
●The SkyNet funding bill is passed. 
●The system goes online on August 4th, 1997.
●Human decisions are removed from 
strategic defense. 
●SkyNet begins to learn at a geometric rate.
●It becomes self-aware at 2:14am Eastern 
time, August 29th 
●In a panic, they try to pull the plug. 
●And, Skynet fights back

Declarative Behavioural Modelling
An Integrated AI approach

JBoss  Drools  –  Viva Le Drools

Mark Proctor
       Project Lead



2

Agenda
 Drools Introduction
 Processes

● RuleFlow
 Rules

● Forward Chaining
● Backwards Chaining

 Temporal Reasoning
● CEP/ES P

 BAM
 Agents
 Uncertainty S ystems to express truth degrees
 S olver
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Eclipse IDE
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Eclipse IDE
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Eclipse IDE



6

Guided Editor (Eclipse)
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DS Ls  (Eclipse)
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DS Ls  (Eclipse)
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Decis ionTables (Excel/OpenOffice)
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BRMS
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BRMS
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BRMS
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BRMS
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Rule Flow
 Unifies Rules and Processes in a single engine

● Rules (LHS  When) and expressions can be used in splits, 
milestones etc

● creates a much richer model
● Rules and Processes see, reason and react and process the 

same data
● Do not have send messages between two different engines

● Multiple instances, of different processes, can be executing at 
the same time in a single engine.

● Processes and Rules interactive with each other.
● A Process or Rule can change data, which can impact how 

another rule or process is executing.
● Integrated Tooling and APIs

● S ingle api for execution
● Audit logging and visual Audit tools
● S ingle server side tooling for storage, configuration and 

management and deployment
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Ruleflow features

 Rule set nodes

 Control flow
● S equence
● Parallelism (split / join)
● Choice

 Nodes
● Actions
● Milestone (= state)
● S ubflows
● Looping
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Rule Flow –  Process  Diagram
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Rule Flow –  Rules  and Processes
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Rule Flow –  S plit Constraint Editor
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Unified auditing
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Rule Flow –  Unified BRMS
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Forward and Backward Chaining
 Current only supports forward chaining

● Plans to support both backward/forward chaining
 when

    $p : Person( $age : age == 17 ) // from Working Memory
    legalDriver( $age, $state: )  // executes corellated query
                                                // and unifies results with 
                                                // current tuple, querries 
                                                // can nested and recursive
then
    // prints all valid states
    S ystem.out.println( $p.name + “ : “ + $state ); 
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Temporal Reasoning (CEP/ES P)

 Reasoning over absolute time windows
● This is  the common case of reasoning over a slide time-window 

and/or aggregation of values: "when the average transaction 
throughput calculated over 1 minute goes bellow the threshold, 
raise the alarm" 

rule "absolute time window"
    time-window 60
when
    $throughput : Number( doubleValue < threshold ) from
               accumulate( Throughput( $current : current ),
                                  average( $current ) )
then
    // raise the alarm
end
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Temporal Reasoning (CEP/ES P)

 S upport separate time-windows per CE:

rule "absolute time window per CE "
when
    S tock( $id : id )
    Number( $monthAvg : doubleValue) from accumulate(
                   DayCloseS tockPrice( id == $id, $value : value ),
                   average( $value ) ) over 30 days
    Number( intValue >= 3 ) from accumulate(
                   $o : S ellOrder( completed == true, id == $id, value 

< $monthAvg )
                   count( $o ) ) over today
then
   // sell stocks
end
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Temporal Reasoning (CEP/ES P)

 Reasoning over relative time windows
● this is  a powerful feature of reasoning over variable time-

windows defined in relation to other patterns. S ecurity example: 
"since a user logs in, until the user logs off, when there is any 
privileged action for this user, allow it and log it to the audit log"

rule "relative time window"
since
    LogInEvent( $user : user )
until
    LogOffEvent( user == $user )
when
    $evt : Event( user == $user, privileged == true )
then
    // log event
    // allow action
end
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Temporal Reasoning (CEP/ES P)

 Reasoning over relative time windows
● "Each user has a limited amount he can buy/sell from the 

moment stock trading start to the moment stock trading stops, 
every day, without authorization. Every order that goes beyond 
that set amount (based on the user authorization level and 
trader policy) requires authorization to be completed." 
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Temporal Reasoning (CEP/ES P)
rule "relative time window"
since
    S tockTradeS tartEvent( $date : date )
until
    S tockTradeS topEvent( date == $date )
when
    User( $user : user, $level : level )
    TraderPolicy( level == $level, $max : maximumAllowance )
    Number( $total : doubleValue) from accumulate(
                    CompletedOrder( $value : value ),
                    sum( $value )
                )
    $o : OrderRequest( value > ( $max - $total ) )
then
    // request autorization to complete order $o
end
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Temporal Reasoning (CEP/ES P)
 Events have implicit time attributes and it must be possible to 

constraint events on its time attributes, using operators 
"after", "before", "between": 

rule "time constraints between events"
when
      $order : S tockBuyOrder( $id : id )
      S tockBuyConfirmation( relatedEvent == id, this after [0,10] )
then
     // buy order confirmed
end



28

Temporal Reasoning (CEP/ES P)
 S upport to reason over the absence of events: 
rule "absence of events"
when
    $temp : TemperatureReading( celciusGrade > $threshold )
    not S plinkerActivation( this after 10 )
then
    // raise the alarm
end
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Temporal Reasoning (CEP/ES P)
 Future

● More Complex forms of temporal reasoning
● More expressive forms of even object correlation
● Hybrid support for bayesian networks
● S calability, Hight Availabilty
● ideas from the communty?  :)
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BAM
 Engines and their applications emit events

● Current node in process, time between nodes in process, 
number of executions of a rule, total rule executions in an 
engine, total number of cheeses bought.

 Rules, Processes and CEP 
Are perfect for BAM

 Multi tier-ed (near/far) BAM
● Internal self monitor (very near)
● Local external monitoring (near)
● Remote external Monitoring (far)

Rules Processes

CEP

Engine
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Agents
 OS Gi for the container

● r-osgi (or similar)
● S LP for discover and directory
● Distribuged OS Gi registries
● p2p, p2m

● FIPA messaging, instead of/as well as RMI?
● High performance requires binary

● XML adpaters can be made for 3rd party support

 Leverage possible new CE
● “from message”

● Tuples enter the “message from” CE.
● May optional send one or more messages

● Incoming messages can join with one, a group or all Tuples
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Uncertainty S ystems
 Uncertainty S ystems to express truth degrees and reason 

over partial data
● Davide S ottara (dsottara@ deis.unibo.it)

Forms of 
Uncertainty
(measures)

Proability

Frequentist Subjecttve(bayesian)

Belief / Plausability

Approaches

Basic Mass
Assignment Functions

Given for Single Event Given for Set of Events

Belief FunctionsPlausability Functions

Possibility / NecessityFuzzy Sets

Aggregator(sum)



33

Uncertainty S ystems
 Traditional Pattern

● S hower( temperature == “hot” )

 Pattern with uncertainty evaluator
● S hower( temperature == ~“hot” )

 Pattern with uncertainty evaluator and parameters
● S hower( temperature == ~(10, $x, 15, $y) “hot” )

Shower( temperature == “hot” )

Pattern

Field Constraint

Restriction

Evaluator Value

Object Type

Field Name
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drools -solver

Drools-solver solves planning problems

Drools-solver combines a search algorithm
with the power of the drools rule engine

to solve those planning problems

Geoffrey De Smeet
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Planning problems

S olves planning problems, such as:

 Employee shift rostering

 Freight routing

 S upply sorting

 Lesson scheduling

 Exam scheduling

 The traveling salesmen problem

 The traveling tournament problem
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The n queens  example

 Place n queens that cannot 
attach each other on a n*n 
chessboard

 One of the examples of 
drools-solver

 Implementation explained in 
detail in the reference 
manual
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Different seach algorithms

S upports several search algorithms:

 S imple local search

 Tabu search

 S imulated annealing

You can easily switch the search algorithm, by simply 
changing the configuration. 
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Example configuration

<localS earchS olver>
    <scoreDrl>.../smartTravelingTournamentS coreRules.drl</scoreDrl>
    <scoreCalculator>

     <scoreCalculatorType>HARD_AND_S OFT_CONS TRAINTS </...>
    </scoreCalculator>
    <finish>
        <maximumMinutesS pend>2</maximumMinutesS pend>
    </finish>
    <selector>...</selector>
    <accepter>
        <completeS olutionTabuS ize>1500</completeS olutionTabuS ize>
    </accepter>
    <forager>
        <foragerType>MAX_S CORE_OF_ALL</foragerType>
    </forager>
</localS earchS olver>
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S core calculation with drools

 Uses the drools rule engine to calculate the score

 Adding extra hard and soft constraints to the score function 
is easy and scalable
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Example score rule

rule "fourConsecutiveHomeMatches"
when
    $m : Match($homeTeam : homeTeam, $day1 : day)
            Match(homeTeam == $homeTeam,
                       eval(day.getIndex() == $day1.getIndex() + 1))
            Match(homeTeam == $homeTeam,

                eval(day.getIndex() == $day1.getIndex() + 2))
Match(homeTeam == $homeTeam,

    eval(day.getIndex() == $day1.getIndex() + 3))
then
// ...

end
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Future plans
 More examples
 Refactor of the move generation (selector), to allow more 

efficient search algoritms
 Make moves declarative
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Questions?

• Dave Bowman: All right, HAL; I'll go in 
through the emergency airlock.

• HAL: Without your space helmet, Dave, 
you're going to find that rather difficult. 

• Dave Bowman: HAL, I won't argue with 
you anymore! Open the doors! 

• HAL: Dave, this conversation can serve 
no purpose anymore. Goodbye. 

Joshua: Greetings, Professor 
Falken.
Stephen Falken: Hello, Joshua.
Joshua: A strange game. The 
only winning move is not to 
play. How about a nice game 
of chess? 
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