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Abstract. Traditionally operational business decision models are represented 

and executed using business rules and decision management systems which 

utilize various rules engines. Such systems usually force human modelers to 

write rules for all possible combinations of decision variables to find one 

possible decision. In particular, this is true for decision models which follow the 

DMN standard. Alternatively, the same decision model can be represented 

using an optimization engine such as a constraint solver that does not need to 

know how to behave in all possible situations and is capable to automatically 

find multiple feasible decisions and even the optimal one. However, it is very 

difficult to represent all DMN constructs using only constraint programming 

facilities. Both these extreme approaches, rule engines and constraint solvers, 

have their limitations. This paper investigates the third way for business 

decision modeling when the entire decision model is split into several sub-

models, some of which can be represented and executed using rule engines 

while others – using constraint or linear solvers. We demonstrate this approach 

using Decision Management Community Challenges and utilizing open source 

products “OpenRules” (for business decision models) and “Java Solver” (for 

optimization models) with various off-the-shelf constraint and linear solvers.  

Keywords: Business Decision Modeling, Decision Optimization, DMN, Rule 

Engine, Constraint/Linear Solvers 

1   Introduction 

Nowadays business decision modeling is one of the major technological and 

methodological approaches that support decision-making processes across a wide 

range of business problems from loan origination and insurance underwriting to 

clinical guidelines and product recommendations. Business decision modeling is 

oriented to subject matter experts who work in concert with software developers to 

build and maintain operational decision models. In this paper we will consider 3 

different approaches to business decision modeling: 

 

1) Rules-based Decision Modeling approach that utilizes off-the-shelf business 

rules and decision management systems (BRDMS) based on different rules 

engines 
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2) Optimization-based Decision Modeling approach that utilizes an off-the-

shelf constraint and/or linear solvers 

3) Integrated Rules-based and Optimization-based approach that integrates both 

previous approaches.  

1.1 Rules-based Approach 

This approach is usually based on business rules management systems (BRMS), the 

majority of which transformed themselves into business rules and decision 

management systems (BRDMS) within the last 10 years. Nowadays business rules are 

considered mainly from the perspective of operational business decisions by 

representing the underlying decisioning logic. Correspondingly, rule engines started 

to be called “decision engines” while the majority of them still implement RETE-

based and/or sequential execution mechanisms.  

 

Different commercial and open-source BRDMSs are successfully used today for the 

creation and execution of real-world business decision models. They frequently utilize 

the decision modeling approach advocated by the Decision Modeling and Notation 

(DMN) standard [1] or go beyond it. However, these systems usually force human 

modelers to write business rules for all possible combinations of decision variables to 

specify how to find one and only one decision. They can't support the situations when 

a user is looking for several alternative decisions or optimal decisions that 

minimize/maximize certain business optimization objectives. In particular, the rules-

based approach cannot deal with such practical situations when we need to find a 

decision that satisfies as many rules as possible or minimizes the total rules violation 

[2]. 

1.2 Optimization-based Approach 

This is an alternative approach to business decision modeling that implements 

decision engines using constraint or linear solvers instead of traditional rule engines 

while decision models remain mainly the same still being expressed in business rules. 

This approach is described in this 2011 paper [1] that specifies how to automatically 

transfer a business decision model into a constraint satisfaction problem and to solve 

it using an off-the-shelf constraint solver. Constraint-based decision engines 

immediately brought several advantages: 

 

• Automatic validation of decision models for consistency and completeness 

across all used decision tables 

• Instead of forcing a human decision modeler to specify rules for all possible 

combinations of decision variables, it became possible for a subject matter 

expert to define only those rules which s/he considers important, and let a 

decision engine within a limited time to find multiple feasible decisions that 

satisfy the specified rules and let a user choose the best one 
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• If a decision model specifies an optimization objective, it became possible to 

automatically find the optimal decision that minimizes or maximizes the 

specified objective. 

 

However, the constraint-based business decision models were limited to those that 

followed the methodological approach described in the book “The Decision Model” 

[3]. In particular, as it was pointed out in [4], this approach cannot handle more 

complex decisioning constructs described in the DMN standard and frequently used 

by real-world decision models. In particular, it doesn’t support frequently used multi-

hit decision tables with aggregation functions such as scorecards not mentioning 

complex boxed expressions specified using the DMN FEEL language [1].  Further 

research had shown that it’s not clear how to implement these constructs using only 

constraint solvers. 

1.3 Integrated Rules-based and Optimization-based Approach 

Both previous approaches have their pros and cons. So, it’s only natural to consider 

an approach that integrates rules-based and optimization-based approaches. This 

paper investigates such approach by describing how the entire business decision 

model can be split into several sub-models, some of which can be represented and 

executed using traditional rule engines while others – using constraint or linear 

solvers. Such a combination of rule engines and optimization solvers takes advantages 

of both worlds and avoids the limitations imposed when only one mechanism for 

problem definition and resolution is selected.   

This paper shows how the integrated use of business rule engines and optimization 

solvers (CP/LP) can help to build much more powerful and flexible business decision 

models. Section 2 provides a generic definition of the operational decision model that 

can be used with any execution mechanism. Section 3 describes how to split a 

decision model into business and optimization sub-problems and how to use them in 

concert to produce feasible and optimal business decisions. Section 4 provides an 

example of a decision model implemented using the integrated approach.  

2   Decision Model as a Combination of Business and Optimization 

Problems 

In [4] we defined Decision Model by a set of variables, X = { X1, X2,…, Xn }, and a 

set of rules, R = { R1, R2,…, Rm }. Each variable Xi has a nonempty domain Di of 

possible values. Each rule Ri defines relationships between different variables from a 

subset of X and specifies the allowable combinations of values for that subset.  

A decision can be considered as an assignment of values to all mentioned variables,    

{ Xi=vi, Xj=vj, …}, that satisfies all the rules.   

 



The decision model can produce multiple decisions. Some decision models require a 

decision that minimizes/maximizes an objective function, which usually depends on 

some variables from X. 

 

While this definition of the Decision Model takes its roots in the classical definition 

of a constraint satisfaction problem (CSP) given by Russel and Norvig [5], here we do 

not assume anything about rules representation or an algorithm that can resolve the 

problem. Different decision models can choose their own representations for: 

• Decision variables - using a business glossary or constrained variables 

• Rules – using DMN-like decision tables or linear and non-linear constraints 

• Resolution algorithm – using a RETE-based rules engine, a sequential 

algorithm, or a constraint/linear solver.  

 

More than that, a decision model can consist of several sub-models which utilize 

different representation and execution mechanisms.  

3   How to Split Decision Model into Business and Optimization 

Parts 

While decision models can utilize traditional rule engines or constraint/linear solvers, 

both these execution mechanisms have their own limitations. To overcome these 

limitations it’s only natural to ask the question is: why not to use a combination of 

these mechanisms whenever they are appropriate? Real-world experience shows 

that decision models can be sliced, diced, and re-integrated in the way that the 

customers want. Let’s assume that we split the decision modeling problem into 

different sub-problems that can have two types: 

▪ Business Problem: uses business rules to specify relationships between 

different decision variables, creates a business decision model and executes 

it using a rule engine that (if necessary) will prepare input data for the 

optimization problem; 

▪ Optimization Problem: defines optimization variables and constraints and 

uses off-the-shelf constraint or linear solver to find the optimal solution of 

the problem. 

 

Of course, in reality, there could be several sub-problems, which can feed each other. 

Using this integrated approach, we may take advantages of both worlds and avoid the 

limitations imposed when a single representation and execution mechanism. 

We will demonstrate this approach, we will use the following open-source tools: 

• For business problems: OpenRules [6], a popular business rules and decision 

management system  

http://openrules.com/


• For optimization problems: Java Solver [7], a newly introduced product that 

provides probably the simples Java API to various off-the-shelf constraint 

and linear solvers (based on the JCP standard JSR331[8]).  

4   Demonstration 

We will use a sample decisioning problem specified as a Challenge "VacationDays" 

at the Decision Management Community website.  

4.1  Problem Definition 

First, we will consider a simple decision model recently published as Nov-2018 

Challenge. Here is the problem definition: 

 

Every employee receives vacation days according to the following rules: 

1. Every employee receives at least 22 vacation days. 

2. Employees younger than 18 or at least 60 years, or employees with at least 

30 years of service can receive an extra 5 days. 

3. Employees with at least 30 years of service and also employees of age 60 

or more, can receive extra 3 days, on top of possible additional days 

already given 

4. If an employee has at least 15 but less than 30 years of service, an extra 2 

days can be given. These 2 days can also be provided for employees of age 

45 or more. 

5. A college student is eligible for 1 extra vacation day. 

6. If an employee is a veteran, 2 extra days can be given. 

7. The total number of vacation days cannot exceed 29. 

The objective of this problem is to give an employee as many vacation days as s/he is 

eligible to while satisfying all 7 rules. Rule 7 explicitly specifies the maximum of 29 

vacation days that could be given to any employee.  

4.2  Formal Decision Model 

We can define our decision model as follows: 

http://javasolver.com/
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This model uses unknown decision variables s if an employee will receive extra days 

of the type "t" or not. These variables are defined for every vacation days type 

including basic 22 days. Using these variables we can define the optimization 

objective as a sum of all vacation days multiplied by the variables xt over all types. 

We also can limit this sum by some number MAX_VACATION_DAYS=29. Then 

we can ask a decision engine to maximize this sum. 

 

Thus, our decision model can be split into two parts: 

1) A pure business part that specifies employee eligibility to all types of 

vacation days 

2) A more technical optimization part that deals with Rule 7 and search of an 

optimal solution. 

So, we will define two corresponding Java classes “BusinessProblem” and 

“OptimizationProblem”. 

4.3  Test Data 

However, before we jump to implementation, we should define test data for our future 

decision model. The following Excel table in the OpenRules format describes a 

Company “ABC” with its 6 Vacation Benefit Types and the corresponding Vacation 

Benefit Days. It also includes the “Max Vacation Days” limit of 29 days. 

 



The following table describes  different employees of this company that will be used 

for testing of our decision model: 

 

 
 

We will keep these tables in the Excel file “rules/Test.xls” 

4.4  Java Beans 

To support this organization of data and our future decision model, we may create 

several Java beans: “Eligibility”, “Employee” and “Company”. Here they are: 

 

Eligibility: 

 String   type; 

 boolean  status; 

 int   assignedDays; 

 

Employee: 

 String   name; 

Company  company; 

 int  age; 

 int  yearsOfService; 

 boolean  student; 

 boolean  veteran; 

int  totalVacationDays;  

 Eligibility[] eligibilities; 

 

Company: 

 String  id; 

 String[]  vacationBenefitTypes; 

 int[]  vacationBenefitDays; 

 int  maxVacationDays; 

 

All getters and setters inside these Java classes can be generated automatically using 

Eclipse IDE. 



4.5  Business Problem 

Our class “BusinessProblem” should define employee eligibility to all types of the 

Company’s vacation days. It can be done using the following business-friendly 

decision table: 

 

 
 

This is a very simple decision table (by default it is single-hit). It examines 

“Eligibility Type”, “Age in Years”, “Years of Service”, “Student” and “Veteran” to 

define “Eligibility Status” as TRUE or FALSE. If all rules fail, the last unconditional 

rule will set “Eligibility Status” to FALSE. 

 

We can put this table in the file “rules/VacationDays.xls”. To complete this simple 

decision model, we only need to add the table Glossary: 

 

 
 

Now our class BusinessProblem can be implemented as follows: 

 



 
 

Thus, we will define an instance of Business Problem for each employee, and will use 

its method define() to “DefineVacationTypeEligibility”. 

4.6  Optimization Problem 

Our class “OptimizationProblem” should implement the second (optimization) part of 

our decision model that deals with Rule 7 and the search for an optimal solution. We 

can implement this class as a subclass of JavaSolver [7]. A possible implementation 

of the OptimizationProblem is presented below.  

 

The constructor of the class OptimizationProblem receives two objects “company” 

and “employee”. The method define() creates an array x of Var variables that 

represent of the assignment variable xt. It also defines an optimization objective as a 

scalar product of the company’s vacation benefit days and the array “x”. This variable 

cannot exceed the company’s Max Vacation Days. 

 

We do not need to specify how this problem will be solved as we can rely on the 

standard JavaSolver’s method maximize(). We only need to specify the method 

saveSolution() that will ve called when an optimal solution is found to save the results 

back to our business object “employee”. 

 

 

 

http://javasolver.com/


 
 

4.7  Executing the Integrated Decision Model 

To execute our integrated decision model against the above test cases we can use the 

following Java launcher: 

 

 



First, it will get “company” and “employees” from the Excel file “rules/Test.xls”. 

Then for every employee, it will create an instance of BusinessProblem that will 

define the employee’s eligibility to different types of vacation days. Then it will 

create an instance of OptimizationProblem that will find an optimal solution. 

 

Here are the execution results for the first test: 

 

 
 

More complex examples of decision models that utilize the integrated use of rule 

engines and CP/LP solvers are described at [9] and [10].  
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