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7 Outlook Crout

« Introduction
» Agentsin the Cloud

« Behavior Modeling
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A cormmca Algorithmica

* research-oriented start-up
- founded by me, Cottefoglie and Farinelli*
« team from Lab RoCoCo (DIS, Sapienza)

« 3research engineers + 2 PhDs*
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Google's hybrid approach to research
A. Spector, P. Norvig, and S. Petrov
Communications of the ACM, 2012, vol. 55, no. 7
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s SOftware as a Service

1. clients: browser and mobile apps
2. servers: distributed system running on laaS/Paa$
3. dev: established tools , e.g., Ruby on Rails

 Berkley Saa$S course on coursera.org

... but apps are not just documents! They can
become though to develop because of design
complexity and scalability requirements
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Hoonmuc. Where is software going? / Coum!

! Mews wadines Fareaztt
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» Agent-Oriented Software Engineering (AOSE)
« complex distributed systems [Jennings. 99]
« has arich state of the art [Wooldridge.01]
« AOSE can simply development of Saas

* MAS can greatly benefit from Cloud Computing
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MADMASS Project
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Board Games

A GORITHMICA

~
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Aeormercs Use Case: Social Gaming

Cloud ™ |

Social Gaming
by the Numbers
Totah 4.3 Blillon
10
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asormmes N action: the Harvestar | Cowm
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AL GORTHMICA Clou':lTM .

Agents in the
Cloud

theharvestar.com
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bf_sonm—wmA AO Progl' amming ) leggTM ﬁeoamwm Bxample

= &
— Environment ‘:»g. @
— Agents (if necessary)

— User Interfaces

15 16
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2 ommmca User Interfaces

* js APl + HTMLS

« agent communication
» ask_agent
» on_percept

« GUIs not web pages (coming soon)

* 1 page apps
« HTML templating (Web Sockets)

[
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Acommmcs  ENVironmental Agents

e proxy agents
» periodic agents

« event-driven agents

17

) |
Clouatm !
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Cloud it |

]

T 2 § .
A aommaca Environment WCeuiri)

ot e b b T

— Domain Data Model (AR, Fenix-DML)
— Actions

* Preconditions

- Effects
» Percepts
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7 cormvica FSA constraints Cloudm -
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desmmes  Execution Correctness | Cioum!

“I...] if the assumptions (pre-condition) underlying the
procedure become false while the procedure is executing,
then the behavior of the procedure may not be defined —

often, it will simply crash.” [Wooldridge01]
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Aemmmes  Transactional Actions ' Ciouam

tx_monitor do

@action.execute if @action.applicable?
end
dispatch percepts
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Acommmes Concurrency & Actions Couarn!
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! check precondition !

1
1
! is location X free? : |
[ j |
1
| 1
1
response: ok :
1
1
!

i check precondition
|: Is location X free? j
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Aeommmes Scaling vs Consistency | Cioutm

how to ensure (strong) consistency?

— datais distributed and partially replicated

among (many) hundreds of servers

— the servers must coordinate to maintain

operations on the environment consistent
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asormmca  Autonomic Adaptation ) Cro
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Joomece. MADMASS Architecture ! Cuuam!

environmental
agents

27
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Heormmmca  Cloud-TM Platform

.................................................

Data Platform
i '\ Comsre
! Data Platiorm Programming AP1s it 4
ikt e i
e i
! ! 5 by
; 1

Distributed Transactional Memory

ramsactonal Memary

aaaaa i

PBersistent Storage Systems
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A cormmca Farm Contro Croua i

« control interface

— CRUD on groups and agents

— play/pause/stop

— benchmarking editor (available soon)
« autonomous agent API

— custom agent

— PNP agent (ongoing work)
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Jenmucs  MADMASS benefits  Coum

« open source experimental platform
* large scale MAS simulations
« experiments in the cloud (cheap & fast)

« just focus on your research code
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o ormaca Let's team up! {Cutrn

« use the the Harvestar domain to test/develop
your research with areal application

» use MADMASS to build your build your own MAS

« we are happy to help!
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y T The Harvestar too? Cranm

* OpeNn-source soon
 benefits of madmass
* many research challenges:

« machine learning (we have logs)

« bargaining and markets (Farinelli/Tamassia)

* non-cooperative game theory

« cooperative game theory (coalition formation)

« human-agent interaction
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ﬁ@oanl{m ClouclTM

Behavior
Design
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R corrmmnca Custom Agents ? fc_;oud -~

o

a
et e b D3R

Designing bots as custom agents for the Harvestar

is not trivial
4 players, non zero sum
e Async: no turns & exogenous events
* non determinism and partial observability
* 4 vs 4 parallel bargaining/ system markets

« coalition formation
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Aeormmmes  Autonomous Agents {Crnam)

At pr v

a
et b b Dra

2 sormaaca Robot Soccer { Crouam )

» we would like to provide general purpose tools
 butreal-time/multi-agent planners

« aren't expressive enough to represent all the

features of interest

» are computationally too expensive for real

applications
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« put human intelligence into the process

» tools to represent, analyze and execute plans
» FSA-based
» BDI-based
* Petri Net-based
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a FSA-Based (Cema)

Always
Rotata
Right

Always

tt
obstacle is in front
ar
obstacle is = 2.3 1o left

na cbetacle is in from:

and
obstacla is = 5.2 ta laft

Rapidly grow in size

Forward

e.g.. it grows exponentially
in the number of actions to

model concurrency
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. Petri Net based | Crouamm

Models of behavior based on Petri Nets
(rather than FSA).

» more expressive/exponentially more compact than FSA
* many analysis tools

» yet, complex to design and no general language, just
ad hoc models
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/_\.LcsoRm—|M|cA BDI I Cl‘w’u':lTM |

In a Belief, Desire, Intention framework (BDI), agents
select behaviors to be executed (intentions) based on
their goals (desires), and the current representation of

the environments state (beliefs).

« reduces plan size, but rough cut (mainly reactive plans)
» anyway needs FSA plans (intentions)
* no analysis tool available
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AL GORITHMICA Petrl‘NetS ClouclTM
H‘“‘\ = pe
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{a) (b) {c)
40
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N conmmica Petri-Net Plans

AL GORITHMICA

" Cloua !

A systematic and methodological approach for
MAS Plan Design based on Petri nets that allows
for Distributed Execution of multi-agent plans.
Ziparo, locchi, Lima, Nardi, Palamara Petri Net Plans: A Framework for
Cooperation and Coordination in Multi-Robot Systems. Journal of Autonomous
Agents and Multi-Agent Systems, 2010.
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ALGoRmHMICA Main Features Acormimca NON INStantaneous Actions  C
« take inspiration from action languages [Rei01] Looon
« concurrent/non-instantaneous actions g B
£ 6 i W B ‘\.._/"D"\U_,.z'
- sensing actions [SL93,DINR97] e Ea ] i "“/ e
. . . . - C;dinary Action - Sensing Af;on N
« coordination & collaborative behaviors [CL?1]
« plan analysis & distributed execution
43 44
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Alsormmica Operators
By P
3 by B Rl
P2 Rz
(a) Interrupt (b) Fork (c) Join
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A sormimca Fork and Join
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Example
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:ﬁ.I;_GORI'I'HMIGA Plal’l Analysis § Cloul:lTM .

ot e b e T

* Wereduce to standard PN analysis tools
that can be directly used on PNPs.

« safe: thread-wise
« minimal: no unreachable states

« effective: no “dead ends”
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ﬁsonmwm Sub-Plans CIOUQTM

enclsech Ball Bl

Universita degli Studi di Verona — November 2012 51

i
Cloud i |

50

Analysis Exampl
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Alcormrmca In action: Striker

i
Cloua ™
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In action: Goalie

]
A GORITHMICA

Multi-Agent PNP " Crouam

Cloud TM ﬁGOFEI'I'HMICA

« for small teams (2-10 agents)
 centralized design, distributed execution
» based on three operators

* soft sync

* hard sync

e joint commitment
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Hard Sync
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Distributed
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ALGORITHMICA SOft Sync
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Centralized
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y TR In action: passing | Crouan

e e

Best Robotic Demo Award
Int. Conf. Autonomous Agents and Multi Agent Systems 2008
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2 ccrmaca Properties Croua i

ot e b b T

Property 1. It can be proved that the behavior of the
distributed execution “is the same” of the centralized one
when robots have access to a reliable communication
channel

Property 2. It can be proved that properties verified for
the centralized model, hold also for the distributed one.
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Thanks!
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