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What Is a rule?
Fact (POSIL format):

Rule (POSL format):

A deductive rule engine can deduce that Peter
Miller is a premium customer firom his spending
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Distributed Systems

A distributed system is a set of computer

processes that appear to the user as a single
SN

The distributed system must coordinate all of
these processes

Distributed systems are implemented using
middleware that creates a communication
topology




Hierarchical - Star Tepology.

Single level hierarchy

Star: connects allf spokes
with' al centralized hub

All infiormationmust be sent
threugh the hub te: the
spokes




Networked - P2P Topology

Eully, connected network

s Fulllmeshi topology: connects
dll' nodes tegether with a direct
CORNEection

Partially’ connected network

x Partial mesh topelogy: Only'a
Subset off nodes are connected
together




00 jDREW

Centralized Rule System

ODbject Oriented Javal Deaductive Reasening
Engine; fior the Wel — extensions of jDREW

Alsorimplementsiagents; off RulerRespoender




Rule Responder:

Distributed rule system

Is currently implemented as a hierarchical rule
system

Rule Responder is a prototypical

multi-agent system for virtual communities

Supports rule-based collaboration between the
distributed members of community

Members are assisted by semi-automated rule-
based agents, which use rules to describe the
decision and behavioral logic




EA: External Agent

Star-Like
RU|e_ReSponder A Hub — OA: Organizational Agent
Architecture Spoke — PA: Personal Agent

Virtual
Organization




Tlopology: Performance

When buildingra distributed system; a
communication; tepoelegy. isi reguired

Distributed topolegies;all have
communication overhead that centralized
systems dornet nave

A key design goal fer distributed systems
IS} te: MINImize; this; communication
OVErhead




Starr AdVantages

Isolation off SPOKES, from| Other SPokes
s [f-one spoke fiails then| it doesi not affiect others

Adding and remoeving nedes in the hub: is; trhvial
(just aad/remove a speke)

IHUB! provides single point: off Inspection: of all
trafific; threugh the topelegy

s Improved: Security.
Tirouble; shoeting Is easy.
Easy te understand and implement




Star Disadvantages

Scalability, reliability: andl performance of the
star tepelegy. rely:on the b

I the hub fails thenr the entire system fails

ihe hubr can become overioaded and the
system willlexperience; slowdewn

110 prevent: the bottlieneck of the; star
topoelegy a P2P topolegy: canbe Uused




P2P Advantages

Remoeves bottieneck perormance ISSUES| off
the star topology.

Whenever a node s added' the internal
pandwidtir capacity. Isf INCreased
When a node; fialls the system will be able

L0 FECOVETN
s A peer can act In place off another peer




P2P Disadvantages

Adding and remoeving nedesiin the P2P

topolegy:is non-trivial (need teradd many.
CONNECLIeNS)

P2ZP networks are more complicated than
star topoelegies

s Difficult trouble shooeting
s Difficult to iImplement




Knewledge Maintenance; fiok
Rule Systems

A’ centralized rule; system has allfof the
knewledge; stored in a  singlerlecation

s Either a file or a database

Bothdistributed topolegiess are tsed to
Implement rtle systems

A distributed rule system partitions the
KROWIEAde; Dasesi across the system

s Eachi knewledge; base actsias a module
= Many files and databases




Knewledge Organization - I

When deciding how! to) greup: moedules one
Off tWo Ways can be! tised

s Predicate Centric

All"clauses, ofi a predicates; are stored In ene
module

= Person Centric

All"clauses about one persen or thing Is stored: in
one; module

Rule; Responder uses! person centric organization
EXaImp/e on Hext slide




Knoewledge Organization - II

Predicate Centric:

Person Centric:




Module Boundaries

When querying modules, semetimes
iInformation from multiplermodules is
ieguired

Example QUEeries

= \What are the phone RUMBErs of everyone in the
Ordanization?"

Tihis query: must backtrack acress multiple modules
WREN USINg person centric storage

= What properties does' Ben have?*

This query does not require backtracking acress
multiple modules when' using person centric storage




Centralized Maintenance

Allrknowledge isistored infa single location
s Updating knowledge is simple

s Can better avoeid/repail knowledge
INCONSIStENCIES

Allrknowledgeis stored infa single fiermat

s No translation stepsiwnem using a rule engine
to execlte the rules and facts




Distributed Maintenance

Knewledde s/ stored inia many lecations

s Each agent' can scalable update their ewnrknewledge

s Knowledge: bases  could become incomplete or
InConsIstent

s Integrity rules can be used to test I the knewleddge s
complete and consistent:

Knewleage; is stored inrmany. formats

s [iranslation steps are; required wheni sending a query.
from one rule engine; to another

= An Interchange language is required




Deployed Benchmarking Use Case

7y RulelTL

Reclze your Khawfggffg

RuleMLE-20xy Symposia

2 AN ordanizational agent actsiasithe; single point
of entry to assist with; sympoesitim plannings
Currently, guery answering aboeut the symposium
Ultimately, preparingland runmning the symposium

s Personal agents have supperted sympositm
chairs since 2007 (deployed as in 2008)

General Chair, Program Chair, Panel Chair, Publicity
Chair, etc. 20




Queries Used

1) Sponsering the symposium: 5 rules

2) Check panel participants: 1 rule, 3/jeins
3) View symposiumi sponsors: 1 rule, 3 joins
4) View: erganization partnerss 1" rule, 2 joins

5) Check panel time: 1 rule, 5 joins




OO0 jDREW: (centralized)

Benchmarking
Query: Computation Time (ms):
1) 141
2) 31

3) 22
4) 18
5) 16

Results show that our centralized use case does
not take much computation time

Queries do not require heavy computation




Rule Responder (Hierarchical)

Benchmarking

Same Sidueriesiused as ini the OO0 jDREW.
Penchmarking

Query: Computation Time (ms):

1)
2)

3)
4)
5)

3430
4861
4057
9048
2780

Increase inrcomputation| time due te seguential
delivery: off anSWErs to the queries

Communication everhead of distributed system noet
compensated by woerklead distribution
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Network Performance
Considerations

Speed-Ups can' be ebtained using a P2P
topolegy.

Insteadl of all communication going Vertically:

threugh the ul, direct hoerizontal:
communication DELWEEN SPOKES, could be often
Lised

s WillFfreduce the ameunt off communication: Steps!in
the distributed: system

The, bottleneck issue off a hierarchicall system
does not exist ini a networked system
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Conclusion

A rule system canibe either distributed or centralized

Wihen using al distributed system: the communication
topelegy must be; decided

Tihe topelegy should reflect the; moedularization
decisions about the;distributed rule system

Iihe advantages and disadvantages of distributed
knewledde maintenance must be weighted when
puilding| a rule; system

Our Initial beEnchmarks, not requiring heavy
computation, show: Increase ini computation time for a
distributed' hierarchal system

Only networked systems will sca/eto the Web 25







