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* Agents and environment

e Rationality

* PEAS (Performance measure, Environment, Actuator, Sensors)
* Environment types

* Agents types
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Definition of Agent s
* An agent is an entity that perceives and acts
Cile) yal 21 g lS jaa A1 A5 S oA
* Abstractly, an agent is a function from percept histories to actions:

e (5,al de senay percept @laY) Judis Lgawi de sena (o aalic Al 25 daa sa) 2l " anll
actions Slel Y de gana

[£ P* > 4]

* For any given class of environments and tasks, we seek the agent (or class of agents) with
the best performance

Jazad¥) o 30l () s sl lld ga (£Dkeadl e sana sf) Canliall Jraad) e daga s Lo Jans g Jal (1
e Caveat: computational limitations make perfect rationality unachievable
ALK dsalaiall ) J gea sl S Y dbaad) <ol aal) 440 gasa o

11/6/2025 el dana a1 e D htthaLe igenirAgan sy / Yovi-Y.ve  clhia¥ KAl ) dania 3


https://manara.edu.sy/

[Py

Agents and environmagtats

sensors

percepts

environment
actions

actuators

Agents include humans, robots, softbots, thermostats, etc.
The agent function maps from percept histories to actions:
f:P"— A

The agent program runs on the physical architecture to produce f

Agent = architecture + program
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Agent

Sensors

Actuators
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Agents and environments siter Al 5 ¢ Saal
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Vacuum —cleaner worith

Percepts: location and contents, e.g., [A, Dirty

Actions: Le ft, Right, Suck, NoOp
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A vacuum-cleaner agefit
T

A B [A;Clean] Right
[A;Dirty] Suck
[B;Clean] Left

©_ o o o [B;Dirty] Suck
OOOQ OC)OQ [A;Clean], [A;Clean] Right
=0 <0 [A;Clean], [A;Dirty] Suck

* Percepts: location and contents, e.g., [A;Dirty]
 Actions: Left, Right, Suck, NoOp

function Reflex-Vacuum-Agent( [ location, status]) returns an action
If status = Dirty then return Suck
else if location = A then return Right
else if location = B then return Left
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What is rational depetids on

— Performance measuring success

— Agents prior knowledge of environment
— Actions that agent can perform

— Agent’s percept sequence to date
-Rational is different from being perfect
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Rationality e
e A rational agent chooses whichever action maximizes the

expected value of the performance measure given the
percept sequence to date

4S50 b e Tadiee masaall ¢ 30 Slail I a0 s ilaiall Jaeall
da;:\ggﬂ\ c«\ﬁ}f\}m@maj\ ;:L;_Jﬂ\j Q\g\ﬁjwo‘}@j’@&eu&)
Alaga b lalas ST Jranll

* Rational zomniscient s~ JS alall
e percepts may not supply all relevant information

* Rational # clairvoyant _ratfiwa
 action outcomes may not be as expected

Hence, rational = successful
Rational =>exploration, learning, autonomy Jiiu

11/6/2025 el dana a1 e D htthaLe igenirAgan sy / Yovi-Y.ve  clbha¥) oK) s 12


https://manara.edu.sy/

Y

deol ~

PEAS oyl
Internet shopping agent

Performance measure : price, quality, appropriateness, efficiency
3;&53‘ cZ\AQM\ csd#\cﬂ‘ " 9‘49\1\ Q"‘Iﬁg

Environment : current and future WWW site, vendors, shippers.
Ol 5 eanilll 5 aallall AEN Ldiidl) 5 sl ad gl 1 ddgl)
Actuators :display to user, follow URL, fill in form
23501l ede ¢ URLQ sie daibio caaiosall (im jall 1 S jaal
Sensors:HTML pages (text, graphics, scripts)
(Aaill zal yll 5 Gl g Yl 5 o paill) HTML Glatia 1 &) pdiasal)
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PEAS: Part-picking robot

P = 4 _ | ﬁ}#:lR
[ K
u L/Lé%

Performance measure: Percentage of parts in correct position
Environment: Parts, robots, workers

Actuators: Jointed arm

Sensors: Camera, point angle sensors

YoYiYeYo _clbia¥) oS3 U deia 14
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Environment Types i

If an agent's sensors give it access to the complete state of the environment at
each point in time, then we say that the task environment is fully observable. A
task environment is effectively fully observable if the sensors detect all aspects
that are relevantto the choice of action; relevance, in turn, depends on the
performance measure.

st Lilh cdie 3 adad JS b Al ALalSH Allall ) J g ol AilSa) JuS o1l ) janiiinal) ciidac 13 o
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Environment Types i

If the next state of the environment is completely determined by the current
state and the action executed by the agent, then we say the environment is
deterministic; otherwise, it is stochastic.

A gl Jalie dpaiall
o) Jsii Ll (JS sl 038y (g3 o) syl Adlal) Aad) IS (e el Al 2000 AN dpass 25 13)
(o she sed Vg ¢ dpdia Al
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Environment Types i

In an episodic task environment, the agent's experience is divided into
atomic episodes.

Each episode consists of the agent perceiving and then performing a
single action.

Crucially, the next episode does not depend on the actions taken in
previous episodes.

d.\sjj\u.auhdsu)s.uchau&é\&g\aPWemﬂ\eM\M@-
i Al Slel a ) e aadas Y AN Adladl ¢ ada JS5 a5 Jary 258 o5 & oy (52
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Environment Types i

If the environment can change while an agent is deliberating, then we
say the environment is dynamic for that agent; otherwise, it is static.

o) Jsti Lild ¢ JS ol J gl ol s o oSy Al il 1Y), Sealipy Julie i o
i a3 ) g ¢ Sl AT A alin
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Environment Types i

The discrete/continuous distinction can be applied to the state of the
environment, to the way t/meis handled, and to the percepts and
actions of the agent.

g 115 ¢ Al Al e paiaal) / Jmiial) Suaal 3l (s aiane e umiia
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Environment Types i

* Single agent vs. multi agent.(5a /g3 2)
The distinction between single-agent and multi agent environments may seem
simple enough

e S o1l Baaxia Claull (g2 jall LS 6l Gl G Sl oy B8 padetie ¢S il 2al g JS g0
8IS Aa s Uy
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Environment types s

Solitaire  Backgammon Internet shopping  Taxi

Observable??
Deterministic??
Episodic??
Static??
Discrete??
Single-agent??
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Environment types s

Solitaire

Backgammon Internet shopping  Taxi

Observable??
Deterministic??

Episodic??
Static??
Discrete??
Single-agent??

Yes

Yes

No No
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Environment types s

Episodic??
Static??
Discrete??
Single-agent??

Solitaire  Backgammon Internet shopping  Taxi
Observable?? Yes Yes No No
Deterministic?? Yes No Partly No
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Environment Types s

Solitaire  Backgammon Internet shopping  Taxi
Observable?? Yes Yes No No
Deterministic?? Yes No Partly No
Episodic?? No No No No
Static??
Discrete??
Single-agent??
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Environment Types s

Solitaire Backgammon Internet shopping

Taxi

Observable??
Deterministic??

Episodic??
Static??
Discrete??
Single-agent??

Yes Yes No
Yes No Partly
No No No
Yes Semi Semi

No
No
No
No
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Environment Types s

Solitaire  Backgammon Internet shopping  Taxi
Observable?? Yes Yes No No
Deterministic?? Yes No Partly No
Episodic?? No No No No
Static?? Yes Semi Semi No
Discrete?? Yes Yes Yes No
Single-agent??
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Environment Types s

Solitaire Backgammon  Internet shopping  Taxi
Observable?? Yes Yes No No
Deterministic?? Yes No Partly No
Episodic?? No No No No
Static?? Yes Semi Semi No
Discrete?? Yes Yes Yes No
Single-agent?? Yes No Yes (except auctions) No

The environment type largely determines the agent design

The real world is (of course) partially observable, stochastic, sequential,
dynamic, continuous, multi-agent
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basic kinds of agent programs types
Agent = architecture + program

basic types In order of increasing generality:
Table-lookup agents J:&all J sasy Maall Jreall
simple reflex agents J=dll 2 e adiaall Jraall
A model-based reflex agent z3 s ae Jadll 3 ) e aaizall Jaaall
«goal-based agents —eax¢ll e Suall Jreall
-utility-based agents 4exall Je adiaall Jueall
«L_earning- based agents alxill Je aaizall Jaanll

All these can be turned into learning agents
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Table- Driven agents Js&ll J sasy Jiall Jranll

function TABLE-DRIVEN-AGENT( percept) returns an action
persistent: percepts, a sequence, initially empty
table, a table of actions, indexed by percept sequences, initially fully specified

append percept to the end of percepts
action — LOOKUP( percepts, table)
return action

* Drawbacks:
* Huge table
» Take a long time to build the table
* No autonomy
* Even with learning, need a long time to learn the table entries
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Simple Reflex Agents J=ill 3y e aciaall Jaeall

Wihat the word
IS like now
L . VWhat action |
Condition—-action rules should do o

(if-then rules) ¢! a)-b )i el 3
daniSa g 4y 5 2 20 # 4 Gl die

Guohll Jge dli€ed jumdl o gunll IS 1Y) o
3813 jeal ¢ gzl K13

S el ALl e leli s ) 8 380 Jaaalle
PPN

function SIMPLE-REFLEX-AGENT( percept) returns an action
persistent: rules, a set of condition—action rules

state «— INTERPRET-INPUT( percept)
rule «— RULE-MATCH( state, rules)
action — rule. ACTION

return action
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The simplest kind of agent is the simple reflex agent. These agents select actions on the basis of the current
percept, ignoring the rest of the percept history.

The agent will work only if the correct decision can be made on the basis of only the current percept-that is,
only if the environrnents fully observable.

Ayl o 2l aglladl oSG oV 5 HUs dapad) GuSeidl JS 6l g8 oS5l £ i) Jaia)
e 2l zmanall el s Sl 13 W) Sl any 8 Y & s 4 cplalaia ¢ )
JalS I8 daaSlall A8 i) il 13) Jadd (gl cdad sl &) 2y,
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Example Y

function REFLEX-VACUUM-AGENT( [location,status|) returns an action

if status = Dirty then return Suck
else if location = A then return Right
else if location = B then return Left

(setq joe (make-agent :name ’joe :body (make-agent-body)
:program (make-reflex-vacuum-agent-program))

(defun make-reflex-vacuum-agent-program ()
#’ (lambda (percept)
(let ((location (first percept)) (status (second percept)))
(cond ((eq status ’dirty) ’Suck)
((eq location ’A) ’Right)
((eq location ’B) ’Left)))))
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MODEL based Reflex agents 381 as Jziliay o le adinall Jreall

&)Lal
***** - D £ ) $2eEll any Joeall
/ { N Sensors = ""—J == Tt
\\ 1 dléjl ,:Eu I|+1=|j4]_:.'
H th Id I What the wordd " - . “
Cow 2 W or evoves)—— = ke Mo |-=|-| |] 3 X 34 55}4_@5}1
@hat my actions do é r:h_‘ In_dT‘ 3 u_I.SJJ_qull
% a5 (5 SIA0 3 4, 3
y S el Yl X ey ag o
@oﬂditioﬂ—action rules_)—-— ;miﬁdagtéor?olw - sac Lall Jﬂllj.qlll
Agent Actuttors —
N\ —

First, we need some information about how the world evolves
Independently of the agent.

Second, we need some information about 'now the agent's own actions
affect the world
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Model-based-Reflex agent:i s

function MODEL-BASED-REFLEX-AGENT( percept) returns an action
persistent: state, the agent’s current conception of the world state
model, a description of how the next state depends on current state and action
rules, a set of condition—action rules
action, the most recent action, initially none

state — UPDATE-STATE(state, action, percept, model)
rule — RULE-MATCH( state, rules)

action — rule.ACTION

return action

The most effective way to handle partial observability is for the agent to keep
track of the part of the world it can't see now. That is, the agent should maintain
some sort of internal state that depends on the percept history and thereby
reflects at least some of the unobserved aspects of the current state.
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Goal-based agents <sagll e il Jaaxll

Knowing about the current state of the environment is not always enough
to decide what to do. For example, at a road junction, the taxi can turn

left, turn right, or go straight on.
The correct decision depends on where the taxi is trying to get to.

v
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What the world
How the world evolves is like now

- What it will be like
What my actions do if | do action A

What action |
should do now
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For example, there are many action sequences that will get the taxi to its destination (thereby
achieving the goal) but some are quicker, safer, more reliable, or cheaper than others.
A utility function maps a state (or a sequence of states) onto areal number, which describes the

associated degree of happiness.
bl o g S lel oY) Ol (e a3l @llia (JEall Qo e i) aliee 8535all e o gl ad il 65 Y laaa g CalaaY

Oe Al ) Alla driiadl Ala Jay 5 W e (e AAISH 81 5 438 65 ga g Ulal ST 5 ¢ yual Lguzamy (05 ¢(Caagd) 3y Laa) Lgligan 5 Al 5_aY)
Lo Adasi yall Baland) s 53 Clay ¢ i o8y (Y

It uses a model of the world, along with a utility function that measures its preferences among
states of the world. Then it chooses the action that leads to the best expected utility, where
expected utility is computed by averaging over all possible outcome states, weighted by the

probability of the outcome.
Crond Cua (Al gia dadia Juzadl ) 3 M el ) i A8 Al Y G A3kl i dxdie Al uila ) callall I gad padtiy
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Utility-based agents i

What the world
How the world evolves is like now

- What it will be like
What my actions do if | do action A

- How happy | will be

What action |
should do now

11/6/2025 sl dasa a3 e 2 htthRLE RS R-ARAD Sy / Y«Y1-Y.Yo ‘;_cujmay\ &AL daasa 39


https://manara.edu.sy/

[

§jliall
Learning agents alxiall (i =

G 2l ia i @l g ol e Jreal) sl Gl e o giilad) o Seall iy o
Ayl e

litse (g yra e Jaug ae ol o 4300l 5 08l & Jaendl 13gd Aanl¥) 3 50all o

11/6/2025 el dana ay a2 httfRLE G- ARE Sy / YoYA-¥eYo  clhaV¥) oSl dadia 40


https://manara.edu.sy/

Learning agents =il e adiaall Jraall

Performance standard
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changes #
Learning == Performance
element ﬂ(nuuﬂedge element
learning
goals
Problem
generator Y
Actuators
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Learning agents alziall Jiazll Va

E;‘n_jLi_o_J[
The most important distinction is between the , Which is responsible for making improvements,
and , Which is responsible for selecting external actions.

The performance element is what we have previously considered
to be the entire agent: it takes in percepts and decides on actions.
The learning element uses feedback from the on how the agent is doing and determines how the
performance element should be modified to do better in the future.
Dkia) oo Jgsal el juaie 5 cladll o) a) e Jsaall aleill jiaic Gn s aa¥) uadl asalic @l e da )l ) alziall Jreadl s (Sa;
LN e dral ) 4300 aladll juaie addiag GleljaY) s <l seaill o gl ged aleSh Jreadl Bilu ol ic) le g ¢ jaie doa il cilel jay)
RS TCNON A1) el elaY) jeaie Joaed 408K dang 5 (Jradl el Jsa

. It is responsible for suggesting actions that will lead to new and informative experiences. The
point is that if the performance element had its way, it would keep doing the actions that are best, given what it
knows. But if the agent is willing to explore a little and do some perhaps suboptimal actions in the short run, it might
discover much better actions for the long run. The problem generator’s job is to suggest these exploratory actions.
b sV paic yalunnd Gl i e o sl Gl Le 13l 8 3 Sal Baiia s Baaa colad () ali Cilel sal 258 ge sl sa Sl Al o2
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Summary oo
Agents interact with environments through actuators and sensors
The agent function describes what the agent does in all circumstances
The performance measure evaluates the environment sequence
A perfectly rational agent maximizes expected performance
Agent programs implement (some) agent functions

PEAS descriptions define task environments

Environments are categorized along several dimensions:
observable? deterministic? episodic? static? discrete? single-agent?

Several basic agent architectures exist:
reflex, reflex with state, goal-based, utility-based

Intelligent Agent 44
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