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/ \ E={e,.,e, ..}
P=1{py D -}
A={a,.,a,..}
Agent
p / \ A
Perception Execution Reactive agent
Component component see: E - P

env: ExA—E
v (env: E x A —> AE))

\ & / action: P —-> A
I\

Environment
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A,..A,. Several reactive agents
Py Py see;: E > P,
(usually the same) action;: P, > A,

env:EXA x...A — AE)

/ Agent(AI)\
[Agent(AZ)J
[\ 3

Perception Execution )
component component Agent (A3)J

& J L1l

Environment
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Agent
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Perception Execution
component component
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E={e,.,¢e,..}
P=1{p; .-, D,
A={a,.,a,
S={s,..Ss,
State Agent
see: E—> P

next:SxP—S
action: S > A

Environment

env:ExA— AE)
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S1,..., Si,.. S l o 0
A, A,. everal cognitive agents
P11-'-r Pir-- Seei: E 9 Pi
not always the same .
I(={i iV | ) next;: S;xP— S,
v action;: S; x 1 — A,
inter;: S; > 1
/ Agent(AI)\ env:EXxA x...A — AE)
Interaction
component ﬂ}( Agent (AZ)J
inter
T \
Perception Execution |
component component Agent (A3)
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U(a,e)= Z prob(ex(a,e) = e'Ytutility(e')

e'eenv(e,a)

Maximum Expected Utility (MEU)
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[ Planner }

‘ -------

Scheduler&

Information about

itself

- what it knows

- what it believes

- what is able to do
- how it is able to do
- what it wants
environment and
other agents

- knowledge

- beliefs

Executor

G.ob..w J.oLcGU‘_g)Lm




(,.Ll)(.C)..iAf slo el g Jalc (\

First Order Predicate Logic
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— At(0,0) A Free(0,1) A Exit(east) - Do(move east)

— Facts and rules about the environment

— At(0,0)  Wall(1,1) Vx Vy Wall(x,y) - —Free(x.,y)

— Automatically update current state and test for the goal state

— At(0,3) or At(3,1)

FOPL o Sl oy jalaie 4 Comdg Olus ) oolanwl

JYoul g ioles gl p oS cul dlate gan Jge,8 SO (Situation calculus) ol o Glus —
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— Function Result(Action,State) = NewState

— At((0,0), Sy) A Free(0,1) A Exit(east) > At((0,1), Result(move east,S,))
— Try to prove the goal At((0,3), ) and determines actions that lead to it
— means-end analysis
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IRMA (Intelligent Resource-bounded Machine Architecture) ¢
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B =B, I=1 D =D,
while true do

get next percept p

B = brf{(B,p)

D = options(B, D, I)

I = filter(B, D, I)

n = plan(B, I)

execute(m)
end while
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Opportunity
analyzer

D = options(B,D, |)

Means-end
reasonner

| = filter(B, D, I)

Intentions structured
in partial plans

L nt = plan(B, |)

Plans

Library of plans
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while true do

get next perceipt p

B = brf(B,p)

D = options(B, D, I)
I = filter(B, D, I)

n = plan(B, I)
while not (empty(m) or succeeded (I, B)) do
o, = head(m)
execute(a)
7 = tail(r)
get next perceipt p
B = brf(B,p)
if not sound(m, I, B) then
n=plan(B, ) <«—— Reactivity, replan

end while
end while
20
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I=1, D=D, .o o
while true do 5D J.OLC ""J).MS Al
get next perceipt p

B = brf(B,p)

D = options(B, D, I)

Dropping intentions that are impossible
I = filter(B, D, I) pPIng P

or have succeeded
n = plan(B, I) /
while not (empty(m) or succeeded (I, B) or impossible(I, B)) do
o, = head(m)
execute(a)
7 = tail(r)
get next perceipt p
B = brf(B,p)
if not sound(m, I, B) then
n=plan(B, ) <«—— Reactivity, replan

end while
end while

21



(olesia (slaelmaw g Jale (

I=1, D=D, o -
while true do BDI ‘J'°LC L-’vJ)'“S adil>
get next perceipt p

B = brf{(B,p)

D = options(B, D, I)

I = filter(B, D, I)

n = plan(B, I)

while not (empty(w) or succeeded (I, B) or impossible(I, B)) do
o, = head(m)

execute(a)

7 = tail(m)

get next perceipt p

B = brf(B,p)

if reconsider(l, B) then

D = options(B, D, I)

I =filter(B, D, I)

n = plan(B, I) <—— Replan

end while
end while 2 2
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* PRS - Procedural Reasoning System (Georgeft)

« dMARS

« UMPRS s1 JAM — C++

* JADE (http://jade.tilab.com/ )

* JACK (http://aosgrp.com/index.html)

« JADEX — XML si1 Java

* (http://vsis-www.1informatik.uni-
hamburg.de/projects/jadex/)

 JASON - Java (http://jason.sourceforge.net/)
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Force

Distance

Constant magnitude

Distance

Linear drop off

Exponential drop off
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TURN
RUN AWAY
Range (steering

sensor (repulsive field) direction
motor)

Output

vectors
\ FORWARD
magnitude

Goal MOVE2GOAL (drive

sensor (attractive field) motor)
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Sonar2

A\ 4

Sonar3

Sonar4

Output
RUN AWAY vectors TURN
Summed .
RUN AWAY direction (steering
\ / motor)
| RUN AWAY —
i RUN AWAY ~ FORWARD
> Isive field) (drive
(repu Summed
magnitude mOtor)

A\ 4

COLLIDE
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Wander
(uniform field)

Output

t
Sonarl ————» RUN AWAY veetors S ) TURN
umme ,
RUN AWAY direction (steering
Sonar2 > / motor)
RUN AWAY
Sonar3 >
| RUN AWAY FORWARD
S 4 > . . .
onar (repulsive field) Summed (drive
magnitude mOtor)
COLLIDE
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Water
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* Sensor: A SONAR module that gives the distance to the
objects 1n polar coordinates.

* Internal Modules
— COLLIDE -2 detects if front obstacle is too close (i.e. halt)
— FEELFORCE = sensor reading acts as repulsive force field
— RUNAWAY -2 provides direction to move

* Actuators
— TURN -2 provides motor output to turn robot
— FORWARD -2 switches forward motion on or off
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— Feel force » Run away » Turn
force heading T
ERRE | polar heaging
plot encqders
— Collide — Forward
halt
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heading
Encoders Wander »  Avoid ™
force modified
heading
— Feel force » Run awa fi\ » Turn
force d ®-
heading
Sonar W polar heading
plot encqders
, i — Forwar
Collide s orward

How does Turn know which module to take heading from?
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Suppression — replaces all other inputs to the module with input coming from
the “suppressing” module.

No Suppression

inputs —=| avoid.walls motors
go forward go forward
[ ]
R . T TeE——
Inputs treacle.pudding
Suppression
inputs ——| avoid.walls r  motors
go forward stop motors

seek.giant.

npULs treacle.pudding stop motors

—_— — P

active control flow inactive
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Inhibition — blocks output from the specified module for the defined time

interval.

No Inhibition

inputs —| avoid.walls [e—— —_—m.
go forward go forward
inputs —— seek.sugar f == = ==« = ==«
Inhibiting
inputs ——»f avoid.walls F——»{ .. = ===~~~ P  motors
go forward
inputs —» seek.sugar
TRUE
—_— o P -
active control flow inactive
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Integrate - estimates how far robot has travelled off course
- Supplies dangerous internal state

Look " Stay in distance, direction traveled Integrate [
middle heading
corridor to middle
Wander * Avoid e
force modified
heading
— Feel force » Run away —Css—‘ Turn
force A :
eading 4
Sonar L polar heading
plot encqders
» Collide » Forward
halt
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perceptual — 3 Action
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T Vertical
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Horizontal Decomposition of Hierarchical Model

Combine
> Sensors Extract Fgatures Plan Task. Motor Actuators ——
Features nto Tasks Execution Control
Model
. SENSE PLAN ACT
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Social KB

Local

planning layer Planning KB

VoY XX OD® S5 —

! \ 4
World interface Sensors Effectors Communication
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Beliefs Situation Goals
Social model Cooperative situation Cooperative goals
Sensors : : :
Mental model Local planning situation Local goals
World model Routine/emergency sit. Reactions
-
] .-
filter | Tl S(;
v /
: Options ;s
Intentions ;
—— Cooperative option | /
Cooperative intents |(4 J
Effectors €4 _ _ Local option ’
Local intentions 4
Reaction
Response
p Operational primitive
S Joint plans
- plan
PS Local plans

Behavior patterns
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