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*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.

|t becomes self-aware at 2:14am Eastern
time, August 29th

*In a panic, they try to pull the plug.
And, Skynet fights back
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4 Evaluator Integer ==
Field Mame skate 4@ Bootstrap
then Hame flpha BassVertex org.drools. examples. State
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StateExampleUsingSalience [Drools The selected working memory has no globals defined. = ™ Object asserted (13 A[NOTRUM] = & MAIN[focus]= AgendaGrouplmpl (id=1259) & [0]=State (id=1268)
Ex u'—ﬂ =r Activation created: Rule Bookskrap a=A[MNOTRUMNI{L) =~ & [0]= Aagendaltem (id=1Z262) (= & [1]= Skate 1269)
— s L = Object asserted (23 B[MNOTRUM] & ruleMame= "B ko " %F FIMISHED= 1
— td = Object asserted {3 C[MOTRUM] & = State (id=1Z&9) # naTRUN= 0
A finished = Object asserted (43 D[NOTRUN] = & [1]= Agendaltem (id=1263) B changes= PropertyChangeSuppart (id=1294)
= ¥ Activation executed: Ruls Bootstrap a=A[MNOTRUMI(L) " H name=
= Ohject modified {1): A[FINISHED] = stake=0
= Ackivation created: Rule & to B b=B[NOTRUNI(Z) & [2]= State
=1 4 Activation executed: Rule & to B b=B[NOTRUM](Z) & [3]= State (id=1271)
= Ohbject modified {2): B[FINISHED]
= Ackivation created: Rule B to C c=C[MOTRUNIES)
= Ackivaktion creaked: Rule B to D d=D[MNOTRUNMI{+)
# Activation executed: Rule B to C c=C[MOTRUM](Z)
Ohiject modified (3): C[FINISHED]
¥ Activation executed: Rule B to D d=D[MNOTRUN](4)
Cbject modified (4): DIFINISHED]
< >
o* Wiritable Inserk 21:1




a Global Data View &3 4| = O

The selected working memary has no globals defined.

Procls Eclipse IDE

03 audit Yiew 52 g w5 T O 4 agendaview 22 2= O
= Cbject asserted {13 A[NOTRIIN] =l & MAIN[focus]= AgendaGrouplmpl (id=1259)
= Activation created: Rule Bookstrap a=A[NOTRUNI(L) =l & [0]= Agendaltem (id=1262)
Cbject asserted (2): B[MOTRLUN] 4 & ruleMame= "B to "
Chiject asserked (31 CIMOTRUMN] t- & = State (id=1269)
Chject asserked (4): D[MOTRUMN] =l & [1]= Agendaltem (id=1263)
= Activation executed: Rule Bootstrap a=A[NOTRUMIL) +- & ruleMame="Eto D"
Cbject modified (1) A[FIMISHED] - & d=State (id=12700
=r Activation created: Rule & ko B b=B[NOTRUMNIZ)
= Activation executed: Rule & to B b=B[MOTRUN](Z)
Chbiject modified {(2): B[FINISHED]
= Activation created: Rule B to © c=C[NOTRUM]E)
=r Activation created: Rule B to D d=D[NOTRUM]4)
= Activation executed: Rule B to C c=C[MOTRUN](S)
Cbject modified {3): C[FINISHED]
= Activation executed: Rule B to D d=D[MOTRUMN]{4)
Cbject modified {4): D[FIMISHED] ¢ 5

03 working Memary Yiew 52 %~ B

-
= &

[0]= State (id=1268)

[1]= State (id=1269)

& FINISHED= 1

& nMoTRUN=0

o changes= PropertyChangeSupport (id=1294)
E name="C"

H stake=0

[2]= State (id=1270)

[5]= State (id=1271)



JProcls Eclipse IDE

& Debug - HelloWorld. drl - Eclipse SDK

File Edit Mavigate Search Project Run  Window Help
i SRCIEE - BN b IALF LR T I )
35 Debug 52 [ -

(|
= E] Hello'WorldExample (1) [Drools Application] ~
= org,drools,examples, HelloWWorldExample at localhost; 1916

=5 Thread [main] (Suspended (breakpoint at line 7 in Rule_GoodBye_00)
Rule_GoodBye_0,consequencelknowledgeHelper, HelloWoaorldExamplediessage, Factl
Rule_zoodBye_DConsequencelmvoker, evaluatelknowledgeHelper, WorkingMernory) i
DefaultAgenda. FireActivationd Ackivation) line: 545
Defaultagenda. FireMextIterniAgendaFiter) line: 509

LU

o/
>

< |

0 Hellovworld.drl 23

package org.drools.examples
“import org.drools.exawples.HelloWorldExample . Message:!

“rule "Hello World"
dialect

when

e LY

il
then
System.out.princln( messadge )

@ modify ([ m | { message = "Goodbyte crusl world®”,

status = Message.GOODEYE }:

Message | status == Message.HELLO, message

end
“rule "GoodEBEye'™
dialect "java"
no-loop true
when
i
then
System.out.println( message
m.zetMessage | message ):

Message | status == Message.GOODEYE, message

1

end

Text Editar | Rete Tree

Console | Tasks | Agenda Yiew | Global Data View | Rules Wiew ‘E] Waorking Memoary View 53

message |

message )

=2 | %5 Debug |3}J Jawa

Mame

Walue

HellawworldExampletMessage

|

Goodbyte cruel world

=g @ e o @O

5= outline &3

= £ org.drools.examples
@ GaoodBye
4 Hello warld
“= org.drools, examples. HelloWorldExample, Message

ERE

= & [0]=HelloWorldExampletMessage {id=24)
¥ GoooBYE= 1
¥ HELo=10
B message= "Goodbyte cruel world”
B status=1

=




ols Guided Editor (Eclipse)

[J] Person.java Q X

Guided rule editor

- YWHEN
Person
i age B |is less than v | | 42 | e
&F name B |is equal ko V||Eh:|I:| | '3'@
Yehicle
& Update constraints @
* THEN

+ [options)

Rule Builder | BRL Source | Generated DRL {read-onky)

Update constraints

Add a restriction an a Field

b

Mulkiple field constriant

Add a new farmula skyle expression [

e Farmula ]

Variable name

=
Lk

x
o

=
Lk

=
L



QD

ocls DSLs (Eclipse)

“rule "Driver in unsafe area for marginal age"
when
Policy type is 'COMPREHENSIVE’
Driver i=s less than 25 years old
Driver has a location risk profile of '"HIGH'

then < Driver has a location risk profile of '{risk}'

< » Driver has an age of at least {age}
end <» Driver has had more than {prior} prior claims
<> Driver has had {number} prior claims
“rule "Dr <:Driver is between {lower} and {upper} years old

when < Driver is greater than {age} years old
<> Driver is less than {age} years old £ 'MED'
< » Policy has not been rejected

<> Policy type is '{type}’

1=

then

rginal age driver in high risk a:

Reject Policy with explanation : 'Driver in that area is too risky -

end

“rule "Driver unsafe for third party"
when
Policy type is '"THIRD PZRTY'
Driver has had more than 2 prior claims

|

I(_I 1111

Text Ed 'rtcrr| Rete Tree



J-j _"

ocls DSLs (Eclipse)

ticketing.dsl X = O
Editing Domain specific language: [jdrools-examples-drlfsrcfmaingrules/org/droolsfexamples/ticketing. dsl]
Description: | |

Language Expression Rule Language Mapping Object Scope

There is a customer kicket with status of "{skatus}" cuskamer § Cuskamer] 3 ticket : Tick... [condition]

There is a "{subscriptiont" customer with a ticket status of "{status}"  customer @ Customer{subscription =... [condition]

Log "fmessaget” Syskem,auk, printind"{messager ", [consequen. ..

Escalate the ticket kicket.setstatus("Escalate™); update. .. [consequen. ..

Send escalation email sendEscalationEmaili cuskamer, kicke. .. [consequen. ..
Expression: | | [ Edit ]
Mapping: | | [ Remove ]
Ohject: | | add |
Sork by | v| [ Sort: ]




Drocls DecisionTables (Excel/OpenOffice)

B | c | D | E | F | G | H |
1 =
7 |
g Base pricing rules Age Bracket Location risk profile Number of prior claims | Policy type applying for Base $ AUD Record Reason
10
Low 1 COMPREHENSIYE 4530
11
MED FIRE_THEFT 200 Priors not relevant
1z
Young safe package 18 24
MED 1] COMPREHENSIYE 300
13
Louw FIRE_THEFT 150
14
() (] LI HEM (] 1 1 gun
15
18,24 MED 1 COMPREHENSIYE FOO0o
16 Young risk
18,24 HIGH 1] COMPREHENSIYE FOO0o Location risk
17
HIGH H 0 g op
15
25,30 1] COMPREHENSIYE 120 Cheapest possible
19
23,30 1 COMPREHENSIYE 300
Mature drivers
20
23,30 2 COMPREHEMSIYE 390
21
HIED P4 O] High



JBoss Business Rules Management System — Mozilla Firefox
File Edit View History Bookmarks Tools Help

¢| - - @ ‘Gj |@' http:/ flocalhost: 8080 /drools—jbrms forg.drools.brms.JERMS / JERMS. jsp#Rules |7| D] @ |v|-21

“1Gmail [ | post to delicio.us [ | my delicio.us Y Browse Project — JBos... [2 Google Calendar ™M Red Hat - Intranet H...

.Boss(@ Rules
m Find and edit rules.

[ Nopaste [ Brisbane Times — New...

+ Explore 3 Rule_2 ® Rule_1

Packages
Deployment Status: [Draft] s’ save changes Copy = Archive b A%
= Rule 1
Admin IF 24 f}-ll’i -
. = revr)
Person
Categories: Fi i
*age | less than or equal to |42 Sq B nance | o
- HR/Awards/QAS Il
age greater than |21 S B
Board [b]' a Modified on: Thu 10 May 2007 03:16:47 PM EST
by: michael
Board™ a Note: whoops
There is no® Version: 5
cost | greater than ~| 1200 | B Created on: Thu 10 May 2007 10:49:41 AM EST
Created by: michael
THEMN L Format: brxml
=
set {b]* cost 1200 a Package: DemoPackage &°
Subject:
(options) o !

Type:
WView source Walidate

External link:

<documentation> Source:

Eu’ersion history q)“hj

Done

8| o
10




[ -« B ] [ [+ ] [ + ] (E] http: //localhost:B080/drools-jbrms/org.drools.brms, JBRMS/JBRMS. jsp Q@ =1Q~ Google Y
User: fmeyer [Sign Out]

g‘ﬁ Create a new top level category.

Cateogory name | Fibonacci

Rules = < 'Egl
. = Manage categories | fibonacci categorny
ackages Description
Deployment @5%
e . - 0K Cancel

Categories ald in managing farge numbers of rules/assets. A shallow hierarchy Is
recommented.

Current categories: ., — o

+ = Finance
+ = Draft
Refresh view: .~

Create a new category: _{_}

Delete the currently selected i
category:




UProcls BRMS

JBoss Business Rules Management System

| * Google

The page at http://localhost:B080 says:

User: fmeyer [Sign Ouwt]
The snapshot called: NewSnapshot was successfully =

created.

Configure and view package E
Lr:EEm:puln:Jnrna
Deployment || &5 Cieo-i
Admin + EEDemuPackage
2 EEPanPackage
= Hcom.sample L
@ Business rules Create a snapshot for deployment.
& Technical rules
Mg nctions A package snapshot is essentially a read only 'locked in' and labelled view of
& a package at a point in time, which can be used for deployment.
L Choose or create & . NewSnapshot
B Model snapshot name:
ode
Commeant: commenting
+ Hdefault
Create new snapshot
Done o -




Drocls BRMS

JBoss Business Rules Management System — Mozilla Firefox

File Edit View History Bookmarks Tools Help

e€->-€&

/IJ} |Q http:/ flocalhost: 8080 /drools—jbrms/forg.drools.brms.JERMS / JBRMS. jsp#Rules

P“1Gmail [ | post to delicio.us [ ] my del.icio.us ‘W Browse Project — JBos... [= Google Calendar Ml Red Hat —— Intranet H...

o
=F

=

|v| }l IEI |'|'3------||-

Categories:

Modified on

Package:
Subject:

Type:
External link:

Source:

[ Nopaste [f)Brisbane Times — New...

Rule 1

Finance ]
HR/Awards/QAS ||

="

=

: Thu 10 May 2007 03:16:47 PM EST
by:

Note:
Version:
Created on:
Created by:
Format:

michael

whoops

ki

Thu 10 May 2007 10:49:41 AM EST
michael

brxmi

DemoPackage &°

Eul'ersion history qﬁhj

f\gﬁb Viewing source for:
rule "Rule_ 1"
whern
Perscnf age <= 42 , age > 21 )
De b : Boardil )
not Board( coat = 1200 )
Ad then
b.get! {1200 )
end
Done

s o

13



YProcls 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 reactand process the
same data

Do not have send messages between two different engines
Multple 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 APlIs
Single api for execution
Audit logging and visual Audit tools

Single server side tooling for storage, configuration and
management and deployment



(JProcls Ruleflow features

Rule set nodes

C ontrol flow
S equence
Parallelism (split /join)
Choice

Nodes
Actions
Milestone (= state)
S ubflows
Looping

Ruleset

15



JProcls Rule Flow - Process Diagram
T o =8
B =

Creation

oin _
>_-” (7) Wait for Diagnose Additional Examinations
(7) Milestone -

= SubFlow 4

¥ Action

=~ Components g

i) Start

End

&

7} Notify GP

E::‘;Treatment)( End

E::‘; Treatmentﬂ
[{Gﬁ- Schedule Fullnw—up]

¥

End




Procls Rule Flow - Rules and Processes

r . . ) Al
a6 Java - NumberGuess.drl - Eclipse SDK - /Users/fmeyer/projects/droolsprojects =
Firli @ Q@ %-0-Q BHEG &P B ooy - & i &
=% *NumberGuess.rf 53 =0 m\_ =0
[:3 Salect 26 insert{ new Guess{ i J J; ~
[, Marquee 27 end
_.Es:ar::ieoc:m =rule "Record the highest Guess"
i D start ruleflow-group "Too High"
[~ Components * no-loop
Q) start when ) )
End game : Game( blggestGuess_, biggest )
Guess( $value : value > biggestGuess )
[ RuleFlowGroup 35 then
= Split 36 modify { game } { biggest = $value };
>+ Join 17 end
_ 38
= . C T
(7) Milestane 39=rule "Record the lowest Guess"
= SubFlow 48 ruleflow-group "Too Low" |
£} Action 41 no-loap |
42 when |
No mare Guesses 43 Gome{ smallestGuess : smallest ) |
44 Guess({ 3value : value < smallestGuess ) |
45 then |
46 modify { gome } { smallest - $value }; |
{:ETDD e 47 jond |
48 |
M End 49=rule "Guess incorrect, retract Guess" |
S, " 50 ruleflow-group "Guess incorrect” |
oo 00 Low 51 when |
52 guess : Guess() "
53 then
54 retract{ guess );
55 end
56 -
57 i
S8=rule "No more Guesses notification” ¥
Euess incarr... e — J4 >
Text Editor | Rete Tree
Package Explorer | 9] Rules View 52 %@ o o ® © O| 5% outline & W e e @O
B i org.acme.nsurance ~| ¥ EB org.drools.examples
> EE\‘ org.benchmarks.waltz @ Get user Guess
: gmg'gmo:sb - m 93 Guess incorrect, retract Guess
org.drools.henchmark.manners 93 No more Guesses natification
| 3 EE\‘ org.drooIs.benchmark.waltzdb @ Record the highest Guess
b £ ora.drools.compiler %) Record the lowest Guess
v £ org.drools.examples “= java.o.BufferedReader
8 AtoB java.io.InputStreamReader
AtoB
— org.drools.examples. NumberGuessExample.Game —
g Apply L0X discount if total purcahses is over 100 : org.drools.examples.NumberGuessExample.GameRules :
J BtoC TR AP AR PR S = SRY PR TP =
] [id Writable Insert 60:9 ] 4

17



9Procls Rule Flow - Split Constraint Editor

& Constraint editor @

MName: | More guesses |

Pricrity | 1 |

[ ] Always true

Texkual Editor |

GameRules] allowed : allowedGuesses )
Game guessCount < allowed )

ﬂ and
1) eval
‘E] eists
4 Forall
4 From
‘E] nok:
U ar

‘E] then
(& Game

[

| £

K l [ Cancel

18



Cls Unified auditing

+ Activation executed: Rule Start Clinical Pathway X if diagnosed d=Diagnose: Diagnose disease X: Type unknown(2)
== Object removed (2): Diagnose: Diagnose disease X: Type unknown
<= Activation cancelled: Rule RuleFlow-org.drools.examples.cdss.ClinicalPathwayX-16-17
<= Activation cancelled: Rule Remove old diagnose d=Diagnose: Diagnose disease X: Type unknown(2)
<= Activation cancelled: Rule RuleFlow-org.drools.examples.cdss.ClinicalPathwayX-12
= RuleFlowGroup activated: Examinations[size=2]
= RuleFlow started: ClinicalPathwayX[org.drools.examples.cdss. ClinicalPathwayX]
# Activation executed: Rule Examination1
# Activation executed: Rule Examination2
=2z RuleFlowGroup deactivated: Examinations[size=0]
=2z RuleFlowGroup activated: AdditionalExaminations[size=2]
® (Object inserted (2): Diagnose: Diagnose disease X: Type unknown
= Activation created: Rule Start Clinical Pathway X if diagnosed d=Diagnose: Diagnose disease X: Type unknown(2)
= Activation created: Rule RuleFlow-org.drools.examples.cdss.ClinicalPathwayX-16-17
= Acfivation created: Rule Remove old diagnose d=Diagnose: Diagnose disease X: Type unknown(2)
= Activation created: Rule RuleFlow-org.drools.examples.cdss. ClinicalPathwayX-12
# Activation executed: Rule Remove old diagnose d=Diagnose: Diagnose disease X: Type unknown(2)
=- = Object removed (2): Diagnose: Diagnose disease X: Type unknown
<= Activation cancelled: Rule Start Clinical Pathway X if diagnosed d=Diagnose: Diagnose disease X: Type unknown(2)
<= Activation cancelled: Rule RuleFlow-org.drools.examples.cdss.ClinicalPathwayX-16-17
<= Activation cancelled: Rule RuleFlow-org.drools.examples.cdss.ClinicalPathwayx-12
+ Activation executed: Rule Examination3
=2 RuleFlowGroup deactivated: AdditionalExaminations[size=0]
=2 RuleFlow completed: TreatmentY[org.drools.examples.cdss.TreatmentY]
=2 RuleFlow started: TreatmentY[org.drools.examples.cdss.Treatment]
=2 RuleFlow completed: ClinicalPathwayX[org.drools.examples.cdss.ClinicalPathwayX]

=- = Object inserted (2): Diagnose: Diagnose disease X: Type 2

19



Y Procls Rule Flow - Unified BRMS

(&% Geo=dBgkay )

= Eﬁﬂrg.acme.insurance.base

?,‘.’) Business rule assets
@ Technical rule assets
®=Functions

% psL

) Model

15 items. =
+Ul Name 14! Last modified 14! Status 14!
Insurance extra itens percent Sep 20, 2007 Production
Insurance Calcule Sep 20, 2007 Production
Driver is underage Sep 20, 2007 Production
Mew licenced Driver Sep 20, 2007 Production
Driver Single Young Male Driver factor Aug 28, 2007 Production
Driver Mature Married With Young Child factor Aug 28, 2007 Production
Priory Claimed Driver Aug 28, 2007 Production
Day Vehicle Place Aug 28, 2007 Production
Might Vehicle Place Aug 28, 2007 Production
Driver wants an extra Car Aug 28, 2007 Production
Driver wants glass coverage Aug 28, 2007 Production
Driver wants non related expenses coverage Aug 28, 2007 Production
+R insuranceProcess Aug 28, 2007 Production
approve Aug 28, 2007 Production
rejection Aug 28, 2007 Production

20




)Procls Forward and Backward Chaining

Currentonly supports forward chaining
Plans to support both backward forward chaining

when
Sp : Person( Sage : age == 17 ) //from Working Memory
legalDriver( Sage, Sstate: ) //executes corellated query
// and unifies results with
// current tuple, querries
// can nested and recursive
then
//prints all valid states
System.out.printin( Sp.name + “: “+ Sstate );

21



(JProcls Temporal Reasoning (CEP/ESP)

Reasoning over absolute ime 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
Sthroughput : Number( doubleValue < threshold ) from
accumulate( Throughput( Scurrent : current),
average( Scurrent) )
then
//raise the alarm
end

22



(JProcls Temporal Reasoning (CEP/ESP)

S upport separate time-windows per CE:

rule "absolute time window per CE"
when

Stock(Sid :id )

Number( SmonthAvg : doubleValue) from accumulate(
DayC loseS tockPrice( id == Sid, Svalue : value ),
average( Svalue ) ) over 30 days

Number( intValue >= 3 ) from accumulate(

So : SellOrder( completed == true, id == Sid, value
< SmonthAvg )

count( So ) ) over today
then
//sell stocks

end 23



(JProcls Temporal Reasoning (CEP/ESP)

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 itand log it to the audit log"

rule "relative time window"
since
LogInEvent( Suser : user)
until
LogOffE vent( user == Suser)
when
Sevt: Event( user == Suser, privileged == true )
then
//log event
// allow action
end 24



(JProcls Temporal Reasoning (CEP/ESP)

Reasoning over relative time windows

"Each user has a limited amount he can buykell from the
moment stock trading start to the moment stock trading stops,
every day, without authorization. Every order that goes beyond
that setamount (based on the user authorization level and
trader policy) requires authorization to be completed.”

25



(JProcls Temporal Reasoning (CEP/ESP)

rule "relative time window"

since

S tockTradeS tartE vent( Sdate : date )
until

S tockTradeS topE vent( date == Sdate )
when

User( Suser : user, Slevel : level )
TraderPolicy( level == Slevel, Smax : maximumAllowance )

Number( Stotal : doubleValue) from accumulate(
CompletedOrder( Svalue : value ),
sum( Svalue )

)
So : OrderRequest( value > ( Smax - Stotal ) )

then
// request autorization to complete order $o

end

26



(JProcls Temporal Reasoning (CEP/ESP)

Events have implicit ime attributes and it must be possible to
constraint events on its time attributes, using operators
“after’, "before”, "between”:

rule "time constraints between events”
when
Sorder : S tockBuyOrder( Sid : id )
S tockBuyC onfirmation( relatedE vent == id, this after [0,10])
then
// buy order confirmed
end

27



(JProcls Temporal Reasoning (CEP/ESP)

S upport to reason over the absence of events:
rule "absence of events”
when
Stemp : TemperatureR eading( celciusGrade > Sthreshold )
not S plinkerActivation( this after 10 )
then
//raise the alarm
end

28



(JProcls Temporal Reasoning (CEP/ESP)

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? :)

29



JProcls 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

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

p

Engine

Rules

Processes

CEP

30




JDrocls Agents

OS Gi for the container
r-osgi (or similar)
SLP for discover and directory
Distribuged OS Gi regis tries
p2p, p2m
FIPA messaging, instead of/as well as RMI?
High performance requires binary
XML adpaters can be made for 3" 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

31



JProocls Uncertainty Systems

Uncertainty Systems to express truth degrees and reason

over partial data

Davide mmtara@ deis .unibo
Fuzzy Sets
AN

34\
Possibility / Necessit;)

Forms of
Uncertainty
(measures)

Given for Single Event 7 \ Given for Set of Events

Proability )‘ A/ Belief / Plausability
Approaches

Basic Mass
i Assignment Functions
Frequentist <Subjecttve (bayesianD
Aggregator(sum)

G’Iausability Functions) < Belief Functions >




JProocls Uncertainty Systems

Traditional Pattern
S hower( temperature == ‘hot”)
Pattern
Object Type Field Constraint \J

i i

Evaluator Value

Shower( temperature == “hot” )

Pattern with uncertainty evaluator
S hower( temperature == ~‘hot”)

Pattern with uncertainty evaluator and parameters
S hower( temperature == ~(10, $x, 15, Sy) ‘hot”)
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9YProcls drools-solver

Drools-solver solves planning problems

Geoffrey De Smeet

Drools-solver combines a search algorithm
with the power of the drools rule engine
to solve those planning problems
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)Procls Planning problems

S olves planning problems, such as:
E mployee shift ros tering
Freight routing
S upply sorting
Lesson scheduling
E xam scheduling
The traveling salesmen problem

The traveling tournament problem
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OProcls The n queens example

ooooooooooooooooooooooo

ooooooooooooooooooooo

ooooooooooooooooooooooo

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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Jlrocls Differentseach algorithms

S upports several search algorithms:
Simple local search
Tabu search
S imulated annealing

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

<localS earchS olver>
<scoreDrl>...smartTravelingTournamentS coreRules .drl< scoreD rl>

<scoreCalculator>
<scoreCalculatorType>HARD_AND_SOFT_CONSTRAINTS </..>

< kcoreCalculator>
<finish>
<maximumMinutesS pend>2< /maximumMinutesS pend>
< ffinish>
<selector>...< kelector>
<accepter>
<completeS olutionTabuS ize>1500< completeS olutionTabus ize>
< /accepter>
<forager>
<foragerType>MAX_SCORE_OF_ALL< foragerType>
< forager>
< localS earchS olver>
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JProcls Score 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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(JProcls Example score rule

rule "fourConsecutiveHomeMatches™
when
Sm : Match(ShomeTeam : homeTeam, Sday1 : day)
Match(homeTeam == ShomeTeam,
eval(day.getindex() == Sday1.getindex() + 1))
Match(homeTeam == ShomeTeam,
eval(day.getindex() == Sday1.getindex() + 2))
Match(homeTeam == ShomeTeam,
eval(day.getindex() == Sday1.getindex() + 3))
then
/...

end
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)Drocls Future plans

More examples

R efactor of the move generation (selector), to allow more
efficient search algoritms

Make moves declarative
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Procls Questions?

_ « Dave Bowman: All right, HAL; I'll go in

, . (o Y through the emergency airlock.

N /J / « HAL: Withoutyour space helmet, Dave,
4 you're going to find that rather difficult.

« Dave Bowman: HAL, | won'targue 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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