveight - Double
'%ma}{Cargu‘v’nlume : Double
EstailMumber - atring

Pearson
E&name : otring

&age : Integer
&department ; String

-

4 | ALyl

As shown in this class diagram, the entities Person and Aircraft are joined by an association. However,
can this single association sufficiently represent multiple relationships between these entities? For example,
a prior Fact Model might state that “a pilot flies an aircraft” and “a passenger rides in an aircraft” — both pilot
and passenger are descendants of the entity Person. Furthermore, we can see that, in practice, some instances
of Person may be pilots and some may be passengers. This is important because it suggests that some
business rules may use Person in its pilot context, and others may use it in its passenger context. How do we
represent this in the Vocabulary and rules we build in Corticon Studio?

Let's examine this problem in more detail. Assume we want to implement two new rules:

1. By FAA regulations, 747 aircraft must be flown by at least 2 pilots

2. ADC-10 may not carry more than 200 passengers
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We call these rules “cross-entity” because they include more than one entity (both Aircraft and Person)in
their expression. Unfortunately, with our Vocabulary as it is, we have no way to distinguish between pilots and
passengers, so there is no way to unambiguously implement these 2 rules. This class diagram, when imported
into Corticon Studio, looks like this:

Figure 53: Vocabulary without Roles

¥ cicagoncroes < [N

H ] airCargonoRoles

-5 sircraft

Eob = ircraftType

= maxCargovolume
= maxCargowveight
----- =] tailumber
[ 3¢ person (Persan)
=& Person

However, there are several ways to modify this Vocabulary to allow us to implement these rules. We will discuss
these methods and examine the advantages and disadvantages of each.

Use Inheritance

Use two separate entities for Pilot and Passenger instead of a single Person entity. This may often be the
best way to distinguish between pilots and passengers, especially if the two types of Person reside in different
databases or different database tables (an aspect of deployment that rule modelers may not be aware of).
Also, if the two types of Person have some shared and some different attributes (Pi1ot may have attributes
like 1icenseRenewalDate and typeRating while Passenger may have attributes like farepPaid and
seatSelection) then it may make sense to set up entities as descendants of a common ancestor entity
(such as Employee).

Add an Attribute to Person

If the two types of person differ only in their type, then we may decide to simply add a personType (or similar)
attribute to the entity. In some cases, personType will have the value of pilot, and sometimes it will have
the value of passenger. The advantage of this method is that it is flexible: in the future, persons of type
manager Or bag handler or air marshal can easily be added. Also, this construction may be most
consistent with the actual structure of the employee database or database table and maintains a normalized
model. The disadvantage comes when the rule modeler needs to refer to a specific type of Person in a rule.
While this can be accomplished using any of the filtering methods discussed in Rule Writing Techniques, they
are sometimes less convenient and clear than the final method, discussed next.
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Use Roles

A role is a noun that labels one end of an association between two entities. For example, in our
Person-Aircraft Vocabulary, the Person may have more than one role, or more than one kind of relationship,
with Aircraft. Aninstance of Person may be apilot orapassenger; each is a different role. To illustrate
this in our UML class diagram, we add labels to the associations as follows:

Figure 54: UML Class Diagram with Roles

5 Aircraft
5 SIETI) tpilot_—_ [@aircrafiType : String
. e I
name : String & maxCargoVWeight : Double

&age : Integer &
. maxCargotolume : Double
; ] : R
& departrment © String &tailNumber String

+passenger

When the class diagram is imported into Corticon Studio, it appears as the Vocabulary below:

Figure 55: Vocabulary with Roles

| ¥ cicagaraie.ccore x|

IERESE ~irCargoRole
EE Aircraft
. =] aircraftType

""" = maxCargovolume
----- = maxCargoweight
""" = tailvumber

----- -( passender (Person)
oo —£ pilat (Person)
=& Person

----- 3~ aircraftl (Aircraft)
----- 3~ aircraftz (Aircraft)

Notice the differences between Vocabulary with Roles and Vocabulary without Roles — in Vocabulary with
Roles, Aircraft contains 2 associations, one labeled passenger and the other pilot, even though both
associations relate to the same Person entity. Also notice that we have updated the cardinalities of both
Aircraft—Person associations to “one-to-many”.
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Written using roles, the first rule appears below. There are a few aspects of the implementation to note:

* Use of aliases for Aircraft and Aircraft.pilot (plane and pilotOfPlane, respectively). Aliases
are just as useful for clarifying rule expressions as they are for shortening them.

* The rule Conditions evaluate data within the context of the plane and pilotOfPlane aliases, while the
Action posts a message to the plane alias. This enables us to act on the aircraft entity based upon the
attributes of its associated pilots. Note that Condition row b uses a special operator (->s1 ze) that “counts”
the number of pilots associated with a plane. This is called a collection operator and is explained in more
detail in the following chapters.

Figure 56: Rule #1 Implemented using Roles

r& airCargoRole. ecore M\

Scope Conditions 1] 1 z 3
= E aircraft [plane] a plane.aircraftType kLT kLT 4T
L gircraftType b pilatCfPlane - = size {o0,1} 2 =2
=€ pilat [pilobOFPlane] c
A
Filters Actions 4
3 Post Message(s) = = =
a

BoQd Mo
n

LI Overrides

=] Rule Stakemnents &3 Rule Messages |

Ref ID Post alias Texk
1 Winlation plane Exactly 2 pilats are required ko Fly a 747 - Fewer than 2 violakes FAA regulations
z Info plane Exactly 2 pilats are required ko fly a 747 - 2 are assigned ko this Flight
3 W arning plane Exactly 2 pilats are required ko Flv a 747 - mare than 2 is unnecessary buk not unsafe

To demonstrate how Corticon Studio differentiates between entities based on rule scope, we will construct a
new Ruletest that includes a single instance of Ai rcraft and 2 Person entities, neither of which has the role
of pilot.

Figure 57: Ruletest with no Person entities in Pilot role

r& airCargoRole. ecore | E airCargoRole.ers 'm\
untitled_1 |
[RMG 5.0/airCargoRole.ers
Inpuk
== aircraft [1] == ircraft [1]
----- =l aircraftType [747] == aircraftType [747]
""" = maxCargotolume ] maxCargovolume
----- == maxCargoWeight - maxCargoweight
""" == tailrumber ] tailumber
E-E=] Person 1] =& Person [1]
""" = age [25] - age [25]
----- == department [Flight Crew] /== department [Flight Crew]
""" = name [Jog Smith] 4 name [Joe Smith]
E-E=] Person [2] =& Person [2]
""" = age [32] - age [32]
----- == department [Flight Crew] /== department [Flight Crew]
""" = name [Bob Roberts] - name [Bob Roberts]
RuleStaﬂﬁ_i Fule Messages &3
Sewerit | Message | Enkit: |
Violation Exactly 2 pilots are required to Flv & 747 - Fewer than 2 violates FAA requlations Aircraftf1]

Despite the fact that there are two Person entities, both of whom are members of the F1ight Crew department,
the system recognizes that neither of them have the role of pilot (in relation to the Aircraft entity), and
therefore generates the violation message shown.
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If we create a new Input Ruletest, this time with both persons in the role of pilot, we see a different result, as
shown:

Figure 58: Ruletest with both Person entities in role of Pilot

E& airCargoRole, ecore | E airCargoRole.ers W
| untitled_t |
JRIMG 5. 0fairCargoRole.ers
Input
B = aircraft[1] = & aireraft [1]
""" = sircraftType [747] - SircraftType [747]
----- == maxCargovolume - maxCargovolume
""" = maxCargoieight - maxCargoweight
----- = tailumber -] kaillumber
[=]¢— pilot (Person) [1] [=w— pilok (Person) [1]
- age [52] - age [52]
= department [Flight Crew] == department [Flight Crew]
8| name [Joe Smith] “-m name [Joe Smith]
[=]¢— pilot (Person) [2] [=w— pilok (Person) [2]
L age [22] - age [22]
= department [Flight Crew] ; == department [Flight Crew]
| name [Sam Roberts] “-| name [Sam Roberts]
Rule Skatements | & Rule Messages 53
SEVE... | Message | Enkit |
Info Exactly 2 pilots are required to fly a 747 - 2 are assigned to this Flight  Aircraft[1]

Finally, the rules are tested with one pilot and one passenger:

Figure 59: Ruletest with one Person entity in each of Pilot and Passenger roles

E& airCargoRole, ecore | E airCargoRole.ers W

----- == maxCargovolume

""" = maxCargoieight

----- = tailumber

El-¢— passenger (Person; [2]

; = department [Maintenance]
| name [Sally Jones]

= department [Flight Crew]

------ == name [Joe Smith]

| untitled_1 |
JRIMG 5. 0fairCargoRole.ers
Input
B = aircraft[1] = & aireraft [1]
""" = sircraftType [747] - SircraftType [747]

----- = maxCargovolume

""" = maxCargowveight

----- =] tailumber

[=w— passenger (Person) [2]

- age [32]

= department [Maintenance]

...... == name [Sally Jones]

[=w— pilok (Person) [1]
= age [52]
== department [Flight Crew]

------ == name [Joe Smith]

Rule Skatements | & Rule Messages 53

SEVE... | Message

| Entit

Wiolation  Exactly 2 pilots are reqguired to Fly a 747 - Fewer than 2 violates FAA regulations  Aircraftf1]

We see that despite the presence of two Person elements in the collection of test data, only one satisfies the
rules' scope — pilot associated with aircraft. As a result, the rules determine that one pilot is insufficient
to fly a 747, and the violation message is displayed.

These same concepts apply to the DC-10/Passenger business rule, which will not be implemented here.
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Technical aside

Understanding Rule Associations and Scope as Relationships Between Tables in a
Relational Database

Although it is not necessary for the rule modeler or developer to understand database theory, a business or
systems analyst who is familiar with it may have already recognized that the preceding discussion of rule scope
and context is an abstraction of basic relational concepts. Actual relational tables that contain the data for our
Cargo example might look like the following:

Figure 60: Tables in a Relational Database

Aircraft Cargo
tailNumber* |(aircraftType (maxCargoWeight manifeatHumber* (volume| weight
N1001 747 200,000 6254 300 100,000
N1002 747 200,000 6258 300 175,000
N1003 DC-10 150,000 6250 300 150,000
FlightPlan

flightNumber*| tailMumber |[(manifestNumber

101 N1001 6254
102 N1002 6258
103 N1003 6250

Each one of these tables has a column that serves as a unique identifier for each row (or record). In the case
of the Aircraft table, the tailNumber is the unique identifier for each Aircraft record — this means that no
two Aircraft can have the same tailNumber.ManifestNumber is the unique identifier for each cargo record.
These unique identifiers are known as “primary keys”. Given the primary key, a particular record can always
be found and retrieved. A common notation uses an asterisk character (*) to indicate those table columns that
serve as primary keys. If a Vocabulary has been connected to an external database using Enterprise Data
Connector features, then you may notice asterisks next to attributes, indicating their designation as primary
keys. See the Data Integration Guide, Direct Database Access chapter for complete details.

Notice that the F1ightPlan table contains columns that did not appear in our Vocabulary. Specifically,
tailNumber and manifestNumber exist in the Aircraft and Cargo entities, respectively, but we did not include
them in the F1ightPlan Vocabulary entity. Does this mean that our original Vocabulary was wrong or
incomplete? No - the extra columns in the F1ightPlan table are really duplicate columns from the other two
tables — tailNumber came from the Aircraft table and manifestNumber came from the Cargo table.
These extra columns in the F1ightPlan table are called foreign keys because they are the primary keys from
other tables. They are the mechanism for creating relations in a relational database.

For example, we can see from the F1ightPlan table that f1ightNumber 101 (the first row or record in the
table) includes Aircraft of tailNumber N1001 and Cargo of manifestNumber 625A. The foreign keys
in FlightPlan serve to link or connect a specific Aircraft with a specific Cargo. If the database is queried
(using a query language like SQL, for example), a user could determine the weight of Cargo planned for
Aircraft N1001 — by “traversing” the relationships from the Aircraft table to the F1ightPlan table, we
discover that Aircraft N1001 is scheduled to carry Cargo 625A. By traversing the F1ightPlan table to
the Cargo table, we discover that Cargo 625A weighs 100,000 kilograms. Matching the foreign key in the
FlightPlan table with the primary key in the Cargo table makes this traversal possible.

64 Progress Corticon : Rule Modeling Guide: Version 5.7.2



Test yourself questions: Rule scope and context

The Corticon Vocabulary captures this essential feature of relational databases, but abstracts it in a way that
is friendlier to non-programmers. Rather than deal with concepts like foreign keys in our Vocabulary, we talk
about “associations” between entities. Traversing an association in the Vocabulary is exactly equivalent to
traversing a relationship between database tables. When we use a term like Aircraft.tailNumber in a
rule, Studio creates a collection of tailNumbers from all records in the Aircraft table. This collection of
data is then “fed” to the rule for evaluation. If however, the rule uses FlightPlan.aircraft.tailNumber,
then Studio will create a collection of only those tailNumbers from the Aircraft table that have
FlightPlans related to them — it identifies these aircr