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INTRODUCTION

OpenRules® Decision Manager allows business analysts to develop, test, deploy, and
continue to maintain operational business decision models. Using only familiar tools
(MS Excel® or Google Sheets® and a file manager like Windows File Explorer), business
analysts can:
¢ Create business decision models in Excel files using decision tables and
other standard decisioning constructs to represent sophisticated business
decision logic
e Test/Debug/Execute decision models and Analyze the produced results

e Deploy decision models as decision microservices on-cloud or on-premise.

This guide explains how you, as a business analyst, can do it yourself before involving

software developers for the integration of your tested decision models with IT systems.

INSTALLATION

We will assume that you've already installed Java Development Kit, version 1.8 (or

higher) and MS Excel (or Google Sheets). After you download OpenRules® Decision
Manager, you will have one zip-file “OpenRulesDecisionManager_8.x.y.zip”. Unzip this
file to your hard drive, and you will see the folder “OpenRulesDecisionManager”’. We
call this folder a workspace as it contains everything you need to work with OpenRules

Decision Manager.

To complete the installation, open the sub-folder “openrules.config” and double-click
on “install.bat” (or run “install” if you use Unix or Mac). Make sure that you have an
internet connection during this installation process and you haven’t received any “red”
messages during the installation. The execution protocol (a black screen) will show
many installation commands and should end up with “BUILD SUCCESS” like on the

following screen:
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cobl .m2
- pom

Total time:
] Finished at: 2¢

After you complete the installation by running “openrules.config/install.bat” you would
not need to look at this workspace anymore until you install a new release. The
workspace “OpenRulesDecisionManager” contains several examples of decision projects
in separate folders such as “VacationDays” - you may explore them with the standard

File Manager or any IDE such as Eclipse.

SAMPLE DECISION MODELS

You may freely download various samples of OpenRules projects from

https://openrulesdecisionmanager.com/download/install-samples/. For example, for the

release 8.2.0 you will download and extract two workspaces:

e OpenRulesSamples — a workspace with simple and complex decision models

e OpenRulesOptimization — a workspace with decision optimization models.
You may place these folders anywhere on your hard-drive. Analyzing and executing
these projects you will learn how they are organized, how to build, test, and deploy

them, and finally how to develop your own operational decision models.

The folder “OpenRulesSamples” includes many folders with various decision models,

such as “Hello“, “VacationDays", “UpSellRules”, and others, which are ready to be

built, tested, and deployed. Let’s look inside a typical decision model such as

“VacationDays”.

While it contains many sub-folders and files, you will be interested only in the sub-folder
“rules” that we usually call “Rules Repository”. It contains the following Excel files:
e DecisionModel.xls with the Environment table that refers to all Excel files that
compose this decision model;

e Glossary.xls with the table Glossary that describes all decision variables used
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by this decision model;
e Rules.xls with decision tables that implement business logic;
e Test.xls with tables that describe test cases.
If you double-click on the file “VacationDays/test.bat’ it will build and execute this

decision model. Let’s look at how this decision model is organized.

CREATING YOUR OWN DECISION MODEL

To create your own decision model, you may simply copy any existing sample-project
such as “Hello” into a new folder, say “MyProject”’, and make the following change in the

file “pom.xml” (see line 7):

<artifactId>Hello</artifactId>

replace to

<artifactId>MyProject</artifactId>

Also, make sure that you are using the latest release of OpenRules by setting

<openrules.version>8.2.0</openrules.version>

You may place your project anywhere on your hard-drive. Then you may double-click on
“test.bat” to make sure it works, and then start making changes in your xls-files and

“project.properties”.

INTRODUCTORY DECISION MODEL ”VACATION DAYS”

This decision model specifies decision logic for assigning vacation days to an employee

based on his/her age and years of service. Here are the business rules:
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o FKvery employee receives at least 22 vacation days. Additional days are provided
depending on age and years of service:

e Only employees younger than 18 or at least 60 years, or employees with at least 30
years of service will receive an extra 5 days,

e  Employees with at least 30 years of service and also employees of age 60 or more
receive an extra 3 days, on top of possible additional days already given,

e If an employee has at least 15 but less than 30 years of service, an extra 2
days are given. These 2 days are also provided for employees of age 45 or more.

These extra 2 days cannot be combined with an extra 5 days.

Business Logic

The ultimate goal of this decision model is to determine the value of the decision
variable “Vacation Days” that we will refer to as our main goal. If you open the file
“VacationDays/rules/Rules.xls” in Excel, you will see that the business logic for this

goal has been presented in the following decision table “CalculateVacationDays”:

DecisionTableMultiHit CalculateVacationDays

Eligible for | Eligible for | Eligible for

Extra 5 Days | Extra 3 Days | Extra 2 Days Vacation Days

= 22

TRUE += 5
TRUE += 3

FALSE TRUE += 2

This is the first example of a decision table presented in Excel using the standard
OpenRules format. The first row (with a black background and white foreground) is
called a signature row. Every OpenRules decision table in the left top corner contains a
keyword such as DecisionTable, Glossary, DecisionTest, etc. This table starts with the
keyword “DecisionTableMultiHit”. It tells us that this is a so-called “multi-hit

decision table” that executes all satisfied rules defined below the signature row.

The second word in the signature row “CalculateVacationDays” specifies the name of the
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decision table that should be unique, start with a letter, and not include whitespaces.

The second row specifies different conditions and actions (conclusions). This table
contains 3 conditions (specified by the keyword “If’) and one conclusion (the keyword
“Conclusion”). The third row contains the names of decision variables used by
conditions and actions. The variable name can use spaces and should clearly explain the

business meaning of these variables.

The very first rule in the 4th row assigns 22 days to the variable “Vacation Days”
(unconditionally). Empty cells indicate that the proper condition is not applicable and

I

you can use hyphen “-“ instead of leaving the cells empty. The rules in rows 5, 6, and 7
may add (or not) extra 5, 3, or 2 days when an employee is eligible for them. Looking at
the last rule, you will see how this decision table takes care of the rule “An extra 2 days
cannot be combined with an extra 5 days.” Hopefully, this decision table is intuitive

enough to represent our top-level decision logic.

Note that all columns in the first (signature) row be merged to indicate the end of the
table. Usually, all decision tables should be surrounded by empty cells, especially there
should be an empty row at the end of any decision table.

Now let’s look at how the eligibility logic for extra days is defined. The same Excel
workbook “VacationDays/rules/Rules.xls” contains another decision table (in the
second worksheet) that specifies decision logic for the decision variable (sub-goal)

“Eligible for Extra 5 Days”:

DecisionTable SetEligibleForExtrasDays

Years of Eligible for
Service Extra 5 Days

Age in Years

<18 TRUE
>= 60 TRUE
>= 30 TRUE

FALSE

This is a regular, single-hit decision table specified by the keyword “DecisionTable”.
It executes rules in the top-down order and stops when one rule is satisfied. You may
use the keyword “DecisionTableSingleHit” as well. As you may guess, the first rule

sets “Eligible for Extra 5 Days” to TRUE when Employee’s “Age in Years” (another
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decision variable) is less than 18. If not, the second rule will do the same for employees
age 60 or older. The third rule sets “Eligible for Extra 5 Days” to TRUE when
Employee’s “Years of Service” (another decision variable) is more or equal to 30. If all
first 3 rules fail, then the last rule (so-called “default” rule) will set “Eligible for Extra 5
Days” to FALSE.

Similarly, the following decision table specifies decision logic for the sub-goal “Eligible

DecisionTable SetEligibleForExtra3Days

Years of Eligible for
Service [ Extra 3 Days

== 30 TRUE
>= 60 TRUE
FALSE

for Extra 3 Days”:

Age in Years

And finally, the following decision table specifies decision logic for the sub-goal “Eligible
for Extra 2 Days”:

DecisionTable SetEligibleForExtra2Days

Years of Eligible for
Service [ Extra 2 Days

[15..30) TRUE

>=45 TRUE
FALSE

Age in Years

This completes the representation of the business logic for this decision model.

Glossary

Every decision model requires that all used decision variables (goals and input variables
used in the above tables) are described in the special table called “Glossary”. Here is an

example of a glossary described in the file “VacationDays/rules/Glossary.xls”:
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Glossary glossary

Variable Name Business Concept Attribute Type
MName name String
Vacation Days vacationDays int
Eligible for Extra & Days eligibleForExtratDays | boolean
Eligible for Extra 3 Days Employee eligibleForExtra3Days | boolean
Eligible for Extra 2 Days eligibleForExtra2Days | boolean
Age in Years age int
Years of Senvice senice int

The first column “Variable Name” contains the names of decision variables exactly how
they were used inside the decision tables.

The second column “Business Concept” contains the name of a business concept to
which these variables belong. There could be several business concepts, but this model
contains only one concept “Employee”. The name of the business concept should be
unique, start with a letter, and not include whitespaces. Note that merging cells inside
the second column “Employee” indicates that all variables on the left belong to this
concept.

The third column “Attribute” provides technical names for all decision variables — they
will be used for the IT integration. These names should start with a small letter and not
include whitespaces.

The fourth column “Type” describes the expected type of each decision variable such as
“String” for text variables, “int” for integer variables, “double” or “float” for real
variables, “Boolean” for logical variables, “String[]” for an array of text variables, etc.
Actually, the types are the valid Java types but as a business analyst, you don’t have to
even know this fact and just memorize the most frequently used keywords such as
String, int, double, Boolean, Date.

Please note that in the classic version of OpenRules instead of the column “Type” you

needed to define a special table “Datatype” such as below:

Datatype Employee

String id

int vacationDays
boolean eligibleForExtraiDays
boolean eligibleForExtrailays
boolean eligibleForExtra?Days
int age

int senice

You still may use this table in the Decision Manager.
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A glossary may contain optional columns such as:

e “Description” with a plain English explanation of the term

e “UsedAs” with possible values Input, Output, InOut, Temp, Const

e “Domain” lists possible values of the variable, e.g. 1-120 for Age, Single, Married

for Gender.

These columns could be very helpful to understand the decision model.
You may notice that some decision variables (goals and sub-goals) are hyperlinked to
point to the decision tables (worksheets) that specify these goals. A click on the variable
inside the glossary will immediately open the xls-file and the table that specifies this
variable. It’s easy to do using Excel Hyperlinks and is very convenient for the future

maintenance of your decision models when you want to find out “what is defined where”.

Environment

There is one more important file “VacationDays/rules/DecisionModel.xls” that

describes the structure of the decision mode in the table “Environment”:

Glossary.xls

include
Rules._xls

This table states that our decision model includes files “Glossary.xls” and “Rules.xls”.
Your model can use multiple xls- and xIsx-files located in different folders, and you can
define them all in the Environment table relative to the file “DecisionModel.xls”. If your
entire decision model is described in one Excel file, you don’t need to define the
Environment table at all.

Note. The classic version of OpenRules used to include a reference to the standard

OpenRules templates to the table “Environment”, e.g.:

Glossary.xls

include  |Ryles xis

[ _Jopenrules.config/DecisionTemplates xls

Such a reference is not needed anymore for OpenRules Decision Manager.
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Test Cases

The file “VacationDays/rules/Test.xls” describes test cases for this decision model. The

table
# ActionDefine ActionDefine ActionExpect

TestlD | Age in Years |Years of Service | Vacation Days
Test A 17 1 27

Test B 25 ] 22

Test C 45 30 30
TestD 49 29 24
TestE a7 32 30
TestF 54 42 30

describes 6 test-cases. The first column “#” defines the name of the test. The second and
third columns “ActionDefine” defines the Employee's attributes you want to test. The
column “ActionExpect” specifies the expected values of the decision variable “Vacation

Days”.

Building and Testing Decision Model
OpenRules provides a decision engine capable to build, test, and deploy business
decision models on-premise or on-cloud. There are several bat-files in every project
folder such as “VacationDays” that help a business user to execute OpenRules decision
engine to build/test decision models.
File “project.properties”
The file “VacationDays/project.properties” specifies various properties of our project

used to build, test, deploy this decision model. Here they are:

model.name="DecisicnModelVacationDays"
goal.name="Vacaticon Days"
model.file="rules/DecisionModel.x1s"
test.file="rules/Test.xls"
package.name=vacation.days

report=0n

trace=0n

The property “model.name” specifies the name of the decision model as it will be known
to the external world. This name should start with a letter and not contain whitespaces.
The property “goal.name” specifies the name of the main goal from the glossary that

your decision model should determine. If the goal’s name contains spaces it should be
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surrounded by quotation marks.

The property “model.file” specifies the name of the main file that defines the structure
of the decision model.

The property “test.file” specifies the name of the xIs-file that defines test cases.

If you use Mac, surround file names by quotation marks.

The property “package.name” specifies the name of the internal Java package in which
OpenRules will put generated Java files. It could be any name similar to
“com.company.problem” but it should start with a letter and contain no whitespaces.
Note that in the classic OpenRules similar properties were defined in the file

“settings.bat”.

Several more optional properties help you to test the decision model and to better

understand the execution results:

o trace=0n/Off — to show/hide all executed rules in the execution protocol;

o report=0n/Off — to generate or not the HTML-reports that show all executed rules
(and only them) with explanations why they were executed;

e debug=0n/Off — to turn on/off the debug mode.

File “test.bat”

The file “VacationDays/test.bat’ is used to build and test your decision model (on Mac
and Linux instead of “test.bat” you use the file “test”). This file is the same for all
standard decision models and you don’t even have to look inside this file. When you
double-click on this file, it will do the following:
1) If the model hasn’t been built yet or some files where changed, it will execute these
steps:
a. Analyze all files included in your decision model and check the model for
possible errors;
b. If there are errors, it will show the errors pointing to the reasons and the
proper place in xls-files;
c. If there are no errors, it will generate Java classes (in the folder “target”)
needed internally to execute this decision model;

d. The generated Java classes will be compiled preparing the decision model for
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execution.
2) After a successful build, the decision model will be executed against test cases

described in the “Test.xls”.

You will also find the file “VacationDays/build.bat” that can be used to build the

decision model as well, but it will execute the model only after rebuild.

Testing Results
During the execution, you will see the execution protocol similar to the shown on the
next page. This execution protocol was produced with “trace=On” and it shows all

executed rules with references to their locations in Excel, e.g.

IF

Variab

Elig

It also shows all decision variables involved in the executed rules with their values
before and after rule execution. The attributes that were changed are highlighted in

blue.

If OpenRules finds a mismatch (highlighted in red) between the expected and actually

produced results it will show the problem in the following way:

Calculate
IF

Variab

Eligible for Extra 3 Days:

Then you should decide if you made mistakes in your rules or the expected results.
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Execute goal 'Vacation Day
SetEligibleForExtraSDay
IF "Age in Years'
THEN 'Eligible for Extra 5 Days
Variables:
Age in Years: 64

SetEligibleForExtra
IF "Years of Ser »
THEN 'Eligible for Extra
Variables:

IF "Age in Years -
THEN ‘Eligible for Extra 2 Day
Variables:

Age in Years: 64

CalculateVacationDay
THEN 'Vacation Day
Variables:

CalculateVacationDays #32
IF '"Eligi For Ex
THEN "Vacation Days' +
Variables:
Eligible for Extra 5 Days: true

CalculateVacationDays #3 (B
IF 'Eligible for Extra
THEN ‘Vacation Days' += 3
Variables:

Eligible for Extra

Total time:
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Explanation Reports

After the execution, you also may look at the generated HTML report that explains
which rules were executed and why (assuming the property report=On). The report is
generated in a user-friendly HTML format and can be seen with any browser. It
contains all rules that were actually executed and the values of all decision variables
participated in these rules at the moment they were executed. Here is the report created

by OpenRules in the file “report/Test F.htm]”:

Decision Table : Rule# Executed Rule Vanables and Values

SetEligibleForExtrasDays:2

IF Age in Years == 60 THEN Eligible
for Extra 5 Days Is true

Age in Years=64
Eligible for Extra 5 Days=true

IF Years of Service == 30 THEN

Eligible for Extra 3 Davs=true

for Extra 2 Days Is true

(B3:D3) Eligible for Extra 3 Davs Is true Years of Service=42
SetEligibleForExtra? Days:2 IF Age in Years == 45 THEN Eligible Age in Years=64

Eligible for Extra 2 Days=true

Vacation Days =22

Vacation Days=22

B5-F5

CalculateVacationDays:2 IF Eligible for Extra 3 Days Is true Eligible for Extra 5 Days=true
(B6:E6) THEN Vacation Days += 5 Vacation Days=27
CalculateVacationDays:3 IF Eligible for Extra 3 Days Is true Eligible for Extra 3 Days=true
(BTET) THEN Vacation Days +=3 Vacation Days=30

DECISION MODELING APPROACH

OpenRules provide all the necessary tools to support the modern decision modeling

methodology such as Goal-Oriented Decision Modeling. It allows business analysts to

develop and maintain operational business decision models and deploy them as decision

microservices. Subject matter experts without help from programmers can create

decision models using only familiar MS Excel (or Google Sheets) as an editor and

OpenRules Decision Manager as a building and execution environment.

What 1s Decision Model

From the OpenRules® perspective a decision model consists of:

- Decision variables that can take specific values from domains of values

- Decision rules (frequently expressed as decision tables) that specify relationships
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between decision variables.

The above introductory example shows a typical representation of a decision model as a

glossary surrounded by decision tables that specify decision logic for different goals and

sub-goals as in the following picture:

Decision Model Test Cases or Real Data
oo Decision Table
TRUE Goal- 1 Name 0:'0:.:: ‘;:"::
e A 17 1
B 25 5
o c 48 30
Decision Table | — -
F 64 42
Goal-2 .
f | # | ActionDefine | ActionDefine | ActionExpect |
L I 1 | | TestID | Age in Years |Years of Service | Vacation Days
| Test A 1 1 27
Decision Table | | Decision Table T i «
Goal-3 Goal-4 pe— 2 2
TestF [} 42 30
L 1 | TALeE | 1 [ FALSE T

Execution Results . —

—Explanations

Eligible for Extra 5 Days||false

Eligible for Extra 3 Days||false

Eligible for Extra 2 Days

g

rue

|Va-:ation Days ” 24

| SetEligibleForExtra2Days:2
(B DS)

for Extra 2 Days Is trae

Employee L |
SetEligibleForExtrasDays:2 IF Age in Years >= 60 THEN Eligible || Age i Years=64
Ave in Years ||49 (Bt D6 for Extra 5 Days Is true Eligible for Extra § Days=true
- SetEligibleForExtra3Days 1 IF Years of Service >= 30 THEN Eligible for Extra 3 Daysetrue
Years of Service 29 (B5D5) Eligible for Extra 3 Days Is true Years of Service=41
IF Age in Years == 45 THEN Eligable || Age i Years=64

Ehgible for Extra 2 Du_u-:mel

CaleulatsVacationDays: 1

(B5ES)
CalculateVacationDays:2
(BEFE)

Vacation Days = 22

IF Ehgible for Extra 3 Days Is true
THEX Vacaton Days += 3

Vacation Days=22 I

Eligible for Extra 3 Days=trus
Vacation Days=27

CaleulareVacatonDays: 3
{BTFT

IF Eligible for Exra 3 Days s true
THEX Vacaton Days += 3

Eligible for Extra 3 Days=true
Vacation Days=30

All decision variables should be described in the special table “Glossary”.

Some of these

decision variables are known (decision input) and some of them are unknown (decision

output) that may represent goals/sub-goals. By executing a decision model OpenRules

decision engine finds a decision that assigns values to unknown decision variables

following the business logic specified by decision rules.

OpenRules decision engine does the following:

Finds the execution path for the different goals

Executes the decision model showing the execution results
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e Explains why certain decisions were made producing the explanations in the

html-reports and saving them in Java objects.

Goal-Oriented Decision Modeling

OpenRules uses a goal-oriented approach to decision modeling described in this book. It
promotes a top-down approach that starts with the definition of the top-level Decision
Goal (not with rules or data). You put the top-level goal into a glossary and define its
business logic using a decision table that specifies its sub-goals using sub-goals and
other decision variables. You continue this process for all sub-goals until business logic

for all goals and sub-goals is defined.

For example, the introductory decision model has the top-level goal called “Vacation
Days” — the only decision variable added to the initial glossary. Its decision logic defines
in the decision table “CalculateVacationDays” that specifies 3 sub-goals: “Eligible for
Extra 5 Days”, “Eligible for Extra 3 Days”, “Eligible for Extra 2 Days”. We added these
sub-goals to the glossary and specified their own decision tables. These decision tables
identified two input variables “Age in Years” and “Years of Service“, which we also

added to the glossary. Then we added test cases and executed the decision model.

The real-world decision models can be much more complex, contain hundreds and

thousands of rules, but the methodological approach remains the same.

Execution Path

When OpenRules analyses this decision model, it automatically builds an execution path
as a sequence of goals (or decision tables that determine these goals):

1. SetEligibleForExtra5Days

2. SetEligibleForExtra3Days

3. SetEligibleForExtra2Days

4. CalculateVacationDays
Alternatively, you may define the execution path manually using the table of the type

“Decision”:
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Decision DetermineVacationDays

Decisions Execute Decision Tables
Eligible for Extra 5 Days SetEligibleForExtrasDays
Eligible for Extra 3 Days SetEligibleForExtraiDays
Eligible for Extra 2 Days SetEligibleForExtra2Days
CalculateVacationDays CalculateVacationDays

The table “Decision” by default has two columns “Decisions” and “Execute Decision
Tables”. The first column contains the display names of all sub-decisions — they simply
describe the goals/sub-goals. The second column contains the exact names of decision
tables that implement these sub-decisions. The decision table names cannot contain

spaces or special characters (except for “underscore”).

To run this “execution path” instead of the automatically defined one you need to modify
the property goal.name="DetermineVacationDays” in the file “project.properties. It will

produce the same results.

Some decision models may have a more complex structure. When you create them
manually, you can even use conditions inside decision tables. For example, consider a
situation when the first sub-decision validates your data and a second sub-decision
executes complex calculations but only if the preceding validation was successful. Here

1s an example of such a decision from the tax calculation decision model “1040EZ”:

Decision Apply1040EZ
Condition ActionPrint ActionExecute
1040EZ Eligible Decisions Execute
Validate ValidateTaxReturn
Is TRUE Calculate DetermineTaxReturn
Is FALSE Do Mot Calculate

Since this table “Decision Apply1040EZ” uses an optional column “Condition”, we must
add a second row with the keywords “Condition”, “ActionPrint”, and “ActionExecute”.
This table uses a decision variable “1040EZ Eligible” that is defined by the first
(unconditional) sub-decision “Validate”. We assume that the decision
“ValidateTaxReturn” should set this decision variable to TRUE or FALSE. Then the
second sub-decision “Calculate” will be executed only when “1040EZ Eligible” is TRUE.
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When it is FALSE, this decision, “Apply1040EZ”, will simply print “Do Not Calculate”.

Note. You may use many conditions of the type “Condition” defined on different decision
variables. Similarly, you may use an optional condition “ConditionAny” which instead of
decision variables can use any formulas defined on any known objects. It is also possible

to add custom actions using an optional action “ActionAny”.

The real-world decision models can be very complex and it might be impossible to
automatically discover an execution path, e.g. when the same goal is defined in more
than 1 decision table or when the same model has several independent goals that should
be determined during the same run. In these cases, the tables of the type “Decision”

become very important to express complex inter-goal relationships.

DECISION TABLES

OpenRules use the classical decision tables that were in the heart of OpenRules from its
introduction in 2003 and became the major decisioning construct of the DMN standard.
OpenRules utilizes MS Excel and/or Google Sheets as the most powerful and commonly

known table editors (but doesn’t rely on Excel’s formulas).

Decision Table Structure

OpenRules uses the keyword “DecisionTable” for the most frequently used single-hit

decision tables. For example, let’s consider a very simple decision table:

DecisionTable DefineSalutation

Condition Condition Conclusion

Gender Marital Status Salutation
Is Male Is Mr.
Is Female Is Married Is Mrs.
Is Female Is Single Is Ms.

Its first row contains the keyword “DecisionTable” and a unique table’s name such as
“DefineSalutation” (no spaces allowed). The second row uses the keywords “Condition”
and “Conclusion” to specify the types of decision table columns. The third row contains

the names of decision variables expressed in plain English (spaces are allowed). The
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columns of a decision table define conditions and conclusions using different operators
and operands appropriate to the decision variable specified in the column headings.
The rows below the decision variable names specify multiple rules. For instance, the
second rule can be read as:

“IF Gender is Female AND Marital Status is Married THEN Salutation is Mrs”.
This is an example of the horizontal decision table when rules are defined from top to
bottom. The same decision table may be presented in the vertical format when rules

are presented from left to right:

DecisionTable DefineSalutation

- Is Is Is
Condition Gender Male Female | Female
. . Is Is
Condition | Marital Status
Married | Single
Conclusion Salutation E E IS
Mr. Mrs. Ms.

If some cells in the rule conditions are empty, it is assumed that this condition is
satisfied. A decision table may have no conditions, but it always should contain at least
one conclusion/action.

The conditions in a decision table are always connected by the logical operator “AND”

and never by the operator “OR”. Each rule can be read as:

IF Condition-1 AND Condition-2 AND ...
THEN Conclusion-1 AND Conclusion-2 AND ...

When you need to use “OR”, you may add another rule that is an alternative to the
previous rule(s). However, some conditions may have a decision variable defined as an
array or a list of values. Within such array-conditions “ORs” can be expressed using

commas. Consider for example the following decision table from the standard project

“UpSelRules”:
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DecisionTable DefinelUpSellProducts

Condition Condition Caondition Conclusion Action
Customer Profile | Customer Products | Customer Products | Offered Products | Recommendation
Is Product 2 .

. Do Mot ' Additional
One |Bronze Silver [Include| Product 1 Include Product2 | Are Product 4, Products 2 4 5
of Product 5
Is Product 6, Product 6, .
One |Bronze, Silver [Include E,m?juft;' IDDINdm Product 7, |[Are Product 7, P ASdgnr;a;E
of rocu NEUZE | product 8 Product 8 roducis 5,7,
FProduct 4,
Is Product 6, Product 5, -
Cne | Bronze, Silver |Include im?ju':;g' anlNdUt Product 7, | Are Product 7, = ;‘dcgmir;a:ll,ag
of rocu NEUGE | product 8 Productg, | 'ooUCE S8,
Product 9
Product 9,
I3 Do Not | Lroduets, ﬁﬁﬁﬂﬂﬂg
One Gold Include| Product 1 Product 7, |[Are ' Gold Package
of Include Product 5 Froduct 4,
FProduct 5,
Product 10
Product 9,
Product 7,
Product 8 with
Is Product &
) Product 1, | Do Mot ' no annual fee, )
G[:r;fe Platinum  |Include Product? | Include F':"rm:juccttg. Are Product4, Platinum Package
rocu Product 5 with
no charge,
Product 10
Sorry, no products
Are Mane to offer

Here the decision variables “Customer Profile”, “Customer Product”’, and “Offered
Products” are arrays of strings. In this case, the second rule can be read as:
IF Customer Profile is one of Bronze or Silver
AND Customer Products include Product 1 and Product 3
AND Customer Products do not include Product 6, Product 7, and Product 8
THEN Offered Products ARE Product 6, Product 7, and Product 8
AND Recommendation is Additional Products 6,7,8.

Execution Logic

All rules are executed one-by-one in the order they are placed in the decision table. For
the vertical decision tables, all rules (rows) are executed in top-down order.

For horizontal decision tables, all rules (columns) are executed in left-to-right order.
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The execution logic of one rule is the following:

IF ALL conditions are satisfied THEN execute ALL actions.

If at least one condition is violated (evaluation of the code produces false), all other
conditions in the same rule are ignored and not evaluated. Actions are executed only if
all conditions in the same rule are satisfied. Conditions and actions with empty cells (or

hyphens) are ignored.

There is a simple rule that governs rules execution inside a decision table:

The preceding rules are evaluated and executed first!

However, a designer of decision tables may specify different execution logic by using one
of the 3 supported types of decision tables:

Single-hit rules tables

Multi-hit decision tables

Sequential decision tables.

Note. OpenRules also provide a constraint-based rule engine to execute decision models in the
inferential mode when an order of rules inside decision tables and between tables is not important.

Single-Hit Decision Tables

By default, the decision tables that start with the keyword “DecisionTable” are single-
hit, meaning they evaluate rules one-by-one and stop after the first “hit” when a rule
is satisfied. You also can use explicitly use the keyword “DecisionTableSingleHit”
instead of “DecisionTable”. All 3 tables in the introductory example that specify decision

logic for extra vacation days give examples of single-hit decision tables.

Note that for single-hit decision tables the default rule should be the very last as it will
be executed only when all preceding rules fail. It’s usually unconditional but you may
use conditions to specified different defaults. If your rules do not cover all possible
combinations of decision variables, it is a good practice to catch and report an

“Impossible” situation in the last rule.
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Multi-Hit Decision Tables

Multi-hit decision tables are identified by the keyword “DecisionTableMultiHit” and
they execute the following logic:

1. All rules inside the decision table are being evaluated
2. Those rules which conditions are satisfied will be marked as “to be executed”

3. Then all actions for “to be executed” rules will be executed in the top-down order.
There are two important observations about the behavior of multi-hit decision tables:

¢ Rule actions cannot affect the conditions of any other rules in the
decision table — there will be no re-evaluation of any conditions after actions
execution

e Rule overrides are permitted. The action of any executed rule may override

the action of any previously executed rule.

Let’s consider an example of driving eligibility logic: “A person of age 17 or older is
eligible to drive. However, in Florida 16-year-olds can also drive”. If we try to present

this rule using the default single-hit decision table, it may look as follows:

DecisionTable DefineDrivingElgibility

Condition Condition Conclusion
Driver's Age US State | Driving Eligibility
= 17 Is Eligible
= 16 Is Mot| FL Is | Mot Eligible
= 16 Is FL Is Eligible
< 16 Is | Mot Eligible

Using a multi-hit decision table, we may present the same logic as:

DecisionTableMultiHit DefineDrivingElgibility

Condition Condition Conclusion
Driver's Age US State | Driving Eligibility
Is Eligible
< 17 Is | Mot Eligible
= 16 s FL s Eligible
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In the second decision table, the first unconditional rule sets “Driving Eligibility” to
“Eligible” (default!). The second rule may reset it to “Not Eligible” for all people younger
than 17. But for 16-year-olds living in Florida, the third rule will again assign the value
“Eligible” to Driving Eligibility. Thus, the default values for a multi-hit table usually

defined in the very first rule.

Multi-hit decision tables allow you to specify a very natural requirement:

More specific rules should override more generic rules!

The only thing a designer needs to do is to place "more specific" rules after "more
generic" rules. For example, Florida’s driving eligibility rules can override the US rules

if we define them after the US rules.

It is very convenient to use multi-hit decision tables to accumulate some data. For
example, the following decision table accumulates “Application Risk Score” based on 3

different conditions:

DecisionTableMultiHit ApplicationRiskScore

If If If Conclusion

Age Marital Status |Employment Status Applitsticl:t;ri:g Risk

= 0

[18..21] += 32

[22..25] += 35

[26..35] += 40

[36..49] += 43

==h1) += 45

S += 25

M += 45

UNEMPLOYED += 15

STUDENT += 18

EMPLOYED += 45

SELF-EMPLOYED | += 36

The first rule will unconditionally assign value 0. All other rules may increment the
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score using the operator “+=" and the provided value (32, 35, 40, ...).
Sequential Decision Tables

There is one more type of decision table called “Sequential” and defined by the keyword
“DecisionTableSequence”. These tables are similar to multi-hit decision tables, but
they allow the actions of already executed rules to affect the conditions of rules specified
after them (more like in programming languages). “DecisionTableSequence” supports

the following rules execution logic:

1. Rules are evaluated in top-down order and if a rule condition is satisfied, then
the rule actions are immediately executed.
2. Rule overrides are permitted. The action of any executed rule may override the

action of any previously executed rule.
There are two important observations about the behavior of the sequential tables:

e Rule actions can affect the conditions of other rules
e There could be rule overrides when rules defined below already executed rules

could override already executed actions.

Consider the following example:

If Action
Taxablelncome Taxablelncome
AdjustedGrossincome - DependentAmount
=0 0

Here the decision variable “TaxableIncome” is present in both the condition and the
action. The first (unconditional) rule will calculate and set its value using the proper
formula. The second rule will check if the calculated value is less than 0. If it is true,
this rule will reset this decision variable to 0. Of course, in this simple case, the same

logic could be expressed with a single-hit table such as:
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DecisionTable CalculateTaxablelncome

Condition Action
AdjustedGrosslncome Taxablelncome

= DependentAmount | AdjustedGrossincome - DependentAmount

== | DependentAmount 0

P.S. If your decision table contains hundreds or thousands of rules, single-hit is much

more efficient than multi-hit.

Conditions

There are two the most used types of conditions specified by the keywords “Condition”

and “If” in the second row of a decision table, e.g.:

Condition If Condition If
Gender Gender Amount Amount
Is [ Male Male = | 1000 = 1000

“r . »

The columns of the type “Condition” have two sub-columns: one for an operator like “is
or “>” and another - for a value. The columns of the type “If” don’t have sub-columns and
keep an operator and a value together in the same cell. If there are no operators in front

of the value in the column “If” then the operator “Is” is assumed.

The condition cells can contain specific values like “1000” or “> 1000” but they also
contain names of other decision variables like in the above decision table

“CalculateTaxableIncome” where we compare if the decision variable

AdjustedGrossIncome is larger (>) or <= than DependentAmount.

Comparing Strings

The following operators can be used for conditions to compare strings:

To compare two strings are the same. Instead of “Is” you also can write
Is “=" or “==" (with an apostrophe in front of them to avoid confusion with

Excel’s own formulas)

To check if two strings are not the same. Synonyms: !=, isnot, Is Not

Equal To, Not, Not Equal., Not Equal To

Is Not
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Is Empty

To check if a string is empty

Contains

To compare if a decision variable contains certain values. For example,
“House” contains “use”. The comparison is not case-sensitive. Synonym:

Contain

To compare if a decision variable does not contain certain values. For

Does Not
example, “House” doesn’t contain “user”. The comparison is not case-
Contain
sensitive. Synonym: DoesNotContain
To compare if a decision variable starts with certain values. For
Stefrts example, “House” starts with “ho”. The comparison is not case-sensitive.
With Synonym: Start
To check if a decision variable matches standard regular expressions.
For example, you can use the expression “\d{3}-\d{3}-\d{4}” to check if
Match the content of the decision variable is a valid US phone number such as
732-993-3131. Synonyms: Matches, Is Like, Like
To check if a decision variable doesn’t match a regular expression. For
example, you can use the expression “[0-9]{5}” to check if the content of
MI:t(::h the decision variable consists of 5 digits like a valid US zip code. The

condition is satisfied if it is not true. Synonyms: NotMatch, Does Not

Match, Not Like, Is Not Like, Different, Different From

Comparing Numbers

The following operators can be used for conditions to compare numbers (integer, real, or

BigDecimal):

To compare two numbers are the same. Instead of “Is” you also can write

Is “=" or “==" (with an apostrophe in front of them to avoid confusion with
Excel’s own formulas)
s N To check if two numbers are not the same. Synonyms: !=, isnot, Is Not
s Not

Equal To, Not, Not Equal., Not Equal To
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To check a number represented by the decision variable is strictly larger
than the number in the column’ cell. Synonyms: Is More, More, Is More

Than, Is Greater, Greater, Is Greater Than

To check a number represented by the decision variable is larger than or
equal to the number in the column’ cell. Synonyms: Is More Or Equal. Is
More Or Equal To, Is More Than Or Equal To, Is Greater Or Equal To,
Is Greater Than Or Equal To

To check a number represented by the decision variable is smaller than
or equal to the number in the column’ cell. Synonyms: Is Less Or Equal,
Is Less Than Or Equal To, Is Less Than Or Equal To, Is Smaller Or
Equal To, Is Smaller Than Or Equal To, Is Smaller Than Or Equal To

To check a number represented by the decision variable is strictly
smaller than the number in the column’ cell. Synonyms: Is Less, Less, Is

Less Than, Is Smaller, Smaller, Is Smaller Than

Within

To check if a decision variable is within the provided interval. The
interval can be defined as: [0;9], (1;20], 5-10, between 5 and 10, more

than 5 and less or equals 10. Synonyms: Inside, Inside Interval, Interval

Outside

To check if a decision variable is outside of the provided interval. The
interval can be defined as: [0;9], (1;20], 5-10, between 5 and 10, more

than 5 and less or equals 10. Synonyms: Outside Interval

In columns of the type “IF” the operator “Within” is being assumed when an interval is

specified. For example,

If

Current Hour

[0..11)

checks if the variable “Current Hour” is within the interval [0..11) assuming that O is

included and 11 is not included.
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Using Natural Language Inside Decision Tables

OpenRules allows a rules designer to use “almost” natural language expressions to
represent intervals of numbers inside the columns of the type “IF”. You may define
FROM-TO intervals in practically unlimited English using such phrases as: "500-1000",
"between 500 and 1000", "Less than 16", "More or equals to 17", "17 and older", "< 50",
">=10,000", "70+", "from 9 to 17", "[12;14)", etc.

You also may use many other ways to represent an interval of integers by specifying

their two bounds or sometimes only one bound. Here are some examples of valid integer

intervals:

Cell Expression Comment

5 equals to 5

[5,10] contains 5,6, 7, 8,9, and 10

5;10 contains 5,6, 7, 8, 9, and 10

[5,10) contains 5, 6,7,8, and 9 (but not 10)
[5..10) The same as [5,10)

5-10 contains 5 and 10

5-10 contains 5 and 10

5- 10 contains 5 and 10

-5-20 contains -5 and 20

-5 --20 error: left bound is greater than the right one
-5--2 contains -5, -4, -3, -2

from 5 to 20 contains 5 and 20

less 5 does not contain 5

less than 5 does not contain 5

less or equals 5 contains 5

less or equal 5 contains 5

less or equals to 5 contains 5

smaller than 5

does not contain 5

more 10

does not contain 10

more than 10

does not contain 10

10+

more than 10
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>10 does not contain 10
>=10 contains 10
between 5 and 10 contains 5 and 10
no less than 10 contains 10

no more than 5 contains 5

equals to 5 equals to 5

greater or equal than 5

and less than 10 contains 5 but not 10

more than 5 less or equal
than 10

more than 5,111,111 and
less or equal than

does not contain 5 and contains 10

does not contain 5,111,111 and contains

10,222,222 10,222,222

[5'000;10'000'000) contains 5,000 but not 10,000,000
[5,000;10,000,000) contains 5,000 but not 10,000,000
(5:100,000,000] contains 5,000 and 10,000,000

You may represent integer intervals as you usually do in plain English. The only

limitation is the following: lower bound should always go before upper bound!

Along with integer intervals, you may similarly represent intervals of real numbers.

The bounds of double intervals could be integer or real numbers such as [2.7; 3.14).

Comparing Dates

OpenRules naturally supports date comparison with the operators =, !=, >, >=, <=, and <

like in the following example:

Condition Action
Date of Birth Is Child

< January 1, 2010 FALSE
>= January 1, 2010 TRUE

OpenRules assumes that Date variables are presented in the standard format specific
for a country (locale). For example, the standard US date formats are "MM/dd/yyyy" and
"EEE MMM dd HH:mm:ss zzz yyyy". Additionally, OpenRules always tries to recognize

the following formats:
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o MM/dd/yy HH:mm
e yyyy-MM-dd

To compare two Date variables, you may do it as in the following decision table:

Condition Message

Date 1 Message
< Date 2 Date 1 < Date 2
= Date 2 Date 1 >= Date 2

You may see more examples of how to use new Date operators by analyzing the sample

project "HelloWithDates" available in the downloaded workspace "OpenRulesSamples".

By default, OpenRules compares dates ignoring time. If you want to use time

components of the Date variables, instead of the operators such as "<" you should use

the operator "< time", as in the table below:

DecisionTable ComparePassengerFlights

Condition Condition Condition Action Action
Flight1 s Flight2 Is s : Flight 1 Flight 2
Suiishls | Siteble flote ¥ Anie) S | she
Is TRUE | Is | FALSE 1 0
Is | FALSE | Is | TRUE 0 1
Is | TRUE | Is| TRUE |[<time| Flight 2 Arrival 1 0
Is TRUE [ Is | TRUE |[=>time| Flight 2 Arrival 0 1
Is TRUE [ Is | TRUE [=time| Flight 2 Arrival 1 1

This table is a part of the decision model "FlightRebooking" also included in the

workspace "OpenRulesSamples".

Comparing Boolean Values

If a decision variable has type "boolean", e.g. “Employee is Veteran”, you can check if it’s

true by using the following conditions:

Condition If
Employee Is Veteran or Employee Is Veteran
s | TRUE TRUE

330



OpenRules, Inc. OpenRules® Getting Started

You can use the following boolean values:

- True, TRUE, Yes, YES
- False, FALSE, No, NO

You also may compare two Boolean decision variables as below:

Condition
Company 1 Eligibility
ls | Company 2 Eligibility

Other Condition Types
There several convenience condition types described in the examples below.

ConditionBetween

ConditionBetween
Amount
10 | 20

This condition of the type “ConditionBetween” check if the variable “Amount” is more

or equals to 10 and less or equals to 20.
ConditionVarOperValue

When your decision table contains too many columns it may become too large and
unmanageable. In practice, large decision tables have many empty cells because not all
decision variables participate in all rule conditions even if the proper columns are
reserved or all rules. For example, here is a decision table taken from a real-world

application that has more than 20 conditions (not all of them shown) with many empty

rule cells:

DecisionTable classifcationRules

Condition Condition Condition

C_OTH_EXPMS_AMT |A_ESTATE TAX_AMT Aftribute
= 398 = 10054 Oper Value Is High = 66

Is Low = 63
== 53 Is Low = 45

Is Low = 86

Is Low = 78

Is Other = 56

To make this decision table more compact, instead of the standard column’s structure

with two sub-columns
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Condition
Variable Mame

Oper | Value

we may use another column representation with 3 sub-columns:

ConditionVarOpervalue
Attribute
Variable Name | Oper | Value

This way the above table will be replaced may with a much more compact table that

may look as follows:

DecisionTable classifcationRules

ConditionVarOperValue ConditionVarOperValue .. | ConditionVarOperValue
Attribute Attribute .. Attribute

C_OTH_EXPNS_AMT| >= 398 |A ESTATE TAX A >=| 10054 Attribute | Oper| Value

E_PRTSCRP_TOT LQ <=| -6955 |AGI_TPI_RATIO |<=]0.95993 Is Low =[ B3

C_OTH_EXPNS_AMT| == 53 ORD _DIVIDENDS == | 6617 Is Low =[ 49

TAXABLE_INC_TPI_R] == | 0.810447|TENT_TAX_AMT |== | 301630 Is Low =[ 86

DIVIDENDS_AMD_INT| == | 12345 |EXTNSN_PYMNT | <= | 30000 Is Low =[ 78
Is Other | =] 56

P.S. Similarly, instead of a column of the type “Conclusion” you may use a column of the
type “ConclusionVarOperValue” with 3 sub-columns that represent a variable name, an

operator, and a value.

Conditions on Collections

In practice, business rules deal not only with separate decision variables but also with a
collection of decision variables such as arrays or lists. OpenRules provides necessary

constructs to use collections in conditions and conclusions.
Condition with Collection Operators

For example, this is a fragment of the decision table from the sample project

“UpSellRules™
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DecisionTable DefineUpSellProducts

Condition Condition Condition

Customer Profile | Customer Products | Customer Products

Is

Cne |Bronze, Silver |Include| Product 1 Do Mot Product 2
Include

of

Is Product &,

One [Bronze, Silver [Include E,m%"“:‘:ttg' anlNdﬂt Product 7,

of rodu NCUCE ! proguct 8

Here the variable “Customer Profile” is a regular variable of the type String, and the
first condition simply checks if the value of the variable “Customer Profile” is one of two
strings “Bronze” or “Silver”. However, the variable “Customer Products” is an array of
strings that identifies all products this customer already has. So, the second condition
checks if this array includes product “Product 1” (the first rule) or if it includes the
products “Product 1” and “Product 2” (the second rule). The third condition checks if this
array doesn’t include product “Product 2” (the first rule) or if it doesn’t include the

products “Product 6”, “Product 7”, and “Product 8” (the second rule).

The following operators can be used for conditions defined on collections:

For integer and real numbers, and for strings. Checks if a
value is among elements of the domain of values listed
Is One Of

through a comma. Synonyms: Is One, Is One of Many, Is
Among, Among

For integer and real numbers, and for strings. Checks if a
Is Not One Of | value is NOT among elements of the domain of values listed
through a comma. Synonyms: Is not among, Not among

To compare two arrays. Returns true when the first array
Include (decision variable) include all elements of the second array
(value within decision table cell). Synonyms: Include All

To compare two arrays. Returns true when the first array
(decision variable) does not include all elements of the
Exclude second array (value within decision table cell). This operator

is opposite to the operator “Include”’. Synonyms: Exclude One
Of, Do Not Include, Does Not Include, Include Not All
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To compare two arrays. Returns true when the first array
(decision variable) does not include any element of the

Exclude All second array (value within decision table cell). Synonyms: Do
Not Include All, Does Not Include All
Intersect To compare an array with an array. Synonyms: Intersect

With, Intersects

If the decision variables do not have an expected type for the specified operator, the

proper syntax error will be diagnosed.

Note that the operators Is One Of, Is Not One Of, Include, Exclude, and Does Not
Include work with arrays or lists of values separated by commas. Sometimes a comma
could be a part of the value and you may want to use a different separator. In this case,
you may simply add your separator character at the end of the operator. For example, if
you want to check that your variable “Address” is if one of “San Jose, CA” or “Fort
Lauderdale, FL”, the comma between City and State should not be confused with a
separator. In this case, you may use the operator “Is One Of #’ or “Is One Of
separated by #’ with an array of possible addresses described as “San Jose, CA#Fort

Lauderdale, FL”. Instead of the character # you may use any other character-separator.
ConditionMap

If the decision variable is a map (e.g. an instance of Java class HashMap) the following

condition

ConditionMap
My Map
keyl | values

2

will check if the map-variable “My Map” contains a pair (“key1”,’values5”).

Conclusions

Simple Conclusions/Actions
There are two most used types of conclusions specified by the keywords “Conclusion”

and “Action” or “Then”, e.g.:
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Conclusion Conclusion Action Then
Eligibility Amount Eligibility Amount
s | TRUE = 20 TRUE 20

The columns of the type “Conclusion” have two sub-columns: one for an operator like “Is”

“K_”

or and another - for a value. The columns of the type “Action” (or its synonym “Then)

K

don’t have sub-columns and assumes the operator “Is” or

The following operators can be used inside decision table conclusions:

Assigns one value to the conclusion decision variable.
Synonyms: =, ==
Is When you use “=” or “==" inside Excel, you have to put an
apostrophe in front of them to avoid confusion with Excel’s
formulas.
. Takes the conclusion decision variable, adds to it a value
Assign . ..
Pl from the rule cell and saves the result in the same decision
us .
variable. Synonym: +=
. Takes the conclusion decision variable, subtracts from it a
Assign .
. value from the rule cell and saves the result in the same
Minus . .
decision variable. Synonym: -=
; Takes the conclusion decision variable, multiplies it by a
Assign .
. value from the rule cell and saves the result in the same
Multiply .. .
decision variable. Synonym: *=
; Takes the conclusion decision variable, divides it by a value
Assign . ..
L. from the rule cell and saves the result in the same decision
Divide .
variable. Synonym: /=
The accumulation operators +=, -=, *=, and /= are usually used in scorecards such as

then decision table above.

You may assign string using simple conclusion columns like in these decision tables:
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DecisionTable DefineGreeting DecisionTable DefineHelloStatement

IF Then Conclusion
Hello Statement

Current Hour Greeting

[0..11) Good Morning o Is | Greeting +", " + Salutation + " " + Name + "I"
r

You may assign numbers (integer, real, BigDecimal) using simple conclusion columns

like in these decision tables:

DecisionTable DefinePhaseOfTheMoonRisk

Condition Conclusion

Phase of the Moon Phase of the Moon Risk
Is Mew Moaon Is 0.m
Is Half Moaon Is 0.25

DecisionTable CalculateCreatinineClearance
Action
Patient Creatinine Clearance

(140 - Patient Age) * Patient Weight / (Patient Creatinine Level * 72)

(152 <

You may use “” (double quotes) or “ “in the action cells to assign an empty string or a
space character to a String variable.

Conclusions on Collections

When you want to assign some values to decision variables that are collections (such as

arrays or lists) you can use the following operators:

Assigns one or more values listed through commas to the

Are . : .
conclusion variable that is expected to be an array

Add Adds one or more values listed through commas to the

conclusion variable that is expected to be an array

For example, if the decision variable “Offered Products” is an array (or a list) of strings,

you use the following conclusion to assign to 3 products:
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Caonclusion

Offered Products

Product 2,
Are Product 4,
Product &

If after this conclusion you will also apply the following conclusion

Conclusion

Offered Products

Product 7,

Addl broduct 8

then the value of the variable “Offered Products” will become

{ “Product 2”7, “Product 4”, “Product 5”, “Product 7”7, “Product 8” }

Displaying Messages

The 1s a special conclusion type for displaying messages that is like

“Action” but used the keyword “Message”. For example, this following action when
executed displays the message “Employee is eligible to 27 vacation days”:

Message
Display
Employee is eligible to 27 vacation days

But if you want instead of hard-coded 27 days display the actual number of vacation
days already calculated in the decision variable “VacationDays”, you may use this
action:

Message
Display

Employee is eligible to VacationDays vacation days

The variable “VacationDays” will be replaced with its current value.

Sometimes, you want your message to refer to the rule that was applied. To do this, you

may associate unique names with all rules in the column of the type "#" and then refer
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to these names in the Message column using $RULE_ID like in the following example:

De 0 D ap
# If Then Message
Rule Id X X Message
Rule 1 1 2 Executed rule
Rule 2 2 <$RULE_ID>

Special Row for Operators

You may add an optional 4th row to any decision table that can contain operators

defined for the corresponding columns. For example, the following decision table

DecisionTableMultiHit ApplicantCreditScore

If If If If Then
Applicant Applicant
Number of Applicant had | Applicant Years Amount of . .
Default pgeclared F1:.:'.||:':;th Current |Available Credit Apph;igtr;:md“
Payments in Last Bankrupcy Account Bank Used
12 Months Percentage
[1-3] 100
[4..6] 50
=6 0
0 250
TRUE 0
FALSE 250
Ca 50
[1..3] 160
=3 250
[0..24] 200
[25..49] 249
[60..74] 150
[75..100] 100
=100 0

contains the operators “+=" in the 4th row of the 5t column. It allows defining this
operator only once in the column “Then” instead of using the column “Conclusion” with

two sub-columns and repeating the same operator multiple times:
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Conclusion

Applicant
Credit Score

+= 100
+= 50

It saves space inside cells, makes the table more readable, and is quite intuitive
especially in scorecards. You may use operators <,<=,=,==>>= += -= and *=in the

K

Operator row. By default OpenRules assumes that the operator is “=".

Big Decision Tables

If your decision table has a lot of rules (thousnads or more) you may change the keyword
“DecisionTable” to “BigTable” (or “DecisionTableMultiHit” to “BigTableMultiHit”) and
the performance may increase 10-100 times. Sun big tables similar to traditional
decision tables but use a completely different execution mechanism that is based on

a self-balancing binary search algorithm. Let’s consider an example of a big decision

table included in the standard installation as the decision project “HugeTable”:

1

] Li L& LS IS S i L] Then | Then | Then |

Place Of STV vl lm In Is Dateof | Dateof | Covered Copiy Coinsu

s Service : Size MWI Service | Service | inFull rance
4 = = = = = = >= <= = = =
5 Inpatient dentalAccidental PROOUCT123] L \ Y 1/1/2015 |12/31/2023 N Copay XX N
6 Outpatient dentalAccidental PRODUCT123]| L Y Y 1/1/2015 |12/31/2023 N Copay XX N
7 Office dentalAccidental PRODUCT12S]| L Y Y 1/1/2018 [12/31/2023 N Copay XX N
8 Inpatient dentalAccidental PAODUCT123]| L N M 1/1/2015 {12/31/2023 N N Y
9 Outpatient dentalAccidental PRODUCT123| L N Y 1/1/2015 §12/31/2023 N N Y
107 Office dentalAccidental PROOUCT123 L i3 M 1/1/201S |12/31/2023 N N Y
11 Inpatient acupuncture PRODUCTI23] L ¥ N 1/1/2018 |12/31/2023 N N N
12 Office acupuncture PRODUCT123 L Y N 1/1/2015 {12/31/2023 N N N
13 Outpatient acupuncture PRODUCT123| L Y N 1/1/201S |12/31/2023 N N N
14 Inpatient acupuncture PRODUCT123| L N N 1/1/2015 }12/51/2023 N N N
15 Office adultimmunizations | PROOUCT123 L N N 1/1/2015 {12/31/2023 N N N
16 Outpatient adultimmunizations | PRODUCT123| L N N 1/1/201S 112/31/2023 N N N
AVD7a VuLpeuen AT STISERTIOET JUT gt ¥ FRUWWAL ¥ b AFAJEVUAD JALIDLENED » ~ "~
16372 Office transgenderSurgery | PRODOL12 Y N 1/1/201S |12/31/2023 N N N
16373 Inpatient transgenderSurgery PRODOL2 N N 1/1/201S |12/31/2023 N N N
16374| Outpatient PRODASSS N N 1/1/2015 |12/31/2023 N N N
16375 Office PRODSSS N N 1/1/201S [12/31/2023 N N N
16376 NOT_FOUND] NOT_FOUND NOT_FOUND

(click on this image to open this table in Excel)
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This table contains 16,372 rows (rules) but if you try to execute it you will see that all tests

are being executed within milliseconds.

However, such a fantastic performance comes with a few restrictions:

e “BigTable” doesn’t allow Java or FEEL snippets inside its cells;

e Only comparison operators =, >, <, >=, <= are allowed in the optional 4th row for
conditions. The Action-columns can use operators +=, -, *=.

These restrictions are reasonable because people rarely use complex formulas in big

decision tables. Besides, you always may change the keyword “BigTable” to

“DecisionTable” and it will continue to work (but slower).

Expressions

OpenRules allows you to use expressions (formulas) in the decision table cells.
There are two types of expressions:

1) Simple formulas

2) dJava Snippets.

Formulas

You may use naturally looking formulas that contain the names of your decision variable
and traditional operation signs (+, -, *, /, and more) along with brackets to define the
order of the operations. Here is a simple example:

Action
Taxablelncome
AdjustedGrossincome - DependentAmount

That will assign a difference between values of AdjustedGrossIncome and
DependentAmount to the variable TaxableIncome. Here is a more complex formula from

the example “PatientTherapy” that calculates Patient Creatinine Clearance:

DecisionTable CalculateCreatinineClearance
Action

Patient Creatinine Clearance
(140 - Patient Age) * Patient Weight / (Patient Creatinine Level * 72)

When your resulting decision variable has type “String” you can use the operator “+” to

concatenate different strings (or even numbers). For example, this conclusion
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DecisionTable DefineHelloStatement

Conclusion

Hello Statement

Is

Greeting + ", " + Salutation + " " + Name + "I"

>

will use the values of decision variable “Greeting”, “Salutation”, and “Name” (defined in

the Glossary of the standard project Hello) to define a Hello Statement that may look
like “Goof Afternoon, Ms. Robinson!”.

You also can use some simple functions like min(x,y) and max(x,y) like in the following

actions borrowed from the standard project 1040EZ:

Action Action Action
LineC LineD LineE
max(LineA LineB)}| 4750 |min(LineC_ LineD)

Here 1s a list of supported operators and functions:

Feature

Numbers

Add

Subtract

Multiply

Divide

Power: x v

Negate

Comparison

Syntax

regular

integer or real

numbers

X+y

x**y or X"y or

power(x,y)

X<y
X <=y
X=y

x<>yorx!l=y

X >=y

Examples

10, 465.25, -25, 3.14

3+2

3/2

5**2

2 <> 3 [produces 1]
2 1= 2 [produces 0]
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X>y
1 and 1 [produces 1]
Logical "and" x and y 1 and O [produces 0]
0 and O [produces 0]
1 and 1 [produces 1]
Logical "or" Xory 1 and O [produces 1]
0 and O [produces 0]
abs(-5) [produces 5]
Absolute value abs(x) abs(5) [produces 5]
Maximum
between two max(x,y) max(5,6) [produces 6]
numbers
Minimum
between two min(x,y) min(5,6) [produces 5]
numbers
floor(3.5) [produces 3]
Fl fl
oor 0or(x) floor(-3.5) [produces -3]
Coilin ceil(x) or ceil(3.5) [produces 4]
& ceiling(x) ceil(-3.5) [produces -3]
"o pi The mathematical constant "o"
ex exp(x) exp(1l) = 2.7182818284590451
. round(3.5) [produces 4]
Round d
ounding round(x) round(-3.5) [produces -4]
Square root sqrt(x) sqrt(9) [produces 3]

Java Snippets

OpenRules also allows its users to write any arithmetic and logical formulas using Java

expressions placed directly in the decision table cells but preceding by a sign “:=". To
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simplify the references to decision variables inside such Java expressions we introduced
special macros. Java snippets are less friendly to compare with simple expressions. For

example, the above conclusion for the “Hello Statement” could be written using the

following Java snippet:

DecisionTable DefineHelloStatement

Conclusion
Hello Statement

Is | =3%{Greeting} + ", " + ${Salutation} + " " + ${Name} + "I"

Similarly, the expression that calculates “Patient Creatinine Clearance” could be written

using the following Java snippet:

DecisionTable CalculateCreatinineClearance
Action

Patient Creatinine Clearance

= (140 - $l{Patient Age}) * $R{Patient Weight} / (3R{Patient Creatinine Level} * 72)

In the first example, the macro ${Greeting} refers to the value of the decision variable
“Greeting” that has type String. In the second example, the decision variable “Patient
Age” has type “Iint” and decision variable “Patient Weight” has type “double” (real). So,
in the above Java snippet we refer to them using macros $I{Patient Age} and $R{Patient
Weight} where the letter “I” and ”"R” after $ point to the variable types (I — for int, and R

for real).

It's possible to hide a Java snippet inside a special table of the type “Method”, e.g.:

Method double CreatinineClearanceFormula(Decision decision)

double pce = (140 - §i{Patient Age}) * SR{Patient Weight} / ($R{Patient Creatinine Level} * 72);
return decimal(pcc,2);

Then we may call this method from this decision table:

DecisionTable CalculateCreatinineClearance
Action

Patient Creatinine Clearance

= CreatinineClearanceFormulafdecision);

Here is the list of all allowed macros:
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Variable
Macro Format Expanded As
Type
${variable name} String decision.getString("variable name")
$I{variable name} Integer decision.getInt("variable name")
$R{variable name} Real decision.getReal("variable name")
$L{variable name} Long decision.getLong(“variable name”)
$D{variable name} Date decision.getDate("variable name")
$B{variable name} Boolean decision.getBool("variable name")
$G{variable name} BigDecimal | decision.getBigDecimal("variable name")
$G{number} BigDecimal | new BigDecimal(number)
] Refers to a business concept defined in
$0{BusinessConcept} | Object
the Glossary

Inside Java snippets you may use regular operators "+", "-", "*" "/" "%" and any other
valid Java operators. You may freely use parentheses to define the desired execution
order. You also may use any standard or 3rd party Java methods and functions, e.g.

:= Math.min( $R{Line A}, $R{Line B} )
If the content of the decision table cell contains only a value of a decision variable, say
"Customer Location", then along with

:= ${Customer Location}
you may simply write

$Customer Location
even without := and {..}.

In the following table

DT DefineWhomToCharge

Condition Condition Conclusion
Vendor Provider Charged Entity
ls Empty | FALSE Is $Vendor
|s Empty TRUE Is LIMNMOWWHN
Is Mot | ABC, KLM, )
One Of Y7 Is SProvider

the conclusion-column contains references $Vendor and $Provider to the values of
decision variables Vendor and Provider. You may also use similar references inside

arrays. For example, to express a condition that a Vendor should not be among
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providers, you may use the operator “Is Not One Of’ with an array “ABC, $Vendor,
XYZ”. By the way, this decision table starts with the keyword “DT” which is a valid

abbreviation for “DecisionTable”.

While being more technical, Java snippets remove any limits from the expressive power
of OpenRules. They allow using complex Java constructs like loops, functions, recursion,
etc. They allow you to use any Java libraries created by your own programmers or by 34

parties.

Dealing with Dates

Here are examples of columns that assign dates:

Action Conclusion
Scheduled Date Selected Date
10/15/2020 = | Current Date

When you need to apply arithmetic operations with date variables such as calculating
the number of years, months, or days between dates, you still need to use OpenRules
Java snippets. For these purposes, you may use static methods of the class "Dates"
included in the standard OpenRules library "com.openrule.tools". For example, you may

use the following Java snippet inside a condition cell of your decision table:
:= Dates.years( $D{Datel}, $D{Date2} ) >= 2

It checks that a number of years passed between the variables "Datel" and "Date2" is at

least 2 years. You may calculate the age of the person from its birthday as follows:

DecisionTable DefineAge

Action
Age
-:= Dates.yearsToday( $D{Date of Birth} )

Similarly use the following methods:
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Dates.months(Date d1, Date2 d2)

Dates.monthsToday(Date date)

Dates.days(Date d1, Date d2)

Dates.daysToday(Date d).

The standard library "com.openrule.tools" also includes methods that produce new

dates:

addHours(date, hours)
addDays(date,days)
addMonths(date,months)
addYears(date,